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©  Positron  computed  tomography  scanner. 

©  A  positron  CT  scanner  comprises  a  plurality 
of  detectors  (110)  arranged  in  multi-layered 
rings  and  slice  diaphragms  (130)  for  restricting 
the  visual  fields  of  the  detectors,  so  that  the 
visual  fields  intersect  a  set  axis  during  a  scan. 
The  spacing  between  diaphragms  substantially 
corresponds  to  a  certain  number  of  detector 
cells,  each  of  which  can  determine  the  positions 
of  incident  rays  in  the  direction  of  the  set  axis 
during  a  scan.  The  slice  diaphragms  (130)  are 
movable  relative  to  the  detector  cells  (110)  in 
the  direction  of  the  set  axis  during  a  scan. 
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Background  of  the  Invention 

(Field  of  the  Invention) 

This  invention  relates  to  a  positron  computed  to- 
mography  (CT)  scanner. 

(Related  Background  Art) 

Positron  CT  scanners,  or  devices  for  what  are 
called  PET  (Positron  Emission  Tomography  )  are 
known  (S.E.  Drenzo  et.,  IEEE  Trans.  Nucl.  Sci.,  NS- 
26,  No.  2:  2790-2793,  1979,  etc.).  These  devices  are 
used  for  dosing  medicines  to  patients,  and  such  med- 
icines  are  labelled  by  radioactive  isotopes  to  image 
their  internal  distributions  in  the  patients.  In  such  PET 
a  number  of  y  (gamma)  ray  detectors  are  arranged  in 
rings  for  the  detection  by  coincidence  counting  a  pair 
of  annihilating  photons  (0.51  MeV)  emitted  in  direc- 
tions  opposite  to  each  other  by  the  pair  annihilation  of 
a  positron  and  an  electron.  Multi-layers  of  detector 
rings  are  provided,  and  an  intra-ring  image  can  be 
formed  by  means  of  the  coincidence  counting  of  the 
detectors  belonging  to  one  ring,  while  an  inter-ring  im- 
age  can  be  obtained  by  means  of  the  coincidence 
counting  of  adjacent  ones  of  the  rings.  Accordingly  a 
PET  scanner  having  j  layers  of  detector  rings  can  pro- 
vide  tomographic  images  of  2j-1  layers  at  once.  Aslice 
septum  (collimator)  is  provided  between  one  of  the 
detector  rings  and  its  adjacent  one  for  shielding  un- 
necessary  y  rays  and  internal  scattered  y  rays,  where- 
by  unnecessary  counting  by  the  detectors  is  de- 
creased  to  reduce  counting  losses  and  accidental  co- 
incidences.  The  resolving  power  is  determined  mostly 
by  an  area  of  a  photon  incident  surface  of  a  detector 
(BGO  scintillator).  The  sectional  resolving  power  of 
the  current  devices  has  reached  3-5  mm  (full  width 
at  half  maximum  value). 

FIG.  lis  a  schematic  sectional  view  of  a  conven- 
tional  PET  scanner.  Each  y  ray  detector  110  includes 
both  a  scintillator  111  and  a  photomultiplier  112  and 
these  detectors  are  arranged  in  rings  laid  one  above 
another,  and  shield  collimators  120  are  provided 
above  the  top  ring  and  below  the  bottom  ring.  The  cen- 
tral  axis  of  the  rings  is  shown  as  X  in  FIG.  1  .  Slice  sep- 
ta  1  30  are  arranged  so  as  to  restrict  detection  fields 
of  the  y  ray  detectors  110  vertically  to  the  central  axis. 
Generally  one  slice  septum  130  is  provided  per  one 
layer  of  y  ray  detectors  110.  The  y  ray  shielding  effect 
of  the  slice  septa  130  can  reduce  noise  components 
as  described  above. 

That  is,  in  the  case  of  coincidence  counting  by  two 
y  ray  detectors  110,  as  shown  in  FIG.  1,  a  pair  of  y  rays 
from  one  radioisotope  141  are  incident  on  the  y  ray  de- 
tectors  110  ̂ 1102;  y  rays  from  two  radioisotopes  142, 
143  are  concurrently  incident  by  accident  on  the  y  ray 
detectors  1  1  03,  1  1  04;  or  one  of  a  pair  of  y  rays  from  one 
radioisotope  144  being  detected  by  the  y  ray  detector 

1  1  06,  the  other  of  the  y  rays  being  scattered  by  a  scat- 
terer  1  50  and  detected  by  the  y  ray  detector  11  05.  All 
the  coincidences  other  than  those  of  the  y  rays  from 
the  radioisotope  141  are  noise.  The  slice  septa  1  30  for 

5  shielding  y  rays  restrict  the  detection  fields  of  the  y  ray 
detectors  110  to  reduce  such  noise  components. 

