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Hadrons and Exotic Hadrons
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Exotic Signature:

Exotic quantum numbers: JP¢=0-, O+, 1+, 2+, ...

OR clear non-conventional-hadron signature
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Z . States

State M (MeV/c*) T (MeV) JYC  Process Experiment
Z.(3900)(*:0)  3888.44+25 283425 1t  etem — alH0(n(=0) g /4) BESIII, Belle
ete™ = 70 (DD*)(=0) BESIII
Hy = Xat (7= J/v) DO
ete” = (nep™) BESIII
7Z.(4020)(F0)  4024.14+1.9  13+5 1t (?) ete” = 7+ (xrh,) BESIII, Belle
ete” — (0 (D*D*)(=0) BESIII
Z(4050)* 4051123 82159 7t BY 5 K (rxe1) Belle
7(4055)* 4054 4 3.2 45+ 13 7T etem = wt(mmp(29)) Belle
Z(4100)* 4096 + 28 152737 7" BY 5 Kt (1 n.) LHCb
Z(4200)* 4196735 3701190 1t= B = K~ (xtJ/4) Belle, LHCb
7 (4250)* 4248710 1777320 7 BY = K (7t ) Belle
7(4430)* 4478712 181431 1t~ BY— Kt(m ¢(29)) Belle, LHCb
B — K= (xtJ/v) Belle
R0(4240) 4239159 2201320 0-—  BY— Ktn(29) LHCb
Z.5(3985)* 3982.5757 12.87¢%3 ? ete” — KH(D;7D*° + D*~D°) BESIII
Z05(4000)* 4003ﬂ5 131 + 30 1t Bt = ¢(J/YKT) LHCb
Z.5(4220)* 4216139 2337550 1t Bt = ¢(J/YKT) LHCb

Produced in eTe~ annihilation or b-flavor hadron decays

Typically in h+charmonium final states

Intrinsic nature unclear, exotic states? kinematic effects?
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Spin-parity and Argand plot;

\‘1 Production mechanism;

More decay modes; Partner states;...




BESIII & Data Samples
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Z . States from ¢ "¢~ Annihilation
Z.(3900)/Z.(3885)
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Z . States from ¢ "¢~ Annihilation
Z.(3900)/Z.(3885)
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Z . States from e "¢~ Annihilation
7, (4020)/Z (4025)

PRL111, 242001 (2013) PRL113, 212002 (2014)
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Z.ineTe~ — mmy(2S) Process
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/. States in py. Mode
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. ete” > TpTy,

PRD100, 111102 (2019)
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Ratio Measurement Tetraquark Molecule
Ry (000 230810201 230130 [12]  0.046*09% [12]
0277919 [12]  1.78 £ 0.41 [17]
0.66 [13] 6.84 x 1073 [18]
0.56 + 0.24 [14] 0.12 [19]
0.95 +0.40 [15]
1.08 £+ 0.88 [16]
1.28 £0.37 [17]
1.86 £ 0.41 [17]
Rz o) <12 [4] 6.6:58 [12]  0.01073%% [12]

[12]PLB746, 194 (2015)
[13]PRD87, 111102 (2013)
[14]PRD93, 074002(2016)
[15]PRD88, 016004 (2013)

[16]EPJC78, 14 (2018)
[17]PRD94, 094017 (2016)
[18]Porc.Sci.Hadron2013, 189
[19]EPJC73, 2561 (2013)
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. ete™ = Z [ = n.atC)nnin search of Z,. close to m(DD)

3'25

20+
0 15+
10 ¢

zf/m
/o N, 5

e 0

N 5

L

N
e:.

-10}
15}
20}

-25

2 20}

/. — nn.and yn..

Zen'n’, T, =8 MeV

3650 3700 3750 3800
m,_[MeV/c?]

Zgrﬁn I', =8 MeV

oeh 1 ok £ com

FUDAN UNIVERSITY

3650 3700 3750 3800
my [MeV/c?]

m
s8288¢8

Hat

L 20¢

Z20¢

I

- Zgun®, T, =18 MeV

3650 3700 3750 3800
m,_[MeV/c?]

@+ O
@+ O
+H@+ O
1@ O

e O
o4 O

L

b Zon'n, T, =18 MeV

3650 3700 3750 3800
my [MeV/c?]

tlxu::) - (Baull
!EEE Il:;-"

L 20¢

2 20 ¢

ST
bt

'

- Zw'n®, T, =28 MeV

3650 3700 3750 3800
m,_[MeV/c?]

