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Outline

Photon polarization

Angular B+ → K+π−π+γ LHCb: PRL 112 161801 (2014)

Angular B0 → K∗0e+e− LHCb: JHEP 04 064 (2015)

Time-dependent B0
s → φγ

A∆ measurement LHCb: PRL 118 021801 (2017)

SCP and CCP measurement Ongoing...

b-baryon decays (Λ0
b → Λ0γ, Ξ−b → Ξ−γ) Ongoing...
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https://arxiv.org/abs/1402.6852
https://arxiv.org/abs/1501.03038
https://arxiv.org/abs/1609.02032


Photon polarization

New physics could modify the photon polarization in b→ sγ

Photons are predominantly left-handed in the SM

In some models (like LRSM), |AR/AL| up to 1/2

F.Yu et al.: JHEP 12 102 (2013)

Photon polarization is complementary to BR measurements
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https://arxiv.org/abs/1305.3173


Effective weak theory

Effective Hamiltonian of the b→ s transition:

〈f |Heff |i〉 = −4GF√
2
VtbV

∗
ts

∑
k

Ck(µ) 〈f | Ok(µ) |i〉

Radiative decays are sensitive to the electromagnetic operators:

O7 =
e

16π2
mb (s̄σµνPRb)F

µν (bR → sLγL with strength mb)

O′
7 =

e

16π2
mb (s̄σµνPLb)F

µν (bL → sRγR with strength ms)

Ratio of right-left helicities (in SM):

AR
AL

=
C

′
7

C7
=
ms

mb
= 0.02

S. Descotes-Genon et al.: JHEP 06 099 (2011)
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https://arxiv.org/abs/1104.3342


Current C
′

7 constraints

From radiative decays

→ See David Straub talk! A.Paul and D.Straub: JHEP 1704 027 (2017)
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http://arxiv.org/abs/arXiv:1608.02556


Photon polarization in B+ → K+π−π+γ

First observation of photon polarization in b→ sγ
LHCb: PRL 112 161801 (2014)

Three-body decays in B → Kres(→ Kππ)γ

The direction of the photon is
defined by the Kππ plane

Photon polarization:

λγ =
|C ′

7|2 − |C7|2
|C ′

7|2 + |C7|2
Up-down asymmetry Aud:

Aud ≡
Nup(cos θ > 0)−Ndown(cos θ < 0)

Ntotal
∝ λγ

→ See E.Kou talk! M.Gronau and D.Pirjol: PRD 96 013002 (2017)

S.Akar et al.: arXiv:1802.09433 (2018)
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https://arxiv.org/abs/1402.6852
http://arxiv.org/abs/1704.05280
https://arxiv.org/abs/1802.09433


Photon polarization in B+ → K+π−π+γ

Several resonances contribute

Analysis in four regions of the Kres mass 14 000 signal events

The null hypothesis can be tested: is the photon polarized?
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LHCb: PRL 112 161801 (2014)

https://arxiv.org/abs/1402.6852


Photon polarization in B+ → K+π−π+γ

Aud 6= 0, at 5.2σ

Best fit
Null hypothesis

b)

c) d)

The photon in b→ sγ is polarized!

To measure λγ , an amplitude analysis is needed

Full amplitude analysis is ongoing
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LHCb: PRL 112 161801 (2014)

https://arxiv.org/abs/1402.6852


B0 → K∗0e+e− at the photon pole

Current best radiative constraint to C
′
7

LHCb: JHEP 04 064 (2015)

Angular analysis at the photon pole (q2 < 1 GeV2)

Virtual photon decaying to e+e−

Three angles are involved

Transverse asymmetries:

A
(2)
T (q2 → 0) =

2Re(C7C
′∗
7 )

|C7|2 + |C ′
7|2

AIm
T (q2 → 0) =

2Im(C7C
′∗
7 )

|C7|2 + |C ′
7|2

D.Becirevic and E.Schneider: J.Nucl Phys B 09 004 (2011)
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https://arxiv.org/abs/1501.03038
https://arxiv.org/abs/1106.3283


B0 → K∗0e+e− at the photon pole

Reconstruction challenges:

Electrons are less efficient than muons
About 150 signal events
Bremsstrahlung effects
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Results compatible with SM

A
(2)
T = −0.23± 0.23± 0.05

AIm
T = +0.14± 0.22± 0.05
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LHCb: JHEP 04 064 (2015)

https://arxiv.org/abs/1501.03038


Time-dependent decay rate in B0
s → φγ

First measurement sensitive to photon polarization in Bs decays
LHCb: PRL 118 021801 (2017)

B0
s → φ(→ K+K−)γ topology Mixing/decay interference

ΓB0
s , B̄

0
s→φγ(t) ∝ e−Γs t[ cosh (∆Γs t/2)−A∆ sinh (∆Γs t/2)

± C cos (∆ms t)∓ S sin (∆ms t)]

Without identifying the B meson:

Γ(B0
s+B̄0

s )→φγ(t) ∝ e−Γst
[
cosh (∆Γst/2)−A∆ sinh (∆Γst/2)

