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Abstract

Hucleon electromagnetic form-factor in the time-like region
near HN threshold is calculated. Ite behavior is shovn to be do-
winantely defined by the NN nuclear interection in initisl state.
For this reason an investigation of nucleon form-factor in thie
energy region could be useful for independent extracting of the

lov energy NN parameters.



Introduction

Study of =annihilation channels of the nucleon-antinucleon
interaction at lov energy is the object of intense interest for
understanding the nature of the low energy baryon-antibaryon in-
teraction. A strong nuclear attraction betveen nucleon and anti-~
nucleon is the common reason for lerge annihilstion cross section
and for existence of sufficiently narrov gquasinuclear states sim-
ultaneously [1]. The presence of the subthreshold resonances
({with the masses closed toc 2M, vhere ¥ ie the nucleon wmass) can
be served as an additional cause of the enhsncement of annihila-
tion cross section near HN threshold in the mtates with definite
guantum numbers. Therefore, an investigation of partial annihila-
tion cross section is the source of information not only about
the forces between N snd N but about the proposed spectrum of the
states also. The partial NN amplitudes will be studied in the fu-
ture using phase shifts snalysis of LEAR data. At present such
investigation could be fulfield both from the data on antiproton-
ic atoms (scattering lengths) and due to snalysing of NN snnihil-
ation in the states with definite quantum numbers. In the prep-
rint we will discuss an annihilation process pp == e e near MN
threshold.

Annihilation intc lepton pair pPp == e'e” can proceed only
from pp states with photon quantum numbers € = 177 (for slow
antinucleons this corresponds tozgistates vith the isospin I = O,
1). Now there are some data (2,31 on the cross section behaviour
at small relative momentum between p and p. In particular, in the
experiment [31 the relative probability of pp == e'e” annihila-
tion for p incident momentum 300 HeV/c was measured. It was found

that BR(e'e™) = (Pp —= e e )/(pp == all) = (3.2 ¢ 0.9) 10”7, Thie
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is obviously & very large value if we cowpare BR(e*e”) with the
similar ratic for pp =» 5i'%" annihilation BR(T'% ™) = (3.2 = 0.3)°
1073, i.e. BR(e*e )/BR(T 'K ™) = 107%~ (2. The latter equality
means that the proton form-factor G(qz) is close tc unity at the

boundary of the physical region with approach from the mide of

time-like transferred womenta qz(i.e. for -qza,4M2): G(—q2 = AMZ)
~1 (experimental value ig equal to G = 0.46 t g:ég at laboratory
momentum p = 300 HeV/c, hereafter we assume GE(4M2) = GH(4N2)M
g is the four-momentum and in the region in question —q2 = s, If
ve try to approximate such behavior of G at ~q2 2 4H2 using usual

dipole forwmula, the value G will be less by the order of magnit-
ude than one experimentally measured. From our point of view such
large value of G is at least an evidence for a strong nuclear at-
traction between p and p.

Large value of the electromagnetic form-factor G in the
known vector dominant models (VDM) can be obtained by taking into
account besides light y , W, ‘g -mesons also heavy y', \f'—mesons 4,
51. The coupling constants for these mesons with proton vere in
this case considered as free parameter<. In our model the exis-
tence of the subthreshold resonances (i.e. bound HNM gquasinuclear
states with masses close to 2iM)was wmentioned above to be additio-
nal reason for the form-factor increasing in the time-like region
at -q?> 4“2. This possibility was pointed out in reif. [6i. As for
the existing of heavy vector mesons (like j)lor %73 there is no
direct experimental evidence for the quasinuclear nature of these
resonances since being of the subthreshold type they cannot man
ifest themselves as bumps in pp "formation"™ experiments (argum-
ents in favour for the quasinuclear nature of the resonances are
that the wulti-pion channels are dominant and that the resonant

wasses are close to 2H).

