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ABSTRACT 

In the short time alloled for this talk it is not possible to review all the physics oppor
tunities offered by n H Factory. I focus on the physics of CP Violation and the resulting 
tests of the Standard Model. 

INTRODUCTION 

hi this talk a"B Factory" in will be taken to mean an asymmetric c + c~ collider running 
at the T(-15) with a luminosity of 3 x 10 J 1 or greater. The decay of the T(45) is essentially 
50% to B+B~ and 50% to /J°7f\ so such a farility provide* a copious and clean source of 
11 mesons. The purpose of the asymmetric configuration is to produce the fl's with high 
enough laboratory momenta that the two dec-ays are typically well separated in space. The 
aim is lo be able to reconstruct the two /i-decay vertices independently and to measure 
llicit separation. This then allows the measurement of time-dependent correlated decay 
probabilities, which we shall see are essential for the extraction of CT violation physics. In 
the past couple of years groups at SI-AC awl Cornell" as well ns here at KEK and in 
F-nrope have refined and advanced the accelerator physics questions associated with such 
a machine and now have formulated detailed designs. 1 am not competent to judge the 
feasibility of these designs but I am told thai it is no longer just a theorists dream that 
such a machine could be built, provided that somewhere the funding is sufficient for the 
job. I fervently hope this will occur, because 1 think the physics opportunities for such a 
machine are extremely rich. 

There is no time here for me to present anything like a complete survey of all the physics 
opportunities that would be provided by such a facility. Many physicists have been working 
hard in the past couple of years on ibis very subject, and fat reports have been produced 
detailing many topics!' " 1 will choose to forus on a few topics which are the core of 
any program for a /? factory, primarily because they olfei the opportunity to measure the 
parameters of the Standard Model that are as yet unknown and to test its predictions in 
a way that could be sensitive to new physics. I will briefly discuss the measurement of the 
CKM parameters \'cb and Vuf,. I will devote most of my talk to the studios of CP violation 
which not only measure the phase in the CKM matrix but also test relationships predicted 
by the Standard Model. Some of the areas that I will not discuss will be covered in the 
later talk by Nobu Katnvama. 
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MEASURING Vfh AND V'at 

Tlio parameters Vci, ami !'„& are important simply because they are as mucli funda-
monul parameters of tin* Standard Model as the masses and gauge coupling constants. 
Furthermore, as we shall sot\ these values are related to the lengths of cides of the unilarily 
triangle. Hence, together wit h measurements of the angles from CP violating decays, a good 
measurement of l ' ,-/! ' , ' can help over constrain that triangle and thus provide a lest of the 
validity of the Standard Model, or perhaps, if we are lucky, a window to physics beyond it. 

The parameter V,j is best measured in the decay It —• D'lv. The talk by lleidcnbach 
on results frc.m DORIS summarized the method and gave their latest value. The theoretical 
prediction for this decay is very clean, at least at the kinematic limit point where the D' is at 
rest in the B rest frame. The lsgtir Wise heavy-quark symmetry shows that the form factor 
is normalized to unity at this point. Furthermore the leading corrections to the heavy quark 

limit.of order AQCD/MC, vanish for I his process at this kinematic point. ' Corrections from 
(.JCD loops have heen calculated at order af. (One needs to include these corrections fully, 
not just in leading log. approximation* ) The accuracy of \'ui, then depends on how close 
to the kinematic limit one can measure, sino- some model dependence creeps in lo the 
extrapolation to the limit point from the data. A high luminosity source of tf's should thus 
allow improved accuracy in the extraction of \'ci,. 

Unfortunately, for 1/„(, the theoretical situation is not as clean. In principle the heavy-
quark symmetry relates the form factors for !i —. {xuv/i)n> to those for similar /) decays. 
Here there are certain kinematic 1/A/,- dependence in the coefficients of the form factors 
that can he eliminated by using nnguUt ajiaUsis to isolate the vector or axial form far-
tors in 13(D) —» pi u decays. There remain some model dependent l/.U, corrections to 
the universality of the form factors themselves thai cannot be controlled experimentally. 
Hence the challenge here is to the theorists to calculate these corrections accurately. Naive 
estimates say these can be as large as 20'/f effects and ihey are quite model dependent. 
Lattice methods may be able to reduce the uncertainties compared to those in traditional 
model building approaches. At the Hiroshima meet :ng two weeks ago Martinelli claimed 
that these calculations could be done to about ")'/! accuracy within a couple of years. Since 
V„fc effectively gives the length of one side of the molarity triangle it is important to push 
the accuracy of ihese estimates. 

\Vi!K\ i>oi-s CP VIOLATION orn'H'.' 

Before 1 get to lite main topic of tit)1- talk, the physics of CP violation in B decays. I 
want to begin by reminding yon of the conditions under which a theory is f'P violating, and 
what that means for ilit* Standard Mode). A general Lagrangiau repn-sents a ( T conserving 
theory whenever all phases in the coellicienis are zeio or ran bt madi so <,y any arbitrary 
set offitldrrdrfinilions. Let lis examine this statement more closely. 

