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GENERAL CHARACTERISTICS OF THE WORK 
 

Relevance of the topic and degree of elaboration. One of the most 
interesting and rapidly developing areas of modern physics is high-
energy elementary particle physics. The Standard Model (SM), based 
on the local gauge symmetry group ܷܵ(3) × ܵ ܷ(2) × ܷ(1), de-
scribes fundamental particles (quarks, leptons) and the strong, weak, 
and electromagnetic interactions between them. This model also ex-
plains the producing of the scalar Higgs boson field as a result of the 
spontaneous breaking of the local gauge symmetry ܵ ܷ(2) and gaining 
mass of particles due to the Higgs mechanism.  

With the discovery of the Higgs boson with a mass of 125 GeV at 
the LHC (Large Hadron Collider) by the ATLAS and CMS collabora-
tions, a new page was opened in elementary particle physics and it 
went down in history as the most brilliant event of recent decades. 
Therefore, the investigation of the processes involving the Higgs boson 
in high-energy physics and making measurements more accurate in ex-
periments will remain relevant for the next decades.  

The discovery of ܹ±, ܼ and ܪ- bosons, whose existence was pre-
dicted by SM, was a brilliant victory of this theory. However, despite 
SM's great achievements in the description of phenomena related to ele-
mentary particles, this theory also has its own shortcomings. Irregular dis-
tribution of the masses of leptons and quarks in a wide range (the smallest 
mass electron is 340,000 times lighter than the largest ball quark), the 
great effect of virtual vacuum particles on the mass of the Higgs boson, 
the mass of neutrinos and their mixing, the imbalance of matter and anti-
matter in nature, the absence of any candidates for dark (hidden) matter 
particles is a drawback of SM. Solving all these issues suggests a new 
physics behind the SM, and in this regard, the most discussed physical 
model is the Minimal Supersymmetric Standard Model (MSSM).  

The main goal of the LHC and future electron-positron and muon-
antimuon colliders (ILC, CLIC, FCC-ee, CEPC, MC) is to detect with 
great precision ܪ, ℎ,ܪ,ܣ± Higgs bosons and their physical character-
istics – mass, partial width, full width, to measure the interaction con-
stants between ܹ± and ܼ bosons, leptons and quarks, chargeinos, 
neutralinos and scalar fermions and them, as well as the interaction 
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constant of the Higgs bosons themselves. It is great interest to study 
the processes taking place with the participation of Higgs bosons, tak-
ing into account the polarization states of particles, in solving such ac-
tual issues. Theoretical studing of the degrees of longitudinal and 
transverse polarization of fermions produced in the decay channels of 
neutral ܪ,ℎ,ܣ and charged ܪ± Higgs bosons, degrees of circular and 
linear polarization of ߛ-quanta, as well as distributions of final parti-
cles according to energy and angles CP-pair, partial and full decay 
widths of Higgs bosons, masses and interaction constants with other 
particles and with each other can be obtained.  

Object and subject of research. The processes occurring on the 
cleavage channels of Higgs bosons ܪ,ℎ,ܣ and ܪ± of MSSM were 
taken as the object of research in the dissertation. The main subject of 
the study is the spin effects produced in these processes due to the con-
sideration of possible polarization of particles. 

The goals and objectives of the dissertation. The main goal of the 
dissertation is to theoretically study a number of decay channels of 
neutral ܪ,ℎ,ܣ and charged ܪ± Higgs bosons of the MSSM and to an-
alyze various spin effects in these processes. 

In order to achieve the goal of the dissertation, the following 
issues have been put forward: 

1. To calculate the differential and full widths of the ܪ(ℎ,ܣ) → ݂ ሜ݂ 
and ܪ± → ݂ ሜ݂ᇱ decay processes, taking into account the arbitrary polari-
zation states of the fermion and antifermion, to determine the characteris-
tics that can provide information about the CP-parity of Higgs bosons. 

2. Τo determine the spiral amplitudes, differential and full widths 
of the ܪ → ܼ݂ ሜ݂ and ܪ± → ܹ݂ ሜ݂ᇱ decay channels, to study the depend-
ence of the full probabilities on the mass of the Higgs boson. 

3. To explore the decay channels of ܪ and ܣ bosons (ܣ)ܪ → ∗ݐ̄ݐ ݐ→ ሜܾܹି, (ܣ)ܪ → ∗ݐݐ̄ → -ା, to study the dependence of the longituܹܾݐ̄
dinal polarization degrees of ݐ- and ܾ-quarks on quark energy.  

4. To obtain the formulas of the full probabilities of the decay chan-
nels ܪ → ܪ ,∗ܼܼ → ܪ ,∗ܹܹ → ܣ ,∗ܼܣ → ℎܼ∗, ܪ± →  ±ܹ(ܣ;ℎ)ܪ
(ܼ∗ → ݂݂,ܹ∗ → ݂݂ᇱ̄) οf Higgs bosons, to study the dependence of the 
probabilities on the masses of Higgs bosons and ߚ݃ݐparameter.  

5. To calculate the ݐ-quark and ܹ-boson loop diagrams that give 
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full widths of the Higgs bosons decay channels ܪ(ℎ;ܣ) → (ܣ;ℎ)ܪ ,ߛߛ → ±ܪ ,ܼߛ → (ܣ;ℎ)ܪ ,±ܹߛ → ݃݃.  
6. To calculate the probabilities of Higgs bosons ܪ → ℎܾ ሜܾ ܣ , →ܼℎℎ, ܪ± → ܹ±ℎℎ, ܪ± → ܹ±ܾ ሜܾ  decay channels and to explore their 

dependence on the mass of Higgs bosons. 
7. To calculate the degrees of circular and linear polarization of the ߛ-quantum in radiation decays of Higgs bosons into fermion-antifer-

mion pairs ܪ(ℎ;ܣ) → ݂ ሜ݂ߛ. 
8. To get the formulas of the probabilities of the Higgs bosons ܪ(ℎ;ܣ) → ߯ି ߯ା, ܪ(ℎ;ܣ) → ߯ ߯, ܪ± → ߯± ߯ decay channels and 

to analyze certain spin effects in the processes.  
Research methods. Feynman diagram technique, the most reliable 

research methods of quantum field theory, theoretical and mathemati-
cal physics, elementary particle physics tested for many years were 
used in the dissertation work.  

The main scientific provisions are obtained as follows:  
1. Decaying of a CP-even (odd) Higgs boson into a transversely 

polarized fermion-antifermion pair is possible only if their transverse 
spin vectors are parallel (ߟԦଵߟԦଶ) = 1 (antiparallel (ߟԦଵߟԦଶ) = −1).  

2. The fermion and antifermion produced in the ܪ(ℎ;ܣ) → ݂ ሜ݂ de-
cay must have the same helicity ோ݂ ሜ݂ோ or ݂ ሜ݂. The degree of longitudi-
nal polarization ܲ of the fermion can give some information about the 
CP-parity of the decaying Higgs boson. 

3. The width of the decaying (ܣ)ܪ → ߬ି߬ା increases with the in-
crease of the mass ܯு(ܯ), but the full width of the decaying ℎ →߬ି߬ା decreases with the increase of the mass ܯ. 

