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BESIII Datasets

46 data samples L ~21.9 fb"
29 with L; > 0.4 fb*

Small scan sample:
104 energy points, L ~ 0.8 fb-1
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Outline of the results

Z states: o Y states:

— Charged Z, - Y(3823)

- Neutral Z, - m+-DD and LI)(3843)E
- \p(2S)
- K+K-J/P

X states: - e/

— Search for X(3872) = 1oy, B

— X direct production

Open charm final states
Light hadron final states

And one search on the connection among these states
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s = 4.681 GeV

——+— Data
Total fit
— — — Z.4(3985)
. _D*1(2600)°D*°

comb. BKG

Vs = 4.698 GeV
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Z (3985)* @ BESII|

PRL 126, 102001 (2021)

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

Discovered in the process e*e” = K*(DSD* +D* D

the K* recoil mass

fj(M) x

M?* —

) by studying

V4 Pj

m? + imo(fT (

M) + (1 =f)

(M)

j=1>272 —->DD%j=2—->7Z_—->D*D

(one of the) First candidate of open strangeness charged exotic
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—4— Data Total PDF

Sideband - -~ Non-resonant process

Vs =4.628 GeV
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Signal

——= D#*D,

Z (3985)° @ BESII|

ArXiv: 2204.13703

Neutral partner of Z_(3985) useful to assess their nature

Studied with partial reconstruction method in K_recoil mass

R=

1
‘ M2 —m2 +imo(f-T1(M)+ (1 — f)-T2(M))

Ri=R-q-p1,
Ry =R-q-p2,
[y(M)=To- 2. 00
P1

To(M) =T, 2.

D5

Evidence at 4.60 level. Compatible with isospin predictions
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. New {,(3823) decay mode

11 80 = = Background S 6 PRD 103 (2021) 9, L091102

| | _ Search for additional experimental evidence of {_(3823) to
B o e s E confirm its status of Y_(1°D,) in e*e” = ', (3823)
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Based on 19 fb'! between 4.1 and 4.7 GeV
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2T 315 T ] LT 054008 (2004), PRD 72, 054026 (2005), PRD 79, 094004 (2009), Front. Phys. 11,
N R R RN 7 RN TY T B w oy 111402 (2016), PRD 95, 034026 (2017), Int. J. Mod. Phys. A 32, 1750035 (2017)
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Search for (3823) and ,(3842) production mode

—+— Data

—— Fit result
-- Background

Sideband

3.78 3.8 3.82 3.84 3.86 3.88
RM(r°n°) (GeV/c?)

PRD 103 (2021) 9, L091102

Search for new production mode of ), and
can help to establish their nature

Evidence of m°rt®Y,(3823), Y,(3823)—>vx, .

Ratio with charged pions mode confirms isospin
simmetry.

o(ete — m0nY%5(3823))

= (0.6477 55 +0.05)

oletTe™ — mTm~15(3823))

No signal of i, (3842)




rut,(3823) lineshape and Y (3823) mass
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M[1p2(3823)] = 3823.12 & 0.43 + 0.13 MeV /2

U.L. width (< 2.9 MeV) will help constrains
potential models

ArXiv: 2203.05815

Study the internal structure of Y states by measuring
their coupling with D-wave charmonia

J,(3823) candidates reconstructed in yx

cl,2

Parameters Solution | Solution IT
MI[R4] 4406.9 £ 17.2 4+ 4.5
Lot [11] 128.1 +£37.2 +2.3
Tt B Bs 0.364+0.10+0.03  0.30 +0.09 4 0.03

M|[R5] 4647.9 + 8.6 + 0.8

FH[R] 33.1 +£18.6 + 4.1
Fete bl B2 0.24 £0.07 £0.02 0.06 +=0.03 +0.01
¢ 2671 £16.2+32 —-3248+£43.0£57

Two resonances hypothesis favored:
- to single resonance by 2.60
- to only continuum one by more than 5o

Second largest BF of Y(4660)




JUT D D I | nes h ape ArXiv: 2203.05815

Study the 4-body final state to search for clues about vector resonance in the region 4-4.7 GeV.
3 subprocesses (PHSP, n(3770), D,(2420)D)

Fit to 37 energy values. Partial reconstruction method (one D— K, one in recoil mass).
Two BWs + phase space Two BWs
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mo (MeV /c?) 4373.1 4.0 £ 1.0 mo (MeV /c?) 4378.0 £ 8.5 Y(4390)
Y(4350) Ty (MeV) 1465+ 7.4+1.1 Ty (MeV) 152 + 14
my (MeV /c?) 4706 + 11 +4 my (MeV /c?) 4605 4 90 75

