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This problem is a rather old one: s1nce the beginning of the cen
tury. We are go1ng to consider 1t aga1n 1n connect1on w1th the re
cently devel~ped optical methods for nuclear moments determination 
via hJperfine struéture measuremerits, based on dye laser spectrome
tera /1,2/. We a1m pract1cal cOnC!usions'about,atom1e flux and den
sity á1str1butions over space (sect1on 2) and veloeity (sect1on 3) 
in order to apply them in the Dubna laser spectroscopy group work 
/3,4/ for determinat10n and pred1ct1on of laser spectrometer parame
tera. Methods to do it wi!l be deseribed in another pub11cation /5/. 
We are go1ng to mention one of the last and still rather old refe
rences on our present problem /6/, and direct the reader to its re
ferences for older work, and a new publication /7/, where this prob
lem has been cons1dered again w1th the same purpose as here, both 
experimentally and theo~et1eallY(see end of sect10n 2). Our a~proach 

has sueceeded moreover to offar: 1) s1mple analyt1càl 1neluding in
tegral formulae easy for app11cations ~ectlon 4)t ?) valid1ty under 
min1mal llmiting aS6umpt~ons, the bas1c pf them formulated in sec
t10n 1, and thus also Ln exta-eae cases, l1ke,e.g.,laser ray ver, near 
to col11mator (section 5), '} s1mp11c1ty in genera11za~ion beyond· 
bas1e assumptions (sect1on 6). 

1. Bas1c.assumpt1ons 

The essential geometr1cal s1tuation is shown in flg. 1. The ato

~igí;l. Set up scheme: 1. atomic ovenj
• e~ collimator; 3. laser r~; 

4. tnteraction reglon (shaded). Fluot ~3,-rí<i·1 , rescence l1ght ls collected in a per. )/'~"":~'~"-T";-
!T 0", ._'_.LC~ _._. ~- pendicular to the draw1ng direct10n 

___ i_~--I-h 4 by a lens system on a'photomultiplie~ 
1nteract1on region length 2'L along
laser ray determined by the d1ameter 
of photocathode 'image v1a lena system 
on laser r~. 

3

m~e beam oven 1s at the left-hand s1de, w1th a sample to b~ evapo
rated inside, kept at an absolute temperature T [KJ. Our first 
aasumpta.on is that 1ns1de the ovan the vapo~ur.e P [pa} 18 
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the -saturated , one obtained from empirical tables /8/. ~his ma~ not q+= S + diz = [d/h , s>~=q- d/i:. =(e-h)d/fi (4) 

be so if the sample and/or its surface are not pure. The possible 
(b-;y ena.Logy , for a.IlJ letter an index + will mean addã.trí.onj and inhindrances like ideal solution laws and deviations from them due to 
dex -; subtraction of d/2 , e.g., d+ = 3d/2 • d_ = d/2) and withdiffusion inside the sample and/or to evaporation from the sample 
photocathode .image on the laser ray diameter 27: , determines thesurface have been discussed in an experimental publication of our 
notations:group /4/~ From P and T one can deduce the vapour concentration 

in the oven n: Lo = O } r, = rnin (d_) r) } ~ = min (g ) 7:) >

n -= PlkT (1) L3 = min (max ts, 5di2.)~ 7:) ) 14 = 1:'. 
(5 ) 

The following cross sections and·volumes will be used toa:
 
law with respect to ve Locí.try v in the oven, with. the most probable
 
assumed to be homogeneous in space r, and acco'rding to Maxwell' s 

s = 5;' v = .2!:.- &3 
o I o 'Ivalue: 

(6)
V. = ~ T. 7l 5 2 Z = f Z.o

I 
= 27.Ó

() t t '" I IU' = V.2kT/f.1, . (2 ) 

The geometrically seen collimator lenght ~ from a point at a 
where k is the Boltzmann constant; and M; the mass of the atom. distance r from the interaction region centre along the laser ~ 

Next comes the collimator, supposed to be keptat th~ same tempe is: 
rature in order to s~atter the atoms hitting his walls. We assume on o ~ r ~ CSh jthe second place that vapour pressure is low enough, so that for the 

h,. (7)mean free path À compared to the collimator length h , we have { hq_/r_} S' ~ r L. 

