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The inclusive double parton-scattering cross-section, for two parton processes A and 
B in a pp collision, is given by	


A reason of interest is that the non-perturbative input, 	
 	
 	
 	
 namely the 
double parton distribution function, contains information on the hadron structure 
which is not accessible in a single scattering large pt processes.	
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Factorizing the dependence in x and b of the double parton distributions, one obtains 
the simple expression of the double parton cross section used in the experimental 
search. 

The non perturbative input to the MPI depends linearly on multi-parton Correlations.  

In the case of double parton interactions in pp collisions, all information concerning 
the correlations is however summarized in the value of a single quantity, the effective 
cross section. 

Partons may be correlated in all degrees of freedom and all different correlation terms 
contribute to the cross section. The contributions due to the different parton flavors can 
be isolated, at least to some extent, by selecting properly the final state. In the case of 
high energy proton-proton collisions, the effects of correlations in the transverse 
coordinates and in fractional momenta are, on the contrary, unavoidably mixed in the 
final observables. 
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One may write the double parton distribution functions as	


where f is normalized to one and the transverse scales, characterizing f, may still 
depend on fractional momenta. In the simplest case one would have K(x1,x2)=1 
which, after integrating on b, would be the case of a Poissonian multi-parton 
distribution. In pp one thus has	
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where	


The effective cross section is thus	
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Notice that the experimental indication is that the effective cross section 
depends only weakly on fractional momenta.	


	
 	
 	
 	
weak dependence of Λ and K on fractional momenta	


As the experimental information is summarized by a single quantity, the 
effective cross section, pp collisions alone do not provide enough information 
to discriminate between the two different sources.	


Additional information on multi-parton correlations can be obtained by 
studying double parton interactions in pD collisions.	


The effects of longitudinal and transverse correlations are in fact different when 
a single nucleon or both target nucleons participate in the hard process.	
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The double parton scattering cross section in proton-deuteron collisions 	
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By looking at the non relativistic limit of the Bethe-Salpeter equation in the 
deuteron c.m. system one obtains the expression of the covariant Deuteron vertex 
in terms of the non-relativistic Deuteron wave function as a function of the c.m. 
three momentum 	
 :	
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Keeping into account that one of the two nucleons is on shell, the c.m. quantities 
are expressed in terms of invariants as follows:	
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Figure 1: GPDs in σpD
1,1;I

In this contribution to the cross section, the integration on the relative transverse 
distance between the two nucleons β is decoupled from the integration on the relative 
transverse distance between the two interacting partons b.  	


By neglecting the smearing in the longitudinal nuclear fractional momentum 
Z one thus obtains  	
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which shows that this term does not contain much new information as compared to 
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Figure 1: GPDs in σpD
1,1;I

Configuration in transverse space	


Both target nucleons interacting with large momentun 
exchange.	

Diagonal contribution: 	
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Figure 1: GPDs in σpD
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Differently from the previous case the integrations on the transverse coordinates 
are now connected by the δ-function. The dominant contribution can be obtained 
by neglecting the hadronic scale as compared with the deuteron radius. In such a 
case the δ-function becomes δ (β) and one obtains	
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which shows that the deuteron radius gives the dimensionality to the 
dominant contribution to 	
 	
, which thus does not depend on the 
correlation between partons in transverse space λ.	
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Both target nucleons interacting with large momentum 
exchange.	

Off-diagonal contribution: 	


Interfering configurations a) and a*) 
in the off-diagonal contribution	
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Figure 6: Off-diagonal contribution σpD
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1. DOUBLE PARTON CROSS SECTION IN pD COLLISIONS

σpD
double = σpD

2,0 + σpD
1,1;D + σpD

1,1;I (1)

σpD
double is the double parton scattering cross section in proton-deuteron collisions. σpD

2,0 is the
contribution to the cross section where only a single target nucleon undergoes a double parton
collision, while there is no large momentum transfer exchange with the second nucleon; σpD

1,1;D
and σpD

1,1;I are respectively the diagonal and the off diagonal contributions to the cross section,
where both target nucleons interact with large momentum exchange. Explicitly:

σpD
2,0 =

�
Γ(x1, x2; b)σ̂(x1x

�
1)σ̂(x2x

�
2)Γ

�
x
�
1

Z
,
x
�
2

Z
; b
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�
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�
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In the interference term the cross section depends on the off-diagonal parton 
distributions	


2

O(R2
/R

2
D) ≈ 7× 10−2 (4)

λ =
��

b
2Γ(x1, x2; b) db

�1/2
(5)

O(λ2
/R

2) (6)

σpp
double (7)

H̃ (8)
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In the interference term the nucleon’s fractional momenta are different in the  right 
and in the left hand side of the cut: Z-Z’=x’1-x’2	


x’1 and x’2 are measured in the final state. When x’1-x’2 is large the contribution of the 
interference term is small. In most cases of interest the contribution of the 
interference term is however sizable. 	


