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Abstract

This review summarizes the results of four important articles on multiple gauge couplings and
future prospects on quartic gauge coupling measurements published in 2013 and 2014. All mea-
surements were consistent with the Standard Model. Limits on triple gauge couplings improving
or reaching similar precision to those obtained by LEP experiments were derived by using differen-
tial ZZ and WW cross sections, respectively. First direct constraints on quartic gauge couplings
were calculated from the total W±W±jj cross section. Future triboson production and vector
boson scattering analyses might give further constraints on quartic gauge couplings.
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1 Introduction

The production of vector boson pairs at the Large
Hadron Collider (LHC) provides a great possibility
for important tests of the electroweak sector of the
Standard Model (SM) continuing, improving and en-
hancing the work done at the Tevatron and the LEP
collider. A lot of effort is made to investigate mul-
tiple vector boson couplings: triple gauge couplings
(TGC) and quartic gauge couplings (QGC).
In this article the latest results from the ATLAS

experiment are presented. It is structured as follows:
The second section gives a motivation for TGCs and
QGCs arising from the SM and describes multiple
coupling contributions in a model independent ef-
fective field theory approach following [1] and [2].
The third section summarizes the latest official re-
sults from the ATLAS experiment concerning anoma-
lous neutral TGC [3]. The fourth section covers
the results on charged TGC [4]. In section five this
year’s results from the ATLAS experiment showing
evidence for electroweak W±W±jj production and
giving first direct constraints on QGC [5] are pre-
sented. Section six covers possible future results on
QGC as presented in [6]. Conclusions are drawn in
the last section.

2 Triple and Quartic Gauge
Couplings Arising in the
Standard Model and Beyond

To understand why TGCs and QGCs arise in the
SM it is crucial to understand the electroweak in-
teraction theory, unifying the fundamental forces of
weak and electromagnetic interaction. In the follow-
ing a short reminder of the SM’s electroweak sector
is given with special attention to gauge boson self
coupling terms. The concept of “effective field the-
ory” (EFT) together with TGC and QGC effective
Lagrangians is described afterwards.

2.1 Triple and Quartic Gauge Couplings
Arising in the Standard Model

The theory of quantum electrodynamics (QED) is
invariant under local phase tranfomations (U(1))

ψ → ψ′ = eiQα(x)ψ, (1)

where ψ is the fermion field, Q the charge and
α(x) the local phase transformation angle. The La-

grangian of QED LQED is given by

LQED = ψ̄(iγµ∂µ −m)ψ −Qψ̄γµψAµ −
1

4
FµνF

µν ,

(2)
where m is the fermion mass, Aµ the photon field
and Fµν the field strength tensor given by

Fµν = ∂µAν − ∂νAµ. (3)

The summands of the Lagrangian LQED can be in-
terpreted as
• the free fermion propagation part L0,
• the fermion-photon interaction and
• the photon kinetic energy.

Unifying QED and the theory of weak interactions
yields the theory of electroweak interactions. It is
invariant under SU(2)L ⊗ U(1)

ψ → ψ′ = e
i
2~τ~α(x)ei

Y
2 β(x)ψ (4)

and its dynamics are described by the following La-
grangian LEW 1:

LEW =χ̄Lγ
µ

(
i∂µ − g

~τ

2
~Wµ − g′

Y

2
Bµ

)
χL

+ ψ̄R

(
i∂µ − g′

Y

2
Bµ

)
ψR + Lkin. (5)

Here ~τ is the weak isospin (SU(2) generator), Y is the
weak hypercharge, χL and ψR are the fermionic left-
and right-handed part respectively and ~Wµ and Bµ
are the electroweak gauge fields. The gauge invariant
term Lkin describing the gauge field kinetics is given
by

Lkin = −1

4
BµνB

µν − 1

4
~Wµν

~Wµν , (6)

where the rank two tensors Bµν and ~Wµν are defined
in the following way

Bµν ..= ∂µBν − ∂νBµ, (7)
~Wµν

..= ∂µ ~Wν − ∂ν ~Wµ + g ~Wµ × ~Wν . (8)

The last summand in ~Wµν arises because of the non-
abelian gauge structure. It is the reason for gauge
boson self-interaction terms in the Lagrangian. Ex-
panding Lkin and changing to the observable mass
eigenstate gauge fields (W (†)

µ , Zµ and Aµ) one gets
the following cubic and quartic interaction terms be-

1Only the Lagrangian before electroweak symmetry breaking
is considered.



