
LAL-KT XS-01 
February W8K 

A Positron Beam for the Linear Collider Scheme 

of a B-meson Factory 

R. CHEHAB 

To be published in the Proceedings of the Workshop on 
"Heavy Quarks Factory and Nuclear Physics with Superconducting Linacs" 

Courmayeur, Italy, December 14-18lh, 1987 

U.E.R 
de 

l'Université Paris-Sud 

Institut National 
de Physique Nucléaire 

et 
de Physique des Particules 

Bâtiment ZOO - 91405 ORSAY Cedex 



A POSITRON BEAN FOR THE LINEAR COLLIDER SCHEME 

OF A B-HESOK FACTORY 

R. CHBHAB 

Laboratoire de l'Accélérateur Linéaire - Bât. 200 
Université de Paris Sud - 91405 ORSAY Cedex (France) 

ABSTRACT 

An approach for a conventional positron source Intended to a BB~ linear 
collider scheme Is here given. Optical matching devices betveen the source 
and the accelerator are considered and some comparisons are made regarding 
the maximum acceptance and the positron beam qualities. Focusing in the 
preaccelerator and in the main linac are also considered. Heating and 
radiation problems which may introduce severe limitations are only partly 
examined. 
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I - INTRODUCTION 

There Is a big interest on high intensity, good emittance positron 
beams for electron-positron colliders. For future linear colliders, some 
effort has concerned a research for intense positron sources conventional or 
not. 

Semi-conventional positron beams have been studied using an incident 
photon beam - produced in an undulator by a 100 Gev electron beam - on a 
target . Slow positron sources using fast positrons from a radioactive 
source injected into a moderator have been studied in detail l * . A big 
effort is now devoted on radioactive sources. Nevertheless, positron yield 
and transverse phase space characteristics of such beans seem now less 
interesting than conventional positron beams obtained via pair production 
regarding to accepted positrons in the forvard direction. 

At the same time, different focusing devices are under examination for 
anti-particle sources like pot e' : lithium lenses or plasma lenses are 
very interesting solutions for optical matching lens. 

Considering a positron source in the near future for a linear collider 
proposed as a B-meson factory we are led to favour a conventional 
source. In this report, positron production features are presented and some 
particular difficulties are indicated. 

2 - SOME ESSENTIAL PARAHETEBS FOR A CLASSICAL POSITRON SOURCE 

Positron production by means of bremsstrahlung and pair creation ir. 
high Z materials is a well known procedure used in many laboratories. 

Such positrons are emitted with a wide energy spectrum, large angles 
and lateral dimensions as small as those of the impinging electron beam. 
These characteristics have to be matched with those of the accelerator. So a 
matching focusing device transforms the positron beam emittance in order to 
fit with the accelerator acceptance. The larger the acceptance of the 
matching device, the higher the captured positrons yield. 

The main characteristics of the matching device are linked to those of 
the pre-accelerator system. That system - which is achromatic - gives the 
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Figure 1 : Scheme of the positron source 
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positrons enough acceleration to be injected in the main accelerator and to 
be transported then by classical quadrupole channels. 

The positron beam emittance is usually large and so the beam position 
has to be carefully controlled and corrected to avoid beam losses. 
Transverse vake fields which could be important in so high Q structures as 
supraconducting cavities are also closely related to the beam position. 

At last, the positron beam qualities at the converter depend parti
cularly on the impinging electron beam dimensions. So incident electron 
beam dimensions and energy dispersion have to be minimized. 

3 - THE COHVERTER 

The most high Z materials nov used in the conversion unit are Tungsten 
or some compounds of Tungsten as V-Re and Tantalum. Both have very close Z 
value (73 and 74). 

For a BB factory using a linear collider scheme with superconducting 
accelerating structures, ve can make choice of a conversion unit using 2 
GeV incident electrons coming from the main superconducting accelerator 
(Figure l).Such an hypothesis'5' is more realistic than the one previously 
considered . 
The shover transition curve presents a maximum around 4 Xo ; so ve should 
take a radiator thickness of 4 Xo (Figure 2). 

3.1. Emittance of the positron source 

Simulations of shover generation in a tungsten target of 4Xo thickness 
receiving 2 GeV electrons have been runned out using EGS code . The cut
off energy was of 1 MeV. 

