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Proton Proton Collisions

experimentalists view on theory
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Proton Proton Collisions

effective cross section
a surprisingly simple model approximately holds over a large variety of processes and energies
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Proton Proton Collisions

double J/ψ production - mass
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Proton Proton Collisions

double J/ψ production - results
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Proton Proton Collisions

double parton scattering fraction - fits
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Proton Proton Collisions

double parton scattering fraction - fit results

J
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0
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Variable LO CS LO kT NLO∗CS′
NLO∗CS′′

NLO CS
〈kT〉 = 2 GeV/c 〈kT〉 = 0.5 GeV/c

no pT(J/ψJ/ψ ) cut

pT(J/ψJ/ψ ) — 78± 2 — 86± 55 81± 7 —

y(J/ψJ/ψ ) 83± 39 — — 75± 37 68± 34 —

m(J/ψJ/ψ ) 76± 7 74± 7 — 78± 7 77± 7

|∆y| 59± 21 61± 18 — 63± 18 61± 18 69± 16

pT(J/ψJ/ψ ) > 1 GeV/c

y(J/ψJ/ψ ) — — 75± 24 71± 38 68± 34 —

m(J/ψJ/ψ ) — 73± 8 76± 7 88± 1 —

|∆y| — 57± 20 59± 19 60± 18 60± 19 —

pT(J/ψJ/ψ ) > 3 GeV/c

y(J/ψJ/ψ ) — — 77± 18 64± 38 64± 35 —

m(J/ψJ/ψ ) — 76± 10 84± 7 87± 2 —

|∆y| — 42± 25 53± 21 53± 21 53± 21 —

Table 3. Percentages of the DPS component, fDPS, determined with the simple two-component

fit to different distributions for different SPS models.

Variable LO kT

NLO∗CS′′
NLO CS

〈kT〉 = 2 GeV/c 〈kT〉 = 0.5 GeV/c

pT(J/ψJ/ψ ) 9.7± 0.5 8.8± 5.6 9.3± 1.0 —

y(J/ψJ/ψ ) — 11.9± 7.5 10.0± 5.0 —

m(J/ψJ/ψ ) 10.6± 1.1 10.2± 1.0 10.4± 1.0

|∆y| 12.5± 4.1 12.2± 3.7 12.4± 3.9 11.2± 2.9

Table 4. Summary of the σeff values (in mb) from DPS fits for different SPS models.

The uncertainty is statistical only, originating from the statistical uncertainty in σDPS (and

dσ (J/ψJ/ψ )/dv). The common systematic uncertainty of 12%, accounting for the systematic un-

certainty of σ (J/ψJ/ψ ) and the total uncertainty for σ(J/ψ ), is not shown.

Open Access. This article is distributed under the terms of the Creative Commons

Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in

any medium, provided the original author(s) and source are credited.
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LHCb Results from Proton Lead Collisions
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CM frame Rapidity ±0.465 in Lab
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Proton Ion Collisions

double open charm in proton ion collisions
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Proton Ion Collisions

double charm production in proton lead collisions
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The most naive assumption is to consider that the NPS cross sections

in pA collisions can be obtained by simply A-scaling the corresponding pp

NPS values, as done via Eq. (21) for the SPS cross sections. We show

next that DPS and TPS cross sections in proton-nucleus collisions can be

significantly enhanced, with extra A4/3 (for DPS and TPS) and A5/3 (for

TPS alone) terms complementing the A-scaling, due to additional multiple

scattering probabilities among partons from different nucleons.

4.1. DPS cross sections in pA collisions

The larger transverse parton density in nuclei compared to protons results

in enhanced DPS cross sections, pA→ ab, coming from interactions where

the two partons of the nucleus belong to (1) the same nucleon, and (2) two

different nucleons7–15 as shown in Fig. 3. Namely,

σdps
pA = σdps,1

pA + σdps,2
pA , (23)

where

Fig. 3. Schematic diagrams of double-parton scatterings contributions in pA collisions
where the two colliding partons belong to the same (left) or a different (right) pair of
nucleons in the nucleus. The corresponding cross sections are described in the text.

(1) The first term is just the A-scaled DPS cross section in pN collisions:

σdps,1
pA→ab = A · σdps

pN→ab , (24)

(2) the second contribution, from parton interactions from two different

nucleons, depends on the square of T
pA
,

σdps,2
pA→ab = σdps

pN→ab · σeff,dps · FpA, (25)

with FpA =
A− 1

A

∫
T 2

pA
(r) d2r = (A− 1)/A · Taa(0) , (26)

where the (A − 1)/A factor accounts for the difference between the

number of nucleon pairs and the number of different nucleon pairs, and
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Proton Ion Collisions

build the double production
cross section ratios

keep one state identical in
nominator and denominator

fragmentation similar to
proton collisions
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Proton Ion Collisions

conclusion

LHCb keeps producing double production results

Theory uncertainties affect the precision of the measurements

Large enhancement of like sign open charm in proton lead collisions
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