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Exotic Charmonium Spectroscopy

e EXxotic searches

e states with exotic guantum numbers 4.6

e states with internal exotic structure

 Heavy-quark exotics cleaner than light-quark sector
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Exotic Charmonium Spectroscopy @ BESII

Experimental environment

y(4660)

At BEPCII Electron-Positron collider 461
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Exotic Charmonium Spectroscopy @ BESII

Experimental environment

At BEPCII Electron-Positron collider
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Physics data taking ongoing since 2009
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Exotic Charmonium Spectroscopy @ BESII

Datasets and physics potential

» Center-of-mass energy spanning the 7-charm sector

— te~ e U
R = o(e"e™ — hadrons)[c(e™e” — pu™u~)  Region below 2 GeV directly accessible (via ISR)
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* Machine upgrade to unlock more data and energies
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Vectorial exotics




The Y states
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Directly produced
in eTe ™ annihilation

* Y(4260) first such-a-state discovered by BaBar PRL95 (2005) 142001

* Inconsistent with all 1™~ quark model states
* \ery suppressed open charm decays
* Decays into other exotics
* Cross section for different processes studied at BESII|

PRD 104 (2021) 5, 052012
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arXiv:2206.08554v1

Update of e"e™ — z77n~J/y cross section

Higher statistics, higher precision, higher energies, better fit

Total data sample: 23/fb
100 « Structure around 4 GeV favors BW rather than exponential

90F- - XYZ data parametrization
=) 805— —+— R-scan
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eTe” = naw(29)

Updated result up to 4.7 GeV based on 20.1/fb
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~— BESIII (2017): PRD 96, 032004 (2017)
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+  Belle: PRD 91, 112007 (2015) '.

PRD 104 (2021) 5, 052012

 Confirmed both Y(4220) and Y(4390) contribution

* First observation of Y(4660) at BESIII thanks to the
center of mass upgrade!
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Invariant Mass (GeV/c?)

Study of ete™ — 7t Y, (3823)

Z. =113 b~

First observation of vector Y states decaying to D-wave charmonium

. Gi Y(4660) Rev. in Phys. 8 (2022) 100070
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Study the internal structure of Y states by
measuring their coupling with D-wave

’
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Invariant Mass (GeV/c?)
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Study of ete™ — 7t Y, (3823)

First observation of vector Y states decaying to D-wave charmonium
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Study the internal structure of Y states by
measuring their coupling with D-wave
charmonia

w,(3823) candidates reconstructed in yy,q ;

Two resonances hypothesis favored:

* to single resonance by 2.60

* to only continuum by more than 5o
Consistent with Y(4390) and Y(4660)

Second largest BF of Y(4660)

Best mass measurement of y,(3823)
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Study of the z7z~ D™D lineshape

* Fit to 37 energy values
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* Search for spin-3 partner of P(3770)
and P(3823) in its DD decay

* Signal shape extracted using
ete” — fo(500)w(3842) MC

 Combining all dataset in 4.6-4.7
GeV evidence of mrp(3842) at 4.20
level
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ArXiv: 2208.00099

« Study the 4-body final state to search for clues about vector
resonance in the region 4-4.7 GeV

» 3 subprocesses accounted for: PHSP, zzy(3770), D,(2420)D

« Partial reconstruction method (one D — Kzx, one in recoil mass)

: /\
QN
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Y decays to open Charm

R = o(ete™ — hadrons)/c(eTe” — u*u™)

 Conventional charmonium states
above threshold match well quark 4.5
potential model

R value

 Main decays in open charm mesons

S
IIlllllllllllllllII

 Charmonium-like states (Y) disagree

with quark model 3 .
« Main decay in hidden-charm 2.5
mesons A :

 Open charm cross section /(4040) (4160) n/(4415)
measurements essential to fully 16— —- T RN p—

understand XYZ states | Energy (GeV)

Rev. in Phys. 8 (2022) 100070

Illlllllllllll
—p—
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JHEP 2022, 155 (2022)

ete = DD

4,,
15.7 fb-1 collected between 4.085 and 4.6 GeV a5f
1IE K
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_ T __25F 4
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\ \ 0.5 J,I.:} l°:.l?:;;;., 39358, S
(¥)— Te” - . DU~ inferred ki ticall ot oo TR e,
D K interrea Kinematically 4 42 44 46 48
E... (GeV)
6_
 (Good agreement with existing measurements 5
|
* Confirmed structure around 4.39 GeV in D*D* _ A l }l Tl
S ] te—= DD
* Results can provide information to improve modelization of the cross > 1LY o
section between 4.2 and 4.3 GeV (e.g. Eur. Phys. J. C 81 (2021) 83) 2 1)
SRS
* With the new and more precise data, a simultaneous fit of combined bR T?H".*"-*‘-i:»;;,:,:.,;:;-
measurements allows to test different hypotheses for the Y(4230) and Qs 2 22 ‘ L6 as
for the other charmonium(-like) states | " E._(GeV)
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ete - DD

