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Elementary particles

electron

oxygen atom nucleus neutron

@ Official blog of LHC ATLAS
experiment

water molecule hydrogen atom



2013/5/23

Elementary particle in the Standard Model

Three Generations
of Matter (Fermions)
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What i1s Hadrons?

Quarks do not appear as a single particle.
Usually two kinds of hadrons have been observed.

P Al

Mesons : Bound state of quark anti-quark

______

Baryons : Bound state of 3 quarks

Strong interaction is described by QCD.

But QCD allows other configurations...



About exotic hadrons

EXxotic state has been searched for a long time.

For example ...
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(9999)

Molecule model
(99~qq)



About charmonium

Charmonium Is c¢c¢ states mesons.

]/lp’ Xc1r Xe2 etc.

The cc states are characterized by

P : Parity

C : Charge conjugation 5
L : Orbital angular momentum L 11
S : The quark pair’s total spin - o
J=L+S5: Total spin




Charmonium spectrum
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What is X(3872)7

X(3872) is discovered by Belle in J/ymr YT decay mode in 2003.
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Very narrow
Mass = 3872 MeV

X(3872)> J/ym T~
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X(3872) as of today

X(3872) is confirmed by CDF, DO, BaBar, CMS and LHCb.

Belle’s recently search
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X(3872) as of today

Number of candidates / 0.4

LHCb’s recent result

(]
=]

| —m— Data

| —— Simulated J"“=1" ]

| ---~--- Simulated J?=2"

Mass : M = 3871.6 £ 0.2 MeV
Width: T' < 1.2 MeV
Jre =1 o (2* is rule out by LHCD)

arXiv:1302.6269
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Is X(3872) exotic?
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X(3872) possibility

It has some theoretical
models

Molecule model
Tetra-quark model
Hybrid meson
Mixing model

Tetra-quark model



L
Why do we search C-odd partner of X(3872)7

In either tetraguark or molecule pictures, X(3872) can have
C-odd partner which may decay into

v X(3872)¢ = J/Wn K. Terasaki, PTEP 127, 577 (2012).
v X(3872)¢ > X,V

Note that previously unseen U,(1D) can decay into X, V-

S. Godfrey & N. Isgur, PRD 32, 189 (1985)
E. Eichten et al., PRL 89,162002 (2002),PRD 69, 094019 (2004)
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Avallable information of B=>]/yn K

™

W’ X(3872)? ?
i | BaBar measurement

i 82 fbt .
| MMMMMM B K and B ] i

o L
3o 38 4 42 44 4o 48
M, (GeV/c?)

=

-2

Events/6.25 MeV/c”

Br(B " ©>X(3872)K")-Br(X(3872)>]/yn) < 7.7x 10 ¢
(90% CL)

BaBar,PRL 93, 041801 (2004

With more data (9 times), Belle may find or rule out
the X(3872) C-odd partner.
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KEKB accelerator

- Circumference 3 km

Belle "% v o Asymmetric energy
\/ ete™ collider
¢ - Electron : 8GeV

> - Positron : 3.5GeV
%

- The center-of-mass
energy 10.58GeV

- To produce Y(4S)
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Final state particles produced

»>Electron - e, e

>Muon ptw

>»Pion=2>nt 1 ‘
»Kaon-> K*, K-, Kg°

»Proton=> p, p .
»Gamma->y ‘

Neutron, Neutrinos
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Belle detector
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3lyr. DSSD

Silicon Vertex Detector (SVD)

To measure interaction point

Central Drift Chamber (CDC)
Tracking of charged particles and
particle identification

Aerogel Cherenkov Counter (ACC)
Particle identification of K and «
Time Of Flight counter (TOF)

To give particle identification
Electromagnetic Calorimeter (ECL)
To measure energy of y and electron
K? and Muon detector (KLM)
Identification of K and muon

High resolution (Both charged particle and y)

4 acceptance
Good patrticle identification



Data sample

fb-l
| On-resonance:
K4S . 711 fi

1000 | 55~7771 b1
135 3 bt

800 25: 25 fb | Belle collected 711fb!
6005 Off-resonance/scan ,-/-’/ § : Y(4S) data Urlt” 2010.
~100 fio* - (772 x 108 BB pairs)

1200

400

200 |

i

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/




2013/5/23

How do we detect charged patrticle?
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SVD and CDC

SC solanoid d’."
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To measure interaction point
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Tracking of charged particles and
\particle identification Y,
Aerogel Cherenkov Counter (ACC)
Particle identification of K and «
Time Of Flight counter (TOF)

