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Rich BESIII Physics Program

DATA: A > Ae'v,
LQCD: A{—> Ae'v,
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129, 231803

« Taking advantage of recoil
tecniques it is possible to study
leptonic and semileptonic decay

« CKM matrix elements and form
factor measurement
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Precision QED measurement: R
values and nucleon form factor
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Hadron Spectroscopy
Baryon Meson / Hadronic\

Glueball Hybrid Tetraquark KMelEeTe
Q) ~®
' & ;923 &
o®
Naive Quark Model:

. .. but QCD allows also different
conventional hadrons . )
combinations of quarks and gluons:

\ contain two or three quarks / k EXOTIC hadrons j

‘Cryptoexotic’ exofic:

« Overpopulation of states

* Mass/width not fitting in spectra

« production and/or decay patterns
incompatible with standard
mesons/baryons

Manifestly exotic:

* Quark contents more than qq or qqq

«  Quantum number JP¢not reachable
for ordinary mesons or baryons

A lot of exotic states observed, but their nature is far from being understood !
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Hadron Spectroscopy: BESIII Contribution

New particles @ BESIII

http://english.ihep.cas.cn/bes/re/pu/NewParticles/
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Date of arXiv submission

Light meson and baryon spectroscopy
10x 109/ | Search for glueballs and hybrids

Large Dataset above open charm ‘ New Charmonium States
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J/¥ Radiative Decays

A gluon rich environment
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Glueballs and Hybrids

LQCD prediction for Glueballs

0" N

PRL110,
- 021601
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091601

* T/ = yGyr+)[Tiq = 1.1Q2)(1) X 1072 ]

[/ = yGy++) /Ty = 3.8(9) X 1073 -

++

PC
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Hybrid JP¢ = 1-* nonet is predicted to be the lightest

Only isovector candidates observed so far:
71(1400), 71(1600), t1(2015)

Isoscalar 1+ hybrids can decay to nn’ in P-wave
(PRD 83,014021, PRD 83, 014006, Eur.Phys.J.Plus

135, 945)

Glueballs with ordinary JP¢ mix with gq mesons

B(J/Y —> yfy(1710)) x10 larger then fy(1500)
fo(1710) largely overlaps with scalar glueball

2.5 GeV

LQCD prediction
for Exotic Hybrids

,2.0,GeY

my; = 391 MeV
24% x 128

4
isoscalar [

isovector

PRD &8, 094505




Observation of n;(1855) inJ/¥ —> yn'n

« JPC=0++ 2+ and 4** (yn'n system)
« JPC=1+"and 1=~ (yn"' system)

than 19¢
Isoscalar partner of m,(1600) ?

Quasi two-body decay amplitudes constructed AN
with covariant tensor formalism including all
kinematically allowed resonances from PDG

An isoscalar 1-* state, n,(1855), has been
observed with statistical significance larger

PRL 129, 192002 (2022)

PWA of J/¥ —> yn'n; n—>yy; n’—>yern /Mt PRD 106,072012 (2022)
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M = (1855 £ 99 MeV/c*, T = (199 + 18+)) MeV
Mass consistent with LQCD calculation for 1-+hybrid



Further Checks on 1n;(1855)

The distribution of cos(8,) in a region of
M(nn’) can be expressed as a model
independent expansion in Legendre
polynomials.

The coefficient are the unnormalized
moment of the expansion.

Ny
(Y9 = Z WY} (cos 6)
i=1
Narrow structure in(Y?)
Cannot be described without a 1-* component

n1(1855) -> ' is needed
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Comments on f,(1500) and f,(1710)
from PWA of J/¥ — yn'n

Decay mode Resonance M (MeV/c?) T MeV) Mppg MeV/c?) T'ppg MeV) B.F. (x107)  Sig.

f0(1500) 1506 112 1506 112 1.81 +£0.117017 >30

fo(1810) 1795 95 1795 95 0.11 £0.01°0% 11.16

f0(2020) 2010+ 6%¢ 203 £913 1992 442 228+£0.12103) 24.60

J/w—=yX—>ym'  fo(2330) 23124+ 7" 654+ 1077, 2314 144 0.10 £0.02100, 13.20
ni1(1855) 185549 188 + 187 e EE 0.27 £0.041 005 21.40

f2(1565) 1542 122 1542 122 0.32 +£0.051)3: 870

f2(2010) 2062 £+ 672° 165 4 17110 2011 202 0.71 £0.067000 13.40

f4(2050) 2018 237 2018 237 0.06 £0.01700; 4.60

0+*+* PHSP 1.44:t0'15<_|’8:218 15. 76

J/w—>n'X—>ym' h(1415) 1416 90 1416 90 0.08 £ 0.01709) 10.20
h(1595) 1584 384 1584 384 0.16 + o,ozfg.-gf 9.9¢

Significant fo(1500) contribution: B(f,(1500) — n1')/B(fo(1500) — zz) = (1.66753) x 107",
Absence of fo(1710): B(fo(1710) = nn')/B(fo(1710) = zx) < (2.87) x 1073

!

Suppor"r the hypotesis that fo(1710) largely overlaps with scalar glueball
(Pec‘rahon is that B(G->nn’)/B(6->nn)<0.04

2023/08/08 10



EVENTS/(20MeV/c?)
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Observation of X(1835)

2 500
225M J /¢ g 400}
BESIII PRL 106 072002(2011) % 3002
Observation of X(2120) and X(2370) g 200}
100}
. ou
' 14 16 1.8 20 22 24 26 2.8
—p* M, (GeV/c?)
10BJ/¢p

[ X)

2 2.5
Mn't'r’] (GeV/c?)

l—\)i'zo\)/x(ili(%om .

3

BESIII PRL 129, 042001 (2022)
Observation of X(2600)
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Observa‘rlon of X(ZéOO) m J/‘P —> yn T n

2.2

T T T T il 70
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24 26 .28 oF. L L
M[T]'1'C+Tl:] (GeV/cz) 23 24 2.5 26 27 28 23 24 2.5 26 27 28
M, r(GeVic?) M,...(GeV/c?)
Likely connected to non-trivial
structure at 1500 MeV/c? in n*n- 4000
L 3500
SYSTCI’\'\ . > 3000
SlmUlTaneus f'T To n’n+n_ Clnd T 325002
Structure in M(n*n~) described by Ta000p¢
interference between by fy(1500) g
and X(1540) L%) 500 - : e
Full par“rialwaveanalysisneeded‘ro 92 IR e I e 19 (%2 AT e T e 1o
determine QN and disentangle states M,.(GeV/c?) M,..(GeV/c?)
Resonance Mass (MeV/c?) Width (MeV)
f0(1500) 1492.5 + 3.6 % 107 £ 912
X(1540) 1540.2 + 7.013%3 157 £ 191
2023/08/08 X(2600) 2618.3 +2.01/%3 195 £ 512 12




Events/(22.5 MeV/c?)

Observation of X(1835), X(2120), X(2370) in
J/y EM Dalitz Decays

10 billions of J/¥ @ BESIII
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Charmonium Spectrum
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X(3872)

Observed in J/¥7rtn~ and D% D*9 by BaBar and Belle

e+e 7X(3872) — yn T Jhp

[Ph /. Lett. 112 (2 14) 0930013
15 - ' ' ; ] N,
B BESE + Data n S
% : — Total fit ] D
o [ X(3872) otalfi _ L
° - - Background N
210~ 630 =
> i 1 o
2 - ] 7))
5 ] =
g 51 - =
b i LLl
o Leds U ENIRERINN
3.8 3.85 3.9 3.05

Mt Jly) (GeV/c?)

= (3871.9 4 0.7 £ 0.2) MeV/c?
I < 2.4MeV (90% CL)
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m|[X (3872)] — m[D*°] — m[D"]
— (:0.07 +0.12) MeV/c? (LHCb 2020)

ete” — yX(3872) = ywJ /¢

[Phys. Rev. Lett., 122 (2019) 232002 ]
i —+ Data
Bl ~ 030
NET) x§3960g

N
o
1

Bac?<ground
- Sideband

, 3 9 e 3 95 '..;‘.;; .-.".'h?Il;I\-n.c.-‘.A.
M(wJ/y) (GeV/c )

Evidence for 2 additional structures
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o(e'e” = wrndly) / pb

