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©  Improved  liquid  scintillation  measurement  system  with  active  guard  shield. 

©  A  low-level  liquid  scintillation  measurement  system  for  counting  sample  optical  events  resulting  from  the 
radioactive  decay  of  a  constituent  of  a  sample  to  be  measured  while  reducing  the  counting  of  background  optical 
events  which  are  optical  events  produced  by  background  radiation  and  which  create  electrical  pulses  other  than 
pulses  representing  a  sample  optical  event.  This  system  includes  detection  means  (12,14,16,18)  located 
adjacent  the  sample  for  detecting  optical  events  and  for  converting  optical  events  into  electrical  pulses, 
coincidence  sensing  means  (24)  for  receiving  the  electrical  pulses  from  the  detection  means  (12,14,16,18)  and 
producing  a  trigger  pulse  when  the  electrical  pulses  from  the  detection  means  (12,14,16,18)  coincide  with  each 
other,  burst  detection  means  (30)  for  receiving  the  trigger  pulses  from  the  coincidence  sensing  means  (20)  and 
the  electrical  pulses  from  the  detection  means  (12,14,16,18)  for  determining  the  number  of  electrical  pulses 
present  in  a  selected  interval  following  each  of  the  trigger  pulses,  evaluation  means  (32)  connected  to  the  burst 

{^detection  means  (30)  for  determining,  in  response  to  the  number  of  pulses  detected  in  the  selected  interval,  the 
^extent  to  which  the  optical  event  represented  by  the  corresponding  trigger  pulse  should  be  treated  as  a  sample 

M  optical  event  or  a  background  event,  and  an  active  guard  shield  arrangement  (100)  comprising  an  auxiliary 
{^scintillator  (104)  optically  coupled  to  the  detection  means  (12,14,16,18).  The  shield  (100)  is  adapted  to  be 
Lf)  excited  by  background  radiation  and  to  effectively  increase  the  number  of  electrical  pulses  present  in  the 
^selected  interval  following  a  trigger  pulse  generated  as  a  result  of  the  coincident  pulses  produced  due  to  the 
{*)  background  radiation.  This  allows  the  measurement  system  to  accurately  evaluate  the  number  of  pulses 
CO  detected  in  the  selected  interval  and  determine  the  extent  to  which  a  trigger  pulse  is  to  be  treated  as  a  sample 
q   optical  event. 
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Improved  Liquid  Scintillation  Measurement  System  with  Active  Guard  Shield 

BACKGROUND  OF  THE  INVENTION 

This  invention  generally  relates  to  means  for  accurately  measuring  radiation  emitted  by  radionuclides. 
5  More  specifically,  the  present  invention  is  directed  to  an  improved  liquid  scintillation  analyzer  of  the 

coincident  pulse  detection  type  which  allows  increased  accuracy  in  low  level  liquid  scintillation  counting. 
Liquid  scintillation  analyzers  have  become  increasingly  common  in  the  accurate  measurement  of 

radiation  activity  in  view  of  their  relatively  high  counting  efficiency,  even  for  low  energy  radioisotopes  such 
as  tritium.  Although  a  variety  of  techniques  are  used,  in  its  most  basic  form  liquid  scintillation  analysis 

io  involves  dissolving  or  suspending  radionuclides  in  a  solvent  system  capable  of  absorbing  and  transmitting 
energy  originating  from  radioactive  decay  of  a  sample  without  attenuating  that  energy  significantly.  The 
solvent  also  contains  a  scintillator  material  and  the  combination  of  the  sample,  the  solvent  and  the 
scintillator  is  commonly  called  a  "scintillator  cocktail."  When  radioactive  decay  occurs,  it  is  followed  by 
energy  transfer  from  the  radionuclide  through  the  solvent  system  to  the  scintillator  material  in  such  a  way 

75  that  the  scintillator  material  is  activated  and  scintillates,  thereby  releasing  light  photons. 
Early  liquid  scintillation  analyzers  were  based  on  solitary  photomultipliers  for  multiplying  light  signals 

resulting  from  scintillations  within  the  cocktail  with  the  photomultiplier  output  being  amplified  and  analyzed 
by  a  suitable  pulse  analyzer.  Such  analyzers  were  susceptible  to  a  variety  of  problems  arising  from  inherent 

system  noise  as  well  as  interfering  radiation  from  external  and  internal  sources  leading  to  inaccurate 
20  measurements.  This  problem  was  solved  to  a  certain  extent  by  the  advent  of  coincident  pulse  detecting 

liquid  scintillation  measurement  systems  which  utilize  a  pair  of  photomultipliers  aligned  along  a  common 
axis  with  the  radioactive  sample  being  placed  in  between  the  two  photomultipliers.  An  electrical  pulse 
arising  as  a  result  of  the  presence  of  radioactive  emission  from  within  the  sample  is  considered  to  be  the 
result  of  a  legitimate  radioactive  event  only  if  corresponding  pulses  from  each  of  the  photomultiplier  tubes 

25  arrive  at  a  coincidence  detector  within  a  predefined  resolving  time  interval.  By  requiring  the  coincidental 
registration  of  radioactive  events  such  liquid  scintillation  analyzers  provide  reasonable  accuracy  of  measure- 
ment  by  minimizing  the  degrading  effects  arising  due  to  the  internal  noise  generated  from  within  the  . 
system. 

Such  conventional  measurement  systems  provide  a  certain  degree  of  discrimination  against  some 
30  background  events,  particularly  those  due  to  internal  system  noise.  However,  they  are  critically  affected  by 

the  existence  of  background  radiation  activity  which  may  be  generated  by  a  variety  of  factors  including 
Cerenkov  radiation,  environmental  radiation,  cosmic  rays,  static  electricity,  chemiiuminescence,  residual 
radioactivity  of  the  vial  or  container  for  the  scintillation  cocktail  and  the  glass  used  in  the  photomultiplier 
tubes  and  other  proximate  components.  Radiation  from  these  sources  produces  scintillations  within  the 

35  scintillation  cocktail,  sample  vial  or  photomultiplier  tube  glass  which  become  confused  with,  and  are 
recorded  as,  valid  cocktail  scintillations  resulting  from  actual  radioactive  decay  of  the  sample.  Protection 
against  the  effects  of  external  radiation  on  such  measurement  systems  is  accomplished  by  the  provision  of 
a  large  mass  of  shielding  material,  usually  lead,  to  form  a  radiation  guard  surrounding  the  liquid  sample. 
This  passive  shielding,  however,  is  not  totally  perfect  in  preventing  external  radiation  from  penetrating  the 

40  system  and  may  contain  its  own  interfering  radiation  in  the  form  of  contaminants.  Additionally,  lead 
shielding  is  ineffective  against  contaminating  radiation  in  components  that  are  contained  within  the  shield, 
such  as  the  sample  vial  and  the  photomultiplier  tubes. 

Additional  reduction  of  the  effects  of  background  radiation  in  liquid  scintillation  measurements  has  been 
accomplished  by  the  use  of  guard  systems  employing  scintillation  materials,  additional  photodetectors 

45  sensing  scintillations  within  the  guard  scintillator  and  a  set  of  electronic  circuits  operating  in  anti-coincidence 
with  the  sample  measurement  circuitry. 

Such  systems,  although  very  good  at  sensing  and  eliminating  erroneous  background  radiation,  are 
extremely  expensive,  bulky  and  inconvenient.  As  with  lead  shielding,  they  are  only  partially  effective  in 
eliminating  the  effects  of  background  radiation  from  contaminants  within  the  shielded  area. 

so  Subsequent  improvements  in  liquid  scintillation  measurements  have  involved  the  use  of  a  solid 
scintillation  material  as  a  guard  and  anti-coincidence  arrangements  with  the  coincident  pulse  detectors  that 
are  used  by  the  system  to  detect  sample  scintillations  also  being  used  to  detect  scintillations  in  the  guard 
sciniiilator.  These  systems  include  timing  discrimination  means  capable  of  distinguishing  between  the  fast 
decay  times  of  scintillations  from  the  liquid  scintillator  caused  by  radioactive  events  from  within  the  test 
samples  and  those  scintillations  which  are  induced  in  the  guard  scintillator  as  a  result  of  background 
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radioactivity  and  have  slower  decay  times.  Although  the  accuracy  of  measurement  is  improved,  such 
measuring  systems  are  still  susceptible  to  the  effects  of  background  radioactivity,  particularly  in  the 
measurement  of  radioactivity  levels  of  materials,  such  as  tritium,  which  have  relatively  low  energy  emission 
levels,  making  them  less  easily  distinguishable  from  the  various  background  radiation  sources. 

5  US  Patent  No.  4,651,006  issued  17  May  1987,  discloses  a  system  which  provides  improved 
discrimination  between  background  pulses  and  those  pulses  generated  by  true  radioactive  events  in  the 
sample,  thereby  improving  the  efficiency  and  accuracy  of  measurement  by  the  use  of  liquid  scintillation 
analyzers.  The  system  utilizes  certain  of  the  inherent  characteristics  of  the  pulses  being  detected  in  order  to 
ascertain  whether  they  are  valid  sample  pulses  generated  by  sample  optical  events  which  are  pulse- 

70  producing  events  resulting  from  the  radioactive  decay  of  the  sample  to  be  measured  or  invalid  background 
pulses  which  are  pulses  generated  by  anything  other  than  a  sample  optical  event.  This  includes  background 
optical  events  and  electrical  noise.  The  main  sources  of  background  optical  events  are  scintillations  of  the 
sample  vial  or  a  photomultiplier  tube  glass  caused  by  internal  contaminating  radiation  contained  within  the 
detection  system  and  its  associated  shield  materials,  as  well  as  external  radiation  that  has  penetrated  the 

is  system  shield.  The  background  discrimination  technique  is  based  on  the  premise  that  most  background 
pulses  triggering  the  coincidence  detectors  of  the  pulse  detection  systems  have  a  series  of  randomly 
spaced  pulses  (a  characteristic  pulse  burst)  of  relatively  smaller  energy  levels  and  of  approximate  single 
photoelectron  amplitude  immediately  following  a  coincident  pulse. 

