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Hadron spectrum

® (Conventional hadrons consist of 2 or 3 quarks.

Naive Quark Model:

meson

® QCD predicts the new forms of hadrons:
v Multi-quark states: Number of quarks >4

v’ Hybrids: qqg, qqqg

v Glueballs: gg, ggg.... g g

None of the new forms of hadrons is settled !
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Hunting the new form of hadrons

® Charmonium decays provide ideal ground for light glueballs and hybrids

b
j%@ hadrons mmmms > “GlllOIl-I'iCh?, process
% » Clean high statistics data samples from ee” annihilation

> 1(JPC) filter in strong decays of charmonium

g e
hadrons hadrons
__ 5

12 0 m—
® Glueballs can mix with ordinary qq states 10 2" m— %: 4
Predicted large branching fractions for glueballs in Jhy 3" — Gr—
radiative decays s 1) L " 3 S
= " S
LU/ — yGo++) = 5@ 3 |E,(0)[? L6 ) T ©
217 M2, 2 =
T(J/ ¢ — yGyr+) = 0.35(8) keV 4| O m—
Ty = 92.9(2.8) keV ) ;
(/¢ — yGo++)/Tior = 3.8(9) X 1073
[Phys. Rev. Lett. 110, 021601 (2013)] 0 : — 0
LU/ — yGye+) = 1.01(22)(10) keV Phys. Rev. D73 (2006) 014516

L/ — yGy++) /T = 1.12)(1) X 1072
BESIII is an ideal laboratory to study the properties of these exotic states!
[Phys. Rev. Lett. 111, 091601 (2013)]
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BEPCII/BESIII at IHEP (Beijing)
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| 2004: start BEPCII construction 2 ~{
1 2008: test run of BEPCII . >~
| 2009-now: BEPCII/BESIII data taking

-

-
\"--
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BEPCII:
Beam energy: 1.0-2.3 GeV

Energy spread: 5.16 x 10°*
Design luminosity 1 x 10**/cm?/s @w(3770)
Achieved luminosity: 1.01 x 10*/cm?(05.04.2016)
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BESIII Experiment

BESIII experiment is a symmetric electron

positron collider experiment running as tau-
charm region.
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Super conducting magnet

v’ 1 Tesla
[Nucl. Instrum. Meth. A614, 345-399 (2010)]

Time of Flight (TOF)
* 2 layer plastic scintillators
* o1=90 ps (barrel)
* or =90 ps (endcap)
* Particle id

Muon system
* 9 layers of RPC

e P>400MeV/c
* O0Rp=14-1.7cm

Multilayer drift chamber (MDC)

He/C3;Hg (60/40)
43 layers

Momentum resolution o,/p = 0.5% @ 1 GeV
Spatial resolution o,, =130 pm.

Electromagnetic calorimeter (EMC) (CsI(T1))
— 6240 crystals overall

* o(E)E =2.5%

* 674(E)=05-0.7cm
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BESIII Dataset
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Some important BESIII results presented in

. Fang Liu FPCP2016
yrevious FPCP conferences  tianiue Min FPCP2017

—— 25 b 250 o o= Data
S - : ® PRL106,072002 [ — Propcion ()
L — K.K. O | ¥ PRL108,112003 e o == X(1810)
= [ Jjw-oynntn J/% = ynKs . 4+ PRL115,091803 o 200f -+ 1.02020)
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E " m  PRDS88,091502 & 1s0f T
- - JPC?2| A PRL107,182001 = E R, Background
- < =) 2 Inp—yod
150 @3 = 100¢ PRD 87,032008
- | J/Y o ywd /Y > y3(@mtnT) £ @  sof . Th
100 a: | o, ™
- [ 0 2 25 3
- e 2
50— . MK'K ) (GeV/c)
o r J/Y o onntw o - Ip—enmT™ g 4
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= : s00F PRL 107,182001
o— 1 l L 1 A l 1 lll l A L 1 l L 1 l: 7w ......
1800 1820 1840 1860 1

