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Beijing Electron Positron Collider (BEPC)

—
beam energy: 1.0-2.3 GeV

% 2004: started BEPCII upgrade,
> BESIII construction
s 2008: test run
ae®,| 2009 - now: BESIII physics run
<_* + 1989-2004 (BEPC):
b% L .., =1.0x10%! /cm?s
P2 . 2009-now (BEPCII): X 100

L= 1 x10%/cm?s

i BESII
\ detector




R(s) = o(e"e™ = hadrons s} ofe"e = T o

Features of the BEPC Energy Region

Rich of resonances: charmonia and charmed mesons
Threshold characteristics (pairs of T, D, D, ...)

Transition between smooth and resonances, perturbative
and non-perturbative QCD

Energy location of the gluonic excitations and multi-quark
states
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BESIII data samples

)y . |[ 4040 4420
{ 1.3x1 OEJ &05"10 ‘LOSfbl L 1fpt
it 18] ]

- BES98 PRL 84(2000)594 )
- BES99 PRLS88(2002)101 802
. NYy'S 11=
- GammaZ?z
= pluto 2.9 fb!

4230+4260
1.9 fb?

rAAME ’TF |
~130 pomts for R Scan (~1 3 fb) —>l

FW% ﬂ W ‘

= 5
Ecm (GeV)

World largest J/vy, y(2S), v(3770), Y(4260), ...

produced directly from e*e" collision



Hadron spectrum

Mesons/Baryons g &

|MOIecules/MuIt|quarks Cg & :—g :—Q-:
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« Not unambiguously established yet R4

Continuous efforts in
experiment and theory

— e o o o o o

e Hadron spectroscopy is a key tool to investigate QCD

- testing QCD in the confinement regime
- providing insights into the fundamental degrees of freedom
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Light meson spectroscopy

® X(ppbar) and X(1835)

€ 1(1405)

€ PWA of J/Y-y oo

€ PWA of J/Y-Dynn

€ MIPWA of J /Y - yrn®

B PWAof y,, o nmim~



Charmonium decays provides an ideal hunting ground
for light glueballs and hybrids

qq Mesons Each box corresponds
to 4 nonets (2 for L=0)
(a) (b)
2-+ @
25 I_I 0-+ E hadrons hadrons
D++ 2+ g -
%I D . \\% 99 qqg
2.0 | FHF o |1 _
i c 1-+ «—— exotic (c)
i S (d)
=3 1+- nonets
i D o 1++ hadrons hadrons
CE] ¥ .
L5118 0+- Lattice _ o
5 o+ | 1+1.9GeV «“ %
O++ . 4 e > N " . 9
1.0 M(J/1) = 4G) ~ 0(aa?), T (J/tb = vH) ~ O(aa?),
0++ 1.6 GeV

F(J/¢Y = yM) ~ O(a (Ll:f:]. F(J/¢Y = ~F) ~ O(a (',If)

€ “Gluon-rich” process
€ Clean high statistics data samples from e+e- production
& 1(JPC) filter in strong decays of charmonium



700
_ >
Ji — & 000K
PWA of J /1 — ypp * )
Phys. Rev. Lett. 108, 112003 (2012) g 400
2 300}
g

* The fit with a BW and S-wave FSI (1=0)

factor can well describe pp mass threshold T e z “""‘“""""j"j'--';-‘_
structure. 8.0 0 1 0 2 0.3
* Itis much better than that without FSI M 2mp(GeV/C )

effect (A2InL = 5, 7.10)
» Different FSI models 2 Model dependent
uncertainty

__ B —rX(pp))
B(J/y—yX(pp))

=(5.08" (stat) ;= (syst)+0.12(mod))%

Spin parity, mass, width and branching ratio:
JP¢ = 0=", > 6.80 better than other JP¢assignments,
M= 1832“9(315(115)+ 8(sys) + 19(model)MeV /c?,
I'=13 + 39(stat +10(sys) + 4(model)MeV /c?, I'<76MeV/c?(90% CL),

B(J/Y - yX)B(X - pp) = ( 0124 (stat)* 13 (sys) + 2.3(m0del)) % 107>



In J/Y hadronic decays

BESIII, Phys. Rev. D87, 112004 (2013)

Study of J/wy—2>wpp and J/y—->Ppp may _ 225M )/
shed further light on the nature of X(pp) B S BESTH /
2 ?0 ;_ . ;;’:?.Eljfw—}w
JIy->wpp g ooF L"Qﬁ'i%‘ﬁﬂﬂ”.fff"ﬁ}”“""
- 50 __ w sideband data
B(J/y > wX(pp) > wpp) S a0 f + ﬂi
<3.7x10 (95% CL) 2 wf | i%f—' ﬁ}
>10x suppressed compared it fg er '
to Jiy >vX(pp)>vpP %0 005 o1 o155 o2

