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1 Introduction

“This papet is devoted to a theoretical investigation of NN — it processes, where N
is a nucleon and (* mcans a lepton. As compared with the reactions cte™ — NN to be
a source of the information on nucleon electromaguetic (M) lorm factors (FF’s) in the
time-like region, the reactions NN = #/71" are next in order from the poiut of view of
relevance. Since the latter are crossing reactions, on the one hand, to electroproduction
[1] e N -» e" N processes (transfer momenta are in the space-like region) and, on
the other hand, to an inverse clectroproduction [2] #~p — nl*{™ precess (transfer
momenta are in_ the time-like region), by means of the NN — xl*i” process one can
solve experimentally similar pmblems of electrodynamics of hadrons as in the case of
e"N — e Nmand 7N — NI~ processes.

First of all it is an investigation of the pion and nucleon electromagnetic structure
in those time-like momentum transfer squared values that cannot be reached by the

tem - xtr” and ¢te” <= NN processes. I in the ete™ — NN processes the

[
nucleon EM FF’s can be measured only for k% > 4M? (M is the nucleon mass and
k is the four-momentum ol the virtual photon), the processes NN — wi*{™ give in
principle information on the pion and nucleon EM structure starting from k% > 4m}?
(nu is the lepton mnass). The unphysical region 0 < k* < 42 for ete~ <« NN
processes s of essential interest due to the-fa,ct that just here the nucleon EM FF’s
are complicated in structure determined [3] by various vector mesons. As a result, the
behaviour of FF’s in the time-like region above the NV threshold and in the space-like
region is shaped by this region.

The processes NN — xl+l~ are tempting also from another point of view. Due to
the three-body final state in the latter reaction even in annihilation of slow antinucleons
with nucleons at rest one can vary values of the momentum transfer squared by varying
energy of the detected pion. Therefore these processes are favorably differing from the
binary reactions ete™ — NN, where va.lueg of the momentum transfer squared are
unambiguously fixed by the energy of colliding leptons.

Unlike the binary reactions ete~ — NN, the amplitude of NN — xl*[~ processes

consists of various contributions and th.s one can investigate interference eflects of



FF’s of different hadrons, and as a result, determine relative phases of those FIF's.

We note that in the NN — rl*[~ process for k? < (2M — m,)? there are no FI’s
of free nucleons investigated. Really, here a vertex N N*y* with one virtual nucleon
(p* # M) appears, and therefore, the process NN+* = I*17 is examined. It is clear that
with increasing distance of k? from the threshold 2 = 4A? of the reaction NN — [*1™,
also the virtuality of a nucleon increases. More precisely, to every value of k2 from. the
interval 0 < k2 < (2M —m,)? (the lepton mass is neglected) a value of p* corresponds
from the interval —(M? + m?) < p? < (M — m,)? taking thus values of both the
space-like and time-like region. A similar problem of off-mass-shell effects for nucleon
EM FF’s arises not only in the reaction NN — w1~ but also in other processes like
e~ N — e~ N [4], the electrodisintegration on a deuteron ¢~D — ¢ np [5] and others
[6]- In this paper we shall not discuss off-mass-shell effects for EM FF{’s of hadrons.

When studying lepton-hadron interaction processes, one has always to distinguish
between the analysis of kinematical aspects and dynamical ones [7].

A generalized relativistic kinematics first contains an analysis of all consequences
of one-photon exchange mechanism, then the EM current conservation of hadrons and
also the results of application of various symmetries to EM interactions of hadrons. In
this way, one can specify the spin structure of the EM current of hadrons, parametriz-
ing the latter in terms of a number of amplitudes, and finally, one can express structure
functions by means of those amplitudes and find out the differential cross-section de-
pendence (and various polarization effects) on the kinematical variables that are not
dynamic in nature.

