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Description 

The  present  invention  relates  to  an  SR  light 
source  for  generating  synchrotron  radiation  light 
(hereinafter  abbreviated  as  SR  light)  by  making 
charged  particles,  such  as  electrons,  revolve  along  a 
predetermined  particle  orbit. 

Generally,  in  a  type  of  a  SR  light  source,  wherein 
charged  particles  are  moved  along  a  circular  orbit  or 
an  orbit  having  a  straight  portion  at  a  speed  close  to 
the  light  velocity  with  the  aid  of  a  single  magnet  or  a 
plurality  of  magnets,  SR  light  is  generated  in  the  tan- 
gential  direction  of  the  orbit.  SR  light  beam  lines  for 
taking  out  SR  light  are  normally  disposed  at  a  plurality 
of  locations  along  the  orbit.  Since  the  wavelengths  of 
this  SR  light  include  short  wavelength  component,  it 
is  expected  that  the  SR  light  can  be  utilized  in  various 
uses,  such  as  micro-fine  machining  of  super  LSI's  or 
the  like. 

However,  in  the  SR  light  source  in  the  prior  art, 
practically  available  SR  light  was  only  a  small  part  of 
a  generated  light  beam,  and  in  practice,  the  remainder 
was  wasted  in  a  light  beam  dump,  and  consequently, 
the  SR  light  source  in  the  prior  art  had  a  shortcoming 
that  a  utilization  efficiency  of  light  was  low. 

In  addition,  since  SR  light  generated  from  an  SR 
light  source  has  its  wavelength  components  distribut- 
ed  over  a  wide  range  and  it  is  incoherent  light,  it  is  a 
common  practice  that  when  the  SR  light  is  practically 
used,  a  wafer  for  super  LSI's  or  the  like  is  irradiated 
thereby  through  a  filter  or  the  like.  Accordingly,  if  the 
SR  light  also  having  the  nature  of  monochromatic 
light  or  laser  light  can  be  generated  directly  from  an 
SR  light  source,  it  is  expected  that  the  use  of  SR  light 
and  an  SR  light  source  would  be  greatly  expanded. 
Furthermore,  it  is  predicted  that  if  the  intensity  of  SR 
light  can  be  increased  depending  upon  an  object,  it 
will  be  significant. 

Heretofore,  in  an  SR  light  source  having  a 
charged  particle  orbit  including  straight  section,  a  trial 
of  generating  SR  light  has  been  also  practiced  which 
has  the  nature  of  monochromatic  light  by  providing  an 
undulator  which  are  formed  by  arraying  a  plurality  of 
magnets  having  alternate  polarities,  at  a  straight  por- 
tion  of  a  charged  particle  orbit  and  which  wiggles 
charged  particles.  However,  due  to  the  fact  that  in  or- 
der  to  obtain  monochromatic  light  having  a  large  in- 
tensity  by  this  proposal  a  long  straight  portion  is  nec- 
essitated,  there  is  a  shortcoming  that  the  SR  light 
source  itself  becomes  extremely  large-sized. 

A  problem  of  the  present  invention  is  to  provide  an 
SR  light  source  having  a  high  utilization  efficiency  for 
SR  light. 

Another  problem  of  the  present  invention  is  to 
provide  an  SR  light  source  which  can  generate  SR 
light  also  having  the  nature  of  monochromatic  light  or 
laser  light. 

Still  another  problem  of  the  present  invention  is 

to  provide  an  SR  light  source  which  can  enhance  an 
intensity  of  SR  light. 

The  present  invention  discloses  an  SR  light 
source  which  not  only  can  store  charged  particles  in 

5  an  orbit  but  also  can  store  SR  light  (hereinafter  called 
"photon  storage  ring"),  and  intends  to  resolve  all  the 
above-mentioned  problems.  In  more  particular,  ac- 
cording  to  the  present  invention,  there  is  provided  a 
photon  storage  ring  having  the  features  as  described 

10  in  claim  1  ,  in  which  by  arranging  a  reflection  mirror  or 
mirrors  at  the  position  where  SR  light  generated  in  the 
tangential  direction  of  a  charged  particle  orbit  can  be 
reflected,  the  SR  light  and  the  reflected  light  can  be 
stored  within  the  reflection  mirror. 

15  The  dependent  claims  describe  particular  em- 
bodiments  of  the  invention. 

Fig.  1  is  a  general  construction  view  showing  a 
photon  storage  ring  according  to  Preferred  Embodi- 
ment  1  of  the  present  invention. 

20  Fig.  2  is  a  general  construction  view  of  a  photon 
storage  ring  for  explaining  Preferred  Embodiment  2  of 
the  present  invention. 

Fig.  3  is  a  time  chart  for  explaining  SR  light  gen- 
erated  from  the  photon  storage  ring  shown  in  Fig.  2. 

25  Fig.  4  is  a  schematic  construction  view  for  ex- 
plaining  a  photon  storage  ring  according  to  another 
preferred  embodiment  of  the  present  invention. 

Fig.  5  is  a  partial  perspective  view  for  explaining 
a  detailed  construction  of  a  photon  storage  ring  ac- 

30  cording  to  the  present  invention. 
Fig.  6  is  a  diagram  for  explaining  a  principle  of  am- 

plification  of  SR  light  by  making  use  of  yet  another 
preferred  embodiment  of  the  present  invention. 

Fig.  7  is  a  schematic  view  showing  a  general  con- 
35  struction  of  a  photon  storage  ring  according  to  an- 

other  preferred  embodiment  of  the  present  invention. 
Fig.  8  is  a  schematic  view  for  explaining  an  oper- 

ation  of  the  photon  storage  ring  in  Fig.  7. 
Fig.  9  is  a  schematic  view  for  explaining  a  photon 

40  storage  ring  according  to  still  another  preferred  em- 
bodiment  of  the  present  invention. 

Preferred  Embodiment  1 

45  With  reference  to  Fig.  1  ,  description  will  be  made 
on  an  SR  light  source,  that  is,  a  photon  storage  ring 
according  to  a  first  preferred  embodiment  of  the  pres- 
ent  invention.  The  photon  storage  ring  shown  in  Fig. 
1  is  provided  with  a  vacuum  container  of  circular 

so  shape  (not  shown)  and  a  magnetic  field  generating 
device  composed  of  bending  magnets  such  as  super- 
conductive  electromagnets  (not  shown)  similarly  to 
the  SR  light  source  known  as  the  so-called  compact 
SR  light  source,  and  charged  particles  such  as  elec- 

55  trons  are  incident  from  an  injection  accelerator  such 
as  a  microtron  through  an  inflectororthe  like  into  the 
vacuum  container.  Within  the  vacuum  envelope, 
since  a  magnetic  field  reaching  to  several  teslas  is 
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generated  by  the  above-mentioned  magnetic  field 
generating  device,  the  incident  charged  particles 
would  move  at  a  speed  close  to  the  light  velocity  as 
moving  on  a  circular  orbit  having  a  curvature  deter- 
mined  by  the  strength  of  the  applied  magnetic  field. 
As  is  well  known,  the  charged  particles  would  move 
as  locally  crowded  on  the  circular  orbit  into  bunches 
12,  and  the  number  and  length  of  the  bunches  are  de- 
termined  by  the  operating  condition  and  the  design 
condition  of  the  SR  light  source.  For  convenience  of 
the  following  explanation,  the  radius  of  the  circular  or- 
bit  is  represented  by  p,  and  it  is  assumed  that  the 
aforementioned  conditions  are  set  so  that  the  number 
of  bunches  may  become  2.  In  this  connection,  it  is 
postulated  that  the  respective  bunches  are  called  first 
and  second  bunches  and  they  are  represented  by  12a 
and  12b.  Under  this  condition,  from  the  respective 
bunches  moving  on  the  circular  orbit  at  a  speed  close 
to  the  light  velocity  is  generated  SR  light  in  the  tan- 
gential  direction  of  the  circular  orbit. 

In  the  illustrated  photon  storage  ring,  a  reflection 
mirror  1  3  is  disposed  so  as  to  wholly  surround  the  out- 
er  circumference  of  the  charged  particle  orbit,  and  at 
a  part  of  the  reflection  mirror  13  is  provided  a  light 
take-out  port  14  for  externally  taking  out  SR  light. 
While  the  reflection  mirror  13  is  disposed  so  as  to 
wholly  surround  a  charged  particle  orbit  11  in  this  fig- 
ure,  the  reflection  mirror  13  could  be  disposed  so  as 
to  partly  surround  the  charged  particle  orbit  11.  In  ad- 
dition,  the  light  take-out  port  14  is  not  limited  to  one, 
but  a  plurality  of  light  take-out  ports  could  be  provid- 
ed,  and  the  structure  of  the  light  take-out  port  14 
could  be  either  of  constantly  opened  type  or  of  the 
type  opened  or  closed  depending  upon  necessity. 
Furthermore,  the  light  take-out  port  14  could  be  con- 
structed  of  a  half-mirror. 

In  the  illustrated  embodiment,  while  explanation 
will  be  made  on  the  basis  of  the  assumption  that  the 
reflection  mirror  13  has  a  predetermined  curvature 
and  the  center  of  curvature  thereof  substantially  co- 
incides  with  the  center  of  curvature  of  the  charged 
particle  orbit  11  for  simplicity  of  the  explanation,  the 
centers  of  curvature  of  the  reflection  mirror  13  and 
the  charged  particle  orbit  1  1  need  not  always  coincide 
with  each  other.  In  either  case,  the  SR  light  is  stored 
within  the  reflection  mirror  13,  jointly  with  the  charged 
particles. 

SR  light  beams  generated  from  the  respective 
bunches  12a  and  12b  at  different  time  would  be  re- 
flected  respectively  by  the  reflection  mirrors  1  3,  and 
form  optical  paths  indicated  by  15a  and  15b  in  Fig.  1  . 

Here,  in  the  case  where  the  center  of  curvature 
of  the  reflection  mirror  13  substantially  coincides  with 
the  center  of  curvature  of  the  charged  particle  orbit, 
the  optical  paths  1  5a  and  1  5b  of  the  respective  re- 
flected  SR  light  beams  would  proceed  so  as  to  be  tan- 
gential  to  the  charged  particle  orbit  after  every  reflec- 
tion.  Consequently,  all  the  SR  light  beams  generated 

at  the  positions  where  the  optical  paths  15a  and  15b 
and  the  charged  particle  orbit  are  tangential  to  each 
other,  proceed  along  the  same  optical  paths,  which  fi- 
nally  reaches  the  take-out  port  14.  In  other  words,  it 

5  is  possible  to  cause  SR  light  beams  generated  at  a 
plurality  of  bunches  and  then  reflected  to  proceed 
along  a  particular  optical  path  in  a  pulse  train.  Accord- 
ingly,  SR  light  beams  generated  at  the  portions  where 
the  optical  paths  15a  and  15b  reaching  the  light  take- 

10  out  port  14  and  the  charged  particle  orbit  11  are  tan- 
gential  to  each  other  are  all  led  to  the  light  take-out 
port  14,  and  the  SR  light  taken  out  from  the  light  take- 
out  port  14  would  be  observed  always  in  the  substan- 
tially  same  direction.  This  fact  in  itself  means  that  the 

15  SR  light  observed  at  the  light  take-out  port  14  is  en- 
hanced  in  intensity  by  a  factor  equal  to  the  number  of 
reflections. 

In  the  case  where  the  charged  particle  orbit  is  a 
perfect  circular  orbit,  as  shown  in  Fig.  1,  since  the  opt- 

20  ical  path  1  5a  of  the  reflected  SR  light  beam  would  be 
always  tangential  to  the  charged  particle  orbit  11  and 
the  SR  light  beams  generated  at  the  tangential  posi- 
tion  are  all  led  to  the  light  take-out  port  14,  a  utilization 
efficiency  of  SR  light  can  be  remarkably  improved. 

