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HyperCP exotic event

P Collaboration), PRL 94, 021801 (2005)

(a) N, | (b) (a) solid : MC events with a form-

o > 2 e Data| factor decay
EJ E i I dashed : MC events with a
5 % . dold uniform phase-space decay
= [t _
S S - :
I TR ! L (b) MC events normalized to

S~ S g',,lj,,l,,,,l, match the data
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servation of 3 events for X* 2 p u*u decays
of X0(214) : (214.3 + 0.5) MeV/c?
le interpretations

do-scalar Sgoldstino p.s.Gorbunov and V.A.Rubakov, PRD 73, 035002 (2006)

t Pseudo-scalar nggS BOSOH X.-G.He, J.Tandean and G.Valencia, PRL 98,
(2007)

or U-boson m. Reece and L.-T. Wang JHEP 0907, 51 (2009),
elov, arXiv:0811.1030 [hep-ph], C.-H. Chen, C.-Q. Geng and C.-W. Kao, Phys. Lett. B 663, 100
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ossible Decay Modes for Search
at B-Factory

le decay modes to search for sgoldstinos in
models

do-scalar B and D meson decays to pseudo-scalar meson
X0

2 nn XY X0 pw, vy

2 Kn X9 XY ph, vy

do-scalar B and D meson decays to vector meson and X°
V.Demidov and D.S.Gorbunov, JETP Letters, 2006, vol. 84, No. 9, pp479-484

- e« B(D > p X% X0 ptp) =109 ~ 106
. B(B > K* X0, X0 pty) =109 ~ 106

(B> p’X% X0 > putp) =102 ~ 107

annels listed above are possible for a low mass
1In NMSSM (Next-to-Minimal SUSY SM)

talk, we will show results on B > K*? X0 X0 >
d B> p? X% X0 > utu
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d B.F as Pseudo-scalar Sgoldstino

Branching ratios of decays Pp , —= VP(F — WP7) in the models L. 11, and III. Branching ratios of decays Py p —=
VP(P — ~yy) are given by the same numbers multiplied by T'(P — yyW/T(F — p 1)

Py V

Decay hﬂ AE. no ) Brimede ) Brimadel I Brmodet iy
B, —= ¢P(P —= p*u") i 0.42[18] 6.5 107~ 8.8 x 1076 8.7 % 107°
B, —= K*"P(P — p*p) By 0.37[18] 53 %1077 7.2% 107 2.3 % 1077
BY —= D**P(P —= p*u) e 0.14[19] 3.2 % 10710 4.4% 107 1L4% 108
B! —= D*P(P —= pu) M3 0.14° 3.0 % 10710 40107 4.0% 1077
BY —= B*'P(P —= ) By 0.23 [20] 4.1 10719 4.4 1078 8.2 107
Bt —= K**P(P — p*u0) B 0.31[17] 3.8 % 107 5.2 % 1078 5.1%10°
BY —= K*'P(P — ptu) 3.5 % 107° 48 %10 4.7% 100
B —= pP(P —= u*p) By 0.28 [17] 3.1 % 107 4.2 %10 1.4% 107
B —= p*P(P —= u*p") 3.3x 107 4.6x10° 1.3 1077
D’ —= pP(P — u*u) B 0.64[17] 1.4 % 107" 1.5 % 1077 2.8 % 1078
DY — = p*P(P —= pu*u) 3.5 % 1070 3.7 % 1077 7.0 10°6
2%We did not find any estimate of this form factor in literatmire and use this value as an order-of-magnitude estimate, which is sufficient for

our study.
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SUKUBA AreaI(BeIIe)
/
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eraction Reaign

(TRISTAN Accumulation Ring)
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Time [Year/Month]

B-Factory at KEK

® KEKB:
e Asymmetric e*e collider

Two separate rings
et (LER) : 3.5 GeV
« ¢ (HER) : 8.0 GeV
(3.1 GeV/9 GeV for PEPII)

CM energy : 10.58 GeV at Y(4S)
Y(4S) 2> BB-bar

+11 mrad finite crossing angle at IP
Operation since June, 1999
Lo = 2.11 x 103* cm2s7!

Accumulated total integrated L
~ 1000 fb!

New World Record
Luminosity
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Belle Detector

_,_,-- #Q\

Silica-aerogel
Cherenkov Counters ;
n=1.015~1.030

Superconducting
Solenoid Magnet ;

1.5T
- - -1 3.5GeV e*
Electromagnetic | 200 B \ e
Calorimeter ; o v N - e — f_'
CslI(TI) 16X, — L -' =gl
Time-of-Flight Counters i

\ Central Drift Chamber
-~ Tracking + dE/dx
small cell + He/C,Hq

Extreme Forward-and-
Backward Calorimeters ;
BGO

e

. ' _ Muon and K, °® Meson Detector ;
Silicon Vertex Detector ; 14/15 lyr. RPC+Fe

5 layers silicon strip sensor
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ay modes and Event selection