One question you might ask is why are phases in tin* Lagrangian so important? After 
all, physical amplitudes are in general complex even when the Lagrangian is real. What is 
the difference between the phases which arise because there are coupled channels and hence 
tlii! possibility of rescaltering between these channels, and the phases which come directly 
from the I.ngrangian? The answer lies in the relationship between a process and its CT 
conjugate. Any phases that arise from rescaiteiiug are genorically called strong phases here 
because these final state interactions are of course dominaled by strong interactions. The 
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strong phase? ire the same for both the original amplitude and for its CP conjugate. On the 
other hand the Lagrangian phases, which arc referred to as weak phases because they occur 
in the weak interaction parts of the Lagrangian, appear with opposite sign in contributions 
to an amplitude and to the amplitude for the CP conjugate process. 

Even this is not enough to produce CP violating effects. If the amplitude for a process 
has only a single term then the value of its phase has no physical consequence; the fact thai 
the CP conjugate amplitude has a different phase produces no CP Violation. If however the 
amplitude has two or more terms representing different mechanisms, different paths from 
initial to final state, then interference between the terms is sensitive to their relative phases. 
Consider then some process for which 

where the At are real, the 4>t are the strong or rescattering phases and the 6{ are the weak 
or Lagrangian phases. Then the amplitude for the CP conjugate process is given by 

The CP-violating difference between the two rales can readily be seen to be proportional 

\A\- + \Al-

which vanishes unless both the strong and the weak phases are different for the two contri
butions. 

This requirement of two paths from initial to final state is realized in a special way in 
the neutral mesons A*0 and B°. The meson can decay to a particular final state directly, or 
it can mix to its CP conjugate particle and then decay Lo the same final state. Here the final 
state rescattering phases will be the same for both contributions, the phase from the weak 
mixing term plays the role of the strong phase difference in Eq. (1). The two contributions 
will have opposite weak phases for the decay and CP violations occur. For the A* system 
this is the familiar CP violation parameterized by t. 

In addition lo this CP violation coining from mixing in the neutral sector, direct CP 
violation, that is CP violation due to the existence of two different classes of decay processes, 
occurs for many channels in the Standard Model. These two classes are (1) tree diagram 
processes and (2) penguin diagram processus. Figure I shows these two classes of diagram 
at the quark level, Note that the non-spectaior annihilation and exchange diagrams arc not 
distinguished from the spectator quark diagram, all are grouped together as tree diagrams. 
In any process where two of these diagrams contribute they do so with the same weak 
phase and hence can be treated as a single contribution for this analysis. In general the 
penguin contributions have a different weak phase from the tree contributions and hence 
interference between the two can lead to CP violating effects. For many charged B-decny 
channels this interference provides the only Standard Model source of CP violation. The 
fact that the resulting asymmetry is also proportional to the strong phase shift difference 
means that it cannot be calculated without some further assumptions. 1 will later discuss 
these processes further. Here I only note that these are direct CP violations, comparable 
to those parameterized by f' in A'-decays. 
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Figure I. Tree niut l\'hj;iiiii HiikgritJiis Digrams (:i) s;pi*ctrtior. (til W-txrlinngi- mid (c) muiiliil.'ilioii 
art- all tree contributions. Diagram (d) is iln- priigum tout riliul ion Gloiin litirs rcsponsjhie for binding art> 
not shown. 

T H E MINIMAL STANDARD MODKI. 

In the minimal (threegeneration, single Higgs doublet) Standard Model the most gen
eral Lagrangian has many coupling constant parameters with a priori independent phases. 
However only a single phase survives after tin* freedom io redefine the phase of every par
ticle field in the Lagrangian has been used to eliminate as many of possible of the coupling 
constant phases. The one remaining phase occurs in the matrix which relates the weak 
eigenstates to the mass cigenstates, generally known as the Oabbibo Kobayashi Maskawa 
or CKM matrix. S ine there is oijly our such phase there are automatically relationships 
between different CP-violaLing processes. i,iiirc* they must all depend in some way on this 
phase. The beauty of the neutral IJ system is iliat there are many different processes for 
which as' mmetries can be measured and also can he calculated in terms of CKM param
eters without strong interaction uncertainties. Thus lhe predictions of the model can be 
tested by comparison of these results. Perhaps, this can lead us. to clues tu physics beyond 
the Standard Model. 

The wiilarity triangle is a simple << u al representation or a relation which results 
from the unitarity of the \\u<-< "ejii-i.it.. n ('KM matrix l": 

UM = »'„,! J* + 1 rfi;;+' 'HI ;; = »• (2) 

The three complex quantities \'U\\l form a triangle in the complex plane, which is referred 
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Figure 2. The Dniiatity Triangle. 

to as the unitarity triangle The three angles of this triangle arc labelled 

" - ( - « £ ) • ' - ( - « • "-(-%&)• « 
The aim is to make enough independent measurements of the sides and angles that this 
triangle is overdctcrmined and thus check the validity of the Standard Model. Figure 2 shows 
a representation of the unitarity triangle in a phase convention where the side proportional 
to VcjV*h is real. The angles a. 3 and -> are labelled and an example of a decay for which 
the asymmetry can be related to this angle is given. I will discuss these examples in more 
detail later. 

