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Introduction

BESIIl experiment and data sets

The study of (3686) decay
v 1(3686) > Q" KTEY + c.c.

DISCLAIMER
This presentation is not an

- encyclopaedic review of all the
Y Y(3686) - y1c(25) with n(25) - KK charmonium decays at BESII|

The study of singlet n.(2S) decay

v 1.28) » ntnn./ntn KKttt

The study of x.; decay
v Xej = 3(KTK™)

The nature of y.,(3872), 23P; or not
V' xc1(3872) > ¥ x
v ¥.1(3872) » ntnn

 Summary
Jipeng Wang(SDU) ICHEP 2024, Prague, Czech Republic
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Jipeng Wang(SDU)

Charmonium resonances are located in the transition
region of perturbative and non-perturbative QCD

Non-vector and above-threshold states are partly
unknown

Vector states can be used either to reach non-1""
ones or as a way to test pQCD predictions (e.g., 12%
rule, AEM - strong), ...)

Gateway to the XY Z exotic states

Another way to probe the SM (via weak decays)

Study the dynamics mechanism of charmonium
decays

ICHEP 2024, Prague, Czech Republic 3



Introduction

Mass (MeV)
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T

4500 Tezy (4430) -{cg(fs-og )

((4415) n_

(4360)

Thresholds: —_—
X _(4274) ( ) [ ] 2

4300 i XCl ZP 2 7 0r

D D ...... ¥(4230) Tz (4200)

Y4160 N\ ([, " + _
) I - l
4100 Zi'ﬁbj ....... (4040) 1 T, (4020) Xc1 (3872) nn ]/1/) [1]
= X,(3915) X
Dol ooas mmn c2
a0, { Tz (390D) - ¢2(3823) A (3842)

¥ (3770) m X, 3560 @

- T[O
ar0 |” 7 n, (29) _w@s) | T W
0 X, (1P)
m “ X S1F) 2

S n he (1P) X, (1P)
3300 T

T n°

KK n mm, W
3100 e .

n, (1S)  Jig (18) Hybrid

No eenclusion uniil now!

Nature Rev.Phys. 1, 480-494 (2019)

[1] Phys. Rev. Lett. 91, 262001 (2003).
[2] Phys. Rev. D 72, 054026 (2005).
[3] Phys. Rep. 429, 243 (2006).
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Introduction

() o 0 X (46ss) BESIII can perform such studies, and this report focus
w [T on the studies of 1.(2S5),Y(25), x.;(1P), x1(3872)
- Ty, (4430)  Keol2500 :
R decay to expand our knowledge on the charmonium
anl X{4274) spectrum:
o e w(jfzg) -T Ll £4-200) X 01(4140) .
wonlois, P\ (A, Discussed
DD - X,(3915) X . (3930)
3900 g}ﬁs -------- o T Tery (3900) - = . — -
"""""" vy || s i 1. Observation of P(2S) - N K*E% + c.c.
-l Updated measurements of the M1 transition
3500 gn nhc P ¢(3686) - ynC(ZS) Wlth nC(ZS) — KKT[
3. Search for n.(2S) » n*tn™n, and n.(25) -
I ntn K, KEn™ decay
ns Smas 4. Observation of y.; = 3(K*K™)
5. Search for the decay y.,(3872) » n*n~ y
e g - - o - e .- . 6. Search for the light hadron decay y.,(3872) —
ntnn
Jipeng Wang(SDU) ICHEP 2024, Prague, Czech Republic 5




BESIII experiment

BESII

« 7-cregion 1.84 < /s < 4.95 GeV

e Peak luminosity 1.1 X 1033 cm™2s™!
RPC: 9 RPC: 8

layers Eleciro Mognitic ayers @ /s = 3.77 GeV
sC * (Clean background environment
Solenoid
* 1P /Y factory
Barrel e
ToF
Endcap . oo
or 14 P/Y(JPC =177)
SC
Quadrupole
o s e |
IP Decay measurement

e, Hadron decay (y¢(2S) - 2" K*59..))
v' Radiative decay (vx.;, y1:(25),yx.1(3872)...)
v Non-1"" state decay (y.; » 3(K*K™)...)
v' Charmonium-like state decay (y.,(3872) -
Tt T xeq1...)
Jipeng Wang(SDU) ICHEP 2024, Prague, Czech Republic 6