A similar analysis has to precede the consideration of dynamifal aspects of the
problem. - |

In the first place, however, we clarify the general structure of the differential proba-
bility of annihilation of slow antiprotons on protons at rest into pion and lepton pairs.
Afterwards, by usiﬁg a simple pole model, we calculate the threshold amplitude of
the process fip — 7%y*. Then the k*-dependence of the process pp — 7%*1~ in the
afore-mentioned model is completely determined by the proton magnetic FF inb the
unphysical region. 'T'his k2-dependence is predicted by using two unitary and 'd,l‘l'd»ly“('

VMD models of (%,(k?) differing from each other by the sequence of incorporation of



the correct FI7 analytic properties and the method of incorporation of the asvmptotic

behaviour as predicted by QUD for baryons,

2 Structure of differential probability

Usually, at a capture of slow particles by other particles at rest one can consider.
. instead of the cross-section. just the decay probability of the latter systen.
We start with a standard expression for the probabitity of annihilation of very slow

antinucleons on nucleons at rest into pion and lepton pairs (sce Fig.1)

NN s d'y A 'k )
di' = (27) /—l——‘-,— (P =g~k =k )()“)”I R TS T b

where P is the total momentum of an NNV pair. the components of which also for

very slow antinucleons are. roughly speaking, determined only by the mass as follows
P'=(2M,0). The quantitics F,, E_ (£} are energies of the pion. electron (positron)
O, .
and ¢, ky, (k2) are their three-momenta.
The matrix element M of the (NN — ={*{7) decay in the onc-photon exchange

- approximation takes the form

M= F . (2)

where { = @(k;)yui{k;) and J,, is the EM current of an V.V — 797 transition (17 1= a
virtual photon).

By means of (1) and (2) onc gets

1 By g d 1 dS). ' 3
ar = o /(“)““ dEydE_d) (3)
Lpw = 005, W = T2,

where the bar in the definition of L, means summation over polarization states of
leptons and the bar in the definition of 1, means averaging over polarization states
of a nucleon-antinucleon pair. The guantity d§) means the space-angle element of an
outgoing clectron (or positron), to he defined according to some physical reference
frame. 'The latter can be sp(‘uhvd if one of the initial nucleons is polarized (with a
vector polarization IE ) .m(l if the 3-momentum of the ¢ Yo~ pair (or the pion) is known,

“the latter forming. with P, a plane.



If the initial particles N and NV are unpolarized. then a contraction L. W, does
not depend on angles of dQ and therefore in (3) one can integrate over d9 explicitly,
obtaining flinaily -Ir.

As a conscquence of the conservation of the Jo k- J =0, the praduct fo.0 W, can

Le rewritien into the following form

C LW = Ly + Ly )Wy b S LW

K
by using the coordinate svstem, i which z-axis is parallel to the 3-meomentum & of the
virtual photon (&g is the energy of 47).

Now. taking into acconnt the P-iuvariance of M interactions of hadrons, the tensor
Wi, (the space-part of W, ) can be written in the following general form
k

W, = (8 — bk W (K2 B Wo(k?), £ = i (4)

where Wy (k%) are real structure functions (SF). SE W, (k?) describes the creation
of 4= with the transversal polarization and the creation of 4* with the longitudinal
polarization is characterized by W,(k?).

Production of nmpolarized leptons is determined by the tensor
[/ul/ = 'I/“.lul"‘lu + lll‘:lvk'lu - l“).(I[U/A‘Zi
from where
Lot Ly, = )—-[/J — F2)¥] + 8m?, ~(5)
Ko
L., = _[2‘[/\ —(bky = )%,

and m means the lepton mass.

In terms of (4) and (3), the differential probability takes the form

a? 2 :l: (11 lm k* , M k?
= — W 1 + + Ry — ——(l - R 6
dl 3._,7‘_‘ . ( ?lké+J ¥ (1 1“)} (6)
e L i a2
= k* //\mu y = BV 0<e <d) k2, = C2M—m,)*,

R (EY) = W, (k) W (&?

- Y TM% 4k~ l';zmu — &*
S T i__”” Sy g e —{(2M +m)* — k7).



As a result, the differcutial probability d*T'/dzdy that characterizes the Dalitz dis-
tribution for the nucleon-antinucleon annihilation at rest to a lepton pair and the pion
is symmetric with respect to the change E, <= E_. This has to hold always in
C-invariant theories.

