
KEK—90-23 

,n>9106198 

KEK Report 90-23 
March 199! 
H 

Physics and Detector 

of 

Asymmetric B Factory at KEK 

B Physics Task Force 

February 1991 

To be submitted to the TRISTAN Program Advisory Committee 

NATIONAL LABORATORY FOR 
HIGH ENERGY PHYSICS 



(c) National Laboratory for High Energy Physics, 1991 

KEK Reports are available from: 

Technical Information & Library 
National Laboratory ibr High Energy Physics 
M Oho, Tsukuba-shi 
kbaialri-ken, 305 
JAPAN 

Phone: 0298-64-1171 
Telex: 3652-534 (Domestic) 

(0)3652-534 (International) 
Fax: 0298-64-4604 
Cable: KEKOHO 



Foreword 

This report was prepared as a progress report of the activities of the B Physics 
Task Force to be submitted to the TRISTAN Program Advisory Committee in 
March 1991. As input to this report, we used a large number of documents pre
pared by many physicists from various institutions. Joint discussions with physi
cists from the US and other countries, during several international workshops 
held in both the US and KEK, provided valuable information. The following is 
a list of the people who contributed to the studies presented in this report. 

KEK K. Abe, R. Enomoto, H. Fujii, T. Haruyiuna, H. Ikeda, 
R, Itoh, H. Kichimi, M. Kobaynshi, T. Matsudii, T. Nojwtki, 
K. Ogawa, H. Ozaki, H. Sngnwa, Y, Sakai, N. Sato, 
T, Sutniyoshi, F. Tnknsaki *, K. Tamai, T. Tsuboyamn, 
T. Tsukamoto, S. Uno, M. Yamauchi, Y. Yoshimura 

Chuo R. Tanaka, S. Matsumoto 

Nagoya R. Kajikawa, M. Nakamura, K. Niwa 
H. Tajima 

Nara H. Hayashii, N. Fujiwara, S. Noguchi 

Okayama N. Tamura 

Osaka J. Haba 

Rockefeller A. I. Sanda 

Tokyo T. Kamae, T. Kishida, T. Takahashi 

Tsukuba S. Mori 

* Task Force Spokesperson 



Contents 

1. Introduct ion 1 

2. Asymmetr ic Collider at T as a Source of B Mesons . . . . 5 

3 . K M Matrix and C P Violation 9 

3.1 Determination of KM Matrix Elements 9 
3.2 CP Violation 12 
3.3 Direct CP Violation 15 
3.4 BB Mixing 17 

4. Weak Decay Mechanism 22 

5. Other Interesting Physics Issues 27 

6. Monte Carlo Simulation 29 

6.1 Event Generation 29 

6.2 Detector Simulation 30 

7. Requirements for the Detector Performance 41 

7.1 Characteristics of the BB Events 
at an Asymmetric B Factory 41 

7.2 Requirements for the Angular Acceptance and 
the Momentum Resolution 44 

7.3 Vertex Detection 50 
7.4 K/TT Separation 57 
7.5 7 and sr° Detections 65 

8. Simulation Study of Selected Physical P rocesses 73 

8.1 CP Violation in B°,(B%) — tfih's 73 
8.2 CP Violation in B° -» jr+jr - 86 
8.3 Direct CP Violation in_B -* A'TT and Kp Mode 92 
8.4 Mixing in T(5S) - • B,B~, 100 

9. Interaction Region 10S 

9.1 Beam Background 10S 
9.2 Beryllium Beam Pipe at Collision Point 114 
9.3 Compensation of Solenoid Field Along Benin Line . . . . 117 



10. Detectors 124 

10.1 Silicon Vertex Detector (SVD) 124 
10.2 Precision Drift Chamber (PDC) 137 
10.3 Central Drift Chamber (CDC) 142 
10.4 Time of Flight Counter (TOF) 148 
10.5 Ring Image Cherenkov Detector (RICH) 155 
10.6 Shower Counter (SHC) 169 
10.7 Muon Detector 177 

11. Trigger and Data Acquisition System 183 

11.1 Required Performances 183 
11.2 General Scheme 184 
11.3 Trigger System 186 
11.4 Delay-lines 191 
11.5 Digitizers 194 
11.6 Analog Memory 194 
11.7 Bus System 197 
11.8 Event Builder 200 

12. Computing 202 

12.1 Event Rates and Size 202 
12.2 CPU Power and Data Size 203 
12.3 A Model for Computing System 206 
12.4 Computer Farm 208 
12.5 Summary 216 



1. I n t r o d u c t i o n 

Major progress of the high energy physics in the last two decades can he sum

marized as an overwhelming success of the standard model. Recent experiments 

at Tristan, Tevatron. SLC and LEP have proved that the standard model with 

three generations of quarks and leptons describes all aspects of their data. So far 

there is no hint which necessitates to go beyond the standard model. However, 

it is generally conceived that the standard model is an approximation to more 

fundamental theory. In addition to missing members of the model, namely, top 

quark and Higgs particle, this model has many parameters in itself, origins of 

which are as yet to be explained. Particle masses and the parameters of quark 

mixing are among those. 

Two d :rections are currently pursued to uncover new physics beyond the stan

dard model, which can manifest itself either in terms of new particles or new inter

actions. While the energy-frontier accelerators such as SLC, LEP. HERA. SSC. 

LHC, CLIC. JLC. primarily pursue new particles, the high luminosity accelera

tors to study known particles with higher precision such as B-factory. o-factory. 

and r,charm-factory primarily pursue new interactions. These two directions are 

complementary and both paths have to be pursued. B physics is a good place 

to probe new interactions since any new interaction must be almost surely weak 

(otherwise, it must have been noticed by now) and richness of B meson decay 

channels provides many different ways to probe new interactions. Discovery of 

a large B°D° mixing by ARGUS and CLEO provided an important information 

about the top quark mass based on the loop diagram. This is an indication that 

the B meson system also can provide informations about new particles. 

For the last three decades, the K decay experiments played a crucial role in 

formulating the Standard Model. However, it appears that they have reached a 

level where theoretical ambiguities dominate in relating observed quantities to the 
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fundamental physical parameters. Theoretical treatment of the B decay should 

be much more reliable than that of the K decay since contribution from the long 

distance dynamics in the B system is expected to be fairly small. The radiative 

QCD corrections in the B decay are also small and they can be calculated with 

higher degree of confidence. Therefore if studied with substantially improved 

statistics than are currently available at CLEO or ARGUS, the B meson system 

is likely to play a similar role as the K decay experiments did in the past for the 

next decade or longer. 

One drawback of the B decay experiment is that each channel in the B decay 

has a small branching fraction. Also the decay multiplicity is much larger than 

the K decay, making full reconstruction of the final state difficult. It is those 

difficulties which hnvc been preventing high precision studies of the B decay in 

spite of its crucial importance. 

A single most important discovery in the K decay is the CP violation. In 

spite of many attempts over the last three decades, the CP violation has not 

been observed outside of the K decay. Different models have been proposed 

to accommodate the observed effect into the standard model. But so far, any 

attempt to find out which of these mechanism is the source of the CP violation has 

been unsuccessful. Fundamental importance of the CP violation is now widely 

recognized, so that ways for a deeper understanding are vigorously searched. It 

was also pointed out that the existence of the direct CP violation is responsible 

for the present Baryonic Universe' . 

The Kobayashi-Maskawa model* explains the source of the CP violation in 

terms of the complex phases in the quark mixing parameters. According to this 

model, the CP violation should occur not only in the K decay, but in several 

different decay modes of the B system. And the magnitudes of the effects are 

completely determined by the quark mixing parameters at the fundamental level. 

As a result the CP violation for the B decay is expected to be three orders of 

magnitude larger than that for the K decay. Since the quark mixing parameters 
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determine every aspect of quark transitions, this mode] provides roust rained 

predictions about the C'P violation effects in the B decay. Any deviation must 

be understood either in terms of higher order terms in the existing; theory, which 

is yet unknown to us. or in terms of a new physics. 

We have been examining a possibility to build a high luminosity B factory 

at KEK. We have submitted a Task-Force Report on the KEK Asymmetric B-

Factory to the TRISTAN Program Advisory Committee in February 1990. Points 

we stressed in this report was that, with valuable experiences from the TRISTAN 

experiments and with optimal use of laboratory's existing facilities, it is possible 

to build a first rate B-faetory on the KEK site in timely manner. Upon request 

from the TPAC'.the accelerator department is preparing a machine design report 

providing convincing arguments that it is possible to build an asymmetric ma

chine capable of providing it few times HV'Vm'-'sf e~' luminosity. Their report 

also includes a scheme to bring up the luminosity to a level of H)'1'1 eventually. 

Since the realistic design of the internet ion region became available, we made an 

extensive study on optimal beam pipe, the masking system and resulting beam 

related backgrounds. Effects on detectors of a high rate were also examined. 

Study of the triggering scheme based on a realistic rate and subsequent data 

handling capability was also carried out. We were aware that these studies were 

crucial for an experiment but were missing from the previous report. With ex

tensive study of these items over the last year, we arc confident that there is no 

serious obstacle in building a detector. 

We expect that a detector construction can be completed in three years from 

the time of starting. We plan to continue our effort in appealing to both .Japanese 

and international communities for forming an enthusiastic collaboration. 

3 



REFERENCES 

1) M. Yoshimura, Phys. Lett. 88B (1979) 294. 

2) M. Kobayashi and T. Maskawa, Progr. Thoor. Phys. 49 (1973) G52. 

4 



2. Asymmetr ic Collider at T as a source of B mesor, s 

Large number of B mesons can be produced by the elect ion-positron anni

hilation, or by collisions of hadron-hadron. electron-hadron, and photon-hadron. 

It. is by far the cleanest, way to sit on the peak of resonant states in the e 4 c ~ 

annihilation which decay into bb quark pairs. This is how the c and b quarks 

have been studied. We can use either Z° or T resonances as a source of the b 

quark pairs. The lib production cross sections are Tub and ltib at the Z" peak 

and T(4S) peak ( m T M > < ) = 10.58(7rV) respectively (Fig.2.1). Detailed studies of 

the D decay require more than 10' B mesons. 

If we want to collect this many B mesons in one year (10' sec), a machine has 

to provide the luminosity higher than 10' , ' , nn~ 2 sor~ 1 . Presently, CESR, which is 

an one ring machine, is achieving about 2 x 10' 1 'eiti'~'soc - 1 with seven hunches in 

each beam. Based on their experiences, we believe that, as long as we choose a 

beam energy of the T region, the luminosity higher than 10' ,'Viii""-sec -' is within 

reach by using a double ring scheme with extended multi-bunch operation. A Z" 

factory, especially a linear collider with a capability of beam polarization, is an 

attractive option. However construction of such facility is too costly and outside 

of our reach. 

As will be described in the next chapter, the information of the CP violation in 

most, cases is provided by the time evolution of the neutral B meson. Therefore, 

B decays in the T(45) at rest, where the observed quantities are effectively 

integrated in decay-time, do not show any detectable CP violating effect. There 

are cases where the CP violating effects are not cancelled by the time integration. 

One such example is the BB* production. However this production cross section is 

smaller than that of T(4S) by more than a factor of five. A collider with different 

beam energies, still keeping the center-of-mass energy at the T resonance, enable 
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10.5 10.7 10.9 11.1 
CENTER OF MASS ENERGY (GeV) 

Fig.2.1 R in T(45) region 

us to observe the time evolution. 

B mesons produced in an asymmetric collider are boosted along the beam 

direction, causing them to move before the decay. The mean decay length in the 

case of 8 GeV x 3.5 GeV is about 150yi, which is long enough so that not only 

we can measure two vertex points separately but also we can observe the time 

evolution of neutral B mesons using an existing micro vertex detector technology. 

As an example, we consider here the CP asymmetry between B\ —» \l>Ks 
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*-fr 

Ks°-*7r+r 

Fig.2.2 Decay pattern of moving B meson pairs. 

and Bj —• tj'Ks- When B%Bj is produced at Y(4S), it is in L=odd state. Since 

they are both spin 0 particle, they obey the Bose-Einstein statistics, and as 

a consequence, their time evolution takes place coherently. When one side is 

identified as Z?Jj from its decay at t = <i, the other side must be B j at f = 11. By 

observing its decay at t = <2i we can observe a time evolution of Z?J} for a time 

period of (/2 — ' i ) - By reconstructing t/'Ks at ti and determining whether it was 

Z?2 or Z?2 at t.\ from the tagging of the other side, we can measure the rate of 

Z7("(Z7jj) evolving to t/'A's in At = (r;; — t \ ) . The CP asymmetry is then given by 

R{B°d - 0 / v 5 ) - R(Bd -+ » A s ) 

R(B° -» </>A'5) + / ? (B , - V'A's) 
= sti>(AviAt)nin(2<f>). (2.1) 
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Here A m = xj/r is the mass difference between two neutral B meson mass 

ejgenstates. And <j> is the CP violating phase given by the KM matrix. Since 

Am is in the range of 4 x l O - 1 0 M e V and -y0 in the case of 8 x 3.5 GeV collision 

is about 0.5, one cycle of the oscillation in equation(2.1) is of the order of 1.3 

mm. Oscillation pattern takes its maximum value at l /4 th of one cycle, which 

is comparable with the 150/x decay length. Therefore the oscillation pattern of 

the CP asymmetry can be easily observed by reconstructing the decay final state 

and by tagging the other side. 
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3. KM Matrix and CP Violation 

3.1 Determination of KM Matrix Elements 

It is .well known that quarks of three generations mix with each other. Al
though the reason is yet to be understood, the quark mixing appears to obey a 
certain rule. The Kobayashi-Maskawa model explains this relation by a 3 x 3 
unitary matrix (KM Matrix). Its Wolfenstein representation' is given by 

Vu<l Vus F .*\ / l - A J / 2 A X3A[p-i,,)\ 
Verf V e, Vch = -A l - A J / 2 AM +0(A«) . 

VU Vt, VtJ \AM(1 -/>-»>) -AM 1 / 
(3.1.1) 

From the unitarity constraint, a triangle can be formed on the complex plane ns 
shown in Fig. 3.1.1. 

V«V£ + VaV^ + VM = 0 (3.1.2) 

VudV„t 

Vcd VcJ 

Fig.3.1.1 Unitarity triangle of the KM matrix 
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There are four parameters in Eq. (3.1.1): A, A, />, and i). The sine of Cabibbo 

angle A = 0.221±0.002 is experimentally well determined from strange par

ticle decays" (V B J ) , nuclear 0 decays* (Vui), and charm production from v 

interactions''* (V^). The value of A is also reasonably well determined to be 

0.90± 0.18 from V^/A 2 using B meson life time, Br{b —• c/v), and the Cabbibo 

angle A. 

The two other parameters, p, and TJ, are poorly known, however. Only ex

tensive experimental measurements on VBj through charmless decays of the B 

meson and on Vjj through B°B° mixing can provide more information about 

these parameters. 

The branching fraction of the charmless transition, which is equivalent to 

IV^lVlHfc^ is proportional to A V + ' J 2 ) - Recently CLEO' and ARGUS* have 

reported evidence for the b—*u transition in scmileptonic B decoys. Combining 

these results we obtain 

|Vrt/ lk| = 0.09 ± 0.04, or {p2 + i ? 2 ) 1 ' 2 = 0.41 ± 0.18. (3.1.3) 

The experimentally accessible mixing parameter rj for B j has been measured 

by CLEO'° and ARGUS" and the combined result is, 

• » " 5 ^ S f e » = ° ' 1 6 ± ° M «"" 
From this relation we can obtain the mixing parameter xj for 2? ,̂ 

xd = Am4/Td = 0.69 ± 0.17, (3.1.5) 

where the B + B ~ decay fraction of T(4S) is taken to be 55%. Since the mixing 

of Bj is dominated by the top quark exchange diagram, xj is given by 

C 2 * 
*i = -A-\VtA2vit2F(-^-1)mBfBi

2BB4nB4rB. (3.1.6) 

Here Gf=1 .166x lO - 5 GeV~ 2 is the Fermi coupling constant, ma=5.2SGeV/c 2 , 

M t v=80.6±0.4GeV/c 2 ," r f l =(1.18 ± 0.11) x 1 0 ~ 1 2 sec." The values of other 
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parameters contain large uncertainties and we take the values given in ref.18, 

f/i= 140± 25 MeV, B B =0.85±0.10, t)B ( QCD correction ) = 0.85 ± 0.05. The 

function F(x) is given by 

„ , . 1 , 3 - 9 x 6 x 2 l n x v , » , . , * 

Using these values one can obtain the relation 

mtWu^FimC-IMw2) = (1-47 ± 0.32) GeV/c2 (3.1.8) 

or 

m,.4((l - pf + tfyPy/F{m,*/Mw

2) = (139 ± 3 2 ) GcV/c2. (3.1.9) 

From Eq. (3.1.6) the ratio x,/x4 is given by 

(3.1.10) 

Thus if we can measure the mixing parameter x , of Z?J, we can determine 

the value of 1/A 2((1 — p) +t]2) from the ratio xa/xj reliably because the ratio 

fB,~BB.'lB./fBt~BB,VB4 have less theoretical ambiguities. 

The e and f'/e measurements in the kaon system 1 ' ' " also help to constrain 

the allowed region in the p — t) plane. The parameter |e|=(2.26±0.02) X 1 0 - 3 

describes the the CP violation from the A*0 — A' 0 mixing. It is expressed in terms 

of KM elements as follows:" 

|e| = 4.33.4 2flA- f ?(T ? 3S(u. c,u>0 - m*»cF{wc) + ij*4 2 A 4 (l - p)wtF(wt)). (3.1.11) 

Here 

S(x,,Xy) = XiXj[(- + — - - — -5) J— 
4 ' 2 ( l - x , ) 4 ( l - x ; ) 2 ' x , - x , ( 3 1 1 2 ) 

+{Xj < - » I i ) - ' 4 ( l - x i ) ( l - x ; ) J , 

and wc = mc

2/Mw2, v>t = mt

2/Mw2. We take BK = 2 / 3 ± l / 6 , " m c =1 .5GeV/c 2 

and the QCD correction factors, t?i=0.85, 72=0.61, ^3=0.36. The parameter e* 

11 



which describes the effect of the direct CP violation in the kaon system was calcu

lated numerically" and parametrized approximately for 75 < mi < 25QGeV/c 2 

as 

Re(e'/e) = (0.19 ± 0.09) x 1 0 - 2 ^ 2 , [ 1 - 0 . 4 6 ( — - ^ — - 0.7) 2]. (3.1.13) 
100 GeV/c-

The error ±0.09 comes from assuming that 125 < m s < 200 MeV/ r 2 and 100 < 

A < 300 MeV, with m, = 175 MeV/c 2 and A = 200 MeV taken as central val

ues. The predicted value of /?c(e'/e) scales approximately as (175MeV/c 2 /ni„) 2 

x(A/200MeV) 1 / 2 . On the other hand, the combined result of the recent experi

ments by N A 3 1 " a n d E 7 3 l " provides 

Rc(('f() = (2.2 ± 1.1) x 1 0 - 3 . (3.1.14) 

Fig.3.1.2 summarizes these constraints on the p and t) values. Fig.3.1.3 shows the 

the most probable values of p and ij, which were obtained from the \ 2 minimiza

tion varying the values of A and mj. The inner and outer contours correspond 

to Iff deviation and 90% confidence-level, respectively. As seen in the figure the 

most probable values of p and rf are, p = —0.336 and 1} = 0.259. The most 

probable values of sin2$i and sin20i are, 

sin 2«h =0 .37 lSJJ (90% CL limits), | sin 2<j>2 | = 0.80 . (3.1.15) 

It is not meaningful to asign an error on | sin 2fo | at the present level of analysis, 

and we just obtain the most probable value. 

3.2 C P Violation 

The time-dependent rates for initially pure B n and B° states to decay to a 

CP eigenstate / at time t is expressed as follows, assuming that there is only one 
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m.-100CeV 

Fig.3.1.2 The allowed p — t) region from various measurements. 

0.8 

p- <u 

- i — i — i — r - i i i — I i i 

90S C.L. -

Fig.3.1.3 The most probable p and ?/ values. 

13 



diagram contributing to the decay:" 

R(B°(t)ph„ -*f) = e x p ( - r t ) - {1 + s in(Ami) /m(- /» / )} , 
p (3-2- 1) 

R(B°(t)pht3 -» / ) = e x p ( - r t ) • {1 - sin( &mt)Im(£Pf)} 

Then the CP asymmetry is derived from these relations: 

"(5°(t/pd»» -» / ) + fl(fl°(<W -»/) ? 

Here /,; = A(B - / ) / . 4 ( B -» / ) and p/q = y/{Mn - tT, 2 /2)/(A/f 2 - I T I J / 2 ) , 

where M12 and T\2 are the off-diagonal elements of the mass and decay matrices 

for the neutral b-flavored state, respectively. 

As can be seen from Equation (3.2.2), the CP asymmetries can be observed 

as an oscillating pattern in the decay time with the magnitude determined by 

the imaginary part of p/q times pf. The value of p/q is related to the KM matrix 

elements and the uncertainty in theoretical prediction of p/q is expected to be 

negligible. ° If there is only one operator contributing to the decay, | p |= l and 

the Im(2pf) should be equal to sin(2^i), sin(2^2), and sin(2<fo) for the processes 

of B°d -> tpKs, Bl -» w+7T~, and 5 j -» pl<„ respectively." 

If there are two competing operators contributing to the decay, then the 

amplitude must be written as 

A(B - / ) = e * ' e t f l Ax + e * ' e a , i 4 2 . (3.2.3) 

A(B - / ) = e - ' V ' ^ + e - ^ V * ' ^ . (3.2.4) 

Here $1 and $2 are weak phases, and 61 and 60 are strong interaction phases, 

and A\ and A2 are the magnitudes of the matrix elements for the contributing 

14 



operators. Then p can be expressed as 

„ = „ « • . , , + / » 2« in (» a -» i ) f '< < ' - « -> (3.2.5) 

Thus the second operator does not affect the result /) = c 2 ' * ' , if $1 = <&2 or 

A2/A\ =* 0. The amount of the possible contamination from a second operator, 

which would introduce an error in extracting sin 2<j>, from the CP asymmetry 

measurements, depends on specific channel. Recent estimates by Sandn'" indi

cate that the error on the asymmetry in 0A's channel is much smaller than 1%, 

while the errors in JT+JT~ and pK, channels are of the order of 40% x sin fo and 

40% x sin </>,i, respectively. So, roughly, the latter two errors are of the order of 

20% of the asymmetry. Further studies of matrix elements involving Penguin 

operators may help to reduce these errorR. 

3.3 Di rec t C P violation 

V -
- i L « SL 

W 

B* 

Spectator diagraa 
Penguin diagra 

Fig.3.3.1 

The complex nature of the KM matrix leads to direct CP violation in the 

decay amplitude in addition to the mixing CP violation discussed above. The 
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direct CP violation manifests itself through an interference of two (or more) 

competing decay diagrams. The decay amplitudes for B —» / and B —* f through 

two different diagrams have the same structure as given by Eq.3.2.3 and Eq.3.3.4. 

Therefore, CP asymmetry in the decay width is given by 

_ T(B - / ) - r{B -> / ) = 2X,A2sin(A^)sm(A6) 
T(B -» / ) + T(B -> J) \AX P + | J 4 2 | S + 2 4 , A2 cos( A $ ) cos(A£) K ' ' 

where A $ = $ | — $2 and A4 = 6\ — 62. Here the final state / is not necessarily a 

CP eigenstate. A sizable asymmetry will occur if s in(A$), sin(A^), and IA2/A11 

are all non-zero and large enough (> O ( 1 0 - 1 ) or so). 

In the quark level, 6 types of diagrams( Spectator (external/internal W-

emission), W-exchange, Annihilation, Penguin, sideway Penguin ) contribute to 

B decays and usually two or more diagrams contribute to a single exclusive decay 

mode. Among them, the most promising mode to detect CP violation is the 

decay through 6 —» u Spectator and Penguin diagrams. These give two-body 

decay modes where B decays into one K or K* and OIK it or p as shown in 

Fig. 3.3.1. The weak phases $1 and $2 are determined by the KM matrix and 

a reasonably large sin(A$) is expected from the present knowledge of the KM 

matrix elements. Comparable amplitudes are expected for the two diagrams since 

6 —» u transition is Cabibbo suppressed. Though strong interaction phases are 

hard to predict theoretically, they are naturally expected to be different for these 

two diagrams due to different iso-spin structure in the final state. The expected 

branching ratio and CP asymmetry for several decay channels of this case are 

summarized in Table 3.3.1." Roughly, CP asymmetry of 0 ( 10%) and branching 

ratio of O ( 1 0 _ s ) are expected. 

For the direct CP asymmetry measurements, a measurement of time evolution 

of decay is not needed, since the asymmetry appears in integrated decay rate. 

Also, the tagging of the other B meson is not necessary, since the final states of B 

and B decays are different. On the other hand, the theoretical prediction for the 

branching ratio and asymmetry has large uncertainty because the decay involves 
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poorly known Penguin diagram and strong interaction phases. This results in a 

difficulty in obtaining the KM matrix phase from the asymmetry measurement 

for direct CP violation, in contrast with B —» t/'Ks decay mode. 

The e ' / e measurement in the K meson system is believed to be a critical test 

for the presence of direct CP violation. However, the expected value of e'/e is of 

the order of 1 0 - 3 according to Eq.3.1.13 and the results so far obtained are not 

capable to confirm it. In contrast, the expected direct CP asymmetry for the B 

meson system is large and it would provide clear evidence for direct CP violation. 

Table 3.3.1 Expected C P asymmetries and branching ratios 

Decay Mode Exp. limit 

(10- 5 ) 

Expected Br 

(10- 5 ) 

Expected Asymmetry 

(Max.) 

BJ -+ K°w° 

K+7T-

KV 
K*+7T-

9.0 

58. 

44. 

0.5 ~ 3.0 

1.0 ~ 1.9 

.01 ~ 0.4 

0.4 ~ 0.6 

0.1 ~ 0.3 

0.2 ~ 0.4 

0.1 ~ 0.3 

0.3 ~ 0.5 

B+ -> K+7T0 

K°7r+ 

K+/>° 

K* + 7T° 

K*0»r+ 

9.0 

7.0 

13. 

0.5 ~ 4.0 

1.0 ~ 6.0 

.01 ~ 1.0 

0.3 ~ 5.0 

0.6 ~ 5.0 

0.1 ~ 0.3 

< 1 0 " 2 

.01 ~ 0.4 

0.1 ~ 0.5 

< 1 0 " 2 

3.4 BB Mixing 

The time-dependent rates for an initially pure B° state to be observed as B° or 

B°, oscillates with a frequency proportional to the mixing parameter x = Am-Tg 
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as expressed in " ; 

R(B°(,t)phv, - . B°) = e x p ( - i / r a ) c o s 2 ( r t / 7 - B ) , 
(3.4.1) 

R(B°(t)phy, - B°) = e x p ( - r / r B ) s i n ' ( W / r f l ) . 

We can distinguish Bo from 5 ° by the charge of leptons produced in their semilep-

tonic decay. If there is no mixing, B meson pair is always observed as B°B° and 

accordingly produces opposite sign leptons. If mixing occurs, pairs of same sign 

leptons from B°B° decays or BaB° decays are observed. Probabilities of observ

ing opposite sign or same sign leptons depend on the proper times t \, a lifetime 

of 5 ° , and <2, a lifetime of Ba, and are written as; 

tf(S,X,(<i) - B0,Ba

phs.M2) - B°) + n(B°phyf(U) - B , \ J 3 0 ( / 2 ) - B°) 

t l + t f c o s 2 ( i ^ ) , L=even, 
n 7-/i ' | C o s 2 ( § ^ ) , L=odd. 

(3.4.2a) 

f, + <, f sin''(* ^ ) , L=cven, 
= e.r;>{ * ) < . * , , 

r« [ s i t r ' ( i I ^ L , ) , L=odd. 
(3.4.2fc) 

As is shown in the above equation, the expression for the oscillation is different 

for the B meson pairs in odd state and in even state of their orbiial angular 

momentum. 

Previous measurements of B^Bj mixing by ARGUS and CLEO did not in

volve the time evolution measurement, instead they measured a ratio of the yield 

between like sign dileptons and opposite sign dileptons: r = ( A T + + + N )/N±. 

