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alad BESIII

Upgrade of BEPC (started 2004,
first collisions in July 2008)
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Beam energy 1 ... 2.3 GeV
Optimum energy 1.89 GeV

Single beam current 091 A
Crossing angle: +11 mrad

Main Drift Chamber(MDC)
op/P=0.5%(1GeV)
OdE/dx = 6%‘

Time of Flight (TOF
ot: 90 ps (barrel)
110 ps (endcap)

NIM A614, 345 (2010)

Design luminosity: 1033 cm=2 s -lachieved in in April 5th, 2016

Beam energy measurement by Laser compton backscattering

AE/E =5 *10-5( 50 keV at 7 threshold)
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Super-Conducting
Magnet

1.0 T (2009)
0.9T(2012)

Electromagnetic
Calorimeter
CsI(TD)
GE/\/E=
2.5% (1 GeV)

O-Z,(p ==

0.5-0.7 cm/VE

M Counter (MUC)
8 -9 layers RPC
Oro=1.4cm~ 1.7 cm

93% of 4i acceptance
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BESIII: Data Samples [N

PDG2017
( + _ h d ) 1025 | 1 1 | |¢I I | | I I I 1 ‘ I 1 ‘ 1 E
o\e e - nadrons - .
had = I w u, d’ s | .
0'(€+€_ - .u+.u_) - : : I 3 loop pQCD s
t ¢ ______ © Naive quark model —
! p/ I E
} o R, . e
R Yo R
W | En. Scan 526 pb? _
| ! - -
; o Sum of exclusive . Inclusive ]
n ' measurements | Measurements 7
P SR RS SR N RN 4_
0.5 1 1.5 - 25 3
= e ——— asousso 27
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B J/¢ 1/)(25) ¢4160 44201 ’: ]
B A Mark-T B | 1.0fb -

- v MarkI + LGW 2.9 fb ' ” ) 4600

5 | m Mark-II " W 1040 N i I 0.6 fbt
- 3770 [ ! ]
MORE: | o Ly " L. 1
Coarse scan 4100-4400 MeV/c?; , | % Crystal Ball | Uﬁ% % Y4 | o -
0.04 fb-! around A, A, threshold; | * BES it Jzi;{} il m% T o | | =
Data taking on-going 3 I K 0XciEcoc N b E i R E
?h I 2R - - i
-, || | "}-H'%"J" 4180 : i

10 billion J/y sample reached 3 3.5 4 a5 T — 5
on Feb. 11, together with DsDs AcAc Vs [GeV]
a continuum data sample R scan 1.5fb1 130 points 2-4.6 GeV
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15515{13415&&& Samples for XYZ studies|riaylll
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« XYZregion: 3.8 ~ 4.6 GeV, integrated luminosity: 12 fb-! E.. [GeV]
« 104 energy points between 3.85 and 4.59 GeV (R scan) cm
« ~20 energy points between 2.0 and 3.1 GeV
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- Increase beam energy: 4.60 GeV - 4.70 GeV
Explore a new energy region

To start in 2018/2019 after the summer shutdown
« Increse to 4.90 GeV under study(upgrade two ISPB magnets)

- Top Up injection:

 Data taking increase by 20-30%
« Testing commissioning in Nov. 2018
To start after the summer shutdown

non-pole term

= (BESIII

Belle

e

Present limit

La Thuile 2019, March 10-16 2019
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Normal meson

Pentaquark

Glueball Hybrid meson




42 +

Xe2(3°P2) |

Xo1(3%P+)

% 40 -
Q
)
Mp+Mp:

(0]
0 38|
<
= 2\

36 -

X¢2(13P2)|
|Xc1(13P1)‘
34 -
39 established cc states

predicted, undiscovered

0-+ 1-- 1+- O+ 1++ D++

JPC

\9:‘0
For predict.Barnes et al, PRD 72,

(not all XYZ candidates shown!)

