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The asymptotic behavior of neutrino cross sections is discussed within the framework of field theory. It is
shown that if strong interactions are described by a theory that has either asymptotic freedom or a fixed
point, and if the weak interactions (in the four-fermion form) are taken into account only in first order,
then the neutrino cross sections increase linearly with increasing neutrino energy.

PACS numbers: 13.15., 11.10.

It is well known that if there is scaling in deep in-
elastic processes, then the cross sections o, of the
neutrino reactions

viv) + N = p~(p*)+ hadrons (1)

increase linearly with increasing neutrino energy. How-
ever, if strong interactions are described within the
framework of the field theory, then exact scaling is
realized neither in theories with fixed points nor in the
asymptotically free theories that are being extensively
investigated of late. It is therefore of interest to study
the asymptotic form of the cross section of the reaction
(1) within the framework of field theory.

The behavior of o, was investigated in'! in asymptoti-
cally free theories and it was shown that

o 1
Ao /1 )0 < ¥/, < ‘gﬁ(l"s/mﬁ,)a is = 2myE o = (2)

where A and B are certain constants, § is an arbitrarily
small positive parameter, and P is a constant of the or-
der of unity, which can be calculated and depends on the
structure of the scheme used to describe the strong in-
teraction. Relation (2) was obtained in the four-fermion
model of weak interactions with allowance for only first
order in the weak interaction.

We shall show in the same approximation that the
neutrino cross section behaves like
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0V~C ; § o0 (3)

both within the framework of asymptotically free
theories, where the deviations from scaling are log-
arithmic, and within the framework of theories with
fixed point, where the deviations from scaling have a
power-law behavior. Relation (3) is the consequence of
the fact that the zeroth moment of the structure function

F,(x, @) is
1
F{)(Q?%) = [ dxFy(x, Q%) » const a5 Q? +w, (4)

and that the asymptotic form of o,(s) is connected in a
definite manner with the asymptotic form of Ff%(Q?).V
In addition to (4), it is assumed in the derivation of (3)
that in the asymptotic region the cross section g,(s) is
a “smooth” (i.e., a nonoscillating) function of s.

We note that the constant C in (3) is of the order of
(Gp/2mF (@ ).

Thus, the asymptotic form of the neutrino cross sec-
tion in the four-fermion mode! of the weak interaction is
insensitive to the strong-interaction scheme, since it is
determined in fact only by the integral (4). The opposite
situation holds in the model with intermediate W boson:
At E, > m , the asymptotic form of 0, depends essen-
tially on the behavior of the structure functions F(x, @)
in the region of small x, and is different for different
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strong-interaction schemes. On the basis of relation (4)
we can only state that at £, > m, the neutrino cross
section increases no faster than s and no slower than a
constant.

Why is the question of the behavior of the cross sec-
tion of the reaction (1) not solved in general “automati-
cally”? In the case when only the ultraviolet behavior of
the theory is determined, the quantities that can be cal-
culated theoretically are not the structure functions
themselves, but their moments F®(Q%) = f! dxx"F(x, @?)

t1 %
at large @ in asymptotically

(mr2 CnilmQ%/m} 17" free theories (5a)
FrQs) =4 2, 2,-8, in theories with
Cm)(QY/m}] X . (5b)
fixed point

The neutrino cross sections are not expressed directly
in terms of the moments.

2. We proceed now to prove relation (3). Neglecting
terms of order m,/E,, the cross section of reactions
(1) is expressed in terms of the structure functions
F,(x,@? in the following manner

G?s ‘l de. )’2
O Ay L R (PR SR ey = L)er,
) Ty 1% i R DRn LA e Y O

where y= Qz/sx and F, = F, - 2xF,.

Using the inequalities F, > 2xF, > x| F,!, we easily

obtain

62 G2 s

(50> 0, 5(5) > 2—:/(-2—) : (7
where

dx . Logy S% 2 2
fts) -fdQ f — Falx Q%) = [ — [ dOPF(x, Q%) (8)
° Q /S o o

We note that df/ds-—-fo1 dxF,(x,Q%=sx) and the asymptot-
ic form of the neutrino cross section (7) is thus deter-
mined by the zeroth moments of the structure function
F,, but not at fixed @* as in (4), but at fixed v equal to
s/2m,. This difficulty can be eliminated. To estimate
df/ds, we calculate below the integral f (df/ds)(ds/s)
and show that it approaches In(M?/m?) at "arge M?:

M2 ds TN dQE Qmy
/ T Nk f dxF (%, Q2
n? o Qm? ©)

M2 Ol
= f dsz(x,QZ)
Q%2

2
"N

It is easily seen that at large values of M? the first in~
tegral in the right-hand side of (9) is negligibly small in
comparison with the second. Indeed,
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2 2 2 2 2 2
my QP my d()?'Q sm?,
. g N 2
! d%z QE/MzdxﬁZ(l'Q )< [ 2 f dxl"z(x,()z) = const ,
whereas
M 1
2 dQ?2
/ I dxbyx QF~1ny?

2 ()ZQ2/M2

"N
(see the restrictions (11)):

21 1 21
—0— de/‘(x Q2% > f—o f dxF(x, ())> f K ﬂ-zfdx
nt, QF n 0° m3 Q*
2 & MPm2 =8 20? 2,0
x {1 —(—$;l>]ﬁ‘2(x, Q2 = f ?Oz [ﬁ‘;“(oz)— FimeQ 2)(—53)}
"N
o)

where a and b are positive parameters. At large Q?,
the moment F¢©%)(@?) is given by formula (5). If the
parameter b in (10) is chosen smaller than 2o /(o
+la(-a)l), then, taking (5) into account, we see that
the term F“*)(Q?)[Q?/M?]® in the integral of (10) can be
neglected in comparison with F¢®(Q?), and consequently

M2 Mzd 2 1 bC M2
Cla— > [ _22 [ dxF(x, Q%) > ~— ln—T ' ay
mly m? ¢ 02/m? 2

where C=F (9 (Q?— ). Comparing (1)—(11), we find
that at large M?
M Mar ae bC M2
C ln—’-n—Z': >mJ; -;1_8.. T > —2—— ln—T . (12)
N

The system of restrictions (12) is rigorous. In the
derivation of (12) we used (4) and the assumption that the
function F‘®(Q?), which in general can be calculated at
Rexn= 0, can be continued analytically into the region of
small negative Ren up to Ren=-1n,l. The positive
parameter a in (10) can be chosen arbitrarily provided
that its value is smaller than [n,l .

We now assume also that at large s, “when the asymp-
totic form has already been reached,” the function df/
ds is monotonic. It is difficult to justify this assumption
rigorously, but it seems natural, since the presence of
oscillations in the asymptotic region calls for special
physical causes. Under this additional assumption, it
follows immediately from (12) that df/ds — const, and by
using (7) we arrive at the linear asymptotic form of the
neutrino cross sections (3).
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