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MulBple	  Parton	  InteracBons	  originate	  from	  the	  increasingly	  large	  flux	  of	  partons,	  acBve	  in	  hard	  or	  
semi-‐hard	  interacBons	  in	  high	  energy	  hadronic	  collisions.	  The	  simplest	  case	  is	  Double	  Parton	  
Sca9ering.	  The	  incoming	  parton	  flux	  is	  maximal	  when	  the	  hard	  component	  of	  the	  interac*on	  is	  
disconnected.	  In	  the	  case	  of	  the	  DPS	  one	  thus	  obtains	  the	  geometrical	  picture	  here	  below,	  where	  the	  
non-‐perturbaBve	  components	  are	  factorized	  into	  funcBons,	  which	  depend	  on	  two	  fracBonal	  momenta	  
and	  on	  the	  relaBve	  transverse	  distance	  b	  between	  the	  two	  interacBon	  points	  

When	  neglecBng	  spin	  and	  color,	  
the	  inclusive	  double	  parton-‐
scaLering	  cross-‐secBon,	  for	  two	  
parton	  processes	  A	  and	  B	  in	  a	  pp	  
collision,	  is	  given	  by	  

which	  leads	  to	  the	  “pocket	  formula”	  of	  the	  cross	  secBon	  
uBlized	  in	  the	  experimental	  analysis:	  
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In this respect, a cleaner understanding of the di�erent dynamical mechanisms, taking
place in the relatively low pt region, can be obtained by direct observation of MPI processes.
In the simplest case, Double Parton Interaction (DPI), the general features characterizing
MPI are summarized in the ’pocket formula’ of the corresponding inclusive cross section[5],
utilized in the experimental study of the process:

�(A,B)
double =

m

2

�A�B
�eff

(1)

here A and B label the two elementary partonic processes, localized in two di�erent
disconnected regions, m is a symmetry factor (m = 1 if A and B are identical processes
and m = 2 if A and B are di�erent), �A and �B are the two cross sections to observe
inclusively either the process A or the process B in the same hadronic collision. All
unknowns in the process converge in the value of a single quantity with the dimensions of
a cross section, �eff . Actually, when hard interactions are rare, the probability to have
the process B in a inelastic interaction is given by the ratio �B/�inel. Once the process
A takes place, the probability to have the process B in the same inelastic interaction is
di�erent. It can anyway be always written as �B/�eff , where �eff plays e�ectively the
role, which was of the inelastic cross section in the unbiased case.

Figure 1: Di�erent experimental results on the value of �eff

The non-perturbative input to DPI contains information on the non-perturbative
hadron structure not accessible in a single-scattering large-pt interaction. DPI contain
in fact information on two-body parton correlations. One may thus expect �eff to depend
on all the di�erent observables characterizing the process. It’s on the contrary remarkable
that, although more precise measurements are expected to reveal some dependence of �eff
on the reaction channel and on the kinematical regime, Eq.(1) has shown to be able to
describe the experimental results of the direct search of DPI in rather di�erent kinematical
regimes[6, 7, 8, 9, 10] with a value of �eff compatible with a universal constant (Fig.1).

Even though the value of �eff is still rather uncertain, the actual experimental evi-
dence is that its value is anyhow much smaller as compared with �inel (roughly by a factor

2
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DPS	  in	  pp	  collisions:	  comparison	  with	  experiment	  
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By	  esBmaBng	  the	  DPS	  cross	  secBon	  with	  the	  “pocket	  formula”	  one	  obtains	  that,	  
at	  the	  LHC,	  the	  inclusive	  producBon	  of	  two	  	  	  	  	  	  	  	  	  pairs	  is	  dominated	  by	  DPS.	  
	  
In	  pp	  collisions	  at	  8	  TeV	  c.m.	  energy,	  the	  DPS	  contribu*on	  to	  the	  integrated	  
inclusive	  cross	  secBon	  is	  in	  fact	  expected	  to	  be	  one	  order	  of	  magnitude	  larger	  as	  
compared	  to	  the	  SPS	  contribu*on.	  
	  
The	  amount	  of	  	  	  	  	  	  	  	  	  	  	  	  	  	  pairs	  produced	  in	  a	  pp	  collisions	  will	  thus	  exceed	  by	  a	  
factor	  10	  the	  rate	  expected	  according	  with	  the	  leading	  QCD	  producBon	  
mechanism.	  	  
	  