Results concerned the energy spectrum (Figure 3), the radial and 
angular distributions (Figures 4 and S). 

If n is the total number of positrons produced by one incident elec
tron, the total number of positrons captured by a given matching device is : 
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Figure 2 : Transition curve for 2 GeV electrons on W target 
(secondary e +) 
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Figure 3 : Positron energy spectrum 
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n1" = n III — — dE dr d9 (l) 
° )))v dE dr dS 

where the acceptance volume v is defined by the matching device. 

Such an expression could be written as, 

(Emax (max fftnax 
n + = h f„(E) dE f (r) 2nr dr f„(e) Zn sin9 d9 (2) 

jEmin Jo Jo 

where f_, f and f„ are the distribution functions which relative indepen
dence is assumed and where (Emax, Emin), rmax and 6max are the acceptance 
limits in energy, radius and angle. 

This assumption is correct regarding th* dependence between r and the 
other variables but needs some care because of the relative dependence 
between E and 9. 

Expression (2) may be rewritten as, 

n + = h o F E(E) . Fr(r) . F e(e) (3) 

where Fp(E), F (r) a n t' FQ(8) a r e t n e cumulative distribution functions 
derived from EGS. 

3.2. Thermic behaviour and radiation problems 

The thermic behaviour of the converter depends strongly upon the 
temporal characteristics of the electron beam pulses, of the intensity and 
the lateral dimensions. 

According to U. Amaldi report we have to consider here the following 
temporal distribution : bunches of 4 x 10 1 1 electrons of total length 4a = 
6 mm i.e. 17 ps with a recurrent frequency of 12 kHz. Tvo incident electron 
beam dimensions will be considered here : 1 and 2 mm radius. 

EGS simulations gave the fractional energy absorption per unit length 
AE w=™ (Figure 6). We can verify that most of the deposited energy lie in the 

last radiation length. Ionization process is then predominant there and so 
as heating processes. 



Energy deposition in the target contributes to average temperature 
increase - strongly related to the linac frequency - and pulse temperature 
rise vhich could introduce severe limitations on incident electron beam 
dimensions. Moreover, average and pulse temperature distributions in the 
target could originate mechanical stresses. 

Our purpose is not to make here an extensive study on thermic problems 
in the target. Such a study has been made especially by P. Sievers*7' with a 
SLC-like target of 6X , for the project under consideration. Ve should 
however indicate very roughly some thermic consequences of the different 
options taken for the matching devices : these options have some conse
quences on the incident beam intensity and dimensions and hence, on the 
heating problems. 

3.2.1. Pulse temperature rise 

Pulse temperature rise is given by ' ' 

... 2v T V ... 
Otp = ; (4) nrf X„ S C„„ 1 0 sp 

where v is the fraction of beam power deposited in the last half 
radiation length of the converter, 

t the pulse duration in us 
V the incident power in HW 
r the electron bean radius on the converter 
S the mass density of the target 
X the radiation length of the con 
Csp the specific heat of the converter material in J/g'C 
X the radiation length of the converter material in cm 

The pulse temperature rise on the source location leads to mechanical 
stresses defined by : 

o r = o t = - E o4tp <5) 

where : E is the young modulus 
a the thermal expansion coefficient 
Atp the pulse temperature rise 
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Figure 6 : Fractional energy absorption per unit length for 2 GeV 
electrons 

10 MeV 

Figure 7 ! Photon energy spectrum 
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3.2.2. Average temperature rise 

The considerable amount of incident beam pover -1.5.HU- precludes use 
of a fixed target ; the target must be rotated in the vacuum chamber. Due to 
the importance of eddy currents, some care must be taken in the converter 
design : slots cut in the material should reduce the eddy currents. 

We should not evaluate neither the temperature rise, nor the associated 
thermal stresses. Both are dependent on the solution chosen for the rotating 
target. 

3.2.3. - Radiation problems 

Positrons and Electrons produced in the target are not the only 
particles coming out in the positron accelerator. A comparable amount of 
photons is also produced and irradiate in the converter vicinity. 

EGS calculations show photon distributions in energy, radius and 
angle (Figures 7,8,9) 

All these particles lead to enormous doses which have been already 
calculated by P. Sievers*7'. 

