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Abstract 
Transient-field strengths were aeasured for M C r ions traversing 
polarized Fe hosts at velocities up to 12v (v - c/137 - Bohr 
velocity). The results are coopered with predictions of various 
transient field paraaetrizations and discussed in teras of possible 
aechanisas by which polarization might be transferred froa the Fe 
host to inner vacancies of the aoving Cr ions. The g-factor of the 
first 2* state of "Cr was also aeasured by the transient field 
technique and found to be in accord with shell-model calculations. 
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Introduction 

While the transient hyperfine magnetic field (TF) is being 

successfully exploited to measure magnetic moments of short-lived nuclear 

states, the mechanisms leading to the TF phenomenon remain, on the whole, 

only qualitatively understood. Although, it is well established that the 

large transient magnetic field produced at the nucleus of an ion 

traversing a polarized ferromagnetic medium arises from unpaired electrons 

in s orbitals of the recoiling ion which have a net polarization 

transferred from the host, little is understood about how the polarization 

of the outer electron orbitals of the ferromagnetic host is transferred to 

low-lying vacancies of the moving ion. 

The present paper reports measurements of the g-factor of the 2* ~ 

state of M C r and of TF strengths for S 2Cr ions traversing Fe hosts at 

velocities up to 12v (v - c/137 - Bohr velocity). This work was 

motivated after consideration of possible polarization-transfer 

mechanisms (see discussion section below). One particular model suggests 

that the TF strength for all ions traversing Fe hosts, which generally 

increases with velocity, might begin to level off (and then diminish with 

increasing ion velocity) at around 7 to 8v . The Chalk River group has 

already reported measurements for rare-earth ions traversing Fe which do 

display a diminution of the TF strength for ion-velocities above 8v [1], 

Experiments were undertaken to begin to test this prediction for 

intermediate mass ions and thereby to more critically examine the 

alternative mechanisms by which polarization transfer proceeds. 

2. Experimental Design 

Nuclei of mass number around 50 can be Coulomb excited and made to 

recoil at large velocities (~12vo) by bombardment with heavy ions, e.g. 
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Br at energies of ~2.5 MeV/nucleon. However, to obtain a reasonably high 

degree of nuclear alignment (leading to anisotropic de-excitation 7-ray 

angular distributions) and to constrain the recoil angles at which ions 

enter the host foil, the forward scattered target ions must be detected at 

angles close to the beam direction. The reaction geometry of such an 

implanted perturbed angular correlation (IMPAC) measurement then 

corresponds, in the centre of mass frame, to one in which backscattered 

projectiles are detected in coincidence with de-excitation 7 rays. 

However for forward scattered target ions, such a coincidence requirement 

effectively limits suitable probe states to those with lifetimes ~ 1 ps in 

order that (a) the 7-ray decay takes place very close to the target, 

obviating the need for 'extended source' corrections to the observed 

(perturbed) angular distributions, and (b) decays take place before 

appreciable vacuum deorientation occurs. In view of this restriction, the 

1.434 MeV 2* state of s zCr (f - 1.0 ps) was chosen as the probe. It has 

an added advantage, due to its predominantly (wf,,.)* configuration, of 

having a relatively large g-factor (empirical shell model value g «• 1.456 

[2] in accord with measured value reported below). 

3 Experimental Procedures 

Beams of 220, 230, 240 MeV a iBr ions from the ANU 14UD Pelletron 

accelerator were used to excite targets of natural Cr (84% 5 2Cr). Two 

targets were employed. Target 1 consisted of 1.04 mg. cm'2 of natural Cr 

evaporated onto an annealed, 10.7 pm-thick Fe foil. Target II had 0.86 

ag.cn"2 of natural Cr evaporated onto an annealed, 5.7 w-thick Fe foil 

with a layer of natural Cu, 1.3 mg.cm'2 thick, evaporated on the 

downstream side. A further 5 pa thick Cu foil was placed on the 

downstream side of this target to stop the 8 1Br beam while allowing the 

http://ag.cn%222


3 1Cr ions to emerge from the target layers. 

De-excitation 7 rays were recorded in coincidence with forward 

recoiling **Cr ions detected in an annular silicon surface barrier 

detector which subtended angles between 7° and 17° in the lab frame 

(corresponding, in the CM frame, to backscattered s lBr angles of 135° to 

162°). 

To confirm that vacuum oeorientation of the 2* -state was negligible, 

target II was bombarded by beams of 240 HeV 8 1Br and the M C r 7-ray 

angular correlation was measured with one HP Ge detector placed 

successively at 45°, 55° and 65° to the beam direction while another fixed 

at -65° served as a monitor. (Due to physical constraints only angles 

between 45° and' 65* could be sampled.) The distance between the target 

and the face of the 7-ray detector we* 6.0 cm. 