In this paper we use a coupled channel model for the caicul-



ation the pp <« e’e” annihilation cross section, i.e. correspond-
ingly, an electromagnetic proton form-factor 6 in the time-like
region near NN threshold. This model vas used early for the des-
cription of lov energy pp data [7]. As an input we consider the
modele well described the data in space-like region (i.e. ep-
scattering): usual dipele formula and VDM taking into account an
exchange by the light vector mesons &f,&),* ) only. Initial
state interaction vhich is a reason of large value of G causes
in this case the energy behavicur of G also. The wmethod for es-
timation of this interaction (nuclear and annihilative) was taken
by the analogy with ref. [7], vhere the data on NN annihilation
at low energy were fitted. We have calculated also the neutron
electromagnetic form-factor and cross section for the in%erse
process e'e” -» Pp in the region -q2 > 4M2,

The schewme of the exposition is as follovs. In section 1 we
formulate simple coupled channel model for description of elec-
tromagnetic proton form-factor G. Section 2 is devoted to the
formulation of some analytical expressions for G near N thres-
hold which are valid if initial state pp interaction is dominant.
In section 3 the results of numerical calculations are given. We
consider alsc the possibility to compare these results with inde-
pendent experimental NN data. In conclusion we emphasize the qua-
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litative features of G behaviour at -q° > 4H° which are charac-

terized for proposed here model.
1. The coupled channel model

For +the calculation of the pp —» e'e” annihilation cross

section the coupled channel model (CCM) was used. The channel 1



corresponds to HN system (interaction between N and N is due to
one boson exchange which is described by the potential V%SEP =
= vll)' Hasses of proton and neutron vere taken the same and vere
equal to H = 0.939 GeV. Channel 2 is annihilation one. The coup-
iing between 1 and 2 channels is realized by short range Yukawa
type potential (Vlz). All of parameters for these channels are
taken from [7] vhere the details of two channel wodel were given
(in the framework of this model all pp low energy data vere des-
cribed). Third channel corresponds to e’e” system. It is connec-
ted only with NN channel by transition potential. This transition
potential (Vla) has a form of é?-funuticn egince an amplitude for
Pp == e“e” reaction (without initial state interaction) is a fun-
ction of s only. Therefore, the potential corresponding to this
amplitude will be proportional to é?(?).

The electromagnetic proton form-factor is connected with

pp =» e'e” cross-section by the formula:

%5p - e'e” = émgzk‘G‘Z

(here SE(4H2) ='Gn(4H2) = G, as wmentioned above).
The calculations in CCH vas wade by the variable phase app-
roach [8,9]1. The problem with Sufunction potential is discussed

in Appendisx.

2. The influence of initial state NN i.i= -.cion on the

nusleon electromagnetic form-factor

Let’s consider annihilation of slov antinucleons into e'e -~

pair. This process (in the first order on o) is sssocisted with

the diagram:
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wvhere the dashed block denotes the amplitude of the initial state

interaction, the black circle corresponds to the form-factor G0
which is assotiated with the asingularities far from NN threshold
(for instance, withy M) ,L? -poles in VDM). To take into account
the effect of initial state interaction ve consider from the beg-
inning the diagram without interaction in the initial tate.é(?)-
potential is corresponded to this diagram (since this diagram
does not depend on E' ~-. three-dimentional momentum). If this pot-
ential ie denoted by V(T =V -8(?) the transition amplitude for
the diagram on figure painted above can be written:
T ~S Wean® v W - of
Therefore the nucleon form-factor G has the form:
G ‘\H“‘O’ﬁul Gg
where Go is the form-factor corresponding to the diagram without
initial state interaction. As for the concrete form GU = Go(s),in
principle, it can be approximated by the various models well des-
cribed the data in space-like region (dipole formula, VDM ox from
the calculation in the guark wmodels (111). Let’s consider the
factor L{J (0) which can be expressed by L\J(O) = 1./%(-]&), vhere
_e (k) is the Jost function for NN system. Jost function (k) can
be reprezented in the torm (101:
AT "C(k)-e“s‘k’

(let’s emphasize that this Jost function corresponds to S-wave
gince 5(?)—potential extracts only this wave). Function '[(k) is
symmetrical on k , é\(k) being antisymmetrical (for this reason as
usually for S-satrix we have S(k) = -?(k)/-?(—k) e?i 6(k)).

