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Beam energy:
1-2.3 GeV

Crossing angle:
22 mrad

Design Luminosity:
1%1033 cm-2s-1

Optimum energy:
1.89 GeV

Energy spread:
5.16 x10

No. of bunches:
93

Bunch length:
1.5cm

Total current:
0.91A

SR mode:

0.25A @ 2.5 GeV

Compton back-scattering
for high precision beam
energy measurement

BESIII is here

v
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Magnet yoke

TOF, 90ps

Be beam pipe

 g—

MDC, 130 pm = Total weight 730 ton
gt~ O1A1 WE ’
0.5% at 1 GeV/c —— B 40,000 readout chnls,

Data rate: 6kHz, 50Mb/s
CsI(Tl) calorimeter, 2.5% @ 1 GeV
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BESIII data set

A ; 4040 | 4420 }
’ 1.3x10° ’ [ ¥0.5x10 ‘LOSfbl { 1fbt
6 "

% @& BESSS PRL 84(2000)594 \/(
= - BE S99 PRLS88(2002)101802 )
= CrystalB s
5 |- : L o L
O Nk ~ (3770) gl
9 pluto L 2.9 fb? | & "1
4 | -'*i' e 80 I
2 - % ﬂ ﬂ‘ ¥ 423044260 4360
_ 1.9 fbl 05fb1 XN
1| > 1™ ™M 1T ’TF
| be— ~130 points for R Scan (~1.3 fb) _+1
O

2 5
Ecm (GeV)

« World largest data sample on J/y, y(2S), \|;(3770),Y(4260)...
In e*e” collisions

* From light mesons spectroscopy to A A,

« Also ISR, photon-photon physics, T physics...

Jan 6-12, 2015 HEP2016 6



BESIII: PWA of J/y —» ynmm, n — vy PRD 87, 092009

= pest solution:
» 1,(1500),f,(1710), f,(2100);

f,/(1525), f,(1810), f,(2340);, i LY
0** phase space, ¢n £ b :
= nosignificant evidence of: 2« |
« scalar: T i,
£,(1370), f,(1790), f,(2020)
£(2200), f,(2330) wf
. tensor: of ]
£,(2010), f,(2150), £,(2220) § .| e
source of sys. unc. 0 S B
Bl | f.  B&O
= ¢n background: T T

* Interference of ¢ tail accounted for

 source od systematic uncertainties
Jan 6-12, 2015 HEP2016 7



BESIII: PWA of J/y —» ynmm, n — vy PRD 87, 092009

Resonance Mass(MeV /c¢?) Width(MeV /c?) B(J/¢» — X — ynn) Significance

fo(1500) 146811517 136156150, (165503111 0) x 107 820
175946+ 11 17241077

2081413720 2732470 | (1.13F000H0 6y x 1071 | 13.9 0

-

F5(1525)\ 1513572, TR (3427 ) <1077 1100
f2(1810) | 1822F33F 0 2207075, (5A0T TR x 1077 G4 o
£2(2340) / 236275705 334105H00 (560t i) x 1070 760

N_ "

no significant evidence of:
» scalar: f,(1370), f,(1790), ,(2020), f,(2200), f,(2330)
* tensor: f,(2010), f,(2150), f,(2220)

Jan 6-12, 2015 HEP2016 8



BESIII: PWA of J/ly — yo¢ PRD 87, 032008

é = M¢ c ¢

yv—yod (DOZI) predicted oc 1/10 y—y PP (OZI)

250 ——
« BESII: X(1810) [PRL 96, 162002] S S BEST
_ — 2000 O S
« BESIII best solution: SR L2950
X(1810), f,(2020),,(1950), 1500 | W, — - Phasespacs

----=- Background

n(2225), ,(2020), phase space

1003
and background :

Event/(0.04Ge\V/c

50F

ok

Jan 6-12, 2015 HEP2016



= X(1810) resonance parameters:

M = 1795+ 7(stat)",(sys) £ 19(mod) MeV/c?
' = 95+10(stat)", (sys)+75(mod) MeV/c?
By — yX(1810)) x B(X(1810) — ®d) =
(2.ooio.08(stat)ff-;‘§(sys)ﬂ.30(mod))x10-4

= confirmed @ BESIII: best solution:
JPC =+t

= X(1810) vs ,(1710):

unconclusive, further investigation is needed

= search for X(1810):
* In other decay modes: K*K*, oo, ...
[Jy—yn(1760), n(1760)— ® o observed by BESII: PRD 73, 112007]

* In other production processes: J/\y—owd, Jy—odm
Jan 6-12, 2015 HEP2016

BESIII: Jhy — vX(1810), X(1810) — ¢ PRD 87,032008
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: D. M ..<2. 2
BESIHI: PWA of Jly — ypp, Mp<2.2 GeVic 108, 112003

L fu
Y 22 o
N

I PA of Jhy — ypp :

* never performed before 700 X(pP) BESII
= best solution: b 600} — f3100) ;
X(pp) [>>30¢], f,(1910) E ;
and f,(2100) fixed @PDG, e,
0**+ phase space and S
S-wave (1=0) FSI Z
= systematic uncertainties: z

« 1,(2150), f,(1950), and other
resonances from PDF, 0* PS
* FSI model dependence

JPC= 0", >6.86 better than other JP¢ assignments
M = 1832".(stat) " (sys) = 19(mod) MeV/c?
' = 13+39(stat)" (sys)+4(mod) MeV/c2 or I'<76 MeV/c? (90% C.L.)
B(Iy—yX(PP)) X BCX(PP)—PP) = 9.07; (stat)’; ) (sys)+2.3(mod))x 10

Jan 6-12, 2015 HEP2016 11
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BESIII: Jhy — yX(1835), X(1835) — a*wm’ PRL 106, 072002

500 |
400 F
300 £
200

Events/(0.02GeV/c?)

100 |

0 14 1.6 1.8 20 22 24 26 28

M(rran )(GeV/c?)

 PWA is needed
to determine spin and parity
e consistent with J° =0

Jan 6 - 12, 2015

X(1835)'
= (1836.5+3.057 ) MeV/c?

= (190 +9 57 ) MeV/c?
>20c

X(2120):
M = (2122.4+6.7°27 ) MeV/c2

= (83116 71" ) MeV/c?
>7.20

X(2370):
M = (2376.3+8.77,5) MeVI/c?

= (83+17%") MeV/c?
>60.40

HEP2016
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; IBESII1: Jhy — vX(1840), X(1840) — 3(m*n) PRD 88,091502

300

~ _F BEST - BESH
o 10°F e > o550 —
— = M = E = -
E : 4 = '- =
200 | A -
o 10°F = F E
> F = 150 =
1y - w — _
E 10g = - 7]
T 2 w 100— —
: w = =
E i ‘ L — -
1 E | phase space 50 =
1 I I i1 1 I L1 1 1 I L1 1 1 I [ i - e arme=" —
.]-I--L-I't | [ ] ] | | 1 1 | | ] T

1 1.5 2 2.5 3 0
M(3(m*r)) (GeV/c?)

16 17 18 19  © 21
M(3(*1)) (GeV/c?d)

M = (1842.2+4.2")7 ) MeV/c2
I'= (83+14+11) MeV/c?
>7.60

« PWA is needed to determine spin and parity

* Nno n’ detected
Jan 6 - 12, 2015 HEP2016 13




[<EABESIII: Jy — ©X(1870), X(1870) — a*(980)n*

Jy — o'

900 F

S

=

S 8

Events / (20 MeV/c?)
N
=
|

2.2

1.6 8
(GeV/c?)

2.0

1‘|:I'L' 4

 PWA s needed
to determine spin and parity

Jan 6 - 12, 2015

PRL 107, 182001

X(1870)'
= (1877.3+6.3%37 ) MeV/c?

r= (57+12%5°) MeV/c?
B= (1.50+0.26 45 ) - 10

(1405)-
= (1399.8 + 2.2°57 ) MeV/c?

= (52.8+7.6 75 ) MeV/c?
B= (1.89+0.21 "5 ) - 10

f,(1285):
M = (1285.1+1.0%3 ) MeV/c?

= (22.0+3.1 7)) MeVic?
= (1.25+0.10 fg;g ) - 104

HEP2016
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<2 ABESII1: a partial summary

250
L pthreshold Y X(1840); J unknown
__ O X(1870); J* unknown
200 - e
— ~ A X(1835); =0
> o
é 150 :— B X(pp): fF=0
< - 4+  X(1810); F =0
© 100 =
50 gl
- pp threshold
D n 1 1 I [ ] 1 ] I 1 [ ] ] ] I 1 1 ] 1 I 1 ] ]
1800 1850 1900 1950

Mass (MeV/c?)

* X(1840): Jhy — y3(a*m) [PRDS8, 091502]
o X(1870): 'y — o [PRL107, 182001]
A X(1835): Jiy — y(nm*m) [PRL106, 072002]
= X(1840): Jy — y(pp) [PRL108, 112003]

+ X(1840): Jy — y(wd) [PRD87, 032008]

Jan 6 - 12, 2015 HEP2016
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<2 ABESII1: a partial summary

L itydhoid Y X(1840); J’ unknown

200 - 1 O X(1870); J* unknown .
= A X(1835); =0
2 °
%.— 150 B X(pp):Sf=0
= 4  X(1810); P=0'
T 10 )| .
g "l'“ | .

50 -
pp threshold

O ] I [ | ] L I [ | L L I ] ] L ] I ] L L
1800 1820 1900 1950
Mass (MeV/c?)

* X(1840): Jhy — y3(a*m) [PRDS8, 091502]
o X(1870): 'y — o [PRL107, 182001]
A X(1835): Jiy — y(nm*m) [PRL106, 072002]
= X(1840): Jy — y(pp) [PRL108, 112003]

+ X(1840): Jy — y(wd) [PRD87, 032008]

Jan 6 - 12, 2015 HEP2016

Jhy radiative decays
not found In y’
radiative decays
non a pure FSI
PWA is needed

X(18?7?):
* near (pp) threshold

* Isasingle particle?!?

16



BESIII: PWA of Jhy — yKOKOm, M,<1.1 GeV/c?
PRL 115, 091803

= PWA of Jy — y KO.KOx:

« astructure around 1.85 GeV b 1ok S
strongly correlated with f,(960) > col m Backoround. ]

(5 f ----X(1835)
 S0F — )I'-sﬂassGeO)s ace E
= X(1560) — f,(980)n: S pace
JFe=0", >8.9¢ @ 30° :
within 2o from 1n(1405)/m(1475) ‘§ 20! :
M = 1565+ 8 MeV/c? i 10; b
T = 45 +11§ +2281 MeV/c2 016 18 20 22 24 26 2.8

e Moo, (GeV/c?)

= X(1835)— v KO, KOn:
JPC= 0"+, >12.90, consistent with X(1835) observed in J/y — yn*tnn’
M = 1844+ 9(stat)” ’(sys) MeV/c? T =192 0T MeVic?

B(Ihy—yX(1835)) x B(X(1835)—KKem) = (3.31 5 “1oe )x10°

Jan6-12, 2015 HEP2016 17



L 42ABESIII: Iy — ¢f;(1285), f,(1285) — nr*n

Jan 6 - 12, 2015

PRD 91, 052017

Jyy — nonta
T L ]
200 F pPRL 107, 182001 E
— 800 F BESTI ' E
2 700 F WP SR 2>
- ' *
Ze0F [
_ : ] .‘
% 200 3 A 3
7 400 F S E
s WF E
=200 ’ E
100 ‘ 3
4 L 5

e -
1.1.4 16 18 20 22
M__._ (GeV/ch

nntn

f,(1285):
M = (1285.1+1.0%57% ) MeV/c?
= (22.0+3.1757) MeVi/c?
B= (1.25+0.10 7,0 ) - 10

HEP2016 18




LGEABESII: Jhy — ¢f,(1285), ,(1285) — na'm

PRD 91, 052017

Jhy — noa‘a Jy — nort
400 L L ]
........ nqm"'n' 000 E . =
350 |~ BESI — = non-n/¢ backgrounds p PRL 107, 182001 :
i histograms: X(1835) 800 | BESII E
© 300 = i histograms: X(1870) T00F o»A 4ty
T 250 [ PRD 91, 052017 600 [

S 8

Events / (20 MeV/c?)
N
=

0= . . Amastianihs —
11 12 13 14 15 16 17 18 19 2
M +) (GeV/c?)

