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Introduction
Observation of Z_(3900).
Observation of Z_(4020) & Z_(4025).
Observation of Y(4260)2>vX(3872).
Ongoing analysis & Future plan.
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Beijing Electron Positron Collider (BEPC II)
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First physics run starts
from 2




BESIII Detector

SC magnet, 1T

Magnet yoke

RPC

TOF, 90ps

Be beam pipe

MDC, 130 um B |
0.5% at 1 GeV/c P s | otal weight 730 ton,
T Sl ~40,000 readout chnls,

Data rate: 5kHz, 50Mb/s




BEPC Il storage ring

Double ring:
symmetric collider
CMS energy:
2.0-4.6 GeV
Design Luminosity @ y(3770):
(70% achieved, ~20/pb per day)
1103 cm~2s7!
Energy spread:
1.1 MeV @ 3.686 GeV
No. of bunches:
93
Bunch length:
1.5cm
Total current:
0.91 A
Circumference :
237 m




The BESIII Collaboration
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What can we do at BESIII?

We have collected world’s largest

charmonium data sample!
225M+~1000M J/ events.
J/Y decay, light hadrons
106M+~500M (2S) events.
Charmonium

~2.9/fb y(3770) data.

D meson

NOT the whole story,
XYZ physics !
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Luminosity (pb'1)
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XYZ Physics at BESIII
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ity (pb™)

XYZ Physics at BESIII
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. Discovery of Z_(3900)



o(z'zJy) (pb)

The Y(4260)2> ') /v

80 (b) Belle 1205.(b)] I“BaBar'I”'I”"'”";
70 ) PRL110, 252002 (2013). | 5 1%0F { PRD86, 051102 (2013).
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1. The Y(4260) resonance was observed by BABAR and Belle.
2. Based on data set ~10.58 GeV, using the initial-state-radiation
(ISR) method.

3. The Y(4260) also interpreted to be an exotic hadron candidate.

11



Study Y(4260) at BESII|

Effective ISR luminosity (QED).
L(total)~967 fbl @ ~10 GeV.
~85 pb1/20 MeV at 4.26 GeV.
What's about BESIII?

~20 pb/day around 4.26 GeV.

BESIII is a symmetric collider.
CM energy: 2 GeV — 4.6 GeV
Design Lum=1*1033 /cm?/s
Focus on one energy point, then
more competitive than B factory
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~10 year running at Belle

Luminosity (pb™'/ 20MeV)

E.. (GeV)



Study Y(4260) at BESIII

« Dec, 2012 to Jan, 2013, BESTIT accumulate 525 pb-!data
@ 4.26 GeV, world's largest data set!
« Study e+e->n*n)/y exclusive process.

gt
o ete” 4; T QUTu

X view [

1. Very simple and straightforward analysis.
2. The produced vector charmonium(like) state almost in rest frame
3. Y(4260)>n*n J/p, four charged track detected.
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Cross Section at BESIII
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E.m(GeV) Ecm (GeV)

Lum=525 pb-! @ BESTIT

N(utu )=882+33; N(e+e )=595+28.

Born cross section: 08=(62.9+1.9+3.7) pb @ BESIII.
Good agreement with Belle and BaBar.

Analysis is valid and unbiased. 14



M?(m*m) (GeV/c?)?

signal events, with purity ~90%.

Intermediate state——Z7_(3900)
Requiring J/y mass window: [3.08,3.12] GeV, we have 1595
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M ( Jhy) (GeV/c?)?
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1. Intermediate states both in M(mt*7t") mass distribution and
M(mt=J/1p) mass distribution.

2. A clear band in the M(mt*J/1) invariant mass projection.

3. Phase space reflection between M(mt*J/\) and M(xt ) /).

15



M ( Jhy) (GeV/c?)?
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Intermediate state——Z7_(3900)
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—4— Data

— Total fit

-=== Background fit

-:=+ PHSP MC

+ [ sideband

HE % L3 it b £ 20
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3.8 3.9 4.0
Mmax(TJ/y) (GeV/c?)