054026 (2005)

Many unexpected states reported above the DD

threshold (the so-called XYZ).
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——Y(4660)
e —
DD*(ZS) """"" _ X(4500) """""""""""""" 2(4430)

D*D KK iiiiiiiiiiiiiiiisiiissssisiiisisiiszsssssssssssisssssssssss
‘ ——Y(4390)
—X(4330__y(4360)
DD ** Bt T
‘ —X(4274) 7 (150)
Y(4220)—22(4200)
1)),
o ——Z,(4050
D*D* ::ZIZZIZI:II:ZIZZIZIIZIZZIZI:ZZ::::::Z::::::::::-Z-:-:-Z-:-:-Z-:-:-:-Zc 4020
DD, - X (BOA0)
s —X 3915} 900
DD* Il — X (3872}:::::::::::::::::::::::::..c(._.. )

S.L.Olsen,arXiv:1812.10947

BESII §

X . charmonium-like states with JFC# 1-
Observed in B decays, collisions

radiative or hadronic
transition from Y

Y : charmonium-like states with JFC =1~

Can be produced in direct ete-
annihilation (orin ISR)

Hadronic
transition from'Y

/ : charmonium-like states which can carry

electric charge. Must contain atleast a cc
and alight qg pair

BEPCII& BESIIl can be used as a Y(4260) (Y(4360))
factory. We can study the connections between
X, Y and Z and the cross-section as CME func{izon.
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o Tetraquarks
e Bound states of (coloured diquark anti-diquark), Large number of states (charged
and neutral) foreseen (a nonet for each spin-parity) ,
Small widths above threshold

* Hadronic Molecules
* Loosely bound states of pair of mesons, Small number of states,
Small widths above threshold

e Hybrids
* Bound States with a pair of quarks and excited gluonic degrees of freedom
* Lattice and model predictions for the lowest-mass hybrid ~ 4.2 GeV/c?

* Glueball

Bound states of gluons

Unprecedented possibility to test the our
of the QCD

e HadroCharmonium

Compact charmonium enbadded in light quark mesonic excitation interacting by analog of Van der Waals
force

e Others: Threshold, cusp, or coupled-channel effect produce a cross section enhancement
EXPERIMENTAL CONTRIBUTION

1)Establish the spectrum: search for more XYZ states, determine their properties and
investigate new decays for known ones
2) Build connections: look for transitions between different states 13




X states

- X(3872) = )/
- X(3872)- 7%y 4(1P)

La Thuile 2019, March 10-16 2019 14



The X(3872) was discovered by Belle in 2003 in B* » K*J/yn ™ n ™
M = 3871.69 +0.17 MeV/c 2

Very close to the D°D*thr,Very namrow(< 1.2 MeV/c2)
Confirmed by BABAR, CDF, DO, LHCb.
_JPC — -]++,
"no isospin partners currently known —
-decays into D°D%x? (dominant), D*D°, Jap x +rt =, JAp mrm — = 0, yIAp, y(2S).
Also isospin-violating 2 pJ/y and wJ/y .

La Thuile 2019, March 10-16 2019



The X(3872) was discovered by Belle in 2003 in B* » K*J/yn ™ n ™
M = 3871.69 +0.17 MeV/c 2

Very close to the D°D*°threshold,Very narrow (< 1.2 MeV/c?)

Confirmed by BABAR, CDF, DO, LHCb.

-JPC = 1+,

"no isospin partners currently known —

-decays into Jap w+—, D**DC, JAp +n- a9, DODORO,yJAp, yp(2S). Also isospin-
violafing 2 pJ/y and wJ/y .

Unconventional meson candidate :

molecular states, tetraquark states, mixture of excited x.; and DOD*0
bound state. ...

Much is now known about the X(3872), except exactly what it is

La Thuile 2019, March 10-16 2019



BESIII previously observed e " e” — yX (3872) - yJ /Yyt~

15PRL 112, 092001 (2014) -
@4 center-of-mass energies (ECM).:4.01 (0.5fb™"), 4.23 (1.1 fb71), b ot ettt ]
4.26 (0.8fb71), and 4.36 GeV (0.5 fb) § ob -« Background ]
FIRST CONNECTION BETWEEN charmonium like states 3 |
Since then, BESIIl has collected a total of g 51 Hl H HH u
q TP T T
9.0 fb-tfor 4.15 <Ecm < 4.30 GeV, ® Mf,fi ) (Ge‘:’,'?cz)

0.7 fb-1for 4.00 < Ecm< 4.15 GeV,
2.8 fb-1for 4.30 < Ecm < 4.60 GeV,

opportunity to search for new decay modes of the X(3872)!ll

17

3.95
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The hadronic molecule model predicts that the decay of X(3872) — wJ/y is

sens

itive to ifs internal structure

Prewously Belle and BABAR repor’red weak evidence for this decay

Events / 5 MeV/c?

85 30 305 4 405
M(wJhy) (GeV/c?)

