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BESIl @

* Beijing Electron-Positron Collider BEPCI

BEPCII Nucl. Instr. Meth. A614, 345 (2010)

e ag A

% o

BEPCII assieme a BEijing Spectrometer
BESIII operano nella regione di energia

per la fisica del charmonio

¢ Luminosita istantanea = 1033 cm™2 s!

* Energiacm =2 - 4.6 GeV

10 Miliardi
® Il programma di fisica include: 4 1y prodotte
al 11 Feb.
> Test di precisione EW "
E +-xvz BESIL
> Studi di spettroscopia leggera “F o
el - = Fit

> Stati esotici charmati detti1 XYZ

4o

o(e'e—ntnd/y) (pb)

20F

> Studi di fisica nella regione t-charm | S s
3.8 4 4.2 4.4 4.6
Is (GeV)

.o + < nometengismomeeer,_PRL 118, 092001 (2017)
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Lo spettrometro BESIII

BPC: layers T

e, RPC: 8 lavers

RPC per ID di muoni

. Calorimetro
— : B i elettromagnetico (CsI/TD)

SC el

T

Magnete superconduttore
campo magnetico = 1 Tesla TOF v

endcap | it ___"___"““""'_'___‘:'L S
e [P\ ‘\ — Tt 4 v
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Tempo di volo oo .._-r. =
risoluzione temporale di .. e Al E
50-90 ps per PID S S\ "
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Linea del
fascio

sl
Camera a fili endeap o

risoluzione spaziale di 130 um sl - e S
dp/pi~0.5 @ 1 GeV/c barel || 7] N
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Sommario della presa dati

BESIII Data Sets (primary):

(e+e- collisions at Ecy between 2.0 and 4.6 GeV)

106M (2S)
225M Jhy
975 pb-! at Y(3770)
2.9 fb-1 at YW(3770) (total)
482 pb-! at 4.01 GeV
0.45B Y(2S) (rotal)
1.3B JAyp (total)
1092 pb-! at 4.23 GeV
826 pb-! at 4.26 GeV
540 pb-! at 4.36 GeV
~50 pb-! at 3.81, 3.90, 4.09, 4.19, 4.21,
4.22, 4.245, 4.31, 4.39, 442 GeV
1029 pb-! at 4.42 GeV
110 pb-1 at 4.47 GeV
110 pb-! at 4.53 GeV
48 pb-1 at 4575 GeV
567 pb-! at 4.6 GeV
0.8 fb-! R-scan from 3.85 to 4.59 GeV (104 points)

: R-scan from 2-3 GeV + 2.175 GeV data
. ~3fb-1at4.18 GeV (for Ds)

1 7 x 500 pb-! between 4.19 and 4.27 GeV
: JA (and tuning new RF cavity)

: 10B J/; more data in the XYZ region

oo Bt e D S SR S S e e e
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Risultati di interesse
e questioni aperte




X(1835) ¢ uno stato pp?

w
a
o
o
T

2000 -
1500 [
1000
500 |-

Events/(0.005GeV/c?)

=+ Data
— PHSP MC
I Background

;X(’I 835i - pp threshold

2500 -

B

o .
» Cd
o e,

M) (GeV/c?)

14 16 18 2 22 24 26 28 3

0.1 0.2
Mpﬁ-Zmp(GeV/cz)

Stato prodotto molto vicino alla soglia di pp

J/p — ynta—y Numeri quantici misurati J*¢ 0 -*
T !

PRL 117, 042002 (2016 , :
| ( )] L’andamento della risonanza mostra un comportamento

discontinuo all’apertura della soglia ppbar

PRL 115, 091803 (2015)

Osservata nei canali £,(980)n ¢ v PRD 97, 051101 (2018)

L’osservazione mancante nei decadimenti non radiativi
come J/y— X implica una forte componente gluonica

J/1 — ypp della risonanza

PRD 99, 091101 (2019)

[PRL 108, 112003 (2012)]
Le possibili interpretazioni sono: stato pp, glueball
pseudovettoriale o eccitazione radiale del n’

