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1-: Introduction 

1 Thermalization. of 'r_ecoll. atoms _in' gas and tr~n~portat.ic;in of them by 
I 

the ·gas :Plow to· ~adioa.ctive d~ca.y detectors: is an efficient-technique .. . ' '.· 
, 

for > the study_ of . short-lived nuclei properties - . [1-5]. ·· As a-. rule, 

_ ,_especially, prepared_ 'aerosols·, serving as carri~r.s •of . adsorbed recoil 
.. . ~/ J 

ri~clei · af'e added' ·to :the gas ~f-low:-~ However,. when the .. aerosols are 

deposi t~d on the recoil atoms ~ollector they .f~im rather· thick layers of, 
' , < ' • • • ~ • • 

., '_\'--·-·,:. ·. '. .' . '., '' . - - ,-.' ' 

· ballast. materia~. ;.At the gas flow rate_ of 1-10 >llmin. and the aerosol 

- ' -9 3 '"' ·, -concentration of 10 -g/cm _the aerosol deposition rate on the collector 
1 • • ,.__ • ' I ,. ' 

.. . . . .. · 2 · . 
is 10-:-100 µg/(cm ·min) [4]. -Due to that_ i~_ is : impossible .to· use 

., 
~, , ~ ' - ·· •. ·,,· • . . - "· i - ,. . , . { ' ~" 

recoil atom_s collector as the .detector - (. or entrance· window·_ of 
' . 

._the 

detec1:o~ ) 'of ·short. range . particle~: Ac~ordi1:1gly, 
,♦ \' 

the 'registration -~f 

radioactive decay in.a ;olid angle close fo 4; can:riot be,done in a/-
• r -' . - .• . I ' 

s_impl~ design. B'esides that the aerosol can inteiact chemically wi,th the 
.. -\ ,,, 

detector'substance. /. 

._ The i'nitia.l premise for starting the present experim~Ilts was the. need 

for. a highly_efficient and fast regi'stration tech_nique of c~uster decay .. 
-· 

of sho~t;-lived Il.Uclei produced at h~avy.:.ioll accel~r~tors [·6, 7]. ' • ·. '' : • . \r' ·. . > •••• ' , ' • •. • 

We have _carried,out;·experiments ~n _collec_ting r~coii atoms·fr~m'the gas 

; flow (without _using aerosols) by, mean~ of- adsorJhon on 'thewalis of the 

-·f. mm wide slH channel. formed by the sensitive surfaces .oL:solid state 
,, , , ,. ' ', - ' - . - ·- . 

--_ nuclear. track o detecto~s .. The charged· particl~s from- tlie' decay of the· 
. . ' . . . ' /, 

atoms adsorbed on 'any wall of the sltt • channel _are registered by 

detectors. on both walls. The solid angle. for regi~traticin ~ of _the 

.adsorbed atoms ra_dioactive decay c;an be >21t; The co;r~ctions for ener~; 

losses. iri the thin gas layer between detectors . can be . introduced with 

the sufficient accuracy. 

' . ' i . ··. ·. . ' 
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The estimation of the medium mass atoms diffusion· coefficient D in 

argon ls o.1::.o.1s· ~m2/s '[8]. Respectively, the time of recoil atoms 

. ' ' . ~ . 
dlffusion,T from the flow center in the.channel. to the wall is 0;01-0.os ___ , 

-s, .if. one uses for estimation the Einstein- Smoluchowski. theory for the ' 

mean square displacement of a. particle· lri Brownian motion [9]: 

2 " 
x =20; T . ( 1 ). 

