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Astro-particle Observations : ATIC exp.

hang et al., (ATIC collaboration), Nature 456, 362 (2008)
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O. Adriani et al., (PAMELA collaboration), Nature 458, 607 (2009)

Astro-particle Observations : PAMELA exp.
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Astro-particle Observations

® ATIC : excess in et + e spectrum between
300 GeV and 800 GeV.

® PAMELA :excessine*spectrum from 10 GeV to
100 GeV.
No excess in proton and anti-proton spectrum

® Dark matter annihilation mediated by a extra gauge
boson (U-boson), mass < ~1 GeV.
U-boson 2 ete, utw
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Events/1 MeV/c?

HyperCP exotic event

rk et al. (HyperCP Collaboration), PRL 94, 021801 (2005)
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® Observation of 3 events for Z* = p u*u decays
® Mass of X°(214) : (214.3 £ 0.5) MeV/c?
® Possible interpretations

= Pseudoscalar Sgoldstino p.s.Gorbunov and V.A.Rubakov, PRD 73, 035002 (2006)

= Light Pseudoscalar Higgs Boson x.-G.He, J.Tandean and G.Valencia, PRL 98, 081802
(2007)

= Vector U-boson m. Reece and L.-T. Wang JHEP 0907, 51 (2009),
M. Pospelov, arXiv:0811.1030 [hep-ph], C.-H. Chen, C.-Q. Geng and C.-W. Kao, Phys. Lett. B 663, 100
(2008).
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ossible Decay Modes for Search at B-Factory

® Possible decay modes to search for sgoldstinos in SUSY
models
" Pseudoscalar B and D meson decays to pseudoscalar meson and X°
* D=2 wm X X2 utw, vy
* B> Km X X2 utw, vy

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

« B(D =2 pX° X2 uu)=109~10
* B(B > K*¥° X% X° = u*uw) =109 ~10
* B(B > p° X% X° = uw) =109 ~ 107
® The channels listed above are possible for a low mass Higgs

in NMSSM (Next-to-Minimal SUSY SM)
et
~'. @ Inthis talk, we will show results on B > K*° X, X° > p*u
3 and B > p°X°, X° >

Seminar @ KISTI hjhyun@knu.ac.kr 7



Expected B.F. as Pseudoscalar Sgoldstino

Branching ratios of decays Py  — VP(P — U"07) n the models L II, and IIL Branchmg ratios of decays Fp n —=
VPP — 7yy) are given I:wr the same numbers multiplied by TP —s yyW/T{P — p*u7)

(Pgp V)

3

|

Decay hyy Ay Brimeder 1y Brinode my Brimoder i
B, —= ¢P(P —= u*p") ) 0.42 18] 6.5 % 107 8.8 % 10°° 8.7 % 1078
B, —= K*"P(P —= p*u") v 0.37 18] 53 % 107° 7.2 %1076 2.3% 1077
B" — = D**P(P —= p*u) Ky 0.14[19] 3.2 % 10°19 44107 1.4 1078
BY —= D**P(P —= i) hsy) 0.148 3.0 % 10-10 4.0x 107 4.0 % 1077
B —= B**P(P —= p*p) Ry 0.23 [20] 4.1% 10719 4.4 %107 8.2 1077
Bt —= K**P(P —= 1) e 0.31[17] 3.8% 107 5.2 % 1078 5.1% 1078
BY —= K*'P(P — p*u) 3.5 1079 4.8 %108 4.7 % 1078
B —= pP(P —= u*p) e 0.28 [17] 3.1 % 107° 4.2 %10 1.4 1077
B* —= p*P(P —= u*u") 3.3 % 1077 4.6x10° 1.3 % 1077
D’ —= pP(P —= p*u) Ry 0.64 [17] 1.4 107° 1.5 % 1077 2.8 %1076
Dt —= p*P(P —= p*u) 3.5 % 109 3.7 % 1077 7.0 % 1076

*We did not find any estimate of this form factor in literature and use this value as an order-of-magnitude estimate, which is sutficient for

our study.
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S.V.Demidov and D.S.Gorbunov, JETP Letters, 2006, vol. 84, No. 9, pp479-484
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B-Factory at KEK

5% ® KEKB:
%, Asymmetric e*e collider

HER LER

I~~9{‘5:;&}“s I %@ = Two separate rings
K__ i ® * e*(LER): 3.5 GeV
‘ g : } E * e (HER): 8.0 GeV
S s E (3.1 GeV/g GeV for PEPII)
A TRISTAN Acgumutaton fino) ) = CM energy :10.58 GeV at Y(4S)
| \K SN / Y(4S) > BB-bar

