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INTRODUCTION

The production of prompt photons in proton-proton collisions 1s an important process
for studying the dynamic structure of proton at high energies. Being neutral in color,
they have a large mean free path in both dense hadronic matter and quark-gluon plasma
(QGP). This allows them to escape from the interaction region unchanged. A photon
produced in a proton-proton collision in the energy range from 1.5 to several GeV also
carries information about the formation of the QGP, the distribution of partons in
nucleons as they are formed, hard scattering of incoming partons such as Compton
scattering of quark-gluon, annthilation of quark-antiquark pair, and bremsstrahlung
subjected to hard scattering ' % 3.

It 1s known that the accuracy of theoretical calculations of the prompt photon

production depends on the order of the perturbative expansion, which 1s usually
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expressed in terms of the strong coupling constant a;. The leading order (LO)
approximation, which corresponds to the lowest power of strong coupling as, 1s often
insufficient to describe the experimental data, especially at large transverse momenta of
photons pr. Therefore, it is necessary to use higher-order corrections, such as next-to-
leading order (NLO), next-to-next-to-leading order (NNLO), which take into account the

effects of one-loop virtual diagrams and real production of additional particles % > %78 %
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Research into the production of prompt photons in proton-proton collisions at the
Nuclotron-based Ion Collider fAcility, 1.e. NICA, energies has its advantages. The
energy of NICA (10 GeV) does not allow the production of many elementary particles,
which makes it difficult to accurately determine the differential cross-section of prompt
photons production, and will also help determine the temperature of the phase transition
to quark-gluon plasma and hadronization !> 12,

At early, we ivestigated prompt photon production in Compton scattering of quark-

gluon qg — qy, annihilation of quark-antiquark pair qGg — gy and bremsstrahlung of

quarks gg — qqy 1in collision of nonpolarized, and logitudinally polarized proton in LO

at v/s=10 GeV, NICA energies '> 4 151 Tt has been shown, differential cross section of
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prompt photons production consists of more than 50% of the differential cross-section of
the subprocess of Compton scattering of quark-gluon and about 43% of the differential
cross-section of annihilation of quark-antiquark pairs and less than 0.03% of the
differential cross-section of bremsstrahlung. Despite the low collision energies, Compton
scattering of quark-gluon gg — gy remains dominant, as in LHC, American Tevatron
energies. The difference 1s that Compton scattering at LHC energies, American Tevatron
95% of the total cross-section production of prompt photons. We also have shown that,
the prompt photons produced in pure electrodynamics Compton scattering constitute
10% of the prompt photons produced in mixed Compton scattering '°.

In this presentation, we present result of the study of prompt photon production in
annihilation of quark-antiquark pair in the NLO approximation at collision of
nonpolarized and the longitudinally polarized protons at NICA energies, and compares

with calculations in LO.
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II. DIFFERENTIAL CROSS-SECTION OF ONE-LOOP CORRECTIONS TO
THE SUBPROCESS OF ANNIHILATION OF QUARK-ANTIQUARK PAIR
qq9 - gy

We used FeynCalc for generation of Feynman diagrams of the subprocess of
annihilation of quark-antiquark pairs qGg — gy in NLO. In this case 773 one-loop
diagrams were generated. Among the diagrams, the ones with heavy particles (H, G, Z,
W, t, ¢, b, u, 1, ), which are not registered at NICA SPD, the ones with triangular loops
of fermions and vector bosons, which vanish by the Furry theorem !¢, the ones with
“seagulls” and the ones with loops on external legs, which are excluded in the
renormalization scheme on the mass shell, as well as the ones with photon-gluon
transitions, which do not conserve color, were not taken into account. As a result, we
obtained the following 12 diagrams, which contribute to the prompt photons production

in NLO at NICA energies (Figure 1).



Fig.1(a,b,c,d,e.f,g,h,i,j,k,1). Feynman diagrams of the one-loop corrections to the subprocess of

annihilation of quark-antiquark pair gg = gy



NLO calculation has been carried out using dimensional regularization and the
Minimal Supersymmetric Standard Model (MSSM) scheme '°.