In  the  system  described  in  the  aforementioned  U  S  Patent  No.4,651,006  a  particular  coincident  pulse  is 
20  assumed  to  have  been  generated  as  a  result  of  background  scintillation  and  is  disregarded  in  the 

determination  of  the  overall  energy  spectrum  of  the  radioactive  sample  being  tested,  if  tracking  of  the 
output  of  the  photomultiplier  tubes  for  a  predetermined  period  of  time  after  the  detection  of  the  coincident 
pulse  reveals  that  the  characteristic  burst  of  low  energy  pulses  has  occurred.  The  number  of  pulses 
detected  in  the  pulse  burst  (the  burst  count)  following  a  coincident  pulse  within  a  predetermined  time  period 

25  (approximately  5  microseconds)  is  utilized  directly  to  determine  whether  or  not  the  coincidence  pulse  is  to 
be  counted.  Alternatively,  the  burst  count  is  used  in  conjunction  with  the  energy  level  of  the  coincident 
pulse  to  calculate  the  probability  that  the  detected  coincident  pulse  is  the  result  of  a  valid  sample 
scintillation. 

The  above  type  of  burst  detection  technique  provides  more  accurate  measurements  as  compared  to 
30  conventional  liquid  scintillation  systems  by  generally  improving  discrimination  between  background  and 

valid  sample  pulses.  However,  if  the  number  of  pulses  existing  in  a  characteristic  pulse  burst  produced  by 
an  invalid  background  event  is  very  small,  the  threshold  number  of  pulses  that  must  be  detected  within  the 
predetermined  time  period  following  a  coincident  pulse  in  order  to  signify  an  invalid  optical  event  is 
correspondingly  small.  In  cases  where  the  threshold  number  is  extremely  small,  distinguishing  between 

35  valid  and  invalid  optical  events  is  difficult  because  of  the  after-pulsing  phenomenon  in  the  photomultiplier 
tubes,  which  sometimes  produces  a  small  number  of  pulses  following  a  valid  optical  event.  There  is,  hence, 
an  increased  probability  of  misclassifying  valid  and  invalid  optical  events. 

This  problem  is  of  particular  significance  when  the  radionuclide  under  test  has  a  low  level  of 
radioactivity  so  that  the  number  of  radioactive  disintegrations  and  hence  the  valid  count  rate  resulting  from 

40  sample  radioactivity  is  low  enough  to  be  comparable  with  the  count-rate  resulting  from  invalid  background 
events.  In  such  cases,  even  a  few  misclassifications  can  critically  affect  the  sensitivity  of  measurement  by 
significantly  lowering  the  figure  of  merit  for  the  measurement  system,  thereby  increasing  the  probability  that 
a  background  event  will  be  falsely  treated  as  a  valid  optical  event. 

The  present  invention  is  aimed  at  solving  this  problem  by  adapting  the  burst-detection  technique  of  the 
45  US  Patent  No.4651006  in  a  manner  that  enhances  the  ability  of  liquid  scintillation  analyzers  to  accurately 

discriminate  between  pulses  generated  due  to  valid  radioactive  events  and  those  generated  by  background 
radiation  activity,  especially  in  the  case  of  extremely  low-level  radionuclides. 

50  SUMMARY  OF  THE  INVENTION 

It  is  a  primary  object  of  the  present  invention  to  provide  an  improved  liquid  scintillation  counter  which  is 
economical,  less  bulky  and  capable  of  determining  the  radioactive  count  rate  for  a  radionuclide  sample  with 

55  increased  reliability  and  accuracy  without  the  need  for  an  external  guard  shield  and  its  associated  detection 
system. 

It  is  another  object  of  the  present  invention  to  provide  a  technique  and  system  for  providing  increased 
discrimination  capability  between  sample  scintillations  and  background  scintillations. 
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It  is  a  further  object  of  the  present  invention  to  provide  improved  efficiency  and  accuracy  of 
measurement  and  improved  background  discrimination  capability  for  a  liquid  scintillation  measurement 
system  based  upon  the  detection  of  a  burst  of  pulses  following  a  coincident  pulse  and  the  energy  of  the 
coincident  pulse  toward  determining  the  extent  to  which  a  coincident  pulse  is  to  be  attributed  to  valid 

5  sample  scintillation. 
Yet  another  object  of  this  invention  is  to  provide  a  technique  and  system  of  the  above  type  which  is 

particularly  suited  for  use  with  samples  having  inherently  low  radioactivity  levels. 
A  related  object  is  to  provide  a  system  of  the  above  kind  which  can  be  easily  adapted  to  measure  both 

beta  and  gamma  types  of  radioactivity. 
w  These  and  other  objects  are  achieved,  according  to  the  system  of  this  invention,  by  providing  a  liquid 

scintillation  pulse  discrimination  system  of  the  burst-counting  type  with  an  active  radioactivity  guard  shield 
comprising  an  auxiliary  scintillator  located  in  the  space  between  the  two  photodetectors  for  producing 
optical  events  in  response  to  background  radiation.  The  active  guard  shield  is  designed  in  such  a  way  that 
radioactivity  from  the  liquid  scintillation  sample  contained  within  the  auxiliary  scintillator  of  the  guard  shield 

;5  is  prevented  from  interacting  with  the  guard  shield  material.  The  auxiliary  scintillator  is  easily  excited  by 
external,  background  radiation,  and  the  resulting  scintillations  are  optically  coupled  into  the  same 
photodetectors  that  are  used  to  monitor  the  liquid  scintillator  sample. 

The  system  of  this  invention  provides  a  two-way  discrimination  capability  between  pulses  generated  by 
sample-initiated  optical  events  and  those  generated  by  background-initiated  optical  events.  More  specifi- 

20  caliy,  when  invalid  optical  events  are  produced  as  a  result  of  background  activity,  any  resulting  coincidence 
pulse  is  usually  followed  by  the  characteristic  pulse  burst  which  is  detected  by  the  system,  whereas  valid 
sample  optical  events  are  not  followed  by  such  a  pulse  burst.  Desired  adjustments  are  then  made  in  the 
calculated  overall  energy  spectrum  for  the  monitored  sample. 

The  presence  of  background  sources  of  radiation,  such  as  gamma  radiation  in  the  form  of  cosmic  rays, 
25  excites  the  material  of  the  vial  which  contains  the  liquid  sample  and  the  glass  material  of  the  photomultiplier 

tubes  to  produce  characteristic  pulse  bursts.  The  background  radiation  also  invariably  excites  the  auxiliary 
scintiilator  material  and  produces  a  coincident  pulse  which  is  followed  by  a  pulse  burst;  this  burst,  however, 
contains  more  pulses  due  to  the  greater  scintillator  efficiency  and  added  volume  of  the  auxiliary  scintillator 
material.  The  scintillations  from  the  auxiliary  scintillator  are  detected  by  the  same  photomuitipliers  that 

30  detect  the  other  optical  events  initiated  by  background  radiation,  and  at  the  same  time,  the  pulses  in  the 
burst  from  the  auxiliary  scintillator  are  superimposed  on  the  pulses  from  the  other  sources  such  as  the  vial 
and  the  glass  of  the  photomultiplier  tubes.  Thus,  the  number  of  pulses  in  the  detected  burst  is  increased 
significantly  by  the  presence  of  the  auxiliary  scintillator.  (The  liquid  scintillator  containing  the  sample 
contributes  very  little  to  the  trailing  pulse  burst,  even  though  this  scintillator  too  receives  the  background 

35  radiation,  because  almost  all  the  light  emitted  by  the  sample  scintillator  has  a  fast  decay  rate). 
The  overall  effect  of  the  auxiliary  scintillator,  therefore,  is  to  enhance  or  make  more  noticeable  the 

characteristic  pulse  bursts  generated  by  background  radiation,  thereby  allowing  the  pulse  bursts  to  be  more 
accurately  and  more  easily  detected  by  the  measurement  system.  This  enhanced  pulse  burst  permits  the 
use  of  a  higher  burst  count  threshold  value  in  order  to  distinguish  easily  between  valid  and  invalid  optical 

40  events,  especially  when  the  valid  count  rate  is  comparable  to  the  background  count  rate.  It  is  thus  possible 
to  ensure  that  most  background  optical  events  are  accurately  detected  and  subsequently  discounted  or 
given  less  weight  in  the  pulse  evaluation  procedure. 

