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1 Introduttion -

; A problem of a (lyrmnnr.tl‘ (l( S uphon of the hmhon ele('tr0111ag,llot1(..§“
(em.) structnre 1s soh(d [1] onlv parnaily The pcrturbatlve QCD;' .

" gives just the asymptofm l)ehdnoul of c. L foun fa.ctors (ff’s ) The "

;QCD sum rules predict‘ no lIlOlC tlnn the behav101n of e.m, ff ’s in

. a restrlcted rchOIL of space»hl\e monlonta Therefore up to now in a
g global descrlptlon of the: e\lstmg e\pmnnental mformatlon on hadl oo
e.m. ff's’ one deals withy phcnomenologlcal nlodcls Ahnost aII of them‘ ‘

. ‘ale based on the W(,l]l Enown c\peunlcntdl f'lct of Cleatlon of Veetor &

s appro‘(lmatlon of Whm‘fms (onhuncd in the Canonl(al zero- \ndth vector

- meson- -donnnance (VMID;) model

Fm(( )= Z e

(fthh/fv)a

“where m,, ‘s the vm:t‘on nmson nmss f = :-—Qﬂ is. the photon fOlll-
: :momentmn transfex sqp'ued f, L 1S a Conphng Constant of the vector-. S
S nleson to hadron and _["u 1:? ulm s0- ~calle d univer sal vect01 meson coupllng s

constant descrlblng a tmnsrtron botween the vntnal photon and the:

It is easy to see E'roml(ll) ) that the canonlcal VMD model governs the"V' .

~ l/t a.symptotrc behamionn i |f| — co. The Iatter comcrdcs with per—

‘, turbative QCD prerhcﬁmns» (up to logdnthmlc correctlons) for mesons '

= _f'%For baryons and mor(: componnd ob]ects like nuclel, the sxtuatlon 1s s
‘more comphcated-, »Genew.lly, the QCD predlcts the ~ t(l'"v) asymp-, .

e totlc behavxour for themnﬂlt[ — oo, where n, is a number of constltuult A
“1 iquarl\s of an ob]ect umﬂen consnlelatlon As a result ‘the a.symptotlos_.« :

i .‘behawour of (1) is. i conhmdlctlon with perturbatlon QCD predlctlonq\ -

L for baryons and nucIen. j
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The latter is indicated also by existing experimental data on the nu-
cleon and light nuclei e.m. fi’s. Therefore many attempts were under-
taken to solve theoretically the latter inconsistency in construction of
phenomenological models for a global description of the e.m. structure
of baryons and nuclei. However, extraordinary results were achieved
[2-7] only recently by incorporating of a two-cut approximation of the
correct ff analytic properties into (1), which leads to a factorization
of resultant expressions into the pure asymptotic part and the finite
energy part. Then the corresponding QCD asymptotic behaviour of
e.m. ff’s is made consistent just by a simple change of the power of the
asymptotic part of a resultant expression.

In this way, the incorporation of analytic properties into (1) plays a
two fold role. First, by means of the latter a unitarization of the canon-
ical VMD model, leading to a perfect description of data, is realized,
and second, it provides a powerful tool for a consistent incorporation
of the correct ff asymptotic behaviour as predicted (up to logarithmic
corrections) by the perturbative QCD.

However, the latter procedure, though nonviolating any of nice
properties of the constructed global model, uses ill- founded mathe-
matical methods. The correct asymptotic behaviour is achieved by
changes carried by hand in the asymptotic part, leaving unchanged
the finite energy part of resultant expressions. Moreover, it produces
models with too many free parameters.

Here we formulate a new unitary and analytic VMD model of the
nucleon e.m. structure which is again constructed by incorporating of
the two-cut approximation of the correct nucleon ff analytic properties
together with non-zero vector meson widths but now into a modified

version of (1) that before is automatically normalized and governs the
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asymptotic behaviour as predicted by QCD for nucleons. In this way
an incorporation of analytic properties into the VMD model does not
provide a consistent attainment of the correct asymptotic behaviour
of the em. ff’s, because now the latter is obtained automatically.
However, it plays still a role of a unitarization of the canonical VMD
model which leads to a new global model of the nucleon e.m. structure
perfectly describing all the experimental information with only eight (to
be compared with previous fourteen) free parameters, and moreover,
it shows the change in the finite energy part of the resultant factorized
- expression explicitly.

