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" NUCLEAR MAGNETIC RESONANCE TN POLARIZED NUCLEI " .
E. Matthias and R. J. Holliday |
,i;¢ffl':f‘in .j ) ©~ 7 Lawrence Radiation Laboratory
u c . ‘ . University of California
o o ’ Berkeley, California
September 1966
| | The nuclear ferromagnetic resonance of.socé;&ncFe has. been detecfed by
.w;'observing thg effect of a rf field on the‘angulgr distribution of the y-radiation
 emitted by polarized 6OCo nuclei at temperatures of about d.O3°K. At resonance,
“rf 1nduced tran51tions partially randomize the Boltzmann distribution, which is
set up by the low temperature and the large hyperfine field For Co in Fe, in the
6000 ground state, ~This hgsia destructive effect on the -angular distribution of
,.'.the emiyted y;rays, which.cqggnd;ibe tt déteéted'by'oﬁserviﬁé the counting rate
at a.Spec;fic angle‘ag a function of frequency...:=.. . The enhancement of the
rflémplitudé 1n‘ﬁ fe;romagnet; was necessary to keep the rf power_at a suffic-. .
1ently low ;e§e1 in order.fo avoid a repid ﬁarm up of the sample.
‘ 4 This experiment'was part:of a more genéréi program.df our grouﬁ in which
'}4 we are explofing thedpossibilitie; of peréorming NMR experiﬁents in rédioactive
.‘ 9 states, using the emitted radiation pattern to detect the resonance, From fﬁe

detection point of viey all methods can be used that-involve emitted radiation

“'wxfj;:* with an anisotropic angularAdistribution (oﬁxcorrelation) which can be destroyed

';z_fffﬁ . -1) Nuclear orientation-at low temperatures; 2) Anguler correlations; 3) Angu-

. P“i _lar distributions produced-ﬁy various kinds of nuclear reéctions. Apart from

N ne

the different experiﬁehtal techniques the three methods apply to different lifefﬁ

‘time regions of the nuclear state, For short lifetimes (TN < 10'6 sec) both

s

by the rf field at resonance. This'selects,three different types of experiments;. . =
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2) and 3) can be used. For lifetimes between 17, sec and 1 sec only method 3)

-~
+

“_!;wauld apply,'and fcr states witn;TN >1 sec.lOW ‘emperature orientetion is appli-
"cébie. The gﬁven time limits are approx1mate and might in some cases change ao |
*much ae an-order of magnitude. In a remarkable experlment of type 3) Sugimoto :

etrai roved that the polartzatlon of nuclel produced by a nuclear réeaction

can he preserved up to 10 sec or longer at room temperature and subsequently Leed

”_to detect the nuclear magnetlc resonance. The_resonance destructron of an
_angular correlationvwas also shown to be peesible3.ny'making use of the terro- _%
- magnet c enhancement of the rf amplltude AnAetperinent.bf type 1) has in h

“"pr1n01ple been suggested by Bloembergen and Temmeru in 1953, but to our knowl-
: eogc, ‘19 succe esful experlment has been carrled out along thls line. The}reaeon%

for this was probably the large heating effect of the rf field. |

In an ettempt to investigate the suggestlon of Bloembergen and Temmer

fnrther, we chose to agailn teke advantage of the rf emplitude enhancement in g

‘ ferroﬁagnetic sample. For'polarized foils the rf field, Hl, is amplified ac-

' mord sk eff : o
’._vurding to the relation™ 2 Hy ‘ = (1 + th/HO)Hl’ .where Hy is the polar- |

izing external field and H‘ is the hyperfine field. 'In this way, it was

ht
100551ble to keep the externally applied rf power sufficiently low so that an

ad eqnate warm up ef the samp;e was obtained. For the first experiment of thlS
type we chose radioactive 6000 for whtch both the magnetic moment and the hyper-
Ifine tield in iron are known accuretely, tnereby making'tne search for the res-
onance‘eesier,“as we anticipated a fairly small linewidth. 6000 emits tﬁo Y
raye of 1,173 und:i.332 MeV in cascade both of whiech have negativepanisotrepy

and were therefore taken together in the window of the single channel analyzer

to‘giﬁe a larger total counting rate.

o™
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"The low temperature (O 02 K) was reached by adiabatic demagnethatlon of'

"a chrome- alum—gkycerine slurrya The uamn1e wes *n thermal COHL&CL with this salt

2 The sample

}was a thin (~lO -k cm) Fe feil ebout 3 x 3 mm2 onto @glch the activity was elec-
' ﬂftroplated.,-whe aéf;vity wa; then aiffused (alloy’z at 950°C for 80 hr, alloy II-f
fet 95QOC fer 48 hr) into the. ;o;l and aaldered wlth Wood's meta* onto the copper
‘:.ffins..EThevp?larieing field, B or wes parallel to the plane of the foil and was
nuproduced.byfa péir of Nb rings located'on.elther side of_the.foil. The rf fleld,

;LHl,/oriented parallel to the plane of the foil but perbendicular to the polarizing

‘e,fle*d do was. fed in by az2 turn coil in the He bath around the cryostat

The angular diotribution of v "ays emitted from polarized nuclel is

. “
|
i i ’ . - - - . 3 ) : . .. ) -

w(e) = }::::1 UkaPk (cos a)

even

-given by

~ w*th the usual deflni*ion of the coefficients B o y’ and Fk 5 6 The orienta;v
vtﬂon parameters Bg' a*e functlona of ‘the Boltzmapn distribution, depending on
~‘che magnetic moment, p,,effective nagnetlc field H ff’ and the temperature.

