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We probe the dimension-six operators contributing to Higgs production in association with a Z boson at
the future high-luminosity electron-positron colliders. Potential constraints on dimension-six operators in
the Higgs sector are determined by performing a shape analysis on the differential angular distribution
of the Higgs and Z boson decay products. The analysis is performed at the center-of-mass energies of 350

and 500 GeV including a realistic detector simulation and the main sources of background processes. The

68% and 95% confidence level upper limits are obtained on the contributing anomalous couplings

considering only the decay of the Higgs boson into a pair of b-quarks and leptonic Z boson decay. Our

results show that angular observables provide a great sensitivity to the anomalous couplings, in particular,

at the high-luminosity regime.
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I. INTRODUCTION

Since the Higgs boson discovery at the Large Hadron
Collider (LHC) run I in 2012 [1,2], the main task has
been to provide precise measurement of its couplings to
the standard model (SM) particles as well as its other
properties. This opens a way to look for potential new
physics effects and provides the possibility for revealing
effects that may show up at high energy scales. The recent
results of the ATLAS and CMS experiments in probing
the couplings of the Higgs boson show no signs of new
physics [3]. The Higgs couplings to the SM particles also
have been studied extensively in several analyses using
available data from the LHC and previous experiments
[4-15].

The compatibility of the current measurements with the
SM predictions in the Higgs sector causes the new physics
scale to be different from the electroweak scale. This
suggests searching for new physics effects beyond the
SM by adopting the effective field theory (EFT) approach
without going through the details of any specific scenarios.
In this approach, the effective operators consist of only the
SM fields and are obtained by integrating out heavy
degrees of freedom. These effective interactions are sup-
pressed by inverse powers of the new physics scale. Such
an effective Lagrangian is required to respect the Lorentz
symmetry and the SU(3) x SU(2); x U(1)y SM gauge
symmetries. Assuming baryon and lepton number conser-
vation, operators of dimension six are the first corrections
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that are added to the SM action. The effective Lagrangian
can be written as follows:

¢;0;
A2

Lt :£SM+Z (1)

where the effects of possible new physics is assumed
to appear at an energy scale of A, c¢; coefficients are
dimensionless Wilson coefficients, and O; are dimension-
six operators obtained by integrating out the heavy degrees
of freedom in the underlying theory.

So far, there are many studies to constrain these Wilson
coefficients in the Higgs boson sector from the LHC run I
data and from the electroweak precision tests at large
electron-positron (LEP) and future colliders [5-7,16—41].
If the LHC at run II does not observe any significant
deviation from the SM expectations, stronger bounds on
the coefficients of the effective operators would be set.
Realistic estimations of constraints on the effective
coefficients of Higgs boson related operators after the
LHC run IT with high integrated luminosity have been
provided in [42].

Electron-positron colliders such as Compact Linear
Collider (CLIC) [43-45], International Linear Collider
[46-50], Circular Electron-Positron Collider [51,52] or
high-luminosity high-precision FCCee [53-62], with
clean experimental environment due to the absence of
hadronic initial state and accurately known collision
energy provide a good opportunity to probe precisely
the Higgs boson couplings as well as the measurement
of the SM parameters with high accuracy. Going up to
high energies and Iluminosities, these colliders can
continue the studies made by LEP and provide an
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excellent place in search for new physics beyond the SM
[46,48-50,53,63-70].

In this work, by adopting the effective Lagrangian
approach in the strongly interacting light Higgs (SILH)
basis [71, 72], we constrain coefficients of dimension-six
operators using the Higgs production in association with a
Z boson at the electron-positron colliders with the center-
of-mass energies of 350 and 500 GeV. In Higgs production
in association with a Z boson, the correction coming from
dimension-six operators is scaled as s/A”> where s is the
center-of-mass energy of the collisions and must be greater
than (m; + my)? to produce H + Z on shell.

The results are obtained using a realistic simulation
including the main background contributions for the
ete” — H+ Z process. The analysis is based on the
channel in which the Higgs boson decays into a pair of
b-quarks and Z boson decays leptonically. The upper limits
on the coefficients of dimension-six operators are obtained
at 68% and 95% confidence level using a y> analysis on the
angular distribution of the Higgs and Z boson decay
products. The results are presented for the integrated
luminosities of 300 fb~! and 3 ab~!.

