ents
vu. Ya. Komachenko and M. Yu. Khiopov

TInstitute of High Energy Physics, Serpukhov
- (Submitted 4 February 1986)
vad. Fiz, 45, 467-477 (February 1987)

The development of neutrino physics at high energies
ers hope that it will be possible to investigate in detail
sive processes of neutrino-induced production of pseu-
doscalar mesons:

N-—+yP°N, (1

The study of this reaction involving production of sin-
eutral (and also charged) pions at the threshold made it
ble as early as the mid-seventies to determine the cou-
ng constant of the weak neutral hadron currents and

by to test the Weinberg—Salam model. Experimental
d theoretical investigations of the reaction (1) (and also

e reaction vN — pmN in the charged currents) for invar-
t tasses of the 7N system in the range M,y < 2 GeV
aled the importance of the contribution to this process
m baryon resonances.'” However, at small momentum
sfers to the nucleon there can also be a contribution to
eaction (1) from other mechanisms, whose analysis is
terest. In the present paper, we carry out such an analy-
N the framework of an approach which we proposed pre-
sly® for the description of exclusive peripheral neutrino
esses. 1t is assumed in this approach that the reaction
is caused by scattering of a neutrino by virtual mesons
.eggeons) at the periphery of the nucleon (see Fig. 1). If
rocess (1) takes place on nuclei, therecanbea coherent
hancement due to scattering of the neutrino by virtual
alar mesons. Diffractive coherent production of single
' mesons in the neutral currents was discussed in Ref. 7. In
present paper, we consider processes of scattering of a
Mitrino by all possible virtual mesons and Reggeons. Our
alysis shows that, besides the reaction vN — prN dis-
ssed previously, a study of the process (1) with P® = #°,
ould provide important information about the struc-
e of the periphery of the nucleon.
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usive neutrino-induced production of pseudoscalar mesons in the neutral

. A study is made of exclusive processes of production of the pseadoscalar #°, 7, and %7’ mesons
in the weak neutral currents, due to scattering of a neutrino: a) by virtual mesons {Reggeons)
at the periphery of a nucleon; b) in the Coulomb field of a proton (nucleus). The study of such
processes will make it possible to obtain information about the weak transitions meson
(Reggeon) —7°(.77’) and about the effects of the isoscalar axial current.

There is also a contribution to the reaction (1) from the
diagram of Fig. 2, corresponding to an effect analogous to
the Primakoff effect.® With decrease of the momentum
transferred to the nucleon, the contribution of this diagram
to the cross section for the process (1) at high energies can
become dominant. Consequently, just as the Primakoff ef-
fect in photoproduction provides the most reliable informa-
tion about the P* — 2y decay probability, an investigation of
the reaction (1) would make it possible to study the unobser-
vable weak decays

POy, (2)

- A similar effect in the charged currents was considered
in Refs. 9 and 10. The process (1} dueto the contribution of
the diagram in Fig. 2 is a weak—electromagnetic process, as is
the previously considered'' process

vN--vyN. (3)

Unlike the reaction (3), determined by the two-current
nucleon amplitudes, the contribution of the diagram in Fig.
2 to the process (1) is determined by the two-current meson
amplitudes of the decay (2). Separation of the contributions
of the diagrams in Figs. 1 and 2 will make it possible to
obtain information about the form factors of the transitions
(2) and

M(R)—P"vv. 4

As we shall show in the present paper, this possibility of
studying the unobservable decays (2) and (4) due to the
neutral currents could in principle make it possible to obtain
important information about the structure of the weak neu-
tral hadron current (in particular, about the presence of the
isoscalar axial current) and about the violation of SU, (N}
symmetry.
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FIG. 2.
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2. AMPLITUDES FOR NEUTRINO-INDUCED PRODUCTION
OF PSEUDOSCALAR MESONS