BESIII experiment

BESIT

10 x 109 2.7 x 109 20.3 fb
J/y W(2S) W(3770)

N AN

RPC: 9 Electro M t RPC : 8 ’ S
ectro Magnetic 2
layers Calorimgter ayers 6 [ /¥ & Mkt 154
v MarkI + LGW ‘
® Mark-11 LU
SC R . e PLUTO . i R
- Crystal Ball + 3 Pl S
Solenoid 4 ST 4 MR LT |
“ KEDR i Ll
Barrel 3 | |y I i e
Tor L
Endcap ol i L i’ e | .
ToF 3 3.5 4 g 5
SC
| 3
Suadipoe ~ 17 fb-1 XYZ studies ~4,0 fb-1 XYZ studies
ot — e THE= =P 3.8GeV < s <4.6 GeV Js 24.6 GeV

* Precise center-of-mass energies (o < 2 MeV)

e 2.7 x 10°(3686) events for charmonium decay study
 High luminosity energy scan (~500 pb~1/10 MeV)

« 22fb 1 (4 <+/s <5 GeV) for XYZ study

Jipeng Wang(SDU) ICHEP 2024, Prague, Czech Republic 7



(3686) - 2" K*E? + c.c.
Y

JHEP 04 (2024) 013

Partial reconstruction
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@ @ miss
L IR U

6 s or s quark in
the final state!

Jipeng Wang(SDU)
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First observation! | N
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2 100 =0 ] Bectaroun % 200 -~ + [ Background MG
3 ] | .
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Nobs. — NQED
Ny3686) - Bo-saKk— - Basptr— " €

(2.7840.4040.18) x 107°
Stat. 'Syst.

3-body decays study of charmoniums is difficult for theory
Available experimental results are limited now [5]

Provide important information for strong interaction

Help understand the dynamics of ¥(3686) decays

ICHEP 2024, Prague, Czech Republic 8
[5] Prog. Theor. Exp. Phys. 2022 (2022)083CO0L1.
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https://link.springer.com/article/10.1007/JHEP04(2024)013

Y(3686) — yn.(2S) with n.(2S) - KK

/[4
PRD 109, 032004(2024)

1. Different theoretical
model give different

Br(y(2S) - yn.(25))

n.(28) - KOK*n+

n.(28) » K*K~n°

140 — gﬁmbined 140 — Exombined

— > --.l:wl:‘I — d :-l:}nlﬂj
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4r 4r i
% O: H ;%l% i TH“ } rHr ] .H ET{I{LE{ Erpdriiibl % O: Iooo ':r {H}ILTT .}TH rrH“}r} H% {. ¢ I EEEE
S 4;;1}* SR a 4;11 S L
3.58 3.6 362 3.64 3.66 3.68 3.7 3.58 3.6 362 364 366 3.68 3.7
2 2 ..
M oy (GEV/C?) Mz (GeV/C* Tmproved precision
Mass (MeV/c?) Width (MeV) B(y(3686) — yn,.(25))(x1074) [(y(3686) — yn.(25)) (keV)

This work 3637.8 £ 0.8 0.2 10.5£1.7+£3.5 52+03+ ()Q'jllff 0.1575%0
BESIII (2012) 3637.6 2.9+ 1.6 169 £ 6.4 48 6.8+ 1.1 4 0.20 =0.14
World average 3637.6 1.2 11_33’_—3 7+5 021 +£0.15

2. Ref[6] give Br(¥(2S) — yn.(25)) = (713%) x 10~* but
difficult to validate theoretical calculation

Jipeng Wang(SDU)
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From &(n«(2S) = KKm) = (1.86+0-68.0.49)% [0]
[6] Chin. Phys. C 46 071001 (2022) o9
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Y(3686) - yn.(2S) with n.(2S) > KKn