410

Iy (MeV) 45 +£28 +9 I'y (MeV) 245 + 67
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Evidence of J'[J'[LIJ3(3843) ArXiv: 2203.05815

Search for spin-3 partner of Y(3770) and P(3823) in its DD decay. More stringent
requirements on the selection criteria

@4.420 GeV @4.68 GeV 4.6-4.7 GeV
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N
3.8 3.82 384 386 3.88 38 3.82 384 386 3.88 3.8 3.82 3.84 386 3.88
RM(r;x;) (GeV/c?) RM(r;m;) (GeV/cd) RM(rT) (GeV/cd)

Signal shape extracted using e*e” = f (500)(3843) MC
Combining all dataset in 4.6-4.7 GeV evidence of mm(3843) at 4.20 level
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e+e_ —> T[T[LI)(ZS) PRD 104 (2021) 5, 052012

— BESIII (This work)
—+ BESIII (2017)
-4 BaBar . .
Belle Extension of a previous work (PRD 96,

032004 (2017))

New measurement up to 4.7 GeV, with
addition of new final state.

Confirmed both Y(4220) and Y(4390)
contribution
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First observation of Y(4660) at BESIII thanks
to the center of mass upgrade!

BaBar: PRD 89, 111103 (2014)
Belle: PRD 91, 112007 (2015)
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Y(4220) - Y(43xx) - Y(4660)  ero 104 @ozsys, 052012

- Ty (3686) 4 iy - BESIII

T he —+ oYX, | Belle
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Status of the Y(4220)/Y(43xx) measurements As observed in rtri(25)
Belle: PRD 91, 142002 (2007)

BaBar: PRD 89, 111103 (2014)




New structures in etfe- = KKJ/Y cross section

ArXiv: 2204.07800

First observation of
3 XYZ Data Y(4230) in KKJ/y

— Fit curve: Total
- Fit curve: Y(4230)

-+ XYZ Data
— Fit curve: Total

== Fit curve: Y(4230) B(Y (4230) — Kt K~ J/v)

0.02 < < 0.26

B(Y(4230) — ntan—J/4)
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oP(e*e” — KK J/y) (pb)

New structure Y(4500)
observed for first time!

Solution I Solution IT
M( _ 3+ 2.3 +215
Y (4230) tot(MeV 30.8 o H o
0.42 + 0.04 £ 0.15 .29 £+ 0.02 = 0.10 Y(45OO) Compahble Wlth'
44847 £ 133 £ 241 - 55/4D MIXINg

Y (4500) ot (MeV) 111.1+ 30.1 + 15.2 _ D -
1.35 + 0.14 + 0.06 0.41 + 0.08 + 0.13 D5D51 hadronic molecule

phase angle 1.72 + 0.09 & 0.52 5.49 4+ 0.35+ 0.58 - Iatl—ice CESg structure
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Update of e*fe” = /Y arXiv:2206.08554
Update of previous measurements with a total of 23/fb between 3.77 and 4.70 GeV

—+— XYZ data —+ XYZ data
—+ R-scan —+ R-scan

{s=3.8713 s=3.8713
— Fit — Fit
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o(e’e — nrm/y) (pb)

42 4.4
(s (GeV)

Clear observation of two resonances. Data around 4. GeV favor BW rather than
exponential parametrization. Large flactuation at 3.8713 - X(3872)
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https://arxiv.org/abs/2206.08554

T T Update of
ete” = mud/ Y - |l

Vs=3.8713 {s=3.8713
arXiv:2206.08554

Fit with a third resonance yields to a
better description of the data.
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sGev)y 40 Tested four models:
(a) b (a) free = solution compatible with {(4415)
(b) free = solution compatible with Y(4500)
T gl (c) fixed to y(4415)
5:3:.8?13 G:sfaws (d) ﬁxed tO Y(4500)

— Fit — Fit

Impact on “known” resonances:

- Stable results for Y(4220)
- Large differences for Y(4320)

o(e’e— n'wd/y) (pb)
cle’e— mwd/y) (pb)

x(c)

W — =i R 7, More data are needed in the 4.4 - 4.6 GeV region

5 (Gev) 15 (GeV)
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https://arxiv.org/abs/2206.08554

PRD 104 (2021) 032012

ete AD*SDSJ + C.C.

s = 4.626 GeV
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Extension with dataset above 4.6 GeV
of previous PRD 101, 112008 (2020)
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Events/5.0 (MeV/c?)

D**D_(2460)

P

L

VORI D*'D,,(2535) A 46 462 464 466 468 47
22 225 283 235 24 245 25 255 28
M? (GeVie?) \(g (GeV)

Observed Upper Limits
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JHEP 2022, 155 (2022)
+ - X X
ete =>D*D™
15.7 fb* collected between 4.085 and
4.6 GeV

Reconstructed D** = *D°
and D° = Kr+.

