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HADRONS

» Quark model:

Mesons

» Hadrons with other configurations not excluded:

= Glueball: (gg, 9gg, ...)

= Hybrid: (qqg, ...)

= Multiquark state: (9qqq, gqqqq, ...)

= Molecule: bound state of two hadrons




CHARMONIUM SPECTROSCOPY
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CHARGED CHARMONIUM-LIKE
STATES

= Decay into a charmonium, thus contains cc

= Have electric charge, thus has two more light
quarks

= Could exist in itdp, m*p(2S), m*h,, ¥y, ,. ..

= Experimental search:

= BESIII/CLEO-c: e*e->n* exotics,...

= Belle/BaBar: e*e > (y,gg)* exotics,...
= Belle/BaBar/LHCb: B->K exotics,...
= CMS/ATLAS:
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THE BESIII DETECTOR

SC Magnet: 1Tesla
Magnet yoke i J

TOF: (o7)
80 ps/ 110 ps

Beam pipe
MDC:
o,/p: 0.5% at 1GeVi/c

dE/dx: 6% Csl calorimeter:
AE/E: 2.5% [ 5.0% at 1 GeV; o,: 0.6 cm/NE




DATA SAMPLES

\'s Previous data BESIII data
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XYZ DATA SETS
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Z_(3900)%

* Observed in m*J/ip mass spectrum

= BESIII; 525 pb-! data at Vs=4.260 GeV,
e*e2>n mwdhp

= Belle: 967 b data in Y(nS) resonsnce region,
e*e 2>y rt wJAy, select events with m*d/p in
Y(4260) region

= CLEO-c data: 586 pb-! data at Vs=4.170 GeV,
e‘e2>n mwdhp

= Contain at least four quarks, good candidate
for an exotic state
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Z_(3885)*
525 pb-! data at 4.260 GeV

Partial reconstruction, single D tag:
ete > (DOD*)/n*(D"D*0) + c.c. ose

V
K-rtt K*mtor
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Z_(4020)t AND Z_(4025)*

= Z_(4020)::

= e‘e>xa‘n-h,, h.2yn., n.~hadronic final states

= narrow peak in s*h, mass spectrum

= 2.3 fb" data at Vs=4.230, 4.260, and 4.360 GeV
» Z.(4025)*: partial reconstruction, single D

tag

= ete >’ (D**D*V)+c.c.; structure in Mrecoll(*)

Y N\
D* DO
¥
Kttt

= 827 pb-! data at Vs=4.260 GeV




Z_(4020)t AND Z_(4025)*
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WHAT’S Z. STATES

= Theoretical interpretation:

Tetraquark?

Hadronic molecule?
Threshold effect?

= Meson loop?

= New efforts from experimental side:

= neutral partner
= Improved measurement
= new decay modes search




Z.(3900)°

* First search using CLEO-c data sample
at 4.170 GeV

= ete2>a%70Jhp, check n®Jhp mass
spectrum
= evidence with 3.5 0

=y
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= Same channel studied at BESII|I

= 2.8 fb-! data sample from 4.19 ~ 4.42 GeV

= three large data samples at Vs=4.230, 4.260,
and 4.360 GeV used to extract parameters of
Z.(3900)°

= full data sample used to study Z.(3900)°
production V.S. center-of-mass energy




Z.(3900)°

3
=)
™

: 40 — ; : I
S $260MeV | S | BOOMeV | & o 4230 MeV
J s0f J 14} I sof
7] r N ~~ D 7] I
E 25k 1 0_4 O E 12 350 eV(JntSE 40:
S 20 L 1op o f
S =gl = 30
g o J r : 20

10F 4F - IR r

5 ; 2 f \ }ﬂ 10 ;

0" | 3.‘8 — 4.‘0 | 4.2 Ay 3.8 — 4.‘0 — 4.2 0 — 3.‘8 — 4.‘0 | 4.2

M(r’J/y) (GeV/c?) M(r°J/y) (GeV/c?) M(n°J/y) (GeV/c?)

Signal: S-wave BW convolved with Three-Gaussian
Background: Argus formula

_ Mass / MeV/c? Width / MeV

BESIII: Z,(3900)¢ 3899.0+3.6+4.9 46+1020
BESIII: Z(3900)° 3894.8+2.32.7 29.6+8.2+8.2
CLEO-c: Z,(3900)° 3904+9+5 37 (fixed)




Born Xsec (pb)

R(Z /71 /)

50

40

30

20

1.0g

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Z.(3900)°

10F

. half of n*mJhy

.