~\ ~ h • On the third place we suppose that diffuse scattering of 
) atoms'from eollimator walls according to the cosine law takes place. The real collimator cross section is õ , and the geometrically 
r Quantitativel~, if we denote b~ f- the ratio of scattering to ref-

L
seen cross section ~r from a point at a distance r for a squar-e 

l ec t i on plus scattering coefficients, then ~ ~ 1 • Also n = hole is: 
. n(h is linearl~ deereasing along the collimator /6/. Selfconsis O -b.. r ~ d_r) 

tency reguires that it decreases from n fdr hr = h to O for 
d ~ r ~ q .h = O , and determines ·the collimator transmission. - (8)s; ={:C 1- c1í'-)r 

The laser ray intersects the atomic beam in, and the fluorescence 
~ r L.. ~ 

Cflight produced is focused on the photocathode from the so-called
 
interaction region with a cross section S perpendicular to the
 
atomc beam axis and a volUme V, as follows:
 

Under the above mentioned assumptions the ratio of atoms, scat
tered from collimator walls, to ~irectly passe4 through collimator,

/1 0 = 2rõ V = z: 7( 6 e (3) 
on the laser raj' 'at r ~ ~ /2 is de ,where :~ 4 

o be compared wi th an infinite plane area Só<:) at 1>..> h ,d ori Je = 1/ Ç?, é = f(e-h) = 9+lq- (9)
de - ;;(0 é ) o 

ented in the same waJ, and wlth an infinite volume Voo with base
 
. S Do and thickness f 5 .
 U "I ze o = 1/2 for a square collimator hole (or Je o = 2/ Jr for a 

The,interpla~ Of).c.ollimator diameter d with atomic beame round hole).
diameter on the la.; 29 : 

\- .... 
1-' 
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2. Space distribution 

Let us denote b~ p (S){r) the number of atoms passing in unit 
time a unit area of a plane, containin~ the laser ra~, perpendicu
lar to the atomic beam axis, at a distance r ~rom the interaction 
region centre (the·flux)i and by ~(V)(r) j the number of atoms in 
a unit volume at tne sarne place (the densit~). We introduce the no
tations, necessar~ in the following: 

'O
,I X-tf.O x bX 1 ' x llXII =- -1 (10)'{'X) O'~ x { X J ~'-t. 

r -o~ r:!f:d_
J

Z 
-< 9" - d:P = 

I d_~ r ~ f (11)s-
r; 

J f~ "~oo 

valid also for r changed to ri' 

t; = !)( minE 1) 3/(,2 E,} , r+/(c t )1. (12) 

Also: 

• f(X) 1 +.x 
;, 

J g(xJ = are tq ix) (13) 

(5);. O"' (vJ ~ -n-'20 = ,~ mr -e.a ) . o 2 - 47f ez 
vJr 'fi! 

~14) 

rz 2 n =- J!Z .s = ) V 

With these notations both flux and den.it~ distributions becomer 

(~.v) (5,V)J 1 - ;:/f- - r:h?+~ (15 )'lcr)=?D I [f O' It)]"s, v é u:rc/ i;.Jts,v 

+de Ir; / ç+-11 + se d_ ~ T.;: / q.J -}
r; [f{r/~)ns,V [1-(1- r:/f-J] .[f {~I e;.J1 nsy 

Note that (15) and further formulae for velocit~ (20) and integral 
(Appendix) simplify if the collimator finite dimensions are neglec
tedr h« 1 • 

àiS.lt S~ace (r) dlstribution of atomic 
ens y (15) PM(r) in a normal 

caseI 1 = lQO, h = 10, d = 1 , 5 =(1 

f'O"

'0'2

'0'
 

1 (1, circles),. and in a case of laser
 
r~ extreme13'near to collimator exitl 
1 = 11 ever~thing else the sama (2,
squares~; alI distánces in mm. Both 

:>: are presented w1th scattering from col
limator ~ ~ O (solid l1nes) and 
w1thout i t se = O (dasaed lines). 