NoBce	  that	  b	  quarks	  are	  produced	  strongly	  and	  decay	  weakly.	  As	  a	  consequence	  
the	  integrated	  amount	  of	  heavy	  quarks,	  produced	  in	  a	  hadronic	  collision,	  does	  
not	  depend	  on	  final	  state	  interac*ons.	  
	  
The	  integrated	  inclusive	  cross	  sec*on	  to	  produce	  two	  	  	  	  	  	  	  	  	  	  pairs	  can	  thus	  
provide	  a	  direct	  measurement	  of	  the	  DPS	  contribu*on	  to	  the	  cross	  sec*on.	  	  
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Integrated	  cross	  sec*ons	  
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DPS	  in	  p-‐A	  collisions	  

~A	   ~A4/3	  

In	  the	  case	  of	  DPS	  in	  p-‐A	  collisions	  one	  may	  have	  a	  double	  parton	  
scaLering	  against	  a	  single	  or	  against	  two	  different	  target	  nucleons:	  
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1. DOUBLE PARTON CROSS SECTION IN pD COLLISIONS
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The	  two	  contribu*ons	  probe	  different	  features	  of	  the	  double	  interac*on.	  In	  
parBcular,	  in	  the	  case	  of	  a	  heavy	  nucleus,	  the	  anB-‐shadowing	  term	  is	  proporBonal	  to	  
the	  mulBplicity	  of	  pairs	  of	  partons	  of	  the	  projecBle.	  

1
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By	  measuring	  the	  amount	  of	  anB-‐shadowing	  one	  obtains	  informaBon	  on	  K,	  namely	  on	  
the	  correlaBon	  in	  mulBplicity	  of	  the	  mulB-‐parton	  distribuBon.	  	  
	  
One	  may	  esBmate	  that	  K	  may	  vary	  between	  1	  and	  √2	  
	  
For	  K=1	  (no	  correlaBon	  in	  mulBplicity)	  one	  obtains 	   	   	   	  (200%	  anB-‐
shadowing	  correcBon)	  
	  
For	  K=	  √2	  one	  obtains	   	   	   	   	  (300%	  anB-‐shadowing	  correcBon)	  
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At	  the	  LHC	  the	  inclusive	  producBon	  of	  two	  	  	  	  	  	  	  	  	  pairs	  is	  dominated	  by	  DPS.	  
In	  pp	  collisions	  at	  8	  TeV	  c.m.	  energy,	  the	  DPS	  contribu*on	  to	  the	  integrated	  
inclusive	  cross	  secBon	  is	  in	  fact	  expected	  to	  be	  one	  order	  of	  magnitude	  larger	  as	  
compared	  to	  the	  SPS	  contribu*on.	  
	  
In	  p-‐Pb	  collisions	  the	  dominand	  contribu*on	  to	  	  	  	  	  	  	  	  	  	  	  	  	  	  producBon	  is	  due	  to	  the	  
“an*-‐shadowing	  contribuBon”	  to	  DPS,	  where	  two	  target	  nucleons	  play	  and	  
acBve	  role	  in	  the	  producBon	  process.	  	  
	  
The	  value	  of	  the	  DPS	  cross	  sec*on	  for	  	  	  	  	  	  	  	  	  	  	  	  	  	  producBon,	  in	  p-‐Pb	  collisions	  at	  	  
8	  TeV	  proton-‐nucleon	  c.m.	  energy,	  may	  range	  between	  1	  and	  2	  mb.	  
By	  comparison,	  the	  expected	  	  	  	  	  	  	  	  	  	  	  	  	  producBon	  cross	  secBon	  due	  to	  the	  leading	  
QCD	  mechanism,	  in	  p-‐Pb	  collisions	  at	  8	  TeV	  proton-‐nucleon	  c.m.	  energy,	  may	  be	  
about	  80	  µb,	  namely	  20	  –	  30	  *mes	  smaller.	  
	  
Of	  course	  these	  es*mates	  are	  only	  semi-‐quan*ta*ve	  and	  various	  sources	  of	  
correc*ons	  should	  be	  taken	  into	  account.	  As	  an	  example,	  in	  the	  anB-‐shadowing	  
term	  to	  DPS,	  one	  needs	  to	  include	  also	  the	  contribuBon	  of	  an	  interference	  term,	  
which	  may	  provide	  a	  10%	  correcBon.	  
	  
	  

Summary	  
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=8 TeV s, 2X)b DPI: (pp->b
=8 TeVsX, bbb SPI: pp->b

=7 TeV sX, b pp->b
=7 TeVsX (SPI+DPI), bbb pp->b

=7 TeV s, 2X)b DPI: (pp->b
=7 TeVsX, bbb SPI: pp->b
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