The two interactions are localized in two points in transverse space. Given two 
interaction points the parton with fractional momentum x’1 may be provided by the 
proton and the parton with fractional momentum x’2 by the neutron (configuration a) 
or vice-versa (configuration a*)	
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The interference term depends on the off diagonal parton distributions.	


When neglecting the hadronic scale as compared with the deuteron radius, the 
deuteron radius gives the dimensionality to the cross section also in the case of the 
interference term.  	
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1. DOUBLE PARTON CROSS SECTION IN pD COLLISIONS

σpD
double = σpD

2,0 + σpD
1,1;D + σpD

1,1;I (1)

σpD
double is the double parton scattering cross section in proton-deuteron collisions. σpD

2,0 is the
contribution to the cross section where only a single target nucleon undergoes a double parton
collision, while there is no large momentum transfer exchange with the second nucleon; σpD

1,1;D
and σpD

1,1;I are respectively the diagonal and the off diagonal contributions to the cross section,
where both target nucleons interact with large momentum exchange. Explicitly:
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To estimate the dominant contribution, one may neglect the hadronic scale as 
compared with the deuteron radius. Using	


and introducing 	


the expression of the interference term is given by	


As the Deuteron wave function is evaluated at β=0, the cross section is 
proportional to 1/R2

D. The Deuteron radius provides the dimensionality to the 
cross section.	
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1. DOUBLE PARTON CROSS SECTION IN pD COLLISIONS

σpD
double − σpD

2,0 = σpD
1,1;D + σpD

1,1;I (1)

σpD
double is the double parton scattering cross section in proton-deuteron collisions. σpD

2,0 is the
contribution to the cross section where only a single target nucleon undergoes a double parton
collision, while there is no large momentum transfer exchange with the second nucleon; σpD

1,1;D
and σpD

1,1;I are respectively the diagonal and the off diagonal contributions to the cross section,
where both target nucleons interact with large momentum exchange. Explicitly:
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Notice that although the interference term is proportional to 1/RD
2, it still depends 

on the correlation in transverse space λ through the overlap of f with the off 
diagonal parton distributions	


The interference term can be nevertheless separated from the diagonal term since 
the two terms have a very different dependence on x’1-x’2.	


Differently from the diagonal term, the interference term has in fact a strong 
dependence on x’1-x’2 because of the overlap of the Deuteron wave function.	
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1,1;I (1)

σpD
double is the double parton scattering cross section in proton-deuteron collisions. σpD

2,0 is the
contribution to the cross section where only a single target nucleon undergoes a double parton
collision, while there is no large momentum transfer exchange with the second nucleon; σpD

1,1;D
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The ratio of the interference term with the diagonal term has a known dependence 
on x’1-x’2, which is dominated by the Deuteron wave function. 	


Strong dependence on x’1-x’2 	


4
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(b)db =

1
πΛ2(x1, x

�
1, x2, x

�
2)

(23)

σeff (x1, x
�
1, x2, x

�
2) =
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=
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The dominant terms to the different contributions to the cross section are thus 	


One has	
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By studying the left hand side of the equation as a function of x’1-x’2, one can 
separate the contribution of the interference term and obtain an indication both on 
K(x1,x2) and on the overlap  	
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Linear in K	


1

1. DOUBLE PARTON CROSS SECTION IN pD COLLISIONS
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contribution to the cross section where only a single target nucleon undergoes a double parton
collision, while there is no large momentum transfer exchange with the second nucleon; σpD

1,1;D
and σpD

1,1;I are respectively the diagonal and the off diagonal contributions to the cross section,
where both target nucleons interact with large momentum exchange. Explicitly:
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By combing the information of 	
 	
and of 	
 	
one may thus obtain an 
indication on K(x1,x2) and on the overlaps	
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which provide an indication on the size of the transverse correlation λ	
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Ĥ

�
x
�
2

2− Z
,

x
�
1

2− Z � ; b

�
db (25)

�
|ΨD(Z;β)|2 1

Z(2− Z)
dZdβ = 1 (26)



Double parton interactions in pp collisions do not provide enough 
information to disentangle the different partonic correlations in the hadron 
structure.	


