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Recently, the ATLAS and CMS collaborations at LHC announced Higgs boson like particle with mass around 125 GeV.
To explore its physical properties, different observables are needed to be measured precisely at the various processes with the
Higgs boson. In this paper in the framework of the Standard Model the Higgs boson and a heavy fermion pair production
process in electron-positron collisions in considered: e e* — Hf , here ﬁE — is the lepton pair (t"t") or quark pair (bg s
tt ). The mechanism of Higgs boson radiation by a heavy fermion pair is investigated in detail. Taking into account the
arbitrarily (longitudinal and transverse) polarizations of the electron-positron pair and the longitudinal polarizations of the
fermion pair, analytical expressions for the differential and integral cross sections are obtained. The left-right and transverse
spin asymmetries, as well as the degree of longitudinal polarizations of the fermion are determined. At the energy of the

electron-positron pair \Js =1 TeV, the dependence of the effective cross section and asymmetries on the energies and angles

of departure was studied. The possibility of measuring the coupling constant of the Higgs boson with a #f -quark pair is
discussed.
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1. INTRODUCTION

The Standard model (SM), based on the local
gauge theory with a  symmetry  group
SU-(3)xSU,(2)xUy (1), satisfactorily describes the

physics of strong, electromagnetic and weak
interactions between quarks, leptons, and gauge bosons
[1-5]. In elementary particle physics, not a single
experiment has yet been observed, the results of which
are not consistent with the SM. Recently opened the
missing bricks in the building SM. These is the scalar
Higgs boson, discoveries by the ATLAS and CMS
collaborations [6, 7] (see also reviews [8-10]) at the
Large Hadron Collider (LHC) at CERN. The discovery
of the Higgs boson experimentally confirmed the
theoretically predicted mechanism for the generation of
masses of fundamental particles — the mechanism of
spontaneous breaking of the Brout-Englert-Higgs
symmetry [11-14].

In experiments conducted in the LHC, the main
properties of this particle were established. The Higgs
boson is a scalar particle with spin zero, positive parity,
nonzero vacuum value, mass about 125 GeV,

interacting with W*- and Z % _bosons with a coupling
constant proportional to their masses. With the
discovery of the Higgs boson H , the SM has entered a
new stage in the study of the properties of the
fundamental interactions of elementary particles. An
accurate measurement of all the coupling constants of
this particle with fundamental fermions can be an
argument in favor of or a counterbalance to the fact that
itis in fact a Higgs boson of the SM. In this connection,
interest in various channels of the Higgs boson
production and decay has greatly increased [1, 15-29].

Determining the physical characteristics of the
Higgs boson H is the main task of the LHC, as well as
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future high-energy electron-positron colliders. Note
that the collision of electrons and positrons at high
energies is an effective method for studying the
mechanisms of interaction of elementary particles. This
is mainly due to the following two circumstances. First,
the interaction of electrons and positrons is described
by the electroweak Weinberg-Salam theory; therefore,
the results obtained are well interpretable. Secondly,
since electrons and positrons do not participate in
strong interactions, the background conditions of the
experiments are significantly improved compared with
the studies conducted with hadron beams. The latter
circumstance is especially significant when studying
processes with small cross sections. We only note that
experiments carried out with electron-positron beams at
LEP and SLC acceleration centers up to energies of
\/s =209 GeV in the center-of-mass system played an
essential role for precision testing of the SM [1, 2].

At present, the construction of a new generation
of electron-positron colliders ILC (International Linear
Collider), CLIC (Compact Linear Collider), FCC-ee
(Future Circular Collider), CEPC (Circular Electron
Positron Collider) [23, 30] has been designed. In the
future, these colliders will allow us to study the
physical properties of the standard Higgs boson.