= 111 mrad finite crossing angle at IP

800/

= QOperation since June, 1999

e
'§m: " Loeak =2.11x 103 cm®s™
N = Accumulated total integrated L
<~ ~1000 fb"!
. 4 ‘6’) .
3 £ New World Record
o! Luminosity

199871 200071 200271 20041 200671 200871 200101
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Belle Detector

= Silica-aerogel
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Detailed view : slide p29

Decay modes and Event selection

B® = K*°X°, K*° 2> K*7, X°(214) 2 u' it
B° =2 p°X°, p° 2> ', X°(214) 2 1t i

® Large sample of Y(4S) = BB-bar: 657M BB-bar pairs

® X°(214) as a scalar particle (spin 0)
or a vector particle (spin 1)

® Fully longitudinally polarized for a vector particle X°(214)

® Invariant masses of K*®and p°:
~ within +1.50 and +1c from a central value, respectlvely

® Kinematic variables, AE and M, =
- x
—_ * 3
T ' " AE=Eg¥-Epeon” =
a Y
- 8 (N‘bc)2 = (Ebeam*)2 - h:)B*I2

’ Epeam™ : Deam energy, o
pg* and Eg* : momentum and energy of B candidate *

- 11y
0'2.2 921 52@ 452} A4 525 8 527 52 523 53
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Detailed view : slide p29

Signal efficiency

BO 9 K*OXO BO 9 pOXO
Decay modes
scalar vector scalar vector

uon mass resolution

lkeV/c?] 427 £ 14 425 + 14 428 £ 15 425 £+ 15

gnal efficiency (e 23.5% 23.5% 20.5% 20.5%

COF)

® X°search window is defined in terms of the dimuon mass
resolution

214.3 + 3 x [0.5 (HyperCP) + resol. (Belle)] MeV/c?
"‘Ifd ) 211.6 MeV/c2 < M,,, <217.2 MeV/c
™ <
s
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Background Study

® Fitting method

= Use MC samples of continuum and BB-bar, which are about 3 times
larger than data sample

= Fit MC data with threshold function at sideband region
* sideband is defined as 56 ~ 105 in AE-M,. :
0.06 GeV < |AE| < 0.12 GeV and 5.25 GeV/c2 < M < 5.27 GeV/c?
® Background estimation: 0.13*%% .and 0.12*%%  ,
for B® =2 K*°X° and B° = p°X°, respectively
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BO > K*0XO
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Detailed view :

slide p45-46

Systematic uncertainties and N,

Total systematic uncertainties
PDecay modes

W scalar vector
B0 > K*0XO 6.3 % 6.3 %
d B0 > pOXO 6.2 % 6.3 %

efficiency (~ 4%) and muon identification (~ 4%)

® Dominant systematic uncertainties come from tracking

YT B > K*Xq | & BO > pX° | @ No events are
[+3) - [+3) - R
O Bar O sar observed in the
e [ e I . .
S osf S o8 signal region for
E | = L
£ o £ any of the modes
- > > .
| I with 657M BB-bar
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, data sample
82 021022023024025026027028029 03 82 021022023024025026027028029 0.3
M., (GeV/c?) M., (GeV/c?)
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~+ Decay modes

o~

~4

.

BO > K*Oxo

BO > pOXO
-

Seminar @ KISTI

Upper limits @ 90% C.L.

. S
B(B° 5>VX°, X > utu) < 20
exN_zxB,
V : K*0 or p? B(K*% > K*n") 0.6651
Seo : signal yield at a 90% C.L. B(K*¥0 > K0x0) 0.3326
€ : signal efficiency with corrections of BK*0 > Ko) 0.0023

charged particle identification
Nggp.  : the number of BB-bar pairs, 657x106 | B(p® 2> n*n”)  0.9894
B, : B(K*® = K*m) or B(p® = n*m) Bp® > ntny)  0.0099

Upper limits @ 90% C.L.

scalar vector
2.27 x 108 2.27 x 108
1.75 x 108 1.75 x 108

hjhyun@knu.ac.kr 16



Lifetimes
® Constraints on Lifetime of X°(214)

" 1.7 X107 S <1T,0<4 X107 S c.. Geng, Y.K. Hsiao, PLB 632, 215-218 (2006)

® We assume the lifetime of the X°(214) to be in the range
from10'5sto 10" s

Decay BO 9 K*OXO BO 9 p0)(0

modes scalar vector scalar vector
Lifetimes 1015s 10125 | 1015s 10%22s | 101 s 10125 | 1015s 10%2s