BEYOND THE STANDARD MODEL 

The predictions for CP asymmetries in B decays in the standard model include three 
major components: 

1. the mechanism for Btt mixing, 
2. the mechanism for B decay, and 
3. the mechanism for A" mixing, if there is a A'" in the final stale. 
Models for physics beyond the Standard Model may in principle introduce new features 

in any of these three stages, however the third one is already well measured in A' decays 
and so any new contribution there must be so small that it cannot significantly alter the 
predictions for B decays. Thus the possible new physics must be looked for in the first two. 

A survey of models of new physics was made by Dil), London and Nir, Their results 
can be summarized as follows. They looked for whether models predict violation of the 
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unilarity constraints 14^ = 0; or the similar relation W^ = 0, and, more important, for 
contributions to B9 — Bq mixing which are different in phase and at least comparable in 
magnitude to the Standard Model contribution, 

A summary of the conclusions of Dib, London and Nir is given in Table I, which 1 
reproduce here from their work. The discussion which follows is also principally taken from 
their analysis. In the table, the second column describes, for each model, whether unilarity 
of the three generation CKM malm is maintained (a triangle) or violated (some other 
shape). The third column gives examples of new contributions to Bq ~ Bq mixing. Unless 
otherwise mentioned, the contribution could be large an 1 carry new phases. 

1. Four quark generations ~" . 
Although we know that there arc only three light neutrinos there is still tho possibility 

thai there are further sequential generations with heavy neutrinos, or that there are further 
heavy quarks that do not fit the Standard Mode) generation pattern. In such models the 
unitarily of the three generation CKM matrix is no longer necessary and large violations 
could occur. There could also be new box-graph contributions to mixing involving the 
additional heavy quarks. Such models therefore could give many violations of the three 
generation Standard Model predictions. 

2. ^-mediated flavor changing neutral currents (PCNC) ~ ' : 
In such theories there are tree-level /J-mcdiatrd contributions to b decays. However cur

rent experimental constraints require thai they are below &% of the tree-level M'-mediated 
diagram. There are new contributions from 7. mediated diagrams to IY.* but they are not ex
pected to be large. The direct decays are still dominated by the ll'-mediated tree diagrams. 
Unilarity of the ('KM malrix is violated by contributions proportional to the non-diagonal 
2-coupling, and there could also be significant new contributions to Bq - Bq mixing from 
tree-level Z-exchangc diagrams. These give w\\ independent phases in the neutral current 
mixing matrix. 

3. Multi-Higgs doublets with natural flavor conservation (NFC): In these 
models there are tree-level churged-Higgs contributions lo 6 decays. B.xperimental limits on 
the mass of the charged Higgs make these mntributitms negligible. There is no significant 
effect on 1*12 °r direct decays and unilarity of (he CKM matrix is maintained. There could 
be significant new contributions to Bq ~ Bq mixing from box-diagrams with charged Higgs. 
It can be shown however that in a general mnlli-Higgs model these contributions have the 
same phase as the Standard Model H'exchange contribution. Consequently, the phase 
arg( A/jj) remains unmodified, 

IT, in addition to natural flavor conservation, it is assumed that all C'P violation arises 
spontaneously (denoted SCPV in llw Table), then the predirted uniiarity triangle becomes 
a line, and C'P asymmetries in classes i = 1.2.3 all vanish. Hwwer. it seems thai the 
limits on scalar masses from LEP. and current values for the allowed range of sin(2.'J) this 
class of models is now excluded. 

4. Left-Right Symmetry ( L R S ) " ' 1 ' " : 
In such models there are tree-level 11Y mediated contributions to b decays, but, given 

the experimental limits on the mass of the 11'/;, they are negligible. Thus, there is no 
significant effect on IYJ or on the direct decays. 1'nitnrily of the ('KM matrix is maintained. 
The experimental limits on A/(H'«) from J\' - 1\ mixing and the relations between the 
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TABLE I 
Effects of now physics on CP asymmetries 

Model CKM 
Unitarity 

e-e 
Mixing 

SM Predictions 
torAcp 

SM Z ^ W w 

Four Quark 
Generations vt&\ ^ 

t' 
Modified 

Multi-Scalar 
with NFC 
(General) 

(+SCPV) 

ZV, 
Id* 

No New 
Phases 

Unmodified 

All Asymmetries 
vanish 

Z-Mediated 
FCNC 

^ >K Modified 

LRS Z ^ WB 

small 

Unmodified 

SUSY 
(General) 

(Minimal) 

Z ^ 
Mm M* 

g 
0 

l^TV 
MoNi>«PM»r>T 

Modified 

Unmodified 

'Real Superweak* Z ^ Modif i t ) fore a 

Unmodified for B, 

g-eo 

7 

670BA1 



mixing matrices for 117, a n d H ' iJ interactions imply that there could be no significant new 
contributions to Bq - B9 mixing. A model of $U(2)i x S{/(2)« x U(1)B-L &*"ge symmetry 
with no discrete L *-* R symmetry can evade these limits, but only by fine-tuning the quark 
sector parameters. 

