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BEPCII and BESIII

Beam energy: 1.0 ~ 2.3 GeV

Luminosity: 1.0x1033 cm2s1
(reached in April 5%, 2016)

2004: BEPCII upgrade,

A

\ BEPCIII construction
§ U o
BESIII a NG N\ 2008: test run

2009 ~ now: physics run
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BEPCII and BESIII

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

Main Drift Chamber (MDC)
op/P = 0.5% (1 GeV)
Ogg/ax = 6% Electromagnetic Calorimeter
(EMC)

CsI (TD)

o:/VE=2.5% (1 GeV)

0, =0.5-0.7 cm/VE

Time of Flight (TOF)
or: 90 ps (barrel)

110 ps (endcap) 1 Counter (MUC)

8 - 9 layers RPC
Ope = 1.4 cm ~ 1.7 cm
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BEPCII and BESIII

R Value

0000

BESS98 PRL 84(2000)594 ,e\*/x
BE S99 PRL88{2002)101 802 )
(S 100
CrystalB
GammaZz2

NMarkl " y(3770)
pluto . 2.9fb?

Iy o 4040 | 4420
l 1.3x10° \ ufo.sno \Lo.s fbl ‘ L 1fb?
M PO w1 i

| 4230+4260

‘ 4360 ‘
0.5fb? | oo

1.9 fb! -
TN 1T ST
.I(— ~130 points for R Scan (~1.3 fb') —{ =

Ecm (GeV)

World largest ] /{5, $(3686), Y(3770), ...
Produced directly from e*e" collision
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Light Meson Spectroscopy at BESIII

* Light meson spectroscopy plays an important role in testing the QCD theory

J/W decays is an ideal place to study light meson spectroscopy

BESIII collected the largest ]/ sample (~1.3 billion events) in the world
e 225 million in 2009
* 1086 millionin 2012

Recent progress in light meson spectroscopy at BESIII
* Observation of X(1835) in J/Y—>yKKcn
* Anomalous line shape of n’m*m near pp mass threshold in J/{—-yn'nttm
* Model independent partial wave analysis of | /{y—ymomn®
 Partial wave analysis of | /U—-ydd
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X(1835) and X(pp)

<3 120
>

* X(1835) 2 o
« Discovered by BESII in J/{y—yn/mt1 =

« Confirmed by BESIII in ] /{y—yn/mtm = 40

v' M = 1836.5 + 3.0%3$ MeV/c? oo,

v' T =190 £ 93¢ MeV/c?
v" Angular distribution is consistent with 0

1.4 2.0 2.6
M(t'tn’) (GeV/c?)

soof ® &
4002—

dN/d|cos6, |

300 F
200

Events/(0.02GeV/c?)

100 £

M’ )(GeV/c?)
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X(1835) and X(pp)

Evts/0.005 GeV/c”

* X(pb)
* Discovered by BESII in ] /y—ypp
e Confirmed by BESIII and CLEO-c in Y/(3686)—-n* ]/, ]/ U—=>ypp
e Confirmed by BESIII in ] /y—=ypp L e

\/ 0_.|. M(p p) - 2m, (GeV/c?)

v" Not from FSI

Weighted Evts/bin

_ +19 +18 2 700
v M =1832%1°+18 4 19 MeV/c .
v I'=13 + 19 MeV/c? (< 76 MeV/c? @ 90% C.L.) > 500 |
R 400
70 f 80 F 8
60 ks 7 9 300
z | S e0f Z 200 F
E 50 FIA s ?_ S E
§40 g 40 _ [_5 100 F
% 30 g _ 0 LT aet NPL It S R
o HE] 00 01 02 03
10 | 23 - | : 2
0 oAl(:s o.lm 0.:5 u.‘zo 025 030 ° O 5LO. ' 100 150 200 250 300 Mpﬁ_zmp(GeV/C )
M;-2m (GeV/e?) AM = M(pp) - 2m, (MeV/c?)
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X(1835) and X(pp)

X(1835) X(pp)

M = 1836.5 + 3.075 MeV/c? M = 183213°*[? + 19 MeV/c?
=190+ 9132 MeV/c? =134 19 MeV/c? (< 76 MeV/c2 @ 90% C.L.)
Probably 0-+ 0+
n’ excitation? _ )
alueball? pp bound state?
SAME state?
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Observation of X(1835) in ] /y—YK.Kn

Use 1.3x107 ]/ events collected by BESIII in
2009 and 2012

Clear structure on mass spectrum of KcKcn
around 1.85 GeV/c?