First stage, 1D fit to extract resonant parameters.

. Divided by diagonal line of the dalitz plot and fit M__ (t*) /1)
mass distribution; best way to avoid cross counting.
. S-Wave Breit Wigner; p*q phase space factor; efficiency

corrected.

. Statistical significance: >80, discovery

M=(3899.0+3.624.9)MeV: ['=(46+10+20)MeV.
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Good News

PRL-110-252001(2013) > 40 + Dat
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NQ - ---- Background fit % 305_‘_ ~— Fit 4 17 Gev
3 OF ~piseue | E T arXivi1304.3036 '
- - [ ] sideband Q 25|
S 60 ]l © :
2 20 1
2 401 : 77
E’ : e 15-:'_ v /2/2/
w 20 ¥ 10 i I Ty 4 522222/ +
;' S B S i Tl B e = 5;—_{*}‘ Ty .
3.7 3.8 3.9 4.0 :f"+,..1.‘..1...11..‘.§|
M (7 y) (GeV/cd) %600 3700 3800 3900 4000
70F PRL 110, 252002 (2013) Mmax(7 1) (MeV)
‘“g 60F o 1. CLEQ’s data: M=3886+6+4 MeV,
C — Backgroun
8 505_ «ss: PHSP MC F=33i6'|_'7 I\/IeV
< E
S 405 2. Belle: M=(3894.5+6.6+4.5) MeV,;
P ['=(63+24+26) MeV.
20 Ny
N 3. BESIII: M=(3899.0%3.6+4.9) MeV;
O-" il PSS ['=(46+10+20)MeV
37 38 39 4 41 42 _ + 17
V. (wdly) (GeV/cd) 4. Z.(3900)=2(3900)*.



Z (3885):>(DD")*



Partial reconstruction technique

° 525 pbtat4.26 GeV ¥ (DD*)T includes 4 decay modes:

o 1) 7'DD*+c.c., D* —»n°D-

DD *0 00
e Not detected 2)7[ DD +C°C°9 D _)’Y/Tf D

We only reconstruct the bachelor pion and a single D.
1. If we tag a w" and DY, we select the events:
DD and 7DD (D™ —vy/n% DY)
2. If wetag an” and D, we select the events:
' D'D™ (D™ —»n’ D) and n*D-D* (D™ —y/n¥ DY)
3. Sometimes there are cross feeding events, but i1t’s OK.

19



Recoil mass of D

n*DY tagging method n*D- tagging method

Dots with error bars: Data Dots with error bars: Data

Solid: e'e—n'D'D™ Solid: efe—n"DD™

Dash: e*e—n"D'D*?, where DD* from Z, Dash: e'e—n*DD* , where DD* from Z,

. 0 g
Hatch: Events from D” sideband Hatch: Events from D sideband

01600 | “L250F i

> o ” 3 200F H‘ ||

=i |1” f = i

\1381 N f ||*||| 1% H*H*H**H .}ﬁﬂ*ﬂf i
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96 1.98 2.00 2.02 204 2.06 56 1 98 2.00 2.02 2.04 2.06

MrecoH(DO +) (GeV/c) Ml’eCOI|(D+J_E-) (GGV/CZ)

* C(lear signal of D*
e Mass constraint to D*, %?<30
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Events / 4 MeV/c?

Mass Spectrum by recoil
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Angular distribution (D) disfavor DD, component.
Fit with mass dependent BW, report pole position.

Polynomial background.

Z.(3885)=Z.(3900)

Production rate are much

higher than =) /1 !

Z.(3885) — DD*

Mass (MeV/c?)
I' (MeV)
o X B (pb)

3883.9 =1.5+4.2
248 +3.3x11.0
83.5 6.6 =220




Spin-Parity of Z_(3885)

\\\\\

in Y(4260) rest frame

Fractional yield

00 0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9

|cos 6,
| L | dN/dlcost|
1* S-wave flat
o) P-wave sin20,_ Favor JP=1*

1 P-wave 1+cos?0,

22



The nature of Z (3900)?

