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Introduction

Motivations

The purpose of this work is to analyse the possibility of having New Physics FCNCwith
the structure ofelectroweak penguinsin hadronicB decays.(Buras, Fleischer, Recksiegel,

Schwab,2004,2005,2006)

This hypothesis has been motivated by discrepancies found in theB → πK decays. To
date, thesmoking gunis provided by(Gronau, Rosner, 1998; Baek, London, 2007; Fleischer, Recksiegel,

Schwab, 2007)

∆ACP ≡ ACP(B
− → π

0K−)− ACP(B̄
0 → π

+K−)
SM,QCDF

= 1.9+5.8
−4.8 %

exp.
= (14.8± 2.8)%.

which amounts to a2.5σ discrepancy.

The data onB → πK are still inconclusive. We provide an update analysis of these
decays, and show that theBs decays̄Bs → φρ0 andB̄s → φπ0 arehighly sensitiveto New
Physics in the electroweak penguin.

We provide aquantitative analysisof these decays, andmotivatetheir search in future
flavour experiment.
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B → πK decays

B → πK decays

TheB → πK decay amplitudes can be parameterized as

A(B− → π−K̄0) ' P

(

1 − 1

3
rC
EW +

2

3
rA
EW

)

,

√
2A(B− → π0K−) ' P

(

1 + rEW +
2

3
rC
EW +

2

3
rA
EW − (rT + rC)e−iγ

)

,

A(B̄0 → π+K−) ' P

(

1 +
2

3
rC
EW − 1

3
rA
EW − rTe−iγ

)

,

√
2A(B̄0 → π0K̄0) ' − P

(

1 − rEW − 1

3
rC
EW − 1

3
rA
EW + rCe−iγ

)

.

The diagrammatic representation reads e.g.
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ū

W
ū
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B → πK decays

B → πK decays

From a theoretical point of view, these decays are a problem of multiple scales.

∼ MW ∼ mb,
√

mbΛQCD ∼ ΛQCD

highenergy perturbative non− perturbative

electroweaktransition QCDcorrections QCDcorrections
→ OPE → → QCDF →

Starting from the weak Hamiltonian

Heff =
GF√

2

∑

p=u,c

λ(s)
p

(

C1Qp
1 + C2Qp

2 +

10∑

i=3

CiQi + C7γQ7γ + C8gQ8g

)

+ h.c.,

The amplitude reads

A(B → M1M2) =
GF√

2

∑

i

λi Ci(µ) 〈M1M2|Qi|B〉(µ).
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B → πK decays

B → πK decays

We useQCD factorizationto evaluate the decay amplitudes.(Beneke, Buchalla, Neubert,

Sachrajda 1999, 2000, 2001; Beneke, Neubert 2003)

B Fj
T Iij �M2

M1
M2+ T IIi �M1

�M2�BB M1
M2

〈M1M2|Qi|B̄〉 =

{

FB→M1 × TI(µh, µs)
︸ ︷︷ ︸

1+αs+...

?fM2φM2(µs)

+ fBφB(µs) ?
[

TII
(µh, µI)

︸ ︷︷ ︸

1+...

? JII
(µI , µs)

︸ ︷︷ ︸

αs+...

]
? fM1φM1(µs) ? fM2φM2(µs)

}
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B → πK decays

B → πK decays

In theStandard Model∆ACP reads

∆ACP ' −2 Im(rC) sinγ.

A large∆ACP can be explainedonly through anenhanced colour-suppressed tree
contribution, which wouldbreakQCD factorization.

Though there are indications fromB → ππ decays that an enhancement of this topology
has to be expected, (Beneke,Neubert, 2003; Bell, Volker, 2009)other data suggest that it israther
difficult to get such a large enhancement within the SM.

A new electroweak amplitudeof thesame orderof the SM one does the job quite
naturally: set

rEW → rEW + r̃EWe−iδ
, rC

EW → rC
EW + r̃C

EWe−iδ
, rA

EW → rA
EW + r̃A

EWe−iδ
,

and
∆ACP ' −2 Im(rC) sinγ + 2 Im

(
r̃EW + r̃A

EW

)
sinδ.
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B → πK decays

B → πK decays

There are a number of other observables, which can be constructed starting from the CP
averaged branching ratio and CP asymmetries, which aresensitiveto the electroweak
penguin amplitude.

