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Beumg

Electron Positron Colllder II (BEPC II),
‘_, .p 54.« 33 ..J_" 1-4 A

Storage ring ~240m %

2004: started BEPCII/BESIII construction
% v Double rmgs

2 \/ Designed lummosuy 1x10%? em-2s!
>, 2008: test run
"4 2009 — today: BESIII physics runs



BESHI BESIII Detector

Superconducting solenoid (1T)

Nucl. Instr. Meth. A614, 345 (2010)
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8 layers (end caps) + 9 layers (barrel)

RPC Muon Detector

AQ/4 =93%

Electromagnetic Csl(Tl ) Calorimeter
o,/[E<2.5% @ 1 GeV (barrel)
o,/E<5% @ 1GeV (end caps)

o,, = (6 mm)/EY2 @ 1 GeV

Time of Flight

o,=90 ps (barrel)
o, =120 ps (end caps)

o

Drift Chamber
i = 130 um (single wire)
0,/P,=0.5% @ 1 GeV
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BESIII Collaboration
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BESIII Physics

» Charmonium(like) physics
« XYZ

» Spectroscopy

 Transitions and decays

» Light hadron physics 1.3x10° |/
« Mesons and baryons spectroscopy <
« Glueballs and hybrids 4.5x108 ¢

 Electromagnetic form factors

« Two-photon physics

» Open charm physics

(semi) leptonic and hadronic decays
Form factors

CKM matrix: Vcd Vcs

DO0-DO0bar mixing and CP violation
Rare/forbidden decays

» QCD and t physics

* Precise R value measurement
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Highlights of meson spectroscopy at BESII|
v' X(1877) states
v'n(1405)
v'Y(2175)
vi,” & f,” excited states
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Events/ (0.01 GeV/c?)

X(1860) in PWA of J/Y—>ypp

_now called X(pp) PRL 108,112003(2012)
Strong enhancement first observed at BESII

[PRL 91,022001(2003)] and confirmed by

BESTT  —3om |

CLEO-c [PRD82,092002(2012)] ; ;3- 233 :f“ﬁ;(fﬁ,?

PWA was firstly performed at BESIII; S 400 :

Significance of the X(pp) component > 300, § 300

>5¢ for the other components ; = 200

The 0+ assignment is better that other JP¢; 8 100 fF - Swwe ..

M=1832+19 (stat)*!8  (syst)£19(mode)MeV/c? ;™ o By i? R FPERT

r<76MeV/c? (90% C.L.); 0.0 0.1 0.2 0.3
No similar structure was observed in J/y—»wpp or J/Y—¢pp; Mpp2mp(GeV/c?)

PRD 87, 112004(2013) arXiv:1512.08197

A s g () J sk 1godpp (D)

60 | ron-aconart convbuion £ sof. -~ Background ] Ew :

50 F o sacmand tea 3w P S poKHK :

40 & 1o ] Gmf e 3

30 055 E [ < i E

20 £ 3 T 3

AR L) N T RN B

O o005 01 o015 02 *800 0.05 oo 0.05 010

_ 5 M,;-2m,, (GeVic?) M, -2, (GeVic?)
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X(1835) in J/Y—>yntmn

PRL 106, 072002 (2011) _
———— 7 ° X(1835) was first observed at BES, and then
500 EBESIT two news! confirmed at BESII [PRL95,262001(2005)];
RS : * Significance of the X(1835) is >200;
> 400 - X(1835) * JPCisassigned tobe 0 ;
Q 300 5 * Two additional structures observed at BESIII;
g . * Nature of X(2120)/X(2370): pseudoscalar
= - lueball ? n/n’ excited states?
%200f1(1510) g nnT1T1
5 - : 5000 |
LE 100 - .
- e . 4000 |
0 T L ] L | L | .
14 1.6 1.8 2.0 22 24 2.6 2.8 < 3000f
MmN ) GeV/c?) S '
Z 2000 -
-u =
Resonance M(MeV/c?) I'(MeV/c?) Nevent 1000 — 1+c¢ 0529
£1(1510) 15227 +50 48+ 11 230 +37 >5.7¢ - | | . A
X(1835) 1836530 190190 4265 131 >206 ©0 02 .04 06 08 10
X(2120) 2122467 8316 647 103 >7.2¢ J\msm
X(2370) 2376387  83*17 565 =105  >6.4¢ —
the angular distribution of the
radiative photon is consistent
with expectations for
pseudoscalar 0-;
2016/2/17 FAIRNESS2016 9



