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New Particle Found! But Is It A Glue
Ball?

https://youtu.be/WL20BCxxO_4
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good agreement with experiments

many additional states seen in experiments like
BaBar, Belle, BESIII, LHCb, ...
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Vector states

What is the situation?
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Vector states
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Vector states

(a) using Breit-Wigner amplitudes fitted to single channels

2 = | hard to interpret:
C =p(3770) 3 — large interference terms
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(should only do this for narrow, isolated resonances)

that would be important to know...
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Eichten et al., Phys. Rev. D 21 (1980) 203
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In our calculation there is some weak structure
in the 3.9-4.0 GeV region.
from a cc resonance, but from the opening of the

It does not arise

DD* +D*D channel and a decrease in the DD chan- ,
nel due to a nearby zero in the 3S decay amplitude.
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Vector states

- if peak near 3.9 GeV is indeed (primarily) from D*D < DD rescattering,
a simple K-matrix model should confirm that!

zgﬂ,R(s) gVR(S)_I_bMV(S) ﬂXIJ - MU + ”><V

Aitchison‘s P-vector approach:
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NH, R. Lebed, R. Mltchell E Swanson Y.Q. Wang, C.Z. Yuan, arXiv:2404.03896
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Vector states

= different coupled channel model, same result: no pole near 3.9 GeV
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Vector states

Next: extend to higher energies — but challenges await!

» quark model: expect at least two additional bare states

* more open channels: how to incorporate 3-body channels?
— DD — fairly large cross sections
_ D*D. DDx — sub-processes contribute to
B D"'D’" different channels
S S
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* more interesting physics:

42 43 44 4

— how many states?

— electronic couplings, hadronic couplings

— ongoing, direct collaboration:
BESIII, E. Swanson, S. Dawid




Vector states

,(%\3666\ Global coupled-channel analysis of ee™ — c¢¢ processes in /s = 3.75 — 4.7 GeV

S.X. Na,kamura,l’z’:"[ﬂ X.-H. Li,%>3 H.-P. Peng,?3 Z.-T. Sun,! and X.-R. Zhou?3 arXivi2312.17658

4000 T T T T T 6000 ——— T T T 4000 T —T T 700 T T T T 60 T T T T ™
@D*p" {5000 |- (0) DD ] i © D™D { 600 60 CLUEEE I ©) «'0'D"
3000 [, . 3000 [ 4t 1 500 wh I Jaf
4000 = 1/ 1t k 400 - This work PDG [4]
2000 - jj 73000 - Lfr kL 2000 1 71 300 wf [ Neeo o o 2p] U M (MeV) T (MeV) M (MeV) T (MeV)
1000 | 12000 1 )" Rl 7 1000 [}/ i 1 200 Y JocAsiEERES 0 SH b Y 51 3775+£2.0 28+1.0 37781+0.7 27.5+0.9 (3770)
4= ~ 1000 | v e t - t 100 4 41 42 43 44 45 46 47 39 3.9 4 4.05 441
b1 L : ’ e SR SRS o A 5 Vs (GoV) My (GoV) 4026+0.1 25403  4039+1 80410  1(4040)
o Ehmmmmmed 0 - . ' : 0/ 0 v amamaer 100 T T o] 4232410 114+17 419145 70+£10  1(4160)
1400 - ' ' 700 800 40 ] ,]h 426 Gev | 4226 +£0.4 36+0.8 42225+24  48+8  (4230)
1200 600 600 |- of 1] 1 4309406 328+0.9 - - -
1000 500 600 200 |t 7
800 400 ol s | 436901 183302 4374+7  118+12  4(4360)
600 300 400 - 400 o bl .wi 114;--;“12 4394+£0.7 93409 4421 +4 62420  1(4415)
400 200 1 200 |- 200 AM(") @GeV) 4690+7.3 106+8.8 4630+ 6 7214 4h(4660)
200 100 Jao [ !/;;n‘n' ' R
0 0 0 . 0 250 |- i 1
4. 4 42 4.4 46 200 - 1
T T . N 80 T T T 100 150 B
800 0] 7r+D‘oD'- } ’ l \\ 1 4 (k) Jlypn’ 100 - B
/ L ]

50 -

600 |-

» they find 7 poles (5 bare

60 6 0.
40 My (GeV) .
400 2| w0 o o - poles), but no ¥ (4160)
20 (9) Jp x*x” 4.23 GeV (h) yats }[
200 1 20 300 |- 150 [
0 0 aogu o} i 23 - ' 0 - po— 0 .
o A2 M 48 38 4 42 44 48 . 42 44 LI . peak at 39 Gev IS non-
My 1 sl O KK, KK ] @ua'x ' - |
o R o 1. f 60 s2 94 g8 s e resonant!
[ 7 T T 60 T T T
3k | I’ 40 50 E () ha'w E () np'a 3
j o 40F 423,426 Gev 1 1907 azscev i
2+ 5 i 20F #d 2 % "
1 _l | ¥l d y Il\,/ ; S 2 ] i’ ]
0 SR LT SOOI l.; ....... 0 ATl = T 1 0 10 s 30 —HH ﬂ
42 4.4 46 4 42 44 48 4 42 44 46 o BT THETS 20
3.8 39 4 41 37 3.8 39 4

Vs (GeV) Vs (GeV) Vs (GeV) : e Th e e







e C : x1Q’

