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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
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... about half of the BESIIlers!




BESI
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BESIII data samples

— Note that luminosity is lower at J/v,
and machine is optimal near y" peak ‘
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The X states



What is the X(3872)’?

Mass: Very close to DD threshold m;- | 140/fb

Width: Very narrow, < 1.2 MeV =
JPC=1++ m_

Production ogpned 1

M(TETCJ/\V) M(J/\V) [GeV]
— in pp/pp collison — rate similar to charmonia

— In B decays — KX similar to cc, K*X smaller than cc

— Y (4260)>v+X(3872)

Decay BR: open charm ~ 50%, charmonium~O(%)

Nature (very likely exotic)

— Loosely DOD* bound state (like deuteron?)?

— Mixture of excited y., and DD bound state?

— Many other possibilities (if it is not y'.,, where is y'.4?) 10



BESII Observation of e*e- 2>vyX(3872)

Events / 0.001 GeV/c?

15 -

500? =4 Data
200t o [ — Total it
- % i === Background 7
- S 10_— -
300 — 0] i -
200 e [ ]
B % 5 l ‘ —
R > - J
100~ LU ][ Il ﬂ -
corsosevetoppotmeesl . | oveedevovoces L T
19.66 3.67 368 369 37 371 372 %.8 3.85 3.9 3.95
- 2
M(r*mJhy) (GeV/c?) M(r*r"J/y) (GeVic?)

ISR y’ signal 1s used for mass, and mass resolution calibration.

N=1818; AM=0.34+0.04 MeV; Ac,,=1.14 £0.07 MeV

arXiv: 1310.4101,
N(X(3872)) = 20.1+4.5 6.36  PRL 112, 092001 (2014)

M(X(3872)) = 3871.9+0.7+0.2 MeV [PDG: 3871.68 +0.17 MeV]

11



BESIL opservation of Y(4260)>7X(3872)

PRL 112, 092001 (2014)

- production mode
0.1

o 0.6
o - —4— data
—~ 05F _ — Y(4260)
2_ . -== Phase Space
JE 04 E_ --- Linear A new Y(4260)
i‘ 0.3F decay mode
N ,f A new X(3872)
X
=
0
)

If we take B(X(3872) — w7 J/¢) ~ 5%, ( >2.6% in PDG)

oleTe™ o
J((e+e—:;f?1('?—>8j/2‘3))) ~ 10/°

Large transition ratio |



Evidence for the X(3823) at Belle

arXiv:1304.3975 (PRL111, 032001 (2013))

71167 | B SxavK

4 )
3 0 = . meas ) gmeas PDG

i MX(3823) - MX(3823) MW' T M,/,'
) —3823.1+1.8+0.7 MeV
220 - y,
;;310_ The measured mass

;.-._._'::'.".'.'.'_".Z‘.‘.‘.:.-:.-.%. .......... ’ ._.._ " and width are

O S . | | ! | P T | PRk U] ST TR P S M| !
3.75 3.8 3.85 39 consistent with the

M, c1y (GeV/c?) missing W,(1D) state

FIG. 4: 2D UML fit projection of M, _,~ distribution for the
simultaneous fit of BT — (Xclfy)Ki and B° — (ch)Kg

decays for My. > 5.27 GeV/ ¢*. The curves used in the fits
are described i [31].

BESIII may search for it!
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BESI

Preliminary

ete 2> X(3823)2> Yy,

Ecm=4.23 GeV Ecm=4.26 GeV Ecm=4.36 GeV
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Events / 5 MeV/c?
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Data-l  X(3823)
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VLer
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—4— Data
— Fit
- - - Background
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38 39
M o) (GeV/c?)

25 BESIT + Data
TP — Fit
20 Pr Iminary - -- Background

Sideband
15

10

- —— Data
n — Fit
20 BESIII - —- Background
- Preliminary Sideband
15F
1o[ Data-lI
3.6 37 3.8
yXCZ

3.9

e ) (GeV/ic)

e Simultaneous fit: data-l (4.36, 4.42, 4.60 GeV) & data-Il (4.23, 4.26 GeV)
e Signal: MC simulated shape + Background: linear
e M=3821.7+t1.31+0.7 MeV; Significance: 6.7, observation ! .