. Tetraquarks
arXiv:1110.1333, 1303.6857
arXiv:1304.0345, 1304.1301...

5 tetraquark

. Hadronic molecules . molecule
arXiv:1303.6608, 1304.2882, 1304.1850... <l

. Four quark state oo -
arXiv:1304.0380.. ., . Exotic!

. Meson loop | o "R v(4260)
arXiv:1303.6355 Y. A+

arXiv:1304.4458... ’Q e 2 Ve
3/e(h,) " T/

. ISPE model |
arXiv:1303.6842... Meson loop ISPE model

23



Z (4020) & Z.(4025)
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Events / ( 0.001 GeV/c?)

C
4.26 GeV data

60 A ~ B8 AT dat - |‘1°
“\U, 2 L - - . 9

50 i 3 e E L e
' ¥ 3. S, - 20| Y [ =

40 | Nk, 0| S 16f +
! = el ..:F N =15

30 [ " 2P50 352 354 156 358 360" 155 —

. ME N Gevieh) -
y TR R | |
T T A |'|-:| } { + 14 2
1)1 R S o T B g ‘ § 1
!9y i |..! s 1 Y R PP IPIPY I PP IPIPIP P I 0
3050. — 15 R 15 T l5 I '5 = -1-3 . 3.0 01 02 03 04 05 (2.6 0.7 202.8
. . . . M-;n (GeV/cz.) M‘,:.n.(GeV/ C )

1. Good h_signal.
2. h_signal region: [3.518, 3.538] GeV, sideband: [3.49, 3.51] &
[3.56, 3.58].

3. Events accumulate around M(m*h_)~16 GeV?
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Events/ ( 0.005GeV/¢?)

[ —

[ ] E =N (* <] (=] ]
° Icf 1 Icf 1] lci 1] l'°1 LB
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=
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—
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T e
{ﬁ H + ++ Hdﬂ m 40: 39 xlt'g(ceWc’)
X 2ok
¥ #, . |
| R e W T vy BRLEZ 0 . ST ETT LR TR
3.7 3.8 3.9 4.0 4.1 4.2 £95 400 405 410 415 420 4.25
M, (GeV/e?) M, (GeV/e?)

. 1D projection of M(st*h_) invariant mass distribution.
. Signal: BW function convolving Gaussian+bkg; efficiency has

been applied; phase space included.

. M[Z,(4020)]=(4022.9+0.8+2.7) MeV; I'[Z.(4020)]=(7.9+2.7+2.6)

MeV.
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e*e— w (D*D*)*+c.c. at BESII|

e 827 pb! data at Ecm=4.26 GeV
* Tag a D" and a bachelor -, reconstruct one 7’ to suppress
the background.

Topology of the decays of the signal process. Thick line circled
D7 and 7~ are detected in the final states and at least one of the
dashed line circled 72 or 7r8| is tagged.

BESIII: 1308.2760
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ete—  (D*D*)*+c.c. at BESIII

8000

6000

4000

2000

Events / 6.7 MeV/c?

:— —+ Data
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—l
1.84

P I T L
1.88 1.9
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10000

(o))

o

o

o
|

T 0 momentum in Rec(D+ T ~)

2.02
M(D*x%)-M(D*)-M(r%)+m (D*)+m(r°) (GeV/cz)

2.01

| 2'2'01

2.02

I (b) : + Data

i . PHSP MC
i signal

. removed

i o C—

i . o ...-.,,.~'v".‘-"-

Remove
| DD,
DD*,

2 D*D*,
DsDs,

BESIII
1308.2760

p*: [0.03, 0.05]
M(D*70):
[2.008, 2.013]
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e*e— nZ (4025) 9:1: (D*D*)*+c.c.