Integrating Eq. (3.4.2) with respect to t\ and /•>, the ratio r is related to XA 

through Eq. (3.1.4) as shown in Fig. (3.4.1). As seen in the figure this method 

works well for small x values, but does not for large r values. The value of .r s 

is expected to be much larger than 1 as seen in Eq. (3.1.16) (At 90 % CL x, is 

larger than 5). Therefore direct measurement of the time evolution is needed for 
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Mixing parameter x Am 
r 

Fig. 3.4.1 The ratio of same sign dileptou events to opposi te sign 
events versus the mixing parameter x. 

a precise determination of x„. In a case of 2.5 GeV x 11.8 GeV collision a boost 

factor yff is 0.86 and average decay length is about 300 /»n. In this case one 

cycle of the oscillation is 320 fim for r, = 6 so that we may be able to observe 

the oscillation pattern for ,T, values around 6 with existing micro vertex detector 

technology. Since the beam interaction point in the beam direction is not known 

accurately, t\ and <2 can not be measured individually. However, the proper time 

difference of B°B°, \t\ — t2\ is an accessible quantity. Integrating Eq. (3.4.2) with 

respect to t\ + <2> time evolution for |<i — t?\ 'S obtained as; 

= e.,p(-l^i) /Hb(2cos>(!^ 
\ 2cos 2 ( f^ ) , 

R(B°hy, - B°,B^, - B°; \ t l - t2\) + B(B°phs - B^B^s - -0°; l«i - '2I) 
1 ) 4- x2 — xsin(.rl '~ '')), L=even, 

L=odd. 
(3.4.3a) 

R(B%ya - B\B°ph„ - Bn; |t, - l 2 | ) + R{B°rh„ - B " , ^ - B°; \h - t2\) 

isin(x'- Jj 1- 2 ' )) , L=even, 

L=odd. 
(3.4.36) 

-«K-I^I> 
TB 

r T ^ ( 2 s i n 2 ( f ^ ) + a : 2 + x S 

\ 2 s in ' ( f^) , 
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We designate these probability functions as fX7n(J'ii ~ '2). /orfrf(J>'l _ '-')• 

fevtn {x,t\ — 12), and f*£ (xJi — to)* respectively. We can obtain x, by 

fitting an observed oscillation pattern to these functions. 
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4. Weak decay mechanism 

Since the asymmetric B-factory produces an enormous sample of B-mesons, 
the machine gives an excellent possibility to study the weak decay mechanism of 
the b-quark. In this section, various decay modes of the b-quark which can be 
studied in the asymmetric B-factory are discussed. 

6 —» c transition 

The study on the transition of the b quark into the c quark is important to 
determine the matrix element V ej. There are several methods to determine the 
value of V ct, The first method is the measurement of the inclusive scmi-lcptonic 
decay width of the B-meson, The width can be expressed as: 

r f l =^f(r |^ | 2

+ , |V c l | J ) (4.1) 

where Gp is Fermi constant, mj is the mass of the b-quark, and r and s are 
products of the phase space and the QCD correction factor. The experimental 
value of the decay width is obtained from the measurements of the life-time of 
B-mesons and the branching fraction of the decay mode. This conventionally 
used method, however, cannot determine the values of V(* and VB* separately 
since all semi-leptonic decays of B mesons are a mixture of the two. Moreover, 
the uncertainties in the theoretical calculation of r and s are rather large and the 
determined value of Vc» heavily depends on the model used to calculate r and s. 

Another method to determine Vc& is to measure the decay width of the ex
clusive b —* c decay. In particular, the semileptonic decay such as B° —• D+l~u 
is suitable since the mode is less dependent on the hadronic interactions in the 
final state comparing to the hadronic decay mode. The differential decay width 
of the channel can be written as a product of of V ci, a transition form factor, 
and a known kinematical factor. Thus if we know the form factor, V cj can be 
extracted from the measured decay width. 
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Recently, ARGUS and CLEO studied this semileptonic decay and obtained 

the value of V c A to be 0.040 ± 0.006(CLEO) and 0.043 ± 0.006( ARGUS)" . The 

form factors which were used to extract these values were calculated using some 

QCD models. And the uncertainty in this calculation is at 10% level. 

In the asymmetric B-factory, we can use an enormous event sample to deter

mine a shape of the form factor experimentally by measuring the q2 dependence 

of the decay width. Although the normalization of the form factor still depends 

on the theoretical calculation, the uncertainty in the determination of Vcf, is 

significantly reduced and the more precise determination of V f j is possible. 

b —* it transition 

Determination of the matrix element V„| is essential to understand the CP-

violation mechanism in the standard model. If the CP violation occurs through 

the KM matrix, the value of V B j is expected to have a non-zero value. 

The determination of V„j, at the asymmetric B-factory can be done in three 

ways. One is to study the end-point of the momentum spectra of leptons produced 

in the inclusive semi-leptonic decays of B-mesons. Since the mass of the c-quark 

is relatively large compared to that of the u-quark, leptons with relatively higher 

momentum are produced in the b —» ulv decay. ARGUS and CLEO studied this 

momentum spectra and obtained the finite values of |V„|,|/|Vrj>| as: 0.10±0.01 

(ARGUS)" and 0.0S9±0.011 (CLEO)" . However, these results heavily depend 

on the hadron model which are used to relate the experimental results to KM 

matrix elements, and can be varied by a factor of 2. 

The second method is to look into the exclusive charm-less hadronic decays 

such as B —* ;r+7r~, B —* p°p° and B —» «i>°jr°. Although expected branching 

fractions of these modes are very small (O(10~ 4)) , the final states can be fully 

reconstructed with high efficiency comparing with the reconstruction of semi

leptonic decays which requires the difficult partial reconstruction. However, in 
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these modes, there are hadronic interaction effects in the final state where the the

oretical calculation has a large uncertainty. Therefore, further theoretical studies 

are necessary to make a good use of the hadronic decay for the determination of 

The third method is to observe the exclusive semi-leptonic b -* u decays of 

B-mesons such as B —» JI7 + J/ or B —• pl+v. For these decay modes, theoretical 

calculations are less uncertain compared with the case of the hndronic decay. 

However, the calculation involve transition form factors which differs by a factor 

of four among various QCD models. In the asymmetric B-fnctory, these form 

factors can be determined experimentally in the same miumer as for the exclu

sive scmi-Ieptonic 6 —* c transitions utilizing a large event sample. Although 

the overall normalization of the form factors must be taken from a theory, the 

uncertainty of this method is significantly small compared with the lepton spec

trum method. The branching fractions of these channels are expected to he small 

(0(1O~ 4 )) . However, with more than 10 7 Blj pairs produced in a year at the 

asymmetric B-factory, this method seems most promising for obtaining a precise 

value of V„a. With 10 6 events where at least one B-meson is fully reconstructed, 

the value of V^j can be determined with a statistical error of less than 10%. 

Determinat ion of fg using B+ —* T+ + v 

Recently the lattice QCD technique has been applied to calculate the decay 

constants of various mesons. The current results are reported to reproduce the 

experimental data for pions and kaons" . Thus the measurement of the decay 

constant for B-mesons (fg) is interesting for the further study of the lattice QCD 

in the heavy quark sector. 

In the asymmetric B-factory, fg can be measured using the annihilation de

cays of B+ mesons since the branching fractions for the decays are sensitive to 

fg. However, the annihilation to quarks cannot be distinguished from ordinary 

hadronic decays. On the other hand, pure leptonic decays can be well distin-
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guished from other decays. But the decays involving electrons and muons are 

highly suppressed because of the helicity conservation. Therefore the measure

ment of the branching fraction of B+ —+ r + + v decay becomes the only possible 

channel to determine the value of fg. 

The branching fraction of the process, B + —+ r + 4- v, is given by the following 

equation. 

r ( B

+ - r+ + v) = (G 2 / 87 r )M B M;fg |V u b | 2 ( l - M^/Mf , ) 1 7 2 (4.2) 

Here Gy is the Fermi constant. M B arid M T are the masses of B and r , and fu is 

the decay constant. If we know Mu and V„i,, the B decay constant. f|j. can be 

determined from the measured branching fraction. 

The branching fraction of B + —* r + + 1/ decay is estimated to be about 

0 { 1 O - S ) for f» = lOOMeV and |VU |,/V (.|,| = 0.1. Therefore more than 10" events 

with at least one fully reconstructed B-meson are necessary to determine the 

value of fa. Such a large event sample is within a reach at the asymmetric B-

factory. In these events, the rv decay from the remaining B can be identified 

using the leptonic decay of the r . So the branching fraction of B + —* r + + f decay-

mode can be measured by searching for the events with one fully reconstructed 

B meson and a lone lepton track. To find such events, the capability of the full-

reconstruction of B-mesons is essential and therefore the asymmetric B-factory 

is a very nice machine for this analysis. 

b —> s-) transition 

In the standard model, the decay through the neutral current such as li —» .< 

is forbidden at tree level by the GIM mechanism. However, the decay can occur 

through the Penguin diagram. Although the branching fraction of such a decay-

is expected to be small ( O ( 1 0 - 5 ) ) , the fraction is sensitive to the mass of top 

quarks as well as to the existence of "new physics", for example, charged Higgs 

models or SUSY scenarios. 
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Experimentally, this process can be studied using the decay channel such as 

B —> K* + 7. CLEO and ARGUS tried to measure the branching fraction of 

this decay channel and obtained the upper limits to the fraction. The limits are 

around 2 ~ 4 x 10~4(90%CL)" " . These results are still larger than an standitrd 

model prediction by a factor of 5-10. 

At the asymmetric B-factory, the measurement of this branching fraction 

becomes possible. Detailed studies for these neutral current decays provide a 

precise test of the standard model and possibly may lead us to a new physics. 
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5. Other Interesting Physics Issues 

T and Charm Physics 

When the B factory is operated at T(4S), the resonant state is produced with 

a cross section of 1.2nb, which then decays into BB. Meanwhile, e + e ~ —» cc con

tinuum cross section is 1.3nb at this energy. Therefore, the number of D mesons 

produced is comparable to that of B mesons: 10 7 D mesons are accumulated in 

one year running. The e + e ~ —» T*T~ continuum cross section is O.Snb. Thus we 

also expect to accumulate close to 10 7 T+T" pairs in one year. 

Properties of charmed mesons have been studied at SPEAR, DORIS, CESR 

and FNAL. Our knowledge in this area is not precise enough, and detailed stud

ies are needed. Among others, the determination of the mixing parameters in 

the charm quark is the most important physics topic. The standard model pre

dicts too small CP violation effects and also too small mixing in the D meson 

system to be observed with an integrated luminosity of 10 4 0 . Any contradictory 

experimental evidence will lead us to new physics. 

An asymmetric collider has an advantage over a symmetric collider in the 

study of D meson system. We will be able to measure the time evolution of the 

DD just as for the BB case. If an luminosity of 10 3 4 cm~ 2 sec~ ' is achieved, it 

will be possible to measure the D meson mixing with a precision of 1 0 - 4 in one 

year's running, which is the present theoretical upper limit. 

Properties of T particle have been studied in the last 15 years. However, they 

are not known as precisely as for other two charged leptons. This particle has to 

be further studied. The present upper mass limit of vT, 35 MeV, is more than 

hundred times larger than that of v^. Improving the vT mass measurement is 

strongly desired from the view point of both the origin of mass and cosmology. 

Measurements of T life time and various decay branching fractions, search for 

rare decay modes and a precise determination of the r — vT — W coupling are 

27 



among other interesting topics. These studies can be well performed at a high 

luminosity asymmetric B factory. 

Resonance Spectroscopy 

The bottomonium system provides an excellent place for the investigation of 

the color force at large distances, because the system is non-relativistic. Although 

the transition spectra among bottomonium states are expected to be as rich as 

those of charmonium states, the bottomonium structure has not been disclosed so 

well. Further study of the bottomonium is certainly needed. The high-luminosity 

asymmetric B factory will provide valuable information in this area of physics. 
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6. Monte Carlo Simulation 

Monte Carlo simulation of the e + e ~ reactions at the asymmetric collider 

are carried out in two steps. At first events are created using either the Lund 

Monte Carlo' or the modified Lund Monte Carlo and then generated events are 

processed through a detector simulation program. 

6.1 Event Generation 

The continuum events are generated using the Lund Monte Carlo version 

6.3, while events of T(4S) (T(5S)) are generated using the modified Lund Monte 

Carlo such that it produces BB (B*B or BB* etc) with an appropriate angular 

distribution. The standard d cays of B mesons are handled at the quark level in 

the spectator model. We assume also that the decays occur via only the dominant 

decay chain of b —» c. However, for the rare decays such as Bj -+ 7rw and B —• Kir 

we allow for the decay chains of b —» u and b —> s, respectively. Various decay 

modes of B mesons are available especially for study of rare decays. Several 

examples of them are shown below. 

i) Both B mesons decay into all possible decay modes. 

ii) Both B mesons decay semileptonically. 

iii) One of two B mesons decays semileptonically and the residual B decays 

into all possible decay modes. 

iv) One of two B mesons decays into a certain decay channel such as «/>K, 

V>K*, t/>Ks, ipir°(if), D+D~,TT+IT~, or Kir and the residual B decays into all 

possible decay modes. In the ip decay it is possible to restrict the decay 

mode of xp to lepton pair. 

The decays of D mesons are handled with hadronic states, where the branch

ing ratios of Dj and D u mesons are taken from the experimental results, while 
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those of D, are determined at the quark level considering the spectator model for 

c - t s transition and the cs annihilation diagram. 

The effects of BB mixing in B<j and B, decays are included where the mixing 

parameter for B j , xj is taken to be 0.7, but that for B s is varied. The CP violation 

effects via mixing in the decays of B° -+ V K ° ( K S , K L ) , ^ " ' ' 0 ( ' ? ) , D + D - and TT+T:~ 

are added. 

The decay branching ratio of T(5S) is shown in Table 6.1.1. a 

Table 6.1.1 Decay branching ratio of T(5s). 

B'B* BB* + C.C. BB 

B u 0.111 0.149 0.075 

B d 
0.111 0.149 0.075 

B 8 0.263 0.022 0.046 

The semileptonic decay branching ratio of B, meson is assumed to be 11.2% 

for electron mode, 11.2% for muon mode and 5.0% for r mode. 

The beam size at the interaction point is assumed to be given by the ellip

soidal shape with <rx = 0.2 mm, ay = 0.03 mm, and az = 1 cm. The effect 

of beam energy spread is taken into account with cr(y/s) = 5MeV. Events are 

generated at the center of mass system of e + e ~ beams and then Lorentz boosted 

to the laboratory system. In addition to four vectors of all particles the vertex 

coordinates of long-lived particles such as K s , D, and B mesons are recorded. 

The lifetime of B meson is taken to be 1.18 psec. a 

6.2 Detector Simulation 

Since major physics topics are studied using rare decay modes such a s B -» 

01<s, TTT, very high statistics of an order of 10 6 to 10 7 Monte Carlo events are 

required for estimating backgrounds to the signals as well as the detection ef

ficiency. Accordingly we have made a fast simulation program of the detector 
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response. In addition to the above purpose it has been used to estimate require

ments for the detector, such as angular acceptance, momentum resolution, beam 

pipe radius, and resolutions of the vertex detector and calorimeter. 

In the simulation we assumed the detector configuration shown in Fig.G.2.1, 

where the angular acceptance of 17° < 9 < 150° is assumed. 

Silicon Vertex Detector 

.50° 
- 10cm 

silicon strip 3 IJ7i 
^ silicon ttriD 2 ^-

^ silicon striq I ^*^ Dram plot 

^ ^^~ 
I -4 & 1 1 

10 cm 20 cm 

Central Drift Chamber 
RmiK 

Fig. 6.2.2 Schema t i c view of S V D Fig. 6.2.3 Schematic view of C D C 

T h e tracking detector 

The tracking detector consists of the silicon vertex detector (SVD), the pre

cision drift chamber (PDC) and the central drift chamber (CDC), which are 

situated in the uniform axial magnetic field of 1 Tesla. 

i) Simulat ion of S V D 

Vertex detection is carried out using the three layers of the silicon strip de

tector of cylindrical shape as shown in Fig.6.2.2. The beam pipe is assumed 

to be a cylinder with a Beryllium equivalent thickness of 1 mm and a radius 

of rup = 2 cm. Since the actual beam pipe has race track shape, rnp should 

represent the effective radius. The default parameters of the beam pipe and the 

SVD are given in Table.6.2.1. Charged particles are swum through the beam 
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Table 6.2.1 The parameters of the tracking detector 

Detector Item Default Parameters 

Beam pipe Be, t = 1mm, r = 2.0cm 

SVD layer 1 

layer 2 

layer 3 

resolution 

Si, t = 300//m,r = 2.5cm, -5 .8 < z < 9.7cm 

Si,t = 300/<m,r = 4.5cm, -9 .3 < z < 16.2cm 

Si, t = 300//m,r = 6.5cm,-12.8 < z < 22.8cm 

<r(8) = 5 + 0.28a fim (a : deg.) 

PDC geometry 

wire 

gas 

cathode foil 

total material 

space resolution 

inner wall 

middle wall 

outer wall 

17° <6< 1 5 0 ° , S < r <20cm 

No of layers=10, no stereo wire 

field wire= 100 /im Al, sense wire = 20 fim W 

He/C0 2 / i soC|Hin (70 : 15 : 15) 

(50 fim mylar + 10 //in Al) x 4 

2.6 x 10" 3 X„ 

<r{r<j>) = 150/zm, <r(z) = 200 + 10 • (90 - 0)/nn 

0.1 cm carbon fiber 

0.1 cm carbon fiber 

0.15 cm carbon fiber 

CDC geometry 

wire 

gas 

total material 

space resolution 

momentum resolution 

radial cell size 

dE/dX resolution 

inner wall 

17° < 9 < 15O°,0m U 1 = 31°, 20 < r < 80cm 

No of layers=50, stereo angle = 3° 

field wire= 160 fim Al, sense wire = 20 //m W 

He/C0 2 / i soC 4 Hio (70 : 15 : 15) 

3.1 x 10~ 3 X 0 

o(r(t>) = 150/zm. o(z) = <7(r<£)/sin(0stereo) 

CDC geometry 

wire 

gas 

total material 

space resolution 

momentum resolution 

radial cell size 

dE/dX resolution 

inner wall 

dpt/pt = 0.005^/1 + P t

2 at 6 = 90° (p t : GeV/c) 

1.2 cm 

7.2% 

0.15 cm carbon fiber 
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pipe and the SVD where hit coordinates at each layer of the SVD are recorded. 
Here the multiple Coulomb scattering is taken into account, but the effects of 
energy loss and decay in flight are neglected and perfect hit efficiency is assumed. 
Then the hit coordinates are smeared in accordance with the space resolution of 
a=5 + 0.28 • otftm where a is the incident angle in unit of degree (see chapter 
10.1). 

a) b) 
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Fig. 6.2.4 Resolutions of p,, $ and 0 of CDC 

ii) Simulation of CDC 

The geometry of CDC is shown in Fig. 6.2.3. Measurements of four vectors 
using the CDC are simply simulated by smearing four vectors of charged particles 
within the angular acceptance in accordance with the expected momentum and 
angular resolutions for the CDC. The following resolutions are estimated using 
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the formula given in Eq. 10.3.1 assuming that. (T(T<J>) = 150/un, path length L=0.G 

m, number of layers n=50, total materials of wires and gas = 3 x 1 0 _ 3 X o . and 

B = 10 KG. 

Pt \Pt)o 
/(<?) (6.2.1) 

o 

where ( 5 p t / p t ) 0 = 0.005 and f($) is given in case of R m j n =0 by 

f(6) = { V L^l (6.2.2) 

I \J(lJ^r)V + ( ^ r ) ^ < ^ * < o i-

M = ^/6.7 2 + 0.42/(p/y) 2 x 1 0 - 3 x </(0) rarfr'ari (C.2.3) 

6<f> = yjo.502 + 0.35/(p/?) 2 x 1 0 - 1 x /i.(0) radtan (C.2.4) 

where <7(0) and h(B) are functions of 0 which describe angular dependence of the 

angular resolutions and equal to one at 6 = 90". Here p and p t are given in 

units of GeV/c and 6ma defined in Fig.6.2.3 is assumed to be 31°. The first and 

second terms correspond to the measurement error and the multiple scattering 

error, respectively. Fig. 6.2.4a,b,and c show the p t , 0, and <j> resolutions as a 

function of the polar angle, respectively. 

If we combine measurements of SVD, PDC and CDC we can improve reso

lutions of momentum and angle significantly. The parameters of PDC are given 

in Table 6.2.1. However, in the standard simulation we used the resolutions 

obtained with CDC alone. 

The electromagnetic shower counter (SHC) 

The parameters of the electromagnetic shower counter (SHC) is given in Table 

6.2.2. Measurements of the energies and angles of 7 rays with the SHC , which 

is made of arrays of Csl, are simulated as follows. 

i) 7 rays in the angular region of 17° < 6 < 150° is selected. 
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Table 6.2.2 Parameters of the particle identiflcation detectors 

Detector Item Default Parameters 

RICH endcap 

barrel 

Radiator 

separation of JT/K 

17° < 9 < 37°, 130 < z < 160cm 

37° < 9 < 150°,80 < r < 110cm 

NaF, CeFn (1 cm thick) 

3 a at p = 3 GeV/c 

TOF barrel 

forward endcap 

backward endcap 

time resolution 

hit efficiency 

SC, 41° < 9 < 137°, 120 < r < 125cm 

SC, 17° < 9 < 41°, 164 < z < 169cm 

SC, 137° < 9 < 150°, -161 < z < -156cm 

150 ps 

100% 

SHC barrel 

forward endcap 

backward endcap 

block size of Csl 

energy resolution 

angular resolution (barrel) 

angular resolution (endcap) 

minimum detectable energy 

Csl, 41° < 9 < 137°. 125 < r < 155cm 

Csl, 17° < 9 < 41°, 170 < z < 200cm 

Csl, 137° < 9 < 150°, -193 < z < -163cm 

5cm x 5cm x 30cm (16X0) 

SHC barrel 

forward endcap 

backward endcap 

block size of Csl 

energy resolution 

angular resolution (barrel) 

angular resolution (endcap) 

minimum detectable energy 

<rE/E = 1.5^(1.3/71 + 0.7E0 3 ) 2 + (0.3/E)-S' 

(E: GeV) 

o{<j>) = 1.5(3.76/\/E + 0.80) mrad 

a{<j>) = 1.5(2.76/\/E + 0.59) cot 9 mrad 

a{9) = ff(^) sin 9 rad 

20MeV 

MUO geometry 

ft identification efficiency 

ir misidentification probability 

17° < 9 < 150° 

100% at p > 1.2GeV/c 

0.5% at p > 1.2GeV/c 
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ii) The energies of the selected 7 rays are decreased according to the absorption 

probability as well as the distribution of absorbed energies in the materials 

in front of SHC which have already been calculated using the EGS program. 

If the resulting energies are less than the minimum detectable energy, E,|,r<.sh 

= 20 MeV, they are discarded from the analysis. 

iii) The angles of the 7 rays which do not come from the interaction point are 

modified such that the 7 rays come from the interaction point. 

iv) The resulting energies and angles of the 7 rays are smeared in accordance 

with the following energy and angle resolutions. 

<iE/E = 1.5 x y/(1.3/\/E + 0 .7£ n 3 ) 2 + (0 .3 /E) 2 x 10" 2 

<r(<j>) = 1,5 x (3 .76/ \ /E + 0.80) x 10~ s radian in barrel 

<r{<t>) = 1.5 X (2.76/</E + 0.59)cot 9 x 10~ 3 radian in endcap 

<r(0) = <7(^)sin0 radian 

The energy resolution was obtained by multiplying the simulation results 

for the Csl blocks of 5cmx5cmx30cm (=16.Y 0 ) ' by factor 1.5. The an

gle resolution was obtained empirically using the experimental results of 

CLEO-IT with the correction factor of 1.5. The factor 1.5 was introduced 

since we expect the difficulty in maintenance of the precise calibration of 

more than 10 thousands blocks and degradation of angle resolution due 

to conversion of 7 in the materials in front of Csl. There is an option to 

choose the following resolutions and Ethresh = 50 MeV corresponding to a 

Pb-Scintillator s . 

aE/E = ^ / (6 .5/v/E) 2 + (7.2) 2 x 10" 2 

<r(0) = ff(<4) = ( -2 .44E + 25.2) x 1 0 - 3 radian 

Particle identification 
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Particle identification is carried out using dE/dX in CDC, Time of Plight 
Counter (TOF), Ring Image Cherenkov Counter (RICH), SHC and Muon Detec
tor (MUO). Performance of particle identification for each subsystem is described 
in the following. 

P>rtM(« M M I M M M k> tt/*i 

Fig. 6.2.5 dE/dX VB p, particle id. by dE /dX, and d E / d X vs 6 

i) dE /dX in CDC 

CDC provides up to 50 samples of dE/dX per track, each 1.2 cm long, in a 
gas mixture of He/C02/isoC4rIio = 70/15/15. The dE/dX curve for such gas 
is displayed in Fig.6.2.5a. The resolution of dE/dX in CDC is estimated to be 
7.2% at 9 = 90° (see chapter 10.3). Fig.6.2.5b shows how well we can identify 
charged particles at 6 = 90° using measurements of dE/dX and momentum. 
The resolution of dE/dX varies as a function of 9 as shown in Fig. 6.2.5c. 

ii) TOF 
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Fig. 6.2.5 Particle identification by T O F 

The T O F is arrays of 5 cm thick scintillator located at r = 120 cm in the 

barrel region and z = 164 or -156 cm in the endcap region which cover the angular 

region of 17° < 9 < 150°. We assume that the time resolution = 150 ps, efficiency 

= 100% , and multi-hit probability = 0%. Fig. 6.2.5a(b) show how well we can 

identify charged particles at 9 = 90° (30°) using the T O F data. 

iii) R I C H 
Particle Identification by RICH 

Fig. 6.2.6 Particle identiflcation by RICH 

The endcap RICH consisting of a radiator of 1 cm thick NaF and a photon 
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detector of MWPC covers the angular region of 17° < 9 < 37°. The barrel RICH 
consisting of a radiator of 1 cm thick C6F12 and a photon detector of TPC covers 
the angular region of 37° < 9 < 150°. For simplicity in the simulation we assumed 
NaF radiator for both the endcap and barrel detectors. The average reflection 
index of NaF is taken to be 1.446* and hit efficiency is assumed to be 100%. 
The performance of the RICH is denned such that it allows for separation of 7r 
and K at p = 3 GeV/c with three a significance. Then particles are identified 
with the probability shown in Fig. 6.2.6. The threshold momentum of the RICH 
is 0.13, 0.47, and 0.90 GeV/c for n, K, and p, respectively. 

iv) SHC 

Separation of electron/hadron using SHC is simply parametrized as follows. 
Misidentification probability of a hadron as an electron is 1% at p > 0.5 GeV/c. 
Efficiency to identify an electron is 90% at p > 0.5 GeV/c and 0% for p < 
0.5 GeV/c. 

v) MUO 

The separation of muon/pion using MUO is simply parametrized as follows. 
Probability to misidentify a pion as a muon is 0.5% at p > 1.2 GeV/c. The effi
ciency to identify an muon is 100% for p > 1.2 GeV/c and 0% for p < 1.2 GeV/c. 
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7. Requirements for the Detector Performance 

7.1 Characteristics of the BB Events at an Asymmetr ic B Factory 

In an asymmetric collider particles are Lorentz boosted from the center of 

mass system of BB to the laboratory system as seen in Fig.7.1.1 where Bcm(9) 

represents the polar angle in the center of mass system of BB ( in the laboratory 

system). Thus BB events at an asymmetric collider have the following features. 

Here we consider, as an example, events from the processes of 

T(4S) - • B°B° -+ iph's + X -* l+l-TT+Tr" + X (7.1.1) 

T(4S) -» B°B° - 4'h" + X -* I+I-TT+TT-TT0 + .Y (7.1.2) 

at 3.5 GeV x 8 GeV machine (we refer such events as ifrKs and 0A'* events, 

respectively). 

A study using Monte Carlo simulated events shows the following character

istics: 

i) The polar angular distribution of charged particles is peaked in the forward 

direction as seen in Fig. 7.1.2. As a result a good angular coverage in the forward 

direction is required, but only a marginal angular coverage is required in the 

backward direction. The average momentum resolution in an asymmetric collider 

tends to be worse than that in a symmetric one since track length is shorter and 

the effect of multiple scattering is larger in the forward direction. 

ii) The average momentum of particles is relatively low such as 0.5 GeV/c 

for n±, 0.9 GeV/c for A'* and 1.7 GeV/c for leptons as seen in Fig.7.1.3. Thus 

multiple Coulomb scattering plays an important role in the momentum resolu

tion. 

iii) The average transverse momentum (p t ) of particles is also relatively low 

as seen in Fig. 7.1.4. 
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Fig. 7.1.1 Lorentz boost at 3.5 x 8 GeV/c. 

Fig. 7.1.2 Polar angle distributions of charged particles. 

The last point sets a restriction to the strength of the magnetic field due 
to detection loss of low p t tracks as well as curling tracks. For 1.0 (1.5) Tesla 
magnetic field the radius of curvature of a particle with pt = 50 MeV/c is equal to 
15 (10) cm. Accordingly in order to detect particles with pt > 50 MeV/c magnetic 
field should not be as high as 1.5 Tesla. Particles with p t < 130 (200) MeV/c 
become curler tracks in the 1 (1.5) Tesla magnetic field since the maximum radius 
of a tracking detector is about 80 cm. Although many of those tracks are absorbed 
in the beam separation magnets it is better to reduce them further by setting the 
field to be below 1 Tesla. On the other hand in order to obtain the momentum 
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Fig. 7.1.3 Momentum distributions of charged particles. 