BESI

Production cross section

3
: ~+- data ’
BESIII
2.5 Preliminary — Y(4360) s

p R w(4415)

-
-"."
]

42 43 44 45 48

05(n+n')((3823)an+n'7xc ) (pb)
n

1. Energy dependent cross section of etfe 2> nX(3823).
2. Both Y(4360) and y(4415) line shape give reasonable description.

16



BCSII
X(3823) as the y(13D,)

* Mass: D-wave ~3.810-3.840 GeV by potential model.
* X(3823) mass agree with y(1°D,) prediction.

 Width: narrow
 X(3823) should be narrow (<16 MeV @ 90% C.L.).

* Production ratio:
* R=B[X(3823)2>7y,]/B[X(3823)>vy,.,]<0.43 @ 90% C.L.
 Agree with prediction R~0.2.

* Exclusions: 11D,y forbidden; 13D,=2yy ., amplitude=0.

17



The Y states

(vectors)
measurements of more final states for the

Y and y states

18



Entries/20 MeV/c?

Events / (0.020 GeV/c?)
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The Y states

3.5 4 45 5 5.5

PRL110,252002

| 967/fb
t

D VT e e R, = e .
4 42444648 5 52 54

M(n* J/v) (GeV/c?)

| PRD86,051102
454/fb

4 4.72 4.4 4.6 4.8 5 5.2 54
m(Jyn ) (GeV/c?)

Events /50 MeV/c?

Belle: PRL99,142002, 670/fb
BaBar: arXiv1211.6271, 520/fb

20

13%—(3) y(2S) = Jyn' —%
mf— — + ¢ BABAR —f
143_ £9 112 events (520 fb™) _E
123— ! T Be"e —f
lOf— il 110 events (673 fb') _f
8F- l/j‘ 7 =
61— —
=l ) gl
2H 1 [E
OMI‘ %7 / Gl b il
4 42 44 46 4.8 5 52 54
m(y(2S)n 1) (GeV/c?)
0l PRL101,172001
: TS 695/fb
30
20 —
0F | Hf + -H-Jr +J|'
:J.J I|IIII|IIII|IIII|IIII 1 I | ]
91.5 46 47 48 49 5 S 1 5 2 5 3 5 4
I\/I(/\C-|-/\C )

May BESIII help?
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BN g+e—y n*h (1P) at BESIII

* h.—n. n. —hadrons [16 exclusive decay modes]
* pp, Tt KK, ntnpp, 2(K*KY), 2(n*r), 3(n*n)
o 2(n*m)K*K, KPKH+c.c., KPKrntn+c.c., KKl
« ppn?, K*Km, ntnn, n*nnorx0, 2(x*n)n, 2(n*nnO)

24
3
22

20 O
—18 = 3.1
—16 E

—14

12 3
10
2.95
8
6 2.9
o
5 -:.-l- , 288
| [ |
2.§- -||||- |||||| - I- 0 2'§ - L - _ ||||_||||F||
3.5 3.51 3.52 3.53 3.54 3.55 3.56 3.57 3.58 3.59 ;}.6 S 351 3.52 3.53 3.54 3.55 3.56 3.57 3.58 3.59 3.6
m(hc)(GeV/c‘) m(hc)(GeVz’cz)

BESIII: arXiv:1309.1896, PRL111, 242001 20




SO Observation of e*e— n*nh (1P)

Events/ ( 0.001)

60|
suf
cmf
3uf
20f

10!

60

E,.=4.26 GeV

50

Events/ (0.001)

40

30

{ X HH* | §:

9_

BESIII: arXiv:1309.1896, PRL111, 242001

] E..=4.36 GeV

h

lllllll l I.l }ll g ; 10 gl ; o i SIS
5 351 3.52 3.53 3.54 3.55 3.56 3.57 35&73&53 ‘%6 gS 351 352 353 354 355 356 357 351%73&% ‘%6
N(h,)=416+28 N(h,)=357+25
Lum=827/pb Lum=544/pb
= 41.04+2.8+7.4 pb cB=52.3+3.7+9.2 pb
21