—o—

0.0 —

44
Ecy (GeV)

\s R (neutral) R (charge)
(GeV)

4.230 0.27+0.03+0.01
4.260 0.14+=0.03+0.01
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Z_(4020)°

= e*e>n7’h,, h,2n., n.,~hadronic final states
» 2.3 fb' data at Vs=4.230, 4.260, and 4.360 GeV
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=  Width fixed to charged Z_(4020)
» Interference neglect
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Z_(4025)°

= Partial reconstruction, double D tag:

= g*te2>(D*D*0)x° / (D**D*-)0x"
= DOKn*; Katn?; Kntntn (~26%)
= D*'2>Katat (~9%)
= Tag bachelor =°:
= not from D*
= v can not form other n°
= Selection D*D*n® using |

- -

'~ —

~ -

recoil mass of °D ;
= 1.9 fb' data at Vs=4.230

and 4.260 GeV

DD*nr0 —

2 21 2.2 2 21

RM(Dn®)(GeV/c?) RM(Dn®)(GeV/c?)



Z_(4025)°

signal + PHSP + background PHSP + background
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Z_(3885): CONFIRMATION

= Partial reconstruction, double D tag:
o e*e'én”(Dolf*')/n*(D'lf*o) + C.C.
D% D070
DKt Katn?, Katn*n, Katn*nn® (~30%)
D-2>K*wm, K'wan®, K, KPn?, K, KK (~36%)

= Presence of n from D* decay using momentum
conservation
= Tagged bachelor m not from D* decay

= Require recoll of D to select D*

= 1.9 fb-' data at Vs=4.230 and 4.260 GeV




Z_(3885)*: CONFIRMATION

Signal: mass dependent BW
Background: shape from PHSP MC simulation
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Z_(3885)*: CONFIRMATION

e*e>*(DD*). e*e>m*(DD*).

0-2_""| """" I D B R B | 0.2""| """" | BLLJLAN LA L B L B L B LN B
=0.15- 4 =015k R
Q I T
> =y e > ——c—— e
T‘é OI_I q_ - = k_‘— ................. T_: 0 lt q_\__\ k—_ ................ 1 -------

" B ST ) . B
o +' e f — et }
= o \\ | .+_ g T \\i _+_
@ 0.05F 0. X118 \\ - ‘LI:0.0S— 0. X _ 8719 N =
- NDF ~ 79 N - “NDF~ "9 N
i . L _ 888 AN - 132 \\
“NDF~ "9 ‘NDF~ "9
....... [P I IR PP I PP B I T P PR PR PR PRTTE FTTE P
00 Ol 0.2 03 04 05 06 07 08 0.9 00 ()1 02 03 04 05 06 07 08 0.9

cos0,, cos0,,

= Dots with error bars: combined data

= solid: JP=1%; dashed: JP=0-; dotted: JP=1-
= Data agrees with JP=1* and disagrees with JP=0-/1-




Z_(3900) SEARCH IN ot

Explore new decay modes is crucial to
identify the near threshold structures:

g - " ete-2Don
4 = 4

= 1.9 fb! data at

T I Vs=4.230 and
Hidden Open  Annihilation to light 4.260 GeV
charm charm hadrons is a unique

\ / signature

Threshold effect involved




Z_(3900) SEARCH IN ot
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The dots with error bars: M(wTr*) from data in w signal region
The red histogram: same distribution in w sidebands region

The green histogram: backgrounds from inclusive MC
sample, dominant from continuum




Z_(3900) SEARCH IN wrt
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Fit without interference: o _
No significant Z_.-> wm is observed :

o(e'e>Z ., Z.>nn ) <0.27 pb
o(ete>Zm, Z.~>nrx)<0.18 pb

Signal: acceptance weighted
S-wave BW folded with
Gaussian

Background: ARGUS




SUMMARY OF Z_STATES
__State | _Mass (MeVic?) | Width (MeV) | Note

3899.0+3.6+4.9 46+10+20 BESIII, m=J/y
3894.516.6+4.5 63124126 Belle, m=J/y
3886+4+2 37+4+8 CLEO-c*, n=Jhp

Z.(3900)%°  3883.9+1.5+4.2 24.8+3.3+11.0 BESIII, DD* single tag
3884.3+1.2+1.5 23.8+2.1+2.6 BESIII, DD* double tag

3904+9+5 -- CLEO-c*, n®JAy
3894.842.332.7  29.6+8.2+8.2 BESIII, n0Jhy
4022.9+0.842.7  7.9+2.7+2.6 th,
Z.(4020)=0  4026.3+2.6+2.7 24.815.617.7 (D*D*)%, single tag
BESIII 4023.6+2.3+3.9 - n°h,

4025.520 , _+3.1 23.046.0+1.0 (D*D*)?, double tag




SUMMARY

= A group of charge charmonium-like states has been observed

= at least four quarks
= mass close charm meson pair threshold
= Neutral partners of Z(3900), Z.(4020), and Z.(4025) have been
observed, make them isospin triplet stats
= Z.(3900)/Z.(3885) only observed in md/Ayp/DD*, not in xh /D*D*,
while Z(4020)/Z.(4025) only in sth /D*D*
» Light hadronic final state wx study shows no evidence of of
Z.(3900)
* More experimental effort is need to help understand their nature

= product and decay modes study
= quantum number determination

THANKS FOR THE ATTENTION!




