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Bs → µµγ decay

Sensitive to a larger set of Wilson coefficients (C7, C9, C10) than Bs → µµ
(only C10)

1.

On the one hand, the photon lifts the helicity suppression of Bs → µµ,
partially compensing for the additional QED interaction,

On the other hand, suffers from large theoretical uncertainties due to form
factors of the Bs → γ transition2.

An upper limit was set recently by the LHCb experiment3:

B(Bs → µµγ)[4.9;6.0]GeV,ISR < 2.0× 10−9 (1)

1 focusing on those related to b → s anomalies.
2 Kruger and Melikhov, arXiv: hep-ph/0208256 (hep-ph), 2003.
3 Aaij et al., arXiv: 2108.09284 (hep-ex), 2021; Aaij et al.,arXiv: 2108.09283 (hep-ex), 2021.
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Bs → µµγ decay

Figure: Bs → µµγ Initial State Radiation (ISR), hatched circle is C9/C10, empty circle is
C7.

Figure: Bs → µµγ Final State Radiation (FSR), hatched circle is C10.
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Bs → µµγ decay
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Figure: Bs → µµγ differential branching fraction with the dimuon mass
√

q2 = MB

√
ŝ.

Blue line: q2
min from the recent Bs → µµ analysis, red line: possible q2

min for a dedicated
Bs → µµγ analysis. Theoretical prediction from flavio.
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Untagged decay rate

The untagged decay rate is defined as

⟨Γ(Bs(t) → f )⟩ ≡ Γ(B0
s (t) → f )+Γ(B̄0

s (t) → f ) =

∫

PS

(
|Af (t)|2 + |Āf (t)|2

)
,

(2)
and is related to the effective lifetime τ feff :

τ feff ≡
∫∞
0

t⟨Γ(Bs(t) → f )⟩dt∫∞
0

⟨Γ(Bs(t) → f )⟩dt . (3)

Phase-space integral: ∫

PS

≡
∫

(2π)4

2MBs

dΦf , (4)
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Untagged decay rate

By working out the previous expression:

⟨Γ(Bs(t) → f )⟩ ∝
[
cosh

(
yst

τs

)
+ Af

∆Γs
sinh

(
yst

τs

)]
, (5)

with Af
∆Γs

defined as:

Af
∆Γs

= −
∫
PS

Re
(
q/p ĀfA∗

f

)
∫
PS

|Af |2
. (6)

and ys ≡ ∆Γs/(2Γs) ≈ 0.06,
(–)

Af instantaneous amplitudes of decay of
(–)

B
0

s .

Finally, Af
∆Γs

is related to the effective lifetime by:

τ feff =
τs

1− y2
s

(
1 + 2Af

∆Γs
ys + y2

s

1 + Af
∆Γs

ys

)
. (7)
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Interest of Af
∆Γs

Let’s look at this expression:

Af
∆Γs

= −
∫
PS

Re
(
q/p ĀfA∗

f

)
∫
PS

|Af |2
. (8)

The Wilson coefficients enter as

|Af |2 ∝ |C9|2, |C10|2 , (9)

Af Ā∗
f ∝ (C9)

2, (C10)
2 , (10)

such that if the Wilson coefficients have complex phases, they will appear in
the latter, and not in the former.
→ Sensitive to new physics in phase of Wilson coefficients.

q/p exactly cancels the CKM phases dependence of ĀfA∗
f .

Ratio observable: might expect a cancellation of uncertainties.
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Choice of NP scenario

We want to study the “ability” of Aµµγ
∆Γs

to disentangle different NP scenarios.

Scenario CNP
9 CNP

10

SM 0 0

C9 −1.0− 0.9i 0

C10 0 1.0 + 1.4i

CLL −0.7− 1.4i 0.7 + 1.4i

SM values C9 = 4.327 C10 = −4.262

(11)
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Aµµγ∆Γs
at high-q2

Then, Aµµγ
∆Γs

depends on the phase-space integration range that is used (set by the

experimentalists). In the high-q2 region, we define

∫

PS

=

∫ 1

ŝmin

∫

θ

, (12)

and we compute Aµµγ
∆Γs

with varying ŝmin, the lower bound of integration.

Note: ŝ = s
M2

B
.
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Sources of theoretical uncertainties

There are two main sources of uncertainty:

Broad charmonium resonances:

C9 → C9 − 9π

α2
C̄
∑

V

|ηV |e iδV
m̂V B(V → µ+µ−) Γ̂Vtot
q̂2 − m̂2

V + i m̂V Γ̂Vtot
, (13)

with |ηV | ∈ [1, 3] and δV ∈ [0, 2π].