'>R sopanee induced transitions csnsequently elter the orientatioqvparameters ﬁkv.%
' whlcﬁ is'oﬁserved ae'a”chaege in radiation 1pfensity at a fixed angle 6; This

B effect can be seen in the uppeA part of ?1g l where-uhe warm up curve for

'ﬁ’e = 0° is shown as a LunCLion of _frequency, which vas var‘ed at-constant time L
 7intervals The .resonance effnct 1s clearly v1sible at about 165 8 MHz .. 'Te

check whether this peak is.really-a frequency‘effect we measured the[warm up

curve Tor the seﬁevtemperatere interval and the seme rf»amplitude:but at a

fixed frequency off resonance. :The result was negative as shown in the lower
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bart of Fig. 1. 'To‘improﬁe statistics we added'tégether the results of differ-
ent demagnetizationé and the final resﬁlt.for.tWé different alloys is shown in
Fig. 2. The data in the leff part of this‘figure (alloy I) are the sum of four
demagnétizations, in which the frequency range was scanned twice per demagneti-
zation. The data on the right (alloy II) are the résult_of twg demagnetizations
“with oné frequency scan after each. Although the effect at 90O is smaller the
opposite sign compared with 0° is appargnt. The observed linehwidths of about
0.8 MHz (2lloy I) and 0.5 MHz (alloy II) is of the same order of magnitude as

observed in nuclear ferromagnetic resonance. The slightly larger line width of

the resonance in alloy I is in all prcbability caused by a larger inhomogeneity

of the polarizing field, H due to the fact that alioy I.was larger. Also, the.

O)

second frequency scan after a demagnetization sees a slightly displaced feson4

N

ance compared to the first scan which is probably due to a éhangg of the trapped E

flux in the Nb rings. To draw any conclusions sJrom the observed line width one
would have to use a better controlled externalfpolarizing field with greater i
homogeneity. This would also provide the possibility of observing the change ‘

of the resonance frequency as a function of the external field and thereby measuﬁ-‘

t
ing the g factor of the nuclear state directly. : e |

i

The average value of thé resonance fréﬁuehcy'taken from both alloysgié
165.75%0.15 ‘MHz. With a magnetic:moment of p_;‘3.75hf0,008 n.m.7 this give§
. an effective magnétic.field of lHeffiz 289.6+0.7 kGauss:. Assuming -that theg
demagnetizatibn facté;'for a thin foil ié negligible we.obtain after correct#ng
for the polarizing field (1. 0+0.5 kGauss) theé value : | | X

H, .|= 290.6%0.9 kGauss

if




.5 o UCRL-17140

for the internal magnetic field of very diluﬁefCo in Fe (less than 1 in‘lO3

atoms) at O.O3OK. This agrees well with the value of 289.7 kGauss measured -
by MR for 1% Co in Fe8 and 4 to 17% Co in Fed.
To conclude it can be-said that the radiative detection of NMR in

polarized nuclei is proved to be possible.. Comggred to conventional nuclear -

. polarization measurements6 this method offers at least an order of magnitude

higher acéuracy which also makes it possible to determine the nuclear g factor
directly by varying the external pdlarizing field. Further, it is independent
of any precise knowledge of the temperature scaie, It should be noted that the
conventional nuclear orientation technique ﬁsing YT rays measures an energy
’g.~Heff]‘while theépresent method giveSIa frequency lg Heff pN/h . Comﬁining
Both techniques_wouid determine the spin of the nuclear state.lo Also with
regard to magnetic hyperfine fields of impufities in ferromagnetic-lattices

this technique will prove very valuable. Aside from the accuracy it measures

.to a good approximation the hyperfine field at zero degrees and is capable of

working with extremeiy small concentrations. A great nuinber of radioactive
isotopes and isomeric levels are accessible to this technique, in particular
in connection with isotope separators which provide a wa& to shoot isotopes
into a lattice in cases where chemical procedurés fail.
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FI GURE CAPTI ONS

F‘ige l, Warm'up‘.c'urves for ;,6000 in Fe (alloy II) at 9 09.' S In the upper part

"Vthe frequency was varied with time and the: resonance effect appears a‘t

‘165 8 MHz, ‘I‘he lower curve was taken with a fixed frequency off resonance

= but with the same rf amplitude as in the upper case.
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Flg 2. f_ Resonance effect at 0 and 90 for two differen‘t alloys (1 and II) of
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