4. The full width of the decay channel of the Higgs boson ܪ →ℎℎ∗ → ℎܾ ሜܾ  first increases with the increase in mass ܯு and reaches 
its maximum value at ܯு = 144.62 GeV, with further increase in 
mass, the width of the decay begins to decrease.  

5. The degree of longitudinal polarization of the t-quark in the (ܣ)ܪ → ݐ ሜܾܹି decay first decreases with an increase in its ݔ௧ ௧ܧ2= ⁄ுܯ ௧ܧ2) ⁄ܯ ) energy, and then gradually increases. 
(ܣ;ℎ)ܪ quantum produced in-ߛ .6 →  decay must be circularly ߛߛ

polarized either right (݈ଵ = ݈ଶ = +1) or left (݈ଵ = ݈ଶ = −1). 
7. The contribution of the t-quark loop diagrams to the (ܣ)ܪ →  ߛߛ
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decay process increases with the increasing of Higgs boson mass. The 
width of the ܪ → ܣ decay is greater than the width of the ߛߛ →  ߛߛ
decay. In the ܪ →  process, the probability first decreases weakly ܼߛ
with increasing of mass ܯு, and starts to increase rapidly after ܯு~ 
315 GeV. The width of the ܣ →  decay increases with increasing of ܼߛ
mass ܯ. The width of the ܪା →  ା decay also increases regularlyܹߛ
with increasing of mass ܯுశ.  

The widths of ܪ → ݃݃ and ܣ → ݃݃ splittings increase with the in-
crease of the mass of the Higgs boson, at small values of the Higgs 
boson mass (ܯః < 270 GeV), ܪ → ݃݃ decay width prevails, and at 
large values (ܯః>270 GeV), ܣ → ݃݃ decay width prevails.  

8. The degree of circular polarization of the ߛ-quantum radiated by 
leptons in ℎ → ߬ି߬ାߛ decay decreases with the increase of the invari-
ant mass of the lepton pair ݔ (with the decrease of the energy of the 
photon), and the degree of linear polarization increases. 

9. The degree of circular polarization of the ߛ-quantum in the ℎ →݁ି݁ାߛ decay due to the top quark and ܹ-boson loop diagrams is neg-
ative, it decreases with the increase in the energy of the ݁ ି݁ା-pair (de-
creasing the energy of the photon) and reaches a minimum when the 
energy is 80 GeV, the degree of circular polarization increases to zero 
with the further increasing of energy. The degree of linear polarization 
of the photon is almost constant and is close to 58%. 

10. Charcino pair, neutralino pair and charcino-neutralino pair pro-
duced in ܪ(ℎ;ܣ) → ߯ି ߯ା, ܪ(ℎ;ܣ) → ߯ ߯, ܪ± → ߯± ߯ decay 
channels of Higgs bosons should have either right or left helicities. As 
the increasing of the Higgs boson mass, the probability of (ܣ)ܪ →߯ଵି ߯ଶା, ܪ → ߯ଶ ߯ଷ, ܣ → ߯ଶ ߯ଷ and ିܪ → ߯ଶି ߯ଵ decays increases. 

The main provisions submitted for protection. The scientific in-
novations obtained as a result of the research are as follows: 

1. For the first time, taking into account the arbitrary polarization 
of the fermion-antifermion pair, the differential and full widths of the ܪ(ℎ;ܣ) → ݂ ሜ݂, ܪ± → ݂ ሜ݂ᇱ decay processes were calculated,  

2. It was established that the degree of longitudinal polarization of 
the t-quark in the decay of the scalar (peudoscalar) (ܣ)ܪ Higgs boson ܪ → ݐ ሜܾܹି (ܣ → ݐ ሜܾܹି) is negative (positive) and decreases (incre-
ases) with the increase in the energy of the top quark and approaches the 
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value −0.7 (0.95) at the end of the spectrum. 
3. The full probability οf the charged Higgs boson decay on the ܪା → ܾ ሜܾܹା channel was calculated, it was shown that with the in-

crease in the mass of the Higgs boson, the decay width first increases 
from 5.838 MeV to 6.415 MeV, and then gradually decreases to 0.675 
MeV at the end of the spectrum. 

4. It has been shown that fermion-antifermion should have opposite 
spiralities in the ܪ → ݂ܣ ሜ݂, ܣ → ℎ݂ ሜ݂, ܪା → ݂(ܣ;ℎ)ܪ ሜ݂ᇱ decay pro-
cesses: ℎଵ = −ℎଶ = ±1. As the mass of the Higgs boson increases, the 
full width of the ܪ → ܣ decay decreases, while the full width of the ∗ܼܣ → ℎܼ∗ decay first decreases, after reaching a minimum, it begins to 
increase. The full width of the ିܪ →  ,decay first increases ∗ିܹܪ
reaches a maximum, and then begins to decrease. 

5. Expressions for the full probabilities of the Higgs boson decay 
channels ܪ → ℎℎ, ܪ → ℎℎ∗ → ℎܾ ሜܾ  have been obtained. It was estab-
lished that the helicities of ܾ-quark and ሜܾ -antiquark in ܪ → ℎܾ ሜܾ  decay 
should be the same: ߣଵ = ଶߣ = ±1. As the mass of the Higgs boson 
increases, the full width of the decay ܪ → ℎܾ ሜܾ  first increases and 
reaches a maximum at ܯு ≅ 148 GeV, and then begins to decrease, 
while the full width of the decay process ܪ → ℎℎ gradually decreases. 

6. The full decay probabilities of scalar ܪ and pseudoscalar ܣ 
Higgs bosons along the (ܣ)ܪ → ିܹ∗ାܪ → ݐ ሜܾܹି channel were cal-
culated, and the expression of the degree of longitudinal polarization 
of the top quark was obtained. It has been shown that with the increas-
ing of the top quark energy, its longitudinal polarization degree first 
rapidly decreases and then gradually increases. 

7. Loop diagrams contributing to ܪ(ℎ;ܣ) → (ܣ;ℎ)ܪ ,ߛߛ →  ܼߛ
and ܪ± → -decays of Higgs bosons were calculated. It was estab ±ܹߛ
lished that in ܪ(ℎ;ܣ) →  quantum should be either right-ߛ ,decay ߛߛ
(݈ଵ = ݈ଶ = +1) or left (݈ଵ = ݈ଶ = −1) circularly polarized. The ܪ ܣ decay width is larger than ߛߛ→ →  decay width and both decay ߛߛ
widths increases with increasing mass ܯு(ܯ). 

8. Analytical expressions for degrees of circular and linear polari-
zation of the ߛ-quantum generated in ܪ(ℎ;ܣ) → ݂ ሜ݂ߛ decays were ob-
tained. It has been shown that with the increasing of the invariant mass 
of the lepton pair (decreasing of the photon energy) in the ܪ(ℎ;ܣ) →
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߬ି߬ାߛ process, the degree of circular polarization of the ߛ-quantum 
decreases, while the degree of linear polarization increases.  

