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In pecent years the detailed study of properties of recoiling nuclel has been
an important souree of information on nuclear reaction machnism.l This method has
been especially useful for the investigation of reaction mechanismg hatween couplex

2-b In this cage heavy reacticn products of considersble energy may be

nuelei,
cbtained.

Interpretation of these studies would be Lmproved by knowledge of the distri-
bution of effective charges of the heavy particles gemerated irn the nuclenr reaction
investigated. |

We present hare the results of an experimental atudy of effective charge-
state distributions of products of heavy-ion-induced nuelear reactions, in the rare
enrth region. We give results of a detalled study of equilibrimn charge distributions,
as well as some first results on "ipstantansous" charges, obtained before equilibrium
is reached,

When heavy porticles pass through matter they can lose or asxpm electrons
in collisions with the stationary atons of the medium treversed. This very compli-
cated process results in the establisiment of an equilibeium distribution of charges.
From such a distribution the characteristic mean charge may be obtained, which will
relate to an element of the path of the penetrating particle; +this rath is long
enough to include & large number of charge exchange collisions, but too short for
any appreciable slovwing down of the_paz'ticle,

In general, and qualitatively, we know that the equilibrium mean charge (3)

of a particle vhen passing through matter is given by



Z @ -F (ZlAl Vv Zg Ay, state of condensation of mediun), (1)

There is not at present any rigorous theory about the charge distribution of heavy
particles as o function of the various factors shown. Only in the case of hydrogen
atoms moving in & mediuwm of atomic H, a quantum mechanical approsch hes been gucconss
£ully used.” Other methods used are approximate in character; they are mainly based
on atatiétwal congiderations end are not in very satisfactory sgreement with the
expertuents. 51 Brpirical factors have therefore been introduced in order to allow
for these discrepancies, °

The existing experimental date ave mostly for %, up to about 18 (Argon),
becauge until now the possibilities of aacelerating "yary beavy” iouns, (Zl> 18) have
been limived. Measurements have been perforued on fission fragnemta, but because of
their continuous spreed in Z,, they can be related only roughly to 2 = 38(sr) end
7 = 54(Xe) B3 the most repieaentative cm@a.m’13

Spallation products resulting from heavyeioneinduced nucleay veactions can be
rroduced in a wide energy interval, from a8 fow MeV up to & few tens of MeV. This
offers thercfore an almost unique possibility for the study of charge equilibriun of
heavy particles possessing even higher Z1 than the fission fregunents. The data pro-
gented here are for a study of equilitrium charge distributions of heevy particles of
nueleer charge 2, = 6641 (Tb, Dy, Ho) in & velocity region from about 2.5 X 108 om/Bee
to about & X 108 an/secs in etomic units this corresponds to about 1 to almost 3
times the velocity of an electron in the hydrogen atom.
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EXPERIMENTAY, PROCEIXURE
Tn ehoosing the nuclear reactions to be utiliged the intention was to find
a mumber of reactions which ideally all lead vo the same primary gpallation product,
and which should result in as wide a velocity mnge a3 possible,
A mumber of reactions, all of the type (HI,xn), were therefore chosen, mogt

k9 a8 the primayy spallation product. For covering s

of them lesding to Dy
cartain velocity rangs of the resulbing heavy peaticles, resctions leading to

65%;% as well as reactions leoeding to 6‘73"1@ mre also chosen. The s;may had

%o be limited to reanctions for vhich wi&mca Por compounf-~nuclouve mechanisgm has

been presented ,2’5 because cﬁly in this case are we able to calculate the mean veloes
ity of the spallation products,