M(pp)-2m, (GeV/c?)
BESIII Phys. Rev. D 93, 052010 (2016)
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X(1835)

Phys. Rev. Lett.95,262001 (2005)
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* Discovered by BESII in J/y->yn'mt'ic
* Confirmed by BESIII in J/y->yn'mtne

Events/(0.02GeV/c?)

v M

= 1836.5 + 3.015% MeV/?

v' T =190 + 9738 MeV/(?

v" Angular distribution is consistent with 0
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Phys. Rev. Lett. 106, 072002 (2011)
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Observation

oo (GEV/C?)

Events / 0.02 GeV/c?

»1.6F

and Spin-Parity Determination of the X (1835) in J/v¢ — ’ng.Kgn

Phys.Rev.Lett. 115 091803(2015)
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1.2F

1.0kt I:'--.I....I’..;-I':i: 0
1.6 1.8 2.0 2.2 24 2.6 2.8 3.0

The structure around 1.85 GeV/c? in the K;K¢n
mass spectrum is strongly correlated to f,(980)

1.0 1.2 14 1.6 1.8 2.0 2.2 2.4

2
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Myogo, (GeV/c?)
80-_I"I 'I"'I"'I"'__
= (a) i, =140 3
705 —+ Data e
a — MC projection ;
60L Il Background
. --- X(1835) ]
50F — - X(1560) =
- Phase space
40F
30; E
20¢ .
104 E

0%

K° Ken

(GeV/c?)

3 M=1844+9(stat)’5
1 Consistent with X(1835) observed in J/Y = ymt'itn

Partial Wave Analysis for M(K.K,)<1.1 GeV/c?

* X(1835)->K K¢n (the K (K¢ system is dominantly produced
through the f,(980))

JIPC=0*, (> 12.9 0)

+16 +20 +62

5 (syst) MeV/c?, I=192777 43 MeV,

B(/d->yX(1835)*B(X(1835)>K.K.n)=(3.317 035 *% 98)*10°

1+ X(1560) > f,(980)n: JP¢=0", (> 8.9 o)

+0 +14 +21

2 ; - ] M=1565+81¢3 MeV/c?, =453 753 MeV
16 1 8 2.0 2 2 2 4 2.6 2.8 consistent with those of n(1405) / n(1475) within 2.0 o

12
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Any relations?

What is the role of the ppbar threshold (and

other thresholds)?

Patterns in the production and decay modes
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New: connection Is emerging

PRL 117, 042002 (2016)

BT O L
N§35OD B Background 4
3000 L e threshold
* Use 1.09%10° J/Y events collected by S TR
) g
BESIII in 2012 S
1500
e Two decay modes of n’ Si000
VAN -
’ 0 14 16 18 2 22 24 26 28 3
— N'2NIUI, NDvy R ... N—
; [ [ [ [ I II E
* Clear peaks of X(1835), X(2120), X(2370),  rn; i M-SR
N3) - ; .
n. and a structure near 2.6 GeV/c? ;EZE - heor ]
- : : : : : z
 Asignificant distortion of the n'm*n line  Sw Yo iy Aoy
— % 600 ok "i." ¥ ‘l'iil b ]
shape near the pp mass threshold SE T T
w r
200F

054 16 18 2 22 24 26 28 3
Mr'r] (GeVic)
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Anomalous line shape of n'mt*rn near pp mass threshold: connection between

X(1835) and X(pp)
X(1835) observed in J/y-»yn'n X(pp) observed in J/y—-ypp
Phys. Rev. Lett. 106, 072002 (2011) gﬁt 1‘;? é;iggg ggi;;
~ 00 ' (®) 700 — '
2 C ] —_
3 OF f x(1835) Jo=0-* X(pp) JFe=0-* Lo
300 F @ 3
s M= 1844 + 9*1¢ MeV/c? M= 18327118 + 19 MeV/c2 & 400
z ¢ ‘ S 300 !
g : # et I' =13+ 19 MeV/c? S ;
o 5 e S — +20+62 2 - B 200F
G l0p ML | T=192707°43 MeV/c (<76 MeV/cZ@90%CL) 5 j0of .
14 16 18 20 22 24 26 28 | S ' :
MPF—Zmp(GeV/c )
25007|\||\|\\‘|\|||\||||||\\l\‘\\l\lll\\ll\lll\l . . . ZEYOO_I\II‘\I\\‘I\Ill\l\l‘lll\lll\‘I\I\l\l\\ll\lll\l_