Acc_ordlng .. to '[10] this formula can be used and for· diffusion of atoms 

and molecules. 
/' 

Taking into. account. the fact· that· the' recoil .atoms diffuse to the 

·wail from: an arbitrary point in the channel. cross.:.section, one can speak 

' about the average "11£:_e-time" .. -r 'of· the recoil atoms in the channel 

r;i.h21b. · c2> . 
where h is the ·.~haracterisU~ channei dimension '(height; radius)~ .and 

the dimenslo~less coefficient c<l. .;_ppears as a res~lt. ~f averaging the 
. ~ . ·. - ·, -- - ' ' 

. diffusion . time over /the channel cross-section of a. certain . sh~pe 
-: 

. · (rectangular, _c~rcular or oth~/: 
, . ' ~ , . . . . , ~ ' 

For · achieving high. col,Iecting. efficiency it ls. necessary. that the 

· time of the' recoil .atoms· movirig along the'. channel should n~t be shorter. 
·:, •'·t 

tli.;.n their l" life:..time" -r.; The set:..up_ parameters :;ere selicted with this 

consideration ln'mind. 

~. 

2 .. Experimental s~t-up· 

The experiments· on c_:ollecting nuclear react.ion produc·ts· were carried. 
~~ 

out;, on an extracted . beam of "the. heavy ion·. cyclotron ·u-400 at·. the Flerov 
,· 

~L_<1boratory_· of Nuclear Reactio_ns, JINR. •. 
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Fig.1 Schematic drawing of the experimental set:..up. a) With a ,linear 
. . : ) . . ; . .( . :" . . .. . ' . . . . -. 

slit channel., b) With a disk, slit channel. :1- ion beam, 2- target, 
. ./ ' . . . . . . :· ' ' : . . . . . .. . . 

3- recoil atoms, .4- solid state nuclea~. track detect?rs; .. 5- gas fi_lled 

cylinder for thermalization of recoil ·;i.toms, 6-:- teflon capillary. 
'/ "·- -- . , - . ' 

~ 

' 
Fig.·1. shows two :"variants· of. _the experi~ental set-up.· The · nuclear ---- . --... ~ ' : ' 

'reaction p~oducts ·knocked.' out ··fro; the· targe't· ar~ · slo~ed down· in gas 
' ; . . ,_·. . . ~ -. --:--,...:. ,_. . / ·t· .- . ,· 

·~flowing. through a cylinder 20 mm _in · diameter 
0

and 30 mm deep: 'The 
/ "-' ,,..~- . ·\... ·· .. -.. . -.... ' . - . ,_ :-; - ·.·, -

, cylinder ~epth was selec;ted. to exceed . the recoil a toms range in argon - ~ 

and· nitro~en :i,t' atmospheric. pressure (10-20· mm for the . reactions 

irivestiga't~d by us). 

·3 ; 



The . input . gas flow. i~ shaped by. several openings 2 .mm in diameter 
' ' 

positicine'd along thee-perimeter of/the half -of the ta;g~t close to gas 
' / -- , ;.-: - • • ~ C ' 

. inlet. In the variant presented in Fig: la, th~ gas wit!1, t_he recoil atoms 
·.. . . ; . ··.- . _. ' . -. ·, ' . 2 . ' 
thermalized in it exits _through _the slit channel of -lx13' mm in cross 

section which is positioned· perpenciiculariy _to the_ beam. · The channel 

walls are formed · by st;ips· of plastic· (polycarbonate, polyethylene-'-. , ' . ... . 

terephthalate) 'wliich at the·. same time serve as recoilatoms collectors 

and track d~tectors of charged paTtic1es [ 11]. / '·,, 
The, varian_t of the· set-up· shown in Fig. lb_ was designeq for remo:,ing · 

the . detector _from. the irradiation zone ,· in order _to . decrease 'the. 

background, caus~d by· secondary. r;diation produc~d by. the' ion. beam. From . 
, ' . \. . . ;;_.. _..:: 

the ·cylinder )he gas _is fed ~hrough: a-:teflon· cap_illary' 2 or 4. 5 mm. in 

. diameter and '10· or- 50 _cm. in·· length _into tl}e ceri.ter of the circular; slit 

volume and 'then flo),IS radially.- The ·volume i.s restricted by two '50-mm . . ' 

diameter plastic detectors· sepa·rated by a 1 mm gap. 
•! ~ • • 

._The working gas ~(~ure argon ·or, nHrog_enl is -fed through a pressure 

regulat9r from a standard gastank with volume of 40, 1 and gas· pressure 
- ---'""· 

up ·to ,15□ -·atm. The gas. flow rate.· is stabilized .in the,range·of.'l'clO . .. ' ' ~ . ' . - ' 

1/min by an electronic, controller equipped with heat sensors. The gas--

pressure in. t~e recoils thermalizing cylinder exceeds th~ _atm;spheri~ 
,; . ' . .. ·,•' . . . 

pressure by a few. tens of Torr. The gas outlet is ·corinected with air 
' -

atmosphere thr~ugli special filters;' . . . ' . . , .. 
.-~. 