A - HATCHING DEVICES AND ACCEPTANCE CONSIDERATIONS 

The characteristic emittance of the positron scurce at the converter -
large angles, small lateral dimensions - has to be transformed - small 
angles, large lateral dimensions - so as to fit vith the accelerator 
acceptance. 

The choice of the matching device is therefore dependent on 
- the expected positron yield 
- the allowed energy dispersion 

Two kinds of matching devices are now used on positron accelerators 
- Narrow band systems as the quarter wave transformer 
- Large band systems as the adiabatic device 

If some care is taken against radiation damages in the preaccelerator 
(use of collimator) it could be advantageous to use S band sections, of 
3 GHz for instance. 
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Figure 8 : Photon Radial distribution 

Figure 9 : Photon Angular distribution 
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4.1. The quarter wave transformer (QWT) 

This system is widely used in positron accelerators. It is made from a 

short lens with a high magnetic field and a long solenoïdal magnetic field 

extending on some accelerating sections. The most recent versions of this 

device use short pulsed lens with high magnetic field just after the 

converter in the vacuum cell (DESÏ*'* FRASCATI < l o ) LEP ( l l ), KEK* 1 2). 

For a BB positron source ve chose the following characteristics for the 

QWT : 

Short lens : Bi > 20 Rgauss ; Hagnetic length L - 4.7 cm 

Solenoid : B2 = 4 Kgauss 

Design Energy = 9 Hev (for which the Larnor angle is n/2) 

4.1.1. - Energy acceptance 

For a point-source, the energy accepted bandvith is roughly given 

by<"> : 

E B2 
ÛE = 4 . — . — (6) 

n Bi 

where E is the design energy 

For a source of finite dimensions the acceptance volume is given by* ' 

vo^.zslfSBi-l)'. [i-(l-l)»"] (7) 

with D = sin2 Xt + [ — 1 cos2 X1 

The Larmor angle in the short lens ( eBidz 

'""JIT 
where Bi, B2 are the field values 

a is the iris radius 

F is the scalar momentum 

V(x ) 
The normalized value is represented on figure 10. 

2n2/3 (eB2 a /2) 2 

Hidheight energy ^iidwith is given by the interval [7-5 ; 11] MeV. 
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Figure 11 : QWT short pulsed lens field 
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4.1.2. Radial acceptance 

Radial acceptance on the converter is given by 

(8) 

For a limiting radial aperture a of 8 •• - taking into account beam 
misteering - the maximum source radius value is of 1.6 mm about. 

4.1.3. Angular acceptance 

Maximum accepted angle at the converter is given by 

["if] V x • ̂  I ' • = I »> 

For P = 9 MeV/c, 6 m a x = 15° 

4.1.4. Expected yield 

Using expression (3) and EGS results with the acceptance limits 
redefined above, ve get 

n + = 0.12 e +/e" (2 GeV) 

or n + = 0.06 e +/e~ GeV"1 

with an incident bean of 4 x 10 1 1 e"/pulse, ve get 

N* - 4.5 x 10" eVpulse 

4.1.5. Thermic problems 

The positron source radius is given by 

r+ = JCO 2 • ,' 

vhere r~ is the electron beam radius on the converter, 
p is the peint source radius ; from EGS results, 80 X of the emitted 

positrons are in a circle of 0.4 Xo radius 

r~ < 1mm 

Uith the hypothesis of a tungsten cylinder of 10 mm diameter and 13.2mm 
length, ve find : 
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ûtp - 410° 

The pulse thermal stress is then equal to ; 

a = a =• - 76 kg/mm2 

knowing that, E =• 37000 kg/mm2 and o » 5 x 10" 6 "C"1 

4.1.6 - Short lens description 

As the bean pulse width is narrow, use of DC lens with high intensity 

is uninteresting regarding the energy consumption. Moreover organic mate

rials used in DC lens for electric isolation could be damaged in the high 

level of radiation. For these reasons it is recommended to use pulsed lens 

in the vacuum cell, just after the converter. 

Such lens could be feeded with an alternating current which frequency 

could be the same one as the beaa ie 12 kHz. In that case, the flat-top 

vould be very small. 

Short lens geometrical length is roughly cbout 3 cm ; the coil could be 

made with two or three layers of windings. 

An approximate field profile using Glaser model is represented on 

figure 11. 

Technological study about this coil would benefit of some experience on 

that device acquired in DESY, FRASCATI, CERN and KEK. 

