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DIFFRACTION MODEL OF
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;. We estimate the cross sections for leptonic production of 7, p and Ay mes-
d total leptonic cross sections using the meson-dominance assumptions.
on of our predictions with data on deep electroproduction total cross
des a partial check of the ideas of the model. Simple experimental
f the model are given.

In addition, independently of the model, we show that the experimental test of
the PCAC hypothesis in neutrino scattering at small leptonic momentum transfer
does not require a cut-off on the scattering angle, but only in the momentum

transfer.
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{, NTRODUCTION

In this work we estimate the cross sections for leptonic production of 7,
pand A; mesons and the total leptonic cross sections in terms of hadronic
quantities using the meson-dominance assumption. (A shortened version of
this work has already been published [1].)

The success of the 'p-photon analogy' or 'vector dominance! [2] in de-
scribing the electromagnetic interactions of hadrons, particularly for high-
energy photoproduction of vector mesons, suggests that a similar model be
used for high-energy électroproduction or neutrino production when the
tlectron or neutrino produces a hadronic system of high mass. The recent
measurements of 'deep' electroproduction [3] total cross sections should,
by the diffraction analogy, predict something about electro- p-production.
As for the weak vector current, it is by CVC just the isotopic rotation of
s tlectromagnetic current. If the action of the electromagnetic (iso-vec-
'or) current at high energy is described by the scattering of a p@ meson,
tzin the weak vector current is almost necessarily described by the scat-
g of a p* meson.
me':: generalize this idea to the axial weak current, we can use the A'1Y :

1 a8 a chiral partner of the p; but since the current is not conserved,
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here must be a component in the current beyond that cory .

g;;exfple spin-one particle. The simplest assumption ig thatetshlgnedigg to 5
component like the gradient of the pion field. Hence we assume the alsp a
current is proportional to a sum of the gradient of the m-field ang ?Chaxwl
field. Fot the axial current, the PCAC hypothesis plays a role i e A
current conservation for the vector current and gives certaip resti.thgt of gl . Lt
on the relation between pion and Aj contributions. It turng oyt that ;ﬁgons f ,

restrictions play an important part near a momentum trangfer Q2 ~ -

Fig. 1. Meson dominance in electroproduction (a) and neutrino production (b).

Our model can be represented by fig. 1 or rather by the sum of two such
graphs in electroproduction, the g line representing p© and w. In neutrino .
production there are three contributions coming from the p*, A{, 7% ex- ) AInem and ge
change that correspond to v or ¥ scattering. We then use experimental in- %
formation or plausible guesses for the high-energy reactions
(p,A1,m) + N— {F}. In particular the electroproduction data give us essen- 2
tially the p-contributions summed over all {F}. (From photoproduction the § = ind e the
w-contribution is § that of the p and ® is negligible.) "ans lepton

Sect. 2 is devoted to a discussion of the kinematics and the derivation of , d mom
the general formulae of lepton scattering on a nucleon or nucleus when only | | ¥
the leptonic momenta are measured.

In subsect. 2.1 we study the vector current contribution. In (i) we show
that from CVC the scattering can be expressed in terms of two real struc”
ture functions that depend on q2 and v, the leptonic momentum squared and 8 - hadro
energy transfer, and derive the cross sections for electroproduction and_
weak vector production of an hadronic system {F}. In (ii) we introduce €
plicitly p-dominance for the vector current, express the scattering it K
terms of polarized transverse and longitudinal cross sections, and rewrl
in the framework of this model the electromagnetic and weak vector cross
section for production of {F}.

i 0.
In subsect. 2.2, we study in the same way the axial current contributiof |
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t show that the scattering can be expressed in terms of four
e functions depending on g2 and v. We discuss the constraints
PCAC and the lepton mass-terms contributions. We obtain in
artiCUIar a generalized Adler formula [4] for weak scattering at small q2
14 compare 11'5 to receflt dgta on forward weak total cross sections; finally,
e give the ?xlal contrlbut.m.n for the weak production of {F}at large qz, In
(i) we then introduce exphclt%y meson dominance for the axial current. We
i slate the general results in tpe framework of the model: that is in
f the transverse and longitudinal A{ and 7m-scattering. Finally, in
9.3 we study the interference between the vector and axial cu,rrents.
3 is devoted to the applications of the model, we give the assump-
tions required and estimate the various quantities introduced in sect. 2.

Sect. 4 is devoted to the results. In subsect. 4.1 the comparison of our
predictions with re.cent data on deep-electroproduction total cross section
[3] provides a partial check of the ideas of the model. We compare our re-
sults with others derived from different hypotheses. We also estimate p°
electroproduction, and the charged 7 electroproduction.

subsect. 4.2 is devoted to neutrino reactions, starting with weak p-pro-
duction. In particular, we express weak charged p-production in terms of
ge electroproduction.

We than examine A1 weak production, 7-weak production, total weak
meson production, and the total weak cross section. We also discuss the
asymptotic behaviour in energy predicted for the total cross section.

1) we firs
Comillg jrom

a

terms O
subSeCt'
Sect.

9. GENERAL FORMULAE FOR LEPTON SCATTERING
ON A NUCLEON OR NUCLETUS

2.1. Vector current :
(i) Kinematics and general formulae. Let us consider for definiteness

the production of a given hadronic state {F} of total momentum P' and (in-
variant mass)2 = w4 by a vector current of momentum ¢g. The notations are
summarized in fig. 2.

Here p and p' are the momenta of the initial and final leptons, v = E- E'
is the transfer of leptonic energy in the 1lab system. For simplicity polari-
zation indices and momenta of individual particles of {F} are omitted since
they will not be measured. The scattering matrix element is given by

Ll
i

Where VE I is the hadronic current matrix element and €y the leptonic, and
e 27 L
’é_z' u(p )yuu(p) ’

L
V2

for electromagnetic and weak scattering.

a(p)y , (1+vghuld)
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: final ones of the t i
‘ over initial states and sum over ; rangiti,, |
S;f; :;reer;aéii squared can be written, up to a kinematical factor, 5
ma ' sor and
2,y Myy where Lyyp 1S a pur iy s e
( _% (i’uP}ﬁPV[J:u - (p- '+ m2) 6,,) for electromagnetic Scattering
. zq )

£y = GZ(PuP;/"‘PVP:u - (b P)Oup £ €ypop papp) for weak scattering

the + sign referring to v or 7 and

= Kl F]
= 13

contains all the information on the hadronic system.
Since Zp is over all spins and all momenta internal to {F} and 21 is ovep!
the spin of the nucleon (or the nucleus) target, M uy can only be made frop
P, for the target and g, for the momentum carried by the current, four-
momentum conservation removing the total four vector of {F}. Using Lo-
rentz invariance, hermiticity, the constraint of current conservation (that
states g, My = gy M,y = 0) and the fact that W,y must be free from
singularities at ¢2 = 0, one derives the general form of 9 uv [5)):

E

¥.2 plytPya, 2 PP,
R s dlsl g
LY o(q : )[ wy P-q L (p.q)ZJ
M Z(Puqv+quu) 4 PP,
= 7 - s

where the FZ-V are' real positive quantities depending on q'2 and v.
Elec%‘romagnetzc Scattering. For electromagnetic scattering the terms
proportional to ¢, or g, do not contribute because gu - Ly =0 and we get:

g?:-o(e-*F) 5 2&2 ~1—

L R : |
[F, q il g Fl)-z—q;é(cLEE —qz)], (2)

Or in terms of the usua] structure functions W1 and Wy in the lab system

[6]:

d20(e~F) o

T o 2. e 3)
dQdE 4F2 sin4-§-9 [Wz cos“ 36 +2W1 sin 20] , (

Where 6 i
incident iif‘f?xfaelpﬁgtﬁca“emng angle in the lab system and E and £ the
, N energies
Weak ye ) e
. . cz‘g: sc;zttermg. For weak vector Scattering the terms propor-
i hl;t o 4v) give rige to contributions proportional to the lepton
not affect the Cross section greatly.
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Fig. 2. Kinematics. Fig. 3. One-pion-exchange contribution.