X(3872)+ X(3915) + X(3960)

BESIN ¢
! —+ Eata 1:
| o >
B 3930
20} xﬁagso 220
b ap—— w7 m )
- ---- Background -~ -
. — I
1 o - ideband ‘g 1 0 \
o)
>
L

pﬁ'@ﬂﬁmﬂ[maw

11.6 fb' data

85 39 3.95

-+ Data

~ Klagao)

w
e B}c(i(ground

" Sideband

T 408

M(wJAp) (GeV/cd)
X(3872)+ X(3915)

at least one additional Breit-Wigner

X(3872) (M=3873 % 1.1 £ 1.0) signal significance >5.10, including

systematic errors

La Thuile 2019, March 10-16 2019
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Yo yX(3872) —_ yw]/y

o(yX(3872)—ywJ/vy) (pb)

2F —+-Data
- — Fit

5F

L

O:

\s (GeV)

4 42 a4 46

808
5
= 0.6
+l=’

2
504
Al
5 0.2
®
>
<

©

—+- Data
—A—IIE:SESIII 2014
— Fit

2.2

Is (GeV)

4.4

4.6

Simultaneous(w] /Y and rrj /)fit tO the cross section with a single Breit-
Wigner resonance

relative decay ratio
free parameter

MY (4200)] = 4200.6%7;, +3.0 MeV/c?

agree with the {(4160) or Y (4260)

I‘[Y(42()0)] — 115‘*‘ j: 12 MeV "ot compatible with hadronic molecule

R =

B[X (3872)—w.J /1]

La Thuile 2019, March 10-16 2019

B[X (3872)—ntmw—J /1
Predicted about 60% by Swanson, Phys. Lett. B 588, 189 (2004);

]_16+

+ 0.2



_ Study of X(3872)- '’y (1P)

The X(3872) — moxcs decays are sensitive to the internal structure of the X(3872).

[(X(3872) — 11o%,(1P)) ~ 0.06 keV (i.e. very small) if X (2P) pure charmonium state

[(X(3872) — mx,(1P)) greatly enhanced for tetfraquark state.
[Dubynskiy, Voloshin, PRD 77, 014013 (2008)]

e‘e — y1n:°)(uwith Xy = szl\p

F (a) 4.15<E_ <4.30 GeV
3 cm

9.0fb'for4.15 <Ecm< 4.30 GeV,
0.7 tb-'for 4.00 < Ecm< 4.15 GeV,
2.8 fb-1for 4.30 < EcMm < 4.60 GeV,

Events / 5 MeV/c?

In the range of 4.15<Ecm<4.30 GeV
A clear X(3872) signalis seen choosing
fhe range of the three y ;

None in the other ranges.

- (b) 4.00 < ECM <4.15,430<E_ <4.60 GeV

F BESIII preliminary

Events / 5 MeV/c?

75580 585 890 meE 400
M(x%, ) [GeV/c?)

arXiv:1901.03992.

La Thuile 2019, March 10-16 2019 X 20
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S

Events / 5 MeV/c? Events / 5 MeV/c?

Events / 5 MeV/c?

+a > 0 i —
e'e —>y XcJWIthXcJ YZJ/w

35 @ 40

3.0F
25F
200 1
150
1.04

0.5

0.0

&)
I

_
o

-
[
1l
—

35
3.0F
251
20F
155
10 ¢

0.5F

+ +

_

Ly S

0975380

3.85

1 — I N L
3.90 3.95 4.00
M(x’, ) [GeV/c?]

~Observation of X(3872)~ n°y.,(1P)

ta —» 0 i -
e'e —y )(CJWIthxc‘J szllp

Events / 5 MeV/c?

_ D W s, 00 O N @
TTTTT RAARE R

L)

Do B40 s 350 555 360
My, JAp) [GeV/c?]

First observation(5.20) of X(3872)- 7%y ,(1P)
No signal for J=0,2.
Measured BR:

Ry = B(X = %) / B(X = mwra-J/p):

Ro <19 (90% U.L.)
R; =0.88+031_g26 +0.14
R2<1.0(90% U.L.)

21
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-.-A"Obs:e?vaﬁ'o.n- of X( 3872)—> m’x 1 (1P)

T

Using BR(X(3872) — mr+1m1—J/y) > 3.2% [PDG] and BR(X(3872) — m+1—-J/y) < 6.4%,
(obtained by assuming all measured X(3872) decays add to less than 100%)
we find:

BR(X(3872) — m%%.;) ~ 3-6%.

