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Introduction

A Leptonicand radiative B decays are sensitive to new
physics in tree or penguin loop.

- Small SM branching fractioB )
- More precise theoretical predictions

A Topics covered in this talk

- SearcHor massive invisible particles
- SearcHor B- I*ng ,|=¢m
- Update onB?- f agd search foB- g g
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KEKB and Belle Detector
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Data samples

Integrated luminosity of B factories

>1ab!
On resonance :
Y(5S): 121 b !
Y (4S): 711 b !
Y(3S): 31b !
Y(2S): 25 fb*
Y(1S): 6 fb!
Off reson./scan:

~100 b}

~ 550 fb*!
On resonance:
Y (4S): 433 fb !
Y(3S): 30 b}

/_/ | Y(25): 14 b
] Off resonance:

~54 bt
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Search for massive invisible s{if?
particle X in B- [* X

A Analysis strategy:

- Require hadroni@,, (1104 modes) usinjeuroBayes

- Select 1.8<{X3.0 GeV/(
(I=eorm

- Apply |cosy4{< 0.9 (0.8)
for et X0 (nt X°) to suppress
continuum background.

- Demandg., < 0.5 GeV

T /,Signal lepton
. ‘(;Jagged B*s.‘gnal B,
L{' -~

Y(45) A pvisible X

— D~
Y\ P> peaks sharply,
K depending on m(%.
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Signal ExtractiorB*- |+ X0

A Use MC and data to estimate the numbers of bkg.

- Fit MC Pdistribution in sideband region (1.82.3GeVc)
to estimate yields "
In signal regions.
- Correct for data
MC difference

1N;ig= Nops~ NS

Sig™ exp
7 Backgrounds:

Ae'e - qq
A b- ul'n

o i~ L L

e
2.2 24, 25,
p:3 (GeVic), B® = e* X
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Preliminary Results of'B X0

A No significant signals are observed:; the obtained
B (B~ 1"X°) upper limits @90% C.L. using POLE pacl
are (2 11)x10 ¢ for 0.1<m(X)<1.8 GeV/t

€tag correction|6.4%

-pIB shape

Lepton ID 1.0-1.1% 0.8-0.9%

MC statistics |1.8-2.0% 1.8-1.9% ! ! :
2 04 06 08 1 12 14 16 18 2 04 06 08 1 1.2 14 16 1.8

Mass of X (GeV/c?) Mass of X (GeV/c?)
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Bound on SUSrélated parameter

{ Assume Pparity violation,x can be expressed as,

ey (Lo, 1 1\ Sa(m.+m)’B(B* = I X°)
I STV ER DI VEI T VER A

Tp+g"" fpmy.pr (Mpe —mj — M)

uL br

| i: Rparity violating coupling constang;j: weak decay coupling c.

fBest limits.x < 4x10*for m(>¢) = 0.1 GeVK(for e)
X <4x10 “4for m(X¥) =0.7 GeV/€ (for m
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Searchfoin B- | ng

A The differential branching fraction is expressed as
_ [ Xg=  2nEzQg /
LEENElo Rl 2. F, and K are form factors

3.1 g, the B meson lightone
parameter, in fand F; is a key
param for charmless B decay
Bl A Comparedd B~ |*n |

1 no helicity suppression

2 additionala,,

1 SMbranching fraction- 0(10 6) . Benekeand JRohrwild
Eur. Phys. J. C. 71, 1818 (2(

A Best limits fromBaBarB (B~ e*ng) <17x10°
PROBO, 11110B (B-2mn@ $26x10°
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Analysis strategy™ |"ng

A Require a hadroniB tagwith a lepton and a photon.
A Piss> 800 MeV/ccosQy < 0.6,c090, - 0.9

A Two thresholds orE?% 400 MeV & 1 GeV (nominal).
A Signalbackground separationn?... & other variables

- Remaining ECL energy

- COy & CONYy mm) Neural Network
- m(g pwith E;threshold from 6100 MeV

to distinguishgsfrom B*- |*n pandl*n h
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Signal ExtractiorB™- | ng

A Performunbinnedlikelihood fit onm2...in 6 NN bins

mIss

with 3 components: signal, measuréd X, [* n,
other backgrounds.

