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A.I. Sanda

Abstract

A review of prospectsfor B physics experimentsat the SuperconductingSuperCol

lider SSC is undertaken,with the assumptionthat the FermilabTevatronand the e&

B factory are in full operationby the time .8 physicsexperimentsareperformedat SSC.

Varioustopics of interestareclassifiedaccordingto their merits.
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1.0 INTRODUCTION
Experimentalstudiesof K decaysplayeda majorrole in formulatingthestandardmodel

of electroweakinteraction. Even today, therearemanyexperimentson K decaystaking

dataor being set up at various laboratories,including Brookhavenand KEK. B meson

experimentsareexpectedto takeover the role playedby K mesonexperimentsin the near

future. We arehopefulthat further advancesin ourknowledgeof electroweakinteractions

will be realizedwith a seriesof experimentson B decays.Just as K mesondecayshave

been an active areaof researchover the past three decades,B decayexperimentsare

expectedto yield many interestingresultsfor the next threeto four decades.

The SuperconductingSuperCollider SSC is a naturalplaceto study B decaysbecause

high-energypp collisions produceB mesonscopiously. Sincecompletionof SSC is nearly

10 yearsaway, however,careful planningof B experimentsis necessary.It is unreasonable

to hope that there will be no competition. The asymmetric&e B factory should be

producingresults. The Tevatronat Fermilabshould be producingresultswith the main

injector. The LargeHadronCollider LHC shouldbe operatingat that time. Any exper

imental resultat SSC must representa major improvementover the existing one at that

time.

To makean impact in our understandingof electroweakinteraction,theseexperiments

must beprecisionratherthanexploratory. As with K decays,precisionexperimentscall for

special-purposedetectorsthat measurefew phenomenawell, ratherthan general-purpose

detectorsthat attempt to coverall phenomena.In designinga detectorfor B experiments,

a specific decaymodemust first be chosen.Therewill be manygenerationsof detectorsto

follow, as is the casein K-decayexperiments.Onedetectorneednot be capableof doing

everything.

All this is good, but it is important to be realistic. A well-chosenseriesof upgrades,

perhaps,allows one to constructa numberof special-purposedetectorsthat, in duetime,

covera wide rangeof decays.Planningfor sucha programat SSC requiresanoverviewof

B physics. This note providesa shoppinglist of B decaysthat might be studiedat SSC.
In orderfor a decayto makethe list, it hasto satisfy two conditions:

1. Physicsbehindthe decayis interesting.

2. When the experimentalresult is out 10 yearsfrom now, it is either a new result

or is considerablybetterthanthe existing result.

As is clear below, I havemadeextensiveuseof the study containedin the Expression

of Interestfor the BCD collaboration1as a measureof SSC capabilities. As a measure



of e+c asymmetriccollider capabilities,I have usedthe resultsfrom the PEP upgrade

proposalsubmittedto SLAC,2 and the KEK asymmetric.8 factory proposal.3

Note that the useof BCD capability as a measureof SSC capability is contraryto my

insistencethat special-purposedetectorsare necessaryfor B physics at SSC. BCD is a

general-purposedetectorin the colliding beammode. Often accurateposition measure

mentsof verticesarenecessaryto arrive at the physics. For this purpose,either gas-jet

or fixed-targetexperimentsmayprove to be moreeffective. My excusehereis that I had

only one monthto preparethis document.This shortcomingmust be correctedin future

considerations.

2.0 SSC VS. OTHER HADRON ACCELERATORS
Table 1 shows the projectedcapabilitiesof various hadronacceleratorsobtainedfrom

Reference1.

TABLE 1. B-P Productionat Hadron Accelerators. In this comparisonwe
supposethat all the experimentsoperate at i07 interactions/sec
and that correspondingluminosity £ can be achieved. We then
considerbb/tot as the figure of merit of the various accelerator
options.

