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At present the obtained experimental data give evidence 
on existence of a direct interaction of the mupnic neutrino 
with the nucleons without muon production Ill. To elucidate 
the nature of this interaction it is necessary to determine 
its isotopic structure and relation between vector and 
axial parts of the hadron current*. 

In the popular Salam-Ward /4/ and Weinberg /s/ mo­
dels a quite definite relation between V and A -currents 
with isospin 0 and 1 is predicted (in particular, the absence 
of an isoscalar A -interaction). In the scheme which 
attempts to explain muonless neutrino scattering by fn 
anomalously large electromagnetic neutrino radius/ 6 , 7 , 

A -variant is absent whereas the isotopical structure of 
the V -variant is similar to the electromagnetic current 
structure. There are also schemes which predict another 
structure of the hadron current /B, 9 1 • The scheme /9 I 
predicts, for example, the existence of the isoscalar 
A -current. Therefore it seems reasonable not to confine 
oneself hardly to the framework of any scheme in the 
experimental investigation. 

*Strictly speaking we can limit ourselves to V and 
A -currents only, if we suppose that muonless processes 
are induced by the longitudinal neutrino without change 
of their chirality. From the phenomenological point of 
view we cannot exclude, for example, an interaction of 
the type Vp N --> veN (or VJ1 N ->~eN ) ) in which the 
neutrino cnirality is charged. Such reactions are not 
forbidden by the lepton nQillber conservation in the scheme 
of Konopinski-Mahmoud /2/ and Zeldovich /3/ .In this case 
the four-fermion interaction should have the form of a 
superposition of S , P and T -variants. The presence of 
such variants should change, for example, the recoil 
proton spectrum in the elastic 1/N -interaction at high 
energy, as compared to V and A variants. 
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The main information on the nature of the weak inter­
action is known to be obtained at firstin the nuclear beta­
decay investigations. As the levels of light nuclei have 
the definite angular momentum, parity and isospin, the 
study of the nuclear level excitations in the process 
v Z ~ v Z* can give an important information on the 

nature of the neutral weak interaction. 
The possibility of the nuclear level excitation by the 

neutral currents by the reactor antineutrino was discussed 
in paper /lO I · (in particular, for 7 Li nucleus). Pa­
pers /11- 12/ discussed the giant resonance excitation 
and nuclear fission processes induced by the electromagne­
.tic neutrino radius and the neutral currents at the energies 
of mesonic factories. Recently reactions of the nuclear 
level excitation in the Weinberg model were discussed in 
the paper 1131. 

In the present paper we analyze the reactions of the 
nuclear level excitation by the neutrino of low and inter­
mediate energies with a view to determine the isotopic 
structure of the neutral current and relations between 
vector and axial vector coupling constants. 

The amplitude of the reaction v Z ~ v Z* is 

M = _f._ e H + where e is the lepton neutral cur-- a a' a y2 
rent, fa = i71 Ya ( 1 ± y 5) v 0 • The sign plus (minus) corres­
ponds to the neutrino (antineutrino) scattering. We take 
the nucleon current operator J a in the matrix element 

~-> 

3 + , i q rk 
Ha =f ~ d ri ~1 1 2. Yo,kJa,ke t/1 0 in the form of a combi-

1 

nation of V and A -currents 

a a(3 q (3 
J a = f yY a - f M 

2
m +fAYaYs (1) 

q = q 0 - q 1 , q 0 and q 1 are the momenta of the initial 
and final neutrino; 1./J 0 and 0 1 are the wave functions of 
the initial and final nuclear states; summing runs over all 
the nucleons in the nucleus. Each form factor £ v , f M 

and fA is a sum of the isoscalar and isovector parts. 
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For example, f v = ( f ~ + f t r 3 ) /2 • Index "O "corres­
ponds to the isoscalar and index !'to the isoy~ctor parts 
of the interaction. We neglect the contributions of iso­
tensor parts and second class currents. In the Weinberg 
model 