L e | 4 | ] = Giopal Fi ] COHHGCtlon 15 emerglng o | | ] igfﬁia. Fit 1

I N /L A — fi(1 J A - £(1510) —
“Em?“w [ s PRL 117, 042002 (2016) T 2””“‘“/‘\~ -
> [ W o RGeS | > ™ \t@ﬁ =S ]
= 1500 | 0k 4 -~ pp threshold | < 1500 ] 4 ppthreshold |
o |I 1L$ 1ID 1!5! : 9 IIB 1‘ 1'9 1{95 ]
T w Model 1: Model 2: = .
21 i ! Flatte lineshape Coherent sum of X(1835) £ ™
0 S | with strong coupling to pp Breit-Wigner and one 0
500 and one additional, additional, narrow Breit- ' 50

narrow Breit-Wigner at  Wigner at ~1870 MeV/c?
0 v ~1920 MeV/c?
13 14 15 16 1.7 18 19 2 21 22

01.3 14 15 16 1.7 18 19 2 21 22
M[m'n] (GeV/c?) M[nm'n] (GeV/c?)

The anomalous line shape can be modeled two models with equally good fit quality.

 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 "



Low lying glueballs have ordinary quantum number
Glueballs f hed LQCD
ueballs from Quenched1Q 0*(1.5~1.7 GeV), 2**(2.3~2.4 GeV),
. 0*(2.3~2.6 GeV)
mixing with qgbar mesons
4
* 8 Large Br in ]/ radiative decays
) =
Systematic exp. studies are required:
! —>Over-population
i Phys. Rev. D73, 014516 . Map out the resonances
o - Production patterns
Phys. Rev. Lett. 110, 021601 J/W -y /w/¢d+X
Pl =6, )__ | pl E,Of = 035@)keV Other experiments: yy processes from Belle2, ...
27 My, —> Decay patterns
/T tot=0.33(7)/93.2=3.8(9)x10~° “flavor blind”, “chiral suppression”,
Phys. Rev. Lett. 111, 091601 @
[(J/y — G )=1.01Q22)keV
[(J/y— G,)/T, =11(2)x 1072 LQCD and QCD inspired models
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0* : experimental results saturated

[,(600)% 400-1200 600-1000 37y
s fo (1710) /fo(1790) , one or two fz(gsm* 980410 40-100 7. KK, yy .
. . £(1370)% 1200-1500 200-500 1, pp.0o, 7(1300)7, 0y, yn, KK
* Large production rate of f0(2100) ingluon s 1507 5 10947 ng,w.pp.mwomx.a:n.m;,m;’
rich environment ppbar annihilationsand | ... i s A
) L. f(17%0)
J/psi radiative decays fem) 1992 £ 16 42460 g
fo(2100) 210317 206 £ 15 AT, T, ATAT, N, '
f0(2200) 2189+ 13 238 £50 a7, KK, g

2*: complicated situation around 2 GeV

- G M
1“300 | 0 Q o @ @
U SR T

200

100 n J

100 “
= reliew m [010)
NN ! =
e’ . = Kok 4 | ,(1920) | S | £(2230) M
O 4n KK [ G.l.-Sates

0 simple in quark model (n, n’) . Very little known above 2 GeV

i v
°r R
* n(1295) exists? st 7w
« n (1405) /n(1475) ? %4_' Ry X(2120)
° X(18XX) ? s z: n(1475)_. n(1760)
[ n958) @
s X(2370) b W ~ 1(1295)
ol @548
3 2 3 y s 17

n
2.n/n’ #1Regge trajectories [16]



Isospin-violating decay of r|(1405) > fo(980)7c

The long standing E-t puzzle:

PRL 108, 182001

250F (ﬂ)- - °F | tb)_

n(1405)—agm, n(1475)—K* K, overpopulatlon7§ o | ; %5";‘ J{ ;

Anomalously large isospin violation: S 1aof HE\ 1 8. ﬁ \LJ[ :

: _ 5wk 1 §.0 1 ;

Br(n(1405) — fo(980)7" — nt7x—xY) - in 5 100 ,ﬂj-k f}# i - zné H M I

Br(n(1405) — a3(980)7° — nx¥#x0) = (17.9 + 4. 2}‘7 W 5:_ 4_; | +__4+ J:ﬁ# H 1;};_{}_;_.%&%{%
Much larger than a,-f, mixing (PRD 83 032003) M (3801 Gevic?) M 280X GeVIE)

Br(xl—rj‘;,(gﬁﬂ)n—s-:r:rm) 2E T T T T T 1 W

" Br(xa — a,O80)° s qan®)  rOo D T P‘ @1 ¢ | } (b) ]

e | ] ¢ 'J‘ '

f,(980) is extremely narrow: I' = 10 MeV. g'g *} %“ ﬁﬂ*ﬁﬁH + " ]

PDG: I'(f0(980)) = 40~100 MeV. A L I *@hﬂgﬁ

- M(nt?)(GeVlc ?) il 0. M(x“n")(GeVlc ) N

Triangle singularity is proposed
(PRL 108 081803)

An important
dynamical effect of
threshold

K(K) > TT°
N(1440)

T
K(K) *<
f,(980) 71

a,(1420)
PRD 89 054038

S

f"*{][kl }
ay (1260)

18



900
800
700
600f
S00 g
400f

300 e

200; L
100 f o

416 18 20 2
JVL}WJFW— (GeV/CZ)

------
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Events / 20MeV /c?

