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What are Multiple Partonic Interactions?

Multiple parton interaction:

= Two or more pairs of partons
interacting in the same inelastic
p+p collision

™ = Momentum transfer larger than
some lower cut-off p™" which
B establishes the hard scale

] = p,™nshould correspond to a
N transverse size much smaller
than the overlap area

= Thus, the two interaction region
are well separated in space and
should contribute incoherently
to the cross section

Ap™™ - Ar =k
hc  0,2GeV fm

Ar

T AP .c Ap™ (GeV)

T
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Multiple Partonic Interactions are Inevitable

Mini-jet cross section Vs/2 g 1
diverges for p, . — 0: Cint (PLmin) = . dp| 5
Pl min pL melﬂ
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Motivation for Studying Multiple Parton Interactions

= |mportant for understanding of minimum bias p+p collisions at
the Tevatron and the LHC

¢ Tevatron: ~ 2 — 6 hard interactions per collision
¢ LHC: ~4 — 10 hard interactions per collision

= Understanding of the “underlying event” important in
specialized analyses, e.g., Higgs searches, jet production

+ Pedestal effect:
Events with high-p- jets have more underlying activity than
minimum-bias events

®  Study distribution of the partons and parton correlations
In the plane transverse to the beam axis
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Transverse Profile of the Proton

Where are the sea quarks and gluons inside the proton
In the plane transverse to the beam axis?

Inside the constituent quarks? Or outside?

FELIX coll., J. Phys. G: Nucl. Part. Phys. 28 (2002) R117-R215

— Study multiple parton interactions
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Definition of 6

Cross section for double parton
scattering (DPS) expressed via 6 :

o, 0,
2-0'eff

Opps =M

m =1: A and B indistinguishable
m = 2: A and B distinguishable

O IS a process-independent
parameter
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A and B Indistinguishable: Poisson Statistics

Let’'s assume p™" is sufficiently large so that exp(—(n)) =1

In case of uncorrelated multi-parton distribution the number of parton
Interactions follows Poisson statistics

o _(ny

n —eXp(—<n>)

n!
. (n) P
ence: B =(n)exp(~(n). P, =""Lexp(~(n)), P,=—:
2
The cross section for a double parton e 1 o,
Interaction would then be: 2~ YND ,
A
“Non-diffractive”
2
.. 2
Measure deviations from o =G 1{ o, o 10
Poissonian ansatz with o.: 2 = YND 5 =——
el 2 0-ND o-eff 2 o.eff

8 Multiple Partonic Interactions
N



CDF’s 3 Jets + y Result

CDF studied p+ pbar — (jet+jet) + (jet+y) = 3 jets + y events and found

CDF, PRD 56, 3811 (1997)
o, =145+1.7"" mb

-2.3

=50.9 mb)

(O.NSD

= Typically the double parton cross section is a factor three to four higher
than the Poissonian prediction

" o < Op\p arises naturally in models with variable p+p impact parameter

= Presence of 1 hard collision biases sample towards small impact parameters

"= Hence the probability for a second scattering given the first is enhanced
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o and the Transverse Profile of the Proton (I)

side view: transverse plane: 2D profile of the proton:

proton
F S) = f Pooron(5,2) 2

Can also be considered
as a function of Xgjgrken

partons

Normalization:

fF(é’)dZs:l

Overlap function: T(b) = f FG)-FG— B)dZS (completely analogous

to T,z in heavy-ion collisions)

. 1
O, given by the o =
transverse profile: i fdzb T?(b)
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o and the Transverse Profile of the Proton (1)

o for uniform distribution of partons within the proton
(hard sphere with r = 0.8 fm):

~1
O = [fdzb Tz(b)] ~50 mb  — 3times larger than CDF result

Discrepancy persists (but reduced to a factor 2) if a profile
based on generalized parton distributions (GDPs) from data on Jhy

photoproduction is used

— Evidence for transverse correlations of partons in the proton

L. Frankfurt, M. Strikman, L. Treleani, C. Weiss,
Phys. Rev. Lett. 101, 202003 (2008)

Footnote: CDF comes to the wrong conclusions due to a mistake in their
paper (PRD 56, 3818 (1997), Eq. 11, factor 1/2 is wrong)
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A Possible Explanation (M. Strikman et al.)

