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INSTABILITY OF METAL PmSE OF THE QlD-CONDUCTOR 
I N  NAGNETIC FIELD 

'LEV P.GOR'KOV AND ANDRE1 G.LEBED' 
Landau I n s t i t u t e  f o r  Theoretical Physics, 
142432 Chernogolovka, USSR, 

Abstract 
unstable against  the SDW pair ing i n  the presence 
of a weak magnetic f i e l d  near the boundary where 
the SDVI is su pressed by pressure,  The phase diag- 
r a m  of ( !!3dTSl?~2X-compounds i s  discussed. 

A Q1D-metal with a layered s t ruc ture  i c r  

We euggest an explanation f o r  the  phase diagram of 
(!l!MTSF)2X-compounds i n  the (P, T, H)-epacel' 
c r i t i c a l  pressure, Per, where the SDW phase is inhibi-  
ted and the material exhibi ts  metall ic propert ies  An 
applied magnetic f i e l d ' i e  known t o  res tore  the SDW- 
- s ta te  i n  a s e r i e s  of metal-semimetal t ranai t ions3r4.  
The phenomenon occurs a t  low temperatures (T 6 10 K), 
where the Fermi-liquid approach is expected t o  be ade- 
quate, Correspondingly, the Overhauser type diagram 
f o r  the SDW suscept ib i l i ty  with a wave vector  2 is 
investigated and it is shown t h a t  t h i s  diagram a l m y s  
diverges a t  low temperaturee i n  the presence of mag- 
net ic  f i e l d ,  provided the electron spectrum possessee 
the 2D features,  a s  is commonly accepted f o r  the 
(!L'MTSF)2X-f'amily. Since it is known experimentally 
t h a t  the SDW a t a t e  is a s tab le  phaae below the  c r i t i -  
c a l  pressure, we believe that the SDW divergence i s  
responsible f o r  the res tora t ion  of the semimetallic 
magnetic phase. The so-called Vhreshold f i e l d "  appe- 

near the 
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a r s  i n  t h i s  scheme due t o  f i n i t e  3 D  f e a t u r e s  of t h e  
e l e c t r o n  spectrum 5 ,  

The 2 D  a n i s o t r o p i c  e l e c t r o n  spectrum i s  assumed. 
The Permi-surface c o n s i s t s  of two open p i e c e s  p o s i t i -  
oned n e a r  t h e  Fermi momentum +lip ( a c r o s s  t h e  main ax- 
i s )  : 

em,p,, = * W ? , T K F )  + t J P , )  
I n  t h e  SD!7 p a i r i n g  a n  e l e c t r o n  from one s i d e  and a 
hole  from t h e  o t h e r  s i d e  of t h e  Permi s u r f a c e  w i t h  
equal  JE-EpI a r e  involved .  A t  f i n i t e  tl and g i v e n  
Q t h e  n e s t i n g  c o n d i t i o n  cannot be f u l f i l l e d  for the  
a r b i t r a r y  p o i n t  on t h e  Fermi surface (except  f o r  t h e  
ceae when t h e  " p e r f e c t "  n e s t i w  t i g h t  binding model 6 

i s  a c c e p t e d ) .  A s  a r e s u l t ,  t h e  common center-of-mass 
e lec t ron-hole  wave f u n c t i o n  would c o n t a i n  t h e  phase 
f a c t o r  r e s p o n s i b l e  f o r  t h e  independent motion of t h e  
two components of  a p a i r  i n  t h e  p e r p e n d i c u l a r  t o  t h e  
main a x i s  d i r e c t i o n .  The magnetic f i e l d  makes t h e  re-  
l a t i v e  phase of the  e l e c t r o n  and t h e  hole  f i n i t e  over  
t h e  whole Permi s u r f a c e  T h i s  means t h a t  t h e  motion 
of e l e c t r o n s  and h o l e s  a long t h e  t r a j e c t o r i e s  open 
i n  t h e  
t i v e  motion a l o w  t h e  l o q i t u d i n a l  a x i s  i n  t h e  r e a l  
space which is now r e s t r i c t e d  i n  t h e  p e r p e n d i c u l a r  
d i r e c t i o n  Otherwise,  t h e  2 D  e l e c t r o n 6  i n  magnetic, 
f i e l d  a c q u i r e  t h e  1D p r o p e r t i e s  and t h e  3D'J-chRnnel 
i s  always uns tab le ,  i f  t h e  tendency t o  t h e  SDB pRir- 
ing i s  known t o  p r e s e n t  a t  lower p r e s s u r e  5 