Transient field precessions were measured for both targets. Two 7.62 

cm x 7.62 cm Nal detectors were placed 9.7 cm from the target at ± 65° to 

the beam axis and two HP Ge detectors placed 6.0 cm from the target at ± 

115°. A polarizing field of 0.04 Tesla was applied to the targets and 

reversed frequently in the direction normal to the reaction plane. Soft 

iron cones shielded the incoming beam ions and outgoing Cr ions from the 

stray magnetic field of the electromagnet rendering 'beam bending' effects 

negligible. 

To measure the g-factor of the 2* state of 9 2Cr, target II (5.7 m Fe 

foil) was also bombarded by 36 MeV 1 8 0 ions from the ANU 14UD pelletron 

accelerator. The precessions of the 2* states of s 2Cr and "Pe were 

measured at low velocity in the conventional backscattered-projectile 

geometry (backscattered 1 6 0 ions detected in the angular range 146° -

166)°. 



Full saturation of the Fe foils in situ was confined by aeasureaent 

of the OsFe static-field interaction following iaplantation of 

iei,i«o.i920s i o n s i n t Q ^ p e £ 0 J J S used. After the Cr precession 

aaasureaents, —1 ag.cm'2 of natural osmium was electroplated onto the rear 

of target I. As it was not practicable to plate Os on the back of target 

II, a piece of the annealed 5.7 m Fe foil from which target II was 

prepared was used. The first 2* states of 1 M> 1 M> 1* 2os were excited by 

90 MeV 3 5C1 beams and the static-field precessions measured (with the 

detector geometry as employed for the TF measurement with backscattered 
u 0 ions). 

For each bombardment the required particle-7 angular correlations were 

calculated using statistical tensors obtained from the Vintner-de Boer 

code [3]; finite solid-angle correction factors for the HP Ge detectors 

were calculated in a manner similar to Krane [4], while those for the Nal 

detectors were interpolated from tables [5]. In all cases, population of 

states higher than the 2* state in 3 2Cr and M F e was negligible. Our 

experience [6,7] is that particle-7 angular correlations following Coulomb 

excitation may be calculated reliably in such cases. 

In all experimental runs coincidences were recorded on magnetic tape 

in the event-by-event mode for later off-line analysis. 

4 Results 

4.1 "Cr- -y-rav Angular Correlation 

The 7-ray angular correlation ojf the 9 2Cr 2*-0* decay, measured in 

coincidence with forward scattered 9 2Cr ions following excitation with 240 

MeV a iBr beams is shown in fig. 1. The calculated curve (full line) is in 

excellent accord with the measured points, confirming that the 2* -
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state decay takes place before any significant vacuum deorlentation 

occurs. (For a mean life of 1 ps a typical vacuum, deorientation time of 

r -60 ps, observed for **Ti and ^Fe ions [8], in the Abragam-Pound theory 

[9] yields an integral attenuation coefficient of G 2(«) 7 0.98.) The 

coincidence particle and 7-ray spectra obtained at 45 to the beam are 

displayed in figs. 2 and 3, respectively. 

4.2 Precession Meaeurements for 5 2Cr and s sFe 

Results of the precession measurements for the first excited state of 
3 8Cr following " 0 and "Br bombardments and of M F e following " 0 

bombardaent are summarized in table 1. Figure 4 shows a spectrum of 1 60 

Ions backscattered from target II in coincidence with 7-ray*. The digital 

gates set to select beam ions scattered from the Cr and Fe layers of the 

target are marked. Note that the middle gate region includes 

backscattering from both the downstream side of the Cr layer and from the 

Fe layer. As evident in table l,J2Cr precessions were measured separately 

for each region. Figure 5 shows an HP Ge spectrum obtained at 65 to the 

bean direction in concidence with 1 6 0 ions (beam energy 36 MeV) 

backscattered from the front of the Cr target layer. 

4.3 Static Field Precession Measurements for Os in Fe 

Static field strengths for Os£e. inferred from the present precession 

measurements for 5.7 w and 10.7 pm- thick Fe host foils (using 

previously measured g-factors [7]) are displayed in table 2. Analysis of 

these data followed the procedure outlined in ref. [7]. It is apparent 

from table 2 that the most precisely determined field strengths (i.e. for 
1 9 3Os) are, for both foils, in good accord with the field strength of 

109.34310.065 T determined by the NMR technique [10], while Che average 
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for X M > 1 9 0 > 1 8 2 o s together is also in accof* with this value. This 

agreeaent justifies the assumption in the following analysis that the Fe 

foils were fully saturated during the ^Cr, M F e precession measurements. 

5 Analysis 

5.1 The 3 2Cr 2f • state g-factor 

The g-factor of the 2* state of M C r has not been measured previously, 

yet shell model calculations of gyronugnetic ratios of 2* states in the 

f shell are quite reliable (see e.g. refs [11,12]). In particular, the 

g-factor for the first excited state of ^Fe, which in the shell model has 

an Identical value to that of M C r , uas been measured to be g(2*; M F e ) -

1.6810.38 [11] in accord with calculations [2]. Nevertheless, to be more 

certain about the g-factor of the 2* state of 5 2Cr we present In this 

section measurements of precessions for ^FeFe [g(2*; 5 6Fe) known] and 
S2Cr£ft, which may be used to infer an experimental g-factor for the 2* 

state of 5 2Cr. 