Let us consider the process of neutrino-induced pro-
duction of a P° meson by the neutral current, described by
the diagrams of Figs. 1 and 2. In the figures, k&, and &, are
the neutrino momenta, Py and p, are the momenta of the
nucleon before and after the collision, p is the meson momen-
tum, and we have introduced the invariants s — (ki +p))2
si=(p+pY, 5= (p+k)? =P —p) =k?
t, = (k; — k;)* = g% The matrix element corresponding to
these diagrams has the form

G
M=M"+M = V—Ez“(ﬁwrﬂg) . (5)

In Eq. (5),1, = Vo¥u (1 ¥5)v, is the lepton current
and H :j is the weak hadron current corresponding to the
diagram of Fig. 1, which can be represented in the form

Huh= VitA,r= Z M) P ¥) <p£>] V. | M

My

+ Z TP A, M,

MMy

(6)

Here 7™, T p W p M are, respectively, the
meson-nucleon vertices and the propagators of the virtual
mesons M; and M, and (P°{¥, |M,) and (P° 4, |M,) are
the matrix elements of the weak hadron vector and axial
currents between the states of the virtual mesons M; and M,
and the pseudoscalar P* meson. We note that for largeinvar-
iant masses of the P°N system the virtual meson is Reg-
geized, and the Pomeron contribution is added to the ampli-
tude (5).

The current B A

corresponding to the diagram of Fig. 2
has the form

H“Tze (EZY“H") kﬁzTﬂV(kz; qz), (7)
where
Ty (B2, g%)
— [ m1n, @), 1 () 1 0>esp gttty ave diy
=pr(kz, qz) SMVApglkp (8)

is the P2y weak—electromagnetic vertex, In accordance
with the results of Ref. 6, we shall take into account the
contribution to the diagram of Fig. 1 from only the w, ok
A1,and 4, mesons'’ and the Pomeron. According to the C-
parity selection rules, the transitions o — P9 and p—P%are
due to the weak vector current, and the transitions f— P 49
—P% AP B P° PP are due to the axial current,

The combined action of the C- and P-parity selection
rules forbids the transitions 7° — P°® and n(n'y - PO,

We note that according to the C- and G-parity selection
rules the transitions 4 § - 7% 49 7% fo (), by,
P—n5(n'} are due to the isoscalar axial current, which is
absent for the ¥ and d quarks in the Weinberg—Salam model.
Since the axial current of the s guark is isoscalar, the isosca-
lar axial transitions f— 27 ), h-y(y'), Py (7'} can take
place as the result of the admixture of strange quarks in the
and A mesons and in the Pomeron. This admixture of s
quarks in the wave functions of the isovectar 4 2,49, and 7°
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mesons is small,-and therefore the contribution of the tray
tions 4§ — 7° and 45 - 7° can be neglected

A. Amplitudes of the hadron vector current

In the most general form, the amplitude of the had
vector current has the structure ;

Ve Z, Qe (s, k. %) (ﬁz’Yvui) Epnapako, {
M—a,p '

where @00 (5,,k %,¢%) are the invariant amplitudes cor;
sponding to scattering of a neutrino by virtual @ and P @
sons. Taking into account the fact that the weak neutral v
tor current in the Weinberg-Salam model has the

for
V.=V} -2 sinzﬁw(V‘i + ¥V35), where V. and VS
respectively, the isovector and isoscalar parts, and using ]

CVChypothesis and the G-parity selection rule, it is possiy
to  obtain relations between the weak amplityg
Ppupo(s,k %) at ¢* = 0 and the invariant amplityg
tI)jf‘;n (s,,k %) for the photoproduction processes, whose an
plitudes 4 ™% gpa -

ArEey_ Z Do (53, £ " (Bayotty) empin . (ld
: - .