In the parton level the Mandelstam invariants of subprocess q(p;) + g(p,) —
g(ky) +y(k,) in LO and NLO is same: § = (p; +p,)?%, t = (p; —k{)? and 1 =
(P2 — k1)?.

Matrix elements of processes in NLO are:

M. — Z€€a93Téolbton TeolaCotsTColsolsd P2)Y 42" (k1) (k1 =)y (k1 =52)8" (kn)u(py)
T 144142 (D2 ~k1)2(q-P2) 2 (qk1)? ’
n*q*(p2—k1)*(q—p2)*(q—k1

_ equg’TcGol%?CollTcGol%LZSColstlMGluSGl%(k15*(k1) - qu*(kﬂ)ﬁ(pz))’(q - 152)]’(];1 + ﬁz)é*(kz)u(Pl) +
? 144n*q?(p, — k1)?(q — p2)?(q — k1)?
N eeq 93 Téotscon Teatscosf E 4585 (,) (§ — 2k, ) (@ — D2)€" (ky) (ky — B2)€* (k2)u(py) .
144m*q?(p, — k1)?(q — p2)?(q — k1)?

equngé}t;GcOzlTgé}lzscOzstlulGluSGlu6ﬁ(Pz)é*(k1)(@—ﬁ2)(k1+@)(k1—ﬁ2)é*(kz)u(291)
1441m*q?%(p2—k1)%(q—p2)?(q—k1)? ’

A Ak

M. = 1©€a93Téolston Teolatots T Colbols?P2)e" (k) (ka—P2)y (4-R1)E" (ki) ayu(py)
3 14414q2 (p2—k2)2(q—D2)?(q—k1)2 (D2 —k1—k2+q)? ’
*q%(p2—k2)*(q—p2)*(q—k1)*(p2—k1—k2+q

M, = eeq 03 TEN T o1n TE o1 fCTAGIUSGIUG (|, e* () ) —2q* (k1)) D(D2)8* (k2) (ka—D2 )y (R +ka—D2—8)yu(p,) n
4 144m4q%(p2—k2)?(q—k1)?(p2+q—k1—k2)?




n equgch;()l;?collTgé}lzscozsfclu461usclu6ﬁ(2&)(@‘27{1)(@—ﬁz)é*(k1)(k1—ﬁ2)§*(k2)u(P1)
1441m4q%(p2—k2)?(q—k1)?(p2+q—k1—k2)?

equchGol}Ls%ollch;()l}éscolsfalulmuscluf’ﬁ(pz)é*(kﬂ(fl—ﬁz)(’h+C7)(7<1—152)§*(k2)u(291)
144nm4q%(p2—k2)?(q—k1)?(p2+q—k1—k2)? ’

_|_

M. = —ieadsTolson?@2)y 4" (ko) (kz=2)y (kz=P2)2" (k1) u(p1)
5 32414q2(py—k2)2(q-p2)%(q—k2)? ’

. l l lus - P 7 ~ 7 A\ Ak
_lequs3Tgo}ls%olngo%LzLLCongo%Colsv(pZ)ng (RZ)(RZ_q)Y(RZ_pZ)g (k1)u(p1)

M, =
6 144142 (p2—k2)?(q—P2)?(q—k2)? ’
M, = iequsgTCGOI%LGSColchC‘;ole‘LColsTCGol}LssColeD(pZ)é*(kl)(kl_ﬁz)y(q_kZ)é*(kz)CAIYu(Ih)
Y 1441 q2 (p2—k1)%(q—k2)?(p2+q—k1—k3)? ’
M. = —iequé?’Tgol}lssco11TCG¢)Z%L256'016TCG£J'6%01517(Z’2)Y(CAI+ﬁ2)§*(k1)(7<1—152—Q)é*(kz)(k1+k2—ﬁz—@)yu(pﬂ
8 14414 q2 (p2+q)2(q+P2—k1)? (P2 +q—k1—kz)? ’
M. = —iequé?’T(,C';ol?sSCollch;c)l%lzs’(.‘olsTgfyl%Le4colsﬁ(pz)V(CAl‘l'ﬁz)@*(kz)(ffz—ﬁz—@)é*(k1)(k1+7<2—ﬁz—@))’u(lh)
9 — ’

