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ABSTRACT: The velocity-depcnc.nce of the transient

J hyperfine magnetic ficld acting at nuclei of 196pt ions rapidly
recoiling through thin magnetized Fe was investigated at

a number of recoil velocities. The-state of interest

(2;) was populated by Coulomb excitation using beams of
-80- and 120-MeV 325 and 150- and 220-Mev 38Ni ions.

The 2; -+ 0; y-ray angular distribution prcecession

measurements were carried out in coincidence with
backscattered projectiles. From these results, the

strength of the transient field acting on Pt ions

recoiling through magnetized Fe with average velocities

in the extended range 2.14< Qr/vo) <4.82 (vo = ¢/157)

was found to be consistent with a lincar velocity

dependence and to be incompatible with the specific

v0'4520'18 dependence which has becn previcusly
reported to account well for all ions in the mass
range from oxygen throughvsamarium. This scemingly

singular bchaviour for Pt and other ions in the Pt

mass vicinity is discussed.
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NUCLEAR REACTIONS 1S6p¢ (325,325')196pz(2;),
mp:(5°Ni,5°Ni')19‘pt(2;), E_ = 30 and 120 MeV,
ENi = 150 and 220 MeV, enrichcd target; measured

W(6,H,=) in thin poiarized Fe. Deduced transient

ficld and velocity dependence of PtFe for v/ic < 3.83%.
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1. Introduction

Following the discoveryl) of large transient hyperfine magr-tic
fields acting at the ruclei of ions swiftly traversing polarized
ferromagnetic materials, a considerable number of investigations —
have been reported which have been addressed to the elucidation of the
dependence of the strenzth of this magnetic field on ion parareters,
as well as to an understanding of the ion-solid interaction mechanism
responsible for it.

From analysis of the bady of transient field data reported at
the time for ions ranging from oxygen to samarium, the Rutgers gro:pZ)
found that the dependence of the field strength on ion velocity, v,

and atomic number, 7, could be fit well by a "universal' parameterization

of the form

N (1)

B(v,2) = a (viv)P 2%y .

where Vg and Np are, respectively, the Bohr magneton and the density
of polarized electrons in the saturated fcrromagnetic foil through

which the ion travelled. Their best fit to the existing data was

found for a = 96.7 ¢ 1.6, p = 0.45 ¢ 0.18, and q = 1.1 2 0.2 for ion
velocities in the ranpe 1.5 < v/vo €S (vo = ¢f137). A subsequent
investigationS ) of the field strength manifest at somewhat higher

specds (up to v/vo = ?7) for Fd ions was also in accord with this

near-square-root velocity dependence (i.e. p = 0.41 # 0.15). '
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However, the Rutgers group notedz's) that the available da:a re-
Pt ions did not appcar to follow this prescription; these dsta
constituted '"glaring exceptions™ to the velocity dependence
displayed by virtually all lower-I transient ficld strength
measurements for 1.5 < v/vo € 7. Yet, the single transient
field measurement" for Os iont (2 = 76) at <v/v°> = 2 gppears
to be in accord with the field strength paramaterizationz) fe-
the lower+Z ions.

It is clear from the foregoing that the field behavicir
in the Pt mass region is still an open empirical question.

The basic mechanisz responsible for the occurrence of the
transient field is not quantitatively understood at prcscnt.

The studies of Dybdal et 31.6'7)

showed a strong correlation
between the strength of the observed transient field and the
electron K-vacancy fraction produced as a function of v/vo in
0, F, and Si ions slowing down in fcrromagnetic media,
indicating that the main contribution to the field originates
from the polarization of bound projectile electrons; however,
it is still unclear how the polarization of the ferromagnetic
electrons is transferred to the round ump2ired electron of the
ion7). Further, none of the forms of paraseterization of the
transient ficld yet proposed are based uvpon any specific
presunied underlying ion-solid interaction which may give rise
to it, Thus, the non-universality of the fits of thesc
parameterizations to the overall extant boirv of data, while

at this stage neither clouling ror c'arifying our unders.anding

of the ‘ffect, does leave the v- anc I-derendenze of the
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transient “ield czhiguous.

