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We have obsérved resonant f absorption by 104 nuclel in the 74. 8-keV
=exc1ted state of Rh100 by comblnlng nuclear magnetic resonance. 1n a ferro-*
'magnetl w1th perturbed angular correlatlons (PAC) of the 84. 0-- 74.8 keV- ymray i.

| f cascade.2 The 4 ~day isotope pdl00, wh1ch was d1ffused into a nlckel f01l

- fed the cascade via electron-capture decay, malnta;n;ng an average of

0.006 nuclci in the 74.8-keV state during the experiment. A total of

2.8 x i06 COincidences were recorded by two S-iﬁ‘x 3-in ﬁ%fﬁf&l_fﬁ&f&fff;ﬂ

at 180°, whlle the sample was nolarlzed in a field of 100 gauss along the i
o o | counter axis. Perpendlcular to the DC field an osc1llat1ng field of 3 gauss was
StePPed through the frequency range 289.5-355.5 Miz.. Resonant absorption was
_detected by a drop in the coincidence'rate centered about 322.5 MHz, as o
‘-shown 1n F1g.‘1' _

The method of PAC has for sametime provided the only way to measure |

S | prece551on:£requgn¢1e; in short-lived nuclear states, with lifetimes in
"_j ; i | the range 10"11 $ec'< t < 1076 sec. Time-differential PAC,3 and more
:_recently the d1g1tal analysis method (DAPAC),4 have raised the upper 11m1t
~on lifetimes avallable to at least 10‘3 sec and have greatly 1mproved the

‘accuracy p0551b1e with PAC St111 it is de51rab1e to develop a method

tth_Egggi§g§_§Q§_pxegisigp of MR with the extremely high sensitivity _

of PAC in order to enjoy the advahtages_of both methods.
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. the resonance experiment on an atom embedded in a ferramagnetic lattice.
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Abragam and Pound discussed the possibility of detecting reSonanﬁ

- absorption in a short-lived nuclear state by obserw)ing the angular-
‘ correlation anisotropy as early as 1953.° They formulated the conditions

for such an exper:ment.

(1) The splitting of the substates should be large compared to the

natural nuclear 1i11ew1dth; 1,e., wp Ty > > 1, where wp and T\ are,

b respectively, the Larmor freé{ucncy and the nuclear lifetime. .

(2) The rf f._ield,' Hy, must have sufficient amplifude to inducev
t’ransi.tions in each nu'cleuvs in times ‘o'f the oxder of the nuclear
lifetime, yH; n iN'l, whefe y is the nuclear gyromagnetic ratio.

(3) Other t:ime-dépendeht interactions ‘should be minimal, so that the

nuélear s’p’in-ébrrela‘tion time t. is of the order of the lifetime,

frc ~ ™ .

_ These condltlons, especially . (Z), turn out to be very stringent when applled
. vto the PAC sources ‘that have been studied, and the resonance exper:ment has

' generally mot been considered feasible.

The effective rf field, Hlleff,. may be greatly enhanced by perfor_mi;lg'
| 1

The enhancement arises through the hyperfine field H}—lfr—gﬁri_ng

2 woff = eH/HH,

_ where H, is the DC polarizing field  Thus, for the parameters that apply =

to our ,'experiment, Ho 100G and Hyg =2 » 105G, &nd the ‘applied rf field a

is amplified by 10°. | S
Rhodium-100 was chosen for this experiment because it is a well-
understood case with a long lifetime and a large g-factor, and because

