Recent results of light hadron
spectroscopy at BESII|

Sun Zhentian
University of Science and Technology of China
(For BESIII Collaboration)

YongPyong Winter Conference
on Particle Physics, Feb. 2013, YongPyong, Korea




Outline

Introduction

X(1835) and two new structure in Jy=2>yn' '

pp threshold enhancement in JAy=>ypp

X(1870) in J/y—wX, X—a,(980)t>nnn

¢ threshold enhancement in JAy=2vywe

Preliminary PWA results of J/y—=2>vynm

[sospin violate process J/y—=>yn(1405)>vf,(980)a’ > ynnn®
Observation of two new N* resonances in y’ 2> ppmn’

Summary



Introduction

e About light hadron spectrosopy:

v" Perturbative QCD is not suitable for such low-energy region.
(LQCD, phenomenological theory...)...

v Some experimental result can’t be explained by quark model.

The abundance of scalar mesons, missing baryon problem...
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Introduction

v QCD allow the existence exotic states: glueball(gg),
multiquarks(qqqq), hybrid(qqg), molecular states. ..
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) + There is still no exotic state well
i establised.




Introduction
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e Data Samples: e [ ‘l’:“’
v’ Besll: 58M J/y, 14M y(2S) 1

100

v" BesllII round one: 225M J/hy, 106M y(2S) &
The result 1n this talk are mainly based on :E e l N |
the two data samples. o MR IGAL IS e o B
v" BesllI round two: 1billion J/y, 0.4billion y(2S)

 The advantage of BESIII’s data sampels: _ .F‘F T .

v' Radiative J/y decay is glueball rich process. . i |
v" Clean environment for e*e” annihilation — my




X(1835) and two new structure in J/y2>yn’n'n
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BESII, PRL 95,262001(2005)

M =(1833.7+6.1+2.7)MeV/c’
[ =(67.7+20.3+7.7)MeV/c’
Br(J/\y > vyX)-Br(X > n'z"7")
=(2.2£0.4+0.4)x10™*
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BESIII, PRL 106, 072002(2011)

Conform the existence of
X(1835),

Two new states are observed.



X(1835) and two new structure in J/y2>yn’n'm

e 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 /2
e X (2120)
M = 2122.4 4 6.7(stat) T3 I (syst) MeV|/c?
' — 83 &+ 16(stat) 7] (syst) MeV /2
e X (2370)
M = 2376.3 4+ 8.7(stat) 33 (syst) MeV /c?
' = 83 & 17(stat) T3 (syst) MeV /c?

Z so0of | _=_ E O The angular distribution X(1835)
= d000p = consistent with 0

3000 ] OLattice QDCpredicted the lowest 0-
*olueball to be around 2.3GeV.
COPWA needed to determine the JP¢ of

the 3 structures.
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pp threshold enhancement in J/\y=>ypp
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M(p p) - 2m, (GeVic’)
Observed by BESII.
PRL91(2003)022001

M =1859", S.MeV/c’

I' <30MeV/c’ @90%CL.

H0.005GeVict)
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M,5-2m,/(GeV/c?)

Confirmed at BESIII with
v’ 2>y, Iy Dypp

CPC34(2010)421

M =1861", ) MeV/c’

I' <38MeV/c> @90%CL.

0 Not observed in B-meson decay nor J/yw—> o/x’pp

-> the enhancement isn’t pure FSI effect

CInormal meson/ppbar bound state/multiquark state/glueball?



PWA of JApy=2>vypp and ¢’ 2ypp

Events/(0.01GeV/¢?)

oL 0r 03 0oL 0z 03
I\-'ID]T-Zmp (GeV/cr) HPF' 2m, (GeV/e ! )
PRL108(2012)112003
PWA with Julich-FSI effects R — Br(y'— »X)
considered. -
coneids Br(J /y — X)
0.71 +0.67
M =1832"" "5+ 19MeV/c’ =(5.085 555 £0.12)%
M =13+3971) +4MeV/c’ O X(pp) and X(1835)
- -13 — o )
— observed in J/y2>yn’nn
Br(J/y = vX)-Br(X — pp) are the same state?

=(9.0")1 1°+2.3)x107



X(1870) in Jy—0X, X—a,(980)x2>nn'n

e Out of a9(980) window With in a,(980) window
; _ ! .' ! ! ! ! ! _ I-D:ﬂ-_"'l"'l"'l"I"'I"'I"'I"' N:H Qﬂﬂ—lllllg
o (b) g 1 (d) ﬁw’fﬁ ] = swff1(1285) f { X(1870)
1) S 1 “F " V1 = mf  N(1405), iy,
N T 1 I ) 1 = of A e, ]
e T 1% ,."‘ﬂ.l i
] y 1 wf v = aof
2000 - a,(980) .""- f F ‘.h* ] *g ok
tomf 1 wf o A 5 wf A
|'|E_.f-l---|...|...|...|...|... ] '_..‘.ﬂ:“f-l---l---l---'---'--n.: IUD_ 1
D6 08 10 12 14 16 18 20 12 0§ 10 12 14 16 18 20 22 24 0& TEETEETEETE =
A AP A P 1 i wr 2 - - : i i1
‘lf?j'-'ri (GeV/c™) Mot - (GeV/c7) Mt (GeV/c?)

