PROCEEDINGS

OF SCIENCE

Higgs decay into four charged leptons in presence
of dimension six operators

Ambresh Shivaji*

Centre for Cosmology, Particle Physics and Phenomenology (CP3),
Université Catholique de Louvain, B-1348 Louvain-la-Neuve, Belgium
E-mail: ambresh.shivaji@uclouvain.be

We study the effects of dimension six operators on the Higgs decay into four lepton channel. The
calculation of new matrix element is performed in the Higgs basis and it is implemented in a
Monte Carlo event generator. The code also allows the calculation in other popular choices of
basis for the dimension six operators. We have considered all the relevant operators, both the CP-
even and CP-odd operators, which contribute to this decay channel. Choosing some benchmark
values for the parameters of the Higgs basis, we compare our predictions for partial decay width
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Higgs decay into four charged leptons in presence of dimension six operators

1. Introduction

In absence of any hint of new resonances at the LHC, it is important that we measure the
properties of the Higgs boson more precisely, specially its couplings with fermions and gauge
bosons. In this context, the model independent parameterizations of new physics (NP) appear more
appealing than the model dependent ones. The simplest of these is the Kk —framework in which
the Higgs boson couplings with gauge bosons are scaled by a common factor x, and its coupling
with fermions by factor k. The current experimental bounds allow a deviation of 10-20% in these
parameters from their standard model (SM) values (KSM = K'f = 1) [2]. Although simple, the
k-framework is not a gauge invariant parametrization of new physics beyond LO, and it does not
capture the kinematic effects due to NP at the LO. Generalizations of k-framework in terms of
anomalous vertices/phenomenological Lagrangian, pseudo observables and Effective Field Theory
(EFT)-framework are well discussed in the literature [3].

In an EFT framework, the effect of new physics beyond the SM (BSM) can be captured by
higher dimension operators constructed using the SM degrees of freedom and consistent with the
SM gauge symmetry. A set of gauge invariant independent operators of a given mass dimension
form a basis. Unlike k—framework, EFT gives rise to new structure to SM vertices and also
introduces new LO vertices. Some popular choices of bases include Warsaw, SILH and Higgs
[4, 5, 6, 7]. The choice of a basis is usually led by the convenience of minimizing the number of
parameters required to capture the BSM effects on a given class of observables.

Although the H — 4/ decay channel has low event rates, it has a very high signal-over-
background ratio. It is mainly sensitive in gluon fusion production channel. The combined signal
strength measured at the LHC is ,ugCl\ﬁjATLAS = 1.13%331 [8]. Together with H — vy, it has a high
mass resolution, mCMSJrATLAS 125.09+0.24 GeV. Due to its non-trivial kinematics, the H — 4/
decay channel is suitable for probing new physics effects [9, 10, 11, 12, 13, 14, 15].

In my talk I will advertise an updated version of the Ht 041 code which is used to study NP
effects in H — 4/ decay channel within an EFT framework. The code is available for public use.

2. H — 4l in Higgs basis

The Higgs basis [7] is designed to parameterize new physics effects in the Higgs sector. The
interaction Lagrangian is constructed using the mass eigenstates. The parameters of the Higgs
basis are connected to the Wilson coefficients of dimension-six operators in a given basis via linear
transformations. The number of independent parameters of the Higgs basis are same as the number
of independent dimension-six operators. We consider the parts of the Higgs basis Lagrangian
relevant to H — 4/ decay. The anomalous HVV (V = v,Z) coupling is parameterized by five CP-
even and three CP-odd parameters,
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In the above, the parameter, ¢y is not independent

1
o= [2¢3cz0+ (3 +83)ezz — ey — (& — &) ezy) - 2.2)
2 1

The anomalous Z¢¢ and HZ/{/¢ couplings are parameterized by,
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In the Higgs basis, the HV ¢/ couplings are not independent, and 5g%% = §gHZ!  §gZ'* = 5gH#*.

The publicly available Ht 041 code, can provide precise predictions for Higgs decay into four
charged leptons with NLOEW+PS accuracy [16]. The calculation of new matrix elements for
H — 2e2u and H — 4e/4 is carried out in FORM [17], and it is implemented in a new version
of Ht 041 code. The matrix elements are given in Higgs basis. To allow the user a flexibility in
the choice of basis, an independent dictionary between the parameters of the Higgs basis and the
Wilson coefficients of the EFT bases like STLH and Warsaw is also implemented!. In the code,
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and 8g;"**" are kept independent. The code has a provision to include or drop the quadratic

dependence on the parameters.