Accelerator v’

TeV

C60

pb

tot

mb

ao/crtot Cave

cm2seC1

N0/107sec. Figure

of Merit

TEV II p-W

SSC p-Si

RHIC p-p

TEV I p-p

LHC p-p

SSC p-p

0.04

0.2

0.5

1.8

16

40

0.003

3

10

40

250

500

6

15

40

40

75

100

5 x ir5

1/5000

1/4000

1/1000

1/300

1/200

1.7 x 10

6.7 x 1032

2.5 x 1032

2.5 x 1032

1.3 x 1032

1032

1.7 x io

2 x 1010

2.5 x 1010

10"

3.3 x lOll

5 x 1011

1/2500

1/25

1/20

1/5

2/3

1

From Table 1, it is immediately clear that comparedto TEV I p-p, SSC p-p does not

afford a major improvementin N6. The factor of 5 improvementmust be combinedwith

anotherfactor of 5 improvementin c6/cjot.
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3.0 SSC VS. ee ASYMMET1UC COLLIDER

3.1 CP Asymmetries CP Eigen State

Tables2 and3 give thecapabilityof BCD and theasymmetricB factorybasedon PEP.2

TABLE 2. Minimumsin2 WhichCan Be Measured

14,400

110,000

60,000

460,000

400

3500

1560

13,800

160,000

1 - 2p

0.60

0.40

0.60

0.40

0.60

0.40

0.60

0.40

0.40

b

0.1

0.1

1.0

1.0

1.0

1.0

0.1

- 0.1

at the 3C Level With BCD.’

sin24min,3o

0.7

0.7

0.7

0.7

-‘10

-J 10

10

- 10

10

D

0.47

0.47

0.47

0.47

0.64

0.64

0.64

0.64

0.64

0.094

0.053

0.062

0.033

0.55

0.28

0.21

0.10

0.031

Xq

TABLE 3. ic Error Expectedat the B Factory.2

Mode

Assumed

branching

fraction

Tagging

efficiency

%

Reconstruction

efficiency %

Csin 2#

30 fIr’

B° - J/t,bK,

- DD

J/R°

.-. D’D
Combined2/3

8° -. irr

pthr

Combined2cr

7.4 x ir4

6 x io-4

1.25,< i0"

16 x io4

2 x i0

6 x 10-6

6 x 1O

45

45

45

45

45

37

32

58

46

30

28

43

58

60

0.077

0.14

0.17

0.08
0.050

0.18

0.12

0.18
0.086

Considerthe expectedla error for various

sin = sin 2fl

sin24’s = sin2a

sin = sin 27

asymmetries

SSC

at SSC

e+e

0.017 0.05

0.01

0.01

0.086

andat the B factory:

Angle Mode Tag Tagged

Events

1
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Thus SSC experimentshavethe potential for a new measurementof sin23, an order of
magnitudeimprovementin sin2, and a factor of 3 improvementin sin2.

3.2 Other DecaysConnectedto CP Violation
Table 4 showsthe capabilitiesof the BCD detectorfor decaysoften mentionedin con

nection with CP violation.

TABLE 4. Rate Estimatesfor Self-tagging B Decays.1 B.R.B is the
branchingratio for the two-bodyB decay,estimatedaccord
ing to Chau. B.R.Tot is the product of B.R.B and the
secondarybranchingratios. Eff. is the product of the geo
metric acceptancein a detectorconfigurationC+I+F anda
factor 0.33 for the efficiency of tracking andvertexing. The
reconstructedevent samplesarefor anintegratedluminosity
of 1 1b, collectablein 1 year of running at a luminosityof
1032cm2seC1.

DecayMode All-Charged

Daughters

B.R.B B.R.Tot Eff.

-

Recon.

Decays

- pOK+

-. Kir

B3° - KK

+K+

,riCiriC

irrirK’

io-5

i0

2 x iO

io-5

2.2 x 10

6.7 x 10

0.20

0.08

0.08

7.3 x io5

6.7 x 10°

1.3 x 106

The numberof BB eventsexpectedin the e+C collider is 3 x io. Thereis a potential

for a factor of 100 improvementin the numberof reconstructedeventsfor thesedecaysat

SSC.

