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‘1. Introduction

In' recent veers scme theoretical /1 , 2/ and experimental /3/ investi-
cations were performed , devoted to hydrogen-1ike exotic atoms ﬂeh consist-
ing of lepton E and unstable hadron R . These considerations are interest;
ino , for example for pion charae radius determination by measurinq the
Lamb snift in (pdkaton. The fine structure and Lanb shift of the (u)-
atom eneragy levens were calcu.ated in Ref./1/ in one- and two-photon ex-
chanoe approximation including hadronic vacuum nolarizetion effects. The
contribution of the picn size to the full shift is of the order of 1%.

The (}JﬂTJ -atoms were discovered for the first time at the Brookhaven
Hational Laboratory /3/. They were produced in KL --ﬂ’um-f\) decay.The
theoretical consideration of this generation mechanism of ( 4dT)-atoms was
exanined in Ref./2/. The branchino ratio for thisraredecay was found to be
of the order of 107,

In this paper we consider another mechanism of the exotic atoms pro-
duction, the mechanism in which the €h -atoms are generated in two-part-

icte eN and uN interactions:

£(x)+~(p]—-ﬂ%(n,)+h'(p;} (1)




The auantities in brackets represent the corresponding momenta of particles
{atom) , and

2. The Cross Section

The process (1) in the lowest order in electromagnetic interaction is
described by the diagram of Fie.l.
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The corresponding invari. ' amp1i tude

>
ﬂ1 " an. {0) 'J_J"

484 - ' .
Gow kSl ge <h(p)h(R) AN (p)>, @
M
K'gi’_:sm B P = T:".!'Kl : C}-_-.K-K' is momentum tr ans-
ferr.l}o;[q-) is the atom Schrodinger wave function, I 1is the principal

quantum number. Since "",._.,(‘l'-}-\-'lz at T+ O , the atoms are produced in the
A -state, for which
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is reduced mass of the ﬂfﬁ. "
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In the incident lepton-nucleon c.m.s. (K +P = O ) for tae spin

averaged cross secticn of atoms production in the n-th excited state we havej

d8(n) (5.6) _ d°u |K,|
df Sﬁn’ﬁjﬁ‘]q"

(4)
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E,w =8(KFK:;+K9K/'.,+-Z+ 374\)),

Wav =5 £ <N (p)iAh(p)R (p) < h (o) K (pl)]i i)

3= (K+p)® . © is the scattering mole.
He introduce as usu2l /4/ the virtual photoproduction cross sections if
% »
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vhere Cf(q.) is the virtual photen polarization vectors (@ = +, 8=
¥
W= (p+ q,)a , 07 is the scattering angle”.
Usine the well-known properties nf %%%& followina from the P -

invariance and hermiticity of electromacnetic interaction , for the cross
section of the process (1) we have

d_é{‘l(ﬁl G} - d.é.-q. (WJ G‘J d6+" (W| G*J
ds M { da* &€ gar :
e 2 déoo(h“ue’} + 3 *__E: y d6+0 .9‘]
+[f.*-;}'—;:'* (1-€)] —gge— *+2V€len o (t-&J]RQ—@-@—-

(7)
* Troughout this paper the quantities in the f/f c.m,s, are labelled by % ,

the ones in the lab.frame - by ~- , and the ones in N c.m.s. are unlabelldd,
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In expression (7)

oy (8)
Llutt"}can pll K|
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& 1s the virtual photon polarization parameter
(9)
ity
Ex(4-= = )

where [K, s a transverse component of K (with respect to q’ ) in the

lab. frame (F = O ). #

dGabW6)
da*

Hote , that all structure functions
PsN-=>8¢ht k'

are measured in
Processes.

3. fumerical Results at Low Energles

Some si‘mple numerical estimates can be done if we take into account

that at '—"‘ 'O
*
d6 ¢4 ' W, G’} de (W, 9‘:] déﬂ.,o (Ws Q) =60 (10)
dR* do* dR* '

“here i%j{%ez:, the unpoi - ized cross section for the ordinary photopro-
duction:

K%-N“'—"h.*‘h.' (11)

. ,-tGev? o
LN -cottisions -9 <10 =t for Ke < 85Geyand all scatt.
erina  angles. From Mg << Mg, m, it follows that “-f-““‘“?l and
Q=K . hence the eN andi c.m.s. coincide. It 1s easy to show
that in the above mentioned enerqy range €22 O , and we have the follow-

ing simple expression for the cross section of the process eiﬂ*ﬂehfhl :

bdgm:
q*n>

dé) (3,6) de (2, 6)
do d8

de cal wlated the (&) -atoms production cress section in the ground

(12)

state using the expression (12) ad exrerimental cata from /5!*).

The predicted magnitude of the cross section for e*P“"ﬂeur + R
process in eneray range 0,3Ge < E: <0,6Gevant € =n,60,9 are
presented in Table 1.

Tale 1
The cross section of

e+p —Aeg + 1 process

0.3 0.35 0.4 0.4% 0.5 0.55 0.6
2
"‘°_"‘l3_tct.--___- I B e
6 =0 3.2 73 %6 7.9 7.5 7.7 8.5
B =860 2.0 1.5 0.9 0.64 0.5 0.46 0.47
Q=9 1.5 0.9 043 0.27 ‘0,21 0.17 n.19

s

In order to estimate u+p --ﬂ),gf n process cross section we note
that 2t 8= 0 , €=0 amd ‘q,z-v'lo'?ﬂ.:'for 0,6 Gev *E;*:f&\f.Thus
déab(W,6)

d*
photoproduction. Then, takino intc account (10) from (7) and (8) we have:

we again can determine from experimental d &a on

*) The experimental errors are not taken into account in numerical

estimations.




mip—+=RAug+n
dégy 3Bom?

2 = (6+7)-10

E) dtet at O,GGeV-:R:;:': 1 Gev

Using K+ photoproduction experimental data /G/ we obtain from Lao.(12)
g esp=Rektn” o
e m® i

2R e nszv<g:< 2,eGey

e+p = Aek +2°
dé (8 = 30°)

o ye 2 ~ o
= (04+18).10 £I  at 1,3Gev<Kg< 2,2 Gey

d& Ater

One can conclude that the extreme small valwes of obtained cross-sect-
fons and the large probalriﬂty of dissociating of fast hydrogen-like system
in the target material /7/ show that the cgns1dered mechanism of exotic
atom formation cannot be investigated experimentally at contemporary @ -
and J" -beans intensities.
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