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Charmonium-like States

Charmonium spectrum
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v'Many Exotic Charmonium-like(XYZ) states have been discovered in the

quarkonium spectrum.

v The XYZ states show properties inconsistent with expectations from established

quark models
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BESIII Data for XYZ study
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Study of X(3872) —» D*® D%+c.c.andyD*D™

inete™ - yX(3872)

* The study of ete™ — yX(3872) by BESIII 4.178< /s <4.278 GeV (9.0 fb ™)

PRL 124, 242001 (2020)
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Study of X(3872) — yJ /¢ and yy(2S)

. + —
I n e e — yX (3 8 7 2) PRL 124, 242001 (2020)

4.178 < /s < 4.278 GeV (9.0 fb~1)
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v No evident signal for X(3872) — yy(25) o |
TABLE L. Relative branching ratios and UL on branching ratios
compared with X(3872) — z"z~J /y [18,27], where systematic
uncertainties have been taken into account.
B[X(3872)=yy(29)]
[RW) = B[X(3872)—]>/¢(/1/)]) = 0.59 at 90% C.L.| Mode Ratio UL
v vJ |y 0.79 + 0.28 o
v X(3872) state is more likely a molecule or 1 003 0.2 <08
. . Y _ . . .
a mixture of molecule and charmonium, 2°D°D° ~0.13 £ 0.47 <1.16
rather than a pure charmonium state DUD’ +c.c. HIT 250
P yD* D~ 0.007 8 < 0.99
wl [y 1.6j§;3;‘ +0.2 [18]
7% 1 0.887033 +0.10 [27]




Study of ete™ — X (3872)y and search for

Z.(4020)° - X(3872)y o

4.178 < /s < 4.600 GeV (14.5 fb~1) PRL 122, 232002 (2019)
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Study of ete™ — %X (3872)y and search for

Z.(4020)° - X(3872)y

PRD 104, 012001 (2021)
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v The ratio does not contradict the prediction based on the molecular
picture [PRD 99, 054028 (2019)].



Study of ete™ —» ') /P

PRD 102, 012009 (2020)

3.81 < /s <4.60GeV (12.4fb71)
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O The ratio is consistent with the prediction

0.5 based on isospin symmetry

mr’ > yy, ]/ —>ete orutu”

v’ The mass and width of the Y (4220) are
measured to be

M(Y(4220)) = 4220.4 + 2.4 + 2.3 MeV/c?
[(Y(4220)) = 46.2 + 4.7 + 2.1 MeV

1 ¥'The results agree with those reported in

ete™ > wrm~ ]/ and confirm the
existence of the charmoniumlike state
Y (4220)

v’ The statistical significance of Y (4320) is
estimated to be 4.20
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Study of ete™ - m%Z,(3900)° - 7'n"J /¢

PRD 102, 012009 (2020)
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Study of ete™ - m%Z,(3900)° - 7=V /y

PRD 102, 012009 (2020)
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v The structures Y (4220) is observed in ete™ —» n°Z(3900)° - n’w’J /y
cross section.

v’ The mass and width of the Y(4220) are measured to be
M(Y (4220)) = 4231.4 + 5.3 + 4.9 MeV/c*
I'(Y(4220)) = 41.2 4+ 16.0 + 16.4 MeV

v’ The relationship between the two exotic states Y (4220) and the Z(3900)° is
established for the first time .




Observation of the Y(4220) and Y (4390) in the

+ —
processe e — 77]/¢ PRD 102, 031101(R) (2020)

XYZ data: 3.81 < +/s <4.60 GeV (13.1 fb_l)
Rscan data: (0.8 fb~1)

m//Yp>eteorutuy~, n>yyandn->ntnn°

* A simultaneous fit is performed by considering
the four processes to extract the signal yield.