4.2. The adlabatic device 

This system is used at SLAC* 1 5' and ORSAY*1"'. For A BB positron source 

we can consider two kinds of solutions : 

a) A relatively "weak" magnetic field device s such facility has been 

built for the initial SLAC positron source and for the ORSAT source. 

b) A strong field device similar to the SLC one. 

4.2.1. Weak magnetic field device 

For a BB positron source we chose the following characteristics for the 

Adiabatic Device (AD) 
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Maximum magnetic field (B ) : 30 kgauss 

Minimum magnetic field (B-) : 4 kgauss 

Between these two values, the magnetic field adiabatically tapers so as 

to conserve the adiabatic invariant, 

A • # Ï p. dq. « (10) 
/ "Pi 

= # Z p. dq. » 
jl ' 1 eB 

where (q,, p,) are the conjugate variables, Pĵ  the transverse momentum and B 

the field strength. 

If the magnetic field changes slowly, so does the period of the motion 

the adiabatic invariant J 

riation must be very weak. So 

and the adiabatic invariant J - - . The parameter of saallness e of this va-

e » -Î- . 22 « 1 (11) 
eB 2 dZ 

If we take c > 0.12 for P » 9 MeY/c - a central value although such a 

value is meaningless in a wide band systea - we find a field variation law 

given by 

B 
(12) B 

B o B 
1 + aZ 

with a = 12 m"1 

The total length of the adiabatic lens is, L - 0.54 • 

Such a field lav is represented on figure 12. 

4.2.1.1. Energy acceptance 

The energy acceptance is very vide. Nevertheless, simulations on 

accepted positrons shoved that a reasonable bandvith is 

ÛE « [ 5 ! 20 ] MeV 

4.2.1.2. Radial acceptance 

The radial acceptance is given by * 1 6 ' 
Bf 

\,=a T- < 1 3> 
0 

With a limiting iris radius of 8 mm, we get r • 2.9 mm 
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Figure 12 : Adiabatically tapered field 
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A.2.1.3. Angular acceptance 

The maximum accepted angle Is given by * 
e J B o Bf • a 

9max - ^ <"> 

For the "central" energy value (9 MeV) we get : 

9 - 16.7° 
max 

4.2.1.4. Expected yield 

In the same vay as for the QVT ve obtain for the adiabatic device 
H + = 0.450 e +/e" (2 GeV) 

or h* = 0.225 e +/e" GeV"1 

vith an incident beam of 4 x 10 l e~/pulse, ve get : 
N + =. 1.8.10 1 1 eVpulse 

4.2.1.5. Thermic problems 
Taking as maximum source radius r - 2.5mm that gives an incident 

electron beam radius of 2 mm. If ve take a target radius of 7.5 mm, that 
gives temperature rise of 

Atp - 137° 
and a mechanical stress of a» a » -25 kg/mm2 

Remark 
If instead of 4.10 1 1 e~/pulse, ve get 2 x 10 1 1 e~/pulse, the expected 

positron beam should be of 9 x 10 1 0 e+/pulse vhich vould be enough. 
Such a value lovers the temperature rises by the expected factor of 2. 

Horeover, the relatively long length of the adiabatic coil allows 
installation of a vater-cooled collinator betveen the target and the 
entrance of the section to protect linac cavities from radiations. 
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4.2.2. Strong field device 

The characteristics of a focusing device similar to SLC one could be : 

Maximum magnetic field : 50 kgauss 

Minimum magnetic field : 5 kgauss 

AdiabaCic lens length : 0.45 m 

Adiabatic decrease field lav : B = — 
1+20 Z 

Parameter of smallness e (9 KeV) « 0.12 

Such a field law could be obtained as for SLC source vith a flux 

concentrator. 

4.2.2.1. Energy acceptance 

The energy acceptance could also be taken as 

ÛE = [ 5 ; 20 1 MeV 

4.2.2.2. Radial acceptance 

The radial acceptance is given by 

r = 2.5 mm 
o 

for an iris aperture of 8 mm. 

4.2.2.3. Angular acceptance 

The angular acceptance for the "centra?" energy value (9 MeV) is ! 