In the next section we demonstrate how one can obtain the canon-
ical VMD model (1) in the zero-width approximation to be automati-
cally normalized and to govern the asymptotic behaviour as predicted
by QCD for nucleons. Section 3 is devoted to a unitarization of the
latter. In section 4 we analyze all the existing experimental informa-
tion on the nucleon e.m. structure, including also the new LEAR data.

Conclusions and summary are given in section 5.

2 Canonical VMD model of the nucleon
electromagnetic structure with QCD
asymptotics

The nucleon e.m. structure is completely described by four scalar func-
tions, two electric G (t), G (t) and two magnetic G}, (t), G},(t) ff’s,

which can be decomposed into isoscalar and isovector parts of the Dirac

and Pauli ff’s as follows

Gp(t) = [Fi()+ )+ 5 Q[FQ(t)‘i'Fz(t)]

Gi(t) = [F{(t)+ FY( t)]+[F2 t)+F2 )] (2)
Gyp(t) = [F{(t) - FY (1) — Fy ()]

Gu(t) = [Fi(t) - FY(t) + [F3(t) - F3 (1)),

where m, and m,, are masses of the proton and neutron, respectively.
The Dirac and Pauli isoscalar and isovector ff’s can be in the framework

of the canonical VMD model (1) parametrized in the form

2
my 1)
IHOEEY el (fevwl £
s:u,u’,w” S )
s mg 2
Fs)= Y U/ o)
s=w,w W 7n2 o (3)
Fity= > —— (funn/ o)
v=p,p’,/f',p"" v ) .
" m; p)
F()= Y. =t/ h),
- v:p,p/ ’pu‘p/u v

where in the isoscalar ff’s we require the couplings of ¢ and ¢' mesons
to nucleons to be zero, taking the OZI rule [8-10] into account strictly.

The ratios of coupling constants in (3) are constrained by the relations

o _ 1 _
b ¥ 1 o » !
Z (f‘lf N/fi’) - 5’ Z (fuNN/fv) = 5(#;) - /Ln)
v=p,p' p" .o v=p,p',p" 0"
(4)
following from the normalization conditions
GL0) = 1; GL(0) = 14+ p, )

G3(0)

0; G} (0) = ptn,



where p;, and p, ate the anomalous magnetic moments of the proton
and neutron, respectively.

To construct the VMD model to be automatically normalized and
to have the correct asymptotic behaviour , we first transform relations

(3) to have common denominators. As a result, we get

als—i-a t‘—i-als 12

F5(t) = :
(0 2 — ) (mZ — D)2, — D)
3(1) = af *ai'-ttay -t
2 (m‘% -_— t)(mzl - t)(mzu - t)’

(6)
Frt) = R i - A
T (m2 —t)(m? - t)(m2, — t)(m, —t)’

. bg" + b3V -t + b3 - 12 4 b3Y - ¢
F2 (t) = 2 _ 2 _ _
(m2 — t)(m?, t)(m —t)(ml, — 1)’

where coefficients a and b are functions of the resonance masses and
ratios of coupling constants.