For the various mesons, we obtain the relations

1—2 sin?® By

Daso (81, %, g*=0} = Do (s1, K%,

—25in’ B (11

(I]P?f" (sij kz, q2=0) = q}:ﬂ“ (si‘l kz):i

—2sin*0 o '
Qaner) (84, &2, =) = —— % Druenry (54, &) ;
. (116
1—2sin* 6 :

Bpneary (80, 5%, ¢?=0) = W(I)qun') (51, &%),

which hold in all regions of the invariant masses of the ha
dronic PPN system: both in the region s, — Spoy < Sy, i
which we are dedling with scattering by a virtual meson (th
meson region}, and in the region s, > s, in which the scaf
tering takes place on a virtual Reggeon (the Regge region)
Here s,, and sz are parameters which determine the transi
tion to the Regge asymptotic behavior, for which in obtain:
ing estimates we shall take s,, ~ 5, ~ 15-20 GeV? (see
Refs. 6, 11, and 12). In the meson region, the invariant.am:
plitudes $%. (5,4 %) do not depend on 5, and for small &>
have the form

M EMN Sy
k) — LERENET
Dpe (£7) pEa—

(12)

Here g,y are the meson-nucleon coupling constants, for
which in obtaining estimates we shall take gon/Am = 0.68
andg,y /47 = 21.5," and g,/p., are the coupling consta:ntos:
of the weak-electromagnetic decays M — P°y (or P’

—~My), which are related to the corresponding widths
follows: '

2 1
Earadenyy [mMz—mx“m) IR
(

I‘M 0 ==
B YBrma’ ’
2 2
T _ :?'n’M'r[-”'""n'_’?'h\ch:l3
Y -2y 32nm,

We note that the quark model establishes relations betwee
the meson-nucleon coupling constants and the constants:
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jectromagnetic decays M — Py (P = My): g, = 38,,,
= 8N Buwy T 38omrs Bomy = (1/3)8pmys o
(1/3)&.py - These relations lead to a suppression of the
stribution of the vector current to the processes vp —
")p, since by taking into account the approximate equa-
f the @- and p-meson masses we obtain

(I)lnn('n')(kzl g*=0) + Oy (&, ¢*=0)

itudes ¢ __ BopBeniayt (1—4sin’ Ow)
- ]
@ and g E—ma* €
neutral

_all(‘i,' sin? @  is close to 1/4.
. Itis interesting that different relations between the con-

and V.S nts g,v and g,y are obtained from the guark model and
md_ usmn, from phenomenological analysis of the NN interaction po-
fL1s pos stials in OBEP models."* This discrepancy may be due to

ampli . contribution from the interaction of the isoscalar @ me-
: arrlllp lit 1 with the quark sea, which is not taken into account in our
5, WNOSE

proximation of valence quarks.

" In the Regge region, the amplitudes of the vector cur-
at, which determine the corresponding photoproduction
mplitudes [see (11a) and {11b) 1, fall off with increase of
nvariant mass of the P° N system as 1/4s,. Thisleads toa
ression of the contribution from the Regge region to the
differential and total cross sections of the vector current (see

)1 3).

mpiitudes of the axial hadron current

In the meson region, the amplitude of the weak axial
ron current due to scattering of the neutrino by virtual
A, mesons has the form®

Enn (ﬁz’Yvui) (P1+P2) *
A= Z B

Af, Ay

X Po ™ {fun™ (1%, €°) (Euofstguela)

[ fu™ 2, @) Bt foa™ (B, @) 91 4o} (13)

q. (13}, g arethe meson—nucleon coupling constants,
rwhich we shalltake gy /47" = 3.7 GeV™~” (according to
estimates of Ref. 6) and g, v = (1/3)gy (from the
uark model}, P is the polarization operator of the tensor
meson (see Refs. 6 and 14), and £ {35, are the form
actors of the weak transitions M — P°. We shall neglect their
iation as the meson M goes off the mass shell and assume
t fiaam (K 26%) =f 1200 Mg = 100w (0,4%). The
“AC hypothesis makes it possible to relate the values of the
orm factors for the transitions f — 7, and 45 — n(7n") due
to the axial isovector current, £7(g?) and £ 757 (¢°), at g’
"0 to the constants of the strong decays f-27° and 43
—n7°(4 9 —9'7®). This relation has the form