6 . 24° 
max 

4.2.2.4. Expected yield 

The expected yield for 2 Gev incident electrons is : 

n* = 0.58 e +/e" 

o r n + = 0.29 e +/e" GeV"1 

vith an incident beam of 4.10 e~/pulse, ve get t 

N + = 2.3.1011 e+/pulse 
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4.2.2.5. Thermie problems 

Taking as maximum source radius r - 2.5 mm, we are led t" the same 

conclusion as for the preceding case. 

5 - THE PREACCELERATOR SYSTEM 

The preaccelerator parameters - frequency, accelerating field, length -

have to be chosen regarding the following criterions : 

. Final energy before reinjection in the main accelerator ; that energy 

must be high enough to allow focusing by chromatic channels as quadrupoles. 

Moreover, as the main accelerator is a superconducting linac, quadrupoles 

can only be set betveen units of cryogenic cavities : that leads to a mini

mum distance betveen quadrupoles and therefore to an energy value compatible 

with the periodic quadrupole channel. 

. Acceptance of the preaccelerator : radial acceptance is determined by 

iris aperture. The total acceptance grows as the fourth pover of the iris 

radius and the square of the solenoïdal magnetic field. But the coll 

intensity grows with the coil radius which depends on the iris radius. As 

power consumption is very important in such coils, it has to be maintained 

below reasonable value. 

Phase slippage : the phase slippage is obviously more significant in 

high frequency linacs. 

Considering these arguments we could choose a 3 GHz preaccelerator 

linac of 2 or 3 sections giving a final energy of 150 MeV about before 

reinjection in the main accelerator. The sections must be provided with 

solenoïdal coils giving a longtitudinal magnetic field on the axis of 

4 or 5 kgauss according to the chosen matching device. 

5.1 - Phase slippage 

The phase slippage makes some contribution to positron beam energy 

spread. At some distance from the converter we can write for the positron 

beam energy dispersion, 
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ÛE + = [ ÛE s

2 + ÙE+2 ] 1 / 2 (15) 

where AE is the energy dispersion at the converter i.e., the accepted 

energy spread. 

ÛE4> is the contribution of phase slippage to energy dispersion ; such a 

contribution comes from the difference in velocities of the accepted 

positrons and from the path length differences of trajectories in the 

magnetic fields. 

5.1.1. Phase slippage due to difference in velocities 

The phase slippage is given by : 

where \. p is the RF wavelength (Here X_- = 10 cm) 

r is a reference energy in units of m c 

For the QVT, the phase slippage at the 500 MHz linac entrance is : 

< Û V Q W T • °-7° m~ 1 

For the AD, the phase slippage is : 

( A*v>AD " 2- 8° ra~1 

5.1.2. Phase slippage due to path length differences 

The path length differences are due to the matching device and the 

constant field solenoid. So we can write for the QVT, ' ' 

* =12 al M W I + AM 21 ( 1 7 ) 

*RF TCX I 4 A I X 2 J oX J 
where 

2m c 2m c 
o . . _ o 

eB2 eBi 

2 
r is the central energy in units of m c 

a is the accelerating gradient 

For the QWT considered, we have at the entrance of the 500 MHz linac 

« V Q V T M 4 - 1 0 
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For the adlabatic device, ve can write also'8^ 

* 22L.-L [ U o g K L l 
Xjjp Y C X L £ A oX J 

where e is the parameter of smallness 

For the weak field AD, ve get, 

A^ = 7.4° 

For the strong field AD (SLC type) we get, 

M 4 = 11° 

Energy dispersion due to phase slippage 

The energy dispersion is roughly given by : 
AE 
W ' 8 

1 (o*) 2 

(18) 

(19) 

This gives the following results for energy dispersion at the entrance 

of the main 500 MHz positron linac. 

MATCHING DEVICE ENERGY DISPERSION 
DUE TO 

PHASE SLIPPAGE 

TOTA!. ENERGY DISPERSION 
AT 150 MeV 

QWT 

AD - tfeakfield 

AD - Strongfield 

C- X 10" 4 

2.4 x 10~ 3 

4.9 x 10" 3 

2.4 x 10" 2 

10 x 10~ 2 

10 x 10" 2 

6 - POSITRON FOCUSING DEVICE ON THE MAIN ACCELERATOR 

After the preaccelerator, the 150 MeV positron beam could be 

transported to the main linac through an achromatic transport system. In the 

transport line beam transverse emittance and energy dispersion must be 

controlled. Bunch length measurement is also desirable. 

