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A number of experiments have established the existence of
events believed to be induced by incident I}u <’€;°)
interacting with nucleons without the emission of a muon « There
seems to be evidenoe for neutral currents.

Existing experimental data do not permit one to make
a unique conclusion about the nature of neutral ourrents 2, The
study of this new phenomena is of great importance for the
theory of weak interactions. Thus, it is neocessary to investiga-
te neutral currents both at high and at low energles. The
importanoe of studying neutral current effects at low energies
ig oonneoted also with the faot that the nature of the outgolng
lepton 1s unknown. In particular, one does not exclude a possible
mass of the outgoing partiole in the range from O to 500 MeV 19.
Meson factories give the unique possibility to investigate
neutral current effects at low ( << 100 MeV) energles.

A possible method cf investigating weak neutral currents
in excitation of nuclear levels by neutrinos was dilscussed 1n
the paper 3 long before neutral currents had been discovered.

Recently a number of authors have discussed possible
puclear effects due to the presence of neutral weak currents 4'8.

In paper 5 exoltation of nuclear glant dipole states by
peutrinos due to the neutral currents was consldered but only
a vector—current isoveotor transition was lnvolved. Thus, the
lower limit of the cross section of such processes was estima-—

ted for a number of heavy and medium nuclel.



In the present paper more detalled calculations are per-~
formed to find the cross sectlon of the neutrinoexcitation
of glant dipole resonance of the well studled nuclei 12c and
16O due to the neutral ocurrents.
We assume that interactlion between neutrinos and neutral
hadronio current has the form, arising in the simplest variant

of the Welnberg theory 9,10 :
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Here C;L 1s the operator of eleotromagnetic ourrent of

3
hadrons, ZL 1s the third component of V-A hadronio ourrent,
5£a2 6%V 13 the parameter in the Welnberg theory andc; 167 f%

1s the constant of weak interactions,

Hamiltonian (1) 1s conslstent with experimental data 1
(CERN) and s1n® C%V equals 0.3~0.4.
We conslder the processes
— N, g% (2)
v(7)+ A— vi(v)+ A7,

*
where ﬂ 1s the nucleus A 1n an exoited state.

To obtaln the effective Hamiltonian which describes the
int eraction between neutrino and nucleus, the following
assumptions are made:

a) Interaction between neutrinos and nucleus is determined
by the idependent contribution of the individual nucleons,

b) All constants of the weak interaotions for the nucleons
in the nucleus are those of the free nucleons.

0) The motion of the nucleons in the nucleus can be
treated nonrelativistically.

Taking into acoount a) and b), the matrix element of the

process (2) has the form

<SlHI>=-C bu< /Ze 7y, oy 0>, )

where / k(k));‘(ﬂ/)u(k) ( & eand £’ are the four—

—vectors of the initial and final neutrino) and 57*

is determined by the matrix element of the single-nucleon current.
Negleoting the second class currents, omitting all ferms

in 7’/“' in the matrix element of the single-nuoleon current

( because they give zero oontribution to the cross seotion

of process (2) ), and taking into acoount o), we have:

<ol T JIFAg>= Sg %% [M“]/Yhf
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where )'/1 and §f are the two-component.Paull spinors
and 1sospinora, /y/‘ = (M, "/Ho) , where

M= Fp & —(F+2MR)(& *2-% ,

Mo=F .
° ! (%)
— -7 !
For the form-factors £, Fp , Fa we have E(Qz):C:”Z' (22) ,
where L = 1,2,/? (assuming that all form-factors have the
. . V
same ¢2, dependence) and C = ‘L(C + 7, )

symbols S and V denote 1sosocalar and 1soveotor pa.rts respeotively.
In the Welnberg model
S c = (-25r*Ow

¢ - -23n? by

S -0 (6) ) = hgpm £¢-42) ()
A

2NC;= ~24¢n* 0, (fl,pf,“m) 2MCy = (1- 2a’n29w)9'-(/°7"»).
Frem CVC

Iira2) - 2z
Fiq)= Fp(37),
2
where /'73(¢ )
13 the well known 11 proton charge form factor, for whlch we

shall take

£,-2

- N = Me
Fp@z) (4+ Mlz) M =840 Mev | ®

The axial form factor FA(Q‘Z) may be assumed to be the sams,
that 1s oonsistent with the last experimental data 12 .