:·-- 3. Experimental Results· 

The technique_· was · verfneci · ui;ing 
\ • , · - · 149 

the well-known ·nuclide Tb 

(T1/2 =4.15 hour, a..:d~~aY_ b~~nch of '16, 7%, Ecx =3; 97 MeV). · A natural Zr 
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I 
ta.rget 'of 3 mg/cm2 in ·thickness was irradiated wit.tr 306 .MeV 

59
Cci ions. 

-149 . . . • h l . nat2 ·c59C · ), Tb was produced · 1n . t e _ nuc ear reactions r o, xp+yn either.· 

. + · ' · 149 · 
. directly_ or as the_,,result of (3 -decay of t!1e short..:lived isotopes . Ho 
'. ·_. '149. ' ·, ,_._ ' 
· and • , Dy. , · ! , 

,;"" · To determine the total· yield of J
49Tb a\:special experiment was 

performed: The entire internal ~urface of the cylinder 5 (see.Fig. la) 
r ' \- •' , 

-• / -- • a •' • ,- ' • • •·• 

was. covered_1with -~hin' nickel-_and -aluminium foils. ~The· thickness- 1 of 
• .-· J. '· ' . • ' 

aluminium foil covering.the ta~get was.0.48 mg/cm
2

• It is much less than 
- ' , '/. • ' ...... • - • • < ; ' ~ _,. < ; ,. 

.. ' ' ' ' \ '· . ·,· ' ' .. 2 
the mean range of< recoil atoms in Al_ which is equal to 3. 2-3. 6 mg/cm 

' ,, ~" ''. ,. . 
[12] ._- The cylinder: was filled with nitrogen at atmospheric pressure and 

·then the gas flowwas stopped. 
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Fig.2 Distribution of recoil' atoms over the inner SU!:face of'stopping 

cylinder_ · in -experiment without· ,. 
distanc'es , equal to O , and 3. cm 

gas • flowing.' The /values.- of 

are .. obtai~ed for cx-acti~ity. on 

forward (with·: target) -and back . ~ross-secti6ns of -'cyll~der:. ·" , 
,, \, 

. ..-., 

R- cal cul a fed recoils. mean range in nitrogen [ 12].: '· 
.., 

In this conditions all. the recoil atoms knocked out of 

5. 
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thermalized in the gis· and ~hen adso"rb~d o~~ surf'ace of- ·the foils .whose 

a.-activHy ifter the irradiation ·was measured by Si(Au)-detecto'rs. ~The- . 

ex-activity di~tri.bution over the inner surface. of the cylfoder in 'this . 
' C \ c ' - 0 > , 

_experiment is shown in Fig. 2.-" The effecti ~e- cross-section· of the 
1
~

9
Tb 

production .over all - reaction- channels (averaged according to t_he, total 

- . · · - -27 -Z ✓- .. · • - -

targ_E:~: thickness) is 8. S:.10 ·cm . All · further evaluations_ of· the 

colle~ting efficiency of recoii atoms were -based on...:this experimentally --
• ' • < •- L • '• 

l!leasured ·value. 

