


1« In the study of an electromagnetic structure of par-
ticles the knoviledgé of their form factor »dependencé on the
time-like values of v‘irtual photon '"mass" (‘&z) is of a special
importance/1/.The possibility of receiving the model-independent
informé.tion about pion and nucleon form factors at time-like ’
sz‘ , changing practicaily from é.ero (‘kz%zm: ), is due to
the analysis of processes S'L'_N—»e,"‘e,‘_N ( inverse pion electro-~
production - IPE)/2/ and is ensured by such IPE pi‘operties
in thé first and second fesonancé region owing'to which the
IPE amplitude is given by its Bb:}n appfoximation at certain
kinematical conditions/B'G/.»Howe;ver this method can be motivétéd
only up to about the ‘values of ‘ 1@' = 14 m,zr (this corkz_'espo‘hdsy
to the total c.m. energy of sL‘.N system @ = 1500 MeV)/G/ .
because at higher energies the influence of the s~ and d- we.ve'
resonances (D13 (1520), s1(1535), 831(1650), 5,,(1700) causes
to a considerable extent the interpretation of IPE to be depeh-
dent on a model. Thus, as far e.s‘the nucleon form factoré are
concerned, there stilll remains an enough wide range of the ‘ka’
falues ( up to ém; ) where they.cannot be measured directly in
the experiments with the colliding beams: e+e'2_N,N- .

In the present paper, proceeding “from the features of proces;-
ses xN*ﬂi_N ,eJV—»esfiJV , sr.N——e"'e'.N and 95'—/0-—»?0)1« at.
high energies and small momentum trénsfer /'b]' and the realis-‘-k
tic model for their interpretation, a concluéiqn is d.re.wn‘ 'on
the reduction of the rescattering‘effécts with increrasing —ka H
thus the simple electric Born model '(EBM) for the description
of IPE ( and m:"lb——P°n ) is substantiated and it is conclu-
ded, that the data on IPE in the above kinematical region could
extend the range of 1&2>0 , where the reliable determination
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of pion and nucleon form factors is possible. In the kinematical
region of interest the description of the data on the process>
W"P-»f)"n , which is SiI;’lply related with IPE/7/ due to Po —me-~
son-~photon analogy/ 8/
of the proposed model. In the papers/g'ﬂ/ it is already offered
to use IPE at high energies and small I'bl for studying hadrons
e.m. structure and its Aexperimental investigation ( for pions
with momentum 4 GeV/c)/m/ ena.l)led the ‘P—z" trangition constant
to be estimated.

2. The research of photo-, electroproduction and IPE in
one-photon approximation is related with studying the amplitude
of the process z"-N_"‘SE_N’ ::T (é,'b 1&) vhere é, 't are
usual Mandelstam variables and ‘kz =0, <0, ,l.lme corregpond to
the above three processes, respectlvely.

Purther we shall make use of the s-channel helicity ampli-
tudes’ 1%/ faj,aa.z‘

!
, where Rx , a, and A are the
helicities of 6‘* -quantun, an incident and final nucleon,res-

pectively. Let us cite the relations of the parity conserving

s-chan.nel a.mplitudes ,

- +
J1 =e3c1/z,4/=° ’ I =§4/z,t/z4 if-m,—% i

- + - _
fz =¢;‘1/291/2° 2 (ﬁ =§'4/27%4 +§¢,'¢ i,
with spin density matrix elements of the virtual photon z‘

f /8,10,13/
3,6‘.3’61.1

(1)

Now= 2]+ 4] 5P 5T
Nows= |8+ (£ |51 - 4T @,
Npoo =4([£:]" + [£:]7).

, may serve as & criterion of the reliability

Npy=-2(§ 5"+ 557D,

vhere d/G ocm’ ..N
dtT L 5t

N S5 2B ST T,

Let us a.lso \rrl’ce (to the leading order in ¥ ) the relations
=4

of fi. with the independent invariant ampl:. tudes ﬂ(ét&)/”M/

( L =1,aoo ,O).

AR ), - g,
£-=\/-_£% 3> f&+=’wén7 F,
FAE2d, fim-ghlohstabitd).