If the X(3872) IS the x.1(2P) state of charmonium, then '(X(3872) — 110xc1) ~ 0.06 keV,
[Dubynskiy, Voloshin, PRD 77, 014013 (2008)]

-> unrealistically small T1or(X(3872)) ~ 0.5 - 1.0 keV.
(...several orders of magnitude smaller than ltor(J/w) ~ 100 keV)

Large R, disfavours the x (2P) interpretation of the X(3872).

the hadrocharmonium interpretation is somehow in trouble as well

La Thuile 2019, March 10-16 2019 22
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T 1P (3686)

ete” oy

ISR

Evidences of the Y(4660), ISR technique

PHYSICAL REVIEW D 89, 111103(R) (2014) PHYSICAL REVIEW D 91, 112007 (2015)
70:l'"I"'I"'l"'l"'l"’l"'l"'l"'l': 30 T T T T T T T T T | T T T
3 BaBarR - j @:

—~ 50 -_ r——— —-I gV =
3 % i 5 % ok Sol. Il _
; 40 - s I
B ] o
% : g 1or f | \ )
- L i
oft| < * I
l I . - }':'
() bl PRI ) 09 OO IR S LWL LA W L et i v 0
4 42 44 46 48 5 52 54 56 58 4 4.5 5 55
E;;, (GeV) M T w(2S)] (GeV/c?)
PDG:
M=(4643 +9) MeV ..but not observed in Tt J /P

I=(72 +11) MeV

La Thuile 2019, March 10-16 2019 24



o

0.5

0.5

o o v = [
T [T T T

++ + 8 :
= W EiiE i[pp
MhEE
b it
C ai; : L;PR'L%’ 092?01 (2007)
L RN

— O
TT

-{Do= Hh+ Wy

arXiv:0807.4458

[ ACAC QQ ++#§

38 4 42 44 46 48 5
\s, GeVie

o(e'e-—open charm) v
E ‘i . i1 PRD77,011103(2008)

Y (4660) not observed in et e-— DD, DD*,D'D"

(courtesy Steve Olsen)

La Thuile 2019, March 10-16 2019
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N/20 MeV/c>

0o I
; Called X(4630) 706
30- [
X 0.4
20 [
; 02|
10 - I
' ‘ 45 46 47 48 49 5 51 52 53 54

M(AL AD GeV/c

Ling-Yun Dai, Johann Haidenbauer, UIf-G. MeiBBner fit to Belle
Resonance Y (4660) [called X(4660)]
+ FSI @thr: PRD 96, 116001 (2017)

M= (4652.5 + 3.4) MeV
F=  (62.6%5.6) MeV

Opeak ™ 0.55nb  [comparable to o(e*e -> pPpPpy) ~ 0.8 Nb @ threshold ]

La Thuile 2019, March 10-16 2019 26




o in e*e ->y(3686) A m, Opeok ~ 0.04%0.025 nb
to be compared to oy (eTe™ = AcA:) ~ 0.55 nb

o Y(4660) baryonic coupling = 10 mesonic coupling - Unexpected !

s Y(4660) a Hidden charm Baryonium 2

« R. Faccini et al., PRL 104, 132005 (2010) q
» [also L. Maiani et al., PRD 72, 031502 (2005)]

oY (4660) mass, close to the threshold, favours its interpretation as a
charmed baryonium.

oY (4660)-> A. A, width, actually (expectedlarge, according to the Rossi
Veneziano model Nucl.Phys. B123,507(1977) ) constrained by the
threshold close by.

La Thuile 2019, March 10-16 2019 27
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5 *-‘,./(4-&&5} i efe” > AcA¢

Using 10 decay process to reconstruct Ac, 6(e*e™ - A A.) is measured @ 4
energy points, good detection efficiency @thr (weak decay)

08 T T T T T I v I
with hon-pole term —1LEC
| 1 PRL101, 172001 (2008
o [Belle T “"étggs 12008)
-— o o s
064 [ = |BESII T ----41ECs| PRL120, 132001 (2018)
Q 044
C
5]
0.2
Fit from PRD 96, 116001 (2017)
(E<4.68 GeV)
0.0 ; . ’ ; =
4.55 4.60 4.65 470 475

E(GeV)