Now, one can immediately see that the asymptotic behaviour
Fi(t) ~ FY(t) ~ 2 pocos F3(8) ~ F3 () ~ 0 (7)
predicted (up to logarithmic corrections) by QCD for nucleons leads to
the requirements

1s _ 0. 2s
ay’ = 0; a¥=0; a¥*=0

: | ®
b30=0; b2 =0; b3 =0,

which together with (4) give the following four systems of algebraic

equations for coupling ratios
(Pl £2) + (Pl for) + (Fiun! o) =
(FRnd Syl + (P! ForYmle & (Fho ] furymln =

6

(9a)

(== Y

(FB £+ U Bunl )+ GCnl for) =
( N/fw)m +(f(’NN/fU’)mw’+(fg')NN/fw")mi” =

(F R fo) 2 (m2 + m2a) + (f O/ fur) mE(ml + m2)+

+(f("NN/fw”) mf,u(mf, + mf,f)

Gl ) + el ) + (‘JVN/f,w) + (FShnl for)
SN/ )2 + (P £ )% + (P S yms
’ +( p”'NN/ Fmymig

G150+ (Ehwl 1)+ (Foowwl £ +

ol So) = 30—
(PRl fo) m2+ (F ] £2) M2+ (Fhw/ fr) M2

+

0

(Sl ) M

(FRwl f) mA(m2 +md, + m2.)
H(FShwl fr) M (m2 +m?, + m2.)
+(f ”NN/fp”) mp”(m + mp’ + mp’”)
(fp’"NN/f ") mp’”(mp + mp’ + mp”)

+ + +

Their solutions take the followig form (see also ref. [11])
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1 w' Wt
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mi, —

m2

!

(fa(;}')NN/fw”) = ‘2(m2
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(9b)

Hn)

(94)

mg PO,
2 N/fw) (103‘)



(FR /1)
(Sn ! fur)
(fhenl fur)

( ’NN/fP) =

( ”NN/fP”)

FON/f) =

( ’NN/fP’) = =3

nlfr) =

_ 1 + ) mz,/mgu
= AU ) G 2, )
1 m2m?, '
= - W w 10b
Rt ) gty (O
1 mZmZI
= gl ) T YT, — )
2 2 2
mpu _ mpu —_ mp ( (1) /fp)
2(m31/ - méi) m?),/ - m?),
m? v — MM on 1
i =t Ul )
_ m?), 7Tl;2,, g( (1) /fp)
2(mgu - m?,,) m?)u P'
m? m2
___L___/i( / fr)
D) ”’NN 4
my, — mp,
(10c)
2,2
ity ) e -
2\ (m?, mg)(mf,, ~ m?)
2 2 2
- (mp’” mp”)(mp’" ) (f(gl) /f m)
(m?,, - m;",)(mf,, m2) NNLIP
1 m%mzn
2(/1‘11 n)( 12)” m[?)’)(m?)’ _ m%)
(mzm mgl/)(mgm - mg) (2)
(FBwlfp) (104
(m2, — m2)(m2, — m2) NN
2.2
iy = ) s -
2 (m? o= m?, )(mf,,, - mgv)
2 2 2
_(mpu/ - mpf)(mpm )( (%,)NN/fp,,,)
(mzu - Tn?), (771/2)” P) ﬂ

Substituting (10a - 10d) into (3) one gets the canonical VMD model

in the zero-width approximation

m2,m?2, 1
F6) = st 5 - (/)] +
+ [ : m2m2,, 3” — 2 B
8 = Dl = O =
m2m2, - Z, (1)
(m2 — t)(m?, - t)mw,, - m?, (Fownlfu) — (113)
2.2 2
(1) = 5+ m) Cren e S
) — mymy 1 _ s (1)
r(t) = (m3 — t)(m3, — 1) [5 — (Fonw/Fo) - (fp”'NN/fP'”):l +
2 2
dcs e =
p P »
_ m2m?, m? — mg] T
(m2 — t)(m2 — t)ym2, —m2 | “PNNIP
4 [ : m%,mf,;, m?;,,, - mz), _
(m2, — t)(m2 — t) m2, — my,
_ m2m2, m2, — mf,,,] GO 15
(m2, — t)(m2, — t) mZ, —m2, "'N niJe
(11¢c)
m2m?2m?, ;
B () = %(ﬂp = #in) (m2 —~ t)(,:;,, P_ tsy(m?,, — 1) +
N m2mZm2, (m2, — m2)(m2, — m%)
(m2 —t)(mZ — t)(m2, — t) (M — m,)(mp — my)
m2mZ,m2, (m2., — mf,)(rﬁ;‘zm —m2,)