In obtaining these formulas (3) it is taken into account that,

(3)

as it follows II‘O'D. the relations of ¢£ vith the t-—chanriel
helicity ampl:.tudes and from the conventional procedure of

Reggeization of the la.t‘l:e:c/1 5/, we have at s—+» oo and small H;I

Jgiu difﬁ) 1 (iaESD dqs‘“fisd;Cﬁ{

3. As lmown/16/, the most conapicuous features of charged

pion photoproduction over the wide energy range above the reso-

2
nance -region (3§ > 5 Geve) and at small I'bl ( Itl-@ 2mg ).
the sherp :forwe.rd peak in the differential cross section,. the
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characteristic energy behaviour of the latter as é‘ -y the
approximate equality of the cross sections for photoproduction
of positive and negative pions, - are all described by simple

EBM and can be explained in a model-independent way in a sensc.



The corresponding arguments are based upon the considera-
tion of the finite energy sum rules (FESR‘)/”/ for the two
t -channel helicity amplitudes ( gs end gf ), vhich define
CLG/d'b at ‘b=0 /16/. FPirstly, the consideration of PESR for
/18/

isovector and isoscalar pa.rts of these amplitudes gives

some model—lndependent conf:.rnation for the dominance of the
isovector component of photon in photoproduction at l'b,<0 1(GeV /c)2
explaining the approximate equality of cross sections for ﬂ«'ki
photoproduction. In the evaluation of integrals in the sum rules
the imaginary parts of amplitudes are parametrized in ‘accordance

with the multipole analyses of photoproduction data’in the reso-

nance regions. Then the examination of FESR for the (-)-isospin

parts of these amplitudes shows that in a saturation of the’ sﬁm ru-

les the Born terms of these amplitudes give the main contributions,
but thé resonance regions contributions at 'b.—; 0 are small as
compared to the Becrn terms. Moreover the P33(1232) resonance
gives the major contribution ( & 30%) into a correction to the
Born term. The contributions of the resonances of the second and
third resonance regions tend to the mutual cancéllatic}"n at 'b:
and do not exceed 10%' of the Born term. In the end, both ampli-
tudes are defined by their Born terms to within abéuf"‘\TEO%.
Thereby one substantiates EBL on the bases of results of the
multipole enalysis of the resonance regions data.

4. The specifics of the dynamics of charged pion photopro-
duction extends in a way to the processes with virtual a"-quan‘
tum provided the vector dominance model (VDM) -is to be true/6'19/.
It is convenient to formulate the vector dominance hypothesis
in terms of the invariant Ball amplitudes ,Bi@,'b,&z)( i =1,0..8)
/15/ (which: are to be free of kinematical singularities) as the
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conjecture of their "smoothness"/zo’m/:

B; 6t 4)=F#) B, (5t,0. @)

The kinematical condition of the realizibility of the conjecture
(4) may be

S+t>2m? +4* (5)
since the & -dependence eﬁters in B; also through the Mandel-
gtam variable L . ‘

Meking use of the conjecture (4) one can express the six
amplitudes of the virtual photoproductlonﬂ (6, &z) in terms
of the four amplitudes ﬂié t) of the process Z"_N——SF.N with
the real z~ -quantum as follows:

At M)=TEOTR), ﬂe,mwe pEED

At A=-TeHSTEE, 4,6t 00~F oot @

The formulas (3), (6),(7) result immediately in the conclu-
gion about the smoothness on q@}'(except for F’G@«z) ) of the
transversal helicity amplitudes ‘ﬁ end f s the longitu-~
dinel amplitudes fi and: f have a factor \’T_’T . Then
the model-lndependent considerations at ‘kz =0 , based on the
treatment of FESR, extend to the process with the virtual photon
in the evident way, besides they mean that it :Ls_ possible to
describe in terms of EBM both the transversal parts of cross
sections of processes z’fN:—-’ ﬂf-N (1‘2#'0 ) and the longitu-
dinal part and the longitudinal-iransverse ‘interference, since
eqs. (7) lead to the relations between the 1ongitudinal (j:d.—

and J:; ) and transverse amplltudeéao 21/ Note that the
conjecture (4) verifies in EBM at high 5/21/ In the("case of v



