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Beam energy: 172.3GeV
Ecms=2~4.6 GeV
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XYZ physics at BESIII

Y(4660)
4 | (ST s
Yi40) | X2(3*P2)
Viazeoy] "=(3'P-) [AEESON , (3°P)|
42 |-
| X(4160) | y(2°0)) |
& 4o | [namea] oS! | ) EES0E]
O
O] x(smo) X2(2%P3)
= Mo +Mp- WS}M (2
w .
O N i B
| '(235) |
|'1c'(2‘3:-) . .
3.6 - =) O Alot of states not well established in
" “X<9 2
[P Open charm range
24 Xco(1%Po)
O BESIII can directly generate Y(1-)states
32 |- cslabishedcosiales | | by eter annihilation.
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e, """ | O Can also generate states with other Jr¢
30 L _ with radiative decay or hadronic decay
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BESIII data sets for XYZ study
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XYZ data
~12 fb! e*e” collision data event in
open charm region from 3.8-4.6GeV.

(1Massive events on several special

energy points: Such as 4.26GeV, and
4.36GeV

R-scan data
Dozens of energy points with
luminosity < 20 pb!

1Initially taken for R study, can
also help the XYZ study



Part I1:
ete- 2P(17) (well estabilished)—>...
or
ete- 2Y(17) (hot so well estabilished)->...




Y(4260),Y(4360),Y(4660): some history

Events / 20 MeV/c?

Events /50 MeV/c?

w BarBar: ee> Yo/ -
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Y(4260)

PDG value
Without BES
Result:
Mass=
425119 MeV
width=
12012 MeV

M(r'm Jy) (GeVic?)
Belle; ee> Y spr*m |’
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PRD 91, 112007 (2015)

Y(4360)

PDG mass
434616 MeV
PDG width
102+10 MeV

M[;t'xt'w(ZS)] (GeVic?)
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USimultaneous fit to XYZ data(left) and R-scan data (right)
L Coherent sum of two Breit-Wigner like structure plus one incoherent {(3770)
>»M = (4222.0+3.1+1.4) MeV, [ =(44.1+4.3+2.0) MeV,
Lower and narrower than previous Y(4260) PDG value Y(4260)->Y(4220)?
»M =(4320.0+£10.417) MeV, T =(101.4125110) MeV,
a little bit lower than Y(4360) PDG
L Compare with one Breit-Wigner fit, the significance of the second Breit-wigner is 7.60
Ulis this Y(4260) + Y(4360) ? The first observation of Y(4360)> )/ ?
Y(4008) is not confirmed 2



[ PRD 96, 032004 (2017) |
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L L L
- BESH T parameters Solution I Solution II
B l Belle M(Y4220) ( 4209.5+74
g o BRI rvan0) 80.1 + 24.6
S eof o B¢ (Y(4220)) (eV) 1.61+1.27 1.80+1.41
3 ok 1 M(r4390) ( 4383.8 4+ 4.2
2 y 1 T(Y(4390)) ( 842+ 125
S 20f L . 2 Broe (Y(43%0)) (eV) .25 % 2.8 1096438
OZ_L / b, (rad) 33+ 10 28+04
; / b, (tad) 0809 47+0.1
| | | L

23] 44 45 | lt;.G
E(Geé) /

—2%0 41/42

Y(4220) with 5.8c

Y(4360)

Tail of Y(4660)

Cross section of ete=> ' (3686) has been measured at 16 energy
points from 4.008 to 4.600 GeYV.
1Y (4220) is needed(5.80)
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e*e" On'rrh,

PRL 118, 092002 (2017)
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-« BESIII: R-scan data sample
= BESIII: XYZ data sample

— Fit curve: Total
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UFitted with coherent sum of two Breit-Wigner like structue
» M,=4218.4*5, . +0.9 MeV/c?, [',;= 66.0123,,+0.4 MeV - Y(4220)

> M,=4391.5*63 . +1.0 MeV/c?, I,=139.5*162_ . +0.6 MeV = Y(4390)

The Y(4220) here is consistent with the states observed in swrrJ/4p around
4222MeV
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Fit with a three body phase space term (pink dashed line) and two relativistic BW
functions (green dashed double-dot line and aqua dashed line).