Fig. 7.1.4 Pt distributions of charged particles . 

resolution of better than 0.5 %, which is required from physics point of view as 
mentioned later, the magnetic field is needed to be higher than 1 Tesla for the 
current design of the CDC. By compromising these requirements the magnetic 
field was determined to be 1 Tesla. 
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7.2 Requirements for the Angular Acceptance and the M o m e n t u m 

Resolut ion 

We estimated requirements for the angular acceptance and the momentum 

resolution of the tracking detector based on the Monte Carlo simulations of %j)Ks 

events (B\ -* tpKs, Bi -* anything) and i/>K* events (Bj -» i>K*, B<i —• any

thing). 

The number of ipKs events is given by 

N = ILdtaf0-2BeTet (7.2.1) 

where / Ldt is the integrated luminosity, a is e + e ~ —• T(4S) cross section, /o is 

Y(4S) -+ B°B" branching fraction. B is the branching fraction of B° decaying 

to l +l~7r +7r~ and given by 

B = Br(B° -+ $Ks) • Br(ip - » l + l ~ ) • Br(Ks -* ir+n~). (7.2.2) 

e r is B\ reconstruction efficiency, and ej is B2 tagging efficiency. We use a = 

1.15 nfe, /o = 0.5, and B = 3.9 x 1 0 - 5 . Thus for / Ldt = 1 0 4 0 c m - 2 , N is given 

by 450- e r • et. 

We studied dependence of e r , e<, ere<, and ej/t9 on the angular acceptance and 

momentum resolution as follows, where e^g is the background rate from tpK* 

events. 

i) tpKs and $K* events were simulated using the fast simulation program 

mentioned in section 6. In the simulation we varied # m t n , Omaz and {Spt/pt)o 

fixing #mid,6(0), ^ d (̂<A) where the variables are defined in section 6. 

ii) ipKs events were identified by using the following invariant mass cuts and 

assuming a perfect particle ID. 

a) 0.485 GeV/c2 < M(ir+x-) < 0.510 GeV/c2, p t (7r ± ) > 0.05 GeV/c 
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b) 3.0 GeV/c2 < M{l+l~) < 3.2 GeV/c2, p,(Z±) > 0.1 GeV/c, p(/±) > 

0.8 GeV/c 

c) 5.16 GeV/c2 < M(l+r*+•*-) < 5.44 GeV/c2 

We estimated er from the number of t/>Ks events which satisfy the above 

criteria. Estimation of ej was performed only for K-tagging by using the number 

of events which contain charged K mesons decayed from Bo with pt > O.lGeV/c 

and p < 3GeV/c. We estimated e^g by counting the number of i/'K* events which 

satisfy the above selection criteria. 

Requirements for the angular acceptance 

We plot e r , ef, and eret as a function of cos <?„,„,. in Fig.7.2.la, through 7.2.1c 

respectively assuming (8pt/pi)„ = 0.005 and 6mal = 150°. Plotted in Fig.7.2.2a 

through 7.2.2d are e r , ej, eret, and e^g as a function otcos$min assuming {6ptlpi)0 

= 0.005 and 9min = 17°. 

In these figures one can observe that e r , e*, e rei, and e^g are insensitive to 

the variation of cos &max i but sensitive to the variation of cos <? m l n . Also observed 

is that ejjts is insensitive to the variation of cos 6mi„. 

Based on these results as well as the space requirement for placing the beam 

separation magnets, we chose the region of polar angle covered by the tracking 

device to be between 17°(cos0m,„ = 0.956) and 150°(cos(?maa: = —0.866). 

Requirements for the m o m e n t u m resolution 

Fixing the angular acceptance to be —0.866 < cos 6 < 0.956 we looked at the 

variation of eT and the background rate as a function of the momentum resolution. 

Invariant mass distributions of 7r+ TT~ l+l~ for two different momentum resolutions 

are shown in Fig.7.2.3a(b) and 7.2.4a(b), separately for V'Ks and ^K*. 

The results for the reconstruction efficiency and the background rate are 

summarized in Fig.7.2.5. As far as the detection efficiency and the background 

rate of B —> V'Ks are concerned, we do not need very good momentum resolution, 

but marginal resolution such as 1 % is sufficient. 
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Now we consider another important experiment for CP violation using the 

following process. 

T(4S) - B°B° -» ir + ir~ + X (7.2.3) 

In this process one of major backgrounds is B —• K?r events where K is misiden-

tified as ir. If the decay branching ratio for both the channels are the same, such 

a background contamination is estimated to be about 15 % when the detection 

efficiency of irir is required to be 75 % where K/ir separation is carried out with 

the endcap RICH and dE/dX of 7 % resolution in the CDC using Monte Carlo 

techniques. This background contribution can also be reduced by identifying Kir 

events by making use of the shift of the invariant mass of KK from the B° mass 

when the ir mass is used for K. Fig. 7.2.6 shows the ratio of Kir and irir events 

identified with this method as a function of (6pt/pt)0 when the same number of 

events are produced for the two decay channels. Here the square (circle) points 

correspond to the cases where 90 (50) % detection efficiencies for the K/ir separa

tion by kinematics are required. As seen in the figure, in order for this method to 

be effective as an independent way of reducing the background contribution, the 

momentum resolution is required to be better than 0.3 %. Such a good resolution 

is not obtainable using CDC alone, but if we combine CDC data with PDC and 

SVD data then the resolution of about 0.3 % is expected to be available. 

In the experiment for direct CP violation using the processes of B —» Kir 

and K —*• Kp the background contribution from the continuum is severe since it 

is comparable with the signal from a Monte Carlo study as discussed in section 

8.3, where momentum resolution of 0.5 % is assumed. In that study the ratio 

of background to the signal is approximately proportional to the width of the 

total energy distribution of K and IT or K and p, and this width is approximately 

proportional to the momentum resolution. Therefore for this experiment at least 

0.5 % resolution is required and much better resolution is desirable. 

48 



Fig. 7.2.6 
0 0.2 0.4 0.6 0.8 t 

WPt)o (%) 
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Summary 

i) The optimum magnetic field strength is about 1 Tesla. 

ii) The optimum region of polar angle covered by the tracking device is deter

mined to be between 17°(cos<?mt„ = 0.956) and 150°(cos 6max = -0.866). 

iii) The momentum resolution is required to be at least 0.5 % and is desirable 

to be much better. 
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7.3 Vertex Detect ion 

In this chapter we examine requirements for the vertex detector system using 

processes of CP violation in B° —» ij>K, and B,-B, mixing. 

The proper time difference of a B meson pair is determined through a relation: 

&t~Az/cii7 = (zi-Z2)/cf}y, (7.3.1) 

since B mesons produced are almost at rest in the center of mass frame. Here z\, 

zi are z-vertex positions of B mesons, c is light velocity, #7 is the Lorentz boost 

factor. Accordingly the resolution of At is determined by the resolutions of the B 

vertex positions for the given boost factor. The vertex resolution also affects the 

continuum backgrounds and the combinatorial backgrounds in the signal. In our 

discussion here we focus on the former effect, not on the latter, since the former 

is more important than the latter in the physics processes we like to pursue. 

Measurements of C P Violation 

As mentioned in the chapter 3, the measurement of CP violation is done 

through the measurement of asymmetry in the proper time difference distribution 

shown in Fig. 7.3.1a. The measured asymmetry, however, is diluted due to the 

finite resolution of the proper time difference as seen in Fig. 7.3.1b. Therefore, 

as the proper time resolution gets worse we need more luminosity to establish 

CP violation with the same statistical significance. 

This effect was estimated analytically and the results are shown in Fig. 7.3.2. 

In this figure the integrated luminosity needed to measure the CP violation in the 

ii>Ks channel with a given statistical significance is plotted as a function of At 

resolution, where the luminosity is normalized to one for the perfect resolution. 

The dependence is quite modest as expected from the fact that the oscillation 

period 2w/xj of Bj meson is quite large (slow oscillation). The figure implies that 

At resolution has to be better than rg /2 . This limit corresponds to ~ 80 fim 

resolution for vertex distance at S x 3.5 GeV collision. It is quite difficult to 

50 



a) , 
Proper Time Distribution 

o 

a 0.4 

• ' • ' [ • ' • ' 

— I \ y * M " 

i
.

.
. 

i 

•*~-t-r~ri. . . . . , . , ! . . , I3s 

b) 

-a o 
- M / T , 

N ( A T ) - N ( - A T ) 
• I I I i—i i i i i i i — 

- «(*r)-0 0 

4 T - ( » 1 / T J 
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achieve this order of resolution in the beam direction with gaseous detectors. 

One of the devices which satisfy this requirement is a silicon strip vertex detector 

(SVD). 

The vertex resolution is determined by the intrinsic spatial resolution of SVD, 

multiple Coulomb scattering, and the radii of silicon layers of SVD. In order to 

reduce the effects of the multiple Coulomb scattering it is essential to minimize 

amount of materials of the beam pipe and SVD. The vertex resolution can be 
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improved by minimizing the radii of the beam pipe and the innermost layer of 

SVD. 

The minimum radius of the beam pipe is determined from a tolerable beam 

associated backgrounds, and its minimum thickness is determined from a required 

strength to sustain the atmospheric pressure. For example, about 1 mm thickness 

is needed for a Beryllium beam pipe of a race track shape in cross section which is 

planned to be used for our beam pipe (see section 9.2). The minimum thickness 

required for SVD is mainly determined by a signal/noise ratio of the detector 

(~ 300/im per layer). 

In order to estimate what size of the beam pipe and SVD meets the above 

requirements, we have performed a simulation of the reaction B° —»rf>Ks for the 

configuration of the beam pipe and SVD shown in Fig.7.3.3. SVD consists of 

two layers of silicon strip detectors (denoted as S V D # 1 , SVD#2 in the figure). 

In the simulation we assumed the following parameters. The beam pipe is made 

of I mm thick Beryllium. The thickness of one layer of SVD is 300 fim. The 

spatial resolution of SVD has a dependence on the incident angle of particles 
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Fig. 7.3.4 a) Vertex resolution and b) required relative integrated 
luminosity as a function of the beam pipe radius. 

and its analytic formula is given in the chapter 6. Vertices of B mesons were 

reconstructed in the same way as described in section 8.1. The results for the 
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Az resolution and the relative integrated luminosity required to measure CP 

asymmetry with the same statistical significance of 3 a are plotted as a function 

of the beam pipe radius in Fig.7.3.4a and 4b, respectively. These results imply 

that the radius of the beam pipe has to be less than ~ 3 cm to achieve a z-vertex 

distance resolution of ~ 80 \im. 

Measurement of B,-Bs Mixing 

0.15 

010 

005 

00 1.0 2.0 3.0 
Ill-til 

x 
Fig. 7.3.5 Oscillation pattern of the same sign di lepton events 

from B, decays for i , = 7; {&{h - * 2 ) / r } r „ = 0 (sol id) , 0.1 (do t t ed ) , 
0.2 (dashed) , and 0.5 (dot-dashed) . 

The B, mixing parameter xf is predicted to be quite large in the Standard 

Model: around 10 or more. u ' As a result we need to measure an oscillation pat

tern directly in an event sample including same sign dileptons from the semilep-

tonic decays of B mesons as discussed in section 3.4. 

Fig.7.3.5 shows the oscillation pattern as a function of proper time difference,' 

where the solid line corresponds to the case of zero resolution, and the other lines 

correspond to the cases of finite resolutions. As seen in the figure the oscillation 

amplitude gets smaller as the vertex resolution becomes worse. Dilution of the 

signal due to finite vertex resolution is much larger in case of Bs oscillation 

measurement as compared to the case of CP asymmetry measurement. 
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Fig. 7.3.6 a) The relative integrated luminosity required for .T, 
measurements as a function of proper t ime difference resolution; b) 
M a x i m u m measurable x, value for the given integrated luminosity. 

The effect of a finite vertex resolution on the required luminosity is estimated 

by analytical calculation under some simplified conditions. In Fig. 7.3.6a the 

luminosities needed to measure x, with a given statistical significance are plotted 

for three cases of x, =6, 10 and 14 as a function of the resolution AT ( = A« / r f l ) . 

Plotted in Fig.7.3.Gb are the maximum measurable values of x, for two cases of 

integrated luminosities of lO 4 0 and 10 4 1 as a function of the resolution A T . Here 

we call that x, is "measurable" when it is expected to be measured with the 
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statistical error less than 10 %. In these calculations, the backgrounds from the 

other decay modes of B, and those from continuum interaction are neglected. Also 

neglected is an effect of finite momenta of B mesons in the c m . frame. As seen 

in the figures, AT resolution of 0.5 required for the CP asymmetry measurement 

allows us to measure x a only up to 5 (6) for the Wi0cm~2 ( 104 1c?7i~' ) integrated 

luminosity. If we want to measure xs value larger than this, we need better AT 

resolution. This will be achieved only after the beam energies are changed to 2.5 

x 12 GeV as discussed in section 8.4. 

S u m m a r y 

During the first stage of the experiment, where our goal is the measurements 

of the CP violation effects, a vertex distance resolution of ~ 80 /im is sufficient. 

This resolution can be achieved by using a silicon vertex detector placed just 

outside a 1mm thick Be beam pipe and at 3 cm radius. With this vertex resolution 

our sensitivity to the B,BS mixing reaches up to x, = 5 ~ 6. If x„ happens to be 

larger than this, then we need a better vertex resolution. This can be achieved 

by both having a better vertex detector and making the beams more asymmetric. 

REFERENCES 
1) C. S. Kim et al., DTP/89/52. 

2) K. R. Schubert IEKP-KA/89-6. 

3) P. Krawczyk et al., DESY 88-163 Nov. 1988. 
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7.4. K/T separation 

Tagging of B mesons by K± in V>Ks events 

The flavor of the mother B meson decaying into ^Ks is determined from that 

of the other B meson using its decay products. The possibility of misidentification 

(B or B) must be less than 5% level in order to obtain a statistically significant 

asymmetry. An identification of heavy flavor such as B meson (tagging of B 

meson) has been carried out using a prompt lepton, because it tends to carry a 

large transverse momentum reflecting a heavy b quark mass. Using the charge of 

such a high p* lepton, the flavor of B meson is identified with a high purity. Since 

a semileptonic decay branching fraction of the B meson is only 20%, however, 

the tagging efficiency of this method is only about 11% as mentioned in section 

8.1. This is not sufficient for the observation of CP violation. 

In order to obtain a statistically significant CP asymmetry, we must raise 

the luminosity of the accelerator, or tag B meson with a higher efficiency and a 

high purity using a different method. Thus a method of using charged-K mesons 

becomes essentially important. 

The B mesons dominantiy decay into D mesons and they subsequently decay 

into charged K mesons with a high branching ratio. A view of such decay is shown 

in Fig 7.4.1. As seen from this figure, the charge of charged-K meson allows us 

to determine the flavor of the mother B meson. The major backgrounds are K's 

from light hadrons. However they are found to be small from a Monte Carlo 

study. The tagging of B mesons can be carried out by selecting those events 

which have only one charged K meson but no Ks mesons. The results are shown 

in Table 7.4.1. As seen in the table the resulting tagging efficiency is 35.5% with 

a wrong-sign probability of 2.7%, where the identification of the charged K meson 

is assumed to be perfect. As a result, we can raise the effective luminosity by a 

factor of 3 compared to the case of lepton tagging only, if perfect identification 

of the charged K meson is obtainable. 

The polar angle distributions of charged-K mesons are shown in Fig 7.4.2 
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Fig.7.4.1 Schematic view of the decay chain of a typical C P event. 

in the various momentum slices. Because of the boost in the asymmetric beam 

energies, high momentum K meson dominates in the forward endcap region. 

As seen in Table 7.4.1 70 % of K mesons have momenta less than 1 GeV/c 

so that it is important to achieve good K/TT separation in this momentum range. 

Moreover if we can separate K and ir above 1 GeV/c we can increase the tagging 

efficiency by at most 30 %. Thus, it is also important to provide additional 

K/n separation capability for liigher momentum tracks, especially in the endcap 

region. 

K/ff separation in B —> ir+ir~ decay 

As discussed in the section of the measurement of CP violation by B —» n+n~ 

decay (section 8.2), the momentum of charged n from 7r +?r _ mode is very high and 

ranging from 1.7 GeV/c to 4.3 GeV/c. And K+rr~ ( J T + K ~ ) mode can be a serious 

background to n+n~ mode. Therefore K/n separation in such a high momentum 
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Table 7.4.1 The number of K* and K~ mesons from D° decay, 
tagging efficiency (e) and probability of wrong-sign tagging (7;) 

versus various angular and momentum regions 
in case of perfect particle identification of K* 

N(K±) N(K-) f ( A ' - ) V(K-) 
All Events 4022 

N(K) = 1 & N(A" s)=0 1467 1428 35.5% 2.7% 

p(K- ) < 1 GeV 1028 25.0% 

1 < p < 2 GeV 359 8.9% 

0 < 6 < 30° 83 2.1% 

0 < 6 < 40° 149 3.7% 

2 < p < 3 GeV 53 1.3% 

0 < 6 < 30° 23 0.6% 

0 < 9 < 40° 31 0.8% 

p > 3 GeV 3 0.1% 

range is important, which is provided by a special particle identification device 

such as RICH. In fact when we use barrel and endcap RICH, the sensitivity of 

sin202 is estimated to be improved by 20% ~ 30%. For the study of ir+ir~ mode, 

RICH is definitely necessary. 

Method of Charged Kaon Identification 

Followhigs are readily available or almost available techniques for the charged-

K identification: 

1. TOF and (or) dE/dx; 

2. RICH or Aerogel Cherenkov (threshold type). 

Method 1 has been successfully used in many experiments to separate kaon 

and pion below 1 GcV/c although the identification efficiencies were not so high. 
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Fig.7.4.2 The angular distribution of charged kaon in tyKs events 
for various m o m e n t u m slices 

Since particle identification below 1 GeV/c is important for ipKs events as men

tioned above we discuss on the method 1 in details in the following section. 

Identification of charged kaon above 1 GeV/c is also important for B —> n+n~ 

experiment as mentioned above. We can achieve a sufficient S/N ratio and an 

good efficiency in the high momentum region above 1 GeV/c if we use method 2 

(see section 10.5). However, it requires a new technology and so we need to do 

R&D work. 

K/ i r separation by TOF 

For the TOF measurements, what has been established so far is 150 ps reso

lution by test counters and what has been used in the experiments were 200 ps, 
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by the standard plastic scintillators. Recently, use of a scintillating fiber with 

a photomultiplier using multichannel plates (MCP) are proposed to obtain the 

supreme time resolution such as 50 ps. ' If this kind of device is used, then it 

becomes realistic to assume that 100 ps resolution in the production counters. 

Fig 7.4.3 shows the upper limit of the momentum range versus OTOF in which the 

fraction of n± contamination to K^ by TOF is less than 5% and the efficiency 

of K* identification is 90 % in B{B) -» xj)Ks and B(B) -» X events. Fig. 7.4.4 

shows the fraction of K* mesons with momenta less than P to the total K* 

mesons in the TOF angular region of 17° < 6 < 150°. From these figures, we 

can estimate what fraction of charged K mesons which pass through T O F can be 

identified by TOF for a given time resolution when we require that the fraction 

of ir* contamination to K* is less than 5% and the efficiency of K* identification 

is 90 %. As a result the above fractions are obtained to be 68%, 76% and 85% 

for <7TOF=200ps, 150ps and lOOps, respectively. Combing these results with 35.5 

% tagging efficiency for the perfect detector the tagging efficiencies of B mesons 

for OTOF =200ps, 150ps and lOOps are derived to be 24%, 27% and 31% with the 

same probability of wrong-sign tagging of 2.7 % and the same misidentification 

probability of 5%, respectively. Therefore 200 ps resolution is not sufficient to tag 

B mesons efficiently. In this case we need additional K/jr separation capability 

such as RICH. 

K/TT separation by T O F and d E / d x 

For the dE/dx measurements, the typical Time Projection Chamber (TPC) 

such as PEP4-TPC has obtained the resolution very close to 3%. However in 

this case we need to use a pressurized gas, which is Dot allowed to be used in our 

tracking detector because of large multiple Coulomb scattering effects. Even by 

the conventional cylindrical drift chamber such as ARGUS type, good resolution 

of 4.2% is obtainable by using propane gas. However for the case of a low-Z 

gas which we plan to use because of small multiple Coulomb scattering effect, 

we expect a resolution much worse than this, for example about 7 % for the 

He-based gas (see section 10.3). A 10%-resolution may be a worst case. 
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Fig.7.4.3 The upper limit of momentum range versus <TTOF 
in which the fraction of «•* contamination is less than 5% 

and the efficiency of K* identification is 90 % 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 

I I I I I I I t I L-l—I—T I I I I I I L-i—i—r i 

i i i I i i i i I i t i I l l I l I 1 I 
0 1 8 3 4 

P(G«V/e) 
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Next we discuss K/n separation with the combination of TOF and dE/dx. 

The five cases are considered here. 

(a) Conservative case; OTOF = 

200ps and <rdE/dx = 10%. 

(6) Good TOF case; <?TOF = 100 ps and od£jdx = 10%. 

(c) Good dE/dx case; &TOF = 200 ps and ^dE/dx = 6%. 

(d) Good TOF and Good dE/dx; oTOF - 100ps and adE/dx = 6%. 

(e) State of arts; axoF = 50ps and odElix = 3%. 

In this study, a lever arm for T O F is conservatively assumed to be 1 m. The 

results are summarized in Fig 7.4.5 where \ 2 of pion calculated in case of kaon 

assumption is plotted against momentum for the above five cases. A 1%I-CL line 

is also shown. It is clearly seen in the figure that, if we can achieve the state of 

arts case (e), we do not need RICH. We do not expect, however, that will happen 

in near future. Also observed is that unless we achieve the dE/dx resolution close 

to 6%, it does not contribute significantly to the K/7r separation, especially in the 

high momentum region above l GeV/c. As mentioned above the expected dE/dx 

resolution is about 7 % and it is not easy to obtain 6 % resolution. Therefore we 

need a special device for particle identification such as RICH. 
REFERENCES 

l ) R. Stroynowski, Workshop on Scintillating Fiber Detector Development 

for the SSC, Nov. 14-16, 1988 Fermilab; Preliminary Monte Carlo sim

ulation of a counter with MCP read-out indicates that 50 ps timing 

resolution can be achieved for 3 m long and 10 cm thick counters. 
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7.5 7 and 7r° Detect ions 

In the asymmetric B-factory, the vertex detection leads to an effective recon

struction of the B mesons. As a result, efforts for a precision vertex detector and 

subsequent good tracking detectors are well-payed and indispensable. On the 

other hand, the shower counter(SHC) to detect 7 and w" is not benefited from 

the asymmetric collider. The effectiveness of a shower counter for reconstructing 

the B mesons including n° at an asymmetric collider is the same as in a sym

metric collider. Therefore an argument for having a good shower counter in the 

existing B detectors still holds in our case. It also should be noted that the 7 

energies from the B decay are rather small as shown in Fig. 7.5.1. 

E 7 ( GeV ) 

Fig.7.5.1 Energy spectrum of -y's from the B decay at a 3.5 x 8 G e V collider 

7.5.1 Reconstruct ion of n" 

The mass resolution of the n° meson decaying into two 7's with energies of 

Ei , E2 and opening angle of a is obtained by 

(^)2=(!£)2

+(^)2+( Aa 
2BX 2Eh v 2 t a n ( « / 2 ) 

1,AE. Ao, 
2 + 2 V E. (7.5.1) 
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where in the second line we approximated the equation by assuming that IT" 

decays to two 7's in the symmetric configuration(corresponding to the minimum 

opening angle). In Fig.7.5.2, the IT" mass resolution are plotted against 7r° energy 

where contributions from energy resolution and angular resolution are shown 

separately. 
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Fig.7.5.2 Mass resolution of n° versus -a" energy. 

Optimization of the angular resolution 

When the energy resolution is fixed, the angular resolution which gives a com

parable ir°mass resolution is required. Therefore an optimum angular resolution 

A0 - A Q / X / 2 is given by 

A0«x 
1 MK. AEy 

2 Ey Ey 
(7.5.2) 

As a result, for the energy resolutions of 1%, 5% and 10% at 1 GeV, the optimum 
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angular resolutions are estimated to be 0.7, 3.5 and 7 mrad. This relation is used 

in the determination of the segmentation of the SHC. 

Mass resolution of 7r° 

When the energy resolution and the mass resolution are made comparable, 

we obtain the following relation 

Numerically, the energy resolutions of 1%, 5%, and 10% at 1 GeV result in 7r° 

mass resolution of 1.4, 7 and 14 MeV for 1 GeV TT0, respectively. If we require n" 

mass resolution of 10 MeV at 1 GeV, the energy resolution of 7%/%/JE is required. 

In order to see what it" mass resolution is required for the SHC, we made Monte 

Carlo studies using the BB events. In the simulation we compared results for 

three kinds of shower counters: 

(1) Csl counter of 16 X 0 (Csl), 

(2) same Csl counter except the energy resolution is a factor of two worse (we 

call it CsI-2), 

(3) Pb-Scintillator counter (Pb-Sc). 

The resolutions for Csl and Pb-Sc are given in the chapter 6. The energy 

resolutions of these counters are 3%(6%), 6%(12%), and 14%(22%), at E 7 = 

1 (0.2) GeV, respectively. The minimum detectable energies of Csl, CsI-2 and 

Pb-Sc are 20 MeV, 20 MeV and 50 MeV, respectively. 

The resulting invariant mass distributions of two 7's are shown in Fig.7.5.3. 

The n° mass resolutions are 8 MeV, 15 MeV, and 20 MeV respectively. Detection 

efficiency (e T . ) and purity of 7r° are compared for three detectors by identifying 

7T° in the following way. First, two 7's with M 7 7 between 0.011 and 0.0275 

(GeV/c 2 ) 2 are selected. Then momentum vectors of the two 7's are fitted to 
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Fig.7.5.4 Mass resolution of B 

versus 7r° energy. 

Fig.7.5.3 Invariant mass distributions 

of two -y's. 

obtain ir° mass (one constraint fit) and then 7 pairs with x2 < 3 are recognized 

as TT°. Purity of the recognized n° sample is defined by the fraction of the true 

7r° events in the sample where backgrounds are combinatorial ones. The results 

are shown in Table 7.5.1. 

The difference is large between CsI-2 and Pb-Sc in the n" detection efficiency. 

For the purity, the difference is large between Csl and CsI-2. Therefore the energy 
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Table 7.5.1 Detect ion efficiency (£»•) and purity of ir° 

Detector « - (%) purity (%) 

Csl 80 43 

CsI-2 75 30 

Pb-Sc 55 28 

resolution of Csl is necessary. 

7.5.2 Reconstruct ion of B Meson 

E„. ( GeV ) 

Fig.7.5.5 Energy spectrum of ir° from B\ —> T/'A'STT0 

Next, we discuss the requirements coining from the B meson reconstruction. 

We consider B mesons decaying into n° and X (any particles) with momenta P„. 

and P,\'i respectively. Then the invariant mass square of the B meson is expressed 

by: 

M2

B = ( P . . + PX? = M% + 1EXET. - 2PXP^ cosa + M, 2., (7.5.4) 
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where M.x is the invariant mass of the particles X and a is the opening angle 

between ir° and X. In order to estimate the effect of the n" mass resolution on 

B reconstruction, we assume that momentum of X is precisely measured and 

further that B meson is at rest. Then the B mass resolution is simply expressed 

as 

AMB = AP„. . (7.5.5) 

In Fig. 7.5.4, the B meson mass resolution is plotted against n° energy. For 

comparison, the resolution obtained when 7r° is replaced by a charged track with 

a momentum resolution of A P / P = O.OlPj is also shown by the dashed line. 

"Therefore if we require the B mass resolution of 20 MeV, for recognizing a B 

meson which has a ir° ( of an average E T . of 0.5 GeV), the energy resolution of 

the SHC should be 4% at E-, = 0.25 GeV, which corresponds to 2% resolution 

at E 7 = 1 GeV. This energy resolution is achieved only with the crystal shower 

counter. 

In order to see more definitely what resolution is required for the SHC to 

reconstruct B mesons we made Monte Carlo studies of Bj —• ipK* —• V"KST° pro

cess, which is one of the important processes for the CP violation measurements. 

For comparison, a simulation for the basic CP measurement for B\ —* ipKs w a s 

also made. Here ip and Ks were identified from the lepton pair decay and 7r+7r~ 

decay, respectively. And 7r°'s were identified in the same way as described before 

and mass constraint fits for both rp and Ks were also made. Fig. 7.5.5 shows the 

energy spectrum of ir° from ipK* events. As seen in the figure the energy spec

trum has two bumps as a result of two body decays of B and K*. In Fig. 7.5.6-a, 

-b , and -c we show the invariant mass distributions of ^>Ks?r0 for ipK* including 

background events (solid histogram) and of the background events only(dashed 

histogram) calculated for Csl, CsI-2, and Pb-Sc detectors, respectively. 