5. Supe r symmet ry (SUSY)""": 

There are no new tree-level cent ri but ions to b decays. Thus. V\2 remains unmodified 
and the direct tree-level decays an 1 si ill dominated by the H' mediated diagrams. I'nitarity 
of the CKM matrix is maintained. 

There could be significant new contributions to fl( - Bq mixing from box-diagrams 
with intermediate gluinos and Bquarks. Whether these box diagrams carry phases tliAt are 
different from those of the Standard Model box diagrams depends on the specific SUSY 
model. In vhe minimal SUSY extension of the Standard Model the nrw contributions come 
from the sqtiarks that are supcrpartners of left handed quarks and contribute with the same 
phases «» the partner quark contributions. Thus no new phases are introduced and CP 
asymmetries are not modified in minimal Sl :SY model*. 

In more general SUSY models, there ran be contributions to box-diagrams from right-
handed quark stipei'partners as well. Tlnii mixing mat rices are independent of the (.'KM 
matrix nnil thus, in general, introduce new phases." 

6. "Real Superweak" m o d e l s " 1 : 

1 want to begin hero by emphasizing thai the original idea of "superweak1' CP violations 
is an old suggestion made prior to emergence of (1M* three-generation Standard Model. The 
idea was that all CP violating effects would be due to mixing and there would be no direct 
CP violations of the type given in the Standard Model by interference between tree and 
penguin diagrams. ) know of no modification of the Standard Model for which this is true, 
Thus MIpeiweak in this extreme form is a framework thai provides a "straw man" against 
which to test the Standard Model but does not propose a viable alternatix'e or extended 
theory if the tests should be failed. 

A more modern version of the superweak idea is the hypothesis of 'real supcrweak' 
additions to the Standard Model. 'Hen] superwefik' is also a generic framework rather than 
a specific l.ngiaiigian model, It is assumed thai decay processes are dominated by the 
Staudaid Model amplitudes, but mixing processes may have significant new contributions. 
These new contributions are assumed to be real. This means that the phases from the 
direct decays [A/A) remain the Manic a* in the Standard Model. As for the mixing, with 
this ansat/ the phase in H, mixing («//;»)/(. remains the same (real), but the phase in 
lij mixing (<//;•)/*,, ' s reduced. Consequently, (his mode! predicts jio modification of the 
Standard Model prediction for asyimneh'n"- in liy decays, a reduction in the asymmetry in 
iij —• i-A'.s', and a modification (in either direction| of the asymmetry in Bj —> ~ H n~. This 
model demonstrates a general feature noted in lU'f, I'I: liven though the measurements of 
li —» K'l\s and li -* Jr + r~ do no' measure ;i ;md n HS defined in liq. (3) anymore, the angles 
deduced from these measurements will sum with •> (deduced correctly from F3, — />A'<j) to 
180°. This occurs heiause the Hx mixing amplitude is real-

Tim review of models shows thai different extensions of the theory change the Standard 
Model in different ways, so that, should we lind that the Standard Model does not lit the 
data, the pattern of I he breakdown will give us some clues as to the type of extension of the 
theory thai is required to accommodate the deviations. Unfortunately it is much harder to 
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argue in the opposite way, should the tests all give consistency with the Standard Model it 
will still be hard to rule nut most of these theories, or even to improve the lower bounds 
on the masses of any new particles that they introduce. There is almost always a way 
to choose the phases of additional couplings so that the predictions of the model do not 
look any different from those of the Standard Modclindcpendenl of the magnitude of such 
contributions. While these choices are artificial they cannot bo excluded as possibilities, 
and hence no bounds can be obtained. The one exception to this argument is the real 
superweak class of models where the phases arc fixed by the assumption that all new mixing 
contributions are real. 

FORMALISM FOR B DECAYS 

The two mass cigenstates of the neutral B meson system can he written 

\ni)=p\Ba) + q\B°), 
\B„)=p\B{I)-q\D0). 

