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As part of the search for new physics beyond the Standard Model, we chose the determination of the Higgs
boson decay width as one of the least experimentally determined values. The decay widths into the four fermions of
the lightest and heaviest CP-even Higgs bosons of the THDM model were calculated, taking into account QCD and
electroweak corrections in the NLO approximation. To achieve this goal, the program Monte Carlo Prophecy 4f
with special scenarios of parameters, 7B1 and 5B1 were used. It was found that the decay width of the heavier CP-
even Higgs boson H differs from Hgy, by 1227.93 times and changes to a negative value when deviating from the
standard scenarios. Scale factors k. and k,? showed the predominance of the associated with Z boson production

cross section of CP-even Higgs boson over the associated with W production cross section.

PACS: 02.70.-c, 11.80.-m, 13.85.Hd

INTRODUCTION

In light of the latest experimental data on the
searches for new physics beyond the Standard model
(SM). Higgs boson remains the only candidate for a
window into new physics [1]. This task is related to the
experimental study and theoretical predictions of the
properties of the Higgs boson, such as Higgs cross sec-
tions, the partial decay width and with coupling meas-
urements, &. The crucial role for the investigation of the
of the Higgs boson properties is played by the Higgs
branching ratios and decay widths [2]. The Higgs parti-
cle is a massive scalar boson with zero spin, no electric
charge, and no colour charge is very unstable, decaying
immediately into other particles. As all the channels of
decay of the Higgs boson as well as possible new parti-
cles with certain masses have not yet been studied, there
are uncertainties in the properties of the coupling con-
stants and, accordingly, in the decay width of this parti-
cle. This fact is demonstrated by the deviation of the
predicted SM Higgs decay width of about 4.07-10° GeV
from the experimental data, which are presented in Ta-
ble 1 [3, 4].

Table 1
Run 1 observed (expected) direct 95% CL
constraints on the width of the 125 GeV
resonance from fits to the yy and ZZ mass spectra.
The CMS measurement from the 41 mass
line-shape was performed using Run 2 data

Experiment M,, My,

ATLAS <5.0(6.2) GeV | < 2.6(6.2) GeV

CMS <2.4(3.1)GeV | < 1.1(1.6) GeV

The purpose of our paper is to calculate decay
widths of lightest, h, and CP-even, H, Higgs bosons of
Two Higgs doublet model (THDM) [5] as well as the
value of the deviation from SM of the sum of the partial
Higgs decay widths compared to the SM, «;°, through
computer modeling with the help of Monte Carlo pro-
gram Prophecy 4f 3.0 [6].
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THE CALCULATIONS OF DECAY
WIDTH AND SCALE FACTOR

The SM predicts a very small width of about 4 MeV
for a 126 GeV Higgs boson. And the error of the energy
measurement at the Large Hadron Collider is hundreds
of times greater, on the order of 1 GeV, and it will not
be possible to significantly reduce it. As a result, meas-
uring the width of the Higgs boson directly is unrealis-
tic. However, it is possible to accumulate data on the
production and decay of the Higgs boson at significantly
higher energies — not in the vicinity of 126 GeV, but,
say, above 300 GeV [7]. This process will look like the
birth and decay of a virtual Higgs boson. It is, of course,
strongly weakened in comparison with the main process
at the resonance peak, but it can be quite measurable.

As THDM model predicts the existence of five
Higgs bosons, we will carry out our calculations for two
bosons: lightest Higgs boson, h and CP-even Higgs bo-
son, H as the analog of virtual Higgs boson described
above. Thus, the idea of theorists — to accumulate data
on the production and decay of the Higgs boson at sig-
nificantly higher energies can be realized. The effi-
ciency of this method can be estimated by comparing
the calculations of decay widths for the lightest and
heaviest bosons.

The precise experimental investigation of the Higgs
boson and theoretical searches for deviations from the
predictions of SM requires precise Monte Carlo com-
puter modeling. Prophecy 4f computes the inclusive
partial decay widths and differential distributions of the
decay products, where unweighted events for leptonic
final states are provided. The advantage of the Prophecy
4f program is that it allows the calculations for the
Higgs decays into four fermions including full elec-
troweak and QCD next-to-leading order (NLO) correc-
tions with interference contributions between different
WW/ZZ channels, and all off-shell effects of intermedi-
ate W/Z bosons.
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We’ll consider the processes, LO Feynman diagram
of which is in the form of Fig.
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Generic diagram for decay of H — 4f
where V=W, Z, from [6]

The total state width of Higgs boson is equal to the
sum of the partial channel widths [6]:
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The total width can be presented via ZZ, WW de-
cays and their interference:

Pogoap =Uhawsweaas + Daazezomar + Dwwizz—ine
where the components are defined in terms of specific
final states:
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Using scenarios obtained from the experimental
measurements [8] we presented the calculated NLO

results on the four-fermion decays of light CP-even
Higgs boson, h, Table 2.