- (m2 — t)(m2, — t)(m — 1) (my —mp)(mm ~ my)
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) 2,2 .2
momemy,
> + (11d)
m? — t)(m2, — t)(m2, — 1)
2,m2,,m2m (mf,,,, - mf’,)(m%,,, - m’?,,,)

(m = t)(m3, - t)(mpm—t) (my —m,)(mpy —m,)
(FSen] fom)s

which is automatically normalized and governs the asymptotic be-
haviour (7). However, despite the latter properties, as it will be seen in
Section 4, the model is unable to reproduce the existing experimental
information. Only its unitarization, carried out in the next section,

leads to a proper description of the data.

3 New unitary and analytic VMD model
of nucleon electromagnetic structure

The unitarity requires the imaginary part of the nucleon e.m. ff’s to
be different from zero above the lowest branch point ¢y, and moreover,
it determines a smoothly varying behaviour of the imaginary part in
the tp <t < o0 fegion.‘For t < tg the nucleon e.m. ff imaginary part is
equal to zero as a consequence of the hermiticity of the e.m. current.

All these properties are not fulfilled by the canonical VMD model
(11).

The unitarization of (11) can be achieved by an incorporation of
the correct ff analytic properties and nonzero values of vector meson

widths into the latter. Practically it is realized (up to the two-cut

10

‘applied to (11a- 11d), where t§ = 9m?2 , 18 = 4m? and ¢}

approximation) by the following special nonlinear transformations

po p_ M- k-t
0~ [1(/t11/v—§/])2 0 [i(/tgjv U]) (12)
e A s =

1s t2s tlv t2v

iny Yins Yino are

square-root branch points. The latter is transparent from the inverse

transformation to (12)
\/(t;,_ta)1/2 +'(£ﬁ)1/2_ \/(“,_t',)l/2 (t t,)l/?
£ 7§ £ B
ﬂ'—i' 1/2 t—12 1/2 tll_tl 1/2 t—13 1/‘2 B
()" (55) " (252) " - ()

and similarly for U(t), W(¢) and X (¢).

To be more specific, in the incorporation of the two-cut approxima- -

Skl

V(t) =i (13)

=]

tion of the nucleon ff analytic properties into (11), besides (12), we use

also expressions for the vector meson masses squared

ls 2s s
R e Rl v e (14)
2 v 4(t —t8) 2 4B — 1)
m,,=t0-————————; m =t3———————-—
[I/WSO vVSo]2 Y - [l/XSo Xso]2
and identities
4(tks — t3) 4(t% — t5)
0 = t— ——— ) 0 = tf— ——L——
° 11/ VN~ Va]? * [1/Uy -~ UyJ? (15)
oo o Ath-t) L, ah-#)
Y [ wy - W Y /XN - Xa)?

following from (12) where V ,Us,, Wy, Xy, are the zero-width (there-

fore a subindex 0) VMD poles and Vy,Uy, Wy, Xy are the normal-

ization points ( corresponding to ¢ = 0) in the V, U, W, X planes,
respectively.
*“The relations (12), (14) and (15) first transform every ¢ - dependent

term and every constant term consisting of a ratio of mass differences

11



in (11) into the cortesponding new variable. For instance the term 1712

(
in (11c) is transformed into the following form

p

mi—-0 (1- (Wy = W, ) (W + W, ) (Wy — 1/W, ) (Wx + 1/W,,)
(=)

m-t (W =W )W + W, )(W — 1/ Wy )(W + 1/W,,)
| (16)
The constant mass terms, e.g. g%::_:% from (11a) become as follows
Mg = Mg _ ( =0)—(m —0) _
- mf}” - m?d' - m " 0) - (m2l 0)
[V = Vi) (Vi + Vi) Vi = 1/ Vi) (Ve + 1/Viy)
- (Vg = 1V
(VN wu)(VN + ‘/WD)(VN - 1/un)(VN + l/Vwo)
/ (Vir = V) (Viv + Vi (Vi = 1/ng)(VN + 1/ Vg
(‘f " o— l/V II)

(Vv = Vi) Vi + V) (Ve = 1/Vi)(Viv + 1/ Vg )]
(Vay, — 1/Vip)?

