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Motivation

See Igor Denisenko talk:
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The SANC framework and products family

Analytical
FORM

expressions

FORTRAN
modules

QCD&EW
corrections

ReneSANCe
generator

MCSANC
MCSANCee
SANCphot
integrators

Publications:
SANC – CPC 174 481-517
MCSANC – CPC 184 2343-2350; JETP Letters 103, 131-136
SANCphot – CPC 294 108929
ReneSANCe – CPC 256 107445; CPC 285 108646

SANC products are available at http://sanc.jinr.ru/download.php
ReneSANCe is also available at http://renesance.hepforge.org 3 / 21
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SANC advantages:

full one-loop electroweak corrections
higher order corrections
massive case
accounting for polarization effects
full phase space operation
results of ReneSANCe event generator are thoroughly cross
checked
output of ReneSANCe: events in LHEF, HepMC, HEPEVT or ROOT
formats
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Prompt photon production

Photons emerging from the hard parton scattering subprocess are called
prompt photons:
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Annihilation process qq̄ → γg.
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Quark-gluon Compton process qg → qγ.
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Prompt photons vs Jets

Prompt photons
They carry information directly from the hard scattering process.
Electromagnetic calorimeter (the energy resolution of
electromagnetic calorimeters is generally better than that of
hadronic calorimeters).
Systematic errors in the photon energy scale are smaller.
Relatively low event rate compared with the jet production, and
many background sources from the jet production are not
negligible.

Jets
Hadronic + electromagnetic calorimeters.
A jet algorithm to reconstruct a jet axis is needed.
High systematic errors.
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The problem we solved

The prompt photon production is a useful tool for extraction of gluon
distribution function. Especially interesting is double-spin asymmetry
for this process.

We implemented the leading order of prompt photons processes
pp → gγ(+X) and pp → q(q̄)γ(+X) for the case of longitudinal
polarization of initial states in the ReneSANCe event generator.
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Hadronic and partonic levels

Hadronic level

dσ(Λ1,Λ2, s) =
∑
p1p2

∑
λ1λ2

∫ 1

0

∫ 1

0

dx1dx2f
Λ1λ1
p1 (x1)× fΛ2λ2

p2 (x2) dσ̂p1p2(λ1, λ2, ŝ)

where Λi = ±1 and λi = ±1 are the helicities of each proton and quark (gluon)
(p1, p2), respectively, with ŝ = x1x2s.

Parton distribution functions
Parton distributions fΛiλi

pi can be obtained from unpolarized fpi and longitudinally
polarized ∆fpi PDFs: fΛiλi

pi = 1
2
(fpi + Λiλi∆fpi).

Partonic level

q̄(p1, λ1) + q(p2, λ2) → g(p3, λ3) + γ(p4, λ4)

q(q̄)(p1, λ1) + g(p2, λ2) → q(q̄)(p3, λ3) + γ(p4, λ4)
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Observables
Single- and double-spin combinations of polarized components (σ++, σ+−,
σ−+, σ−−) of the hadron-hadron cross section:

∆σL =
1

4

(
σ++ + σ+− − σ−+ − σ−−) ,

∆σLL =
1

4

(
σ++ − σ+− − σ−+ + σ−−) ,

Definitions of single-spin (AL) and double-spin (ALL) asymmetries:

AL(LL)(Y ) =
∆dσL(LL)/dηγ

dσ/dηγ
, ∆AL = ANLO

L −ALO
L ,

ηγ – pseudo-rapidity of lepton in the final state:

ηγ = − ln

(
tan

ϑγ

2

)
.

Here ϑγ is the angle of the γ in the laboratory frame. The z-axis is directed along
the momentum of the first proton.
These asymmetries are crucial because they provide insights into the
spin structure of nucleons.
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Results and comparison with "Phys.Part.Nucl.Lett. 20 (2023)
3, 400-403". Double-spin asymmetry versus photon rapidity.
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https://spd.jinr.ru/wp-content/uploads/2024/07/42_Saleev_2_rus.pdf
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Results and comparison with "Phys.Part.Nucl.Lett. 20 (2023)
3, 400-403". Double-spin asymmetry versus xT = 2pT /

√
S.
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Results of comparison in private communication with Vladimir
Saleev and Alexandra Shipilova. Double-spin asymmetry
versus photon rapidity and xT .
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Is it possible to compare with Sphinx?
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Sphinx

Recovery work on Sphinx

Found last version 1.202.
Switch to modified Jetset 7.4.10 (not works with bundled Jetset
7.3).
Found flags to compile using gfortran-7 (to overcome numerical
overflow and common blocks alignment problems).
Add binding to LHAPDF to use modern PDFs.
Problem with CERNlib and nanoCERNlib, so use FBOOK for
histograming.

Limitations of Sphinx
Polarization effects only for initial state.
Decays of resonances are generated uniformly in most cases.
No longer supported.
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Processes available in Sphinx
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Comparison with Sphinx. Kinematic cuts, input parameters.

Input parameters and conditions:
1 α = 137.035999084, αs = 0.1176; energy of c.m.s. is

√
s0 = 20GeV;

2 Set of input parameters [arXiv:2211.03561];
3 PDF: NNPDF23_nlo_as_0119 for unpolarized parton distributions

fqi и NNPDFpol11_100 for longitudinally polarized parton
distributions ∆fqi from LHAPDF6 library with factorization scale
µF =

√
s, where s = x1x2s0 [arXiv:1406.5539].

Kinematic cut:
p⊥ > 2.5 GeV for all processes of interest.
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https://link.springer.com/article/10.1134/S154747712302022X
https://arxiv.org/abs/1406.5539


The differential cross sections and comparison with Sphinx
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Differential cross section over pseudo-rapidity in the leading order for
different values of polarization of the initial states.
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Double-spin asymmetries and comparison with Sphinx
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Double-spin asymmetries over pseudo-rapidity in the leading order.
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Total double-spin asymmetries and comparison with Sphinx
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pp → qγ(+X) and pp → q̄γ(+X), over pseudo-rapidity in the leading

order.
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Conclusion

The implementation of processes of interest for SPD has begun in
the Monte Carlo event generator ReneSANCe.
The calculation of the leading order for prompt photons was
performed.
The behavior of polarized cross sections and double-spin
asymmetries was investigated.
Agreement with the Sphinx program was achieved.
The next steps are to complete the calculation of QCD radiative
corrections for prompt photons and implement another processes
from Sphinx list.
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Thank you for paying attention!
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