To get an impression about their behaviour, ane of the space dis
tributions is 8hown in figo 2. As one can see, increasing 1 in
creases the linear broadening both with and without scattering from 
collima~or walls. Scatter1ng makes tha distributions much broader in 
both cases presented. Without scattering the~ disappear at ~ ~ r 
and are similar in angular units at r < q • In the case of nor
mal distance between collimator and laser r~, the den6it~ near to 
the atomic beam axie (r ~ O) is changed insigni:ticant11 when 
scattering ie included. In the opposite case of a laser r~ extreme
l~ near to collimator axit differences appear. Th~~ are especially 
evident a~ r ~ O : the densit, i8 significantl~ increased with and 

m08tl~ d\lC to scattering from collim~tor walls. 
We take for comparioon the experimental information for the angu

. lar diatribution width at half h~ight from'fig. 14 of ref. 17/. In 
~he cases h/d = l~ and h/d = 7 the experimental data are 4.70 

~d 8.10• Theoreticall~ by a Monte Carlo method in ~ig. 13 of ref. 
17/, the sama authors obtain 2.80 and 5.80 • Our calculation 
glves 4.80 .and 8.60 • This means that the discrepanc~ between 
theor;y and experiment, mentioned b~ the authors of ref. 171,' is 
'avoided here. The reason for the better agreement of the preaent re

5 
4 



sults with experiment maJ be the fact that diffuse scattering is 
taken int~ account here. This phenomenon is suggested in ref. 171 as 

the origin of their discrepancy. 

3. Velocit~ distribution 

In the normàl case (see figo 2) the distribution over the rela
tive velocitJ u component along the laser ray to the one along the 
atomic beam axis is very near to that of the density ~(V)(r) if 
u = r+/l f-ar r ~ q and u = r_/(l-h) for q L r. However, 
in the extreme case differences occur. Moreover, in connection with 
the relation of relative velocit;y u to shift .1)} of frequenc~ 

y (first order Doppler effect): 

Uo JL.)) , (16)
.11> = d v'en ~ Vf (U ) c 

o 

where for the moment we can insert uo~ u (for Uo : see section 
4), the frequencJ t{hift distribution will be ç (u) d V propor
tiop.al to [f(U~ V '2 (V)(u)dv • This means that the denominator 
in (15) [f(U)] V will disappear in ç (u) : see '(20). It will 
make the frequenc;y distribution broader at high u. 

T~erefor~n;e are going to obtain the relat~~e velocitJ 
ç (u) [f(U)] du or the frequencJ ç (u)dV distribution indepen
dentlJ. First of all, the Maxwell velocitJ distribution has been 
approximatel;y taken into accoUn~ by the Jí;2 coefficient in 
(16), wner-e 2 Vln 2 ~ 1.665 • Th'en the finite dimensions of the 
collipator have been considered approximatelJ too. Let us introduce 

the additional notations: 

v;, d/h = ~+/e = 9-/(e-h) 
(17) 

Wo 
2d/(e-hj = ,(,(t- o v; 

(18)deu = de x min [ 1) 3!(Zt)) ~/u) 3 li;, /(íZ U + woJ] 

and 

.x-b:'lf-t-f+fU+f-1J.r 

I'
I h(x) - (é - f { ~ X .1+ - --=--- (19).. ~ X+E-! 

"'1 

6 

witn (10) and these notations, the numerator of the relative ve
10citJ, corresponding to the frequency distribution, becomes: 

ç (u) = ç,{ i i: u/o; + Jé'u h(li/U;J]- (20) 

This distribution i8 shown in figo 3 for the same cases as the 
space one in figo 2. One can see that the normal case distributions 

in figo 3 are simiÍar to those in fig.2,~~ 
lO' 

i except that the one with scattering 

l'ip;.3. Fl"equ,ency shift L1}) or numera
~ relative velocitJ u diatribu
tion (20) C; (u ) • The rest as for 

,
I
I 

10-2 

~1l-1 
v figo 2. 

