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1. Introduction

A partiel conservation of aexial-vector current (PCAC) "/ 1a a
very profound principle reflecting a non-triviel structure of vacuunm.
In contrast to conservation of vector current which 1s ensured by the
equality of nucleon masses, 8pecial requirements are needed in the
cage of axial current even In the chiral limit when quark masges are
equal to zero. Existence of a magssless Goldstone meson (pion) and ful-
filwent of definite relations between axial meson and plon contribu-
tions to the weak hadron current are required. Therefore, within the
4~momentum transfer Qz ~» O PCAC makes 1t possible to express coupl-
ing constents or amplitudes of the axiel meson intersction with hadron
via enalogous valuea for a pion. One exsmple is the Goldberger-Trei-
man 2 relation, another one is the Adler relation 3 s, which connects
the amplitude of the neutrino—badron inelsstic interaction (e.g.

v~ —=pm F , where F £ N) at @2 = 0 with the pion intersction amp-
litude (TN -+F).

In the paper by Piketty-Stodolsky 4/ one finds a detailed analy-
sis of hadron neutrino-production (ﬁT,ﬂ,,P ese)s The main problem
i3 the Q extrapolation from the region of PCAC applicablility to the
values of Q%= 1 (GeV/c)?. When the Adler relation was "matched" with
the contribution of the intermedinte Ay-megon state in paper 4 y 8
pecullar resuli was obtained, nemely the cross-section of elastlic pion
scattering was equal to the cross saction of diffractive dissocimtion
(™ “’A ), while experimentally these cross-sections differ by more
than an order of magnitude. The reagion for this paradox and the prob-
lem of extrapolation over Q are congidered in section 2 of this
paper,

In Lackner's paper /5/ the process of coherent single pion neutri-~
no~production off nuclel is considered. HowevVer, the dependence on Q2
was taken into account only in the form of the nuclear formfactor dew
pendence on the longitudinal momentum transfer. The absence in /5/ of
Qz-dependence of the amplitude of neutrino-production off nucleon re-

sults in the incorrect dependences of neutrino-production cross-sece
tions on the neutrino energy («¢E) and on the nuclews atomic number
foc A 1/3 3). These Problems are considered in Sece. 3.

The coherent single pion neutrine-production wes also regarded
in Rein-Sehgal's paper /87, The amplitude of neutrino-production off
e nucleon as a function of Q was taken in the pole form with the
axial mass M, = 1 GeV. However, this spproximation was not grounded
and the problem of extrapolation over Q° was not discussed at all.
Besldes, a completely imcorreot formula contradicting Quantum Mecha—
nlcs was used for the amplitude of elsstic (i A-scattering. These
problems are discusamed in Sec. 3.

~

SALURWE BCC caegosaush

I “mn;iw.mn Bawiks g ‘
%n“u bR HA




In the present paper the dispersion analysis of the single pion
neutrino-production amplitude is performed {Sece 2)e Results of the
analysis are used to obtain the cross-sections of coherent (Sec. 3)
snd incoherent {(Sec. 4) single pion neutrino-production off nuclei.

In Secs 5 the results of calculations are compared with the exdsting
experimental deta. The experimental selection of coherent events is
also discussed. Sec. 6 deals with the process of single A,-meson neut~
rino~productiona

2. Dispersion Generalization of the Adler Relation
Iet us consider pion production in the charged current:

VN = pTN ™
The process will be characterized by the following kinemetic variables:
B is the incident neutrino energy; E' 1s the muon energy; V= E-Bt;
q2 = v—Qa is the square of the 4~momentum transfer from neutrino to
the wuong kT 7, are the transversal or longitudinal (with reapect to
the q-momentum) momentum couwponents of the recoil nucleon; ky =~
(mt‘? + ¢2)/2V . The varisbles kp and k; appear to bezmozge convenient
than the nucleon 4-momentum transfer squared t = "k'.[""kl .