47 ="

L 0)=V2 furwower  Frsn (O)=V2 fugamorrts (14

where £, ~ 132 MeV is the 7 — puv decay constant, and the

onstants gr .o and g, , arc related as follows to the

dths of the corresponding decays:

R VR S O -
4n m?(1—4ms/m 4 4w

ns bet

onstants

= 0.425 + 0.050 GeV 2, (15)
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g inoﬂﬂo _ 1)1 p—
4n ma” (1t meas’)’

=0.57 + 0.07 GeV 2, (16)

From the experimental limit on the width of the decay 4, —
FaAT 4 iy < 2.3MeV), " we obtaing?’ ., /4r <1GeV 2
The contribution of the form factor £4,, to the cross section
for the process (1) is small at small momentum transfers to
the nucleon. The contribution of the form factor f5,; vanish-
es, since g, /, = O (forthe neutral current). An estimate of
the values of the form factors for the transitions f — % (1;2')
at g = Oin the quark model gives
nen'y

U (0 P=a Bl f1™ (02 17
where a is the fraction of strange quarks in the /' meson,
The factor 8,,,, = 2/3(1/3) arises from the wave function
ofthe 7 (') meson. The value of 2 can be obtained from an
estimate of the nonideal mixing'® in the nonet of tensor me-
sons: @ = sin? @, = sin® 5.6'= (0.0976)2

In view of the possible existence of an isoscalar axial
current of the u and d quarks due to exchange of a new Z'bo-
son, as predicted, for example, in the phenomenology of su-
perstring models,’” we shall estimate the contribution of
such a current to the amplitude for the weak transition f
-»77. On the basis of the generalized PCAC hypothesis for
the 7 meson, it is possible to cbtain the relation

¥ uy
.ﬂ:“ ’ (0) =2zxfy dgfﬂm
where f ,;"d = f.; the constant g, is determined from

experimental data on the decay f — 77 (Ref. 18) and has the
value

(17

(18)

gm _ A5Tpm 20.12 GeV 2,
. 43_5 mf3(1_4mn2/mfz) 5
and the quantity x o« (mz/my. )2 characterizes the suppres-
sion of the transition vf — vy due to the mass of the Z ' boson.
Comparing {17) and (18), we find that for

00 sEf. 18 * )
z = (2078} 7 0.34
g1m 2

the contribution of the interaction due to exchange of the Z
boson dominates in the weak transition ¥ — v7.

In the Regge region, the process (1) with 7° produc-
tion is due to exchanges of the / trajectory and the Pomeron.
The corresponding current {for small momentum transfers
J1k |* €My to the nucleon, where My is the nucleon mass)
has the form

Ap.h=FA" (31, 'l‘;z: qz) (Pl+p2) pe
According to the results of Ref. 6, the invariant amplitude

F,(s,,k*g*)isrelated at ¢ = O through the PCAC rela-
tion to the amplitude for elastic 7° N scattering:

(19)

Fo=——Tuy (20)
V28,
The amplitude T ., is normalized so that
dGnﬂNan"N . __'I‘_"n_N“_____‘ 2 (21)
d|t] 167p(81) Vs
where

p(si):lllzslﬁ%[sia_‘zsl(MN2+”'PZ)+(MN2MI‘LP2)2}%|

in which g, is the mass of the P” meson.
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The process (1) with production of 7 and %' is deter-
mined in the Regge region by the contributions of the 4 , and
J trajectories and the Pomeron. The contribution of the 4 3
trajectory can be related by mmeans of the PCAC relation to
the amplitude for the charge-exchange process T p
(" )n:

’ fn f.v[
Fz(,n :"= — T,;Dzv-;nm']N = Tn'p—rq(n')n- (22)
]'IZ 8 $1

The amplitude for the process (1) in the case v — vi(n" )N
due to exchange of the Pomeron and the S trajectory can be
related by means of the PCAC hypothesis, generalized (see
Ref. 19) to the case of the isoscalar axial current, to the

amplitude 7, »_, ~ for scattering of the pseudoscalar s5

state by the nucleon,

R SRR o (23)
where Frata'ys 18 defined (see Ref, 19) as
2, (24)

