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 This workshop series attempts to connect theory-
phenomenology-experiment to better understand 
MPI related phenomena.

 several advances in theory predictions;
 new physics components added to MC models;

 remarkable advance on MC tuning;

 experimental results discussed in these 
workshops have come from various sources: 
Tevatron, RHIC, HERA and LHC. 

MPI@LHC - advancing the debate on 
Multiple Partonic Interactions.
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 (...some) Highlights of  experimental results 
presented this year...

 (just a small selection of  plots/slides)
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K.  Österberg (Wed.)

Elastic, Total and Inelastic cross-sections



A. Moraes DESY, 25th November 2011 6

13 

ALICE: Unfold integrated 

SD and DD cross sections 

at all three CMS energies  

based on gap rates and  

topologies. 

[implies some extrapolation  

Into lowest ! regions]   

"(SD) with ! < 0.05 

"(DD) with gap  #$ > 3 

Good agreement with 

SPS data and wide range 

of model predictions 

P.  Newman (Wed.)

SD and DD cross-sections
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- Big variation between MCs 
in small non-zero gap production  
via ND ! fluctuations / UE 
- PYTHIA8 best at small gaps 
- PHOJET > 50% high at !"F ~ 1.5  

Differential gap cross-sections

P.  Newman (Wed.)
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Charged particle multiplicities: 
minimum bias events

M. Leyton (Mon.)

!!"#!"!! $%&'()*+&,+(-)./01234 !!"#5

Charged Particle Multiplicities !"#$%&'%()&''*%&+,

Change in slope: multi-component structure 

 Large multiplicity tail observed at 7 TeV 
 <pT> vs n scale with energy: weekly dependent on √s
 No Monte Carlo is able to describe all multiplicities at all energies 
(but PYTHIA 8 better) 
 Most MC/tunes can not describe simultaneously the multiplicity and 
 the pT dependence (again PYTHIA 8 better)
 MC produce too few particles with low transverse momentum; PYTHIA 8 compensate for this by 

producing too many particle with high pT (semi hard MPI modelling )

KNO scaling: violate for |!| < 2.4
                        hold for  |!| < 0.5

S. Bansal (Mon.)
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! !

!!!!!!!!!Charged particle multiplicities (3)!

21.11.2011, MPI@LHC                                               22                                                        D. Volyanskyy

"#!probability to have nch in an unbiased event
 

"#!probability to have nch in a hard interaction
      event (at least one track with pT > 1 GeV)

"#!good agreement between Perugia NOCR prediction and real data (black solid line)

! !""#$%! !""#$%

&'()!*+,+&'()!*+,+

D. Volyansky (Mon.)
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High Multiplicity Results at √s = 7 TeV

!"#$%&'(

Intermediate pT : 1 < pT < 3  GeV/c

MinBias High Multiplicity: N>110

 ! Observation of a Long-Range, Near-Side angular correlations 
     at high multiplicity in pp events at intermediate pT  (Ridge at !"  ~ 0)

… not reproduced in PYTHIA 8 (and PYTHIA 6, HERWIG++, madgraph)

Two-particle correlations in Δη and Δϕ

S. Bansal (Mon.)
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Azimuthal ordering of  charged hadrons
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M. Leyton (Mon.)
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ALICE
Phojet
Perugia-0
ATLAS-CSC
Pythia8

Transverse Sphericity

J. F. Grosse-Oetringhaus (Mon.)
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The underlying event

!!"#!"!! $%&'()*+&,+(-)./01234 5"#6

Comparison between 7 TeV and 900 GeV

!"#$%&"'()"#$% !"#$%&"'()"#$%

– In the presence of a large energy scale, UE grows significantly with √s
– A factor 2 going from 900 GeV to 7 TeV to be compared with 1.7 for MB.
– MPI growth with √s well described by Z1 and 4C, too pronounced in D6T.