I,
 
10-3~ --L
 

• 10 10-1 tl 0 lO' 

becomes broader at high u , as espected above; without scattering 
both cases completel;y coincide, disappearing at v ~ u • In theo . 
case of extreme nearness a similar broadening with scatterig in fig.
3 compared to figo 2 remains at hlgh u. But at low u the beha
viour ia rather-different:. e.g.,t~e ài~ificant rise of the curve 
with scattering as co~par~d to that without it in figo 2 becomes 
much lower in figo 3. 

4. Integral guantities and DOEEler width 
<, 

We introduce the integral flux of atoms ~ through the infinite 
\11 

area Soo , i.e.,in all directions (total flux), and the integral 
number of atoms e in the infinite volume V~ (total number): . 

yJ =}2(S)dS} f} =!7(VJdV. (21) 

S~ V~ 

We alao introduce the integral flux of atoms '.P through the inte
raction region cross section S (local flux) and the integral num
ber of atoms X in the interaction region volume V (local number): 

I 
. (5) J (V) 

(22) 
111 

'f' = J2 d5 t = 2 dV. 
.s V 

7 



Both integrations can be performed numerically by using the space 
distributions (15). However for the user it is preferable. it simple 
analytical for.mulae could be obtained. Such formulae are given in 
the Appendix. The lntegration in (21) can be performed immediately. 
The integration in (22) contains approxímations in order that the 
final.tormulae maJ beeome long, but remain simple to use. However 
care has been take~ that the final formulae do not lose the quality 
of (15) to take into aeeount the finite dimensions o~ the atomie 
beam collimator and laser r~. 80 they remain approximately valid 
even in the case af a laser ray extremely near to eollimator ex1t. 

The Doppler width in terms of relative velocit, u is defined 
as tull width at half maximum of the frequency distribution. Without 
taking tbe finite length of the interaction region for the moment 
into account, this definition gives t4e equation for u : 

ç (u) = : C; (OJ. (23) 

This equation ~an also be solved numerically by using the frequency 
distribution (20). But it is again preferable to obtain the solution 
analytieally in a simple form, without losing the quality of (20) to 
take into aceount the finite dimensione ot the atomic beam collima
toro Suéh a formula tor the solution u ot (23) ls given in the 
Appendix as well. 

However, tbe finite length 21:' ,of .the interaction region impo
ses an upper limit t on the active relative v~loclties u yiel
ding cdrreaponding frequency shifts ll}) • This limit t ia alao 
found in the Appendix. Then the real trequency distribution will 
have the width (16), where 

UQ = mín (UI t). (24) 

5. Numerieal resulta 

Calculations of alI the integral fluxos and numbers (21, 22) and 
of the Doppler widths (16), by using the Appendix, are shown in 

figa. 4 and 5. Let us note that '{J/~ and x/o yield two defini
tions of the collimation effieiency, rather near to each other. Also 
the variationa of the numbers . e and X with ehanges of the para
metera..àre rather near to those of t~e :rIuxes 'fi and :P respecti 
vely. Theretore on~y numbers and widths (but not ~luxes) have been 
demonatrated in f'lgll. "4 and 5. Due to the logarithmie vertical ecaLe , 

~ (a) Total number ot atoms (30) (j 
10-1 

1-

-atam (horizontal lines at unreal 1 ~ 'h{O! 0

""~_,,o 
':,- .,---- i '~2110' ean be erolonged to any real 1 > h 

since O, doea not depend of 1), local
lO' ,;..-----.-~,. " .•105'''''~ number at atoms (38)lI'ith (31-~?) X atom 

1 (curved lines at real 1 > h. ), and 
----t>,.....:lOJt":~.-------.--.-". , I (b) Doppler width (16) with (24, 39, 40) 

1\
 10 -+..
 
2 ~ v 11Hz (a horizontal line above ia the 

fla1001 maximal L.\}) a't the accepted v ,).J ) . 
la' h.o;--:·-----~·n ..---m-----~1"" dependencies on diatance of lase~ ray to

J collimator entrance 1 _, tor dif:terent 
eollimator lengthsl h =0.1 (eircles),
h =1 (aguares), h = 10 (crosses), 

..... +-+ . ..- q h = 100 (x's), at ~ atomic beam collima
.1 "'~rr tor diameter d =1 , a laser ray diameterL .~ .l' Õ = 1 , an interact10n region length 

li

, 2'2" = 6 ; alI diste.nces in mm. 'With
 
"(l-1 - 100 lO' 10 -cP atomic scattering :trolll col~imator 1I'all.
 

de ~ (aolid lines) and without it
'.
I 

O 
qe • O (dashed J,ines). Por It abandar-d" 
~ ~ va (see eaption to the table ). 