A pchigmatic representation of the experdmental setup is shown in Eig;. 1, Tho
heavy-ion beam, deﬂeetad by 8 bending magnet through 30 deg, anters the exporimental
chaxber through & emell ovel collimator and penetrates an appyopriste numbor of dee
grading f01)8. The bombarding energy was varied, vsually arocund the pesk of the exci-»’
tation function of & partisular reaction, 80 long as the reaction cross section
8%111 aliowed reasonable reaction ylelds. In ‘tﬁia way the valoeity of the resulting
products from 8 certain reac*!’:mn was veried to some extent. The scmevwhat scattored
heavy lons emerging from the last degreding foil hit the target after passing a
narrov 8lit collimator and penetrating the backing mterial. The resulting resctlon
proéucts together with the heavy-ion beam poss an additional slit collimator and
enter the gop of a permanemt magnet of 3150 gauss £ield strength. The charged
spallation products, as well as the besm ions, are horizontally deflected according
to thedr momenta and effectiwe chiowge s‘té.tes. ‘The aspelletion products are finally
eollected on & thin Al catcher foil, The TFaraday cup behind tha_ eatoher foil serves

to monitor the heevy-ion bean throughout the experiment.
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As 11l three types of gpallation pyoducts obtained in the ver’ous caces are
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genetically related snd deeay to Tol 76
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the sama detecting method was used for all the resctions, nomely the counting of
the & tracks of the decaying %195'953 on a mclear trock amelsion.

The horigontal distrivudion of the collected apalletion products ves thus
recorded by taking an astoradiograph of the catcher foil, and the prlate wag finally
scauned for Ceteack density as 6 function of the horizontal distance from the beam
axis. On the place un the plate corresponding to where the heavy-ion bemn vRs
hitbing the cateher foil, o line was obtained indicating £ activity indused in the
catcher foil and its plastic cover., Rurthermore, longeraage ¢ trocks, which could
be clearly distinguished from the short.range rare sarth o traaka , vere faund in
th 8 place. These tracks were attributed to o activity induced in heavy-elewent
impurities existing in the coteber foil materiml. (See induced c<metivity poaks
on Plg. 2.) The position of the vomn axis on the catcher fo4il, whilch corresponds
to the zero~deflection position of the particles, was obtained for each run by'a
short calibration run, without target and with no magnetic field applied. As
under the experimentsl couditions applied, the heavy-ion beam wes practically come
pletely etyipped ,lu the distance betwesn the pero-Geflection position and the
pogition of the defiected bean was uped for the calibration of the chayge-ctate

scalae. All the experinents were performd gt o pressure of sbout m”hm.
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EXPERIMENTAL ANALYSIS
‘O the basis of the fundamental equation for magnetic deflection of charged
particles and from pure geomstrieal considerations of the experimental setup, we
find that the harizontél deflectiqn = on the catcher foll, with respeoct to ﬁhe
beam axis of & particle of mass m, velocity v end effective charge state 8, is
given by |
Ao

¥ ° THem |

] Hes ) (é)

1 ~ cos(aresin ¢ 11 == :
ew . ifer
: Ay cos({eresin m)

o)
Alc v
whaz-@ H is the magnetic field strongth, ¢ the veloeity of light, o the eldmentury
charge, 1 the length of the megnetic field, and L the distance botwsen the end of
‘the magnetic f101d and the catcher foil,

The various charge states of the deflected spallation pmauéta wore thus
1dentified by use of Bq. (2), introfuctng for A, the mess of the £ inal mcloar
reaction product, and for v the metn veloeity (v) of these producte (see Bq. (3).)

~ In order to calculate the velocity of the spallation products we hove to
consider the mechenism of the reactions by vhich they are produced. The nuclear
reactions studied and the Lombesrding conditions applied are sumsrized in the firgt
two columms of Table I, Expepimenmtal investigations of ths weco' 1 properticn of
the final products of reactions of this type have provided a test for the validity
of the statisctical assumption and were found to favor e "compound nueleus” resction
mghani.m.a’z' 10 The ex¢itotion emergies obtained in these reactions vary between
about 35 and 185 MeV., At such high ensrgiés of excitation e very large nusber of
overlapping levels will exist. If we asoume that in the ocutgoing chamels the
randon-phese approximation still appligs, the angulay distribution of the evaporatod
neutrons should bo symmetric about ¢/2 in the eonter-of-mass system. let us there-
fore assume that an ineident beam particle of lab eunorgy 8b ig mbeorbed to form an
excited state of a compound nucleus. As in any model for a nuclear reaction, linocear
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vhere Qutmmmmmwmwmmmum, aua-r,ymzw
average total energy of the ayam emitted a8 pmtons‘ The yecoil velocity dus to

