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BEPCII and BESIII

BESIII
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Beam energy: 1.0~ 2.3 GeV

Luminosity: 1.0X1033 cm2s?
(reached in April 5th, 2016)

2004: BEPCII upgrade
2008: test run

2009 ~ now: physics run



BEPCII and BESIII

Super-Conducting Magnet
1.0 T (2009)
0.9 T(2012)

Main Drift Chamber (MDC)
op/P =0.5% (1 GeV)

Oge/ax = 6% Electromagnetic Calorimeter

(EMC)
Csl (TI)
o./VE=2.5% (1 GeV)
0,=0.5-0.7cm/VE

Time of Flight (TOF)
o 90 ps (barrel)

110 ps (endcap) K Counter (MUC)

8 - 9 layers RPC
Orp=1.4cm™~1.7cm
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BEPCII and BESIII
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World largest J/y, $(3686), $(3770), ...

Produced directly from e*e- annihilation: an ideal factory to study hadron spectroscopy
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Multi-quark state, Glueball, Hybrid

e Conventional hadrons consist of 2 or 3 quarks
* Meson: qq
* Bayron: qqq

* QCD allows hadrons of other forms:
* Multi-quark state: >= 4 quarks
* Glueball: gg, ggg, ...
* Hybrid: qqg, qqqg, ...

e Searching for new forms of hadrons provide test of QCD

Constituent Quark Model

Lots of candidates
Not established yet
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Recent results on new hadrons from BESIII

* X(pp) and X(1835)
* Observation of X(1835) in J/W—->yKK.n and determination of J*¢ of X(1835)
* Anomalous line shape of n'm*rt near pp mass threshold in J/y—>yn'rt'c

* Glueball searches
* Model independent partial wave analysis of J/{—>yn°n®
 Partial wave analysis of J/Y—>yepe

* Z_structures
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X(p p) Phys Rev. Lett. 91, 022001 Phys. Rev. Lett. 106, 072002

; BESII
% 50Ey  JYSypp

Evts/0.005 GeV/c?

* Discovered by BESII in J/y—>ypp

* Confirmed by BESIII and CLEO-c in
$(3686)>ml/ U, J/L—>ypp

Weighted Evts/bin
Y

* Confirmed by BESIII in J/{>ypp L o

Mpp-Zmp(GeV/cz)

e 0

* M = 1832+ 1% + 19 MeV/c? $(3686)>'l/ Y, )/ Y->ypp

¢ F — 13 i 19 MeV/Cz ‘::. BESIII . 80? CLEO-c )
(< 76 MeV/c? @ 90% C.L.)

L | 1 L =
ok
0 0.05 0.10 0.15 0.20 025 0.30 0 50 100 150 200 250 300
Myg-2my/(GeVic?) AM = M(pP) - 2m, (MeV/c?)

Chin. Phys. C 34, 421 Phys. Rev D 82 092002
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X(1835)

* Discovered by BESII in J/y—>yn'Tt

* Confirmed by BESIII in J/y—>yn'TUmT
v'M = 1836.5 + 3.013% MeV/c?
v' T =190+ 9732 MeV/(?
v Angular distribution is consistent with 0

o 120 3 I(b) IIIIIIIIIIIIIIIIIIIIII 1 © so00fF

© 500 £ - 1 2 i

> [ BESIH < 18 ]

= g S 400 f S 4000

8 (QD) - % r

= Q300 f 3000

n S - — ]

E 40 S 200 F 2000 F ' ' .

m Phys. Rev. Lgtt. 95, 262001 = i o i ]

o . : Z 100 "3 BESIlo Phys. Rev. Lett. 106, 072002
1.4 2.0 2.6 o

|V|(TC+TE'T]') (GeV/cZ) 14 16 1.8 20 22 24 26 28 %.0 02 0.4 06 0.8 1.0

M’ )(GeV/c?) lcos0,|
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Observation of X(1835) in J/P->yKK:n