4
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CGSBA

arXiv:1808.089117 (2019)

Polarizzazione dello spin in Jy—AA

Processo J/y—AA misurato e descritto in funzione dei
parametri BF, a and A®(Gg/Gw)

Misurata la fase per la prima volta: AO =42.5+ 0.6 £0.5°

Parametro della distribuzione angolare o misurato con

elevata precisione e differisce oltre 5 ¢ dal valore accettato
dal PDG: o.=0.750 £ 0.009 + 0.004

Articolo in pubblicazione su Nature Physics

v’"l — vy, cosly sinfy

P (6)) = sin( A®)q
A (6r) 1oy c0s20, ( )Y
e = e e e SR A
' ¢
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Stati vettore Y dopo la Y (4260)

Dal 2012 a oggi ¢ stata osservata una sovrabbondanza di stati 2 mf
> = }(4160),
) . % 200 [ “Y(4260)" p(4415)_
vettori nello spettro del charmonio. § imf  washer O Y220y,
= 160 V(4320
140 f— O "Y(4220) “'[:u|l(2$)
120 - "Y(4390) “Ull'(ZS)
. . . o = "v@4220"
BESIII ha risolto la Y(4260) osservando due diverse risonanze tra E ..@ 0 . visaso)"
. : : : : : : o0 f-
4.1 e 4.5 GeV in diversi canali legati al charmonio e stati charmati. wf- °
20—
41504200 4250 4800 4360 4300 4SO 4800
Mass (MeV/c?)
+a- +r-
e'e - Jy e'e- — ' he e'e- — n- D'D*™ e*e' — ' y(2S) e'e — 0)eo
100 r 2501 o BESIIL: R-scan data sample 120: k - BESIII —_
g 80:— %_2002 :m;sm:xxfdmszmple xo(): _ |00;h Be"se \'8:1 00+ + —+—This work
S B gf Ftome F g wof —~ —4- BESII 2015+2016
S 60 3 2 6f 8 Nt
o <t 2 50
1 . 3 s0 P ~ P g : [ . +
2 F ¢k Sl ieat i E o .
% 205— 25; + T lll‘ll “TH m; - % 0 ‘| | Al ¢L + ‘ + T
0—3% " 12 vy 16 B VR ¥R © R R v Ry v 0 220N B2 ad 48 s 48 42 43 4.4 45 4.6
s (GeV) Beew V5(Gev) /s (GeV)
PRL 118, 092001 (2017) PRL 118, 092002 (2017) [*"]_PRL 122, 102002 (2019) PRD 96, 032004 (2017) arXiv:1903.02359 (2019)
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Stati esotici: X(3872)

15 N
— — —+ Data
Massa prossima alla soglia del D°D*%: M(X) - M(D® D*%) =0.01 £ 0.18 MeV % | el
> gl --- Background
ma la ricerca fallita del patner X(4013) con J’¢ = 2** non supporta la 5 : :
descrizione a molecola D/D*? E 5:1 L u l Hl l l l_
ettt T
3.8 3.85 3.9 3.95
E’ molto piccata con I'(X) < 1.2 MeV MR GeYE)
g
2 0.8
N igglsam 2014
JPC=1** ¢ in alcuni decadimenti li viola = 0'6__ =
= 0.4}
_ 502
Decade in pJ/y, wJ/hy, D°D*9 ¢ il charmonio ha decadimenti radiativi verso la S
= o= Ty
e 4 42 44 46
X(3872), forse attravero la Y(4220) s (GeV)
BESIII: arXiv:1903.04695
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| PRL 110, 252001 (2013) |
| PRL 115, 112003 (2015) |

PRL 112, 022001 (2014)

PRL 115, 222002 (2015)

PRL 96, 032004 (2017)

PRD 97, 052001 (2018)

PRL 111, 242001 (2013)

PRL 113. 212002(2014)

PRL 112, 132001(2013)

PRL 115, 182002(2015)

~
ee— " (n Jy)
ete- — 10 (n° Jy)
ete- — 1t (DD)