M(Y(4220)) = (4228.6 + 4.1 + 5.9)MeV/c?
r(Y(4220)) = (77.1 + 6.8 + 6.9)MeV/c?
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PRL 114, 092003 (2015) . —8ESl preliminary

—PRD 93, 01T102(R) (20186) S100- ¢ - This work
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O The processe*e 2wy, (J=0, 1, 2 are
observed).

O The cross section of ete” 2wy is
fitted with Breit-wigner

12nT.,.B(w I ®G/s
T 20§ . O'(\/E) _ eeB(WX o) (W)

(s — M2)2+M2T2 " (M)
O The fitted parameters of Y(4220) is
M = (4218.4+ 1.6 + 1.3) MeV/c?
['=(28.3+ 3.9+ 6.4) MeV

ToeB(wyco) = (2.5+02+04)eV




Y(4260)->Y(4220)

%\ 100 :_ + Cl)Xco _:
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The measured mass and width of Y(4220) from the
different processes.



ete DATA; and Y(4660)

O Using 10 decay processes to reconstruct A , Belle PRL 101, 172001(2008)
o(e*e DAL A;) ismeasured at 4 energy points  BESIII PRL 120, 132001(2018)

with non-pole term

. e Bell T
O Exotic? ol | = BESH

Y(4660)> m'my’, Opeax~0.04nb _ =2

Y(4660)2> Al AL, Opeak~0.55nb
Y(4660) baryonic coupling 2 10 mesonic coupling

0.4 1

a(nb)

0.2 4

Y(4660) is a charmed baryonium?

——1LEC
--—-2LECs
—-—-3LECs
---- 4 LECs |

A charmed four quarks states decay by 001

a light quark pair popping up from the vacuum ) E(GoV)
and falling apart as a charmed baryon pair ® °
PRD 72, 031502(2005), L.Maiana et.al.

PRL104, 132005(2010), G. Cotugno et.al. q q

0 Currently, BESIII result and Belle result doesn’t
agree so well, data taking above 4.6 GeV by BESIII
will help to clarify this. ¢

15



Part II: Zc states
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Events / 0.01 GeV/c?

Events/(10 MeV/c")
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Z¢(3900) 0 in 7wt JAp, 7O J/p

RL 110, 252001 (2013)
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—4- Data

— Total fit

-=== Backgfound fit
--=- PHSP MC

[ ] Sideband

3.7 | I3.8| - |3.9| -
Mool J/w) (GeV/c?)

. PRL 115, 112003 (2015)

4.0

*The mass of Zc(3900) is in opencharm range
and strongly coupled to charm=>itshould
contain a (ccbar) pair.

°Zc(3900)J‘r is charged—> need at least two
more quarks to form a charge unit.

!

Z.(3900) is a four quark states?
UTetraquark states?

Phys. Rev. D89,054019(2014);

Phys. Rev. D90,054009(2014);
dZc(3900) is near the threshold of
(DD*)-> A molecular states?
Arxiv:1303.6608, 1304.2882

OR other explanation?




Zc(3900)/(3885), Zc(4020)/(4025)
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PRL 112,022001 (2014) PRL 111, 242001 (2013) PRL 112, 132001 (2014)

PRD 92, 092006 (2015) PRL 113, 212002 (2014) PRL 115, 182002 (2015)
PRL115, 222002(2015)
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The BESIII result for Zc family

For reference: the mass threshold of m(DD*)~3875MeV, M(D*D*)~4014MeV
ls Z¢(3900) and Zc(3885) same sates? Zc(4020) and Zc(4025)?

C/N Mass (MeV) Width (MeV) | o (ee>nZc,Zc>...)
@4.26GeV pb

charged ntJ/Y  3899.0+3.6+4.9 46+10+20 13.545.2
Z¢(3900)

Neutral n%J/¢ 3894.8+2.3+2.7 29.618.218.2 4.010.9

charged (DD*)*  3881.7+1.6+1.6 26.612.0+2.1 108.416.918.8

Zc(3885
( )Neutral (DD*)° 3885.71¢3+8.4 35f11+15 47+9+10

Charged n*h, 4022.910.8+2.7 7.912.712.6 7.4+1.7+2.1+1.2
Zc(4020)

Neutral n%h, 4023.9+2.2+3.8  Fixed 8.5+2.9+1.1+1.3

charged (D*D*)* 4026.3+2.613.7 24.815.6t7.7 89.0+18.7

2¢(4025) Neutral (D*D*)°  4025.5'29+3.1 23.0t6.0:1.0 43.4£8.0:5.4

19



Determination of JP of Z¢(3900)

PRL 119, 072001 (2017)

T

300 -

cf

o £,(1270) Wy
250
F == Zr4CC.