The main problem which makes difficult to single out new physics in the electroweak
penguin is that this amplitude appearsalwaysin combination with the colour-suppressed
tree amplitude

rEW − rC e−iγ
.

All these other observablesdo not show, to date, discrepancies larger than1σ.

An exception is given by thetime dependent CP asymmetry

SCP(B̄
0 → π

0K̄0) ' sin 2β + 2Re(rC) cos 2β sinγ − 2Re(r̃EW + r̃C
EW) cos 2β sinδ

SM,QCDF
= 0.80+0.06

−0.08
exp
= 0.57+0.17

−0.17,

which alsoweaklysupport the hypothesis of New physics in the EW penguin. An
enhanced colour-suppressed tree topology would driveSCP to valueslarger than in the
SM, in contrast to the observation(Fleischer, Jäger, Pirjol, Zupan, 2008)
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B̄s → φρ0 andB̄s → φπ0 decays

B̄s → φρ0 andB̄s → φπ0 decays

These decays have a very simple structure0
∆I=1−→ 0⊗ 1 = 1.

B̄s b
φ

π0, ρ0

s̄

t

s

γ, Z
u, d

ū, d̄

W

B̄s

W
ū

π0, ρ0

s̄

b u

s

φ

B̄s
W

s̄

s

φ

g

s̄ ū

b u
π0, ρ0

Including a New Physics electroweak penguin contribution the amplitude reads
√

2A(B̄s → φM2) = PM2
EW

(
1 − rM2

C e−iγ + r̃M2
EW e−iδ

)

In the SM, within QCDF one find

PπEW = 17.0 A
Bs→φ
0 (0) · 10−9

, rπC = −0.12i − 0.02 +
0.01GeV(1 + XH)

A
Bs→φ
0 (0)λBs

= 0.41+0.37
−0.41 − 0.13+0.30

−0.30 i ,

Pρ,0EW = 26.2 A
Bs→φ
0 (0) · 10−9

, rρ,0C = −0.13i − 0.02 +
0.01GeV(1 + XH)

A
Bs→φ
0 (0)λBs

= 0.39+0.35
−0.39 − 0.13+0.28

−0.29 i ,

P
ρ,−
EW = 6.6 F

Bs→φ
−

(0) · 10−9
, r

ρ,−
C = 0.14i − 0.06 −

0.02GeV(1 − XH )

F
Bs→φ
−

(0)λBs

= 0.21+0.49
−0.46 + 0.15+0.45

−0.45 i
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B̄s → φρ0 andB̄s → φπ0 decays

B̄s → φρ0 andB̄s → φπ0 decays

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

Br(B̄s → φπ
0) = 1.6+1.1

−0.3 · 10−7
, Br(B̄s → φρ

0) = 4.4+2.7
−0.7 · 10−7

.

A New Physics amplitude of the same order as the SM one can easily enhance theBs

decays up to around an order of magnitude. This is more difficult to be obtained within an
enhanced colour-suppressed tree amplitude.

An enhancement of the colour-suppressed tree contributionwould be anon-perturbative
effect, which isnot possible to correlate among decays into different final stateslike the
PP, PV , VV decays.

The hypothesis of New Physics in the electroweak penguin corresponds to ahigh-energy
dynamical explanation, which isperturbatively calculableand therefore can becorrelated
among the different decays.
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Model independent analysis

Model independent analysis

We proceed first with a model independent analysis. Given theelectroweak penguin
operators

Q7 = (̄sαbα)V−A
∑

q
3
2 eq(q̄βqβ)V+A, Q8 = (̄sαbβ)V−A

∑

q
3
2 eq(q̄βqα)V+A,

Q9 = (̄sαbα)V−A
∑

q
3
2 eq(q̄βqβ)V−A, Q10 = (̄sαbβ)V−A

∑

q
3
2 eq(q̄βqα)V−A,

we parameterizethe New Physics contribution as

C(′)NP
7,9 (mW) = CLO

9 (mW) q(′)
7,9, q(′)

7,9 = |q(′)
7,9|e

iφ
(′)
7,9 .
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Model independent analysis

Model independent analysis

The purpose is toindividuatewhich New Physicsfit bestthe current experimental data.
We do this by performing aχ2-fit of theB → πK data with

χ
2 =

∑

j






(xj theo−σj theo, inf−xj exp)
2

σ2
j exp

if xj exp < (xj theo− σj theo, inf),

(xj exp−(xj theo+σj theo, sup))
2

σ2
j exp

if xj exp > (xj theo+ σj theo, sup),

0 otherwise,

(Rfit scheme),(Hocker, Lacker, Laplace,Diberder, 2001)and alternatively a2σ constraint testas
follows:

