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B factory results

● b→sγ transition rates and photon energy spectrum 
using a sum of exclusive modes (471x106 BB   BABAR 
preliminary)

● B→K*ℓ+ℓ- angular distribution (471x106 BB   BABAR 
preliminary)

● B→K(*)ℓ+ℓ- rates and rate asymmetries (471x106 BB    

BABAR )

● Search for lepton flavor violation processes in B+→h-

ℓ+ℓ+ decays (471x106 BB   BABAR)

● Search for lepton flavor violation processes in B+→D-

ℓ+ℓ+ decays (772x106 BB  Belle)

New
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The B factories

● BB pairs at Υ(4S) resonance 
with asymmetric-energy  e+e- 
colliders

● BABAR and Belle have similar 
detector designs

● Good discrimination power      
on charged particles,              
esp. for K±/π±

● Precise measurement on        
high-energy photons and 
electrons with EM            
calorimeters
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B→X
s
γ transition rates and 

photon energy spectrum with 
a sum of exclusive modes

BABAR
Preliminary
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b→sγ at a glance

● Flavor-Changing Neutral-Current processes, forbidden at tree 
level in the Standard Model

● LO radiative penguin diagram

● For photon energy E
γ
>1.6 GeV

– SM-based prediction: 
– HFAG average:

●  New physics may enter the loop and alter the rates significantly

● Photon energy spectrum important for understanding the b 
quark momentum distribution

● Distribution function helps in determining |V
ub

|

● Spectrum fitted to find HQET parameters: m
b
 and μ

π

2

 Misiak et al. PRL 98 022002 (2007)

HFAG arXiv:1010.1589v3 (2011)
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Sum-of-exclusive b→sγ analysis
● m

ES
 fits to a sum of 38 exclusive X

s
 final states to extract signal yields

● The X
s
 modes consist of 1 or 3 kaons (with at most 1 K

s
), at most 

1 η, and at most 4 pions (with at most 2 π0-s)

– Reconstruct  K
s
 → π+π- 

● 18 m
Xs

 bins from 0.6 to 2.8 GeV

● We require 1.6 < E*

γ
 < 3.0 GeV for                                                    

photons in the Υ(4S) rest frame

● With X
s
, photon energy in the B rest                                                 

frame is accessible through:
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BABAR
preliminary

b→sγ rates and HQET parameters

● Partial BF results in each m
Xs

 bins are combined for the total BF:

●

BABAR
preliminary

X
s
 mass spectrum

fitted to the kinetic model

Photon energy spectrum

● The measured m
Xs

 spectrum is 

fitted to two models for the 
best-fit HQET parameter 
values:

● Compared to the world 
average (HFAG):

[1] Bensen et al. Nucl. Phys. B 710 371 (2005)
[2] Lange et al. PRD 72 073006 (2005)

[1] [2]

HFAG arXiv:1010.1589v3 (2011)
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Exclusive B→K(*)ℓ+ℓ- decays:
● Rates and rate asymmetries

– Submitted to PRD (arXiv:1204.3933)
● Angular asymmetries

– Preliminary 

BABAR
471 M BB
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B→K(*)ℓ+ℓ- decays: introduction

● The FCNC b→sℓ+ℓ- processes are 
forbidden at tree level in the SM

● B→K(*)ℓ+ℓ- decays are allowed in the 
loop and box diagrams with     
branching fractions ~ 10-6

● Effective Hamiltonian H
Eff

          

factorizes short-distance                        
C

i
 from long-distance                     

effects

● New Physics brings in

new loops:
● May be comparable to SM             

contributions and alter Ceff values

Standard Model Standard Model 
diagramsdiagrams

Three effective Wilson coefficients contribute:
C

7
eff from γ penguin (also in b→sγ processes)

C
9
eff(C

10
eff) from vector (axial-vector) part

of Z penguin & W box
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B→K(*)ℓ+ℓ- analysis details
● Fully-reconstructed final states:

● Kℓ+ℓ-: K
s
e+e-, K+e+e-, K

s
μ+μ-, K+μ+μ-

● K*ℓ+ℓ-: K
s
π+e+e-, K+π-e+e-, K

s
π+μ+μ-, K+π-μ+μ-, K+π0e+e-(only for angular analysis)