PRD 109, 032004(2024)

+ -

"\
¥

b
00

From &(nc(2S) = KKrt) = (1.86+068 ¢ 49)% [6]

\ Improved precision I

Mass (MeV/c?) Width (MeV) B(y(3686) — ynﬁ,(ZSleO“‘) [(y(3686) — yn.(29)) (keV)
This work 36378 £08+02 105+ 17 £35 S2L03L0817) 0.15.008
BESIII (2012) 36376 29+ 1.6 16.9+644+438 6.8+ 1.1+45 0.20 £0.14
World average 3637.6 +1.2 1]_33—3 745 0.21 £0.15

1.
2.

Comparison with theoretical expectations... |

Mass (MeV/c?)  B(y(3686) — yn.(28))(x107*) T'(y(3686) — y5.(2S)) (keV)

NR model [7] 3630 7.14 £0.19 021 )
GI model [7] 3623 5.80 +0.16 0.17
Meson loop correction[8] N/A 2.72 +1.00 0.08 £ 0.03
Light-front quark model[9] 3637 3.9 0.11
Other models[10] N/A 0.6-36.0 . N/A )

Favor all model within 2o

Br(n.(2S) » KKm) limit the

[6] Chin. Phys. C 46 071001 (2022)

precision and more precise [7] Phys. Rev. D 72,054026 (2005)

result is needed!

Jipeng Wang(SDU)

[8] Phys. Lett. B 670, 55 (2008)

[9] Eur. Phys. J. A 48, 66 (2012).
ICHEP 2024, Prague, Czech Republic [10] arXiv:0909.2812. 10
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n.(28) » ntnn./nn K Kint

PRD 109, 072017 (2024)
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1. Assuming same linear dependence
q* (squared mass of pion pair)
between Y (2S) » "~ J /¢ and
n.(28) - n*tnn,., Refs.[11] estimate
B((2S) - yn(25)) x B(n(2S) -
ntm ) ~3.5x107°

2. Additional suppression for
Br(n.(2S) » w*tnn,) from stronger
chromo-magnetic interaction may
exist [12].

3. Experient result is important to test
theories and B(¥(2S) - yn.(2S)) %
B(n.(2S) » t*m™n,) is determined to
be 2.21x 107> @ 90% C.L..

First observation! |

1. Our result favor these two theories.
2. New decay channel of n.(28) hepl us understand
It better.

NB The sum of Br(n.(25)) is ~ 6%!

Jipeng Wang(SDU)

600~ E’_itﬁ E
i — 3
500 = ===-- Signal (b) =
500 | -
- — vy, 100! I =
& 400 — V(2S)—>vx =
= — —— Background 3
EH}O — —
l‘.,.}2[}0 ;— _;
Z100 = =
\H [ —]
2 b -
= Of
gZUO — ]
0
‘50 I | | | § |
3.6 3.62 3.64 3.66 3.68 3.7

M(T*T KK ™) (GeV/c?)
For the first time
2N(2S) = mm-Ks’K*r™) = (1.33 + 0.11 = 0.4 + 0.95) %

ICHEP 2024, Prague, Czech Republic [11] Mod. Phys. Lett. A17, 1533 (2002) 11
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Xc] — 3(K+K_)

PRD 109, 072016_(2024)

p—
wn

___ First observation! |
VE1\

—
™ _

o 2 | [For the first ime
o I 12. 40! I
o

v Br()c — 3(K*K?)) =
(10.7+1.8+1.1) x10°°

Events / (3 MeV/c?)
=

h

V' Br(Xc1 » 3(K*K7)) =
1 (4.2+0.9+0.5)x 107

0— 3{4 | L | 3|.5 | | 36
@JJ é%@ M5 ko (GeV/c?) v Br(XCZ - 3(K+K_)) -

(7.24+1.1+0.8)x107°

1. Discrepancies between theory and experiment
are observed [13-15].

6s oF S quark in 2. Exclusive yx hadronic decays are desirable.
the final state!
3. Deepen the understanding about the decay
[13] Eur. Phys. J. A 23,129 (2005).