It is well known [13,14] that a large discontinuity exists in the 

atomic-number dependence of the transient field for ion velocities v<4v. 

when the projectile Is orbital crosses the 2p orbital of Fe (i.e. for 

Z~9). In earlier publications [15,16] we reported similar (but less 

pronounced) discontinuities occuring when the 3s- and 4s- orbitals of the 

projectile cross the 2p orbital of Fe (i.e. for Z~47 and Z~77, 

respectively) and pointed out [16,17] that a similar discontinuity might 

appear between^Ti end 2 4Cr. Of import in the present context, we have 

noted [18] and presented evidence [18,19] that neighbouring ions of atomic 

number greater than that of the ion for which the orbital matching occurs 

have TF strengths at low velocity (v<3.5v„) which are similar in form to 
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that of the ion for which die matching occurs. For example, in refs 

[18,19] evidence is presented that the TF strengths for 7 7Ir, 7 SPt, 7,Au, 

and Hg ions traversing Fe hosts are all diminished compared with those 

of 74tf and Os ions and, to the precision of the available measurements, 

can be accommodated by a similar parametrization of the TF at low 

velocities. Therefore, if there is any diminution of the TF strength for 

*> CrFe at low velocities, the TF for FeFe is expected to behave similarly. 

For this reason we measure the g-factor of the first excited state of 5 2Cr 

relative to that of the first excited state of M F e . Precessions for 

these states were measured simultaneously following excitation with 1 S 0 

beams. 

. The observed total precession angle AB for a nuclear excited state 

(mean life r, g-factor g) of an ion slowing to rest in a ferromagnetic 

host may be written as 

» - . , * [•-t'/rj\, .""at •.-'."»„,] |u> 

where tt is the average time for ions to traverse tne target layer, t is 

the time at which ions come to rest in the host, B t c is the TF strength, 

•nd B > t is the static field strength. 

In the 'thin foil' TF technique, the ions traverse the ferromagnetic 

• layer and come to rest in a non-magnetic backing layer. The static field 

contribution, f , in such measurements is then zero and t in eq (1) 

becomes the average time at which the ion emerges from the ferromagnetic 

foil layer. 

While the static field contribution to the observed precession angle 

for the short-lived 2* state of M C r (r - 1.0 ps) is almost negligible in 

the present measurement, that for M F e ('(2*) - 10 ps) is about half 
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the magnitude of, and opposite in sign to, the transient-field precession. 

To obtain a calibration of the TF strength for xFe£ft in a 'thick foil' 

measurement, the observed total precession oust be carefully corrected for 

the static field contribution. Tables 3A and 3B present a summary of the 

present 'thick foil' precession results for FeFe and CrFe and of both 

'thick foil' and 'thir foil' results for Fe£e. reported by the Rutgers 

group [11,20,21]. Also in table 3A, the observed TF precessions for FeFe 

are coopered with calculated precessions assuming a transient field 

strength given by 

B. - 15.2 Z 1 1 (v/v )° *5 Tesla, (2) 

which is 0.9 tines the 'universal' TF parametrization proposed by Shu et 

al [21] (see also eq (6) below). It is apparent from table 3A that the 

present 'thick foil' precession is consistent with a TF strength given by 

eq (2), followed by precession due to a static field strength of 

-33.0410.03T as obtained in radioactivity measurements [10,22]. In an 

earlier analysis of 'thick foil' Fe£ft precessions, Eberhardt and Dybdal 

[23] proposed a reduced static field strength of -21 T for implantation 

measurements, the reduction in static field strength being attributed to 

radiation damage. However, their analysis presupposed a TF strength 

linearly dependent on ion velocity. With the exception of the two lowest 

velocity precessions (Fe ions excited and recoiled by - 3 to 5 HeV protons 

[24]), the data included in their fit are better described by the non

linear TF given in eq (2) followed by the full static-field contribution. 

While the separation of transient- and static-field contributions 

for low velocity Fe ions in Fe may remain somewhat ambiguous, the results 

summarized in table 3A demonstrate that our measurement is in accord with 
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those of other workers and, > >re importantly, that eq (2) is consistent 

with the 'thin foil' TF strengths for FaFe meausred by the Rutgers group 

at ion velocities above 4v where the field-strengths for Fe and Cr are 

expected to be similar, irrespective of any low-velocity disparity. Using 

eq (2), then, to define the TF for CrFe. and applying a small correction 

for the static field precession of Crfe. (B„(Crffi) - -6.66±0.04T[10]), the 

present low-velocity precession data for M C r yield the g-factor for the 

2* state: g-+l.5010.25 (seu table 3B). The quoted error incorporates the 

uncertainty in the M F e g-factor used to calibrate the TF, namely, 

g(2*; MFe) - 0.61±0.08[25]. 

