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D.M. Asner et al, Physics at BES-IIT, arXiv:0
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Data Taking

Ecm (MeV) run luminosity (pb~1)
4190 30372—30437 43.09
4210 31983—32045 54.55
4220 32046—32140 54.13
4230 32239—33484 and 30438—30491 1091.74
4245 32141—-32226 59.09
4260 29677—30367 and 31561—31981 825.67
4310 30492—30557 44.90
4360 30616—31279 539.84
4390 31281 —-31325 00.18
4420 31327—31390 44.67
Total 2809.36




Motivation

ved charmonium-like states Y(4260), Y(4360),
660) can not interpreted as conventional
rmoniums.

New decay modes searching and the line shape
measurement is useful for understanding the nature of
these Y-states.

» Hadronic transitions (by an n or m° ) to lower charmonia
like J/y are regarded as sensitive probes to study the
properties of these Y-states.

» Nature of these Y-states:
hybrids ?
tetraquarks?
hadro-charmonium?
hadronic molecule?
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ss Sections Results

BESIII Preliminary!

ee” -> mOnOJ/y @ 4.19-4.31 GeV
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BESIII: DDbar Results
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e -> wxXe @ 4.21-4.42 GeV
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> nd/y, n°J/y @ 4.009 GeV
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-> nJ/y @ 3.81-4.31 GeV

BESIII Preliminary!
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BESIII: e‘e -> n'n"X(3823) -> yXc 2 @ 4.19-4.60 GeV
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BESIII: e‘e -> n*w"X(3823) ->
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BESIII: e‘e -> n'n"X(3823) -> yXc 2 @ 4.19-4.60 GeV
BESIII Preliminary!
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1. Energy dependent cross section of efe™ >t nX(3823).
2. Both Y(4360) and y(4415) line shape give reasonable description.
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Summary

on Y states are ongoing

neshape extraction for different processes
* Extremely good precision

Next plans

» Collect data at higher energies to complete scans

* Higher luminosity expected from BEPCII
- Many analysis are ongoing
Stay tuned

* Many new exciting results on their w
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BESIII Detector

TOF: EMC: CsI crystals, 28 cm
or = 80 ps Barrel AE/E =25% @1 GeV
110 ps Endcap o,= 0.6 cm/NE

/ Magnet: 1T Superconducting

MDC: small cell & He gas

""'ﬁ':::;".'\"‘"'"'f""i‘ " ny: 130 “m
1 O D ey <2
o oG, e 5,/p = 0.5% @1GeV
m - | dE/dx = 6%

Muon: 9 layer RPC

3100
(2373)

Trigger: Tracks & Showers
Pipelined; Latency = 2.4 ms

Data Acquisition:
Event rate = 3 kHz
Thruput ~ 50 MB/s 22

Zero Degree Detector (ISR)



Storage Rings
Beijing Electron-Positron Collider IT

Fooo SR, SRE,

P

=S cm-2s
ieved Luminosity:
~ 0.65%x1033 cm-2s!

> Optimum energy: |
1.89 GeV

» Energy spread:
5.16 x10-4

» No. of bunches:
93

» Bunch length:
15cm

» Total current:
091 A

» Circumference:
237m
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ITI Data Taking

J/¥ @ 3.097 GeV 2009 (D.ZES x 1[]9) + 2012
0.4 x 10° ' @ 3.686 GeV 2009 (0.106 x 10%) + 2012
291! W(3770) @ 3.773 GeV 2010+ 2011
051 W(4040) @ 4.009 GeV 2011
0.024 b1 T mass scan at around 3.554 GeV 2011
191 Y(4260) @ 4.23 and 4.26 GeV 2013
0.5 b1 Y(4360) @ 4.36 GeV 2013
0.5 fb1 Y(4260) and Y(4360) scan 2013
081 R scan, 104 energy points between 3.85 and 2014
459 GeV
1.0 1 m4.42 GeV 2014
0.1fb? @ 4.47 GeV 2014
0.1fb~1 @ 4.53 GeV 2014
0.04 fh~? @ 4.575 GeV 2014
051 @ 4.60 GeV 2014




3900) signal

TABLE I: Summary of the systematic errors (%) in the cross section
measurement.

