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Introduction
QCD and hard inclusive production processes
p+p—h+X
my > mp, pr > my
e+p—e+X,(DIS) e+p—e+h+X, (SIDIS)
lg3| > m?,

Pair particle production and correlation observables

p+p—h+h+X

o dG/dM]z
® do/dpr,  Pr =Pir +Par
@ do/déi»

@ We get new scale Mj,, which separates two regions pr < M, and pr > M,
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Introduction
(e  —— ——JY
¢ R P ——
P O—F—— x p ——— «x R

Conventional parton model and QCD

§= (Pl +p2)2 >$= ([II +42)2, § fvm%’mij = (kl+kj)27p127'7) >>m% >>AéCD

Parton model in Multi-Regge kinematics or Quasi-Multi-Regge kinematics

s=(p1+p2)’> 8= (@1 +q)°, §ij > Bij(m?,mij = (ki+k;)*, i ..)
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Resummation 4+ Evolution + Factorization

Collinear parton model (CPM)

° 4, :xl‘zl"]{zv qi2r =0, pr ~ Q0> my,
@ doCPM =Y, ; [dx [dx,fi(x1,Q) X fj(x1,Q) x d6;;

@ DGLAP evolution equation, transverse momentum ordering, of In*(Q/Agcp)

TMD parton model (TMD PM)

° (1!112 =x1207, +11‘1121, 43,0, qior #0, pr < Q, Q=my, M2, qG— Z, gg — H.
@ do™P =Y, . [dxd’qi1 [ dx2d*qor Fi(x1,q17,0, 1) X Fj(%2,q21,0, &) x d 6
@ Collins-Soper evolution equation for F(x.,bT.Q,C), ocS In* (Q/pr).

High-energy factorization (HEF) or kr—factorization
@ iy =x12P\ 2 +d\ ops 41 =i or #0, Pr ~Q, Q=my, M2, ¢°F" = Z, g°¢" — H.
i d A
@ do*T =y, ; [ Trdqir [ T2d*qur ®i(x1,q17,, Q) X @;(%2,q271,0) X dG;

@ Model dependent uPDFs, [dq?®;(x,qr.,0) ~ xfi(x,0), Oc?ln#(Q/AQCD), a;*ln#(s/QZ), rapidity ordering 556



Introduction Resummation 4 Evolution 4 Factorization Parton Reggeization Approach Dijet production (central rapidity region) Heavy quarkonium pair productio
o 00 o

Parton Reggeization Approach (PRA)

PRA is gauge invariant version of the kr —factorization
@ Nefedov, Saleev, Shipilova, Phys. Rev. D 87, no.9, 094030 (2013)
@ Karpishkov, Nefedov, Saleev, Phys. Rev. D 96, no.9, 096019 (2017)
@ Nefedov, Saleev, Phys. Rev. D 102, 114018 (2020)

d ix N
do™® =Yro f%lldquTf %d242T¢R4Q<x1341T,sN) X ®p o (x2,q0r, 1) X dGTRA

Reggeized amplitudes are from L.N. Lipatov Effective Action in high-energy QCD

@ Lipatov, Nucl. Phys. B 452, 369-400 (1995)
@ Lipatov, Vyazovsky, Nucl. Phys. B 597, 399-409 (2001)
GPRA |APRA|2

R+R—g+g, R+R—qg+q O+0—g+g,
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Parton Reggeization Approach (PRA)

Reggeized amplitude calculations

@ In Ref. [Nefedov, Saleev, Shipilova, Phys. Rev. D 87, no.9, 094030 (2013)] all squared Reggeized amplitudes for 2 — 2
processes were obtained and collected.

@ In Ref. [Maxim Nefedov, 2017] ReggeQCD model file for FeynArts has been developed to obtain Reggeized amplitudes
up to 4 particles in a final state

d¢
. 2T40/ |APRA|2 JACPH]2
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Parton Reggeization Approach (PRA)

Modified Kimber-Martin-Ryskin (KMR) uPDFs [Nefedov, SV, Phys. Rev. D 102, 114018 (2020)]

o) = STy [N ) e ) o st ). Al =wsiten®), A0 =i/ (Vi 2

d o
B;(x,t, 1) = i [Y}(t,uz,x)ﬂ(x,t)} , /0 dr ®;(x,t,u%) = F(x,u?), Vx

2

.d/ A !
Bt merp | [ 4 )

' 2m

(Ti(tlﬂuz)"’_Ari(t,v“zvx)) ) /dZ ZPJI t u ) )

t

Fi($.1)
Fi(x,1)

ATi(1, 1 ) /dzez— (1,12) {zﬂ:() B-;(zw(z—x)]

/'0
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FIG. 2. Normalized F(Ag) distibutions in several pi regions at <5 = 7 TeV, Iy] < 0.8 and py
the ATLAS Collaboration [3]. The curves uurupuml 10 the LO parton Reggeization approach.
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Heavy quarkonium pair producti

rapidity region) [Nefedov,Shipilova,SV,2013]

10 g
E ATLAS p,™ > 110 GeV
Fe® ® @>2etsat[y<0.8
[0 0 0 2jetsat|y<0.8
107
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e
=10"
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FIG. 3. Normalized F(A¢) distribution for 2 (open circles)

and =2 (black circles) jets with py > 100 GeV, [|y| <0.8,
PP > 110 GeV and =7 TeV. The data are from the
ATLAS Collaboration [3]. The curve corresponds to the LO
parton Reggeization approach.
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Dijet production (central rapidity region) [Nefedov,SV, 2018]