------
S

_ P 300 -
N§‘ § 200 X(1870) :
3 3 100
% § L=
S % 12 14 1.6 1.8 20 22
é ", g -‘lr,ﬁ+z— (Ge\f/(.'z)
= 100 T TR it s
- o k= I T i Rt b - X X ) ) .
0.0 0.1 0.2 0.3 0 14 16 1.8 20 22 24 26 28 '
M, -2m(GeV/e?) M (GeVic?) JAp—y3 (') .
- Any relations? >°F PRD 88,091502 ;
- What is the role of the ppbar threshold (and
other thresholds)?
- i i T8 17 18 19 2 21
Patterns in the production and decay modes A T

14/07/2018 FPCP2018, July 14-18, 2018, Hyderabad, India



1n(1405)/m(1475) puzzle

» n(1405)Mm(1475) are two different states or one 0" state in different decay modes?

® MARK III reported two states mixture in the 1400 MeV/c? region for the first time in the PWA of
J/W - KIK*rt.

v" Described by a;(980)m and K*K amplitudes  [Phys. Rev. Lett. 65, 2507 (1990)]
® Confirmed by Crystall Barrel and Obelix [Phys. Lett. B 545, 261 (2002)]

® No observation by L3 on 1n(1405). Both states not found by CLEO

v" First observation of 1(1405)—£,(980)r° by BESIII in JAy—y3n decay with a narrow resonance f;,(980)

Events/(0.02GeV/c?)

Events/(0.02GeV/c?)

and isospin violation.

200F 3
250F ; 180F (a) E
3 ® 160F E
200 B 1a0F
150 8 120p
9; 100F
ol 1o
50F L 40
AN S N w 20p N ED
93 14 16 1.8 0=—%s 1.0 (K 1.2
M(fo(980)n°)(GeV/c2) M(rcr)(GeV/c?)
m F T T T - 1m =3 T T T =
E b))l L
sof ®1g
3o , 2 s
20F . >3 i
4 05 A + Jf E
n ! A\ >
———— ~ 1 W n
O VR Y T L — T .
- - 6 8 0.9 1.0 1.1 1.2
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14/07/2018

M(n°n%)(GeV/c?)

[PRL 108, 182001 (2012)]

According to triangle singularity, the shift of the peak
positions in different channels occurs via the intermediate

K*K + c. c rescattering

K'(K')
n(1405) and n(1475) 1N(1440)
could be one state

appeared as different line —
shape in different channel K(K)
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Observation of n(1475) and X(1835) in J/y—yy¢ (¢p—K'K)

Phys. Rev. D 97, 051101(R) (2018

» Two resonance structures corresponding to 11(1475) and X(1835) Solutionl: constructive interference
mass positions are observed in the ¢ yield versus M(y¢) data

400J_I T T I I!“I T I T T T I T T T I T T

! (@) -
n(1475) .
13.5¢ —

v Angular distributions are in favor of 0-*
v" Measured M and I" are consistent with (1475) and X(1835)

200 - X(1835)

¢ yield/(0.035 GeV/c?)

Solution Resonance mg (MeV/c?) ' (MeV) B (1079) f,(1285) / % ,6'36
I n(1475) 1477 +£7+13 118 £22 +17 7.03 +£0.92 £ 0.91

X(1835) 1839 +26 + 26 175 +£ 57 +25 1.77 £0.35 £ 0.25
I n(1475) 1477 £7+13 118 £22 4+ 17 10.36 £+ 1.51 £ 1.54 0 et I T "_:_ -~-~-=ﬂ‘-'-'-"-"-"‘-:"-'-'-\:-'-f-‘-‘-‘/-‘-"_':'
X(1835) 1839 +26 £+ 26 175 £57+25 8.09 +1.99 + 1.36 - \\// \\\ o7 4
B - N

» T'((1405/1475)—yp):T(M(1405/1475)—yd) is slightly larger PR RIS B BN

than the prediction of 3.8:1 in PRD 87, 014023 (2013) for the 214 16 18 2

i M GeV/c?
case of a single pseudoscalar state. (o) (GeV/c?)