3. Numerical results

We first discuss the modification in the partial decay width due to the presence of the Higgs
basis parameters. For H — 2e2, the ratio of width in BSM and SM is given by,
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where ¢; = {0¢z, cyy, czy, sz,CZD,SgZM 5gZM 6gLZM SgQZM} and ¢; = {€yy,Czy,¢zz}. Since the
partial decay width is a CP-even observable, the terms linear in CP-odd parameters do not appear.
The coefficients of linear (X;) and quadratic (X;; and X; ;) terms are sensitive to the SM input pa-
rameters and selection cuts applied on the final state leptons. For My = 125 GeV and a minimum
cut of 15 GeV on the invariant mass of the same flavour opposite sign lepton pairs we get,

= (2.00 0.0115 0.170 —0.232 0.301 —8.77 7.04 4.47 —3.58) ,

I'See the appendix B in [1].
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1.00 0.0115 0.170 —-0.232 0.301 —-8.77 7.04 447 —-3.58
0 0.055 0.0706 —0.0312 —0.0448 —0.227 —0.179 —0.181 0.174
0 0 0768 —0.490 -0.702 -3.47 —-2.80 2.81 2.740

0 0 0 0.114 0273 223 0.696 —-1.55 —0.873
Xij=1 0 0 0 0 0.265 0.566 3.41 -0.974 -2.51 |,
0 0 0 0 0 254 —-154 -259 7.85
0 0 0 0 0 0 220 785 224
0 0 0 0 0 0 0 7.85 —1.58
0 0 0 0 0 0 0 0 7.50
0.0487 —0.00745 0.0000910
Xij= 0 0.308 —0.00592

0 0 0.00317

The relative importance of individual parameters in modifying the partial decay width is gov-
erned by the size of these coefficients. For example, among CP-even parameters related to gauge-
Higgs coupling, the effect of czy is the largest. The modification in width due to czy is dominated
by the coefficient of quadratic term. The effect of ¢z is larger than czz and opposite in nature.
This is due to the fact that the linear terms (Xzo, Xzz) have opposite signs and are more relevant
than the corresponding quadratic terms. Like czy, the CP-odd parameter ¢z, affects width the most.
The parameter ¢zz has almost no effect on the width due to a very small value of the correspond-
ing coefficient (X;;). Note that some of these couplings like 5glw, cyy and Cyy are already well
constrained by the available data from LEP and LHC, respectively.

Next we study the effect of the BSM parameters on kinematic distributions which can help
in discriminating various parameters. For the sake of simplicity and to emphasize the role of
distributions, we consider the values of the parameters which are consistent with a 30% deviation
in partial decay width. We consider only those parameters which are less constrained by the data.
We find that in the Higgs rest frame the angular variables, Af,- - (the angle between ¢~ and p™)
and ¢ (angle between the decay planes of the intermediate gauge bosons) are most sensitive to the
BSM parameters.

In Fig. 1, we compare the BSM predictions due to c¢zz and czg with the corresponding SM
predictions at LO and NLO+PS. We find that the effect of two parameters on angular observables
is opposite in nature. Numerically, the effect can be as large as 45% in certain bins. The solid
and dashed lines in these plots refer to the calculation done with or without including the quadratic
term. The effect of quadratic term is more visible in czg.

In Fig. 2, we display angular distributions for CP-odd parameter ¢z, = 41 and compare them
with the corresponding predictions in the SM. Both these values are roughly consistent with 30%
enhancement in partial decay width. As we would expect, the angular distributions, in particular,
the angle ¢ is sensitive to the linear term in ¢z, and also to its sign.

4. Summary and outlook

We have developed a new version of Ht 041 event generator, which allows the study of H —



Higgs decay into four charged leptons in presence of dimension six operators

0.045 .
0.040 - czz SM (LO) — ] 0-028 - 2z SM (LO) —
0.035 - ez SM (NLOPS) — l 0.026 | ez SM (NLOPS) —
. 0.030 _ — VR P
g 5 00% | - g Mg s
< 0.020 | = 0.022 f o T A 3
~l= 0.015 | . & e
0.010 | 0020 1 \ N
0.005 - N
115 |
. LOL10 b
E g 1.05 |
g 2 100 F
< = o095 |
0.90 p-
0.85
Af— - (deg) ¢ (deg)
(@) (b)

Figure 1: Kinematic distributions for CP-even parameters. Upper panel: normalized distribution for angular variables
A6,- - (left) and ¢ (right). Lower panel: Ratio of normalized distribution in BSM and in SM.
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Figure 2: Kinematic distributions for CP-odd parameter. Upper panel: normalized distribution for angular variables
AB,- - (left) and ¢ (right). Lower panel: Ratio of normalized distribution in BSM and in SM.

2e2u and H — 4e/4p decay in presence of dimension-six operators. The BSM matrix elements
can be calculated independently in the Higgs, Warsaw and SILH bases. In our simplified study,
we find that the angular observables like ¢ and A6,- - can discriminate among various parameters
of the dimension-six operators. In near future we plan to update the code with the implementation
of H — 2[2v BSM matrix elements and, include the parton shower effects on BSM predictions.
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