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Introduction

A suppression of the J/ψ has been proposed as a
signature of the formation of Quark-Gluon Plasma in
ultrarelativistic nucleus-nucleus collisions. T. Matsui and H. Satz, Phys.

Lett. B (1986)

The reaction mechanisms producing the J/ψ in a first
place are not well understood N. Brambilla, Eur. Phys. J. C 71, (2011)

J/ψ suppression has been searched in p-nucleus collisions
in several fixed target experiments NA3 , E772, NA38 ,
E866, E672/E706, NA50 and more recently in NA60.
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The J/ψN → J/ψN interaction via exchanging of vector mesons

The J/ψN → J/ψN interaction

We consider a potential like Weinberg-Tomozawa
interaction between the channels,

Heavy-light, Heavy-Heavy: J/ψN, D̄Λc, D̄Σc

light-light ρN, ωN, φN, K∗Λ, K∗Σ
First, we study the transitions between Heavy-light,
Heavy-Heavy close to threshold, i. e. energies ∼ 4− 4.4
GeV

D̄∗

Λc(Σc) Λc(Σc)

D̄∗

N Λc(Σc)

J/ψ D̄∗

ρ(ω) D∗

1. Phys. Rev. C 84, 015202 (2011) “Prediction of narrow N∗ and Λ∗ resonances with

hidden charm above 4 GeV” 2. Phys. Rev. Lett. 105, 232001 (2010)
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The J/ψN → J/ψN interaction via exchanging of vector mesons

The hidden gauge formalism

The transition potential is evaluated using the Hidden
Gauge Formalism for the interaction between vector
mesons. Bando, Kugo, Yamawaki (Phys. Rept. 164, 217 (1988).)

Lagrangian

L = L(2) + LIII (1)

L(2) =
1
4

f 2〈DµUDµU† + χU† + χ†U〉 (2)

LIII = −1
4
〈VµνVµν〉+

1
2

M2
V〈[Vµ −

i
g

Γµ]2〉

DµU = ∂µU − ieQAµU + ieUQAµ, U = ei
√

2P/f (3)
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The J/ψN → J/ψN interaction via exchanging of vector mesons

Inclusion of spin-1 fields

FV

MV
=

1√
2g
,

GV

MV
=

1
2
√

2g
, FV =

√
2f , GV =

f√
2
, g =

MV

2f
(5)

L′s

LVγ = −M2
V

e
g

Aµ〈VµQ〉

LVγPP = egAµ〈Vµ(QP2 + P2Q− 2PQP)〉
LVPP = −ig〈Vµ[P, ∂µP]〉
LγPP = ieAµ〈Q[P, ∂µP]〉

L̃PPPP = − 1
8f 2 〈[P, ∂µP]2〉. (4)

1. M. Bando, T. Kugo, S. Uehara, K. Yamawaki and T. Yanagida, Phys. Rev. Lett. 54, 1215 (1985).
2. M. Bando, T. Kugo and K. Yamawaki, Phys. Rept. 164, 217 (1988).

3. U. G. Meissner, Phys. Rept. 161, 213 (1988).
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The J/ψN → J/ψN interaction via exchanging of vector mesons

The VB→ VB interaction

LIII = − 1
4〈VµνVµν〉 L(3V)

III = ig〈(∂µVν − ∂νVµ)VµVν〉

L(c)III = g2

2 〈VµVνVµVν − VνVµVµVν〉

Vµ

Vµν = ∂µVν − ∂νVµ − ig[Vµ,Vν ]

Vµ ≡


ρ0
√

2
+ ω√

2
ρ+ K∗+ D̄∗0

ρ− − ρ0
√

2
+ ω√

2
K∗0 D∗−

K∗− K̄∗0 φ D∗−s
D∗0 D∗+ D∗+s J/ψ


µ

g =
MV

2f
(6)
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The J/ψN → J/ψN interaction via exchanging of vector mesons

The Baryon-baryon-vector vertex extended to SU(4)