The present paper is organized as follows: In Sec. I, a
brief description of the theoretical framework and assump-
tions are given. Details of event generation, detector
simulation, event selection, and the strategy of the analysis
are illustrated in Sec. III. The statistical method used to
obtain upper limits on the coefficients of dimension-six
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where @ is a weak doublet that contains the Higgs boson
field and B*, W, G are the electroweak and strong field
strength tensors. The Hermitian covariant derivative is

defined as ®'D"® = &' (D*®) — (D*®)'d. The Higgs
quartic coupling is denoted by 4 and v is the weak scale that
is defined as v = 1/(v/2G)'/? = 246 GeV. ¢,, ¢, and ¢,
are real parameters as the Higgs boson is assumed to be a
CP-even particle.

Accuracy of the oblique parameters S and 7 from the
electroweak precision measurements leads us to reduce the
number of parameters in the above effective Lagrangian.
The per-mille constraints on § and 7" parameters lead to
¢r = 0 and ¢ + ¢y = O as these are directly related to the
oblique parameters [73-76].

"This basis is not unique and could be connected to other
bases.
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operators is presented in Sec. IV. Our results for integrated
luminosities of 300 fb~! and 3 ab™! are discussed in Sec. V.
Finally, summary and conclusions are given in Sec. VI.

II. THEORETICAL FRAMEWORK AND
ASSUMPTIONS

In this section, the most general effective Lagrangian up
to dimension six containing the SM fields, which respects
the gauge and global symmetries of the SM, is introduced.
There are equivalent ways to write this effective Lagrangian
which cause one to have different bases. In this work, the
convention for EFT operators proposed in Refs. [42,71,72]
is followed. Considering baryon and lepton number con-
servation, the relevant parts of the effective Lagrangian that
affect the Higgs boson couplings have the following terms:

Lgpr = Lsm + Lsin + Ly, + L, (2)

where Lg g consists of a set of CP-even dimension-six
operators involving the Higgs doublet and is inspired from
models in which the Higgs field is part of a strongly
interacting sector [73]. The third term, EFI, contains
interactions among two Higgs fields and a pair of leptons
or quarks. The fourth term of the effective Lagrangian, Lg,,
expresses the interactions of a quark or lepton pair with a
single Higgs field and a gauge boson. For instance, Lq
has the following form:

@' D" ®|*B,, + ;g Y (@t 5, D' DD W,
m

w

D'® DD]B,, + S (070, (070 + % @D 0][®! D, @]
v

& - ey . _ &,
U—éyf(b'(Dd)LLeR + ?yu(D'CIXI)T - Qpug + v—;’ydqﬂqm)QLdR +Hec.|, (3)

|

The effective Lagrangian describing the Higgs
boson couplings has been studied at CLIC with 1 ab™!
of integrated luminosity at the center-of-mass energy of
3 TeV [50]. The study has been performed through double
Higgs production as the vertices involving more than a
Higgs boson can provide the possibility for testing the
composite nature of the Higgs boson. The sensitivity reach
has been reported in the plane of £ and m, where m,, is the
mass scale of the heavy strong sector resonances and £ = %

f is the compositeness scale and » is the vacuum expect-
ation value. A detailed description of these parameters can
be found in [73]. According to this study, the region of
& > 0.03 could be excluded at 95% confidence level (CL)
for any value of m,,.

In this analysis, we consider the effects of Lrpy [Eq. (2)]
in the e~ +e™ — H + Z process and the contributions
from any other possible effective operators are neglected.
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FIG. 1. Representative tree level Feynman diagrams for the
production of a Higgs boson in association with a Z boson at an
electron-positron collider in the presence of dimension-six
operators.

The SM tree level part contribution is not dependent on the
momenta of the particles, while Lggr introduces momen-
tum-dependent interactions. As a result, the new contribu-
tions from Lgpyp affect the decay rates, production cross
sections, as well as the shape of differential distributions. In
this paper, by exploiting differences in the shape of
angular distributions of the decay products of the Higgs
and Z bosons, the new involved couplings from Lggr in
e~ + et — H + Z process are studied. The representative
Feynman diagrams for production of a Higgs boson in
association with a Z boson are depicted in Fig. 1. The
vertices affected by Lgpr are presented by filled circles.