Let us consider the contribution of axial current to the cross-
section of reaction (1). At Q° = O the PCAC hypothesis gives a very
simple expression kmown as the Adler relation for a contribution
of axial current to the cross-section of reaction (1):

doww—=pmv) _ 6% .
HvS'Qz alléf 2%?2 VE ﬁ ;?6{?? ’ @)

where ¢ = 10" > m;"? is the universal constant of the wesk interaction;
1&"033"’113 the "../q)) decay constant; af(")r /0/(’ is the differenti~
al cross-gection of elastic %’ -scattering at the pion energy ¥V .

If one puts dowmn the dispersion relation over Q for the axisl
part of the process (1) amplitude, then one could naively expect at
small values of Q2 the dominance of the pion pole., However, it is
not true, since the pion pole contribution is suppressed by the pilon
mass squared 4 o A contribution of the same order appears from
mgre distant singulerities, i.e. poles (44, Ag, ees) 8nd & cut at

=9 m,r. This contribution is comnected with the pion pole by the

Adler relation,

It has been shown in ref. /4/ that if one takes into sccount only

the contribution of A1-—meson to the cross-section of single pion neutri-

no=production

A6 ON—pT) _ GZ .1 !" @°  YEE'-@2 dClw4w) (3)
vd@dk: T w2 7E? A(ahm:)zel‘q‘f k2 ’

then at Q2 — O it follows from PCAC that

b & i@gﬁ-ﬁ(,g V) _ ['.’ 0(6":“"’ 4)
Qz«bo kT L k‘l"
where d@é?h/“A ”')/dk is the reaction ‘E"A/-n-A v
dependent on the pion virtuslity Q"’ t, 1s the 4, — /«V
stant connected with the 53—-2 ‘e~ decay constant
Weinberg sum rule 7 A-“ l
Relation (4) ensures transition to Adler relation (2) at Q° —e0O.
However, a problem appears how to extrapolate relation (2) to the.re-
gion of large Q. If, one subatitutes the experimental value
Olrw-A, o) to (3),then at large Q% m, one finds the neutrinoe produc-
tion cross section to be an order of magnitude smaller than the result
of extrapolation of the Adler relstion (2) with the axial formfactor

FP(0%) = (1 + @%m2)™"

>§<k\!b

crosa-gection
decay con=-
P by the second

5)

The parsdox is caused by the fact that in contrast to the vector
current, for which the dominance of vector mesonas takes place, a con-
tribtution from the 4,y-meson to the axial current is not dominant. It
is known that the cross-section O(WW— 4,/) 1s only about 10% of
the total cross-section of pion diffractive dissociation. Therefore,
in the dispersion relation for the awmplitude of reasciion (1) one
should expect a dominance of the cut comnected with umltiparticle
final stiates in the diffractive dissociation reaction TN —+ XA . As
is well-known (see, for imstance /5/), the main contribution to the
non-resonent background in this reaction is comnected with the P- -7
peir production, which is well described by the Deock model / 9/ In

this case the dependence of the spectral function of the dispersiom
relation on (P"' -gystem effective mass aquared) is defined by the
tactor (M° - m,.) « Thua the cut contribution to the axial formfactor

{normalized per unity at Q2 = 0) is presented by the following expres-
sion:
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Power serlies expansion of thigs expression at small Qz,, has a form:
FSUt(q?) 1 - ¢¥/2(mp +m, )2, Tt follows from the first Weinberg sum
rule /7/ derived in the chiral limits my = O that 2u% = my (note that
relation 2(my +mg 2 = mi is fulfilled numerically much better).

Thus Qa-dependencea of Ay~pole and PT ~cut contributions in the
axial forufactor of reaction (1) colncide at small Qz, From comparison
of *(5) and (6) one can eapily see that numerical similarity of these
expressions at Q2 2 mi is algo held with a high accuracy. The fact
that the P‘lf -cut”center of mass" coincldes with the A -pole position
geems quite non-trivial. Similarity of the P‘il- ~gystem mass spectrum
in the reaction <IN -» Jali and the Breit-Wigner curve describing
A1-meson, results from the superposition of a decrease of the Deck
amplitude with M° and a threshold increase of the P ~system phase
apace volume. The phase space volume is not included in integral (6),
therefore the imltation of the pole contribution by the non-resonant
background in these two cases seema to be caused by different reasons.