TABLE I: Summary of measurements of the mass, width
and the product branching fraction of B(J/v¥ — wX) x
B(X — ai(980)7T) x B(ai (980) — nr*) where X repre-
sents f1(1285), n(1405) and X(1870). Here the first errors

are statistical and the second ones are systematic.

Resonance | Mass (MeV/c?) Width (MeV/c?) B (10~%)
f1(1285) [1285.1 £1.07)% 22.0+£3.1727 1.25+0.10101°
n(1405) [1399.8 £2.2737 52.8+7.670% 1.89+0.21773;

X(1870) 18773+ 63737  57+127)7 150+ 0261707

PRL 107, 182001
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S"'Udy Of J / VY — T](I)J'I;"'J'lj_ PRD 91,052017 (2015)

400
» Offer a unique opportunity to investigate the properties [ f(1285) non'n’
350 1 — — non-1/6 backgrounds
of the f1(1285), 1’1(1295), and n(1405)/ﬂ(1475) resonances. i histograms: X(1835)
‘S 300 B - histograms: X(1870)
E 250 |-
» Search for the new production in different J/y decays = , [
for a better understand of X(1835) and X(1870): s ol
) 5
Via the M(nm*m) spectrum recoiling against the ¢ in Jp decays @ 100 |-
50

%1 12 13 14 15 16 17 18 19 2
M(nr*)(GeV/c?)
B= product branching fraction of Jaiy— ¢ Res with Res— nx*n~
v' £,(1285) is observed significantly:

in good agreement with that of PDG.
f,(1285)  1154=%56 22.14+0.09 1.20 £ 0.06 * 0.14

n(1405) 172450 (<345) 19.75+0.12 3.60  (2.01%0.58 % 0.82) x10"' v Asmall structure around 1.4 GeV seems
(<4.45x107) to be present (3.60 for n(1405) ):
It imply the u-d account for more of the quark

X(1835) 394+360 (<1522) 13.85+0.14 110  <2.80
content in the n(1405) than s quark.

X(1870) 2573 (<330) 13.73+0.14 0.80  <6.13x10'

v No evidence of X(1835) and X(1870),
upper limits at 9o% C.L. are set.
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J !y — yop (DOZI)

6
% |
3 4
g -
< |
< o
% -

v by e by ey

% 1 2 3 4

M2(y*r ) (GeV/c?)?

® Confirmed the enhancement observed at BESII

PWA of J /Y - ywd

Event/(0.04GeV/c?)

250

M= 179517+13 . +19(model) MeV/c?,
=95+10+%! ;, +75(model) MeV

Spin-parity is determined to be 0*
® the same asf,(1710)/f,(1790), or a new state ?

PRD 87, 032008(2013)

200
150
100 f

50

| —— Data
—— Projection {ﬂ)
-eme X(1810)
weeens §_0(2020)
e §_2(1950)
—— 1(2225)
— - - Phase-space
L — Background

2 2,
M(K'K t*nn®)(GeV/c?)

3
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O+t

wmmT™ -~ . the most complex and controversial

Mixing scheme

b
of /5
)

C] [w | |
wKTK— - Peak around 1700 MeV/c?2
(OZl rule: nh structure)

Evts/25MeV  Evts/25MeV  Evts/25MeV  Evts/2nMa\/  Evts/30MeV  Evts/?6Ma\/  Eyts/25Mal/

025 05 0.75 1 1.25 15 1.75 2 225
/KK M GeV/c? .
e S R E oK K~ - No peakaround 1700 MeV/c?