I concludethat, exceptfor the CP asymmetryin B -* ,bK5, substantialimprovementin

all otherCP asymmetriesmaybe possible. I stressthat the r,bK5 asymmetrymeasurement

at SSCrepresentsonly a factor of 3 improvementover the B factory. This measurement,

by itself, doesnot justify building a detectorat SSC.

Here, I stressagainthat a dedicatedexperimentto measureany one of theseasymmetries

down to a 1% level or bettera factorof 5 betterthanthe projectionmadeabove, is worth

thinking about.

4.0 SHOPPING LIST
The * systemindicates the degreeof interest for a particularprocessat the time SSC

experimentsstart. I assumethat the g+e B factory is already in operation and yielding

results. I also fold in possible theoreticalambiguities in comparingtheory with experi

ments. Again I stressthat no simulation studieshavebeenmade,and measurementsthat

are impossibleat SSC may be included in the list.
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4.1 **** Class
Underthe **** Class,we list asymmetrymeasurementsof , andratios of decayrates

which lead to determinationof and 4’s. Thesehavevery little theoreticalambiguities.

Any potential for improvementin our knowledge of c6c, u, and should be seriou.sly

pursued.

1 B-sçbK,t,/.?K.

In the Appendix A, I show that

rB-bKs-rà--bKs
t,bKs + I’E -, tiKs

= sin /mt sin2

does not have any theoreticalambiguity down to a fraction of 1% level; thus

any improvementon this measurementhas a potential to limit understandingof

the origin of the standardmodel. For example,a guessat the Yukawa coupling

matrix at the grand unified scalehas recently been attempted.4These schemes

lead to predictionsfor the KM matrix. In particular,the t,bK5 asymmetrycan be

predicted. This measurementmay becomecrucial to obtaining the correct grand

unified theory. Also, we haveargued5that the bK5 asymmetrymay be the best

place to test the CPT symmetry.We havepointedout that the existing boundon

CPT violation is only at the io% level.

BCD collaborationhasfound that tagging with K, originatingfrom the decayof

the partnerB, considerablyimprovesstatistics.Varioustaggingmethodsshouldbe

carefully studied. The capability to identify particlesmay be the featurenecessary

for the SSC B detector.

A dedicatedexperimentthat reducesthe error on the t,bKg asymmetrydownto the

1% level is an interestingprospectfor future considerations.

2 Bd -* DD, D±*D.

Thesefinal statesareCP eigenstates,and everythingthat can be said about the

bKg asymmetrycan be said about the asymmetriesfor thesedecays. The quark

decaydiagrams,however,aresuppressedby a factor of A, the sine of the Cabibbo

angle. The asymmetryfor D±*D decaysis definedby

FB -, DD - FB -* DD
FB -* D+*D+ I’B -,

5



3 Bd -* D°M fD : Ksp°, Ks4, Ksq, pir, K+K, pp, Kir0.

ID
Here M can be ir° or p°. Thesecascadedecayshave definite CP parities.6 From

the statisticalpoint of view, the asymmetriesfrom thesedecayscan be combined,

taking into account the CP parity of the final state. It is seen that thesemodes

togetherconstitutea substantialbranchingfraction. Justasin the t,bKs asymmetry,

thereis no theoreticalambiguity.

4 Relative decay rates for B° -+ lr+1C, B± -, and asymmetryfor

B° -* lr+lr.

In Appendix A, I show7 how can be deducedfrom the ratio of 7r+lr ,

lr+irO decayratesand the asymmetryfor B° -* lr+lr. This method gets around

the problemof penguinpollution, and thus there is no theoreticalambiguity.