Theoretical and practical significance of research. The scientific 
results of the dissertation work can be used when conducting theoreti-
cal research in the physics of high-energy elementary particles, as well 
as in setting up experiments related to the Higgs boson and discussing 
the results of the conducted experiments (Baku State University, Insti-
tute of Physics of ANAS, Moscow State University, Dubna United In-
stitute of Nuclear Research, at the European Center for Nuclear Re-
search, LHC). 

The results obtained in the dissertation may allow to obtain more 
complete information about the various physical characteristics of the 
Higgs boson, to verify the provisions of the MSSM in experiments at 
high energies. In this work, a number of effects in various decay pro-
cesses of Higgs bosons have been proposed, their study in experiments 
allows determining the physical parameters of Higgs bosons. 

Approbation and application. The main provisions of the disser-
tation work and the obtained scientific results were widely reported 
and discussed in the following scientific meetings, seminars and con-
ferences: 

 “Problems of Physics and Astronomy” International Scientific 
Conference of graduate students and young researchers (May 24-25, 
2018, Baku); 

 International Conference Modern Trends in Physics (01-03 May, 
2019, Baku); 

 The XIV International Scientific Symposium “A PERSON IN 
HISTORY” dedicated to the 140th anniversary of the founder of mod-
ern Turkey, Mustafa Kemal Ataturk (26 May, 2021, Ankara, Turkey); 

 XXIII Republican scientific conference of PHD students and 
young researchers (03-04 December, 2019, Baku); 

 “Problems of Physics and Astronomy” International Scientific 
Conference of graduate students and young researchers (May 21, 2021, 
Baku); 

 1st International Congress on Natural Sciences (İCNAS – 2021) 
(10 September, 2021, Erzurum, Turkey); 

 Scientific seminars of the Physics faculty of Baku State University. 
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A total of 23 scientific papers have been published on the topic of 
the dissertation, including 16 scientific articles (7 of them in journals 
included in the Web of Science database) and 9 conference materials.  

The name of the institution where the dissertation work was 
performed. The submitted dissertation work was performed at the 
"Theoretical Physics" department of Baku State University. 

Structure and scope of the dissertation. The thesis is composed 
of an introduction, four chapters, conclusions, appendixes and a list of 
120 cited references, and is written on 218 pages. The total volume of 
the dissertation work contains (excluding pictures, tables, graphs and 
bibliography) 176 683 (including Introduction – 13004, Chapter I – 
28117, Chapter II – 25028, Chapter III – 57717, Chapter IV – 23016, 
Appendixes – 236, Results – 3446) marks. 103 pictures reflecting the 
results are given in the dissertation.  

 
CONTENTS OF THE WORK 

 
In the introduction, the relevance of the topic is justified, the main 

goal, scientific and practical importance of the dissertation work is de-
termined. Publications are indicated and the content of the dissertation 
is briefly commented.  

In chapter I of the dissertation, the information is given about the 
Higgs boson of the Standard Model and its discovery, the difficulties 
of the Standard Model, as well as the Higgs bosons in the MSSM and 
the interactions of Higgs bosons with other particles..  

The Higgs boson is one of the fundamental objects of SM, which 
has no smiliar among known particles, and is a particle that occupies 
an important place in the physical landscape of the modern world. It 
has already been established in experiments that the Higgs boson is 
electrically neutral, has no spin, P and C pairs are positive (ܬ = 0ାା), 
is unstable, and decays through different channels. In the experiments 
carried out at the LHC, it was detected by the processes of decaying 
into two photonsܪௌெ → -decaying into two pairs of electron-posi ,ߛߛ
tron ܪௌெ → ݁ି݁ା݁ି݁ା, ܪௌெ → ݁ି݁ାߤିߤାor ܪௌெ →  ାߤିߤାߤିߤ
muon-antimuon. 

There five Higgs bosons in the MSSM: ܪ, ℎ, ܪ ,ܣ±-bosons. 
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Supersymmetry is a new type of symmetry that combines fermions 
with spin 1 2⁄  and bosons with spin 0, 1. Here it is claimed that each 
fermion has its own boson and each boson has its own fermion. Unlike 
SM, two doublet scalar fields are included in MSSM, five Higgs boson 
fields are created after spontaneous breaking of supersymmetry: CP-
even ܪ and ℎ bosons, CP-odd ܣ-boson and charged ܪ± bosons. 

In MSSM, the Higgs boson sector is characterized by six parame-
ters: the masses of bosons ܯு -mixing an -ߚ and ߙ ு± andܯ,ܯ,ܯ,
gles of fields. The masses of Н and ℎ Higgs bosons are determined as 
one-valued according to the ߚ-mixing angle with the masses ܯ and ܯ, while the mass of the charged ܪ±-boson depends on the masses ܯ and ܯௐ1: ܯ(ு)ଶ = 12 ቈܯଶ + ଶܯ ∓ ට(ܯଶ + ଶ)ଶܯ − ଶܯଶܯ4 ଶݏܿ  ,ߚ2

ு±ଶܯ (1) = ଶܯ + ௐଶܯ . 
There is also a certain relationship between the mixing angles ߙ and ߚ: 

tg2α = tg2β
ଶܯ + ଶܯଶܯ − ଶܯ ,    ቀ−2ߨ ≤ ߙ < 0ቁ (2) 

Thus, only two of the six parameters defining the Higgs boson sector 
are free. ܯ mass and ߚ݃ݐ parameter are considered as free parame-
ters. 

The ߚ݃ݐ parameter is equal to the ratio of the vacuum values of 
Higgs bosons and varies in the range 1 ≤ ߚ݃ݐ ≤ ݉௧ ݉⁄ = 35,5 
ߚ݃ݐ) = ߭ଶ ߭ଵ⁄ ), where ݉௧ = 173,2 GeV and ݉ = 4,88 GeV are the 
masses of ݐ- and ܾ-quarks. 

The masses of the Higgs bosons ܯு -ு± also satisfy cerܯ  andܯ,
tain conditions: ܯு > ܯ,(ܯ,ܯ)ݔܽ݉ ≤ (ܯ,ܯ)݊݅݉ ≤ ±ுܯ,ܯ >   .ௐܯ

The interaction constants of Higgs bosons with intermediate bosons 
 

1Djouadi, A. The Anatomy of Electro-weak Symmetry Breaking. The Higgs boson 
in the Supersymmetric Model / A. Djouadi. – Tome II. – 2003. – 303 p, arXiv: hep-
ph / 0503173v2. 
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and other particles in MSSM are shown in Table 1. 
Table 1. Interaction constants of Higgs bosons with particles in MSSM ߔ ݃ః௨௨ ݃ఃௗௗ ݃ః ݃ః ݃ఃு±ௐ∓ ܪௌெ 1 1 1 0 0 ܪ 
݊݅ݏ ݊݅ݏߙ  ߚ

ݏܿ ݏܿߙ ߚ)ݏܿ ߚ − ߚ)݊݅ݏ− (ߙ − ± (ߙ ߚ)݊݅ݏ −  ℎ (ߙ
ݏܿ ݊݅ݏߙ ߚ  − ݊݅ݏ ݏܿߙ ߚ)݊݅ݏ ߚ − ߚ)ݏܿ (ߙ − ߚ)ݏܿ∓ (ߙ −  1 0 0 ߚ݃ݐ ߚ݃ݐܿ ܣ (ߙ