3

sides other in this recapitulation unimportant ones

L3 =− ie cot θW

[
(∂µW ν − ∂νWµ)W †µZν

−
(
∂µW ν† − ∂νWµ†

)
WµZν

+WµW
†
ν (∂µZν − ∂νZµ)

]
− ie

[
(∂µW ν − ∂νWµ)W †µAν

−
(
∂µW ν† − ∂νWµ†

)
WµAν

+WµW
†
ν (∂µAν − ∂νAµ)

]
, (9)

L4 =− e2

2 sin2 θW

[
(W †µW

µ)2 −Wµ†Wµ†WνW
ν
]

− e2 cot2 θW

[
W †µW

µZνZ
ν −W †µZµWνZ

ν
]

− e cot θW

[
2W †µW

µZνA
ν −W †µZµWνA

ν

−W †µAµWnuZ
ν
]

− e2
[
W †µW

µAνA
ν −W †µAµWνA

ν
]
, (10)

with θW being the weak mixing angle. These La-
grangian terms can be described by the Feynman di-
agrams in figure 1.
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Figure 1: Feynman diagrams for SM gauge boson
self-coupling contributions.

2.2 Effective Field Theories
In Fermi’s theory of β-decay the decay of a neutron to
a proton, an electron and an antineutrino is described
by quartic couplings with coupling strength GF while
in the theory of weak interaction it is described by
gauge boson exchange. Fermi’s theory is only valid
for much smaller energies than the W boson mass
MW while the theory of weak interaction is valid over
the whole energy scale. Fermi’s theory of β-decay is
a so called “effective field theory” (EFT) simplifying
the description of weak interaction for a low energy
scale.
An effective field theory yields the possibility to

describe new physics which is separated from the ac-
cessible region (∼ center-of-mass energy

√
s) by a dif-

ferent energy scale Λ (s� Λ2). To establish an EFT

one builds a parametrized, most general Lagrangian
fulfilling the process properties, which should recover
the SM in the limit Λ→∞. In other words it should
preserve Unitarity. Such an EFT yields a model inde-
pendent approach for physics beyond the SM (BSM).

2.3 Effective Field Theory Approach for
Triple and Quartic Gauge Couplings

Beyond the SM triple and quartic gauge couplings
could arise from higher order contributions of new
physics. To be able to include such contributions in
the theoretical description one introduces EFTs de-
scribing the triple and quartic couplings in a general
way.

2.3.1 Neutral Triple Gauge Couplings

Neutral triple gauge couplings (nTGC) are forbid-
den in the SM but could be realized as “anomalous”2
coupling in an EFT approach. One constructs the
EFT Lagrangian from the general process properties
applying the following constraints:

• There are nine helicity states in total but only
seven valid because of angular momentum con-
servation.

• Bose statistics have to be respected.

This yields the following ZZV 3 Lagrangian

LZZV =
e2

M2
Z

(
− [fγ4 (∂µF

µν) + fZ4 (∂µZ
µν)]

× Zσ (∂σZν)

− [fγ5 (∂ρFρλ) + fZ5 (∂ρZρλ)]

× Z̃λξZξ
)
, (11)

where e is the elementary charge, MZ is the Z mass,
fVi are the couplings and the following definitions are
used

Zµν ..= ∂µZν − ∂νZµ, (12)

Z̃µν ..=
1

2
εµναβZαβ . (13)

The couplings fV4 belong to CP violating processes
while the fV5 belong to CP conserving ones.

For this Lagrangian possible contributions to the
couplings are mentioned exemplary:

• SM contributions:
NLO and higher order contributions (only to CP
conserving fV5 )

2“Anomalous” meaning not realized in the SM.
3V can either be γ or Z.
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• MSSM contributions:
1-loop and higher order contributions from charginos
and neutralinos

• New boson contributions:
CP violating coupling fV4 sensitive to two-Higgs-
doublet model in 1-loop corrections

2.3.2 Charged Triple Gauge Couplings

Charged triple gauge couplings (cTGC) are already
realized as ZWW and γWW in the SM (see figure 1).
Further contributions may arise from new physics
BSM in an EFT approach. The EFT Lagrangian
is constructed in a similar way as the nTGC follow-
ing the constraint on helicity states and demanding
additionally C and P conservation4. It is given by

