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The problem of the angular distribution of evaporation residues (EVH.) with heavy

ions reaction has been studying for many yPars11l.IIowever , the interest on this prob

lem increased during the last years due to the development of new electromagnetic 

separators for the study of the evaporation residues from heavy-ion induced fusion• 

evaporation reactions [2-1] • The augular.. dist_ribution is important for separators be

cause the acceptance of the separator during the study of determined _reaction , de

pends on the widths of the angular distribution of the EVH. recoiled out from the 

target . 

For thick targets the angular distribution depends fundamentally on the multiple 

scattering of the EVRs by the nuclei of the target . llut , for thin targets ( when 

the target thickness much less than the average range of EVRs in this target ) , the 

neutron evaporation can play an important role as well . 

Experimentally , the angular dislr.ibution H0 p(O,) is kno"in to Le determined by 

counting the number of nudei impinging on some disks whose radii ar<:' defined Ly 
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the expression L*sin( 0;) ~ where L-js th~ dista~~e fr'om the target' t~ ·the. disk and 0; 
'• '.-·, .,, __ -. ·_. . , .' ' -. ' ' -- . . : :. ' ' 

is a cc;-t.ain mean ~ngle ( exp,res~cd i~ degrees here) b~tween the centraltr~je~tory . 

·.' of t!1~ beam a~~- thediredion~of th/~entral cir~le h1side the ~sk ;;i,, .. I~ this ~~~~-: 
- \ . . ' - . . --· ,- , "',;-

• the numbcrof co tint~ in each: disk will depend on the angle (through sin ( 0;) J and · 

on ~e1'.tain ~thcr fun~tion of 0 . - '.. -, . 
·- .. ··:--~...- 1,·-· ' - ' . ' 

Using the fuii(;tion Rexp(O;) ,_y,e can qetermine _the e?(perimental mean squared . 
.' ' ' • • C \ • ' •' ~ ' • ' 

~ a11gl~ <O2 >e~v by the _expression : · 
J 

l. 

;(,0:2)e·xp ~ L; 0/ ; R.,xp ( 0;) (1) 

. It is well kno,vn'that the par9-riieter (02) .is very,imp9rtant because', under the.-
- . . ~~~ . 

assumptiori o_f i~o~rnpic _neutron e'{~po~ation., it is possibl~ to,,obtain ll;Il ,expr~ssion . 

~hicl1 establishes ~.;elatio~betwe~n this value and some ;arameters•of:the-studied -

re~ctio.n .: In ~ ~rst app;o~ima~i~n ·, ·t~is r~lationt'~kei the for~ : :'_:. . :-' . 
• • • • • ✓ : - • ' \.. • • 

'(02
) ~ 2ix*En/(3*Ab*Ei.)i, . ·, (2) 

,, 
~_:-, 

where X is th~ number of emitted neutrons ; En is the mean energy of these neutrons, · 

: Ab and Eb a~/ the m~s number 'and die \~b~rator/ b~rribardingenergy of-the 

_: projectlle~ re~pedivelY ·- UsuaUy[S] the' functio,n ~(0} is ~~ciellecl u~ing ~ Gaussiitn .. 

fondio~ combiried ·;itli . the foncti6n. sin( 0). . . N e~erth~less~,; with this ~~~bi~ation 

- on; can not ~bt~in a~ean sq~are val~~:of 0 c~r;es;o:cii~g-to th~ e~peri~;n~al orie 

be~u~e , for the· nor~al distrihu tion , the inea-;:square value -c;in~ides wi.th :the · 

va~a~ce •. '!'.his detail ex;lains the :discrepancy' in th~~ expre;~ion of the {0~) that is 

:; observed in :orne wo~ks 19 ,101. •: . . . . .. . , , 

_ We have found a ~e~ statisticaLfun~tion ;hich 'ciescribes '.th~ experim.~talresults · 

, in a riaturnl form ~nd gives a bet~er. con~or~a~~~ between the experimental a~d cal: ' __ 
- ,• ,,;,:' .• _, ·.• ,· '. ·o '. •• , ' - - - ' • - •. ' 

- - .·. ·: .. . .\ 

·1~~f:~r.~.c=~}~f~2:'.j:·~;: .·~ . 
! . ,~,. ,,.!J;,.i4. !,!,., .1 •. ,-,.,-,4l • _ , , ,/ '.~' ,__ .· .. ·_ · .. '/., j 

. ~ . St1~m,oTEH,l . ' C,; 
-t~' . ,. . ,· ~ .. ;~:~,.-·-·-·: 
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culated vahies ,This function is'determiiled only by onf parameter , _namely, the (02) 

value:· ,," : ' ·1 ' 

>R(O) '= 360/(11"·:<02>) * sin(0) * ~:.o2
f< 82> (3) · · 

• .· The function R( 0) sat1~fies; the folJowing con'ditio~s ; : 

1i~R( 0) *ClO = L 
1 (4)'. 

-<02>= J 02*R(0) * tl0 (5) 
,·_/,; .-..-. 