Tetraquark o similiin Z. e Z’°¢

Struttura carica elettricamente che decade in charmonio

o in stati charmati: potrebbe contenere sia cc che quark

carichi (ud)

>~ [ Z(3900) ]

e'e- — n? (DD™)?
»

ee - (my’)
ee > 10 (70 y)
e'e — " (1 he)
e'e- — 1% (n° h,)

e'e — " (DD

Patner neutri sono stati misurati definendo il tripletto di

1sospin

> [ 7(4020) }

Numeri quantici misurati: J* = 17

ete- — 1’ (D'D*)°
J

Analisi preliminari in Z—p1 non supportano sia la

descrizione della Z. come tetraquark o molecola

okt e i sz ' '
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Potenziamenti in BESIII e BEPCII



Potenziamenti di BESIII e BEPCII

La presa dati di BESIII ¢ stata confermata fino al 2024 e probabilmente fino al 2029.

La sua capacita di misura di stati charmati e stati XYZ ¢ unica.

Una lista di miglioramenti dello spettrometro e dell’acceleratore sono stati

programmati.

BEPCII:
1. Aumento dell’energia del fascio fino a 2.5 GeV

2. Iniezione continua per aumentare la luminosita

BESIII:
1. Barrel TOF con multistrato di RPC

2.  Un nuovo tracciatore interno a base di CGEM

T

4
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La presa dati di BESIII ¢ stata confermata fino al 2024 e probabilmente fino al 2029.
La sua capacita di misura di stati charmati e stati XYZ ¢ unica.
Una lista di miglioramenti dello spettrometro e dell’acceleratore sono stati "

programmati. 06

BEPCII: A

1. Aumento dell’energia del fascio fino a 2.5 GeV i

2. Iniezione continua per aumentare la luminosita

Potenziamenti di BESIII e BEPCII

Belle: PRL 101, 172001 (2008)
BESIII: PRL 120, 132001 (2018)

e+e_ — AcAc

T o T v T . T

with non-pole term —_— LEL

s ol ----2LECs
4| = BESm :-itEE:

v r T ¥ T
4.55 4 60 4.65 470 4,73

E(GeV)

BESIII:
1. Barrel TOF con multistrato di RPC

Osservata in w't"y(2S) ma non in
decadimenti del D né in wm-J/y

2.  Un nuovo tracciatore interno a base di CGEM

e S e ST e A
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Potenziamenti di BESIII e BEPCII

La presa dati di BESIII ¢ stata confermata fino al 2024 e probabilmente fino al 2029. ﬂ\
La sua capacita di misura di stati charmati e stati XYZ ¢ unica. — e —

Una lista di miglioramenti dello spettrometro e dell’acceleratore sono stati

programmati. r'

BEPCII:
1. Aumento dell’energia del fascio fino a 2.5 GeV

2. Iniezione continua per aumentare la luminosita

BESIII:
1. Barrel TOF con multistrato di RPC

2.  Un nuovo tracciatore interno a base di CGEM
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ESIIe BEPCIL | ..

S aF — K%
© 45 =

Potenziamenti di B

R or

La presa dati di BESIII ¢ stata confermata fino al 2024 e probabilmente fino al 2029.

it

La sua capacita di misura di stati charmati e stati XYZ ¢ unica.

Una lista di miglioramenti dello spettrometro e dell’acceleratore sono stati  CGEMAGINGTEST
5 : :
programmati. £ 0 ARCOLCE, SO0
0 ‘AZJ;HJSJ ‘l7i5‘l“l(“l” Il_;"l ‘I‘S‘ J7,“5 H‘Z;]H 32,5I lZS

Integrated Charge (C/cm?)

BEPCII:
1. Aumento dell’energia del fascio fino a 2.5 GeV

2. Iniezione continua per aumentare la luminosita

BESIII:
1. Barrel TOF con multistrato di RPC

2.  Un nuovo tracciatore interno a base di CGEM
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Conclusiont

Le proprieta di particelle legate al charmonio sono stata investigate dall’esperimento
BESIII e grazie a 10'° J/y ha indagato maggiormente i decadimenti della X(1835) come

possibile stato ppbar e la polarizzazione della A.

