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1 Introduction

Oneof themostimportantopenquestionsn particlephysicsis theorigin of CP violation.
CP violation is anecessaryngredientto createa matterantimatterasymmetryfrom a
symmetricmatterantimattersituationshortlyafterthebig bang! However, theamount
of CPP violationthatis consistentvith thecurrentmeasuremenia the K and B meson
systemsannotaccounfor thematterantimattemsymmetryof theuniverse*? Sources
of CP violation beyondthe StandardModel areneededo accountfor thatasymmetry

Accordingto the StandardModel, CP violationin theweakinteractionof quarksis
describedy only oneCP-oddphasen theCabibbo-Kobayashi-Maskaa (CKM) quark
mixing matrix. The patternof CP asymmetriesn weak chaged currenttransitions
resultingfrom the structureof the CKM matrixis thusakey predictionof the Standard
Model. It isthegoalof the B factoryexperimentsBABAR andBelleto testthis prediction
andto searclfor discrepanciethatwould provide evidencefor new physicsbeyondthe
Standardviodel.

1.1 CKM Matrix and Unitarity Triangle

CP violation hasbeenof greatinterestin particle physicssinceits discovery in 1964
in the decaysof K? mesons. An elegant explanationof the origin of the obsered
CP asymmetrywasproposedoy KobayashiandMaskava, asa comple phasen the
three-generatio®KM quark-mixingmatrix® In the StandardModel with threequark
generationsthe CKM matrix hasfour independenparametersneof which breakshe
CP symmetryfor flavor-changingchagedcurrents. In the Wolfensteinparameteriza-
tionS the CKM matrix Vexw is givenby

Vud Vus Vub - %)‘2 A A)\S (p - ,”7)
Vekm = | Vea Vs Vo | = —A 1— %)\2 AN? . (1)
V;gd ‘/ts ‘/;fb A)\3(1 —p— Zﬁ) —‘/4/\2 1

The amplitude A for a weaktransitionbetweentwo quarksis proportionalto the
correspondingcKM matrix element.

Alg = Wq') o< Vi 2

while the amplitudefor the CP-conjugatedprocesss proportionalto its complex-
conjugate
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A(q = W) x Vg ®3)

The CKM matrix is unitary which leadsto relationsbetweenits elements. For
example,the orthogonalityof thefirst andthird columns

ViaVay + VedVg + ViaViy = 0 (4)

leadsto the so-called“Unitarity Triangle” in the p — n planeasshowvn in Fig. 1.
The inner anglesof the Unitarity Triangleare called «, 3, and~ or alternatvely ¢-,
¢1, and ¢s, respectrely. The measurementsf theseanglesare the primary goalsof
the BABAR andBelle experiments.The StandardModel canbetestedoy measuringy,
(3, and~ in avariety of decays.The consisteng betweenthesemeasurementsndthe
consisteng with measurementsf the sidesof the Unitarity Triangleandthe measured
CP asymmetriesn kaondecayswill provide a strongtestof the CKM descriptionof
CP-violation.

A
A
I |
I
VuaVi g ViaVib
IVedVenl : IVea Vel
I
I
I
|
I
o LY | AN
0 P 1

Fig. 1. ThenormalizedUnitarity Triangledeterminedrom the orthogonalityof thefirst
andthird columnsof the CKM matrix.
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1.2 Time-independent CP Asymmetries

Thetime-independentr directCP asymmetrnbetweera B decayto afinal statef and
its CP-conjugatedecayB — f is definedas
[(B— f)-T(B—f)

Acp = I'(B— f)+T(B—f) ®)

A non-zeroAqp canbeproducedjf thedecayB — f canproceedvia atleasttwo
amplitudes4; = | A;|e'(?+%) with differentweakphases; anddifferentstrongphases
9;. For example,if a decayamplitude A andthe corresponding”’P-conjugate decay
amplitudeA canbewritten asthe sumof two amplitudes4; and A,

A = [Ai]exp[i(01 + ¢1)] + [As| exp [i(d2 + )]

A = |A|exp[i(6y — ¢1)] + |As| exp [i(02 — ¢2)] (6)

theresultingasymmetryis

B 2| A || Ag] sin(AJ) sin(Ag)
AL 4| Ag|? + 2| AL | Ag| cos(A6) cos(Ag)

Acp (7)

Therefore,direct CP asymmetriecanonly occut if the phasedifferencesAd =
01 — 0 and Ap = ¢; — ¢ arenot zero. From the measuredranchingfractions,
onecancalculatethe magnitudesf the decayamplitudes|A| and|A|. However, the
interestingphysicsparametersA, |, | A;|, Ad, andespeciallyA¢ canonly be obtained
with additionaldecaymodesthatarerelatedvia a symmetry(e.g.isospin)andprovide
additionalconstraintson the parameters.

1.3 Time-dependent CP Asymmetries

A B cantransformitself into a B° via a secondorderweakcurrentbox diagramsuch
astheoneshaown in Fig. 2.

Fig. 2. Feynmandiagramfor B°B° mixing.
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This resultsin the phenomenaf B° B oscillationsandtime-dependenf’” asym-
metries” Thetime-dependeramplitudesfor B° and B° mesondo afinal statef are
givenby

phys

(f|H|BS,. (1)) = e"™mie T2 [Af cos(Ampt/2) + i}ZAf sin(Ath/Q)]

(FIH| By (1)) = e~ e 12

phys

(8)

z'f;Af sin(Ampt/2) + Af cos(Ampt/2)

where A, = (f|H|B") is the amplitudefor a B® decayto the final state f and
A; = (f|H|B") is the correspondingmplitudefor the B° decay The coeficientsp
andg transformthe B andB° statesnto theweakeigenstates.B} ;) = p|B°)+q|B°).
Theaverageanddifferencebetweernthe By andB;, massearem andAmg, respectrely,
andwe assumehe differencebetweenthe By and B, widthsto be nggligible. From
the Feynmandiagramsfor B°B° mixing theratio (¢/p) canbe calculated.The virtual
top quarkdominategheloop and
¢  ViVia
p VaVy
whichin theWolfensteinphasecorventionis e =%, Thetime-dependerdecayrate
to afinal statef thenbecomes

9)

—t/T

e
Fi(t) - 4T

wherethe+ (—) signindicateghatthe B wasproducedisa B (B°). Thecoeficients
Sy andC' in front of thetime-dependerdineandcosinetermsaregivenby

{1 + Sf SiH(Ath) + Cf COS(Ath)} (10)

2ImAy 1— \)\f\Q
Sr=—" =7 11
T=14 2 T T a0 (11)
where
/\f = (q/p)Af/Af. (12)

For thetwo simplecasef B°B° mixing and B decayso a CP eigenstatehrough
one or more decayamplitudeswith the sameweak phasethe time-dependentiecay
ratescanimmediatelybe obtained.If a B° decaygo a flavor specificfinal statevia a
singleamplitudeA , while A; = 0, suchasthe semi-leptonicdecaysB® — D®)~[*v,
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we have A = 0 andconsequentlyS; = 0 andCy = 1. In this case,we obtainthe

(CP-conserving)ime-dependerdecayratefor B°B° oscillations:

—t/7

Fe(t) = 47

Ontheotherhandfor adecayto aCP eigenstat¢hatoccurswith asingleweakphase

suchasB — J/i» K thedecayamplitudesareof thesamemagnitudg A ;| = |A;| and

|IAf| = 1. Inthiscase(; = 0 andS; = Zm\; andthetime-dependerdecayratesare

givenby

e

{1 F cos(Ampt)}. (13)

—t/T
Pe(t) = ¢ {17 Imssin(Ampt)} (14)

Thetime-dependerdecayratesfor modeswhich proceedhroughat leasttwo am-
plitudeswith differentweakphasesretypically morecomple.

