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Abstract The anomalous quartic neutral couplings of the
γ γ γ γ vertex in a polarized light-by-light scattering of the
Compton backscattered photons at the CLIC are examined.
Both differential and total cross sections are calculated for
e+e− collision energies 1500 GeV and 3000 GeV. The helic-
ity of the initial electron beams is taken to be ± 0.8. The
unpolarized and SM cross sections for the same values of
helicities are also estimated. The 95% C.L. exclusion lim-
its on two anomalous photon couplings ζ1 and ζ2 are cal-
culated. The best bounds on these couplings are found to
be 6.85 × 10−16 GeV−4 and 1.43 × 10−15 GeV−4, respec-
tively. The results are compared with the exclusion bounds
obtained previously for the LHC and HL-LHC. It is shown
that the light-by-light scattering at the CLIC, especially the
polarized, has a greater potential to search for the anomalous
quartic neutral couplings of the γ γ γ γ vertex.

1 Introduction

In the Standard Model (SM), the trilinear gauge couplings
(TGCs) [1,2] and quartic gauge couplings (QGCs) [3–6] are
completely defined by the non-Abelian SU (2)L × U (1)Y
gauge symmetry. These couplings have been accurately
tested by experiments. A possible deviation from the elec-
troweak predictions can give us important information on
probable physics beyond the SM.

Anomalous TGCs and QGCs can be studied in a model
independent way in the framework of the effective field the-
ory (EFT) via Lagrangian [7–10]

Leff = LSM + L(6) + L(8). (1)

The Lagrangian L(6) contains dimension-6 operators. It gen-
erates an anomalous contribution to the TGCs and QGCs. Let
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us underline that the lowest dimension operators that modify
the quartic gauge interactions without exhibiting two or three
weak gauge boson vertices are dimension-8. The Lagrangian
L(8) is a sum of dimension-8 genuine operators,

L(8) =
∑

i

ci
�4 O(8)

i , (2)

where � is a mass-dimension scale associated with new
physics, and ci are dimensionless constants. This Lagrangian
induces anomalous deviation to the QGCs. It is assumed that
the new interaction respects the local SU (2)L ×U (1)Y sym-
metry which is broken spontaneously by the vacuum expecta-
tion value of the Higgs field �. CP invariance is also imposed.
It means that L(8) is invariant under the full gauge symmetry.
As a result, the electroweak gauge bosons can appear in the
operators O(8)

i only from covariant derivatives of the Higgs
doublet Dμ� or from the field strengths Bμν , Wa

μν .
There are three classes of dimension-8 operators. The

first one contains just Dμ�. It leads to non-standard quar-
tic couplings of massive vector bosons, W+W−W+W−,
W+W−Z Z and Z Z Z Z . The second class contains two Dμ�

and two field strength tensors. The third class has four field
strength tensors only. The dimension-8 operators of the last
two classes induce the anomalous quartic neutral couplings
of the vertices γ γ γ γ , γ γ γ Z , γ γ Z Z , γ Z Z Z , and Z Z Z Z . A
complete list of dimension-8 operators which lead to anoma-
lous quartic neutral gauge boson couplings is presented in
[11–13]. In particular, the effective Lagrangian of the oper-
ators O(8)

i which contributes to the anomalous quartic cou-
plings of the vertex γ γ γ γ looks like

LQNGC = c8

�4 Bρσ B
ρσ BμνB

μν + c9

�4 W
a
ρσW

aρσWb
μνW

bμν

+ c10

�4 W
a
ρσW

bρσWa
μνW

bμν + c11

�4 Bρσ B
ρσWa

μνW
aμν

123