As the g-factor obtained agrees with the empirical f ? shell model 

value of 1.456 [2] and with the measured [11] g-factor of the 2* state of 
5 4Fe [also a (*f 7 / 2) B configuration], the assumptions involved in 

extracting it from the precession data seem vindicated sufficiently that 

the measured value of g(2*;32Cr) be used with confidence in the following 

analysis. 

5.2 High Velocity TF Strength* for 5ZCr in Fe 

Average TF strengths derived from the measured TF precessions for 

high velocity 9 2Cr ions traversing Fe hosts are presented in table 4. The 

average TF strength (in Tesla) is given by 

<B> - 0.0209fVr[l-e ], (3) 

where t f - i< the mean transit time chrough the Fe foil and ^ is the 

observed precession ^ - A6/g in milliradians. The average ion velocity 

within the ferromagnetic host, <v/ve> was calculated from the reaction 

kinematics and measured target layer thicknesses using stopping powers 

from ref. [26]: 
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-1 
<v/vo> - J (v/vo)e"t/r(dt/f)|l-e " ' J (4) 

e 

Table 4 also presents a comparison between the present measured TF 

precessions and those predicted by the three TF parametrizations for Fe 

hosts which follow: 

(i)"Rutgers" [21] 

B w - 16.9 Z 1 1 ( v / v o ) 0 4 5 Tesla (5) 

(ii) "Chalk River" [1] 

B^ - 19.0 Z (v/vo)e"° 1 2 ( v / v o ) Tesla (6) 

(iii) Present (derived in section 7.4) 

B p - a Z(v/vo) |l + e <7•*>/«*,1 T e s l a (7) 

where for o - 2, a - 12.6 (PARI) and for a - 3, a - 13.5 (PAR2). 

6. Interpretation 

6.1 Comparison with Transient Field Parametrizations 

In fig 6 our measured average TF strengths for 9 ZCr (displayed in 

table 4) are plotted as a function of ion velocity along with the TF 

parametrizations. To compare the Fe and Or results in a single figure, 
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th* field strengths for F* are divided by 26/24. it Is apparent fro* both 

table 4 and fig 6 that the observed strength for Cr£e. at velocities above 

8v is significantly lover than values predicted by the Rutgers [21] and 

Chalk River [1] paraaetrizations. It is also seen from table 4 and fig. 6 

that both paraaetrizations of the fom of eq (7) describe the higher 

velocity data veil, vith the fit froa PAR2 being slightly better (although 

the errors are too large to aake a distinction). The velocity-dependence 

of the field strength is similar to that found for rare-earth ions; the 

Chalk River fora [eq (6)] can be brought into fair accord vith the data in 

table 4 if its multiplicative constant is reduced from 19.0 to 14.2. 

6.2 Comparison vith Polarized Electron Capture Model. 

In the polarized electron capture model of the TF as presented by 

Eberhardt et al [13,27], the TF strength is written in terms of the 

contact fields B M at the nucleus resulting from unpaired s-electrons of 

the ion: 

B„ (v) - Z f (v)F,B,(v)B , (8) 

where F 1
M is the (velocity-dependent) fraction of single vacancies in the 

ne electron orbital, and £ M is the degree of polarization of these 

vacancies. Table 5 shows calculated contact fields at the Cr nucleus 

frca single ns vacancies, together with neutral-atom and hydrogenic atom 

electron velocities for these orbitals, v . Using the condition 

Fj " ( v B ) ~ 0.5 [27], the contribution of 2s vacancies to the TF strength 

at v - 8vo is B 2 #(8v o) - 10.4f2§ kTesla. Taking i u - 0.13 as evidenced 

for K-vacancies of ions of Z ~ 8 at somewhat lower ion velocities 
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[13,14,18] gives a 2s contribution to the TF strength of 1.3S kT which is 

I about a factor of 1.6 greater than the total field strength observed 

(table 4). As well as this 2s comporfr.t, there will also be a Is 

contribution to the total TF stength it Cr velocities of - 8v . Although 

the relative magnitudes of Is and 2i contributions are not determined at 

present, the measured field strength sets a conservative limit on the 2s 

polarization degree: ( (8vo)<0.08±0.02. 

As the product F1* (v)B u in eq (8) is certainly expected to increase 

' monotonically with increasing velocity up to ~ 24v [13], our observation 

that the CrFe TF strength does not increase with increasing velocity 

between 8v and 12v must be attributed to a fall in the K-shell 
0 O 

polarization degree £ u in this velocity regime. It is worth noting that 

K-vacancy fractions for Si ions traversing Ni hosts at v ~ 7v (Zv /2 for 

Si) have been measured to be F x
u(Zv o/2) ~ 0.2 [29]. If this value were 

extrapolated to Cr ions moving at ~12v (Zv /2 for Cr), and a polarization 

degree of { - 0.13 assumed, a TF strength of ~6kT would result. In 

contrast, the present measured field strength is less than one sixth of 

this value, suggesting a lower polarization, ? u(llv e) ~ 0.02 ± 0.01. 