LWWV = igWWV

(
gV1
(
W+
µνW

−µ −W+µW−µν
)
V ν

+ κVW
+
µ W

−
ν V

µν

+
λV
M2
W

V µνW+
ν
ρ
W−ρµ

)
(14)

where W±µν is the rank two tensor

W±µν
..= ∂µW±ν − ∂νW±µ, (15)

gV1 , κV and λV are the couplings, gWWγ = e and
gWWZ = e cot θW . Because of the electric charge of
the W boson the relation

gγ1 = 1 (16)

holds. Taking only into account SM contributions
the general cTGC couplings are given by

gZ1 = κZ = κγ = 1, (17)
λZ = λγ = 0. (18)

Often the deviations from the SM

∆gZ1 = gZ1 − 1 (19)
∆κZ = κZ − 1 (20)
∆κγ = κγ − 1 (21)

and not the absolute values are denoted.

2.3.3 Quartic Gauge Couplings

In the SM quartic gauge couplings (QGC) are real-
ized asWWWW ,WWZZ,WWγZ andWWγγ (see
figure 1). Further contributions from BSM physics
might be possible in an EFT approach. An EFT
Lagrangian is constructed under the following con-
straints:
4Demanding C and P conservation is only a reasonable guess
to reduce the degrees of freedom of the theory.

• Consider couplings to the logitudinal polariza-
tion degree of gauge bosons only.

• Custodial symmetry

ρ =

(
MW

MZ cos θW

)2

= 1 (22)

should be respected.

Only vector boson scattering (VBS) terms in the La-
grangian are examined in this review. They are

L4 =
α4

16π2
Tr(VµVν) Tr(V µV ν), (23)

L5 =
α5

16π2
Tr(VµV

µ) Tr(VνV
ν), (24)

where
Vµ = −igWν + ig′Bµ (25)

in unitary gauge and α4 and α5 are the couplings.

3 Limits on Anomalous Neutral
Triple Gauge Couplings

The measurement of the ZZ production in pp colli-
sions at the LHC yields a good possibility to deter-
mine nTGCs: Limits on anomalous ZZZ and ZZγ
couplings can be well obtained from the differential
cross section dσZZ

dpZT
. In the following some important

techniques and results on nTGC from the ATLAS
collaboration are presented. For a more detailed de-
scription please read [3].
Two different signal channels

• ZZ(∗) → l+l−l+l− and

• ZZ → l+l−νν̄

were used. Their signal regions were defined by:

ZZ(∗)→ l+l−l+l−:
• exactly 4 isolated leptons, two same-flavour opposite

charge pairs (e+e−e+e−, e+e−µ+µ− or µ+µ−µ+µ−)
• ∆R(l1, l2) > 0.25

• ambiguity in lepton combinations removed by choos-
ing combination with lowest |ml+l− −MZ |

• at least one lepton pair fulfills 66 < ml+l− <
116GeV (the other ml+l− > 20GeV)

ZZ→ l+l−νν̄:
• exactly 2 leptons of same flavour with pT > 20GeV
• ∆R(l1, l2) > 0.3
• 76 < ml+l− < 106GeV

5∆R =
√

∆φ2 + ∆η2 is the geometrical distance of two
objects separated by their azimuthal-angle-difference and
pseudorapidity.
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• axial-EmissT = − ~EmissT · ~pZ/pZT > 75GeV and
|EmissT −pZT |/pZT < 0.4 to minimize Z+jet background
(see figure 2 and 3)

• jet veto to mostly remove top-quark production
background

• no additional lepton with 10 < pT ≤ 20GeV to re-
duce WZ background
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Figure 2: axial-EmissT distribution for data and pre-
dicted signal after all section requirements,
except for cut axial-EmissT as presented in
[3].
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Figure 3: Fractional pT difference distribution for
data and predicted signal after all section
requirements, except for cut on the frac-
tional pT difference as presented in [3].

