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Indirect Search



Indirect Search for New Physics

Standard Model

b S
Bs — Bs mixing phase
W
¢s = —20s
S b

New Physics

b 3 3 S
NP
} ! NP
| NP | ¢S:_2/BS+¢S
S T b
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What is Penguin Pollution?

In the SM

_ T(Bs = J/v¢) —T(Bs = J/19)
Acr(Be = IO = 1B, 0 700) + T(Bs = Jjo)
= sin(¢s) sin(Amst)

(approximately)
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What is Penguin Pollution?

In the SM

[(Bs = J/v:6) = [(Bs = J/0)
[(Bs = J/¢¢) +T(Bs = J/¢9)
= sin(¢s) sin(Amst)

Acp(Bs = J/9o)(1)

(approximately)

A(Bs — J/1¢) o tr + eps e=0.02

Include O (¢) and possible NP

Acp(Bs — J/9o)(t) = sin(Amst)sin(¢s + Ags + ¢5")

= Disentangle hadronic phase shift A¢s and NP contributions " J
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Penguin Pollution in the By — By Mixing Phase

Standard Model

b d
B4 — By mixing phase
W
¢a =28
d b

Include O (¢) and/or NP

Acp(By — J/VKO)(t) = sin(Amgt) sin(¢g + Adg + o)

Philipp Frings (KIT) Penguin Pollution 28/10/2014  5/28



Unitary CKM matrix:
Vekm VéKM =1
Leads to Unitarity triangle
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Penguin Pollution under Debate

B — J/¢K®
Acp(t) = sin(¢ + Ag) sin(Amt) BY — J/vy¢

Il

2
—20s

o
¢s

@ Penguin pollution parametrically

suppressed by € = % =0.02

@ Hadronic matrix element non-perturbative
=- penguin pollution could be very large

@ In the past, different estimates for penguin
pollution
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Flavor Symmetries

Previous works use flavor symmetries:
o

@ U-spind <> s
@ SU(3) flavor symmetry u <> d «+ s

Control penguin in

By — J/YK® by By — J/yr°.
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Overview: Experimental and Theoretical Precision

SJ/d)KO = sin ((250’ + A¢d)

SJMJKO — sin bd

HFAG 2014 04y = 0.8°

Method

Fleischer 2014 —-1.0°+0.7°
Jung 2012
Ciuchini et al. 2011
Faller et al. 2009

Boos et al. 2004

|AS| <0.01
0.00 £ 0.02
[-3.9,-0.8]°
—(24+2)-10*

SU(3) flavor
SU(3) flavor
U-spin
U-spin
perturbative
corrections
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Our Strategy



Our Strategy

We rely on field-theoretic methods only

@ Exploit the heaviness of the J/¢) mass m,, = 3.1 GeV > Aqcp
@ Factorization of hard and soft scales
@ 1/N; expansion
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Hamiltonian

6
HABS = N ) (coog +CesQg + ) c,-o,-) J

ge{u,c} i=3

Color octet and singlet operators

Qf = (Sb)v-a(@q)v-a  QF = (5T?b)v-a(aT?q)v-x

Generic B decay amplitude:
A(B — f) = Aots + \ups J

Terms o« A\, = Vp Vs lead to the penguin pollution.
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What Contributes to the Penguin Pollution ps?

Penguin operators Tree-level operator insertion

(fl CoQy + Ce Qg |B)

6
(fl>_ CiQi|B) ~ Ch (f| Qev |B)
i=3

Qsv = (8T3b)y_a(CTC)y

Philipp Frings (KIT) Penguin Pollution 28/10/2014 13/28



Penguin Pollution by Tree-level Operator Insertion

If we can describe the up

quark penguin by an effective o
theory. .. ... the description of the

process simplifies.

Qgy = (ST2b)y_a(CT4C)y
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Investigate the Infrared Structure - Soft Divergences

Infrared-soft divergent diagrams ...
b s
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Infrared Structure - Collinear Divergences

Collinear divergent diagrams are infrared-safe if summed over,

b

or are infrared-safe if considered in a physical gauge.
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Effective Description is Possible

@ Soft divergences factorize
@ Collinear divergences cancel or factorize

= Up quark penguin can be described by an effective vertex!