Jhy — nomt: ,(1285), and n(1295/1405/1475)  Maw (GeVIe)

1.6 1.8 20 22

114

f,(1285): 1(1285)

M = (1281.7 £ 0.6) MeV/c? = (1285.1+ 1.0%y5 ) MeV/c?
= (21.0 + 1.7) MeV/c? = (22.0+3.1 2 ) MeVic?

B = (1.20 £0.06) - 104 = (1.25+0.10 nglog ) - 104

Jan 6 - 12, 2015 HEP2016 19



[ ¢ABESII: Jhy—nY(2175), Y (2175)—¢f,(980), f,(980)— n*n
— PRD 91, 052017

Y(2175); CUBST Ly e
» first observed at BABAR, then o "}
confirmed by BESII, BELLE ?5: 100 ‘Zj;%deba“devems
and BABAR § wof 11
* itsnature isyet undefined  § wf ok
* higher statistics is neeeded to LEUJ M e
clarify its nature o0
* in agreement with previous N7 A
measurements R YN f:(-gso))(ggwczf-“ 25

BIN—nY(2175)) X BCY (2175)—f,(980)) x B( f,(980)— m*m) =

= (1.20 +0.14 + 0.37 )x10 Y(2175):
M = (2200 £ 6 + 5) MeV/c?

I'= (104 + 15 £ 15) MeV/c?
> 10

Jan 6-12, 2015 HEP2016 20




$5£) BESIII: PWA of Iy — ynn® PRD 92, 052003

18000
16000
14000
12000
10000
8000
6000
4000
2000

° O++ : 30000
fo(500), ,(1370),
fy(1500), f,(1710)
and f,(2020) e -

Model independent 0+ fiod BESIT

Events / 15 MeV/c?

o
o
x
E,

Ll

0.5

20000
15000

10000

Events / 15 MeV/c?

L ;WT& w&a s

18t sttt

25 3

© 16000 F—
> 14000 E— } BESE
(o) = 6.
¢ 2++ : = 12000 £ 2++ M2 Iiéfl
) L 10000 E- ¥
1 o 8000 E— ir &
dominated by f,(1270) £ o b 4oy
2 D 4000 - p&‘ 1 T
2008 g_-‘ " P ‘i.‘f% %&Mﬁ%@. ~ %o i 0
05 1
o, 4500
: s ‘ BESTH
Q2 3500 ++
E 3000 2 E3 [
~ 2500 i
@ 2000 Il 7
S 1500 i {
3 1000 I { 1 J
w i1 »}1 i I l
[ 11441 50 . I ,
50(; PRI m._iéisﬁ-... s .m..,.,ui.x‘r;lifigf 1 ‘hh ZLTSI ;}xl, Hak gn on Tdid o ;.[_; ik_,;_%ﬁ - -;‘d’éiéh.j
05 1 15 2 25 3

Jan 6-12, 2015 HEP2016 Mass(x’°) [GeV/c] 21



BESIII: PWA of Jy — yo¢ Preliminary

v _AWE

I W
€
A‘}l‘f’ A8

Exploring the pseudoscalar sector above 2 GeV: not only n(2225)!
A new hunt for pseudoscalar excitations and 0* glueballs

N§‘ 1 ’l'qh ~4— Data-bkg 230002 M, J‘_)‘G: I 23000: o .
22000/ ‘J.;{P'q‘““ g ; R VR L % : ‘;ﬂ"‘;’
=~ € 2000} S [
; ‘ S : 152000, .."’F Resonance M(MeV /¢*) I'(MeV/c?) B.F.(x107%) Sig.
31000%' \ 1000} ey n(2225) 221673+1% 18571274 (240 £ 0.107217) 28.10
E ol S iy U 1o )(2225) 22167410 1851354 (2.40 £0.10°247) 28,
: ¥inbin=1.09 f £nbin=0.71 2nbin=2.01 50+30+77 on +187 (q +0.18 5
OLI ............. 0! .................... )| P I S T
2 22 24 26 1 05 0 05 1 1 05 0 05 .
(a) M(60) (GeV/c?) s6(y) (c) cosé(e) - — : — —
~ BES]I[ Pre“m'nary . x fo(2100) 2102 211 (0.43 £ 0.0475753) 24.20
3000 """!.*L a ‘;’2000 Rp— \ f2(2010) 2011 202 (0.35 + 1).03':: ;'_7_) 9.50
- 2000
8 —ll g | }/’db} = st | f(2300) 2297 149 (044 +£0.07'0%) 640
£ 2000/ S K1500- ,F R s ,
W 3 : ﬂ"’*«. f.:('z:nm 2339 319 (1.91 £ 0.075072) 10.70
000 1009t g1000- o, + PHSI 74 4 0.15916)
1 1 =4 d HSP (2 O. 8o
2 , G 500: o e el o “148
zinbin=155 1*/nbin=189 _}‘a" X N N \
..... PRIl TP o] D I TP U WPl W s A *w
005 0o 05 1 % 20 a0 60 80 % : 24 26
(d) cosi(K’) () (%) (f M(9) (GeVic?)

« 1(2225): confirmed « 1,(2010), f,(2300) and f,(2040)
* 1(2100) and X(2500): alredy observed in pp ractions
large statistical significance + strong contribution from f,(2040)

Results from Model-dependent PWA and MI-PWA are consistent

Jan 6-12, 2015 HEP2016 22



PRD 88, 032010

= low background: _
* sidebands and continuum :'

&

= best solution: N

Events/{zsMeVic?)
- =]

Interfering phase space

" pp enhancement:
<30

= N(1535):
* M=(1524+5%°) MeV/c?

+ T'=(13027*10) MeV/c?

= suppressed (<12%o):

Eve ntsfz5MeVic™)
= B ® & =

2.4 2.6
M (GeVic®)

_ By(2S) —ppn) _ 0
Qi = ~33re— ppmy = (3:2£046)%

Jan 6-12, 2015 HEP2016 23



BESIII: PWA of y(2S)—ppn? PRL 110, 022001

= 2-body decay:

* W(ZS)—)XEO, )i—>pﬁ S o T L IBIESj]II_
e y(2S)—pN*, N*—pn’+c.c. g N

= jsospin conservation: g o0
A suppressed £ )

= Dest solution: b
N(1440), N(1520), N(2090), N(1535) S
N(1650), N(1720), s —
N(2300) [1/2*], N(2570) [5/27] _Eiz“zg; BESTH

= no significant evidence: ?m T
* N(1885), N(2065) g w
* pp enhancement IR Y N -

= systematic uncertainties: W R
« additional possible resonances P e 25

Jan 6-12, 2015 HEP2016 24



PRL 110, 022001

= 2-body decay: S ——
+ y(2S)—Xn0, X—pp o 0F | BESI-
o y(2S)—pN*, N*—pnd+c.c. % g

. : A £ 200
ISospin conservation:
A suppressed

Events/(36V

= best solution: "
N(1440), N(1520), N(2090), N(1535),
N(1650), N(1720),
N(2300) [1/2*], N(2570) [5/2]

= no significant evidence:
* N(1885), N(2065)
* pp enhancement

= gsystematic uncertainties:

 additional possible resonances
Jan 6-12, 2015 HEP2016 25



BESIII: PWA of y(2S)—ppa® PRL 110, 022001

* pranching fraction:
B(y(2S) — ppn) = (1.65+0.03+£0.15)x104

= PWA:
« two new resonances
* N(1885) and N(2065), <5c
* pp resonance <4c

Resonance M(MeV/c?) TI'MeV/c?) AS ANy Sie.
N (1440) 1390701730 340738770, 725 4 1150

N(1520) 1510535380 11578028 198 6 500
N(1535) 15355371 12053070, 494 4 93¢
N(1650) 16507373, 1501573, 821 4 1220
N(1720) 1700739732 45075P°7.% 556 6 9.60
(2300)
(2570)

Jan 6 - 12, 2015 HEP2016 26



(€3] BESIII: w(2S) — E(1690/1820) AE* , £(1690/1820) — KA
PRD 91, 092006

confirming earlier < T el
observations S 30 B
Q -
= E(1690) : 4.90 =

M = (1687.7+3.8+1.0) MeV/c2S, 20}

I' =(27.1£10.0£2.7) MeV/c? & |
[PDG: M = (1690+10) MeV/c?, q:, ol
I' = <30 MeV/c?] e it

= E(1820) :6.26 qlatmr= T Bt LT P
M = (1826.7+5.5+1.6) MeV/c? MK A (GeV/d)
I = (54.4+15.7+4.2) MeV/c?
[PDG: M = (1823+5) MeV/c?, T = 24*15 MeV/c?]

first measurements
B(y(2S)—E(1690) A=) X B(2(1690)—K-A) = (5.21+1.48+0.57)x10°
B(y(2S)—E(1820) A=) X B(2(1820) —K-A) = (12.03+2.94+1.22)x10°

Jan 6-12, 2015 HEP2016 27



($2]BESII1: amplitude analysis of y,,—na*r Preliminary

" .1 provides a rich environment to investigate 1-* states:
* 1,(1600) investigated by CLEO-c in y, decays
* decays to nr reported for m;(1400) only

= a,and a, still need further investigation
compatible with an a,(1700)

world largest data sample: ~ 35Kk y, contribution

2 + ) b N Py
% 6000F PSP — 10, > (980) 18
— B F %8 T= % = sseam aO
2 5000 Dol — 8 N S, I16
2 &0 1270 T4
s S I - new feature
r 40005 E 6 12
G 3000/ = b 10
" +l£ 4 :
20001 NE, N
i b - B
1000f ) oy
M el .I L ‘.."'.v.l. ....M 0_ Ly 1 i : D ey I’
94 345 35 355 36 02 4 6 8 101

M(n'n) [GeV/c?] L ME(nmt) [GeVI/cH
Jan 6-12, 2015 HEP2016 28



$2BBESII1: amplitude analysis of y,—na*n Preliminary
% 600 _—:E(tm”mz BES]]I Decay B(xe1 — nrta™) [1077]
s | e S B 4.819 + 0.031 + 0.088 + 0.210
2 4% ool ao(980)F 7~ 3.506 + 0.034 + 0.182 + 0.153
g | - 17000 a(1320) T~ 0.185 + 0.009 =+ 0.038 =+ 0.008
200( '
SKK1 0.123 £ 0.007 + 0.018 £ 0.005
e e e e s s Sl 0.791 4 0.019 + 0.037 & 0.035
o 1 ey o ¥ () 0.859 + 0.021 = 0.031 = 0.037
L f2(1270)n 0.371 4 0.012 + 0.054 + 0.016
3 500 £4(2050)n 0.027 4+ 0.004 £+ 0.009 + 0.001
& | U.L. [90% C.L.]
» 400
§ | 0.028 + 0.010 < 0.048
? 200! 0.005 £ 0.005 < 0.016
i 0.003 =+ 0.002 < 0.008
0

A o S WP PP R,
0.5 1 1.5 2 2.5 3
M(m*’) [GeV/c?]

» first observation of a,(1700) in y., decays
* firstindication of g',.. # 0 from a,(980) — n= lineshape
» evalutation of upper limits for 8B(y., — m,(1400/1600/2015)*x")
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1. Mass:
charmonium
ground state

M1 transition:
first observation of

Vv — .