ψ(2S), ψ(3770), ψ(4040), ψ(4160) and ψ(4415)
ŝ = {0.47, 0.49, 0.57, 0.61, 0.68}

Form factors, which describe the Bs → γ transition. In this work, we use a
recent parametrization4 from Light Cone Sume Rules (LCSR), with estimated
errors and correlations between the form factors.

4 Janowski, Pullin, and Zwicky, arXiv: 2106.13616 (hep-ph), 2021.
Camille Normand (LAPTh/LAPP, INFN Cagliari) On the effective lifetime of Bs → µµγ November 3rd, 2022 GDR-InF workshop 13 / 26

2106.13616


Sources of theoretical uncertainties

There are two main sources of uncertainty:

Broad charmonium resonances:

C9 → C9 − 9π

α2
C̄
∑

V

|ηV |e iδV
m̂V B(V → µ+µ−) Γ̂Vtot
q̂2 − m̂2

V + i m̂V Γ̂Vtot
, (13)

with |ηV | ∈ [1, 3] and δV ∈ [0, 2π].

ψ(2S), ψ(3770), ψ(4040), ψ(4160) and ψ(4415)
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Results for Aµµγ∆Γs

SM scenario f.f.cc
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Figure: Aµµγ
∆Γs

prediction in the kinematic interval [ŝmin, 1]. The blue vs. yellow bands
refer to the f.f. error, and respectively on the uncertainty associated to the modelling of
broad-charmonium resonances.
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Near-cancellation of broad-charmonium

C9 → C9 − 9π

α2
C̄
∑

V

|ηV |e iδV
m̂V B(V → µ+µ−) Γ̂Vtot
q̂2 − m̂2

V + i m̂V Γ̂Vtot
. (14)

Shift to C9 = O(4%× C9); yet, error from broad-cc̄ < 1%
→ Two main factors:

resonances = limited kinematic region of the spectrum.

shift only to C9 + accidental equality C9(mb) ≈ C10(mb) → cancellation
between numerator and denominator = “ratio observable” property of Aµµγ

∆Γs
.

Estimation of these resonant contributions would otherwise be very challenging.
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Conclusion

New observable, reachable in a medium term (Run 3), with a sensitivity to
complex phases in the Wilson coefficients suggested by b → s transitions
data.

Very low (sub percent) pollution from broad-charmonium uncertainties.

Cancellation of form factor uncertainties is not as efficient,

but, these uncertainties can be hoped to be reduced with improvements on
form factors estimation.
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Question time !

Thank you for your attention !
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Bs mixing

|BL,H⟩ = p|B0
s ⟩ ± q|B̄0

s ⟩ ,(
q

p

)2

= e−2iϕM (1 + a) ,

∆Ms = MH −ML , Γs =
ΓH + ΓL

2
, ∆Γs = ΓL − ΓH , (15)

a ≈ ASL ≃ −3.5× 10−3
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Global fits
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Figure: 1σ constraints on the NP Wilson coefficients.

Camille Normand (LAPTh/LAPP, INFN Cagliari) On the effective lifetime of Bs → µµγ November 3rd, 2022 GDR-InF workshop 19 / 26



Shift to C9

Mean[δc c_] Mean[δc c_] + 3σ[δc c_]
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Figure: Blue solid line: mean of |δcc̄ |/C9,SD as a function of ŝ, obtained from a uniform
scan to |ηV | ∈ [1, 3] and δV ∈ [0, 2π). Dashed orange line: mean plus 3 times the
standard deviation.

Camille Normand (LAPTh/LAPP, INFN Cagliari) On the effective lifetime of Bs → µµγ November 3rd, 2022 GDR-InF workshop 20 / 26



Bs → µµγ Lagrangian

Heff =
4GF√

2

(
2∑

i=1

(λuCiOu
i + λcCiO

c
i )− λt

6∑

i=3

CiOi − λt

10∑

i=7

(CiOi + C ′
i O′

i )

)
,

(16)
where λi ≡ V ∗

isVib and V the CKM matrix. The operators relevant to our
discussion read

Oq
1 = (s̄αγµq

β
L )(q̄

βγµbαL ) , Oq
2 = (s̄αγµq

α
L )(q̄

βγµbβL ) ,

O7 =
e

16π2
mb s̄σµνF

µνbR , O8 =
gs

16π2
mb s̄σµνG

µνbR , (17)