In recent works [16, 27], we have investigated the
processes of production of the Higgs boson and light
fermion pair in arbitrarily polarized electron-positron
collisions. The associated production of the Higgs boson
and the heavy fermion pair was first considered in [31].
Here authors consider the electromagnetic mechanism of
the production of a heavy fermion pair and the Higgs
boson  radiation from  the  fermion line

e +et > (*) > f+f+H .In[32] (seealso [33]), in
the framework of the SM, the production of the Higgs
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boson H and a heavy tf -quark pair was considered  where ff —may be a lepton (1 t") or quark (bb, tt )
e +e" —(y*;Z*)— H +t+t .Here,across sectionis  pair. The differential and integral cross sections of the
obtained, integrated over the angles of emission of ~Process are calculated taking into account the
polarizations of the particles. The possibility of
measuring the fundamental constant of the SM, the
Higgs boson coupling constant of with a heavy fermion
A O pair, is discussed, which is very important for verifying
process e +e  —(y*) > H+ f+f with allowance e Higgs sector of the SM.
for arbitrary polarizations of the electron-positron pair
and the helicities of heavy fermions. 2. DIFFERENTIAL CROSS SECTION OF

In the present work, we studied the associated REACTION e et > ij
production of the standard Higgs boson H and a heavy

particles and characterizing the distribution of the #f -
quark pair by energy. In a recent paper [34, 35], we
investigated the electromagnetic mechanism of the

fermion pair in arbitrarily polarized electron-positron In the SM process (1) is described by two types of
collisions in the framework of the SM: Feynman diagrams, shown in fig. 1, where 4-momenta
of the particles are written in parentheses. Diagrams a)

e tet (% Z¥)>H+f+f (1) and b) correspond to the Higgs boson radiation by a

heavy fermion pair, and c) describes the Higgs boson
| radiation by the intermediate vector Z° -boson.

€ l:p‘] Sg) e ‘.") flg) elp) . Hik) flg)

e(p) 0 S(g) elp) N flg) elp) 9 flg)

Fig. 1. Feynman diagrams for the associated production of Higgs boson with a fermion pair.

Within the framework of the SM, the matrix element corresponding to diagrams a) and b) can be written as
(note that diagram c) was studied in detail in a recent paper [16], which is why it is not considered here)

— A (2)
M p =M, +M;Z, (2)
2
e Qle
M,(l)f =T<§’Hﬁ' .fﬂ’)-JﬁY), 3)
M, = D @ A
i—>f s—M2 2/ T T 4)

Here Q, =—1 —is the electric charge of an electron in units e ;
07 = 027t y)

c}1+12+m c}2+l€—m 5
! o (ay), ©)

T = @) =5 Ve
P PO e

09 =0,(p2)yulgv (@) + 7584 (@)l (py),
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I gy (F)+ 7584 (-7 aley (F)+ (©)

10 =@
[\l
g () +K)* =m}

4, +l€—mf
+758A(f)]—(q2 02 —mi- }Uf(%),

— electromagnetic (weak) currents of the electron-
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positron and heavy fermion pair; s = p2 =(p+p,y )2 -

the square of the total energy e e’ -pairs in the center
of mass system, m, and Q, — the mass and electric

charge of the fermion f, gy, — the Higgs boson

coupling constant with a heavy fermion pair, M, —the |

—l+2xw
gy (e)= 2 >
2 (1= xy)
I5(f)-2
ey ()= L2

2\ xy (L= x)

where xy = sin? 6y — is the Weinberg parameter, I;(f)==1/2

the fermion f .

mass of a Z°-boson, gyv(e) and g,(e) (gy(f) and
g4(f)) — the vector and axial-vector coupling
constants of the electron (fermion) with Z° -boson. In

SM, these coupling constants are defined by the
expressions

1
gA(e): 2 s
2y xy (1= xy) (7)
__ L)
gA(f)_zma

— is the third projection of the weak isospin of

The square of the matrix element (2) is expressed by the formula

2
B 2 2,2,
ngﬁp[Qle v

» e
u

i—f

V+2Q QfX L

@ 5O (8)

nv

2,@),

a5
Z uv

nv

+X
Z uv

-1
e

Here X, = (1—] L(7) (H(7)), L7) (H)) and L(’) (Hm) are the electromagnetic, weak, and
s

interference tensors of the electron-positron (heavy fermion) pair. Due to the conservation of electron-positron

currents (J) and / (HZ ) the contribution to the cross section is made only by the spatial components of the tensors

£9), 1)

