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TEMPERATURE DEPENDENCE OF ANOflALOUS MUONIUM
HYPERFINE INTERACTIONS IN SILICON

K. U. Blazey,’ J. A. Bro~,2 D. U, Cooke,s S. A. Dodds,b
T. L. Estle,b R. H. Heffner ,2 M. Leon,z and D. A. V#IdeWdtGr”

The temperature dependence of the anomalous muonium
hypcrfine interaction has been measured in silicon. Between
5 and 150 K, an approximately 1“ decrease is observed and
attributed to interaction with the silicon host phonons.

The temperature dependence of the hyperfine interaction of paramagnetic cen-

ters in sands may be due to lattice dil~tion an! to Interaction ~.+it.hphormns,
(1)

The canbined effect of these two processes may bc either an increasing or decreas-

ing hyperfine interaction with increasing temperature. He report here measurement:

of the hyperfine interaction, A, of anomalous muonium in silicon. Our result!,

show a decreasing A with increasing temperature that is attributed to interact;ul

with the host phonons. WC find no evidence for any large effect due to the smail

nonmonotcmic lattice expansio!l characteristic of tetrahedral semiconductors lil.u

‘2) Neither do we find evidcncr of local phonon mod@s due to tile lightsilicon.

muon particle.
The mcasurcmr!nts were rnddt? at the $toppcd Muon Chdnnel of the Clinton P,

Anderson Meson Physics Facility at Lof Alamot on a p-tyuc silicon sinqlu cryst~;

with approximately 10’3electrically active carriers pcr cc at room temperature.

The crystal was mounted in a variable temperature cryostat with the magnetic fic!d

fixed at 150 G alcmq<’

::;::;3~l “ “le ‘Uant
arz given by

perpendicular and para

suits are shown {n Fig

Since the results

10z to det?rminc AL and set to 1000 G alonq<lll> to cir-

ties Al and $ of the highly anisotrop!c amnalous muonlu-

the sum and the difference of the frequencies due to the

lel centers, respectively, in cacti,arrangcmont, The re-

Im

show a monotonic decre,lsc of both

temperature and no largv nonmonotonic variation th~t LOU’

tice dilation, the effect of the latter wa% ncqlccted in

phonon tntcract ion modc14 were fit to the data. Firstly

A, and $ with lncreasint~

d bc dttribUtud to lJt-

the data analy”,i~, Two

if an equal interaction

is assumed with the long wavelenqlh part of a DcbyF phonon spcc:rum, thcll th@

hynerfine intcract!on should vary as
(4)

A(T) ■ A{O)[l - CT4
f

00/1 X3
–--—dx] ,

0 ex-l
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Fig. 1

TeMperdt UW drpcndence of Al and /$ of IIIomtiIous
muonium illsilicon. The lines arc the best flt
to a Coth ldWi The best fits to bu intc[jr~l equa-
tion do not differ significantly fron! these lIntIL,

~hcrc CD In the Dcbyc temperature of 5i taken as 640 K and C is a coupling con>!.~nt,

This expre~sion should di’ply to low-temperature mcasurcmcnL\ and was found to qivr

a Icast squares fit tu the data with

A,(O) ■ 92.549 I 0.004 Mll:

C,(O) = 7.136A 0.974 X 10-’2K-4

and

$ (0) = 16,804 A 0,007 Mtl:
-l?r.d

$(0) = ~.l?fli 0.624 A IO . .

A better fit tG Al could bc obt~invd with a smdllur o fllKiK but not fur A~,.

The second model Of Phonurl inter~ction includr!. only coupllny to a sinqli’

phonon n!odl”. In this case, thu temncraturc dcpcndrncr is given by(z)

A(T) r A(0)[l - C“(Coth~’ - I)] ,

where h“ is the ●nrrgy of the phonon mod~’ and aqnin C“ IS a coupling c~fl[,tilllf,



A least sctuares flt to the data

+(0)=92.569* 0.005 MHz

c,” “ C.0300A 0.002

hv* =260&8K

●nd

f(o)= 16,800 *0.008 MHZ

5 ■ 0.1705* 0.302

hvu ■ 5G5&?23K.

yields

Both smdels fit the data equally well and the lines tn fig. 1 show the Coth law

fit. Hence, we conclude that interaction with the silicon host phonon spectrum

Is thedondnan? cause of the temperature dependence of A and that the neqlcct of

the effect due to lattice dilation is justified. The actual phonons Involved are

not deternrin~d with sufficient a~curacy to associate them with any particul~r sin-

gular POint of the silicun pnonoc spoctrur!.

The experimental data also give che temperature dependence of the depo!ariF,l-

tion rate, i, of the muons. ‘JP to nearly 100 K there is verj Iittlc charlqc in .,

but above this it start’ increasing rapidly. This increase ?? high temi~cra?jiro,

has been observ~d at SIN.(6) Thti cmnbired data may h’ dcscrihcd by a thcrm,ll;j

act+vated depolarization process such as thb ?iberation of charge rarriers wheru

A(T) ■ 1(0) exp-:,L/hT .

m find the actlv~tion enerrjy .’L= lld~ 3!ImeV which Is in the rang(! of hdlf

center acce7tor ionization encrgi~5. AlternatiVi*ly, thC daLa may bc explainr” : .

a Ramafi relaxation pro~ecs for a S ~ centcrm This modul prc(llct!, I cl T’ *)1 i ~.!

also fits the eXperi~Cn*.dl rmults within the same accurdcy ds Lhv exponuntldl 1,1.,.

In conclll’lion, contrary to edrlier report%,
(7!

WL’ h,lv~ found a tPmp6~raLurl

depmderr..e cf :he hyperfin~) intcrdcttnns of drrom,llousnlu(wl;umin silicon, Furt~(’r-

more, It fs at$.ributcato fntrrdc~ion with thr %Iiicon hott ptlonon model. Tnc hiqt

t~pcra~ure dcpoldrizatlon rdtu may be eiLhcr thcnndlly artiv,lt(vtor duo to a R,I-

man process.
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