Ecor [70] 23.6 23.3 23.5 23.6 20.7 20.5 20.7 20.5

Nops 0 0 0 0 0 0 0 0
Niig 013 014 013 014 | 012 013 & 012 013
Syst. [%] 6.2 6.2 6.2 6.3 6.2 6.2 6.3 6.2
Se 233 233 | 233 233 | 233 233 | 233 233

U.L. at 90%
Clao® | 226 229 | 227 226 173 175 | 173 175

Seminar @ KISTI hjhyun@knu.ac.kr 17



A Light Particle Search

TABLE I: Summary of the number of observed events [ Naps ), estimated mumber of background events { Nug ), efficiencies (€),
signal vields (Suq) and upper limits (I7.L.) at 90% C.L. for the decays Bj-., and ng with the scalar (vector) particle X. The
errors on Ny are statistical only.

Myuy BY - K*"X, K*" - Kta—, X —utp~ B - "X, o —ata—, X — ptp~

(MeV fe2)| N, Nig : Sea  UL.(1075)| Nope Nig : Ssn  UL.(10-%)
2120 | 0o o0atyhl (003t Ry 238 (23.7) 2.43 (2.43) 234 (234)| 0 o02tghl (oo2tDRY) 212 (21.1) 2.44 (2.44) 177 (1.78)
2143 | 0 013403 (013t 03y 236 (23.5) 2.33 (2.33) 2.26 (2.27)| 0 oazfl] (0.a2t003) 2007 (207) 2.33 (2.33) 1.73 (1.73)
2200 | 0 013t503 (0131022 23.0 (22.0) 2.33 (2.33) 231 (233)| 0 011tgRT (0.1tEET) 2002 (20.1) 2.33 (2.33) 1.78 (1.78)
230.0 1 0243002 0254002y 21.4 (21.4) 4.00 (4.12) 437 (440)| 0 0200 (0.21F00Yy 18.8 (18.0) 2.27 (2.27) 1.86 (1.85)
2400 | 0 0a3st03 (0.301022) 20,0 (20.0) 2.00 (2.00) 2.40 (230)| 0 0323500 (0.32F0 00 17.5 (17.5) 2.16 (2.16) 1.90 (1.00)
2500 | 0 ostRl (05100 18.0 (18.4) 1.02 (1.94) 243 (241)| 0 042t5 00 (04280 00) 15.0 (16.3) 2.06 (2.06) 1.90 (1.04)
2600 | 0 063101 (0631001 16.5 (17.2) 1.83 (1.83) 2.54 (243)| 0 0601500 (07070 00) 145 (15.2) 1.84 (1.80) 1.95 (1.82)
I 2700 | 0 orstns (075 0 E2) 15.4 (16.4) 176 (1.76) 261 (245)| 0 0613007 (0.61100%) 137 (14.4) 1.83 (1.83) 2.06 (1.06)
280.0 0 0601003 (0861501 14.6 (15.8) 1.78 (1.60) 2.78 (245)| 1 08310 (0.00F0-04) 13.0 (13.0) 3.52 (3.45) 417 (3.83)
2000 | 1 008t 08 (0.07F008) 14.0 (15.5) 3.35 (3.37) & 0 080150t (078t 0 124 (13.6) 1.74 (1.74) 2.16 (1.97)
300.0 | 1 1.0stRS (108t 05) 13.6 (15.1) 3.28 (3.28) 5. 1 087 0 (087T005) 11.0 (13.3) 3.48 (3.48) 4.51 (4.01)

P

-

e
\
3

® 212 MeV/c?2 ~300 MeV/c2with 1,0=10"s

® No significant signal is observed

® The efficiencies are little changed as the lifetime of X°

Seminar @ KISTI
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Summary and Conclusion

® \We have search for the HyperCP particle in B decay
= No signals are observed in 211.6 MeV/c? < M, <217.2 MeV/c?
= The obtained upper limits @ 90% C.L. with 1, =107 s are as follows :
» X°as ascalar particle
— B(B® — K*° X°) x B(X° = p*pu~ ) < 2.26 x 108
— B(B°—> p° X°) x B(X° > ptpu~ ) < 1.73 x 108
e X°as avector particle
— B(B° — K*° X°) x B(X° — p*p~ ) < 2.27 x 108
— B(B°—> p° X°) x B(X° > ppu~ ) < 1.73 x 108
- = Ourresults rule out models Il and Il in the pseudoscalar sgoldstino
interpretation

~,(-4 ® No significant excess are observed for the X° of mass below 300
. MeV/c? that covers a broader mass range

.

