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The work is devoted to the calculation of the parameter sin? 49W in an external magnetic field in the framework of the Weinberg-

Salam-Glashow model. The new formula for Sin’ 6,, obtained from the ratio of the cross sections of the neutrino-electron and antineutrino-

electron scattering reactions in a weak magnetic field shows that sin2 HW is a function of the kinematic and dynamic parameters. The

restriction for the neutrino (antineutrino) mass is found.

The existence of weak neutral currents was confirmed by
the initial observation of 17/, +e - 17# + @ reaction at
CERN [1]. The relation between the weak coupling constant
g and the electric charge e is established with the Weinberg
angle 6,,, which characterizes the contribution of an
electromagnetic current to a neutral current [2]

e=gsin0, (1)

4/ 5 A .
where g =2 GF]/ m,,, G is the Fermi constant,

m,, is the mass of the W boson.

On the basis of the experimental data on the neutral
currents it was found that Sin® 6, =0.23+0.01[3]. This

value of sin @, belongsto q° ~m *(m2), where ¢’ is
the momentum transfer squar
e2
sin’ @, =— )

is not constant and it is a function of the momentum transfer
squared. One of the possibilities to determine sin? 0, is
measuring the ratio of the cross sections of the reactions [4-9]
V,+e o>V, +e, (3)
V,+e" >V, +e, 4)
where Vv, =V, Vv and V| =V, ,V .

Systematic uncertainties in the neutrino flux and
spectrum create some difficulties in precise measurements of
the cross sections of the considered processes. The primary
uncertainty in the neutrino flux is connected with the
uncertainty in the acceptance of the detector [8]. The
questions concerning the limitation on the systematic
uncertainties in the neutrino flux and spectrum is discussed in
[3,7,8].

From the ratio of the cross sections of these reactions

o(v,e—>v,e)

®)

B 0(vﬂe - Vﬂe)
it has been found that sin”@,, =0.209 +0.032 [5]. The

CERN group reported the result sin” 0, =0.211+0.037
[6]. The agreement of these experimental results with the

value of sin’ 6,, predicted by the electroweak theory is one

of the best confirmations of the Standard Model.

The reactions (3) and (4) in an external magnetic field
can be used for testing the theory of electroweak interactions
in a strong magnetic field. Measurement of the parameter

Sin29W in an external magnetic field allows testing the
Standard Model. This work is devoted to the calculation of
Sin29W in an external magnetic field in the framework of

the Weinberg-Salam-Glashow model. In this paper we also
try to find the restriction for a neutrino mass.

Generally, electroweak radiative corrections are
important for precise measurements of the cross sections of
the considered processes. These corrections to neutrino-
electron scattering in the Standard Model were computed by
Sarantakos, Sirlin and Marciano [10]. Radiative corrections
connected with leptonic interactions were also discussed in
the review [11]. We perform our calculations in the tree level
approximation. In this approximation and in the conditions of
relatively low energies and weak magnetic fields the
electroweak radiative corrections can be neglected. Of
course, the consideration of these corrections can improve an
agreement of the results of our calculations with the
experimental data.

In our calculations we neglect neutrino masses and
mixing. For generality, we take into account the propagator
effects (Z boson contribution). But in the low-energy region
we will use the low-energy approximation of the Standart
Model.

In calculations of the cross sections of the neutrino
(antineutrino)-electron scattering reactions we apply the
method of the exact solution of the relativistic wave equation
(the Dirac equation) in an external magnetic field. This
method is one of the most effective methods of theoretical
investigations and it allows to go out beyond the perturbation
theory and foretell some theoretical predictions.

The cross section of the reaction (3) in a crossed
electromagnetic field was found in [12]. It is well known that
a constant crossed electromagnetic field simulates an
arbitrary constant electromagnetic field of the strength
2
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if ultra relativistic particles take part in the process. Here H,
is the Schwinger field strength, € is the elementary charge
and F can be the strength of a magnetic field or the strength
of an electric filed.

Let us suppose that the electrons are ultra relativistic
(&, >>m, where & and &' are the energies of the initial

and final electrons and m,

strength of a constant external electromagnetic field is
F<<H,.

