
E7-95-479 

Yu.S.Tsyganov 

VALUE OF EQUILIBRIUM CHARGE STATES 

DISTRIBUTION WIDTH FOR PARAMETRIZATION 

OF HEAVY RECOIL SPECTRA 

Submitted to «Nuclear Instruments and Methods» 



~ < '" 

· Recently, gas filled magnetic separators are extensively used Jo 

:study heayy io!' induced re~ctim~ ]~ading to the fo~mati~n of. 

isotopes of ~eavy elcments[J:-5]. To detect ·the products under · 

investigation a different . icdutiques · is applied for the ·detector 

design.· In the~case ~(the Dubna Gas-Filled Recoil ~parator [6] the · 

detecting module consists of 12 Strip pOSition Sen5itive detector to 

measure ,the energyCE)/positio~.·and two low pressur~ .multi~e 
proportional chahtbers to gene~at~ tirile-oMllght (TQF). signal. The . ' ,, 

chambers operate in pentane ··renewed (20 ml/week of liquid 

pentane) . atmosphere (ab. ·1.5 torr) separat~d from the·sepitrator 

working volllllle' (hydrogen,. ab. 1 torr) by an ultra ·thin mylar 

entrance window; Such ·a design was chos~n to have the ability: to. 

detect products of reactions with bjgh asymmetry (projectile to -- \. . ' .. 
target mass ratio) which having ltiglnnass and atonti~ nu:.nbers·are 

-·~ ' / '· 

characterized ,by low · (lo,we~ than 10 MeV) initial (after target) · 

energy. Th~ sche~e of the above detecting module·~ pre5entediri··· 

Fig. I. 

This-letter reports on a computer code using an equilibri,um 

/'charge states standard deviation ~s the only . free parain~ter to 

describe the measured E-TOF spectra of 217Th ~nd 216A,c nuclei. To . ' . . 

. this goal a sim~lified assumption by N~ov et al. [2], namely: 

electronic stoppitlg. dominates hi the region of nuclei velocities 

v>vo has been used. Here vo is the Bohr velocity equal to 2.19£+08 

em/ s. According to this paper the stopping force scales with q2, . 

where q-is the actual value of therecoil charge in hydrogen. Hence, 
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the'actual and mean loss in'hydrogen are linked by the fonriula s = 
6> (q/<q>)2: To·g~nerate th~equilihrimn charge ~tates spectra ~e - , , . , 

used the x~diStnbutioit as· described in Ref. [8]. ~e value of <q>: 

was- obtamed from~- the eStablished . , empiriC'al charge states 
• '' ' - ., ·~ . ~ . • . I 

systematic [12] for the· velocities .~egion 1-<: v/vo <2.6- and the 
.. ' ~ ~ . ~-._ '.. . . / . ~ . _. :..._·. ,• . j • . .- • . . 

atomic number interval88 < z <109. As concerns other sources of. 
. . , - ... · ·._ . .... 1 ,. .· . 

E/TOF spectra broadenin.g, formulas_ fr~m ·Ref._ [9] ·to ~calculate 

c~ntributio~ ()f neutro~ evaporation and energy. straggling in t~~ . 

target. and mylar windo~ wer~ u~~d .. 11;1 the last. 'case some ' 
, . 

simplification takes.·place,: the·mylar-window·is ·assumed to consist · 
. ·, .. - ' -- .. . --· . _...- '·. . ·. 

of only carbon ;:itoms; The· value of the .··mean tempe~ature: of · 
,·· ' -v~· : ''• • •' :, ' 'j > ' • '· ' ' ' •• • ',, • ,· _,.\ '• ~, • 

. evapon~.tedJleufron was.taken as 2 MeV(2T) according-to; [10] o· 
MeV for25~No, as itwas re~o~ended by th~ ~~thor ~f Ref.10-in a 

form 6fa private. co~uniccition): The'nonmonoc!u'omacity of the 

initial beant· ·.req~ed_ in. formulas • froni · [9]· .is taken- fo. ·be 1% 

(IWHM)~AJI.fhe statistical distributionsexcept·for. the·qvalue ~as~· 
assumed;to be Gauss~an op.es: for the-~alCulatio~ ofthe pulse lieight 

def~ in the silico~ ~et~c~or the -~1llpirl~i £dnruii~. by Wilkins [111 
• • ~ • ; ,. • • • -. -- > 

was -used,· wher:eas for. the ruspers~n . calculation= there ·has been 

ap~liedthe LSS £~rinausmte~qu~'bY Haines and Whl~ehead [12].' , 
. . . . \ -- •' . . . . ·-· 

As 'to the experimental spectra, they ;~ere obt$ed :in the three 

·following reactions l97Au~22!'le~216~c+3n:~n~tW~MS=217Th+3n 
and ?06Pb+48Ca=252:No+2n (Ref.13): Ions .of · 22Ne, 34s and 48ca .. 

- . . ,- ' ' . "' . 

were accelerated.by the U-4_00,_ the mam cyel_9tron of FLl'JR. -The· 

measured spectra .w~re .~btamed. via the e,.xtraction: of appropri~te 
., . ._:; ·,~ •. ' ... -..:.':-":: ·:: :: -;; ·--·-·.{_;·._".,>~~-- _;;,.-._,:-~--:- . 
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recoil~alpha . correlated ~. sequences. · Having -used the. . spectra 
. \ , , " ' 

generation_ .in the above menti.oned . maimer and having set · the 

,miJ:timization of tl!e function 

_ R(crq} = (( ~tof- 0t,exp)f0t,exp))~+((cre~ ~e,exp)f0e,exp))2, as ,th~. 
criteri~ of success, and having taken into. acc()unt the value df the 

TOF detector responSe to a ino~ochroinatic parlicl~ 'like ~..:\r-180 
, , , ) . . . . .. 

