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The Golden Mode By — J/vKs

Measure By - By mixing phase

bg =20

Acp(Bg — J/UKs)(t) = Sypkg SIN(AMgt) — Cy ks COS(AMy)

with
SJ/¢KS = S|n(2,8 + A¢d)

A¢g due to penguin pollution, which is

VLIS ub
Ves Vep

@ non-perturbative (could still be very large)
@ In the past, different estimates for penguin pollution

@ parametrically suppressed by € = =0.02
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Overview: Experimental and Theoretical Precision

ASy/yks = Sujpks = SiNdg

Sujuks = SiN(¢g + Agg)

HFAG 2015 =0.02 o4, =15°

Author AS kg Method
Fleischer 2015 ~0.01+0.01 —=1.1°+0.7° SU(3) flavor
Jung 2012 |AS] < 0.01 Aoy = 0.8° SU(I) flavor
Boos etal. 2004 —(2+2)-107* 0.0°+0.0° perturbative
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Our Idea



What Contributes to the Penguin Pollution ps?

Generic B decay amplitude:
A(B — f) = Actr + Aups

Terms o< Ay = Vp Vs lead to
the penguin pollution Ag.

Top Quark Penguins:

6
o (15 CaB)

i=3
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Up Quark Penguins

Figure: Up Quark Penguin
Pr O <f’ Cq Q%j—l- Czog ‘B)
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Our Idea - Employ OPE to Describe Up Penguin

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

@ Large N¢ counting

Cs Qgy
Qv = (8T3b)y_a(CTC)y
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Is this Bander Soni Silverman?

Comparison to literature

Boos, Mannel and Reuther (2004) computed the up-quark loop
motivated by Bander Soni Silverman (1979) (BSS).

Our calculation is more:

@ Without the field-theoretic proof the validity of BSS is not ensured.
@ Reliable estimate of the matrix elements via N counting.

Philipp Frings (KIT) Penguin Pollution 23/07/2015 7/16



Elements of the Proof



Investigate the Infrared Structure - Soft Divergences

Infrared-soft divergent diagrams ...
b s
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Other Elements

Collinear divergent diagrams
Spectator scattering diagrams

(o} C
are infrared-safe if summed over or
are infrared-safe if considered in a
physical gauge.

are power suppressed.
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Effective Description is Possible

Conclusion of the Proof
@ Soft divergences factorize
@ Collinear divergences cancel or factorize
@ Spectator scattering is power-suppressed.

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



Results for By Decays

For the decay By — J/9¥Kg we find:

|Ady| < 0.68°

OPE applicable for all B; — charmonium +X decays
(X pseudoscalar or vector particle)

Final State f JIYKs  Jjpm®  (J/p)° (/) (J/ep)t
max([AS/)[103] 0.86 18 22 27 22
max(|C|) [1073]  1.33 29 35 41 36

...and more!
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CP Violation Observables in By — J/17°

SJ ¢,ﬂ.0 CJ w,,o
BaBar (Aubert 2008) | —1.23 +0.21 | —0.20 +0.19
Belle (Lee 2007) —0.65+0.22 | —0.08 £0.17

v

Our results:

~0.87 < S0 < —0.51

— Belle favored
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Results for Bs Decays

Bs — Bs mixing phase
Very precisely known in the SM

¢s = —20s = (2.1 £0.1)°

Final State f JIvKs (J/ve)° (Il (J/vg)*

max(|Ads|) [°] n.a. 0.97 1.22 0.99

max(]ASy|) [1072]  26. 1.70 2.13 1.73

max(|Cy|) [1072] 27. 1.89 2.35 1.92
...and more!
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@ OPE gives a limit for the size of the penguin pollution.
@ No long-distance enhanced up quark penguins
@ Belle's measurement of S0 is theoretically favored

Author AS kg Ay Method

PF et al. |AS| < 0.01 |Agg| < 0.7° OPE
Fleischer 2015 —0.01 £0.01 —1.1°4+0.7° SU(3) flavor
Jung 2012 |AS| < 0.01 Aoy = 0.8° SU(I) flavor

Boos etal. 2004 —(2+2)-10~* 0.0°+0.0° perturbative

Final State (J/0)®  (J/wd)l  (J/pe)*
max([A¢s)) [F]  0.97 1.22 0.99
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Estimates based on Flavor Symmetries

@ relatesu <+ d s
@ measure penguin pollution in By — J/¢°, use Sy /0
@ broken by terms O (ms/Agcp)

Drawbacks of flavor symmetries
@ breaking hard to quantify
@ low statistics in Cabibbo suppressed decays such as By — J/x°
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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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Investigate the Infrared Structure - Soft Divergences

Infrared-soft divergent diagrams ... ... factorize.
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Spectator Scattering

Spectator scattering

... is power suppressed.
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Operator Product Expansion i in 2 > IS Possible

Only write down operators, that contribute significantly:

Her = Ao (CoQo + Cs(Qgy — Qga)) + Mu(C§ + CL)Qgy + O ( QCD>

@ Penguin pollution is dominated by Qgy = (bT2s)(y_a)(CT3c)y
@ Only few operators contribute

Important operators:

Qov
Qgy

(8b)v-a(Cc)v Qoa
(ST2b)v_a(CTC)y Qsa

(8b)v_a(cc)a
(ETab) V_A(E,‘TaC)A
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Relevant Matrix Elements

Decay amplitude

Aty + Xups = Ac (f] CoQo + Cs(Qsv — Qsa) |B) + Au (f| (C§ + C§)Qsv | B)
Three relevant matrix elements only:

Vo= (fQ[B), Vo= (f[Qgv[B), Ag=(fQealB).
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Large N¢ Counting

For example: By — J/¢¥Ks
Vo= (J/1:Ks| Qo|Ba) = 2hymapemFEX (140 () ~0 (M3)
Ve = (J/¢Ks| Qg |Ba) ~ O (Ne)
Does the 1/N¢ expansion work?

BR(By — J/¢Ks)
BR(By — J/¢Ks)

llact. _ o4 - 0.06|Vp| < |V — Ag| < 0.19] V|

’exp.
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Numerics

Parametrization of the penguin pollution
pr_ (Cg+CiVs

t CoVo+ Ca(Vs — As)

Vus Vub
Vcs Vcb

tan(A¢) ~ 2esin(y)Re <pf> €=

Scan for largest value of A¢ for:

Vo = 2f,mgpomF<

0< Vo] < V/3
0< arg(Vg) <2r
0< |Ag] < W/3
0< arg(As) <2r
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