'00

..Õ:I 
' 0 

3 
:";:

:::t:·~L.----+-o-----

10' lO'(al'll4f~l lOO 
:lig.5. The same as torfig. 4 e:xceptl
eõTII"'mator diaJlleter d = 0.1 mm , .xtrapo

] lation (dotted lines). 

h'O,1~~_.t~ 
h.' i the reciprocal collimatl~n etticiene, 

o- --- ------ ~ 9/ ~ i'8 pre,nted by the diat8.llce be
0-. • J10'
 

hd) 1 twe-en the horizo tal l1ne t-or () and
 
....- +~_ ..._ curvod line for X • its limit :tor 1 ~ 

h being 1 (O distanee). as it sbould b.~ 

From figa. 4 and 5 one can see the im
provement ot eollimation afticianc~ i/e at shortar dletanees I/d 
and longer collima:to:r's h/d aa ~xpected.. Howaver one aees immediate
ly that at real las~r ray to eollimator exit distances 1 - h one 
ean hardly expect an etticiency better than 1%,. The JIWl1bers of 
atoms with 8cattoring from collimator ..alIa are higher tnan those 
without , and become almoat the same ât high distaneos 1» h , 
bllt. ~haet:f'1cifl!1CilaB are .lowar and tend to 1. becoming almoat the 

i1 same, at 10.. d1stances 1 ~ h • 
One -obaerTes an improvement in Doppler wi4th .1.)) , i.e., in reso 

Bolution. at higner l/d. The Doppler widths ara better in the case ,..! without s~attering compared to those with it, more tor higher '. h/d , 
fi 
I 
·1 

l. 
8 9 

I:
 



'I 

.! 

I, 
"0 20~ 

.but onl~ at a low enough l/h, when the~ become independent of 
l/d • On the contrary, at high enough l/h, Doppler widths ar~ al

10'8 

m~st indepe~dent of h/d and of the, presence or absence of scatte 1'0'6 r·.1ring from collimator walla. I 

' .. 10't.Ii 
~ 

Total 'fi and local Y flux of atoms, total () and local X; 11 
number- of atoma (30, 38), Doppler width Ll» (16) with (Je t O) 

= 11 

CoIII
mafion 

d h 
mm 

I 
iII! 

low 1 1 113 lO 

=0 

hillh 0.7 7 111 ~O 

=0 

~. &-1 ~ &-1 e t 4JJ. Ioffz 

1.108.1Ó11 3.325.101 4.345.105 9.252.101 22.35 

4.755.1010 3.281.101 1.463.105 9.137.101 ' 22.35 

8.155.10 9 1.526.101 2.922.104 4.248.101 20.67 

3.591.10 8 1.350.101 
1.003.103 3.759.101 20.67 

Fig. 6 • Dependence of total flux 
I.p (f<>r one of both stable iso- , 
topes) of pure natural 3Eu on oven 
sample temperature T 6 (hlgh col
limation, with scattering ;;;e j: O). 

the total flux ~ over time. A 
ratio 1.689 was obtained, which 

and without (de O) atomic s~attering from collimator walls, for ~~,,\,,-----l~---,~ corresponds to a temperature higher
T.< - no collimatore with different sets of ,d , h ,1 parameters, ;1 

b~ l2 ó5 K • A corresponding cor-
called in ref. /4/ "low" and "high" collimation, Ó = 1 mm, 2r' = 6 mm, I', 

rection has to be introduced in alI flux and number predictions.f'
I! 
• l , 6. Generalizations beyond basic assumptions 