3 ® The results are accepted by PRL

Seminar @ KISTI hjhyun@knu.ac.kr 19



Physical Review Letters

moving physics forward

American Physical Society S
physics

Login | Create Account (what's this?)
@ RSS Feeds | Email Alerts

Search for a low mass particle decaying into \mu”*+ \mu*- in B0 \rightarrow Klast*0X and B*0 \rightarrow \rho*0X at Belle

H. J. Hyun et al.
Accepted Thursday Jul 29, 2010

Seminar @ KISTI

Accepted Paper in Elementary Particles and Fields close or Esc Key
Search for a low mass particle decaying into \mu”+
\mu*-in B20 \rightarrow K\ast*0X and B*0 \rightarrow
\rho”0X at Belle

H.J. Hyunetal
Accepted Thursday Jul 29, 2010

We search for dimuon decays of a low mass particle in the decays \bz K*0 X and \bz
r0 X using a data sample of 657 &times;106&nbsp;B [ B] events collected with the
Belle detector at the KEKB asymmetric-energy e+ e- collider. We find no evidence
for such a particle in the mass range from 212 \mmev to 300 \mmev for lifetimes
below 10-12 s, and set upper limits on its branching fractions. In particular, we search
for a particle with a mass of 214.3 \mmev reported by the HyperCP experiment, and
obtain upper limits on the products \BR(\bzkx)&times;\BR(X m+ m-) < 2.26&nbsp
(2.27) &times;10-8 and \BR(\bzrhox)&times;\BR(X m+ m-) < 1.73&nbsp;(1.73)
&times;10-8 at 90% C.L. for a scalar (vector) X particle

hjhyun@knu.ac.kr 20










® hadron collider:
= Do Experiment (PRL 103, 061801 (2009))

® e e collider
= CLEO (PRL 101, 151802 (2008)):

(m,, = 214.3 MeV/c?)
= BaBar (PRL 103, 081803 (2009)):

(m,, =214 MeV/c?)

® Fixed Target

— = E391a@KEK (PRL 102, 051802(2009))
S * E949@BNL (PRD 79, 092004(2009))
o = KTeV@FNAL (PoS(KAON09)039)

Seminar @ KISTI hjhyun@knu.ac.kr

X°(214) Search in Other Experiments

B(Y(1S) 2 ya,% a2 u'uw)<2.3x10° @ 90% C.L.

B(Y(3S) 2 yA% A° 2 uu) < 0.8 x10° @ 90% C.L.

23



X°(214) Search in Other Experiments

® at KEK E391a eXperiment E391a collaboration, Y. C. Tung, et al., Phys. Rev.

Lett. 102, 051802 (2009)
= B(K. ° =2 mon°X, X 2 yy) < 2.5 x 107 @ 90% C.L.
(my = 214.3 MeV/c?)

., 5x10°
L 4.10° —
e - o T, s
3x10 y
b - =10
o & ~__ * 1,=10"s
= 2x10 A "
e \ A 1,=10"s
5 10° e s
e = i
o
=] - <ok
a——y _j 5x107 e
S ao? N
e 3w e
& . e
g S 2x10
I 1 | 1 L L L 1 I I 1 L 1 1 | 1 L 1 L 1 I I 1
- 195 200 205 210 215 220

N
\
' X mass ( MeV/c?)
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X°(214) Search in Other Experiments

at Rencontres de Moriond EW 2009

David G. Phillips II “Search for a New Pseudoscalar Particle in the Rare Decay K, 2> n0n%u*pu™”

- UsingN__=324x10".N_ _ =411x 10"and ¢ one finds the

K. 1997 E. 1999
following upper limits at 90% CL:

Br(K, —r't’u) < 8.60x 10

Br(K, >’ X" —n’n’uu) < 941 x 10
R
- |
: Compare with:
KTeV experiment Br(K,—n'm'X ,—minp) = (8.3%4) x10°7
{ at Fermilab. Br(K;—n'n'X *y—n'm’uu) = (1.0° 03 ) x10°*°

Seminar @ KISTI hjhyun@knu.ac.kr
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Data set and Monte Carlo

® The X(214) search is based on 605 fb" data sample (Exp.7 ~
Exp.55) which contains 657 million B meson pairs collected
at the Y(4S) resonance with the Belle detector at the KEKB
accelerator.