5 Relativedecayratesfor D°KX, .b°KX, andD1,2KX.

In Appendix A, I show7 how ç& canbe deducedfrom the ratio of thesethreedecay

rates. By D1, we meana definite linear combination:*D° ± .b°, and it canbe

identified by the final state.For example,

D -÷ Ksp°

gives a definite CP parity "-" stateand is associatedwith decayof D2.

D

gives a definite CP parity "+" stateand is associatedwith decayof D3. Note that

an "almost" inclusive study can be made. The angle4’ canbe determinedfor each

X,, and it must be independentof X,. Thus information from eachX, can be

statistically combined.

4.2 *** Class
Under the * * * Class, we list thosedecaymodeswhich are sensitive to CP violation.

Asymmetriesformed by thesedecaymodesmay not be trivially related to the parametersof

the standardmodel. This shouldnot discourageanyonefrom pursuing thesemodes-after

all, CF violations in K decaysareof this class.

6 Ed -‘ ,K*O, /K°, D+*D_*, DDKs.

These decay modes have final states that can be in both even and odd orbital

angularmomenta. Thus they are mixtures of CP parity states. When the different

6



CP parity statesare not discriminated,the effective CP asymmetryis reducedby

a factor 1 - r/1 + r,

rB-+X+
- rB -

where X± are abovedecaymodeswith CF parity ±. In Reference8 it is shown

that varioushelicity statesare CP eigenstatesfor abovedecaymodes. It is quite

possiblethat one of the helicity statesdominates,andthe final statemayindeedbe

a CF eigenstate.This possibility may be investigatedfurther by CLEO, ARGUS,

and the B factory beforeSSC experimentsstart.

7 B -*

The asymmetryin this decaymode is relatedto . It is likely that the penguin

contributionis small, so that this decaydeserves****. Informationon the penguin

contributionwill be availablein the nearfuturefrom CLEO andARGUS. Until then,

1 r’ 10% hadroniccorrectionto the asymmetrypredictioncannotbe excluded.

8 B3 - p°Ks, ir°Ks, KKTh KK, 0.
SSC may competebetter with e+e B factories in studying B3 decaysthan in

studying Bd decays. At B factories, B3 is studied at T55. Comparedto Ed,

which is producedat T4S, the production rate for B3 is down by a factor of

010, and the backgroundproblemis expectedto be muchworse.

The decaymodesaboveareCP eigenstates,and their CF asymmetriesarerelated

to sin24. As discussedin Appendix A, the penguinpollution is expectedto be

much largerthanB - lr+1r decay.

9 B -* Kp°, Kir0.

Any asymmetryin thesedecaysimplies CP violation. The valueof expectedasym

metries,however,dependson final stateinteractionphasesand cannotbepredicted.

Nevertheless,theseare self-tagging,and they may be more accessibleto experi

ments.

10 B -* DKX

t-÷ Ksir°, Ksp°, Ksw, KsqS
Physicsof thesedecaysis first discussedin Reference9. Advantagesof thesedecays

are: 1 they are self-tagging,and2 the branchingfraction is large. The valuesof

asymmetriesdependon final stateinteractionphasesand cannot be predicted.

11 B± --- + t1a.uie nonstrange = .

,

Physicsof thesedecaysis discussedin Reference10. Figure 1 is a diagramof these

decays.

7



w

Figure 1. B -. rr + nonstrange

CP asymmetrydependson thefinal stateinteractionphaseandcannotbepredicted.

Bj andB3 decaysthroughifj++X modescanleadto predictableCF asymmetries.

Thesedecaysare Cabibbo-suppressedand also requiretagging. For thesereasons,

they are not discussedhere.

Note that we expectthe B -* t/’ + X processto interferewith thesedecays.11The

asymmetrycan be studiedas functionsof Q. They are expectedto be maximal

at the tail of , wherethe short- andlong-distanceeffects havecomparablesize.

** Class
The ** Classof decaysconsistsof thosethat leadto testsof the standardmodel at the

one-looplevel. Also included are those decayswith CF asymmetrieswhich are expected

to be very small in the standardmodel.