LBBV =
g
2

(〈B̄γµ[Vµ,B]〉+ 〈B̄γµB〉〈Vµ〉)
1.Klingl,97; Palomar,02; E. Oset and A. Ramos, arXiv:0905.0973 (2009, Eur. Phys. J. A)

tB1B̄2V =

{g151 C151(20′⊗2̄0′)+g152 C152(20′⊗2̄0′)+g1 C1(20′⊗2̄0′)}ūr′(p2)γ·ε ur(p1)

the reduced matrix elements, g151 , g152 and g1 are evaluated
demanding

1) The coupling pp̄→ J/ψ should be zero by OZI rules,

2) The coupling pp̄→ φ should be zero by OZI rules,

3) The coupling pp̄→ ρ0 should be the one obtained in SU(3).

see J.Nieves, C.G.Recio for a more general treatment

g151 = −g; g152 = 2
√

3 g; g1 = 3
√

5 g . (7)

with g = MV/2f and f = 93MeV the pion decay constant.
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The J/ψN → J/ψN interaction via exchanging of vector mesons

The transition potential is given between J/ψN, D̄∗Λc, D̄∗Σc is

VWT
ij = − Cijg2

p2
V∗ − m2

V∗
(E + E′)~ε~ε ′, (8)

Light - light channels
D̄∗

Λc(Σc)

D̄∗

Λc(Σc) N

J/ψ J/ψ

N

Λc(Σc) Λ(Σ)

D̄∗ ρ

D∗ D̄∗D̄∗D∗D∗

ρ

Λ(Σ) Λc(Σc)

D̄∗

D∗

b) c)

Vab = VWT
ab + δṼBox

ab , δṼBox
ab =

∑
c

Ṽal Gl Ṽlb, (9)

l = ρN, ωN, φN, K∗Λ, K∗Σ
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The J/ψN → J/ψN interaction via exchanging of vector mesons

Prediction of narrow N∗ and Λ∗ resonances above 4.2 GeV

T = [I − VG]−1Vε · ε′

Tab =
gagb√
s− zR 4300 4350 4400 4450 4500

0
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s @MeVD
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0
´
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È2
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e
V
-

2
D D

*

Sc

(I, S) M Γ Γi

(1/2, 0) ρN ωN K∗Σ J/ψN
4412 47.3 3.2 10.4 13.7 19.2

(0,−1) K̄∗N ρΣ ωΛ φΛ K∗Ξ J/ψΛ

4368 28.0 13.9 3.1 0.3 4.0 1.8 5.4
4544 36.6 0 8.8 9.1 0 5.0 13.8

Table: Mass (M), total width (Γ), and the partial decay width (Γi) for
the states from VB→ VB with units in MeV.
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The J/ψN → J/ψN interaction via exchanging of vector mesons

Inelastic cross section of J/ψN → J/ψN

σtot = − MN

PJ/ψ
CM
√

s
Im TJ/ψN→J/ψN ,

(10)

σin = σtot − σel

= − MN

PJ/ψ
CM
√

s
Im TJ/ψN→J/ψN

− 1
4π

M2
N

s

∑∑
|TJ/ψN→J/ψN |2,

In e−p collisions, for electrons around
10 GeV, the J/ψ is created with√

s ' 4050− 5300 MeV in the rest
frame of the nucleons
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Figure: The total, elastic and
inelastic cross sections.
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The J/ψN → J/ψN interaction via exchanging of vector mesons

The J/ψN → D̄Λc(Σc) cross section

LVPP = −ig < [P, ∂µP]Vµ >,

−itJ/ψD+(q)D−(P−q) = −i2gqµεµ,

−itD0p→Λ+
c

= − 1√
3

(
D + 3F

2f

)
~σ~q

Kroll Rudermann

−itpΛ+
c J/ψD̄0 = − g√

3

(
D + 3F

2f

)
~σ · ~ε

J/ψ D̄

N Λc(Σc)

N

D̄J/ψ

Λc(Σc)