3.1 Important Techniques Used in the
pp→ ZZ Analysis

3.1.1 Extended-Lepton Selection

To increase the selection acceptance in the ZZ(∗) →
l+l−l+l− channel leptons which are normally dis-

carded due to detector geometry are used (=
extended-leptons). Three categories of extended-
leptons are defined in the given analysis and at most
one lepton from each extended category is allowed to
not increase the background. The extended-lepton
categories are:

a) Forward spectrometer muons
Foward spectrometer muons are defined to be outside
the nominal inner detector (ID) range with an al-
lowed pseudorapidity range of 2.5 < |η| < 2.7. They
are required to have a) a full track in the muon spec-
trometer, b) pT > 10GeV and c)

∑
ET of calorime-

ter deposits inside of ∆R = 0.2 smaller than 15% of
muon pT to remove fake muons from heavy flavoured
hadron decay.

b) Calorimeter-tagged muons
Calotimeter-tagged muons are muons inside the
muon spectrometer limited coverage range |η| < 0.1.
They are required to a) have calorimeter deposit con-
sistent with a muon which is matched to an ID track
b) have pT > 20GeV and c) fulfill the same impact
parameter and isolation criteria as “standard muons”.
(See [3] for details.)

c) Calorimeter-only electrons
Calorimeter-only electrons lie outside the ID range
with a pseudorapidity of 2.5 < |η| < 3.16. They are
required to a) have pT > 20GeV and b) pass the
tight identification requirements. Their pT is calcu-
lated from the calorimeter energy and electron direc-
tion. The charge is assigned depending on the charge
of the other electron(s) in the event.

3.1.2 Data-Driven Background Estimation

The total background in the ZZ → l+l−l+l− channel
N(BG) is estimated via a data-driven method using

N(BG) = [N(lllj)−N(ZZ)]× f
−N(lljj)× f2, (26)

where
• N(lllj) is the number of events with 3 leptons

and 1 lepton-like jet6 satisfying all selection cri-
teria,

• N(lljj) is the number of events with 2 leptons
and 2 lepton-like jet satisfying all selection cri-
teria,

• N(ZZ) is a Monte-Carlo (MC) estimate for real
leptons classified as lepton-like jet,

6A lepton-like jet is for example a muon candidate failing the
isolation requirement or impact parameter requirement but
not both.
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• f is the ratio of the probability for a non-lepton
to satisfy the full lepton selection criteria to the
probability for a non-lepton to satisfy the lepton-
like jet criteria.

The last summand in equation (26) removes double
counting. The ratio f is derived from an independent
sample containing one Z candidate (l+l−).
Part of the ZZ → l+l−νν̄ channel’s background

estimation is data-driven, too. The background re-
sulting from tt̄, Wt, WW and Z → τ+τ− events
N bkg
ee is estimated by

N bkg
ee =

(
Ndata
eµ −Nsim

eµ

)
× 1

2
× εee
εeµ

(27)

Here, Ndata
eµ is the number of events in data when

changing the same flavour lepton requirement to a
different flavour lepton requirement (control sample)
and Nsim

eµ is a MC estimate for non-tt̄, -Wt, -WW
and -Z → τ+τ− events. Henceforth the first sum-
mand is an estimate for tt̄, Wt, WW and Z → τ+τ−

in the control sample. By using the correct branch-
ing fraction and efficiency (εll′) corrections the back-
ground resulting from the given processes in the sig-
nal region is derived.

3.2 Obtaining Limits on Neutral Triple
Gauge Couplings

To ensure that unitarity is not violated at LHC ener-
gies the couplings are parametrized in a form-factor
approach meaning

fVi =
1

(1 + ŝ/Λ2)
n f

V
i,0 −→

s→∞
0. (28)

The form factor parameters are chosen to be n = 3
and Λ = 3TeV. Simulated pZT (transverse momen-
tum of the leading Z boson) distributions for different
fVi are generated using a matrix element amplitude
reweighting method. From these the dependency of
the couplings on the expected number of events in
each pZT bin is parametrized and limits are obtained
using a maximum likelihood fit of the data.

3.3 Results on Limits on Neutral Triple
Gauge Couplings

The limits on the couplings were obtained assuming
all other couplings to be zero. The results supersede
those from previous analyses and other colliders and
are presented in table 1 and figure 4.

Table 1: One-dimensional 95% confidence intervals
for anomalous neutral triple gauge couplings
as presented in [3].

Λ f
γ
4 fZ4 f

γ
5 fZ5

3 TeV [-0.022,0.023] [-0.019,0.019] [-0.023,0.023] [-0.020,0.019]
∞ [-0.015,0.015] [-0.013,0.013] [-0.016,0.015] [-0.013,0.013]

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4

γ
4f

Z
4f

γ
5f

Z
5f

 = 7TeVsCMS, 
∞ = Λ,  -15.0 fb

 = 7TeVsATLAS, 
∞ = Λ,  -14.6 fb

 = 7TeVsATLAS, 
 = 3 TeVΛ,  -14.6 fb

 = 130-209 GeVsLEP, 
∞ = Λ,  -10.7 fb

 = 1.96TeVsD0, 
 = 1.2 TeVΛ,  -11.0 fb

ATLAS

Figure 4: Comparison of one-dimensional 95% confi-
dence intervals for anomalous neutral triple
gauge couplings from different experiments
as presented in [3].

