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In the framework of effective Lagrangians with the SU(2)r x U(1)y symmetry linearly realized,
modifications of the couplings of the Higgs field to the electroweak gauge bosons are related to
anomalous triple gauge couplings (TGC). Here, we show that the analysis of the latest Higgs boson
production data at LHC and Tevatron give rise to strong bounds on TGC that are complementary
to those from direct TGC analysis. We present the constraints on TGC obtained by combining all
available data on direct TGC studies and on Higgs production analysis.

The direct exploration of the electroweak symmetry
breaking sector has recently started with the discovery
of a state that resembles the standard model (SM) Higgs
boson [1] at the CERN Large Hadron Collider (LHC) [2].
With the increase of available data on this Higgs-like
state we can scrutinize its couplings to determine if it
is indeed the state predicted by the SM [3-6]. The ob-
servation of departures from the SM predictions for the
Higgs couplings can give hints of physics beyond the SM
characterized by an energy scale A.

A model independent way to parametrize the low—
energy effects of possible SM extensions is by the means
of an effective Lagrangian [7], which depends on the low—
energy particle content and symmetries. This bottom—up
approach has the advantage of minimizing the amount of
theoretical hypothesis when studying deviations from the
SM predictions [4]. The absence of direct new physics
(NP) signals in the present LHC runs so far and the
observation of the SM-like Higgs state consistent with
being a light electroweak doublet scalar favors that the
SU(2)r @ U(1)y symmetry is linearly realized in the ef-
fective theory which describes the indirect NP effects at
LHC energies [8-12]. Except for total lepton number
violating effects, the lowest order operators which can
be built are of dimension six. The coefficients of these
dimension—six operators parametrize our ignorance of the
NP and they must be determined using all available data.

An important corollary of this approach is that the
modifications of the couplings of the Higgs field to the
electroweak gauge bosons are related to those of the triple
electroweak gauge—boson vertices in a model independent
fashion [3, 4]. In this letter, we show that, because of this
relation, the analysis of the Higgs boson production data
at LHC and Tevatron is able to furnish bounds on the
related TGC’s which are complementary to the direct
study of these couplings in gauge boson production.
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More specifically, assuming that the SU(3).2SU(2),®
U(1l)y symmetry is realized linearly we can write the

lowest order effective Lagrangian for the departures of
the SM as

fn

where the dimension-six operators O, involve gauge—
bosons, the Higgs—boson, and/or fermionic fields with
couplings f, and where A is a characteristic scale.

Restricting to P and C-even operators, there are 20
dimension—six operators relevant to the study of the
Higgs couplings [4] barring flavor structure and Hermi-
tian conjugations. Eight of these modify the Higgs cou-
plings to the electroweak gauge bosons plus one operator
containing Higgs couplings to gluons. Three out of the
20 operators affect only the Higgs couplings to fermions
while the remaining eight modify both the fermionic cou-
plings to the Higgs as well as the fermion couplings to the
gauge bosons. Triple electroweak gauge couplings are
modified by two of these 20 operators, as well as, by one
operator that only involves the electroweak gauge—boson
self-couplings, Owww (see Eq. (3)).

The use of the equations of motion eliminates three
redundant operators from Leg. Moreover, many of these
operators are strongly constrained by the precision elec-
troweak measurements which have helped us to establish
the SM such as Z properties at the pole, W decays, low
energy v scattering, atomic parity violation, flavor chang-
ing neutral currents, parity violation in Moller scattering,
and ete”™ — ff at LEP2. For a detailed discussion on
the reduction on the number of parameters in our ef-
fective lagrangian see Ref. [4]. At the end of the day,
the effective Lagrangian relevant to the analysis of Higgs
couplings and TGC’s reads
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with
Occ = 10 G4,GM | Oww = ®TW,, W,
Ocoij = (21®)(Li®eR,) , Oupij = (10)(QiPdg;) ,
Ow = (D, ®)'W* (D,®), Op=(D,®)!B"(D,®),
Owww = Tr[W, W"PWh . (3)

® is Higgs doublet with covariant derivative D,® =
(0u +i39' By +ig% W) ® and v = 246 GeV is its vac-
uum expectation value. BW = i%,BW and WHV =
i$0* W, with SU(2)r, (U(1)y) gauge coupling g (¢") and
Pauli matrices o®.

The first six operators in Eq. (2) contribute to Higgs
interactions with SM gauge—boson, bottom—quarks and
tau pairs; see Ref. [3, 4] for the explicit form of these
interactions.

