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Introduction

@ There is a long-standing lack of convergence in understgndi
production ofJ/« quarkonia in proton-proton or
proton-antiproton collisions

@ Some authors believe that the corresponding cross seetiens
dominated by the so-called color-octet contribution

@ Some other authors expect that twor-singlet contribution
dominates

@ Thecolor-octet contribution cannot be calculated from first
principle ands rather fitted to the experimental data

@ We calculate the color-singlet contributionin the NRQCD
ki-factorization

@ We concentrate rather on small transverse momenigwfor ¢’
relevant for ALICE and LHCb data
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The main color-singlet mechanism of production of) /¥

and ¥’ mesons

X,

@ We restrict to gluon-gluon fusion mechanism (high energy)

@ We use unintegrated gluon distribution from KMR (Durham
group) and KS (Kutak-Sto)
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Differential cross section forJ /W (0’)

o In the differential cross section in thkefactorization can be

writen as:
do(pp — J/gX) _ 1 / d2ae dqutW )
dyy/dygd?py .y 1 d2pge 162 P g*g*—Vg

x 6 (91t + 92t — Pv,t — Pgyt) Fg(X1. Cﬁp /’E)]‘—g(xz q%t- /’%)

@ We calculate the dominant color-singlegg — Vg contribution
taking into account transverse momenta of initial gluons

@ The corresponding matrix element squared forghe+ Vg is

\J‘Vlgg%Vg\z & ch\R(O)\Z
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Matrix elements for J/ W (V')

Pt

+ permutations o pErmmut il jotis

(n)

{/‘\/

+permutation

Ma(gg — J/1g) = tr{er(pc — K1 + me)ez x (—pe — Kz + me)e3d(S L)} Cy
xtr {TATPTCTY K2 — 2(peky)] ™2 x [KE — 2(pcks)] ™ + 5 permutations
S. P. Baranov, Phys. Rev. &5 (2002) 114003
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Matrix elements for J/ W (V')

M(99 — J/v9) = tr{7,(pe — ks + Mc)esd (S L)}
xG3(ky, €1, ko, €2, —K, p1)Cy f*®
xtr{TeTeT} k% ~*

x [k — 2(pcks)] ~* + 5 permutations

Mc(gg - J/Ug) = tr{,‘/ﬂ«‘](& L)}Gg(kla €1, k27 €2, _k7 M)
x G3(—ks, —€3, —pw, —¢ —K, V)C\pfabefCfe
xtr{TIT9 k%=1 x [m&]~! + 2 permutations

Ma(gg = 3/¢g) = tr{,I(S.L)}GW*EC(er, €2, 3, 1)Cu
xtr{T T} k%)~ Hmg )~
S. P. Baranov, Phys. Rev. &5 (2002) 114003
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Xc production

* |n thek;-factorization approach the leading-oradeoss section
for the x. meson productioncan be written as:

dx, dx, d?qy; d?

X X% T

d ((Ch + Q2)2 - Mf(c) Tgg—xe (X1, X2, O1, O2)

Opp—xc =

X Fy(X, ﬁp/'%)fg(xz Qi 1)
* The matrix element squared for tgg — . subprocess is
‘Mgg‘}Xc‘z & 0’5“:3/(0)\2

* For running coupling constants we choose:

ad — as()as(3)

wherey s = max(q?,, m?) and 5 = max(q3,, m?)
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Cross section fory.

o After some manipulation:

1 1 — . .
—— [ Mgrg—xe|2Fg(X1, Ui, 1E) Fg(X2, Oy, 112) /4

_ 24 A2
Tpp—xe = / dyd e o — >

@ Which can be also used to calculate rapidity and transverse
momentum distribution of thg. mesons
@ In the last equation:

Pt = dat + dat Ot = d1t — 2t
xi=Tacexpy)  Xp = e exp(-y)

@ The factor%1 is the jacobian of transformation frofqs, q2;) to
(pt, qt) variables
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Matrix elements for .