Phys. Rev. Lett. 115, 091803

Use 1.3%x10° J/Y events collected by BESIII in

2009 and 2012

Clear structure on mass spectrum of K.K¢n

around 1.85 GeV/c?
Strongly correlated to f,(980)
PWA for M(K:K,) < 1.1 GeV//c?
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Observation of X(1835) in J/P->yKK:n

e X(1560) Phys. Rev. Lett. 115, 091803
* JPC: 0*; X(1560)->K Kn (> 8.90)
LN B L L L B
« M = 1565 + 872, MeV/c? o 29 (a) XNy, =140
e ' = 45f%§t%% MeV/c? § 705_ } _:thagE;)rOjectlon ]
. . __ O 60F Il Background -
* Consistent with n(1405)/n(1475) within 2.00 ' I ---- X(1835) ]
o 50F —  X(1560) =
o X(1835) © Phase space |
o © 40¢ -8 .
° e N-*+ ~ : 5
I 0 3 30|
* X(1835)->KiKin (> 12.96), dominated by f,(980) production S 20
* M = 1844 + 9728 MeV/c? & 108
« ['=192%29%%2 MeV/c? okt

16 fs'zo YRY 26 2.8
KSK‘;n (GeV/c?)

Consistent with the values obtained from J/y->yn’'rtne
B(J/P->yX(1835)) - B(X(1835)>K.K.n)= (3.3170351198) x 107>
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X(pp) and X(1835)

X(pp) X(1835)

o+ o+
M= 1832712118 + 19 MeV/(2 M = 1836.5 + 3.073$ MeV/c?
['=13 + 19 MeV/c2 (< 76 MeV/c2 @ 90% C.L.) =190 + 9738 MeV/(2
pp bound state?
pp bound state? n’ excitation?
glueball?
The SAME state?

Hadron Physics at BESII|

11



Anomalous line shape of n't*t" near pp

mass threshold in J/y->yn'rt'ne

e Use 1.09%10° J/ events collected by BESIII in 2012

* Two decay modes of n’
* N’y
* N'=2NIUTC, DYy
* Clear peaks of X(1835), X(2120), X(2370), n., and a
structure near 2.6 GeV/c?

* A ssignificant distortion of the n'n*it” line shape near the
pp mass threshold

Phys. Rev. Lett. 117, 042002
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Anomalous line shape of n'nt*it near pp
mass threshold in J/y->yn'rt'ne

Phys. Rev. Lett. 117, 042002

* Simultaneous fits to two n’' decay modes + — voma ]

£ 1 £,(1510)
] - -- X(1835) ]
] --- X(2120)
+ ] — Non-Resonant |
B Background
P S pp threshold ]|

* Simple Breit-Wigner function fails in describing
the n'mt*rt line shape near the pp mass threshold

-
o
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* Two typical circumstances where an abrupt
distortion of a resonance’s line shape shows up

* Threshold structure caused by the opening of an
additional pp decay mode

1000

Events / (10 MeV/c?)

n
(=]
o

e U th F| tt’f | f th |' h 01_3 14/1’5 16)‘17 18 19 2 21 22
se the Flatté formula for the line shape M) (Gevied)
* Interference between two resonances
* Use coherent sum of two Breit-Wigner amplitudes for the line logL = 630503.3
shape
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Anomalous line shape of n't*t" near pp
mass threshold in J/y->yn'rt'ne

e Use the Flatté formula for the line shape

e T = VPout
M?-s—=1 ¥y 9Pk
2
g —
* Yk JikPr = g5 (po + gicz)pppﬁ)
. ggﬁ/g(z, is the ratio between the coupling strength to the pp channel and
the sum of all other channels

M (MeV/c?)
9 ((Gev/c))
_ 9o/ 9
A PP M_ .. (MeV/c?) *
pole
molecule-

like state?

Branching Ratio

[ pole (MeV/c?) *

+121.9 +127.8
1638.0 21519 15543

+35.4 +47.6
93.7 —35.4-43.9

+0.37 +0.83
2.31 %537 20560

5. .
1909.5 *139+94
273.5 f%%ﬁ J_r2'41_0

(3.93 2538 Zgiga) X 107*

* The pole nearest to the pp mass threshold
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Phys. Rev. Lett. 117, 042002
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logL = 630549.5

Significance of g5/ g§ being
non-zero is larger than 7¢
X(1920) is needed with 5.70



Anomalous line shape of n't*t" near pp

mass threshold in J/y->yn'rt'ne

* Use coherent sum of two Breit-Wigner amplitudes

e T = VPout + B'eie'vpout

M%—S—ier‘l MZZ—S—ile—‘Z

i —Global Fit
i - 1,(1510)
e 2000 [— i - - - X(1835)+X(1870}]
O Po=-e X(2120)
s i — Non-Resonant 7|
O ¢ [ Background
| : - ppthreshold |
= 1500 ,, —
o L
-—
N
—~—

