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Outline
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• B→Xsl+l-	


• Bs, B0→μμ	


• B→Xsγ	


• Brief mention of a few other interesting channels	


• Projections
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Very selective…



B→Xsl+l-
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• Optimized for K*μμ physics 
(LHCb):	


- based on full angular analysis of 
K*μμ decay	


- ratios of coefficients such that 
form factor uncertainties 
cancel	


- several versions have been 
proposed, Pi’ have been 
measured experimentally

B→K*l+l-: Observables

• The more complex final state leads to 
additional observables:	


- AFB, the forward-backward lepton 
asymmetry	


- s0, the AFB zero crossing: this observable 
has particularly low theoretical 
uncertainties, thanks to cancellations	


- RK(*), the ratio of B→K(*)μμ/B→K(*)ee	


- FL, the K* longitudinal polarization 
fraction in B→K*ll
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“Traditional”

Differential decay rate for B→K*l+l-

“Optimized”
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B→K*μ+μ- @ LHCb
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based on1 fb-1

3.7σ anomaly
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Global fits to Wilson coefficients
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1307.5683

1310.2478

More observables	

included

✦SM

Smaller set of	

 observables
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Inclusive B→Xsl+l- can help…

• Inclusive BF of B→Xsl+l- also depends 
on C9	


• Plot BF in high q2 region vs. BF in low 
q2 region	


- Colored ellipses: from global fit to K*ll data	


- Red cross: SM calculation	


- Black cross: central value of global fit but 
error bars from expected results from 
current B-factories	


• Preliminary Babar result does not 
favor ΔC9 from global fit
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Prelim BaBar result  
for B(B→Xsll)

BR(B→Xsμ+μ-)low-q2
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More B→Xsl+l- observables

• Besides the observables derived from an angular analysis of 
K*μμ, there are others that are important as well:	


- Isospin asymmetry AI	


- s0 the AFB zero-crossing point	


- RK(*) the ratio of B→K(*)μμ to B→K(*)ee	


- direct ACP	


• Relevant also for the exclusive K (B→Kμμ) and electron 
(B→K(*)ee) modes, as well as the inclusive process, B→Xsl+l-
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Bs0, B0→μμ
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B→Xsγ
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B→Xsγ: Inclusive BF: general observations

• SM calculation at NNLO (~10k diagrams) [hep-ph/0609232]. Quite 
precise (~7%):	


!

• Very powerful in constraining NP models, historically and still 
very relevant. 	


• Inclusive measurement is preferred → allows comparison with 
precise SM prediction for inclusive rate	


• Experimentally challenging: 	


- fully inclusive: large irreducible background from B→Xπ0(→γγ)	


- sum-of-exclusive technique: problem of missing channels	


• Current status of uncertainties: comparable statistical and 
systematic errors	


- but a large fraction of systematic error is statistical in nature (for some 
measurements)
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B→Xsγ: Inclusive BF

• Other inclusive observables:	


- isospin asymmetry	


- direct CP asymmetry	


- isospin/CP asymmetry	


- B(B→Xdγ)/B(B→Xsγ)
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HFAG experimental average:

Standard Model theory:

Belle	

Lepton tags	


605 fb-1

[arXiv:0907.1384]

Babar	

Lepton tags	


370 fb-1

B-factories	

only

[PRD 86, 112008 (2012)]
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B→Xsγ: Inclusive BF → contraints
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[arXiv:1208.2788]

UED [arXiv:0801.4346]

2HDM-II

[arXiv:1303.5877]

2HDM-III
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B→Xsγ: Exclusive modes

• Generally, larger theoretical uncertainties make exclusive 
decays less useful	


• Exception: where one can access photon polarization → 
looking for NP in LeftRight models
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Up/Down asymmetry in B+→K+π+π-γ

• Non-zero up/down 
asymmetry determined 
at 5.2σ	


!
!
• Full amplitude analysis 

or theory progress 
needed to determine 
photon polariziation.
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B→Xsγ: Exclusive modes

• Another approach to photon polarization: time-dependent 
CP violation measurement in B0→KS0π0γ
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K* region NR region

K* region NR region

Combined Belle and Babar

error completely 	

dominated 	

by statistics
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Some more interesting channels:
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Many others:

etc.
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Projections: LHCb

• Exclusive modes 
(mostly with muons, 
charged final state)	


!

!