The e~ + et — H + Z process is sensitive to the fol-
lowing set of Lgpr parameters:

Cys CHw» CHB- Cw, Cp. CH, C1, Cow, CeB, €y (4)

The parameters ¢,y and ¢,z are coming from Lg, in Eq. (2)
where the related terms contain electron Yukawa coupling
v.. As we mentioned before, the precise measurement of
oblique parameters S and 7 leads ¢; = 0 and ¢y = —Cp,
which reduces the number of degrees of freedom from
10 to 8. Because of very small Yukawa coupling of the
electron, ¢;, .y, and ¢,z do not lead to considerable
modifications in the cross section. Consequently, we limit
ourselves to only the remaining five parameters: ¢,, Cyy,
c HB> Ew, c H-

Another approach to present the effective Lagrangian
that is interesting phenomenologically and experimentally
is the effective Lagrangian in the mass basis. This approach
has been found to be a useful approach for electroweak
precision tests. Following Ref. [71], the relevant subset of
the anomalous Higgs boson couplings in the mass basis
includes

1 1
£z, zon 0,00+ Lz,

1 ) ) )
— 2 G2l = g0 2,0, D, (5)
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where the relation between the couplings in the mass basis
and the dimension-six coefficients are given as below,

1 29 _ _
gzz)z =2 {CHBS%V - 407‘;‘114/ + C%/VCHW]’
CWmW
(2) — g - - 2 - - 2
Ihiz = 2 [(Caw + Cw)eiy + (Cs + Cup)siy)),
CyMmy
o _omw [y Lo o Lge S
hzz C%V 2 H T y C%V 5
1 9Sw o _ _
haz — Cwiy [CHW —Chp t 8CVS%V]’
2 gs _ _ _ _
ggza)z = - [Cyw — Cup — Cp + Cwl. (6)
Cyhy

Detailed information together with a complete list of
anomalous couplings of the Higgs boson in the mass basis
can be found in [71].

We calculate the effects of the dimension-six operators
on H + Z production with Monte Carlo (MC) simulations
using MadGraph5-aMCe@NLO [77-79]. The Lagrangian
introduced in Eq. (2) has been implemented in the
FeynRule package [80] and then in MadGraph5-
aMC@NLO, which can be found in Refs. [71,72]. In the
next sections, the details of simulation and determination of
the 68% and 95% CL limits on the coefficients of dimension-
six operators are described.

II1. SIMULATION DETAILS AND ANALYSIS

In this section, the details of simulation for probing the
effective Lagrangian through the H + Z events in the
electron-positron collisions are discussed. We focus on
the Higgs decay into a pair of b-quarks and Z boson decay
into a pair of charged leptons, (£ = e, u). As a result, the
final state consists of two energetic jets originating from the
hadronization of two b-quarks as well as two charged
leptons. The dominant background processes that are
considered in this analysis are (i) ete™ — ZZ in which
one Z decays hadronically and another one decays into
charged leptons; (ii) eTe™ — 17 in the dilepton final state,
which contains two b-jets, two charged leptons, and missing
energy; (iii) eTe™ > Zy—>¢1 ¢ jjand ete > yy >0,
and (iiii) ete™ — WTW~Z either with leptonic decay of
both W bosons and hadronic decay of the Z boson or with
hadronic decay of the W bosons and leptonic decay of the
Z boson.

Signal and background processes are generated with
MadGraph5-aMC@NLO [77-79] event generator and are
passed through PYTHIA 8 [81,82] for parton showering,
hadronization, and decay of unstable particles. Delphes
3.3.2 [83,84] is employed to account for the detector
effects similar to an International Linear Detector (ILD)-like
detector [47]. The SM input parameters are taken as
the following [85]: my = 125.0 GeV, m, = 173.34 GeV,
my = 80.385 GeV, and m; = 91.187 GeV.
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The tracking efficiency of an ILD-like detector is set to
99% for charged particles with pr > 0.1 GeV and
In] <2.4, including electrons and muons. Electrons,
muons, and photons with transverse momenta greater
that 10 GeV are reconstructed with an efficiency of 99%
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FIG. 2. The transverse momentum and pseudorapidity, and mass distributions of
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in an ILD-like detector. The momentum resolution for
muons is Ap/p = (1.0 +0.01 x py[GeV]) x 103 for