The  provision  of  the  auxiliary  scintillator  material  as  an  active  radiation  guard  shieid  hence  allows 
increased  discrimination  between  pulses  generated  as  a  result  of  valid  scintillations  within  the  sample  and 

45  those  generated  by  external  or  internal  background  radiation  activity,  thereby  providing  the  "burst-counting" 
based  liquid  scintillation  measurement  system  with  significantly  increased  efficiency  and  accuracy  of 
measurement,  especially  when  used  with  low-energy  and  low-activity  radiation  samples.  The  measurement 
system  is  simple  and  convenient  to  use  and  does  not  require  additional  optical  event  detection  means  to 
realize  the  improved  discrimination  capability. 

so  Other  objects,  characteristics  and  advantages  of  the  present  invention  will  be  apparent  from  the 
following  detailed  description  when  taken  in  conjunction  with  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
55 

FIG.  1  is  a  simplified  block  diagram  of  a  liquid  scintillation  measurement  system  of  the  coincidence 
detection  type  including  means  for  detecting  the  pulse  bursts  characteristic  of  background  radiation;  . 
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FIG.  2  is  an  illustration  of  the  structural  details  involved  in  encasing  the  liquid  scintillation  sample  with 
an  active  guard  shield  for  use  with  the  measurement  system  of  FIG.  1  ; 

FIG.  3  is  a  diagrammatic  illustration  of  an  alternative  arrangement  for  providing  an  active  guard  shield 
around  the  liquid  sample; 

5  FIG.  4  is  an  illustration  of  a  third  arrangement  of  the  active  guard  shield  for  use  with  the 
measurement  system  of  FIG.  1  ; 

FIG.  4a  is  an  enlarged  cross-sectional  view  of  a  typical  solid  scintillator  bead  for  use  with  the 
embodiment  of  FIG.  4; 

FIG.  5  is  a  vertical  section  of  a  fourth  arrangement  of  the  active  guard  shield  for  use  with  the 
10  measurement  system  of  FIG.  1  ;  and 

FIG.  6  is  a  vertical  section  of  a  sixth  arrangement  of  the  active  guard  shield  for  use  with  the 
measurement  system  of  FIG.  1  . 

;5  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

While  the  invention  will  be  described  in  connection-  with  certain  preferred  embodiments,  it  will  be 
understood  that  it  is  not  intended  to  limit  the  invention  to  these  particular  embodiments.  On  the  contrary,  it 

20  is  intended  to  cover  all  alternatives,  modifications  and  equivalent  arrangements  as  may  be  included  within 
the  spirit  and  scope  of  the  invention  as  defined  by  the  appended  claims. 

Referring  now  to  FIG.  1,  there  is  shown  a  block  diagrammatic  view  of  the  improved  "burst-counting" 
type  liquid  scintillation  measurement  system  according  to  this  invention. 

In  FIG.  1,  the  guarded  liquid  scintillation  cocktail  unit  10  containing  the  sample  to  be  tested,  is  mounted 
25  in  a  shielded  area  wherein  photomultiplier  tubes  12  and  14  may  be  utilized  to  detect  optical  events.  For 

purposes  of  clarity,  the  measurement  system  represented  in  FIG.  1  will  be  initially  described  without 
accounting  for  the  effect  of  the  active  guard  shield  surrounding  the  sample,  and  the  structural  arrangement 
and  function  of  the  guard  shield  will  then  be  described  in  detail  with  reference-  to  FIGS.  2-6.  As  the 
radionuclide  in  the  scintillation  cocktail  decays,  beta  particles  are  emitted  within  the  guarded  unit  10  and  act 

30  to  energize  a  scintillating  fluor  within  the  cocktail.  The  fluor  converts  the  energy  from  the  beta  particles  into 
light  photons  which  are  detected  by  the  photomultiplier  tubes  12  and  14.  The  photomultiplier  tubes  generate 
an  analog  electrical  pulse  representative  of  the  energy  level  of  the  detected  event,  and  their  outputs  are 
sensed  and  transformed  to  a  digital  format  by  a  pair  of  single  photoelectron  pulse  detectors  16  and  18, 
which  are  essentially  amplitude  comparators  operating  with  an  appropriate  reference  voltage. 

35  The  digital  pulses  emitted  by  the  single  photoelectron  pulse  detectors  16  and  18  are  called  "singles", 
pulses  and  are  directed  to  a  coincidence  detector  20  and  to  an  OR  gate  22  and  represent  the  fact  that  an 
analog  pulse  of  at  least  a  single  photoelectron  amplitude  has  been  detected.  The  coincidence  detector  20 
indicates  when  a  singles  pulse  occurs  substantially  simultaneously  at  both  photomultiplier  tubes  and  in 
response  thereto  transmits  a  coincidence  signal  to  a  coincidence  latch  24.  The  coincidence  signal  acts  to 

40  trigger  the  sequence  of  steps  necessary  to  analyze,  convert  and  store  data  representing  the  initiating  optical 
event.  The  OR  gate  22  acts  to  sum  the  two  singles  pulses  received  from  the  single  photoelectron  pulse 
detectors  16  and  18  and  delivers  that  signal  as  a  count  input  to  a  burst  pulse  counter  30.  This  signal  is 
called  the  "summed  singles"  signal. 

Each  of  the  photomultiplier  tubes  12  and  14  is  also  connected  to  an  analog  pulse-processing  and 
45  analog-to-digital  conversion  circuit  26.  This  circuit  acts  to  shape  the  appropriate  analog  pulses  and  to 

provide  a  digital  output  signal  indicative  of  the  energy  level  of  a  particular  pulse.  This  output  signal,  typically 
a  12-bit  signal,  is  carried  over  a  bus  31  which  extends  from  the  circuit  26  to  a  look-up-table  ROM  32  and  a 
summing  memory  36. 

The  burst  pulse  counter  30  is  likewise  connected  with  a  4-bit  data  bus  38,  to  deliver  burst  counts  to  the 
50  look-up-table  ROM  32.  The  ROM  32  contains  a  table  of  probabilities  based  on  both  the  number  of  burst 

counts  following  a  coincidence  pulse,  within  a  predetermined  time  window,  which  is  supplied  over  bus  38, 
and  the  energy  level  of  the  pulse,  which  is  supplied  over  bus  31  .  From  these  two  inputs,  a  probability  factor 
is  determined  from  the  ROM  32  and  conveyed  over  a  bus  40  to  a  summing  memory  36.  The  pulse  value  of 
1  is  multiplied  by  the  probability  that  it  is  a  valid  sample  pulse  (as  opposed  to  an  invalid  background  pulse) 

55  and  is  summed  in  the  memory  36.  This  information  is  then  provided  over  a  data  bus  42  to  the 
microprocessor  associated  with  the  liquid  scintillation  counter  as  is  known  in  the  art. 

Functions  other  than  probabilities  may  be  used  to  indicate  the  validity  of  the  counting  process. 
Moreover,  multiple  look-up  tables  could  be  used  depending  on  the  efficiency  levels  desired  and  the  E2/B 
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ratios. 
The  coincidence  detector  20  additionally  provides  a  coincidence  signal  to  the  coincidence  latch  24.  This 

trigger  signal  acts  to  set  the  coincidence  latch.  Once  coincidence  is  detected,  and  if  the  latch  is  not 
currently  latched  indicating  a  busy  condition,  a  latch  signal  is  generated  by  the  coincidence  latch  24.  This 

5  latch  signal  is  disseminated  to  the  burst  pulse  counter  30  to  effect  starting  of  the  time  interval  after  the 
coincidence  pulse  during  which  the  burst  pulse  counter  will  count  pulses.  A  signal  is  also  delivered  to  the 
analog  pulse-processing,  analog-to-digitai  conversion  circuit  26  to  commence  operation  of  that  circuit 
relative  to  the  coincidence  pulse,  and  to  a  sample-counting  timer  34  to  indicate  to  that  circuit  that  the 
sample  counting  timing  is  inhibited.  The  sample  counting  timer  34  is  started,  stopped,  and  reset  by  a 

10  control  signal  from  the  micro-processor  through  a  signal  path  43,  and  the  sample  counting  time  is  provided 
to  the  microprocessor  through  a  bus  44. 

The  analog  pulse-processing,  analog-to-digital  conversion  circuit  26  also  provides  an  indication  of  the 
end  of  the  conversion  process  for  a  particular  pulse  through  a  connection  to  the  coincidence  latch  24  in 
order  to  effect  resetting  of  the  coincidence  latch  after  the  pulse  has  been  processed  and  converted;  this 

rs  signal  is  connected  to  a  store  pulse  generator  28  to  cause  the  store  pulse  generator  to  have  the  summing 
memory  add  a  particular  pulse  of  fractional  count  value  supplied  by  the  bus  40  to  its  memory.  The  output 
signal  46  of  the  store  pulse  generator  28  is  connected  to  the  summing  memory  36. 

When  both"  photomultiplier  tubes  12  and  14  generate  the  appropriate  pulses  indicating  that  a  sample 
pulse  has  been  detected  and  the  coincidence  detector  detects  that  said  pulses  have  occurred  at  the  same 

20  time,  then  an  appropriate  signal  is  supplied  to  the  coincidence  latch  24  to  provide  a  latch  signal.  In  the 
interim  all  pulses  detected  by  the  photomultiplier  tubes,  both  valid  sample  pulses  and  scintillations  from  the 
guarded  sample  or  the  photomultiplier  tube  glass  or  electrical  noise,  are  passed  on  by  the  photomultiplier 
tubes  to  the  single  photoelectron  pulse  detectors  16  and  18  and  therefrom  through  the  OR  gate  22  to  the 
burst  pulse  counter  30.  Once  coincidence  detector  20  detects  coincident  pulses,  the  resulting  coincidence 

25  signal  acts  to  set  the  coincidence  latch  24  which  then  starts  the  time  interval  for  the  burst  pulse  counter  30. 
It  is  during  this  time  interval  that  the  number  of  pulses  following  the  coincidence  pulse  is  detected,  and  it  is 
this  number  that  is  supplied  to  the  look-up  table  ROM  via  the  data  bus  38.  The  burst  pulse  counter  30  is 
designed  to  have  a  time  interval  built  therein  such  that  the  length  of  the  time  window  during  which  pulses 
are  counted  is  known  and  is  on  the  order  of  1  to  9  microseconds. 

30  The  coincidence  latch  24,  in  addition  to  generating  a  latch  signal,  also  acts  to  start  the  analog  pulse- 
processing  and  analog-to-digital  conversion  circuit  26.  The  circuit  26  acts  to  generate  a  12-bit  digital  signal 
indicative  of  the  energy  level  of  the  pulse  received  from  the  photomultiplier  tubes  12  and  14.  Once  the 
process  of  converting  the  signal  to  a  12-bit  digital  signal  is  completed,  an  end-of-conversion  signal  is  sent 
to  reset  the  coincidence  latch  and  to  trigger  the  store-pulse  generator  28. 