2 Experimental Techniques

2.1 The B Factories PEP-Il and KEK-B

At theasymmetric-engly e e~ collidersPEP-llatSLAC andKEK-B atKEK, resonant
productionof T (45) mesongprovidesa copioussourceof BB pairs. The T(45) are
producedat PEP-11 (KEK-B) with aboostiy = 0.56 (0.43) alongthe collision axis,
with nominalenegiesof 9.0(8.0)and3.1(3.5) GeV for theelectrorandpositronbeams,
respectiely. The B mesongproducedrom thedecayY (4S) — BB arenearlyatrest
in the T(45) frame(p* ~ 325 MeV/c) andthe properdecay-timedifferencebetween
thetwo B decayss to agoodapproximatiorproportionako thedistancebetweerthe B
decayverticesalongthe boostdirection(z-axis), At ~ Az/(cf37v). Theaveragevalue
of |Az| is Bycrgo &~ 250 pm (200 um) at PEP-II (KEK-B).

The BABAR and Belle experimentshave beencollectinge™e™ collision datasince
1999.At thetime of the2003summeishutdavnsthe BABAR andBelle experimentshad
accumulated 31 fb~'and159fb~!, respectiely. Most of this datawastaken on the
T (45) resonancavhile about10%wastaken40—-60MeV belowv the Y (4.5) resonance
(“off-resonance”sample). The latter is usedto studyete™ — ¢7 (¢ = u,d, s, c)
continuumbackgrounds.
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2.2 The BABAR and Belle Detectors

The BABAR andBelleexperimentsarestate-of-the-antnulti-purposaletector®ptimized
for the studyof B decays.Chagedparticlesaredetectecandtheirmomentameasured
by a combinationof a silicon vertex tracker and a centraldrift chamberin a 1.5-T
solenoidalfield. The averagevertex resolutionin the z directionis about70um for a
fully reconstructed meson.Electronsandphotonsareidentifiedby a Csl electromag-
neticcalorimeter Muonsareidentifiedin muonchambersin BABAR, aCherenkv ring
imagingdetectorcoveringthecentralregion, togethemwith d~ /dx informationfrom the
drift chambelandthesilicon tracker provides K -7 separatiorof atleastthreestandard
deviationsfor B decayproductswith momentumgreaterthan250MeV/c in the labo-
ratory. TheBelle particleidentificationsystemincludesanaero-gelCherenkv counter
and a time-of-flight systemand can distinguishkaonsfrom pions up to momentaof
3.5 GeV/c with 90 % efficiency anda fake rateof lessthan5%. Detaileddescriptions
of the BABAR andBelle detectorcanbefoundelsavhere??

2.3 Reconstruction of BB Events

For mostof theanalysepresentethere thedecayof one B mesornis fully reconstructed
from its chaged and neutraldaughterparticlesin a certainfinal state f. The usual
selectiorcriteriafor fully reconstructed decaysaretheenegy differenceA £ between
the enepgy of thereconstructed3 candidateandthe beamenegy in the Y (45) frame
andthebeam-eneayy substitutednassmgs:

AE = EE - Eﬁeam? MEs = Eﬁeam - |Z?<B’2 (15)

wheretheasteriskdenoteshe Y (45) centerof-masdrame. Thesignaldistributions
of thesevariablespeakat AE = 0 andmgs = mp. Typicalresolutiongares(mgs) =
3 MeV/c? ando(AFE) = 15 — 50 MeéV.

Thereconstructiof B decaygo charmlessinal statesuffersfrom largecombina-
torial backgroundromete™ — ¢q (¢ = u, d, s, ¢) interactions.On averagecontinuum
backgroundeventsexhibit amorejet-like structurewhile BB eventsaremoreisotropic
in thecenterof-masdrame. BABAR andBelle exploit thisin theiranalyse®f charmless
B decaysby usingeventtopology-basedliscriminatingvariablesincluding the angle
betweerthethrustaxisof the B candidateandtheremainingtracksandenenpy clusters
in theeventandtheenegy flow in theeventwith respecto the B candidatehrustaxis.
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In someanalysesnultiple discriminatingvariablesareusedin alikelihoodfit or com-
binedinto a Fisherdiscriminantor a neuralnetwork to increasdhe separatiorbetween
signaldecaysandbackground.

The other B in the eventis not fully reconstructed However, for time-dependent
analyse®f neutral B decaywe needto know its decaypointandwhetherit is a B® or a
B°. Thedecayproductsof thefully reconstructed3 — f candidateareremovedfrom
the eventandthe remainingparticlesare examinedto determinethe decayvertex and
flavor of the other B.

24 B Flavor Tagging

After thedaughtetracksof thefully reconstructed, B,.., areremovedfrom theevent,
the remainingtracksare analyzedo determinethe flavor tag (B° or B°) of the other
B, By,,. For this purposeflavor taginformationcarriedby leptonsfrom semileptonic
B decays,chagedkaons,soft pionsfrom D* decays,and high momentumchaged
particlesis examined. BABAR' usesneuralnetworks, trainedto eachof the physics
processedescribedbore, andclassifiesventsinto four mutuallyexclusive categories
accordingo theunderlyingphysicsprocessgcombinedwith performanceriteriabased
on the neuralnet output. Belle!! usesthe likelihood ratios of the propertiesof the
chagedparticlesto estimatethe mistagratefor eachindividual event,andthenranks
eventsinto six catgoriesbasedn their estimatednistagrate.

The amplitudesof the obseredtime-dependent’P asymmetriesrereducedoy a
factorl — 2w, wherew is theflavor mistagrate. Both experimentsleterminghemistag
ratesof the varioustaggingcategoriesfrom data. This is doneby studyingdecaysto
flavor-specificfinal statesfor which the deviation of the obsened mixing asymmetry
from unity is givenby 1 — 2w. BABAR usesfully reconstructeaventsin the modes
B — DW=h* (bt = 7%, p*,af) andthemode B® — Jip K*° (K*° — K*77).
Belle usesfully reconstructedventsin themodesB® — D®~h* (bt = 7+ pT) and
themodeB® — D*~[*v.

Despitehedifferencedetweertheflavortaggingalgorithmsof thetwo experiments,
the performancas very similar: the total effective taggingefficienoy Q = 3, €;(1 —
2w;)?, whereg; is the fraction of eventsin taggingcateyory : andthe sumis over all
taggingcateories,is measuredo be (28.1 + 0.7) % for BABAR and(28.8 + 0.6) % for
Belle.
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2.5 At Measurement

If a B°B® pairis producedn anT(45) decayit evolvesasacoherentP-wave until one
of the B mesonglecays f the B;,, decaydo aflavor specificfinal statei.e.asB° or B°
atatimet,,, thenB,.. atthattime mustbeof theoppositeflavor dueto Bosesymmetry
As aconsequencen equations10, 13, and14 thatdescribeghetime-dependendecay
ratesthetime ¢ hasto bereplacedwith thetime-differenceAt = t,.. — ti,. Here,At
is asignedvariableandthe equationdor thetime-dependerdecayratesarealsovalid
for negative At.