25  On  the  other  hand,  in  the  case  where  the  charged 
particle  orbit  is  not  a  circular  orbit,  for  instance,  in  the 
case  where  the  charged  particle  orbit  includes  a 
straight  portion,  also  a  utilization  efficiency  of  SR 
light  can  be  improved  by  causing  the  SR  light  beam 

30  to  be  reflected  by  the  reflection  mirror  13  so  as  to  be 
tangential  to  the  charged  particle  orbit  and  leading  SR 
light  generated  at  a  plurality  of  positions  to  the  light 
take-out  port  14. 

Here,  in  a  photon  storage  ring  wherein  a  charged 
35  particle  orbit  is  a  circular  orbit  and  also  the  center  of 

curvature  of  the  orbit  substantially  coincides  with  the 
center  of  curvature  of  a  reflection  mirror,  a  light  beam 
of  a  short  pulse  having  a  large  intensity  can  be  gen- 
erated  by  selecting  the  radii  of  curvatures  of  the 

40  charged  particle  orbit  and  the  reflection  mirror. 

Preferred  Embodiment  2 

With  reference  to  Fig.  2,  description  will  be  made 
45  on  the  reflection  between  the  radii  of  curvatures  of 

the  charged  particle  orbit  and  the  reflection  mirror  for 
generating  a  short-pulsed  light  beam  having  a  large 
intensity  in  the  photon  storage  ring  shown  in  Fig.  1. 
Fig.  2  shows  the  case  where  the  bunches  consisting 

so  of  charged  particle  groups  are  formed  two  similarly  to 
Fig.  1  ,  and  in  Fig.  2  it  is  assumed  that  the  first  and  the 
second  bunches  12a  and  12b  are  performing  revolv- 
ing  motion  on  the  charged  particle  orbit  periodically  at 
equal  intervals  and  at  an  orbital  speed  u  .  In  addition, 

55  in  the  following,  description  will  be  made  assuming 
that  the  radius  of  curvature  of  the  reflection  mirror  is 
R. 

In  Fig.  2,  an  SR  light  beam  generated  from  a  first 

3 
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bunch  12a  at  point  A  on  a  charged  particle  orbit  11 
pass  through  an  optical  path  a  and  is  reflected  at  point 
B  by  a  reflection  mirror  1  3,  and  it  again  intersect  with 
the  charged  particle  orbit  11.  Accordingly,  at  the  time 
point  when  the  SR  light  beam  from  the  first  bunch  12a 
has  reached  a  point  C,  if  either  bunch  should  be  pres- 
ent  at  this  point  C,  both  the  SR  light  beam  generated 
from  this  bunch  and  the  SR  light  beam  from  the  point 
A  could  be  observed.  Now,  representing  the  center  of 
curvature  of  the  charged  particle  orbit  11  by  O  and  the 
angle  formed  between  OAand  OC  by  2\|/,  the  time  Tb 
required  for  a  charged  particle  to  pass  from  A  to  C  is 
represented  by  the  following  equation: 

Tb  =  2¥P/y  (1) 
On  the  other  hand,  the  time  Ta  necessitated  for 

an  SR  light  beam  to  pass  from  A  to  C  is  given  by  the 
following  equation,  representing  the  light  velocity  by 
c: 

Ta  =  2ptan(\|/)/c  (2) 
Of  course,  since  Ta  is  largerthan  Tb,  it  would  nev- 

er  occur  that  an  SR  light  beam  generated  from  the 
bunch  12a  at  the  point  A  meets  again  the  first  bunch 
12a  which  was  at  the  point  A.  However,  it  is  possible 
to  adjust  so  that  the  second  bunch  12b,  which  was  at 
the  symmetric  position  (a  point  D)  of  the  first  bunch 
12a  with  respect  to  the  center  point,  may  come  to  the 
point  C  after  the  time  Ta,  or  to  adjust  so  that  a  bunch 
which  was  present  further  n  half-periods  behind  may 
come  to  the  point  C  after  the  time  Ta.  Speaking  in 
more  detail,  the  condition  for  the  SR  light  beam  from 
the  point  Ato  meet  a  bunch  again  at  the  point  C  is  giv- 
en  by  the  following  equation: 

Tb  +  nnplv  -  Ta  =  0  (3) 
Generalizing  the  equation  (3),  a  condition  for  sec- 

ond  meeting  in  the  case  where  an  SR  light  beam 
meets  a  bunch  again  after  having  been  reflected  q 
time,  can  be  also  calculated,  and  the  condition  for 
second  meeting  in  this  case  is  given  by  the  following 
equation  (4): 

(q\|/  +  nwjp/y  -  qTa  =  0  (4) 
The  radius  of  curvature  R  of  the  reflection  mirror 

13  is  given  by  the  following  equation: 
R  =  p/cos(\|/)  (5) 

Since  the  bunches  are  present  in  a  symmetric 
manner  with  respect  to  the  center  of  curvature  of  the 
charged  particle  orbit  11,  the  relation  between  the  re- 
flected  SR  light  beams  (reflected  light)  and  the  bunch- 
es  fulfils  the  above  equation  at  any  time  point.  Ac- 
cordingly,  in  the  case  where  the  above  equation  is  ful- 
filled,  from  the  light  take-out  port  14  emanate  SR  light 
beams  from  a  number  of  bunches  as  integrated.  As  a 
result,  at  the  light  take-out  port  14  is  taken  out  an  in- 
tense  short-pulsed  light  beam. 

In  addition,  in  the  case  where  a  photon  storage 
ring  is  being  operated  under  the  condition  where  k 
bunches  are  generated,  the  equation  (4)  can  be  modi- 
fied  into  the  equation  (4'): 

(q\|/  +  2n7i/k)p/y  -  qTa  =  0  (4') 

As  a  practical  condition  for  generating  short  puls- 
es,  when  q  and  n  are  respectively  equal  to  1  ,  k  is  equal 
to  2  and  p  is  0.5m,  R  =  about  1  .486m  is  resulted.  A  re- 
flection  mirror  having  such  a  curvature  is  possible  to 

5  be  realized  with  a  sufficiently  good  precision  by  mak- 
ing  use  of  the  conventional  polishing  technique. 

Referring  to  Figs.  3(a)  and  3(b),  in  the  event  that 
the  radii  of  curvatures  p  and  R  of  the  charged  particle 
orbit  11  and  the  reflection  mirror  13,  respectively,  do 

10  not  fulfil  the  equation  (5),  at  the  light  take-out  port  14 
of  the  photon  storage  ring,  normal  SR  light  is  ob- 
served  continuously  in  time  as  shown  in  Fig.  3(a).  On 
the  other  hand,  in  the  event  that  the  radii  of  curva- 
tures  p  and  R  of  the  charged  particle  orbit  11  and  the 

15  reflection  mirror  1  3  have  been  selected  so  as  to  fulfil 
the  equations  (4')  and  (5),  short  pulses  having  a  high 
intensity  can  be  observed  intermittently  as  shown  in 
Fig.  3(b). 

20  Preferred  Embodiment  3 

With  reference  to  Fig.  4,  description  will  be  made 
on  a  photon  storage  ring  according  to  Preferred  Em- 
bodiment  3  of  the  present  invention,  which  generates 

25  short-pulsed  SR  light  (that  is,  a  light  beam)  having  a 
large  intensity  similarly  to  the  case  shown  in  Fig.  3(b). 
As  shown  in  Fig.  4,  a  bunch  within  a  photon  storage 
ring  has  a  certain  length,  and  practically  has  a  length 
of  several  centimeters,  and  this  length  of  the  bunch 

30  as  well  as  the  number  of  the  bunches  are  different  de- 
pending  upon  an  operating  condition.  Taking  this  fact 
into  consideration,  in  this  Preferred  Embodiment  3, 
an  SR  light  beam  generated  at  the  leading  end  portion 
of  each  bunch  is,  after  reflected,  incident  to  the  trail- 

35  ing  end  portion  of  the  same  bunch  to  make  the  SR 
light  beam  meet  the  bunch  again,  and  thereby  short- 
pulsed  SR  light  having  a  large  intensity  is  generated. 

Now  it  is  assumed  that  in  Fig.  4,  an  SR  light  beam 
generated  at  a  time  point  t  =  0  from  a  point  A  on  a 

40  charged  particle  orbit  11  in  the  leading  end  portion  of 
a  bunch  12c  having  a  length  of  Lb  is  reflected  at  a 
point  B  on  a  reflection  mirror  13  and  passes  through 
an  optical  path  a,  and  after  a  time  Tc  it  reaches  a  point 
C  on  the  charged  particle  orbit  11  .  On  the  other  hand, 

45  it  is  assumed  that  the  trailing  end  portion  of  the  bunch 
12c  reaches  the  point  C  on  the  charged  particle  orbit 
11  after  lapse  of  a  time  Td.  In  this  case,  Tc  and  Td  are 
respectively  represented  by  the  following  equations 
(6)  and  (7). 

50  Tc  =  2ptan(Q/c  (6) 
Td  =  (2P;+L) /y   (7) 

It  is  to  be  noted  that  the  equation  (7)  is  valid  for 
L  equal  to  or  less  than  the  maximum  length  Lb  of  the 
bunches.  If  Tc  and  Td  are  equalized,  then  the  condi- 

55  tion  of  second  meeting  of  the  bunch  and  the  SR  light 
can  be  sought  for,  and  under  this  condition,  the  radius 
of  curvature  R  of  the  reflection  mirror  13  can  be  cal- 
culated.  Accordingly,  by  making  use  of  a  reflection 

4 
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mirror  13  having  the  radius  of  curvature  R  calculated 
on  the  basis  of  the  equation  (6)  and  the  equation  (7), 
short  pulses  having  a  large  intensity  can  be  generat- 
ed,  and  also  a  utilization  efficiency  of  an  SR  light  can 
be  improved. 

Here,  when  the  radius  p  of  the  charged  particle 
orbit  has  been  chosen  to  be  0.5m  and  Lb  has  been 
chosen  to  be  3cm,  the  radius  of  the  reflection  mirror 
1  3  becomes  about  0.55m,  and  this  numerical  value  is 
a  well  realizable  value.  Even  if  Lb  is  made  shorter 
than  3cm,  the  reflected  SR  light  and  the  bunch  can  be 
made  to  meet  again. 

In  this  preferred  embodiment,  as  compared  to  the 
Preferred  Embodiments  1  and  2  explained  with  refer- 
ence  to  Figs.  1  to  3,  the  radius  of  curvature  of  the  re- 
flection  mirror  13  can  be  made  small.  This  in  itself 
means  that  a  reflection  efficiency  can  be  improved  by 
enlarging  the  incident  angle  of  the  SR  light  to  the  re- 
flection  mirror  13. 

It  is  to  be  noted  that  after  SR  light  has  been  made 
to  meet  the  bunch  again  by  making  use  of  the  leading 
end  portion  and  the  trailing  end  portion  of  a  bunch  as 
is  the  case  with  the  Preferred  Embodiment  3,  further 
the  SR  light  can  be  made  to  intersect  with  the  leading 
end  portion  of  the  bunch  coming  from  the  rear  as  is 
the  case  with  the  Preferred  Embodiment  2. 

Preferred  Embodiment  4 

Again  with  reference  to  Fig.  2,  description  will  be 
made  on  a  photon  storage  ring  according  to  Preferred 
Embodiment  4  of  the  present  invention.  This  Prefer- 
red  Embodiment  4  is  used  for  taking  out  a  particular 
wavelength  from  a  SR  light  source  which  is  substan- 
tially  white  light.  Here,  SR  light  beams  emanating 
from  a  number  of  bunches  and  then  reflected,  are 
caused  to  interfere  under  a  particular  condition  and 
thereby  only  a  light  beam  having  a  particular  wave- 
length  is  emphasized.  It  is  to  be  noted  that  in  the  pho- 
ton  storage  ring  according  to  this  preferred  embodi- 
ment  also,  it  is  assumed  that  the  charged  particle  orbit 
1  1  and  the  reflection  mirrors  1  3  are  provided  with  a 
circular  shape  and  moreover  they  have  an  identical 
center  of  curvature.  Furthermore,  it  is  assumed  that 
in  the  illustrated  photon  storage  ring,  two  bunches 
consisting  of  first  and  second  bunches  12a  and  12b 
are  moving  along  the  charged  particle  orbit  11  while 
always  maintaining  a  positional  relationship  such  as 
being  symmetric  with  respect  to  the  center  of  curva- 
ture. 