In]

<1

and  Ap/p = (1.0+0.01 x p7[GeV]) x 1072

for 1 < || <2.4. The electron and jet energy resolutions
are assumed to be
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the reconstructed Z(¢*¢~) and Higgs

boson (bb) for particular values of ¢, = 0.1, ¢, = 0.1 and SM background processes. The distributions are depicted after the

preselection cuts.
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TABLE L

PHYSICAL REVIEW D 95, 055026 (2017)

Expected cross sections in units of fb after different combinations of cuts for signal and SM background processes.

The signal cross sections are corresponding to particular values of ¢ = 0.1 and ¢, = 0.1. The center-of-mass energy of the collision is
assumed to be 500 GeV. More details of the selection cuts are given in the text.

/s =500 GeV Signal Background
Cuts Cy ¢, SM (H + Z) tt zZ Zy,yy, WWZ
Cross sections (in fb) 4.51 16.76 5.00 24.77 36.16 11.47
M: 27, |n’| < 2.5, p’{i > 10 341 12.22 3.79 15.18 23.27 7.37
(I0): 2 jets, [!| < 2.5, pi' > 20, ARyj 2 0.5 2.48 8.81 2.75 11.21 13.95 4.52
(II): 2b-jets 1.09 3.84 1.22 4.71 1.16 0.35
Iv: p?f_ > 100 1.06 3.56 1.18 0.51 0.73 0.094
(V): 90 < myj, <160, 75 < myp+p- < 105 0.921 3.040 1.022 0.078 0.138 0.003
AEectron _ 15% 1 1.0% Cross sections of signal and background processes after
Edecron  +/ Eeecron(GeV) imposing each set of cuts are presented in Table L
AE. 50% According to Table I, the cut o+n_transverse momentum
Jets +1.5%. (7) of the reconstructed Z boson (p'; ") and the window cuts
Ejess Ejes(GeV) on the reconstructed Higgs and Z boson masses efficiently

Jets are reconstructed with the anti-k, algorithm [86]
using the FastJet package [87] with a cone size parameter
R = 0.5. The b-tagging efficiency and misidentification
rates depend on the jet transverse momentum and are taken
according to an ILD-like detector [47]. At a transverse
momentum of around 50 GeV, the b-tagging efficiency is
around 64%, c-jet misidentification rate is 17%, and a
misidentification rate of the light jet is around 1.2%.

We select the signal and background events according to
the following requirements: Exactly two same flavor oppo-
site sign charged leptons (£ = e, p) with the transverse
momentum p5 > 10 GeV and the pseudo-rapidity of |r,| <
2.5 are required. Each event is required to have only two

b-tagged jets with pj;ts > 20 GeV and [rj;s| < 2.5. To make

sure all objects are well isolated, we require that the angular
separation AR/, s = v/ (A¢)? + (An)* > 0.5. The above
cuts are denoted as the preselection cuts.

To reduce the contributions from all background proc-
esses without a Higgs boson or a Z boson in the final state,
window cuts on the reconstructed Higgs boson and Z boson
are applied. It is required that 90 < m,; < 160 GeV and
75 < myp < 105 GeV. In Figs. 2, we show the transverse
momentum, pseudorapidity, and mass distributions of the
reconstructed Higgs (bb-pair) and Z (I*[~-pair) bosons for
center-of-mass energy of /s =500 GeV for the SM
background processes and for the signal processes with
¢y = 0.1 and ¢, = 0.1. The distributions are depicted after
the preselection cuts. As it can be seen, the reconstructed
Higgs and Z bosons in signal events tend to reside at high
transverse momentum region while the 77 background
process is in low transverse momentum region. As a result,
the transverse momentum distributions of Higgs or Z
bosons are good variables to suppress the contribution of
the ¢f background process. In addition to the above
selection, an additional cut on the Z boson transverse
momentum is applied. Because of the correlation between
the transverse momenta of the Z boson and Higgs boson,
only the cut is applied on one of them.

reject the background contributions and keep the signal
events. In particular, these cuts are very useful to reduce the
11 background process and yy, Zy, WTW~Z backgrounds.