As B,.. isfully reconstructedts decayvertex positionis well measuredThedecay
vertex of By, is inferredfrom the chaged particle tracksremainingafter the decay
productsof B,.. areremovedfrom theevent. To reducebiasesn the B,,, decayvertex
reconstructiorboth experimentsemove tracksfrom K and A candidatesindphoton
conversions.In additiontrackswith alargecontritutionto thevertex y? areremovedby
aniterative procedure.Belle requiresthatthe B,,, decayvertex is consistenwith the
beamspotinsteadBABAR requireshe By, vertex to beconsistenwith theline of flight
computedfrom the location of the beamspotthe momentumof B,.., andthe Y (45)
boost.

Thetime differenceAt is relatedto the distanceA z betweenthe decayverticesof
Biee aNd Byog by Az = B3 cCAL + Bl Ve 08 Oec(75 + |At]), Wheredy,., 5.,
and~;, . arethe polar anglewith respectto the boostdirection, the velocity and the
boostof B, in the T(4S) frame andthe sumof the propertimes of B.. and B,
hasbeenapproximatedy 5. BABAR solvesthe equationfor At andBelle make the
approximationAt = Az/cByvz,. whichkeepsonly thefirst term. Theresolutionin At
measuredrom thefully reconstructedampleto flavor specificfinal stateds 1.1 psfor
BABAR and1.4 ps for Belle,in partdueto thedifferencein the Y (4.5) boost.

3 TheMeasurement of sin 23

Onecanqualitatvely separatehe B decaymodessensitve to sin2( in threeclasses:
thegolden modes, the penguin-polluted modes, andthe penguin-dominated modes. The
goldenmodesconsistof final stateswith a charmoniumresonanceand a kaon such
asB" — Ji KY andproceedhroughab — ccs treeamplitude. Thesemodeshave a
relatively largebranchingdraction,aclearexperimentakignatureandthemeasured’P-
asymmetrycanberelatedto sin23 without large theoreticaluncertainties.The golden

10
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modesare usedto determinesin2 and compareit to measurementsf the sidesof
the Unitarity Triangle. The penguin-pollutednodesare Cabibbo-suppressexhdhave
in additionto adominantb — ccd treeamplitudea significant,but hardto calculate,
penguinamplitude.Thesemodeswill giveimportantinformationabouttherelatve size
of penguinandtreecontributions. The penguin-dominatechodesproceeddominantly
throughab — sss orab — sdd penguinamplitudewith smallcontrikutionsfrom tree
amplitudesor penguinamplitudeswith differentweakphasesThe CP-asymmetriesn
thesemodescanbe comparedo the CP-asymmetryin the goldenmodesto searchor
largedeviationsthatprovide evidencefor possiblecontributionsfrom physicsprocesses
beyondthe StandardVodel.

3.1 Charmonium Modes

BABAR andBelle extractsin23 from samplesof fully reconstructed3® decays(Bcp)
to final statesghat containa charmoniunresonancenda neutralkaonsuchas B —
Jhp KY.

b c
~J/

p VR
. K

d d

Fig. 3. LeadingFeynmandiagramfor thedecayB® — J/i) K°.

ThedecayB® — J/i K¢ proceedghroughthe Cabibbo-fvoredcolorsuppressed
b — ccs treediagramshawn in Fig. 3. A similar diagramexistsfor the CP-conjugate
decayB’ — J/w K?. Therefore,a B® caneitherdecaydirectly to the J/) K° final
stateor changéits flavor followed by the decayof the B° to the samefinal state. The
interferencebetweerthesetwo amplitudesesultsin atime-dependent’? asymmetry
asgivenby Eq. 10.

AssumingheWolfensteinphasecornvention,in Eq.12theratioof amplitudesd /A
is givenby

Ay VaVi\ (4 VeV Ves Vi
faler cs 4 _ cs ed 16
= (vas) (2), = mimavava =m (o)

cs YesVed

11
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Fig. 4. Distribution of mgg for Bcp candidatesvith a K2 in thefinal statefrom BABAR
(upperleft) andBelle (right); distribution of AF for J/) K candidatesrom BABAR
(lower left).

wheren; = 41 (—1) for a CP even(odd)final statef. If we combineEg.9 and
Eq.16,we obtain
A

Af = (;) i nfe’mﬂ = ImMj = —nysin2f (7)

which is phasecorventionindependent.Thus, the time-dependen€P-violating
asymmetryfor charmonium-containingg — ccs decayds

T, (At) — T_(At)

Acr(A) = T AN T T (A1)

= —ngsin2Fsin (Amp At). (18)

BABAR'" and Belle!! have publishedtheir sin23 measurementsith samplesof
88 x 105 and85 x 10° BB events,respectiely. They increasetheir event samples
by reconstructing3 decaygo severalcharmoniumi? final states J/w K2, v (2S5) K2,
Xa K9, n.K?2, J K*° (K27°)) aswell asB® — Jip K9, Themodeswith a K2 in the
final state(J/w K2, ¥(25)KY, xa1 K2, n.K?) areCP-odd whereaghe mode J/i) KV is
CP-even. ThemodeB® — Ji) K*Y hasCP-evenandCP-oddcontrikutionstoits decay
ratedueto the presencef even (L = 0,2) andodd (L = 1) orbital angularmomenta.
The experimentdake this into accountby usingan effective CP-contentderived from
themeasuredontrikution of the L = 1 component?

12
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The distributions of mgg for charmoniumKk? eventsare shovn in Fig. 4. For
the J/y» KV events,only the directionof the K is measuredindto determinethe KV
momentunthemassof the B° candidatés constrainedo the B° mass.Thedistribution
of AFE for the J/i) K° events(BABAR) is alsoshawn in Fig. 4.

[ 7\ T T ‘ T i
§ | 4 B%tags 1
g0 ¢ B° — _ 0.2
8o 1 3
5 | 2
- E °
i | Zoa
> Ofs a7
T 05| -
£
? 0 Og
§ )
0
-05
2 -05
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_éloo 05
g 2
[} 0
£
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> 0 o s s s
g 05 < 057h) JIPK| (E=+1
: : 4
2, g o
3 + |
o -05F
-05 ‘ ‘ ‘ ‘ ‘ ‘
-8 6 4 -2 0 2 4 6 8

At (ps)

At (ps)

Fig. 5. Distributionsof At andraw flavor asymmetrie$or Bp candidate$rom BABAR
andBelle. BABAR (left): Distributionsof At andraw asymmetriegor Bqp candidates
having a K? (aandb) or a KV (c andd), respectiely, in thefinal state. Belle (right):
Rav asymmetriedor Bcp eventswith a K? (g) or a K¢ (h), respectiely, in thefinal
state. Distributionsof At (e) andraw asymmetry(f) for all Bcp candidates.Events
with a B’-tag(B’-tag)have ¢ = +1 (—1) and¢; denoteshe CP-eigervalueof thefinal
state.

