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BESII

Recent hot topics

Hadron Spectroscopy

Z:s(3985)  [Phys. Rev. Lett. 126 (2021) 102001]
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Hadron Spectroscopy
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Potential model:
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BESII

* Before 2003:

» Good agreement between theory

and experiment, particularly

beneath open charm thresholds

Charmonium spectrum (cc)
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* Before 2003:

» Good agreement between theory

and experiment, particularly

beneath open charm thresholds

* After 2003:

» Severe mismatch between predicted

and observed spectrum

Potential model:
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[Godfrey & Isgur, PRD 32 (1985) 189]
[Barnes, Godfrey & Swanson, PRD 72 (2005) 054026]
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* Before 2003:

» Good agreement between theory
and experiment, particularly
beneath open charm thresholds

* After 2003:

» Severe mismatch between predicted
and observed spectrum

3.5
* Several supernumerary vector states:

Y(4260), ..., Y(4660)

JPC

(2S+1)

Charmonium spectrum (cc)
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* Before 2003:
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BESIT Charmonium spectrum (cc)
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Simple Quark model
* Mesons: Color neutral qq systems

O Conventional (qQ)
QCD

* Meson states beyond qq

Alternative 4-quark configurations:

Hybrid (qQ) g
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* Symmetric e*e" collider:
> Vs =2.0-4.6 GeV

* Design luminosity:

4 > 1x1033 cm2s (at Y(3770),

— SRV AR achieved in 04/2016)
i_B;EﬂF?C I

N
n -\\\\
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NN Py N4 .
¥ 5 2/ i o
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» d

* Multi-purpose 4t detector with
» good tracking
» calorimetry
» PID and muon detection

* Operating since March 2008
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* XYZ region: > 3.8 GeV, integrated luminosity: ~22 fb-"
* 104 energy points between 3.85 and 4.59 GeV (R scan)
* ~20 energy points between 2.0 and 3.1 GeV
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The Y(4260) and further
supernumerary vector states
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JAp1m, hone and Y(2S)
Some history:
ete” — JPmt ete” —» Y(2S)mim
[PRL 95, 142001 (2005) ] [PRL 98, 212001 (2007) ]
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* Discovery of the Y(4260) using ISR * Discovery of the Y(4360) using ISR
by BaBar in J/Apmtm by BaBar in {(28)mm-
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BESIII result, published
ete” —» Jymtn ete” —» Y(2S)mim
[PRL 118, 092001 (2017)] - [Phys. Rev. D 96, 032004 (2017)]
100 g 0
3 E _+_XYZ B‘ES]]I \9 100 BESI[[ l Bell _
Q 80 : c - ‘ elle
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S s y O N i
S 60 T T Fit 1l % 60 F
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? 40 — 8 4O:
L O 20f
O e Z
\b’ 20 " w o * 0:
038 4 a2 a4 a6 200 41 42 43 44 45 46
Vs (GeV) /s(GeV)
* Cross-section inconsistent with the * BESIII: Much higher precision (5.80)
single resonance Y(4260)! * Coherent BW fit: Y(4230) and Y(4360)

» Two favoured over one by >7¢0
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BESIII result, published

ete” —» Jymtn ete” —» Y(2S)mim
[Phys. Rev. D 106, 072001 (2022)] [Phys. Rev. D 96, 032004 (2017)]
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* Cross-section inconsistent with the single e BESI|II: Much higher precision (5.80)
resonance Y (4260) e Coherent BW fit: Y(4230) and Y(4360)

» Additional structure at ~4.5 GeV needed (?),
influences Y(4230) parameters
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BES]I[ What happened to the Y states?

ete” — JApmtm
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[BaBar, PRL 95, 142001 (2005)]
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ete” - Y(2S)mt

—_—
(=1

Events / 50MeV/c?

[BaBar, PRL 98, 212001 (2007)]

T T T T

!

il

1-- R LA o

5

55
mQ(wn)ly) (GeV/c?)