To give particle identification
Electromagnetic Calorimeter (ECL)
To measure energy of y and electron
K? and Muon detector (KLM)
Identification of K and muon

High resolution (Both charged particle and y)

4 acceptance
Good patrticle identification
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SVD and CDC
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How do we detect photon?
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ECL

Silicon Vertex Detector (SVD)
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High resolution (Both charged particle and y)
4 acceptance
Good patrticle identification
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ECL
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How do we identify electron?
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How do we identify muon?
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Identification of K and muon

High resolution (Both charged particle and y)

4 acceptance
Good patrticle identification
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KLM
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To give particle identification
Electromagnetic Calorimeter (ECL)
To measure energy of y and electron
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K? and Muon detector (KLM)
Identification of K and muon

High resolution (Both charged particle and y)
4 acceptance
Good patrticle identification
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B — J/YnK analysis




B - J/YmK analysis
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J /1 reconstruction

- Using lepton pair (ete~(y)and u " ")

220710 Electron palr — 300X19- Muon pair —

200F i

1800 250

wf Data - Data
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soF 100
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1 reconstruction

- Reconstructed by y pair

v make many background.

10000X10° So, we try to reduce It using
9000 under condition

000¢ 1) Energy threshold

i E,>100MeV

6000F
5000
2) Energy balance
3000F ‘E _ EZ‘

20005— LLHF—_HFI A = Ei—I—EZ <0.8

1000 f—

By e e s el ke, 3) For n? veto
0.125C5eV/02<MW<O.14OGeV/c2

4000F

M. GeVic?



B — J/YnK analysis




K* selection
Number of photoelectron (ACC) o
Time of flight (TOF) Distinguished from each
Energy loss (CDC) information.
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K? reconstruction

KJ is reconstructed by ntm™

0.02 |
0.0175 -
0.015 %
0.0125} Data ]
0.01
0.0075 -
0.005 |-

0.0025 |

8.480.4850.490.495 0.5 0.5050.510.5150.52
2
M__(GeVic’)



B — J/YnK analysis
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B reconstruction

Common variable used in analyses

Beam constraint mass

2 — * — * — *
I\/Ibc:\/Ebeam _‘pJ/«/x +p77 + Pk

|

2 If it Is correct
M,. = 5.279GeV/c?
Energy difference

AE=(E, "+E +E,)-E
( Iy 7 < )~ Boear ilfit is correct AE=0]

m

wem - Beam energy
Pay +Ean JN)’s momentum and energy
P, . E, n’s momentum and energy

P - Ex K's momentum and energy
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B reconstruction

2000

d in analyses

: |\/lbc
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0.0

0.1}

<0.15

025

5.21 5.22 5.23 5.24 5.25 5.26 5.7 5.28 529 5.3

16000
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10000
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Background study of B — J/ynK
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B—y'K=(y'»J/yn) background
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Background reduction of v —J /YT~ veto

The ' — ] /yYymm has peak.
i | N
o W/O 4488 759.3| 059 12.91
sof- N veto
o vy 422.0 649.1] 0.65 12.89
sof- veto

T T T T _

M My, Using
F.O.M(=N4/\/Ns + Ng), we
estimated this veto effect.

Jynn

0.58GeV/c?<My,,,..~M;;,,<0.60GeV/c?
for v’ veto.
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After applied v'— J /Yy veto
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Signal extraction

Using “Extended unbined maximum likelihood fit”

The likelihood function is defined as

(o) G

N!

where Pg;,(x) and Py, (x) are a probability density
function ( PDF) of a measurement x for given parameters.

The set of parameters that maximize this likelihood
function is most probable.
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Result of BT — J/ymK=

S240F
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ok Signal Signal yield is 403 + 35 events.

120F

1005

Y26 0 005 0 005 04 015 02 exts ep

AE(GeV) looking M;
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M,y IN B = J/YnK*

£ 12°;_ Data
> 100l + , +
=" | B =Y (= J/Yn)K
- 80— /
60:—
- ) X(3872)? Background
40— ¢ |
- B*— J/ynK *
20_—
: HOPPELL rhLLEP PR SRt ol B oSt IO
46 48
M; 1y (GeVic?)

« B* 5 J/ynK* signal other than B "> /(- J/ym)K © has
phase space like distribution. 53



Events / ( 0.004 )
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Resolve y’'K and others

(%]
wn
T | T

Data

8]
=
III|III

[ye]
th
|
o

15[

10

364 366 368 37 3.2 374 376

M]/¢n (GeV/CZ)

Y'signal yield is 45.6 + 8.2
events

B* — J/YynK*(Others) is obtained by
subtracting 'K contribution.

