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Introduction

» We study W+ W~ and Z°Z° electroweak boson production in
double parton scattering (DPS) .

» We use the QCD evolution equations for double parton distribution
functions (DPDFs) in our studies.

» In particular, we are interested in the impact of splitting terms in the
evolution equations on the DPS cross sections.

Emilia Lewandowska Electroweak boson production in double parton scattering



v

Double parton scattering and DPDF

v

QCD evolution equations for DPDF and their solution

v

Relative transverse momentum dependence of DPDF

v

Electroweak boson production in DPS

v

The role of the single splitting contribution

v

Summary

Emilia Lewandowska Electroweak boson production in double parton scattering



Double parton scattering

» DPS cross section in collinear approximation

oaAB — Z /Xmng ledZ2( ) Df‘lf'z(X]_7X2,Q]_,QQ, )
f‘lf'zflfl
X 52\,3/(01)356/((?2)Dfl/fzf(Zl,Zz,Qlany—CI)

» Double parton distribution functions (DPDF) in a hadron
Dsp, (1, %2, Q1, @2, 9) , 0<x+x<1

> q is a relative transverse momentum of two partons.
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QCD evolution equations

» For equal hard scales and zero relative transverse momentum

Dflf‘Q(Xl,XQ, I‘) = Dflf2(X1,X2, Q, Q.,q = 0)
» Evolution equations in LLA

1X2du

9:Dgp(x1,%,t) = Z/ ~ Par *) Drgy(u, x2, )
1= gy
+ Z/ — 'szf’ *) Drfr(x1, u, t)

X1
Ps ——— | Dg t
x1+x2; f—>ﬂ6<xl+x2) (X1 + xo, t)

+ DGLAP evolution equations for single PDFs D¢(x, t).
» Evolution parameter

+
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Evolution equations for Mellin moments

» For Mellin moments (in flavour matrix notation)
D(nhnz, / dxl/ dxa x1* %3t ©(1 — x1 — x2) D(x1, x2, t)

D(n t) = / dx x" D(x, t)

0

and matrices of anomalous dimensions

1 1
o= [ BAPE A= [ o= P(0)
0 0
» Non-homogeneous first order linear differential equations

atb(n17 n2a t) = ’Ynl D(n17 n27 t) + D(n17 n2? t) 'Y,Z; + ;S/nlnz D(nl + n27 t)

homogeneous non—hom.
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Solution to evolution equations

» Solution = General solution to homogenous equation
+ Particular solution to non-homomogeneous equation.

D(nl, ny, t) = Mt Do(nl, ng)eﬁ’”th

ot
+/0 dt' = 5 Pl + n, t’)e%Tz(H) (1)

+ solution for single PDF
D(n,t) = "M tDy(n)

> Need to impose initial conditions Do(ny, n2) and Dy(n) at t = 0.
(Gaunt, Stirling 2009)
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Graphical illustration

» Solution (1) is the sum of two terms

Q Q
L L - o
Qo H Qo

D(x1,x2, Q) = D™ (xq, 30, Q) + D™ (x1, x5, Q)

» Two partons from a hadron + two partons from splitting of a point
like parton.
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Numerical solution

Plots of x1x2Dp 1, (x1, X2, Q) for fixed x, = 1072 and Q% = 103 GeV?
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For x1,xo < 1071, the splitting part of the solution is significantly smaller

D(nhom)

-1
Dtromy ~ 10
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Relative transverse momentum dependence

» Homogeneous solution with the factorized q-dependence:

DO (ny, na,t.) = D™ (ny, na, t) F3(a)

with two-gluon nucleon form factor (Blok, Dokshitzer, Frankfurt, Strikman
2009)

where m, - effective gluon mass. Strong suppression for % > mé.