At thr o(e"e™ - A A() shows a step, it is close to the pointlike value, once the Coulomb

enhancement factor is taken into account: o(e*e™ = A¢Ac)poiny = T203/(2Mg2) = 145 pb
La Thuile 2019, March 10-16 2019 28



e+e- -> ppbar Born cross section

N

o(e'e’— pp), nb

05 e e T T T
1 I I I

|

"f""’f"'f'""’; l...m.]..n...]i...m.;.......l........l.-...n.l..n...i....n....n...:...m.l.._...]_...mi.m...:..m
1850 1900 1950 2000

Ec.m., MeV

(=]

—IIIIIIIIIITIIIIIIIIII
e
bl
=
T
'|AJ‘— ¢ {
b
.
|

Our new 2017 data in comparison with BaBar and CMD-3 2011-2012 scans
(R.R. Akhmetshin et al., (CMD-3 Collaboration), Phys. Lett. B759, 634 (2016).)

from E. Solodov

Same behaviour @threshold !!
La Thuile 2019, March 10-16 2019
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5 ‘/(4-(3&0} A efe — AcA,

>
Besm and QD do not agree so well

BELLE

oConcerning BESIII measurements in PRD 96, 116001 (2017) :
“While they agree with the Belle data, as for as cross sections magnitude, they
indicate a different trend in energy. Itis impossible to fit both data.

Hopefully BESIII will extend their measurements at higher energies and thereby
clarify the situation”

Waiting for more data of BESIlIl @threshold and above
4.6 GeV (after upgrade)!l

It will be important if Y(4660) can be confirmed, for the
baryonium hypothesis!

La Thuile 2019, March 10-16 2019 30



previcusly Y(4260)

La Thuile 2019, March 10-16 2019 31



The so;éaited 2 F?rc»bi.@_m” BES]]II

N —
> 220
%’ - V(41 60)R BES
= 200 |(4415)
_C -
g 180 — O "Y(4220)":rmJ/1p
[ Y(4260) n ]
160 - WAS Y(4320) ned/p
140 - HERE "Y(4220)° s
120 :— Y(4390) oy (2S)
— "Y(4220)"
100 — nhg
— "Y(4390)"
80 — :r[r[hc
— "Y(4220)" .
60 — <DD
— "Y(4390)" .
40 — 0 7DD
20 —
1= I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 | 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 | 1 I 1 1 1
4150 4200 4250 4300 4350 4400 4450 4500

Mass (MeV/c?)
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BESII

N — | Phys. Rev. Lett. 118, 092001 (2017) BESIT
S — L + _
E’ 220 P _:tflz 3 w(4160)R
< 200F % eof- == Fitl % l|)(4415)R
£ 180F 1 “F ] "Y(4220)"
§ o0 g ;%i o % " ( "m[‘j/w
160 — 0: Y(4320) nnd/y
140 Y(4220)° s
120 :— Y(4390) oy (2S)
- "Y(4220)"
100 - (4220 .,
- "Y(4390)"
80 — mthc
= "Y(4220)"
= "Y(4300)"
— NOW HERE ‘
40 '4/ <DD
20 — Courtesy Ryan Mitchell
1= I 1 | 1 1 I 1 | | | I | | | | I | 1 | | I | 1 1 | I | 1 1 | | | | 1 | | | | 1
4150 4200 4250 4300 4350 4400 4450 4500
PRL118,092001 (2017) PRD96, 032004 (2017) Mass (MeV/Cz)

PRL 118, 092002 (2017) arXiv:1808.02847 -



arxiv:1903.02359
Breit-Wigner+PHSP term clear enhancement Y (4220)

g i BESH pre.iminar‘
BW(\/E) _ Feelzg(;v)(cO)rt > % (I)(\/E) -\.é»] 00_ —+— his wo
(s —M*)*+ (MT,)> ©(M) ~ —4- BESIII 2015+2016
signal only forete™ - wy g ? 50"

1ooE - .;]; : | + + *

o - Data o 0- o i
'.g_GO_— —:::sonasnce \b’ - T
> ub /\ e J CME 42 43 44 45 46
S / S T _ 4.178-4278 GeV /s (GeV)

T oaf [ I S 7fb1/ ~
S It . [.B(wys) = (2.5+0.2+0.4) eV
L C
20 PRL 114,092003(2015 _ 2
i - 9CME4.21-4.42GeV | M(Y) = (4218.5+ 1.6 + 1.3) MeV/c

415 4.2 4.25 43 435 44 445 45
\s (GeV)

[} = (28.2+39 +6.4) MeV
with significance > 90
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I(Y(4220)) (MeV)

100 BESIIl preliminary ~— —¢— ox_,
30 _+— + ' h,
| —— rdly
60 'y (3686)
—%— DD
40 —-
20 +

PR T— |

4200 4220 4240 4260
M(Y(4220)) (MeV/c?)



| Z. states

-Jefor 2¢c(3990)
~Z¢ = PNc
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Events / 0.01 GeV/c?