Comparison of e*e— n*nh, and n*nJ/y

- Open circles: Belle e*e— n*nd/y
S0 Jf Solid dots: BESIIl e*e— nrh,

60

% i o¢
Y 40:- L ** o+

20:_ o ++ B

g ACATATTAIIVE

42 43 44 45 28
Ecm (GeV)

Broad structure at high energy region? Need more data
at high energies to complete the line shape measurement:



BESI

o>l

Observation of e*e2> oy,

XCO 97I+7t' N K+ K-

Fit with a single BW

Mass = 4230+ 8+ 6 MeV
Width =38+ 12+ 2 MeV

Significance > 9c
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A tetraquark? (arXiv: 1412.7196)
v(4S)? (arXiv: 1405.3831)
Threshold effect?

arXiv:1410.6538



B‘ES]]I

Observation of e*e> nJ/vy

Events/(0.01GeV/c?)

Events/(0.01GeV/c?)
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- S
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= [}
F >
B L
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60
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20|
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B|€S]]I Observation of e*e> nJd/vy

100 — Belle
ro) sob — BESIII(2012)
& - 1T —4— This work
E 60 :_ H % preliminary
) - L
& 40 L ¥ ‘L
. 20F |
o -
o —+—~ | | _" H-]-l-l- -l-'l' 1 {-,L'["Jr
5 L
2000 |
3.8

ca v v v v P v v P b 1

39 4 41 42 43 44 45 46
\s (GeV)

» Agree with previous results with improved precision

» The cross section peaks around 4.2 GeV

» Analysis of high energy points underway ”



B‘GS]]I Observation of e*e > n'J/y

.o BESIII [ BESIII
% | Preliminary % 20 Preliminary NEW!
% [ 4.23 GeV % 4.26 GeV
S b =
O - o
g | 9
C - C
0 10 0
w [ L

0.95 ) . 0.95
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b 12 1 b
B 10 >
= =
v 8 0
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Ll L
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=
w
o
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3.15 3.2
26
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BESII Observation of ete 2> n'J/y

—
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L [ I | I
| I |
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Born cross section (pb)

426 GeV: 6=3.9

A
o

+ 0.

_ BESIII NEW!
" Preliminary 1 |

....... e e {“

4.23GeV: 6=3.1+06+03pb
8+0.4pb

snnmmnnanngds

1131 A | L 111 1111 | [ A | A
415 42 425 43 435 44 445 4
Eom. (GeV)

IIIIiIIIIiIII
455 4.6

» First observation, cannot tell the line shape due to statistics,,



B|€S]]I No significant e*e-> nn®J/y

= Model predictions of e*e> nalJ/y

» Hadro-quarkonium/tetraquark of Z, and Z_: w
o M.Voloshin, PRD 86 034013 -
o A.Alietal., PRL 104 162001, PRL 106 092002

o L. Maiani et al., PRD 87 111102
= Y(4260) as a D,D molecule: X. Wu et al., PRD 89, 054038

» Select an n and a =%, then check the J/y signal

6_ 4r
Y Js-a230Gev L Vs-a2epcev T
> 5 - >
O 7 Sideband 8 3L Sldeband
) , :
4__ : P ;
2 BESII prellnaln—arys
Q 3- t S 2r L
= o ;
8 2 2 | _
§ 1 § 11
3 3.05 3.1 3.15 3.2 3 3.05 31 3.15 32

M(I'T) (GeV/c?) M(I'T) (GeV/c?) 28



3 No Y(4260)> nnJry

5
BESIII preliminary

4

3

obom(ee ->nnlJ/y) (pb) at 90% C.L

e e e ey e by e b ey oy oy |
41 42 43 44 45 46
E.m(GeV)
» Upper limits well above prediction of D;D molecule model
(0.05 pb at 4.290 GeV) [X. G. Wu et al., PRD 89, 054038]

» Need ~100 times more luminosity to reach the sensitivity 2

o
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BESI

Evidence for e*e” 2 vy,

KTy
= L
Elz -
=
§ 10 :—'
4] 8 :_
6
4 F
U L r“ll i |‘7‘~-J i |[-I i :u" 1 :.T I l..[ LLI [u.[ .[
335 34 345 35 355 36 365 37
M,y (GeVic)
(a)
!‘:?‘ F
E 12 —
Sk
% C
@ 8r
6 J 1
| AL
4 VTN | |
2t '
Q - [ | --"i.; "-;I : L 1 1
335 34 345 35 355 36 365 3.7
M1y (GeVich
(c)

Fig. 2.