We shall see later that the order of magnitude of the neglected lepton
mass terms is something like mz/m,_z, where mp is the mass of the p-mes-
on, that is Fess than a few percent.

Thus we have, with no average on the v-spin:

d2o(v—F) - G2
dq2 dv 4m2E2

Yy 2 v 2 v g
q +(F0q Fl)ﬁ@EE-q)],

et

(4)
for the vector current only.

(ii) Meson dominance for the vector current. Let us now introduce ex-
plicitly the hypothesis of the p-dominance for the vector current. The ha-
dronic isovector, vector current takes the form, with &p> &1 p the effective
yp and lepton-p couplings:

8yp OT & q9,49 =iy
y =2¥P 4 o ol T(p - (electromag;neticJr or weak current) .
I CEAR LA 2 A
q +m, mp

Where ¢ ;T§p ) desuriBientine production of a given hadronic state {F}
by a p-meson of mass q2, of momentum ¢ and polarization ¢. The p is
taken to be universally coupled to the conserved isospin current. The vec-

lt)Or meson then must also obey qAT)(\P—’F) = 0 so that Cmuv is simply given
y: ;

g olor &)
i £1p’ 55 5 7P —F) i (p—F)
Ly (q2+mg)2 I F M ;

T For the electromagnetic current the w and @ are to be included in the theory and
:ﬁey play, for the isoscalar part of the electromagnetic current, the same role as
. ?Po‘ does for the isovector. However, from photoproduction results the w.—(jmj—

ribution is %’ that of the PO and that of the ® is neglig‘ible {2]. So, for simplicity,
we will consider thep© only, although the w has been explicitly taken into account
n the calculations of electroproduction cross sections.
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e ‘ ; the polarized cro :
Let us now introduce formally olar. S8 sectio .
setI:)f states {F} for incident p of polarization transverge (T;lf):(jl(:}r:giflzal
udipat
(L) ing]
1 T T 1 I,
= - e ® gy 8 = O w1,
O Pl e ; o et o)
|q|, the lab momentum of the virtual p, being a flux factor ang with
o)
q. 8T b ET = 0 b
=57 (@69, g ) :
ST qul 29> 191) » e
One easily verifies that: .
82 or gz
e s A 0p
(a') FO (q ’V)"' lql GT 2 22 y
(¢" +m?)
p
L &,p0 (07 £7))
(b) i [Fo +F1 q] = |q|(0‘T+o'L) 5 22P :
(g +m)
2 9 .
8ypol0r &7)) 2
e Y G2y

L : : e
i (it ?sz)rimgrg that ;)7(,“, 1S not singular, one verifies (looking at (8c))
L % q q“ as g“ tends to zero, as is expected for zero-mass vector
ga( 120 ~e’0 and thus that the first term in q2 near g2 = 0 is given by
p th _djg as e:;pected from the general theorems on electroproduction.
: (‘ ; erential cross sections now take the form
i) for electromagnetic Scattering (see (2) and (8)):

dg? dv
i 2
=— q (pO—FY (0 40 )(p i B
&0 s R L T g g
q £~ "rp G +m§)2 I[ T i 2|q|2 s’ -0)],
or from (3) and (8)
g2
e 0 0—
Wl" I‘Il “Jp\z-z-—l-o,g:{) F)’ (10a)
(q +mp) o
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2
E K0 4 0
7 P LN S (R~ = ¥)
g » 1G] (2. 22T a0y, : (10b)
11 g +m )

(ii) for weak vector scattering

(o F)

dZO.V

.

dqzdv

2 L4 (om+o )(pi_*F)

E 3 9 q (p=—F) g 9
P oo 1 1q| [0 (4EE'- ¢ . (11
AR Fa T 2/qP b R

Let us remark that within the model the order of magnitude of the lepton
nass terms becomes obviously of the order of m2/ mg and justifies their

The connection in the cross section between a weak and electromagnetic

process induced by the vector current is then

i R e B ied Y
g% 5P 82 1o ’

where (see subsect. 3.2): g pt = \/ngpo, The assumption that p* and p©

scattering is the same involves more than CVC of course, and is a feature
of this kind of model.

Before seeing how we can get some quantitative estimates from the
model and particularly the assumption needed for it, let us derive in the
same way the general formulae for the axial current.

2.2. Axial curvent

(i) General formulae. The axial current treatne nt is quite close to that
of the vector current and we refer to subsect. 2.1 for definitions and de-
tails. However, it will differ from that of the vector on two points, both
concerning small qz. The first one comes from the fact that the axial cur-
:ent is only partially conserved and the second one from the lepton mass
erms,

The general form of the hadronic tensor is
T FI
w =T EAzFIAu ,
&k
gl;en the 2 is over all spins and momenta internal to {F} and 21 over spins
the target, W4, takes the form

P ohi o A

= F (13)
v 0 GU‘V+F1

A D FA(‘ )
PMPV+F2 (Puqv+luqu) tFe 4,9,

W A
here F (‘12 » V) are real, and positive, depending on (12 and v.
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The constraint of PCAC states that

0,4, =8 g%
pp ; g

field and g¢n is the coupling constant for weak 7- decay .
8

where @ is the 7~
implies for Cmﬁv that

A 2
e 0a—h)
TR 1

At q2 e if) al%& t?r@s vanish in the left-hand side of (15) except the P‘u o4
term, so F{ 18 fixed

A 2 L el
3 50 S o
Fl (Zrg) qZNOgQW lql (7 —F) (16

That is for the differential cross section near q2 =0
2 o) 2 '

d - st G l 2 ol — _.E__ j

dg2 dv 972 vV S (7—F) i lepton-mass terms .

This is precisely Adler's relation [4].
The lepton mass terms come from the 9, terms in (13) not fixed by PCAC,

However, for low q2 these terms proportional to the lepton mass squared 2
can play a role since the 7 gives the dominant contribution to the qy or q,
terms in (13).
For clarity let us write explicitly in A U the one-7-exchange interaction
as described in fig. 3.
Then the matrix element to {F} is
AF - AF' +g ————qu T(W_)F) :

o I 0 q2+m727

We will neglect all terms in m2 except those appearing over the 7-propaga-
tor, presumably the only big factor at small g2. Note the propagator drops
rapidly with ¢2 so that away from very small q2, only the 6, and PP,
‘zesez;na;re relevant in (13) for neutrino scattering, as in the vector case

Let us consider the part of 97(‘,'},, that contains the one-pion-exchange
contribution, at least once. It can be written as

g ooy
. a5 E[qu (T—F) A:F+qu T*(W—"F)AE] , (17)