the photon emission cen be mesmm

The T, values used here are. based on 8imonoff and Aexender s measurementsl5 ot
anguley diammtlm of spelletion products which rgﬁum fron vesctions similsy
to those ve have studled, Theve T, values vers obtained by them with the stmpli-
fied assumption of isotyopic namon mm&m. |

As mwmmmmmmw, ammmnmmwm
resction particles hes been used in these experiments, Tosrefore, when trying to
estinste the velocity m; ve may teke into mimwm only the veloeity
contributions of evaporation chaing whose vestor sums yesult in tue forverd end
backward directions along the besa axie. Becsuse of Wiﬁ neutron evaporation,
(U) ¥ill be zaro. We them get, for the variense of the velogity relative to tbe
square of the mean velooity, '

, {E”A"‘ }o q‘m (a, + a)® '
L T e ML AN ©
@ T R ay e by - hm

This gives us en estimate of the veloolty spresd caused wmm evaporation,

e velodity spread caused by targst thickuess ves estingbed from interpols-
tion of experimental vengeesnergy determinations of p@a&w&s of simtlar venstions
2 por the “equilibriwn experiments” ths target thickness was usually
of the oxder of 100 pg/m’, whish allowed reasonsble veaction yields. In the ease
of "nponequilibriun” experiments thinner tavgets, down to about 9 ug/mg, nave baen
uged. The veloeity spreod csused by stopping effects in the degroder could be nege
lected,

mmwammmwmmmmmtwmw, In Plg. €

& typical experimental scanning cwrve i ghown representing C-iyack density on tho
nuclosr emiloton plste verous dofloction diotance on tha plate, This distonto 10

in Al and Au.
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equivalent to the horizontal deflection x of the chayged rosction produsts
_obtained on the catcher foil. Two induced.-activity peaks can be seen. The
induced.G-activity peak obtained ot the serc dsflection position does not imbewe
fere with the mein curve, However, the induced O acbivity profuced by the deflece
ted besn 18 superimposed on the experimental chavge-distribution curve., These in-
ducef--aotivity curves were found by perforuing bimboiments under conditions
ginilay o those mamMM,Musmma£mwmmmmt
foil of 1te basking meteris) only, In this vay the experimental scanning ourves
obtained were corrected for the bosu-infuced o activity. The yesultant curve

was further corrected for velosity Spread caused by meutran evaporation sosarding
to By, (6), for velootty syvesd caused by target thickness, aud for geamotriesl
 spresd. Pinally the corrested curve was comverted into o histogran for integer

¢ values, representing the actual charge Wbutimx for a cextain velocity {v).
In Pig. 3 en exsuple of such & higtogram is shown. This Pigure represents the
equilibriun charge distribution of en Ho'd particle moving with & mesn velocity
of () = 4.5 x 10°cu/ss0, The figure shovs the relstive probabilitiss of the dif-
favent charge states obtained, ¢,(%), 86 & function of the fonie cherge o
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nomentun is conserved, the momentum of the incident dean particle is ¢qual to the
momentum of the compound nucleus. We then get, for the velocity of the compound
nucleus, | ‘

o EAR
' B n— g >
o T e e

which is identieal with the velosity of the center of mass, %&&Armm
wagsses of bombarding particle and target atom respectively. As the compound nuclues
éacays, the velocities of the resulting spallation products are affected by this
decay. However, when we recall the sesumption of symetric angular distrivution
of the evaporated newtrons, wo get the result thst the meen velosity (v) of. the
final producte 15 equal to Vo end thevefore is given by B, (3).

