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Outline

• Radiative decays, observables (asymmetries, 
polarization,…) 
• b→sγ:

• B→K*0γ,  Bs→φγ
• Λb→Λ0γ,  Λb→Λ(X)γ

• b→dγ

• Event selection at LHCb
• Annual Event yields 
• Background estimates 

• Summary
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Radiative penguin  decays
• Loop-induced decays are the perfect place to search for New 

Physics hints• In SM model loops are suppressed 
• GIM cancellation
• “rare decays”• Heavy particles are suppressed in trees
• could appear in the loops• New particles in loops:
• Enhancements in decay rates: even the minor absolute 

enhancement could result in large relative enhancement
• New phases
• New asymmetries 
• … ? • Ideal laboratory for New Physics search
• But also some QCD tests
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Radiative penguin decays

• No so rare decays
• PDG

Br(B→K*0γ ) = (4.3±0.4)x10-5

Br(B-→K*-γ ) =(3.8±0.5)x10-5

• 1-amplitude dominance
• strong phase appears at 

order of αs or 1/mb

→“Direct” asymmetries are 
small (0.6%) for b→sγ & 
a bit larger(-16%) for b→dγ

Suppressed by : αs , 1/mb or |VCKM|
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b→s(d)γ : CP-asymmetries

• Bs → φγ :
• not CP-eigenstate!
• V-A: γ is left-handed 

• “Wrong polarization”: ~ms(md)/mb• Both Amix and Adir are small
• Mix: product of small φs and small fraction of γR
• Better sensitivity for relatively small Δms

• space resolution for φ→K+K- vertex  ↔ Bs proper time  resolution
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Photon Polarisation

•• NaiveNaive: : •• LeftLeft--handedhanded photon (to photon (to 
conserve conserve thethe angularangular
momentummomentum))
•• rightright handedhanded components components 

ofof thethe orderorder ofof mmss/m/mbb

•• truetrue onlyonly for 2 body for 2 body 
decaysdecays•• cannotcannot bebe appliedapplied to to bb→→ssγγ
+ gluons+ gluons
•• otherother operatorsoperators couldcould

contributecontribute
•• explicit explicit calculationscalculations for for 

ΒΒ→→ΚΚ∗∗γ, γ, ΒΒ→→ργργ
•• rightright handedhanded components components 

maymay bebe upup to to 1010÷÷15%15%

Grinstein, Grossman, Ligeti, Pirjol, PRD 71, 
011504 (2005)
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How to measure γ-polarization?

““PhotonPhoton--sideside””
•• measure the measure the 

polarization polarization 
•• virtual  photon virtual  photon 

((bb→→ssll++ll--) ) 

•• real photon real photon 
•• conversion conversion γγ→→ee++ee--

HadronHadron sideside
•• Exploit Exploit KK**** ((KKππππ) system) system

•• Polarized bPolarized b--baryon decaysbaryon decays
•• exploit the angular exploit the angular 

correlations between correlations between 
initial and final stateinitial and final state

•• Good to try at Good to try at LHCbLHCb!!

Gronau, Pirjol, PRD 66, 054008 (2002)

Gronau, Grossman, Pirjol, PRL 88, 051802 (2002)

Mannel, Recksiegel, JPG: NPP 24, 979 (1998)

Hiller, Kagan, PRD 65, 074038 (2002)

Melikov, Nikitin, Simula, PLB 442, 381 (1998)

Grossman, Pirjol, JHEP06, 029 (2000)
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Λb→Λ0γ Λb→Λ(X)γ

•• one can apply to higher resonances  one can apply to higher resonances  ΛΛ(X)(X)→→pKpK
•• spin 5/2 is useless  (lack of observables)spin 5/2 is useless  (lack of observables)
•• spin spin ½½ need to be need to be dseparateddseparated from 3/2  from 3/2  

•• The measurement both photon and proton  distributions are The measurement both photon and proton  distributions are 
requredrequred

BR ∼ 10-5 ÷ 10-6

Based on Hiller, Kagan, PRD 65, 074038 (2002)
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γ polarization

•• ΛΛbb →→ΛΛ00 γγ

•• ΛΛbb→→ ΛΛ((½½) ) γγ
•• Distribution for Distribution for γγ is the is the 

samesame
•• Distribution for proton is Distribution for proton is 

flat flat 

•• ΛΛbb→→ ΛΛ(3/2) (3/2) γγ

Hiller, Kagan, PRD 65, 074038 (2002)
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The LHCb experiment

•• Single arm spectrometerSingle arm spectrometer
•• b physics and rare decaysb physics and rare decays
•• L = 2L = 2··10103232 cmcm--22 ss--11

Vertex Detector

Interaction point Muon
chambers

CalorimetersTracking stations

Ring Imaging 
CHerenkov (RICH)
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Analysis & Background suppression

• Beauty particles:
• mb ~ 5 GeV/c2

• βγcτ ~O(1cm)
• Particles from B-decays:

• Large pT

•L0 (hardware) trigger:
• leptons (e±,μ±,μμ),
• photons  
• hadrons

• Large impact parameters
• (software) trigger• Background:
• bb̄-production with at least one B 

within 400mrad cone

•• High Level Trigger and Off-
line background suppression 
continues to utilize these 
properties 

• B-decay products do not 
point to reconstructed 
primary vertices

• Exclusively reconstructed B-
candidate does point to 
primary vertex

• B-candidate is associated 
with primary vertex with 
minimal impact parameter 
(significance)
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Selection of Bd→ K*0γ and Bs →φγ