4,75 £l R Breit-Wigner | 3 » discovered in 2003
1(4660) = 400 — Flatté 3
T i 30F E
Lo | & 300f LHCb: 7 | « first width measurement by LHCb
‘ b(4415) S|¢ 250F PRD 102 (2020 E
—_— S% 200F 9, 092005 3
V(4360) E E
. 150F 1|« BESII: ¥ (4230) = yx.1(3872)
. = e production well established
% o y .
o | K B 3868 . 387 _ o _
g mu-e (6] | — contribute to precision studies
o Xe1(3872) T — DD
= D.D
- a0
3 (R e e - - DD
= 10 ) 8 08 PRL 122, 232002 (2019
L 70F (a) 415<E_ <4.30 GeV = T -+ Data
> E cm - .
250 N o f = . -4 BESIII 2014
S 5 = 6op PRL 122, = 0.6 — Fit
= > S0F 202001 (2019) +'; ;
) < Of S sof = 0.41
3.25 ﬂ [ > r 1 I
15 W 3of N .
__J/$(18) u>J105_ 20;_ g’?g) 02
3.00 - : i 3 =1 :
\. Hiiske ~ &F 10 = .
0: g é) -f:—;"—g" ,, ,,7777;,7 b O 4-6
Ll —+ 1 o Ll - : :+_ -75 . B . . .
' 1 205 GV, M(t Jip)  [GeV/c?
M(D°D) (GeV/c?) (' dhp) [GeVicT]
o PLNESE are NOt Crparity cipenstaces

-2 PRL:124°(2020) 24, 242001: .

=

EENE)




Xc1 (3872)

Lineshape studies: based on Hanhart, Kalashnikova, Nefediev, PRD 81, 094028 (2010)
coupling to D*D

dBr(D°D%70%) BBr(D*O — D7t%) x g X keg(E)
dE - \D(E)|? e D(E)=E —Ex + 39 |(ket (E) + itk g(E))
dBr(ntm=J/v¥) _ Latr-g/y c 1.c i
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Fn"'n‘]/z,b + Iknown + lunknown
(c: charged)
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— 2 2 _
- resolution (1-2 MeV) taken into account + W‘:\/\/(EX ER)? +Thew, x/4— Ex + Er.
\ mD*mD
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PRL 132 (2024) 15, 151903 mp- + mp
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PRL 132 (2024) 15, 151903
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Re E (MeV) Re E (MeV)
(a) sheet I: By = 7.04 — 0.19¢ MeV (b) sheet II: E11 = 0.26 — 1.717 MeV
BESIII LHCb — D%D*? channel more sensitive
g 0.16 + 0.107 312 0.108 + 0.003+9:992 to lineshape
pole (sheet I) (7.04 £+ 0.15%3:97 7.10 —i0.13 - results consistent with LHCDb
—i(0.19 + 0.08*313 — room to improve with more data!
I'(m*m~]/y)/T(D°D*?) 0.05 + 0.0115:2 0.11 + 0.03
Z 0.18 0.15
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Z.(3900)

« charged charmonium-like
discovered in 2013 in J /yn®
» spin-parity from PWA based on
- ~2 fb~1 at 4.23 and 4.26 GeV
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Z.(3900)

new (preliminary) results based on ~12 fb~! at 17 energies
between 4.13 and 4.36 GeV

PWA in helicity formalism
2 models:

(1) fo(980) as Flatté, ¢(500), f,(1370), £,(1270) and Z.(3900) as Breit-Wigner
PLB 607, 243 (2005)

g ey M ot

(I1) 6(500), £,(980), f,(1370) with K-matrix, f,(1270) and Z.(3900) as Breit-Wigner

EPJA 16, 229 (2003)

T
mass and width of Z.(3900) determined from simultaneous fit 5 (GeV) M (MeV/?) T (MeV)
to groups of center-of-mass energies 4.1567 —4.1989  3883.5 16 38.6 + 3.6
42091 - 42357  3884® Y10 37.8+1.6
fit fractions then determined from fits to single energies, with 4.2438 — 4.2776 R84+ 18 342433
Average 3884.6+£0.7+3.3 372+ 13+6.6
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o

sum over all center-of-mass energies
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Z.(3900)

cross sections of sub-processes — clear indication of resonant production of Z.m, (n7)s_wave J/¥
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Z.(3900)

but not all is understood: what happens at larger center-of-mass energies?
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Summary




BESIII remains very active in spectroscopy of charmonium-like states

vector states:

clear structures in hidden-charm final states
measurements of two- and three-body open-charm cross sections nearly complete
interpretation of single channels as well as inclusive cross section is difficult...

... coupled channel approaches are needed — and are coming!

O
O
O
O

Xc1(3872):

Summary

o BESIII has established production process: 1¥(4230) — yx.1(3872)

o allows to look for new decay modes...

o ... and lineshape studies — can be improved with future data!

Z.-states:

o new data, much more finely spaced in center-of-mass energy
o study connection between 1 (4230) and Z.(3900)

o intriguing open question: what happens at larger center-of-mass energies?

very much open to experiment-theory collaboration — approach us!
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* up to 3x higher luminosities in XYZ region
— precision XYZ physics at BESIII
— fine energy scans to study cross sections
— large datasets at single +/s to study X, Z,.
lineshapes
— open to suggestions!

Upgrade BEPCII .
(BEPCII-U)

BEPCII._

o
&

6x1

» center-of-mass energies up to 5.6 GeV
— cross multiple charmed baryon thresholds:
2.2, B8, 0.0,
— above J/Ypp threshold, can we produce
| pentaquarks?
- 6: 5 — largely unexplored region, new surprises
Yo : await!
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