M (MeV/c?)
I' (MeV/c?)
B.R. (constructive interference)

B.R. (destructive interference)

1825.3 124 173
245.2 1138158
(3.01 %517 2038) x 107*

(3.72 X551 g35) x 107

A pp M (MeV/c?)
bound state? ey

B.R. (constructive interference)

B.R. (destructive interference)

1870.2 123 +23
13.0 *11+21
(2.03 1513 %075) x 1077

(1.57 2505 Zo86) X 107°
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Phys. Rev. Lett. 117, 042002

2500 R R R RN RN R R B

—+— Data

1000

Events
o
<

1.3 1.4.1.5 16 17 18 19 2 21 2.2
Mn'm'T] (GeV/c?)

logL = 630540.3

Significance of X(1870)
is larger than 70

X(1920) is not significant
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Anomalous line shape of n't*t" near pp
mass threshold in J/y->yn'rt'ne

* Both models fit the data well with almost equally good quality
e Cannot distinguish them with current data

* Suggest the existence of a state, either a broad state with strong couplings to pp, or a
narrow state just below the pp mass threshold

* Support the existence of a pp molecule-like state or bound state
* To elucidate further the nature of the state
* More J/{ data

e Study line shapes in other decay modes

* J/Y->vypp
* J/'-l—’%VKsKsn

Hadron Physics at BESII|

16



Glueballs

* Formed by gluon-gluon interaction: non-Abel

gauge self-interaction
* Predicted by QCD
* Not established in experiment

* LQCD prediction
* 0** ground state: 1~2 GeV/c?
 2** ground state: 2.3~2.4 GeV/c?
* 0 ground state: 2.3~2.6 GeV/c?

 Radiative J/ decays are believed to be an
ideal place to search for glueballs

Hadron Physics at BESII

I/

Phys. Rev. D 73, 014516
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Model Independent PWA of J/y->ynmn®

Phys. Rev. D 92, 052003

* Use 1.3X10° J/ events collected by

10

BESIII in 2009 and 2012 F 5
* 110 system o Sl
* Very clean "E _2
* Large statistics and many open channels f )
* Many broad and overlapping resonances 10 5
(parameterization challenging) B || N |
* Model independent PWA (MIPWA) st (cov?

v" More than 440,000 reconstructed events
v’ Background level ~ 1.8%

Hadron Physics at BESII|

Relative Size (to data maximum)
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Model Independent PWA of J/y->yr’n®
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Phys. Rev. D 92, 052003
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Extract amplitudes in
each M(mt°rt®) mass bin
Significant features of
the scalar spectrum
includes structures near
1.5, 1.7 and 2.0 GeV/c?
Multi-solution problem
in MIPWA is usually
unavoidable.

Only Model Dependent
PWA of global PWA fit
can rigerously extract
resonance parameters,
but cross-check between
MDPWA and MIPWA is
helpful.
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PWA of J/y->vee

* Use 1.3X10°J/ events collected by BESIII in 2009 and 2012

 PWA procedure

Covariant tensor formalism

Data-driven background subtraction

Resonances are parameterized by relativistic Breit-Wigner with constant width
Resonances with significance > 5 o are selected as components in solution

Phys. Rev. D 93, 112011

G B L200F ., MC

>1.15 150 3000l 4. Tdata

g E I L ¢. | _ bkg L]

3 1.1 E100 &1500F  ° *'.

I-E‘:E E‘IOOO 'v s, .

<1.05/ 210001 -

T 50 € | o .
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PWA of J/y->vee

o S3000F S
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r glueball?
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Resonance M(MeV/e?) I'(MeV /c?)

B.F.(x10™*)  Sig.

n(2225) 22167155 18511311E (2.40 4+ 0.10751]) 28.10
n(2100) 2050730750 250735180 (3.30 £ 0.0975 1) 21.50
X(2500) 2470715753 230752753 (017 £0.027002) 8.80
fo(2100) 2102 211 (0.43 £0.047573) 24.20
f2(2010) 2011 202 (0.35 +0.05703%) 9.50
£2(2300) 2297 149 (0.44 £0.07707%) 6.40
f2(2340) 2339 319 ] (1.91 +£0.07 5 5)[10.70
0~* PHSP (2.74 £0.1579°1%) 6.80

Phys. Rev. D 93, 112011

v" Well consistent with the results
from Model-independent PWA
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Z.(3900)*

o ete>1TU)/YP

« 525 pb! data at+/s = 4.26 GeV/c?

e Born Xsection consistent with the Y(4260) production

« Z.(3900)*

e M =3899.0 + 3.6 + 4.9 MeV/c?