The first assumption of section I, about vapour in the oven being
 
saturated, can be checked and its violation taken into account expe


, .1 rimentall~. The wa~ to do it has been shown elsewhere, especiall~ b~
 
I 

our quantity c.(t) (6) of ref. ,/4/, giving the ratio of the real.~ 

~ : to saturated vapour concentration (for &=X in the notatiODS of 
~. that referenc~) and by the change:1015 Ca,lculation performed for "standard" values of (1) ~ = 4 x 

atom/n? and (2) V = 250 m/s • At ~ n and v, the values ofs n~nl= cLi l n . (25 )
( 

~ and ~ are obtained from those of the table multipl~ing them 
b~ nv/nsv~: see (14, 28), of a and ~ multipl~ing b~ n/ns : The second assumption of a high mean free patih A/> h is actuall~ 

see (14, 28), of Á~ multipl~ing b~ v/Va: eee (16). valid for low vapour pressuree P ~ 10-3 Torr, which ie the case 
in real situations /4/. However, if its violation might happen, one 

l can treat the case approximatel~ b~ the following changes:Nextwe give in the table alI integral fluxea 'fand 'J' , numbers I:
of atoms (} and X. (21, 22), and Doppler widths Li Y (16), for 

\ 

\ h~h' = h VAI( .-1+ h) 
two collimatore ueed in the real experiments of ref. /4/. One seee
 
the better collimation efficienc~ YJ/ 'f/ or XI e and its higher \ l~ ['

) 
f'-!L' = e-h (26)
 

improvement without scattering for.the eecond collimator, but the \ 
\
 

TI-----+ n' 71 V?t-/(À-t- h)
almost unchange.d Doppler width LlJ! in alI cases. 

To i~lustrate the rapid change of,e.g., ~ wi~h T , we present The third àesumption of diffuse scattering without reflection 
a calculation in fig. 6, according to the procedure explained in the J1 ~ 1 has been done in other publ í.catrí.ona /6/, and ie justified b~ 
caption"to the ~able, with the experimental correction, discusaed in ttie coincidence of the present theor~ with the experiment of ref./?l
the ,next paesage, included. for angular distribution wldths, diecussed at the end of section 2. 

Further we diecuBs an experiment to check our calculations with However if it ie violated, one can treat thecase approximatel~ b~ 
reapect to poesible errore in the empirical data about P(T) and/or 

the following changeB:
effectiv9 temperature located at another placa than the meaBured l
 

ona T with a eample of pure 63Eu 14/ . The total number of evapo r- h_h 
I 

= nu 
r:» I IJ l_
 

rated atoms hae been obtained exp~rimentall~ b~ weight measurements ê -* t" , t - h - L - n (2?)
U,
before and aíter oven heating and theoreticall~ b~ integrating n ~!l' = n. 

~1 11 
lO 

,l,I 



In particular, the case of reflection w~thout scattering )4 = O 
lfould be equivalent to dieappearance of the collimator (lt becomes 
like a par.t of the oven) f h ~ h' = O , 1 ~ 1/ = 1 - h .• 

Append1x 

W~ introduce the'~ollowing notations in addition tp (5, 6,9-14, 
18).· 

(J = -lI- nôo: (28)~ = Z{ir1 n 1/ ():' o 8 

and 

. Fr'-rJie G(~) = F(e}G(e) se = se « rnin [f I 3/(Zt)]. (29) 

By integrating (21) to get ~ • () in two dimensione, we obtain 

d1~ectlys 

~ ,.... ~ {(f- ;;f.)[ i - gfdlAJ] +;e 9(hldJ}
,o o d/h o h/d 

... 

(30)6. '-. ~o {I -(f ~Xo) tn[([(i7iJ+-d/IL] - Jfo f } 
d/h Vf(d/h) + d/h 

.) 

\ B:" i~tegratiJlfi (22) to g.t Y' • :x in a one-dimensional appro
%1lultion ·e..ionivthe laser r&:3. valid in the case 5~<. 2 ~, W'8 ob'tain. 

