


1. IntrOduct“iOI;l

~ Our interest to the hydrogenlike atoms was caused by papers {1]-[3]
where production_of the Coulomb bound states of various elementary
particles (elementary atoms) was predicted for high energy»prgcesses.
Till now three such atoms were observed: e*e~ atom from decay of

7° [4]-[6]; mp atom from decay of K [7] [9], 7r+7r atom from pTa '
interaction at 70 GeV [10]. ,
Interaction of such atoms with ordmary a.toms is'an essentla.l pa.rt
of those experiments. Especially for the n*#~ atoms whose observation
and lifetime measurement is based on accurate calculation of the ion-
ization (breaking up) probability at passing through the target where
they are produced [3],[10]. Todoso a great number of elementary atom
cross sections for various initial states is required.: -

" As shown in Ref. [11] [12] elementary atoms interact with ordinary
“atoms predommantly via Coulomb potential. So’ thlS 1nteractlon may. '
" be treated in terms of atomic form factors.’ -

The genera.l solution of the classical problem of hydrogenllke atom
form factor. was found i in the paper [13].  Using the group-theoretical
method the authors’ gave the exact ‘analytic’ formulas of form factors
for all transitions. However those formulas have a sufficiently compll—

. cated form, long ca.lculatlon should be done for each value of a tra.nsfer

- momentum. :

Here we give the 51mple exact formulas for the elastic form factor of.

~hydrogenlike atoms in the nS-states obtained using spec1a.l function al-

gebra. General formulas of form factors for dlscrete—dlscrete tra.n51t10ns .

‘ should be considered later. : ;

2. Formulas
Form factor of hydrogenhke atoms is wntten as

F@ = xw,.(r*n’ TE W

here ¢'is the tra.nsferred motmentum and U,(7) is the atomic wave func-
“tion. For the nS-states (prmc1pa.l qua.ntum number n a.nd zero numbersy
1, m) the ‘wave functlon is R EE R : "
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Here L} _, is the Laguerre polynomial, a is the fine structure constant,

pt is the atomic reduced mass (h = ¢ = 1)." Then the form factor is

written as

F, (q)

"3 exp( 2apr/n)( _,(2041 /n)) S’q‘f’ rdr.  (3)
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For S—states form factor dose 1t depend on a choxce of the quatlzatlon

a.xls Usmg the followmg substltutlons

‘2a;tr/n=:t : *-qn/2ozp Cogr=Agy ) (4)

one has -the expression

F (q) 1 /exp (——:c)( 1(1))2 sin A:c‘ 2d : - v» (5)

To evaluate the improper 1ntegral one should use the followmg relatlons ‘

for the Laguerre polynomla.ls (see for instance [14])

F(k + 20z~ k)

(e ))' 5”"*1/2)”"" —1/2), (2) ()‘;

smAz e cosz(¢/2)
sm¢

- 7%;5 (—z)ng(z)

X [(k + 1)sm ((2k + 1)¢) + (k + 1/2) sin ((Zk + 2)¢)] : (7) '

Here tan (45/2)

After substitution of (6) and (7) into (5) the form factor has the form

o) = Gt
[i T(k+1/2)[(n - k - 1/2)

k=0 T(k + 1)I(n — k) sin ((2k ¥ 1)’¢) + R

N }3 r(k +3/2)l(n —k—1/2) o ((2k + 2)¢)] ®

Tk +2)(n — F)

Nothmg is changed if one begins the second sum from ~1 and then
increases .index k. by..unity. After replacmg the 'sin functlon by the -

exponential one has-

e B b o g e A

cos(4/3) _
F’,‘(q)l o "mrsqu ; :
Ik + 1/")I‘(n —k— 1/2)

x Imf 3 xp (i 2k+1)¢) '

= o T(k+ 1)I‘(n
" Tk + 1/9)1“(11 —k+ 1/2) ) ,
,{v—;, T(k+ DT~k +1). ("’W’)} | ' ,,(9)
The sums in (9) may by e‘(pressed via hypergeometnc functlon gFl
' _ cos 2(d’/")
Fu(g) = 2nmwsin ¢
Im[l‘(l/2)lr:((n) 1/ ) ub F(1/2 1=n: 3/9 - Tl e2t¢) +
m/ﬁg n ;r)l/?) an<1/ ‘n:’i/z ~ né‘e""“’)} o (10)

After usmg the followmg relatlou for the Legendre polynomlal 4

F(n + 1/2)

Puleos ) = T+

-'"%Fl(l/ -mlf2=me),
-one has the expressxon .

cos (¢/ )

2n Sl

Fu() = 52 m [ ""“’P (cos )+ e_‘"¢P"_1(cos ¢)] (12)
Then one replaces back the exponentlal by the sin functlon Fma.lly for- -
the elastic form factor of the hydrogenhke atoms in nS—states one has

cos (¢/2) sinng

F()_- 20 - osing.

[P( 059) + Pa l(cos¢)1 ](’13)

Or it may be expressed via the Jacobi polynomial PN T

Fig) = SRS ponyogy )
n squ
For computation one may use well-known recurrence relations for
the Jacobi polynomial or for the Legendre polynomlals in (13) (see for -
instance [15]). Using obtained formulas one can investigate n depen-
dence of total cross sections for S-states of the hydrogenlike atoms.

The authors would like to thank L.L. Nemenov for encouragment of

- the work and A.V. Kuptsov for helpful remarks.
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