4 Limits on Charged Triple
Gauge Couplings

The measurement ofWW production in pp collisions
at the LHC provides a good possibility to test the
electroweak sector of the SM and check for non-SM
anomalous cTGC. In the following the results on lim-
its on cTGC from the ATLAS collaboration and some
techniques as presented in [4] are shown. Similar to
section 3 the differential cross section dσWW

dpT
is used

to obtain limits on the couplings.
WW events are selected by their signature “ll′ +

EmissT ”. The signal region selection criteria are
• two opposite charged leptons, where at least one

is matched to a trigger reconstructed lepton (this
results in 3 subchannels: ee, eµ, µµ),

• a cut on the invariant lepton mass mll′ and
EmissT,Rel, where

EmissT,Rel =

{
EmissT × sin(∆φ) if ∆φ < π/2

EmissT if ∆φ ≥ π/2

(29)
and ∆φ is the azimuthal angle difference be-
tween EmissT and the nearest lepton or jet to
remove most of the Drell-Yan background,
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• a jet veto to diminish the tt̄ and single top back-
ground and

• a cut on the two lepton system transverse mo-
mentum, pT (ll′) > 30GeV, to further reduce the
Drell-Yan background.
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Figure 5: Data and predicted signal distribution of
EmissT,Rel before the E

miss
T,Rel cut for the µµ sub-

channel as presented in [4].
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Figure 6: Data and predicted signal distribution of
the jet multiplicity before the jet veto for
the µµ subchannel as presented in [4].

4.1 Coupling Scenarios to Reduce
Parameter Space

As the parameter space is to vast for the amount of
data taken, three scenarios with different constraints
on the couplings are assumed to be realized:
In the “equal coupling scenario” γ and Z couplings
are assumed to be the same

∆κZ = ∆κγ , λZ = λγ and gZ1 = 1, (30)

thus a total number of two free parameters is remain-
ing.
The “LEP scenario”, used at the LEP experiment
analyses [7], has three free parameters and is given
by

∆κγ =
cos2 θW

sin2 θW

(
∆gZ1 −∆κZ

)
and λZ = λγ . (31)

The last scenario investigated is the “HISZ scenario”
named after its inventors Hagiwara, Ishihara, Szalap-
ski and Zeppenfeld with two free parameters [8]. It is
motivated by SU(2)×U(1) invariance and described
by

∆gZ1 =
1

cos2 θW − sin2 θW
∆κZ , (32)

∆κγ = 2∆κZ
cos2 θW

cos2 θW − sin2 θW
, (33)

λZ = λγ . (34)

4.2 Results on Limits on Charged Triple
Gauge Couplings

Limits were obtained in a similar manner to sec-
tion 3.2 with form factor approach, reweighting
method, determination of the dependency of the lead-
ing lepton transverse momentum pT (l1) on the cou-
plings and maximum likelihood fit. 95% confidence
level limits were calculated for each of the three given
scenarios and assuming that there is no relation be-
tween the couplings and that all other couplings ex-
cept the one under study are zero. The results are
presented in table 2, 6 and figure 7. They are more
stringent than the results from the Tevatron exper-
iments and in the same range as the LEP results.

Table 2: One-dimensional 95% confidence intervals
for anomalous charged triple gauge cou-
plings assuming all other than the one cou-
pling investigated to be zero with form fac-
tor parameter Λ =∞ as presented in [4].

Parameter Expected Observed

∆κZ [-0.077,0.086] [-0.078,0.092]
λZ [-0.071,0.069] [-0.074,0.073]
λγ [-0.144,0.135] [-0.152,0.146]

∆gZ1 [-0.449,0.546] [-0.373,0.562]
∆κγ [-0.128,0.176] [-0.135,0.190]
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Figure 7: Comparison of one-dimensional 95% con-
fidence intervals for anomalous charged
triple gauge couplings in the LEP scenario
from different experiments as presented in
[4].