In this work we use the system of units where
h = ¢ =1. The signature of the metric is (+ ———). As this

is a constant external field we can consider the constant
magnetic field. If we take into account that the vector of
intensity of the constant magnetic filed H is directed along
the axis Oz, the longitudinal momentum of the initial electron
is zero and the vector of momentum of the initial neutrino
(antineutrino) k is directed along H, we can write the
following formulae for the invariant spectral variable u and
the invariant parameters } and x:

is the electron mass) and the
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where F_; is the tensor of the constant external field,

2'=xy(p—>p’), p and p’ are the 4-momenta of the
initial and final electrons, Kk is the 4-momentum of the initial
neutrino (antineutrino), K, is the energy of the initial
neutrino (antineutrino), H is the strength of an external
magnetic field. Here y is the dynamic parameter and x is
the kinematic parameter. In spite of the fact (H/H,) <<1
due to the condition & >>m, the field parameter ¥ can

reach the value y >1. In this case, the contribution of the

field to the cross sections of the considered processes is
significant.

In the framework of the Weinberg-Salam-Glashow
model the cross sections of the processes (3) and (4) in a

U= l! 1_< _1, @ constant external magnetic field are
x € |
GZm? 7 udu J Pk m ) u ’
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where m, is the mass of a Z boson, o, and Where
2 2 2 .
f+:g|_(12+u) +gRz artza for the reaction (3), o_ and a,=A -B,.a,=A —B,, (16)
f =gg(@+u)°+9g, are for the reaction (4),
1 . 2 : 1
g, ——E+S|n 8, gg =Sin” @, . Here the functions A=« ﬁ@ Ndu, (17)
q)'(t):d%t(t) (11)
And A =k ;CD Ndu, (18)
” < (L+u)*
®,(t) = [(p)Kp (12) Lo
t 3
are determined with the Airy function B, =2y .[(1+ u) Ndu, (19)
CD(t)=(1/Zﬁ)jduexp{i(ty+%y3)] (13) .
—o0 2w 2
All these functions depend on a new variable B, = 2;(3!43@ Ndu, (20)
2 o @+u)’
3
t:(ﬂJ (1—5) (14)
X u
C= 4<D Ndu . (21)

To determine sin® 6,, in an external magnetic field we find
theratio R=0, /o _:

(A -B)g’ +(A,
(A —B,)gZ +(A,

_'Bz)gé
"Bz)gi
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If we take into account g, :_E+Sln 0,.

g, =sin’@,,, we obtain



n_ A-B,—4(A-B ~C)sin’8, +4(A ~B, + A - B, ~2C)sin*4,

A, —B,—4(A,—B,-C)sin’ g, +4(A —B,+A,—B,-2C)sin* 4,

According to the general theory developed in [13] the
influence of the external magnetic field on the processes (3)
and (4) is determined by the parameter

X

n==.
K

(23)

Let us consider the asymptotic behaviour of the ratio R
in the limiting case

n<<1l (weak field). For 7 <<1, we use the weak

asymototic expansions of the Airy functions (see, for
example, [14])

(22)
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(25)
where o0(x) =d@(x)/dx is the Dirac delta function,
A=7" is the parameter (A>>1), 6(x) is the

Heaviside function. Supposing in the expression (10)
x(m,/m,)* <<1, we find the following expression for

R:
2
ag; +bgz —cg, g +87n2(dgi + fgz —hg, gz)

R =
2
@'(AX) = VT A5 (X)+ O(A™®), @, ag§+bgi—chgR+37n2(dgé+fgi—thgR)
(26)
or
A sin® 6, — (A, —B,)sin?8,, +H, +%772[D0 sin*@,, — (D, — E,)sin’ 8, + IO]
R = ; (27)
Aysin 6, —B,sin? 6, +C, + - n*(Dysin* 6, —Eysin® 6, +Gy)
S
where |
A, =a+b-c=4s>-2s+1, (28) b=s?+s+1, 37)
1 , 1 c=3s, (38)
BO:b—Eczs —ES+1, (29) d=52(—252+25+3), (39)
f =-3s* —4s+10, 40
C,=tb=1(s24s+1), 30) 2 “0)
4 4 h=2s(s“ —6s+6). (41)
D, =d+f-h=-2(s"—6s" +85-5), (31) In the expressions (26-41) s=x +1=(q+ p)>/m? is
_ 1 .3 2 the normalized Mandelstam variable. The terms in (26)
Eo=1 _Eh =—5"+3s" ~10s+10, (32) proportional to C and h correspond to the interference
1 1 terms.In the expression (26) we retain the interference terms
G, =~ f ==(-3s* -4s+10), (33)  for low energy applications.
4 4 When the energy of the initial neutrino (antineutrino) is
H, :la :Esz (34) of order ~ MeV (k, =0.5MeV') and the energy of the
4 4 electron is & = 0.5GeV , for the kinematic parameter & we
| :ld =132(_232+25+3) 35) have k=2x10° >>1 and s=x+1>>1. In the weak
0 4 4 magnetic field limiting case from (27) we find the following
and formula for sin” @,,:
a=3s?, (36)

