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2Outline

XYZ mesons

Estimated cross sections of photoproduction of XYZ mesons

Generalisation to inclusive processes 

Based on  
Albaladejo, Hiller-Blin, Pilloni, Winney, Fernández-Ramírez,VM, Szczepaniak (JPAC) 
Phys. Rev. D102 (2020) 114010

Based on  
JPAC, to appear
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3Exotic mesons
Ordinary baryons and mesons:

Exotic hadrons:

glueballshybrid mesons tetraquarks pentaquarksmolecules
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4XYZ mesons
(most of) XYZ hadrons: tetraquarks or molecules candidates with heavy quarks?

X(3872)
Y(4260)
Zc(3900)+

Y for Vector states 1−−

Z for Charged states

X for other states

See talk by W. Imoehl (BESIII coll.)

BESIII PRL118 (2017) 092001
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(most of) XYZ hadrons: tetraquarks or molecules candidates with heavy quarks?

X(3872)
Y(4260)
Zc(3900)+

Y for Vector states 1−−

Z for Charged states

X for other states

See talk by W. Imoehl (BESIII coll.)

BESIII PRL110 (2013) 252001

XYZ mesons
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(most of) XYZ hadrons: tetraquarks or molecules candidates with heavy quarks?

X(3872)
Y(4260)
Zc(3900)+

Y for Vector states 1−−

Z for Charged states

X for other states

See talk by W. Imoehl (BESIII coll.)

BESIII PRL122 (2019) 202001

XYZ mesons
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7High energy photoproduction

Electron-ion collider (EIC)

Wide range of ions, including proton 

Center-of-mass energy: 20 - 140 GeV

EIC Yellow Report arXiv:2103.05419

Electron-ion collider in China (EicC)

Center-of-mass energy: 15 - 20 GeV

EicC arXiv:2102.09222
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8Photoproduction Cross section

N′�

ℙ, ℝ
Known Reggeon-nucleon couplings

Known Reggeon propagators

Estimated Reggeon-XYZ photo couplings

Production amplitude factorised into:

PRD102 (2020) 114010

s = (pγ + pN)2 t = (pγ − p%)2

N

�
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8Photoproduction Cross section

N′�

ℙ, ℝ
Known Reggeon-nucleon couplings

Known Reggeon propagators

Estimated Reggeon-XYZ photo couplings

Production amplitude factorised into:

dσ
dt

∝ ∑
λλ,λ%

|βℝ
λλ,λ%

(t) |2 ( s
1 GeV2 )

2αℝ(t)

∑
λN,λ′�N

|βℝ
λN,λ′�N

(t) |2

Production amplitude factorised into:

PRD102 (2020) 114010

s = (pγ + pN)2 t = (pγ − p%)2

N

�
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9X(3872) 1+ +

p
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X(3872)
ℝ = ρ, ω

J/ψ

Couplings estimated using: 
vector meson dominance (VMD) and 
branching fraction: B(X → J/ψ ω) = 4.4 %

B(X → J/ψ ρ) = 4.1 %

Benchmark with  using , ,… χc1(1P) B(χ → J/ψ ω) B(χ → J/ψ ρ)
Centre-of-mass energy 

σ(γp → Xp) ≃10−2 nb

p
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PRD102 (2020) 114010

(strong isospin violation)
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10X(6900)

p
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X(6900)
ℝ = ω

J/ψ

p
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Couplings estimated using: 
vector meson dominance (VMD) and 
branching fraction:

B(X → J/ψ ω) = 1 %

PRD102 (2020) 114010

Centre-of-mass energy 

 candidate in  final statescc̄cc̄ J/ψJ/ψ
LHCb, arXiv:2006.16957
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11Y(4260) 1−−

p
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Y(4260)

ℙ
p
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Centre-of-mass energy 

σ(γp → Yp) ≃3 × 101 nb

J/ψ, ψ(2S)

Model the photoproduction of  firstJ/ψ
Extraction of the ratio by CLEO PRD78 (2008)

σψ′�

σJ/ψ
= B(ψ′� → γgg)

B(J/ψ → γgg) ≃30 %

Using HERA data RHERA = 6.5 %
σY

σψ′�
= B(Y → J/ψππ)

