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1. General Introduction

It has been pointed out! that, with its high
energy and luminosity, the SSC may provide the best or
only way in which CP violation in heavy meson decays
or the rare decay modes of such mesons can be observed.
The major prablem in the exploitation of the high rates
of heavy quark production is the identification of
interesting decays in the midst of a large background
of more conventional processes. There have been some
optimigtic reports on the feasibility of such experi-
ments,¢ but relatively Tittle quantitative backup has
been provided.

Tn the present report, we concentrate exclusively
on B-meson decays. As is the case for K mesons, but
not for charm or top decays, the favored modes are Sup-
pressed by the smallress of Cabibbo-Kobayashi-Maskawa
angles, and therefore rare modes are relatively more
frequent and potentially easier to observe.

Section I1 is theoretical. Part A gives a brief
discussion of rare modes and part B provides a fairly
detailed analysis of mixing and CP violation with par-
ticular emphasis on what can be measured. Section III
discusses experimental issues, and Section IV gives a
brief summary. Although the group Tisted above as
authors participated in the discussions, the written
material is largely due to G. Kane (Section II-A), M.
Machacek {Section [I-B), V. Luth and Jean Slaughter
{Section 111-A), F. Faige and G. Trilling {Sections
111-B, C, D and IV). The brief discussion in III-E is
based on wark of J. Cronin which is described in more
detail elsewhere in these proceedings.

11. Theoretical Considerations

A. Rare B Decays

There are three major categories of interesting
decays; namely, (1} rare decays for which there is a
standard model rate prediction, (2) decays forbidden
by the standard model, and (3} decays which may allow
the study of CP violation.

One should keep in mind that for all these classes
of decays, effects much larger than those predicted by
the Standard Model may enter. We briesfly consider all
of these categories in this section, and then provide
in the next section a much more detailed discussion of
CP violation phenomenology in B decay.

1. Rare Decays Allowed by the Stardard Model.

a) By » Tv. This decay which proceeds via the
annihilation diagram shown in Fig, la has a rate pro-

X 2 2 s
portional to fB |Ubu| . The KM matrix element ubu is

known to be ¢ 0.006.3 The branching ratio is less thun
10". and there is uncertainty in fg and possible back-
around at same level from B. » Ty, However Upy is 2
fundamental parameter, and only this method, and the
study of B production at large X in ¥ reactions, aiso
difficult, are promising ways of measuring it.

b) B » K22, k*2*t~. The relevant diagram, shown
in Fig. 1b, is an important one-loop correction in the
Stlgdlrd Model. The branching ratio is estimated to be
10-9.

¢} B3 T, This mode is analogous to K » u*u~.
Since the rate is proportional to M:¢, it is enhanced
by a factor (F;_IH\,]LJBO. and the expected branching
ratio is about 3 x 10-8. The ,*u~ and e*e- final
states are gfsected with Standard Model branching
ratios of 10~ and 10-12 respectively.

2. Forbidden Dacays. We can list decays which,
while forbidden by the standard Model, occur at inter-
esting levels in some model which goes beyond. ODetec-
tion of any of them would mean the discovery of a new
effect not presently observed in nature. Examples of
such decays include:

3>ue, Tu

B » sye, eTu, Kye, KTu

3. CP Violation in B Dacay. To study CP viola-
tion, one can aim for several Einds of effects.,

5) Search for like-sign dileptons as a signature
of B"-B" mixing, and compare 1*2* with i-¢- rates.

. b) §tudy decays into exclusive modes to which both
B* and B" can decay. Examples ara uKg, vé.

¢) Within the Standard Model, one would expect
equality of (8 » D*i~v) and (B » D-i*v). However

other ways of generating CP violation might lead to
significant differences in these rates.
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Fig. 1. Relevant diagrams for (aj B » Tv and
(b} B » K2*2- decay.
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B. Theoretical Overview of Mixing and CP !Hohtion in

the 88 System

1. Introduction. We review the definitions of
basic parameters necessary for the description of mix-
ing and CP violation for 8 mesons to establish our
notation. We also review estimates of these parameters
in the standard Kobayashi-Maskawa (KM) model which take
account of recent mixing angle measurements based on

r'(b »u) -12
T{bsc)*

< .05 and the long B iifetime, ' 10™

The standard model predictions provide a baseline for
estimates of the_size of mixing and CP violation
effects in the BB system. We then discuss two experi-
mental methods to search for these effects:

i) searches for like-sign dileptons from B meson-
semileptonic decays®s”;

i1} searches for CP-violation effects through
final-state interactions?,0.7/,

We pay particular attention to the time dependence of
asymmetry parameters in ii) where the effects are
expected to be largest.