15.7 b1 collected between 4.085 and 4.6 GeV
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 Good agreement with existing measurements

e Confirmed structure around 4.39 GeV in D*D*

e Reconstructed
S .
D™t = 77DV with
DY > K1t

. D)~ inferred kinematically

* Results can provide information to improve modelization of the cross
section between 4.2 and 4.3 GeV (e.g. Eur. Phys. J. C 81 (2021) 83)

* With the new and more precise data, a simultaneous fit of combined
measurements allows to test different hypotheses for the Y(4230) and
for the other charmonium(-like) states
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Charged exotics




Charged charmonium-like states

 Produced in eTe ™ collisions and in B decays

* Decays typically in hadron + charmonium

* Intrinsic nature unclear - exotic states? kinematic effects?

e Correlated to Y states?

The first: Z(4430)*

Mé(< 1), CeVeric*

Exotic Charmonium at BESIII
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7 (3985)* @ BESII|

Search for “strange” partner of the Zc(3900)

P
.-

e

D

Events /(5.0 MeV/c?)

Discovered by studying the K™ recoil mass ine*e™ — K*(D_ D™ + D: -DY)

Significance: 5.30

Minimal quark content cCsd?

Similar to Z.,(4000) seen by LHCb (widths differ)

es(3985)7
es(3985)7

Mpole

V4
Z

1—‘pole:
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PRL127, 082001 (2021)

(3982.53"2 I 2.1) MeV/cz,
(12.8137 +3.0) MeV.
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PRL 126, 102001 (2021)
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¥ =38 fb~!  arXiv:2204.13703

—&— Data Total PDF -~~~ Signal

(3 9 8 5 )O @ B ESI I I - Sideband Non-resonant process --—-— D, ¥¥D,
\) WF o =4628Gv  40F o \s=4.641Gev
+ : 30F 30F
Neutral partner of Z.(3985)~ useful to assess their nature ol H I ol {:{é : |
+ - 0/ 71— 11 F+ *— 1y + lof £#++’}L++ 10 ‘H H{
ete” > K (DD +D D7) T AR N _J
> a0f 100}
E 0P ) 15=4661Gev (@) V5=4.682GeV
« Studied with partial reconstruction method in K recoil mass s f H{ +H_ M++§?%ﬁ+++
Z 20;‘ - «+~\ 50__ ,},/ / )
 Evidence at 4.60 level. Compatible with isospin predictions Z’g 10F {&‘H . fﬁﬁ : } %*i}
D = ;_.LL..-,,,_.._H_.,ﬁ-q-_-,{:-h.x.\# i Y
« Minimal quark content ccsd? W0} (o 15=4699Gev 200 o Alldat
5 : 150F
: : : : : 30 F [ +
¢ — i | - i
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The X(3872)




Almost twenty years of X(3872)

The best studied exotic state

» Produced in B decays, in hadron collisions, in eTe™ — Y(4230) — yX(3872)

. Very close do the D’D™ threshold: My 3872y — Mpopo = 0.01 £0.14 MeV

o Very Narrow. FX(3872) — 0961_813 + 021 M@V

» Large isospin breaking B(X — pJ/y) ~ B(X — wJ/y)

JPC — 1++

* Charged partner not found (yet) — iso-singlet state?

e Favorite interpretation: molecule mixed with charmonium, but other options are not ruled out

Exotic Charmonium at BESIII 02



Z. =99 fb~! PRD 105 (2022) 7, 072009

Search for X(3872) — JZ'O)(C() and X(3872) — nmy,

» To understand the nature of X(3872), verify ¥

prediction to test the charmonium-ness of the state /

* X0 reconstructed in 5 hadronic channels

o X(3872) —» Xco
I

X(3872) =17 ) 3(X(3872) =0y .. - . \
b[i};'g;?"_’_” £0)  and l;‘;"f‘;fm;;'_” Z4) sensitive to physical interpretation ~  —
XCST2-7 7 dfy) - BXGST=A7,) 1% e