Let ܪ, ℎ, ܣ and ܪ± Higgs bosons be denoted by ܪ(݇ = 1, 2, 3, 4), 
then their left and right interaction constants with charcino-neutralino 
pair can be written as follows: ߯ା߯ି :݃ܪ = 1√2 ൣ ܸଵ ܷଶ݁ − ܸଶ ܷଵ݀൧,  

߯߯ܪ:݃ = 12 ൫ ܼଶ − ௐߠ݃ݐ ܼଵ൯(ܼଷ݁ + ܼସ݀) + (݅ ↔ ݆),  

߯±߯ܪ∓:݃ସ = ݏܿ ߚ  ܸଵ ܼସ + 1√2 ൫ ܼଶ + ௐߠ݃ݐ ܼଵ൯൨,  

݃ସ = ݊݅ݏ ߚ [ ܷଵ ܼଷ − 1√2 ( ܼଶ + ௐߠ݃ݐ ܼଵ)].  ܼ and ܷ, ܸ are 4×4 and 2×2 matrices, diagonalizing the mass ma-
trices of neutralino and charcino, the coefficients ݁ and ݀ depend on 
the mixing angles ߙ and ߚ: ݁ଵ = ݏܿ ߙ , ݁ଶ = ݊݅ݏ ߙ , ݁ଷ = ݊݅ݏ− ଵ݀  ,ߚ = ݊݅ݏ− ߙ ,݀ଶ = ݏܿ ߙ ,݀ଷ = ݏܿ   .ߚ

In Chapter II, the channels for the decay of Higgs bosons into fer-
mions in the MSSM were studied. The full widths of such decay chan-
nels of Higgs bosons have been calculated by several authors without 
taking into account the polarization states of the fermion pair. Our re-
search shows that taking into account the polarization states of fermi-
ons can provide some information about the nature of Higgs bosons. 
Taking into account arbitrary polarization states of the fermion pair, 



12 

expressions for the widths of the indicated splitting channels were ob-
tained by us2. 

Thus, in a special case, the matrix element of Higgs bosons decays 
into ݂ ሜ݂-pair was written, taking into account the polarization states of 
the fermion pair, the expressions for the splitting width were obtained. 
The width of decay is equal to the following expression (ߚ is the speed 
of the fermion): ݀ߟ)߁Ԧଵ, ߗ݀(Ԧଶߟ = ܰߚ64ߨଶܯః ݃ఃଶ ×  

× ൜|ܽ|ଶ 12ܯఃଶ −݉ଶ൨ (1 + (ԦଶߟԦଵߟ +|ܾ|ଶ ఃଶ(1ܯ12 −  Ԧଶ)ൠ. (3)ߟԦଵߟ

It can be seen from this that when the transverse polarization vectors 
of the fermion and antifermion pair are parallel (ߟԦଵߟԦଶ = 1), Ф boson 
decay can occur as a result of a single CP-even interaction: ݀ߟ)߁ԦଵߟԦଶ = ߗ݀(1 ఃଶܯ|ܽ|ଶ൫ߚ~ − 4݉ଶ൯~ߚଷ|ܽ|ଶ. (4) Ф boson decay due to the CP-odd interaction is possible when the 
transverse polarization vectors of the fermion pair are antiparallel (ߟԦଵߟԦଶ = ԦଶߟԦଵߟ)߁݀ :(1− = ߗ݀(1−  |ܾ|ଶ. (5)ߚ~

If the angle between the transverse polarization vectors ߟԦଵ and ߟԦଶ of 
the fermion pair is ߮, then for the decay width ߔ → ݂݂ the following 
expression is obtained: ݀ߗ݀(߮)߁ = ܰߚ128ߨଶ ݃ఃଶ ଶ(1ߚః{|ܽ|ଶܯ + ଶߟଵߟ ݏܿ ߮) +  +|ܾ|ଶ(1 − ଶߟଵߟ ݏܿ ߮) + 2 )݉ܫ ଶߟଵߟߚ(∗ܾܽ ݊݅ݏ ߮}. (6) 

In this case, two types of transverse spin asymmetry arise2:  

 
2Abdullayev, S.K., Omarova, E.Sh. Decays of Higgs bosons into fermion-antifermion 
pair // Russian Physics Journal, – 2018. V 61, №9, – p. 1603-1612 
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ଵܣ = ߮)߁݀ = ߨ 2⁄ ߗ݀( − ߮)߁݀ = ߨ− 2⁄ ߮)߁݀ߗ݀( = ߨ 2⁄ ߗ݀( + ߮)߁݀ = ߨ− 2⁄ ߗ݀( = ଶߟଵߟ 2 ଶ|ܽ|(∗ܾܽ)݉ܫ + |ܾ|ଶ, (7) 

ଶܣ = ߮)߁݀ = ߗ݀/(0 − ߮)߁݀ = ߮)߁݀ߗ݀/(ߨ = ߗ݀/(0 + ߮)߁݀ = ߗ݀/(ߨ = ଶߟଵߟ |ܽ|ଶ − |ܾ|ଶ|ܽ|ଶ + |ܾ|ଶ. (8) 

If the Ф-boson consists of a mixture of CP-even and CP-odd states, 
the asymmetry Аଵ is different from zero and this asymmetry can take 
a value close to unity (if the parameters a and b are of the same order 
and the fermion pair is fully transversely polarized ߟଵ = ଶߟ = 1). In 
the case of pure CP, one of the parameters a and b is equal to zero, 
depending on whether the Higgs boson is CP-even or odd, then ܣଶ 
asymmetry takes either +1 or –1. 

For the full Ф-boson decay width into a pair of longitudinally po-
larized fermions, the following expression was obtained: ߁(ℎଵ, ℎଶ) = ܰߚ16ܯߨః ݃ఃଶ ൜[|ܽ|ଶ + |ܾ|ଶ] ൬12ܯఃଶ −݉ଶ൰ (1 + ℎଵℎଶ) − 

[|ܽ|ଶ − |ܾ|ଶ]݉ଶ(1 + ℎଵℎଶ) + ܴ݁( (ℎଵߚఃଶܯ(∗ܾܽ + ℎଶ)ቋ. (9) 

From this expression, it can be seen that in the ߔ → ݂݂ decay, the fer-
mion and antifermion must have the same spirality (ߔ → ோ݂݂ோ or ߔ →݂݂, where ோ݂ and ݂ denote the right- and left-polarized fermion). 
The expression of the degree of longitudinal polarization of the fer-
mion in the ߔ → ݂݂ decay can be defined as follows: 

ܲ = ߔ)߁ → ோ݂݂ோ) − ߔ)߁ → ݂݂)ߔ)߁ → ோ݂݂ோ) + ߔ)߁ → ݂݂) ≅ 2ܴ݁(ܾܽ∗)|ܽ|ଶ + |ܾ|ଶ (10) 

and this expression can provide information about the interference of 
CP-even and CP-odd decay amplitudes of Higgs bosons.  