Then, utilizing the relations between complex and complex conjugate
values of the corresponding zero-width VMD pole positions in the V,
U, W, X planes

Vo=V Vo =-V3, Vur=-V5
U = UL:O; Uw{, = l/U‘:a, Uw{,’ = 1/U:g (18)
W, = W;D; Wy =-Wi; Wy=-W3; Wp= 1/W;,0,,
Xpo=—Xp; Xpy==X}; Xp=-X2 Xyp= 1/X;g,
following from the fact that in a fitting procedure we find

( EJ /4) < tzm ( /4) < tm? (mw" FZ)"/4) < tlrf

( L2u /4) < t?:7 (mw’ - F2 /4) > t127f7 w” w"/4) > t2:

(mp —T3/4) <tiys (m —T5/4) <ti; (mb —T5/4) <t (19)

(m;f,,, — Ff),,,/4) > v
(ml —T2/4) <t (m% —T%/4) <tZ; (m2 —T%/4) < t
(m%m - F 111/4) > t v

12

s

o

and subsequently incorporating the nonzero values of vector-meson
widths I' # 0 in a correct way, one gets for every isoscalar and isovector
Dirac and Pauli ff, one analytic function in the whole complex t-plane

besides two right-hand cuts of the following form

it — (L= V2N [ (Vi = V)V = Via)(Viy = 1/ V) (Vi = 1/V3)
RVl = (3= 7)) A S i

Vv = Vi) (Vi = Vo) (Vi = 1/ Vi)V = 1/V3) [1 40
(V= V) (V = u,,,)(V VoV = 1/V3) [ (o N/fu)]+

+ W = Vo)V = Vo) (Vi = 1/Va)Viy = 1/V5) | (200
(V= Vo)V =V)V = 1/V,)(V - 1/V)

_ [(VN = Vo)V = Vo) (Vi = 1/ Vi)V = 1/V3) (Gt = C)
(V=Vo)(V =V2)V =1V )V =1/VZ)  (Ch-Ck)

_ (Wv = Vi) (W = Vo) (Vv = 1/ Vi) (Vi = 1/V3) (ClF — C‘ls)} _

(V= V)V = Vo)V — Vo )(V = 1/V3) (Ch-CL)
(FSwl )}
ot~ =V = VOV =YWk = YV2) .
T =iy =) PITEE

trrre 1-0%\° 1
RO = (1257 ) g+l
_{(UN — U)(Un = UZ)(Un = 1/U)(Un = 1/U;)
U =U)U =-U)(U - 1/U)U - 1/U;)
Uy = Us)(Un = U5)(Un + Uus)(Un + UZ)
U — U)(U = U2)(U + U)U + U3
(Un = Usr)(Un — Uz) (U + U )(Un + U ,,)}
(U = U )(U = Ug)(U + Usr)(U + U2W)

w'

(20b)

Aol = (1) -

. {(WN ~Wy)(Wy — W*)(WN ~1/W,)(Wy = 1/W;)

(W = W)W — W)W = 1/W,)(W — 1/W3)
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(W = W) (Wi = Wy )Wy = 1/Wp)(Wy = 1/WV})
(W = W)W = W)W — 1/W,.)(W — 1/W3,)

~ (Bl 10 = St )] + ;
(W = W)Wy = W)Wy — L/W,)(Wy — 1/W})

(W —W,)(W - W)W - 1/W,)(W - 1/W;)
' [(Wy = W)Wy = W) (W — 1/ W) (Wy = 1/W3) (CL ~ CL)
(W —W) (W =W, )W —1/W, )W - 1/W},)  (C-CY)
(W = Wy) (W = W)Wy = 1/ W)Wy — 1/W}) (CY — C,%")] _

(W —-W, ) (W - W)W —1/W, ) (W - 1/W3) (C’:,,‘,’ - C';,")