Source pwpT oete
Lununosity 1.0 1.0
MC Statistics 0.5 0.7

Tracking 40 4.0

Background shape 05 34
Y (4260) line-shape 0.6 0.6
Kinematic fit 22 23
Branching ratios 1.0 1.0
Decay model 3.1 3.1
Others 1.0 1.0

Total 50 6.8




a charmonium like structure:
Z.(3900):

BESIII: arXiv:1303.5949

013: 515 pb! @ 4260 MeV

- ee >t J/y

+ Dominant background e*e—»n*nn*n

- J/vy signal: [3.08,3.12] GeV

- J/vy sideband: [3.0,3.06] GeV or [3.14,3.20

»+ Structure seen: Z (3900)* -> m* J/



, and 1D Projections
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> wwJ/y @ 4.26 GeV
PRL 110, 252001

Significance >8 o . Z(3900):
8L BeST e A Couples to cc
sob [ sideand A Has electric charge
: A Atleast 4 -quarks
o A What is its nature?

Events / 0.01 GeV/c?

! i i A 4
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0F "' @ ’
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» S-wave Breit-Wigner with efficiency corre
» Mass = (3899.0+3.6+4.9) MeV
» Width = (46+x10+20) MeV

> Fraction = (21.5+3.3+7.5)%
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85)->n-(DD*)*+c.c. @ 4.260 GeV

= PRL 112, 022001
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5)->n-(D*D*)*+c.c. @ 4.260 GeV
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20)->n*n-h, @ 4.23/4.26/4.36 GeV
It to 4.26/4.36 GeV data andhl@ecay modes.

4.23+4.26+4.36 Ge

T 1200 4.23+4.26 GeV| F
: B BES]H = §QF —= ole'e->x'rh,) BESII
3 100} i{:‘ .'é: JQE. —&— ole'e->r'Z 402} BESI
s [ — L T
= B W . = = ole'e ->n*m’h) CLEO-¢ .
= sof 30 1 o 11 S o0 } i
= e L WIS ] o ul
z I 5 Tl L e § g SOF 1
s o LAY i a0 [ I
= 10 T 85 30 40 41 S 3L
M, (GeV/eh) = [
= 20F i —————
20 - -’ ~
10 I * (53 § )
[] U:I II L 1 1 1 I 1 1 1 I I\ J;‘ I~I I 1 I’ , I 1 1
3.95 400 4.05 4.10 4.15  4.20 4.25 4.0 4.1 4.2 Iy 4.4
M, (GeV/c?) E(GeV)

M = (4022.90.8:2.7)MeV/c? o(e*e - 1Z,(4020)- 1r'ITth,)
I = (7.9%2.7+2.6) MeVic> | 0(4.23GeV) =(8.7 1.9 2.8
>8.% o (26GeV) =(7.4£1. 7

4.26GeV: 0 (36GeV) =(10.3
o(e*e - TZ(3900)* 1t - 1r'Tth,. ) = < 11 pb (90%
PRL 111, 242001




20)->n*n-h, @ 4.23/4.26/4.36 GeV

=
L]

o = R W Rt @ e o

j

lﬁd"h'i"h'é"h'sﬁ"h'ci":']s"l;l-:']z'é['(';hi”ils %””;BES]]I +

evie 7, 100

« all collected energies %:E: ﬂ M}ﬁmw |
[3.900- 4.420 GeV] =N M *W i “#HWM
) ) zuf— ﬂ'+ M

* heY men,Y hadron ¢ i

37 38 39 40 41 42
M, (GeVic?)

[16 exclusive decay modes



)°->n%%hc @ 4.23/4.26/4.36 GeV

BESIII Preliminary!

energy points from 423@20 MeV
bserved clearly at: (F=4230, 4260, 4360MeV

’ a5
':“‘; = o(eey mn h) Prgﬁri]i]rI\ar o BESIT
3 0 oee’Y non° hy) y ':; Preliminary
N1 250
!‘Eﬂ 200 §
%._ 150} ;
=
345 5 355 -
Ml (GeVie?)
39 395 4 405 41 4
M 20209 = (4023.62.2+3.9) MeV/@ ME (GeVie)
M , a020p = (4022.80.8+2.7) MeV/c? An 1sospin tr
C(4020)) f|Xed @ r Z(4020¥

>5c




4260 MeV

Events / ( 0L01)
-

“Fi

Min"Jy) (GeVic®)

Mass =3894.82.3MeV
Width = 29.6:8.2 MeV
Significance = 10.4

900) -> n%=%J/y @ 4.19-4.42 GeV

BESIII Preliminary!

Events / ( (L0O1 )

LE 4.1 4.2

=
4360 MeV S w 4230 MeV
= =
g«
&
a0
10
da.l]hi 41X ﬂlilﬂ.l.-ﬂ.ﬂh 41X
Mix"Jhy) (GeVic) M= Iy} (GeVic®)

We extract the Z°(3900) parameters and
yield by performing a simultaneous fi
"0J/y invariant
subsamples: 4230 MeV, 4260
MeV.