5 Electroweak W±W±jj
Production in pp Collisions
and Limits on Quartic Gauge
Couplings

After the discovery of the Higgs boson, which might
unitarize vector boson scattering (VBS) amplitudes,
the effort on searches for VBS has remarkably in-
creased. One important final state from proton-
proton collisions predicted to be showing VBS con-
tributions is the two same-sign W bosons with two
jets (W±W±jj) state. In the following the results
from the ATLAS collaboration showing evidence for
VBS on this final state and the results on limits on
anomalous QGC are summarized. A more detailed
description is given by [5].
The signal region was attempted to be enriched in

electroweak production of W±W±jj, which is repre-
sented by weak interactions inclusively at Born level,
and contain as less strong productionW±W±jj, rep-
resented by both strong and weak interactions at
Born level, as possible. (See figure 8.) It is defined
by
• two same electric charge leptons,
• two jets with transverse momentum pT >

30GeV and pseudorapidity |η| < 4.5,
• an additional loose lepton veto to reduce
WZ/γ∗ +X and ZZ +X background,

• a cut on the invariant lepton massmll > 20GeV,
• the requirement of |mee −MZ | > 10GeV to re-

duce Z+jet background,
• a cut on the missing transverse energy EmissT >

40GeV
• a b-jet veto to remove non-prompt electron back-

ground (mostly tt̄→ lνjjbb̄)
• a cut on the jet invariant mass mjj > 500GeV

to further reduce tt̄ andWZ/γ∗+X background
(see figure 9) and

• a requirement on the jet rapidity difference
|∆yjj | > 2.4 (see figure 10).

q

q′

q′′

W

W

q′′′

q

q′

W

q′′

q′′′

W

Figure 8: Showcase Feynman diagrams for elec-
troweak W±W±jj production (left dia-
gram) and strong W±W±jj production
(right diagram).
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5.1 Results on Cross Section and Limits
The measured cross section in the signal region with
statistic and systematic errors (in this ordering) is
measured to be

σ = 1.3± 0.4± 0.2 fb, (35)



9

|
jj

y∆|
0 1 2 3 4 5 6 7 8 9

E
ve

nt
s

5

10

15

20

25

30
 Data 2012
 Syst. Uncertainty

jj Electroweak±W± W
jj Strong±W± W

 Prompt
 Conversions
 Other non-prompt

ATLAS Preliminary

 = 8 TeVs, -120.3 fb

 > 500 GeVjjm

Figure 10: ∆yjj distribution for data and predicted
signal after all selection requirements ex-
cept the cut on ∆yjj as presented in [5]

which is in good agreement with the SM expectations
of

σ = 0.95± 0.06 fb, (36)

yielding an observation significance of 3.6 for elec-
troweak production.

The total cross section is also used to set limits on
anomalous QGC. The expected and observed 95%
confidence limits are derived via a maximum likeli-
hood fit. They are presented in figure 11.
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Figure 11: 95% and 68% confidence limits on QGC
couplings α4 and α5 calculated from
W±W±jj cross section as presented in [5].

6 Future Results on Quartic
Gauge Couplings

As triboson production and VBS are directly sen-
sitive to QGC a detailed investigation might give
deeper insights into the electroweak sector of SM and
lead to discovery of new physics. Current analyses
have not enough data at their disposal but the Phase
2 upgrade of the ATLAS detector and future LHC
runs with high luminosity will increase the sensitiv-
ity in the important regions. In the following, some
studies on future results at the ATLAS experiment
on QGC are presented. For a more detailed descrip-
tion please follow [6].
The effects of five SU(2)L ×U(1) gauge-invariant,

CP conserving operators are investigated. Their cou-
plings are
• cφW/Λ2, associated with a dimension-6 operator

and affected by triboson production and VBS
but not diboson production,

• fS0/Λ4, associated with a dimension-8 operator,
related to α4 (see equation (23) and section 5),

• fT1/8/9/Λ4, set of couplings associated with
dimension-8 operators not directly affecting the
Higgs boson couplings.

Neither of the couplings is affected by the constrains
on TGC from old analyses or the above mentioned.
Each of the couplings can be well examined by special
processes for which their impact to the final state is
quite high.

6.1 Future Vector Boson Scattering
Analysis Using the ZZ→ llll Final
State

The final state ZZ → lllljj is sensitive to the cou-
pling cφW/Λ2, perfectly triggerable and very well re-
constructable. Assuming that the background is
composed of SM ZZ production only, which was
shown to be perfectly reasonable (see [9]), the 5σ
discovery potentials are given by table 3.