0 > K*0X0, K*0 2 K*n-, X%(214) 2 pru
B? 2 p’X0, p% > ntn-, X0(214) 2> ptyu-

ample of Y(4S) 2 BB-bar : 657M BB-bar pairs

as a scalar particle

'Ir}variant masses of K*0 and p? :
ithin +1.50 and +1oc from a central value, respectively

atic variables, AE and M, .
EB* ) Ebeam*

2 — (Ebeam*)z _ | pB* | 2

: beam energy,
d Eg* : momentum and energy of B candidate

AE (GeV)

. I
0'2.2 G821 57 523 524 525 S5 08F 48 5¥3 A3
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Signal efficiency

50 o0i218) | > pxtai

Dimuon mass resolution [keV/c?] 427 + 14 428 + 15

signal efficiency (¢) (26.3+0.1)% (23.5+0.1)%

h window 1s defined in terms of the dimuon
solution

+ 3 x [0.5 (HyperCP) + resol. (Belle)] MeV/c?
211.5 MeV/ec2 < M, <217.1 MeV/c2
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Background Study
ethod

C samples of continuum and BB-bar, which are about 3
larger than data sample

data with threshold function at sideband region

eband 1s defined as 50 ~ 100 1n AE-M,, :

6 GeV < |AE| <0.12 GeV and 5.25 GeV/c?2 <M, . < 5.27 GeV/c?
und estimation : 0.13*%%4 . and 0.12%9:03
r BY > K*0X? and B 2 p?X®, respectively

4

T -I,.cl.-ilj;l.. T

AE (GeV)

RO

T

3 Iy

:? 1L RO i K*OXA} of BO > pOXO

L b b b b v b bl ‘? o b b b b b Lo Lo Lo |
321 022 023 024 025 026 027 025 029 03 21 022 023 024 025 026 027 028 029 O3

T

Events / ( 0.0045 GeV/c? )

T IIITIII?IIIIIIIII

Events / ( 0.0045 GeV/c? )
?

.D'E'} ™ &2 &2 524 RO &R 527 ROR | a5

M, (GeV/c?) M (BeVIC' M (GeVIC)
C
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between MC and data

parisons

BO > K*0X0
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ematic uncertainties and N,

stematic uncertainties are 5.2% and 5.7%
K*9X9% and B 2 pX?, respectively

nt systematic uncertainties come from tracking
y (~ 4%) and muon 1dentification (~ 3%)

a s L TR
o BO > K*oxq| € BO > PO
> = |
» | -
QO os- QO oa
— i -— 5
o 5 |
= =}
i —
G B
€ o4 T o4l
@ "L @ L
> i > i
wl L wl
02t E
82 B ET009 055024 028 i e i 2 525550 B3 B To s 0 T oAb o s 5 B 658636 0
M., (GeVic?) M., (GeVic?)

nts are observed in the signal region for any of
es with 6567M BB-bar data sample
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Upper limits @ 90% C.L.

_ S
0’ X 0 N ,U+,U ) < 90
exN_zxB.R.
or p° B(K*° > K*n") 0.6651
al ylglq | . B(K*0 > Koz0)  0.3326
al-eff|C|.e.ncy.W|th corrections of B(K*0 > K0) 0.0023
le identification
number of BB-bar pairs B(p° 2 n*n) 0.9894
: B(K*? 2 K*r') or B(p® = ©*mr) B(p® > ntry) 0.0099

per limits @ 90% C.L. are calculated

0 5 K*¥0 X0 K*0 » K*n-and X° - pt p~ ) <2.01 x 108

0 5 p0X0, 0 5 ntand X0 > prp~ ) <1.51 x 108

sult rules out most of allowed B.F for sgoldstino
etation

LLWI Search for an exotic light particle at Belle 13



Summary and Conclusion

e searched for the HyperCP particle in B decay

ignals are observed in 211.5 MeV/c* <M, <217.1
/c?

obtained upper limits @ 90% C.L. are as follows :

(B 5 K*'X%) x BX? > putu~ ) <2.01 x 108

(B> p’X%) x BX? > ptp~ ) <1.51 x 108

ur results rule out models II and III in the pseudo-scalar
sgoldstino interpretation

results such as a vector particle X°, lifetime
and extended search are in progress

LLWI Search for an exotic light particle at Belle 14
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K UP SLIDES
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) Search in Other Experiments

collider:
xperiment (PRL 103, 061801 (2009))

ollider
ar (PRL 103, 081803 (2009))
O (PRL 101, 151802 (2008))

‘larget

@KEK (PRL 102, 051802(2009))
@BNL (PRD 79, 092004(2009))
@FNAL (PoS(KAON09)039)
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_garch in Other Experiments

~ M\~

a New Pseudoscalar Particle in the Rare Decay K, 2 nonlu*p™
at Rencontres de Moriond EW 2009

- UsingN_ =324x10".N_ _ =4.11x 10"and o one finds the

K. 1997 K. 1999
following upper limits at 90% CIL.:

Br(K, —=mt’u ) < §.60 x 107

Br(K, SemX o) < 9,41 x 107

Compare with:
Br(K;—n'm' X, —sn'n’uu) = (8.37 2 x10”

KTeV experiment
at Fermilab.

i, P I 09, -10
Br(K,—n'm’ Y y—n'n'uu) = (1.07,5)x10

T
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) Search in Other Experiments

E39].a eXperiment E391a collaboration, Y. C. Tung, et al., Phys. Rev. Lett.
(2009)

0> 00X, X 2 yy) <25 x 107 @ 90% C.L.