Signal: BW convol
Bg: Argus, floa



BESIII: e*e -> n%Z_°(3900) -> n%nJ/y @ 4.19-4 .42 GeV
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BESIII Preliminary!
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To determine the yields of %3900),at 10 energy
pointsa si mul taneous fit 1|Is
spectra for each of the ten energy points.

Signal: BW convolved with-&aussian, parameters ar
fixed to the overall fit.

Bg: Argus, m are fixed based on beam energy,_The
slope and power are floated, but the same forsz}ll poir



BESIII: e‘e-
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-> n%Z °(3900) -> nnJ/y @ 4.19-4 .42 GeV

BESIII Preliminary!
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To obtain the yields of
made to the J/ Y spectra

Signal: BW convolved with Bsaussian instrument
resolution (same for all energy points)
Bg: IStordered poly.

(same for all energy points) 38



3900) -> n%a%J/y @ 4.19-4.31 GeV
BESIII Preliminary!

R(Z./n70J /1)

Obs. Xsec (pb)

Born Xsec (pb)

4.260 ]0.14 £0.03 =0.01|23.68 £ 1.04 =1.75|28.95 £1.27 + 2.14
4.360 ]0.21 £0.06 £0.01|15.00 £1.104+1.11|14.57 £1.07 £ 1.08
4.230 10.27 £0.03 £0.01(30.28 £ 1.02 £ 2.24|37.61 £ 1.27 £ 2.78
4.190 < 1.00 9.45+3.00+0.70 |11.37 £ 3.61 £ 0.84
4.210 < 0.69 20.79 £ 3.85 £ 1.54(25.54 £4.73 £ 1.89
4.220 < 0.41 21.60 £ 3.82 +1.60(26.74 £4.73 £ 1.98
4.245 < 0.30 34.24 +£4.69 1+ 2.53|42.38 £5.80 + 3.14
4.310 < 0.30 22.04 £4.16 £1.63|24.17 £4.56 £ 1.79
4.390 < 0.99 7.56 = 2.03 £ 0.96 | 6.93 =2.32 +0.51
4.420 < 1.00 2.87+£213+0.21 | 252+ 1.874+0.19




BESIII: e'e — n"aJ/y events

* 4 charged tracks, J/w reconstruct via lepton pairs
» very clean sample, very high efficiency, kinematic fit used
* only use MDC & EMC information, MC simulation reliable

6-8 Oct 2014 GDR - IPN Orsay 2014



< BesT

BESIIIL: e'fe- — atnmh (1P) @ 4.260 GeV

* h,— yn, n.— hadrons [16 exclusive decay modes]
« p p, TTKK, wtp p, 2(KTKY), 2(mtm), 3(nT)
« 2(r KK, KK t+e.c., KK rnrn+e.c., KK’
e p pn®, K'Kn, mn, mrnndnl, 2(ntn)n, 2(ntnnd)

PRL 111, 242001
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6-8 Oct 2014

E 1 1 1 I 1 1 1 L L L
285 s 3.58

\ M Gev/e?)

hc candidate GDR - IPN Orsay 2014
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M., (GeVie?)




BESIII: ete- — ™ h (1P) PRL 111, 242001

20
80
70
60
50
40
30
20
10
0
-10°

R
=

Born cross section (pb)

IIIIiIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
H——

II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

4.00 4.05 4.10 4.15 4.20 4.25 4.30 4.35 4.40 4.45
E(GeV)

* o(efe—»>n'wh,) ~ c(e'e— ' J/y) but line shape different

* Local maximum ~ 4.23 GeV

6-8 Oct 2014 GDR - IPN Orsay 2014



e'ee > a'mh (1P) vs ee - min Jiy

Open circles: Belle e*fe— n*nJ/y
Solid dots: BESIIl e*e— n*nh,

40

“44 45 46
Ecm (GeV)