In direct analogy with the K"-K° mesons, the B°-B°
mesons produced in hadron collisions by strong inter-
actions are not eigenstates of the full Hamiltonian H.
For each B°-B" meson type the CPT theorem and hermitic-
ity restrict the form of the resulting matrix,

. T ;12 0
H<B>- h- iz 77 <a> (m
B - 1I‘:[z T 8
T - 1?

le - M

In principle, diagrammatic and operator analyses may be
used to calcylate these matrix elements from the under-
lying theory,4 Upon diagonalization of (1), the mass
elqens ates By {Bp) with masses m] (mp) and decay rates
Ty (T2}, respectively, ars mixtures of B and B param-
etrized by

(1+cp)B"2(1-cp)E

" (?)
2 N i)
where cg is the CP impurity parameter ang
r12
(1tcg) M -1
8 127 (3)

~‘s Mooily
) I V4
-

1f we denote an initially (t=0) pure B° {B") state
which has avolved to some time t by {B°(t)>([B°(t})>),
respectively, then,

wm-m%ﬂwwﬁme¥0
B

+ em(_i:(mz-sgﬁ))]ls's

. (l-ca)[exp(-it(ml-i;l))

- exp(-it(mz-igg))]!i')[ {4a)
and

lﬂm-mﬁﬂmmkwmw§0
- e:tp(-v't(r|'|2;1zrE ))] [:389

+ (1—:3)[exp(-1t(ml-1§l))

.u%mv¥ﬂw4 (40)
Now define,
amsmom, (52)
m= nl*mz (5b)
aT 2 T)T, (5¢)
and® =, . (54)

in the standard KM model 4.5.9 ArI‘ ]l.'Z for the 8 'Bd
system and —«l for the B —B system. Thus to good
approxmatwn thess terms may be neglected and, in the
following analysis, we assume _';__1" = 0. It is conven.
ient to define mixing parameters *q and xg for the

By and Bg neutral meson systems, respectively, where

2(am) .
2 —
T

bl
If a1 proper times are measured in units of the aver-

age B lifetime 2/, equations (4a-db) take the simple
form,

I=d,s .

|8 (t)> = exp

i

- 1 sin( )|B‘>l (6a)

|F(t)> = exp(~ dmt _ )1 in——ej)»sm( )[B >

+ cas( )fB" (6b)

The mixing parameters xg, xg are strongly dependent on
the evaluation of the hadronic matrix clement. Esti-
mates in the literatured yield xg~.14-.4 and xg~.5-1
where the larger mixing in each case is derived from
the vacuum saturation approximation and the smaller
mixing from the bag model hadronic wave functions.

2. Searches in Semileptonic B Meson Oecays. (ne
possible experimental means of probing the mixing and
CP violation effects might be through a careful study
of like-sign d\'leptons pruduced in semﬂeptomc decays
of BE pairs. Let N*', k—, N*- and N-* dencte the
numbers of events in wh'lch the B-B system decays into

two laptons of the specified charges. Then,
N»’N—
T (N

R *N"*N "+N

de<cribes the amount of mixing in the system,



N
az e (8)

i$ a direct measure of CP violation in the system,
(provided that the rates of 88j and HiBj are exactly
equal) and the overall lepton aSymmetry

az =N (9)

+
N +N

with N* the total number of = leptons, is a combina-
tion of both.? We expect b quarks to hadronize into
By{bu), Bg(bd), and Bg(bs) in the approximate ratio of
2:2:1, Thus equations (6} should be used to evaluate
equations (7)-(9)_separately for each passible mesan
pairing, BBy, ByBj. B4By, B;B; j=s,d and BgByeBsBq.
The mixing and asymmetry parameters vanish for BuBﬂ
since non-neutral states do not mix. If the cnarge of
the B meson can be determined, then the asymmetry
parameters for the combined Buﬂj and BjBu systems are,
to good approximation,

x,t
rp = sin2 (—‘g—) N (10a)
JRe:B
R (20b)
1+feg|
and
-4Rec x,t
B ind {4
A Wsm (—2—> {10c)

where, in A, only leptons from 85 and Bj are included
and t is the proper decay time (measurea in units of
average B* meson lifetime) of the neutral B(85) meson,
and we have assumed equal production of Buf_’j and iqu.
For standard model estimates of xj, like-sign dilepton
pairs will equal unlike-sign dilepton pairs in this
system for t~4-11 lifetimes for jed and t~1.5-3 life-
times for jxs. The CP violation asymmetry a is, how-
ever, independent of time and dirc::'y poportional to
Recg. From equation (3) we see that Recg vanishes in
the limit that Mj> and T'jo have equal phases. Indeed
in the standard KM model calculation the leading con-
tributions to Mj» and 12 have the same phase. Rec

is a higher order effect and thus smal), 10-2-10-3 ?or
j=d and much smaller yet for jus.d Thus even for opti-
mal decay time, the total lepton charge asymmetry A is
small, 1f only integrated rates are measured, the
situation worsens