By selecting the events by a mass cut, we obtained the purity, detection 

efficiency (es) and expected number of tagged *I>K* and */>A's events per 10 7T(4S) 

(Ng), where the tagging efficiency of the B meson was assumed to be 50 %. Here 
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Fig.7.5.6 Invariant mass distributions of t/>KsT°. The results without 

(with) the beam energy constraint are giveii in a) , b) and c) ( d ) , e) 

and f) ) . The solid and dashed histograms correspond to signal plus 

background and background only, respectively. 

purity is defined by the fraction of the true B% —» ipKs*0 events in those events 

which are selected as B% —» i/tKs*° events by the mass cut. We assumed that 

Br(B° -> rpKs*") = 3 x 1 0 - 4 . It is to be noted that this Monte Carlo study 

was carried out with slightly different conditions as compared with the Monte 

Carlo study in the section 8.1 The results are shown in Table 7.5.2. If we require 
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that the energy of the B meson in the center of mass system should be equal 

to the beam energy ( beam energy constraint), the mass resolution of B can be 

improved as seen in Fig.7.5.6. The purity and detection efficiency of t/>K* events 

are also slightly improved as shown in Table 7.5.2. 

Table 7.5.2 Purity, detection efficiency (es) a n d 

number of events ( N B ) for xj>K* and tpKs-

Process Ebeam constraint Detector purity (%) *B (%) N B 

B°d -* 0A's7r° 

Ba

d - ipKsna 

B°d - Ws** 

No 

No 

No 

Csl 

CsI-2 

Pb-Sc 

81 

71 

66 

61 

56 

38 

79 

72 

50 

B°d -* ^Ks*0 Yes 

Yes 

Yes 

Csl 

CsI-2 

Pb-Sc 

80 

73 

69 

60 

55 

39 

78 

71 

51 

B°d -» 1>KS Yes CDC 100 70 124 

These results indicate that we can obtain a similar amount of Bl —» ipKsir" 

events as Bl —•» ii>Ks events if we use the Csl detector. The purity of these events 

is comparable to that of Bd —* ipKs events. Also indicated is that we need about 

80% (40%o) more luminosity for Pb-Sc (CsI-2) detectors than Csl detector to 

obtain the same physics output for Bd —• t/>A's7r° events. Therefore at least the 

energy resolution of CsI-2 is required and the resolution of Csl is desirable. 
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8. Simulation Study of Selected Physical Processes 

8.1 C P Violation in B°d{Ba

d) -> i>Ks 

In this chapter, we discuss on an integrated luminosity required for the mea

surement of CP violation in the reaction B°(B°) —* i>Ks at 8 x 3.5 GeV by 

detecting tp and K$ by l+l~ and n+/K~ decay modes, respectively. 

Evaluation of Integrated Luminosity 

A necessary integrated luminosity for observing the CP asymmetry is evalu

ated by the following formula: 

j Ldt = {siA? • {a • / 0 • (2S) • er • 6 , } _ 1 • (1 + !BG)\ 

A = {\ - 2w) • d • sm2<j>v, (8.1.1) 

where, 

J Ldt : necessary integrated luminosity, 

s : statistical significance of the measurement, 

sin 20j : CP asymmetry, 

a : e + e _ —» T(4S) cross section, 

/o : T(4S) -> B°B° branching fraction, 

B : fraction of B° decaying into l+l~ir+it~, 

eT : B\{—* ipKs) reconstruction efficiency, 

«t : i?2 tagging efficiency, 

w : fraction of wrong tagging, 

d : asymmetry dilution factor, 
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fBG '• ratio of backgrounds to the signal. 

We take a = 1.15 nb from ref.l and /o = 0.5 from ref.2. The factor B is given as: 

B =Br(B° -> i])Ks) • Br{ij> - » l+ l ' ) • Br(Ks -> n+w~) 

=(4 x 1(T 4 ) • (0.14) • (0.69) (8.1.2) 

=3.9 x 1 0 - 5 , 

where Br(B° —+ rf>Ks) was taken from the latest measurements of charged and 

neutral decay modes of B —> t/>A".3 As shown in Eq. (3.1.15) the allowed range 

of sin 2<j>\ at 90% confidence level is given by 

0.16 < sin 2< !̂ < 0.91, (8.1.3) 

which is used in the present analysis. 

The values er, U, w are dependent on detector configuration and its perfor

mance, and were evaluated by a Monte Carlo method. We show the results in 

the next section. 

Monte Carlo Simulation and Results 

In order to evaluate EJ, e r , w, and d factors under realistic conditions, a 

Monte Carlo simulation was performed. Methods of event generation and de

tector simulation are described in the previous chapter, therefore, not repeated 

here. The only exception is, however, a vertex detector system. We used the ver

tex detector system consisting of two layers of silicon strip detector as shown in 

Fig.8.1.1. The shape is more realistic than that assumed in the standard Monte 

Carlo simulation program. Total 4,000 events of the reaction T(4S) —• B\Bo, 

B\ —* «/>(—> l+l~)Ks(~* "'+? r~)> B2 —* anything were generated and analyzed. 

Tracking and Vertex Finding 
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Fig.8.1.1 Vertex detector sys tem assumed in this s imulation. 

Generated and simulated events were then passed to a track finding program. 

In the track finding program we assumed a 100% detection efficiency for particles 

in the detection area. Also assumed was that all tracks in CDC are uniquely 

associated with hits in the vertex detector. Helix parameters of a track were 

determined by x2 minimization method, using two sets of i<j> and z coordinates 

measured in the vertex detector and a transverse momentum measured in CDC. 

The minimum transverse momentum required for the track fitting was 0.1 GeV/c. 

A common vertex for multi-tracks was determined using a vertex-constraint 

fit program which takes into account effects of measurement errors and multiple 

Coulomb scattering. 

B\ Reconstruction 
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ij> candidates were selected out of the sample of oppositely-charged lepton 

pairs. Muons with p > 1.2 GeV/c were identified by the muon chamber, and 

electrons with p > 0.5 GeV/c were identified by the shower counter. In addition, 

combined information of TOF, RICH and dE/dx in CDC were applied for electron 

identification below p < 0.5 GeV/c. The probability (P,) for each track to be 

an electron or a pion was calculated and the particle with larger probability 

was chosen. Then an invariant mass cut (3.0 < M(l+1~) < 3.2 GeV) and a 

vertex quality cut (pro6.(v 2) > 0.1%) were applied. The distribution of the 

invariant mass of lepton pairs is shown in Fig.8.1.2a. The distribution of the 

z-vertex difference of the reconstructed rj> vertex and the true ip vertex is shown 

in Fig.8.1.3a. 

The xj> reconstruction efficiency is obtained to be 

e r (^ ) = 0.74. (8.1.4) 

Ks candidates were reconstructed from two oppositely-charged pion pairs. The 

resulting invariant mass distribution is shown in Fig.8.1.2b. By applying an 

invariant mass cut (0.485 < M(7r+7r~) < 0.510 GeV), the Ks reconstruction 

efficiency is determined to be 

eT(Ks) = 0.82. (8.1.5) 

Finally B\ was reconstructed from the i/> and Ks candidates. The resulting 

invariant mass of ifrKs is shown in Fig.8.1.2c. With a cut of 5.15 < M{tpKs) < 

5.40 GeV, the reconstruction efficiency becomes 

eT{Bi) = 0.61. (8.1.6) 

B2 Tagging 
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Two methods were used for the Bi tagging. One method uses the sign of 

lepton charge in the semileptonic decay of B" meson: 6 —• l~vX and b —» l + vX . 

The other method uses the sign of kaon charge in the cascade decay of B° meson: 

6 —* c —* s , 4 - t c - t s . 

Lepton candidates were selected out of the tracks not coming from the B\ 

vertex. Then it was required that their momentum are larger than 1.4 GeV/c in 

the rest frame of T(45) . This requirement reduces backgrounds due to leptons 

from the semileptonic decay of charmed mesons. According to a Monte Carlo 

study the tagging efficiency and fraction of wrong tagging were estimated to be 

ej(lepton) = 0.11, u>(lepton) = 0.02. (8.1.7) 

A decay point (x2,2/21*2) of the Bi meson was determined by using the lepton 

track and a virtual track which is parallel to the beam axis and passes through 

a point (x'2,j/2)' Here (x^y^) is the predicted B2 decay point from the recon

structed J5i vertex (xi,t/i) in the x-y plane, which is given by 

x'2 = xi - 2CTBP\X/MB, 
(8.1.8) 

y'z = y-i - 2cTBPiy/MB. 

Here Tg , Mg , (Pj i .Pjy) are B° lifetime, B" mass, and x,y components of B\ 

momentum in the laboratory frame, respectively. The point ( x 2 , y 2 ) is a good 

approximation of the true vertex point of the B2 with an accuracy of ~ 45 fim in 

r.m.s., since a separation between the B\ and B2 meson in the x-y plane is very 

small. The distribution of the z-vertex difference of the reconstructed Bi vertex 

and the true one is shown in Fig.8.1.3b. 

The kaon tagging method was applied to the events which were not lepton-

tagged. Kaon candidates were selected and then their charges were examined. 

In the case where multi-kaon candidates existed, sum of their charges were ex-
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amined. Here kaon candidates were selected by requiring: 

PK/{Pt + P„ + PT + PK + PP) > 0.5. (8.1.9) 

We obtained the tagging efficiency and fraction of wrong tagging given as 

e«(A") = 0.37, w(K) = 0.12. (8.1.10) 

Here the effects of the loss of kaons via decay-in-flight in the fiducial volume 

(~ 13%) are also included. 

In the B<i vertex reconstruction, the method used in the lepton tagging does 

not work since in most cases kaons come from charmed mesons rather than coming 

directly from the J?2- Thus we used a different method. First, a vertex was 

constructed using all the non-kaon tracks not originating from B\ and the virtual 

track defined above. If the vertex quality is not acceptable (prob.(x2) < 10%), a 

track of the worst quality other than the virtual track was discarded. Then the 

vertex reconstruction procedure was repeated until a good fit was obtained. The 

fraction of events where no good fit was obtained was about 5%. The distribution 

of the z-vertex difference of the reconstructed B2 vertex and the true one is shown 

in Fig.8.1.3c. 

Combining these two tagging methods, we obtained 

«t(lepton + kaon) = 0.42, to(lepton + kaon) = 0.09. (8.1.11) 

B\ — B2 Vertex Distance Resolution 

The distribution of the B\ — Bi vertex distance for the reconstructed vertices 

minus the true B\ — Bo vertex distance is shown in Fig.8.1.4. The solid curve in 

the figure shows a fit with a sum of two Gaussian distributions. The two widths 

of the Gaussians are 41 /zm(51%) and 95 £im(49%), respectively, and its average 

r.m.s. is V< cr2 > = 73 fim. 
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Fig.8.1.4 The B\ — Bi vertex distance for the reconstructed vertices 

minus the true B\ — B2 vertex distance. The solid curve is the best-fit 

result described in the text . 

Determination of the CP Violation Parameter 

The observed proper time difference distribution is shown in Fig.8.1.5. In 

the figure, At is replaced by —At when B2 is tagged as B° meson. The CP 

violation parameter sin2<^i was determined by fitting the theoretical formula 

to the data, where the effect of finite time resolution is taken into account. The 

fitting method was a maximum likelihood method, where only sin 2<l>\ was treated 
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as a free parameter. The line in the figure is the result of the fit. The sin2</>i 

is determined to be 0.40 ± 0.07, consistent with an input value 0.40 within the 

statistical error. 
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80 
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Fig.8.1.5 The measured proper t ime difference distribution. 
T h e curve is the result of the fit described in the text . 

Necessary Integrated Luminosity 

From the above study and eq.(8.1.1), we can evaluate a necessary integrated 

luminosity to determine sin 2^j with statistical significance of 3a. The result is 
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Fig.8.1.6 The minimum detectable value of | sin 2<̂ j | 

wi th 3(7 significance versus integrated luminosity. 

0.5 x lO 4 0 - 1.7 x 10i]/cm2 for the allowed range of sin 2(̂ 1 , 0.91 - 0.16. In 

this estimate, the contribution from backgrounds (JUG m eq.(8.1.1)) is neglected, 

since it is negligibly small as described below. 

Backgrounds 

As for backgrounds, there are two kinds of physics backgrounds: oae from the 

standard B meson decay and the other from the continuum reaction. The most 
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serious background in the former is B" —> rj>K*{K* —> Ksn") which provides CP 

asymmetry with opposite sign compared with B° —» t/>A's- A large amount of 

this contamination may cancel the CP asymmetry. However, it turned out that 

the fraction of backgrounds is 2 — 3% at most, even if both the backgrounds are 

summed. 

Other Decay Modes 

There are a lot of promising decay modes other than B —+ ifrKs(Ks —* T + W ~ ) 

discussed above. Below we briefly comment on some of them. 

Bj -> 0 K S ( K s -> «°ir°) 

Although this mode needs detection of 4 7's, it also gives us a clean sample 

for the study of CP violation, since kinematical constraints (ir° and A' 0 mass) 

are very powerful in the event selection. The simulation results show that the 

rf o of the yield for Ks —* 7r°7r° to that for K$ —> n+n~ events is ~0.27, and 

that the contribution of combinatorial backgrounds is quite small. We used this 

result for estimation of the total yield from B —» %[>Ks{Ks —* T + 7 T ~ ) process. 

Bi -> V>Ksir0 ( K s -» TT+TT-) 

This mode is also promising according to the Monte Carlo study described 

in section 7.5. The study indicates that the ratio of the yield from this mode 

to that from B\ —> ifiKs(—* tf+7r-) amounts to ~0.63 assuming that Br(B° —» 

tpKs7r°) = 3 x 10~ 4 . s Background fraction can be reduced to be less than 20 % 

by using full kinematical constraints. 

Summary 

T ' v ' ' integrated luminosity needed for observing the CP asymmetry in the 

4>Ks channel with statistical significance of 3CT is 0.5 x 10 4 0 — 1.7 x 1 0 4 1 / c m 2 

for the range of sin2^i ~ 0.91-0.16. This integrated luminosity is reduced to 

0.4 x 10 4 0 — 1.4 x 1 0 4 1 / c m 2 by including neutral decay mode of Ks- The relevant 
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Table 8.1.1 Summary of a simulation study of 

CP asymmetry measurement in B° —> xl>Ks-

T(4S) Cross Section (nb) 1.15 

T(45) -+ B°B° Branching Fraction (/o) 0.5 

B\ —> 1+1~TT+TT~ Branching Fraction (B) 3.9 x l O - 5 

B\ Reconstruction Efficiency (e r ) 0.G1 

B2 Tagging Efficiency (et) 0.42 

Fraction of Wrong Tagging (u>) 0.09 

Dilution Factor (d) 0.53 

CP Violation Parameter (sin 2<j>\) 0.91 - 0.16 

Necessary Integrated Luminosity ( 1 0 4 0 / c m 2 ) 0 .5- 17 

factors for the evaluation are summarized in Table 8.1.1. Fig.8.1.6 shows the 

minimum detectable value of |sin2<^>i| with 3<r significance as a function of inte

grated luminosity. In the figure both charged and neutral decay mode of A'5 are 

included. The necessary luminosity could be reduced further, if the B° —• 0A"* 

process is included. 

REFERENCES 

1) H.Schroder, DESY 88-101, July, 1989. 

2) D. L.Kreinick, "B-physics from CLEO", '89 Lcpton-photon conference; 
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3) B. Gittelman, "Spectroscopy and Decays of Heavy Flavors", High En

ergy Conf. 1990. 
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8.2 C P violation in J3° -» TT+TT-

Overview 

The absolute value of CP asymmetry (| sin 2(j>2\) in B° —> x+n~ is estimated 

to take a most probable value of 0.80 as mentioned in the section 3.1. In this 

section, we present an estimate of the required integrated luminosity to observe 

sin2<^2- We also discuss effectiveness of the background suppression by the K / T 

separation when different combinations of dE/dx, RICH, and TOF are used. 

The formula of a minimum required integrated luminosity for a given CP 

asymmetry parameter is given by Eq. (8.1.1) in the previous section. In this 

study we used the same formula where (j>i is replaced by 4>2 and B represents the 

branching ratio of B° —* 7 r + x _ . For simplicity we make our estimate here with 

the same values of the tagging efficiency, the probability of wrong tagging, and 

the dilution factor as used in the previous section neglecting the dependence of 

the former two items on the performance of the particle identification. 

For a given luminosity, the lower limit of detectable | sin 2<fo | is proportional 

to y/(l + fBG)l*f Thus, S/N ratio and the detection efficiency is directly related 

to the luminosity requirement. 

The backgrounds for B° —• 7r +7r _ signals mainly comes from, (1) e + e ~ —> qq 

continuum, and from (2) B° -> K+ir~ {B° -» K~TT+). 

Here we consider only the case of (2). The continuum background will be 

studied later. The branching ratios of B° —> TT+TT~ and B° —> K+n~ are recently 

estimated to be 1.3 X 1 0 - 5 and 1.7 x 1 0 _ s , respectively.1 However these esti

mates usually have large errors due to unceitainties in the hadronic form factors, 

the contributions from Penguin diagrams, QCD corrections, and other physical 

parameters. As a result estimates by various authors differ by a several factor. 3 

In this section, we take Br(B° —> K+n~)/Br(B° —> K+TT~) as a free parameter, 

which ranges from 1 to 3. 
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Fig.8.2.1 M o m e n t u m versus cost? of pions coming from B" —> 7r+7r~ at T(4S) 

Monte Carlo Study 

To increase S/N ratio and overall detection efficiency of B" —> 7r+7r~, •n+n~ 

must be well separated from K^ir*. This separation can be done using just a 

kinematic constraint or by including the K / T separation. In this study, we used 

the momentum resolution of <rvJpi — 0.5% y/l + pj. 

We first calculate the invariant mass of two tracks in the 7r+7r~ and K^TT^ 

events assuming that both tracks are pions. The 1 a width of the invariant mass 

distribution is about 50 MeV in the ir+ir~ sample. Separation between the 7r+7r~ 

and A ' * ^ mass peaks is also 50 MeV. Thus, two peaks cannot be well separated 

kinematically with the 0.5 % momentum resolution. 

When a fitting of ir +jr~ or K^ir* is done with a beam energy constraint, 

the error in 7r +7r _ invariant mass calculation improves by about an order of 

magnitude. However, the beam constraint fit does not improve the separation of 

7r+7r~ from K ^ J T ^ events and was not used in the following analysis. 

Separation of ir+ir~ from IC^it* using particle identification 
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Different ways of achieving the K/TT separation and their expected perfor

mances are described in chapter 7 and 8. Fig.8.2.1 shows the pion momentum 

versus pion angle with respect to the beam axis for B° —> 7r + i r _ at T (4S) in the 

laboratory frame. The momentum ranges from 1.7 GeV/c to 4.3 GeV/c. Thus, 

it is necessary to have the K/?r separation up to rather high momentum, about 
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4 GeV. Fig.8.2.2 shows a n+n~ invariant mass distribution of both true n+n~ 

and misidentified K^ir^ for different combinations of the particle identification 

devices when Br(B" —* K+n~)/Br(B° —» •K+IT~) = 1 is assumed. Here particle 

identification was done as follows. First we calculated the probability that a par

ticle should be pion or kaon according to the performance for a given combination 

of the particle identification devices. Then the particle with higher probability 

was taken. 
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Fig.8.2.3 (a) efficiency and (b) background traction of B° —• T+JT analysis 
for different combinations of particle ID: • dE/dx only, 

n dE/dx + endcap RICH, 
x dE/dx -|- endcap RICH + barrel RICH, 

0 dE/dx + endcap RICH + barrel RICH + TOF. 

To estimate a minimum required luminosity for observing sin2^2» the lower 

cut for the invariant mass must be optimized to minimize (1 + /flc)Ar- The 
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results for an overall detection efficiency and the background fraction are shown 

in Figs.8.2.3. Using these values, the minimum observable |sin 2^2! for a given 

luminosity as a function of Br(B° —» K+ir~)/Br(B° —> ir+ir~) are obtained as 

shown in Fig.8.2.4, assuming Br{B° —> ic+n~) = 1 . 3 x l 0 - 5 . This branching ratio 

is a conservative value. As shown in section 8.1, a minimum required integrated 

luminosity is inversely proportional to Br(B° —* 7r + 7r - ) . Thus the lower limits 

given in Fig.8.2.4 are considered as conservative estimates. 

Summary 

When all of dE/dx, endcap RICH, barrel RICH, and TOF are used and when 

Br(B° —* K+ir~)/Br(B° —» 7r + 7r - ) = 3 is assumed, observable lower limits of 

| sin 2 ^ 1 are 0.73, 0.46, and 0.33 for the integrated luminosities of 2 x 10 4 0 cm~ 2 , 

5 x 1 0 4 0 c m - 2 , and 1 0 4 1 c m - 2 , respectively. For the same ratio of branching ratios, 
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the integrated luminosity of 3 x 1 0 4 0 c m - 2 will be needed to observe down to 

| sin 202|=O.8O when only dE/dx and endcap RICH are used. The barrel RICH 

is most effective to increase the sensitivity for observing sin2$>. As a result 

if we use barrel RICH, endcap RICH and dE/dX the integrated hiniinosity of 

2 x 10 4 0 cm~ 2 is enough to observe | sin 2021=0.80. 

REFERENCES 
1) L. L. Chau et o/., UCDPHYS-PUB-OS-90. 

2) M. Tanimoto et a/., EHU-12-S9; N. G. Dcshpande and J. Trainpetic, 

Phys. Rev. D 4 1 , 895 (1990). 
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8.3 Direct C P Violation in B —» Kir and Kp mode 

Overview 

Among the decay modes for possible direct CP violation described in section 

3.3, we choose B°(B°) —+ K^n^ and B* —» K^p" decay modes for simulation 

study here. The expected CP asymmetries and branching ratios for these modes 

are reasonably large and detection could be easy since B decay into only two or 

three charged particles. 

Contrary to the previous section, B"(B°) —» A'*7rT decay is a signal and 

B" —* K+IT~ decay is a background here. However, the same discussion for sig

nal to noise ratio can be applied by exchanging two decay modes. Misidentified 

ir+n~ events do not contribute to the asymmetry. The contribution to the to

tal events can be subtracted using an identified K±n^/n+TT~ ratio and particle 

identification efficiencies. 

For detection of direct CP violation, neither a tagging of the other B meson 

nor a measurement of time evolution is necessary. This makes detection efficiency 

higher but the background contamination, especially from continuum, would be

come more severe. Here, we concentrate on the background from continuum 

and ordinary B decay processes, and the background from B° —> 7r +T~ is not 

discussed furthermore. The reconstructed resolution and efficiency of symmetric 

collider case is also calculated for comparison, in order to evaluate our detector 

design for these modes. 

In the following, we show results of study using the Monte Carlo simulation 

program described in chapter 6. The standard geometry of our detector and 

resolution are used. However, particle identification for K and v is taken to be 

100% for simplicity. If we require both K and 7r to be positively identified, the 

overall efficiency will be reduced to about 75% to 50% depending on the used 

particle identification system in accordance to the study in the previous section. 

Event Selections 
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The following selection criteria are applied to select aiming events from 

background.' Since our design is 8 x 3.5 GeV asymmetric collider, all de

tected particles are boosted to the c m . system of e + e _ collision, and then cuts 

are applied. 

A) B° -> A ^ T T * Decay Mode 

1) Etot = E K + E* is consistent with E b e a m within resolution (2(7E,ol), where 

Ebeam i s a beam energy in the c m . system. 

2) |COS#T| < 0.7, where 0? is an angle between a thrust axis of K and JT and a 

thrust axis of the rest of particles in the event. 

3) |COS0R| < 0.8, where Og is an polar angle of momentum of the B meson. 

4) Invariant mass of K and n is within ± 5 McV from B meson mass. Here a 

beam constraint mass M = \ / E j C M I | — P j ^ is used. 

B) B± -> A'=V Decay Mode 

First an invariant mass of 7r+7r~ is required to be within M p ± Tp and then 

above conditions are applied to K p system. One more condition is added for 

this mode: 

3') |cos#*| > 0.5 where 6* is a decay angle of w in the rest frame of p with 

respect to the direction of p in the B rest frame. 

Cuts on Etot and invariant mass are straightforward. Fig. 8.3.1 and 8.3.2 

show the angular distributions of parameters used in the above selection for 

decay mode A) and B), respectively. The distributions are compared for aiming 

B decays and background processes. One can see these angular cuts enhance the 

signal to noise ratio effectively. 

Resolut ion and Selection Efficiency 

The resolutions for Etot and beam energy constrained invariant mass (M), 

and the selection efficiencies are shown in Table 8.3.1 and 8.3.2, respectively. In 

addition to our design (8 x 3.5 GeV asymmetric collider), those for a detector in 
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(a) D± -» Kipn Decays 
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symmetric collider are also shown for comparison (a standard acceptance -.900 

< cos0 < .900 is assumed). 

Comparing with a symmetric collider case, our detector obtains almost the 

same resolutions and efficiency. 

Table 8.3.1 Resolutions 

Decay Mode Accelerator ff(Eiot) a(M) 

A) B -» Kn Asymmetric 

Symmetric 

52.4 MeV 

49.5 MeV 

3.27 MeV 

3.27 MeV 

B) B -» Kp Asymmetric 

Symmetric 

44.9 MeV 

43.5 MeV 

3.56 MeV 

3.48 MeV 

Table 8.3.2 Selection efficiencies 

Decay Mode Accelerator Acceptance Selection Efficiency 

A) B - Kir Asymmetric 

Symmetric 

-.886 < cos0 < .956 

-.900 < cosfl < .900 

0.443 

0.444 

B) B — Kp Asymmetric 

Symmetric 

-.886 < cos0 < .956 

-.900 < cos0 < .900 

0.353 

0.340 

Background Estimation 

Fig. 8.3.3(a) shows the Etot distributions for B° —> A " * ^ decay and back

ground from continuum and ordinary B decays within detector acceptance. Total 

number of events for each process is normalized to 10 7 T(4S) production and 

Br(J5° —• A'+7r~ ) = 1 0 - 5 is assumed. The backgrounds from continuum dom

inate over those from ordinary B decays by more than an order of magnitude. 

Solid and dashed line in Fig. 8.3.3(b) show the beam energy constrained K^^ 
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invariant mass distributions after Et 0t cut for B" —» K^ir* and continuum, re

spectively. The background is reduced further order of magnitude by angular cuts 

as indicated in dotted line in the figure. Now the signal to noise ratio is greater 

than 1 and signal can be detected, although background level is still comparable 

to signal. 

Fig. 8.3.4 shows the same distribution for B*1 —» A'*/) 0 decay mode. The 

situation is similar to B° —t K^ir? decay mode. The background events from 

continuum and ordinary B decays do not contribute to the asymmetry and the 

background contribution can be estimated by several ways. The background from 

continuum could be reduced further by selecting events with vertex point away 

from interaction point. 

Summary 

The number of e + e - —* T(4S) events needed to measure asymmetry A with 

IICT statistical s'gnificancy can be obtained using formula given in section S.l with 

setting tagging efficiency to 1, i.e., 

N = (n /A) 2 ( l + / U G ) / [ f ( B ° o r B ± ) x 2Br(B - » / ) e ] 

Here, taking n = 3, A = 5 ~ 30%, and Br = 0.5 ~ 2 x 1 0 - 5 , we obtain N = 

(0.5 ~ 72) x 10 7 (1 + / B G ) / C - With selection efficiencies estimated above, this 

indicates that direct CP violation could be detected in these modes within a year 

or two in optimistic case with L = 10 3 3 c m ~ 2 s - 1 . 

REFERENCES 
1) P.Avery et af.(CLEO), Phys. Lett. 183B, 429 (1987), CLNS 89/886, 

CLEO 89-2 (1989); H.Albrecht et aJ.(ARGUS), DESY 89-096 (1989). 
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8.4 Mixing in T(5S) -> B S B S 

We made a Monte Carlo study on the measurement of Ba — Ba mixing. In this 

study, we generated the BB decay events from T(5S) with various values of the 

xa parameter. The simulated events were analyzed for the time evolution of the 

dilepton events. Their oscillation patterns were fitted to the expected patterns 

by treating the xa as a free parameter. We estimated our detector's sensitivity 

to x, from the comparison of these xa values. 

Simulation of T(5S) —• B S B S events 

The T(5S) state (^/s = 10.865 GeV ) is thought to be a good source of B,Ba 

pair production, since the T(5S) production cross section is 0.27 nb. However, 

they decay not only into B,B, but also into B'$Ba, BaB's, and Z?JB*.' The 

decay branching ratios of T(5S) are given in Table 6.1.1. The orbital angular 

momentum of Ba meson pairs is odd if they are produced as B,Ba or BJBJ and 

is even if they are produced as BaB* or B*SBS. Thus observed oscillation in the 

time evolution of the dilepton yield is a mixture of L= odd pattern and L = even 

pattern. Fig.S.4.1 shows the oscillation patterns of both L = even and L = odd 

cases for Bj, Bs, and a mixture of BA and B, states, all separately, when xs = 6 

and xt — 0.7 are assumed. At T(5S), only a sum of these contributions can be 

observed. The Bu meson decays show just an exponential pattern, whereas the 

BA and B, mesons show a slow and a fast oscillation patterns, respectively. The 

fast oscillation is dominated by L = odd states of the B3. The oscillation pattern 

of the like-sign sample is more sensitive to x, than that of the unlike-sign sample 

as seen in the figure. Therefore we used the like-sign dilepton event sample for 

the analysis. 