_________

1) Small transverse size of hard [, TTansverse size ,
[ % in soft interactions hard
partons ,' . '.‘ ~  Pprocess
II'.III I:,-'II | ] _| _______________
2) Gluons concentrated in AN ||"' . | ‘ |
,constituent quarks” with a |f' | V4 |
radius of = 1/:_% oroton k\
(as expected in the instanton \_/ Quarks/gluons
model of chiral symmetry with x > 0.01
breakin g) "generic" "central"

©
®®

The claim is that a combination of 1) and 2) can
resolve the discrepancy

L. Frankfurt, M. Strikman, C. Weiss,
Ann.Rev.Nucl.Part.Sci.55:403-465,2005
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Observables Related to MPI's
Multiplicity Distributions (1)

T T T I T I I ] T T T T T T
107" L / - 107 | _ J
- - \ o N j
]
_I

§ UAS 1882 DATa ] $ UAS 1982 DATA
t UAS 1981 DATA

} UAS 1981 DATA |

Js =540 GeV | Js = 540 GeV |

o./Lo, t

107 4

Violation of KNO scaling and deviation from
negative binomial distribution described by MPI's
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Observables Related to MPI's:
Multiplicity Distributions (ll)

A more sophisticated study with Pythia:

Overlap function for different Corresponding multiplicity
parton profiles of the proton: distributions in p+pbar at 1800 GeV:

[ T T Tun'e A doulble Gaulssian T ] Ch?rged muIt|pII|C|ty d|str|but|lon at 1800 GIeV
1 B old double Gaussian ------- i [ E735 data 1
I Gaussian -~ ] ik Tune A double Gaussian -------
ExpOfPow(d=1.35) - ExpOfPow(d=1.20,p7o=1.9) -------
exponential ———- 4 0.01 Iﬂﬂ[ exponential(prp=1.6) ——— 7
01k EM form factor -------
- 0.001 H
~ =
8 0.01 - %
= § 0.0001 H{
0.001 .
1e-05 W
0.0001 | .
L 1e-06
1e-05 ] N T : i [
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b Ncharged

T. Sjostrand, P. Skands, JHEPO3 (2004) 053 (arXiv:hep-ph/0402082)

Measured multiplicity distributions constrain
the partonic profile of the proton
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Observables Related to MPI's:
Forward-Backward Correlations

n,=a+b-n_, <n2>—<n >2
F F
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Multiple NN
partonic interactions -

MPI’s can explain observed forward-backward correlations
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Observables Related to MPI:
(p1) as a Function of N,

LHC: <p >(N,,) = MPI's explain rise of {p;)

A with Nch
::' —— Old MI - Tune A _
V' .7 _---- New MI - Ran . Bpth_(pT) anq N, iIncrease
-~ New MI - Rap with increasing number of
---- New MI - Lam hard parton-parton

interactions

= Prediction for LHC depend
on details of the MPI model
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ch
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MPI Studies with ALICE: p+p — (b bbar) + (b bbar)

Fabbro, A D ; Treleani, D, ALICE-INT-2002-026-V3 (hep-ph/0301178)

Cross section for the production of two b bbar pairs with An < 0.9:
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=  Cross section for two b bbar pairs with An <0.9: =1 pub

= MPIresultin strong event-by-event fluctuations in the number of
produced b-quarks

17 Multiple Partonic Interactions
T



Summary

= Multiple Partonic Interactions (MPI) important for the
understanding of p+p minimum bias physics at the LHC

= MPI essential for the description of the underlying event
e.g. in jet measurements

= Double parton interaction cross-section expressed via
process-independent parameter ¢

= o contains information about the spatial profile of the proton

= CDF measurement (3 Jet + y) hints at strong parton correlations
In the transverse direction
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