As  will  be  apparent  even  from  the  above  state- 
ment,  in  this  Preferred  Embodiment  4,  interference  is 
caused  in  the  SR  light  beams  due  to  interactions 
among  the  SR  light  beams.  To  that  end,  an  optical 
path  difference  (in  this  embodiment,  that  is  equal  to 
a  time  difference)  is  provided  between  the  SR  light 
beams,  thereby  interference  is  caused  between  the 
SR  light  beams,  and  thus  light  beams  having  a  par- 

ticular  wavelength  are  emphasized.  The  wavelength 
of  the  light  beams  to  be  emphasized  is  determined  by 
the  phase  difference  between  the  light  beams  de- 
pending  upon  the  optical  path  difference.  In  other 

5  words,  the  illustrated  photon  storage  ring  can  gener- 
ate  interference  by  selecting  the  radius  of  curvature 
of  the  reflection  mirror  13  and  the  light  wavelength  X, 
thereby  only  a  light  beam  having  a  particular  wave- 
length  is  emphasized,  and  monochromatized  light 

10  can  be  taken  out. 
In  Fig.  2,  an  SR  light  beam  emitted  at  time  t  =  0 

from  a  first  bunch  12a  existing  at  point  Aon  a  charged 
particle  orbit  11  in  the  tangential  direction  (optical 
path  a)  is  reflected  at  point  B  on  a  reflection  mirror  13 

15  forming  a  concentric  circle  with  respect  to  the 
charged  particle  orbit  11,  and  at  point  C  it  again  be- 
comes  tangential  to  the  charged  particle  orbit  11.  At 
this  time,  the  time  required  for  the  SR  light  beam  to 
proceed  from  point  A  to  point  C  is  Ta,  which  is  similar 

20  to  the  equation  (1).  The  time  when  the  second  bunch 
12b  that  was  present  at  the  position  retarded  by  one- 
half  period  at  t  =  0  arrives  at  the  point  C,  can  be  rep- 
resented  by  (Tb  +  nnplx)  )  by  making  use  of  Tb  in  the 
equation  (2). 

25  In  general,  according  to  the  principle  of  interfer- 
ence  of  light,  in  the  case  where  an  optical  path  differ- 
ence  between  two  light  beams  when  they  are  ob- 
served  at  an  observation  point  corresponds  to  a  fun- 
damental  wavelength  X  of  an  interfered  light  beam,  an 

30  interfered  light  beam  is  obtained  at  the  observation 
point. 

In  the  case  of  the  above-described  photon  stor- 
age  ring,  the  optical  path  difference  is  represented  as 
the  difference  in  timing  of  observation  forthe  succes- 

35  sively  emitted  SR  light  beams,  and  the  wavelength  of 
the  interfering  light  beams  can  be  derived  from  this 
difference  in  timing.  However,  when  the  wavelength 
of  the  interfering  light  beams  is  derived,  since  the 
phase  of  the  light  beam  advances  by  one-half  wave- 

40  length  when  the  SR  light  beam  is  reflected  by  the  re- 
flection  mirror  13,  this  must  be  taken  into  considera- 
tion.  It  is  to  be  noted  that  depending  upon  a  material 
of  the  reflection  mirror  13,  an  inherent  value  other 
than  XI2  must  be  employed  (this  being  also  true  in  the 

45  subsequent  discussion).  More  particularly,  the  wave- 
length  X  of  the  interfering  light  beams  can  be  calcu- 
lated  by  the  following  equation  (8): 

mXIc  =  \Ta  +  Xl(2c)  -  (Tb  +  nnplv  )|  (8) 
where  m  is  an  integer  (s  1)  and  represents  an  order 

so  of  a  harmonic  wave,  n  is  also  an  integer  (s  1)and  rep- 
resents  an  n-th  rear  bunch. 

Further  generalizing  this  relation,  the  following 
equation  is  derived: 
|(2q\|/  +  2nnlk)plX)  -  q(2ptan(\|/)  +  v)/c  |  =  mXIc 

55  In  the  above  equation,  q  and  k  respectively  represent 
the  number  of  reflections  and  the  number  of  bunches. 

From  the  equation  (8)  and  the  equation  (5),  a  ra- 
dius  of  curvature  R  of  the  reflection  mirror  1  3  for  ob- 

5 
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taining  a  necessary  wavelength  can  be  calculated. 
For  instance,  when  the  radius  of  the  charged  particle 
orbit  11  is  0.5m  and  charged  particles  are  moving  at 
a  speed  very  close  to  the  light  velocity,  in  order  to  ob- 
tain  interfering  light  beams  of  0.2  urn  in  wavelength, 
the  radius  of  curvature  could  be  set  at  the  order  or  R 
=  1.485847m.  In  this  case,  the  radius  of  curvature  of 
the  reflecting  surface  of  the  reflection  mirror  13  must 
be  finished  at  the  precision  of  the  order  of  the  wave- 
lengths.  At  the  present,  the  machining  technique  for 
a  spherical  surface  reflection  mirror  has  been  greatly 
developed,  so  that  a  spherical  surface  mirror  whose 
radius  of  curvature  is  several  meters  can  be  manufac- 
tured  at  a  curved  surface  precision  of  several  hun- 
dreds  angstroms  and  at  a  surface  roughness  of  the 
order  of  several  angstroms  (1  angstrom  =  1  A  =  0,1 
nm).  Accordingly,  machining  of  the  above-described 
reflection  mirror  1  3  can  be  well  realized  by  employing 
the  machining  technique  for  a  spherical  surface  re- 
flection  mirror  in  the  prior  art. 

If  the  successively  generated  SR  light  beams  are 
reflected  and  made  to  interfere  by  making  use  of  the 
reflection  mirror  13  satisfying  the  aforementioned 
condition,  it  is  possible  to  monochromatize  the  SR 
light  beams  and  to  produce  a  light  beam  having  a  high 
intensity  with  respect  to  a  particular  wavelength  and 
its  higher  harmonics.  The  degree  of  the  generated  in- 
terference  becomes  strong  as  the  peaks  of  the  light 
emanating  from  the  bunches  are  sufficiently  separat- 
ed  from  each  other. 

In  the  case  where  a  photon  storage  ring  which 
stores  light  within  a  ring  is  employed,  since  the  speed 
of  charged  particles  can  be  maintained  well  constant, 
a  time  difference  between  SR  light  beams  can  be 
maintained  at  a  high  precision,  and  also  since  a  con- 
verging  effect  for  light  is  acted  by  the  reflection  mirror 
13  of  circular  shape,  it  is  easy  to  sustain  a  condition 
for  interference.  This  is  an  extremely  large  merit  as 
compared  to  the  case  where  interfering  light  beams 
are  generated  by  making  use  of  an  undulator. 

Preferred  Embodiment  5 

In  a  photon  storage  ring  according  to  Preferred 
Embodiment  5  of  the  present  invention,  paying  atten- 
tion  to  the  fact  that  the  bunch  has  a  finite  length,  a 
light  beam  emanating  from  the  leading  end  portion  of 
the  bunch  is  reflected  and  is  made  to  interfere  with  a 
light  beam  emanating  from  the  trailing  end  portion  of 
the  same  bunch.  In  this  respect,  it  is  similar  to  Prefer- 
red  Embodiment  3.  Accordingly,  the  wavelength  for 
causing  interference  can  be  calculated  from  the  fol- 
lowing  equation  (9)  by  making  use  of  the  equation  (6) 
and  the  equation  (7): 

mXIc  =  |Tc  +  Xl(2c)  -  Td  I  (9) 
It  is  to  be  noted  that  while  the  possibility  of  occur- 

rence  of  interference  in  such  manner  is  only  once,  if 
provision  is  made  such  that  this  interfering  light  may 

intersect  with  a  light  beam  emanating  from  another 
bunch  under  the  same  phase  condition,  it  is  possible 
to  sustain  the  interfering  condition. 

In  more  particular,  it  is  only  necessary  to  seek  for 
5  the  condition  that  when  the  interfering  light  beam  be- 

comes  tangential  to  the  orbit  after  it  was  reflected  q 
times,  the  leading  end  of  the  next  or  next  to  the  next 
coming  bunch  intersects  therewith.  The  condition  is 
given  by  the  following  equation  (10): 

10  |  q(2ptan(Q  +  v)/c  -  (2nrc/k  +  2qQp/y  |  =  mXIc 
(10) 

Here,  an  integer  n  means  an  n-th  rear  bunch,  and 
k  represents  the  number  of  bunches.  Since  L  is  al- 
lowed  to  vary  in  magnitude  to  a  certain  extent  within 

15  the  range  satisfying  the  relation  of  L   ̂ Lb,  it  is  possi- 
ble  to  find  out  £  which  satisfies  the  equation  (9)  and 
the  equation  (10).  When  p  =  0.5m  is  selected,  for  n  = 
1  and  k  =  2  the  above-mentioned  conditions  are  ful- 
filled  at  q  =  50.  If  a  reflecting  power  of  the  reflection 

20  mirror  13  is  maintained  at  about  99.95%,  even  after 
50  times  of  reflection  reflected  light  of  99.5%  is  still 
stored  within  the  photon  storage  ring,  and  so,  it  is  suf- 
ficiently  possible  to  sustain  interference. 

While  the  radius  of  curvature  of  the  charged  par- 
25  tide  orbit  11  was  assumed  to  be  constant  and  the  ra- 

dius  of  curvature  of  the  reflection  mirror  13  was  cal- 
culated  in  the  above-described  explanation  for  the 
Preferred  Embodiments  4  and  5,  it  is  a  matter  of 
course  that  selection  of  a  wavelength  can  be  effected 

30  by  changing  the  radius  of  curvature  of  the  charged 
particle  orbit.  Thus,  it  is  also  a  large  merit  of  the  pho- 
ton  storage  ring  that  the  radius  of  curvature  of  the 
charged  particle  orbit  can  be  changed. 

Referring  now  to  Fig.  5,  one  example  of  a  detailed 
35  construction  of  the  photon  storage  ring  according  to 

Preferred  Embodiment  5  of  the  present  invention  is  il- 
lustrated.  This  photon  storage  ring  comprises  a  va- 
cuum  container41  and  a  reflection  mirror  1  3  disposed 
inside  of  the  vacuum  container  41,  and  this  reflection 

40  mirror  1  3  has  the  same  center  of  curvature  as  that  of 
a  charged  particle  orbit  (not  shown  in  this  figure).  The 
reflection  mirror  13  include  a  substrate  made  of  SiC 
or  the  like  and  a  reflection  surface  formed  by  coating 
this  substrate  with  gold  orthe  like.  This  reflection  sur- 

45  face  has  a  predetermined  curvature  in  the  horizontal 
plane  as  viewed  in  the  figure,  and  also  it  has  a  cur- 
vature  in  the  vertical  plane,  too.  The  curvature  in  the 
vertical  plane  is  provided  for  the  purpose  of  making 
reflected  SR  light  converge  again  on  the  charged  par- 

50  tide  orbit,  because  the  SR  light  is  emitted  radially  also 
in  the  vertical  plane.  More  particularly,  a  radius  of 
curvature  equal  to  ptan(\|/)  is  given  to  the  reflection 
mirror  13  in  the  vertical  plane. 

To  a  part  of  the  reflection  mirror  13  is  mounted  a 
55  light  take-out  port  14,  and  this  light  take-out  port  14 

is  connected  through  a  hollow  pipe  to  a  light  take-out 
port  42  outside  of  the  vacuum  container  41  . 

Furthermore,  since  the  reflection  mirror  13  is 

6 
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heated  by  the  reflection  of  SR  light  and  expands,  in 
some  cases  the  radius  of  curvature  of  the  reflection 
mirror  13  would  change.  In  such  event  that  the  radius 
of  curvature  changes,  the  wavelength  of  the  light  gen- 
erating  interference  would  vary  with  time. 

