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A. V .Ale kseev'and U . Kh . Kopvi llem++ 

Pacif ic  Oceanoio&cal I i i s t i t u t e ,  PYSC Oi' trie A C ~ U L . , ~  
0:' lc l t r ices  of the ilSSi(, 'Jiaaivoston b3Ooj;i. &bd 

Kc-j-wordst feuto-, a t to-  and chronoiiseconci, avtliai~ctiti, 
ecno, conereiics, ii-ray, r - r a a i a c i m ,  ,Traac 
Liernory . 

PACSs 42.02.3~; 2j.2O.C~. 

At the present t i de  euupicoaecond pulses of  l a se r  li&t as Si13~'t. 

as 0.j*10'12 s have beer, generated and detected aidd tile ?ossiuir , t j  01' 

>0-10-1' s pulses generation as a iiait is preaicted [l]. iiotiliild irvs 
been said auoat the fundarnentai physical reasocs tiiat detbiidnr t h i s  
iiidt. The e;iu of our  worx i s  t o  throw sour libiit rli)oii tile beL1cA*a, . I C -  

chari ius  that dovern the generation of ult rashort  $hoton p u ~ s e s  and 
other yulses of pnysicar f i e l d s  of i i d t e d  suort  adratioid. I t  is ale5 
ouvious t h a t  the pulse duration A t  c a m ' t  ue shorter tnall tile eie..icli- 
taxmy t i d e  length a t o  i f  i t  ex i s t s .  do i e t  as s t a rch  for f lose io le  cur:- 
didates  f o r  A t o  and look f o r  methods of t h e i r  deneratiou. Taere ie on- 
l y  one general  method avai laole  t o  &et autouaticailjr shortened guises 
of bosori f i e i d s  - the uethod of ooson avaianches [2]. 
the followingr take an excited p a r t i c l e  and put i t  iu to  a ynysical re- 
sonatoz f o r  a boson f i e i d  f o r  bet t ing a ooson oy Leans 01' the si;onta- 
rieous boeon elnission process i n  the resonator i n  a t i ue  't . 11. we G a t  

14) 1 equel excited p a r t i c l e s  i n t o  the resonator we s h a i i  get  a >uzse 
of voaon radiat ion consisting o r  -14 bosons i n  a t ide ( 
where '2 is an interference f ac to r  of the order - ( h Z / A O )  for a 
raa i a t ing  disk of square sect ion A, and for 0080:is o l  waveLen& A . 
This law was well established f o r  photons generated oy so i id s  Lor 
which 'c = 

8.  But these nurubera a re  not the llluited ones and we cvuid pro- 
eose fo r  instance I = and Z -  lo-' s. The r e s u l t  h t  = s 
w i l l  oe wrona: vecause i n  s Vhotons can t r ave i  oniy timo%ii a 0;s- 
Lance 
iea w i t h  ordinar j  a a t t e r  cann't contai!i loz3 sWt1CieS. it -:us: be 

sa id  thtrt p a r t i c l e s  outside of this s>nere cann't iiiteLuut to  i ) ~ " o i l , . ~ c ~  

consis ts  of 

/I;)*? , 

2 
8 ,  A. = 1 CI , h2 = 10-l' c..:~ arid N = lo1' ai.d A: = 

A 1  - 3-10-'l cu and a sphere o f  d i h i e t e r  a i  = j-lO-" c... ~ ' ~ 1 -  
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156 ALEKSEEV AND KOPVILLm 

s. .,noror. a{a-aiche. So v e  see that ooson avalancnes carr ~enarate pulses 
as snor t  as 1;tedsd if the nateriai is as dense as t o  I’uifiii tne new 
condi  tic!. 

A t  d < c ,  
where A 1  is the dimension of the resonator, A t is the avalanche 
pulse length and c is the speed of light. If the density of the mate- 
rial can be rieed without any linit we always can choose the length ~l 
as small as needed to fulfill (1). In this way we get to the conclusion 
of the nonexistence of any limit to the pulse length shortening process. 