2,3)

As -~ - i r.eld strength measurexcnts available at

the tize ¢ the Rutgers para-eterizntionz) were by-products. of
investigzii~=< with disparate experimental objectives and spanned
only the lie::.< avera,e velocity range 2.1 < (v/v;).s 2.9, it
was apparent thit more systematic studies of the transient
field for Pt ions over a broader vclocity range were desirable.
One such investigations) of the strength of the transient field
manifes: at the nuclei of Pt jons traversing thin, magnetized Fe
foils wis> relatively low velocities in the range 1.25 < <v/vo) $ 2.65
found n:> systeratic deviation from a linear velocity dependence for
it.

The present experimental investigation was undertaken to
systerztically extend measurements of the velocity dependence
of the *ransient ficld for Pt ions recoiling through polarized
iron to higher average velocities. The velocity domain of the
presen: investigatior [2.14 < le‘,) < 4.82] was selected to
augment an. extend the previously reported systematic studiess)

carriec out over the somewhat lower and partially overlapping

velocity range.

11. Experimental procedures

The nuclear state of interest (i.e. 27 1%6Pt) was populated
by Coulord excitation using beams of 80-Mev 32577, 120-Mcv 32587,

150-Mev £°\i0%, and 220-Mev 56Ni!8® from the Australian National




University 14UD Pelletron tandem sccelerator. The target was

prepared by electrodeposition of 136pt (enriched to 97.5%) onto

a8 -1 ym Fe foil (previously anncaled in an H, atmosphere}. This

foil was backed with a thick (- 20 ym) evaporated Cu layer that
provided a magnetically perturbation-free cnvironment in which
the recoiling Pt ions stopped; the Cu layer also served as the
beam dump. The target and Fe foil thicknesses were determined
tobe 1.27 ¢t 0.96 mg cm 2 and 1.13 ¢ 0.04 ym, respectively, by
Rutherford scattering of 3-MeV protons from the University of
Melbourne SU Pelletron accelerator.

Al though magnetometer tests showed that 100 Oe was
adequate for the purpose, we employed 2 magnetizing field of
300 Oe to ensure complete saturation of the thin Fe foil. The
triple-layered targct was placed betwecn the pole tips of a
diminutive electromagnet which provided this field at the Fe
foil;the ficld direction, normal to the beam, was automatically
reversed at frequent intervals.

The triple-layered, thin Fe foil experimental technique
used to measurc the precession of the 2; - OI y-ray angular

3’93. Two

distribution has been described in detail elsewhere
60-cm3 Ge(Li) detectors placed S cm from the targe: at ¢72° to
the beam direction recorded the 355-kevV 2] - OI transition
y-ray in coincidence with bean.projectile ions backsczattered
from the target in the angular range 147-166° detected in an

annular surface-barricr detector. The coincidence requirement

resulted in events recorded. for 195Pt ions which recoiled in
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for.ard cones of half angles ~ §° and » 7° for the 325 and S8i
beams, respectively. The trajectories of both the incident an*
back-scattered projectile ions werc shielded from the iield of °
the electromagnet to reduce beam-bending effects to negligibl? h
Froportion; beam-bending was <0.09 mrad for all bears and beam
energies used in the prescnt work, as calculated from mczsurements
of tne fringing field as a function of distance frcm the Fe foil
up-strean of the target with the soft iron shielding core in
place. |

Reversal of the polarizing field at frequent intervals
served to minimize systematic errors and to provide appropriarte
norralization of the recorded field-up(*) and field-down(+) data,
as the ficld direction was flipped after a preset number of
backscattered ions from the target was registered in the singles
spec:run of the annular detector.

To ensure internal consisteﬁcy'of precession
rmecasurcements at all recoil velocities studied, the same triple-
layered tavget was employed with the various beam ions and

bea= ercrgies used. The thin (~1 um) Fe foil was cmployed so

“thot the reoiling Pt ions suffered only 2 relatjvely small

change in velocity during traversal of the foil. As the
excited Pt ions recoiled through the Fe to stop in the
perturpaticn-free Cu backing, they were not subject te the
static field in the ferromagnetic foil.

The unperturbed angular distribution of the 2; - 0]

transition in J99pt was measured in each case for the identical




geometrical arrangcment uscd in the precession studies. Arny
local y-rz2y absorp::on nen-uniformities due to thickness
variations in the tuorget chamber walls, etc. were determined
and corrected for by measurement, as a function of angle, of
the detected rates of ,-rays from a 152Eu source placed at the
bear spot location.