In  order  to  prevent  the  change  of  a  radius  of  cur- 
vature  caused  by  thermal  expansion  of  the  reflection 
mirror  13,  on  the  surface  of  the  reflection  mirror  13 
opposite  to  the  reflecting  surface  is  mounted  a  groove 
44  for  water  cooling,  and  this  groove  44  is  connected 
to  the  outside  of  the  container  41  via  pipings  45.  Still 
further,  in  the  illustrated  photon  storage  ring,  the  re- 
flection  mirror  13  is  severed  into  a  plurality  of  seg- 
ments  1  31  ,  1  32,  etc.,  and  a  vertical  direction  fine  ad- 
justment  device  46  and  a  radial  direction  fine  adjust- 
ment  device  47  making  use  of  piezoelectric  elements 
or  the  like  are  mounted  to  the  respective  segments 
131,  132  so  that  the  respective  segments  131,  132 
can  be  finely  adjusted  in  the  vertical  direction  and  in 
the  direction  of  the  radius  of  curvature  by  making  use 
of  piezoelectric  elements. 

While  the  construction  shown  in  Fig.  5  was  ex- 
plained  as  a  detailed  construction  of  the  Preferred 
Embodiments,  the  photon  storage  rings  according  to 
the  other  preferred  embodiments  also  have  similar 
constructions. 

Principle  of  Laser  Oscillation 

In  the  photon  storage  rings  disclosed  in  the 
above-described  sections  of  Preferred  Embodiments 
1  ,  2  and  3,  a  utilization  efficiency  of  SR  light  can  be 
raised  by  making  a  reflected  SR  light  beam  and  a 
bunch  on  a  charged  particle  orbit  intersect  with  each 
other  in  an  arbitrary  timing  relationship,  and  in  the 
photon  storage  rings  disclosed  in  the  sections  of  Pre- 
ferred  Embodiments  4  and  5,  interfering  light  beams 
are  generated  by  making  phases  match  among  light 
beams,  and  thereby  a  monochromatized  SR  light 
beam  can  be  obtained.  However,  by  merely  making 
an  SR  light  beam  and  a  charged  particle  orbit  inter- 
sect  with  each  other,  stimulated  emission  of  lightfrom 
charged  particles  cannot  be  achieved,  and  according- 
ly,  laser  oscillation  cannot  be  generated. 

A  principle  of  a  photon  storage  ring  according  to 
the  present  invention  which  can  achieve  laser  oscil- 
lation,  will  be  explained  with  reference  to  Fig.  6.  In  this 
case,  since  light  beam  not  relying  upon  stimulated 
emission  and  light  beam  relying  upon  stimulated 
emission  are  generated  from  electron  bunches,  the 
former  is  called  spontaneous  coherent  emission,  and 
the  latter  is  called  oscillation  light  or  stimulated  emis- 
sion.  In  addition,  in  the  event  that  both  the  spontane- 
ous  emission  light  and  the  stimulated  emission  light 
are  included,  in  the  following  it  will  be  called  simply 
light.  In  Fig.  6,  an  optical  path  of  a  certain  SR  light 
beam  repeating  reflections,  that  is,  a  spontaneous 
emission  light  beam  is  stretched  to  be  denoted  as  a 

Z-axis.  In  addition,  as  will  be  apparent  from  Fig.  6,  a 
charged  particle  orbit  11  of  circular  shape  is  divided 
into  a  first  region  and  a  second  region,  and  at  the 
boundary  between  the  adjacent  regions,  a  crest  por- 

5  tion  (that  is,  a  top)  20  of  the  charged  particle  orbit  11 
is  tangential  to  the  Z-axis.  It  is  to  be  noted  that  at  the 
middle  point  between  a  top  and  another  top  is  present 
a  reflection  mirror. 

As  shown  in  Fig.  6,  spontaneous  emission  light 
10  emanating  from  a  top  of  the  charged  particle  orbit  11 

would  successively  meet  the  charged  particle  orbit 
again  at  another  top.  Here,  the  traveling  direction  of 
the  charged  particle  group,  that  is,  the  bunch  at  the 
top  of  the  charged  particle  orbit  11,  is  the  Z-axis  direc- 

15  tion.  Accordingly,  at  the  top  the  traveling  direction  of 
the  bunch  coincide  with  the  traveling  direction  of  the 
spontaneous  emission  light  indicated  by  the  Z-axis. 

In  general,  when  a  traveling  direction  of  light  and 
a  traveling  direction  of  a  charged  particle  group  are 

20  the  same,  since  an  electric  field  vector  of  the  light  is 
perpendicular  to  the  direction  of  traveling  of  the 
charged  particle  group,  the  charged  particles  would 
not  be  subjected  to  an  interaction  from  the  light,  and 
accordingly,  the  charged  particles  would  not  be  either 

25  accelerated  nor  decelerated  by  the  light.  Thus,  if  the 
charged  particles  are  not  subjected  to  deceleration, 
stimulated  emission  of  light  from  the  charged  partic- 
les  would  not  arise.  On  the  other  hand,  when  the 
charged  particles  and  the  light  intersect  with  each 

30  other  at  an  angle,  since  an  electric  field  of  the  light 
has  a  component  in  the  traveling  direction  of  the 
charged  particles,  the  charged  particles  would  be  de- 
celerated  or  accelerated  by  the  electric  field  of  the 
light.  Occurrence  of  stimulated  emission  of  lightfrom 

35  charged  particles  is  nothing  but  the  case  when  the 
charged  particles  are  subjected  to  deceleration, 
hence  stimulated  emission  of  light  would  occur  re- 
peatedly,  and  it  is  seen  that  in  order  to  generate  laser 
oscillation  it  is  only  necessary  to  make  the  light  inter- 

40  sect  with  the  charged  particle  orbit  11  at  an  angle  so 
as  to  decelerate  the  charged  particles. 

Accordingly,  in  the  case  of  generating  laser  emis- 
sion,  it  is  only  necessary  to  make  a  light  beam  pass 
through  an  optical  path  inside  of  the  charged  particle 

45  orbit  11  in  Fig.  6,  for  instance  an  optical  path  Z'  and 
thereby  to  cause  the  light  beam  and  the  charged  par- 
ticles  to  interact.  In  other  words,  it  means  that  under 
the  condition  where  laser  oscillation  is  sustained,  an 
oscillation  light  beam,  that  is,  a  stimulated  emission 

so  light  beam  passes  through  an  optical  path  inside  of 
the  charged  particle  orbit. 

Here  it  is  assumed  that,  in  the  first  region  in  Fig. 
6,  the  light  beam  and  the  charged  particles  intersect 
with  each  other  at  point  A,  and  at  this  point  A  the 

55  charged  particles  are  decelerated  by  the  light  beam. 
Such  phase  relationship  is  here  called  deceleration 
phase.  Assuming  that  the  light  beam  and  the  charged 
particles  have  entered  the  second  region  in  the  same 

7 
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phase,  in  the  second  region  the  phase  relationship 
would  change  to  acceleration  phase  because  the  di- 
rection  of  the  normal  component  (i.e.  the  X-axis  com- 
ponent)  of  the  traveling  direction  of  the  charged  par- 
ticles  with  respect  to  the  Z-axis  is  reversed.  If  so, 
since  stimulated  emission  cannot  be  generated,  if 
provision  is  made  such  that  during  the  period  when 
the  region  changes,  more  strictly  speaking,  during  the 
interval  from  the  point  A  where  the  charged  particles 
and  the  light  beam  intersected  with  each  other  in  the 
first  region  to  the  point  B  where  the  charged  particles 
and  the  light  beam  intersect  with  each  other  in  the 
second  region,  the  phase  relation  between  the  light 
beam  and  the  charged  particles  may  shift  by  a  half 
wavelength,  then  the  deceleration  phase  continues 
and  stimulated  emission  becomes  possible. 

However,  light  beams  having  wavelengths  which 
fulfil  such  phase  relationship  that  during  the  period 
when  it  proceeds  from  the  first  region  to  the  second 
region,  phase  relationship  between  the  light  beam 
and  the  charged  particles  may  shift  by  a  half  wave- 
length,  are  present  many.  In  other  words,  the  Z'  orbit 
can  be  drawn  arbitrarily,  and  in  that  means,  a  wave- 
length  of  the  oscillation  light  cannot  be  determined. 
Saying  reversely,  under  an  oscillating  condition,  the 
light  beam  is  considered  to  proceed  along  an  Z'  orbit 
corresponding  to  its  wavelength.  On  the  other  hand, 
when  laser  oscillation  is  occurring,  the  revolving 
charged  particle  bunches  must  have  modulation  of  a 
charged  particle  density  corresponding  to  the  wave- 
length  of  the  oscillating  light  formed  therein.  On  the 
contrary,  modulation  of  a  charged  particle  density  is 
formed  by  the  built-up  laser  light,  and  if  this  does  not 
sustain,  the  laser  oscillation  would  not  occur.  How- 
ever,  the  modulation  of  a  charged  particle  density  is 
formed  for  a  particular  wavelength,  and  if  light  having 
various  wavelengths  should  interact  with  charged 
particle  bunches,  a  particular  modulation  of  the 
charged  particle  density  would  not  be  formed.  Fur- 
thermore,  unless  the  bunches  and  the  oscillation  light 
beam  is  always  held  in  a  fixed  phase  relationship,  the 
modulation  in  density  of  the  charged  particles  cannot 
be  maintained. 

In  a  photon  storage  ring  based  on  this  principle, 
by  maintaining  the  light  beams  and  the  charged  par- 
ticles  always  in  deceleration  phase  and  also  by  se- 
lecting  a  wavelength,  modulation  of  a  charged  partic- 
le  density  corresponding  to  that  wavelength  is  formed 
within  a  bunch,  and  thereby  laser  oscillation  is  effect- 
ed. 

As  described  above,  in  order  to  effect  laser  oscil- 
lation,  it  is  necessary  to  select  light  having  a  particular 
wavelength  and  to  generate  modulation  in  density  of 
charged  particles  within  a  bunch,  and  here,  investi- 
gating  what  condition  is  fulfilled  in  the  case  where  las- 
er  oscillation  is  occurring,  it  is  seen  that  the  following 
equation  (11)  is  valid: 

(V2)(C  -  Vz)/Vz)  =  XI2  (11) 

where  Xq/2  represents  the  length  in  the  Z-axis  direc- 
tion  between  the  points  Aand  B  where  the  light  beam 
intersects  with  the  charged  particle  orbit  in  Fig.  6,  Vz 
represents  an  average  speed  in  the  Z-axis  direction 

5  of  the  charged  particles,  and  X  represents  an  oscillat- 
ing  wavelength.  However,  since  the  charged  particles 
are  subjected  to  repulsion  when  stimulated  emission 
of  lightfrom  the  charged  particles  is  present,  it  is  nec- 
essary  to  take  into  consideration  the  fact  that  the  os- 

10  cillation  wavelength  X  in  the  equation  (11)  would  be 
slightly  elongated.  Furthermore,  it  must  be  also  taken 
into  consideration  that  when  light  passes  through  a 
bunch  a  diffraction  index  of  the  light  within  the  bunch 
would  somewhat  differ. 

15  The  equation  (11)  is  an  equation  known  in  con- 
nection  to  a  free  electron  laser  making  use  of  an  un- 
dulator,  but  in  the  case  where  a  bending  magnet  is 
used  as  is  the  case  with  the  photon  storage  ring  ac- 
cording  to  the  present  invention,  Vz  can  be  rewritten 

20  in  the  following  manner: 
Vz  =  XoV  /(4ap) 

=  U  sin(a)/a  (11') 
In  the  equation  (1  1  '),  a  represent  an  angle  formed 

between  a  segment  OA  connecting  the  center  of  cur- 
25  vature  O  of  the  charged  particle  orbit  11  with  point  A 

in  Fig.  6  and  a  segment  OC  connecting  the  center  of 
curvature  O  and  the  top  20  (point  C)  of  the  charged 
particle  orbit.  In  this  connection,  a  has  a  value  in  the 
order  of  m  rad,  and  for  instance,  when  the  radius  is  p 

30  =  0.5m,  in  order  to  obtain  laser  light  having  a  wave- 
length  of  about  X  =  0.333  p.m,  for  X0  a  value  of  about 
20mm  could  be  preset. 

