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LǎǎǳŜŘ ōȅ {ŀƴŘƛŀ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊƛŜǎΣ ƻǇŜǊŀǘŜŘ ŦƻǊ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅ ōȅ {ŀƴŘƛŀ /ƻǊǇƻǊŀǘƛƻƴΦ 
 
bh¢L/9Υ  ¢Ƙƛǎ ǊŜǇƻǊǘ ǿŀǎ ǇǊŜǇŀǊŜŘ ŀǎ ŀƴ ŀŎŎƻǳƴǘ ƻŦ ǿƻǊƪ ǎǇƻƴǎƻǊŜŘ ōȅ ŀƴ ŀƎŜƴŎȅ ƻŦ ǘƘŜ ¦ƴƛǘŜŘ 
{ǘŀǘŜǎ DƻǾŜǊƴƳŜƴǘΦ  bŜƛǘƘŜǊ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ DƻǾŜǊƴƳŜƴǘΣ ƴƻǊ ŀƴȅ ŀƎŜƴŎȅ ǘƘŜǊŜƻŦΣ ƴƻǊ ŀƴȅ ƻŦ 
ǘƘŜƛǊ ŜƳǇƭƻȅŜŜǎΣ ƴƻǊ ŀƴȅ ƻŦ ǘƘŜƛǊ ŎƻƴǘǊŀŎǘƻǊǎΣ ǎǳōŎƻƴǘǊŀŎǘƻǊǎΣ ƻǊ ǘƘŜƛǊ ŜƳǇƭƻȅŜŜǎΣ ƳŀƪŜ ŀƴȅ 
ǿŀǊǊŀƴǘȅΣ ŜȄǇǊŜǎǎ ƻǊ ƛƳǇƭƛŜŘΣ ƻǊ ŀǎǎǳƳŜ ŀƴȅ ƭŜƎŀƭ ƭƛŀōƛƭƛǘȅ ƻǊ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ŦƻǊ ǘƘŜ ŀŎŎǳǊŀŎȅΣ 
ŎƻƳǇƭŜǘŜƴŜǎǎΣ ƻǊ ǳǎŜŦǳƭƴŜǎǎ ƻŦ ŀƴȅ ƛƴŦƻǊƳŀǘƛƻƴΣ ŀǇǇŀǊŀǘǳǎΣ ǇǊƻŘǳŎǘΣ ƻǊ ǇǊƻŎŜǎǎ ŘƛǎŎƭƻǎŜŘΣ ƻǊ 
ǊŜǇǊŜǎŜƴǘ ǘƘŀǘ ƛǘǎ ǳǎŜ ǿƻǳƭŘ ƴƻǘ ƛƴŦǊƛƴƎŜ ǇǊƛǾŀǘŜƭȅ ƻǿƴŜŘ ǊƛƎƘǘǎΦ wŜŦŜǊŜƴŎŜ ƘŜǊŜƛƴ ǘƻ ŀƴȅ ǎǇŜŎƛŦƛŎ 
ŎƻƳƳŜǊŎƛŀƭ ǇǊƻŘǳŎǘΣ ǇǊƻŎŜǎǎΣ ƻǊ ǎŜǊǾƛŎŜ ōȅ ǘǊŀŘŜ ƴŀƳŜΣ ǘǊŀŘŜƳŀǊƪΣ ƳŀƴǳŦŀŎǘǳǊŜǊΣ ƻǊ ƻǘƘŜǊǿƛǎŜΣ 
ŘƻŜǎ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ŎƻƴǎǘƛǘǳǘŜ ƻǊ ƛƳǇƭȅ ƛǘǎ ŜƴŘƻǊǎŜƳŜƴǘΣ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴΣ ƻǊ ŦŀǾƻǊƛƴƎ ōȅ ǘƘŜ 
¦ƴƛǘŜŘ {ǘŀǘŜǎ DƻǾŜǊƴƳŜƴǘΣ ŀƴȅ ŀƎŜƴŎȅ ǘƘŜǊŜƻŦΣ ƻǊ ŀƴȅ ƻŦ ǘƘŜƛǊ ŎƻƴǘǊŀŎǘƻǊǎ ƻǊ ǎǳōŎƻƴǘǊŀŎǘƻǊǎΦ  ¢ƘŜ 
ǾƛŜǿǎ ŀƴŘ ƻǇƛƴƛƻƴǎ ŜȄǇǊŜǎǎŜŘ ƘŜǊŜƛƴ Řƻ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ǎǘŀǘŜ ƻǊ ǊŜŦƭŜŎǘ ǘƘƻǎŜ ƻŦ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ 
DƻǾŜǊƴƳŜƴǘΣ ŀƴȅ ŀƎŜƴŎȅ ǘƘŜǊŜƻŦΣ ƻǊ ŀƴȅ ƻŦ ǘƘŜƛǊ ŎƻƴǘǊŀŎǘƻǊǎΦ 
 
tǊƛƴǘŜŘ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƻŦ !ƳŜǊƛŎŀΦ ¢Ƙƛǎ ǊŜǇƻǊǘ Ƙŀǎ ōŜŜƴ ǊŜǇǊƻŘǳŎŜŘ ŘƛǊŜŎǘƭȅ ŦǊƻƳ ǘƘŜ ōŜǎǘ 
ŀǾŀƛƭŀōƭŜ ŎƻǇȅΦ 
 
!ǾŀƛƭŀōƭŜ ǘƻ 5h9 ŀƴŘ 5h9 ŎƻƴǘǊŀŎǘƻǊǎ ŦǊƻƳ 
 ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅ 
 hŦŦƛŎŜ ƻŦ {ŎƛŜƴǘƛŦƛŎ ŀƴŘ ¢ŜŎƘƴƛŎŀƭ LƴŦƻǊƳŀǘƛƻƴ 
 tΦhΦ .ƻȄ сн 
 hŀƪ wƛŘƎŜΣ ¢b  отуом 
 
 ¢ŜƭŜǇƘƻƴŜΥ όусрύ ртсπуплм 
 CŀŎǎƛƳƛƭŜΥ όусрύ ртсπртну 
 9πaŀƛƭΥ ǊŜǇƻǊǘǎϪŀŘƻƴƛǎΦƻǎǘƛΦƎƻǾ 
 hƴƭƛƴŜ ƻǊŘŜǊƛƴƎΥ ƘǘǘǇΥκκǿǿǿΦƻǎǘƛΦƎƻǾκōǊƛŘƎŜ 
 
!ǾŀƛƭŀōƭŜ ǘƻ ǘƘŜ ǇǳōƭƛŎ ŦǊƻƳ 
 ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ /ƻƳƳŜǊŎŜ 
 bŀǘƛƻƴŀƭ ¢ŜŎƘƴƛŎŀƭ LƴŦƻǊƳŀǘƛƻƴ {ŜǊǾƛŎŜ 
 рнур tƻǊǘ wƻȅŀƭ wŘΦ 
 {ǇǊƛƴƎŦƛŜƭŘΣ ±!  ннмсм 
 
 ¢ŜƭŜǇƘƻƴŜΥ όуллύ рроπсупт 
 CŀŎǎƛƳƛƭŜΥ όтлоύ слрπсфлл 
 9πaŀƛƭΥ ƻǊŘŜǊǎϪƴǘƛǎΦŦŜŘǿƻǊƭŘΦƎƻǾ 
 hƴƭƛƴŜ ƻǊŘŜǊΥ ƘǘǘǇΥκκǿǿǿΦƴǘƛǎΦƎƻǾκƘŜƭǇκƻǊŘŜǊƳŜǘƘƻŘǎΦŀǎǇΚƭƻŎҐтπпπлІƻƴƭƛƴŜ 
 
 

 
 

 
 
 
 
 
 
 
 
 
  

 

mailto:reports@adonis.osti.gov
http://www.osti.gov/bridge
mailto:orders@ntis.fedworld.gov
http://www.ntis.gov/help/ordermethods.asp?loc=7-4-0%23online


{!b5 нлмоπтрло 
¦ƴƭƛƳƛǘŜŘ wŜƭŜŀǎŜ 

tǊƛƴǘŜŘ {ŜǇǘŜƳōŜǊ нлмо 
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[ƛǎŀ ¢ƘŜƛǎŜƴΣ 5Ŝŀƴ aƛǘŎƘŜƭƭΣ DǊŜƎ ¢ƘƻǊŜǎƻƴΣ [ŜŜ IŀǊŘƛƴƎΣ {ǘŜǾŜ IƻǊƴŜ 
/ƻƴǘǊŀōŀƴŘ 5ŜǘŜŎǘƛƻƴΣ a{лтун 

Wƻƴ .ǊŀŘƭŜȅ 
LƴǘŜǊŀŎǘƛǾŜ {ȅǎǘŜƳǎ {ƛƳǳƭŀǘƛƻƴ ŀƴŘ !ƴŀƭȅǎƛǎΣ a{мллп 

.ǊȅŎŜ 9ƭŘǊƛŘƎŜ 
LƴǘŜƭƭƛƎŜƴǘ {ȅǎǘŜƳǎ /ƻƴǘǊƻƭǎ a{πмлмл 

²ŜƴŘȅ !Ƴŀƛ 
wƻōƻǘƛŎ {ŜŎǳǊƛǘȅ {ȅǎǘŜƳǎ a{πммнр 

{ŀƴŘƛŀ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊƛŜǎ 
tΦhΦ .ƻȄ рулл 

!ƭōǳǉǳŜǊǉǳŜΣ bŜǿ aŜȄƛŎƻ  утмур 

!ōǎǘǊŀŎǘ 

¢ƘŜ DŀƳƳŀ 5ŜǘŜŎǘƻǊ wŜǎǇƻƴǎŜ ŀƴŘ !ƴŀƭȅǎƛǎ {ƻŦǘǿŀǊŜς5ŜǘŜŎǘƻǊ wŜǎǇƻƴǎŜ CǳƴŎǘƛƻƴ όD!5w!{π5wCύ 
ŀǇǇƭƛŎŀǘƛƻƴ ŎƻƳǇǳǘŜǎ ǘƘŜ ǊŜǎǇƻƴǎŜ ƻŦ ƎŀƳƳŀπǊŀȅ ŘŜǘŜŎǘƻǊǎ ǘƻ ƛƴŎƻƳƛƴƎ ǊŀŘƛŀǘƛƻƴΦ  ¢Ƙƛǎ Ƴŀƴǳŀƭ 
ǇǊƻǾƛŘŜǎ ǎǘŜǇπōȅπǎǘŜǇ ǇǊƻŎŜŘǳǊŜǎ ǘƻ ŀŎǉǳŀƛƴǘ ƴŜǿ ǳǎŜǊǎ ǿƛǘƘ ǘƘŜ ǳǎŜ ƻŦ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴΦ  ¢ƘŜ ŎŀǇŀōƛƭƛǘƛŜǎ 
ƛƴŎƭǳŘŜ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ŘŜǘŜŎǘƻǊ ǊŜǎǇƻƴǎŜ ǇŀǊŀƳŜǘŜǊǎΣ ǇƭƻǘǘƛƴƎ ŀƴŘ ǾƛŜǿƛƴƎ ƳŜŀǎǳǊŜŘ ŀƴŘ 
ŎƻƳǇǳǘŜŘ ǎǇŜŎǘǊŀΣ ŀƴŘ ŀƴŀƭȅȊƛƴƎ ǎǇŜŎǘǊŀ ǘƻ ƛŘŜƴǘƛŦȅ ƛǎƻǘƻǇŜǎ ƻǊ ǘƻ ŜǎǘƛƳŀǘŜ ŦƭǳȄ ǇǊƻŦƛƭŜǎΦ  D!5w!{π5wC 
Ŏŀƴ ŎƻƳǇǳǘŜ ŀƴŘ ǇǊƻǾƛŘŜ ŘŜǘŜŎǘƻǊ ǊŜǎǇƻƴǎŜǎ ǉǳƛŎƪƭȅ ŀƴŘ ŀŎŎǳǊŀǘŜƭȅΣ ƎƛǾƛƴƎ ǊŜǎŜŀǊŎƘŜǊǎ ŀƴŘ ƻǘƘŜǊ ǳǎŜǊǎ 
ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ƻōǘŀƛƴ ǳǎŀōƭŜ ǊŜǎǳƭǘǎ ƛƴ ŀ ǘƛƳŜƭȅ ƳŀƴƴŜǊ όŀ ƳŀǘǘŜǊ ƻŦ ǎŜŎƻƴŘǎ ƻǊ ƳƛƴǳǘŜǎύΦ 

о 



 

!ŎƪƴƻǿƭŜŘƎƳŜƴǘǎ 
 
¢Ƙƛǎ ǇǊƻƧŜŎǘ ǿŀǎ ŦǳƴŘŜŘ ōȅ ǘƘŜ ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΩǎ hŦŦƛŎŜ ƻŦ tǊƻƭƛŦŜǊŀǘƛƻƴ 5ŜǘŜŎǘƛƻƴΣ ǘƘŜ ¦Φ{Φ 
5ŜǇŀǊǘƳŜƴǘ ƻŦ IƻƳŜƭŀƴŘ {ŜŎǳǊƛǘȅΩǎ 5ƻƳŜǎǘƛŎ bǳŎƭŜŀǊ 5ŜǘŜŎǘƛƻƴ hŦŦƛŎŜΣ ŀƴŘ ǘƘŜ ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 
5ŜŦŜƴǎŜΩǎ 5ŜŦŜƴǎŜ ¢ƘǊŜŀǘ wŜŘǳŎǘƛƻƴ !ƎŜƴŎȅΦ 
  

п 
 



 

CONTENTS 
 
м D!5w!{π5wC .ŀǎƛŎǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦф 

мΦм D!5w!{π5wC 5ŀǘŀ CƛƭŜ /ƻƴǾŜƴǘƛƻƴǎ ŀƴŘ CƻǊƳŀǘǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ ф 

мΦн bǳŎƭŜŀǊ 5ŀǘŀ [ƛōǊŀǊƛŜǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ ф 

мΦнΦм LǎƻǘƻǇŜ 5ŀǘŀōŀǎŜ ό5.ύ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ ф 

мΦнΦн ό/ŀƭƛōǊŀǘŜŘύ {ƻǳǊŎŜ 5ŀǘŀōŀǎŜ ό5.ύ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мл 

мΦо 5ƻǎŜ /ŀƭŎǳƭŀǘƛƻƴ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мм 

н 5ŜǘŜŎǘƻǊ wŜǎǇƻƴǎŜ CǳƴŎǘƛƻƴ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мо 

нΦм 5ŜǘŜŎǘƻǊ wŜǎǇƻƴǎŜ CǳƴŎǘƛƻƴ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мо 

нΦмΦм /ƻǇȅƛƴƎ ŀƴ 9ȄƛǎǘƛƴƎ 5ŜǘŜŎǘƻǊ wŜǎǇƻƴǎŜ CǳƴŎǘƛƻƴ ό5ŜǘŜŎǘƻǊΦŘŀǘύ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мо 

нΦмΦн /ǊŜŀǘƛƴƎ ŀ bŜǿ 5ŜǘŜŎǘƻǊΥ ¢ǿƻ hǇǘƛƻƴǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мо 

нΦн 5ŜǘŜŎǘƻǊ tŀǊŀƳŜǘŜǊǎ ƛƴ ǘƘŜ 5ŜǘŜŎǘƻǊΦŘŀǘ CƛƭŜǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мр 

нΦнΦм 5ƛƳŜƴǎƛƻƴǎ ŀƴŘ 5ƛǎǘŀƴŎŜ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мс 

нΦнΦн !ǘǘŜƴǳŀǘƻǊ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мт 

нΦнΦо {ŎŀǘǘŜǊ tŀǊŀƳŜǘŜǊǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ му 

нΦнΦп aƛǎŎŜƭƭŀƴŜƻǳǎ tŀǊŀƳŜǘŜǊǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ му 

о t/C {ǇŜŎǘǊŀƭ CƛƭŜ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ нм 

п tƭƻǘǘƛƴƎκ±ƛŜǿƛƴƎ {ǇŜŎǘǊŀ όǾƛŀ t/C CƛƭŜύ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ нп 

пΦм aŜŀǎǳǊŜŘ {ǇŜŎǘǊŀ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ нп 

пΦн /ƻƳǇǳǘŜŘ {ǇŜŎǘǊŀ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ нс 

пΦо ¢ƻƻƭǎ ƻƴ ǘƘŜ DǊŀǇƘ ²ƛƴŘƻǿ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ ну 

р 9ƴŜǊƎȅ /ŀƭƛōǊŀǘƛƻƴ ƻŦ {ǇŜŎǘǊŀ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ ом 

рΦм aŀƴǳŀƭ 9ƴŜǊƎȅ /ŀƭƛōǊŀǘƛƻƴ ǳǎƛƴƎ D!5w!{π5wC ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ он 

