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State

M, MeV

T, MeV

JI’C

Process (mode)

Experiment (#o0)

X (3872)

3871.69 = 0.17

< 1.2

1++

B — K(rn— J/v)
pp — (T w T J/P) ...
pp = (w7 w T J/P) ...
Y (4260) — v (w77~ J/¢)

B — K(wJ/¥)
B — K(vJ/Y)

B — K(vv(29))

B — K(DYD+9)

Belle [1, 93] (>10),
BaBar [94] (8.6)
CDF [95, 96, 97] (11.6),
DO [98] (5.2)
LHCb [99, 100, 101] (np),
CMS [102] (np)
BESIII [103] (6.3)

Belle [104] (4.3), BaBar [105] (4.0)
Belle [104, 106] (5.5),
BaBar [107, 108] (3.6),

LHCb [109] (> 10)
BaBar [108] (3.5), Belle [106] (0.2),
LHCb [109] (4.4)
Belle [110, 111] (6.4),
BaBar [112] (4.9)

Z.(3900)"

3801.2=3.3

40

—

pE—

8

Y (4260) = m (n " J/%)
Y (4260, 4360) — 70 (70 J /)
Y (4260,4390) — 7~ (7 he)

Y (4260) — m— (DD*)*
Y (4260) — w°(DD*)Y

BESIII [113] (>8), Belle [114] (5.2),
CLEO data [115] (>5)
CLEO data [115] (3.5),

BESIII [116] (10.4)
BESIII [117] (2.1)
BESIII [118, 119] (18)
BESIII [120] (>10)

Z.(4020)*

4022.9 = 2.8

7.9=x3.7

Y (4260,4390) — 7~ (7 he)
Y (4260, 4390) — 7% (n%h.)
Y (4260) — 7~ (D*D*)*

Y (4260) — 7% (D*D*)°

BESIII [117] (8.9)
BESIII [121] (>5)
BESIII [122] (10)
BESIII [123] (5.9)

Z,(10610)*F

10607.2 £ 2.0

18.4=2.4

T(10860) — = (7 1t7(18S, 25, 39))
T(10860) — n%(wY7(25,39))
T(10860) — 7~ (w1 hy(1P, 2P))
Y(10860) — = (BB*)*

Belle [124, 125, 126] (>10)
Belle [127] (6.5)
Belle [124, 125] (16)
Belle [128, 129] (9.3)

Z,(10650)

10652.2 £ 1.5

11.5 =

—

2.2

T(10860) — 7~ (7 17(18S,28,35))
T(10860) — 7~ (w+hy (1P, 2P))
7(11020) — 7~ (7" hy(1P))
T(10860) — =~ (B*B*)*

Belle [124, 125, 126] (>10)
Belle [124, 125] (16)
Belle [130] (3.3)
Belle [128, 129] (8.1)




State

M, MeV

I', MeV

/P('

Process (mode)

Experiment (#0o)

Status

¥ (3770)

3773.13 £0.35

272+1.0

1—-

eTe” — (DD)

B = K(DD)
= (w7~ JfY)
— (7970 J /)
— (nJ/d)
— (ém)

—-—— f ~ . \
€ € — Y Xc0.1)

PDG [131]

Belle [132, 133] (5.5), BaBar [112] (6.4)
BES _1.;4, (3), CLEO [135] (11.6)
CLEO [135] (3.4)

CLEO [135] (3.5)

CLEO [136] (5)

PDG [131]

Ok
Ok
Ok
NC!
NC!
NC!
Ok

12(3823)
or X(3823)
X\qgll’))

or Y (3940)

38222+ 1.2

39184+ 1.9

< 16

205

B — K(vXe1)
eTe
B = K(wJ/{)

~(wJ/¢)

= T (YXe1)

eTe —e’e

Belle [137] (3.8)

BESIII [138] (6.2)
Belle [139] (8), BaBar [140, 105] (19)
Belle [141] (7.7), BaBar [142] (7.6)

NC!
NC!
Ok
Ok

Xe2 (2}))
X (3940)
1(4040)

3927.2 + 2.6
3942735
4039 + 1

24+ 6
373y
80 =10

eTe” = ete (DD)
ete” — J/U(DD*)
e"e~ — (hadrons)

eTe” = (nJ/Y)

Belle [143] (5.3), BaBar [144] (5.8)
Belle [145, 146] (6)
PDG [131]
BESIII [147] (>10), Belle [148] (6.0)

Ok
NC!
Ok
NC!

