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∆B =∆S = 1 decays as probes of new physics

mode interesting observables future improvements

B → Xsγ BR, ACP SuperB, Belle II

B → K∗γ BR, S LHCb

Bs → φγ BR, S LHCb

B → Xs`+`− BR, AFB SuperB, Belle II

B → K∗µ+µ− BR, FL, AFB, A9, S3, A7, A8, S5 LHCb?

B → Kµ+µ− BR, FH LHCb

Bs → µ+µ− BR LHCb?, CMS?, ATLAS

(Incomplete) list of promising observables in b → s decays:

M an y opportu n ities to probe n ew ph ysics!

FCNC tran sition s: l oop- an d CKM -suppressed in th e SM , th u s sensitive to NP
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Bs →µ+µ−

BR(Bs → µ+µ−) ∝
∣∣CS − C ′S

∣∣2 (1− 4m2
µ

m2
Bs

)
+
∣∣(CP − C ′P)+

2mµ

m2
Bs

(C10 − C ′10)
∣∣2

BRSM = (3.2± 0.2)× 10−9
BRexp < 7.7× 10−9

@95% C.L. [CM S 2012]

Scal ar operators:
Virtu al l y u n con strain ed by oth er processes
Can easi l y satu rate th e exp. bou n d
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Bs →µ+µ−

Semileptonic operators:

Only C10 non-zero in the SM

Constrained by b → s`+`−

Cannot saturate exp. bound
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Can
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Bs →µ+µ−

Scal ar operators:
Virtu al l y u n con strain ed by oth er processes
Can easi l y satu rate th e exp. bou n d

BR(Bs → µ+µ−) ∝
∣∣CS − C ′S

∣∣2 (1− 4m2
µ

m2
Bs

)
+
∣∣(CP − C ′P)+

2mµ

m2
Bs

(C10 − C ′10)
∣∣2

In the following:

• assume C
(′)
S ,P = 0

• use b → sγ, b → s`+`− to put model-independet constraints on
BR(Bs → µ−µ+) in the absence of scalar operators

Semileptonic operators:

Only C10 non-zero in the SM

Constrained by b → s`+`−

Cannot saturate exp. bound

Can

BRSM = (3.2± 0.2)× 10−9
BRexp < 4.5× 10−9

@95% C.L. [LH Cb 2012]
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M easu rem en ts of
experim en tal observabl es

M od el -in d epen d en t con strain ts
on Wil son coefficien ts

Con strain ts on param eter space
of con crete m od el s

Constraints on Wilson coefficients

What are the allowed ranges for the Wilson coefficients?

Th is tal k

Al tm an n sh ofer, Parad isi , DS 1111. 1257

see al so
Bobeth et al . 1111. 2558, 1006. 5013
Descotes-Gen on et al . 1104. 3342
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M easu rem en ts of
experim en tal observabl es

M od el -in d epen d en t con strain ts
on Wil son coefficien ts

Con strain ts on param eter space
of con crete m od el s

Constraints on Wilson coefficients

" N aive th eorist' s com bin ation " of
EXP resu l ts;
Estim ation of TH u n certain ties;
Al l u n certain ties assu m ed Gau ssian

What are the allowed ranges for the Wilson coefficients?

Th is tal k

χ2 =
∑ (Oex −Oth)

2

σ2
ex + σ2

th

Al tm an n sh ofer, Parad isi , DS 1111. 1257

see al so
Bobeth et al . 1111. 2558, 1006. 5013
Descotes-Gen on et al . 1104. 3342
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Constraints on C7, C9, C10
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BR(B → Xs`+`−) BR(B → Xsγ)

Varying 1 Wilson coe�cient at a time. Ci = CSMi + CNPi
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Both low and high q2 regions

BR(B → Xs`+`−) BR(B → Xsγ) BR(B → K∗µ+µ−)

Varying 1 Wilson coe�cient at a time. Ci = CSMi + CNPi
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Constraints on C7, C9, C10
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Constraints on C7, C9, C10
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• Good agreement with SM expectations

• Complementarity between observables crucial to break degeneracies

BR(B → Xs`+`−) BR(B → Xsγ) BR(B → K∗µ+µ−) AFB(B → K∗µ+µ−)