The S-wave spin-singlet charmonium ground state, found in 1980

M & I measurements:
« J/y radiative transitions: M ~ 2978.0 MeV/c?, I' ~10 MeV/c?
e vy processes/ B>Kn.: M=(2983.1+1.0) MeV/c? T =(31.3+1.9) MeV/c?

e Y, PP, B decay

\ eV(1S, 2S)>m
M | ‘ Width | i
ass /| 2 idt X
I X Q- - AUBERT 08AB BABR 25
| —@- AUBERT 08AB BABR 2.4 o UEHARA 08 BELL 00
| 1@ - UEHARA 08 BELL 43 [ | —— wu 06 BELL 57
——— | |7 ABE 07 BELL - WU 06  BELL
——=nf )W 06 BELL 6.9 f |- ASNER 04 CLEO 03
e WU 06 BELL 08 q .-~ AUBERT 04D BABR 7.8
; |- - ASNER 04 CLEO 04 /= | -~ - AMBROGIANI 03 E835 08
| | -~ - - AUBERT 04D BABR 20 ~ | BA 03 BES 16
| 4@y -  AMBROGIANI 03 E835 24 | - H4—4+— - FANG 03 BELL 00
® T BAl 03 BES 37 U BAI 00F BES 33
| @ | FANG 03 BELL 0.1 /| —@)—' - ARMSTRONG 95F E760 0.1
@® | BA 00F BES 2.6 -} BAGLIN 87B SPEC 74
_._L -~ oBAI 90B MRK3 4.1 T BALTRUSAIT..86 MRK3
_'_'-\ . . GAISER 86 CBAL 0. / —. ------------ GAISER 86 CBAL 125
\ 30.4 / 42.0
\ (Confidence Level = 0.0014) / (Confidence Level < 0.0001)
_+ | | | — | | =

2050 2960 2970 2080 2090 3000 CL=00014 =» =°o 22 4 &0 G C.L.<0.0001

nc(1S) mass (MeV) n-(1S) WIDTH
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3

BESII: w(2S) — yn.(1S)

[ —»—data [ —»—data 160
- [ other v dacays - [ other v dacays
C - + L =0 140
- 17X, [ %X,
%200: B cont KSKTC %200: I cont + K K TE %120
F ----5lg ] L ----3slg
g 150:_ — — non-reso g 15p[ —— nen-reso g 100E
o L o C o
~ ~ 100} ~
2 2 8
5 S o S
i it i
] ] ] ] oF
272752828529295 3 3053131532 272752828529295 3 3053131532 28
M(KsKm) GeV/c? BESTI M(KK~®) GeV/c? BESTI
140 —=— data F —— data 250
[ [ other v dacays 300 - [ other ' dacays
[ 1'%, E %X,
N-;-.’. 120: I cont %250_— I cont O -9 200
© 100F 238 KSK3T | 3,,f 22 2K27nn
= = 200 = 150
o 80 :_ """""" Int
8
G
-
L

NEEEE SEEEE SRS PR R T N T ST Nl ST ST
272752828529295 3 3053131532

PRL 108, 222002 (2012)

E —e— data

FC %,
— I cont
F =-=-=5lg

- — — non-raso
R Int

F [ other v decays

TN

—— data
: I other W' decays

M(KsK3m) GeV/c®

272752828529295 3 3053131532
M(2K27n®) GeV/c?

72752828529295 3 3.053.13.1532

M(mmn) GeVi/c?

X,

. I cont

[ aee= glg
[ —=— nor-reso

M(6m) GeV/c?

Significant interference between n, and non-resonant

— simultaneous fit to 6 modes,

Jan 6 -12, 2015

Mass
I

HEP2016

272752828529295 3 3053131532

= 2984.3+0.6+0.6 MeV/c?
32.0+1.2+1.0 MeV/c?

32



PRL 108, 222002 (2012)

Mass

2 Xz

X . UErARA 06 BELL 00

AUBERT 08AB BABR 24 WU 06 BELL 5:7

e 07 BRI W 06 BELL

L WU 06 BELL 6.9 ASNER 04 CLEO 0.3

S WU 06 BELL 0.8 AUBERT 04D BABR 7.8

. ASNER 04 CLEO 04 AMBROGIANI 03 E835 0.8

| ‘ - AUBERT 04D BABR 2.0 BAI 03 BES 1.6

;' AMBROGIANI 03 E835 24 -+ - FANG 03 BELL 0.0

[ \ BAI 03 BES 3.7 -+ - BAI 00F BES 3.3

f | FANG 03 BELL 0.1 - ARMSTRONG 95F E780 0.1

s "\\ BAI 00OF BES 26 BAGLIN 87B SPEC 74

—tt g - - BAI 90B MRK3 41 BALTRUSAIT... 86 MRK3
\ - - GAISER 86 CBAL 0.6 GAISER 86 CBAL 125
\ 30. 42,
/ \ (Confidence Level = 0.0014) (Confidence Level <0.0001)
I | | | S J - N J
2950 2960 2970 2980 2990 3000 3010 -20 80 100
nc(15) mass (MeV) n,.(15) WIDTH
120 — (earlier result -- ~117 MeV) T
% . ¢ 0.2 ms .
Hyperfine splitting (BESIII alone) 2115 o 0.1 ms —
— D = O physical .
AM(1S) = 112.5+0.8 MeV/cz—2 ¢ phy :
=1 110 — —]
| N ]
Closer to prediction 105 ]
. — - Lattice 2012, arVix:1211.2253 ]
then earlier result = L | T
100 | 1 1 | 1 | | 1 | 1 ] |
0.00 0.01 0.02
a® (fm®)
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Observed in different production mechanisms

1. B — Knc, Belle: PRL 89 102001 (2002)
; CLEOc: PRL 92 142001 (2004)
2. y7w—n.— KKn Belle: NPPS.184 220 (2008); PRL 98 082001(2007)

BaBar: PRL 92 142002 (2004); PR D72 031101(2005)

3. double charmonium production BaBar: PR D84 012004 (2011)

M1 transition y' — yn.'

1. CLEO found no signal in 25M v’.
By — ym.’) < 7.6 X104 PRD 81 052002 (2010)

2. BESIII: first observation of ./ — KK ;
find evidence inn. — K.K3mw

Experimental challenge : search for photons of 50 MeV
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LS RS B TR §-
—— data (K'K™1")

— fitting results -

=< Ko :

—_-1

---== background

Sl 'y
.
........

L Y(25) — 1(2S), 1n(2S) — KK

ABETTIERL TP, b i
35 3.55 3.6 3.65 3.;/
mxgw (GeVIicY)

M = 3637.6£2.9+1.6 MeV/c?

By ' — yn, — yKKm)=(1.30+0.20+0.30) x10°
B, — yKKm)=(1.9£0.4+1.1)%

By' — yn.’) = (6.8£1.1+£4.5) x104
(0.1-6.2)x104
< 7.6x104

HEP2016 35

Potential model:
CLEOQc:

Jan 6 - 12, 2015

PRL 109, 042003

T I LI 1 I

7y LR R I LERLES L L P L
Ng 10° ?BESIII —— data (K'K'")
> F ) — fitting results
L L
O s k)
n 10°F _—1
3 e
8 C --=== background
C
< 0. G4
P ....;......_.‘,h Ay -‘ /
c ‘:..'\_ \ ' '
Q>) ' -._.\‘ .... .
@ 1 \\/ ‘ ...... \ :
T B SRS B~ SN IR a N\ WA (. '
35 3.55 3.6 3.65 3.7

I' = 16.9+6.4+4.8 MeV/c?
Significance >10 ¢

BABAR: PRD78, 012006 (2008)

FIRST OBSERVATION!

PRLS9, 162002(2002)
PRDS81, 052002 (2010)



Events / ( 0.0025 GeV/c?)

Jan 6 -12, 2015

-
o
S

2

Significance

2

4.2 c

-
o

-k

3.3 3.35 3.4 3.45 '35 355 3.6 3.65 3.7
K3K3 (GeV/c?)

M = 3646.91+1.6+3.6 MeV/c?

' = 9.2+4.8+2.9 MeV/c?
Bly' — 1. — YK K3m) = (7.03+2.10+0.70)x10-

HEP2016

36



PRD 87, 052005

EoT Lt ol S ezxoat

@i n.(2S): BESIII vs literature PRL 109, 042003

BESII y(2S)--> YKsK3
— e W(2S)--> YKsK3n BESII y(2S)--> YKsK3r

BESII y(2S)-->yKKr
BESII y(2S)-->y KKn
BaBar vy -->KK3r

BaBar vy -->KsKn
BaBar yy -->KsKr

Belle B --> K n_(2S) Belle B --> K1 (25)

T e T SR B SR SR B L 1:3 ,avel- L L L1 Lo
3630 3635 3640 3645 3650 3655 3660 3665 3670 (l) 10 2|o 3|o 4|0 5|0 60
n_(2S) mass (MeV/c?) N (2S) width (MeV)
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L noP

« Spinsinglet P wave (S=0, L=1)
 Potential model: if non-vanishing P-wave spin-spin interaction,
AM+(1P)=M(h,) - <M(1 3P;)> = 0,
<M(1°P;)> = [M()c0)+3M(3c1)+5M(%2)]/9
* Theoretical predictions:

— By’ — 7°h,) = (0.4-1.3)x103, B(h,— yn.) = 41% (NRQCD)
B(h, — 1) = 88% (PQCD)

Y. P. Kuang, PR D65, 094024 (2002)
— B(h,—> yn.) = 38% Godfrey and Rosner, PR D66, 014012 (2002)

* First reported by E760 in decay pp — h, — J/y=r®, not confirmed
Evidence found by E835 in pp — h, — yn, PR D72 032001 (2005)

* Observed by CLEO in y" — n®h_, h, — yn, PRL 95 102003 (2005)
* Recent results from BESIII

Jan 6-12, 2015 HEP2016



BESIII: y(2S) — a%h,(1P), h,(1P) —yn,(1S) PRL 104, 132002

3060805012
38l 2 M(D) 1 “inclusive”
- ——(p(28)) { only detect the n°
- 1 (compute M(h,) from kinematic)
3'6_ X (1 F%(cﬂ*_ Rate o B(y’'—nCh,)
cli\’ ™ _
G 1P ]
oy %o 17) 1 “ET tagged”
} _
g ] detectthe n° & vy
3 1 RateacB(y'—n’h.) xB(h,—yn.)
g3.2 -
| «“exclusive”
3.0t -|  detect the n, y & n,—X; decay prod.
o+t 1++ ot Rate o<
) 8_ 1 1 1 | fB(\V'—)ﬂOhC) x*(B(hc_)ync) ><'-(B(Tlc _)Xi )
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BESIII: y(2S) — a°h,(1P), h,(1P) —yn,(1S) PRL 104, 132002

M = 3525.40+0.13+0.18 MeV/c?
I'=0.731+0.45+0.28 MeV/c?
<1.44 MeV @90%

CLEOc: PRL 101 182003 (2008)
M = 3525.28 +0.19+0.12 MeV/c?
I : fixed at 0.9 MeV

Events/1MeV /c*

Hyperfine mass splitting
AM,(1!P)= M(h_) - <m(13P,)>

BESII: 0.10+0.1310.18 MeV/c?
—5 5%, CLEOc: 0.02+0.19+0.13 MeV/c?

¥ recoil mass (GeV/c?)

By combining inclusive results with E1-photon tagged results
By'— n%h,)= (8.4+1.3+1.0) X104 Agrees with prediction from
Bh, —>yn)=543%+6.7+:52)% Kuang, Godfrey, Dude et al.
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BESIII: 16 h. (1P) decay modes (~40% n.(1S) decays)
PRD 86, 092009

: b
i Tt ~ 200 1.,
,, ) < 180 summed distribution  B&I
2 wa | g ke |, o] 210 832+ 35 evts.
= £ F - 140
E*]
< ’ ) RN Z 120
g - t :F " © 100}
E 1 KXKx 20 *KgKn:rtn: " T § 80 ;
E - 10 ﬁ 60 -
st 40 -
¥ - 20 |
fISE ) et ? s o (e - | , | | , , , | , | | | ey
| o 945 3.50 3.52 3.54 3.56
R . B 7’ recoil mass (GeV/c?)
38 "asz e ke ' - 352 '

7’ recoil mass (GeV/c?)

