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The pos i t ron  l i f e t i m e s  of a 2H-TaSe2 c r y s t a l  were 
measured a s  a func t ion  of temperature  between 10 and 
490 K. Two d i s t i n c t  and cons t an t  l i f e t i m e s ,  i.e. 
0.130 ? .007 and .378 2 .008 nsec,  were found i n  t h e  
temperature range s tud ied .  These two l i f e t i m e s  are 
thought due t o  the  an iso t ropy  c h a r a c t e r  of t h e  two-di- 
mensional layered  s t r u c t u r e  of t h e  c r y s t a l .  The app l i -  
c a t i o n s  of t he  p o s i t r o n  a n n i h i l a t i o n  methods t o  s tudy 
the  charge dens i ty  wave and r e l a t e d  phenomena are d i s -  
cussed.  

INTRODUCTION 

Most of c r y s t a l  compounds form r e g u l a r  p e r i o d i c a l  l a t t i c e s  
except  f o r  t he  imperfec t ions ,  impur i t i e s  o r  boundaries .  How- 
eve r ,  i t  has  been thought some times t h a t  a few compounds, 
t h e i r  r egu la r  l a t t i c e s  become d i s t o r t e d  i n  t h e  absence of t h e  
i n t e r n a l  impur i t i e s  o r  t he  e x t e r n a l  deformations.  The i d e a s  
of t he  charge dens i ty  wave (CDW) t h a t  d i s p l a y s  a long  modu- 
l a t i o n  of t h e  charge dens i ty  i n  the  l a t t i ce s  were f i r s t  con- 
s ide red  by P e i e r l s  and Frohl ich '  s e v e r a l  yea r s  ago. 
i n t e r e s t s  of CDW and r e l a t e d  phys ica l  anomalies  have grown 
enormously because a few i d e a l  low dimensional c r y s t a l s  be- 
came a v a i l a b l e  r ecen t ly .  

The 

Neutron and x-ray d i f f r a c t i o n  methods o f f e r  t h e  most con- 
v inc ing  evidences on the  l a t t i c e  d i s t  r t i o n  and t h e  s t r u c t u r a l  
t ransformat ions  of t he  CDW compounds. Most of modern 9 
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1 SO/[ 8681 Y. C. JEAN and F. J. DISALVO, JR. 

techniques f o r  physical measurements such as r e s i s t i v i t y ,  
suscept ivi ty ,  thermal conductivity,  e lectron d i f f r ac t ion ,  NMR, 
I R ,  and Raman sca t t e r ing ,  e t c .  have been applied t o  study the 
CDW sy tems. On the other hand, the positron ann ih i l a t ion  
method , which has been known as one of the most powerful 
techniques t o  study the imperfections and the phase trans- 
formations of c r y s t a l s .  
study the CDW systems. 

4 

And y e t  it has  not been applied t o  

In  t h i s  paper ,  we chose a TaSe2 c r y s t a l  a s  our f i r s t  
system t o  study the CDW and r e l a t ed  phenomena by the posi t ron 
annihi la t ion method, 
recently&at l e a s t  three CDW phase t r a n s i t i o n s  a t  93K, 102K, 
and 112K . A reasonable s i z e  of the s ing le  c r y s t a l  is  a l s o  
available.  Therefore, we report  the f i r s t  attempt of the 
positron l i f e t imes  of t h i s  crystal. between 10 and 490K t o  
search f o r  the appl icat ions of posi t rons t o  the  low dimensional 
c rys t a l s .  

The 2H-TaSe2 c r y s t a l  has  been reported 

EXPERIMENTAL 

Two pieces of 2H-TaSe2 s ing le  c r y s t a l s  ( thickness 3 and 
about 5mm X 5mm) w e r e  g r o B  a s  previously described. The 
positron sourceE ;5&i Na ) were d i r e c t l y  deposited on the 
surface of the c r y s t a l  and sandwiched i n  between c r y s t a l s .  
The sandwiched c r y s t a l s  were annealed a t  589K f o r  48 hours 
under the A r  atmosphere. 
is  shown i n  Figure 1. 
a 1.28 MeV Dhoton nearly simultaneously. 

The positron2$ifetime spectrometer 
emits a positron and The decay of Na 

This 1.28 Mev photon 

FIGURE 1 A positron l i f e t ime  spectrometer a t  the University 
of Missouri-Kansas City.  
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POSITRON LIFETIMES OF 2H-TASE2 [869]/15 1 

serves as a starting signal and the annihilated photon 
(.511 MeV) serves as a stopping signal for the lifetime measure- 
ment. The resolution of the lifetime spectrometer was found 
270 psec by measuring the coincident photons from a CO-60 y- 
source. The obtained lifetime spectra were resolved into a 
multi-exponential function by a computer program - POSITRONFIT. 
A typical positron lifetime spectrum is shown in the Figure 2 .  

6 

W i  i- I I I 1 

- 3  - 
c 

c 

I 
I 2 3 4 5 6 7 

A typical lifetime spectrum of a 2H-Tase2 crystal. 

0 

FIGURE 2 
The line is the computer fitted result in two-exponential 
function. 

0 

The positron source contribution to the lifetime spectra 
was estimated less than 2% and was found insignificant to the 
lifetime results. Every lifetime spectrum was carefully re- 
solved into one-, two- and three-components an$ only two-com- 
ponent results were found consistently good x fit from the 
computer program. Therefore we believe only two positron 
lifetimes existed in the 2H-Tage2 crystals at the temperature 
range studied here. The low temperature measurements were 
made at a cryostat under the He-atmosphere. The temperature 
deviation was less than f.2K. The high temperature (>300K) 
measurements were made at a furnace under the Ar atmosphere. 
The temperatures were controlled better than 1 K. 

