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Introduction ANNA CISEK

Introduction

There is a long-standing lack of convergence in understanding
production ofJ/ψ quarkonia in proton-proton or
proton-antiproton collisions

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

Some other authors expect that thecolor-singlet contribution
dominates

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

We calculate the color-singlet contributionas well as possible
in the NRQCDkt-factorization

We concentrate rather on small transverse momenta ofJ/ψ or ψ′

relevant for ALICE and LHCb data
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The possible mechanism to production of vector meson
in hadronic collisions (exclusive processes)

Photoproduction

γ

IP

V Ms

s1

s2

t1

t2

h1h1

h2 h2

Khoze-Martin-Ryskin 2002
Klein-Nystrand 2004
Schäfer, Szczurek 2007
(W. Schäfer talk)

Oderon-Pomeron fusion

IP

V M

t1

t2

h1h1

h2 h2

IO

Schäfer, Mankiewicz, Nachtmann 1991
Bzdak, Motyka, Szymanowski, Cudell 2007

Radiative Decay ofχc

IP
V M

t1

t2

h1h1

h2 h2

IP γ

χ

Pasechnik, Szczurek, Teryaev 2008
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The main color-singlet mechanism of production ofJ/Ψ
andΨ

′ mesons

p1

p2

X1

X2

J/Ψ,Ψ′

g

p1

p2

X1

X2

χc

γ

J/Ψ

We restrict to gluon-gluon fusion mechanism
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Differential cross section forJ/Ψ

In the NLO differential cross section in thekt factorization can
be writen as:

dσ(pp → J/ψgX)
dyJ/ψdygd2pJ/ψ,td2pg,t

=
1

16π2ŝ2

∫

d2q1t

π

d2q2t

π
|Mg∗g∗→J/ψg|2 ×

×δ2 (q1t + q2t − pJ/ ,̄t − pg,t
)

Fg(x1,q2
1t, µ

2
F)Fg(x2,q2

2t, µ
2
F)

We calculate the dominant color-singlegg → J/ψg
contribution taking into account transverse momenta of
initial gluons

The corresponding matrix element squared for thegg → J/ψg is

|Mgg→J/ψg|2 ∝ α3
s|R(0)|2
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Matrix elements for J/Ψ

Ma(gg→ J/ψg) = tr{ǫ1(pc − k1 + mc)ǫ2 × (−pc − k3 + mc)ǫ3J(S, L)}CΨ

×tr{TaTbTcTd}[k2
1 − 2(pck1)]

−1 × [k2
3 − 2(pc̄k3)]

−1 + 5 permutations

S. P. Baranov, Phys. Rev. D66 (2002) 114003
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Matrix elements for J/Ψ

Mb(gg→ J/ψg) = tr{γµ(pc̄ − k3 + mc)ǫ3J(S, L)}
×G3(k1, ǫ1, k2, ǫ2,−k, µ)CΨf abe

×tr{TeTcTd}[k2]−1

×[k2
3 − 2(pc̄k3)]

−1 + 5 permutations

Mc(gg→ J/ψg) = tr{γµJ(S, L)}G3(k1, ǫ1, k2, ǫ2,−k, µ)

×G3(−k3,−ǫ3,−pΨ,−ǫ ,̄−k, ν)CΨf abef cfe

×tr{T f Td}[k2]−1 × [m2
Ψ]

−1 + 2 permutations

Md(gg→ J/ψg) = tr{γνJ(S, L)}G(4)A,B,C(ǫ1, ǫ2, ǫ3, ν)CΨ

×tr{T f Td}[k2]−1[m2
Ψ]

−1

S. P. Baranov, Phys. Rev. D66 (2002) 114003
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χc production

* In thekt-factorization approach the leading-ordercross section
for the χc meson productioncan be written as:

σpp→χc =

∫

dx1

x1

dx2

x2

d2q1t

π

d2q2t

π
δ
(

(q1 + q2)
2 − M2

χc

)

σgg→H(x1, x2, q1, q2)

×Fg(x1, q2
1t, µ

2
F)Fg(x2, q2

2t, µ
2
F)