12 B3° -* , 5q, D3D3.

Figures2 and 3 are diagramsof thesedecays.

b t

C
S t b

T1P.02662

Figure 2. The Dominant Contributionto B3 - E3 Mixing.

b d

u,c,

1
C

I
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b C

1IP.02561

Figure 3. The Dominant Diagramfor B,° .-. q, D3D3 Decays.

Note that the first family u, d does not appearat the leading order. As is

well known, all threefamilies must participatein producing CP violation. Thus

CF asymmetriesin thesedecaysare expectedto be very small. This should be

tested.

13 B3 - B3 mixing.

Determinationof a,3 = srnB4/rB3 teststhestandardmodelat the010% level.

Note that

X3 - .fIVi3VI2 - IL. 1

xd .fLdIVtdVI2 - fA21-p2+q2

If IL,/ILd is known, theratio s/Xd severelyconstrainstheallowedp, q plane. Un

fortunately,for the foreseeablefuture, it is unlikely that .11./f canbe determined

to better than10%. Sincex is expectedto be large:

xs ‘-‘
r.., 20,

the time-integratedanalysisdoesnot allow a quantitativemeasurementof x3. BCD

points out that 5c determinationof x3 can be madeusing self-taggingmodes:

B3 -*

and, of course,the leptonicdecays.

While theKEK ee asymmetriccollider will not study B3 decays,it is likely that

someinformationon x3 will be availablefrom the Tevatronat FNAL. Thus the SSC

contributionto this measurementmust focuson decreasingthe erroron x3 downto

the 010% level.

4

S

S
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14 Ba -*

B, -* ji1p +X.

This processoccursthrougha diagramFigure4.

I1 IC

1111P-02580

Figure 4. The Short-distanceandLong-distanceContributionsto Bd ... p+p +X, B, p+p +X.

An interesting interferencepaftern is predicted,1’ allowing a test of the standard

model at the one-loop level. Since the u-quark contributionin the loop is expected

to be small, only the secondand third families contribute to this decay. Thus

CP-violating asymmetryis expectedto be very small.

The invariant massdistribution for the dilepton" is given in Figure 5.

U,
0

*
40
.5

.5

2.0

1.5

1.0

0.5

0
0 0.2 0.4 0.6 0.8

t
Figure 5. The Invariant Mass Distribution for flJ. Note

largein the region within 1 GeV of & and ‘.

TI P.02559

that the interferenceeffect is quite

w

b

w

1

d

C

IL-
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15 Bd-4K1Th Ba-*K1t

B3 -÷ pji- B, -

Theseare exclusivedecaysdiscussedin 14. The invariantdilepton massdistribu

tion,

dI’B -i ji7z + X/dQ,

for X, K, K* is given12 in Figure 6.

1012

1011

1010

I o9

108

I o7

1o6

10

10

1o

V

S
S..
z.
t

I 0.1
0
V

n2 GeV2-. ‘
‘ flP.02557

Figure 6. The Dilepton Invariant Mass Distribution for Bd - K*1+t.

16 RaredecaysBa -* B3 -*

Unlike in the caseof K -* pp, theoretical ambiguity in predicting the branching
ratio for thesedecaysis expectedto be small. The width of thesedecaysis given
by

/ Gfct 2 IL 2 Ivqvc-!-’
2

FBqpfC
4sin28w

n2Bqmp
mfl;

SeeFigure 7.

0 5 10 15 20
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5

4

‘t Myj /
2

100 200 300
Mt 0eV

11P-02558

Figure 7. Cx as a Function oft = rut.

For rrtj = 200GeV and fB = 150MeV, we obtain

BrBa -* pp = 4.3 x 10

BrB,
-,

zp = 8.6 x 10_b.

At this branchingratio, the possibility of detectingthesedecaysis marginal, and

both backgroundsand triggeringmethodsmust be consideredcarefully.

