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(S)  Photomultiplier  assembly  and  gamma  camera  head. 

(57)  A  photomultiplier  assembly  for  use  in  gamma 
cameras,  etc.,  includes  an  array  of  head-on  type 
photomultipliers  (112)  disposed  in  parallel  rela- 
tion  to  one  another.  The  array  of  the  photomul- 
tipliers  has  a  plurality  of  dead  spaces  (138),  in 
which  reflectors  (140)  are  respectively  dis- 
posed.  The  reflector  can  reflect  light,  which  has 
entered  the  corresponding  dead  space,  to  an 
upper  portion  of  a  side  wall  of  the  near  photo- 
multiplier.  A  side  photocathode  surface  (126)  is 
formed  on  an  inside  surface  of  the  upper  por- 
tion  of  the  side  wall  of  the  photomultiplier. 
Therefore,  the  light  which  has  entered  the  dead 
space  is  reflected  by  the  reflector  and  impinges 
on  the  side  photocathode  surface  to  be  conver- 
ted  into  photoelectrons. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  photomultiplier 
assembly  for  use  in  gamma  cameras,  high  sensitivity 
photometering  devices  for  metering  feeble  light,  etc. 

Related  Background  Art 

Recently,  in  the  field  of  nuclear  medicine,  a  diag- 
nostic  method  in  which  radioisotope  is  given  to  a  pa- 
tient  to  measure  a  distribution  image  of  the  radioiso- 
tope  has  been  rapidly  developed.  In  this  diagnostic 
method,  gamma  cameras  for  detecting  gamma  rays 
emitted  from  the  radioisotope  are  generally  used  to 
obtain  distribution  images  of  the  radioisotope. 

Fig.  1  is  a  vertical  sectional  view  schematically 
showing  one  example  of  the  detection  units  of  the 
conventional  generally  used  gamma  cameras,  i.e., 
gamma  camera  heads  as  shown  in  "Journal  of  Japa- 
nese  Association  of  Radiation  Techniques",  March, 
1971,  p.  40.  This  gamma  camera  head  1  includes  a 
box-shaped  lead  shield  or  lead  housing  2  with  one 
side  opened.  In  the  lead  housing  2,  there  is  a  photo- 
multiplier  assembly  3  comprising  a  plurality  of  photo- 
multipliers  4  held  in  a  predetermined  two-dimensional 
array.  Acollimator5  is  disposed  in  the  opening  of  the 
lead  housing  2.  This  collimator  5  comprises  a  lead 
plate  with  a  great  number  of  pores  formed  in  parallel 
therethrough.  Between  the  collimator  5  and  the  pho- 
tomultiplier  assembly  3,  there  are  provided  a  scintil- 
lator  6  of  sodium  iodide  and  a  light  guide  7. 

In  such  a  gamma  camera  head  1  ,  gamma  rays  en- 
tering  in  substantially  parallel  with  the  pores  of  the 
collimator  5  are  incident  on  the  scintillator  6,  and  the 
scintillator  6  emits  light.  As  seen  in  Fig.  2  enlarging  a 
part  of  the  light  guide  7  and  the  photomultiplier  as- 
sembly  3  with  the  scintillator  not  shown,  light  from  the 
scintillator  6  passes  through  the  light  guide  7  and  en- 
ters  the  photocathode  surfaces  of  the  respective  pho- 
tomultipliers  4  arranged  in  a  honeycomb  structure  be- 
hind  the  light  guide  7.  When  the  light  arrives  at  the 
photocathode  surfaces  8,  photoelectrons  are  emit- 
ted,  and  the  photoelectrons  are  multiplied  gradually 
by  groups  of  dynodes  (not  shown)  in  the  photomulti- 
pliers  4  by  the  secondary  electron  emitting  effect.  The 
multiplied  electrons  are  taken  out  as  output  pulse  sig- 
nals  from  an  anode  (not  shown). 

In  this  case,  the  nearest  one  of  the  photomultipli- 
ers  to  incident  positions  of  the  gamma  rays  receives 
a  largest  quantity  of  light,  and  those  of  the  photomul- 
tipliers  which  are  the  remoter  from  the  incident  posi- 
tions  of  the  gamma  rays,  they  receive  the  smaller 
quantities  of  light.  Quantities  of  light  distributed  to  the 
respective  photomultipliers  4  are  proportional  to  solid 
angles  defined  by  light  emitting  points  and  the  photo- 
cathode  surfaces  of  the  respective  photomultipliers  8 

as  to  those  of  the  photomultipliers  near  the  light  emit- 
ting  points.  When  the  respective  photomultipliers  4  re- 
ceive  the  light,  they  output  pulse  signals  with  wave 
crests  proportional  to  their  incident  light  quantities. 

5  Accordingly,  output  signals  of  the  photomultipliers  4 
are  larger  as  the  photomultipliers  4  are  located  nearer 
incident  positions  of  the  gamma  rays,  and  smaller  as 
the  photomultipliers  are  located  remoterfrom  incident 
positions  of  the  gamma  rays. 

10  Accordingly,  large  and  small  signals  from  the  re- 
spective  photomultipliers  disposed  in  a  certain  array 
are  compared  and  computed  by  a  position  computing 
matrix  circuit  9  disposed  in  the  lead  housing  2  so  that 
incident  positions  of  gamma  rays  are  indicated  by  X- 

15  Y  coordinate  signals.  Based  on  these  coordinate  sig- 
nals,  luminescent  points  can  be  generated  at  posi- 
tions  corresponding  to  the  incident  positions  of  gam- 
ma  rays  on  a  screen  of  a  display  device  (not  shown). 
The  luminescent  points  on  the  screen  are  imaged  by 

20  an  optical  camera  to  be  accumulated  on  a  frame  of 
film.  Thus,  a  scintigram  related  to  a  distribution  of  ra- 
dioisotope  in  a  patient's  body  can  be  recorded. 

Such  a  gamma  camera  head  1  is  not  only  for  giv- 
ing  the  two-dimensional  distribution  image  of  radioi- 

25  sotope,  but  also  is  used  in  a  single  photon  emission 
computer  tomography  (SPECT). 

In  the  photomultiplier  assembly  3  of  the  gamma 
camera  head  1  described  above,  in  the  case  that  the 
photocathode  surfaces  8  of  the  respective  photomul- 

30  tipliers  4  are  circular,  as  shown  in  a  transverse  cross 
section  of  the  gamma  camera  head  1  of  Fig.  3,  gaps 
or  dead  spaces  10a,  10b  are  defined  respectively 
among  adjacent  three  photomultipliers,  and  between 
the  inside  surface  of  the  lead  housing  2  and  the  per- 

35  ipheral  photomultipliers.  Light  which  has  entered 
these  dead  spaces  10a,  10b  is  not  used.  Resultant 
problems  are  that  the  condensing  efficiency  is  ac- 
cordingly  lowered,  and  a  resolution  of  the  gamma 
camera  is  lowered. 

40  To  solve  these  problems,  conventionally  as 
shown  in  Figs.  1  and  2,  triangular  pyramidal  cuts  or  re- 
cesses  are  formed  in  a  light  guide  7  at  positions  cor- 
responding  to  the  dead  spaces  10a,  10b,  and  triangu- 
lar  pyramidal  reflectors  11a,  lib  are  placed  in  the  re- 

45  cesses.  In  this  arrangement,  as  shown  in  Fig.  2,  light 
entering  the  respective  dead  spaces  1  0a,  1  0b  reflects 
on  the  surfaces  of  the  reflectors  11a,  11b,  a  part  of 
the  light  enters  the  photocathode  surfaces  8. 

However,  in  the  gamma  camera  head  1  with  the 
so  reflectors  11a,  11b  disposed  in  the  light  guide  7,  as 

seen  in  Fig.  2,  the  peripheral  edges  of  the  photoca- 
thode  surfaces  of  the  photomultipliers  4  partially 
overlap  the  bottoms  of  the  reflectors  11a,  11b.  Ac- 
cordingly,  the  light  entering  from  the  forward  (from 

55  above  as  viewed  in  Fig.  2)  does  not  reach  the  periph- 
eral  portions  of  the  photocathode  surfaces  8.  Aresul- 
tant  problem  is  that  parts  of  the  photocathode  surfac- 
es  cannot  be  efficiently  used.  Further,  in  this  ar- 
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rangement,  a  most  part  of  light  entering  the  dead 
spaces  10a,  10b  is  reflected  forward,  and  only  a  part 
of  the  light  enters  the  photocathode  surfaces  8.  A  re- 
sultant  problem  is  that  use  efficiency  of  light  is  low. 