X(1835) in PWA of J/Y—yK2K%

PRL 115, 091803 (2015)

I e L L L B N A BB L B AP L B BN RUBLIS
~ 80_(3) Xf" -140 E N, 355 (b) X*Ipp =095 o 120F (c) Xy, =1.72 4
(4] —+ ata A o 1 0O -
S 70; — MC projection S 30¢ BESM 1 S 100l
0 6ok mmBackground 3§ @ _ 1 ' 'F
I - X(1835) 1 O 25 10 .
3 — X(1560) ENNYEI: | i
S 505 Phase space g 20 [l 1] S i
S 40} S | [l | © 60}
Su 3¢S S <=
c 20: ] 'E 101 Ak T, | & i
g 19 el 8 T
W 10} I SN i 20
0 L . i 0‘.|" ii 1] WY q F . ot e, ]
1.6 18 20 22 24 26 28 0.98 1.00 1.02 1.04 1.06 1.08 1.10 0 12 14 1.6 18 20
ke, (GeV/c?) M, o0 (GeV/c?) M. (GeV/c?)
KsKgn shs |

> PWA of events with M(K2K2)<1.1GeV/c2 and M(K2Kn)<2.8GeV/c? ;

» Final fit results:

* the data can be best described with three components: X(1835) —f,(980)n,
X(1560)—f,(980)n, and a non-resonant f,(980)n component ;

o JPC of X(1835), X(1560), and non-resonant component are all found to be 0 ;

M = 1844 + 19 (stat) 716, (syst) MeV/c? T = 192 720 _(stat) 72 ,(syst) MeV (>12.90)
BR = (3.31 703 j(stat) *190, ,o(syst)) x 10

M = 1565 + 8 (stat) "0 . (syst) MeV/c? T =454 (stat) 7!, (syst) MeV (>8.90)

 Consistent with the X(1835) observed in J/y—yrn*nn’;

2016/2/17 FAIRNESS2016 10



X(1870) in J/Y—onntm

PRL 107, 182001 (2011) X(1870)

* First observation of J/ywy—®X(1870)

and X(1870)— ag (980)n¥ with the 000 F
significance 7.20; 800
* JPCis unknown; T:g 700
* M=1877.3+6.3(stat)*34 ; ,(syst) MeV/c?Z 600
* I'=574+12(stat)**®, (syst) MeV/c?; E 500
* f,(1285) and n(1405) are also observed 7; 400
with significances >10o; § 300
= 200

* the product branching fractions for
X(1870), f,(1285) and n(1405) are 100
measured for the first time.

1.6

'r'|'.r[+1t

éf(12\/J n(1405 :

......

1.8 2.0 2.2

(GeV/c?)

Resonance Mass (MeV/c*) Width MeV/c) — B(10™)  \Whether the resonant structure of
£1(1285) 12851 £ 10748 220+3.1%20 125+0.10700 X(1870) is due to the X(1835) , the

n(1405) 13998 222757 5287656 189+0215%% 1,(1870), an interference of both, or a
X(1870) 1877.3%63% ST+127Y 150*026%% new resonance still needs further study!