Using (3) =(8) and relating the nuclear matrix element of
the axlal 1sovector current to the nuclear matrix element of the
isoveotor current 13 y We obtain the differential cross section
for neutrino ( antimeutrino) excitation of closed-shell nuclei.

<Since we are working in the framework of the generalized Gold-
haber-Teller and Weinberg models, the oontribution to the cross

section from the T=0 states 1s much smaller 1n oompe.rison with

the T==1 states because of the smallness of [’“f’ */""] 7 OOBD
Mp Hn
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where A . ~gX; 2
) > / 25(G)e /°>/
”7LJ = <~%;AGL/.: ; 3 C/)
Hf )
is the isovector nuclear matrix element , é =k -k
and excitation energy ddr ko—ké .
Using the Goldhaber~Teller model of the "glant dipole®

13,14

nuclear collective oscillations we have

3
|m|* = 8r /<1 /N,HI<>>I 4,”,12/ (q_)] (10)

where Fo(‘]:) is the ground state elastic form faotor of the

nucleus, which can be taken in the form 15 x)

(11)

where Mo = 0.?25/":/9~

To calculate the differential cross section for lnelastic
neutrino scattering off the clossed-shell nuclel, leading to

spin-isospin states and 1" CCr/_?
13,14

excitation of 07,15 2~
atate, we use the generalized Goldhaber-Teller model

x) Expression (11) for 5 (Q‘) is consistent with the
experimental data for electroexcitation of giant dipole resonance
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We have integrated eq. (9) and (12) over é’a » because

the emitted neutrino is unobservable.

Sixg.ce the oollective states, which are exolted 1n olosed-

17 s in muon oapture 18

shell nuclei by electron scattering
and in neutrino reactions 14 s, are components of the [15] - di-
mensional SU(4) supermultiplet of glant resonances the same
states will also be excited in the processes (2) . Therefore we
have taken energles dv of the collective states, which the
model does not provide, from eleotroexcitatlon data 16 .

The results are presented far the reactions |
)
w(v)+ %C - V(I +

»(3) + o ~ 1 (%) *



in the form of integrated over Q,Z' cross sections versus
the neutrino energy ( fig.l). In figure 2 the total cross
sections for neutrino and antineutrino excitation are plotted
against ko for different values of sin2 69W« : 0.343;0.,45;0.6 &
As 1s clear from the figure, vhen sin? QW varlies from
0.34 to 0.6, the cross section for neutrinoexcitation increases
while the cross section for antineutrinocexcitation decreases.
Thus, the cross seotions for neutrino and antineutrinoexoita-—
tion of glant dipole resonance are strongly dependent on
sin2 9w.
Using the total widths of emitted particles ( neutrons and

16 s in figure 3 we

protons) of the collective nuclear states
present excitation curves for the collective levels in inelas—
tic neutrino soattering due to the neutral ourrents. Figure 3

120. for various initial energles Ab and corres-—

refers to
ponsing intervals of the momentum transfers and shows the
ohange of the relative strength of the states with momentum
transfer.

The results, which have been obtained by means of the
simplest variant of the Weinberg model and the generalized
Goldhaber-Teller model are capable to give a semi-quantitative
description of the gross features of the glant resonance exci-
tation by neutral currents.

The obtalned values of the cross sectioms ( & ~ 10'40 cm2)
testify to experiﬁental possibility of studying the neutral

A

current effects in neutrinoexcitation of the glant resonances
in nuclel.

We are grateful to Dr.S.M.Blilenky for the statement of
the problem, for unceasing interest in the work and for a number
of critical remarks. We would like to thank Dr.R.A.Eramjan for
many valuable discussions as well as V.V.Barov for the help

in numerical calculations.
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The cross section of the neutrinoexoltation of the glant
dipols resonance in 125 gna 169 (botton) due to the neutral
ourrents as a function of the primary energy.
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The dependence of the integrated over i'z’
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Fig.3

Neutrinoexcitation cross section of giant resonances by
neutral curreats in 12c for various primary energies.
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