But  as  the  respective  y  ray  detectors  110  are  in- 
creasingly  more  miniaturized  to  make  an  interval  be- 
tween  each  of  the  slice  septa  130  and  its  adjacent  one 

10  narrower  for  the  improvement  of  a  resolving  power, 
the  y  ray  detecting  efficiency  is  lowered  proportionally 
toasquareof  an  interval  between  the  slice  septa  130. 
Accordingly  it  tends  to  take  much  time  for  counting  to 
form  a  sufficiently  precise  image.  As  a  countermea- 

15  sure  to  this,  so-called  three-dimensional  PET  has 
been  recently  studied.  In  the  three-dimensional  PET, 
no  slice  septa  are  provided  to  count  not  only  intra-co- 
incidences  of  respective  detector  rings  and  inter-co- 
incidences  between  adjacent  ones  of  the  detector 

20  rings,  but  also  coincidences  between  ones  of  the  de- 
tector  rings  remote  from  each  other  are  counted  to  ob- 
tain  images  at  respective  slices  to  restore  an  image. 

However,  such  three-dimensional  PET,  which  ac- 
quires  and  processes  three-dimensional  data,  has  a 

25  disadvantage  of  the  above-mentioned  quite  high 
noise  because  of  no  using  slice  septa.  In  the  case 
such  three-dimensional  PET  including  the  conven- 
tional  slice  septa  provided  between  detector  rings  is 
realized,  the  numerical  aperture  of  the  y  ray  detectors 

30  110  is  comparatively  large,  and  inevitably  the  slice 
septa  130  have  to  be  thinned  and  small-sized.  Then 
the  y  ray  shielding  effect  of  the  slice  septa  130  is  low- 
ered  with  the  result  that  the  above-mentioned  acci- 
dental  coincidences  and  scattered  coincidences  are 

35  adversely  acquired  in  data,  and  sharp  image  cannot 
be  obtained. 

Summary  of  the  Invention 

40  This  invention  has  been  made  to  solve  the  above- 
described  problems.  An  object  of  this  invention  is  to 
provide  a  positron  CT  scanner  which  can  effectively 
remove  noise  in  the  case  that  position  resolving  pow- 
er  of  the  detectors  are  improved  to  raise  a  resolving 

45  power,  and  in  the  case  that  three-dimensional  data 
acquisition  and  processing  are  performed. 

That  is,  an  object  of  this  invention  is  to  provide  a 
positron  CT  scanner  comprising  a  plurality  of  detec- 
tors  (e.g.,  BGO  scintillators  and  photomultipliers) 

so  each  having  one  detection  cell  or  a  plurality  of  detec- 
tion  cells  for  detecting  incident  photons  and  arranged 
in  multi-layers  rings  of  which  a  central  axis  is  a  prede- 
termined  axis;  slice  septa  for  restricting  detection 
fields  of  the  detectors  so  that  the  detection  fields 

55  cross  the  predetermined  axis,  the  slice  septa  spacing 
the  detectors  from  each  other  in  the  direction  of  the 
axis  at  an  interval  a  total  of  which  substantially  corre- 
sponds  to  a  total  of  a  size  of  the  detection  cells  in  the 
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direction  of  the  predetermined  axis;  means  for  driving 
the  slice  septa  (e.g.,  in  piston  motions  and  rotary  mo- 
tions);  means  for  pre-processing  outputs  of  associat- 
ed  ones  of  the  detectors  and  selecting  two  photons 
generated  by  a  pair  annihilation  of  a  positron  and  an 
electron  (e.g.,  discriminators,  coincidence  circuits 
and  switches);  and  means  for  restoring  a  sectional 
material  distribution  of  a  detected  sample  (e.g.,  a 
computer  system  and  an  image  display).  The  slice 
septa  are  moved  during  a  counting  operation  of  pho- 
tons. 

In  order  to  make  the  slice  septa  relatively  mov- 
able  for  the  detectors,  the  slice  septa  themselves  are 
movable  in  the  direction  of  the  predetermined  axis,  or 
are  able  to  perform  precessions.  Otherwise,  posi- 
tions  of  the  slice  septa  may  be  changed  continuously 
or  by  steps  in  the  direction  of  the  predetermined  axis, 
and  additionally  on  rotation  around  the  predetermined 
axis. 

According  to  the  above-described  positron  CT 
scanner,  an  interval  between  each  of  the  slice  septa 
and  its  adjacent  one  substantially  corresponds  to  a  to- 
tal  of  a  plurality  of  detectors  of  a  size  in  the  direction 
of  the  predetermined  axis.  As  a  result,  it  is  not  neces- 
sary  to  thin  the  slice  septa.  Consequently  with  a  nu- 
merical  aperture  of  the  detectors  retained,  oblique  in- 
cidence  of  y  rays  which  is  a  cause  of  accidental  coin- 
cidences  can  be  prevented.  Data  acquisition  is  possi- 
ble  with  efficient  use  of  pair  annihilations  of  electrons 
and  positrons,  and  with  improved  S/N  ratios.  Further- 
more,  the  slice  septa  are  moved  during  a  counting  op- 
eration  with  respect  to  their  associated  detectors  in 
the  direction  of  the  predetermined  axis  (central  axis). 
Consequently  the  prevention  of  obliquely  incident  y 
rays  and  each  detecting  efficiency  of  the  detectors 
can  be  uniform  among  the  respective  detectors.  The 
above-described  functions  make  it  possible  to  short- 
en  a  counting  time  and  to  improve  its  resolution  power 
of  the  positron  CT  scanner. 

