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Motivation

Growing interest to photon-photon collider physics in the scienti�c community:

Higgs physics

SM benchmarks

New physics (SUSY)

QCD tests (photon structure function, jet production)

Flavor physics (ηc)

The gamma-gamma collisions may constitute signi�cant background for e+e-
colliders (equivalent photons, beamstrahlung)

Our study was initiated by our colleagues from Novosibirsk
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ILC physics

(taken from [Boos et.al. Nucl.Instrum.Meth.A472:100-120,2001])
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Photon-photon collisions in SANC

The unpolarized γγ → γγ, Zγ, ZZ SM processes through fermion and boson
loops were calculated within the SANC framework by D. Bardin, S. Bondarenko,
L. Kalinovskaya and E. Uglov.

The computations take into account non-zero mass of loop particles and massive
box diagrams.

The results are presented as the covariant and helicity amplitudes for these
processes with some particular cases of D0 and C0 Passarino-Veltman functions.
Reference: Phys.Atom.Nucl.73:1878-1888,2010

The form of helicity amplitudes allows to implement the same calculations taking
into account the photon polarizations.
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Polarized gamma beams at e+e- collider

(picture taken from slides of V.Serbo "Basics of photon collider" )
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Polarized gamma-gamma cross section

The di�erential photon-photon cross section taking into account polarizations can
be taken from [Gounaris et.al. Eur.Phys.J.C10:499-513,1999]:

factor dLγγ/dτ � the photon-photon luminosity per unit e+e−, θ∗ � the γγ
collision products scattering angle in the incoming particles rest frame, the
τ = sγγ/see � fraction of electron beams energy transferred to the colliding
photons, ksi � Stock's parameters.
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Polarized gamma-gamma cross section
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Density matrix

After a Compton scattering of e± o� a laser photon, the electron (positron) beam
looses most of its energy and a beam of �backscattered photons� is produced,
moving essentially along the direction of the original e± momentum and
characterized, in its helicity basis, by the density matrix:

where x = ω/E is the back-scattered photon energy fraction.

ξ = ξ(Pe, Pγ , Pt),

where Pe = 2λe � electron/positron longitudinal polarization, and λe is its
average helicity, Pγ � the average helicity of the laser photon, Pt (Pt ≥ 0) �
maximum average transverse polarization along a direction determined by the
azimuthal angle ϕ.
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1-loop γγ scattering in SANC: SANCphot v1.01

We reuse the MCSANC code to create a stand-alone SANCphot package to
implement the γγ → γγ, Zγ, and ZZ processes relying on the Fortran modules
created within the SANC framework at 1-loop level (LO).

The Monte-Carlo calculation requires:

Initial electron beam energy, laser energy

Laser and electron polarizations, with laser polarization could be both
longitudinal and transverse

Final Z particle polarization

And the integration variables are:

cosθ∗ � cosine of the �nal particle azimuthal angle

τ =
sγγ

see

x = ω/E

[1] S. Bondarenko, L. Kalinovskaya, A. Sapronov,

Comput.Phys.Commun. 294 (2024) 108929; e-Print: 2201.04350

[hep-ph]

MMCP2024, 20�25 Oct 2024, Yerevan, Armenia



QCD- and QED-corrected 2-loop contributions

The QCD- and QED-corrected 2-loop amplitudes are given by the expressions:

H2-loop, QCD(QED)
λ1λ2λ3λ4

= NQCD(QED)H(2)
λ1λ2λ3λ4

with the coe�cients NQCD = 4(N2 − 1)Q4α2αs(M
2
z )

π
, and

NQED = 8NQ6α2α(0)

π
, where N is the fermion color factor (3 for quarks, 1 for

leptons), and Q is the fermion charge in units of e.

H(2)
λ1λ2λ3λ4

� 2-loop helicity amplitudes
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QCD- and QED-corrected 2-loop contributions

The expressions for the helicity amplitudes H(2) in the mf = 0 limit (where mf is
the fermion mass in a loop) are given in [2].
In the practical calculations, the top-quark contribution was taken into account for
energies

√
s > 2mt.

The helicity amplitudes in this case are:

H = H1-loop +H2-loop, QCD(QED).

In the calculations, the square of the H2-loop amplitude was omitted as part of the
higher-order (3-loops) corrections.
[2] Z. Bern, A. De Freitas, L. J. Dixon, A. Ghinculov, and H. L.

