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In the framework of the Minimal Supersymmetric Standard Model we investigated the decay channels of Higgs bosons
H(h, A),H* into arbitrarily polarized fermions: H(h,A)—> ff, H" >ff’, HA) >ff'W", H ->ffw".

Analytical expressions for the widths of these decays are obtained, the transverse spin asymmetries and the degree of longitudinal
polarization of fermion are determined. The dependence of the asymmetries and the widths of the decays on the mass of the Higgs

bosons are studied.
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1. INTRODUCTION

Standard model (SM) interactions of elementary
particles is a combination theory of electroweak
interactions based on the symmetry  group
SU, (2)xUy (1) and Quantum Chromodynamics (QCD),
based on a gauge group SU-(3). The Group
SU (2)xUy (1) has satisfactorily describes electroweak
interactions leptons, quarks and gauge bosons [1-3] and
QCD-strong interactions of quarks and gluons [4, 5].

The amazing feature of CM is the phenomenon of
spontaneous electroweak symmetry group violations as a

result of which gauge bosons, the charged leptons and
quarks are acquire mass [1-3]. A doublet of scalar fields

(/)0

component of which has a vacuum value different from
zero. As a result of the electroweak group
SU,| (2)xUy (1) spontaneously broken to electromagnetic

symmetry group Uq (1). Three of the four components of

+
(z):{w J is introduced into the theory, the neutral

a scalar field ¢ absorbed W* - u Z° -vector bosons. The
fourth component neutral condition of the scalar field is
the Higgs boson Hgy, .

In various laboratories in the world carried out
searches for Higgs bosons. Discover the Higgs boson
Hgy and study its physical properties was one of the

main tasks of the large Hadron Collider (LHC). Finally, in
2012 year a scalar Higgs boson has been discovered at the
LHC collider by the ATLAS and CMS collaborations
[6.7] (see also reviews [8-10]), and this began a new
phase of research to determine the nature of this particle.
It should be noted that along with SM, widely
discussed in the literature the Minimal Supersymmetric
Standard Model (MSSM) [11-13]. Here, in contrast to SM
injected two doublet complex scalar field with hyper-

charges-1 and 1
_[(H _[(H;
(01 Hl, J ¢2 H20 )
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To obtain the physical fields of the Higgs bosons,
the fields ¢, and ¢, are represented in the form

0 _ 1 (o +H +iP]
1 \/E Hl, !

b1 M
2 J2lv, +HI+iP? )

Here H.,P},Hy,P] are fields that describe the

excitation system on vacuum states <(p>:iu and
1 1

V2

1 .
(9,) —ﬁuz

Mixing fields H andH), get CP-even Higgs
bosons H and h (mixing angle « ):

HY) (cosa sina)H;
h) \—sina cosa\H?)
Similarly, mixing the fields P and PJ, and also

H;" and H5 , we obtain a CP-odd Higgs boson A and
charged Higgs bosons A *and H ~ (mixing angle 3 ):

G°) (cosp sinpg\ P’
A) \=sing cosp)\P)

G* cos B sin B\ H;
H*) (-sing cosp)\H:)
G” And G* — neutral and charged Goldstone bosons.

Consequently, after the spontaneous symmetry
breaking, five Higgs particles appear in the MSSM: CP-

even h-and H -bosons, CP-odd A -hison and charged
H"-and H~ -bosons.

In the MSSM, the Higgs sector is characterized by
six parameters My, M;,M 4, M, ., and 3. Of these,
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only two parameters are free, such parameters usually
take the mass M, and the parameter tgg. This

. .U . -
parameter is equal to the ratio — and varies within
b

1<tanf<™ _355,
mb

where m, =173.2 GeV and m, =4.88 GeV are the

masses of t - and b -quarks.
The masses of CP- odd h - and H -bosons (charged

H™ -bosons) are expressed by the masses M, and
M, (M and My, ):

M2

Figure 1 shows the dependence of the masses h -,

H - and H*-bosons as a function of the mass of the
pseudoscalar 4 -boson at a value of the parameter
tgB =3 and masses M, =91.1875 GeV, M,, =80.385
GeV. With an increase the mass of the 4 -boson from

100 GeV to 400 GeV, the mass of the light h-boson
varies from 60 GeV to 72.255 GeV while the masses of

the H(H™)-bosons vary from 121.216 (128.303) GeV
up to 403.85 (407.987) GeV.