The transition from solenoïdal focusing (preaccelerator) to quadrupole 

focusing (Main Accelerator) is made as soon as the spacing between the 

quadrupoles is compatible with cryo-unit length. 



- 23 -

Ue can roughly consider small cryo-units of 4 to 6 cavitie" repre

senting 1.20 to 1.50 m length. As rather few space is available between two 

cryo-units due to the necessary presence of H.O.M. couplers and may be in 

some places of intensity, position, and profile monitors, a quadrupole 

singlet focusing represents the simplest system. 

If no losses occur in the transport line, the maximum positron 

emit tance at the exit of the preaccelerator defined as, 

8 . j eB 2 a 2 (20) 

where a is the preaccelerator iris aperture, B. the solenoïdal magnetic 

field must be transported in the periodic quadrupole channel which 

acceptance is given by - in a plane for instance -, 

, nx sinct jf.= _max ( 2 1 ) 

where x is the maximum value of the beam enveloppe in the sain accelera-max r r 

tor, a is the Twiss angle parameter and I the period in units of m.(MeV/c)~ 

Adaptation between positron maximum emittance and the main linac accep

tance may be ensured with a F0D0 quadrupole system with miminum - initial -

separation of 1.50 m and quadrupole field strength Q of 230 Hev/c/m with the 

following assumptions : 

. Field gradient of the main superconducting linac : 5 HV/m 

. Maximum value of beam enveloppe : S mm 

. (Maximum solenoïdal magnetic field : 4 kgauss) 

. Maximum emit tance at preaccelerator exit t 0.38 Mev/c -cm-

7 - INFLUENCE OF THE INCIDENT ELECTRON BEAM QUALITIES ON POSITRON YIELD 

As radial positron acceptance is limited, the positron yield is 

depending on positron source dimensions and hence on incident electron beam 

dimensions. These dimensions are tor some extent depending on the energy 

dispersion in a quadrupole focusing system which is obviously chromatic. 

That kind of dependence of the positron yield has been studied for the 

LIL*1 . For an electron beam gaussian distribution in (x,y) plane, we may 

write : 
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for a QWT, and 

for an AO, 

h +<0-l-«P \-i. LH&-)'] (22) 
L 2 lk(e~+o«r)J J 

n + < 0 - 1 - exp f - I . {-Ii^-)' 1 (23) 
L 2 U(p-+oa )J J 

where a is the preaccelerator iris aperture 
B , B are the magnetic pulses of the QWT 
B , B, are the maximum and minimum values of the AD 

p~ is the electron beam radius normalized to a 
o~ is the half energy dispersion 
a is a coefficient related to the optics which 

characterizes the linear dependence approximation of 
electrons beam dimensions with energy dispersion. 

k is the contribution of converter thickness to source 
dimensions enlargement 

Such a dependence introduces a limitation on electron energy dispersion 
and hence - due to longitudinal wakefield -, on beam intensity. 

Transverse vakefields may also be dev«lopped with high intensities 
leading to emittance jrovth in the electron linac and hence on the converter 
which due to positron acceptance limitations leads to yield limitations. 

8 - POSITRON BEAM HONITORING 

Positron beam characteristics (emittance, energy dispersion, position) 
have to be monitored. Particularly for the beam position which is an 
essential parameter for transverse wakefields. 

Position beam monitors may be associated to beam correctors to minimize 
the beam position distance to the symmetry axis. 

Monitors as well as correctors may be placed at quadrupole settings in 
the superconducting linac. 
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9 - SUMMARY AND CONCLUSIONS 

The evaluations made here about a positron source for a linear collider 
facility led us to consider tva kinds of Batching devices : 

- the quarter wave transformer (QVT), and 
- the Adiabatic device (A.D.). 

Although narrov band system are preierable for positron energy 
dispersion, the arguments about the yield and beaa dimensions are stronger 
and make the adiabatic device a better candidate. 

Moreover, due to greater allowed dimensions for the incident bean, 
heating problems are a little less heavy. Hovever beam transport between the 
preaccelerator and the main linac hes to be carefully designed due to the 
strong energy dispersion. An energy compressor - debunchlng cavity and 
achromatic line - may be necessary. 

We should conclude saying that provided a satisfactory solution could 
be found concerning heating and radiation problems, a conventional device 
could be worked out for the positron beam of the BB linear collider. 
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