The last three operators in Egs. (2) and (3) con-
tribute to the TGC’s AWTW ™ and ZW W ™~ that can

be parametrized as [13]
Lwwy = —igwwv{g}/ (W;LW“LV” -Wiv,w~ ‘“’)
Av
+11— v + —v
+ Ry W,V 4 %WWW Pvpﬂ} L (4)

where gww, = e = gs and gwwz = gc with s(c) be-
ing the sine (cosine) of the weak mixing angle. In gen-
eral these vertices involve six C and P conserving cou-
plings [13]. Notwithstanding, the electromagnetic gauge
invariance requires that g{ = 1, while the five remaining
couplings are related to the dimension—six operators Op,
Ow and Owww as k¥ = 1+ Ax" and g¥ = 1+ Agf
with
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In brief, Op and Oy contribute both to Higgs physics
and TGC which means that some changes of the cou-
plings of the Higgs field to the vector gauge bosons are
related to TGC’s due to gauge invariance in a model in-
dependent fashion. In the past the bounds from TGC
searches were used to further constrain the Higgs cou-
plings to electroweak gauge bosons [11]. Conversely, with
the present precision attained on the determination of
the Higgs couplings, it is possible to reverse the argu-
ment and derive the bounds that Higgs data implies on
TGC’s.

Eq. (5) implies that only three of the five TGC cou-
plings are independent in our framework. They can be
chosen to be Ak, Ay, and Ag?, while Az and Arz are
determined by the relations

2
s
Az =X, AIQZ:—C—QAIiv-i-Ang. (6)

Routinely, the collider experiments search for anoma-
lous TGC parametrized as Eq. (4) through the analysis

of electroweak gauge-boson production. In most stud-
ies one or at most two couplings at the time are allowed
to deviate from the SM predictions, while the others are
fixed to their SM values. In particular several searches
were performed by the LEP, followed by Tevatron and
recently LHC experiments in the constrained framework
determined by the relations in Eq. (6) , which are usually
denoted as the “LEP” scenario.

LEP experiments were sensitive to anomalous TGC
through the WTW ™~ and single v and W productions
which yielded information on both WWZ and WW~
vertices [14]. We depict in Fig. 1 the bounds obtained
in Ref. [14] from the combined analysis of the LEP col-
laborations in the LEP scenario for Ay = Az = 0.

Tevatron experiments have also set bounds on TGC
from the combination of WW, W Z and W+ productions
in pp collisions. In the most recent results [15] DO com-
bined these data sets containing from 0.7 to 8.6 fb~! of
integrated luminosity. CDF has presented results from
W Z production [16] with an integrated luminosity of 7.1
b~ and from WHW~= with 3.6 fb=! [17]. We show
in Fig. 1 the bounds obtained from the D@ combined
analysis in Ref. [15] for the LEP scenario. These bounds
were derived by the experiments for Ay = Az = 0. Also
D@ results were obtained assuming a form factor for the
anomalous TGC @ with A =2 TeV 1.

The LHC experijr\nents are providing bounds on
TGC [18]. ATLAS studied TGC’s in WTW ™~ [19], WZ
[20] and W+ and Zv [21] fully leptonic channels at 7
TeV with an integrated luminosity of 4.6 fb—!. CMS has
also constrained TGC using 7 TeV data on the leptonic
channels in WW [22] with 4.92 fb~!, W+~ and Zv with
5.0 fb~! [23], and WW and WZ productions with two
jets in the final state [24] and 5.0 fb~!. We present in
Fig. 1 the most sensitive results from the LHC searches
in the LEP scenario, i.e. the WW and W Z studies from
ATLAS [19, 20] (these bounds were derived by ATLAS
for A, = Az = 0). Notice that the limits on the WWZ
vertex from the W Z channel [20] were obtained by a two
parameter analysis in terms of Akyz and Ag? and we
expressed these bounds in terms of Ak, and Agf using
Eq. (6). Results on W+ searches from both ATLAS and
CMS [21, 23] are only sensitive to WW+, i.e. to Ak, and
Ay, leading thus to horizontals bands in Fig. 1. However
they are still weaker than the bounds shown from WW
and WZ productions. All LHC bounds in Fig. 1 were
obtained without use of form factors.