The SDYJ s t a t e  i s  e s t a b l i s h e d  as t h e  thermodyna- 
mic phase f o r  a number of t h e  (TMTSP)2X-compounds 
Therefore ,  while  t h e  YDW v e c t o r  3 i s  not  determined 
y e t  by t h e  d i r e c t  neut ron  experiments ,  i ts  transverse 

- 

(pII, pIL)-space corresponds t o  t h e i r  c o l l e c -  
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INSTABILITY OF METAL PHASE IN MAGNETIC FIELD I5 

component , Q1, is  t o  be somehow fixed by some 31, mecha- 
nisms t o  prevent large fluctuationa which would other- 
wise appear in the  antiferromagnetic s t a t e .  A conjec- 
t u r e  is that Q1 w i l l  not change, i f  low pressures o r  
magnetic f i e l d s  a r e  applied t o  the material. 

The plausible form of the 3D e lectron spectrum is  

It has been argued that t h i s  dispersion l a w  by it- 
s e l f  is able t o  provide the SDbY pair ing mechanism, 
since Eq (1) posseeses the property of the ffperfectff  
nesting with - Q I (2%, a/#*, fl/ C* ) .  This choi- 
ce of - Q would contradict  the recent experimental 
observations 3*4, which have shown that the electron- 
-hole pockets i n  the f i e l d  induced magnetic phases 
a r e  r a t h e r  large 
concerning the ro le  of the magnetic f i e l d ,  t h i s  leads 
us t o  the conclusion tha t  

Together with the above arguments 

The analysis5 of the metal phase s t a b i l i t y  (t,Irtb) 
gives the s e t  of equations defining both the  c r i t i c a l  
temperature and the K-value dependences on the aagne- 
t i c  f ie ld :  

+Ct# 2 C f  cyl* (X-v-c’ ‘It=- e u p  3 Ktlt c ).The bulk of the ex- 
perimental r e s u l t s  394is obtained i n  the low f i e l d  re- 
gion ( a t  tb+?50 K, H = 60 KO@, A-70) According 
t o  E q  (3) .  the  la rges t  z?(x) corresponds toYLe’A: 
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16 1.. P. GOR'KOV AND A.  G .  LEBED' 

and li i s  c l o s e  t o  Kmx= 4tb/V, T h i s  n e s t i r x  f i r s t  
g i v e s  t h e  "pockets" wi th  t h e  " o r b i t  a r e a "  
/ k;zr&* . The s t r u c t u r e  r v e c t o r  d i s p l a y s  small but  
f a s t  o s c i l l a t i o n  w i t h  t h e  f i e l d  

S = StbZ/ 

f n  
been probably seen  i n  t h e  high f i e l d  - h i g h  tempera- 
t u r e  behaviour  of t h e  magnetoresis tance i n  (TFuITSF)~ 

s h i x  d i f f e r e n t  subphases found i n  E q  (41, h a r d l y  re-  
mains a t  lower temperature  I n s t e a d ,  we expect  a t  l o w  
temperature  the SD'J phases  w i t h  a l a r g e  enough o r d e r  
parameter  whose s t r u c t u r e  v e c t o r s  and o t h e r  p r o p e r t i e s  
a r e  changing w i t h  t h e  magnetic f i e l d  i n  a s e r i e s  of 
t h e  first o r d e r  phase t r a n s i t i o n ,  The q u a l i t a t i v e  
(T,Ii)-phase diagram i s  summarized i n  P i g  1. Nuch more 
cotriplicated a n a l y s i s  should be performed t o  f i n d  out  
t h e  ground s t a t e s  of t h e s e  subphases a s  a f u n c t i o n  
of t h e  magnetic f i e l d  

l y  i n  favour  of t h e  SDJ s t r u c t u r e  v e c t o r  (2) 
t h e  SD'J p a i r i n g  i n  t h e  (TNTSP)2X. 
t o  some one-dimensional mechanisms l i k e  that i n  t h e  
1 D  Hubbord model 

i s  t h e  i n t e g e r  p a r t  of , A[A] = 11, which have 

C 1 0 4  '. The f a s t  v a r i a t i o n  o f  t h e  Q-vector  d i s t i n g u i -  

I n  conclusion,  o u r  r e s u l t s  p o i n t  o u t  unambiguous- 
Hence, 

fami ly  may be due 
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INSTABILITY OF METAL PHASE I N  MAGNETIC FIELD 77 

H 

FIGURE 1 The (T,H)-phaae diagram. Dashed l i nes  
correspond t o  the  f a s t  v a r i a t i o n  (4 )  of t h e  ins -  
t a b i l i t y  vec to r .  
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