Z(4050)*

4051723

g2+2!

—))

BY 5 K- (ﬁ’x, 1)

Belle [149] (5.0), BaBar [150] (1.1)

NC!

Z(4055)+

4054 = 3.2

45+ 13

Y(4360) — = (=7 ¥(2S))

Belle [151] (3.5)

NC!

X (4140)

or Y(4140)

4146.57%%

83155

Bt - K~ (cb.]‘,. V)

pp — (OJ /) ...

CDF [152, 153] (5.0), Belle [154] (1.9),
LHCb [155] (1.4), CMS [156] (>5),
DO [157] (3.1), BaBar [158] (1.6),
LHCb [159, 160] (8.4)
DO [161] (4.7)

Ok

¥(4160)

4153+ 3

103 =8

(h= a)
(hadrons)

PDG [131]
Belle [148] (6.5), BESIII [162] (>5)

X (4160)

4156729

Jgoll 3

65

Belle [146] (5.5)

Z(4200)*

41967355

99

3707 44

Belle [163] (6.2)

Z(4250)*

4248:},;’

+321
177732

Belle [149] (5.0), BaBar [150] (2.0)

Y (4260)

X (4274)
or Y(4274)

X (4350)

4221.1 2.5

4273.3719.1

9.0

4350.67 3"

47.7+4.0

137

T

0/2°+

7070 J /1)
KTK—J/Y)
fo(980)J /)
r+r—he)
‘J?{'Jh('}
wXe0)
X(SB??))
~Z. (3900)‘)
(7° Z.(3900))

\ r-. f'\ /‘\ r'\ r'\ ~ .~

(7 F:0Z(4020)*:0)

Bt - K~

(pJ /W)

Te (dJ /1Y)

"'O

BaBar [164, 165] (8), CLEO [166, 16
Belle [168, 114] (15), BESIII [113, 169] (np)
CLEO [166] (5.1), BESIII [116] (np)
CLEO [166] (3.7)

BaBar [165] (np), Belle [114] (np)
BESIII [117, 170] (10)

BESIII [121] (np)

BESIII [171] (>9)

BESIII [103] (6.3)

BESIII [113, 119] (>8), Belle [114] (5.2)
BESIII [116, 120] (10.4)

BESIII [122, 117, 121, 123] (>10)
CDF [153] (3.1), LHCb [155] (1.0),
CMS [156] (>3), DO [157] (np),
LHCb [159, 160] (6.0)

Belle [172] (3.2)

7] (11),

Y (4360)

43412+ 5.4

101.9=9.3

1——

t

r‘t‘{28’))
—J/¥)

7w ¥2(3823))

70 Z.(3900)°)

~ Z(4055)%)

3

-
-
-
N
-
N

r'\ r‘\ ~~ f\ ~~

Belle [173, 151] (8), BaBar [174] (np)
BESIII [169] (7.6)
BESIII [138] (np)
BESIII [116] (np)
Belle [151] (3.5)




State M, MeV I', MeV J¥C  Process (mode) Experiment (#0) ear Status
Y(4390) 4391.6=6.4 139.5+ 16.1 ete~ — (mt 7 he) BESIII [170] (10) NC!
ete— — \n* 0Z,.(4020)%:0) BESIII [117, 121] (np) 3 NC!
Ww(4415) 4421 + 4 62 £ 20 e~e~ — (hadrons) PDG [131] 7 Ok
ete= = (nJ/¥) Belle [148] (np), BESIII [162] (>5) 3 NC!
—
—
K~