Moreover, if the dependence of the probability 2T /dzdy on variable z is dynam-
ical in origin, i.e. it is determined Iby the k?- dependence of SF’s W; 2(k?), then the
dependence of d?I'/dxdy on variable y is pure kinematical. ‘Therefore, by investigating
the y-dependence of the differential probability of NN — nl*l~ process, one can de-
termine the quantity Ry, the ratio of probabilities for production of longitudinal and
transversal virtual photons in the NN — mq* process. The fact that the probability

d2T /dxdy at a fixed value of k% is quadratic in y,
&7 /dzdy = a(k*) + y2b(k?),

is a consequence of the one-photon exchange mechanism applied to the reaction under"
consideration.

Consequently, the manifestation of that y*- dependence has the same physical rea-
son like the cot? Z "+ dependence of the differential cross-section of e N — e™N process
(9. is the electron scattering angle in laboratory system) or the cos? 9 dependence of
the differential cross-section of e¥e™ — h + X process (h is a detected hadron, X is
a nonregistered bunch of created part\cles and ¥ is a detected hadron angle related to
the three-momentum of the electron in the c.m. system of ete” collls1ons) and that
physical reason is the one-photon exchange mechanism of all afore-mentioned processes. l

For a real photon k% = 0, therefore the quantity W,(0) determines the probability -

of the real-photon creation in NN — 7 process as follows:

W, + W, Br dq AM? —m?
ny = (2n)'e 2——"—‘—!‘!/5(}7 q- L)(z )3%(—9;)72? WI(O)T‘

Using this expression for I, one can obtain the Dalitz distribution for NN = =ltl”

process (8]

dT-  « ,. dedy  M? 4m? K ,M? k2

= ) 1+ o Rt - Rl (T
T, 4”HT(L )z\/’?a 2M+m,,[1+ 2 +RLkg+y kz( Lkg)] (7)
where

RT(Ic’)‘= W (k%)/W1(0).



\So, by investigating the energy distribution of leptons in the NN — rl*i~ process
on the Dalitz plane one can determine two very important quantities of the electrody-
namics of hadrons, Rr{k?) and R (k?), which at the same time determine the encrgy.
spectrum of pions in NN — xi*{~ i.e. the result of integration over the lepton pair

|E|dE,

02
dI‘l#_l— = gﬁlﬁuwﬂum

df (8)

/L dshcf’kg&(k by — k) = (=g + kk)?.’[(ktf.g 2, /1 - 4m? )

"2E_2E, k? TR
As a result, the k? - distribution of NN — xi*{~ process is obtained in the form
dlye-
— /Ty = —”Rr(k’)(lo(k’) + Ry (B L (K], (10)
where ‘ o
3

L=1 1+2 ,/ and? 1M
a: w’

m? k7 41112 &}

= 5042 gVl 2

and
‘ w = M(l M"‘)

To find the coefficient of internal conversion for NN — xl*I~, which is equal to
the ratio of the total probabilities of NN — #xi*I- and NN — =4 processes, one
has to know the.k? dependence of Ry(k?) and Ry (k?) qhatntities. In the next sections
we calculate just Rp(k?) and RL(k?) by using a tree-diagram approximation of the

corresponding amplitude.

3 ''Electromagnetic current of the NN — 7v* tran-
sition

- The structure of the EM current J of the NN — ny" transition in the case of S - state
annihilation can be restored generally, starting only with the P - invariangc of EM
interactions of hadrons. By using a two-component spinor formalism for describing N
and N, one can write for J the expression

- =

J = o} [id x kf, (k )+kf¢ )} (11)



The amplitude :/}(k‘z) is a form factor of the virtual photon production of the dipole
magnetic type in NV = 19 trausition. the amplitude fi(4?) is a form factor of the
production of the longitudinally polarized virtual photon of E -type.

Both FIs, fi,. are complex functions of &7 (in the time-like region) for k2 > k.
where k2, can be found from the unitarity condition. taking into account symumetry
properties of the LA current of hadrons.

The quantitics fi{f1) deseribe annihilation of the NN system with the angnlar
momentuin [ = 0 and the total spin 8 = 1{0). The svstem pp (iin) possesses a definite

C - parity defined by the relation
(= (="

‘Therefore, as a consequence of the (' -parity conservation in processes pp — %47 and
iin — x%4", one obtains

filk*y = 0. (12)

The latter relation has to be fulfilled for any mechanism of those reactions in the whole
kinematical region of k2.