2
(¢ +mﬂ)1 F

making use of the sam ity 3
written ag € procedure as before & T2 T*( )A |, can be

e T—F L e

I 2 ny
F i Bt i quzﬂngl -

We
: § recall that Ty is over 8pin and momenta internal to {F |
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T free from singulariti P = A R

| e by are g es at ¢° = 0 and the pAA :
| “'.helif flh p;rt of Ajj. he i 4, is the
’ plolfiet u‘; apply once more the constraint of PCAC (14) in eq. (18)
/3 :

| S Tel) of =
deCay‘I ' E Z)T*( )Au‘q'u =gﬁﬂ22 |T(7T""F)l2
One easi
cept the

oy bgP-q ¥ L8 EZ|T(7T“’F)|2_
go=0""RY o

(15 [ Now the b‘? term is dropped in compa?i:son with the last term

it presumably is made of t.erms containing propagators with ;
greater than 7. Next taking the contraction of (17) with the le
sor, making use of (18) and (20), one derives the neutrino cr

ly verifies that at g% = 0 all terms vanish in the left-han
P, term, so that one gets bA: 7

small g2
i o8
dzo(’_’ F) ) G2 _1_g2 O_(77-—*F) [E' iy m2 i p2 mz(qz
L s 2 E B 2 7 P
d Zdy 2T 2
o g q +m_ 4E~ (q +‘mﬂ, ,
a .
rrqed i where the second term in [] comes from the interference of tt
. contribution with the non-pionic one in (17) (proportional to b
ction and the last one from the 'diagonal’ pionic term that gives th

bution to the ¢,,9) term (see below). We get that for ¢2 close t
weak production of a system {F} is given by the 7-production of !
the vector part gives zero from CVC: this is precisely the Adl

4]. .
[ ]Let us point out that the derivation of (21) makes use only of the :
hypothesis (14), which states that o uAp = &r®, and of the dominance «
paga- | one-pion-exchange for small q2 in the terms proportional to ¢ . Or gy (le
irops | ton mass terms and g2 termsz), so that the domain of validity of (21) is in
P, fact q2 of the order of few mZ. Particularly we never make the assumptior
se that the scattering angle in the lab system was small so that the experimen-
tal test of (21) required only a cut-off on qz and not on the angle. More-
e over, the correct expansion to be used is in fact q2 rather than 6 since the
PCAC hypothesis should work only for small g% and moreover as we will
see later on, the vector contribution and part of the axial (that have been
(17 taken to be zero in (2 1)), rise rapidly with increasing g2 (see figs. T and 8).
'}‘his seems to be confirmed by the preliminary data on forward v= sc?,tter-

ing in propane [7] where the measured cross section was too large Wl.th re-
Spect to theory, while when a cut-off on qz(q2 < 0.1 (GeV/c)z) is apphed. to
the selected forward events, agreement is obtained with the corresponding
theoretica] curves. .

(16) Eq. (21) is somewhat more general than the relation already optamed by
’ Adler for forward scattering only, that corresponds to an expansion of (21)

ot

With respect to the lepton scattering angle. By use of q2 + me ~
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2
~ EE" 02 +m2v/E', keeping all terms in m=/ (¢% +m2) and in first order 4
02 one easily derives ;

e o &AL T [(1——‘2-m2 o 22+M}
qudv 2-”-2 o oV E'(q +m7T) 4(q2+m72T)Z ’ (22)

which is precisely Adler's relatif)n [4] T Instead of &g, Adler, making
of the Goldberger-Treiman relation writes gy, as se

MG A(O)
gﬂ'n N T :
Note however that our simplified derivation depends on the fact that mOomen-

ta and polarizations of the hadrons are not measured so that we can con-

struct our quantities explicitly from P and gq.

Thus for ¢2 ~ few m727 we have the generalized Adler's relation (21) fop
weak production of an hadronic system {F}, while in the region ¢2 > m
where the lepton mass terms can be neglected, we have for the axial weak
production of {F} an expression similar to that for the vector current (4)

. 2 2
with GA(O) =1.18, and gy/41r ~ 12.5.

A3

2.(A) 2
deae. G A 2 M (4EE'-q2)]- (23)

- T g +F
dg2 dv 4772E2[ 0 :

(ii) Meson dominance for the axial current. We shall now introduce ex-
plicitly the meson-dominance hypothesis for the axial current, that is we
assume that the axial current is dominated by the A1 and the 7 so that it

can be written as

8. g0 . /m
B L A A qu (m—F)
s TR0Ay e TSy i ’
q +mA q +mﬂ

where as before e; T)\(Al_a ) (or T(W—’F)) describes the production of {F}
by an Aj of polarization ¢ (or by a 7) of mass ¢2 and momentum ¢ on a tar-
get of momentum P- my is the A; mass. In the hadronic tensor 9(;y(A)
summed over all polarizations and over all internal momenta of {F} will

appear three types of contributions:
(a) A1 — A1 'diagonal' with respect to the Ay similar to that for the p

T LY
(g" +m),) ) S R 2 |
+ FA( P +q P )+FA(1 q I - (24 :
2quv qvu - il ‘
T Up to a factor close to one that is the, ratio of flux for a physical 7 and unphysical
one of same energy namely (vz + m%). /(Vz +q2);.
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(A1—F) are the cross sections for production of
here o'ix;,a ItJi on transverse (or longitudinal); we are not inter
do not contain the pion propagator. ‘

(v) This is an interference term between the 7 and the A4

81 A4 A A 1y —F
b P +b; g |~grm T(w‘
S il o Tw Ltm 8 e
(q° +my) q" +m_
8(A
1A 1 A .
b, Re e b; , as defined in (18) ,
q +m,

here b
Z;le ampfitude T — Aq1,; let us call it abs Fr—A1L),

(c) Diagonal with respect to the 7

2
Elm

s e
(q +m )

A 45 proportional to the contribution of {F; to the a,bs

q s

We easily verify that the g,,q; term proportional to
b‘? T(”HF)/ (42 +m72;)(q2 +m‘i) (see eq. (2) gives negligible conti’*"i‘?[, i
respect to the one proportional to lT('"—)F) |2 /(g2 + m121,)2 (sect. 4). (Th
der of the neglected terms is m2/ mi and qz/ mi, g2 being of few m.,r .

Let us briefly express in the framework of that model the general re-

sults obtained in the preceding section. 1)
The constraint of PCAC implies relations valid near q2 ~ 0 between the
scattering of the longitudinal Ay and of the 7, more precisely vl

2
1A i = :
i ¢ o] PP e, T
mA g= -0
see eqs. (20) and (24), and
&y 1.9 25 '
%l lim __ig__‘.absF(w AH")(\qzl) &y U(W F)(‘q2\) . (27)

mA q2 “’OMlq‘

2 ~ 0 acts like the

In other words, the scattering of a longitudinal A1 near ¢
his to the

T-scattering. We shall see later on that if we attempt to apply t
Physical particles, the result disagrees with experiment. ;
Relations (26) and (27) assure that we get the generalized Adler's rela-

tion ag given by (21) for v-scattering near g2 ~ 0. L ,
At large qz, in the region g¢ > m% we have for the axial contribution to
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the weak producti

on of {F} an expression close to that of the vectoy (see(; )
replacing the quant

ities relative to the p by the corresponding A quantigy,,)
es

s
'

; -
a2~ Pl
dqzdv
:':—-5 O+ 0 (A]._—)F)
=g_2__._]f-—ggA —-‘2"‘"1“2“2’? I '[ SI‘AI B ( £ L) 9 (4EE -qz)] (28
w2 482701 (0% mf) 2| q] )

9.3. Interfevence between axial and vector curvents
Let us consider the vector, axial interference term. From Lorentz iy-
variance and parity of (A- V) equal to -1, one verifies that the hadronjc

tensor:
IE % A*I—aF Vlf—-’F projects only on Euwxp P)\qp :
Gl(qz, v) = F_ 1

M2 UVAP ™ AP o L vV

Straightforward calculations lead to the following contribution to the v or v
scattering.