In order to achieve good sensitivity to the new effective
couplings and find the exclusion regions for c¢;, a shape
analysis on an angular distribution of the final state
particles for which the shape of signal is different from
background processes is performed. Figure 3 shows the
distribution of the cosine of the angle between the highest
pr b-jet and the highest p; charged lepton, cos(#, b), for
the signal and for the SM background processes after the
preselection cuts. For the H + Z signal, the charged lepton
and b-jet tend to be produced mostly back to back at
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FIG. 3. The cos(Z, b — jets) distributions for SM production of

the Higgs boson in association with a Z boson and H + Z
production in the present various couplings at the center-of-mass
energy of /s = 500 GeV. The distributions are depicted after the
preselection cuts. The signal distributions are presented for
particular values of the coupling set to 0.1. The distributions
of two main background processes ¢7 and ZZ are depicted for
more illustration. The uncertainty on the SM H + Z production is
only the statistical uncertainty corresponding to the integrated
luminosity of 300 fb~!.
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cos(Z,b) ~ —1. As it can be seen, some of the dimension-
six operators could modify the shape of the cos(¢,b)
distribution with respect to the SM production of Higgs
associated with a Z boson. For example, switching on ¢,
leads to an increase of the number of events in the region of
cos(Z,b) > 0 while nonzero value of ¢y leads to a
decrease of the number of events in the region of
cos(Z,b) > 0 with respect to the SM Higgs production
in association with a Z boson. The 7 background process
has almost a flat distribution while the ZZ process has a
shape almost similar to the ¢, signal process.

At this point, it should be mentioned that other distri-
butions such as the Higgs boson transverse momentum that
differentiates between signal and background processes
could be used to derive limits on the new couplings. In
particular, performing a simultaneous likelihood fit on both
distributions [cos(Z,b) and p%] would lead to better
results. In the present work, only the cos(Z, b) distributions
of signal and background processes are used to obtain the
upper limits on the new effective couplings.

PHYSICAL REVIEW D 95, 055026 (2017)
IV. STATISTICAL METHOD

In order to obtain exclusion regions in the (¢;; ¢;) plane,
where ¢; ; are coefficients of the dimension-six operators
defined in Eq. (2), a binned y* analysis is performed on the
do/dcos(¢, b) distribution. At a time, we switch on two
effective couplings (¢;; ;) as well as the SM H + Z process
and all background processes with the same final state.
Therefore, the y? is a function of two effective couplings
(¢;;¢;) and has the following form:

(8)

o Tbins NEh(Z',Z')—NeXp 2
}(z(ci;cj): [ %] i } 7

ANST

where NW(¢;;¢;) = 6,(¢;;¢;) x €; x B(H — bb) x L and
N;™? are the number of signal and SM expected events in
the ith bin of the cos(Z,b) distribution. ¢,(¢;;¢;) is the
cross section of the signal process in the ith bin of the
cos(¢, b) distribution and L is the integrated luminosity.
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The selection efficiency in each bin is denoted by ¢; and
B(H — bb) is the branching fraction of Higgs boson decay
into the bb pair in the SM framework. For my = 125 GeV,
the value of the branching fraction of Higgs boson decay
into bb is 0.584 with the relative theoretical uncertainty of
+0.032 and —0.033 [85]. The combined statistical and
systematic uncertainties in each bin is denoted by AN

It is defined as AN;P = \/ NSMTORE (] A2 5 NSMTKE)

sys i

where Ay reflects the effect of an overall systematic
uncertainty. In this work, the results are presented with and
without considering any systematic effects. The predicted
constraints at 95% CL considering only one Wilson
coefficient in the above fit are obtained as well.

V. ANALYSIS RESULTS

In this section the results of the analysis are presented for
the electron-positron collisions at the center-of-mass ener-
gies of 350 and 500 GeV. The expected two-dimensional

PHYSICAL REVIEW D 95, 055026 (2017)

contours at 68% and 95% confidence level on (c;,c;)
coefficients are shown in Figs. 4 and 5 for the integrated
luminosities of 300 fb~! and 3 ab~! of collisions at
/s =350 GeV. For comparison, the results are also
presented for the center-of-mass energy collision of
500 GeV in Fig. 6. For both integrated luminosities and
both energies, one can clearly see that the limits on the
coefficients (¢yyw, Cy) are considerably stronger than the
other coefficients.

