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Prediction of a missing higher

charmonium around 4.26 GeV in
J/¥ family

He, Chen, Liu, Matsuki, Eur. Phys. J. C 74, 3208 (2014)




The Similarity between J/y¥ and Y family

The Comparison of the J /1 family with the
Y family
® Similarity

L) s 1. The mass gap between Y (25) and J /¢
382 MeV _Im" ()—I is almost the same as that between
€ 224 MeV
ey e Y(2S) and Y(1S)
08 1353 e s JSS? MeV 2. There also exists the similarity of the
mass differences, M((3S)) —
|563 eV M(¥(2S)) and M(Y(3S)) —
) M(Y(2S)), where ¥(2S) and 1(3S)

correspond to Y (3686) and ¥ (4040),
respectively.
® Violation
If Y(4415) is Y(4S), such a law is violated
since the mass gap of ¥ (4415) and y(35)
is larger than that of Y(4S) and Y(3S)

1 family Y family
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The possible reason to result in
the above puzzling mass gap:
The properties of the charmonia
above 4.1 GeV are still not
understood well
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The mass spectrum analysis

Compared with the J/p family, the
bottomonia with the radial quantum
numbers n = 1,2, 3, 4 were well estab-
lished both by experiment and theory.

Thus, the study of J/1p family can be
borrowed from Y family.

+ If this law of mass gap relation still holds for states with n

= 3,4 in the JAp and Y familes, we find that the mass
of Y(4S) should be located at 4263 MeV,

where we take the mass gap between Y(45) and Y(35) to
add it to the mass of (35).

Consistent

e~

Fl'he screening potential prediction of Y(4S) mass:
- 4273 MeV Li&Chao PRD79, 094004 (2009)
+ 4247 MeV Dong&Yu&Zhang&Shen PRD49, 1642 (1994)
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Questions:

o If this predicted state exists in the J/Ap family, we must reveal its
underlying properties to answer why there does not have any
evidence in the present experiment

o Can Y(4260) or Y(4360) be as the candidate of predicted charmonium

with mass around 4.26 GeV?

Experimental status of Y(4260)
and Y(4360)

ete” = yspn*n] /Y

1 PRLYS, 142001 (2005)
Y(4260) : i
- 8 " f' 1 .
Spin-parity: JFC =1~ g [r v.vv‘/,l .,,~Y-.w

Experiment Mass (MeV) Widith (MeV)

BaBar (1] 4259+8°7 882234
CLEO (3] 4284° 4 730 sS

Belle [4]) 4247 2127

108192

Average [6]  42637) 95+ 14

Charmomium-like states around 4.26 GeV

Y(43?0)

PRL98, 212001 (2007)
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The decay behavior of the predicted

charmonium around 4.26 GeV

We adopt the QPC model to study the decay behavior of the
discussed charmonia (L. Micu, Nucl. Phys. B 10, 521 (1969) )

P(3S) decay behavior

yi(38)

- Test the reliability of the
calculation via Y(3S) (¢(4040))

- Reproduce the experimental
data well of Y(4040)

- Enable us to apply this model
to safely study the decays of

K oo W(4S)
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Y(4S) decay behavior

Y(4S)

A very interesting result of the decay behavior of
w Total width\ W(4S) can be found:

* The total decay width of {(4S5) is stable corresponding to
the R range adopted, while its partial decay widths
strongly depend on the R value

* Due to node effect!

* The predicted charmonium v(4S) has very narrow
width around 6 MeV

* For the higher charmonia above the DD threshold, this
phenomenon of {)(4S) presented here is unusual

Y(4040),y(4160) and {(4415) have widths 80 + 10 MeV,
103 + 8 MeV and 62 + 20 MeV, respectively, all of which are
large. Even y(3770) which is just 43 MeV above the DD
threshold has the width 27.2 MeV

Exclude Y(4260)/Y(4360) as the candidate of y(4S)
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Experimental evidence

Experimental data C.Z. Yuan, Chinese Physics C 38, 043001 (2014)
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20| tlr,T $¢ | ” _J* | '.
:-[ ¢¢¢¢I¢¢¢'¢¢¢¢'¢ l}_;fi:f:}r_:fi" 33 44 45 48 ﬂ.zli FEY ﬂ?I_TJ-__:-ﬂ_-_HATS-__IE-_-
: .dl?. - ..1-:-!- - '.q-.',' - '1'; - .4_5. i3 Egy (GEV) Epy, (GaV)
Ecm (GeV)
Red points: e+e—shc\pi\pi “we conclude that very likely there is a narrow
BESIII PRL 111, 242001 (2013) structure at around 4.22 GeV”
Blue points: e+e—>JApsi\pi\pi i
Belle PRL 110, 252002 (2013) M(Y(4220)) = (4216 + 18) MeV/c*,

Mot (Y (4220)) = (39 + 32) MeV,

Is it the prediced higher charmonium with the mass around 4.26 GeV?
Need further experimental and theoretical efforts!