® Summary of Monte Carlo samples

Data samples Number of event
. BO —» K*0 X0 K*0 —» K- =t and X® —» p* u- 300,000
Signal MC
BO —» p% X%, p% > 7= n* and X0 —» p* u- 300,000
continuum qqg-bar
Background MC | B°BP-bar 1750 fbt
4\“(—‘ B+B-
‘\‘.
-
>
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Dilepton skim

® The MC data are skimmed by using the following

requirements on leptons. The selection criteria in the
dilepton skim are as follows,

= eid(3,-1,5)>0.05

= electron momentum at lab frame > 0.395 GeV/c

= uid>o0.6

* muon momentum at lab frame > 0.69 GeV/c

= atleast one opposite or same sign charged lepton pair (ee, pu, ep)

= E(Il) at CM frame > 1.3 GeV

-«

e
\
3
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Enarmassmh =.2 : 21602 = 0.00061 GeV/c*
Kstarmassist =

#1928 - 0.018 GeVic?
kstarmass2nd = -20§431=0.018 GeVic’
EstarmassMean =f 08950032 = 0.0000025 GeV/c*

i_slarmasszdlh 08536218 = 0,0000052 GeV/c]
pkstarMassPoly ¢ 11§03.5-3.4

PkstarMassRBW = 953158=6.3

M, - (GaVich)
prhoMassPoly = 31983 = 377
prhoMassRBW = BBGh6}- 446
Fhomass0th = -1.99580 #9.0030 GeV/c?

Fhomassist = 5.95 = 0,013 GeVic?
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Event Selection

Charged track Selection requirement

Good charged track

electron

dr < 1.0 cm
|dz| < 5.0 cm

eid > 0.9
P, > 0.395 GeV/c

nid > 0.95
P, > 0.690 GeV/c

kid > 0.6

remaining tracks after selecting the
lepton and K tracks

0.815 GeV/c? < My, < 0.975 GeV/c?
0.633 GeV/c? < M, < 0.908 GeV/c?

minimum y2 value of four charged
tracks
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BO > K*0X0

eltaelin = 0.468 = 0.0 GaV

eltaeMean = 0.001885§: 0.000041 GeV

eltaeSig = 0.011626 =11.000035 GeV
eltanGaus = 93326 :§315

deltasPoly = 31582 =3
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rgPar=-117.28 - 1.0

bcMean = 5.2782065 = 0.0000095 $k
beSig = 0.0026537 = 0.0000086 Gel
bcArg = 27669 = 235

mbcGaus = 97241 =353

i TR

527 528 8% %2
M, (GeVich)
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Go back to slide p11

Definition of Signal Region

® Signal candidates are selected by the following two kinematic variables
defined in the Y(4S) c.m. frame.

= Energy difference (AE) = E; - Ey .1y
= Beam-energy constrained mass (M, ) = V(Epe.r2 - 2Pg2)

Eream : the beam energy, Eg : the energy of the B candidate
Pg : the momentum of the B candidate

143798 = 0.0000017 GeVic?
3070 = 0.0000030 GeVe?
5875 = 0.0000043 GeVc®

Illlllllllllll
0213 0214 0215 Q218 021

M, (Gavic)
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X°(214) as a Vector particle

® X°(214) can be a vector particle

® SVV decay model (SVV_HELAMP used)

= fully longitudinal vs. fully transverse
= 214.3 MeV/c? and immediately decays

Decay mode B > K*0X0 B 2> poXO
o longitudinal (26.3 £ 0.1) % (23.6 £ 0.1) %
efficiency
4 transverse (279 +0.1) % (30.0 £ 0.1) %
o~
N
e
3
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Helicity angle distribution

BN344, R.Itoh, ‘Measurement of

0 %0 YO
Polarization of J/y in B° 2 J/w + K* and ® B° > K*°X
B* 2 J/w + K* decays K*0 = K* v
1 (1'121\ XO 9 M+M—

T deost sdeost e a

9 ' : I 9 . _ I
ﬁ(l - (.‘(J'L-;zﬂg-.}':éilr’jﬂh-‘ (1 l_f'} N gﬂilliﬂr-‘fﬂﬁzf»‘;r L F . P_
i L

cos B, = —=7—;
= ||7,]

