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Introduction

* In NMSSM, CP-odd Higgs boson (A°) may exist with
my< 2 m,. = Accessible in Y(nS) — yA° at B factory
R. Dermisek, J. F. Gunion, B. McElrath PRD 75, 051105 (2007)
- Possible explanations for the three HyperCP events

) ) * Theoretical interpretations
% ] e Data — Light scalar Higgs
2 l 1. X. G. He et al., PRL 98, 081802 (2007)
%1_: 2. M. L. Mangano and P. Nason,
ol . I .L _— Mod. Phys. Lett. A 22, 1373 (2007)
A tovi® — Dark photon
Tt putw M. Reece, L.-T. Wang, arXiv: 0904.1743
* H. K. Park et al., — Axion

PRL94, 021801 (2005) Y. Nomura et al., PRD 79, 075008 (2009)
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Decay Branching Eractions

b | b v |
Y(nS) Y (nS) R —
Y A°
b ~ b -
| |

Original figures from M. SANCHIS-LOZANO, JPSJ.76.044101, modified by P. Chang

‘B (Y(nS) > efe’) ~B( Y(nS) - utu)
~B(Y(nS) > 1)
*Y(nS) — yAY, A — It I~ is helicity suppressed.

If my>2m_, A° — t*t~ dominates the leptonic decays.
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Rrevioust ExpenimentaliResulies

Experiments

Data Sample

Product of BR

90% upper limits

21.5 million
T(1S) events

B(Y(1S) — A7) x
B(A” — p*p)

T(1S) — 7A%) x
AY — 7F77)

(1.0 — 20) x 106

(1.0 — 48) x 107?

99 million
T(2S) events

T(25) — 7A") x

(0.26 — 8.3) x 107°

122 million
T(3S) events

B(

B(

B(

B(A® — ptp)
B(T(35) — 7A") x
B(A” — ptp)
B(Y(35) — 7A%) x
B(A” — 77717)

(0.27 — 5.5) x 1076

(1.5 — 16) x 103




KEKB and Belle

SC solenoid e 1 N\ 11—1 015 1. 030 ‘
L5 T =2

3.5 GeV e*

CsI(T))
16X,

TOF counter

: Central Drift Chamber
small|cell +He/C oHe

N u/K; detection
~ 14/15 lyr. RPC+Fe

Si vtx. det.

Decays on Resonance Peak

160

Data samples
Y(5S): 121 fb-!: Y(4S): 711 fb-! =

100 W CLED
Y(3S) :3.0fb~!'; Y(2S):24 fb! =

A EIST 5 fb‘l; off peak : 87 fb~! .
Energy scan: 30 fb™!
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Seanchttor LightEHiggstaifBelle

» Search for decays Y(1S, 2S) > yA° , Ab—1*1~

+ Data samples: 1.09x102 Y(1S) + 1.08 fb! off peak
1.58x108 Y(25)

* m,°is the recoil mass of y in the Y rest frame.

2 S, Y

DL 2 e
mpo = (my—E )—p, =my-2myE =

* Identify t™t~ with their leptonic decays.
Search for bumps in photon energy spectrum.
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W (EES)FAnalysi's
+ Event selections:

1. Identify 77z~ —>e*u"v,v,v v, ; No additional tracks.

Bl T (el

2. 1 veto for y; AR(e,y) > 0.2 to avoid Bremsstrahlung
3. 1.5<E_...<7.5GeV; -0.9 <cos(8,,..) <0.96

miss iss
5- k| nemat|c bOU nda ry eé;+mu Mass and Momentum Distribution in Data
o 2 % i . ) .18
KB=s-M,,-2E,_F,, 8 & . Offpeak |
o 9 . .
= Dz o
[ XProjection, bins 1-30 [0.0-1.5] in Ptotb/Mass | Xtemp_data R P - —
: E b Boundary | [
1000~ —— data g B L "2
T— MC = 3: y —10
800 — i oo
L 9 C o g
L o : -, -
600~ E e = s
L + =
400 @ : 4
T ‘_JI
200+ - -:__4 2
D_‘\\‘II\\|II\I|\\\I‘\\|\‘\||||||\\||\\ [ OO_I 1 |”|-'3 '5| II7I-II-II8|I--I;I-T9|:T.--.-1 0
KE Parameter [GeV"2] e+mu Invariant Mass [GeV]Me yi
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BackgroundiModeling

* Compare data and MC using off-peak data

. Photon Energy Spectrum Comparison ~~ e+mumass in MC andData
1.Small discrepancy ; ~ bata 31200 : e
= = r T LA, .
at low energy. 2 0 —MC 31000 =
2.Dominantby 9 ol 2 %%
E 600
ete— (y)tt1~ - -
(y) 10 400"
3.E,>0.8 GeV :
1 o .
T R N R ¥ S Sy S Y R R S S N T
Candidate Photon CM Energy [GeV] ’y e+mu masgi‘n’QM Frame [GeV] e“
* Obtain background PDF using MC, including Y decays
Fitted Data Residuals of Fit

Two E, regions:
0.8-1.5,1.5-4.3.
Each fit with 3™
order polynomial

Events / ( 0.007 )

I NI IR R A
11 12 13 14 15

Ll P IR BRI I
8.8 0.9 1 1.1 1.2 1.3 1.4 1.E
Photon Energy (GeV) ry Photon Energy (GeV)
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Signall Extraction

- Model signal PDFs by a Gaussian function.