3; 1 Experiments wi_th :a linear collector 

·(vari;nt la { 

. . . . .• . - 149" ; .. . . . -..: . 
The experimental· results .-of >. Tb __ atoms adsorption' on· a · linear 

collector are pr~sentedJ in Fig. 3. :They. sho~ . that in a 1 mm wide slit 

channel s:60% ·of all· recoil atoms :,Cari b~ collecte·d along the length of 20 

cm. After . irradiation up fo ~- .hour~ the 3. 97 MeV ~- line ot i49
Tb:· ~as-. - ' ' ' ' 

· registered in th~ s6lid an~le of O. 6;2i-wi th the~energy resolution of.-30 
~ . "•• . . , . . - ' . -

K~V, which was ~ntirely determined by,the Si(Au)-det~c'tor~propertieiL . ~/ . . - - ' ' . . : 

In: expe~iment~ ·searchlrig for 114Ba .cluster deca/ · in 'irr:adiii.ting · a 

· · ·-,- ·• .. - · 58 - - · · · -.· · ', · · ·• 
natural Ni target· with 318 MeV _ Ni fems [13] we ·_also measured the 

,~ ' '.. - : . 
-distribution of I, Te and sn· isotopes along the slit channel length. -The 

~-acti~it;y :·-of the riuclear reaction prod~ct_s ~ (in·_ which the_ . main 

· • - ' -', · - . 110 - 108 109 - • - ' ' · 
contribution_ was,'.m?-de by. - I, and ' Te •isotopes [14, 15] ·) was 

measured by,· means of ,the tracks counUng in cellulose---:nitrate .foils· 
:: 

which were used jlS the. material fo~ the. channeL wails. __ The' distribution 
,, - -.. . . . . ' ' 

109 · 110 · . - . · . · - · . 
of· ·In and Sn isotop1:;s 'o".'.er the · collector was measured with. a 

Ge(Li) .-spectrometer according to' the. known .-=iines' oL th_ese '.isotope~ 
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[16]: No ·substintial difference in the deposition behaviour of .the atoms: 
,Y , • , • .. • • ' ! ~ ,T 

of. various ·elements· which could ,be attributed.-. to their chemical. or 
/ 

· physical_ properties was determined. -
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Fig.3 Distdbutio'n pf _recoil atoms in a lJnear slit_ channeL ar:

. differ~~tial, bl:-:-_l_nteg~al .. ,str:aight lines- exponential fit'•by Eg. (3) .. 

i-_ ·; 
\ ',-:,,,~-... 

3. 2 Experimen~s wi\h a disk c,0Hect9r 
~ ··~ · (_variarit'lb) _ 

\ ,I .· . .. , . . . • _•, 

- · · .· ,' - 149 · · · · · · 
, · The experimental results _of: collecting Tb on the walls·_ of a disk 

slit channel are presented in Fig. 4. 0~ -a disk facing the one- through -
~ - . -- . - - ' ' : -, - ' . ; . 

which th~ capillary is passing a somewhat larger arnou~t of recoil atoms ' ' - . . 
- . ' . . - ' -~ . \ ' . 

is adsorbed. The ex-particle tracks distributi'ori over the disk cellulose-... .. . -· ,· '-,-

nitr~te·collector measured•over a·o.2 mm wide:radial strip is presented 

in Fig.s: 

,,· .,. " 
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Fig.4 , Integrai efficiency' of recoil' -;1toms collection ln a. disk. slit· 

'ch~nnel as .a 'function of the ~oll~cto~ radius: (o)'- tr~~spcirf'capill~ry 
. , . "· ,. . ' ' ./ " ---~ 

4. 5 __ mm in diameter and 10 cm in Ieng.th. _(+)- transpor£ capillary 2 mm in 

diameter and 10 cm in, 
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Fig.s·Radial -distribution :,of a- tracks.; in tl,e disk slita'.,clfannel 

along the strip 0. 2 mm. in width. St;aight line- flt by . Eq. . (5). . . . . . . 
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For· this set-up de.si~n the quest_io~ about: recoil atoms loss due .'to . 

their. adsorption tn the capiliary_ .is essential. .The _distribution of · 
,• 

,,1· 

'l 
-l 

.. ;'\' 

'i 

'. 

/3-active r'ecoil· ·atoms along the length ·cir; the .capillary 9";5 mm. fo 
~ ·:- ~ . - . ' 

internal diameter was measured with a' 13'-radiation . counter (see Fig.6). 

"' "E 
::, 

8 
~- 10 . 10 

. Length (cm)· · " 

. Fig.6 Distributlon.'of· -/3- activity along the. capillary 

diameter.· (+).:_ capilla;y length is 10·cin, ·(of: .. capillary 
• , • 1 ,• ,, • 

cm. Dashed.,line -~ fitting by Eq. (4) .. 