[Phys. Rev. D 96, 032004 (2017)]
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ete” — h,mtm

PRL110, 252002 (2013)
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[Phys. Rev. Lett. 118 092002 (2017)]
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= 70F g 80} | BaBar 3 £ .o Fit curve: Y(4220
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Two structures now resolved: Y(4260) = Y(4230), and Y(4360)
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10001— w(4415) + | T » M=(4228.6 = 4.1 +=6.3) MeV/c?
: Y(4360) ? > I'=(77.0 £ 6.8 £6.3) MeV/c?
o
3 0o Y state at about 4.40 GeV:
b%' » strongly model dependent

=> First Y decays to open-charm
=> Consistency with structures in
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ete” — P(2S)mr ete” — P(2S)mtm
[Phys. Rev. D 96, 032004 (2017)] [PRL 99, 142002 (2007)]
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* BESIII: Much higher precision (5.80) * Confirmation of the Y(4360) in

* Coherent BW fit: Y(4230) and Y(4360)  W(2S)mm" with a significance of 80
* First observation of Y(4660) with 5.80
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ete” - Y(2S)m

—
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[Phys. Rev. D 96, 032004 (2017)]
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* BESIII: Much higher precision (5.80)

* Coherent BW fit: Y(4230) and Y(4360)

The Y states, e*e- production of
JApnm, h e and Y(2S)nm

o(e’e—n*ny(3686)) (pb)
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ete” - Y(2S)mi”

[PRD 104, 052012 (2021)]
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* Observation of Y(4660) — ¢y(2S)m "

with a significance of 8.1¢0

* First observation of Y(4660) at BESIII
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BESIT what about Y states to open charm? =S

ete” — J/Ymtm ete” —» Y(2S)mtn

100 ¢
ook —+ XYZ data 3 120 ARRRARS RS -
o) 80 E_ (a) —+— R-scan Z 100:_ l l + Belle —_
e E {s=3.8713 o) £ ‘ .
= 70F e = 80fF -+ BaBar -
S 60F 9 : ]
? 50 = 0 60
= g ) r
1T 40F @
D> B0y O
© 20
10
B T ——— e~ - & 5 A A L T T T
3.8 4 4.2 4.4 4.6 46
/s (GeV)

ete” — DD* 1t

| = I 1 [ Y E | I 1 | [ | l LI | LI

[PRL 122, 102002 (2019)]

l T 1T 1 l L B B | I

oo V(4415) + | B
i Y(4360) ?
o
&
2 500
5
©

1 1 1 I 1 1 1 1 l 1 1 1 1 [ 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l

4.1 42 4.3

Ey(GeV)

44 4.5 4.6

UNIVERSITAT

FRANKFURT AM MAIN

ete” — h.mim

N
wn
=

:_ -+ BESIII R scan data sample
F =BESIII datasample

N
S
=

? ~Fit curve: Total
- Fit curve: Y(4220)
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Y(4230):
> M =(4228.6 = 4.1 £6.3) MeV/c?
» '=(77.0 £ 6.8 £6.3) MeV/c?

Y state at about 4.40 GeV:
» strongly model dependent

=> First Y decays to open-charm
=> Consistency with structures in

JAW/h,/ P2S)
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BGS]]I What happened to the Y states?
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Y(4230):

PRL 130 (2023) 121901
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» I'=(81.6 £17.8 £9.0) MeV

Y(4500):
> M = (4469.1 £26.2 £3.6) MeV/c?
> I'=(81.6 £17.8 £9.0) MeV
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Y(4660):
> M = (4675.3 £29.53.5) MeV/c?
> ['=(218.2 £72.9 £9.3) MeV

ete” — D'D* 1t

=> Consistency with structures in

[PRL 122, 102002 (2019)] JIY / he/ P(2S)mm & JAPKK
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Y(4230):
> M = (4228.6 + 4.1 £6.3) MeV/c?
> T'=(77.0 = 6.8 £6.3) MeV/c?

Y state at about 4.40 GeV:
» strongly model dependent

=> First Y decays to open-charm

1 [ 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l

4.1 42

=> Consistency with structures in
JAU/h/ P2S)

43 44 45 4.6
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BES]]I The Y states, e*e" production of = =0
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JAPnm, h e, P(2S)n and JAPKK-

[PRD 97, 071101 (2018)]

* Data samples from 4.13 to 4.60 GeV (156 fb")
2 6F - (4.7 o)
* Dressed cross-section measurement of E : 1 1 |
T o
e'e — KK~ J/p P ir |+ I
Lf: T I "
ro2F 1 s o
* Y(4230) and Y(4500) observed (290 / 80) o s T K
> M= (4484.7 = 13.3 = 24.1) MeV/c? ® L1 ¢ 548
> T'=(77.0 * 6.8 £6.3) MeV e SR T ‘
4.2 4.3 4.4 4.5 4.6