An experimental confirmation of (12) could lead to:
e verification of (7 - invariance of the electromagnetic interactions of hadrons

e verification of the hypothesis that the annihilation of antinucleons at rest is re-

alized in the S - state.

Systems (pn) and (izp) do not possess a definite (- parity. but they have a definite

" (7 - parity determined by the relation

= (—I)I+S+I.

where I is the isotopic spiin of the NN system. Taking { = 0, [ = | for pn and up we
obtain that i -parity of the singlet state is negative, and (7 - parity ol the triplet state is
positive. Accepting that the (7 - parity of the pion with an arbitrary charge is negative,
we find that the FF fi{(k?) corresponds to the creation of an isovector virtual photon
and FF f,(k?) corresponds to the creation of an isoscalar virtual photon. Therefore,

Imfi(k?) # 0 for &* > in? and T fi(k*) # 0 for &% > .



Consequently, pn --» 775" and np — 774" are described by two nonzero FI7s with
definite 1sotopic properties.
These predictions of symmetries for processes of the creation of charged and neutral

pions in NN — 7%~ are very peculiar for polarization effects.

4 Calculation of f,(k*) and f;(k*) form factors

To demonstrate the sensitivity of the differential probability of NN — #l*I~ process
to the EM structure of hadrons, we calculate the form factors f,,(A?), using the simple
tree-diagram-approximation model shown in Fig.2.

To "justifv™ the latter model, we would like to note that the poles of amplitudes,

corresponding to the exchange by the nucleon, are very close to the physical region
s—AMP=u—-M=ml-2ME, <m? - 2Mm,,

where s = (k- p))%, u = (k —py)?. So, a minimal shift of the pole from the physical
region is determined by the pion mass, namely, the mass of one of the lightest hadrons.

One has to stress that similar pole models (Born approximation) are used more
or less successfully in the crossing channels to the process under consideration, i.e.
in e p — e nxt and 7~p — nete” processes. For these reactions one can show
two kinematical regions of invariant variables, in which the Born approximation is
commonly used.

One region corresponds to the threshold of "N — N7 reaction, where the effective
mass of the (N7) system is very near to the sum of pion and nucleon masses and at the
same time the invariant variable &% can take arbitrary values of the space-like region
momentumn transfer. For the inverse 7~ p — ny" process, the latter region corresponds
1o the capture of slow pions on protons, where values of &% (in the time-like region) are
restricted by the condition k* < m? + 2Mm,.

The second kinematical region of N — ¢ Nr and 7~ p — nete” processes
corresponds to large values of the invariant mass of the # N system and at the same
time to small values of the invariant variable ¢ == (k — ¢)%. Just a small value of 1 is

responsible for a close position of the pion pole to the physical-region border, and as a



consequence, the contribution of the corresponding diagram increasses.

Measurement of the cross-section of e”p — e nx? process in both these regioxﬁ
was used for determining of the nucleon and pion EM FF’s. Especially, the high energy
region was used [1] for determining the charged pion FF in the region of the space-like
motnenta ’trausfer (up to very high values of [&%)).

The threshold region of e=p — e"nw and 77p — nete” reactions has aroused
a special interest in the verification of threshold theorem predictions (of the Kroll-
Rudermah [9] type), and also in the verification of model predictions based on current
algebra [10]. This interest has grown especially after obtaining very exciting results
{11] on the cross-section of the photoproduction of 7° - meson on protons, yp — pr9,
in the threshold region, where experimental cross-sections appeared to be substantially
smaller than theoretical predictions. In brinciple, this problem can be connected with
the "spin-crisis” problem [12] in clarifying the asymmetry in scattering of longitudinally
polarized muons on polarized protons.

When returning to the jm — my* process, the EM current Ju, corresponding te the

diagrams in Fig.2, takes the form

E+M 3 P,
\/ig,ru Pl)[‘)’s—*“—iﬁ(hn% 2A[U#uk)+ (13)
Fy, k- M 2 + k
+ (Fpnt 2M%uk )(‘hW‘stLFﬂs(kiq) ) ](Pz)

where g, is the # NN coupling constant (for a pseudoscalar variant}, Fy is the charged
pion EM FF and F 5, (F1,25) are the neutron (antiproton) EM FF’s.. As a consequence
of C - invariance, the relation

5 )
Fy o5 = —Fy g

is valid.