7. Discussion "* 

On the basis that polarization-transfer mechanisms are responsible 

for the decrease of the TF with increasing velocities significantly below 

Zv , we attempt to develop an understanding of such phenomenona in this 

section. We first review a specific two-step polarization transfer 

mechanism proposed earlier [13,14,28,29]; then we outline a possible 

interpretation of the apparent reduction in inner-shell polarization at 

ion velocities above ~ 8v . 
0 
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7.1 TWo-Step Polarization Transfer 

In figure 7 a simplified representation of the two- step 

polarization transfer mechanism proposed by Dybdal et al [29] is presented 

for the case of oxygen in iron. Relative order of magnitude estimates of 

relevant electron-capture and -loss cross-sections are indicated. 

Electron-capture cross-sections were estiaated using the Brinkaaim-Kraaers 

(BK) formula [30]. In the two-step mechanism proposed, polarized 

electrons are initially captured into the outer shells of the moving ion, 

then polarization is transferred to the inner shells by spin-dependent 

transitions, etc. This two-step model rests on two observations: First, 

that the K-vacancy polarization degree inferred for low-velocity 0 and F 

ions in Fe is ~ 0.13, which is effectively the polarization degee of the 

outershells of the Fe host. Second, that the BK formula predicts that 

these aoving ions predominantly capture polarized electrons from the M-

shell of Fe into their L-shells. 

However, the assumption that the BK formula gives a reliable 

indication of electron-capture cross-section trends for low-velocity ions 

traversing a solid must be questioned. Strictly, the BK cross-section 

applies for electron capture from occupied host shells to an initially 

bare ion [30]. As it relates to the TF phenomenon for intermediate mass 

ions, this approximates the real situation only for v > Zv /2. 

Furthermore, the BK approach does not take into account possible 

distortions of the projectile and host orbitals during the collision. As 

it is well established [13,14] that molecular orbital (NO) mechanisms are 

of critical importance for producing projectile inner-vacancies at low 

collision velocities, it might be expected that MO distortion of the 

atomic orbitals during collisions plays a vital role in the means by which 

polarization is transferred to inner vacancies of the ion. Indeed, the 
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observation of comparable TF precessions for U C ions in Fe and Ni hosts 

has been attributed to direct K-shell polarization of C via promotion in 

the 3d? MO at velocities somewhat lower (~2v ) than those considered here 
O 

[31]. At the higher ion velocities of present interest direct 

polarization within the Ida HO is not possible; yet a less direct, but 

nevertheless critical, role is still likely to be played by MO mechanisms 

[30]. 

Another difficulty with the two-step mechanism as previously 

formulated is that it relies on polarization being "stored" in the outer 

shells of the moving ion; it predicts therefore [13] a diminution of the 

TF strength when the outer electrons are stripped off the ion, i.e., when 

the ion velocity exceeds the outer-electron velocity. For oxygen Ions 

this velocity would be v > Zv /2 - 4v . Yet, Becker et al [28] have 

observed an undiminished polarization degree of 0.13 for K-vacancies of 

oxygen ions moving at velocities up to ~ 8v . Their result implies an 

effectively direct transfer of host polarization to the K-shell of oxygen, 

at least for ion velocities between 4v and 8v . While not excluding the 

possibility of a two-step transfer via the outer orbitals of the ions at 

lower velocities, these experimental data make it reasonable to ask 

whether another means of polarization transfer may pertain even for oxygen 

velocities below 4v . 
0 

7.2 Polarization Transfer 2v <v<7v^ 

Molecular-orbital correlation diagrams were constructed according to 

the rules of Eichler et al [32] for various ions of atomic number between 

8 and 30, in Fe hosts. As an example, fig 8 shows MO correlation diagram 

for 0 + Fe and Si + Fe. For Z<9 (e.g., oxygen) it is found that during 

collisions the K- and L- shells of Fe become more tightly bound 
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(connecting with the united atom (UA) K- and L- orbitals) while the 

projectile K-shell becones less bound. These trends may mediate a "quasi-

direct" transfer of M-shell polarization into K-shell vacancies of the 

ion: during the collision the unpolarized K- and L- shells of Fe become 

energy mis-matched with the projectile K- shuil, while the projectile K-

shell becomes more energy-matched with the polarized H-shell of Fe. For 

Z>9 the couplings of the Fe L-shell are not as straightforward; the 2p 

orbital couples to the UA L-shell, but the 2s orbital is promoted. 

However, the projectile 2s-orbital which produces most of the TF strength 

for these ions is even more strongly promoted. 