Wong, JHEP 11 (2001) 031, hep-ph/0109079
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Helicity amplitudes H(2)

Some of the helicity amplitudes remain quite simple even at two loops, as a conse-

quence of unitarity and a supersymmetry Ward identity for tree amplitudes.

To extend our results to regions where the kinematic invariants are comparable

to the masses in the loops, the technology for computing two-loop double box inte-

grals should first be extended to include massive internal lines, which seems feasible.

Probably the most important application would then be to compute the electroweak

corrections to the W box contribution to γγ → γγ, since that contribution dominates

at high energies, where new physics contributions are most likely to be found.
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A. Two-loop helicity Amplitudes

The explicit expressions for the two-loop amplitudes appearing in eq. (2.6) are

M
(2)
−−++ = −3

2
,

(A.1)

M
(2)
−+++ =

1

8

[
x2 + 1

y2
((X + iπ)2 + π2) +

1

2
(x2 + y2)((X − Y )2 + π2)

− 4
(
1

y
− x

)
(X + iπ)

]
+

{
t ↔ u

}
, (A.2)

M
(2)
++++ = −2x2

[
Li4(−x) + Li4(−y)− (X + iπ)

(
Li3(−x) + Li3(−y)

)

+
1

12
X4 − 1

3
X3Y +

π2

12
XY − 4

90
π4 + i

π

6
X

(
X2 − 3XY + π2

)]

− (x− y)
(
Li4(−x/y)− π2

6
Li2(−x)

)

− x
[
2Li3(−x)− Li3(−x/y)− 3ζ3 − 2(X + iπ)Li2(−x)

+(X − Y )(Li2(−x/y) +X2) +
1

12
(5(X − Y ) + 18iπ)((X − Y )2 + π2)

−2

3
X(X2 + π2)− iπ(Y 2 + π2)

]

+
1

4

1− 2x2

y2
((X + iπ)2 + π2)− 1

8
(2xy + 3)((X − Y )2 + π2) +

π2

12

+
(
1

2y
+ x

)
(X + iπ)− 1

4
+

{
t ↔ u

}
, (A.3)

13

MMCP2024, 20�25 Oct 2024, Yerevan, Armenia



Helicity amplitudes H(2)
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Setup

√
see = 250, 500, 1000 GeV

set 1 : Pe = P ′
e = 0.8,

Pγ = P ′
γ = −1, Pt = P ′

t = 0,

set 2 : Pe = P ′
e = 0, Pγ = P ′

γ = 0,

Pt = P ′
t = 1, ϕ = π/2,

set 3 : Pe = 0.8, P ′
e = 0, Pγ = −1, P ′

γ = 0,

Pt = 0, P ′
t = 1, ϕ = π/2, (1)
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Results

Integrated one-loop cross sections σ(γγ) [fb] and the corresponding relative
corrections δ = σNLO/σLO − 1 ,[%] for the process γγ → γγ in di�erent
polarization setups

√
see 250 GeV 500 GeV 1 TeV

set 1 σ, fb 22.524(1) 9.445(1) 6.940(1)
δQED,% 0.016(1) −0.039(3) −0.062(3)
δQCD,% 0.125(1) −0.415(3) −0.662(3)

set 2 σ, fb 24.426(1) 8.045(1) 6.861(1)
δQED,% −0.035(2) −0.099(2) −0.087(3)
δQCD,% −0.278(2) −1.052(2) −0.927(2)

set 3 σ, fb 22.320(1) 8.014(1) 6.7967(1)
δQED,% −0.039(1) −0.103(2) −0.084(2)
δQCD,% −0.305(2) −1.101(2) −0.900(2)
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Final state kinematic distributions of polarized LbL scattering at �xed incoming
electron beam energies

√
see = 250, 500 and 1000 GeV and various polarization

setups
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Conclusion

� The latest version of SANCphot v1.10 has been adapted to study polarized LbL
scattering. It incorporates complete electroweak one-loop radiative corrections to
realistic observables, as well as massless QCD/QED 2-loop corrections that are
relevant for the LbL process.
� The 2-loop QED/QCD corrections make a substantial contribution.
� Another part is expected to emerge from the photon spectrum approximation
with the Compton scattering. This question has to be addressed in the further
studies.
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