500

450 r

100 150 200 250 300 350 400

M, GeV

Fig.1. The dependence of the masses of the h-, H - and H*-
bosons on the mass M ,

The mixing angles of the fields « and g are related
by:

M2 4+M?2
tan2a:tan2ﬂg, (—%Sa<0j.

Mi—-M;

We note that the decay channels of the standard
Higgs boson have been studied in a number of works [2,
14-18]. In this paper we have studied the decays of the
Higgs bosons of MSSM through channels:

1 _ 2
2 :E[M§+M§+\/(M§+M§) —AM2M2c0s’2f], M2 =M2+M].

H* > f+f', @)
H(A) >t+b+W ", ®)
H* Sb+b+W*, (4)

Here f f (f f') is a fermion (lepton or quark) pair.
These channels of Higgs bosons decay were previously
considered in a number of papers (see [11] and there
references to primary sources). However, in these papers
the polarization states of fermions are not considered. Our
analysis shows that the study of the polarization
characteristics of fermions in these decays can provide
valuable information on the nature of Higgs bosons. We
obtained analytical expressions for the width of the
reduced decays with allowance for arbitrary polarization
of the fermions, the dependence of the decay width and
spin asymmetries on the mass of the Higgs bosons was
studied.

2. THE DECAYS OF h(H; A) — f+ f

The Feynman diagram of the decay of a neutral
Higgs boson into a fermion pair is shown in Fig. 2, where
four impulses and the polarization vectors of the particles
are written in parentheses.

£ (2 5,)

1P, s)

Fig.2. The Feynman diagram of the decay h(H;4) — f + f

MSSM claims that the h- and H -bosons are CP -
even particles, and the 4 -boson CP is odd. In this
connection, we consider the decay of a boson ® whose

h(H;4) > T+1, @ interaction with the fermion pair simultaneously contains
the CP - even and odd components:
M@ — £ 1) =gor [T (P1,5))(@+bys)or (P2, 5:)1D(P). ©)
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where ggq4 is the interaction constant of the d-boson  pseudoscalar 4 -hoson, ®(p) is the wave function of the

with the fermion pair, a and b are some constant @ boson normalized to unity. _
parameters,, and for a=1and b =0 we obtain the decay The width of the decay of the @ boson into a

. fermion pair is proportional to the square of the matrix
amplitudes of the CP-even h- and H -bosons, and for

element (5):
a=0 and b=1 it is the decay amplitude of theI

dr.&) A 2 _NcB 2 2 2N o axE =
o =64ﬂ;M® M@ — £ 1) =12‘;”; 924 Mg fa° BT+ (& &) —2(RE)(AE,)]+ [0 “[L- (&18)1 +
+2Re(ab”) g [(i&)) - (&, )] + 2 Im(ab”) B; (Ai[&, &, D}, (6)

where N is the color factor (N =1 for the production | Suppose that the fermion pair is transversely

of the lepton pair and N =3 for the production of the  polarized (& =7, 52 =1n,, 7, and 7, are the
quark pair), m; and M are the fermion and @ boson  transverse components of the spin vectors of the fermion

> pair):
masses, g - 1_4m7f2 is the fermion velocity , i —is L .
Mo (An,)=(M7,)=0.
the unit vector along the fermion momentum, &, and &,
— are unit vectors directed along the spins of the fermion In this case, the width of the decay ® — f + f is:

and antifermion in their rest systems. |

dr@i,,7,) NcOer B, o B
(;722772) - ;28(1:,2 M‘D{]a|2ﬂf2(1+771772 )+|b|2(1_771772 )} @)

From this formula it follows that if the transverse ! can occur only for antiparallel transverse polarizations of
polarizations of the fermion pair are parallel (7,7, =1), the fermion pair (7,77, =—1):
then the decay of the ®-boson can occur only due to the