For all cases there appear complex connections and crossings of the 

"TF active" projectile orbitals with orbitals connecting to the H- shell 

of Fe in the separated-atom limit. In view of this, an effective mixing 

of electrons in the projectile "TF-active" orbitals with those of the 

polarized N-shell of Fe might be expected during the collisions. The 

inner-vacancy polarization would then be close to the average polarization 

of the Fe M-shell, as is indeed observed for 0 in Fe [13,14,28]. An 

analogous picture for inner-vacancy production in collisions of ions of 

large atomic number, in which very complex and densely spaced level 

crossings are treated in a statistical approach under dynamic conditions, 

has been discussed by Brandt and Jones [33]. We suggest that, for 

moderate ion velocities (2v < v < Fe L-shell velocity i.e. ~ 7v ), the MO 

mechanisms nay provide a means by which host polarization is transferred 

'directly' into inner shells of the ion. At higher velocities, beyond 

about 7v o, the MO adjustment of the Fe L-she11 cannot take place during 

the collisions. This situation is considered in the next section. 
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7.3 Polarization Transfer at ion velocities above ~7v^ 

For ions of 8<Z<30 traversing Fe hosts at velocities higher than 

~7v , the BK approach to electron capture becomes appropriate. The BK 

calculations for these higher velocity projectiles indicate that almost 

all of the electron capture to the ion (primarily to inner-shells) takes 

place from the unoolarized Fe L-shell. This would inply for v » 7v that 

the polarization degree of any orbital of the ion oust be ouch smaller 

than 0.13. It would seem then, that a diminution of the TF must begin at 

a critical velocity smaller than Zv for ions of Z>8. If this picture were 

correct, the critical velocity would correspond to those ion velocities 

for which appropriate MO adjustments can no longer occur. For Fe hosts, 

.this is around 7v above which MO effects are no longer applicable for the 

Fe L-shell. As the ion velocity increases beyond 7v , unpolarised L-shell 

electrons are almost exclusively captured by the moving ion, and the 

polarization of inner-vacancies must therefore diminish and so too the TF 

strength. 

7.4 A Model-Based Parametrizatlon. 

To date most forms adopted for translent-fieId parametrizations have 

been chosen on empirical grounds alone. Here we attempt to fit the high-

velocity Cr data with a simple model-based parametrization. For 

simplicity it is assumed that the polarization of all shells of the xon is 

the same. Although this will not be true strictly, it is a reasonable 

approximation since one s-orbital of the ion usually dominates the TF 

strength at a given ion velocity. Eq (8) may then be rewritten 

B t r(v) ~£(v) Z P 1
M ( V ) B M (9) 

Our qualitative arguments above suggest a polarization degree f ~ 0.13 at 
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low velocities (v £ 7v o); f - 0 at high velocities (v » ~ 7v o) and for Fe 

hosts, v*v ~ 7v is the change-over point. We therefore parametrize the 

velocity dependence of the polarization transfer as a Fermi function: 

C(v/v ) - 0.13 f 1 + e* ( v« "*>/•*• I (10) ]" 
where we expect o~2 (estimated from measurements of Becker et al [28]). 

For further simplicity, we assume 

SF 1
B ,(v/v o)B n s - C Z(v/vo)* , (11) 

and for Cr and Fe in Fe we take, as a reasonable approximation, p-1; from 

the B values of table 5 and expected vacancy fractions of 0.5 at v -

v m , we anticipate 50 < C £ 200 Tesla. 

Our model-based parametrization therefore takes the form of eq. (7) 

above (where a - 0.13C). The TF data for Fefe. and Crfe. were fitted for 

a-2 and 0-3 (only points for <v> > 5 v o were included). As the value of 

the parameter a is not well defined by the present data, the parameter C 

alone was varied, yielding best fit values of 096.9 Tesla (0-2) and C -

104 Tesla (a-3) [cf. eq (7)]. The results of these fits are coapared with 

the data in fig 6. 

7.5 Comparison with Heavy Ion Results 

For rare-earth ions (particularly 1 , 9Tm, 1 M D y ) traversing Fe foils 

with velocities between 1.5v o and 10.5vo, the Chalk River group [1] has 

obtained transient field strengths well described by eq (6). They observe 

that the TF becomes nearly constant with velocity for v > 7v . The 
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present results for Cr in Fe show a siallar levelling of the TF strength 

with velocity for v > 7v . Indeed, the paraaetrization of eq. (7), when 

fitted to the TF data reported in ref [1] by the Chalk River group, 

yielded a good fit with a-16.2 Tesla for o-3. 

Unfortanately, neither the rare-earth nor the Cr results are 

sensitive to the choice of the paraaeter a. Yet soae Z-dependence of this 

paraaeter sr.uld be expected. Bell and Betz [34] have explained observed 

oscillatory yields of K x-rays froa 120 MeV 3 5C1 ions traversing various 

target aedia in terns of velocity-Batching effects in the Brinkaann-

Kraaers electron-capture cross section. Such an effect, if present in TF 

studies, could be aanifest as a Z-dependent variation of the paraaeter a 

ineq. (10). 