D™ inferred kinematically

Good agreement with existing
measurements

Confirmed structure at 4.39 GeV in
D*D*

Results can provide information to
improve Eur. Phys. J. C81 (2021) 83




38 4 42 44 486
E.. (GeV)

0
38 4 42 44 46
Ecm (GeV)

ete” = KK

(e)

38 4 42 44 46
E.py (GeV)

38 4 42 44 46
Ecrm (GeV)

38 4 42 44 46
Ecr (GeV)

ete’ = pprut
(d)

yy

¥ Jﬁ-ﬂ -

.

38 4 42 44 46
E.m (GeV)

ete = nKKKK

(f)

e,
i

38 4 42 44 46

e*e” = pprun
(h)

4y

'!"'t-..
IM.‘ ey .
-

38 4 42 44 46
E.m (GeV)

XYZ to light hadrons: e*e” = hadrons

PRD 104 (2021) 11, 112009

At present, charmonium(-like) states above 4 GeV has not
been observed decaying into light hadrons.

BESIII reports a list of additional final state useful to add
information

Mass and width
fixed to PDG

100
37 38 39 4 41 42 43 44 45 46
E.m (GeV)

Evidence of P(4040) = 5m at 3.60 significance
Presented also upper limits for Y(4220)
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PRD 104, L091104 (2021)

ete- > A

XYZ to light hadrons

ht
- on the resonances nature

Study of charmonium-like decay to baryons provide
- on the electromagnetic structure of the baryons

insig

.

—e— Data
— = PL

—— PL+ BW[y(3770)]

tions based on scaling as electronic coupling
5x107 at Y(3770)

B~

Predic
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.

°

bty Tl M

4.6

4.5

4.4

4.3

41 4.2

4.0

39

— AA decay, BF at least

one order of magnitude larger than predicted.

First evidence of y(3770)

Only U.L. for other charmonium-like states

21




PRD 105 (2022) 7, 072009

Search for X(3872) = n%_, and X(3872) — muy_,

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

Central Value (Upper Limit)

1.7079-23 £ 0.40 (3.6)

Events/5 MeV/c?

1.975240.5 (4.4)

0.0679:23 4+ 0.12 (0.68)

—0.557533 +0.33 (1.7)

Using also PRL122 202001 (2019)

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

3975 3.80 3.85 3.90 395 4.00

K ST
c0

Ll o
375 380 3.85 3.90 3.95 4.00

Mass(ny_) [GeV/c?]

&7’5 3.80 3.85 390 3.95 4.00

Mass(n’y_) [GeVic?] Mass{'n”xm'} [GeVic?]

¥ —rnnln®

3.80 3.85 390 3.95 4.00
Mass(rr':'xﬂ_l) [GeVic?)

&75 3.80 385 380 3.95 4.00
Mass(n"_) [GeV/c?]
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X_,(1P) direct production

ArXiv: 2203.13782

Study of e*e = yJ/ to extract
loR BG interference pattern

oMC Default T, ¢

total’

—

First observation (50) of x_, direct
production at e*e” collider

MC
Sootar BestI',,, ©

MC

data
GISR BG X Inl.)

+ (0, +0
el

= Best value

= Scan points

Similar approach for X(3872).

Paper in preparation! Electronic width same order of magnitude with

theoretical calculation @



PRD 104, 012001 (2021)

4.178 GeV 4.189 GeV : 4.199 GeV 4.209 GeV CO n n e Cti O n S

’ M\L b AL L ED A AL The process e*e” = n°Z ; Z ->yX(3872) can be useful:
4219GeV | 4226GeV | 4286GeV | 4244 GeV - Study connections among the XYZ states
] _ _ _ - Improve the measurement of the X(3872) mass, as proposed in
T T S PRD 102, 114041 (2020)
*ELLMLE AL DAL D E AL

4.258 GeV I 4.267 GeV P 4278 GeV [  4.288 GeV

2 T | R , ul DY/ D"y +1)
J/\[“ AL F A AL ‘\
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J\i e MJJ\L
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(b
[ Ea*)e' - n%Z; Z ->yX(3872)

4.527 GeV 4.574 GeV E 4.600 GeV L I [ v

[ vy YyYYY Yyvy
'W‘ v vy

3.85 39
M(TrIY) (GeV/ch) (s (GeV)
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BEPCII-U

Chin.Phys.C 44 (2020) 4, 040001

Accelerator upgrade:

- center of mass maximum
energy up to 5.6 GeV

- 3 times the present
luminosity in XYZ region

Planned in 2024 with also
new inner tracker based on
cylindrical GEM

©)




©)