Since Qz-dependencea of formfactors (5) and (6) are close and the
crogs-gection normalization at Q2 = 0 ig fixed by Adler relation (2),
the relative values of pole and cut contributions are irrelevant. The
crogs-gection 18 extrapolated to the region of Q2 4 0 by multiplying
expression (2) Yy FI%(QZ), where the formfsctor FH(QZ) is taken further
on in form (5).

3. Coherent Weutrino-Production of Pions off Nuclel

Let us consider the process \JA-'" M TA s Where a nucleus re-
maing in the Initial state. The process i1s of interest, since here the
diffractive mechanism contribution is enhanced. Indeed, the vector
current contribution in this case is not only suppressed by the factor

4/V , but also forbidden by the quanium number selection rules in
the coherent process. The mxial current contribution in the coherent
neutrino production cross-section can be calculated using the Adler re-
lation:

p A
AGOA-pTA) _ 6% E' 2 Jd6k 2
Z()('éﬂv dkZ ~ 27* VE A ;]Z;;( |F, @3] (1)
Here
A
4672 4,94 2
;ﬂ?f =77 |4, kol (8)

s

f:? (kr) = q Sc[al) GXP @ L’E) {i - exp[t [3;”;0)'?(&)]} ’ 9)

L=l
where T(L)=IJZ E(i‘-, b) is the nuclear profile functiong
- D

~ -7 1 ﬁﬁ-m 2
B (2,b) = Jaf b ﬁ;é’ é')gq; B, exp[—- 368;{ ] ' (10

?A (2,5} is the gingle particle nuclear density dependent on the
longitudinal coordinate Z and the impact parameter B; Bmv’ is the
glope parameter of elastic TN ;aoattering. All formulae in this
section are written in the form of opticel approximation for the sake
of visual proof. More accurate formulse obtained with the substiitu-
tion of the following type exp(~BT) -w [1 - ‘.SKT ] A are used for

numerical calculations in mection 5, which allows introducing essen~
tial corrections for light nuclei. 2

For heavy nuclei T(b) in the By, <« Rﬁ /2 approximation has a

L L ) TN

simpler form: (b} = [77 d2 p(l,2). e amplitude Loy (ky) 1 (9)
is normalized by the requirement f * (o).-_-c /2 (1... ) o s Where
P=Refi©)/Im f2 (0) . 2 ° fec

At small values of k,f‘(.d 1/RA differential cross-section (8) can
be presented in the following form:

A WA \2
d Gel K 2
Fiialls UMD o

where

6™ =afdt {1-expl- 360 TW] cusffpeea]} , @2
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B= 446> =g [d b {1 - expl-4 ™ Tw)} - (1)
Aot

As in the case of the neutrino-production on a nucleon, the
auplitude s extrapolated to the region of values of Q° 4 0 in (7)
naing the formfactor FA(Q ) determined from dispersion relations.
Since the amplitude of neutrino-production on nucleus is proportional
to the nucleon amplitude, 1t can be easily shown that F (Q ) 18 fac~-
torized in the following form:

F @) =F (@) F @%- (14)

The formfactor FN(Q ) was introduced in the previous section and Q -
dependence of the nuclear formfactor F (Q ) is determined by the ano-
malous thresholds 10 close to Q2 = 0 and cauging a stronmg Q -depen-
dence of the F (Qa). However, an accurate calculation of the apomslous
cut contribution is a complicated problem even for light nuclel

Let us use an adequate method of calculation by the Glauber :Cormaliam-

Fe)= S 4] de expha)fis,s) «
+ot Ldad

- (15)

x exP[—z‘6§Tf§sz’Ffs, 2)] -

At P42V/R, this expression can be simplified if ¥, 1s written
in the following form:

F(@) = expl-3 8,k])* (16>
where, as follows from (15),
B, =<2 - <&y’ an
The averaging is done by the formula

{2 = Gxajdbjafzz f(‘: 2) x

(18)

x exp[— # C'SZ:, Jd Z’FC b, 2')] .

Though expressiona {11) and (16) are only valid for low values of kp
and kL' we shall use calculatlona in the total range to simplify them.
Expressiones (8) and (15) are more accurate.