* Class

The * Class includesthosedecaysthat occur at the treelevel in thestandardmodel but

play acrucial role in further progress.

17 B -*

The branchingratios for B -, pu and B -* i-v decaysare expectedto be ‘-‘ 1O

and l0, respectively. As is well known,

B ‘-‘ fLIVoI2m?,

and f can be measuredthrough this decay. 0100 B -+ pv decaysare expected

in the c+e B factory. It will be interesting to devise a method to improve this

measurement.

4.5 All-or-Nothing Class
Thereare severaldecayswhich I classifyas "all-or-nothing" decays. Thesearetotally

outside the standardmodel, and any positive result in this category will revolutionize

physics. I do not recommendadedicatedexperimentto look for theseeffects. Nevertheless,

awarenessof their existenceis very important, as someof them can be lookedat as a by

product.

12



18 B+ -* ie,rp,er.

19 B-*ll+X.

Carefulstudyofpositionsat which fr and 1 areemittedmayrevealCPT violation,5

as discussedin Appendix B. Also, CPT violation may appearasa modification to

CP-asymmetrypredictions.

Table5 presentsa summaryof thesepotential decaystudies.

is



TABLE 5. Summaryof PotentialSSC Experiments.

Physics Merit Comments BR. Estimate

Bd-bKS

t,h’Ks

DD

D±*D9

sin 24

****

Ks:4xi04

‘,b’Ks: 1 x i0

DD

D±*DP.

Bd-*cbK

ç1/K

D*+D*

DDK5

sin *** not pure CP

eigenstate

4 x i0

- D°M

L. fri
M-ir°,p°

-. Ksp°

K5w ID

Kq5

I<rj

pir

ICK

pp

joo

K

sin2 **** CP parity of
friM state

+

+

+

+

+

-

-

-

Dir° 0.4%

Dp°-’2%

Ksp° :0.2%

K5w 1%

Ksçó:0.4%

KIC :0.4%

Kir°:2%

- sin2 *** 1 10% Penguin

pollution

2 x iO

decayrates

Bd_ir+1C,lrOlrO

...

u l0

B, -. p°Ks

ir°Ks

IC+IC

KK

*lr

sin2., *** 1 - 50% Penguin

pollution

io-5

l0

106

iO_6

l0

‘4



TABLE 5. Continued

Physics Merit Comments BR Estimate

Decay rate

- 13° + K + X,,

D° + K + X,2

D1-l-K+X

sin 24., ****

Branchingfraction

for all threedecays

must be measured.

Xmustbe

detected

2% for

given X,,

B, -i 4., ift,

D,D,

CP Asymm= 0 ** 10

3%

B -* pK° CP Asym

1 10%

*** self-trapping 10 10_6

-, DiKX

L_÷ x5 + ir°

p0

w

4.

CP asym *** self-tagging - 1%

B, -. D;

D;ir+,rF1r

13°K°

B, - B, mixing **

must do better

thanTevatron

- JIJ1 + X

B, - p+,r + X

predictable

interferencebetween

long & short dist.

**

**

p+p +X$

X,=ir,p,rrir,pir

CP violation

atQ#am

***

-

KL1

B, -

- KKt1t-

test of the

standardmodel

at the loop level

**

p+/f test of the st. model

at the loop level

** backgroundanalysi

is needed

Bd 4.3 x i0

.8, : 8.6 x

-+ measurelB * i05

-. r+r

-. ru

sameas above

**

challengingdecays

to detect

15



5.0 CONCLUSION

There are quite a few more one-starand zero-stardecaysthat we have not covered.

Going throughthis list, it is clear that onefeatureof a detectoris most important: maximal

reconstructionefficiency. This implies good particle ID, momentummeasurements,and

vertex detection: nothing you did not alreadyknow.
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APPENDIX A
CP Asymmetry

A.1 Notation
For completenessand for fixing thenotation,I describeherea well-known fact aboutthe

CP asymmetryfor B0
-, f where f is a CF eigenstate. The unitarity triangle is shown

in Figure A-i, wherethe widely usednotationfor the anglesis given.