Thevalueof sin2( is determinedrom unbinnedlik elihoodfits to the At distribu-
tions of the selecteccandidates.The projectionsof thefit resultson the obsened At
distributionsandraw flavor asymmetrieareshaown in Fig. 5. A differencein the At
distributionsfor BY and B taggedeventsis apparentThe measuredin2/ valuesare

sin2f = 0.741 £0.067 £ 0.034 (BABAR),
sin2f = 0.719 +£0.074 £0.035 (Belle).

13
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The measurementare in good agreementith eachother and combiningthem
yieldssin23 = 0.731 4 0.056.'* Theconstrainbof this measuremerdn the apex of the
Unitarity Triangleis shavn in Fig. 6. It is in goodagreementith constraintderived
from measurementsf CP-conservingB decaysandthe obsered CP violationin the
neutralkaonsystem.

L fitter
I I I

ol

Fig. 6. Constraintson the apex of the Unitarity Trianglefrom indirect measurements
in the (p — )-plane(p = p(1 — \?/2), 7 = n(1 — A?/2)) overlaid with the direct
measurementf sin23.

3.2 Cabibbo-suppressed Modes

Violationsof CP symmetryare also expectedin decaysthat proceedvia a Cabibbo-
suppressetl — ccd amplitude(e.g. J/ 7° and D™+ D™)~), In contrasto the O(\?)

b — ccs modesthesehave treeamplitudesof O(A\3). Theseprocessearesensitie to
the presencef possiblenew physics,becauselueto their smalleramplitudesnterfer

encetermscanberelatively moreprominent. However, thesemeasurementasremore
challengingbecauseof lower decayrates,higherbackgroundsand complicationsin

theinterpretatiorof themeasured’P-asymmetrieslueto thesimultaneoupresencef
treeandpenguinamplitudes.

14
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321 B — Jipr®

ThedecayB® — J/i7° proceedslominantlythrougha Cabibbo-suppressed— ccd
transition. In the StandardModel B — J/7° hasa contrituting penguinamplitude
with the sameweak phaseasthe treeamplitudeandan additionalpenguinamplitude
with adifferentweakphase.Thetreeamplitudeandthe penguinamplitudewith differ-
entweakphaseareequalto leadingorderin . Therefore B° — J/) 7° mayhavea CP
asymmetrythatdiffersfrom B® — J/i K2 with the deviation servingasa probeof the
contritution of the penguindecayamplitudewith differentweakphase.BABAR' and
Belle!® have measuredhe CP asymmetriesn B® — J/)7° with 81fb~*and78fb 1,
respectrely:

Sywmo = 0.05 £0.49 +0.16 Cyymo = 0.38 £0.51 +£0.09 (BABAR),
Syppmo = —0.93 +£0.49 +0.08 Cpymo= 025 +£0.39 £0.06 (Belle).

The measurementareconsistentvith thetreelevel expectationS ;o = —sin2f3
andC -0 = 0 but they have large statisticalerrors. More datais neededo drav a
conclusionon a possiblepenguincontritution to the decayamplitudein this mode.

322 B’ D*DT

The B decaydo thefinal statesD** DF proceeddominantlythrougha b — céd tree
amplitude. Deviationsbetweernthe CP asymmetriesn B° — D**D¥ andin B® —
Jip K° dueto contrikutionsfrom penguinamplitudesrom StandardViodel processes
areexpectedo berelatively small,of orderA3 = 0.1.1"!8 A numberof processefrom
non-Standar®lodel physics,whichcanprovide additionalsource®f CP violation,can
greatlyincreasehis contritution, upto A3 ~ 0.6 in somemodels”

Thefinal statesD** DT arenot CP eigenstateandfour flavor-chagecombinations
mustbe considered B°(B°) — D**D7T). In the caseof equalamplitudesfor B —
D*~Dt andB — D**D~, oneexpectsattreelevel C_, = C,_ = 0andS_, =
S, _ = —sin24 for the corresponding’P asymmetries.

Usingasampleof 88 million B°B° decaysBABAR hasmeasuredhetime-dependent
CP-asymmetriesn B — D**DT to be"

S +=-024+£069 £0.12, S, =-0.82+£0.75 £0.14,
C_y=-022+£037 £0.10, Cy_ =-047+0.40 £0.12,

15



TTHO1

S AC Summer Institute, July 28 - August 8, 2003, Sanford, California

consistenwith thetreelevel expectation.In addition,BABAR hasmeasurethetime-
independentdecayrateasymmetnpetween3’ /B — D** D~ andB°/B° — D*~ D+
tobe—0.03 +£0.11 + 0.05. More datais requiredto determinea possiblepenguin
contribution to thedecayamplitude.

323 B — D**D*~

Thefinal stateD** D*~ hasthe sameguarkscombinationsoundto mesonsas D** D
and,thus,suffers similarly from the simultaneougresencef treeandpenguinampli-
tudes.

In theabsencef penguinamplitudegheCP asymmetryn B — D** D*~ isrelated
tosin2/3.20:2! Penguin-inducedorrectionsareexpectedo besmallin modelsbasedn
thefactorizationapproximatiorandheary-quarksymmetry;an effect of about2% has
beenpredictec?® A comparisorof measurementsf sin23 from b — cés modessuch
asB® — J/¢ K} with thatobtainedin B® — D**D*~ is animportanttestof these
models.

The B — D** D*~ modeis a decayof a pseudo-scalamesonto a vectorvector
final state with contritutionsfrom threepartialwaveswith differentCP parities: even
for the S- and D-waves,oddfor the P-wave. The CP-odd contritution is predictedto
be about6%.2324

BABAR* usesasampleof 88 million B°BY decaygo determinghe CP-oddfraction
in B — D** D*~ decaydasecn aone-dimensionaime-integratedangularanalysis
tobe R, = 0.063 £ 0.055 4 0.009. Thusthefinal stateis about94 % CP-even. The
CP-violating parameterdor the CP-even componentare obtainedfrom a combined
analysiof thetimedependencef flavor-taggedlecaysndtheone-dimensionangular
distribution of thedecayproducts:

IAy| =075 £0.19 £0.02, ZmA, =0.05 +0.29 + 0.10.

The At distributions of the selectedeventsare shovn in Fig. 7 togetherwith the
resultfrom thelikelihoodfit. The measurementdeviate by about2.5 ¢ from thetree-
level expectation A, | = 1 andZm\, = — sin2/3. More datais neededo establistthis
deviation asa possiblecontribution from penguinprocesses.
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Fig. 7. At distributions for the selectedB°-tagged(top) and B°-tagged(middle)
B — D**D*~ candidatesRaw flavor asymmetrybetweenB’-taggedand B°-tagged
candidatessa functionof At (bottom).

3.3 Penguin-Dominated M odes

The amplitudesfor the decaysh — s(ss) andb — s(dd) aredominatedoy the b —
s gluonic penguindiagram(seeFig. 8) wherethe top quark provides the dominant
contributionto thequarkloop. Theleadingpenguinamplitudehasthesamewneakphase
astheb — ccs treeamplitude. Thus,in the StandardModel the decaysto the ¢ K?,
n' K¢ final stategthat proceeddominantlyvia a gluonic penguindiagramare expected
to have thesameCP-asymmetryas B® — J/u K?.