Obtain efficiencies and Gaussian width as a function
Efficiency of Cuts on Signal Events
of AY and E, from MC.

2
=

Yopak

« Scan Ey with a fit within £ 10c 3 -

for each assumed E, peak.

0.24

0.22—

* If no significant signal is found,
provide 90% C.L. limit. N

oo

/ L(n)dn :{HJ/ L(n)dn
J )

J ()
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RreliminaiysResulits

Photon Energy Spectrum Comparison

L]
+

Significance (o)

. 2 25 3 35 4 45
Candidate Photon CM Energ

90% CL Upper Limit
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Higgs Mass [GeV]




* Strategy:
1. Y(2S) > y A%, AC—1t1-
2 (2SS, TS -y AY, ANST T
ISR background is substantially reduced.
3. Identify t*t~in € uT plus missing energy.
* Event selections:
1. Require only two charged tracks for Y(2S) — yA°
2.E,>0.2 GeV, E ;> 2GeV, 30% cos0, i, <150°
3. For it tagged Y(1S) — YA® analysis,
require the recoil mass of ™~ lies in Y(1S).
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* Obtain signal efficiency and PDF parameters for

various A° masses using MC. = Look-up tables

* Use interpolation to provide the efficiency and PDF

parameters for any A? mass.

- Each fitting range is about = 50 (obtained from signal

2012/7/06

MC) for an assumed A° mass, ranging from 700 to
1200 MeV.

Model background shape by a first order Chebyshev.
Perform E scan in 5 MeV step up to Mo = 8.8 GeV.

Light Higgs Search at Belle
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Rieliminakyssesultston E(2S) =>5rAY

YTt TT—en

1a00) «<—— fittingrange ——

Significance

w

—_

o

g g 1 (
[E IS I VIS RV S
daaamans et T

Y11 TToeu

4 5 6 7 8 9 10
A" mass (GeV)

YT T3 TTell

oA

@ 1) 4 Ep (@

PTG e o 5.5 7 7i50é 8.5
A" mass (GeV)

o
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WER  "EE p55. n 6 - G AT 7SR RS SR
0
A" mass (GeV)

B(Y(2S) — vy A%) X
B(A® -1+ 17)
<(1.4-12) x 107
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Preliminakgyisesultsion
WE(2S) > (LS i NG (LS =5 AL

TC"'TE-’Y "|:+f|:+; TT—eln TE+TC-'Y’C+'C-' TT—ell
2 5

MMMNJ\/\AN\]
10 5 55 6 6.5 7 755 8 85

A” mass (GeV) | A’ mass (GeV)

W

S e N TAlEe -

Significance

Events / 10 MeV
8

N
o =< 0o N g w g b
R RS B L AR |

(=)

e LA e N

4 5 6 7

o

TTYT T3 TToel

B(Y(1S) —> vy A%) X
B(A? -1+ 1)
<(3.3-53)x 10°°

AN EAPY S RS S iR SR e
0
A" mass (GeV)
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SiuiminaiGEy;

* We perform CP-odd light Higgs searches using Y(1S) and
Y'(2S) data samples. No significant signals were seen. We
set upper limits for the product of branching fractions.

e Qur limits are compatible with the CLEO and BABAR

90% CL Upper Limit for Light Higgs

results. L
» Search for Y(nS) — y A°, 3 = v
A —> u* uisongoing. £ s~ | vas)
CLEO Y(1S) : <(1.0-48)X10~5 & ¥
BABAR Y(3S) : <(1.5-16)X105 § 2of \
Belle Y(1S) : <(1.2-5.9)X10~5 & i3
Y(2S) : <(1.4-16)X1075 k&/ Lo SN j\ﬁ,\,fmﬂ\
Y (1S) : <(3.3-52)X1073 R T TR

Higgs Mass [GeV]
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2012/7/06

BACK UP

Light Higgs Search at Belle
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* On resonance background MC: efe ">ttt +
Y(1S) > ™t~ (Evtgen)

((1S) Background MEand
KinematicBound

* Off resonance background MC: efe >ttt = KKMC

* Kinematic background

e+mu Mass and Momentum Distribution in MC |

e+mu Ptot in CM Frame[GeV]

2012/7/06

i

Entries

emu_ptotb_mc |
72536 |

MC

2 3 4 5 6 7 8 9 10

e+mu Invariant Mass [GeV]
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=

(KKMC)

e+mu Mass and Momentum Distribution in Data |

e+mu Ptot in CM Frame [GeV]

6

Entries

emu_ptoth_data

IIII|II,I.II|IIII|IIII|IIII|IIII

Off peak data

R Y s Dt

S R e e gn e -
R g ik e o et L T e o S |
I-"Fllllrl.lllllll-l|IIII|IIII|IIII|IIII|IJ'II

=

5 i} T 8 9 10

e+mu Invariant Mass [GeV]
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18
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