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Radiative and Dileptonic b → s Operators

Radiative and Dileptonic b → s Operators

O7(′) = [s̄σµνPR(L)b]Fµν

O9(′) = [s̄γµPL(R)b][¯̀γµ`]

O10(′) = [s̄γµPL(R)b][¯̀γµγ5`]

Effective Hamiltonian

Hsl
eff = −4GF√

2
VtbV

∗
ts

[
C7O7 + C7′O7′ + C9O9 + C9′O9′ + C10O10 + C10′O10′

]
Note: We write Ci = CSM

i + CNP
i :

CSM
7eff

= −0.29, CSM
9 = 4.07, CSM

10 = −4.31, CSM
i ′ ' 0
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Radiative and Dileptonic b → s Operators

How to Measure Radiative and Dileptonic Operators?

1. Identify decay modes and observables most sensitive to such ops

Decay modes for b → sγ and b → s``

B → Xsγ B → Xs`` Bs → `+`−

B → K ∗γ B → K ∗`` B → K``

2. Compute the observables in the effective theory

3. Compute/fit/estimate/get all non-perturbative parameters.

4. Fit the data, extract CL intervals for the Ci (mb).

5. Interpret the results.

Note: We will fit directly to CNP
i (mb)
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EFT Amplitudes & Observables : BR(Bs → `+`−)

L = LQED+QCD + C(′)
9 [s̄γµPL(R)b] [¯̀γµ`] + C(′)

10 [s̄γµPL(R)b] [¯̀γµγ5`] + · · ·

A(′)
9 = C(′)

9 〈 ¯̀̀ |¯̀γµ`|0〉 〈0|s̄γ
µPL(R)b|Bs〉︸ ︷︷ ︸

∼pµB =pµ` +pµ¯̀

= 0 + O(α)

Contributions from O7 and other 4-quark ops are zero like A(′)
9 .

→ A(′)
10 = C(′)

10 〈 ¯̀̀ |¯̀γµγ5`|0〉〈0|s̄γµPL(R)b|Bs〉 = ∓i fBsC
(′)
10 m` [ū`γ5v¯̀]

→
∑
spins

|A10 +A′10|2 = 2f 2
Bs

m2
Bs

m2
` |C10 − C′10|2

→ BR(Bs → `¯̀) =
τBs f

2
Bs

m3
Bs

8π

m2
`

m2
Bs

√
1−

4m2
`

m2
Bs

|C10 − C′10|2

Note: Contributions from (pseudo)SCALAR operators are not helicity suppressed.
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EFT Amplitudes & Observables : B → K (∗)γ(∗)

L = LQED+QCD + C7 [s̄σµνPRb] Fµν + C2 [s̄γνPLc] [c̄γµPLb] + · · ·

C7 contribution: A7 = C7 〈K ∗λ |s̄σµνPRb|B〉qµενλ = C7Tλ(q2)

C2 contribution: A2 = C2 · ε∗µλ
∫

dx4e iq·x〈K ∗λ |T{jcc̄
µ (x)O2(0)}|B〉

Note: There are similar contributions from O8 and other 4-quark ops.
These operators are contained in what we call Hhad

eff .
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EFT Amplitudes & Observables : B → K`¯̀

A(′)
9 = C(′)

9 〈 ¯̀̀ |¯̀γµ`|0〉〈K |s̄γ
µPL(R)b|B〉 = C(′)

9 f+(q2) [ū`p/v ¯̀]

A(′)
10 = C(′)

10 〈 ¯̀̀ |¯̀γµγ5`|0〉〈K |s̄γµPL(R)b|B〉 = C(′)
10 f+(q2) [ū`p/γ5v ¯̀]

A(′)
7 = C(′)

7 〈 ¯̀̀ |¯̀γµ`|0〉
−i

q2
〈K |s̄qµσµνPR(L)b|B〉 = C(′)

7

fT (q2)

mB + mK
[ū`p/v ¯̀]

Ahad = K(q2)[ū`p/v ¯̀]

A(B → K`¯̀) = a9 [ū`p/v ¯̀] + a10 [ū`p/γ5v ¯̀]

a9 = (C9 + C′9) f+(q2) + (C7 + C′7) fT (q2)
mB +mK

+K(q2) ; a10 = (C10 + C′10) f+(q2)

dΓ

ds13 ds23
=

m5
B

28π3
(|a9|2 + |a10|2)s13s23

Where s13 = 2p` · pK/m
2
B , s23 = 2p ¯̀ · pK/m

2
B – s12 = q2/m2

B
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B → K ∗(→ Kπ)`+`− and its Angular Distribution