Thereis significantinterestin thesedecays.They offer a naturalplacefor sizeable
contritutionsfrom new physicsprocessesueto their relatvely small branchingfrac-
tionsandthe possibilitythatthe (virtual) StandardModel particlesin theloop (top and
W) canbereplacedoy new particles(e.g. SUSY).
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Fig. 8. Diagramsfor the b — sss gluonic-penguinamplitudeleadingto the decay
B — ¢K?.

331 B — ¢K"

In additionto the leadingpenguinamplitudetherearesmall contributionsfrom transi-
tions with differentweakphaseghat contrituteto B — ¢K?. Their magnitudecan
be limited from measurementsf relateddecaymodessuchas Bt — ¢rt, K*°K+,
The deviation of S, from sin243 is expectedto be lessthan5 %.26  BABAR?" and
Belle?® have measuredhe CP-asymmetriesn B — ¢K? with 81 fb~'and78 fb™,
respecttely, to be

Spro = —0.18 £0.51 £0.07 Cygo =—0.80 £0.38 £0.12 (BABAR),
Soro = —0.73 £0.64 £022 Cygo = 056 £0.41 £0.16 (Belle).

The At distributionsareshavn in Figs.9 (BABAR) and10 (Belle). The averageof
Sero deviatesby about2o from the sinecoeficientin B® — J/ K?. Belle hasalso
measuredhetime-dependent’” asymmetnyfor non-resonanB’ — K+ K~ K? which
hascontritutionsfrom CP-evenandCP-oddpartialwaves. They measurehe CP-even
fractionto be 97 % andthe CP-asymmetries

Skxry = —0.49 £043 011555 Crrpy = —0.40 £0.33 + 0.10755.

consistenwith theStandardvodelexpectatiorof SKKKg = —sin2f andOKKKg =
0 assuminga pureCP-evenfinal state.

18



TTHO1

S AC Summer Institute, July 28 - August 8, 2003, Sanford, California

Events / 1 ps

o
3]
T

o

Asymmetry
Asymmetry
©006, 0000

e
141
POBNONDOD U
— T T[T T
3

'
iy
T

-10 8 -6 -4 -2 0 2 4 6 8 10
At (ps)

Fig. 9. Distributionsof At for B°-taggedevents(top) and B°-taggedevents(middle)
andraw flavor asymmetry(bottom)for the selectedB — ¢K?° (left) and B — 7' K?
(right) eventsfrom BABAR.

332 B yK°

In thedecayB® — ' K theinternalgluoncancornvertto eitheran ss or dd pair. The
relatively large branchingfractionof 6 x 10~° couldbetheresultof constructie inter-
ferenceof theseamplitudes.In additionthereis acontritutionfrom a CKM-suppressed
tree-level b — wu transition.Estimate®f therelatve treeandpenguinamplitudesxpect
adeviation of S, o fromsin2 to belessthanabout5 %.2 BABAR*® andBelle’! have
measuredhetime-dependent’P asymmetriesn B — ' K? decayswith 82 fb~'and
78fb~!, respectiely:

Syxg = 002 £034 £0.03 Cygy = 0.10 £0.22 +£0.04 (BABAR),
nig mhg

The At distributionsof samplegnrichedn B — 7' K eventsareshavn in Figs.9
(BABAR) and10(Belle). Themeasureaoeficientss, xo andC,, o areconsistentvith
S S
sin23 andzero,respecitiely.
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Fig. 10. Distributionsof At for theselected3 — ¢K? (left), B — K™K~ K? (middle),
andB — n'K? (right) candidate$rom Belle.

3.3.3 Charmonium M odes ver sus Penguin-dominated M odes

Themeasurementsf sin23 with charmoniunmodeswvhichproceedhroughab — ccs
treeamplitudeandthe penguin-dominatedhodeswhich proceeddominantlythrough
ab — s penguinamplitudeare summarizedn Fig. 1113 The shadedbandsshav
separatelythe averagesof the measurementor B decaysto charmoniumandfor B
decaygto penguin-dominatediodes. The two bandsdiffer by about2.6 standardde-
viations. A future confirmationof the separatiorof the two bandswould challengehe
StandardModel and could provide thefirst evidencefor new physicscontributionsto
CP violation.

4 Measurement sensitiveto sin2a

Decaymodesto hadronicfinal stateswith a dominantcontritution from b — uud are
sensitve to the CKM anglea. Recentmeasuremenis the decaymodesB’ — 7t7—
andB° — p*tnT arepresented.

41 B° — gtp—

ThedecayB’ — nt7~ is expectedto proceeddominantlythrougha b — ulW~ tree
amplitude. The weak phasedifference2~ betweerthe treeamplitudesfor a B° anda
B° to ther* 7~ final stateaddsto the weakphasedifference23 from B°B" mixing to
a combinedweak phasedifferenceof 2a, wherea = arg [—V;,V;;/ViaV.3]. Thus,if
thedecayproceedpurelythroughthetreeamplitude thecomplex parameten .+ .- is
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Fig. 11. Measurement®f sin23 with charmoniummodesand penguin-dominated
modesandtheirworld averages.

directly relatedto CKM matrix elementand|\, .| = 1 andZmA +,- = sin2a.

However, possiblesignificantcontributionsfrom ab — dg gluonic penguinampli-
tudeatthesameorderin \ asthetreeamplitudewith differentweakandstrongphases
complicatethe situation. Theoreticalestimatesuggesthatthe contrilbution from the
gluonic penguinamplitudecan be significant??> Therefore the time-dependentP-
violatingasymmetryin thedecayB® — =7~ arisesrom interferencébetweermixing
and decayamplitudes,and interferencebetweenthe b — uWW~ andb — dg decay
amplitudes.

In general,S,, canbe expressedas /1 — C2, __ sin2a.¢ Wherea.s = a + Aa
depend®nthemagnitudesindrelatve weakandstrongphase®f thetreeandpenguin
amplitudes ConsequentlyS,.. maydifferfromsin2« anddirectCP violation(C+,- #
0) canbepresent.

BABAR andBellereconstruc3® — 77~ eventsin sample®f 88 x 10° and85 x 10°
BB pairs, respectrely. In Fig. 12 the distributions of AE for samplesenrichedin
B — nt7~ eventsfrom BABAR andBelle areshawn.

