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RPC: 9
layers
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Barrel
ToF
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ayers

Main Drift Chamber
op/P = 0.5% @ 1 GeV
Ode/dx = O%

Time of Flight
ot = 90 ps (barrel)
110 ps (endcap)

Super Conducting Solenoid
1.0 T (2009)
0.9 T (2012)

Electromagnetic Calorimeter
oe/VE = 25% @ 1 GeV
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Light hadron spectroscopy at BESIII

e Light hadron spectroscopy is a key tool to study/develop the QCD
theory in strong coupling regime

* A major concern: do new forms of hadrons exist?
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» BESIIl’'s advantages: the world largest J/{, {(3686) decay samples
* Gluon rich processes
* Kinematic favorable
* Clean: produced directly from e*e collisions
 JPC/isospin filter




Selected highlights
* X(ppbar)/X(1835)

e Search for glueballs

* 2,(980)-f,(980) mixing



X(ppbar)/X(1835)



* Mass = 1836.511

X(ppbar)/X(1835): the same or not?

* X(ppbar): an anomalous strong pp threshold enhancement structure in
J/W->vpp, first observed by BESI
° O_+

9+18
—-17

+19 MeV/c?

* Width <76 MeV/c2 @ 90% C.L.
11158 £2.3)x107°
* X(1835): observed in J/W—>yn'rttit (BESII); also seen in J/Pp—->yKKen (BESIII)
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Anomalous n'rt*rt line shape near ppbar -
mass threshold in J/y->yn't'e

Phys. Rev. Lett. 117, 042002
e Re-study using high statistics J/{ decay sample

* Clear signal of X(1835), X(2120), X(2370), and a structure near 2.65 GeV/c?

* Significant distortion near ppbar mass threshold
* Seen in both n’ decay modes
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Anomalous n'mt*rit line shape near ppbar -
mass threshold in J/y->yn't'e
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) MOdEI : Flatte formU|a Phys. Rev. Lett. 117, 042002
* Strongly couples to proton-antiproton, significance > 70
Mo = 1909.5 £ 15. 9152 MeV/c? gmj
Moole = 273.5 + 21.4181, MeV/c2 A ppbarmolecule state? :
* Model Il: two coherent Breit-Wigner P

* A broad resonance, whose mass/width are consistent
with the X(1835)
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Minmn] (GeV/c?)

* A narrow resonance just below the ppbar mass threshold, SV i 5
significance > 70 - :ZZ/\L&M S e
e Mass=1870.2 + 2.21%;3 MeV/c2 A ppbar bound state? ?soo:,m;a ' |

« Width =13.0 + 6.1%5% MeV/c? |

Both models well describes data with almost equally good fit quality

Either there is a ppbar molecule state or there is a ppbar bound state! TN T

M) (GeV/c?)



Search for X(1835)’s other decay modes =

* J/W—>vyyo: first observation of

X(1835)->vd

 Sizeable ss components in X(1835):

more complicated than a pure

NN state

 B.R.=(1.77 + 0.35 + 0.25)x10°
or (8.09 + 1.99 + 1.35)x10°*

Phys. Rev. D 97, 051101
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* J/U—>wn'Tt'i: no obvious sign of

X(1835)’s existence
 B.R.<6.2x10> @ 90% C.L.
e Strong coupling with di-gluon?
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States between 1.8-1.9 GeV/c? at BESIII
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Search for glueballs



Search for glueball at BESIII

* Glueball is formed by non-abelian gluon-gluon interaction,

2

searching for glueball provides a direct fundamental test O:_ |
of the QCD theory "l =
* Lattice QCD predicts the lowest lying O-+, O++, 2++ : e

glueballs have masses below 3 GeV/c? s
 Radiative J/ decays are ideal for searching for glueballs
e 0-+:J/Y->YPPP, yWV
© O++/2++: J/P—>YyPP, yVV gﬁr

m L . . .
++ -+ +-
(;

