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Plan of Talk

Plan of Talk

1. Recent Era: Excluding alternatives to the KM mechanism
(a) Is the KM mechanism at work?
(b) Is ok the only source of CPV in meson decays?

)
(c)
(d)

)

Is CPV in K — 7 small because of flavor suppression?
Is there direct CPV?

C

d

(e) Is there New Physics in BY — B mixing?
(f) Is there New Physics in b — s transitions?

2. Future: Looking for corrections to the KM mechanism
Sroxs: OM and NP

(a) Factorization related methods

(b) SU(3) based methods

(c) Supersymmetry as an example
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SwKS,Spp,ADK...

Is the KM mechanism at work?

e Assume: New Physics in tree decays - negligible
e Define 2 exp(2i6,) = (B|H™!| BY) /(BY|H>M|BY)
e Use |Vub/vcb’7 ADK) S?,DKa Spp7 Adev ASL

o Fit to|n|, p, 7a, Oa

e Find whether n = 0 is allowed
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SszS,SppaADK---

The KM mechanism is at work!
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SM tree level + NP in BY — BY mixing (Ampg, Sf, Asy)

CKMFitter, hep-ph/0406184
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B, a,y

Is 0k the only source of CPV in meson decays?

| [ CP-conserving ] [ [T v CP-violating

[ CKM2005 | CKM 2005

P P AT A R R R .G
Tree level + CPC observables Tree level + CPV observables
AmB, AmBS €, S¢K, o, 7y

Using CKMFitter package (Hocker et al., Eur. Phys. J. C21, 225 (01))
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SszS ) Sppa ADK

Very likely, oxyn 18 dominant!

Spx = 4+0.69 4 0.03 < sin23(CKM fit) = +0.7479-07

The KM mechanism successfully passed

its first precision test
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SszS ) Sppa ADK

Very likely, oxyn 18 dominant!

Spx = 4+0.69 4 0.03 < sin23(CKM fit) = +0.7479-07

The KM mechanism successfully passed

its first precision test

a(mm,wp, pp) = [101735]7 < a(CKM fit) = 96 + 16°

The KM mechanism successtully passed

its second precision test

(0]

v(DK) = [63115]° < ~(CKM fit) = [571],]

The KM mechanism successtully passed

its third precision test
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S"lJKs

Is CPV in K — 77 small because of flavor?

SM:

o c~ 10772, ¢ ~ 107" because of flavor suppression

e Some CP violating phases are order one

Approximate CP:
e All CPV phases are small

e All CP asymmetries are small
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S"lJKs

Is CPV in K — 77 small because of flavor?

SM:
o c~ 10772, ¢ ~ 107" because of flavor suppression

e Some CP violating phases are order one

Approximate CP:
e All CPV phases are small

e All CP asymmetries are small

B Physics:
® SwK ~ 0.7

—> Some CP violating phases are indeed O(1)
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—+
AK:Fﬂ-i ) Ap'rr

Is CP violated in AB =1 processes?

SM:
e Indirect (M;2) and direct (Af) CP violations are both large

Superweak:

e There is no direct (A7) CP violation

K Physics:
o c/e=(1.72£0.18) x 1073

—> CP is violated in AS = 1 processes (s — uud)
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—+
AK:Fﬂ-i ) Ap'rr

Is CP violated in AB =1 processes?

SM:
e Indirect (M;2) and direct (Af) CP violations are both large

Superweak:

e There is no direct (A7) CP violation

K Physics:
o c/e=(1.72£0.18) x 1073

—> CP is violated in AS = 1 processes (s — uud)

B Physics:
o Ap+,.+ = —0.115+£ 0.018, Ap_;r = —0.48+0.14

— CP is violated in AB = 1 processes (b — uus, b — uud)
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Sykg,Amp, AsL

Is there NP in B’ — B mixing?

e Assume: New Physics in tree decays - negligible
e Define r2 exp(2i0y) = 1 + he' = (BY|H BY) /(BY|H>M|BY)
o Use |Vup/Ven|, Ak, Sypkr, Spps Amp,, Ast,

e Fit ton, p,|rql, 04 (or | h| o)
e Find whether h # 0 (r4 # 1) is allowed
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SszS ) A’I’?’LB, ASL

Very likely, the KM mechanism dominates
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CKMFitter
Agashe et al., hep-ph/0509117

For arbitrary phase, h = |Axp/Asm| ~ 0.2+0.2
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B — Xs;v, B— X 0T0™

Is there NP in b — s transitions?

e Rare b — s processes consistent with the SM predictions

— New Physics contributions to certain operators are strongly
constrained (Z-penguin, magnetic)

—> New physics contributions to other operators are still very
weakly constrained (chromomagnetic, dim-6)
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S¢KS’S,’7/KS’SKSKSKSOOO

Is there NP in b — s transitions?