A% L%) Hl(qfr)

(m5r:15273; a:y5i’Z)'

Electron-positron tensors Lgff) are easily calculated on the basis of currents g(/i’) and E&lz) , in the case of

arbitrarily polarized e”e” -pairs, they have the following structure [36, 37]:

L) =090 =210= 240Gy = NN p) + Gy = 3iemrsNs +

+ (171 Omr = NmNp) =1y, 10, = 1,712, 1

L =00 =gy @LF) 45+ 4 Oy =) = NiuNp) + (1= 24 2)imrsNs )

150) =00 <15 @ + g3 @)+ 328 (€08 4 @R = 4Gy ~NmNr) +

)

+(1= 24 Ay)iemrsNs]—s- ¢ i(é’)[(ﬁlﬁz)@mr = NmNr) =175, =M )

where A, and A, (77, and 7,) are the helicities (the
transverse components of the spin vectors) of the

electron and positron, N —is a unit vector directed
along the electron momentum.

From the expressions of tensors (9), it follows that
the longitudinally polarized electron and positron must
have opposite helicities A; =—A, ==£1(the left

electron, and the right positron — e;e; or the right

electron, and the left positron — ege; ). This is due to
the preservation of the total momentum in the
transitions e~ +et > y* and e +e" > Z*.

As for the fermionic tensors of a heavy fermion
(a)

pair H,,’, we note that in the general case they have a

cumbersome expressions, therefore they are not given
here. However, at high energies of colliding particles

(\/;21 TeV), the rations mjzc /s and M,z, /s can be

neglected (for example, when »\/E =1 TeV for a heavy

1732
t -quark this ratio is [Wj =0.03<<1). Then for the

tensors H'Y

- we have the following expressions (we

assume that the heavy fermion pair is polarized
longitudinally):
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2
Hl(nyr) Jr(n;/)‘,)*(y) = X—H[(l + hth )(6mr ) + (hl + h2 )lgmr
2(1=x)(1-x;) ! q

HE =107 -

x
=gy (HHD + 4gA<f><1+h1h2) Xy - zem,{

X
n,, —n, )——ny, — N +
1— xz( 2q ) l_x]( 1q q)

[xH R (nngr + nr”Zm) + 2(1 - X )5mr]_

1 1
+ZgA(f)(h1 +h2){1

- X,

1
R [XH xp(n,ny, +n,ny,)+2(1-x,)6,, ]}
- X

HY =100 =[g7 () + ga(MHY) = g2 (HA+hhy) 1+ x5 XS, =1y, ) =

1 Xy X
_E gA(f)(hl +h2)legmrq|:1 (n2q q)_ 1—1)(,'2 (nlq —}’lq):|+

X

1
+2gv(f)gA(f)(l+h1h2)wamqu" (g =)= (nlq—w}
-

1 1
+EgV (f)gA(f)(hl +h2){:[xHx2(nmn2r +nrn2m) +2(1_'x1)5mr]_
2

_%[xHxl (nmnlr +nrn1m)+2(1_x2)5mr]}' (10)
— X

Here iy and h, —are the helicities of the fermion  ( hy=—h,=%1, f, fR and fp fL ). Consequently, it is

and antifermion, x =2E, / s, x, =2FE, / /s and possible to separate the contributions of the diagrams a)
and b) from the contribution of the diagram c) along the
helicities of the fermion and the antifermion.

of the fermion, antifermion and Higgs boson, We use a coordinate system in which the OXZ
respectively, 7, n; and n, — are the unit vectors along  plane coincides with the particle production plane

the Higgs boson, fermion and antifermion momentums. 7 4 5 1k =0, and we introduce angles 0, y and ¢,
As follows from the tensors H;, the helicity of  where 0 —is the polar angle between the Z axis and the
the fermion and the antifermion, in contrast to the  direction of the electron beam, y — is the azimuth angle

helicity of the ele(itron-posifron pair, must be the same  petween the production plane and the plane defined by
=hy, =*1 (frfr or frf1) the Z axis and the electron beam, ¢ — the azimuth angle