> Interpretation of n(1475)/X(1835)—v¢
v' Sizable ss component Solution II: destructive interference

v' 1(1475) could be a radial excitation of the 0", if n(1405) and £~ a400f-" """ T T T bl i

n(1475) are different states [PRD 70, 114033 (2013)] § - (b) 3

800:_""I""l""l""_— 400:_'"'|""|""|"": 8 300:_ _:

- n(1475) @ - xasss) % o F ]

& 6001} ) —+ - grs0f i Q 200 -

2 0 1 % : s L :

g 400 g 200 : 3 oof ; .
° H- -5 ° R N S S IR o B e ] 2 - ::' %

200 ——+ ] 100 v ; - hfq g

: =] 0 E 0 RTIC Pgl I T T T e 7 TP

e T I 1214 1s is 2
cosh, cosh, M(yo) (GeV/ic?)
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Observation of X(2370) in J/'y—yKKn’

» The X(2120) and X(2370) states observed in wnn’ invariant mass spectrum through J/\|1—>ymm :
[PRL 106, 072002 (2011)]

v" Possible pseudoscalar glueball candidates PRI R ] soopvorkKnas v
p g NQ 160 -Data E NQ ~Data
rG—>n’KK G—>7l mt § 140 é%tgnal '2((2:70) f E 400 E;%;\easlsgt(zg?m
o 4o . o 120 y— n'+c.c. Iy =2 _wi—> "K' n'+c.c.
> Prediction: _I_,ET 0. 011, G =0.090 3 122 _ghselgfl:s:s L # T g 300 _ghzgsgzgs b
. ‘\9 £~ Total bkg .\9 200}~ Total bkg 2 RE
with M(G)=2.37 GeV/e> [PRD 87,054036(2013)] § % s 18
w 20: 4. 4 L I 3 w ! W e
‘/ LOOkmg 111'[0 thlS Channel tO SuppOI‘t Glueball 02 241 22 2.4‘ 2:5 226 2.7 c2 2‘.1 2 2.3 24 25 26 2.7
hvoothesi M(K’Kn')/G{/BES"l PreliminarwKn)cevs?
ypothesis
. . J/w—'ngK"s "n-nam . 80 J/\v—')yK:K'gn‘.n‘; '
NQ 2 :Ei?traesult ; NQ 70 :Ei?traesult
% 20 BS'igp:I ;((2370) (%9’ 60 QSjgpgl t;((2370)
. . . — 1 sideban - T sideban
® Simultaneous fit is performed on all the four g 1sf-Crebyhe S pop Chebrcren
r = L % | \\J ) I!.
decay modes: Jy—yK'Km' and J/Y — I ey 2 % ‘ M
yKS K27n', each n’ candidate has two modes @ Syl 0 T o
i 02 21 22 2324 25 26 27 02 2‘1 2.2. 23 24 2.5 2I6 2.7
nn m and . M(K2Kgn')/GeV/c? M(K2K3n')/GeV/c?
. . BESIII combined results
» M and I' consistent with the X(2370) M (MeV/?) Preliminary 2343.91 + 6.88(stat.) £ 1.23(sys.)
signal, significance: 7.66. I' (MeV) o 117.73 £ 12.75(stat.) £ 4.14(sys.)
B(J/¢Y — vX(2370) - yKTK™n') (1.86 £ 0.39 (stat.) £0.29 (sys.)) x 10~
B(J/v — vX(2370) — yKSK2n') (1.1940.37 (stat.) £ 0.18 (sys.)) x 10~

2120) = yKTK™7) <148 x107°
2120) — yK3K2%n') <4.57x107°

o~ o~ — —

(
> No evidence of X(2120) is found and B(J/¥ — X
set the upper limit at 90% C.L. B(J/Y =X