144m*q?% (p2+q)?(q+p2—k2)? (P2 +q—k1—k3)?
_ equg’TCGcf;lE)ScOuTgé;é%olsfclu4clu561u6(szg*(lﬁ) — kie*(ky) — 2kpe* (k) + qu*(kﬂ)ﬁ(Pz)V(fl - Ez)é* (k2)qyu(py)
10 144mq2(q — k3)?(p2 — ky + @)?(p2 + q — ky — k3)?
N equg’TCGcﬂisScOuTCGé;é%olstlu4GluSGlu6ﬁ(Pz)(2E1 + IA‘z — Py — @)(‘7 - Ez)ﬁ*(kz)@§*(k1)u(p1) +
144m4q2(q — k3)?(p2 — ky + )2 (2 + q — ky — k3)?
equs3Tgéﬁscmﬂ"go%f’cgzsfGlu4GluSGlu617(Pz)é*(k1)(67—k2)§*(k2)51(7<2421‘2%‘@)”(?1)
144n4q%(q—k2)?(p2—k2+q)%(p2+q—k1—k3)?

9

: l l l ¥ 2* ki-p,)yay(k,-p,)&*
M, = LequgTCC‘;O%SCO11’11(,6‘;0}1246‘0157"(?0?5!5(,‘0161)(1’2)‘S (kl)(kl—pz)]/q]/(kl—pz)f (k2)u(py)
11 144m*q?% (p2—k1)*(p2+q—k1)? ’

. l l l = Nk L A PN L N %
lequgTCGO%?COllT(,C‘;o}leCongo%SColsv(pZ)S (kZ)(kZ _pZ)yqy(RZ _pZ)S (k)u(py)
144m*q? (p2—k2)*(p2+q—k2)? '

M, =



The square of the modulus of the matrix elements for the one-loop correction
subprocess qq — gy, with applied dimensional regularization and averaged over the

spin of the initial particles, has the form:

a.e’eZ(aZ(0.00045% 4+ 0.00088t + 0.0008t%) + 0.001a5%E% 4+ 0.00068%t2)

M|? = — 1 - .
IM] t(§+10)

where a, - 1s the strong coupling constant at the factorization scale, which we choose

equal to 8, e, - 1s the electric charge of the quark.

The differential cross-section of the subprocess in parton level was defined as in '°:

déno(qd > gy)  ase?eZ(aZ(0.00048% + 0.00085% + 0.0008%%) + 0.001a,52E% + 0.00063%E2)
dt B 16m82t(8 + t) '




To calculate the differential cross-section at the hadron level, we used the parton

distribution functions (PDF) in NLO level: Gg, /p,(x1) and Gg,/p,(x;) in accordance

with !¢ at the factorization scale §:
dO- — fd@' y qu/hl (xl)qu/hz (Xz)dxldxz.

In particular, for the differential distributions by rapidity and square of transverse

momentum, we obtain the following expressions:

0 do
@ B j(_t)GQi/hl (e1)Gqy/n, (X2)dx, dx; dt "
do

+ (_t)qu/h2 (x1)qu/h1 (x2)dx,dx, di =

do
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and
do —t do
a2 = J 27 Gg,/n, (X1) Gy, /n, (X2)dx1dx; 17
In a similar way we obtain do/dx% u do/dCos(8).
do do S
d_x’lzw — f dxldxz qu/hl (xl) qu/hz (xz) f |COS(6)|
do g S
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dcos6



The longitudinal polarization of colliding quarks and antiquarks 1s taken into account

as in !’

