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* Introduction

* Hadron Spectroscopy

>$CG|G|"(O++) -- f0(1370), f0(1500), f0(1710)
»Pseudoscalar(0-*) --1n(1440)/1(1405)/1(1475), X(18XX)

¢ Summary
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| 2004 started BEPCII/BESIII constructlon
ff v" Double rings

/‘< | v/ Beam energy: 1-2.3 GeV

; I~. % ;' - ‘/ Designed luminosity: 1x10% ¢m2s!

3 2008: test run

2009 — today: BESIII physics runs
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Besm Detector
RPC Muon Detector

8 layers (end caps) + 9 layers (barrel)
AQ/4 =93%

Superconducting solenoid (1T)

Electromagnetic CsI(Tl) Calorimeter
0./E<2.5% @1 GeV (barrel)
0:/E<5% @ 1GeV (end caps)

o, = (6 mm)/EY2 @ 1 GeV

Time of Flight
o,=90 ps (barrel)
o, =120 ps (end caps)

Drift Chamber
0,= 130 um (single wire)
G,/pP:=0.5% @ 1 GeV

Nucl. Instr. Meth. A614, 345 (2010)
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BESIII Collaboration

Political Map of the World, June 1999

http://bes3.ihep.ac.cn
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BESIII started data taking for physics since 2009

6

. 1 3)(109 J/‘L/) é I : EE:::?:reliminary)

© 10 9(2S) TS

i 29 fb_l @ lp3770 I <= pluto

+ 0.507 @ Pagu “f

. 2.3fbl @ 4230/4260 MeV |

« 0.5fb1@ 4360 MeV °f

. 0.5fbl @ 4600 MeV | AL M

¢ 11 @ Yyy5 “f % H%H

. 0.1fbl@ 4470/4530 MeV N %

 0.04 fbt around A, threshold - N

. 1fbl@ 4420 MeV

« R scan: ° 2 3 4 s el
« 2-3GeV, 19 points, ~0.5 fb <M (SR) SESH (direet
. 3.85-4.59 GeV, 104 points, ~0.8 fb- ¢ >

MORE:
« 3554 MeV 24 pb1 1t mass; 4100-4400 MeV 0.5 fb-1 coarse scan
* On-going data taking

May 20, 2016 28th Blois



Suggested qq quark-model assignments for
some of the observed light mesons.

Lattice QCD predictions for glueball masses

n 2Ly, JPC =1 =2 =0 =0
ud, Td, é(dg— uT) s, d3; ds, —Ts i *
1150 o~ w K n 7/(958)
138 1= p(T70) K*(892) $(1020) w(782) B
11p 1+- b1(1235) Kyt h(1380) hy(1170) i
137 o+t ao(1450) K}(1430) Fo(1710) Fo(1370) 4
13p 1+t a1(1260) Kyt F1(1420) F1(1285) PDGZOI 6 ; T]c(2S) % (IP)
r c2
18R ik a2(1320) K#(1430) F(1525) f2(1270) %
11D, ik 7o (1670) Ko(1770)t 15 (1870) 72(1645) O | e i
2 8 T,

13D, = p(1700) K*(1680) w(1650) % m ~
13Dy 9= K1(1820) 2 - @ B
13Dg g p3(1690) K(1780) $3(1850) w3(1670) o fJ (2220)
13F 4t a4(2040) K }(2045) £4(2050) B
13¢ g (2350) K3(2380) % 4710

: . : I %|e £ (1500) % e f(1525)
135 gt+ 2450 2510 n

X 26(2450) fo(2510) f(1370) 1(1295) £,(1270)
218, ot 7(1300) K(1460) n(1475) n(1295)
288, 1=~ p(1450) K*(1410) $(1680) w(1420) O-H 0'+ Z-H_

May 20, 2016
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Scalar (0**)

