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QCD and its important predictions

QCD —— SU(3) non-Abelian gauge theory:

At high energy

r fm
1/2000 1/200 1/20 1/2
0.5 T T 1

T
- confinemen t
0.4 - (&M&m o
: A%
I _(LS ' T o
——0 OS2
’ ‘(QQ ; 2.8 "0 9%
03 [ VAR o S &
w .'_Ooo . ‘0’3
8 - w ”
0.2 -

gt

%

0.1 -
asymptotic
freedom

0
0.001 0.01 0.1 1

1/Q GeV~!

" o, running, widely confirmed
experimentally (Nobel Prize 2004)

At low energy

= self-interaction of gluons -
bound states of gluons —— Glueballs

= Many candidates, not established yet




Glueballs

* Unique particles formed by gauge bosons arxiv:2305.04869
due to non-Abelian self-interactions
* Unique kind of matter made of pure force 0.
(unlike usual matter formed by fermions) _ %)@(]) % @% C})
@) ©
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* Lattice QCD predictions :
 0** ground state: 1.3~2 GeV/c? -
« 2** ground state: 2.3~2.8 GeV/c* tow
0~ ground state: 2.3~3 GeV/c? o]

— All LQCD calculations predict the existence of 0

glueballs.
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Glueball production and decays

— Signatures of glueballs



Glueball production in J/{ radiative decays

« Gluon rich environment * Rich glueball production in J/{
radiative decays:

j;{hadmns Jf@f}EEEhudrons * Glueball production rate in J/Y
radiative decays could be higher than

normal hadrons
~ Ol0ls” ~ 008

* Isospin filter: final states dominated by I1=0

Y Y
processes
" Q& "' < had
 Spin-parity filter: C parity must be +, so JF=0", : glueball c < neadrons

O++, 1++' 2++’ 2+

. . . ~ (1(152 ~ 0oL
* Clean environment in e*e collision: very

different from p-p collision

-> J /Y radiative decays are believed to be an ideal/golden place to search for glueballs.
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LQCD Predictions on B(J /Y = yGy-+)

LQCD prediction on lightest e LQCD also predicts the mixing mechanism

between 0* ~ and O0* glueball.
pseudoscalar glueball: ©
PLB 827 (2022) 136960

M = 2395 + 14 MeV
cc(07) A Go-

B(J/Y - yGy-+) = (2.31+ 0.80) x 10~*

QA

o

e Such a mixing mechanism can significantly
increase the production rate of the mixture
0+ particleto (2~20) x 1073

PRD 100 (2019) 054511 even with tiny mixing angle 2° ~ 5°

arXiv: 2605.01757

—> High production rate is expected for 0* glueball in J /1 radiative decays.



Glueball Decays
flavor-singlet and decay pattern similarities to charmonium decays

No rigorous predictions, but physics pictures are quite clear:

Glueballs contain no quark flavor — The glueball decays should have similar
flavor-singlet states decay patterns to the charmonium families
(O++ — Xco» 2T = Xc2» 0~F — 77C) since they

= Most important feature for glueballs :
all decay via gluons.

= Flavor symmetric decays into light hadrons

= For 0 glueball, K*K mode is forbidden
due to generalized G-parity conservation.

PLB 106 (1981) 114

PLB 109 (1982) 326 Commun.Theor.Phys. 24 (1995) 373 (hep-ph/9502408 )

Phys. Rep. 454 (2007) 1 PLB 380 (1996) 189




Glueball Decays —
OZ| Forbidden decays and narrow partial widths

<< J/DCL

OZI| forbidden decays

OZl allowed decays

* Most light meson decays are OZI allowed decays:
—> Typical partial widths > 100MeV, and usually have dominant decay modes.

* J/Y and n. decays are all OZI forbidden decays:

—> Partial decay widths should be very narrow and have no dominant decay modes

= signature of gluon decays. < Glueballs decay similarly



Glueball Decays —
suppressions of G - g wg, f

* gw, g fdecay modes are regarded as tags of uu + dd and s5 contents
inside a meson, and are also called flavor filters. (pLB 164 (1985)379, PRD 67
(2003) 074031)

* Glueballs contain no quarks, and gluons have no direct interaction with
photons

G — g Wg fshould be strongly suppressed

*J/Y = d g, @ gafte good places to study this property.