(20c)

(ol o) + |
(W = Wyr) (W = Wy )(Wy + Wyr) (W + Wy)

(W = W)W = W3 ) (W + W) (W + W},

. [(WN ~ W)Wy = W)Wy = 1/W,)(Wy — 1/W}) (Cl - CL)
(W =W )W = W)W - 1/W,)(W - 1/W;) (Ck-CL)

(W = W) (Wi = W) (W = 1/ W)Wy = 1/W},) (Cl — CI
(W =W )(W =W, (W - /W) (W - 1/W))  (Cpr = C)

: (f/E'%')NN/fﬂ”)}

(Wy — W) (Wy — W) (Wy — 1/W)(Wy — 1/W})

Cilv i "‘p’p p
W)W = 1]W?
oty _ Wi = W,,u)ng - L/V ,,§§WN + u// ,,,5()WN + W)
” —(Wyr = 1[Wpn) (W3, — 1/ W)
. _A 1-Xx2\°
I = (55 )
. {(XN — X)Xy — X)) (Xw - 1/X,)(Xn ~ 1/X7)
(X - X ) (X X*)(X —1/X)(X - 1/X})
(Xy = X)Xy = X)) (Xy — 1/ X)Xy ~1/X})

(X = X)X - X)X - 1/Xy)(X - 1/X3)
.(XN - Xp”)(XN - X;")(XN - 1//Yp")(/\’N - 1/X;") .
(X = Xp) (X = Xp)(X - 1/Xp)(X - 1/X3)

14

: [%(Np = fin) — (f,EB’)NN/f ”)]
[<XN X,)(Xn ~ X)(Xn = 1/X,)(Xn = 1/X;)
(X - X)X - X)X —1/X,)(X - 1/X3)
(Xn — Xp)( Xy - X,;)(XN — X)Xy —1/X5)
(X - X,)(X - X)) (X = 1/X,)(X - 1/X})
(X = Xp)(Xy = X)Xy + Xp)(Xn + X ) -
(X = Xp)(X = X2)(X + Xpn)(X + X30)
(C% —C») (C% - C%)
(CZ-Cr) (Ch-C%)
_(Xv = X)Xy = X)) (X = 1/X,)(Xy = 1/X])
(X - X)X - X))(X -1/X,)(X - 1/X;)
Xy = Xp)(Xn = X)) (Xn = 1/ Xp)(Xn = 1/Xp)
(X = X)X = X3)(X - 1/X,)(X — 1/X},)
(Xn = Xp)(Xn = X)) (X + X ) (X + X0)
X X)X = X)X+ X)X+ X))
(S -Ck) (Cp—=Ch)
(C2v C2v) (C2v C2v)

(Xn = Xp)(Xn — Xp)( Xy — 1/X,) (XN — 1/X5)
(X = X,)(X = X3)(X - 1/X,)(X - 1/X})
(Xn = Xp) (X — X)Xy =~ 1/Xp)(Xy — 1 /X,,,) .
(X = X)X = X2)(X — 1/X)(X - 1/X},)
(Xn — Xpm)(XN — X;,,,)(XN + Xpm)(XN + X)
(X=X (X - X)X+ X)) (X + X))

2= @ P )
(C¥ - C2) (Ch - C%) ‘

(20d)

_ (Xnv = X)(Xn

c = - X)Xy = 1/X)(Xy - 1/X})

.= ]
—§X,"1/X;§X*—1/X* 1 1 p‘lp?p
_ (Xn = Xp)(Xx = X)Xy + Xpr) (X + X30)

X~ 1/X,) (X3 1K) ‘
Every of them is defined on a four-sheeted Riemann surface in t-

c%

variable with poles corresponding to vector meson resonances placed
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on unphysical sheets. The relations (20a-20d) and (2) represent now
the new unitary and analytic VMD model of the e.m. structure of
nucleons dependent only on eight (to be compared with fourteen in the
previous most accomplished formulation of the UA-VMD model {4])

free parameters

e, 825, 680 62, (S 1), G D/ 1), (ool )y Fgen Fpr) - (21)

if masses and widths of all vector mesons under consideration are fixed
at the world averaged values. Its application to a description of all
" existing data on the nucleon e.m. structure is carried out in the next

section.

