


The knowledge of the ionic charge dxstnbutlons (ICD) for heavy ion - .
reactlon products, especxa.lly for the heavy. evaporation residues (ER), .- .
- is 1mportant from - the” point of - view of effective work of the kinematic — E

* recoil sepa.rators ie., a.chlevement of optimum transrmsswn (for msta.nce' L

o see the recent review [1] and refs. therein). The ICD of the ER formed in

o nuclea.r reactlon a.nd knocked out from a target isnot an eqtnhbrated one.
‘A p0551b1e tra.nsfer of nuclear excitation: to the inner atomic shells and "

subsequent deexcxtatlon of movmg atoms via a cascade of Auger electrons y

- make ICD of. ER unpredlctable A carbon foil placed at a pOSlthll ‘of v‘ 5
= _“severa.l centlmeters downstrea.m froma-target restores the ethbnum of R

.the ICD of ER [2]
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R .7 Flg.l Cmnpamon of e:cpenmental mean ionic charges — < q >,,,-p unth i

’the empmcatpredzctwns by Shzma et al. [4] —<q >31M (eq (1))

: Apphcatlons of the empmca.l systematlcs for the ethbrated ICD [3 4] ’
: t111 ion-optical calculations for the case of specxﬁc separation systems [5,6] -

o showed significant deviations of the calculated transportation efficiencies S

" for the ER from the experimental ones [7—9] Evidently, this is caused by e
. ,dxﬂ‘erencles of the adopted ICD from the real ones. Indeed the data on\. e
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' dasaed lme — polynomzal (for comparzson)

the ICD for the heavy ER are poor [2] Therefore the emp1r1cal systemat—

ics of mean charges < ¢ > and charge distribution wrdth d [3, 4] based on
the data obtalned for lighter (Z < 36, mostly at E>1 MeV/amu) heavy
“ions passmg through a carbon foil are used for 1on-0pt1cal calculations.
We considered the available experrmental data on ICD for Z >.53 heavy -

[10 12] (see also refs. thereln) and the’ recently obtained data [13]) along -

ﬂ ion beams at non- -relativistic energies (E-<10 MeV/arnu) compiled in

~with the data for ER [2]. The comparison of these data. for 1riean charges '

with the pred1ct10ns glven by the emp1r1ca.1 formula of Shlma et al: [4] is:

shown in ﬁg 1. The mean charge is expressed in thls formula as S B
L <q ,>S,,'.j = 20 - exp( 1. 25X+ 0, 32X2 o 11X3)]
LA

-

Flg 2. The same ‘as zn ﬁg 1 e:z:cept the energy regzon (0 1 < E < 10

~Me V/amu) The results of least—square fit are: shown solzd lme — eq\(.?), 7 :

l

The strong dev1at10ns of the experlmental data from the 'predlctlons‘ ,i,

- (up to 40%) and bad scahng with Z in'the energy range of our interests .
(0.01< E <0.1 MeV/amu) are evident from fig.1. This is observed for
Aik\,both systematlcs 3, 4]

N others [14] ,

The snmlar d1screpanc1es were obtalned w1th S
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& L E (MeV/amu) o
Flg 3. The same as in ﬁg 1' ezcept the energy regzon (0 < E < () 2:':
MeV/amu) and the energy scale (Imear) "The’ results of Ieast -square. fit e

- using eq.(3) are shown wzth ‘the aszerent Iznes for zons of the dzﬁ‘erent zZ
(symbols are the same as in ﬁg 1) P :

The purpose of thrs work is an’ 1mprovement of the emplrlca.l system—

atics of ICD [3, 4] in their apphcatlon to the very heavy ions. To improve B

the < q. >51M-systemat1cs we considered the ratio R(Z, E) - < q>ep
/ < q >sim- For E 20.1 MeV/amu R(Z, E) fl(E) whrch was approx-”'r o
1mated by a deformed resona.nt functlon ' b

B =t T/B-pP 4T, T= p4[1—exp(—p5E)1, @ -

E as it is shown in ﬁg2 “The values of the constants pl—ps ‘were ob—' -

ta.med from - least—squa.re ﬁttmg to the. data at the energles 0 1< E <5
10 MeV/amu (see table 1) Sl gt : LT




,’ Table 1. thted constants in eqs (2) (3) (6) of the correctzon fnnctwn f ; ﬁ
'of eq (7) to. the mean charge e'ualuatwn given, bJ Shzma et al. 4] (eq (1))

fl(E)