2

X, .

i _ .01 -.07 ja=d
o= 4 (11a}
2 ;;;j;;?; -5 Gas
and

-2!,2 Recy 3

Aa < 10 (11b)

(xS ivieg ) 7

For completely neutral 88 systems we have the
added complication that the meson pairs are produced
in coherent C-even or C-odd states depending on the
production mechanism, Thus the state function at any
time t is given by

B0 kB (0 k1 B () B (k> (2)

For example, in the B4-B4 meson system rp becomes

sinz (xd'r) C even
2= 2/ & (13a)
sin ("d T) C add
where 'r-é- (t1+tz) is the average decay time and At=
tl-tz is the difference in decay times for the meson
pair. The parameter a is unchanged from the previous

case and A = arp. When integrated over t1 and ty we
find

xdz 3‘xdz

- m ~ .03-.19 C = even

r {13b)

2 2
--:E-Z- 01-.07 C - odd
= .01-. = O

Z(I*xd )
which is comparable to equation (11), Therefore,
while mixing may be visible thraugh datection of like-
sign dileptons from B-B pairs, the cbservation of CP
violation in this channel requires an experiment of
great precision. This may prove particularly difficult
in pp machines, such as the SSC, where an initial state
charge asymmetry already exists,

3. Searches for CP violation in Nonleptonic final
state interactions. more promising method to study

violation s to exploit such effgcts originating in
B meson nonleptonic final states.5.6 The basic idea
is to pick a final state f common to both B” and
decays. Mixing causes the two amplitudes to interfere
making the CP violation in the final state interaction
observable. Some possible common final states f are

By (By) —> K,
D (0 )n's —> Ker's
IJEKs +2's
'
FFKs +un's
and

By (B’s) — M_

YKK

WFF .
Although the following analysis applies to any such
state f, we focus on the decay B4(By)»¥Kg since this
two-body mode permits a complete reconstruction of the

final state. Following the notation of Bigi and Sanda
we may then define

Mf - <f|H|B;>
and
M = fHIE .
For CP viclation, M¢ & -Mg. The CP violation effect
can be parametrized by a phase
M (1%ep)
N AL LT
Mf(l—:B)
with [s[#1. 1n the standard KM mode1$




'Sy sing
sing, =
d ,(532~szz+zszsscoss
and
: e
sin ‘s ~0+0 (ﬁ; . SZ
and
, io.s i=d
ma, - .
4 ims

As in section 2 we cnalyze each BB meson pair type
independently. For BBy, there is obvious)y no mixing
and_thus no effect. For Bdﬁu and Fiﬂu the charge on
By(By) prevents mixing with the neutral partner. Thus
these pairs act 1ike an incoherent source of 85 or By,
j=d,5. The charged mode is tagged by its sem'i'?eptomc
decay at time t]. This identifies its partner as B
or 'Bj at t = 0. This neutral partner decays to final
state f at time tp. If we define an asymmetry
parameter

A ool f)ea(e’ f) (14)

olL™,F)*a(2”,f)
and use equations (6) we find®
Ae = Imxjsin(xjtz) . {15}

In Fig. 2, we show the dependence of ¢{2-,f) and
g{i*,f) on time, for the value Ima0.3, x«0,4, The
best signal to error ratio for the asymmetry (15)
occurs at a time t which is the solution of the
equation,

tanxt = 2x.

Fer small x, t=2, a time which is very comfortable from
the point of view of vertex detection. If the decay
time tp is integrated from a minimum value t3 to e,

the asymmetry parameter becomes

Ima
Apm G:"_T)["j‘“("j‘z”“"("jt?)]
J

x.lmxj

> (16)

EZ 370 (I*IJZ)
Indeed, it will generally be necessary to keep ti‘ and
t;, the minimum allowable B meson decay times greater
than zero by an amount determined by the detector spa-
tial resolution to establish that B decay secondaries
are being observed. [n the KM model, the integrated
asymmetry (j=d) ranges from

ty-0-1
o .03 - .06 for xg 1
and

t;=0-1
Af-.l-‘Z for xu"‘

and is neqligible for B.