OAssuming the lowest lying one is ¥(4040),
Y(4220) and Y (4390) are observed in the

process ete™ - nJ /Y

OY (4390) are observed in the process ete™ —
nJ /Y with significance of 6.00 for the first time

M(Y(4220)) = 4218.6 £ 3.8 + 2.5
r(v(4220)) = 82.0+5.7+0.4

M(Y(4390)) = 4382.0 + 13.3 £1.7
r(Y(4390)) = 135.8 + 60.8 + 22.5
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Observation of the Y(4220) and Y (4390) in the

+ —_—
process e e — 77]/¢ PRD 102, 031101(R) (2020)
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OThe masses and widths of the Y(4220) and
Y (4390) are consistent with or close to those of
previous measurements

OThe intrinsic scenario for the difference on width
is still unknown.
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M(Y(4220)) = 4218.6 £3.8 £ 2.5
r(v(4220)) = 82.0 £ 5.7 £ 0.4

M(Y(4390)) = 4382.0 + 13.3 +1.7
r(v(4390)) = 135.8 £ 60.8 £ 22.5
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Observation of eTe™ — nyY(2S)

4.237 < +/s < 4.600 GeV (5.25 fb~ 1)

mn-oyy, YRS >ntnT]/p, ]/ o eTe” orutus

arXiv:2103.01480v2

* The signal yields are determined by Feldman-Cousins method

* The process e*e™ — nP(2S) is observed for the first time. (S;,:=4.90)

* Upper limits on the cross section at 90% C.L. are calculated by using POLE program.

* A partial event reconstruction technique in the future may improve the detection

efficiency of this process.
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https://arxiv.org/abs/2103.01480v2

Cross section Measurement of e"e™ - T~ Y (2S5)

» An update of the previous BESIII result with
improved precision

B y(2S) -t ]/P (mode 1),

B neutrals: %, m°n% n, and yy (here yy from Y(2S) - yxq = vYJ/¥)

B /Y oeTe orptu”

» The measured cross section is obtained

Q120F
by performing simultaneous fit to 21285
M(n* ] /) and RM(m "1 ™) spectra. § o0

200
180k
L160F
> 140F

OThe line shape of ete™ - ™Y (2S5)
can be described with Y (4220),
Y (4390), Y(4660), and continuous
component.

OThe statistical significances of Y (4220),
Y (4390), and Y (4660), are 4.00,
16.10, and 8.1a, respectively.

o(e’e >y (2S)) (pb)

M(Y(4220)) = 42344 +3.24+0.2 T(Y(4220)) =17.6+8.1+09
M(Y(4390)) = 4390.3 £ 6.0 + 0.7 T(Y(4390)) = 143.3 + 10.0 + 0.5
M(Y(4660)) = 4651.0 + 37.8 + 2.1 T(Y(4660)) = 155.4 + 24.8 + 0.8

(a)

3.64 366 368 3.7 372 374

¢ Data

—Fit
--Background
[]Sideband

M(' ') (GeVie2)

100 - _._BESIII (This work)
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I (MeV)

Cross section Measurement of e"e™ - ™t P (2S)

arXiv:2107.09210

220
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—+ BaBar

- 1'y(3686) = n'r iy (.':L)
200 - o to, +
180 | < xp%" — iy
160 —]""— n%y
140 e
120~ T
100 |~
80 % 4 t
60 | 7
40 ¥
20 :_l , +| ) ! 1 | | | L 1 1 | 1
4200 4300 4400
Mass (MeV/c2)

(a)For different processes investigated at the BESIII experiment:
v' Y (4390) states are consistent among different decay modes within uncertainties.
v The width of the Y (4220) is smaller than previous results.

(b)For the Y(4360),Y(4390), and Y (4660) observed in =1 (2S) process by BESIII,
Belle and BaBar experiments:

v" The mass of the Y(4390) observed by BESIII are larger than that of the

Y (4360) observed by Belle and BaBar.

v' But these results can still be considered as consistent results.