● Seven s bins to be in line with                        
Belle/CDF/LHCb

● Two vetoed s regions due to                                                
J/ψ & ψ(2S) domination

– Charmonium control samples

bb
ss

q2≡s=mll
2

__ __ __  Comb. Bkg
-----------   Signal
..............  Xfeed & peaking          
-∙-∙-∙-∙-∙-∙-  Fake muon

BABAR
arXiv:1204.3933

K
s
 → π+π-
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BFs of B→K(*)ℓ+ℓ- 
▼ BABAR 471 M BB
■  CDF 6.8 fb-1 (μ+μ- only)
     PRL 107, 201802 (2011)
□  Belle 657 M BB
     PRL 103, 171801 (2009)
●  LHCb 0.37 fb-1(μ+μ- only)
    arXiv:1112.3515 (2012)

● Total branching fractions

BABAR
arXiv:1204.3933

Kℓ+ℓ- partial BFs

K*ℓ+ℓ- partial BFs

SM based predictions with 
Uncertainties * (solid lines)

* Ball & Zwicky, PRD71, 014015(2005),
                         PRD71, 014029(2005);
   Ali et al, PRD 66, 034002 (2002).

J/ψ ψ(2S)

BABAR
arXiv:1204.3933
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Rate asymmetries of B→K(*)ℓ+ℓ-

● Direct CP asymmetries agree 
with null expectation (SM)

● Lepton flavor ratios agree 
with unity (SM)

J/ψ ψ(2S)

J/ψ ψ(2S)

BABAR
arXiv:1204.3933

BABAR
arXiv:1204.3933
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Kℓ+ℓ-

K*ℓ+ℓ-

B→K(*)ℓ+ℓ- isospin asymmetry

●

● In the SM, the isospin asymmetries 
are expected at O(1%) *

● Below J/ψ (0.1 < s < 8.12 GeV2/c4) 
measure:

●   

● Consistent with SM predictions at 
2.1σ and 1.2σ levels respectively 
and agree with Belle results

*  Feldmann & Matias, JHEP 0301, 074 (2003).

BABAR
arXiv:1204.3933

J/ψ ψ(2S)

▼ BABAR 471 M BB
     arXiv:1204.3933
□  Belle 657 M BB
     PRL 103, 171801 (2009)

See Nicola's talk on LHCb A
I
 results
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B→K(*)ℓ+ℓ- angular observables

● F
L
: Fraction of longitudinal polarization of K*

●

● A
FB

: Forward-Backward Asymmetry of ℓ+ℓ-

●


K 

: K angle  in K* 
rest frame, K* 
polarization


l 
: lepton angle 

between l+[l­] and 
B[B] in l+l­ rest 
frame

_

Fitting to lepton & K 
angular distributions
to extract FL and AFB

z
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B→K(*)ℓ+ℓ- angular observable: F
L

BABAR
preliminary

Ali et al. PRD 61, 074024 (2000)
Buchalla et al. PRD 63, 014015 (2001) 
Ali et al. PRD 66, 034002 (2002)
Krüger et al. PRD 61, 114028 (2002)
Krüger & Matias PRD71, 094009 (2005)
Ball & Zwicky, PRD71, 014029(2005)

BABAR 471 M BB:
■ K*ℓ+ℓ-         ▼ K*0ℓ+ℓ-         ▲ K*+ℓ+ℓ- 

●  CDF 6.8 fb-1  PRL 108, 081807 (2012)

◊  Belle 657 M BB PRL 103, 171801 (2009)

□  LHCb 0.37 fb-1  arXiv:1112.3515 (2012)
- - - -   Standard Model

● Most precise non-LHCb results to date
● Agreement with Belle/CDF/LHCb results

● Some discrepancies with SM in the low s bins below J/ψ
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B→K(*)ℓ+ℓ- angular observable: A
FB

● Most precise non-LHCb results to date
● Agreement with Belle/CDF/LHCb results

● Some discrepancies with SM in the low s bins below J/ψ

BABAR
preliminary

Ali et al. PRD 61, 074024 (2000)
Buchalla et al. PRD 63, 014015 (2001) 
Ali et al. PRD 66, 034002 (2002)
Krüger et al. PRD 61, 114028 (2002)
Krüger & Matias PRD71, 094009 (2005)
Ball & Zwicky, PRD71, 014029(2005)