1
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Fig. 2. Relative rates for o(2-,f}, o(2*,f} for
Imx = 0.3, x = 0.4 (dashed) and Imx = O (solid).

Neutra) BB pairs must be treated as coherent states
of definite C at production (see Eq. (12)}, We assume
equal efficiency to detect B or ¥ for all momenta and
drop the label k. We choose & semileptonic decay mode
to tag the decaying particle 3s either a B or at
time t;. Then the complete time dependence of the
state function of the other decaying meson is deter-
mined. The asymmetry parameters, defined in equation
(14), for the B; Bj, become

Ae = mej sin(xj(t‘*tz)) for C = even (17a)

and

Af - lmx‘_i sin(xJ(tz-tl)) for C = odd. (17b)

After integrating over the poorly determined semilep-
tomic decay time from t) tow, the asymmetries are,

1ma
A = “—"iz—) [xycos(x;(t]+t ) )osinlx; (t]+t,))]  (182)

for C even, and

Ima
L _lz_“"j ) [sin(xj(tz-ti’))-xjcos(ij(tz-t{))] (18b)
far C odd.



Again integrating from t3 to =, we find

2x
i oppe
Ag = Imj mcus(xj(tl*-tz))

!!-sz) Infx,(£1+3))
- sin{x,{t,*t
(1+1(J ) §e
2 Imaw
U J for C even, (19a)
thty » 0 (1+xJ )
and
A = ]mx-_i sin(xj(té—ti))
........ »0  for C odd. {19b)
ti.ty > 0 .

Representative values of the integrated asymmetries in
the KM model for x4=.] and .4 and for various values
of t{, t3 are listed in Table I,

Table 1: Integrated Asymmetry Parameters A¢ for
the B4By System
C even € odd C even € odd
1] t (x=.1} (xe.1} (x=.8)  {x=.8)
0 0 0.06 0 0.08 0
0.5 0.5 0.09 0 0.24 0
1 o5 oo -0.015 0.25  -0.06
0.5 1 0.10 0,015 0.25 0.06
1 1 0.12 0 0.26 0

The treatment of the asymmetry parameter for the
remaining neutral pairs, BgBg*(-1)C BgBg, is similar
to that for BjBj except that two different sets of
mixing Daramegers are involved, We assume that Bg and
Bg decay into f are suppressed to a nealigible level,
The asymmetry parameters are then

Ay = Imxd sin(xdtz‘xstl] for C even (20a)
and
A = Im sm(xdtz-xstl) for C odd. (20b)

Again integrating from t" over the lepton decay times

Ima
d ° ]
A' “ sz-[xscos(xstl‘xdt2)+sin(xdtz'xstll] {21a)
1

for C even,

Im . . .
Ap = ?-[-xscos(xdtz-xstl)0sm(ldt2-xst1)] {21b)
s

for C odd.

Finally integrating over tp from t3 to infinity
we complete this set of time-dependent asymmetry param-
eters with

T Jeostx £y ty)
A -——E—Z{xﬂ( cos{x _t.+x t
f (10 2) (14, LS d s'1°d°2

+ (l-xsxd)sin(xsti°xdt;):|

Im {x_+x)
d'"s d (223)

ity 2 0 (ex ) (1x)
for C even, and
lmxd

A - (-x *x Jeos{n to-x_t7}
f —‘_2‘_""(1,,“s Y(1vxg )[ s *glcostxgtamxgt)

+ (l+xsxd) si n(xdtéoxsti )]

tm ["‘s"‘d]

2—) (22b)

t1aty > 0 (Lex SH(1%xg

for C odd. Representative values are listed in
Table II.

Table I1: Integrated Asymmetry Parameters Af for the
8By*(-1)C8485 System
R o C even C odd C even C odd
tl tz xd-.l xd"l ld-.4 ld-.4
xs-.S lss.s xssl xssl
0 0 0.142 ~.095 0.181 -0.,078
0.5 0.5 0.203 -.143 0.188 -0.128
1 0.5 0.240 -.194 0.138  -0.184
0.5 1 0.211 -.131 0.173 -3.095
1 1 0.118 -.184 0.107 -0.166

In a11 of the above calculations we have assumed
that the different B meson types are experimentally
distinguishable, In practice this may be difficult,
We therefore calculate an average CP violating asym-
metry Af where each asymmetry A¢ is weighted by the
fraction of the relative production of a given meson
pair type. We assume that C even and C odd states are
equally likely and that hadronization with u, d and s
quarks is in the ratio 2:2:1. From equations (1§),
(18), and (21) we find {integrating over t;)



