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Introduction

ηc = cc̄[1S0], M(ηc) = 2.981 GeV, Γ = 29.7 MeV

Br(ηc → pp̄) = 1.4× 10−3

Br(ηc → ΛΛ̄) = 9.4× 10−4

Br(ηc → KK̄π) = 7.2× 10−2

Br(ηc → γγ) = 1.78× 10−4
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Introduction

There are only LHCb data for hadronic ηc production

Test of perturbative QCD

Test of heavy quark hadronization mechanism

Tools for study gluon structure of proton

Theoretically cleanest description
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Factorization approaches: CPM, TMD, and GPM

Hard (factorization) scale µF ∼ M
Intrinsic parton transverse momentum < q2T >∼ 1 GeV2

Collinear parton model: q1,2T << pT and µF = MT ≥ M

σ(pp → ηcX) =

∫
dx1

∫
dx2fg(x1, µF )fg(x2, µF )σ̂(g + g → ηc + g)

TMD PM by Collins, Soper, Stermann: q1,2T ∼ pT and pT << µF

σ(pp → ηcX) =

∫
dx1d

2q1T

∫
dx2d

2q2TFg(x1, q1T , µF , µY )×

×Fg(x2, q2T , µF , µY )σ̂(g + g → ηc)

Generalized parton model: q1,2T ∼ pT and pT ∼ µF

σ(pp → ηcX) =

∫
dx1d

2q1T

∫
dx2d

2q2TFg(x1, q1T , µF )×

×Fg(x2, q2T , µF )σ̂(g + g → ηc)

Fg(x, qT , µF ) = fg(x, µF )× exp(−q2T / < q2T >)/(π < q2T >)
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Hadronization mechanisms: CSM, NRQCD and CEM

Color Singlet Model (CSM): only cc̄−pairs with matched quantum number of

the charmonium, 1S
(1)
0 for ηc−meson.

Non-relativistic QCD (NRQCD): all cc̄−pairs of di�erent color and spin sates
fragmenting with di�erent probabilities long distance matrix elements
(LDME)

Color Evaporation Model (CEM): all cc̄−pairs with mass less than DD̄
threshold. One hadronization parameter for each charmonium
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ηc production in CPM and GPM within framework of CSM

ηc production at the LHC
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ηc production in CPM and GPM within framework of CSM

ηc production at the LHC leads to following conclusions:

Color singlet LDME < O[1S
(1)
0 ] > can be calculated in a non-relativistic

potential model (|Ψ(0)|2), or extracted from the decay width Γ(ηc → γγ).
Color octet LDMEs are don't needed.

Final state is colorless and we can neglect �nal-state interactions with soft
(Glauber) gluons, which destroy hard-soft factorization. The ηc production in
two-gluon fusion may be considered as "Drell-Yan" process, only for initial
gluons.

There is only direct production of ηc, contributions from high-mass states can
be neglected.
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ηc production in CPM and GPM within framework of CSM

CPM for pT ≥ M , 2 → 2 LO subprocess

g + g → cc̄[1S
(1)
0 ] + g

GPM for pT < M , 2 → 1 LO subprocess

g + g → cc̄[1S
(1)
0 ]
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ηc production in CPM and GPM within framework of CSM

Total cross sections |y| < 3, pT > 0.5

σtotal ×B(ηc → γγ) ≃ 0.071 nb for CPM

σtotal ×B(ηc → γγ) ≃ 0.189 nb for GPM
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Background process pp → γγX

Direct two-photon production

q + q̄ → γ + γ

Fragmentation two-photon production

q + q → q(→ γ) + q(→ γ)

g + g → q(→ γ) + q̄(→ γ)

q + g → q(→ γ) + g(→ γ)
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Background process pp → γγX

Total cross sections with transverse momentum cut 1.4<pT<6

σtotal ≃ 1.286 nb for CPM

σtotal ≃ 0.277 nb for GPM
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Background process pp → γγX

Pair photon production with transverse momentum cut 2<pT<6

There is invariant mass of photon pair minimum in LO CPM:
Mmin = 4p2T > Mηc

In GPM-model Mmin ≃ 0 so only it is useful

σtotal ≃ 0.053 nb
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Production and two-photon decay pp → ηc → γγX

Amplitude for gg → ηc → γγ

Aαβµν = fggfγγεαβα′β′
qα

′
1 qβ

′

2
i

p2−M2+iMÃ
εµνµ′ν′

kµ
′

1 kν
′

2

Structure constants from π0 → g + g and π0 → γ + γ decay widths

fγγ = 96
M3 e

4α2
√

π
M

|R(0)2|, fgg = 16
9M3 α

2
s

√
π
M

|R(0)2|
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Estimations for S/B ratio

pp → π0(→ γγ) + π0(→ γγ)X at the SPD NICA

q + q → q(→ π0) + q(→ π0)

g + g → q(→ π0) + q̄(→ π0)

q + g → q(→ π0) + g(→ π0)

Fragmentation functions are taken from: J.F. Owens, E. Reya, M. Gluck,
PRD18(1978)1501

Dπ0

u (z) =
1

2

(
Dπ+

u (z) +Dπ−
u (z)

)
zDπ+

u (z) = a
√
z(c− z) + ξπ(1− z)2

zDπ−
u (z) = ξπ(1− z)2

zDπ0

g (z) = Cπ(1− z)1.5
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Conclusions

pp → π0π0X with π0 → γγ is main source of photon pairs with invariant
mass in the range of M ∼ 3 GeV.

The S/B ratio for pp → ηcX → γγ to processes of prompt photon pair
production pp → γγ estimates as ∼ 10−3.

There is dependence on photon transverse momenta (pTγ,min) for S/B ratio.

Thank you for your attention!