The  present  invention  will  become  more  fully  un- 
derstood  from  the  detailed  description  given  herein- 
below  and  the  accompanying  drawings  which  are  giv- 
en  by  way  of  illustration  only,  and  thus  are  not  to  be 
considered  as  limiting  the  present  invention. 

Further  scope  of  applicability  of  the  present  in- 
vention  will  become  apparent  from  the  detailed  de- 
scription  given  hereinafter.  However,  it  should  be  un- 
derstood  that  the  detailed  description  and  specific  ex- 
amples,  while  indicating  preferred  embodiments  of 
the  invention,  are  given  by  way  of  illustration  only, 
since  various  changes  and  modifications  within  the 
spirit  and  scope  of  the  invention  will  become  apparent 
to  those  skilled  in  the  art  form  this  detailed  descrip- 
tion. 

Brief  Description  of  the  Drawings 

FIG.  1  is  an  explanatory  view  of  the  conventional 

positron  CT  scanner. 
FIG.  2  is  a  conceptual  view  of  the  entire  positron 

CT  scanner  according  to  this  invention. 
FIG.  3A  is  view  of  the  positron  CT  scanner  ac- 

5  cording  to  a  first  embodiment  of  this  invention  explain- 
ing  the  structure  and  function. 

FIG.  3B  is  a  perspective  view  of  slice  septa  ac- 
cording  to  the  first  embodiment  of  this  invention 

FIG.  4A  is  view  of  the  positron  CT  scanner  ae- 
ro  cording  to  a  second  embodiment  of  this  invention  ex- 

plaining  the  structure  and  function. 
FIG.  4B  is  a  perspective  view  of  slice  septa  ac- 

cording  to  the  second  embodiment  of  this  invention 
FIG.  5A  is  view  of  the  positron  CT  scanner  ac- 

15  cording  to  a  third  embodiment  of  this  invention  ex- 
plaining  the  structure  and  function. 

FIG.  5B  is  a  perspective  view  of  slice  septa  ac- 
cording  to  the  third  embodiment  of  this  invention. 

FIG.  6A  is  view  of  the  positron  CT  scanner  ac- 
20  cording  to  a  fourth  embodiment  of  this  invention  ex- 

plaining  the  structure  and  function. 
FIG.  6B  is  a  perspective  view  of  slice  septa  ac- 

cording  to  the  fourth  embodiment  of  this  invention 
FIG.  7A  is  view  of  the  positron  CT  scanner  ac- 

25  cording  to  a  fifth  embodiment  of  this  invention  ex- 
plaining  the  structure  and  function. 

FIG.  7B  is  a  perspective  view  of  slice  septa  ac- 
cording  to  the  fifth  embodiment  of  this  invention. 

FIG.  8A  is  view  of  the  positron  CT  scanner  ac- 
30  cording  to  a  sixth  embodiment  of  this  invention  ex- 

plaining  the  structure  and  function. 
FIG.  8B  is  a  perspective  view  of  slice  septa  ac- 

cording  to  the  sixth  embodiment  of  this  invention. 
FIG.  9  is  a  view  of  an  example  of  the  means  for 

35  driving  the  slice  septa  (piston  motions)  involved  in  the 
first  embodiment. 

FIG.  1  0  is  a  view  of  an  example  of  the  means  for 
driving  slice  septa  (rotary  motions)  involved  in  the 
second  to  the  sixth  embodiments. 

40  FIG.  HAisaviewofapistonmotionofslicesepta 
according  to  this  invention. 

FIG.  11  B  is  a  view  of  a  precession  motion  of  slice 
septa  according  to  this  invention. 

FIG.  11  C  is  a  view  of  a  spiral  rotary  motion  of  slice 
45  septa  according  to  this  invention. 

FIG.  12A  is  a  view  of  a  layer  structure  of  the  de- 
tectors  of  a  simulation  of  the  positron  CT  scanner  ac- 
cording  to  this  invention. 

FIG.  12B  is  a  view  of  one  structure  of  the  slice 
so  septa  in  the  simulation. 

FIG.  12C  is  a  view  of  another  structure  of  the  slice 
septa  in  the  simulation. 

FIG.  13A  shows  the  result  of  the  simulation  about 
differential  detection  efficiencies  in  FIG.  12A.  Struc- 

55  ture  of  septa  is  shown  in  FIG.  11  A  and  12B,  and  the 
septa  is  in  no  motion. 

FIG.  13B  shows  the  result  of  the  simulation  about 
integral  detection  efficiencies  in  FIG.  12A.  The  struc- 
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ture  of  septa  is  shown  in  FIG.  11Aand  12B,  and  the 
septa  is  in  no  motion. 

FIG.  1  3C  shows  the  result  of  the  simulation  about 
differential  detection  efficiencies  in  FIG.  12A.  The 
structure  of  septa  is  shown  in  FIG.  11  A  and  12B,  and 
an  amplitude  of  a  constant  velocity  motion  is  20mm. 

FIG.  13D  shows  the  result  of  the  simulation  about 
integral  detection  efficiencies  in  FIG.  12A.  The  struc- 
ture  of  septa  is  shown  in  FIG.HAand  12B,  and  the 
amplitude  of  the  constant  velocity  piston  motion  is 
20mm. 