Strongly correlated to {,(980)
PWA for M(K(K¢) < 1.1 GeV/c?
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PRL 115, 091803 (2015)
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Observation of X(1835) in ] /y—YK.Kn

. X(1560) PRL 115, 091803 (2015)
« 0-F; X(1560)-K-Km (> 8.90)
« M = 1565 + 8%, MeV/(? o, OF (2) ring, =140
T = 45714721 MeV/c? Sl [ el
« Consistent with n(1405)/1(1475) within 2.00 O b ----gﬁggg}
O. dase space ]
¢ X(1835) -°.. 40E
* 0*; X(1835)=KKn (> 12.90), dominated by {,(980) production 2 :g
+ M = 1844 + 9*1¢ MeV/c? 2 1ok

= 192787725 MeV/c? o i M
_ _ _ , 1618 20 22 24 26 2.8
Consistent with the values obtained from | /y—»yn'ntn oo (GeV/c?)

B(J/P-yX(1835)) - B(X(1835)~KKsn)= (3.31533+199) x 10°°
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Anomalous line shape of n't*m near pp
mass threshold in ] /{y—->yn'mttm

4000

ae00 — PHSP MC
e Use 1.09x10° ]/ events collected by BESIII in 2012 Nésooo o treshon
« Two decay modes of 1’ & |
o n’_>y1-[+1-[- *§1500
R Bas o A% g
* Clear peaks of X(1835), X(2120), X(2370),n,, and a °
structure near 2.6 GeV/c? 1600 T T
» A significant distortion of the n'm* line shape near the ~ &reof  mecgond
pp mass threshold S0} I
arXiv:1603.09653v2 £ «of

200F

074 16 18 2 22 24 26 28 3
Mnn'n] (GeV/c?)
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http://arxiv.org/abs/1603.09653
http://arxiv.org/abs/1603.09653
http://arxiv.org/abs/1603.09653

Anomalous line shape of n't*m near pp
mass threshold in ] /{y—->yn'mtHm

arXiv:1603.09653v2
+ Simultaneous fits to two 1’ decay modes

£ | £(1510)
] ---X(1835) ]

1 ----X(2120)
; + i — Non-Resonant ]
4 ] B Background ]
] {'{ ....... pp threshold |

* Simple Breit-Wigner function fails in describing

the n'm*m line shape near the pp mass
threshold

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

* Threshold structure caused by the opening of an

O_ s
143 n 13 14 15 16 17 18 19 2 21 22
additional pp decay mode V] (Gevid)

-
o
=)
S
I

N
o
o
o
Il[ll
2 =8 =2 B
5 8 % 3
——
-r -
?g? 4
oL

4

-9

1000

Events / (10 MeV/c?)

n
(=]
o

* Use the Flatté formula for the line shape

* Interference between two resonances logL = 630503.3

* Use coherent sum of two Breit-Wigner amplitudes for the line
shape
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Anomalous line shape of n't*m near pp
mass threshold in ] /{y—->yn'mtHm

arXiv:1603.09653v2
* Use the Flatté formula for the line shape 2500 _' +:

N

=

S

s
[

o T = VPout
= — : =
Me=s=i ) 9rPk

- pp threshold _|

1.95 |
. t i
“ 1
‘

’ —
] i

3

\

\

-

o

=}

s}
|

----- £,(1510) i
---X(1835) _
o ] -- X(1920) ]
- X(2120) i
1200) p — Non-Resonant |
I Background |
1000
1IB 1‘9

L
1.85

955
* Tk gicPk = 96(Po + 73 Pop)
. ggﬁ /g4 is the ratio between the coupling strength to the pp channel
and the summation of all other channels

-
o
o
o

Events / (10 MeV/c?)

[$)]
o
o

M (MeV/c?) 1638.0 151913278 e
g5 ((GeV/cH)?) 93.7 13221338 Mnm'n] (GeVic?)
955/ 96 2.31 %037 10560 logL = 630549.5
App M, (MeV/c?) * 1909.5 +13:9 494, C 2 24 .
molecule- L N Slgmﬁcan‘ce of g55/9; being
like state? Branching Ratio (3931335030 x 107* non-zero 1s larger than 70

X(1920) is needed with 5.70

* The pole nearest to the pp mass threshold
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Anomalous line shape of n't*m near pp
mass threshold in ] /{y—->yn'mtHm

* Use coherent sum of two Breit-Wigner amplitudes
+ .B‘eie‘vpout

e T = VPout

o M%—S—ier‘l

MZZ—S—iMzrz

M (MeV/c?)
I' (MeV/c?)