_ Eas(u)

G8l0) = 5252 Cati) (In(@?/p) i~ § ) + 0 (a3)
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Operator Product Expansion i in 2 > IS Possible

Only write down operators, that contribute significantly:

Herr = e (CoQo + Ca(Qgy — Qga)) + \u(C§ + CL)Qgy + O ( oco)

@ Penguin pollution is dominated by Qgy = (bT2s)y_4)(CT4c)y
@ Only few operators contribute
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Relevant Matrix Elements

Decay amplitude

Af == )\th +)‘Upf
= Ac (f] CoQo + Cs(Qsv — Qga) [B) +Xy (f| (C§ + C{)Qgv |B)

Three relevant matrix elements only:

W= ({fQ[B), Ve=(f{Qev|B), Ag=(f|CsalB).
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1/N; Expansion

For example: B® — J/yK°

Vo = <J/¢KO‘ Qo ‘B°> — 2f, MgPemFEX (1 +0 (#))

1/N, expansion

@ Octet matrix elements are suppressed by O (Nlc) w.r.t. singlet Vg
@ Set the limits:

| Vgl
| Ag|

Vo/3
Vo/3
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Numerics

Parametrization of the hadronic phase shift
u t
tan(A¢) « Re (%) = Re ( (Cg + Co) Ve >

f CoVo + Cg(Vg — Ag)

Scan for largest value of A¢ for:
Vo = 2fzbn”chmFPK

| Vg|
|Ag|

Vo/3

<
<W/3
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Results



Results for A¢y and Ags

Our preliminary results:

0.56° +0.02°
0.75° +0.09° for AH

|Adg|
1Al

IA A

Uncertainties from
@ Experimental input (Br(B — f), CKM) are small for A¢
@ Operator product expansion (OPE) are small.
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Conservative Results for A¢y and Ags

Our preliminary conservative results:

|Agg| < 0.83°+0.03°
1Al < 1.12°£0.16°

Biggest uncertainty due to 1/N; counting.

Conservative: |Vg| < Vy/2
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CP Violation Observables in B — J /7

Experimental results:

SJ wﬂ.o CJ wﬂ-o
BaBar 2008 | —1.23 +0.21 | —0.20 +0.19
Belle 2007 | —0.65+0.22 | —0.08 +0.17

Our preliminary results:

~0.83+0.02 < S50 < —0.49+ 0.03
~0.23+0.01 < G0 < 0.23 £ 0.01

— Belle favored
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@ OPE gives a limit for the size of the penguin pollution.

@ No long-distance enhanced up quark penguins

@ Matrix elements are the dominant source of uncertainty
@ Belle’s measurement of S0 is theoretically favored

HFAG 2014 TS, 00 = 0.02 o4, =0.8°

Author AS, Ko Ay Method

PF etal. (prelim.) |AS] <0.02 |A¢q| <0.9° OPE
Fleischer 2014 —1.0°+0.7° SU(3) flavor

Jung 2012 IAS| < 0.01 SU(3) flavor

aS),,,1 <002 |agl<12°
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Appendix

Our preliminary conservative results:

~0.89+0.01 < S/,0 < —0.38 £ 0.03
~0.34+0.01 < C, 0 < 0.34 £ 0.01
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Appendix

Co = C1+NLCC2 =0.13

Cg = 202 =22
Important operators:

Q = (Sb)y-a(CC)v-a

Qgy = (8T%b)y_a(CT)y
QBA = (gTab)V,A(éTaC)A

Biggest uncertainty due to 1/N; counting because of

tan(A¢) ~ 2¢sin()Re <‘;f> e=

f

Vus Vub
Vcs Vcb

Does the 1/N; expansion work?

BR(B° — J/¢K®
( [VK) i = 0.24 = 0.06|Vo| < |Vg — Ag| < 0.19| V|
BR(B® — J/YK®)|exp.
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