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MOTIVATION

¥ (4260) is a well established 1-- neutral state challenging the
standard quark model since its mass and decay properties are in
conflict with conventional expectations.

A “universal” non conventional quark model description based on
effective quark and antiquark degrees of freedom can be done and
tested.



Conventional States
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yw(4260) - 07 (1)
M. Tanabashi et al (PDG), PRD 98, 030001 (2018)

Conventional description: W (4.5) V(3D)

However w(4260) — J/vmr higher than expected.

J/bmta— 0 (4260) — DD

Opposite behaviour to bottomonium



What is 1t ?

Chen, Chen, Liu, Zhu, Phys. Rep. 639, 1 (2016); Lebed, Mitchell, Swanson, Prog.
Part. Nuc. Phys. 93, 143 (2017); Esposito, Pilloni, Polosa, Phys. Rep. 668, 1 (2017);
Guo, Hanhart, Meissner, Wang, Zhao, Zou, Rev. Mod. Phys. 90 (2018), 015004

Hybrid (Quark-Antiquark + Gluon) State ?

Tetragquarks (compact state) ?

Quark-Antiquark + Molecular State ?



What is the effect of Meson-Meson Thresholds ?

Can we implement threshold effects within a quark-
antiquark model framework?

Quark-Antiquark effective potential description
Implicitly incorporating meson-meson components.
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Quenched vs Threshold-Unquenched Quark-Antiquark Energy

E(r)=V(r)+mq+mg

G. S. Bali, Phis. Rep. 343,1 (2001) G. S. Balietal., PRD 71, 114513 (2005)
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Static Potential in the first energy region : J++ states
Single thresholds with no significant widths
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Heavy Quarkonia Description

The lowest lying spectrum is described by the Cornell potential

- N X
I';f_?f]?‘ (T) — J7 — —
7

o = 850 MeV/fm (0.17 GeV?)

x = 100 MeV.tm ae = B0 (.38
my = 4793 MeV

m. = 1348.5 MeV

Calculated masses for the lowest lying spin triplet states differing
at most 30 MeV (60 MeV) for bottomonium (charmonium).



J++ States (single thresholds with no significant widths)
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y=lod GSPM PDG Cor
J States MeV MeV MeV

kITé—l,TJ
0+t ppg g, 9920 985944 - 042 +031 9920
1t I 9920 080278 £ 026 £ 0.31 9920
o ) 9920 901291 026031 9920
0t 2pip 10259 10232504205 10259
1+ 9pig ) 10259 1025546 =022 £ 050 10250
2+ W) 10259  10268.65-022+050 10259
0t Spimm 10521 10531
1"+ Spp 10526 10531
10530 £ 5+ 9
o 3pin 10528 10531

Measp M M,

P . GEPM PI: Cor

J f"“"‘"s MeV MeV MeV

1,74

0+ lpmry  M56.1 3414754031 34562
I Ipgyryy 34561 3510.66+0.07 34362
2 Apppy 560 355620000 34562
1++  2pmr,  38TLT 3871694017 39109
9+t Opmry 30030 30272426 39109

P. Gonzalez, J. Phys. G 41 (2014) 095001 ; Phys. Rev. D 92 (2015) 014017.
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Charmonium

J++ S-wave Thresholds 1-- S-wave Threshold
JPC T, Mesonl — Meson?2 (JIP: Jﬁp) M, JFC T Mesonl — Meson? (st sz) Mr,
0 - DD, (2420)

T, DDEO (U_._ 0—) 3730 T DO%D (0_, 1"‘) 4287
Double threshold
1+t +
T, DD (2007) (07,17) 3872 Significant threshold widths
++

—, , .1 , .3
T 1)*(2007)01)*(2007)' (1-,17) 4014 D1(2420)' Py D1(2430)' Py

' (D1(2420)) : 27.4 £ 2.5 NMeV

No significant threshold widths ' (D1(2430)) : 3847107 + 74 MeV



Static Potential in the first energy region: 1- states
Double threshold with significant width
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Spectrum