The CP-asymmetriegredeterminedvith anunbinnedik elihoodfit to the At dis-
tributions of the selectedevents. Belle imposesrelatively tight requirementdor the
selectedeventson mgs, AF, andevent topology variables. BABAR employs looser
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Fig. 12. Distributionsof AE for samplesenrichedn B° — n 7~ eventsfrom BABAR
andBelle. BABAR (left): The solid curve representshe projectionof the maximum
likelihoodfit result,whilethedashedurverepresentgg andK = cross-feetackground.
Belle (right): The solid curve representshe projectionof the maximumlik elihoodfit
result. Thedottedcurve representsontinuumbackgroundthedashedurve represents
K cross-feedackgroundandthedot-dashed@urve representsharmlesshreebodyB
decaybackgroundThehashedarearepresentthe B — 77~ signalcandidates.
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requirement theeventselectiomrandusesn mgs, AF, andaFisherdiscriminanthat
describegheenengy flow in theeventin theunbinnedik elihoodfit to discriminatebe-
tweensignalandbackgroundThe At distributionsof samplenrichedn B® — 7t7~

eventsareshavn in Fig. 13.
60 F(a) g=+1 inrQTttéll
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Fig. 13. Distributionsof At andraw flavor asymmetrieor samplesnrichedn B° —
77~ candidatesrom BABAR andBelle. BABAR (left): Distributionsof At for events
with (a) By, = B or (b) B, = B® and(c) raw asymmetnbetweenB" and B°-tagged
events. Solid curvesrepresenprojectionsof thelik elihoodfit, dasheccurvesrepresent
thesumof ¢q and K backgroundBelle (right): Distributionsof At for eventswith (a)
Byag = BY or (b) By, = B® and(c) backgroundsubtractedvents. The CP asymmetry
afterbackgroundsubtractiorbetweenB® and B°-taggedeventsis shavn in (d). Solid
curnvesrepresenprojectionsof thelikelihoodfit, dashedturvesrepresenthesumof ¢g
and K backgroundTheshadedegion representshe contritution from signalzrr. In
Fig. (d), the dashedanddottedcurvesrepresenthe contributionsfrom the cosineand
sineterms,respectiely.

BABAR?? andBelle** measurghe CP-asymmetriesn B — n 7~ eventsto be

Spr =—0.30 £0.25 £0.04 Crr =—0.02 £0.34 £0.05 (BABAR),
Spr=—1.23 £0.41 £0.08 C, =—0.77 £0.27 £0.08 (Belle).

The averagevaluesof S, and C,,, from combiningthe resultsfrom BABAR and
Belleare
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Spnr=—047 £0.26 and C,, = —0.49 £+0.19.

Theconfidencentervalsfor the BABAR andBelle measuremenis the —C.. versus
S planeareshavn in Fig. 1435 The BABAR andBelle measurementdiffer by 2.2
More datais neededo resol\e thediscrepang in thefuture.

2 =
< o Belle 78fb! = Babar 88M BB
| — Belle 10 - Babar 1o
 — Belle 20 - Babar 20
151 Belle 30 Babar 30

 — Belle 40 - Babar 40

0.5

-0.5 \
r — Physical boundary SN /

-2 -1.5 -1 -0.5 0 0.5 1
S

Feldman & Cousins confidence interval
Fig. 14. Confidenceregionsfor —C,.. (= A,,) versusS,, for the BABAR andBelle
measurements.

The CKM anglea canbedeterminedvithoutlargetheoreticauncertaintiesvith an
isospinanalysig® if in additionto thetime-dependent’P-asymmetriesn B — w
alsothe decayratesfor B* — 7*7%, B — 7%° and B® — 7%7° are measured.
Basednasampleof 124 x 10° BB pairsBABAR®*" hasmeasuredhebranchingraction
for B — 7°7° averagedover B® and B to be (2.1 4 0.6 4 0.3) x 107%. Thesignalis
obseredatasignificanceof 4.2¢ includingsystematiaincertaintiesin 152 x 10 BB
pairsBelle’® obsenesevidencefor thisdecayatthe3.4o0 levelandmeasureabranching
fractionof (1.7 + 0.6 £ 0.2) x 10~ in goodagreementvith the BABAR measurement.

Using isospinrelationsa small value of the B — 7%z branchingfraction could
give anupperboundon |a.g — /.32 However, the measuredentralvaluesof the
branchingfractionsfor B — 7%7% B — «t7~, and Bt — == give only a very
weakconstrain®df |a.q — | > 54°. Withoutadditionalinput from theoreticaimodels
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about10 ab™! will be neededo discriminatebetweenthe large andsmall |a.g — «
solutions®!

42 B — ptnT

Similar to thedecayB°? — =7 ~, thedecayB® — p* =T proceedsiominantlyvia a
b — u treediagramor ab — d penguindiagram.However, unlike B — nt7r—, B® —
pEnT is nota CP eigenstatendfour flavor-chage combinationamustbe considered
(B°(B%) — p*7T). ThisrequiresnoreCP parameterto describeghetime-dependence
of the decay but the mode B° — p*=T benefitsfrom an almostfive times larger
branchingraction.

In principle, the CKM anglea canbe measuredn the presenceof penguincon-
tributionswithout large theoreticaluncertaintiedy usinga Dalitz plot analysisof the
7 t7~ 70 final state.However, dueto low 7° reconstructiorfficiency in certainareasof
theDalitz plot andlargebackground$érom mis-reconstructedignaleventsandotherB
decayssuchananalysisrequiredarge statistics.

BABAR*? hasperformedan analysisbasedon a quasi-two-body approachby re-
stricting the time-dependeriit to eventsin the two regionsof the Dalitz plot thatare
dominatedby B — p*n¥. Thetime-dependendecayratesfor B°(B°) — p*=T are
givenby
o—1At/7

4T
X [14q(Syr £ AS,r) sin(AmpAt) — q(Cpr £ AC,) cos(AmpAt)]

f7TAY = (1+ AZ)

q

whereg = +1 (—1) whenB,,, isa B® (B°). Thetime-andflavor-integratedchage
asymmetries!’;, measuralirectCP-violationandtheparameters’,. andC,,, parame-
terizemixing-induced_P-violationrelatedo theCKM anglea andflavor dependendi-
rectCP-violation,respectiely. Theparamete\C,,. describesheasymmetrybetween
the decayratesl'(B® — p™n~) + (B — p~n") andT'(B° — p~7") + I'(B® —
ptm~). The parameterAS,, is relatedto the strong phasedifferencebetweenthe
amplitudescontrikuting to the B — p*nT decays. The parametersre relatedvia
Spr £EAS,; = \/1 — (Cpr £ AC,;)?sin(20% +6) where2a; = arg|(q/p) AL /AT ],
6 = arg[A /AT ], and A7 (Af ) andA (A7) arethetransitionamplitudesfor the
processed3’(B°) — pTr— and B°(B°) — p~nt, respectiely. The anglesa’; are

expectedo beequalto « in theabsencef contritutionsfrom penguinamplitudes.
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Fig. 15. Distributionsof At for kaonandleptontaggedB — p*#¥ candidatesvents
whereB,., isa(a) B, (b) BY, and(c) raw flavor asymmetrybetweenB” and B° tagged
events. The solid line presentghelik elihoodfit resultandthe dashedine presentshe
backgrouncdcontritution.

With a sampleof 89 million BB pairs, BABAR finds428 4+ 34 B — p™nF events.
The At distributionsfor eventsenrichedin B — p*# ¥ decaysareshavn in Fig. 15.
The CP-asymmetriesredeterminedrom anunbinnedik elihoodfit to be

AP = —0.18 £0.08£0.03,  ASZL =0.15+0.25+0.03,
SO = 019+024+0.03,  ACH =0.28+0.19 4 0.04,
Crr = 0.36 4 0.18 % 0.04.