£ o = _ 2 sin 2e w , v 

£0 = 0' 
A 

£ 1 = 1 - 2 sin 2 e v w 

l f = g 
A A 

£~ =-2sin
2
0w(ilp +lln)' f ~ = ( 1- 2 sin 

2 e w)(il p - il n ), 

where e w is the Weinberg angle, ilp and il n are the 
proton and neutron anomalous magnetic moments. Note 
that the contribution of weak magnetism term in the iso­
scalar interaction is smaller by one order of magnitude 
as compared with the isovector one. The renormalization 
of the isovector constants due to the strong interactions 
is the same as for the charged current, i.e., fi=gA= l, 24 
(In the models where a bare isoscalar axial current is 
present, which is a member of SU 3 - octet, the renormalized 
by the strong interaction constant f ~ can be expressed 
via the F and D couplings, that gives £1 =. 0,3( f~) b r 

in the simple three-quark model). a e 

The differential cross section for the neutrino scatter­
ing with the excitation of a nucleus has the form 

2 
du 
dO = 
~ 

4 rr 2 w 

I 2 Re [ ( q 0H} ( q 1 H)* - .l. ( q 0 q 1) ( H H *)} -
2 + 

0 
(2) 

- lm (f (3 H a H * (3q P q il ) 1 
+ a Pll 0 l ' 

w
0 

and w 
1 

are the energies of the initial and final neutri­
no. 

It is convenient to single out explicitly the time and 
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space parts of the four-vector matrix element H . Then 
. a the cross section takes the form 

da G 
2 

2 2 -> 2 
-d-=-- w 1 !0+cos8)IH 0 ! +0-cos8)IHI + n 477 2 

(3) 
~ ~ ~ 4 

+2Re[r; 0 H)(ii' 1 H) -(ii' 0 +ii'1 )H
0

H*l+ 

-+ .... .... 
-Im[2HH* (ir xii') + (r; -I:) (H xH*)]l, 
+ 0 0 1 0 1 

where 

~ _, , _. .... I k ' .... I ( .... _, ) ( ) 
n 0 = q 0 I (() 0 ' n 1 = q I w I ' = l q I ' co s e = q 0 q l I w 0 - w l • 

Omitting the relativistic terms and neglecting the re­
tardation (exp ( i qr) = 1 ), we find that the allowed transi­
tions at low energies of the neutrino can only come due to 
the axial currents. The scattering cross section for the 
allowed transition is /I o I 

a = £ w 21 < .l.. ( f + f l T ) (f > I 2 
7T l 2 A A 3 (4) 

The bar means summing and averaging over the final 
and initial nuclear orientations. 

1. To elucidate the isotopical structure of the axial 
current, the allowed transitions in light nuclei with the 
even number of nucleons are the most suitable. In such 
nuclei it is possible to choose in the pure form the iso­
scalar part of the axial current, if it exists, in the transi­
tions T 0 = 0 .... T 1 = 0 . As an example we discuss two such 
cases which are of real interest 

12
c(J"=o+, T=O .... ]

77
=1+, T=O; E=l2,71MeV), 

14
N(J

77 
=1+, T=O .... ] 77=2~ T=O: E=7,03MeV), 
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The nuclear matrix element in expression (4) can be 
determined from the experimental data on corresponding 
M1-transition rate. Using the experimental data 114 I we 
obtain that for the transition in 14N the matrix element 
is large and equal to 

1 <J---;1 2 
= 4.4o ± o.64. 

As to the case of 12c such an information does not 
exist. The calculation in the framework of the shell model 
with an intermediate coupling gives the following value 

I <; > I 2 
= 2.82 

which is somewhat smaller, than in 14 N. 
2. The isovector part of the axial current can be 

chosen in the pure form in the transitions 

6
Li(l+, 0 ... o+, 1; F: = 3,56 IV1eV), 

12
c(o+, o .... 1+, 1; E = 15,11 MeV). 

3. At high energies ( w R - 1), where R is the nuclear 
radius.,. the vector part of the current gives the contribu­
tion in all the mentioned transitions. The typical result 
is shown in Fig. 1 for the transition 1 +-, o ... 2 +, o in 11N . 
The scattering cross section for neutrino and antineutrino 
is a sum of the three terms !\a A , !\a v and !\a int • 

The first one corresponds to the contribution of the axial 
current, second one to the vector current, and the last 
one to the interference between them. 