The transverse spin asymmetries ܣଵ and ܣଶ, as well as, the degree of 
longitudinal polarization of the fermion ܲ, are more convenient to de-
termine in the Higgs boson decay ℎ(ܣ;ܪ) → ߬ି߬ା, because the angular 
distribution of the ିܭ)ିߨ, ି߬ mesons in the (ିߩ → ି߬) ఛߥିߨ →  ,ఛߥି߈
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߬ି → ߬ ఛ) decay is sensitive to the spin of theߥିߩ ି lepton, which allows 
us to determine the polarization of the ߬ lepton experimentally. 

Figure 1 shows the dependence of the ܪ)߁ → ܣ)߁ and (ݐݐ →  (ݐݐ
decay widths on the mass of the Higgs boson. It can be seen from the 
figure that ܣ → ܪ decay is more likely than ݐݐ → -decay. By meas ݐݐ
uring the full decay channels widths ܪ(А) →  in experiments, both ݐݐ
the Higgs bosons masses and the constants ݃ః can be accurately 
determined. 

 

Figure 1. Dependence of the ܪ → ܣ and ݐ̄ݐ →  decay ݐ̄ݐ
widths on the mass of the 

Higgs boson 

It should be noted that in ܪା ⇒ ݂ ሜ݂ᇱ (݂ ሜ݂ᇱpair can be lepton pair ݈ ାߥ 
or quark pair ݍ̄ݍᇱ) and ܪା ⇒  തܾ decays, the transverse spin asymmetryݐ
of the fermion pair and the degree of longitudinal polarization have 
been determined, as well as analytical expressions for the decay widths 
have been obtained and their dependence on the mass of the Higgs 
boson graphs are constructed. Here, by measuring these characteris-
tics, the Higgs boson mass ܯுశ can be determined. 

Figure 2 shows graphs of the dependence of the decay width ܪା ߚ݃ݐ ுశ whenܯ on the Higgs boson mass ܾݐ→ = 3 and ߚ݃ݐ = 30. As 
the mass of the Higgs boson increases, the full decay width increases 
regularly at both values of the ߚ݃ݐ parameter. The decay width ܪା ߚ݃ݐ at the value of the parameter ܾݐ→ = 30 is larger3. 

 
3Abdullayev, S.K., Omarova, E.Sh. Decays of supersymmetric Higgs bosons into 
fermions // Azerbaijan Journal of Physics, Fizika, – 2018. V XXIV, №4, – p. 22-34. 
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Figure 2. Dependence of the ܪା →  decay width on the ܾݐ
Higgs boson mass 

Figure 3 shows the dependence of the transverse spin asymmetry of 
the top quark ܣ௧ and the degree of longitudinal polarization of the b-
quark ܲ on ߚ݃ݐ when the charged Higgs boson mass in ܪା ⇒ -തܾ deݐ
cay is ܯுశ = 125 GeV and 150 GeV. When 10 ≤ ߚ݃ݐ ≤ 30, the spin 
asymmetry and the degree of polarization take a negative value and 
decrease with increasing value of the ߚ݃ݐ parameter4. 

 

Figure 3. Dependence of ܣ௧ 
spin asymmetry and ܲ polar-
ization degree on ߚ݃ݐ param-

eter 

Correspondingly, the ܪ ⇒ ܼ݂ ሜ݂ (ܪ → ܹ݂݂ᇱ) and (ܣ)ܪ →  ିܹܾݐ
±ܪ) → ܾܾܹା) decay processes were studied and for the decay widths 

 
4Abdullayev S.K., Omarova E.Sh. The decay of a top quark via the channel ݐ ⇒  ାܾܪ
// Magistrantların və gənc tədqiqatçıların XXI “Fizika və Atronomiya problemləri” 
ümumrespublika elmi konfransı – Bakı: – 21 may, – 2021, – s. 16-17. 
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and also for the degree of longitudinal polarization of the t-quark in the (ܣ)ܪ →  .decay an expression was obtained (Figure 4, 5) ିܹܾݐ

 

Figure 4. Dependence of the ܪ)߁ → ܼܼ∗) decay width on 
the Higgs boson mass 

 

 

Figure 5. Energy dependence 
of the degree of longitudinal 
polarization of the ݐ-quark 

In chapter III, the decay of Higgs bosons into Higgs and vector 
bosons was studied.  

Here the matrix elements of the processes ܪ(ℎ) ⇒ ܪ ,ܸܸ ⇒ ℎℎ, ܪ ⇒ ℎܾ ሜܾ ܣ , ⇒ ℎܼ and ܪ± ⇒ ℎܹ± are written, and the expression 
of the decay width for each process is obtained. ܫ the decay width is 
known from experiments, it is possible to determine both the Higgs 
boson mass and the ߚ݃ݐ parameter based on the given formula5.  

 
5Abdullayev, S.K., Omarova, E.Sh. Two- and three-particle decay channels of super-
symmetric Higgs bosons // Azerbaijan Journal of Physics, Fizika, – 2019. V. XXV, 
№4, – p. 29-39. 
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Higgs boson decays with loop diagram ܪ(ℎ;ܣ) ⇒ (ܣ;ℎ)ܪ ,(݃݃)ߛߛ ⇒ ±ܪ ,ܼߛ ⇒  were considered. Since the photon (gluon) ±ܹߛ
is a massless particle, it does not interact directly with the Higgs boson. 
Therefore, the Higgs boson decay channels ܪ(ℎ;ܣ) ⇒ (ܣ;ℎ)ܪ ,(݃݃) ߛߛ ⇒ ±ܪ ,ܼߛ ⇒ -are described by loop-particle Feynman di ±ܹߛ
agrams (Figure 6). Loop particles can be heavy fermions (t- and b-
quarks, ߬ି-leptons), ܹ±-bosons, ܪ±-Higgs bosons, scalar fermions ሚ݂, 
charcinos ߯ଵ,ଶ± . 
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c)                                        d)                                  e) 

Figure 6. Feynman loop diagrams of decay ܪ(ℎ;ܣ) →  ߛߛ

For the ܪ(ℎ) Higgs boson decay width into circularly polarized 
photons, the following expression was obtained6: 

ߔ)߁ → (ߛߛ = ாଶߙிܩ ଷߨఃଷ512√2ܯ ⋅ (1 + ݈ଵ݈ଶ) ቮ ܰܳଶ݃ఃܣଵ ଶ⁄ః ൫߬൯ ቮଶ. (11) 

In this formula, summarization over loop fermions was performed, ܣଵ ଶ⁄ః (߬) is the formfactor of a fermion with 1/2 spin (Figure 6,a,b): ܣଵ ଶ⁄ః ൫߬൯ = 2߬ଶ ൣ߬ + ൫߬ − 1൯݂൫߬൯൧. (12) 

It is equal to the ߬ = ఃଶܯ 4݉ଶൗ  ratio in the expression of the fermion 
formfactor. 

