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Introduction

Motivations

m The purpose of this work is to analyse the possibility of hgwilew Physics FCN@vith
the structure otlectroweak penguiria hadronicB decays Buras, Fleischer, Recksiegel,
Schwab,2004,2005,2006)

m This hypothesis has been motivated by discrepancies foutieB — 7K decays. To
date, thesmoking guris provided by(Gronau, Rosner, 1998; Baek, London, 2007; Fleischer, §teg&l,
Schwab, 2007)

SM,QCDF exp.

AAcp = Acp(B™ — 7°K™) — Acp(B” — 7K ™) 19758 % 2 (148 + 2.8)%.
which amounts to 2.5¢ discrepancy.

m The data oB — 7K are stillinconclusive We provide an update analysis of these
decays, and show that tig decaysBs — $p° andBs — ¢n° arehighly sensitiveto New
Physics in the electroweak penguin.

m We provide gguantitative analysief these decays, andotivatetheir search in future
flavour experiment
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B — =K decays

B — 7K decays

m TheB — 7K decay amplitudes can be parameterized as
1 2
P (1 - érgw + réw) )

<l+ rew +

AB™ — 7 K%

1

V2AB™ — 7°K7)

12

3rEW + - (rT + rC>eih> )

2¢  1a »
(l+ 3rEW 3'ew —rre '”) ,

_ _ 1 1
V2ARB® = 7%K% ~ —P (1 — rew — 5r‘E:W - 5r‘,_éw + rce"“’> .

3

AB® = 7 TK™)

12

m The diagrammatic representation reads e.g.

b w
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B — =K decays

B — 7K decays

m From a theoretical point of view, these decays are a probfemutiiple scales.

~ My ~ my, \m ~ A\Q(?l)

highenergy
electroweaktransition QC Dcorrections

perturbative non — perturbative

L OPE - QCDcorrections

5 QCDF —

Starting from the weak Hamiltonian

G 10
Heft = 7; ST (leE +C@B+ > CQ +Cr,Qry + cangg> +he,

p=u,c i=3

The amplitude reads

A(B = MiMa) = 2 57 0, C (1) (MaMIQE) 1),
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B — =K decays

B — 7K decays

m We useQCD factorizatiorto evaluate the decay amplitudeSeneke, Buchalla, Neubert,
Sachrajda 1999, 2000, 2001; Beneke, Neubert 2003)

(MiM2|Q[B) = {FB—>M1XT'(HmHs)*sz(sz(lts)
&\/_/

1+ ag+t...

o0+ (1" Gan, ) # " 12 ] g (1) gy 1) |
[

4. as+...
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B — =K decays

B — 7K decays

m In the Standard ModeN\Acp reads
AAcp ~ —2Im(rc) siny.

A large AAcp can be explainednly through arenhanced colour-suppressed tree
contribution, which wouldreakQCD factorization.

m Though there are indications froBv— 77 decays that an enhancement of this topology
has to be expecteBeneke,Neubert, 2003; Bell, Volker, 2000ther data suggest that itiigther
difficult to get such a large enhancement within the SM.

m A new electroweak amplitudef the same ordeof the SM one does the job quite
naturally: set
= —id C C =C _—ié A A <A _—id
rew — rew + fewe™ ", rew — rew + fewe ", rew — rew + fewe ',

and
AAcp ~ —2Im(rc)siny + 21m (fEW + féw) sind.
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B — =K decays

B — 7K decays

m There are a number of other observables, which can be cotestrstarting from the CP
averaged branching ratio and CP asymmetries, whicheanrsitiveto the electroweak
penguin amplitude.

= The main problem which makes difficult to single out new pbysh the electroweak
penguin is that this amplitude appeaisaysin combination with the colour-suppressed
tree amplitude

rew — I'c e,

m All these other observablek not showto date, discrepancies larger thbs.
m An exception is given by theme dependent CP asymmetry

Ser(B® — 7%K°)  ~  sin28 + 2Re(rc) cos B siny — 2ReFew + Few) €0S 23 sind

SM,gCDF exp

080700 = 057751,

which alsoweakly support the hypothesis of New physics in the EW penguin. An
enhanced colour-suppressed tree topology would &iweo valuedarger than in the
SM, in contrast to the observati@Reischer, Jager, Pirjol, Zupan, 2008)
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Bs — ¢p° andBs — decays

Bs — ¢p° andBs — ¢7° decays

m These decays have a very simple strucrdS' 0@ 1 = 1.