рΦн DǊŀǇƘƛŎŀƭ 9ƴŜǊƎȅ /ŀƭƛōǊŀǘƛƻƴ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ ор 

с !ƴŀƭȅȊƛƴƎ {ǇŜŎǘǊŀΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ от 

сΦм DǊŀǇƘƛŎŀƭ !ƴŀƭȅǎƛǎ ¦ǎƛƴƎ tƭƻǘ hǾŜǊƭŀȅǎ ŦǊƻƳ [ƛōǊŀǊȅ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ от 

сΦн bǳƳŜǊƛŎŀƭ {ǇŜŎǘǊŀƭ !ƴŀƭȅǎƛǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ от 

сΦо {ƻǳǊŎŜ [ƛōǊŀǊƛŜǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ оу 

сΦп LƴǘǊƻŘǳŎǘƛƻƴ ǘƻ [ƛƴŜŀǊ wŜƎǊŜǎǎƛƻƴ !ƴŀƭȅǎƛǎΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ оф 

сΦпΦм {ƛƴƎƭŜ wŜƎǊŜǎǎƛƻƴ !ƴŀƭȅǎƛǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ пл 

сΦпΦн aǳƭǘƛǇƭŜ wŜƎǊŜǎǎƛƻƴ !ƴŀƭȅǎƛǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ пн 

сΦр /ƻƳǇǳǘŜ CƭǳȄ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ по 

т /ƻƴŎƭǳǎƛƻƴ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ пп 

 

р 
 



 

CƛƎǳǊŜǎ 
 
CƛƎǳǊŜ мΦ ¢ƻƻƭǎ ƳŜƴǳ ǘŀō ƻƴ ǘƘŜ Ƴŀƛƴ ǇŀƎŜΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ ф 
CƛƎǳǊŜ нΦ LǎƻǘƻǇŜ 5. ŘƛǎǇƭŀȅƛƴƎ ōŜǊȅƭƭƛǳƳπт όт.Ŝύ ƛǎƻǘƻǇƛŎ ƛƴŦƻǊƳŀǘƛƻƴΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мл 
CƛƎǳǊŜ оΦ /ŀƭƛōǊŀǘƛƻƴ {ƻǳǊŎŜ 5. ǇŀƎŜ ǿƛǘƘ ŎŀŘƳƛǳƳπмлф όмлф/Řύ ǎƻǳǊŎŜ ƘƛƎƘƭƛƎƘǘŜŘΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мм 
CƛƎǳǊŜ пΦ 5ƻǎŜ ŎŀƭŎǳƭŀǘƛƻƴ ǇŀƎŜΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мн 
CƛƎǳǊŜ рΦ CƛƭŜ ŘǊƻǇπŘƻǿƴ ƳŜƴǳ όtopύ ŦƻǊ ά/ǊŜŀǘŜ bŜǿ 5ŜǘŜŎǘƻǊέ {ŎǊŜŜƴ όbottomύΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мп 
CƛƎǳǊŜ сΦ ¢ƘŜ 5ŜǘŜŎǘƻǊΦŘŀǘ ŦƛƭŜ ǿƛǘƘ ǘƘŜ ŘŜǘŜŎǘƻǊ ǊŜǎǇƻƴǎŜ ŦǳƴŎǘƛƻƴ ǇŀǊŀƳŜǘŜǊǎ ŦƻǊ ŀ bŀL ŘŜǘŜŎǘƻǊΦΦΦΦΦΦΦΦ мс 
CƛƎǳǊŜ тΦ 5ŜǘŜŎǘƻǊ ŎǊƻǎǎ ǎŜŎǘƛƻƴ ǇǊƻŦƛƭŜǎ ǎƘƻǿƴ ŦƻǊ ǎŜǾŜǊŀƭ ǎƘŀǇŜ ŦŀŎǘƻǊ ό{ύ ǾŀƭǳŜǎΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мт 
CƛƎǳǊŜ уΦ /ǊŜŀǘƛƴƎ ŀ ƴŜǿ t/C ŦƛƭŜ ŦǊƻƳ ǘƘŜ tƭƻǘ ǘŀō ǿƛǘƘƛƴ ǘƘŜ CƛƭŜ ƳŜƴǳΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ нм 
CƛƎǳǊŜ фΦ ¢ƘŜ ŘŜŦŀǳƭǘ t/C ŦƛƭŜ ƴŀƳŜ ƛǎ άŜǾŜƴǘ[ƛǎǘΦǇŎŦέΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ нн 
CƛƎǳǊŜ млΦ ! ƴŜǿƭȅ ŎǊŜŀǘŜŘ ōƭŀƴƪ t/C ǎŎǊŜŜƴΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ нн 
CƛƎǳǊŜ ммΦ t/C ŦƛƭŜ ǿƛǘƘ ŜƛƎƘǘ ǎǇŜŎǘǊŀ όleft)Φ tǊŜǾƛŜǿ ƻŦ нну¢Ƙ ǎǇŜŎǘǊǳƳ ŘƛǎǇƭŀȅŜŘ ƛƴ ǊŜŘ όright)Φ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦ но 
CƛƎǳǊŜ мнΦ tƭƻǘ ǎŎǊŜŜƴ ǿƛǘƘ ŜƴǘǊƛŜǎ ǘƻ ōŜ ǇƭƻǘǘŜŘ ŦǊƻƳ ǘƘŜ άŎŀƭΦǇŎŦέ ŦƛƭŜΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ нп 
CƛƎǳǊŜ моΦ tƭƻǘ ƻŦ ōŀŎƪƎǊƻǳƴŘ ǎǳōǘǊŀŎǘŜŘ уу¸ ǎǇŜŎǘǊǳƳΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ нр 
CƛƎǳǊŜ мпΦ tƭƻǘ ǇŀƎŜ ŜȄŀƳǇƭŜ ǿƛǘƘ о ōŀŎƪƎǊƻǳƴŘ ǎǳōǘǊŀŎǘŜŘ ǎǇŜŎǘǊŀƭ ǇŀƛǊǎ ƛŘŜƴǘƛŦƛŜŘ ŦƻǊ ǇƭƻǘǘƛƴƎΦ ΦΦΦΦΦΦΦΦΦ нр 
CƛƎǳǊŜ мрΦ tƭƻǘ ƻŦ ǘƘŜ ǘƘǊŜŜ ōŀŎƪƎǊƻǳƴŘ ǎǳōǘǊŀŎǘŜŘ ǎǇŜŎǘǊŀƭ ǇŀƛǊǎΥ мот/ǎ όblueύΣ рт/ƻ όpurpleύΣ ŀƴŘ уу¸ 

όblackύΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ нс 
CƛƎǳǊŜ мсΦ ¢ƘŜ tƭƻǘ ǎŎǊŜŜƴ ŘƛǎǇƭŀȅƛƴƎ ǎŜƭŜŎǘƛƻƴǎ ŦƻǊ ŀ ŦƻǊŜƎǊƻǳƴŘΣ ōŀŎƪƎǊƻǳƴŘΣ ŀƴŘ ŎƻƳǇǳǘŜŘ ǎǇŜŎǘǊǳƳ

 ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ нт 
CƛƎǳǊŜ мтΦ tƭƻǘ ǇŀƎŜ ƻŦ ŀ ƳŜŀǎǳǊŜŘ уу¸ ǎǇŜŎǘǊǳƳ ŀƴŘ ŀ уу¸ ǎƻǳǊŎŜ όL5 ƴǳƳōŜǊΥ пфрмпоύΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ ну 
CƛƎǳǊŜ муΦ tƘƻǘƻtŜŀƪ [ƛǎǘ ƭƛōǊŀǊȅ ǇŀƎŜ ǿƛǘƘ ǘƘŜ мот/ǎ ŜƴǘǊȅ ƘƛƎƭƛƎƘǘŜŘΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ он 
CƛƎǳǊŜ мфΦ {ŜƭŜŎǘƛƴƎ tŜŀƪ {ŜŀǊŎƘ ŀƴŘ aŀƴǳŀƭ 9ƴŜǊƎȅ /ŀƭƛōǊŀǘƛƻƴ ƭƻŎŀǘŜŘ ǳƴŘŜǊ ǘƘŜ 5ŜǘŜŎǘƻǊ ǘŀōΦ ΦΦΦΦΦΦΦΦΦ он 
CƛƎǳǊŜ нлΦ ¢ƘŜ tŜŀƪ {ŜŀǊŎƘ ŀƴŘ aŀƴǳŀƭ /ŀƭƛōǊŀǘƛƻƴ ǎŎǊŜŜƴ ƛǎ ōƭŀƴƪ ǿƘŜƴ ŦƛǊǎǘ ƻǇŜƴŜŘ όleftύ ŀƴŘ 

ǇƻǇǳƭŀǘŜŘ ǿƘŜƴ ŀ ǎǇŜŎǘǊǳƳ ƛǎ ƭƻŀŘŜŘ όrightύΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ он 
CƛƎǳǊŜ нмΦ {ŜƭŜŎǘƛƻƴ ƻŦ ǘƘŜ ŀŎǘǳŀƭ ŜƴŜǊƎȅ ŦƻǊ ŀ ǇŜŀƪ όƘƛƎƘƭƛƎǘŜŘ ŜƴǘǊȅ ƻǊ Ƴŀƴǳŀƭƭȅ ŜƴǘŜǊ ŜƴŜǊƎȅύ ƛƴ ǘƘŜ 

ŎƘŀƴƎŜ ŜƴŜǊƎȅ ǿƛƴŘƻǿΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ оо 
CƛƎǳǊŜ ннΦ 9ƴŜǊƎȅ ŎŀƭƛōǊŀǘƛƻƴ ǎŎǊŜŜƴ ǎƘƻǿƛƴƎ ǘǿƻ ǎŜƭŜŎǘŜŘ ǇŜŀƪǎ ƛƴ ǘƘŜ ŎƘŀƴƴŜƭκŜƴŜǊƎȅ ǘŀōƭŜ όtopύ ŀƴŘ 

ǘƘŜ ƘƛƎƘƭƛƎƘǘŜŘ όcyanύ ǇŀǊŀƳŜǘŜǊǎ ǘƘŀǘ ǿƛƭƭ ōŜ ŀŘƧǳǎǘŜŘ όcenterύΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ оп 
CƛƎǳǊŜ ноΦ ! ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳ όblackύ ǿƛǘƘ ŀ мот/ǎ ƭƛōǊŀǊȅ ǎǇŜŎǘǊǳƳ ƻǾŜǊƭŀȅ όcyanύΦ LǎƻǘƻǇƛŎǎΣ ŀŎǘƛǾƛǘȅΣ 

ŀƴŘ ǎƘƛŜƭŘƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ ƻǾŜǊƭŀƛŘ ǎǇŜŎǘǊǳƳ ƛǎ ǇǊƻǾƛŘŜŘ ŀǘ ǘƘŜ ƭƻǿŜǊ ƭŜŦǘ ŎƻǊƴŜǊ ƻŦ 
ǘƘŜ ǿƛƴŘƻǿ ƛƴ ǘƘŜ ǎŀƳŜ ŎƻƭƻǊ ŀǎ ǘƘŜ ǎǇŜŎǘǊǳƳ όcyanύΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ ор 

CƛƎǳǊŜ нпΦ ¢ƘŜ ссмπƪŜ± ǇŜŀƪ ŦǊƻƳ мот/ǎ ƛƴ ǘƘŜ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳ όblackύ ŀƴŘ ǘƘŜ ŎƻƳǇǳǘŜŘ ǎǇŜŎǘǊǳƳ 
όredύ Řƻ ƴƻǘ ƻǾŜǊƭŀȅΣ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ŎŀƭƛōǊŀǘƛƻƴ ŦƻǊ ǘƘŜ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳ ƛǎ ƛƴŎƻǊǊŜŎǘΦ
 ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ ор 

CƛƎǳǊŜ нрΦ 9ƴŜǊƎȅ /ŀƭƛōǊŀǘƛƻƴ ǇŀǊŀƳŜǘŜǊ ǎŜƭŜŎǘƛƻƴ ŀƴŘ ŎƻƴŦƛǊƳŀǘƛƻƴ ǿƛƴŘƻǿΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ ос 
CƛƎǳǊŜ нсΦ {ǳŎŜǎǎŦǳƭ ƎǊŀǇƘƛŎŀƭ ŜƴŜǊƎȅ ŎŀƭƛōǊŀǘƛƻƴΣ ǘƘŜ ƳŜŀǎǳǊŜŘ мот/ǎ ǎǇŜŎǘǊǳƳ όōƭŀŎƪύ ƛǎ ƴƻǿ ŜƴŜǊƎȅ 

ŎŀƭƛōǊŀǘŜŘ ŀƴŘ ŀƭƛƎƴŜŘ ǿƛǘƘ ǘƘŜ ŎƻƳǇǳǘŜŘ мот/ǎ ǎǇŜŎǘǊǳƳ όǊŜŘύΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ ос 
CƛƎǳǊŜ нтΦ DǊŀǇƘ ƻŦ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳ ǿƛǘƘ ōŜǎǘ Ŧƛǘ ƛǎƻǘƻǇŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ƻǾŜǊƭŀȅ ǳǎƛƴƎ ǎƘƛŦǘ Ҍ ƭŜŦǘπ

ŎƭƛŎƪ όleftύΤ tƘƻǘƻǇŜŀƪ ƭƛǎǘ ǿƛǘƘ ŘƛǎǇƭŀȅŜŘ ƛǎƻǘƻǇŜ ƘƛƎƘƭƛƎƘǘŜŘ όright)Φ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ от 

с 
 



 

CƛƎǳǊŜ нуΦ ¢ƘŜ !ƴŀƭȅȊŜ ǘŀō ƻƴ ǘƘŜ Ƴŀƛƴ ǇŀƎŜ Ŏƻƴǘŀƛƴǎ ǘƘǊŜŜ ƴǳƳŜǊƛŎŀƭ ŀƴŀƭȅǎƛǎ ǘŀō ƻǇǘƛƻƴǎΥ {ƛƴƎƭŜ 
wŜƎǊŜǎǎƛƻƴΣ aǳƭǘƛǇƭŜ wŜƎǊŜǎǎƛƻƴΣ ŀƴŘ CƭǳȄΦ ¢ƘŜ ǎƻǳǊŎŜ ƭƛōǊŀǊƛŜǎ ŀǊŜ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ƳƛŘŘƭŜ ƻŦ 
ǘƘŜ ŀƴŀƭȅǎƛǎ ǘŀō ŦƻǊ ŜŀŎƘ ƻǇǘƛƻƴΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ оу 

CƛƎǳǊŜ нфΦ  LǎƻǘƻǇŜ ƭƛōǊŀǊȅ ǇŀƎŜ ŦƻǊ ƛǎƻǘƻǇŜ ƛƴŎƭǳǎƛƻƴ ƛƴ ǘƘŜ ƴǳƳŜǊƛŎŀƭ ŀƴŀƭȅǎƛǎΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ оф 
CƛƎǳǊŜ олΦ {ƛƴƎƭŜ wŜƎǊŜǎǎƛƻƴ !ƴŀƭȅǎƛǎ ǘŀō ǿƛǘƘ ннсwŀΣ нон¢ƘΣ плYΣ ŀƴŘ уу¸ ǎŜƭŜŎǘŜŘ ŦǊƻƳ ǘƘŜ ƛǎƻǘƻǇŜ 