Gli stati esotici che decadono in charmonio e mesoni charmati, dett1 XYZ, sono stati
osservati in diversi canali evidenziando la possibile natura di questi e decadimenti

radiativi e adronici che le legano.

Futuri miglioramenti dello spettrometro BESIII e dell’acceleratore BEPCII

permetteranno una collezione maggiore di dati a valori energetici piu elevati per

T

4
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BESIIL: arXiv:1903.04695 Cross section measurement of X(3872) — v (w'n J/vy)
suggests a connection between X(3872) and Y (4260)
15 T _+'_ N b ~+ Data ' from BESIII: PRL 112. 092001 (2014)
i Data S = ;?
o f — Total fit g 20 — wx3930)
E 10f " AGE -~ . g%&ground New analysis confirms the Belle and BaBar observations
2 | 3 10 BT in PRD 82, 011101(R) (2010) of X(3872) — v (@ J/y)
g P
1 L 1 >
T T
of Al ih& 815 th-- i} 1 M ::;.95 85 20 395 4 4 Simultaneous(®J/y and and/y) fit to the cross section

. p M(wJAyp) (GeV/c?) with a single Breit-Wigner resonance The relative
Y (Gt decay ratio is: R — 6+ :|: 0.2

‘%0'8‘ —+-Data g 2r —+-Data
20 6:— iEiESHl 2014 % — Fit
! B MY (4200)] = 4200.677:%, + 3.0 MeV /c?
T
v T [[Y (4200)] = 115738 + 12 McV
3 0.5F
< i l :
© 04~ 232" "44 46 [ Y(@260) | (T [ () ]

Is (GeV)

IFAE, 10 Apr. 2019 - Napoli BESIT NN R Farinelli Nt 20



Events / 5 MeV/c?

)\
o

—
o

X(3872):¢’e — vy (@ J/y)

BESIII: arXiv:1903.04695

o - X
i Y

i il h'“lll

85 39 395 4 405
M(wJAp) (GeV/c?)

-r

X

I —+ Data
I — Fit

3930
3960

3

- Baﬁground
W Sideband

Cross section measurement of X(3872) — vy (n'n J/y)

suggest a connection between X(3872) and Y (4260)
from BESIII: PRL 112. 092001 (2014)

New analysis confirm the Belle and BaBar observations

in PRD 82, 011101(R) (2010) of X(3872) — v (o J/y)

X(3915) and X(3960) are estimated to be

3.1c and 3.4c only.
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a3 v ol - s T
a'a Y, ™ ;leth,(‘u 2> }szq

X: e'e” — x|

" (@) =0

Events / 5 MeV/c?

Clear signal(5.26) found for X(3872)—n%¢.: (1P). No signal for J=0,2

R; = B(X — 7)) / B(X — mm-J/):

Events / 5 MeV/c?
.
I

Ro < 19 (90% U.L.) : jt
R =0.88+031 426+ 0.14 2f
R2<1.0(90% U.L.) £ o1 i L P
0: | B [
g 3.0;—
Pionic transition has been proposed to distinguish if X(3872) is a conventional c¢ é 25—
states in PRD 77, 014013 (2008) g ¥
I'(X(3872)—m%,1 > 0.06 keV and this measurement disfavors this interpretation. oS AN

0PE 58 585 5% . 38 400
M(x% ) [GeVic?]

cnmitairmpemnivaicmmmesd  BESIII: arXiv:1901.03992
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Structure electrically charge and close to charmonium:

BESIII: PRL 110, 252001 (2013)

Decay J/y — contains ctT

Electrically charged — contains ud 100

©
o
T

M = 3899.0 (+ 3.6 + 4.9) MeV , T’ =46 (= 10 + 20) MeV

Events / 0.01 GeV/c?
N D
o o

N
(=}

o
=T T T

Confirmed by CLEO-c and Belle

Discovered in neutral decays at different energies with a
significance > 10c

The likelihood method support quantum number J? = 1+
with a significance > 7o

Isospin triple established

Quantum number determined

—4- Data

— Total fit

won
w o

==+ Background fit

-.-- PHSP MC

Events/(10 MeV/&)
v Sln BR 8

o

39 40

Muax(m2 ) (GeV/c?)