At the center-of-mass energy of 350 GeV, for some
Wilson coefficients, increasing the integrated luminosity
from 300 fb~! to 3 ab~! can improve the constraints by a
factor of around 2 and some by a factor of 3.

From Table II, where the bounds from one dimensional fit
are extracted, it can be seen that going to higher energy of the
electron-positron collisions, from 350 to 500 GeV, leads to
improvements for the Wilson coefficients. For example, the
constraints obtained from 350 GeV with the integrated
luminosity of 300 fb~! on ¢y, are —0.00480 < ¢y, <0.00379,
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FIG.5. Contours of 68% and 95% confidence level obtained from a fit using the cos(Z, b — jets) distributions for /s = 350 GeV with

an integrated luminosity of 3 ab™!.
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FIG. 6. Contours of 68% and 95% confidence level obtained from a fit using the cos(¢, b — jets) distributions for the center-of-mass
energy of /s = 500 GeV with an integrated luminosity of 300 fb~!.

which is tightened as —0.00324 < ¢y < 0.00231 at a coefficient in the fit. In [42], the constraints on the Wilson
500 GeV machine. coefficients have been obtained at the LHC at 14 TeV using

It is instructive to compare the sensitivity of the bounds  the expected signal strength and the expected Higgs boson
expected from the high-luminosity LHC with the bounds  transverse momentum. The LHC bounds have been esti-
obtained here in this study. In Table II, the results of this = mated using various Higgs boson production modes and
analysis are compared the ones expected to be achieved  decay channels. As it can be seen, while in this work only
by the LHC with the integrated luminosities of 300 fb~! one Higgs production mode and decay has been consid-
and 3 ab~! for the case of considering only one Wilson  ered, more sensitivity is achievable on the coefficients ¢y,

TABLEIIL. The expected bounds at 95% CL on the Wilson coefficients from the LHC [42] at the center-of-mass energy of 14 TeV with
300 fb~! and 3000 fb~! as well the limits obtained form the current analysis in the electron-positron collisions at the center-of-mass
energies of 350 GeV and 500 GeV considering only one coefficient in the fit.

LHC-300 LHC-3000 e~et —350 — 300 e~et =350 —3000 e~et =500 — 300
Cy[x107] [-8.0, 8.0] [—4.0, 4.0] [—4.80, 3.79] [-1.37, 1.27] [-3.24, 2.31]
ey [x10°] [< =50, >50] [—44, 35] [-118.43, 129.85] [-39.40, 40.70] [-117.58, 145.86]
Crw|[x10%] [-7.0, 10.0] [-4.0, 4.0] [-6.19, 5.52] [-1.87, 1.80] [-3.65, 3.03]
Ey[x103] [-1.9, 2.2] [-0.6, 0.7] [-61.09, 19.78] [-19.09, 6.25] [-43.09, 19.64]
Crp[x10%] [-8.0, 11.0] [-4.0, 4.0] [-51.35, 19.51] [-17.20, 6.61] [-24.70, 9.96]
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and ¢y at the electron-positron colliders with respect to
the LHC. In this work, the sensitivity to the dimension-six
coefficients is obtained by considering only the Higgs
boson decay into a bb pair. Including the other Higgs boson
decay channels such as H — yy, H > WW*, H - ZZ*,
and H — 77 provides significantly improved sensitivity to
dimension-six coefficients. The hadronic and invisible
decays of the Z boson as well as using the WW-fusion
Higgs production channels would be significantly useful to
improve the exclusion ranges at the electron-positron
colliders.

It is notable that the next-to-leading order corrections
[88-90] to the production cross section of H + Z produc-
tion could modify the shape of the cos(Z, b), which needs
to be considered in obtaining the sensitivity. To consider
such effects, an overall large uncertainty of 10% in each bin
of cos(Z,b) distribution is taken into account and the
bounds are computed again. For example, the constraints
on ¢y and Cyy at the center-of-mass energy of 350 GeV
with an integrated luminosity of 3000 fb~! are as follows:
—0.00144 < ¢y <0.00133 and —0.00196 < ¢y < 0.00189.
Therefore, including a 10% conservative uncertainty would
not weaken the limits significantly.

