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Outline

Precision tests of weak phases

s B=¢1:B — J/YKg (other charmonuim, K, K*V)
s a=7—0F—v=¢o. IsOSpINnin B — wmw, pmw, pp
» Yy=¢3: B— DK

Direct CP asymmetries in B — K

Signal beyond the Standard Model in b — s transitions?
s Asymmetry #sin23in B(t) — 7Kg, n'Kg, ¢Kg,...

Conclusion
WA Data taken from CKMOS5, to be updated after LP03

No time to discuss B, decays, a single reminder
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PRECISION TESTS
OF WEAK PHASES
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Precisions: BY(t) — J/Y K

A(BY — ¢ Kg) ~ V%V, has a single real CKM phase
= BY(t) — J/¢YKg & other b — cés measure sin 23 precisely
interference between BY-B" mixing and decay Sanda, Carter
Bigi, 1981

_ I(B°(t)—>yKs)-T(B ()= Ks) _ . :
At) = (B0 (1) o Ke) T (B0 S is) — sin(23) sin(Amt)

with other charmonium, K;: sin20 wa = 0.726 £ 0.037

transversity B — J/¢K*¥ favors cos 23 > 0, 5 = (23.3 £ 1.5)°
(Babar : cos 283 = 2.7217020 + 0.27)

value of j fits beautifully all other CKM constraints (next)

‘ conclusion : KM phase is the dominant source of CPV‘
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CKM matrix

Vid Vs Viy \ 8= —ArgViy = (23.3+1.5)°
Verm = | Vea Ves Ve v = —ArgV,, = (58 £ 12)°
Viae Vis Vi a=m—0—v=(99+12)°
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loin B — mtn |

two amplitudes with different weak phases

A(BY = ntr7) = |T|e" + |Ple?®  |P/T| ~0.5 (B — Kn)
T'(B(t) = 1) o e 1T [1 4 Crr cos A(mt) — Spr sin(Amt)]

‘ 3 measurables, I',.., C.-, S~ for 4 parameters, |1, | P|, 5,7‘
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Isospin require$’_+ o,I" 0 0, 0 0
Sin(20ef) = Spr/v/1 — 200 = 20005 — 20
Qe = (106+4)° (164i4 excluded) MG, London

A=A
B(rtn™) B(rTr")  B(x’aY) S (@ —
46+04 55+£06 145+£029 —-050=x0.12 —-0.3740.10
all guantities measured, limits on C',o,0 = —0.28 +0.39
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Bounds onf = a.g — o

triangle inequalities: |sinf| < /1 Grossman, Quinn

(%F+_+F+0—Foo)2—r+—r+0

D4 _Tho4/1-C2_

= |aeg — af < 36°

cos 20 > MG, London, Sinha?

|1P/T| <1,|0] <90° checked exptly, removes sign ambig.
Ot — 0 >0 o= (88 £ 18)° MG, Lunghi, Wyler
agrees with CKM bounds o = (99 4+ 12)°

expect slow progress in C,o.0o=—0.28+0.39 for
complete I-triangles. SU(3): C,0,0 = —1.0+0.4

using SU(3) and B — K7: a = (99 £+ 18)°
SU(3) breaking in Penguin? MG, Rosner
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5 — pp

B — pp almost pure longitudinal — identical to B — =w
7 =098+001150: 0 =0.97150° +£0.04
small B(p°p") < 1.1 x 107° (90% c.l.)

Blptp™) = (30£6) x 1076,  B(p°p") = (26 £ 6) x 10°
= stronger bound on |aeg — | than B — 7

Shong = —0.33 4024100 Cpong = —0.03 4+ 0.18 £ 0.09
= Qe = (100 £9)°,  |aeg — | < 11°(10)
| = (100 & 14)°

best single measurement, CKM bounds a = (99 + 12)°
B(pp) = (0.54 +0.39) x 1079, expect slow progress
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B — pm

Dalitz t-dependent analysis B — 777~ 7" Snyder, Quinn
includes ptn—, p—nT, p’7" with interference

many (27) measurables depending on many (12)
parameters including «

statistics limited, Babar: ‘a — (11372 £ 6)°

other resonances p(1450), p(1700), S-wave nr ?

using quasi two-body B — p =T related by SU(3) to
B — K*r, pK: a=(94+16)° MG, Zupan

Beauty 2005 — p.10



Averagex

Averaging B — 7, B — pp using isospin alone

lo= (96 £ 11)°

Other CKM constraints (V, Vi, €x, Amg 5)
lo= (99 + 12)°

TOTAL AVERAGE
lo= (97 £ 8)°

Including bounds from SU(3): da = 6° — 7°
CKMfitter: (97.9729)° UTFit: (94.9 4 6.6)°
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How precise are isospin methods tg?