Now,  when  it  is  oscillating,  the  light  must  have  a 
particular  wavelength,  but  since  the  X0  in  the  equation 

35  (11)  can  take  various  value  by  changing  the  Z'  orbit, 
from  the  equation  (1  1)  the  oscillation  wavelength  can- 
not  be  determined  uniquely.  This  is  a  big  difference 
between  the  free  electron  laser  making  use  of  an  un- 
dulator  in  which  an  oscillation  wavelength  is  uniquely 

40  determined  by  the  period  of  a  magnetic  field  whose 
polarity  is  changed  alternately,  and  the  photon  stor- 
age  ring  according  to  the  present  invention. 

As  described  above,  in  orderto  generate  laser  os- 
cillation  in  the  photon  storage  ring  according  to  the 

45  present  invention,  means  for  selecting  an  oscillation 
wavelength  is  necessary. 

Preferred  Embodiments 

so  Referring  now  to  Fig.  7,  a  photon  storage  ring  ac- 
cording  to  Preferred  Embodiment  6  of  this  invention 
is  similar  to  the  other  preferred  embodiments  in  that 
it  comprises  a  reflection  mirror  13  disposed  so  as  to 
surround  a  charged  particle  orbit  11  of  circular  shape 

55  and  comprises  a  light  take-out  port  14.  However,  this 
Preferred  Embodiment  6  is  different  from  the  other 
preferred  embodiments  in  that  a  diffraction  grating 
25  is  provided  on  a  part  or  whole  of  the  reflection  mir- 

8 
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ror  13,  and  by  means  of  the  diffraction  grating  25  an 
oscillation  frequency  is  selected,  by  employing  the 
light  having  the  wavelength  selected  by  the  diffrac- 
tion  grating  25  as  a  starter,  laser  oscillation  is  effected 
on  the  basis  of  the  above-described  principle.  In  the 
case  where  the  diffraction  grating  is  disposed  on  a 
part  of  the  reflection  mirror  1  3,  in  view  of  the  fact  that 
the  diffraction  grating  25  selects  an  oscillation  wave- 
length,  it  is  preferably  disposed  at  a  position  as  far  as 
possible  from  the  light  take-out  port  14.  Accordingly, 
it  is  necessary  that  the  diffraction  grating  25  is  dis- 
posed  at  a  position  other  than  the  position  28  directly 
opposed  to  the  light  take-out  port  14. 

If  the  oscillation  wavelength  X  is  determined  by 
the  diffraction  grating  25,  X0  is  determined  by  the 
equation  (11),  and  thereby  the  Z'  orbit  is  determined. 
In  other  words,  the  oscillation  light  beam  revolves  so 
as  to  be  tangential  to  a  circle  having  a  smaller  radius 
than  the  charged  particle  orbit  11.  Accordingly,  the 
condition  for  making  the  oscillation  light  beam  meet 
again  with  the  charged  particles  is  naturally  different 
from  the  equation  (3)  and  the  equation  (8). 

With  reference  to  Fig.  8,  assuming  that  oscillation 
light  is  being  generated,  a  condition  for  second  meet- 
ing  between  the  oscillation  light  beam  and  the 
charged  particles  will  be  sought.  In  Fig.  8  are  illustrat- 
ed  a  charged  particle  orbit  11  of  circular  shape  having 
a  radius  of  curvature  p  and  a  reflection  mirror  1  3  hav- 
ing  a  radius  R  and  disposed  so  as  to  surround  this 
charged  particle  orbit  11.  Now  it  is  assumed  that  at  a 
certain  point  Aon  the  charged  particle  orbit  11  having 
a  center  of  radius  O,  oscillation  light  has  been  gener- 
ated  along  an  optical  path  e.  In  this  case,  the  optical 
path  e  of  the  oscillation  light  intersects  with  the 
charged  particle  orbit  11  at  point  E,  and  it  is  reflected 
at  point  B  on  the  reflection  mirror  13.  The  oscillation 
light  reflected  at  the  point  B  further  intersects  with  the 
charged  particle  orbit  11  at  point  C.  Thereafter,  while 
the  oscillation  light  is  similarly  repeating  reflection 
and  intersection,  it  is  stored  within  the  ring.  In  any 
event,  the  optical  path  e  of  the  oscillation  light  is  tan- 
gential  to  a  concentric  circle  30  having  a  shorter  ra- 
dius  r  than  the  radius  of  curvature  p  of  the  charged 
particle  orbit  11.  The  radius  r  has  a  value  determined 
when  the  oscillation  wavelength  is  determined,  and 
by  making  use  of  a  in  the  equation  (11'),  it  is  given  by 
the  following  equation: 

r  =  pcos(a)  (12) 
This  radius  r  is  0.499975m  when  p  =  0.5m  and  X  = 
0.333  urn  are  determined. 

Now,  the  points  where  the  oscillation  light  beam 
is  tangential  to  the  circle  30  and  represented  by  F  and 
G,  and  the  angle  formed  between  the  segments  OF 
and  OG  is  represented  by  2<|>.  It  is  to  be  noted  that 
since  the  angle  formed  between  the  segments  OA 
and  OF  and  the  angle  formed  between  the  segments 
OC  and  OG  are  respectively  equal  to  a,  the  angle 
formed  between  the  tangential  direction  at  the  point 

A  and  the  segment  AB  is  also  equal  to  a.  The  time  Te 
necessitated  for  the  light  emitted  at  the  point  A  to  be 
reflected  at  the  point  B  and  arrive  at  the  point  C,  is 
represented  by  the  following  equation: 

5  Te  =  2rtan(<|))/c  (13) 
Next,  the  time  Tv  necessitated  for  a  charged  par- 

ticle  to  move  from  point  A  to  point  C  is  given  by  the 
following  equation: 

Tv  =  (2<|>  +  rm)p/u  (14) 
10  It  is  to  be  noted  that  in  this  case  also  it  is  assumed 

that  the  photon  storage  ring  is  operating  with  2  bunch- 
es. 

On  the  other  hand,  as  will  be  apparent  even  from 
the  above-described  principle,  it  is  necessary  that  the 

15  phase  relationship  between  the  oscillation  light  and 
the  charged  particles  shifts  by  a  half  wavelength  at 
the  point  E,  and  at  the  point  C  it  shifts  further  by  a  half 
wavelength  and  returns  to  the  original  phase  relation- 
ship.  Accordingly,  the  condition  for  the  oscillation  to 

20  sustain  is  represented  by  the  following  equation: 
mXIc  =  |Te  +  X/(2c)  -  Tv|,  (15) 

In  addition,  the  radius  of  curvature  Rof  the  reflec- 
tion  mirror  13  when  the  oscillation  occurs,  is  given  by 
the  following  equation: 

25  R  =  r/cos(<|>)  (16) 
That  is,  in  the  equation  (15),  it  is  taken  into  consider- 
ation  that  the  phase  of  the  light  is  advanced  by  a  half 
wavelength  by  the  reflection  mirror  1  3.  As  a  matter  of 
course,  it  is  also  possible  to  modify  the  equation  (1  5) 

30  such  that  like  the  case  of  the  Preferred  Embodiment 
5,  the  light  may  intersect  with  the  charged  particles 
after  it  was  reflected  a  number  of  times. 

In  Fig.  8,  the  light  emitted  at  the  point  A  with  an 
angle  (-a)  with  respect  to  the  tangential  direction, 

35  traces  an  optical  path  g  that  is  tangential  to  a  circle 
30,  after  it  was  reflected  at  a  point  D.  Consequently, 
the  optical  path  g  intersects  with  the  charged  particle 
orbit  11  at  the  point  C  thereon  similarly  to  the  optical 
path  e.  Furthermore,  the  optical  path  g  passing 

40  through  ADC  is  equal  in  distance  to  the  optical  path 
e  passing  through  ABC,  and  accordingly,  the  light 
passing  through  the  optical  path  g  intersects  at  the 
point  C  under  an  in-phase  condition.  This  means  that 
the  light  passing  through  the  optical  path  g  also  be- 

45  comes  oscillation  light. 
In  addition,  it  is  to  be  noted  that  even  if  any  point 

on  the  charged  particle  orbit  11  were  to  be  chosen  as 
the  point  A  in  Fig.  8,  the  above-described  discussion 
is  valid.  Therefore,  it  is  resulted  that  within  the  photon 

so  storage  ring  are  filled  oscillation  light  beams. 

Preferred  Embodiment  7 

With  reference  to  Fig.  9,  in  the  photon  storage 
55  ring  according  to  this  preferred  embodiment  of  the  in- 

vention,  laser  oscillation  is  effected  by  making  use  of 
laser  light  in  order  to  select  an  oscillation  wavelength. 
To  this  end,  in  the  Preferred  Embodiment  7,  a  laser 

9 
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light  generator  apparatus  35  for  generating  laser  light 
having  the  same  wavelength  as  that  of  the  light  to  be 
oscillated  is  provided  on  the  outside  of  the  reflection 
mirror  13,  and  laser  light  emitted  from  this  laser  light 
generator  apparatus  35  is  led  through  an  injection 
port  36  into  the  reflection  mirror  13. 

At  this  moment,  the  laser  light  is  injected  nearly 
in  the  tangential  direction  of  the  charged  particle  orbit 
11,  more  strictly  speaking  to  the  inside  of  the  charged 
particle  orbit  11  so  as  to  fulfil  the  relation  explained 
above  with  reference  to  Fig.  6.  In  this  case,  with  re- 
spect  to  the  wavelength  of  the  laser  light,  the  reflec- 
tion  mirror  13  has  the  radius  of  curvature  determined 
by  the  equation  (15)  and  the  equation  (16)  above. 

In  addition,  the  injection  port  36  for  injecting  laser 
light  is  determined  depending  upon  how  many  times 
the  light  is  to  be  reflected  before  the  oscillation  light 
is  taken  out  from  the  light  take-out  port,  and  light  hav- 
ing  what  degree  of  intensity  is  to  be  taken  out. 

In  the  photon  storage  ring  having  the  illustrated 
construction,  laser  oscillation  can  be  generated  with- 
in  the  photon  storage  ring  by  making  use  of  the  exter- 
nal  laser  light  as  a  starter  of  the  oscillation.  It  is  to  be 
noted  that  the  laser  light  generator  apparatus  could 
be  disposed  in  multiple  on  the  outside  of  the  reflection 
mirror  13. 

If  the  wavelength  of  the  SR  light  being  generated 
within  the  photon  storage  ring  is  specified  or  selected 
by  providing  a  diffraction  grating  at  least  on  a  part  of 
the  reflection  mirror  1  3  or  by  introducing  laser  light  ex- 
ternally  into  the  charged  particle  orbit  11  as  disclosed 
in  the  Preferred  Embodiments  6  and  7,  a  modulation 
of  density  corresponding  to  the  specified  or  selected 
wavelength  is  formed  within  the  charged  particle 
bunch.  In  addition,  since  provision  is  made  such  that 
each  time  the  charged  particle  bunch  and  the  light  in- 
tersect  with  each  otherthe  phase  of  the  light  may  shift 
by  a  half  wavelength,  deceleration  phase  is  sus- 
tained,  hence  amplification  of  light  is  generated,  and 
as  a  result,  laser  oscillation  would  occur.  In  addition, 
since  such  a  condition  is  fulfilled  at  any  point  on  the 
charged  particle  orbit,  if  the  reflection  mirror  and  the 
diffraction  grating  are  disposed  over  the  entire  cir- 
cumference  of  the  charged  particle  orbit,  the  SR  light 
can  be  entirely  transformed  into  coherent  laser  light, 
and  this  transformed  laser  light  can  be  continuously 
taken  out  through  the  light  take-out  port  14. 

The  present  invention  is  not  only  useful  as  a  light 
source  at  the  time  of  producing  super  LSI's  or  the  like, 
but  it  is  available  as  an  apparatus  for  applications 
necessitating  laser  light,  for  instance,  as  a  laser  ma- 
chining  apparatus,  a  laser  nuclear  fusion  apparatus 
or  the  like. 

