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BEPC ll: a double-ring machine

Beam energy:
1-2.3 GeV
Luminosity:
Compton back-scattering 1x1033 cm2s-
for high precision beam \ Optimum energy:

energy measurement \ 1.89 GeV

Energy spread:
5.16 x10

No. of bunches:
93

Bunch length:
1.5 cm

Total current:
0.91A

SR mode:

0.25A @ 2.5 GeV

BESIII is here




The BESIII Detector

SC magnet, 1T

RPC

A total weight of
730t, ~40,000
readout channels,

MDC, 120 pm s = T = B data rate 6,000Hz

~50Mb/s
+Je .
Csl(TI) calorimeter, 2.5 %@ 1 GeV



BESIII Collaboration
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BESIII Collaborators

The only photo | can find myself in 20s!
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Z . states discovered at BESII|

44 |- [neta'so)
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The BESIII experiment discovered
several Z_ states, including:

P(4%S1)

| Y{4360)

Xe1(32Py)

Xe2(37P2) |

Xc2(29P2) |

MASS [GeV/c?]

Q
‘\
= Q0 “

-(4020)*, Z,(4020)°, Z(402
to D"D”threshold

3900)*, Z,(3900)°, Z.(38
se to D™D threshold

X2(19P2) |




Discovery of Z.(3900)*

100 C —+— Data
%  BESIII: PRL 110, 25200172013)
L -=-- Background fit
Zc(3900)+ E 80:_ BGS]]I -.=. PHSP MC
m = (3899.0 & 3.6 + 4.9) MeV/c? T -
[ = (46 + 10 = 20) MeV S
0
Mass close to DD* threshold |5
>
Decays to J/w -> contains cC - |
Electric charge = contains ud 0!
3.7 3.8 3.9 4.0

M, (/) (GeVic?)

olete” = ntr~J/1] =62.9+ 1.9+ 3.7pb at 4.26 GeV

olete”ontZ,(3900)F sntr— /v _ (21.5 £ 3.3 £ 7.5)% at 4.26 GeV

olete——nta—J/|

Belle with ISR data (PRL 110, 252002) CLEOc data at 4.17 GeV (PLB 727, 366)
?05 = 355 { Data
NSQ' 60; E 30;— :il'tiase Space
(‘B 0 ; E 25? ; J/y Sidebands
§ ioi % 20} |
— 30F S 1sf )
S 20F 100 I L]
] 105 5; — v‘H_H_F—HJ' IT}‘{‘T L L
o =TI oot N s ol L it
3.7 3.8 3.9 4 4.1 4.2 3600 3700 3800 3900 4000

Myax(my) (GeV/c?) Monax (T2 J/y) (MeV) 11



The neutral isospin partner: Z (3900)°

Studying the e'e” > z°2°J [y process
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JBESIT | 4.230 Gev

BESIII
preliminary

—
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4.360 GeV

BESIII
preliminary

4260 GeV

BESIII
preliminary

=31

28]

Events / ( 0.01)

Events / ( 0.01)
Events / ( 0.01)

3?8 4:0 4.2 3j8 4,|[l 42 3,|8 4j0 4.2
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A structure on n°J/y invariant mass | CLEOc data at 4.17 GeV (PLB 727, 366)
spectrum can be observed: [ ¢ Data (a)

10 Phase Space
| — Fit
= J/y Sidebands

Counts /15 MeV

Significance =104 o

8
6
4
2|
g,

| j ., )
600 3700 3800 3900 4000
Mo (n0J/p) (MeV) 12

sospin triplet is established!



Observation of Z_(3885)*ine*e™ —» n¥(DD*)" at
Vs = 4.26GeV using single D tag method

Reconstruct the 7+ and D° — K-+ and infer the D*-. ">‘* gop 1225pb™ at+/s = 4260Mel
(Also analyze 7r+D-D*0 with the same method.) = gg PRL 112, 022001(2014)
—~ - < 50
Enhancement at DD* threshold in > 40
both channels (Z.(3885)*): =
Mass = 388391 15142 I\/IeV (fit with BW function) |_|>J 18 L
Width =24.8+3.3 £11.0 MeV 3.85 390 395 400 405 410 415
o5y M(D°D*) (GeV/c?)
0.45F Data o~ N
o D.*’-I-;— BES]]I Fit- 1+ 0. 1- --91001:— 525pb'] at\/§ = 4260MeV
el Ut E sk [t PRL112,022001(2014
8 | LSl i == :
2 02F- L * ' <+ 60F BESII
o =2 ~
T Coit 2 40f
0.05F S oof
ﬂ-ljlIlllllllllllllllllll.l!llIIIIIII1JIll1llll > |
0 0.1 02 03 0.4 0.5 06 0.7 0.8 0.9 T
lcos 6l 385 3.90 3.95 400 4.05 410 415
Fit to angular distribution M(D*D*") (GeV/c?)

favors JP =1t over O and 1- 13



Confirmation of Z(3885)%in e*e™ — 1 (DD*)*
using double D tag method

Events/(4.0 MeV/c?)
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1090 pb 1@4 23GeV

"395 4 405
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Method: Tag]
7 and doublg

-
LT

7395 4 405
M(D*D ) (GeV/c )

4.1

(=)
LI

<
LI I B

827 pb 1@4 26GeV
Mass = 3884.3 +

BESIII

The measured

PR WLttt

T-i---l------‘ A L

GIII 1

395 4 405
M(D*D ) (GeV/c?)