. . , I 

A comparison~ in identical conditions of ~-act::'1 vitles of the 
- ·- , ' I.,_ • ., 

4. 5 --,mm ·- in 

.50 

10 cm long 

--

capillary and . the 'collector · with a :known number of collected ,
149

Tb 
7"- .- ~, ....... ,-

\ 

:recoil atoms allows to make ,US the ~onclusicm that 'the· capnlary of this 

length. adsorbs--25% -of- all recoil atoms .. The· capillary 50 cm in length.· 

adsorbs. about 50% · of reaction products.· This is 'con~istent with the 
. ' .; ,- ~ ' . - ,_ -

decrease~ of, the - t'otaL collecfing: efficiene:y :.-'froIII "'60 ·. tci ~30% when 

changing the c~piilary length froin'.':10 to 50 cm. 
' ... ✓ • ~ 

In experiments with the disk.collectc>r. we ·tested •the '•influence of the 
_, ,• . , 'I' 

. electric field 'on collecting recoil products: The. ±50 V pote~tial in :the . . .. ' -

1 mm gap between the. di~ks provided ·th~, electric field gr~dient of 1000 
; :.. -~- , . ' ' - -. - • " ,", 3 -. -·•· ' . " . . ~- " . ' -

·1· r .V/cin. The ion drift 1-1el..9city is 2·10 cm/s [17).'~ The;gas velocity_at,the 
f. :__ , : • - ' ·-- .. • - , .:· ~ 

. \ . ' ----- ; -.. ' ' . . ' , . , , ·_ . : '-: -~- ' ' , .. ~ . ' ·, r , flow rate, of 2. 8 1/min changes along the radius- from 330 · to 25 emfs:·· 

J' -~ ' Consequent_ly, th;~: depos'i~ion of --~ha!:ged recbil pr~d~ctsmust be taking . 

l 

l ,,, 
:-i' 
~ I' 

_, 



/ 

, I i> 

:·. 
'\ 

pla~e on a i:,f mm , length: H~wever, _' use. of an eie~ti-ic field of any sign 
/ . 

. . . 

'produced, just a slight (up to 20%). redistribution of th~ activity''.over 

·the ;;11ectors and did not increase the' collecting efficiency. Probably, 
' ' . / 

, - •• - l 
most of the recoil products in the channel have no ·char;:ge and 'that •is 

wh~ the adsorption technique. is op_tima_l for co11ecting
1 

them. 
. : ·' .. _ I . . . , 

The dependence of. the co11ecting ~fficiency- on the beam intensity. is 

sh~wn in Fig. 7. • The energy: release of the 
59

Co beam in gas contained in 
. . I . . . . -

. • ... ' ... . ' 11 
the cylinder vol um~ at the intensity of 3: 10 particles/s is .7 W: At 

. ,\ .. , '\ . - \- . 

the flow rate of 2. 8 1/min, • with~~t takl11g into acc,ount the ',heat 

:- . - . - - . . , • , - ·- - o' 
excha~ge with ,the water-cooled waUs, the gas can be heated up to 80 :C, 

\',' 

-: . ..,.. 
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Fig. 7 Effi'ciency,of, recoU. atoms co11ection 'as 

beain intensity .. :Disc s~it channel!· transport 

/ 
~ 

---~ 
a function ·.of 'the 

~ap,illary 4.5' " mm- .in 

, diameter ~nd 10 cm in length, - Ar.:.flow 'rate is'> 2. 8 1/rnin. Nuclear 
, . -- . . . ' . ··: , •. · . t ,- - . \ 

reactions natzr + 59Co( 306 MeV )-:-=--> · 1.4 9 Tb .... The· line. i~ .. drawn' to .. 

,guide the.eye. . . 
. ··< • I 

- \. .- . 