Table 4
Decay width of CP-even Higgs boson, H
Full decay width _
of lightest Higgs r-ww|r—-zz| rm
boson, h, MeV
-54.487 -71.47 17.203 |-0.22
1176.36 789.98 385.74 | 0.64

The calculations of SM Higgs boson decay width
give us the following result, Table 5

Table 5
Decay width of SM Higgs boson, Hgy
Full decay int
widthh, Mev | T 7WW | T =22 T
0.958 0.858 0.10724 | -0.00724

In the absence of beyond SM (BSM) Higgs decay
modes, total scale factor x;7 is the value of the deviation
of the sum of the partial Higgs decay widths compared

to the SM total width T,
Z (ki mu)
T?;\I (myg)

JEWWR 22 b,
L TR LR TR T
Since the identification of four leptons is the most
detectable decay mode in comparison with other decay
channels, the optimal direction of the search for new
physics will be finding and comparison of the factor
for the decays of two Higgs bosons — the lightest and
the heaviest one into WW or ZZ bosons. So, the scale
factor x;° in this case is the following:
Ko (R ) = Z r'?éi‘;i mir) .
S22 Uy (mar)
) It is also interesting to calculate scale factors xy? and
Kz .

Ky (Kiomy) =

Pwws 2 Uzze 2

TER 7 WO RERT T

ity . %%
which allow probing for BSM contributions in the loops
for each channel separately. Moreover, these factors
make it possible to calculate the deviations from the SM

of the associated production cross sections in accor-

Table 2 :
Decay widths of lightest Higgs boson, h dance with the formulas:
- TW H 2 UZH 3
Full decay width _ SSM T Ky, sy = Kz
of lightest Higgs [’ - WW[F — ZZ| I™ wH ZH .
boson. h. MeV The results of our calculations are performed in the Ta-
— ble 6.
5-Bl 0.92852 0.8326 [0.1007 |-0.00478 Table 6
7-B1 0.93026 0.8311 |0.104 |[-0.00484 Scaling factors of two Higgs bosons
: 2 2 K 2 K 2
We also perform calculations of CP-even Higgs bo- Boson | Scenario | *z o' win
son with the different parameters presented below, in h 5-Bl 0.97 10.939 | 0.967 | 0.969
Table 3 and decay widths, Table 4. h 7-B1 0968 | 097 | 0969 | 0.971
Table 3
H 11 921 3597 | 1218 | 1228
THDM input parameters
From the comparison of the data from Table 6 we
My, GeV My, GeV| My, GeV| 15 tan | cyp see the slight change in x,; factor for 5-Bl and 7-Bl
I 1360 690 420 19 |45 | 0.15 scenarios and huge increase compared to SM one for
scenario II. Moreover, we can see the increasing of K
II | 600 690 690 1.9 145 [0.15 factor for all scenarios with inclusion of interference.
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The BSM contributions in the loops for WW channel
are larger in 5-B1 scenario but for 7-B1 scenario the lar-
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ger contribution in the loops are for ZZ channel. There-
fore, the chose of renormalization schema is also essential
to the final result. The sharp jump in the x;* factor of CP-
even Higgs boson indicates about significant deviation
from the SM and the possible existence of CP-even Higgs
boson with a mass from scenario 7-B1. The difference in
factor ;> compared to x? by almost four times indicates
the predominance of the associated with Z boson pro-
duction cross section of CP-even Higgs boson over the
associated with W production cross section.