0  n—
10 | S
» Eur. Phys. J. C 21, 531-543 (2001) 3" e Bre—
8 —
v £,(1370): Large nn, small s§ and significant Glue —r— 133
content 2B e T o
2
v ,(1500): s5 and nn out of phase
v f,(1710): Large s5 content Y. Chen etal, 1
. PRD 73, 014516(2001
» Physics Reports 389 (2004) 61 _ ( | ) ;
v ,(1370) Largely nnn
v f,(1500) mainly Glue o SAULI Eiawiag
. = 27T 5.83(5 2390(30) (120
v f0(1710) mainly s§ 0+t 6.25%6%%6% 2560%35;5120;
17 T.27T(4)(7 2980(30) (140
> PRL 110, 021601 (2013) o plbgsd 3040(40)(150)
) 3t- 8.79(3)(9) 3600(40)(170)
v f,(1710) dominant Glueball components 3+~ 8.94(6)(9) 3670(50)(180)
1= 0.34(4)(9) 3830(40)(190)
> 27~ 9.77(4)(10) 4010(45)(200)
37 10.25(4))(10) 4200(45)(200)
2t 10.32(7)(10) 4230(50)(200)
0t 11.66(7)(12) 4780(60)(230)

May 20, 2016 28th Blois
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first studied by
Crystal Ball (1982):
f,(1710)

» Crystal Barrel (1995):

f,(1500) [pp—nnn]
- E835 (2006):
f,(1500) [pp—nnn]

fo(1710) [pp—nnn]
. WA102, GAMS:

f,(1500) [yn mode]

May 20, 2016

28th Blois

EVENTS/(0.05 GeV)

| Crystal Ball 1

PRL 48, 458 (1982)

1.0 1.5 20 2.5 3.0

Mnn  (GeV)
.5_;12@0[ ]

§‘°°°°.'

L PLB #534571 (1995)
6000 -

t \

4000

m{ f Crystal Barrel ‘

o .
1100 1200 1300 1400 1500 1600 1700
m(nn) (MeVrc?)



BESIII: PWA of Jy — ynn, n — vy

* f,(1710) and f,(2100) are dominant scalars

* ,(1500) exists (8.20) -
*f,°(1525) is the dominant tensor
- ,(1810) and f,(2340) exist (6.4 and 7.6c)

* No evidence for f,(2220)

l§l T

#¥nbin=1.72

1

1%nbin=1.19

I§I|l

l-8‘lll

Events / 0.020 GeV/c?

o
(=

Resonance Mass(MeV /¢?) Width(MeV/c?) B(J/v — vX — vnn) Significance

R A
p = ~Q+14+4-23 Qr+41+28 A= +0.2640.51 -5 p M, (GeV/e)
fo(1500) 1468715774 136256 100 (1.65Z¢ 3121 40) X 1077 820
‘ - e R
1759467 55 fretintsy | 2867 s x10* 12500 800 3
i 1 2nbin=0.69 i
K" a+2 oma+27+7 +0.09+40.6 —. 16
‘2081:*:1'31-335 2"5i2|t2(_'; (1-1'5_::.])(,_t‘(),.231) X 1() l 1‘5() g wo__ ': - .
2 ] g oofF T }
SEi e e+12+16 Q 19+0.43+1.37\  10—5 ; L 1 2 | ]
1513+5775, 75710 8 (3.427 551 1 30) X 10 1100 2 400f 1 & (¥inbin=0.68
1R00+29+66 590+52+88 & A1(+0.604+3.42 10—=5 ; - - 200 =
2(2340) / 236213.153° JEqgrietil EENISTLIxIFT $%Be R kL e i ) | 1
.f—( ) —30—-63 —-54—-100 ( *“,().)—2,1!4) 01 05 o 0.5 1 0 5 0 >
u»sen On

May 20, 2016 Anacapri 10



PWA of J/y >ynere®

PRD 92, 052003(2015)

g oE " BESTI * Model-independent PWA;
2 1o e b ®* Provide a description of the
oy e, scalar and tensor components

N astes, WS s . i
05 1 1.5 2 25

Mass(r°r%) [GeV/c’] of the 7to7t0 System,

— ) * 0+ 6(f,(500)), f,(1370),
A B f,(1500), f,(1710), and f,(2020);

Events / 1

Events / 15 MeV/c?

llllll[[lllllll"”]lHII]”I

05

(c) 2 M2 1!
Pk
¥ BESE

@ %
% Iz
R, i m&ﬂﬁwﬁv S a8 ¢
1.5 2
Mass(n®n?) [GeV/c?]

o | BESIT

* 2+ dominant by f,(1270);

Events / 15 MeV/c?

®
2
=3
illl|II(|IlI|III|III|III|III|III|I

05 25

Events/ 15 MeV/c?