FIG.  14A  shows  the  result  of  the  simulation  about 
differential  detection  efficiencies  in  FIG.  12A.  The 
structure  of  septa  is  shown  in  FIG.  11  A  and  12B,  and 
an  amplitude  of  a  constant  velocity  motion  is  22mm. 

FIG.  14B  shows  the  result  of  the  simulation  about 
integral  detection  efficiencies  in  FIG.  12A.  The  struc- 
ture  of  septa  is  shown  in  FIG.  11Aand  12B,  and  the 
amplitude  of  the  constant  velocity  piston  motion  is 
22mm. 

FIG.  14C  shows  the  result  of  the  simulation  about 
differential  detection  efficiencies  in  FIG.  12A.  The 
structure  of  septa  is  shown  in  FIG.  11  A  and  12B,  and 
the  amplitude  of  the  constant  velocity  motion  is 
24mm. 

FIG.  14D  shows  the  result  of  the  simulation  about 
integral  detection  efficiencies  in  FIG.  12A.  The  struc- 
ture  of  septa  is  shown  in  FIG.  11Aand  12B,  and  the 
amplitude  of  the  constant  velocity  piston  motion  is 
24mm. 

FIG.  15A  shows  the  result  of  the  simulation  about 
differential  detection  efficiencies  in  FIG.  12A.  The 
structure  of  septa  is  shown  in  FIG.  11  A  and  12B,  and 
an  amplitude  of  a  sinusoidal  motion  is  16mm. 

FIG.  1  5B  shows  the  result  of  the  simulation  about 
integral  detection  efficiencies  in  FIG.  12A.  The  struc- 
ture  of  septa  is  shown  in  FIG.  11Aand  12B,  and  the 
amplitude  of  the  sinusoidal  piston  motion  is  16mm. 

FIG.  1  5C  shows  the  result  of  the  simulation  about 
differential  detection  efficiencies  in  FIG.  12A.  The 
structure  of  septa  is  shown  in  FIG.  11  A  and  12B,  and 
the  amplitude  of  the  sinusoidal  motion  is  18mm. 

FIG.  15D  shows  the  result  of  the  simulation  about 
integral  detection  efficiencies  in  FIG.  12A.  The  struc- 
ture  of  septa  is  shown  in  FIG.  11Aand  12B,  and  the 
amplitude  of  the  sinusoidal  piston  motion  is  18mm. 

FIG.  16A  shows  the  result  of  the  simulation  about 
differential  detection  efficiencies  in  FIG.  12A.  The 
structure  of  septa  is  shown  in  FIG.  11  A  and  12B,  and 
an  amplitude  of  a  sinusoidal  motion  is  22mm. 

FIG.  16B  shows  the  result  of  the  simulation  about 
integral  detection  efficiencies  in  FIG.  12A.  The  struc- 
ture  of  septa  is  shown  in  FIG.  11Aand  12B,  and  the 
amplitude  of  the  sinusoidal  piston  motion  is  22mm 

FIG.  16C  shows  the  result  of  the  simulation  about 
differential  detection  efficiencies  in  FIG.  12A.  The 
structure  of  septa  is  shown  in  FIG.  11  A  and  12B,  and 
the  amplitude  of  a  sinusoidal  motion  is  24mm. 

FIG.  16D  shows  the  result  of  the  simulation  about 
integral  detection  efficiencies  in  FIG.  12A.  The  struc- 
ture  of  septa  is  shown  in  FIG.  11  A  and  12B,  and  the 
amplitude  of  the  sinusoidal  piston  motion  is  24mm. 

5  FIG.  17A  shows  the  best  result  of  the  simulation 
about  differential  detection  efficiencies  in  the  con- 
stant  velocity  piston  motion  of  the  parallel  septa. 

FIG.  17B  shows  the  best  result  of  the  simulation 
about  integral  detection  efficiencies  in  the  constant 

10  velocity  piston  motion  of  the  parallel  septa. 
FIG.  17C  shows  the  best  result  of  the  simulation 

about  differential  detection  efficiencies  in  the  sinusoi- 
dal  piston  motion  of  the  parallel  septa. 

FIG.  17D  shows  the  best  result  of  the  simulation 
15  about  integral  detection  efficiencies  in  the  sinusoidal 

piston  motion  of  the  parallel  septa. 
FIG.  18A  shows  the  best  result  of  the  simulation 

about  differential  detection  efficiencies  in  a  preces- 
sion  of  the  parallel  septa. 

20  FIG.  18B  shows  the  best  result  of  the  simulation 
about  integral  detection  efficiencies  in  the  precession 
of  the  parallel  septa. 

FIG.  18C  shows  the  best  result  of  the  simulation 
about  differential  detection  efficiencies  in  a  rotary 

25  motion  of  a  helical  septum. 
FIG.  18D  shows  the  best  result  of  the  simulation 

about  integral  detection  efficiencies  in  the  rotary  mo- 
tion  of  the  helical  septum. 

FIG.  18  is  explanatory  views  of  the  results  of  the 
30  simulation  of  FIGs.  11  and  12. 