The role of the predicted ¥(4S5) in

the observed e*e™ — wy o

Chen, Liu, Matsuki, arXiv:1411.5136



The observation of ete~— xcow from BESIII

BESIII, arXiv:1410.6538

0 =17 (Expt.), we find
‘ R ' - P(4S)— Xcow is allowed
-20 |- * P(4S) = Xc1w and P(4S) — X0
- M = 4230 + 8 ME:V F_38 + 12 MeV are forbidden kinematically

-4
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\s (GeV)

100 -
.  80f D ~4- Data Explain why only ete~— Xcow
i._ 50 3 — Resonance was reported by BESIII
~ - - Phase Space
° 401 .

5 - If taking the mass of

.T 20 1 4N e pmmmm =TT (4S) to be 4230 MeV
+"I:IJ - I
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e+te-—Xc1w and ete~— Xc2w are not significant
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The study of the transition ¢(4S) — WX

For higher charmonia and bottomonia, the unquenched effect
becomes more and more important since more channels are open

Coupled-channel effect
Non-perturbative properties
of QCD

Hadronic loop is an effective

description for this effect
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Y(5S) > wy, PROCESS

Chen, Liu, Matsuki, Phys. Rev. D90, 034019 (2014)

Dian-Yong Chen @IMP,CAS
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Y(5S) - wyyp,: Experimental information

PhysRevl ett.113.142001(2014)@Belle
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Dian-Yong Chen @IMP,CAS 14



Meson Loop contributions:

Quenched (OZI Suppressed) Unquenched (Meson Loop)
y Quark Level =
T(55) %
— B XbJ
b
XbJ
(58 Y ho? T(55) — ypw (55 Y o

B — 7 p— B p—
« meson loop contributions are QCB T=<B “=]<:m

evaluated in hadron level

 interactions are described by
effective Lagrangians

« effective Lagrangians are
constructed based on heavy
guark symmetry & chiral (a9
Symme'try T(58) .

Dian-Yong Chen @IMP,GAS

(n—4)




\ Chen, Liu, Matsuki, PRD90.034019

1070 Xt

Form factors:

* Internal structures of the
involved particles

o Off shell effects

* Remove the divergence of the
loop integrals

Monopole form

F(A) = (mi — A?)/(q* — A?)
A = (mp +mp:)/2 + ayAgep.,

B[T{5S} — X,h_ju.r]

. 5 5. 8 ¢
=

- - '—E"__

CH

Conclusion:

« Meson loop can explain the
experimental data

« Common alpha range

» Reflect the similarity of these
en @IPFOLESSES 16




¥(4040)/1(4160) — J/pn PROCESS

Chen, Liu, Matsuki, Phys. Rev. D87, 054006 (2013)

Dian-Yong Chen @IMP,CAS 17



Y (4040)/9Y(4160) — J/YPn: Experimental information

Phys.Rev.D87(5): 051101(2013)@Belle Phys.Rev.D86: 071101@BESIII
L e ; ; L ;
- n signal in J/y(u™u™) signal
i region @4.009 GeV
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3 2 _ .,
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[
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& 336+ 12 = 14 Diap¥pngChets @IMP,CAS




Meson Loop contributions

Chen, Liu, Matsuki,PRD87,054006
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B(1(4040)/9(4160) — J/ym)
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12| S —
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6ol—s — ... L
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CL

The ratio is weakly dependent on
parameter o;

Predicted: B(y¥(4160) —
n'J/P) = (2 ~ 4.8) x 1074 ;
Consistent with upper limit (5

