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Introduction

* Goal of the study of light hadron spectrosopy:
v" Test theory: non-perturbative QCD(LQCD...)...

v" Search for exotic states: glueball, multiquarks, molecular
states...

Standard Hadrons Exotic Hadrons
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Meson Baryon

* Data Samples:

Besll: 58M J/y, 14M y(2S)
BeslII round one: 225M J/y, 106M y(2S)
BeslII round two: 1billion J/y, 0.4billion y(2S)




X(1835) and two new structure in J/y=2>yn’n'

<> 120 — o -
= BES I s oo
2 g
g 80 § 400E
q S 300f
0 5 200}
= 40 = g
Lﬁl 100E
(NN 0 0¢
1.4 . 2.0 5 2.6 M, (GEV/C?)
M(mt tn’) (GeV/cY)
 BESIIL, PRL 95,262001(2005) « BESIII, PRL 106, 072002(2011)
 Conform the existence of X
M =(1833.76.1+2.7)MeV/c’ (1835),
[ =(67.7+20.3=7.7)MeV/c’  Two new states are observed.

Br(Jiy = yX)-Br(X = n'n*n")
=(22+04=0.4)x10™



X(1835) and two new structure in J/y=2>yn’n'

* the parameters of the 3 states.
e X (1835)
M = 1836.5 &+ 3.0(stat) 5 {(syst) MeV /c?
' = 190 = 9(stat) 33 (syst) MeV /c?
e X (2120)
M = 2122.4 + 6.7(stat) 37 (syst) MeV|/c?
I' = 83 + 16(stat) 51 (syst) MeV /2
e X (2370)
M = 2376.3 &+ 8.7(stat) T3 2(syst) MeV /c?
I' = 83 4 17(stat) T3 (syst) MeV /2

“é?\ : O The angular distribution X(1835)
o d000p consistent with 0-*
© s000f : OLattice QDC predicted the lowest 0~
2000 ' 3 glueball to be around 2.3GeV.
Looo - E COPWA needed to determine the JPC of
% the 3 structures.
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pp threshold enhancement in JAy>ypp
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* Observed by BESII. PRL.91(2003) * Confirmed at BESIII with

022001 v 2>arndy, Iy Dypp
«  CPC34(2010)421
M =1859", © MeV/c’ M =1861", ¥} MeV/c?
T <30MeV/c> @90%CL. I <38MeV/c’ @90%CL.

0 Not observed in B-meson decay nor J/\w=> opp
-> the enhancement isn’t pure FSI effect
[0 normal meson/ppbar bound state/multiquark state/glueball?



PWA of J/wy=>ypp and y’=2>vypp

Jy=2ypp
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PWA with Julich-FSI effects
considered.

JrPe=0-+

M =1832*" I+ 19MeV/c’

M =13+39*] + 4MeV/c’
Br(JAy — yX)-Br(X — pp)
= (9.0 1°+2.3)x107

Events/(0.01( ic\v"v"c:)

Y’ 2>Ypp

80 o1 02 03

.\IpIr 2m,(GeV/e )

_ Bryp(2s) = 1X)
Br(Jiy —yX)

= (5.0807% 147+0.12)%

O X(pp) and X(1835)
observed in J/y2>yn’ntn
are the same state?



X(1870) in J/y—oX, X—a,(980)a>nn* 1
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Resonance | Mass (MeV /c?) Width (MeV /c?) B (10~%)
f1(1285) [1285.1 + 1. u+(1)‘§ 22.0 +3.1739 54+ 0.1040-19
1(1405) [1399.8 £2.2+28 528 +7.6%01  1.80 £0.21%921
X(1870) |1877.3 % 6. 3+?: T sTx128® 150 +£0.2610752

. X(1870) JPC? X(1835)? Need PWA.



o threshold enhancement in J/Wy2yo@
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First observed in BESII. Phys. Rev. Lett. 96(2006)162002
Partial wave analysis with helicity covariant amplitude.
Threshold enhancement: X(1810)

JPC =+, M =1812") +18MeV/c> T =105x20+28MeV/c’

