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Introduction

Ne = ce[*So], M (ne) = 2.981 GeV, I' = 29.7 MeV

Br(ne — pp) = 1.4 x 1073
Br(ne — AA) =9.4 x 1074

Br(ne — KKn) = 7.2 x 1072

Br(ne = vy) = 1.78 x 104
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Introduction

o There are only LHCb data for hadronic n. production
o Test of perturbative QCD

Test of heavy quark hadronization mechanism

Tools for study gluon structure of proton

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

Hard (factorization) scale up ~ M
Intrinsic parton transverse momentum < q% >~ 1 GeV?2

e Collinear parton model: ¢ o7 << pr and up = My > M
o(pp = neX) = /dzl /dxzfg(m,up)fg(xz,up)&(g +9—=ne+9)
o TMD PM by Collins, Soper, Stermann: q; 27 ~ pr and pr << ur
a(pp — neX) :/diUldQQIT/d$2d2q2TEq(l'17q1T7HFaMY)X

X Fg(x2,qor, pr, pby )5 (g + g — nc)

o Generalized parton model: q o7 ~ pr and pr ~ pp
o(pp = neX) = /d11d2Q1T/d$2d2QQTFg($1,Q1T,MF)><

xFy(z2, q2r, pr)6(g + 9 = 1c)
Fy(z,qr, pr) = folz, pr) X exp(—g5/ < ¢3 >) /(7 < ¢3 >)
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Hadronization mechanisms: CSM, NRQCD and CEM

o Color Singlet Model (CSM): only cc—pairs with matched quantum number of
the charmonium, 15(()1> for n.—meson.
e Non-relativistic QCD (NRQCD): all cc—pairs of different color and spin sates

fragmenting with different probabilities long distance matrix elements
(LDME)

o Color Evaporation Model (CEM): all cé—pairs with mass less than DD
threshold. One hadronization parameter for each charmonium
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Ne production in CPM and GPM within framework of CSM

[Butenschon, Kniehl, He, 2014] Experimental data from [LHCb, 2014]:
pp = ne(— pp) + X with /S =7 and 8 TeV.
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Conclusions:

» CS-model (‘,S"‘J]‘) describes LHCb data! CO-contrs. lead to
significant overshoot. = HQSS-relations fail!

» Feeddown from h. is negligible
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7. production in CPM and GPM within framework of CSM

Description of LHCb data in ICEM+LO PRA

We use LO of Parton Reggeization Approach
(Ry(ary) + R—(qr2) — ¢+ €) to compute ¢ + ¢-production
cross-section and tune F, .

pp, VS=7 TeV, ' pp, VS=8 TeV,
2.5<y<4.5 2.5<y<4.5
:l: Fn.=0.018 Fy.=0.018
102 c 4 102 |- c -

3 3
Q Q
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k< _AL o
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h=l — =l

=10.01 < F;,, <0.025

For comparison, Fy/y, >~ 0.02.
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Ne production in CPM and GPM within framework of CSM

s to following conclus

o Color singlet LDME < (’)[15’(()1)} > can be calculated in a non-relativistic
potential model (|¥(0)|2), or extracted from the decay width T'\(n. — vv).
Color octet LDMEs are don’t needed.

o Final state is colorless and we can neglect final-state interactions with soft
(Glauber) gluons, which destroy hard-soft factorization. The 7. production in
two-gluon fusion may be considered as "Drell-Yan" process, only for initial
gluons.

e There is only direct production of 7., contributions from high-mass states can
be neglected.

v
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7. production in CPM and GPM within framework of CSM

at energ

Results for SPD-NICA

Predictions in NLO CPM CSM|Knichl, Butenshon|, LO PRA ICEM

NICA

and shown in the left plot. Right plot —
(with (k) =1 GeV). Cross-sectionx B(1. — pp):
10° | B pp, VS=24 GeV, 1 LO GPM-NRQCD ——
%m‘ \ -3<y<3 E 10!
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20 X B(n. — pp) = 0.61 nb.
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Ne production in CPM and GPM within framework of CSM

CPM for pr > M, 2 — 2 LO subprocess

g+g— 'S +g

GPM for prr < M, 2 — 1 L.O subprocess

g+g— 06[13(()1)]
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Ne production in CPM and GPM within framework of CSM

s sections |y| < 3,pr > 0.5
® Tiotal X B(ne = vy) ~ 0.071 nb for CPM
® Tiotal X B(ne = vy) ~ 0.189 nb for GPM

10° T T T T
9+g->nc+g, cpm ——
g+g->nc gpm, <qt?>=1 ——

¥l < 3, VS=27 GeV,
0O<pr<6

Br[ne->Y+YyIxdo/dpT, nb/Gev
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Background process pp — vy X

Direct two-photon production

g+q— 7+

Fragmentation two-photon production

g+q—q(=7) +a(—)

g+g—a(=v)+a—)
g+g—q(=7)+9(=)
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‘ ‘ ‘ Q+%ar-‘>v+vv<pm —_—
q+0par->Y+Y, gpm, <qt?>=1 ——
ly| < 3, VS=27 GeV,
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do/dY, nb/GeV
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T r . .
q+Qpar->Y+Y, cpm ——
Q+Qpar->Y+Y, gpm, <qt?>=1 ——

[y] < 3, VS=27 GeV,
l4<pr<6
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Background process pp — vy X

)ss sections with transverse momentum cut 1.4<pp<6
® Ototqr =~ 1.286 nb for CPM
® O4otqr =~ 0.277 nb for GPM

T T T T T
G+0par- >v+v cpm ——
Q+par>Y+Y, gpm, <qt?>=1 ——

y] <3, VS=27 GeV,
Ta<pes

da/dM, nb/GeV




at energy o

Background process pp — vy X

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

o There is invariant mass of photon pair minimum in LO CPM:
Wil = 4p%“ > M’?c

o In GPM-model M,,;, =~ 0 so only it is useful

@ Ototal =~ 0.053 nb

G+ Goar>Y+Y, gpM, <qE2>=1 ——

[y] < 3, VS=27 GeV,
2<pr<6

do/dM, nb/GeV
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Production and two-photon decay pp — 1. — vy X

afBurv _— afa’B’ o ﬁ/ 9 V’V'H/V'
AP = fogfrve e a1 493 7},2_1\42“]\/11«5“ HYky kg

|A|2 1 Msf%fg%
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Estimations for S/B ratio
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Estimations for S/B ratio

pp — 70 (= v7) + w0(— 77)X at the SPD NICA
a+9— q(= 7°) +g(— 7°)
g+9—a(= ) +a(—=°)
g+ 9— q(—= 7°) + g(—= 7°)

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

1
T2

2DT ' (2) = av/z(c — 2) + Ex (1 — 2)?
2D} (2) =& (1—2)?

Dr'(z) =5 (DI (2)+ DI (2))

2D7(2) = Ca(1 — 2)'5
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Conclusions

o pp — 970X with 7% — v is main source of photon pairs with invariant
mass in the range of M ~ 3 GeV.

e The S/B ratio for pp — 17X — 7 to processes of prompt photon pair
production pp — 7 estimates as ~ 1073,

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

Thank you for your attention!