LIPSO negtan thetan, 0t —-d [l . I .L.’ aat MR o L 6‘- o sod .t 2 ‘f
05 1 15 2 25
Mass(nn?) [GeV/c?]
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Decay rate of pure glueball from LQCD

»Pure scalar-glueball rate in J/\y radiative decays
BR(J/y—YG(0**))=3.8(9)x10°3 PRL 110 (2613) 021601
BR(J/y—vf,(1710)>yKK)=(8.5132) x 104
BR(J/y—yf,(1710)—>ynr)=(4.0+1.0)x 10~
BR(J/y—vf,(1710)>y0n)=(3.1+1.0)x 10~
BR(J/y—vf,(1710)>ynn)=(2. 352013+ 574)x 10~*

» Pure Tensor-glueball rate in J/\y radiative decays

BR(J/y—YG(2+))=1.1(2)x10° RCa13 Boteoi
Large decay rate is predicted
Need more experimental information!

EXp.

May 20, 2016 28th Blois 12



Pseudoscalar (0*)--n(1440) —

> First observed in pp  r—r— E

Nuovo Cimento 50A(1967)393
vpp - n(1440)ntn~(,n » KKn)
v'Mass: 1425+7 MeV, Width: 80+10 MeV

»1(1405) and 1(1475) observed in different decay modes

v' T~ D : PRD40(1989)693, PLB516(2001)264

Y. Chen etal,
PRD 73, 014516(2001)

v'Radiative J/ decay: PRL65(1990)2507, PRD46(1992)1951

v pp annihilation at rest: PLB361(1995)187, PLB400(1997)226, PLB462(1999)453,
PLB545(2002)261

May 20, 2016 28th Blois 13



Pseudoscalar (0-*)--n(1405)/n(1475)

The Structure of n(1440)

»Experiment
v'1n(1440) split to n(1405) and n(1475) (from PDGO04)
v'1n(1405)—>nnn , or through a,(980)r (or direct) to KKn
v'1(1475)—>K*(892)K
»Quark-model
e 1n(1295): the first radial excitation of the n’
e 1n(1475): the first radial excitation of the n
e n(1405) ?
»Phys. Rev. D87, 014023(2013)
* 11(1405) and n(1475) are the same state with a mass shift in different modes

May 20, 2016 28th Blois 14



v'1n(1405)>yp M(1475)—>vd

Table 2

Comparison with other experiments

Decay mode Mass (MeV/c?) Width (MeV/c2) B(J/¥ - yX)B(X - yV) Experiment

(x10~4

£1(1285) = ypl 1281.940.6 240412 034 40.09 PDG [1]
127147 31414 0.2540.0740.03 MarkIll [7]
1276.1 £8.1 £8.0 400486493 038 40.09 4 0.06 BESII

1(1440) > yp0 1400-1470 50-80 0.6440.1240.07 PDG [1]
1432 +8 90 426 0.6440.1240.07 Marklll [7]
1424 £10£11 1010488488 1.0740.1740.11 BESII

1(1440) > y¢ <0.82(95%CL)) BESII

May 20, 2016 28th Blois

Pseudoscalar (0*)--n(1405)/n(1475)

PLB594(2004)47

/ 20MeV
& O
© ©

Events
-
N
o

—
o
o

80 f
60 f
40 |

20}

Fig. 2. The yp invariant mass distribution. The insert shows the full
mass scale where the 7(958) is clearly observed.
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Pseudoscalar (0‘*)--11( 1405)/ “(1475) .

3

2

1

1

Event/(0.038 GeV/c?)

400
\/n(1475)_ ),Y(I) N§ .
o B
© 2001
2 T
O 100f oA
S BT NS0 a— .
Qo B
Lﬁ -100;
Y¢ GeV/c
| Resonance

Destructive f1(1285)
interference  m(1405/1475) (">1479+11+21
X(1835) ,\/>’,\/ 1812+59+42

Constructive f1(1285Q/6 PDG
interference  (1405/9475)  1479+11+16
X(1835) 1813461445

May 20, 2016 28th Blois

iPDG

2!’(‘:.

133iBSiZO
161+47+24

PDG
132+36%31
160+81+43

oo:

oof
sof
oof
501

0 B YT e PRV e 11 11T RECYY T
1.2 14 1.6 1.8 2 2.2

M(y & GeV/c?)

0. 30+O 12+0.17
11.8+2.2%1.9
9.0x2.6%2.2

0.29+0.12+0.17
/7.911.3%1.9
1.6+0.5%£0.3
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Result (BESIII preliminary)
» The structure in y¢ favors n(1475).