X 10%) @CLEO (PRL96,162003)

len @IMP,CAS 19




Y(4S) - wx.o PROCESS



Adopt the effective Lagrangian approach to do the calculation

Heavy quark limit and chiral symmetry

¥ - i i
Llﬁ-‘ﬂ"ﬂ“ = _J‘E:.;-i}ﬂdfy{ﬂ:@ﬂf — D&uﬂf} 'ED':'D"JrV = _'!-_E-'UEWD,' a DI‘(TJJ]J = zfirffvgjﬂf:tﬁ
- - By AVl eyt i *ft =5 ]
+g¢ﬂ"ﬂﬂumrﬂf’jﬁ¢"v{ﬂ; f:’,ﬁr ﬂ"' -D {?ﬁ D::] x(#'V }l;(ﬂf a Dl - nrd D)
§ = I :
+.Ij.i't;.1"_: (% lﬁ"l (ﬂ‘ﬂvﬂ;' - Hvﬂ;ﬂ:f +J'Lgﬂ1ﬂ1rpﬂ;ﬁ i ﬂ:J{rVF}L
-0} 8, D), (1) +ifpr Dl (F V' = VYD, (3)

J:I?‘"I?‘"T’ = —igﬂ.gp{fiﬂﬁ?’ﬂ‘” = f_}wﬂp?}ﬂ}

¥ - et
Lypops = —8rpoX0DD' = gy o0 X0 DD, (2)

1 Fvwil o -Hr #
+ESEJ'IJ'PE,|JW:,|’1I}"{? P& DY, (4)

a general form of the decay amplitude is

qg ViVaVy __,
M = ,mg),
f any PPy 4ME)

la)

F(g.me) = (m% — A)/(* = A®). A = anAgcp + me




TABLE I: The concrete values of coupling constants of charmo- The GOUPIing COnStantS Of "I"(4a

nium (J/¢ and y ) interacting with charmed mesons, and those of

charmed mesons interacting with light pseudoscalar/vector mesons — jnnteraction with charmed meson pair

[22-25].

Coupling Value Coupling Value Coupling  Value He, Chen, Xiang Liu, Matsuki, Eur. Phys. J. C 74, 3208 (2014)

Eneop T4 gruprn 249GeV'  giuppr 8.01

gopv 347 gppyv  232GeVT' gppw 3.14 ——
forpry 467 g, op -25.00GeV g, o -8.96 GeV 'k . LS:””.‘F. (48 .r;--n‘:‘
gope 894  gppp 17.32GeV! '
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gﬁﬁm:‘b{“ VM. constants of (45) interacting with charmed or charmed-strange
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BESIII result (assuming the enhancement from (45)):

CWAS ) — ¢* e )BWAS) - wye) = (2.7 £ 0.5+ 0.4)eV.

['(W(4S) — e*e™) = 0.63 keV Li&Chao PRD79, 094004
I'(W(4S) — e*e™) = 0.66 keV Dong et al., PRD49, 1642

We extract

BWES) = wxe) = (3.1 ~ 5.3)x107




9.0

2.0

0.0

B(1(4S) = wxo)(x107%)

1.6 1.7 1.8 1.9 2.0 2.1 2.2
R (GeV)™ !

-Our theoretical result overlaps with the experimental data in a
reasonable parameter range of 2.6 <ay<4.0and 1.83 <R < 2.17

-ete~ = wY observation can be understood through introduction of
the predicted (4S) contribution




Predict the upper limit of the branching ratio of ¢(4S) - nJ

(l‘\

- 25

4.0

3.5
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2.0

1.5

1.0
1.6

B(¢(4S) = nJ /1) (x1079)

1.7 1.8 1.9 2.0 2.1 2.2
R (GeV)™

BW(4S) - nJ/Y) < 1.9x 107




Experimental measurementof ete™ — nJ/y

100} !Ile

i_(a) Sil(2012)
30 - —4— This work
60 J’\%
soF L |1l ‘
20F || | H‘H
il I
'2{]:_I ] ] ] 1 ] | ] | |
3.8 39 4 41 42 43 44 45 46 4.7

Js (GeV)
arXiv:1503.06644

o(e'e” — nJiy) (pb)

® Recent measurement from BESIII Collaboration
indicate there exist a enhancement near 4.2 GeV.



- Predict a narrow higher charmonium (4 5)

- The introduction of Y(4S) can explain recent BESIII’s
observation ¢'¢ — wy,,

- The possible evidence of §(4S) in experiments

Belle, PRD 77, 011103 (2008)
0.0

widindn) ]

Process Mass (MeV) Width (MeV)

S . .1

e'e” s wyqoll] 4230+8+6 38+12+2

4216 + 7 39+ 17 s} ]
ete” - mtnh.[31]
4230 + 10 12 + 36

e _;.r:n{lih}
=

-!T¢..|.
=

5 3
148 . 4.1'!‘ 4.2 4.4 4.
mpp (GeV)

- Suggest BESIII, Belle and forthcoming Bellell to identify
this missing Y(495)




Thank you for your attention!