Description  of  the  Preferred  Embodiments 

Some  embodiments  of  this  invention  will  be  ex- 
35  plained  below  with  reference  to  the  drawings  attached 

hereto. 
FIG.  2  is  a  conceptual  view  of  the  entire  positron 

CT  scanner  according  to  this  invention.  This  positron 
CT  scanner  comprises  a  photon  detecting  unit  100,  a 

40  detected  signal  pre-processing  unit  200,  and  an  im- 
age  restoring  unit  300. 

The  photon  detecting  unit  100  comprises  a  num- 
ber  of  detectors  110  arranged  in  multi-layers  rings  of 
which  the  outer  shape  is  cylindrical;  slice  septa  130 

45  for  restricting  detection  fields  of  the  respective  detec- 
tors  1  1  0  so  as  to  cross  the  central  axis  of  the  cylinder; 
and  means  160  for  driving  the  slice  septa  130  in  a  pis- 
ton  motion  toward  the  central  axis  or  in  a  rotary  motion 
around  the  central  axis. 

so  The  detected  signal  pre-processing  unit  200  com- 
prises  the  same  number  of  discriminators  210  as  the 
detectors  each  for  analyzing  an  amplitude  of  an  elec- 
tric  signal  outputted  by  each  of  the  detectors  110  (i.e., 
energy  of  an  incident  photon)  and  selecting  candi- 

55  dates  of  expected  event;  a  coincidence  circuit  for 
judging  that  only  two  photon  have  generated  in  the  as- 
sociated  layer,  or  two  adjacent  layers,  based  on  the 
input  of  a  signal  of  the  candidate  event  selected  by  the 

4 
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discriminator  210,  and  informing  the  image  restoring 
unit  300  of  the  occurrence  of  the  event;  and  switches 
230  controlled  by  the  coincidence  circuits  220  to  op- 
erate,  and  provided  for  each  of  the  outputs  of  the  dis- 
criminators  210. 

Two  photons  generated  by  a  pair  annihilation  of 
a  positron  and  an  electron  which  has  took  place  in  an 
object-to-be-detected  are  detected  separately  as  one 
individual  photon  by  the  photon  detecting  unit  100. 
These  photons  are  judged  to  have  been  generated  by 
a  pair  annihilation  by  the  detected  signal  pre-process- 
ing  unit  200,  based  on  their  energy  and  coincident 
generation.  The  image  reconstructing  unit  300  com- 
putes  a  position  of  the  pairannihilation,  based  on  data 
of  the  detectors  130  which  have  detected  the  photons 
as  photon  detection  position  information.  The  unit  300 
statistically  computes  and  processes  a  frequency  of 
occurrences  of  pair  annihilations  near  one  position 
and  presumes  a  material  distribution  inside  the  mate- 
rial-to-be-detected,  and  then  restores  this  material 
distribution  as  image  and  displays  the  image  on  an  im- 
age  display  320. 

This  invention  is  characterized  by  the  photon  de- 
tecting  unit  100  of  the  above-described  positron  CT 
scanner,  and  uses  the  conventional  art  as  the  detect- 
ed  signal  pre-processing  unit  200  and  the  image  re- 
storing  unit  300. 

FIG.  3A  and  3B  are  diagrammatic  views  of  the 
positron  CT  scanner  according  to  a  first  embodiment 
of  this  invention.  FIG.  3A  is  a  sectional  view,  and  FIG. 
3B  isa  perspective  view  of  slice  septa  130.  In  FIG.  3A 
and  3B,  an  interval  between  one  of  three  slice  septa 
1  30  and  its  adjacent  one  is  about  4  times  a  size  of  a 
y  ray  detector  110  in  the  direction  of  the  central  axis 
shown  as  X  thereof,  and  the  slice  septa  130!  -  1303 
perform  a  piston-motion  toward  the  central  axis  at  an 
amplitude  corresponding  to  a  size  of  aboutfourdetec- 
tors  110.  In  this  embodiment,  one  y  ray  detector  110 
comprised  of  scintillator  111  and  photomultiplier  112 
provides  one  detection  cell. 

In  this  embodiment,  one  sheet  of  slice  septum 
130x  is  provided  for  4  layers  of  y  ray  detectors  110. 
Even  in  the  case  that  the  y  ray  detector  110  is  minia- 
turized,  the  slice  septa  130  will  not  almostly  lower  the 
numerical  aperture  of  the  detectors.  In  other  words, 
the  slice  septa  130  can  be  made  the  thicker,  and  the 
effect  of  their  shielding  y  ray  can  be  accordingly  re- 
tained.  The  slice  septa  130  are  driven  in  a  piston  mo- 
tion  in  the  direction  of  the  central  axis,  and  the  effect 
of  the  slice  septa  130  shielding  the  oblique  incidence 
of  y  rays,  and  the  detection  efficiency  can  be  uniform 
among  the  respective  y  ray  detectors.  110. 