Assuming 1(1405) and (1475) belong to One sta’Fe assumpt-lon: .the ra.tlo between yp
one meson [1]: and y¢ final states is a little bit larger than

['(n(1405/1475)>yp) :T(n(1405/1475)>vp) =3.8:1  the prediction in Ref[1].
Two states assumption: n(1475) probably

the first radial excitation of the n

The partial width relationship of yp and y¢ final states

» S .
///,0/' Constructive Destructive
['(f,(1285)>vp)[3]:[(f,(1285)>yd) /”h/n 5, (128.8 +96.7):1  (129.3 £99.8):1
['(n(1405/1475)>vp)[4]:T(n(1405/1475)>vd) (6.6 + 2.1):1 (9.9 + 2.8):1
[1] X. G. Wu et, al. Phys. Rev. D 87, 014023. [3] BES Collaboration Phys. Lett. B 594, 47.
[2] L. Kopke and N. Wermes Phys. Rep. 174, 67. [4] Particle Data Group Chin. Phys. C 38, 090001.

BESIII Preliminary



TABLE V. The mass, width, and branching fractions of J/¢ decays into {w, ¢}X(1440).

J/ i — X (1440) J/ i — ©X(1440)

(X — KK 7~ + c.c.) (X - KtK— 79

M = 1437.6 = 3.2 MeV/c? M = 1445.9 = 5.7 MeV/c?
I' = 48.9 = 9.0 MeV/c? I' =34.2 = 18.5 MeV/c?

B(J/¢¥ — 0X(1440) —» wKK* 7~ + c.c.) = (4.86 + 0.69 + 0.81) X 107*
B(J/¢ — 0wX(1440) —» wKT" K~ 7°) = (1.92 = 0.57 = 0.38) X 10~
B(J/¢ — $X(1440) — KK 7~ + c.c.) < 1.93 X 107> (90% C.L.)
B(J/¢y — $X(1440) — K"K~ 7%) < 1.71 X 107> (90% C.L.)

M. Ablikim et al, Phys. Rev. D77, 032005(2008)

20164E5 H20H 2 H RN 18



TABLE I. Summary of measurements of the mass, width,
and the product branching fraction of B(J/¢ — wX)X
B(X — aj (980)77) X B(ag(980) — m7*) where X represents
f1(1285), n(1405) and X(1870). Here the first errors are statis-
tical and the second ones are systematic.

Resonance Mass (MeV/c?) Width (MeV/c?) B(10™%)

£i(1285) 12851+ 1.0%8 220310 1.25+0102%8
n(1405) 1399.8 +2.2%2% 528+ 769! 1.89+0.21132]
X(1870) 1877.3x63%1 57x=12% L50+02613%

M. Ablikim et al, Phys. Rev. Lett. 107,

182001(2011)

QN ® O
2888

Events / (20 MeV/cz)
- N W A W
88888

o

(GeV/cz)

nn*n

FIG. 4 (color online). Results of the fit to the M(n#7" 77)
mass distribution for events with either the n7* or p7~ in the
a,(980) mass window. The dotted curve shows the contribution
of non-w and/or non-ay(980) background, the dashed line also
includes the contribution from J/ ¢ — b{(1235)a,(980), and the
dot-dashed curve indicates the total background with the non-
resonant J/i — wag (980)7™ included. y?/d.o.f. is 1.27 for
this fit.

20164F5 /20 H 211 R

19



Decay mode Branching fraction B

J/v — nY (2175), Y (2175) — ¢ f0(980), fo(980) o (1.20 4+ 0.14 £0.37) x 10" =
J/v — &f1(1285), f1(1285) — 777' T (1.20 4 0.06 4+ 0.14) x 10~*
J /1 — ¢n(1405), n(1405) — nmtn— (2.01 £ 0.58 4 0.82)(< 4.45) x 10~°
J/v — ¢$X(1835), X (1835) — nntw— < 2.80 x 10~
J/p — ¢ X (1870), X (1870) — nmtn— 613 107
<~ 400 -
2 - sassssss n(l)n TC-
> 350|- - == non-n/¢ backgrounds
O ool —— histograms: X(1835)
o -u=u=u histograms: X(1870)
o=
@ 250 |-
= L
O 200}
L B
150 |-
100 |-
M. Ablikim et al, o

-
Illlllll

1.1 12 13 14 159 16 1/ 16 19 2

Phys. Rev. D91, 052017(2011)

201645 H 20 H £ HiTi T £ M(nn’n*)(GeV/cz)
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n(1405) in J/Y->y3T

n(1405)—a,m
¢ r|(1440){ n(1475)-K* K

® One or two resonances?