The above bounds can be used to constrain the param-
eters of a few explicit models beyond the SM that at the low
energy limit reduce to the effective Lagrangian introduced
in Eq. (2). In theories with strongly interacting Higgs
bosons, the Wilson coefficients are at the order of [73,75]

2 * 2
o). eolf).
_ m 2 y 2 _ m 2 g* 2
=0 ) < () o) < ()

©)

where the strength of the Higgs boson coupling to a new
physics state is denoted by g* and M is an overall mass
scale of the new possible physical state at which the
effective Lagrangian is expected to be matched with the
explicit models. As an example, translation of our con-
straint on Cy leads to a lower limit of 2.3 TeV on the
scale M.

VI. SUMMARY AND CONCLUSIONS

Hints for physics beyond the SM are expected to be
found in the Higgs boson sector, which in general could

PHYSICAL REVIEW D 95, 055026 (2017)

lead to deviations in the Higgs boson couplings with
respect to the SM predictions. As a result, indirect searches
for new physics via the Higgs boson require precise
measurement of the Higgs boson properties that could
be performed by future electron-positron colliders.

At the electron-positron colliders with the center-of-mass
energy above the m; + my threshold, a large number of
Higgs bosons could be produced in association with Z
bosons. With the clean environment in the e~e™ colliders,
the H + Z events could be tagged easily through the
leptonic Z decays and Higgs boson decays into bb pairs.
The expected very good resolution for lepton and jet
momenta measurements and identifications provides the
possibility to characterize this final state efficiently.
Therefore, a very precise measurement of the total and
differential cross section of H 4 Z can be performed at the
future electron-positron colliders. In this work, by perform-
ing a comprehensive analysis including the main sources of
background processes and response of the detector, we find
the potential of a future electron-positron collider to search
for new physics originating from a complete set of effective
dimension-six operators that can contribute to Higgs boson
production associated with a Z boson. We perform an
analysis on the differential cross section of the cosine of the
angle between the most energetic charged lepton from Z
boson decay and the most energetic b-jet from the Higgs
boson decay to find the sensitivity of the e~ + e™ — H + Z
process to the dimension-six operators. The analysis is
done at the center-of-mass energies of 350 and 500 GeV
with an ILD-like detector considering the integrated lumi-
nosities of 300 fb~! and 3 ab~!. It is found that the e~ +
et — H + Z process has a great sensitivity to dimension-
six operators induced at tree level. We show that high-
luminosity runs of the future electron-positron colliders
would be able to improve the sensitivity of the high-
luminosity LHC to new physics via the Higgs boson.
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APPENDIX: CUT FLOW TABLE FOR THE CENTER-OF-MASS ENERGY OF 350 GeV

Table III presents the expected cross sections after different combinations of cuts for signal and SM

background processes.
particular values of ¢y =0.1 and ¢

V5 = 350 GeV.

4

The numbers are given in units of fb. The signal cross sections correspond to
= 0.1. The center-of-mass energy of the collision is assumed to be
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TABLE III.
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Expected cross sections in units of fb after different combinations of cuts for signal and SM background processes.

The signal cross sections correspond to particular values of ¢z = 0.1 and ¢, = 0.1. The center-of-mass energy of the collision is
assumed to be 350 GeV. More details of the selection cuts are given in Sec. III.

/s =350 GeV Signal Background

Cuts cy ¢, SM (H + Z) tt 77 Zy,yy, WWZ
Cross sections (in fb) 10.21 26.46 11.30 10.42 59.42 20.62

M: 2¢, '] < 2.5, pf > 10 7.33 18.63 8.10 6.17 40.86 7.74
(ID): 2 jets, [7| < 2.5, p' > 20, ARy je 2 0.5 5.09 12.99 5.61 4.58 24.44 5.76
(II): 2b-jets 2.00 5.10 2.21 1.73 1.87 2.30
av): p’;v_ > 100 1.55 3.64 1.71 0.08 0.81 0.46
(V): 90 < myj, <160, 75 < myp+p- < 105 1.284 2.997 1.410 0.003 0.122 0.016
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