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S =(p+q)? t=(p1— p2)?

M2, = (ki + k2)?, U = (ko — q)>.
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@ The 2 — 3 reactions are a new type of processes studied
within the framework of QCD collinear factorization (w.r.t.
2 — 2 ones, e.g. DVCS, TCS, DVMP).

e py — p'v'v" is the simplest 2 — 3 process.

@ C-parity = for process with real photons the amplitude
depends only on valence quarks GPDs. There are no
contributions from gluons and sea quarks distributions.

@ No contribution from the badly known chiral-odd quark GPDs
at leading twist.
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The real parts of the amplitude at LO cancel each other.
Moreveover, also imaginary parts of diagrams cancel, unless the
incoming photon is in the middle:

kq q ko ko q k1

The LO hard part iﬂ%(é(x +&) +(x — f)) so that, at the

leading QCD order the result is proportional to
GPD(‘S? 57 t) + GPD(_§7 57 t)'
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Unpolarised differential cross section

do
dM%7 dt d(—u')

The LO results, Pedrak et al. Phys. Rev. D 96 (2017) and Phys.
Rev. D 101 (2020), show that this process can be studied at
intense quasi-real photon beam facilities in JLab or EIC.
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The u’ dependence of the differential cross section for two different
models of GPDs. S,y = 20 GeV?, /\/I%7 = 4GeV?, t = tmin.
The differential cross section is small, but measurable.
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If the factorization holds at the 1-loop level, the divergences from
GPDs and the hard part have to cancel each other.
To prove it, we need to check, whether
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If that is true, then
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There are 48 diagrams at NLO; considering permutations over
photons we reduce this number to 8.

Rememeber, that there are no contributions from gluon-initiated
processes.
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The 5-point integral can be expressed in terms of 4-point integrals.

Calculations are conveniently performed using the Feynman
parameters (3 needed).

All particles are massless = using the appropriate substitution
we can factorize the resulting 3-dimensional integral using
redefined Feynman parameters {u;}:

1 1 1
/ duz uz(1 — u3)™ / duz/ du; A(ug, w2).
0 0 0
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1 1 1
/ duz ug(1 — U3)m/ duz/ dui A(ur, u2),
Jo 0 0

IR divergences come from the first part only.

The second part is finite and expressible in terms of log and dilog
functions.
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For Cgo,,. we have the same cancelations as in the LO — there is no

real part and only imaginary part of diagrams with the incoming
photon in the middle contribute, so that:
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Factorization at the 1-loop order

To check the cancelation of discussed divergences, it is easier to
use the following form of the LO part:

@ 1
Co(x)=1i x C x Im((x—l—ﬁ—iO"’)(x—&—l—iO"’))'

Indeed,

1
Ca(x) = / 1dy K99(y,x)C4(y)-



Current stage of the work



Current stage of the work

@ NLO factorization has been verified. It opens a new class of
processes in which the collinear factorization can be used.



Current stage of the work

@ NLO factorization has been verified. It opens a new class of
processes in which the collinear factorization can be used.

@ The full form of the NLO amplitude has been obtained. At
this order, there are non-vanishing contributions to the real
part of the amplitude.



Current stage of the work

@ NLO factorization has been verified. It opens a new class of
processes in which the collinear factorization can be used.

@ The full form of the NLO amplitude has been obtained. At
this order, there are non-vanishing contributions to the real
part of the amplitude.

@ Phenomenological analysis is in progress — currently we are
working on implementation of results in the PARTONS

framework.
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