K'(—K-') . ﬂo
1(1440) —
K(K)

T
K(K) {
f(980) 71

Triangle Singularity (TS)

one n(1440) is enough to
describe the experimental

data !
J.J.Wu et al, PRL 108, 081803(2012)

PRL 108, 182001 (2012)

s 2

Events/(0.02GeV/c?)
8 g

Events/(0.02GeV/c?)

93 14 N 9% 14 18 1.8
M(f (980)r)(GeV/c?) MI(f (980)r)(GeV/c?

The isospin violated decay m(1405)—1£,(980)n0 is
observed for the first time with a significance >10e.

Resonance M(MeV/c?)  T(MeV/c) Branching ratios
n(1405)(7* 7~ ") 1409.0 £ 1.7 483+52 (1.50+0.11=0.11) X 107
n(1405) (77" 7") 1407.0+35  550+110 (7.10+0.82 + 0.72) X 107

May 20, 2016



Measured results of 1(1440) at BES2/BESII|

BES2 BESIII
._
Y 1n(1405) 1n(1440) 1n(1405) 1n(1405)—>yp

(2.6+0.7)-10* 31 (1.50+0.11+0.11)-10> (1.07£0.1740.11)-10-*

370 (7.10+0.82+0.72)-10¢  1(1475)>7d
(7.9+1.3+1.9/
11.8+2.2+1.9)-10°°

® 1(1405) 1n(1440)
(1.8940.21+021).10% KiKm: (4.86+0.69+0.81)-10
K*K'n®: (1.92+0.57+0.38)-10

¢  n(1405) n(1440)

(2.01+0.58+0.82)-10° KKm <1.93-10° @90%CL
(<4.45-10° @90%CL) K*K7n® <1.71-10° @90%CL

28th Blois May 20, 2016 22



Status of X(18??) at BESIII

« X(pp): =0, I/V->vpp, PRL108,112003
. X(1835): JF=0-, J/U->yreren’,  PRL106, 072002
* X(1840): JP unknown, J/Pp->y3(mim), PRD88,091502
* X(1870): JP unknown, J/yp->wnrtrr, PRL107, 182001
. X(1810): J° =0+, I/b->vwe, PRD 87, 032008

X(18?7?) near proton-antiproton threshold :

* X(1840) is in agreement with X(1835) and X(pp), while its
width is significantly different

* Are they the same particles?

* More studies are needed

28th Blois May 20, 2016
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X(pp)/X(1860) in J/Y—ypp

Strong enhancement first observed at BESII PRL 108 112003(2012)
[PRL91,022001(2003)] and confirmed by

CLEO-¢ [PRD82,092002(2012)] : _ zgg BES]I — §+<plyg )
* PWAwas firstly performed at BESIII, *“% 500 — ogé(l)g;
* Significance of the X(pp) component > 306, Q¥ 400 ?

>5¢ for the other components ; S 300
* The 0+ assignment is better that other JPC ; % 200
o M=1832+27(stat)+18(syst)+19(mode)MeV/c? ; g 100 f o Boe
« I<76MeV/c? (90% C.L.); 0 B

0.0 0.1 0.2 0.3
No similar structure was observed in J/y—»wpp or J/U—dppp; Mpp2mp(GeV/ic?)
PRD 87, 112004(2013) arXiv:1512.08197

80
70
60
50

~—— total fit
. oyaa U 0PP

SN (J/y— 0 X(pP))

non-resonant contribution

 sideband fit

o sideband data

-o-Data

— Global Fit (a)
—=X(pP)

- - Background

¢—KK|,

Events / (10MeV/c?
N
3

Events/ (0.01 GeV/c?)