~ In model experiments when ·,the gas was heat-~d by a 15 W heating capacity·· 
. \ . ! . . --~---- . • ·-~•-,._ ' ·- . ·-.::__ . 

spiral, the measurements 'sho~ed that _if. ali. parts of 'the set-up were 
\_.·· · , .. ---o :-~-·" ~.!' ·~~ .. ,". _: ___ ,··_·. ·. o~_,. 

water cooled ·down to 16 C the g':'-s,~was not ·heated higher than 30 C ~n 
·r. 

. the slit. channel in trance;· Nevertheless; the pulse character, of 'the beam 
L /'< - -,. . ',....__ 

I· 
....... ' 

· 10·' 
- ) ~ 

\ 

' 
·-

·"·( 150 pulses . per second, the duration of each.pulse ,being .. l ms).can· 
- .,,.,:---:--

. certainly produce_ pressure._ and volume pertirb~tions in the.· gas flow. At 

high. beam intensity or insufficient· gas. flo'w ·. rate the. portioit of the_ 

recoil atoms· depo!ii.ted on the surface of_ thE\, target. contafni.ng •-~yl~nder-. 
. . .. ..;;,.,. .. 

rises. 
I - • ' •• •- • - • > ,,,,--- ' ' 

The .time' of recoil ,atoms· co11ectirig ·can be estimated. as follows. At 

.the gas flow rate of 2.8 1/min the.~~mplete,gas renewal in the target 
, • • .........:=""";:-

co~taining cylinder volume (Fig: 1) is, accomplished iri 0. 2 s. The area of 
... . • . • I ' '·~ .. 

the initial· rec~il ato;f distribution occiipi~s. about 50%-of the length 
/ - - -. ; -.--·- - - . --- / . - ~-- . - . . - . ' -

of :_the cyHnder· and is 15_ ,mm. in diameter. The capi11ary-fo:. extracting 

the·· recoil atom·s· .. is inserted· ·into part' of the cylinder which 

corresponds to the· maximu~ - of the 'distribution of recoil. at.om~\ ~ver·: 

their r~nges in the stopping. gas. C~~seque~tly, '. one can expect: the 
t - ' . -

.. recoil atoms extraction: time to be feduced to 0, 05 s, .. :The .. transi t time 
I 

' in the capiilary with' the internal: di~meter of. 4: 5 ~· and' length of 10: 

cm is 0.03. s. Thus, .. the delay time froin the reco'il riucleus,production to 
I . . - ~ , . -

i ts_Teac:11.lng the recoil atoms co11ect;r is '_<O. 1 s. 

4. Model of ... recoil atoms' distribution over tii.e· co11ector · 

. From: _the definition' of recoil 'atoms life.:.time 
I 

in slit channel 

by E;quat.ion (2) on~ cari obtain ~ qualitative 'd~scription , of' their 

· adsorp_tion along .the ch~nr:1el 1eng~h- Mbvirig in x.,;direction .together with 

the. carrier, gas, the recoil ato~ ·is:,staying in the: volume ~lement of _the 

· channel dV=S: dxdudng the. time -dT=dV/Q, (S is •the cross-s_ection area," Q 

'is,tlle gasfl~w ·voiume'i'ate).'During the Ume.d.Tthe prop~rtio11 of· 

reco'fl: a'.tonis leaving · the floi·- is .-dN/N = · .... .:.dTi--r. -: After_ 



', 

transformations and. integration we get for the -r:~tangular_ cross-section . 

N(x)/N = e~p[-2Dbx/(c·Qh) J · 
~ ·o . 

(3). 

for the circular cross-sectio,n 
\" 

.N(x)/N = exp[-rrDx/(c·Qll 
,: -.,- 0. . - ,, - . 