CONCLUSIONS

The searches for BSM physics are connected with
studying of Higgs boson properties. The way of the re-
alization of this purpose is connected with decay widths
measurements and theoretical predictions of Higgs bo-
son properties. The most perspective and convenient
Higgs boson decay channel into four fermions is one of
the interesting way of its investigation. For the precise
measurements of decay width in the paper is proposed
THDM model. We have considered lightest and CP-even
heavier Higgs bosons, h and H correspondingly and mod-
eled their decay widths into four fermions with the help
of Monte Carlo program Prophecy 4f 3.0. The results of
our calculations led us to the following conclusions con-
nected with the searches of deviations from SM:

o decay widths of lightest Higgs boson, h and Hgy,
almost do not differ from each other;

e the scale factor x> of CP-even Higgs boson, H
equal to 1228;

o the calculations of decay widths strongly depend
on the parameter space and can take negative values as
the masses of the CP-even and CP-odd Higgs bosons
decrease by almost two times from the parameters of the
B1 scenario;

e account in calculating the interference leads to an
insignificant increase in decay widths;

e the difference in factor x> compared to «x,? by al-
most four times indicates the predominance of the asso-
ciated with Z boson production cross section of CP-even

Higgs boson, H over the associated with W production
cross section.

e BSM contributions in the loops for WW and ZZ
channels vary depending on renormalization schema.
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MOJEJHUPOBAHUE HINPUHBI PACITAJA BO30OHA XUI'TCA B PAMKAX THDM-MO/IEJIN
T.B. Obuxo0, E.A. I[lempenko

B pamkax morckoB HOBOW (PM3WKH 3a MpereraMy CTaHJapTHOW MOJETH HaMH ObLIM BBIOpaHbI ONpEeICHHS K-
pHHBI pacnaza 6o30Ha XuITca, Kak OJHO W3 HAMMEHEee SKCIIEpPUMEHTaIbHO OMpeeeHHOro 3HaYeHus. PaccuuraHa
LIMPHHA pacliaJIoB Ha YeThIpe )epMHUOHA Jierkoro U Tsbkenoro CP-napHoro 603oHoB Xurrca moaenu THDM ¢ yuetom
KX u anekrpocnadbix monpaBok B NLO-mpubimkenun. [ peanusalyy 3TOi ey ObUIa UCIOJIb30BaHa IporpaM-
Ma Monre-Kapio Prophecy 4f co cuenapusimu mpoctpanctsa napamerpos 7B1 u 5B1. BrrisisieHo, 4o mupuHa pacna-
na Tsoxenoro CP-napHoro 603ona Xurrca H otnudaercs ot Hgy, B 1227,93 pasa u MeHsieTcsl K OTPHULIATENILHOMY 3Ha-
YEHHIO IIPU OTKJIOHEHHMH OT CTAHIAPTHBIX ClieHapueB. MacmTabHbie paxtopsi k;* i kj” mokasaau npeobiafaHue cBs-

3aHHOTO ¢ Z-0030HOM ceueHus poxkaenust CP-nmapuoro 6o3ona Xurrca H Hax accoruupoBaHHbM ¢ W-CeUeHHEM.

MOJIEJIOBAHHS IIIUPUHU PO3IMALY BO3OHA XIT'TCA B PAMKAX THDM-MO/IEJII
T.B. Obixo0, €.0. Ilempenko

VY pamkax MourykiB HOBOI (hi3UKH 32 MEXKaMHU CTaHIAPTHOI MOJiesli HaMy OysI0 00paHO BU3HAUYESHHS IIUPUHU PO-
3maay 60o30Ha Xirrca, sIK OJJHOT'O 3 HalMEHIII €KCIIEpUMEHTaJIbHO BU3HAYEHHUX 3HaueHb. Po3paxoBaHa MIMpUHA pO3-
majiiB Ha 4OTUPH (QepMioHM Haitiermoro i Baxkdoro CP-napHoro 6o3oHiB Xirrca mozeni THDM 3 ypaxyBaHHsIM
KX/ i enexrpocnadkux nonpaBok y NLO-Ha0mwkenHi. [ peanizamii 1iel mijii 0yJ0 BUKOPHCTaHO porpamMy Mo-
ure-Kapno Prophecy 4f 3i cuenapisimu npoctopy napamerpis 7B1 ta 5B1. BusiBieno, mo mupuna po3nany Baxyo-
ro CP-napHoro 603ona Xirrca H Binpizusierscst Binx Hgy, y 1227,93 pasu i 3MiHIOETBCS 10 BiJl’€MHOTO 3HAUYEHHS TIPU
BIIXHIICHH] Bijl CTaHIApTHUX cueHapiiB. MacmrabHi daxropu k;” i ky” mokasanu nepeBakaHHs [OB’S3aHOTO 3 Z-
6030HOM Miepepi3y HapomkeHHss CP-nmapHoro 603ona Xirrca H Han acomiioBanuM 3 W-niepepizom.
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