Expected Signatures of Glueball

* Production:
high production rate in J /1 radiative decays

* Decay: via gluons
* flavor-singlet state
e decay pattern similarities to charmonium decays
* narrow partial decay width to each mode
* suppressions of g wg fdecay modes

The combination of these signatures enable us to identify whether a
particle is a glueball or not.
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PPP Modes — Golden Decay Modes for 0~ Glueball Searches 11

* Typically, PPP (3 pseudoscalar mesons, such as nnn, nmn’, KKm) modes are
believed as golden decay modes in 0~ "glueball searches.

« S —wave decays for 0~ mesons, no suppression factor, major decay modes

« PPP modes are either forbidden or strongly suppressed in 0**or 2** mesons decays
spin-parity filter

« PP (2 pseudoscalar mesons) modes are forbidden for 0~ mesons

* VV modes (2 vector mesons, such as ww, ¢¢, pp, K*K™) —
« P-wave decays for 0t mesons  suppressed near mass threshold
. All JP¢ mesons allowed, not a spin-patrity filter

« Baryon modes
« All J¢ mesons allowed, not a spin-parity filter

« Multi-pion modes —
« All JP¢ mesons allowed, not a spin-parity filter

« 0~* mesons decay mainly via two-body sequential decays, i.e., mainly via f,(1270),
a,(1260) pair intermediate states 0~ * glueball mass may not be high enough, i.e., PS
IS not allowed.

|
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BESIII Studies or2X{0



BESIII Data samples

Totally about 50fb™! integrated luminosity

10°
]
Data sets collected so far: w
10
~ } P . -1
Q 10X 10° J/ b events r . = s A 2‘.17?” 10?7"[3 — .
, g
TQ 2.1 X 109 ) (ZS) events data below open-charm threshold
10 -1 2.23~3.67 GeV: 14 points ~110 ph“l
Q20 fb! ¥ (3770) 2.00~3.08 GeV: 21 points ~550 pb~!
. 1 1.5 2 2.5 3
'Q Scan data between 1.8 and 3. 08 ‘ ‘
GeV, and above 3. 74GeV A il S A [ 7
[veo210 | ammesns |2
5, W.iou 436
Q Large datasets for XYZ T Waia gt } | osm | 442
' . '.".’L&EL 1 1.0 fb 1
studies: 4 418:~3f~" o8
- * e # 4.60-4.95
. A i 1 ~6.3 " intotal
Scan Wlth >500pb_1 per energy R scan data above open-charm threshold
point space 10-20MeV apart 3.85-4.59 GeV: 104 points, ~800 pb~?

Huge J/ vy dat a dGbripnl e ~
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Key scientific question to be answered at BESIII:
Glueballs exist or not?

* Searching for glueballs has been the top physics goal of BEPC and
BEPCII for about 40 years!

* With 10 billion J /1 data, we should be able to answer this key
guestion — either we find them, or exclude them.

e BESIII Physics Yellow Book

—> We started to find the answer...
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Discovery of X(2370) )

PRL106 (2011) 072002

* Discovered by BESIll in J /Y — )/Tl'+1'l'_1]’ in 2011. “© s00F b X(2120) (23]*3}
= X(1835) 4 f
Resonance M( MeV/c?) ['( MeV/c?)  Stat.Sig. gd-ﬂﬁ; |
X(1835) 1836.5+3.0%6,;, 190.1+9.0°38 5, >200 :
X(2120) 2122.4+6.747,;,  83+1631 7.20 :
G X(2370) 2376.3+£8732,;  83+17-%, 640 b :
[ | i ]
. . . _ D r'."F'.".I.ll.. M B P BT B B ]
* Confirmed by BESHll in J/Y —» yr"m™n', yKKn' (more data 1416182022242025
m:r]
& new mode) LA A AR AR ARRARE
4000 =+ Data —
R e @] soof s o e ® ] Fosoop . mBhckgowd
© [« Data — = Chebychev 1 o - —— Data — = Chebychev ] 3000 L pp threshold =
% 150 Fit resurt --:--:‘lF:HthPbK ] % 400 | — Fit result o ?Htglpbk - EZSOUE— E
O] [ B33 Signal X(2370) © g {- ] O [ 23] signal X(2370) o g % ] Q c : * v ]
o 100 == Jv— K"K '+ ce. o 300f === Jiy— KK ec. ot 2 ;20005‘ _" E
% E- ----- 1’ sideband % 200 f—- ----- 1’ sideband e /;—""/—E 51500;_ ... E"..Wn"'...‘.‘o""-,...:”.'..‘%#. =
o s0f s T . (fi1000 - ‘ E
T ¥ ; @ 100 - =
0 XN SRR TR, 0355 ] 2_;_3_ 57 K 4-. 16 1.8 2 22 24 26 28 3 :

