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Outline

®BEPCII and BESIII

®Gluonic states
* Observation of n(1475) and X(1835) in J /Y — yy¢
« Amplitude Analysis of y.; - nm @~
®Strangeonium(like) states
* Observation of ete™ —» nY(2175) at Vs > 3.7 GeV

* Search for Z at 2.125GeV
e Observation of h{(1380)inJ/¥ - n'KKn

®Summary
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The BESIII Detector

Super-Conducting Magnet:1.0T

Main Drift Chamber(MDC)

* 0,/p=0.5%(1GeV)

) =6%
a8l Electromagnetic Calorimeter(EMC) ™

Csl(T1)

* 05/VE=2.5%(1GeV)

* 0,4=0.50.7 cm/\E
Time of Flight(TOF)

* 07:80ps(barrel)

110ps(endcaps) 1t Counter(MUC)

+ 8-9layers RPC
* Opgp=1.4cm-1.7cm

y BESIII [%
Detector

® 2004:start BEPCII construction
| ® 2008:test run of BEPCII

® 2009-now:data taking

.:| ® Beam energy:1.0-2.3GeV
® Max luminosity: 1033cm™
(reached in April 5t",2016)
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BESIII data samples
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World largest J /1, ¥ (3686), ¥ (3773),yY(4160),Y(4260), ...
Produced directly from e*e™ annihilation: an ideal factory to study hadron spectroscopy
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Light hadron spectroscopy BGS]]I

® Conventional hadrons:
® Meson: qq
® Bayron:qqq
® QCD allowed other forms:

® Multi-quark state : > 4 quarks
® Glueball :gg, ggs,... Not unambiguously established yet

® Hybrid: qq9,qqqg, ...
® Hadron spectroscopy is a key tool to investigate QCD
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Glueball search

® Charmonium radiative decay:
An ideal hunting ground for light glueballs:
® “Gluon-rich” process
® Clean high statistics data sample
® ] (JP°) filter in strong decays of charmonium

®LQCD:
® 0" ground state: 1.5-1.7 GeV/c?
® 2% ground state: 2.3-2.4 GeV/c?
® 0~ * ground state: 2.3-2.6 GeV/c?

® Clean environment for searching 0~ glueball:
® Only 1, ' excitations in quark model
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1(1405)/1(1475) puzzle SCSI

®Mark Ill reported two pseudoscalar states in the 1400 MeV/c? region in

radiative J /1 decays (ay(980)m and K*K), confirmed by Crystal Barrel and
Obelix

@0~ glueball in the fluxtube model: ~1.4 GeV/c?

® No observation by L3 on 7(1405). Negative results on both states by CLEO
® First observation of 17(1405) — f,(980)m° at BESIII, with narrow f,(980) and large

l/wﬁynnng ®Triangle Singularity was proposed to
—_— explain the anomalies!. (1405) and
mode % 17(1475) could be one state appeared
@ R as different line shape in different
MENEE) channel
00 i : ﬂ fo(980) neiaa kK ®L e
mode £ E#ﬂ ﬁ;“ —: | KK)
N b BN M bt — o fo(980><n 7
PRL 108, 182001 (2019 M;{;gao)nn;(gev,cz)1'a N MENGEVIS) "

[1]PRL 108, 081803 (2012)



X(1835)

PRL 108,112003 (2012)
® X(pp) JP€ =0~ : discovered by BESIl in J /3 — ypp w0E T
+ < 600
® X(1835), X(2120) and X(2370) observed in ]/1/) s> yn'n'm 2 sl
Q
® X(1835) JP =0"" : determined in J /Y — yKSKSn Z 40
® Anomalous X(1835) line shapein J/Y - yn'mtt ™ 2 200
® One broad state with strong coupling to pp (flatte) & 103 e
® One narrow state below to the pp mass threshold interfering with X(1835) 00 M"-lz (GO-ZW , 03
PP ]'Ilp eVv/C
500f—'(b)| & X(2370) - = ST :?*"?sfm ”:au::a ~ 805_.(-5).‘---l‘--x.%;i;.:-{_d.d.--.-
fi; F X(1835) X(ZlZO) ( ) G 2000 o ) : 3?}1333} ] 2000~ o i | | e xnsro; S.U" 705_ iE.r‘lagaic(irajl.=.-cti(;'.m_;
r ; h\ - | - X{2120) i 2 i - == X(2120) i F I Bac roun E
e 400§ 2 el e S At i &% :'iﬂgi";} 5
g 300 o I T 1 E 100 g RO E 8 S0p ~ - Phase space
-..8__ r g 1 ] E, - 8 40; 1 N 01,0 -
£ 200 £ Model 1 /- 2 Model 2 /. @ 30} A YKSKS'E
2 100} g _f 2 E 20! ]
......... ] [ 500 2 108,
14 16 1.8 20 22 24 26 28 F ”
PRL 106,072002 (2012} 1% 7 M(GeV/e) L MEEGVEL 107042002 (2016) MR GV i :: ?ée\zl;‘cz)zs &
®Possible interpretation: NN bound state; pseudoscalar glueball; PRL 115,091803 (2015)