The measuremerdf direct CP-asymmetrycanbe expresseds

A - N(B” = p'n~) = N(B® = p"n") _ Agp — Cép — AcpACEy
A N(B® — ptn=)+ N(B® = p~7n+) 1 —ACep — AZLCOL
4 _ N(?0 —p )= N(B®— ptn™) _ Alp + Clp + ACpACHE
- N(B® — p=at) + N(B® = pt7=) 14 ACep + AZLCPL
which BABAR measure$o be
A = —0.627024 +0.06,
Ay = —0.117918 +£0.04.
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Thevaluefor A, _ yieldsahint of adeviation from nodirect CP violation of about
20. Moredatais requiredo measurelirector time-dependent’P-violationin thedecay
B — ptrT atasignificantlevel.

5 Measurements sensitiveto ~y

Theangley of the Unitarity Triangleis definedasy = arg(—V.,4V.;/VeaVy;). Thus,B
decaymodesin whichb — « treeamplitudesnterferewith b — ¢ treeamplitudesare
sensitve to . Decaysof thetype B — DX, where X is oneor morelight mesons,
which canbe mediatedby both of theseamplitudescanbe usedto measurey. These
modesaretheoreticallyclean,because¢he singlecharmquarkin thefinal stateensures
thatthereis no contribution from penguinamplitudes.

51 Bt — DK

ThedecayB* — DK™ canproceedvia two differenttreeamplitudes.The amplitude
for b — cus leadsto thefinal state DY K+ andthe amplitudefor b — tcs leadsto the
final stateD° K+ asshawvn Fig. 16. Thetwo amplitudediffer by theweakphasey and
caninterfere,if D° andD° decayto thesamefinal staté® (e.g. aCP eigenstatsuchas
KTK™).

u - Vub -
b u
V us

— c

S
b C ,
VCb Vs S
u u u u

Fig. 16. Feynman-diagramgor the decayamplitudesof B+ — DK™ (left) and
Bt — DK™ (right).

In principle, the angley canbe extracted,if the ratesof decayfor B — DK™,
B~ — D'K-, B* - D,K*, andB* — DK™ aremeasuredthe CP eigenstatesf
theneutralD mesonaredefinedas D, = (D° 4+ D°)/+/2). Therelationsbetweerthe
involvedamplitudesaresketchedn Fig. 17.
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Fig. 17. TrianglerelationsbetweenB* — DK* amplitudes!

Unfortunatelythe branchingfractionsfor B+ — DK+ andB~ — D°K~ cannot
bedeterminedvith hadronicD decays.Thecombinedoranchingractionfor thedecay
understudy B* — DK™ followed by a D" decayinto a Cabibbo-fvoredfinal state
(e.g.D° — K—71)is expectedo beof similarmagnitudeasthe branchingractionfor
thedecayB*™ — DK followed by a doubly Cabibbo-suppressed® decay(D" —
K~71). Still, from the measured3* — DK®* branchingfractionsCP-asymmetries
AL andCabibbo-suppressiomioubleratios R, canbe definedwhich arerelatedto ~
andtheratio of the magnitudes: andthe strongphasedifferencej betweertheb — «
andb — ¢ amplitudes:

B(B~ = DyK~) - B(B" — D.K") +27 sin 0 sin
B(B~ — D+:K~)+B(Bt* — DL:K*) 14712+ 2rcosdcosy
B(D+K~)/B(Dsm™)

2
Ry = B(D'K-)/B(D"r-) =1+7r"+2rcosdcosy (20)

Ay = (19)

BABAR® andBelle’® have measuredd, and R, in BT — DK™ decays.BABAR
reconstructshe D mesonin the CP-evenfinal state K+ K~ in 75 fb~'of data. Belle
reconstructshe D in the CP-evenfinal statesK " K~ and="n~ andthe CP-oddfinal
statesk °7%, K%, K%, K% andK? in 78fb~'of data. Themeasured’” asymme-
triesandCabibbo-suppressiatoubleratiosandarelistedin Tablel.

Itisin principlepossibleoextractr fromthemeasurements A, andR... However,
sincethe b — c¢ transitionis color-allowed andandthe b — w« transitionis color
suppressed is likely to besmall. A recentpredictiongivesr ~ 0.2.47 The parameters
Ay andR. aresensitvetor onlyin secondrderandthuslargedatasamplesrerequired
to determiner. Dueto the effect of doubly Cabibbo-suppressdd decays- cannotbe
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Sample CP even CP odd

BABAR (DK) A, = 0.17 £ 0.23 £ 0.08
R, =1.06 4 0.26 +0.17

Belle(DK) A, =0.06+0.19+0.04 A_=—0.19+0.17+0.05
R, =1214025+014 R_= 141+027+0.15

Table1l. MeasuredCP asymmetriesand Cabibbo-suppressioratiosin B — DK
decays.

measuredrom the ratio of branchingfractionsfor B* — DK+ andB™ — DK™
with D decaydo flavor specifichadronicfinal states.SemileptonicD decayscouldbe
usedfor suchameasuremenbut largebackgroundsnake thisapproachnfeasiblewith
currentdatasamples.

Althoughr cannotbe determinedrom A, and R, from the exactrelation(R; —
Ry)/2 = 2r cos 6 cosy andthe approximateelation(A; — A;)/2 ~ 2rsindsin-y (to
orderr?) limits ony maybeset. For example from the BABAR andBelle measurements,
onecanextract2r sin d siny = 0.15 4 0.12 whichis correctto orderr2.

An alternatve methodto measurey with BT — DK+ hasbeensuggestetb exploit
theinterferenceébetweerthecolor-suppressetl — u transitionfollowedby a Cabibbo-
allowed hadronicD decayandcolor-allowedb — ¢ transitionfollowed by a double
Cabibbo-suppressdd decay*® Unfortunatelythesemodesareexpectedo have small
branchingractionsandhave not beenobsened, yet.

While the extractionof the CKM angle~ from the measuredranchingfractions
for B- — DK~ decayss theoreticallycleanthe currentmeasurementsdicatethat
aboutanorderof magnitudemoredatais requiredto provide usefulconstraintdor the
measured’P parameters.

52 B°— DWOKDY

ThedecaysB® — DK% andB® — D®)°K? proceedhroughtwo colorsuppressed
treeamplitudesasshavnin Fig. 18. Theweakphaselifferencebetweerthetwo decay
amplitudess v and B’B° mixing introducesa phaseof 2/3. Thusthetime-dependent
CP-asymmetriedor the final statesD°K? and D°K? are sensitve to the parameter
26+ 7.

Belle! hasobseredthedecayB® — D°K? in 78 fb~'andmeasuredts branching
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Fig. 18. Feynman-diagramsor the decayamplitudesof B° — D®°K? (left) and
B — DFOKDO (right).

ratio to be (5.0 + 1.3 + 0.6) x 107°. The AF distribution of the selectedeventsis
shawn in Fig. 19. The selectedinal samplecontains27.0 + 7.3 BY — D°K? events.
Significantlymoredatais requiredto extract2j + ~ from thetime-dependencef the
decayrates.
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Fig. 19. Distributionsof A E for selected3 — D°K *)° eventsfrom Belle. Thehatched
histogrampresentsventsin a D sidebandegion.