200 ;_ - total

100

EVENTS /0.02 GeV/

- 2t S-Wave J/y

08 10 12

m.... (GeV/c?)

180 F

f1(1270] Wy
120F  --

F — total

Zir4c.c.

EVENTS /0.02 GeV/c?

. == 2t S-Wave Jiy

EVENTS /0.015 GeV/c?

EVENTS /0.015 GeV/c?

400 F
E - = a1 S-Wave Jiy *

350 1,(1270) Ji; (b)
F w o ZoHCC.

300

— total

Vs=4.23GeV

- = 11 S-Wave Jiy
£,(1270) Jhy
« e ZIrHC.C

Vs=4.26GeV

6 -3‘8. 40 . 42
my,.. (GeV/c?)

UAmplitude analysis with helicity formalism taking n*rt)/ as final states
LSimultaneous fit to data samples at 4.23GeV and 4.26GeV
Ut spectrum is parameterized with o, f,(980), f,(1270) and fy,(1370)
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Determination of JP of Z¢(3900)

Z.c is parameterized with Flatte formula
1

s— M2 +i[g\pi(s) + ghpa(s)]
M=(3901.51+2.7+38.0)MeV, g,’=(0.0751+0.006 = 0.025)GeV?,
o,’/g,’=27.1+£2.0+1.9

Which corresponding to pole Mass= (3881.21+4.21+52.7)MeV,
pole width=(51.8+4.61+36.0)MeV

JP of Zc favor to be 1* with statistical significance larger than7¢
over other quantum numbers

BW(s,M,g|,9,) =

The significance of Zc(4020) process is found to be 3¢

21



Search forete™ — ﬂZE’),ZE-’) - pr).

100

100

Dynamical Z tetraq.Type-l — namical Z'. tetraq. (type indep.) — |
1 1+

— !
Molecular Z. Molecular Z'c. — |

N 1072+ Y1072

1074+ 4 1074/

10—6 - . T u e i MRS 10—6|_4 = |_2 I L L ol
10 0.1 1 10 100 1000 10 10 10 0.1 1 10 100
Rz Rz

PR = Br(Z. — pn.) R. — Br(Z: — pn.)
*7 Br(Z. - nj/Y) © Br(Zi - mhe)
A.Esposito et.al., PLB 446(2015), 194-201

Molecular Zc Tetraquak Type-1

This channel is important for the discrimination between different
multi-quark schemes.

dThe green band and yellow band show the 10 and 2o confidence
range of the corresponding theoretical model.
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Search forete™ - nz'”, z\"

60

T
— P 1

2 BESII Preliminary

e 30k
87 38 39 4 3.7
M GeV/c?)

Events / 10 ( MeV/c?)

Recoilrr:(
ete—nZ. Z. = pn. @423 GeV
UNine n, channels are used to reconstruct n..

UAfter the n. and p mass window, a hint of Z(3900) peak can be seen on the recoiled
mass of the bachelor m.

UThe green histogram is n_ sideband. Z_parameter are fixed to latest measurement.