S

PRD 73 (2006) 014516




PWA of J/y->ynn

15

* J/JU—->vynn: a good channel to study 0++ and 2++ states

* Production rate of f,(1710) is compatible with LQCD prediction for a pure scalar glueball
—> large overlap between f,(1710) and a 0++ glueball?
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Resonance Mass (MeV/c?) Width (MeV/c?) B(J /o — yX — ynn) Significance
fo(1500) 14687172 136751738 (L6533 1) X 1077 820
fo(1710) 1759 = 67} 172 £ 10732 (23510134124 x 1074 25.00
f,(2100) 2081 = 1373 27353070 (L1370 088 x 1074 1390
£4(1525) 1513 5%, 7550088 (3425081 x 1077 11.0a
f>(1810) 1822737+ 229132488, (540709938 x 1077 6.4a
£(2340) 2362754 BIETN (5.607585"357) X 107 1.60

Phys. Rev. D 87, 092009

2++ components above 2 GeV is well described
by a single f,(2340) with fairly large production
rate — f,(2340) could be a good candidate for
the lowest lying tensor glueball



PWA of J/P->yK K
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B.R.[J/y—Vyfy(1710)] is one-order of

magnitude larger than B.R.[J/{—yfy(1500)]

Tensor contribution above 2 GeV
is dominantly f,(2340)
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Mass(K.Ks) [GeV/c?] cos(6,) cos(0Ks)

Resonance M (MeV/c?) Mppg MeV/c?) T MeV/c?)  Tepg MeV/c?) Branching fraction Significance

K*(892) 896 895.81+0.19 48 47.4+0.6 (6.28701590) x 1070 350

K,(1270) 1272 1272 +7 90 90 +20 (8.541]9012:3%) x 1077 160

fo(1370) 1350 + 97,2 1200 to 1500 231421728 200 to 500 (LO7E008058) x 1075 250

fo(1500) 1505 1504 + 6 109 109 +7 (1590181046 ) x 1073 230

fo(1710) 1765 £ 27| 17231% 146 £ 37/ 139+ 8 (2.007505 105 ) x 107 > 3560

fo(1790) 1870 + 72 : 146 + 147, (L115958404)) x 1075 240

fo(2200) 2184 + 573 2189+ 13 364 £ 977 238 + 50 (2. 7250062847 ) x 1074 > 350

fo(2330) 2411 +10+7 349 + 18773 e (4.95507170%%) x 107 350

£2(1270) 1275 1275.5+0.8 185 186.772 (2587005030 ) X 1075 330

15(1525) 1516 + 1 1525 £5 75+1+1 7372 (7.99709198%) x 1075 > 350

£>(2340) 2233 + 347 234573 507 + 3718 322788 (5.5470 300 045) x 1075 260

0** PHSP (1.8570 02 )5 ) x 107° 260

2+ PHSP (5.73 000348y x 1073 136

Phys. Rev. D 98, 072003



PWA of J/P->vdd

Phys. Rev. D 93, 112011

* Provides an opportunity to study 0-+ and 2++ states above 2 GeV/c?

 0-+ contributions
* n(2225) is confirmed

* Newly observed: n(2100) and X(2500)

e 2++ contributions

* £,(2010), f,(2300), f,(2340)
* Large production rate of f,(2340)

Again, it seems 2(2340) could be a good tensor

glueball candidate!

0-+ around 2.5 GeV is close to the predicted
mass for pseudoscalar glueball

Entrie

Resonance M(MeV/c?) I'(MeV/c¢?*)  B.F.(x10™%) Sig.

n(2225) 22167517 185113111 (2.40 £0.10727%) 28.10
n(2100) 2050739777 zro+§;,+};4 (3.30 £ 0.09750%) 21.50
X(2500) 2470715755 23075:73% (017 £0.02700%) 8.80
fo(2100) 2102 211 (0.43 £ 0.04702%) 24.20
f2(2010) 2011 202 (0.35+0.05703%) 9.50
f2(2300) 2297 149 (0.44 £ 0.077092) 6.40
f2(2340) 2339 319 (1.914+0.077072) 10.70
0~ " PHSP (2.74 £ 0.15171%) 6.80

“ el e
* ¢ %2000 :_ = 0" model indpependent
¢ VT L N Horin st
] 8 1 500 - .3 §+. ---- 2" model dependent
. L
. 3 g 1000 ; hl*"""‘:u:
‘..‘ E E .Ep: E
‘..nd.. L 500 IS e e
5 SO 0 :.iﬁi‘:'?f“:?;ﬁ.ﬁ-f"""i !"'r'-'-?-'ii‘r"’-"t“r;
2.2 24 26 28 3 2 2.2 24 .
(c) M(o0) (GeV/c?) () M(00) (GeV/c?)



