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Introduction

• Flavor-Changing Neutral Current (FCNC) 
process suppressed in SM. New Physics?

• Described by effective Hamiltonion
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The LHCb experiment 
• Dedicated to precision study of b/c-hadrons 

Jibo HE (UCAS) 3Rare B decays at LHCb



LHCb luminosity prospects
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Bremsstrahlung corrections
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Rare decays at LHCb
• Very rare decays
– ! "

# → %&%', ! "
# → (&(', ! "

# → %&%'%&%'
• Lepton flavor violation
– ! "

# → (&%' , ! "
# → )&%', (& → %&%'%&

• Electroweak penguin
– !# → +∗#%&%', LFU

• Radiative
– !"# → -., Λ0# → Λ., !& → +&1&1'.

• Rare charm
– 2# → %&%', Λ3& → 4%&%'

• Rare Strange
– +5# → %&%', Σ& → 4%&%'
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! "
# → %&%'

• Road to ! "
# → %&%'
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! "
# → %&%', latest results from LHCb

• With 4.6 fb-1 of data, first observation of  
!"# → %&%' from a single experiment 
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7.8σ LHCb alone
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!"# → %&%' effective lifetime
• !"# mixing ⇒ effective )

• First measurement, not 
yet sensitive to AΔΓ
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AΔΓ=1 in SM

[De Bruyn et. al., PRL 109 (2012)  041801]
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! "
# → %&%'

• ! "
# → %&%' not helicity suppressed in SM, 

predicted BR ~200 higher than ! "
# → (&('

• ℬ(! "
# → %&%') enhanced by NP scenarios, 

previously best limit given by Babar

[Babar, PRL 96 (2006) 241802]
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! "
# → %&%'

• Using %' → 3)*+(-.) mode
• Normalized to ! → 0&0"&
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! "
# → %&'(

• LFV, highly suppressed in SM, ℬ ∼ +(10(/0), 
may be enhanced by NP models 
– 23, up to 10(4
– Leptoquarks, 10(5 − 10(/
– Pati-Salam gauge model, 10(0 − 10(7

• Best limit given by Babar
ℬ(!# → %&'() < 2.2×10(/ at 90% CL
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[Babar, PRD 77 (2008) 091104]



! "
# → %&'(
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• Using %( → 3*+,(./) mode
• Normalized to !# → 1(*&

ℬ(!# → %&'() < 1.4×10(9 at 95% CL

ℬ(!"# → %&'() < 4.2×10(9 at 95% CL

'(



!" → $∗"&'&(
• Rates and angular distributions sensitive to NP
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!" → $∗"&'&(: *+,
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• LHCb updated with 3 fb-1, anomaly still there
• Also measured by Belle, ATLAS, CMS
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Branching fraction of ! → #ℓ%ℓ&
• Some tensions seen
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New physics, or QCD?
• Charm loop effects? [Lyon, Zwicky, arXiv:1406.0566] 
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ℛ"
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ℛ", signal yields
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ℛ", results with Run-I data
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ℛ", updated results 
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• Include	2015+2016	
ℛ" = 0.84656.67856.698:6.6;6:6.69;

∼ 2.5= from SM



ℛ"∗$
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ℛ"∗$ , results with Run-I data
• Deviations from SM seen by LHCb (∼ 2.4))
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Photon polarization in !"# → %&
• Photons in ' → (& mainly left-handed
• Time-dependent signal rate

with

24.8k 4.1k
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!"# → %&, untagged analysis
• Assuming equal mixture of 
!"#/ (!"#, simplified 

• Measured 
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!"# → %&, tagged analysis
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'()
* ≈ Re ./0(123234

23 5 + 234 5
7()* ≈ Im ./0(123234

23 5 + 234 5

• Same dataset, with flavor-tagging 

• First measurement of 7/2 in radiative !"# decay



Observation of Λ"# → Λ%
• Baryonnic & → '% not observed yet. Upper limits 

set by CDF   ℬ < 1.9×10/0 [CDF, PRD 66 (2002) 112002]

• In SM, ℬ~0.06 − 1×10/4

• First observation, BR:
ℬ Λ"# → Λ% = 7.1 ± 1.5 ± 0.6 ± 0.7 ×10/9
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!"# → %&%'

• SM prediction: BR=(5.0±1.5)×10-12, 
can be enhanced by up to factor 100

• !"# → (&(': control channel, main Bkg
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Previous limit
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Summary

• LHCb performed the world-leading 
measurements of rare B decays:
– Very rare decays, e.g., ! "

# → %&%', ! "
# → (&('

– LFV, e.g., ! "
# → (&%'

– Electroweak penguin, e.g., !# → )∗#%&%', ℛ-(∗/)

– Radiative, e.g., !"# → 12, Λ4# → Λ2
– Rare Strange, e.g., )5# → %&%'

• Your suggestions are always appreciated!
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