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Beijing Electron P05|tron Colllder II (BEPCII)

beam energy: 1.0 - 23GeV 2

*1989-2004 (BEPCI):

> 2\, Lyea=1.0x10%! /ecm?s
> 2004: started BEPCII upgrade,

<N BESIII construction

¥ 2008: test run

=8 2009 - now: BESIII physics run

§  BESIII
Y detector




Nucl. Instrum. Meth. A 614, 345 (2010)
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Data Collected at BESII|
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World largest J/Y, (3686), Y(3770), ..
produced directly from e*e collision — ideal factory to study hadron spectroscopy
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Outline

BLight Meson spectroscopy
W X(1835) and X(pp)
W)/ > ynKKS
B)/§-yn'nn”
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MDiscovered by BESIl in J /Y — ypp
B Confirmed by BESIIl and CLEO-c in ¥(3686) —» ttn™ J/, ]/ = ypp

BMConfirmed by BESIIl in /] /Y — ypp and its JP¢ determined by PWA
‘]pc — 0—+
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700 f
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X( 183 5 ) Phys. Rev. Lett. 95, 262001 (2005)

<120
MDiscovered by BESIlin J /Y - yn'ntm™ =
=
MConfirmed by BESIIl in J /1 - yn'm¥n™ with two ' decays 8 °
® M = 1836.571° + 3.075$ MeV /2 E 40
O =190 + 9+38 MeV /(2 > i

® Angular distribution is consistent with 0~ 1.4 2.0 , 26
M(r'n’) (GeV/c?)

® Observed two additional structures > 2 GeV /c? Phys. Rev. Lett. 106, 072002 (2011)
5000: o I I I I

Resonance MMeV/c?) '(MeV/c?) Nevent N§ 4000
£.(1510) 1522750  48=11 23037 .5,,9 2000
X(1835) 1836.5 3.0  190.1%9.0 4265+ 131 5205 2
X(2120) 2122.4 + 6.7 83+ 16 647 =103 >7.20 E 2000 E
X(2370) 23763 +8.7 83+ 17 565+ 105 >6.40 §

[E 1000 [~ ]

M’ )(GeV/c?) |cos,|
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Observation of X(1835) in J/y — ynKJKS

Phys. Rev. Lett. 115, 091803 (2015)
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Observation of X(1835) in J/y — ynKJKS

WX(1835)
W JP¢ determined to be 0~ %

B X(1835) - nKJKJ (> 12.9 o), dominated by f,(980) production
B M = 1844 + 9732 MeV /c?
W [ = 192129782 MeV /c?

B B(] /1 - yX(1835))-B(X(1835) > nKJ K¢ )=(3.311333%199) x1075 g 30;

M Consistent with X(1835) parameters obtained from | /1) — )/77’7T+T[_
WX(1560)

W /P¢ =0"F; X(1560) - nKKQ (> 8.9 o)

B M = 1565+ 8%2, MeV/c?

W [ =45%13%32 MeV /c?

B Consistent with n(1405)/1(1475) within 2.0 ¢
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Phys. Rev. Lett. 115, 091803(2015)
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Phys. Rev. D 87, 032008 (2012)

Phys. Rev. D 88, 091502 (2013)
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BAny relations?

BMWhat is the role of the pp threshold (and other thresholds)?

B Patterns in the production and decay modes
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Anomalous line shape of n't™ ™™ near the pp
Mass th reShOId |n ]/ll] - yn’n+n_ Phys. Rev. Lett. 117, 042002 (2016)
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Events / (10 MeV/c?)

Anomalous line shape of n'T™ ™ near the pp
mass threshold in J/Yy - yn'mt m™

Phys. Rev. Lett. 117, 042002 (2016)
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Anomalous line shape of n’ Tl' Tl' near the pp

mass threshold in J/P —» yp'mt ™

BBoth models fit the data well with almost
equally good quality

B Cannot distinguish them with current data

M 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

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

BTo understand the nature of the state(s)

B Take more data

M Study line shapes in other related decay channels

PANIC 2017

Events / (10 MeV/c?)
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Outline

B Glueball Searches

B PWAofJ/¢ — ynn
B MIPWA of J /3 » yr®n®

WPWAof /Y - vdo

PANIC 2017
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Glueballs

BFormed by gluon-gluon interaction
MPredicted by QCD )

M Lattice QCD prediction g™ -
B 0**ground state: 1~2 GeV/c?