[xgcos(x(ty+t,)¢sin(x,(t14t,))
8 (1+x°)

Ap = Im [%Hn(xdtz)‘

. [sin(xd(tz-tl))-xdcns (xd(tz-tl))]
8 {1+xy°)

. [xscos(xstiﬂdtz)*’sin (xdtzﬂzsti)]
8 (14x. %)

. [—xscns(xdtz-xst;)+sin(xdt27xsti)]

H
8 (1+x.%) (23)
when tf=0, equation (23) takes the simple form
_ Tma =in(xgt, [2(1+x2) (e 2)o (1o 2)a (14, 2)]
f 4 (l*xdz)(lﬂsz)

(24)

Equation (24) has the same shape as the asymmetry
depicted in Fig. 2, with an amplitude reduced by about
a factor of 2. There is relatively little dependence
of Af on t{ since the BBy, B,B4 contributions domi-
nate the asymmetry, From (Zly, using Img¢ ~ 0.3, and
two choices of xq and xg, we obtain the following
estimates for Af:

Af = 0.28 sinxgty = .028 at tp = 1 lifetime
for x4 = 0.1, xg = 0.5 and,

Af = (.25 sinxgty = (098 at t7 = 1 lifetime
for xg = 0.4, x¢ = 1.

Finally the average integrated CP violation
asymmetry for f=yKg can be found in the same way as
eguation (23) from equations (16), {19), and (22).
Represent'ing rgughly the effect of a vertex detector
by taking ti=tzsl, we find that averaging reduces
the integrated asymmetry by a factor of ~2. Thus for
values of the mixing xgq, x¢ and CP violation Imy
expected by the standard KM mooel, the integrated
asymmetry averaged over all possible B meson pairings
is

. . =4-12%
"1"'2'1

4, Concluding Remarks. In conclusion, we note
the following:

a} The CP violating effects that we have dis-
cussed all require that both B and § decays from the
same production event be detected.

s

b) We have assumed exact equality of Fiﬂj and B;B.
production. This is undoubtedly violated at Some 1eve'1
in an initial PP state although the dominant production
from gluon-gluon collisions would lead to the above
equality. For very small effects such as expected
dilepton asymmetries the jssue of how well the above
assumption is fulfilled may become important.

¢} A1l the CP violating effects discussed in this
section require both significant mixing (x40) and CP
violation {RecgéO or Imé0). The estimates given are
based on the KM model of CP violation. I[f there are
other sources of CP vialation, much Targer effects
could arise,

IV, Experimental Considerations

A. Efficacy of Various Sources

In Table 111, we give a rough comparison of
expected total rates and B8 rates from various accel-
erator and storage ring facilities. The quantity fg
is the estimated fraction of the total cross section

leading to pairs, Th; assumed co'l'l'ldfr Tuminos i-
ties are 1 (TfVI). 1032 (SSC) and 1031 (Lep/SLC)
all in cm< sec-l, For the fixsd target experiments,

the total rates have been fixed at 10/Hz, which appears
to be a reasonsble maximum for the relatively complex
experiments with vertex detectors required for the
study of B physics, The BB cross sections are of
course only rough estimates. It is clear from Table
II1 that the SSC collider enjoys a large advantage for
both rate and signal to background relative to other
hadron sources. Lep/SLC have an enormous signal to
background advantage over all hadron machines, but the
rates are relatively low.

With respect to tha 55C, these calculations sug-
gest an a-priori two-order-of-magnitude advantage for
operation in the collider mode as opposed to the fixed
target mode. It is conceivable that the acceptance ir
a fixed-target experiment can be better for less cost,
but it sesms doubtful that the two orders of magnitude
can be regained. For this reason, we have chosen to
emphasize experiments in the SSC collider mode.

Table I1I. Produced BB Rates.-from Various Sources
Total
Interaction
Energy @ Rate 88 _in
Source (Gev)  {mb)  (Hz) fg 107 sec
Tev I1 a5 50 10 108 108
fixed target :
$sc 200 80 107 10 10°
fixed target
Tev 1 2000 100 105 1wt 1f
PP Collider
ssc 40000 200 10 10? pol!
PP Collider
LEP/SLE g2 10 03 012 axo®

e'e” Collider

B. Some General Rate Considerations

We consider B production by the collider in the
central region which we define as the angular interval
about the beam line,

30° ¢ @< 150"

We assume the existence of a detector which covers this
polar angle range and the full azimuth, and idealize
the luminous region as a line source of transverse
width, o «7 uym and length a few cm.