35  The  energy  level  of  the  pulse  from  the  analog  pulse-processing  and  analog-to-digital  conversion  circuit 
26  is  conveyed  over  the  data  bus  31  and  the  burst  count  is  conveyed  over  the  data  bus  38.  Both  numbers 
are  conveyed  to  the  look-up-table  ROM  32  and  are  utilized  to  determine  the  probability  that  the  event 
indicated  by  the  coincidence  detector  to  be  a  coincident  pulse  is  an  actual  sample  event  to  be  utilized  in 
determining  the  spectra  of  the  radioactive  decay  of  the  radionuclide  within  the  sample.  As  the  number  of 

40  burst  counts  in  the  time  interval  following  the  coincidence  pulse  increases,  the  probability  that  the 
coincident  pulse  is  a  valid  sample  pulse  decreases.  Additionally,  this  probability  varies  with  the  overall 

energy  level  of  the  coincident  pulse.  Hence,  the  look-up  table  concerns  itself  with  both  the  number  of  burst 
counts  in  the  time  interval  and  the  energy  level  of  the  coincident  pulse.  From  these  two  factors  the 
probability  that  it  is  a  valid  sample  pulse  is  determined.  This  probability  value  in  theory  is  assigned  a 

45  number  between  zero  and  1  ,  and  this  value  is  supplied  to  the  summing  memory  36. 
The  end-of-conversion  signal  from  the  analog  pulse-processing  and  analog-to-digital  conversion  circuit 

26  is  received  by  the  store-pulse  generator  28  as  a  trigger  signal.  In  response  to  the  trigger  signal,  the 
output  46  from  the  store-pulse  generator  28  causes  the  summing  memory  36  to  add  a  count  at  the  given 
energy  level  to  the  register  summing  counts  of  that  level  or  to  add  a  count  or  fraction  thereof  at  a  specific 

so  energy  level  depending  upon  the  specific  pulse.  Fractional  count  information  is  provided  over  the  bus  40 
from  the  look-up-table  ROM  32.  Hence,  the  summing  memory  multiplies  a  count  value  of  1  times  the 
fractional  count  information,  which  is  the  probability  that  it  is  a  valid  sample,  and  enters  that  value  in  its 
memory.  For  instance,  if  the  theoretical  probability  is  .7  that  a  pulse  is  a  valid  sample  pulse,  then  the 
summing  memory  will  identify  the  appropriate  energy  level  and  a  number  of  .7  will  be  added  to  the  other 

55  numbers  at  that  energy  level  to  indicate  the  total  number  of  counts  for  that  particular  energy  level  for  the 
sample  being  monitored. 

The  burst  pulse  counter  30  is  a  combination  of  a  gated  counter  and  a  timer.  The  counter  is  originally 
set  to  zero  and  the  start  pulse  starts  the  timer.  The  timer  enables  the  counting  gate  and  permits  summed 



EP  0  334  528  A2 

singles,  received  from  the  OR  gate  22,  to  be  counted.  (Note  that  the  singles  involved  in  generating  the 
coincidence  pulses  are  not  counted.)  The  counting  of  summed  singles  (burst  counts)  continues  until  the 
timer  times  out  (approximately  5  microseconds  later)  and  the  counting  gate  is  disabled.  The  counted  value 
is  then  held  in  the  counter  and  on  the  bus  38  until  the  fractional  count  information  on  bus  40  is  stored  in  the 

5  memory  36. 
The  singie-photoelectron  pulse  detector  is  a  voltage  threshold  detector  that  outputs  a  digital  pulse  of 

fixed  width  in  the  area  of  30-100  nanoseconds  when  its  analog  input  amplitude  exceeds  an  amplitude 
corresponding  to  a  suitable  level  for  detecting  a  singie-photoelectron  pulse  from  the  photomultiplier  tube.  It 
is  able  to  detect  input  pulses  as  short  as  2  nanoseconds.  This  detector  has  a  dead  time  of  about  30-100 

70  nanoseconds  each  time  it  receives  a  pulse  from  the  corresponding  photomultiplier  tube. 
The  remainder  of  the  components  are  basically  known  components  which  may  be  assembled  in  the 

manner  described  and  perform  the  function  as  designed.  The  microprocessor  is  equivalent  to  the 
microprocessors  incorporated  in  the  current  product  offering  of  the  liquid  scintillation  counter  manufacturers. 

The  system  described  so  far  is  capable  of  discriminating  fairly  accurately  between  coincident  pulses 
is  generated  as  a  result  of  actual  radioactive  emission  from  the  radionuclide  within  the  liquid  scintillation 

sample  and  those  pulses  generated  due  to  spurious  background  events  on  the  basis  of  the  characteristic 
pulse  bursts  which  follow  the  spurious  events.  However,  when  the  pulse  burst  characteristically  produced  by 
invalid  background  events  has  a  small  number  of  pulses,  identifying  an  invalid  background  event  accurately 
becomes  a  problem  because  of  the  confusion  arising  due  to  the  occasional  existence  of  a  very  small  pulse 

20  burst  following  some  valid  optical  events  as  a  result  of  after-pulsing  of  the  photomultiplier  tubes.  Dis- 
criminating  between  sample-initiated  optical  events  and  background-initiated  optical  events  also  becomes 
more  important  when  the  sample  has  a  low  level  of  radioactivity,  so  that  the  background  radiation  becomes 
a  substantial  part  of  the  total  radiation  being  detected.  In  cases  like  these,  the  use  of  an  active  guard  shield, 
as  described  below,  significantly  improves  the  accuracy  of  the  detection  system. 

25  In  FIG.  2,  the  guard  shield  arrangement  includes  a  counting  chamber  100  comprising  a  vial  102  which 
is  surrounded  by  a  solid  auxiliary  scintillator  104.  The  auxiliary  scintillator  104  is  preferably  constructed  of 
two  bonded  segments,  104A  and  104B,  of  the  desired  solid  scintillation  material  in  a  cylindrical  configura- 
tion  which  has  a  central  hole  formed  therein  to  allow  the  liquid  scintillation  vial  102  to  be  centrally  placed 
within  it.  The  scintillation  vial  102  which  contains  the  sample  is  generally  of  a  transparent  material,  such  as 

30  borosilicate  glass,  commonly  used  for  containing  liquid  samples.  Since  the  radioactivity  of  the  sample  is  of 
the  beta  type,  it  is  incapable  of  penetrating  the  solid  material  of  the  glass  vial  and  is  prevented  from  exciting 
the  auxiliary  scintillator  104.  The  auxiliary  scintillator  104  can  hence  be  excited  only  by  external  background 
radiation.  A  quartz  sleeve  106  surrounds  the  scintillation  vial  102  and  serves  as  an  optical  window  for 
allowing  photons  originating  in  the  liquid  sample  contained  within  the  scintillation  vial  102  to  be  coupled  to 

35  the  photomultiplier  tubes  12  and  14  of  FIG.  1.  In  addition,  the  sleeve  106  provides  protection  for  the  inner 
surface  of  the  auxiliary  scintillator  material. 

In  order  to  prevent  any  optical  crosstalk  between  the  photomultiplier  tubes  12  and  14,  a  layer  of 
reflective  material  108  is  provided  between  the  mating  surfaces  of  the  bonded  scintillator  segments  104A 
and  104B.  The  reflective  material  prevents  scintillations  produced  in  either  one  of  the  bonded  segments 

40  from  exciting  a  response  from  the  photodetector  corresponding  to  the  other  of  the  bonded  segments. 
Each  of  the  bonded  segments  104A  and  104B  is  attached  to  a  quartz  window  110  through  a  layer  of 

light  permeable  optical  epoxy  glue  112.  The  structure  formed  by  the  bonded  segments  and  the  quartz 
windows  is  encased  in  a  metallic  housing  114  made  of  a  dense  material,  such  as  brass,  having  low 
radioactive  contaminant  levels  so  that  the  housing  itself  does  not  contribute  to  background  radiation.  The 

45  solid  scintillator  material  of  the  counting  chamber  100  is  optically  coupled  to  the  faces  of  the  photomultiplier 
tubes  12  and  14,  via  a  layer  of  suitable  optical  material  116  such  as  silicone  grease  placed  between  the 
quartz  windows  110  and  the  active  surfaces  of  the  photomultiplier  tubes  12  and  14.  A  similar  layer  (not 
shown)  is  used  to  optically  couple  the  quartz  sleeve  106  to  the  scintillator  104.  Each  of  the  photomultiplier 
tubes  is  encased  in  a  metallic  housing  118  so  that  coupling  of  the  tubes  to  the  quartz  window  110  of  the 

so  counting  chamber  100  results  in  a  light-tight  structure. 
In  order  to  ensure  that  a  majority  of  scintillations  generated  from  within  the  liquid  scintillation  sample  as 

well  as  the  surrounding  solid  scintillator  reach  the  respective  faces  of  the  two  photomultiplier  tubes  12  and 
14,  a  coating  120  of  reflecting  powder,  or  paint  vacuum-deposited  aluminum  is  provided  on  all  outer 
surfaces  of  the  scintillator  104  except  at  places  where  optical  transmission  is  necessary,  such  as  the 

55  interfaces  with  the  quartz  sleeve  Io6  and  with  the  faces  of  the  photomultiplier  tubes. 
The  above  arrangement  allows  convenient  assembly  and  disassembly  of  the  counting  chamber  and  the 

photomultiplier  tubes.  The  provision  of  the  quartz  window  serves  as  a  permanent  means  for  protecting  the 
auxiliary  scintillator  and  allows  the  counting  chamber  to  be  conveniently  decoupled  from  the  photomultiplier 
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tubes  (when  the  tubes  have  to  be  replaced  or  for  any  other  reason)  and  reassembled  without  affecting  the 
solid  scintillator  in  any  way. 