Gya®. (30)

(i) Meson dominance. In the framework of the meson-dominance model,
this means that neither the 7 nor the longitudinal A4 contribute to the inter-
ference, when Iy Zp is over polarization of the target and over all momen-
ta and spins of {F}, more precisely:

Biel 20 0 O =

) T e 0P, Ty e

- 2 % g 40y M

a: o I F
p

e mg ]}can be identified with (1/2M) abs F(PT “A1T) that
F

is the contribution of to th : .
B e absorptive part of the pp —Ap amplitude.
An upper limit for it can be ob’ca,ined.p i o

(ii) Generalized Schwartz inequality - upper limit for the vector axial

Currents i g
thes astntm'ference contribution. The right-hand side of (29) can be

A R T
F< R o P, e 90,

Wh‘;f‘;i s o Be Over the target spin is implied.
Pression looks like » generalized scalar product of two 'vectors




Ntz jp.
Ohjc

10del,
inter-
men-

(31)

that
de.

TS5
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(in the pirac bra and kett §el?se) fnarr;ﬁly Vv, €L ) and 4, €3‘c~,@ o
2sing exactly the same trick as for the usual Schwartz inequality, one de-

rives:

$ I g
StA €, lF)(Fqu €,
F

9|

T 2
<D krla, < 0] Z |y, 0. o

m terms of the form factor already defined (in (1), (13), (29)) it implies:

6, 8l < [rTE nrB2 ) (33)

We can note an amusing consequence of (33), that is if the F, values and
G1 satisfy dispersion relations at fixed q2, G1 requires one subtraction

Jess than the F values .
In the framework of the meson dominance, inequality (33) takes the fol-

Jowing form:
|abs F(pT““’AlT) - \/labs F(PT‘*PT)“ v F(AIT_’AIT)l i . (34)

When the sum over F is over all available states abs F(pT_)AlT) corre-
sponds to the imaginary part of the pp —A (1 amplitude by unitarity condi-

tion.
This leads to an upper limit for the modulus of the vector axial, inter-

ference term:

i . P
275 e 21 8LA181p 2 / (otF—F) (AT—F) .
2 B o F 3 3 it oGyl BR iy ol
dg“ dv T
(q +mA)(q +mp)

where the + sign refers to v and 7 scattering.
For q2 close to zero we have for the production of {F} the generalized

Adler's formula (21); and for g2 > m7zr

TLet Us remark, although it is outside the framework of this paper, that similar
glequal'lties can be deduced for other processes such as P production by 7 (using
(B[éA,LL instead of 4 - EE in (32)) or for vertex functions (if one of the N b‘tlt\eln
p f)' 18 Teplaced by the hadronic vacuum); or for form factors with state ,‘7(/ in a

@inite polarization state ¢ (taking for example the vectors €5 - V), H(,') and

Gﬁ' VH ) ete, ..

ISlmﬂa‘r inequalities have been already obtained in ref. [8]. We wish to thank J. L.
“Ivais for bringing this work to our notice.
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P—F) _(0—F)
2 Y +0
w—F) 2 1 2 q [G(P—+F)+ iy %
do R U s e W O (4EE"-,2
i?dv 7’ a1 19110 o 2|q|? o
(A1=F) __(A{—F)
2 0 T i :
52 0 et 2|q 2 (“EE' - 42
QAI (q +mA) 9
e 50 qE/"(q? F)O’r(rAl 1 (36)
@ +my)g +m )

3. APPLICATIONS OF THE MODEL: ASSUMPTIONS REQUIRED -
ESTIMATES OF THE COUPLING CONSTANTS AND UNPHYSICAL
MESON-NUCLEON SCATTERING CROSS SECTIONS

3.1. Symmetry p- Aq
We shall treat the Aj meson as the chiral partner of the p. Let us reca]]

that this assumption has received some support from the successful calcu-
lations of 779 mass difference and of the ratio of the Al to the p masses
derived from spectral sum rules [9]. Roughly speaking this implies that we
shall assume the unknown measured quantities for the A1 equal to that of
the corresponding ones for the p, mainly: 8QA1 = 8p and Ay scattering

cross sections about the same as those for the p. We shall come back later
to the problem of the longitudinal A 1:

3.2. Coupling constants
The three basic constants 81pr 8 Ay and £y, giving the coupling of the

mesons to the leptonic weak current, play the role of the yp° coupling in
e%rectrfm:tgnetic interactions, and are in principle measured by the decays
P%y AT, 77 = uty, given by effective couplings

e 8lpPu
anaM”

just as &ypo is given by P9 — g¥e~. While &g is known directly in this

gloal_l_?z_r'_: &0r ~ 0.93 My, &¢p may be inferred (from the measuren;lent of
must ie Jxi CVC, or more simply by using the fact that p-dominance
give the correct nucleon -decay constant (ZCf' fig. 4).

Let fp be the univer | . [2]) cow
pling the p (tq "t er[: coupling constant (f4/4m )

ToPul#y 47y + 9 x 8, ¢+..],




36)

11

AL

-

Fig. 4. p-don

then, at zero-momentum transfe
the hadronic current: :

e B N
so that
v b
i fp mp (to be comp',

We can repeat the above argument for the axi
nance for the axial current must give the co
(with fA1 , f the couplings to the nucleon)

G - - ¢ =
5 !Z'yu(1+y5)v[Pyu'y5NFA+zFP q, PysN]

" 0,0 44,0 /) » S
v e, T g
| A

M s, Ui
B U e b
q +mﬂ

One sees that in the model the induced pseudoscalar term Fp contains be-

iij:slthe ordinary m-pole term a part coming from the longitudinal Ay,
ely:

81A1 oM fA1+gQ V2 7
i {

m
A
t low momentum transfer we must have:

FPN

mi q2+m
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s th FA(O0) =1, Y e 53
V2 my 1

Since we know neither the Ay nucleon coupling f Aq DOr its weak decay, v,
must content ourselves with the chiral symmetry estimate oA (g QDT'

(Note that this implies fA, > fp since FA(0) ~ Fy(0) = 1 (see (37) ang (31

3.3. Unphysical meson scatteving cvoss sections
The cross sections for unphysical incident mesons introduced in the

preceding section depend on ¢2 the (mass)z. of the meson, and on its enep-
gy. The question arises: can we use the ex1§t1ng data for real meson scat-
tering? Of course, for weak vector production, when they are available,
we use electroproduction data that are already for an unphysical p-mesop,
(i) Energy dependence. As for the energy dependence in the high- energy

limit, we can use the same dependence as for physical meson scattering
when for high-energy ;Farticle scattering the mass can be neglected with
respect to the energy +. In other words the model is restricted to v large
relative to «/71? In practice this implies that we take as constant with v the
total and elastic cross sections for P, A1 and 7-scattering, as well as the
cross sections for diffraction like processes such as longitudinal Aq pro-
“duction by unphysical 7 (or the inverse, production of 7 by unphysical A1)
On the other hand for the production of p by unphysical 7 (or the inverse
process) we use the 1/ p2 dependence of the cross section for the physical
brocesses m —p on a nucleon. In that case where the one 7 exchange is
dominant, one verifies by direct calculation that the energy dependence re-
mains the same for the physical processes and unphysical ones [11].

(ii) Extrapolation of g2. To answer that question one must study sepa-
rately the transverse and longitudinal cross sections.

