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Radiative b-decays
b→ s(d)γ are Flavour-Changing-Neutral-Currents (FCNC) → crucial tests of the 
Standard Model (SM)

● generated by O7 at leading order (LO) in the SM, O’7 suppressed by mq/mb
● C7 strongly constrained by BR and direct CP measurements
● room for New Physics (NP) in C’7 → photon polarisation
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The major players
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JINST 3 (2008) S08005
● pp collisions: high background
● 7 fb-1 on tape: all b species
● forward spectrometer

● e+e- collisions: very clean environment
● 1 ab-1 on tape: B0 and B+, some Bs as well
● hermetic detector, large coverage

Nucl. Instrum. Methods Phys. Res., A 479, 117 (2002)

Many BaBar and Cleo contributions as well

https://cds.cern.ch/record/1129809
https://doi.org/10.1016/S0168-9002(01)02013-7
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New Physics constraints
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Paul & Straub [JHEP04(2017)027]

https://arxiv.org/abs/1608.02556
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Latest results



Very challenging reconstruction → 
dedicated reconstruction in Run 2

Huge combinatorial background 
mitigated with performant MVA

First observation of Λb → Λ0γ
Baryonic b → sγ not observed 
BR < 1.9·10-3 [CDF PhysRevD.66.112002]

BRSM ∈ [0.06-1]x10-5  [Wang et al., 
Mannel et al., Gan et al., Faustov et al.]

Gives access to photon polarisation 
[Mannel & Recksiegel, Hiller & Kagan] 7

LHCb-PAPER-2019-010
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https://arxiv.org/abs/hep-ex/0208035
https://doi.org/10.1140/epjc/s10052-008-0846-5
https://doi.org/10.1007/JHEP12(2011)067
https://doi.org/10.1088/0253-6102/58/6/14
https://link.aps.org/doi/10.1103/PhysRevD.96.053006
http://www.actaphys.uj.edu.pl/fulltext?series=Reg&vol=28&page=2489
https://arxiv.org/pdf/hep-ph/0108074.pdf
https://cds.cern.ch/record/2669114


LHCb 2016 data

Significance of 5.6σ
First observation!

Opens doors to 
photon polarisation 
measurement 

First observation of Λb → Λ0γ
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LHCb-PAPER-2019-010

https://cds.cern.ch/record/2669114


Isospin (Δ0-) and CP (ACP) asymmetry in B → Xsγ
● BR(B → Xsγ) places strong constraints on NP models

○ σth ~ σexp ~ 7% but σBelle II ~ 3% → theory improvement needed!
○ σth dominated by resolved photon contribution (RP): hard gluon - light quark scattering

○ Recent evidence for isospin breaking in Bd → K*γ [Belle Phys.Rev.Lett.119.191802]
○ if similar value for inclusive decay → sizeable RP; else → improvement on σth

● Direct CP asymmetry σth also dominated by RP → new observable:

Λ78 term from interference between C7 and C8 operators 9

Phys.Rev.D.99.032012

https://arxiv.org/abs/1707.00394
http://arxiv.org/abs/1807.04236


Isospin (Δ0-) and CP (ACP) asymmetry in B → Xsγ
● Full Belle data
● Inclusive = sum of exclusive 
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Phys.Rev.D.99.032012

http://arxiv.org/abs/1807.04236


Photon polarization in Bs → φγ
Time dependent decay rate for fCP states gives access to photon polarization:
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PRL 118(2017)2,021801

LHCb-PAPER-2019-015

https://https//arxiv.org/abs/1609.02032
https://cds.cern.ch/record/2666699?ln=es


Photon polarization in Bs → φγ
Time dependent decay rate for fCP states gives access to photon polarization:
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PRL 118(2017)2,021801

Require knowledge of the Bs 
flavour at production

NEW from Moriond QCD!

LHCb-PAPER-2019-015

https://https//arxiv.org/abs/1609.02032
https://cds.cern.ch/record/2666699?ln=es


Photon polarization in Bs → φγ
● Simultaneous fit to Bs→φγ and control mode Bd→K*γ :
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LHCb-PAPER-2019-015

Untagged

https://cds.cern.ch/record/2666699?ln=es


Photon polarization in B0→KSηγ 
● Full Belle data, m(KSη ) < 2.1 GeV/c2, inclusive tagging
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Phys.Rev.D.97.092003

http://arxiv.org/abs/1803.07774
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Future prospects

+ upgrades



LHCb Run1+2: BR and asymmetries
BR(Bs→φγ) and ΔCP(Bd→K*γ) Explore more b-baryons

● Λb→Λ*(pK)γ
● Λb→N*(pπ)γ
● Ξb

-
 → Ξ- γ and Ωb

-
 → Ω- γ

The latter give access to photon polarisation:
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+ measure isospin asymmetry
+ explore higher Kπ and KK states arXiv:1902.04870

2016

https://cds.cern.ch/record/2669114
https://arxiv.org/pdf/1902.04870.pdf


LHCb Run1+2: photon polarisation
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Bd → K*ee CERN-THESIS-2015-219
Λb → Λ0γ using Flavio

See also arXiv:1902.04870

See E. Kou’s talk

B → K+π+πγ arXiv:1902.09201

σLHCb,9fb~0.009, σBelleII,5ab~0.018

https://cds.cern.ch/record/2104825?ln=es
https://flav-io.github.io/
https://arxiv.org/pdf/1902.04870.pdf
https://arxiv.org/pdf/1902.09201.pdf


The new signing
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Taking physics data 

since last week!