4 Analysis of data on nucleon electromag-
netic structure

The whole measurable region —oco < ¢ < +6o from the point of view of

a method of obtaining data can be roughly divided into three parts
iy the space-like region ¢t < 0
ity the unphysical region 0 < t < 4m%
and
iiiy the time-like region t > 4m?,.

Though a lot of pretentious work has been carried out up to now, the
experimental information is not at all complete. |

The most rich data exist on the nucleon e.m. ff’s in the space-like
region (¢t < 0). All data on the proton electric and magnetic ff’s up

to t = —33 GeV? were obtained from the elastic electron scattering on

16

the hydrogen target. Neutron electric and magnetic ff’s were obtained
mostly from cross-sections on the elastic and inclastic electron scatter-
ing on deuterons in a model- dependent way and therefore they are less
reliable than the proton data.

Also the range of neutron-data is poorer than in the proton case.
There are only very dispersed data on the neutron electric ff for —4GeV? <
t < 0 and moreover with large errors. The neutron magnetic ff data
exist for —10GeV? < t < 0. All references concerning the nucleon
space-like data can be found in [2] besides the recent precise results on
the proton magnetic ff measurements [12,13].

There are no data on nucleon electric end magnetic ff’s in the un-
physical region. However, they are expected to be measured from pro-

cesses like

mTp — nete
pp — mlete” (22)
np — ntete
in the near future.

In the time-like region the sources of information on the nucleon
e.m. structure arc ete™ — NN and pp — ete” processes. There are 13
rather dispersed and not very precise data on the o(ete™ — pp) [14-
18] just above the pp threshold. They seem not quite to be consistent
with recent accurate 9 LEAR data [19] on |G%| = |G},| = |G?| obtained
from pp — ete” process which show rather steep falling just above
the pp threshold. The latter effect caused a big-discussion and its
explanation led to assumptions [20-22] on the existence of a bound

state (baryonium) in the pp system.
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There are also the first very valuable results [23] on the proton
em. ff’s at 3 large values of the c.m. energies squared obtained by
FERMILAB experiment E760, measuring the cross-section of pp —
ete™ process.

Finally, to be complete, we mention also the first result [24] on
the neutron time-like e.m. ff’s at ¢t = 4.0GeV2'obtained in FENICE
experiment 'pefformed at the ADONE ete™ storage ring in Frascati.

So, there are altogether about 400 experimental points on the nu-
cleon e.m. structure, analysed by using the most accomplished up to
now unitary and analytic VMD model of the nucleon e.m. ff’s given
by (2) and (20a-20d). We have eliminated from the analysis 13 rather
dispersed data [14-18] on the oyn(e*e™ — pp) in order to avoid any
troubles (they appear in the ﬁtﬁng procedure) with the reproduction
of more precise LEAR data [19]. The results of the analysis are pre-
sented in Table 1. and are graphically sliown in Figs. 1-4.

In Figs. 1-2, the best fit of the data by the VMD model (11a-
11d) automatically normalized and with the asymptotic behaviour as
predicted by QCD (up to logarithmic corrections), however, extended

2. (m - z'-g)?, is presented by dashed lines. Full

to complex masses m
lines show that only a unitarization of the latter by the incorporatioh of
the two-cut approximation of the correcbt nucleon ff analytic properties
leads to a perfect reproduction of the most existing data. For néutron
electric and magnetic ff’s in Fig. 2 we used the same scale for reference
frame like for proton fi’s. As a result, we give predictions in Fig. 2 for
the behaviour of neutron electric and.magnetic ff’s up to t = —35GeV?,
following from our model.