ǎƻǳǊŎŜ ƭƛōǊŀǊȅ ŀƴŘ ǘƘŜ ǎƘƛŜƭŘƛƴƎ ƻǇǘƛƻƴǎ ŀŎǘƛǾŀǘŜŘΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ пм 
CƛƎǳǊŜ омΦ DǊŀǇƘ ƻŦ {ƛƴƎƭŜ wŜƎǊŜǎǎƛƻƴ !ƴŀƭȅǎƛǎ ƻŦ ŀ уу¸ ǎǇŜŎǘǊǳƳΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ пм 
CƛƎǳǊŜ онΦ {ƛƴƎƭŜ wŜƎǊŜǎǎƛƻƴ !ƴŀƭȅǎƛǎ {ǳƳƳŀǊȅ tŀƎŜΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ пн 
CƛƎǳǊŜ ооΦ DǊŀǇƘ ƻŦ aǳƭǘƛǇƭŜ wŜƎǊŜǎǎƛƻƴ !ƴŀƭȅǎƛǎ ƻŦ уу¸ ǎǇŜŎǘǊǳƳΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ пн 
CƛƎǳǊŜ опΦ aǳƭǘƛǇƭŜ wŜƎǊŜǎǎƛƻƴ !ƴŀƭȅǎƛǎ {ǳƳƳŀǊȅ tŀƎŜΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ по 
CƛƎǳǊŜ орΦ /ƻƳǇǳǘŜ CƭǳȄ !ƴŀƭȅǎƛǎ tŀƎŜΦ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ по 
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1 GADRAS-DRF BASICS 
¢ƘŜ DŀƳƳŀ 5ŜǘŜŎǘƻǊ wŜǎǇƻƴǎŜ ŀƴŘ !ƴŀƭȅǎƛǎ {ƻŦǘǿŀǊŜ π 5ŜǘŜŎǘƻǊ wŜǎǇƻƴǎŜ CǳƴŎǘƛƻƴ όD!5w!{π5wCύ 
ŀǇǇƭƛŎŀǘƛƻƴΣ ŘŜǾŜƭƻǇŜŘ ŀǘ {ŀƴŘƛŀ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊƛŜǎΣ ŎƻƳǇǳǘŜǎ ǘƘŜ ǊŜǎǇƻƴǎŜ ƻŦ ƎŀƳƳŀπǊŀȅ ŘŜǘŜŎǘƻǊǎ 
ǘƻ ƛƴŎƛŘŜƴǘ ǊŀŘƛŀǘƛƻƴΦ D!5w!{π5wC Ŏŀƴ ŎƻƳǇŀǊŜ ƳŜŀǎǳǊŜŘ ŀƴŘ ŎƻƳǇǳǘŜŘ ǎǇŜŎǘǊŀΣ ŀƴŘ Ŏƻƴǘŀƛƴǎ 
ŀƭƎƻǊƛǘƘƳǎ ǘƘŀǘ ŜƴŀōƭŜ ǎǇŜŎǘǊŀƭ ŀƴŀƭȅǎƛǎ ōȅ ǎƛƴƎƭŜ ŀƴŘ ƳǳƭǘƛǇƭŜ ǊŜƎǊŜǎǎƛƻƴ ǘŜŎƘƴƛǉǳŜǎΦ  
 
1.1 GADRAS-DRF Data File Conventions and Formats 
D!5w!{π5wC ǳǎŜǎΣ ŀǎ ƛǘǎ ŘŜŦŀǳƭǘ ŦƛƭŜ ŦƻǊƳŀǘΣ ŀ ŘƛǊŜŎǘπŀŎŎŜǎǎ ōƛƴŀǊȅ ŦƛƭŜ ǿƛǘƘ ŀ άǇŎŦέ ŜȄǘŜƴǎƛƻƴΦ D!5w!{π
5wC Ŏƻƴǘŀƛƴǎ ƛƴǘǊƛƴǎƛŎ ǎǳǇǇƻǊǘ ŦƻǊ ǎŜǾŜǊŀƭ ƻǘƘŜǊ ǘȅǇŜǎ ƻŦ ŦƛƭŜǎ όƛΦŜΦ άŀǎŎέ ŀƴŘ άƴпнέ ŦƛƭŜǎύΣ ŀƴŘ ƛǘ ǳǎŜǎ ŀ 
ά/ŀƳōƛƻΦŘƭƭέ ǘƻ ǊŜŀŘ ŀōƻǳǘ ул ƻǘƘŜǊ ǘȅǇŜǎ ƻŦ ǎǇŜŎǘǊǳƳ ŦƛƭŜǎΦ ¢ƘŜ ŀǇǇƭƛŎŀǘƛƻƴ Ŏŀƴ ŀƭǎƻ ǿǊƛǘŜ ŦƛƭŜǎ ŦƻǊ 
ǎŜǾŜǊŀƭ ŎƻƳƳƻƴ ŦƻǊƳŀǘǎΣ ƛƴŎƭǳŘƛƴƎ άŎƘƴέΣ άŘŀǘέΣ άǎǇŎέ ŀƴŘ άǎǇŜέΦ  
 
1.2 Nuclear Data Libraries 
! ǎŜƭŜŎǘƛƻƴ ƻŦ ƴǳŎƭŜŀǊ Řŀǘŀ ƭƛōǊŀǊƛŜǎ Ŏŀƴ ōŜ ŦƻǳƴŘ ǳƴŘŜǊ ǘƘŜ ¢ƻƻƭǎ ƳŜƴǳ ƻǇǘƛƻƴ ƻƴ ǘƘŜ Ƴŀƛƴ ǎŎǊŜŜƴΣ ŀǎ 
ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ мΦ [ƛōǊŀǊȅ ƻǇǘƛƻƴǎ ƛƴŎƭǳŘŜΥ 

• LǎƻǘƻǇŜ 5. όLǎƻǘƻǇŜ ŘŀǘŀōŀǎŜύ 
• tƘƻǘƻtŜŀƪ [ƛǎǘ όǘƻ ōŜ ŘƛǎŎǳǎǎŜŘ ƛƴ {ŜŎǘƛƻƴ р ς 9ƴŜǊƎȅ /ŀƭƛōǊŀǘƛƻƴύ  
• {ƻǳǊŎŜ 5. ό{ƻǳǊŎŜ ŘŀǘŀōŀǎŜύ 

 

 
Figure 1. Tools menu tab on the main page. 

 
1.2.1 Isotope Database (DB) 
¢ƘŜ LǎƻǘƻǇŜ 5. ǇŀƎŜ ƛǎ ŀŎŎŜǎǎŜŘ ŦǊƻƳ ǘƘŜ ¢ƻƻƭǎ ǘŀō ƻƴ ǘƘŜ Ƴŀƛƴ ǇŀƎŜΦ ¢Ƙƛǎ ƻǇǘƛƻƴ ŀƭƭƻǿǎ ǳǎŜǊǎ ǘƻ ǎŜƭŜŎǘ 
ŀƴŘ ǾƛŜǿ ƎŀƳƳŀπǊŀȅ ǇŜŀƪ ŜƴŜǊƎƛŜǎ ŀƴŘ ȅƛŜƭŘǎ ŦƻǊ ǎŜƭŜŎǘŜŘ ƛǎƻǘƻǇŜǎ ƛƴ ǘƘŜ ƭƛōǊŀǊȅΦ  
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¢ƘŜ ŘǊƻǇπŘƻǿƴ ƭƛǎǘ ŀǘ ǘƘŜ ǘƻǇπƭŜŦǘ ŎƻǊƴŜǊ ƻŦ ǘƘŜ ǿƛƴŘƻǿ ŀƭƭƻǿǎ ǳǎŜǊǎ ǘƻ ǎŜƭŜŎǘ ǾŀǊƛƻǳǎ ƛǎƻǘƻǇŜǎΦ 
tǊƻǇŜǊǘƛŜǎ ƛƴŎƭǳŘƛƴƎ ƛǎƻǘƻǇŜ ŘŜǎƛƎƴŀǘƛƻƴΣ ƘŀƭŦπƭƛŦŜΣ ǇŜŀƪǎΣ ŀƴŘ ȅƛŜƭŘǎ ŀǊŜ ŘƛǎǇƭŀȅŜŘ ŦƻǊ ǘƘŜ ǎŜƭŜŎǘŜŘ 
ƛǎƻǘƻǇŜΦ CǊƻƳ ǘƘƛǎ ǿƛƴŘƻǿΣ ǳǎŜǊǎ Ƴŀȅ ŀŘŘ ƴŜǿ ƛǎƻǘƻǇŜǎ ǘƻ ǘƘŜ ƭƛōǊŀǊȅ ƻǊ ŜŘƛǘ ŜȄƛǎǘƛƴƎ ƛǎƻǘƻǇŜ 
ƛƴŦƻǊƳŀǘƛƻƴΦ CƛƎǳǊŜ н ǎƘƻǿǎ ǘƘŜ LǎƻǘƻǇŜ 5. ǿƛƴŘƻǿ ǇƻǇǳƭŀǘŜŘ ǿƛǘƘ ƛƴŦƻǊƳŀǘƛƻƴ ŦƻǊ ōŜǊȅƭƭƛǳƳπт όт.ŜύΦ 
 

 
Figure 2. Isotope DB displaying beryllium-7 (7Be) isotopic information. 

 
¢ƘŜ άhǾŜǊƭŀȅέ ŎƘŜŎƪōƻȄ ŀƭƭƻǿǎ ǘƘŜ ǳǎŜǊ ǘƻ ƻǾŜǊƭŀȅ ŀ ǎǇŜŎǘǊǳƳ ƻŦ ǘƘŜ ǎŜƭŜŎǘŜŘ ƛǎƻǘƻǇŜ ƻƴ ǘƘŜ ǎŎǊŜŜƴΦ ¢ƘŜ 
ǳǎŜǊ Ƴŀȅ ŀƭǎƻ ŎƘŀƴƎŜ ǘƘŜ ǎǇŜŎǘǊǳƳΩǎ ŎƻƭƻǊ ŀƴŘ ƭƛƴŜ ǘƘƛŎƪƴŜǎǎΦ ¦ǎƛƴƎ ǘƘŜ ŘŜǘŜŎǘƻǊ ǊŜǎǇƻƴǎŜ ŦǳƴŎǘƛƻƴ 
ǇǊƻǇŜǊǘƛŜǎ ŦƻǳƴŘ ƛƴ ǘƘŜ 5ŜǘŜŎǘƻǊΦŘŀǘΣ ǘƘŜ ŎƻƳǇǳǘŜŘ ǎǇŜŎǘǊǳƳ ŦƻǊ ǘƘŜ ƛǎƻǘƻǇŜ ǿƛǘƘ ŀǇǇǊƻǇǊƛŀǘŜ ǎƘƛŜƭŘƛƴƎ 
ƛǎ ƎŜƴŜǊŀǘŜŘ ŀǎ ǘƘŜ ƻǾŜǊƭŀȅΦ  
 
D!5w!{π5wC ŘŜǾŜƭƻǇŜǊǎ ŎƻƳƳƻƴƭȅ ƭƛǎǘ ƎŀƳƳŀπǊŀȅ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŘŀǳƎƘǘŜǊ ǊŀŘƛƻƴǳŎƭƛŘŜǎ ƛƴ ǘƘŜ 
ƎŀƳƳŀπǊŀȅ ŜƳƛǎǎƛƻƴ ƭƛǎǘ ŦƻǊ ǘƘŜ ǇŀǊŜƴǘ ǊŀŘƛƻƴǳŎƭƛŘŜΦ ¢Ƙƛǎ ƎŜƴŜǊŀƭƭȅ ƻŎŎǳǊǎ ƛŦ ǘƘŜ ŘŀǳƎƘǘŜǊ ǊŀŘƛƻƴǳŎƭƛŘŜ ƛǎ 
ǘǊŀŘƛǘƛƻƴŀƭƭȅ ƻōǎŜǊǾŜŘ ǘƻ ōŜ ƛƴ ŜǉǳƛƭƛōǊƛǳƳ ǿƛǘƘ ǘƘŜ ǇŀǊŜƴǘΦ CƻǊ ŜȄŀƳǇƭŜΣ ƎŀƳƳŀπǊŀȅ ŜƳƛǎǎƛƻƴǎ ŀǊƛǎƛƴƎ 
ŦǊƻƳ ǘƘŜ ŘŜŎŀȅ ƻŦ нлу¢ƭ ŀǊŜ ŀƭǎƻ ƭƛǎǘŜŘ ǳƴŘŜǊ нон¢ƘΦ ¢ƻ ǾŜǊƛŦȅ ǘƘŀǘ ŀ ŘŀǳƎƘǘŜǊΩǎ ƎŀƳƳŀπǊŀȅǎ ŀǊŜ ƛƴŎƭǳŘŜŘ ƛƴ 
ŀ ǇŀǊŜƴǘΩǎ ƎŀƳƳŀπǊŀȅ ŜƳƛǎǎƛƻƴ ƭƛǎǘΣ ǘƘŜ ǳǎŜǊ ǿƻǳƭŘ ǇŜǊŦƻǊƳ ŀ Ǿƛǎǳŀƭ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ǘƘŜ ƭƛǎǘǎΦ  
 
1.2.2 (Calibrated) Source Database (DB) 
¦ǎŜǊǎ Ŏŀƴ ŀŎŎŜǎǎ ǘƘŜ {ƻǳǊŎŜ 5. ǇŀƎŜ ŦǊƻƳ ǘƘŜ ¢ƻƻƭǎ ǘŀō ƻƴ ǘƘŜ Ƴŀƛƴ ǇŀƎŜΦ ¢Ƙƛǎ ǇŀƎŜ ŘƛǎǇƭŀȅǎ ŀ ŘŀǘŀōŀǎŜ 
ƻŦ ƪƴƻǿƴ ŎŀƭƛōǊŀǘƛƻƴ ǎƻǳǊŎŜǎ ŀƭƻƴƎ ǿƛǘƘ ǾŀǊƛƻǳǎ ǇǊƻǇŜǊǘƛŜǎΦ ¢ƘŜ ǎƻǳǊŎŜ ƭƛǎǘ ƛǎ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ {ƻǳǊŎŜΦƭƛō 
ŦƛƭŜ ƛƴ ǘƘŜ D!5w!{π5wC ŦƻƭŘŜǊΦ  
 

мл 
 



 

²ƘŜƴ ŀ ƴŜǿ ǾŜǊǎƛƻƴ ƻŦ D!5w!{π5wC ƛǎ ƛƴǎǘŀƭƭŜŘΣ ǳǎŜǊπŀŘŘŜŘ ǎƻǳǊŎŜǎ Ŏŀƴ ōŜ ǊŜǘŀƛƴŜŘ ōȅ ƳŜǊƎƛƴƎ ǘƘŜ 
ŎǳǊǊŜƴǘ {ƻǳǊŎŜΦƭƛō ŦƛƭŜ ƛƴǘƻ ǘƘŜ ƴŜǿ D!5w!{π5wC ŦƻƭŘŜǊΦ {ƻǳǊŎŜǎ ŀǊŜ ŀŘŘŜŘ ŀƴŘ ƛŘŜƴǘƛŦƛŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ 
ǘƘŜƛǊ ǳƴƛǉǳŜ {ƻǳǊŎŜ L5Φ 
 
{ƻǳǊŎŜ 5. ƛƴŎƭǳŘŜǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ ŦƻǊ ŜŀŎƘ ŎŀƭƛōǊŀǘƛƻƴ ǎƻǳǊŎŜΥ 

• {ƻǳǊŎŜ L5 τ [ƛōǊŀǊȅ ƴŀƳƛƴƎ ŎƻƴǾŜƴǘƛƻƴΥ ŀǘƻƳƛŎ ǿŜƛƎƘǘ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ ŜƭŜƳŜƴǘǎ ǎȅƳōƻƭ όƛΦŜΦΣ 
млф/Řύ Ҍ ǳƴŘŜǊǎŎƻǊŜ Ҍ ŀƭǇƘŀƴǳƳŜǊƛŎ ƛƴŦƻǊƳŀǘƛƻƴ όŜΦƎΦΣ ǎŜǊƛŀƭ ƴǳƳōŜǊ ƻǊ ƻǘƘŜǊ ƛŘŜƴǘƛŦȅƛƴƎ 
ƛƴŦƻǊƳŀǘƛƻƴύΦ   

• hǊƛƎƛƴŀƭ /ŀƭƛōǊŀǘŜŘ !ŎǘƛǾƛǘȅ  
• hǊƛƎƛƴŀƭ /ŀƭƛōǊŀǘƛƻƴ 5ŀǘŜ  
• [ƻŎŀǘƛƻƴ  

 
/ŀƭƛōǊŀǘƛƻƴ ǎƻǳǊŎŜǎ ŀǊŜ ƭƛǎǘŜŘ ōȅ ǊŀŘƛƻƴǳŎƭƛŘŜ ƛƴ ǘƘŜ {ƻǳǊŎŜ 5. ǇŀƎŜΦ /ƭƛŎƪƛƴƎ ǘƘŜ ǘǊŜŜπŜȄǇŀƴŘ ōǳǘǘƻƴ 
ƴŜȄǘ όƛΦŜΦ ǘƘŜ + ǘƻ ǘƘŜ ƭŜŦǘ ƻŦ ŜŀŎƘ ƛǎƻǘƻǇŜ ƴŀƳŜύ ŀƭƭƻǿǎ ǘƘŜ ǳǎŜǊ ǘƻ ǾƛŜǿ ŀƭƭ ŎŀƭƛōǊŀǘƛƻƴ ǎƻǳǊŎŜǎ ŦƻǊ ǘƘŀǘ 
ǊŀŘƛƻƴǳŎƭƛŘŜΦ ¦ǎŜǊǎ Ƴŀȅ ŜŘƛǘ ƻǊ ŘŜƭŜǘŜ ŜȄƛǎǘƛƴƎ ǎƻǳǊŎŜǎ ƻǊ ŀŘŘ ƴŜǿ ǎƻǳǊŎŜǎ ŦǊƻƳ ǘƘƛǎ ŦƻǊƳΦ  
 
²ƘŜƴ ŎƻƳǇǳǘŜŘ ǎǇŜŎǘǊŀ ŀǊŜ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ƳŜŀǎǳǊŜƳŜƴǘǎΣ ŀŎǘƛǾƛǘƛŜǎ ŦƻǊ ǎǘƻǊŜŘ ŎŀƭƛōǊŀǘƛƻƴ ǎƻǳǊŎŜǎ ŀǊŜ 
ŘŜŎŀȅπŎƻǊǊŜŎǘŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ /ŀƭƛōǊŀǘƛƻƴ 5ŀǘŜ ŀƴŘ /ŀƭƛōǊŀǘŜŘ !ŎǘƛǾƛǘȅΦ ¢Ƙƛǎ ƛǎ ŘƻƴŜ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ 
ŀǇǇǊƻǇǊƛŀǘŜ ŀŎǘƛǾƛǘȅ ƛǎ ǳǎŜŘ ǿƘŜƴ ŎƻƳǇŀǊƛƴƎ ŎƻƳǇǳǘŜŘ ŀƴŘ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊŀΦ !ƴ ŀŎǘƛǾƛǘȅ ŎŀƭŎǳƭŀǘƻǊ ƛǎ 
ǇǊƻǾƛŘŜŘ ŀǘ ǘƘŜ ōƻǘǘƻƳ ƻŦ ǘƘŜ ǿƛƴŘƻǿ ŦƻǊ ǳǎŜǊǎ ǘƻ ƻōǘŀƛƴ ŘŜŎŀȅπŎƻǊǊŜŎǘŜŘ ŀŎǘƛǾƛǘƛŜǎ ŦƻǊ ŜŀŎƘ ǎƻǳǊŎŜΦ 
CƛƎǳǊŜ о ƛƭƭǳǎǘǊŀǘŜǎ ŀ ƭƛǎǘƛƴƎ ƻŦ ŎŀƭƛōǊŀǘƛƻƴ ǎƻǳǊŎŜǎ ŦƻǊ /ŀŘƳƛǳƳπмлф όмлф/Řύ ŀƴŘ ǘƘŜ ŀŎǘƛǾƛǘȅ ŎŀƭŎǳƭŀǘƻǊΦ 
 
 

 
Figure 3. Calibration Source DB page with cadmium-109 (109Cd) source highlighted. 

