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In the framework of the Standard Model, the process of the radiation decay of Higgs boson into a fermion-antifermion
pair was studied: H = ffy. Taking into account the spiralities of fermions and circular polarization of the y -quanta an
analytical expression is obtained for the decay width. The mechanisms of bremsstrahlung of a photon by a fermion pair, as
well as fermion and #-boson loop diagrams, are considered in detail. The circular polarization of the y -quanta was studied

depending on the angle 6 and the invariant mass x of the fermion pair.
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1. INTRODUCTION

The standard model (SM), based on the local
gauge symmetry SU(3) x SU,(2) x Uy(1),
satisfactorily describes the strong and electroweak
interactions of quarks, leptons, and gauge bosons

+
[1, 2]. A doublet of scalar complex fields ¢ = (Z ) is

o

introduced into the theory, the neutral component of
which has a non-zero vacuum value. As a result, the
electroweak group SU;(2) X Uy(1) spontaneously
breaks down to the electromagnetic group Ug(1). In
this case, three of the four components of the scalar
field are absorbed by gauge bosons. The lagging
fourth component of the scalar field is Higgs boson H.
The standard Higgs boson was discovered by the
ATLAS and CMS collaborations in 2012 at CERN at
the Large Hadron Collider (LHC) [3, 4] (see reviews
[5-7]) and this began a new stage of research to
elucidate the nature of Higgs boson.

The standard Higgs boson can decay through
different channels (see [1, 8]). One of the main
channels of Higgs boson decay is the decay
H =y +y, H=y+ Z which was studied in [1, 8-
10]. Along with these decay channels, much attention
is also paid to the radiative decay H = f + f + 7,

where ﬁ; is a pair of fundamental fermions (leptons,

quarks) [11-15]. In these works, the decay width H =
f+f+vy was determined, the distribution of the
fermion pair over the invariant mass, also the angular
asymmetry of the front and back and the degrees of
longitudinal and transverse polarizations of the
fermions were studied. However, the circular
polarization of the y-quantum is not considered in
these works.

The aim of this work is to study the circular
polarization of a y -quanta in decay

H=f+f+y. (1)

where ff is the fermion pair (lepton T-t%or quark
c¢, bb, pair). In the framework of the SM, taking into
account the longitudinal polarizations of the fermion
pair and the circular polarization of the photon, an
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analytical expression is obtained for the decay width.
The dependence of the degree of circular polarization
of a photon on the invariant mass of a fermion pair is
studied in detail.

2. THE RADIATION OF PHOTON BY A
FERMION PAIR

The radiation decay of the standard Higgs boson
into a fermion pair is described by two types of
Feynman diagrams which are shown in fig. 1.
Diagrams a) and b) correspond to the bremsstrahlung
of a photon by a fermion pair, and diagrams c¢), d), e),
f) and g) are fermion and W- boson loop diagrams.

The amplitude corresponding to diagrams a) and
b) of fig. 1 can be written as follows:

M;_r = ignrreQylts (p1, A1) RUs (P2, A2)].

2)
where
R =6 Ditk+mg _ Dotk-mg e
(p1+K)2-m%  (pp+k)2-m}7
gusr = m[V2Gp)Y/%is  Higgs boson coupling

constant with the fermion pair, mrand Q 7 is mass and
charge of the fermion £, e* is 4-polarization vector of
photon, p, p;, p» and k are 4-momenta of Higgs boson,
fermion, antifermion and photon, respectively, 4; and
A, are spiralities of fermion and antifermion.

Applying the Dirac equations
ﬁf(Pl,Al)(ﬁl - mf) =0, (152 + mf)Uf(szlz) =0,
the amplitude (2) can be changed to:

Ml'—>f = le[af(pl,/ll)RUf(pz,Az)] 3)

Here
2nagppmys

MwsinGW ’

AO = (4)

__2(e*p)+é*k  2(e*py)+ké”*
2(p1°k) 2(ppk)

My, is the mass of W -boson, 6y, is Weinberg angle.
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Fig. 1. Feynman diagrams for decay H = ffy.