# electroweak penguin amplitudes can be included

AT=3/2 AI=3/2 Q= Qoff — 0 — Opwp
H x H =

eft EWP eff,Tree 5EWP — (15 Zl: 0.4)0
Neubert, Rosner MG, Pirjol, Yan

» effect of 7¥-p-n/ mixing:  |6;—,—| < 1.4° MG, Zupan
#® p — w mixing important locally but small overall

B = 0694014, % =006 = overall < 2%

o I',#0 = I =1 fortwo p mesons with different “mass"
effect ~ (9(72—) ~ 4% Falk, Ligeti, Nir, Quinn

P

# last two effects can be constrained experimentally
® other isospin breaking (A7 =5/2) < 1%
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+ measured ~ by 2 interfering tree amps MG, London, Wyler
+ every hadronic final state DY — f is accessibleto D' — f

* NO uncertainty from penguin amplitude
+ negligible theoretical uncertainty from DY — D mixing

x 2nd amp suppressed » ~ 0.2 combine f’s for statistics
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Several variants

+ several variants for D, K: B~ — DK—, D*K—, DK*~
+ tagged and untagged neutral: B® — DKg, D*Kg, DK*’
« D — f: f= (K+K_)CP7 (K_77+)ﬂavora Kgm™m™

GLW ADS GGSZ

A(D°—f) .
B 1 ~ N2 f(Dalitz)

+ combine several modes for common B or D decays
+ all three types of f’s were studied, have a common factor

: A(B~—D°K~ 5
N B — DK AEB——>D0K—§ — relle=
+ ADS sets upper limit » < 0.22 (90% c.l.), measure r soon?
+ GLW sensitive to ?; Babar and Belle measure R.. AL
. — B(DcriK)
j: o B(Dg‘lavorK)

3 observables fix r, §, v: need more statistics for determining ~

Babar RE™ =1.77+0.39, R =0.76 £ 0.30 Belle = ?\
B —p.14

= 14r°+2rcosdcosy, Ar = +2rsindsiny




B™ — (Ksn n™ ) pK~

+ B(DY — Kgr™n™) = 3%, O(10°) tagged; m4 = m(Kgn™)

A(B-) — 2 2 i(6—=) £(rn2 202
xamplitude C'P : ( +> f(mz—a m;) + Tei(5+ )f(m;, mz_)
A(BT) = f(m%,m%) +re’™ f(m2,m7)
« model flavor-tagged | f(m?2,m?)|* = 17 (non)resonances
« fit [[B* — (Kgrtn)pK*|tor,d,~

. 12 +14y0
« Babar (B — DK and B — D*K): ~v=(70+317 5 ")
« Belle (B — DK and B — D*K): ~ = (68" £ 134 11)°
+ however, Belle DK*: v = (112435 +9 4+ 11 + 8)°

+ last errors from modeling ¥ (non)resonances ~ 10° may be
reduced by CLEO-c

x 2-body D — f are theoretically clean, but low in statistics
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Intermediate summary

o, (B, v from CP asymmetries agree with V, Vip, €x, Amg

B — JWYWKg: (=(233+£1.5)°
B — 7w, pp: a=(96+11)°
B — DK : ~=(68£22)°

lo+ B+~ = (187 £ 25)°

+ unaffected by New Physics in B°-B° mixing, and by NP in

Al = 3 b— dgq which is eliminated by Isospin analysis

« affected by NP in AI=3 b — dgq, may also be observed

in nonzero A% = —0.02 £ 0.07, A%/ = —0.09 % 0.16,
and by NP in “tree” b — ués (unlikely but not impossible)

has 180° any significance?
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ONE SLIDE
INTERMEZZO
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Direct CP asymmetries IB — K

# two direct CP asymmetries measured £ 0 :

ALT = 40374010 AE.™ = —0.109 + 0.019
® Artn)=T+P AK'n )=X-X1'P A=p=
A BT _
= 4= = — B 34+1.1=—-40+04

# success of flavor SU(3) (1994, improved by fx/fx)

o Ag;;f x sin (strong phase): failure of QCD-factorization

o AEST —0.0440.04 £ AK puzzle?