The ߔ ⇒  decay width of the corresponding to the ܹ±-boson ߛߛ

 
6Abdullayev, S.K., Omarova, E.Sh. Decays of ܪ(ℎ;ܣ) Higgs bosons into two photons 
(gluons) // Russian Physics Journal, – 2020. V. 62, №9, – p. 1623-1634.  
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loop diagrams (Figure 6,с,d,e) is given by the formula, ߔ)߁ → (ߛߛ = ாଶߙிܩ ଷߨఃଷ128√2ܯ ⋅ ݃ఃௐௐଶ ⋅  ଵః(߬ௐ)|ଶ, (13)ܣ|

where ܣଵః(߬ௐ) = − 1߬ௐଶ [2߬ௐଶ + 3߬ௐ + 3(2߬ௐ − 1)݂(߬ௐ)] (14) 

is the ܹ-boson formfactor, ߬ௐ = ఃଶܯ ⁄ௐଶܯ4 , ݃ఃௐௐ is the interaction 
constant between the ܹ-boson pair and the ߔ-boson, normalized to 
the decay constant ݃ுೄಾௐௐ. 

The charged Higgs boson and Feynman loop diagrams of supersym-
metric particles also contribute to ߔ ⇒  decay. Taking all this into ߛߛ
account, the expression of the decay width ߔ ⇒  in the general case ߛߛ
can be shown as follows6: ߔ)߁ → (ߛߛ = ாଶߙிܩ ଷߨఃଷ128√2ܯ ⋅ ቮ ܰܳଶ݃ఃܣଵ ଶ⁄ః (߬) +  

ு±ଶܯФுశுష2ߣଶܯ+ ః(߬ு±)ܣ +  ܰܳሚଶ݉ሚ ݃ఃሚሚܣః(߬ሚ)ሚ +  

+݃ఃௐௐܣଵః(߬ௐ) +  ±ௐ݉ఞܯ2 ݃ுఞశఞషܣଵ ଶ⁄ః (߬ఞ±)ఞ± ቮଶ.  

ܣ ⇒  decay is described by charcino loop diagrams along with ߛߛ
fermion loop diagrams. In the general case, the following expression 
is obtained for the decay width ܣ ⇒ ܣ)߁ :ߛߛ → (ߛߛ = ாଶߙிܩ ଷߨఃଷ128√2ܯ ×  

× ቮ ܰܳଶ݃Аܣଵ ଶ⁄ ൫߬൯ + ±ௐ݉ఞܯ2 ݃ఞశఞషܣଵ ଶ⁄ (߬ఞ±)ఞ± ቮଶ.  

In the MSSM, it is also possible for ܪ,ℎ and ܣ-bosons to decay into 
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two gluons described by q-quark or ݍ-scalar quark loop diagrams. An-
alytical expressions for the decay widths ߔ ⇒ ߔ) ݃݃ = ;ܪ ℎ) and ܣ ⇒݃݃ are obtained: 

ߔ)߁ → ݃݃) = ଷߨఃଷ64√2ܯ௦ଶߙிܩ ⋅ ቮ݃ః ⋅ ଵଶః൫߬൯ቮܣ
ଶ, (15) 

ܣ)߁ → ݃݃) = ଷߨАଷ64√2ܯ௦ଶߙிܩ ⋅ ቮ݃ ⋅ ଵଶ൫߬൯ቮܣ
ଶ. (16) 

Figure 7 shows the dependence of the decay widths ܪ → ܣ and ߛߛ → ߚ݃ݐ on the mass of the Higgs boson when ߛߛ = 3. It should be 
noted that in the case of a t-quark loop, ݉௧ = 173.2 GeV was taken 
into account. As it can be seen, as the mass of the Higgs boson ܯு 
increases, the value of the splitting width also increases. 

 

Figure 7. Dependence of the 
decay widths ܪ ⇒ and А ߛߛ  on the Higgs boson mass ߛߛ⇒

(t-quark loop diagram) 

Figure 8 shows the graphs of the Higgs boson mass dependence of 
the decay widths ܪ ⇒ ܣ and ܼߛ ⇒ ߚ݃ݐ when ܼߛ = 3 and ݔௐ =0.2315, described by means of t-quark loop7. ܪ± ⇒ ܾ decay occurs with t and ±ܹߛ -quark loop diagrams, and we 
get the following expression for the decay width: 

 
7Abdullayev, S.K., Omarova, E.Sh. Decays of the Higgs bosons ܪ, ℎ,ܣ and ܪ± into a 
photon and a gauge boson // Russian Physics Journal, – 2020. V. 63, №3, – p. 372-384. 
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Figure 8. The dependence 
of ܪ ⇒ ܣ and ܼߛ ⇒  ܼߛ

decay widths on the Higgs 
boson mass 

±ܪ)߁  ⇒ (±ܹߛ = ாଷߙ ܰଶܯுశଷ2଼ ⋅ ଶߨ9 ⋅ ௐଶܯ ×  

× ቆ1 − ுశଶܯௐଶܯ ቇଷ ௐݔ ቈܿ݃ݐଶߚ + ൬݉݉௧   .൰ଶߚ݃ݐ

Figure 9 shows the graph of the dependence of the decay width ܪା ⇒ ߚ݃ݐ ା on the mass of the Higgs boson whenܹߛ = ௐݔ ,3 ௐܯ ,0.2315= = 80,385 GeV, ݉௧ = 173,2 GeV, ݉ = 4,88 GeV. 

 

Figure 9. The dependence 
of decay width ܪା  ା on the Higgs bosonܹߛ⇒

mass 

Also, the ܪ ⇒ ݂ܣ ሜ݂, ܣ ⇒ ℎ݂ ሜ݂, ܪ± ⇒ ݂ܪ ሜ݂ᇱ and ܪ± ⇒ ℎ(ܣ)݂ ሜ݂ᇱ 
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decay channels were studied, suitable expressions for the decay widths 
were obtained, and graphs of the dependence of the decay widths on 
the mass of the Higgs boson were constructed (Figure 10) 8.  

 

Figure 10. The depend-
ence of the decay width ܪ →  on the Higgs ∗ܼܣ

boson mass 

This chapter also considered the degree of circular (linear) polari-
zation of the ߛ-quantum in the Н(ℎ;ܣ) ⇒ ݂ ሜ݂ߛ decays of Higgs bos-
ons. Analytical expressions for the decay width were calculated and 
the expression for the degree of circular (linear) polarization of the ߛ-
quantum was obtained. Also graphs of the dependence of the degree 
of polarization on the output angle of the fermion at different values of 
energy (ݖ = ݏܿ  .have been constructed9,10,11 (ߠ

Figure 11 shows graphs of the dependence of the degree of circular 
polarization of the ߛ-quantum on the invariant mass of the lepton pair ݔ in ܪ ⇒ ߬ି߬ାߛ decay when ݖ = 0 and ݖ = 1. It can be seen from the 
graph that with the increase of the invariant mass, the value of ఊܲ 

 
8Abdullayev, S.K., Omarova, E.Sh. Three particle decays of the Higgs bosons in the 
Minimal Supersymmetric Standard Model // Russian Physics Journal, – 2019. V 62, 
№3, – p. 425-435. 
9Abdullayev, S.K., Omarova, E.Sh. Radiative Higgs boson decay Н(ℎ;ܣ) ⇒ ݂ ሜ݂ߛ in 
MSSM // – Baku: Bakı Universitetinin Xəbərləri, Fizika-riyaziyyat elmləri seriyası, 
– 2020. №2, – p. 65-80. 
10Omarova, E.Sh. Radiative Higgs boson decays Н(ℎ;ܣ) ⇒ ݂ ሜ݂ߛ in MSSM // – Baku: 
Journal of Baku Engineering University, Physics, – 2020. V.4, №1, – p.8-17. 
11Abdullayev, S.K., Omarova, E.Sh. The linear polarization of ߛ-quanta in the decay ℎ(ܣ;ܪ) ⇒ ݂ ሜ݂1 // ߛst International Congress on Natural Sciences (ICNAS – 2021), – 
Erzurum, Turkey: – 10 September, – 2021, – p. 510-513. 
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decreases regularly. 