Table 3: 5σ-significance discovery values of cφW/Λ2 for
different integrated luminosities at a center
of mass energy

√
s = 14TeV as presented in

[6].

300 fb−1 3000 fb−1

cφW/Λ2 34TeV−2 16TeV−2
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6.2 Future Vector Boson Scattering
Analysis Using the WZ→ lνll Final
State

The final state WZ → lνlljj is sensitive to the cou-
pling fT1/Λ4 and can be quite well reconstructed by
using the W boson mass constraint. Assuming that
the background is composed of SM WZ production
only, the 5σ discovery potentials are given in table 4.

Table 4: 5σ-significance discovery values of fT1/Λ4 for
different integrated luminosities at a center
of mass energy

√
s = 14TeV as presented in

[6].

300 fb−1 3000 fb−1

fT1/Λ2 1.3TeV−4 0.6TeV−4

6.3 Future Triboson Production
Analysis Using the Zγγ Final State

The final state Zγγ is sensitive to BSM triboson
production and the couplings fT8/Λ4 and fT8/Λ4 can
be determined by this final state. It is well recon-
structable in case of leptonic decay of the Z boson.
The event selection criteria are:
• pT (l) > 25GeV
• |η(l)| < 2.0
• pT (γ) > 25GeV
• |η(γ)| < 2.0
• At least one lepton and one γ with pT >

160GeV, improving the sensitivity of anomalous
QGC

• |mll − 91GeV| < 10GeV, to suppress γ∗ contri-
butions to the dilepton

• ∆(γ, γ) > 0.4, ∆(l, γ) > 0.4, ∆(l, l) > 0.4, to
reduce final state radiation contributions.

Assuming that the background is composed of SM
Zγj and Zjj, the 5σ discovery potentials are given
in table 5.

Table 5: 5σ-significance discovery values of fT8/Λ4

and fT9/Λ4 for different integrated luminosi-
ties at a center of mass energy

√
s = 14TeV

as presented in [6].

300 fb−1 3000 fb−1

fT8/Λ2 0.9TeV−4 0.4TeV−4

fT9/Λ2 2.0TeV−4 0.7TeV−4

7 Conclusion

Hadron collider final states with two gauge bosons
yield great opportunities to measure and investigate
multiple gauge boson couplings. Triple and quartic
gauge couplings can be well described in an effective
field theory approach yielding the possibility to not
only test the electroweak sector of the SM but also
probe for new physics BSM in a model independent
way. Results from three analyses from the ATLAS
experiment at the LHC were presented in this ar-
ticle. They could improve the limits on anomalous
nTGC from LEP [3] and reach a similar precision on
limits on cTGC [4]. Additionally evidence for elec-
troweak production of W±W±jj was shown which
gives first direct constraints on anomalous QGC. No
physics BSM could be observed but it might be hid-
den due to low precision which can be improved by
run 2 of the LHC. A study on future prospects indi-
cates that triboson production and further VBS anal-
yses yielding limits on anomalous QGC may be real-
izable for the new phase and might give quite precise
results after enough data being collected.
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Table 6: One-dimensional 95% expected and observed limits for anomalous charged triple gauge couplings in
the LEP, HISZ and Equal Couplings scenario assuming all other than the one coupling investigated
to be zero as presented in [4].

Scenario Parameter Expected Observed Expected Observed
(Λ = 6TeV) (Λ = 6TeV) (Λ =∞) (Λ =∞)

LEP
∆κZ [-0.043, 0.040] [-0.045, 0.044] [-0.039, 0.039] [-0.043, 0.043]

λZ = λγ [-0.060, 0.062] [-0.062, 0.065] [-0.060, 0.056] [-0.062, 0.059]
∆gZ1 [-0.034, 0.062] [-0.036, 0.066] [-0.038, 0.047] [-0.039, 0.052]

HISZ ∆κZ [-0.040, 0.054] [-0.039, 0.057] [-0.037, 0.054] [-0.036, 0.057]
λZ = λγ [-0.064, 0.062] [-0.066, 0.065] [-0.061, 0.060] [-0.063, 0.063]

Equal Couplings ∆κZ [-0.058, 0.089] [-0.061, 0.093] [-0.057, 0.080] [-0.061, 0.083]
λZ = λγ [-0.060, 0.062] [-0.062, 0.065] [-0.060, 0.056] [-0.062, 0.059]
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