Events/(10 MeV/é)

Must contain at least a cc and a light qg pair:exotic!

PRL110, 252001 (2013)

e‘e” - ' J/P

100}

8of

40}

- Z,(3900)

60}

20/

—~4- Data

— Total fit

+=+= Backgrouna fit
== PHSP MC

+ [ sdeband

\

3.7

3.8 3.9 4.0
Max(T0/y) (GeV/c?)

e*e-—>non0J/ ¢

18
16

(c) 4.360 GeV, 539.8 pb'

Jfl 4?0 42
M gy (GEVIE)

Events/(0.005 GeV/c?)

Events/(0.01GeV/c%)

e*e-—>n*nh,

120f

r %50
100: ’840
80 i
60[f %10 |

z

40p B Mt:tcet:/c‘i
20% § +Zc(4020)

Po5 400 405 410 445 420428
M,,, (GeV/c)

e*e-—nonlh,

PRD 92, 092006

e*e-—n- (D* D)*

39 395 4. 4.05 4.1 .
Ml (GeV/c)

'ma

PRL112, 022001 (2014) PRL115, 222002 (2015) PRL112,
132001 (2014)

PRL111, 242001 (2013)
PRL113, 212002 (2014)

e*e-—n (D* D*)*

%, 90 o —4—data  —- Z.(4025)
~ . 70 —— total fit b. BKG
%gg zc(3885) S 60 5) e sana
. @ ¢
= 60 = 50
S ig o 40
2 30 2%
S 20 g 20
u>J 10 w10
0 ,
3.85 3.90 3.95 4.00 4.05 4.10 4.1¢ 4.02 4.04 406 4.08
M(D°D*) (GeV/c?) RM(r) (GeV/c?)
ere->n0(D* DY _ . e'e—>n’ (DT DY)
- — QN )
o~ > o
o -+-Data L
230 — Global Fit § (a)
-~ Signal s I
260 minciBkg | 8 [
> -+ PHSP oot
240 I
c I
e 10}~
20 i
T T T 05 ok
' ' ‘ M(DD") (GeVic?) R CNIE)

PRL115,182002(2015)

Observed in various channels
« strong coupling with DD*. D*D*
« 2 Isospin triplets estabilished by BESIII
37
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Phys. Rev. Lett. 119, 072001

PWA with Z
using helicity
formalism

Simultaneous fit
@ 4.23 e 4.26 GeV

EVENTS / 0.02 GeV/c?

EVENTS / 0.02 GeV/c?

E == nn S-Wave J/y + (a)
Fo.. £,(1270) JIy

F - Z+c.c.

- — total

—  ——- 7 S-Wave Jiy
140 --- £,(1270) Jly
= - Zin+c.c.

- — total

* /. line shape with Flatte-like formula
e and with o, 15(280), f5(1270),fy(1370), Z,

Z_ pole mass and with:
M

pole

EVENTS / 0.015 GeV/c?

EVENTS /0.015 GeV/c?

=3887.0+0.8+10.0 MeV, I

La Thuile 2019, March 10-16 2019

400F
350 F
300
250 F
200

~ = 1w S-Wave Jhy i

o £(1270) Iy (b)
- ZeHC.C.

— total

= S-Wave Jly
o £5(1270) Iy

- ZarHc.c.

— total

pole

=45.2+4.8x16.8 MeV,,

4.26 GeV



S 300, S 300

4007 500
i e 450

T

Broear i T £ 250
Sosof L. &5 200
0 .y 21150
200F L -2 100
[ (a) 50
150" o s 0 bt
00 02 04 06 038 1.0 0.0
cos (o,.)
ete” > Zn +c.c
Hypothesis A(=2InL) A(ndf) Significance
1" over 0~ 94.0 13 7.60
1" over 1~ 158.3 13 10.8¢
1" over 2~ 151.9 13 10.5¢
1" over 2* 96.0 13 7. 70
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lcos(6,,,,)|
Helicity angle for J/Psi

