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presentations and to the discussions, especially those who came 
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This talk is a short selection of the topics presented and discussed at

Many thanks to the organizers and to the 
colleagues conveners of the:
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Nucleon 3D structure - Theory (Marco Radici, Pavia )
Nucleon 3D structure - Experimental data and perspectives (Andrea 

Bressan, Trieste)
Drell Yan scattering and the structure of hadrons, long term program (Oleg 

Denisov, Torino)
Parton distribution functions ( Katarzyna Wichmann, DESY)

Cosmic ray physics at accelerators (Gaku Mistuka, Nagoya University & INFN
Firenze)

Flavor and lattice - recent developments (Cecilia Tarantino, Roma3 )
Spectroscopy (Roberto Mussa, Torino )

Multi parton interaction (Livio Fanó, Perugia)
New Ideas and a Project ( Elena Santopinto, Genova )

Theoretical aspects of diffraction (Federico Ceccopieri, Liegi University)
Nucleon structure - strategy for the future (Rolf Ent, JLAB ) 

Total, elastic and diffractive cross sections (Kenneth Osterberg,  Helsinki 
University)

Highlights on confinement  (Massimo D'Elia, Pisa ) 
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A new way of “seeing” already known facts
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The COMPASS experiment at this 
Workshop:

Sebastian UHL, Vincent ANDRIEUX  
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Katarzyna Wichmann
DESY

here at this workshop
Marco GUZZI : parton distribution functions 

of the proton

Parton Distribution Functions
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LHCf experiment
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Spectroscopy

Roberto Mussa
Torino INFN
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Multiple Parton Interactions

Livio Fanó
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Transverse region is expected to be sensitive to the UE 
(all activity except the hard-scattering component)

Observables are built from tracks:
d2Nch/dηdϕ - multiplicity density
d2ΣpT/dηdϕ - energy density

Multiple Parton Interactions
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charged particles (p

Traditional approach (R. Field)
Leading Track or Leading 
Track-Jet define a direction 
in the phi plane for the HS
Track or Track-jet pT provides an 
energy scale

Observables are built from tracks:
d2Nch/dηdϕ - 
multiplicity density
d2ΣpT/dηdϕ - 
energy density

Observables can be defined using Δφ correlations relative to main activity 
Transverse region is expected to be sensitive to the UE 

} }
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transverse transverse

Section 2 - Underlying Event 

900 GeV - Eur.Phys.J.C70:555-572,2010
7 TeV - JHEP09 (2011) 109

Leading Track-Jet 
define a direction in 
the phi plane for the HS

Multiple Parton Interactions have been introduced to solve the unitarity problem 
generated by the fast raise of the inclusive hard pp cross sections at small x
 
Turns out to be highly predictive on hadronic final states:
Several indication of MPI in pp collision. A characterization is needed

Why ? MPI helps in 1) probe proton matter distribution 2) understanding the collision dynamics and 
3) define at the best background to new physics search

How ? soft dynamic with Underlying Event and hard with Double Hard Scattering
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Soft MPI - The transverse region

3.3
√

s dependence 9

It is not a surprise that in the region dominated by relatively soft physics, with leading track-jet228

pT >3 GeV/c (upper plots in Fig. 3.), the description of the data is not so good. In this domain,229

all tunes overestimate the contributions of events with very low multiplicity and ∑ pT (Nch ∼<4,230

∑ pT ∼<4 GeV/c); the discrepancies are largest for D6T. For larger values of the observables, the231

predictions of Z1, Z2 and PYTHIA-8 are reasonably close to the data, the weak points being the232

description by Z1 of multiplicities between 10 and 20, and the description by all tunes of the233

pT spectrum in the region 3 − 8 GeV/c. For D6T, as well as for DW and CW, the descriptions of234

the ∑ pT distribution and of the particle pT spectrum are poor.235

3.3
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s dependence236

 [GeV/c]
T

Leading track-jet p
0 20 40 60 80 100

)!
"(

" #
"

 / 
chN2

"  
ev

1 
/ N

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Data, 7 TeV
Data, 0.9 TeV
PYTHIA-6 Z1, 7 TeV
PYTHIA-6 Z1, 0.9 TeV
PYTHIA-8 4C, 7 TeV
PYTHIA-8 4C, 0.9 TeV

charged particles
)°| < 120!" < |°| < 2, 60# > 0.5 GeV/c, |

T
(p

CMS Preliminary

 [GeV/c]
T

Leading track-jet p
0 20 40 60 80 100

) [
G

eV
/c

]
!

"(
" #

"
 / Tp

$2
"  

ev
1 

/ N
0

0.5

1

1.5

2

2.5

Data, 7 TeV
Data, 0.9 TeV
PYTHIA-6 Z1, 7 TeV
PYTHIA-6 Z1, 0.9 TeV
PYTHIA-8 4C, 7 TeV
PYTHIA-8 4C, 0.9 TeV

charged particles
)°| < 120!" < |°| < 2, 60# > 0.5 GeV/c, |

T
(p

CMS Preliminary

 [GeV/c]
T

Leading track-jet p
0 5 10 15 20 25

)!
"(

" #
"

 / 
chN2

"  
ev

7/
0.

9 
Te

V 
1 

/ N

0

0.5

1

1.5

2

2.5

3

3.5
Data
PYTHIA-6 Z1
PYTHIA-8 4C
PYTHIA-6 D6T

charged particles
)°| < 120!" < |°| < 2, 60# > 0.5 GeV/c, |

T
(p

CMS Preliminary

 [GeV/c]
T

Leading track-jet p
0 5 10 15 20 25

) [
G

eV
/c

]  
   

 
!

