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1. Introduction

Multiparton interactions in proton-proton collisionsg.iinteractions in which more than one
parton in one proton scatters on partons in the other prgiose a challenge for understanding
the hadronic final state at the LHC. In this talk, | concemtran the case with two hard-scattering
subprocesses in one collision, termed double parton scatbPS). Assuming factorization, the
leading-order cross section for DPS can be written as

% = é alazzalaz a-61151 6-61252 /de Falaz(xlvx27b) FéTléTz()?le_Zb)v (1.1)
where G, 5 is the cross section for the hard subprocess initiated bipmpsa; anda;, andC is a
combinatorial factorF,,a,(X1,%2,b) is a double parton distribution (DPD), which depends on the
momentum fractiong; of the two partons and on their relative transverse distan¢tigher-order
corrections tod,5 can be incorporated intd (1.1) in the same way as for singld seattering.
DPDs are essentially unknown functions, and for phenonogiyobne needs an ansatz for them.
The simplest assumption is to write them as a product

Falaz(xlvx27b) - fal(Xl) faz (XZ) G(b) (1-2)

of single-parton densitie$;(x) and a factorG(b) describing the dependence on the interparton
distance. Assuming that this factor is the same for all patgpes, we obtain

dOgouple 1 don  do, 1
dxgdx; dxdxs C dxdx; dxdXs Oes

(1.3)

from (L), with a universal factor/be = [d?b [G(b)]? and cross sectiong for single hard scat-
tering. This “pocket formula” provides a convenient firstimsite for the size of DPS in different
processes. Experimental studies at the Tevatron and theyli¢kCvalues ofoe; between 10 and
20mb, which are consistent with each other within theirresrlﬂ].

Let us see what follows fooes if there are no correlations at all in the distribution of two
partons. The DPD can then be written as

Faca (X1, %0, D) = / A2’ fa, (X0, b’ +b) fay (2,1'), (1.4)

where fa(x,b) is the probability density for finding a part@with momentum fractiorx at trans-
verse positiorb inside the proton. Information about this distribution daninferred from gener-
alized parton distributions measured in exclusive sdageprocessed][2] and from nucleon form
factors [B]. If one further assumes a universalependence for all parton§,(x,b) = fa(x) F(b),
then the DPD factorizes as ih ([L.2), with

G(b) = [/ F(0'+b)F (o). (1.5)
For a Gaussian dependencerdb) with average/b?) one obtains

b2
Oeft = 411(0?) = 41 mb x m . (1.6)
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If F(b) is the Fourier transform of a dipole/ (1 + A%?/M?)? in transverse momentum space, then
there is an additional factor of/8 on the r.h.s., so that the prefactor reads 36 mb insteadrab41
Studies of generalized parton distributions give a typiealge (b?) ~ (0.57fm—0.67fm)2. The
resulting values obei; are hence significantly larger than those extracted from prB&sses. This
mismatch has been noticed long afjo[[4, 5], and differentiplesseasons have been put forward.
Quite obviously, correlations in the distribution of twarmas [4 {1#] could invalidate the estimate
based on[(1]4). Such correlations can be of quite diffesgra, tand in the following we will discuss
some of them in more detail.

Notice that there could be correlations between two partioasinvalidate the form[(1.4) but
still preserve factorization of the typg (IL.2). The poclanfula (I.B) would then hold, budes
could no longer be calculated from the one-particle distiim f4(x,b). We will, however, see in
the following that it is plausible to expect correlationattinvalidate [[1]2). In this case, sufficiently
precise extractions e based on[(1]3) will find a dependence of this quantity on tioegss or
on kinematics.

2. Correlations between x; and x»

It is clear that the form[(1].4) cannot hold whenor x, becomes large, if only because DPDs
should vanish at the kinematic boundagyt xo = 1. To alleviate this problem, a modified ansatz
Faya, (X1, X2,0) = fa (X1) fa,(%2) (1 — X1 — X2)" G(b) with some powen is sometimes used to sup-
press the region of large, + x,. Significant correlations between tle and x, dependence of
F (x1,%2,b) have been found in a recent calculation using a constitueatkgmnodel [15], which
should give a first idea on the behavior of DPDsxXpandx, above, say, Q.

Both considerations do, however, leave open the posyiltilit correlations between the mo-
mentum fractions of the two partons are weak at salindx,, which is the kinematic region
relevant for most processes at the LHC.