Expected number of T(5S) events for the integrated luminosity of lQ40cm~2 is 

N = 2.7x 10 6. Methods of event generation and detector simulation are described 

in the previous chapter. However, the configuration of the beam pipe and SVD 

that was used in this study is different from the description given there, rather 

it is the same as for the simulation in the section 8.1. We have generated events 
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Fig. 8.4.1 Theoretical predictions of the oscillation patterns of B mesons. 
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corresponding to the integrated luminosity of 1 0 4 0 c m - 2 for different combinations 

of the beam energies ( 2.5x 11.8 GeV and 3.7x8.0 GeV) and also for various values 

of mixing parameter xs. A simulation study showed that backgrounds from the 

continuum are negligibly small and that those from semi-leptonic decays of D 

mesons are about 10 % of the signal in the final sample. Therefore we have 

generated only events for the processes of 

T(5S) -» BdBd, Bd - luX, Bd - Zi/.Y, 

T(55) -» B.B„ B, - IvX, B, - I v X . 

The mixing parameter x s was taken to be 2, 3, 4, 6, 7, and 8. 

Event Selection 

Like-sign dilepton events were selected by the following criteria. 

At least two of the tracks are identified as leptoiis. 

Leptons were identified according to the standard selection criteria which are 

described in the chapter 6. As a result momenta of identified muons and elec

trons are larger than 1.2 GeV/c and 0.5 GeV/c, respectively. We then required 

that they are in 30° < 6 < 150°. This cut was set at much tighter value than 

the tracking detector acceptance in order to improve the vertex resolution by 

eliminating leptons at very forward angle. The angular distributions and the 

momentum distributions for the leptons in the laboratory frame are compared 

for different beam energy asymmetries in Fig.8.4.2. They show how the leptons 

tend to have higher momentum and emerge in smaller polar angle as the beam 

energy asymmetry increases. 

Leptons have momenta above 1.5 GeV in the T(5S) rest frame. 

In order to discriminate leptons from D meson decay or other backgrounds, 

a cut was set on the lepton momentum in the T(5S) rest frame. 

Lepton pair have charges of like sign. 

We required that two leptons have the same sign. 
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a) b) 

Fig. 8.4.2 Comparison of angular (n) mid momentum (l>) distributions of lop ton a 
in the laboratory frame for different bcnm energy asymmetries. 

After these selection criteria were applied, about 2400 and 3400 events were 

left for 2.5x11.8 GcV and 3.7x8.0 GeV beam energies, respectively. 

Analys i s 

In the analysis of the selected events, we first determined decay vertices of two 

B mesons. Then the lifetime difference between the two B mesons were calculated 

from the distance between the two vertices. The resulting distribution of the 

lifetime difference was fitted to the theoretical prediction and x, was obtained. 

Determination of vertex position 

The helix trajectories of tracks were calculated by using the curvature mea

sured by CDC and hit coordinates on the SVD. All of the trajectories were 

projected onto the plane perpendicular to the beam axis. Then we determined 

a point which is on this plane and gives a minimum for a squared sum of the 

distance from all of the trajectories. An event axis was defined as the axis which 

is parallel to the beam axis a.nd also goes through this point. A closest approach 

point of the lepton track to the event axis was assigned to be the decay vertex. 
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Lifetime difference of the B meson pair was calculated from the distance of the 

decay vertex in the z-direction tlirough the Eq. (7.3.1). The difference of the z-

vertex distance of the reconstructed two B vertices and the true z-vertex distance 

is plotted in Fig. 8.4.3. 
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Fig. 8.4.3 Simulated z-vertex distance minus the true one 
nt 3.7 x 8.0 Ge" fa) and 2.5 x 11.8 GeV (b) colliders. 

Data Fitting 

A theoretical function which expresses the oscillation of the like-sign events 

is constructed from the distribution functions given in Eq. (3.4.3b) and written 
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with At = f1 — <2 as: 

/ ( A t ) = 0.28 x f%'~{xi. At) + 0.22 x / + & " ( * * At) 

+0-47 x / £ J ' " ( * . , At) + 0.03 x / + + ; — ( * „ At). 

The simulated lifetime difference distribution was fitted to the following function 

which wsa obtained by modifying the theoretical prediction of Eq. 8.4.1 taking 

into account the resolution of vertex measurement. 

F (At ) = / ( a x c-(A«-Ai')'/2fff + 6 x e - f A ' - A O V a * ! ) / ^ ) ^ ' ) , (8.4.2) 

where two Gaussian functions with different width were used to include an effect 

of non-Gaussian tail of the resolution. 

We performed a maximum likelihood method analysis with one free parameter 

of xs. 

R e s u l t s 

Results of the fits are shown in Fig.8.4.4. Performance of the x, measurement 

for each beam energy asymmetry is shown in Fig.8.4.5. In the figure, the xa value 

obtained from the fit is plotted against the xs value used in the event generation. 

The error bars represent 90 % confidence level errors. As seen in the figure, xs 

can be determined up to 3 ~ 4 and 6 ~ 7 with the 3.7 x 8.0 GeV and 2.5 x 11.8 

GeV machines, respectively. Since the value of x, is predicted to be quite large 

in the Standard Model: around 10 or more, - s it is hard to measure it, but its 

lower limit can be still obtained with the currently expected vertex resolution. 

We have not yet done the same simulation for the different integrated lumi

nosities. However, according to an analytical estimate, the maximum detectable 

value of xs depends weakly on the integrated luminosity as seen in Fig. 7.3.6. 
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Fig. 8.4.4 Fits of the theoretical predictions for the decay probability distributions of 
neutral D mesons to the simulated data. 

Summary 

The mixing parameter xs can be determined up to 3 ~ 4 and 6 ~ 7 with 

the 3.7 x 8.0 GeV and 2.5 x 11.8 GeV machines, respectively for the integrated 

luminosity of 10 4 0 c m - 2 . The sensitivity is slightly improved by accumulating 

the one order higher integrated luminosity. 

106 



3.7 x 8 GeV 2.5 x 11.8 GeV 

T3 
U 

10 

4 — 

i i l i i i i i ' ^ ' l 1 " ' ! 1 " ' ! ; 

o o/ 

y 
CD' - / 

i I I i I i I i i I I I I I I I I I I I I I I H I I I I I I I i I I i I I i I i I i i I I 

I I I I I I I I I I I I I I IAI I 

O 

r 

/ 
/ 

O 

& 

9' 

2 4 6 8 10 2 4 6 8 10 
x s (generated) 

Fig. 8.4.5 The relation between the x, value obtnined by a fit mid the x, value 
used in the event generation. 
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9. Interaction Region 

9.1 B e a m Background 

There are two sources of the beam background in the e + e ~ collider exper

iments. One source is the synchrotron radiation from bending magnets and 

quadrupole magnets. The synchrotron radiation photons make signals in the de

tector via the photoelectric conversion and the Compton scattering. If these rate 

become too high, the track reconstruction becomes difficult. Also a problem of 

the radiation damage may occur in the drift chambers due to large dark current. 

Photons with energy greater than lOOKeV make signals in TOF counters, causing 

a severe problem in the trigger rate. 

Another source of the background comes from the spent-electron hitting the 

beam pipe near the interaction region because of the over-bend (over-focus) at 

the nearest bending magnets( Q-magnets). When this happens, electromagnetic 

showers, or sometimes hadronic shower, may be produced with large multiplicity. 

Charged particles in the shower make curler tracks inside the inner part of the 

detector. Photons, on the other hand, hit the T O F counter and the shower 

counter primarily in the small angle region. Charged tracks originating from the 

hadronic shower may have large transverse momentum, causing fake triggers. To 

reduce these background, careful design of a masking system is important. We 

design a masking system based on the insertion design shown in Fig.9.1.1. 

Synchrotron Radiation 

The critical energy of the synchrotron radiation is rather low in the proposed 

B factory, 10-50 KeV. However the number of photons with energy greater than 

5 KeV and crossing a plane perpendicular to the beam axis at the interaction 

point is as large as 10 1 0 per a beam crossing, and a fraction entering the detector 
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acceptance through scattering at the edges of the masks or scattering along the 

beam pipe wall far from the interaction region becomes non-negligible. They 

must be reduced by optimizing the shape of a beam pipe and by installing a 

set of several masks. Fig.9.1.2 shows the cross section of the beryllium beam 

pipe surrounding the interaction point. The horizontal aperture is 60 mm and 

vertical aperture is 30 mm. The large horizontal aperture is necessary to avoid 

the synchrotron radiation from BENL. 

Beam Pipe 

25 mm 

1 mm Be 

15 mm 

IP. 35 mm 

15 mm 

Fig.9.1.2 Cross section of beryll ium beam pipe 

Fig.9.1.3 shows an arrangement of horizontal masks. The aperture of mask-

A is chosen so that photons emitted by the beam particles within I0<rx of the 

beam size at BEND, QCD, QC3H, BENL, and QC2L do not hit the beryllium 

beam pipe and mask-A of the opposite side directly. Photons emitted outside 

of 4.6<rr at QC4H are allowed to hit mask-A, but intercepted by the beam pipe 

wall near QC3H. Fig.9.1.4 shows shadowed region by mask-A. Photons scattered 
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along the beam pipe wall within this region do not hit the beryllium beam pipe 

directly. The number of photons which reach the beryllium beam pipe by scat

tering outside of this region are reduced by mask-C. This mask must be placed 

inside the shadowed region to avoid being hit by lOffz photons. Mask-C and 

a movable mask placed either outside of QC4H or QC2L stop most of photons 

emitted at the far-away-magnets not shown in Fig.9.1.1. Vertically, since the 

beam size is much smaller, only a small mask at mask-A is necessary to stop the 

back-scattered photons. 

In this proposed design, the beryllium beam pipe is shielded against both 

direct and once-scattered photons emitted within 10<r of the beam size at all 

magnets shown in Fig.9.1.1. It is estimated that number of photons entering the 

detector is less than 10~ 3 per beam crossing, which we think is negligible. If 

the beam size happens to be much larger than the design value, photons emitted 

at QC3H and back-scattered at mask-A will start to reach the detector. For 

example, if the beam emittance is 4 times larger, photons from the beam particles 

above 8.5CFX will hit mask-A directly. We believe this is still safe. 

Spent-Electron 

Background contributions from the spent-electron (off-momentum beam par

ticles) is studied using DECAY TURTLE code which includes the bremsstrahlung 

process. Spent-electrons in the 8 GeV beam that are produced in the region far 

away from the interaction region are swept out by QC3H. Their horizontal distri

bution at mask-B is shown in Fig.9.1.5(1). Particles in larger horizontal distance 

have smaller momentum, and particles below 5 GeV are swept out. Particles 

passing through mask-B clear mask-A as can be seen in Fig.9.1.5(2) where the 

horizontal distribution at mask-A is shown. Leaks of shower generated at mask-B 

can be stopped with a combination of mask-A and another shield which cover 

outside of the beam pipe at mask-B. Without mask-B, the spent-electrons can 

hit mask-A directly. Since mask-A is very close to the detector, it is difficult to 
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Fig.9.1.5 Horizontal profiles of spent-electrons in the 8 GeV beam at mask-D (1), 
and at inask-A (2). 

stop leaking shower from it. It may be necessary to distinguish true triggers from 

those originated from the masks by requiring stringent z-vertex cut. For the low 

energy beam, the DENL plays a similar role as QC3H in the high energy beam. 

Spent-electrons in the 8 GeV beam that are produced after QC3H are swept 

out at BEND and hit both mask-A and beryllium beam pipe directly. The same 

is true for spent-electrons in the 3.5 GeV beam that are produced after BENL. 

Their energies are about 2 GeV for both beams. If the vacuum pressure in the 

interaction region is 1 0 - 9 torr, the rates of direct hit are 0.8kHz for the 8 GeV 

beam with the intensity of 0.26 A, and 8kHz for the 3.5 GeV beam with 0.55A 

respectively. Based on our experience at TRISTAN, we think these rates are 
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manegeable. 

During the injection, the beam loss might be significantly larger. If they 

hit the masks near the interaction point, a problem of radiation damage might 

occur. This can be prevented by placing another masks in the arc section and 

adjusting their sizes so that the main beam loss occurs there rather than near 

the interaction point. Oide's calculation' shows that this scheme is possible. 

In conclusion, it is possible in the present design of the interaction region 

to reduce the beam background down to a manageable level by optimizing the 

shape of the beam pipe and by using a set of beam masks. 

9.2 Beryl l ium Beam Pipe at Collision Point 

Mechanical Consideration 

The beam pipe which surrounds the interaction region must be made as thin 

as possible in order to avoid the interactions of outcoming tracks. Beryllium is 

an appropriate choice of the beam pipe material for this purpose. The other 

important requirement for the beam pipe is that its shape is carefully designed 

to avoid being hit by the beam background. This requirement leads to a race 

track shape as was shown in Fig.9.1.2. The length of the beryllium part is 17 cm. 

We calculated a minimum thickness to sustain the atmospheric pressure based 

on the mechanical parameters of beryllium given as; 

1) Young's modulus 30,000 kg /mm 2 , 

2) Tensile strength 30 kg/mm 2 , 

3) Maximum yield strength 7.5 kg/mm-, 

4) Possion's ratio 0.028. 

The calculation was made by the finite element method under a condition that 

both end of the pipe are fixed. The distribution of stress is shown in Fig. 9.2.1 for 

the 0.8 mm thickness. One sees that there is some area where the stress exceeds 
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the maximum yield strength by about 10%. However, the mechanical parameters 

given above are believed to depend on how the material is processed. Thus, we 

will make a prototype of this shape and measure the stress and deformation in 

order to find out a safety margin in the design. 

Thermal Consideration 

Cooling of the beam pipe is of another concern in the design. It is estimated 

that about 70 W of heat is generated in the beam pipe due to Ohmic loss and 

Higher-Order-Mode loss induced by the circulating beams. 1 This heat ( we use 

150 W to be conservative) has to be removed in order to prevent the temperature 

of the silicon vertex detector, which surrounds the beam pipe, from rising to a 

level where both mechanical and electronic problems appear. It can be partly 

dissipated by the thermal conduction to the adjacent thick part of the beam pipe 

made of, for example, copper with water cooling. We estimated the temperature 

increase of the beam pipe, made of a cylindrical beryllium pipe with inner radius 

of 15 mm, thichness of 0.5 mm, and length of 10 cm (instead of the dimensions 

given in the previous section for simplicity). The temperature at both end of the 

pipe is fixed at 30°C. For this estimate, we used an equation 

d26/dx2 - h0/k6 = -Q/Ak6. (9.2.1) 

Here, 0 is the temperature difference from the end point, x is the distance from 

the end point, k is the thermal conductivity of beryllium, 21S W/m/°K. 6 is the 

pipe thickness, h is the heat dissipation coefficient due to the radiation from the 

pipe surface. ,4 is the surface area of the pipe which is equal to 9 . 4 x l 0 - 3 7 n 2 . Q 

is the total amount of the heat radiation from the pipe surface which is about 

7 W in the present case. 

It turned out that the temperature at the beam pipe center rises to about 

200°C if the heat is dissipated only througth the pipe itself ( or h=0 in the above 
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equation). This can be seen in Fig.9.2.2 with the white circle. Obviously, we 

need to have a heat shield around the beam pipe to protect detectors from the 

heat radiation. 

We estimated the temperature increase of the heat shield made of 0.1 mm 

thick beryllium sheet placed 5 mm away from the beam pipe with different 

coolants between them. At first, we consider a case which uses natural con

vection of the air as the coolant. In this case, the heat dissipation coefficient, h, 

becomes 5 W / m 2 / ° K . The result is shown in Fig.9.2.2 with the diamond marks. 

No significant improvement is seen. The temperature at the heat shield becomes 

equal to the beam pipe temperature. Therefore this method does not work. 

If we have an air flow of about 50 litter/min, h becomes about 50 W / m 2 / ° K . 

This flow rate is equivalent to the flow of 8 m/sec inside a pipe of 1cm 2 area. It is 

a typical flow speed of air to cool computers and electronic devices. The resultant 

temperature distribution is given with the black square marks in Fig.9.2.2. The 

maximum temperature becomes about 150°C and 60°C at the beam pipe surface 

and at the heat shield respectively. This method is quite effective. We will make 

a prototype and check our estimate on this scheme. We need to come up with an 

idea to provide the required air flow in very crowded space around the collision 

point. 

9.3 C o m p e n s a t i o n of Solenoid Field along the B e a m Line 

In the present scheme of achieving high luminosity, the bunch spacing is so 

short that the beam separation must be done immediately after the collision, 

but still inside the detector solenoid field. Thus the beam axis deviates from 

the direction of the solenoid field, causing a disturbance to the beam optics. We 

must try to reduce the solenoid field along the beam axis to minimize this effect. 

We are exploring a scheme in which a superconducting compensating mag

net is placed inside the same cryostat as for QCD-magnet which is the nearest 
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Fig.9.3.1 A plane view of the interaction region. The 0=300 mrad line divides 
the region available for the accelerator and for the detector. 

quadrupole magnet to the interaction point. The axis of QCD-magnet is aligned 

along the beam axij, one side for the high energy beam and the other side for 

the low energy beam. The axis of the compensating magnet, on the other hand, 

is aligned along the solenoid axis. Fig.9.3.1 shows the arrangement. Dimensions 

of QCD-magnet and the compensating magnet which satisfy the beam optics 

requirement and dimensions of the crystat are given in Table 9.3.1. 

The calculated magnetic field for this configuration is shown in Fig.9.3.2, 

(a) Bz on the solenoid z-axis, (b) BT on the LER, axis. It can be seen that 
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Fig.9.3.2 Calculations of the magnetic fleld inside the detector volume, 
(a) Bz on the solenoid axis, (b) BT on the LER axis. 
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Table 9.3.1 Dimensions of QCD-magnet, compensating magnet, and cryostat 

Radial dimensions z dimension 

Cryostat Inner radius from the beam 10.0cm 

Maximum outer radius from the Z-axis 32.0cm 

110-225cm 

QCD-magnet Inner radius 12.5cm 

Outer radius 15.0cm 

150-200cm 

Compensating 

magnet 

Inner radius 21.0-24.0cm 

Thickness 1.0cm 

120-210cm 

Bz component is mostly cancelled for i greater than 150 cm and falls down 
to a level of 10 gauss in the QCD-magnet region. However the cancellation of 
Bz component induces an appearance of the radial component Br of the order 
of several gauss near QCD-magnet and about 300 gauss near the edge of the 
compensating magnet coil. This Br component does not cause any interference 
on the beam optics. The deviation from the uniform solenoid field due to the 
presence of the compensating magnet is shown in Fig.9.3.3. We believe this level 
of non-uniformity does not cause any problem in the tracking analysis. 

A potential problem to the detector performance comes from the leak field 
from the QCD-magnet in the region of the endcap RICH. The amount of the leak 
strongly depends on the inner radius of QCD-magnet (Fig.9.3.4). For example, 
changing it from 12.5 cm to 11.5 cm we can reduce the leak by 35%. Thus it is 
important to come up with a design of QCD-magnet with smaller inner radius, 
still satisfying the beam optics requirement. 
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Fig.9.3.3 Deviations from the uniform solenoid field 
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10. Detectors 

Our detector design presented in this report is based on using the VENUS 

superconducting solenoidal magnet and its flux return yoke iron structure. It 

has the magnetic volume of 3.4 xa<j>x 5.8 m. This is the largest among TRIS

TAN'S three detector solenoids ( TOPAZ has 2.72 m<j>x 5.08 m, and AMY has 

2.4 m0x2.2 m). The VENUS solenoid is routinely operated at 0.75 Tesla, and it 

is supposed to go up to 1.0 T without difficulty. TOPAZ solenoid can produce 

up to 1.2 T. Even though we keep our option to use either magnet open, we 

take an attitude that having larger magnetic volume gives us more flexibility in 

the detector design. Both the momentum resolution and the dE/dx resolution 

improve as the lever-arm in the magnetic field becomes longer. We can make the 

lever-arm for the T O F measurement longer. Larger magnet also makes it easier 

to provide a space L»r a cherenkov counter. 

The endcap part of the iron structure need modification. However this modifi

cation is straightforward. The barrel muon detector system which is sandwiches 

of iron plates and drift chambers must be installed in the region between the 

solenoid and the flux return iron and currently occupied by the lead glass arrays. 

We think that this work is also straightforward. 

10.1 Silicon Vertex Detector ( S V D ) 

For an asymmetric B-factory experiment, it is essential to determine the 

vertex position to the order of 10 /mi not only in the r-<£ plane but also along the 

beam direction. In order to achieve this goal, we need to install a thin detector 

as close to the collision point as possible. This requirement can be met by several 

ways; 

1) A silicon double-sided micro-strip detector with orthogonal readout 

They have been used in LEP experiments. The use of this type in the B 
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factory experiment needs moderate extension of the present technology. 

2) A pixel device 

This is an ideal detector for getting the two-dimensional information. A 

pixel size of 10 /mix 10 /mi or less has been used in charge-coupled devices 

(CCD). But the readout of a CCD is very slow (about 50 msec) because 

the signals in pixels are read out in series. Other types of pixel device 

are still under development. 

3) A scintillation-fiber tracker 

Currently, the diameter of an optical-fiber can be controlled as thin as 

30 fim. Therefore, a tracker with scintillation-fibers which are thinner 

than the silicon detectors could be constructed. But the characteristics 

of thin scintillation-fibers are not understood well. Studies on the num

ber of photons per energy deposit, light attenuation, and various other 

properties must be carried out. An appropriate readout system which fits 

in a tight space should also be developed. 

Within the present technology, the silicon double-sided micro-strip detector 

seems to be the best choice. 

Basic characteristics and status of silicon detector 

When a minimum ionizing particle passes through a silicon detector, it gen

erates about 80 electron-hole pairs per 1 /«m path length. Accordingly, using a 

300 //m thickness device, which is a limit of present technology for making a thin 

device, we can obtain 24,000 electron-hole pairs. This thickness corresponds to 

0.3 % of radiation length. The single-sided micro-strip detector (p + - type strips 

on a high-resistivity silicon) has been well established so far. Present semicon

ductor manufacturing technology is capable of producing a micro-strip detector 

with a strip pitch of a-few-tens of /«m with an accuracy of the order of /mi. The 

available readout electronics provides a detection efficiency of better than 99.9 
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percent with signal-to-noise (S/N) ratio of larger than 20. The spatial resolution 

of 10 iim can be achieved with reasonable conditions; the strip spacing of 50 fim 

or less and with S/N of better than 10. 

Development of a double-sided micro-strip detector 

A double-sided micro-strip detector collects a signal not only from the p-

side but also from the n-side (n + - type strips). A proper isolation of one n-type 

strip from neighboring n-type strips is required. A group of Nagoya University 

cooperating with Hamamatsu Photonics Corporation are studying the isolation of 

n-strips by placing additional p-strips between each n-strip. A schematic layout 

of this type of detector is shown in Fig. 10.1.1. Several prototypes of this type of 

detector have been evaluated. Samples with the strip spacing of 25 ^m, 50 (im, 

and 100 fim were manufactured in Hamamatsu Photonics Corporation and have 

been tested in detail. The signal from p- and n-side for a 1 GeV n~ beam is 

plotted in Fig. 10.1.2 as an example. Clear correlation between p- and n-side 

can bee seen, which demonstrate the performance of the detector. In a type of 

device being tested by Weilhammer' , the isolation is achieved by a bias voltage 

applied to the n-strips. Extensive test is in progress by using samples of detectors 

w-th various methods of biasing (punch-through current biasing or poly-silicon 

biasing) and separation between n + strips (n-p-n or MOS). Radiation hardness 

is an important measure for the evaluation of detectors. 

Inclined angle dependence of the spatial resolution 

The position resolution of the silicon detector is expected to deteriorate as 

a particle enters the detector with larger inclined angle, because the ionization 

energy deposit per each strip becomes smaller in this case. Correct evaluation of 

this effect is important in the case of a asymmetric B factory experiment because 

large fraction of the charged tracks go forward. We measured the incident angle 
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Fig. 10.1.2 Pulse height correlation between p- and n-strip 
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dependence of the position resolution and compared the result with an estimate 

by a Monte Carlo simulation. Fig. 10.1.3 shows a comparison of the measured 

resolution at B = 30° and GO0 with the Monte Carlo prediction. It should be 

noted that the charge information for every strip is required to achieve the above 

resolutions. Also should be noted is that the above resolution can be achieved 

only when the incident angle of the particle is known with the aid of the other 

detectors. It appears that we can reach a space resolution of better than 25 /im 

at an inclined angle 9 = 10°. 

•*- Simulated 
i Measured 

T h i c k n e s s 3 0 0 /urn 
S t r i p p i t c h 100 fim 
F l a t n e s s 2 /xm 

J — i i i — I — j i i i I • i i — i — I — i — i — i 

0 20 40 60 
Incident angle (Degree) 

Fig. 10.1.3 Comparison between measured and simulated 
angle dependence of the resolution 

Development of readout VLSI 

The detector must be equipped with a fast readout electronics to keep dead 

time minimal. In addition, a fast output signal from the silicon detector to the 
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fast trigger would be quite powerful to reduce the background trigger rates. Since 

a large number of readout electronics must be placed in a narrow space around 

the small beam pipe, it is unavoidable to apply VLSI readout technology. 

Three ways of readout scheme are considered for a D-factory detector: 

method 1) Use a charge-sensitive preamplifier (CSP) of CMOS typo followed by 

sample-hold and multiplexer circuits as shown in Fig. 10.1.4. The sampled 

information is converted into digital data by an ADC. The hit position is 

reconstructed using the charge distribution of the strips. The CSP must 

be reset periodically in order to avoid the pile up effect in the amplifier. 

Typically it takes 200 us to reset and this contributes to the dead time. 

In order to reduce number of reset, one can use an amplifier with large 

dynamic range. 

MX3 

Calibrate 

Input 

Input 
Protection 

Multiplex 
Signal 

YY 
Common 
Data Bus 

Line (to ADC) 

Fig. 10.1.4 Circuit diagram of a CMOS type amplifier followed by 
sample-hold and multiplexer circuits 
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method 2) Use a bipolar current preamplifier followed by a shaping amplifier. Only 

discrete hit information via discriminator is read out. In this case, getting 

fast trigger signal from output hit pattern is straightforward. The spatial 

resolution is given by (strip spacing)/\/Y2. Therefore, in order to have 

10 fim resolution, the strip spacing of ~ 25 y;m is required and this 

imposes a tight requirement for the size of electronics chip. It is difficult 1 o 

achieve required size because the bipolar device requires large transistors 

and resistors. 

method 3) Store output of a strip in CCD, then readout the content when a trigger 

occurs. In this case, it is quite difficult to get fast output signal for trigger. 

The current problem is poor efficiency to store charge from silicon detect or 

to CCD memory and is under investigation. Application for a B factory 

detector requires further investigation. 

Under the current technology, method 1) seems to be the most promising 

choice. 

In Table 10.1.1 VLSI's for silicon micro-strip detectors are shown. The first 

three 3 ' belong to a type of CMOS integrated circuit and they have been used 

in real applications in LEP, CDF and SLC experiments. The last two types art-

being developed at KEK. 

SDX, which is developed at KEK for a SSC experiment* , uses a current 

sensitive preamplifier and produces very fast signal as the output. However due 

to a large physical size of the bipolar transistor used in this scheme, the present, 

design has an amplifier of 75 /*m pitch. Further reduction of the amplifier pitch 

is investigated, but quite hard to achieve. 

SAX, based on a 1.2 /im CMOS technology, is dedicated for the SVD of 

the B-Factory detector at KEK. It aims to build a dead-time-less data sampling 

system using a switched-capacitor array. The conceptual diagram is shown in 

fig. 10.1.5. The first stage of this chip is a low-noise CSP. The signal from the 

CSP is held by a capacitor in the array. The capacitors in the array are charged 
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Table 10.1.1 VLSI for silicon detector readout. 

Laboratory 

(name) 

technology 

rise time 

power consumption 

no.of channels 

noise 

data type 

Detector 

RAL 

(MX3) 

CMOS 

240 ns 

55 mW 

128 ch 

1,200 el.eq. 

analog 

DELPHI 

LBL 

(SVX) 

CMOS 

< 5 0 n s 

160 mW 

128 ch 

700 el.eq. 

both 

CDF 

MPI 

(CAMEX) 

CMOS 

70 ns 

125 mW 

64 ch 

650 el.eq. 

analog 

ALEPH 

KEK 

(SDX) 

bipolar/SST 

<10 ns 

224 mW 

64 ch 

1,000 el.eq. 

digital 

SSC 

KEK 

(SAX) 

CMOS 

128 ch analog 

KEK 

in a cyclic fashion (say, C l l , C12, C13,..., Cln, Cll , . . . ) until an external trigger 

comes. When a trigger signal conies, the CSP is once reset and the bank will 

be swapped, i.e. the following signal from the CSP will be stored into another 

array (C21, C22, ...). The stored data can be read out through the readout line 

independent of the sampling system. As long as the trigger rate is reasonable, 

the system works with a very small dead time. 