Qi .$.D

TIP.02556

FigureA-i. Unitazity Triangle with Different Notations.

The CF asymmetryassociatedwith eachof the anglesis given below:

angle major decay mode

Bd-4lrlr

B-*bK

B, - pKs.

The Kobayash-MaskawaKM model predictsthat

+ + 4, =

Thus, the importanceof the precisionmeasurementcannotbe overemphasized.

A.2 CP Asymmetry in B Decays
The asymmetrybetweenB -i f and E - f decayis given by

_____________

p
FB ; f + rE

Imy P’

/ 1/2
E

________ _______

n I n. ‘r.
1 2V4fl - 12

where

d
AB-’f

an

Vtb V;d

Vub Vud

Vcb VCd
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Since 11i2 I << Mi2 is a very good approximation,we have

=

q

where c6 is the argumentof M12, which can be expressedin terms of the phasesof the

KM matrix elements.On theother hand, the presenceof penguindiagramsmakesp more

complicated.Next, we shall commenton the theoreticalpredictabilityof p.

A.3 PenguinPollution
The accuracyin predictingp is process-dependent.FigureA-2 showsthe quarkdiagrams

responsiblefor decayswith f = i,bK, and mr.

b AX2 C

b AX3p-ii U

C

S

u

d

Figure A-2. Quark DiagramsResponsiblefor B -. i.bK, andrr Decays. The
Wolfensteinparameterizationis also given.

1-p-in

U
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KM matrix elementin the

The amplitudescan be written in termsof KM matrix elementsand the constantsa...

which dependon hadronicdynamics:

AB -* ‘K,, -

AB-+ibK,

AB -* 7rlr
AR-*zrmr

aA,2+bAA2 -

aAA2* + bAA2* - 1,

cp - iii + d1
- p + ii7 + e

cp + iq + d1
- p - iq + e

= fa,d,e.

b

w

1

$

t :1
C AX2

2

C

C

b

w

1

t:1
C AX2

U

22



Note that all quantitiesthat dependon the hadronicdynamicscancel for the t,bK, decay,

while for mrmr decaythe dependenceon the hadronicdynani.icspersists. This is called

penguinpollution.

A.4 Penguin Trapping
There is a techniqueto separatethe penguincontributionfrom the treegraph contri

bution. Thereare two independentisospin amplitudesto describethreedifferent charge

modesof B -* 2mr decays:

ir+mrO A+O = 3A2

B° -, A= /A2-Ao

B° -* ir0mr° A°° = 2A2+A1.

From theserelations,wewrite

A°° + ---A - =0,

which describesa triangle on the complex plane. The three amplitudes for the charge

conjugatedecayssatisfy a similar relation. Thesetrianglesareshownin Figure 5. Since

= A

the relativeorientationof the two trianglesis fixed by an anglea:

/ A+ A
i ca sym mr

a=sin
A4 sinAtnt

Note that A+O and A+O do not containthe penguincontribution,and their relative phase

is 2 argVo. Thus the anglebetweent and A+O is given by

2argV + ‘I’M = 4’u.

Note also that if there is no penguin contribution,k° 1 A and a = q5. Figure A-3
showsthreeamplitudesfor the B -* 2ff decays.
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-1-A’ -

flP42021

Figure A-3. ThreeAmplitudes for DecaysB+ .* ,r+,rO, B° -. lr+1r, B° - ir0,r0 Form a Triangle. This
triangleand the correspondingone for the threechargeconjugatedecaysare shown here. Note
that the relativeorientation of the two trianglescanbe obtainedfrom the CP asymmetry.
is one of the unitarity triangle.

We thus see that by measuringthe rate for 6irmr channels,both the phaseand the

magnitudeof the penguincontributionas well as canbe obtained.

