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Study of the two-photon processes vy — V'V

(V =w or ¢)




Motivation

X(3915)2>wl/y, X(4350)->¢J/y observed in two-photon
processes could be tetraquark states, with a pair of
charm quarks and a pair of light quarks

The XYZ (charmonium-like states) have mass above the
open charm threshold, but usually we do not find a
place for them in the charmonium model

Recently Belle observed two charged Z states
Zb(10610) and Zb(10650) in Y(5s) decays

Is there state X decays into two pairs of light quarks: oo,
od, ¢¢? It is a nature extenation to the low energy
region around 2 GeV/c?

BES observed an X(1812)-2>w¢ in J/y radiative decays,
but not confirmed in other mode. 4



Data Sample

Lowmulti-skim
Exps.7-67 (Case B)
Luminosity=870.41/fb
MC: TREPS

— JP=0%/2%/0-/2-

— o, ¢¢ and ow: Mass fixed to a few energy
points to obtain the efficiency curve

— Width fixed to be zero



n>od  Selection Criteria '
° Ntrk:4, Net_chrg:O 2 of 1C fit

Normalized to <10
e |dr|[<0.5 cm, [dz|<4 .|
cm

 P>100 MeV/c
e Pion ID (both tracks) :
e Kaon ID (both tracks)

e 10 reconstruction
from yy, and 1C-fit to
nominal mass 70 signal:

° |Zpt*|<01 GeV/c * M(yy): 0.120 - 0.15 GeV

v? of 1C n® reconstruction<10

Events/1 MeV/c

M(yy) (GeVi/c?)



® and ¢ signals
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M(K* K) (GeVic?) M 7 1) (GeVicd)
- 1 n ice signal range):
¢ resolution ~ 3 MeV o Sidebands (twice signal range)

« M(nnr): 0.702 —0.742 GeV

o resolution ~ 9 MeV or  0.822—0.862 GeV

o signal: ¢ Sidebands (twice signal range):
 M(nnm): 0.762 —0.802 GeV M(KK): 0.990 — 1.005 GeV
¢ signal: or 1.034—1.049 GeV

.« M(KK): 1.012 —1.027 GeV .



o¢ Invariant mass

N

g I, -B(R— X;)— 2T 1)ei¢£m'
NU Lz _ m For example, for eTe™ — wao,
> 100k
E [ 11| Lyy - BR = wd)B(¢ = KTKT)Blw = n'nn°) = 5 i\)eka:. '
Sisie/oe| sl o T o1 B et
___E__ 6 1;"-";;5 ' i |7 ..- I the proportionality factor IC could be obtained
/4] ™
E a i i"T;; LA from Monte Carlo integration
o et
0528 3 513233 54 55 36 37 58 - .
M(o 0 ) (GeV/c) *No significant charmonium
states
[, -Br(X->0¢) Results: *The red dotted shapes show
L. (1) B(ne — wd) < 0.40 eV, the upper limit sizes of the
signals

[y (Xe0) B(xe0 — wo) < 0.38 eV,
Uy (Xe2) B(xeo = wo) < 0.035 eV,
respectively, at the 90% C.L. 8



Events/ 40 MeV/2

®@ Mass spectrum

180F
160 | Method
140 m fit = Pt* distribution in each
Eg;— | ®$ mass region
80E H to extract y y =2 ¢ signal
60 - H { \ events.
s0r | n
20F 1 i 't ﬂ H * A new resonance have
E T T
O™ - | been observed around

2 92 24 26 28 3 32 34 36  2.2GeV??
M(o ) (GeV/c?)



Events

2-d angular distribution analysis
200 eiennat 7 140
180¢ S - o4
160 :EEE ------- 0+,S-wave
1405 o
120E % 80
100F 4 60k
80F w  60¢ _H__%
60 401 T als
40E e —__ |
E — ] 20 — L _-———omrd ___-I,_zk_,!-_-f-‘:_r:.
EDE | | : i | T | e 00: Pl | DT = =5
% 2774 6 8 10 12 14 16 I
# of the bin # of the bin

1. We divide transversity angle and polar angle in 2-d into 4x4 bins

2. The compared results are much better for 0+ (S-wave) and 2+

3. With the limited statistics, we can not draw a conclusion that J”
must be 0+ (S-wave) or 2+ yet.

4. We also show the fitted results with 0+ (S-wave) and 2+ components

For the define of angles, please see BN#250
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Cross section results
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w2600  Event Selection

* Good track: P>0.1GeV, |dr|<0.5cm, |dz|<4cm

° Ngood:4’NCharge:O

e Kaon ID: prob(K;pi)>0.4

o At least 3 kaons are identified to reject possible
nrkk, Kskrt backgrounds.

 |nitial selection: |ZPt*[<0.9 GeV/c in e*e- c.m. frame.

o Select two ¢ candidates: Choose the minimal
value

Omin = \/(m]%k — mgb)Q + (m%k — m¢)2
to determine the best combination.
* €e1d<0.9 for each track to reject y*>e+e- events.
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= = \ = 400F
= - | + data > =
- (a) JUH — Good 3 3s0F
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1. $2(¢1) invariant mass distribution when
®1(¢2) in signal region and sideband region
2. A little peak in sideband (blank
histogram) distribution indicate there are

some (KK events.