The periodic reset of the CSPs causes an inevitable dead time. The reset 

interval depends on the dynamic range of the CSP and amount of charge from 

the detector. A reset period of 200 ns for every 30 /is, which infers a dead time 

of 0.7 percent, is quite comfortable. Masks for several types of CSPs will be 

designed until March 1991, and after they are processed at Seiko Instruments, 

they are tested to find the best design. The switched-capacitor array will then 

be designed so that a complete readout chip can be built. 
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Fig. 10.1.5 Conceptual diagram of S A X , a readout VLSI 
for silicon micro-strip detectors 

A typical speed of a CMOS analog switch is 100 ns and this determines the 

sample period, while the beam-cross rate will be 10 ns. But, since the expected 

rate from physical event and beam background is smaller than this value, the 

100 ns sample period would not bring up further difficulties in reconstructing 

vertex positions. The function of the switched-capacitor array are intimately 
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related with the trigger and data-acquisition architecture, therefore, its scheme 

has to be determined carefully. 

Mechanical consideration 

An alignment is one of the important issues for a high precision detector. As 

a minimal requirement, absolute positions of detectors must be measured at the 

installation stage and relative positions and orientation between the detectors 

should be monitored throughout the experiment. The long-term monitors can 

be realized by using capacitive method or photodiode and LED position sensor. 

The cooling of the interaction region is also important. The heat in the beam 

pipe caused by the image of the beam current could exceed 100 W. The power 

dissipation of the readout chips for the silicon detector depends on the rate of 

operation, and it is expected to be around 100 W in total. The coefficient of 

thermal expansion of silicon is 2.8-7.3 '10 - 6 cm/cm/°C. If the temperature of a 

20 cm-long silicon detector increases by 10 degrees, its length expands by 5.6-

14.6 fim. Therefore, it is required to control the variation of the temperature 

around the interaction region within a few degrees and to monitor it precisely 

continuously. In spite of the tight requirement on temperature, the material 

for the cooling system should be minimized to reduce the multiple Coulomb 

scattering. 

Detector configuration 

An example of the detector configuration is shown in Fig. 10.1.6a. All de

tectors are installed along the beam direction and the readout system is located 

in both ends of the detectors. This configuration has an advantage of being 

mechanically simple and as a consequence, the data analysis becomes simple. 

On the other hand, since we require that the detector covers the polar angle of 

17° < 9 < 150°, the longest detector will span about 35 cm in the beam direc-
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tion. This will reduce the S/N ratio of the detector system because the noise 

level of a CSP is approximately proportional to the detector capacitance. The 

mechanical instability of longer detectors could cause extra deterioration of the 

resolution. In the forward region, the detector resolution is deteriorated because 

particles pass through the detector with shallow angle. This effect, though, is not 

serious compared with the increase of the multiple Coulomb scattering due to the 

materials of the beam pipe and the first layer of the detector whose thickness is 

proportional to l/sinfl. 

Another example is shown in Fig. lO.l.Cb. With the installation of the extra 

detectors perpendicular to the beam direction, shorter detectors can be used for 

the barrel part (parallel to the beam direction), and the S/N could be improved. 

But because the structure becomes complex, alignment problem becomes much 

severe. In addition, the support of the detector around the boundary will in

troduce additional materials between the barrel and forward part. The vertex 

resolution in the forward region will not be improved because the resolution is 

still dominated by the multiple Coulomb scattering in the beam pipe and the 

first layer of the barrel part. 

S u m m a r y 

The double-sided silicon micro-strip detector seems to be a suitable choice as 

a micro-vertex detector for the asymmetric B-factory experiment. The double-

sided device, the readout system, and the mechanical structures can be con

structed within the current technology, although we must continue R&D in sev

eral areas. Pixel devices and scintillating fibers will be studied as candidates of 

an alternative micro-vertex detector. 
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Fig. 10.1.6(a) An example of a simple three-layer silicon vertex detector. 

Perpendicular Part 
(two layers) 

Fig. 10.1.6(b) An example of a three-layer silicon vertex detector with 
perpendicular layers in the forward region. 
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10.2 Precision Drift Chamber ( P D C ) 

Outside the silicon vertex detector we plan to place a precision drift chamber 

(PDC). The PDC occupies the radial region between 8cm and 20cm, and cov

ers polar angle between 17° and 150° with respect to the beam direction. The 

purposes of the PDC are: 

i) detecting low pj- tracks, for example, 7r's from B° —» D*+lv —> D°ir+lv, 

ii) having high efficiency for V° vertexing, 

iii) associating hits on the silicon vertex detector with a track in the central 

tracker, and 

iv) providing a fast track trigger in r<j> and rz plane. 

We need to have good spatial resolution in both r<j> and z coordinates for 

items i) - iii). The importance of z measurement should be emphasized, since 

most of the interested tracks go forward and make small polar angle. Our aim 

is to have a spatial resolution of 100 ~ 150 fim for both r<j> and z directions. 

At the same time, this chamber must have a fast response( of the order of 100 

ns) for the triggering purpose. Obviously amount of materials for the chamber 

construction should be kept as little as possible so that the multiple scatterings 

and photon conversions are kept minimal. 

Design 

The requirements mentioned above are conflicting with each other. In order 

to have a good z measurement, one must use either more stereo wire planes or 

more cathode strip planes. The former reduces the number of axial wire planes 

and results in poorer tracking capability in the r<j> plane. And the latter adds 

more materials in the chamber. The requirement of a fast trigger capability 

demands use of fast gas, which tends to give poorer spatial resolution. 

After taking all these conflicting requirements into account, our choice of the 
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PDC design is a small cell multi-wire cylindrical drift chamber. The inner and 

outer cylinder walls are made of 1mm thick carbon fiber and they support the 

wire tension. Cathode strips are placed on both inner and outer cylinder walls. 

These strips are directed at 90° with respect to the anode wires and provide 

z coordinate measurements. In order to provide two more z measurements in 

addition to those two, an extra cylinder wall with the cathode strips on both 

sides is inserted inside the gas volume. The thickness of this mid wall is about 

0.5771771 and it is made of the same material as the inner and the outer walls. 

Thus the PDC can provide total of four z coordinate measurements per track. 

cm 
20 

15 

10 

5 

0 

0 5 10 15 20 

Fig. 10.2.1 Wire configuration of the PDC. + and • indicate the anode sense wire 
and the field wire, respectively. 

The wire configuration is given in Fig.10.2.1. Also geometrical parameters are 

summarised in Table 10.2.1. In this design, a rectangular cell structure is chosen 

to minimize the cross talk between anodes, and to simplify the calibration for 

the dE/dx measurement. Total number of anode sense wires and field wires are 

138 



848 and 2236, respectively. The width of cathode strip (about 6mm) is chosen to 

be about the same as the gap width between anode and cathode. The strips are 

divided into four in azimuth. Total number of cathode strip readout are 1652. 

Table 10.2.1 Geometrical parameters of the P D C . 

radius 

(mm) 

wire spacing 

(mm) 

-Z 

(mm) 

+z 
(mm) 

No. of 

readouts 

inner cylinder S4.0 - 85.0 

cathode plane 85.5 -148.1 279.7 72 x 4 cathode strips 

wire 1 (a,f)* 

wire 2 ( f ) " 

wire 3 (a,f) 

91.5 

96.5 

101.5 

4.49 

4.74 

4.98 

-158.5 

-167.1 

-175.8 

299.3 

315.6 

332.0 

64 anode wires 

64 anode wires 

cathode plane 107.5 -186.2 351.6 90 x 4 cathode strips 

inserted cyl. 108.0 - 108.5 

cathode plane 109.0 -188.8 356.5 91 x 4 cathode strips 

wire 1 (a,f) 

wire 2 (f) 

wire 3 (a,f) 

wire 13 (a,f) 

wire 14 (f) 

wire 15 (a,f) 

115.0 

120.0 

125.0 

175.0 

180.0 

185.0 

4.01 

4.19 

4.36 

6.11 

6.28 

6.46 

-199.2 

-207.8 

-216.5 

-303.1 

-311.8 

-320.4 

376.1 

392.5 

408.9 

572.4 

588.8 

605.1 

90 anode wires 

90 anode wires 

90 anode wires 

90 anode wires 

cathode plane 191.0 -330.8 624.7 160 x 4 cathode strips 

outer cylinder 191.5 - 192.5 

Note: *(a,f) anode and field wires, 1 * *](f) field wires only 

139 



Expected Performance 

We expect that a spatial resolution of Ar<j> = 100 ~ 150^m can be achieved 

by this wire configuration. It is possible to obtain Az ~ 150/^m from the cathode 

strips for a pointlike avalanche. However, when a track makes shallow angle with 

the anode wires, an avalanche spreads along the anode wire and Az becomes 

larger. We expect to have Az between 150/im and 500/xm depending on the 

polar angle of the track. 

The good r<j> resolution makes it possible to extrapolate the CDC tracks to 

SVD with an accuracy of 100 ~ 200/xm in the r<f> direction. This is of great help 

when trying to make a correct correspondence between the hits in SVD and the 

CDC tracks. A noble point of using the cathode readout is that we can obtain a 

three dimensional measurement for a hit with no parallax, therefore making the 

pattern recognition within PDC easier. 

The fast signals from PDC, especially the z information, might be crucially 

important for reducing the trigger rate. We expect that we can extrapolate 

the charged tracks to the interaction point with an accuracy of about a few 

centimeters in both r<f> and z directions by using the fast signals from PDC 

alone. We might install additional cathode strips on the inner wall of CDC for 

further improvement of the trigger rate. 

R & D items 

The highest priority R&D item is to get a good z resoultion for forward going 

tracks. We need a systematic study on the incident angle dependence of the the 

z resolution for the cathode readout. 

Another R&D item is to evaluate the performance of PDC under a large beam 

background. Since PDC is located quite close to the beam pipe, we expect a large 

background from the synchrotron radiation and the spent-electron. As a result, 

PDC might suffer from an exesive rate. We plan to solve this problem partly by 
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using a low-Z drift gas, such as /fe-based gas, rnethane,ethane, or a mixture of 

methane and ethane. Various properties (drift velocity, dE/dx, dispersion,aging, 

etc) of these candidate gases must be measured. 

In the chamber construction, lighter materials have to be used. We must 

explore properties of several new materials, especially carbon based fibers. 
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10.3 Central Drift Chamber (CDC) 

Overview 

Outside the PDC is placed the Central Drift Chamber (CDC). It provides, 

i) reconstruction of tracks, ii) measurements of momentum and dE/dx, and iii) 

association of the tracks with the Cerenkov ring image in RICH detector, for 

charged tracks between 17° and 150°. Hit patterns from the CDC also provides 

an important second stage trigger. Both the RICH and Csl calorimeter which 

are assembled outside the CDC are rather expensive devices so that their size 

must be minimized. This sets a restriction to the CDC size. On the other hand, 

the measurements of both momentum and dE/dx improve as the lever arm gets 

longer. Compromising these two opposite requirements, we choose about 60 cm 

radial length, occupying the radial region between 20 cm and 80 cm. Since both 

momentum resolution and dE/dx resolution improve as we increase the number 

of sampling, we try to maximize the number of layers within this 60 cm space. 

The chamber volume is tapered so that the wire length increases as radial length 

increases in order to minimize spurious hits in the chamber. 

It is important to minimize the number of spurious hits due to the synchrotron 

radiation and the spent electron backgrounds, in order to keep the occupancy rate 

and the wire current as low as possible. For this reason, we choose a small cell 

configuration and use of a light drift gas. The use of the light drift gas also helps 

to minimize the effect of the multiple-Coulomb scattering. 

The shape of the cell must be designed to minimize the cross talks between 

neighboring cells and also to enable the dE/dx calibration easier. A mixture of 

axial and stereo directions of the wires provides the z-coordinate measurement 

with an accuracy of 4 mm ( for <r r^=150-200//). This is useful for the track 

reconstruction as well as for the matching between the CDC tracks with PDC 

tracks and RICH hits. An option to have more precise z measurements by using 

the cathode pads at the inner-most and outer-most layers requires further R&D. 

This method in principle can provide a 300 fim precision. 
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Wire configuration 

A proposed wire configuration is shown in Fig.10.3.1. The layers are divided 

into nine super-layers consisting of three to five axial wires and a single layer of 

stereo wires is placed between each super layers. The cells have nearly square 

shapes and the radial width is fixed at 1.1 cm and 1.5 cm for the axial cells 

and stereo cells respectively. The number of wires per layer within the same 

super-layer is kept the same in order to retain a symmetry of the wire patterns 

for all super-layers. Thus, the <f> width of the axial cells increases as the radial 

position of the layers increases within each super layer. However this variation is 

kept to less than 15 % for the entire chamber in order to minimize the cell-to-cell 

variation of dE/dx. The cell size for the stereo wires is made larger than the axial 

cell in order to obtain reasonably large stereo angles. The deviation in the radial 

distance of the stereo wires from the nominal position are kept less than ± l m m 

in order to minimize the dE/dx variation. Parameters of the wire geometry is 

summarized in Table 10.3.1. 
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Fig.10.3.1 CDC wire configuration 

Expected Momentum Resolution 

The momentum resolution of a drift chamber is expressed in terms of contri

butions from the measurement accuracy and the multiple scattering* 
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Table 10.3.1 Parameters for the CDC wire configuration 

super 

layer 

no. of 

layers 

no. of wires 

per layer 

r 

(cm) 

+z 

(cm) 

-z 

(cm) 

stereo angle 

(radian) 

AX 1 

ST 1 

AX 2 

ST 2 

AX 3 

ST 3 

AX 4 

ST 4 

AX 5 

ST 5 

AX 6 

ST 6 

AX 7 

ST 7 

AX 8 

ST 8 

AX 9 

3 

1 

4 

1 

5 

1 

5 

1 

5 

1 

5 

1 

5 

1 

5 

1 

5 

123 

104 

150 

129 

184 

158 

224 

188 

264 

217 

304 

247 

344 

276 

384 

305 

424 

21.55-23.75 

25.05 

26.35-29.65 

30.95 

32.25-36.65 

37.95 

39.25-43.65 

44.95 

46.25-50.65 

51.95 

53.25-57.65 

58.95 

60.25-64.65 

65.95 

67.25-71.65 

72.95 

74.25-78.65 

82.0 

82.0 

100.0 

100.0 

120.0 

120.0 

130.0 

130.0 

130.0 

130.0 

130.0 

130.0 

130.0 

130.0 

130.0 

130.0 

130.0 

-44.0 

-44.0 

-52.0 

-52.0 

-66.0 

-66.0 

-88.0 

-88.0 

-88.0 

-88.0 

-116.0 

-116.0 

-116.0 

-116.0 

-140.0 

-140.0 

-140.0 

0. 

0.0502 

0. 

0.0463 

0. 

0.0419 

0. 

0.0389 

0. 

0.0418 

0. 

0.0395 

0. 

0.0418 

0. 

0.0400 

0. 

total 50 

axial 11609 

stereo 1624 

field 39459 
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/6pA2

 = /6pA2

 + rSptV 
\Pt/total \Pt/ meas \Pt/l MS 

2 (10.3.1) 

where L is the path length, <rr̂  is the spatial resolution of the chamber, n is the 

number of layers, and X0 is the radiation length. Units used in this equation 

are meters, k gauss, and GeV/c. The contribution from the multiple scattering 

should be a sum of all materials in the chamber including gas and wires. 

With L=0.6m, B=10 kgauss, ffT^=150//, n=50, HRS gas, 20 // tungsten sense 

wires, and 75// Cu-Be field wires, the total resolution is given by 

(*£i\ ~ (0.0056p»)2 + 0 .1 2 [5.5 x 10~ 3 + 3.9 x 10~ 3 ] . (10.3.2) 

Here the first, second, and third terms are contributions from the r<j> resolution, 

HRS gas, and field wires, respectively. It becomes immediately clear that the 

main contribution to the momentum resolution comes from the multiple scatter

ing since the average pt is less than 1 GeV/c for most of processes. Table 10.3.2 

lists the amount of materials for various field wires and gases in terms of the 

fraction of the radiation length. 

Table 10.3.2 Amount of materials for various gases and field wires in terms of the fraction 
of radiation lenth. Also listed are calculated dE/dx resolution for 50 samples. 

Materials radiation length dE/dx 

fraction resolution 

tungsten wires (20//) 4.5 x 10"* 

Aluminum wires (160//) 1.1 x 10" 3 

Cu-Be wires (75//) 1.5 x 10- 3 

HRS gas 4.9 x 10~3 7.2% 

pure Helium 1.1 x 10~4 8.6% 

He/C02/iC4Hio(70:15:15) 1.1 x 10- 3 6.0% 
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Use of Aliminum wires for the field wires and Helium based gas is prefered 

for reducing the multiple scattering. 

Expected d E / d x resolution 

Our calculation shows that a Helium based gas( He/C02/iC4Hio =70:15:15) 

gives about a 6% dE/dx resolution for 50 samplings. We expect that an actual 

size device will have the resolution of about 1.2 times this value. We need better 

dE/dx resolution than this for a satisfactory K/K separation. We plan to study 

various other mixtures for the Helium based gas and also search for other gases. 

6) R. L. Gluckstern, Nucl. Instr. Meth. 24 (1963) 381. 
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10.4 T ime of Flight Counter (TOF) 

Time-of-fiight (TOF) is a conventional, however very powerful, method of 

the particle identification at low energies where a significant portion of particles 

from the T decays lie. In addition to the particle identification capability, it plays 

an importan role of the fast trigger. As described in the section 7.4, the time 

resolution of at least 150 psec is requried to get a B-flavor tagging by means of 

K identification with an efficiency of greater than 84% in the analysis of BB —• 

V-'A's + X. We set a design goal value as good as 100 psec and will discuss the 

conceptual design and the necessary R&D below. 

Design consideration 

The TOF counters cover the polar angle between 17° and 150°. They are 

separated into the barrel region and endcap( forward and backward) regions 

as shown in Fig.6.2.1. The complete overlap between their boundaries is very 

important, especially to trigger the low multiplicity events such as w+n~, K + 

K - with a high efficiency. Since the hermeticity of the Csl calorimeter is also 

important, the light collection system of the TOF must be carefully designed not 

to interfere the calorimeter. Thus, use of a magnetic field resistive phototube 

becomes essential. Having a short light guide is also important to hermetize the 

overlap region of the two TOF's. 

A special care is necessary in design of the light guide to collect the photons 

onto photocathodes with a high efficiency and with small dispersion of arrival 

times. The segmentation of the counters is also a sub jet which is to be optimized. 

Time resolutions of Scintillation Counter 

Table 10.4.1 shows a compilation of the time resolutions of scintillation TOF 

counters reported in the ongoing experiments and prototype R&D works.' ~ * The 

time resolution is derived in all cases by correcting the readout timing through 
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a leading edge discriminator for the time walk using the ADC information. The 

reported time resolutions crmeas vary from 50 psec to 250 psec, depending on the 

length and the cross section of the scintillator and on the type of the light guide. 

According to the W.B. Atwood's conjecture 9 , the time resolution is well 

described by an empirical formula, CTTOF = k,JL/Np.e., where L is the counter 

length and 7Vp e . is the number of the photoelectrons produced at the photocath-

ode. k is a constant and may depend on the details of the photon readout system, 

which consists of the light guide, phototube make and electronics. 

Assuming that the details of the system is same, one may estimate the time 

resolution for the 3 m long and 4 cm thick counters, as listed in the last column 

in the table. In the cases where the attenuation length is not given, a value of 

2 m(conservative) or 3 m is assumed. A time resolution as good as 150 psec 

can be achieved for a real size counter with a long light guide and a conventional 

phototube. A better resolution is expected for the endcap TOF due to its shorter 

length (1m), however, the wedge shape and more complicated light guide scheme 

may worsen the resolution. It also suggests that a resolution of 100 psec may be 

achieved" with a special care on the light collection and with multi-TOF layers. 

Conceptual Design of the T O F counter sys tem 

a. Barrel and Endcap T O F counters 

The barrel TOF counter is cylindrically placed at the radius of 120 cm from 

the beam axis between the RICH detector and the Csl calorimeter. It consists 

of 128 plastic scintillation counters segmented in cf>. Each scintillator has a di

mension of 2.7 m long, 6 cm wide and 4 cm thick and a phototube is mounted 

on each end through a light guide which is made as short as possible in order to 

maximize the barrel TOF coverage. 

The forward endcap TOF is located at the z = 160 cm from the interaction 

point to cover the polar angle region between 17° and 40°. The inner and outer 
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radii are 40 cm and 150 cm, respectively. It consists of 96 wedge-shaped ( about 

4° opening ) scintillation counters. Its thickness is 4 cm and the width varies 

from 2.6 cm to 9.8 cm at the inner and outer ends respectively. The readout 

phototubes are mounted on both ends through the 90° bending light guide of 4 

cm thick attached on the scintillator in order to make the phototube axis parallel 

to the magnetic field. The backward TOF has a similar shape and covers between 

140° and 150°. 

b. Readout Electronics 

Several factors in readout electronics affect the time resolution. The tempera

ture dependence of the TDC (2228A) is the order of 10 psec/°C. Also, that of the 

signal propagation time in the co-axial cable is 25 psec/°C per 25 m length of the 

5D-2V cable. The timing of the phototube signal is affected by the variation of 

applied high voltage, for instance, that for the phototube R1828 is 10 psec/V at 

2500 V operation. The time jitter in the beam crossing (BCO) pickup electronics 

is also of the order of 30 psec due to the similar cause. Therefore, an intrinsic 

error of 30 psec is inevitable, even if the temperature of the readout electronics 

(at least for currently available ones) is carefully controled. The timing drift in 

the long term may be much large. It must be monitored and corrected by a laser 

calibration system which is mentioned later. 

The last factor which affects the time resolution is related to our event trig

gering scheme which is described in chapter 11. In our present scheme, all the 

TOF and BCO signals are delayed in the passive delaylines during the trigger 

decision time ( 1 . 5 //sec ). An additional timing errors may be caused in the de

laylines, due to worsening the rise time of the signal and temperature dependence 

of the propagation time. The trigger system may supply a prescaled (psuedo) 

BCO signal in the vicinity of the event trigger time to start the TDC's and to 

open the ADC's. In the later analysis, the genuine TOF's are derived from the 

psuedo TOF's by deciding the corresponding BCO timing, with the help of CDC 

and other informations. A carefull design of the trigger system which takes into 
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account of the TOF timing part is very important to reduce its intrinsic error. 

We hope to keep this error much less than 50 psec. 

c. Monitoring Sys tem of TOF Counters 

A Laser calibration system will be built to monitor any long term drifts in 

the gains and time offsets of the individual counters. A similar system which has 

been developed and being used in TOPAZ and VENUS detectors. From their 

experience, we know that this system is capable of monitoring the time drift with 

an accuracy of better than 50 psec'° . 

R & D Works 

a. Magnetic Field Resistive Photo tubes 

R&D on the magnetic field resistive phototube is the first priority in order 

to realize the TOF counter as a hermetic and high quality particle identification 

detector. It is necessary to develop a phototubes with good photon sensitivety 

(a gain of the order of 10 6 at least) and a small transit time jitter (less than few 

hundred psec) inside a 1 Tesla magnetic field. 

There are several candidates such as microchannel plate (MCP) phototubes 

and fine-mesh (FM) phototubes. R.T.Giles et al.* reported a test result of 

a prototype TOF counter for the CLEO-II detector. They compared the time 

resolutions between a conventional and MCP phototubes attached on the same 

scintillator, 5 cm thick, 9.4 cm wide, and 2.7 m long. They tried different types of 

the light guide in this test, one light guide of 1.2 m long with an exit aperture of 

44mm</> and one of 24cm long with 18mm(/> attached on the conventional and MCP 

phototubes respectively. The time resolutions obtained by the MCP phototubes 

were worse than those of the conventional phototubes, while their time jitters 

(60 psec) are much smaller than those of the conventional tubes: 250 to 500psec 

for XP2020, R2083, R1S28. It seems that R&D work on this issue is at very 

preliminary stage. 
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b. Light Guides and Light Concentrators 

The light guide should be as short as possible, and it should make a good 

match between the areas of the scintillation counter and the photocathode. Loss 

of efficiency and the time dispersion due to the light guide should be kept minimal. 

A good time resolution requires that the scintillation counters should be at 

least 4 cm thick, or possibly more. Therefore the light exit area of the counter 

most likely becomes larger than the active area of the photocathode. Thus, an 

effective light concentrator must be used. We also plan to investigate use of a 

combination of a light concentrator and the optical fiber. A study on character

istics of a 90° bending light guide should also be done to have a good resolution 

in the endcap TOF. These studies require construction and testing of several 

prototypes and an Monte Carlo simulation. 

c. Scintil lating Fibers and Segmented T O F Counters 

The most important factors in the plastic scintillation counter are the varia

tion of light propagation path length and variation of originating position of the 

light along the particle trajectory. 

One possible solution which circumvents the above limitation is to construct 

a segmented counter with independent readout at different depth, as suggested 

in ref. 8. Plastic scintillation fibers are suited for construction of such segmented 

counter. And one may expect that surface protection given by the cladding will 

reduce the influence of mechanical and chemical effects, which cause aging of the 

scintillator, and will increase the useful lifetime of the counter. Preliminary result 

of a Monte Carlo simulation of a counter with MCP read-out" indicates a 70 ps 

timing resolution for 3m long and 10 cm thick counters with 2 to 3 segmentations. 

Their results are based on their test result of a small size prototype fiber counter 

of 2 m long, 2 cm thick and 3 cm wide. 
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Table 10.4.1 T ime resolution of scintillation T O F counters. 

Reference Counter Size Scinfci. Light Guide" PMT Aatt &meas ffcrt 

t x w x I [cm3] material length [cm] [m] [psec] [psec! 

W.Braunschweig 2 x 20 x 172 NE110 TW[40] RCA8575 3* 250 290 

G.D.Agostini 3 x 15 x 100 NE114 TF[40] XP2020 3* 120 250 

3 x 25 x 75 NE114 TW[65] XP2020 3* 130 — 

T.Tanimori 2 x 20 x 150 SCSN38 F T / T W RCA8850/ 1.6 170 2G0 

3 x 20 x 150 SCSN38 F T / T W R1332 1.8 140 260 

G.D.Agostini 4 x 15 x 200 NE110 TW XP2020 3.9 100 140 

T.Sugitate 4 x 3.5x 100 SCSN23 direct R1828/ 2* 50 140 

4 x 3.5x 100 SCSN38 direct R2083 2* 50 140 

R.T.Giles 5 x 10 x 280 BC408 FT[127] XP2020/ 

R2083 

2.7 110 120 

5 x 10 x 280 BC408 FT[127] R2490(FM) 2.7 170 190 

TOPAZ 4.2 x 13 x 400 BC412 FT[150] R1828 3.0 210 140 

R. Stroynowski 2 x 3 x 300 SCSN38 direct 

W. Cone 

XP2020 0.7 210 

140 

150 

100 

2 x 3 x 200 SCSF38 d direct 

W. Cone 

XP2020 1.8 180 

100 

200 

110 

(a) Types of light guide between scintillator end and the phototube. TW: Twisted 

strip light guide. FT: Fish tail guide. Direct: Direct mount on the phototube. 

W.Cone: Winston concentrator. 

(b) The Xatt is assumed to be 2(conservative) or 3 m, in the case the value does 

not appear in the reference. 

(c) (Text is an extratolated resolution for a 4 cm thick and 3 m long bulk scintil

lation counter, applying W.B.Atwood's conjecture.' 

(d) Fiber bundle scintillation counter, which consists of 20 by 30 1mm <j> scintil

lation fibers(SCSF38). 
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10.5 Ring Image Cherenkov Counter (RICH) 

General 

As was discussed in the Section 7.4, it is important to cover the forward 

endcap region (between 17° and 40°) with RICH from the initial stage of the 

experiment if we lack time and resource to construct a full RICH in time. An 

arrangement for this case is shown in Fig. 10.5.1. In order to collect the cherenkov 

light from the entire polar angle region, a mirror is used in the detector. At the 

end of this section, we briefly describe the aerogel cherenkov counter as an possible 

alternative to the RICH. 

Fig. 10.5.1 The region allowed for the forward R I C H counter. 

Presence of strong axial magnetic field (~ 1 Tesla) constrains our choice for 

a method of collecting photons. A long drift TPC cannot be used in the endcap 

region.T This method cannot be ised even in the barrel region because the field 

has a significant radial-component ; n the RICH volume because of the presence 
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of a compensation solenoid magnet and focusing magnets (the field has at the 

maximum 10 degree inclination to the z axis). 