@BES2




Evarts /20 Mayic®

Evarts /20 Mayic®
sMERRENERE NN

«BEEEEEELERH

Evanis /20 Mavic®

BEBEEHELREEH

-

&
P

PWA Of]/llj — ynn
(Phys. Rev. D87 092009 (2013))

Evenes /0,03 l'.r'l.',u;'

8

Resonance Mass(MeV /&) Width(MaV/e?) B(J/{ — vX — om) Significance

fol1500)  14pR+ii+id IagHile28 - (Lestl280Ey 10 B2
fol1710)  1750te* 13 172410432 (2ag+lilM) g4 950 o
fol2100)  2081+13+3 oyt IiATl LasilUTESy 10t 130
f2(1525) 1513454 TREIMHIE (3t EiHlET 10 11.0 o
fai1810)  1s20+34ES 2a0+EMHEE (SR B) x 10 6.4 o
f2(2340)  2aepfilvi0 ggqFfIelEE R ppt DAY 2 10 6o d5'(£;' . 1 | = 5 2

~\

Evarts | 20 Ma\/is”
cHEZEEEEBEHE

e N ® Br of f,(1710) and f,(2100) are ~10x

larger than that of f,(1500)
® Possible large overlap with

: I T LQCD predictions of 0+ Glueball:
R A e s 1 e PRL 110 021601 (2013)

Evarts | 20 Ma\/is”
oHEZEEEEREHE

® Strong production of f,(2340)

Eveanis /20 Mavic®

Ewents /20 Me\/is”
oHEnEENEEEEE

AQE‘L—IIEM—W%.., ¥ A : Lty
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Events / 15 MeV/ic®

Events / 15 MeVic?

Ewvents / 15 MeVic?

Model Independent PWA of J/y->yn°n®

Extracted Intensity

Relative Phase

Mass(a"x?) [GeVic]

Phys. Rev. D 92, 052003 (2015)

i
(&) 0" E 2t
=
EE
: § 0
:E
.,;‘: E TE
14 - |
5 g 4 VPR !
. i 1 i ; B
05 1 15 2 25 0s 10 15 20 25 ao
Mass(x’x?) [GeVic’] Mass(?) [GeVic]
C Loy - 7
E § 8 _E I o] L
£ ()2l b E E B °Mwﬁow"aw% [eells o e
= £ A i W IRl
E_ " 4 5 o E dq
E 4 £ E
E & e S
g i / ¢ E
E " Y] Fn LI =
E i I¥ % ot BRI E
R T W 0 : B ‘ »
05 1 15 2 25 N 05 10 15 0 25
Mass(a"x?) [GeVic] Mass(xn?) [GeVie?)
)
E & I .
E i i _E " 1 18
E- (c)2+M2 : s E- | i
E 8l i E o ot A
= ¥ £ wg— _%ﬂ‘;c:ej‘: l
E. ; L= gcHigt SRR
E kS ELE Pt (1
E 3 En w E !
E ‘:“?“ LA 8 2
S RN B8 | o i Y ‘ ‘ .
05 1 15 2 25 05 10 15 20 25 an
Mass(x’r) [GeVic?] Mass{x’s®) (GeVic)
- (d)2+E3 |
. Solution 1
: [\ o
: Ll Solution 2
it b bttt Y Ll btk e e d Lyt g o
05 1 1.5 2 25

v

Extract amplitudes in
each M(rt°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.

Model Dependent PWA
of global PWA fit is still
needed to extract
resonance parameters
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Partial Wave Analysis of J/y—=2>vdd

[PR D93 112011]

Besides n(2225) , very little was known in the sector of pseudoscalar
above 2 GeV. The new experimental results are helpful for mapping out

the pseudoscalar excitations and searching for O* glueball

S 3000F

o~

O —} Data-bkg
mzooo =—— MC projection
= L
o
N
—
2 L
= 1000
i L
r ¥2nbin=1.09
0,

> 22 24 26
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« Dominant contribution from pseudoscalars

n(2225) is confirmed,;

* n(2100) and X(2500) are observed with large significance.
* The three tensors f,(2010), f,(2300) and f,(2340) stated in wp reactions

are also observed with a strong production of f,(2340).

 Model-dependent PWA results are well consistent with the results

from MIPWA
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Amplitude analysis of y.; = nm ™
arXiv:1610.02479

* X1 provides another suitable environment to look for 1+
 14(1600) studied in y.q decays by CLEO-c
* only {(1400) has been reported decays to nm

* Properties of ap and a, still need further studies

5000
* data
No — fit
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o :
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M(nr) [GeV/c?