]
F.Muheim et al.: PRB 664 174 (2008)
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https://arxiv.org/abs/1609.02032
http://dx.doi.org/10.1016/j.physletb.2008.05.032


Time-dependent decay rate in B0
s → φγ

Signal and background yields extracted from mass distributions

Modelling of the mass distributions:

Signal: double-tailed Crystal Ball
Combinatorial: First-order polynomial
Partially reconstructed: ARGUS convolved with a Gaussian

B0 → K∗0γ is used to control the decay time acceptance
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4 000 B0
s → φγ signal candidates
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LHCb: PRL 118 021801 (2017)

https://arxiv.org/abs/1609.02032


Time-dependent decay rate in B0
s → φγ

Unbinned fit
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LHCb: PRL 118 021801 (2017)

https://arxiv.org/abs/1609.02032


Time-dependent decay rate in B0
s → φγ

A∆ and S are sensitive to the photon polarization (and C
′
7):

A∆ ' 2Re(e−iφs C7 C′7)

|C7|2 + |C′7|2
S ' 2Im(e−iφs C7 C′7)

|C7|2 + |C′7|2
SM prediction:

A∆
SM = 0.047+0.029

−0.025 SSM = 0± 0.002

F.Muheim et al.: PRB 664 174 (2008)
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http://dx.doi.org/10.1016/j.physletb.2008.05.032


Time-dependent decay rate in B0
s → φγ

At present, SCP and CCP only measured in the Bd system

b→sγ S
CP
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HFLAV latest averages: Eur. Phys. J. C77 895 (2017)
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http://www.slac.stanford.edu/xorg/hflav/triangle/summer2017/index.shtml


Time-dependent decay rate in B0
s → φγ

The measurement of SCP and CCP is ongoing with Run1 data

New challenges:

Flavour tagging (determine the flavour of B0
s/B̄0

s )
Decay time resolution

Sensitivity vs mistag rate
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Time-dependent decay rate in B0
s → φγ

Oscillations in the decay time distribution

Reconstruction effects
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Time-dependent decay rate in B0
s → φγ

Testing the flavour tagging

Mixing asymmetry in B0 → K∗0γ
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First application of flavour tagging in radiative decays at LHCb

Reference: LHCb Flavour Tagging Plots
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https://twiki.cern.ch/twiki/bin/view/LHCb/FlavourTaggingConferencePlots


Time-dependent decay rate in B0
s → φγ

SCP measurements

3− 2− 1− 0 1 2

γφ Run 1

γφsK Average HFLAV 
0.90±0.74 

γ0ρsK Average HFLAV 
0.23 ±-0.06 

γηsK Average HFLAV 
0.42 ±-0.49 

γ0πsK Average HFLAV
0.20±-0.15 

γK* Average HFLAV 
0.22±-0.16 

Estimated

CCP measurements

2− 1− 0 1

γφ Run1

γφsK Average HFLAV 
0.60±-0.35 

γ0ρsK Average HFLAV 
0.14 ±-0.22 

γηsK Average HFLAV 
0.29 ±0.06 

γ0πsK Average HFLAV
0.12±-0.07 

γK* Average HFLAV 
0.14±-0.04 

Estimated

(*) Estimated sensitivity with LHCb Run1 data
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Time-dependent decay rate in B0
s → φγ

Estimation of C
′
7 constraints with Run1 data

Assuming σA∆ ' σS ' 0.3
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b-baryon decays

Λ0
b → Λ0γ has not been observed

Predicted BR: 10−5 to 10−7

T.Mannel et al.: J.Phys G24 979-990 (1998)

The angular distribution of Λ0
b → Λ0γ is sensitive to the photon

polarization

dΓ

d cos θp
∝ 1− αγ αΛ cos θp

αγ =
C7 − C ′

7

C7 + C
′
7

αΛ = 0.642± 0.013 [PDG]

Decay search with Run2 data in progress

Reconstruction challenge: Λ0 is a long-lived particle

L.Oliver et al.: PRD 82 117502 (2010)
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https://arxiv.org/abs/hep-ph/9701399
http://pdglive.lbl.gov/
https://arxiv.org/abs/1007.3632


b-baryon decays

Ξ−b → Ξ−γ has not been observed

Estimated: BR(Ξ−b → Ξ−γ) ∼ BR(Λ0
b → Λ0γ)

Distribution depends on two angles:

dΓ

d cos θΛ cos θp
∝ 1 − αγ αΞ cos θΛ + αΛ cos θp (αΞ − αγ cos θΛ)

αΞ = −0.458± 0.012 [PDG]

αγ sensitivity similar to Λ0
b → Λ0γ decays

L.Oliver et al.: PRD 82 117502 (2010)
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http://pdglive.lbl.gov/
https://arxiv.org/abs/1007.3632


Summary

Radiative decays are sensitive to the photon polarization

Allow to constrain the C
′
7 complex plane

Potential to improve the current boundaries:

Analyses in progress using Run2 dataset of LHCb
Improvement of reconstruction and analysis techniques
New measurements are coming:
S(B0

s → φγ), b-baryon decays...
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