MeV MeV MeV

Kir_, 1) k
1= 15[TU,T1] 3046.0 3096.916 = 0.011 3046.0 1s

QS[TU,Tl] 3632.1 3686.09 = 0.04 3632.2 25

ld[To,Tﬂ 3743.4 3773.15+0.33 3743.5 1d

35[%31] 4061.4 4039 = 1 4065.8 35

2d 1,1y 4137.0 4191 =5 4142.8 2d

sz 4267.6 4930 = 8



¥ (4260) (48 [TDsTl]) versus Y (4s)

2.0 > 30 3.0




Data (M. Tanabashi et al (PDG), PRD 98, 030001 (2018))

Mass: 4230 £8 MeV Width: 55+19 MeV
(4220 — 4280) (40 —150)
J/pmtr— ¥(4260) — DD

L'y a ~Jgjumta-Ly —ete— _
( 0 (4260)—J /vt 7= Ly (4260) —et ) 094106V
exp

L' (4260)

¥ (4260)—xc, (3872)y seen versus (4260)—xcq (1p)y notseen



E1l Decays
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E1 Decays

YV (4260)—xc, (3872)y  SEEN VS  ©(4260)—xc (1p)y  NOL Seen

I (¥(4260)—x., (3872)7) 90+ 94
F(QH%D)*Xq (11?)’1.-*)
L(0(4260)=xey (D)) _ 998 4+ 0,009

D(v(25)—Xey (19)7)

(D ((25) — Xey (19)7))erp = 29 £ 1 keV

[ (¥(4260) — X, (3872)7) = 64 £ 50 keV




Open Flavor Meson-Meson Decays
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(4260) — DD

¥(3770) = v (3Dy)

(Faﬁ(:yr?(l)—:-Dﬁ)exp — 25.3 MeV

BR (1(4260) — DD) =3 x 10~*




Leptonic Width
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Compatible with J/ym+a—
being the discovery channel
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Summary

1) (4260) isan unconventional charmonium state.

1) There is a plausible explanation for it based on an Effective Quark-
antiQuark Potential incorporating threshold effects.

1) Decay properties can be understood by the change in the wave
function due to the presence of
thresholds.



THE END







J++ Thresholds

Charmonium
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0T+
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—0
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————0
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Generalized Screened Potential Model (GSPM)
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Possible Shortcomings

Non relativistic potential (effective).
No spin dependent terms in the Cornell potential.
Only screening from meson-meson channels.

No thresholds widths.



GSPM J++ Spectrum
GSPM
JPC States Measpar Mppa Mecor
MeV MeV MeV
k[Tifl.'Ti]
0t 1pm,oy 3456 3414.75 + 0.31 3456
15t pr 3456 3510.66 + 0.07 3456
2+ Api 3456 3556.20 + 0.09 3456
15+ 2 1 3871.7 3871.68 +0.17 3911
0"t 1pmy oy 3808 3018.4 + 1.9 3911
2tt 2pin 3903 3027.2 + 2.6 3911
1++ lp[Tl.Tﬂ —1017
0t 1pmry 4140 4143.0 £ 2.9+ 1.2
2t lpin 4140 41567350 + 15
0"t 1pmym 4325 4350.6725 £ 0.7 4295
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X (3872) results from the interaction between 75 and the Cornell state

Additionally a new state X(4029) appears.
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S. Godfrey, N. Isgur

PRD 32, 189 (1985) A Bottomonium
GeV
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Y(11020)
5%s, (10.88)
10.80 3%D,(10.70)
T 4°5,(1063)
Tap SR i d ¢
23p)(0.44)
10.40}315g10.30) 25501039 (5035
2R 010:28) 23p 10 23) 2%R0025) | 110 0000
1%D(10.14) BEasaiane
33,(10.00)
10,0028 L8oD *pi068) 19P9.90)
I'Ri(9:88)= 1 Ry(0.80) | PAO8S) | 20
9.60
(9,40 1%35,(9.46)
920t ——L— ' ' '

O-—+ I-- i-r- O++ ++ 2++

BB,

B*B* (2**)

BB (0*)

BB*(1*)



JFC T, Mesonl — Meson2 (Jf,Jf) Mr,
otT
T BB’ (0-,07) 10558
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0+ IP[TQ,T]_] 9920 085944 =042 1+0.31 9920

1+ lp[Tu.,Tl] 9920 989278 =0.26 = 0.31 9920

o Ipmm 9920 9901291 =026+031 9920
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o+ ppp 10815

P. Gonzélez, J. Phys. G 41 (2014) 095001
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