Faentya =
Buaen'ysw

and the amplitude T, v is related by means of the quark

model to the 7N -» 7° N scattering amplitude due to the P
and f exchanges:

mu
T w N = i 0N (25)
s m,
Since
x 2m,
L Tn*p—»n(n'_)‘n <« ’ -T:l“N y
2 gn(n’)aE

the contribution of the 4, trajectory can be neglected in the
Regge region.

3. DIFFERENTIAL CROSS SECTION FOR THE PROCESS.
ESTIMATE OF THE TOTAL CROSS SECTIONS

The differential cross section for the reaction (1) has
the form
d'o _ fMe
di* dg*ds, dp  (2m)"-32(s— M52 (s, h)

(26)

where @ is the Treiman—Yang azimuthal angle.

If the momentum of the recoil nucleon is smali,
Ip2| <aM (@ <1) (in this case, 1k ?|<a®*M?), the variables
¢, 5, and k? vary in the ranges (for E, > aMy, E,
>u5/2M,,, where E, is the energy of the incident neutrino
in the laboratory system)

e

VK| =2E, 7%,

S—MN

0=< , qal ész“upa, ].L_ngsz = »
L | <M,
4E2
Wenote that the invariants;, = (p, + g)? isrelated linear-
ly to the cosine of the angle g s, = g, + 51, cos @. For

@ £1, E, >aM,, the functions 519 and 5, have the form

sw={(s—Mx?) (MPZ_QZ)/32+MNZ+q2s (27a)

2 2 2 '11
sw=~;—{[(sﬁMNZ)%%s;MNz]qz (1— B 4 )} ,
2

S2
{(27b)

After an integratfon with respect to the Treiman—Yang an-
gle, we obtain in the meson region the following expression
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for the differential cross section of the process (1) (Figg 1
and 2) due to the vector current:

d'a¥ i G”[ezfp(qz)
dk*dg*ds, (2m)*-32(s—M,)%, 2 L jz

2
FOue (I, ) 0o, ¢7) | g [ (st
T8 M 22 (e~ ) /3, (s~ g2) ¥/s,2], (28)

It can be seen from this that for neutrino energies

E} = Fﬁ%ﬁ ‘ ; (DMP“('I‘;P‘: QZ)

withk? = k2, the contribution from the diagram of Fig,
is dominant in the differential cross section. Assuming the
same ¢ dependence of the form factors of fp(g*) ang
D,z (¢°) and using the numerical values of D0 (0), ang
Jr{0) (see Sec. 2A and Ref. 19), we find that diagram 2 i
dominant in the differential cross section for neutrino enep.
gies E, > 1.7 GeV in the case of 7°-meson production, £,
& 3.3 GeV for 5 production, and E, & 7GeV for 17'-mesan
production (for the estimates, we have taken the valye
sin® By, = 0.23),
In the Regge region, where the contribution of diagram
1 is suppressed, we can confine ourselves to the contribution
of diagram 2:

dao.v - 1 Ei[ ngP(qz) JZ
dk? dg* ds,  (2m)°-32(s- M, *)%s, 2 i

2 a2 Z_ o242
XA oMy | 2o BTy 22T

T 9p 2

(29)

Assuming for all the form factors ( fo:Pypo ) a universal 7
dependence of the form

Ha®y=H{0)/ (1—g2/A%), {30

where A’ =~ 1 GeV?, we obtain at high energies
(s M3%; asy A, pd; a8, s A%, £3) and small momentum
transfers to the nucleon, |/ > | €y, M 2, the total cross sec-
tions corresponding to the meson (Fig. 1) and Coulomb
(Fig. 2) mechanisms:

osn  GEAS M
P _ ar® s + 8 : [
a 16(2:;,)3[@ (0,0)+®,(0, 0) ]
08 ar 3 CSar 1
? +——«)—~ ( + )+—_], (3D
X[In (1 e 5 inl 1 e g
G*A: [ 2 as s
B L (Y | 3~ﬁ12-]. (32)
= ey O] I AR

Fors = 200GeV?,5,, = 15GeV2, g = 1/4, and sin* 8
= 0.23, we have the following individual contributions:

-+0 o+p — 2
Guo” 226-10"% cm?, oy ~6:40"% cm?

wp T -
Ont 24074 cm?,  gl3.10- cm?,

oy A0 em?, g, 2107 em?