Claims 

1.  An  SR  light  source,  in  which  by  making  charged 

particles  locally  crowded  into  bunches  move  at  a 
speed  close  to  the  light  velocity  along  an  orbit 
having  a  predetermined  curvature,  synchrotron 
radiation  light  (SR  light)  is  generated  in  the  tan- 

5  gential  direction  of  said  orbit;  characterized  in 
that  said  generator  comprises  reflection  means 
disposed  so  as  to  surround  the  outer  circumfer- 
ence  of  said  orbit  for  reflecting  said  SR  light  and 
whereby  SR  light  can  be  stored  within  said  ref  lec- 

10  tion  mirror. 

2.  An  SR  light  source  as  claimed  in  Claim  1,  char- 
acterized  in  that  the  radius  of  curvature  of  said  re- 
flection  means  is  selected  so  that  in  the  case 

15  where  said  SR  light  has  been  reflected  by  said  re- 
flection  means,  said  reflected  SR  light  may  be- 
come  tangential  to  the  orbit  of  said  charged  par- 
ticles. 

20  3.  An  SR  light  source  as  claimed  in  Claim  1,  char- 
acterized  in  that  the  center  of  curvature  of  said  or- 
bit  of  charged  particles  and  the  center  of  curva- 
ture  of  said  reflection  means  substantially  coin- 
cide,  and  the  SR  light  reflected  by  said  reflection 

25  mirror  mutually  maintains  a  predetermined  syn- 
chronous  relationship. 

4.  An  SR  light  source  as  claimed  in  Claim  1  or  3, 
characterized  in  that  light  having  a  particular  wa- 

30  velength  dependent  upon  an  optical  path  differ- 
ence  is  emphasized  by  making  at  least  one  set  of 
a  set  of  the  SR  light  and  the  reflected  SR  light  and 
a  set  of  the  reflected  SR  light  and  the  reflected 
SR  light  interfere. 

35 
5.  An  SR  light  source  as  claimed  in  Claim  4,  in  which 

a  plurality  of  bunches  each  consisting  of  a 
charged  particle  group  are  made  to  revolve  along 
said  charged  particle  orbit,  characterized  in  that 

40  the-radius  of  curvature  of  said  reflection  means 
and  the  radius  of  curvature  of  the  charged  partic- 
le  orbit  are  preset  so  that  SR  light  generated  from 
one  of  said  bunches  and  then  reflected,  may  car- 
ry  out  predetermined  interference  with  SR  light 

45  generated  from  the  behind  of  this  bunch  or  its  re- 
flected  light. 

6.  An  SR  light  source  as  claimed  in  Claim  5,  char- 
acterized  in  that  assuming  that  the  center  of  cur- 

50  vature  of  the  charged  particle  orbit  is  represented 
by  0,  and  said  SR  light  from  one  bunch  is  gener- 
ated  ata  pointAon  said  orbit  and  reflected  by  said 
reflection  means  at  a  point  B  and  again  reaches 
a  point  C  on  said  orbit,  in  the  case  where  said  orbit 

55  has  a  circular  shape  and  the  center  of  curvature 
of  said  reflection  means  coincides  with  the  center 
of  curvature  of  said  orbit,  the  radius  of  curvature 
of  said  reflection  means  and  the  orbit  radius  of 

10 
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the  charged  particles  are  given  substantially  by 
the  equations  of: 

|(2q\|/  +  2nnlk)plv  -  q(2ptan(\|/)  +  v)/c  |  = 
mXIc  (a) 

R  =  p/cos(\|/)  (b), 
where  p  is  a  radius  of  the  charged  particle  orbit, 
n  is  a  positive  integer,  k  is  the  number  of  bunches, 
q  is  a  positive  integer  representing  the  number  of 

times  of  reflection,  l)  is  an  orbital  speed  of 
charged  particles,  c  is  the  light  velocity,  X  is  a  fun- 
damental  wavelength  of  interfering  light,  m  is  an 
integer  representing  an  order  of  higher  harmon- 
ics,  \|/  is  an  angle  formed  between  segments  OA 
and  OB,  and  v  is  a  correction  term  added  by  tak- 
ing  into  consideration  the  fact  that  the  phase  of 
light  is  varied  by  said  reflection  means. 

7.  An  SR  light  source  as  claimed  in  Claim  4,  in  which 
a  plurality  of  bunches  each  consisting  of  a  group 
of  charged  particles  are  made  to  revolve  along 
said  orbit  of  charged  particles,  characterized  in 
that  the  radius  of  curvature  of  said  reflection 
means  and  the  radius  of  curvature  of  the  orbit  are 
preset  so  that  SR  light  emanating  from  a  leading 
end  portion  of  one  of  said  bunches  and  then  re- 
flected  and  SR  light  emanating  from  the  trailing 
end  portion  of  the  same  bunch  and  then  reflected 
may  effect  predetermined  interference. 

8.  An  SR  light  source  as  claimed  in  Claim  7,  char- 
acterized  in  that  in  the  case  where  the  orbit  of 
charged  particles  has  a  circular  shape,  there  is 
provided  such  construction  that  the  center  of  cur- 
vature  of  said  reflection  means  substantially  co- 
incides  with  the  center  of  curvature  O  of  the  orbit 
of  charged  particles,  and  the  generator  is  con- 
structed  in  such  manner  that  when  SR  light 
emanating  from  a  point  A  in  the  leading  end  por- 
tion  of  said  bunch  is  reflected  at  a  point  B  on  said 
reflection  means  and  becomes  tangential  to  the 
charged  particle  orbit  at  a  point  C,  the  trailing  end 
portion  of  said  bunch  may  reach  the  point  C,  a  ra- 
dius  of  curvature  R  of  said  reflection  means  and 
a  radius  of  curvature  p  of  the  orbit  of  charged  par- 
ticles  are  given  substantially  by  the  equations  of: 

I  (2ptan(Q  +  v)/c  -  (2p£  +  1)1  ̂ \  =  mXIc 
(c) 

|q(2ptan(Q  +  v)/c  -  (2nrc/k  +  2qQp/u  |  = 
mXIc  (d) 

R  =  p/cos(Q  (e), 
where  p  is  a  radius  of  the  charged  particle  orbit, 
n  is  a  positive  integer,  k  is  the  number  of  bunches, 
q  is  a  positive  integer  representing  the  number  of 

times  of  reflection,  y  is  an  orbital  speed  of 
charged  particles,  c  is  the  light  velocity,  X  is  a  fun- 
damental  wavelength  of  interfering  light,  m  is  an 
integer  representing  an  order  of  higher  harmon- 

ics,  C,  is  an  angle  formed  between  segments  OA 
and  OB,  L  is  a  positive  number  that  is  variable  up 
to  the  maximum  length  Lb  of  bunches,  and  v  is  a 
correction  term  added  by  taking  into  considera- 

5  tion  the  fact  that  the  phase  of  light  is  varied  by  the 
reflection  means. 

9.  An  SR  light  source  as  claimed  in  Claim  1  or  3, 
characterized  by  the  provision  of  oscillation 

10  means  for  amplifying  and  oscillating  light  having 
a  particular  wavelength  by  causing  the  stored  SR 
light  and  the  charged  particles  revolving  along 
said  orbit  to  interact. 

15  10.  An  SR  light  source  as  claimed  in  Claim  9,  char- 
acterized  in  that  said  oscillation  means  is  selec- 
tion  means  for  selecting  a  particular  wavelength 
from  said  stored  light. 

20  11.  An  SR  light  source  as  claimed  in  Claim  10,  char- 
acterized  in  that  said  selection  means  is  a  diffrac- 
tion  grating  disposed  at  least  in  a  part  of  said  re- 
flection  means. 

25  12.  An  SR  light  source  as  claimed  in  Claim  10,  char- 
acterized  in  that  said  selection  means  is  means 
for  injecting  laser  light  externally  into  said  reflec- 
tion  means. 

30  13.  An  SR  light  source  as  claimed  in  Claim  9,  char- 
acterized  in  that  in  the  case  where  the  orbit  of 
charged  particles  has  a  circular  shape,  there  is 
provided  such  construction  that  the  center  of  cur- 
vature  of  the  reflection  means  substantially  coin- 

35  cides  with  the  center  of  curvature  O  of  the  orbit 
of  charged  particles,  and  SR  light  generated  from 
a  point  A  on  the  charged  particle  orbit  along  the 
inside  of  said  orbit  at  an  angle  a  with  respect  to 
the  tangential  direction  at  said  point  A  proceeds 

40  along  an  optical  path  adapted  to  be  tangential  to 
a  circle  having  a  smaller  radius  than  said  orbit,  as 
a  result,  after  become  tangential  to  said  circle  at 
a  point  F,  is  reflected  at  a  point  B  on  a  reflection 
mirror,  and  subsequently  proceeds  so  as  to  be- 

45  come  tangential  again  to  said  circle,  the  radius  of 
curvature  R  of  said  reflection  means  and  the  ra- 
dius  of  the  charged  particle  orbit  are  given  sub- 
stantially  by  the  equations  of: 

|(2q<|>  +  2nnlk)plv  -  q(2rtan(<|>)  +  v)/c  |  = 
so  mXIc  (f) 

r  =  pcos(a)  (g) 
R  =  r/cos(<|>)  (h), 

where  p  is  a  radius  of  the  charged  particle  orbit, 
n  is  a  positive  integer,  k  is  the  number  of  bunches, 

55  q  is  a  positive  integer  representing  the  number  of 

times  of  reflection,  V  is  an  orbital  speed  of 
charged  particles,  c  is  the  light  velocity,  X  is  a  f  un- 

11 
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damental  wavelength  of  oscillating  light,  m  is  an 
integer  representing  an  order  of  higher  harmon- 
ics,  <|>  is  an  angle  formed  between  segments  OF 
and  OB,  and  v  is  a  correction  term  added  by  tak- 
ing  into  consideration  the  fact  that  the  phase  of 
light  is  varied  by  the  reflection  means  (1  3),  and  if 
the  wavelength  X  of  the  oscillating  light  is  deter- 
mined,  a  is  given  substantially  by  the  equation  of: 

2aplv  -  2psin(a)/c  =  Xl(2c)  (i) 

Patentanspruche 

1.  SR-Lichtquelle,  in  derortlich  zu  Paketen  zusam- 
mengedrangte  geladene  Teilchen  entlang  einer 
Bahn  mit  vorgegebener  Krummung  mit  einer  Ge- 
schwindigkeit  nahe  der  Lichtgeschwindigkeit  be- 
wegt  werden  und  dadurch  Synchrotronstrah- 
lungslicht  (SR-Licht)  in  tangentialer  Richtung  zu 
dieser  Bahn  erzeugt  wird;  dadurch  gekennzeich- 
net,  dali  der  Generator  eine  den  aulieren  Umfang 
der  Bahn  umgebende  Ref  lexionseinrichtung  zum 
Reflektieren  des  SR-Lichts  aufweist,  wodurch 
das  SR-Licht  innerhalb  des  Reflexionsspiegels 
gespeichert  werden  kann. 

2.  SR-Lichtquelle  nach  Anspruch  1,  dadurch  ge- 
kennzeichnet,  dali  der  Krummungsradius  der  Re- 
flexionseinrichtung  so  gewahlt  wird,  dali  sich  im 
Falle  der  Reflexion  des  SR-Lichts  durch  die  Re- 
f  lexionseinrichtung  das  ref  lektierte  SR-Licht  tan- 
gential  zur  Ladungsteilchenbahn  ausbreiten 
kann. 

3.  SR-Lichtquelle  nach  Anspruch  1,  dadurch  ge- 
kennzeichnet,  dali  der  Krummungsmittelpunkt 
der  Ladungsteilchenbahn  und  der  Krummungs- 
mittelpunkt  der  Reflexionseinrichtung  im  we- 
sentlichen  zusammenfallen  und  dali  das  von 
dem  Reflexionsspiegel  reflektierte  Licht  wech- 
selseitig  eine  vorgegebene  Synchronbeziehung 
aufrechterhalt. 