The constant of interaction gyss increases when
the mass of the fermion pair increases. Therefore, the
decay of the standard Higgs boson with a mass of
125 GeV can produce fermion pairs ¢+, ¢¢ and bb.
Due to the small mass my the decay channels
Hoe +tet+yHoau +ut+yHou+u+y,
H=>d+d+y and H=s+35+y are suppressed.
The study of the radiative decay of H >t~ + 1t +y
shows particular interest, since the decay channels of
T +v, T 2K +v, T =p” +v;, decay
make it possible to measure the polarization of the z -
lepton. In addition, in the decay of H = 7~ + 1% + y,
a photon can acquire circular polarization, theI

measurement of which is a source of additional
information about the standard Higgs boson.

Note that in the radiation decays of Higgs boson
>t +tt +y, H=>c+c+y and H=>b+b+y
the ratios are —=0,0002«K1,—=5=0,00017 < 1,

H

H

and M—f = 0,00015 « 1. Therefore, we can neglect
H
2

the terms, which are proportional to > . In this case,

on the basis of amplitude (3) for the decay width
H= f+ f +7, the following expression is obtained
(in the system of the center of mass of the fermion

pair p;+p,=4=0):
ar _  AjMpv 2 2
dxdz — 210m3(1-x) (1- UZ )2 X {1+ 44)1 + x5 - )+
+s,(A + 2)(1 = x)[2xv%(1 — z%) + (1 — x)(1 —v223)]}. ()

Here s, =41, it characterizes the circular
polarization of the photon (for s, = +1 the photon has
right circular polarization, and for s, = —1 has the left
one), z = cosB, 6 is the angle between the directions
of Higgs boson and fermion momenta, x determines
the invariant mass of the fermion pair in units of M3:

_a®> _ s _ (p11p2)?
X=w w2z T "
H H H

am?
U= ’1 - Tf is helicity of fermion, N is color factor

(for the lepton pair N, = 1, and for the quark pair

[
NC = 3).

From the decay width (5) of H=> f + f +y it
follows that the fermion and antifermion must have
the same spiralities: A, =, = +1 (f.f;, or frfz »
where f; and f are the left and right fermions). This
is due to the conservation of the total moment in the
H = f + f transition. The decay width (5) also shows
that when a longitudinally polarized fermion pair is
produced, the emitted photon acquires circular
polarization.

We determine the degree of circular polarization
of the y - quanta in the standard way:
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__ dl(Ag;sy=+1)/dxdz—dl'(A1;sy=—1)/dxdz _

Y " dr(Ay;sy=+1)/dxdz+dT (15 =—1)/dxdz

Figure 2 shows the angular dependence of the
degree of circular polarization of the photon for
various invariant masses of the t-tt lepton pair:
x=0,102; x=0,23 and x=0,518. It can be seen
that for the values of the cosines of the angle
0<z<0,9, the degree of circular polarization of the
photon in the H = t~+t*+y process is almost
constant, and for0,9 <z <1, with increasing cosines
of the angle @, the degree of circular polarization of
the photon decreases. An increase in the energy x
carried away by the t-t% lepton pair leads to a
decrease in the degree of circular polarization of the
photon.

Figure 3 illustrates the dependence of the degree
of circular polarization of a photon in the
H=1"+t" +y decay on the invariant mass x at
z=0 andz=1. As can be seen, with an increase in
the energy x carried away by the lepton pair 7~ 77,
the degree of circular polarization of the photon
monotonically decreases and vanishes at the end of the
spectra (forx=1).
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Fig. 2. Angular dependence of the degree of circular
polarization of a photon in the H = v~ vy decay

at 2.1 = +1 |
dar _ AgMpv
dx ~ 210g3
where
1 1+v
L==-ln—.
v 1-v

The degree of circular polarization of the photon
integrated over the particle angles 6 is determined by
the formula:

C(a-0)[-2x+(1+x02)L]
(1+x2)L

P

y =4h

)

Figure 5 shows the energy dependence of the
degree of circular polarization of the photon in the
H=>t 4+t +y decay at My =125GeV,

m, = 1.778 GeV. With increasing x, the degree of
circular polarization of the photon decreases.

C(-0)[2xv3(1-2%)+(1-x) (1-v32?)]
(1+x2)(1-v2z2)

(6)

- M

Fig. 3. Dependence of the degree of circular polarization of
a photon in the H = 7~ t*y decay on the invariant
mass x forAd; = +1.