Finally, the Chalk River group has observed and discussed the 

diainution of TF strengths for high-velocity Pb ions traversing Gd hosts 

[35,36], and they attribute the diminishing TF strength to a less 

effective polarization transfer at high ion velocities. However, their 

approach retains the two-step process. Assuaing that host polarization is 

effectively transferred to (and stored in) the outer orbitals of the ion, 

and that the polarization of a given orbital is independent of ion 

velocity, the observed reduction in TF strength with increasing velocity 

was attributed by them to a diminished transfer of outer-shell 

polarization to the deeper s- orbitals which produce the TF at high 

velocities. In contrast, our approach has been (i) to question the 

validity of a two-step fraaework proceeding via outer orbitals of the ion, 

particularly $c high velocities, and (ii) to suggest that the TF strength 

does not increase at high velocity siaply because the rapidly-moving ions 

tend Dftt to interact with the slow-moving polarized electrons of the 

ferroaagnet. 
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t. Conclusion 

The g- factor of the 2* state of M C r has been measured to be 

g-l.S0±0.2S, in good accord with the eapirical f shell model value of 

1.456 [2]. We have also measured TF strength* for ^Cr ions traversing 

polarized Fe hosts at velocities up to ~12v to be soaewhat lower than the 

predictions of previous paraaetrizations. The observed field strengths 

have been discussed in terms of possible polarization-transfer mechanisms. 

It has been suggested that the TF for Fe hosts may diminish in general for 

ion velocities above about 7v , and that the velocity-dependence of this 

diminution may be sensitive to atomic-number dependent aspects of 

electron-capture cross sections. Utile the ion-solid interaction aspect 

may prove an interesting area for future research, further charting of 

high-velocity transient field strengths will become necessary if the TF is 

to be expolited to measure g-factors of nuclear states with ions recoiling 

at these high velocities. 
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TAILS 1. Experimental Details and Results for 5 2Cr and 5*Fe 

Bean Target . a) - b) - b) 
LFe TFe Bi 
(\m) (ps) (MeV) 

v./v b ) E b ) v /v b ) <v/v > b ) 

i o e e o o 
(MeV) 

A e c ) 

Ion Energy 
(MeV) 

Numoer Ion 
. a) - b) - b) 
LFe TFe Bi 
(\m) (ps) (MeV) 

v./v b ) E b ) v /v b ) <v/v > b ) 

i o e e o o 
(MeV) (mrad) 

8 lBr 220 I 5 2Cr 10.7 0.61 183 11.7 24 4.2 8.4 -28 ±7 

• lBr 230 II 5 2Cr 5.7 0.24 197 12.1 113 9.2 10.9 -12 ±7 

1 6 0 36 II 5 2Cr 5.7 0.94 20 d > 4.0 0 0 1.65 -24.61*.8 

II 5 2Cr 5.7 0.86 I4 d ) 3.3 0 0 1.40 -20.713.2 K 

i 6 0 35 II "Fe 5.7 0.95 21 3.9 0 0 1.53 - 5.710.7 

a) Measured thickness of Fe foil. 
b) Transit time of target Ions through ?e foils, T=, energies (velocities) of ions Incident upon, Ei( vi/ V

0)t *nd 
emergent from, E(v/v ), the Fe foil, and the mean velocity of the ions in the Fe foil, <v/v>, were obtained 
using the Measured target and Fe foil thicknesses, the reaction kinematics, and the stopping powers of r«f.[26]. 
Bohr velocity v 0 • c/137. 

c) Measured preceaaion angle including transient field precession and, for measurements employing 0 beams, static-field 
precession. 

d) Velocities of Cr ions Incident upon Fe layer selected by window on backscattered particl' .pectrum; see fig. 4 
and text. 
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TABLE 2. Static Field Interactions for 188,190,19z O s ^ F e F o l l s 

Isotope a) Measured Static Field Strength' (Tesla) 
Target I Target II 

188, 08 
g-0.292±0.010 
T - 1 0 2 5 ps 

-107 +11 -15 - 96 + 5 -10 

190, 08 
g-0.35O±0.011 
t- 528 ps 

-102 +6 -102±6 

192, 0s 
g-0.396±0.010 
T « 417 ps 

Average 

-109±5 

<-106±4> 

-114±5 

<-106±4> 

a) Gyromagnetic ratios from ref.[7]; mean lives from ref.[25j. 
b) Uncertainties quoted do not include relatively small errors in 

previously measured mean lives. 
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TABLE 3A. Present and Previous Transient Field Results for Fe. 