Also,  a  method  for  eliminating  dead  spaces  by 
means  of  using  photomultipliers  4'  whose  photoca- 
thode  surfaces  8'  are  hexagonal  as  in  Fig.  4,  or  quad- 
rangle  although  not  shown,  is  well  known.  This  meth- 
od  can  eliminate  dead  spaces  among  the  photomul- 
tipliers  4'.  However,  it  costs  more  to  fabricate  hexago- 
nal  or  quadrangle  photomultipliers  4'  than  fabricate 
photomultipliers  4  with  the  circular  photocathode  sur- 
faces  8.  Further,  even  in  the  case  that  hexagonal 
photomultipliers  4'  are  used,  dead  spaces  10'  among 
the  lead  housing  2'  and  the  photomultipliers  4'  cannot 
be  eliminated. 

Japanese  Patent  Laid-Open  Publication  No.  2- 
304316  (304316/1990)  describes  a  high  sensitivity 
photometering  device  including  photomultipliers  com- 
prising  a  cylindrical  transparent  vessel  having  all  the 
circumferential  wall  formed  in  a  photocathode  sur- 
face.  This  device  is  for  efficiently  collecting  light  from 
the  sides  of  the  photomultiplier.  Accordingly,  means 
for  solving  the  problem  of  the  dead  spaces  defined  in 
the  photomultiplier  assembly  is  not  described  and 
taught  in  Japanese  Patent  Laid-Open  Publication  No. 
2-304316. 

SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  provide  a 
photomultiplier  assembly  which  can  use  light  entering 
dead  spaces  defined  in  the  photomultiplier  assembly. 

Another  object  of  the  present  invention  is  to  pro- 
vide  a  photomultiplier  assembly  which  can  facilitate 
assembling  the  photomultiplier  assembly,  and  can  im- 
prove  positioning  precision  of  the  respective  photo- 
multipliers. 

Further,  another  object  of  the  present  invention 
is  to  provide  a  gamma  camera  which  can  detect  gam- 
ma  rays  with  high  sensitivity. 

Accordingly,  the  present  invention  is  directed  to 
a  photomultiplier  assembly  comprising:  (a)  a  two-di- 
mensional  array  of  head-on  type  photomultipliers  dis- 
posed  in  parallel  with  one  another  and  on  the  same 
level,  and  having  dead  spaces  defined  among  the 
photomultipliers,  each  of  the  photomultipliers  includ- 
ing:  (i)  a  transparent  tubular  closed  vessel,  (ii)  a  prin- 
cipal  photocathode  surface  formed  on  an  inside  of  an 
end  plate  on  one  end  of  the  closed  vessel,  (iii)  an  elec- 
tron  multiplying  unit  disposed  in  the  closed  vessel  for 
multiplying  electrons  emitted  from  the  principal  pho- 
tocathode  surface  when  the  principal  photocathode 
surface  receives  light  entering  the  end  plate,  (iv)  a 
convergent  electrode  having  an  opening  for  converg- 
ing  the  electrons  emitted  from  the  principal  photoca- 
thode  surface  and  guiding  the  electrons  to  the  elec- 
tron  multiplying  unit,  the  convergent  electrode  being 

disposed  between  the  principal  photocathode  sur- 
face  and  the  electron  multiplying  unit,  and  (v)  a  side 
photocathode  surface  formed  on  a  substantially  en- 
tire  circumferential  inside  surface  of  a  side  wall  of  the 

5  closed  vessel  in  a  predetermined  region  adjacent  to 
the  principal  photocathode  surface;  and  (b)  reflectors 
disposed  in  the  dead  spaces  respectively,  each  of  the 
reflectors  having  reflecting  surfaces  for  reflecting 
light  which  has  entered  in  the  dead  space  to  the  side 

10  photocathode  surface  of  one  of  the  photomultipliers 
nearest  to  an  incidence  point  of  the  light. 

When  the  closed  vessels  of  the  photomultipliers 
are  substantially  circularcylindrical.outerside  surfac- 
es  of  the  closed  vessels  of  a  pair  of  the  photomultipli- 

15  ers  which  are  adjacent  to  each  other  contact  with 
each  other,  whereby  one  of  the  dead  spaces  is  de- 
fined  by  three  of  the  photomultipliers  which  are  adja- 
cent  to  one  another.  In  this  case,  each  of  the  reflec- 
tors  has  a  substantially  triangular  pyramidal  shape 

20  having  three  inclined  side  surfaces  as  the  reflecting 
surfaces,  and  it  is  disposed  in  one  of  the  dead  spaces 
with  the  reflecting  surfaces  faced  respectively  to  the 
side  photocathode  surfaces  of  the  three  photomulti- 
pliers  defining  the  corresponding  dead  spaces. 

25  Also,  the  present  invention  relates  to  a  gamma 
camera  head  comprising:  (a)  a  lead  housing  having 
an  opening  formed  in  one  side  thereof;  (b)  a  collima- 
tor  disposed  in  the  opening;  (c)  a  scintillator  disposed 
adjacent  to  the  collimator  in  the  lead  housing  for  re- 

30  ceiving  gamma  rays  which  have  passed  through  the 
collimator  and  emitting  light;  (d)  a  two-dimensional  ar- 
ray  of  head-on  type  photomultipliers  disposed  in  par- 
allel  with  one  another  and  on  the  same  level  in  the 
lead  housing,  and  having  dead  spaces  defined 

35  among  the  photomultipliers,  each  of  the  photomulti- 
pliers  including:  (i)  a  transparent  tubular  closed  ves- 
sel,  (ii)  a  principal  photocathode  surface  formed  on 
an  inside  of  an  end  plate  on  one  end  of  the  closed  ves- 
sel,  and  faced  to  the  scintillator,  (iii)  an  electron  mul- 

40  tiplying  unit  disposed  in  the  closed  vessel  for  multiply- 
ing  electrons  emitted  from  the  principal  photocathode 
surface  when  the  principal  photocathode  surface  re- 
ceives  light  entering  the  end  plate,  (iv)  a  convergent 
electrode  having  an  opening  for  converging  the  elec- 

45  trons  emitted  from  the  principal  photocathode  sur- 
face  and  guiding  the  electrons  to  the  electron  multi- 
plying  unit,  the  convergent  electrode  being  disposed 
between  the  principal  photocathode  surface  and  the 
electron  multiplying  unit,  and  (v)  a  side  photocathode 

so  surface  formed  on  a  substantially  entire  circumferen- 
tial  inside  surface  of  a  side  wall  of  the  closed  vessel 
in  a  predetermined  region  adjacent  to  the  principal 
photocathode  surface;  (e)  a  light  guide  disposed  be- 
tween  the  photomultipliers  and  the  scintillator  in  the 

55  lead  housing  for  guiding  light  generated  in  the  scintil- 
lator  to  the  photomultipliers;  and  (f)  reflectors  dis- 
posed  in  the  dead  spaces  respectively,  each  of  the  re- 
flectors  having  reflecting  surfaces  for  reflecting  light 
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which  has  entered  in  the  dead  space  to  the  side  pho- 
tocathode  surface  of  one  of  the  photomultipliers  near- 
est  to  an  incidence  point  of  the  light. 

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  the  course  of  the  following  detailed  description, 
reference  will  be  made  to  the  attached  drawings  in 
which: 

Fig.  1  is  a  vertical  sectional  view  schematically 
showing  the  structure  of  a  conventional  gamma  cam- 
era  head. 

Fig.  2  is  an  enlarged  sectional  view  schematically 
showing  a  part  of  the  gamma  camera  head  of  Fig.  1  . 

Fig.  3  is  a  partial  transverse  sectional  view  of  the 
conventional  gamma  camera  head,  showing  a  photo- 
multiplier  assembly  including  photomultipliers  with 
circular  photocathode  surfaces. 

Fig.  4  is  a  partial  transverse  sectional  view  of  the 
conventional  gamma  camera  head,  showing  a  photo- 
multiplier  assembly  including  photomultipliers  with 
hexagonal  photocathode  surfaces. 