The decay width H = f + f +y , summed over
the polarization states of the photon and fermion pair,
is given by:

dr A3SMyN v
dxdz  128m3(1-v2z2)

1+x2
1-x

(7

In fig. 4 shows the dependence of the decay
width H = 77+1% 4+ y on the invariant mass x at
My =125GeV, m; =1.778 GeV, M, = 80.385
GeV, sin?6,, = 0.2315 and various values of the
cosines of the angle #: z=0; z = 0.5. As can be
seen, with an increase in the invariant mass x , the
decay width H = t7+1% + y increases, a decrease in
the exit angle 6 leads to an increase in the decay
width.

Integrating (5) over the particle exit anglesf, for
the decay width H = f + f + ¥ we find the following
expression that determines the distribution of the
fermion pair over the invariant mass x :

1l\i_cx{(1 + 4 A)(A+x3) L+ s, (A; + 2)(1 —x0)[-2x + (1 + xvh)L]}. ®)

Figure 5 shows the energy dependence of the
degree of circular polarization of the photon in the
H=1+tt+y decay at My =125GeV,
m, = 1.778 GeV. With increasing x, the degree of
circular polarization of the photon decreases.

The decay width H = f+f+y, which
characterizes the distribution of the fermion pair over
the invariant mass x without taking into account the
polarizations of the particles, is determined by the
expression:

dl _ AgMpNc¢ 1+x? n (1+v)
1-v

dx 12873

(10)

1-x
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Figure 6 illustrates the dependence of the
H=1"+1tt4+y decay width on the invariant mass
x at My = 125 GeV. With an increase in the fraction 8r
of energy carried away by the t-7* lepton pair, the
H = 7~ + t* + y decay width increases.
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invariant mass x
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x The  amplitude  corresponding to  the
Fig. 4. Dependence of the decay width H = 7-t*y on the  bremsstrahlung of the photon by the fermion and
invariant mass x . antifermion (diagrams a) and b) in fig. 1) is
" proportional to the mass of the fermion my, therefore,
the contribution of fermion and W -boson loop
diagrams to Higgs decay of the H = f + f +y boson
Q& can be significant. Typical single-loop Feynman
diagrams are shown in fig. 1 (diagrams c), d), e), f)
g b and g)). They are the photon and Z -boson pole
P, diagrams  of the I—_I=>y+y*:y+f+fand
H=>y+Z"=>y+f+ f decays.
e The single-loop Feynman diagrams shown in
fig. 1 are crucial for the radiation production of a light
02+ fermion pair H=>e~ +eT+y, H=>u+u+vy, etc.
We proceed to calculate the amplitude corresponding
. to these diagrams. The amplitude corresponding to

0 0:1 Dl,z 0:3 0:4 0:5 0'_6 9:-, 08 fermion loop diagrams is written as:
x
Fig. 5. The dependence of the circular polarization of the
photon on x in the decay of H = v~ 1%y at
/11 = +1 I
. d4k1 Sp[)/ﬂ(k1+q\+m)(kl_k"'m)yv(kl'l'm)] Jup r—
M=i . cen X —lu v
ngf f (2m)* (kf—mz)[(k1+q)2—m2][(kl—k)z—mz] v q2 [ (pl)yp (pZ)]a

(an

where m is the mass of the loop fermion.
Using the Feynman integration technique, we can carry out integration over the 4 - momenta k4, as a result,
we have the amplitude:

METTON = My + M, (12)
M; = (e*- 61)1_1(271»/11)[1‘11]:f + Az’zys]U(Pz'/lz) — (k- @u(py, AD[A1€" + A€ ysu(pa, A7),
M, = —i(ue*kq)gﬂ(pl,ll)[/ly/” + A4VMY5]U(P2'AZ), (13)

where

Ay = gy(IDz()Pryz = <Py » Az = ga(FID2()Py,

As = gy(f)Dz(s)Pay; , As = ga(fIDz(5)Pyy,
DZ(S) =(s— Mg + iMZFZ)_l, (.ue*kQ)s = 5uvpae1tkaU )