Point[q(′)7,9 space] =






allowed if
{

(xtheo+ σtheo, sup) > (xexp − 2σexp, inf)
and(xtheo− σtheo, inf) < (xexp + 2σexp, sup),

excluded otherwise.
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Model independent analysis

Model independent analysis

The new amplitudes reads
∑

i=7,9,7′,9′

r̃EW, i e−iδi = (q7 − q′7)
[

(−0.12)+0.04
−0.05 + (−0.02)+0.07

−0.02 i
]

+

(q9 − q′9)
[

0.12+0.05
−0.04 + 0.02+0.02

−0.07 i
]

,

∑

i=7,9,7′,9′

r̃C
EW, i e−iδi = (q7 − q′7)

[

0.10+0.03
−0.02 + 0.01+0.01

−0.06 i
]

+

(q9 − q′9)
[

0.04+0.02
−0.03 + (−0.005)+0.016

−0.026 i
]

,

∑

i=7,9,7′,9′

r̃A
EW, i e−iδi = (q7 − q′7)

[

0.03+0.04
−0.07 + (−0.06)+0.12

−0.01 i
]

+

(q9 − q′9)
[

0.007+0.003
−0.010 + (−0.006)+0.012

−0.003 i
]

.

In particular for∆ACP one finds e.g.

-1 0 1
-1

0

1

Im
(

q 7
)

Re(q7)
-2 -1 0 1 2

-2

-1

0

1

2

Im
(

q 9
)

Re(q9)
-1 0 1

-1

0

1

Im
(

q 7
,9

)
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Model independent analysis

Model independent analysis

In case of theBs decays one finds
∑

i=7,9,7′,9′

r̃πEW, i e−iδi = −0.9
(

q7 + q′7 − q9 − q′9
)
,

∑

i=7,9,7′,9′

r̃ρ,0EW, i e−iδi = 0.9
(

q7 − q′7 + q9 − q′9
)
,

∑

i=7,9,7′,9′

r̃ρ,−EW, i e−iδi = −0.6 (q7 + q9) ,

∑

i=7,9,7′,9′

r̃ρ,+EW, i e−iδi = 0.6
(

q′7 + q′9
)
× Pρ,−

EW /Pρ,+
EW ,
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Model independent analysis

Model independent analysis
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Model dependent analysis

Model dependent analysis

In realistic New Physics models one hasadditional constraintsfrom additional flavour
processes

l+ l−

b s

Z0

Fromsemileptonic decays:

Re+e− (q2) ≡
d

dq2 Γ(b → s e+e−)

Γ(b → c eν̄)
,

Re+e− |[1,6] ≡
∫ 6GeV2

1GeV2
Re+e− (q2

)dq2 exp
= (1.60± 0.51) · 10−6

,

∫

q2>14GeV2
AFB(q2

) < 0.

From∆Ms:

b

s b

b

s

s s

b

)
s

(B
SL

) & A
d

(BSL & ASLA

FS
st & sG D

smD & dmD

f y

s
f

SM point

sDRe 
-2 -1 0 1 2 3

sD
Im

 

-2

-1

0

1

2

excluded area has CL > 0.68

FPCP 10

CKM
f i t t e r  mixing sB - 

s
 New Physics in B

∆Ms = 2|MBs
12 |

exp.
= (17.77± 0.12) ps−1

; ∆s ≡
MBs

12

MBs ,SM
12

= |∆s|eiφs ,
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Model dependent analysis

Modified Z0 penguin

We parameterize the flavour-changing coupling as

Leff
Z = − g

4 cosθW

∑

I 6=J

d̄I

[
κ

IJ
L γ

µ(1− γ5) + κ
IJ
R γ

µ(1+ γ5)
]

dJZµ,

and we focus on thesb̄Z0 coupling. We obtain

δC3 =
1
6

κsb
L

λ
(s)
t

, C′
5 =

1
6

κsb
R

λ
(s)
t

,

δC7 =
2
3

κsb
L

λ
(s)
t

sin2
θW , C′

7 = − 2
3

κsb
R

λ
(s)
t

cos2 θW ,

δC9 = − 2
3

κsb
L

λ
(s)
t

cos2 θW , C′
9 =

2
3

κsb
R

λ
(s)
t

sin2
θW .

