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Search for the X(1812) in B* =2 K*we
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Near-threshold enhancement

X(1812)

» BES found a near-threshold
enhancement from the decay
channel ]/psi 2 ywo :

Events/(40MeV/c)

BJ/y —>yX)-B(X > wp) LI .o

I»-I.:-i;p)(&ex;-cj}
= (2.61+2.07(stat) + 0.58(syst)) x10™*

M =1812"" (stat) +0.58(syst)MeV /c?

" =105 20(stat) = 25(syst)MeV /c*



Speculation

» Tetraquark state:
» Hybrid
» Glueball

+» an effect due to intermediate meson
rescatterings

» a threshold cusp attracting a resonance



Purpose

» Confirm whether X(1812) can be found in
other decay channels.

» Measurement of the B* -2 K*w¢ three-
body decay is helpful for investigating decay
mechanisms.

o viaa b =2 s penguin with ssbar and uubar
popping.

o A similar decay mode B* = K+ @@, has a rather
large branching ratio



Event Selection

@2 K'K
B ©> Kw¢ =)
w-> T’
o 1% 0.1193<M,, < 0.1477 GeV/c?,
P 0., >0.38 GeV/c
o w: |M_+ . 0-M_|< 0.03 GeV/c?
o @: |Mgey--M|< 0.02 GeV/c?,
|IPilcm<1.5Gev/c
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Kinematic variables, AE and M

» Kinematic variables, AE and M,
o AE=Ep*-Ep .. *
® (lvlbc)2 = (NIES)2 = (Ebeam*)2 ) |pB*|2

E ...~ : beam energy, pg* and Eg* : momentum and energy of B candidate

o -0.2 GeV<AE<0.2 GeV, 5.20 GeV/c? <M, .<5.29 GeV/c?
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Continuum Suppression

» Continuum suppression with event topology variables

Spherical N

Jet-like

» Belle b-flavor tagging algorithm

» flavor of the tagged
meson q (£1).

tagging efficiency /0

» flavor tagging quality factor

r (0~1).

/q




Background Study

» Combine events topology » Further suppression is

variables into a fisher achieved using b-flavor
discriminate tagging information.
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preserve 57.9% signal
reject 98.6% continuum background
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BBbar Background
» Charmed B (b—c) decay

o |Mpgeg- -Mp | > 0.15GeV/c?
® |MTCOT[K+K_MDS|>O'15G6V/C2

® MT[+7T'7IOK+K' >2.2G€V/C2
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» Charmless B decay is negligible




Result

4D extended unbinned ML fit is performed 605fb!

% 5o S 20 signal
3 © 18 qgbar : S
8w g senae  Signal region:
S aof S 1 total -0.15 GeV<AE<0.05 GeV
S 20 5.27 GeV/c? <M, <5.29 GeV/c?
g HE
S 10" a
w 2 . . +8.3
0§55 554 526 528 B3 o ® Slgnal y1€ld : 22'1—7.2

M, GeVi/c?

» branch ratio of B¥ 2 K*w:

Y, O B 1 (1.1573357013) <10 (2.80)

310 gzoé— % E

¥ ..‘310;- — n + E

Y g L [Br(B* > K op) <19x10°
et /NPl

78 - .01 1.02  1.03
M‘n:* - GeVIcz MK" K Ge\”cz @ 9 O 0/() C. L




Result

NO significant signal is observed in W@ mass spectrum

= \ 4 B->Kweo
<S> 6F J £ S~ E
2 C E g \\\\ é X
N a- = 3 — BBbar
S . 5 E ElL
: 3:_ _: = | ‘ll | —i D
2 g : Z@{:—ﬁ:ﬁh s
S 20 E 7 1.8 18 2 24 22 23 24 25 total
@ il 0
H NNNNERERRREE; Do not use D® and D mass veto to
07°98 1.9 2 21 22 23 24 25 exclude D® and D ¢ background
M... - o2 GeVICc?

2+2 4

' . 0. + + =
>S<(1812) yield: - sano BT(B" > KEX, X - wp) <3.2x1071
ystematlc error:. +o4.4vo @90%C.L

-27.1%
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Part Il

Search for a light pseudo-scalar particle
X0(214) - p*tu
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HyperCP Exotic Events

] ~ 1 (b)

o 2] % 2 7] ® Data
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Observation of 3 events for X* - p u*u decays
H.K.Park et al. (HyperCP Collaboration), PRL 94, 021801 (2005) _ _ .
» Possible interpretations

0 o Sgoldstino (pseudo-scalar)
® Property Of X (2 14) D.S.Gorbunov and V.A.Rubakov, PRD 73,
o mass:214.3 £0.5 MeV/c? 0350021(2006)

o« Low mass Higgs

X.-G.He, ].Tandean and G.Valencia, PRL
98, 081802 (2007)
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o Pseudo-scalar or axial-vector



