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Rare Decays Probe NP

• Decays across generations are suppressed

• “Rare” means decays not via the dominant             transition

• Flavor Changing Neutral Current (FCNC) decays are forbidden at  
tree level (allowed via loop)

q
q

W+

 

• Leptonic modes such as                   are also sensitive to 
charged Higgs mass

B → τν

b→ c



Belle and BaBar Detectors



Kinematic Variables



Many exclusive              
modes have been
observed by CLEO,
Belle, and BaBar.

Hadronic form factor
uncertainties make
predictions of exclusive branching 
ratios imprecise.

New results have been recently 
reported:
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Branching ratio for fully inclusive                   : 

BELLE BELLE

Find isolated clusters in calorimeter with
Veto photon from     `s ,    `s  , and Bhabha`s
Suppress continuum background using topology; subtract remainder.
Subtract non-primary photons using data to correct MC spectra.

Ecm

γ
> 1.4 GeV

ηπ
0
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Fully-inclusive method:

Signal

B → Xsγ



e+

e–

(4S) BBK +
γ

Branching ratio for fully inclusive                   : 

Reconstruct tag B to hadronic states.
Search for isolated photon in the
   rest of the event.
Subtract non-primary photons from
   B decays.

1.6 < Eγ < 1.7 GeV 2.3 < Eγ < 2.4 GeV

B-recoil method:

PRD 77,051103 (2008)

Provides B rest frame, B flavor/charge; suppresses continuum.

B → Xsγ



Branching ratio for fully inclusive                   : 
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Eγ > 1.7 GeV Eγ > 1.9 GeV

3.66 ± 0.85 ± 0.603.31 ± 0.19 ± 0.37B(B → Xsγ) (×10−4)

〈Eγ〉 (GeV)

〈E2

γ
〉 − 〈Eγ〉2 (GeV

2)

2.289 ± 0.058 ± 0.027

0.033 ± 0.012 ± 0.006

2.281 ± 0.032 ± 0.053

0.040 ± 0.016 ± 0.021

B → Xsγ



Branching ratio for fully inclusive                   : 
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New

2 3 4 5
 > 1.6 GeV) scaled for E-4) (10sXBF(B

HFAG Average
Winter 2008

-40.25)x10±(3.52
Belle ]-1[605 fb
arXiv:0804.1580(2008)

-40.43)x10±(3.37
Belle ]-1[5.8 fb
PLB511,151(2001)

-40.94)x10±(3.69
BaBar ]-1[210 fb
PRD77,051103 (2008)

-41.11)x10±(3.91
BaBar ]-1[81.5 fb
PRL97,171803 (2006)

-40.56)x10±(3.92
BaBar ]-1[81.5 fb
PRD72,052004(2005)

-40.57)x10±(3.49
CLEO ]-1[9.1 fb
PRL87,251807(2001)

-40.53)x10±(3.29

2 3 4 5
 > 1.6 GeV) scaled for E-4) (10sXBF(B

 Hurth et al [NPB704,56(2005)]

 Becher Neubert [PRL98,022003(2007)]

 Misiak et al [PRL98,022002(2007)]

 Andersen Gardi [JHEP0701,029(2007)]

HFAG Average
Winter 2008

-40.25)x10±(3.52

NNLO

NLO

Consistent with
SM expectations

B → Xsγ



 (GeV)bm
4.55 4.6 4.65 4.7

|
cb

|V

0.04

0.041

0.042

0.043

 ! l c  X
" s + X! l c  X

HFAG
ICHEP08

 (GeV)bm
4.55 4.6 4.65 4.7

)2
 (G

eV
!2
µ

0.35

0.4

0.45

0.5 HFAG
ICHEP08

 " l c  X
# s + X" l c  X

Photon spectrum moments from                    
contribute to determination of         , b-quark mass,
and mean squared momentum of the b-quark: 

B → Xsγ
|Vcb|



Operator product expansion for                    : 

Heff ∝

10∑

i=1

CiOi

Short-distance Wilson coefficients:
                        from photon penguin
                        from vector (axial-vector) part of box

C
eff

7
≈ 0.33

C
eff

9
(Ceff

10
)

b→ sl+l−



Branching ratios for                       : 
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Mode
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Branching ratios for                       : B → K(∗)l+l−



q2 distributions in                       : 
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Isospin asymmetry in                      : 
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       longitudinal polarization in                         : 
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Forward-backward asymmetry in                          : 
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Hadronic Rare B: Direct CP violation in B → Kπ