B.R. (constructive interference)

B.R. (destructive interference)

1825.3 ¥24+17.3
245.2 t14.2+4.6
(3.01 517 2038) x 107*

(3.72 35351 %038) x 107

A PP M (MeV/c?)

bound state? T MeV/<)

B.R. (constructive interference)

B.R. (destructive interference)

1870.2 t32+23

+7.1+2.1
13.0 —-5.5-38

(2.03 Z5:13 Z570) X 1077

(1.57 2509 Zo86) X 107°
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arXiv:1
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o
o
o
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logL =630540.3

Significance of X(1870)
is larger than 7o

X(1920) is not significant


http://arxiv.org/abs/1603.09653
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Anomalous line shape of n'n*m near pp ’
mass threshold in ] /{—»yn'ntn

* A significant distortion of the n'm*n line shape near the pp mass threshold is
observed in ] /y—-yn'mrT

« Simple Breit-Wigner function fails in describing the line shape near the pp mass threshold

e Two models have been used

 MODEL I: threshold structure due to the opening of the pp decay mode
* Use the Flatté formula
« Strong pp coupling, with significance larger than 7¢
* M, =1909.5 71237975 MeV/c?
* Toge=273.573147810 MeV/c?
* MODEL II: interference between two resonances
* Use coherent sum of two Breit-Wigner amplitudes
* A narrow resonance below the pp mass threshold, with significance larger than 7¢
- M=1870.2 ¥33 123 MeV/(?
- I'=13.0171 %21 Mev/c?
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Anomalous line shape of n't*m near pp
mass threshold in ] /{y—->yn'mtHm

* Both models fit the data well with almost equally good quality
* 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
e More ]/ data

e Study line shapes in other decay modes

* J/y—=ypp
* J/Y—-vKsKn

Light Meson Spectroscopy at BESIII
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Structures around 1.8 GeV/c?

(MeV/c?)

Width

300
250
200
1 50
100

50
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18

'lIJJ.|‘-IIIIlIJII|IIII|HI

3)
O JP¢ of X(1840)
and X(1870):

PWA

O Search and study
those states in
more channels

3001
T T T T I T T T T T T ~ +
- | T b J/-y3(T)
B } 3 Pliys. Rev. D 88, 091502(R) (
I 1 o —
— — = 150
B +— - 2k
B i & 100
- i >
I I N B 50
I I zfn_w)ass threshold ] L ST AT e
- ¢ PP _] M(3(n*1)) (GeV/c?)
- || —F X(1835)>nnmBESIN 09| -
- | ——x(1835)— KK’y .
- | —— X(1870)nr'w BESII 09| — igg 3]
B + i | —— X(1840) i “g 00F 0
B i —4—"X(1835) Flatte pole i o0 f A M
N 1| —¥— X(1835)—n'n*n BESII 12| ] SI0F | § W
- . | —— X(1870)>nm'n BESII 12 3 Y0F
C o L 2l '
L1 1 | () (| L1t (I (I (I L 11 (| (| D 2 —‘_‘
00 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000 Iﬁhy.j \ Lett. 107)1820{1 (2011)
Mass (MeV/c?) of >
T4 16 185 20 22
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Glueball

* 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?
e 0t ground state: 2.3~2.6 GeV/c?

* J/U—->yPRyVYV, ...
* J/Y—yNN  Phys. Rev. D. 87, 092009 (2013)

Light Meson Spectroscopy at BESIII
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Model Independent PWA of ] /{P—yrOmd

 Use 1.3x10°]J/y events collected by BESIIT
in 2009 and 2012

» TV11Y system
* Only significant 0** and 2** contributions
Very clean

Larger statistics and more open channels than 0 g
the nn system 1

Many broad and overlapping resonances Mass(x39) (GoVic)
(parameterization challenging)

Model independent PWA (MIPWA) v' More than 440,000 reconstructed events
v Background level ~ 1.8%

3
L1l

Exclusive MC
Signal
Misreconsirucled background

Other Backgrounds

IIIIII| IIIIIHIl IIHII|T1

Events / 15 MeV/c?

20

[+
Relative Size (to data maximum)

Phys. Rev. D 92, 052003 (2015)
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Model Independent PWA of | /Y—yrOrd

Events / 15 MeV/c? Events /15 MeVic?