Decay F %] Significance [o] B(xec1 = nrrn~) [1077]
nmtwe - - 4.67 + 0.03 £+ 0.23 + 0.16
ao(980)+7r_ 72.8 £ 0.6 £ 2.3 > 100 3.40 + 0.03 + 0.19 + 0.11
a2(1320)+1r_ 3.8+ 0.2+ 0.3 32 0.18 += 0.01 4+ 0.02 + 0.01
a2(1700) "7~ 1.0+ 0.1 +0.1 20 0.047 4+ 0.004 £ 0.006 + 0.002
Skin 2.5+ 0.2+ 0.3 22 0.119 + 0.007 & 0.015 £ 0.004
Srrn 16.4 £ 0.5 £ 0.7 > 100 0.76 + 0.02 + 0.05 + 0.03
(7T 7 )sm 17.8 £ 0.5 £ 0.6 - 0.83 + 0.02 4+ 0.05 + 0.03
f2(1270)n 7.8 +03+ 1.1 > 100 0.36 + 0.01 + 0.06 + 0.01
f4(2050)n 0.6 + 0.1 + 0.2 9.8 0.026 4 0.004 4 0.008 4 0.001
Exotic candidates U.L. [90% C.L.]
71 (1400) "7~ 0.584-0.20 3.5 < 0.046
71(1600) "7~ 0.1140.10 1.3 < 0.015
71(2015) T 7~ 0.064-0.03 2.6 < 0.008
600__ ----- a T E a m

N - a) T iratm . 600fF b) f 1320

g 500 F -~ a,(1700)n _,_Q - a,(1700)n

> L = S > 500 17 O |

2 400k o B By

E 4005 ff(zcsu): g 400;— ----fj(2050)1]

~ S00F ~ 300f

2 C §2) s

S 2001 S 200F

> - > C

© 100F ® 100

0 By nieoro i S S e g e : B
0.5 1 1.5 2 2.5 3 3.5 3

M(z*r) [GeV/c?

e Clear evidence for a,(1700) in x_decays.
e First measurement of g,,, # 0 using a(,(980) — nm line shape.
e Measured upper limits for (1~ ) in 1.4 - 2.0 GeV/c? region.



Light Baryon spectroscopy

Y 28 M (n, @, $, P’ J/t,u(w') — BBM => N* A% 3* E*
N* A* .’. NN, E L2
'_[)\ ,

N
NN AZ..

Charmonium decays can provide novel insights into baryons
and complementary information to other experiments

v Missing N* with small couplings to mN & yN , but large coupling to gggN :

Y > NNi/n/n'/w/¢, pEr, DAK ...
v' Not only N*, but also A*, X%, E*

v Gluon-rich environment: a favorable place for producing hybrid (qqqg)
baryons

v High statistics of charmonium @ BES Il
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Observation of two new N* resonances in P(3686) — pfmo

BESIII: PRL 110, 022001 (2013)
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In photon or meson beam studies, isospin 1/2 and
3/2 resonances are excited, complicating the analysis

A resonances suppressed in charmonium decays to
ppmt’, giving a cleaner spectrum

* Thought to be dominated by two body decays
involving N* intermediate states

+ Also consider pp resonances (J/(3686) — Rm!)
Seven N* states observed in partial wave analysis

« Two new resonances, N(2300) with JP = 1/2*
and N(2570) with J? = 5/2-

* Other five consistent with previous results

Resonance M(MeV /c?) I'(MeV /c?) AS ANg.r Sig.
—~ FITF21 +40+10 -y = =
N (1440) H{)UH i &4()+4;:I+,UN 72.5 4 11.50
N(1520) 15103 F) 11572040 198 G 5.00
N(1535) |’3"+"*‘,; 12052040 494 4 930
N (1650) 1650™" :;'“‘, 150% ;‘, Fly 821 4 12.20
N(1720) 1700130432 450+109+149 554 6 9.60
N(2300) 2300 30 209 3407307110 4907 4 15.00
N(2570) 2570“‘”?3 250+;g+g§* 789 6 11.7¢
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Measurements of (3686) — (Y)KTAE*

W(3686) - (Y)KFAE: A > pm, E

- Am; A - pm

Decay

Branching fraction

U(3686) — =(1690)" =,
(3686) — =(1820)" =,

(3686) — K~ A=

=(1690)” = K
=(1820) - K

(3.86 £ 0.27 £ 0.32) x 10~°
“A (5.21 £ 1.48 £+ 0.57) x 10"3_
A (12.03 £2.94 +1.22) x 107°

V(3686) - K X°=F
¥(3686) = YXc0, Xco = K~AZt
V(3686) = YXc1, Xe1 = K~AZY
Y(3686) = YXxc2, X2 = K~AZT

XeO — l\‘_.\E‘*—
X1 = K~A=Y
Xez = K~A=Y

(3.67 £0.33 £ 0.28) x 10~°
(1.90 + 0.30 + 0.16) x 10~°
(1.32 + 0.20 + 0.12) x 1072
(1.68 + 0.26 + 0.15) x 1072
(1.96 + 0.31 + 0.16) x 10~*
(1.43 £ 0.22 + 0.12) x 1074
(1.93 + 0.30 + 0.15) x 10™4
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BESIII: PRD 91, 092006 (2015)
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* Observe two hyperons, Z(1690) and Z(1820) in M(KA)
Both are well established states
Resonance parameters consistent with the PDG