We base our cross section information on the ISAJET
program. 10 Since the relevant x values for BE produc-
tion are extremely small at 40 TeV, the theoretical
predictions are very uncertain. However, the numbers
seem plausible, and we use them.

The overall BB cress section at 40 TeV is estimated
te be about 220 wb, To provide a first level trigger,
and to have B mesons which are not too soft {we have
to detect their finite flight paths in a vertex detec-
tor}, we require the transverse momentum of each B-jet
to be greater than 10 GeV/c. Some relevant cross sec-
tions and multiplicities are gfven in Table IV, For
the purposes of the discussion, we have treated D
mesons as having zero lifetime, and given in Table IV
only the stable charged myltiplicity. It is clear
from Table IV that the angular and py cuts already
reduce the effective cross section by a factor of 200.

We now consider the probiem of B recognition
through use of a high resolution vertex detector. The
actual reconstruction of separated vertices in a multi-
hadron environment is an extremely difficult problem
compounded in the case of B decay by the fact that
usually out of a total average of 5 charged secondar-
ies, half go with the B vertex and the other half with
a separate D vertex. Hnwever, a mare straightforward
procedure is the observation of finite impact param-
eters for decay tracks with respect to the Deam line,
The distribution of impact parameters {s very broad
with a mean value of the order of ct. Impact param-
eter distributions from B decay secondaries, for B
Jets with py>10 gevlc. are given in Table V. A B
Tifetime of 10-17 sec has been assumed. 1In Table
v(a), the distribution of impact parameters, with a
24% probability for values less than 20 um, shows the
targe width, The median value is 80 um.

More useful perhaps is the distribution of the
ratip of impact parameters to error in impact param-

eter, This error can be written in the form,
. Table IV: BB Cross Sections and Multiplicities
Total 220 ub
Two B jets both with pr > 10 Gev/c 30 ubl?)
Plus "jetl < 1.5 on both jets 5.4 ub
Two 8 Jets with by > 15 Gev/c 11w
Plus |yjet| < 1.5 on both jets 2.1 ub
Require two B jets with pr > 10 GeV/c
Both B's in 30" < @ ¢ 150° 2.7 wb
All B secondaries
in 30° < @ < 150° 1.3 wb
Charged Multiplicity
from both 8 11
Additional Charged Particles
in 30° < @ ¢ 150° 13

(”Steven Errede - Private Communication
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where A, B are constants and p is the particle momen—
tum. For A, we have taken the quadratic combination
of § ym solid-state detector resolution and 7 um beam
size. For 8, we have taken two choices - 20um GeV/c
corresponding to scattering from a 0.5% radfator at

2 cm radius and 10 um GeV/c corresponding to a 1 om
radius. This 0.5% is the sum of the besm pipe and the
closest silicon layer (with strips assumed to run par-
allel to the beam). Table V(b) shows the corresponding
probabilities. For good separation of B secondaries
from normal hadrons > 3o signals are probably neces-
sary. Their probabiTities are 53% and 62%, respec—
tively, per track, for each of the two error choices.
Also of some interest is “he minimum ratio of impact
parameter to error for all the tracks of a given B
decay. [f this minimum is greater than 3, then all of
the charged tracks are recognized and the charge of the
B meson is established. As seen in Table V{c), this
probability at the 3¢ level is only 20% for the larger

Table V{a): Impact Parameter Distributions

1.P. (ym) Probabtlity T.P. (um) Probability
0-10 0.15 60 - 70 0.03
10 - 20 0.09 70 - 80 0.03
20 - 30 0.06 80 - 90 0.03
30 - 40 0.05 90 - 100 0.02
. 40 - 50 0.05 100 - 200 0.16
50 - 60 0.04 300 -~ 400 0.04
Table V(b}: Impact Parameter/Errors
1.P JError Probability 1.P./Error Probability
(2 cm) {1 cm)
0-1 0.26 0-1 0.20
1-2 0.13 1-2 0.11
2-3 0.08 2-3 0.07
3-4 0.07 3-4 0.06
4-5 0.04 4-5 0.05
> 5 0.42 > 5 0.51

Table ¥{c): Minimum lmpact Parameters/Errors

I.P./Error Probability 1.P.JError Probability

(2 cm) (1 cm)
0-1 0.50 0-1 0.42
1-2 0.21 1-2 .17
2-13 0.09 2-3 0.12
3-4 0.03 3-4 0.06
4-5 0.02 4.5 a.04

>5 0.15 >5 0.19




error and 29% for the smaller error. The fractions of
B decays for which all charged products have signifi-
cant (3g) impact parameters are thus relatively small.