SM: |AS = —ncpS — Sy =0, C=0
fop AS C
PK s —0.224+0.19 —0.09+0.15
n'Ks —0.194+0.09" —0.07 £0.07
foKs 4+0.06 +£0.24  +0.06 4+ 0.21
' Ks —0.384+0.26 —0.02£0.13
wKs —0.064+0.30 —0.44+0.24
KsKsKs —0.094+023 —0.31+0.17
KTK~K, —016+0.17 40.09+0.10

t Belle and Babar not quite consistent (= —0.19 £ 0.13)

—> How good is ~ 7
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NP in b — s

Basics

e Formalism:
— Effective 'H for b — sqq decays:
ey ViV (5, 08
+ X124 Ci0i + Cry 01y + CsgOs, )
— Decay amplitudes:
Ay = (fIH|B%), Ap = (fIH|B"), As = e~i#5(A;/Ay)
— CP asymmetries:
Sy =2Im(Ay)/(L+1As[%), Cp = (1= [As[%)/(1+ [As]?)
e SM:
- A?M — A; + A}L with A? x V;Ves and Aqf X V.5 Vs
— A?M = A%(1+ a"]“ﬁe”)
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NP in b — s

The Problem

e Simple NP:
— Ci(mw) = CPM(myy) + 256, z; known
— AM = AS [1 + afe’ + bee’ }
e CP asymmetries:
— AS; = +2c08 20 {Re(b;)e sin 6 + Re(a’f) siny
— Cp = —2Im(b$)esinb — 2Zm(a})siny
e Problem:

— To be concvinced that € # 0, we need to know ay

— a% = | (Vo Vs ) / (Viep Ves )| X hadronic parameters
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NP in b — s

Factorization-related methods

Example: B — K7:

Koxo N Vo Ves— — fx FP77(m%)(mB — m3) (as + ryae)
U ~ GF FB—>7T 2 2 .2
Kogo A iV Vis—— 9 [fK (my)(mp —m;) (as + Txafi)

— [xFPTE (m7) (m — mic)az)]

where r, = 2frn%</[mb(mS + myg)], a; = C; + Ci11 /N,

\

U )2 frn FB7HK g ~ 2D~
0%y~ A2R, (1 - {2 fpmr 22— ) ~ 2.750%R, ~ 0.052

— ASwKS ~ (.00, CT('KS ~ 0
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NP in b — s

AS ok, in Factorization-related methods

AS ok, Method hep-ph/ Authors
40.06 + 0.04 NF 0503151 Buchalla, Hiller, Nir, Raz
+0.04 £+ 0.03 NF-+model 0502235 Cheng, Chua, Soni
+0.07 £0.04 QCDF 0505075 Beneke
40.06 + 0.03 PQCD 0508041 Li, Mishims, Sanda
+0.08 £ 0.16 SCET+SU(3) 0510241 Bauer, Rothstein, Stewart

New Physics from B Physics

16 /24



NP in b — s

SU(3)-based methods

e For b — s, define: d?e = A?I:/( 25 Vas)
Af — Cﬂ;)‘/csd;‘ - Vubvisd?

e For b — d, define: h?.:, = Afc//( o Vad)
Af/ — CEVth;/ + Vub Jd ,}L/

The approximate SU(3) symmetry of the strong interactions
— d?:Zf/Xf/hS{:/
where X are known (CG) coeflicients

HE : T
f |Vcchsdf| - Vud B(B_>f)
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NP in b — s

SU(3)-based methods

© SU(3) breaking effects of O0(0.3)
—> The bounds are only approximate

© Adding (conservatively) the amplitudes coherently
+ Dependence on measured 5’s
—> Bounds often much weaker than actual estimates

¢ Hadronic model independence

— Complimentary to the factorization-related methods
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NP in b — s

SU(3)-based methods

Example: B — K7:

1
qug—>KO7TO - ﬁhqueK‘FK_ B hqu—nrOﬂ'O
b o] < ‘Vus %\/B(B%K'i'K_)—I—\/B(BHﬂ'Oﬂ'O)
KO0 = Vud \/B(B N KOﬂ-O)

\

la’%. | <0.15

—> [ASrkg/cos2B]? + C2 . < [0.30sin~]?

hep-ph/0310020 (Gronau, Grossman, Rosner), hep-ph/0509125 (Raz)
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NP in b — s