Bellealsoobsenesthe(self-taggingp — ¢ mediatedlecayB® — DYK*, (K*° —
K*r~) andmeasuredts branchingfractionto be (4.8 + 1.1 £ 0.5) x 1075. They do
notobserethedecayB® — D°K*° which proceedshroughtheb — « amplitudeand
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setan upperlimit on its branchingfraction of 1.8 x 107° (90 % C.L.). Theratio of
thetwo decayratesis sensitve to therelative contritutionsfrom theb — c andb — u
amplitudes.Belle alsosets90 % C.L. upperlimits on the branchingfractionsfor the
modesB® — D**K*0, BY - D K*0 andB® — DK% at(4 — 7) x 107>.

53 BY - DWFg*

ThedecayB? — D® ¥+ canproceedhrougha CKM-favoredamplitudeproportional
to the CKM matrix elementsl, V%, or througha doubly-CKM-suppressedmplitude
proportionalto the CKM matrix elementsvch;b. The Feynmandiagramsfor both
amplitudesare shavn in Fig. 20. The relatve weak phasebetweenthe two decay
amplitudess v, and24 is introducedby B°B° mixing. In contrastto the B — DK

decayshe V,,-mediatedamplitudeis lesssuppressedndthe V,,-mediatedamplitude
is morestronglysuppressedThis leadsto amuchlargerdecayratefor B* — D®)*x+

with amuchsmallerCP asymmetry

2

\

*

d < > d
(@ (b)
Fig. 20. Feynmandiagramsfor the CKM-favoreddecayB9— D™+~ (left) andfor
the doubly-CKM-suppressedecayB°— D™+~ (right).
Thedecayratedistributionsfor B°— D*7T decaysaregivenby
+(n, At e 21

[ 1£5,sin(AmpAt) F nC cos(AmpAt)],

wherethesuperscript-(—) refersto whethertheflavor of B, is B® (B%), with = +1
(—1) for thefinal stateD~ 7" (D*7~). The S andC parametersanbeexpresseds

2Tm(\,) o L=DP

S = S =
S TS L+ A2

(22)
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with thedefinitions|A| = [\, [ =1/[\_|, and\s = 2A(B*—D¥71*) /A(B*—D¥r*) =
|\[Flei(20+7F9)  whered is the relative strongphasebetweenthe CKM-favoredand
the doubly-CKM-suppressedmplitudes. The sameequationsapply for B*— D**x ¥
decayswith |\| andé replacedy the parameters\*| andd*.

Themeasurementf sin(23 + ) with B'— D**7F eventsrequiresexternalknowl-
edgeof theratiosof the decayamplitudeg \**)|. Theseratiosareexpectedo be small
(V5 Vea/ Vi V| = 0.02) andcannotbedeterminedrom B°— D™+ 7+ eventsdirectly
with currentlyavailable datasamples.However, |\*)| canbe inferredfrom the ratios
of branchingfractionsB(B° — D**7~)/B(B° — D™~7%) usingthe SU(3)-based
symmetryrelatior?":

B(B'=D ) foe
B(B*—=D®=nt) fp e

AW | = tan 6 J

BABAR uses|\| = 0.02170954 and |\*| = 0.0171095 calculatedfrom the mea-
surement®f the Cabibboangled., andthe branchingfractionsB(B°— D®)~7*) and
B(B"—D{*x~), andfrom calculationsof the form factorratios f,.., / fpc). Addi-
tionalerrorsof 30%in ) areattributedto accounfor unknavntheoreticalincertainties
from SU(3) symmetrybreakingand annihilationcontritutionsto A(B%— D™ +7r7).
Although a sourceof systematicuncertaintyfor all measurementsf time-dependent
CP asymmetriesn the B° system,given the small expectedCP-violating amplitude
in B — D*~n* decaysthis measuremeris particularlysensitie to interferencepbe-
tweentheb — v andb — ¢ amplitudesn By, decay<o certainhadronicfinal states’
Therefore,eventsin the leptontaggingcateory which do not suffer from this effect
contrituterelatively moreto thesemeasurementhanfor otherfinal states.

BABAR™ fully reconstructa sample5200(4750)eventsof B — D—n* (B —
D*~7%) eventsin 81 fb~!. They alsousea samplé® of partially reconstructed3® —
D*~rt eventswheretheeventtopologyis only determinedrom the(fast)pionfromthe
B° decayandthe (slow) pionfromthe D*~ — D%~ decay The efficiengy for partial
reconstructiorof B® — D*~r+ eventsdoesnot suffer from small D° branchingratios,
but thebackgroundevel is significantlyhigherthanfor fully reconstructedvents.

The disributions of mgg and At of the selectedB? — D*Tr* eventsare shovn
Fig. 21. The CP parametergxtractedwith unbinnedik elihoodfits to the At distribu-
tionsarelistedin Table2.

From the measured”P asymmetriesn the fully reconstructed3’ — D™~z
eventsa lower limit of |sin(25 + ~)| > 0.69 (68 % C.L.) is obtained. The partially
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Fig. 21. Distribution of mgg for fully reconstructedagged B° — DTr* and
B° — D*Fr* candidategleft). Distributionsof At for thecombinedsampleof fully re-
constructed3’ — D*Fr* eventsin theleptontaggingcategory (right). Thesolidlines
presentheprojectionf thelik elihoodfits andthehatchedareagepresenbackground.

reconstructed’ — D*~ 7T eventsyield alimit | sin(25+)| > 0.75(90% C.L.). The
two samplessombinedgive thelimit |sin(23 + +)| > 0.76 (90% C.L.).

Sample 2|7 [sin(268 + ) cos§  2|r™)| cos(23 4 ) sin &
BY — D*r¥ —0.02£0.04 £ 0.02 0.03+0.07£0.04
B — D**77¥ (fully reco.)  —0.07 +0.04 & 0.02 0.03 +0.07£0.04

B — D**77 (part.reco.) —0.063 & 0.024 4 0.017 —0.004 4 0.037 4 0.020

Table 2. BABAR measurementsf the time-dependenCP asymmetriesn B —
D®Fr+ events.

6 Conclusion

The B factoriesBABAR andBelle have established’P violationin the B mesorsystem.
Themeasuremertf sin25 with charmoniunkaonfinal statess now morethanthirteen
standarddeviationsdifferentfrom zeroandhasbecomethe mostpreciseconstrainton
theapex of theUnitarity Triangle. It is interestingo notethatthemeasuremertf sin23
with penguin-dominatednodesdiffers by about2.5¢0 from this measurementMore
datawill shaw if thisis justa statisticalfluctuationor thefirst evidencefor CP violation
from physicsbeyondthe standardnodel. The Unitarity Triangleanglesa and~ have
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still muchlargertheoreticalandexperimentauncertainties For thedeterminatiorof «

with B — 7#t7= and B — p*=T abetterunderstandingf the contritution of the
penguinamplitudess needed Ontheotherhandthe B — D K modesaretheoretically
clean,but muchlarger statisticss requiredfor a precisedeterminatiorof .

The measurementsom BABAR andBelle have not disprovedthe CKM prediction
of onecomplex phaseassingle sourceof CP violation, yet. However, assaidin the
beginning, the currentmeasurementsf CP asymmetriesare unlikely to explain the
matteranti-matterasymmetryn theuniverse.Thus,to furtherexcludethe possibility of
CP violationin thequarkmixing matrix beyondthe CKM predictionBABAR andBelle
will accumulatenorethan500fb ™! perexperimentoverthenext few yearsandcontinue
to improve the precisionon the Unitarity Triangleparameters.
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