B(J /ly — yX(1810)- B(X(1810) = w¢) = (2.61+0.27 =0.65)x10™
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o threshold enhancement in J/Wy2yo@
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PWA with covariant tensor amplitude

Threshold enhancement: X(1810)
JPC = 0++, M =1795 + 7ﬁ3 MeV/c? ['=95+ 103748 MeV/c*

B(J /1y — yX(1810)- B(X(1810) = w¢) = (2.00+0.08">*)x10~*

-1.00

DOZI suppressed, the branch fraction is too large.
Why? X(1810) is exotic states? £,(1710)?
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Study of J/y—2>ynn/ a’x’

1 -
o 5o LG =am: KK n'n') predicted to be

3:4:1:0:1. Glueball is flavor blindness.

* Neutral channels can take advantage of
excellent performance of electromagnetic

calorimeter of BESIII.

* GPUPWA package 1s developed to perform
PWA of large data samples.
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Preliminary PWA results of JAy2>ynn
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2

EVENTS 7/ 0.025GeV/c

PWA results of J/wy2>yrata/a’n’ at BESII
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Jir—-yX. X—>ntn—
Mass (MeV/c?) I' (MeV/c?) B (x10™%
£>(1270) 12627) £8 17578 £10 9.14+0.07 £ 1.48
fo(1500) 1466 + 6 + 20 1087 £25 0.67 £0.02 £ 0.30
fo(1710) 176573 £13 145+ 8+ 69 2.64 +0.04 £0.75
Jir = yX. X = 790
Mass (MeV/c2) I (MeV/c?) B(x10~%)
f>(1270) same as charged channel 4.00+£0.09 £0.58
fo(1500) same as charged channel 0.341+0.03£0.15
fo(1710) same as charged channel 1.33£0.05+0.88
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OPhys. Lett. B642(2006)
441
COPWA applied in
7w range 1.0-2.3GeV/c?

OTwo scalar mesons f;

(1500) and £,(1710), were
observed.
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Preliminary PWA results of JAy2>yn'n’
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Observation of two new N* resonances in y’2>ppn’

* Non-relativistic three-quark models of baryons predicted more excited
states than are found experimentally (“missing resonance problem”).

* Most of the data about baryons on PDG are from nlN scattering.

* The formula for baryons decay is much more complicated than
mesons decay. FDCPWA package is used to generated the formula.
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The global fit result: arXiv:1207.0223
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Observation of two new N* resonances in y’2>ppn’
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0 Two new N* states are observed, N

(2300) and N(2570).
M(2300) = 2300 *

30

T'(2300) = 34020 *11°

-30 -58

MeV/c?,
MeV/c’

M(2570) = 2570%) **MeV/c?,

10

I'(2570) = 250 *’MeV/c’
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[sospin violate process J/y—=>yn(1405)2>v{,(980)
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PRL 108, 182001 (2012)
n(1405)(07(0-*))-> £,(980)(0*(0™"))w’(1-(0-*)) isospin violate process.

Br(J /y — yn(1405) — y° £,(980) — y’z*w ) = (1.50 £0.11=0.11)x 10"
Br(J /y — yn(1405) — y° £,(980) — y’7’7°) = (7.10 £ 0.82 £ 0.72) x 10~

The branching fraction is surprising large.
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[sospin violate process J/y—=>yn(1405)2>v{,(980)
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* 1,(980): PDG value I'=40~100MeV
* How to explain the narrow width of f,(980)

K'(K) —p_TT°

and large branch fraction of isospin 11(1440) K®)
T
violated process? K(K) rd
 Triangle singularity(TS) mechanism. 1‘0(988)\7T

Phys. Rev.Lett. 108, 081803 (2012). 18



Summary

* Many interesting states are observed: X(1835)(0™), X
(pp)(07), X(1870)(?), X(@p)(0™)
 Some of them are exotic states candidates.

lowest scalar glueball(f,(1500), {,(1710), x(®0)?...)

lowest pseudo-scalar glueball(X(2370)(?)?, n(1405)?)

* Troubled by the possible mixing between glueball
and qq, it’s hard to distinguish an exotic state from
normal states.

 PWA i1s needed to determine the property of these
states.
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