FIG.  4A  and  4B  are  diagrammatic  views  of  the 
positron  CT  scanner  according  to  a  second  embodi- 
ment  of  this  invention.  In  this  embodiment,  three  slice 
septa  130^  1  303  are  inclined  at  an  angle  9  to  a  central 
axis  so  as  to  perform  a  precession  around  the  central 
axis  shown  as  X.  Equivalently  in  this  arrangement  as 

well,  the  slice  septa  1  30  move  with  respect  to  their  as- 
sociated  y  ray  detectors  11  0  in  the  direction  of  the  cen- 
tral  axis,  and  the  same  effects  can  be  achieved  as  in 
the  first  embodiment.  In  this  embodiment,  one  y  ray 

5  detector  110  does  not  correspond  to  one  detection 
cell.  A  scintillator  111  has  a  plurality  of  sections,  and 
respective  sections  and  respective  elements  of  a  pho- 
tomultiplier  112  provide  a  plurality  of  detection  cells. 
This  photomultiplier  11  2  is  exemplified  by  a  multi-ano- 

10  de  type  photomultiplier. 
FIG.  5A  and  5B  are  diagrammatic  views  of  the 

positron  CT  scanner  according  to  a  third  embodiment 
of  this  invention.  In  this  embodiment,  three  slice  septa 
130!  -  1303  are  parallel  with  one  another  but  are  not 

15  normal  to  a  central  axis,  and  additionally  are  rotatable 
around  the  central  axis  shown  as  X.  In  this  case,  the 
slice  septa  130!  -  1303  can  make  a  piston  motion  at 
an  amplitude  corresponding  to  a  plurality  of  detection 
cells  provided  by  y  ray  detectors  110  relative  to  the  de- 

20  tection  cells.  Accordingly  the  same  effects  as  in  the 
preceding  embodiments  can  be  produced.  One  de- 
tection  cell  may  comprise  one  scintillator  111  and  one 
photomultiplier  as  in  the  first  embodiment,  and  other- 
wise  one  section  of  scintillator  111  and  one  element 

25  (picture  element)  of  a  multi-anode  type  photomultipli- 
er  112  as  in  the  second  embodiment. 

FIG.  6A  and  6B  are  diagrammatic  views  of  the 
positron  CT  scanner  according  to  a  fourth  embodi- 
ment  of  this  invention.  In  this  embodiment,  slice  septa 

30  1  30  are  provided  in  a  helix  and  is  rotatable  around  a 
central  axis.  When  the  slice  septa  130  is  rotated,  they 
move  relative  to  the  respective  detection  cells  in  the 
direction  of  the  central  axis. 

FIG.  7A  and  7B  are  diagrammatic  views  of  the 
35  positron  CT  scanner  according  to  a  seventh  embodi- 

ment  of  this  invention.  In  this  embodiment,  annular 
slice  septa  130  undulate  in  the  direction  of  a  central 
axis.  By  rotating  the  slice  septa  130  around  a  central 
axis,  the  slice  septa  130  are  caused  to  make  a  piston 

40  motion  with  respect  to  respective  detection  cells.  This 
embodiment  is  characterized  in  that  the  slice  septa 
1  30  can  make  a  piston  motion  without  reversing  a  ro- 
tational  direction. 

FIG.  8A  and  8B  are  diagrammatic  views  of  the 
45  positron  CT  scanner  according  to  a  sixth  embodiment 

of  this  invention.  In  this  embodiment,  each  set  of  slice 
septa  is  provided  in  the  form  of  sections  of  an  annular 
plate  130n  -  13013,  13021  -  13023,  13031  -  13033.  Pos- 
itions  of  the  slice  septa  130  in  the  direction  of  a  central 

so  axis  can  be  displaced  by  steps  by  rotating  the  slice 
septa  130.  In  this  embodiment,  the  slice  septa  130  do 
not  continuously  move,  as  they  do  in  the  first  to  the 
fifth  embodiments,  but  the  effects  intended  by  this  in- 
vention  can  be  sufficiently  produced.  Especially  it  can 

55  be  equivalent  to  the  case  that  one  slice  septum  is  pro- 
vided  between  each  of  detection  cells  and  its  adjacent 
one  to  make  an  interval  between  each  of  three  sets 
of  slice  septa  1  30  ̂ -  1  3013,  1  3021  -1  3023,  1  3031  -  1  3033 

5 



g EP  0  521  708  A1 10 

and  its  adjacent  set  correspond  to  three  detector 
cells. 

Next,  means  for  driving  the  slice  septa  will  be  ex- 
plained.  The  drive  mode  of  the  slice  septa  includes 
piston  motions  in  the  direction  of  the  central  axis,  and 
rotary  motions  around  the  central  axis. 

FIG.  9  shows  one  example  of  driving  means  for 
the  piston  motions.  The  slice  septa  130  comprise  a 
plurality  of  annular  plate  members  130!  -  1303,  and  a 
holder  131.  The  holder  1  31  is  mechanically  connected 
to  a  driving  unit  160.  The  driving  unit  160  comprises 
a  driving  motor  161,  a  gear  162,  a  pinion  gear  163, 
and  a  guide  rail  164.  The  driving  motor  161  is  rotated 
to  drive  all  the  slice  septa  1  30  to  make  a  piston  motion 
in  the  direction  of  the  central  axis. 