The differential cross section for the process (1} due to the

axial current has the following form: L
a) in the meson region {for « < 1, E, >aM,, (in this

case, $103 81,3 |k *| €mb, M%) i
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gt G* ( wot—g° )[ i)
e 3 1- 2 -
y* dss (2m) s, S my;

P
4 8l “‘W’.}gz) ]2 (s—M¥)* ( et )2 . (39
Nta, 82
in the case of 7° production we neglect the A, contri-
n (see Sec. 2);
in the Regge region

Cdig G ( uptqz) .
e i_ F.7|?
s, e s NG

ere the quantities F4 are determined by Eqs. (20)—(25).
Comparison of the differential cross sections (28), (29)
3, (34) indicates the fundamental possibility that the
kat k? =2k 2, in the differential cross section due to
‘Coulomb mechanism (Fig. 2) can be separated in the
n region for

pi<ten@y /(B 2220 ) son, |

‘in the Regge region for

o 2O K]

o S PR N

er the assumption that the ¢* dependence of all the form
actors has the form (30), we find that the total cross section

the reaction (1) due to the axial current has the following
armin the meson region (in thelimit E, » @My, asy, >p )

o = G(Zé‘i;i [gmfig?) + gA,Nniiz(o) i
e (| o)
- 2 s
4sM(1—%)+2AG[Fsv(%)H-STM[(;\:MH)
scan{ 1+2 )1 []}. (35)

éreFSp (£) = f§ [In(1 4 x)/x] dx is the Spence function.
Ors » §4,5 = 10GeV?, A =1GeV?, anda = 1/4, we
btain o ~0.9X107% cm? o¥~1.7x10"% em®, o
25% 107 cm® ¥ If s < 8, in (35), it is necessary to
ake the substitution s,, -» 5. It can be seen from Eq. (35)
at the total cross section becomes much smaller at lower
enérgies; for example, for s = 5,;, = 10 GeV? the cross
ction for #%-meson production is o (5 = 5, ) ~2x 10740
. In the Regge region, the total cross section has the form

G M, fﬁ(c{’:f')z( 5 )
nnR == 2A2 In— — ’ 363.
o TR A 5 - 1 (36a)
M2

ot

2A2 2 §
0= 4(23:)3“Afnaw’)s'snm')s(ﬁw (ln;:_i) (36b)
nd for s = 200 GeV? 5 = 20GeV? o = 1/4 we obtain
05 ~12X107% em?, of ~1.2X 107 om?, of =107

m?,

EFFECTS OF MESONS WITH HIGHER SPINS

In the approach which we have developed, an impor-
tant role is played by the idea that there exists a region of
IMvariant masses of the P° N'system in which the reaction (1)
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is due to exchange of virtnal mesons. Then f-channel ex-
change of a meson with spin / gives a contribution to the
amplitude for the reaction (1) proportional to ss] ~!, The
corresponding contribution to the total cross section (see
Sec. 3) is determined by the upper limit of the meson region,
5y When the contribution of the mesons with higher spins
lying on a single Regge trajectory becomes equal to the con-
tribution of the lowest-lying meson, there is an effective sum-
mation of their contributions, which, according to Van
Hove, leads to a Regge behavior of the amplitude. At this
phenomenological level of description of the amplitude for
the reaction (1}, the value of the parameter s,, at which the
contribution of a higher-lying meson is equal to the contri-
bution of a lower-lying meson is self-consistent.