The  function  of  such  a  detector,  which  includes  the  liquid  scintillation  sample  vial  surrounded  by  a  solid 
scintillator,  in  enhancing  the  operation  of  the  measuring  system  of  FIG.  1  will  now  be  described. 

5  External  radiation,  such  as  cosmic  rays,  strikes  the  glass  material  of  the  scintillation  vial  as  well  as  the 
glass  of  the  photomultiplier  tubes  and  produces  scintillations  which  constitute  invalid  optical  events. 
Because  the  material  of  the  vial  and  the  photomultiplier  tubes  is  conventionally  chosen  to  be  of  low 
scintillation  capacity,  characteristic  pulse  bursts  following  such  invalid  events  are  likely  to  contain  a  small 
number  of  pulses.  This  requires  a  lower  burst  count  discrimination  threshold  and,  as  discussed  above, 

m  increases  the  probability  of  erroneous  discrimination  between  valid  and  invalid  optical  events  which 
seriously  affects  the  accuracy  of  measurement  in  the  case  of  low-level  scintillation  counting  applications. 

The  provision  of  the  active  guard  shield  enhances  the  accuracy  of  the  burst  counting  measurement 
system  in  such  applications.  The  auxiliary  scintillator  material  of  the  guard  shield  is  selected  to  be  easily 
excited  by  external  radiation  and  hence  produces  a  burst  of  photons  over  a  time  period  that  is  long  in 

15  comparison  to  the  length  of  time  over  which  the  scintillation  cocktail  emits  photons.  In  addition,  the  auxiliary 
scintiiiator  is  chosen  to  be  a  fairly  efficient  transmitter  of  light  so  that  most  of  the  light  from  the  scintillation 
cocktail  is  coupled  directly  to  the  photomultiplier  tubes.  The  auxiliary  scintillator  also  must  contain  a  very 
low  amount  of  radioactive  contaminants  so  that  no  significant  background  radioactivity  is  generated  by  the 
auxiliary  scintillator  itself. 

20  When  cosmic  rays  strike  the  auxiliary  scintillator  104,  it  scintillates  and  produces  corresponding 
electrical  signals  within  the  photomultiplier  tubes  12  and  14.  The  subsequent  operation  of  the  rest  of  the 
measurement  system  is  identical  to  the  description  provided  in  the  case  of  FIG.  1.  The  significance, 
however,  is  that  when  the  auxiliary  scintillator  104  is  excited  by  external  radiation  such  as  gamma  rays,  it 
produces  a  characteristic  pulse  burst  (following  a  detected  coincident  pulse)  which  includes  an  increased 

25  number  of  pulses  as  compared  to  the  characteristic  pulse  burst  normally  resulting  from  the  external 
excitation  of  the  glass  material  of  the  scintillation  vial  and  the  photomultiplier  tubes. 

It  will  be  noted  that  external  radiation  may  produce  background  scintillations  from  both  the  auxiliary 
scintiiiator  and  the  sample  vial  since  a  background  gamma  ray  may  pass  through  both  the  vial  and  the 
auxiliary  scintillator  depending  upon  its  direction.  These  two  background  scintillation  effects  are  inherently 

30  coincidental  in  nature,  and  because  of  mutual  optical  coupling  (FIG.  2),  the  strong  characteristic  pulse  burst 
from  the  auxiliary  scintillator  is  superimposed  onto  the  relatively  weaker  characteristic  pulse  burst  from  the 
material  of  the  vial  and  the  photomultiplier  tubes.  The  "weak"  pulse  burst  normally  resulting  from 
background  radiation  excitation  is  thus  augmented  by  the  corresponding  "strong"  pulse  burst  resulting  from 
background  radiation  excitation  of  the  auxiliary  scintillator,  thereby  making  the  characteristic  pulse  bursts 

35  more  noticeable  (i.e.,  increased  number  of  pulses  within  a  selected  time  interval  following  a  coincident 
pulse)  so  that  the  burst  count  discrimination  threshold  can  be  raised  to  a  higher  count.  This  higher  threshold 
level  results  in  a  decreased  probability  of  erroneous  discrimination  between  valid  and  invalid  optical  events, 
resulting  in  a  higher  counting  efficiency  and  a  reduced  background. 

Even  if  the  scintillation  vial  and  photomultiplier  tube  glasses  have  weak  photon  emission  properties,  the 
40  presence  of  the  guard  shield  results  in  stronger  characteristic  pulse  bursts  as  a  result  of  background 

radiation  and  consequently  improved  discrimination  and  accuracy  of  measurement,  especially  for  cases 
where  count  rates  for  valid  and  invalid  optical  events  are  of  the  same  order  of  magnitude  in  the  absence  of 
the  guard  shield.  The  net  result  is  that  even  though  a  valid  sample  optical  event  has  the  possibility  of 
occasionally  being  followed  by  burst  pulses  due  to  photomultiplier  tube  after-pulsing,  a  significantly  reduced 

45  number  of  valid  optical  events  are  misclassified  by  the  detection  system  as  invalid  optical  events  and  vice- 
versa  because  of  the  increased  burst  count  threshold.  This  directly  increases  the  figure  of  merit  for  the 
measurement  system,  which  is  defined  as  E2/B,  where  E  is  the  ratio  of  the  number  of  detected 
disintegrations  to  the  total  number  of  disintegrations  and  B  is  the  number  of  detected  background  events  in 
the  absence  of  sample  radioactivity,  since  the  number  of  detected  valid  events  is  increased  (resulting  in  a 

so  higher  value  for  E),  while  the  number  of  background  events  (B)  is  decreased. 
It  will  be  understood  that  the  presence  of  the  auxiliary  scintillation  material  aids  in  the  measurement 

process  because  the  illustrative  measurement  system  is  capable  of  rejecting  coincident  pulses  generated 
by  background  radiation  on  the  basis  of  the  burst-counting  technique  described  above  with  reference  to 
FiG.  1  .  That  is,  the  combination  of  the  active  guard  shield  with  the  burst-counting  discrimination  technique 

55  produces  a  substantial  increase  in  accuracy  of  liquid  scintillation  measurement. 
Although  the  burst  counting  technique  described  above  is  strongly  preferred  for  the  pulse  shape 

discrimination  system  employed  in  this  invention,  other  pulse  shape  discrimination  techniques  may  be 
employed  where  less  accurate  results  are  acceptable.  The  results  produced  by  these  alternative  systems 

8 
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may  still  be  improved  significantly  by  using  them  in  combination  with  the  slow  auxiliary  scintillators 
described  below.  Examples  of  such  alternative  pulse  shape  discrimination  systems  are  described  in  the 
literature,  such  as  Radiation  Detection  and  Measurement,  by  G.  F.  Knoll,  John  Wiley  and  Sons,  Inc.,  1979. 

The  light  emission  from  a  "slow^Tcintillator  is  generally  represented  by  one  or  more  exponential 
5  decays.  The  faster  decays  are  referred  to  as  the  "main  components"  of  the  light  emission,  and  are  usually 

characterized  by  their  "decay  constants"  (the  time  required  for  the  intensity  of  the  light  emission  of  each 
individual  component  to  be  reduced  to  50%  of  its  peak  value)  expressed  in  nanoseconds.  Some  scintillators 
have  a  slowly  decaying  component  with  a  decay  constant  that  is  several  orders  of  magnitude  slower  than 
the  faster  components.  This  slowest  decay  is  referred  to  as  the  "afterglow",  and  is  usually  characterized  by 

10  the  percentage  of  the  peak  light  intensity  remaining  after  a  prescribed  time  interval  expressed  in 
microseconds  or  milliseconds. 

The  decay  constant  of  the  main  component  of  the  light  emission  from  a  liquid  scintillator  for  measuring 
beta  radiation  is  preferably  a  small  fraction  of  the  dead  time  of  the  single-photodetector-pulse  detectors  16 
and  18.  For  example,  when  the  dead  time  of  the  detectors  is  80  nanoseconds,  the  sample  scintillator 

75  typically  has  a  main-component  decay  constant  of  less  than  5  nanoseconds.  Slower  decay  components  of 
the  liquid-scintillator  light  emissions  which  would  be  confused  with  the  slower  emission  from  the  auxiliary 
scintillator  are  removed  by  allowing  the  presence  of  a  small  amount  of  oxygen  in  the  liquid  scintillation 
cocktail. 

The  auxiliary  scintillator  104  has  a  main-component  decay  constant  much  longer  than  that  of  the 
20  sample  scintillator,  and  also  much  longer  than  the  dead  time  of  the  single-photoelectron-pulse  detectors  16 

and  18.  In  general,  the  probability  that  detected  coincident  pulses  originated  from  a  background  event 
increases  as  the  number  of  pulses  in  the  burst-detection  interval  increases.  Consequently,  it  is  desirable  to 
detect  as  many  pulses  occurring  within  this  interval  as  is  possible,  which  in  turn  means  it  is  desirable  for 
the  auxiliary  scintillator  to  continue  to  emit  light  throughout  a  substantial  portion  of  the  burst-detection 

25  interval.  For  example,  when  the  burst  detection  interval  is  5  microseconds,  it  is  preferred  that  the  auxiliary 
scintillator  have  a  main-component  decay  constant  of  at  least  250  nanoseconds.  In  order  to  prevent  the 
auxiliary  scintillator  from  interfering  with  the  evaluation  of  the  next  coincident-pulse  detection,  the  afterglow 
of  the  auxiliary  scintillator  should  be  at  a  statistically  insignificant  level  at  the  end  of  the  coincident-pulse- 
evaluation  interval. 

