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Motivation

BO C gbKSan/KS:KKK:DD?wﬂ-:WTr
S //
BO
v 2
fop b—qqqd —morS=+Eny  C=1 3k
YK b — cCs +0.73 + 0.05 +0.05 + 0.04
dKs b — s5s —0.39 +0.41 —0.17 £0.67
n'Ks b — s5s +0.33+0.34 —0.08 +0.18
KTK~"Kg b— s3s +0.52 +0.47 +0.42 +0.37
D*tD*~ b — ced —0.31 +0.46 +0.02 +0.27
s b — céd +0.46 + 0.49 +0.31 +0.29
s b — uiud +0.48 + 0.61 —0.51 +0.24

A lot of new datal
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Plan of Talk

Plan of Talk

1. CP asymmetries in b — ccs, b — sss
hep-ph /0208080

2. SU(3) relations and Sy ky, Seks, SKk+K- K
hep-ph /0303171

3. The CP Asymmetry in semileptonic B decays
hep-ph/0202010
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CP Violation in b — ccs

BO . YKs

N S

e Within SM, dominated by a single phase = |Cy i, = 0

(Subleading phase is CKM- and loop-suppressed )

e Within SM, M, x (V;}';V;gd)Q, A x V;;)Vcd — S¢KS = sin 203

o With NP, still Sy x, ~ sin[arg(M;,) — 2arg(V; Veq)| and
Cyrg =~ 0, but Sy # sin 283 is possible.

e BABAR and BELLE measure

mode —Ny KO K Cykr
YvKs 40.73+£0.06 0.05+0.04
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CP Violation in b — ccs

Lessons from Acp(B — ¥ Kg)

e CPV in B decays has been observed.

e The Kobayashi-Maskawa mechanism of CPV has successfully

passed its first precision test.

e A significant constraint on the CKM parameters (p,7):

Imyks = sin28 = Z15=2, = 0.734 4 0.054

e Approximate CP (in the sense that all CPV phases are small)

1s excluded.

e New, CPV physics that contributes > 20% to B — B0 mixing

is disfavored.
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CP Violation in b — ccs
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Without Sy x
AmB, AmBS, €

Using CKMFitter package (Hocker et al., Eur. Phys. J. C21, 225 (01))
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CP Violation in b — ccs
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Without Sy x
AmB, AmBS, €

Using CKMFitter package (Ho6cker et al., Eur. Phys. J. C21, 225 (01))
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CP Violation in b — ccs

_ p
Without S¢K With S¢K
Amp, Amp., € Amp, Amp,, & SyKs

Using CKMFitter package (Ho6cker et al., Eur. Phys. J. C21, 225 (01))
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CP Violation in b — sss
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BO
e Within SM, dominated by a single phase — |C' ~ 0

(Subleading phase is CKM-suppressed )
e Within SM, A x Vi V.y = |S ~ Syx,(~ +0.73)

o With NP, S # Syk., S¢, # 5S¢, and C # 0 are possible.

mode —nS C
K —0.39 + 0.41 —0.17 4+ 0.67
n'Ks +0.33 +0.34 —0.08 +0.18
KTK™Ks +0.5240471027*  10.4240.371922
*Isospin analysis is used to argue CP = + dominance.
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CP Violation in b — sss
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CP Violation in b — sss

' K o mwv gl
"
= 0 |VUb/VCbI = 0
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s —d b— s
e, B(Kt — ntup) Amp,, Sekg

There 1s still a lot to be learnt from future measurements

It is still possible that corrections to SM are large in Amp_, in CP

asymmetries in By decays, and in ZmA g4 k-
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SU(3)

The Question

e Within SM, there is a second, CKM suppressed, phase:
Apkrs = Vi Vestyreg + Vi Vus @y i

— Sy ks —sin26 = 2cos2Bsinycosd & k,|
Voo Vus au,KS

Er ks = Tyt

@

o | How large can &,/ ko be?

— O()\?) [CKM suppression]
— Quark model [London and Soni, hep-ph/9704277: ~ 0.02]
— BBNS [Beneke and Neubert, hep-ph/0210085: ~ 0.07]

— | SU(3) relations | [GLNQ, hep-ph/0303171]
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SU(3)

The Strategy

e For b — ggs transitions:

Ap =V Ves af + Vg Vus ay =

e For b — gqgd transitions:
Af/ = V f’ 1;kb‘/ud

CEVCS CL?(l + gf)

v Vaud

e SU(3) gives relations among the a%, b%,:

af =2 Ty b%

e The branching ratios B(f) constrain a$, bY:

|Vuqub|b}Ll N B(f’)
|Vcsvcb‘a§? B(f)

e Combining SU(3) and experimental data gives, conservatively,

B (1+A2E50)

|Vusvub‘al
|€f‘ — |Vcchb|af

|z |

B(f
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SU(3)

SU(3) decomposition for (PsPs|(bu)(tq)|B°)