hyperfine fields of the order of 10° gauss are expected for Rh dissolved o



-3- a UCRL-16818
fin the 3id ferromagnets. We selected aﬂui,latfice because nickel foil'éf'
the requisite thickness t10'4vCﬂl? skin depth ét 300 MHz) was avaiiable.
»‘ o tIn a recent study of the temperature-dependence of Hpf for Ru in Ni® it
 Qas found that the,ratio;th(295°K)/th(O°K) = 0.80; combining this with
the value Hpe(Rh in Ni, 0°K) = -250 kG predicted from systcnaiics,7 Qe
expected H,¢(®h in Ni, 295°K) to have the magnitude 200 kG, This deter-
. mined the frequency range selected for seafching. | |
| The eSsenCe'of.the‘experiment is very simple. Ihe»magnetization
~direction of the foil serves as the quantizétion axis and the propagation
~direction of the vy rays that were detected (the o components, corresponding -
©to AMI = 21); For a coincidence to be récorded, o components of the‘tWO
transitions had to be registered within 1 usec in the two counters; thus
'ehsuring high probability (about 90%) that‘they were fromlfhe same nucleué;
The coincidence counting rate under the experimental conditions_vériés With_
the aﬁgle 6 between the propagation directions of y; and vy as 1 + 0.2 Pztéos 8)
T . so with e = 180° the coincidenée rate is 20% larger than "average'.
' Thié may be reéarded‘as'arisiug from the seleqtibhvby the.first counter, of
a certaiﬁ population distribution of ﬁuclei in the 74.8-keV state that aré ;‘
~ candidates for coiﬂcidence (i.e., those that arrived in the 74,8-kéV state'
via a o transition). Radiation at the resonant radio freqﬁenéy tendé_f6 ‘
fandomize this population, thus 1owerihg the coincidence coﬁnting rate, .
This is illustrated in Fig. 2, which showﬁ'rf,transitions &riving_é‘ﬁuéléus |
that would have emitted a Y2 ¢ component into a substate from which it many
 instead emit a m component. | -
Two features 6f Eig;-l require commenf. First, the absorption is

small, of the order of 2% rather than 20%, and secondly the linewidth is
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__approxnmately 20, MHz or about seven natural . 11new1dths These two
.- ifeatures probably arise from the same cause, and were ant1c1pated because
it has been found that the time~-dependent correlation pattern of Ru991n Ni
'vloses,coherence in v 5,x 10~8 sec. Such behavior could be the result of
Einctuatjng 1bca1‘ﬁoﬁén€;,8 of quadrupole 1ntcract1on, or 51mp1y of the
| existénce of different magnetic 51tes, This point will be explored fur- :
ther. -Tbe fact that we can detect resonance in spite of this problem |
indicates that this type of experiment is feasible for shorter-lived
~ ;stetes. -
' o Comparlson of the fresonant frequency of 322 5 * 3 MHz with the |
g-fictor, +2,151 % 0.004,4,y1e1ds for Hyf(Rh in Ni, 290°K) a value of :
197 * 2 kG; This is in‘excelienttagreement‘with the trends in thie region,
and quite clOse to the predicted value. ' The temperature dependence of th'
| is under further study.' The sign of Hyg can be determined by rad1at1ng w1th

‘c1rcular1y polarlzed rf radlatlon,
e | ~ The comblnataonpof PAC and NMR should prov1de a method for 1nvest1~'

l_gatlng hyperflne Jnteractlons in short- 1ived excited nuclear states, in

: partlcular for 1evels w1th 11fet1mes between 10~6 and 1 sec, Whlch are noti,

acce551b1e to other methods., For the longer 11fet1mcs ferromagnetlc
”{ienhancement should be unnecessary. " For longer-lived states one has
.-to produce the'nuclear levels by a reaction process, wh1ch also prov1des
- . larger anlsotroples for the detection of the resonance and ‘allows srngles,
rather than coincidence, detection. The limit of application will be set
not by the nuclear lifetime; but by the relaxation times of the nuclei in

¢ + their enviromments.
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. Fig .' 1.

Fig. 2.
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FIGURE CAPTIONS
601nc1dence countlng rate, -as a function of applled rf frequency,vj»'

for the 84.0- 74 8 keV y-ray cascade of RR100 in nickel.

Energy-level diagram. Thfee levels of 100Rh, of respective

SplnS 1, 2, 1, are quantlzed in a hyperfine magnetic field parallel

“to the counter axis. Only the o (&M = *1) components of dipole Y

‘ rad1at1on, w1th dlstrlbut1on N(1+cosze), can strlke counters at

0 and 180°. For a e01nc1dence to be registered, o components-

E of both the 84.0-keV (yp) and the 74 .8-keV (v7) transitions must

be recorded w1th1n 1 usec. We denote o and n components by solld :

g and dotted lines, and AM1 transitions within the 74 8-keV state

by heavy lines. On the left a typical o component of yj 1s shown,

with six of the many possible fates that may befall the mucleus in

_‘the 1ntermed1ate (74 8 -keV) state. Four of these paths'end ino ..

*tran51t1ons and are recorded as coincidence, The other two con-

tribute to the dip in Fig. 1. Most of the possible component s

~ are omitted for clarity.
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I L e
 74.8 keV level '90Rh in Ni
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