Px : momentum of X at BO rest frame
Pu* : momentum of p+ at X0 rest frame

- - Ty
cos By = =
Py |||
P : momentum of K*® at BY rest frame

P, : momentum of K* at K*O rest frame

Figure 5: The definition of angles used in the helicity analysis
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Helicity Angle for K*°X°

| helicity angle of X | _ Ih12g7m \ / | helicity angle of X | _ h121':??16
niries ntries
Mass of X0 = o Mass of X0 = Mean 6002601
0214 Gev ™ =gl 11309 GeV
2500 3"““;
Zﬁﬂﬂf—
2000 N
20001
1500 e
1500~
1000(- -
red : X aE a scalar red : Xogs a scalar
blue : Xsa@s a vector (fully longitudinal) blue : X5 a vector (fully longitudinal)
czl|||||||||||||||||||||||||||||||||||||| cl:llll|||||||||||||||||||||||||||||||||||
-1 0.8 -0.6 -04 -0.2 o 0.2 1 -1 0.8 0.6 -04 -0.2 o 02 04 06 08 1
ici h101 ici h101
| helicity angle of Kstar | __hiot | helicity angle of Kstar | __hiol __
E Mean 0.001987 e Mean 0.001987
8000 F RMS 0.7604 8000 E RMS |—0.7504
'muuf— 'muuf—
euuuf— euuuf—
5uuuf— 5uuuf—
4“““3— 4uuuf—
3uuuf— 3uuuf—
zuuuf— zuuuf—
1uuuf— 1uuuf—
_|||||||||||||||||||||||||||||||||||||| :||||||||||||||||||||||||||||||||||||||
1 1

-l

-l

8 0.6 -04 .02 0 0.2 8 0.6 -04 .02 0 02 04 06 08 1




B to K*° X° by PHSP

5.27 < M, < 5.29,-0.03 < AE < 0.04, and
0.816 < My, < 0.974

L v kstarmassOth = -0 89247378249 = 0.00000000057 GeV/
4447 = 0.000032 GeV/c’

8991061 = 0.000037 GeVic’
5“. tarmassMean = 0894975564 = 0.000000048 Gﬁ Vic*

~ [kstarmassWidth § 005242637 = 0.00000010 GeV|c’
starMassPoly ¢ 9920.444 - 0.068

v tarmass2nd =

o
a kstarMassRBW = 9422891-0.13
15800
- =
10808~
— s0e0[—
- r .
\ a o [.'Lxul.:.ﬁ.vn.l.--.....
0F 015 OA OBS 08 085 1 105 11 148 12

M, - (GaVic)

Decay model study (1)

® B to K* X° by SVS
5.27 < M, < 5.29,-0.03 < AE < 0.04, and
0.815 < My, < 0.975

—

y starmassOth = -2221602 - 0.00061 GeV/c”
tarmassist = 48928 - 0.018 GeVic?
starmass2nd = -J0§431 = 0.018 GeV/c’
0950032 = 0.0000025 GeV/c*

0%536218 = 0,0000052 GeV/c]

w
0!' starmassMean

P starmassWidth
2 kstarMassPoly

ORI 23 2 fehrd Bt x
QY5 OA OBR3 Q5 Q85 1 1683 11 118 1.2

M, - (GaVic)
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B to K*° X° by PHSP
signal efficiency : 27.7t+0.1%

2000 massMeanA = §:2143809 + 0.0000017 GeV/c?
massSigA = 0.0003071+ 0.0000065 GeVc?

oo
- e @ooo
ﬁ;ooo
1?00 massGaus
Hooo
8000
. 6000
4000
2000
o ooz 0213 0214 0215 0216 0217 0216 0219
.\\ " M,, (GeVic?)

Seminar @ KISTI

Decay model study (2)

® B to K*° X° by SVS
signal efficiency : 26.3 £ 0.1%

143798 = 0.0000017 GeVic®
3070 = 0.0000030 GeVe?
5875 = 0.0000043 GeVe?®

i EE TR ETETE

lllllllllLlllJ

0213 0294 0215 Q216 021

0% : ,
M, (GaVic?)
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Decay model study (3)

B to K*° X° by PHSP ® B to K*° X0 by SVS
skim ratio:73.5% skim ratio: 73.0 %
[ skim result | h18417 | skim result | h18417
A0 ean 08147 A0 bean 08132
220 AMS 03378 220 AMS  0.3388
200 200
180 180
160 160
140 140
120 120
100 100
80 80
60 60
40 40
e 2 20
—y
I e e S N XS R N S B ¥ N I B T
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| kaon momentum |

Decay model study (4)

0.06
0.05
0.04 :_
0.03

0.02

0.01—

ol |SENNI SRR ANERE FNTRE N ANNE ERuu|
25 3

[FNARE SWET

0 s 1 15 2

—

muon momentum |

X T
P_kaon at |ab. (GeVic)