CP-even interaction: dr' (7,77, =-1) _ bl
. | —aa WA
[(7.77, =1 2 3
do |a| B . If the angle between the(8t)ransverse polarization

vectors of the fermion pair 7, and 77, is the ¢, then the

The decay of the @ boson due to CP-odd interaction decay width of the a @ — f + f takes the form:

dr(,,7,) NcGor B, ) .
Tllal M {2’ B2 A+ mm, 00 @) + b L 1,77, €08 ) + 2Im(@b") B, 7y, Sin o},

dQ 1287°
(10)
In this case, two types of transverse spin asymmetries can arise:
T T
dl'(p=>)/dQ-dl(p=-—)/dQ *
_ 1 (o 2) (o 2) _ 2 Im(ab ) )
2 2!
W2 dr(p = %) /dQ+dT(p = —%) 1o 13+
2 2
1 dl(p=0)/dQ-dl(p=7)/dQ [a|" —|b| W)

* o, A0 =0)/dQ+d(p=m)/d2  [af" +]pf"

The transverse spin asymmetry A, differs from zero | parameters @ and b is zero, then the transverse spin
only in the case when the ®-boson is a mixture of the CP-  asymmetry A, will be either +1 or -1, depending on
even and odd states, and this asymmetry can reach values  whether the Higgs boson is a CP-even or an odd particle.

of the order of 1 if the parameters a and b are Now suppose that the fermion pair is longitudinally
approximately the same. For a pure CP state, one of the  polarized:

131 H.Javid ave, AZ-1143, Baku 24
ANAS, G.M.Abdullayev Institute of Physics
E-mail: jophphysics@gmail.com



DECAYS OF SUPERSYMMETRIC HIGGS BOSONS INTO FERMIONS

(ﬁé)zﬂq' (ﬁ§2)=—/12, (5152):_2'1/12'

where 4, and A, are the helicities of the fermion and

NB

(4, 4,) 27

It follows that in the decay of the ®-boson to the
fermionic pair of the helicity of the fermion and

antifermion must be the same (CI)—>fRf_R or

®—> f,_ f,_, where fy and f_are right-handed and

left-handed polarized fermions). This is due to the
conservation of the total angular momentum in the decay

® —> f + f . We determine the degree of longitudinal

polarization of the fermion in the decay of & — f + f
by formula

(4 =1)-T(4 =-1) _2Re(ab’),
T4 =D+T(4 =1 |’ g2+

f

As can be seen, the degree of longitudinal
polarization of the fermion, as well as the transverse spin
asymmetries 4, and 4, , is a source of information about
the interference of the CP- even and CP-odd amplitudes
in the decay ® — f + f .

The total width of the decay @ — f + f , summed
over the spin states of the fermion pair, is given by:

N¢ B;
87

(@ —>ff)= M, 92, [a” B2 +o|’1.

According to the MSSM, the coupling constants of

the Hgy, h, H and 4 hosons with a fermion pair are
determined by the expressions given in Table 1.

Tablel.
The Higgs coupling constants of bosons with a fermion pair in
the MSSM

o Jott Jaobb
m m
Hsm — —-
n n
i m, cosa _m, sing
n sing n cosf
H m; sina _ My Cosa
n sing n cosp
m m
A —Lctgp —tgp
n n

02 M, {lld° B2 +[b]" 10+ 4,4,) + 2Re(@b") B, (4, + 4, .

antifermion.
The total width of the decay of the @ boson into a
longitudinally polarized fermionic pair is:

(13)

I We note that in the table the 7 is the vacuum value
of the standard Higgs boson field

n=(/2G.)¥? =246 Gev,

G is the Fermi constant of weak interactions.

As follows from the decay width (15) and from
Table 1, with increasing mass of the Higgs boson My,

and fermion m; the probability of ® — f +f decay

increases. Because of the smallness of the masses of the
electron, muon, u-, d- and s-quarks, the decays

®—e +et, D> u +u",®—>u+ltd
®—>d+d and ®—>S+S are suppressed. Higgs

bosons h, H and A can decay into a pair of 7 ¢z*-

leptons, and a pair of cc-, bb -quarks. The heavier H
and A4 -bosons can decay into a pair of t -quarks.
Fig. 3 shows the dependence of the decay widths

rH —>tf) and T'(A — tt) on the mass of the Higgs
boson at a parameter tg/ =3 and M, =173.2 GeV .
As noted above, with increasing mass of the Higgs boson,
the H —)tf decay widths increase. In addition, as seen
from Fig.3, the width of the decay (B)>t+t
predominates over the width of the decay H — t +t.