(a) Transverse cross sections. As far as the transverse cross section
is concerned, there are some indications that the extrapolation in ¢“ is
smooth. First, as we have already pointed out in the introduction, the suc-
cess of p-dominance for the interpretation of photoproduction experiments
indicates that the fecessary extrapolation from the physical p-meson mass
to the zero mass of the photon gives almost no effect for the transverse
meson, which is the only one to be coupled to the photon. Moreover, in the
particular case where one-particle- exchange should be dominant, direct

T This rela?ion corresponds to the second Weinberg sum rule and is in B
with the first one using mp, = V2 mp (ref. [10]).

¥ iLet o o mnark that the natural quantities to be extrapolated from physical b“ttlt(fx:;
Ng Lo unphysical scattering are the transition rates rather than the cross sect

%olwever, in the high-energy limit, we consider, this makes almost no .hlgx,L%\:(;j)
h? ;ilifference lies on the rates of the flux factors (cf. (7)) namely V(V° ""““"»,(.Lw,
Wwhich is of the order of 1 for vy » g4 and for simplicity we omit this pure cil

matic factor that can bhe eagily taken into account.
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Jlations within this approximation give no strong dependence on g2 for

O nsverse cross sections for high-energy scattering [11]. So it seems
tr.?;;e to assume that as far as transverse cross sections are concerned

ﬂiau:;t rapolation on g2 gives also negligible effects in the space-like region’
e

ider. b
we (%()mi:mgitudinal cross sections. The question of the

itudinal cross sections is more difficult.
1on%/ have already seen that the CVC hypothesis and PCAC impose con-
traigts on the neighbourhood of g2 = 0 for longitudinal cross sections. In
S cticular, for vector particle the threshold behaviour of longitudinal cross
IS) :ctions must be as g2, shouéing a strong dependence on the unphysical p-
meson mass, at least near ¢< = 0. : ;

We may remark that for a non-diffractive process such as T-production,
explicit calculations with simple exchanges, show that longitudinal ampli-
tudes are proportional to «/q7 feet. [ 11]).

For the axial current, PCAC relates longitudinal A1 scattering to the 7-
amplitude (see (26)-(27)), i.e. in terms.of the model: the scattering of a
Jongitudinal Aj at g2 equal zero, acts like 7-scattering.

Let us note that the relation coming from PCAC does not experimentally
hold at all for physical longitudinal A;. Let us try to apply (26) at |42 |
= mg, assuming that the invariant functions FA(qz, v) (cf. (13)), are almost
constant. Experimentally, we know the elastic scattering cross section of 7
on protons, that is, 0('”_’”)( qu I = m727), and the production cross section of

the

q2 dependence of the

longitudinal Aj by incident 7 on protons, that is: o(ﬂ_aAlL)( |q2 ‘ = m z),
Both are diffractive like at high energy so that these cross sections appear
to tend to constants respectively 4.2 and 0.2 mb (ref. [12]). For the true
elastic cross section 77""77), the extrapolation on the mass squared is ex-
pected to give small effect, so that we assume o{T7)(|42| = m%) =~

~ 0(7’“’”)(|q2| = m2). If we assume moreover that o(TA1L)( |4%| = mB) is
equal to the inverse process olA1L—T)( 42| = mg) we might try in the high-
energy limit:

Bdr —m), 2 2
D A

0_(7T'—’7T)( qu l 0.(77—"’77)

exp

Vhile the theoretical ratio deduced from (26) making use of the gy, and
“0A; estimates, turns out to be equal to 1. So that the extrapolation for

qui e m% of the estimate of the longitudinal A scattering cross sections
feduced from PCAC seems highly dubious. 4
In Practice, in both vector and axial cases, we can guess little al;mi the
behaviour of oy, away from q2 =~ 0 and in fact, two extreme points of view
Can he adopted: ‘ |
: al’ilzlhe first one is to agsume that the constraint of CVC and .l’C}?,‘“i ﬁ')“}‘f“"
away from g2 ~ 0, that is for vector-meson scattering: 0y () re

_mZ)
A
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mains of the order of zero,

or eventually keeps the threshold 1ip 2
ea
pendence: o

), 2
Gg)(q)—L?LOLp(mp),

i (38)
in order to get the correct _normalization for the physical P-meson T
axial-meson scattering, this corresponds to keep, for 15y ge 2. y for

4
- 2 S
qul"ﬁl F)(lq I)”gawz?““(ﬂ F)(lqzl).
A

The second one, that is in fact the most naive p-dominance, is to re-
mark that in the high-energy limit, where diffra‘ction is dominant the cop-
responding cross section would be independent of polarization, so’ that fo:
diffractive process 0y, should be taken as equal to o1 away from q2 =0 50
suming that the constraints of CVC or PCAC lead to some thresholq stliuc-
ture. In fact the behaviour of longitudinal cross section away from very
small q2 is highly uncertain. We will use explicitly these two kinds of pe-
haviour in order to see the kind of uncertainty of our results coming from
the ambiguity on the longitudinal cross sections.

4. RESULTS

4.1. Electroproduction

(i) Total electroproduction cross sections and the plausibility of the
model. In order to check the validity of the model, let us now compare the
results obtained with the experimental data on deep electroproduction [3]
total cross sections, by which we mean the cross sections summed over all
final hadronic states for a given g2, v. These data are interpreted in terms
of the Wy and Wy structure functions defined in sect. 1, eqs. (3) and (10).
In practice, keeping the Scattering angle very small, Wz(qz, v) was picked
out and its variations with qz and v studied. For clarity, let us recall the
form of Wy (see eq. (10)), keeping the w and p© contributions:

2 (p)
Wala?,v) = 22° 0 diig ) q?
i 4 B
(i |q|(1+q /mp)
2 (w)
g &0 9t 7)ot e A
T 4 2. a8
m lq|(1+q"/m )

w

T This is precisel i
Y the hypothesi i 01 tal eross section wi
UL(mp) = UT(mg) o O'Té%). 8 used in refs. [13, 14] for total ¢
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are the
on [3]
over all
1 terms
[ (10).
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(10 |
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that at large v (or |q|) for fixed ¢2
i on Wy show t . q9 ed g%, W9 drops sl
;S as 1/v. This is expected in our diffractive appro,ach fromp(lo';)WIy’
, P?rh: Gtot should be constant with v. As for the q2 dependence, if we take
% Smcnaive p-dominance, so that the pP scattering is assumed to be ¢2 inde-
e

pendent, ik a0

the @

i i

(1 +612/mﬁ2))2 ;

Wy

The variation is quite consistent with experimental results which cover a
relatively narrow g fallps at large-v. The absolute magnitude for Wq at
jarge V predicted in this way, however from or alone, is about a factor of
iwo too small. It seems.reas.onable to argue that the difference is due to
the 01, contribution and implies that for g2 # 0, 01,(¢2) is non-zero. If we

geep the naive idea that diffractive pP scattering should be independent of
plarization when ¢ is not too small, we have of, ~ op. Neglecting the ¢-
contribution from total photoproduction, we deduce:

2 2

Byw (@)  Eyp® (0°) _ Otot(real y)

P gm0 %4 (RAD o R (39)
W p

Within these approximations and neglecting the small wp mass difference,
(a2, v) takes the following form:

olreal v)(1, p) g2
e |q|(1eg/md)

where R is the ratio of longitudinal to transverse contributions that we take
equal to 1.