The existing of an elementary length &lo will drastically change 
this conclusion because we will be unable to fulfiil (1) if A 1 will 
becorae shorter than A 1,. We get a new idea how to estimate the lid- 
ting pulse lengthes that can exist in natures 

A t . ,  I A C o l  c , (2) 

where A to, and A lo, correspondin&3y are the lhliting pulse dura- 
tion accounting for the existence of the elementary length of 
physical nature d . The elementary times are estimated in the table 1. A lo, 

Type of Elementary Ylement ary 
interaction length tine interval 

l0 

cm +*10-18 s 
d =  e 

d =  
strong int. 10-’3 cLI 4.10-~3 

electromagnetic 
int 

d = w  
week int. 10-~7 cm 3.10-27 a 

d = g  
gravitational 10-3* cp 3.10-42 8 

int.  
~ ~ ~~ ~- 

Table 1. Possible elementary time intervals. 

Taking account of the fact that in contamporary technology only 
electromagnetic interactions are exploited no densities higher than 
particles per cm3 can be achieved. Therefore only one atom can generate 
a pulse of attosecond duration 
mentary time interval in the electromagnetic domain of interactions. 

nuclear matter density. Therefore nucleus can generate a pulse of radi- 
ation of duration A to, = s. But b to, coinsides with the ele- 
mentary time interval A t - (4.40 

A toe - 3010-~’ s and this is the ele- 
Strong interactions inside the nuclei will compress matter to the 

0.06).10-h 8 proposed i n  [3]. 
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TOWARDS ATTOSECOND SPECTROSCOPY 155 

I f  we go on f u r t h e r  wi th  t h e  sane i d e a s  we can i n a g i n e  t h a t  t n e  
week i n t e r a c t i o n s  can compress m a t t e r  t o  h g h e r  than  n u c l e a r  d e n s i t i e s .  

-27 
Then o u r  Table  1 p r e d i c t s  a new elementary time i n t e r v a l  A t o w =  1.10 

3 
F i n a l l y  g r a v i t a t i o n a l  i n t e r a c t i o n s  w i l l  c r e a t e  reg ions  o f  s t i l l  h igher  
a e n s i t i e s  and t n e  g r a v i t a t i o n a l  elementary time i n t e r v a l  A t  = 

1.10-42 s appears .  3 

t u e  of  e i e s e n t a r y  p a r t i c i e s .  I f  an exGerirnent w i i i  r e v e a i  sose  r e s o -  
nance t h a t  h a s  t h e  w i d t h h i -  I /  A tPg, one can argue t h a t  i n s i d e  the  
elementary p a r t i c l e s  t h e r e  e x i s t  r e g i o n s  o f  very h igh  m a t t e r  density'.  
The elementary t ime dynamical spectroscopy i>lay ue c a l l e d  chrononsecond 
sgectroscopy.  The r e a l  va lue  of  a chronon w i l l  De t h e  m a t t e r  of new 
d i s c o v e r i e s  i n  e lementary time spectroscopy.  

t o  very small volumes and the  technique t o  d e f e c t  then; c a n n ' t  oe the  
s a w  as was developed i n  t h e  picosecond time domain. A t  t h e  moment we 
can i n d i c a t e  t h e  fo l lowing  p o s s i b i l i t i e s .  F i r s t  of a l l  atomic time 
s t a n d a r d s  w i l l  be r e p l a c e d  by i n t r a n u c l e a r  and i n t r a p a r t i c l e  chronon 
time s t a n d a r d s .  To measure t h e  l e n g t h  of a t i u e  i n t e r v a l  connected 
wi th  a p h y s i c a l  p rocess ,  this process  must be incorpora ted  i n t o  a s t e p  
of  a n u c l e a r  o r  elernentary p a r t i c l e s  r e a c t i o n .  So t h e  measurement w i l l  
be confined i n t o  a small space-time volume and the  r e a c t i o n  outcome 
and products  w i l l  g i v e  t h e  informat ion  about d e s i r e d  time i n t e r v a l  
length .  Attosecond process  time l e n g t h s  a l r e a d y  have been measured i n  
t h i s  way [4]. Another p o s s i b i l i t i e s  a r e  t h e  comparison of width of  r e -  
sonant p a r t i c l e  s t a t e s  w i t h  t h e  measure of t h e  corresponding l i f e t i m e s  
on t h e  ground of t h e  Heisenberg u n c e r t a i n t y  p r i n c i p l e .  But i n  t h i s  
case we must be s u r e  t h a t  t h e  width h a s  dynamical o r i g i n  and i s  not  
due t o  over lapping  l i n e s .  We s o  pose t h e  q u e s t i o n  of t h e  e x i s t e n c e  of  
unhornogeneous l inewidths  i n  t h e  domain o f  n u c l e a r  and elementary par -  
t i c l e  s3ectroscopy.  