For a given y-ray angular distribution, W(8), it can
rcadily be shown that the counting rate, N, rccorded by a ga=a-
ray cetector at a specified distance from the target is cost
sensitive to the transicnt field-induced angular precessior,
a¢, cf that distribution when located at that angle 0Y to the
beam such that SN is a maximuw [S is the logarithmic derivative
of W(8)]. For the target-to-detector distance of the Ge(Li}
detecters employed in the present investigations, 0Y was
epproximately +70° for the 2; - 0; transition for all bcan
cnergies and projectile ions cmployed. Consequently, the two
detectors were positioned at these angles to the beam direction,

Coincidences between cach y-ray detector and the annular
particle detector were recorded in an event-by-event, muitiparareter
m~rde on magnetic tape (y-ray, particle, and time-analogue
comverted pulsc-heights, plus a field-up/field-down tag bit).
The coincidence spectrum associated with each field direction
was obtained separately in off-line tape play-~back sorts. Cates
sct on the detected projectiles backscattered from the Ft
target eliminated all Fe and Cu y-rays from the sorted spectra.

Chance coincidcnce rates, ulrhough small throughout the




cxperinent, were duly subtracted in the analysis.

Analysis of the data followed the prescription of
5,10)

11)

Stuchbery et al. esploying the previously deternined

gyromagnetic ratios and branching rltioslz) of all

populated states higher than the 2: level which feed it. As
the mean life of the 2] in 196p: [46.5 + 2.1 pseclz)] is lomg
compared to the transit time of the Pt ions through the 21 g
Fe foil, corrections for decay in flight while in Fe were
negligible [the longest tramsit time (0.24 psec) in the present
studies pertained for the 80-MeV 32S beam measurement; the
transit times were calculated from the known kinematics and the
measured target and Fe foil thicknesses on the basis of the

13)]

stopping powers of Zeigler
I111. Results

Table I siwmmmarizes the experimental particulars and

Ay

results of the present investigation, as well as of similar

10,11)

. C 4 L 4
prior recent precession measurements of the 2] » 0} 1%6p¢

transition that employed a thicker (6.4 pm) Fe foil. The

time-averaped transient fields, <B> = %- (%f)(glﬂ. expericnced
N

Fe
by the nuclei of the 195Pt jons over their transit times, Trer

through the Fe foils and thé average velocities, <v/v°>, of the

ions traversing the foil thickness L [i.e. <v/vo> = (f&—o(éLol
Fe o

arc also presented.




The next-to-last column in Table 1 presents the valucs of AN

czleulated from these data on the presumption of a linear velocity

c¢ependence for the transient field strength, i.e.

Ad oW F o ] Ly a
T F L"’t L R 3 ("n"p)L v v
whence
_A‘_O = -8 F 4 :E“' “'BNp)L' - ()

where L is the thicknesses of the ferromagnetic foil traversed by the
ions and x is the nuclear magneton (for a fully saturated Fe foil
"BNp = 1752 gauss).

The mcasured values of A0 are compared in Table II with those
predicted on the basis of the Rutgers parancterizationz) (cq. 1) and
with the values of A6 predicted on the basis of a lincarly velocity-
dependent transient field (eq. 2). Fm-' the former set of predictions,
the stopping powers. of Zeiglerl"'] were employed; while for the latter

set, the value of a N* 58.2 £ 1.7, the weighted average of the

LI
experimental values (next to last column of Table 1), was adopted.
The experimental 40 values when compared with the values predicted
by the Rutgers paramcterization (i.e. B = va“, with p = 0.45 and
q *1.1) yielded a "3 -valuc per degrce of freedom of 44.6; while
comparison with the predictions based on a linearly velocity-dependent
field (i.c. B « vI) gave xa =1.1,

On the basis of the !96pt data presented in Table 1, the present

cxperimental results, while clearly inconsistent with a necar squarc-root
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velocity dependence, are in excclleat ag:cement with a trarsient
field strength which depends limearly on the weclocity of the
recoiling ion. This is in agreement with the conclusions of
Grace et al .8) who found that the strength of the transient
field did not appear to display sny systematic deviaticn from
linearity over the lower span of average velocities 1.25¢ <v/vo>
with which Pt ions recoiled through 3 thin Fe foil.