WZ(qzy V) =

(40)

hestun paTA - qf (GEVE)®
X X 0.8
:‘2,1 % W, (q%v) i Cin
.: X jii + 1.6
\;,: - ‘x hu'é v 22
T
5

1 6
P vV (GEV)
l . v ¢ My ot
[3]g ’?h Flat of Wa(q?,v) versus v for various values of ¢2. Data are taken from ref.

€oretical curves are calculated using Of, ~ O and Oyoi(y) = 120 WB (ret. [1]).
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rated on fig. 5. We have plotted Wy(¢2, 1) vergy, g electrop
v

are i].].uSt
Results 2 - 0.8, 1.2, 1.6, 2.2 (GeV/¢)2). The theoreticy) ?

; es of ¢ (q A
various valu Jated from (40) using the measured value of t

calcu he't

;?ggﬁst?;: cross section of 120 ub f(re{f. [%N]), and assuming gy ~ O?;?ltﬁ};?tp. ‘ p NG angle:
R = 1. The data are taken from ref. [ ]d e see that the' theoretica] iy | geatd

and the high- energy elect.roprO(?uctlon at'a are roughly in agreemen
indicates that the naive diffractive p-dominance, that 1.s the total Cross gq
tion at high energy independ.lent of both mass an.d p?larlzation of the ek o
jcal p-meson is quite plausible. 2A .second pos§1b111ty entertained for Wzsgs.
that it becomes independent of ¢ (in our notation (¢2md/(q2 + m2)2) cv(qz)s
- constant), and is also roughly cons1s2tent W%th the data availapl (this ; i
due to the small domain of measured g¢). This absence of structure for .
is predicted in the framework of the Feyn'man's model of the nucleon [15
where at large-momentum transfer zf,nd high energy, the inelastic Scatter-
ing is pictured as quasi-free scattering f?om point-like constituents (par-
tons) within the proton [16]. It may be pointed out that in the limit of high the p t

2 the same kind of behaviour for W9 namely W9 — constant is also op- region Bor ¢ :r .
tained in the framework of p-dominance if one keeps the threshold lineay ¢ ggsume a ;1:6 i
dependence for high qz (see (38)); this is precisely the assumption of Saky- g ex Eannid
rai [18], in that case, for large g4, the scattering of longitudinal p-mesqy r tl}e e faito;‘
gives the main contribution to deep electroproduction. plon»form 7

Anyway it will be important to extend the domain of measured ¢2 in
electroproduction experiment so as to see whether or not W9 decreases
with qz.

In conclusion, although we cannot calculate with confidence the absolute .
magnitude of Wg, the experimental data are consistent with the diffraction § Sothat
view-point in the sense that at high energy the diffraction-like cross sec-
tions may become independent of the polarization and mass of the incident . )
virtual meson. Wgr (

(ii) p© electroproduction. No experimental data on pO electroproduction
are available. However, we can estimate the p© electroproduction cross

i i i 0 i ion tal cross
section assuming that the ratio of p° production cross section to total cr l ;?, e into o

CUI‘VeS
t. Thig

(itere we hTE
1s€ the experlmel

section by photon should be the same for real and virtual photon, that is: Ng?, v) turn
)

olvirtual y > p%)  ,(vealy — 0% 1 m
s(virtual y — total) i% o(real v — total) 6

The small lepton scattering an%le pO production can be described in terms o
the structure function W5(P0)(¢2,v)(see eq. (10)), whose % and v behaviol's fegipa 3 "
would be the same as the ones of the Wy(g?2, v) for total electroproduction .

(10') and roughly in the ratio +. a8 a function of «

We note that it will be interesting to study the polarization of the pro- are taken from [
duced p as well as to separate the transverse and longitudinal contribution® | IOt be disting
to cross section (9) so that we can see what role is in fact played by 10767 ~EL S note tl

tudinal polarization T, o pionic event

T é&nother poipt of interest in electroproduction of p© will be to check the Row:“\b\t’f
olsky prediction [17] that the p-mass shape should return to a normal Breit-twe

ner form at high ¢2,
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(i) 7+ electroproduction. Finally we calculate the high-energy |
pr(,d,,action of charged 7. The leading contribution comes from the
4inal p, S© that one has for high energy of the 7N system and mc

scattering angle:

dzg(e—*'lf)_ i 0'2 1 IV(TT) 0082 (_1_9)
dQdE' 4E2gini(z0) 2 z6) ,

with

(p°~n), 2
™ (2 £yp0 7L @, v) 42
Swa : 7, 53"
. |ql(1+g /m)

(where we have neglected in (3) and (10) the transverse p contribut
use the experimental data in o(7 - py)) (ref. [18]) and keep in the unp
region for the p the same variation with the incident meson energy:
assume a linear variation with the p-meson mass as is suggested by
one-7-exchange model (see sect. 3 and ref. [11]). As for the form fact
the 7 exchanged, the model corresponds to assuming a simple p-domi
pion form factor. :

‘71(? )(CI , V) u—g—ioi p)(mp,po-; 1)
m
p
so that
gZ 2 9
o sy
(2 ) ~o?P® 4 (10,2 q ,
s Ahhrae p 2, 4
Ak gh iy |q|(1+q /mp)

;I'l@)t ing into account the v variation of ogr S ), the qz and v behaviour of
(¢ v) turn out to be (for high v):

4

2
W la®, 1) ~ ¢ 5L,
v (1+¢ /mp)

3 2
50 that v ﬂ)(qz, v) should depend only on qz. Fig. 6 shows v3 W&")(q s V)

:f'ea function of q2; for v = 2.7 GeV and v = 8 GeV the values of gl PL)
camf:tkgn frorr‘x [18] (respectively (2.7 mb and 0.23 mb)). The two curves
e distinguished.
°neLet us note that we predict for high energy of the hadronic state that the
Pionic events should be very rare with respect to the two pionic ones.
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Or'* 11 v Y é ql ECQV/C)I

3w (4 -electroproduction versus qz for v equal 2.7 Ge
Fig. 6. Plot of V" Wy (¢”,v) for p s

g O : . The two curves cannot b
ol L) are taken from ref. [18] .
and 8 GeV. Data for it o

4.2. Weak production
i) p-production

((:3 ]goI::l‘inant elastic contribution. If we consider a final state {F} like
pP where the vector current should dominate, the cross section §hou1d b.e
given simply by (11). Moreover the diffraction character makes it plausible
that charged and neutral p-scattering are about the same, then we can have
a certain degree of model independence while still testing the basic diffrac-
tion assumption by relating neutrino p-production directly to electroproduc-
tion by way of (see egs. (10, (11) and (12))

P :
L L g =) e
dq2 dv e4 dq2 dv

Let us remark that more generally, similar formulae could be used to es-
timate the neutrino production of a system {F} when the vector current
gives the main contribution.

No experimental results on p° electroproduction are available but we
have. already estimated PO electroproduction using data on total electropro
duction and photoproduction (see (41)). In practice we assume "i’.ﬁp) o

(p=p
i to be equal to 5.2 mb. Fig. 7 curve I shows for an incident v e,}e'r%y
of 3 GeV the momentum distribution of the p-production. We have verifie
that to take into account
makes a change by no m

tion to (do'/dqz)(v"’p'r)'

the increase of o(y—’po) for small v (ref. [19])

tot e ibu~
ore than 10% on the maximum transverse contrl

smahil iac: the total elagtic Cross section for unphysical p-meson should ?}ie
I than the gpe for rea] Scattering. This comes from the fact that t
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dg (40
dc‘2(\0 “em¥(Gevic)?)