B ± E e * t f(*10 3) <B> Ref. 
CM.V) (MeV) — ^ 5 ^J) (kT) 

21 0 25.111.7c) 25.7 0.5510.04 present 

53 0 36 14 c ) 36.9 0.60±0.05 [11] 

65 21 14.6±2.8 13.9 1.2210.23 [11-13] 

56 31 8.0±1.8 7.7 1.22±0.27 [11-13] 

56 14 13.412.6 14.9 0.9910.19 [11-13] 

*) •ff " & e
tf/8 taking g(2j;56Fe)-0.6110.08. Errors quoted do 

not include error in g-value. 

b) Transient field precession calculated using eq.(2) of text. 

O Corrected for static field contribution of strength 33.0410.03 

Tesla [10,22]; • 8 t a t i c " 15.8, see text. 
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TABLE 3B. g-factor results for 5 2Cr 

B i E e A 6exp •el/' «<2t> 
(HeV) (MeV) (»r) ( X 1 Q 3 ) 

20 0 -24.6±3.8 -16.68 +1.47±0.23b) 

14 0 -20.7±3.2 -13.63 1.52±0.23b) 

1.5O±0.25c) 

a) Transient- sod static-field precession, calculated using eqs.(l) 
and (2); includes corrections for: decay of 5 2Cr in target 
layer before entering Fe foil, decay in flight through Fe foil, 
and static-field strength of -6.7 Tesla. Uncertainty in • c a l c 

is 13.8% (13Z uncertainty in previously measured 5 6Fe g-factor 
and 4% uncertainty in aeasured field-calibration precessions, 
added in quadrature). 

b) Statistical error of present precession alone. 
c) Error on average g-value includes uncertainties in aeasured 

precessions and in field calibration added in quadrature. 



TASLB A. Comparison of Maaaurad and Calculatad High-Velocity TP Strengths for S 2Cr and **Pe in Pa 

Ion Ei 
(MeV) 

Ee 
(MeV) 

<v/vQ> U la) 

,Texp' 
(xlO3) 

'•calc |(*10
3) <B> Ei 

(MeV) 
Ee 
(MeV) 

<v/vQ> U la) 

,Texp' 
(xlO3) 

RU b ) CRC> PARl d ) PAR2 d ) (kT) 

5 2Cr 183 24 8.4 18.7±5.1 31.7 29.6 17.0 20.5 0.8510.23 

«Cr 197 113 10.9 8.014.8 16.8 13.8 4.4 7.6 0.7810.47 

56 F e 65 21 5.3 14.6±2.8 15.4 16.4 14.1 13.5 1.2210.23 
56 31 5.5 8.011.8 8.6 9.2 7.9 7.6 1.2210.27 
56 14 4.7 13.412.6 16.5 17.6 15.3 14.5 0.9910.19 

a) A inferred froa Measured precessions using gfFe) • 0.61 and measured ratio g(Cr)/g(Fe) - 2.4610.28. 
exp 
Errors quoted for 5 2Cr precessions include a small contribution from the uncertainty in this ratio. 

b) Rutgers parametrization (21]; eq.(5) of text. 

c) Chalk River parametrization (1]; eq.(6) of text. 

d) Eq.(7) of text with a - 12.6 for o - 2 (PARI), and a - 13.5 for o - 3 (PAR2). 
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TABLE 5. Contact fields and electron orbital velocities for Cr 

Orbital B ns 
(H> 

v /v ns o B ns 
(H> (neutral) (hydrogenic) 

Is 229 22.9 24.0 

2s 20.7 7.9 10.5 

3s 2.7 2.6 7.0 
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Pigvxe Captions 

/ 
Fig. 1 Measured and calculated (solid curve) 7-ray angular correlations 

in coincidence with forward-recoiling **Cr ions, following 

boabardaent of target II with 240 MeV "Br beaas. 

Fig. 2 Coincidence spectrua of forward-scattered ions following 

boabaxdaent of target II with 240 MeV "Br. 

Fig. 3 7-ray spectrua recorded by an HP Ge detector in coincidence with 

the particle gate indicated in figure 2. 

Fig. 4 Coincidence spectrua of 1 6 0 ions backscattered froa layered 

target II. 

Fig. 5 Partial 7-ray spectrua recorded in coincidence with beaa-ions 

backscattered froa target II. Major lines froa Cr and Fe 

Isotopes are labelled. Annihilation radiation (froa reactions on 

light contaainants in the target) is indicated by the syabol j±. 

Fig. 6 Measured translent-fieId strengths for Fe and Cr ions coapared 

with various paraaetrizations; see text. 
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7 Representation of two-step polarization transfer as proposed 

aarliar [29] for low-velocity oxygen in iron. Approximate 

ralativa Magnitudes of soaa relevant alactron transfer paths ara 

shown. Blactron-captura cross-sactions wars astiaatad using tha 

Brinkaann-Kraaers formula [30]. 

8 Qualitative Molecular orbital (NO) correlation diagraas for O+Fe 

and Si+Fa constructed according to tha rules of Eichlar at al 

[32]. 
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