LStrong evidence of Z¢(3900) = pn. is observed at Vs=4.23GeV, with statistical
significance 4.30(3.90 including systematic uncertainty)
UNo significant Zc’(4020)-> pn, observed.
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Comparison between measurement and
prediction

Dynamical Z. tetraq. Type-| — |

100

namical Z'c tetraq. (type indep.) — |

—

— 14
Molecular Z. | Molecular Z'c. — |

Q 1072} Thig measurement - Q102!
1074+ \ 1074/
1076 ) l 10_6'—4 -3 '—2 . ; ' ‘
10 0.1 1 10 100 1000 10 10 10 0.1 1 10 100
Rz Ry
Br(Z. = pn.) . _ Brzi—pmo
— z2r =
Br(Z. — n] /) Br(Z: — mh)

A.Esposito et.al., PLB 446(2015), 194-201

Molecular Zc Tetraquak Type-1

*The cross section measured at Vs= 4.23GeV

d(e*e” > ntn n"n.) = (46412410 )pb =) R =2.1208

Tete Ml 2o pic) = (474112 11 )b BESIN Preliminary
*Our measurementdoesn’t agree with both molecular Zc

and tetraquark Zc Type-1 assumptions
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Part I1I: X states
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Events / 3 MeV/c?

e*te2>YX(3872), X(3872)>w*nw ) /y

PRL 112, 092001 (2014)

— o 0.6¢
15 — — ] & i + data
[ B'ESI + Data = 0.5F — Y(4260)
i - — Total fit 3 - -.-- Phase Space
10 B --- Background 7] +§ 0.4 — --- Linear
I 1§ 03}
I | g -
5 — [v0] 02 .
- 1 Q@ -
- z;- =
ottty 1 0 111100 —
8 3.85 3.9 3.95 4

M J/w) (GeV/c?)

LX(3872) is sitting at the threshold of DD*.

QJPC=1+ (CDE LHCb)

X(3872) is candidate of exotic states for long time: molecular states, tetraquark
states, Mixture of excitedy. and D°D*® bound state.

LBESIII observed e*e-2>yX(3872), X(3872)> n*ml/y.
Ue*e-2yX(3872) - Charge parity of X(3872)=+1.

(It seems that X(3872) is from the radiative transition of Y(4260)
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ete2>vyX(3872)2>ywl/

BESI preliminary
| ~+ Data L | ~ Data
S 20 Sy | 2o ~ oo
! wy, - ... Background
f I Bacjkground f I ¢ Sﬁi%t?;ggn
. : .
% 10- ideband ‘2 10-_ {
Q Q
> T > [
L (8] : - '
B 50 395 4 408 %85 39 395 4 4.05
M(wJhy) (GeV/cd) M(wJAp) (GeV/cd)

(1). Fit with X(3872), X(3915) and X(3960)
(2). Fit with X(3872) and X(3915)

MIX(3872)1= 3873.3 & 1.1 & 1.0 MeV/c?

X(3872) signal significance >5.10, including systematicerrors
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Y->vX(3872)2>ywl /4y

2 0g BESI prelifminary

O

5 20
£ o —+-Data — i —+-Data

< i : L 6 -4 BESIII 2014
= I - U.or — Fit

3 1.5¢ B [

=

&

> i

® 0.5¢

>§_ I

B 0

4 4D a4
s (GeV)

(1). Cross section measurement of ete™2>vX(3872) for (left) wJ/yp and (right)

ntr)/ channel

(2). Simultaneousfit to the cross section with a single Breit-Wigner resonance

MY (4200)] = 4200. 6+§:;’3 + 3.0 MeV /c?

['[Y(4200)] = 115758 & 12 MeV

. B[X (3872)—=w.J /4 _ +
R = B[X[(3872)—>:F7r—/J}¢] o 16 i 02
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Observation of X(3872) 2>’y .,(1P)

‘e — 0 . i —>
e‘e Y, X, with Yo *{2J/w

(3]
(®]
S 9 (a) 415<E_, <430 GeV
2 3
=
wn 7
~
12} 6
c
[} 5
>
w4
3
2
1E. H*l*’ I b 6 O o T d l L T
0 " ' ' " ' 4 | 4 " " A ‘ " n iy " II ' . I' L I
N
N N
S (b) 4.00<E_ <4.15,4.30 <E_, <4.60 GeV
= 3
w0 i
-~ L
2 -
S _
> 2
(18] L
1:—0- =
Vol
I - W ..

e I N . N r——
3.85 3.90 3.95 4.00
M(x%_) [GeV/c?]

£75~ " 5.80

arXiv:1901.03992.