This constraint limits our possible choice for the photon-detection method 

to either a multiwire proportional chmber (MWPC) ' or a multi-anode photo-

tube(MAPT). For both cases, the number of readout channels is considered to 

be rather large (~ 30 k for endcap alone). A pre-amplifier will be needed for each 

channel because the multiplication factor is not very large (~ 10 5). Thus effort 

to develop a VLSI is definitely necessary. 

M W P C with Tri-Ethyl-Amine (TEA) 

For the MWPC case, one way is to use TEA saturated CH4 gas for photon 

detection. The other type is to use Csl (TMAE) photocathode.'° R&D for 

these methods is underway at CERN. The main differences of the TEA-MWPC 

method compared with the ordinary method are; 

1. Crystal radiator, such as NaF, CaF2, MgF2, or LiF is used. 

2. Thin MWPC is used for the photon detection, and therefore, the method is 

inmune to the magnetic field and three-dimensional position measurements 

are not necessary. Photon feedback is smaller. 

3. Mechanical structure is simple because the radiator is solid. Quartz window 

is not necessary. 

4. TEA works at room temperature. 

5. The detector can be made thin (20-30 cm). 

The quantum efficiencies and transparencies for various materials are shown 

in Fig. 10.5.2. The sensitive region of TEA is localized in VUV (Vacuum Ultra 

Violet) region, but has a high quantum efficiencies at the peak (50% at peak). 
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Fig.10.5.2 Quantum efficiencies and transparencies for various materials. 

Also most of the lines from the excited atoms such as C* are outside the sensitive 

range. Therefore the photon feedback is smaller compared to TMAE. Because the 

sensitive wave length region is higher than the absorption region by the quartz 

window, only crystal radiators can be used. The sophisticated studies on the 

radiators has been carried out at CERN and it was found that the maximum 

momenta for which good K / T separation is achieved axe 2.5, 3, and 4 GeV, for 

NaF, CaF2, and MgFi radiators, respectively." The maximum momenta versus 

the incident angles are shown in Fig. 10.5.3.. Therefore the RICH with MgF2 

crystal radiator is most promising. The MWPC will be readout by cathode pads 

of 7-10 mm square. We are going to test these results with a prototype system 

and will find out the optimum conditions. 

157 



25 50 75 100 Xe (mm) 

0 

L6F TEA 

CF4TMAE 

W"K> 

MIRROR 
FOCUS 
LIQUID 
RADIATORS 

16 

15 

14 

13 

12 

11 

10 

1 PROXIMITY 
FOCUS 

y LIQUID AND 
SOLID 
RADIATORS 

0 10 20 30 40 50 60 70 80 
0p (degrees) 

90 

Fig 10.5.3 The maximum momenta for a good K/ir separations 
versus incident angle. 

In order to minimize the cost of read-out electronics, we definitely need a 
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VLSI readout system. We expect the multiplication of 10 5 in the MWPC, thus 

the noise level required for a preamplifier is less than a few x 1000 ENC. This 

is readily achievable. For a fast readout, the bipolar circuit is preferred. Such a 

scheme is under development at K E K l a for SSC purpose. If this development 

succeeds, it is possible to fill the whole region including the barrel region with 

this type. 

The geometry of the whole RICH counters are shown in Fig. 10.5.4 (The 

segmentation are shown in (a) and (b)). The wire configuration of the endcap 

RICH is shown in Fig. 10.5.4(c). In order to minimize the material thickness near 

the calorimeters, the radiators are located in front. 

M W P C with Photocathode 

The R&D works presently proceeding at CERN suggest another method of 

detecting photons using the MWPC. By putting the Csl (+TMAE) on the cath

ode pads (500 nm thick), the photoelectrons are produced and multiplicated at 

the sense wires. The quantum efficiency is shown in Fig.10.5.5. 

This method has a broader quantrm efficiency compared to the case of TEA 

MWPC. An advantage is that the liquid radiator inside the quartz container can 

be used. As a result, the cost would be greatly reduced. Also we do not need to 

separate the gas volume between the radiator and MWI'C. In the former case, 

we use CaF2 (3 ~ 5 mmt) windows. We can reduce the loss of cherenkov light in 

the optical window and the material. The cost also can be greatly reduced. The 

mechanical structure of the MWPC would be greatly simplified. As has been re

ported, the stability of the photocathode is good." A special care must be taken 

during the MWPC construction. Exposure time to the air must be minimized. 

The detector geometry for this case is exactly the same as in Fig. 10.5.4. 

We are going to carry out R&D using the small prototype MWPC for both 
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Fig.10.5.4 The geometry of RICH counters: (a) barrel RICH, (b) side view, 
and (c) wire configuration of the endcap RICH. 

cases in FY90. In FY91, we will construct a full scale prototype model (1 sector 
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Fig. 10.5.5 The quantum efficiencies for photocathode MWPC. 

in the barrel RICH). 

Multi-anode Phototube 

Recently R&D of a multi-anode phototube (MAPT) has been carried out 
at KEK." The smallest possible single anode so far constructed is 0.8 mm x 
0.8 mm. Since this device uses a mesh dynode, it can be used inside the axial 
magnetic field of 1 Tesla (within 10 degree from the PMT-axis). The quantum 
efficiency is 40% (400 nm) at peak (bi-alkali.photocathode) and it has a broad 
sensitive region (300 - 550 nm). In the MWPC cases, the sensitive region is VUV 
where we must worry about the absorption of signal photons even by the air. On 
the other hand, the phototube's sensitive region is in the visible plus ultra violet 
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light, which is easier to handle. The liquid radiator in quartz container can be 

used. Also because of a good acceptance for broad wave length, the number of 

detectable cherenkov light becomes large. 

We assume that liquid radiator with n=1.2 is placed at 20 cm away from the 

MAPT surface. The quantum efficiency is assumed to be 10% in the region of 

300 - 600 nm. The cherenkov angles, radius, and number of photoelectrons for 

various momenta of TT and K are summarized in Table 10.5.1. For 3 GeV, the 

difference of the cherenkov ring radius is 0.38 cm. Thus we need the position 

resolution less than 1mm with 20 of detected photons. Assuming 1 cm x 1 cm 

anode size, the resolution of cherenkov ring radius is calculated to be 0.06 cm 

with only ON/OFF information of each anode pad as shown in Fig. 10.5.6. 

The next question is an insensitive region of the MAPT array. Typically 

the photocathodes are made 6 mm (minimum) inside the phototube edge, ° so 

that the phototube size needs to be larger. If the photocathode size is assumed 

to be 10 cm x 10 cm and the phototube size is assumed to be 12 cm x 12 

cm, a fraction of coverage is 70%. Then we need more than 15% of quantum 

efficiency in order to obtain 10% average efficiency. The number of photoelectrons 

per track calculated based on the above conditions is plotted in Fig. 10.5.7 The 

average number of photoelectrons is about 20 and in 90% of events, more than 

10 photoelectrons can be detected. Thus by above setup, we can identify ir/K 

up to 3 GeV. For safety, 5 mm X 5 mm anode with discrete readout or 10 mm 

x 10 mm with analog readout is preferred. 

The design of MAPT has been carried out by the collaboration with Hama-

matsu Photonics K. K. The schematic drawing of the prototype MAPT is shown 

in Fig. 10.5.8. The sensitive region is 10 cm x 10 cm with 9.5 mm x 9.5 mm 
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Table 10.5.1 The cherenkov angles, ring radius, difference of radii, and the number of 
photoelectrons for ir and K of various momenta. 

p «(*) 6{K) r f » r{K) r(7r) - r(K) n(ir) n(A') 

GeV mrad mrad cm cm cm p.e. p.e. 

0.8 562 204 11.25 4.09 7.16 21 3 

0.9 567 316 11.35 6.32 5.02 22 7 

1.0 571 378 11.42 7.56 3.85 22 10 

1.2 575 449 11.51 8.97 2.53 22 14 

1.4 578 487 11.56 9.75 1.82 22 16 

1.6 580 511 11.60 10.23 1.37 23 18 

1.8 581 527 11.62 10.55 1.07 23 19 

2.0 582 539 11.65 10.86 0.86 23 20 

2.2 583 547 11.65 10.94 0.71 23 20 

2.4 583 553 11.66 11.07 0.60 23 21 

2.6 584 558 11.67 11.16 0.51 23 21 

2.8 584 562 11.68 11.24 0.44 23 21 

3.0 584 565 11.68 11.30 0.38 23 22 

anodes. The phototube size is 12.4 cm x 12.4 cm. The number of mesh dynodes 

is 16 (20 is maximum) and the expected gain is 1 ~ 3 x 10 6 (10 times for the 

case of 20 dynodes.) without magnetic field. 

The gain becomes lower under the axial field of 1 Tesla. The photocathode 

is made by bi-alkali and the average quantum efficiency is considered to be more 

than 15% in 300-450 nm. A single photon counting is possible. The estimated cost 

by mass production is considered to be less than 100 US$ / 1 cm2. Considering 

the total area of the endcap RICH (~ 3 m ), it looks expensive. But the stability 

and performance are expected to be quite high. 

In the present design of MAPT, the quartz window thickness is 6 mm, and 
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Fig.10.5.6 The reconstructed cherenkov ring radius for 3 GeV it and K. 

side and bottom window thickness is 4 mm. Thus, on the average, more than 
0.08 r.l. of material is located in front of the calorimeter. Also there are four 
aluminum rod (5 mm <j> x 3 cm night) at the corners to sustain dynode structure. 
The maximum radiation length exceed 0.5 r.l. around the phototube edges. 
For example, if the clean reconstruction of B -* ipK * is really necessary, we 
must abandon this scheme. The precise Monte-Carlo study is urgently necessary, 
especially for the maximum allowed materials in front of the calorimeters. The 
phototube configuration in the endcap RICH is shown in Fig. 10.5.9. For barrel 
RICH, we can not use this scheme, because of magnetic field and cost. 

Aerogel Cherenkov Counter as an Alternative 

R&D of aerogel cherenkov counters have been carried out at SLAC/CIT for 
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Fig.10.5.7 N u m b e r of photoelectrons per a track 

SLAC B-Factory." They aimed at the detection of B -*• TC+TT~ other than 

B -* ij>Ks. The maximum momenta of K / T separation is considered to be 4.5 

GeV. They are planning to use two types of Silica Aerogels of n = 1.008 and 

n=1.06. The advantages are; low density (a few % radiation length) and low 

cost. The wave length shifter (PMP) is added to aerogel. There are two choices 

of readout systems. 

(a) Use a thin fluorescent fiber light collector (1 mm <j>) and coupled to single 

photon avalanche diode (SPAD). SPAD may be cooled (-40 ~ -20 °C). 

(6) Sideway readout by phototetrode (gain of 50) and low noise preamplifier 

(ENC=30e r.m.s. with time constant of a few /isec). 

For both cases, detection of only a few photoelectrons are expected, which is 
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Fig. 10.5.9 Phototube configuration in the endcap RICH 
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comparable to the noise level. For safety, we need more photon output definitely. 

Also the quality control during mass production of aerogel is still a problem. For 

case (b), the material thickness of the phototetrode is a problem. 

S u m m a r y 

We consider the MWPC RICH (photocathode or TEA) as first priority and 

the MAPT scheme as second priority. For aerogel case, we would like to wait the 

R and D works at SLAC/CIT. 

7) D. Aston et a l , SLAC-PUB-4795; R. Arnold et a l , Nucl. Instr. Meth. 

A270 (1987) 255. 

8) see the section 13.1. 

9) PSI B factory proposal. 

10) J. Seguinot et al., CERN-EP-90-88, submitted to Nucl. Instr. Meth A. 

11) J. Sequinot et al, CERN-EP/90-88. 

12) Private communication with H. Ikeda. 

13) M. Staric et al., unpublished. 

14) F. Takasakiet al.,KEK-preprint-89-183, submitted to Nucl. Instr. Meth 

A; F. Takasaki et al., Nucl. Instr. Meth., A260 (1987) 447. 

15) Private communication with T. Hakamada, Hamamatsu Photonics K. 

K. 

16) G. Eigen, talk at Workshop on the DESIGN of a DETECTOR for a 

HIGH-LUMINOSITY ASYMMETRIC B FACTORY, Dec. 14-15, 1990, 

SLAC. 
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10.6 Shower Counter (SHC) 

Design of Shower Counter 

It is highly desirable to have a superb electromagnetic shower counter with 

an excellent energy resolution so that the reconstuction of B mesons can be done 

with an equally good quality whether they decay into all charged tracks or to the 

states containing neutral pions. Considering this requirement, use of scintillating 

crystal, especially CsI(Tl), is the best choice because it has: 

1) short radiation length(lXo=1.85cm), 

2) higher light yield(4xl0 4 photons/MeV), 

3) relatively high resistance for irradiation (~ 100 rad for a long crystal), 

4) weak hygroscopicity, 

5) excellent energy resolution, 

6) good mechanical characteristics. 

The only and important drawback of using Csl is that it is very expensive. It 

costs US$2~2.5/cc, which corresponds to about 3 billion yen if we surround the 

barrel region, 1.25m in radius, 3m in length and 30cm in depth, and two endcap 

regions with Csl crystals. Since we do need a good solid angle coverage, the only 

place where we can save the amount of crystals is in the length of the crystals. 

The choice of the crystal length most likely affects the energy resolution of the 

high energy gammas. The highest photon energy which we like to detect with a 

good resolution is those of the gammas coming from FCNC B decay(5 —> K*-y). 

They have an energy of about 3 GeV ( We do not need to consider Bhabha 

or 77 events where electrons or gammas have the highest energy among all the 

reactions because we can easily identify these events). 

Fig.10.6.1 shows a test result indicating the energy resolution versus the en

ergy for various length of the lead glass. This result may not apply for the case of 

Csl crystals. However there seems to be a tendency that a shorter lead glass cell 
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has better energy resolution when the energy is below 4 GeV. This indicates that 

having longer cell and minimizing the backward leakage does not necessarily im

prove the energy resolution. This might be due to the fact that more absorption 

of the signal light worsens the energy resolution as the cell becomes longer. We 

plan to perform a beam test in order to optimize the cell length so that the best 

energy resolution is achieved in the energy region of our interest, namely below 

4 GeV. Temporarily, we use the crystal length of I6X0. 

The segmentation of the crystal is automatically determined if we optimize 

the energy resolution and position resolution for the 7r° reconstruction. We like 

to have a fine segmentation which allows a good 7r° reconstruction up to 1 GeV TT° 

energy. Then the necessary segmentation is 2 ~ 3 mrad, corresponding to about 

5 x 5 cm at 1.25m from the interaction point (choice of 5 cm is also prefered from 

the Moilier unit). In the present design, the shower counter consists of about 

11,000 Csl cells, all pointing to the interaction point, and is located inside the 1 

Tesla solenoid field. 

Read out Electronics of Csl Signal 

Conversion of scintillation light from the Csl crystals into photoelectrons is 

best done by a silicon PIN photodiode because it works under the strong magnetic 

field. The photodiode has an additional advantage over a standard phototube in 

that the sensitive wave length of the photodiode matches the emission spectrum 

of the Csl. The quantum efficiency of a typical photodiode averaged over the 

emission spectrum amounts to 69% while to only 8% for a standard phototube. 

We mount two PIN photodiodes on the rear end of each c~ystal cell for 

redundancy. Several kinds of PIN photodiodes are used or proposed by various 

experimental groups. Our choice at the moment is a large area PIN photodiode 

with low capacitance, such as Hamamatsu S2662-03 (1.5cm 2 sensitive area) or 
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Fig.10.6.1 Energy resolutions of lead glass for different cell length 

S2774-03(2cm2). The output from each photodiode is fed to a commercially 
available charge sensitive preamplifier (for example CS-507 or RL721). They are 
directly mounted behind the cell in an electrically shielded and thermally cooled 
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case. Two outputs of one cell are transported to the outside of the detector 

separately and then added linearly. If one output fails, the gain is adjusted to 

compensate the loss. A branch of the sum output is sent to a pulse shaping 

amplifier to form an ADC input for the energy measurement. The shaping time 

is selected between lfis and 3/xs. The other branch provides a logic signal for the 

trigger circuit. The flow of the signals are shown in Fig.10.6.2. 
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Summing 
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Shaping 
Amp — Discri 

Trigger 

Fig.10.6.2 Schemat i c D i a g r a m for Flow of C s l s ignals 

Important factors contributing to the random noise level(o-o) are the junc

tion capacitance Cj(pF) and the dark current Trf(nA) of the photodiode-preamp 

system with the input stage capacitance CFET including FET and stray capaci

tances. Generally, CfET is largely dependent on FET and equal to approximately 
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80pF. The noise level ao (electron) of the photodiode-preamp system can be esti

mated by the equation' 

<r2 = [5.8/,, x 10 4 + 6 . 2 ( C F B T + C,)2) x (1.25) 2, (10.6.1) 

where the coefficients 5.8 and 6.2 are derived from a fit to CLEOII test result 

measured under the condition of 3^s shaping time. A factor of 1.25 is multiplied 

to allow a margin of error for the preamplifier performance. 

Using this relation, the noise level of S2662-03 (C,=80pF, / j=3nA), be

comes Co=725 electrons. Since we use two photodiodes, the noise level becomes 

oq=\/2(TQ=1,020. This is equivalent to an energy resolution of <7£=0.5MeV. Here 

the number of photoelectrons (Ne) converted in 3cm 2 sensitive area of two S2662-

03 is conservatively taken to be Ne = 3cm 2 x 750 /cm 2 = 2,250. Even if one pho-

todiode fails, the energy resolution remains 0.65MeV, which is sufficiently small 

compared with the intrinsic energy resolution of I6JV0 crystal for a low energy 

photon. 

A trigger signal is generated by grouping crystal cells into super-cells using a 

summing circuit. The super-cell signals are shaped with 200-300 ns shaping time 

and converted to logic signals. 

The gain is monitored by two identical and independent Xenon lamp systems 

as shown in Fig.10.6.3. Such a system has been proven to be stable to better 

than 1%.' 

Radiat ion Damage of Cs l crystal 

Radiation damage of the barrel shower counter has never been a problem in 

the past e + e - experiments such as TRISTAN. However it becomes a matter of 

concern at a high luminosity B factory. Once Csl crystals suffer from radiation 

damage, their spontanuous recovery is marginal and significant cure is achieved 

only by extensive heat treatment However this treatment requires dismantling 
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Fig. 10.6.3 Xenon lamp system for monitoring the Csl gain 

of the cells, and therefore is not possible except in the endcap region. Radiation 
damage in Csl crystals is believed to be caused by a change in thallium activator 
doped in the Csl.* * For a small integrated dose, decrease of light output is 
mainly caused by a deterioration of the transperency of the crystals. This effect 
is more pronounced for the shorter wave length where phototubes have maximum 
sensitivity. Therefore a silicon PIN photodiode, having a sensitivity maximum 
at around 550nm, is preferable.5 * Radiation hardness of Csl crystals has been 
measured by various groups. A significant reduction of the light output has been 
observed after an irradiation of a few hundred rads of 7 (Fig. 10.6.4). 

Radiation level at a location of the barrel shower counter was estimated 
based on the interaction region design described in chapter 9. According to our 
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Fig.10.6.4 Radiation damage of Csl as a function of t ime 

estimate, the total radiation level during the stable operation of the accelerator is 

kept below a few ten rads per year. The radiation level during the beam injection 

and machine study periods can be kept below the level of the normal operation 

by placing the masks in the arc sections as described in chapter 9. The very inner 

part of the endcap region might suffer seriously, however they can be replaced 

easily. 
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10.7 M u o n Detector ( M U O ) 

Design of Muon Detector 

The signature of a muon track is the penetration through the material con

sisting of SHC, the superconducting solenoid, and the magnet iron. Outside of 

the shower counter, we plan to place a muon detector system (MUO) which is 

made of several layers of drift chambers. We set a goal that the muon detec

tor should help tagging B mesons from their semi-leptonic decays and also help 

reconstructing Tp —• n+fi~ events, efficiently and cleanly. 

Fig.10.7.1 shows the endview of a muon drift chamber module. The muon 

chambers will be assembled from eight-cell extruded aluminum modules. The 

cell dimensions are 5cm x 10cm. The extrusion is the same as the one used in 

the TOPAZ and AMY muon detector. The cells of a module are arranged in 

two layers with a half cell stagger. The redundancy of. this configuration ensures 

high efficiency while the staggering serves to resolve the left-right ambiguity. The 

modules include plates welded to the ends which provides the gas seal, supports 

the wire holding fixtures and holds the gas fittings. We will epoxy several modules 

together to form one full size chamber. 

5CT 

400 mm 
GO 
CvJ / EXTRUDED ALUMINUM 100 

- - 2 . 3 
~ 2 - 3 ' 

-2.3 
^ 

2q 
1 zr o o 

DRIFT CELL 10 O m 

Fig. 10.7.1 The end view of a muon drift chamber module 
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Barrel muon chambers which are mounted inside the flux return yoke have 

several layers sandwiched between irons, all with axial wires. Barrel chambers 

outside the flux return yoke have two layers of modules, one with axial wires, 

the other with azimuthal wires. Endcap chambers are mounted outside the flux 

return yoke, and have two layers of modules, one with horizontal wires, the other 

with vertical wires. We plan to use the gold-plated tungsten wires of 100/im 

diameter for the sense wires in order to get high electric field in the region far 

from the wire. The overall dimensions are summaried in table 10.7.1. There _/e 

2740 wires in total. 

Readout sys tem of muon chamber 

The high voltage and preamplifier boards are mounted on the end of cham

bers. The signals from the preamplifier boards are sent to TDCs in the electronics 

hut. If we use data acquisition system with delay lines as described in chapter 11, 

any conventional TDC, which accommodate long drift time ( ~ 2 ^sec ) can be 

used, and easily provides a space resolution of about 2mm. The system is moni

tored by the test-pulse signal sent to preamplifiers. 
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Table 10.7.1 The dimensions and the number of wires of muon chambers. 

dimension 

(cm 3 ) 

inner radius 

(cm) 

Z 

(cm) 

No.of wire 

barrel 

Flux return 

1st layer(axial) 

Iron filter 

2nd layer(axial) 

Iron filter 

3rd layer(axial) 

Flux return 

4th layer(avial) 

5th layer(azimuthal) 

sum 

620x165x20 

620x180x10 

620x195x20 

620x210x10 

620x225x20 

620x240x10 

720x620x30 

720x650x10 

680x720x10 

200 

220 

235 

255 

270 

290 

295 

325 

340 

36x8=288 

42x8=336 

48x8=384 

130x4=520 

144x4=576 

2104 

octant 

octant 

octant 

octant 

octant 

octant 

quadrant 

quadrant 

quadrant 

endcap 

End yoke 

1st layer(vertical) 

2nd layer(horizontal) 

Iron filter 

3rd layer(vertical) 

4th layer^horizontal) 

sum 

width=90 

700x700x10 

700x700x10 

width=20 

730x730x10 

730x730x10 

40 

40 

200 

290 

305 

320 

340 

355 

156 

156 

162 

162 

636 

barrel+endcap 2740 

Background reduction for selecting a muon coming from B decay 

Charged pions can become background to the muon detection in two ways. 

One is the punch-through of charged n and the other is decay of charged 7r into 
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muon. When we increase the thickness of the muon filter(Fe), the background 

from punch-through pions can be reduced. But an efficiency for detecting the 

low momentum muons is decreased. To solve this problem, one can segment the 

muon filter(Fe) into several layers and insert muon chambers in between. 

We used a simulation program' for hadron and electromagnetic shower, 

GHEISHA( Gamma-Hadron-Electron-Interaction SH(A)ower code) to obtain the 

efficiency and the background for selecting the muon candidate. The dimensions 

of the detector system are summarized in Table 10.7.1. However, in the simula

tion, we used a simplified detector geometry. We use a cylindrical configuration 

for the barrel part. The magnetic field is assumed to exist only in the region 

of R < 125cm and Z< 185cm. The material of the shower counter is replaced by 

15 cm of iron. 

The results for the muon detection efficiency and the penetration probabilities 

of charged •K at 0=17, 40, 50, 90° are shown in Fig.10.7.2. The muon candidate 

tracks are required to be within the 98% contour from the expected position at 

each chamber ( 96% is taken for the calculation at barrel 1st chamber ). Shaded 

areas are the penetration probabilities of charged 7r (mostly less than 1% ) by 

combining information from two chambers with more than 90% muon efficiency. 

Next the overlapping rate of the muon candidate tracks is discussed. For 

the barrel muon chambers inside the iron yoke, wires are all strung along the z 

direction because reading out the wires in the other direction is difficult. Thus, 

only <j> positions can be known unless we perform a charge devision. When the 

lever-arm for the muon chamber is 250cm, the <j> segmentation is about 2° for 

our 10cm cell width. Neglecting the multiple scattering, the overlapping rate 

of muon candidates in a region less than 2° for the events from BB —» >̂(—• 

l+l~) + Ks{—> Tr+n~) + X and from BB —• X + X' are summarized in Table 

10.7.2. The overlapping rate is less than 1.5%. If we use the layer-by-layer hit 

information, this rate becomes smaller. 
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Table 10.7.2 Overlapping rate of muon candidates 

V>(-> l+T) + Ks(-* TT+TT-) + X 

BB -> X + X' 

P>0.8GeV/c 0.9% 1.4% 

P>1.2GeV/c 0.5% 1.5% 

17) K.Wacker et al., PSI-PR-88-09(1988). 
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11. Trigger and Data Acquisition Sys tem 

The event rate and the beam repetition rate are expected to be very high in 

the proposed B Factory. This requires the read-out electronics and the data tak

ing system to be very much different from those at traditional e + e _ experiments. 

In this section, they are considered and a possible scheme is proposed. 

11.1 Required Performance 

To consider the requirement to the data acquisition system, the luminosity 

of the accelerator is assumed to be 1 0 3 4 c m _ 2 s e c - 1 . This is the final goal of the 

luminosity, and is the severest case for the data acquisition system. In this case 

the beam repetition period will be 2nsec and the beam current will be 1.1 A 

(HER). At the center of mass energy on the mass of T(4s), total cross sections 

for various physical processes are listed in Table 11.1. In this table the Bhabha 

scattering has the largest event rate. However it can be scaled down by a factor 

of «1/100 quite easily at the early stage of the trigger decision because of the 

clear signature of the Bhabha events. The rate of the physical events will then be 

about 75 per second if two or more charged tracks are required. The cosmic ray 

background can be estimated from the experience at the TRISTAN experiments 

as about 20 events per second, which is calculated by the ratio of the trigger 

gate width. The rate of background events associated with the beam, which is 

mostly caused by spent electrons, depends much on the vacuum and the operating 

condition of the accelerator, and is hard to estimate. However, considering that 

the frequency at which the beam pipe is hit by the spent electrons is estimated 

to be 8kHz while this rate is 50kHz at the TRISTAN main ring, the background 

trigger rate will not be bigger than 20 - 30 per second. Adding all these up, the 

expected trigger rate is at most 200Hz. 

The data size per event depends on the detector and the background hits 

by synchrotron radiation and so on. It is assumed as 30kB per event. These 
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Table 11.1 Total cross sections for various physics processes at ECM=10.58GeV 

Physics process Cross section (nb) 

Hadron production from T(4s) 

Hadron production from the continuum 

(l+fl~ ,T'*~T~ 

Bhabha scattering (#iab > 17°) 

Two photon processes 

1.2 

2.8 

1.6 

44 

1 

Total 

(Bhabha cross section i scaled down by factor 1/100) 

7 

numbers are summarized in Table 11.2. Prom this table, it is concluded that the 

data acquisition system for the proposed B Factory is required to have overall 

throughput larger than 15MB/sec. In Table 11.3, the scale of the electronics and 

the data taking system axe compared with those for other large experiments. 

Table 11.2 Requirements to the data taking system 

Average trigger rate 200 Hz 

Average data transfer rate 6 MB/sec 

Time to be used to read one event 2 msec 

Peak data transfer rate 15 MB/sec 

11.2 General Scheme 

Fig.11.1 shows an example of the high speed data acquisition system which 

satisfies the previously mentioned requirements. Trigger signals generally require 

about 1/xsec to be generated, because they have to wait for signals from the drift 

chambers. If the period of the beam crossing is much smaller than this time, the 
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Table 11.3 Comparison with the other large experiments 

TOPAZ ALEPH CDF SSC(4TT) B Factory 

beam crossing 5/J.S 22 3.5 0.016 0.002 

no. of channels 27k 250k 125k 1M ~30k 

data/event 40kB 100 150 10MB ~30kB 

trigger rejection 3 x l 0 4 4 x l 0 3 250 103 - 10* 3 x 106 

event/sec (farm) 3 10 100 10* - 10s 200 

data/sec (tape) 0.12MB 1.0 15 100 7 

traditional gate-and-clear method can not be applied. The analog signals from 

the detectors need to be held somehow until a trigger decision is made. For this 

purpose an analog memory or a delay-line is needed. When a trigger is generated, 

only the signals which correspond to the triggered events are digitized and stored 

in the digital buffer memory. At this stage it is possible to apply the second level 

trigger or event selection by storing those data temporarily in a memory buffer. 