: B(X(3872)=1x.0) B(X(3872)=x"7.0)
Interpretation B(X(3872)=r"n"1/y) B(X(3872)=x"7)

1) Four-quark/molecule 2.97

1) 7.1(2P) 0.0 0.0

2) DD e 2.84-2.98
3) D'DY + DD 1.3-2.07 1.65-1.77
4 p'D™+ptp o 3.72

) D'D™ + D D™ + y,,(2P) 0.094 .15

DYPRD77,014013(2008) 2PRD78,094019(2008) ) EPJC81,193(2021)
4PRD79,094013(2009) ¥PRD100,094025(2019)

Exotic Charmonium at BESIII 23



Search for X(3872) — n'y o and X(3872) —

w
9]

* To understand the nature of X(3872), verify
prediction to test the charmonium-ness of the state

w
o

* X0 reconstructed in 5 hadronic channels

Events/5 MeV/c?

* No significant results —> Upper Limits

0 o Bt |
3.75 380 385 390 395 4.00
Mass(noxco) [GeV/c?]

B(X(3872)=1"y.) and BX(387 2)=17,0)
B(X(3872)=a nJ/y) B(X(3872)=x"y,)

B(X(3872)=12"y.0)
B(X(3872)=zx"n"1/w)

B(X(3872)=x"%.,)
B(X(3872)->x"%,,)

[nterpretation

297
0).0)
2.84-2.98
1.65-1.77

1 Fou r-quark/molecule
1) yc1(2P)

2) DO

) D'D* 4+ DD
4 D'D*™ 4+ DD 3.72
) D'D™ + DD + ¥.1(2P) [.15

DYPRD77,014013(2008) 2PRD78,094019(2008) ) EPJC81,193(2021)
4PRD79,094013(2009) ¥PRD100,094025(2019)

().0)
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sensitive to physical interpretation

Z. =99 fb~! PRD 105 (2022) 7, 072009

ITY -0

- Tt et
Lo X TR
22
20 0_0
18 U T )( 0 J
o 16
14
12

3.75 3.80 385 390 395 4.00
Mass(nonoxco) [GeV/c?]

0 bt
3.75 3.80 385 390 395 4.00
Mass(n+n'xco) [GeV/c?]

9% C.L. upper lmit

B': X ( 3872 J —-‘JZ'“Z‘-(] ‘
BX(3872)=r"n"J/y)

B(X(3872)=r"y o)
TR ) )
B(X(3872)=1"y )

3.6
4.5
(.56
1.7

:
BIX(3872)=r "1y 4)
B(X(3872)=n"n"J]]y)
B(X (3872) —-’JZ“ K“;[l(] |

B(X(3872)=r"n"J/y)

Upper limits (90% C.L.) still not conclusive.
New statistics will be collected with BEPCII-U



Conclusions




Outlook

Other results not shown

 Many other great results have been recently published

' ) ' PRD 104, 112009 (2021)
* e.g. exotics’ decay to light hadrons and baryons SRD 104, L091104 (2021

* Connections between exotic states are also investigated at BESII|

0 €+€_ —> ]/X(3872), X(3872) —> 7[+7Z'_JW PRL 122, 232002 (2019)
¢ eTeT — JZ'OZC(39OO)O —> 71'071'0.]/1// PHYS. REV. D 102, 012009 (2020)
° €+€_ —> JZ'OZC; Zc —> }/X(3872) PRD 104, 012001 (2021)
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Summary

« Exciting results from new XYZ data are presented

« Studies of X(3872) continue thanks to the eTe™ — Y(4230) — yX(3872) process

 Mapping out fine structures of Y states

e Z./(398)5) triplet

e Data with unprecedented statistical accuracy from
BESIII provides great opportunities to study QCD

exotics. Will continue to run until ~2030

* Further upgrade in energy (5.6 GeV) and
luminosity (BEPCII-U) coming

BESIII White paper: arXiv:1912.05983 Chin. Phys. C 44, 040001 (2020)

Exotic Charmonium at BESIII

27

- .
- -

Peak luminosity (cm™s™")

1 x 105

8 x 10%

2x 10%F

6x 10%F

1
4x 10°r

Upgrade BEPCII
(BEPCII-U)

) L Al v v

BEPCII

'I
"
-

2.0 3.0

4.0

Ecm (GeV)

5.0

5.6



Thanks for your attention!



ArXiv: 2203.13782

x.1(1P) direct production

First observation (50) of y..,(1P) direct production at e™e™ collider
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