Estimating ASy = —nrSr — Syxk,

fop EXP NF* QCDF** SU(3)***

PKs —0.22+0.19 +0.02+0.01 +0.024+0.01 (K*K)T

n' Ks —0.194£0.09 +0.01£0.02 +40.01 £0.01 0.31

foKs +0.06 £ 0.24

™ Ks —0.38 £0.26 +0.06 £0.04 +0.07 & 0.04 0.18

wKsg —0.06 £0.30  +0.1979%%  0.134£0.08 (K*K)!
KsKsKs —0.0840.23 1(0.37)
KYK™K; —0.16+0.17 0.94

* Buchalla, Hiller, Nir, Raz, hep-ph/0503151

** Beneke, hep-ph/0505075

* x *x Grossman, Ligeti, Quinn, Nir, hep-ph/0303171; Raz et al., hep-ph/0505195,0508046,0509125

+ Available once B(K ™ K) is measured
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NP

inb— s

Supersymmetry: constraints and predictions
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Silvestrini, hep-ph/0510077
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NP in b — s

Supersymmetry: constraints and predictions

(533)MN Upper Bound™ [ASgxo| ~0.1°*  Alignment™**

(09)r A (Re) — A(Im) A 22
(693) RR 1 A A= )\2
(0%3)Lr A (Re) — X*(Zm) 2! A\ (my /)
(095 RE A3 2! M(my /)

% Ciuchini et al., hep-ph/0407073
#% Silvestrini, hep-ph/0510077

* x % Nir, Raz, hep-ph/0206064
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Conclusions

Unitarity Triangles 2005

//b:“
SR - : A X )
Vi Vool
s —d b—d b— s
€, B(K+ —>7T+VD) Adea quK, Spp AmBS, Sb—>8§3

There is still a lot to be learned from future measurements

Hocker, T?Jampens, Laplace (05)
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Conclusions

Conclusions

e The KM phase is different from zero (SM violates CP)

e The KM mechanism is, very likely, the dominant source of the

CP violation observed in meson decays

e The size and the phase of NP contributions to BY — B mixing

are severely constrained

e Complete alternatives to the KM mechanism are excluded
(Superweak, Approximate CP)

e Corrections to KM are possible, particularly for b — s;
No evidence for such corrections at present

e There is still a lot to be learned from flavor/CP physics
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S¢KS ) ST’/KS 9 STFOKS...

Is there NP in b — s transitions?

1T
Crt —NfSf = SyKs
0.8
0.6
0.4:_ ﬂ-oﬂ-OKS
0.2 KKK -
- ~ foKg
or
C Cf =0 7TOKS
0.2
: @KO/
-0.40 n'K
0.60 KgKsKg
-0.8F
_1:lll|lll|IIl||||l||l|lllllll|llll I|Il|
‘1 -08-06-04-02 0 02 04 06 0.8 _ 1

—NfSf

Kirkby and Nir, PDG

No evidence at present
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b— d

Experimental status of CP asymmetries

fcp —ncpS C
Y +0.69 £ 0.25 —0.11 £+ 0.20
DtD~ +0.29 £ 0.63 +0.11 £ 0.35
D*TD*~ +0.75 £ 0.23 —0.04+0.14
atr~  40.50£0.12(0.18) —0.37 4 0.10(0.23)
97" —0.28 +0.39
ptp +0.22 + 0.22 —0.02 4+ 0.17
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CP /Flavor problems

The NP CP /Flavor Problem

9 9 1 A2
o My ~ (M )tree + a2 AP

To avoid fine-tuning of the Higgs mass,
ANP §47rmW ~1TeV.

® »CNP Y AQLSCZSCZ
NP
To avoid too large contributions to ex and to Amg p B,
Anp > 10374 TeV.

New Physics at the TeV scale must have a

very non-generic flavor and CP structure
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Results and Implications: b — sss

SU(3) Relations

Af — Cﬂ[;‘/csa;‘ + f:bvusa?a gf = ‘Vuqus/VcchsKG?/a?)
—nrSy — Syr = 2cos2¢; sin g3 Re(Ey)

Grossman, Ligeti, Nir, Quinn (03)
Cf — —2sin ¢3 _’Z'm(gf) Engelhard, Nir, Raz (05)

3B B(n!mo
e Example: |§,/ x| < \/28(?(77,712) i \/213((:77'&3)

mode n'Ks n°Ks K ot n'K" ¢K* KsKsKs
€] < 0.25 0.18 0.23 0.07 0.22 0.317

T Extra (mild) dynamical assumptions
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