75 >ty

Z.is 1T with signif.>7.6 o
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Theoretical expectations exist for the ratio of BF of &) - pn¢ e 2 - nj /p(mh,)
They can help in understanding their nature, in particular btw tetra-quark(Type-1) e molecole

!
_ Br(Z; - pn,) P Br(Z; = pn.)
zr — [ =
Br(Zc - ”hc) z BT'(ZC - ﬂ]/l/))

100 100"
Dynamical Z. tetraq. Type-l — idal Z'c tetraq. (type indep.) —

1 1
Molecular Z. — Molecular Z'c —

Q1o 4 Q. A. Esposito
107 | Phys. Lett. B 746, 194 (2015)

1074+ 1 1074

10]3)'2 0.1 1 10 100 1000 10_1%4 102 102 o1 1 10 100




Lc parameter are fixed to
latest measurement.

Nine decay channels to reconstruct ne.

: 60

.= 240 + 56
—~ 200F 4 paa —~ 50 &ﬁ 21+ 13
0 180 F ==Bestiit o +Z/DOF = 33.7/33
S 160 = = Background S 40
[O) I sideband )
— 120 — 20
2 100 S o I I {
E 80 ?ﬂ 0 1] [l
I S -10 Il “ ‘ {
Q 40 4
w29 m -20

-30 s 2 2 2 1 4 . o . 1 . . . . 1 .
37 38 39 4 3778839 4

(GeV/c?)

Reconl nt

Reconl L (GeV/ c )
No significant Z'.— pn. observed.

*Strong evidence of et e™ - mZ, e Z — pn, @4.23 GeV, stat. signif. 4.30.

Vs =4.23GeV /s = 4.26 GeV /s = 4.36 GeV |Tetra-quarks-I Tetra-quarks-Il Molecule

Ry (3000)| 2.1%£0.8 <6.4 2307530 0.27104%2  0.046700%2
Ry, (4020) <19 <12 <1.0 6.6725%° 0.01070 005
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. Evidence off Zc o pnc

R = Br(Z; - pn.)
2 Br(Z. - mh,)

100

1 10 100
Rz

Our measurement doesn’t agree with both molecularZc and tetraquark Zc Type-1 assumptions

Dynamical Z tetraq. Type-| —

Molecular Z. —

1000

Br(Z. - pn.)

A= Bz > /)

100+

&I 10-2 L

10-4 L

1076

idal Z'c tetraq. (type indep.) —

Molecular Z'. —

107

1073

1072

0.1 1 10 100

A. Esposito
Phys. Lett. B 746, 194 (2015)



takine Since 20049 anﬂ' q
' argLest data samples of, various Y and
will take da a until 2022, at least

To orta “upgrades of BEPCII and BESlll ,',_
thhe next uture |

* Many Mterestmé results in the XYZ studies
- Many others are on the way by BESIII
+ Still remain unanswered questions:

- strong mt%y be&ween theory and ‘experiment needed
("J'( i '_'tf ,,,u

1 ”x

g\ ke futurﬁ, XYz data takmg on-gomg,

28 dags) || ”*
\
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Y (4260) and Y (4360)
Y (4660)
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PRL 95, 142001 (2005)

Events / (0.020 GeV/c?)
8

AP
4.6

mJ/Yr)(GeV/ic?)

)
o
w0 I I'Lu“ lllIlllllllllll”llllllll”l

Y (4260) observed first by BaBar (2005) Ine*e™ - y,qpr¥n™] /.

CONFIRMED BY Belle e CLEO.
no sign of Y(4260) - D™ D™

WEIGHTED MEAN:
M = 425919 MeV, I'=120£12 MeV
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 Cme from 3.77 to 4.60 GeV  9.05fb!

simultaneous FIT on scan e XYZ datke
Phys. Rev. Lett. 118, 092001 (2017) S]]I
166 150

2 o +Xvz 3
= " =l = 100}
e i . S 100
S5 - = Fit || 5 -
EoL £
B 3 B
T T s0f
Q Q g
o ©
5] - o -

0 i N | v vy e | NP 1 L g ‘F g PR W | N O P

3.8 4 42 44 46
/s (GeV)

Coherent sum of three BW + not coherent y(3770)

Coherent sum of two BW + exp. In low mass region Y(4260)

M = (4222.0+3.1+1.4) MeV, T = (44.124.3+2.0) MeV —
(Compared with Y(4260) PDG lower mass and narrower) Y(4220) + Y(4330)
M =(4320.0£10.4£7.0) MeV, T = (101.4£25+10) MeV

(a bit lower mass than Y(4360) PDG, previously observed by BABAR and

Belle)
Significance of the second BW >7.90 Y (4008) not necessary fo

First resonance agrees with the Y (42640). explain the data.