Data sample

v
0 ——-——l-—ii--:- ------
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ResultsB*-

A No significant signals are observe
Al > 260 MeV at 90% C.L.

*ng
PRD 91, 112009 (201
d. Provide best limi

Nominal analysis with E*8 = 1 GeV

MC expectation Data measurement

B (10~%)
38554 0%

+2.140.1
{}E— 1.5 -0.1

o 1.7 +0.2
20753 "o

Mode
Bt = etvy
BY — ptu,y

Bt — tupy

Yield
8.0 +4.5 1]
BT +4.6 11
16.5 + 6.5 115

Significance ()| B limit (10~%)
2.1
2.2

2.9

Yield
40411
61—?'-'! —1.4

+3641.1
I:I'g—'l.ﬁ—l.ﬁ

+5.7T+1.8
G'E—J T—2.3

B limit (10~%)
< 6.1
< 34

< 3.5

Significance (o)
1.7
0.4
1.4

Ll =

L s |
< 6.9
< 4.8

Secondary analysis with E*# = 400 MeV

MC expectation Data measurement

Mode Yield

Sigmificance (o)

B Limit (10~%)

Yield

B (1075

Sigmficance ()

B Lmit (10~%)

BY 5 etwey
BY = ptwuy

Bt = ey

249 £ BT

124 + 6.2 1

11.9 + 6.0 *%

+3.
-3.

L
4
g
3
|
6

21
22
2.9

< 6.8
< 6.2
< 4.3

+7.04+1.8
11.97¢ g a7

+2.0+0.8
497557

q+1.7+0.3
2-‘-;;—“'5 —0.3

1.0

2.0

< 93
< 4.3

< 5.0
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Search foB: g & update onB- f ¢

A UpdateB (B¢ f g) with full Belle data.

- Stringent constraint by3- Xg& exclusive deca
- SMB = 4x10° with 30%theory error
BestB =(35.1°3.5° 1.2)x108 is provided by HCh |l
Nucl Phys. B867, 1 (2013)
A The deca)Bg- g gas not been observed
- Belle previous limitB < 8.7x10°@90% C.L. :
- B Is also constrained by-BX.gin Rparity conse
SUSY, but may not ingRrity violating case. Y
A At (6S)Q:—:= ( 807 .7009% =(7.31.4)%

PRD70, 035008(2004
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Anlaysismethod,B- f gg ¢

A Selectf - KK, good quality photon witlp° veto.
A dentify B candidates withM,,; andDE.  |gy S

e-

M,, _ H | : 2 Spherical
.. : : (» )
A Distinguish signals from background [es e

using shape variables: FWM acaiy in NNY G

- g gighter cut onGg Perform 2D M, - DE fit.
- f gloose cut onGzand modify it asGyg = log (élIBC CC‘NB.an )
Perform 4D fit onM,,, E,Bogy, Gis B "B
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Results,B- f gg g

PRD 91, 011101 (201!
A Calibrate signal PDFs usirfly BK*gandB.- D
A Signal PDFS &..5.) X (B* B, PDF) + (.5 X (B, B, PDF)
i (stT_%s) X (BSBS PDF)
A Background PDFs includes continuum and bb bkg.

M

BY — ¢y B — vy P I I ey OO
e(%) 36.1 4+ 0.1 14.0 + 0.1 : W T
N ';] 1 1_11:-'.1. _3-91_;;:: 53 532 53 5_;{, 5_3; 54 542 - '5:].4-41._15 03 0.25 0.2 015 -0.1-0.05 © i].l]:.ﬁ_-l]l.l

AR (GeY)

B(107) 36+ 5(stat.) £ 3(syst.) £6(f,) <3.1 (90% C.L.) M, (GeVic)

Events /(100 MeV)

