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» Evolution equations

» g-dependence of DPDFs

» Electroweak boson production in DPS
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> QCD is the basic theory of strong interactions.

> Hard processes (with the scale Q > A ~ 1 GeV) are interpreted as
collisions of quark and gluons (partons) from colliding hadrons.

» In single parton scattering (SPS) partons are described by parton
distribution functions (PDFs)
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D¢(x, Q), x = longitudinal momentum fraction

(plots thanks to Markus Diehl).
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Multiparton interactions (MPI)

v

At the LHC multiparton interactions become increasingly important

v

For scattering with low scale, MPI are part of underlying event.

v

For high center-of-mass energy MP| may become hard.

v

Double parton scattering (DPS) as the first step.

» For not totally inclusive cross sections DPS as important as SPS

do 1
dY1dYod?qid?q, Q4A?
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Double parton scattering

» However, after integrating over g1, go DPS is power suppressed

dO_DPS /\2/\2 /\2 dO_SPS Q2/\2 1

dYidY, QN2 T Q* dvidY, QN2 T Q2

> Nevertheless, for small momentum fractions x — 0 (large /s)

xDr¢(x) ~ x A

and

doDPS =42 doSPS o x—2)

)

» DPS increased due to energy enhancement.
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Experimental evidence of DPS

LHCDb (2012)
CDF 4 jets (1993) |- 1 a0 | |
CDF v+ 3 jets (1997) | ———— ]
Jp+D* —— 1
Béhr et al. reanalysis (2013) — 1
J+D — 1
DOy + 3 jets (2009) | — 1
'
ATLAS W + 2 jets (2013) | R — 1 JWHAG T —
5 10 15 20 25 5 10 15 20 25
Oeit [Mb] Sy S¢ / Oyppc [Mb]
» Pocket formula
SPS _SPS
DP ag ag
UABSZM, Oeft ~ 15 mb

Oeff
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SPS and DPS cross sections

» Incoming partons with transverse momenta A < k; < Q.

» Single and double PDFs in collinear factorization cross sections:

doje’ _ Di(x, Q) 028 (xxs, Q) D:(%, Q)
dedx IO RO XS, K ERX
doBFs d’q A_B (v %
= Djj(x1, x2, Q1, @2, S oz D=(X1,%2, Q1, Qs —
dy drydl X, %o /(27r)2 j(Xl x2, Q1, Q2 CI) 0595 ,J(Xl X2, Q1, Q2 CI)
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Double parton distribution functions

» Phenomenolgically

Dr s, (x1, %2, Q1, @,0) = Dy (x1, Q1) Dg, (32, Q2) F3(q) x 0(1 — x1 — x2)

Now

d*q
DPS SPS_SPS
OAg" =04 0B /(27‘()2F4(q) — -

> In QCD - lower (upper) part of the forward scattering amplitude

k+9 k+1
2 2
ki —3 i 13
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DPDFs - definition

» Start from the correlator
(a2, = (pla(-3z) T2 a(3z2) aly - 321) TG aly + 321)lp)

» Fourier transform to momentum space: z; <+ k;" = x; p*

25 (x1, %2, ki, ka2, q) = /dzl’dz; e’.(Xlzfﬂﬂzi)pv/0'221G’222 e izkitzk)

X

o —
2z =z, =yt=0

/ dy~d?y e (21, 22, )

» Transverse momentum integrated (color singlet) DPDFs:

D(x1,x,q) = /C/2k1d2k2 F(x1, x2, ki1, ko, q)
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Evolution equations

» QCD emissions - collinear and ultraviolet divergences subtracted

a b

» DGLAP evolution equations for PDFs
) as(Q) '
D = E /(x, u) D¢/ (u,
dln Q? i Q) 21 - /x duPrr (x, u) Dr:(u, Q)

» Similar evolution equations for the DPDFs.
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Evolution equation for DPDFs

» For equal scales: Dy, (x1,x2,t,9) = Dig(x1, x2, Q, Q, Q)

0

1 X2
a Dﬁ@(X]_,XQ,f,q) = Z// duPﬂf/(Xla U) Df’fz(u7X2at7q)

1X1

+ Z/ duPgf(x2, u) Dger(xi, u, t, q)

+ D PRLas(a/(a+x)) Dr(a +x, t)
f/

» DGLAP type evolution equation with additional splitting term

f o T I a1 T

U u T+ Ty
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» Solution in the Mellin moment space

1 1
Ds s, (n1, m) = / dxy x;* / dxa x32 0(1 — x1 — x2) Dy p(x1, x2)
Jo Jo

» Evolution equation in the Mellin space

D¢ D(n1, na,q) = ~y(m) D(n1, na,q) + D(ny, na,q) v (o)

+ 4%(n1, n2)D(m + n2)

where the splitting functions

'y(n):/ol dz z"P(z) ’?R(nhng):/ol dzz"(1 — z)™2PR(z)

Krzysztof Golec-Biernat Double parton distributions



Solution

» Linear non-homogeneous equation - general solution:

D(nh n,t, q) = e’Y(nl)t D()(n]_7 ny, q) efyT(nz)t — homogeneous

t
+ / dt’ eV(m)(t=t) 5(ny, ny) D(ny + ny, t') o (m)(t—t")
0

T non-homogeneous

» Grapbhical illustration

Q Q
L 1 N @
] Qo [ Qo
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g-dependence of the solution

» Ryskin-Snigirev proposal (2011)

Q Q Q

» Homogeneous solution suppressed by the partonic form factor
1
2/ m2)?

(1+gq /mg)

with mg ~ 1.5 GeV to obtain o.g ~ 15 mb.

Fag(q) =
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DPS cross sections

» DPS cross section written in terms of D = D) + D2
oas = /d2q(D(1) +D®)oa0p (DM + D?)

11 12421 22
= o + ks + ol

» Pocket formula corresponds to 01(41;).
» How important are the splitting contributions, 05\1,;”1) and 05‘2;)?
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W+ W~ production from DPS

Integrand suppression at y,=y,=0

]

doyy/dy,dy,da’ (fb/GeV?)

3

S

(12421)

q° (GeV?)

» No g?— suppression for pure splitting contribution 022;).
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W+ W~ production from DPS

W*W" production from DPS

0(11) (fb)
"2 (ib)
o® (nb)

oooo Mo
oRRamain

> a%,?, > af/w/. Pocket formula no longer valid.
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ZZ production from DPS

ZZ production from DPS

g g
B s 5
< 8§ a
© b 3
2
1
o
-
22 11 .
(22) (1) Pocket formula no longer valid.

> 0,7 > 0570
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Summary and outlook

» We analyze DPS using within collinear factorization with DPDFs
and evolution equations in the LLA.

» We implemented the proposal of Ryskin and Snigirev for the
g-dependence of DPDFs.

> We show that for electroweak boson production the pure splitting
contribution dominates the cross section.

» For future: SPS/DPS interference, transverse momentum dependent
DPDFs, spin and color correlations, Sudakov resummations, more
processes to analyse.
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