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Introduction

@ b—sy transition: Flavor Changing Neutral Current (FCNC)
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> Forbidden at tree level in the SM, and proceeds only at low rate

via loop diagrams.

» The inclusive branching fraction is sensitive to new particles within
the loop. --> One of the best probe to search for new physics
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<o Analysis Method "'@3
@ Signal W
> Quark-level process of b—sSy can not be directly 5"'/5\7\/
measured. b >k
> The measured process is a B meson decay intog < 2
a photon plus an inclusive hadronic system(X,). ] @ﬂ

@ X, reconstruction : sum-of-exclusives approach
> As many X final states as possible are reconstructed and summed
to get the inclusive branching fraction.

» 38 final states
- Consist of 1 or 3 kaons(with at most 1 K.), at most 1 , and
at most 4 (with at most 2 7°s)
- Cover ~70% of X, final state.

» Unmeasured modes are estimated by Pythia.
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@ Event with D meson decay : w5 1 '
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» B—D®p, etc. S I
> vetoed by partially reconstructed g I., FAVeto =
D meson mass é IREE: regiong.,
® c¢'e—qg (g=u, d, ¢, S) event < :;25. ackground I
> The Iargest background 0508 1 12141618 2 22242 28

D mass(Gercf !
» Multivate analysis with Neural network(NeuroBayes)

» 12 inputs(event shape variables, etc) Output of Neural network
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. : : My, bin(GeV/c?) Yield
@® M, fit to extract signal yield —— —
_ 2 = 2 0.7-0.8 36+14
> My = \/Ebeam —| Ps | 0.8-0.9 2032+54
> Fits in 19 X, mass bins from 0.6 to 2.8 GeV/c? 09-10 108949
, 1.0-1.1 30127
(=1.9 GeV of E,) to reduce uncertainty from 1119 310431
MXS Shape. 1.2-1.3 1019446
1.3-1.4 111750
Mbcdistributions 1.4-1.5 1090452
1.5-1.6 306£50
9< M, <2.0 GeV/e? 1.6-1.7 723+37
- 1.7-1.8 664437
1.8-1.9 65254
R IO 1.9-2.0 542460
2.0-2.1 103+54
2122 285+35
oS 2.2-2.4 149480
& e 2.4-2.6 273+84
2.6-2.8 87482
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Results with Belle’s full data
@ B(B —>X.y) = (3.51+0.17%0.33) X 10 (M,.<2.8 GeV/c?)
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@ Extrapolated BF to E,>1.6 GeV to compare with the SM prediction
->B(B =Xy )=(3.74%0.181+0.35) X 10* (E > 1.6 GeV)

- Consistent with the SM prediction within 1.3c.

Partial branching fraction
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Belle Detector

@ Vertex Detector(c ~ 75 um) Solenoid( STIN s
', :‘;.\ % ‘\ 2 h R .;v.’li
ECL 2 B 2 i

* Silicon-strip Detector vy
@® Tracker(c/p, ~ 0.5 %) Ace

* Central Drift Chamber CDCY = i

+ silicon-strip Detector I AT e |
@® Calorimeter(c/E ~1.6 %) p = O D

* Csl Electromagnetic Calorimeter

@ Paritle Identification KL
« KT/ 7% : cDC(dE/dx), Cherenkov counter, Time-of-Flight
—> KID 88 %. xfake ID 8.5%
* Electron . E/p measured by CDC and calorimeter —> 92 % ID
« K./ pdetector(RPC) > 90 % p ID



X, Mass vs y energy
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['(b—sy)=

Effective Hamiltonian of inclusive radiative B decay

4GFV%th* i% Ci()O; (1)
v2

C; :Wilson coefficient

O, , : current current operator

O, : QCD penguin operator

O, : electro- and chromo operator
Oy 19 : Semi-leptonic operator

Heff = —



B —X, 7 asymmetries

@ DirectCPV : Amplitude difference and between B and B

> Theoretical and experimental
error are canceled.(Exclusive
is also sensitive to NP)

> SM =~0.5%

I'(B— Xsy)—f(g — X.7)
I'(B— Xsy)+f(§ — X.7)

Ace

o Isospin violation : Amplitude difference and between B and B
_T(B" > X7)-T(B" > X.7) » M = +5~10%
T T(BT > X )+I(B° > X )

Belle Babar
Acp| 0.0022£0.050+0.030 (140 fbot)| —0.011+0.030+0.014 (350fb?)
A No —0.006+0.058+0.009+0.024
~ (350fb)




Reconstructed final states

Reconstructed final states
Kz Kr Ksz K7’ Ks7’
K2z Krzrx Ks7tr Kz’ Kszzr’
K37z Krar Ksrrr Kz’ Kszzzr’
Kdz | Kaarer | Ksarar | Koo’ | Ksoored’
KKK KKK
3K
KKKz | KKKsz | KKK7Z? | KKK’
Kn Ksn Knz Ksnr
Kn Kna Ksna’ Kmz Ks2 7
Knza’ | Ksnrr’
y K27 | K227 | K7’ | Ksoiln’
T K| Kemad 2