10'
10! Ny 2 3. P,
N2 2, 0= Pr e e 1 NiwZ 4, 0= Pr e
R=04 P = 100 GeV R=04
10° 10°
10! 3 s
s 107! 2
g X =
102
102
10-?
-
104 10 2 , Ol 2
"3 20 37 35 T "3 >0 37 35 3 L6 20 Au 28 32 L6 20 A_.zz 28 32
Ao 20 @ 9
. Fig. 2. Left pancl: distribution on the difference of azimuthal angles between the leading jets R”>¥(A¢). The calculations are per-
Fig. 1. Distribution on the difference of azimuthal angles between the leading jets R”>?(A¢). The caleulations are performed at o
formed at p = prayes pry =100 GeV, and R = 0.4. Different histograms correspond to the contributions R**'(A¢) and their

1= pr.ave and R=0.4. Left panel: calculation in the PRA LO. Right panel: calculation by formula (4) at py = 100 GeV. Dif-
R">Y(A¢), the histogram corresponds to the calculation only

A6y and their sum (continuous histograrm) sum (continuous histogram). Right panel: azimuthal spectrum
with consideration of the contribution R*/(A¢) to the PRA LO.

ferent histograms correspond to the contributions R
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Heavy quarkonium pair production in the NRQCD [He,Nefedov,Kniehl,SV]

@ Phys. Rev. Lett. 123, no.16, 162002 (2019); Mod. Phys. Lett. A 36, no.19, 2130018 (2021)
@ SPS, PRA + LL BFKL for large |Y| region

@ DPS calculation is in progress till now

FIG. 3. As in Fi
ATLAS Collabor

Ppar (left column), Y (middle column), and m,, (right column) distributions measured by the
ns 1 (upper row) and 11 (lower row).
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e
Heavy quarkonium pair production in the ICEM [Chernyshev,SV]

@ Phys. Rev. D 106, no.11, 114006 (2022); Modern Physics Letters A (2024) 2450207
@ SPS versus DPS with 6,py >~ 11 mb.

et
b pp— WIS < vs)+X
Vi= 3TV

prooviiseyRsex
T

/// =

03 uo oa« 08 09 1o

Myy [GeV]
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Dijet production with large rapidity gap [Chernyshev,SV, 2024]

PRA+BFKL(0) = PRA+BFKL

10° grrprpreerreprerespreeey

Wb V8=276TeV 1

T T
PRA

- - BFKLY
¢ cms'i6 [

do/dY [pb)
1/odo /dAp

I
1 2 3 1 2 3 1 2 3
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Parton Reggeization Approach in the NLO*

Single isolated photon production in the NLO* of the PRA [Chernyshev, SV, 2024]

@ Phys. Rev. D 110, no.11, 11 (2024)
@ LO: 00—y

@ NLO*: OR — gy

@ VL0 — L0 4 gNLO _ GNLO

ysL ATLAS-2023
VS8 =13 TeV

0°
Py [GeV]

T
Py [GeV]
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Parton Reggeization Approach in the NLO*

Single isolated photon production in the NLO* of the PRA [Chernyshev, SV, 2024]

D0-2005

T T
PHENIX-2012 ]

102 F ptp— 70 4 X

VS =1.96 TeV Fptp—y™+x ’

T 10°F /5 = 200 GeV ST
= 8 I | | F==d
@%%ig T ML
210 R SRR T T RS W T DOE O e w22 2200 2022 220
o 05 5 LOgprerdidi LR Sh S SR S 2
ﬁ 5 S 0SE ey 1
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Parton Reggeization Approach in the NLO*

Pair photon production in the NLO* of the PRA [Nefedov, SV, 2015]
@ Phys. Rev. D 92, no.9, 094033 (2015)
@ LO: 00—y

@ NLO*: OR — qyy
NLO _ 5LO 4 5NLO _ 5NLO
@ oY =0"+0"" -0,
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Parton Reggeization Approach in the NLO

[Nefedov,SV, 2017-2019], [Nefedov, 2020-2024], [Nefedov, Hameren, 2025]

@ A. van Hameren and M. Nefedov, “Hybrid high-energy factorization and evolution at NLO from the high-energy limit of
collinear factorization,” [arXiv:2501.02619 [hep-ph]].

M. A. Nefedov, “One-loop impact factors for heavy quarkonium production: S-wave case,” JHEP 12, 129 (2024)

M. Nefedov, “Sudakov resummation from the BFKL evolution,” Phys. Rev. D 104, no.5, 054039 (2021)

M. A. Nefedov, “Towards stability of NLO corrections in High-Energy Factorization via Modified Multi-Regge
Kinematics approximation,” JHEP 08, 055 (2020)

M. Nefedov and V. Saleev, “From LO to NLO in the parton Reggeization approach,” EPJ Web Conf. 191, 04007 (2018)

M. Nefedov and V. Saleev, “On the one-loop calculations with Reggeized quarks,” Mod. Phys. Lett. A 32, no.40,
1750207 (2017)

M. Nefedov and V. Saleev, “DIS structure functions in the NLO approximation of the Parton Reggeization Approach,”
EPJ Web Conf. 158, 03011 (2017) doi:10.1051 /epjconf/201715803011
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Conclusions

For single inclusive particle production, the LO PRA ~ NLO (+ NNLO) CPM, if the real NLO corrections are dominant
For pair particle production, the LO PRA ~ NLO CPM for the large kinematic domain

o

o

@ For pair particle production, the LO PRA agrees with data better than NLO CPM for some correlation spectra

@ For multi particle production (2 — 3, 4,..), the LO PRA is unique way to take into account main part of HO corrections
o

The NLO PRA is in progress: loop corrections with Reggeized partons, new uPDFs with evolution, subtraction scheme
for real NLO corrections. )

THANK YOU FOR YOUR ATTENTION!
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