BESIII Exclusive BESIII Inclusive CLEO
M 3525.31%+0.11%£0.14 | 3525.40+0.13+0.18 | 3525.21%0.27%0.14
r 0.70%£0.28%0.22 0.73+0.45+0.28 --
AM ,«(1P) -0.01+0.11+ 0.15 0.10+0.13+0.18 0.08+0.18+0.12

BESIII: PRL 104 132002 (2010)
CLEOc: PRL 101 182003 (2008)
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BESIII: n, parameters from wy(2S) — n°h (1P), h.(1P) — yn.(1S)
PRD 86, 092009

- ~ 160
{.“16[);_ B'ES]]I @ 140 B'ES]]I
=10 Sum of 16 of E ol Background
= N N
= 1201 nc decay modes = 100 subtracted
£ 5 @f
5 60 = 40
40 20|
20} 0 : + -
0_"""'|"'|"' _2{).......|...|..+|TF'H’i
2.4 2.6 2.8 3.0 32 2.4 2.6 2.8 3.0 3.2
M(hadrons) (GeV/c?) M(hadrons) (GeV/c?)

M. lineshape in h, — yn.is not as distorted as in ' — yn_. decays:
—> non-resonant interfering background is smaller than ' — yh,
—> this channel best suited to determine r . resonance parameters

v — w0h,, h, — v, PRL 108, 222002

M = 2984.49+1.16+0.52 MeV/c? M = 2984.3+0.6+0.6 MeV/c?
I' =36.4+3.2+1.7 MeV I =32.0+1.2+1.0 MeV

Consistent results, but still dominant statistical errors: more statistics is needed!
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BESIII: e'e - ™A X(3823) — wway x4 PRL 115, 011803

S40ETXa e OL Sa0f Yxee W T BOR

% 303_ ' ------ Background % 303_ ------ Background

o) ; 4 " Sideband To) ; | Sideband

o 20F o 20f

& | H &, I

o 10F & h @ 10

g.G 3.7 3.8 3.9 g.6 3.7 3.8 3.9

M. (#=%) (GeV/c?) M. ... #%) (GeV/c?)

 simultaneous fit to two data set at differente center of mass energies
 consistent with Belle data

» good candidate for y(1°D,) M = (3821.741.3+0.7) MeV/c?
I' = <16 MeV/c?at 90% C.L.
6.20
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BESIII: e'e - ™A X(3823) — wway x4 PRL 115, 011803

olete >ntn™X(3823)]- B(X(3823)->yxc1) =0.207313 (4.36 GeV)

R= olete >ntn P’ B’ >vXe1) =0.391321 (4.42 GeV)

%2-5 BEST 4 data Mass and width in agreement

< 2F —Y(4360) with potential model

S

& 1.5] Production ratio:

3 _ B(X(3823)-vyXc2)

8 2 B(X(3823)-¥Xc1)

< 0.5¢

N < 0.42 at90% C.L.

v 092 43 44 45 46 ~0.24 [PRD 55, 4001]
Eem (GV) Exclusions:

 compatible with both lineshapes!  « 1D, — vy y, forbidden
» statistics does not allow to resolve 13D, — vy y, has 0 amplitude

S from expected D wave compatible with y(13D,)
Jan 6-12, 2015 HEP2016 44



Higher Charmonium states: a new family member?

4.4 LS ] | pietsn) |
. - (33P0
QT  [r0) xer (3% )| X2 (EP2)
4.2} y2(2°D,) | [¥s(2°Ds)
P(2°D
7:(3'Sp) Py
4.0 —
’ he (21Py ) - |1 (2%P1)
&~ Xeo(23Fg)
- Ps(1°Ds)
< 38}
— L KT mDﬁ
@ g6l — -
© he(1'Py) : tea(7Pe)
z c 1] Xe1(19P1)
el
3.4 XeolT"FPoly
3.2+
(18]
3.0 ?:|‘¢-::'|13|;| predicted, undiscovered
predicted, discovered
0—+ 1—— 1+- o++ 1++ o++ o—+ o—— 33—
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BESIII: ete- — vX(3872) — yrn*n-d/y PRL 112, 092001

T T T T T T T T I T T T T E 06 B
15+ o Q N
L BESIT - Data 1 = os5b BESI - 3?33503
o i = Total fit il = F ---- Phase Space
=2
% 10 B === Background ] +'|._g --- Linear
= . &
o i | =
2 ] I
0 i - o™
cC 5 ] I~
()] e
3 - i £
il L o o l e ——L el i 1 ml:‘_, L

ISR v’ signal 1s used for rate, mass, and mass resolution calibration.
Wycese) = - (0.34£0.04) MeV/c?, o= (1.14+0.07) MeV

N(X(3872)) = 20.1+4.5 [PDG: 3871.68+0.17 MeV]
M = (3871.940.7+0.2) MeV/c?
6.35 o = o(Y(4260) > yX(3872)) .o,

6(Y(4260) — w*nJd/vy)
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§ BESIII: ete — y¢pJ/y (J/y — pip, ete’)  PRD 9L, 032002

e 3 ¢ decay modes considered: ¢ —» K'K-, ¢ - KK, ¢ — n*nnd
e 2 J/y decay modes considered: Jy — p'w, Jy — efe

L L EnTa29, 4200, AT MEV No evidence of Y (4140)
S 4 BESII UP @ 90% C.L. for
O 3-2;: oB(ete” — yY(4140) - B(Y(4140) — ydJI/y)
§ 250 E... (MeV) L (pb) o B
2 .o BT 4.23 1094 < 0.35
s = Ll 4.26 827 <0.28
W o5 Al =
DEJ--."-I. I b b b b 4.36 545 < 0.33
41 415 42 42 4'32 4.35 44 Including systematic uncertainties
_ M(d Jhy) (GeV/c?)
Assuming:
o 68(e*e” — yX(3872) - B(X(3872) — m*m Jhy) [1I: o B(X(3872) — m*m J/y) = 5% V]

e E_=4230 MeV: 0.27 £ 0.09 (stat.) £ 0.02 (syst.) pb © B(Y(4140) — ¢ J/y) = 30% B3]
e E_=4260 MeV: 0.33 £ 0.12 (stat.) £ 0.02 (syst.) pb

o(e'e— vY(4140)) 21 arXiv:0910.3138
- 8¢ <0.1 @ 4230/4260 MeV arxiv:0910.
o(efe" — yX(3872) ) — @ [ PR D80, 054019
Jan 6 - 12, 2015 HEP2016 47
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Exotic at BESIII

Xe2(3°P2) |

 all states below DD threshold
have been observed and described
by charm anti-charm potential
model

¥e2(23P3) |

MASS [GeV/c?]

« only a few of the predicted states
above threshold have been found

Yez(13P2) |

e many new states have been observed:
e S0mMe unexpected
* many with properties not
consistent with charmonium
decays to X,Y or Z states

predicted, discovered

predicted, undiscovered

unpredicted, discovered

0-+ ) 1+ 0+ i++ 2+
Jan 6 - 12, 2015 HEP2016 JPC
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Mass [GeV/c?]

BESIII: ete” — w*ad/y events

Xe2 (3%P2)

A2 (29Pz)

not predicted, discovered e

o++

A 2(4430:"" |13u ] E":.4331'|
¥ (4360)
he (3P, ) ] l1c1(3%P)
¥(4260) Xeo(3Po)
42K :
wi2hDy )
(3'5;)
A0 EE 2 v
L he 2Py )
Xeo(2%Pg)
he(17P4 ) xe1 (18P}
3.4V ata xeo(13Fg)
3.2
u"fl#l:1331:|
30T iiie predicted, undiscovered
el 1 o)
predicted, discovered
0—+ 1—— 1+-— o++ 1++
HEP2016



events

‘ JV Typical
- [y —pw

XY View ‘ XY View

4 charged tracks, J/y reconstruct via lepton pairs
very clean sample, very high efficiency, kinematic fit used
only use MDC & EMC information, MC simulation reliable
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BESIII: e*e” —» n*nwd/y — Jhy signals @ 4.260 GeV
PRL 110, 252001

0 1601 o F
2 140k sl 882433 2 t20p BOM 595428
O - + - ) - +a-
< 1200 Jhy —ptu ~ 100: Jhy —ete
o C @) -
g 100¢ g 80
c 60 - .
o - O 40~
o 40 T
20| 20 *
: | . % a0 81 315 32
M(u'w) (GeV/c?) M(e*e)) (GeV/c?)

« Dominant background e*e” —» wfn
« J/y signal: [3.08,3.12] GeV
« J/y sideband: [3.0,3.06] GeV or [3.14,3.20] GeV
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ete” —» ' Jy — cross sections @ 4.260 GeV

PRL 110, 252001

80 }
. 70 D
I?;Bar. PRD86, 051102 (2012) T 60 {H (D
2 12 T T 2 g *H BELLE
= L >
£ 100- + 5 40 \ | Belle: PRL110, 252002
=2 B +l'~' 30
= 80¢ = 20 HMH + H
2 LT
1wl 10T T ##N# bt
B o , okl ++++Hﬂ+ iﬂ## +++* ++++++,+M+
° 4 H 38 4 42 4'4 46 48 5 52 54
20 + + + E.m (GeV)
APEEAARRAR +5. Sl Sz . BESIII cross sections:
E. (GeV) more energy points

BESIII:
« agreement with BaBar & Belle
* Dest precision!

op(ete— wrrliy) = (62.9+1.9+3.7) pb

more data!

Jan 6 -12, 2015
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Mass [GeV/c?]

xer (38R

Xe2(3°P2)

xe2 (23P;)

xe1(13P;)

predictad, undiscovered

predictad, discoversd

not predicted, discoversd

AIEE880 B | | piass)
Yl:tﬁ!ﬁﬂjl
- he (3'P;) e
YIH-Z%]:I Xeol(3 Pg)
4.2F Ak
=
?Ifl:ﬂj SIZI EJ'[SSS-
4.0F
h:(2174)
7. (3000) xeo(22Pg)
. -
_____ -
1
gL (215
3.6f -
he(11P4)
3.4F Xeo(1°Pg)
3.2F
Jip(125,)
3.0 1e(175;)
0+ 17— 1+ 0Ot
HEP2016

1++

o++
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BESIII: ete- — atah (1P) @ 4.260 Gev ~ PRL 111, 242001

* h.— yn n. — hadrons [16 exclusive decay modes]
e« p p, KK, wtrp p, 2(K*K), 2(ntr), 3(n'm)
« 2(mtm)K*K, KK +e.c., KK rn*n+c.c., K*Kn?
e p pn®, K'Kn, ntnn, nrnnlnd, 2(ntn)n, 2(xtnnd)

— 3200 ———— —— U 60
= - BESTI L T 7 C BESIT
Z 3150 . < s0F a
n C || — I 1
= B = - W
o5 § 41]:— ;
= F i)
- 15 2 - ' ]
...................................................... = 20k | { } .}
10 NG T } | ,}
| 10p4 T fr- Sl !
| 3 - % g |F|| "I1“ i
2 E 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | D {’_ 1 1 1 I 1 1 1 I 1 1 1 I 1 1
'8.£5'|] 3.52 5S4 3.506 3._58 3.60 50 3.52 3.54 3.56 3 58 3 60
M (GeVieh) \Imr((}ﬂ"fc')

M. candidate

h. candidate
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BESIII: e*e” — w*wh,(1P) PRL 111, 242001

90
80
70
60
50

405
30 I

&
=

Born cross section (pb)

20
10
0
-10

|
30 4. 3'& 4. 40 4. 4*:

* o(efe—> n*rh.) ~ o(e*e— ' d/y) but Iine shape different

* Local maximum ~ 4.23 GeV
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ete —s 7'C+7'C'hc(1p) VS ete — ‘J/\ll PRL 111, 242001

30 _ Open circles: Belle ete— ' d/y
. % Solid dots: BESIIl e*e— n*7h,
60| +++. -
— i & )

T42 43 44 45 48
Ecm (GeV)

More data at higher energies needed to complete line shape measurement
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BESIII: e*e” — @ Z,(3900) — n*aJ/y @ 4.260 GeV
PRL 110, 252001

— Total fit

8ol - Bakgendfit | e N3s electric charge
= == PHSP MC
* at least 4-quarks
* what is its nature?

100F BESII D » couplesto cc

3.7 3.8 3.9 4.0
Moy (TE0/W) (GeV/c?)

S-wave Breit-Wigner with efficiency correction
M = (3899.0£3.6%4.9) MeV/c?
I' = (46£10£20) MeV/c?