Here // and /, si and for Heavy and Light, respectively. Since AP < I\ because it is 
produced by channels with branching ratios or (9(10~3) which contribute with alternating 

21) signs, we can neglcrt the liny difference in width between £?;/ and Bi and set 

I1// = F/. s I\ (5) 

We define: 

A/ E [Mn + A/,,)/2, AM = Mn-ML- (6) 

Because Pi; <g My>, one finds 

!<//>>!= I- (7) 

We are interestrd in the decays a( neutral B'n into a CP eigetistale which we denote by 
/*?/*• We define the amplitudes for these processes as 

/ l s ( / c H W | f l " ) , A = (fcrW\B°). (8) 

We further define 

Then the time-dependent rales for initially pure Bv or B° stales to decay into a final CI* 
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eigeustate at l inn? ' is given hy: 

I " ( « , ! , ( ' ) - k'P) = 1 4 1 * ' " ' * ' f - ~ + i - ^ c - c w I ^ A / M - lmAain(AJ l /o ] • 
: " , " . , ; (10) 

r i U 1 ^ / ) - / c r ) =M|-'< - 1 ' ' l ^ - 1 ^ 1 - ! - J i i l c c * U A I i ) + lmA S m(AA/< ) ] • 

Tin- time-dependent ( " / ' asymmetry is &i*cn by 

( ! ; ( / ) = ^ s , (11) 

Tims 
, # 1 11 - |A| -Vos(A.WO--- ' ln .As i l , (A.W/) „,„.(„ = , + ,A|.. — ^12) 

The quantity ItnA which tan lie extracted From «y, ,,(t) is theoretically very hit cresting since 
il can be directly related to OKM niiitri.-: elements in il ie Standard Model. 

In an c + i ~ li farlory the init ial / / system is produced in a coin-rent state which remains 
Vvli unti l suclit imc as one of I lie part icles decays The t imc evolut ion of t he second particle 
is tlnis dependent on the t ime of the decay of 1 he l i is l . If one If de< ays In a flavor-Lagging 
mode at l ime <ra t f while the other decays t«< a C I ' .«tud\ mode at t ime fjrr we have an 
event (lint ran he used io reconsliuci I lie time dependence of the asymmetry. The t ime 
that appeal's in the equations aliove is / - lj , !tlUI 1 he t.otuiug decay may he the later 
decay, in which case tin- correct (ii'ocecliii'e i> U< .t'—»L̂ u a nci^i i ivr l ime lo that event. Note 
that this makes the measurement of t ime dc|H-iid<>iuc r^e im-d «i Mich a niachine since the 
lime-integrated C I ' asymmetry vanishes. 

The ineasiireiuenl of the CP asymmetry ( I I ) will determine IinA through (12). If 
|.4//T| = 1 then ItnA depend* on electroweak parameters only, without hadronic uncertain
ties. Tlie condition |.-1| = | . - l | holds if all amplitudes thai ou i i i i ln i ie In the decay have the 
Bailie ( 'KM phase, which we wil l denote hy op' In Mich a I;IM-

A/A •--• - ' •'*» . (13) 

As mentioned ahove. Un I"u <£ , t / ( j 

, , / , , = v

/ ^ / . W I : . - . - - ' " , « . (M) 

where <>,»/ is the ( 'KM phase in the li - H mixing. Thus 

A = t - * ' * « + * • i ^ hnA = - sin2(o.« + oa). (IS) 

(Note that each of p.if and Oti is convention dependent, hut the sum fpst +4>t) is not. 1mA 
depends »n convent ion iiulcpcndenl combination,', of ( 'KM parameters only.) Note that 
siftii(lmA) depends on I he (" / ' transformation properties of the linal state. The analysis 
ahove corresponds to Cl'-wrn (ma I stales, hoc t 7 ' o d d stales. 1mA has the opposite sign. 
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I now turn to a review of same experiments which can, at least hi principle, measure 
the three angles a, 0 and 7: 

(i) sin{2/J): the mode B -* vA'.?. 
The mixing phase in the lij system is given by 

(7/i»)/j, = (\;;»irf)/(vr tr (; (). u<;) 
With a single final kaon. one has to take into account the mixing phase in the A' system. 
(?/;>)A' = ( H j ^ J / t l p * lv,f). The decay phase in the quark siibproros h -+ rf.- is 

4 " F T P - ' 1 M ) 

Thus 

(As t.'Ks is a C'/ ' = - 1 stale, there is an extra minus sign in the asymmetry which I have 
not included lieu*.) 

This is the easiest (*IJ violating lij decay channel to tackle: hciili experimentally and 
theoretically it is very clean. The decay of the i- to a pair of leptons. (< or /1). gives a 
readily recognized signature. There is a small penguin rani rihiit ion 1o h — r?>, however ii 
depends on the ('KM combination I Jul J* which has, to a very good approximation, the same 
pha.se (mod :r) as the tree diagram whirl* depends ot> 1 ^ 1 ^ . Since hath tree and penguin 
amplitudes have the same wi-ak phase, t he extraction of the ('KM phase from the experiment 
doe* riot suffer from uncertainties due to the limitations of our ability to calculate hadronic 
processes. In particular the relative strength of tree and penguin contributions does nut 
affect the answer, hi addition, since thin i* one of the observed decay modes of li mesons. 
we know the branching ratio and are not depetidenl on models 1o estimate il. Meiice we 
can quite reliably estimate the luminosity ti«*edetl to measure the angle A, The result is that 
with 3 0 / 6 - 1 , (about one year of running at design luminosity), one can achieve a precision 

of about £(.sin(2;?J) = ±0.05." This estimate inrlndes detector efficiencies for both this 
decay mode and for tagging modes that identify the flavor of the other li in the event. This 
means that in a couple of years of 1) factory running one ran almost certainly achieve a 
reliable measurement of this angle, since current measurements of related tpianiities already 
restrict - 1 < sin('J^) < -0.08 within the Standard Model. 

