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SPIN AND ELECTROWEAK EFFECTS INe¢” ¢  PAIR
NEUTRINO ANNIHILATION

NAZIH WAJIH HAIDAR'

ABSTRACT
Differential and imegrated cross section, as well ‘as, integral
forward-backward asymmetries ofthee” ¢ » ¥ v annihilation are
studied for different e'e” beams polarizations. Particularly it is
shown that variation of the charged and neutral currents relative
contributions is manifested in anomalous decrease of the cross
section for ¢ "g¢ L » Dy v annihilation in the region Vs < M,.
At higher energies this cross section extends to Plateau so that
e‘e” + U v channel prevails over that of Uy v, Of Urur pairs
production.
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IINTRODUCTION
Information is lacking about the properties of neutrino, in spite of
the fact that they were introduced into physics about 67 years ago.
The sun a particular strong source of neutrinos, and for this reason
has been used for pertinent expeniments.
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pure water isolated deep wjthin the Japanese mine
Kamiokande-has found evidence of a non zero neutrino mass [ 1-4).

TEIMMMM casily pass through the

As it is known at present a wide range of the processes being under
experimental study are well described by the standard electro-weak
imeraction model of Glashow-Weinberg-Salam (GWS). In many
cases, however, the achieved accuracy of experimental data assumes
deviation from the standard model. Also within limits of
some difference in mixing parameter x = sin’ 8, values,
from semileptonic and pure leptonic processes, remains.
] degree the mature of neutrino is still unknown, namely
what concerns its mass, helicity behavior and electromagnetic
properties. The study of the newtrino's electromagnetic interaction is
important for astrophysics, particularly, in calculation of the
neurino luminosity of stellar objects, since the underlooked solar
election neutrino flux is several times less than that calculated on the
basis of standard thermonuciear solar mode!.
This work develops [7-10] and investigates spin and interference
effects, caused by:
i) The weak and electromagnetic interaction in electron-
positron pair annihilation process.
ii) The devistion of the neutrino mass from zero in this
process.
iii) The “.. ction of charged currents (CC) and neutral current
e'e’r Wy
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¢’ ¢ pair neutrine annihilation
Together with v ¢ - scattering processes it s of interest that the
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BB 11 =8 SO, /M
for NC interaction (3, vy , B vr ~pairs in the final.state), and
BB 1= s /MR ST M (1% 5 (1 = chem 1M
for NC and CC interactions (T, ve — pair production),

Here
B ™~ % + 2xand g = - % are electron NC constants;
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VS = 2 is the total energy in center of mass system (CMS); 0 -
neutrino angel with respect to the electron momentum; M, and T,
are the mass and the total decay width of z° boson . We use below
the (GWS) —-mode! relation:

M. = M, cosf,
For w- boson mass; the finite width I, can be neglected, since in
this case the transferred momentum is space - like. o
While analyzing angular distributions of produced v, v, pair let’s
consider some defiinite cases for electron and positron spins
orientations: transverse parallel (**), transverse antiparallel ()
and longitudinal ex’ e,  (RL) ande ey’ (LR).
As it has been shown in [10) for transverse orientation of ¢ * ¢ pair
spins the cross section of the process (1) has an azimuthal
asymmetry, therefore further let’s deal with the case, when electron
and positron spins are orthogonal to the reaction plane, i.c. the
detector is set up in the plane of storage ring. Then for neutrino
angular distribution, we get:
(do-- / B0) (g =0/ 2) = Op (D) ({ge cos 8+ go)’ + D, (DL (1 + c0s 8

 2(D " (=57 M ) Bucos B+ g (1 +c0s®), (3)

(do A} g =ni2) = Oy (D) {lg * Raecos B + D, (DL (1 + cos )
22D 0 -5/ (MP ) (B * Bakos B) () ¢ cn ).  (4)

(0 / BE%) 9 =2/ 2) = Oy (D,)" s — gac 1"+ (1 = cO8 B, )

(o /&) g =u/2) = O (D,)" (g * gacl = 4 D (DY 42 (D) (1-S /(M)

% (g B} * cos BY (6)
Here some abbreviations are accepted:
= (G §732w. D, = (1= 8/ (M + TP/ (M), Dwmt s 51-con )12 (M
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From (3) - (6) it is seen, that for U, v, and U, v, - pairs production
the shape of angular distribution is indepndent on energy and
determined only by gv. and ga. constants.

The same is true of dowy / dQ, for any type of neutrino in final
state. For B, - pair production the behavior patiern of angular
distributions are complicated because of variations of charged and
neutral currents relative contributions.

The integral characteristic of neutrino angular distribution is given
by forward- backward asymmetry relation:

H‘T(hfdmﬂn- idw’dmiumx Fhl’ﬂn..}ﬂdl M
L) o ]

In the case of T, v, and Vv vr pairs production we have
A =000 A. =06 Ag=0730 Ag~-07%0

for the values of parameters:

k=02, M, 7900eV. T,=3GeV, M_7800eV

Fig. (1) : shows plots of ve v, - pair production asymmetry as a
function of electron beam energy E.

When € =.30 - 35 Gev (Vs< M, the asymmetries for spin
- configurations, ** “*, and LR of annihilating electrons and
positrons have quasi — resonance behavior and whenever there are
transverse polarization, ** and "~ the neutrino production
momentum prevails in the direction opposilte 1o electron momentum.
For (V5> M, the asymmetries A “*, A~ and A ; are near to the
unity because of the small suppression of w- exchange
contributions when 8 > 0.

The vanation of the relative CC and NC contributions is manifested
also in energy dependence of the annihilation integral cross section,
given in Fig. (2) while the cross sectionsof thee “¢” » G v, Dror
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annihilation at the expense of NC have the same form for different
¢’ e’ spins orientation and differ only in modulus. Thee e » ue,
annihilation cross section has two regions of anomalous behavior:
1) For /s =60 -80 GeV the growth rate of cross section decreases
and even there a local minimum appears in LR configuration;

2) For s> M,the @ -, 0 - and @ | 5 cross section the extend to a
plateau. This is explained by the prevailing contribution of w-
exchange, Thus for the reaction of e * ¢ " annihilation in high energy
region the channel of electron neutrino- antineutrino pair production
predominates. Its cross section is constant, whereas those of
annihilation to D, v, and T; ur -pair’s decrease like s™.
CONCLUSION

Differential cross section for annihilation processese "¢ ) v,
Uy vy Ur ur were calculated in the framework of GW'S — model for
several polarization of the ¢ ” ¢~ beams.

The paper discusses some anomalies in the neutrino angular
distributions caused by vanation of the relative contributions of the
charged and neutral currents interactions for various polarization
channels below and over z° - resonance region.

It is concluded that for Vs > M, cross section for electron neutrino
pair production prevails significantly over that for U, vy, 0F Brur
pairs production.
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Fig (1) : Energy dependences of the forward — backward asymmetries
o A ine' ¢ —— U, annihilation for e+ ¢- polarization.
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Fig. (2): Energy dependences of the integraled cross sections in
¢" ¢ ——p Du annibilation for ¢’ ¢" polarization .
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