mechanisms of y;. [14] Phys. G 38, 035007 (2011).
Jipeng Wang(SDU) ICHEP 2024, Prague, Czech Republic [15] Eur. Phy. J. C 14, 643 (2000). 12
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Xc1(3872) > ' x4

PRD 109, LO71101 (2024)

1. Full reconstruction

/P

oY/ l{,_

2. Partial reconstruction

R

Ne x¥.1(3872) signal!

e

—

/
y‘g@

oY/ 1{,_

miss

10 10
[ —+ Data _ L —+ Data N
o o} —Goodii 4-track events o of —Goodi 3 track. events
S F 3,59/”3' — 2 P sta/nal 5823) Simultaneous fit I
Lo N+ Ty I ' o
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™ T ™ T
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AT il # H AT
3.8 3.85 3.9 3.95 3.8 3.85 3.9 3.95
MFGCOi|(Yrad) (GeV/CZ) MI'GCO”(,Yrad) (GeV/CZ)
Theoretical prediction:
Our result Xcl( (fp ): .
> ['(2°P,—>y . 7
0 17Xl ~
[lxc1(3872)=yc1 7] > 5| T(2°Pi—yantz) ~ 0.04 [17]

Fb(cl (3872)_))(c1ﬂ+ﬂ_]

1. x.(3872) - n%y. have been observed at BESIII [16]

2. Favoring the non-conventional charmonium [18]

Jipeng Wang(SDU)

ICHEP 2024, Prague, Czech Republic

D°D*® bound state: ([FaV@F]

Br[X(3872) — x 7" 7] _ _
( Br{X(3872) — x . 7°] )Lo e 3)'[18]

[16] Phys. Rev. Lett. 122, 202001 (2019).
[17] Phys. Rev. D 77, 014013 (2008).
[18] Phys. Rev. D 78, 094019 (2008). 13



https://journals.aps.org/prd/pdf/10.1103/PhysRevD.109.L071101

Xc1 (3872) — 7T+7T—71 PRD 109, L011102 (2024)

Ne x.1(3872) signal!

20

—+ Data

1001 — - N — wttn® - Data
% ! n YY — Eil?nal MC ) : n — Sighal MC
> 8ofF e Background Z 15C "~ Background
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@ 40 2
c e
) o)
o 20 i
:9.80 3.85 3.90 3.95 59.80 3.85 3.90 3.95
M(rc+n) (GeV/e?) l M(r+en) (GeV/e?)

Br[x.1(3872) » ntn~n]

R B (3872) s ] ~ Ot

Br[x.1(3872) » n*tn™n] < 0.6%

Assuming x.1(3872) is a DD* molecule state, theoretical
calculations show the light hadron decay BF ~(1-10)%[19]

(our result <1%).

[19] Phys. Rev. D 106, 074015 (2022).

Jipeng Wang(SDU) ICHEP 2024, Prague, Czech Republic 4
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Summary

« BESTIT has achieved significant progress in the study of charmonium(-like) decay

% First observation of ¥(2S) > N K*tZ%+ c.c

% Update the precision of (25) - yn.(2S) with n.(2S) - KK

% First observation of 1.(2S) » n*n~K,K*n™ and give the upper limit of n.(2S) - t ™,
% First observation of x.; - 3(K*K™)

% Give the upper limits of x.,1(3872) - t™n ™y, and x1(3872) - n¥n™n

« The largest datasets of cc vector states collected by BESITI provide the power to
study the ¥(25),1.(25), x.;(1P) states and their decays with unprecedented precision.

* Also datasets above the DD threshold can shed new light on charmonium-like state
decays and hint at possible connections between XYZ states and the conventional
charmonium.