This is due to the conservation of the total between the planes of production and transverse
momentum at the Higgs boson emission by the fermion  polarization of the electron. In this coordinate system,

or antifermion (f —> f+H, f— f+H). We note the angular distribution of particles over the angles ¢,

that when the Higgs boson is emitted by the vector ~ @ and y in the case of arbitrarily polarized electron-
Z -boson, due to the conservation of the total positron and longitudinally polarized fermion-

momentum in the transition Z* — f + f , the fermion antifermion pairs is given by:

and the antifermion must have opposite helicities

xp =2Ey /\/§= 2—x, —x, — are the scaling energies

d o aQED C 2
dod yd(cos G)dx dxy 2567r3 2 SHff

202 15) 1) 42000, x 15 1D} + x 312 (D)

(11)
where N —is the color factor (in the case of the production of a lepton pair t ©° N, =1, and in the case of the

production of a quark pair bb or tr N c=3).

3. ANGULAR CORRELATIONS IN THE PROCESS e e — Hff

We introduce the so-called correlation functions &, (n =1+9), by means of the relations
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1
oy, =H,+H,,, O'zzz(sz_Hn): o3 = Hjs,
1 1 1
0'4:5(H13+H31), 0'525(H23+H32)= 0-6:5(H12+H21)’ (12)

. i i
o, =i(Hy, —Hjyy), O'3:5([1’23_[1’32) J925(]7[31_]7[13)

Then the product of the electron-positron and fermionic tensors can be represented as:
L, -H,, = %(Lll"_lfzz)'ﬁl +(Lpa = Li1) 0y + Lg3- 03+ (L3 + L51) Oy +(Lp3 +
+L3y) 05 +(Lis+Ly) 04 —é(le —Ly1) 07 —i(Ly3 = L3y) - 0y —i(Ly — Lyy) - 0. 13)
For the distribution of particles over the angles 0 and y in the reaction (1) the expression is obtained
d*c _ aéED N¢

2
= G, 6,+Gg-05+G,--G]. 14
dyd(cos O)dx;dx,  1287>s 8rylGa 04+ G- 0p+Ge-oc] (14)

The notation is entered here
G, =0.07 +20,0,8y(e)gy (/)X +[g7 () + ga(@lgy (f)+ga (X7,
Gp :2gA(e)gA(f)[Qle +2gv(e)gy (f)X21X 7, (15)
Ge =[87 (o) + g2 (@ga ()X
and functions
T4 =%(l+cos2 6)-01 +sin2 0(00S2){'62 +03 +sin2;(-0'4)+sin26’(sin;(-c75 +COS}(‘66),
op=cost-o +25in9(cos;(-0'8 +sin;(-0'9), (16)

oc =%(l+c0s2 6’)-0i +sin? 6’(c0s2;(-a'2 +a§ +si112;(~021)++sin2¢9(sin;(~0’5 +cos;(-0’6).

Correlation functions o, and o),, entering in (16), depend on scaling energies x; and x, (x, =2—x,—x,)
and they are easily determined on the basis of fermionic tensors (10):

2751%1 2 x121 2
o-l :—(2_ X)’ 0-2 :—nx’
(I=x)(1=x,) (I=x)(A=x,)
2x§1 2 2x12{
o3 =———(~1-n), oy=———22 —n.n,
(I=x)(A-x,) (A=x)(1=x;) (17)
X X X X
0-7 :sz 2 (nz_nZZ)_ 1 (nz_nlz) s 0-8 :xH —Z(nx_n2x)__l(nx_n1x) H
- X, 1-x, 1-x, 1-x,
05 =0, =0y=0, o] =—4(1+x,)2-n), o) =—2(1+x,)n>,
o5 =04 =0. oy =—4(l+xy )(l—nzz), oy =4(+xy)n.n_.

. I . . . . .

As can be seen, due to the orthogonality of the Y of (i; j) the scaling energies of the particles x; and x;
axis Fo the particle produf:tlon pla,lne, tl'le correlation satisfy the conditions
functions G5, G4, Gy, O5 and G vanish.

In the case of massless fermions and Higgs boson, xX;zx;zx, (i#j#k).
the distribution of particles in the Dalitz diagram is
determined by the laws of conservation of energy and
momentum:

X +XxX, +xy =2, xn +xn, +xyn=0.