Data from
EPJC (2010) 68:89 (ALICE)
PRL105 (2010) 022002 (CMS)
ALICE preliminaries
PRD65 (2002) 092002 (CDF)

NSD dNch/dη
UE

J. F. Grosse-Oetringhaus (Mon.)

S. Bansal (Mon.)
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Measuring Double Parton Scattering

G. Golovanov (Tue.)
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Measuring Double Parton Scattering
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Figure 1: Example Feynman diagrams for the “direct” (left) and the double parton-scatter component

(right) for the production of a W± j j system. This relates to equation 3 with the identification Y → W±

and Z → j j.

With this in mind, the equation above, Eq. (3), has been written in differential form. In order to129

account for some correlations e.g. in the phase space of the combined system, the naive product of the130

two individual scatters producing the systems Y and Z has been replaced by the symbol ⊗. In integral131

form, more suitable for the analysis, Eq. (3) can be written symbolically as132

�

cuts

dσ̂(tot)

Y+Z(s) =

�

cuts

dσ̂(dir)

Y+Z(s) +

�

cuts(Y)

dσ̂Y (s) ⊗
�

cuts(Z)

dσ̂Z(s)

σeff(s)
. (5)

In fact, one obvious condition to be able to relate the above parton picture with the actual measure-133

ment at particle, i.e. hadron level is the following:134

When calculating a cross section like, e.g. σ̂Y it should be noted that this calculation describes the135

cross section for the production of the system Y plus any additional particles, summarised as X. It136

is therefore a truly inclusive quantity. In particular, when calculating the W± cross section, implicitly137

this also includes the production of additional jets; typically the phase space these jets can populate is138

constrained by µF . Therefore, in order for the formalism to hold true, one would typically assume that139

the factorisation scale µF is of the order of the jet transverse momentum scale, or below. In this note such140

effects are taken into account by141

(a) realising that typically the rate for producing additional in the p⊥ region of interest here - about142

or above 20 GeV - is typically of the order of 10%; this implies that when directly using data to143

describe the W± production part of the double parton scatter, the error is also typically of the order144

of 10%;145

(b) restricting the event sample to those events with exactly two jets. This implies that, when using146

data to describe the dijet production part of the double parton scattering, one must use a two-jet147

exclusive data set or estimate the merging error.148

However, solving Eq. (3) for σeff , and suppressing the argument s by noting that this analysis has149

been carried out at a fixed centre of mass energy of Ec.m. = 7 TeV yields:150

σeff(s) =
dσ̂Y × dσ̂Z

dσ̂(mpi)

Y+Z

=
dσ̂Y × dσ̂Z

dσ̂(tot)

Y+Z − dσ̂(dir)

Y+Z

, (6)

5
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" jets =
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!! jets = !J1 "!J 2
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E. Dobson (Tue.)
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Extracting DPI rate fDP
R!

Overall distribution = (1-fR
DP)!Template A + fR

DP!Template B!

f RDP =
NW0+2 jMPI

NW+2 j

W+2jet (direct)! W+2jet (MPI)!

fR
DP results!

Taking input definitions!

writing i.t.o cross sections!

and using input 
assumptions of analysis*!

Yields**!

Converting to "eff!

* need small correction for 
overlap removal !
** include additional 
systematic for trigger bias!

!eff results"
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Putting the result into context….!

Results consistent with other measurements!
!- no real evidence for variation of "eff  with channel or ECOM!
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E. Dobson (Tue.)
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...and many other interesting results!
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...and many other interesting results!

Where do we go from here?
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...and many other interesting results!

Where do we go from here?

- LHC will hopefully continue to 
deliver a lot of data...

- Correlations in MB events are on their way to be published...

- More UE event measurements will become available soon 
(DY, high ET jets, ...) 

- Direct measurements of MPI processes at the LHC
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MPI@LHC 2012 

In addition to the work already in the 
pipeline, which measurements should we 
propose to our experimental collaborations?

How can we keep track of these studies so we 
can see them mature enough to be presented 
in 2012?