ete~ — (wxe2) BESIII [175] (10.4) NC!
(DD3(2460)) Belle [176] (10) 7 NC!
(7 (25)) Belle [177, 178, 179] (6.4), 7 Ok
BaBar [180] (2.4), LHCb [181, 182] (13.9)
BY 5 K~ (m~J/¥) Belle [163] (4.0) 4 NC!
X (4500) 4506715 9273 - BY 5 K (oJ/v) LHCb [159, 160] (6.1) NC!
Y (4660) 4643 + 9 72 +11 eTe” = (wHmY(29)) Belle [173, 151] (5.8), BaBar [174] (5) 7 Ok
ete” = (ATAD) Belle [183] (8.2) 7 NC!
X (4700) 4704757 120152 Bt 5 KT (oJ/) LHCb [159, 160] (5.6) NC!
Y(45S) 10579.4 + 1.2  20.5+2.5 e*e~ — (hadrons) PDG [131] 5 Ok
(mt=x— T(1S,285)) BaBar [184, 185] (>10), Ok
Belle [186, 187] (11.2)
(nT(1S)) BaBar [185] (>11) Ok
(nhy(1P)) Belle [64] (11) Ok
(hadrons) PDG [131] Ok
(m+7— T(18,28,3S)) Belle [188, 125, 126] (>10) 7 Ok
(m%=% 1 (18,28, 38)) Belle [127] (np) : Ok
(fo(980) T(15)) Belle [125, 127, 126] (>8) Ok
(f2(1275) T(1S)) Belle [125, 127, 126] (np) NC!
(nT(18,25)) Belle [189] (10) NC!
(KTK—T(18)) Belle [188] (4.9) 7 NC!
(w f..z(lP‘) Belle [190] (12) 1 Ok
T~ 7T ) non-w Xa1.2(1P)) Belle [190] (4.9) 1 NC!
+x~ Ts(1D)) Belle [189] (9) NC!
T H(1D)) Belle [191] (np) 1 NC!
(7 Z1 (10610, 10650)) Belle [125, 127] (>10) Ok
(B:B?) Belle [192] (np) NC!
(hadrons) PDG [131] S Ok
(w7~ T(18,285,3S9)) Belle [193] (np) NC!
(7F Z,(10610, 10650)*) Belle [130] (5.3) 5 NC!

e e

Z(4430)F 44787 181 + 31 B

T(10860) 10891 + 4 4 +7

/"\

\/’\/‘\f"\/‘

7(11020) 10987.573;"°
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courtesy of A Pilloni

Charged Z.(3900)

Found in Y(4260) —» ZX(3900) n* - J/Yy nt ™

Exotic charged charmonium-like state!

BESIII, arXiv:1303.5949

M = 3899.0 £ 3.6 + 4.9 MeV
=46 + 10 + 20 MeV

G=GCj/y =
= ~1(-1) = +1
P =41 (S — wave)

= e

Belle, arXiv:1304.0121

M = 3894.5 *+ 6.6 + 4.5 MeV
[ =63+ 24+ 26 MeV
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cent AR o e e R Ll et e
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Z(4430) at LHCb | April 2014

2 GeV?)

LHCDb ‘ | -o-data

- 200H.0<mz, <1.8GeV’ —— total fit
——Z(4430)

-
p—
~
70}
8
<
o
o —
"2
<
QO

Signal: 13.90
Other assignments ruled out at 9.70

First observed by BELLE in 2007 and not confirmed by BaBar at that time




Binding energy and decay rates

G4 m5
= 51272 (mgmp)?

B

B(X — DDr)-I'(X) ~G? ~ VB

ADP
1505.03083 PLB
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TETRAQUARC CORRELATIRS FOR N-sp0 REDUCE TO
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(Wimenw NP8 160 (1979))

>
T T~

~N_ ,

—~

|F covwveeTE)) TETEA QuiakkcoRREATORS IE Lo? A sz_e;

1T WiLL BE JRRELEVANT IF |Ts RESIDVE IS SUBLEADING WRT

DISNVECTED PALTS
(We WEERG  PAL IO (205))




