QCD k; - smearing and Drell-Yan dilepton production
Gabriela Sipek

INSTITUTE OF NUCLEAR PHY SICS
POLISH ACADEMY OF SCIENCES
IFJ PAN

TOKAJ16-19 Mar 2008 1



- Plan of the talk

Introduction
Formalism
Unintegrated parton distributions

Results and discussion
Conclusions

oo o0 0

in collaboration with A. Szczurek

TOKAJ16-19 Mar 2008 2



Introduction

® Standard collinear approach does not include transverse momenta
of initial partons

® [n LO collinear approximation:
dO’/d ptpair X Ola(pt)
da/d¢e+e— & 025(@67%— - 7T)

$® The method to include transverse momenta:
# naive Gaussian smearing (offen used in the literature)
# k; - factorization ( PDF —UPDF or GDF —UGDF)
® our k;-smearing includes:
# primordial distribution of partons (Fermi motion)
® QCD evolution

® Experimentally
dO’/d Ptpair depends on \/g and Me+€_
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- Dominant mechanism
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- LO diagram for the Drell-Yan pair production
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- NLO diagrams for the Drell-Yan pair production
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- Lowest order qg — ete™

® In collinear approach

do ! 2 = 2 -
- M +e—)|2
dy1dy2d®py 167252 ;[xqu(xl’” ) £2qy (w2, 17) [M(qq — ete™)

+ x167f($1,/i2) 3?2Qf(5’72,,u2) (M (Gqg — ete)|?]

P1t = P2t = Pt
Y1 = y(e+)
Yo = yle)

v = T (exp(yn) + exp(p2)) w2 = 2 (exp(—y) + exp(—p2)

M 5—c+.- - text book formula

TOKAJ16-19 Mar 2008 7



- Lowest order qg — ete™

® In k,; - factorization

do . Z / d2/{,1,t d2/€2,t 1
dy1dyad?p; 1d?pa 4 - T 0 m  16m2(x1228)?

5% (i + ot — B — Boa) Uy (21.52,) fay (@20 03) M (a7 — e7e )P
—|_fo (71, K%,t) faq(x2, "33,0 [M(qq — ete)|? ]

® fi(z1,x7,) unintegrated parton distributions

ma ¢ ma ¢

r1 =~ exp(y1) + ~ 2 exp(y2), x2 = 2 exp(—y1) + ~ = exp(—y2).

me = /P2 +m? - transverse mass

® standard collinear formula

fi(z1, ’f%,t) — xlpi(xl)é(’f%,t) fi(z2, “g,t) — 5’72pj(x2)5("@§,t)
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- Higher order qg — ete g and gqg — ete ¢

® [k.-factorization

Standard trick:
q9 — eTe” = qg — (eT€ )rmee ¢
gqg —ete” g =99 — (eTe )pree ¢

effectively 2 — 2 process

do . Z / dzlﬁ)l,t dzlﬁlg,t 1
dy1dyad?py 1d?pa 4 - v 0 T 167m2(x1228)?

0% (Ru,e + Ro — Pre — Po,e) [fg(@1,k14) fop (w2, 53,) [M(gq — (I717)q)]?

+fas (21,51 ) fola2,K3,4) [M (g9 — (IT17)q)|? ]

® Mgy —1"1"q)P= 57 [M(gg — " q)|?

O [M(gg—1T17q)P = 257 [M(gq— ")
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- Kwiecinski UPDFs

Interrelation via Fourier-Bessel trasform
Fuola k2 12) = / db bJo (keb) (. b, 1?)
0
Fol, b, ) = / Ak, o Jo(ked) (e, 12, %)
0

UPDFs in the impact factor representation

transverse momentum dependent UPDFs

wpa(a, 1) = / A2 fola, k2, 12)
0
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- Azimuthal correlations between e™e™

qq — eTe~ (leading order)
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- Transverse momentum of the electron pair
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Transverse momentum broadening
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lowest vs higher order contributions in p;(pair)

da/dple*e™) (nb/GeV)
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Dominance of lowest order for small p;(eTe™)
Dominance of higer order for large p;(eTe™)
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Comparison to experimental data
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Comparison to experimental data
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- Rapidity distribution of the lepton pair

Vs = 200GeV and Q? = 4.5 — 5.5GeV?

Vvs = 200 GeV

do/dy(e*e™) (nb)

q9 — (eTe7)q gq — (e )g y(e*e”)

Full range of rapidities
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Dilepton-quark correlation

200GeV and Q? = 4.5 — 5.5GeV?
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Dilepton pair distribution

200GeV and Q? = 4.5 — 5.5GeV?
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SUMMARY

® | have presented results for Drell-Yan dilepton production in the k; -
factorization approach. Kwiecinski UPDF were used.

® Both lowest order and higher order were included.

® Both of them contribute to the momentum distribution of e*e™ pair in
contrast to some calculation in the literature.

» We find that the width of the transverse momentum distribution is
both energy and M,_+.- dependent.

® The Phenix collaboration measured the €++Te_ .
Here the DY contribution is rather small.

® The R209 collaboration data for \/s = 62GeV  can be described
nicely provided that the Fermi motion parameter is adjusted.
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