= fo(E5 Z)

.1 095001 a; -+ 1.088 '

py 0.01488 a

2 ps ,0.35744
e_?pg 0.30325
P 278276

2 5.990x100 -
b 5158107
by: 3254x10wi;”

16 993

‘i',B,,*_“’V

Flg 4. Changes of the parameters a(Z) —= (a) and’ b(Z) — (b) vs. Z '-Ii L

‘ leled circles’ are. the az and bz values obtamedfrom fit1 nszng eq. (3}, solzd‘: o
“lines -are the results- of a sphne znterpolatzon (see table-2),. dashed hnes’v‘l‘ )
are the results of least= ~square fit using eqs.(4)- (6) wzth constants listed in -

table 1 Polynomzal ﬁt s also shown for comparzson (dash dotted lznes) s -

For E <0 11 \IeV/amu we chose for R(Z E) = jr_;(Z E) the form S
e f2(Z E)—a(Z)E"(Z) ERER

: To ﬁnd the parameters a(Z and b( ) we, denved the values az and bZ‘;‘
“ by ﬁttmg the energy dependence (3) to the’ (}vallable data at low energies
: “for dlﬂ'erent Z.. The results are shown in fig.3. The obtamed az, bz values .-

have been ﬁtted to the fuuctlon of the, form

. (Z> ,='l‘b1 +bzf( ) i e e
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F1g 5. The same as m Fzg 1 cxcept the apphcatzon of the conectzon func—
g ,tzon of egs.(2)- (7) Low energy corrcrtwns are_given unth the parame-

ters.a(Z) and b(z) of eq. (3) obtamed from: ) = least-square ﬁt usinig

o eqs.(4)~(6) with eonstantwn table 1, and b) = sphnc*1nte1polat1on with - -
' parameters in table 2: . Y B




) Results of the least-square ﬁt are’ shown in: ﬁg 4. The determmed -
- from’ the fit constants a;, as, by; b2, « and /3 are’ llsted in table 1. To-:
~ consider the 'detailed behaviour of a(Z) and b(Z) a splme mterpolatlon

i combined wrth alinear, extrapolatlon for Z. > 92 was made. The obtalned o i - SEIE T

" “coefficients a(Z ) and’ b(Z) are listed in table 2. The fit of the parameters/ :
f',of the function: (3) was: satlsfymg the: condltlon of rna.tchrng with ‘the’ : CLTL

R ~_funct10n (2)at E=0: 21 \leV/arnu where approxrma.te equallty fl (E')
S fg(E Z)~1 was fulﬁlled (see ﬁgs 2,3 also)

. Combining (2) and (3) the correctlon functlon to the formula, of Shlma ‘ -
: net al [4] could be expressed as ‘ - : s ]

'is-aE > 0. 21
E < 0 21 (7)«:' :

e R(E Z) = Lfl(E')—i-(l L)fz(E' Z) V\‘rherevikk ={

d/zom

L 0.0 ‘ L ‘ilv V ,?r . ‘V Lo y);; !, :
L ?‘i.}lfO%_Z,
Ll <q>exp / Z

i Flg 6 Systematzcs of the charge dzstnbutwn wzdth (symbols a.re the same: -

- asin fig.1). The solid line is the result of Ieast square ﬁt uszng e (8) 'wzth
constants in the tezt o : ~

Lmea'r e:z:tmpolatwn is used for Z > 92‘ 0

5510308 1909x102 84 12899  0.1629

(3)‘

Table 2 Sphne mte'rpolated parameters a(Z) and b(Z) in eq

A ) W Z "a(‘Z)",_ b(Z)"' S
{-45331.0000 T0.0000 - 82 12847 0.1605
54 1.0156 9.640x10% 83 1.2889 - 0.1625