second radial excitation of the n’; 5.-glueball mixture; ...
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Observation of n(1475) and X(1835)

inJ/Y - yyo

®Two structures observed in the M(y¢):
® Angular distribution favored as 0~

Phys. Rev. D97 (2018) no.5, 051101

800
® M and I are consistent with 7(1475) and the X(1835) i
< 600
®Observation of 7(1475),X(1835) —» y¢ : 8 ool
. — = i
® Sizable ss component ° oot
r . ) ] B 5 E
® One state assumption: Ratio —{1203/1UI4792YP) g glightly larger than N A I
I'y(1405/3(1475)-y¢) -1 05 0 05 1
the prediction [ Y
® Two states assumption: 17(1475) could be the radial excitation of ool gk
the wel  X(1835) :
g F -
T L S S s B N L B 1 S 290r g
S - 1. n(1475) (a) . % : (b) - ® 1(1475)(MeV): T o f : B —f
& 357 xusas| 8 0p 1 M=1477+7+13 N2 3
3 f 4830 1 8 b 4 I=118+22+17 N N TR
S < W e ST 1 @ X(1835)(MeV): cosd,
e T gt M=1839 + 26 + 26
* ] e A ] TE175457 425
1.2 1.4 1.6 1.8 2 1.2 1.4 1.6 1Meson2018 9

constructive M(yo) (GeV/c?) destructive  M@y¢) (GeVic?) [1]Phys. Rev. D87, 014023 (2013)



Amplitude Analysis of y.1 = N @™

using Y(3686) — Yx .1

®The y.; — Nt decay is suitable for studying the production of 1=
® 17, (1600) studied in y.; decays by CLEO-c [*]
® 17,(1400) reported only in n final states [23:45]

®Use 448 x 10° 1(3686) events
®1(3686) > yyx.1 — ynm

5000 |- ot
; * data
N(xc1)~35000 | c
C:JQ 4000~ e gignal
% i ----- background
= 3000f
N _
2 :
S 2000
3 i [1]Phys.Rev. D84,112009 (2011)
1000 [2] Phys. Lett. B 205, 397 (1988)
i [3] Phys. Lett. B 314, 246 (1993)
i : : [4] Phys. Lett. B423, 175 (1998);
g45 '315’**3;5 446, 349 (1999)
' ' ' [5] Phys. Lett. B 657, 27 (2007)
M(hr'n) [GerCZ] Vieson2( 10

Phys.Rev. D95, 032002 (2017)



Amplitude Analysis of y.1 = N @™

using Y(3686) — Yx .1

®Main dominant contribution is from a((980)m L% - afo

. . S 5001 CE

®First observation of g, /. # 0 from a,(980) — nm 2 w00 Ly
®0Observed y.; — a,(1700)m for the first time (> 170) g
®Measured upper limits for 4 (17+) in 1.4-2.0 GeV/c? region © o,
0.5

Decay F (%] Significance [o] By, = nata™) [1073]
nrTaT e e 4.67+£0.03+£023x0.16
ag(980) 7~ 728 +£0.6 £23 =100 3404003 £0.19+0.11
a,(1320) " 7~ 38+024+03 32 0.18 £0.01 £0.02 = 0.01
a,(1700) "z~ 1.0£0.1+0.1 20 0.047 £+ 0.004 = 0.006 £ 0.002
Skrn 25+02+03 22 0.119 +0.007 + 0.015 + 0.004
Sl 164 +0.5+£0.7 =100 0.76 £ 0.02 £ 0.05 £ 0.03
(w7 )en 178 £0.5+0.6 e 0.83 £0.02 £ 0.05 £ 0.03
f>(1270)n T78£03+1.1 =100 0.36 = 0.01 £ 0.06 £ 0.01
f4(2050)n 0.6 =0.1+0.2 9.8 0.026 £ 0.004 £ 0.008 £ 0.001
Exotic candidates U.L. [90% C.L.]
m (1400) 7~ 0.58 £0.20 35 <0.046
71 (1600) T 7~ 0.11 +£0.10 1.3 <0.015
7, (2015) 2~ 0.06 = 0.03 2.6 <0.008
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Search for strangeonium-like Z

®Y(2175) observed by BaBar, confirmed by Belle, BESII and BESIII
® A candidate for a tetraquark state, a strangeonium hybrid state, or a
conventional s5s state
®Unique place to search for the Zs:

® Y(2175) is regarded as strangeonium-like state analogied to Y(4260)
® 7.(3900) - wt] /i =P> Z,—> mi