We can direct the axis Z along the most energetic
particle and choose an axis X so that the x projection
of the momentum of the second more energetic particle
becomes positive. Then the following areas of the

The boundaries of the allowed region are given by ~ Dalitz diagram are obtained.
the equations Ia (3; 1). The axis Z is directed along the

momentum of the more energetic Higgs boson, and the
X; £ x j‘ (i#j+#k). momentum of the second energetic fermion has a
positive x -projection (see fig. 2a)

n=(0,0,1), 1n,=C(s3,,0, c5)), 1y =(=535, 0, c3,).

xk:

The lines x; =x,, x; =xy and x, = xy divide
the Dalitz diagram into six different areas. In the region

44



HIGGS BOSON RADIATION IN ARBITRARILY POLARIZED ELECTRON-POSITRON COLLISIONS

Similarly, we have the following areas:

Ib(3;2): n=(0,0,1), 1 =(—8;35, 0, c37), 1, =(835, 0, ¢3,);
Ha(1; 2): 7, =(0, 0, 1), 7y = (515 0, ¢15)s 7= (=813 0, ¢13);
ITb(1; 3): 1, =(0, 0, 1), 71y =(=5;5, 0, ¢;5), 1 =(513, 0, ¢3);
Ma(2; 1): 71, =(0, 0, 1), 7, = (53, 0, 3 )y 7= (=53, 0, C53);
IIb(2; 3): i, =(0, 0, 1), 7i, = (=851, 0, Cy,), 7= (533 0, Cy3).

X

Fig. 2. The coordinate systems Ia, Ila and IIIb.

I
Here we have used the notation s; =sin0; and axis Z , and the second energetic fermion (antifermion)

y . . ..
c; =cos0,, where 0, — the angle between the in Fhe .productlon plane has a positive momentum
- - projection g, >0 (g,, >0):

directions of the momenta of the particles i and .

These angles depend on the scaling energies of the o = 4x} I PR bt
particles U -x)(1-xy) l-x, 1-x )

x x (19)

sin ‘91']' _ 2\/(1 —x)(1—x)(1—xp) ’ o7 =2xy L *2Xz (I=c3) - 1 jxl a- 031)}

, it 1 (18) o/ =—-8(1+xy). 0y =03 =04 =0y =0} =0} = =0,
X+ x;—
cos §; =1 _(1—1)'

XiXj The expressions for the correlation functions in

the coordinate systems Ila, b and Illa, b are given in the
Appendix.

The distribution of particles over the angles 6 and
¥ present in the form:

Using these expressions, we can easily determine
the correlation functions in each area of the Dalitz
diagram. Here we present the correlation functions in
the coordinate system Ia (Ib), where the momentum of
the more energetic Higgs boson is directed along the

d'c _ aéEDNc
dyd(cos O)dx,dx, 12877 s

glzﬁ,ﬁ,GA(O'l +20;)(1+ay)[1+a, cos® O+
+a, sin® Ocos 2y 40y sin’ Osin2y + o, cos O+ og sinBcos ] , (20)

where the coefficients of the angular distributions of particles are determined by the expressions

G. o} +20} 1 o,-20; G¢ o[-20;
aoz—-—’ 0{1: . +—" Py
G, o,+20; l+ay |0, +203 G, o0)+20;
1 2 G 20} 1 2 G 20
, = =92 Te. 2% |4, = ek U | @1
I+a, |o,+20; G, o0,+20; I+ay, |o,+20; G, o0,+20;
1 G 2 1 G 4
a7 = =L 97 5 ag = =B . o8 .
I+ay G, o)+20; I+ay G, o+20;
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Let us estimate the coefficients of the angular the production plane has a positive X -projection
distributions o, (k=1,2,4,7,8) in the coordinate  k >0 (see fig. 2c). Using the expressions of the
system IIlb, where the momentum of the more correlation functions given in the Appendix, for these

energetic antifermion is directed along the axis Z,and coefficients we have the expressions:

the momentum of the second energetic Higgs boson in
|

2
G, 2 3c5, -1 11—«
ao=—G—C'T(l+xH)(1—x1)(1—x2), o = 232 '1—0,
A )CH 3_C23 +0.’0
v 33 1oag ay 22 2%
=—=2 . 0 3 ,
2 3_6%3 1+0(0 3—023 1+0‘0
a7:G—B 1 2[xy(d=x)cp3 =D —x(1=x5)cp3 —¢p9)] (22)
Gp l+ e 2 (-c33)
ag _ G_B 1 2[)62(1—}(1)523 —XI(I—XZ)(S23 +S21)]
Gp l+a XH(3—C§3)

In fig. 3 shows the dependence of the coefficients  distribution coefficient «, at the beginning of the

on a variable X, with a fixed scaling energy x; =0.9  energy spectrum is negative, it increases with

in the process ¢ +¢* —> H +1+1 . Here and in further  NCTeasing x, and at the end of the energy spectrum

calculations, the energy of electron-positron beams is ~ becomes positive.

assumed /s = 1 TeV, mass of Z’-boson M; = 4 | ppr RIGHT AND TRANSVERSE SPIN
91.1875 GeV, mass of f-quark m, — 1732 GeV, ~ ASYMMETRIES AND THE DEGREE OF
LONGITUDINAL POLARIZATION OF THE

Weinberg parameter x, = 0.232. As you can see, the FERMION

coefficient o, (o, ag) is negative and decreases . ) o
When electron-positron pair a longitudinally

(increases) with increasing energy X, . The coefficient  polarized the differential cross section of reaction (1),
of the angular distribution o, is positive and slowly integrated over the angles 0 and y , can be represented

increase with increasing variable x,. The angular  as:
|

d?o(Ay. 1) d%og

e = [1—/11/12—(21—/12)ALR]. (23)
142 142
Here
deO O‘éEDNc 2 Xy 2 2 2 2
= Gy ———2 D e)+ e 1+x5)X 24
dxdx, 127 8 Hff A(l—xl)(l—x2) Lgv(e)+ga(e)]ga(f X H)X7 (24)

— the differential cross section of this process in the case of unpolarized particles, and

Ag = (25)

— left-right spin asymmetry due to the longitudinal polarization of the electron and the designation introduced
Gp =20,0,84(0)8y (/X7 +28y (g 4 (@87 (N +gA (XS .

The left-right spin asymmetry A, in the process left-right spin asymmetry is almost three times less than

in the process e +e" —> H+t+t .

Due to the weak interaction in the process under
consideration, fermion and antifermion can be
remaining almost constant. The same character is the  produced longitudinally polarized. Taking into account
left-right ~ spin  asymmetry in the process  the ongitudinal polarizations of the heavy fermion pair,
e +e" > H+1 +1°. However, in this process, the the differential cross section integrated over the angles
is:

e +e" >H+t+t at x, =0.95 approximately
17.6% and slightly increases with growth x;,
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d?c(h,hy) 1 d?

1

Here

Pr = {008y (18 4 ()X 7 +[g7 () + 85 (N gy (/g 4 (N)XF} x

X {(1 —xl)[xHx2023 +3 (1—.X1)] —(l —XZ)[XHXI(C23C21 —S23S21)+3(1 - Xz) ]} X .

<{G yxty —2(1—x)(1— %) g5 (¢) + g 4 () ¢4 (F)1+ )X 5}

— degree of longitudinal polarization of the fermion or
antifermion in the coordinate system IIIb.

In fig. 4 shows the dependence of the degree of
longitudinal polarization f-quark in the process

e +e" —>H+t+t on the variable x, at a fixed
scaling energy x, =0.9 and x, =0.95. From the

graphs it follows, that with increasing scaling energy
x; the degree of longitudinal polarization decreases

monotically. However, at a fixed quark energy x; with
an increase in the antiquark energy x, , the magnitude
of the degree of longitudinal polarization increases.