3. Correlations between x;,x2 and b

Studies of hard exclusive processes and of the nucleon faators have taught us about
generalized parton distributions and thus, with some aegfenodel dependence, about the impact
parameter distributiorfz(x,b) of a single parton inside the proton. In particular, measers of
yp— J/Wp at HERA [16 [1]] indicate a weak logarithmic dependetiz® = const+4a’log(1/x)
with o’ ~ 0.15 GeV2 = (0.08 fm)? for gluons withx around 10°3. Studies of nucleon form factors
[B] and calculations of Mellin momentgdx X' f4(x, b) with n=0,1,2 in lattice QCD [1B] indicate
that forx above 01 the decrease db?) with x is even stronger. Future measurements at JLab,
COMPASS and (hopefully one day) at EIC and LHeC will yield @ailed quantitative picture of
the one-particle distribution§(x,b) in the nucleon.

Given that theb distribution of a single parton becomes more narrow withiéasingy, it is
plausible to assume a similar correlation betweenkttdependence ang, x, in double parton
distributions, even if the ansatg ([1.4) of independentguesridoes not hold. As pointed out {f [5],
this has important consequences for multiparton intevasti The production of a particles with
high transverse momentum or mass requires relatively largmentum fractions of the partons
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entering the corresponding hard interaction. This favonslier values ofo and thus a higher
transverse overlap between the colliding protons, whictuin favors further interactions. An
study with Pythia 8 has shown that such correlations haveaatiative impact for instance on the
underlying event activity irZ production [1P]. Further investigation along these linesuld be
very interesting.

4. Spin correlations

Even in an unpolarized proton, the polarizations of two Ksiar gluons can be correlated
with each other. As was already noted [in][20], such cor@iatihave measurable consequences
for DPS processes. Spin correlations between the incomangns can be encoded in polarized
DPDs, which need to be included in the factorization forn@). If they are sizeable, these extra
terms will invalidate the derivation leading to the poclatfiula [1.B).

A full classification of polarized double parton distrilarts for quarks and gluons has been
given in [21.,[2R], and in[[32] it was shown that their size imitied by positivity bounds similar
to the Soffer bound[]23] for polarized single-parton deesit The implications of parton spin
correlations have been investigated [in| [24] for the pradacof two electroweak gauge bosons
(y*,Z,W) followed by their decay into leptons. One finds that londiitial quark spin correlations
affect both the rate of DPS and the rapidity distributionhaf iecay leptons. By contrast, transverse
qguark spin correlations lead to a modulation in the azimwthgle between the lepton decay planes
of the two bosons. This makes it most evident that the two-keadtering processes in DPS are
not completely independent if there are correlations betwibe incoming partons.

A study in the MIT bag model found very significant spin coat&gns in DPDs[[25], and one
can expect a similar trend in any model that describes theprio terms of three quarks. The
perturbative splitting of a single parton into two, whichsdgbes the behavior of DPDs at small
interparton distancl, also generates strong spin correlatigng [21]. How impd&pin correlations
are at smalk; and largeb remains currently unknown.

5. Color correlations

Not only the spin but also the color of two partons can be tated, and as a consequence,
further terms with DPDs describing color correlations nexloe added in the factorization formula
(L.2). In the familiar collinear factorization formalisrauich color correlations are suppressed by
Sudakov factord [26, P7]. The amount of suppression depam¢ise hard scale of the process, and
an estimate in[[37] finds a suppression factor that is veryll§oraQ = 100 GeV, but only equal to
0.5forQ =10 GeV.

For small measured transverse momenta, the discussiordak®u factors is more involved.

If the produced particles are color neutral, one can exteadCllins-Soper-Sterman analysis of
single Drell-Yan production{]28] to DPS as shown|[in][21]. iistcontext, color correlation effects
become relevant beyond the leading double logarithmicracgu



Correlation effects in multiple hard scattering Markus DIEHL

6. Conclusions

A variety of correlations between two partons can affect alierall rate of double parton
scattering processes, their kinematic dependence, afaiedifial distributions in the final state.
Moreover, such correlations are a characteristic featfiqgraton structure and thus of interest
in their own right. There are indirect hints for correlasgonf non-negligible size, but there is
no unambiguous evidence for far. Further theoretical amEemental studies in this area are
definitely needed.
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