A.5 Determination of 4’
Considermeasurementsof

B - + K +

B - +K + X,

B -+ D1+K + X,

whereD1 = *D° + b° B, K, andX, can be chargedor neutral; and X, can be any

identified statewhich doesnot containcharm. The first two decaysproceedthrough the

tree graphs,as shownin Figure 5. The third decayproceedsthrough the interferenceof

thesetwo amplitudesseeFigure A-4.

b

C

S

q
11p

- D° + K + X,,, b B -. + K + X,, and
these two diagramsinterfere.

Figure A-4. Quark Diagrams Responsiblefor a B
B - D1 +1< +X,,. For the third decay,

A0

3

w

q q q
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Adopting Wolfenstein’srepresentation,

= IADnI e’8"

= IAnIetöDn expiargT4b,

1
= 7ADTh +

where S representsthe strong final-stateinteractionphase,the amplitudesfor the charge

conjugatedecaysare:

D°+K+X
E-* D1+K+X5

= IADnI e6

ADn = IApI&6" expi{-argV6}

A,jr * A + ADu.

Now, note in Figure A-5 that we can draw two triangles:

Figure A-5. TrianglesWhich Give the PhaseRelationshipBetween the Three Amplitudes. Note that any
difference in shapebetweenthe two triangles is a sign of CP violations. Thus arg can be
ohtainedfree of ambiguitiesof strong final-stateinteraction.

A D1n
A

A Dn
8 - 8 Dn + arg VUb

A

- 8 Dn - arg VUb
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APPENDIX B

CPT Violation

Listed hereareexpressionsthat areuseful in searchingfor CPT violation. The details

canbe foundin Reference5. The parameter.s characterizesthe CPT violation.

Let N±± denotethe numberof eventsfor

BPc_ FEl± + anything

and N denotethat for

BPc.. -* ll + anything.

Here, C is the chargeconjugationquantumnumberfor the B - state.Straightforward

but tediouscomputationgives:

-i +22

= ;1 + 2 i - cosmti -

-rt1-i-t2
N

= 1+52
i + 232 +cosmti -i.

Let N÷ denotethe numberof eventsfor

Bc=+ ll + anything

and Ni denotethat for

Bc+ -‘ ll + anything.

We obtain:

- e4’u1+22
N

= 1+s22 [1+cosami+t2

+ 321 + 2 cosamti + 2 cosmt2 - cosAmti - 22 + 2s]; B.1

Nt
= 21 +s22 {i -cosAmtj +12

+ 2 3 - 2 cos - 2 cosm12+ cosAtnti - 12]. B.2

The expressionsaboveare valid for real s of arbitrary size.
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We now discussthe consequencesof CPT and CP violations on the asymmetriesthat

involve BBmixing. Let be the numberof eventscorrespondingto the process,

F’ + X + ‘Ks.

If the CPT symmetry-breakingeffect is large, it will be detectedin the BE mixing. Thus,

in analyzingthe asymmetryin NK C±’ we assumethat the CPT-violatingparameters

is small and real.

With this approximation,we cancomputethe numberof events:

N,Kcl r’ 1 ± Im A sin arn11 - 12

±s ReX [cosmtl-12-1J.

In this section,t. and 12 denotetimes correspondingto the leptonicdecayandthe i,bKs de

cay, respectively.

N,KC+lP’J 1FImA sinAm1i +12

± s ReA [i - 2cosAmtj + cos&n1i + 12],

where A =

Finally, we recordherethe time-integratedasymmetry:

aKs;c_
Kg;C - NKC

= -s ReX B.3
ØK5C-- ØKs;C--

We notethat the effect is linear in s in contrastwith the dilepton modediscussedin the

previous section.

Finally, I emphasizethat interestingasymmetryin decay times can exist in the dilepton

eventsif Im s is nonvanishing.

1 + cosAm1i ± 12 - 2 Im
sin Am11-sin zsrnt2

That is, there is a tendencyto have either l or 1 emitted first.

28