More data at higher energies needed to complete line shape measurement

6-8 Oct 2014 GDR - IPN Orsay 2014

PRL 111, 242001




2--> WXCT @ 4.21-4.42 GeV

80 BESI
E..=4230 MeV I 70F M Preliminary
H L goEJ iy TN —_— 6[];—
| Fosp s Pyeliminany 8 sop j
A== = 0s A iy P ] = 40F ﬂ
:—‘ ————— _‘E 075 ;—'—t-——;éi;—?&%ﬁ—?:‘t---f ------ _EE 30 _;_* + ** ) + H
%D.?;— . : :i : ® EU_H*H h
E 1 L, &, 1 | 0.65;_; |.. 1 1 "i 1 i 10—§ + +* ++ H+ﬂ+H++++++H +++ + + +
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M) (GoVic) MICK) (GeVic) N TR TR R T R
E e . ! ! IR ! ! _ Vo B (Gew) -
0.95E% o . | | 0.95 s S | ! WX,p threshold Ecm (GeV)
L pofed® 3t % | ! L pof ' F Y eee ", | ! 100 —
3 . - ! S el .t ! - Preliminar
Sossf Nt | EemEn . tatlL _ w0 BESTH Fom Y
g 08 '“'-: _*: _________ e e | o 0B e s, _‘;“: _____ H aie ] o C — Resonance
?:HD.TE __f_'_;_-:._Er___:_r___ﬂ;ﬁ_g_r_. ?:uj5$?ﬂ.ﬂ.---'§?;£‘.‘.’..¥!ﬂi_i':;___. & 60_— ---2:2605
= 07E e . el . = o7 "" " o 3 5 Tmmrhase Space
ED.ES . ‘ s Eu.ssi; o ' 5‘ 405 ___________________
045y e s 08537553 335 54 345 35 .GTJ 20r . e
M(r+r) (GeVic® MIK*K) (GeVic?) o of 1] e S
E, =4260 MeV > af

e The mass of Y(4260) is very close iy, mass threshold ¥ 42 425 4_3 435 ad a4
e Observation oby, at 4230, 4260 MeV data A fine Struc:aﬁGev)

¢ No evidence at 4360MeV

¢ Line shape seems inconsistent with Y(4260)

e BW fitting: a narrow structure around 4230MeV




BESIII data set

I e

3.3 fb! for XYZ studies
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Hadronic exotic states

* Experiments :

— Hadrons are composed of 2 (meson) or 3 (baryon) quarks

— Described very well in quark model (QM)

B

« QCD suggests: juyd ud
— Confinement : stable hadrons need to be colorless
dibaryon pentaquark glueball
— Gluon-gluon interactions : hadron with gluons —
C
hvbrids and glueballs) could exist C ww
(hy zlucballs) a<, 9 @d

— Allow hadrons with N ,.,.#2, 3 (mulfi-quarks) -
diguark + di-antiquark  dimeson molecule q g hybrid

Can we find evidence for these interesting exotic hadrons?

A long history of searching for the exotic hadron,
no solid conclusion was reached in past a few decades,
some hints on charmomium-like and bottomnium-like particles, recently.

6-8 Oct 2014 GDR - IPN Orsay 2014




6-8 Oct 2014

‘ti Exotic Meson (Charmonium-Like)

o AT Bl

Molecular states:
* Loosely bound states of a pair of mesons,
* Dbound by the long-range color-singlet pion exchange,
* weakly bound, mesons tend to decay as if they were free.

Tetraquarks:

* Dbound states of four quarks.
* Dbound by colored-force between quarks,
* decay through rearrangement.

* many states with the same multiplet. some are with non-
zero charge. or strangeness

Hybrids:
* Dbound states with a pair of quarks and one excited gluon

» Lattice and model predictions for lowest lying charmonium
hybrid m~4200 MeV

GDR - IPN Orsay 2014



‘Li Z.. states

T T =
p————

-

The most promising way to searching for the exotic hadrons

e Decay into a charmonium or DD pair

-
— thus contains hidden-cc pair e Charmonium
(quark-antiquark)?
e Have electric charge,

— thus has two more light quarks

At least 4 quarks, not a conventional meson

Can be claarly
distingushed

e Observed in final states :

— mIAy, TY(2S). Th,, Ty, (DODO)E
e Experimental search:
— BESIII/CLEO-c : efe"—m= +Exotics. ....
— Belle/BaBar  : efe™—>(}p )T +Exotics. ....

— Belle/BaBar/LHCb: BsK*+Exotics. ...

6-8 Oct 2014 GDR - IPN Orsay 2014



BESIII: e E — /. (4025) — T (D*DH)+_|_C C. @I\ 4.260 GeV
— hep ex:1308.2760

» 827 pb! data at E~4.260 GeV
» Taga D™ and a bachelor 7, reconstruct one 1’ to suppress the
background.

Pl

N .
| Ty gor Yy

D*+

Topology of the decays of the signal process:
* thick line circled: D™ and = detected 1n the final states
 dashed line circled: at least of w,° or @," tagged

6-8 Oct 2014 GDR - IPN Orsay 2014
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BESIII: e*e— nZ (4025) — 1 (D*D*)*+c.c. @ 4.260 GeV

“hep-ex:1308.2760
(b) :-|—Data
PHSP MC
i signal
removed l
] —

- oSS Remove
" . _.m||DD.DD%
1.8 2 2.2 2.4 =Tk

RM(D* 1 M(D")m(D)Gevic?] 2 D
DsDs, ...