O

iR

1o+ O
@ O

¢

@4 O
@ O
@+ | O

L Zont, T, =28 MeV

3650 3700 3750 3800
m,_[MeV/c?]

20}

20t

L Zi r,=38 MeV

PRD103, 032006 (2021)
:O ©) o O O 0)
T ¥ { * (.) (;_+
'ttt

3650 3700 3750 3800
m,_[MeV/c?]

L Zontn-, T, =38 MeV

3650 3700 3750 3800
m,_[MeV/c?]

/?f

”'““ gf%%w:'lntl



+
Zc — )(C]

. Z.(4050) and Z.(4250) in n7y,, from B decays
. Z,(3900) and Z.(4020) from eTe~ annihilation at BESIIl | ¢

: + — + - )
Cross sectionof e™e™ — 77wy,
751 ®  Observed cross sec tion 2.51 [} served cross section 1 [ J served cross section
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. . — — PRD103, 052010(2021)
No obvious signal of ete™ — 777y,
Upper limit of cross section also apply for Z. — z+
c AcJ
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7 (4020) — yX(3872)

. Connection between Z_ states and X states in molecule picture

. Branching fraction of ZC(4020)0 — yX(3872) and

§32)
./X.[B
ZC(4O2O)i — 17X (3872) of several per mille level /‘Z‘”"z"’\
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et \& e
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0

3.9 4 4.1

Do not contradict with theoretical prediction!
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Observation of Z_. (3985)

. €+€_ —> K+(DS_D*O + D:_DO) PRL126, 102001 (2021)
. 3.7 fb~! data at 4628, 4640, 4660, 4680, and 4700

. Partial reconstruction of the process, tag K and D

. D reconstructed with K¥K~ 7~ [¢pxr or K*K] and K?K_
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Observation of Z_. (3985)

ete™ - K*(D:D 04 D: _DO) PRL126, 102001 (2021)
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<120 s v - Combinatorial background described

by wrong sign (WS) events

- Absolute contribution in signal region
determined from a fit to RM(K*D_")
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RM(K*DS)+M(D) m(D)) (GeV/c?) y

'-

$\)NI[/@ m:
g ‘V k % 38388 o, (EzEasd
S/ TIITL seg 8 nn s
{902/ FUDAN UNIVERSITY |88 88 2888 %ﬁ Iii |i EE* ||

r'._'wvgfﬂ " [l ui

4




Observation of Z_. (3985)

40 B L DL L L L ]
o, F (s=4.681 GeV + Data PRL126, 102001 (2021)
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O [ T8 Es
=20 - s
<t ]
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‘E : i
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2 0fy ]
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10k | —

I4I - 465 - I4|.1I - 4|15
RM(K") (GeV/c?)

« An enhancement around 3.98 GeV

and

« Cannot be described by processes contain excited D mesons, DS(*)_D:“

- Cannot be described by interference between two open-charm processes
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Observation of Z_. (3985)

PRL126, 102001 (2021)

w35 F (s = 4.681 GeV —+— Data Assume JP=1"

S3O N 2+gg Total fit
: — — — Z.(3985)
e 5*1(2600)°D*°

Simultaneous fit to five data
samples

Signal component:

0 4 405 41 415 V49 P 2

RMEK (GeV/e) V=gt im0 + (1= )T500)
L [ (s=4.628 GeV L I Vs=4.641GeV -
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g 5 bk . Pole position:
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Z (3985) and Z_(4000)

PRL127, 082001 (2021)
%\700*_ r - ' - 1~ T 1
= ol Z,(4000):
5500 e JP=17
S 400F
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215, . I=12.8722 +3.0 MeV
010 —4.
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0

4. 41 4.1 e % 2 )%
PRL126, 102001 (2021) 4 OSRM(K*) GV 052) Studies in D, D* + DD system from B decay and
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K*K~J/y system from e*e™ annihilation are needed!
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No clear structure from Belle study in eTe™ = KKJ/y
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Summary and Outlook

Unique data samples from 4.0 GeV to 4.9 GeV
- New data samples between 4.1 GeV to 4.4 GeV and above 4.7 GeV

New decay modes of Z. states are searched for
- yX(3872), n.x, n.n, and y,.;m , no obvious signal observed

A new Z__ state observed in D7D + D;~D" modes

 Significant at 4680 data sample (>50)

- Intrinsic nature unclear, strangeness-partner of Z.(3900)?

More results about the production & decay of Z, , structure
properties are ongoing
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