(b)

Mass (MeV/c2)

1 1 I
4700




Measurement of e*e™ = Y X0 ¢1.¢2 Cross sections

arXiv:2107.03604

Studying the radiative transitions between vector Y-states and X

3.773 < +/s <4.600 GeV (19.3fb~1)

(c) (d) —4 Data y5=4.129-4.288 GeV/

B Xcoc1c2 = VI/W. /Y- efe orputu”

Events/0.007 (GeVic?)
o

* To obtain the number of signal events, BESIII
uses both fitting (L;,,; > 400pb~1) and

wo
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o Y A% Y X2 are observed for the first
3.4 3.5 3.6 3.5 3.6 tlme
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YXc1 @4.178 GeV: 7.60
YXc2 @4.178 GeV: 6.00 17



Measurement of e" e~ = Y X0 c1.c2 Cross sections

arXiv:2107.03604
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—— Data
— fit result

—e— Data
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v upper limit (90% C.L.)

N [e)]
LB B B B B
— N
o o
N
o
T T

oB(e’e—rx_,) (Pb)
o(e’e—yy_) (Pb)
o(e’e™—>yx_,) (pb)

o
T s

N
L

o
LI

o
=
O

4 41 42 43 44 45 46 3839 4 414243444546 38 39 4 4142 43 44 45 46
(s GeV Is (GeV) 's (GeV)

v’ The cross section line shape of eTe™ — yy.; can be described with {)(3686),
J(3770), P(4040) and Y(4160) resonances.

v'One resonance (R) with significance of 5.80 is observed in line shape of the
cross sectionete™ = yx o,

M(R) = 4371.7 + 7.5 + 1.8 MeV/c?
rtot =511+ 17.6 + 1.9 MeV

v’ The result supports the Y(4360)/Y(4390) — yx., radiative transition.

* The measurement of eTe™ = Y xq 12 Cross sections are consistent with the
potential model predictions, except for B[y)(4160) — ¥ x> ] [PRD 72, 054026 (2005)].
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* The charged charmoniumlike structures have been
observed in the T¥+charmonium mass spectra.

Events / 0.024 GeV/c?
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Searching for the reactione*e™ — ym m™ and a

charmoniumlike structure decaying to )(c]ni’

PRD 103, 052010 (2021)

my, —>V//YJ/Y—>eTe” orutu” 4.178 < +/s < 4.600 GeV (11.2fb71)

v'No significant signal has been observed,

v" Also no charmoniumlike in the invariant mass of the )(C]ni subsystem can be
seen

v' A hint of an slight enhancement fore*e™ - y mtm™

& ®  Observed cross section 25 ®  Observed cross section 71 @  Observed cross section
¥ Upper limit at 90% CL TXCO 50 ¥ Upper limit at 90% CL TXC]. 6 v Upper limit at 90% CL XCQ
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20



0 n.mtm, and

n.m’y, and search for Z, - n.m

PRD 103, 032006 (2021)

Measurements of e*e™ » n.t T

EPIC 78, 1019 (2018) PRD 100, 111102(R) (2019)
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* A maximum-likelihood fit simultaneously for all . decay channels to determine

the signal yields for each ete™ - n.n*n n®, n.atn~, and n 'y
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Measurements of ete” » n. ", n,.w T, and

n.m’y, and search for Z, — 1,

PRD 103, 032006 (2021)

* The process ete™ — n.m*m m? is observed for the first time. (Sgeat/
Stor=5.10/4.60 @4.226 GeV, 590 /5.20 @Sum of all Data samples)

* The Born cross section ete™ — n . mw 1? is measured to be in agreement with

the hypothesis of the production of an intermediate Y(4260) resonance decaying
to the .t~ m? final state.