14/07/2018 FPCP2018, July 14-18, 2018, Hyderabad, India




Search for strangeonium-like Zg

€ Y(2175) was observed by BaBar, and confirmed by Belle, BESII

and BESIII

» A candidate for a tetraquark state, a strangeonium hybrid state,
or a conventional s§ state

€ Unique place to search for the Zg:

» Y(2175) is regarded as strangeonium-like state analogous to

Y (4260)

> Zc—ntIhy

Q

Zs—nrd

Phys.Rev. D80, 031101(R) (2009)

(Mz, =~ 1.4 GeVe?)

£ [Phys.Rév, D74, 091103(R) (2006)
/?30.6' -
— 4
% 3 Babar |

o ete™ - ¢f,(980)

E- v (GeV)

Phys.Rev. D91,052017 (2015)
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=== backgrounds
- backgrounds-+direct decay
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Observation of ete—nY(2175) at+/s = 3.7 GeV

arXiv:1709.04323 (2017) submitted to PRD

> Perform the search for Y(2175) ’g of T5=37736eV ] g 5= 2008 Gev %S‘ of | Tecazzsce ] g T a8 6ev
. 8 D, s-ideband 3 . fD s‘ideband ] 8 6 @ fy slideband ] 8 6 75, sjdeband b
resonance in the process e+e-_)n¢f0(9 80) 2 ok (1o sideband ] 2 r s__¢S|de!find 2 r {16 sideband 2 4 [ 16 sideband ]
: = S =4 =4
using the data collected at the center- zuw 2 2 250 14
o [} [} o
. > b > > > Il
Of-maSS energ 1€ between 3 7 and 46 "ok “o 2 22 24 26 28 “o R R TR TIT "o YT
Mo T (980) (GeVic?) M(6 (980)) (GeVic) V(o (980)) (GeVic?)
GeV. < Ts=4358Gev | L f s=astecev ] G f | Ve=aso0Gev] T [ Sum
2 77}, sideband | % 7f,sideband | 3 4F 77, sideband 7 5 40l 7}, sideband ]
g 4r [ /¢ sideband ] g s [ ¢sideband ] (Ig R [ osideband 8 [ |0 sideband
(=} o o o
. . . 4 b ER: 4
» Combined significance for Y(2175) $i s E Sz $
. . & & 1A I 1§ 1 m 5
signal 1s observed to be larger than 106. &, § At 8 Ase ] 8
2 M%ézf (ee%ﬁ(ee%/f:?) 28 2 M%eﬁzf (98(2)')‘§(Ge%l'/%2) 28 2 qu;zf (98%‘)?(%%‘/%2) 28
0 0 0

> No significant Zg spectrum is found in ¢n* spectrum.

C 40F

1'4__ g nl: (\’I-\ 355
—~ o (&) -
< - ] =] oo o ~ C
(&) . a a = -
Y S g 30
G B - L T I T
= sl g oooseldgateBl.dniey S 20
e O8b g EC T R lE. | S F
T T :2*
N [ a a o a o
E B nﬂu n= a LI :nn a :gl:l (]

0.4:_ o 2 a® o un ":ngg" o oo u>-| 5_ + +

0-2_ a ﬂn oo oo a nﬂ ﬂl I ‘gl I lﬂl . nl q

1.5 2 2.5 3 3.5 4 213 14 15 16 1.7 18 19 2 21 22

MA(nt ) (GeV2/c) M(r ¢) GeV/c?
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Search for Zg at 2.125 GeV

arXiv:1801.1038

2018) submitted to PRL

> Perform the search for Zg via e*e—¢n‘n (pnn®) using 108 pb-! data collected at+/s = 2.125 GeV.