-/J—-:Pol‘l« , EBM satisfactorily accounts for all available
data on the P -meson density metrix at /‘bls O.1(GeV/c)2 and
2 GeV/e < g < 12.2 GeV/e 22/

For an appllcablllty of the above treatment, apart from the

condition (5), one imposes also the constraint

[ nin| < m2 | (8)

since the /'t/ -range, vhere the above processes are e@lained
by the Born mechanism (from this consideration), is restricted
at ebout  2mE . At larger [t] ,but still below the values,
at vhich the isoscalar conponent of photon begins to play a
part (I'bl < 0.1 (GeV/c)z), the inclusion of the absorption is

essentiml for the description of these processes/23’24/.

In the paper/24/

one considers a model, based on fixed—'b
dispersion relations (DR), for the r'eal photoproduction ampli-
tudes, and the> absorption is included by means. of taking account
of the baryon resonances cyontributions to the dispersion integ-
rals. There it is shown, that while at H;/s m;: the resonance
contributions tend to cancell each other (this lead§to EBM at
[tls2mg ), then at [£[>2m2 they aad up, interfere with
the Born terms and ensure the signifig:a.nt reduction of the
increasing Born part of the cross section. In such reduction
the Paa' (1232) resonance plays a major part (as well as in the
improved quantitative description at [E[€2m> ). The similar
effects have been demonstrated in the case of electroproduction
in the \vorks/10’25/, and for w‘lb—»ffn — 1n/10,21/,

5. Proceeding from what was said above as the first well
defined variant of the model of the unified treatment of photo-,

electroproduction, IPE and of the process st_lb —>‘P_°n at high

e S i s B

(o0}
~For the spectral functions Jn«ﬂ, C t»ﬁ})

3 and small /'bl,x.e shall assume that they are described by
the real parts of the isovector amplitudes q.q/ 6’) 'b»kz), for
vhich we postulate fixed-t DR's without subtraction at the finite

energy/s’ﬂ’M/:

A 6, 'b‘&')‘“ H‘*‘ "’5+RL<’rh;=1T$ miar -u) +
+2 fdé m A6t Ghs-55L),

(m+m,t) 2

(9

where _
€104 €356 =1,

Ri=_;—%. E‘v’(&}), ' _gi;v’% ’

1?,3=R&=—-%ET&’), R = Re=0, (10)
S %) G
A58 [ 28, B0

with the following norma.llzatlon of the form=-factors:

=1, nv.F'U(O) 37, and

FO=EO-=

— [('b-m,,—-#)ﬂm.ﬂ Gt h.an
'b-»m,+»k"

¢ = —g 2
5 mEI+RET sr
‘ a'rtm”)‘

(0]
The terms R5 and Cg belong only to the a.mnlltude 14 .
we shall

suppose that they are defined by the magnetlc excitation of

the P (1232) resonance:

O Ao, b A=A ?m@;) jgs@, a6t A, 2

where G-.M. +2mF’” -w‘='V'3',
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a/i@d;tyk3>= &t(w;t)——kz L@, i=i,3,4,6, (13) g«ﬁ;?’(&}) _ % Tdé,?nqﬂ:)@;t,&z):o | (14)

! 'y ° (m+n1w-)
a, s(.w’-b’kz)__: &2,5@'&)“'&'}2,5 @7) which at -m;.g £2 £ m,; already by the _'Pa3 (1232) -contri-
2 2 .
’ t "mu:"’k y bution saturates within 5 2 20% /10/. The magnetic part of the

- i . ( ) Iy
The explicit form of coefficients ""’L’ﬁi« is defined in’/%/. Born approximation contributes also to 'ﬂa vhich is small.
‘ ' ! : The dispersion integrals influence more considerably to the

The formulated model is an extengion of the very simiia.r mddels : [ (2]
non-leading amplitudes o3 and cﬂ/c . (Note that the dis- -

of SEi photoproduction/23’25/, electroproduction/25/ and

of the process sr-P__Pon /10/ to arbitrary 4@/2 (including persion integrals, converging rather fast at the approximation