"(
" #

"
 / Tp

$2
" 

ev
7/

0.
9 

Te
V 

1/
N

0

0.5

1

1.5

2

2.5

3

3.5

4
Data
PYTHIA-6 Z1
PYTHIA-8 4C
PYTHIA-6 D6T

charged particles
)°| < 120!" < |°| < 2, 60# > 0.5 GeV/c, |

T
(p

CMS Preliminary

Figure 5: Fully corrected measurements of charged particles with pT > 0.5 GeV/c and |η|< 2

in the transverse region, 60
◦ < |∆φ| < 120

◦
: (left plots) average multiplicity, and (right plots)

average scalar ∑ pT, per unit of pseudorapidity and per radian, as a function of the leading

track-jet pT, for (upper row) data at
√

s = 0.9 TeV and
√

s = 7 TeV; (lower row) ratio of the

average values at 7 TeV to the average values at 0.9 TeV. The inner error bars indicate the statis-

tical uncertainties affecting the measurements; the outer error bars represent the statistical and

systematic uncertainties added in quadrature; for the ratio plots in the lower row, the system-

atic uncertainties at 0.9 and 7 TeV were conservatively combined quadratically, thus neglecting

cancellation effects; statistical errors dominate at large values of the scale. Predictions of three

PYTHIA tunes are compared to the data.

The centre-of-mass energy dependence of the hadronic activity in the transverse region is pre-237

sented in Fig. 5 (upper plots) as a function of the leading track-jet pT, for
√

s = 0.9 and 7 TeV.238

The large increase with
√

s of the hadronic activity in the transverse region and its scale depen-239

dence is shown in the lower plots of Fig. 5, in the form of the ratio of the 7 TeV to the 0.9 TeV240

results. The ratios, which are close to 1 for leading track-jet pT = 1.5 GeV/c, reach a factor 2 for241

pT ∼>6 − 8 GeV/c.242

1) Fast rise - peripheral collisions 
increase of the MPI 

2) Plateau region - central 
collisions with ~constant charged 
density  and increasing pT_sum 
(radiation)

3) Increase of the activity with √S 
→ more MPI

4) DY events have a smaller particle 
density with a harder pT due to the 
presence of only ISR initiated by 
quarks

7 TeV
900 GeV

7 TeV
900 GeV

JHEP09 (2011) 109

hep-ex:1204.1411
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32

 Hard MPI - Double Parton Scattering

On multiparton distributions:

1 Uncorrelated Poissonian distribution.

Γ(x1, b1, . . . , xn, bn) =
1

n!
D(x1, b1) . . . D(xn, bn) exp

�
−

�
D(x, b)dxd2b

�

If : D(x, b) = g(x)f(b) with

�
f(b)d2b = 1 and F (β) =

�
d2bf(b) f(b− β)

σeff =
1�

d2βF 2(β)

• • • XL ISMD 2010 - ANTWERPEN • • •
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prediction based on theoretical 
calculation and soft MPI tune: 
expected σeff ≈ 20÷60 mb

measured σeff ≈ 10÷20 mb  
?

Which role for Double Parton Correlations ?
[in actual model dPDF are factorized in 2 single PDF]!!

Korotkikh and Snigirev (2004), Gaunt and Stirling (2010), Diehl and 
Schafer (2011), Snigirev (2011), Blok et al. (2012), Schweitzer, 
Strikman and Weiss (2013), S. Scopetta et al. (2013),...

FUTURE

DPS measurement don’t provide yet a crystal clear DPS evidence. 

What should be considered to be the most striking evidence of MPI via DPS? 

To what extent we can trust the general-purpose soft-MPI models? 

Explore scaling properties: observables in pp, pPb and PbPb driven by charged multiplicity?

Higher Energies...higher luminosities...

DPS/SPS Heavy Flavors production is expected to increase with √S 

Rare productions with top and heavy bosons, unavoidable BGs to new physics searches

With p-N DPS is enhanced, longitudinal and transverse correlations can be factorized
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Schafer (2011), Snigirev (2011), Blok et al. (2012), Schweitzer, 
Strikman and Weiss (2013), S. Scopetta et al. (2013),...

FUTURE

DPS measurement don’t provide yet a crystal clear DPS evidence. 

What should be considered to be the most striking evidence of MPI via DPS? 

To what extent we can trust the general-purpose soft-MPI models? 

Explore scaling properties: observables in pp, pPb and PbPb driven by charged multiplicity?

Higher Energies...higher luminosities...

DPS/SPS Heavy Flavors production is expected to increase with √S 

Rare productions with top and heavy bosons, unavoidable BGs to new physics searches

With p-N DPS is enhanced, longitudinal and transverse correlations can be factorized
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Hard Diffraction

Federico  Alberto Ceccopieri
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Diffractive Cross Sections
& 

Events

Ken Österberg
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Color Confinement

Massimo D’Elia
Universitá di Pisa
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a comment: 
in the italian language trying to translate “New 

Physics”
one may say, with an appreciably different meaning, :

“Nuova Fisica” meaning 
new and unexpected phenomena or facts

but also
“Fisica Nuova”

a “new way of seeing or describing” already known 
facts

 hopefully we are looking for both
and, more important, we should consider both as 

equally remarkable and striking
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