In order to estimate the volocity spread caused by mucison eveporation, let
_ us consider comevhat further the dscay of $he cumpound nuclous.

Let ¥ denote the c.m. velooity given o the epallstion products g @ result
of evaporation of all the neutrons. Let us for further simplification assume thet
the neutrons are emitted in random divections in the conter-of-mass system, We oan
then f£ind o expression for the mean sguade value of ¥ for this yandom walk, We

get for the momentum of & recoiling mesn mass of the evaporation ohain,

oty 2 oa " 0P - ens,, ®

smere(AboAT- %lmn)mmmm’Wm“wmmmmg
an evsporation process of X neutrons; @a is the average total energy renmoved
bytmmteﬁm,mmnm%hemsarmm. Tnmsiwnhx,

Tn“”b%ﬁ}‘*a’?v’ ‘ | (5)



RESULES AND DISCUSSION

A, Eguilibriw Cherge Distributions

In Table I ore given o sumary of the nucleey reactions stuiied, the bome
barding conditions, and some of the obtained rasulis.

In Table IT are shoun the pelative probabilities for the chargo statss
obtatned, ¢,(%), a8 o function of the various perticle veloeities. Bech vertical
colunm coryesponds to & cerdain type of muelear recction under certain bhonbardment
conditions 6¢ shown in Table I. The probabilitios given ere ths mean recults of o
mzber of repeated axnariments. |

In Pig. & we see sove of these probobilities plotted s a funcbion of velocw
1tys smooth curves vere cbitained. The cuyves given ave for the fonic charpes 5,
10, 15, 20, and £5. ,

| 4 rigoreus theoretical trestment of the collisions betwesn highly chorged
ioms and atoms is extromely complicated, and so fer only roughly epproximste re-
sults have boen obtained. But 25 the approach in most cases 16 statistical,
u@umy besed on & wore or less implificd Thomzs-Fermi model for the elestrons of
the moving ion, these a@praxﬁsaations ugy be expected to it betier the moamuromsntso
on ions having 2 high nuber of electrons--as in fiseion fregmants, or even still
more in the experiments described here, than the measuvements for lw-zl fong. It
has been predicted by B{Dhra thet when very hoavy poarticlos penetrate & mdiﬁm, the
mueleus of a moving pertlcle will cmery throughout almost its wk;ole path o large
mutber of electrons, which (owing to contimunl capture and loss) fluctuates ayound
an avemgé value determined by the veloeity and nuclesr charge of the ion and by
the nroperties of the medium. This has been verified experimentally for fission
products. These fluctuations were eupected to be e normel distribution. Our
experimental data show that they way be approximated by e normal dlatridbution as
o
"

§
o

b R @@{u-(z-(a).)a/as ) (7

Z akfen'



alQe-

and this function is characterized by two paremeters, the wesn charge

—
(z) = % By X %5 (8)

<

and the distribution width

i

[
i
OGL 2

;cp (5= (2))? ]1/? (9)

vhich is related to the full widths ot half meximum (w) of the dlstribution by
v = 2:354 g. _

The mean charge values (2) given in Table I were estimated according to Eq. (8).
The differences obtained between (z) and 2 - for the same particle velocity are within
the experimental accuracy, and all the dlstributions obtained msy thevefore be cone
sidered as practically symmetrical.