: . - 2 :
also &’z>0 ). Hote a number of favourable facts (from the point 1 (12), have the cut-off at 5-‘ 3 (GeV)“©). Thus, one gets EBM with
of view of the particle structure investigation) in the inter- . small dispersion corrections in thg lea(;:;nfoc;rder of 5 .
pretation of IPE at high & and small ltl . 3 In EBM for virtual photoproduction’”’ the longltudinal

- ds~ . 2
From the beginning we shall demonstrate the derivation of part of the cross section (Poodﬁ') is proportional to /1;;/ ’
EBM ag 4—~co on the basis of fixed—'b 93’6 , following/“o/. . the transversel part ,related‘\ruth the perpendlsruléar polarization
: [F°[% ; end the

* de
() ) -
The amplitudes cﬂq , 9  and ﬂ;-) are the most important of x antum, (P“-'-.P"‘) dt’ ; o
. asymmetry (.Pi-i/Pii ) is sensitive to the ratio E /I’?; .

That is, the various parts of the cross section are rather

ones in the considered kinematical region, while the crossing-

. =) (<] -
-odd amplitudes .@1 and egz behave as B 1t high 8
. ) . ; ; R % .
(as is seen from (9) since the kinematical factors add up in sensitlve to the diverse quantities of 1nter¢st separately
Let us point out another one remarkable property related

the correqunding}way). and their dispersion corrections do : E .
L ) d , . . .
not mostly exceed 15%. The dispersion contribution to- 04;' ’ ’ to the rescattering effect and explicitly showm. by the dispersion

model. To this end, consider the dispersion intergal in eq. (9)
and at first the coefficients a«i@u;'b,#z)(jB). In the latter
the functions d.:,,('w;‘t) and ﬁi('w) are of the same signs

for each index , to say, it 1s evident that there is a

which goes to a constant as S—=oo » is negligible, because
- (]
it behaves as @ 2 due to the crossing-evenness. The ﬂ&

Born term, caused by the photon interaction with the nucleon

e

megnetic momeni: distribution, almost cancells up with the dis-
. . . &G') : common tendency to increase the dispersion contributions in

persion integral, making 4 to be of the same order of ) / e

each amplitude 'ﬂi with raising space-like l&/ and, on

. .. (] (o] ’
magnitude as are croasing-even cﬂg and aﬂg «The latter
’ -2 the contrary, to their decreasing at going over to the time-like
behave as @ and represent a few per-cent to the main ampli- 2 ) )

: (o] S : /&, « To estimate this effect we shall take the narrow reso-
tudes. The shown cancellation in cﬂg at high- ¥ can be . . '
nance approximation for the &@-N phase shirt &5,@ , that

is to say, evaluating a,i@','bfk”) we shall consider & =

=1,232 GeV; one can convince itself that the computations using

explained by the realization of the superconvergent sum rule



more realistic phase ghift ‘6%3@59 would practically not alter
the obtained conclusions. It is necessary to exclude the pos-
sibility: of the false effects and of the accidental cancellations
ip the observed quantities, for that it is most convenient %o
examine such combinations 6f, ng in which these amplitudes
enter in the cross section through the helicity amplitudes

<¥:i (eqs. (3)). It is reasonable to discuss also the leading
order in ¥ . Then we get for the main amplitudes ;in and
;- the following results. In £¥2+¢~J 4 the vanishing of
a&a‘,'b,#’) at t = O takes place at about #*a20.54 (Gev)?
(that is to say,close to the J) -neson mass), with li# this
value decreases somewhat and at T ==O.1 (Gev/c)? it is 0.25.

At larger JQP the contribution of dispersion integral increases
again, In éfz_ the dispersion contribution vanishes also at
approximately HE: ( 4%?43 0.56 GeV2) and this result depends -
weakly on"t "« In amplitude J:;- the dispersion integral
contribution is practicélly independent of 15 and of ,412
(here it is‘important to take into account also qu (eq. (11)),
however it is small‘in comparisbn with the Born term. In ;FJ-
and JE; » contributing to the next order in 6_ » there is
obgerved also the tendencj to reducing the disperéion corrections '
mainly due to the numerator [2(6'— ‘°')+'b—m,§—k’f] in ‘the
dispersion factor (9). ’ ‘