] 2 2
q (G@V/c)z

Fig. 7. q2 distribution for p prgduction by incident neutrino of 3 GeV. Curve I shows

the diffractive-like p-contribution calculated using electroproduction data (0y, ~ 0 )

curve II shows an upper limit for the interference Aj — p transverse contributionT .
Curve III shows the T — Py, contribution using (26). '

minimum momentum transfer to the nucleon (let us call it /y,) is no longer
zero. m depends on q2 and v, the (mass)2 and energy of the incoming mes-
on and is approximately equal for high energy to ((¢4+ m2)/2v)2. The off-
mass- shell effects T can be roughly taken into account by a damping factor
¢"%m (for v <5 GeV, a & 5(GeV/c)'2 (ref. [21]). With these hypotheses,

we find that the main effect in curve I can be reduced to a damping factor of
the order of 0.65.

We note of course that in neutrino production it will be useful too, to
study the polarization of the produced p in order to see what role is in fact
played by a longitudinal polarization.

(b) Non-diffractive contributions. Curve II gives an upper bound on the
Aqr (i.e. axial) contribution to p-production if it is limited by the o(p - A1)
limit inferred from charged A1 photo-production data (namely < 0.1mb for
v> 2 GeV). For a fixed incident neutrino energy a non- diffractive contribu-
tion like this drops with the incident meson energy (perhaps like 1/ v2 as
suggested by naive 7-exchange) and one verifies that with increasing neu-
trino energy it becomes more and more negligible with respect to the dom-
inant diffractive contributions. As for the contribution coming fromfr and
longitudinal A1, we have used the measured p-production Cross secztlon by
7 and moreover assumed for the A1y, the validity of (26) even for ¢ saneet
than few m% The resulting contribution turns out to be completely negligl™
ble with respect to the diffractive one, even for small incident neutrmq e'nj)
ergy and relatively small momentum transfer. (Of course, at ¢© = 0:‘ th i
the vector part is strictly zero by CVC, the axial current is dominamt but
t“rn.s.s out to be quite small.)

hav(:)(zpil production. To estimate Aq productio! 7
) for small q2 with o(7P — A1 P) known from expe

1 by the axial current we
yriment, an ap-®

£ | &
that th TEffects of this type were taken into account by Roe [20].
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\ iffractive-like process, o ~ 0.2mb. Away fr
pg°flg‘§f:ﬁ'sg°(§%tfntai]fng the elastic Ay cross section the sam}é as)?;r th
q ';he weralt for do/dq? is shown.for E = 3 GeV in fig. 8, where cury, Pe
s'sing (26) for oL, (for g% > 0), while curve I uses og, ~ 0. The diﬁerenc’e
. Garves 1an d I' shows, when d1ffrgct1ve processes are dominant,
ltohee kind of uncertainty of our results coming from the ambiguity on the
gitudinal part. We have already estimated the transverse p-contribyti,

(that is the Ay term for p-production).
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BB, q2 distribution for Ay production by incident neutrino of 3 GeV. Curves I

(and I') show the diffractive-like A1 contribution with 01, ~ O (and using (26) for 01).

Curve II shows an upper limit for the interference P — Aj transverse contribution,

We see that for a fixed incident neutrino energy E the production of Aq
by neutrinos is less than that for p, keeping equal the coupling constants
8(p and gy A , and elastic pP and AP cross sections. It comes from the
fact that the coupling constants enter into the amplitude as g/ (mz + q2)
where m is the mass of the meson and g its weak-coupling decag and for
foreseeable experimental energies, moderate ¢g2(g2 ~ 1(GeV/c)?) will be
dominant so that the effect of heavier A1 mass in the propagator will make
cross sections for the axial current smaller than that of the vector. Below,
\.Nith these assumptions, we find, for example, that neutrino p-production
1S about 1.5 times Ay production (see fig. 10, curves I and II). Note that
this should hold as well for the total cross section (i.e. into all channel)
coming from the axial current as compared with that coming from the vec-
tor current.

(lii) Weak m-production. For m-production, we have again (21) for small
g°. Atlarge 4% where the propagators have d’ropped off, the constant-Witl"
it o raction-like contribution to 7-distribution must come from 10%
fﬁilsl iI: ZlnAfl' Tal«?ing experimental numbers from the physical region, Sun

inelastic process, its cross section is not very large
We have a very small 7-producti 2 : few m2 (fig. 9 curve
D). A much larger production for g4 larger than few iy i 1% E)
(curve 1), Thig is iﬁsult ¢omes irom applying (26) away A q “‘t contri”
bution Comes f » One process where our })1‘(}811111111.’1’3" (hl)m‘ll‘fm i‘t.ULieS-
rom the behaviour of the little known longitudinal ampt

(0.2 mb) and

pig, 9. ¢° distributio
I') show the diffractis

(26) for g1). Curves
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g2 (10“°cm /(Gev/c))
©
(8]

do
d

’I I

H|=H

0 | 2 3
q%(Gev/z)?

Fig. 9. qz distribution for 7 production by incident neutrino of 3 GeV. Curves I (and
') show the diffractive-like 7- and Ajp, contributions with op,= 0'(67}7;; A1L) (and using

(26) for o1,). Curves II (and III) show the longitudinal (and transverse) P-contributions.

It will be interesting to see if in fact single m-events are relatively rare in
high w2 region away from very small g2. The vector contribution can be
estimated from experimental data in 7P — pP (mainly longitudinal, curve
1), while p© photoproduction indicates the transverse p-contribution (curve
1),

(iv) Total weak meson production. Fig. 10 shows the kind of integrated

N
T

(107 cm )

1

O 9 E (Gev) i

Fi : : .

trii'om‘ Cross sections for p*, A%, 7% production by neutrino as a function of neu-

ueti ener"gy, Curve I shows the p-production. Curves II (and II') show the A1 pro-
on with gy, ~ o (and o7, given by (26)). Curves III (and III') show the 7 -produc-

tion with of‘lw’ T w Og;;;Al) (and op, given by (26)).
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y + A% 7t that these assumptions legq
ctions for p—, A7, ( ad to. Cyp ’
;;'gsgl.s ising (26) for or, away from ¢ ; 0 while curve 11 s ves |y
A1=AD) o {81 7AL and curve I, . Y og';;Ale
o (v) Total weak cross section. Fig. 11 shpws the total y Cross secty,
o function of the incident v energy E. The final result turpg out to be irllld
@~

- theses that can be made for the 1on0it. .
ent of the various hypo ; ; ongitudip
fﬁggs section and of the order of magnitude of elastic ang quasi-elasﬁilc

cross sections [23].

E(Gev)

Fig. 11. Total v cross section as a function of neutrino energy. Taking for Of, the ex-

perimental numbers from the physical region or applying (26) away from g2 = ( giyeg
the same result.

The axial-vector interference terms

EVF-eT A*F~€*T
F M ke 4

which are proportional by the unitarity to the absorptive part of pT it A'{
turns out to be completely negligible so that the scattering vP and vN for
high hadronic energy become the same. Moreover vP and VP are also the
same to the extent p*P p~P scatterings are the same.