Ali et al. PRD 61, 074024 (2000)
Buchalla et al. PRD 63, 014015 (2001) 
Ali et al. PRD 66, 034002 (2002)
Krüger et al. PRD 61, 114028 (2002)
Krüger & Matias PRD71, 094009 (2005)
Ball & Zwicky, PRD71, 014029(2005)

BABAR 471 M BB:
■ K*ℓ+ℓ-         ▼ K*0ℓ+ℓ-         ▲ K*+ℓ+ℓ- 

●  CDF 6.8 fb-1  PRL 108, 081807 (2012)

◊  Belle 657 M BB PRL 103, 171801 (2009)

□  LHCb 0.37 fb-1  arXiv:1112.3515 (2012)
- - - -   Standard Model
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Search for Lepton-Number 
Violating processes
● Belle: B+→D-ℓ+ℓ+, 417 M BB

PRD 84, 071106(R) (2011)
● BABAR: B+→h-ℓ+ℓ+, 772 M BB

PRD 85, 071103(R) (2012) 
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Lepton-Number Violation: 
introduction

● In the SM with massless neutrinos, lepton number L is 
conserved in low-energy collision & decays

● Evidence of Neutrino oscillation → Massive neutrinos → Lepton 
number violation

● Are neutrinos of Majorana type or Dirac type?

● Search on meson decays an alternative to double-beta decays 
0νββ

∆L = 2 processes via Majorana neutrinos
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B+→D-ℓ+ℓ+ upper limits

● D- meson is reconstructed through D-→K+π-π-

● 90% C.L. upper limits (UL) on the BFs in different modes: 

2D fit in the D-μ+μ+ mode BELLE, PRD 84, 071106(R) (2011)
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B+→h-ℓ+ℓ+ BF upper limits

● Event selection similar to 
K(*)ℓ+ℓ- analysis

● 90% C.L. UL in four modes:

●

● Other experiments:
● CLEO: BF(B+→h-ℓ+ℓ+) < (1.0 –  8.3) 

x 10-6, h = π, K(*), ρ

● LHCb: BF(B+→X-μ+μ+) < 1.3 x 10-8 
– 2.6 x 10-6

BABAR
arXiv:1202.3650

BABAR is comparable to LHCb 
with the most stringent 
constraints
Best electron channel results

Related to the Majorana 
neutrino mass

CLEO, PRD 65, 111102 (2002)

LHCb, PRL 108, 101601 (2012); arXiv:1201.5600

X- = D-(*),D-

s
, π-,D0π- (w/ 41 pb-1)
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Summary

● BABAR and Belle are still active in the field
● Capability of inclusive analyses

● Five new results are presented in this talk
● Generally good agreement with SM, though 

some discrepancies exist for B → K*+ℓ+ℓ- 
angular asymmetries

● The current B factory results are limited by 
statistics
● LHCb and future B factories are needed for NP 

searches
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The BABAR experiment

Layout of the BABAR Detector

SVT
σ

z
 ≈70 μm

DIRC
K/π sep. @3.4σ 
 for p<3.5 GeV

σ(E)/E = 2.1%•E-1/4
 ⊕ 1.3%

EMC

1.5 T
Solenoid IFR

ee--

9 GeV
9 GeV

ee++

3.1 GeV
3.1 GeV

DCH
σ(pt)/pt 

= 0.13%•p
t 
⊕ 0.45%
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The Belle detector



5/21/2012

 

26

Common experimental techniques

(BDT), neural networks, random forests
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Details on sum-of-exclusive b→sγ analysis
● Two types of signal MC events generated: 

K*(892) region (m
Xs

 < 1.1 GeV) and inclusive 

region (1.1 < m
Xs

< 2.8 GeV)

● Flat photon spectrum in the inclusive region 
during signal generation

● Allows us to reweight for whichever model 
we like

● Using random forest classifiers to reject the 
background, optimized in 4 m

Xs
 regions

● Fragmentation study and models

● Grouping the final states by topology and 
iteratively correct signal + cross-feed to 
data until they agree

● Included in the systematics using several 
models for quark hadronization

38 X
s
 final states:
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