Structure of the Decay Amplitude

“Semileptonic” contribution −→ New Physics

〈K∗``|O9(′),10(′) |B〉 = 〈`+`−|¯̀γµ(γ5)`|0〉〈K∗|s̄γµPL,Rb|B〉 ∼ FB→K∗
i,λ (q2)

〈K∗``|T{j`emO7(′)}|B〉 = 〈`+`−|¯̀γµ`|0〉 qν

q2 〈K∗|s̄σµνPR,Lb|B〉 ∼ TB→K∗
i,λ (q2)

Asl =
∑

i

fi (C7(′) , C9(′) , C10(′) )× (Form Factor)i

“Hadronic” contribution −→ QCD [C1,2, C8, C3,4,5,6]

Ahad = i
e2

q2
〈`+`−|¯̀γµ`|0〉

∫
d4xe iq·x〈K∗|T{jµem(x)Hhad

eff (0)}|B〉

2 main problems:
1. Precise determination of Form Factors (LCSRs, LQCD, . . . )
2. Computation of the hadronic contribution (SCET/QCDF, OPE, . . . )
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B → K ∗(→ Kπ)`+`− and its Angular Distribution

Optimized Observables

Several Form Factor ratios can be predicted:

• At large recoil −→ SCET Charles et.al. hep-ph/9812358, Beneke, Feldmann, hep-ph/0008255

• At low recoil −→ HQET Grinstein, Pirjol, hep-ph/0404250, Bobeth, Hiller, van Dyk

Example SCET relation at large recoil

ε∗µ− qν〈K ∗−|s̄σµνPRb|B〉
imB〈K ∗−|s̄/ε∗−PLb|B〉

= 1 +O(αs ,Λ/mb)

This allows to build observables with reduced dependence on FFs.

Optimized observables at large recoil Matias, Mescia, Ramon, JV – 1202.4266

Descotes-Genon, Matias, Ramon, JV – 1207.2753

P1 =
J3

2J2s
P2 =

J6s

8J2s
P ′4 =

J4√
−J2sJ2c

P ′5 =
J5

2
√
−J2sJ2c

P ′6 =
−J7

2
√
−J2sJ2c

P ′8 =
−J8√
−J2sJ2c
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Fitting the data: Set of data and pulls

.

S. Descotes-Genon, J. Matias, JV – 1307.5683
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Fitting the data: Set-up

Strategy:

We fit to 47 observables by means of a frequentist χ2 approach.

Observables included in the analysis

BR(B → Xsγ), BR(B → Xsµ
+µ−)Low q2

BR(Bs → µ+µ−), AI (B → K ∗γ), S(B → K ∗γ)

B → K ∗µ+µ− : 〈P1〉, 〈P2〉, 〈P ′4〉, 〈P ′5〉, 〈P ′6〉, 〈P ′8〉, 〈AFB〉

in several different bins

Observables not included in the analysis

B → Kµ+µ−, Bs → φµ+µ−, B → Xsµ
+µ− @ Large q2, . . .

not considered for different reasons
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Fitting the data: Results S. Descotes-Genon, J. Matias, JV – 1307.5683

General Fit

Coefficient 1σ 2σ 3σ

CNP
7 [−0.05,−0.01] [−0.06, 0.01] [−0.08, 0.03]

CNP
9 [−1.6,−0.9] [−1.8,−0.6] [−2.1,−0.2]

CNP
10 [−0.4, 1.0] [−1.2, 2.0] [−2.0, 3.0]

CNP
7′ [−0.04, 0.02] [−0.09, 0.06] [−0.14, 0.10]

CNP
9′ [−0.2, 0.8] [−0.8, 1.4] [−1.2, 1.8]

CNP
10′ [−0.4, 0.4] [−1.0, 0.8] [−1.4, 1.2]

• Negative values for (CNP
7 , CNP

9 ) favoured at > (1σ,3σ).

• Large-recoil only −→ effect enhanced (CNP
9 ∼ −1.6).

• Only [1-6] bin: Same pattern, less significance.
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Fitting the data: Results S. Descotes-Genon, J. Matias, JV – 1307.5683

CNP
7 - CNP

9 Scenario

68.3% C.L

95.5% C.L

99.7% C.L

Includes Low Recoil data

Only @1,6D bins

SM

-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15

-4

-2

0

2

4

C7
NP

C
9N

P

68.3% C.L

95.5% C.L

99.7% C.L

Includes Low Recoil

Pi's in @1,6D bins

b®sΓ, Bs®ΜΜ, Bs®Xsll

S3, S4, S5, S7, S8, AFB, FL

SM

-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15

-4

-2

0

2

4

C7
NP

C
9N

P
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Summary so far

• A global fit to b → sγ , b → sµµ observables including the latest
data on B → K ∗µµ angular observables shows some level of tension
w.r.t the SM, pointing (mostly) to a large NP contribution to C9.
S. Descotes-Genon, J. Matias, JV – 1307.5683