Pigue % iz a plot of the mean chorge (8) ag a function of particle mean veloc-
ity (v). It can be seen that in the velocity reglon studied the experimental pointe
Fit well, within the experimental error, a linear change of (&) with (v). No in-

fluence of A%, = 11 could be found, within the euperimental limits. The point for

1

the lowest velocity measured ((v) = 2.92 x 108mn/aee), vhioh is for Z, = &5 (T0),
f1te ?.:e:u. the axtrapolated line obtuined for higher veloecity values of 2, = 66 (Dy).
The eome epplies for 2, = 67 (Ho), where resultant (z) velues for two different
velocitics ave shown. A more deteliled mpariéon can be made for tha results
obtained for (v) = 4.4 },Oacm/ sec. For this velocity the charge-state distri-

19 erbicles and of Dy YY particles, generated by two different

butions of Io
nucleay reactions, have been studied in detail. It can be seen from Table II that
the charge-state probabilities obtained for these two cases are proctically identi-
eal. The estinate of the difference in binding energy of the electrons involved,
ctilculated for the whole charge distribution, 18 mbout 3%, which 16 less than the
exporimental error. Therefore no significant influcnce on the results becouse of

differences in A4 = 21 could even be expected.

1



Conzidering the distribution width values (W) glven in Table T shows thot
these values increase with increasing (z) values, but the ratio w/(z) rematns al-
ot constant within the exporiuental error; for the vhole welocity region studicd.

let us now consider the Qependence orf{z) on v obtained on the basis of
Bolr's theory on the stopping of fission m@wnw.é’g This theory is Gased on o

rough assuiption that en ion of lavge Z,, vhen pessing through matter, is sgtripped

4
of all 1ts orbital electrons that have velocities smaller then the traunslational
velocity of the jon. DBohr uses, for the description of the ion constitution, &
sluplified statistical model of {he Thomss-Fermi atom, obtaining an approximate
expreseion for the velocity distribution of the larger part of the electrons bound
in the ground state of a heavy ion of effective charge (z) , corresponding to o
consideruble fraction of the nuclesr chayrge. A rough estimete of the jfonic mesn

charge 1s thus obtained from
@ = 2 vy, | (10)

applying o particie veloeitias in the region Yo E 4 312’»/3*:0, where VG, repra-
sents the velocity of the clectron in the ground state of the hydrogen atom

(vo & %a- ) and Y:g:/ 3 Bstands for the "effective cuantum number" v of the binding
state. However, it 18 essential for the applicability of v = le/ 3 tnat {&) be
gomewhat ansller than zl/e_. To apply Bohr's theory to ouwr data, the "gtate of
condensation” effect has to be taken into account. This effect depends, sccopd.
ing to Dobr and Lindherd,® upon the relative vaiuss of the time necessary for
wore unifora d.stribution of the energy of a few highly excited electrons, Tais?
aad the time elepsing between two collisions, Taol For polids and 1liguids

<1 According to Neufeld and Suyder’! an odditional effect, the "distant

acl din”*
colliasiong"” effect, wrich causes sutoionigation, accounts purtly for the "ptate of

(]

condensation effcet.” Az the distribution of electronic orbitel) velncities in

en fon thot is continuslly perturbed by collisions at high frequency is not



known, tohr and Lindhard,m on the basis of qualitative considerations and ILocaon's

exporimental results ,}_‘2 introduced into Eg. (30), for fission fragments, & osmie
empirical factor of 5/8,

When trying o coupare the estlustes obteined firom Eq. (10) with experimontal
deta for "very heavy" 'i.cms s we £ind that these ave almost nonexistent. The feu
existing ones ave sumsdized in Table IIX. A8 medim&,m Eq. (10) doss not £1%
the experimentel data for Br(2,=3) and 1ight £ission fragments, but £its well for -
neavy fission'fra@mme, where the uge of v = ?333:/ 3 peams to be justifled,

Wa have not performed any charge Aistribution measurements in lov-pressure
gas st ippers for paavticles of Zl = 66, ’v.;‘e* -as’éw’m that fop the bighest degpree of
Acnization neagured the conditions for the am}licabil&ty of y = 2’%‘,5 erg still
fulrilled. Bquetion (10) will thus provide us o estimate for (g) in low-pressure
goses. This would result in én increased empirical faetor of the corder of 2,
This larger fector uay be attributed to the higher %, of the particles than of
neuvy Pission fyagnonts. Tais £ite the experimental obgervation that the excesw
of wmisetion, 86 2 result of the "stale of condensations” effect for o cortain
velocity, iﬁcmaaes with tm aucleay chexge of the ion.'}'g