We shall choose a self-consistent value of the quantity
5y, for the dominant (see Sec. 3) contribution of the f meson
by comparing its contribution to the total cross section for
the process ¥N — v7° N with the corresponding contribu-
tion o”s of the 4(4 * ) meson Iying on the same trajectory as
the fmeson. Such a comparison (see Ref. 19) shows that for
S =.10GeV?, A? = 1 GeV%4 anda = 1/4 the total cross
section is o® =107 ecm?, which is of the same order of
magnitude as the corresponding contribution of the fmeson.
Thus, our phenomenological description of neutrino pro-
cesses at the periphery of the nucleon is self-consistent.

We note that this result can be interpreted as follows
(see Ref. 6 and the concluding section); the guantity s,,
characterizes the time of formation of a virtual meson at the
periphery of the nucleon, 7,, = 2M, /s,,. For interaction
times 7 < T, (corresponding to s, > s, ), the scattering
takes place on a ‘‘transient” quark-—parton correlation,
which can be interpreted as a Reggeon. The Regge behavior
of the corresponding scattering amplitude then corresponds
to the sum of the contributions of excitations with various
orbital angular momenta. If the “exposure time” is 7 =
2M /8, > Tar, the excitations with higher spins are “extin-
guished”, so that there remains the contribution of the low-
est-lying meson.

5. SCATTERING ON NUCLEI

In the reaction (1) on nuclei, the cross sections due to
the Coulomb mechanism (Fig. 2) and to scattering by the
isoscalar mesons w and fand by the Pomeron are coherently
enhanced as 0% ~Z %07 and o¥f ~A4 *o}, respectively, and
the contributions of the isovector mesons are suppressed.
This makes it possible to separate the contribution of the
isoscalar axial current due to scattering by a virtual fmeson
in the case of neutrino-induced 7 and %' production in the
meson region,

It should be noted that in the case of scattering on nuclei
with large A it is important to take into account the form
factor of the nucleus, F,,, (k*) =1 —(1/6)K*R 2, (for
k| R, €1), so that the law o, = Aoy holds only when
&< Ay =6/ (Rod P My) =y /A" . For a>a,,., the
nuclear cross section is of* =d4*3c{*, where offf
= (ay/a)’cl” for the contributions of the fmeson and the
Pomeron. In the case of @-meson exchange, o% ~a*, so that
there is an additional suppression o § = A4 >*g%, , where 0%,
= (a,/a)cy. Moreover, in nuclei with large 4 the pro-
duced mesons can be absorbed. In the case of 7° -meson pro-
duction, taking the mean free path of a #° meson in the nu-

Yu. Ya. Kormachenko and M. Yu. Khlopov 299



cleus to be 4,0 = 1/n, 08, =3.610~13 cm,” we find
thatd ., <R, .. for 4227, Aswe noted above, the state 7, is
produced in the case of neutrino-induced 77 and 5’ produc-
tion. Estimating the mean free path by using the cross sec-
tion for interaction of the state 7, with the nucleon (see Sec.
2B), we find that Ly < Ry, ford > 370.1If 7, is successfully
converted into %(%’) without leaving the nucleus, the opa-
city of the nucleus is determined by the interaction of all the
components (ui, dd, s5) of the 1 and ° wave functions with
the nucleon. Estimating the cross sections oy and o2, ac-

7
cording to the quark model, we obtain o™ ~. 12 mb and o2,

o o
= 16 mb, from which it can be seen thaizJ A, (A, )isequal to
R, for 4125 (4~53).

Recent measurements®® of the cross sections for
charge-exchange conversion of 7~ mesons into 7° and %
mesons on carbon nuclei indicate that the cross sections for
absorption of 7 and 7° mesons on the nucleon are equal with
5% accuracy. This result can be interpreted as an indication
that the state (uzz + dd)/\2 formed in the interaction of a
7 meson with a nucleon can almost never be converted into
an 77 meson in the carbon nucleus.