J/Y - nentn
I T T T T T T T T 4 | ! ! ! ' 140 - =+« backgrounds
+ e backgroundsdirect decay
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Phys.Rev. D80, 031101(R) (2009) eson Phys.Rev. D91,052017 (2015)

°
£
~—
q_‘o
=3
el
©

0.6r -
j ; Babar |
i =4 ete” - ¢f,(980)
0.4 ' .
0.2
()_ : .
1.8 3

Phys.Rev. D74, 091103(R) (2006)

12



®The joint statistical significance of
the Y(2175) is larger than 100

Observation of e

e - nY(2175)

at Vs > 3.7 GeV

Events/(0.050 GeV/c?)

Events/(0.050 GeV/c?

®No significant Zs signal can be

seen in ¢m* invariant mass

spectrum

arXiv:1709.04323, Submitted to PRD
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Search for Z at 2.125GeV

ete” -» pntn (¢pn’n?)

@108 pb~! e e~ collision data collected at collision energy of 2.125GeV

®No clear Z; signal is observed in the ¢n ®PWA is performed:
mass spectrum around 1.4 GeV/c? oo Assumption:
®pfy(980) JP(Z)=1*
®pfo(1370) M(Z,) = 1.5GeV/c?
®pf,(1270) I'(Z,) = 0.05GeV
0z,
4:; [ N O NU 80F ata
< e @ | < o . (b) = S | ® ﬁ Y Pt
FEEERE I --- Non-g
ﬁ i & ______ g 100 g sol- Bg
-~ 3} & 3f = -
s | £ £ @ 40|
o 3 @ .
= 2 = g i 200] |
| )| S Y e o 1Y
1 Mo 0 4 1 2 ) 2 2 . 072 1-44-1?5 1.8 2 092 12 16 18 2
(o) (GeV¥c?) M(or°) (GeV3/ct) M(o) (GeV/c?) M(er)(GeV/cd)
arXiv:1801.10384 , Submitted to PRL Viesonzois &



Search for Z at 2.125GeV

ete” » ¢pntn (¢pn'n?)

F (a) IP - 1+ = I(Z,)=50 MeV
o f— F{Zs}=2'D MEV
*#+T(Z,)=10 MeV

®Upper limits on the cross sections for Z
production are determined:
® Different assumptions with M, T and J? of Z|

S35 (Pb)
I
oY (pb)

® In addition, the cross sections of ete™ —
¢ntn~ and ete” - pn’m® are measured to be
(343.0+ 5.1 + 25.1)pb and (208.3 + 7.6 + 13.5)pb

4z —7a s s
M(Zg) (GeVic?)

. — 8
2 s | AP =1"
DDN :JDN E'
af
2!
Y277 16 18
M(Z,) (GeV/c?) M(Zg} (GeV/c?)
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Observation of h1 (1380)

inJ/yY - n'KKn

—4— Data

)

]
on
=

® h,(1380) observed by LASS and Crystal Barrel

® Simultaneous fit is performed to the M(K*(892)K) in
K*K~n° and K2K*n* modes

® h,(1380) observedin J/1 —» n'h,(1380) (>100) -

® The quark contents of the h,;(1380) is predominantly s5 : T

® mixing angle results between h;(1170) and h;(1380): 35.9 +2.6° teo 14 1h A6 AT 18

M(K'KT0)(GeV/c?)
® The branching fraction:

® B(J/yYy > 1n'hy(1380) > n'K*(892)"K~ +c.c.) =(1.51+0.09 + 0.21) x 10~* 300
® B(J/Y - n'h(1380) -» n'K*(892)K +c.c.) =(2.16 +0.12 + 0.29) x 10~*

— Tuotal fit
=== 11380} Signal
«==== Background

Events/(0.01GeV/c?

—+— Data
= IncC e ML
—Tcntal ft

- hy{1380) Signal
200F Background

Events/(0.01GeV/c?)

M=(1423.2 + 2.1+ 7.3)MeV /c?
r=(90.3+9.8 + 17.5)MeV

50

13 14 15 16 17 18
Meson2018 M(K K17 )(GeV/c?
arXiv:1804.05536 , Submitted to PRD eson (KK} (GeVic?)



Summary BGS]]I

® Highlights of latest results in light hadron spectroscopy from BESII|
® 77(1475) and X(1835) in J /Y — yy¢

® Sizable ss component
® Amplitude Analysis of Y. > nm o~
® Clear evidence for a;(1700) and no evidence for 4

® Observation of ete™ —» nY(2175) at Vs > 3.7 GeV
® Significant Y(2175) signal but no evident Z;

® Search for Z at 2.125GeV

® No Z, signal observed, upper limit is given

® Observation of h;(1380) inJ/Y » n'KK~«

® Predominantly ss component
® BESIII is taking larger J /1 dataset in 2018, more results are expected in the future

Thanks for your attention!
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n1(1405)/1(1475) puzzle

® The contributions from the “Triangle Singularity” mechanism can shift the
peak positions in different channels.