FIG.  10  shows  one  example  of  means  for  driving 
means  for  the  rotary  motions.  The  slice  septa  130 
comprise  a  plurality  of  annular  plate  members  130!  - 
1303,  and  a  holder  131.  The  holder  is  mechanically 
connected  to  a  driving  unit  160.  The  driving  unit  160 
comprises  a  driving  motor  161,  a  pulley  165,  a  belt 
166  and  a  bearing  gear  167.  The  driving  motor  161  is 
rotated  to  drive  all  the  slice  septa  1  30  to  make  a  rotary 
motion  around  the  central  axis.  This  example  has 
been  explained  in  connection  with  the  drive  of  the  third 
embodiment  described  above,  but  can  drive  the  other 
embodiments  which  make  rotary  motions. 

FIGs.  11  A  to  11C  show  modes  of  the  drive  of  the 
slice  spectra  1  30.  Af  irst  drive  mode  is  a  piston  motion 
and  is  shown  in  FIG.  11A.  A  second  drive  mode  is  a 
sinusoidal  piston  motion  and  is  shown  also  in  FIG. 
11  A.  A  third  drive  mode  is  an  axis  swaying  drive,  i.e., 
a  precession  and  is  shown  in  FIG.  11  B.  A  fourth  drive 
mode  is  a  spiral  rotary  motion  and  is  shown  in  FIG. 
11C.  As  shown  in  FIG.  12A,  the  layer  structure  of  y  ray 
detectors  includes  16  layers  (i=0-15),  and  a  ratio  of  a 
y-ray  detectors  arranging  pitch  vs.  an  interval  be- 
tween  slice  septa  130  is  4  as  shown  in  FIG.  12B. 

The  results  are  shown  in  FIGs.  13A  to  18D.  In 
FIGs.  13Ato  18D,  the  numbers  0  to  15  on  the  horizon- 
tal  axis  indicate  the  numbers  of  the  opposed  groups 
of  y  ray  detectors  114  (refer  to  FIG.  12A).  The  draw- 
ings  (Dif)  on  the  left  side  show  detection  sensitivities 
of  the  respective  opposed  y  ray  detectors,  and  the 
drawings  (Int)  on  the  right  side  show  integrated  values 
of  the  detection  sensitivities  of  the  0-th  to  i-th  detec- 
tors.  In  the  respective  drawings,  the  four  curves  cor- 
respond  to  four  y  ray  detectors  within  one  interval  be- 
tween  slice  septa.  In  the  drawings  showing  the  inte- 
grated  values  on  the  right  side,  cases  in  which  the  four 
curves  better  conform  to  one  another  have  better 
characteristics. 

FIGs.  13A  to  14D  show  in  contrast  cases  of  the 
constant  velocity  piston  motion  as  in  FIG.  11  A  and  of 
no  motion.  FIGs.  13A  and  13B  show  the  case  of  no 
motion  (amplitude:  0  mm),  and  FIGs.  13C  and  13D 
show  the  case  of  the  piston  motion  at  an  amplitude  of 
20  mm.  FIGs.  14Aand  14B  show  the  cases  of  the  pis- 

ton  motion  at  an  amplitude  of  22  mm,  and  FIGs.  14C 
and  14D  show  the  cases  of  the  piston  motion  at  an 
amplitude  of  24  mm.  It  is  seen  that  the  best  charac- 
teristics  can  be  obtained  when  an  amplitude,  and  an 

5  interval  of  the  slice  septa  130  agree  with  each  other. 
FIGs.  15A  to  16D  show  cases  of  the  sinusoidal 

piston  motions  respectively  at  amplitudes  of  16,  18, 
22,  24  mm.  It  is  seen  that  in  these  cases  the  best  char- 
acteristics  can  be  obtained  when  the  slice  septa  130 

10  are  moved  in  the  sinusoidal  piston  motion  at  an  am- 
plitude  corresponding  to  about  75  %  of  an  interval  of 
the  slice  septa  130. 

FIGs.  1  7A  to  1  8D  show  in  contrast  characteristics 
of  the  respective  drive  modes  at  amplitude  conditions 

15  producing  the  best  results. 
From  the  invention  thus  described,  it  will  be  obvi- 

ous  that  the  invention  may  be  varied  in  many  ways. 
Such  variations  are  not  to  be  regarded  as  a  departure 
from  the  spirit  and  scope  of  the  invention,  and  all  such 

20  modifications  as  would  be  obvious  to  one  skilled  in  the 
art  are  intended  to  be  included  within  the  scope  of  the 
following  claims. 

25  Claims 

1  .  A  positron  CT  scanner  comprising: 
a  number  of  detectors  arranged  in  a  multi- 

layer  rings,  which  have  a  predetermined  axis  as 
30  a  central  axis,  an  outer  shape  of  said  rings  being 

cylindrical,  and  each  detector  having  one  or  a 
plurality  of  detecting  cells; 

slice  septa  for  restricting  detection  fields  of 
the  detectors  so  that  the  detection  fields  intersect 

35  the  predetermined  axis  by  an  interval  in  the  direc- 
tion  of  the  predetermined  axis  corresponding  to 
a  plural  number  of  the  detecting  cells;  and 

means  for  driving  the  slice  septa  up  and 
down  along  the  predetermined  axis,  to  cause  the 

40  septa  to  move  relative  to  the  detecting  cells. 