=(1690) =(1820) -
M(MeV/c%) 1687.7£3.8+1.0  1826.7+5.5+1.6
I'(MeV) 27.1+10.04£2.7 54.4+15.74+4.2

Event yields 74.4%21.2

136.2x33.4

Significance(o) 4.9 6.2
Efficiency(%) 32.8 26.1
B (107%) 5.21+1.48+0.57  12.03+2.94+1.22
Mppc(MeV/c?) 1690410 182345
I'ppc(MeV) <30 2lf}3
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Light meson decays

e Listed in many facilities’ physics program:
( VES, Gams (-4m), CLEO, CLAS, Crystal Ball at MAINZ, WASA-at-COSY,
KLOE-2, GlueX, BESIII)

e Unique place to test fundamental symmetries in QCD at low energy

e Probe physics beyond the Standard Model (SM):

n/n" —2y chiral anomaly
n/n’ —m+m-mo quark masses
n'—yT+T- box anomaly
n/n' —nm CP violation
n/n — prume, ete® € violation
n/n'—pe LF violation

e 1 andn’ events at BESIII
- B(JWp —yn) ~1.10x103 — 1.44x10° n events;
- B(JAWp —yn’) ~5.15x103 — 6.74x10° n’ events;

® Results of n/n’ presented in this talk are based on all the data sample of
Jp events.
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Observationof n' » i n ntn~,n n™n

PRL 112, 251801(2014)
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Events/5 MeV/c?

100 -

SO Wy - 12(1270). 1,(1270) - 136 3
OI1 w-oyr'nr = x

[(ZZ] sy-srnnw-ssmgnays s

SN ) yosrn,nfoas'ree

data
Full fit

(@)

50 -

{1 WL AL AL A H '

0.9 1

M_._ . (GeV/c?)

&

data
Full fit

| BOCKR iy - 11,(1270), 1 (1270) - ='x n° x°
L | O woy="n2°x®

] Woyan - an-syn s
B R "EST R TN 2
CSS] Wy -aa'rpn-n®n®

(b)

n
o

Lim !
c‘_\l)é" >

e '," v,
Joelate N tetetetotele

XK IRARIIRISERRIRS
D N

8
M

v -

0.9 B
.o (GeV/cd)

't AR

OT[O

Upper limits @90% C.L. by CLEO (PRL102, 061801(2009)):
B —m'wwtn) < 2.4 x 1074
B(n'—n*nn%r0) < 2.6 x 10-3

Prediction by ChPT and VMD (PRD85, 014014(2012)):
B(n'—n'n'n) = (1.0 £ 0.3) x 104
B(n'—n'nnlnP) = (2.4 + 0.7) x104

B(m"—n*n n*n~)=[8.53+0.69+0.64]x1075
B(n"—n*n-n%n%)=[1.82£0.35+0.18]x1074

background free for n"—n*n-nw*n"
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n' - ynTn~ decay dynamics . . wm

® High term of WZW xPT — box anomaly
® Studied by many experiments (CB, L3, ...)

® No consistent picture due to limited statistics
® rho mass shift?

® Box anomaly?

30000 goopoF TTTTTTTTTTTTTTTT T T 30000 [T T T T [T T T T[T T T T[T T T T [TTTT
L Y 4 I ] | |
25000} ------ - la) 25000 = @ fﬂ v (b)- 25000~ +ﬂ 7
L . i L & i — " \
. . ' -
= 20000 . f ' - L
2 L . | 220000 o J 1 = 20000{- f : _
2 15000 2 15000 \ - % " !
0 1 215000 .' .
§ 10000 10000 'tj. — _E r t.
o o 3 10000— —
w @
5000 5000 = I..IbJ L
r [ 5000
1 Ll | | i
% o % 0 - id) s BT -7 i ..:...-:'_.-.!:_ = i
a & gf I § 2
SE Sl e e 5L
0.4 05 C!.G 01:3 0.8 0.9 0.4 0.5 C_I.ﬁ Og 0.8 0.9 0.4 0.5 0.6 0.7 0.8 0.9
M{m*’) (GeVic?) M) (GeVicT) M{z*) (GeVic?)
dar 2
— |AP(57r7t)FV(57r7t)| Io(Sxx)
dSyzx

* Physics Letters B 707 (2012) 184-190

Pl:‘:l‘j = ].+.h,*‘,—|— E“’_]—I_E-Biivmﬂ_ml::ﬁl]

For the first time, w contribution is observed
Model dependent fit: the box diagram or p(1450) is required