This asymmetry is possibly (he only one- that will he accessible to had ion machines such 
as the upgraded Tevatroii, or the U K ' or SSC. The leplon* in lite final state give a clean 
signature even in the presence of hadronic backgrounds. A preliminary estimate is that the 
accuracy obtainable with a year of running for example at the upgraded TevaUon is ahout 
6(si n (2^)) = ±0.15.*" 

A further measurement of sin("2.-»^ c«u be made miiift the vhaimel cfV*. In ibis chaiuwl 
angular analysis is necessary to select the contribution of a definite C!\ The relative angular 
momentum between the two particles can be cither even and odd which means thai there 
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art* contributions of both even and odd OP." '" The branching ratio to tin's channel is a 
factor of 3 to G timos bigger than that for (,•/»'". I-Wthermore preliminary indications frotn 

Argus" suggest that .it least part of (lie kiiieniiitically-nllowed region is dominated by a 
single CIV If I his is so then the atiftidar analysis should not dilute the stntisticfJ significance 
and this mode mav provide a more accural<• (\.|istr.ti;i! on s in(-^) than tiie simpler mode 

In") sin(2o): the mode U —• T.+T:~ , 

The mixing phase in I lie tf,j system is j-i\eii in \\<\. \t(t). The decay pha*-e for the o,uark 
subproress h —* noil is 

We Ret 

A( ii .... r ' r - , = ( { i i M ( | - ^ ; ' ) -=- It" ̂  ~ M..f.'o ,. (JO) 

Fur tins mode, the penguin contribution i« expected In be -mal l , but n depeud> on the 
( 'KM cuinhiltal IIHI 1 ',]',/, and thus lias a ditfeienl derai phase from I bat i»f 111 • - I tee iliaui.'illl. 
I l i i> i i i i i t idi i ies a small and unc- rtain correciinii nitu the relationship between (he measiired 
asymmetry and (lie C'KM-parameter dependent <|iiaiilil\ -d i i ' " - " l . Smh mice; i.-intiev can 

be eliminated using isospin «tial\sis. " ' " I'hi- « i ! l leqime SJIHKI daia Uir the full >et of 
isospin relaled cliaiineK including the he>re di lhuih - " ' V niudr. Only urn asymmct ry 
l iwd be measured, thai is l ime di'|iendence needs h» be lenaiM meted only in I lie -^77" 
channel. 1 llis i*. fortunate liei ,uise liij-v would In* \IT1 fSiltii nil In achieve ;* time-dependent 
measurement in the i r " - " channel. The iim-i likeb outcome uf (he iso-pin »nalysi> is to 
verify that the penguin 'on l i ibu l ion is Miiall enough thai , tvilhin experimental em-r> the 
measured asymmetry is directly relaled to sim2o). 

A second problem foi rstimales of ihe a< curacy thai can be achieved wi ld ills'- ibannel 
is l l ial il has yet lo he observed as a fi dei ay and hem e we must eel) 011 uiode[>depemleul 
estimates of the htain hint; ratio, An as-tuned ln,i:u IMNL1 ratio uf unlet J \ 1(1"'' give- an 
esliinate of about e( t in(2o) l = ±t l . lS foi 'AM fir* ol data Otliei ihanuel- such a-. p~ and 

1 - , 1 

ii|TT tan be addei) lo improve (his estimate 1.1 i ^ s m r ' n i i • .TII l is" 

I m l sinl'2-.) 

The Miiudat'd example t> lite mode H. • /'cw I lie mi\nej pb.i-e n, the /{, - \ - ' em i> 
(•/// ' l / i . = I ' f j, ' i .«l/(l rd' i 'J- Due In the f i in l /\\,. I he mixing pha-e lot l h e / i system has hi 
lie taken fnt 1- iieconut, The ipifii'lt subprores- is the same as in )i •• *;•:, naineb h • uuil. 
Thus 

^••'*'»"(!^)(!^)(;::;g)-'^--^»- •=•• 
However production of the fis recpiires that llie a< 1 elevator he run at the T l r i s ' ! which 

has a smaller cross seel inn than that for T( l>'|. I-'nrl lu-rninr*1 decay •*> it,li, are old)1 a 
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fraction of the decays of this resonance. The nett effect is that with present machine designs 
one cannot achieve a sufficient rate of IhB3 prodi„*tion to measure tin- asymmetry ol this 
nioile and extract a value of *> in this way. 