« PRL 107,182001(2011)

Resonance | Mass (MeV /e?) Width (MeV /c?) B (107%)
fi(1285) [1285.1 £ 1.0705 22.04£3.1720 125 £ 010159
n(1405) |1399.8 £2.272%F 528+ 7.670L 1.8940.217) 31

X(1870) |1877.3 463727 57 +1271° 150402670702

o X(1870) JFC? X(1835)? Need PWA.
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®@ threshold enhancement in J/y2y®@
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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 =0+, M=1812" +18MeV/c® T =105+20+28MeV/c’
B(J/w — »X(1810)-B(X (1810) = w¢) = (2.61+£0.27 +0.65)x10™
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®@ threshold enhancement in J/Ww2>yon@

o~ 250— ~. 6
L r —— [ata L i
2 200 S @) 3 |
- —— |
< 2DD: coeme £(2020] O
o L -— f,(1950) — 4
E 15':} __ —_— 1](2225| K |
= - = Phase-space +K
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0 2 25 3 -
M(K'K ' nl)(GeV/cd) My n?)(GeV/ic?)?

PWA with covariant tensor amplitude. Arxiv: 1211.5668
Threshold enhancement: X(1810)

JPC =0+, M=1795+7 MeV/c?  T'=95+105MeV/c®
B(J/y — yX(1810)-B(X (1810) = wg) = (2.00+0.087'>)x10™
DOZI suppressed, the branch fraction is too large.

Why? X(1810) is exotic states? £,(1710)?
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Study of JAy=2ymm=2yyyyy

1 V2 Ve gl ot .
o 5o LG mm KK n'7) predicted to be

3:4:1:0:1. Glueball is flavor blindness. The
analysis for other processes are 1n process.

e 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 J/w=2>ynn

: “BES /11 plfe“ 220
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) " (h) my(Gevic) (1) MyGevic)
Resonance  Mass(MeV/c?) Witlth{I\L:-‘u-"_,.-"rj} B(J/i = ~X — i) Significance O f0(1710) and f0(2100) are the
fo(1500) 1468t paetd B (1610 108 820 dominant scalars.
fo(1710) 1750181 Taflots (a0 s 107 2500

N . e Of,(1500) exists (8.20).
fol2100) - 20s1%T AW (09955 x 107 1390 o(1500) (8:20)
fy(1525) sttt a0t 10e

s n‘ - O £,'(1525) is the dominant tensor
f2(1810)/ fa(1950) 182272188 op0BRRHE (5axfERM 1070 640

f2(2340) 9369 t31+140 qaqHOHIEE (e e ot 0614236, q0-5 76 o

—30-63 —54-100 | —0.65-2.06/
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Isospin violate process
Jhy=2v1(1405)2>v£,(980)a’ > yanm’
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M(f (980)r%) (GeV/c?) M(f (980)n%)(GeV/c?)

PRL 108, 182001 (2012)

n(1405)(0*(0-*))=> £,(980)(0"(0""))a%(1-(0-*)) isospin violate process.
Br(J /v — yn(1405) — yn° £,(980) =y’ 77)=(1.50£0.11£0.11)x10~

Br(J /v — yn(1405) — yz° £,(980) = y2°’7z°72") = (7.10+£0.82 +0.72)x 10~

Br(r7(1405) — z° £,(980) - 7’7" 77)
Br(77(1405) — 7°a,(980) — 7°z"n)

While the a,-f, mixing rate is less than 1%

The isospin-violating decay rate:

~(17.9+4.2)%
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Isospin violate process
Jhy=2yn(1405)2>v1,(980)n’ > yanm’

100

3 180 . (a) E i
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S 10 8 |
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T 20 S Gl JARN
0% =59 "0 11T 12 0= =% " Ho0 1Tz
M(r*r)(GeV/c?) M(n°r0) (GeV/c?)
M =989.9+0.4MeV/c* M =987.0+1.4MeV/c?
[=9.5+1.1MeV/c? [=4.6+5.1MeV/c®

f,(980): PDG value I'=40~100MeV

How to explain the narrow width of £,(980)
and large branch fraction of isospin
violated process?

Triangle singularity(TS) mechanism.

Phys. Rev.Lett. 108, 081803 (2012).
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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 (Nucl.Instrum.Meth. A534 (2004) 241-245)
package is used to generated the formula.

e L
g w D d)
E-* 150 E = Jf |
< a | b |
"‘é‘, 100 % 100 1 ' I
S 0 5
L-: "‘J e,
0 15 2.0 25 ] 3 25
M, (GeVic?) an(Ge\-'fcf}
The global fit result

Phys. Rev. Lett. 110, 022001 (2013) 17



Observation of two new N* resonances in y’2>ppn’

200 F

Fvents/(32MeV/ed)
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Resonance N (%) B.F.(x10~5)

N(940) 187050 357 27.5+ 0.4 6.427F0 20 +1-72
N (1440) 1060150202 27.9+ 0.4 3.58t{§;§j§ N
N (1520) 19071508 28.0 + 0.4 0.6470 02057
N(1535) 673110 Tooe 25.8 + 0.4 2471058 T on
N (1650) 1080177 +352 27.2 4+ 0.4 3.767T0 T aE
N(1720) 510727 +00. 26.9 + 0.4 179t 0t E
N (2300) OIRTosFo ad2E04 2627007
N (2570) 795+45H127 353404 21370054040

Total 4515493 25.8 + 0.4 16.5+0.3+ 1.5

ooft T A _:I;Efmé;. ) 0 Two new N* states are observed,
ol :Ewg; i N(2300)(1/2%) and N(2570)(5/2°).

M(2300) = 23007 "1 ®MeV/c?,
['(2300) = 3407 1 1°MeV/c?
M(2570) = 2570";, HiMeV/c?,

VI [(2570) = 250% “*MeV/c?

100 —

) e L
30 I = —
e L - T m

Fvents/(32MeV/c?)

e
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Summary

Many interesting states are observed: X(1835)(0),
X(pp)(0), X(1870)(?), X(c0p)(0™)

Some of them are exotic states candidates.

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

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

Troubled by the possible mixing between glueball
and qq, 1t’s hard to distinguish an exotic state from
normal states.

Amplitude analysis 1s needed to determine the
property of these states.
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