Additional information is provided by studying double parton interactions in 
pD collisions.	


Double parton interactions in pD collisions are given by diagonal and off 
diagonal contributions. 	


The contributions to the pD cross section, were both target nucleons interact 
with large momentum exchange, are proportional to K(x1,x2), which 
measures the longitudinal parton correlation.	


By measuring double parton interactions in pp and pD collisions, one will 
obtain reliable indications on the size of K(x1,x2) and on the correlation 
length in transverse space λ.  	


Conclusions	
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The Deuteron wave function	


Bethe-Salpeter equation	


In the Deuteron rest frame one has: 
and one can thus integrate on q0	
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Introducing 	
 	
 	
 	
 	
 	
 	
 	
one obtains 	
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which, in the non-relativistic limit, becomes the Schroedinger equation	
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whre mR is the reduced mass and B the binding energy. The relation with the usual 
non-relativistic Deuteron wave function (normalized to 1 after integrating on 	
) is	
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Which gives the expression of the covariant Deuteron vertex in terms of the non-
relativistic Deuteron wave function as a function of the c.m. three momentum 	
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At first sight 	
 	
represents the transverse area in the overlap region of the two 
interacting hadrons, which is effective to originate double collisions. A small 
value of 	
 	
 would hence be originated by the correlation in transverse space 
in the parton pairs.	


This is not the only possibility however. Configurations with high parton 
multiplicities may be frequent in the hadron structure, which would produce  
many double collisions and therefore a small value of the effective cross section.	


2

hadron-hadron collisions, σD, is in fact given by

σD =
m

2
σAσB

σeff
(1)

where σA and σB are the inclusive cross sections corresponding to the interactions A and B, m = 1
when A and B are identical while m = 2 when the interactions A and B are distinguishable.

In the simplest case the effective cross section σeff represents the transverse interaction area

where double parton interactions take place. A small value of σeff may however be originated

both by the relatively short transverse distance between the pairs of partons undergoing the

double interaction and by a large dispersion of the distribution in multiplicity of the multi-parton

distributions. It has been pointed out that the different effects can be separated by studying

double parton interactions in collisions of hadrons with heavy nuclei[22][23]. When different

numbers of target nucleons are involved in the multiple process, longitudinal and transverse

correlations give in fact significantly different contributions to the cross section. By separating the

contributions where different numbers of target nucleons are involved in the hard interaction one

would hence be able to isolate the effects of longitudinal and transverse correlations. Identifying

unambiguously the final state of MPI may nevertheless represent a serious challenge in the case

of heavy nuclei, due to the unbalance caused by rescatterings, the energy loss of the recoil jets

etc. On the other hand dynamics is much simpler and the final state is much cleaner in the case

of MPI in collisions with light nuclei, which may hence provide a good handle to approach the

problem.

The purpose of the present paper is to discuss the simplest case of MPI with a light nucleus,

namely the case of double parton interactions in proton-deuteron collisions. In our approach

we will avoid any assumption on the origin of correlations, whereas our goal will rather be to

enlighten the connections between the different correlation parameters and the physical observ-

ables. All effects of partonic correlations in fractional momenta and in the transverse coordinates

will be worked out in detail. The comparison of the double parton scattering cross sections in

pD and in pp collisions will finally allow a model independent separation of the contributions of

longitudinal and transverse correlations.

2. DOUBLE PARTON SCATTERING IN PROTON-DEUTERON INTERACTIONS

2.1. Both nucleons in the deuteron interact with large momentum exchange

In Fig.1 we show the discontinuity of the amplitude A(2) representing the contribution to the

forward proton-deuteron collision amplitude of a double parton scattering diagram where both

nucleons interact with large momentum exchange. The amplitude is conveniently represented by

a Feynamn graph, so that the kinematics is correct and the relevant singularities are apparent.

In the figure the two hard parton-parton interaction amplitudes are denoted T1 and T2, the

corresponding large pt parton pairs in the final state are p1, p2 and q1, q2, with the positions

p1 + p2 = P ; q1 + q2 = Q. The soft vertices φp, φn represent the (momentum dependent)

couplings of the interacting partons with the parent proton, neutron and with the corresponding

low pt final state fragments. When the vertex involves two interacting partons we put a hat,
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