Phys. Rev. D 73, 014516 (2006)

L 5
12 O —
2+ m—

" e— 4
—

.

ro Mg

B 2**ground state: 2.3~2.4 GeV/c? 61 prrem 0 T
B 0~ Tground state: 2.3~2.6 GeV/c? 4| O e— °
BExperimentally, some candidates, but not established 2 1
W /,(1370), fo(1500), £, (1710), f;(2220), ... oo
B/ /4y radiative decays are believed to be an ) .
ideal place to search for glueballs
J/ I/ M
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PWA of J /4 — ynn

B Use 225 x10° J /4 events collected by BESIII in 2009

B f,(1700) and f,(2100) are dominant scalars

B f,(1500) exists (8.20)

M f,(1525) is the dominant tensor

B f,(1810) and f,(2340) exist (6.4 o and 7.6 o)

B No evidence for f;(2220)

Events / 0.020 GeV/c?

Resonance Mass (MeV/c?) Width (MeV/c?) B/ = yX - ynn) Significance
Fo(1500) 1468+ 1423 13641128 (LGOI X105 8.20
£o(1710) 1759 + 6714 172+ 1013 (23510841 x 1074 25.00
£o(2100) 2081 + 1372 3t (L1310%08) x 1074 1390
£3(1525) 1513254, 75434 BT X107 1100
£,(1810) 182212046 209+31+88 (5401060342 x 107 6.40
f,(2340) 23621340 3341818 (5.607282+237) X 1073 760

PANIC 2017

Phys. Rev. D 87, 092009 (2013)
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M Br. of f;,(1700) and f,(2100) are
~ 10 X larger than than of

fo(1500)

M Possible large overlap with LQCD
predictions of 0" Glueball (PRL
110 021601)
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Model Independent PWA of J /P — yrr’n”

BMUse 1.3 X10° J /3 events collected by
BESIII in 2009 and 2012

B7070 system
BOnly significant
contributions

M Larger statistics and more open channels
than nn system

B Many broad and overlapping resonances
(parameterization challenging)

BModel independent PWA

0++ 2++

and

PANIC 2017

Events / 15 MeV/c?

Phys. Rev. D 92, 052003 (2015)

Data

5]
TTTTTm

Misreconstructed background
o

eo=ezam

0 1
oooooooooooooooo

1 05 1.0 15 2.0 2.5 3.0
Mass(n’n%) [GeV/c?]

®More than 440,000 reconstructed
events

®Background level ~1.8%
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Model Independent PWA of J /P — yrr’n”

BExtract amplitudes in

each M(m°n®) mass bin

MSignificant features of the
scalar spectrum includes
structures near 1.5, 1.7

and 2.0 GeV/c2

H2**dominated by
£,(1270)

B Multi-solution problem in

MIPWA is usually
unavoidable.

BModel Dependent PWA
of global PWA fit is still

needed to extract

resonance parameters.
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Phys. Rev. D 92, 052003 (2015)
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Mass(n’n®) [GeV/c?]

Nominal Solution
Ambiguous Solution
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PWAoOf J/Y - Yo

M Besides 1(2225), little known on the pseduoscalar above 2 GeV
B New ressults help to map out the psedoscalar excitations and search for 0~* glueball

B Use 1.3 x10° J /3 events collected by BESIII in 2009 and 2012
B PWA procedure

B Covariant tensor formalism

B Data-driven background subtraction

B Resonances are parameterized by relativistic Breit-Wigner with constant width
B Resonances with significance > 5o are selected as components in solution

Phys. Rev. D 93, 112011 (2016)

(b) (©) 2500 w2 MC
R _ ‘v —data
600 S 20000, “ EEbkg Y,
(\; = 1500 ¢ ,o.
[0} =] + 8 .
a0 S S T
~ 8 1000} & .
= = Lo Pos, o
200 = " s00f+ T

2 22 24 26 28 3
M(00) (GeV/c?)

1 105 11 1.15
M(K'K) (GeV/c?) M(y0) (GeV/c?)
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PWAoOf J/Y - Yo

Phys. Rev. D 93, 112011 (2016)

O

(b) 3000

C)

N —4 Data-bkg 3000[- =
Hlﬁ‘\ s : ™ Resonance M (MeV/c?) I’ MeV/c?) B.FE (x10™%)  Sig.
s - £t £ n(2225) 2216420 18511248 (2.4040.107247) 286
0 [ [ mnen T e n(2100) 2050139175 250136181 (3.30 £ 0.09790%) 220
Sl T S e X(2500) 24701540 2307543 (0.17£0.0270%) 880
sl © g 0 ; fo(2100) 2101 224 (043 +0.0470%) 240
i Pff/ £2(2010) 2011 202 (0.35+0.0510%) 9.50
$ ijT*LLL 1. o f2(2300) 2297 149 (0.44 +0.0713%) 640
wf"" b £2(2340) 2339 319 (1.91+£0.147372) 1lo
b T el I . 0-+ PHSP (2.74 £0.151,8) 6.80
cose(K}) %) M(00) (GeV/c?)