. +.0 0,0
o Agpﬁ = Agpﬁ +Aé(P7T MG, Rosner

predict A5, = —0.13 4 0.04 (currently —0.08 4 0.14)

Beauty 2005 — p.18



CP ASYMMETRIES

IN b — s PENGUINS:
NEW PHYSICS IN LOOPS?

Beauty 2005 — p.19



The problem of-7;S¢ # sin23 ?

® b — s penguin-dominated decays B — f: f = m’Kg,
U/K57 ¢K37 f0K57 pOK37 (,UKS, K+K—KS) KSKSKS

o V;Visdominates: Cy =0, —nsSy=sin28 = 0.73 £0.04
Asymmetry(t) = —C'r cos Amt + Sy sin Amt

f ™ Kg n'Kg oK g average

» . 40.27
—77fo. 0.34_0:29 043 +0.17 0.35=4+0.21 0.39+0.12

—n ¢Sy IS consistently smaller than sin 23: New Physics?

# what are the effects of /), Vs terms?

® can one predict the sign of —n;S; — sin 237
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Two approaches:

Flavor SU(3): MG, Hernandez, London, Rosner

9

9

may involve 30% corrections to

—77fo — sin 25

QCD-factorization: Beneke, Buchalla, Neubert, Sachrajda

how large are corrections to ca
expand amplitudes and strong
large 1/my corrections? how re

culated —n;Sy — sin 237?
phases in 1/m; and o

lable are strong phase

calculations? long distance final state interactions?

talk by Dan Pirjol

Conclusions are similar

Beauty 2005 — p.21



Effect of V), V., terms

A(B® — f) = |V3Ves Pyl + [Viy VisCyle®enn ¢ = Wt

ASy=—npSy—sin2f ~ +2£ cos 23 sinycosd ¢

eliminate 6y | Cp~2sinysindy

(S¢,Cy) ellipse :  (ASf)?/cos® 23 + C’J% = 45? sin®

® ¢, determines axes of ellipse

o V"V, term -related by SU(3) to V), Vg termin AS =0
= measured AS = 0 rates set upper bounds on &;

® sign(ASy) =sign(cosdr); likely |0¢] < 90° = ASy >0
next two figures from MG, Rosner, Grossman, Zupan
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Bounds onS, A= —C)in B — 7Kg

SU(3) related decays: B — 77, KT K~
AR RRRRE RERAN RARRRRERE
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x SU(3) fit: AS = +0.10 £0.02, A= —0.12 %+ 0.03
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Boundson S, A)in B — n'Kg

SU(3) related decays: B — 77Y, 7%, 7%, o, m', 0’/

AT T T
<§: o.o:— —
P SR
| | S;K | |
solid: flavor SU(3) dashed: neglecting annihilation
X: SU(3) fit dotted: vary d;
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+ B — ¢Kg: no useful bound from SU(3), no limit B(K*VKY)
* ‘ASQM(‘ ’Aqﬂ(‘ < 2’ “qus ~ (.095; ‘5]1“ <90°= A5 >0
x testin B, decays ]S(BS — ¢¢)| < 0.05 requires t-dependence

Intermediate summary g, = -1

mode AS=S5-sin23 boundon |AS| likely signAS

0.27
™ Kg —0.39754 0.15 +
n'Kg —0.30 £0.17 0.05 +
0K —0.38 +0.21 0.05 +
average  —0.3440.12  ~0.05-0.10 +

‘seems like a problem; await error reduction by factor 2
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ConclusionNSmethods fory/~ proposed 15 years ago

® ofrom B — nmw, pp, pr agree with each other and with
other CKM constraints, improves precision to o = £8°

#® ~from B — DK agrees with CKM constraints, still
statistically limited, 6y = £+22°

» AK™ isincalculable; predict A7 = —0.13 + 0.04

# anomalies in several b — s asymmetries, < 20 in each,
but > 30 (or even > 40?) when combined

‘ KM phase is the dominant source of CP violation‘

|are we seeing first signals of New Physics in b — s?|

great progress since B0O3-Pitt, awaiting BO6-Oxford, Sep 2006

‘question at Beauty06: what’s the source of New Physics?
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