One should also note that we have not taken into account the
inelastic screening /12,13/ corrections to C'Sfot + At small values
of V£ 10 GeV, which give the main contribution to the cross-section
in the existing neutrino experiments, these correctlons are negliglbly
small., These corrections grew with V up to the value of an order
of 10%, Their contribution to the toial cross-section is negative and
can be esgtimated by the formla /13 :

A _l/n_fa{ Ejd” 7 ? IQXP[ 36’ r‘v( )] X
E G, B

wn
Here 0‘6d /dH JQ,T is the differentisl cross-gsection of reaction
‘TTIJ“’XA/ , Where M 19 the effective mass of the X beam; ? e

AN G
(1)

~

s 042_ m,%)/ZV and 9, ere longitudinal and transversal momentum
tranafer components;

F(?’L) b) =wL0(Zg(&, Z)QXP(?,?LZ) (20)

18 the longitudinal formfactor of s nucleus.
Pinally, we small calculate the kL—dependence of cross-gection

7.
@%A}%M = [dvda®k: Sk § [k (&) Jjﬁgé-;»gﬁ) -

(21)

(%)(’(+{)3 [ ~é’n(i+*a')]exP[ L/Ez ,‘.;4_%)2] ,

where T = ZEI(‘-/mA—X J;’A MT/mA

2
At high energiea, when B, mjd'z/E «q , expression (21) has

its maximum at .,3,,,1 /E » which is equal to the value
ds (VA —~H7A) ctr 2
e (*;TmA)e? 6
7
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When ky increases, crosg-section (21) decreases as 1/k;. Therefors,

st a high neutrino energy the axial formfactor of a nucleom causes &
maximum in the distribution of cross—sgection over k% + The width of
thig maximum is much smaller than the value A kI e 1/BL , which is
determined by the nuclear formfactor (this phenomenecn resembles the
reaction of Coulomb hadron production off nuclei). However, one should
not misidentify this peak as a contribution of the coherent events/M/
which forms a pesk ~ 1/B, wide.

It follows that at high energies the total cross-section for
coherent neutrino-production of pions increaaes as {nE and depends
on the satomic number of a nucleus as 698 & A /3. At the same time
at low energies the cross-section growa linearly with B and inoreases
ag A with the atomic number of a nucleus. The results
of numerical calculations are presented in sectlon 5.

4. Incoherent Neutrino-Production of Plong off Nuclel

A process followed by the nuclear deatruction appears to be the
background to the coherent neutrino-production of plons. This process
is analogoug to the quasglelasstic hadron scattering on nuclei. Itis
cross-section denoted by GWA+#TX) 1s equal to:

%A
dGWA=pTX) _ dBON— uan) Cabs | (22)
dvd Q%d kZ AV AGEAEZ G
& 7A nA a4
where IA = 6;& @ C’S?eg 1is the absorption cross-section of
piong on nuclei.

Clie-fdt{ 1 - exl-cTO0]} @

The cross-section of neutrino-production of piona o2f & nucleeon
included 4in (22) has contributions of axlal current as well as of vec-
tor current, which cen be calculated in the P—-dom:!mnce approxima-
tion / « A8 & result, the cross-section has the following form:

d& (VW - s /) ¢? E
SR <8 (a4

(24)

2/ 3 20{'6(::/\/“?/\/)
f (1 Q/m ) d 2

8

where { =Zmg / P §p 1 the dimensionless universal coupling
constant (}"3"‘ mv,... s ‘z/‘/‘i‘ 2.1 «

Only the veraal compomnt of G, @N+pN) cross-section
remains in (24). Actually, the data /1° zit on this reaction cross-
section in the energy renge 2 GeV < J§ < 10 GeV using expression