40 100
30 50
: 04
20 Tosk e
S 02 —— i E
ot T BESIT | dof . |
0 0 0.05 0.1 0.15 0.2 %800 0.05 0.10 - 800 0.05 0.10

s M_.-2m (GeV/cz) M _.-2m (GeV/c)
M(pp)-2m, (GeV/c?) May 20,2016 = e
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Confirm X(1835) in J/y—=>yntnn

PRL106,072002 (2011) |« X(1835) was first observed at BES, and then confirmed
500 - BESTT 7 . at BESII [PR!_95_,262_001(2005)]; o |
o ; 4 1 * theangular distribution of the radiative photon is
> 400 | | & #y &% ] consistent with expectations for pseudoscalar;
Q 300 &2 " d ° Many interpretation: pp bound state? Glueballs?
g'/ Radial excitation of the ’ meson?,...
z 200f - Needed higher statistic
= N
5 100;_ *. PRI oy ,
0 14 1.6 1.8 2.0 22 24 2.6 2.8
M’ ) (GeV/c?)

dN/d|cos6, |

Resonance M(MeV/c?) I'(MeV/c?) -

£,(1510) 1522750 4811 230 +37  >576 R 1+cos20
X(1835) 18365+30  190.1+£90  4265= 131 >20¢ b Ll e e T B
X(2120) 2124+67  83*16 647 103 5796 T R v I a—
X(2370) 2376387  83x17 565105 5646 |cos8,

28th Blois May 20, 2016 25



Fit to Mass spectra of n'm*n: MODEL I

2500 M T T T T T T T T T
- 4 : B ' ‘ ‘ ' —+- Data
» Using the Flatté formula for the line shape T
2 & 2000 et S -
VPout 2 2 9pp o i WW - X(2120) 1
° T — ~ _I_ B — > L 1200 ] ——Ngg-Rsosgnant i
M2—5-1%, g2pK’ 2k 9iPr = 9o (Po g2 Ppp) 2 ol I i
. ggﬁ /gé is the ratio between the coupling strength to the pp channel T T ik ]
and the summation of all other channels & 1000 BESIII FARL™ '
c - do ]
Q[ Preliminary ¢/
L 500 — ]
M (MeV/c?) 1638.0 1121313278
0
g(z) ((GeV/CZ)Z) 937 tggi ti;g 13 14 15 R/ﬁ:n-;f;] 1((E;e\1//5():2)2 21 22
2 2 +0.37 +0.83
9p5/ 90 2.31 2537 2060
M. (MeV/c?)* 1909.5 +159 +94 logL =630549.5
pole 15.9 -27.5
Fpole (MeV/c?) * 273.5 1314 2640 Significance of grzn_? /g§ being
i i 0.38 +0.31 - -
Branching Ratio (3.93 335 F084) x 107* non-zero is larger than 7¢
* The pole nearest to the pp mass threshold X(1920) is needed with 5.76
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Fit to Mass spectra of n'm*m: MODEL II

* Using coherent sum of two Breit-Wigner amplitudes

2016/5/20

o T = VPout + B'eie'vpout

MZ?—-s—iM Ty M2Z-s—iM,T,

M (MeV/c?)
I' (MeV/c?)
B.R. (constructive interference)

B.R. (destructive interference)

1825.3 ¥24 173
2452 t122+46
(3.01 %537 1538) x 107*

(3.72 X551 T35) X 107*

2500\\\|‘\\|\‘\\|\‘||\\|\\\\\\;ll\\\l‘\\l\‘\ll\‘\l
- ' ‘ ‘ ' —+ Data :
| 1600 B —_ Global Fit 4
- — 1(1510) 1
& 2000 |~ yu00] 1 - X(1835)+X(1870}]
O - : © - X(2120) :
S i + - —-Non-Resonant |
D i 1200 + ] . [ Background ]
E 1500 — 3 -~ pp threshold |
O 1'6 1.5‘35 1‘9 :
S -
S—
g i
@ 100 BESIII
= L
0 - Preliminary
L 500 —

M (MeV/c?)
I' (MeV/c?)
B.R. (constructive interference)

B.R. (destructive interference)

1870.2 ¥22+23
13.0 X171 +21
(2.03 X515 2075) x 1077

(1.57 2509 Zoge) X 107°

01.3 14 15 16 1.7 18 19 2 21 22
Minz'n] (GeV/c?)

logL = 630540.3

Significance of X(1870)
is larger than 7o

X(1920) is not significant
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n'm*n line shape near the pp mass threshold

¢« A signifi,cant distortion of the n'm* " line shape near the pp mass threshold is observed in
J/ -y

» Simple Breit-Wigner function fails in describing the line shape near the pp mass threshold

* Two models have been used

» MODEL I: threshold structure due to the opening of the pp decay mode
* Using the Flatté formula
» Strong X(1835)—-pp coupling, with significance larger than 7c
« M. =1909.5 1123137 MeV/c?
* Tpoe=273.5 1314 610 MeV/c?
» MODEL II: interference between two resonances

* Using coherent sum of two Breit-Wigner amplitudes
* A narrow resonance below the pp mass threshold, with significance larger than 7¢

- M=1870.2 *3% %23 MeV/c?
» I=13.01I1 %34 MeV/c?