The expressions for all quantities are given in Appen­
dix. In Fig. 1 the quantities L\ av , L\ a int and a v are 
given. The cross sections for neutrino and antineutrino 
scattering and the quantity i\ a A are almost equal to each 
other because of smallness of the isoscalar weak magne­
tism constant. (The calculation is made with all matrix 
elements, listed in Appendix. The constants f ~ and f~ 
are set to equal to 1). 
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4. In the case of the odd nuclei levels excitation the 
isoscalar and isovector currents interfere. Therefore, if 
the presence of both the isovector and the isoscalar axial 
currents is established, then the investigation of the tran­
sitions in the odd nuclei will permit to determine the 
relative sign of these currents. It is necessary to have 
in mind that in the odd nuclei the excited levels lie low 
enough and they can be excited by the neutrino from reac­
tors. The most interesting are the following transitions 

7 Li(3/2-, l/2 ... l/2-, l/2; E =0,478 MeV), 

23Na( 3/2 +, l/2 ... 5/2 +, 1/2; E = 0,439 MeV) . 

The matrix elements for these transitions * can,be 
directly obtained from the data on the beta-decay of its 
analogous states 

----2 
!<r 3 (; >I = 1.16 

7Li 

and 

... I 2 I < T 3 rY > 2 3N a 0.13. 

The calculations in the framework of the shell model 
with an intermediate coupling give for 7 Li the equality 
of the matrix elements I <;; > 1

2 and I <r 3 a> 1
2 enter­

ing Eq. (4). In the general case (for 23 Na in particular) 
these matrix elements are not equal to each other. Thus 
comparing the data on the excitation of the mentioned 
levels in 7 Li and 23 Na by reactor neutrinos it appears 
to be possible in principle to determine a relative sign 
and values of isoscalar and isovector axial constants. 

------------------------- 2J. + l 
*In paper /I o I we quote the value 1 

1 <;; > 1 2 , 
2Jf + l 

which is two times larger than the value 1 < c; > 1 2, cited 
in the present paper. 
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A possible effect of the isoscalar axial current on neutrino 
cross section 7 Li is shown in Fig. 2. 

The transitions indueed by the vector current can take 
place due to the relativistic (velocity) terms and retarda­
tion. The energy of the neutrino grows, the retarded terms 
become dominating. Due to these terms the cross section 
increases sharply with the energy and then comes to the 
plateau at the neutrino energy w - 1/R. 

If the velocity terms are neglected the quantities H
0 

and 
H in formula (3) take the form 

1 f -> -> H = fvf 1 - - Aa q 0 2m 

-> 
-> -> q 1 -> -> 
H =-£Afa + -- fvf1- i--(fy+ fM)f qxa 

2m 2m 

(5) 

where 

f a = f d 3r (!/Ji , ~ exp ( i q ?) a , 1/J 
0 

) 

After summing and averaging over the nuclear orien­
tations we obtain the following expression for the excitation 
cross section 
d G2 2 -- 2 :...; 2 

__g__ =--w1 l<1+cos8)jfvflj +0-cosO)jfAfa I+ 
dO 4 11 2 

+ 2 Re [ ( f Af ~ 0;; ) (f Af ~ 1; )*] ~ 

-! Re[(Cqo+ql)fAJ;)((fv+fM)J{; )*(~1 x~o)]-

1->->-> 2 ->2 
-q(n 0 +n 1)Re[ifvfll +I£Afal 1:; 

m (6) 

+ ~ ( ~ 0 - n\ ) R e [ q [ ( f Af ; ) ( f v + f M) I ;; ) *] -

- (f Af "J )( (f y+ f M) f"q ; )*]. 
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In the general case both the axial and the vector cur­
rents give a contribution to the transitions. Transitions o +, 
o .... o +,o are the exception .However, they have the strength of 
the second forbidden one. Such a transition come~ only due 
to the vector part of the hadron current, and, for example, 
takes place in the nuclei -12c ( E = -7.65--MeV), and 
16 0 ( E = 6.05 MeV). 

1) The most interest presents the level ( 0 +, o) in 
16 0 which has the single and very specific decay channel -
the electromagnetic EO- transition. For such a case the 
expression for the cross section is as follows: 

d a ( o+ '0 --+ 0 +' 0 ) 

dO 

2 
G 2 2 

-- w f . ( 1 + cos e ) x 
2 I V 

477 

x( q.:__)2(000) 2 , 

q2+(t.E)2 

(7) 

where t. E is the exci 1a tion energy and ( o o o) is the nuclear 
matrix element (we use the notation accepted in the theory 
of muon capture /15/; the corresponding matrix elements 
are defined in Appendix)., 

(000)= ~<0~ I j 0 (kr) 107> 

In the limit k r « 1 this matrix element equals 

(000)::. ~k 2 <O+r lr 2 1o:-> 
12 I 

and can be directly related to the rate of Eo -transition. 
As a result one has 1161 for 16 0 

< o; 1 r 21 o~> = (3.66 ±0.55) fermi 2 

and the cross section at w 1 = 100 MeV for f ~ = 1 will 
be equal to 2 . 10 - 42 em 2 . 

2) The transitions o + .... o- are due to pure axial current 
and theretore can be used for determination of its 
strength. As an example we consider the transition 

12 

l 

I 

o+ ,o ... o-, o ( t. E = 10.95 MeV) in 16o. The correspond­
ing cross section is given in Fig. 3. Again, the constant 
f~ is chosen to be equal to 1. 

The transition o+, o .... 2 -. o practically is also due to 
the axial current. As follows from the expressions given 
in Appendix the contributions of the vector matrix elements 
are much more smaller than of the axialones. Therefore, 
one can neglect them. As a result the cross sections for 
neutrino and antineutrino scattering become equal to each 
other. It is interesting to mention that the cross section 
for the transition o+, o ... 2-, o in 16 0 is large and equals 
to about 10- 41 em 2 at neutrino energy of 50 MeV. The 
energy dependence of o +, o .... 2 -, o cross section in 16 0 
is shown in Fig. 3. 

If there. is no isoscalar A -current (as, for example, 
in the Weinberg model) then the transitions T =0 .... T

1 
= 0 

come due to the pure vector variant. But the vec~or current 
cannot be revealed in the allowed transition. Therefore 
let us consider the first-forbidden ones. As an example, 
we can indicate the transitions which can have a real inte­
rest 

I2c(O+,o .... 1-,o; E = 10,84 MeV) 

14 N(1+, o .... o-,o: E 4, 69 MeV) 

1 4N (l + , 0 -> 2-, 0 ; E 5, 11 MeV) 

16o(o+,o -> 1-, 0; E 7, 1 MeV) 

16o(o+,o .... 1-,0; E = 9,58MeV) 

The excited state 1 , 0 ( t. E = 10.84 MeV in 
12c and ( t. E = 9.58 MeV) in 16 0 decays mainly 
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by emission of three a -particles with definite energy. 
The other levels decay by emission of a y -quantum to 
the ground state of the target nucleus. 

If the Weinberg model is correct, the cross section 
for these transitions is proportional to sin 4 e w. If an iso­
scalar A -current does exist, relative sign of the cons­
tants fA and f v can be determined by measuring the resi­
dual of the neutrino and antineutrino scattering cross sec­
tion. 

In the approximation of formula (6) in the high energy 
limit when w 1 » !:l E , we have 

da da- G 2 22wo 
- (v)- -(v) = --w --. 
dO dO 4 77 2 ° m 

12(1-cosO) (fAf{;) ((fy+ fM) f{;) *-(fAf~{;) ((fy+fM)f~a'rl. 

The results of the cross section calculations for tran­
sition in 16 0 are shown in Fig. 4. Again we present 
the results for !:l a A , !:l a v, !:l a in t , a v and a v . 

Conventional (dipole approximation) four-momentum 
transfer dependence of the form factors was used. 

When f 2 is changed into (- f ~) the expression for 
the neutrino cross section transforms into the correspond­
ing expression for antineutrino and vice versa. Thus, if 
a > a- then f ~ > 0 , what means that relative sign 

ofvvectorvand axial currents is negative. 
If one of these isoscalar (axial or vector) currents 

does not exist, the neutrino and antineutrino scattering 
cross sections become equal to each other. However, the 
energy dependence and absolute value of the cross section 
in both cases are different (see Fig. 4). This makes it 
possible to distinguish the interaction variant. 

Unlike the allowed transitions, in case of the first 
forbidden ones we cannot simply relate the matrix ele­
ments to the experimental data. Therefore, the matrix 
elements were calculated in the shell model with the wave 
functions from paper /1 7 I . In this case the accuracy of the 
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absolute value of the cross section is lower than in the 
allowed transitions, but the qualitative behaviour of the 
cross section is well described. The detailed analysis of 
the wave function structure for these states, similar to 
the analysis which was made in the muon capture case 11B( 
will permit to determine precisely absolute values of the 
cross sections as well. 

4) The value of the interference effect for the transi-
tions with ll T = 1 in l2 C and 6 Li in the Weinberg 
model can be seen from the calculations of paper113t 

We do not consider the effects of the asymmetry and 
polarization of the y-quanta from de-excitation of the 
nuclei and the effects with a polarized target, because 
they cannot be practically observed·in the nearest future. 

The considered class of the experiments on the measu­
rement of the nuclear excitation cross sections appears 
to be real at the mesonic factories and the impulse reactors 
with the lithium convertor. The impulse character of the 
neutrino beam and relatively high energy of the transitions 
permit to decrease the background from the natural and 
cosmical radioactivity. 

In conclu~io .. n we thank B.A.Dolgoshein, V.M.Lobashov, 
A.A.Logunov, M.A.Markov, L.A.Mikaelyan, B.M.Ponte­
korvo for the discussion of the paper, and G.E.Dogotar 
for assistence in numerical calculations. 

Appendix 

1. Definition of the scattering cross section. 
2. Definition of quantities B , C and D for some par-

tial translations. 
3. Definition of the nuclear matrix elements. 

da+ 
l. dO = A a V + ll a A + ll a in t 

·c 2 2J f + 1 
A a v A = -- w i {(l + cos 0) B V A + 

' 4 17 2 2J. + l ' 
1 
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3 l l ( i\ E) 2 

+ 2[(I- 3cose) -3 O+cose)]CvAI: 
q2 +(i\E)2 ' . 

G 2 2J f + I 
i\ a. t = -- w I2 (I- cos e) 

m 4rr 2 2J i + I 
D; 

k 

w I = (U 0 . - L\ E ; q2 =k2 _ (i\E)2; 

k = v w ~ + w I
2 

- 2 w 
0 

w I cos e 

2. a) 0 + .... 0 

II 

By=C = D =0; 

B A=! ~~(OOOp) + (~ - "~E ) fA (llO) ! 2. 

b) 0 + .... I 

i\E 2 2 
8 =! f [I - ( -) ] ( 0 Il) I · B - 0 · 

V V k ' A- ' 

fv -I 2 k 2 
c v =l 11E-v 3 02Ip) +v 3 ooip)J -(fv+fM) 

2
M(un 1 ; 

C A = [fA (Ill) ] 
2 

; 

fv -1 2 
n=- 2r A (nn ·I¥ E -v3 o21p) +v3 oolp) 1 + 

k 
+ Uy+ fM) 2!\1 (Ill)!. 

c) 0 + .... 2-

B v = 0; 

fA k i\E S 2 2 
B A= {-(022p) +(-- ---) fA[y-(l32)+y-(ll2)]!; 

M 2M k 5 5 

fv k 2 3 2 
Cv = l-022p) + Uy+ fM) --[-y-(132) +y-(ll2)]! ; 

M 2M 5 5 

2 3 2 c A = I f A [ - v 5 ( 132) + v 5 ( 112) ] I ; 

-
2 3 f v 

D= 2fA[-y-(132)+y-(ll2)].{-(122p) + 
5 5 M 

+ (f V + f M) 2 k- [ -V ~ (132) + V ~ ( ll2) ] l. 

d) o+ .... 1 + 

By= 0 ; 

fA k i\E 2 2 1 2 
B A= !M (Ollp) + (2M - -k-) £A[y'3(12l)+y'3(10I)Jl; 
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f v k 1 2 
Cv= !M(lllp)+(fy+fM) 

2
M [-v3 (121) +v-a001)Jl 

c A= 1 rA[ -v~ o2n +v 2 oon H2 

3 3 

n = 2£ A [ -v ~ o21) + v ; < 10 n 1 x 

fv k 1 2 
X[-( ll1p) + ( fy + fM)- [- y -( 121) + y -(10 1))} • 

M 2M 3 3 

3. (kwu) =<J M uM:J M >-l x 
i i f f 

1 -- A 

x <J f M f \2( 1+r3 } Iv 4rr jw( k r) <k/1 wm: uM> Y wm( r) ~/1\Ji Mi> 

1 ' k = 0. 

s k/t 
alJ-1. ' k = 1. 

(Ouup) =<JiM i uM: Jf Mf > x 

. 1 - A -> 

x < J f M f \2 (l + T 3) y 4rr j u ( k r) Y u M( r) (;; V ) \ J i M i > 

(lwup) =<JiMiuM:JrMr> x 

x<JrMt\ ~ (l+r 3)y4rrjw(kr)I<1/twm:uM>Ywm(;)VlJ1.\JiMi> 
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