101 1.02 1.03 1.04 1.05

My (GeV/c?)

¢ mass window:
[1.012,1.027] GeV/c?

¢ mass sidebands (twice
signal region): [0.99,1.005]
GeV/c? or [1.034,1.049]
GeV/c?
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¢ Invariant mass

> 700 —o | Here we require | 2 Pt*|<0.1
‘é ; GeV/c and subtract the

S 40 normalized ¢, and ¢, mass
5 o sidebands events.

2
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TABLE I: Results of I'y.B(X — ¢¢) for 7., xo and y from our measurements and Ref. [33].
Here for our measurements, the errros are statistical only.

I B(X — ¢¢)|Our measurements (eV) S. Uehara’s measurements (eV) [33]
Ne 7.72 4+ 0.66 6.8+1.24+1.3
X c0 1.72 £ 0.33 234+09+04
X e2 0.62 +0.07 0.58 +0.18 +0.16

[33] S. Uehara et al. [Belle Collaboration|, Eur. Phys. J. C 53, 1 (2007)
BN# 921 14



5 2505_ {| . SHuCHUres Method : fit ZPt*distribL_ltion
jg; 200%_ at around ;cz/ gﬁ;act Yy ¢¢ signal
2 0 2.4GeV?? | |
S T I, -Br(X->¢¢) Results

5 s 4 *ﬂ*ﬁ b T [ n.7.48+064eV

G e ™At [ 75, 1.70+0.34 eV

25 3 35 4 45
m(00) (GeV/c?)

N

] %, 0.60+0.08

TABLE I: Results of I'y,B(X — ¢¢) for 7., xo #hd x from our measurements and Ref. [33].
Here for our measurements, the errros are statistical only.

'\ B(X — ¢¢)|Our measurements (,@V ) S. Uehara’s measurements (eV) [33]
e 7.72 +0.66 / 6.84+1.2+1.3
X 0 1.72 +0.33 23+£09+04
Xe2 0.62 4+ 0.07 0.58 +0.18 +0.16

Good consistence between each other!
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Events

W N e

2-d angular distribution analysis

®p mass < 2.8 GeV

300 -
L P —=— data
- P — 0" S-Wave (y2/n.d.f=6.8)
250 l .......... 0" P-Wave (;2/n.d.f=27.1)
N e L 2* 8-Wave (y2/n.d.f=16.3)
C | —— 2" P-Wave (x2/n.d.f=3.5)
200
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o
(&)

. We divide transversity angle and polar angle in 2-d into 5x5 bins

Only one simple component can not describe the data well

. We tried to fit use different J® component and found the mixture of

0+ S-wave and 2- P-wave can describe the data well with

chi2/ndf=1.3
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Cross section results
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VY2 OO Event Selection

1. Good track: Pt>0.1GeV,|dr|<0.5¢cm,|dz|<4.0cm
Nfrk:4:Ncharge:O

2. Pion identification: Prob(K:pi)<0.4
4 pions need fo be idenftified.

3. @ list.
E(y,,y,)>50MeV, mass window: [0.05,0.35]6eV
E(v1.72)>75MeV if cos(6,,,,)<-0.65: fake photon rejection.

N(n%)>=2 in n° list N
select two m° with least y2 sum (/2«1’10)‘D 08 Fake photon .
4. select two photon events. 0_-6?-:::: -

|ZP.*|<0.96eV in e*e” c.m frame
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1. ® mass window: [0.762,0.8021GeV
2. o sideband: [0.702,0.7421GeV && [0.822,0.862]1G6eV
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oo Invariant mass

L A + dat -
2200 o) b 35
Q - ; : = r
— 4000 1 —signal fit ® 30
= il
}330005_ =y il
C - —_— =
L%2000:— A g 15
S| g
1000 /| 0
D:._|-f./. |¥—ﬁ_LJ_L_.-/|m\_/.\|-/\__L.|.--Iu-- E
28 3 32 34 36 38 4 42 08720 3 31323334 35 36 3.7 38
m._ . ..(GeVic) Mo (GEV/C?)
It is the first time we Lyy(ne)B(ne = ww) = 8.64 £ 2.92 eV,
observed 1 (2S) signal in ]

o (Xe2)B(xe2 = ww) < 0.53 eV,
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MO Mass spectrum

() = P
= ~ 700F
> 3000 4 data > - {
0] | & 600} b#}
5 2500 . — Good fit o 500 = +
o 2000 f —— Background fit g 400 f— + ;
2 300F + #w
5. F 4 N
> 200 &
L - ! |
1001 s
- %%%Nw ‘
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If we do not require |XPt*|<0.1GeV/c:
1. Fit |XPt*| distribution to extract yy=2> oo events.
2. (left plot) show |ZPt*| fit with MC signal shape+2"9 bkg.