* Both models fit the data well with almost equally good quality

pole

» Cannot distinguish them with current data

> Suggest the existence of a state, either a broad state with strong couplings to pp, or a narrow
state just below the pp mass threshold

» Support the existence of a pp molecule-like state or bound state

2016/5/20
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. 0 0
X(] 835) iNn J/lp_)KS KS n provides a clear environment BESIII: PRL115,091803

May 20, 2016

KOKO 17 and KO KO .77 bkgs are forbidden by exchange symmetry and CP conservation

1.3X107 J /Y events

(a) Structure around 1.85 GeV /c?2
(b) Strong enhancement near the
KO.KO threshold interpreted as the
fo(280)

(c) Strong correlation between the
f5(280) and the structure near 1.85
GeV/c?

(d) M(KOKO)<1.1 GeV/c2 e the
structure near 1.85 GeV /c2
became more pronounced

PWA of events with
M(KO%KO)<1.1 GeV /c2and
M(KOKO 77 )<2.8 GeV /c?

:'I'"l"'l"'|"'l"'|"'|"'|': 350h"'l"']"'l"'l"'l"‘l%Sm
~ 500k (8) ~+- Data t1a.f (D) ~+ Data 5
O™ mm Background | ©300F mm Background
> | — Phase space MC{ >~ | } } — Phase space MC'
G200 1 §250) i it :
S300f t| S200hy 4 T 3
o | t1 o W4 ]
< 1 ~150} + }
4200 1@ |
e | o omc% c100f!
2100} b LY —j g :
wi [ ..4 : (il w 50t
01.6 182022 24 2.6 2.8 3.0 01.0 1.2 1416 1.8 2.0 2.2 2.4
K°K° (GeV/C2) K°K° (GEV/CZ)
2.4_ IS i AT Rl R o5 BREEE REES R 5
(C) Data 26 70 (d) —~+ Data 3
290 P B Background ]
r 60} 3 < — Phase space MC~

2l22 2426 2830 16 1820 2224262830
28th «, (Gev/c?) ke, (GeV/c?)
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X(1835) In J/lp_yYKSKSTl BESIII: PRL115,091803

Final fit results: the data can be best described with three components:
X(1835)—f,(980) n, X(1560)—f,(280) 1, and a non-resonant f,(1500) N

component

O T me e

L 70} B . N

. . . . = | — MC projection ]

v' Mass/Width consistent with the X(1835) in LS { o
) o 50f X(1560)

o " ase space

y=ynmm S 0] e

v Mass/spin consistent with those of the X(pp ) @30}

L . _ o 20} :

v Width is larger than the width of the X(pp ) 1%’10: ; :

01-.6 1.8 2.0 22 24 26 28

Myoycs, (GeV/c?)

M = 1844 £ 9 (stat)+32 (syst) MeV/c? I' = 192+29(stat)+85(syst) MeV (>12.90)

BR = (3.34+032(stat) +159 (syst)) X 1075
May 20, 2016 28th Blois 30



X(1840) in J/P—>y3 ()
PRD 88, 091502 (2013)

SO | o8 8 T P BT e e Rl &Y 5= AT * Astructure at 1.84GeV/c? is

BESII ! observed in the mass
spectrum 3(z*mr) with a
significance of 7.60;

* M=1842.2+4.271,, MeVIc? ;
I'=83+14+11 MeV/c?;

Illlll

N
(o2}
o

N
o
o

EVENTS/(10 MeV/c?)
> o
o o

(o)
o

Illlllllllllllllllllllll

"lllll'vllll|l|llllllllll

o

1.6 1 18 1.9 2 2.1
M(3(r*1)) (GeV/c?)

B(J/¢ — yX(1840)) X B(X(1840) — 3(m* 7)) = (2.44 = 0.36705%) X 107>

v" The mass is consistent with that of X(1835), but the width
Is significantly different from either of them, and much
smaller than I'y;g35) =190.1£9.0*38 ;5 MeV/c? ;

v" We cannot determine whether X(1840) is a new state a
new decay modes of existing X(1835)7?