U(p)U(py) = %(1 — MYys)(Dy + my),

v(p2)u(pz) = %(1 + A2¥5) (P, + my),

where 4; u A, helicity of colliing protons, m;, m> mass of quark and antiquark, p;, p> -
transverse momentum of quark and antiquark, correspondingly.
To calculation of the differential cross section of processes with longitudinally

polarized colliding protons a polarized PDF was used as in '8

Au,(x,05) = x 0441 . (1 — x)39%.(0.928 + 0.149 - x%°> — 1.141 - x + 11.612 - x1°)

17 Okun L.B. Leptoni i kvarki - Moscow, Nauka, 1990, 345p.
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Ad,(x, %) = x~0665 . (1 — x)*46 . (0,038 — 0.43 - x5 — 5.260 - x + 8.443 - x15)
AG(x,Q5) = x 117 . (1 —x)>33 . (0.03 — 1.71 - x°°> + 3.01 - x + 43.5 - x1)

It 1s known that the fraction of photon-type partons in a proton can be comparable to
the fraction of sea quarks at large values x. The distribution of polarized photons in the

proton was taken into account as in 7> %

G (xQ)—ﬁ(A e2B,q @ u(x) + Age3Bq ® d(x))
V/P'O_ZT[ utu’yq d*d'yq ’

- splitting function, Q - factorization scale.
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where: A; = In (m—%), Bq=—"3

The matrix elements and Mandelstam invariants of the process of production of

19 Kanazawa, Y., Koike Y., Nishiyama N. Arr in the polarized Drell-Yan process at RHIC and HERA energies // Phys. Lett. B, - 1998. - V.
430. - P. 195-202.



prompt photons in the subprocess of annihilation of the quark-antiquark pair qg = gy
studied in the NLO will remain unchanged, as for the case without polarization.

For the square of the matrix element averaged over the spin of the initial particles in
the case of one-loop correction of the subprocess qg — gy, applying dimensional

regularization, we obtain:

M2 = — ase’el (1 — A412;)(@2(0.00045% + 0.00085t + 0.0008t2) 4+ 0.001a:8%t* + 0.00068%E2)
t(s +1) :

For the differential cross section of the subprocess qg — gy at the parton level,

taking into account the longitudinal polarization of protons, it was obtained as:

donLo(qq = gy) _ 1 | M |2
dt 16m§2 '




To calculate the differential cross-section at the hadron level, it 1s necessary to take

into account the polarized PDFs for the NLO in the calculations.

Doublespin asymmetry of subprocesses q@ — gy has been calculated as in °:

gl —gN

ALL

where ¢'" u o'} - cross sections of processes calculated with, respectively, directed and
oppositely directed polarizations of colliding protons.

Doublespin asymmetry of subprocesses qq — gy in parton level 1s obtained:

ALL = —111;.



As can be seen, A;; 1s determined by the product of the helicities of the initial
particles.

To compare differential cross sections at the parton level, calculated in the LO and

L . &~ do : :
NLO approximations, we used the relation R = ONLO and find the following expression

OLO

R ~ 0.005a;. The hadron level relationship R = 2ONLO s determined using PDF.

OLO

Investigation of the dependence of the ratio R = dUJLLO on the total energy of colliding
LO

particles /s, the transverse momentum pr of produced photons, the cosine of scattering
angle and rapidity y of photon has been carried out.

Study of the polarization effects of colliding protons on the differential cross-section

ONLO,POL

of the process of prompt photons production by determining the R = 4 ratio.

donLo



III. NUMERICAL RESULTS AND THEIR DISCUSSION

a. Differential cross-section of subprocess of annihilation of quark-antiquark pair

qq — gy at collision of nonpolarized protons

Figure 2(a,b,c,d,e) shows the dependence of the differential cross section of the
subprocess qq — gy, calculated in the NLO, on the sum of the energy of colliding
particles /s, the transverse momentum of prompt photons pr, the cosine of the
scattering angle Cos(0) of prompt photons, the rapidity y (d) and x; (d) at v/s=10 GeV.
In this case, restrictions are imposed on the transverse momentum pr = 0.5 GeV/c and

the rapidity of prompt photons —2 <y < 2.
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Figure 2(a,b,c,d,e). The dependence of the differential cross section of the subprocess gg — gy, calculated
in the NLO, on the sum of the energy of colliding particles /s, the transverse momentum of prompt photons

pr, the cosine of the scattering angle Cos(8) of prompt photons, the rapidity y (d) and x; (d) at v/s=10 GeV.