* The Born cross sections ete™ — . ™ and 1,y are found to be consistent
with zero and corresponding upper limits are provided

i Omax [PP]  47.5 £13.1 70 p—— 70 -y
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ete” » n.ntn n® ete” > n.ntm ete” -y 2



SearchforZ, » n.mwintheete™ - n.ntn m°

process

PRD 103, 032006 (2021)
@4.226 GeV (1.1 fb~1)

mete” > Ztn n > (nt)n norc.c.) andete™ - Z0ntn™ - (n . m)mtn™
N, — 16 modes

* The search is realized in terms of a mass and a width scan for Z, and a
maximume-likelihood fit simultaneously for all n.m decay channels

0 0 : + - +. -0 . p
e /., ->n.m inete” »n.m m m" are found to be more significant.
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Searching for the reaction channel ete™ - n.npm ™

PRD 103, 032004 (2021)
@4.23, 4.26, 4.36, 4.42, and 4.60 GeV(4.1 fb~1)

mn, > ntn KTK™, 2(K+K_) 2(7T n_) 3(n*tn7), KIK*n*, KOK*ntntn,
K+_K_7EO,OK+£(_77, ntnn, ntn nn®, 2(ntn)n, 2(ntnn®), KT K 2(ntn"),
pp, pPm°, ppr T

my—yy, nl-yy, K -wtne

* The cross section at each center-of-mass energy is determined by a
simultaneous fit to the invariant mass of the 1. meson for 16 decay modes.

* No signal is observed, the upper limits at 90% C.L. on cross sections are
determined to be

04 73Gev = 6.2 pb G4r66ey = 10.8 pb
0436Gev = 27.6 pb Oy uaGev = 22.6 pb
G4606ev = 23.7 pb
* It is not yet possible to conclude about possible resonant structures in the final-

state subsystems ”



Observation of a Near-Threshold Structure in the K™

Recoil-Mass Spectrain ete™ - K*(D;D*° + D~ D°

@4.63, 4.64, 4.66, 4.68, and 4.60 GeV(3.7 fb~1)
Only reconstruct the charged K* and Dy , via
Dy > K*K m~and KIK~,K{ » ntm™
* Fit to the K™ recoil mass spectra for five data
samples

v'The first Z ¢ tetraquark candidate [cCsu] with
5.30 is observed in the near the D¢D™ and
D;D mass thresholds.

M = (3985.2%%3 + 1.7) MeV/c?
[=(13.8783 +4.9) MeVv

v'The born cross sections
oBlete” - K*Z.,(3985)” + c.c.] times the
sum of the branching fractions for Z.; —
D= D*%+ D:~ DY decays are measured at the
five energy points.

v'An enhancement around 4.68 GeV, Y (4660) ?

— — — |

Events /(5.0 MeV/c?

PRL 126, 102001 (2021)
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The XYZ states are studied/searched at BESIII.

Search for X(3872) Search for Y states

>ete™ - X(3872)y Charmonium + light hadrons:
>ete” - n%X(3872)y >ete” - n'n /Y

Search for Z states zetem >mlfY

»>ete” - mp(2S)
»>ete” - wtmYP(2S)
Charmonium + y :

+ —
>e e _)VXCO,CLCZ

>ete” = yomtm”

»ete” s n.ntn n® n.mtn,and n 0y
>»ete” s nomtn~

>ete” - Kt (D;D*° + Di~D?)

More results for XYZ states at BESIII will come soon.
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XYZ: production/decay processes

XYz 16(JFC) Production processes Decay modes
+ - + - +0 30

X(3872) 0+ (1+%) B—)I_()‘(/Kn)'(,e e —)7/X*, T J/, wl iy, DT D",

pp/pp inclusive, PbPb, yy yJ /W,y (2S)
X(3915)  0F(0or2™) B KX, yy —> X i
X(4140) 0" (1) B — KX, pp inclusive
X(4274) 0 (1++)
X(4500)  07(0*) B — KX 24
X(4700) 0*(0*+)
X(3940) 77 L DD
X(4160) 2077 erer = I+ X DD
X(4350) 0+ (?7) yy =X oI /v
Y(4008) 0-(1—) ete > Y il
Y(4260) 0=(17) ete” =Y and /., DD*n, x cow, henm
Y (4360) 0-(1-) L arlR2S)
Y (4660) 0-(1-) ce =¥ A28, AcA,
Z.(3900) 17(177) ee” — nZ., inclusive b-hadron decays nJ/y, DD
Z.(4020) 1+(277) ete” — nZ. nhe, D*D*
Z,(4050) -(77) .
75(4250) 1=(2°%) B = KZ T Xel
Z.(4200) (1) =)
Z.(4430)  17(17) B Kz 7= T, 7= (2S)
Z5(3985) 37 ete” — KZ D,D*,D:D