400 500 600 700 800 900
M,, GeV

1000

Fig. 3. The dependence of the decay widths H —> ttand 4 —stt
on the mass M,
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3. THE DECAY OF H* — f + ' decay H* —> f + f ' is analogous to the diagram shown
) . in Fig.2.
The charged Higgs boson can decay into a lepton According to the MSSM, the matrix element of the

pair H™ —>17+v(H™ —1" +¥,) or a quark pair  gecay f7* —5 f + f' can be represented in the form:
H* >t+b (H™ —>b+f). The Feynman diagram ofthel

=n_ Y
M(H" - f + f’)=‘an“f (P1,8)IM 9B+ 75) +metgBA=y:)loe (P, S, )H (P), (16)

here U . is an element of the Kobayashi-Maskawa matrix in the case of the creation of a quark pair (f f’=qq’), and
at the production of a lepton pair U 4. =1.

For the Higgs decay width of the boson on the polarized fermionic pair Z7* — f + f' the following expression is
obtained:

2
dr(,, & Ug| N .
(g;)gz) =12f;”277;: MH+\/(1_rf —r.)? —4rr, x{[mictg’B+mitg®pBl-[1-r, —r,, —2\rr (68,1 -

—(x, = 2r, =2.Jr,r RE)AE)] +[mictg’ B —mitg® Blx \[x! —4r, [(A&) - (RE,)]-4m m,. Jr.r] +

+ (1_ ry — rf, )[me my (5152) + (XlM ,i+ B Zm? - 2mf m f’)(ﬁgl)(ﬁgz)] -M ,i+ (Xl B 4rf )(ﬁi)(ﬁgz)}
(17)

The notations are introduced:
2E, m? m?,
X, = r. = r,, =—— .
1 L | 2 v °f 2
M o+ M o+

In the case of the production of a transversely polarized fermion pair (ﬁefl) =(fn)=0, (ﬁefz) =(n7,)=0 and
the decay width will take the form:

— 2
dr(m.7,) _ |Uﬁ'| Ne
dQ 1287°n*

MH+\/(1_rf —rp)? —drerg x{[mfctg?B+mitg?B1-[1—r¢ —r =2 rere (7)1 -
—4Amemg Jrere +2meme (-1 —r{)(7:77,)} (18)

We determine the transverse spin asymmetry in the decay Z* — f + f' by the relation:

A dCGi, =1 1dQ -dU (7, = 1)1 dQ _ 2,Jrir{ =1 —r. —rctg®f—r.tg*p)
dC (i, =1) 1 dQ+dT (7, =-1)/dQ  [L—r, —r,.]-[r,ctg?B+r, g2 B]—4r.r,.
(19)

When a longitudinally polarized fermion pair is produced in the decay of #* — f + f’ the total probability is
expressed by the formula
Ul Ne

F(@,zz)=WMH+J(1—rf —r)* —4rro{[mictg* B +mitg® Bl x

‘2

x[L=r; =1 +(X = 2r )4 4,] +[m$Ctg 213_ m?'tg ZIB]X

X\/Xf —4r (A, +4,)—4memg frirg —(@1-r, —rO(ME. —2mE)44,} (20)
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We determine the degrees of longitudinal polarization of the t-quark in the decay H™ —>t+b by the formula
(with respect to the polarizations b -quark is summed)

o DA =D)-T(h=-1)_ [rctg?B —rtg? B —r1, —1,)% —4r,
YT =) +T(4 =-1)  [retg?B+ntg?BlA-r — 1) —4rr,

(1)

Figure 4 shows the dependence of the transverse spin asymmetry (19) on the mass of the Higgs boson in the
decayof H" —>t+b at m, =173.2 GeV, m, =4.88 GeV and tgB =3.

035 A(H'> th)

180 200 220 240 260 280 300
Mg, GeV

Fig. 4.The dependence of the transverse spin asymmetry on the mass M . in the decay H* —tb.

Figure 5 illustrates the dependence of the degree of longitudinal polarization of the t-quark in the decay
H* >t+b onthe mass of the Higgs boson at tgs =3 and tgs =30.

Note that using the ATLAS detector in the process of producing a tt -quark pair in proton-proton collisions at
Js =7 TeV the degree of longitudinal polarization of the t -quark was measured [19].