30  Examples  of  preferred  slow  fluors  for  the  auxiliary  scintillator  are  crystalline  ring-structured  compounds 
such  as  pyrene,  naphthalene,  phenanthrene,  anthracene,  carbazoie,  azulene,  chrysene,  perylene,  2-ethyl 
anthracene,  and  2-ethyl  napthalene.  These  fluors  may  be  used  by  themselves,  or  dissolved  in  solid 

polymers.  For  example,  the  fluor  may  be  dissolved  in  an  organic  liquid  monomer;  purged  of  oxygen  gas; 
and  then  polymerized  by  heat  or  activators  to  produce  a  solid  polymer  such  as  polyvinyl  toluene,  styrene  or 

35  polymethylmethacrylate  containing  the  fluor.  Other  suitable  slow  fluors  are  glass  scintillators,  such  as  those 
described  in  "Glass  Scintillators  for  the  Detection  of  Nuclear  Radiation,"  D.G.  Anderson  et  al.,  Proceedings 
of  the  Fifth  International  Instruments  and  Measurements  Conference,  Instruments  and  Measurements, 
Academic  Press,  September,  1960;  epoxy  resins;  aromatic  expoxies;  phenyl  silicones;  aromatic  polyesters; 
and  aromatic  polyurethanes.  The  auxiliary  scintillator  need  not  be  a  solid,  e.g.,  liquid  slow  fluors  may  be 

40  used  by  containing  them  within  one  or  more  hollow  transparent  members  having  the  desired  configuration. 
If  desired,  a  wave  shifter  may  also  be  dissolved  in  the  polymer  to  convert  the  wavelength  of  the  light 

emitted  by  the  primary  fluor  to  a  wavelength  that  is  within  the  optimum  detection  band  of  the  photomultiplier 
tubes.  The  use  of  wave  shifters  in  scintiilators  for  radiation  counting  is  well  known. 

As  will  be  described  in  more  detail  below,  particularly  good  results  have  been  obtained  with  polyvinyl- 
45  toluene  (PVT)  containing  pyrene  as  the  primary  fluor  and  9,  10-diphenylanthracene  (DPA)  as  a  wave  shifter. 

The  PVT-pyrene-DPA  polymer  can  be  easily  machined  to  form  the  guard-shield  configurations  described 
above,  or  any  of  the  alternative  configurations  described  below. 

Referring  now  to  FIG.  3,  there  is  shown  an  alternate  and  structurally  uncomplicated  configuration  of  an 
active  guard  shield  arrangement  that  can  be  used  in  conjunction  with  the  liquid  scintillation  measurement 

50  system  of  FIG.  1  and/or  the  auxiliary  scintillator  materials  described  above.  This  arrangement  dispenses 
with  the  need  for  the  active  guard  shield  to  be  constructed  with  the  two  photomultiplier  tubes  as  the 
discretely  structured  unit  shown  in  FIG.  2.  In  the  embodiment  of  FIG.  3,  the  liquid  scintillation  vial  120  itself 
forms  the  active  guard  shield  for  the  liquid  scintillation  cocktail  122  contained  within  the  vial.  More 
specifically,  the  vial  120  is  composed  of  the  auxiliary  scintillator  material,  and  is  positioned  within  the 

55  operating  range  of  the  two  photomultiplier  tubes  12  and  14  which  form  the  optical  event  detection  means  in 
the  liquid  scintillation  measurement  system  of  FIG.  1.  The  preferred  auxiliary  scintillator  materials  described 
above  may  be  used  to  construct  the  liquid  scintillation  vial  1  20. 

The  liquid  scintillation  vial  120  is  provided  with  an  optically  transparent  electron  impermissive  coating 
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126  on  its  inside  surface  in  order  to  prevent  the  radioactivity  emitted  by  the  liquid  sample  from  exciting  the 
soiid  scintillator  material  of  the  vial.  More  specifically,  the  coating  126  prevents  the  beta  radiation  from  the 
liquid  sample  from  striking  the  soiid  scintillator  material  of  the  vial.  However,  background  radiation,  such  as 
cosmic  rays  which  essentially  consist  of  gamma  radiation,  has  substantially  greater  penetration  capability 

s  and  easily  passes  through  the  scintillation  vial  120  and  the  electron  impermissive  coating  126  to  strike  the 
liquid  scintillation  cocktail  122  contained  within  the  vial  120.  Conventional  external  reflector  means  (not 
shown)  is  preferably  provided  around  the  scintillation  vial  in  order  to  contain  and  direct  scintillations  from 
the  vial  toward  the  photomultiplier  tubes. 

The  principle  of  operation  of  the  guard-shield  configuration  of  FIG.  3  is  essentially  the  same  as  that 
70  described  above  with  respect  to  FIG.  2.  Both  valid  events  due  to  sample  radiation  and  invalid  events  due  to 

undesired  background  external  radiation  such  as  cosmic  rays  produces  scintillations  in  the  liquid  scintillator 
122.  In  the  case  of  invalid  events,  a  resultant  coincident  pulse  detected  by  the  photomultiplier  tubes  12  and 
14  is  foilowed  by  the  pulse  burst  characteristic  of  background  radiation,  which  the  measurement  system  of 
F!G.  1  is  capable  of  detecting.  The  auxiliary  scintillator  material  of  the  liquid  scintillation  vial  120  acts  as  an 

75  active  guard  shield  and  is  also  excited  by  any  external  radiation  and,  at  substantially  the  same  time, 
produces  scintillations  which  result  in  coincident  pulses  which  are  followed  by  a  pulse  burst  characteristic  of 
the  auxiliary  scintillator  material.  This  results  in  a  characteristic  pulse  burst  that  is  enhanced  by  virtue  of  an 
increased  number  of  pulses,  and  which  may  be  more  easily  and  accurately  used  by  the  measurement 
system  of  FIG.  1  to  accurately  distinguish  between  valid  and  invalid  optical  events. 

20  FIG.  4  shows  another  configuration  of  an  active  guard  shield  arrangement  for  use  in  conjunction  with  the 
liquid  scintillation  measurement  system  of  FIG.  1.  In  the  embodiment  of  FIG.  4,  the  liquid  scintillation  vial 
130  is  of  a  standard  low  scintillation  capacity  material  132,  such  as  conventionally  used  in  liquid  scintillation 
measurement  systems.  The  active  guard  shield  for  the  liquid  scintillation  cocktail  134  in  this  case  is 
provided  within  the  scintillation  cocktail  itself  in  the  form  of  a  multiplicity  of  small  beads  136  made  of  a 

25  suitable  auxiliary  scintillator  material.  Each  of  the  beads  136  consists  of  a  central  core  of  solid  scintillator 
material  138  which  is  provided  with  an  optically  transparent  outer  coating  140  of  a  suitable  electron 
impermissive  material,  as  shown  in  the  enlarged  view  of  FIG.  4A.  The  auxiliary  scintillator  material  of  the 
beads  136  is  preferably  an  efficient  transmitter  of  light,  although  no  light  need  actually  pass  through  the 
scintillator  beads.  The  beads  136  are  mixed  into  and  held  in  suspension  by  the  solvent  contained  in  the 

30  liquid  scintillation  cocktail  134.  The  outer  coating  140  of  the  beads  136  prevents  the  charged-electron  beta 
radiation  from  the  radioactive  sample  in  the  cocktail  from  penetrating  through  to  strike  the  auxiliary 
scintiilator  material  138.  External  gamma  radiation,  on  the  other  hand,  easily  penetrates  the  scintillation  vial 
132,  the  scintillation  cocktail  134  and  the  coating  140  of  the  beads  136  to  strike  and  produce  scintillations 
within  the  auxiliary  scintillator  material  of  the  beads.  The  embodiments  of  FIG.  4  is  also  preferably  provided 

35  with  conventional  reflector  means  (not  shown)  disposed  externally  around  the  scintillation  vial  to  direct  light 
scintillations  from  the  vial  to  the  photomultiplier  tubes. 

As  in  the  embodiments  discussed  with  reference  to  FIGS.  2  and  3,  the  beads  of  auxiliary  scintillator 
material  act  as  an  active  guard  shield  which  is  responsive  to  external  radioactivity  and  effectively  produces 
an  enhanced  characteristic  pulse  burst  in  the  presence  of  external  radiation.  It  will  be  apparent  to  those 

40  skilled  in  the  art  that  the  liquid  scintillation  cocktail  may  also  be  formed  as  a  gelled  mixture  of  the  cocktail 
with  ground  up  or  crushed  auxiliary  scintillator  material  which  promotes  suspension  of  the  auxiliary 
scintillator  material  in  order  to  realize  the  active  guard  shield  effect. 

FIG.  5  illustrates  an  embodiment  in  which  the  auxiliary  scintillator  takes  the  form  of  a  vial  holder  140  for 
receiving  a  sample  vial  141.  This  vial  holder  140  is  similar  to  the  guard  shield  104  of  FIG.  2,  except  that  the 

45  vial  holder  140  is  removable  from  the  counting  chamber.  Commercial  liquid  scintillation  spectrometers  are 
conventionally  used  with  two  different  sizes  of  vials.  Thus,  the  outside  dimensions  of  the  viai  holder  140  are 
preferably  the  same  as  the  dimensions  of  the  larger  of  the  two  conventional  vials,  while  the  inside 
dimensions  of  the  vial  holder  140  are  slightly  larger  than  those  of  the  smaller  conventional  vial;  these 
dimensions  permit  a  conventional  small  vial  141  to  be  received  in  the  vial  holder  140,  which  in  turn  is 

50  readily  accomodated  by  a  standard  liquid  scintillation  spectrometer  because  it  is  of  the  same  size  as  a 
standard  large  vial. 