• Standard Model predicts ∆A = 0



puzzle in B → Kπ
Nature 452, 332 (2008)

BELLE
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Model independent checks for New Physics
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Leptonic B decays:  

• Leptonic decay through W annihilation

• Decay rate related to |Vub| and fB

B → τν

• Reconstruct either hadronic                      
or semi-leptonic                         on the 
tagged side            

• Search for recoil signal                                    

B− → D∗0X−

B− → D0lνX−

B+ → τ+ντ



Leptonic B decays:  B → τν

BELLE



Leptonic B decays:  B → τν

BELLE

• Charged Higgs contribution may enhance/reduce the branching ratio



Leptonic B decays:  B → τν



Conclusion
• Rare B decays are probing the Standard Model deeper and 

deeper for new Physics

• Need an order of magnitude more luminosity to pin down 
some of these NP effects

• Super B-factory will be advantageous for modes with 
photons and neutrinos which are sensitive to new physics



Thank you all
(sorry if I missed your topics of interest)

I am indebted to Leo Piilonen, Paoti Chang, K. Hara and 
Iliya Osipenkov, from whose talks at ICHEP and BNL 
forum the material  presented here was obtained.



Branching ratios for                    : B → Kηγ
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Branching ratios for                     : B → Kη′γ
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Branching ratios for                     : 

Mode

BELLE

PRD 74, 031102 (2006)arXiv:0810.0804 (2008)
657M BB 232M BB

_ _
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1.1
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90% confidence level upper limits

                        may be suppressed relative to                      due     
due to destructive interference of two penguin diagrams.

B → K η γ

< 6.3 < 6.6

< 4.2

B → Kη′γ



K∗0(K+π−) γ K∗+(KSπ+) γ

K∗+(K+π0) γ K∗0(KSπ0) γ
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Branching ratios for                    : B → K∗γ
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Branching ratios for                    : B → K∗γ

Mode

4.13 ± 0.22 ± 0.18 4.55 ± 0.11 ± 0.16
2.57 ± 0.69 ± 0.20 5.01 ± 0.40 ± 0.37
4.01 ± 0.21 ± 0.17 4.58 ± 0.10 ± 0.16

4.19 ± 0.48 ± 0.28 5.05 ± 0.22 ± 0.27
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Charge asymmetry (direct CP) in                    :B → K∗γ

... consistent with SM expectation of ACP < 0.01
Greub, Simma, Wyler: Nucl Phys B 434, 39 (1995)

ACP = − 0.009 ± 0.017 ± 0.011

ACP = − 0.015 ± 0.044 ± 0.012
BELLE
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ACP =
Γ(B → K

∗

γ) − Γ(B → K∗γ)

Γ(B → K
∗

γ) + Γ(B → K∗γ)

New



Isospin asymmetry in                    :B → K∗γ

... consistent with SM exp of 
Matsumori, Sanda, Keum: PRD 72, 014013 (2005)

BELLE
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∆0+ =
Γ(B0

→ K∗0γ) − Γ(B+
→ K∗+γ)

Γ(B0
→ K∗+γ) + Γ(B+

→ K∗+γ)

∆0+ = +0.026 ± 0.008

∆0+ = +0.029 ± 0.019 ± 0.016 ± 0.018

∆0+ = +0.034 ± 0.044 ± 0.026 ± 0.025
f+/f0 = 1.044 ± 0.050Assuming                                          for the B+/B0 production ratio,

Assuming                                          for the B+/B0 production ratio,f+/f0 = 1.020 ± 0.034

New
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Time-dependent CP asymmetry in               :
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final state

left-handed photon in SM

right-handed photon in SM

For 100% photon polarization, there is no common
     final state        no time-dependent CP in SM.
For                         ,                                                .

⇒

New physics with alternate helicity structure can give 
time-dependent CP without affecting                    .Γ(b → sγ)

Atwood, Soni, Gronau: PRL 79, 185 (1997)
Atwood, Gershon, Hazumi, Soni: PRD 71, 076003 (2005) 
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→ KSπ0γ S ≈ −2(ms/mb) sin(2φ1)
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Time-dependent CP asymmetry in                          :

Consistent with no CP 
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Time-dependent CP asymmetry in                           :B0
→ KS ρ0 γ
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Future prospects at a Super-B Factory:

Forward-backward asymmetry in                          : B → K∗l+l−
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Leptonic B decays:  B → τν
Old Results