Polar angle

Zeeom Wiy . w @ Iy)

BESIII: PRL 115, 112003 (2015)

Illl\Hl‘HHllH\‘H

—

-
-~
-

* (b) 4.260 GeV, 825.7 pb’

L
38

150

IFAE, 10 Apr. 2019 - Napoli

loos (8| Icos(8,,)i
BESIIL: PRL 119, 072001 (2017)
B = Haviorh

R.Farinelli

1 L
00 42 04 06 OB 10 08 02 04 06 0B LD



Events / 10 ( MeV/c?)

200 —_

180 oy

160 %

140 =

120 —

100 =

Bﬂ S—

60 2

40 4

20 il
.30'1;1;1;;-1[;-.;[;;.

§_7 3.8 3.9 4 3. 3.8 3.9 4

Mpoeos - (GEV/C?) Mocos - (GEV/C)

Nine decay channels to extract n.. Five energy points studied.
Strong evidence of Z in e*e” — 7+ (p1c) @ 4.23 GeV, stat. significance 4.3 ¢
7.’ is not seen in all data sets.

IFAE, 10 Apr. 2019 - Napoli BESIT NN R Farinelli
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Br(Z.— pn.) _ Br(Z; - pn.)

R,= Rz =
*" Br(Zc - i/ /) ? " Br(Z. - mh)
100 100
Dynamical Z, tetraq. Type-| — idal Z'. tetraq. (type indep.) —
1,
! ]
Molecular Z. — Molecular Z'c. —
Q1072 02
1074 1 107
-0 1 1 -6
1010'2 0.1 1 10 100 1000 1010“4 103 1072 0.1 1 10 100
Ry Rz

Our measurement about Z. does not agree with both molecular and tetraquark assumptions in PLB 746, 194 (2015).
The measurement about Z’ is smaller than the results expected from the calculations based on tetra-quark
assumption while not in contradiction with the molecule model interpretation.

2
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. + A- 5 + -
: Y e e —— ~n_ﬁn~_‘[/_,\l_j______._____, BESIII: PRL 118, 092001 (2017)
100

. ~ [ 4Xvz
e*te~ — )/ using ISR at BaBar . Q P
PR 86, 0511018 (012 The Y(4260) has been discovered by BaBar e sofF
. : L = I
pr— ey experiment in the mass spectrum m(zx'n Jiy)and = b gy
70 = ' -
S ok \ then confirmed by Belle. £t
E 50§ T 40
§ 40; . . _;_GJ C
S wf BESIII measured the cross section of this decay 2 20f
§ 2 . N
o channel using two dataset. of
0
m(AyrT)(GeVicd)
Two resonances describe the data with
' significance > 7.6c while the fit with a single 150
ete — )/ using ISR at Belle .. P L
PRL 110, 252002 (2013) peak has a smaller significance. g |
i S 100
120 F 103!—. - .% :
%100 [ ::2' ] r L
N N M, =4222 =312 14 MeV T =441 243 =20MeV ¥ sl
goop oo M,=4320 = 10.4 = 7.0 MeV, [, = 101.4 5+ 10.2 MeV o |
E 40F e Solution Il 9’ I
20 fygt -1 © L
Orliﬁ R R R AR DA 1 or
38 4 42 44 46 48 5 52 54
Mz 7 ) (GeV/c?)

IFAE, 10 Apr. 2019 - Napoli



Estention of a previous measurement PRL 112, 092001 (2015)
r_ f 2
Evidence for a combination of S and D—wave contributions , M= (4218'5 = 1'6) I\ICV/ c

although the statistical significance of this conclusion is only 26 I = (28.2 s 3.9) MeV
compared with a pure S—wave contribution

1100 + + (b)

2

+ —+— This work

—- BESIII 2015+2016
200 (d)
%1 50F + +

: b
350%% \-5 0||-|.
05 Cosbem 05 1 42 43 44 45 46
/s (GeV)

Events /0.2
Events /0
o 8
) (pb)
—
o
o

Events/ 0.2

BESIII: arXiv:1903.02359

4
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Y:e'e — 0o

Y (4220) has been measured in several decays.