If $ and L - l a s e r  type  d e v i c e s  w i l l  be launched [51, i t  w i l l  be 
p o s s i o l e  t o  g e n e r a t e  phase memory e f f e c t s  t o  a t tosecond d u r a t i o n .  It 
i s  w e l l  e s t a b l i s h e d  [6] 9- 
r e n c e  between mechanisms o f  homogeneous and unhomogeneous widths  i n  
n u c l e a r  r e a c t i o n s .  New p o s s i b i l i t i e s  a r i s e  i f  we e s t a b l i s h  d e ' B r o g l i e  
wave phase clocKs by s p l i t t i n g  beams of f a s t  p a r t i c l e s  and r e c o r d i n g  
af te rwords  t h e  i n t e r f e r e n c e  p a t t e r n  of  t h e  s p l i t  beams. One p a r t  o f  
t h e  beam w i l l  be t h e  undis turbed  r e f e r e n c e  beam o r  t h e  phase clock and 
t h e  o t h e r  p a r t  of  t h e  beau w i l l  i n t e r a c t  w i t h  space-time volume of  i n -  
v e s t i g a t e d  i n t e r a c t i o n s .  The neut ron  s p i n  echo [7] a l ready  d iscovered  
may be a n  e x m p l e  f o r  performing a phase clock. 

9. 

0g 

O u r  po in t  o f  view can g ive  a l so  some informat ion  about t h e  s t r u c -  

Feinto-, a t t o -  and chrononsecond p h y s i c a l  e f f e c t s  w i l l  be confined 

and X-photon echoes w i l l  d e t e c t  t h e  d i f f e -  

We w i l l  d i s c u s s  now a few examples o f  how e x i s t i n g  p h o t o e l e c t r o n i c  

r e g i s t r a t o r e  may be operated t o  g e t  one o r  two order  of magnitudes 
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156 ALEKSEEV AND KOPVILLEM 

I”ig.1. boson avaianche t ime i e n s .  A and B correspondingly  t h e  
e x c i t i n g  p u l s e  and t h e  photon avalanche s i g n a l .  I n s t e a d  
of  4 t we can measure A t , .  I(t) i s  t h e  i n t e n s i t y  of  
t h e  s i g n a l .  

r’ib.2. boson edge echo t i n e  i e n s  and t i u e  compression. Edge 
echo B i s  g e n e r a t e d  by 8 wide 2 u l s e  A with f a s t  r i s e  
time which can be measured oy t h e  aismach AT between 
t h e  mean frequency of t h e  p u l s e  9 and the  atom l e v e l  
spac ing  + A i  . 1 / 2  A t  i s  th8 A p u l s e  length .  The 
time conpr8ss ion  ( A t , / A l )  may be of  t h e  o r d e r  o f  lo2. 

Fig.3. M u l t i p l e  p u l s e  space-time i n t e r v a l  conversion.  The 
echo B can be d e t e c t e d  i n  t h e  absence of  time r e s o -  
l u t i o n  s imul taneous ly  w i t h  t h e  e x c i t i n g  p u l s e s  A1, ..., A i n  a d i r e c t i o n  TiB n o t  c o i n s i d i n g  w i t h  r,, ..., 4 
r4* 
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TOWARDS ATTOSECOND SPECTROSCOPY 157 