3. (right plot) the m(om) invariant mass distribution from
| 2Pt fit.
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Events

Spin-parity analysis

800
i —=— dala Gt —— data
700 o —— 0" S-Wave(r*n.d.1=3.6) 600 — mixture
r 2" S.Wave(?/n.d.i=2.7)
- 07 P-Wave(y?/n.d.f=54.4) 500
=== 2 P-Wave(y?/n.d.f=13.2) 400
300
2005 ' |
100 o g
0

0 10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 ?0 80 90 100
Bin number Bin number

Angular distribution: divide (polar-angle product, transversity
angle) into 10X 10 bins.

1. (left plot) data vs. MC for different spin-parity assumption.
Most probable spin-parity is 2* and 0*

2. A mixture with 2*(~55%) and 0*(~45%) can describe data
much better: ¥%/n.d.f=1.2

22



Cross section results
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Summary

® X(1812): No signal in w¢, efficiency low.

® events accumulate at 2.2 GeV in op mode, at 2.35 GeV in
¢d mode, and at 2.0 GeV in o® mode, some structures are
significant

@® Spin-parity analyses for those structures have been done.
What are the natures of them? [X(3915), X(4350)-like?]

® [ B(X—wo, $¢, om) for n, .o % are given. For ¢¢ mode,
the results are consistent well with the published results. For
o, ®® modes, they are the first measurements

® Cross sections of y y ~wd, ¢¢, oo have been measured
(most important)

® BN is completely ready and has been uploaded into BN web
page (BN#1139). Under referee stage.
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search for dibaryon resonance in T(15) and

T(25) data

25



@ A few years ago, CLEO has studied anti-deuteron production
from Y (nS) resonance decays and the nearby continuum. The

Brs of Y(15.2S) — dX are not small. [PRD75, 0120009,

Events/0.16

L
n

2007].

2170606-004

[#5]
o

na
[4)]

na
o

—
o

10

(dE/ ”iJ",Jmf.--'z.-fi-ci-'r-rf — “JFE’ “r-f}c‘-n}f-u*!‘f:ri.ﬂ'

Xd =

TAE (dr

So maybe dibaryon bound state
production rate in Y(nS) is also
not small.
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@ Many years ago, the first high resolution measurement of

pp — KT + (Ap) has been performed at SATURNE Il [Nucl.

Phys. A 567, 819, 1994 ]. The missing mass spectra of kaon
show characteristic enhancements near the Ap threshold. A

sharp peak anomaly has been observed in the missing mass
spectrum at 2096.5 + 1.5 MeV/c? with about 3.5 standard

deviations.
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Fig. 11. Comparison of the experimental effective YN mass yields from pp — K*YN at
Tp, = 2.3 GeV, 6 == 10° + 2° with the theoretical curves according to the Deloff model with
the parameters of model A (+) from Table 10. The experimental resolution of 2 MeV is folded in.
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@ A high-resolution study of the reaction pp — K + (Ap) has
been performed by the HIRES Collaboration. The aim of the
experiment was to study the Ap final state interaction (FSI)
and to search for narrow strangeness S = —1 resonances.

[arXiv:1105.2281].

q (Me\//c}
95‘0 1(|)-S 1|50 2CI-G

p+p —>K"+X
T=‘ 953 GeV 0O=

HH m’H M There may be two
: tt + reasons for the nonobservation. (i) The predicted narrow

[}
o
=}

—
n
C)

d’c/dQO/dMy (nb/sr/MeV)

100 | S = —1 resonance D¢ does not exist at all in the invariant
Co . ; . ey M :
- mass region below 2110 MeV /c2. (ii) The production

b } cross section do” /dQg(pp — KTD,) is too small.

50r |
|
TN .

*%50 Au6u zO?O 2u83 2393 21CO 2113
M. (Mei)

@ [ he predictions of strange dibaryons are summarized in a
recent review by Gal [arXiv:1011.6322].
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Search for dibaryon state in PP

HadronBJ skim flag requirement (HadronBJ skim is suitable
based on MC sample check)

At least three charged tracks with |dr| < 0.5 cm, |dz| < 5 cn
and P; > 0.1 GeV/c

For proton candidates: L, /L, + L, > 0.6 and

L,/L,+ Lk > 0.6

For pion candidates: L /L + Lr < 0.4

For pion and proton candidates, they can not be identified as
muon or electron.