o
O 11+ hyhy +(hy +hy)Py 1. (26)
@7

Interestingly, the degree of longitudinal

polarization of the fermion P;(x;,x,) changes its sign
when replacing x; <> xy: Pp(x), %) = —Pp (x5, %) -
Note that the degree of longitudinal polarization
t -quark has already been measured by the ATLAS
detector in the process of hadron production of a pair
tt at the Large Hadron Collider [38].
Now consider the particle distribution over the angles
0 and . In this case, the annihilation cross section of
a transversely polarized -electron-positron pair,
integrated over the azimuth angle y , has the form

4 4
d o, d o
(n-1m)  _ 0 [1+ A, 7175 cos 2¢], (28)
ded(cos O)dx dxy  ded(cos O)dx dxy
where
d*oy aéEDN c 2 2
= 217G (o +203)(1+ )1+ cos” 0) (29)
dgd(cos O)dxydx, 12877 © AT 0 !
— differential cross section of this process in the case of unpolarized particles,
.2
sin“d F
Al = ﬁliz B (30)
1+ cos“0 Fy
04 9
I_‘_‘—‘——\_
e = —e— o | x=005
]

13

Fig. 3. Dependence of the angular distribution coefficients on
the energy x, in the reaction e e — Hitt for
x =09, /s =1TeV, M, =91.1875 GeV,
m, = 173.2 GeV.

\

S,

3 -l . i i
0.5 0a 085 07 0% . [
Fig. 4. The degree of longitudinal polarization in the process

¢ ¢ — Hii asa function of the energy X, for

different X, .
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— transverse spin asymmetry due to transverse polarizations of the electron-positron pair. The notation is entered

here
A=
Fy=G, M’%l_m—[gé(e)+ ga(ga (N1 +xy)X7, -
Fy L{QfQﬁ +20,0, X 18y (€)gy (f)+ X7[g7(e)—ga(e)]x

T 2(1-x)(1-xy)

<[ (/) +ga( = XZlgv(e)—ga(elga(f)1+xy),

In fig. 5 shows the angular dependence of the
transverse spin asymmetry (30) in the process

e +e" >H+t+1 at x, =095 and in the three
values of the variable x, =0.55, 0.6, and 0.65. As the

angle Oincreases, the transverse spin asymmetry
increases and reaches a maximum at an angle of
0=90°, and then the asymmetry decreases and

vanishes at the end of the angular spectrum. The growth
|

2
d’cy _ agepNc

- X,

2 1-x
= G, 2+ +
dodx, 12z SHF { /{ —x  1-x

of the variable x, leads to a decrease in the transverse
spin asymmetry.

5. THE DISTRIBUTION OF PARTICLES IN A
VARIABLE T

Dalitz distribution density on variable x; and x,

has a simple and compact form, which coincides with
the result of [32]

}—Z[gé(ehgi(e)]gi(f)(HxH)Xé} (32)

In fig. 6 shows the dependence of the cross section (32) in the process e~ +e" — H +t-+¢ on the variable

x, with fixed x; =0.9and x; = 0.95 .With increasing scaling energy X,, the cross section monotonously

decreases, and a decrease in the variable X, also leads to a decrease in the cross section.

0.06
0046
4
e
0015
l] L i d 1 i
0 30 1] L1l 120 1480 150
B degree
Fig. 5. The transverse spin asymmetry in the process

e e — Httas a function of the angle 6 at
x; =0.95 for different x, .

We introduce new variables

T =T, =max(x,xp,x5), T,

1

Fig. 6. Dependence of the cross section of the process

e"e" — Hit onthe energy x, for different x; and

\Js =1TeV, M, =91.1875GeV, m, =173.2 GeV.

and 7; so that inequalities

T=T,2T,>2T;=2-T—-T, are satisfied. We direct the axis Z along the momentum of the most energetic
particle and integrate the section in a variable 7, with a fixed T one. Then we get the following results:

)at xy =T and x; =7, (or x, =T,)

1275

2 N 1- 1
Z:O‘chgéﬁx{GATln[TTj—Z[gé@)+gi(e)]gi(f)(l+xH>X§<12—5T)<3T—2>} : (33)
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2)at x;, =T and x, =T, (orat x, =T and x; =7,):

do _ aypNe (BT -2)(6-5T) . 27 -1Y]
ar- 2m g”ff{GA{ a-n ¢ T)IH[I—TH

—i[gé(e)+gi(e)]gi(f)X§(12—5T)(3T—2>}; (34)

