WG2 Theory & Experiment Summary
(a very biased one!)
O.Fedkevych & S. Leontsinis

* Theoretical foundations and generalized parton distribution functions
* First principle calculations from Lattice QCD
* Phenomenological studies
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Let’s start with the first-principles results for dPDFs

*  Markus Dieh (arXiv:2310.16432) and co-authors developed the
theoretical framework to study the evolution of color-dependent dPDFs

*  The evolution of transverse-dependent dPDFs and corresponding
pheno results were reported by Oskar Grocholski

*  The NLO calculations for the massive splitting functions were
presented by Peter PIORI

*  The results are available in the ChiliPDF lib (arXiv:2112.09703)

Rudi Rahn (2305.09716) presented the calculations for the matching

M. Diehl

Evolved DPDs
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o large y: increasingly strong suppression of colour non-singlets

e small y: little evolution from fi,« to final y; ~ no suppression

Evolution of colour dependent double parton distributions: a ive study

kernels within the Large Momentum EFT framework (which can be
used for Lattice QCD calculations) THE KERNELS

State of the art for perturbative splitting DPDs.

At which perturbative orders are the 1 — 2 position space splitting kernels known?

* ...but the sum of all is pure UV:
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Consider now the impact of including the NLO contributions, focus on the colour singlet! o 3
» Note also: No mixing of colour and spin structures at [-loop
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Which smoothly brings us to Lattice QCD results

. Rudi Rahn (2305.09716) presented the calculations for the matching
kernels within the Large Momentum EFT framework (which can be used for

Lattice QCD calculations)

. Daniel Reitinger provided us an update on the lattice QCD calculation and
discussed the impact of polarization dPDF moments for various flavour

channels

*  Jian-Hui Zhang (2304.12481) demonstrated how the Large Momentum
EFT can used in the Lattice QCD calculations and provided an overview of

the existing results

Infroduction

© Tremendous progress has been achieved on calculating the x-dependent
partonic structure of hadrons from Euclidean lattice

E
correlation
functions
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* ...but the sum of all is pure UV:
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» Note also: No mixing of colour and spin structures at [-loop

Double parton distributions on the lattice
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The model-dependent predictions for dPDFs

* Edgar Huayra (arXiv:2305.11106) discussed the impact of ous 10 TN sy gy e A

LHCb 13 TeV J /4 + J /4

partonic correlations on the effective DPS cross section ATLAS 8 T 770 375

A —
—_——
L
D0 1.96 TeV J /4 + J/4¢ ——t
DO 1.96 TeV J/¥ + T -
CMS 13 TeV 4-jet ——

* Lawrie Smith demonstrated that one can construct the symmetric G 7 P —

dPDFs using the MPI model by Sjéstrand & Skands s
ATLAS 8 TeV Z + J/v ——

. . CMS 7 TeV W+ 2-jet —————i
o w—e—i
* Boris Blok applied the hot spot model to extract the value of Qe —
H H CDF 1.8 TeV 4-jet ————
sigma effective from the data (2212.08848) D0 156 TV 1 b/t 2 ——
UA2 0.63 TeV 4-jet —i—
D0 1.96 TeV 2v + 2-jet D —
_ DO 1.96 TeV ~ + 3-jet e
CDF 1.8 TeV 5 + 3-jet ——
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rias ‘ our(AB) (mb)
2016 [28] RESPONSE FUNCTIONS
CMS2016 2045 mb 32+£8mb B
[29] % =107 % =02 2
Hot spots fit ~ 10 mb N
Ny =3 )/\ .
Hot spots fit ~ 17 mb = o
variable Ny DPDF NSR Response Function
W p - _ %Dy, (01, %5, Q) SRR B0t (S
e see that with pQCD taken into account the results of DPS measurements 3 By, (i, xz, Q) = =5 >
and hot spot model for DPS are incompatible. However we do not know the it Y R jesm
accuracy of the parmeters, thus we shall just say that there is a tension NSR Integrand = = R
between the effective cross section of DPS in hot spot model and . a o
experimental DPS data. o 7 \
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Pheno results

Results®

. Vladimir Saleev provided theoretical predictions for SPS and DPS cross Sections  comparison of the theoretical and experimental total cross sections:
for various charm meson production channels

Final state Energy Cross section Exp.= (stat.) £ (syst.)  LO PRA= (Asps) = (Apps)
. . . . J)y+D0 =7TeV  B8( fi 9.740.240.7 [nb 9.6 F04 4261 [yp
+  Luca Rottoli (arXiv:2307.05693) presented a strategy to disentangle multi-parton J%:w ﬁ—ﬂ:v BEJ%:Z Z ;iz itorso 4{;’} ) {:b}
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: The DPS can be studied at the EIC, as proposed by Matteo Rinaldi Y400 e8TV  8(Yosui)xo 250428+ 11 [pb] 235435 189 1)
. . Y+D* Vs=8TeV  B(Y—= puft)xo 80+ 165 [pb] 85 8 63 [pb]
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WG2 summary
Same sign WW production with CMS Phys.Rev.Lett. 131 (2023) 091803

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)

ATLAS J/y+J/y (8 TeV) —a
Eur. Phys. J. C 77 (2017) 76

DO J/\K+J/ (1.96 TeV) F—a—

Phys. Rev. D 90 (2014) 111101

DO J/y+Y (1.96 TeV) a
Phys. Rev. Lett. 116 (2016) 082002

CDF y+3jets (1.8 TeV)