Events [ 15 MeV/c?

Extracted Intensity
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Nominal Solution
* Ambiguous Solution

v’ A piecewise function

that describes the
dynamics of the mom®
system is determined as
a function of M(m’n?)

Significant features of
the scalar spectrum

includes structures near
1.5, 1.7 and 2.0 GeV/c?

v Ambiguities present

above KK threshold

Phys. Rev. D 92, 052003 (2015)

Light Meson Spectroscopy at BESIII



PWA of | /U—-vdo

 Lattice QCD predictions:

* Ground state of 2** glueball in 2.3 ~2.4 GeV/c?
* Ground state of 0~ glueball in 2.3~2.6 GeV/c?

 Structures in ¢ spectrum:
* Pseudoscalar state n(2225) was observed in J/y—-ydd
 For higher 0-* mass states above 2 GeV/c?, very little is

known.

* Broad 2** structures decaying to ¢ were reported
around 2.3 GeV in N reactions and in pp central

collisions

Light Meson Spectroscopy at BESIII
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PWA of | /U—-vdo

« Use 1.3%x10° ]/ 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

““; BESIII preliminary “"; 4 BESIII preliminary I T(:J‘ESUG:— e, MC

>1.1 FEmsmEm L 4 1150 2000t | .~ data

3 IPTCINC i EQDOD_— .on okg ,
8 = E 100 ™ ; .
13 £ 81000, '

. = 10 o« = - .
t%‘l +0 ".;_! 3 % 50 E g -il._:_- L .:5.: 1
E I I - 500- ' P ..*-u-" '

. | BESII preliminary X
i i 1 ! 0 0'.: T "h
1 105 11 1.15 3 4 2 22 24 26 28 3

(@) M(K'K) (GeV/c?)

M(y9) (GeVZ/c?)

(c)
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http://arxiv.org/abs/1602.01523

PWA of | /U—-vdo

n:-"..’ —— Data-bkg
22000 N —— MC projection
(=}

N
3
-=1000}
=
[ ¥3n,, =1.09
%22 24 26
(a) M(d0) (GeVic?)

¥2ng, =1.55

005 0 05 1

(d) cosG(K:)
Pesudoscalar:

n(2225) confirmed
n(2100) and X(2500)

Dominant

S 3000F
O L
g I
22000}
= i
E i
1000}
r ¥2n, =0.71
0 Il 1 1
1 05 0 05 1
(b) cosf(y)
N
£ 2000
=
uJ |
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5 _
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e
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-1 -0.5 0 0.5 1
(c) cosb(o)
N02500 N . ﬂ:mudel independent
> g o O et meepenent
20000, T
81 500 :’ # Ei‘;{"" 2" model dependent
B 3‘1 :*:),:
21 000p ¥ **ww.‘_’:k
= r o .
u 500; W
0 L *;.:‘!IF;*\"‘-""- it -r'.-.'-.I"'h: Pvtad
2 2.2 2.4 2.6
(f) M(00) (GeVic?)

Resonance M(MeV/c?) I'(MeV/c?)  B.F.(x107%) Sig.
n(2225) 221671010 18571371 (2.40 £ 0.10771%) 2810
n(2100)  2050720+1T 250730 +157 (330 + 0.09101%) 21.50
X(2500) 2470715755 230755758 (0.17 £0.02F00%) 880
fo(2100) 2102 211 (0.43 £ 0.047973) 24.20
f2(2010) 2011 202 (0.35 + 0.05703%) 9.50
f2(2300) 2297 149 (0.44 £ 0.071092) 6.40
f2(2340) 2339 319 (1.91 £ 0.077072) 10.70
0~" PHSP (2.74 £ 0.151055) 6.80
arXiv:1602.01523

v" Well consistent with the results
from Model-independent PWA

£,(2010), £,(2300), f,(2340): stated in Tp

reaction; strong f,(2340) production.
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v" Helpful for mapping out the
pseudoscalar excitations and
searching for a 0-* glueball
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Summary

* Many interesting results in light meson spectroscopy from BESIII

* Observation of X(1835) in ]J/P—>yKKn
* JPCof X(1835) is determined: 0-*

 Observation of anomalous ' line shape near pp mass threshold in
J/y—yn't
 Support the existence of a pp bound state or molecule-like state
 Sophisticated model independent partial wave analysis of | /{r—ymn®

 Partial wave analysis of | /Y=ydd
* More results are expected in the future!

Thank yow!
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