G, @N—pN) = Eh?, (25)

where V) is the enmergy in the lab system in GeV, yields the va-

luea of G ® 8,27 4+ 0.5 mb, SS = =1,85 £+ 0.03. The value f‘l indicat-

es that in this energy range the helicity f1ip i -exchange dominates.
Let us also calculate the ky. ddstribution of the cross~gection

for incoherent neutrino-production. To slmplify the integration, let
ns fiI P » “'20

d@(x:lA—»/ﬁTX) _ 6 @fs {1{ 6’” Ei[ - (i—r'i']

kZ T @t 6 (@ +fy)3

3P 2% (-4p) + (Sp+ 245 + f3)f [)’ k] (26)
o, P p+Cpfe)ln] Jo(C, 1)/
7"'{&,5[ (< +J‘Y)(/-J},)3 /

where Jf=m;-/m;'; (C}"""'ZE}(L/M;‘ *-};,*

5. Calculations

74
Calculating the O, cross-section by formla (12) and the

slope parameters B, and By by formilae (13), (17) and (18) we uged the
Woods~Sakson nuclear density distribution:

So(t) =P [j + exf(%)]-f’

@7
f = 977&3(1+T“ -

The va.luu of parameters R and Q taken from ref. 1/ for different
nuclel are listed in the Table. The radius of the nucleom ohargo d1 g
tribution was taken into account + The values of B,, B, 6‘“,
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calculated at (5% = 24 mb and the values of &7y celoulated at
(‘5;','1"/ = 20 wb are also presented in the Table. The value of P

for the t-channel isoscalar amplitude is epproximestely independent
of the energy 719/ and was fixed by w 0,2, 4

It worth noting that the expression for &, ;' , which was used
in ref. 16 s 18 erroneous and contradiots the diffractive origin of
the O -A scattering. When abaoxjption of pions by nuclear matter in-
creases the cross-section 62+ should also increase. In the case
of diffraoctive scattering on & "black disk"” the total cross-section
atteins the meximum value G4 =97 R% while the cross-section cal-
culated in ref. tends to zero. The use of this erroneous formuls
leads to some uncontrolled errors in calculations and makes the com-
parison with Experimental date senseless, Note that results of calcu~
lation of th adduced in the Teble have uncertainty only about 1%

718/

Table. Parameters of Wooc}_&xSakaog density (27) and the results of
a
calculation of ﬁf:;t , 6@65 » BT and BL'

— —

Qa
£ 6% om %
fm fm fu o Im fm
20 2.80 0.5T1 381 25.5 3.49 2.85
27 2.84 0.569 49.3 29.8 3.68 2.85
40 3.39 0.612 65.6 42,1 4.87 3.76
64 4.20 0.569 91.5 57.0 5.96 4.31
110 5.33 0.535 138.2 87.7 8.39 6.01
150 5.72 0.650 181.3 111.8 10.6 Te24
184 6.51 0,535 230.8 135.0 12.0 8.09
207 6.62 0.546 250.2 150.7 12.6 8.15
238 6.80 0.605 284.3 168.2 13.5 8.98

A8 at a low energy vV the cross-section Gz;/(v) increases, we
also calculate the values of 6’3{! » By and B, for different
values of C‘S'J,: » It turns out that the effects of simutanecus
growth of 6‘:{ and By, B; cancell each other. This justifies
the above-adcpted approximetion with @:ﬁ independent of Vv .
Nevertheless it is desirable to exclude in the experiment the re- &
glon of small ) , which gives a negligible contribution to the ‘
. occherent neutrinc-production sross-section. {
The k2 aistributions of coherent end incoherent contributions
to the crogs-pection of single piom neuntrino-production off s neon
nuclens at B = 40 GeV is given in Fig. 1. One can see that the inco~
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herent contribution, as the coherent one has a maximum at small k%.
As mentioned above, this is connected with the nucleon formfactor
behaviour in the axial current (see formula (26)). The vector current
contribution at small values of k% i3 suppressed due to the factor
Q% in formla (24). As is seen in Fig. 1, the contribution of inco-
herent events under the peak is large and cannot be separated by
aimple extrapolation from the region of large k%.