4.  SR-Lichtquelle  nach  Anspruch  1  oder  3,  dadurch 
gekennzeichnet,  dali  Licht  einer  bestimmten,  von 
einer  optischen  Wegdifferenz  abhangigen  Wel- 
lenlange  hervorgehoben  wird,  indem  SR-Licht 
und  reflektiertes  SR-Licht  bzw.  reflektiertes  SR- 
Licht  und  reflektiertes  SR-Licht  in  mindestens  ei- 
ner  Paarung  zur  Interferenz  gebracht  werden. 

5.  SR-Lichtquelle  nach  Anspruch  4,  in  der  mehrere 
Pakete,  die  jeweils  aus  einer  Ladungsteilchen- 
gruppe  bestehen,  auf  der  Ladungsteilchenbahn 
zum  Umlauf  gebracht  werden,  dadurch  gekenn- 
zeichnet,  dali  der  Krummungsradius  der  Reflexi- 
onseinrichtung  und  der  Krummungsradius  der 
Ladungsteilchenbahn  so  voreingestellt  werden, 

dali  von  einem  der  Pakete  erzeugtes  und  dann 
reflektiertes  SR-Licht  auf  eine  vorgegebene  Wei- 
se  mit  einem  hinter  diesem  Paket  erzeugten  SR- 
Licht  oder  mit  dessen  reflektiertem  Licht  interfe- 

5  rieren  kann. 

6.  SR-Lichtquelle  nach  Anspruch  5,  dadurch  ge- 
kennzeichnet,  dali  unter  der  Annahme,  dali  der 
Krummungsmittelpunkt  der  Ladungsteilchen- 

10  bahn  durch  O  dargestellt  wird  und  das  SR-Licht 
von  einem  Paket  in  einem  Punkt  A  auf  der  Bahn 
erzeugt  und  durch  die  Reflexionseinrichtung  in 
einem  Punkt  B  reflektiert  wird  und  wieder  einen 
Punkt  C  auf  der  Bahn  erreicht,  im  Falle  einer 

15  kreisformigen  Bahn  und  bei  Ubereinstimmung 
des  Krummungsmittelpunkts  der  Reflexionsein- 
richtung  mit  dem  Krummungsmittelpunkt  der 
Bahn  der  Krummungsradius  der  Reflexionsein- 
richtung  und  der  Bahnradius  dergeladenen  Teil- 

20  chen  im  wesentlichen  durch  die  folgenden  Glei- 
chungen  gegeben  sind 

|(2q\|/  +  2nnlk)plv  -  q(2ptan(\|/)  +  v)/c  |  = 
mXIc  (a) 

R  =  p/cos(\|/),  (b) 
25  wobei  p  ein  Radius  der  Ladungsteilchenbahn,  n 

eine  positive  ganze  Zahl,  k  die  Anzahl  der  Pakete, 
q  eine  positive  ganze  Zahl,  welche  die  Anzahl  der 
Reflexionen  darstellt,  v  eine  Bahngeschwindig- 
keit  dergeladenen  Teilchen,  c  die  Lichtgeschwin- 

30  digkeit,  X  eine  Grundwellenlange  des  interferie- 
renden  Lichts,  m  eine  ganze  Zahl,  die  eine  Ord- 
nung  von  hoheren  Harmonischen  darstellt,  y  ein 
zwischen  den  Segmenten  OA  und  OB  aufge- 
spannter  Winkel  und  v  ein  Korrekturterm  ist,  der 

35  addiert  wird,  urn  die  Phasenanderung  des  Lichts 
durch  die  Reflexionseinrichtung  zu  berucksichti- 
gen. 

7.  SR-Lichtquelle  nach  Anspruch  4,  in  der  mehrere 
40  Pakete,  die  jeweils  aus  einer  Gruppe  geladener 

Teilchen  bestehen,  auf  der  Ladungsteilchenbahn 
zum  Umlauf  gebracht  werden,  dadurch  gekenn- 
zeichnet,  dali  der  Krummungsradius  der  Reflexi- 
onseinrichtung  und  der  Krummungsradius  der 

45  Bahn  so  voreingestellt  werden,  dali  vom  vorde- 
ren  Endabschnitt  eines  der  Pakete  ausgehendes 
und  dann  reflektiertes  SR-Licht  und  vom  hinteren 
Endabschnitt  des  gleichen  Pakets  ausgehendes 
und  dann  reflektiertes  SR-Licht  auf  vorgegebene 

so  Weise  zur  Interferenz  gelangen  konnen. 

8.  SR-Lichtquelle  nach  Anspruch  7,  dadurch  ge- 
kennzeichnet,  dali  bei  kreisformiger  Ladungsteil- 
chenbahn  eine  solche  Konstruktion  vorgesehen 

55  ist,  dali  der  Krummungsmittelpunkt  der  Reflexi- 
onseinrichtung  im  wesentlichen  mit  dem  Krum- 
mungsmittelpunkt  O  der  Ladungsteilchenbahn 
zusammenfallt,  wobei  der  Generator  so  konstru- 
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iert  ist,  dali  zu  dem  Zeitpunkt,  in  dem  von  einem 
Punkt  A  im  vorderen  Endabschnitt  des  Pakets 
ausgehendes  Licht  in  einem  Punkt  B  an  der  Re- 
flexionseinrichtung  ref  lektiert  worden  ist  und  die 
Ladungsteilchenbahn  in  einem  Punkt  C  tangiert, 
der  hintere  Endabschnitt  des  Pakets  den  Punkt  C 
erreichen  kann,  wobei  ein  Krummungsradius  R 
der  Reflexionseinrichtung  und  ein  Krummungs- 
radius  p  der  Ladungsteilchenbahn  im  wesentli- 
chen  durch  die  folgenden  Gleichungen  gegeben 
sind: 

I  (2ptan(Q  ±  v)/c  -  (2p£  +  L)/„  |  =  mXIc 
(c) 

|q(2ptan(Q  +  v)/c  -  (2nrc/k  +  2qQp/y  |  = 
mXIc  (d) 

R  =  p/cos(Q,  (e) 
wobei  p  ein  Radius  der  Ladungsteilchenbahn,  n 
eine  positive  ganze  Zahl,  k  die  Anzahl  der  Pakete, 
q  eine  positive  ganze  Zahl,  welche  die  Anzahl  der 
Reflexionen  darstellt,  v  eine  Bahngeschwindig- 
keit  dergeladenen  Teilchen,  c  die  Lichtgeschwin- 
digkeit,  X  eine  Grundwellenlange  des  interferie- 
renden  Lichts,  m  eine  ganze  Zahl,  die  eine  Ord- 
nung  von  hoheren  Harmonischen  darstellt,  £  ein 
zwischen  den  Segmenten  OA  und  OB  aufge- 
spannter  Winkel,  Leine  positive  Zahl,  die  bis  zur 
maximalen  Paketlange  Lb  variieren  kann,  und  v 
ein  Korrekturterm  ist,  der  addiert  wird,  urn  die 
Phasenanderung  des  Lichts  durch  die  Reflexi- 
onseinrichtung  zu  berucksichtigen. 

9.  SR-Lichtquelle  nach  Anspruch  1  oder  3,  dadurch 
gekennzeichnet,  dali  eine  Oszillationseinrich- 
tung  zurVerstarkung  und  Oszillation  von  Licht  ei- 
ner  bestimmten  Wellenlange  geschaffen  wird,  in- 
dem  das  gespeicherte  SR-Licht  und  die  auf  der 
Bahn  umlaufenden  geladenen  Teilchen  miteinan- 
der  zur  Wechselwirkung  gebracht  werden. 

10.  SR-Lichtquelle  nach  Anspruch  9,  dadurch  ge- 
kennzeichnet,  dali  die  Oszillationseinrichtung  ei- 
ne  Auswahleinrichtung  fur  die  Auswahl  einer  be- 
stimmten  Wellenlange  aus  dem  gespeicherten 
Licht  ist. 

11.  SR-Lichtquelle  nach  Anspruch  10,  dadurch  ge- 
kennzeichnet,  dali  die  Auswahleinrichtung  ein 
Beugungsgitter  ist,  das  mindestens  in  einem  Teil 
der  Reflexionseinrichtung  angeordnet  ist. 

12.  SR-Lichtquelle  nach  Anspruch  10,  dadurch  ge- 
kennzeichnet,  dali  die  Auswahleinrichtung  eine 
Einrichtung  fur  den  Einschuli  von  externem  La- 
serlicht  in  die  Reflexionseinrichtung  ist. 

13.  SR-Lichtquelle  nach  Anspruch  9,  dadurch  ge- 
kennzeichnet,  dali  bei  kreisformiger  Ladungsteil- 
chenbahn  eine  solche  Konstruktion  vorgesehen 

ist,  dali  der  Krummungsmittelpunkt  der  Reflexi- 
onseinrichtung  im  wesentlichen  mit  dem  Krum- 
mungsmittelpunkt  O  der  Ladungsteilchenbahn 
zusammenfallt,  wobei  SR-Licht,  das  von  einem 

5  Punkt  A  auf  der  Ladungsteilchenbahn  erzeugt 
und  auf  der  Innenseite  der  Bahn  unter  einem  Win- 
kel  a  zur  Tangentialrichtung  im  Punkt  A  ausge- 
strahlt  wird,  sich  auf  einem  optischen  Weg  aus- 
breitet,  der  so  eingerichtet  ist,  dali  er  tangential 

10  zu  einem  Kreis  mit  einem  kleineren  Radius  als 
dem  der  Bahn  verlauft,  und  dali  infolgedessen 
das  SR-Licht,  nachdem  es  den  Kreis  in  einem 
Punkt  F  tangiert  hat,  in  einem  Punkt  B  an  einem 
Reflexionsspiegel  reflektiert  wird  und  sich 

15  anschliepend  so  ausbreitet,  dali  es  den  Kreis  wie- 
der  tangiert,  wobei  der  Krummungsradius  R  der 
Reflexionseinrichtung  und  der  Radius  der  La- 
dungsteilchenbahn  im  wesentlichen  durch  die 
folgenden  Gleichungen  gegeben  sind: 

20  |(2q<|>  +  2nnlk)plv  -  q(2rtan(<|>)  +  v)/c  |  = 
mXIc  (f) 

r  =  pcos(a)  (g) 
R  =  r/cos(<|>),  (h) 

wobei  p  ein  Radius  der  Ladungsteilchenbahn,  n 
25  eine  positive  ganze  Zahl,  k  die  Anzahl  der  Pakete, 

q  eine  positive  ganze  Zahl,  welche  die  Anzahl  der 
Reflexionen  darstellt,  v  eine  Bahngeschwindig- 
keit  dergeladenen  Teilchen,  c  die  Lichtgeschwin- 
digkeit,  X  eine  Grundwellenlange  des  Oszillati- 

30  onslichts,  m  eine  ganze  Zahl,  die  eine  Ordnung 
von  hoheren  Harmonischen  darstellt,  <|>  ein  zwi- 
schen  den  Segmenten  OF  und  OB  aufgespannter 
Winkel,  und  v  ein  Korrekturterm  ist,  der  addiert 
wird,  urn  die  Phasenanderung  des  Lichts  durch 

35  die  Reflexionseinrichtung  (13)  zu  berucksichti- 
gen,  und  wobei,  wenn  die  Wellenlange  X  des  Os- 
zillationslichts  festgelegt  ist,  a  im  wesentlichen 
durch  die  Gleichung 

2ap/.u  -  2psin(a)/c  =  Xl(2c)  (i) 
40  gegeben  ist. 

Revendications 

45  1.  Source  de  lumiere  a  rayonnement  synchrotron 
(RS),  dans  laquelle  en  faisant  en  sorte  que  des 
particules  chargees  rassemblees  localement  en 
groupes  se  deplacent  a  une  vitesse  proche  de  la 
vitesse  de  la  lumiere  suivant  une  orbite  ayant  une 

so  courbure  predeterminee,  une  lumiere  a  rayonne- 
ment  synchrotron  (lumiere  RS)  est  produite  dans 
la  direction  tangentielle  de  ladite  orbite; 
caracterisee  en  ce  que  ledit  generateur 
comprend  un  moyen  de  reflexion  dispose  de  ma- 

ss  niere  a  entourer  la  circonference  exterieure  de  la- 
dite  orbite  pour  reflechir  ladite  lumiere  RS,  grace 
a  quoi  la  lumiere  RS  peut  etre  stockee  dans  ledit 
miroir  reflechissant. 