•• Realistic simulation and Realistic simulation and recontructionrecontruction! ! •• π±,K± :
• charged tracks consistent with 

PID
• Inconsistent with any PV

• χ2
IP >  16(4)• Two prong vertex

• χ2
VX < 49 • K*0 :

• |ΔM|  <  60 MeV/c2

• φ :
• |ΔM|  <  10 MeV/c2

• γ :
• clusters in Ecal not associated 

with any reconstructed track
• ET > 2.8 GeV
• 2.2(2.0) <  ET

* < 2.7 GeV

Bs →φγ background

K*0 φ
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Selection of Bd→ K*0γ and Bs →φγ (II)

•• B :
• Angle between the 

momentum and the flight 
direction from production 
to decay vertex

|θB| < 6 (15) mrad

• Correlated  feeddown with 
merged π0, wrongly 
reconstructed as single photon 

B →K*0 π0 ,  Bs →φπ0

• opposite Κ∗0(φ)
polarization 
• |cos θ| < 0.750.75
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Bd→ K*0γ Bs →φγ (III)

•• B-mass window is 
defined as ±200 MeV/c2

• σ(MB) = 65 MeV/c2

• The correlated feeddown
is well under the control

Annual yield ( using 1012 bb̄
events/107 second)

Bd→ K*0γ Bs →φγ

εREC [%] 4.5 4.3

εTRIG/REC [%] 19 19

εSEL/TRIG [%] 18 27

εTOT [%] 0.16 0.22

Bd→ K*0γ Bs →φγ

N/year 35k 9.3k
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Selection of Λb→Λ0γ Λb→Λ(X)γ

•• Basically on the same Basically on the same 
principlesprinciples
•• Different for Different for ΛΛ00, since , since ΛΛ00

decay vertex does not decay vertex does not 
define define ΛΛbb decay vertexdecay vertex

•• The special topology The special topology 
selection need to be usedselection need to be used

•• ΛΛbb →→ ΛΛ(1520)(1520)γγ 42004200
•• ΛΛbb →→ ΛΛ(1670)(1670)γγ 22002200
•• ΛΛbb →→ ΛΛ(1690)(1690)γγ 22002200
•• ΛΛbb →→ ΛΛ00γ         γ         750750

ΛΛ00

Λ (Λ (XX))
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Background

Background estimation is 
limited by the size of 
available sample of O(107)
forward bb̄ events and 
3x107 minimum bias 
events

No background events are 
found in “wide” mass 
interval  4.5-6.0 GeV/c2

90%CL upper limits are 
set for the background 
from bb̄-production

• We consider now 
forward bb̄ production as 
a major source of 
background
• large pT, large impact 

parameters, secondary 
verticies, …
• (This assumption need 

to be properly 
validated and proved)

K*gK*g φγφγ ΛΛ00γγ ΛΛ(X)(X)γγ

B/SB/S <0.7<0.7 <2.4<2.4 <42<42 <10<10
<18<18
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First look at Bd→ ωγ

•• b→dγ transition • |Vtd/Vts| can be extracted 
with moderate theoretical 
uncertanty

• also for large Δms

• Or formfactor calculations 
could be checked

• Br (B → K*γ) /Br (B → ωγ ) ~ 65

• reconstruction efficiency is low:  
• π0 need to be reconstructed• Background condition is difficult
• 3 neutral particles in final state

εTOT [%] N/year 

0.012 40
B / S < 3.5 @ 90 % CL

Br ( Β0 → ω  γ ) = 0.5 × 10-6

σσ = (63 = (63 ±± 9) 9) MeV/cMeV/c22
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Next steps

•• Look at Look at BB→→ρρ00γγ events events 
•• expected to be better than expected to be better than BB→→ωγωγ but not so nice but not so nice 

as  as  BB→→KK*0*0γγ

•• Exploit the decays Exploit the decays BB→→((KKππ)γππ)γ to study the photon to study the photon 
polarisationpolarisation

•• Probe the sensitivity for Probe the sensitivity for AAdirdir(B(Bss→→φγφγ)) and and 
AAmixmix(B(Bss→→φγφγ))
•• Now we know that Now we know that ΔΔmmss is not very largeis not very large

•• ……
•• Study for systematic effects and Study for systematic effects and uncertantiesuncertanties
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Summary

• LHCb has a good physics potential for study 
of radiative B-decays

N/yearN/year B/S  @90%CLB/S  @90%CL

Bd → K*0γ 35k35k <0.7<0.7

Bs → φγ 9.3k9.3k <2.4<2.4

Bd→ωγ 4040 <3.5<3.5

Λb→Λ0 γ 750750 <42<42

Λb→Λ(1520) γ 4.2k4.2k <10<10

ΛΛbb→→ΛΛ(1670) (1670) γγ 2.2k2.2k <18<18

Λb→Λ(1690) γ 2.2k2.2k <18<18

The The statisticalstatistical error on error on 
AAdirdir(B(B→→KK*0*0γγ)) is well below 1%is well below 1%

The The statisticalstatistical error on error on VVtdtd/V/Vtsts
from from BB→→KK*0*0γγ and and BB→→ωγωγ of of 
about O(0.1about O(0.1√√(1+B/S)/N)(1+B/S)/N)

15% sensitivity to 15% sensitivity to γγRR
after 5 yearsafter 5 years
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