122} :PHSP signal
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GDR - IPN Orsay 2014
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‘M BESIII: 7 .(4020)=2_.40235)? PRL 111, 242001
— hep-ex:1308.2760

120¢
<100] M(4020) = (4021.8+1.0+2.5) MeV
> M(4025) = (4026.3+2.6+3.7) MeV
E I'(4020) = (5.7+3.4+1.1) MeV
g [(4025) = (24.84+5.7+7.7) MeV
&
- —
= Close to D*D* threshold (4017 MeV)

Mass consistent with each other
) . 4.10 but.. width ~2o difference

Interference with other amplitudes
may change the results

Coupling to D*D* is much larger
than to rth, if they are the same state

BESIII preliminary
The Zc¢’ 1s found!

Will fit with Flatte formula
GDR - IPN Orsay 2014

a2 404 406 4F8
RM(r) (GeVic?

6-8 Oct 2014



Events /0.1

15

Assume Tt system is dominant by fO(500)
Many new exciting results on their way

candidate

[ BESIII

i data ..

i + Preliminary
- = S-wave MC

. === D-wave MC

Events /0.1

(3823) -> YXc1 .2 @ 4.19-4 .60 GeV

BESIII Preliminary!

B —4=— data
o - — D-wave MC
4+ === S-wave MC

COSBy 3503,



BESIII: e*e ->nZ (3885)->n"(DD*)*+c.c. @ 4.260 GeV
BESIIT Preliminary!

0.45F  pRL 112, 022001 (2014)

Fractional yield

in Y(4260) rest frame

©0.1702703704705 06 0.7 0.8 0.9

|cos 6,
| L | dN/dlcost ]
1* S-wave flat
0 P-wave sin2f)_ Favor JP=1"
1 P-wave 1+cos?0_

53



)°->n%%hc @ 4.23/4.26/4.36 GeV

BESIII Preliminary!

energy points from 423@20 MeV
bserved clearly at: (F=4230, 4260, 4360MeV
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=
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M 20209 = (4023.62.2+3.9) MeV/@ ME (GeVie)
M , a020p = (4022.80.8+2.7) MeV/c? An 1sospin tr
C(4020)) f|Xed @ r Z(4020¥

>5c




BESIII: e‘e -> n'n"X(3823) -> yXc 2 @ 4.19-4.60 GeV

BESIII Preliminary!

CeV 4 * D-Wave charmonium still missing
4 80k * Triplet (1°Dy, )
, *  13D,—>DD forbidden, narrow
3%D,(4.52)
433,(4 45)
440 T \
2%D,(4.19) 2'D(4.2 IN23Do(4 21) 2°05(4.22)
| 3%5,14.10] 1, (4.09) 'F5(409) I°F3(4.10) 1*k,(4.09)
3/ 5,14.06) Sl
4OO :_ji__'f,-?ij;g; 'p,(3.96) g‘pnmgzjﬂlpt (3.95) ?___P!{E-.EB} h
m(D+D] m 1'D,(3.84) |*D,(3.84) *D,(3.85)
it -7~ Rl Heeepechansnsas s
3.60 % ‘ P (3.52) o 5y P35
) ‘_Il_l!'ﬁ,{a.#dr} A red
EAR IS
3.201 %s,(3.10) Potential model:
15557 Godfrey & Isgur, PRD32, 189 (1985)
2.80 1l
© SR [ A O MR 2", 27t 277 3T 3" 3" 4

55



BESIII: e‘e -> n'n"X(3823) -> yXc 2 @ 4.19-4.60 GeV

Events /0.1

= W N -

Y(1°D;,) candidate BESIII Preliminary!
20r BESTTI 6
B —+- data Preliminary 5F —+data
s T S-wave MC — D-wave MC
. === D-wave MC . Ak === S-wave MC
i - -
| 2 3t
C C
g C
L 25
1:1‘4 *tt-.1.% I-- .
0 0 05 1
€088, 5, COSBy ag29)

Assume 7t system is dominant by f,(500)

Scattering angle distribution of {(2S) and X(3823) in e+e- CM frame.
Kolmogorov-Smirnov test p-value is given.

(Left) m+m—y(2S): S-wave (p=0.791), D-wave (p=0.451)->S-wave
seems to be better.

(right) m+m—X(3823): S (p=0.928), D (p=0.978)—=> Can’t distinguishs¢