RESULTS AND DISCUSSIONS 

When positrons are emitted from nuclear decay, they are quitikly 
thermalized from energetic states in the lattice in the timeless 
than 10-l' sec. 
waves along the perfect crystals. The positron lifetime in 

These thermalized positrons display Bloch 
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the  c r y s t a l  depends on t h e  overlap between t h e  pos i t ron ic  and 
e l ec t ron ic  wave func t ions  i n  the  same site. I n  the  well- 
annealed c r y s t a l s ,  t h e  observed pos i t ron  l i f e t i m e  i s  i n  e r s e l y  
proport ional  t o  the  e l e c t r o n i c  dens i ty  of the  c r y s t a l s .  For 
a two-dimensional layered  compound, t h e r e  e x i s t s  two d i s t i n c t  
e l ec t ron ic  d i s t r i b u t i o n s ,  along t h e  layered  p lane  and perpendi- 
cu la r  t o  the plane. 
is  l a r g e r  than the  perpendicular  conduct iv i ty .  We expect t o  
observe a t  least t w o  d i s t i n c t  pos i t ron  l i f e t i m e s  i n  t h i s  two 
dimensional c r y s t a l .  

Y 

The conduct iv i ty  pa ra l l e12 to  t h e  l a y e r  

T2 (sletnd Mntima) 

POSITRON LIFETIME OF TmSm,CRIITAL 

T, ((ln~HtrNnc) 

The r e s u l t s  of the  l i f e t i m e  in  two components are shown 
i n  Figure 3. The s h o r t  l i f e t i m e  component, -.13 nsec,  i s  
assigned t o  the  pos i t rons  a n n i h i l a t i o n  p a r a l l e l  t o  t he  l a y e r  
and the  long-lived component, .. ,378 nsec, perpendicular  t o  the  
layer .  The h igher  conduct iv i ty  p a r a l l e l  t o  t he  l a y e r ,  thus  a 
sho r t e r  l i f e t i m e  i s  observed. Both two l i f e t i m e s  are almost 
cons tan t  between 10 t o  320K. The i n t e n s i t i e s  of t h e  long- 
l i ved  component show s imi l a r  r e s u l t s  i n  Figure 4.  

FIGURE 3 Pos i t ron  l i f e t i m e s  of t h e  2H-TaSe.2 a s  a func t ion  of 
temperature. The l i n e  i s  drawn f o r  eye-guide only. 

The 2H-Ta $2 c r y s t a l s  form a two-dimensional CDW a long  
the  layered plane. 
a t  93K, 1 1 2 K  and 122K. We have concentrated the  measurements 
between 90K and130K as shown i n  F igure  3 and 4. 

Thtee CDW phase t r a n s i t i o n s  were observed 

The r e s u l t s  
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POSITRON LIFETIMES OF 2H-TASEZ [871]/153 

obviously i n d i c a t e  t h a t  pos i t ron  l i f e t i m e s  do no t  change wi th  
the  CDW phase t r a n s i t i o n s  i n  2H-Tase2 c r y s t a l s .  The s l i g h t l y  
changes of pos i t ron  l i f e t i m e s  and the  long-lived components 
above 300K a r e  due t o  the  vacancy formation by t h e  thermal 
process .  I f  pos i t ron  l i f e t i m e s  are s e n s i t i v e  t o  CDW phase 
t r a n s i t i o n s ,  we should have observed t h e  change of s h o r t  l i f e -  
t i m e s  near  100K. 
t o  these  CDW t r a n s i t i o n s  could be due t o  the  f a c t  t h a t  p o s i t r o n i c  
wavelength i n  the  l a t t i ce  near  lOOK (-1OOA) is not  long enough 
t o  d e t e c t  t he  charge dens i ty  wave modulations. Pos i t rons  a r e  
probably s t i l l  too  loca l i zed  compared t o  the  charge dens i ty  
wave modulations. On the  o the r  hand, we a l s o  could no t  r u l e  
out  t h e  p o s s i b i l i t y  t h a t  t he  i n t r i n s i c  d e f e c t s  i n  the  l a t t i ce  
could have a l s o  blocked the  motions of pos i t rons  i n  t h e  l a t t i ce .  
The c r y s t a l s  were decomposed before  we could hea t  c r y s t a l s  up 
t o  the  well-annealed temperatures. 

The lack  of t he  response of pos i t ron  l i f e t i m e s  

Two o ther  pos i t ron  a n n i h i l a t i o n  techniques,  i .e.  Doppler 
broadening and the  angular  c o r r e l a t i o n  of the  ann ih i l a t ed  
photons could measure the  momentum d i s t r i b u t i o n  func t ions  i n  
the  l a t t i c e .  These are use fu l  methods t o  detect  Fermi in- 
s t a b i l i t y  due t o  CDW. The experimental s e n s i t i v i t i e s  of t hese  
methods a r e  a l s o  b e t t e r  than the  l i f e t i m e  methods. These re- 
searches a r e  i n  the  progress  a t  our labora tory .  

I I 
I PERCENTAGE OF THE SECOND LIFETIME OF T t S q  CRYSTAL 

im 200 300 4aJ wo 
TEMPERATURE (K) 

30 

FIGURE 4 
of the  2H-Tase2 c r y s t a l  a s  a func t ion  of temperature. The 
l i n e  is drawn f o r  the  eye-guide only. 

Long-lived components from pos i t ron  l i f e t i m e s  spectrum D
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