R =(21.5£3.3%7.5)%

Significance
>8c
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PRL 110, 252001 (2013)

e*e” — 1 Z,(3900) — mmdiy @ 4.260 GeV

— Total fit

100 BEST +on

---- Background fit

(0]
o
T

-.=- PHSP MC

Events / 0.01 GeV/c?
5 S

N
o

3.7 3.8 3.9 4.0

Myax (TEJ/Y) (GeV/c?)

M = (3899.0+3.6+4.9) MeV/c?
I' = (46x10%£20) MeV/c?

307+48 events 159+49 events
>80 >5 20
Jan 6 - 12, 2015 HEP2016

PRL 110, 252001

PRL 110, 252002 (2013)

70F

- Belle

60
50f

—+— data
— Fit
— Background

-==- PHSP MC

Events / 0.02 GeV/c?

37 38 39 4 41 42
M, (mJ/y) (GeV/cd)

M = (3894.516.6%4.5) MeV/c?
I' = (63x24£26) MeV/c?
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e*e” — m Z,(3900) — w*m /iy @ 4.260 Gev  PRL 110252001

K. Seth & co. @ 4.170 GeVV _
hep-ex:1304.3036 S
~ 40 [0}
- ¢ Data M(Z (3900))=3884.6-4.6 MeV O]
o 3E - F"_hase Space S
E 30; — Fit S
EIJ;— Lﬁ
15;’
10f- FL
E,FF.P{J...l....|..,.|!...'}w|+'L_. o
%Eﬂﬂ 3700 3800 3800 4000 ;
Moo (T500y) (MeV)  §
M = (3885%5+1) MeV/c? S
I' = (34%12%4) MeV/c? @
81+20 events g
6.1c
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100

80

60

40

F‘

70f
601
50F

20 ot

BESTH A

---- Background fit

- =+ PHSP MC

3.7 3.8 3.9 4.0
Mpax (TEJ/Y) (GeV/c?)
Belle e
— Background

---: PHSP MC

37 38 39 4 41 42
Mo () (GeVIE) s



e*e” — m Z,(3900) — w*mwl/y @ 4.260 Gev  PRL 110252001

One of APS
e || ECICKRD Lo PR 2013 hlgh“ghtS

he (3P,

42+
p(2°04)

a0 7
ne(2'Py) (2%P

7. (3000

Bﬂ‘\

3.6
he(11Py) o (1°P0) Xe2(19Pz)
34 Xeo(1°Pg)
T
3.2

Mass [GeV/c?]

(1958
3.0 7o (1'50) predicted, undiscovered
predicted, discovered
not predicted, discoverad -
O+ 1—— 1+ o+t 1++ o++
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e*e” — 710 Z.(3900)° — 770y @ 4.230-4.260 GeV
PRL 115, 112003

4.230GeV,1091.7pb' | e 2.8fb! data at 10 energy points

50 from 4230~4420 MeV

" e Z.(3900)° is observed clearly at:
ol E.=4230, 4260, 4360MeV

10E

M = (3894.8+2.3£3.2) MeV/c?
: [ = (29.648.2+8.2) MeV/c?

25 10.4o

K CLEOC: PLB 727, 366
0 I 12: ¥ Data SEG pb-i

18 4.360 GeV, 539.8 pb' 10[- - Phase Space

16 — Fit

14 == Jiy Sidebands 3.56

)
=
Counts / 15 MeV

o] o m ©

—
(8]
L
>
0]
=
o
—
g
1]
e
C
4]
>
L
—
o]
(@]
~
>
(O]
=
o
T
=
[72]
—
c
]
=
L
—
al
L
>
1]
=
o
—
T
2]
—
c
1]
>
L

——
SRR NN
Illllll IIII—H—I-I-!-OI-I-H—!THI'III'IIIIIII
—
——

ikl

3.8 4.0 42 600 3700 3800 G900 2000
Muax(°d1y) (MeV
M 2y (GeV/C2) maxlT W) (MeV)

An isospin triplet for Z.(3900) has been established
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e*e — m Z,(4020) — n*nwh (1P) — all energies  PRL 111, 242001

i
L]

ﬁ

L - T T R = [ A B ] == T =]

1 11 11 I 111 1 I 1 111 I 1111 I 11 11 I 11 11 I 11 11 I 11 11
80 01 02 03 04 05 06 07 08
M2, (GeV/e?)

2 B
|
R
w
=]

=
=

|
=

[#.]
=
IIII|IIIIIIIII
—

Events/ ( 0.005GeV/c?)

| y
» all collected energies o i M}
5900 - 4.420 GoV] “
20— H'
* h,— yn. M. — hadrons o + Mo
[16 exclusive decay modes] O GV
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e*e — m Z,(4020) — m*ah (1P) — 4.23/4.26/4.36 GeV
PRL 111, 242001

Simultaneous fit to 4.26/4.36 GeV data and 16 n. decay modes.
4.23+4.26+4.36 GeV

T 1200 4.23+4.26 GeV | °F
= - BESIT 80E —+— ofe'e->x'xh,) BESII
E 100 .E JQE. —5— ole'e>x'Z ({02)scc) BESIT
s -
= B = - —4— olg‘e->n*rh,) CLEO-c .
; 80¢ E 6‘05
z g SO 1
§ 60 % 40F
= 40 v 30
C = =
- 208 Tl io—-o
20 & = ) 4 . ~.
10F I ' E 3 3
U {}:I |I| 1 1 1 | 1 1 1 |\|\L ~| | 1 > 7 |
395 4.00 405 410 415 420 425 4.0 4.1 4.2 343" 4.4
]}'Inth{((}e‘i'.-’c') E(GeV)

M = (4022.9+0.8+2.7) MeV/c? c(e*e—nZ (4020)—na*nh,)

I = (7.9+2.742.6) MeV/c2 | 6(4.23 GeV) = (8.7+1.9+2.8+1.4) pb
>8.9 6(4.26 GeV) = (7.4+1.7+2.1%1.2) pb
426 GeV/- 6(4.36 GeV) = (10.3£2.3£3.1+1.6) pb

o(e*e—nZ,(3900) * n- —mtwh,) = < 11 pb (0% c.L)  Blhe—me)
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ete" — w Z,(4020)° — n%z°h (1P) -

4.23/4.26/4.36 GeV
PRL 113, 212002

e 2.8fb-! data at 10 energy points from 4230~4420 MeV

e Z.(4020)° is observed clearly at: E_,=4230,

400 BESE

30 g(ete-—min h,)
300t g(ete~—n’n0 h,)

Events/0.0125(GeV/c?)

Events/(0.01GeV/c?)

14 345 is a 55
M (GeVie?)

Mz 0200 = (4023.9%2.243.8) MeV/c?

M 2 (4020)— (4022.9£0.8+2.7) MeV/c?
C(4020)0 fixed @ F Z.(4020)*

>50

Jan6-12, 2015 HEP2016

4260, 4360MeV

39 395 4 405 41 4.
M=% (GeV/c?)
max

An isospin triplet for
Z.(4020)
has also been observed
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e*e” — 1 Z(4020)° — 7%n%h (1P) — 4.23/4.26/4.36 GeV
PRL 113, 212002

e 2.8fb! data at 10 energy points from 4230~4420 MeV
e Z.(4020)° is observed clearly at: E,,=4230, 4260, 4360MeV

92

= = 45
? 805 o(ete—mn h,) BESIT _aof
€ 7% g(ete—nnl h,) O a4f
2 60 A
ER R
£ 405 = %
2 30— l H S 20}
205 1 2 15
10 S 10f
0 g LLIJ TTa2 a3 aa al:
E(GeV) L .
0% 39 3095 4 405 41 R
M 7 (4020 = (4023.6%2.2+3.8) MeV/c? M, (GEV/C)
An isospin triplet for
M .= (4022.9+0.8+2.7) MeV/c?
20207~ ) Z.(4020)
[, ooy fixed @ T, 0. has also been observed
o(ete-—mtn h,) ~ 2 o(ete~—nn’ h,)
>50 ISospin conservation
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@A BESIII: e*e— nZ (3885) — 1 (DD*)*+c.c. @ 4.260 GeV
- PRL 112, 022001

525 pbl data @ 4260 MeV: single tag analysis

90 :
‘e 80 BeSH Tt_.zmoz
2 0 > 80F
= 60 = |
< 50 j 60
- 40 0 N
m =
£ 30 + | c 40
2 20 ikt .
W10k | TN W i
0 d W S T T T I L. W
3.85 3.90 3.95 4.00 4.05 410 415 3.85 3.90 3.95 4.00 4.05 4.10 4.15

M(D°D*) (GeV/c?) M(D*D*) (GeV/c?)

M = (3883.9+1.5+4.2) MeV/c?
I’ = (24.8+3.3+11.0) MeV/c?

>18c _

o(e*e— n Z.(3885)* x Z,(3885)* — (DD*)* +c.c.) = (83.5£6.6+22.0) pb

_ I'(Z.(3885) — D*D*)

= = +1.1+
I'(Z.(3900) — 7 Jhy) (6.241.142.7)
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nZ.(3885) ang. dist. favours J° = 1*
disfavours 1-e 0 -




BESIII: ete'— 1Z,(3885) — 1 (DD*)*+c.c. @ 4.260 GeV
PRD 92, 092006

Events/(4.0 MeV/c?)

3.95 . 4 4.05 ‘ 3.95 “0 4 4.05
M(DD ") (GeV/c?) MDD ) (GeV/c?)

1090 pb! @ 4.23 GeV

827 pb! @ 4.26 GeV
Events/(4.0 MeV/c?)

30

(=]
T T

39 395 . 4 4.05 . 39 395 w0 4 4.05 4.1
M(D’D ") (GeV/c?) MDD ) (GeV/c?)

M = (3881.7£1.6%£2.1) MeV/c? Compatible with but
[ = (26.6%£2.0£2.3) MeV/c? significantly more precise
>10c , JF=1* than single-tag analysis
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BESIII: ete— nZ,(3885) — n? (DD*)%+c.c. @ 4.260 GeV
PRL 115, 222002

BESIT -o- Data
G 80 — Global Fit = (3885.7723+8.4) MeV/c?
= [ YN 71 e igna +
- -ﬁmgl. Blkg F = (35 12—15) MeV/c?
1?_, .....PHSP >100
> 40
Szj 20~ L.
' ° gOOd agreement among
0

3.85 3.9 3.95 4 4.05 neutral and charged states
M(DD*) (GeV/c?)

~ PFBESIL 4257 GeV DD’ | 4257GeV D°D"r" |« 3y jsospin triplet established
c;: o : in DD* channel as well
E 1: the same of Z.(3900)?
2 40
T o * Molecule state?
18 Tetraquark?

385 3.9 395 4 405 385 3.9 395 4 405
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BESIII: e*e'— 1Z,(4025) — m (D*D*)*+c.c. @ 4.260 GeV
PRL 112, 132001

827 pb data @ 4260 MeV:-

<, | —— data ——1Z.(4025) BESIT BOFBESIT —4—data  —- Z,(4025)
S; 400 Ews e PHSP & 70k — total fit comb. BKG
g - -- PHSP signal
> (‘30E
= 50f
@) -
N 40¢
S 20}
S B
L 10f
2.05 2.1 2.15 2.2 I 4-02 4.04 406 4.08
+ - + + - 2
RM(D"n’)+M(D")-m(D") (GeVi/c?) RM(r') (GeVic?)

>10c

= (4026.312.6£3.7) MeV/c?
= (24.8%5.7£7.7) MeV/c?

o(e*e— 1 (D*D*)*+c.c.) = (137+£9+15) pb

o(ete— mwZ.*— w (D*D*)*+c.c.)
o(ete— w (D*D*)*+c.c.)

R= = (65+9+6)%
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BESIII: e*e'— 1Z,(4025) — ni° (D*D*)%+c.c. @ 4.260 GeV
arXiv: 1507.02404

1092 pbt data @ 4226 MeV, 826 pb! data @ 4257 MeV:

W
o

c\fl_"‘\
o _
S | BESHT 423GeV+4.26GeV o e
() o > 20f 1
= | (a) g | |
~ € 10
E L f \ § E _|
e 20— —— @ Lol —
g-) - i 15} 5=4. |
LUl = o 10f 1
— ..‘ 55_ b _f —
10 — R\ 0 o5 404 4.06 408 31 _|
RM(r)(GeV/c?)
0

4.02 4.04 4.06 4.08 4.1
RM(r°)(GeV/c?)