0,7

0,2

180 200 220 240 260 280 300
Mg, GeV

Fig. 5. The dependence of the degree of longitudinal polarization of the t -quark in the decay H* —>tb on the mass M "

The total decay width H* — tb, summed over the polarization states of the quarks, is:

= Ugpl’N
CE atb)=';'[—nfMH+J(1—n—rb>2—4nrb [(mZctg5+mtg® A1, —1,) —4mm, /i, 1. (22)
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Fig. 6 illustrates the dependence of the total width of the decay H™ —>th onthe Higgs mass of the boson M . at

tgB =3 and tgB =30.

As can be seen, with increasing mass of the Higgs boson, the decay width increases, an increase in the parameter
tgp also leads to an increase in the width of the decay.

11

10 |

9 I

I,GeV

200 220 240 260 280 300 320 340 360 380 400

Mg, GeV

Fig. 6. Dependence of the decay width T'(H* — tb) on the mass of M o

4. THE DECAY OF H(A) —>t+b+W"

If the masses of the heavier H and 4 bosons are slightly less than the masses of the tt -quark pair
My (M ,) <2m, ,then they can decay into the real and virtual top quarks:

H(A) Stat —>t+b+W",
H(A) >t+t" —>t+b+W".

The decay of @ —>t+b+W~ (where @=H or 4) is described by the Feynman diagram shown in Fig.7. In the
MSSM, the matrix element corresponding to this diagram can be written as:

RA/ - 9w * = 3 p_r)l_mt
M(D —>thwv ) = 2 U k) [u(p,,s,)O 1+ .s))], 23
( ) = G 22 ﬂ( ) [U(p,,s,) (p_pl)z_mt2+imtl_,t 7#( 75)0(P2,S,)] (23)

where U;(k) is the 4-vector polarization of the W~ — boson, g,, is the interaction constant of the W boson with the

quark pair tb, related to the Fermi constant by the relation Yw _ Ge
sMZ 2

w

, Ty is the decay width of the t -quark, and the

matrix O depends on the scalarity or pseudoscalarity of @ -boson:
for @ = H the O isthe identity matrix (C3 =1),and in the case @ = AtheO =75.

t(P.,S1)

W(k)

?(p-pl)

b(p,s.)

Fig. 7. The Feynman diagram of the decay @ — tow~

After squaring the amplitude of the process ® —>t + b+W~ we will have:
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PPENE 9ot
M (® — thwW = uEw @ —>thw - 24
‘ ( )‘ 8M<?>[(1_Xt)2+rt7t] luv ﬂV( ) ( )

where the notations are introduced:

G,,—isthe W boson tensor arising when summing over the polarization states of the vector boson
* k/J 14
G, = XU, (K, (K) =-g,,+—", (25)
pol M

and I, (@ —>tt_)\N’) is the quark tensor, which is given in Appendix 4 .

The product of the W -boson and quark tensors G (®—> thw - ) is given in Appendix B .

v;zv

The width of the Higgs boson decay of the ® —>t+b+W ~ channel is expressed by the formula

dr(d —>t+b+W") = (22”)

K dp, dp, 0 k) (26
M, M (@ -t )‘ 2z )325 (27)°2E, (27)°2E, 5(p=p=p, = k). (29)

We define the quark spectrum in the case of the production of a longitudinally polarized t -quark . For this, we
must take the integral over the phase volume of the vector W -boson. Then the expression for the decay width will have
the form:

1 I‘M((D—)tEW')‘Z

dr(® >t+b+W") = -
16(27)°M,, E,EE,

dﬁldﬁzé(M¢ - Et - Eb - Ew) ! (27)

where the bar over the square of the matrix element means that is summed over the polarizations of theb - antiquark.

Integrating now over the emission angles of t- and b -quarks, for the decay width ® —>t+b+W~we obtain
expression:

di'(® >t+b+W"7) 21 dl,(® >t+b+W") L+ A4P) (28)
dx.dx, 2 dx.dx,
Here B
dl, (@ >t+b+W™) 92.Gr M, 29)
dx, dx, 32v27° (L-x)* +1y,

the width of the decay ® —t +b+W " at the creation of polarized quarks, A, is helicity of the t -quark, and P, is its
degree of longitudinal polarization

P =-2, (30)

the functions f, and f, are obtained from the product of the G (@ —>thw ™ ), tensors given in Appendix B .In

uv ,uv
the decay of the scalar boson H —>t +b +W ~the functions are equal to:

f,=r,[x, (X, —4r) +(4r, -D@A-x, +1, - )]+

+(1_Xt +n—r, _rb)[xw(xt _4rt)+(4rt _1)(1_Xb +r, =T, _rt)]v
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f, =r,{yx’ —4r[x, (X +g—2rt)—2(1+ r,+r —r)]+