For arbitrary FF’s Fy,, Fi, and F, the current (13) is not conserved
. k- J = VBgei~p ) 1su(p2) (Fr — Fin+ Fip) # 0.
The coxiservat.ion of the ]?‘M current is ensured only when the following relation
F, = F,-

holds valid among FF’s, which, however, is not realistic at any valpe of k2.



One can achieve the conservation of the cnrrent by means of a procedure which is
commonly used in the investigation of inelastic scattering of electrons on nucleons and

nuclei. We mean the transformation
J J = ku k-J
wd, - ﬁ - J,

as a result of which one obtains the conservation of the current J,. However, in
the latter transformation, one requires the divergence of the current J,. An attractive
property of the Born approximation for NN — 7+ process is the possibility to calculate
just this current divergence k- J.

As a consequence, for the threshold amplitudes f; (k%) of NN — x*4" process one

can obtain the expressions

b s E|M
SO0 = —av gl L (1)
A

filk?) = 42, 'f'M (F‘”’+ F‘"’) 2v2 g,,F(k’

A7 72V M (F +2F"),

(15)

where
) _1 w0 _ Lopp .
Gl = 5(Gh + Gh): K = 5(Fly— Fy) and Giy = FY + £

is the magnetic FF of the nucleon. ‘

As one could expect from considerations in the previous section, f;(k?) is determined
only by the isoscalar part of the magnetic FF of the nucleon (M1 transition) and hi(k?)
is determined only by the isovector parts of the Dirac and Pauli FF’s and also by the
pion FF F, that is of the isovector type too.

We would like to stress the characteristic threshold behaviour of both FF’s for
1§ -0

fulk?) = [F = VR = k2.

In case of the production of neutral pions in the pp — 74" process, as it was
clarified earlier, there is only one nonzero FF F:(k?) that in the framework of the Born
approximation is determined by the following relation
|FM

=) v()
f! (kz) 4y C P( ) _._ Alg

(16)

10

-



5 Numerical evaluations

To find the &2 - dependence of the diﬂ'erentialiprolml)ility of the N\ — =l*[~ process.
one has to derive relations between the structure functions Wi(£*), W (k?) defined by
the expression (1) and FF's fi(k?). fi(4?) defined by the relation (11).

Starting with the general structure (1) of the space-components 117, of the hadronic
tensor and expressing them through a product of the EM curremt J parametrization
(11) for the NN — 797 process and its complex conjugate form. after averaging over

polarization states of N and .V, one gets the following relations

. | N R a2 -
P IR = SR ”'z(k'\=%|.h(k')l“. (17)

We note that these formulae ave of a general character and they have 1o be valid
for any mechanism of NN — 197 processes.
process, the effective

In the framework of the Born approximation lor the pp — z"+"

mass spectrum of produced lepton pairs in the jip — = process will be determined
4

by the following (‘xbrossion

dU(pp — w°1¥17)/dx
dU(pp — 77r")

Gtk g, # )"(2;\/‘-,,,,..)'-' | A I+'.Zm'2)‘
M (0) 1M — 2 k2 - k2

"'_: RY2S

As il has to be in the general case, the expression (18) turis out to be zero'on the

= (k) = (18)

borders of physical region, i.c. at @ = 1 (the maximal value of &% at = 2M =)
and at

am?

T =20 = G (the minimal value of &% at A% = Am?).
.

Therefore, the integral cocflicient of the internal couversion e = '(pp — Y Vpp —

7%4) is determined by the formula

11



Cro(pp — 717 ) =

64 1 . A.‘.‘. -2 ()AI _ ,”_)2 im?2
= —-- . 1v _ & ” _Ams ¢
In /, “ (1 402 — ,,.3) %) Vi- 3z (19)

Dy 2 .2 .2 3/2 w2y )2
,(1+"'_’i_ 1 - k - (1__ k ; ('Al(k )
k2 (2M — m,)? (2M + 1, )2

G, (0)
As a consequence of the characteristic Coulomnb singularity i, the integral coeflicient

¢or Will take its value mainly from the region & = xp, from where onc gets the well-
known estimation [3]

C_"fot([*'l_v) % %ln(‘lﬂl/ru) (20)

that does not depend on the EM structure of nucleons.

