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Introduction

# Notorious problems with direct photons at small photon
transverse momenta (p;)

® [, of initial partons plays an important role in
understanding the distributions of direct photons
# Different reasons for nonzero k;
s nonperturbative effects (e.g. Fermi motion)
» QCD evolution effects of the parton cascade

#® UPDFs as basic quantities that take into account
explicitly k;

# Dynamics of gluon/parton ladders —
a theoretical chalange.
Dominant role of gluon d.o.f at very high energies.
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Theoretical motivation - gluonic ladders

Inclusive reactions:
® ~*-proton total cross section (or Fb)
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usive production of mesons (pions)

usive production of open charm, bottom, top
usive production of direct photons (Lipatov-Zotov)
usive production of quarkonia

exclusive reactions:
Dijet correlations (Leonidov-Ostrovsky, Bartels et al.)
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QQ correlations (Luszczak-Szczurek)

jet — J /4 correlations (Baranov-Szczurek)

Exclusive reactions: pp — pXp, X = J/¥, x¢, X6, 1, Ne
(Matrin-Khoze-Ryskin, Szczurek-Pasechnik-Teryaev)
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Cascade mechanism 1
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Cascade mechanism 2
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Unintegrated parton distribution

standard collinear distributions and UPDFs
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KMR UPDFs

Kimber-Martin-Ryskin for &7 > k7

/ dz ng(z)zg(z,k?)@(A—Z)+Zqu(Z)§Q(§7kt2)

saturation for k7 < k7
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Kwiecinski UPDFs

Interrelation via Fourier-Bessel trasform
ol k2. 12) = / db bJo(keb) fo (., b, 12)
0
Ful,b, %) = / Ak ko (keb) i (2, k2 122)
0

UPDFs in the impact factor representation
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transverse momentum dependent UPDFs

rpx(, 1) =/ dki fi(w, k7, p1°) -
0
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Kwiecinski equations

for a given impact parameter:
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Perturbative vs nonperturbative effects

Transverse momenta of partons due to:

® perturbative effects
(solution of the Kwiecinski- CCFM equations),

#® nonperturbative effects
(intrinsic momentum distribution of partons)

Take factorized form in the b-space:

Fala b, ) = FEOTY (b, 42) - (D)

We use a flavour and x independent form factor

n n _b2
qu(b) — F p(b) — eXp (4[?(2))
May be too simplistic ?
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UPDFs and photon production

T 167%(z1725)? Z M7 = k)
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Inclusive photon distributions



Inclusive photon spectra

Inclusive invariant cross section
for direct photon
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and for associated parton
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Integrands of the inclusive cross section
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Direct photons at /s = 23GeV (pp — 7X)
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Direct photons at /s = 63GeV (ISR data) pp — -
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RHIC data (/s = 200GeV)
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Direct photons at /s = 630GeV
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Tevatron data (/s = 1.96TeV) (pp — 7X)
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Predictions for LHC (/s = 14TeV)
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Direct photons at LHC (/s = 14TeV)
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Photon-jet correlations



Differential cross section

2 — 2In k;-factorization approach
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see Aurenche et al., Nucl. Phys. B286 553 (87)
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Photon-jet correlations do /d¢_

2 — 2In k;-factorization approach
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Decorrelations in (p, ;, p»;) Space
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Scale dependence in Kwiecinski UPDFs
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Photon-jet correlations do /d¢_

NLO collinear vs k;-factorization approach
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Scalar cuts
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Vector cuts
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Leading photon/jet
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Leading photon/jet

NLO collinear versus k,-factorization

do/de_ (nb)

(solid) ps: < poy

(dotted) ps: < pi1y
P3t < D2t

0 30 60 90 120 150 180
¢ (deg)

Vs = 1960 GeV
p1,t,p2,¢t € (5,20) GeV
Y1,Y2,Y3 € (_4,4)

p1+ - photon
P2 - Observed parton
ps+ - Unobs. parton

Paris. 9-13 July 2007 — p. 32/41



Leading photon/jet in (p, ., p»:) Space
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Windows in (p,,, ps.)
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Windows in (pl,t;pQ,t) - RHIC
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Photon-hadron correlations



Photon hadron correlations
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Photon hadron correlations - results
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Photon hadron correlations - results
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Photon hadron correlations - results

—

do/dAd_ (nb

do/dAd_ (nb)

104
103

-— AA
o o 9
(SRS

5 < Py < 7 GeV
1 < Prosee < 2 GeV

7 < P < 9 CeV

1 < Prassec < 2 GeV

9 < prg < 12 GeV

1 < Prosee < 2 GeV

5 < Py < 7 GeV

" 7 < Pra < 9 GeV

0 45 90 135

2 < Prosee < 5 GeV

9 < P < 12 GeV

2 < Prossec < 5 GeV

Ad_ (deq)

1800

45 90 135
A$_ (deq)

180 0

45 90 135 180
Ad_ (deq)

Paris. 9-13 July 2007 — p. 40/41



Summary/Conclusions

#® (Good agreement with exp. data (especially at lower
energies) using Kwiecinski UPDFs
(carefull treatment of the evolution of the QCD ladder)

® Predictions made for LHC based on several UPDFs

# |arge rapidities (rapidity gaps)
good for studies of ladder evolution at small x

® The k;-factorization approach is also better tool
s for ¢_ < w/2 if leading parton/photon condition is
imposed
s for ¢o_ = 7 (no singularities)

#® Recently RHIC measures ~-hadron correlations,
next step inclusion of jet hadronization
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