Fig.  5  is  a  vertical  sectional  view,  along  the  line 
V-V  in  Fig.  6,  of  the  gamma  camera  head  including 
the  photomultiplierassembly  according  to  the  present 
invention. 

Fig.  6  is  a  transverse  sectional  view  of  the  gamma 
camera  head  along  the  line  VI-VI  in  Fig.  5. 

Fig.  7  is  an  enlarged  sectional  view,  along  the  line 
VII-VII  in  Fig.  6,  of  a  part  of  the  gamma  camera  head 
of  Fig.  5. 

Fig.  8  is  a  perspective  view  of  one  example  of  a 
reflector  disposed  in  each  of  dead  spaces  defined 
among  photomultipliers  of  the  photomultiplierassem- 
bly. 

Fig.  9  is  a  perspective  view  of  one  example  of  a 
reflector  disposed  in  each  of  dead  spaces  at  the  cor- 
ners  of  the  photomultiplier  assembly. 

Fig.  1  0  is  a  perspective  view  of  one  example  of  a 
reflector  disposed  in  each  of  dead  spaces  at  the  per- 
ipheral  portion  of  the  photomultiplier  assembly. 

Fig.  11  is  another  example  of  a  reflector  disposed 
in  each  of  dead  spaces  defined  among  photomultipli- 
ers. 

Fig.  12  is  a  transverse  sectional  view  of  a  part  of 
the  photomultiplier  assembly,  along  the  line  XIII-XIII 
in  Fig.  13,  in  a  state  in  which  reflectors  of  Fig.  11  are 
disposed  in  dead  spaces  among  the  photomultipliers, 
respectively. 

Fig.  13  is  a  sectional  view  along  the  line  XIII-XIII 
of  Fig.  12. 

Fig.  14  is  a  exploded  perspective  view  of  another 
example  of  a  reflector  disposed  in  each  of  dead 

spaces  defined  among  the  photomultipliers. 
Fig.  1  5  is  a  transverse  sectional  view  of  the  gam- 

ma  camera  head  including  the  photomultiplierassem- 
bly  having  hexagonally  arranged  photomultipliers. 

5  Fig.  1  6  is  a  transverse  sectional  view  of  a  part  of 
the  gamma  camera  head  including  a  photomultiplier 
assembly  having  photomultipliers  with  hexagonal 
photocathode  surfaces. 

Fig.  17  is  a  perspective  view  of  one  example  of  a 
10  reflector  disposed  in  each  of  dead  spaces  formed  in 

the  photomultiplier  assembly  of  Fig.  16. 
Fig.  18  is  a  perspective  view  of  one  example  of  a 

reflector  disposed  in  each  of  dead  spaces  formed  in 
the  photomultiplierassembly  of  Fig.  16,  which  are  dif- 

15  ferent  from  the  above-mentioned  dead  spaces. 
Fig.  19  is  a  perspective  view  of  one  example  of  a 

reflector  disposed  in  each  of  dead  spaces  formed  in 
the  photomultiplierassembly  of  Fig.  16,  which  are  dif- 
ferent  from  the  above-mentioned  dead  spaces. 

20 
DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Preferred  embodiments  of  the  present  invention 
25  will  be  explained  in  good  detail  with  reference  to  the 

drawings  attached  hereto.  In  the  following  descrip- 
tion,  like  reference  characters  designate  like  or  corre- 
sponding  parts  throughout  the  several  views.  Also  in 
the  following  description,  it  is  to  be  understood  that 

30  such  terms  as  "forward",  "rearward",  "upwardly", 
"downwardly",  and  the  like,  are  words  of  convenience 
and  are  not  to  be  construed  as  limiting  terms. 

Referring  now  to  the  drawings,  and  particularly, 
to  Fig.  5,  there  is  shown  a  constructional  view  of  a 

35  gamma  camera  for  giving  a  distribution  image  of  ra- 
dioisotope  supplied  into  a  body,  especially  a  detection 
unit  of  the  gamma  camera  or  a  gamma  camera  head 
according  to  the  present  invention,  being  generally 
designated  by  the  numeral  100.  The  gamma  camera 

40  head  100  basically  includes  a  one-side  opened  box- 
type  lead  shield  or  lead  housing  102.  In  the  opened 
side,  there  is  provided  a  collimator,  preferably  a  multi- 
hole  collimator  104.  In  this  embodiment,  the  multi-ho- 
le  collimator  104  has  a  great  number  of  small  holes 

45  formed  in  a  lead  plate  in  parallel  relation  to  one  an- 
other. 

On  the  side  of  the  back  of  the  collimator  104  (un- 
derside  of  the  collimator  104  in  Fig.  5),  there  is  pro- 
vided  a  plate-type  scintillator  of,  e.g.,  sodium  iodide 

so  (Nal).  This  scintillator  106  is  held  in  the  lead  housing 
102  in  parallel  relation  to  the  collimator  104  in  such  a 
manner  as  to  cover  the  entire  collimator  104.  Further- 
more,  on  the  side  of  the  back  of  the  scintillator  106, 
there  is  provided  a  transparent  and  plate-shaped  light 

55  guide  108  of  e.g.,  acrylic  resin  or  others.  The  light 
guide  108  is  bonded  to  the  scintillator  106  by  trans- 
parent  silicone  grease  or  other  suitable  adhesives. 

A  photomultiplier  assembly  110  according  to  this 

4 



7 EP  0  589  671  A1 8 

invention  which  will  be  described  later  in  detail  is  pro- 
vided  in  the  lead  housing  102  on  the  side  of  the  back 
of  the  light  guide  108.  The  photomultiplier  assembly 
110  comprises  a  plurality  of  photomultipliers  112  lat- 
erally  disposed  in  an  organized  array  (see  Fig.  6). 

Output  signals  from  the  respective  photomultipli- 
ers  112  are  supplied  to  a  position  computing  matrix 
circuit  114  to  compute  gamma  ray  emitting  positions. 
In  this  embodiment,  the  position  computing  matrix  cir- 
cuit  114  is  provided  outside  the  lead  housing  102,  but 
may  be  provided  inside  the  position  computing  matrix 
circuit  114.  An  output  signal  from  the  position  comput- 
ing  matrix  circuit  114  is  supplied  to  a  display  device, 
such  as  an  X-Y  oscilloscope,  or  others,  and  lumines- 
cent  points  are  formed  at  positions  on  the  screen  cor- 
responding  to  the  gamma  ray  emitting  points.  It  is  pre- 
ferred  that  the  display  device  116  can  synthesize  lu- 
minescent  points  generated  in  a  certain  period  to  dis- 
play  a  distribution  image  on  the  screen.  The  basic 
structure  of  such  gamma  camera  is  conventionally 
known. 

Then,  the  photomultiplier  assembly  110  accord- 
ing  to  the  present  invention  will  be  explained  in  further 
detail  with  reference  to  Figs.  5  to  7.  The  photomulti- 
plier  assembly  110  includes  a  plurality  of  head-on  or 
end-on  photomultipliers  112.  The  photomultipliers  112 
have  the  same  configuration,  and  each  of  the  photo- 
multipliers  includes  a  transparent  closed  vessel  of  a 
substantially  cylindrical  shape,  concretely  a  transpar- 
ent  glass  bulb  118  having  both  ends  closed.  As  seen 
in  Fig.  7,  this  glass  bulb  118  has  a  larger  diameter  at 
the  head  portion  or  the  upper  portion  thereof  than  the 
lower  portion  thereof.  The  upper  end  plate  of  the 
glass  bulb  118  is  circular  and  functions  as  a  light  en- 
tering  window  120.  A  photo  cathode  surface  122 
(hereinafter  called  "principal  photocathode  surface") 
is  formed  on  the  inside  surface  of  the  light  entering 
window  120. 