A second interesting possibility for studying *> has been suggested. These authors 
suggest a study of /J"* (or Iff}) decays to D['l\ . 01 /J"A'*. Here ("]> violation can be observed 
in the caw where the 0V decays t o * (.'I' vigeusuuv mode such as R + C ~ . The inlerWettoMs 
between Ihe i* u and I) contributions, both of which can be produced from the li decays. 
This is a promising idea, but it requires accurate measurements of the branching ratios to 
the 7?° and P . Measurements of flavor-tagging 1) decay modes can be used to extract theae 
quantities as long as the D branching fractions 10 the tagging modes are well measured. 
Detailed modelling of all these measurements is needed to be able to estimate the act*wary 
that one could achieve with this method. 1 am told that a preliminary estimate by |\HK 
researchers suggests it may indeed lie feasible' 

These examples demonstrate thai tin- three angles of the unitarity triangle can in princi
ple be measured independently of each other. Perhaps most difficult wilt lie the measurement 
of *), Other methods of over constraining the ujirlarity triangle are needed. One | ossibilily. 
mentionrd earlier, is an accurate measurement or \\^. if we can obtain reliable estimates of 
uncertainties from the theory side. 

CllAltGKl) D Di:< AYS 

With the exception or the /)"A' modi's mentioned a bow, CP asymmetries in charged 
B decays occur oul> because of interference between tree and penguin contributions in llie 
Standard Model. The observation of any CT ;IM smneliies of lliis type would be proof thai 
direct ( T violation occurs, equivalent to that given by >i non-zero nieasurejiieni ol i' in 
A' decays. The calculations (>f Standard Model predictions of (,']* violating asymmetries in 
charged U decays con lain many uncertainties "' *" Most of the calculat ions give asymme
tries for particular quark processes, calculated perturhatively. For the penguin contributions 
I have drawn the diagram in Figure 1. without identifying tl.cgjmiu which is endued from 
the W-quark loop wiili that which produces the additional quark-ant iquark pair. I do this to 
stress the fact that tin- term "penguin" in prim ijile includes all possible such contributions. 
Note that the many gluotts involved in the biiuimji ate not drawn hew, so the disconnected 
line simply means a glnoti absorbed in. and another prodnred from. I lie general glue. When 
people evaluate the penguin contribution per tmb.iliveiy lliey identify lliese two gluou lilies 
for the leading contribution and then add additional glnon correct ions for a higher order 
calculation. The justification for this perlurhative treatment of the gluous is that the gluoii 
emitted from the cpiaik loop b quite hard hecmse of the large mass difference between 
the i> quark and the > or d quark that it beauties after the VV-loop. 1 am doubtful that 
this approach is completely correct. For example a contribution in which the hard gluon 
is absorbed by the other quark of the original meson and then h.id ionization o m i h uon 
perlurbativeh could be comparable to the one usually calculated, especially for an iiH'lusue 
rate estimate. 

FtttttientHwe the pertnvbatiw calculation predicts only the sum of all stales with a par
ticular quark content, Inclusive measurement (jf such a quantity is a dilfimlt experiment. 
The problem of strong lescalleriugs that change quark identities iutroiluces further uticei 
tiiimies for sucli an apiiroach. For exclusive (few bod) ) channels there remains the problem 
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of I IOW l o COI IV IT I the (|ii<irV< ( l i as 1 * 1 1 1 1 calculat ions i n to rel iable est imates for rates and asvin-
metr ies. K a d i conf igura t ion of f inal had i - i i i " corresponds to some weighted integral over 
quark k inemat i cs , lu l l un fo r tuna te ly we ha ic no way to de te rmine that in tegra l . Since t in* 
ca lcu la ted quark- leve l asyni ine tries depend on i l i e moment inn transfer to Hie r/ij pai r and 
even change sign as a funct ion of this variable in some r,-|M»., il is very d i l l i cu l l lo convert 
I lie ((i iark csl imates in to est imales for exclusive hadron p m . e.ses. 

Hecause of I lie dependence of 1 lie asymmet ry on I he d i l l c i cnce of si rung phases as well as 
that of the weak phases, calculat ions are si-n>-iti\c t o o t h e r aspects of hadron iza l iou . In the 
<|uark d iagram ' a l r u l a t i o n , the long-range Imal state hadtu i i -hadrou in teract ion phase shifts, 
are ignored, except in l l i e sense tha i tina) s lu te in terac i sons which invo lve tp ia rk -ant iquark 
ann ih i l a t i on processes are inc luded in I lie absorpt ive part of the penguin processes. The 
assumpt ion of smal l f inal -state phase effects f rom hadron iza t ion . known as the fac tor iza l ion 
assumpt ion , is l im i t in to the calcu lat ions Imt has no! y. ' been wel l tested. 1 w i l l re tu rn 
shor t ly to smi i i ' i a i t xe (he theoret ica l arguments For and 1 against fac to r isa t ion . Wol fenstein 

has argued tha i hadio i ib :a l ion can result in f inal-state gjha.se shifts which could decrease 
(h i ' resul t ing asymmetr ies cu inpa ied to t in- quark -d iag ia . i i p c i t i u b a t ive calculat ions. This 
tpiest ion remains an open one. 