2016/2/17 FAIRNESS2016
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X(1810) in PWA of J/U—ynd

PRD 87, 032008(2013)
2501 | —— Data
o Projection (a)
T 200F " ooy
. . "5. - i I ............. f_2(1950}
* Jy—ymd is double OZI suppressed; o of |1~
* The X(1810) is first observed by PWA at g E |5 L T Background.
BESII [PRL 96, 162002 (2006) | ; oS 100'_ Lo, B‘ES]]I
* X(1810) observed and confirmed at 5 [ L
BESIII with the significance >300; i .
* the JPC of the X(1810) is 0**; ]
* The enhancement is not compatible with 0 '
either the X(1835) or the X(pp) due to the 2 . _%5 , S
different masses and spin-parity. MK K n'nn")(GeVic')
Resonance Jre M(MeV/c?) I'(MeV/c?) Events AS Andf Significance
X(1810) 0 " 1795 £ 7 95 £ 10 1319 £ 52 783 4 =300
f>(1950) 27T 1944 472 665 = 40 211 2 2040
fo(2020) 0" 1992 442 715 =45 100 2 13.9a
7(2225) 0" 2226 185 70 = 30 23 2 6.4
Coherent nonresonant component 0" . s 319 £ 24 45 2 9.1

2016/2/17
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X(1840) in J/Y—-y3(mt)

PRD 88, 091502 (2013)
SUDIIIIIIIIIIIIIIIIIIIIII

* Astructure at 1.84GeV/c? is
observed in the mass
spectrum 3(z*w’) with a
significance of 7.60;

* JPCisunknown;

° M=1842.244.2*"1,  MeV/c?;
I'=83+14+11 MeV/c?;

Mo
o
o

P
o
o

EVENTS/(10 MeV/c?)
o o
o o

%))
o

o

16 17 18 19 2 2.1
M(3(r*r)) (GeV/c?)

B(J/¢ — yX(1840)) X B(X(1840) — 3(m* 7)) = (2.44 = 0.36705%) x 1073

v" The mass is consistent with that of X(1835), but the width
Is significantly different from either of them, and much
smaller than I'y;g55 =190.149.07° 30 MeV/c? ;

v" We cannot determine whether X(1840) is a new state or a
new decay modes of existing X(1835);

2016/2/17 FAIRNESS2016 13
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Comparison of X(187??) at BESIII

Width (MeV)

2

2

—h
(8)]
o

1

50

00

00

50

% X(1840): J? unknown, J/Y->y3(rt*rc), PRD88,091502;
C X(1870): J? unknown, J/Y->wnn*n, PRL107, 182001;
A X(1835): )P =0, J/W->yr*ren’, PRL106, 072002 ;

® X(pp):J° =0, J/Y->ypp , PRL108,112003;

+ X(1810): J = 0*, J/Y->ywe , PRD 87, 032008;

'

1800 1850 1900 1950
Mass (MeV/c?)

BESTI +

|

X(18?7?) are near proton-antiproton threshold:

The X(1810) is not compatible with either the X(1835)
or the X(pp) due to the different masses and J°¢ ;
X(pp) may be the tail of X(1835);

X(1840) is in agreement with X(1835) and X(pp), while
its width is significantly different;

More studies are needed to confirm:
FAIRNESS2016 14



n(1405) in J/U->V3 T

n(1405)-a,n
¢ r|(1440){ n(1475)-K* K

® One or two resonances?

K(K) T
11(1440) _
KK)

K(K *<
o f,(980) 7t

Triangle Singularity (TS)

one n(1440) is enough to

PRL 108, 182001 (2012)

B e
% 20 (a) Q sof (b):
2 200 A E
BEST-
S s ¥F oni
% 100 % o fo(980) >
@ < - ]
3 50 ‘ o R4 : :
YR R 7% 18
M(f (980))(GeV/c?) M(f (980)r%)(GeV/c?)

The isospin violated decay n(1405)—1f,(980)a?° is
observed for the first time with a significance >100.

%/| Large isospin breaking!