M = (421854 1.6) MeV/c?

Masses and widths reported are compatibles. ['=(28.2+3.9) MeV
A00E @ leksies o = .
> ‘L :11, ?‘;1 00~ + —4- This work
i 0L —|—|—1}-— S ~ | —4- BESIII 201542016
(o) o —alb— 2] x r
&l ED- | -+ :::tl|{3335} ] 8 50_
& ' «
= ok - ™o g ‘) I
= =i : © — + +
= . = o . ¥ I
| | e A S S T . ,E_)/ 0 1 ey o
4200 4220 4240 4260 ® o
M(Y(4220)) (MeV/c?) 4.2 43 44 45 46
. /s (GeV)
BESIII: arXiv:1903.02359
Mg e St R e R i

4
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B R A

Y(2060);

Belle collaboration observed the baryonic decay of Y (4660)

M =46525+34,1=62.6 +5.6 MeV

oacac~ 0.55nb @ peak is comparable to o(e'e- — pp) ~0.8 nb @
threshold while Gxry2s) ~ 0.04 nb.
Y (4660) baryonic coupling > 10 x Y(4660) mesonic coupling

Is Y(4660) a hidden-charmed baryonium ?

BESIII has no sufficient energy to confirm the entire line-shape.
The trend of the first results seems different.

e+ef N\

Observed in 'y (2S) but not observed
in D meson decay neither in w'-J/y

Belle: PRL 101, 172001 (2008)

BESIII: PRL 120, 132001 (2018)

na T T Y T ¥ T
with mon-polo term — LB

IFAE, 10 Apr. 2019 - Napoli

BES]]I INFN R Farinelli },’?‘{

o 04
=
=l

0.2

L J
0.0 . , . T " , T '
455 460 465 470 475
E(GeV)
B e = W

sttt Nazoale i isica Nckare
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B R A

Events / ( 0.005 GeV/c?)

Searching X(4013) — DD

If X(3872) is a DD molecule then X(4013) is its heavy quark spin-
symmetry partner with JP¢ =2

X(4013) should decay dominantly in DD but no observation is

M(DD) (GeV/c?)

reported.
20
181 (a)
15: —+— Data
144 — - Signal
12t Background
10
8F
6E
af
2f
38 39 4 4.1

Events / ( 0.005 GeV/c?)

BESIII: arXiv:1903.08126
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45 (b) s (c)
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35 — Fit : —
30 i $|ma| 8 12 :_ — SIWH
e Background § 10 Background
20 = 8
15 l { 8 6
10 S 4f
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PRR S N TR (S TR T = i R | i
3.8 3.9 4 4.1 38 3.9 4 4.1
M(DD) (GeV/c?) M(DD) (GeV/c?)
e e e
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(2) Heavy-Quark QCD Exotica

Richard F. Lebed, Ryan E. Mitchell, Eric S. Swanson

Progress in Particle and Nuclear Physics 93, 143-194 (2017)

[arXiv:1610.04528]

