
L E T T E R E  A L L A  R E D A Z I O I ~ I E  

(La responsabilitd sc~entlf~ca degli scrittt in.seriti in questa rubrica d cornpletamente lasc~ata 
dalla Dire~ione del perfodico at singoli autori) 

B 
Fermi Energy and Doppler-Broadened Annihilation Radiation. 

H. VAN DEN BERG a n d  M. K. RAMASWAMI 

Depar tmen t  o] Phys ics ,  F o r d h a m  Univers i ty  - Bronx ,  N .  Y .  

( r icevuto  il 5 Agos to  1968) 

The  Dopp le r  b r o a d e n i n g  of t he  a n n i h i l a t i o n  r a d i a t i o n  has  been  d e m o n s t r a t e d  qu i te  
some t ime  ago by  DvMoND et al. (1) w i t h  a c u r v e d - c r y s t a l  s p e c t r o m e t e r  a n d  more  r ecen t ly  
b y  MURRAY (2) a n d  HURLEY (3) us ing  a h igh - r e so lu t i on  Ge(Li) de tec to r .  Whi l e  the  elec- 
t r o n  m o m e n t u m  d i s t r i b u t i o n  in t he  sample  in  wh ich  t he  pos i t rons  a n n i h i l a t e  can  be 
deduced  only  f roin  a de ta i l ed  analys is  (a) of t he  en t i r e  D o p p l e r - b r o a d e n e d  ann ih i l a t ion ,  
never the less ,  c e r t a i n  gross fea tu res  of t h e  a n n i h i l a t i o n  process  shou ld  be  d iscern ib le  
f rom the  wid th .  One such  f ea tu re  is t he  F e r m i  energy.  

W e  h a v e  i n v e s t i g a t e d  t he  Dopp le r  b r o a d e n i n g  in the  fol lowing m a t e r i a l s :  Cu, A1, 
Pb ,  Fe,  Ni, Sb, Gd,  B i  a n d  Zn. The  a p p a r a t u s  cons is ted  of an  O R T E C  Ge(Li) de t ec to r  
(5 cm 2 a rea ;  4 m m  dep th )  which  has  a r e so lu t ion  of 2.7 keV for t he  514 keV l ine of ssSr 
used for o b t a i n i n g  t he  i n s t r u m e n t a l  l i newid th .  The  o u t p u t  of t he  F E T  preampl i f ie r  
coupled  to t he  d e t e c t o r  was  fed to a C a n b e r r a  spec t roscopy  ampl i f ier  (Model 1417) 
a n d  t h e n  to a b ia sed  ampl i f ier  (Canber ra  Model  860). The  o u t p u t  of th i s  was  ana lysed  
b y  a Vic toreen  400-channe l  ana lyser .  

The  p o s i t r o n  source  cons i s t ing  of a t en  ~C 2~Na ac t iv i ty  depos i t ed  a t  the  cen t re  
of a ½ cm d i a m e t e r  i ny l a r  foil (¼ mi l  th ick)  was  s andwiched  b e t w e e n  two pieces of a 
g iven  spec imen a n d  p l aced  4 em f rom t he  f r o n t  face of the  de tec tor .  The  coun t ing  t i m e  
for each sample  was  a p p r o x i m a t e l y  20 m i n u t e s  a n d  d a t a  for all  s amples  were t a k e n  
on the  same  day .  

There  were a p p r o x i m a t e l y  8000 coun t s  in  t he  peak  of each  s p e c t r u m  a n d  the  saine 
geome t ry  was m a i n t a i n e d  for  each  sample .  A l t h o u g h  no s tab i l i ze r  was  used the  dr i f t  
was  less t h a n  2 c h a n n e l s  over  a per iod  of 6 hou r s  which  cha rac t e r i zed  a t yp i ca l  run .  

F r o m  our  d a t a  we h a v e  c o m p u t e d  t h e  q u a n t i t y  x in keV, where  

x =  [ 2  a o ] ,  
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where  

a = ful l  w i d t h  a t  ha l f  m a x i m u m  of the  D o p p l e r - b r o a d e n e d  spec t rum for a g iven  spec- 
i m e n  ( F W H M )  and  

a o =  F W H M  for t he  514 keV l ine  of s sSr .  
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F i g .  1. P l o t  o i  D o p p l e r  b r o a d e n i n g  x i n  k e V  (see t e x t  f o r  d e f i n i t i o n )  vs. F e r m i  e n e r g y  in  eV.  N o t e  
t h a t  t w o  s e t s  of  v a l u e s  fo r  N i  a n d  F c  a r e  i n d i c a t e d  a n d  t w o  c o r r e s p o n d i n g  l i ne s  a r c  d r a w n .  F r o m  o u r  

p lo t  we  c o m p u t e  f o r  G d a  F e r m i  e n e r g y  of  (9.5 3_ 1.5) eV.  

I n  Fig.  1 we h a v e  p l o t t e d  x in  keV as a func t i on  of t he  F e r m i  energy  in eV. Most  
of the  F e r m i  energies  were o b t a i n e d  f rom t he  rev iew of Wal lace  (4). F o r  Bi  a s suming  
5 e l e c t r o n s / a t o m  t he  va lue  was  ca l cu la t ed  us ing  t he  f ree-e lec t ron  model .  A l i nea r  p lo t  
is o b t a i n e d ,  t he  w i d t h  x dec reas ing  w i t h  F e r m i  energy.  F r o m  the  m e a s u r e d  va lue  of x 
for G d ( =  2.89) we c o m p u t e  a F e r m i  energy  of 9 .5 - -1 .5  wh ich  compares  f a v o r a b l y  
w i t h  t h e  f ree-e lec t ron  va lue  of 7.5 a s suming  3 e lec t rons  pe r  a tom.  

W h a t  is i ndeed  su rp r i s ing  is t h e  decrease in  t he  w i d t h  as a func t ion  of F e r m i  energy.  
I f  t he  p o s i t r o n s  sampled  only  e lec t rons  nea r  the  F e r m i  surface  one would  expec t  an  
increase in  t he  w i d t h  w i t h  F e r m i  energy.  Our resu l t  wou ld  t h e n  suggest  the  in te rp re -  
t a t i o n  t h a t  t he  pos i t rons  s ample  t he  en t i r e  F e r m i  sea  r a t h e r  t h a n  j u s t  t he  surface.  
A second  poss ib i l i ty  is the  c o n t r i b u t i o n  of the  core to  t h e  obse rved  ann ih i l a t ions .  E v e n  
if these  two  possibi l i t ies  ex i s ted  w h a t  causes a l inea r  co r re l a t ion  is no t  clear to us. 

W e  are  t h a n k f u l  to  the  S igma  X i  F o u n d a t i o n  for f inanc ing  the  pu rchase  of the  
source.  
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