BR(17(1405) — f,(980)z°) _
BR(17(1405) — a,(980)7)

describe the experimen'fd| Resonance M(MeV/c?)  T(MeV/é) Branching ratios

data ! n(1405)(7* 7~ 7°) 14090+ 17  483+52 (150 +0.11+0.11) X 1073

J.J.Wu et al, PRL 108, 081803(2012) | y(1405)("7"7") 1407035  550%110 (7.10 £0.82 = 0.72) X 1076
2016/2/17 FAIRNESS2016 15



Y(%175) in J/Y->¢nrire

also called ¢(2170)) PRD 91,052017 (2015)

* First observed by Babar [PRD 74, 091103(2006)] 200 SO erounts ﬂ BES]]I
and confirmed by Belle [PRD 80,031101(2009)] <G :ﬂ | H _
and BESII [PRL 100102003 (2008)] ; S 140 »IM{{
* Clear ,(980) signal at BESIII; o 1200 o 1 ! w \
* Observation of the Y(2175) resonance with ] 1:3 #ﬁwi * "
significance >100; g 60 ’ MMP
* The interference between Y(2175) and direct 20 *f Y,
three-body decay is 2.5¢; 0 e
T M) (GeVic)
Collaboration Process M (MeV/c?) [ (MeV)
ete = 4 140 | +-. backgrounds
BESI ] wowho  asnse  genen o FBEOIL o S
BELLE [4] ee = §f, (SR) 2079+ 1347 92:3% G f
BABAR (updated) [5] ete = f, (ISR) 2072+ 1048 96+19+12 3 100f
BESIII Iy = 1 f(980) 2200+ 645 10415415 g N:
s-quark counterpart of the Y (4260)? % I
ss -gluon hybrid? Or excited ¢ state? Tetraquark @
state? AA bound state? Ordinary ¢f,(980) resonance “I
produced by interactions between the final state R T T R T VR T

. M(o f (980))(GeV/c?)
particles?
2016/2/17 FAIRNESS2016 16



f,” & f,” states in PWA of J/{y->ynn

PRD 87, 092009 (2013
PRD87,092009(2083) ' «§(1710) and f,(2100) are
r ] 180¢ E -
wor 3 BESIT 100k tf. 1  dominant scalars
§150:— N 4 120 E
S x2/Npin=2.14 E100 E
o, F 1 c E .
2 ] @ 1 = f,(1500) exists (8.20)
E 50 - 40F 3
C 20f
0TS %0 T 25 30 90 o5 00 05 10 ° fZ,(ISZS) is the dominant tensor
(a) M, (GeV/c?) (b) coso,
90‘05"''|""|""|""E 700_""|""""|""|' T T
§$ S * f,(1810) and f,(2340) exist (6.4
8000k and 7.6c)
Zioct
300F
200F .
ook * No evidence for f,(2220)
9%
Resonance Mass (MeV/c?) Width (MeV/c?) B/ — yX — ynn) Significance
fo(1500) 146871377 136235700 (L65Z3377750) x 107 8.20
fo(1710) 1759 = 612 172 + 10532 (2355013743 x 1074 25.00
f0(2100) 2081 * 1372 2731214700 (1.1320:997064) x 107 13.90
f5(1525) 1513 =579, 75712718 (3427087137 X 1073 1.0
f2(1810) 1822729+ 220+2+88, (5.4070:897343) X 1073 6.4
f2(2340) 23627311140 334182716 (5.6070:627337) X 1073 7.60
201672717 FATRNESS2016 T7



f,” & f,” states in PWA of J/{->yn’n®

PRD 92, 052003(2015)

(a) 0+ i .
g 12000 :° 1 .;'-;" 3
.6 t ety i 1)
& ::=I {1k “

0.5 1 1.5 2 25 3

Mas.s(rr“nn) [GeVic?]

(b) 2+ E1 B

1
:
IIII|IIII|IIII|IIII|IIII|IIII

t
Y.
o o,

 F] Bl g

u Do %E?’“!db.of it

o N ettt "ﬁi‘?‘??..""?ip-?.'._. a8 .ﬁ | T
1 1.5 2 25

Mas.s(:rﬂnu) [GeV/c?]

bt
in|

R i, Nominal solutions BESTI
z 2 . .
2 "o . ' Ambigous solutions

LT

—— I S LT
05 1 1.5 2 25 3
Mass(n®n®) [GeVic?]