* Finally, we add that for Teptons of momentum
. greater than 3 GeV/c (required for efficient detec-
tors), the distribution of impact parameter over error
closely follows the first set of entries in Table Y(b),
almost independently of the choice of vertex detector
radius (because of the relatively high momentum).

We conclude with a reminder that several approxima-
tions have been made. First, charm decay lifetimes
have been neglected in calculating impact parameters,
This is not expected to produce any great changes. in
Table v, Second, in calculating the multiple scatter—
ing errors, we have neglected the fact that the tracks
usually are not normal to the scatterers. This under-
estimates the scattering effects, and the advantages
of the small pipe radius are greater than suggested by
the numbers of Table V.

C. Appiication to CP Violation Study in B Decay

As indicated in Section 118, the detaction of CP
violation through lepton charge asymmetries is expected
to be very difficult because of the very small effects
expected, unless new phenomena greatly enhance these
effects, Therefore we have chosen to study CP viola-
tion through the detection of final states f into which
hoth B and B can decay. The appropriate phenomenclogy
is given in Section 11B.3, For the state f, we have
chosen By, BusyKg, a completely réconstructible state
with a distinctive signature. Although the connection
of K¢ with 2 separate vertex may be difficuit, the
¢ilepton decay products of ¥ can be so associated
through a high resnlution vartex detector, and can
then be combined with the Xg decay products to obtain
the known By invariant mass.

We then study the procecses,
P+P 3By *tBy+X
8a » UKg
"
Bp» £+ Y

where By, By are a BE pair of which at least one mem-
ber is neutral, and * is an electron or muon, CP
violation manifests itself through a non-zero value of
the asymmetry parameters Af already defined in
Section IIB3.

- *
(K ,27) = (4kgyt")
)

whuse value, on the basis of the standard model, is
expected to be in the range of a few percent,

We now apply the rate considerations above to the
study of these processes. The main ingredients which
go into a rate calculation are the following:

a) Cross section for two-8 jets, py > 10 Ge¥/c,
with all secondaries seen: 1,3 ub (Table Iv).
(Although for one of the decays only a lepton is re-
quired, it seems desirable to detect some of the other
tracks to establish a B decay, There is at most a 1.4
factor to be gained by requiring only detection of the
leptons),

b) We assume a UK* branching ratio of 0.001. This
is compatible with the ~1% upper limit to inclusive
from B decay set by the CLEQ experiment,

c) The ¥ is detected through its e*e- or utue,
decay modes with total branching ratio 14%, The K" »
Kg » »'s~ sequence has probability of 33%,

d) We require both leptons from the ¥ to have 3q
impact parameier signals. Assuming the 1 cm pi
radius, we get from Table Y(c) 29% probability.
only two tracks are involved, this is probably an
underestimate. By just squaring the single track 3«
probability from Table ¥(b), we get 0.63 x 0.63 = 403
which we use.

Since

e} We require that the leptons from the sscond 8
decay have a 3o impact parameter, with 53% probability.
(Table ¥(b) + comment at the end of Section 1¥3.)

£} The Tepton branching ratio from B decay is 24%,
The probability that the lepton momentum be greater
than 3 Ga¥/c is about 42%.

Thus, the effective cross section is:
opff = 1.3ubx0.001x0.14x0.33x0.40x0.53x0.24x0.42
opff = 1.3x10-36ca?

For L = 1092 co2 sec-1, which sppears at this time to
be the optimistic nﬂm gor verfex chamber experi-
ments, we get L » 1039 cw2 ypar-l, and - 1300 events
er year. Even this ig optimistic, since no instru-
mental or tracking efficiencies (other than geometrical
ones) have been included,

We have to conclude that, at Teast for detectors
in the central region, the situation is not very
favorable.

It is of some interest to make comparisors with _
LE? and SLC. As we sa; in Table ITI, the expected BB
rate is 4 x 10 per 167 second year, Items (b), (¢),
and (f) above are applicable here too except for the
42% factor for lepton momentum since at the Z° the B
mesons have typically 30 Gev energy. Since BE produc-
tion is 14% of the total cross section, items (d) and
(e) are almost surely unnecessary. Indeed, no vertex
chamber is really needed for this experiment. Thus
the yearly rate is:

4 x 105 x 0.001 x 0.14 x 0,33 x 0.28 = & events/year.