3.9 4.1

the bachelor
D mesons

2+1.5 MeV,

ass, width and
P humber are ¢onsistent with

\l H single

:‘ .Jpre“mmaw Width = 23.8+201 +2.6 MeV

D tag results.

14



Comparison between Z_(3885)*

and Z_(3900)*

Single D tag results,
PRL 112, 022001(2014)

7

Z.(3885) — DD*

Z.(3900) — =nJ/y

Mass (MeV/c?)
[ (MeV)
o X 3 (pb)

3883.9 15142
248 =3.3x11.0
83.5+6.6 +:22.0

3899.0+3.6 49
46 £ 10 + 20
135 +£2.1 4.8

¥ The mass and width are consistent within 2c!

I If this is Z,(39200)*, open charm
decays are suppressed, since

B(Z. — D*D)

B(Z. — Jhb)
Compared to e.q.
B(1/(4040) — D™ D))

=624+ 1.1 4+ 2.7

B((4040) — J/pn)

= 192 £ 27

Different
» dynamics in
Y (4260)-2¢(3900)
system!
15



PRL 111, 242001(2013)

Discovery of Z.(4020)*  w,

. _ _ §OF- —— olee->r"rh) BESIIL
I n e+e % 7Z'+ 72- hC E 705_ —&— a(e'e->1*Z(4020)+c.c.) BESIII
E 602_ —4— a(e*e->1*mh,) CLEO-¢ ]
— F RN
N. —16 hadronic decay modes 2 d0- | |
= 300 f
g 20 ;l |
. - — RS
The cross section of e*e > h| o —r—35—55 5
is measured, and the shape is not  E¢y(GeV)
trivial. -
E»l?“ 120 BGS]]I
§ 100}
A structure, ZC(4020)i , is observed. S sof
S
Mass = 4022.9+0.8 2.7 MeV, g
Width=7.9%2.7 2.6 MeV
A weak evidence for Z (3900)° — 7*h,

4.20 4.25

M, (GeV/c?)
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The neutral isospin partner: Z_(4020)°

arXiv: 1409.6577, PRL (in press)

Studying the e‘e” — z°2°h.process

A structure on n° h, invariant mass
spectrum can be observed:

- BESIT 4230 + 4260+4360 MeV,

Mass = 4023.91+2.2 3.8 MeV,
Width is fixed to be same as its
charged partner.

Events/(0.01GeV/c?)
[
n

20
Another isospin triplet is established! 10F
90
80;—6+€— — h.wtm™ BESIT "
70§_€+€_ — h.m 7

= B U85 39 395 4 405 41 415 42 4%
= recoil 2

= | ] M, (GeVe)

o II}H l Cross sections fore "e™ — h.m 1~
20 l andete™ — h. 7" arein

"E | agreement with isospin conservation

17

Born cross section (pb)
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Observation of Z (4025)*
ete ™ — ﬂi(D*ﬁ*)$at\/§ = 4.26GeV

PRL 112, 132001 (2014)
Tag a D* and a bachelor r-, reconstruct one r®

to suppress the background. 80 - comb.BKG — data
~ [ - D*D** — total fit
A structure, named as Zc(4025), can be %‘J‘ 601 o iﬁ;‘fs.)
. . signal
observed in the recoil mass of the bachelor ’|. = | H
o 40
M(Z.(4025)) = 4026.3+2.64+3.7 MeV: 2
['(Z.(4025)) = 24.84£5.6£7.7 MeV 520

olete™ = (D*D¥)tn) = 1374+ 9 4 15 pb at 4.26 GeV T e e

olete” on2(1026)F HD"D)EAE] _ g 65 4 (0,09 + 0.06 at 4.26 GeV

olete=—(D*D*) T F]

Coupling to D*D* is much larger than to rth, if Z,(4025) and
Z.(4020) are the same state. 18



What’s the nature of these Z_ states?

 Atleast 4 quarks, not a conventional meson T

* Tetraquark state?
Phys. Rev. D87,125018(2013); Phys. Rev. D88, 074506(2013);

Phys. Rev. D89,054019(2014); Phys. Rev. D90,054009(2014); etc =

« DO D®)molecule state?
Phys. Rev. Lett. 111, 132003 (2013); Phys. Rev. D 89, 094026 (2014) gﬂg
Phys. Rev. D 89, 074029 (2014); Phys. Rev. D 88, 074506 (2013); etc

* FSI?
e Cusp?

Hadronic molecules

| will leave the discussion to the following speakers. 19



SESI Summary

The BESIII experiment discovered several Z, states.

Z.(3900)* 3899.0+3.6 £4.9 46+10 £20 ntlly  eteomtmdhy

Z.(3900)° 3894.8+2.3+2.7 29.61+8.21+8.2 Oy ete—ninldy

3883.9+1.5+4.2 24.8+3.3+11.0

Z.(3885) [single D tag] [single D tag] DD*  ete—n*DOD*
c 3884.3+1.2+15  23.84+21%26 DD* ete—n'DD*
[double D tag] [double D tag]
Z.(4020)*  40229+0.8 +2.7 79427 £2.6 nth,  e‘e—w'nh,
Z.(4020)°  4023.9%2.2 £38 fixed m°h, ete—nonh,
Z.(4025)* 4026.3+2.6+3.7 24.8+5.617.7 D*D*- e*e—x*(D* D*)-

20



Thank you!
Merci!

U !
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