= (4025.5%79+3.1) MeV/c?
= (23.0£6.0£1.0) MeV/c?
>5.90

Z.(4025) and Z_(4020) have similar mass but different width
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e*e — n¥ Z,(3900) — m*me @ 4.230-4.260 GeV
PRD 92, 032009

ti‘f Ed
3T BESIT BESIT
=12
@ F
s [
Lﬁ 10—_‘ [ I J ®
I 1 T - _ ".e
il "’ L - ® I ®
4 1o 3 || “h - ) e
11 1 L ™ ? .
2 - ’
1 | | |1 | ll .

41 4-2 IJJISLIIJ | PR O O Y T Y | : . 2
M(wm) (GeV/c?) M(w) (GeV/c?)

No evidence of a Z,(3900) S|gnal
e o(e*e” — at Z(3900)* , Z,(3900) — nw) < 0.26 pb @ 4.23 GeV 90%

WO
A[TTT T
()]

9]

.(;0" !
(O3 }
w

\.4

w

(0]

w

[(s]

N

o o(e*e” — T Z,(3900) , Z,(3900) — ) < 0.18 pb @ 4.26 GeV 90%

A missing Z.— o (a typical decay mode of a 1* resonance)

may indicate that the cc annihilation in Z_ is suppressed
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(€EBESIII: a summary of Z observations

State] ‘ Mass (MeV/c?) ‘ Width (MeV) ‘ Decay‘ Process ‘ [Ref]
Z.(3900)* 3899.0+3.6+4.9 46+10+20 ntjp  ete -mwtmj/Pp  [1]
Z.(3900)° 3894.8+2.3+2.7 29.6+8.2+8.2 ' /Y ete > n'n’J/yp  [2]

3883.9+1.5+4.2 24.8+3.3+11.0 (DD*)* e*e” - (DD*)Emt [3]
Single D tag Single D tag
Z,(3885)°  3881.741.642.1 26.622.042.3 (DD*)*  e*e - (DD*)im*  [4]
Double D tag Double D tag
Z,(3885)° 3885.7 7 43+8.4 35117+15 (DD*)?  e*e” -» (DD)’n®  [5]
- ]| |\ /| |
Z.(4020)* 4022.9+0.8+2.7 7.942.7+2.6 nth, ete” > mwtmn h, [6]
Z.(4020)° 4023.9+2.2+3.8 fixed n°h, ete” » n'nh, [7]
Z.(4025)* 4026.3+2.6+3.7 24.8+5.6+7.7 D*D* e*te” - (D*'D")*m*™ [8]
Z,(4025)° 40255%29+3.1 23.0+6.0+1.0 D*D* ete” - (D*'D")°n® [9]

[11 PRL,110,252001; (21 PRL 115, 112003; Bl PRL,112, 022001; 41 PRD 92, 092006
51 PRL 115, 222002; 181 PRL,110, 252001; [1 PRL,113,212002; [®1 PRL,112, 132001
1 arXiv:1507.02404
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BESIII: ete” — oy (Yoo — min, K'KY) PRL 114, 092003
1fb!l @ E,,=4230 MeV

100

© 16F S :

% 14§—i$§::|rit % 255 . 80F

O 12F - - - Background fit O 20¢ ) -

é 10%_IIIS|deband § 15; i% jzf

S 6f S 10t 3 -

3 4 2 Y

cC E c 5 (&} C

o 2 S et TR R e O

W 955733 335 34 345 35 W D5 33 335 34 345 35 O 20k
M(n*n") GeV/c? M(K'K') GeV/c? N T

— O 8 fb'l @ E —4260 Mev 4?.15 42 425 43 435 44 445 45

‘o 10 U. = -

%_ g_ cm ~ i; B'ES]H \'s (GeV)

(gg 5 % 10 G (e"e — @) =

S o = g e (55.4%6.0£5.9) pb @ 4.23 GeV

23 2 4 e (23.74£5.3%3.5) pb @ 4.26 GeV

g M 2 -

W 5533 335 34 3.45' 35 W 925733 335 34 345 55 Afine structure at 4230MeV?
M(r nT) GeV/c? M(K*K') GeV/c?

e The mass of Y(4260) is very close to wy,.; mass threshold

e Observation of oy, at 4230, 4260 MeV data Assuming

e No evidence of oy, at 4360 MeV ®),.o from a resonance:

e No evidence of oy, /ay,, at 4230/4260/4360 MeV | M = (423018+6) MeV/c?

e Line shape seems inconsistent with Y (4260) I = (3811212) MeV/c2

e BW fitting: a narrow structure around 4230MeV. | > Q¢
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[G2YBESIII: e'e” — vy (Xey— 7w, Iy — p'p)
st CPC 39(4), 041001

e Statistically incompatible with background (radiative pp)
e Limited statistics

N r E.,=4009 MeV |, - E.,=4230 MeV
O 14 3} £
—_— E —_— 14 :_
X BESI | 3 ¢ BESIT
2 oF s 2¢
o 10 3 o 10 ﬂ - - .
< of < ! 1 e Simultaneous fit @ 4 E_,, assuming
2] C (7)) -
-3 - LT | Y (4260) lineshape for o(e*e — yx.;)
:>j 4 Pt I.d>lj e N B e SR

2 2 [ N o~

. iml AN AA N N SO  Th T UL 5,"3 0F Keo Ket

335 34 345 35 355 36 365 3.7 335 34 345 35 3565 36 365 37 [} 25 5

M., (GeVic?) M., Gevich) = L

o E_=4260 MeV |«. 1 E,,=4360 Mev | 8 %
S - S | @ 15

12 - L
? BESIT | 3 s c
s 0F = © 10 | Ll TN
o 8 C o 6 > -
A Ay L -
g 3 dl:

5 54 0--||.I|||I..;-‘I 2 |||'.||||||||-;‘||||
> 3 . 335 34 345 35 355 36 365 023.7
2 1 /. GeV/
Lo T b e Wy (GeVIE)

33 34 345 35 355 36 365 3.7 335 34 345 3. 355 36 365 3.7
M., (GeVic?) M., (GeVic?)
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[GIABESIII: ete” — vy (xe;— YI/y, Iy — pnip)
CPC 39(4), 041001

e o(e"e” — yy.;) Born measured cross section

7

%]
o
(=]

- o(E*e" — YXc1) |
S N

[ 9s(E"€ = xe) |

_'_GUP

clf

st T— S— S— T— _— — —

o BesH

+oB

=
14
(=]

.LI|IIII|IIII|IIII|IIII

oB(e’e - 7x_) (pb)

oB(e’e’ — vx_) (pb)

100

50

oB(e’e” — v _) (Pb)

6" compatible
with NRQCD thoretical 10
predictions [

h
: | T T T 1 | I T T 1 |

(11 arXiv:1310.8597 JS i 1 N N N NS U S N |
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[<EABESIII: e'e — nJ/y and e'e — a%/y

17 CM energies ranging from 3810 MeV to 4600 MeV: e*e- — nJ/y

220 B'ES]I[ \/s = 4.230 GeV
C\'l; 200 —4— 1w Mode CGL-;
S 180 — Total fit S
160
o Ilovge 1 Background fit @
(12 140 [ Jiy sideband (12
o 120 ' <
S 100 e
ey ~
£ 8 2
o 60 [
o 40 i

0
02 03 04 05 06 07 08 09

M(yy)(GeV/c?)
60 BESTI \s = 4.260 GeV
cﬁa E —4— u*p Mode CGL-;
S 50 , — Total fit =
O S | TS Background fit o
(2 40 [ J/y sideband (,2
Q : Q
S 30F [ =
FEN: 8
T 20F =
5 : )
> : ' =
b 10F ] H 2 ' i L L
0

02 03 04 05 06 07 08 09
2
Jan 6 - 12, 2015 M(yy)(GeV/c?) HEP2016

160
140 = B.ES]]I Vs = 4.230 GeV
- ! —4— e*e” Mode
120 — Total fit
- e e Background fit
100 - [ J/iy sideband
80
60
40 -
20
0
02 03 04 05 06 07 08 0.9
M(yy)(GeV/c?)
60
B.ES]]I Vs = 4.260 GeV
50 H —4— e*e” Mode
‘ — Total fit
40 )| Background fit
[ J/y sideband
30
20
10
0
02 03 04 05 06 07 08 09
M(W)(GeV/cz)

PRD 91, 112005
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BESIII: e'e — nJd/y and ete- — wJ/y

17 CI\2/(I) energies ranging from 3810 MeV to 4600 MeV: e*e” — nJd/y

18
16

Events/(0.01GeV/c?)
>

BESTH

\s = 4.360 GeV

—4— 'y Mode
— Total fit

[ Jlvy sideband

2 03 04 05 06 07 08

----- Background fit

Events/(0.01GeV/c?)

0.9

5 BesTT

\s = 4.360 GeV

—4— e'e’ Mode

— Total fit

----- Background fit
[ Jly sideband

0
02 03 04 05 06 07 08 09

M(yy)(GeV/c?) M(y7)(GeV/c?)
17 CM energies ranging from 3810 MeV to161600 MeV: ete — alJhy
16 BESIT Vs = 4.230 GeV 9 BESTT JS = 4.260 GeV
& 14F —4— *y” Mode © 8 —+— u*y Mode
S n — n° signal S — n° signal
> 12F -Jhps sideband > 7 -J/\; sideband
S 10 2 6
Q i S 5
=7 : 2
2 6f 2 7
N g >
I i 2
: 1
0056 01 015 02 025 03 005 01 015 02 025
Jan 6 - 12, 2015 M(yv)(GeV/c?) HEP2016 Myv)(GeV/c?)

0.3

PRD 91, 112005
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L $EIBESIII: ete — ndly PRD 91, 112005

e o;(e*e” — nJ/y) Born measured cross section

. 100 |- BESTI ~+ Belle
; PRD 87,051101 2 : —- BESIII(2012)
<L)  sof
R T 8UE | o - —4— BESIII(2015)
~ Q. -
> 20} ~ [
— s 9f ‘['l‘
[ S B ¥
2 | = 40 1
£ 10 T B #[*
c , 4 -+
I o 20 L4 t ,H_ _}_-l-
3 B {l J_ + ﬂ
o 1T y
0 L acal * --------- { --------------- R
4 4.25 4.5 4.75 -
MnJ/y) (GeV/c?) 20
el v b b b b b b b b g b
38 39 4 41 42 43 44 45 46 4.7

o Is (GeV)
y(4040) and y(4160) with interference

e (good agreement with previous results and more precise
e Cross sections peaks at ~ 4.2 GeV
e higher energy points’ analysis on going
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BIBESIII: e'e — 0 Jly

1 bl @ E,,=4230 MeV

preliminary

0.8 fbl @ E,,=4260 MeV

L BESIT ot BESTT
g | Preliminary S I Preliminary
o [ 0 153
E 20_ E B
o L o
3 | 3 10f
C - c L
$ 10 S I
TR I 5f
0 09 0.95 L 0 09 =09 M
Myr'miyyn'n) GeVic Myr*miyyn't) GeVic
16 C
14 BESTI 121 BESTI
N, 121 t Preliminary % 10 + Preliminary
S C S L -
o 10— o F
s L s 8-
0 8 0o
& F 3 6
& 6 &
> - > 4C
L = * w -
03_ 3.05 A 315 3.2 03 3.05 L 31 3.15 3.2
M('T) GeVic? M(I'T) GeVic?
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BESIII: efe — n’J/ly preliminary

' BeST[ |

Prellmln:ary

—
o

an

Born cross section (pb)
én

o
I'I"IIII'I'IITT'IIIT'IIITTIIIF'I

N
=)

475 43 425 43 435 44 445 45 455 46
Eom (GeV)

e first observation

e too low statistics to infer line shape but o (e*te" — n’Jly) =
¢ (3.1£0.6%0.3) pb @ 4.23 GeV
* (3.91£0.8+0.4) pb @ 4.26 GeV
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[¢EYBESIII: Y(4260) — nnJ/y

PRD 92, 012008

Search for isospin violating Y(4260) — a’nJ/y decay mode

1 b @ E,,y=4230 MeV

0.8 b @ E.,=4260 MeV

o - —+ Data ":'9 i —|—Data ("_, 5;
E i_ — Sideband E 3_ % 4;
S S 2 3
g 35_ E. 2:_ ! § 2f ) .
@ @ Foc .
L o :
> ; A
= S I I D e
3 305 31 315 32 3 305 31 a0 3 " E(Gev)
M(I'T) (GeV/c?) M(I'T) (GeV/c)
e no significant signal observed with current BESIII data
e can not provide effective constraints to theoretical models
Vs (GeV)  Lpb™') (14+8) (1+08") (e“B«+e“B*) (%) N>  Nbke N
4.009 482.0 0.838 1.044 2.1 +0.1(sys) 5 1 598.1
4.226 1047.3 0.844 1.056 2.2 +0.1(sys) 12 11 592.9
4.257 825.6 0.847 1.054 2.2 +0.1(sys) 12 8 654.1
4.358 539.8 0.942 1.051 2.2 +0.1(sys) 5 4 2832
4416 1028.9 0.951 1.053 2.3 +0.1(sys) 5 6 342.7
4.599 566.9 0.965 1.055 2.4 +0.1(sys) 6 3 418.4

Jan 6 - 12, 2015
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Summary

= huge statistics:
* Jhy, w(2S), y(1D)
o XYZ studies
* R scans

= near future:
 collect data at higher energies to complete scans
* higher luminosity expected from BEPCII
 analyse the full data samples
« many PWA to be completed

= stay tuned:
* many new exciting results on their way

Jan 6-12, 2015 HEP2016
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Question time

Thanks for your attention!