 
1.3 Dose Calculation  
¢ƘŜ ŜȄǇŜŎǘŜŘ ŘƻǎŜ όŜȄǇƻǎǳǊŜύ ǊŀǘŜ ŦǊƻƳ ŀƭƳƻǎǘ ŀƴȅ ǎƻǳǊŎŜ Ŏŀƴ ōŜ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ D!5w!{π5wCΦ Note: 
this calculation is independent of detector characteristics and any internal or external shielding. 
However, GADRAS does compensate for attenuation and scattering by intervening air. Based on methods 
specified in ANSI/ANS‐6.1.1‐1991, “Neutron and Gamma‐Ray Fluence‐to‐Dose Factors,” effective dose 
equivalent rates for an anthropomorphic representation of the human body can be calculated.  
 
¢ƘŜ 5ƻǎŜ /ŀƭŎ ōǳǘǘƻƴ ƛǎ ƭƻŎŀǘŜŘ ǳƴŘŜǊ ǘƘŜ ¢ƻƻƭǎ ǘŀō ƻƴ ǘƘŜ Ƴŀƛƴ ǇŀƎŜΦ ¢ƘŜ ǊŀŘƛƻƴǳŎƭƛŘŜ ǎƻǳǊŎŜ ǎǘǊŜƴƎǘƘ 
Ŏŀƴ ōŜ ǇǊƻǾƛŘŜŘ ŀǎ ŀŎǘƛǾƛǘȅ ό/ǳǊƛŜǎύ ƻǊ ŀǎ ŀ Ƴŀǎǎ όƎǊŀƳǎύΦ 
 

мм 
 



 

LƴŦƻǊƳŀǘƛƻƴ ƴŜŜŘŜŘ ŦƻǊ ŀ ŘƻǎŜ ŎŀƭŎǳƭŀǘƛƻƴ ƛƴŎƭǳŘŜǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ 

• tǊŜŦŜǊǊŜŘ ŘƻǎŜ ǳƴƛǘǎΥ {ŜƭŜŎǘ ƻǳǘǇǳǘ ǳƴƛǘǎ Ǿƛŀ ǊŀŘƛƻ ōǳǘǘƻƴǎ όwŜƳ ƻǊ {ƛŜǾŜǊǘύ  
• {ƻǳǊŎŜ όǊŀŘƛƻƴǳŎƭƛŘŜ ŀƴŘ ǎƻǳǊŎŜ ǎǘǊŜƴƎǘƘύΥ wŀŘƛƻŀŎǘƛǾŜ ǎƻǳǊŎŜ ƛƴŦƻǊƳŀǘƛƻƴ όŜΦƎΦτ άмот/ǎΣ 

мллǳ/έτ ŀ ƪƴƻǿƴ ǎƻǳǊŎŜ ŦǊƻƳ {ƻǳǊŎŜ 5.Σ ƻǊ ŀ ŦƛƭŜ ƴŀƳŜ ƻŦ ŀ ƳƻŘŜƭŜŘ ǎƻǳǊŎŜύ 
• 5ƛǎǘŀƴŎŜΥ ǎƻǳǊŎŜπǘƻπŘŜǘŜŎǘƻǊ ŘƛǎǘŀƴŎŜ όŎƳύΦ  
• DŀƳƳŀ 9ƴŜǊƎȅ ¢ƘǊŜǎƘƻƭŘΥ ŀƴȅ ƎŀƳƳŀ ŜƳƛǎǎƛƻƴǎ ōŜƭƻǿ ǘƘŜ ǎǇŜŎƛŦƛŜŘ ǘƘǊŜǎƘƻƭŘ ŜƴŜǊƎȅ όƪŜ±ύ 

ŀǊŜ ŜȄŎƭǳŘŜŘ ǿƘŜƴ ǘƘŜ ƎǊƻǎǎ ƭŜŀƪŀƎŜ ƛǎ ǘŀƭƭƛŜŘΦ 
 
¢ƘŜ ŦƻǳǊ ƻǳǘǇǳǘǎ ŦƻǊ ǘƘŜ /ŀƭŎǳƭŀǘŜŘ 5ƻǎŜ wŀǘŜ ƻǳǘǇǳǘ ŀǊŜ ǎƘƻǿƴ ƛƴ ǘƘŜ ƳƛŘŘƭŜ ƻŦ CƛƎǳǊŜ п  

• DŀƳƳŀ 5ƻǎŜ  
• bŜǳǘǊƻƴ 5ƻǎŜ  
• ¢ƻǘŀƭ 5ƻǎŜ 
• DǊƻǎǎ ƭŜŀƪŀƎŜ όƎŀƳƳŀ ŀƴŘ ƴŜǳǘǊƻƴύ   

 
 

 
Figure 4. Dose calculation page. 

 
  

мн 
 



 

 
2 DETECTOR RESPONSE FUNCTION 

 
2.1 Detector Response Function 
¢ƘŜ D!5w!{π5wC ǊŜǎǇƻƴǎŜ ŦǳƴŎǘƛƻƴ ŎƻƳǇǳǘŜǎ ŀ ǎǇŜŎǘǊǳƳ ōȅ ǘŀƪƛƴƎ ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ƴǳƳŜǊƻǳǎ 
ƳŜŎƘŀƴƛǎƳǎ ōȅ ǿƘƛŎƘ ǇƘƻǘƻƴǎ Ŏŀƴ ƛƴǘŜǊŀŎǘ ǿƛǘƘ ŘŜǘŜŎǘƻǊǎΦ ¢ƘŜ ŘŜǘŜŎǘƻǊ ǊŜǎǇƻƴǎŜ ŦǳƴŎǘƛƻƴ ƛǎ 
ŘŜǘŜǊƳƛƴŜŘ ōȅ ŎƘŀǊŀŎǘŜǊƛȊƛƴƎ ŀ ǇƘȅǎƛŎŀƭ ŘŜǘŜŎǘƻǊ ǿƛǘƘ ŎŀƭƛōǊŀǘƛƻƴ ǎƻǳǊŎŜǎΦ ¢ƘŜ ƻōǎŜǊǾŜŘ ǎǇŜŎǘǊŀ ǳǎƛƴƎ 
ǘƘŜǎŜ ǎƻǳǊŎŜǎ ŀǊŜ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǎƛƳǳƭŀǘŜŘ ǊŜǎǇƻƴǎŜ ŦǳƴŎǘƛƻƴǎΣ ŀƴŘ ŀ ǎŜǘ ƻŦ ƪŜȅ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ 
ŘŜǾŜƭƻǇŜŘ ŦƻǊ ǘƘŜ ƎƛǾŜƴ ŘŜǘŜŎǘƻǊ ǎŜǘǳǇΦ ¢ƘŜ ǇŀǊŀƳŜǘŜǊǎ ŦƻǊ ŜŀŎƘ ŘŜǘŜŎǘƻǊ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ŀǊŜ ǎǘƻǊŜŘ ŀǎ 
ŦƛƭŜ ŎŀƭƭŜŘ ά5ŜǘŜŎǘƻǊΦŘŀǘέΦ 
 
5ŜǘŜŎǘƻǊ ǊŜǎǇƻƴǎŜ ŦǳƴŎǘƛƻƴ ǇŀǊŀƳŜǘŜǊ ŀŘƧǳǎǘƳŜƴǘǎ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ƴƻǘ ƴŜŎŜǎǎŀǊȅ ƻƴŎŜ ǘƘŜ ŘŜǘŜŎǘƻǊ Ƙŀǎ 
ōŜŜƴ ŎƘŀǊŀŎǘŜǊƛȊŜŘΦ {ǇŜŎƛŦƛŎ ǎƛǘǳŀǘƛƻƴǎ ǿƘŜǊŜ ǇŀǊŀƳŜǘŜǊ ŀŘƧǳǎǘƳŜƴǘǎ ŀǊŜ ƴŜŎŜǎǎŀǊȅ ƛƴŎƭǳŘŜΥ 

• hŎŎŀǎƛƻƴŀƭ ŀŘƧǳǎǘƳŜƴǘǎ ŦƻǊ ŜƴŜǊƎȅ ŎŀƭƛōǊŀǘƛƻƴ ŘǊƛŦǘ 
• {ƻǳǊŎŜπǘƻπŘŜǘŜŎǘƻǊ ŘƛǎǘŀƴŎŜ ŀƴŘ ƘŜƛƎƘǘ ŦǊƻƳ ŦƭƻƻǊ 
• !ŘƧǳǎǘƳŜƴǘǎ ƴŜŜŘŜŘ ŘǳŜ ǘƻ ƳŜŎƘŀƴƛŎŀƭ ŘŀƳŀƎŜΣ ŎƘŜƳƛŎŀƭ ŘŜǘŜǊƛƻǊŀǘƛƻƴΣ ƘƛƎƘ ǾƻƭǘŀƎŜ ōƛŀǎ 

ŎƘŀƴƎŜΣ ǎƘƛŜƭŘƛƴƎΣ ŜǘŎΦ ǘƘŀǘ ƘŀǾŜ ŎŀǳǎŜŘ ǘƘŜ ŘŜǘŜŎǘƻǊ ǘƻ ŎƘŀƴƎŜ ƛǘǎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǎǳōǎǘŀƴǘƛŀƭƭȅ 
 
2.1.1 Copying an Existing Detector Response Function (Detector.dat) 
5ŜǘŜŎǘƻǊΦŘŀǘ ŦƛƭŜǎ ŦƻǊ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ŘŜǘŜŎǘƻǊǎ ŀǊŜ ŎƻƴǘŀƛƴŜŘ ƛƴ ǎǳōŦƻƭŘŜǊǎ ǳƴŘŜǊ ǘƘŜ ǇǊƛƳŀǊȅ ŘƛǊŜŎǘƻǊȅ 
ά/ΥξD!5w!{π5wCξ5ŜǘŜŎǘƻǊέΦ !ŦǘŜǊ ƭƻŎŀǘƛƴƎ ǘƘŜ ŘŜǎƛǊŜŘ ŘŜǘŜŎǘƻǊΣ ǘƘŜ ŜȄƛǎǘƛƴƎ 5ŜǘŜŎǘƻǊΦŘŀǘ ŦƛƭŜ Ŏŀƴ ōŜ 
ŎƻǇƛŜŘ ŀƴŘ ǇŀǎǘŜŘ Ƴŀƴǳŀƭƭȅ ǘƻ ŀ ƴŜǿ ŦƻƭŘŜǊ ǘƻ ŎǊŜŀǘŜ ƴŜǿ ŘŜǘŜŎǘƻǊ ǇŀǊŀƳŜǘŜǊ ŦƛƭŜǎΦ Note: Always copy 
Detector.dat as opposed to moving the original file, otherwise the original detector files could become 
compromised and unavailable for future use. 
 
D!5w!{π5wC ŜȄǇŜŎǘǎ ǎǇŜŎǘǊŀƭ Řŀǘŀ ŀƴŘ ǊŜǎǇƻƴǎŜ ŦǳƴŎǘƛƻƴǎ όƛΦŜΦ 5ŜǘŜŎǘƻǊΦŘŀǘύ ŦƛƭŜǎ ǘƻ ǊŜǎƛŘŜ ǘƻƎŜǘƘŜǊ ƛƴ 
ǘƘŜ ǎŀƳŜ ǎǳōŘƛǊŜŎǘƻǊƛŜǎ ƻŦ D!5w!{π5wCξ5ŜǘŜŎǘƻǊΦ ¢ƘŜ Ƴŀƛƴ ŎǊƛǘŜǊƛƻƴ ŦƻǊ D!5w!{π5wC ǘƻ ǊŜŎƻƎƴƛȊŜ ŀ 
ŘŜǘŜŎǘƻǊ ŦƻƭŘŜǊ ƛǎ ŦƻǊ ŀ 5ŜǘŜŎǘƻǊΦŘŀǘ ŦƛƭŜ ǘƻ ŜȄƛǎǘ ƛƴ ǘƘŀǘ ŦƻƭŘŜǊΦ  
 
2.1.2 Creating a New Detector: Two Options 
hŎŎŀǎƛƻƴŀƭƭȅΣ ǘƘŜ ŎǳǊǊŜƴǘ ƭƛǎǘ ƻŦ ŘŜǘŜŎǘƻǊǎ ŘƻŜǎ ƴƻǘ ƛƴŎƭǳŘŜ ǘƘŜ ŘŜǎƛǊŜŘ ŘŜǘŜŎǘƻǊ ǎŜǘǳǇ ŀƴŘ ƛǘ ƛǎ ƴƻǘ 
ŎƻƴǾŜƴƛŜƴǘ ǘƻ ŜŘƛǘ ŀƴ ŜȄƛǎǘƛƴƎ ŘŜǘŜŎǘƻǊΩǎ ǊŜǎǇƻƴǎŜ ŦǳƴŎǘƛƻƴǎ ǇŀǊŀƳŜǘŜǊǎ ƭƛǎǘΦ Lƴ ǘƘƛǎ ǎƛǘǳŀǘƛƻƴΣ ŀ ƴŜǿ 
5ŜǘŜŎǘƻǊΦŘŀǘ ŦƛƭŜ Ŏŀƴ ōŜ ƎŜƴŜǊŀǘŜŘ ŦǊƻƳ ǘƘŜ άŎǊŜŀǘŜ ƴŜǿ ŘŜǘŜŎǘƻǊέ ǇŀƎŜΦ  
 
! ƴŜǿ ŘŜǘŜŎǘƻǊ ǎŜǘǳǇ ǿƛǘƘƛƴ D!5w!{π5wC Ŏŀƴ ōŜ ŎǊŜŀǘŜŘ ŦǊƻƳ ǘƘŜ ά5ŜǘŜŎǘƻǊέ ǘŀō ƻƴ ǘƘŜ Ƴŀƛƴ ǇŀƎŜΦ ¢ƻ 
ŎǊŜŀǘŜ ŀ ƴŜǿ ǎŜǘǳǇΣ ǘƘŜ ǳǎŜǊ Ƴǳǎǘ Ǝƻ ǘƻ ŦƛƭŜ ŘǊƻǇπŘƻǿƴ ƳŜƴǳ ŀƴŘ ǎŜƭŜŎǘ /ǊŜŀǘŜ bŜǿ 5ŜǘŜŎǘƻǊ ŀǎ ǎƘƻǿƴ 
ƛƴ CƛƎǳǊŜ р όtopύΦ ¢Ƙƛǎ ŀŎǘƛƻƴ ƻǇŜƴǎ ǘƘŜ /ǊŜŀǘŜ ƴŜǿ ŘŜǘŜŎǘƻǊ ǇŀƎŜ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ р όbottomύΦ 
  

мо 
 



 

 

 
Figure 5. File drop-down menu (top) for ñCreate New Detectorò Screen (bottom). 

