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Improved measurements on phonon emission and detection by tunnel junctions show qualitative agree- 
ment with a numerical evaluation of Tewordt's tbeory on quasiparticle lifetime. 

Phonon genera t ion  and detect ion by supercon-  
ducting tunnel l ing  junct ions  (Sn- I -  Sn) has been 
repor ted  in ref. [1]. We now presen t  s i m i l a r  
m e a s u r e m e n t s  under  improved exper imenta l  con- 
dit ions.  

The s ignal  to noise ra t io  was inc reased  using 
subs tan t ia l ly  higher phonon in tens i ty  by the p r e -  
pa ra t ion  of very  low impedance junct ions  (typical-  
ly Roo = 2 m~)  and reducing  the geomet r ica l  loss  
by the use of a shor t e r  sapphire  c rys ta l  (3 mm 
thick, C-or iented) .  The detector  cha rac t e r i s t i c  
was l inea r ized  by a negative feedback loop regu l -  
at ing the bias .  A modulat ion technique suppressed  
d i rec t  e lec t romagne t ic  feedthrough and yielded 
the f i r s t  der iva t ive  of the detector  s ignal  with 
r e spec t  to the genera tor  cur ren t .  

Thus the r e su l t s  allowed quanti ta t ive compar i -  
son with numer i ca l  ca lcula t ions  based on the 
theory of Tewordt  [2] for T = 0. The theore t ica l  
decay probabi l i ty  (in BCS l imit)  for a quas ipa r -  
t ic le  of given energy  under  emi s s ion  of a phonon 
of energy g2 was no rma l i zed  by the total  decay 
ra te  and folded with the quas ipar t i c le  d is t r ibut ion  
injected by tunnel l ing  (in BCS limit) .  The r e s u l t -  
ing theore t ica l  phonon spec t rum due to f i r s t  step 
decay (the second step contr ibut ion is  smal l )  is 
plotted in fig. 1 for s eve ra l  va lues  of genera tor  
voltage U. 

The "monochromat ic"  peak at ~ = 2A due to 
r ecombina t ion  is  not shown. It r i s e s  p ropor t iona l  
to the genera tor  cu r r en t  and has one half of the 
a r ea  of the cor responding  decay spec t rum.  The 
mos t  outstanding fea ture  of the spec t rum is  the 
cutoff at ~ = e U -  2A. 
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Fig. 1. Theoretical phonon spectrum due to quasipar- 
ticle decay for various junction voltages. N(~) the 
phonon number per energy/A and per time is in units 

of A/(e2Roo). 

To obtain d i rec t ly  the theore t ica l  p red ic t ion  
for  the measu red  dependence of the de tec tor  s ig-  
nal  on the genera tor  cu r r en t  we a s sumed  that the 
detector  responds  fully to the monochromat ic  
peak at ~2 = 2 LX, but only to those decay phonons 
with ~ >/ 2 a .  This  par t  of the spec t rum was in-  
tegra ted  over ~ and then different ia ted with r e s -  
pect to the genera tor  cur ren t .  

The r e su l t  valid for T = 0 is plotted together 
with an exper imenta l  curve at T = 1.1°K in fig. 2. 
The sca l ing  factor  is  adjusted to the plateau 
above the 4A step. The exper imen ta l ly  observed 
step at 4A tu rns  out to be less  than expected 
theoret ical ly .  

The inc rease  beginning at 6A indica tes  an en-  
hanced phonon yield. This can be explained as -  
suming  reabsorp t ion  of phonons of ~ >/ 2A within 
the genera tor  f i lms  by pa i r  b reak ing  and subse-  
quent decay of the secondary  quas ipa r t i c l e s  under  
e m i s s i o n  of new phonons. The cor respond ing  
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Fig. 2. Modulation of the detector signal d/D/d/G (arb. 
units) versus generator current ~ .  

foldings,  though more  complicated,  were done 
numer i ca l l y  using the same sca l ing  factor  as be-  
fore.  The resu l t ing  theore t ica l  enhancement  of the 
detec tor  s ignal  is indicated by the dotted l ine in 
fig. 2. 

The qual i ta t ive ag reemen t  with exper iment  is 
r a the r  good conf i rming  that most  of the phonons 
undergo the r eabsorp t ion  process .  The quant i ta-  
t ive d i sag reemen t  however has about the same 
ra t io  as is  observed at the 4Z~ step suggest ing an 
ident ical ,  yet  unknown loss .  Measu remen t s  at 

higher t empe ra tu r e s  show a s t i l l  i nc reased  loss  
indicat ing that the effect of f inite t empera tu re  
should be included in the calculat ion.  

Additional s t ruc tu re  is  seen around 2.54 (see 
a r row in fig. 2). A much l a rge r  but s i m i l a r  s t ruc  
tu re  was observed us ing a genera tor  junct ion of 
s t i l l  lower impedance.  In this connection the 
smal l  decrease  of the genera tor  gap due to the 
high quas ipar t ic le  in ject ion may be of impor t ance  
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