Splitting part of the solution with modified lower integration limit

ot
D@ (ny, m, t,q) = /( ) dt’ V5 Bl 4 o, t')eVnTz(t*t)
Jt(q

» No form factor suppression due to splitting from a point-like parton.
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Relative transverse momentum dependence

» The general form of the DPDFs in the x-space

D(x1,x,Q,q) = D(l)(Xl,X2, Q,q) + D(2)(X17X27 Q,q)

strongly suppressed not suppressed

» DPS cross section can be written as the sum (Ryskin, Snigirev 2011)

(11

oAp — UAB) i (12+21)+ (22)

where

.. N d?
O-/&UB) = EZ/dxldXQ ledZQ( ()I D,g,f)"Z(XlaXLQ;q)
£

i

X Uéf'(Q)Ugf'(Q) Dg)fzz(21722707—CI)

» We do not consider afB) (two splitting contribution) - Jo Gaunt talk.
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Electroweak boson production in DPS

» Pocket formula for DPS cross section for W+ W~ production

d20WJrW7 o 1 dUw+ dO’W7
dy1dy» Oeft dyr  dy>

with oo &~ 15 mb and single scattering cross sections

doy+ 27 Gg M? _ _
Wo = S IWN Vg P {a(x12) T (212) + G(x12) 4'(212)}
qq’

dyi2 3v2 s
and parton momentum fractions

X12 = \(/{ et , 7o = % e M2

S

» PDFs are taken at the hard scale Q = My, and /s = 14 TeV?
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Pocket formula results

W*W" cross section W*W  rapidity plane
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Analysis with evolution equations

» Standard contribution

5;3;)2 = ;né%r o2, DM x pO
» Single splitting contribution
G'Z)(/ljc::) _ 1’”2% o2, {Du) %« D@ 4 p@ D(l)}
>

Prefactors from integration of F3, and F3, respectively, over g.

> We use m; = 1.5 GeV to get oo ~ 15 mb.

v

DPDFs from numerical solutions to the evolution equations.
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Analysis with evolution equations

W*W" production from DPS
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Analysis with evolution equations

z°z° production from DPS

G(sum) (fb)
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Single splitting contribution

> The single splitting contribution is important.

» Contribution to the total DPS cross sections is sizable.

Loing] [ ol | o [ obi/oh) |
WFW- 256 o7 0.38
7070 61 22 0.36

» It changes the correlation pattern in rapidity for W™ W~ production
in DPS.
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Single splitting contribution

> lts significance can also be illustrated in terms of the effective cross

section
bt — N (doa/dyi)(dog/dy2)
2 doag/dyidys
for two cases:
oaB = g oag = o) + o U2t

> o is a function of boson rapidities: oeg(y1, y2)-
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oot for W W™ production
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o for Z°Z° production

Gy in units of 15 mb for 2°Z°
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» The WHW~ and Z°Z° electroweak boson production in DPS has
been studied in detail with the evolution equations for DPDFs.

» The significance of the single splitting contribution to DPS cross
sections has been quantified.

» The single splitting contribution contributes up to 40 % to standard
analyses.

» The single splitting contribution changes the standard correlation in
rapidity of the produced W+ W™ bosons in DPS.
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Single splitting contribution

doli)
T dyadq? S 2 function of g° for y; = y» =0

Integrand suppression at y,=y,=0

5

doyyy/dy,dy,dq? (fb/GeV?)

% (12421)

(1)

5
q° (GeV?)

Modification of the lower integration limit in D(""°™ uynimportant.

a Lewandowska

Electroweak boson production in double parton scattering



Single splitting contribution

The single splitting contribution is less suppressed with rising q° due to
single form factor F3, in comparison to the double form factor Fy, in the
no splitting contribution. Thus from q-dependence

s(12+21) . L(11) _ 533 .1

But
(11) 2
owiw- M pppe) . pppE®)
dyldyz 287
do(12+2D) 2
Owiw- Mg {DPDF(I) - DPDF® + DPDF® . DPDF(l)}
dyldy2 127

and the splitting part DPDF(®) is much smaller (~ 10~1) than the
homogeneous part DPDF(1). Thus o1 wins.
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