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Recent Double Parton Scattering Measurements
Introduction
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Recent Double Parton Scattering Measurements
DPS effective cross section

*First appearance of Double Parton Scattering in theory in the 80s

eDPS is a proton-proton scattering process where two partons from each proton interact separately
e DPS cross section can be expressed as:
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From Riccardo Nagar’s thesis

°*|gnoring any correlations between the individual partons (m=2 if Y1 != P2):
PP—=Y1+X PP +X
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*oeftDPs holds the effects of the transversity and is the parameter calculated from experiments
eplenty of measurements the past decade
efinal states (so far) include jets, photons, EW bosons and gquarkonia!
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Recent Double Parton Scattering Measurements
Same sign WW production with CMS arXiv:2206.0268]

CMS Supplementary
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CMS J/y+J/y+J/y (13 TeV) F—a—
arXiv:21 1 1.05370 (accepted by NatPhy)
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Eur. Phys. J. C 77 (2017) 76
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Phys. Rev. D 90 (2014) 111101
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Phys. Rev. Lett. 116 (2016) 082002
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J/P+Y production with LHCb JHEP 08 (2023) 093
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Recent Double Parton Scattering Measurements
J/P+Y production with LHCb

eOgps (J/w + Y(1S)) = 20122 pb
eOsps (J/y + Y(2S)) = 8127 pb

JHEP 08 (2023) 093

PRL 117 (2016) 062001
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J/WP pair production with LHCb LHCb-PAPER-2023-022
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J/WP pair production with LHCb LHCb-PAPER-2023-022
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J/WP pair production with ALICE

N (J/y+Jy) =59.3 £ 13.5(stat) + 4.4 (syst)
N (J/l//+ Jiw) =10.3 £2.3(stat) = 1.3(syst)nb

J Iy + J/l//) = 7.3+ 1.7 (stat) * + (syst) nb
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Assuming all di-J/P events are DPS
DPS effective cross section from
prompt: o4 = 6.7 = 1.4 (stat) £ 1.1 (syst) mb

o= 0.7 1.6(stat) = 2.7 (syst) mb

non-prompt:
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J/P+P(2S) production with LHCb
N (J/y+ y(25)) = 629 + 50
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Events / 50 MeV

Triple J/P meson production with CMS NP 19 (2023) 338
2.6
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e Assuming that
egeneralised triple PDF can factorise into longitudinal & transverse components

elongitudinal triple PDF is the product of 3 single PDFs (ignoring parton correlations in colour,
momentum, etc)

ecCalculate the inverse of the cube of the transverse pp overlap reaching o4 tps = (0.82 £ 0.11) X 6,4 pps
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Triple J/P meson production with CMS
Cofr = 2.7Jj:6L (exp) J_r%'g (theo) mb
Triple J/P fractions: ~6% SPS, ~74% DPS and ~20% TPS

Pure prompt production: Nonprompt contributions:
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NP 19 (2023) 338
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Remarks

e Status In 2019

Observables Experiments CSM CEM NRQCD Interest
I+ Tjy LHCb, CMS, AT | NLO, NLO LO E"’PS; of the CSM;
* ’
LAS, DO, NA3 NNLO Gluon TMDs:
JIYy +y(2S)or J/y + x. — LO NLO LO DPS vs SPS;
JIy+T DO LO NLO LO Test of the CSM;
DPS;
T+ CMS NLO(?)  NLO LO IT)elf; prge CSM;
Gluon TMDs;
J/y+charm LHCb LO - LO ¢ — J/y fragmentation & CTs;
DPS.
J/y+bottom or - - — LO Test of the COM;
J/W+nonprompt J/y DPS:
T+bottom or — LO — LO Test of the CSM/COM,;
T+nonprompt J/y DPS;
T+charm LHCb LO — LO DPS;
JIW+Z ATLAS NLO NLO Partial Test of the CSM/COM,;
NLO DPS;
JIw+W ATLAS LO NLO NLO (7) Test of the COM;
DPS;
T+Z — NLO — Test of the CSM/COM,;
DPS;
T+ W — LO — Test of the COM;
DPS;

<. Leontsinic 1= Phys. Rept. 889 (2020) 1-106 ul 2.04:0
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Remarks

eMore and more processes are newly

. . Observables Experiments CSM CEM NRQCD Interest
discovered/studied SonpiE
. cry Test of the CSM;;
ostill space to fill in phase-space T+ 1y LHCb, CMS, AT- | NLO. ~ NLO LO DPS:
: T Gluon TMDs;
. - b
. prOI’::eSSGS alre Lnfourr:jatasets we JIW +y(2S) or J/y + x. LHCb LO NLO LO DPS vs SPS;
ust have to look tor them
J JIy+Y DO g LO NLO LO Test of the CSM;
e Worth having this table updated DPS;
together with the TPS processes vy CMS NLO(?)  NLO Lo JTest pINGe CSM:
Gluon TMDs;
I I I B |@|13|T IV I | CMIS, Y5213 TV, Jhysdiy- J/W+charm LHCb LO — LO ¢ — J/y fragmentation & CTs;
.. pp e * _ +
@ preliminary ; yey any) — 2¥I.S?S@Vs7=-8r TeVagyiy DES.
e . —— DO, Vs=1.96 TeV, Jiy+J/
— EES; gﬂ% < DO", \?521?56 Tev, J\/II\V+YW J/y+bottom or LHCb — — LO Test of the COM;
pp@8TeV - ATLAS o7 1oV zemn J/+nonprompt J/y DPS;
.- ATLAS (JAy-Z7)* > ATLAS*, (s=8 TeV, Z+b—
o ATLAS UAy=iry) —a— DO, {s=1.96 TeV, y+b/c+2: ('+hottom or LO - LO Test of the CSM/COM,;
. LHCb (Y (15)-D% - DO, Vs=1.96 TeV, y+3-jet LHCb ’
o @7 TeV - DO, Vs=1.96 TeV, 2-y+2-jet | +nonprompt J/y DPS;
ATLAS U o oo e o T T charm LHCb LO _ LO DPS:
y-Jry)* UA2, Vs=640 GeV, 4
LHCE D" - g COF. 11 T, Iy +Z ATLAS NLO NLO Partial Test of the CSM/COM;
LHCb (D°-D" il ATLAS, Vs=7 TeV, 4-jet ¥ artia cst ol the / )
ATLAS (W*-2 jets) - CMS, \s=7 TeV, 4-jet NLO DPS;
-/ 6 tJ - CMS, Vs=13 TeV, 4-jet ’
> (W -2 jets) n CMS, Vs=7 TeV, W+2-jet 5 _
pD@1.96 TeV ATLAS, Vs=7 TeV, W+2-je  J. / v+ W ATLAS LO NLO NLO (7) Test of the COM;
- DO (JAp-X)* —_— CMS, Vs=13 TeV, WW DPS;
o DO (J/y-J/y) ! ! ! I ! ! ! ’
= W 20 Y47 _ NLO - Test of the CSM/COM:
. CDF (4 jets) Ot pps LMD] DPS;
o CDF (y-3 jets)
III|III|III 1 1 1 1 1 1 T+W _ LO _ TCStOfthCCOM;
0 20 40 60 80 100 DPS;
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