The  photocathode  surface  is  a  film  of  photoemit- 
ter,  which  is  made  of  antimony  (Sb)  and  an  alkali  metal 
(e.g.,  cesium  (Cs),  potassium  (K),  rubidium  (Rb)  or 
others),  or  made  of  tellurium  (Te)  and  an  alkali  metal. 
The  photoemitterfilm  is  deposited  over  the  entire  in- 
side  surface  of  the  glass  bulb  118.  Also,  on  the  entire 
inside  surface  of  the  side  wall  of  the  glass  bulb  118, 
there  is  formed  a  ring-shaped  aluminum  vapor-de- 
posited  film  124  for  maintaining  a  potential  of  the  pho- 
tocathode  surface.  This  aluminum  deposited  film  124 
defines  a  part  which  functions  as  the  photocathode 
surface.  As  seen  in  Fig.  7,  according  to  the  present  in- 
vention,  the  upper  end  of  the  aluminum  deposited  film 
124  is  in  a  position  which  is  below  the  light  entering 
window  120  by  a  set  distance.  Accordingly,  the  per- 
ipheral  portion  of  the  principal  photocathode  surface 
is  extended  downward  along  the  inside  surface  of  the 
side  wall  of  the  glass  bulb  118.  The  extended  portion 
provides  a  side  photocathode  surface  126.  In  Fig.  7, 
the  part  of  the  photoemitterfilm  which  does  not  func- 

tion  as  the  photocathode  surfaces  122,  126  are  omit- 
ted. 

A  convergent  electrode  128  is  disposed  inside 
the  glass  bulb  118  and  at  a  position  where  it  is  op- 

5  posed  to  the  light  entering  window  120.  The  conver- 
gent  electrode  128  has  an  opening  130,  toward  which 
photoelectrons  from  the  principal  photocathode  sur- 
face  122  and  the  side  photocathode  surface  126  are 
converged  and  through  which  the  photoelectrons  are 

10  led  to  an  electron  multiplying  unit  132. 
There  are  various  types  of  electron  multiplying 

unit  132  which  can  be  employed  herein.  In  this  em- 
bodiment,  a  plurality  of  stages  of  box-and-grid  type 
dynodes  134a  -  134g  are  used.  The  photoelectrons 

15  are  successively  multiplied  by  the  electron  multiplying 
unit  132  by  secondary  electron  emission  effect  to  be 
taken  out  from  an  anode  136  as  pulse  signals. 

As  shown  in  Fig.  6,  a  plurality  of  such  photoelec- 
tron  multipliers  112  are  arranged  two-dimensionally 

20  in  a  closest  state  to  constitute  the  photomultiplier  as- 
sembly  110.  More  specifically,  the  photomultipliers 
112  are  arranged  such  that  their  longitudinal  axes  are 
parallel  to  one  another.  Further,  the  photomultipliers 
112  are  arranged  in  a  hexagon  array  or  in  a  honey- 

25  comb  array  with  the  outside  surfaces  of  the  side  walls 
of  the  glass  bulbs  118  of  adjacent  ones  of  the  photo- 
multipliers  contacting  with  each  other.  The  outside 
surfaces  (the  upper  surface  in  Figs.  5  and  7)  of  the 
light  entering  windows  120  of  the  respective  photo- 

30  multipliers  112  are  positioned  in  the  same  plane.  The 
upper  surfaces  of  the  light  entering  windows  120  are 
bonded  to  the  underside  of  the  light  guide  108  by 
transparent  grease  or  a  suitable  adhesive.  The  inside 
surface  of  the  side  wall  of  the  lead  housing  102  en- 

35  closes  the  photomultiplier  assembly  110  in  contact 
with  the  outside  surfaces  of  the  side  walls  of  the 
glass  bulbs  118  of  those  of  the  photomultipliers  112 
located  at  the  outer  peripheral  portion. 

As  shown  in  Fig.  6,  such  a  photomultiplier  assem- 
40  bly  1  1  0  has  gaps  or  dead  spaces  1  38  defined  among 

the  photomultipliers  112.  Reflectors  140  are  provided 
in  respective  dead  spaces  138.  As  shown  in  Fig.  8, 
each  reflector  140  has  a  substantially  triangular  pyr- 
amidal  shape  having  a  base  surface  140a  and  three 

45  inclined  side  surfaces  140b,  140c,  140d.  These  in- 
clined  surfaces  140b,  140c,  140d  have  the  same  con- 
figuration  and  the  same  inclined  angle  to  the  base 
surface  140a.  A  reflector  140  is  positioned  in  a  dead 
space  1  38  with  the  base  surface  140a  located  at  sub- 

50  stantially  the  same  height  as  a  boundary  between  the 
aluminum  deposited  film  124  and  the  side  photoca- 
thode  surface  126  and  with  the  summit  located  at 
substantially  the  same  height  as  the  upper  surfaces 
of  the  light  entering  windows  120  of  the  photomultipli- 

55  ers  112.  Accordingly,  the  reflectors  140  do  not  inter- 
fere  with  the  light  guide  108,  and  it  is  not  necessary 
to  provide  cuts  or  recesses  in  the  light  guide  108.  The 
three  inclined  side  surfaces  140b,  140c,  140d  of  each 

5 
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reflector  140  function  as  reflecting  surfaces,  and 
each  reflecting  surface  is  faced  to  the  corresponding 
one  of  three  of  the  photomultipliers  which  define  the 
associated  dead  space  138.  The  respective  base 
edges  of  each  reflector  140  are  curved  so  as  to  fit  the 
side  surface  of  the  glass  bulbs  118  of  the  associated 
photomultipliers  without  any  gaps  therebetween. 
Also,  it  is  preferable  that  the  edge  portion  of  the  base 
surface  140a  of  each  reflector  140  is  supported  by  a 
support  member  142  disposed  in  the  lower  portion  of 
the  associated  dead  space  138. 

The  triangular  pyramidal  reflectors  140  are  dis- 
posed  in  the  respective  dead  spaces  138,  so  that  light 
incident  in  the  dead  spaces  138  through  the  light 
guide  108  from  the  scintillator  106  are  reflected  on 
the  reflecting  surfaces  140b,  140c,  140d,  and  most  of 
the  reflected  light  enters  the  side  photocathode  sur- 
face  126  of  the  photomultiplier  112.  Also,  the  reflec- 
tors  140  are  disposed  in  the  dead  spaces  138,  where- 
by  the  reflectors  140  function  as  spacers  or  assem- 
bling  jibs  in  assembling  the  photomultiplier  assembly 
110,  and  the  photomultiplier  assembly  110  can  be 
easily  fabricated.  Accordingly,  the  reflectors  140  con- 
tribute  to  the  improvement  of  positioning  precision  of 
the  photomultipliers  112,  and  the  improvement  of 
characteristics  of  the  photomultiplierassembly  110  as 
a  whole. 

It  will  be  noted  that  the  reflecting  surfaces  140b, 
140c,  140d  of  each  reflector  140  need  not  be  always 
flat.  It  is  preferable  that  vertical  sections  of  the  reflect- 
ing  surfaces  140b,  140c,  140d  are  so  curved  that  re- 
flected  light  on  the  reflecting  surfaces  140b,  140c, 
140d  efficiently  enter  the  side  photocathode  surface 
126  of  photomultipliers  112  adjacent  to  the  reflecting 
surfaces  140b,  140c,  140d.  Similarly,  it  is  preferable 
that  the  reflecting  surfaces  140b,  140c,  140d  have 
suitably  curved  horizontal  section,  i.e.,  in  a  direction 
normal  to  a  direction  of  height  so  that  reflected  light 
on  the  three  reflecting  surfaces  140b,  140c,  140d  ef- 
ficiently  enter  the  side  photocathode  surfaces  126  of 
those  of  the  photomultipliers  adjacent  to  the  reflect- 
ing  surfaces  140b,  140c,  140d. 

In  detecting  a  distribution  image  of  radioisotope 
given  to  a  patient  by  the  above-mentioned  gamma 
camera  head  100,  the  collimator  102  of  the  gamma 
camera  head  100  is  directed  to  a  required  area  of  the 
patient.  Only  those  of  gamma  rays  emitted  from  the 
radioisotope  which  propagate  in  parallel  relation  to 
the  holes  in  the  collimator  1  02  pass  through  the  holes 
of  the  collimator  1  02.  When  the  gamma  rays  arrive  at 
the  scintillator  1  04,  light  is  generated  in  the  scintillator 
104,  and  the  light  passes  the  light  guide  108  to  ad- 
vance  to  the  photomultiplier  assembly  110. 