[Chin. Phys. C 46, 111002 (2022)] EC\ [ [GOV]
-’.g- 8-_ >3 1 o 2 W ' 3 ' ” 1 -:'
= - F BESI :
§ 6 larger statistics, more
Y E data points & improved
¥ 4t detection efficienices
| -
o 2
e [ Toaia:
Qb 0 L - ~Sstnei b 2 iy W i ] x . L -,I
4.2 —.. 4.4 4.6
I's (GeV)
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B‘ES]]I The Y states, e*e" production of
JApmer, hemer, P(2S)mr and JAPK K, ONIVERSITAT

* Data samples from 4.13 to 4.95 GeV (21.2 fb™")
* Dressed cross-section measurement of e'e- — KK JAP

[Chin. Phys. C 46, 111002 (2022)]

~ & Data — Fitresut  BESII
a -+« Y(4230) «««« Y(4500)
— Y400 X
= 2y o
Oﬁm P
Oxcn :5- ’\9\-15:— a2
é :;,,,m ; 1 E ¢ 3
v 'l 1F =
& =1
3+ g 18 F
© o | 005 _—-lﬂ H{ ———————— —
5 m fit p 5
oF g
4.2 4.4 46 48 5 4.2 44 46 4.8 5
* Evidence for Y(4710) — KSOKSO JW (4.00) => jsospin violation effect at 1.90

» M=(4704.0 £ 52.3 £ 69.5) MeV/c?
» I'=(183.2 = 114.0 £ 96.1) MeV

* Y(4230) — K,°K,° J/{r observed for the first time (260)
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BESII
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FRANKFURT AM MAIN

The (charged) Zc states
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BESIT Two Z_ triplets established at BESIII

[PRL 110 (2013) 252001]

[ —+- Data

b 100: — Total fit
; I «+++ Background fit
8 80-_ PHSP MC
5 Goi— “ [B) siceband
o b d
@ 40f | Wl
B O 4
(4 97 >Ssagl
@ 20f 'ty

07537 38 39 40

Muax(®tJ/y) (GeV/c?)

ete™ = n T J/Y

Charged

JOHANN WOLFGANG GOETHE

UNIVERSITAT

FRANKFURT AM MAIN

[PRL 115 (2015) 112003]

N [PRL 111 (2013) 242002] [PRL 113 (2014) 212002]
g 4230 MeV < 120 : 45
VI(K) % “— 40
~ O 100 L2 35
g 80 % i 3 =
> 60 g p § il
40 E : § z
20 40 § #
0 - 2 = 5 ]

= ST miniie
410 415 420 425
M_, (GeV/c)

.
kY 39 395 4 405 41 415 42 4
MY (GeV/ich)

7 max

M(n’J/y) (GeV/e?) dos~ 400 ass

ete™ — nPnlJ/yp ete™ - m mthe ete™ — nPnlh,

Neutral Charged Neutral

Z,(3900):0 > JP =1+

|

!
Z.(4020)0 ?

* Two isospin triplets of charmonium-like exotic states established

Frank Nerling
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BESIT Two Z. triplets established at BESIII ™=

UNIVERSITAT

FRANKFURT AM MAIN

[PRL 115 (2015) 112003]

Hidden Charm

Open Charm

[PRL 110 (2013) 252001] e [PRL 111 (2013) 242002] [PRL 113 (2014) 212002]
F o < 4230 MeV < , 4
% 100:— tTmm < 100 ~§ ™ < ~
E 80 i E 80 g L 3 % 35
= 60:— + [ sicevand § 60 = 80 § : 9 2
= {1 = 40 % 60 Fu \g; 20
940_—+_ B 1 ‘;40 2 g Els
g [/ 20 §
2 20f S ‘ ‘ 20 ol
M i :k?t*J/w) ?éewcz)m N R M J)W) (Ge\.’-/cz) fos 400 405 410 sM :.(z& s 5 M;‘;:"“lm(cewc’)
ete™ = nntJ/yp ete™ — nPnOU/yp ete™ = n—mthe ete™ — m97Oh,
PRL 112 (2014) 022001
[ ( ) ] [PRL 112 (2013) 132001]
e [PRL 115 (2015) 182002]
[PRL 115 (2015) 222002] ¢ | -~ oov  —towim § T
= > 60l LIRS 2 [
an:— L g:;:a e g - - - PHSP signal |
g E_ ... Signal 2 40“ mws g 201
EGOE M Incl. Bkg :\; H @
‘§4U: g 20 ' 10f
“a0f w ]
15 ok 402 404 406 _ 4.08 Ok

4.05

4.08 B :
M(DD*) (GeV/c?) RM(n°%)(GeV/c*

RM(r) (GeV/c?)

ete™ — n— (D*D*)*

Charged Neutral Charged Neutral
| |
Z:(3900)+° > JP=1* Z.(4020)*07?