In the SM
|κsb

L,R| ∼ |κSM| ≡ α

π sin2 θW
λ
(s)
t C0(xtW) ∼ 0.00035.
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Model dependent analysis

Modified Z0 penguin
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Model dependent analysis

An additionalU(1)′

We parameterize the flavour-changing coupling as

Leff
Z′ = −gU(1)′

2
√

2

∑

IJ

d̄I

[
ζ

IJ
L γ

µ(1− γ5) + ζ
IJ
R γ

µ(1+ γ5)
]

dJZ′
µ.

Introducingξ ≡
g2

U(1)′

g2
M2

W
M2

Z′
we obtain

δC3 = − ζsb
L

λ
(s)
t

ζ
q
L ξ , C′

3 = − 1
3

ζsb
R

λ
(s)
t

(
ζ

u
R + 2ζd

R

)
ξ ,

δC5 = − 1
3

ζsb
L

λ
(s)
t

(
ζ

u
R + 2ζd

L

)
ξ , C′

5 = − ζsb
R

λ
(s)
t

ζ
q
L ξ ,

δC7 = − 2
3

ζsb
L

λ
(s)
t

(
ζ

u
R − ζ

d
R

)
ξ , C′

7 = 0 ,

δC9 = 0 , C′
9 = − 2

3
ζsb

R

λ
(s)
t

(
ζ

u
R − ζ

d
R

)
ξ .

We focus on the couplings contributing to electroweak penguin operators.
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Model dependent analysis

An additionalU(1)′

Rescalẽζsb
L,R ≡ ξζsb

L,R. Then

δC7 = − 2
3

ζ̃sb
L

λ
(s)
t

, C′
9 = − 2

3
ζ̃sb

R

λ
(s)
t

,

In case of theBs-B̄s mixing one finds

δCVLL
1 =

4π2
√

2
GFM2

W

(
ζ̃sb

L

λ
(s)
t

)2
1
ξ
, CVRR

1 =
4π2

√
2

GFM2
W

(
ζ̃sb

R

λ
(s)
t

)2
1
ξ
,

CLR
1 =

8π2
√

2
GFM2

W

(
ζ̃sb

L

λ
(s)
t

) (
ζ̃sb

R

λ
(s)
t

)
1
ξ
.
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Model dependent analysis

An additionalU(1)′
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Model dependent analysis

Minimal Supersymmetric Standard Model

W̃H̃u

t̃R c̃R

(δRL
u )32

t̃L
t̃R

c̃L

(δLRu )33 (δRL
u )32

W̃

Z

q̄

q

bL sL

Z

bL sL

W̃

Z

q̄

q

bL sL

The model is in practiceequivalentto amodifiedZ0 penguinscenario, with (MIA)

κL = VtbV∗
cs

αEM

π sinθ2
W

(δu
LR)32

(
mtAt

8m̃2
0

f1(x2)− mtM2

4m̃2
0

f2(xµ, x2)

)
∼ 10−4 ÷ 10−5(δu

LR)32.

We performed a calculation withfull diagonalizationof the squark mixing matrix.
physical squark and chargino masses≥ 100 GeV,
Br(B̄ → Xsγ) compatible with data at the2σ level,
chargino contribution|Cχ

7γ | ≤ |CSM
7γ | ≈ 0.22.

A scan of the allowed parameters space show thatno large contributionscan be obtained,
in contrast to other results in literature.(Huitu,Khalil,2009; Khalil, Masiero, Murayama, 2009); (See

howeverImbeault, Baek, London,2008).
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Model dependent analysis

Minimal Supersymmetric Standard Model
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Conclusion

Summary

We analysed the effects of having anew electroweak penguin amplitudein theB̄s → φρ0

andB̄s → φπ0 decays.

The hypothesis is motivated by the discrepancy found in theB → πK decays
ACP(B− → π0K−)− ACP(B̄0 → π+K−).

We performed a correlated analysis of theB → πK and thēBs → φρ0 andB̄s → φπ0

decays, inmodel independentas well asmodel dependentscenarios.

Themodel independentanalysis shows that the branching ratios of theBs decays can be
enhancedup to an order of magnitude, without violating constraints from other
non-leptonic decays.

Themodel dependentanalysis shows that when additional constraints from otherflavour
processes are available, the possible enhancement arereducedand clear distinction from
an hadronic effect cannot be made easily.
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