Varying 1 Wilson coe�cient at a time. Ci = CSMi + CNPi
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Resu l ts can be in terpreted as bou n d s on th e scal e of n ew ph ysics:

Constraints on the NP scale

~tree l evel gen eric
fl avou r viol ation
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Resu l ts can be in terpreted as bou n d s on th e scal e of n ew ph ysics:

Constraints on the NP scale

• Bounds are weaker in the presence of CP violation beyond the CKM
• Reason: only CP-averaged observables
• Measurement of CP asymmetries would be welcome

~l oop l evel CKM -l ike
fl avou r viol ation
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Impact of CP asymmetries
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〈A7〉 = 0± 0.1

(0 in th e SM , n ot su ppressed by sm al l stron g ph ases)

Dom in ated by poorl y kn own l on g-d istan ce con tribu tion in th e SM
Very l im ited u sefu l n ess to con strain N P [Ben zke, Lee, N eu bert, Paz (2010) ]

Example 2: angular CP asymmetry A7 in B → K∗µ+µ− at low q2

Example 1: direct CP asymmetry in B → Xsγ
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Impact of CP asymmetries

Example 2: angular CP asymmetry A7 in B → K∗µ+µ− at low q2

• Measurement of A7 with precision < 0.1 would give a valuable constraint
• Is it doable?
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(0 in th e SM , n ot su ppressed by sm al l stron g ph ases)

Example 1: direct CP asymmetry in B → Xsγ

Dom in ated by poorl y kn own l on g-d istan ce con tribu tion in th e SM
Very l im ited u sefu l n ess to con strain N P [Ben zke, Lee, N eu bert, Paz (2010) ]
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N ow: correl ation s between 2 real Wil son coefficien ts

Constraints on C7 vs. C9 vs. C10

BR(B → Xs`+`−) BR(B → Xsγ)
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N ow: correl ation s between 2 real Wil son coefficien ts

Constraints on C7 vs. C9 vs. C10

• B → K∗µ+µ−
data exclude various �mirror solutions�

BR(B → Xs`+`−) BR(B → Xsγ) BR(B → K∗µ+µ−) AFB(B → K∗µ+µ−)
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N ow: al l ow al l 3 real coefficien ts to vary an d m argin al ize over th e th ird on e

Flipped-sign solutions:

• C7,9,10 = −CSM7,9,10 cannot be excluded, but . . .
• C7 = −CSM7 disfavoured by BR(B → Xs`

+`−)
• C9,10 = −CSM9,10 NEW: disfavoured by B → K∗µ+µ− data

[Gam bin o, H aisch , M isiak (2004)
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Flipped-sign solutions:

• C7,9,10 = −CSM7,9,10 cannot be excluded, but . . .
• C7 = −CSM7 disfavoured by BR(B → Xs`

+`−)
• C9,10 = −CSM9,10 NEW: disfavoured by B → K∗µ+µ− data
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Constraints in the presence of phases

M ore gen eral case with ph ases an d /or righ t-h an d ed cu rren ts: con strain ts weaken ed

e.g. Re(C9) vs. Re(C10)

SM operator basis
gen eric CP viol ation

SM operator basis
on l y CKM CP viol ation

SM op. + ch iral ity-fl ipped
gen eric CP viol ation

M ore d ata n eed ed to break d egen eracies
Observabl es d irectl y sen sitive to ch iral ity an d /or CPV
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Fit predictions

Scenario 109 BR(Bs → µµ) |〈A7〉| |〈A8〉| |〈A9〉| 〈S3〉

Real LH [1.0, 5.6] 0 0 0 0

Complex LH [1.0, 5.4] < 0.31 < 0.15 0 0

Complex RH < 5.6 < 0.22 < 0.17 < 0.12 [−0.06, 0.15]

Generic NP < 5.5 < 0.34 < 0.20 < 0.15 [−0.11, 0.18]

LH Z peng. [1.4, 5.5] < 0.27 < 0.14 0 0

RH Z peng. < 3.8 < 0.22 < 0.18 < 0.12 [−0.03, 0.18]

Generic Z p. < 4.1 < 0.28 < 0.21 < 0.13 [−0.07, 0.19]