'· •The int~grans taken -t~ 9Q0 however'' . since tinder. generally encrHl f1ten:d expi;d~
mert tal conditions; the furidiorl R(0) goes- rapidly do~:n,to,zerofor:valut~s of O takeri 

. ·. - . - ·-r • ,.. 

three ?rf;ur tim~s- of thevalue' 002)'• ' ' . ' ' / 
. ' ' . ' ' ' ' ,/ . ' ' . ' ' .. ' . -· - , .. ' ' 

For illustrating how the functioir R( 0) works , in figs.1-4 _ we coniparc some expeti~. 
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I, 
i. ·mental results obtained for the angula~ distrib1itions oftli~ ni:tclei aft~r e~aporatioi1,of (. 

' ._ X.~eutions [9.l1] with the calculated distribution involving the _expcrir~Qi1tal para~c~ -. ,\ l 
, . . •··. - - . .• ' .. · ,,- ', ...... 

ter (02)~xi, . _ -

-·Repr;s~~ted iU:•figs.1•3 are angular disttibtitio~s· of th~'tesid11:1 ntt~lei 149;Tb a~d -

149.m Dy produc~d by th~ reactio0:s[9l f:: . .· -- - · ... ,: _- . -c 

. ' / 

-. ,l }{6 Nd,F- 11 B:(I04·1\fev) ;-:-:> 149sTb + : Sn. 

2 14°Ce+ 160 (111 Mevf-• -> i 49ny+ 7n -

,. -3 '··' 1,44Nd +· 12C (94 Mev) ~;,. ' 151 Dy + 5n 
' ; " ·-..::-

In the figures the e~perimental results (crosses) are cohl~~~d with tiie 'calculatccf 
' ' - - . ; , - ~ 

ories ( solid lines )obt~ined by_ usitig- the f~nction. R( 0) . •. ~, ~ - · 
- . - . . , ' . . . . '' .-. ~ \ . . ". . _. 

. In fig_4:tlie experimentaI[111 angular distribution of the nuclei with atomic number 
'. . . . , . ' ~ - . . .., . . . 

AiI25 obtai~ed frorirthe reaction natAg + 22Ne are compa:rc~ wit.h ~!IC ~akulated 
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disi:ributimts ~sihgtht; Gn;i\~iail diiitrii~utfon (poir1i:-;iii~lwd)[11l and usirig tht· n/i1cti6n .•. ' . . . , -' ' ' . .. 

R(O)(soliclfirte) .. 

'(~ 

- ' •_, .. - ' \ ' ' ,~ . ' ' ' ' We_ s.t.ress. there is nd fitting-of .ahy kind ; buL onl.V- .the- bikulal ioi1 c~f ail~lar : 

distribut.iorpi 1.1sii1g the fm~ction
1 
H( 0) with i.·x1ierinwi1t~J pitra1~1i;ft.,rs (Of),;,", .. 

The' fo11ction R( 0) is very sit11pie a11d it describes tf,i, :prncess iii a' natiir;I [<.fr1i1 . 

Nev;rth~less the,o~igin of ~he 1;odlkic11·t' (:3GO/ir) is ,io; qui/ clear ;.<>I . bt1t. . ;i; ai1y 

case ' ihva.s ,very:riice lo find it : ' 
-· i.'he fuiictic>iJ ii(O) is particuiarly useftil fo <lci.crihii1g' ai1g1ila;., dist.i"il>1it.io;1s ·,,;heh-.· 

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

'in the exr~rirncnt. are detected ailthc· part.iclt•~'--aniviug llfl(l(•r. th<' ;;u1gle O; lt jg ,·cry' 

11scful ~l~o fc/tlw ev,iluation of i.lre accc;pt.ai1ce'of collecting t.he -EVH· of dett'rmi1wd 
. '. . \ ' . " . . 

heavy io1~ induced reaction , using dect.romagnet.ic ~i·parat.ors . ~ 
• • • ' •' • • -•: •_,- ',- ;,_ •:" ' .• •• • ,•' 1_ C > • • .• • ; \ 

l.wo1ild like to !.hank DrNu.AJ;a?.afev ,:1ml Dr.Yu.V:Lohanov for Weir ii1!.ercst, 

valuaJ,ic' li~·lp a1HI {'Jicourageincrit. . 
,.,_,: 
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PHI"OJihX • E7-94-136 
HoBa.sI cTaTHCTHqecKa.s1 <iJyHKl\H.sI ~.11.s1 yrJioBoro pacnpe~e.n:eHH.sI 
npo~yKTOB ncnapeHH.sI B peaKl\H.sIX C T.sI)KeJiblMH HOHaMH 

IloJiyqeHa HOBa.sI CTaTHCTHqecKa.sI <PYHKl\fl.sl ~JI.sl MO~e.n:HpoBaHH.sI ymoBoro 

pacnpe~e.n:eHH.sI npo~yKTOB ncnapeHH.sI B peaKl\H.sIX C T.sl)KeJlblMH HOHaMH. Pe-

3YJihTaThl pacqeTOB cpaBHHBaIOTC.sI C ~aHHblMH 3KCnepnMeHTOB. 

Pa6oTa BhlDOJIHeHa s Jia6opaTop1m .sJAepHhlx peaKl\HH 011.SIH. 
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