* Two isospin triplets of charmonium-like exotic states established
* Different decay modes (hidden vs. open charm) of same state observed?
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BESIT First Z.. candidates Z(3985) reported

[BESIIIL, Phys. Rev. Lett. 126 (2021) 102001]

40

w
o

Events /(5.0 MeV/c?)
N
o

—b
o
L

\/§ = 4.681 GeV
i BESIT

4

_+_

S - D* (2600)'D*

Data
Total fit
Z..(3985)

comb. BKG

-
Lt

4.05 4.15
RM(K") (GeV/c?)
%700- [ILH&b,'arX'iv:2'10'3.01'80£] o
LHCb

3.6

UNIVERSITAT

FRANKFURT AM MAIN

* Search for strange partner of Z,(3900)
» Containing s quark in open charm decay
>ete” - KY(D,D*/D*D)~
» Narrow threshold enhancement (5.30)
> M = (3982.57 8 £2.1)MeV/c?,

I = (12.873% £ 3.0)MeV

* Manifestly exotic charged hidden-charm
tetraquark candidate with strangeness

» With a non-zero electric charge
» Thus, minimal quark content => [ccsuU]

* LHCb reports a Z(4000) in B — ¢(J/yK")
> M = (4000.3 £ 613,)MeV/c?,
I' = (131415 + 26)MeV
» JP = 1* hidden charm final state

> 10x broader

=> Same state observed in different decays
(open/hidden charm) at two experiments?

Frank Nerling
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BESIT First Z.. candidates Z(3985) reported

UNIVERSITAT

FRANKFURT AM MAIN

[BESIIIL, Phys. Rev. Lett. 126 (2021) 102001]

Data * Search for strange partner of Z,(3900)
;02'9::;) » Containing s quark in open charm decay
| > ete” - K¥(D,D*/D; D)
. > Narrow threshold enhancement (5.3c)

> M = (3982.57 8 £2.1)MeV/c?,

40
<  [Vs=4.681 GeV —_—
= 30| BeSm |
> |
S i
v 20 |
*qéj :
> 101
S
0 - s T o o 1 L I.l..l-_l“T T3
4 405 41 4.15
RM(K") (GeV/c?)
[BESIII, Phys. Rev. Lett. 129 (2022) 112003]
§40 - BESTI s =4.699 GeV
>
=30F
S
:20
g 10
]

995 '4“21'05"211'2115 4.
RM(Kg)(GeV/cz)

= (12.8753 £ 3.0)MeV
* Manifestly exotic charged hidden-charm
tetraquark candidate with strangeness

» With a non-zero electric charge
» Thus, minimal quark content => [ccsuU]

* Search for neutral partner of Z.(3985)
» Containing s quark in open charm decay
» ete” = KAD{D*~ +D:tD7)
» Narrow threshold enhancement (4.6c)

> M = (3992.24+1.7+1.6) MeV/c?
I' = (7.7135 £4.3) MeV

=> Seem to be isospinpartners

Frank Nerling
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BESII

[Chin. Phys. C 47, 033001 (2023)]

Events / (2 MeV/c?)

Events / (2 MeV/c?)

The charged Z_.

15 [ Di-tag at Vs =4.661 GeV

10F

wn

[ D"-tagat Vs=4.661 GeV

o

| Di-tag at {s=4.682 GeV
40 F

| D"-tag at Vs=4.682 GeV

4

TR LSRN &

D"-tag at Vs =4.699 GeV

— o L e e 1i1' Fyisd

U, i1 ) Lol
4.12 4.14 4.16 4.18

4.12 4.14 4.16 4.18
RM(K") (GeV/c?) RM(K*) (GeV/c?)
100 B D, (2536)" D, Comb. BKG
. -~ NR —¢- Total data
- — Total fit Z.e
50 — +
0 ; -kl' s L0 ‘I S |ttt | il 'l' el D] Ll o
4.12 4.14 4.16 4.18
RM(K") (GeV/c?)