 
¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǳǎŜǊ ƛƴǇǳǘ ƛǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ŎǊŜŀǘƛƴƎ ŀ ƴŜǿ 5ŜǘŜŎǘƻǊΦŘŀǘ ŦƛƭŜΥ 
мύ 5ŜǘŜŎǘƻǊ ƴŀƳŜΥ ¢ƘŜ ǳǎŜǊ ǎƘƻǳƭŘ ŎǊŜŀǘŜ ŀ ǳƴƛǉǳŜ ƴŀƳŜ ŦƻǊ ǘƘŜ ŘŜǘŜŎǘƻǊΦ 5ŜǘŜŎǘƻǊǎ Ŏŀƴ ōŜ ƴŜǎǘŜŘΣ ŀǎ 

ƛǎ ǘƘŜ ŎŀǎŜ ŦƻǊ ǘƘŜ ŘŜǘŜŎǘƻǊ ƴŀƳŜŘ άIŀƴŘƘŜƭŘξ5ŜǘŜŎǘƻǊπ9·έΦ 

мп 
 



 

нύ tŀǊŜƴǘ ŘƛǊŜŎǘƻǊȅΥ ¢ƘŜ ŦƻƭŘŜǊ ƭƻŎŀǘƛƻƴ ŦƻǊ ŘŜǘŜŎǘƻǊǎΦ .ȅ ŘŜŦŀǳƭǘΣ ǘƘƛǎ ƛǎ άD!5w!{π5wCξ5ŜǘŜŎǘƻǊέΦ bŜǿ 
ŦƻƭŘŜǊǎ ǿƛƭƭ ōŜ ŎǊŜŀǘŜŘ ƛƴ ǎǳōŘƛǊŜŎǘƻǊƛŜǎ ǿƛǘƘ ǘƘŜ ǇǊƻǾƛŘŜŘ ǳƴƛǉǳŜ ŘŜǘŜŎǘƻǊ ƴŀƳŜΦ  

оύ {ƻǳǊŎŜπǘƻπŘŜǘŜŎǘƻǊ ŘƛǎǘŀƴŎŜΥ ! ǾŀƭǳŜ Ƴǳǎǘ ōŜ ŜƴǘŜǊŜŘ ŦƻǊ ŘŜǘŜŎǘƻǊ ŎǊŜŀǘƛƻƴ ōǳǘ Ŏŀƴ ōŜ ƳƻŘƛŦƛŜŘ ƛŦ 
ƴŜŜŘŜŘΦ 

пύ 5ŜǘŜŎǘƻǊ ŎǊŜŀǘƛƻƴ ƻǇǘƛƻƴǎΥ ¢ƘŜ ƴŜǿ 5ŜǘŜŎǘƻǊΦŘŀǘ ŦƛƭŜ Ŏŀƴ ōŜ ŎǊŜŀǘŜŘ ōȅ ŎƘƻƻǎƛƴƎ ǘƘŜ ά/ƭƻƴŜ 
5ŜǘŜŎǘƻǊ ŦǊƻƳ 9ȄƛǎǘƛƴƎ 5ŜǘŜŎǘƻǊέ ƻǇǘƛƻƴ ƻǊ ǘƘŜ ά/ǊŜŀǘŜ 5ŜǘŜŎǘƻǊ CǊƻƳ tŀǊŀƳŜǘŜǊǎέ ƻǇǘƛƻƴΦ 

ƛύ /ƭƻƴŜ ŘŜǘŜŎǘƻǊ ŦǊƻƳ ŜȄƛǎǘƛƴƎ ŘŜǘŜŎǘƻǊΥ 

¦ǎŜǊǎ Ŏŀƴ ǎŜƭŜŎǘ ŀƴ ŜȄƛǎǘƛƴƎ ŘŜǘŜŎǘƻǊ ǎŜǘǳǇ ǳǎƛƴƎ ŜƛǘƘŜǊ ǘƘŜ ǇǊƻǾƛŘŜŘ ŘǊƻǇŘƻǿƴ ƭƛǎǘ ƻǊ 
.ǊƻǿǎŜ ōǳǘǘƻƴΦ !ŦǘŜǊ ŎƘƻƻǎƛƴƎ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ŘŜǘŜŎǘƻǊΣ ŎƭƛŎƪƛƴƎ ǘƘŜ /ƭƻƴŜ ōǳǘǘƻƴ ǿƛƭƭ 
ŎǊŜŀǘŜ ǘƘŜ ƴŜǿ ŦƻƭŘŜǊ ǿƛǘƘ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ŘŜǘŜŎǘƻǊ ǊŜǎǇƻƴǎŜ ŦǳƴŎǘƛƻƴ 5ŜǘŜŎǘƻǊΦŘŀǘ ŦƛƭŜΦ  

ƛƛύ /ǊŜŀǘŜ ŘŜǘŜŎǘƻǊ ŦǊƻƳ ǇŀǊŀƳŜǘŜǊǎΥ 

¦ǎŜǊǎ Ŏŀƴ ǎŜƭŜŎǘ ǘƘŜ ŘŜǘŜŎǘƻǊ ǘȅǇŜ όŜΦƎΦ bŀLΣ ItDŜΣ ŜǘŎΦύ ŦǊƻƳ ǘƘŜ ŘǊƻǇŘƻǿƴ ƭƛǎǘΦ ¢ƘŜ 
ƴǳƳōŜǊ ƻŦ ŎƘŀƴƴŜƭǎ ŀƴŘ ǘƘŜ ŘŜǘŜŎǘƻǊ ŜŦŦƛŎƛŜƴŎȅ ƻǊ ŘŜǘŜŎǘƻǊ ŘƛƳŜƴǎƛƻƴǎ ǎƘƻǳƭŘ ōŜ 
ŜƴǘŜǊŜŘ ŀǎ ǇǊƻƳǇǘŜŘΦ ¢ƘŜ ǳǎŜǊ Ŏŀƴ ǘƘŜƴ ŎƭƛŎƪ ǘƘŜ /ǊŜŀǘŜ ōǳǘǘƻƴ ǘƻ ŎǊŜŀǘŜ ǘƘŜ ƴŜǿ 
ŦƻƭŘŜǊ ǿƛǘƘ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ŘŜǘŜŎǘƻǊ ǊŜǎǇƻƴǎŜ ŦǳƴŎǘƛƻƴ 5ŜǘŜŎǘƻǊΦŘŀǘ ŦƛƭŜΦ 
 
²ƘŜƴ ŎǊŜŀǘƛƴƎ ŀƴ ItDŜ ŘŜǘŜŎǘƻǊΣ ǘƘŜ ǳǎŜǊ Ŏŀƴ ŜƴǘŜǊ ǘƘŜ ǊŜƭŀǘƛǾŜ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǘƘŜ 
ŘŜǘŜŎǘƻǊ ŎƻƳǇŀǊŜŘ ǘƻ ŀ ǎǘŀƴŘŀǊŘ о″Ҏо″ bŀL ŘŜǘŜŎǘƻǊ ŀǘ моонΦр ƪŜ± ǿƛǘƘ ŀ ǎƻǳǊŎŜπǘƻπ
ŘŜǘŜŎǘƻǊ ŘƛǎǘŀƴŎŜ ƻŦ нр ŎƳΦ D!5w!{π5wC ǿƛƭƭ ǎǳōǎŜǉǳŜƴǘƭȅ ŀǎǎƛƎƴ ǘȅǇƛŎŀƭ ǇƘȅǎƛŎŀƭ 
ŘƛƳŜƴǎƛƻƴǎΦ  
 
{ŜƭŜŎǘƛƻƴ ƻŦ άbƻƴŜέ ŦƻǊ ŘŜǘŜŎǘƻǊ ǘȅǇŜ ǿƛƭƭ ŀǇǇƭȅ ƴƻ ŘŜǘŜŎǘƻǊ ǊŜǎǇƻƴǎŜ ŦǳƴŎǘƛƻƴ ǘƻ ǘƘŜ 
ƛƴŎƛŘŜƴǘ ǊŀŘƛŀǘƛƻƴΦ ¦ǎƛƴƎ ǘƘƛǎ ŘŜǘŜŎǘƻǊ ǘȅǇŜΣ ǎƻǳǊŎŜ ǎǇŜŎǘǊŀ ǿƛƭƭ ōŜ ŎƻƳǇƻǎŜŘ ƻŦ ǘƘŜ Ǌŀǿ 
ƭŜŀƪŀƎŜ ŎǳǊǊŜƴǘ ŦǊƻƳ ǘƘŜ ǎƻǳǊŎŜ ǿƛǘƘƻǳǘ ǇŜŀƪ ōǊƻŀŘŜƴƛƴƎ ƻǊ ŀƴȅ ƻǘƘŜǊ ǇƘȅǎƛŎǎ 
ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŀ ŘŜǘŜŎǘƻǊΦ  
 

2.2 Detector Parameters in the Detector.dat Files 
CǊƻƳ ǘƘŜ 5ŜǘŜŎǘƻǊ ǘŀōΣ ǘƘŜ 5ŜǘŜŎǘƻǊ ǊŜǎǇƻƴǎŜ ŦǳƴŎǘƛƻƴ ǇŀǊŀƳŜǘŜǊǎ όŀǎ ŦƻǳƴŘ ƛƴ ǘƘŜ 5ŜǘŜŎǘƻǊΦŘŀǘ ŦƛƭŜύ 
Ŏŀƴ ōŜ ŀŎŎŜǎǎŜŘ ŀƴŘ ŜŘƛǘŜŘΦ !ǎ ŀƴ ŜȄŀƳǇƭŜΣ ǘƘŜ ŘŜǘŜŎǘƻǊ ǊŜǎǇƻƴǎŜ ŦǳƴŎǘƛƻƴ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ ŘƛǎǇƭŀȅŜŘ ƛƴ 
CƛƎǳǊŜ с ŦƻǊ ŀ bŀL ŘŜǘŜŎǘƻǊΦ CƻǊ ƻǘƘŜǊ ŘŜǘŜŎǘƻǊ ǘȅǇŜǎΣ ǎƛƳƛƭŀǊ ǎŎǊŜŜƴǎ ŀǊŜ ŘƛǎǇƭŀȅŜŘ ǿƛǘƘ ǎƻƳŜ ŘŜǘŜŎǘƻǊπ
ǎǇŜŎƛŦƛŎ ƴǳƳŜǊƛŎŀƭ ǾŀǊƛŀǘƛƻƴǎΦ  

мр 
 



 

 
Figure 6. The Detector.dat file with the detector response function parameters for a NaI 

detector. 

 
2.2.1 Dimensions and Distance 
5ƛƳŜƴǎƛƻƴǎ ŀƴŘ ŘƛǎǘŀƴŎŜǎ Ŏŀƴ ōŜ ŜƴǘŜǊŜŘ ƛƴ ŀƴȅ ǳƴƛǘ όŜΦƎΦΣ ŎŜƴǘƛƳŜǘŜǊǎΣ ƳŜǘŜǊǎΣ ŦŜŜǘΣ ƻǊ ƛƴŎƘŜǎύ ŀƴŘ 
D!5w!{π5wC ǿƛƭƭ ŎƻƴǾŜǊǘ ǘƻ ŎŜƴǘƛƳŜǘŜǊǎΦ ¢ƘŜ ŎƻƴǾŜƴǘƛƻƴ ŦƻǊ ŜƴǘŜǊƛƴƎ ŀƭǘŜǊƴŀǘƛǾŜ ŘƛƳŜƴǎƛƻƴǎ ƛǎ ǘƻ ǘȅǇŜ 
ŀƴ ƛŘŜƴǘƛŦȅƛƴƎ ƭŜǘǘŜǊ ŀŦǘŜǊ ǘƘŜ ƴǳƳŜǊƛŎŀƭ ŜƴǘǊȅΦ ¢ƘŜ ƛŘŜƴǘƛŦƛŜǊǎ ŦƻǊ ŎŜƴǘƛƳŜǘŜǊǎΣ ƳŜǘŜǊǎΣ ŦŜŜǘΣ ŀƴŘ ƛƴŎƘŜǎ 
ŀǊŜ ŎΣ ƳΣ ŦΣ ŀƴŘ ƛΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƻ ŜƴǘŜǊ мн ƛƴŎƘŜǎ ŀǎ ǘƘŜ ŘƛǎǘŀƴŎŜΣ ȅƻǳ ǿƻǳƭŘ ǘȅǇŜ άмнƛέ ƛƴǘƻ 
ǘƘŜ ŘƛǎǘŀƴŎŜ ŜƴǘǊȅ ōƻȄΤ ǳƴƛǘ ŎƻƴǾŜǊǎƛƻƴ ƛǎ ǇŜǊŦƻǊƳŜŘ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ǎƻ ǘƘŀǘ ŘƛǎǘŀƴŎŜ ƛǎ ŘƛǎǇƭŀȅŜŘ ƛƴ 
ŎŜƴǘƛƳŜǘŜǊǎ ŀŦǘŜǊ ŜƴǘŜǊƛƴƎ ǘƘŜ ŎƘŀǊŀŎǘŜǊ άƛέΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǇŀǊŀƳŜǘŜǊǎ ŘŜǎŎǊƛōŜ ŘŜǘŜŎǘƻǊ ŘƛƳŜƴǎƛƻƴǎΦ 

• 5ƛǎǘŀƴŎŜ ƛǎ ǘƘŜ ǎƻǳǊŎŜπǘƻπŘŜǘŜŎǘƻǊ ŘƛǎǘŀƴŎŜ ƳŜŀǎǳǊŜŘ ŦǊƻƳ ǘƘŜ ŎŜƴǘŜǊ ƻŦ ǘƘŜ ǎƻǳǊŎŜ ǘƻ ǘƘŜ 
ŘŜǘŜŎǘƻǊ ŦŀŎŜΦ  

• [ŜƴƎǘƘ ƛǎ ǘƘŜ ŘŜǘŜŎǘƻǊ ƭŜƴƎǘƘ ƳŜŀǎǳǊŜŘ ƛƴ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ƻŦ ǘƘŜ ƛƴŎƛŘŜƴǘ ǇƘƻǘƻƴ ŦƭǳȄ όŀƭǎƻ ŎŀƭƭŜŘ 
ŘŜǇǘƘύΦ  

• ²ƛŘǘƘ ƛǎ ǘƘŜ ŘŜǘŜŎǘƻǊ ǿƛŘǘƘ ƳŜŀǎǳǊŜŘ ƛƴ ŀ ŘƛǊŜŎǘƛƻƴ ǇŜǊǇŜƴŘƛŎǳƭŀǊ ǘƻ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ƻŦ ǘƘŜ 
ƛƴŎƛŘŜƴǘ ǇƘƻǘƻƴ ŦƭǳȄΦ  

• IŜƛƎƘǘκ²ƛŘǘƘ ƛǎ ǘƘŜ Ǌŀǘƛƻ ƻŦ ǘƘŜ ǘǿƻ ŘƛƳŜƴǎƛƻƴǎ ǇŜǊǇŜƴŘƛŎǳƭŀǊ ǘƻ [ŜƴƎǘƘΦ  
 
!ƭǘƘƻǳƎƘ ǘƘŜǎŜ ǇŀǊŀƳŜǘŜǊǎ ŘŜǎŎǊƛōŜ ŀ ǊŜŎǘŀƴƎǳƭŀǊ ŘŜǘŜŎǘƻǊΣ ƻǘƘŜǊ ƎŜƻƳŜǘǊƛŜǎ Ŏŀƴ ōŜ ŀǇǇǊƻȄƛƳŀǘŜŘ 
ǳǎƛƴƎ ǘƘŜǎŜ ŘƛƳŜƴǎƛƻƴǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ŀ ŎȅƭƛƴŘǊƛŎŀƭ ŘŜǘŜŎǘƻǊ ƻǊƛŜƴǘŜŘ ǎƻ ǘƘŀǘ ǘƘŜ ŀȄƛǎ ƛǎ ǇƻƛƴǘŜŘ ǘƻǿŀǊŘ 
ǘƘŜ ǊŀŘƛŀǘƛƻƴ ǎƻǳǊŎŜ Ŏŀƴ ōŜ ŀǇǇǊƻȄƛƳŀǘŜŘ ōȅ ŀ ǎǉǳŀǊŜ ǿƛǘƘ ǘƘŜ ǎŀƳŜ ǎǳǊŦŀŎŜ ŀǊŜŀ ŀǎ ǘƘŜ ŎƛǊŎƭŜ ƛǎ 
ǎǇŜŎƛŦƛŜŘ όƛΦŜΦΣ ƘŜƛƎƘǘ Ҏ ǿƛŘǘƘ Ґ ˉǊнύΦ ¢ƘŜ ŎƻƴǾŜǊǎƛƻƴ ōŜǘǿŜŜƴ ŘƛŀƳŜǘŜǊ ŀƴŘ ǿƛŘǘƘ Ŏŀƴ ōŜ ǇŜǊŦƻǊƳŜŘ ōȅ 
ǘȅǇƛƴƎ άŘέ ŀŦǘŜǊ ǎǇŜŎƛŦȅƛƴƎ ǘƘŜ ƴǳƳŜǊƛŎŀƭ ǾŀƭǳŜ ŦƻǊ ǘƘŜ ŘƛŀƳŜǘŜǊΦ 
 