t ime r e s o l u t i o n  enhancement by means of phase uernory e f f e c t s .  This 
w i l l  mean t h e  measuring of  1 fs photon p u l s e s  by means of 0.1 9 s  de- 
v i c e s .  The photon avalanche [2] method c o n s i s t s  of  t h e  fol lowing.  We 
have a system of  two l e v e l  atoms and we i n v e r t  t h e  popula t ions  o f  t h e  
system wi th  a powerful and very  s h o r t  p u l s e  o f  d u r a t i o n  ~t t h a t  we 
a r e  unable  t o  measure. A f t e r  a time A t ,  h, ($lnN)*bt  we w i l l  see  t h e  
avalanche s i g n a l  of d u r a t i o n  
c i t e d  atoms. I n  this manner i n s t e a d  of measuring A t  we can measure 
A t , S A t  and c a l c u l a t e  t h e  va lue  of A t ( f ig .1) .  If N = lo2' we 

have an enhancement of time r e s o l u t i o n  of t h e  o r d e r  of  ( A t  / h t ) - 2 5 .  
The edge echo-es a l s o  can enhance t h e  t ime r e s o l u t i o n  of  t h e  time 
equipment ( f i g . 2 ) .  F i r s t  of a l l  t h e  edge echo s i g n a l  w i l l  be compres- 
sed  r e l a t i v e  t o  t h e  o r i g i n a l  p u l s e  l e n g t h  and i t s  time l e n g t h  e q u a l s  
t h e  r i s e  time A t  o f  a s o l i t a r y  e x c i t i n g  p u l s e  d u r a t i o n  $ A t l .  I f  we 
know t h e  t r a n s i t i o n  frequency $a = To + ~3 of  t h e  two l e v e l  sys-  
tem and t h e  mean frequency 3, of t h e  e x c i t i n g  p u l s e ,  t h e  d i f f e r e n c e  

ya - g i v e s  u s  an e s t i m a t e  A t - ( l / a T  ) f o r  t h e  r i s e  tiille 
~ t .  A second way t o  g e t  t h e  va lue  of  A t c o n s i s t s  of  comparing t h e  

known i r r e v e r s i b l e  r e l a x a t i o n  time T2  o f  t h e  two l e v e l  systeln wi th  
A t ,  because t h e  occurence of t h e  edge echo t e s t s  t h e  v a l i d i t y  of t h e  
u n e q u a l i t y  A t < T2. The same c o n s i d e r a t i o n  h o l d s  a l s o  f o r  t h e  u s u a l  
echo s i g n a l s .  

The echo technique  has some o t h e r  advantages f o r  a t tosecond 
p u l s e  d e t e c t i o n  as t h e  m u l t i p l e  p u l s e  space-time i n t e r v a l  conversion 
( f i g . > )  181- 
rhe d i r e c t i o n  o f  t h e  echo s i g n a l  w i l l  no t  c o i n s i d e  wi th  t h e  d i r e c t i o n  
of t h e  e x c i t i n g  p u l s e s  d i r e c t i o n s .  So we w i l l  be a b l e  t o  d e t e c t  t h e  
echo s imul taneous ly  w i t h  t h e  e x c i t i n g  p u l s e s  i n  t h e  absence o f  enough 

t ime r e s o l u t i o n .  From this f a c t  we can s t a t e  t h a t  A t4L T 2  and from 
t h e  n u t a t i o n  frequency we can e s t i m a t e  t h e  l e n g t h  A t  o f  t h e  e x c i t i n g  

A t 2 w A  t ,  where N i s  t h e  number of  ex- 

1 

To = A$ 

where 8 ( t )  i s  t h e  n u t a t i o n  a n g l e ,  E i s  t h e  f i e l d  ampl i tude ,<l \ ,p \Z> 
i s  t h e  a p p r o p r i a t e  m a t r i x  element of  t h e  d i p o l e ,  I ( t )  i s  t h e  echoes 
r a d i a t i o n  pulse .  

s t i l l  inore advanced spec t roscopy i n  our  opin ion  w i l l  be one of  t h e  
most f a s c i n a t i n g  and t h r i l l i n g  ocupat ions o f  p h y s i c i s t s  t o  come, be- 
cause i t  rnay pe connected w i t h  t h e  r e s o l u t i o n  space-time s t r u c t u r e  
problem and s t i m u l a t i o n  of t h e  speed of  n u c l e a r  computing devices .  

We conclude wi th  t h e  remark t h a t  t h e  rea lm of  a t tosecond and 
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