Table from F. K. Guo on 7th XYZ meeting
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Cross section measurement of ete™ - n'J /Y

PRD 101, 012008 (2020)

4178 < /s < 4.600 GeV (11 fb™1)
m//Ysete orutu~,n > yntn (model) andn' - wtmn,n - yy(mode2)

OA simultaneous is performed for the two i’ decay modes to extract the
signal yield.

Oe*e™ — n'J /Y cross section cannot be described by a single ¥(4160) or
Y (4260) resonance

OA coherent sum of Y¥(4160) and Y (4260) resonances offers a better
description to e¥e™ = n'J /1 cross section

OThe significances for the ¥(4160) and Y (4260) are 6.30 and 4.00
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Observation of a near-threshold enhancement in the

AA mass spectrum from ete™ - PpAA

arXiv:2104.08754
3.51 < +/s < 4.60 GeV (19.5 fb~1) mp > KK, A(A) — pr~(Prct), missing A(A)

» Several light hadron decays of Y states have been searched by .
the BESIII, Y(4260) - % (n)pp, KYK™r?, EE, etc. Butno

1.8

PR
o Sr
significant signals. R : | |
> The ete™ — pAA process has been observed for the first time & } HWW#H |
. . L8 H%
» Due to the limited sample sizes, cannot resolve the composition © ... |
of the resonance structure NeTee 38 4 ar a4 a6
E.ms GeV
2 © %0F .
—~ 800f 3 > 80- TR
© i 3 E
g;‘;g :ﬂ ]l H %ES ﬁ | ~ Batkaround
— 500 o 50F
2o Nﬁlﬁﬁq&w ol X
£ 300 3 ~ 30F
5 S00F - Ty t £5°
L te enl Ty
0 05 0 05 T s 0 05 85704 26 28 L3 a2
weighted cos8(¢) weighted cos8(A) M(AA) (GeV/c?)

v’ A near-threshold enhancement is observed on AA mass spectrum with a
significance greater than 250

M =2262+4+28MeV/c? T =72+5+43 MeV
]PC = 2t+t o=+ or1tt

v’ This enhancement could be the same thing observed in B —» KAA decays by
Belle [PRD 79, 052006 (2009)] 30




Studies of ete™ — 2(pp), ppn, and ppw

PRD 103, 052003 (2021) arXiv:2102.04268v1
200 —————————————————— — 4.5g -
—— PHSP : — 40 ;— (EL) —+— data E.. E (b) + data
g 150 = ;:;V:i(f:w)ﬂ(@ ] @ 352_ —— (C/s)" continuum & 6; 5 —— (C/s)* continuum
; —— Y(@220)+({5) /; E 3.0 % wce (CIs]+ BW (coherent) ‘é“ 5 ;_ ----- (Cls) + BW (coherent)
5 r1 8 25 & 4
1 A1 T 20 s
o L qs5F L
%’ ] QL = ) 2
N 1.05— & £
05F :
5 (GeV)y 38 39 40 41 42 43 44 45 46 38 3.9 4.0 41 4.2 43 4.4 45 46
1 Vs (GeV) s (GeV)
0 <4, 1 - _
4.0 < Vs <4.6GeV (15fb7) 3.773 < /5 < 4.600 GeV (14.7 fb™1)

* No significant structure is observed in the lineshape of ete™ - 2(pp)

* No evidence for a resonant contribution from a fit to the ete™ — ppn, and ppw
lineshapes

« Upper limit at the 90% CL on cross section
7.5 pb for Y (4230) — ppn
10.4 pb for ¥ (4230) — ppw
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