® The intermediate on-shell KK*+c.c. pair can exchange an on-shell kaon and
then rescatter to the isospin-violating f,(980)m

T wee] g2 e
y ; ; Llaot r BES-IIl
K(K) T TU - _ 1 3 1e0f
n(1440)( ) " T(1440) ™ KFK- KO KO gmg— K+ K-
. *()<T[ a,(980)\_—/1,(980) "\ = n:ﬂ— —>[
f,(980)™\71 K g eof i
i B0E 4 |
(a) (b) ) & oplibpt |
nE. PR ---‘."... I"".'--. L .+I+. L
""" o 0.9 1.0 1.1 1.2
096 098 1.00 102 1.04 M) GeVI)

M (Gev)
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X(1835)

® X(1835) line shapeinJ/Y - yn'mtn~
® One broad state with strong coupling to pp (flatte)
® One narrow state below to the pp mass threshold interfering with X(1835)

Anomalou_s line shap’e of N’ near pp mass Anomalous line shape of n'm*ic near pp mass
threshold in J/y->yn'tre threshold in J/P->yn'rtre

Phys. Rev. Lett. 117, 042002

Phys. Rev. Lett. 117, 042002
- . 2500 T LRAARS RARS M) LAY LA SR
. . . - 2600 T T T
Use the Flatte formula for the line shape N o * Use coherent sum of two Breit-Wigner amplitudes .
- . et — Global Fit
o T = ot T = . 7= Pour, Be Pou PO g
M2=s—i ¥y Gl : % ) =™ T M2-s—iMyT;  MZ-s—iM,T, ‘S: . + = o Rdsonan
p Gp, = 1500 — pPthresnold |
R . . — g L g A
gpp/go is the ratio between the coupling strength to the pp channel and £ 1000 M (Mev/c?) 18253 1241473 2
the sum of all other channels g @
G gl T (MeV/c?) 24521132158 i
The state around 1.85 GeV/c? B.R. (constructive interference)  (3.01 *§:12+328) x 10-*
M (MeV/c?) 1638.0 t%%ig f%ézg O 14 15 771.5 17 18 182 21 22 B.R. (destructive interference) (3.72 :g%} ’:3;2) x107* G351 715 ;s 7 18 19z 21 22
93 ((Gev/c?)?) 93.7 iggﬁ ig:g Mn'n"n] (GeVic') M[n'n] (GeVic?)
e logL - 6305455 N gt - 630540.3
_ gpﬁ/gﬂ 2.31 2937 Z0%0 —
App s v 1on o e App M (MeV/c?) 1870.2 *32+23 N
molecule- Mo (MeV/') 1909.5 “159 275 Significance of g pﬁ/ gy being bound state? vy 13.0 *71+21 Significance of X(1870)
214 +6.1 . o553 i
like state? P (MeV/5 © o Ei? Dt::.o 4 non-zero s Iarger than 70 B.R. (constructive interference) (2.03 313 *833) x 1077 is larger than 70
Branching Rati 3.93 15332030 x 107 i ignifi
ranching Ratio (393 ~o56 -vas) X(1920) is needed with 5.7¢ B.R. (destructive interference) (1.57 *303 108y x 1075 X(1520) is not significant

* The pole nearest to the pp mass threshold

From Min’s talk in FPCP
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Observation of n(1475) and X(1835)
inJ/Y > yyep

Phys. Rev. D97 (2018) no.5, 051101

® Angular distribution : with the assumption with
a=-1,0,1

j—;:u: | + a X cos>6

800 H

D
o
o

dN/dcosey
N
8
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Amplitude Analysis of Y. = ynm ™
using Y(3686) — Yx 1 BGS]I[

® Parameterization of ay(980): dispersion relation

D,(s) = mﬁ - - Zl’[f.;,{sj.
ol

1 o ImIT,, (8" )ds’
lmnm’:(‘?) - g%hpr.'h(S)Frh(ﬁ)* Rﬁn(.h(ﬁ) = EP[ m f'h(j ) S .

of Nk ('SI - 5)
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Observation of h1(1380) BGS]]I

inJ/yY > n'KKn

LASS: PWA in KKm , h1(1380) with 1+- is observed.
Crystal Barrel: pp —» K; Ksm%n® PWA
Theory prediction:
e M=1468 by meson-mixing models
e M=1386, 1470, 1499 by quark models.
Fit:I'(m):mass dependent, q:phase space factor ,convolving with K* mass distribution

vVml'(m) |2

X
m> —mZ + i X ml'(m) 1

. . Meson2018 22
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