UNIVERSITAT

FRANKFURT AM MAIN

* Search for excited partner of Z_(3985)

» 3 different data samples at
Vs = 4.661, 4.682 and 4.699 GeV (2.7 fb")

> ete” - K™D D* +c.c.
> two different tag-methods (D~ -/D™°-tags)

* Evidence for a Z state

» M = (4123.5+0.7)MeV/c?
» 2.10 significance (3.90 \wo systematics)

* Statistics limited, test of decay width
hypotheses, local statistical 4.1¢ for:

(My,Ty) = (4124.1MeV/c?,10MeV)

* Upper Limits (CL90) provided: on Ogyp, X
BR: O0(1) pb
» UL on og,n X BR: 2 0(1) pb
> ateach Vs = 4.661, 4.682 and 4.699

=> More data will be taken

Frank Nerling
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The X(3872)
and further X states
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BESII Experimental review of the X(3872)

[Belle Collab., PRL 91 (2003) 262001]

T 1 | L * First observed by Belle in 2003
> X(3872) —» J/yYm T~

X(3872) —» I

=(-0.07 £0.12) MeV/c? (LHCDb 2020)

300 [ ' e 4

B v = - > very narrow state with JP¢ = 1+
200 _ _ * Belle & BaBar report signal in

I i > X (3872) — D°D*°
100 |- J * Mass m[X (3872)] — m[D*°] — m[D°)

o U ’”’"J' S * \Width measurement:
0.40 0.80 1.20 > Tx@erz< 1.2 MeV (2011, Belle)

M@ I'T) - M(I'T") (GeV) > Ty@srz) = 1.13 MeV (2020, LHCb)

Analogy to deuteron:
For clarification:

— *

D => Precision measurement with
sub-MeV resolution needed!

lights on the XYZ Physics 32
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BGS]]I First observation of ¢ ¢~ — X (3872) ==

UNIVERSITAT

FRANKFURT AM MAIN

BESIII: First observation of eTe™ — v X (3872) — yn 7~ J/
First observation of ete™ — v X (3872) — ywJ /¢

[Phys. Rev. Lett. 112 (2014) 092001] [Phys. Rev. Lett., 122 (2019) 232002 ]
| L O - BESTI —+ Data
| BESIT —+4- Data . S i — Fit
i _ ~ 1 - — X(3930
© [ X(3872) R 2 20 x§3960;
% - 6.30 - - Background N P Y A
= | ] g Bac(kground
a - %) i Sideband
S | _ c
”3 Hlﬁl |l 2
] L [ ' |
o 138t USRI ERIRNIN R AR A o s P LRt
3.8 3.85 3.9 3.95 85 3.9 3 95 4 4 05
M(rmJ/y) (GeV/c?) M(wJ/y) (GeV/c?)
= (3871.9+ 0.7+ 0.2) Me\//c2 * Fit with three Breit-Wigner resonances
e ' < 2.4MeV (90% CL) => Evidence for two more structures

Frank Nerling Highlights on the XYZ Physics 33



BESII First observation of ¢+ — v X (3872)

BESIII: First observation of eTe™
First observation of ete™

[Phys. Rev. Lett. 112 (2014) 092001]

e m = (4200.617;, £ 3.0) MeV/c?
o I'= (115738 + 12) MeV/c?

—+- Dat
o o B_IaEglll 2014
KA — ?fY(i260)
- ine shape
i . N - .
4 4.2 4.4 4.6
I's (GeV)

(4260)
Y (4260

Cross section

2
1.5

o(YX(3872)—ywd/y) (pb)

— vX (3872) = ywJ /v
s v X (3872) = yrtw~ J /9

UNIVERSITAT

FRANKFURT AM MAIN

[Phys. Rev. Lett., 122 (2019) 232002 ]

- BESII
: oJ/y

—+- Data

— Fit of Y(4260)
line shape

4.2

4.4

\'s (GeV)

4.6

* Shape consistent with production
via a Y(4260) state

[Subm. to Phys. Rev. Lett., arXiv:1903.04695 [hep-ex]]

Frank Nerling
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BESIT Study of e*e” — y ¢ Jy pline