Fig. 3a shows that the most accomplishéd unitary and analytic

VMD model of the nucleon e.m. structure given by (2) and (11) is

18

flexible enough to reproduce steep falling of the new LEAR data [19]
and thus, does not need any introduction of baryonium [20-22] in order
to explain their behaviour . From the same Fig. 3a one can see clearly
that our unitary and analytic VMD model is unable to reproduce the
FERMILAB data at t = 8.9; 12.4; and 13.0GeV?. The latter can be a
sign of higher excited states of vector mesons under consideration, the
inclusion of which into our model is not a technical problem.

From Fig. 3b it is seen that one point on the neutron e.m. ff’s ob-
tained in the FENICE experiment [24] is not reproduced by our model
quite well. The situation may be changed if more experimental points
will be measured and therefore, they will influence with a stronger sta-
tistical weight the numerical values of free parameters of the model .
under consideration determined in a fitting procedure.

The comparison of predicted behaviours of the at,,t(e‘*e; — pp) and
owt(ete” — nn) with existing 13 experimental points [14-18] on the

o(ete” — pp) is shown in Fig. 4.

5 Summary and conclusions

We have constructed the most accomplished up to now model of the nu-
cleon e.m. structure. First, we have reformulated the canonical VMD
model in the zero-width approximation in order it to be automatically
normalized and to govern the asymptotic behaviour as predicted (up
to logarithmic corrections) by QCD for nucleons. Only then we have
unitarized it by the incorporation of the two-cut approximation of the
correct nucleon ff analytic properties and the nonzero width of vector
meson resonances. As a result, we have obtained a new formulation

of the unitary and analytic VMD model of the nucleon e.m. structure
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Fig 1.: A description of the proton electric and magnetic ff data by our Fig 2.: A prediction of the neutron electric and magnetic ff behaviour

up to t = —35GeV? by the new UA-VMD model. Dashed lines
mean the same like in Fig. 1. ‘

new UA-VMD model. Dashed lines mean the best fit by means

of the canonical VMD model (11) even with extention to complex

masses of resonances.
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Fig 3.:
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ay A reproduction of new LEAR data [19] on the proton e.m.
ff’s by the new UA-VMD model. The last three experifnen-
tal points from FERMILAB [23] are not described quite well.
The latter indicates for an existence of further excited states

of vector mesons under consideration.

by A prediction of the neutron electric and magnetic ff be-
haviour by the new UA-VMD model. The experimental
point at t = 4.0GeV? is the first result from FENICE exper-

iment in Frascati.
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Fig 4.: A comparison of a predicted behaviour of oy(ete™ — pp) and

oi(€e¥e” — ni) by our new UA-VMD model with older 13 data
[14-18] on oyer(e*e™ — pp).

Table 1: The results of the analysis of data on nucleon e.m. structure

with the VMD model (11) and the new UA-VMD model (20).

Free parameters of VMD The new UA-VMD
the model model (11) model (20)

tis —_— 2.54106

125 — 1.93608

v e 2.91078

£2v — 2.98067

(f8 /£.) 0.43219 0.84927
GWw/f) | 0.14977 0.08120
(fShn! ) 0.07318 - -.23370

(F e f) -.06190 -.00359
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that reproduces (see Figs. 1-3.) all the existing experimental informa-
tion quite well with only eight (to be compared with fourteen in the
previous formulation [4]) free parameters with clear physical meaning.

We note that the VMD model (11), though automatically normal-
ized and governing the correct asymptotic behaviour , even extended to
complex masses, is unable (see dashed lines in Figs. 1-2) to reproduce
the existing experimental information on the nucleon e.m. structure.
The latter fact points to the relevance of the unitarization procedure
of the canonical VMD model in describing the existing data.

New LEAR accurate proton e.m. ff data [19] are reproduced by our
unitary and analytic VMD model too. As a result one needs no further
assumption about the existence of baryonia for explaining their steep
fall-off just above the proton-antipoton threshold and all speculations
like in ref. [20-22] can be disregarded, because the behaviour of new
data means just the creation of the third excited state of the p(770)
meson atv/? = 2.150GeV in the Pp — ete™ process.
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