It can be seen from Figure 2(a) that at low energies the total cross section increases
rapidly with the increase in the value of v/s. The total cross-section reaches a maximum

at the value v/s=5.2 GeV, and then slowly decreases with further growth of the value +/s.
We assume that at low energies, quarks and antiquarks have a small relative velocity
and, therefore, strongly overlap in space and time. This increases the probability of
gluon and photon emission, which have no mass and can carry most of the energy. The
cross section 1s proportional to the square of the electric charge of the quark.
Consequently, the differential cross section for upper quarks 1s greater than for lower
quarks. The differential cross-section is also suppressed by the running coupling
constant as QCD, which decreases with the growth of energy. Therefore, the differential
cross section for higher energies is smaller than for lower energies.

As can be seen from Figure 2(b), the differential cross section do/dp? decreases

sharply with increasing p. This 1s because the production of high-p; particles requires



more energy and 1s suppressed by the running QCD coupling constant, which decreases
with increasing energy scale. In addition, such a rapid decrease is characteristic of hard
scattering processes such as quark-antiquark pair annihilation, due to the increase in
phase space available for particles in the higher-momentum final state.

The dependence of the differential cross section do/dCos(6) on the scattering angle
cosine Cos(0) has a symmetrical peaked shape with a maximum at Cos(0)==%=1 and a
minimum at Cos(0)=0 (Figure 2(c)). This 1s due to the fact that the gg — gy subprocess
1s dominated by the t-channel exchange of a virtual photon, which has spin 1 and an
even-even nature. The angular distribution of the final state particles reflects the
conservation of angular momentum and parity in the subprocess.

As shown in Figure 2(d), the dependence of the differential cross section on the
photon rapidity y has a maximum at y=+1.95 and decreases with decreasing absolute
value of rapidity y. The differential cross section is minimal when y=0.

Figure 2(e) shows that the do/dx#% differential cross section decreases rapidly with



increasing Xr, 1ndicating suppression of gluon and photon production with large
transverse momenta. This 1s consistent with theoretical predictions based on pQCD,
which show that the cross section is proportional to os0, where os 1s the tight coupling
constant and o 1s the fine structure constant. Since os and o are small, the cross section 1s
expected to be small for large xr. Figure 2(e) also shows that the dependence of the
differential cross section on Xt 1s not linear, but has a power-law character. This 1s due to
the fact that the cross-section is sensitive to the quark and antiquark PDFs, which
describe the probability of finding a parton with a given fraction of the proton
momentum. The PDFs are not constant, but vary depending on the fraction of the
momentum and the energy scale of the process. In general, the PDFs decrease with
increasing momentum fraction, reflecting the fact that there are fewer partons with high

momenta inside the proton.



b. Differential cross-section of subprocess of annihilation of quark-antiquark
pair qq — gy at collision of longitudinally polarized protons
Figure 3(a,b,c,d,e) shows the dependences of the differential cross sections calculated
taking into account the longitudinally polarization of protons on the sum of the energy of

colliding particles +/s, the transverse momentum of prompt photons pr, the cosine of the

scattering angle of prompt photons, the rapidity y and x; at +/s=10 GeV.
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Fig.3(a,b,c,d,e) Dependence of the differential cross section of the subprocess qg — gy taking into

account the polarization of colliding protons, calculated in the NLO at Py, P,=0.9, -0.9 (curve 1) and at
P1=P,=+0.9 (curve 2) on the sum of the energy of colliding particles v/s (a), the transverse momentum of

prompt photons pr (b), the cosine of the scattering angle of prompt photons (c), the rapidity y (d) and x+ (d)
at v/s=10 GeV

From the dependencies in Figure 3(a,b,c,d,e) it 1s evident that polarization does not
affect the character of the dependencies. With opposite polarization the differential

cross-section increases, and with the same polarization it decreases, which 1s similar to



the LO.
From Figure 3(a) it is evident that in the considered range of changes in the energy of

colliding protons, the total cross sections ¢ of the subprocess increase with an increase in

the sum of the energies of the colliding particles +/s.