8 , ,(O"[*PY))

A +g = HEPY )2 = grPad——tF Pt to )
Alg +g7 = HEPYI? = ?WZaSLSE(ﬁDFFPﬂaLtz,@)
Ag +g" = HPPY)2 = %ag%ﬁﬁmm,tz,@
where

(O BPY]) = 2Ne(23 + 1)|R/(0) 2

B. A. Kniehl, D. V. Vasin, V. A. Saleev; Phys. Rev. TB(2006) 074022
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Matrix elements fo

M2 (M2 + [pif?)° [(BM? + t; + t2) cosy + 2/fiEp)”
(M2t 4 t2)4

2
FEPl(ty, 10, 0) = 9

2 M? (M2 + [p?)” [(ta + t2) sirP o + M? (1 + t, — 2y/Bafz cosp)]
9 (M2 + 1t + t2)*

F[gpﬂ(h% ) =

1 M2
=3 m(w + [pe[5)?{3M? + 3M3(t1 + to) + 4tity

+(t1 + t2)? cos ¢ + 2/t [3M + 2(t1 + t)] cosp}

FCP2)(ty, 1, )

wherep; = qut + qat
andp = @1 — w2 is the angle betweeqy; andqgy; SO

Ipt|2 = t1 + to + 2/fitz cosyp
B. A. Kniehl, D. V. Vasin, V. A. Saleev; Phys. Rev. TB(2006) 074022
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o - Scale

For running coupling constants we choose different scale:

9 Xc e J/U
3 2 2 2
ag — as(ll%)as(#%) as — as(lll)as(/lz)as(/la)

© presciption 1

o preSC|2pt|on21 ° “2 _ q;
® M= q%t 8ty =0y
e 15 =105 o ui=m?

@ presciption 2
N ug = max(qgt, mg)
® 5 = max(qg, mg)
L] //% = mt2

Q@ presciption 2
o 12 = max(cf, m?)
o 113 = max(c, m?)
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rapidity distribution for ¥’ meson
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@ 7 TeV-B. Abelev et al.; Eur.Phys.
J. C.74(2014) 2974

@ the best solution is to take KMR

distribution for large x and KS for
small x

Frumr(Xe, 0, 12 ) Frmr (%2, 05, 42)

At large rapidities we propose

FrMR (X0, GGy, 1) Fis (%2, 05

Fies(x1, G5) Frmr(Xa, Gy 12)
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rapidity dependence forJ/¥ meson (direct)
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pt distribution for J/W¥ meson (direct contributions)
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pt distribution for J/W¥ meson (direct contributions)
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rapidity distribution J/W from
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rapidity distribution J/W from
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B, I/)<da(x )/dy (ub)

T
76 Tev
presciption 1 for 2

B(X,  J/W)xdo(x )/dy (1b)

HCh 20;
-
o X, KNIR KS

T T
“ALICE 2011

T
7 TeV

2
presciption 1 for 2]

B(X,  J/W)xdo(x )/dy (1b)

B, I/)<dax )/dy (ub)

T
76 Tev o
presciption 2 for ué

B(X,  J/W)xdo(x )/dy (1b)

3 X KRS

X X2 KS KM

1+_

7 TeV
2
presciption 2 for 2]

B(X,  J/W)xdo(x )/dy (1b)

— X KS KMR
14| — X+ X, KMRKS|
T+ XEKSKMR

T
5=13TeV

2
presciption 2 for 2]

Trento 2017

Inclusive production of vector quarkonia at the LHC




Results ANNA CISEK

/)
/
//

2’

/

x do(x )/dpt (nb/GeV)
B, x do(x )/dpl (nb/GeV)

. By

< > (s=13Tev 14 {s=13 Tev !
[T 0.75 75 4 0.75 75

B w 3 o 5<y<0.75 Sud 0.75<y<0.75 1

3 3 =

< 1 £ 4 5 E

= - X

o o @

T 3 10 =

:g X-a %oa

=107 =107

© [ Q

S - ;N‘“

X 403 x

< 10 10 o

o o

Trento 2017




Results ANNA CISEK

rapidity dependence
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Conclusions

@ We have calculated the color-singlet contributionin the
NRQCDk;-factorization

@ We have compared our results with ALICE and LHCb data
for J/¥ and ATLAS for x¢1 and xc

o Our results in rapidity are consistent with experimentahdar
KMR UGDF and better when nonlinear effects are included

o Data at 13 TeV may require saturation effects in the small-x
gluon

@ Not much room is left for color-octet contribution
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