Xt

7=T2Tut

+@Q-x, +r —r, —r){[X, (X +%—2rt)—xt —2(r, + 1 —r,) X’ —4r, +

+ —=2r)[2(0 =Xy + My — 1 — ) = X% X I} +

1 X
+(x, —=-2r)2Q-x, —r, —r, +1,) - XX,] ——} (31)
2 X2 —4r,
In the decay of the pseudoscalar boson 4 —t + b+W " these functions are given by expressions:

f,=r,[xx, —1+x, +r,+r, —r,]+@—x +r —r)x, —1+x, -1, +r,+r,);

X.r
=1, [+ 1,)X,y X —4r, —%(2(1—& —X, —F, +1, + 1)+ XX, )]+

X7 —4r,
+(@=X, + 1, +1, =1 )[(% X )VXE =4 — (X, — X, — X, + XX, +2(r, +1, —1,)) ——=] (32)
x. —4rt
2E5 2E _
w - . .
Here X, M Xy = M =2 — X, — X, are the scaling energies of the antiquark b - and W -boson,
[} [}

Figure 8 shows the dependence of the longitudinal polarization degree of the t -quark on the scaling energy x, at
M, =300GeV, x, =03 and M,, =80.385GeV. As follows from the figure, with increasing t -quark energy, the

degree of its longitudinal polarization in H—>t+b+W~ decay decreases, and in the decay of A—>t+b+W-
increases.

08 f
06 |
04
02 f

P:

0 -

02 |

04 |

-0,6

038 L . . L . .
1,155 L16 1,165 1,17 1175 118 1,185 119

Xt

Fig. 8. Energy dependence of the degree of longitudinal polarization of the t -quark
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5. THE DECAY OF H* ->b+b +W1*

If the mass of the charged Higgs boson is M ,. <m +mj, then the decay of this boson into a virtual t-quark

and the real b - antiquark is possible, and t -quark can decay into a W™ vector boson and b is a quark. Thus, one of

the possible decays of a charged Higgs boson isthe H* —b+t" —b-+b+W™* process. This decay is described by the
Feynman diagram shown in Fig. 9.

7b(|%)
H"(p) W)

b(p,)

Fig. 9. The Feynman diagram of H* — bW * decay.

The matrix element of the decay H* —b-+b+W " can be represented in the form:

+ NAJ — 9w Utb
M(H " — bW )= U, (K)x
272 \/577 g
_ p, + K +m
Xu(p1)7y(1+75) 12 2 = [Mytg B —y5) + mctg B+ y5)lo(p,).
(p, +k)*—m; +im,T,
(33)
On the basis of this matrix element for the width of the H* —>b+b+W * decay, we have expression:
AR o BBN)  SSEML e e
dx, dx, 3271'3[(1_)(2"Lrb_rt)z"LrtJ/t]L ° ? ° '
x[r,BA—-x, —r,)+2r,)+(1-X, — rw)z] + [mtzrtCtg 2B - mﬁtg - X, +1,)] %

x[r,d-x, +r, —2r,)+@-x% —-r,)d-x, +r, )} (34)

Here x, and x, are the scaling energies of the quark b and antiquark E,and I, r, and r,, are given above.
If the mass of a charged Higgs boson is A7,. >90 GeV, thenb -quark mass my, can be neglected in the decay

width (34). In this case, the width of the H* —b+b+W* decay is greatly simplified:

dr(H* >bbv*)  3GIM, .U, micig’s
dx,dx, 32”3[(1_ X, = rt)z +17]

[rw(xl + X2 _1) + (1_ Xl - rw)(l_ X2 + I’W)]
(35)

Integrating this expression with respect to the variables x, and Xx,, for the total decay width H*™ —b +b+W*
we obtain the expression:

_ 3G2 4 1 2 2 _
F(H* >brbsw )= e By o var —aryin Ty
647 I, r,(r, -1
r,—r 1-r
+(3r7 —4r, =3rZ +1) Inﬁ—g+ - (3rt3—rtrw—2rtrvf+4rj)+rw(4—§rw)}. (36)
t t
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This expression of the decay width is valid for a mass of a charged Higgs boson M ,. <m; +m, —T.
Fig.10 illustrates the dependence of the decay width r(H* —bbwv*) on the mass of Higgs the boson M . . It is

evident that with an increase in the mass of the charged Higgs boson, the width of its decay along the channel
H* >b+t" >b+b+W™ increases from 5.838 MeV to 6.415 MeV, and then monotonically decreases to 0.675 MeV.