HEP2016
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€20 How to produce Charmonium states

Jhy, w(25)
1. e*e annihilation (including
ISR/double charmonium)

QLo

2. pp annihilation o XCJ’ M.
ﬁ g
% : 25
3. Two-photon process —— Me» M(29)
yﬂg O'+, O++, 2++
b -— \\ > g \II; XCJ, nc 7.(25)

4. Bdecays . < L 1 o 0

q i

mass (GeV/ &)

5. Charmonium transition il
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 first studied by
Crystal Ball (1982):
f,(1710)

« Crystal Barrel (1995):

fo(1500) [pp—nnn]
» E835 (2006):
fo(1500) [pp—nnn]

fo(1710) [pp—nnn]
. WA102, GAMS:

f,(1500) [nm mode]

Jan 6 - 12, 2015
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1.0 .
Mpn  (GeV)
PLB 353, 571 (1995)

,E'izmﬂf ]

=
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&

3

z
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e T I [T T [ [ '_I
0.7k ] i

L | B A B ] w2001 J%ﬁ N
7 08¢ s 1 = S J[ _
Sh T el a1 B Sy _
;’“ 0.5 - N 'gf_ H% 100 J:r Jr+ |
T £ | |

- B A B ' #
f ; g LT
o4 05 o6 07 ;

: Tos o7 “{}12 ',’.3'.”'4””5“”6””?": 0
My y ) GeV/ict) ] /I ) (GeV/iet) M) (GeVich)
" Jy—9n, ¢—yn:
« select events outside ¢ window
= packground:

 low and mostly non-n background,

 estimanted by n sidebands (blue shadow)
= packground subtraction:
e In £signal = In Bdata_ In Bsideband
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ne — »“’"ﬁ ¢
o s
e < ¢

y—yod (DOZI) predicted oc 1/10  wy—ydpdp (OZI)

« BESII: [PRL96,162002]

o F o M = (1812"), £ 18) MeV/c?
2 >

= 3 I T = (1054204 28) MeV/c?
Z % of o e 0** favoured over
> = b 0+and 2**

m :I TINEETINNETE ATRRE NN NI FRERIANE NI AT

1§ 2 22 24 26 28 3 312 05 1 15 2 25 3 35 4 45

M(w0) (GeV/c?) M*(Yo) (GeV/c?)
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600 +
L +
= 400f
0] t
Y]
[
S
=
T 200¢
2 ¢ *
L R o

0

008 1 102 104 106 108

M(K'K)(GeV/c?)
L |. (I)

L 200t T|+
- L
4k}
{D L
=T
o
=}
= 100f
Q
o

ol

M(K*K 7 n) (GeV/c?)

Jan 6 - 12, 2015

) 2.5 3

Event/(0.02GeV/c%)

1000

500

PRD 87, 032008

6
¢ ) ﬁ
| ‘ ?ﬁ;“ _
‘ S,
; % 4+
g L
_ c |
A’
."I-.-‘-‘ £ 2__
. S a-“w._‘ =
B ) T T P T
0.5 1 12-5 o 1 2 3 4 5
M(]"["’]’[ HU}(GEVJ"IC } Mz("f:‘[J“I':'In}{GEVfCE}E
solid:

 background estimated from sidebands
dashed:

e Inclusive Jhy MC samples
background subtraction:

e In £5|gnal In Bdata In Bsideband

HEP2016 89



BESIII: PWA of J/ly — yo¢ PRD 87, 032008

= looking for best solution:
« M, T and JPC of X(1810)

» other know mesons [PDG] 0~ Data — BESTL,
« different J’¢ of phase space 200k - X(1810)
« different combinations of : e
additional mesons [PDG] 5ol —— 1(2225)
B — - Phase-space

= pest solution:
X(1810), f,(2020),f,(1950),
n(2225), £,(2020), phase space
and background
= systematic uncertainties: -
 ,(1920), f,(2020), n(2225): 0h
standard deviation from PDG,
replacing by other of similar
mass but same JP¢

* model dependence
Jan 6-12, 2015 HEP2016 90
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Evts/0.005 GeV/c®

Jhy — ypp: enhancement at threshold

normal meson? pp bound state? multiquark? glueball? FSI effect?

150

—
]
]

4]
=

BESII: PRL 91, 022001 (2003)

;-»-»JKII.IIII'IIIII

| |
M(p p) - 2m,, (GeVic?)

BESIII: CPC 34, 421 (2010)

BESII

70 &

60

30 |- i
™ ‘._ -
.: l-l ' + +

20 -
10,7

/

| | | | |

0 0.05 0.10 0.15 0.20 0.25

a‘lxi'],l—,-Zmpf{Ge "h"';'rﬁ‘]}

0.30

M = (18607 ) MeV/c?
I' <38 MeV/c? (90% C.L.)

compatible with S-wave BW

M = (186175 76) MeV/c?
[ <30 MeV/c?(90% C.L.)
compatible with S-wave BW

Spin-parity analysis essential to determine nature and role in spectrum

Jan 6 - 12, 2015
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BESIII: PWA of w(2S D, M_ <2.2 GeV
V(25) = 7PP, My, PRL 108, 112003

pp mass-spectrum at threshold clearly differs from that in J/y decays

X(pp)
—0'PS

f,(2100)
—1,(1910)

0.1
M(pp)(GeV/c?) M, -2m,(GeV/c?)

M, T", and JP¢ fixed to those obtained for J/y decays

B(w(2S)—yX(pp)) X B(X(ppP)—PpP) =

4.57+0.36(stat) ", 2>(sys)+1.28(mod))x 108

_ B(y(2S) — yX(PP)) _ +0.71 +0.67
R = By — X)) =5.08  j=(stat) 5 c4(Sys)+0.12(mod))%0<12%0!
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PWA of y(2S)—ppn® and y(2S) —ppn

CLEOc: 24.5 M y(2S) [PRD 82, 092002]

o 120F w(2S)—ppm® || < 80 | 1. Ry(2100)
> 100 S F| 2 N(1440)
= ol 260k 3 N(2300)
o ; o |4 R,(2100)
Y 60| Y40} ]
2 40 o f
S oot 4f g 20}
o 20 kT -1

D B 0 :...‘.:--

1, 1.8

M (pr°) (GeV/c?) M (pP) (GeV/c?)
50 |- r S N(1535
+ y(2S) —ppn 1. (1535)
D =

20f 2.  R(2100)

10F

o
IIIIIIIIIIIIIIIII

Events / 40 MeV/c?
[} L I
O
|

>
e
Events / 40 MeV/c?
o
|

w
r|'||r

_________________________ S

R R - H».r """"" T A 0 F L r+r'ﬁ

$399JJ9 D UAIIJINUI JNOYIIAA

U _| 5 s s [ [ = T | L
1.4 1.8 2.2 2.6 1. 2.2 2.6 3.0

Jan 6 - 12, 2015 M (pn) (GeV/c?) HEP2016 M (pp) (GeV/c?)
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y(2S) — J/y X , Jy — pp subtracted
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[\[;nu{{{r eV¥ch

4

]’t-Ifm"f GeV¥ch

200

150

100

Events/{32MeV/ch

50

0

M, GeVic?)
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15 20 2

350
300
250
200
150
100

Events/{(36MeV/c3)

PRL 110, 022001

L f =l
2.5 3.0
MFF{{I(:\-'IL"}

shaded:

Events/(32MeV/ch

background:

e continuum
¢ non-m’
background

]"rI.Fn..{{ }c\-.’f )

y(2S) — Jiy X , Jy — pp subtracted
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N, Candidates/10 MeV [x10?]

BESIII: n, parameters from wy(2S) — n°h (1P), h.(1P) — yn.(1S)

4250308-001
T T

T ' T ' T
CLEO-c
Jp(1S) = yne(1S) |

-

-
-

- -

o

N oo INy decay
0.04 0.14 0.24 0.34 0.44

E(y) [GeV]

The n¢ lineshape is not
~ lso——— distorted in the h,—yn¢
SALUS
= 120
o BESIII
< »| background
5 “F subtracted
= 40

20|
0: +++ ¢

Jan 6 -

Asymmetric lineshape

L L L ) | ) ) !
-20 2.4 2.6 2.8 3.0 3.2
M(hadrons) (GeV/c?)
12, 2015 HEP2016

Symmetric lineshape
In yy production
K 3502—

Event /5 MeV/c

150
100f

50—

PRD 86, 092009

Belle

VY = Ne(1S);
Ne(1S) = KsKx

]
[ 1
i TR AT AR

_\\II IIIIII\\II\\\III
95 26 27 28 29

3

11 ‘ L1 | ‘III
31 32 33 34 35

Mass(KsKn) (GeV/c?)

« CLEO-c observe a distortion of i,
lineshape in charmonium radiative decay

PRL102, 011801 (2009)
* The lineshape of n, from BELLE is

symmetric

» The abnormal line shape is also observed
in BESIII exclusive channels in y'—yn,
but not in y'——nr°h,, h.—yn,

97



@Oi BESIII: ete —» ' Jly @ 4.260 GeV ~ PRL 110, 252001

18 10

2; 1'4;‘ 2; E Phase space reflection
E 1.25— 1 (%"DJ 16f e~ / on Z.(3900)
= = 150 | !
E‘ - 10 % 3 e
* o =
0.22 uﬁ%-i—u :—-\Fu.- 107 il BESIN :
% 11213 14 15 16 17 18 "1 12 13 14 15 16 17 18 10
M2(*Jhy) (GeV/c?)? M2 (" Jiy) (GeV/c?)?
Modelling "=~ with know structure: - IEE iﬁné; o el
f,(500) g o= A
f,(980) % ol #t Ly
* non-resonant g w0 ;fﬂ‘% i
Fits quite well =*= projection 82704 o6 o8 1 12 14

M) (GeV/cd)
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(2] BESIII: e'e — n'wlly @ 4.260 GeV

PRL 110, 252001

o ~ 18 10
© o 17E Phase space reflection
> 12 1 > 16E Vi ~ /7 on Z.(3900)
) ) - ¢
— 1 —_— C I Ty 1
.;-'—--.. — 15 :_ \ =
£ 08 2 4B
vt 10" B =
0.4 12
v - 107 " BESTT
T N TN TN T T T T T N T O N T T 4 T O O T OO . VO O OO B N | TN T NN T N I O T O T N O T T T T AU N O N NI OO -2
9 %o ™1 12 13 12 15 16 17 18 10
M2 (" Jiy) (GeV/c?)?
. 0o BESII Lo |, BEST toma [l g, BEST
S F —zEoome 3 gy —zeoome S qo0 MO H
8 C * * [ sideband (d'.'l’ lSideband 8 r o —Z(3%0) MC *H;
o * i o~ o B80C [ sideband Jﬁ i
S _ QS n S - S
[==] !__!Li-l S 8 - i'. :
E vili P 0 [ i
L L LUl .
%.2 3.3343536373839 4 41 42 (3).2 3334353637 3839 4 41 4.2 %.2 04 0.6 0.8 1 1.2 1.4
M(r*Jly) (GeVic?) M Jiy) (GeV/c?) M) (GeV/cd)
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BESIII: ete - atnJ/w @ 4.260 GeV

PRL 110, 252001

Modellir

f,(50(
f,(98(
* non-rf
Fits quity

Events / 0.02 GeV/c?