B(ψ′� → J/ψππ)
σY

σJ/ψ
≃70 %



PANIC September 2021Vincent Mathieu U. Barcelona Exclusive and Inclusive Photoproduction of XYZ Mesons

12Zc(3900)+ , Zb(10610)+ , Zc(10650)+ 1+ −

Centre-of-mass energy 

σ(γp → Z+ n) ≃10−2 − 101 nb

PRD102 (2020) 114010

p
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Z+
c/b

π+

J/ψ

n

Couplings estimated using: 
vector meson dominance (VMD) and 
branching fraction:

B(Z+
c (3900) → J/ψ π+ ) = 10.5 %
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13Why inclusive reactions?

PRELIM
IN

ARY

γp → π0p

γp → π0X
Easier to extract experimentally

Constant cross section at high energies 
Even for non-Pomeron production

All following results are preliminary
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Exclusive limit
p⊥

p∥

γ + p → % + X
Kinematic of Semi-Inclusive Reactions

γ p

%

X
p∥

p⊥

Triple Regge Region

γ p
%

x = p∥/p∥,max ≃1Triple Regge limit corresponds to 
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15Triple Regge Region

E%
dσ

d3p%
= α′�

π ∑
λλ,λ%

|βℝ
λλ,λ%

(t) |2 (1 − x)1−2α(t) σℝp
tot

2
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3 Reggeon-particle couplings  
and 1 Triple Reggeon coupling

= GRRP(t)(1 − x)1−2α(t)
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16Field and Fox Parametrisation
p + p → p + X

p p

p

p
p

p

ℝ, ℙ

ℝ,ℙℝ,ℙ

EN
dσ

d3pN
= 1

s ∑
ijk

Gijk(t)(1 − x)−αi(t)−αj(t)(M2)αk(0)

NPB102 (1974) 367

i, j, k = ℙ, ℝ
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γp → ρ0X

OMEGA photon ZPC53 (1992) 581

Eγ = 85 GeV
Eγ = 142.5 GeV

Triple Pomeron

γ γ
ρ0 ρ0

p p

ℙ ℙ

ℙ

ℙ ℙ

ℙ

E
dσ
d3p

= (
βℙ

γρ

βℙpp )
2

GPPP(t)(1 − x)1−2αℙ(t)

p p

p

p
p

p
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Y(4260) 1−−

γp → YX

J/ψ
Y(4260)
ψ(2S)

Eγ = 85 GeV
γ γ

Y Y

p p

ℙ ℙ

ℙ

E
dσ
d3p

= (
βℙ

γY

βℙpp )
2

GPPP(t)(1 − x)1−2αℙ(t)
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19X(3872) 1+ +
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γ γ

X X

p p

ℝ ℝ

ℙ

E
dσ
d3p

= (
βℝ

γX

βℝpp )
2

GRRP(t)(1 − x)1−2αℝ(t)

Eγ = 85 GeV
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20Conclusions

�

<latexit sha1_base64="w6h9Bf4+M1acskkgMSQ1DM2KxtA=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXiMYB6QLKF3MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCAzlTNKmZZbTTqIpiIjTdjS+nfntJ6oNU/LBThIaChhKFjMC1kmt3hCEgH654lf9OfAqCXJSQTka/fJXb6BIKqi0hIMx3cBPbJiBtoxwOi31UkMTIGMY0q6jEgQ1YTa/dorPnDLAsdKupMVz9fdEBsKYiYhcpwA7MsveTPzP66Y2vgozJpPUUkkWi+KUY6vw7HU8YJoSyyeOANHM3YrJCDQQ6wIquRCC5ZdXSeuiGtSq1/e1Sv0mj6OITtApOkcBukR1dIcaqIkIekTP6BW9ecp78d69j0VrwctnjtEfeJ8/isuPIQ==</latexit>

Y

N′�N
ℙ

Estimate cross section for exclusive photoproduction of 
 X(3872), Y(4260), Zc(3900)+ , …

Vector states  have large cross section at high energies, 
thanks to the Pomeron exchange

Y

Estimation of inclusive cross section in progress 
Benchmark on known mesons
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Y(4260)
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