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> 1000 fb-1

(4S:710 fb-1)
(5S:120 fb‐1)
(2S: 24 fb‐1 )
~553 fb-1

(4S: 433 fb-1)

~770M BB

Luminosity at B factories
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Exclusive b  s ll (B  K* ll)

B.F and lepton flavor ratio(RK*)
K* longitudinal polarization(FL) and
lepton forward-backward asymmetry(AFB)
Isospin asymmetry(AI)

Flavor Changing Neutral Current (FCNC)
Forbidden at tree level in Standard Model (SM)
Loop-induced FCNC is possible

Radiative and Electroweak penguin B decays are 
sensitive to physics beyond the SM
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Wilson coefficients and B  K*l+l-

Wilson coefficients
C7 : from electromagnetic penguin diagram
(size is determined from b  s , but sign is from b  s l+l-)
C9 : from vector electroweak
C10 : from axial vector electroweak

Differential branching fraction (B.F.) and 
Forward-backward asymmetry (AFB) in B  K*l+l-

B.F., AFB, FL… can be interpreted in terms of Wilson 
coefficients 
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K(*)l+l- Branching Fractions 
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FL and AFB for K*ll
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“Semi-inclusive” reconstruction : sum of 36 exclusive modes
Xs: charged K /K0

s + ≦ 4 (≦1 0), ll: e+e- /+-

BXsll analysis

9

B0K+-l+l-

K+-0l+l-

K+-+-l+l-
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K0
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+ charge c
onjugate

~60% coverage 
of all Xs state

~80% coverage
assuming KL=KS

Compared to the exclusive analysis (BK(*)ll), 
inclusive mode is theoretically clean, but experimentally hard.

sb
d dB Xs
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BXsll analysis
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B->Xsll Branching Ratio
preliminar
y



C7=C7
SM v.s. C7=-C7

SM

12

C7 sign flipped case 
is unlikely

Xsll Branching fraction

2)2
Xsll Branching fraction for M(l+l-)2= 1-6(GeV/c
2)2

SM(4.4 +- 0.7)

Belle 604fb-1 Xsll 

World Average (2005)
4.5 +- 1.1

3.33 +- 0.80 +0.19
-0.24 C7=-C7

SM

(8.8 +- 0.7)

x10-6

SM(1.57 +- 0.16)

Belle 604fb-1 Xsll 

World Average (2005)
1.60 +- 0.5

0.96 +- 0.20+0.13
-0.16

C7=-C7
SM 

(3.30+- 0.25)

x10-62.0 4.00.0

|C7|: determined from BXs

Theory calculations(NNLO): Gambino(2005)

preliminar
y

preliminar
y
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Previous best upper limits (90% CL):
BaBar, semileptonic tagging:

Belle, using full hadronic reconstruction of one B:
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KB
KB 535M BB

PRL 99, 221802 (2007)

351M BB
arXiv: 0911.1988

Searches for B->K
_

SM prediction:

Br(K)=(4.5+-0.7)10-6 W.Altmannshofer, A.Buras et al. JHEP 0904, 022 (2009)   
Br(K)=(3.8+1.2

-0.6)10-6 G.Buchalla, G.Hiller and G.Isidori PRD 63,014015 (2000) 
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B->K with Semileptonic Tagging
_



b  s 
B.F. of inclusive b  s 
Xs mass distribution
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Inclusive b->s
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Inclusive b->s
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Inclusive b->s
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Inclusive b  s 

HFAG average B.F(BXs)E >1.6 GeV = (3.52  0.25)  10-4

Agreement with SM (latest NNLO calculation)
Strong constraints on generic 2HDM charged Higgs

Ulrich Haisch, arXiv:0805.2141v2 [hep-ph]
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Conclusion

Rare EW B decays provide a valuable tool to test          
Standard Model predictions.
Both Belle and BaBar have accumulated a large set 
of data with which these decays were studied…

We can look forward to many results using           
the entirety of the Belle and BaBar data sets…
…but many modes require significantly improved 
statistics:
• LHCb
• Super B factories



SuperKEKB

e- 2.6 A

e+ 3.6 A

Belle II

Replace long TRISTAN 
dipoles with shorter 
ones (HER).

Redesign the HER arcs to 
squeeze the emitance.

New Superconducting /
permanent final focusing
quads near the IP

New damping ring

New IR

TiN coated beam pipe with 
antechambers

increasing dynamic aperture: 
larger crossing angle 

2 = 22 mrad  83 mrad
smaller asymmetry 

3.5 / 8 GeV  4 / 7 Gev
optimizing lattice: 
beam ~ 400 s
(target 600 s)

L = 8 x1035 cm-2 s-1

Introduction ► Belle II PID ►
KEKB → SuperKEKB ► Belle II EM Calorimeter ►
Belle II Vertexing ► Summary ►
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Data 

MC 

BELLE 604fb-1

dBR(Xsll)/dMl+l-
2

   This range is        
sensitive to NP

M(l+l-) distribution is consiste
nt with MC expectation.

SM

Sign of C7 flipped cas
e

T.Goto et al. PRD 55 4273 (1997)

Ml+l-
2

(MXs < 2.0 GeV/c2)

J/ ’ J/ ’

MC normalization:
based on the BR 
measured in this analysis.

preliminar
y
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Method:
Tag one B using D(*)l (~1% efficiency)
Look for a lone K
Multivariate technique (bagged decision tree) to select events
[Narsky, arXiv:physics/0507157v1(2004)] 

459M BB
Preliminary

Signal Region

Classifier

BaBar Preliminary

K+

Signal Region

KS

Classifier

BaBar Preliminary

KSK+

B->K with Semileptonic Tagging
_
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459M BB
PreliminaryDecision tree outputs in signal regi

on:

K+ K+ for 

p*(K+)<1.5 GeV
/c

KS

Partial Branching Fraction ULs
For p*(K+)<1.5 GeV/c

Total Branching Fraction UL
s For p*(K+)>1.5 GeV/cK+

62.1
6.0 10)8.3()( 

  KBSM Prediction [Buchalla, PRD 63, 014015 (2001)]:

B->K Upper Limits
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Inclusive b->s

Branching fractions, mean and variance of the photon energy for lower thresholds
and systematic uncertainties.    
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B  K*l+l- : Isospin asymmetry

In SM, AI is expected to be small
Babar found a large negative AI in the low q2 region

Mikihiko Nakao “Review of Radiative Penguin Measurements” at Rencontres de Moriond EW 2009