(14)
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_ Tp=2Qgsin*Oy Tf
gV(f) T 2sinBy-cosbyy gA(f) "~ 2sin@y-cosby ’
2
AXKED Nceflf
P, = : A JAe ),
W2 My, sinfy, sindy cosby (77 . 4)
_ aIZ(ED If—2efsin29W (15)
Foyz = My sinfy, (_2 C sin@y cosOy Afl (Tf 'Af)) !
Pw_m (=4Ne) - efAp, (77 4r)
A (7, A) =1(t, 1) —L,(t,2),
Ap(T,2) = [Zg(r)—zg(/l)+f(r) fA], (16)
T TZAZ 2/1
Li(t,A) = + A -gA)],
T
I =——— —
Z(Tl A) Z(T _ /1) [f(T) f(A)] )
and the functions f(t) and g(t) are equal:
arcsinZ% =1
f() = 1 it . 12
——[ln1 = m] <1,
(17)
( 1
vi—1larcsin— t2>1
(1) = ! \/_ﬁ
g =
1 1+vl—-7
E\/ [ln Yy —in| t<1
T and A are given by the relations:
4m? 4m?
T=—5, A=
Mg s
Here ef and Iy are the charge and the third |/1= 41 > 1.

projection of the weak isospin of the loop fermion;
gv(f) and g,(f) are the vector and axial-vector
coupling constants of fermion f; M, and I'; are the
mass and total decay width of the Z boson; T is the
third projection of the weak isospin of fermion f, in

the case of a ¢ -quark loop we have: T = % >1,
H
|

In the unitary gauge there are only three W -
boson loop diagrams d), ¢) and f). Taking into account
all the loop diagrams in Fig. 1, the decay amplitude of
H = f+f +v is determined by expression (12), but
the expressions P, and B, change, they contain the
contributions of both fermion and W - boson loop
diagrams:

Ir — 2epsin®Oy

2N, A Af) ]S
cef sinfy, cosOy, fl(Tf f)

— 4Ncef Ar, (7, )] ()

Aw (T, 2) = [(1 +3)(G-1)-(s+ 3)] L) +16(1-3) L 2.

2
AKED
P, = ————|—ctgOy Ay (ty, Ay) —
Syz MWSLTLQW 9gow W( w W)
P ="‘12<i.[_[4 (t Aw)
vy My sinByy Wtw. 2w
The square of the H=f+f+y decay

amplitude, corresponding to fermion and W - boson
loop diagrams, in the general case, has a complex
structure and is given in the Appendix. However, inI

IMyo0p|* =

(Mf — 5)* (
16

+(1,

|M1|2 =

IM; 1% + |M3|? + M{M;, + M3M,
s{(1 = 12D [(1A112 + 421 (1 + v22?) + 4Re (A, A3)s vz +
— 2)[(IA11% + 421 - 2s,vz + 2Re(A;143) (1 + v?2?)]},

I . . - -
the center-of-mass system of a fermion pair (§ = p; +

D, = 0), the square of Higgs boson decay amplitude is
greatly simplified:

(19)
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(M§ — s)?

M,|? =
M, 2 = =

s{(1 = 21, 2,)[ (14312 + 14,12) (1 + v?2%) + 4Re(A;34})s,vz] +

+(A; — A1)[A31% + 14412) - 25,z + 2Re(43A43) (1 + v222)]},

(Mf—
16

MIMZ + M;Ml =

2
L s{(1 — 1,4,)[2Re (A, A% + A,A3)s, (1 + v222) +

(20)

+4Re(A1AZ + AzA;)UZ] + (Az - /11) [4R8(A1A§ + AzAtl_)UZ +
+2Re (4,45 + A,A%)s, (1 +v2z)]}.

The differential decay width H = f + f + ¥, containing the contribution of fermion and W boson loop

diagrams, can be written in the form:
ar  (Mj —s)3
dxdz  211m3My

su{(1 — LA [(1A11% + 14512 + |A35]% + 1441 (1 + v?%2%) +

+4Re(A; A5 + A3A})s, vz + 2Re (A1 A3 + A, AL)s, (1 + v222) + 4Re(A; A, + A, A5)vz] +
+(Ay = 2D[(AL]1? + 14217 + |43]% + 1441*) 25,0z + 2Re(A; A5 + A3AL) (1 +v?2%) +

+2Re(A; A, + A,43)s, (1 +v%2%) + 4Re (A1 A5 + A, A)vz]},

It follows from the decay width (21) that the
fermion and antifermion should have opposite
spiralities: A, = =1, = +1 (fgf, or fifg, where
f.(f)) and fr(fg) are the right and left-polarized
fermion (antifermion)). This is due to the preservation
of the full moment in the transitions y* = f + f and
Z*=> f+f.