O9 =
e2

16π2
(s̄γµbL)(ℓ̄γ

µℓ) , O10 =
e2

16π2
(s̄γµbL)(ℓ̄γ

µγ5ℓ) ,
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Bs → µµγ amplitudes

ADE(B̄
0
s → µµγ) =

GF√
2
VtbV

∗
ts

α

2π
×

{
−2imbC7

q2
⟨γ(k , ϵ)|s̄σµν(1 + γ5)q

νb|B̄0
s (p)⟩ ū(p2)γµv(p1)

+C9 ⟨γ(k , ϵ)|s̄γµ(1− γ5)b|B̄0
s (p)⟩ ū(p2)γµv(p1)

+C10 ⟨γ(k , ϵ)|s̄γµ(1− γ5)b|B̄0
s (p)⟩ ū(p2)γµγ5v(p1)

}
, (18)

ABrems = + i
GF√
2
VtbV

∗
ts

α

2π
e Xf fBs 2mµ C10

{
ū(p2)

(
/ϵ
∗
/p

t −m2
µ

− /p/ϵ
∗

u −m2
µ

)
v(p1)

}
. (19)
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Form factors definition

⟨γ(k , λ)|s̄γµb|B̄0
s (q + k)⟩ = e ϵµλ

∗qk FV (q
2)

MBs

,

⟨γ(k , λ)|s̄γµγ5b|B̄0
s (q + k)⟩ = ie (λ∗µ qk − kµ λ∗q)

FA(q
2)

MBs

,

⟨γ(k, λ)|s̄σµνbqν |B̄0
s (q + k)⟩ = ie ϵµλ

∗qkFTV (q
2, 0) ,

⟨γ(k, λ)|s̄σµνγ5bqν |B̄0
s (q + k)⟩ = e (λ∗µ qk − kµ λ∗q)FTA(q

2, 0) , (20)
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Explicit formula for Aµµγ∆Γs

Aµµγ
∆Γs

= −
∫
dŝ d cos θ f (ŝ, m̂2

µ) Re
(
q/p ĀµµγA∗

µµγ

)
∫
dŝ d cos θ f (ŝ, m̂2

µ) |Aµµγ |2
, (21)

we can perform the integration
∫ 1

−1
d cos θ. We obtain

∫
d cos θ Re

(
q/p ĀµµγA∗

µµγ

)
= |N |2

7,9,10∑

i,j

Re(fij CiCj) (22)

and

∫
d cos θ |Aµµγ |2 = |N |2

7,9,10∑

i,j

Re(f̄ijCiC
∗
j ) , (23)
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Explicit formula for Aµµγ∆Γs

f7 7 =
16

3
M4

Bs
m̂2

b x
2
2m̂2

µ + ŝ

ŝ2
(F̄ 2

TA − F̄ 2
TV ) , (24)

f̄7 7 =
16

3
M4

Bs
m̂2

b x
2
2m̂2

µ + ŝ

ŝ2
(|F̄TA|2 + |F̄TV |2) , (25)

f9 9 =
4

3
M4

Bs
x2(2m̂2

µ + ŝ)(F 2
A,9 − F 2

V ,9) , (26)

f̄9 9 =
4

3
M4

Bs
x2(2m̂2

µ + ŝ)(|FA,9|2 + |FV ,9|2) , (27)

f10 10 = − 4M4
Bs
x2

3
(4m̂2

µ − ŝ)(F 2
A,10 − F 2

V ,10) , (28)

f̄10 10 = − 4M4
Bs
x2

3
(4m̂2

µ − ŝ)(|FA,10|2 + |FV ,10|2) , (29)
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Explicit formula for Aµµγ∆Γs

f7 9 + f9 7 =
16

3
M4

Bs
m̂b x

2
2m̂2

µ + ŝ

ŝ
(F̄TAFA,9 − F̄TVFV ,9) , (30)

f̄7 9 C7C
∗
9 + f̄9 7 C9C

∗
7 =

16

3
M4

Bs
m̂b x

2
2m̂2

µ + ŝ

ŝ
× Re

[
F̄TAC7 (FA,9C9)

∗ + F̄TVC7 (FV ,9C9)
∗] , (31)

f̄7 10 C7C
∗
10 + f̄10 7 C10C

∗
7 = 128 fBsM

3
Bs
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