01—

002 —

il liag (NANNI
28 3 33 4 a5 5

P_muon at lab. (GeV/c)

| pion momentum |

P R T MY AR N
0‘ 05 1 1.5 2

| dimuon momentum |

1 NN TERN FANRE ENNT)
25 3 38 4 45

P_pion at lab. (GeV/c)

0.05—
0.04—
0.03—

002

1 l lllllllllll

INIRU RN
25 3 35 4 45

P_dimuon at lab. (GeV/c)

At Generator level
blue : PHSP model
red - SVS model
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Decay model study (5)

| kaon momentum | | pion momentum |
008 -
: ool At Recon. level
0.07 [ .
: blue : PHSP model
0.06 — .
- ase red : SVS model
0.08 —
. 0.05
°‘°‘§' 0.04
°~°’;— 0.01
a.nzé. 0.02
o.mf_ 0.01
o:nl NI SRR AR R AT NN AN A NNNEE WA o“\n||||||||||||||||||n| AEERNE FERN RN FWAT
0 0 28 3 35 4 45 & [ T 18 2 28 3 3§ 4 45 &
P_kaon at |ab. (GeVic) P_pion at lab. (GeVic)
| muon momentum | | dimuon momentum |
0.12|— 0.3:— j
04l ozs-:—
0.08|— 025—
0.08|— 0.15-:—
004 °"E_
0.02|- o.os-:—
-llllll Illlllllllll llllllllllllllllllllllllll :lllllllllllllllllllllll—llll Illllllllllllllllllll
S us 1 18 2 28 3 35 4 &8 & Qo3 1 18 2 25 3 35 4 45 3

P_muon at lab. (GeV/c) P_dimuon at lab. (GeV/c) 37



Decay model study (6)

5

54_5 At Generator level §4_5 At Recon. level
o blue : PHSP model o blue : PHSP model
& 5 red : SVS model c ¢ red : SVS model
Eas Eas
c (=
o3 O 3
Q 2

2.5 2.5

b

-
en

L I 77 - =

-

|IIII|IIII:.|_-I_-'

050 0.5F
‘ :IIII|IIII|III.I-.{fI-:‘ -.:I-I.l.lulvlllnllll|IIII|IIII :IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
uﬂ 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 uﬁ 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Kaon momentum Kaon momentum

.
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Muon identification study (1)

Bkg. MC exp41 ~ exp55 and kpix signal MC are used.

@ - » 2B
- = (%) -
o sk &
T F 7]
- =
P2 aE EEE B EE EEE E EEEN %20— 'lll....
E C BEg g ™
3 C ||
N 5| n
E |
i [ ] 16— u
E n
25—
o n = 10—
15—
1 EE 5[
08—
ELo o b e Ty P RN R R4 R
Brs 0.8 0.85 0.2 0.5 1 B 0.8 0.85 0.3 0.25 1
o miuon id muon id

* common applied cut : bestb, AE — My signal region, M, <0.2170 GeV/c?
o

4
.\0
3
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Muon identification study (2)

— 0.05— —

A |
1| - dlmidekl
%ﬁﬁ%ﬁ e

[ 24

o
BEA

|

‘“A
L
>
]
o
b
(=4
<
(=]
54
8
g
>
w

.
=
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L

—1

-
a
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E——r

10—

8.271I I(I).215II 0.22 6.225; 0.23 (;.235I 0.24 6.24.’; I().25 8.21I 6.21.’; 0.22 6.225; 0.23 6.23.’; 0.24 Clb.245I I0.25
M,, (GeVic?) M, (GeVic?)
red : muid>0.6 Dblue: muid>0.8 black : muid >0.95

~ ® From the upper plots, the bkg. shape looks like

“ independent of likelihood on muon identification.
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V-shape event study (1)

® Since dimuon mass of X°(214) is just 3 MeV above of two
muon masses, tracking efficiency for small opening angle of
two tracks is checked using real data sample

® B(B° 2 Jy(1S)K*w) = (1.2 £ 0.6) x 103
= Use control sample, B° =2 J/y K pi, J/y 2 pw
= Checkinvariant mass of K and pi for the control sample