Comparison among BESIII results 18

O++

M (MeV/c?) T (MeV/c?) B.R.(x10°) M (MeV/c?) T (MeV/c?) B.R.(x10?)
f,(1370) - - - 1350 + 9712 231 +21%28  1.071398+03¢
f,(1500) 1468114423 136*4lt28 g g5+026+051 1505 109 1591016036
f,(1710) 1759+ 613 172+10432 23.5713+124 1765 + 2*1 146 + 313 20.0193+31
f,(1790) - - - 1870+ 7%2 146 +14%7. 11113964019
f,(2100) 2081 +13*3¢  273%27*79 11.339352 - - -
fo(2200) - - - 2184 +5%4 364197 27210817
f,(2330) - - - 2411+ 1017 349 +18%23  4.95%021+060

2++

M (MeV/c?) T (MeV/c?) B.R.(x10®°) M (MeV/c?) T (MeV/c?) B.R.(x103) M (MeV/c?) T (MeV/c?) B.R.(x1079)
f,(1525) 1513 + 5%, 7513%16 34270834137 1516 +1 754141  7.99%003+069 - - -
f,(2340)  2362+3371480  334182t185 5 6070624237 223343413, 507437118 5.5410341382 2339 =il 19.1+0.7%3



Search for glueball at BESIII :

e O++ sector

* The production rate of f,(1710) is compatible

with LQCD prediction for a pure gauge scalar

J/d->ynn /->ywd J/Y->VKKn'
glueball
)/ ->yrn® I/b->vdd J/->ynrn®
e 2++ sector 1/ P->VKKs 1P->yww
* f,(2340) seems to be a good candidate for its 1/ Y->ynn’
large production rate in radiative J/{ decays >y’
* 0-+ sector
* X(2370) could be a candidate for 0-+ glueball Published

Release is in schedule

» X(2500) observed in J/y—>ydd and the structure Ongoing

around 2.6 GeV/c? observed in J/p—>yn'Ttme



a,(980)-f,(980) mixing



* Theorists proposed ay(980)-f;,(980) mixing mechanism ~40 years ago, to
clarify the nature of these two states

* BESIII observed evidence of ay(980)-f,(980) mixing using 225 million J/

° M , T AR T T 5
events and 106 million Y’ events % Phys. Rev. D}83, 032003
- 0/ o0 3.40 g 0 R
e By = $Fo(980) = pa080) ~ gna®) | 3do 3
a — . L/ 0 U.L. = v o
e B[J/w — ¢f0(980) — pan] T
£ ol . «gh?E |
Bly. — 7°a3(980) = 7°£;(980) = n’z* 2~ 1.90 " - Besil
g C l () U | I
i f - < 1.0% @ 90% C.L.
v Bl — 20a3(980) — 202%%] @ " i,
* By analyzing 1.3 billion J/ and 450 million '’ collected by BESIII ao(980)
f,(980) mixing is finally confirmed AW KR T
TABLE 1. The branching fractions (83) and the intensities (&) of the a)(980)-f((980) mixing. The first o ) -
uncertainties are statistical, the second ones are systematic, and the third ones are obtained using different 5
parameters for af)(980) and f(980) as described in the text. < A:
(0]
£5(980) — a(980) <
Channel Solution 1 Solution II a)(980) — £(980) 3:0
B (mixing) (107%) 3.18+0.51 +£0.38 +£0.28 1.31 £0.41 £0.394+043 0.35 +0.06 + 0.03 £+ 0.06 @ 2
B (EM) (10-%) 325+ 108+ 1.08+1.12  262+1.02+1.13+048
B (total) (10-) 4034101 +006+100 437007004+ 006 1
& (%) ﬁ.‘)‘) +0.16 + 0.30 + 0.09 041 4+0.134+0.17+0.13 040 +0.07 +0.14 +£0.07 0

0 1 2
7.40 5 55 Phys. Rev. Lettep 121, 022001

a,K'K



Summary =

* BESIIl has obtained many results in light hadron spectroscopy since its first
physics run started from 2009

* There are X(ppbar) and X(1835), now we have established connection between them!
Either a proton-antiproton molecule state or bound state exists

» X(1840) and X(1870) - it’s very strange/interesting to see so many states with similar
properties (mass/width/decay modes/...) in this region

* Extensive and systematic searching for glueballs: f,(1710), f,(2340), X(2370), X(2500),
and X(2677), ...