&5 [ —+— data ——2Z(4025)
S o ws - PHSP

g 400 [ rememenenss Argus fit to sidebands
L 300} +

N

E 200}

c

= 100}

L

205 21 215 22
RM(D'1)+M(D")-m(D*) (GeV/c?)

: —4— data
70 — total fit

40f

N W
o O

Events / (2.5 MeV/cz)

— - Z.(4025)

------ comb. BKG
- PHSP signal

4.02 404 406 408
RM() (GeV/c?)

Fit to t* recoil mass yields 40147 Z (4025) events. significance>10c

M[Z (4025)] =(4026.3+2.6=3.7) MeV; T[Z.(4025)]

—(24.8+5.6+7.7) MeV

0 (e'e — m°Z(4025) » m(D D)
o(efe” = m*(DD))

R:

ole’e —>JI(Z)D))

(137 £ 9 + 15) pb

=(65+9+6)%

BESIII: 1308.2760




Y(4260)>vX(3872)



4.0

Mass (GeV/c?)

3.0

Produce X(3872) at BESIII

Charmonium
family

s

™)
+
+
[—
+
+
- 0

| BESIII can
1 produce lots of
1 vector

charmonium

| and

charmoniumlike

| state.

14(4040)
1Y(4260)
1Y (4360)

LHCDb:

- JPC=1 ++
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Events / 0.004 GeV/c?

Events / 0.004 GeV/c?

e+e-9Y(n+n_J/w) at BES' II arXiv: 1310.4101

Accept by PRL

10° .
.+ P(23) 4 data b W(2S) +dam
102 = e — background E 102 - * — background
; E.,=4.009 GeV g E.=4.230 GeV
10 3 f {*1' 2 |
- 1
36 365 37 375 38 385 30 395 4 36 365 37 375 38 395 39 395 4
M(m*rJ/y) (GeV/cz) M(rc*rJ/y) (GeV/c"’)
10°¢ 10°¢
- . w(ZS) +-data N‘\) - ) ’q)(ZS) + data
— background > — background
10% ' 8 102
cm_4 260 GeV R
o § I E.,=4.360 GeV
o 10 5 t
@2 x
L 1 E— .

36 365 37 375 38 385 39 35 4 36 365 3.7 375 38 385 39 395 4
M Jiy) (GeV/c?) Mt Jhy) (GeV/cd)



Events / 3 MeV/c?

Y(4260)->

15+ o —
= —+ Data B
| = Total fit
B === Background
10 2

an
T T T 1

Q8 38 39 3.95
M(m*m J/y) (GeV/c?)

M=(3871.94£0.7+0.2) MeV
I'<2.4 MeV
Significance: 6.3 ¢

Y X

0.6

B(yX(3872)—yr*wJ/y) (pb

Accept by PRL

(3872) arXiv: 1310.4101

0.5
0.4F
0.3f
0.2

0.1F

—4— data

— Y(4260)

----- Phase Space
--- Linear

Fit with:

1. Y(4260): %2/ndf=0.49/3
2. E1 PHSP: %2/ndf=8.7/3
3. Linear: y?/ndf=5.5/2
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What’s next @ BESIII

PWA of Y(4260)—2>mxt*m)/y with more data, more
precise mass and width measurement of

Z.(3900)+Spin-parity.
line shape study of st*mJ/p, also tZ(3900).

3. Try to distinguish different multi-quark models:

tetraquark, hadron molecule: search for new decay
modes, production rate...

Neutral partners, such as Z°and Z"'
. Take more data, search for strange partner...

6. Other puzzling XYZ states...
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Summary

BESIII observed a charged Charmonium-like
state Z_(3900).

Possible partner particle Z_(4020) & Z_(4025)
also found.

Observed Y(4260)—>vX(3872) radiative
transition for the first time.

Understand them with more data & effort.

Thank you ! .