When  light  is  incident  on  the  principal  photoca- 
thode  surface  122  of  the  photomultiplier  112  (see  the 
arrow  l̂   in  Fig.  7),  photoelectrons  are  emitted  from 
the  principal  photocathode  surface  122.  The  photo- 
electrons  are  led  to  the  electron  multiplying  unit  132 

by  the  convergent  electrode  128.  In  the  electron  mul- 
tiplying  unit  132  the  photoelectrons  are  successively 
multiplied  by  secondary  electron  emitting  effect  and 
are  captured  by  the  anode  136,  all  in  a  well-known 

5  manner. 
On  the  other  hand,  when  light  enters  the  dead 

spaces  138  among  the  photomultipliers  112,  the  light 
is  reflected  on  the  reflecting  surfaces  140b,  140c, 
140d  of  the  reflectors  140  and  enters  the  side  photo- 

10  cathode  surfaces  126  of  the  photomultipliers  112 
(see  the  arrow  L2  in  Fig.  7).  As  a  result,  photoelec- 
trons  are  emitted  from  the  side  photocathode  surfac- 
es  126,  the  photoelectrons  are  led  to  the  electron  mul- 
tiplying  unit  132  by  the  convergent  electrode  128  and 

15  are  finally  captured  by  the  anode  1  36. 
Further,  when  light  enters  the  peripheral  portion 

of  the  light  entering  window  120  of  the  photomultiplier 
112  obliquely  and  outwardly  as  indicated  by  the  arrow 
L3  in  Fig.  7,  the  light  advances  in  the  side  wall  of  the 

20  glass  bulb  118,  and  a  part  of  the  light  is  reflected  on 
the  outside  surface  of  the  side  wall,  the  remaining 
part  of  the  light  advancing  from  the  side  wall  into  the 
dead  space  1  38.  The  light  which  has  entered  the  dead 
space  138  is  reflected  on  the  reflector  140  to  enter 

25  the  side  photocathode  surface  126.  In  the  conven- 
tional  structure  as  shown  in  Fig.  1  ,  the  light  propagat- 
ing  toward  the  peripheral  portion  of  the  light  entering 
window  is  blocked  by  the  reflector  1  1  ,  and  is  not  used. 

Thus,  most  of  light  entering  from  forward  of  the 
30  photomultiplierassembly  112  is  converted  into  photo- 

electrons,  and  use  efficiency  of  the  entering  light  is 
accordingly  improved. 

Pulse  signals  taken  out  from  the  anode  136  of  the 
respective  photomultipliers  112  are  supplied  to  the 

35  position  computing  matrix  circuit  114  in  the  known 
manner,  and  positions  of  gamma  ray  emitting  points 
are  detected.  Furthermore,  detection  results  of  the 
position  computing  matrix  circuit  114  are  inputted  to 
the  display  device  116,  and  a  distribution  image  of  the 

40  radioisotope  is  displaced  on  the  display  device  116. 
Referring  again  to  Fig.  6,  dead  spaces  114,  146 

are  defined  between  the  photomultiplier  assembly 
110  and  the  lead  housing  102.  To  improve  use  effi- 
ciency  of  the  incident  light  still  more,  it  is  preferred  to 

45  dispose  suitable  reflectors  also  in  these  dead  spaces 
144,  146.  Reflectors  148  of  Fig.  9  are  disposed  in  the 
dead  spaces  144  at  the  corner  portions.  Each  reflec- 
tor  148  has  a  substantially  triangular  pyramidal  shape 
including  a  base  surface  148a,  two  side  surfaces 

so  148b,  148c  which  are  normal  to  the  base  surface 
148a  and  normal  to  each  other,  and  an  inclined  sur- 
face  148d.  The  inclined  side  surface  148d  serves  as 
a  reflecting  surface.  Each  reflector  148  is  positioned 
with  the  side  surfaces  148b,  148c  contacting  the  in- 

55  side  surface  of  the  lead  housing  102,  and  the  inclined 
surface  148d  is  faced  to  one  of  the  photomultipliers 
112  at  a  corner.  Preferably,  the  reflectors  150  dis- 
posed  in  the  dead  spaces  146  defined  with  respect 

6 
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to  the  inside  surface  of  the  side  wall  of  the  lead  hous- 
ing  102  have  the  configuration  as  shown  in  Fig.  10. 
Each  of  these  reflectors  150  has  a  base  surface 
1  50a,  one  side  surface  1  50b  to  be  contacted  with  the 
inside  surface  of  the  lead  housing  102,  and  two  in- 
clined  surfaces  150c,  150d.  Each  inclined  surface 
1  50c,  1  50d  serves  as  reflecting  surface  for  reflecting 
light  to  one  of  the  photomultipliers  112  adjacent  to  it. 

In  the  above-mentioned  embodiment,  the  shape 
of  the  reflectors  disposed  in  the  photomultiplier  as- 
sembly  is  substantially  triangular  pyramidal.  How- 
ever,  it  is  not  necessary  that  the  shape  of  the  reflector 
is  triangular  pyramidal  as  long  as  the  reflector  can  re- 
flect  light  to  one  of  the  photomultipliers  nearest  to  a 
light  incident  point.  For  example,  as  shown  in  Fig.  11, 
a  substantially  triangular  prismatic  reflector  which  has 
a  predetermined  length  may  be  used.  As  shown  in 
Figs.  12  and  13,  reflectors  160  of  Fig.  11  are  disposed 
in  the  dead  spaces  138  among  photomultipliers  112. 
The  main  body  162  of  each  reflector  160  is  made  of 
a  transparent  material.  Three  side  surfaces  162a, 
162b,  162c  of  the  reflector  main  body  162  are  formed 
in  concave  surfaces  in  the  form  of  cylindrical  surface. 
The  side  surfaces  162a,  162b,  162c  contact  the  side 
surfaces  of  their  corresponding  photomultipliers  112, 
respectively,  without  any  gap.  The  upper  surface 
162d  of  the  reflector  main  body  162  is  plane,  and  is 
located  in  the  same  plane  as  the  upper  surfaces  of 
the  light  entering  windows  120  of  the  photomultipliers 
112  when  the  reflector  main  body  162  is  set  in  a  pre- 
determined  position.  The  bottom  surface  162e  of  the 
reflector  body  162  is  a  concave  surface  in  the  shape 
of  a  substantially  triangular  pyramid.  A  reflecting  ma- 
terial  is  applied  on  the  concave  bottom  surface  so 
that  the  side  of  the  bottom  surface  162e  faced  to  the 
reflector  main  body  162  acts  as  the  reflecting  sur- 
face.  Accordingly,  when  light  enters  the  uppersurface 
1  62d  of  the  reflector  main  body  1  62  and  travels  down- 
wardly  along  the  axis  of  the  main  body  162,  the  light 
is  laterally  reflected  by  the  reflecting  surface  162e 
(see  the  arrow  L4  in  Fig.  13). 

Also,  thin  reflecting  plates  164  having  both  sur- 
faces  formed  in  reflecting  surfaces  are  buried  in  the 
reflector  body  162  respectively  at  positions  of  planes 
defined  by  the  central  axis  and  the  respective  side 
edges. 