It follows froni (20) that the coefficient of the internal conversion for the pp —
mPut i process with production of a muon pairs will be smaller than the coeflicient
of the internal conversion for the jip — 7%*e~ process with production of electron-
positron pairs and
+

cralpt ) eulete ) = (lnm, fm.j~". (21)

*
An accurate integration in (19) confirms the previous rough estimations, as it will

be shown further.

The effective mass spectrum of I*1~ produced in the pp — '7°1*{~ process is calcu-
lated by means of (18) and by using two unitary and analytic VMD models [13,14] of
nucleon EM FF's which differ from each oth_erA by the sequence of incorporation of the
correct FF analytic properties and the method of incorporation of the asymptotic he-
haviour as predicted by QCD (up to logarithmic corrections) for baryons. 'l‘l;e results
are presented in Fig.d and Fig.1, respectively.

The corresponding values of the integral cocllicients of internal conversion are

R ol o 4 - OM . 0.0723
wlpp = 7 ) =
- NM : 0.0627

and
OM . 0.0813

NM: 00717

Crot(pp — 7r°e+e') =

12



where (OM) means the old model [13] and (NM) means the new model [14] of the
micleon EM FF's.

The effective mass specirum of lepton pairs produced in the jin — x~ I+~ process
contains, besides the information on the isoscalar magnetic FF of nucleons, the infor-
mation on the isovector Dirac and Pauli nucleon FF's and the pion FF as well, as it

follows from the relation

dl'(pn — =~ I*17)/dx

— 7Y L2 - 29
L(pn — 7-7) =07k (22)
a |6Wuy| (1 R )"2 (@M —m)? [ dm?
G o) , 4M? —m? k2 k2
2mn? 1.2 k? k? 32
N i — Ry U A pp—a—
k? 2/\2 (2M —m,)? (2M + m,)?
where
k s—M?* s~
)2 () 0 ) o _ o (v} (s) k)2,
Ri( ) F +2MP 2F"t—m?, 2 ([ + 2F7Y) /IGM( )
and

AM? + k% — m?

1M ’
Since Fr(0)= -1 (there is a negatively charged pion), 2F1(”)(0)=l, then‘the 7 sin-
gularity in the ratio Ry will be cancelled. The behaviour of Rp(k?) (the F,-(k?) is ‘

k():

taken from [15]) is presented in Fig.5. The effective mass-spectrum C"")(k?) is graph-
ically presented in Fig.6 and Fig.7. The corresponding integral coefficients of internal

conversion are

~ - OM : 1.3625
Ca{fn = T T u7) =
NM : 0.8032
and
OM : 1.3799
cot(pn — 1 ete™) =
1 NM: 08149

The quantity Ry is sensitive to the relative phases of all three isovector FF’s Fl("),
F.‘,(") and F,. Therefore, its experimental determination as a function of k? appears to
be very important in reconstructing the EM structure of hadrons in the region of time-

like momenta. However, to separate coutributions of Rr(k?) and Rp(k?), one has to

13



investigate the y - dependence of the differential probability d*I'/dzdy of pn — n~ It~

process at a fixed valuc of k2.

It is extremely useful to rewrite the quantity Ry (k?) into the following form

. 1 k2 4+ m? k2 . '
Ru(k?) = |GW + (1 - =225 B 4 Pl — s 23
L) R ey v R R Uy v (23)
AME —m? - k? v : As) e
I (R 26 /IGR U =
1 k2 4 m?
— ~{v) T
401 M?

2
+ 8 (Fr + 'ZF‘(”’)] /16 ()2

{v)
[h‘) + 2F"4M2 —m? k2

Since Fé")zl.gﬂ, there is a strong compensation ()f'Fl(") and [, contributions in

Ry (k?) for relatively small values of k2.

