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Multi-parton
interactions: 
two energy scales

The interaction between two protons can involve
simultaneous interactions of multiple partons.

Such interactions tend to increase with the
center-of-mass energy due to the increase in
partons.

Multi-parton interactions (MPI):

 Soft regime (low pT): secondary hadronic
activity;
Hard regime (high pT): energetic scattering
between multiple pairs of partons.
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Double-Parton Scattering (DPS):
Production of two particles through a double
interaction between two partons belonging to the
same protons. It is assumed that the scatterings
are uncorrelated.  
Described by the pocket formula:

Multi Parton Scattering

Single-Parton Scattering (SPS):
Production of two or more particles through a
single interaction between two partons. The
kinematics are correlated, and additional
gluon emissions are neglected.
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OBSERVATION OF SAME-SIGN WW PRODUCTION
FROM DOUBLE PARTON SCATTERING 

Golden channel for studying Double Parton Scattering
(DPS):

The experimental signature of this final state is
extremely clean;
The contribution from Single Parton Scattering
(SPS) is strongly suppressed.

The exclusive cross-section is: 

Effective cross-section for DPS was extracted, equal
to:

A standard deviation of 6.2 sigma from
the only- background hypothesis

4 different channels analyzed

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.091803 4
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MEASUREMENT OF PAIR PRODUCTION:
 Y(1S)Y(1S) AND Y(1S) + 

https://www.sciencedirect.com/science/article/pii/S0370269320303828

The kinematics of the DPS process is different compared
to the SPS:  greater  |Δy(Y(1S), Y(1S))| between the mesons
and a greater invariant mass.

By calculating the differential cross sections, we can obtain
the fraction of DPS events as:

The results obtained are:

NB: in the DPS two
the pp scattering
are uncorrelated,
this can be seen in
different kinematics
correlations of
the final object
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In the past, CMS published an analysis of the di-J/Ψ
channel that examines the data collected during Run 1
with a centre-of-mass energy of 7 TeV.

Even in this case, the importance of including the DPS
contribution was evident.

One of the main background sources in the di-J/Ψ analysis
of Run 2 is DPS, which is expected to account for about
25% of the background.

In the region above 11 GeV, we expect the DPS
contribution to be dominant.

So, we just have to look for DPS here as well!
(Spoiler: we are working on it!)

NEW STRUCTURES IN THE DOUBLE J/Ψ  
PRODUCTION

https://arxiv.org/abs/2306.07164  https://arxiv.org/pdf/1406.0484.pdf

New nice resonances x(6600)  and
x(6900) previously seen by lhcb...
tetraquarks?

since the DPS
contribution here
seems to be
predominant... It’s
worth a try
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THREE J/Ψ IN ONE GO

combinatorial factor

Single cross sections

effective cross section

https://www.nature.com/articles/s41567-022-01838-y#citeas

By analyzing all the data collected during RUN 2, 5 signal
events and one background event were found.

The expected contributions from SPS, DPS, and TPS to the
cross-section measurement of triple-J/ψ are 6%, 74%, and
20%, respectively.

The fiducial cross-section is:

The effective DPS cross section is:

while the effective TPS cross section is:
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TRIPLE PARTON SCATTERING WITH ONE OPEN
CHARM MESON

http://cds.cern.ch/record/2825713/files/CERN-THESIS-2022-114.pdf 8



TRIPLE PARTON SCATTERING WITH ONE OPEN
CHARM MESON

A preliminary study seems to suggest that
this final state is indeed promising.

This was not for free
since there aren’t MC
generators able to
produce tps samples 

I have developed a
strategy using two
generators:
HELAC-Onia and PYTHIA*

*if you want more details on this feel free to reach me out
http://cds.cern.ch/record/2825713/files/CERN-THESIS-2022-114.pdf 8



WHY WE CARE SO MUCH? AND WHAT CAN WE
DO?

https://www.nature.com/articles/s41567-022-01838-y#citeas

slightly smaller for softer states

slightly larger for harder final states

Extracted from triple j/ψ

The study of multi-parton interactions should be of interest because:

It can give us important insights into the structure of hadrons.

It provides information in a sector that is difficult to probe, such
as parton interactions.

The DPS contribution is becoming increasingly significant thanks
to the increasing luminosity and center-of-mass energy.

Questions remain open about the effective cross-section:

Why does it vary?

How dependent is it on the type of process, kinematics, and
energy?
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