56 .1.0455 2.814x107 8512881  0.1619 -
© BT 1.05920 3.661x1072 86 '1.2839 - 0.1598.
- 58 1.0718 4430x10f2a" 8712775 - 0.1566 ..~ .
591 0829 5.101x10%. 88 1:2693 01525
7060 1.0921° 5.653x1072 89 1.2507 © 0.1477 - o
| 61 1.0989 6.052x1072 90 '1.2491 ~ 01424 .
62 '1.1025 6.264x107 91 . 1.2377 . 0.1368 - . - -
1.1024 (6.253x1072 92 1.2260 *0.1310- "~ oo
1 1.0979 5.984x102 ‘93 -1.2142. . 0.1251 iy
-1.0888 5.456x1072 94 12025 =~ 01193 = -
1.0776 4.803x10-2. 95 1.1907 ~ 0.1134
*1.0671 *4.193x10°2 96 ~1.1789 - 0.1076 "
106037 3.795x1072 97 1:1672  0.1017° -
11,0599 37771072 98 11554 9.591x107% . L.
0 1.0691 4.308x10-2 99° 1. 1436 9.006x1072 > oo
71 '1.0906° 5.554x10°2 100 -1.1318 8.422x10°% . -
7211260 7596x10‘21 101 1.1201 7838x10-2, Sen it
73 11716 0.1015 - 102 1.1083 7.254x107% = -
©1.2923. 0.1286 . 103 1.0965 6.670x1072 -
 1.2729 01547 104 1.0848 .6.085x107% -
7613178 70.1773° 7105 11.0730 5. 501x10-?;~ e
77713518 0.1940 106 1.0612 4.917x107% .
78133695 . ©.0.2025 . 107 10495 4. 333%10°2
79 1.3656 - 0.2003 - 108 -1.0377-3. 749%1072 -
80 .1.3346  <0.1850 . 109 :1.0259 3.165x1072 . .
';;~ 81 12892 0162835,110, 1.0141\_ ~2.580><10—2f N

N

Flg 5 1llustrates the data of ﬁg 1 (apphcatlon of formula (1)) corrected'

s ‘wrth the funct,lon (N A general agreement is achieved for the- whole :
. energy ra.nge Thls agreement is wrthm =+ 6 % for the splme mterpola.ted |
" a(Z)and b(Z ) (ﬁg 5b) and slightly wWorse for these para.meters determmed .
e by the least—square approxrmatxon (ﬁg Sa.) at low energles S




~ We obtamed also a new systematlcs of the char;:,e dlstrlbutlon w1dth

, F1g 6 displays the y =d/2°7 values [15] plotted against T =< 'q >ep /Z‘
~ for the avallable data for Z > 53 We ﬁtted a functron of the form L

to the data by the least square method The best val 1es of the ﬁttmg RS

- constants weré obtamed )
A = 2 10176 B = 0 510987, and C = 1 68505

RO 2581 05-ER
w20k 15 5 MeV
- @ L _‘. - = n
§:7 ‘;*:-1,‘9 :

[ 233U-10ns
10 MeV

s a0 Cas
Charge state (q)

) Flg 7.. Some e:carnples of the wnzc charge dzs'trzbutzon Ezperzmental
data [2 16] are shown as-filled circles, our predzctzons using_egs.(1)~(8)

- are shown with solzd lines, calculations. by Nzkolaev and Dmitriev [3].are - kv v
- shown with dotted lines and calculatzons by Shzma et al. [4, 15] are showa el

~

with. dashed lznes

- L\Vlthout this correction the predlcted ICD [3 4, 15] deV1ate c0n51derably ’
' ‘~’fr0m the experunental ones [16]. .00 SRR

Ll encouragement and suggestlons m edltmg the mauuscnpt

The presented systematlcs of the mean charges and the charge dlStI‘l-; ": o
Jbutlon widths were used to predlct ICD for- solme heavy ions and ER.

A The predlcted dlstrlbutrons are shown ‘in:Fig.7- along with similar ones o

obtained from the other predlctlons [3,4, 15] and some experlmental dis-".

‘ “tributions for ER [2] and U-ions [16] passing. through a carbon foil. The =

’ 'correctlon for < q >grpeis small for the Pb ER. Because of thls, the ICD -
 is-nearly the same as the predrcted one given by the formula 1) [4] and

. width systematlcs [15] Being necessary to obtaln a good agreement with"

“the experlmental data. [16], our correction is 51gn1ﬁcaut for heavier ions:* -

; Present estlmatlons of the ICD are used for the computer s1mulat10u of,;,\'
the ER’s transportatlon tllrough the electrostatlc recoil separator VAS-‘ g
QSILISSA [6] A good agreemeut was achieved between the calgulated -
wand’ experlmental trausportatlou eﬁimencres for the Po. - Ac ER'in. the'_‘

S ;’1nvest1gated energy region of* 10 - 40 MeV [17].. Carrmg ‘out-the ehperl-'.{; L
~:ments on synthesis of 258105 i the reactlon 27Al("'36U 5n) [18] the showed. * £

-~ ICD for the: 258105 (ﬁg 7c) was used for the optluuzatlou of the separator :
l];parameters L St :
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