Fhase 6(P.7 te complex one  since there are annihilation channels



for NN system.

Therefore

\‘-Pm,w)F \%’(T&)\ e- m St

Nov we will consider only emall energy in NN c.m. system.
Let use an expansion of éhk) in the scattering length approxima-
tion, i.e. S(k) = (0'k (wve neglected the higher on k terws in
this expansion). It’s need to emphasize that expansion of "[ (k)
includes only k2 terms since U(k) = ’t(-k). Therefore an expan-

sion of G in pover series in k has the form:

6 =C (1 - IOk + Ck? +...) 0

where C1 and C2 are the constants. No other term of the first
order on k exist since all of other factors are a function of s,
20 they give only even series in k. The value of Im(Q corresponds
to the imaginary part of S-scattering length. The term with Im(Q}
has a principal significance: it occurs only in the case of ini-
tial state interaction. Note that neither in VDM (for instance,
£41) nor in Regge-pole model [(S] it is not principally possible
to get the linear behaviour in k.

Only LEAR experiments now can give a direct answer on the
question about the presence of linear k-term in G behaviour. 1f
from the experiment a linear behaviour will be observed it could
be a strong indication on the necceasity of taking into account an
initial state interaction.

Moreover the experiments with form-factor measurements could
be used as an independent source of information about Im(l in ad-
dition to the investigation of the level shifts and widths of
protonium. However, it’s need to note that in the expansion of
proton (neutron) form-factor in the powver in k a slightly dif-

ferent value (not only Im(l) will be included 1f the vertex is
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differed for various isospins 'in the above diagram.The correction
isospin dependence of HN interaction is rathér trivial and it is
not important for obtained conclusion about the presenée of lin-

ear term.

' 3. Numerical results

The enhancement coefficients for AN -» e'e” reaction (I = O,
i) are shown in Figure 1. This factor is defined as

N Ll
s + -
K=\/ NN == e e

cﬁ“ _.e¢e-(-v = Q)

where of - is the cross section for NN — e'e reaction with

N=se'e
initial state RN interéction, TfN - ete-(v = 0) is the same cross
section but without one (both nuclear and annihilative into had-
ron channels interagtibns are switched ﬁfi). The enhancement fac-
tor is shown as a functioﬁ of BN c.m. relative womentum. The lin-
ear behaviour is aeen:‘to be revealed approximately up to k-~
~-100 MeV/c in the enhancemenf factor, wmoreover the slope param-
eter is connected with the scattering lengths as it wvas shown in
the previocus seciiop. The comparison with a calculation of the
scattering lengths in the same CCH shows the follovwing: Im (] 351
(I = 0) = 0.34 fm and Im(}asl(l = 1) = 0.29 fm from (71; Im(] 351
(I = 0).= 0.36 fm andmImClSsl(I = 1) = 0.33 fm from slope para-
meters in Fig. 1, i.e. the approximation (1) is valid with 10%
accuracy for k ~ 100 HeV/c.

In Fig. 2(a,b) the energy dependence of proton a~d1 neutron
form-factors correspondingly in time-like region are shown. Expe-
rimental points are taken from ref. [2,31. The behaviour of pro-

ton electromagnetic form-factor G is seen from the figures to be
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correct (within the experimental accuracy), but its absolute va-
lue depends strongly on the input parameter Go » i.e. on the wmo-
del used ;n space-like region.. Hofeover, the main energetic beh-
aviour of G is given hy the initial state interaction, because
input form-factor Go'is ﬁractically constant in the energy region
discussed here (see Fig.’Z(g) - dashed curve). As for the neutron
electromagneticv‘form*factor,lit's interesting to note that its
value in the case of isotopic independent input GO parameter is
very small (curve 2 on Fig. 2(b)). If one of the isotopié . form-
factors is dowinant, the neutron form-factor will be closed to
the proton one (for instance, curves 1 in Fg. 3(a) and (b)).