A Aif AL, Ag A3 A
nsK° || 4v6/5 1/v/6 —1/v/6 —1/v/6 0
g 0 5/vV3 1/V/3 —=1/V/3 0
an® || —13/5 1/2 1/2 1/6 1
Ns7s 3/5 —-1/2 -1/2 -1/6 1
rnt 14/5 1 1 1/3 2
KKt | -2/5 2 0 -2/3 2
K°KO || —2/5 -3 —1 1/3 2

e SM: 5 SU(3)-amplitudes describe 15 final states

— | Many relations among the matrix elements
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SU(3)

The Answer
For example, (s =sinf,,,, c¢=cosf,,)
y s —2c% 3cs b4 V/3s pu
a p— P —_— = -
n’ K9 2\/5 n’ w0 2\/5 nmo 2\/5 w070
1 2 2 3
N \/§S< ) bg’n’ T Vi bgn - v bgn’
2v/2 2v/2 V2
Vese B(n'm") B(nm") B(m°m?)
— / < 0.59 0.33 0.20
el = \/8<an0> B EY) T BUrK)

B(n'n’) B(nn) B(nm')
i 0.39\/8(77,1(0) +0'18\/B(U’K0) + 1'03\/8(77’[(0)] .

— |£77/KS| < 0.3
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SU(3)

Another Strategy

For ¢ K: Grossman, Isidori, Worah, hep-ph/9708305
e Similar relations hold for the charged mode (x = free):
3—x)cs r —1)s? + 2¢2
an/K+ = ( 9 ) b7777+ = ( )2 b77’7'r+
(x —3)s s
BV RV A

e Using experimental data, we obtain |£,/x+| < 0.1

e We have a;, z0 = Gy g+ but a,, xo =~ G, - However,

u - u —
Gy g0 = color-suppressed, Qe+ = color-allowed

e Using the mild dynamical assumption, ag, Ko P ag, o

— |£77/KS| So'l
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SU(3)

Results

|€77/KS| < 0.3 SU(S)
& ksl < 0.1 SU(3) + leading N, assumption

Esrs| < 0.25 SU(3) + non-cancellation assumption

Ex+r-Kg| ~ 0.1  U-spin
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SU(3)

Comments

e The same bound applies to |C¢|: C'f ~ 2sinysind |£¢|
e The bounds apply also to MFV models

e Our bounds are weaker than estimates based on explicit

calculations, but have the advantage of being model independent
e With better data, the bounds will improve
e SU(3) breaking effects could be significant, but our bounds are

probably still conservative

It experiments find deviations larger than our

bounds = A convincing case for new physics
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Asr,

M7,
—
BO B0  — X
———
['To
o SM —0.0013 < Agr, < —0.0005
e MFV —0.0018 < Agr, < —0.0003

e NP in loops —0.004 < Ag, < +0.04

e Experiments —0.021 < Agp, < +0.025

An interesting constraint on the NP parameters r3, 64
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Asr,

New Physics

1. The 3 x 3 CKM matrix is unitary

2. Tree level processes are dominated by the SM
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Asr,

New Physics

1. The 3 x 3 CKM matrix is unitary

2. Tree level processes are dominated by the SM

\

[y =T5Y
Mg = rae?Pa Mt
12 = rde 12

|

Amp = r2(Amp)™M
SwK = Sin(Zﬁ -+ 29d)

r SM 29 |} SM 260
_ 12 sin Sin z0g 12 COoSs 204
Agr, = Re( 2) - +Zm(M12) :

d T4
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Asr,

Constraining r3, 26,
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Without Agr, With Agr,
Ade, S@bKS
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Asr,

N

[Apk| =

WK‘_095¢004?
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Asr,

N S

Dok| = ‘gﬁz—g‘ — 095+ 0.04 ?

Asr, = 0.002 £+ 0.014 = |q/p| = 0.999 + 0.007
e CPV in mixing can be safely neglected at present

o CBabar = ABelle £ — CPV in decay

fcp fCP

Aprs =0.008 +0.025 = |Aypx/Apk| =1.008 +0.025
— |A\yx| = 1.007 4 0.026 !
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Conclusions

Conclusions

e One ‘clean’ measurement can teach us a lot!
Syrx = The KM mechanism is, very likely, the dominant
source of the observed CPV

e We learn a lot from ‘dirty’ measurements too!

— B(f)’s + SU(3) relations = Model independent

constraints on Szoyrg — Syks
— Aqr, = Constraints on ?“?Z, 20,

— Asr, = CPV in mixing (|q/p| # 1) can be safely neglected
n ‘)‘fcp‘
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CP violation b — ccs

The KM mechanism

e The KM mechanism successfully passed its first precision test

Very likely, the KM mechanism is the dominant

source of CP violation in flavor changing processes
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CP violation b — ccs

The KM mechanism

e The KM mechanism successfully passed its first precision test

Very likely, the KM mechanism is the dominant

source of CP violation in flavor changing processes

e ‘Very likely’: The consistency could be accidental

— More measurements of CPV are crucial.

e ‘Dominant’: There is still room for NP at the O(20%) level
—> A challenge for theorists.

e ‘F'C processes’: FD CPV can still be dominated by NP
— Search for EDMs.

CP Violation 21/20