!

• Some exclusive 
radiative decays
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Integrated luminosity

• Projections are probably optimistic: use 
as a rough guide, not as gospel truth 

• Point of departure for discussion
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Projections: Belle-II

• Inclusive processes	


!

!

• Modes with neutrinos	


!

!

!

• Specific modes with 
neutrals
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2019

2023	


• Projections are probably optimistic: use 
as a rough guide, not as gospel truth 

• Point of departure for discussion



Backup slides
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Introduction/Motivations

• Flavour-changing neutral current process: prohibited at tree 
level in the Standard Model → New Physics contributions 
enter at same order as SM physics	


!

!

!

!

• In many NP models, the SM particles in the loops are 
replaced by new heavy particles, new masses, new couplings 
→ modify quantities that we can measure	


- Branching Fractions, CP and Isospin asymmetries, observables from 
angular distributions
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`radiative penguin’ `WW box’
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Effective Hamiltonian

• Effective Hamiltonian:	


!

!

• Relevant operators for this physics:	


!

!

• The Ci are the Wilson coefficients, which are calculable 
perturbatively in SM and NP models	


• C7: coefficient of dipole operator. |C7| determined by 
B(B→Xsγ)	


• C7, C9, C10 all affected by B→Xsl+l- 
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Inclusive B→Xsl+l- can help…

• Inclusive BF of B→Xsl+l- also depends 
on C9	


• Plot BF in high q2 region vs. BF in low 
q2 region	


- Colored ellipses: from global fit to K*ll data	


- Red cross: SM calculation	


- Black cross: central value of global fit but 
error bars from expected results from 
current B-factories
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B→Xsl+l-: General characteristics

• Lepton pair in final state offers many more observables 
(compared to B→Xsγ, for example)	


• Theory predicts observables as function of                 , so 
experiment aims to measure as function of q2 → strong tool 
for revealing NP	


• Very small BF: ~ 1.5 x 10-6  → need high statistics	


• Most exp. focus has been on exclusive states: B→K(*)l+l-k	


• Inclusive measurements will be valuable in the future:	


- theoretical calculations under good control	


- only at e+e- machines: Belle-II
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B→Xsγ: Tagging strategies

• Requiring tag on “other B” 
in event can greatly reduce 
background	


• Fully-reconstructed 
hadronic decay is most 
powerful but low 
efficiency (~ 0.5%)	


• High-p lepton with 
missing ET selects 
semileptonic B decays, 
reducing continuum 
background significantly, 
with eff ~ 10%
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BBe- or μ-

Semileptonic	

 tag

Signal 	

decay

Xs

γ

X
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Hadronic	
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Signal 	
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γ
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B→Xsγ: NP Constraints

• B→Xsγ can be used directly to 
constrain NP models	


• Two Higgs doublet model (type 2)	


!

• Independent of tan β
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B→Xsγ

[arXiv:1104.5123]

Universal extra dimensions

Direct constraint on compactification 	

radius:

[arXiv:0801.4346]

Exp. measured

SM Theory

UED Theory
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B→K(*)ll: Experimental analysis
• Reconstruct 10 B→K(*)ll states:	


- K+, Ks0, K+π-, K+π0, Ks0π+ with e+e- (pe>0.3 GeV) or μ+μ- 
(pμ>0.7 GeV)	


• Good PID for e, μ, K, π, Ks0→π+π-	


• Neural net classifiers to suppress background from 
double semileptonic B and D decays	


• Kinematical variables, mES and ΔE	


• Veto charmonium events → control sample
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mES

cos θl

cos θK

FL

AFB

[PRD 79 031102(R) (2009)]
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Combining results:

• B
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CDF

Belle

All data + SM prediction

Belle, Babar, CDF

AFB

FL

AFB

AFB

FL

FL

[arXiv:1006.5013]

[CDF-PUB-10047]

[arXiv:0904.0770]
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Constraining Wilson 
 coefficients

• C10 vs. C9 plane	


• Use exclusive and inclusive 
B→Xsl+l- data	


• Two cases: C7 = C7(SM) and 
C7 = -C7(SM)
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• δC7’ vs δC7 plane: variations from SM 
prediction

All

C9

C
10

δC7

δC
7’

SM

[arXiv:1006.5013]

[arXiv:1104.3342]

C7 = C7(SM) C7 = -C7(SM)

All constraints