When  such  triangular  prismatic  reflectors  160  are 
disposed  in  the  dead  spaces  138  among  the  photo- 
multipliers  112,  light  entering  the  dead  spaces  138  is 
reflected  on  the  reflecting  plates  164  orthe  bottom  re- 
flecting  surfaces  162e  and  enters  the  side  photoca- 
thode  surfaces  126  of  the  corresponding  photomulti- 
pliers  112.  In  the  case  that  the  reflectors  140  of  Fig. 
8  are  used,  light  entering  the  dead  spaces  138  obli- 
quely  is  not  reflected  by  the  reflectors  140  and  pass- 
es  by  the  reflectors  140.  But  in  the  case  that  the  sub- 
stantially  triangular  cylindrical  reflectors  160  are 
used,  all  of  light  which  has  entered  the  dead  spaces 

1  38  can  be  reflected,  with  a  result  that  use  efficiency 
of  light  can  be  improved  (see  the  arrow  L5  in  Fig.  13). 
Further,  as  the  substantially  triangular  cylindrical  re- 
flectors  160  contact  the  photomultipliers  112  at  larger 

5  areas,  they  can  be  easily  disposed  in  the  dead 
spaces  138.  In  addition,  in  the  case  that  the  upper 
surfaces  162d  of  the  reflectors  160  are  positioned  in 
the  same  plane  as  the  light  entering  windows  120  of 
the  photomultipliers  112,  the  reflectors  160  can  be 

10  bonded  to  the  light  guide  108  by,  e.g.,  grease.  There- 
fore,  the  support  members  142  in  Figs.  5  and  7  are 
not  necessary.  Also,  the  reflectors  160  is  superior  to 
the  triangular  pyramidal  reflectors  140  in  the  function 
as  spacers  in  assembling  the  photomultiplier  assem- 

15  bly  110. 
Each  of  the  above-mentioned  reflectors  160  is 

molded  in  one-piece,  but  instead  three  reflector  parts 
172  in  Fig.  14  may  be  assembled  in  a  reflector  170. 
This  reflector  170  also  produces  the  same  effect  as 

20  the  reflector  160.  Each  reflector  part  1  72  has  a  shape 
identical  to  a  part  of  a  reflector  160  divided  along 
planes  defined  by  the  central  axis  and  the  respective 
side  edges.  And,  a  reflecting  material  is  coated  over 
two  plane  side  surfaces  1  72a,  1  72b  and  a  bottom  sur- 

25  face  1  72c.  Thus,  structures  and  shapes  of  the  reflec- 
tors  are  not  limited  to  those  of  the  above-mentioned 
embodiments. 

It  will  be  appreciated  that  various  changes  may 
be  made  in  the  arrangement  of  photomultiplier  as- 

30  sembly.  For  example,  a  hexagonal  arrangement  of 
the  photomultiplier  assembly  110'  of  Fig.  15  can  be 
used.  In  this  case,  a  housing  102'  of  a  gamma  camera 
head  100'  has  an  interior  space  of  hexagonal  horizon- 
tal  or  lateral  cross-section.  As  a  matter  of  course  to 

35  those  skilled  in  the  art,  shapes  of  reflectors  which  are 
disposed  in  dead  spaces  148'  at  the  corners  are  var- 
ied  suitably  in  accordance  with  shapes  of  the  dead 
spaces  148'.  The  other  structure  of  the  hexagonal 
gamma  camera  head  100'  is  the  same  as  the  gamma 

40  camera  head  100  in  Figs.  5  to  7. 
Fig.  16  shows  a  part  of  the  photomultiplier  as- 

sembly,  generally  designated  210,  comprising  photo- 
multipliers  having  hexagonal  photocathode  surfaces, 
i.e.,  hexagonal  heads.  In  the  photomultiplier  assem- 

45  bly  210  of  Fig.  16,  photomultipliers  212  having  sub- 
stantially  regular  hexagonal  photocathode  surfaces 
222,  and  photomultipliers  213  having  irregular  hexa- 
gonal  photocathode  surfaces  223  so  that  dead 
spaces  are  minimized  when  the  assembly  210  is 

so  housed  in  a  lead  housing  202  of  a  gamma  camera 
head  200,  an  interior  space  of  which  is  rectangular  in 
horizontal  section.  In  such  photomultiplier  assembly 
210,  no  dead  spaces  are  formed  among  the  photo- 
multipliers  212,  213.  But  even  by  the  use  of  such  pho- 

55  tomultipliers  212,  213,  dead  spaces  244,  245,  246  are 
formed  between  the  photomultiplier  assembly  210 
and  the  inside  surface  of  the  housing  202.  To  use  light 
entering  these  dead  spaces  244,  245,  246,  according 

7 
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to  the  present  invention,  reflectors  248,  249,  250  are 
disposed  in  respective  dead  spaces  244,  245,  246, 
and  side  photocathode  surfaces  226,  227  extended 
downward  from  the  edges  of  hexagonal  principal  pho- 
tocathode  surfaces  222,  223  are  formed  in  the  re- 
spective  photomultipliers  212,  213  as  in  the  photo- 
multipliers  112  having  the  circular  photocathode  sur- 
faces  122  of  Fig.  7. 

In  the  arrangement  of  Fig.  16,  three  kinds  of  dead 
spaces  244,  245,  246  having  different  sizes  are 
formed.  Triangular  pyramidal  reflectors  of  Fig.  1  7  can 
be  disposed  in  the  dead  spaces  244  defined  by  the 
photomultipliers  213  having  irregular  hexagonal  pho- 
tocathode  surfaces  223,  photomultipliers  212  having 
regular  hexagonal  photocathode  surfaces  222,  and 
the  inside  surface  of  a  housing  202.  Each  of  the  re- 
flectors  248  has  a  side  surface  248b  normal  to  a  base 
surface  248a,  and  two  inclined  surfaces  248c,  248d. 
The  inclined  surfaces  248c,  248d  are  reflecting  sur- 
faces.  When  a  reflector  248  is  set  in  position  in  the  as- 
sociated  dead  space  244,  the  side  surface  248c  con- 
tacts  the  inside  surface  of  the  housing  202,  and  the 
reflecting  surfaces  248c,  248d  can  reflect  light  enter- 
ing  the  dead  space  244  to  the  corresponding  photo- 
multipliers  212,  213.  The  reflected  light  enters  the 
side  photocathode  surfaces  226,  227  of  the  photo- 
multipliers  212,  213  to  be  converted  into  photoelec- 
trons. 

Reflectors  249  of  Fig.  1  8  are  disposed  in  the  dead 
spaces  245  at  the  corners.  Each  of  the  reflectors  249 
has  two  side  surfaces  249b,  249c  which  are  normal 
to  a  base  surface  249a  and  normal  to  each  other,  and 
one  inclined  surface  249d.  The  inclined  surface  249d 
is  a  reflecting  surface  for  reflecting  light  to  the  corre- 
sponding  photomultiplier  212  at  a  corner. 

Reflectors  250  of  Fig.  19  are  disposed  in  dead 
spaces  246  defined  between  two  photomultipliers 
212  having  regular  hexagonal  photocathode  surfaces 
222,  and  the  inside  surface  of  the  housing  202.  Each 
of  the  reflectors  250  has  a  side  surface  250b  normal 
to  a  base  surface  250a,  and  two  inclined  surfaces 
250c,  250d,  and  the  inclined  surfaces  250c,  250d  are 
reflecting  surfaces. 

The  reflecting  surfaces  of  the  reflectors  248,  249, 
250  of  Figs.  17  and  18  are  plane.  But  the  reflecting 
surfaces  may  be  suitably  curved  so  as  to  reflect  inci- 
dent  light  to  the  side  photocathode  surfaces  226,  227 
of  the  photomultipliers  212,  213.  Shapes  of  the  re- 
flecting  surfaces  are  not  essentially  triangular  pyrami- 
dal,  and  although  notshown,  may  have  other  shapes, 
such  as  triangular  prism. 

The  above-mentioned  embodiments  relate  to  a 
gamma  camera  head,  but  the  photomultiplier  assem- 
bly  according  to  the  present  invention  is  applicable  to 
other  devices,  such  as  high  sensitivity  photometering 
devices  for  metering  a  position  of  feeble  light. 

It  is  thought  that  the  present  invention  and  many 
of  its  attendant  advantages  will  be  understood  from 

the  foregoing  description  and  it  will  be  apparent  that 
various  changes  may  be  made  in  the  form,  construc- 
tion  and  arrangement  thereof  without  departing  from 
the  spirit  and  scope  of  the  invention  or  sacrificing  all 

5  of  its  material  advantages,  the  form  hereinbefore  de- 
scribed  being  merely  a  preferred  or  exemplary  em- 
bodiment  thereof. 