M[n 1 (GeVvic?
My (GeWc ) (GeWc’-’) ] (Gevic)

EPJC 80 (2020) 746 Mercr PRL 117 (2016) 042002



Spin-parity Determination of X(2370) in Jly 2 yKeKon'

2k (b) n'—n'nm

||||||||||||||||||||||

Data

o

L2k ] wowr 1., OF(d) | o
S “ ’l { oata S a0} W | oat ;
guo M e 13 (g e
1"“ | 'u~H~ hh'ﬂlIM """"" TN Um’ﬂ!‘ M!HM W il
% ::;:J #Hh HHHHH §1o;||H | HHW HH
i ] | :

MKSKSn' GeV/c?

Mnggn- GeV/c?

PRL 132 (2024) 181901

* Almost background free channel
* 10 billion J /1 data
* Very good BESIII detector performance

JP¢ =01 with significance > 9.8¢

M = 2395 + 11728 MeV

1g+124
1733

B(J/¥ - yX(2370)) x B(X(2370) - f,(980)1")

x B(f¢(980) - K
=(1.314+0.22 + i%,gg) X 1075

I =188" MeV
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New decay modes: X(2370) — K2K2n°, p°pCh, 8,(980)p°

Observed X(2370) decay modes show strong similarities to those of h_

x10°
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Mo (GeV/c?)

Tan

X(2370) - a,(980)7° (> 90)

arxiv:2605.

26495
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High production rate of B(J/Y—>yX(2370))

18

Decay channel

B (x107%)

J/ — v X (2370) - yK K7
J/ — vX(2370) — vy
J/ — vX(2370) — yrrn’
J/ — vX(2370) - yK K7/

3.25 4+ 0.2579 72
3.24 01707
1.94 £ 0.04 1933
0.39 & 0.05 £ 0.10

 The total sum from the left table is
~09 x 1073

* Considering other unmeasured
decay modes, it is reasonable to
conclude:

B(J /W — yX(2370)) > 1 x 1073




Flavor-singlet state: non-observation of X(2370) - K*(892)K + c.c.

Events / (0.030 GeV/c?)

Forbidden by Generalized G-parity conservation

ZZXI,',O,s U IR I :‘I"'I"'I"'l"'l"'l"'l"' ’_800 L L B B B3
20 E 24 Jhy — yKIKIn° 400} I Data 3
] 2.2 =700 a- i!! — Fit result ]
18 E s L 350E e X(@370) S
16 E ~ 2 600 % 200 .- Polynomial
] Q A 4
14 - < 1.8 ol
12 E E 1.6 300 3 250 Jly — yKK*n®
- E = Tt 400 S
lg 3 }wl.‘l:— S 200
6 E ST 1.2F =300 2 150
A e E 1 g 100
2k . E st N ——) O 50
02141618 2 22242628 3 0.66 L T 0517222334 25 26 2.1
Meoro s (GeVIc) 1618 2 22242628 3 :
Kk M(o K70 (GBV/ C 2) MKS"K;’;;" (GEV/ c )
S°=S

Significance of the X(2370) = 0.10

BlJ /¢ - yX(2370)] x B|X(2370) - K*(892)°K{ + c.c.—» KIKIn®| < 2.7 X 107 @90% C.L.

B[X(2370)>K*(892)°KJ+c.c.oKIKIT
B[X(2370)->KIKIO]

0
1 <0.081 @90% C.L.

X@370 is a flavosinglet state, the first observed abd/&eV.



Narrow partial decay widths of X(2370) .

Decay channel

B (x10™%)

J/p — vX(2370) - yKKn
J/ — vX(2370) — yrmn
J/p — v X (2370) — ymmn’
J/p — vX(2370) - yK K7/

3.2540.2579 72
3.24+0.1107
1.94 + 0.0470-33
0.39 4 0.05 £+ 0.10

* These processes are dominated by S-wave two-body
decay process, with flavor symmetry

a) KKn': f,(980)n’

b) mmm’: £,(980)1n’, f,(500)n’

c) mm: ay(980)m°, f,(500)n, f,(1500)1, f,(1710)n

d) KKm: K;(1430)K, K;(800)K, ay(980)7°, many more

isospin combinations

* There may be other unmeasured decay modes of X(2370),
such as VV, multi-pion modes

— Each above S-wave two-body decay mode has a BR
1~10%, corresponding to a partial width ~ a few MeV,
since X(2370) total width is only ~150MeV




Events / (15.0 MeVi?)