—
o)

$a

Events/10 MeV/c?
= = =

—
=

Events/10 MeV/c?
[+, o

PCM-I:-G\DO

F ¢ P ]
B ] ] :":h L S IR | N YO
35 34 345 35 355 36 365 3.7
M, 1y (GeVich
(b)
ol
L bid ...-|.| ];. M) L A
35 34 345 35 355 36 365 37
M, 1ry (GeVich
(d)

The distribution of ~yJ /4 invariant mass, M., j/y, and fit results for data at /s = 4.009 (a), 4.230 (b), 4.260

(c) and 4.360 GeV (d). The solid lines show the total fit results. The x.s signals are shown as dashed lines, dotted
lines, and dash-dotted lines, for J = 0, 1, and 2, respectively. The backgrounds are indicated by red dashed lines.

BESIII: arXiv:1411.6336, CPC (in press)



BESIT  No significant e*e- > yY(4140)

Effi

S5c 0.4 5S¢ /\(—\/\f\%};
- ; E =
v 4554.23 GeV Jos2 b 45£4.26 GeV NEW! | Jas
> 4E P TR S 4e o
@ 35F /,f‘\ g @ 35F PE :
© 35 - : 5028 ©  3F . - ~o.2s
o =/ \ ; = =/ \ ;
o 25 . 0.2 S 25E f‘ . o2
o = : o = :
; 2 = i1 fo.15 *; 2 = ,fh 1 ! “fo.15
€ 198 \ $a T E o
g 15 " . 3 o 1 3
= il E = E \ _
W g5 % \ 40.05 W g5 ‘ §0.05
05..—". | ey P K E B BRI 1 {:,5.brll‘rl._ll"-r--h_4¢|....|"-\....|....|....-.nI
41 415 42 425 43 435 44 41 445 42 425 43 435 44
M(d JAy) (GeVicd) M(d JAy) (GeVic?)
5:— :0.4 > 5:
v 4554.36 GeV - Jg v 455 Sum of all data sets
% 4 E_ —_— g \ —50.3 T %}. 4 E_
o 35F a - 3 (n 35F
o 35 7 \ PrE o 3F
o E ' . : o E
S 255 [/ \ 0.2 © 25
o = ' - : o =
'; 2;_ / \ —30.15 *; 2;_
L 1 h @ 1
- F - E > E
W o5¢ \ % W o5F
91415 42 425 43 435 44 O 415 42 425 43 435 44
M(d Jiy) (GeVic?) M(o J/y) (GeV/c?)

BESIII: arXiv:1412.1867, PRD (in press)

clency



BESIL  No significant e*e- > yY(4140)

Upper limit at the 90% C.L. for ¢® - B = 6B(eTe™ - yY(4140)) - B(Y(4140) — ¢] /)

Vs (GeV/c?) Luminosity (pbl) (1 + ) npProd B - B (pb)

4.23 1094 0.840 <339 <0.35

4.26 827 0.847 <207 <0.28

4.36 545 0.944 <179 <0.33

Systematic uncertainty is considered.
Compared with X(3872) production. PRL 112, 092001
dB(ete” - yX(3872)) - B(X(3872) » ntn~J/Y) w

= 0.274+0.09(stat) +0.02(syst) pb at v/s= 4.23 GeV, )

= 0.33+0.12(stat) +0.02(syst) pb at /s = 4.26 GeV.

Take B(X(3872) -» n*m~J/Y) = 5%. arXiv: 0910.3138
And B(Y (4140) — ¢J/y¥) = 30%, molecular calculation, PRD 80, 054019.

oB(ete —>yY(4140) -
s(ete——yX(3872)) <0.1 at v/s=4.23 and 4.26 GeV.

BESIII: arXiv:1412.1867, PRD (in press)




What are the Y states?