Events / 0.02 GeV/c?

100+

oo
o

(o2
o

N
o

NI
o

100

80

60

40F

20}

g_!

2 33 34 35 36 3.7 3839 4 41 42

_BES]]I j:::t;mc

Y —

] {
L. i

ey P

S +++

[ ¢ t + !

023334 350360373839 4 4142
M(r*JAy) (GeVich)

ST -

: Beoms
i |

M(rJhy) (GeV/ic?d)

10
flection
1 (3900)

1
\ 10
N
r’;;;..
6 17 ie 107
(GeV/c?)?

1.2 14

038 1
1) (GeV/cd)
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[0 Hadronic exotic states

* Experiments :

— Hadrons are composed of 2 (meson) or 3 (baryon) quarks m ?
— Described very well in quark model (QM)

« QCD suggests: s Ud ud
QED sug 0 gs ‘@
— Confinement : stable hadrons need to be colorless
dibaryon pentaquark glueball

— Gluon-gluon interactions : hadron with gluons

hybrids and glueballs) could exist C N

(hy g ) 't @ rrr
— Allow hadrons with Ng,,,#2, 3 (multi-quarks)

diquark + di-antiquark dimeson molecule qqg 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.
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Exotic Meson (Charmonium-Like)

Jan 6-12, 2015 HEP2016

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

Tetraquarks:
bound states of four quarks,
bound by colored-force between quarks,
decay through rearrangement,

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

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

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



BESIII preliminary

* Reconstructing yc; , — vy — vl
« Consider recoiling mass against the «*n system: M(w*r)
in 5 large data set: total luminosity ~ 4.1 fbt

E.,=4.23 GeV E.,=4.26 GeV E_ =4.36 GeV
aof e _j
:-b-. I T —— L . -... ..................... - e e i - T LT BT —— .
238 e, 1 : g : : R | S R
S U B SR I | SR SR SR DU | S SRS B U
- i o 2 (]S i . | i *iL B i il i .
§36f SRR . . B {3 . ;
= f[eo . | . :
35k . - = .
__89F" A | 3
N‘) : . - . :
%S.E E'“-“'"“E"M;'E"""“i”‘“: _______ .J:--n--.l.r ...... d-----1
S |, : oo e ..
EREISIRXIC XT PR M S
- S .
g36f : g S : |
= - j : ¢ Kel !
35 .. o .:.u..:..|_'_|...I.|..l.1..... M A R S IR S TR N RN
3.45 3.5 355 3.6 3.45 35 355 5 3. 35 3.55
My Jhp) (GeV/c?) My, Jhp) (GeVic?) My Jhp) (GeVic?)
E..=4.42 GeV E.m=4.60 GeV Sum
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e using 772 - 10° BB

+ :'; . — =

+“-h""""'"-ut N

385 3.9

3.8

M, , (GeV/c?)

M = (3823.1%£1.8%0.7) MeV/c?
3.80

Mass and width compatible with a y,(1°D,) state

Jan 6-12, 2015
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BESIII: ete- — vX(3872) — yrn*n-d/y PRL 112, 092001

Clear ISR v’ signal for data validation
X(3872) signal at around 4.230-4.260 GeV

010 " 10°
A ~+data BESI | > —+ data BESIL
Eng‘ » [ background gmz " [ background
o i o

I 1
S 10F 4 En=4.010GeV || S 10 M En=4.230 GeV
e ‘H” ‘ ﬂ 2 “ |
) 1¢ [ ﬁ 1
= E =
w3 37 38 39 4 Y 38 37 38 39 4

M(r*rJly) (GeV/c?) M(*Jdhy) (GeV/c?)

©10% “010%
> —+data BESIL | > ¢ —~+ data  BESI
31025‘ » [ background gng‘ ., [ background
- - o - t
S 10k +ﬂ1 E,=4.260GeV | S 10F  t|E.,=4.360 GeV
EimrrEL R
o T¢ o 1F
> § - -
L L

3.6 3.7 3.8 3.9 4 3.6 3.7 3.8 3.9 4
M(r* i) (GeV/c?) M(r*  Jiw) (GeV/c?)
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(2] Z, states

The most promising way to searching for the exotic hadrons

e Decay into a charmonium or DD pair

Cannot be clearly
distinguished.

N

e Observed in final states : | Can be clearly

distinguished

— thus contains hidden-cc pair

Charmonium
(quark-antiquark)?

e Have electric charge,

— thus has two more light quarks

At least 4 quarks, not a conventional meson

— w:lhy, Ty (2S), Tth,, Ty, (DODM) ...
e Experimental search:
— BESIII/CLEO-c : ete——n* +Exotics, ....
— Belle/BaBar  : ete"—(y,ggr) T +ExXotics, ....

— Belle/BaBar/LHCb: B—>K*+Exotics, ...
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* Isitdueton*n S-wave states, like o, 1,(980), ...?
* Isitduetorn*n D-wave states, like f,(1270), ...?
 Are there two states, one at 3.4, the other 3.9 GeV?

Is it a real signal?

» Existin both e*e- & p*p samples?

« Exist in both t*~ low mass and high mass samples?
« Background fluctuation?

100
gof

60

Events / 0.02 GeV/c?

o0 A
r [

-+-da!:n

== PHSF MG
—1Z,{3900) MC

|

H

M(z*Jhy) (Gewc?-)
Jan 6 -12, 2015

Events / 0.02 GeV/c?

40

20

100f
8o}

60f

-+-data

—2Z,{3900) MC
[ sidsband

M(xJly) (GeV/c?)
HEP2016

K= i ek : Lk 5
g.2 3334353637 3839 4 4142

Events / 0.02 GeV/c?

—
R~ > TR = - R = T & |
L= I == N == e~ T~

20

PRL 110, 252001

N
N
N
Y
Y
N
e |
=
. ,ﬁﬁuﬁﬁwﬂ
T **L,Fm% +
0204 06 08 T 1z 14

M(z*r) (GeV/cd)
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BESIII: ete— 1nZ(4025) — 1 (D*D*)*+c.c. @ 4.260 GeV
hep-ex:1308.2760

e 827 pb data at Ey,=4.260 GeV
« Tag a D* and a bachelor r-, reconstruct one n° to suppress the
background.

S

’ 3
{7, or ¥

- -

DO

Topology of the decays of the signal process:
« thick line circled: D* and &~ detected in the final states
« dashed line circled: at least of «,° or =,° tagged
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¢z BESIII: ete— nZ (3885) — m (DD*)*+c.c. @ 4.260 GeV
PRL 112, 022001

525 pb data @ 4260 MeV: single tag analysis

Decay mode Z;(3900)" — (DD*)*?
z(4430)" biso) | Morase, : :
4 i e Single tag analysis:
he(3'Py) 350, X1 (33Py) Xea (°P2) . , n
¥(4260) Xeol57F0) B reconstruct 'bachelor’
*2r P(2°01) and D° — K7™ or
o e (315;) P D- =K ™n
aill he(21Py) Xer (2%P B require D* in missing mass

o E[m:‘_ 1 Xeo(2%Fg) m q g
S 3.8} Moo mvetoete — (D"‘D"‘)D
3 °
S Tz Y Mg m apply kinematic fit; look in mass
i fiola - - e .
@ gef L= recoiling against 77"
czﬁ he (11P ) xe1(19P4) A

3.4 Kool 13Pg)

3.2

-..I'fIPI:'IES1:| D
3.0 7o (17 So) predicted, undiscovered
predicted, discovered ;IT+
not predicted, discovered e
0—+ 1—— 1+- o++ 1++ O++ D*
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=

525 pb!l data @ 4260 MeV: double tag analysis
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BESIII: e'e— 1Z.(3885) — m (DD*)*+c.c. @ 4.260 GeV

BESIII preliminary

New: Double tag analysis

B reconstruct 'bachelor’ ™
and D°, D~
in 4 or 6 decay modes

W require 7t from D* in missing
mass

B improved statistics,
much better control over
background shape
improved systematics

m apply kinematic fit; look in mass
recoiling against 77"

D

D*
110



BESIII: ete— 1nZ(4025) — 7 (D*D*)*+c.c. @ 4.260 GeV
hep-ex:1308.2760

., 8000 (a) N - (b) "+ Data
> S| g PHsP Me
< 6000 & 10000f- signal
: = !
S 000l o | |removed l
o | £ 5000} "
@ 2000} 2 - o= LI Remove
oo S T DD, DD*
0 I P I T T I S T RN ST SR D;ﬁ. ..'.-..-.’I ] ] ] ] L _‘_ ) )
184 186 1.88 1.9 1.8 2 2.2 24 D*D*
M(KTt*t) (GeV/c?) RM(D")+M(D")-m(D*)(GeV/c? ’
DsDs, ...
_0.08f o
:? i '
3 004 e
% 0.04 o A
0.02p - ':‘_.{...'“-' . PHSP signal
2.01 2.02

M(D"%)-M(D")-M(x°)+m (D*)+m(n°) (GeV/c?)
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BESIII: Z,(3885)" quantum numbers? PRD 92, 092006

525 pb-l data @ 4260 MeV: double tag analysis

cos 0 : angle between bachelor pion and beam axis in CMS

0* excluded by parity conservation
0- m and Z,(3885) in P-wave, with J,=+1 — dN/dcos0_o« 1—c0s%0_
1- wand Z,(3885) in P-wave — dN/dcosf,, oc 1 + c0s%0,,
1* wand Z(3885) in S or D wave;

assuming D wave small near threshold — flat distribution in cos@,,

0.2""|"'-|"'-|"-'| ------------------- T
- BESIT preliminary | _
= 0.15F - DD* structure:
T -
LR 1 data clearly favour JP=1*
RN | S S - Y = :
gt ~ T
& 1 0NDF:13.00 S ] Confirms JP for Z_(3885)
- 0.051 1" :X4NDF: 88.9/9 NG f inale t Ivsi
- 0" :X3NDF: 71.8/9 \\' rom singie tag analyslis

010203 04 0506 07 08 09
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BESIII: Z.(4020)=2,(4025)7? PRL 111, 242001

PRL 112, 132001

BESIII preliminary
The Zc¢’ 1s found!

Jan 6 - 12, 2015

-e- Data
- Total fjt
-« Backggound

M Sidebahd

M(4020) = (4021.8+1.0+2.5) MeV
M(4025) = (4026.3+2.643.7) MeV
I'(4020) = (5.7+3.4+1.1) MeV
I'(4025) = (24.845.7+7.7) MeV

Close to D*D* threshold (4017 MeV)

Mass consistent with each other
but.. width ~2c difference

Interference with other amplitudes
may change the results

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

M= Wil fit with Flatte formula
RM(r) (GeV/c? HEP2016 113



fL552] What is the X(3872)?

= Mass: Very closeto D°D* threshold ~ p—— Belle. 2003

= Width: Very narrow, < 1.2 MeV
= JPC=1**  [LHCb]
= Production

140/fb

« in pp/pp collision — rate similar to charmonia
« In B decays — KX similar to cc, K*X smaller than cc
* Y (4260)—y+X(3872) [BESIII, preliminary]

= Decay BR: open charm ~ 50%, charmonium~0O(%)

= Nature (very likely exotic)
« Loosely D°D* bound state (like deuteron?)?
« Mixture of excited ., and D°D*® bound state?

* Many other possibilities (if it is not ¢'.,, where is y'?)
Jan 6 - 12, 2015 HEP2016
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The ISR Technique
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