B* - J/YynK*(Total) 403435 9.1  1.3+0.1
B - y'(» J/yn)KE 4648 85 0.24+0.03
B* - J/YynK*(Other) 357438 9.1  1.1+0.1
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X(3872) search

2 120 5. Data
St 3 X(3872)
£100— i
s I 108-
o ;
80__ 8-:- il | |l U ULl
60_— B;l - l L . ]w [ " e LI [ r....
B 4 see o |9 o ee | (o (oo o
2T R
zo:_ I T e et~
L e f‘jff/wn(GeV/CZ)
03 (A 3I8J T 41I L L42 i e L i 7 _46_ 224 7 -

No significant signal My, , (GeVic?)

To get 90 % C.L. U.L. for
Br(B* - X(3872)(— J/Yyn)Kt)< 3.8x107°
(PDG< 7.7 X 107°)
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Narrow resonances search

-U.L. (@ 90 % C.L.) is also provided at different masses
using O width hypothesis

x 106
Br(B — XK) XBr(X — J/yn)
X |UL. (x109) o~ i3
Include systematics n O
D_ O\o G:—
X(3872) 3.8 - X
4070 3.1 o o \/\
4270 2.7 N g
0— M
4470 5.3 : I B T Tt T
4670 2.4 o {' Mass MeV
20:_ ;s . : L4 ;+ R
0\ fii o E e DY T O A
3. 3.8 4 4.2 4.4 4.6 4.8

M, , (GeVic?)
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’ - J/YnK°

5
| L] I

Everta/ { 1062V

=

‘II]

F J[ Signlf:‘

B+ ¢ (+ ]Wn)K

P
- &

i

Data

Signal yield is 94 + 14 events.

Br(B° - J/ymK°)
} =(5.2+0.8) x 107°

Statistical significance=8c

_) XclK

e

-'Elz -|:|15'-u1 -um

I]‘I s I:I..'-.'

AE (GeV)
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My 1N B® - ] /ymK®

22
20
18
16
14
12
10

MC
— Data

No structure
Y aain }
ﬁj H T

1 1 | 1
3.8 4.2 4.4 4.6 4.8

2
M) 1 (GeVIc?) M; ym(GeVIE?)

Events / ( 0.005 )

8
7
6F
5
4

[ TTTTTT T T[T TI T T[T T [ TTT[TT T TTT[TTT[TTT
AU U U LU UL D

3
2
1:
g

W N RO

.6 3.623.64 3.66 3.68 3.7 3.723.74 3.76 3.78 3.8




2013/5/23 V.Bhardwaj

B~ - Xcl(cz)yK ~analysis

e Yo = Wy 4 7‘0\

] "V‘ ‘*“
] "
e, \ y

\
This y’'s energy scale
_ adjusted to make AE =0 in
2 om e m om order to improve mass
Mo, = My (GeVie?) resolution of X.;coV -

Lcl




M, 1, distribution

0 100 Narrow peak observed at
2 3823MeV/c?
> | (Signal yield 33 events.)
:’ i It seems to be the
g ll o missing W, from the
E I charmonium spectrum .
>t
m =

0

36 37 38 39
MIE1 , (GeVie)

Br(B* - X(3872)(~ x..7)K*) <1.9 x10*




M, .o, distribution

% 30F

“‘;; I 5 There is no significant peak.

O - Statistical significances are

> 20-_ B* - X(3823)(~ xv)K* :1.30
o B* - X(3872)(= xc1¥)K* 1 0.80
> |

= 10F

U-} -

> "

a8 !

0




BELLEI EXPERIMENT
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Super KEKB accelerator

g
€

/

Beam energy
Electron : 8GeV
Positron : 3.5GeV

D

Electron : 7GeV
Positron : 4GeV

Luminosity 40 times
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Bellell detector

High background countermeasure.

- oy

Electron
(7 GeV)

\
Pixel detector for
Improve interaction

point measurement /27

R ////
/N
/)

Improve particle |
using Chererike
image detector

b

Z

il

o Newly SVD to improve

»TIT) acceptance

|

Positron
(4 GeV)

And so on...
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Interesting mode at Bellell experiment

- B=>1v
- Related issues:p1, B=>»Dtv etc.
- B=>»Kn
- Related issues:p3
- B=>»(ss)Kq
- Related issues:p1, B=>»sy etc.
* TPUY
- Related issues:t=>» uuu, 7=»ey etc.