47007 Y(4660)
: P 2S+1
. . n 1:
o . J
450(:} y(4415) =
: Y(4360)
430G, Y(4260)
s w(4160)
O it | *, Y(4008) ¥(4040]
= ., Yep (2°P))
% 3900 B 0.... . ——— 2 2
s v (3770)
3700 __.i:]c_( 1..8_) ______________ (._23.8._1)_ ............... 3
Xe2 (1°P5)
3500 - he (1'P4) Yo (1°P))
Yoo (1°Pg)
3300 -
3100 — nc(1180) Jhy (1°8,)
2900 u | | i+ ++ |
o= &= 1 | Jro

Between 4 and 4.7 GeV,
at most 5 states
expected (3S, 2D, 4S,
3D, 5S), 7 observed

Hybrids are expected in
this mass region

Molecular states?

Cannot rule out
threshold effect/FSI/...

The Ys are all narrow
and similar

n*mh,, oy, ... add

complexity
33



The Z_ states



BESIL e*e— n*m iy at E,,=4.26 GeV

BESIIl: PRL110,252001

525 pb-! data at 4.260 GeV

o - o, 18¢ - 10
o ME v 17k 1595 events in Jhy
o 12F 1 D 1gE i, signal region,
S i A e .k purity~90% 1
IE :_ ---..'- : -.-I- ) " L g g E
+l=’-' 0.3: et iy 1 *-I-_J-.. 14E
o - e ! 107 B =
= 06 R 3 < BF 10"
0.4 s ) 125 .
0.2F L ‘};,\ 102 1E e
I IR Nl T I B I A I I B -2
%0 1 12 13 14 [ 15 16 18 %011 1213 12 15 16 17 18 10
M2(£Jhy) (GeV/dZ)? M (" Jhy) (GeVic?)?
C Data r + Data L
., 100: e " 100: e . 120_ +E,1aéa {
S FAC O S \ —Z@ooMe 5 100 T {
8 80: H } Bsveoand s 80: I Siebond 8 : _zc'{sgoa) MC Hr *I.
o * o i o 80:— [ sideband k i
o i o 60r o r A
S LA T S i S
2 g 4 2
C C - C
> > 20f 2
L L - L

0
3233343536373839 4 4142

M+ Jdiy) (GeVic?)

0
3233343536373839 4 4142

M) (GeVic?)

%.2 04 06 08 1
M(r*r) (GeV/cd)

12 14
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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? = ol
[ = (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—>ntZ.(3900)F >ntn—J
e T 2 I — (215 4 3.3+ 7.5)% at 4.26 GeV
Belle with ISR data (PRL 110, 252002) CLEOc data at 4.17 GeV (PLB 727, 366)
?05 > 355 { Data
L 60F S 30 - Phasespace
8 SO g 25; == J/y Sidebands |
o 105.‘__2' ” 55 — v‘H_H_F—HJ' I'Ir}‘f‘T L L$

Max (7l ) (GeV/c?) M, ax (T-J/y) (MeV) 36



The neutral isospin partner: Z (3900)°

Studying the e'e” > z°2°J [y process BESIT

7

JBESIT | 4.230 Gev

BESIII
preliminary

—
=]
!

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
M(rJ/y) (GeV/e?) M(m%J/y) (GeV/ch) M(r"J/y) (GeV/e?)

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 (%J/) (MeV) 37

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- 38



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

Events/(4.0 MeV/c?)

30

Events/(4.0 MeV/c?)

ek e —>T[+DOD*_

BESIII
* preliminary

1090 pb 1@4 23GeV

"395 4 405
M(DOD )(GeV/c)

827 pb- 1@4 26GeV

BESIII
preliminary

L mbembnae )

Tl Tl -l 1
3 95 4.05
M(D’D’ )(GeV/cZ)

Events/(4.0 MeV/c?)