By

m Including a New Physics electroweak penguin contributfmamplitude reads

V2A(Bs = ¢My) = P, (1 — ey rg”vzve‘“)

m In the SM, within QCDF one find

0.01GeV(1 + X,
- 17.0A3 7% (0) . 1079, z QOIGMI F )
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0,0 Bs— b 0y 10—9 2.0 _o4m H) 0 aq+0.35 _ o 1.4+0.28,
PEL 26.2 ©-207°% L0 = 013 — 0.02 4+ —5—— =0.39703% _ 01373285,

Aq (0)ABg

_ _ _ 0.02GeV(1 — X
Pl 6.6F557%(0) 2079, 127 = 0.14 — 0.06— Z2SMETXH) 211049 10-45;

+ 015 i
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FES 4)(0)/\35
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Bs — ¢p" andBs — ¢ decays

Bs — ¢p° andBs — ¢7° decays

= In the SM the branching ratio of these decays are rather small

Br(Bs — ¢7°) = 1.6'53-10, Br(Bs — ¢p°) = 447551077

m A New Physics amplitude of the same order as the SM one caly easiance th@&s
decays up to around an order of magnitude. This is more difficioe obtained within an
enhanced colour-suppressed tree amplitude.

m An enhancement of the colour-suppressed tree contributoarid be anon-perturbative
effect, which isnot possible to correlate among decays into different fitzeslike the
PP, PV, VWV decays.

m The hypothesis of New Physics in the electroweak penguiresponds to aigh-energy
dynamical explanatigrwhich isperturbatively calculabland therefore can beorrelated
among the different decays.
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Model independent analysis

Model independent analysis

m We proceed first with a model independent analysis. Giverltheroweak penguin

Operators
Q7 = (3aba)v-aX_, eq(0sds)vra, Qs = (3abg)v-a>q 3€(As0a )v-ia,
Qo = (Saba)v-n>", 3€q(Us0s)v—a, Qio = (Sabp)v—a>", 2€3(As0a)v—a,

we parameterizéhe New Physics contribution as

NP Lo i)
3" (mw) = C5°(mw) a3, o'y = [alale?re.

L.Vernazza (THEP) Discrete 2010, 10.12.2010 11/2



Model independent analysis

Model independent analysis

m The purpose is tondividuatewhich New Physicéit bestthe current experimental data.
We do this by performing &2-fit of theB — 7K data with

2
(Xj theo— Tj theo, inf —%j exp)

if Xjexp < (X theo — Ojtheq inf ),
%jexp

XZ = E (X exp— (X theat T thea, sup))2
2

j iexp

if Xjexp > (X theo + Ojthea sup)
otherwise

(Rfit scheme)(Hocker, Lacker, Laplace,Diberder, 200and alternatively & o constraint tesas
follows:

if (Xtheo + Otheq, sup) > (Xexp — 20exp, inf)
and (Xtheo — Otheo, inf) < (Xexp + 20exp, sup)7
excluded  otherwise

allowed

Point[q;’{)a spacé = {
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Model independent analysis

Model independent analysis

m The new amplitudes reads

S fewae ™ = (@ -d) [(-0.1250% + (—0.0213 %] +
i=7,9,7,9
(@~ o) [012/9% + 002°3%i] |
S e = (@) 01078 + 001798 ] +
i=7,9,7,9
(a0 — ) [ 004758 + (~0.009 7508 ]
> few i€ = (- d) [0.0gjg:g‘; + (—0.08) 1351 ] +
i=7,9,7,9

(o0 — 63 [0.007555% + (—0.009 Z555i | -

m In particular forAAcpe one finds e.g.

1 2 1
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Model independent analysis

Model independent analysis

m In case of théBs decays one finds

Z Tew, i e = —09 (a7 + 9 — do — 0g) ,
i=7,9,77,9/
S e = 09 (w -+ - ),
i=7,9,77,9
Tewie ' = 06 (¢ + ),
i=7,9,7,9'
SO tEalie™ = 06 (g + d) x Phy /PE
i=7,9,7,9
Br(Bs - n°¢) Br(Bs - p°¢)
Br (Bs - 1° ¢)gy Br(Bs - p°p)gy

4/ 4

RN\ PN
/]
S Z R

Re(qo) Re(qo)
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Model independent analysis

Model independent analysis

Br(Bs - x°¢)
Br (Bs - 2° ¢)gy

Im(q’7)

Br(Bs - p°¢)
Br(Bs - p°¢)sy

Im(q7,0)

Re(qr9)
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Model dependent analysis