We can explore the effects of New Physics
INn a variety of approaches.
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Summary

- We search for X(3872)'s C-odd partner using J/ym
and y.1y
- Peak at 3823 MeV in y.17, likely to be w,(1D).
- Unfortunately we can not find C-odd partner of X(3872).
We renew U.L.
Br(B " >X(3872)K ") -Br(X(3872)>]/yn) )<3.8 X 10

We can search anything not only Belle but also Bellell
experiment.




Thank you




BACK UP




Analysis method

Raw data Simulation

/i @ ®
] @\“

/ o
\ﬁ?

B - J/YynK decay




MC sample

For study efficiency and background, we use
MC simulation sample.
Two kind of MC samples are prepared.

Signal MC for efficiency study For background study

5 x 10> events generated The B - J/3¥X MC (100

with three body distribution times data, inclusive J/y

obeying the available MC) Is prepared.

phase space of B = J/YynK The most up-to-date B
meson decay modes
iInformation are included.




JY reconstructlon

Using lepton

— Electron
5oooo_r |

MC

40000

30000
20000

10000

et L b b
28 285 29 295 3 305 31 315 32 3.25 33

M(ee)GeV/c?

el
.8 285 29 295 3 3.05 31 3.15 3.2 3.25 33

Muon —

MC

M(,u,u)GeV/C2
4
= Data

1500

100

50|

TS FRETE R FETY NN FEUTE FT 1 FRwwl e
28 285 2.9 295 3 3.05 3.1 3.15 3.2 3.25 33

— M(ee)GeV/c? —

— M(uu)GeV/c? —

hair (e " e andp wo)

Electron case, momentum of
e is lower than fact because
of bremsstrahlung.

So, we added momentum of y
IS less than 0.05rad

Mass window is
-0.15GeV/c< M,
0.036GeV/c?
-0.06GeV/c’< M, -M,, < 0.036GeV/

Where (M, = 3.09688 GeV/c?)

-M_.. <

eey



n reconstruction
Reconstructed by y pair

1) Energy threshold

50000 9000%—
MC 800051 Dat
400001 7000;_

20000

10000

30000 :
i 50001
5 % 4000

6000 —

30005
Lﬂj‘%ﬁ 2000F

E,>100MeV

2) Energy balance

AEz‘El_E2‘<O8
E +E,

L 3) For =° veto

Mass window IS

0.51< M,,< 0.575 GeVic?

_ 1000F- 0. 125GeV/cZ<MW<O.14OGe\/
Bkinky Rty was removed.
eVic? M, GeVic*



K¢ reconstruction

K is reconstructed by mtm™

Pion’s momenta are calculated at the found vertex that is
typically displaced from the interaction point

Mass window

482MeV/c? < Mt~ < 514 MeV/c?

0.02

0.0175

0.015

0.0125

0.01
0.0075
0.005 -

0.0025

| A

Dat

M__ (Gel??'c )




Improve momentum resolution

Vertex constraint fit

Daughter particles tracks must come from a
common vertex(J/p, Kg)

Mass constraint fit

Invariant mass must be same as known
M(JAp), M(n) and M(Ks)



Signal AE distribution PDF

We use double Gaussian for this fit.
Core part : 72% 0=9.7/MeV

Tall part

AE(M, >5.27)

: 28% 0=29.6MeV

a2a = 0.2811+ 0.0077

o
(=]

Events kf 0.00686667 )
S
I I LI

o
=)
LN R

4000

2000

- MC

bkg = 5969 + 117
ﬂ‘ delm = -0.007705 + 0.00042
mean = -0.0004696 + 0.00007

s2s1 = 3.052 + 0.048
sig = 49593 + 239

sigmal = 0.009719 + 0.0000!
slopel =-0.4674 + 0.023

-

Efficiency is 9.9%.
(9.1% In signal region)



Determine PDFs by MC sample

Using background shape from inclusive J/psi MC, we make background
PDFs.