28th Blois May 20, 2016



X(1870) in J/Y—wnmtm
PRL 107, 182001 (2011) X(1870)
] S It | FEnt APTE Bt o FCRL B S B . 7.20

* First observation of J/y—®X(1870) .
and X(1870)— a, (980) =¥ with the 900 £
significance 7.2; s00 § £,(1285) || n(1405

e M=1877.3+6.3(stat)+33(syst) MeV/c2

* T'=57+12(stat)+1°(syst) MeV/c?;

e f,(1285) and n(1405) are also observed

-
o = -
-

400 F

Events / (20 MeV/c?)
2
(e}
|

with significances >10oc; 300 E e

e the product branching fractions for 200 Al
X(1870), f,(1285) and n(1405) are 100 77\ A
measured for the first time. 0 E = e

1 4 | .6. | .8. 2.0 2.2
M, o (GeV/c?)

Resonance Mass (MeV/c?) Widih MeV/c®) — B(0™)  \whether the resonant structure of
£1(1285) 1285.1 = 1.055% 220+3.173 1.25+0.1070 X(1870) is due to the X(1835) , the
n(1405) 13998 £2275) 528 £7.655¢ 18902155 4 (1870), an interference of both, or a
X(870) 187736353 ST+1217 L0 026%% new resonance still needs further study!

28th Blois May 20, 2016



28th Blois

X(1810) in PWA of J/{i>y

&/

* Jy—yod is Double OZI suppressed;

* The X(1810) is first observed by PWA at
BESII [PRL 96, 162002 (2006) | ;

* Observed and confirmed at BESIII with
the significance >30g,;

* the JPC of the X(1810) is 0** ;

* The enhancement is not compatible with

Event/(0.04GeV/c?)

250 |

N

o

o
-

150 F
100}

50

0P

PRD 87, 032008(2013)

2

—&— Data

—— Projection
=e=e X(1810)
------- f_0(2020)
e § - 2(1950)

— — 1|(2225)

— - - Phase-space
-------- Background

3

(a)

either the X(1835) or the X(pp) due to the 2.5 )
- - - 2V -

different masses and spin-parity. M(K'Kn*n'n®) (GeV/c?)
Resonance Jre M(MeV/c?) I'(MeV/c?) Events AS Andf Significance
X(1810) 0" 1795 =7 95 =10 1319 + 52 783 4 =300
f>(1950) 27T 1944 472 665 * 40 211 2 2040
f0(2020) 0" 1992 442 715 + 45 100 2 13.90
7(2225) 0" 2226 185 70 £ 30 23 2 6.4
Coherent nonresonant component 0" . e 319+ 24 45 2 9.1¢

May 20, 2016



Events /(20 McV/cz)

S00
800
700
600
500
400
300
200
100

Ihp—onmr
PRL 107,182001

i

Event/(0.04GeV/c?)

May 20, 2016

A Pna40s) X(1870)
12 14 16 L& 20 2
M, .. (GeV/c?)
250 A —e— Data
| —— Projection (d)
200F (M| 7 a0
: ! e §_2(1950)
i — — n(2225)
150 — - Phase-space
L b Ry Background
100}
SOF | e T
L — 25 3
M(K'K ' n0)(GeV/c?)
Jp—ywp PRD
87,032008
>300

I' (MeV)

250 I
— B PRDS88,091502
B — @ PRL106,072002
B Jp—m'ntw I PP threshold A PRL107,182001
200— | (O PRL108,112003
B dk pPRD87,032008
- l ol PR 115,091803
| [
150 o] L B B B I
L oK O =
- WRIN gl MpoBrm)
L I % 2002— ?—z
100 = PRD 88,091502 o
50 :_ I - OE““;JG T . ‘J118..‘.1|9l - -I-I‘Zi'l-l- . ;2I.1l E
L 3/ 1,0—’}’135 : M(3(r)) (GeV/c?)
0 B | 1 1 IKK 1 | 1 1 | 1 1 | 1 1 1 1 | ‘
1800 1850 1900 1950
M (MeV/c?)

X states near proton-antiproton threshold

More studies are needed
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Summary

BESIII started data taking for physics since 2009

* World largest data samples at J/y, v, y(3770), w(4040), Y(4260)
already collected, more data in future coming soon

* BESIIl is in her golden age, more results will appear: charm
meson, form factors, tau physics, two-photon, rare processes ...

e BESIII is playing leading role on hadron spectroscopy
* Expect more results from BESIII in the future !
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Thanks!