Events / (16.5 MeV/c2)

x

21

Suppressions of X(2370) - g wg, f

iy -ggw * J/y - g g @ ghlve been studied with

400 y2/dof = 1.62 o rdof = 1. . .
= A amplitude analysis at BESIII
300 = | q |
= AL
100 :é Resonance R J/Y = YR = yyw  J/p = YR — vy
P e N (x107°) [29] (x107°) [30]
Lp,t R Hﬂ r’“ Ad \.ﬁ...... el g den ™ 2 .. ""ir' PRIV . i
i i e o | mﬂa; 2; o zzﬂzjisﬂ : 1(1405) 3.54 4+ 0.201953 3.57 +0.1813 3
M5, ) ' o
" i X (1835) <0.11 3.37+£0.197078
_]/y >5ggf X (2370) < 0.04 <011 >
1oooix2/Nh,.”=11I5.40!80= 1.44 ff:as) 0 Soo}xzm;,;,,; 97.15/80= 1.21 ‘
i n(1405) = [ 409 ]
f(1420) |2 400
so0l £(1510) g [
i - f,(1525) ~ - . —
: xisas) £ 20T * With B(]/lp — ]/X(2370)) >1x10 3,
[ f,(1950) .
ol o _ these suppressions are very strong
e I e et
R s - v o v R ’ _51)6 T8 2 22 24 26 28 3
My, 0) (GeV/c?) M(y,,,0) (GeV/c?)

PRD 111(2025) 052011




Examine consistencies of X(2370) with
glueballs and other interpretations



Events / (0.030 GeV/c?)

Events / (0.030 GeV/c?)

High production rate of B(J/Y—>yX(2370))

Jhy — yKK2n®

18
16 + Data
— PHSP MC

Lnte
e, .,
.
.

Lo looalonalonalonalonnlonalonalonalonslosnly

23

6
4
2 -
01.2 141618 2 22242628 3
Moy, (GeV/c?)
x10°
35__l"‘1"fl'Hl_'”l"‘|'”|'='|'f'|'”|'__
: s Jly s ynan
30F . E
25? Coe } Data
200 - - . —PHSPMC
105 E
55-. T
i I
0- Mﬁ Lo

rarel I v o le s o by e bygaly e losnl T
12141618 2 22242628 3
Mo, (GeV/c?)

B(J/Y —» yX(2370)) >1x 1073

* High production rate is expected by glueball+cc
mixing mechanism

* X(2370) is unique between 2.3GeV and h_as seen in left plots

= Other 0* mesons either with much lower production rates or
with much broader widths than X(2370)

* Disfavor baryonium-like states, given (PDG 2026):

« BJ/Y - yAA) < 1.3 x10™* @ 90% C. L.

« B(J/¥ - ypp) = (3.8 + 1.0) x 10~*




X(2370) is flavor-singlet

negative parity
| c==5 NS
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PRD 83 (2011) 111502

Most important glueball expectation

Disfavor qq interpretation

« LQCD prediction: no flavor-singlet from uii + dd and
$S mixing above 1GeV

* PDG data support this prediction

Hybrid and multiquark states can hardly
form flavor-singlet states
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X(2370) decays similar to h_

* Expected for O* glueball

* Other interpretations can hardly explain this, e.g., full strange
tetraquark states cannot have such similarities.

25



Narrow partial decay widths of X(2370)

* Expected for glueball decays from OZ| rule

* qq , multi-quark or hybrid states (with gqg inside) are disfavored:

- They are all dominated by OZI| allowed decays (typical decay width ~ 100MeV)
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Strong suppressions of X(2370) - g wg f

* Expected for O* glueball

* Light gg content inside X(2370) should be very small
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Summary

* Properties of X(2370) :
* high production rate in J/y radiative decays
* flavor-singlet state
* decay pattern similarities to 1,
* narrow partial decay widths
* strong suppressions of g wg, fdecays

* These properties are fully consistent with the expected signatures of glueball.
e Other interpretations can hardly explain all of them simultaneously

* The lightest O* glueball is needed for a natural and complete explanation of
X(2370) properties measured by BESIII.