~. , 7: -4 i 
':P 7:'~'E y/	 X -L x, (3 1 ) 

o	 •. l-f) o . { f-f 
t:;: { " 1= 

O" 

T·he varioUB te~ins, 'à;r& .written as followaz .,.,' . 
:; 

'Pt; ~J- ':(5)5 fá .~~ r~ \v'r, / ir.,) +;.. • , f.. J 
ro .2 '20 ('J 1:oL r, l fr , f(r;lt,;) . 

.< 

~32) 

b1', [ { - { • J1
 
~+ To f(T,_/ei ) If'Ç+/ t,) IJ
 

. 

;1	 . 
!: 

j 

,r
 
l
 

I·II t, _ (VJv.[a t; . { _ + b1"[ ., - { J~ 
Xro - '20 , roVlfT,1 t ) To VI("J lT,) v'f{7í,ll<;1 Jli 

w1th
 
1:, - 

Q 
r,= Je '" + de 

di1)7+ s; = se r, fI I( 9+ T) (33) 
To	 O () f 

furtherf 
t 
.~ 

l r~ =- -.L (5) [a t ç r (f/l) _ (i/ r) + ~ / e~ - 'i;lfr, J
"-, e 20 5" T, L9 4 ~ 9 f 7:, Ir!;,/ t ) 

r I(T; / fr,) 
. :.l 

- bf, [ 1 {,J t- c;r { - ( i}
'L, I(t, / tr;} 

-

I(r; / f7.l) t . I(r,;./f-:) I(t:<~/ t-~)r

(34)
~ oc: (VJ t< {a Z".z [ i; / 1r" _ i;/ (i, j-


Xr, ?o , r, MU1r) VI(f,lf ,!

T.l 

tl 1 -1' ~ f {b' - +'C -	 J}
- T,Lu.> lO! .!r/:ID 1J " l/[(T.;f V/ir /I J 

. ! 
w1'th _ 

, c 

I, a"Ç- Ç+<f_fT-l'-~ + xd(f+d/4J!9:] 
~ 2 l . 

( ~ ~ (35) 
" 

b t"~ SJ-lr, fz-.l r.j + se d lo ] . c ~ = de Tr. 1; 1('1+ Ti)
't: 2 L.qc;, - J + r, , .zz;.., 

I )I Z"~ 
-. (-, 

.", and for i 2 3, 4
 
I
 

ri ! (S) f L: - ( 1 21(5'-(1-) 
1 (] 

I '1',,;., -2P Sz '\i~Jtn :1+ :1-1
) eT; -~ 

o 
i·'~ tTi I(.]t) - fr'.!-{~) -Ir ::'~) 

[T:.
( líi-f Pie' 

;1' 

12 \ 
13 



.-'
11 

I, 

~ f 

T,' - f +) _ s.
[ ( 

I( ~'1- ~ - -i =-- 3.
1:"/- fTí_f _ 'ti-f+er) 3

1..s: fn 
ri_I t'iJ+ <- f (~ -Ir), e;.

t-
f {( :/~) 

To obtain L1 j} (16), we have to find the solution U of (23):
[.[','_1 ~ t;

( (6) :! 
I 

: ~ 

-~(g( ?')_g("-I' ~J}' ,i 
06:Ub~: u=..i.!?!...-v 

c-f V 7;, ter"i -, 
~ fi o 

I ;;e ( -I)0<-= 1+ii(f-E- 1
) r: f--Z {+é 

ri' _ (v) {T,. r ~ - I + /f(~i-(:l 
t( ~,,;;;;; u~wo; u - [o( r (I i + e<. ; ~ t- I ) - t I~ XT;_, - 2. I;; Qri-ln(~' -t.:i- ) [ri ,/ 1 ] 

,-I. tr i 1+ N~~) !(~í -, +) -'I IX =~ Je/[1+3eU-é- f
) ] r : é- () r= 1J 

f1: e-r-1.,.. Jt : f 

ifa, ~~u: U the sarne
!(Li-f r ) 1 ('(. ) 