We now turn our attention to TGC bounds from Higgs
data. In Ref. [4] an analysis of the latest Higgs data
from the LHC and Tevatron collaborations has been re-

1 It is well known that the introduction of anomalous couplings
spoils delicate cancellations in scattering amplitudes, leading,
eventually, to unitarity violation above a certain scale A. The
way to cure this problem that is used in the literature is to intro-
duce an energy dependent form factor that dumps the anomalous
scattering amplitude growth at high energy.
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Figure 1: 95% CL allowed regions (2dof) on the plane

Ak, ® Ag? from the analysis of the Higgs data from LHC
and Tevatron (filled region) together with the relevant bounds
from different TGC studies from collider experiments as la-
beled in the figure. We also show the estimated constraints
obtainable by combining these bounds (hatched region).

cently updated in this framework to constrain the six
dimensional space spanned by fg, fww, fw, fB, foot, fr-
Eq. (5) allows us to translate the constraints on fy and
f5 from this analysis to bounds on Ak.,, Akz and Agf
of which only two are independent. We show the results
of the fitting to the Higgs data only in Fig. 1 where we
plot the 95%CL allowed region in the plane A, ® Agf
after marginalizing over the other 4 parameters relevant
to the Higgs analysis, fq, fww, foot and fr. In other
words, we define

Axir(Aky, Agl) = (7)
minfg-,fWW7fbot-,fTAX%’I(fg)fWvabOt;fvaB;fW) .

So we are not making any additional assumption about
the coefficients of the six operators which contribute to
the Higgs analysis. Notice also that these bounds ob-
tained from the Higgs data are independent of the value
of Ay = Az. We define the two-dimensional 95% CL al-
lowed region from the condition Ax% (Ak., Ag¥) < 5.99.

Clearly the present Higgs physics bounds on Ary ®
Ag? in Fig. 1 exhibit a non-negligible correlation. This
stems from the strong correlation imposed on the high
values of fyr and fp from their tree level contribution to
Z~ data, a correlation which is indubitably translated to
the Ak, ® Ag# plane. The 1o (68% C.L.) 1dof allowed
ranges read

—0.04 < Ag? <0.02,
which imply

—0.11< Ak, <0.02 (8)
—0.02 < Arz < 0.03

Figure 1 also shows that the present constraints on
Ak, @ Agf from the analysis of Higgs data are stronger

than those coming from direct TGC studies at the LHC.
Nevertheless, what is most important is that this figure
illustrates the complementarity of the bounds on NP ef-
fects originating from the analysis of Higgs signals and
from studies of the gauge-boson couplings. To estimate
the potential of this complementarity we combine the
present bounds derived from Higgs data with those from
the TGC analysis from LEP, Tevatron and LHC shown
in Fig. 1. In order to do so we reconstruct an approxi-
mate Gaussian x?(Ak-, Ag?) which reproduces each of
the 95% CL regions for the TGC analysis in the figure
(¢ =LEP,DO,ATLAS WW ATLAS WZ ), i.e. we obtain
the best fit point and 2-dim covariance matrix which bet-
ter reproduce the curve from the condition x? = 5.99. So
we write

X?omb = X?{(AH’W Aglz) + ZX?(AHWH Aglz) . (9)

2

The combined 95% CL region is obtained with the con-
dition szomb < 5.99. The combined 1o 1dof allowed
ranges read

—0.002 < AgZ <0.026, —0.034 < Ak, < 0.034 (10)

which imply —0.002 < Arkz < 0.029

Summarizing, the present data on the Higgs-like par-
ticle is consistent with the assumption that the observed
state belongs to a light electroweak doublet scalar and
that the SU(2), ® U(1)y symmetry is linearly realized,
as demonstrated in Ref. [4]. Under this assumptions indi-
rect NP effects associated with the EWSB sector can be
written in terms of an effective Lagrangian whose lowest
order operators are of dimension six. The coefficients of
these dimension—six operators parametrize our ignorance
of these effects and our task at hand is to determine them
using all the available data. In this general framework the
modifications of the couplings of the Higgs field to elec-
troweak gauge bosons are related to the anomalous triple
gauge—boson vertex. In this note, we have shown that at
present, the analysis of the Higgs boson production data
at LHC and Tevatron is able to furnish bounds on the
related TGC which, in some cases, are tighter than those
obtained from direct triple gauge—boson coupling analy-
sis. In the near future the LHC collaborations will release
their analysis of TGC with the largest statistics of the 8
TeV run. The combination of those with the present re-
sults from Higgs data has the potential to furnish the
strongest constraints on NP effects on the EWSB sector.
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