[0 Datasets used:

9.0fb! for 4.15<E_,<4.30 GeV
0.7fb™! for 4.00<E__<4.15 GeV
2.8fb! for 4.30<E_,<4.60 GeV

O With in range of 4.15<E_,<4.30 GeV
For the sum of events in all the three y,

range, a clear X(3872) signal is seen with

events number=16.973%, and

Significance= 4.80

O No evidence of X(3872) in otherE_,
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Observation of X(3872) 2>’y .,(1P)

g'e — Y, n® %, with X, Y, Jhp

‘e — vy 0. i - —_—
ee —y Ty, with & {2J/l,'

15

—
o

—
[
-

(8]
(&) - . % -
S  sf arXiv:1901.03992. S . @0
g 75 = ..F

= 0 -

= o 25F
L eE | 5 2%
0 = L 20F 71
‘q&'J 5 WG
> 4:— 1.04
w =

3f

1E

P35 340 345 3.50 555 360
M(y, Jp) [GeV/cT]

5.20

Events / 5 MeV/c®
F-N
|

O 10.8*3% X(3872) signal observed in y., range ,-
with statistical significance 5.20 '

N§ 3sE (©) 9=2
O The branching ratio S oo
R; =B(X - n'c)/B(X > m'm ] /1) 2 20:
R(<19 (90% U.L.) ¢
R;=0.8810>3 +0.10 S
R,<1.1 (90% U.L.) osf oy

0 a 20 LI P -y L. . n
fr‘:’; 3.80 3.85 3.90 3.95 4.00
M(x%_ ) [GeVic?]



Comparison between experiment and theory

O Using Br(X(3872) —» mtmJ /) > 3.2% (PDG)
And Br(X(3872) >t J/¢) < 6.4%
We get

Br(X(3872) » n%xy)~3 — 6%

O If X(3872) were the y.1(2p) state of charmonium, then
From the estimation of [Dubynskiy, Voloshin, PRD 77, 014013 (2008)],

r(x(3872) -» n%,) ~ 0.06KeV
Which would imply an unrealistically small
I'ror(X(3872)) ~ 0.5 — 1KeV

O So this measurement disfavor the y .1 (2p) interpretation of the X(3872).
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Summary

> The Y(4260) Y(4220) are measured to be lower and
narrower than previous PDG value with &t J/y(y’), ot

h. , oy and wD'D*
> o(ete” > A A7) near threshold doesn’t agree with Belle

> The J° of Z.*(3900) are determined to be 1*
> Evidence for a new decay mode of Z 3(3900)9 pin.

> ete2>vX(3872), X(3872)> ' J/, w] /P are measured,
and a sign of Y(4220) 2> vyX(3872)

> A new decay mode of X(3872)=> m%y_.,(1P) is observed

» More data from BESIII is on the way, and also plan to take
data above 4.6GeV. More new result can be expected. 32
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What’s the exotic states

* The normalstates from standard quark model
meson(qq)’ baryon(qqq) Standard Hadrons

" ¥

Meson Barvon

* The QCD allow the existence of exotic states:
v' Glueball (gg, ggg...)

. S u d u d gr("/\)
v' Multi-quark states U s U de %@%
(aqaq, aqqqq...)
v Molecular states dibaryon pentaquark glueball
(Bound states of normal hadrons) @
v’ Hybrid (qqg) .C T

5 j “2RRR

diquark + di-antiquark dimeson molecule q q g hybrid
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MASS [GeV/c?

The exotics with Y(1) states
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2No

3.6

3.4

3.2

3.0

X:2(3°P2)

Xc2(2°Pz2)

X(3872)

W'(23S5)

Ne'(2'So) “

Xc2(13P2)

[@: |Xc1(13p1)
i
PHYSICAL REVIEW D 72, 054026 (2005)

predicted, discovered

predicted, undiscovered

unpredicted, discovered

—Y(4260) at BarBar.

-
=

u | ee9Y|SRTt+Tt' J/ll)

233 fb*

i Phys.

W
=

Events / 20 MeV/c?

b
(=

10

v. Lett. 95, 142001 (20

’
| F 4
Tt I|l 4
H Y

T T T T

I L ’
el

48 5

m(m'TI/y) (GeV/c?)

0+

1+

2++

1Y(4260), Y(4360) are not predicted by the

Potential theory:

“Y” are observed in the ISR process, they

should be 1 states.