Model dependent analysis

m Inrealistic New Physics models one hadditional constraintrom additional flavour

processes
Fromsemileptonic decays
b s
d o
" @ = dqz1“(b—>se e)
ete - I'(b— cev)
6Ge\2
0 Rio g = / Rt o (q9)dd® 2 (1.604 0.51) - 107°,
1Ge\2
- A 2 < 0.
v ! /q2>14<3e\/2 @)
m FromAMs: o
£

b s b ; ; ]
s boos b
Bs| ©€Xp. —1 — M:?;
AMs = 2|M%| 2 (17.77+0.12)ps™ ;. As= Vil
12

=|Age?,
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Model dependent analysis

Modified Z° penguin

m We parameterize the flavour-changing coupling as

g = 4C080 §d| KUY (1 — 5) + KR (1+ )] diZy,

and we focus on thebZ® coupling. We obtain

_ 1 K,fb ;1 ﬁ%’
5C3 - 6 )\(S) ) C5 - 6 )\t(s) )
2 /i|_ /I 2 ’ist
5C7 3 A S”’\2 HW, C7 - — 5 F CO§ HW,
2 kP / 2 kY
6Co = co¥ 0w, Co= = sir? Ow
3 )\(S) 3 >\t(5)
In the SM o ©
sb 5
~ = ——— A\ ~ 0.00035.
|KRl ~ |Kswm| st on Co(Xw)
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Model dependent analysis

An additionalU (1)’

m We parameterize the flavour-changing coupling as

Cg,f _ gU(l Zd CIJ yn 1 ’YS) +<~|J ”(14—’}/5)} dJZL

2
. g M2 .
Introducingé = “g<—21)' AL we obtain
Z/

/ 1@
6Cs = — CL CL€7 C3:_§§(R (<R+2CR)€:
t
1 . , 2
5Cs —§f(g) (#rad) e o= G
2 /
5c7——§#(<R—<R)s, ¢ = o
28 (.
5Co = O, cgz—gff*s) (G-cd) e
t

We focus on the couplings contributing to electroweak p@ngperators.
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Model dependent analysis

An additionalU (1)’

= Rescale®; = (. Then

5C; = —

In case of theBs-Bs mixing one finds

N2 N2
VLL ar?\/2 [ ¢ 1 vRr 41?2 2 1
6C1 = - C E,

CclR — 8r2\/2 ~Eb Eﬁb }
T W) W) @
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Model dependent analysis

An additionalU (1)’

Br(Bs - 2°¢) Br(Bs- p°¢)
Br(Bs - 7°¢)gy Br(Bs > p°0)en

~sb

Im(Z, )/lksul
~sb

Im(, )/lksul

2 1 0 1 2

~sb ~sb
Re(Z, )/lksml Re(, )/Ixsml
Br(Bs~°¢) Br(Bs- p°¢)
Br (B 7 ey Br (B, - 1" ey

B
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Model dependent analysis

Minimal Supersymmetric Standard Model

ﬂﬂ

\1/( \ iy - L/

tn
< S Ko

o
q q

zZ zZ
q q

m The model is in practicequivalento amodifiedZ° penguinscenario, with (MIA)
QEM u mM;

mA
mwm)a‘z (@fl(xﬂ - W

m We performed a calculation withill diagonalizationof the squark mixing matrix.
m physical squark and chargino masse400 Ge\,
m Br(B — Xsy) compatible with data at the- level,
= chargino contributionCy, | < |C3| ~ 0.22
A scan of the allowed parameters space showrthdarge contributionsan be obtained,
in contrast to other results in literatureuitu,Khalil,2009; Khalil, Masiero, Murayama, 200¢gee

howeverimbeault, Baek, London,20)8
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Model dependent analysis

Minimal Supersymmetric Standard Model

08 05 .
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Conclusion

Summary

m We analysed the effects of havingiaw electroweak penguin amplituitethe Bs — ¢°
andBs — ¢7° decays.

m The hypothesis is motivated by the discrepancy found irBthe 7K decays
Acp(B™ — 7°K™) — Acp(B® — 77K ™).
m We performed a correlated analysis of e+ 7K and theBs — ¢p° andBs — ¢n°

decays, irmodel independeras well asmodel dependergcenarios.

m Themodel independeranalysis shows that the branching ratios of Bgelecays can be
enhancedip to an order of magnitugithout violating constraints from other
non-leptonic decays.

m Themodel dependeranalysis shows that when additional constraints from dthgour
processes are available, the possible enhancemerddarescand clear distinction from
an hadronic effect cannot be made easily.
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