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Introduction

• Leptonic and radiative B decays are sensitive to new 
physics in tree or penguin loop.

• Topics covered in this talk
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- Small SM branching fraction (B)

- More precise theoretical predictions

- Search for massive invisible particles 
- Search for B+ l+ n g, (l = e, m) 
- Update on Bs  f g and search for Bs gg  00



KEKB and Belle Detector
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Data samples
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Search for massive invisible spin-1/2 
particle X0  in B+ l+ X0

• Analysis strategy:

- Require hadronic Btag (1104 modes) using NeuroBayes. 

- Select 1.8< Pl <3.0 GeV/c

(l = e or m)

- Apply |cosqT|< 0.9 (0.8)

for e+ X0 (m+ X0) to suppress 

continuum background.

- Demand EEcl < 0.5 GeV 
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B

Pl peaks sharply, 
depending on m(X0).
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Signal Extraction, B+ l+ X0
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MC

Data

• Use MC and data to estimate the numbers of bkg.
- Fit MC Pl distribution in side-band region (1.8–2.3 Gev/c)  

to estimate yields 
in signal regions.

- Correct for data-
MC difference

 Nsig = Nobs - Nexp

B 

 Backgrounds: 
 b c
 e+e-  qq
 b u l+n

 b u, d, s, leptonic
 b l+ n g

 b p0 l+n

e m

e m

bkg



Preliminary Results of B+l+X0

• No significant signals are observed; the obtained 

B (B+l+X0) upper limits @90% C.L. using POLE package   

are (2-11)x 10-6 for 0.1<m(X0)<1.8 GeV/c2 
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Syst. errors.



Bound on SUSY-related parameter
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 Assume R-parity violation, xi can be expressed as,

l: R-parity violating coupling constant; g: weak decay coupling c.  

 Best limits: xi < 4x10-14 for m(X0) = 0.1 GeV/c2  (for e)

xi < 4x10-14 for m(X0) = 0.7 GeV/c2 (for m)



Search for in B+ l+ n g
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• The differential branching fraction is expressed as , 
1.xg = 2Eg/mB

2. FA and FV are form factors 
3. lB , the B meson light-cone
parameter, in FA and FV  is a key 
param. for charmless B decays. 

• Compared to B+ l+ n, 

1. no helicity suppression
2. additional aem

• Best limits from BaBar B (B+e+ n g) <17x10-6

PRD 80, 111105 (2009)      B (B+m+ n g) <26x10-6

 SM branching fraction ~ 0 (10-6)   M. Beneke and J. Rohrwild
Eur. Phys. J. C. 71, 1818 (2011)



Analysis strategy, B+ l+ n g

• Require a hadronic B tag with a lepton and a photon. 

• Pmiss > 800 MeV/c, cosQgl < 0.6, cosQgn > -0.9

• Two thresholds on Eg , 400 MeV & 1 GeV (nominal).  

• Signal-background separation: mmiss & other variables
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sig

2

- Remaining ECL energy
- cosQgl & cosQgn

- m(gg) with Eg threshold from 0-100 MeV
to distinguish gs from B+ l+ np0 and l+ nh

Neural Network 



Signal Extraction, B+ l+ n g

• Perform unbinned likelihood fit on mmiss in 6 NN bins
with 3 components: signal, measured BXu l+ n, 
other backgrounds.
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Results, B+ l+ n g
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• No significant signals are observed. Provide best limits.
• lB > 260 MeV at 90% C.L. 

PRD 91, 112009 (2015)



Search for Bsgg & update on Bsfg

• Update B(Bs fg) with full Belle data.

- Stringent constraint by BXsg & exclusive decays

- SM B = 4x10-5 with 30% theory error

Best B =(35.13.51.2)x10-6 is provided by LHCb,

Nucl. Phys. B867, 1 (2013)  

• The decay Bsgg has not been observed.
- Belle previous limit, B < 8.7x10-6 @90% C.L.

- B is also constrained by BXs g in R-parity conser.

SUSY, but may not in R-parity violating case.      

• At (5S), 𝑓𝐵𝑠∗𝐵𝑠∗= (87.00.7)%, 𝑓𝐵𝑠∗𝐵𝑠 = (7.31.4)%
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Anlaysis method, Bsfg, gg

• Select fK+K-, good quality photon with p0 veto.

• Identify B candidates with Mbc and DE.

• Distinguish signals from background 

using shape variables: FWM and cosqT in NN  CNB

- gg: tighter cut on CNB. Perform 2-D Mbc-DE fit.

- fg: loose cut on CNB and modify it as CNB  = log (                      )

Perform 4-D fit on Mbc, DE, cosqhel , CNB 
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Results,  Bsfg, gg
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0

• Calibrate signal PDFs using B0 K*g and Bs  Dsp

• Signal PDFs = (fBs*Bs*) x (B * Bs
* PDF) + (fBs*Bs) x (Bs

* Bs PDF)  

+ (fBsBs) x (BsBs PDF)

• Background PDFs includes continuum and bb bkg.  

PRD 91, 011101 (2015)

fg

gg



Summary 

• We present search results for leptonic and radiative 
B decays using full (4S) and (5S) samples: 

- No massive X0 particles are observed between 0.1

and 1.8 GeV/c2. B (B+l+ X0 ) < (1.96-10.56)x10-6

- No significant B+  l+ n g signals are observed.

B (B+e+ n g)  < 6.1 x 10-6; B (B+m+ n g) < 3.4 x 10-6 

- B (Bs fg) = (36  5(stat)  3 (syst)  6 (fs))x10-6

consistent with LHCb result and SM expectation.

- No Bs  gg signal is observed, B < 3.1 x10-6
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BACK UP
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B (B+l+X0) Upper limits
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Form factors to compute B(B+ l+ n g)
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