¢ƘŜ ǎƘŀǇŜ ŦŀŎǘƻǊ ǇŀǊŀƳŜǘŜǊ ό{ύ ŘŜǎŎǊƛōŜǎ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǇŀǘƘ ƭŜƴƎǘƘǎ ǘƘǊƻǳƎƘ ǿƘƛŎƘ ƛƴŎƛŘŜƴǘ 
ǊŀŘƛŀǘƛƻƴ ǘǊŀǾŜƭǎ ŀǎ ƛǘ ǘǊŀǾŜǊǎŜǎ ǘƘŜ ŘŜǘŜŎǘƻǊΦ  ¢ƘŜ ǎƘŀǇŜ ŦŀŎǘƻǊ ŘŜǎŎǊƛōŜǎ ŀ Ŏƻƴǘƛƴǳƻǳǎ ŦǳƴŎǘƛƻƴ ǘƘŀǘ 
ǾŀǊƛŜǎ ŦǊƻƳ ŀōƻǳǘ о ŦƻǊ ŎƛǊŎǳƭŀǊ ŎǊƻǎǎ ǎŜŎǘƛƻƴǎ ǘƻ ŀōƻǳǘ млл ŦƻǊ Ŧƭŀǘ ŘŜǘŜŎǘƻǊ ǇǊƻŦƛƭŜǎΦ CƛƎǳǊŜ т ǎƘƻǿǎ 
ŘŜǘŜŎǘƻǊ ǇǊƻŦƛƭŜǎ ŦƻǊ ǎŜǾŜǊŀƭ ǾŀƭǳŜǎ ƻŦ {Φ bƻǘŜ ǘƘŀǘ ǘƘŜ ŘŜǘŜŎǘƻǊ ǎƘŀǇŜ Ŏŀƴ ǾŀǊȅ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ 
ƻǊƛŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ǊŀŘƛŀǘƛƻƴ ǎƻǳǊŎŜ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ŘŜǘŜŎǘƻǊΦ Lƴ ǘƘŜ ŎŀǎŜ ƻŦ ŀ ŎȅƭƛƴŘǊƛŎŀƭ ŘŜǘŜŎǘƻǊ 

мс 
 



 

ƻǊƛŜƴǘŜŘ ǎƻ ǘƘŀǘ ǘƘŜ ǊŀŘƛŀǘƛƻƴ ǎƻǳǊŎŜ ƛǎ ƭƻŎŀǘŜŘ ƻƴ ǘƘŜ ŀȄƛǎ ƻŦ ǘƘŜ ŘŜǘŜŎǘƻǊΣ ǘƘŜ ǾŀƭǳŜ ƻŦ { ƛǎ ŀōƻǳǘ мллΣ 
ǿƘƛŎƘ ŘŜǎŎǊƛōŜǎ ŀ Ŧƭŀǘ ǇǊƻŦƛƭŜΦ !ƭǘŜǊƴŀǘƛǾŜƭȅΣ ǘƘŜ ǾŀƭǳŜ ƻŦ { ƛǎ ŀōƻǳǘ о ƛŦ ǘƘŜ ǎƻǳǊŎŜ ƛǎ ǇŜǊǇŜƴŘƛŎǳƭŀǊ ǘƻ ǘƘŜ 
ŘŜǘŜŎǘƻǊ ŀȄƛǎΦ LƴǘŜǊƳŜŘƛŀǘŜ ǾŀƭǳŜǎ ƻŦ { Ƴŀȅ ōŜ ǎǇŜŎƛŦƛŜŘ ǘƻ ŘŜǎŎǊƛōŜ ƻōƭƛǉǳŜ ŀƴƎƭŜǎ ƻǊ ŘŜǘŜŎǘƻǊǎ ǿƛǘƘ 
ǳƴǳǎǳŀƭ ǇǊƻŦƛƭŜǎΦ 
 

 
Figure 7. Detector cross section profiles shown for several shape factor (S) values. 

 
2.2.2 Attenuator 
{ŜǾŜǊŀƭ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ ǇǊƻǾƛŘŜŘ ƛƴ D!5w!{π5wC ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜ ŀǘǘŜƴǳŀǘƛƻƴ ƻŦ ƛƴŎƛŘŜƴǘ ǊŀŘƛŀǘƛƻƴ 
ōŜŦƻǊŜ ƛǘ ǇŀǎǎŜǎ ƛƴǘƻ ǘƘŜ ŀŎǘƛǾŜ ŘŜǘŜŎǘƻǊ ǾƻƭǳƳŜΦ  

• LƴƴŜǊ !ǘǘŜƴǳŀǘƻǊΥ ŀǘǘŜƴǳŀǘƛƻƴ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ŘŜǘŜŎǘƻǊ ŜƴŎƭƻǎǳǊŜ ŀƴŘ ǘƘŜ ǎǳǊŦŀŎŜ ŘŜŀŘ 
ƭŀȅŜǊ 

• hǳǘŜǊ !ǘǘŜƴǳŀǘƻǊΥ ŀŘŘƛǘƛƻƴŀƭ ǎƘƛŜƭŘƛƴƎ ǇƭŀŎŜŘ ōŜǘǿŜŜƴ ǘƘŜ ŘŜǘŜŎǘƻǊ ŀƴŘ ǎƻǳǊŎŜΣ ǎǳŎƘ ŀǎ ƎǊŀŘŜŘ 
ǎƘƛŜƭŘƛƴƎ ǘƻ ǊŜŘǳŎŜ ŦƭǳƻǊŜǎŎŜƴǘ ·πǊŀȅǎ 

• {ƘƛŜƭŘ !ǘǘŜƴǳŀǘƻǊΥ ǎƘƛŜƭŘƛƴƎ ƻƴ ǘƘŜ ǎƛŘŜǎ ŀƴŘ ōŀŎƪ ƻŦ ǘƘŜ ŘŜǘŜŎǘƻǊΦ 
• !ƛǊ !ǘǘŜƴǳŀǘƻǊΥ ŀǘǘŜƴǳŀǘƛƻƴ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƛƴǘŜǊǾŜƴƛƴƎ ŀƛǊ ŀƴŘ ƛǎ ƻƴƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ŀǘ ŘƛǎǘŀƴŎŜǎ 

ƎǊŜŀǘŜǊ ǘƘŀƴ ŀōƻǳǘ ǘŜƴ ƳŜǘŜǊǎ 
 
¢ƻ ŘŜŦƛƴŜ ǘƘŜ ŀǘǘŜƴǳŀǘƻǊǎΣ ǘƘŜ ŜŦŦŜŎǘƛǾŜ ŀǘƻƳƛŎ ƴǳƳōŜǊ ό!bύ ŀƴŘ ŀǊŜŀƭ ŘŜƴǎƛǘȅ ό!5ύ όƛƴ ƎκŎƳнύ όŘŜƴǎƛǘȅ 
ƳǳƭǘƛǇƭƛŜŘ ōȅ ǘƘƛŎƪƴŜǎǎύ Ƴǳǎǘ ōŜ ŜƴǘŜǊŜŘΦ CƻǊ ǇƻǊƻǳǎ ƳŀǘŜǊƛŀƭǎΣ ǘƘŜ ǇƻǊƻǎƛǘȅ ƻŦ ǘƘŜ ŀǘǘŜƴǳŀǘƛƴƎ ƳŀǘŜǊƛŀƭ 
Ŏŀƴ ōŜ ǇǊƻǾƛŘŜŘΣ ŀƭƭƻǿƛƴƎ ŦƻǊ ŀ ǎƘƛŜƭŘ ǿƛǘƘ ƘƻƭŜǎ ƻǊ ŀǇŜǊǘǳǊŜǎΦ ¢ƘŜǎŜ ŀǘǘŜƴǳŀǘƛƻƴ ŎƻǊǊŜŎǘƛƻƴǎ ŀǊŜ ŀǇǇƭƛŜŘ 
ǘƻ ŀƭƭ ƛƴŎƛŘŜƴǘ ǊŀŘƛŀǘƛƻƴΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ŎƻƳǇǳǘŜŘ ŦƭǳȄ ƻŦ ǇƘƻǘƻƴǎ ǎŎŀǘǘŜǊŜŘ ƛƴǘƻ ǘƘŜ ŘŜǘŜŎǘƻǊ ŦǊƻƳ ǘƘŜ 
ŜȄǘŜǊƴŀƭ ŜƴǾƛǊƻƴƳŜƴǘΦ  
 
{ƘƛŜƭŘƛƴƎ ƳŀǘŜǊƛŀƭǎ ŀǊŜ ǎǇŜŎƛŦƛŜŘ ōȅ ǎǇŜŎƛŦȅƛƴƎ ŀ ά҈ ǎƛŘŜ ǎƘƛŜƭŘέ ǇŀǊŀƳŜǘŜǊ ŀƴŘ ŀ ά҈ ōŀŎƪ ǎƘƛŜƭŘέ 
ǇŀǊŀƳŜǘŜǊΦ ¢ƘŜ ά҈ ǎƛŘŜ ǎƘƛŜƭŘέ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǎƛŘŜ ƻŦ ǘƘŜ ŘŜǘŜŎǘƻǊ ǘƘŀǘ ƛǎ ǎǳǊǊƻǳƴŘŜŘ 
ōȅ ǘƘŜ ǎƘƛŜƭŘΦ ¢Ƙƛǎ ǿƛƭƭ ōŜ ǎŜǘ ǘƻ млл ƛŦ ǘƘŜ ǎƘƛŜƭŘ ŎƻǾŜǊǎ ǘƘŜ ǎƛŘŜǎ ōǳǘ ŘƻŜǎ ƴƻǘ ŜȄǘŜƴŘ ƛƴ ŦǊƻƴǘ ƻŦ ǘƘŜ ŦŀŎŜ 
ƻŦ ǘƘŜ ŘŜǘŜŎǘƻǊΦ ¢ƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ǎƘƛŜƭŘ ƛǎ ŘŜǎŎǊƛōŜŘ ŀǎ ŀ ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ŘŜǘŜŎǘƻǊ ƭŜƴƎǘƘΣ ǎƻ ŎƻƭƭƛƳŀǘƻǊǎ 
Ŏŀƴ ōŜ ŘŜǎŎǊƛōŜŘ ōȅ ŜƴǘŜǊƛƴƎ ŀ ǾŀƭǳŜ ǘƘŀǘ ƛǎ ƎǊŜŀǘŜǊ ǘƘŀƴ млл҈Φ CƻǊ ŜȄŀƳǇƭŜΣ ŀ ǾŀƭǳŜ ƻŦ нол ƛƴŘƛŎŀǘŜǎ 
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ǘƘŀǘ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ǎƘƛŜƭŘ ƳŜŀǎǳǊŜŘ ŦǊƻƳ ǘƘŜ ōŀŎƪ ƻŦ ǘƘŜ ŘŜǘŜŎǘƻǊ ǘƻ ǘƘŜ ŦǊƻƴǘ ƻŦ ǘƘŜ ǎƘƛŜƭŘ ƛǎ нол҈ ƻŦ 
ǘƘŜ ŘŜǘŜŎǘƻǊ ƭŜƴƎǘƘΦ {ƛƳƛƭŀǊƭȅΣ ά҈ ōŀŎƪ ǎƘƛŜƭŘέ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ōŀŎƪ ƻŦ ǘƘŜ ŘŜǘŜŎǘƻǊ ǘƘŀǘ 
ƛǎ ǎǳǊǊƻǳƴŘŜŘ ōȅ ǘƘŜ ǎƘƛŜƭŘΦ 
 
2.2.3 Scatter Parameters 

D!5w!{π5wC ƛƴŎƭǳŘŜǎ ŀ ƭƛōǊŀǊȅ ƻŦ ǎŎŀǘǘŜǊƛƴƎ ƪŜǊƴŜƭǎ ǿƘƛŎƘ ŀǊŜ ǳǎŜŘ ǘƻ ŎŀƭŎǳƭŀǘŜ ǎŎŀǘǘŜǊƛƴƎ ŎƻƴǘǊƛōǳǘƛƻƴǎ 
ŦǊƻƳ ŀƴȅ ǎǳǊŦŀŎŜǎ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ǎǳǊǊƻǳƴŘƛƴƎ ǘƘŜ ǎƻǳǊŎŜ ŀƴŘ ŘŜǘŜŎǘƻǊΦ ¢ƘŜ ǎƻǳǊŎŜπǘƻπ
ŘŜǘŜŎǘƻǊ ŘƛǎǘŀƴŎŜ ŀƴŘ ƘŜƛƎƘǘ ŘŜǘŜǊƳƛƴŜ ǘƘŜ Ǉƻǎƛǘƛƻƴ ƻŦ ǘƘŜ ǎƻǳǊŎŜ ƛƴ ŀ ƴƻƳƛƴŀƭ ǊƻƻƳΦ ¢ƘŜ ǎŎŀǘǘŜǊƛƴƎ 
ƳŀƎƴƛǘǳŘŜ ƛǎ ǎŜƴǎƛǘƛǾŜ ǘƻ ƘŜƛƎƘǘΣ ǎƻ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƘŀǘ ǘƘƛǎ ǇŀǊŀƳŜǘŜǊ ƛǎ ŎƻǊǊŜŎǘƭȅ ǎǇŜŎƛŦƛŜŘΦ ¢ƘŜ ŎƭǳǘǘŜǊ 
ǇŀǊŀƳŜǘŜǊ ŘŜǘŜǊƳƛƴŜǎ ǘƘŜ ŀǾŜǊŀƎŜ ŘƛǎǘŀƴŎŜ ŦǊƻƳ ǘƘŜ ŘŜǘŜŎǘƻǊ ǘƻ ǘƘŜ ǿŀƭƭǎ ƛƴ ǘƘŜ ǊƻƻƳΦ 

• hǳǘŘƻƻǊǎκ[ŀǊƎŜ wƻƻƳΥ ! ǎƳŀƭƭ ŎƭǳǘǘŜǊ ǘŜǊƳ όғғмύ ǎƘƻǳƭŘ ōŜ ǳǎŜŘ 
• !ǾŜǊŀƎŜ wƻƻƳΥ ! ŎƭǳǘǘŜǊ ǘŜǊƳ Ŝǉǳŀƭ ǘƻ о ƛƴŘƛŎŀǘŜǎ ŀƴ ŀǾŜǊŀƎŜ ŘƛǎǘŀƴŎŜ ƻŦ о ƳŜǘŜǊǎ ǘƻ ǘƘŜ 

ǎǳǊǊƻǳƴŘƛƴƎ ǿŀƭƭǎ ƛƴ ǘƘŜ ǊƻƻƳ 
• {Ƴŀƭƭ wƻƻƳΥ ¢ƘŜ ŎƭǳǘǘŜǊ ǘŜǊƳ ǎƘƻǳƭŘ ōŜ ŎƻƳǇǳǘŜŘ ǳǎƛƴƎ ǘƘŜ Ŝǉǳŀǘƛƻƴ фллκϑŀǾŜǊŀƎŜ ŘƛǎǘŀƴŎŜ ƛƴ 