UNIVERSITAT
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Xc1,02_’yJ/\|f Xc1,02_)yJ/\V
5 ~. 25
§ 80 Lk ~Data L | kK ~+Data
o — 20 . —_
-] S X S X
o i - - - Background o 15 -+ - Background
2 sof =
€ I I 10
c - C B
() - i
z 20: :>J’ sf 4 ete™ — vX(4140)/vX (4274) /X (4500)
pm—— - Ll W A =
a5 35 355 36 ] 245 35 355 36 —~ 35F ® e'e—syX(4140)
X—= ¢ Jy X—= ¢ Jy _ E & s e'e—yX(4500)
50¢ 20¢ 2 25F
1’ 0—-K'K ——data & 0—KIKL —*-data 3_ E
% 40F ox,_, MC % - ox,., MC 2
= ik 0%, MC s 15¢ o1, MC 1) )
8 30:— _¢xcl+¢xc2 MC o E q’xumcz MC 5& 1.5 :_ o0 9
=2 - [ sideband g 10F [ sideband m . ..
£ 20 £ = 1E .= 2 N
) ® = . © . e »
@ 10f g - OB ARES & & 3
. Y C e IS 0IATRH | o 0;...1.,.,1....1..,.11...|....-1...,1.,..1..1
0% 42 44 46 48 b5 047722 44 46 48 5 4.6 4.65 4.7 4.75 4.8 4.85 4.9 4.95
M(0JAy) (GeV/c?) M(oJAy) (GeV/c?) /s (GeV)

* No evidence for X(4140), X(4274), X(4500)
* CL90 Upper Limits provided, see plot

[arXiv: 2210.13058, JHEP01(2023)132]
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B'ES]]I Summary and Prospectives

UNIVERSITAT
* BESIII successfully operating since 2008

» World largest data sets in tau-charm mass region, unique XYZ data

» Recent machine upgrade extends studies up to E.,s = ~4.9 GeV

* BESIII successfully operating since 2008
» Supernumerary vector Y states consistently resolved (statistics)
" Y(4260) and Y(4360) = Y(4230), Y(4360)

= First decays to open charm, further new decay modes to
ct and/or light hadrons investigated

=  More candidates reported, especially Y(4500), Y(4710), and Y(4660)
» Charged Z. states are manifestly exotic states
= First complete isospin triplets established
= First strange partner(s) reported, isospin triplet Z.;(3895)
» The first of these states discovered, the X(3872) still not understood
= [ ine shape to be measured precisely

= X(4140, ), X(4274), X(4500) — ¢ J/w not seen

* Next machine upgrade planned (summer 2024) => E_ . > 5GeV
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BGS]]I Summary and Prospectives
UV ERSITAT
* BESIII successfully operating since 2008
» World largest data sets in tau-charm mass region, unique XYZ data

» Recent machine upgrade extends studies up to E.,s = ~4.9 GeV

* BESIII successfully operating since 2008

> Supernumerary vector Y states consistently resolved (sta Tha nk you !
= Y(4260) and Y(4360) = Y(4230), Y(4360)

= First decays to oper -~ '
cc and/or light hadrd <107 [ BEPCTIZUVS BEPCII 2

®  More candidates ref
» Charged Z. states are 1
= First complete isosf
= First strange partne
» The first of these stateq
® [ ine shape to be mg

= X(4140, ), X(4274),

/

X
X

eak luminosity (cm™¢s™")

* Next machine upgrade pla Cms
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BES]]I Summary and Prospectives @ ...TH..
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BESIII publications

(May 9' 2023) S region, unique XYZ data
m PRL m Other m Nature/Nature Physic Submitte d b Up tO Ecms = ""‘49 GeV

80

70
Total publications: 500

0 PRL: 91

Nature: 1
) Nature Physics: 2 tly resolved Sta T h a n k yo u '
. = .
v = 23 VS BEPCII n. -
20 18 o .

11 I I I I | |

10

3 ]
0 4

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

u /-/rsTthe
he first of these state

Data for our next
500 publications ... -

Beam energy (GeV)

ak lumi

4 x 10%

* Next mach lanned (summer 2024) => E_,. > 5GeV
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BESTH e
5 BEPCII Upgrade
(higher luminosity at higher energies) B
0 15 2.0 25
Beam energy (GeV)

* Machine upgrade: 2 new cavities (RF), higher currents

* Higher luminosities at higher energies, e.g. factor ~3 at 2.3 GeV

* After shutdown collect more XYZ data at 4.6 — 5.5 GeV
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BESII Study of e*e- — vy ¢ JAy ==

UNIVERSITAT
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efe” — v § Xe2

[arXiv: 2210.13058, JHEP01(2023)132]

15 * Cross section measurement:
~ [ B&SI —— Data ete— = o
’8_ | Threshold — BW Xe2
= X T ¥(4560) — * Evidence for Y(4660) — ¢y
101 N A(466£)+ * Statistical significance of 3.10
? j o * No signal for Y(4660) — ¢y
o 50 o
D ‘ * Different fit models:
© - 1 LGitee > Single BW model (red line)
Q.5 46 47 48 49 5
s (GeV M = (4672.8410.84+3.9) MeV/c?
s (GeV) I = (93.2+19.8+9.4) MeV
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BGSI[[ New production processes of X(3872) el

Production mechanisms

* B meson decays (discovery by Belle, 2003)

* Radiative transitions (e.g. from Y(4230), BESI|I|)
* Prompt production (e.g. pp collisions, e.g .CMS)
* Two-photon fusion (evidence by Belle, 2021)

[arXiv: 2209.12007 [hep-ex]] X(3872) ?

o 25
o B ;
2- 20:— .'lli\.l\
o L S
B | e L e i e TR b A e e S T S o RS a e
INRES 1
T N _
b . {
‘o 10— .
©  BeESII '

5;

A L L l ' ' L l L L L l I I § L l (' ! ! I l
8800 3820 3840 3860 3880 3900

Center-of-Mass Energy / MeV

UNIVERSITAT

FRANKFURT AM MAIN

Two photon production

+

C

Two-photon fusion at BESIII
* VMD prediction: [, = 0.036 eV

[A.Denig et al. PLB 736 (2014) 221]

* After observation (5.10) of eTe™ — Xa1
[BESIII, PRL 129 (2022) 122001]

 Search for ete™ — X (3872)

» No enhancment observed in cross section
» Provide UL(CL90) assuming average value:
Ftot = 119 MeV

C..xB<75x1073eV
[..(X(3872)) < 0.32 eV
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BESII  Observation of ¢t~ — WX (3872) ==
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Jhy and o signal & sideband regions
* 9 data samples from 4.66 to 4.95 GeV (4.7 fb") 15 .

* First observation of this production process N;w 086 — BES]I[E
- just above threshold o % ; |
(O 085pi ;- .. - BT T W TS T
[arXiv:2212.07291 [hep-ex]] & 0: ; = Eéi_ . ' ; :
R 5 g YBEe i et
= o BESII OB R
>  ypf —+ Data S o065 :
O L —Fit 0pLe e
= 10F SdéeBackorouna 9 3 305 31 315 32 325
To) [ sideband M(I*T) (GeV/c?)
o 8F X(3872) N .
o 6 7.50 o g
- S 0951
12 4F > 09p
qc) 5 I G os8f - - .
> * * : 0.8 f— """ . """"""""""""""""
L 0 b | 2 L -~ . . y
3.8 3.82 3.84 3.86 3.88 3.9 3.92 3.94 B 067:;“";"* """" i o NS 3
M(r*mJ/y) (GeV/c?) S oes) .
, 08 6 562 5.64 386 388 3.9 3.92 3.94
LA — (38719 + 07 + 02) M@V/C M(n+71:-J/\|I) (GeV/Cz)

. (90% CL)
I' <2.4MeV X(3872) and o signal regions
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BESIT  First observation of X (3872) = Xe1m® oom
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[Belle, Phys. Rev. D99 111101 (2019)] [BESIIL, Phys. Rev. Lett., 122 (2019) 202001 ]

toF o BESII
_14F . XC1
NQ N 4 C
S 12 § -
() Q L
= 10 s C
Ln lo 3'— -
: 8 94 ~ N '|.
2 N, = - J
() 6_ O>) 2 — <I> 41
> - ( C
L 4F W
23_ 1:— - 4]_{» -
0: i e R TIG  T. s o T e B JJ
3.75 3.8 3.85 3.9 3.95 4 4.05 0 e s ol e ey
3.75 3.80 3.85 3.90 3.95 4.00

M(x_, ©°) (GeV/c?) i s
n%, ) [GeVic

* No significant signals were found by Belle in search for

X(3872) and X(3915) to y., n° (0.3c/2.30) Isospin violation,
> B(X(3872) = xc1w°)/B(X(3872) — J/ymtn) < 0.97 (90% C.L.) comparable decay
* BESIII observes now X(3872) decay to y., 7’ (> 50) rate t.o Jwp
> B(X(3872) — xc17°)/B(X(3872) — J/ym*n~) = 0.88933 + 0.10 => Disfavours y4(2P)
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Further decays of Y(4260)

(26.7%)

238 3 3.2
m(3(x'x")) [GeV/cY]

28 3 3.2
m(2(x'7 7)) [GeV/c?]