Additional Materials



ole'e’— mwdiy) (pb)

Update of e*e- = mutJ/psi

—+ XYZ data
—+ R-scan

(s=3.8713
— Fit

o(e’e — mwd/y) (pb)

—+ XYZ data
—+ R-scan

Vs=3.8713
— Fit

Parameter

Solution I

Solution II Solution ITI

Solution IV

IS0 B( Ravno)
M{(Rqy) (po)
Iy (Ro) (p1)

0.6+0.1(0.3+0.1)
3005.5 + 30.1 (4.4 + 0.3)
346.0 £ 48.5 ((2.7 £ 0.6) x 1079

I'YB(Ry)
_IIIH[ )
TR, )

6.9+0.7(.)
42214+ 1.5 (4220.1 = 1.2)
41.8 +2.9 (43.6 = 2.6)

83+0.6(..)

10.5=09(.)

I*B(R))

1L.7£02(1.7x£0.2) 8.2

0.9 (8.6 £0.5) 3.0x£05(25x£03)

146 £ 1.2 (127 £ 0.8)

J“Rg]
LY (Rs)

42975 £ 12,1 (4316.2 = 12.4)
126.6 & 16.7 (124.3 £ 15.0)

I<B(R,)
Lo g

g

1.2+ 0.3(0.7£0.2) 2.3
—3.7£54(-243£3.0) —1246+

79.6 £ 18.5 (106.4 £ 16.5) 358 £27.2

+0.8(1.1+0.3) 15.6 £2.1 (15.0 £ 1.2)
11.7 (78,8 £5.1)  87.7+£21.9 (—88.0 £ 12.1)

(—184.6 5.1) —104.7 £26.9 (179.5x£9.1)

30.2+3.3 (23.6 £ 2.9)
—33.5£11.2(15.1 £ 7.8)
—148.7 £ 4.5 (—112.5 £ 6.2)

2 /ndf

61
54.0/40 (57.3/41)




ole'e— n'mwJ/y) (pb)

c(e’'e— n'md/y) (pb)

—+ X¥YZ data
—+ R-scan

(s=3.8713
— Fit

- “ya ® - % .
i.'--. - —'—'t.,..i.'..-—'ﬁ,....p..-.\'—.—,.a

r

43, Z

4:2 4:4 4.6
(s (GeV)

(a)

—+ XYZ data
—- R-scan

(s=3.8713
— Fit

fa *— 0y — o —

e e e eh e
"w-;.'d‘-.—':v.ﬁ-;-"‘m—u.
L

38 4

T2 14 7%
(s (GeV)

o(e'e’— m'wJhy) (pb)

cle’e— mmdiy) (pb)

—+= XYZ data
—+ R-scan

{5=3.8713
— Fit

}

Update of
e*e = mudJ/psi - |l

Parameter

Result I

Result IT

-
- - ~ - -
. o * o
jr— . — A -sq.—”—"' 1'!‘...1"'&..—5."
.

4 42 44 46

/s (GeV)

—+ XYZ data
—— R-scan

s=3.8713
— Fit

M(Ry)
Tt (Ry)
M(Rs)
L (Ry)
M(Rs)
T (Rs)

4221.0£ 1.6 (4220.3 £ 1.6)
41.0+£3.0(42.3 £3.0)
4293.7T £ 13.1 (4304.8 £ 18.8)
152.4 £ 23.9 (144.3 £ 31.5)
4405.6 £ 4.5 (4405.0 £ 6.7)
91+25R8T7+49)

42198+ 1.3 (4219.1+1.2)
454+ 2.8(46.3 £2.5)
43458 £ 28.4 (4357.9 £ 20.2)
130.1 £ 20.7 (107.9 £ 25.6)
4471.1 £ 36.2 (4550.9 £ 16.9)
159.7£97.0 (211.8 £132.8)

2 /ndf

Significance

40.1/36 (44.8/37)
4.00 (3.60)

47.6/36 (48.7/37)
210 (2.70)

Parameter

Result III

Result IV

M(Ry)
Tt (Ry)
M(Rs)
TP Ry)
M(Rs)
TYY(Ra)

42239+ 1.4 (4219.6 + 1.3)
4224+3244.3+£27)
4308.5 +17.6 (4333.2 + 23.2)
161.4£24.6(153.2+26.2)
4421 (fixed)

62 (fixed)

42202 +£1.3(42194+1.1)
44.5+2.9(45.3£2.5)
432858 £18.9 (4347.1 £ 14.5)
133.8+£20.2 (127.5+£22.2)
4485 (fixed)

111 (fixed)

2 /ndf

Significance

45.4/38 (48.7/39)
3.30 (3.30)

48.1/38 (51.3/39)
2.60 (3.10)
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