10  Claims 

1.  A  photomultiplier  assembly  comprising: 
(a)  a  two-dimensional  array  of  head-on  type 
photomultipliers  disposed  in  parallel  with  one 

15  another  and  on  the  same  level,  and  having 
dead  spaces  defined  among  said  photomulti- 
pliers, 

each  of  said  photomultipliers  including: 
(i)  a  transparent  tubular  closed  vessel, 

20  (ii)  a  principal  photocathode  surface 
formed  on  an  inside  of  an  end  plate  on  one 
end  of  said  closed  vessel, 
(iii)  an  electron  multiplying  unit  disposed  in 
said  closed  vessel  for  multiplying  electrons 

25  emitted  from  said  principal  photocathode 
surface  when  said  principal  photocathode 
surface  receives  light  entering  said  end 
plate, 
(iv)  a  convergent  electrode  having  an 

30  opening  for  converging  the  electrons  emit- 
ted  from  said  principal  photocathode  sur- 
face  and  guiding  the  electrons  to  said  elec- 
tron  multiplying  unit,  said  convergent  elec- 
trode  being  disposed  between  said  princi- 

35  pal  photocathode  surface  and  said  elec- 
tron  multiplying  unit,  and 
(v)  a  side  photocathode  surface  formed  on 
a  substantially  entire  circumferential  inside 
surface  of  a  side  wall  of  said  closed  vessel 

40  in  a  predetermined  region  adjacent  to  said 
principal  photocathode  surface; 

and 
(b)  reflectors  disposed  in  said  dead  spaces  re- 
spectively,  each  of  said  reflectors  having  re- 

45  fleeting  surfaces  for  reflecting  light  which  has 
entered  in  said  dead  space  to  said  side  pho- 
tocathode  surface  of  one  of  said  photomulti- 
pliers  nearest  to  an  incidence  point  of  said 
light. 

50 
2.  A  photomultiplier  assembly  according  to  claim  1  , 

wherein  said  closed  vessels  of  said  photomultipli- 
ers  are  substantially  circular  cylindrical,  outer 
side  surfaces  of  said  closed  vessels  of  a  pair  of 

55  said  photomultipliers  which  are  adjacent  to  each 
other  contact  with  each  other,  whereby  one  of 
said  dead  spaces  is  defined  by  three  of  said  pho- 
tomultipliers  which  are  adjacent  to  one  another. 

8 
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3.  A  photomultiplier  assembly  according  to  claim  2, 
wherein  each  of  said  reflectors  has  a  substantial- 
ly  triangular  pyramidal  shape  having  three  in- 
clined  side  surfaces  as  said  reflecting  surfaces, 
and  is  disposed  in  one  of  said  dead  spaces  with 
said  reflecting  surfaces  faced  respectively  to  said 
side  photocathode  surfaces  of  said  three  photo- 
multipliers  defining  one  of  said  dead  spaces. 

4.  A  photomultiplier  assembly  according  to  claim  3, 
wherein  summits  of  said  reflectors  are  on  the 
substantially  same  level  as  the  outside  surfaces 
of  said  end  plates  of  said  photomultipliers,  and 
base  surfaces  of  said  reflectors  are  positioned  on 
a  predetermined  level  within  an  extent  of  said 
side  photocathode  surfaces  of  said  photomultipli- 
ers. 

5.  A  photomultiplier  assembly  according  to  claim  3, 
wherein  a  shape  of  the  base  surface  of  said  re- 
flector  substantially  agrees  with  a  cross- 
sectional  shape  of  said  dead  space. 

6.  A  photomultiplier  assembly  according  to  claim  2, 
wherein  each  of  said  reflectors  includes  a  trans- 
parent  and  substantially  triangular  prismatic  main 
body  which  is  disposed  in  one  of  said  dead 
spaces  and  has  the  substantially  same  cross- 
sectional  shape  as  said  dead  space  has,  and  a  re- 
flecting  surface  provided  to  said  main  body  so 
that  light  incident  on  said  main  body  can  be  re- 
flected  to  said  side  photocathode  surface  of  one 
of  said  photomultipliers  nearest  to  an  incidence 
point  of  said  light. 

7.  A  photomultiplier  assembly  according  to  claim  1  , 
including  support  means  for  supporting  said  re- 
flectors  at  a  predetermined  position  in  said  dead 
spaces,  respectively. 

8.  A  photomultiplier  assembly  according  to  claim  1  , 
including  an  enclosing  member  for  enclosing  said 
two-dimensional  array  of  said  photomultipliers, 
said  enclosing  member,  together  with  said  array 
of  said  photomultipliers,  defining  a  plurality  of 
peripheral  dead  spaces;  and 

peripheral  reflectors  disposed  in  the  per- 
ipheral  dead  spaces  respectively,  each  of  said 
peripheral  reflectors  having  a  reflecting  surface 
for  reflecting  light  which  has  entered  said  periph- 
eral  dead  space  to  said  side  photocathode  sur- 
face  of  one  of  said  photomultipliers  nearest  to  an 
incidence  point  of  said  light. 

9.  A  photomultiplier  assembly  according  to  claim  1  , 
wherein  each  of  said  side  photocathode  surfaces 
is  extended  from  a  peripheral  edge  of  said  princi- 
pal  photocathode  surface  on  said  end  plate  to  a 

predetermined  level  between  said  convergent 
electrode  and  said  principal  photocathode  sur- 
face  such  that  electrons  emitted  from  said  side 
photocathode  surface  are  guided  to  said  electron 

5  multiplying  unit  through  said  opening  of  said  con- 
vergent  electrode. 

10.  A  photomultiplier  assembly  comprising: 
(a)  a  two-dimensional  array  of  head-on  type 

10  photomultipliers  disposed  in  parallel  with  one 
another  and  on  the  same  level, 

each  of  said  photomultipliers  including: 
(i)  a  transparent  tubular  closed  vessel, 
(ii)  a  principal  photocathode  surface 

15  formed  on  an  inside  of  an  end  plate  on  one 
end  of  said  closed  vessel, 
(iii)  an  electron  multiplying  unit  disposed  in 
said  closed  vessel  for  multiplying  electrons 
emitted  from  said  principal  photocathode 

20  surface  when  said  principal  photocathode 
surface  receives  light  entering  said  end 
plate, 
(iv)  a  convergent  electrode  having  an 
opening  for  converging  the  electrons  emit- 

25  ted  from  said  principal  photocathode  sur- 
face  and  guiding  the  electrons  to  said  elec- 
tron  multiplying  unit,  said  convergent  elec- 
trode  being  disposed  between  said  princi- 
pal  photocathode  surface  and  said  elec- 

30  tron  multiplying  unit,  and 
(v)  a  side  photocathode  surface  formed  on 
a  substantially  entire  circumferential  inside 
surface  of  a  side  wall  of  said  closed  vessel 
in  a  predetermined  region  adjacent  to  said 

35  principal  photocathode  surface; 
(b)  an  enclosing  member  for  enclosing  said 
two-dimensional  array  of  said  photomultipli- 
ers,  said  enclosing  member,  together  with 
said  array  of  said  photomultipliers,  defining  a 

40  plurality  of  peripheral  dead  spaces;  and 
(c)  peripheral  reflectors  disposed  in  said  per- 
ipheral  dead  spaces  respectively,  each  of  said 
peripheral  reflectors  having  a  reflecting  sur- 
face  for  reflecting  light  which  has  entered  said 

45  peripheral  dead  space  to  the  side  photoca- 
thode  surface  of  one  of  said  photomultipliers 
nearest  to  an  incidence  point  of  said  light. 

11.  Aphotomultiplierassemblyaccordingtoclaim  10, 
so  wherein  said  closed  vessels  of  said  the  photomul- 

tipliers  are  substantially  hexagonal  cylindrical, 
outer  side  surfaces  of  said  closed  vessels  of 
those  of  said  photomultipliers  which  are  adjacent 
to  one  another  contact  with  each  other  substan- 

55  tially  without  any  gap. 