Figure 1 displays the average transient field experienced
at the nuclei of Pt ions recoiling through Fe foils with pean
velocities <v/vb> derived from the present data and the
experimental fin@ings of the Oxferd groupa). As reither we nor
they observe any systematic deviation from a linear velocity
dependence, the twc sets of data presented in this figure have

becn normalized by their separately defined average a values

LIN
(cq. 2). The straight solid curve in the figure represents the
weighted least-squares fit of these combined data to a presured
lincar velocity dependence (xf, = 0.8). Also shown is the <B>
vs. <vlvo>'prediction based upon the parameterization (eq. 1)

the Rutgers groupz)

obtzined from their fits to oxygen through
saRariun mass range precession data. It is clear that this
latter parameterization is inconsistent with these experimental
data.
. 0.45 .
Moreover, the velocity dependence (v ) specified by
the Rutgers paranetcrizltionz) has been least-squarcs fitted to

only the dats of Table I and is shown in Fig. 1 by the dashed

curved line (xi = 2.84 for S degrees of freedom - a probability

i

\
< 2.7




¥

of only 0.015 that xs this largc or larger would be obtained
by chance). Clearly a near squafc-root velocity dependcnce is
strongly disfavourcd by the present experimental results.
Finally, we note that the transient field measurements
reportcd14) for Tm ions (Z = ¢3) appear rore in accord with
the present velocity dependence found for Pt ions than with

that observed for lower-Z (oxygen through samarium) ions.
Iv. Conclusions

It has been cmpirically determined from the present
systematic set of precession studies that the strength of the
transient fielc manifest at the nuclei of Pt ions recoiling
through magnetized Fe foils with meaﬁ veloc. cies in the range
2.14 < <v/vo> < 4.82 is consistent with a
lineur velocity dependénce and is out of keeping with the near
square-root velocity dcpendence that appears to pertain for
lower-Z ions in the mass range from oxygen to samarium, This
finding is in agrcement with that reported by prior workcrss)
for Pt ions recoiling with smaller mean velocities in the
Tange 1.25¢ <VIv°> < 2.7. Taken in conjunction, the available
cvidence is compatible with a linear velocity dependence of
the transicnt field acting on Pt ions over the broad span cf
mean recoil velocities from 1.25< <v/v°> < 4.82,

The somewhat disconcerting disparity in the velocity

dependencies apparently exhibited by th~ lower- and higher-2




1.

R i Lt At

ionrs recoiling through ferrcmagnetic hosts tends to point to
she necd for other systematic sets of transient field
.astr. ~ents which, when taken together with the presently

availatie data, may serve to define a more universal dependence

o7 zhe rransient field on ion parameters.

This inccmpatibility between the forms of the velocity

20 .45
depenc.nce observed for lower~ and higher-Z ions (v a

nd
vwl, respectively) suggests strongly that the sepsrable-variable
form with which the v~ and Z-dependencies have been treated

in virsuaily 21l prior parameterizations of the transiert field

is not justified.

The lack of a universal parameterization of thc transient
field strength necessitates that measurcments of g-factors of
excited states in which these large fields are exploited must

incorporate a reliable form of field strength normalization.
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Table 1. Experimental particulars and results for !96pt jons traversing magnetized Fe foils®,

Beam  E  ED (v/vg}? (v/vo) vt Lomd TS TR, e(709)f 5(70°)8 Measured <> (kT)? “txn Ref.
{(MeV) (Mc\) (psec) (pscc) (x103) 48 (mrad)

80-MeV32s  30.8 15.0 2.52 1.81 2.14 1.13 0.053 0.241 15.5%1.6 -2.30%0.09 -6.7£0.7 1.78+0.19 60.8:6.4 Present

120-Mev32s  48.2 29.4

.46 2.77 1.13 0.042 0.186 14.722.0 -2.1220.14 -7.0%¢1.0 2.41:0.34 63.629.1 Present

<.
(7]
[ )
wv
N

150-McVS®Ni 88.2 59.5 4.26  3.50 3.85 1.13  0.031 0.134 20.4¢1.8 -2.68+0.08 -7.640.7 3.6320.33 69.1¢6.4 Present

220-McV39Ni 134.3 97.9 5.25 4.49 4.82 1.13 0.025 0.107 12.0+¢1.3 -2.15$0.08 -5.620.6 3.35¢0.36 S0.8:5.4 Present

220-MeV38Ni 136.1 5.8 5.20 1.09 2.68 6.4 0.022 1.09 94.6+1.7 -2,58¢0.12 -35.5%1.4 2.09¢0.08 57.0£2,2 11

220-MeVS8Ni 133.4 5.