8]

[am—

Events/(4.0 MeV/c?)
[y
o
T T | T T T

efe” ->mg*D” D"

1090 pb'1@4.23GeV

BESIII preliminary

Method: Tag]
rand double_

the bachelor
D mesons

-
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

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.
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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!
40



BESIL  No significant Z>w

“%14} i [BESIII Preliminary] Né”-_ | [BESIII Preliminary]
= - L

%125— %10:_ ECm=4. 6 GeV
310; E 8_— L X ) )

g L oo il _
- ol oo cns o ems | ‘ool ||
Py S U A O R S A 2 e e ® o
_l et 1...|..-b---|--'1““|“¢’|~ | .2"."'1...;, | E ] l . | ] | L ] '
83735 36 37 38 39 4 4 42 bl s ;

- R S V- S RV R YR M pa
M(or) (GeV/c?) M(om) (GeV/c?)

ole*e- >Zmn+c.c., Zo>wm) < 0.27 pb @ 4.23 GeV
ole*e- >Zmn+c.c., Z>wmn) < 0.18 pb @ 4.26 GeV

B(Z.2w m<0.2% [orT",, <70 keV] @ 90% C.L.



Discovery of Z (4020)*
in €'e > h

he—1me,
M. —16 hadronic decay modes

The cross section of e'e” — 777z h,
is measured, and the shape is not
trivial.

A structure, ZC(4020)i , is observed.

Mass = 4022.9+0.8 £2.7 MeV,
Width=7.9+2.7 +£2.6 MeV

Events/(0.005 GeV/c?)

A weak evidence for Z (3900)° — z*h|

Born cross section (pb)

90

80F

70
60
30
40
30
20
10

120

PRL 111, 242001(2013) BGS]]I

—e— ofe'e->n*rh,) BESII
—&— ale’e->1*Z,(4020)+c.c.) BESIII

—4— a(e*e->1*mh,) CLEO-¢

ot

100}

4.20  4.25
M_., (GeV/c)
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The neutral isospin partner: Z (4020)° BESII

Studying the e‘e” — z°2°h.process

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

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

arXiv: 1409.6577, PRL113,212002

- BESIT 4230 + 4260+4360 MeV,

Another isospin triplet is established!

—~ 90f
= -
= sokete™ — h.mtnm™ BESIT
S E_ Preliminary
B 705 €+€ = hc/a ()/n o
2 60
2 -
= 40
s B
R 30F I }I
20 l
10 [
0:1 |I| (O T 41 I VRt IS O N TR SN (O U M (OB I W LN M |
4.0 4.1 4.2 4.3 44
Ey(GeV)

Events/(0.01GeV/c?)
[
n

03.85 39 395 4 405 41 415 42 425

MZﬁCOillmaX(GeV/cz)

Cross sections fore e~ — h.w 7w~

andete™ — h. 7" arein
agreement with isospin conservation
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Observation of Z(4025)* BCSIT
ete” - nt(D'D")Fat /s = 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 . E i H
< 4of
M(Z.(4025)) = 4026.3+2.64+3.7 MeV: 2 [
'(Z,(4025)) = 24.845.6+7.7 MeV g 20

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. 44



What’s the nature of these Z_ states?

At least 4 quarks, not a conventional mesor

» Tetragquark state?

Phys. Rev. D87,125018(2013); Phys. Rev. D88, 074506(2013);
Phys. Rev. D89,054019(2014); Phys. Rev. D90,054009(2014); etc

« D™ D™ molecule state?

Phys. Rev. D 89, 074029 (2014); Phys. Rev. D 88, 074506 (2013); etc ..

Phys. Rev. Lett. 111, 132003 (2013); Phys. Rev. D 89, 094026 (2014)
e FSI?

* Cusp?

| will leave the discussion to the other speakers. 45



X. Y., Z particles are correlated!

What are they? Are they all molecules/tetraguarks/...?

G| -~ [y

46



Summary & outlooks

Lots of progress in the study of charmoniumlike

states at BESIII recently

Observation of e*fe"2>yX(3872) & n*n"X(3823)
Measurements of many hidden charm final states
Observation of Zc states

BESIII may continue data taking until 2020-2022

Belle I, Panda, HIEPA ...

47



Thanks a lot!

515 !



ISR at Belle |l vs. BESIII

ISR produces events at all CM energies BESIII can reach
3000 |

—~ 2500
2000 f
1500 |

1000 |

Lum (pb'/10 MeV

500 f

Ecm (GeV)



Who can answer?

“Where Do They Come From?
What Are They?
Where Are They Going?”

50



8¢S Summary on Z, states

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—n'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*)-

ol