» PWA is performed
odo Assumption:
®¢pf(980) JP(Z,)=1"
®pf,(1370) M(Z,) = 1.5GeV/c?
0pf,(1270) I'(Zs) = 0.05GeV
ez .
~, 80F .
°§ § (b) 1-II:-‘)itt:asult
= 400/ = 6ol i
= 400_ s % WZ signal
% : 240:— ﬂ }
> 200 =
u : i 20} *
ol o‘ PRSI Saltha
12 14 16 18 2 12 14 16 18 2
M(orc*) (GeV/c?) M(on°)(GeV/c?)

» No clear Zgsignal is observed in the ¢ mass
spectrums around 1.4 GeV/c?,

14/07/2018

ME(or*) (GeV¥/c?)

(a)

M?(or°) (GeV?c*)

3 4
M(om ) (GeV?/c?)

Systematic uncertainty

w H
—

N
—

P U ST S S S S N

(b)

2 3 4
M(or°) (GeV?/c?)

Source 77 dntn 728 pnOnl
MDC tracking 45 45 15 15
Photon detection 4 4
KPID 3 3 3 3
7 PID 2 2
Kinematic fit 21 21 01 01
7% mass window 0.1 0.1
K*K™ masswindow 1.5 .. 1.5 ..
Fitting range 0.1 1.4
Signal shape 1.5 23
Background shape 1.3 2.0
Model uncertainty 08 .. 13
Branching fractions 1.1 1.1 1.1 1.1
Integrated luminosity 0.7 0.7 0.7 0.7
ISR 31 31 12 12
Total 72 73 57 6.5
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Search for Zg at 2.125 GeV

» 90% C.L. upper limits on the cross-section

oY (pb)

for Zgproduction are determined.

v' Different assumptions of mass, width

and J? of Zg

» In addition, the cross-sections of ee
—¢n'n and ete—dn'n® at 2.123 GeV/c?

are measured to be (343.0=5.11x25.1) pb
and (208.3 7.6+ 13.5) nb, respectively.

14/07/2018

25 (Pb)

— I'(Z,)=50 MeV
— I'(Z,)=20 MeV
*=1T(Z)=10 MeV

. .1-4. . .1_6. .

o
M(Z)) (GeVIc?)

14 16 18
M(Z)) (GeVIc?)

75 (pb)

. .1_6. . .1_8- .

M(Z2) (GeV/c?)

@jf=1"

lllll

16 1.8
M(zg) (GeV/c?)
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Observation of hl(}}i380) in J/\l)l—n]b’KKn

v:1804.05536 (2018) submitted to PRD
» Experimentally, the state h;(1380) has been observed by B
LASS [PLB 201, 573 (1988)] and Crystal Barrel [PLB L — Totalft +
415, 280 (1997)] collaborations. 3 200;‘ A A
o 150
» Reconfirmed by BESIII through y(3686)—vy (J=1,2), % 100F
Yog—¢h;(1380), h;(1380)—K*(892)K. 3 50;
i -
[PRD 91, 112008 (201 _5)] 011 T T
» Perform the simultaneous fit to the M(K*(892)K) in M(K*K n0)(GeV/c?)
K*K~m° and KQK*m* modes. 300F —+ Data I
&S E :Inclusive MC + o H
i ; ’ S 250p T ::(Jﬁa;;g)Signal “;f?“: E TS
» Observation of h;(1380) in JAy—n" h;(1380) (>100). © -
(‘2 200 :_ ----- Background q.ﬂ}'rql
o C |
> The quark contents of the h;(1380) is predominantly ss: g 150¢ '
o) C
v' Mixing angle between h;(1170) and h;(1380):35.9" + 2.6~ S 100;_
[PLB 707, 116 (2012)] L 50F
M=(1423.2 + 2.1 + 7.3)MeV/c? 0 et i S
13 14 15 16 17 18

» Branching fractions: - 2
g r=(90.3 + 9.8 + 17.5)MeV/c (KK Gevich)

B(J/v¥ — n'h1(1380)) x B(h1(1380) — K*(892)T K~ + c.c.) = (1.51 + 0.09 + 0.21) x 10~*
B(J/¢¥ — n'h1(1380)) x B(h,(1380) — K*(892)K +c.c.) = (2.16 £0.12+0.29) x 10~*

BR difference indicates the isospin symmetry violation
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Summary and future prospects

BESIII has been operating successfully since 2008, and will continue to collect data for the
next five years (at least).

