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1.  Introduction

The critical exponent μ for the electrical conductivity

at zertl temperature σ (0)iS gittn by

σ( 0 ) ∝A 7 ♪咤- l μ)      ( 1 )

■here ミ _ls the critical x 31ue Of the doPiIIg concentr伊

tion FV that separates the iIIsulating and metallic phases

oF a doped semiconductor ヽ Ve have recently provided a
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porting the original claim Of Rosenbaum cr aJ2)On the

Other hand, it is weu known that perturbations such as

doping compensation3-7)。 r eXternal lnagnetic nelds8-12)

result in rrミ l Although both perturbations lead to the

saneミ due of″ within the typical experimental uncer―

tainty,it is■ot clear whether the efFects oF the compeII―

sation and magnetic neld are the sane in terms of the

universality cltts for the transition  The present work

compares the eFFect of the two and shows a convincing

experimental evidence that they are diIIerent in order

tO show the diIFerence between the two, we employ a

sttcalled anite temperature(T)scaling analysis of the

conductivity σ (t,T);

σ( ↓, T ) ∝T a r ( ↓ル. - 1 / T り,    ( 2 )

whereセ  in the present study is either the doping con―

c e l l t r a t i o n ( N ) o r  t h e  m a g i n e t i c  n e l d (β) W i t h  t h e  c o r r e―

s p O n d i n g  c r i t i c a l  v t t u e s↓c = N c  o r  B c  T h e  c o n d u c t i v i t y

critical exponent frOm this analysis is gi■7en by μ =2/υ

Two series of homogeneously doped p― type Ce sam―

ple団 1)nominally uncompensated neutron transmutFdtiOn

dOped(NTD)70GetCa samples wth the compensatlon

ratioて <0001,and il)ittentionally compensated NTD
na`Ce:Ca,As samples withス 「=0 32 are investigated in

this study Low temperature electrOn transport Proper‐

ties with and without magnetic neld are probed iII the

critical regime for the metal iIIsulator transition

2. Experimental Results

Figure l shclws the anite temperature scaling anaト

ysis of 13 deliberately compensated(て
=032)NTD

natCeiCa,As samples Some ofthe data(open Circles),

which have been published in Ref 13,were provided di‐

rectly to us by A G Zabrodskli The range oftempera―

tures used for the measurements are T=025-lK and

065-2K for f11led and open circles,respectively ln or―

der to deternine the values of r and υ  for Fig l,we have

performed a lettt― square ntting with the follo、ving equa―

tion with open circles only because they cover a、 vide

range of concentration spanning the both insu18ting and

metallic Phases while F1lled circles cover only the limited

regions of the insulating phtte

h甲=卜拘(畔)れ(攣デ
拘(攣汁

The solid curve in Fig l is the best nt obtalned numer―

i c a l l y  w i t h ″= 0 3 3 , υ= 0 3 2 , a O = 1 0 5 , a l = 4 5 5 ,

a 2 = ~ 5 6 9 ) a n d  a 3 = 2  9 0  u s i n g  E q ( 3 ) I t  i s  S h O ヽV I I

convincingly that the conductivity of the ttr =o32 se―

rieS(especially open circles for they are the data used

for atting)C01lapse to form one unittrstal curtt for a

v e r y  w i d e  r a n g e  o F  c o n c e l ■t r a t i o n  0  2 5 ♪r c < ∬< 2 4 ソL

As expected, the value of the conductivity critical ex―

∬ よ 盗1 雇胡篠 e 謎 淵 鮮 鮮熱 盤 総 3 野 斌 8

slight deviation betwecII the series of open and nlled cir_

cles in Fig l is most likely due to the small diIFerence in

the calibration of the concentrationハ ′because the two

series have been neutrOn irradiated in difFerent reactors

However,One sees in Fi8 1 that each series(o and。 )

collapses onto septtate single curves and the difFerence

between the two is very small The result of the analysis

with Eq(3)is praCtiCally unchanged ettn if we combine

the open and nlled circles

Figure 2 shows the Flnite temperature scaling of

σ(3,T)fOr the case oF a magnetic neld induced transition
ofthe nOminally uncompensated series of NTD 70ce:Ga

σ( B , T ) m e a s u r e d  a t  B = 2 - 6 T  a n d  T = 5 0 - 5 0 0  m K  f o r
the netttlic samples,加 dB=2-6T alld T=100-250

n■K for the insulating samples have been used for the

analysis btted on the criterion thatび (B,T)Of eaCh Sal■ l―

ple is∝T1/2 wlth apprtlximately the same dσ/冴T The
sOlid curve in Fig 2 is the best nt using Eq (3)with

(3)
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Fig l Fintte temperature scaling analysis of 。 (N】T)uSing

D q ( 3 ) v i t h を= 0 3 3  a n d  υ= 0  3 2  f o r  t h e  c o n c e n t r t t i o n s

rr = 025ミ こ -240か 略  The solid curve is lhe best at to the
data represented by oPen cilclcs  Filled circles lcPIttent the

samples prePared and measured b■ the present authols while

open cilclcs trre lhe data provided by A C Zabrodskil 13)
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Fig 2 Finite tempertture scaling analysis of σ (B,T)。 fa nomト

nally uncompensated rr= l oo3"を sample using Eq (2)with

“ =050,7=054,and D.‐ 5 45 T bithe range ofthe ma母

netic ield コ  = 0-8T The s。 1ld curve is the best nt to the

data

「 → g  a n d 托→ 』c , w i t h ″= 0 5 0 , υ= 0 5 4 ,

」c = 5 4 5 T , a 。= 7 4 3 , a l = 8 3 0 , a 2 = ~ 0 2 1 7 ,

and a3 = ~0 063  The conductivity critical expo■ ent

μ = 2 / ダ= 0 9 3 ± 0  1 0  o b t a i n e d  h e r e  f o r  t h e  m a g n e t i c ―

Fleld tuning of a GciCa with?V = 1063卜 _is in good
agreement with the results of the conventio■ al extrapo‐

lation analysls μ 圭 11± 0 1 determined for a transition

in a constant magnetic fleld 12)

3.  Discuss10n and Summary

AccOrdillg to the general theory of a metal insulator

trallsition, the critictt expOnent μ  does not depend on
the deta■ls of the systeln,but depends only ol■ the unト

versallty cl紙対tO which system belongs 14)μ =12=L02

0btained with the compensated series without B and

μ = 密 /ダ = 093± 010 from B― tuning of the nolni―

K M IToHcla:

nally uncompensated series agree with each Other within

their experimelltal uncertぶ ntities,ie,one may conclude

that they belong to the sallle universality class  HOw_

ever, we llote that the■ 7alues of r and υ Obtailled with
the compensation and magnetic neld are diIIerellt This

diSerence implies the difFerence in the sttcalled dynam―

ical critical expOnent z  AccOrding to the theory of

■on illtertteting particles in three dimeIIsions,we expect

ツ= r t , Z = 3 , 密= 1 / Z , a n d ダ= 1 / z フW h e r e ノi s  t h e  c r i t
ical αPonellt fOr the localizatiOn(cOrrelatiOn)length
酎om 3～ υ～ 1/3 for the cttc of cOmpensation,we

obtaln z ～  3 which agrees with the predictiOn of■ on―

interacting theory For the ctte of lnagnetic lleld,IIow―

e v e r ) w e  h a v e 密～v 、1 / 2  1 e a d i n g  t o  z ミ2 , w h i c h  d O e s
not agree with the nOn― ixlteracting theorL i e, ilxterac―

tion mlltst be more dominant z～ 2 has been obtallled

also For Si:B in a cOnstant magnetic neld 10)

The fttt that we have obtalned difFeren↓ values Of 4‐

for a compeIIsation 311d magnetic rleld strolxgly implies

that they belong to direrent universality classes fOr the

transition even though the■ alues of″ are very simllar

lt is alsO possible that″ fOr the compeIIsation al■ d mag―

netic Fleld are actually ditFerent within Our experilnental

uncertttnty Further experime■ ts with better precision

are needed in order to Pxplore sucll possibillty
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