= The lightest 0* glueball is the dominant constituent of X(2370)
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Summary

* Properties of X(2370) :
* high production rate in J/y radiative decays
* flavor-singlet state
* decay pattern similarities to 1,
* narrow partial decay widths
* strong suppressions of g wg, fdecays

* These properties are fully consistent with the expected signatures of glueball.
e Other interpretations can hardly explain all of them simultaneously

* The lightest O* glueball is needed for a natural and complete explanation of
X(2370) properties measured by BESIII.

= The lightest 0* glueball is the dominant constituent of X(2370)

Thanks!
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Narrow partial decay width of 0~ glueball

e Glueball width ~ vVOZI rule [Nucl. Phys. B 130 (1977) 328-348]

['(Gy-+ — mmn) = /T(0ZI allowed) x I'(n, — mrn)

= ,/(100~200)MeV x 0.5MeV
~ a few MeV

A

al
OZI allowed decays



Beljlng Electron Posﬂron Collider (BEPCII)

World unlque ete accelerator In charm energy reglon -~

1 2004-2008:
Construction

- Double rings
- Beam energy:
1.0 — 2.3 (2.45)GeV

- Designed
luminosity:

1X10% cm? st

% 2009-now: BESIII

! BRE. ./ = physics runs
et oS




BESIII detector

Designed for neutral and charged particles with excellent resolution, PID, and large coverage

U MDC: small cell & He gas
RPC: 9 RPC: 8 Oxy = 130 Hm

Electro Magnetic ayers
0 ,/p=0. 5% @1GeV

Iayers Calorimeter

SC |

| dE/dx = 6%

Solenoid , |

Barrel | | U TOF: plastic scintillator/MRPC
Eiﬁ | or = 80 ps Barrel

ndcap

ToF or = 110 (60) ps Endcap

sC

Quadrupole U EMC: CsI crystals

O = SR HHE— AE/E = 2.5% @ 1GeV — Barrel

AE/E = 5% @ 1GeV - Endcap
Total weight 730 tons, U Muon ID: 9 layer RPC

740, 000 readout channels
Data rate: bk Hz, 50 Mb/s U Magnet: 1T Superconducting

In full operation since 2008, all sub-detectors are in a very good condition!
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X(2370) Combined Mass and Width

arxiv: 2605.26495

(a) Combined: M = 2359 *13 MeV/c? (b) Combined:T" = 170 *33 MeV

X(2370) — £,(980)n'

£,(980) — KK

X(2370) - KoKin' —8—

X(2370) - n'z"n

—=®— Measured mass £,(980) — KK

I Combined mass

X/ Ny = 2.20

X(2370) — KoKin°

X(2370) — £,(980)n'

X(2370) - 7°n"n ——

L e —

—®— Measured width

| | Combined width

22/ Ny = 0.32

2250 2300 2350 2400 24;0
MX(2370) (MeV/c")

Combined result:

0 150 250 350

1ﬂX(zsm) (MeV)

MX(237O) —_ 2359t%431_MeV/C2

FX(2370) — 170tggMeV
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https://arxiv.org/pdf/2605.26495

Unique Importance of Glueballs

* Direct proof of self-interactions of gluons — Direct proof of non-
Abelian gauge interactions of QCD

 Unique particle/matter made of pure force (bosons)

( called ‘force particle’, ‘forcion? —— named by Yifang Wang, IHEP
former Director)

* Direct proof of origin of mass from strong interaction
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Evidence of X(2370)in J/Y — ngKgn

In the 2D mass plot of MKSng) vS. Mo 0Ky IN the BESIII p.apér Moy, (GeVIC)
on the spin-parity determination of the X(1835), qualitatively, 2T
we can clearly observe: auf. pata
© 20F
* In the upper MK§K§’ mass band of 1.5 — 1.7 GeV range, clear signals S -

1_B_BESIII (SRS
of both X(2370) and 7,.. &: o
Evidence of X(2370), n, — f,(1500)n, f,(1710)n £ | a8

* In the lower MKgKg mass band of f;,(980), no X(2370), nor 1.
Suppressions of X(2370), n. = f,(980)n

PRL115,091803 (2015)

> High similarities between X(2370) and 1. decays!
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5 major 1, decay modes (from PDG)
— 5 “Golden” modes in 0~ glueball traditional searches

Decays involving hadronic resonances

n'(958) (2.0 £0.4 )%
' (958) K K ( 1.73+0.35) %
Decays into stable hadrons
KK (7.1 £0.4 )%
KKn ( 1.324£0.15) %
nwt T (1.6 £04 )%

X(2370) is observed in all 5 modes
—> High similarities between X(2370) and 1. decays
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B[]/ = yX(2370)] x B[X(2370) - K*(892)°K + c.c.—» K2Kn°]
= (0.1 + 1.2(stat) + 1.1(syst)) x 107°
B[] /1 - yX(2370)] x B[X(2370) - K*(892)°K + c.c.» KIKIn°]
< 2.7%x107° @90% C.L.