2 2
R—3+4Zi\/—3R2 +10R—3+4%(R2 —6R+1)

sin® g, = -

8R-1(1-T)
S

From the last expression we see that the contribution of |

an external magnetic field to sin’ 6, is determined by the

(42)

terms proportional to 772/ S. If we take into account the



definition of 7 and formula for y and x, we have

7 _i(H) m
s 8\H,) ki

The contribution 772/8 is determined by three variables

(43)

ko, H and €. This contribution is especially significant

when we have dealings with relatively strong magnetic field
and low-energy neutrinos (antineutrinos). In this case not

very high € is desirable. If we set H =10_2H0,
k, =0.5MeV and ¢=0.5GeV , the estimations give
7% /s =0.625x107 that is very small.

According to the formula (43) the upper limit of 772/8 is
determined by the maximal possible value of H and the
minimal possible values of K, and &. The order of the
maximal value of 7’ / S can not be greater than
sin®@,, =0.23~10". The maximal possible value for
H canbe H ~ H, and the minimal possible value for the

electron energy can be &~ m,. In this case the value

e

sin®@, ~10™ can be achieved due to the multiplier K,°.

However, there is definite restriction for the lowest value
kOmin of the neutrino (antineutrino) energy ko- The neutrino
(antineutrino) energy K, can not be smaller than the value

K
be greater than sin?@, ~0.1. But 7°/s can not be

omin - Otherwise, the order of the parameter sin’ @, would

greater than ~ 107, It means that the lowest energy of a
neutrino (antineutrino) is Ko, . If a neutrino (antineutrino)
is a massive particle, the lowest limit of k0 corresponds to
neutrino (antineutrino) mass. So, the muon neutrino
(antineutrino) mass m,, can not be greater than K

(H zme“_%
_L\H) e 1

n
S

Omin *

Q
I
3

o m. <0.255MeV . (44)

This estimation is right for v, v, v_and v_.
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B. A. TYCEHHOB, P. 3. TACBIMOBA, 3. 3. CA®GAPOBA

YI'OJl BAMHBEPTA B MATHUTHOM I1OJIE 1 OTPAHUYEHUE HA MACCY HEMTPHHO

- 2 o
Pa6oTa nocssiiieHa BeYuciaeHuo napamerpa SIN HW B paMkax Mojenu BaitnGepra-Canama-Iemoy Bo BHEIITHEM MAarHUTHOM IIOJIE.

in2 . VI . o o
Hogas (bopMyna JUIsL SIn 0 , HNOJIYY€HHas U3 COOTHOLICHUSA CEYCHHH PEAKIIMHM HEUTPUHO-3JICKTPOHHOU W aHTHUHCUTPUHO-3JICKTPOHHOU

o Ho .
paccestHui B cl1abOM MarHUTHOM I10J1€, ToKa3sbiBaet, uto Sl HW siBIsieTCsl QYHKIMEH KMHEMAaTH4eCKOTo U JMHAMUYECKOTO MapaMeTpoB.

HaiifieHo orpaHiyeHne Ha MacCy HEUTPHHO (AHTHHEHTPHHO).

V. A. HUSEYNOV, R. E. QASIMOVA, E. Z. SOFOROVA

MAQNIT SAHOSINDO VAYNBERQ BUCAGI VO NEYTRINO KUTLOSI UCUN MOHDUDIYYOT

Is xarici magnit sahesinde Vaynberg-Salam-Qlesou modeli ¢orgivesindo sin? HW parametrinin hesablanmasina hasr olunmusdur.

Zoif maqnit sahasinde neytrino-elektron ve antineytrino-elektron sepilme reaksiyalarinin en kesiklorinin nisbatinden SIN HW tglin alinmis

yeni ifade gostorir ki, sin 2 ¢9W kinematik ve dinamik parametrlorin funksiyasidir. Isde neytrino (antineytrino) kiitlesi igiin mehdudiyyet

taptlmigdir.