138 fb—1 (13 TeV) Phys. Rev. Lett. 79 (1997) 584

v, DO y+3jets (1.96 TeV)
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https://inspirehep.net/literature/2091619
https://arxiv.org/pdf/1612.05582.pdf
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WG2 summary

J/P+Y production with LHCb JHEP 08 (2023) 093
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https://inspirehep.net/literature/2662581
https://arxiv.org/pdf/1612.05582.pdf

WG2 summary
J/W pair production with LHCb LHCb-PAPER-2023-022

N (J/y+Jly) = (2.187 = 0.020) x 10*  LHCb - SPStDPS data
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J/W pair production with ALICE arXiv:2303.1343

N (J/y+Jy) =59.3 £ 13.5 (stat) + 4.4 (syst)

* Assuming all di-J/y events are DPS
e DPS effective cross section from
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WG2 summary

J/P+P(2S) production with LHCb
N (J/y+ y(25)) = 629 + 50
oo (J/w+w(2S)) = 4.49 +0.71 (stat) + 0.26 (syst) nb
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Events / 50 MeV

Triple J/PY meson production with CMS NP 19 (2023) 338
2.6
N (Jy+Tw+Ily) =5.0158
oo (Jw+1ly+1ly+X) =272117 (stat) £ 17 (syst) fb
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Triple J/Y fractions: ~6% SPS, ~74% DPS and ~20% TPS
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Remarks

eMore and more processes are newly

discovered/studied
estill space to fill in phase-space

eprocesses are in our datasets - we
just have to look for them

eBut..

e Still plenty of phase space

unexplored ..?

e|nput to theory limited ..?

e Or stats too low

eworth having this table updated
together with the TPS processes

-o—
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-
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CMS, Vs=13 TeV, Jy+Jy+Jy
CMS*, \s=7 TeV, Jiy+J/y
ATLAS, Vs=8 TeV, Jiy+Jy
DO, Vs=1.96 TeV, Jiy+J/y
DO*, Vs=1.96 TeV, Jiy+Y
ATLAS*, Vs=7 TeV, W+J/y
ATLAS*, Vs=8 TeV, Z+J/y
ATLAS*, \s=8 TeV, Z+b—J/y
DO, Vs=1.96 TeV, y+b/c+2-jet
DO, Vs=1.96 TeV, y+3-jet

DO, Vs=1.96 TeV, 2-y+2-jet
DO, Vs=1.96 TeV, y+3-jet
CDF, Vs=1.8 TeV, y+3-jet
UA2, Ys=640 GeV, 4-jet
CDF, Vs=1.8 TeV, 4-jet
ATLAS, \s=7 TeV, 4-jet
CMS, Vs=7 TeV, 4-jet

CMS, \s=13 TeV, 4-jet

CMS, Vs=7 TeV, W+2-jet
ATLAS, Vs=7 TeV, W+2-jet
CMS, Vs=13 TeV, WW
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Observables Exieriments CSM CEM NRQCD Interest
Iy + T/ LHCb, CMS, AT- | NLO, NLO LO ECPS; of the CSM;
* ’
LAS, DO, NA3 NNLO Gluon TMDs:
JIYy +y(2S) or J/y + x. LHCb LO NLO LO DPS vs SPS;
JIy+T DR 1+ HCh LO NLO LO Test of the CSM;
| HLHC Test
T+ CMS NLO(?)  NLO LO EePS; of the CSM;
Gluon TMDs;
J/y+charm LHCb LO - LO ¢ — J/y fragmentation & CTs;
DPS.
J/y+bottom or LHCh - — LO Test of the COM;
J/Y+nonprompt J/y DPS;
T'+bottom or LHCh 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;
JIy+ W ATLAS LO NLO NLO (7) Test of the COM;
DPS;
T+Z7 — NLO — Test of the CSM/COM,;
DPS;
T+ W — LO — Test of the COM;
DPS;
> Phys. Rept. 889 (2020) 1-106



The very first DPS paper was published 40 years ago...

PHYSICAL REVIEW D VOLUME 22, NUMBER 11 1 DECFMBFR 1980

Double Drell-Yan annihilations in hadron collisions: Novel tests of the constituent picture

_ | C. Goebel and D. M. Scott
Physics Department, University of Wisconsin at Madison, Madison, Wisconsin 53706

F. Halzen
Physics Department, University of Hawaii at Manoa, Honolulu, Hawaii 96822
and Physics Department, University of Wisconsin at Madison, Madison, Wisconsin 53706
h (Received 26 December 1979; revised manuscript received 9 April 1980)

The production in hadron collisions of a pair of virtual photons, each having a large invariant mass, proceeds via
two mechanisms: (a) two independent Drell-Yan-type annihilations of quark pairs in a single interaction and (b) the
pair annihilation process gg—y *y*. We argue that both mechanisms allow intriguing tests of constituent structure
and its associated scaling laws and we show that, despite their @* production rate, events of this type are accessible
with existing 7 and proton beams.
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Only recently it was confirmed that the DPS cross section in pA scales in a non-
trivial way!

2 for proton-induced interactions. In agreement
\ y* with our previous estimates, we have assumed that

diagram of Fig. 1(b) almost certainly depe
A as A', As the quarks in the diagram of Fig,
1(a) can come from different nucleons, the
dependence is somewhere between A*/* and A2,
it is worthwhile to notice that by using targets
with multiple nuclear composition, one can un-
(a) (b) ambiguously separate the two production mech-

FIG. 1. Production of two high-mass virtual photons \ anisms exper imentally. or 7 beams
by (a) double and (b) single quark-antiquark annihilation.
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