13 
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Source  de  lumiere  RS  selon  la  revendication  1  , 
caracterisee  en  ce  que  le  rayon  de  courbure  dudit 
moyen  de  reflexion  est  choisi  de  facon  que,  dans 
le  cas  oil  ladite  lumiere  RS  a  ete  ref  lechie  par  ledit 
moyen  de  reflexion,  ladite  lumiere  RS  reflechie  5 
peut  devenir  tangentielle  a  I'orbite  desdites  parti- 
cules  chargees. 

Source  de  lumiere  RS  selon  la  revendication  1  , 
caracterisee  en  ce  que  le  centre  de  courbure  de  10 
ladite  orbite  des  particules  chargees  et  le  centre 
de  courbure  dudit  moyen  de  reflexion  coincident 
pratiquement,  et  la  lumiere  RS  reflechie  par  ledit 
miroir  de  reflexion  maintient  mutuellement  une 
relation  synchrone  predeterminee.  15 

Source  de  lumiere  RS  selon  la  revendication  1  ou 
3,  caracterisee  en  ce  qu'une  lumiere  ayant  une 
longueur  d'onde  particuliere  dependant  d'une 
difference  de  trajet  optique  est  accentuee  en  fai-  20 
sant  en  sorte  qu'au  moins  un  ensemble  d'un  en- 
semble  de  la  lumiere  RS  et  la  lumiere  RS  refle- 
chie  et  un  ensemble  de  la  lumiere  RS  reflechie  et 
de  la  lumiere  RS  reflechie  interferent. 

25 
Source  de  lumiere  RS  selon  la  revendication  4, 
dans  laquelle  une  multitude  de  groupes,  chacun 
constitue  d'un  groupe  de  particules  chargees 
sont  amenes  a  tourner  le  long  de  ladite  orbite  de 
particules  chargees,  caracterisee  en  ce  que  le  30 
rayon  de  courbure  dudit  moyen  de  reflexion  et  le 
rayon  de  courbure  de  I'orbite  des  particules  char- 
gees  sont  pre-etablis  de  maniere  que  la  lumiere 
RS  produite  a  partir  de  I'un  desdits  groupes  et  en- 
suite  reflechie,  puisse  effectuer  une  interference  35 
predeterminee  avec  la  lumiere  RS  produite  a 
I'arriere  de  ce  groupe  ou  de  sa  lumiere  reflechie. 

Source  de  lumiere  RS  selon  la  revendication  5, 
caracterisee  en  ce  que,  en  supposant  que  le  cen-  40 
tre  de  courbure  de  I'orbite  des  particules  char- 
gees  soit  represents  par  O,  et  que  ladite  lumiere 
RS  provenant  d'un  groupe  soit  produite  a  un  point 
A  de  ladite  orbite  et  reflechie  par  ledit  moyen  de 
reflexion  a  un  point  B  et  de  nouveau  atteigne  un  45 
point  C  de  ladite  orbite,  dans  le  cas  ou  ladite  or- 
bite  a  une  forme  circulaire  et  le  centre  de  courbu- 
re  dudit  moyen  de  reflexion  coincide  avec  le  cen- 
tre  de  courbure  de  ladite  orbite,  le  rayon  de  cour- 
bure  dudit  moyen  de  reflexion  et  le  rayon  de  I'or-  50 
bite  des  particules  chargees  sont  donnes  sensi- 
blement  par  I'equation  : 

|(2q\|/  +  2n7i/k)p/y  -  q(2ptg(\|/)  +  v)/c  |  = 
mXIc  (a) 

R  =  p/cos(\|/)  (b),  55 
dans  laquelle  p  est  le  rayon  de  I'orbite  des  parti- 
cules  chargees,  n  est  un  nombre  entier  positif,  k 
est  le  nombre  de  groupes,  q  est  un  nombre  entier 

positif  representant  le  nombre  de  reflexions,  v 
est  la  vitesse  orbitale  des  particules  chargees,  c 
est  la  vitesse  de  la  lumiere,  X  est  une  longueur 
d'onde  fondamentale  d'une  lumiere  interferente, 
m  est  un  nombre  entier  representant  un  ordre 
d'harmoniques  superieurs,  y  est  un  angle  forme 
entre  les  segments  OA  et  OB,  et  v  est  un  terme 
de  correction  ajoute  en  prenant  en  consideration 
le  fait  que  la  phase  de  la  lumiere  est  modif  iee  par 
ledit  moyen  de  reflexion. 

7.  Source  de  lumiere  RS  selon  la  revendication  4, 
dans  laquelle  une  multitude  de  groupes,  chacun 
constitue  d'un  groupe  de  particules  chargees, 
sont  amenes  a  tourner  suivant  ladite  orbite  de 
particules  chargees,  caracterisee  en  ce  que  le 
rayon  de  courbure  dudit  moyen  de  reflexion  et  le 
rayon  de  courbure  de  I'orbite  sont  pre-etablis  de 
sorte  que  la  lumiere  RS  sortant  de  I'extremite 
avant  de  I'un  desdits  groupes,  puis  reflechie  et  la 
lumiere  RS  emanant  de  I'extremite  arriere  du 
meme  groupe  et  ensuite  reflechie  peuvent  effec- 
tuer  une  interference  predeterminee. 

8.  Source  de  lumiere  RS  selon  la  revendication  7, 
caracterisee  en  ce  que,  dans  le  cas  ou  I'orbite  des 
particules  chargees  a  une  forme  circulaire,  on 
prevoit  une  construction  telle  que  le  centre  de 
courbure  dudit  moyen  de  reflexion  coincide  sen- 
siblement  avec  le  centre  de  courbure  O  de  I'orbite 
des  particules  chargees,  et  le  generateur  est 
construit  d'une  maniere  telle  que,  lorsque  la  lu- 
miere  RS  sortant  d'un  point  Ade  I'extremite  avant 
dudit  groupe  est  reflechie  a  un  point  B  dudit 
moyen  de  reflexion  et  devient  tangente  a  I'orbite 
des  particules  chargees  a  un  point  C,  I'extremite 
arriere  dudit  groupe  peut  atteindre  le  point  C,  le 
rayon  de  courbure  R  dudit  moyen  de  reflexion  et 
le  rayon  de  courbure  p  de  I'orbite  des  particules 
chargees  sont  donnes  sensiblement  par  les 
equations  : 
I  (2ptg(Q  +  v)/c  -  (2p£  +  L)lv  \  =  mXIc  (c) 

|q(2ptg(Q  +  v)/c  -  (2nrc/k  +  2qQplv  \  = 
mXIc  (d) 

R  =  p/cos(Q  (e), 
dans  lesquelles  p  est  le  rayon  de  I'orbite  des  par- 
ticules  chargees,  n  un  nombre  entier  positif,  k  le 
nombre  de  groupes,  q  un  nombre  entier  positif  re- 
presentant  le  nombre  de  reflexions,  u  est  la  vi- 
tesse  orbitale  des  particules  chargees,  c  est  la  vi- 
tesse  de  la  lumiere,  X  la  longueur  d'onde  fonda- 
mentale  de  la  lumiere  interferente,  m  un  nombre 
entier  representant  un  ordre  des  harmoniques 
superieurs,  C,  est  Tangle  forme  entre  les  seg- 
ments  OA  et  OB,  L  un  nombre  positif  qui  est  va- 
riable  jusqu'a  la  longueur  maximum  Lb  des  grou- 
pes,  et  v  est  un  terme  de  correction  qu'on  ajoute 
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en  prenant  en  consideration  le  fait  que  la  phase 
de  la  lumiere  est  modifiee  par  le  moyen  de  re- 
flexion. 

9.  Source  de  lumiere  RS  selon  la  revendication  1  ou 
la  revendication  3,  caracterisee  par  la  presence 
d'un  moyen  oscillant  pour  amplifier  et  faire  oscil- 
ler  la  lumiere  ayant  une  longueur  d'onde  particu- 
liere  en  faisant  en  sorte  que  la  lumiere  RS  emma- 
gasinee  et  les  particules  chargees  tournent  sui- 
vant  ladite  orbite  pour  agir  mutuellement. 

10.  Source  de  lumiere  RS  selon  la  revendication  9, 
caracterisee  en  ce  que  ledit  moyen  oscillant  est 
un  moyen  de  selection  afin  de  choisir  une  lon- 
gueur  d'onde  particuliere  dans  ladite  lumiere  em- 
magasinee. 

11.  Source  de  lumiere  RS  selon  la  revendication  10, 
caracterisee  en  ce  que  ledit  moyen  de  selection 
est  un  reseau  de  diffraction  dispose  au  moins 
dans  une  partie  dudit  moyen  de  reflexion. 

12.  Source  de  lumiere  RS  selon  la  revendication  10, 
caracterisee  en  ce  que  ledit  moyen  de  selection 
est  un  moyen  pour  injecter  exterieurement  une  lu- 
miere  laser  dans  ledit  moyen  de  reflexion. 

13.  Source  de  lumiere  RS  selon  la  revendication  9, 
caracterisee  en  ce  que,  dans  le  cas  ou  I'orbite  des 
particules  chargees  a  une  forme  circulaire,  on 
fournit  une  construction  telle  que  le  centre  de 
courbure  du  moyen  de  refexion  coincide  sensi- 
blement  avec  le  centre  de  courbure  O  de  I'orbite 
des  particules  chargees,  et  la  lumiere  RS  engen- 
dree  a  partird'un  point  Ade  I'orbite  des  particules 
chargees  sur  I'interieur  de  ladite  orbite  a  un  angle 
a  par  rapport  a  la  direction  tangentielle  audit  point 
A  se  propage  suivant  un  trajet  optique  destine  a 
etre  tangent  a  un  cercle  ayant  un  rayon  inferieur 
a  celui  de  ladite  orbite,  a  la  suite  de  quoi,  apres 
etre  devenue  tangente  audit  cercle  a  un  point  F, 
est  reflechie  a  un  point  B  d'un  miroir  reflechis- 
sant,  et  ensuite  se  propage  de  maniere  a  devenir 
de  nouveau  tangente  audit  cercle,  le  rayon  de 
courbure  R  dudit  moyen  de  reflexion  et  le  rayon 
de  I'orbite  des  particules  chargees  sont  donnes 
sensiblement  par  les  equations  : 

|(2q<|>  +  2n7i/k)p/y  -  q(2rtg(<|>)  +  v)/c  |  = 
mXIc  (f) 

r  =  pcos(a)  (g) 
R  =  r/cos(<|>)  (h), 

dans  lesquelles  p  est  le  rayon  de  I'orbite  des  par- 
ticules  chargees,  n  un  nombre  entier  positif,  k  le 
nombre  de  groupes,  g  un  nombre  entier  positif  re- 
presentant  le  nombre  de  reflexions,  u  est  la  vi- 
tesse  orbitale  des  particules  chargees,  c  est  la  vi- 

tesse  de  la  lumiere,  X  la  longueur  d'onde  fonda- 
mentale  de  la  lumiere  oscillante,  m  un  nombre  en- 
tier  representant  un  ordre  des  harmoniques  su- 
perieurs,  <|>  un  angle  forme  entre  les  segments  OF 

5  et  OB,  et  v  un  terme  de  correction  ajoute  en  pre- 
nant  en  consideration  le  fait  que  la  phase  de  la  lu- 
miere  est  modifiee  par  le  moyen  de  reflexion 
(13),  et  si  la  longueur  d'onde  X  de  la  lumiere  os- 
cillante  est  determinee,  a  est  donne  sensible- 

10  ment  par  I'equation  : 
2ap/.u  -  2psin(a)/c  =  Xl(2c)  (i) 
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