As noted in the previous section, when a photon
is emitted by a fermion pair, the fermion and
antifermion must have the same spiralities 1; = 4, =
+1 (fxfg or f.f.). Thus, by the spiral properties ofI

dr _ (Mf-s)®

dxdz 29m3My

+4Re(A1Ay + A, A5)vz 4+ 2Re(A1 Az + A, AL)s, (1 4+ v222)}.

1)

Ithe fermion pair, we can separate the contribution of
the loop diagrams to the decay width from the
contribution of bremsstrahlung. At 1; = —4, = +1,
the contribution to the decay amplitude of the H =
f+f +v diagrams of bremsstrahlung vanishes, and
at 1; = A, = +1, on the contrary, the contribution of
the loop diagrams vanishes.

Let us consider some particular cases of the
decay width (21). We summarize the decay width
according to the polarization states of the fermion
pair:

= S su{[|A1|* + 14217 + 1431 + |A41°](1 + v22?) + 4Re (A, 45 + A3A)s, vz +

(22)

Using the standard formula, we determine the degree of circular polarization of a photonin H = f + f +y

decay:

dl'(sy=+1)/dxdz—dl'(sy=—1)/dxdz

B,(s,z) =

dr(sy=+1)/dxdz+dl'(sy=-1)/dxdz

2Re(A1A5+A,A5)(1+v2z2%)+4Re(A1 A5+ A3 A)vz

T [|A112 44212414312+ 44|21 (14+0222) +4Re (A AL+ AR AL VZ

(23)

After summing the decay width (21) over the polarization states of the antifermion and photon, we have:

ar _ (Mj-s)?
dxdz ~ 2°m3My

su{[|A11% + |1451% + |A5]% + |A412](1 + v222) + 4Re(A A} + AA)vz —

—A1[2Re(A1 A5 + A3 AL) (1 4+ v222) + 4Re(A A% + A,A)vz]}. (24)
The degree of longitudinal polarization of the fermion is determined in the standard way:
dlr'(A;=+1)/dxdz—dl'(A;=-1)/dxdz
Pf(S,Z) — ( 1 )/ ( 1 )/ —
ar(A,=+1)/dxdz+dl'(A,=—-1)/dxdz
2Re(A1A5+A3A,)(14+v%2z2%)+4Re(A1 A5 +AL AL ) vz @5)

[1A1]2+]|A4212+|A3]|2+|A4|12](14+v222) +4Re (A A+ Ay A vz

8
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The differential decay width H = f + f + y, containing the contribution of the loop diagrams, has the
form:

ar _ (Mg-s)®
dxdz  287m3My

su{[lA11% + |A2]% + |431% + [A4]7](1 + v22?) + 4Re (A1 4, + A,AS)vz} (26)

Due to the second term proportional to z , angular asymmetry occurs back and forth, defined as

ar

fl ar dz_fo dz * *
Apg (s) = Odzicdz -1 dzicdz — 12Re (A, AL+A A5V on
1 dr 0 dr 2 > > > .
Aq12+]A4,|%+|A3]%2+]A 3+v
fo dxdzdz"'f_l ddedZ [1A1]2+]|Az]|2+[A3|%+]|A4]%]( )

Integrating the decay width (21) over the polar angle & we have:

dr _ (Mj—s)3sv
dx  21073My

2
(1+5) {0 = LAD[ALL? + 14,12 + 14312 + 1447 +

+2Re(A, 435 + A;,43)s,] + (A — 1,)[2Re (A1 A5 + A3A) + 2Re(A A + A,43)s,]). (28)

It follows that the non-zero Re(A,A% + A,A})
and Re(A,A5 + A3A}) expressions give rise to the
degree of circular polarization of the photon and the
degree of longitudinal polarization of the fermion:

2Re(A; A} +4,A%)
P,(s) = . (29)
]/( ) |A112+[A2 |2 +]A3]2+]|A4l?
2Re(A; AL +A3AL)
Pf(S) = — (30)

|A1]2+|A21%+]A3|2+]| 4417

We obtained expressions for the degree of
circular polarization of the photon P, (s, z) and P,(s),
for the degree of longitudinal polarization of the
fermion P;(s,z) and P(s), and also for the forward-
backward angular asymmetry Agg(s). Let us estimate
them in the H = y + e~ + e decay, where the main
Feynman diagrams are fermion and W-boson loop
diagrams, and the bremsstrahlung diagrams are
suppressed. The following parameters were used in
the calculations: My = 125 GeV, m, = 173.2 GeV,
m, =0.51-10"3 GeV, M, =91.1875 GeV, I; =
24952 GeV, My, = 80.385GeV, xy, = 0.2315. It is
assumed that particle loops are t-quark and the
W — boson.

Figure 7 shows the dependence of the degree of
circular polarization of the photon on the invariant
mass /s at various angles @ .

As can be seen, at 8 = 30° the degree of circular
polarization of the photon is negative, with an increase
in the energy of the fermion pair it decreases and
reaches a minimum near v/s = 80 GeV, and a further
increase in energy leads to an increase in the degree of
circular polarization of the photon. With increasing
fermion emission angle, the degree of circular
polarization of the photon module decreases.
At 6 = 90° the degree of circular polarization is zero.

Figure 8 illustrates the angular dependence of the
degree of circular polarization of a photon at various
Vs.

It follows from the figure that at the fermion pair

[
energy /s = M , the degree of circular polarization

of the photon is positive and decreases monotonically
from 0.422 to 0.154 with increasing polar 8 angle
from zero to 180°. However, at an energy s = 80
GeV, the degree of circular polarization of the photon
at the beginning of the angular spectrum is negative,
increases monotonically with increasing angle 6 and
vanishes near 90°, and then the degree of circular
polarization of the photon becomes positive and
reaches a maximum at the end of the angular
spectrum.

At an energy Vs=40 GeV, a similar
dependence is also observed, however, the numerical
value of P,(s,z) is small and varies within the range
of —0.051 < P,(s,z) < 0.051.

Figure 9 illustrates the angular dependence of the
degree of longitudinal polarization of an electron
P,(s, z) at various energies /s.

The graph shows that for /s =M, at the
beginning of the angular spectrum, the degree of
longitudinal polarization of the electron is negative
and monotonically increases from —0.422 to 0.154
with increasing angle 6.

At /s =80GeV (40GeV), the degree of
longitudinal polarization of the electron does not
depend on the angle 6 and contain 58.6% (5.1%).

As for the angular asymmetry of the forward and
backward Apg(s) , we note that in the H = e~ +et +
y decay this asymmetry due to Re(A4, A4} + 4,43) = 0
is equal to zero.

Figure 10 shows the dependence of the degree of
circular polarization of the photon P,(s) and the degree
of longitudinal polarization of the electron P,(s) on
the invariant mass v/s. Due to Re (4,4% + A,A}) = 0,
the degree of circular polarization is P,(s) = 0.

However, with an increase in the invariant mass
of the e~e® pair, the degree of longitudinal
polarization of the electron increases and reaches a
maximum near v's = 80 GeV, a further increase in the
invariant mass leads to a decrease in the degree of
longitudinal polarization of the electron.
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Fig. 7. The degree of circular polarization of photon in H =
e~ + et +y decay as a function of v/s.
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Fig. 8. Angular dependence P, (s,z) in decay H = e"e'y .
|

CONCLUSION

Within the framework of the SM, the radiation
decay of standard Higgs boson H = f + f +y was
considered. The diagrams corresponding to the
radiation of the photon by the fermion and
antifermion, as well as the fermion and W - boson
loop diagrams are studied in detail. Taking into
account the longitudinal polarizations of the fermion
pair and the circular polarization of the photon, an
analytical expression is obtained for the decay width
H = f + f +v. Expressions are found for the degree
of circular polarization of the photon P, (s, z) , P,(s),
the degree of longitudinal polarization of the fermion

0,7

05 | J5=80GeV

03

| fs=40GeV

0 30 60 9% 120 150 180
0, degree

Fig. 9. Angular dependence of the degree of1ongitudinal
polarization of electron P,(s,z) at various energies

\/EzMz.

20 40 60 80 100 120
Vs ,GeV

Fig. 10. The degrees of circular polarization of the photon
Py(s) and degree of longitudinal electron
polarization Pe(s) as a function of v/s.