3)at x; =T and x,; =T, (orat x, =T and x, =7,)

do 0N 22 {G{@T—z)(z—r) +(1—T)ln(2T_1ﬂ—

ar - 12z oM 2(1-T) 1-T

—i[gé(e)+gi(e)]gi(f)X§<12—5T><3T—2)}. (35)

By adding the contributions to the cross section of individual regions of the Dalitz diagram, we obtain the
cross section characterizing the distribution of the most energetic particle in a variable T :

2
N — - —
do _ aQED C glz-lff GA (3T 2)(4 3T) +Tln 1-T _
ar 1275 v (1-7) T

- %[gé(e) +g4()ga(f)XZ(12-5T)3T - 2)}. (36)

I
In fig. 7 illustrates the dependence of the cross CONCLUSION
section of the reaction e +e” —>H+t+7 on the Thus, we discussed the process of the associated
variable T for /s =1 TeV and m, =173.2 GeV. production of the Higgs boson H and a longitudinally
Growth of the variable T from 0.725 to 0.9 leads to a  Polarized heavy fermion pair in the annihilation of an
monotonic increase in the cross section from 0252  arbitrarily polarized ele?tron—posnron pair
fbarn to 4.529 fbarn. e +e" >(y5Z*)>H+f+f. An analytical

expression of the differential cross section of the

5
process is obtained, the features of the cross section
behavior, angular correlations of particles, left-right
4 spin asymmetry A;p, the degree of longitudinal
polarization of the fermion P;, and transverse spin
=
E 3T asymmetry A, are investigated. The results of the
g calculations are illustrated with graphs. The possibility
5,1 of experimental measurement of the coupling constant
8y 18 discussed.
1
APPENDIX
0 : : . . . . Here we give the expressions for the correlation
0725 075 0775 0.8 0.825 0.85 0.875 T 0.9 functions in the coordinate systems Ila, IIb, IIla and
. . IIb.
Fig. 7. Dependenceﬁ of the cross section of the process 1) Insystems ITa and Ib:
e e — Htt on the variable T for the \/; =1 253 ,
= TH (g2,
TeV, M, =91.1875 GV, m, =173.2 GeV. T = oy )
. . oy = X121 .52
I\iote that an ?xperlmental study of the reaction 2T ) (—ny)
e +e — H+t+t is of great interest, since it allows 252
you to accurately measure the coupling constant g, . O3 = # (1—012 3)s
—x)(1-x
Although the Higgs boson coupling constants with ! 5 2
gauge bosons gyww, 8mzz are measurable in the =7 2xy 515013
LHC, the direct measurement of the constant g, is (=)A= x,)
difficult. Consequently, the study of the Higgs boson 5 X, X g
radiation process by top quarks in high-energy O7 = Xn 1-x, (C13_C12)+1_ xl( —C13)
electron-positron collisions represents a certain
interest.
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of =—4(l+xy) (2-s13),

o3
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— X2 xl
08:+XH|:_—1 (513+512)+—1 . 513}

—X —X

oy = —2(1+xH)s123,

=—4(+xy) (I1-cfy), 04 =41+ x5)-53¢13;

2) In systems Illa and I1Ib:

(1]

(2]

(3]

(4]

[12]

[13]

[14]

[15]

2
2xy

o=——H _.(2-52 R
TR T R
2
.| E—r
(1-x)(1-x,)

o] =

~4(1+x5) (2-535),

2,2
Oy=—H (-2,
(I=x)(1-x,)
_ 2x§1
Oy =+ 523003
(I=x)(1-x,)

X X;
0'7=2’CH{l 2x (023_1)—1 lx (%3‘%1)}
X X

_ X X
0'8:+)ch{1 Sy —— (523“‘521)}
—x2 l_xl

o) = —2(1+xH)s§3,

oh =—4(+xy) (1=c33), 04 =F(1+xy) 55323

The upper sign corresponds to systems Ila and

IIIa, and the lower IIb and IIIb.
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