All the predicted 1~ charmonium are
already discovered (y»(4040), Y(4160),

y(4415).

—>No place for Y(4260), Y(4360). Some of

them might not be charmonium.

05)




The exotics with Y(1) states

o & ¢(4040) .
§ L w(3770) & (4160?  w(aa1s) ()
UL
3 ¢ g A
gt L
, L} BESII, PRL8S, 101802 | | .
Y r a2 ' Taa  as

Ecm (GeV)

1Y(4260), Y(4360) doesn’t correspond to a peak in R scan spectrum.
1Y(4260) has much smaller coupling to open charm compare with observed .

r(pD)/r(J/ypntn™) Y(4260) PDG la3/l2
VALUE CL% DOCUMENT 1D ~ TECN _ COMMENT ,
<1.0 90 1 AUBERT 078E BABR eTe™ — DD~

For Y(3770), [(DD)/r(rc*rc-J/P) ~ 500

See Jianming Bian’s report at May 20 for the BES work about Y states.




Other explanation of Z¢c(3900)

1 ISPE(Initial single pion emission) model. (arxiv : 1304.5845)

-

Events/0.02GeV/c?
N
o

0

{ | (a)

3.2

(c)
(1 Meson loop model. (Arxiv : 1303.6355

Based on the assumption that Y(4260) is (DD1) molecular

P —

states
Y (4260)

J/¥(h,

ATy ex

(Events
o N

nd O g
o N )

: : 38
Mgyt (GEV/c?)

A

“2u
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Coupled channels fit

e The Y states in these channels

Y (4220) Y (4320)/Y (4360)/Y (4390)
M (MeV/c?) I' (MeV) M (MeV/c?) I' (MeV)
WXco [13] 4226 £ 8+ 6 30+ 12+2
mtmhe [14] 4218.4%52 +0.9 66.075%% £ 0.4 4391.5 83 +£1.0 139.57302 £ 0.6
= J/ (7] 4222.0+31+14 44.1 +£43+20 4320.0 £10.4+7.0 101.47353 +£10.2

mm(3686) [11] 4209.1 £6.8+7.0 76.6 =142+ 24 4383.7T+29+6.2 942+ 73+20
DD~ + c.c. [15] 42248 £5.6 +£4.0 72.3+9.1+0.9 4400.1 93+ 2.1] 181.7+169+7.4

* Assume these two peaks structure are from same two states.

* Fit theses cross sections simultaneously with the interference
between the Y states considered

 The result from CLEO, BaBar, Belle are also used
* The fit result gives:

Parameter Y (4220) Y (4390) Y (4660)
M (MeV/c?) 42165 +1.4+3.2 4383.0+£1.9£6.0 46234 £10.5 £ 16.1
[' (MeV) 61.1+£23+3.1 1145+£54+99 106.1 £16.2+17.5
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Coupled channels fit

arXiv:1805.03565 o ST
+ *The fit give x2/ndf=0.97, which indicate that the two
g :j same states assumption is reasonable.
ete" Dwx, ; m.i I ] | ’
T oy . .
i ] *There are multi-solution problem. Each column
o s oo Corresponding to one solution.
s S e i Ambiguity in couple fraction between Y states and
e*e” DT hwo § o0 {Li. thiese channels.
I‘ 4:2 44 46 I‘ 472 44 46
= (GeV) 15(GeV)
~ 150 e [ P ~ 180 ~ 0
% oo-é-l:‘mn) i! g - i+ Sesaacen ' % 1m5+;§‘-§m & % 100 A BESiiteom)
+ - + [—4— BESINXYZ) 1 : [—4— BESNXYZ) : E-+ BESINXYZ) _:’ [ —4— BESINXYD)
ete” DN nJZ(Lk | ¢ { :
‘% n‘ %’ ¥ .g' ! 'g
3 ) S ¥R v S— Y'Y
5(GeV)
& 100 o g g
= — BABAR = =
g g g
2 z z
* k& 13
4 5 { o
' ' R

a(e'e -»rD’D "+cc) (pb)
a(e'e —»xDD 1) (pb)
ofe’e DD +c.c) (pb)
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