* First observation of a,(980)-f,(980) mixing. Many unexpected/interesting phenomena:
narrow f,;(980), large isospin breaking rate, ...

» After 2018’s J/ data taking, the amount of total J/y events has increased
from 1.3 billion to 10 billion. More and more interesting results are expected

in the near future.
Thanks!
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Anomalous line shape of n'm*rt near pp
mass threshold in J/y->yn'mtic

2500 L L L L L L L LB LA ILN I

* Use the Flatté formula for the line shape LT o
JPout : ! i
- T = Foul R = .
MZ —S—1 2 gzp S i — N(on—Re)sonant
o 2 ol | 4 e
2 oo ] -
* Lk giePk = 96(Po + 73 Pop) = et w
. ggﬁ /g3 is the ratio between the coupling strength to the pp channel g 100 U
and the summation of all other channels o ! ]
w 500
M (MeV/c?) 1638.0 112131278 . 28
g (6ev/c T e
955/ 96 2.31 1537 %085 logl = 630549.5
A pﬁ Mpole (MCV/CZ) * 1909.5 tigg tg;}S S. .f. f 2 / 2 b .
molecule- Fpore (MeV/c?2) * 273.5 1514 Toio IBRITICANCe Of Gpp/ o DEME
like state? Branching Ratio (3.93 1338 f0a)x10~* non-zero is larger than 7o

X(1920) is needed with 5.70

* The pole nearest to the pp mass threshold



Anomalous line shape of n'm*rt near pp
mass threshold in J/y->yn'mtic

* Use coherent sum of two Breit-Wigner amplitudes

o T = VPout + ,B‘eig'vpout

© MZ-s—iM Ty M2%—s—iM,T,

App
bound state?

M (MeV/c?)
[' (MeV/c?)

B.R. (constructive interference)

B.R. (destructive interference)

1825.3 124173
2452 t132+4.6
(3.01 %517 ¥358)x107*

(3.72 1531 Lg35)x107~"

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

B.R. (destructive interference)

1870.2 ¥32 %23
13.0 5733
(2.03 X515 £575) %1077

(1.57 25,09 20ig6) X107°

2500IIII|III\IIIIIII |III\|II|\|II\I|IIII|II
—+—Data
— Global Fit
-----£,(1510)
& 2000 - - - - X(1835)+X(1870]
[&] == X(2120)
S — Non-Resonant 7|
() I Background :
E 1500 .- ppthreshold _|
o
A vl
S~
- L
o 1000
-— L
C
()
>
w 500

01.3 14 15 16 17 18 19 2 21 22
Mn''T] (GeV/c?)

logL =630540.3

Significance of X(1870)
is larger than 7¢

X(1920) is not significant



Events / 15 MeV/c? Events/ 15 MeV/c? Events / 15 MeV/c?

Events / 15 MeV/c?

PWA of J/y->yn°n® :

Phys. Rev. D 92, 052003
Extracted intensity Relative phase
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Observation of X(2370) in J/Y->VKKn'

27

* X(2120) and X(2370) were first observed by the BESIII in J/y—>yn'mt'
* LQCD predicts the lowest lying 0-+ glueball has mass between 2.3-2.6 GeV/c?

e X(2120) and X(2370) are candidates?
* Combined study of J/Yy—>yK*Kn'/yKKen'

* First observation of X(2370) in this process

combined results
M (MeV/c*) 2343.91 + 6.88(stat.) £+ 1.23(sys.)
F (I\I(\) 117.73 + 12.75(stat.) + 4.14(sys.)
B(J/y — vX(2370) - yKT K™ 7') (1.86 £ 0.39 (stat.) £ 0.29 (sys.)) x 107°
B(J/y — vX(2370) — 1 A"I\L’,,') (1.19 4 0.37 (stat.) +0.18 (sys.)) x 107>

* Mass/width are consistent with X(2370) in J/y—>yn'mtie

* Br[X(2370)->KKn'l/Br[X(2370)->n'mt*rt] ~ 1/15

* Atheoretical work predicts I';_,,/Tc=0.011 and
M5/ T=0.090 for M=2.37 GeV/c? (PRD 87, 054036)

* No clear signal of X(2120)
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Spin-parity is not yet determined