• This has been later confirmed by other groups

Altmannshofer, Straub 1308.1501, Beaujean, Bobeth, van Dyk 1310.2478, Horgan et al. 1310.3887
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ISSUES

1. Factorizable power corrections.

2. Theory correlations and Form Factors.

3. Non-factorizable corrections (K(q2) and cc̄-loop).

4. Binning.

5. Non-resonant backgrounds.
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Excluding the [4.3,8.68] bin

68.3% C.L

95.5% C.L

99.7% C.L

Includes Low Recoil data

Only @1,6D bins

SM
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C
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Only @1,6D bins

SM

-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15

-4

-2

0

2

4

C7
NP

C
9N

P

Javier Virto (U. Siegen) b → s Observables and Fits 02.06.2014 15 / 21



Factorizable Power Corrections

Slide from A. Kagan
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Factorizable Power Corrections

A =

[
C±9 + Y (q2) + C±10

]
V (q2) +

2mb

q2

[
C±7 T1(q2) + T nf

]
Possibilities:

1. “Munich” approach: V ,T1,A0,1,2,T2,3 from LCSRs, T nf from QCDF

I Little scheme dependence.

I No factorizable power corrections.

I No “clean” observables: correlations among Form Factors crucial.

2. “Aachen” approach: V ,T1,A0,1,2,T2,3 → ξ⊥, ξ‖, T nf from QCDF

I “Clean” observables at work.

I Factorizable power corrections.

I Scheme dependence (ξ⊥, ξ‖)↔ (V ,A1 − A2), (V ,A0), (T1,A0), etc.
“Measure” of symmetry-breaking power corrections.
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Factorizable Power Corrections

Jager, Camalich 2012: First attempt to more serious estimates of the
effect of Fact.PCs in B → K ∗`` observables.

Idea: The amount of breaking of large-recoil Form-Factor relations as
computed from non-perturbative methods (LCSRs, DSE..) measures
Factorizable PCs.

Our position: We like the idea!

• Not just estimate an absolute error: compute central values and ±.

• Careful: Deviations among different non-perturbative determinations
are not a measure of power corrections.

• Our approach: Compute central values for Factorizable PCs within
each LCSR determination separately, in different schemes for soft FFs,
to get a more clear picture of the effect of PCs on the observables.

Without precise theoretical correlations among different FFs and different
determinations, this is the best one can do.
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Factorizable Power Corrections

Scheme 1:
V (s) = (1 + mK∗/mB) ξ⊥

T1(s) = ξ⊥ + ∆Tαs
1 + aT1 + bT1(s/mB) + cT1(s/mB)2

SFF no PC

SFF with PC

0 2 4 6 8
-1.0

-0.5

0.0

0.5

1.0

q2HGeV2L

P
5
'

• aT1 = âT1 ± 0.1T1, etc.

• Determine errors from FF
should be equivalent to
“Munich” approach (?)

• Are some schemes better
than others?

• If we have all theory
correlations: do we need
clean observables?

• We need to compute PCs.
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Factorizable Power Corrections

Form-Factor correlations and clean observables:

ε∗µ− qν〈K ∗−|s̄σµνPRb|B〉
imB〈K ∗−|s̄/ε∗−PLb|B〉

∣∣∣∣
SCET

= 1 +O(αs) +O(Λ/mb)

ε∗µ− qν〈K ∗−|s̄σµνPRb|B〉
imB〈K ∗−|s̄/ε∗−PLb|B〉

∣∣∣∣
LCSR

= R ±∆

Questions:

• Is R − 1−O(αs) compare with the expected size of PCs?

• Is ∆ ”too large”? (whatever that means)
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Other b → s`` Observables

Hadronic effects are process-dependent, C9 is not → need to study many
other exclusive modes, some examples:

• Bs → φµ+µ− Horgan et al. 1310.3887; Hiller, Hambrock, w.i.p.

• Λb → Λµ+µ− Böer, Feldmann, van Dyk, w.i.p.

Λ decays weakly (Λ→ pπ), s = 1/2, diff. ang. dist than B → K ∗.
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Other b → s`` Observables

Hadronic effects are process-dependent, C9 is not → need to study many
other exclusive modes, some examples:

• Bs → φµ+µ− Horgan et al. 1310.3887; Hiller, Hambrock, w.i.p.

• Λb → Λµ+µ− Böer, Feldmann, van Dyk, w.i.p.

Λ decays weakly (Λ→ pπ), s = 1/2, diff. ang. dist than B → K ∗.

• Ωb → Ω−µ+µ− w.i.p.

Ω− decays weakly (Ω− → ΛK−), s = 3/2, diff. ang. dist.
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