A theoretics) estimete of {2) given by Brunning, Knipp, and Tel,larg is based
on & wore detailed Tuouas-Feral statistical wodel. . They sesued the charectoriotic
velocity of the electron v, to be roughly mroportional to the particle velooity,
and introduced sn empirical fuctor of proportionality, vy. The charesteristic
velocity of tmj electron was colculated for tuo different mmiona: (n) the
energetically mogt eusily romoveble elsctron, (L) the ocutermost electron. In
Pig. 6 the corresponding curves ecaleulsted for en ion of Ly = 66 are shown

[owwos (0) end (b)), Curve () is according to . (10) end eurve (¢) show ow
exporimental vesults, ocesuming y = 1) the following y values vers obtained:
Tor assumtion (a)y = 8.9 for {v) = 2.52 x mam/sec, decreasing to y = 3.5 for
{v) = 5.07 % 108cm/sec. Apnlying cssumption (b), we see that for the whole veloSe

ity range meesured, vy is close to unlty, beiug



y =12  far {v) = 2.52x 100m/eec  and
v = 0,92 for (V) = 5.97 X 108&:/39&;

Even our results fit falrly well the curve based on esSumption (b), 1t has
%o be remembered that Brunings et ol. approech s for an ion in the ground state
and therefore can not directly apply to measurements in solids. The vy wvelues obe
tained have to be conmidered as empirical ocnes, contoining the rgtio between wiwmt
is sssuned to be the characteristic veloelity of the electron and the velocity of
the' ion, as well a3 the effect of th@ state of condensation. It cen algo bLe seen
from Fig. © that the factor of about £ oltained when applying Eg. (10) holds for the
whole velocity region studied.

Blectron capture snd loss croms gections cannot be determined without e
mesurem}eht for a nonequilibrium state. However, it is pospible to determine the
retio of loag to capture cross sections for s particuler electron from the equilibrium
relation when the possibility of multiple electron téanafer' in & pingle collission
is neglected: 17
¢

P o

Bl L BaBh 0‘:Lx:»‘s!s‘ . ' (11)
(bz T241 ¥4 cap

As an example, these ratios for o = 6, 12, and 18 es & function of (v) are shown in
Pig. 7. Within the experimental ervor limits these retlos £it the relation

(22)

vhore k, increnges very slightly with s. ;

Pohr egtimated thot for heavy figsion fraguents penetrating heavy materiels,
those ratios ere expected to be of the order of unity.” Our results confimm this
ostinate.
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Mame 8 shows e conpilation of existing mmrméutal dats of tho mosn charpe
{2) of “very hoavy" ions in 80lids as n function of part ¢le velosity vj‘/ 2. Az wvoll
a8 represonting our dsta for (2) by 6 linear relationship with v, ve can alfo ropre-
sent them foirly well es oven a limesr function of v e,

Because of almopt camplete lack of experimental davs for charge Atotributions
of “vory hesvy particles,” 4t 45 LuposSible at this stage to £ind éven eny empirdienl
regulerity for the mean chorge of & paticle a8 a funation of 4te velnelty and nuelosy
charge. Additional experimental data for perticles of various Z, ot varicus voloc-
ities are yrequired before s phwmmentlogicel enalypis of the results _m poesible and
the existing approwimate theoriss cun bo nore -cmly examined.