The number of charged tracks from charged track bank
should be greater than 5.

Do vertex fit to the selected p p 7~ candidates, and require
confidence level > 0.01
29
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The shaded histograms is from Pm mass within A mass region



Search for dibaryon state in A=~

Event Selection:

HadronBJ skim

at least six charged tracks with |dr| < 30 cm, |dz| < 50 cm,
P> 0.1 GeV/e

_ L
For 7 ,L +‘L <04

For P, o +L >063ndL T > 0.6

at least two A candidates with |m, — ma| <3 MeV/c?

at least one =~ candidates with |my .- — m=-| <5 MeV/c?.

=~ mass sidebands regions: [1.3017, 1.3117] or [1.3367,
1.3467] GeV/c* (two times wider)
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The green shaded histograms are  The shaded yellow histograms are

from events with N(\Xi)*O and normalized \Xi mass
N( A )>1 with MC Truth information.

v [l 6t 2448 B o el sidebands. No bound state !



Search for dibaryon state in P=~

Event Selection:

HadronBJ skim

at least four charged tracks with |dr| < 30 cm, |dz| < 50 cm,
P> 0.1 GeV/c

- __ Lk
For 7, Lf{+Lﬁ <04

For P, A - +L >O6andL i > 0.6

at least one A candidate with |m,,. — ma| <3 MeV/c?

at least one =~ candidates with |m, .- — m=-| <5 MeV/c?.
=~ mass sidebands regions: [1.3017, 1.3117] or [1.3367,
1.3467] GeV/c? (two times wider)
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Events/5 MeV/c?

Events/5 MeV/c?

The green shaded histograms are

400F
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from events with N(\Xi)>0 and

N(P)>1 with MC Truth information.

The peak at 2.27 GeV is fakel
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& 200F
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g i
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The shaded yellow histograms are
normalized \Xi mass

sidebands. No bound state !



Search for dibaryon state in {272~

Event Selection:

HadronBJ skim

at least five charged tracks with |dr| < 30 cm,
P> 0.1 GEV/C

Lk
For m— T +L <04

L L
For P, Lprﬂ > (.6 and Lp+PL > 0.6
For K, -H45— > 0.6 and 25— < 0.6

at least two A candidates with |m,; —ma| <5 I\/IeV/(:2
at least one 2~ candidates with [m - — mqg-| <25 MeV/c?
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The normalized Lambda and Lambda masses
sidebands can describe the data well. No bound state | 36



Search for dibaryon state in P{)™

Event Selection:

HadronBJ skim

at least seven charged tracks with |dr| < 30 cm,

cm, P > O 1 GeV/c
< 0.4

> (0.6 and

2| < 50

For 7~

For P

’L—l—L

=3 Lp +L > 0.6
_ Lk
For K, Tt > (.6 and Ipile +L < 0.6
at least one A candidates with |, —mp| <4 MeV/c?

at least one 2~ candidates with |m - — mg-| <10
MeV/c?. 2~ mass sidebands regions: [1.622, 1.642] or
[1.692, 1.712] GeV/c? (two times wider)
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data

Events/5 MeV/c?

Wy

M(PQ) (GeV/c?)

M(PQ) (GeV/c?)

The normalized \Omega mass
sidebands can describe the data well. No bound state |
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Summary

Our conclusion: we have tried to search for dibaryon state (bound
state) in PPm, AP, QQ, QP, A=, AA7w, P= modes in Y(15) and
T(2S) data. No obvious bound state can be seen.

UNIVERSITY
1 ; M. Havwani
MANOA
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Spin-parity analysis

In the two-photon process vy — V'V, five a110‘1e5' are kinematicallv independent. As one
of choices of these variable sets, we choose z. z*, z**, ¢* and ¢**. These variables are defined,
e.g., in the vy — wo process, as follows: z is the cosine of ‘rho scattering polar angle of ¢
in the vy c.m. system, z* and ¢* are the cosine of the helicity angle of K in the ¢ decays
and the aznnuthal angle defined in the ¢ resonance c.m. frame with respect to the ') — wWo
scattering plane. 2™ and ¢** are the cosine of the helicity angle of normal direction to the
decay pldll() of the w — 777~ 7" decay and the azimuthal angle defined in the w resonance

c.m. frame.

Among these variables, we choose z, transversity angle and polar-angle product, where
the latter two are defined by z*, 2™, ¢* and ¢* as:

transversity angle = [¢* + 6™
and .
pola.r_angle 1)1‘0(_111‘[_ — ( . = (3* )2) ( i — (3** ) 2 ) ,

where we took a plus operation of the two azimuthal angles since ¢* and ¢** are defined
in each decay (helicity) coordinate. Note that the polar-angle product is, in reality, the
product of the sine squared of the polar angles.

For more details, please see BN#250
e Thanks Uehara-san 40
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