2.8 3 32
m(r'n21°) [GeV/c?]

(8.3%)

(2.9%)

28 3 32
m(KsK'n") [GeV/c]

28 3 3.2
m(K'K7'w) [GeV/cT]

Events / 6 MeV/c?
m
3

(4.0%)

2.8 3 3.2
m(2(K'K")) [GeV/c?]

Events / 6 MeV/c?
s o
o o

2.8 3 32
m(2(ww)KK ) [GeVict]

28 3 32
m(pp) [GeV/c?]

(2.5%)

2.8 3 3.2
m(pPrn) [GeV/ic?]

2.8 3 32
m(ppr°) [GeVic?]

JOHANN WOLFGANG GOETHE

UNIVERSITAT
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[Phys. Rev. D 103, 032006 (2021)]

| BESII

O max [PP]

m [MeV/c?] 4236.3 + 8.9
I [MeV]

47.5 +13.1

70.0 £ 32.1

—@— Data (n.n*nn9

O  Data ULy, (n.rt*an?)
Fit

....... Y(4260), PDG
— — - PRL 118, 092001 (2017)

=30 *

4.2 4.4

ete” - patn Al

/s [GeV]

4.6

=> Clear evidence for
Y(4230) — n.ntnn?

Vs [GeV] L [pb~'] Nobs K fwe Y eBi (%] OBom [pb] ULgo [pb]l  Ssut/Sio [o]
4.1780 3189.0  530+246  [0.720,0.734]  1.056 2.0 104739 +29 17.9 22/1.9
4.2263 1091.7 786 +£159  [0.716,0.731]  1.056 2.0 46.1123 £ 6.6 61.0 5.1/4.6
4.2580 8257  465+134  [0.786, 0.824]  1.054 2.0 314198 + 6.7 46.6 3.5/3.2
4.3583 539.8 242+ 115  [0.802, 0.880]  1.051 2.1 224114 +62 39.2 22/1.9
4.4156 1073.6 379165  [0.780, 0.850]  1.053 22 18.1784 + 455 30.6 2321
4.5995 566.9 79+£102  [0.763,0.807]  1.055 2.0 74108 439 23.9 0.8/0.7

Frank Nerling
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BESII

ete” — J/Yn

oB(e’e’ = nJ/y) (pb)

-50

Further decays of Y(4260)

[Phys. Rev. D 102, 031101 (2020)]
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* Simultaneous maximume-likelihood fit
(Top: High stat. XYZ data, Bottom: Scan data)

* y(4040) assumed, Y(4220), Y(4390) ?

* Significance of Y(4390) = 6.0 o

* Y(4220) & Y(4390) mass and width
compilation vs. Y(4360) from PDG:
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B'ES]]I “Y(4260)” in different decay channels i

FRANKFURT AM MAIN

cc MESONS > (4230) > 1(4230) MASS

(4230) MASS INSPIRE
VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT

4222.7 + 2.6 OUR AVERAGE Error includes scale factor of 1.7. See the ideogram below.

4234.4 +3.2 £0.2 I ABLIKIM 2021A) BES3 et e = wtrP(29)
4216.7 +8.9 +4.1 2 ABLIKIM 2020AG BES3 et e = utp

4220.4 +2.4 +2.3 3 ABLIKIM 2020N BES3 et e - 17 J/y
4218.6 +3.8 +2.5 3 ABLIKIM 20200 BES3 et e = nJ/yY

4218.5 +1.6 +4.0 4 ABLIKIM 2019A1 BES3 et e = wxw

4228.6 +4.1 +6.3 ABLIKIM 2019R  BES3 et e > atD°D*" +cc
4200.6 7, £3.0 3> ABLIKIM 2019V BES3 e' e = yxa(3872)
4222.0 +3.1 +1.4 6 ABLIKIM 2017B  BES3 et ¢ rta-J/Y
4218 *32 +0.9 ABLIKIM 2017G BES3 et e~ >t h

PDG calls the narrow structure meanwhile @(4230) — seen in many
different decay modes, mainly charmonium + light meson(s)
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BESIL Vector states: Hidden-charm production oy

FRANKFURT AM MAIN

« different channels show (slightly) different masses and widths
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« coupled channel studies are needed!
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PDG calls the narrow structure meanwhile @(4230) — seen in many
different decay modes, mainly charmonium + light meson(s)
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