 

Figure 11. The dependence of ఊܲ on the invariant mass ݔ 

Figure 12 indicates the dependence of the linear polarization degree 
of ߛ-quantum on the cosine of ߠ angle at ℎ ⇒ ߬ି߬ାߛ decay when ݔ =0.1; 0.5; 0.8. It can be seen that when the value of the degree of linear 
polarization of the ߛ-quantum increases (decreases) −1 ≤ ݏܿ ߠ ≤−0.5 (0.5 ≤ ݏܿ ߠ ≤ 1) in ℎ ⇒ ߬ି߬ାߛ decay, while the value of the 
degree of linear polarization of the ߛ-quantum remains constant when −0.5 ≤ ݏܿ ߠ ≤ 0.510.  

 

Figure 12. The dependence of 
the ܲ(ݔ, ݏܿ ݏܿ on the (ߠ  in ߠ
the various values of the ݔ at ℎ ⇒ ߬ି߬ାߛ decay 

Chapter IV is devoted to the processes of the supersymmetric par-
ticles production in the Higgs boson decays. Examples of supersym-
metric particles are charcino, neutralino and scalar fermions. 

Supersymmetric partners of gauge ܹ± and Higgs bosons ܪ± are 
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called as gaugino (vino) ܹ ෩ ± and higgsino ܪ෩±. Chargino ߯ ଵ,ଶ±  is 4-com-
ponent in the the expression of the mass matrix of these spinor fields. 
Chargino ߯ଵ,ଶ± which is a Dirac fermion, is created when vino ෩ܹ ± and 
higgsino ܪ෩± mix with each other. 

In the MSSM while neutralino ߯(݅ = 1, 2, 3, 4) is created super-
pozition of neutral vino ෩ܹ  and bino ܤ෨, otherwise ܪ෩ଵ and ܪ෩ଶ 
higgsinos. The neutralino is a Mayaron fermion, and its antiparticle 
falls on the particle.  

Figure 13 shows the dependence of the masses of charginos ݉ఞభ± 
and ݉ఞమ± on the parameter ߤ when ߚ݃ݐ = 30 and ܯଶ = 150 GeV. As 
it can be seen, as the value of the parameter ߤ increases, the mass of 
the light (heavy) charginos ݉ఞభ± (݉ఞమ±) also increases regularly and 
at ߤ = −500 GeV, ݉ఞభ± = 147 GeV (݉ఞమ± = 512 GeV) and at ߤ =500 GeV, ݉ఞభ± = 145 GeV (݉ఞమ± = 514 GeV). At the zero value of 
the ߤ parameter, the mass of the charginos also takes a minimum 
value12: ݉ఞభ±(ߤ = 0) = 2.696 GeV, ݉ఞమ±(ߤ = 0) = 188.192 GeV.  
 

 

Figure 13. The dependence of 
the masses of charginos on ߤ 

parameter 

We get the following expression for the decay width in the case that 

 
12Abdullayev, S.K., Omarova, E.Sh. Higgs boson decays into a pair of supersymmetric 
particles // Azerbaijan Journal of Physics, Fizika, – 2020. V. XXVI, №2, – p. 38-50.  
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the chargino is longitudinally polarized in ܪ ⇒ ߯ି ߯ା decay: ߣ)߁ଵ, (ଶߣ = ܪ൫߁14 ⇒ ߯ି ߯ା൯[1 + ଶߣଵߣ + ଵߣ) +  ଶ)ܲ]. (17)ߣ

Here ߁(ܪ ⇒ ߯ି ߯ା) = ߨௐଶ2√2ܯிܩ ுೖට(1ܯ − ݎ − )ଶݎ − ݎݎ4 ×  × {[(݃ )ଶ + (݃ோ )ଶ](1 − ݎ − (ݎ − 4݃ ݃ோ ඥݎݎ} (18) 
is the decay width of the process when the chargino pair is not polar-
ized, ܲ is the degree of the longitudinal polarization of chargino12: 

ܲ = [(݃ )ଶ − (݃ோ )ଶ]ට(1 − ݎ − )ଶݎ − [(݃ݎݎ4 )ଶ + (݃ோ )ଶ](1 − ݎ − (ݎ − 4݃ ݃ோ ඥݎݎ . (19) 

From the expression (17), it is clear that in the decay of the Higgs 
boson ܪ ⇒ ߯ି ߯ା, charginos must have the same spirality: ߣଵ = ଶߣ =±1 ( ߯ோି ߯ோା  or ߯ି ߯ା ). This is related to the law of conservation of 
total momentum in ܪ ⇒ ߯ି ߯ା decay. 

The degree of transverse polarization of charginos is given by the 
following expression: ܲୄ = 2 ݃ ݃ோ (1 − ݎ − (ݎ − 4[( ݃ )ଶ + ( ݃ோ )ଶ]ඥݎݎ[( ݃ )ଶ + ( ݃ோ )ଶ](1 − ݎ − (ݎ − 4 ݃ ݃ோ ඥݎݎ ⋅ ݏܿ ߮. (20) 

When ߚ݃ݐ = 1, as interaction constants are ݃ = ݃ோ , the degree 
of the transverse polarization is equal to only cosine angle between ߟԦଵ 
and ߟԦଶ spin vectors: ܲୄ = ݏܿ ߮. (21) 

It is shown that, from (21) expression, when ߮ angle changes from 0∘ to 180∘, the degree of the transverse polarization of the chargino 
also changes from +1 to –1, the next increasing of the azimutal angle 
from 180∘ to 360∘, ܲୄ  enlarges from –1-to +1. 

Figure 14 shows the dependence of the decay width ܪ ⇒ ߯ଵି ߯ଶା on 
Higgs boson mass when ߚ݃ݐ = ଶܯ ,1 = 150 GeV, ߤ = 160 GeV, ܯ = 91.1875 GeV, ܯௐ = 80.385 GeV. The value of the decay 
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width increases with increasing Higgs boson mass. 

 

Figure 14. The dependence of 
decay width ܪ ⇒ ߯ଵି ߯ଶା on 

Higgs boson mass ܯு 

Chapter IV deals with decay of Higgs bosons into neutralino pair ܪ(ℎ;ܣ) ⇒ ߯ ߯, decay of the charged Higgs boson into chargino-
neutralino pair ܪ∓ ⇒ ߯∓ ߯, as well as, decay of charginos into light 
chargino (neutralino) and Higgs bosons ߯ଶ∓ ⇒ ߯ଵ∓ܪ(ℎ;ܣ), ߯ଶ∓ ⇒߯ଵܪ∓, ߯ଷ,ସ∓ ⇒ ߯ଵ,ଶ ℎ(ܣ;ܪ). The matrix element is written, decay 
widths and the degree of the longitudinal and transverse polarizations 
of particles are obtained for every decay channels12. 