The inverse e'e” =+ fiN reaction is of the interest also. In
principle, using this process one could weasure & nucleon form-
factor G just near NN threshold. A cross section for this reac-
" tion is connected with NN —» e'e” by the formula:
gte’e” == AN) = (.E)z otiiN —» e’e™)

In Fig.3 the dependence of the value 4R = d(e’e” —» ip)/c“p
as a function of Bp c.m. energy is shown (cup is the cross sec-

tion for the e*e” —» p*p~ reaction).

Conclusion

The consideration given above can be summarized by the next
way. The electromagnetic nucleon form-factor G behaviour near RN
threshold is dominantely determined by the interaction in the in-
ital state. So the snnihilation cross section NN = e'e” is en-
hanced, the enhancement coefficient being a fast increasing func-

tion with approaching to NN threshold. The exerimental observa-



- i1 -

‘tion of the linear G behaviour at small relative momentum in pp
channel vould be a significant indication of a determinative role
of the interaction in the initial state.

The channel NN could affect significantly on a behaviour of
OR for annhilaton e*e” =+ hadrons (the value o R is determined by
the enhancement coefficient, wvhich value is depended on the nuc-
lea; forces in NN channel).

The investigation of the electromagnetic nucleon form-factor
in the nearthreshold region, as it was wentioned above, couid
served the source of the important information about NN interac-
tion in the state with vector quantum numbers. This fact added to
other data could be efectively used for determination of the true
parameters of NN interaction and the nature of heavy vector wes-
onsg in the mass reéion 1.5 - 2 GeV.

The authors would 4ike to thank Prof. I.S.Shapiro for useful

discussions.
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Appendix

The task vas mentioned above to have been solved by the var-
iable phase approach. ‘The main difficulty in this case is to use
this technique for S-function potential. The problem vith(g-fun-
cticn in the nondiagonal potential (the transition fin toe'e)
vas solved analogically to the case, wvhen t§~function vere in di-
agonal interaction (91: g-function vas considered as limit case
of sguare wvell with zero width and unlimited depth. This proced-
ure gives rise to changing the boundary condition at zero vhen ve
integrate the equation. The matrix equation has the form:

K’(r) = = [Y{(r) + K(r) Z(r)] Wi(r) [¥(r) + Z(r) K(r)l (A. L)

wvhere K(r) is the reaction matrix for potential Vij(r), "13"’ =
= M, M

n j-vij; Hi is the perticle mass in the channel i;
T U .
Yij(r) = rﬁ Jl(kir) é‘ij'
= .
Zij(r) = rﬁ; nl(kir) 14°

jl'"l are Bessel and Neuman functions (all channels are open);

OBEP - =
110 * Van F Vaz = V21 * Vapn 0
other watrix elements of vij are equal to zero.

ViJ is the potential wmatrix: V

The equation (A.1) vas integrated with the boundary condi-

tion not K(O) = 0 (as it would be without 6-function potential),

but K(0) = K° , where

KO 0 0 1
= C
o fore |938)

CO vas normalized on the input formwm-factor.
We would like to note once more that the Cf-function poten-
tial gives rise only to transition between states with orbital

moment equal to zero, 80 ve need Bessel and Neuman functions only

for 1 = Q.
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Figure captions

The enhancement coefficient (see text) for different
isospins as a function of c.w. momentum in Pp system.
The proton electromagnetic forwm-factor as a function
of c.m. energy in pp system. Data are taken from (2,
3]. Solid curve 1 corresponds to the calculations
from thie work using GO calculated in VDM with coup-
ling constants for 9,&),\?-mesons from (71 (the
curve is normalized on experimental value at k = 300
HeV/c); solid curve 2 is the calculation of G with GO
from dipole formula; dashed curve corresponds to dip-
ole f£it.

The same as in fig. 2(a) for neutron.

The value R = qe*e'->ﬁp/ op” as a function of c.m.
energy. Solid curve corresponds to present calcula-
tion with form-factor G (molid curve 1 in fig. 2(a)),
dashed curve is the same without the interaction in

initial state.
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