214.3 MeV/c?) 510

L 410 _

e o1,=0s

- e -10

o & — *1,=10"s

E 0 \ A1,=10"s

5 10° pro e :

o S &

o

= N oz

i 5>~:1D’; \“\\

&) 4}:10:? \ﬂ-\.\

E.?‘ 310 \‘“ﬁ—--'—'*ﬁ

@ 2107
I 1 L 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 I 1
195 200 205 210 215 220

X mass ( MeV/c?)

r experiment BaBar collaboration, B. Aubert, et al., Phys. Rev. Lett. 103,
9)

3S) 2>y A% A% > utu) < 0.8 x 10 @ 90% C.L.
= 214 MeV/c?)
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Data set and Monte Carlo

214) search 1s based on 605 fb-! data sample

~ Exp.55) which contains 657 million B meson
ollected at the Y(4S) resonance with the Belle
r at the KEKB accelerator.

mary of Monte Carlo samples

BO — K*O X0, K*0 — K~ and X0 > ut - 300,000
Signal MC . B o
B > p2 X%, p° > mrand X° - put u- 300,000
continuum qq-bar
Background MC B°B°-bar 1750 fb!

B*B-

y, 2010 LLWI Search for an exotic light particle at Belle 20



Dilepton skim

C data are skimmed by using the following
ments on leptons. The selection criteria in the
n skim are as follows,
,-1,5)>0.05
ron momentum at lab frame > 0.395 GeV/c
0.6
muon momentum at lab frame > 0.69 GeV/c

* at least one opposite or same sign charged lepton pair (ee, L,

at CM frame > 1.3 GeV

, 2010 LLWI Search for an exotic light particle at Belle 21



Event Selection

dr<1.0cm
|dz] <5.0cm

eid >0.9
P.,>0.395 GeV/c

uid > 0.95
P.,>0.690 GeV/c

Kaon kid > 0.6

remaining tracks after selecting the
lepton and K tracks

K*O 0.815 GeV/c? < M., < 0.975 GeV/c?
P 0.633 GeV/c? < M, < 0.908 GeV/c?

minimum 2 value of four charged
tracks

Good charged track

electron

muon

3__ tarmassith = 21221602 = 0.00061 GaVic®

3 tarmassist = 48928 = 0.018 GaVic®

v Rstarmass2nd = -408431 = 0.018 GeWic?

Em. starmassMean = 08950032 = 0.0000025 GeV/c®
= katarmassWidth f 0536218 = 0.0000052 GeVic?
B hkstarMassPoly £ 118035234
,i“ilksmrﬂ'iassﬁ B

e 2 0 T
OB @08 085 1 1.5 11 118 1.2

o
a7 oarvs OB

M, - (GaVic?)
ngaoafirhoMassPoly = 31983~ 377
E PrhoMassRBW = 88686L- 446
o fhomass0ih = 195580 #.0030 GeV/c®
Jaoofhomasstst = 59585 0.3 Gevic®
< homass2nd =-2.8977 = 016 Gavic?
E FhomassMean = 00037 GeV/c’
dioeafromassWidth =
soan|-
aoso|-
el LT eeaadEaanen
.............
q S 1 ! ! it
a4 08 08 ar (1. 0. i i1 12
M, (GaVie)
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efinition of Signal Region

andidates are selected by the following two kinematic
s defined in the Y(4S) c.m. frame.

BO > K*0XO

eltaalin = 0.468 - 0.0M GeV

oltaeMean = 0.0018858 0.000041 GeV

oltaeSig = 0.011626 =3.000035 GeV
pltanGaus = 93326 4315

deltasPaly = 31582 —gp3

E?nfz ! [E.nnrs ?v )

k' 0

AE (GeV)

gy difference (AE) = Eg — E, .,
-energy constrained mass (M, ) = V(E,.,.2 - >pp?)

rgPar=-117.28 = 1.0

beMean = 5.2782065 = 0.0000055 '!.I".n’c
beSig = 0.0026537 = 0.0000086 G ol
bcArg = ZTH60 = 235

mbcGaus = 97241 =353

N
oo
o
-t
doef

: the beam energy, Eg : the energy of the B candidate
e momentum of the B candidate

143798 = 0.0000017 GeVie
3070 = 0.0000030 GeVe?
5875 = 0.0000043 GeVe®
61 = 0.000056 GaVic®

| | | | i 10
0213 0244 0213 a2t 02
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