In e forthooming paper range«enerzy caleulations of Dym pagrticled, bagsed
on the data given hore for effective charge Aistributions, will be prosemted and

compared to existing rangd mwmnta.g

B. Gonequilitriuwn Charge Distributions

In the foregoing study of equilitriun charge d:ietridution it ves found thav
the necessary equilibriun tarzet layer wao of the ovder of 55 pg/ar®,

For the reastion Br*t(0*%8n)Bo™ & muber of expertments wing thinnse
targets wes performed. ,

In Fig. © some preliminary results sre shovm,. A5 thianer tergets are wed o
clear tendancy of tho mean charge towa®d & higher~-than-equilibrium value can be seen.
If the "irotantenesoua” chewge of the compoumd nueleus were cosumed equal to the ehoavpe
of the fully stripped boubarding ion, an explanstion for the alditional ionigation
effect would have %o be given. Ae internal conversion and orbital elsctron eapbtuse
presumably will not be of any quentitetive tmpopdance in this omse, this offect mhy
be attributed to the drastic "shaking® of %ha elactron cloud folloving the puddon
change of the miclear charge by A%, = 8 a8 a result of the nuoledr pesction.

Howover, further ond more detalled exporimenmtal ptudies ore noofod boforo
eny concelusive and more quentitative emesniznt con bo mado.
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Toble I. "Summary of experimental conditions and scre- results in charge disltxlibution studies .('symbols as .gse_d in 1:'e_4z»tt).~
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Table II. The relative.

probabilites of the different charge states &, (%) for various ‘particle velocities (symbols as used in text).

z 65 66 66 66 66 66 61 61 66 66 66
z, 59 60 00 59 58 58 59 59 51 %6 56

(v)xlo‘8 2.52 3.05 3.30 3.45 %.08 .24 L2k L.50 4.64 5.27 5.97
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" Tablé TII. Some experimental and theoretical 7 values for "verthea&y” ions.

% (in positive elec_t_ron un‘its_) =

. . (cm/sec)' Experlmental Theoretlcal Exoerlmental Theoretlca.lb
R T-V&e]@mﬁleéﬁ. 89[EfeHOf“f5Jﬁfe
38 (nght f1551on fragments) :ll.od .$__ 1 13.8 168 '. .19, 2'.n ' f‘é5:2i.>

L 880 0 W6 - 150 225 226 .
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', Accordlng to Eq
) 'quuatlon (10) and factor 3/2 by Bohr and Llndhard '

,‘:. Reference 21

d'Rei“err—:nces 12, 13
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Flg. 1. Bchemptic diagran of oxperizental srrangsment.

Fig. 2. Experimental scanning curve » borizontal displacement of particles
on eatohor fol) « en o function of ¢ particle trosk denpity. Hucleor
Reactionas ?r’“"’i(alé&x)zsal ? B (18b) « 162.0 MaV; Tavget thickness = 100 ug/ea’s
Hean veloeity of Kalkg particiess (v) = 4.5 X mamfssa. Magnetic fleld
a’hremgth = 315G gouss.

Fig, 3. Corrected chargs distribution histogrem. Belstive probability (%)
as o function of the effective chayge stete ¢ (in positive electron units),
Muclear ghsme of perticies: z, = 67; Mean veloeity of papticlos: () =
k.5 % 10 eafose.

Fig. 4. Relstive probsbilities for same of the charge states obtained - ¢,(%)
es a funotion of the mesn veloeity of tie particles (v).
2 = 5, 30, 13, 20, 25
5. = 66t 3

2 (
Cp = 56 e 6@

Bee Tsbls I

Fig. 5. Heon charge (%) o8 a functiom of mean velogity of perticles (v) . Fuclear
charges of moving particles: I, = 65, 66, 67. |

Pig. 6. Degree of ionization (z)/zl oo & functicn of the velocity characteristic
of the pocess of electron capture and 1oes,

Fig. 7. Retio of adjucent charge ptate probabilities as s function of m2an volosity
of pamrticies for 2 = 6, 12 and 18, ’

Pig. 8. Compilation of exioting expertmental data of tho meen cherge () of "vomy
peavy' ione ac & function of j:artic:le velocity ¢ ve,

M. 9. The mean charge (z) of mamg particios g o funchion of target thickneos; -
Huloar Besctton: Pr-it(0%8n)mot™, Partiole mean volooity: (v) = bu5 3 10%em/ooe.
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