Pe(s,z) , Pe(s) and the angular asymmetry of the
forward and backward Agg(s). Then, numerical
estimates of these quantities in the H => e +et +y
decay are performed. The results are illustrated by
graphs.

APPENDIX
Here we give the expression of the squared

amplitude corresponding to the contribution of the
fermion and W - boson loop diagrams:
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POLARIZATION EFFECTS AT HIGGS BOSON DECAY H = f?V

IMyo0p)? = IMy|2 + [My|% + M{M, + M3M,, (A.1)
IM; 12 = 2(py - ) (py - k) (e - ) (e” - {1 — LA [I1A1]* + 142171 + 2(A2 — A)Re(A145)} + (k- @)% ¥
X {(1 = 112D [(1A11% + 14219 ((p2 - @) (p1 - €”) + (p1 - ) (D2 - ") — (py P2 (e” - €)) — 2Re(A143) X
X i(p1pzee”)el + (A — AD[(IA1]? + 14,12 i(p1p2e”e) + 2Re(4143) ((p2 - ) (py - €”) +
+(p1-e)(pz-e) — (01 (e~ )} — (k- (e {1 — LA)[(1A:1* + |42 1) (py - ) (P2 - k) +
+(p2 - €)(p1 - K)) — 2Re(A143)i(prpoke”) ] + (A — A)[(1AL1? + 141D i(p1p,e k). + 2Re(A,43) X
X (py-€)(pz k) + (P2 €)(pr - KNI} — (k- @) (e” - {1 — 112)[(141]% + 1421 ((p2 - €) X
X (p1 k) + (p1 - @) (py - k) + 2Re(A143)i(prpake) ] + (A2 — A)[(1A11? + 1421?)i(p1poke) e +
+2Re(A;145)((p1 - e)(p2 - k) + (p2 - €)(p1 - kD)% (A2)
IM2? = (1 = 2. 2){[1431% + |A41?1[2(p1p2ke™)  (p1p2K) e + (p1 - p2) (e kq)(neqk). ] +
+2Re(A343) (ne“kq):(vekq)i(uvpipy) e} + (A, — A){[1A431* + |A4|*]i(ue kq) (vekq) . (uvpipy) e +
+2Re(A3AL)[2(p1p2ke™)(pip2ek)e + (P1 - P2) (e kq) e (neqh) ]} (A3)
MM, + M;M; = (e ){(1 — 1122)[(A143 + A3A)i(p1p2ke™) (2 - k) — (P K)) +
+(A1A4 + A3A3) (pkqe™) e (up1pak)e] + (A2 — A1) [(A143 + A3A,) (ukge™) e (up1pak)e +
+(A1A4 + A243)i(p1p2ke™) (2 - k) — (pr - kD] + (€7 - O{(1 — 4,2,)[(A34; + A}Az) X
X 1(pp2ke)e((pr - k) = (pz - K)) + (A34; + A3A1) (vekq) . (vpip;K)e] + (2o — A1) X
X [(A34; + A3A42) (vekq)  (vpipoke). + (A3A; + A3ADi(pyp2ke):((py - k) — (p2 - 1))]} +
+(k - O{(1 — 14122)[(A145 + A34,) ((p - @)i(prekq)e + (p1 - €)i(p2e kq): — (py - p2) X
x i(ee'kq),) + (A1As + A3A3) (ue"kq) . (prepit) e — (A3A1 + A3A,) (P2 - €7)i(piekq), +
+(p1 - €)i(paekq): — (py - p2)ile ekq)e) — (A34; + A3A1) (vekq) (vpipae™)e] + (A2 — A1) X
X [(A143 + A3AL) (ue"kq) (upip2e)e + (A1A4 + A3A3) ((p2 - ©)i(pre”kq), + (py - )i(p2e"kq), —
—(p1 " pilee’kq).) — (A34; + ALAy) (vekq)(vpip2e™)e — (A34; + A3A) (P, - €M)i(prekq). +
+(py - eM)i(prekq) e — (py - p2)ile"ekq). )]} (A4)

Given designations are the following:

(abed)e = uypotyubycydy , (MADC) s = €4ypatybpCo , (MVAD) e = €4ypaQp by -
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