.04 2.61 6.4j 0.026 1.12 92.8%5.2 -2.68:0.11 -35,5¢2.0 2,03:0.11 57,0:3.2 10

~
w
~n
-»
-
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Specifics for measured precession of 2; - 0; y-ray angular distribution. bMNean life of'ZI state: 46,5 ¢ 2.1 psec (ref. 12).
Encrgics, Ei(Eol, and velocities, (v/vo)i[(v/vo)ol. of Pt ion entering (leaving) Fe foll; Vo © c/137.

Mcan rccoil velocity of Pt ion in Fe folil,

Mcasured thickness of Fec foil.

Mcan transit time of Pt ion through Pt target (T ) and Fe foil (T )

The experimental measured ratio ¢ = (1-p)/(1+40) multiplicd by 103. whcre p = {[N#(+IN+(-)]/IN$(+INS (- )])H
mcasurcd with detectors positioned at (&) the specified angle, and N+(N+) are the normalized counting ratces
recorded for polarizing field up(down).

Measured values of S [the logarithmic derivative of W(8)] for the 20+ 0 transition at the designated angle for the
same experimental geomctry as erployed in the precession meafurcmcnls (s;e text).

The mean value of the transicent ficld experienced at the nucleus of the 776Pt fons while §n the Fe foil; obtainerd using
the measured g-factor of the 21 level [g = 0.326 ¢ 0.014 (ref. 15)], and the transit time (TPc) of thn ion thiough the Fo foll.
These values of a AN were obtained assuning Zl'o.

This thickness was rcported (refs. 10 and 11) *o be 5 um from specifications of supplier (Goodfellow Metals), but has

subscquently becn measured in a complemcntary Rutherford scattering dctermination to be 6.4 ¢ 0.3 um,
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Table II. Comparison of the presently measured A8 values with those

‘predicted on the bases of a linear and near-squar:-root

velocity dgpendencé of the transient field acting on swift

196pt ions recoiling through magnetized Fe foils.

<'Wv‘fa l.(urn)b Measured Predig;ed A8 (mr%d%; e
46 (mrad) [B=v] [Bev" ' 77]

2.14 1.13 -6.720.7 ~6.35 -10.91
2.61 6.4 -35.5#2.0 -35.96 -53.5

2.68 6.4 -35.521.4 -35.96 -53.1

2.77 1.13 -7.021.0 -6.35 -9.78
3.85 1.13 -7.6%0.7 -6.35 -7.82
4,82 1.13 -5.6%0.6 -6.35 -6.96

2 Mean recoil velocity of Pt ion in Fe foil.
b Measured thickness of Fe foil.

€ Predicted 48 obtaing using 3(2;;‘95Pt) = 0.226 ¢+ 0.014 obtained
from the weighted average of prior measurements reported in ref. 15.

¢ Obtained using the weighted mean value of cxperimental 31N presented

in Table 1.

e . . . .
Velocity dependence of the transient field found by the suthors of
ref, 2 to be consistent with measurements cn oxygen through samarium
(sce text),
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Figure Caption:

Figurc 1.

Experimentally derived average transient field, <B>,
experiehced ai_the nuclei of Pt ions>recbiling '
througﬁ n;gneiizea'Fe foils with aean iéloéitieg’:
<§/vo>; The triangular data points are those of the
prescnt.wbrk (seé Table 1), while the circuiar points
represent the average transient field derived from

the data of ref. 8 after appropriate nornalizétion
(see text). The straight solid line represents the
weighted least-squares fit to these data of an

assumed linear velocity dcpendence (eq. 2). The upper
solid curve corresponds to the prediction of the field
strength made on the basis of the 'universal" |

0.45 an

parameterization of ref. 2 (eq. 1) using v d

1.1

Z°°". The dashed curved line represcnts the best

vo'45 velocity dependent least-squares fit to only the

present data,
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