Production of X(3872)

vX (3872) — ywJ /v

. M e -
First observation of ", "_ vX(3872) —» yrtw J/9

N
o

N
o

i
N

s
o

3 [Phys. Rev. Lett. 112 (2014) 092001] P — [Phys. Rev. Lett., 122 (2019) 232002 ]
2 0.8 Q i
~ " BESTI —+-Data & 2F BESIT —+-Data
3 I -~ BESIII 2014 = L — Fit of Y(4230)
> 0.6[ nriny — Fit of Y(4230) = [ oJ/y line shape
Ji [ line shape 3 1.5 N
= 0.4 T
A Y :
S S 0l
© 0.21 ® 0.5}
~ L P4 C
X - > ; 1
< OfF/—— ————le— v 0 — o — = +
o 4 4.2 4.4 4.6 4 4.2 4.4 4.6
[arXiv: 2209.12007 [hep-ex]] X(3872) ? Vg (Gev)
= ] Search for direct production in e+ e- annihilation:
- { """"""""""""""""""""""" % ke } No enhancement in cross section
- { _ I‘ee(X(3872)) < 0.32 eV @ 90% CL
- BESII s
50
95063/02/3820 3840 3860 3880 3900 16

Center-of-Mass Energy / MeV



First Observation of eTe™ — wX(3872)

J/W¥ and o signal and sideband region

o7l N e m = (3871.9 4 0.7 & 0.2) MeV/c”
085 - gl 4 [ <24Mev (90%CL)
095 562 564 566 386 39 302 564

202319 i (o I ) (GeV/c?) 1

15 _ : Data sample from 4.66 to 4.95 GeV (4.7 fb1)
N\" b 5 ------- oty e BES]]I [Phys. Rev. Lett. 130 (2023) 151904]
% ) S O | Y g a0 E
O 085F.felpmie Henlad b | S 14F RESTI
g~ O08F . itei.mag iR > 12:_ —+— Data
.[;’ 0_75%_:,_7,,'_,;__.:._'_:,,',5 '5...:.:.::.;5.:,..:....‘.,..._:,._,_E m E — Fit
+: 0.7 ;— l-..:' ----------------------- E 10 :'_ e Background
- . ‘ N e _ To) - [ sideband
= & SF X(3872)
0895 3 305 31 315 32 3825 ~ 6:—
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— 1: Pooe > vl . - .
% 095F | L ) e T -
S oof- - _ 3.8 382 384 386388 39 3.92 3.94
o : .
O o8sF - - . | M(r*mJ/y) (GeV/c?)
T e N o T
o - .n - =
lg 0_75;_ """" i"”“""""“;i'::"."-' """""""" .' """""" --
R
=
=




Y States Decaying to Charmonium

+Aa— R — —
e'e” — J/Ym'n ete” — P(2S)mtn
[BaBar, PRL 95, 142001 (2005)] [BaBar, PRL 98, 212001 (2007)]

NQ“O_ S L L N S s T T2 T T = = & °t [ °
> b ol B >

2T 3

S 30 R

" i J10

2 - ,’ Hmo W ",oﬂt n'm"' i o g

5 o LI kL g

[5 20— 36 38 4 42 44 46 48 5 [84]
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1 | Discovery of Y(4260) in J/¥'nr and
1 | of Y(4360) in Y¥(2S) using ISR by
BaBar

i

_p

100
920
80
70
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40
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10

-3

o(e'e’— n'ndly) (pb)

X X : 55
m(n*nTy) (GeV/c?) mQ@n)ily) (GeVic’)

[PRD 104, 052012 (2021)]

[Phys. Rev. D 106, 072001 (2022)] - S—
E [ - BESIII (This work)
c —+XYZ data — | -+ BESII(2017)
E BGS]]I —+ R-scan g 80 - = BaBar |
g (s=3.8713 = - -+ Belle .
3 i e 6ol 4o, Y(4660)
E- & I \
2 > 40 {
E = N
] T M‘%“ﬁ’iﬁr #?gj m!ij“ir“
= . - o‘ a !

] [ )

*3 0 [ar-- e P e S O 'ﬁ!’_ ---------------
E\ © 0| Les] '
g -20 p-
3.8 4 4.2 4.4 4.6 1 L PR EEPEPETS PITSPEE EPEPETEr SRR BRI PR

/s (GeV) 4 41 42 43 44 45 46 47
Is (GeV)

2023/08/08

|

The power of statistics

!