12.  A  gamma  camera  head  comprising: 
(a)  a  lead  housing  having  an  opening  formed 
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in  one  side  thereof; 
(b)  a  collimator  disposed  in  said  opening; 
(c)  a  scintillator  disposed  adjacent  to  said  col- 
limator  in  said  lead  housing  for  receiving  gam- 
ma  rays  which  have  passed  through  said  col-  5 
limator  and  emitting  light; 
(d)  a  two-dimensional  array  of  head-on  type 
photomultipliers  disposed  in  parallel  with  one 
another  and  on  the  same  level  in  said  lead 
housing,  and  having  dead  spaces  defined  10 
among  said  photomultipliers, 

each  of  said  photomultipliers  including: 
(i)  a  transparent  tubular  closed  vessel, 
(ii)  a  principal  photocathode  surface 
formed  on  an  inside  of  an  end  plate  on  one  1  5 
end  of  said  closed  vessel,  and  faced  to 
said  scintillator, 
(iii)  an  electron  multiplying  unit  disposed  in 
said  closed  vessel  for  multiplying  electrons 
emitted  from  said  principal  photocathode  20 
surface  when  said  principal  photocathode 
surface  receives  light  entering  said  end 
plate, 
(iv)  a  convergent  electrode  having  an 
opening  for  converging  the  electrons  emit-  25 
ted  from  said  principal  photocathode  sur- 
face  and  guiding  the  electrons  to  said  elec- 
tron  multiplying  unit,  said  convergent  elec- 
trode  being  disposed  between  said  princi- 
pal  photocathode  surface  and  said  elec-  30 
tron  multiplying  unit,  and 
(v)  a  side  photocathode  surface  formed  on 
a  substantially  entire  circumferential  inside 
surface  of  a  side  wall  of  said  closed  vessel 
in  a  predetermined  region  adjacent  to  said  35 
principal  photocathode  surface; 

(e)  a  light  guide  disposed  between  said  pho- 
tomultipliers  and  said  scintillator  in  said  lead 
housing  for  guiding  light  generated  in  said 
scintillator  to  said  photomultipliers;  and  40 
(f)  reflectors  disposed  in  said  dead  spaces  re- 
spectively,  each  of  said  reflectors  having  re- 
flecting  surfaces  for  reflecting  light  which  has 
entered  in  said  dead  space  to  said  side  pho- 
tocathode  surface  of  one  of  said  photomulti-  45 
pliers  nearest  to  an  incidence  point  of  said 
light. 

13.  A  gamma  camera  head  according  to  claim  12, 
wherein  said  closed  vessels  of  said  photomultipli-  50 
ers  are  substantially  circular  cylindrical,  outer 
side  surfaces  of  said  closed  vessels  of  a  pair  of 
said  photomultipliers  which  are  adjacent  to  each 
other  contact  with  each  other,  whereby  one  of 
said  dead  spaces  is  defined  by  three  of  said  pho-  55 
tomultipliers  which  are  adjacent  to  one  another. 

14.  A  gamma  camera  head  according  to  claim  13, 

wherein  each  of  said  reflectors  has  a  substantial- 
ly  triangular  pyramidal  shape  having  three  in- 
clined  side  surfaces  as  said  reflecting  surfaces, 
and  is  disposed  in  one  of  said  dead  spaces  with 
said  reflecting  surfaces  faced  respectively  to  said 
side  photocathode  surfaces  of  said  three  photo- 
multipliers  defining  one  of  said  dead  spaces. 

15.  A  gamma  camera  head  according  to  claim  14, 
wherein  summits  of  said  reflectors  are  on  the 
substantially  same  level  as  the  outside  surfaces 
of  said  end  plates  of  said  photomultipliers,  and 
base  surfaces  of  said  reflectors  are  positioned  on 
a  predetermined  level  within  an  extent  of  said 
side  photocathode  surfaces  of  said  photomultipli- 
ers. 

16.  A  gamma  camera  head  according  to  claim  14, 
wherein  a  shape  of  the  base  surface  of  said  re- 
flector  substantially  agrees  with  a  cross- 
sectional  shape  of  said  dead  space. 

17.  A  gamma  camera  head  according  to  claim  13, 
wherein  each  of  said  reflectors  includes  a  trans- 
parent  and  substantially  triangular  prismatic  main 
body  which  is  disposed  in  one  of  said  dead 
spaces  and  has  the  substantially  same  cross- 
sectional  shape  as  said  dead  space  has,  and  a  re- 
flecting  surface  provided  to  said  main  body  so 
that  light  incident  on  said  main  body  can  be  re- 
flected  to  said  side  photocathode  surface  of  one 
of  said  photomultipliers  nearest  to  an  incidence 
point  of  said  light. 

18.  A  gamma  camera  head  according  to  claim  12,  in- 
cluding  support  means  for  supporting  said  reflec- 
tors  at  a  predetermined  position  in  said  dead 
spaces,  respectively. 

19.  A  gamma  camera  head  according  to  claim  12,  in- 
cluding  peripheral  reflectors  which,  when  a  plur- 
ality  of  peripheral  dead  spaces  are  defined  be- 
tween  the  inner  surface  of  the  side  wall  of  said 
lead  housing  and  said  array  of  said  photomultipli- 
ers,  are  disposed  in  said  peripheral  dead  spaces 
respectively,  each  of  said  peripheral  reflectors 
having  reflecting  surfaces  for  reflecting  light 
which  has  entered  said  peripheral  dead  spaces  to 
said  side  photocathode  surfaces  of  one  of  the 
photomultipliers  nearest  to  an  incidence  point  of 
said  light. 

20.  A  gamma  camera  head  comprising: 
(a)  a  lead  housing  having  an  opening  formed 
in  one  side  thereof; 
(b)  a  collimator  disposed  in  said  opening; 
(c)  a  scintillator  disposed  adjacent  to  said  col- 
limator  in  the  lead  housing  for  receiving  gam- 
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ma  rays  which  have  passed  through  said  col- 
limator  and  emitting  light; 
(d)  a  two-dimensional  array  of  head-on  type 
photomultipliers  disposed  in  parallel  with  one 
another  and  on  the  same  level  in  said  lead 
housing,  said  array  of  said  photomultipliers, 
together  with  said  lead  housing,  defining  a 
plurality  of  peripheral  dead  spaces, 
each  of  said  photomultipliers  including: 

(i)  a  transparent  tubular  closed  vessel, 
(ii)  a  principal  photocathode  surface 
formed  on  an  inside  of  an  end  plate  on  one 
end  of  said  closed  vessel,  and  faced  to 
said  scintillator, 
(iii)  an  electron  multiplying  unit  disposed  in 
said  closed  vessel  for  multiplying  electrons 
emitted  from  said  principal  photocathode 
surface  when  said  principal  photocathode 
surface  receives  light  entering  said  end 
plate, 
(iv)  a  convergent  electrode  having  an 
opening  for  converging  the  electrons  emit- 
ted  from  said  principal  photocathode  sur- 
face  and  guiding  the  electrons  to  said  elec- 
tron  multiplying  unit,  said  convergent  elec- 
trode  being  disposed  between  said  princi- 
pal  photocathode  surface  and  said  elec- 
tron  multiplying  unit,  and 
(v)  a  side  photocathode  surface  formed  on 
a  substantially  entire  circumferential  inside 
surface  of  a  side  wall  of  said  closed  vessel 
in  a  predetermined  region  adjacent  to  said 
principal  photocathode  surface; 

(e)  a  light  guide  disposed  between  said  pho- 
tomultipliers  and  said  scintillator  in  said  lead 
housing  for  guiding  light  generated  in  said 
scintillator  to  said  photomultipliers;  and 
(f)  peripheral  reflectors  disposed  in  said  per- 
ipheral  dead  spaces  respectively,  each  of  said 
peripheral  reflectors  having  a  reflecting  sur- 
face  for  reflecting  light  which  has  entered  in 
said  peripheral  dead  space  to  said  side  pho- 
tocathode  surface  of  one  of  said  photomulti- 
pliers  nearest  to  an  incidence  point  of  said 
light. 

21.  A  gamma  camera  head  according  to  claim  20, 
wherein  said  closed  vessels  of  said  photomultipli- 
ers  are  substantially  hexagonal  cylindrical,  outer 
side  surfaces  of  said  closed  vessels  of  those  of 
said  photomultipliers  which  are  adjacent  to  one 
another  contact  with  each  other  substantially 
without  any  gap. 

22.  A  photomultiplier  assembly  (1  1  0;21  0)  comprising 
a  plurality  of  photomultipliers  (11  2;212)  arranged 
in  a  two-dimensional  array  such  that  there  exist 
dead  spaces  (138,144,146;148';244;245,246) 

between  neighbouring  photomultipliers  and/or 
between  photomultipliers  and  an  enclosure 
(102;102';202)  of  the  assembly,  and  respective 
reflector  means  (140,148,150;160;170;248, 

5  249,250)  disposed  within  said  dead  spaces  and 
arranged  to  direct  radiation  incident  on  a  dead 
space  into  a  neighbouring  photomultiplier 
through  a  region  of  the  photomultiplier  otherthan 
a  principal  radiation-receiving  window  of  the  pho- 

10  tomultiplier. 
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