Especially, B*->y’K* and B *->y,K* have peaking structure, so we used

bifurcated Gaussian

(@005 )
(=]
o

Ewvants /
o
o
o

4000
3000 0 el

2000

1000

s

bkg2 = 226492 + 588

mean = -0.001783 + 0.00017
sig = 13914 + 318
sigma = 0.00739 = 0.00021
slope1 =-0.47913 £40.0046
slope2 = 0.0687/4 0.0044
slope3 = 0.0£85 + 0.0037

, Signal

Other backgrounds

Polynomial

Br—y'K*

....... / (\lj,_/_) J/\VT])




Ensemble test at AE distribution

Using many MC data sets, (each has the same statistics as the exp-
data), signal extraction procedure was repeated many times to see if
returned values are consistent with input.

mean = 470.2+1.3

One MC data set = One pseudo experiment . ot os0

#160

bkg2 = 2244 + 59
meanD = 0.00081+ 0.00080
sig = 494 + 38
sigmalD = 0.00935 + 0.000¢
slope1 = -0.4619 = 0.047
slope2 = 0.098 = 0.044

slope3 = 0.094 + 0.038

Ve
8

Signal
yield

o
o
Event:

f—One pseudo-experiment

i 0.0(1?65557 )
Y
o
|
(=]

N
o
T T

Evgpts !
o
o
[

[
o
TTTTTTT

E\II?IIW?I\I?\II?\II?

471—In out
o e B0’ fomer - 1025 002
T I XN g0

AE (GeV) gmz_
Returned value distributions " 0o
are consistent with MC =5 Yield

Input. o



B® - ] /ymK

For complete B — ] /YnK analysis, we studied B - ] /ynK 0
JY and n reconstruction is same as charged B mode.
Now, we used reconstructed K’

Signal MC

12000 12800

[ | |

Imlllf—M be

| AE(M,,>5.27GeV)
w00 (-35MeV<AE<30MeV) 8000
0ol soonf-
-: J 20
:uu|||-||||||.|J._..-|....I...| e eI T A T : |J||J||LL|J,L="1"|-‘—F,.|.....I....
ﬂzmmmmuﬁmmmmu -%.i 015 01 005 0 005 01 015 0.2

M, (GeV/c?) AE(GeV)



Systematic uncertainties

B* = JJunK* | B* =+ 0/(= Jfig)K* | B' = J/inK;
Trackmg 0.9 0.9 1.3
K1D 14 14 N/A
Lepton 1D 24 2 24
11—+ 77 detection 10 10 10
K} =t N/A N/A 0.7
Signal MC state 0.5 0.5 0.5
secondary Br. 0.7 0.7 0.7
PDF uncertamty 7.4 39 5.4
8.9% 6.4% 0.8%




T
M,. and AE at inclusive Jhy MC

12000
12000f -
- 10000
10000 L
i 8000
8000 i
60001 Background mnu:-
[ - Background
4000 4000 J :|-
2000 20001~

-l|l||llll|llllIllllIlllllllllllllllllll N T e T
-IEI.E -0.15 01 005 0 005 01 015 02 g! 52152252352452552552?52352953



Upper limit of X(3872)

(Frequentist method)
- We generated 1000 toy MCs .
using signal shape
(estimated from GSIM study)
and background shape and
yield from data.

- Toy study repeated with
different signal yield.

- Red points show “how many

event/1000

9 95 10 105 11 M5 12 125 13

events are over than 2.3” Signal yield

Systematics not included yet.

90% C.L. signal yield of X(3872) is 10.5.
We can say Br(B —X(3872)K)-Br(X(3872)—J/yn) is less than 3.63 x 10°
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AR R LD 88

Belle: 4D A~ ) v RS
DSSD ladder 176 <150°

—r— e tth Uyr
— 7_4:? 2nd lyr 0 "
Interacti(;]-%ﬁ Ity
, 'y o . :
-— ®—=  Hybrid
g, —— — A‘i

Belle Il: 2[BOEOLIL +4BD AU W

T ||f|’|u |n|m'|m' T

2nd | 7 3rd | F :
-Z - ) 2 ’E__ T " +2
Bl
| r=14,22mm ARRRAIERE L

1 2RV Y
| r=38, 80,115, 140mm  KsDIBRNERDE) £

Horii-san’s slide at B2Js
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AR (Ke&wDHiAl)

JXL JL: Time of Propagation Counter (TOP) T =%+ v 7J: Aerogel RICH (ARICH)

200mm

M P-PAT (A adh, r= 7L, * Poion

= — creret

Backeward —_— F e aarel =1
BRHSFADIR

FE7ARDOMCP-PMTTF b a7t ki,

n
I

A
/

Trrorz)b
n~1.05
BE7+bDOHAPDT
charged particle 3._11":"’:' 7%&& H:Ih
"_81: cherenkmangk: }
' 1482 A N
d_p[(gﬁ n o o4
= . E%E v {: 5_ .." ? .
K= (nt) Z95%DENT TE S,

BAEET, JDRVK/SEA | | o ) to(1)%DRETLHESEL

Horii-san’s slide at B2Js