Another  modified  embodiment  of  the  active  guard  shield  is  illustrated  in  FIG.  6.  In  this  embodiment,  the 
auxiliary  scintiilator  is  in  the  form  of  a  pair  of  cylindrical  sleeves  160  and  161  surrounding  the  photomul- 
tiplier  tubes  12  and  14,  respectively.  The  ends  of  the  sleeves  160  and  161  adjacent  the  faces  of  the 

55  photomultiplier  tubes  form  inwardly  extending  lips  162  and  163,  respectively.  All  surfaces  of  the  sleeves  160 
and  161,  except  the  innermost  surfaces  of  the  lips  162  and  163,  are  silvered  so  that  the  sleeves  function  as 
light  pipes  to  guide  light  from  scintillations  occurring  therein  to  the  photocathodes  of  the  respective 
photomultiplier  tubes.  This  configuration  of  the  guard  shield  is  preferably  used  in  combination  with  one  or 

10 
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more  of  the  configurations  of  FIGS.  2-5.  Indeed,  the  configurations  of  FIGS.  2-5  may  be  used  in 
combination  with  each  other. 

Example 

A  series  of  comparative  tests  were  conducted  with  a  commercial  Packard  2000  Liquid  Scintillation 
Counter  to  compare  the  results  obtained  with  (1)  no  guard  shield,  and  (2)  a  guard  shield  of  pyrene  and  9, 
10-diphenylanthrocene  (DPA)  in  a  vinyl  toluene  polymer.  In  each  of  these  two  cases,  a  standard  3H  14C 
sample  were  measured,  and  each  sample  sample  and  a  standard  UC  sample  were  measured,  and  each 
sample  was  measured  in  each  of  the  following  four  modes  of  the  counter: 
ROM  out  -  no  burst  counting  discrimination 
Nnormal  Count  Mode  (NCM)  minimum  burst  counting  discrimination 
High  Sensitivity  Count  Mode  (Hi  Sens)  -intermediate  burst  counting  discrimination 
Low  Level  Count  Mode  (LLCM)  -maximum  burst  counting  discrimination 

The  pyrene-DPA-vinyl  toluene  guard  shield  was  prepared  by  dissolving  pyrene  and  9,  10-DPA  in 
distilled  inhibitor-free  vinyl  toluene  monomer  at  concentration  levels  of  6  grams/liter  and  0.3  grams/liter, 
respectively.  The  solution  was  purged  of  dissolved  oxygen  by  passing  nitrogen  gas  through  the  solution, 
and  then  polymerized  by  heating.  The  resulting  polymer  was  formed  into  a  cylindrical  vial  holder  having  a 
central  well  for  receiving  a  standard  7-ml.  vial.  The  vial  holder  was  1.9  inches  long  with  an  outside  diameter 
of  1.05  inches,  an  inside  diameter  of  0.7  inch,  and  a  base  thickness  of  0.1  inch. 

In  a  first  series  of  tests,  the  3H  sample  was  a  5-mi.  cocktail  of  toluene  containing  0.02  gram  PPO, 
0.00125  gram  dimethyl  POPOP,  and  tritiated  toluene  of  100,000  to  120,000  DPM.  The  UC  sample  was  a  5- 
ml.  cocktail  of  toluene  containing  0.02  gram  PPO,  0.00125  POPOP  gram,  and  carbon-14  toluene  of  80,000 
to  95,000  DPM.  Each  sample  was  measured  in  a  standard  7-ml.  glass  vial. 

The  results  of  the  tests  are  set  forth  in  the  following  table: 

10 

15 

20 

25 

SAMPLE  MODE  CPM  WITHOUT  VIAL  E2/B  CPM  WITH  VIAL  E2 
30  HOLDER  HOLDER 

Efficiency  BKG  Efficiency  BKG 
%  CPM  %  CPM 

3H  ROM  OUT  85406.4  61.70  14.47  263.10  84116.2  60.76  11.07  333. 
35  3H  NCM  -  85521.5  61.77  13.47  283.26  84200.9  60.82  5.98  618. 

3H  HIGH  SENS  85051.1  61.45  8.14  463.89  83426.2  60.2  4.02  901. 
3H  LLCM  75422.6  54.33  5.03  586.83  72729.0  52.39  2.44  1124. 
UC  ROM  OUT  64052.7  68.21  4.40  1057.41  64006.3  68.16  9.11  509. 
<+C  NCM  64069.5  68.23  4.38  1062.86  64068.0  68.23  7.19  647. 

40  i+c  HI  SENS  63348.5  68.46  2.53  1798.76  62488.8  66.5  1.51  2928. 
14C  LLCM  48278.6  54.41  1.31  2017.55  44945.2  47.86  0.81  2827. 

The  data  in  the  above  table  shows  that  E2/B  was  increased  significantly  by  the  addition  of  the  pyrene- 
45  DPA-vinyl  toluene  vial  holder  in  every  counting  mode  for  3H,  and  in  the  "high  sensitivity"  and  "low  level" 

counting  modes  for  HC. 
In  a  second  series  of  tests,  the  3H  sample  was  a  5-ml.  cocktail  of  benzene  containing  PPO  and  POPOP 

at  concentration  levels  of  6  grams/liter  and  0.4  grams/liter,  respectively,  and  tritiated  benzene  of  140,000 
DPM.  The  UC  sample  was  a  5-ml.  cocktail  of  benzene  containing  PPO  and  POPOP  at  concentration  levels 

so  of  6  grams/liter  and  0.4  gram/liter,  respectively,  and  carbon-14  benzene  of  70,000  DPM. 
The  results  of  the  tests  are  set  forth  in  the  following  table: 

55 

11 
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SAMPLE  MODE  CPM  WITHOUT  VIAL  E2/B  CPM  WITH  VIAL  E2 
HOLDER  HOLDER 

Efficiency  BKG  Efficiency  BKG 
CPM  %  CPM 

3H  ROM  OUT  79651.1  57.24  15.24  214.99  78258.4  56.23  9.15  345. 
3h  NCM  79819.4  57.35  15.43  213.16  77939.4  56.00  5.99  523. 
3H  HIGH  SENS  79332.0  56.77  8.54  377.38  77012.8  55.3  3.90  784. 
3H  LLCM  68427.2  49.03  5.02  478.87  66674.0  47.78  2.17  1052. 
<4C  ROM  OUT  49974.9  68.45  4.51  1038.89  49446.0  67.73  8.45  542. 
■*C  NCM  49945.6  68.41  4.36  1073.38  49595.5  67.93  6.63  696. 
14C  HI  SENS  49758.5  68.16  2.29  2028.73  49873.5  68.3  1.19  3920. 
'4C  LLCM  39942.4  54.71  1.07  2797.37  39090.8  53.54  0.64  4478. 

70 

?5 
The  data  in  the  above  table  shows  that  E2B  was  increased  significantly  by  the  addition  of  the  pyrene-DPA- 
vinyi  toluene  vial  holder  in  every  counting  mode  for  3H,  and  in  the  "high  sensitivity"  and  "low  level" 
counting  modes  for  1*C. 

The  above-described  system  can  easily  be  adapted  to  measure  the  presence  of  gamma  radiation.  For 
instance,  the  measurement  system  can  be  conveniently  modified  to  count  only  those  optical  event  pulses 
which  are  followed  by  pulse  bursts  of  at  least  a  selected  number  and  which  are  produced  as  a  result  of 
radiation  from  a  sample  emitting  radioactivity  of  the  gamma  type  striking  the  auxiliary  scintillator  material  in 
the  embodiments  described  above.  As  is  apparent,  such  event  pulses,  which  are  easily  detected  by  the 
measurement  system  because  the  corresponding  pulse  bursts.produced  by  the  solid  scintillator  material  of 
the  active  guard  shield  are  characteristically  spread  over  an  interval  of  several  microseconds,  provide  an 
accurate  indication  of  existing  gamma  radioactivity.  In  such  an  application,  no  liquid  scintillator  or  associated 
quartz  sleeve  is  required  since  the  gamma  radiation  excites  the  solid  scintillator  material  directly  in  order  to 
produce  the  optical  event  pulses  having  characteristic  pulse  bursts.  In  this  case,  the  guard  shield  made  of 
the  solid  scintillator  material  essentially  behaves  as  a  crystal  detector  responsive  to  the  gamma  radiation 
being  measured.  The  thickness  of  the  solid  scintillator  vial  has  to  be  increased  so  as  to  be  sufficient  to 
accommodate  the  relatively  high  energy  photon  bursts  generated  by  the  gamma  radiation.  The  system  is 
thus  conveniently  adaptable  for  use  with  samples  emitting  either  beta  or  gamma  radiation. 

As  is  apparent  from  the  foregoing  description,  the  system  of  this  invention  provides  significantly 
improved  accuracy  of  measurement  of  low  level  liquid  scintillation  by  providing  improved  discrimination 
between  scintillations  caused  by  true  sample  radioactivity  and  those  produced  as  a  result  of  internal  as  well 
as  external  background  activity.  The  system  is  extremely  simple,  versatile,  and  convenient  to  use  and  does 
not  require  the  additional  expense,  complexity  and  inconvenience  of  bulky  external  guard  shielding 
arrangements,  along  with  the  additional  detectors  and  anti-coincidence  detection  systems  associated  with 
such  shields. 