Two structures now resolved:
Y(4260) ->Y(4230) and Y(4360)

Y(4660) confirmed at 8.1 ¢
(first observation by Belle)

18




More on Y(4230) and Observation of Y(4500)

c2(e*e” — K*K'J/v) (pb)

1000

e*e” > K*KJ/Y | chin. Phys. C46, 111002 (2022)

T r

Data sample from 4.13 to 4.60 GeV (15.6 fb?)

Y(4230) and Y(4500) observed at 29c and 8o

3 BEST
6F -
4+ <
2f -
()i T G A'..l - . 5 1‘;
4.2 44 4.6
I's (GeV)
ete” — DOD* 1r+ PRL 122, 102002(2019)

|}

| T S R | I

M = (44847 = 13.3 £ 24.1) MeV/c2
[=(77.0 + 6.8 £6.3) MeV

Data sample from 4.05 to 4.60 GeV (15.8 fb?)

1 1 l l. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4.1 42 4.3 44 4.5 4.6

2023/08/08

Y(4230): M=(4228.6 = 4.1 £6.3) MeV/c?
['=(77.0 % 6.8 +6.3) MeV/c?

Model dependent structure at 4.4 GeV

19




Confirmation of Y(4500) and evidence for Y(4710)

ete— D*OD*

PRL130, 121901 (2023)

PRD107, 092005 (2023)

e'e — KS KsJ/\|I

1200 - F— 0 1
1o) - — Fit XYZ data - , -
[ , o~ & Data t = Fit result
;% R LI —~ Scan data 8 oo Y(4280) ;L eees Y'(4500)
.*"‘) 800 --BWI — Y(4710)
£ F --Bw2 (1) S
e 600 o it T NG S
;_Q) 400 :_ ~~~~~~~~~~~~~~ oém
o e T 17 (PR 2
g 200 A1 e T &
-Eb 0 : i L8 ¥ ST L lript 0
42 43 44 45 46 47 48 49 5 2.2 2.4 2.6 2.8 5
Is (GeV) Vs (GeV)
resonance mass (MeV) width (MeV) agree resonance mass (MeV) width (MeV) note
BW1 4210£5+6 82+18+9 Y(4230) Y(4230) 422717122 72+16+33 260
BW?2 446912614 24613719 Y(4500) Y(4500) Fixed Fixed l4c
BW3 467513014 218+t73%9 Y(4660) Y(4710) 4704152170 | 183£114+96 | 4.0c

Y(4230) observed in J/W¥ wtn—, W(2S) ntn, J/WYKK-, J/WKsKs, D*OD* 1t

Y(4500) observed in J/WYK*K-, D*0D*—7t+

2023/08/08

Y(4660) observed in W(2S) n*n-, D*OD*-xt+

Evidence of Y(4710) in J/WKsKs

20



A new vector charmoniumlike state
Y(4790) inete” — D™ D* ?

| arXiv: 2305.10789, submitted to PRL |

: - 1113 The cross section line -shape is
i 1 modelled with 3 BW and PhSP.
2 100 - — T T T e More data at around 4.8 GeV are
% 1 needed to understand the line shape.
% , I 1 Third BW is needed to better
! E 10 2 . 3 describe the cross section lineshape
B 5 T 'BW2'2 ¢ m‘a’\f. 4 with a 6.1c significance
% y — IBW,I — fitted line - /4\ ) s
10 & /" -.- - continue IBW / N\ ’“*'I‘.E Could it be the Y(4710) seen in
AT A B b Loy by ! L L1 i
43 44 45 4.6 4.7 4.8 4.9 KsKsJ/y?
E-v (GeV)
Consistent with '¥'(4160) R—esult 1 Result 2 Result 3
and Y(4230) \Ml (MeV /c*) 4186.5+£9.0 4193.847.5 4195.3+7.5

I (MeV) 55+17  61.2+£9.0 61.849.0

Consistent with ¥(4415), but
width slightly larger then WA

M> (MeV/c?) 4414.5+3.2 4412.8+3.2 4411.0+3.2
— Ty (MeV) 122.6+7.0 120.3+7.0 120.0+7.0

2023/08/08

Ms (MeV/c?) 4793.3+7.5 4789.849.0 4786+10
T's (MeV)  27.14+7.0  41+39 60435




Z.(3985): the strange partner of Z.(3900)

[BESIIL Phys. Rev. Lett. 126 (2021) 102001]
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W
o

Events /(5.0 MeV/c?)