See P. Urquijo’s talk

[Belle II TDR]

https://arxiv.org/abs/1011.0352


Belle II: inclusive B → Xs,dγ 
Work on systematics is crucial!

Fully inclusive:
● photon ET > 1.6 GeV possible
● better control of neutral hadron 

background needed

Sum of exclusive:
● add new modes with more stats
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Belle II Physics Book

https://arxiv.org/abs/1808.10567


Statistically dominated

Also double-radiative decays:

WARNING: LHCb can also contribute to 

this mode! See LHCb-PUB-2018-006 

Belle II: exclusive decays
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Belle II Physics Book

https://cds.cern.ch/record/2314368/files/LHCb-PUB-2018-006.pdf
https://arxiv.org/abs/1808.10567


LHCb Upgrade II (see V. Gligorov and C. Langenbruch talks) 
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LHCb 300 fb-1

Yield σstat(γpol)

Bs → φγ 800k 0.02

B0 → KSπ+π-γ 200k

B+ → K+π+π-γ 2M < 1%

B0 → K*e+e- 20k 2%

Λb → Λ0γ 10k 4%

Improvements in systematics needed 
but feasible:

● π0 backgrounds
● angular background distributions
● detector asymmetries
● external inputs: BR, hadronisation

LHCb Upgrade II physics case

https://cds.cern.ch/record/2636441/files/1808.08865.pdf


Summary
● Radiative b-decays provide important tests of the SM

○ NP very constrained already in C7 but still room in C’7

● Active field with fresh LHCb and Belle results:
○ first radiative b-baryon decay observed!
○ new modes & techniques for photon polarisation measurements

● Much more to come soon: 
○ LHCb full Run 2 analyses 
○ Belle II

22

mostly statistically dominated, work on 
systematics needed for inclusive measurements
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BACK-UP
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Search for B+ → Ƕυγ at Belle
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Phys.Rev. D98 (2018) 11 112016
from M. Prim’s talk at Moriond EW

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.112016
http://moriond.in2p3.fr/2019/EW/slides/6_Friday/1_morning/1_Markus_Prim.pdf


Radiative b-decays at LHCb
Main challenges: 

● mass resolution: ~100 MeV (~22 MeV for B → hh)
● partial and mis-id backgrounds (bkg): π0/γ separation 

26[Nucl. Phys. B867 (2013)] [Phys. Rev. Lett. 112, 161801 (2014)] [Phys. Rev. Lett. 118, 021801 (2017)]

http://arxiv.org/abs/1209.0313
http://arxiv.org/abs/1402.6852
http://arxiv.org/abs/1609.02032


b-baryon decays
Offer complementary observables to probe the SM:

● two spectator quarks → different Form Factors 
● half-integer spin → richer angular distributions

Largely unexplored so far, LHCb can exploit large production at LHC:

27[JHEP 09 (2018) 146][Phys. Rev. Lett. 115, 072001]

Λb → pKJ/ψ Λb → Λ0 µ+µ-

[arXiv:1902.06794]

http://arxiv.org/abs/1808.00264
http://arxiv.org/abs/1507.03414
http://arxiv.org/abs/1902.06794


Photon polarisation in Λb → Λ0γ
Most interesting observable is the 
photon polarisation:

at LO in the SM: 

Accessible in Λb→Λ0γ through 
angular analysis:

PΛb = (0.06 ± 0.07)
[Phys. Lett. B 724 (2013) 27]

αp,½= (0.642 ± 0.013) [PDG]
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[Legger and Schietinger]

https://arxiv.org/abs/1302.5578
http://pdglive.lbl.gov/Particle.action?init=0&node=S018&home=BXXX020
https://arxiv.org/abs/hep-ph/0605245v3


Track types at LHCb
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Systematics

30

LHCb unofficial

[LHCb-ANA-2018-033]

affects signal 
significance

https://twiki.cern.ch/twiki/pub/LHCbPhysics/RadiativeLb2LzGammaReview/LHCb-ANA-2018-033_v2.0.pdf


Λb → Λ*γ
Same b→sγ transition with contributions from heavier Λ* resonances

● experimentally more accessible: Λ*→pK strongly
○ prompt decay inside vertex detector
○ Λb vtx can be reconstructed
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Photon polarisation in Λb → pKγ
● J = 1/2 → angular distributions as for Λ0

in this case:

● αp,½= 0 (strong decay)
● PΛb = (0.06 ± 0.07) at LHC            

[Phys. Lett. B 724 (2013) 27]
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[Legger and Schietinger]

● J = 3/2

with:

 

sensitivity to αγ suppressed by initial Λb polarisation

*for J > 3/2, more helicity amplitudes than observables

https://arxiv.org/abs/1302.5578
https://arxiv.org/abs/hep-ph/0605245v3


Belle sum of exclusive
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LHCb Upgrade for photon polarisation
An example with 300 fb-1 → σ(AΔ) ~ σ(S) ~ 0.05

34

by C. Sánchez Mayordomo



Ξ-
b→Ξ-γ and Ω-

b→Ω-γ
Baryon b → sγ transitions with different spectator quarks

● More complex decay topology → very challenging reconstruction
○ most decays outside LHCb vertex locator
○ cannot reconstruct Ξ-

b decay vertex 
35