Kven w i thou t fur l her su])piessioti d i e to such el feels, the predict ions of Kefs. 'Mi and 37 
s u r e s t that ' h e CI' v io la t ions m charged li decay*- predicted by the S tandard Model w i l l 
be ex t remely d i f in n i l to obsei i e , requ i r ing of order H I 1 " produced AT s for exclusive h —• ,s 
modes and of order Ml'1 / / ' s foi cx i lusixi- ii —• d modes In Kef. '.\u i l is suggested tha i th is 
can be improved to perhaps a- low as 111' it'y if one can sum all two-body or quasi two-body 
li —i </s> modes, lm( I lie exper iment ,il diUn ult ies nf such a semi inclusive measurement may 
defeat th is theoret ica l i i n p i . n ei t iei i . Sim e i he-.e estimate's include on ly bran ch in it f ract ious 
and required slat ist ical a<i ui,i< \ I ail in a I lie mef i ic iein i r - <l ue io t i i it» en ni! and background 
leje* I ion cuts they ate an vwa\ (pu le opi i l iusl n . 

Tin KM"1OH,/.VIH>> HM'tiimsis 

Hoi ll the rah ulatiol i> fol ihai i ' .ed ft IU-I ,,\ asy ; im ie l lies des. r ibed i i lmvc and the much 

used model for / ' decay branching fract ions uf Haue i . S ie th and W u b e l depend on an 
assui) i | ) t iou of fac to r iza t ion . I his is I he assumpt ion that s t rong l iual sta le reseat lent i l ! , 
effects can be ignored iii goint', f rom qua ik diagrams in est imates fo* f,-w body had ion ic 

hnal slates I here is a physical p i i t u o , pejhaps most i le .u ly . i i m u i i i i a i c d 1>\ B j o i k e n . 
which siipj.Di'ts th is assi inipi i"i i t h e ai L'lJDH'ut is tha i t In- qna ik and ant iq i ja rk which 
i i ad i o i i i / e as <i h igh i iKi iuei i i ntn meson aie p iwdmed i i \ I In weak ml ei ,n im i i in a region 
nun b stnallet than l i te >i/e of a t yp i i al badtou. Hence i h.-y i ra'. e| fat• f i o iu the other quark 
a t i t i - i j i ia rk system beiore they sepaia le --uJli<-i<*m |y f ro lu one .mother to have the usual s t rong 
m le rac i i on cross-section w i t h that system. |{y then the sepatat ion of I he two systems is 
large compared to the range of s t rong inter.n't ions. The si roi ig interact ions of a l i n y quark-
nn l i qua rk color singlet system are suppressed compared lo those of a hadro i i because thei r 
rulor-charges fo rm a local color singlet u i i h o u t Hie need fut an extended tej i iui i of non-zero 
g luon f ield s t reng th . T b i * is closely related to the idea of to lo i I jansparency suggested by 

Urodsky and Mue l le t . " 

Th is jus t i f i ca t ion loi n e g l e i l i n g l iual state i t i teract ions is just a Moid p i c tu re , but phys
ical unders tand ing o f len begins w i t h such pictures. As a i halleuv.e to ih is p ic ture W'olfen-

stem asks whe l l ie i i d , , kick of inlet ai I .-.Hi d io i i ld be ( rue chall l le] b\ channel for a l l f i l ial 

U 
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states of this tiny qq system, or only for the complete linear superposition of states that is 
formed by tlic system. Put another way he* asks is there any souse in which a particular 
emerging meson extrapolates back to only the tiny system? AH this argument just illus
trates how little Ciiu actually be calculated about the strong interactions. Until we have a 
well defined calculal tonal scheme that clearly shows that factorization is or is not a properly 
of the theory it is hard to reach a conclusion in such debates. Factorization has been rigor-

44) 
ously demonstrated to be valid under certain conditions in the infinite quark-mass limit. 
but the models apply it in a much more general way, The consequences of factorization in
clude relationships between hadrouic and semilcptonic channels, and allow the extension of 
heavy-quark predictions to some hadronic channels. It would be interesting to have accurate 
experimental tests of these relationships. These studies have already begun at CESR and 
DORIS (see talks at this meeting) but can be made more precise at the higher luminosity 
of a B factory. 

CONCLUSIONS 

The observation of CP violation in B decays is crucial in testing the Standard Model. 
Particularly promising arc CP asymmetries in neutral B decay* into CP eigenstates. these 
processes are subject to clean theoretical interpretation and seem to be experimentally most 
accessible. The observation of CP asymmetries in charged B decays would demonstrate 
tlir existence of direct CP violation but predictions involve theoretical uncertainties. It 
will therefore be diflicull lo translate such measurements into information on the values of 
Standard Model parameters. 

This physics is only part of the rich program of physics one could achieve at a B factory, 
but it is the part which shows the special nature of such a facility as a tool to probe some 
remaining untested features of the Standard Model and perhaps thereby to find cities to 
physics beyond the Standard Model. 1 for one hope very much that at least one such a 
facility will be built some place in the world, so these (pieslions can be studied. 
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