® B°/B°-bar bkg. MC exp7 ~ exp55 and real data exp7 ~ exp55

are used
= bestb, 5.27 < M,_<5.29,-0.03 < AE < 0.04
~ = 3.0<M, <3.2for J/y(1S) selection
-
- = 0.6 < My, < 0.8 for low mass kaon-pion region
3
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V-shape event study (2)

b, 5.27 < My < 5.29, -0.03 < AE < 0.04, bestb, 5.27 < M, < 5.29, -0.03 < AE < 0.04,

and 0.6 < M, < 0.8 and 3.0 <M, < 3.2
025001 © 8-
> ﬂ > 40
< - | O n
O2000 X O 35~
S : S 0o
S S 30E
1500 QS 251
PR » 200
"21000 "2 :
(] - ) 15:*
> > f
W 500 10
L 5;7 ‘
05302304 3.06 3.08 3.1 3.123.14 3.16 3.18 3.2 B.8°3°620.640.66 0.68 0.7 0.720.740.76 0.78 0.8
M,, (GeVic?) M, _(GeVic?)
“: : ® There is no significant discrepancy between Data and MC
. for invariant masses of K and pi tracks, specially a few MeV
3 above of threshold of those tracks
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Muon identification study (1)

® Bkg. MC exp41~ exp55 and kpix signal MC are used.

@ - » 2B
- = (%) -
o sk &
T F 7]
- =
P2 aE EEE B EE EEE E EEEN %20— 'lll....
E C BEg g ™
3 C ||
N 5| n
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i [ ] 16— u
E B n
25—
o n = 10—
15—
1 EE 5[
08—
ELo o b e Ty P RN R R4 R
Brs 0.8 0.85 0.2 0.5 1 B 0.8 0.85 0.3 0.25 1
o miuon id muon id

* common applied cut : bestb, AE — My signal region, M, <0.2170 GeV/c?
o

4
.\0
3
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Muon identification study (2)

;‘ 15_— 15_—
L L -
3 ul 1o~
s C C
S 12— 12—
S r - -
E 10_— @ 10_— @ @
5 C e - - &
> — —
ARl I
o = - d -4 | -6
6:_ & 6:— J' J 4 - *
a a
2/ 2/
illIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII illIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
8.21 0.215 0.22 0.225 0.23 0.235 0.24 0.245 0.25 8.21 0.215 0.22 0.225 0.23 0.235 0.24 0.245 0.25
M,, (GeVic?) M, (GeVic?)
- muid>0.6 green : muid>0.7 blue: muid>0.8 black : muid >0.95

“red
~4 ® From the upper plots, the bkg. shape is independent of

™\ ) ) ) . e .
" likelihood on muon identification.
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Go back to slide p15

Systematics : scalar and 214.3 MeV/c?

Decay mode K*0X0 poX?°
Source \ lifetime Os 101°s 1012 Os 1015s 1012g
srated Luminosity (Ngg o) 14% 14% 14% | 14% 14% 14%

ol Muon ID 4.2 % 4.2 % 4.2 % 4.1 % 4.1 % 4.1 %
eney charged kaon ID 0.8% 0.8 % 0.8% - - -
charged pion ID 0.5% 0.5% 0.5% 1.0 % 1.0 % 1.0 %
Tracking 4.2 % 4.2 % 4.2 % 4.2 % 4.3 % 4.3 %
MC statistics 0.1% 0.1% 0.1% 0.1% 0.1% 0.1%
Cut M, 0.6 % 0.5% 0.3% 0.7 % 0.3% 0.4 %
vgables AE 0.6 % 0.5 % 0.4 % 0.7 % 0.3% 0.4%
..:c“ K*° mass 06% 05% 04% - - :
*\‘. p® mass - - - 0.7% 03% 0.5%
’ Total 6.3 % 6.2 % 6.2 % 6.2 % 6.2 % 6.2 %
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Go back to slide p15

Systematics : vector and 214.3 MeV/c?

Decay mode K*0X0 poX?°
Source \ lifetime Os 1015s 1012 Os 1015s 1012g
srated Luminosity (Ngg o) 14% 14% 14% | 14% 14% 14%

‘- Muon ID 4.2 % 4.2 % 4.2 % 4.1 % 4.1 % 4.1 %
eney charged kaon ID 0.8% 0.8 % 0.8 % - - -
charged pion ID 0.5% 0.5% 0.5% 1.0 % 1.0% 1.0%
Tracking 4.2 % 4.2 % 4.2 % 4.3 % 4.3 % 4.3 %
MC statistics 0.1% 0.1% 0.1% 0.1% 0.1% 0.1%
Cut M, 0.6 % 0.3% 0.7% 0.6 % 0.6 % 0.5%
vgables AE 0.6 % 0.3% 0.7 % 0.6 % 0.6 % 0.5%
...::-‘ K*° mass 06% 03% 07% - - -
‘\'. p® mass - - - 06% 06% 05%
’ Total 6.3 % 6.2 % 6.3 % 6.3 % 6.3 % 6.2%
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