·MeV, Ne ·100 MeV, B 40 MeV) .equhl toabout2.7 ns (FWHM), the 

. op~um parameter ofcr~ has_ been found. In.thelasf expressi~n,cr 
tof, crt,e~J?.: standard~de~iations jn TOF dlstrib~tior\: calculated and 

measured respecti\iely/ cr~ ae,exp. the same values< for energy 
i ' - I·~ . · ·• .._ r ' ' • 

distribution. ~ .· ' . . . . 

In Figs.,2:3 themeasur~d-~d ~imUlated spectra of 216Ac and217Th 

·are .sho~. Jn the ~ext. step the spectrum of heavy recoil· of .• 252No 

. obtaiii.e'd in· the 206Pb+4S(:~ reaction is ~eproduced .. ~-additional_ 
' ·' •• . ,• , ',1 ' .• , , ': , • , "-2 .· .. , : :·' , , , , '. 

· · Aldegrader o£1.06 .mg/cm ·was introduced in the. vicinity of the 

. target·. to. ~btaill a hea\ry · 252No ~e,coil·velocity in an appropriate 

:: regfon. Fig;4 . ~,b ~e,monstrate both th~-measured and calchlated · 
• o ' o 0 .,/'_.-- ·•· ' • • I '----: • .·-..., • - • 

sp~_ct:ra. Tlie role of.the degrader· was acconnted in, a manner s~ar 
f • ",_ . . • . . / 

to the case of the target. In all the calculations the Northcliffe.and 

Schilling bibles .• Q:51 w~re ~·ed; ··As. regards the· optimal value. ~f crq 
·, '. -..... . 

used in this' calculations ... it is necessary to state ·the following:.-It 

'.would be afuactive to attribute this parameter to the. o~e de~g . , 

the selectivity of . the · separator.· Moreover, both . the. values are 

definitely linked to each other, but' since the above used value was . 

· extracted via the comp-~n wiili the sp~ctra of nucl~i after p(lSsing 
. . . --~-- . . 

., . 

l 
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Fig.2 Measured (a-c) and simulated spectra(d-f) of 216Ac nuclei produced by the 
197 Au+. 22Ne =-216Ac + 3n reaction · ·" - · 
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g.3 Measured (a-c) and simulated (d-0 spectra of217Tit nuclei produced by the 
' natw +345 = 217Th + 3n reaction'· ' . 
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. '_the separator and implantation into' the detector, one should treat it 

.. as the. one reduced by. the trans~ission ·of the. faCility. Acc~rding t~ 
t~, th_e p~mmeter of aq can be consi~ered as a l<;>werlevel estimate 

for such. a paramete~ not corrected by the-separator. transmittance. 

If, nevertheless, one is. illtefest~d ill ~he last value, a ~~pimed 
. ' '. " . - - :.. 

estimate can be provided in the followillg way: the dipole magnet is 

,' 

regard~d as having a highenough res~lution ill magnetic rigidity. In 

t~ case . 'bn~ should consider th~ fol1!lation 'of a me~ured cha;ge 

. dispersion tob~ _attrib)lted only-~othepath after the dipole mag~~t,· . 
- ... ·- - ' . . '. - "· . . 

"-• 

. hence corrected by a factor accounting only .for .the losses after the 
' . " - . . ~ ' . . . ' . 

· dipole. The dotted line in Fig.S is a similar estimate:. 
.. · . . . . /~ . . ~ ' "' 
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UblraJIOIJ JO.C. 
WHpuua pacnpeueJJeJimi paRnoRecuoro 3apSJ~a 
JJ)ISI napaMeTpl133Ulll! ClleKTpOJJ nDKCJJbiX ~mep OT).l;: 

Paccinnallbl '::meprenJ;Jec0tH II' RpeM~m~oJJeTJ 
OCIIORC llporpaMMI>l Will nK, IICIJOJibJYKJUleii J(lRIIC 
R ·ROllOpone, JaiJOJJIISIIOLUCM pafio•mjj Ofi-heM IUJOI 
Aaiulellllll OKOJIO I Topa. ,il,JJll ouucallllll JapllllOR~Ix 

'l 
).leJICIIIIC x~. J.hMepellllhle ClleKTphl, l!CIIOJII>Jyet.tJ>Ie 
napaMeTpa wuplllll>l pacnpeueneHilll paRHORecHoro 

III>IX peaKUIIliX c T~IKeJihiMJJ IIOIIil~lll 197 Au+ nNe, . ' . 

Pa60'ra Bl>IIIOJJIIeJHl B Jla6op<rropJtJI ll.!lepuJ>Jx' pe 

I 

/ 

, n~IJjliiiiT Ofll>CiiiiHciiJIOIU IIJICTIIT)'T". ~;u:prr~l\ Ill 

• < '<. •,. ,i. ~'I •; '. /' ,. l ,; 

Tsyganov Yu~S. . 
Value of Equilibrium Charge States Distribution 
Width for Parametrization df.Heavy 'ReciJil Spectra 

Energy and time-of·Jlight spe~,:tnl of he>wy 

_PC·based code with q2 sc;lling of the stopping fon 
filling the working yolume of the gas filled separat• 

X2 distribution is used to describe the charge Statt 
which· are used to extract the optimum paramett 

distribution width were obtained in heavy io 
rratw + 34S reactions. , 

The investigation has been performed at the 
Reactions, JINR. 
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