Systematic Uncertainties(%) in My, bins

M x . bin BB Detector Background Signal Scf Peaking ¢g BG Frag. Missing Total
(GeV/cQ) counting response rejection PDF PDF BG PDF PDF fraction
0.6-0.7 1.4 2.7 3.4 0.0 0.0 0.0 0.0 - - 4.5
0.7-0.8 1.4 2.6 3.4 0.1 12.2 7.8 0.0 - - 15.3
0.8-0.9 1.4 2.6 3.4 0.2 04 0.5 0.0 - - 4.5
0.9-1.0 1.4 2.6 3.4 0.1 0.5 0.4 0.0 - - 4.5
1.0-1.1 1.4 2.6 3.4 0.1 29 1.1 0.3 - - 54
1.1-1.2 1.4 3.0 3.4 04 3.1 1.7 0.2 32.1 1.2 32.1
1.2-1.3 1.4 3.2 3.4 0.2 1.6 0.9 0.0 2.1 1.0 5.6
1.3-1.4 1.4 3.2 3.4 0.2 1.6 0.2 0.0 2.6 1.9 6.0
1.4-1.5 1.4 3.1 3.4 0.2 2.0 0.1 0.0 4.0 1.3 6.7
1.5-1.6 1.4 3.3 3.4 0.6 22 0.1 0.0 24 1.3 6.1
1.6-1.7 1.4 3.5 3.4 0.1 1.7 2.1 0.2 28 1.9 6.7
1.7-1.8 1.4 3.6 3.4 0.1 22 1.7 0.2 34 1.0 6.8
1.8-1.9 1.4 3.7 3.4 0.1 1.9 2.0 0.1 3.6 2.1 7.2
1.9-2.0 1.4 3.7 3.4 0.1 4.2 4.0 0.1 3.7 1.6 8.8
2.0-2.1 1.4 3.8 3.4 0.1 5.6 0.6 0.2 17.8 2.2 195
2.1-2.2 1.4 3.8 3.4 0.3 3.7 2.5 0.4 21.9 1.9 23.1
2.2-2.4 1.4 3.8 3.4 0.1 7.4 7.1 0.0 25.5 1.6 28.0
2.4-2.6 1.4 3.8 3.4 0.1 11.5 21.8 0.3 29.6 1.0 38.9
2.6-2.8 1.4 3.8 3.4 0.1 44.7 101.0 0.9 294 2.0 114




Fragmentation model study

1.15< My, <15 GeV/ 1.5< My, <2.0 GoV/&
Mode Data MC Mode Data MC
T [10.72062 [ T45 (+6.4) | T | 239035 | 201 (+1.5)
| 2 | 5.32£031 | 7.50 (+7.1) | 2 | 1.19%0.18 | 1.49 (+1.7)
1 | Kr without 7" SRR E ARG (5.0) | 3 | 13.6=0.76 | 15.0 (+1 9)
2 K7 with 7V 1 | 448L151| 365 (55) | 4 | 10.7=1.06 | 22.0 (12.2)
3 | K27 without 79 5 | 0.01£052 | 0.05 (+0.1) | 5 | 11.3%0.04 | 6.58 (-5.0)
e e p
5 i1 0 i - D 52 (+0.5 7 8. 2.7 35 (-1.7
5 | A3m without z S [ 2522252 | 185 (03) | 8 | 14.7%£2.08 | 8.20 (-3.1§
6 K37 f"”lth T 9 [1.71£0.43| 0.93 (-1.8) 9 | 5.00£1.27 | 5.78 (+0.6)
7 KA 10 | 0.0020.00 | 0.01 (+0.0) | 10 | 1.64£0.24 | 1.20 (-1.5)
3 27" 2.0< My, <2.4 GeV/c 2.4< My, <2.8 GeV /2
9 Kn Mode | Data MC Mode | Data MC
10 K T | 1212064 | 201 (-0.1) | 1 |0.4620.65 | 0.00 (+ )
2 | 0.60£032 | 1.40 (+0.0) | 2 | 0.2320.32 14{1(
3 | 7.06£137 | 160 (+1.0) | 3 | 3.84%2.15 | 8.20 (+2{
1 | 8035263 | 22.0 (+1.0) | 4 | 849=4.03 | 11.8 (1
5 | 1215253 | 655 (-1.5) | 5 | 12.755.20 | 8.18 (< .9)
6 | 16.1%5.65 23 b( 11) || 6 |327=i28 212 (+1 4}
7 | 28.0£0.10 | 835 (-1.3) | 7 | 3.10%26.7 | 20.4 (-0.
8 | 1555155 82{ ((04) | 8 |53.1%287 (16)
9 [6.8223.60 | 5.78 (- ]:-) 9 | 10.6=8.10 | 5.80 (-0.
0 361110 120 (2.0) | 10 |4.13%281 | 1.04 (-1. 1)




Systematics

@ Fragmentation Model Uncertainty
> The fractions in total My, region are fluctuated by =10
to evaluate the uncertainty.
— Systematics : 6.7 %

@® Missing Mode Uncertainty
> Reconstructed mode = 76.6 % (1.15<M,.<2.8 GeV/c?)
» Parameters in Pythia are shifted within parameter region
which is consistent with the model of the data.
— Systematics : 1.6 %



Constraint to 2ZHDM
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» Consistent with the SM prediction, (3.15*0.23) X 10, within 1.30.
> M, - >238 GeV/c?(95%CL) in 2HDM.,



