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Relations are obtained between the cross sections for v
and i scattering by nuclei; these_ relations explain the isotopic
and chiral stTucture of the neutral current. It is show that the
cross section for the interaction of low-energy neutrinos is
enhanced by the coherencd effect, and processes in which charged
current participates are suppressed by virtue of the Pauli principle.

In the theoretical analysis of total. cross sections we shall use the parton-quark model [1].
We negtrect  the contr ibut ion of  the dht ipar fons,  s ince o(vA -+ u + . . . ) /o(vA -+ u + . . . )  = 0.38
!  0 .02  [2 ] ,  wh i ch  i s  c l ose  to  (1 /3 ) (A  +  Z ) / (2L -  Z )  -  I / 3 ,  t he  va lue  expec ted  when  the  con t r i -
bution of the antipartons is discarded [1]. (Here Z and A - Z are the nunbers of protons and
neutrons in the nucleus). The Hamiltonian of the weak interaction of neutrinos with quarks i-s

G '
n = | t u v u t l + y r l u r i f r .
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The strangeness-conserving neutral current can we written in the most general form as

, h
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Here \3/2, ^B//3, and \g/3 are the i-sospin, hypercharge and baryon-nunber natrices for the quarks.

F o r V - A n e u t r a l  c u r r e n t ,  i , e . ,  r ,  =  r  =  l w e h a v e f o r s c a t t e r i n g b y a n u c l e u s w i t h a n
arbitrary nunber of protons and'neutronsP n
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In the Feynman - Ge1l-Mann theory of universal weak interaction, in which only charged
V - A currents exist in the lowest approxirnation in the weak interaction, the neutral currents
result from the higher orders in the weak interaction. In this case, neutral currents of the
V - A type are also noticeable [5]. A disparity with the experirnent (2) would therefore denote
that'the observed neutnal cgrregts are of a different origin. Preliminary experinental data
on the scattering of neutrinoJ'and antineutrinos by nuclei [2, 4l point to a violation of the
re la t i on  (2 ) :

o ( i A  .  i +  . . 1
= [ , 9 t 0 , 3 ,

o  l v A  -  v +  , ' l

We denote Uy nf ana n$ the ratio of the total v and i
of the neutral and charged currents. Using (l), we express
and rn:

In  the  der iva t ion  o f  (4 ,  5 ) ,
re la t ions  f rom [5 ] :
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the quarks were assuned massless and we used the
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In Weinbergts rnodel [6], in which the fundanental spinors are
and the quarks gp and q' for hadrons we.have Gr = G cos 0/2, .p = I
(4/3)sinz1, and b = -1, where 0 is th?ltf€.t5b?rg nixing angle [?i] and

I t  is  in terest ing that  at  s in26 = 0.375 we.have nf  = O.ZZ and

ag rees  w i th  RA  =  0 .22  t  0 .03  an< i  R4  =  0 .45  t  0 .09  [4 ] .

€,  vo ,  u ,  and v , ,  fo r  lep tons
-  (8 /3 )s inz0 ,  . i  =  I  -

0 is  the  Cab ibbo ang le .

Rl = Q.42 for freon, which

We now consider interactions between low-energy neutrinos (Ev .. MtrJ) and^nuclei,
coherent scattering is possible in the case of the neutral current if qz < L/Rz. (Here
monentum transfer and R is the radius of the nucleus). We have

d o  d o  C r 2 E 2

^ r , ^  - , . . . =  * t  r ^ + r . . .  #  
1  F : ( l +  c o s D ) +  r ; ( 3 -  c o e D ) l '

In (7), 6 is the scattering angle in the laboratory systen. We express Fut in terms
rameters of the init ial .Haniltonian (1) for an arbitrary nucleus:

F u  =  ( * t ( 2 2  -  A )  + ( q x r +  y x o l  A ,

In tVei , ibergts nodel  [6 ]  we have eK3 = L, -  2 s in2q,  nra = -2 s in20,  y  = 0,  and FA depends on the
structure of  the nuclear  shel l .  For  He+ we have FA = 0.  For  D2 we.express (FA)2 in  terns of
the axial constants of the proton and the neutron:

r r l ) ] z = 1 , r ^ r + t a o t  * * t r ^ ,  - t e , )  . t 9 I

Here g4 = CA/G and S5 * g\ = 2(n+y)/3.. To calculate gAp = -B4,' we use the nonrelativistic
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quark  node l  [ 7 ] :  C \  =  -g \  =  (L0 /3 )e .

Let us estinate the kinetic elergy of the nucleus, which mtst be registered in order to
observe coherent scattering: t = (qz/Z{) s 4/2nn2. (We express the nuclear forn factor in the
iotr "*p1-q2|2/4).) for l i !..r* frave nr",- = 1.6 F and conlequentty T < 8 neV; for C12 we have
R a r z  =  2 . 5  F  a n d  T :  1  n e v .

In the case of charged current,. there is hindrance for scattering by a bound nucleon at

small momentum transfers, owing to the Pauli principle. For exarnple, ior'a deuteron at q2<<q-2'

d!=- ,a.  
" -pp 

= * r i  =  0,28.
do l .+ tz t

Tnl,,. "- o
(10)

Here gO = GA/G.

In the iase of  a c losed nuclear  shel l ,  the cross sect ion vanishes at  q2. .  R-2,  e.g.  for

He4 and 016. The hindrance factor for Cl2 was calculated in [8] and is approxinately equal to

3. The cross section for scattering by the nucleus is only double the cross section for
scattering by a free neutron.

Note. After subnission of this letter to the article, the authors learned of a paper by
R. g. Elfr.-er (Phys. Lett. 468, 240, Lg73), in which the interaction of high-energy neutrinos
with nucleons is considered 

-in 
the quark parton model (of Weinberg) and agreenent with experi-

ment  [4]  is  obta ined.

In conclusion, the authors thank V. N. Gribov, V. M. Lobashov, and N. N. Nikolaev for

usefu l  d iscussions.
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