B → K∗µ+µ−
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Fit predictions

Scenario 109 BR(Bs → µµ) |〈A7〉| |〈A8〉| |〈A9〉| 〈S3〉

Real LH [1.0, 5.6] 0 0 0 0

Complex LH [1.0, 5.4] < 0.31 < 0.15 0 0

Complex RH < 5.6 < 0.22 < 0.17 < 0.12 [−0.06, 0.15]

Generic NP < 5.5 < 0.34 < 0.20 < 0.15 [−0.11, 0.18]

LH Z peng. [1.4, 5.5] < 0.27 < 0.14 0 0

RH Z peng. < 3.8 < 0.22 < 0.18 < 0.12 [−0.03, 0.18]

Generic Z p. < 4.1 < 0.28 < 0.21 < 0.13 [−0.07, 0.19]

LH Cb starts to probe th e
region accessibl e to m od el s
without scal ar op. s!

B → K∗µ+µ−
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Summary

• Rare b → s d ecays probe fl avou r ph ysics beyond the SM

• Model-independent con strain ts: bou n d s on Wil son coefficien ts

• At th e m om en t, everyth in g consistent with SM

• Bu t: sti l l room for new physics

• Most constraining observables at present:

BR(B → Xsγ), angular obs. in B → K∗µ+µ−, Bs → µ+µ−, SK∗γ

• Waiting for improved measurements of observables sensitive to
chirality/CP violation

A7,8,9(B → K∗µ+µ−), S3(B → K∗µ+µ−) (∼ A
(2)
T ), SK∗γ , . . .
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Then . . .

MSSM-AC
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. . . and now

MSSM-AC
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extra sl id es
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Semi-leptonic b → s`+`− opera-

tors as well as b → sνν̄ operators

receive Z mediated contributions.

0 5 10 15
0
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´BRHB®KΝΝL

1
0

6
´

B
R

HB®
K

*

Ν
Ν

L

B→ K (∗)νν̄

If other contributions can be ne-
glected: correlation between b →
s`+`− and b → sνν̄ decays

Fit resu l t, gen eric CP viol atin g
l eft- an d righ t-h an d ed Z pen gu in s

B
aB

ar
90

%
C

.L
.



D a vi d S tra u b ( S N S & I N FN , P i sa ) M ori on d EW Sessi on , 201 2

H ∆F=1
e� = −4GF√

2
VtbV

∗
ts

∑
(CiOi + C ′i O ′i )

Heff

O7 =
mb

e
(̄sσµνPR b)Fµν ,

O8 =
gmb

e2
(̄sσµνT aPR b)Gµν a,

O9 = (̄sγµPLb)(¯̀γµ`) ,

O10 = (̄sγµPLb)(¯̀γµγ5`) ,

OS = mb (̄sPR b)(¯̀̀ ) ,

OP = mb (̄sPR b)(¯̀γ5`) ,

C eff
7 (µb) = −0.304 ,

C9(µb) = 4.211 ,

C10(µb) = −4.103 ,

C eff
7 (µb) = C eff,SM

7 (µb) + CNP7 (µb) ,

C eff
9 (µb) = C eff,SM

9 (µb) + CNP9 ,

C10 = C SM
10 + CNP10 ,

C ′
7(µb) = C ′NP

7 (µb) ,

C ′
9,10(µb) = C ′NP

9,10 .

C
(′)NP
7 (µb) = 0.623 C

(′)NP
7 (µh)+0.101 C

(′)NP
8 (µh) .(µh = 160 GeV)
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B→ K ∗`+`−

d4Γ

dq2 d cos θl d cos θK∗ dφ
=

∑
i ,a

I
(a)
i (q2)f (θl , θK∗ ,φ)

S
(a)
i (q2) =

(
I
(a)
i (q2) + Ī

(a)
i (q2)

)/
d(Γ + Γ̄ )

dq2

B → K∗(→ Kπ)`+`− o�ers a plethora of observables sensitive to new physics

CP-averaged an gu l ar coefficien ts
(e. g. forward -backward asym m etry)

CP asym m etriesA
(a)
i (q2) =

(
I
(a)
i (q2)− Ī

(a)
i (q2)

)/
d(Γ + Γ̄ )

dq2
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