(4). 

for the. disk slit channel 
-...., , 

, · 2 2 · 
N(r )/N

0 
= exp [-2rrD(r :c-r 

O 
)/ (c '.Qh}] (5), 

, ' ' 

· wh~re N: is t~e total flow of recoiYatom~ entering the channel,· N(x) is 
· 0 , · r • , · 

•-, 
the How of re~oil atoms at the, distance ·x from the channel entry,. N(r) . ~ ' ~ ..... . . , ' , , -

is the riOw th~ough a.· circumference with · th~ radius ,r in the disk 
\; ,.. . . ' ,.· ' ' 

' ' ' \ , 

,channel, r ,is/the initial (capillary)-radius in•the disk channel, bis 
0 ' ' ' ,' , \ 

,: -. '--. ,, ·-. . - ._ - . . -: •'- .' -, 
.the ~idth of, the. ch~nnel, 2~ is. the gap height,· c is the n_cmdimen~io~ar · ·, 

. ' . - '... . - - '' , ' . - . - ,-···. '/,.,. . ~ - .. , .. . \ 

·c::oeff.icient :from. the· formula ,(2L Obviously,·· .. the. number_ of, adsorbed 

recoil .atoms is equal to N d · =, N· - N. · 
a s o 

' , 

· ' The derived'expressions are valid if the'mechanism 
. ( 

according to ~hi_sh · ,· , , 

• the- ·recoil atoms lea;,e ·the gas flow and. are deposited on the w~lls fs, 
' - - I • .'. • ,." ' • 

' . _, . . . . . ) 
-purely diffusive-and the gas flow is laminar, At the gas flow rates and,: 

' - , . . - ' . \ ~ 

' ·-· ,· ·. \ 

geom~tricai dimensions, which w'e used, the' Reynolds number is <700; hence, 
', ' '· --~ . ', ·. ' : ·.· , , ,· ,,,,· ':' \ ' , 

the gas now, in the c_hannel .after: a. certain transl tio~al section becomes 

laminar ·a~d stable to perturbations [ 18]. · .. 
··,· ,, , , ·, , , ·\ 

For a more -.c~rrect result when ~orking-out this problem one should 
'' j ' ' , ., , , " ,· ' 

take into ac6ount -the parabolic' distribution· of the. gas flow rate ·~ver 
• • • •, < - .• 

. the channel height, the initial and.
0

• boundar:Y:.condi tions ·for. the f:;coil 
' ' ' - ,_ ,•.· . . , -: ·. __ , .' ' ' . ' ; . ·. '1 /. ··- . ' 

. ~to~s concentratio~ 'in the channel and s~lve the cor;espo~di'ng·' diffusion. 
·, - • • _. • i ' . ' -, ' ··, • .., - .. 

equatio~s.- Th~' s6l~tions ~an be f~und .in [l9]; •·· 

fo~ the rectangular· cross..:sect.ion. channel' ·· ___ .,,,.. 

N(x)/N ='o. 9099. exp(-1. 885µ)+ 0. 0531 exp(_:,zf.43µ); 
0 ~ . ' 

µ~2Dbx.1Qh. (6). 

·~ 
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£:or·the circu'iar cross-section channel 

N(x)/N =0.819 exp(~l.828µ)+0.0975 exp(:.11:15µ)+0.032 exp(..:28.48µ) 
Q__ ' ' . - - . . • . ·.:-. 

+0.0157 exp(-53.8µ); (µ= 2rrDx/Q); · / . ,,.,.,,, . . . 
, (7). 

for the di~kslit channel --/ 

N(x)/N =0.9104 exp(,-2.8278µ)+0.0531 ·exp('-32.147µ)+0.0153 exp(-93.475µ). 
a - , - . ; • . , -- . - ~ - . ,-; 

C. , 2, 2 -. 
(µ=4rrD(r ,-r )/3Qh). 

0 
/, 

(8) ·. +0.0068 exp(-:-186:805µ); . , 

A. comparison · shows, that the solutions · ~btain~~ from · . simple ' 

-' - ''."' /_. consider:ation coincide with the 'nrst harmonic ~f exact s'oi.utions, if' 
'\ 

. iri' the equatior;{ for the lifE;.-:-time (2)_, we' set c;,;O, 53 for the linear and 

disk channels, arid c= · 9. 27 for.·· the circular 
O 
channel:'" Th~ ,aifference in 

, ;., 

, c-val.ues means that -,: for: channel with ~ircular' cross· sectio~ is two-· 

time;:i;;ss than fo~,channel.with rectangular cross :sec:Uon when r=hand 

h<;<b. ; Physically. it.· means that ·for, the circular> cro'ss , section~ the, 
- ---- - . . ; , '' . . , 