By this method, signal-to-noise ratio can be significantly improved and the load 

of the data taking system will be reduced. However, the second level trigger 

of this scheme requires all the electronics channels to have fast memory buffers, 

which make the system very complicated and the cost will be large. Therefore, 

we propose to make the trigger decision all on the analog trigger, and the signals 

from the detectors are delayed by using delay-lines with longer delay during the 

time needed for this trigger decision. The amount of the data generated in the 

digitizer in Fig. 11.1 will be large as described in the previous section, and it is 

not realistic to transfer these data through a single bus line. The most natural 

solution to this is the parallel data transfer on a "detector by detector" basis. 

The event builder in this figure converts this to parallel data sets on an "event 

by event" basis, and then, sends to the online computer farm. 

11.3 Trigger Sys tem 

In the proposed B Factory experiment, the interval of the beam crossings is 
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2nsec while the trigger decision takes at least i/jsec. The trigger decision logic 

must be fully pipelined, in other words, it must be sensitive to the events which 

occur during the trigger decision time. 

As a candidate for the trigger logic which satisfies these conditions, a pipelined 

trigger scheme based on the passive delay-line is described below (Fig.11.2). This 

trigger requires N charged tracks coming from the vicinity of the interaction point 

and energy deposit in the calorimeter above a preset threshold. Combining mul

tiple sets of this trigger, arbitrary and redundant trigger condition is achieved. 

The charged tracks are searched for in the 32 wedges segmented in 4> using 

the signals from PDC, CDC, TOF and calorimeters. The step-0 trigger is formed 

by a majority coincidence of the TOF signals. Arbitrary condition in the number 

of hits and the opening angle is required by the hard-wired logic. The first beam 

crossing signal that comes in this coincidence is taken as a step-0 trigger with a 

timing information. 

The coincidence width here should be set as narrow as possible, because 

it makes a deadtime. Fig. 11.3 shows the difference between the first and the 

second (the third in (b)) TOF hit timings in E°B° events. From this figure the 

coincidence width can not be narrower than 4nsec. Assuming this coincidence 

width to be 5nsec, the relation between the deadtime of the step-0 trigger and 

the single rate of the TOF counter is shown in Fig. 11.4. It is shown in this 

figure that the single rate must be smaller than 600kHz to keep the deadtime as 

small as 1%. When the single rate is 600kHz, the rate of the step-0 trigger is 

approximately 2.5MHz. 

The timing of the step-0 trigger, however, does not always give a correct 

beam-cross timing of the triggered event. A correction of nxbeam crossing period 

must be applied on the stage of the data analysis to obtain a correct origin for 

the timing measurements in the drift chambers and so on, where n is either 0 or 

1. This can be done easily even if the beam-cross period is 2nsec, because the 

time resolution of the TOF counter is 150psec or less. 
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Fig.11.4 Deadtime of TOF coincidence. Upper and lower curves 

are for two and three track requirement, respectively. 

The step-1 trigger is formed by matching the wedge hit pattern of the step-

0 trigger and the calorimeter hits. At this stage, the total energy threshold is 

imposed. The wedge hit pattern of the step-0 trigger are delayed approximately 
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300nsec by the passive delay-lines during the light collection time of the Csl 
calorimeter. The time resolution of the Csl calorimeter is not essential for the 
deadtime but the rate of accidental coincidences should be reduced as much as 
possible by the timing requirement here to avoid the trigger pile-up problem 
which will be described later. 

The signals from the drift chambers (PDC and CDC) are used in the step-2 
and -3 triggers to place a tighter constraint to the charged tracks and their ver
tex positions. The step-1 trigger and its wedge hit pattern are delayed again by 
the maximum drift time of the chambers. The signals from the chambers are 
stretched to the maximum drift time, and latched at the timing of the delayed 
step-1 trigger (Fig.11.5). The latched hit pattern is then transferred to the mem
ory look-up table, where only desired pattern is chosen to generate a trigger. 
The memory look-up table for PDC track finding should use the pad signals to 
constrain the z coordinate of the track. The matching of the track pattern and 
the step-1 wedge hit pattern are required to form the step-2 and -3 triggers. 

Memory look-up table usually takes at least sslOOnsec to find the answer and 
is dead while reading the memory. To overcome this difficulty, multiple memory 
look-up tables are used as a single table, and look-up requests are distributed to 
the tables by the fast switch (Fig.11.6). 

Fig. 11.7 describes the trigger pile-up, which becomes the most serious prob
lem of this trigger scheme if the rate of the step-1 trigger is high. Suppose there 
is an event at the timing indicated as "true event" in the figure, and the drift 
chambers have hits associated with this event. If there is another step-1 trigger 
before the "true event", it is possible that this step-1 trigger gives higher step 
trigger being matched with the true hits in the drift chambers. If this happens, 
all the signals are digitized at the wrong timing. To avoid this problem, the rate 
of the step-1 trigger must be small enough. For instance, if the maximum drift 
time of the drift chambers is 1/isec, the rate must be smaller than 10kHz to keep 
the rate of the trigger pile-up at 1%. To achieve this rate, the time resolution of 
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Fig. 11.5 The signals from the drift chambers are stretched to the 

maximum drift time and latched at the delayed step-1 trigger. The 

latched hit pattern is then examined by the memory look-up table. 

the calorimeter At and the single rate of the calorimeter wedge hit / c a j have to 

satisfy the following condition; 

At x fcai < 0.07 (if two tracks are required) 

< 0.17 (if three tracks are required) 

11.4 Delay-l ines 

In the trigger scheme described in the previous section, many delay-lines are 

used. In addition to this, all the signals from the detectors have to be delayed 
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Fig. 11.6 Multiple memory look-up tables and fast 

switch are used to make the deadtime smaller. 

during the trigger decision time. For some of these delays, we propose to use 

passive delay-lines instead of active devices such as analog memory. To investigate 

the feasibility of making appropriate delay-lines, R&D work is in progress. The 
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status of this R&D is shown next. 

The following three types of the delay-lines are required in this system; 

1. For fast analog signal (tr >20nsec) such as signals from wire chambers. 

2. For slow analog signal (tT >100nsec) such as signal from Csl calorimeter. 

3. For very fast digital signals such as timings of the drift chambers and T O F 

counter. 
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For (1) and (2), we have already made LC-delay-lines which show almost 

satisfactory performance. In Fig.11.8(a) and (b), the response of the prototype 

delay-lines to Gaussian shaped signal is shown. The sample — 1 and —2 are for 

fast and slow analog signals, respectively. The total delay of these delay-lines are 

2fisec. The x axes of these plots are rms widths of the input signal and the y 

axes are the output width (a), and the effective attenuation of the peak pulse 

height (b). As shown in these plots, LC-delay-lines can be used to delay analog 

signals of 20nsec rise time by 2/xsec. For type (3) delay, £C-delay-line is not 

appropriate, because the bandwidth of the delay-line must extend up to 300MHz 

for (3) to achieve 50ps resolution which is required for the TOF counters. The 

technology of surface acoustic wave (SAW) delay-line is being investigated for 

(3). 

11.5 Digitizers 

Once a .trigger is generated at a rate of 200Hz or less by the scheme described 

in the previous section and the signals from the detectors are delayed by the 

passive delay-lines, we can use conventional ADC's and TDC's to digitize those 

signals (Fig.11.9). The ADC gates are opened by the trigger signal and the TDC's 

are started by it. We do not need any special feature on the digitizers. However, 

in this scheme, the conversion time of the digitizers gives a deadtime. Therefore 

it should be smaller than 200/isec to keep the data acquisition deadtime to be 

as small as a few percent. This constraint is not very tight for the commercially 

available circuit modules, and therefore, no R&D is necessary on the digitizers. 

11.6 Analog memory 

The gate-on-trigger scheme mentioned above gives a straightforward method 

of data acquisition. However for the silicon micro-strip detector and possibly for 

the RICH counter, which have very large number of channels, a scheme of analog 

memory readout provides solution to acquire the analog data at the vicinity of 

the detector and to use a multiplexed output. 

An analog memory is a wave form sampling VLSI. The wave form sampling 
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technique is very common in terms of of a flash A-to-D converter and a charge 

coupled device. Unfortunately the wave form sampling equipments implemented 

with these conventional technique may be assembled only in lower density because 

of subsidiary driving circuits and their power dissipation. We are to use a new 

technology based on a switched capacitor circuit design to implement a high 

density and low power wave form sampling system. 

On this scheme the analog data is acquired before a trigger decision is made, 
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and is aborted or accepted depending on the trigger decision. The depth of the 

analog memory will be chosen so that the analog data is retained during the 

trigger decision period. 

The analog memory is also applicable to the other detectors such as calorime

ters so long as the technology choice does not increase system's complexity and/or 

construction cost. 

A prototype fabrication of the analog memory is underway. The process 

technology is 1.2/im N-well CMOS with double metal and double poly capability. 

The block diagram of the prototype analog memory is shown in Fig.11.10. The 

number of the capacitor cells is 128. At the top and the bottom the analog 

memory cell data sampling/readout switches are located, which are driven by a 

control circuit based on the shift register circuit. The capacitances of the array 

are chosen as 0.4 pF, 0.8 pF and 1.6 pF to investigate optimization between 

the accuracy and the sampling speed. Typical design parameters are as follows; 

sampling frequency = 20 MHz, harmonic distortion = -60dB, input signal range 

= 1.0 - 4.0V, and output settling time = 200nsec. 

11.7 B u s S y s t e m 

The data from the digitizer system are transferred to the event builder 

through multiple bus lines. A microprocessor is used on each of these busses to 

collect the data from the digitizers and send them to the event builder (Fig. 11.11). 

These microprocessors have to be able to access the busses on which the digitizers 

are located at a speed of 3MB/sec. We propose to use the VME system for this 

bus, which has already become industrial standard, This bus system is intended 

to map the address space of the microprocessors directly onto it. The micro

processors on this bus can read any other modules with no overhead to initiate 

a data transfer, and an average transfer rate of 4MB/sec is expected. Another 

advantage of the VME bus comparing to CAMAC and FASTBUS is that many 

kinds of microprocessor boards, memory boards and program development envi

ronment are commercially available. The effort required to build the data taking 
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system is largely saved by using these commercially available components. 

11.8 Event Builder 

The data from the detectors axe transferred to the event builder through the 
serial links. There are typically two types of event builders, dual-port memory 
type and cross-bar switch type. The dual-port memory type is a matrix array 
of memory which converts rows to columns. This method is straightforward, 
however, this requires M xN (where M is the number of links from the detectors 
and N is the number of links to the online computer farm) dual port memories 

• and each memory must be connected in lattice. On the other hand, the switch 
type requires high-speed switches but the hardware is quite simple. It only needs 
large memory to keep enough data for the maximum size of event. Configuration 
of the cross-bar switch type event builder is illustrated in Fig.11.12. At present, 
100 Mbps switch and barrel shifter are commercially available. The estimated 
data transfer rate from detector-end VME to the event builder is 20-30 MB/sec. 
Therefore, less than 10 links is enough in cross-bar switch type event builder. 
We has already developed optical link modules in collaboration with FNAL. It 
operates with transfer speed of 8MB/sec/link. KEK has a plan to develop a data 
transceiver module as shown in Fig.11.13. The event builder will be made using 
this type of modules and barrel shifters. 
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12. Computing 

Introduction 

In the proposed B-factory the event rate is high (two orders of magnitude 
larger than the TRISTAN experiments) and the large fraction of triggered events 
are useful for physics analysis, which is quite different from the situation at the 
usual e + e _ experiments. These characteristics demands more powerful comput
ing system than the present one for the TRISTAN experiments. In the following 

- we estimate the event rate, the event size, and required CPU power and data 
storage for the maximum luminosity of 10 3 4/cm 2/sec (= 10nb - ,/sec) since it 
demands the heaviest computing load. Finally we consider a possible computing 
system which meets such requirements. 

12.1 Event Rates and Size 

As mentioned in the previous chapter the event rate for physics events is 70 
Hz and the rate for the background events is 40-50 Hz. Adding them up, the 
expected trigger rate will be about 100 Hz. So we used 100 Hz for the trigger 
rate to estimate a necessary computing system in this chapter. It is to be noted 
that we used 200 Hz trigger rate in discussion about the data acquisition system 
in the previous chapter for safety. 

The data size of a typical event was estimated based on hadronic events. 
The size depends on the detector design and background hits due to synchrotron 
radiation as well as spent electrons. The estimated event size for each proposed 
detector component without background hits is summarized in Table 12.1. The 
total event size is about 10 kbytes. The background hits due to synchrotron 
radiation and spent electrons was calculated based on the proposed design of the 
interaction region and found to be negligibly small. However, the actual back
ground hits might be much larger according to the experiences of the TRISTAN 
experiments and for safety we assumed that the total event size including back-
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ground hits is three times of that without background hits. Thus the total event 

size is about 30 kbytes. After an event reconstruction analysis is made the size of 

an event in full-DST datasets which include the hit data becomes double due to 

inclusion of analysis results. By "event reconstruction" we mean that the data 

of all the detector components are analyzed to reconstruct all tracks in the event 

and assignment of the particle type to all tracks is performed. On the other hand 

more than 2/3 of the background hits can be removed from the DST datasets. 

Thus the size of an event in the full-DST datasets is almost the same as that of a 

raw data. In order to make an quick analysis of an particular physics events we 

adopt mini-DST datasets which contains only information such as four momen

tum vectors of particles, error matrix of them, and particle ID and so on. The 

event size of a mini-DST is estimated to be about 2 kbytes. 

Table 12.1 . Event size without background hits 

Detector component event size (kbytes/event) 

Silicon vertex detector 

Inner drift chamber 

Central drift chamber 

RICH 

TOF counter 

Shower counter 

Muon Chamber 

others 

1 

1 

3 

2 

0.5 

2 

0.2 

0.5 

total 10 

12.2 C P U Power and Data Storage 

We estimate the required CPU power for reconstructing an event at the B 

factory experiment based on the experiences of the AMY experiment at TRIS

TAN. 
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The CPU time to perform an event reconstruction analysis of the hadronic 

events of AMY is dominated by that for pattern recognition in the central cylin

drical drift chamber of conventional type. It depends on the number of charged 

particles in the tracking system and the number of layers of the chamber. The 

central tracking system of the B-factory is similar to the AMY system and both 

detectors have similar number of layers. The average number of charged parti

cles of hadronic events are also similar for both cases, 10 for B-factory and 13 

for AMY. Therefore it is reasonable to assume that the CPU time needed for 

an event reconstruction analysis at the B-factory is equal to that at the AMY 

detector. At the AMY detector it takes 2 seconds to analyze one hadronic event 

for 25 MIPS (Million Instruction Per Second) CPU. So it implies approximately 

50 MIPS CPU power requirement for analyzing one event per second at the 

B-factory. 

We perform an event reconstruction analysis on an online computing system 

in order to reject background events, remove background hits, and make full-

and mini-DST datasets. Such an online full analysis allows us to save the time 

for reading the raw data from a mass storage device and writing the resulting 

DST datasets in the mass storage device, again. Since the event rate for the raw 

data at the B-factory is 100 Hz we need 5000 MIPS CPU power for the online 

computing system in order to keep up with the data. 

If we assume that a calendar year of data-taking is equal to 10' seconds, we 

accumulate 10 9 (7 x 10 8) events for the 100 (70) Hz event rate per year. 

Monte Carlo simulation of a hadronic event at the B-factory takes about 5 

seconds for 25 MIPS CPU. Since we carry out Monte Carlo simulation at the 

one order smaller rate than the real data processing it requires about 1000 MIPS 

CPU power. In addition to the full simulation we will perform fast simulation. 

It takes about 1/100 second per event for 25 MIPS CPU and fast simulation of 

7 x 10 8 events within one day requires about 2000 MIPS CPU power. Various 

physics analyses require 1000 MIPS CPU. The sum of the CPU power needed 
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for these offline analyses is 4000 MIPS. 

According to the experiences of e + e _ experiments we expect to have a case 

where we have to re-analyze the whole full-DST data taken in a certain data-

taking period. The rate of such a re-processing is expected to be at most once 

a year. We want to complete the re-processing of 3.5 x 10 8 events within two 

months, where those events correspond to a half calendar year of data-taking. 

It implies 3300 MIPS CPU power requirement. Since such a re-processing will 

not be demanded usually we assume to stop the other offline analyses except for 

physics analysis during the re-processing. As a result the total CPU power of 

about 4000 MIPS is required for offline analysis. 

As mentioned in the previous section we accumulate 10 9 events per year for 

the 100 Hz event rate for the raw data. Thus for the 30 kbytes event size we 

accumulate 30 Tbytes raw data in a year. 

However, we intend to perform an online event reconstruction analysis and 

store full-DST datasets which include only physics events without background 

hits as well as mini-DST datasets in a mass storage device. Since we accumulate 

7 x 10 8 DST events per year we need 20 Tbytes and 1 Tbytes storage space per 

year for full-DST and mini-DST datasets, respectively. 

We will produce only one order smaller number of Monte Carlo events than 

the real events. The size of a Monte Carlo event is about twice that of a real 

event. Thus the storage requirement for the Monte Carlo events is about 5 

Tbytes. Various analysis results require an additional data storage of 5 Tbytes. 

In total 30 Tbytes data storage per year is required. 

The average transfer rate of the full-DST data from the online computing 

system to the offline computing system is about 2 Mbytes/s. This is achievable 

using the VME to channel interface. 

As mentioned in the previous section we want to complete re-processing of 

3.5 x 10 8 events within two months so that it implies requirement of 4 Mbytes/s 

speed for reading or writing the data. 
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The presently available mass storage devices with automatic data handling 

system do not meet such requirements for I /O speed of 4 Mbytes/s and storage 

space of 30 Tbytes. For example, the 8 mm tape jukebox which has two drives 

and 55 tapes of 2.5 Gbytes per tape can read or write the data with 0.8 Mbytes/s 

rate and can store 140 Gbytes data. About 200 jukeboxes are needed to satisfy 

the above requirements. Another example is the FACOM F6453 Cartridge Tape 

Library which has 8 drives and holds 2387 VHS video cartridge tapes of 280 

Mbytes storage per tape. It has been successfully used for the TRISTAN experi

ments. This system can read or write the data with 2.5 Mbytes/s rate and store 

6C0 Gbytes. 45 sets of F0453 library are needed to store 30 Tbytes data. In both 

cases two many jukeboxes or libraries are demanded. 

However, a more powerful mass storage device using optical tapes is under de

velopment by cooperation of Imperial Chemical Industry Corporation and Laser 

Tape Corporation, and will be available in a few years. It will be a system similar 

to F6453 or IBM3480 except for that video tapes are replaced by optical tapes. 

Since one optical tape has 50 Gbytes storage space and one library holds at least 

2000 tapes, we expect at. least 100 Tbytes storage space for one library. The 

transfer rate of 2 Mbytes/sec to the tapes during the usual data-taking is within 

the expected performance for the I /O speed, 3 Mbytes/sec per drive. However, 

in order to achieve 4 Mbytes/sec speed required in case of re-processing, two 

drives are needed. Therefore we hope that this device will be available within a 

few years. 

12.3 A Model for Computing Sys tem 

The schematic view of the computing system for the B-factory is shown in 

Fig.12.1. 

Immediately after an event is built it is analyzed on an online computing 

system, then the resulting full- and min-DST datasets are transferred to a main 

frame computer. At the main frame computer the DST datasets are stored in a 

mass storage device such as an optical tape library. Standard physics analyses 
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are made by using the mini-DST datasets. 

As described before the required CPU power for the B-factory is extremely 

large (~5000 MIPS for online, ~4000 MIPS for offline, ) which cannot be achieved 

by a conventional main-frame computer. One realistic solution to obtain such 

a large CPU power is to process the data in parallel. Since the data from the 

detector are divided into "events" and the "events" are independent ach other, 

each "event" can be processed by a separate computer. If we have a mechanism 

to distribute the events to many computers and to collect the results afterward, 

a large CPU power can be obtained by increasing the number of computers. This 

mechanism is called the "computer farm." The computer farm is not commercially 

available and the R&D is necessary. 

The computer farm will be used both in the data acquisition and the offline 

data analysis in the asymmetric B-factory experiment. In the the data acquisition 

stage, the farm is connected to the online VME crate and used for the event-

reconstruction of the raw data. The reconstructed events are transferred to the 

main-frame computer and written to the mass-storage device. In the offline stage, 

the farm will be used for the physics analysis and the Monte Carlo simulation. 

These works will be done by many users using the computer farm as well as the 

main-frame or UNIX workstations. So, there are two types of users of the farm. 

One is the users of the main-frame computer who write the analysis programs 

on the main-frame and want to use the farm as a part of the main-frame. The 

other is the users of UNIX workstations who write the programs using UNIX's 

sophisticated programming tools and want to use the farm as the computing 

server in the network system. We plan to develop a user interface between the 

mainframe computer (unix workstations) and the computer farm which allows us 

to use the computer farm in a manner as mentioned above. It is schematically 

shown in Fig.12.2. 

12.4 Computer Farm 

Considering the usages of the computing farm, the farm must satisfy following 
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Fig.12.2 The schematic view of the user interface between the 
mainframe computer (unix workstations) and the computer farm. 
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requirements: 

Requirements for the online sys tem 

a) The computer farm has a fast (>10MB/sec) link to the VME crates in the 

data acquisition system. 

b) The computer farm has a fast (>4MB/sec) link to the main-frame computer 

where the processed data are stored. 

c) The required CPU power for the online data reduction is about 5000 MIPS. 

Requirements for the offline sys tem 

a) The software developed on the mainframe or user's UNIX workstations can 

be executed on the computer farm with minimal modifications. 

6) The programs on the FACOM-M7S0 mainframe which are developed for the 

TRISTAN experiments can be ported to the computer farm with minimal 

modifications, 

c) Standard utility packages such as CERNLIB can be used on the computer 

farm. 

d) Mainframe users can use the computer farm without taking the special care 

for the farm. It is preferable that the farm can be used like n batch queue 

of the mainframe. 

e) Workstation users can use the computer farm as the computing server in 

the network. The network is preferably Ethernet with the T C P / I P protocol 

which enables the usage of the computer farm from the workstations outside 

KEK. 

/ ) The analysis power of a mainframe or UNIX workstations will become large 

enough to do an simple analysis. So users can use the computing facility 

only when they need a large computing power for their analyses. 

g) The computer farm can read/write data on the mass-storage devices on the 

mainframe. The storage devices on workstations can also be accessed from 
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the farm. 

h) The re<]uired CPU power for the offline analysis is about 4000 MIPS in 

total. 

General Requirements 

a) The same computing farm can be used both for online and offline usage. 

b) The software' development environment should be the same both for online 

and offline computing farms. 

<•) It is preferable to unify the kind of the CPU chip at all levels from the 

front-end intelligence such a.s the third level trigger processor to the offline 

analysis farm. Therefore tin1 processor used for the farm should be the 

industrial standard product, and have the performance as high as possible. 

</) The software development for the farm on UNIX workstations can be done 

using the UNIX's sophisticated tools mid the public domain packages such 

a.s the GNU's package. 

r) The maintenance of the system (hardware/operating system) can he done 

by the manufacturer other than KEK staff. 

/ ) The system can be applied for calculations related with the D-factory as 

soon as possible. 

Several R<L'D projects on the computer farm are progressing at KEK. Out 

of these projects, a scheme now being developed by the TOPAZ group satis

fies most of the above requirements (This system is called the TOPAZ Parallel 

Computing Facility - TPCF). Thus, an extended version of TPCF is a possible 

candidate for the asymmetric B-factory experiment. 

Fig.12.3 shows the hardware architecture of TPCF. 

The faeiPy is equipped in a standard double-height VME crate, where four 

types of VME modules are installed. They are a control processor, a couple of 

event processors, an interface to the online VME crates, and a VME-to-Chamicl 
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Fig.12.3 The schematic view of the hardware architecture 
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interface which connects the system to the mainframe (FACOM-M780). All the 

hardware components are industrial-standard and commercially available. In 

an event processor module, four chips of Motorola MC88100 RISC CPU's are 

installed. The performance of a chip is more than 20 MIPS at 25MHz operation. 

The overall performance of a single crate system is expected to be about 500 

MIPS. 

The program development for TPCF is done on a Data General AViiON 

workstation which has the same CPU chip as that in the event processor. The 

T P C F system is connected to the workstation via Ethernet using the T C P / I P 

protocol. 

The main feature of the T P C F system is its operation principle. TOPAZ 

group required that their software currently running on the mainframe could be 

executed on T P C F without any modifications of the FORTRAN programs. So 

they realized the mechanism of the event-by-event parallel processing at the level 

below the FORTRAN'S own I/O management ("system-call" level) where the 

actual read/write on the devices are done. 

Fig. 12.4 shows the mechanism. When a program running on the host does an 

I/O action, the program calls an appropriate "system-call" by interrupting the 

processor using the software trap instruction as shown in Fig.12.4-a). In T P C F 

(Fig.12.4-b)), the software trap is not processed by each event processor. Instead, 

the processing is centralized to a single control processor using the server-call 

scheme on the VME-bus. 

Therefore, the program code running on the event processors can be exactly 

the same as the code on the host workstation at the binary level although the 

program is executed by the multiple event processors in parallel on TPCF. Since 

the FORTRAN compiler of the host-workstation is a super-set of the FACOM's 

FORTRAN, the FORTRAN sources on FACOM can easily ported to the host 

workstation. So, using this mechanism, the FORTRAN programs developed on 

FACOM can be executed by T P C F without any modifications to the FORTRAN 
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sources on FACOM. 

The current status of R&D of T P C F is summarized below: 

a) The environment to execute a user's program written using the host work

station on T P C F was already developed and tested. The environment 

includes the software down-loading, the processor control, and the virtual 

terminal capabilities from the host workstation. 

6) The mechanism of the event-by-event parallel processing was already de

veloped and tested. 

c) Benchmark programs including Lund Monte Carlo were already run on the 

facility and the system performance was confirmed to be at the expected 

level. 

d) The data handled by the benchmark programs were written on the disks 

of the host workstation through Ethernet and the centralized I /O handling 

scheme was confirmed to work correctly. 

e) The interface between the mainframe and the parallel processing systems 

was already developed and tested using AUSCOM 8400 (~500KB/sec). 

The faster I /F using Channel Axcess 9400 (~5MB/sec) will be tested soon. 

/ ) The interface to the online VME crate using DRE6SK (~2MB/sec) was 

developed and tested. The faster version using VME-TAXI (~10MB/sec) 

is now being developed by the online group of TOPAZ. 

g) The porting of the programs of the event reconstruction and the detector 

simulation of TOPAZ from FACOM is now in progress. 

h) The mechanism to use T P C F as a batch queue of FACOM is now being 

designed. It enables us to submit the same JCL to T P C F as if it is a 

FACOM's batch queue. 

i) By the end of March 1991, 500 MIPS (1 crate) prototype system will be 

available for the public usage. 
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j) Development of a multi-crate system which enables to achieve 9000 MIPS 

is scheduled in the R & D program of next FY. 

Considering the R&D status above, we conclude that the computing farm 

which completely satisfies the given requirements for the usage in the asymmetric 

B-factory can be made within a few years by continuing and extending the R&D 

at TOPAZ. 

12.5 Summary 

The data analysis at the B-factory requires significant CPU power, 9000 

MIPS, which is two orders of magnitude larger than the TRISTAN computing 

"power (about 100 MIPS). It also requires huge mass-storage space, 30 Tbytes per 

year, which is one order of magnitude larger than the TRISTAN storage space 

(2.5 Tbytes). The large CPU power can be achieved by using computer farm 

consisting of several hundreds microprocessors. The R&D works indicate that 

such a system will be feasible. A new mass-storage device using optical tapes is 

expected to be available in a few years, then it will provide at least 100 Tbytes 

storage space. The I /O speed is fast enough to keep up with the data-taking 

and further to read/write the data taken for a half calendar year period within 

two months. We proposed to perform an event reconstruction analysis using an 

online computer farm and transfer only DST datasets to the mainframe computer 

where the data are stored in the mass-storage device. 

Major CPU power for offline analysis is provided by the offline computer 

farm connected to the mainframe computer or workstations. One can use the 

computer farm as a batch machine (for mainframe users) or a computing server 

(workstation users). 

Finally we list up the summary for computing of B-factory in Table 12.2. 
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Table 12.2. Summary of Computing for B-factory 

Event rate Raw data 

Full-DST data 

100 kHz 

70 kHz 

Event size Raw data without background hits 

Raw data with background hits 

Full-DST data 

Mini-DST data 

10 kbytes 

30 kbytes 

30 kbytes 

2 kbytes 

Data size Full-DST data 

Mini-DST data 

Monto Carlo data 

Physics analysis 

Total 

20 Tbytes/year 

1 Tbytes/year 

5 Tbytes/year 

5 Tbytes/year 

30 Tbytes/year 

CPU power Online analysis 

Offline analysis 

total 

5000 MIPS 

4000 MIPS 

9000 MIPS 

Transfer rate 

I/O speed 

Online DST data 

Mass-storage device 

2 Mbytes/sec 

4 Mbytes/sec 
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