To select coherent events, it is necessary to fit the experimen-
tel distribution over k.% with two Gaussian exponents. (me of them
corresponds to the coherent contribution, ancther to the incoherent
ome. Meir relative values are determined by the 2 cut. Thus in /14
events with kL % 0. 015 GaV2 were Selected. The corresponding data are
shown in Pig. 2. If one describes this distribution by one exponent
/14/ o considerable contribution of the incoherent events will re-
sult i s too swogth distribution with the By = 28}] Gev2 s10pe tor
the events from kL{ 0,015 GeV2, In Fig. 2 vne can BSee also the re-
sults of our calculations for the coherent and incoherent contribu-~
tiona to the cross~section integrated over kIz‘ in the region of k% <
0.015 (}072. Compariason of data and calculations proves that events
with k2 >0.05 GeV> are incoherent.

In Fig. 3 the resulis of calculations of the total cross-secilon
of coherent single pion neutrino-production are compared with the
experimental data. In FPig. 4 the cross-section of coherent neutrino-~
production of pions is shown as s function of the atomic number at
various neutrino energies.

6. Single Ay-Meson Neutrino-Production

The Adler relation connecta the cross-section for neutrino-pro-
duction of single A -mesons at Q z 0 with the cross-section
&@N— A, ¥ ) , whioh, as mentioned above, 1s very small at high
energies ) . Therefore, a noticeable contribution to the cross-sec-
tion of the coharmt procesas arises only from the large Q2~ mi. It
is described by the expression 4 H

dS(A—FAA) _ 2 Q*
dQ*dV d kX 'ffir‘é (Q%+mp)*

(28)
2 4,4

(- 28) Bl 438

12

F (Q%) 1s given by expression (16}, where ki =~ (m +Q2)/2Y . Im
this expression the cross-section of elastic scatter’ing for tranaver-
sally and longitudinally polarized Aq-mesons were for aimplicity sup-
posed to be equal, The distribution of the crosg~-gection over kL hasg
the following form:

2 =TA Y
do (¥ A—HAA) ._,7 @aq;) Ow) oo )T,

d ki 16% By

(29)

I;"@X"%)qz{( Tt A)@S "‘4—3/ 8(’ Ty+ J‘ﬂ) LA+A)} '

where fpr numerical calculations it is assumed that (f%f; =
= ‘:{> « The constant of A1-meson coupling to the weak lep~
ton charged current ig found from the second Weinberg sum rule
p=12m 2 /9., The results of caloulations of the differential

cross-sectiom (29) for & neon nucleus at E = 40 GeV are shown in
Fig. 5.

In the same figure the distribution over kL for the incoherent
Ay~megon production is presented. The distribution was calculated

using the formula:

ok _ (ST (o) 3-,#’-5 17{;2 A, ﬂgj

Ay o) ~

1727(”%“3%) (%{1) {(Xr 1) b (¥ (30)
~ ~ ™~ ~ Nr(ﬁ? +

- l/(fgy-v{}))(ﬁ% + 37 —1))? Zh{—L—ir‘

g % fr

- Eﬁ(‘[_L_[L{("E+J’f)Q’(( +2/?;— f)"“%f‘*‘ 1) -

~ (4-F 7 r 6, - ﬂ}
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- n Fig. 5. Distributions over k%
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2 ’ 1 duction cross-section. The dashed
x 1 line is a coherent crogs-section.
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ot L \ =1 herent process; the dotted line
o AN . is a contribution of vector current
Tt L N - %o ithe incoherent neutrino~-produc-
¥ 3 \ i tion; the solid line is a sum of

X 5 4 e8ll contributions. Calculations

- N vivieesesereserssssse bave been performed for a neon

R | nuecleus et the neutrino energy

d N E = 40 GeV.
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where ‘Z} = (2kLE~m§)/m% s = mi/ma. The second term in (30) pre-

sents the contribution of veector current, which is large at smwall
energies of Y . The cross-section €S (pA — 4, #) is described by
the diagrem of a single pion exchange s is parametrized in the
following form:

”A:

To estimate the parameter t.A1 one can use 8 generalizs~
tion of the effective chirsl Lagrangian method in the came of vector
and axisl-vector currents 22 « Using chiral-invariant legrangiansg
of A,fﬁ? and T4 interactions in the minimel form end taking
into account the formfmctor of A —vertex in the exponential form

with the slope parameter of 8,}{.: 5 GeV'2, we obtain for 6@%«/—»/]'”/}:
2 2 2 2.2
— A 1 7 T +
Oy hil) s Stdir|{ v Chenly]
f'
(32)
{(1-2mt B - tn2 )1} = 2 b,

where V is in GeV; G = 13.6 is the I ~coupling constant; the
constant of minimal A1P?r ~interaction ia comnected with the decay
A‘-q. P width by the relationm:

i4

é%z M ‘ - 4
[gn= SR, Re=02266eV7

Since the amplitude of elastic A1N—scattering is almost imegina-
ry and the qr—exchange amplitude is real, the interference of the
axial and vector current contributions to the differential cross-
section Cj( VA a»/ﬂ Ainh) can be neglected. The contributions of
the first and second terms to the cross-sectipn on the neon=target
and their sum are shown separately in Fig.5.

It is seen that the axiael current contribution is dominant. It
follows from the expressions (29),(30) and (21), (26) that relation
of the coherent cross section to the incoherent one in the case of

4 Dbroduction is the same as in the caseof pion production. But
A1 incoherent production cross section is not enhanced at small velu-
eg Of kL « The observed peak in the differential coherent ¢ross
section is determined mainly by the formfactor exp(-B kf ). Thus
one can extract the coherent ivents by the fitting procedure analo-
gously to the one done above in k7 digtribution.

It should be noted that neu-
trino-production of single A1~me~
sons 18 not sensitive to the PCAC
predictions, since the region of
small Qe, determined by the Adler
relation, gives a negligible con-
tribution to the total cross-sec~
tion. The interest to this process
seems to be connected with the
possibility to study A1—interac-

E, (6eV) tions with nucleons, It turned to
A . . . l
be impossible to obtain similar
Fig. 6. Total cross section of information in the process of dif-
gg?ggfg;oéagﬁzggnogeu' fractive A1-meso?2§§oduction by
neon nucleus. pions off nuclei due to neces~

[
T

Sebeppiicdn [6¥%ud]
e [
H H

gity of model allowance for ine

elastic corrections, making & con~
tribution of an order of 100% to this process. On the other hand, as
noted in section 3, a contribution of inelastic corrections to the
A1—meson elastic scattering cross-section is negligibly small. The=
refore, the value of CifiN’ can be reliably obtained from the ana-
lysis of experimental date using expressions (29) end (30).



Total cress section of coherent A1 neutrino-production on neon
nucleus caleculated at different energies using (29) is shown in fig.6.
It i seen that the cross section rises with the energy faster than
the pion neutrino-production cross~section and exeeds it at the ener-
gies above 40 GeV.

7. Dacussion of Results

A study of single pion neutrino-production in the coherent pro-
cess on nuclel allows separating the contribution of axial current,
which is generally determined by the PCAC requirement. Neverthelesas,
the accurate: and carefull calculation of this process glves s possi~
bility for the experimental verificetion of the PCAC effects.

Let us summarize the main results of the present paper.

1. The extrapolation of the Adler relation to the region of Qzﬁc
has been obtained. It has been shown that the main contribution to
the dispersion integral for the axisl current is made by a cut con~
nected with the PWF-prodnction in the intermediate state and not by
the A1-pole. Nevertheless, it turned out that the PVT =-cut center
of mass”coincides with the Ay-meson mass m, = 1.3 GeV. Therefore, the
formfactor in the pole form (5) can be uged, though at high energies,
when the large values of Q° give & noticeable contribution, expres-
sion (6) 18 wore exact.

] 2+ With the coherent neutrino-production of pions off nuclei an
additionel dependence on Q° appears. It is related to the complex
structure of a nucleus. Siumple expression (16) has been obtained for
it.

3. Expression (21) for the dependence of the cross~section of
single pion neutrino-production on longitudinal momentum transfer has
been obtained. It hes been shown that at small ki the experlmentally
observed pesk is mainly due to the axial formfactor of a nucleon,
but not of a nucleus. Therefore, small kf canmot be the only crite~
rion for selection of coherent events.

4. The cross-section of incoherent neutrino-production of pions
off nuclel has been calculated with allowance for the contribution
of vector current. It has been shown that this process is also charac-
terized by the narrow pesk in the distribution over k%.