ŎƳϒ 

¢ƘŜ ǎŎŀǘǘŜǊ ǇŀǊŀƳŜǘŜǊǎ ƭŀōŜƭŜŘ άл 5ŜƎǊŜŜǎέΣ άпр 5ŜƎǊŜŜǎέΣ άфл 5ŜƎǊŜŜǎέΣ άмор 5ŜƎǊŜŜǎέΣ ŀƴŘ άмул 
5ŜƎǊŜŜǎέ ŀŘƧǳǎǘ ǘƘŜ ƳŀƎƴƛǘǳŘŜ ƻŦ ǘƘŜ ǎŎŀǘǘŜǊŜŘ ǊŀŘƛŀǘƛƻƴΦ ¢ƘŜ άл 5ŜƎǊŜŜǎέ ǇŀǊŀƳŜǘŜǊ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ 
ƭƻǿπŀƴƎƭŜ ǎŎŀǘǘŜǊƛƴƎΣ ǿƘƛŎƘ ƳŀƴƛŦŜǎǘǎ ƛǘǎŜƭŦ ŀǎ ŎƻƴǘƛƴǳǳƳ Ƨǳǎǘ ōŜƭƻǿ ǘƘŜ ǇƘƻǘƻǇŜŀƪ ŜƴŜǊƎȅΦ !ǘ ǘƘŜ ƻǘƘŜǊ 
ŜȄǘǊŜƳŜΣ ǘƘŜ άмул 5ŜƎǊŜŜέ ǇŀǊŀƳŜǘŜǊ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ŀ ǇƘƻǘƻƴ ǿƘƛŎƘ Ƙŀǎ ōŀŎƪǎŎŀǘǘŜǊŜŘΣ ǿƘƛŎƘ 
ƳŀƴƛŦŜǎǘǎ ƛǘǎŜƭŦ ƛƴ ǘƘŜ ōŀŎƪǎŎŀǘǘŜǊ ǇŜŀƪΦ ! ǾŀƭǳŜ ƻŦ о ƛƴ ǘƘŜǎŜ ŦƛŜƭŘǎ ŘŜǎŎǊƛōŜǎ ōŀǊŜ ŘŜǘŜŎǘƻǊǎΦ ±ŀƭǳŜǎ Ƴŀȅ 
ŜȄŎŜŜŘ о ƛŦ ŀŘŘƛǘƛƻƴŀƭ ǎŎŀǘǘŜǊƛƴƎ ƻŎŎǳǊǎ ǿƛǘƘƛƴ ǘƘŜ ŘŜǘŜŎǘƻǊ ƘƻǳǎƛƴƎΦ {ŜǘǘƛƴƎ ǘƘŜ ǎŎŀǘǘŜǊ ǘŜǊƳǎ ǘƻ ȊŜǊƻ 
ŘƛǎŀōƭŜǎ ǘƘŜ ŎƻƳǇǳǘŀǘƛƻƴ ƻŦ ǎŎŀǘǘŜǊŜŘ ǊŀŘƛŀǘƛƻƴΦ 

CƻǊ ǎǇŜŎƛŀƭ ŜƴǾƛǊƻƴƳŜƴǘǎ όŜΦƎΦΣ ǎƻǳǊŎŜ ŀƴŘ ŘŜǘŜŎǘƻǊ ŀǊŜ ƴƻǘ ŀǘ ǘƘŜ ǎŀƳŜ ƘŜƛƎƘǘΣ ƻǊ ǇƭŀŎŜŘ ƛƴ ŀ ŎƻǊƴŜǊύΣ ŀ 
ǳǎŜǊ Ŏŀƴ ŘŜŦƛƴŜ ŀƴ ά9ƴǾƛǊƻƴƳŜƴǘΦŘŀǘέ ŦƛƭŜ ƛƴ ǘƘŜ ŘŜǘŜŎǘƻǊ ŦƻƭŘŜǊΦ 
 
2.2.4 Miscellaneous Parameters 
1.1.1.1  External Annihilation 
IƛƎƘπŜƴŜǊƎȅ ƎŀƳƳŀπǊŀȅǎ Ŏŀƴ ŦƻǊƳ ŜƭŜŎǘǊƻƴπǇƻǎƛǘǊƻƴ ǇŀƛǊǎ ōȅ ƛƴǘŜǊŀŎǘƛƴƎ ǿƛǘƘ ƳŀǘŜǊƛŀƭǎ ŜȄǘŜǊƴŀƭ ǘƻ ǘƘŜ 
ŘŜǘŜŎǘƻǊΦ ²ƘŜƴ ǘƘƛǎ ƻŎŎǳǊǎΣ ǘƘŜ ǇƻǎƛǘǊƻƴ ƛǎ ŀƴƴƛƘƛƭŀǘŜŘ ǿƛǘƘƛƴ ŀ ǎƘƻǊǘ ŘƛǎǘŀƴŎŜΣ ŀƴŘ ǘǿƻ рмм ƪŜ± ǇƘƻǘƻƴǎ 
ŀǊŜ ŜƳƛǘǘŜŘΦ ¢ƘŜ 9ȄǘΦ !ƴƴƛƘƛƭŀǘƛƻƴ ǇŀǊŀƳŜǘŜǊ ŀŘƧǳǎǘǎ ǘƘŜ ƳŀƎƴƛǘǳŘŜ ƻŦ ǘƘƛǎ ŜŦŦŜŎǘΦ 
 
1.1.1.2 Random Pileup and the Shaping Time Constant 
¢ƘŜ ŜŦŦŜŎǘ ƻŦ ǊŀƴŘƻƳ ǇƛƭŜǳǇ ƛǎ ŜǎǘƛƳŀǘŜŘ ƛƴ D!5w!{π5wC ǳǎƛƴƎ ŀ ǇǊƻǾƛŘŜŘ ǇƛƭŜǳǇ ŎƘŜŎƪ ōƻȄ ŀƴŘ ŜƴǘŜǊƛƴƎ 
ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ŀƳǇƭƛŦƛŜǊ ǎƘŀǇƛƴƎ ǘƛƳŜ Ŏƻƴǎǘŀƴǘ ό{ƘŀǇŜ ¢ƛƳŜ όǳǎύύ ǇŀǊŀƳŜǘŜǊΦ ¢ƻ ŎƻƴǎƛŘŜǊ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ 
ǇƛƭŜǳǇΣ ǘƘŜ ǇƛƭŜǳǇ ŎƘŜŎƪ ōƻȄ Ƴǳǎǘ ōŜ ŎƘŜŎƪŜŘ (the default setting)Φ Lƴ ŀŘŘƛǘƛƻƴΣ ŀƴ ŀǇǇǊƻȄƛƳŀǘŜ {ƘŀǇŜ 
¢ƛƳŜ όƛƴ ƳƛŎǊƻǎŜŎƻƴŘǎύ ǊŜǉǳƛǊŜǎ ŜƴǘǊȅΦ {ƛƴŎŜ ǘƘŜ ŀƳǇƭƛŦƛŜǊ ǎƘŀǇƛƴƎ ǘƛƳŜ Ŏƻƴǎǘŀƴǘ ƛǎ ƎŜƴŜǊŀƭƭȅ ƻƴƭȅ 
ŀǇǇǊƻȄƛƳŀǘŜΣ ƛǘ ƛǎ ƻŦǘŜƴ ƴŜŎŜǎǎŀǊȅ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ǘƘƛǎ ǇŀǊŀƳŜǘŜǊ ŜƳǇƛǊƛŎŀƭƭȅΦ  
 
²ƘŜƴ ǇƛƭŜǳǇ ǊŜƧŜŎǘŜǊǎ ŀǊŜ ǳǎŜŘΣ ǘƘŜ {ƘŀǇŜ ¢ƛƳŜ Ŏƻƴǎǘŀƴǘ ŦƛŜƭŘ ǎƘƻǳƭŘ ōŜ ŜƴǘŜǊŜŘ ŀǎ ŀ ƴŜƎŀǘƛǾŜ ǾŀƭǳŜΣ 
ǿƛǘƘ ŀ ƳŀƎƴƛǘǳŘŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ Ŝǉǳŀƭ ǘƻ ǘƘŜ ǎƘŀǇƛƴƎ ǘƛƳŜ Ŏƻƴǎǘŀƴǘ ƛƴ ƳƛŎǊƻǎŜŎƻƴŘǎΦ ¢ƘŜ ǾŀƭǳŜ ǎƘƻǳƭŘ 
ōŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ πр ŦƻǊ ǘȅǇƛŎŀƭ ItDŜ ŘŜǘŜŎǘƻǊǎ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ǇƛƭŜǳǇ ǊŜƧŜŎǘƛƻƴ ŎƛǊŎǳƛǘǊȅΦ 
 
1.1.1.3 Local X-ray Source and Magnitude 
DŀƳƳŀπǊŀȅ ŘŜǘŜŎǘƻǊǎ ŀǊŜ ƻŦǘŜƴ ǎǳǊǊƻǳƴŘŜŘ ǿƛǘƘ ƭŜŀŘ ƻǊ ƻǘƘŜǊ ƘƛƎƘπ½ ƳŀǘŜǊƛŀƭǎ ŀǎ ŀ ǎƘƛŜƭŘΦ ¢ƘŜǎŜ ǎƘƛŜƭŘǎ 
ŜƳƛǘ ŦƭǳƻǊŜǎŎŜƴŎŜ ȄπǊŀȅǎ ǿƘŜƴ ŜȄŎƛǘŜŘ ōȅ ƛƴŎƛŘŜƴǘ ǊŀŘƛŀǘƛƻƴΦ ¢ƘŜ ǊŜǎǳƭǘƛƴƎ ȄπǊŀȅǎ Ŏŀƴ ōŜ ŜƭƛƳƛƴŀǘŜŘ ōȅ 

му 
 



 

ƭƛƴƛƴƎ ǘƘŜ ǎƘƛŜƭŘ ǿƛǘƘ ƭƻǿŜǊ ŀǘƻƳƛŎ ƴǳƳōŜǊ ƳŀǘŜǊƛŀƭǎ ƭƛƪŜ ŎƻǇǇŜǊΣ ōǳǘ ƭƛƴŜǊǎ ŀǊŜ ƻŦǘŜƴ ƴƻǘ ǳǎŜŘ ǿƘŜƴ ǘƘŜ 
ȄπǊŀȅǎ Řƻ ƴƻǘ ƛƴǘŜǊŦŜǊŜ ǿƛǘƘ ǘƘŜ ƎŀƳƳŀπǊŀȅǎ ƻŦ ƛƴǘŜǊŜǎǘΦ  
 
¢ƘŜ ŀŘƧǳǎǘŀōƭŜ ǇŀǊŀƳŜǘŜǊǎ ǘƘŀǘ ŎƘŀǊŀŎǘŜǊƛȊŜ ǘƘŜ ȄπǊŀȅǎ ƛƴŎƭǳŘŜ [ƻŎŀƭ ·Ǌŀȅǎ όǎƻǳǊŎŜ ƳŀǘŜǊƛŀƭύ ŀƴŘ ·Ǌŀȅ 
aŀƎƴƛǘǳŘŜ όȄπǊŀȅ ƛƴǘŜƴǎƛǘȅύΦ !ǇǇǊƻȄƛƳŀǘŜ ŜƴŜǊƎȅ ŘŜǇŜƴŘŜƴŎŜ ƛǎ ŀǇǇƭƛŜŘΣ ǿƘƛŎƘ ŘƻŜǎ ƴƻǘ ǊŜǉǳƛǊŜ 
ŀŘƧǳǎǘŀōƭŜ ǇŀǊŀƳŜǘŜǊǎΦ ¢ƘŜ ƳƻŘŜƭ ŜǾŀƭǳŀǘŜǎ ȄπǊŀȅǎ ǎǘƛƳǳƭŀǘŜŘ ōȅ ǘƘŜ ƭŜŀƪŀƎŜ ƻŦ ǎŜŎƻƴŘŀǊȅ ǇƘƻǘƻƴǎ 
ŦǊƻƳ ǘƘŜ ŘŜǘŜŎǘƻǊ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ ȄπǊŀȅǎ ŀǊƛǎƛƴƎ ŦǊƻƳ ŘƛǊŜŎǘ ƛƴǘŜǊŀŎǘƛƻƴǎ ƻŦ ǘƘŜ ƛƴŎƛŘŜƴǘ ǊŀŘƛŀǘƛƻƴΦ Note: 
the single parameter characterization is not adequate if high precision is required in the x-ray region for 
these high-Z shields. 
 
1.1.1.4 Weight Range 
¢ƘŜ ǿŜƛƎƘǘ ǊŀƴƎŜ ŀǊŜŀ Ƙŀǎ ǘǿƻ ŦƛŜƭŘǎΥ [ƻǿŜǊ [ƛƳƛǘ ŀƴŘ ¦ǇǇŜǊ [ƛƳƛǘΦ 5ǳǊƛƴƎ ŀƴȅ ŀƴŀƭȅǎƛǎ ƻǊ ŦƛǘǘƛƴƎΣ 
D!5w!{π5wC ǿƛƭƭ ŀǘǘŜƳǇǘ ǘƻ Ŧƛǘ ƻƴƭȅ ǘƘŜ ǊŜƎƛƻƴ ƻŦ ǘƘŜ ǎǇŜŎǘǊǳƳ ŘŜŦƛƴŜŘ ōȅ ǘƘŜǎŜ ƭƛƳƛǘǎΦ DǊŀȅŜŘπƻǳǘ 
ǊŜƎƛƻƴǎ ƛƴ ǘƘŜ Ǉƭƻǘ ƛƴŘƛŎŀǘŜ ƛƎƴƻǊŜŘ ǇƻǊǘƛƻƴǎ ƻŦ ǘƘŜ ǎǇŜŎǘǊǳƳΦ 
 
1.1.1.5 Anticoincidence (AC) Shields 
Lƴ ǎƻƳŜ ŘŜǘŜŎǘƻǊ ǎȅǎǘŜƳǎΣ ǘƘŜ ǇǊƛƳŀǊȅ ŘŜǘŜŎǘƻǊ ƛǎ ǎǳǊǊƻǳƴŘŜŘ ōȅ ŀƴƻǘƘŜǊ ŘŜǘŜŎǘƻǊΣ ŎŀƭƭŜŘ ŀƴ 
ŀƴǘƛŎƻƛƴŎƛŘŜƴŎŜ ό!/ύ ǎƘƛŜƭŘΦ ¢Ƙƛǎ ǊŜŘǳŎŜǎ ōŀŎƪƎǊƻǳƴŘ ōȅ ǊŜƧŜŎǘƛƴƎ ŜǾŜƴǘǎ ǊŜŎƻǊŘŜŘ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ƛƴ 
ōƻǘƘ ŘŜǘŜŎǘƻǊǎΦ !/ ǎƘƛŜƭŘǎ ǊŜŘǳŎŜ ǘƘŜ /ƻƳǇǘƻƴ ŎƻƴǘƛƴǳǳƳ ōȅ ŜȄŎƭǳŘƛƴƎ ƛƴǘŜǊŀŎǘƛƻƴǎ ǿƘŜǊŜ ŀ ǇƘƻǘƻƴ 
ǎŎŀǘǘŜǊǎ ōŜǘǿŜŜƴ ǘƘŜ ǇǊƛƳŀǊȅ ŘŜǘŜŎǘƻǊ ŀƴŘ ǘƘŜ !/ ǎƘƛŜƭŘΦ ¢ƘŜ ŜŦŦŜŎǘǎ ƻŦ !/ ǎƘƛŜƭŘǎ Ŏŀƴ ōŜ ǘǊŜŀǘŜŘ ōȅ 
ŘŜŦƛƴƛƴƎ ǘƘŜ ǇŀǊŀƳŜǘŜǊǎ ǳƴŘŜǊ ǘƘŜ !ƴǘƛπ/ƻƛƴŎƛŘŜƴŎŜ {ƘƛŜƭŘ ǎŜŎǘƛƻƴΥ 

• ¢ȅǇŜΥ ¢ƘŜ ǘȅǇŜ ƻŦ !/ ǎƘƛŜƭŘ ŘŜǘŜŎǘƻǊ ƳŀǘŜǊƛŀƭ όŜΦƎΦ bŀLύ 
• {ƻƭƛŘ !ƴƎƭŜΥ {ƻƭƛŘ ŀƴƎƭŜ ǎǳōǘŜƴŘŜŘ ōȅ ǘƘŜ !/ ǎƘƛŜƭŘ ŦǊƻƳ ǘƘŜ ǇǊƛƳŀǊȅ ŘŜǘŜŎǘƻǊ 
• ¢ƘƛŎƪƴŜǎǎΥ ¢ƘƛŎƪƴŜǎǎ ƛƴ ŎƳ ƻŦ ǘƘŜ !/ ǎƘƛŜƭŘ 
• 5ŜŀŘ [ŀȅŜǊ ½Υ !ǾŜǊŀƎŜ ŀǘƻƳƛŎ ƴǳƳōŜǊ ό!bύ ƻŦ ǘƘŜ ŘŜŀŘ ƭŀȅŜǊ ƻƴ ǘƘŜ !/ ǎƘƛŜƭŘ 
• 5ŜŀŘ [ŀȅŜǊ !5Υ !ǊŜŀƭ ŘŜƴǎƛǘȅ ƻŦ ǘƘŜ !/ ŘŜŀŘ ƭŀȅŜǊ ƛƴ ƎκŎƳн 
• {ƘƛŜƭŘ [[5Υ [ƻǿŜǊπƭŜǾŜƭ ŘƛǎŎǊƛƳƛƴŀǘƻǊ ƻŦ ǘƘŜ !/ ǎƘƛŜƭŘ 