Let us remark that this does not contradict sum rules for the differ-'
ences between v and v Scattering cross sections [24], since in fact the dif-
ference may become infinite with the infinite incident neutrino energy, but
rémains negligible with the leading also infinite diffractive contribution.
Finally, let us point out that if it is indeed true, as suggested above, that
the axial contribution to the total scattering is less than that of the vector
and since the axia] vector interference is small, we can estimate crudely’_
the total neutrino crosg section in the diffractive region directly from elec
troproduction total crosg section, by adding perhaps' 50% to 75% to accoul

for the axial eurrent and write a formula similar to (43) for the p diffrac”
tive production:
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(v) £G% . (e
A0yor = 44" 7 40\ (144z)
rinciple we should s.ubtract the isoscalar (w) part from go(e)
b yector dominance ’rela}tlon [2]1 for the total cross sectio
that this contrlbl%tmn is qnly 5 of gtpt.
(vi) Asympt(?tm .behav10ur. In the model the total cross section at g
given g?and v is given (beyond sqlall %) by pP and A1P total cross sec-
s inserted into eq. (36). As indicated above o,tI(?t(pp) " s

(44)

’ but the

n in fact indicateg

tion
. atOt(PP) ~ 31 mb, will fit the Wy found in electroproduction and we shall
assume the same figures for the Aj. Since we take these cross sections to
pe constant with energy v, we can find the total integrated v cross section
coming from masses above our lower limit of W2 = 3 (GeV)z, by assumin

. definite g% behaviour for the otot(y, ¢2). 1 is this contribution, of coursg:e
which determines the asymptotic behaviour of the total cross sections ’
since the contribution of the resonances presumably levels off at the c,on-
tribution of several times that of the proton after a few GeV. As can be
seen from (36) the leading term from E2 in (E2- Ev) and the essential inte-
gral to be evaluated is then of the form:

2

(g2, v)

9 q
qudv 5 ”

2.2
+m
| ()
T 07 thees
72 I:“oghiz (since |q| =~ v for large v).
The allowed kinematics for qz and v is:

0 <q2 <4E(E-V),

2 2. gt
a4 +w M Sl oy
2M 2M

_ . where w? is the lower cut off on the hadronic states mass squared in our
i | calculations. It corresponds to the dashed part on fig. 12. . i

also thé We see that the allowed kinematic region is expanding lme'arly with tEe
: - incident neutrino erergy E in both g2 and v. Total cross sections are exd_
er pected to tend to constant at high energy so that o(g?,v) must be indepen :
the 8 ent of v at high v. Thus, if cr(q%) is independent on g2 (naive p-dominances,

Irgys put the integrand behaves like 1 2 and the asympt()ti(: cross section is:
¢ - Lilndie /1 tion O‘(qz) /q2 ~ constant

b |

1

o =
—

utiolh- -~ ~(log E/M)2, If on the other hand, the assump i1 the
§ . . " [+ 7 T in the
e, e holds at large ¢2, then the asymptotic cross section ~ L If we put i
evegt‘ﬁ’ numbers we have been using, the coefficient comes out:
Crude .
o eii; g~ 05 10738 cm? (log E/M)% (1+AX) iy (45)
4000 sl .
jiffrd” |

o~ 0.8 - 10—38 cm? E/M (1+ AX)
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B s .

Fig. 12. Allowed kinematic region for ¢2 and p.

The relative axial contribution, less than that of the vector in the region of
interest, has been indicated explicitly. %E:ventually, at least in the mode]
where qz/(q2 + m%)'2 tend to constant/q“, the cross section eventually he-
comes insensitive to the mass in the propagator, but this requires very
high E since the allowed kinematic region favours small qz. Compare fig.
10 where the p and A1 production curves I and II are directly proportiona]
(by a factor §) to the vector and axial contributions to the total cross sec-
tions.

5. CONCLUSION

To conclude, let us first note some of the general characteristics of the
model.

(1) Production of high- energy hadronic systems should have the general
character of high- €nergy meson-nucleon collisions (for various types of
particles and momentum transfer distributions) with the leptonic momen-
tum-transfer direction as the beam direction. ;

(ii) The largest single modes of two-body production should be the final
states {F} = (%P, AfP, 7%P), the + is for v or ¥ incident (or with neutron
for nuclear targets). We already know from photoproduction experiments
that the p plays 5 large role in the vector current; by CVC we should nec
€ssarily expect it in the wegk vector current also. The occurrence of sig-
nificant Ay production would support the idea that it is the chiral partner of
the p. Leptonic single m-prodyction for high hadronic mass should be very
f:rr)e for ¢2 larger than few m,,ZT (due to the rapid decrease of the m-propagd”

(iii) We have Seen that the main uncertainty comes from the ambiguity ol
the unphysica Mass squared behaviour of the longitudinal cross sections
away from zero Mass, so that in both electro- and neutrino- production eg’
feriment, it would pe interesting to study the polarization of the produced?
O see what role ig in fact Played by longitudinal polarization.
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) we expect vector-axial interference to become small since the Cross
iv)

\is, an interference term like T T(p“’F)T*(Al‘*F) :
secﬁon'fojn:?;i;ty condition to the absorptive part of p) — AN ;:1 ilzll'lo%;or-
ional Y | diffractive process should become small at high eneréy - e-
mganon petween VP and PN scattering should become smalj vls dus .
giffere? ctehe same to the extent that p*P, p~P scattering are tl.le sa:;rllril 5
are 31?:8 speak of the region where the energy of {F} is high, v
Agax) There is an impox:t?nt gen.eral 1feature which should be a severe test

model of this type: Ior a given large mass w of the hadronic system,
qualitative agp?ctS_Og Fh‘et Sé’st_em should not change rapidly with ¢2,
(as-ide from explicitly in li?ore; t}:f tpl‘Op'clgta'tor contribution in p- reactions),
since We make tge aSiumPh . at essentially the same states are excited,
independent of g4, althoug “171 varying strzer.lgth perhaps, the nature of the
state at @ given large @ should be roughIY. q“ independent. For example, if
mulﬁplicities or say strangene_ss production were found to vary rapidly with
2 ot large w in electxc'ioprfd(;lctlon, then another model than the simple type

here would be indicated.

use(ii) For processes where the Fj'ffect of the axial current is small accord-
ing to the model, as in ,O-p?oductlon,‘ using CVC and assuming that the am-
litudes involved in the action of the isovector, vector current are isospin
independent at high energy, then we can have a certain degree of model in-

dependence by relating neutrino production directly to electroproduction by
way of:

RN R
e ! dg?2 dv

In the same way since the axial contribution to the total scattering seems to
be less than that of the vector and since the vector-axial interference is
small, this formula can also be crudely used to estimate the total neutrino
cross section by adding perhaps 50 to 75% to account for the axial current.

2
(v) 4 G° (e)
o VR Al & B B
tot 84 tot

‘ Finally let us recall that, independently of the model, we have derived
Simply an Adler type formula for weak scattering at small g2 where the
cut-off on Scattering angle is not required so that the ambiguities of

“hoosing the forward direction are suppressed.
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S1. :ét_ehl/'nfrll?mpldetmg this work we received new experimental data from
cisely at 60 m defé)oeleCtmp.r oduction for high ¢2 values [25]; more pre-
3, 3.5 GeV %ﬁe .Sc.atterlr.lg anzgles for invariant hadronic masses w =2,
tgé 30 are ,Studie‘éar?tlons ngh g* of d2 o/dQdE" /(do/dQ\ott i.e. Wo+2W
mental data are in i e 3elpeap fo g% ~ 4(GeV/c)? all the experi-
point of the p~g 1n good quantitative agreement with the diffraction view-
P~dominance. The discrepancy observed for the highest g2 val-

ue (namel
the(modelys'a factor two for ¢% = 7(GeV/c)2, w = 2 GeV) does not invalidate
ince the condition v > v ¢2 is no longer true.
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