6. CONCLUSIONS

Our estimates show that the contribution to the pro-
cesses (1) from the neutral vector current is small, and these
processes are determined by the weak axial current. An in-
vestigation of such reactions will make it possible to obtain
information about the transitions f - P®v% and P — Pl
and about the structure of the periphery of the nucleon in
addition to the information® which can be provided by study
of the process vV - prN in the charged currents. The reac-
tions (1) with production of 77 and %' mesons are of special
interest. In the framework of the Weinberg—Salam model,
the contribution to these processes from the isoscalar axial
current is provided only by the neutral current of the strange
quarks, so that the cross sections for the reaction (1) with 5
and %’ production are determined by the admixture of
strange quarks in the f'meson and in the Pomeron. Our estj-
mates show that these cross sections are very sensitive to the
presence of the isoscalar axial current of the % and d quarks,
and this fact can provide an additional possibility of verify-
ing the existence of this current. In accordance with the
qualitative picture proposed in Ref, 6, which considers the
virtual mesons and Reggeons as quark correlations at the
periphery of the nucleon, the process (1) with 77 and %’ pro-
duction is an indicator of the presence of strange quarks at
the periphery of the nucleon. The inclusion of the effects of
mesons with higher spin in Ref. 19 for the example of the
#{4™ ) meson shows that the phenomenolo gical description
of the processes of development of such correlations at the
periphery of the nucleon is self-consistent.

The studied total cross section for neutrino-induced
production of pseudoscalar mesons in the Coulomb field of a
nucleus (Fig. 2) is much smaller than the cross section for
the process (1} due to scattering of the neutrino by virtual
mesons; however, for very small momentum transfers to the
nucleon, k%~ k2, , the process shown in Fig. 2 can be
dominant in the differential cross section (see Sec. 3), and
therefore its experimental separation requires detection and
quite accurate determination of the momentum of the recoil
nucleon. Study of the process of Fig. 2 will make it possible
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to obtain unique information about the practically ungjy, or f
vable processes P%-, vy, )

The decays 7 — v¥y and 7' — vvy are of specig] intep.
est; the amplitude for the first of these is VETY sensitive the
degree of violation of SU,(3) symmetry, and the ampligyq, .
for the decay ' — vwyisin principle sensitive to the charge,
of the colored quarks (see Ref. 19 ). ;

The kinematic analysis carried out in the present Paper
is completely applicable for the treatment of exclusive pro. .
cesses of the type (1) (both in the neutral and in the chargeg
currents) with production of heavy mesons, whose compqg). |
tion includes ¢, #, and other possible heavy quarks. '

We are grateful to 8. S. Gershtein for constant intereg
in the work and valuable remarks, and to B. A. Dolgosheip,
V. 8. Kaftanov, V. D. Khovanskii, and M. G. Ryskin for
discussions.

"Moreover, in the present paper we shall give special consideration to the
contribution of mesons with higher spins. For the specific example of the
47 k meson it will be shown (see Sec. 4) that inclusion of the COnteihy.
tion of such mesons does not fundamentally alter the conclusions o
Ref. 6.

*The contribution of the 4 1 meson is suppressed. The PCAQC relation
gives a connection between the amplitude for the transition 4 $— pand
thed, - g decay constant, which ig equal to 0 by virtue of the Bose-
Einstein principle, generalized to the case of SU(3) symmetry.

®In the estimate of the cross sections due to the axial current in the meson
region, we have taken the parameter value Sa = 10 GeV?, at which the
contributions of the mesons lying on a single Regge trajectory are equal
(see Sec. 4). This value is lower than that used in Refs. 6 and 11 and iy
the estimate of the cross sections due to the vector current,

“In the estimate of the mean free path, we have taken the absorption eross
section o3, = m, > ~20 mb and the value R o = 1L.2x10" Y ¢em,

“Faor a discussion of the difficulties in cx tracting information about such
processes from the reactions e + ¢ — 7% (7)}y, see Ref. 21.
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