* The matrix element squared for thegg → χc subprocess is

|Mgg→χc|2 ∝ α2
s|R′(0)|2

* For running coupling constants we choose:

α2
s → αs(µ

2
1)αs(µ

2
2)

whereµ2
1 = max(q2

1t,m
2
t ) andµ2

2 = max(q2
2t,m

2
t )
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Cross section forχc

After some manipulation:

σpp→χc =

∫

dyd2ptd
2qt

1
sx1x2

1
m2

t,χc

|Mg∗g∗→χc |2Fg(x1, q2
1t, µ

2
F)Fg(x2, q2

2t, µ
2
F)/4

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

pt = q1t + q2t qt = q1t − q2t

x1 =
mt,χc√

s exp(y) x2 =
mt,χc√

s exp(−y)

The factor1
4 is the jacobian of transformation from(q1t,q2t) to

(pt,qt) variables
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Matrix elements for χc

|A(R + R → H[3P(1)
0 ]|2 =

8
3
π2α2

s
〈OH[3P(1)

0 ]〉
M5 F[3P0](t1, t2, ϕ)

|A(R + R → H[3P(1)
1 ]|2 =

16
3
π2α2

s
〈OH[3P(1)

1 ]〉
M5 F[3P1](t1, t2, ϕ)

|A(R + R → H[3P(1)
2 ]|2 =

32
45
π2α2

s
〈OH[3P(1)

2 ]〉
M5 F[3P2](t1, t2, ϕ)

where

〈OχcJ[3P(1)
J ]〉 = 2Nc(2J+ 1)|R′(0)|2

B. A. Kniehl, D. V. Vasin, V. A. Saleev; Phys. Rev. D73 (2006) 074022
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Matrix elements for χc

F[3P0](t1, t2, ϕ) =
2
9

M2
(

M2 + |pt|2
)2 [

(3M2 + t1 + t2) cosϕ+ 2
√

t1t2
]2

(M2 + t1 + t2)4

F[3P1](t1, t2, ϕ) =
2
9

M2
(

M2 + |pt|2
)2 [

(t1 + t2)2 sin2
ϕ+ M2 (t1 + t2 − 2

√
t1t2 cosϕ)

]

(M2 + t1 + t2)4

F[3P2](t1, t2, ϕ) =
1
3

M2

(M2 + t1 + t2)4
(M2 + |pt|2)2{3M4 + 3M2(t1 + t2) + 4t1t2

+(t1 + t2)
2 cos2 ϕ+ 2

√
t1t2[3M2 + 2(t1 + t2)] cosϕ}

wherept = q1t + q2t

andϕ = ϕ1 − ϕ2 is the angle betweenq1t andq2t so

|pt|2 = t1 + t2 + 2
√

t1t2 cosϕ

B. A. Kniehl, D. V. Vasin, V. A. Saleev; Phys. Rev. D73 (2006) 074022
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rapidity dependence forJ/Ψ meson

2,76 TeV- B. Abelev et al.;
Phys. Let. B.718(2012)
295-306

7 TeV - B. Abelev et al.;
Eur.Phys. J. C.74 (2014) 2974
7 TeV - K. Aamodt et al.;
Phys. Let. B.704(2011) 442
7 TeV - R. Aaij et al.;
Eur.Phys. J. C.71 (2011) 1645

13 TeV - R. Aaij et al.;
JHEP 1510 (2015) 172
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pt distribution for J/Ψ meson
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rapidity distribution for Ψ
′ meson
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KMR alone overshoot
experimental data for rapidity
distribution

the best solution is takes KMR
distribution for large x and KS
for small x
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different UGDF for χc meson rapidity distribution
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mixed UGDF for χc meson rapidity distribution
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Conclusions

We calculate the color-singlet contributionin the NRQCD
kt-factorization

We compare our results with ALICE and LHCb data

Our results in rapidity are almost consistent with experimental
data

Cross section strongly depends on UGDF function

The best solution is to calculate mixed UGDFs (KMR-KS)

Only small room is left for color-octet contribution
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