Excellent laboratory to study the light Hadron spectroscopy and many other physics
processes in the tau-charm region.

v’ High statistics
v" Low backgrounds

Many interesting results have been produced by the BESIII recently, and only few of them
are reported in this talk.

BESIII has collected around 4.6 billion additional J/y events this year, and will collect
4.1 billion J/y events next year (total statistics of the data would be 10 billion J/p
events).

More results are expected to come with this new J/y data in the near future.
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Thank you!
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Back up Shde
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Observation of X(2370) in J/'y—yKKn’

Upper limit(UL) of Branching fraction of J /3 —» yX(2120) - yn’KI_{

® Simultaneous fit is performed. Massz
® Signal and background treatment are similar with the simultaneous fit of the X(2370). GeV/c
® The mass and width of the X(2120) are fixed on BESIII results X(2120) 2.122 0.083
® The mass and width of the X(2370) are fixed on the results obtained in our analysis. X(2370) 7343 0.118
® The statistical significance of the X(2120) is 2.20.
® Fitting results when calculating the UL of ® Fitting results when calculating the UL of
B(J/w=>YX(2120)>yK*K™M’)<1.48x10° at 90% C. L. B(J/w—>7X(2120)2>YK°K°n’)<4.57x10° at 90% C. L.
O KRR S T eh s00f/¥—TK K= yn'n ] amsenvoracataqacess Ty KRy s
m’o‘ «Data nTS <Data N ~Data &~ 500F- Data
L —Fit result E 2 —Fit result L —Fit result L —Fit result
2 150 msignal §(§130) 2 400 lslgna: §(§;§g) > 150 msignal X(2120) b > 400fmSignal X(2120)
3 mj;gvng X3m0) } 8 " asignal X(2370) (3 ciSignal X(2370) } § @Signal X(2370)
2 10 g S 300 © 100} 0 sd i © 300F ' sideband
(=2 hebychev (=2 =2 ~Chebychev (=2 ~Chebychev
z - Total bkg E 200 ?;_ - Total bkg E 200~ Total
& 50 ] & sof &
@ , @ 100 & 2 100F
O 22 28 24 253527 T TR TR YR TR TR Y 01 22 23 24 25 28 27 %21 w” 26 2.7
M(K'K™)/GeV/ K n)/GeV/c2 M(K'KW)/GeVij .. M(K'K)/GeVic?
BESIII Prelnmmar% GF BESIII Preliminary
%0 Iy 1K Ks ™ o' nn e—— wW—'» wx 30 Iy 1K Ks =t e goblvayK Kyl S ye s
& 25f~Data E S 70f~Data < o5f+Data E % 70f~Data
S —Fit result s —Fit result S —Fit result s —Fit result
) Wsignal X(2120) E © 60Fmsignal X(2120) O o @ Signal X(2120) © 60 .S@gnal X(2120)
O “l@signal X(2370) O gofsignal X(2370) © @ Signal X(2370) O gofe@Signal X(2370)
S 45 1’ sideband o 1’ sideband | S 15 n' sideband 1= " si
=) —Chebychev © 40— Chebychev] ¢ S S 40
E 1of" Total bkg L @ 30}~ Total bkg "' 3 10 3 30
[ [ o [ = [ =
Oy =5 25 o4 b5 25 7 N TR TR YR TITI BESII Preliminan =T o 28 2 25 26 2.7 021 2223 YT
M(K‘;Kgn )/Gewc2 M(K‘;Kgn )/GeV/c2 M(KZKEn)/GeV/c? M(KZKEn')/GeV/c?
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