Thanks for your attentionl

Jipeng Wang(SDU) ICHEP 2024, Prague, Czech Republic 15



Jipeng Wang(SDU)

Back up

ICHEP 2024, Prague, Czech Republic
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Introduction

“Cornell” potential (Coulomb-like potential)
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Jipeng Wang(SDU)
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Charmoniumlike y .1 (3872)

Mass (MeV)

4700

4500
Thresholds:

4300
DEP*

4100 D& Bs _______
D*D*........
D;D;........

3900 DD ...

DD
3700
0, (@8)

3500

3300

3100

n, (19)

2900

PC -+
J =0

T
KK

/(4660)

¢(4415)
0/(4360)

(4230

¥(4160)
¥(4040)

mmn

W (3770)

T

ps) |

mn
n

mn
T[O
n

Jiy (19)

Jipeng Wang(SDU)
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m
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T (4200) XCI ( )
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5»
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ICHEP 2024, Prague, Czech Republic

PTEP 2022, 083C01

Main features:

1. Narrow width (I' = 1.19 + 0.21 MeV)
2. Mass is close to D°D*? threshold

3. ]PC — 1++

4. QObvious 1sospin-violation effect

(xc1(3872) = p] /)

PRL- 91, 202001(BELD) — yve]]-established decay channels
1.

Xc1(3872) » ™[ /¢
2. x.1(3872) > D°D*°

3. xa1(3872) = vy]/Y
4. x.1(3872) - 7T0)(c1

5. xc1(3872) =» w] /Y

18
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Xc1 (3872) — 7T+7T_Xc1

PRD 109, LO71101 (2024)

1. Full reconstruction

+

/P

'\

—y  Cp—

%

/

®

oY/ 1£_

2. Partial reconstruction

.7\

> PR

.

oY/ 13‘

» Kinematic constraint
* Well controlled background
* Improved statistic & precision

Jipeng Wang(SDU)
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26 28 3 32 34 3e background

M(I'I)(GeV/c?)
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Events / 3 MeV/c?

Xc1(3872) > ' x4

PRD 109, LO71101 (2024)

-
o

Ne x.1(3872) signal!
10

o]

r +Data  4.track events

- — Good fit

- - Signal 8
e N+ Ty (3823)

- o ylsﬂw’+J/w sideband 6

Events / 3 MeV/c?

3.85 3.9 395 3

Mfe°°“(yrad) (GeV/c?)

R - B(Xcl (3872) — 7T+7T—Xc1)

Theoretical prediction:

B(xc1(3872) — ntn—J/v)

Fb(_cl (3872)—=x 1 7]

Irc1(3872) >y cintn]

Jipeng Wang(SDU)

< U018

L —+ Data

.......... yISR\p’+J/\u sideband

p Foaa  3-track events Xc1(2P):
Foe Signal .
o Iy T (3823) Simultaneous fit I Ne x.1(3872) signal! [9]

3.85

D°D*® bound state: ([FEV@F]
Br[X(3872) — xgom 7] _ _
( Br{X(3872) — xeq7°] )Lo G0 3)'[10]

3.9 3.95

Mrecoil(_y ) (GeV/CQ)

> 5

rad

1. Pionic transitions of the spin-2 partner of
X(3872) to y; [11]
2. Tentative estimates of B(X(3872) —

_ m°m%y,,) and B(X(3872) » ntn ™y 1)[12]
ATl REENEEY . 3 Predicting isovector charmonium-like
More interaction states from X(3872) properties [13]

between theory and
experiment needed!

[9] S. Dubynskiy and M. B. Voloshin, Phys. Rev. D 77, 014013 (2008).
[10]S. Fleming and T. Mehen, Phys. Rev. D 78, 094019 (2008).
[11] arxiv:2406.01874

ICHEP 2024, Prague, Czech Republic [12] arXiv:2405.09228 20
[13] arXiv:2404.11215
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Summary & Prospect
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The BEPCII-U scheduled in the coming summer of
this year

Luminosity of BEPCII-U increased by a factor of
3 @ /s = 4.7 GeV enabling efficient collection of
XYZ data; +/s extends to 5.6 GeV; Commissioning
in 2025

Stay tuned for more exciting results from BESIIT!
BESIIT is still Charming :)

Jipeng Wang(SDU) ICHEP 2024, Prague, Czech Republic 21