0

100 110 120 130 140 150 160 170
Mg, GeV

Fig. 10. The dependence of the decay width H* —bdw* on the mass M -

CONCLUSION.

Within the framework of the MSSM, we discussed the decays of neutral and charged Higgs bosons into polarized
fermions: h(H;A) —> f+f, H" > f+f’, H(A)>t+b+W ™~ and H* —>b+b+W™. Analytical
expressions for the widths of these decays are obtained, transverse spin asymmetries and the degree of longitudinal
polarization of fermions are determined. The dependence of the asymmetries and the widths of the decays on the mass
of the Higgs bosons are studied. Numerical calculations are presented in the form of graphs for the decay channels
H(A) >t+t, H" >t+b,H(A) >t+b+W-and H* ->b+b+W™.

APPENDIX A

Here we give the quark tensor expression in A —t +b+W and 4 —>t+b+W- decays.
In the decay of H —>t+b+W ™

va(H_)taN_)=4[(p' pl)—thZ][(p, p2),uv +mb(p’52),uv]++2(4mt2 B Mﬁ)[(pl, pz)ﬂv +

+m, (P, S;),,]+4m (p-$)I(P, P2) v + My (P,S,) . 1+ 2M [2(p- p,) — M) —2m{]x
x[(S1, P2) 0 + My (S1,8,),,, 1+ 8m (P P)I(P,,S1) .0 + My (S, P1) LT

In the decay of A—>t+b+W-
I,uv(A_)taN_)=4(p pl)[(p’ pZ),uv +mb(plSZ)yv]_2Mi[(p1' pZ);zv +mb(pl’52),uv]+

+4m (p-s)[(p, P,) . + mb(p’SZ)yv]++4mt3[(Sl’ P2) 0 My (S1,8,) 0]

We note that (b, c),, denotes a brief notation of the tensor

(b,c),, =b,c, +c,b, —(b-c)g

uv?

where b and care arbitrary 4-particle vectors.
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APPENDIX B
kK,
Consider the product of the tensor G ,,=—@,, +——— on the tenzor
(P P2) v =P, P2 + P, P2, —(P-P2)G,,:
(-9, + ) [P, P,y + P2, P, —(P-P,),, ]=—(P-P,)— (P, - P)+4(P-P,)+

MZ

MZ

[(p-K)(p, -K)+ (P, - K)(P-K)—k*(p- p,)]=2(p- p2)+M

(p-K)(p, -K)—=(p- p2) =

w

2
=(p- pz)+W(p-k)(p2 -k).

As a result, for the productof G ,, 1 ,,

G iy 1 (H =t ") =4[(p- p,) —2m]-[(p- ;) +m, (p-s,)] +2(4m]

(H —thv - )tensors in the decay H —t+b+W "~ we obtain :

~M2)x

X[(pl : p2)+mb(p1 ~SZ)]—|—2mt[2(p- pl)_Mfi —thz]-[(pz 'Sl)+mb(52 '51)]"'

+8m, (p- p)I(p, -

w

5,) +m, (s, -s1>]+%{4[(p- p,) - 2mZ1(k - p) + 2(4m?

-Mi)k-p,)+

+4mt(p'31)(k’ p)+2mt[2(p' pl)_Mli _thz](k'sl)"'smt(p' pl)(k'sl)}'[(k' p2)+mb(k'52)];

+4mt(p'sl)[(p' p2)+mb(p'sz)]+4mt3[(s

[1]

[2]

[3]

[4]

[5]

[6]

[7]

In the decay of a pseudoscalar 4 — boson the product of these tensors is given by:

G, I#V(A_)tBN_)le(p' p,)-[(p- p2)+mb(p-sz)]—2M,i[(p1-p2)+mb(p1-82)]+

“P2) My (S -8))]+ ——

[4(|O p.)(K-p)—2M (k- p;)+

w

+4m, (p-s;)(k- p)+4m (k-s;)]-[(k - p,) +m, (k-s,)].
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