2.  A  positron  CT  scanner  according  to  claim  1, 
wherein  the  slice  septa  comprise  a  plurality  of  an- 
nular  disk  members  of  which  a  central  axis  is 

45  identical  to  the  predetermined  axis,  and  a  holder 
for  retaining  a  relative  positional  relationship  with 
the  members. 

3.  A  positron  CT  scanner  according  to  claim  2, 
so  wherein 

the  driving  means  drives  the  slice  septa  in 
a  piston  motion  in  the  direction  of  the  predeter- 
mined  axis. 

55  4.  A  positron  CT  scanner  according  to  claim  1, 
wherein 

the  slice  septa  comprise  a  plurality  of  an- 
nular  disk  members  of  which  a  central  axis  is  ob- 
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lique  for  the  predetermined  axis,  and  a  holder  for 
retaining  a  relative  positional  relationship  with  the 
detectors. 

5.  A  positron  CT  scanner  according  to  claim  4, 
wherein 

the  driving  means  drives  the  slice  septa  in 
a  rotary  motion  around  the  predetermined  axis. 

9.  A  positron  CT  scanner  according  to  claim  8, 
wherein 

the  driving  means  drives  the  slice  septa  in 
a  rotary  motion  around  the  predetermined  axis. 

a  rotary  motion  around  the  predetermined  axis. 

14.  A  positron  CT  scanner  according  to  claim  1, 
wherein 

5  each  detector  comprises  one  scintillator 
and  one  photodetector,  and  provides  one  detect- 
ing  cell. 

15.  A  positron  ACT  scanner  according  to  claim  1, 
10  wherein 

each  detector  comprises  a  scintillator  div- 
ided  in  a  plurality  of  sections  and  one  photodetec- 
tor,  and  provides  detecting  cells  in  a  number  of 
the  section. 

15 
16.  A  positron  CT  scanner  according  to  claim  15, 

wherein 
the  photodetector  includes  means  for  de- 

termining  incidence  positions. 
20 

17.  A  positron  CT  scanner  according  to  claim  14, 
wherein 

each  detecting  cell  comprises  means  for 
converting  a  detected  incident  photon  into  an 

25  electric  signal  corresponding  to  energy  thereof. 

18.  A  positron  CT  scanner  according  to  claim  15, 
wherein 

each  detecting  cell  comprises  means  for 
30  converting  a  detected  incident  photon  into  an 

electric  signal  corresponding  to  energy  thereof. 

19.  A  positron  CT  scanner  according  to  claim  1,  fur- 
ther  comprising  means  for  processing  output  sig- 

35  nals  of  the  detectors,  and  restoring  a  sectional 
material  distribution  of  a  detected  object. 

20.  A  positron  CT  scanner  comprising  detectors  ar- 
ranged  around  and  along  an  axis  and  disposed  so 

40  as  to  face  said  axis,  and  slice  septa  operable  to 
restrict  the  detection  fields  of  the  detectors  and 
thus  reduce  noise,  characterised  in  that  the  septa 
are  movable  relative  to  the  detectors  so  as  to  ad- 
just  the  detection  fields  in  dependence  on  the  re- 

45  gion  being  scanned. 

10.  A  positron  CT  scanner  according  to  claim  1,  35 
wherein 

the  slice  septa  comprise  a  plurality  of  un- 
dulating  annular  members  in  the  direction  of  the 
predetermined  axis,  and  a  holder  for  retaining  a 
relative  position  relationship  with  the  members.  40 

11.  A  positron  CT  scanner  according  to  claim  10, 
wherein 

the  driving  means  drives  the  slice  septa  in 
a  rotary  motion  around  the  predetermined  axis.  45 

12.  A  positron  CT  scanner  according  to  claim  1, 
wherein 

the  slice  septa  comprise  equiangularly 
divided  section  members  of  annular  disk  mem-  so 
bers,  each  sections  being  offset  with  respect  to 
one  another  in  the  direction  of  the  predetermined 
axis,  and  a  holder  for  retaining  a  relative  position- 
al  relationship  with  the  members. 

55 
13.  A  positron  CT  scanner  according  to  claim  12, 

wherein 
the  driving  means  drives  the  slice  septa  in 

6.  A  positron  CT  scanner  according  to  claim  1,  10 
wherein 

the  slice  septa  comprise  a  plurality  of  an- 
nular  disk  members  each  of  which  center  is  on  the 
predetermined  axis  and  a  central  axis  is  oblique 
for  the  predetermined  axis  with  the  same  angle,  15 
and  a  holder  for  keeping  a  relative  positional  re- 
lationship  with  the  members. 

7.  A  positron  CT  scanner  according  to  claim  6, 
wherein  20 

the  driving  means  drives  the  slice  septa  in 
a  rotary  motion  around  the  predetermined  axis. 

8.  A  positron  CT  scanner  according  to  claim  1, 
wherein  25 

the  slice  septa  comprise  a  single  helical 
plate  member  advancing  in  the  direction  of  the 
predetermined  axis,  and  a  holder  of  the  member. 
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