The differential cross section of the subprocess decreases rapidly as the transverse
momentum p of prompt photons increases (Figure 3(b)).

The dependence of the differential cross section do/dCos(8) on the cosine of the
scattering angle Cos(0) has a symmetrical pointed shape with a maximum at Cos(0)=+1
and a minimum at Cos(0)=0 (Figure 4(c)).

The differential cross-section has a maximum at y=+1.95 and decreases with a change
in y, reaching its minimum at the point y=0 (Figure 3(d)).

Figure 4 shows a 3-D graph of the dependence of the doublespin asymmetry of the
quark-antiquark pair annthilation subprocess calculated in the NLO on the polarization

order P; and P» of the colliding particles.



Fig.4 3-D graph of the dependence of the doublespin asymmetry of the annihilation subprocess of the
quark-antiquark pair gG — gy on the polarization order Py and P, of the colliding particles at v/s=10 GeV.

Maximum positive asymmetry, A;; = +1.0 is achieved when the polarizations P;
and P, have the same sign and maximal magnitude (1.e., P, = P, =1 or P, = P, = —1).
Physically, this implies that the reaction cross-section (g T g T) » a(q T g 1). In other
words, the annihilation process 1s most probable when the quark and antiquark spins are

aligned parallel to each other (either both along or both against their direction of



motion). This 1s a direct consequence of the spin structure of the QCD and QED
interaction vertices, specifically the helicity selection rules.

Maximum negative asymmetry, A;; = —1.0 1s observed when the polarizations have
opposite signs (P, =1, P, = —1, or vice versa). In this scenario, the cross-section
o(gTqgl)>»>a(qgTqgT),and the process favors an antiparallel spin configuration.

The asymmetry vanishes, A;;=0 if at least one of the initial particles 1s unpolarized
(P; = 0 or P, = 0). This 1s a natural consequence, as the absence of polarization implies

no preferred spin direction and, therefore, no possible asymmetry.

c. Comparison of differential cross sections annihilation of quark-antiquark pair qq —
gV calculated in LO and NLO at collision of nonpolarized proton

The contribution of the NLO to the differential cross section was determined by

donrLo(@q—gY)
doro(qq—gv)

studying the dependence of the ratio R = on the sum of the energy of



colliding particles v/s and the transverse momentum of prompt photons pr at v/s=10

GeV.

donrLo(@q—gY)
doro(qq—gy)

Figure 5(a,b) shows the dependence of the ratio R = on the energy of

colliding protons and the transverse momentum of prompt photons py at v/s=10 GeV.
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Fig.5(a,b) Dependence of the ratio R =

momentum of promptt photons pr (b) at v/s=10 GeV



As can be seen from Figure 5(a), as the value of /s increases in the [2. 10] GeV

range, the value of R increases, which shows the importance of taking into account the

NLO calculations at high energies of v/s.

The dependence of R on the transverse momentum of prompt photons p shows that
the contribution of the NLO corrections reaches up to 30% at large transverse momenta
of prompt photons p; (Figure 5(b)).

Comparing the contributions of the LO and NLO, one can see that the LO
contribution is proportional to aso, while the NLO contribution is proportional to aZa.
NLO calculations include additional Feynman diagrams and higher-order corrections.
Increasing the number of Feynman diagrams in the NLO means including more complex
and virtual particle exchanges, which leads to a more accurate description of the physical
process. The interference term is proportional to aZalog(s/M?#), where M is the
renormalization scale. The interference term changes sign at s ~ M4, leading to a

minimum 1in the cross section. The NLO also includes terms proportional to



a?log(p%/M?),, which increase as pr increases. The cross section also increases as the
values of the DF increase at small x. Therefore, NLO calculations can yield a differential

cross section contribution that is smaller than that predicted by the LO.