Figure 15 indicates the dependence of the decay width ܪ ⇒ ߯ଶ ߯ଷ 
on Higgs boson mass ܯு when ߚ݃ݐ = 3, ଶ݊݅ݏ ௐߠ = 0.2315. As can 
be seen the decay width ܪ ⇒ ߯ଶ ߯ଷ enlarges when Higgs boson mass 
increases. 

 

Figure 15. The dependence of 
the decay width ܪ ⇒ ߯ଶ ߯ଷ on 

Higgs boson mass ܯு 
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Figure 16 shows the dependence of ܣூூ– longitudinal spin asym-
metry, ୄܣ– transverse spin asymmetry, and ܲୄ  – transverse polariza-
tion degree on ߠ angle in ߯ଶି ⇒ ߯ଵିܪ decay. As can be seen, the lon-
gitudinal spin asymmetry initially takes positive values, decreases with 
increasing angle ߠ, and becomes zero when ߠ = 90∘, and then takes 
negative values. Longitudinal spin asymmetry takes maximum value 
when ߠ = 0∘and ܣூூ = 7,9%. Transverse spin asymmetry ୄܣ also 
takes a positive value. As the value of the angle ߠ increases, it also 
increases and when ߠ = 90∘, it takes the maximum value, ୄܣ = 10%, 
then the value of ܲୄ  decreases with the increase of the angle. The de-
gree of transverse polarization of the neutralino takes a negative value, 
decreases with the increase of the angle ߠ and takes the value of –1 
when ߠ = 90∘, the value of the degree of transverse polarization also 
increases with the further increase of the angle. 

Figure 16. The dependence of 
the ܣூூ and ୄܣ asimmetries 

and ܲୄ  the degree of the polar-
ization on ߠ angle at ߯ଶି ⇒߯ଵିܪ decay (݉ఞమష =378.303GeV) 

 
RESULTS 

 
1. Taking into account the cases of arbitrary polarization of the fer-

mion-antifermion pair in the MSSM, the differential and complete 
probabilities of the Higgs bosons decays on ܪ(ℎ;ܣ) → ݂ ሜ݂ and ܪା →݂ ሜ݂ᇱ channels were calculated. It has been shown that when the trans-
verse spin vectors of the fermion-antifermion pair are parallel (ߟԦଵߟԦଶ =1), the Higgs boson decays along the ܪ(ℎ;ܣ) → ݂ ሜ݂ channel can occur 
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due to the CP-pair interaction, and when they are antiparallel (ߟԦଵߟԦଶ =−1), the CP-odd interaction can occur. 
2. The fermion and antifermion produced by the Higgs bosons de-

cays along the ܪ(ℎ;ܣ) → ݂ ሜ݂ channel should have the same helicity: ߣଵ = ଶߣ = ±1 ( ோ݂ ሜ݂ோ or ݂ ሜ݂ helicity cases). ܲ the degree of longitu-
dinal polarization of the fermion carries information about the CP-par-
ity of the decaying Higgs boson. 

3.  ௧ܲ the degree of longitudinal polarization of the top quark pro-
duced in the decay of the charged Higgs boson along the ܪା → ݐ ሜܾ  chan-
nel is very sensitive to the Higgs boson mass ܯுశ. Therefore, by meas-
uring the degree of longitudinal polarization of the t-quark in experi-
ments, the Higgs boson mass ܯுశ can be determined more accurately. 

4. Analytical expressions for the differential and full widths of the 
decay channels ܪ → ܼܼ∗ → ܼ݂ ሜ݂, ܪ → ܹܹ∗ → ܹ݂ ሜ݂ᇱ for the heavy 
Higgs boson into the gauge boson and the longitudinally polarized fun-
damental fermion-antifermion pair have been obtained. It was deter-
mined that the fermion and antifermion formed in the decay processes 
should have opposite helicities: ߣଵ = ଶߣ− = ±1 ( ோ݂ ሜ݂ or ݂ ሜ݂ோ helicity 
cases). The full widths of the ܪ)߁ → ܼܼ∗) and ܪ)߁ → ܹܹ∗) decays 
are very sensitive to the Higgs boson mass ܯு. It is possible to deter-
mine the Higgs boson mass by measuring the ܪ → ܼܼ∗ and ܪ →ܹܹ∗ decay widths of in experiments. 

5. Using the Feynman technique, the loop diagrams corresponding 
to the Higgs bosons decay channels ܪ(ℎ;ܣ) → (ܣ;ℎ)ܪ ,ߛߛ → (ܣ;ℎ)ܪ ,݃݃ → ±ܪ ,ܼߛ →  were calculated and analytical expressions ±ܹߛ
for the full decays widths were obtained. It was established that in ܪ(ℎ;ܣ) →  decays gamma quantum should be circularly polarized ߛߛ
either right (݈ଵ = ݈ଶ = +1) or left (݈ଵ = ݈ଶ = −1). Right and left cir-
cular polarization of one of the photons is forbidden by the law of con-
servation of total momentum. 

6. Analytical formulas for differential probability, degrees of pho-
ton circular and linear polarization were obtained taking into account 
diagrams of radiation of gamma quantum by fermion and antifermion 
in the Higgs bosons decays ܪ(ℎ;ܣ) → ݂ ሜ݂ߛ (݂ ሜ݂-heavy fermion-anti-
fermion pair: ݂ ሜ݂ = ߬ି߬ା, ܿܿ̄, ܾ ሜܾ ) within MSSM. It has been shown 
that the degree of circular polarization of ߛ-quantum decreases and the 
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degree of linear polarization increases with the decrease of photon en-
ergy in the decay process ܪ → ߬ି߬ାߛ. 

7. Analytical expressions determining the dependence of the prob-
ability on the helicities of both the fermion-antifermion pair and the ߛ-
quantum were obtained by taking into account the top quark and ܹ-
boson loop diagrams in the Higgs bosons decays ܪ(ℎ;ܣ) → ݂ ሜ݂ߛ (݂ ሜ݂-
light fermion-antifermion pair: ݂ ሜ݂ = ݁ି݁ା,ݑ̄ݑ,݀ ሜ݀ ,  The degrees .(ݏ̄ݏ
of circular and linear polarization of the gamma quantum, and the de-
gree of longitudinal polarization of the fermion were determined, and 
the dependence of these characteristics on the polar angle ߠ and the 
invariant mass ݔ was studied in detail. 

8. Given the cases of arbitrary polarization of supersymmetric par-
ticles (charcino and neutralino), the expressions of the differential and 
full probabilities of the Higgs bosons ܪ(ℎ;ܣ) → ߯ି ߯ା, ܪ(ℎ;ܣ) →߯ ߯ and ܪ± → ߯± ߯ fragmentations were obtained, and the longitu-
dinal and transverse polarization degrees of charcino (neutralino) were 
determined. By measuring these characteristics in experiments, it is 
possible to obtain certain information about the parameters of the 
MSSM. 
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