Since there will be at Teast three LEP and one 5LC
detector capable of doing this experiment (as opposed
to probably only one SSC detector}, the total rate is
of order 16 events/year,

We have not discussed the difficult trigger problem
at SSC which is nonexistent at LEP or SLC. We conclude
that the SSC advantage is not, at (" ‘s stage, very
compelling, and the experiment in question is probably
impossible at (EP and very difficult at SSC.

D. Comments on Detection of Rare B Decay Modes

We consider here only those decay modes such as
B » ue, Kgue etc. for which all secondaries can be
detected and complete reconstruction is possible. It
is not clear that modes with missing neutrals can ever
provide a sufficiently clean signature in a nadronic
environment unless it turns out to be possible to make
relatively clean B beams of useful intensity. We con-
sider again detection in the central region already
defined,

To be conservative we require that the secondaries
of both B mesons be within the 30" < @ < 150" angular
interval corresponding according to Table [V to a 1.3
ub cross sectfon, The additional factors determining



the rate are the following:

a) A1l secondaries from the B decay under study
to have > 3o impact parametar signa's, We take this
probabi1ity to be 0.40.

b} We require at least two secondaries from the
second B decay to have > 35 impact parameter signals
and assume a probability of unity for a typical
hadronic decay with five charged secondaries.

Thus the typical cross-section is 1.3 x 0.4 =
0.5 ub, leading *te 5 x 108 gstectsd decays for an
integrated Tuminosisy of 1037 cm=<, A branching ritio
1imit of ~10~/ appedrs manageable if there are ne other
branching ratios (such as Kg » x*s= 1n Kgue) involved.
If we have been unduly conservative and only ore B
decay need be detected, the potential rate is increased
by about a factor of five, and a Jimit close to 10-
may be possible. In this case, the gross LEP/SCC rate
of 4 x 10° times four detectors, may permit a branching
ratio 1imit of order 10-5, Again the SSC wins by about
two orders of magnitude, provided background and trig-
ger problems can be solved.

E. BF Detection in ihe Forward Region

J. Cronin has studied the detection of 8 meson
pairs in the rapidity ragion 3 < y < § with high reso-
lution silicon detectors arranged in planes placed at
distances 1 to 3 meters downstream from tie interaction
point, Details are discussed in Cronin's paper, but we
quote the result that one might expect to identify
> 10° double lepton events per year for studies of
mixing and CP violation, and have 108-109 B mesons to
search for rare two-body decay modes. These numbers
are not terribly different from thoste expected for the
central region detector discussed earlier, although
the details of the detector design are of course quite
different,

IV, Comments ano Conclusions

We have examired the oossibility of studying CP
violation ard rare decay modes of B mesons with the
SSC. Although we have not considered in detail
fixed-target experiments, it appears unlikely that the
advantages of such experiments will outweigh the esti-
mated factor of 100 reduction in rate (without obvious
reduction of background] inherent in the lower center-
of-mass energy. We can summarize our considerations
in the following terms, assuming that we can aperate
track ing dege:tnrf and vertex devices at a luminosity
of 1032 cm? sec-l:

1) The S5C produces BB at a rate per year esti-
mated to be three crders of magnitude larger than
other hadron sources, and five orders of magnitude
larger than LEF or SLC.

2) High resolution vertex detectors are essential
for doing 8B physics, and are almost surely required
at some level of the trigger. While this is true for
any other hadron source, it is not true for LEP/SLC i~
which 142 of all events at the 2° are BE pairs.

3) Rare B decay medes such as y*u= or y*e- which
are completely reconstructable may be detectabie at z

branching ratic level of ~13-7. Decay modes into non-
reconstructable final states such as ™ or T 1= look
very difficult.

4) The stuady of CP violation via mixing in B'
locks very difficult unless the effects are much larger
than preaicted by the standard model. Unlike K decay,
botk B and § decays from the samc process must Ue
detected. Lepton :hgrge asymmetries are predicted to
be very small (< 10-3), and the asymmetric PP initial
state will add Systematic uncertainties to the sta-
tistical errors. CP violation in non-leptonic final
states leads to larger expected asymmetries (a few
percent) but the calculated event rates are at the
level of 104 per year, probably too small to do
definitive experiments,

5} The search for B*B* mixing effects (not
including CP violation) is easier in that the mixing
paraeter rp (see Section 11) is expected to be a few
percgnt. and the dilepton rates are expected to be

10° per year. Howsver the systematics of the asym-
metric initial state may still be a serious problem;
and, unless the mixing is very small, LEP/SI.C may be
a better bet tc observe this mixing.
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