First obbservation of Y (4360) in this channel "’



BESII §

PRL 118, 092002 (2017) 79 c.m. energy points from 3.896 to 4.600 GeV

C 0.25————T 71— 0251 T T T

250~ -« BESIII: R-scan data sample L 36 contour - 3G contour

E = BESIII: XYZ data sample [ ¥ 26 contour | I ¥ 26 contour |

200 —F X 0.201- M 16 contour ] 0.201- M 16 contour ]
it curve: Total

Fit curve: Y(4220)
-- Fit curve: Y(4390)

i —~—Y(4220) ] i ~—Y@390) ]
% 0.151 ] 0.15[ 7
<] [ _+_ ] [ ]
= 0.10F yazorre 1 = o10F 4 .

: ] F Y360) ]
i ] i +\p(4415) ]
0.05{ Y(mo)mg’ vamo 1 008 :

I B B I B BT B BT
0'%?15 4.20 4.25 230 %30 435 440 445 450
M (GeV/c?) M (GeV/c?)

I' (GeV)

50

Dressed Cross section (pb)
[y
=)
S

IIIIIIIIIIIIIIIIIIIIIIII

Fit with coherent sum ]\11 = 4218 =4 MeV Fl =66 £9 MeV Y(4220)
of two resonances My = 4392 + 6 MeV T'5 = 140 + 16 MeV Y(4390)

Y (4220) consistent with the onein efe™ > " ] /¢
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e ?‘ - ee omm P(2S) BGS]I[I

2, —; =

16 energies btw 4.008 e 4600 GeV

PRD96, 032004 (2017)

T T T S ]
1002— l l ~+ Belle '
g 80 [ ’ = BaBar
c - ‘ ]
2 60 l l pigs E
3t R
o OF |, N\ J Fit with coherent sum of 3
o - s, || 3 Breit-Wigner of BESIIl data.
© ‘ ] + N5 g Fit w/oY(4220) .
[ i __.#__
H | L4 T Tail of Y(4
;ﬁ‘._T_.T.TI L /T A ail of ¥(4660)

-20 Fixed paremeters (Belle)

T P IR W B
40 41 /42 43 44 \ 45 46
Y (4220) 5.80 Vs(Gev) Y(4360)

M;=4209.5 £7.4 + 1.4 MeV /c%1'=80.1 +24.6 2.9 MeV
M,=4383.8 +4.2 + 0.8 MeV/c? ;I',=84.2 £12.5 +2.1 MeV

Y (4360) compatible with BaBar e Belle with better precision. v



BESII §

FIT with a three body phase space term and two relativistic BW functions

e (1) = e /P) + ¢ B my | 50+ 692 Bom) [ 0L

M(Y(4220)) - (4228'6i4' 1i5.9) MeV/Cz’ 1000 I L I I | I L I L |
['(Y(4220)) =(77.146.846.9) MeV. - ’ .
With stat signif. more than 5.00. 800~ ]
~ [ arXiv:1808.02847 ' i
2 600 .
“’o - Accepted by PRL .
oW B
i | l_..-.”" ’
il | i ‘” . -
0- e 13 ll L1;1 11 l REEEETI AP I AR BT A l--

iy 42 44 45 46

ECM(GeV)

Models including one additional known resonance, either Y (4260), Y (4320), Y (4360), or yw(4415)

(mass &widths @world average values) 49



Sum Marizing BES]I[

Process M, (MeV/c?) 'y (MeV) My (MeV/c?) 2 (MeV)
ete — wxeo 4230 £ 8 £ 6 38 £ 12 £ 2 [37]
ete= - nta=J/y 4220.0+3.1+1.4 4414+43+20 43200+104+7.0 101.47%33 +10.2[9]
ete= — mtm—he 421847532 + 09  66.01 %% +04 43915782 +1.0  139.51307 4+ 0.6 [10]

ete™ - ntDOD*~ +cc| 42248 +56+4.0 723+9.1+0.9 4400.1 +9.3+2.1 181.7+16.9 + 7.4 [38]
ete™ — ntr—Y(3686) | 4209.5+74+1.4 80.1+246+29 4383.8+4.2+0.8 84.24+12.5 +2.1
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