 
1.1.1.6 Other Effects 
²ƘŜƴ ōŜǘŀ ǇŀǊǘƛŎƭŜǎ ǳƴŘŜǊƎƻ ŀ ƴŜƎŀǘƛǾŜ ŀŎŎŜƭŜǊŀǘƛƻƴΣ ǊŀŘƛŀǘƛƻƴ ƛǎ ŜƳƛǘǘŜŘ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ōǊŜƳǎǎǘǊŀƘƭǳƴƎ 
ǇƘƻǘƻƴǎΦ .ǊŜƳǎǎǘǊŀƘƭǳƴƎ ǊŀŘƛŀǘƛƻƴ ƛǎ ŀ ŎƻƴǘƛƴǳǳƳ ǿƛǘƘ ǘƘŜ ƳŀȄƛƳǳƳ ƛƴǘŜƴǎƛǘȅ ŀǘ ƭƻǿ ŜƴŜǊƎȅ ŀƴŘ 
ŜȄǘŜƴŘƛƴƎ ǳǇ ǘƻ ǘƘŜ ŜƴŘ Ǉƻƛƴǘ ŜƴŜǊƎȅ ƻŦ ǘƘŜ ōŜǘŀ ǇŀǊǘƛŎƭŜǎΦ ¢ƘŜ .Ŝǘŀǎ ǇŀǊŀƳŜǘŜǊ ǇǊƻǾƛŘŜǎ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ 
ŜǎǘƛƳŀǘŜ ǘƘŜ ŎƻƴǘƛƴǳǳƳ ǇǊƻŘǳŎŜŘ ōȅ ōǊŜƳǎǎǘǊŀƘƭǳƴƎ ŜƳƛǎǎƛƻƴΦ ¦ǎǳŀƭƭȅ ŀ ƎƻƻŘ ŦƛǊǎǘ ŜǎǘƛƳŀǘŜ ŦƻǊ ǘƘƛǎ 
ǇŀǊŀƳŜǘŜǊ ƛǎ нл. Note: Except for limited cases, a correction of this bremsstrahlung parameter is neither 
necessary nor advised. LŦ ŀ ƳƻǊŜ ŀŎŎǳǊŀǘŜ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƛǎ ǊŜǉǳƛǊŜŘΣ ŀ ǊŀŘƛŀǘƛƻƴ ǘǊŀƴǎǇƻǊǘ ŎŀƭŎǳƭŀǘƛƻƴ 
ǎƘƻǳƭŘ ōŜ ǇŜǊŦƻǊƳŜŘΦ  
 
!ŘŘƛǘƛƻƴŀƭ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ ǇǊƻǾƛŘŜŘ ǘƻ ōŜǘǘŜǊ ŎƘŀǊŀŎǘŜǊƛȊŜ ƴŜǿ ǊƻƻƳπǘŜƳǇŜǊŀǘǳǊŜ ǎŜƳƛŎƻƴŘǳŎǘƻǊ 
ŘŜǘŜŎǘƻǊǎ ƭƛƪŜ ŎŀŘƳƛǳƳπȊƛƴŎπǘŜƭƭǳǊƛŘŜ ό/½¢ύΦ ¢ƘŜǎŜ ǇŀǊŀƳŜǘŜǊǎ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ǇǊƻǇŜǊǘƛŜǎ ƭƛƪŜ ƘƻƭŜ 
ǘǊŀǇǇƛƴƎΣ ƎǊƛŘǎ ŜŦŦŜŎǘǎΣ ŀƴŘ ŘŜŀŘ ƭŀȅŜǊǎΦ 
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3 PCF SPECTRAL FILE  
¢ƘŜ Ƴŀƛƴ ŦƛƭŜ ŦƻǊƳŀǘ ƛƴǘǊƛƴǎƛŎ ǘƻ D!5w!{π5wC ƛǎ ŀ ōƛƴŀǊȅΣ ŘƛǊŜŎǘ ŀŎŎŜǎǎ ŦƛƭŜ ǿƛǘƘ ŀ t/C ŜȄǘŜƴǎƛƻƴΦ 
D!5w!{π5wC Ŏŀƴ ǊŜŀŘ Ƴŀƴȅ ƻǘƘŜǊ ǎǇŜŎǘǊŀƭ ŦƛƭŜ ŦƻǊƳŀǘǎ όŜΦƎΦ hǊǘŜŎ /IbΣ ǘƘŜ L!9! {t9 ŦƛƭŜ ǘȅǇŜǎΣ !{/Σ 
t//Σ bпнΣ ŜǘŎΦύ ŦǊƻƳ Ƴŀƴȅ ǾŜƴŘƻǊǎ ŀƴŘ ŎƻƴǾŜǊǘ ǘƘŜƳ ǘƻ ǘƘŜ D!5w!{π5wC ǇǊŜŦŜǊǊŜŘ t/C ŦƛƭŜ ŦƻǊƳŀǘΦ 
D!5w!{π5wC ǿǊƛǘŜǎ ŜƴŜǊƎȅ ŎŀƭƛōǊŀǘƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘǎ ŀƴŘ ƻǘƘŜǊ ǎǳǇǇƭŜƳŜƴǘŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ŘƛǊŜŎǘƭȅ ƛƴǘƻ t/C 
ŦƛƭŜǎΦ  
 
D!5w!{π5wC ƎŜƴŜǊŀǘŜǎ ŀƴŘ ǎǘƻǊŜǎ ǘƘŜ t/C ŦƛƭŜ ƛƴ ǘƘŜ ǎŀƳŜ ŦƛƭŜ ƭƻŎŀǘƛƻƴ ŀǎ ǘƘŜ 5ŜǘŜŎǘƻǊΦŘŀǘ ŦƛƭŜΦ ¢Ƙƛǎ ƛǎ 
ǘȅǇƛŎŀƭƭȅ ŀ ǳǎŜǊ ŎƘƻǎŜƴ ǎǳōŘƛǊŜŎǘƻǊȅ ƛƴ D!5w!{π5wCξ5ŜǘŜŎǘƻǊΦ ¢ƘŜ 5ŜǘŜŎǘƻǊΦŘŀǘ ŦƛƭŜ Ƴǳǎǘ ōŜ ŘŜŦƛƴŜŘ 
ǇǊƛƻǊ ǘƻ ŜǾŀƭǳŀǘƛƴƎ ǎǇŜŎǘǊŀƭ ŘŀǘŀΦ {ŜƭŜŎǘƛƻƴ ƻǊ ŎǊŜŀǘƛƻƴ ƻŦ ǘƘŜ ŘŜǘŜŎǘƻǊ ό5ŜǘŜŎǘƻǊΦŘŀǘ ŦƛƭŜύ ƛǎ ŘƛǎŎǳǎǎŜŘ ƛƴ 
{ŜŎǘƛƻƴ нΦ ! t/C Řŀǘŀ ŦƛƭŜ Ŏŀƴ ōŜ ƎŜƴŜǊŀǘŜŘ ƻǊ ŎǊŜŀǘŜŘ ŦǊƻƳ ǘƘŜ tƭƻǘ ǘŀō ƻƴ ǘƘŜ Ƴŀƛƴ ǎŎǊŜŜƴΦ ¢ƻ Řƻ ǘƘƛǎΣ 
ǘƘŜ ǳǎŜǊ Ŏŀƴ ǎŜƭŜŎǘ bŜǿ ŦǊƻƳ ǘƘŜ CƛƭŜ ŘǊƻǇπŘƻǿƴ ƳŜƴǳΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ уΦ ¢Ƙƛǎ ŀŎǘƛƻƴ ƻǇŜƴǎ ŀ 
²ƛƴŘƻǿǎ 9ȄǇƭƻǊŜǊ ǿƛƴŘƻǿ όCƛƎǳǊŜ фύ ǿƛǘƘ άŜǾŜƴǘ[ƛǎǘέ ŀǎ ŀ ŘŜŦŀǳƭǘ ŦƛƭŜ ƴŀƳŜ ŦƻǊ ǘƘŜ t/CΦ ¢Ƙƛǎ ŦƛƭŜ ƴŀƳŜ 
Ŏŀƴ ōŜ ƳƻŘƛŦƛŜŘ ōȅ ǘƘŜ ǳǎŜǊΣ ƛŦ ŘŜǎƛǊŜŘΦ ¢ƘŜ ŘŜŦŀǳƭǘ ŦƻƭŘŜǊ ƭƻŎŀǘƛƻƴ ƛǎ ǘƘŜ ŘƛǊŜŎǘƻǊȅ ƛƴ ǿƘƛŎƘ ǘƘŜ ŎǳǊǊŜƴǘ 
ǎŜƭŜŎǘŜŘ ŘŜǘŜŎǘƻǊ ƛǎ ƭƻŎŀǘŜŘΦ !ŦǘŜǊ ŀƴȅ ƴŜŎŜǎǎŀǊȅ ŎƘŀƴƎŜǎ ŀǊŜ ƳŀŘŜΣ ǘƘŜ ²ƛƴŘƻǿǎ 9ȄǇƭƻǊŜǊ άƻǇŜƴέ 
ōǳǘǘƻƴ ƛǎ ǎŜƭŜŎǘŜŘ ŀƴŘ ŀ ōƭŀƴƪ t/C ǎŎǊŜŜƴ ƛǎ ŎǊŜŀǘŜŘΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ млΦ 
 
 
 

 
Figure 8. Creating a new PCF file from the Plot tab within the File menu. 
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Figure 9. The default PCF file name is ñeventList.pcfò. 

 

 
Figure 10. A newly created blank PCF screen. 

 
{ǇŜŎǘǊŀƭ ŦƛƭŜǎΣ ǿƘƛŎƘ Ƴŀȅ ōŜ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ŀƴ hǳǘƭƻƻƪ ŜƳŀƛƭ ŀǘǘŀŎƘƳŜƴǘ ƻǊ ŦƛƭŜ ƭƻŎŀǘŜŘ ƻƴ ǘƘŜ ŎƻƳǇǳǘŜǊΣ 
Ŏŀƴ ōŜ ŀŘŘŜŘ ǘƻ ǘƘŜ ōƭŀƴƪ t/C ōȅ ŘǊŀƎƎƛƴƎ ŀƴŘ ŘǊƻǇǇƛƴƎ ǘƘŜ ŘŜǎƛǊŜŘ Řŀǘŀ ŦƛƭŜ ǘƻ ǘƘŜ ōƭŀƴƪ ƎǊŀȅ ǎǇŀŎŜ ƻƴ 
ǘƘŜ ǎŎǊŜŜƴΦ CƛƎǳǊŜ мм ǎƘƻǿǎ ǘƘŜ ŦƛƭŜ ƭƛǎǘ ŦƻǊƳ ŀŦǘŜǊ ǇƻǇǳƭŀǘƛƴƎ ŀ t/C ŦƛƭŜ ǘƛǘƭŜŘ ά/ŀƭΦǇŎŦέ ǿƛǘƘ ŜƛƎƘǘ 
ǎǇŜŎǘǊŀƭ ŜƴǘǊƛŜǎ όŦƛǾŜ ŎŀƭƛōǊŀǘƛƻƴ ǎƻǳǊŎŜ ǎǇŜŎǘǊŀ ŀƴŘ ǘƘǊŜŜ ōŀŎƪƎǊƻǳƴŘ ǎǇŜŎǘǊŀύΦ  
 

D!5w!{π5wC Ŏŀƴ ǇǊƻŎŜǎǎ ǎǇŜŎǘǊŀƭ Řŀǘŀ ǘŀƪŜƴ ŀǘ ŘƛŦŦŜǊŜƴǘ ǎƻǳǊŎŜπǘƻπŘŜǘŜŎǘƻǊ ŘƛǎǘŀƴŎŜǎ ŀƴŘ ƘŜƛƎƘǘǎΦ 
tǊƻŎŜǎǎƛƴƎ ǘƘŜ ǎǇŜŎǘǊŀƭ Řŀǘŀ ƛǎ ŦŀŎƛƭƛǘŀǘŜŘ ōȅ ŜƴǘŜǊƛƴƎ ǘƘŜ ǎƻǳǊŎŜπǘƻπŘŜǘŜŎǘƻǊ ŘƛǎǘŀƴŎŜ ŦƻǊ ŜŀŎƘ ǎǇŜŎǘǊǳƳ 
ƛƴ ǘƘŜ ŦƛƭŜ ǘƛǘƭŜ ŦƛŜƭŘ ǎƻ ǘƘŀǘ ǘƘŜǎŜ ǾŀƭǳŜǎ ŀǊŜ ŜƴǘŜǊŜŘ ŀǎ ŘŜŦŀǳƭǘǎ ǿƘŜƴ ŎƻƳǇǳǘŜŘ ǎǇŜŎǘǊŀ ŀǊŜ ŎƻƳǇŀǊŜŘ 
ǿƛǘƘ ƳŜŀǎǳǊŜƳŜƴǘǎΦ ¢ƘŜ ǎƻǳǊŎŜπǘƻπŘŜǘŜŎǘƻǊ ŘƛǎǘŀƴŎŜ Ƴǳǎǘ ōŜ ŎƻƴǘŀƛƴŜŘ ōŜǘǿŜŜƴ ǘƘŜ ŎƘŀǊŀŎǘŜǊ άϪέ 
ŀƴŘ ǘƘŜ ǎǘǊƛƴƎ άŎƳέ ƻǊ άƳΣέ ƛƴŘƛŎŀǘƛƴƎ ŘƛǎǘŀƴŎŜǎ ƛƴ ŎŜƴǘƛƳŜǘŜǊǎ ƻǊ ƳŜǘŜǊǎΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ 
ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǘƘŜ ǎǘǊƛƴƎ ŘŜŦƛƴƛƴƎ ŘƛǎǘŀƴŎŜ ƛǎ ƴƻǘ ŎŀǎŜ ǎŜƴǎƛǘƛǾŜΦ LŦ ǘƘŜ ŘŜǘŜŎǘƻǊ ƘŜƛƎƘǘ ƛǎ ŀƭǎƻ ŜƴǘŜǊŜŘΣ 
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ǘƘŜ ƘŜƛƎƘǘ Ƴǳǎǘ ōŜ ŎƻƴǘŀƛƴŜŘ ōŜǘǿŜŜƴ ǘƘŜ ǎǘǊƛƴƎ άIҐέ ŀƴŘ ǘƘŜ ǎǘǊƛƴƎ άŎƳέ ƻǊ άƳΦέ {ƛƳƛƭŀǊƭȅΣ ǘƘŜ ǎǘǊƛƴƎǎ 
ŀǊŜ ƴƻǘ ŎŀǎŜ ǎŜƴǎƛǘƛǾŜΦ CƛƎǳǊŜ мм ǎƘƻǿǎ ǘƘŜ t/C ŦƛƭŜ ǿƛǘƘ ǘƘŜ άнну¢Ƙ όŀǘ мнн ŎƳύέ ŜƴǘǊȅ ƘƛƎƘƭƛƎƘǘŜŘ ƛƴ ōƭǳŜ 
ŀƴŘ ŀ ǎǇŜŎǘǊŀƭ ǇǊŜǾƛŜǿ ƻƴ ǘƘŜ ǊƛƎƘǘ ƛƴ ǊŜŘΦ  

 

 
Figure 11. PCF file with eight spectra (left). Preview of 228Th spectrum displayed in red 

(right). 
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4 PLOTTING/VIEWING SPECTRA (VIA PCF FILE) 
 
4.1 Measured Spectra 
¢ƘŜ ǳǎŜǊ Ŏŀƴ Ǉƭƻǘ ƻƴŜ ƻǊ ƳƻǊŜ ƎŀƳƳŀπǊŀȅ ǎǇŜŎǘǊŀ ƛƴ ŀ t/C ŦƛƭŜ ǳǎƛƴƎ ǘƘŜ tƭƻǘ ƻǇǘƛƻƴ ƭƻŎŀǘŜŘ ƻƴ ǘƘŜ 
ōƻǘǘƻƳπǊƛƎƘǘ ŎƻǊƴŜǊ ƻŦ ǘƘŜ tƭƻǘ ǇŀƎŜΦ ό{ŜŜ ŜȄŀƳǇƭŜΣ CƛƎǳǊŜ мнύ  

 
¢ƘŜ ǊŜŎƻǊŘ ƻŦ ƛƴǘŜǊŜǎǘ ŦǊƻƳ ǘƘŜ ƻǇŜƴŜŘ ǎǇŜŎǘǊŀƭ t/C ŦƛƭŜ Ŏŀƴ ōŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ Ǉƭƻǘ ōȅ ŘǊŀƎƎƛƴƎ ŀƴŘ 
ŘǊƻǇǇƛƴƎ ǘƘŜ ǊŜŎƻǊŘ ǘƻ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳ ƭƻŎŀǘƛƻƴΣ ŜƛǘƘŜǊ ŦƻǊŜƎǊƻǳƴŘ ƻǊ ōŀŎƪƎǊƻǳƴŘΦ 
²ƘