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　　Asalient　feature　ofthe 　high−Tc　cepper −oxide 　supercon −

duct。 rs　is　that 　superc ・nductivity 　apPear 呂 in　the 　c1・se

neighborhood 　of　a　magnetica 且旦y　ordered 　phase ．　This　has

lod　Anderson 　to　the 　 study 　of 　a　model 　which 　contains

only 　 a　 short −range 　 Coulomb 　 repulsion ・1） At 　present・

  ost 　people　proceed　along 　the 　direction・However ・there

are 　another 　feature　of 　the 　system ．　The　carrier　density　is

low 。　 lf　 one 　considers 　this　point　to　 be　more 　lmportant ・

One 　Sh 。U且d　StUdy 　a　mOdel 　whiCh 　inCIUdeS　a 　IOng−range

C 。 ui 。 mb 　 repulsi ・n ．2） ln 亡hjs　 paper ，　 we 　 rep ・ rt　 the

ca 且culated 　resu 賦s　of 　Tc　obtained 　a亘ong 　this　dire¢ 覧ion．

　　The 　present 蹠 h   r　has　made 　quantitative　studies ・ f

SUperCOn （且UCtiVlty 　in　gOW−Carrier ．−denSity　SySte 皿 S　SUCh 　aS

d ・P・dS ・
fTiO 、

3） and 　g・aphite −・1kali　 m ・tal　int・・cal ・ti・n

c ・ mp ・ unds ．”｝　Th ・・ ugh ・th … st・dies，・w ・ have 　f・und 　that

the 　long−range 　Coul  mb 　interaction　does　not 　destroy　but

he旦p　superconductivitywhen 　the 　carrier 　density　is且〔｝w ・In

particular，　it　is　predicted　that 　super ¢ onductivity 　should

apPe ・・ e ・ e血 an ・el・ ct ・・量 gas　wit髄 ・ a 亘d ・ f　the　l・P・9−

range 　charge 且uctuations 　indu（）ed　by　the 　Cou 丑omb 　in
−

teraction 　when 　the　electrcnic 　density　pa．rameter ，　 r
、 ，　is

larger　than　3．9．5｝　Since　the 騨 ems ・treated ・S。　t
’
ar　d ・ 　 n ・ t

魚ave 　a 　me 。hanism 　wh 貢ch 　becOmes　e
．ffeetiv。　at

・short −range

distances，　their　T，

，

s　are 　at 皿 Gst　肩K ・But 　if　we 　can 　ln −

troduce 　some 　mechanism 　to　e鷺hance　short −range 　c   rrela−

tions　and 　combine 　it　with 　the　long−range 　charge 一員uctua −

ti。 n 　mechanism ，
　we 　may 　b。　able 　t。　produce 　a 　hlgh−Tc

superconductor ．　A 　hint　on 　the　additional 　mechan ｛sm 　can

be　 obtained ，　 when 　 we 　 v ｛ew 　the　 copPer −．oxides 　in　the

f・旦1・wing 　wa ヲ：The 　m ・b且1。　carricrs 　are 　the 　p−like紅・les　at

the 　oxide 　si亡es．正f　we 　regard 　the 　d一且ikc　holes　at　each 　coP
−

pe・ ・ite　a ・ 1・ cakized 　spin ・　whi ・h　int・… twith　t臨・ ・a・・i鏘

出 ，。 ugh 　the 　d−p　ex ・hange 弖nte ・a・t五Gn ，・ p五・t・・e　Gf　a

　del豆se −nユagnetic
−polaron．　system 　appears ・

　　　亘。 m ・gnetic−pc且a・・n ・sy ・t・ms ，・lect・・ns 　 with ・nti−

　para且呈e弖　spins 　interact　through 　bo亡h　the 　long
−range

C 。 UI 。 mb 　repUISi ・n ・and 　the　exchange ・ f　Spin 　fiUetuati・ nS

of 　loc掘ized　spins ，　CX　（9），　wh ．ere 　X （9）i§the　SPIn 　suscep
一

t沁i丘ity　of 且ocalized 　spins 　and 　a 　positive　constan 亡 （〕oon −

tains　the 　coupling 　co 且stants　between 　electrons 　and 　spins ．

An 　apProximate 　f  rm 　for　X （9）is　usua 互ly　gtvgn　by

　　　　　　　　　　　　x （璽）
＝B ／［（9

− Q）z−m ］，　　　　　　　　　 （亘）

with 　some 　vector 鐸 an ．d　constants 　B 　and 　I）・When 　we

take　an 　angular 　average 　of 　Eq ．（1），　we 　may 　describc　the

Hamiltonian　of 　the　system 　as
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with 　the 　bare　interactionレ
「
（（〜），　given　by
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where κ is　the 　djelectric　constal 】t．　For　the 　bare　single−

particle　energy 　8k，　we 　will　tal（e　the 　parabo 互ic　form

k2／2バ wlt 肚an 　e登¢ ct 亘ve 　m ．ass 溺
＊．　When 　qo＝　 0，　the　spin

system 　has　a　tendency 　to　order 　ferromagnetical互y，　while

for　ql〕 of 　the 　order 　ofthe 　Fermi 　wave 　number 　kF ，　the　sec −

ond 　term 　in　Eq。（3）　represents 　the　effect　of 　ant量一fer−

romagnetic 　spin 刊uc 吐uations ・

　　Once　we 　know 　the　Hamiltonian　of 　the　type　of　Eq ．  ，

we 　can 　make 　 a 負rst−principles　ca 弖culation 　of　Tc　for　s−

wave 　pairings　by　the　method 　described　in　ref ・5・ln　Fig・1 ・
we 　have　plotted

．
Tc　in　units 　of　K ＊

【≡ （m
＊

／飜 ・κ
2
）degrees

Kelvin］by　solid 　c瀝 ves 　as　a 蝕 nction 　of 　qn，　where 　Me 　ls

the　mass 　ofafree 　electron 　We 　have　considered 　the 　case 　ln

which 　the　wi （lth　ql；0．2kF　and 　rs 【≡ m
＊

〜／（  ．521κ齔F）蠶

一8。F ・r　g 。＜ 1．8κ。，　 T，　with 　the　strength 　s 一鱒 亘is　l・ wer

than 　that　without 　the　second 　term 　in　Eq．（3）（i．e．s ε ＝ 0）．

However ，　for　qo　larger　than 　that ，Tc 言s　enhanced 　very

m 。、h．（D ・・hed ・u ・v … ep ・e・・nt 　T。　with ・th・ use ・ f　t對・

bare　sing 且e −particle　energy εk　in　the 　gap　equatiGn 　instead

of 　the　renormalized 　single −particle　energy 　錦。　These

resugts 　give　a　useful 　guide旦ine　t・ estimate 　tbe・magnitude
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Fig. 1. Calculated T. as  a function of  the  peak  position q, in Eq,  (3).
 Selid and  dashed  eurves  represent,  respectively,  the  results  with  the

 use  of  the  fulty renorrnalized  and  bare single-particte  energies  in the
 gap equatlon.
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 of  errors  involved in the calculation.)  Qualitatively, this
behavior of  Z  agrees  with  the argument  that fer-
romagnetic  spin  fiuctuations suppress  superconductivity

with  spin-singlet  pairs, while  anti-ferromagnetic  ones
enhance  it.6) In Figs. 2(a) and  2(b), we  have given the
results  of  Z  as a function of  e by changing  G  and  qi. We
have fixed q'o to 2kF. In these  figures, we  have shown  the

results  only  for the case  in which  zi.i, the renormaliza-
tion  factor at the Fermi surface,  is positive, because
negative  zk-.' indicates that a  metal-insulator  transition  oc-

curs  in the system.  In general, 7} increases as  qi becomes
smaller,  An  optimum  TL over  100K'  is obtained  for

4=6,

  We  have  to make  a few comments:  Firstly, although  71
is enhanced  yery  rnuch  by  the second  term  in Eq. (3), the
long-range nature  of  the first term  is very  important , If
we  replace  1lq2  with  11(q2+q3),  TL decreases quite rap-
idly with  the  inerease of  q2. For q2>O.4kp･, superconduc-
tivity disappears. Secondly, we  have to take  account  of
lattice structures,  when  we  treat  short-range  properties.
In the present case,  an  angular-dependent  interaction as

indicated in Eq.  (1) should  be considered.  Such an  in-
teraction wigl  favor anisotropic  pairs in general, but the
present author  believes from the experience  in ref. 4 that
the  magnitude  of  7L itself does  not  change  so much  from
the value  which  we  have obtained  jn this paper, even  if
the  real  shape  of  the gap  is very  different from an

isotropic  one.  Thirdly, V(q) should  be spin-dependent  in
the magnetie-polaron  system,  while  Eq, (3) is spin-in-
dependent.  Thus, in order  to make  a  more  serious  discus-
sion  on  a possibility of  high-Z  superconductivity  in
dense magnetic  polarons, we  have  to extend  our  method

to a  spin-dependent  formalism. In fact, our  present
method  is implicitly spin-dependent  and  a small  change

in the bare potential between electrons  with  parallel spins
does not  give a  large effect on  7L for anti-parallel-spin

palrs. .
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Fig. 2. Calculated results  of  TL as  a  function ofe  for various  values  of
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