Model independent fit: w contribution and non-linear term is required .
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Amplitude analysis of the decays 7/ — 7" 7w

arXiv:1606.03847

300 250
‘% i %20(% (b) {
gzoo 215&
% %100'—
©100 [:5}
E | £ 50f
- L i it i e =Y - i et M
o 0:4 ’ 0.6 0.8 8.2 0.4 0.6 0.8
M) (GeV/c?) M(t* %) (GeV/c?)
o F (e | v [ @ 4 Decay Mode  Yield ¢ (%) B (x10~7)
32 4 :j * F200/ Wi o 6067 + 91 253 3501 £ 054+ 1.74
S1o0 e S | T mon0n° 2015 +£47 88  35.22+0.82+2.60
g10oF 2100} ] My prT 616 =49 248 3.724+0.30 £ 0.63 = 0.92
E s0[- ;EJ [ p T 615 +49 247 3.72+0.30 £0.63 + 0.92
T e e W ol : : . (mtr 7% 6580 £ 134  26.2 37.63 4 0.77 4 2.22 4 4.48
8.2 0.4 0.6 0.8 0.4 0.6 0.8
M(t %) (GeV/c?) M(n°r) (GeV/c?)
L N r +, _F . ; i r + —— 1
Significant P-wave contribution fromy — p—m™ is observed for the firsttimeiny — T’ ™ o
775.49(fixed) — i(68.5 £ 0.2) MeV
In addition to the non-resonant S-wave component. a contribution from the & meson is also essential.
(512 £ 15) — (188 + 12) MeV
See also “Matrix element forn - ntnr n% n/n' - °n'nY” .

BESIII PRD 92 012024(2015)



Observation of n’ —» Vete~

n - yete”

Phys.Rev. D92, 012001 (2015)

T T T T T T

T
B —|— Experiment

" Single pole form factor:
Pointlike case |

N
S i ]
3 10 g_ QED calculation _g
L — ] o
S 107 _’_—*_—f——i——+‘ T 10
% i ] o
€ 10;" E
S ¢ E
[11] 1 L it i 1 I 1 1 C | 1 1 1 1 L L 1]
0 010203040506 07038 0 0.10.203040.50.60.70.8
M(e'e’) (GeV/c?) M(e'e’) (GeV/c?)
2 2 2
(@) = et )
_ 2 232 2.2
(A% — %)% + A%y
dF ,
b=""| =A
dqg* 1 q2=0

A=(0.79 * 0.04 * 0.02) GeV/c?
v=(0.13 £ 0.06 + 0.03) GeV/c2
b=(1.60 + 0.17 £ 0.08) GeV?

> In agreement with the result of
n" — yu'w from CELLO:
b=(1.7+0.4) GeV?

» Theoretical predictions:
b = 1.45 GeV-2 VMD model
b=1.60 GeV? ChPT
b=153%5__ . GeV? Dispersion

/ +,—
n - we'e
Phys.Rev. D92, 051101 (2015)
a 1.1 & F
§ g o . (a) % 40 —4— data
8 1.05 :* e . ® 35 — other backgrounds
::: 1F é 30 _ “em N T, NI
) I ,‘..é’ 25 F
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B 15
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= 10
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I S 0 L L P ! Lo l%
0. — - - - 005 01 015 0.2 025 03 035 04 045
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M) (GeV/c?)
» Theoretical predictions from VMD™:
B(n'— we'*e’) ~2.0x107

*PRC 61,035206 (2000); EPJT A48, 190 (2012)

» First measurement of n'— we*e~: 8o

B(n'— yw) = (2.55 % 0.03 £ 0.16) x102 Good agreement with PDC

B(m" — we*e )= (1.97 + 0.34 + 0.17) x104 Consist with prediction

n —swete™) _ -
Bly—wele ) = (7.71+1.34 £ 0.54) x103
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Prospects of hadron spectroscopy at BESTI

« BESIII collected world’ s largest samples of J/y, y(2S),
v(3770), Y(4260), ... from e*e" production.

It will continue to run for a few years.

P 1.3*10° 21x BESII 10*10°
1/ 0.6*10° 24x CLEO-c 3*10°
P(3770) 2.9fb!l 21x CLEO-c 20 fb?!
Above open charm 0.5 fb'@1)(4040), 1.9 fb'! @~4260, 5-10 fb!
threshold 0.5 fb'l@4360, 1.0 fb'! @4420, 0.5 fb @4600
R scan and tau 3.8-4.6 GeV at 105 energy points

2.0-3.1 GeV at 20 energy points
Y(2175) 100 pb(2015)
P(4170) 3 fb! (2016)

Opportunities for hadron spectroscopy of
both light quarks and heavy quarks.
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