5. The cross-section for the coherent and incoherent neutrino~
production of Ay~mesons has been calculated. It is shown that these
processes are lnmensitive to the PCAC effects. However, they allow
obtaining unique informstion on the A1~maaon interaction with nucleon.
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Finally, we would like to emphasize once more the necessity of

more accurate selection of coherent events from the experimental data.
The selected events with small values of k%‘g 1/B;, should be dis}g%bu—
ted over the variable k%:x \t-t 4, | (not over t, as 1s done in Je
The next fit of kT-dependence of the cross-section by two Gaussian
exponents should lead to the B:zBT values of slopes for the coherent
peak and B = ﬁzz’ values for the incoherent substrate. This is the
usual procedure in the hasdronic experiments. Comparison of the results

of
2
ki

fitting of the incoherent background with the digtribution over
for the events with visible protons appears ito be an additional

test of the calculations.

An independent selection of coherent events is also possible in

the distribution over k%. In this case it is necessary to edd the weight
factor (1+Q2/m§)2, neutralizing the influence of the nucleon axial
formfactor to each event. After that the coherent peak should have a
nuclear slope B =~ B; and the incoherent background should become al-
most kL»independent.

to

In conclusion the authors would like to express thelr gratitude
V.V, Ammosov and V.S.Burtovoy for useful discussions of the experi-
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Benbkos A.A., Komemmosuu B.3. E2-86-595
CooTuomeHHe Anjiepa H HeHTpPHHOpOXIEeHHEe
OOUHOYHbIX aOgpOHOB

PaccMoTpeHbl Npoueccs HeHTPHHOPOXIEHHS OOHHOYHBIX aApOHOB
/peaxuus VA »whA’, rpe h=wm, Aj.../ € TouxkM 3peHusa SKCIEepHMEHH
TanbHoi npoBepku cnencTBuit PCAC. Nony4yeHO pgUCniepCHOHHOE 0606~—
meHHe COOTHOWEeHHAa Angnepa OiA HeHTpPHHHHMX peakuudl B o6ractu ou-—
3HYeCKHUX 3Ha4YeHHHl Nepela”HHOro 4-uMmnynbca Q? £ 0, xoropoe 3a-
TeM HCHOJIb3yeTCsa Jisd BHUYHCJIEHHH CedyeHHH HeHTPHHOPOXOEeHHS OIOu—
HOUYHbIX MHOHOB B KOTEpEeHTHhIX H HEKOrepeHTHbIX MPOonecCax Ha Aapax.
PesynbTaTsl pacueTOB CPARHHBAKWTCA C 3KCIEPHUMEHTANbHBIMH [1aHHBIMU
M0 peakiuH vNe - u+ﬂ_Ne. O6cyxkgaeTcsa mpouenypa BblOelIeHHA Ko-
repeHTHbIX COGBITHH B 3KCNepHMeHTe. PaccMOTpeH Iponecc HeWTpuHo-
pOXOEHHsA OOUHOYHBIX AI—MGSOHOB Ha sOpax.

PaBora BomonHeHa B JlaGopaTopHH sgepHumx npobrem OUSIHN.

Npenpunt O6bheTHHEHHOTO MHCTHTYTa AMNEpHBIX HccrnefoBaHui. lly6na 1986

Belkov A.A., Kopeliovich B.Z. E2-86-595
Adler Relation and Neutrino-Production
of Single Hadrons

The processes of single hadron neutrino-production (reac-—
tion vA + phA’ | where h =7 [A; ...) are considered from the
viewpoint of experimental verification of PCAC predictions.
Dispersion generalization of the Adler relation for neutrino
reactions in the range of physical values of 4-momentum tran-
sfer Q%#0 is obtained. This generalization is used to calcu-
late the cross-sections for neutrino-production of single
pions in coherent and incoherent processes on nuclei. The re-
sults of calculations are compared with experimental data on
the reaction vNe » pt 7™ Ne. A procedure of the coherent event
selection in the experiment is discussed. A process of single
Aj-meson neutrino-production is considered.

The investigation has been performed at the Laboratory
of Nuclear Problems, JINR.
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