Thus one receives the motivation of EBM for IPE at 4%2

invthe viecinity of the JD'-meson mass as the result of the
low ehergy saturation of the dispersion integrals. This conclu~
sion is true at least up to ItJ:sO.OB'(GeV/c)Z. Therefore the
constraint (8) can be made remarkably weaker. Though the 1limit

®—=oo has been taken into account when doing calculations,yet the

10

received results extend to rather low energies. . So, at

w = 3 Gev,‘b=-m:r and B%=2-0.3,0,0.3 (GeV)? the dispersion
contribution to the transversal cross section represents 40,

30, 15%, respectively/1?/. Note also that the conclusion about
the reduction of rescatterihg effects in considered prosesses

is experimentally verified by the knovn fact that EBM improves
successively the description of the data when going f{rom the
electroproduction to the photoproduction and so on to the process
3:"P—>P°n, /19/. -

A possible way to improve the model described is suggested
by the results of ref./24/.'The latter mean that a successive
inclusion of isobars of the second and third resonance regions
into the dispersion integral changes appropriqtely the deviations
o calculations from the experimental data on photoproduction.
However at 4@,2#:0 including , in the spectral function, the
SB—JV - resonence contributions which are parametrized in
accordance with the-"isobar model" we would meet a number of
uncertainties due to the unknowvm 4€z—dependence of the tran-
sition form factor of the nucleon resonances. This is unsatisfac-
fory from the point of view of the reliable model construction.
To overcome this difficulty,one can téke_édvantége of the fact,
that the considered kinematical region suitsfor}the realization
of the VDM conjectures, and use eqs. (6); (7).‘However, VD
is not an exactly defined hypothesis,and what'is more, it cannot
be exact in principle (although there is‘established the corres-
pondence between their major predictions and the experimental
datal). Therefore we shall not touch by this assumption’upon the
mein well established part of the model which is described above,
but shall apply it to that correction part which is defined

through the dispersion infegral, saturated by the electrical and

11



longitudinal excitation of ‘P33 (1232), by the rest of resonances
and by the high energy contribut;i.on. So, the digpersion integral

in (9) will be broken into two parts:

[ [T AT My 2+ Indly GtAY G —52), o9

where 7177' uﬂ;—)(.Mi.,.’ is taken according to eq. (12) and °
ﬂm.ﬂ:m"(é’,t, &z) is evaluated by the formulas (6) and (7),
in"-which the imaginary part of the real photoproduction ampli-
tudes Umﬂ;w(é’,'b) is parametrized (except for the magnetic
excitation of P33 (1232)) after the fashion of work/as/, for
exanmple. .

The absorption part of the amplitude at high & , the
contributioﬁ of which can be of the same order of magnitude as
is the supplementary dispersion correction, i1s taken according
to egs. (8) and (9). k

The form factor F(kz) in (8) and (9) in a vicinity of

the f -meson mass is reasonable to be taken as

2
FG%z)— (&z z zmp s : (16)
J: —4& meI} -

where f(&z) is a smooth “ /ﬁz —function near to one.

Note that in the above described scheme with the correspon-
ding che.nge one can take into ‘account. the isoscalar part of the
amplitude.

The figure shows the comparison of the calculation
results based on the main well defined‘ part of the model (egs.
(9) and (12)), for the ° -meson density matrix elements in
the process gt'lb——P% ( soiid‘ line) with the experimental

data at the pion laboratory momentum 15 GeV/c in the H -fra.me/ 7./

12

Y — ’ —
- r o1 b(Ge\//c)202 ] 03

/22/

To compare with the corresponding evaluations in EBM
(dashed line), this calculation was carr:.ed out under the
assumptlon of universality of the f) -mesgon interaction

£Pm=§f_~ﬂ. It is seen that the mo.del describes ‘P°°; and ,Pii
practically just as EBM, but it improves somewhat the account of

fi—i and Refio .
6. Thus, taking as a bas:l.s the satisfactory descrlptlon of

pion photo-, electroproduction, and g P»Pn and taking -

account of some favourable facts: the EBM domination in the

interpretation of these processes, the feductioan the rescat-

13
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\ve model. at hlgh energies and ‘small momentum: transfer.g’
A conclus1on is drawn on the reduction .of the rescatte-- |
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