B
=
=
-
4
-
&
=
&
=
o
g
=

0 Pl T

z - 53¢ & 5 % 43 . S 0.3 Py l:l-l 0.8 060402 0 0.2 04 0.6 0.8 1 -0 -8 6 4 -2 2 4 6 8§ 10
54 m_b ~33 54 542 B - e y o Cosd, Modified NE output (C* )
M, (GeVieT) NI
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Summary

A We present search results ftaptonicand radiative
B decays using full(4S)and (59 samples

- No massive Yarticles are observed between 0.1
and 1.8 GeVE B (B I* X0) < (1.9610.56)x168

- Nosignificant B- |[*n signals are observed.
B(B- e'n ) g6.1x10;B(B- ntn ) g3.4x10°
- B (B fg =(36° 5(stat)® 3 (sys) ° 6 (fs))x10°
consistent withLHClresultand SM expectation.
- NoB,- g gignal is observed < 3.1 x1¢P
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B (B~ 1*X°) Upper limits

p;‘g selection (GeV/e)

B

Mo

for M~o

selection (GeV/e)|es|%]

NEke

exXp

B

0.1 GeV/c?

2.52-2.70

0471 £0.173

<9232%10°6

BT = ut X0 for Mxo

2.58-2.68

0.2

2.52-2.70

0471 £0.173

<9232 %1076

0.12

1

0.420 + 0.151

< 4.26 x 1076

2.58-2.68

0.12

1

0.420 + 0.151

< 4.10 x 1076

0.3

2.55-2.68

0.296 £ 0.115

< 2.50% 1076

2.58-2.68

0.4

2.55-2.68

0.296 £ 0.115

<262 %1076

0.12

1

0.420 = 0.151

< 4.26 x 1076

2.58-2.68

0.12

0.420 + 0.151

< 4.22 % 107°

0.5

2.52-2.70

0471 £0.173

<238 x 107°

2.58-2.68

0.11

0.420 = 0.151

<437 x 1076

0.6

2.52-2.70

0471 £0.173

<9240 % 1076

2.58-2.68

0.11

0.420 = 0.151

< 4.49 x 1076

0.7

2.52-2.70

0471 £0.173

<92.32%x10°6

2.56-2.63

0.11

0.447 £+ 0.153

< 2920 x 1076

0.8

2.51-2.62

0.472 = 0.163

<9239 x 1076

2.54-2.61

0.11

0.460 = 0.162

<432 x 1076

0.9

2.51-2.62

0.472 £ 0.163

<9251 %1076

2.52-2.60

0.11

0.588 = 0.201

<423 x10°°

1.0

2.51-2.62

0.472 £ 0.163

< 2.64 x 107°

2.49-2.58

0.11

0.817 + 0.266

< 4.04 x 1076

1.1

2.47-2.57

0.666 = 0.207

<9233x10°6

2.49-2.58

0.12

0.817 + 0.266

< 387 x 1076

1.2

2.45-2.53

0.684 = 0.206

<238 x 107°

2.48-2.53

0.10

0.582 +0.179

<232 x 1076

1.3

2.43-2.51

0.792 = 0.237

<9221 %1076

2.45-2.50

0.10

0.705 £ 0.211

< 2.26 x 1076

1.4

2.41-2.51

o)l |l ol ol D | D

1.056 £ 0.318

<1.92%10°6

242248

0.11

0.947 £+ 0.282

< 578 x 107

1.5

2.30-2.46

[

0.907 £ 0.277

<472 %1076

2.40-2.47

0.11

1.171 £ 0.351

< 10.56 x 107°

1.6

2.37-2.43

0.887 = 0.277

< 4.80 % 1076

2.37-2.42

0.10

0.977 + 0.295

< 0.60 x 107°

1.7

2.34-2.39

0.886 = 0.283

< 5.01 x 107°

2.34-2.39

0.10

1.116 = 0.337

<304 x 1076

1.8

2.31-2.36

1.042 £+ 0.335

< 7.04x 1076

2.31-2.37

0.11

1.518 + 0.452

<331 x107°
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Form fact
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