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We vha.ve’bbserved- long;live'd p+ pre'céss'ioh in single
v cryvstal._n_ick'el at 300,'and 77K. Inhomogeneous local fields
v?hich cause rapid depolarization in polycfystalline samples
are avbided " Muon precessmn in a magnetlcally saturated

sa.mple is reported

~ In a recent letter [1], Kossler et al. fep,ort’ed the first observation

of the precession of positive muons in polycrystalline nickel. We have

extended this investigation to single c‘rAyvstal nickel and have greatly en-

larged the range of external field and sample temperature over which
measurements. can b'evr'nade. Our observations have led to a modified

interpretation of the experimental data.

*Work done under the auspices of the U."S. Atomic Energy Commi'ssio#.

Research fellow from S.I. N., Villigen, Switzerland.
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A Beafn of vpplarized positive muons is stopped in a nickel target
éituated in a rhagnétic field Bext’ which is tr‘éu;své.rse th thé initial
muon polérization .direction. The rhuons are presumably trapped at
the ocfahed;'al or tetréhedral interstitial sites in .t‘h.e ni_ckel lattice,
where they f)recess in the local magnetic field. The muoné de(;éy with
a mean life of 2.2 péec.‘ Since the decay positrons are emitted pre-
ferehtialfy along the muon spin, there is an asymmetric positrbn angu-
lar dirstxv‘_ibution whicﬁ precesses with the muon at the Larmor f.reQuency; '
A measurement of th?s Larmor frequéncy.v'gi.ves B, the local field at
the muon, the mﬁon gyromagnetic ratio being wéll known [2] At the
same time, the asymﬁetry A abnd the dépolarization time T2 can be
measured. These three quantities »provid'e new aata about the intersti-
tial site. | |
The rheasu‘»red value of B, is +1.48 kG at 77K. Thié seems at
first surprisi_ngly small.  Since the dipole fieldé from Ni ‘c0res cancel
by stniet;y at both octahedral and tet':.ral.ledr'al'interstiﬁal sites, By,
must arise; from a _.cfontactvintera.(':ti'on with 4s and 3d coﬁdﬁctio_n elec-
trons. B'p.'. may be estimated by taking the ele'cti'.on dgnsity at the p.+ :
to be the_sa’¥ne as that in free is muonium, where the hyperfine field
1s 160_ kG.i We first assume that only T4s-electro>qs screen the |.1+, ar:1d
we estimate the 4s .bolarizat_ion as follows: each Ni atom contributes
0.54 electron to the 4s Bahd'; -as.suming that these. electrons are uni-
formly distributedlthroughout thevlattice, we deduce an unperturbed

4s-electron density of 4.9 X 1022cm-3. Neutron diffraction studies

yield an i‘nters’titial_magnetiza.tion of -0.85 X 1022|1B./Cm3, [3] which

implies a 4s polarization of -17%. This vgives_BM_: -0.17 X 160 kG = -27 kG,



in contradiction with the observed By. - The high 3d density of states

at the Fermi level assures that 3d-electrons will participate significant-

'ly in the screening, reducing the 4s density at the muon and pefhap's

changing the sign of BM through efthexl a direct ?&d-p.Jr int»eréctio‘n or an
indirect 3d-4$-;.t+ excha"ng‘e"i(riteraction. Only a detailed calculation
can predict the strehgths and inlter-relatiovn.ship'of these :affects.‘v
qusler'\s/ group [1] used a polycrystalline nickel saffnple and
made meés_urements of By, A, and TZ over a range of témperature
and external fields, but because of magnetic figid ljmitations. the)-r‘
could not sa,‘turate their éample. We h#ve been able to bbserve‘pie—
cession 'I;oth below and above saturatidn in av small, ellipéoidél, poiy-
crystalline sample. We l;‘xav—ve aléo studied a single crystal sample andl
have found vlong-li’ved precession eveh at 77K. ’Koséler was unable to
detect any pvr'ecessioh below room ‘temperature in his pélyﬁrygtalline

'samp'le.‘

4

We interpret the disappearance of precession in a polycrystalline
sample at low temperature to arise from an extremely short depolari--
zation time caused by alarge inhomogeneous linewidth AB. T, and

AB are related by:

\

AB = 2/ypT2,

whefe Yy is' the muon gyromagnetic ratio. A depolar.ization time of

0.1 psec implies a AB of about 200 Gauss. F,igdr,e 1 shows values

 of AB calculated from Kossler's T2 measurements c’ompared with

61N.i NMR linewidths in polycrystalline nickel from work by Streever |

and Bennett [4] . Also included are our rather uncertain _measu,rements

-~
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- of v.ery Mra»pivd ,(TZ ~10-100 nsec) depolarization m a polycrystal at 300
and 77K. The approximate equellty of AB as »ngea'sured'with muons ' .
and NMR is s ig'nific'ant considering .that‘_the field a:t. the nickel nuclei
is larger than"that‘ at the p+ l)y a factor ef ‘50. If the bro'_adening\were v
due to str.ains in the sample, one would expect the vlinewidth to sc\ale
appl‘oximately with the ’ﬁeld measured. This is not the case, and we
_ cenf:lude th'a‘t'the broadehing ob ser:ved in.polycrystalline nickel is due to
macroscopic field inhomogeneities. |
A ‘Fulrt'her support of this conclusion is given by eur obselrvation of

’ lorxg'-liyed (TZ,>2HS€;(‘:)¢V M_+ precés‘sico'nA signals in a single crystal |
~ sample at 300 and 77K. The‘line‘widths:inferred ‘.(AB 77 < 18G, o
B:‘.’00 < 1OG) are an order of magmtuae smaller than Barclay s line-
width ‘from NMR of-orl\ented 6 Co nuclei in smgle crystal mckel [5]
and to our knowledge they are tl1e narrowe st absolpte»lmewmth‘s_ yet
ebServed in nickel. | |

‘It.is well known that considerable lme l)roademng occurs in- poly-‘
crystalline ferromagnets because of the mhomogeneous f1elds of ran-
domly or1ented crystalhtes The general trend“of AB in fxvg 1 toward‘
"larger values at lower temperatures may be qualltatlvely understood
in terms of an.mvcrease in the an1sotropy energy w1th decreasmg

N . . .
.

temperature (6] causing an increase in magnetlzatlon mhomogenelty

IOnly an upper limit for T2 can be given due to the short muon life-
time (2.2 psec)_vand the interference of the low temperature'mhon p’r-e-_ ‘
cession signal with a 19 MHz background sighal arising from ‘the' time

str_ucture of the cyclotroh beam.



KO'ssler'é AB data [1] shows a sharp rise‘above 550K. The ex-
pefiment.a'lf depend_eﬁce of BNL on -temperatui‘é is shown in fig. 1 [7].
Sincé BM(T) becomes _very.steep near the Curi_e tempgrature &TC- =
631K, irﬁperfect temperature homogeneity would produce an internal
field inhorr._loge‘n.evity which gets worse closer to T.. One finds Kossler"s
AB data near TC can be explained if 'one assuméé an experimental
térhperature spread ~10K.

By using a small e.llip.soidal target, we have been able to observe
precessionkin a vmagnetically saturated sample. ->It_wlas found, in agree- |
1;nent.'with Kossler, th;t prlis in‘depé‘ndent. of- Bext. below saturation.
A.b.ove satv:t‘z.rat'ion,'v' E/SH rises linearly with Bext wi;th unit slope (see
fig. 2). The knee in the. experimental curve oqéurs at the calculatedb
saturavtivoh field ‘of our ellipsoidal .sample. The»_B_M {rs. ’Béxt dependence
can b‘e .ex'plainef:l through the rﬁechanism of magnetic shielding in a
highly permeable m»aterialv.

7 We wish to thank Dr. C. Kittei for helpful discussions‘and Leal

Kanstein and the 184-inch cyclotron crew. '

\
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Fig. 1.

Fig. 2..

FIGURE CAPTIONS

_ The'_local field B}.L at the muon site é.nd linewidths’ AB

observed in polycrystalline and 'single"-crystal‘nic’kel by 3
various techniques. The solid curve is from normalizeci

magnetization data in Ni of reference [7]. 's

The local field at the muon site in nickel vs. Be"' the ex-

xt’

| ternal field measured with target out. N is the sample

demagnetizing factor. The points denoted by triangles are

from data on an approximately spherical single crystal with E

the [111] axis parallel to Be at 300 and 77K. Other points

xt

are from data on a polycrystalline ellipsoid (4.5" X 2" X.5").

Sqlid,and open circles refer to the 4.5" axis parallel to

B, (N =0.69) at 523 and 573K respectively. Solid and

open squares refer to the 2" axis parallel to Bvéxt (N =2.24)

at 523 and 573K. The fields By and Bext have been nor -
malized to bring measurements at various temperatures to -

the same vertical level and to exhibit saturation for all

samples at zero on the horizontal scale.
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