-~+6:'
 ,. [ 
1-/ 

'W:Íth 

Ti q_ 
cc =Jeí

Ti-1 q 

cc = Je/[1+ Je (f-é-')]-r:;:: -z f t ]~ fi c - f, r = f +-;5 I(2ot) .I ,- _-;=I.::=:'=-
Ir: V·.i:.'·) ;(-'-:+ ) Then we find the limit t: 

l.(_1 eT·.JI 

d/3 ~ -r+ d/» ~ q : t -= 1:r /t 

9 L. 1:"' + d /5 ~ 5 d/,2 : t =- (T~ + d/~)/[; (e -h)] 

Cf) Sd/t:? L:.. 7:+d/j ; t = (7:_ + d/s) I Cf - h) . 

r{ 1.=5'L" 
Ib . = se e ç- »: ) . (7) Both u (39) and t (40) are to be inserted in (24) to getfn (7~ /TjJ r uo'

1-1 ~ 'r:. 11: / =4L-I+ ~ ---= ) and u into (16) to obtain ~Y •oin (T_ /(3) (,+ 
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H"aAlKaKoB E.f.	 E6-86-23~ 
Konn~Ma~~R aTOMHoro nY4Ka 

CTapaR np06neMa KonnHMa~~~ aTOMHoro.nY4Ka paCCMOTpeHa 3aHoao B CBR3~
 

c pa3B~T~eM na3epHo~ cneKTpOCKon~~ a sAep~~~ ~~3~Ke. Ha~AeH~ paCnpeAeneH~R
 

aTOMHoro nOTOKa ~ nnOTHOCT~ B npOCTpaHCTse ~ no "CKOpOCT~ npH
 ~cnonb30BaH~~ 

3Mn~p~4eCK~X AaHH~X OTHOC~TenbHO 3aS~C~MOCT~ AaBneH~R napa OT TeMnepaTYP~, 

MaKCBennOBCKoro pacnpeAeneH~R CKopocTe~ B T~rne ~ 3Mn~p~4eCKH 06ocHoBaHHo~ 

r~~oTe3~ OTHOC~TenbHO pacceRH~R aTaMOS OT cTeHOK Konn~MaTopa, onpeAenR~e~
 

TpaHCM~cc~~ Konn~MaTopa. B pe3ynbTaTe Ha~AeH~ ~HTerpanbH~e nOTOK~ ~ 4~cna
 

aToMOB, nOK~Aa~~x T~reflb 4epe3 06nacTb s3a~MoAe~cTB~R aToMHoro nY4Ka - na

3epHoro ny4a - ~yopec~eHTHoro cseTa, a TaKlKe BO Bcex HanpaBneH~R~, cneAY~


~aR oTc~a 3~~eKT~BHoCTb Konn~Ma~~~, KaK ~ AonnnepOBcKas w~p~Ha n~H~~. OH~
 

npeAHa3Ha4eH~ AnR~~cnonb30BaH~R B APyrO~ ny6n~Ka~~~, nocB~eHHo~ onpeAene

H~~ ~ napaMeTpoB naaepHoro
 npeAcKa3aH~~	 cneKTpoMeTp~ 

PaóoTa B~nonHeHa s na6opaTop~~ RA~pH~X peaK~~~ O~~H. 

ITpenpHHT 06be.rtHHeHHoro HJfcmryra Jl,lJ,ep~ HCCnenOB8HHií. AY6Ha 1986 

. NadJakov E.G. E6-86-231 
Atomlc Deam Collimation 

The old problem of atomic beam collimation is considered once more in 
connectlon wlth the development of laser spectroscopy in nuclear physics. 
The dlstrlbutlons of the ~tomic flux and density over space and velocity 
are found by uslng empirical data about vapOur pressure dependence on,tem
perature, the Maxwell veloclty distr.ibution in oven, and an empirically ba
sed hypothosla about atom scattering from collimator walls determining the 
co'lllmator transmlssion. Conseq~ently, the inte~ral fluxes and numbers of 
atoms leavlng toe oven through the atomic beam - laser' ray· - fluorescence 
1 i~ht Interactlon re910n and also in atl directions, the consequent colli 
matlon efflclency, as welf as the Doppler line width are found. They are to 
be	 used In,another publication concerninQ determination and prognosis ef la
ser spectrometer parameters. 

The Investlgatlon has been performed at th~:Laboratory of Nuclear
 
Reactions, JINR.
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