6 Conclusions and summary

We have theoretically investigated the annihilation of slow antinucleons on nucteons at
rest into pion and lepton pairs with the aim of possible experimental determination of
the nucleon EM FF behavidur in the unphysical region, i.e. in the region of complicated
behaviour of FF’s caused by the resonance formation. Since, in a process of that sort,
the capture of slow particles on other particles at rest is essential and therefore, instead
of the cross-section, the decay probability of a bound system is considered, we have
first clarified the structure of the differential probability of NN — w{*{~ process. It is
shown that the latter generally depends on two quantities, Rp(k*) and Ry(k?), to be
expressed through two corresponding structure functions. For the calculation of the k*-
dependence of Ry(k?) and Rp(k?), we have used the tree-diagram-approximation model
for the NN — =ltl~ process, in the framework of which it is clearly demonstrated that
the process pp — #%*I~ is completely described by means of the magnetic FF of the’
proton. Al the same time, the description of the jm — 7~ I*I™ process, besides the
isoscalar magnetic FF of the nucleon, contains also the isovector nucleon and pion EM
FF’s.

By using two unitary and analytic VMD models of tlic nucleon EM FI’s and the

most accomplished up to now pion EM FF model, we have finally predicted the eflective

14
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Fig 1.: Diagrammatic representation of the amplitude of annihilation of slow antinucle-

ons on nucleons at rest into a pion and a lepton pair.

Fig 2.: Tree-diagram-approximation of the amplitude of the NN — 777 process.
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mass spectra of the lepton pairs and the integral coefficients of internal conversion for

- n‘il*l'" and pn — 771" processes.
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Oybuuuxkosa A.3., Oybuuuka C., Pekano M.IL E2-95-306
Hccneaosanne HYKJIOHHBIX 371€KTPOMAIHUTHBIX HopMbaKTOpoOB

B Hebu3MUeCcKoit obnacTv npu nomowu npoueccos NN — nll™

T1poBOAMTCA TEOPETHYECKOE HCCIIefloBAHUE NPOLECCOB AHHUIWISLMH HYKJIOH-
AHTHHYKJIOHHOM 1apbl B HOH W JIENTOHHY0 napy. B nanHoii pabote BoiBeneHa obuias
cTpyKTypa autbdepeHUMaTbHOH BEPOSTHOCTH aHHHIWIISALMH MEMJIEHHBIX aHTHHYKJ10-

HOB Ha HYyKJIOHaX, T.e. npouecca NN — [l , BhluMCleHA CTPYKTYpa 3/1€KTPO-

— 0. x o
MarHUTHOTO TOKA [pouecca pp — Y B S-COCTOAHHM W MOKa3aHbl 00LiKe CBOHCTBA
cooTBeTcTBYOIUMX hopmakTopos.Jlanee, HCNoNb3yst NTPUOAUXEHHE IPEBECHDBIX AHa-

= 0

rpamm, 5TH OpMpAKTOPBI BBIYMCIIEHb SBHO. [ns npouecca pp — T [ nokasaHo,
YTO OH MOJIHOCTBK) OMHCHIBACTCSH MATHHTHBIM (pOPMEAaKTOPOM NPOTOHA B HEpH3HYEC-
KoW obnacti. M nocnennee, nokasan cnektp ek THBHBIX Macc M MHTErpajlbHble

. — 0 — -
KO3(hPULHEHTHI BHYTPEHHEil KOHBepcHH npoueccos pp — T wpn - [T

PaGora svinonsena B Jlaboparopun reopernyeckoi dusnku um.H.H.Borosnobo-
Ba OHUAHN.

[penpunt O6beMHEHHOTO HHCTHTYTa sillepHbIX HecnenoBannid. Jy6ua, 1995

Dubnickova A.Z., Dubnicka S., Rekalo M.P. E2-95-306
Investigation of Nucleon Electromagnetic Form Factors

in the Unphysical Region by Means of the NN — ntl*I™ Reactions

A theoretical investigation NN 5 al'l of processes is carried out. First,
the general structure of the differential probability of annihilation of very slow
antinucleons on nucleons at rest into pion and lepton pairs is derived, then

the structure of the electromagnetic current of NN—)TW* transition in the case
of S-state annihilation is restored and general properties of the corresponding form
factors are demonstrated. Next, by using the three-diagram approximation
of the amplitude, those form factors are calculated explicitly and for the special
‘process  (pp) — nOY* S they are shown to be completely described
by the magnetic form factor of the proton in the unphysical region. Finally,
the effective mass spectra of lepton pairs and the integral coefficients of internal
conversion for the pp — 'l and pn — w I'T" processes are predicted.,

The investigation has been performed at the Bogoliubov Laboratory
of Theoretical Physics, JINR.
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