—
o
™ e

N
o

—+4— Data
! Total fit
F \/E =4.681 GeV — —— Z.(3985)
: ~wo D*(2600)°D
_— BES]H ------- non-Res.

D, D’

[ comb. BKG

4 405 41 415
RM(K™*) (GeV/c?)

—TT—T—T— T — T
E [LHCb, arXiv:2103.01803]

LHCb

Narrow threshold enhancement (5.3c) in
ete” —> K* (D*.,.D/D,D*)-
M = (3982.51 55 +2.1)MeV/c?
= (12.8153 £ 3.0)MeV

Charged tetraquark candidate with strangess.
Minimal quark content:[ccsu]

LHCb reports a ch(4OQQ) inB—> d(J/YKH)
M = (4000.3 &+ 611,)MeV/c2,
I' = (131 &£ 15 4+ 26)MeV
JP=1*, hidden charm state
10 times broader

Same state observed in different
decays by the two experiments?
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Neutral Z., and excited partners of Z.,(3985)

[BESIII, Phys. Rev. Lett. 129 (2022) 112003]
S40F RESTT Vs = 4.699 GeV Search for neutral partner of Z.(3985)
> f Narrow threshold enhancement (4.6G) in
e [
=30¢ ete” —> K, (D**,D-/D*,D*")
O L
=20 ' = (3992.2+1.7+1.6) MeV/c?
g | = (77155 £4.3) MeV
L%10 :
’ Seem to be isospin partners

008 4 205 41 415 4

RM(K))(GeV/c?)
Search for excited partner of Z.(3985) in
S 100 D,,(2536)* D,” — Comb.BKG e*e~ —> K* D*~.D*0 + cc
S i 5 ?Rtalf't +;‘?‘a' data « 3 different data samples at Vo = 4.661,
[ B — i 5
= 0 ’ 4.682 and 4.699 GeV (2.7 fb)
S sk t * Two different tag-methods (D~ -/D*°-tags)
P I
2 - e | Hint (2.10) of a Z's state
. e S \--1' 4"1" "r-4--‘.-A_.-
"2 PEVEREET 4.18 M = (4123.5+0.7)MeV/c?

RM(K") (GeV/c?) UL @ 90% CL of Ggm X BR: O(1) pb
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BEPCIT Upgrade in 2024
[ ea s

Lum [103%2cm2s™!] 3.5 11 Lo .
B; [em] 1.5 13
1, 8x10% S ®
Bunch Current [mA] 7.1 7.5 i re q;\.
Bunch Num 56 120 zex10%] \. 3 times
SR Power [kW] 110 250 =, .l .”"
&) lum 0.029 0.036 & "'

Emittance [nmrad] 147 152 !
Coupling [%] 0.53 0.35 , " o
Bucket Height 0.0069 0.011 Beam energy (GeV)
0,0 [cm 1.54 1.04 . e .

z0 lem] « Luminosity is increased by a factor 3
o, [cm] 1.69 1.3 @ 2.35 GeV
RF Voltage 1.6MV  33MV  Maximun beam energy is increased up

to 2.8 GeV
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Summary

Unprecedented statistics collected by BESIIT provides great
opportunities o study QCD exotics

Exciting results from J/Y¥ radiative and Dalitz decays:
« Observation of 1;(1855), exotic spin state, possible hybrid candidate

- f (1710|) can possibly be a superposition with a ground state scalar
g?uebal

« Observation of new state X(2600)

Improved understanding of XYZ states:
« New production mechanism of X(3872)
* Mapping of fine structure of Y states
* Further studies of the Z;s state family

Many more BESIII results have not been discussed here...

.. And many more will come:
* Upgrade of BEPCII (2024)

. U]p%r'a_de of the inner tracker of the BESIIT detector with 3 layers
of Cylindrical GEM detectors (2024)

 Data taking will continue at least until 2030
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