20 

25 
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35 

40 

Claims 

1  .  A  low-level  liquid  scintillation  counting  method  wherein  valid  sample  optical  events  are  detected  and 
45  converted  into  electrical  pulses  and  which  is  subject  to  other  invalid  background  optical  events,  said  method 

characterised  by  the  steps  of: 
detecting  optical  events, 
converting  the  optical  events  into  electrical  pulses  representative  of  the  energy  level  of  the  detected  event, 
determining  that  a  pulse  is  likely  to  be  a  sample  pulse  by  requiring  simultaneous  detection  of  an  optical 

so  event  and  conversion  of  that  event  into  an  electrical  pulse  through  two  different  means, 
enhancing  the  number  and  amplitude  of  electric  pulses  generated  after  simultaneous  detection  of  invalid 
background  events, 
counting  the  number  of  said  enhanced  electric  pulses  received  in  a  selected  time  interval  after  the 
simultaneous  detection  of  an  optical  event,  and 

55  comparing  the  number  of  electric  pulses  from  the  step  of  counting  to  a  preselected  number  to  determine 
the  extent  to  which  said  simultaneously  detected  optical  event  should  be  treated  as  a  sample  optical  event 
or  a  background  event. 
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2.  The  counting  method  of  claim  1  ,  characterised  in  that  said  comparing  step  also  compares  the  energy 
level  of  said  electrical  pulse  to  a  known  table. 

3.  A  liquid  scintillation  system  for  counting  sample  optical  events  resulting  from  the  radioactive  decay  of 

a  constituent  of  a  sample  (10)  to  be  measured  in  a  liquid  scintillator  while  reducing  the  counting  of 

5  background  events  which  are  ail  optical  events  other  than  sample  optical  events  and  which  are  electrical 
pulses  other  than  electrical  pulses  representing  a  sample  optical  event,  said  system  comprising  a  plurality 
of  detection  means  (12,14,16,  18)  located  adjacent  the  sample  (10)  for  detecting  optical  events  and  for 
converting  the  detected  optical  events  into  electrical  pulses,  said  detection  means  (12,14,16,18)  having  a 
known  dead  time  following  the  detection  of  an  optical  event,  the  detection  of  a  subsequent  optical  event 

70  being  inhibited  during  said  dead  time  and  characterised  by 
coincidence  sensing  means  (20)  for  receiving  said  electrical  pulses  from  said  plurality  of  detection  means 
(12,14,16,18)  and  producing  a  trigger  pulse  when  said  electrical  pulses  from  said  plurality  of  ,  detection 
means  (12,14,16,18)  coincide  with  eath  other,  pulse  characteristic  detection  means  (30)  for  receiving  said 
coincidence  signals  from  said  coincidence  sensing  means  (20)  and  said  electrical  pulses  from  said  plurality 

15  of  detection  means  (12,14,16,18)  for  determining  a  selected  pulse  characteristic  following  each  of  said 

trigger  pulses, 
signal  processing  means  (32)  responsive  to  said  coincidence  sensing  means  (20)  and  said  pulse  char- 
acteristic  detection  means  (30)  for  determing,  within  a  coincident-pulse-evaluation  interval,  the  extent  to 
which  the  optical  event  represented  by  said  trigger  pulse  should  be  treated  as  a  sample  optical  event,  (30) 

20  and  an  auxiliary  scintillator  (104)  for  producing  auxiliary  optical  events  in  response  to  background  radiation, 
said  auxiliary  scintillator  (104)  being  located  where  said  auxiliary  optical  events  can  be  detected  by  said 
detection  means,  and  having 

(i)  a  main-component  decay  constant  substantially  longer  than  said  dead  time  of  said  detection 
means  and 

25  (ii)  an  afterglow  that  diminishes  to  a  statistically  insignificant  level  within  said  coincident-pulse- 
evaluation  interval. 

4.  The  counting  system  of  claim  3,  characterised  in  that  said  auxiliary  scintillator  (104)  has  a  main- 
component  decay  constant  shorter  than  said  selected  interval. 

30  5.  The  counting  system  of  claim  3,  characterised  in  that  said  auxiliary  scintillator  (104)  has  a  main- 

component  decay  constant  of  at  least  about  250  nanoseconds. 
6.  The  counting  system  of  claim  3,  characterised  in  that  said  auxiliary  scintillator  (104)  has  a  main- 

component  decay  constant  substantially  greater  than  the  main-component  decay  constant  of  said  liquid 
scintillator. 

35  7.  The  counting  system  of  claim  3,  characterised  in  that  said  auxiliary  scintillator  (104)  is  disposed 
around  the  sample  to  be  measured  so  that  the  auxiliary  scintillator  (104)  is  exposed  to  the  same 
background  radiation  as  the  sample. 

8.  The  counting  system  of  claim  3,  charaterised  in  that  said  auxiliary  scintillator  (104)  is  isolated  from 
the  radiation  from  said  sample  so  that  the  auxiliary  scintillator  (104)  produces  optical  events  only  in 

40  response  to  background  radiation. 
9.  The  counting  system  of  claim  3,  characterised  in  that  said  auxiliary  scintillator  (104)  produces  optical 

events  for  at  least  about  25  nanoseconds  following  each  background  radiation  event  to  which  said  auxiliary 
scintillator  (104)  is  exposed. 

10.  The  counting  system  of  claim  3,  characterised  in  that  said  auxiliary  scintillator  (104)  comprises 
45  pyrene. 

11.  The  counting  system  of  claim  3,  characterised  in  that  said  auxiliary  scintillator  (104)  comprises  at 
least  one  polymer  selected  from  the  group  consisting  of  pyrerie,  naphthalene,  phenanthrene,  anthracene, 
carbazole,  azulene,  chrysene,  perylene,  2-ethyl  anthracene,  and  2-ethylnaphthalene. 

12.  The  counting  system  of  claim  3,  characterised  in  that  said  auxiliary  scintillator  (104)  comprises  a 
so  solid  polymer  including  a  primary  fluor  and  wave  shifter. 

13.  The  counting  system  of  claim  3,  characterised  in  that  said  auxiliary  scintillator  forms  a  vial  (120)  for 
containing  said  sample  (122),  including  said  liquid  scintillator. 

14.  The  counting  system  of  claim  3,  characterised  in  that  said  auxiliary  scintillator  (160,161)  is  disposed 
around  said  detection  means  (12,14,16,18)  so  that  the  auxiliary  scintillator  (160,161)  is  exposed  to  the  same 

55  background  radiation  as  said  detection  means  (12,14,16,18). 
15.  The  counting  system  of  claim  3,  characterised  in  that  said  auxiliary  scintiilator  is  in  the  form  of  solid 

pellets  (36)  disposed  in  said  sample  (134). 
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16.  The  counting  system  of  claim  3,  characterised  in  that  said  auxiliary  scintillator  (140)  forms  a  sample 
cavity  for  receiving  a  vial  (141)  containing  the  sample  to  be  measured. 

17.  A  low-level  liquid  scintillation  measurement  system  for  counting  sample  optical  events  resulting  from 
the  radioactive  decay  of  a  constituent  of  a  sample  to  be  measured  while  reducing  the  counting  of 

5  background  optical  events  which  are  optical  events  produced  by  background  radiation  and  which  create 
eiectrical  pulses  other  than  pulses  representing  a  sample  optical  event,  said  system  comprising  a  plurality 
of  detection  means  (12,14,16,18)  located  adjacent  the  sample  for  detecting  optical  events  and  for  converting 
optical  events  into  electrical  pulses,  and  characterised  by  coincidence  sensing  means  (20)  for  receiving  said 
electrical  pulses  from  said  plurality  of  detection  means  (12,14,16,18)  and  producing  a  trigger  pulse  when 

70  said  electrical  pulses  from  said  plurality  of  detection  means  (12,14,16,18)  coincide  with  each  other,  burst 
detection  means  (30)  for  receiving  said  trigger  pulses  from  said  coincidence  sensing  means  (20)  and  said 
electrical  pulses  from  said  plurality  of  detection  means  (12,14,16,18)  for  determining  the  number  of 
electrical  pulses  present  in  a  selected  interval  following  each  of  said  trigger  pulses, 
evaluation  means  (32)  connected  to  the  burst  detection  means  (30)  for  determining,  in  response  to  the 

75  number  of  pulses  detected  in  said  selected  interval,  the  extent  to  which  the  optical  event  represented  by  the 
corresponding  trigger  pulse  should  be  treated  as  a  sample  optical  event  or  a  background  event,  and 
an  active  guard  shield  (100)  arrangement  comprising  an  auxiliary  scintillator  (104)  optically  coupled  to  said 
plurality  of  detection  means  (12,14,16,18),  said  shield  (100)  being  adpated  to  be  excited  by  background 
radiation  and  to  effectively  increase  the  number  of  electrical  pulses  present  in  said  selected  interval 

20  following  a  trigger  pulse  generated  as  a  result  of  said  coincident  pulses  produced  due  to  the  background 
radiation,  so  as  to  allow  said  measurement  system  to  accurately  evaluate  the  number  of  pulses  detected  in 
the  selected  interval  and  determine  the  extent  to  which  a  trigger  pulse  is  to  be  treated  as  a  sample  optical 
event,  said  auxiliary  scintillator  (104)  producing  optical  events  for  a  substantially  longer  period  of  time  than 
the  liquid  scintillator  containing  the  sample  so  that  background-initiated  optical  events  can  be  distinguished 

25  from  sample-initiated  optical  events. 
18.  The  measurement  system  of  claim  17  which  is  characterised  by  means  (102)  for  isolating  said 

auxiliary  scintillator  (104)  from  radiation  originating  from  said  sample. 
19.  The  measurement  system  of  claim  17,  characterised  in  that  said  auxiliary  scintillator  (104)  has  a 

main-component  decay  constant  of  at  least  about  250  nanoseconds. 
30  20.  The  measurement  system  of  claim  17,  characterised  in  that  said  axuiliary  scintillator  (104)  has  a 

main-component  decay  constant  substantially  greater  than  the  main-component  decay  constant  of  said 
liquid  scintillator. 
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