of exotics states

Particle IEJ*e Mass [MeV Width [MeV] and Decay
X(3823) (2(1D)) | (0-27-) | 382224 1.2 [176) <16 Pic X = 1Xer
N ’ R ’ ete” = a7 X X = vxa
B— KX; X —=nn J/U
B KX; X — DOpb
28)
[t R 387169+ 0.17 [176] <12
ete” 44X X ooy
pp or pf — X + any;
: Fe~ o w2 Z =+ aljg
90 +1+- IRRB.6 4+ 2 =g 2 a6 ahe /Y
Z.(3900) 1 kg | 3886.6 £ 2.4 [176] 28.14+2.6 ete- 77 F 3 DD
X (3015) N . =X X = wlly
: 39 9 176 2 5
R 0+0 3918.4 £ 1.9 [176] 2045 FS KX XSullu
Z(3930) (x2(2P)) | 0727F 3927.2 £ 2.6 [176] 2416 vy —+ 4 Z—+ DD
X(3040) 304277 + 6 [41] 3T 8 ete” 5 JY+X; X 5 DD*
PEETI == 3801 L41 1223 [255L40L14 ete = Y; Y s an JjU
p ) Fe~ — 78; £ —7h
(4021 +97— 9 q [7a P eTeT — e
(Z‘HUJD 1*1 4024.1 £ 1.9 [176] 1345 e B R
Zian60) =T 4051 £ 1477] [133] 82T 1 a5 B— KZ; Z— noya
Z.[4055) TH's 4054 £3 £ 1 [148] 4511146 ete” =+ n¥Z;, Z = 7% U(28)
. 2 B =+ KY;Y = aJfv
o +it+ 1 5 E+L6 o : o1 +21 !
Y{4140) 0t1 4146.5 £ 45755 [126) | 83 £21F) pporpi— ¥ 4 anys Y — g d/3
X (4160) 4156128 + 15 [41] 1397111+ 21 ete 2 I+ X; X + DD
A2y 1717~ 41967 357 [46] 30T B KZ; Z 5 atJld
(¥{4230) ) 01 - 4230 £ 8 +6 [149] 381242 etem 2 Y Y swy
170~ 4239 L1871 138 220 £ 4TI} B — KZ; Z = n*y(25)
1-7% 424873180 [133] 17 B KZ; 2o ntya
] =1 251 + 9 [170] 120+12 ete” 2 Y; ¥ wandfY
NY (1277 0F17F | 42733 £ 887057 [125] | B2 £ 117, B RKY;Y 5 oJ/0
1000y 0F?7F ] 4350.6757 £ 0.7 [170] 1355 £4
( ¥{d360) ) == 4346 L 6 [176] 102 £10
(AT30) il TR [176] 18131
X (4500) [ 4506 £ 117 92 + 2145}
XTI, 1= 347 ]
( ¥{4660) ) 1= 4643 + 9 [176]
ez [ 4704 + 1073 [125 120 + 31733
P,(4380] 4380 £8 £ 29 [35 205 L I8 L 86
P, (4450 P98 £1.7£25 [36] | 39L5419
X(5568) 5567.8 £2.9710 [175] | 21.9 £6.4757 pp— X + anyt .
eTe = nZ; Z = nT(18,23,39) g_rganlzgd
Z,[10G1D) 1+1+= L0G07.2 £ 2.0 [176) 18424 ete” —nZ; Z— nhy(1P,2P)
ete~ 7% Z — BB*
ete” = wZ; Z = nY(18,285, 35) by
Z,(10650) 1t1t= 10652.2 £ 1.5 [176] 11.5+£2.2 —+nZ; Z— mhy(1P,2P)
S % Eo BB mass
Y3(10888) 017" 10801 = 4 [176] 54+7
T a0 S
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_Y(4660): e > (o Vy), ()

e ag A

| BaBar: PRD 86, 051102 (R) (2012) BaBar: PRD 89, 111103(R)
10 T rr——rrr _— -
Elm:— m:_ *;
2 - g 9F
> B — - -
=l " e A4l -]
t B0 .% 1 / :
o g [i] E
B wf =
20 1
------ =L 0 10 =
o 4 42 a4 4.6 48 5 - =
EC H_{G'E‘l‘] [; . = = -
4 42 44 46 4% 5 52 54 556 5K
E.. (GeV)

No evidence of Y(4660) in the channel ee- » 7w J/y despite N = 4669 + 22 . =104 + 49 MeV
this would be expected to be large 1f Y(4660) 1= a cc state

Belle: PRD 91, 112007(2015)

Br[Y(4660) —» mm J/hy] ) o
Br[Y(4660) —» w1 wi28)) <04600% ¢.L) M=4652+ 13 .1 =68 + 11 MeV

ooy sl et e e ST e T e
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No evidence of Y(4660) in open charm channels.

A resonance with significance greater than 8.2 ¢
has been measured by Belle 1n barj.'::rm:: decay.
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