« ['=46+ 10 + 20 MeV/c?
* Charged, decays to J/{

* Contains ud(du) and cc

e At least four quarks?
 Close to DD* mass threshold

* Threshold effect?

Hadron Physics at BESII|
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Phys. Rev. Lett. 110, 252001

100
80

60 -

Events / 0.01 GeV/c?

—+ Data

— Total fit

--== Background fit
== PHSP MC

_l_ [ sideband

\

v o(ete »ntZ.(3900)T>nt =] /P)

I P
3.7 3.8
M, ot Jy) (GeV/c?)

o(ete >ntnT]/P)

L 1 L1 1 1
3.9 4.0

= (21.5+3.3+7.5)%

v Also confirmed by Belle and CLEO-c
* Phys. Rev. Lett. 110, 252002

* Phys. Lett. B 727, 366
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Z_structures at BESIII

State | Mass (MeV/c?) | Width (MeV/c?) | Decay | Process (e*e>) {3
Z(3900)* 3899.0+3.61+4.9 46110120 /g /Y PRL110, 252001 v Charged and neutral
Z.(3900)° 3894.84+23+3.2 29.6+8.2+8.2 )/ n®)/ Y PRL 115, 252003 Z's are consistent
3883.9+1.5+42  248+33+11.0 11 oar0mn with isospin triplets
Single D tag Single D tag _ _ _ ’ expectations.
Z(3885)* (DD*)* (DD*) ¥
3881.7+1.6Ft2.1 26.61+2.0£2.3
PRD 92, 092006
Double D tag Double D tag .

0 +43 4 +11 4 =0 00 v" Mass and widths of
Z,(4020)*  4022.9+0.8+2.7 7.9+2.7%26 n*h, mch, PRL 111, 242001 Z.(4020)/Z (4025) are
Z,(4020)°  4023.94+2.2+3.8 Fixed n°h, °roh, PRL 113, 212002 consistent within 2o

_ _ ?
Z(4025)* 4026.3+2.6+37  248+56+7.7 (D'D*)*  (D*D*)*mnt  PRL112 132001 -> the same states?
0

Z(4025)°  4025.5%29+3.1 23.0+6.0£1.0  (D*D*) (D*D*) m® PRL 115, 182002
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Nature of Z_ structures

* Theoretical interepretation
e Tetraquark states?
« D®D* molecule states?

* Charmonium hybrid?
* Threshold effect?

* Further studies are needed
- PWA
* Production
* Decay
e Test theoretical models

Hadron Physics at BESII|
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Summary

* Highlights of latest results on searching for new forms of hadrons at BESII|
* Observation of X(1835) in J/Y->yKKsn
* New decay mode of X(1835)->KK;n and JP¢ of X(1835) is determined to be 0-*
Observation of anomalous n'rt*ic line shape near pp mass threshold in J/y->yn'mtc
* Support the existence of a pp bound state or molecule-like state

Model independent partial wave analysis of J/{p->yn’n®
* Useful information of 0** and 2** components

Partial wave analysis of J/y->yp@

e 0*and 2** glueball candidate?

Observation of Z (3900)/Z (3885), Z.(4020)/Z_(4025)

e Multi-quark candidates?

« More results are expected in the future! TW yo_w'

Hadron Physics at BESII|



Structures around 1.8 GeV/c?

(MeV/c?)

Width
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ete>n*Z (3900)T>w

Events/(0.01 MeV/c?)

Phys. Rev. D 92, 032009

Vs = 4.230GeV
14§ _12r
12 S 10f
10 S g
8 2N -
. 6
L (=] H
d: 2 4
4 s
2f o 2f
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also happen to threshold effect NO threshold effect

M(wn*) (GeV/c?)

No significant Z.— wrt is observed:

o(e*e” = nZ(3900) — n(wm)) < 0.26 pb @ 4.23 GeV
o(e*e - nZ (3900) — n(wm)) < 0.18 pb @ 4.26 GeV

6 38
M(ont) (GeV/c?)

Naive expectations from n_decays, the partial width to
an exclusive light hadron mode is typically ~500 keV

Nz ->n*w) <0.2%r,, ~ 60 keV

Threshold effect cannot be ruled out
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