D̄J/ψ

N Λc(Σc)

π

D

D

a)

b)

c)

Requires a momentum pcm
J/ψ = 405 MeV for D̄Λc production
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The J/ψN → D̄Λc(Σc) cross section

The J/ψN → D̄Λc(Σc) cross section

J/ψN → D̄Λc(ex):∑∑
|T|2 =

4
3

g2
D

[ (P · pD̄)2

M2
J/ψ

− m2
D̄

]
× 1

2
1

mNmΛc

(mN + mΛc)
2

× (pp′ − mNmΛc)×
1

(q2 − m2
D)2 ×

1
3

(3F + D
2f

)2
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Figure: The cross section for J/ψN → D̄Λc (lf) and J/ψN → D̄Σc (rg).
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The J/ψN → D̄πΛc(Σc) cross section

The J/ψN → D̄πΛc(Σc) cross section

J/ψN → D̄πΛc(ex):

∑∑
|T|2 =

4
3

g2
D

[ (P · pD̄)2

M2
J/ψ

− m2
D̄

]( 1
q2 − m2

D

)2
× 3

2

∣∣T I=1
DN→πΛc

∣∣2
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Figure: The cross section for J/ψN → D̄πΛc(Σc).
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Total inelastic cross section

Total inelastic cross section

before and after including the fermi motion
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Figure: The total inelastic cross section of J/ψN without and with
taking into account the Fermi motion of the nucleons
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Total inelastic cross section

Fermi motion

We do an average of the cross section over the femi sea
nucleon momentum

sN = (pJ/ψ + pN)2 = (EJ/ψ + EN)2 − (~pJ/ψ +~pN)2, (11)

σ(s)→ σ̄ =

∫
|~pN |<pF

d3~pN

(2π)3σ(sN)

/∫
|~pN |<pF

d3~pN

(2π)3 , (12)

where pF = (3π2ρ/2)1/3 and we takeρ ≈ ρ0/2, ρ0 = 0.17fm−3,
the nuclear matter density.
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Transparency ratio of γA→ J/ψA′

Definition

T̃A =
σγA→J/ψA′

AσγN→J/ψN

Describes the loss of flux of J/ψ-mesons in the nuclei
In the Eikonal Approximation,

T̃A ∝ exp
[∫ ∞

0
dl

ImΠJ/ψ(ρ(~r ′))
|~pJ/ψ|

]
”Survivalprobability”

TA =
πR2

AσJ/ψN

{
1 +

(λ
R

)
exp
[
− 2

R
λ

]
+

1
2
(λ

R

)2(
exp
[
− 2

R
λ

]
− 1
)}
.

where λ = (ρ0σJ/ψN)−1. P. Muhlich and U. Mosel, Nucl. Phys. A
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Transparency ratio of γA→ J/ψA′

before and after including the fermi motion
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Figure: The transparency ratio of J/ψ photoproduction as a function of the energy in the CM of J/ψ with
nucleons of the nucleus. Solid line: represents the effects due to J/ψ absorption. Dashed line: includes photon
shadowing (Bianchi, PRC54,1688). Left: Without Fermi motion. Right: Considering Fermi motion
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Transparency ratio of γA→ J/ψA′
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Figure: The transparency ratio of J/ψ in different nuclei. Left: TA.
Right: TA/T12C

The transparency ratio is of the order of 0.60− 0.70 for
heavy nuclei indicating a depletion of about 30− 35 % in
J/ψ production in nuclei.
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Conclusions

We find a total inelastic cross section of the order of 6-7
mb, coming from J/ψN → J/ψN, J/ψN → D̄Λc (D̄)
exchange and Kroll Rudermann, which is sufficient to
produce an appreciable suppression of J/ψ in its
propagation through nuclei.
We study the transparency ratio for electron induced J/ψ
production in nuclei at about 10 GeV and find that 30 - 35
% of the J/ψ produced in heavy nuclei are absorbed inside
the nucleus
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