B Dominant contribution from pseudoscalars
W 1 (2225) is confirmed
M 1(2100) and X(2500) are observed with large sig.

B Three tensor states
W f,(2010), f,(2300) and f,(2340) are observed
W Strong production of f,(2340) is compatible with LQCD prediction for tensor glueball

B Well consistent with the results from Model Independent PWA
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Outline

BExotic Search
Wy, onnin

PANIC 2017

21



Exotics (J¥¢ =0-—,0", 17+, 2%7,37%,..)

W] "¢ exotic particles: beyond the naive quark model
BEasily to distinguish from others due to the exotic JF¢

HMTheoretically, LQCD predicts the lightest hybrid with exotic 177 is
between 1.8 and 1.9 GeV, the Bag model also predicts an exotic 1~
around or above 1.4 GeV

BExperimentally, T, (1400),7,(1600) were observed in p reaction
decayton /n' / p+m

PANIC 2017 22



Amplitude Analysis of ¥4 > nm ™

Phys. Rev. D 95, 032002 (2017)

Wy, provides another suitable place to look for 1%
M1, (1600) studied in y.;decays by CLEO-c
M Only ,(1400) reported decaying to nm

Bm\World largest y.;sample ( ~ 35K) from 448.0x10° /(3686)events
W ((3686) >y x>y nmim”
B Search for exotic meson with 1~ in nm, n'm and 7w final states

50001

L4000F

eV

=30001

2000

evenis /2

1000F

* data
— fit
- signal
rrrrr background

e

35 355
M(nrtr) [GeV/c?]

MP(r*r) [GeV/c??

a)

---2,(980)

8 10, A

" M) [GeV/cPP
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w1

Amplitude Analysis of Y. — nm m”

e0- . @50 Decay F (%] Slgmﬁcance o] B(xe1 = nrm) [107°]
b ool e T . 4.67 + 0.03 £ 0.23 £ 0.16
> >0 - St a0(980) T~ 738 L06L23 > 100 3.40 £ 0.03 £ 0.19 + 0.11
= 400 -~ tliEfon a2(1320) T 7~ 3.8+ 0.2+ 0.3 32 0.18 + 0.01 £ 0.02 + 0.01
2 a0k a2(1700) T~ 1.0 £ 0.1 £ 0.1 20 0.047 =+ 0.004 + 0.006 =+ 0.002
5 f Sk 2.5+ 0.2 £ 0.3 22 0.119 + 0.007 & 0.015 =+ 0.004
§ 200¢ Sran 16.4 = 0.5 £ 0.7 > 100 0.76 = 0.02 = 0.05 =+ 0.03
8 100 " (7 )sm 17.8 + 0.5 + 0.6 0.83 + 0.02 + 0.05 =+ 0.03
- £ e f2(1270)n 78 +03 1.1 > 100 0.36 = 0.01 = 0.06 = 0.01
%_5 T 1 5 "5 55 3 a5 f4(2050)n 0.6 £0.1 £0.2 9.8 0.026 £+ 0.004 £ 0.008 + 0.001
M(n) [GeV/c?] Exotic candidates U.L. [90% C.L.]
m1(1400) T~ 0.58+0.20 3.5 < 0.046
600k b) + I m1(1600) T~ 0.11+0.10 1.3 < 0.015
o o :;g;ggg m1(2015) T~ 0.06+0.03 2.6 < 0.008
= 200F T
S w00 - Hasoon B Most dominant two-body structure is from ay(980)m
~ 300 . . /
2 ook BObservation of nonzero ay(980) coupling to the n'nt
> o
® 100} BObserved y.; = a,(1700)x for the first time (> 170)
0

M(r*r) [GeV/c?
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B Measured upper limits for 7, (1™") in 1.4-2.0 GeV/c? region
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summary

B Highlights of latest results in light hadron spectroscopy from BESIII
M Observation of X(1835) in J /1 — ynKoKo
® New decay mode of X(1835) — anKg and JP¢ determined to be 0~
B Observation of anomalous 't ™ line shape near pp mass threshold
® Support the existence of pp bound state or molecule-like state

M Partial wave analysis of J /Y — ynn
® Strong production of f;,(1700) and f,(2100)

B Model independent PWA of J /1 — yr°n®

® Useful information for 07t and 2** components

M Partial wave analysis of J /Y — y¢p¢

® Many 0~ *, 27* mesons observed
B Amplitude Analysis of y.; » nmtm™
B Clear evidence for a;(1700) in .4 decays and upper limit for 174

B More results come soon with BESIII continuing data taking
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Thanks for your attention!