Possible Decay Modes for Further Search

at B-Factory

» Possible decay modes for further search as
SgOldStinO in GMSB (Gauge Mediated SUSY Breaking)

» Pseudo-scalar B and D meson decays to pseudo-scalar
meson and X’
D> nrnX%X0> utw, vy
B> Kn X% X2 urw, vy
o Ps(ejudoo-scalar 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 > p X% XY putu)=10"°~ 10°
B(B > K* X%, X° > p*p) = 10 ~ 106
B(B=2>pX%X°> utu)=10°~10°

» The listed channels above are possible for low mass
Higgs search in NMSSM (Next-to-Minimal susy sm)



PRELIMINARY

Event selection and Signal efficiency
B 2> K*9X0, K*0 2 K, X0 2 p*w
B 2 p’X9, p? 2> ©* n,X"%u iy
» Invariant masses of K*° and p! °'

AE (GeV)

central value of the fitted £ 1.5I" and + 1T, respectively
+» Kinematic variables, AE
and M, , cutapplied

]
M, (Gevic®)

Decay mode Dimuon mass resolution [keV/c?] Signal efficiency (&)
B > K*0X0 427 + 14 (26.3£0.1)%
B 2> p%X° 428+ 15 (23.5+£0.1)%

» XY window defined with dimuon mass resolution
214.3 + 3 x (0.5 (HyperCP) + resol. (Belle)) [MeV/c?]

= 211.5MeV/c2<M,,, <217.1 MeV/c?
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Events/(0.001 GeV/c?)

PRELIMINARY

Background Study
» Counting method

o Use MC samples of continuum and BB-bar which

are larger than data sample
- Shaded region is X° window

A Y
% i Decay mode F.i tting the Counting
g T sidebands
: ’ 1 B > K*0X0 0.13+004 0
0;; 3.;_'”0'.21 s i pOXO 0'11+0.03‘0-02 0

v :j? ?gea\j:c;)j M., (GeWcz).
* Fitting method

Fit MC data in sideband

region (sideband is defined
as 5o ~ 10c in AE-M,,) .
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PRELIMINARY

Systematic and Upper limit

» No event is observed in the signal region for
each mode with 657M BB bar data

B > K*0X0 B > poX°

Events/(0.001 GeV/c?)
Events/(0.001 GeV/c?)

[oers coll e e L e L TSR T FYTTRPENTE NATTY PUTTER |

827057022 0.25 024 025 026 027 026 020 03 827057022 025 024 025 026 027 028 025 03
2

My, (GeWc ) M,, (GeV/c)

* The upper limits @ 90% C.L. are calculated @~ NEW RESULTS
B(B? » K*0 X0, K¥0 > K* r-and X° > p*u~ ) < 2.0 x 108
B(B > p? X%, p" > ntand X® 5> p* p~ ) < 1.5 x 108
Our result rules out most of allowed BR for sgoldstino
interpretation (will study U.L. as function of lifetime)



Expected BR as sgoldstino

Branching ratios of decays Py , —= VPP — u7) in the models L. IL, and III. Branching ratios of decays Pp , —
VPP — 7y} are given by the same numbers multiphied by I'(P — yyWT{(F — p )

Decay g EPE' o 1) B model 1 Brimode m) Brinodel 1m

B, —= ¢P(P — p*p") By 0.42[18] 6.5 % 107° 8.8 % 1078 8.7 10r®
B, — K*"P(P — p*u) v 0.37[18] 5.3 % 107° 7.2 % 1078 23% 107
B! —= D*'P(P — p*u) By 0.14[19] 3.2% 1019 44107 .4 % 107
B —= D**P(P —= uu) A 0.14 3.0 x 10710 4.0% 107 4.0% 1077
B! —= B**P(P —= p*p) Ky 0.23 [20] 4.1% 10719 4.4 1078 8.2 % 1077
Bt ——= K*'P(P —= ) hiy) 0.31[17] 3.8 % 107 5.2 %107 5.1 107
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 L4 % 1077
B* —= p*P(P —= p*p) 3.3 % 1070 4.6%10° 1.3 % 1077
D" —= pP(P — u*u) Ry 0.64 [17] 1.4 % 107° 1.5 % 1077 2.8 % 10r6
Dt —= p*P(P —= p*o) 3.5 % 10°° 3.7 % 107 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 suthicient for

our study.
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Summary

» Search for the X(1812) in B* =2 K*w¢

» No significant signal is observed in w@ mass spectrum

» The obtained upper limits @ 90% C.L. are as follows :
Br(B* > K*w@) <1.9 X 10
Br(B= > K*X(1812),X(1812) > w¢) <3.2 X 107

» Search for a light pseudo-scalar particle X(214)

» No event is observed in B decays

o The obtained upper limits @ 90% C.L. are as follows :
B(B? — K*0 X0, K*¥0 — K*7- and X° — pp~ ) < 2.0 x 1078
B(B? - p°X?,p? > nntand X® - ppu~ ) < 1.5 x 108



THANK YOU
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