L of- @27E3 .
2 a0 :
o 2500

CLPPCIN SO Lo P T UL LYY '-". Gt LA 1N/ LT = o5 --r LI A +1’ A7 e Vol T i
0.5 1 15 2 25 3
Mass(nn?) [GeV/c?]
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Model-independent PWA,;
Provide a description of the
scalar and tensor components
of the a#Y system;

0**: 6(f,(500)), f,(1370),
f,(1500), f,(1710), and f,(2020);

2**: dominant by f,(1270);

18



Highlights of baryon spectroscopy at BESIII

v'N™ excited states
v E" excited states

2016/2/17 FAIRNESS2016 19



N* baryon in PWA of { —»ppn®

PRL 110, 022001 (2013)
mfFE p T L B =
e N{14400)
— N{1520) BESIII
N(1535)
o 1) ---= N{16501)
%
=
g 100
b
=
= -
-— o Ly
50 P
B 23T ]
0
1.5 20 15
M, {GeVie')
w L
e N(940)
— N{1720)
N{2300)
-:E L0 - N{25T0)
=
=
=
E 100
o
E
4
] e e
S0 =40 7T e

[\
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2.0 2.5
M, GeVie?)

* |Inthis PWA, 7 N* intermediate

resonances are observed;
* Two new baryonic excited states N(2300)

(% +) and N(2570) (g —) are observed;

* No clear evidence for N(1885) or N(2065)
has been found;

Resonance M(MeV/c?) TI'(MeV/c?) AS ANy, Sig.
N(1440) 1390721730 3407871% 725 4 1l5e
N(1520) 15105353 11573979, 198 6 5.00
N(1535) 15357971 12003079, 494 4 93¢
N(1650) 16507371 15012174 821 4 1220
N(1720) 1700730732 450794149 556 6  9.60
N(2300)  23007%0+109  34030+110 1207 4 1500
N(2570) 2570713734 2507147%% 789 6 1170
FAIRNESS2016 20



Events/(10 MeV/c?)

ey K

=]
et
PRD 91, 092006 (2015)
oF  E(1690) SII-
: =(1820)" ]
20 J ]
L |
10 1= BFss

=2(1690) and E(1820) are confirmed,;
Mass and width consistent with PDG;

M(K A) (GeV/c?h)

First observation in charmonium

decay;

2016/2/17

in -KAZ*+c.c & YK'AE++c.c

1 * Evidence for E(1690) were found firstly

in Kp reactions [PLB 80, 145 (1978)] ,
and BARBAR recently assigned JP= (%)‘
[PRD 78, 034008 (2008)] ;

1 * Clear evidence for £(1820) observed in

KA mass spectrum [PLB 62, 477 (1976)] ;

¢l o =(1690) and E(1820) well established, but
: need further investigation;

£(1690)" 2(1820)"
M(MEV/CQ) 1687.7£3.8 £ 1.0 1826.7£55+ 1.6
I'(MeV) 27.1 +10.0+2.7 544+ 157+42
Event yields 744 +21.2 136.2 + 334
Significance(o) 49 6.2
Efficiency(%) 32.8 26.1
B(]O‘(’) 521 £148+£057 1203+294+1.22
Moppg(MeV/c?) 1690 + 10 182345
Tppg(MeV) <30 24712

FAIRNESS2016

21



Summary & Perspective

» Based on the largest data sets of J/y, w(3686) collected at BESIII, the
recent progresses in the light hadron spectroscopy are presented,;

v’ X(18??) states: X(p®d), X(1835), X(1870), X(1810), X(1840);

v’ 11(1405) : n(1405)—1,(980)x° , isospin violated;

v Y(2175) : confirm Y (2175), significance >10e;

v " & f," states: f,(1500), f,(1710), f,(2100), f,(2020); f,(1270),
f,’(1525), £,(1810), f,(2340);

v N*: N(1440), N(1520), N(1535), N(1650), N(1720);
two new: N(2300), N(2570);

v E": E(1690) and £(1820) are confirmed in charmonium decay ;

» BESIII provides the opportunity to make very precise studies of J/y,
v (3686) decay, J/y, y(3686) is excellent laboratory to study light
hadron spectroscopy;

» With the high statistics data accumulated at the BESIII, more
Interesting results are expected to be coming soon! '

2016/2/17 FAIRNESS2016