B[X(2370)—>K*(892)°KJ+c.coKIKgm®]
BIX(2370)—KIKO7"] = 0.003+0.040(stat)+0.026(syst)

B[X(2370)~>K*(892)°KJ+c.c.oKIKIT]
B[X(2370)>KIK270]

<0.081 @90% C.L.



Estimation of constraint on normal qq contribution
inside X(2370) based on K* K upper limit

* Theoretical calculations on the partial width of normal gg - K*K
is about 20~200 MeV

* Br(X(2370)>K*K + c.c.)/Br(X(2370)>KKm) < 0.08

* Reasonable assumption: Br(X(2370)2>KKn) < 10%

 Then we have Br(X(2370)2>K*K + c.c.) < 0.008
- partial width of X(2370)2>K*K < 2MeV

So the normal gq contribution in X(2370) < 10%~1%
-> normal qq contribution inside X(2370) is very small!
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0

n’n%n invariant mass spectrum in ay,(980) signal region

» After requiring |mgo0 — 1.5/ > 0.15 GeV to veto fy(1500) signal, there is

the clear X(2370) signal in the ay(980) signal region, but not in the
an(980) sideband region.
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J/Y >yt

« ttm™n’ is the first mode to discover the
X(2370)
1, in the

* In the 2D plot of My vs. M,

f0(980) mass band, clear signals of both
X(2370) and n,

* Additional important information:
* X(2370) —» iy’ almost 100% via f;,(980)n’
* n.~> mrn’ dominantly via X(1800)n’
* NO phase space for X(2370)>X(1800)n’
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M +.-VS Mn+n_n’

2500

—“ 2000
e
150

20000
18000
16000
14000
12000
10000
8000
6000
4000
2000
0

llll]lllllll]lllll[ll]llll[l]lllllllllr

1.2 1.4 16 1.8 2 22 24 26 2.8 3
m_ pipietap

Mn"'n_ <1.0




J/¥ - YKIKIn'

e In the f;(980) mass band of KJ K¢
mass, clear signals of both
X(2370) and n,.

* Additional important information:

- X(2370) - KKn' almost 100% via
fo980)

* N, = KKn' dominantly via
X(1800)n’

* NO phase space for X(2370)
— X(1800)7’
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PRL 132 (2024) 181901
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— Fit result
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Final result:
My 2370y = 2311 * 4(stat) £ 25(syst) MeV/c?
Fx(2370) == 177 i ZO(Stat) i 72(Syst) MeV
Significance of the X(2370) > 140
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J/Y - yagn® - yn°n'y
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Search for the X(2370) in
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Feynman diagram of the two-photon process
» The 1, and glueball decay to two photons

Compared with h,  suppressed: a? ~0.1

FX(237O)—>]/)/ ~ 0.1

Fnc—WY

Ly TOHEHS K PHUL
&y it BESII




Search for yy —» X(2370) with m "~ n’ final state

> Perform a y? fit to the m*m n'mass spectrum extracted from PRD 86,
052002 (2012)

® No PWA yet. Conservatively assuming that all events in the plot are from O—-+1 fix
the Xe 2370( peak and width to BESIII value

O Slgmflcance of the X(2370) 30 I
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Event rate and Ix(2370)-yy /Iy, ~yy

» For two photon process

Nx(2370) _FX(2370)—>yyB[X(2370)—>7T+7T_77’]
Nnc Fﬂc—WYB[nC_)T[-I_n_n,]

® Since h_has much larger phase space than X(2370) so as to have many more decay modes than
X(2370), so naively, we may have B[X(2370) » n*n~n']/B[n, » n*tn™n'] ~5-10

I'x(2370 Nx(2370
® So, (2370)2VY _ (1/5-1/10) * 1\(/ ) (0.1-0.2)*(0.98+/-0.33) ~ 0.1-0.2, as

r’?c—ﬂ/g Nc
expected from af ~O0.1

® Without considering sys. errors, I (,370)-y, rate is not inconsistent with glueball within 2 s
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