d.Comparison of differential cross sections annihilation of quark-antiquark pair qq —

gy calculated in LO and NLO at collision of longitudinally polarized proton

. , doro,,,(A4-9Y) doNLo,,,(Aq~39Y)
Figure 6(a,b) show the ratios R = POl and R = L on the
doLo(qqd—-gy) donLo(9G-gY)

sum of the energies of the colliding particles V/s.
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energy of colliding particles /s

As can be seen from Figure 6(a,b) as the sum energy of colliding particles increases
Vs, an increase in the effect of polarization in the LO and NLO is observed. It can be

seen from the differential cross sections of the LO and NLO for the quark-antiquark pair

annihilation subprocess qGg — gy that the longitudinally polarization of proton strongly



influences the NLO than the LO. The contribution of the calculation to the NLO on the
differential cross section 1s significant at high energies of the colliding particles.

The reason for this may be: firstly, new Feynman diagrams appear in NLO
calculations that include corrections for the virtual loop. These new diagrams often
produce contributions with opposite signs compared to the LO diagrams, resulting in a
decrease in the overall cross-section of the process. However, for specific observable
quantities such as polarization asymmetry, this suppression may not be as effective,
leading to a stronger relative influence of the remaining polarization-sensitive terms.
Second, NLO calculations account for additional kinematic configurations compared to
LO, including higher order parton scattering and gluon emission. These configurations
may be more sensitive to proton spin orientation, resulting in greater polarization

dependence compared to the more constrained kinematic pattern in LO.



CONCLUSIONS
Presented calculations showed the significant of NLO calculations for the more
accurate description of prompt photon production in annihilation of quark-antiquark pair
in proton-proton collision.

The dependence of differential cross-section on sum of energy of colliding protons

Vs calculated in NLO is significant at large values of energy +/s.

The difference between the differential cross-sections calculated at LO and NLO 1is
small at low and high transverse momentum pr.

The photon has a high probability of production along the collision axis of proton
(angles are 16 and 164 degrees).

donLo
doLo

From the dependences of ratio R = on the sum of the energies of the colliding

initial particles v/s, the transverse momentum pr of the prompt photons, the cosine of the

scattering angle Cos(6), the rapidity y and x; of the prompt photons it can be seen that



the NLO corrections increasingly affect the description of the process. The differential
cross sections of annihilation of quark-antiquark pairs calculated by the NLO are about
30% of the calculations performed in the LO. This corresponds to pQCD, in which the
higher-order terms give larger radiative corrections at higher energies of the partons.

The longitudinal polarization of colliding protons does not change the character of the
dependence of the differential cross sections of the subprocesses of quark-antiquark pair
annihilation on kinematic parameters. The longitudinal polarization of colliding particles
affects the values of the differential cross sections of quark-antiquark pair annihilation.
The same polarization direction of colliding particles, the differential cross section of the
subprocesses of annihilation of quark-antiquark pairs decreases. Polarization of colliding
particles strongly influences the subprocess of annihilation of quark-antiquark pairs. The
influence of proton polarization on the differential cross section is indicated by the

interaction of parton spins.



Annihilation of a quark-antiquark pair 1s a strong process associated with color
charge. The influence of polarization during annihilation 1s due to the conservation of
angular momentum.

Polarization is significant at small p; for annihilation of quark-antiquark pair qgq —
gy.

Comparison of our calculations in NICA energies with NLO calculations carried out
at the LHC and the American Tevatron energies showed that the NLO 1s approximately
15% and 35% of LO for the NICA and LHC, American Tevatron energies,
correspondingly °.

The results obtained indicate the need to take into account NLO contributions when
simulation and analyzing experimental data on the process of prompt photon production

in proton-proton collisions at NICA and FAIR energies.

20 Klasen, M. Prompt photon production and photon-jet correlations at the LHC / M. Klasen, C. Klein-Bosing, H. Poppenborg // J. High
Energy Phys., —2018. 03, — p. 1-22.
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