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Quantum chromodynamics

L(x) = −
1
4

Ga
μν(x)Ga

μν(x) + ∑
f

q̄f(x)(iγμDμ − mq)qf(x),

Ga
μν(x) = ∂μAa

ν (x) − ∂νAa
μ(x) + gs fabcAb

μ(x)Ac
ν(x) .
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Spin Physics Detector
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Direct photons

• Direct photons were predicted to exist by C.O. Escobar in 1975[Escobar, 1975]. 

• First observation of direct photons was made by the R412 group at the Intersecting 
Storage Rings at CERN in 1976 [Darriulat P. et al., 1976].
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Factorization of Hard Processes in QCD

fi(x1)

fi(x2)

h

h

̂σij

long distance long distanceshort distance

 σhh→XY = ∑
i,j=q,q̄,g

∫
1

0
dx1 fi(x1, μ2)∫

1

0
dx2 fj(x2, μ2) × ̂σ(ij → ab) × Dab→X
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Collinear parton model

dσ(p p → k X) = ∑
a,b

∫ dx1 fa(x1, μ2)∫ dx2 fb(x2, μ2)d ̂σ(a + b → k),

qμ = xPμ, qT = 0, q2 = 0.
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Parton distribution functions

∫
1

0
( fu(x) − fū(x))dx = 2;

∫
1

0
( fd(x) − fd̄(x))dx = 1;

∫
1

0
( fs(x) − fs̄(x))dx = 0;

∫
1

0
dx x( fu(x) + fū(x) + fd(x) + fd̄(x) + fs(x) + fs̄(x) + fg(x)) = 1.
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DGLAP evolution equations

d
d ln μ2

fg(x, μ2) =
αs(μ2)

π ∫
1

x

dz
z

Pg←q(z)∑
f

[fq ( x
z

, μ2) + fq̄ ( x
z

, μ2)] + Pg←g(z)fg ( x
z

, μ2) ,

d
d ln μ2

fq(x, μ2) =
αs(μ2)

π ∫
1

x

dz
z {Pq←q(z)fq ( x

z
, μ2) + Pq←g(z)fg ( x

z
, μ2)},

d
d ln μ2

fq̄(x, μ2) =
αs(μ2)

π ∫
1

x

dz
z {Pq←q(z)fq̄ ( x

z
, μ2) + Pq←g(z)fg ( x

z
, μ2)} .

αs(Q)
π

,

8



Results
Motivation
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q + q̄ → g + γ q + g → q + γ q̄ + g → q̄ + γ



Results
CERN WA70

a)                                                                           b)                                                                           c)

 Comparison of predictions in CPM for direct photons differential cross section as function of photon transverse-momentum at 
 GeV,  . 

PDFs sets: a) MSTW2008lo, b) CT18LO, c) NNPDF2_3.
S = 22.96 −0.05 < xFγ < 0.05
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Обсуждение результатов
CERN UA6

a)                                                                           b)                                                                           c)

Comparison of predictions in CPM for direct photons differential cross section as function of photon transverse-momentum at 
 GeV,  . 

PDFs sets: a) MSTW2008lo, b) CT18LO, c) NNPDF2_3.
S = 24.3 −0.2 < yγ < 1.0
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Обсуждение результатов
CERN NA24

a)                                                                           b)                                                                           c)
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Comparison of predictions in CPM for direct photons differential cross section as function of photon transverse-momentum at 
 GeV,  . 

PDFs sets: a) MSTW2008lo, b) CT18LO, c) NNPDF2_3.
S = 23.75 −0.65 < yγ < 0.52



Обсуждение результатов
CERN R110

a)                                                                           b)                                                                           c)
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Comparison of predictions in CPM for direct photons differential cross section as function of photon transverse-momentum at 
 GeV,  . 

PDFs sets: a) MSTW2008lo, b) CT18LO, c) NNPDF2_3.
S = 63.0 −0.8 < yγ < 0.8



Results
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Results
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Summary

It follows that for better agree the experiment with the theoretical predictions 
it is necessary: 

• take into account calculations in NLO; 

• perform calculations on the factorization scale: .μ = pTγ
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Thank you for your attention!