. diffusion has two-'-dimensio~al character and. ill form~1l, (i-) coefficient 4 
l, · r, · ' 

instead of 2 must be used, In,' Fig .. 3 we ~can• see .tha~. the recoH atoms,· 

distribution over. the channel length· really has exponential·. ch.;_ract~r ... 
,1 ' "v ' ~ , • 

. . " ~ . . \ ;_...:, ·- " ' \ . ,,.. " -_ ' . - ' : 
•However;· not just. one,, ·but,· two exponents are .observed. _Evidently, . this. 

is du~ ,:to 'the ~'speed-up" section. at the gas _flow entrance into.· th~ 
. : : . ' ' . . , -- . ,\ . ' , .: ... : 

chanriel,::: where -laminar flow. is· establislied. [20]. Its- length can: be 

'esUmated-[20] using equatio'n (9): 

·, LEio. 03·d·Re ~- (9). 

~here d is the transversal' size- of. the channel; Re is •the· 'Reynolds. -~-....-...::-- .._:_ ' --. ' '• - . 

number. 

~---
' 5. Conclusion' '' 

The;• experience in collecting recoil 'atoms by means of. the: adsorption . ·~ _., ... · ---

· 13. 



: .. 

· technique • in the_ slit channe 1 s .. ·showed its reliability and' 

.. repi:-od.ucibili ty:. An important advantage is ·,that. the gas flow ·is p~oduced . 

simply due, to gas pr,essur~ in·. the tank , avoiding the necessity . to 

employ powerful vacuum pUJnps used in the "helium-:-Jet;, technfque [1.:.3]~ 
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C6op npOAYKTOB YAepHbIX peaKu;ttu MeTO.[I0M aAcop6u;tttt 
H3 ra30BOI'O IlOTOKa B meJieBOM KaHaiie 

. TTpeACTaBJieHhI 3KcnepttMeHTaJihHhle pe3yJihTaThl no c6opy aTOMOB OTAa,m 
B peaKu;nYx c T51)KeJihIMH ttoHaMn. 3aMeAJieHHhle B ra3e AO TellJI0BhIX CKopocTeu 
aTOMbI C>TAal.JH TpaHcnopTHPYIOTC51 ra30BbIM IIOTOKOM B meneBOH KaHaJI_C 3a30-
pOM B _ 1 MM, o6pa:ioBaHHhlll llYBCTBHTeJibHbIMH IlOBepXHOCT5IMH .neTeKTOp0B . 
paAnoaKTHBHoro pacnaAa. 3a clleT aAcop6u;1rn H3 ra3oBoro noToKa B meneBOM 
KaHaJie 2!: 50 % HCXOAHbIX aTOMOB OTAallH MoryT 6hITb co6paHhI Ha noBepXHOCTH 
AeTeKTOpOB 3a BpeM51 =5 0, 1 CeK. · -

Pa60Ta BbIIlOJIHeHa .B Jla6opaTOpHH ~AepHbIX peaKll;Hll H~.f.H.<l>Jiepoaa . . . . . 

OI15II1. 
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Ilpenpttl!T OObeAHHeHHOI'O HIICTHTYTa S!AepHblX HCCJieAOBaHHH . .Ll:y611a, 1995 

Kharitonov Yu.P. et al. £13-95-138. 
Collecting Nuclear Reaciion P~oducts by Adsorption from 
a Gas Flow in a Slit Channel · · · 

Experimental results of c~llecting recoil atoms produced in reactions 
with heavy ions are presented. T.he recoil atoms .thermalized _in gas 
are transported by the gas . flow into a 1 mm wide sHt channel formed 

· by the s.ensitive surfaces of radioactive decay detectors. Due to the adsorption 
from the gas flow it is posssible.to colfect 2!:. 50% of the initial recoil atoms 
ori the detector surfaces within a t_iine interval of :S 0.1 s: · 

·. The investigation has been performed at the Flerov Laboratory of Nuclear· 
Reactions, JINR; · · · · 

Preprint of the Joint Institute for Nuclear Research, Dubna; 1995 


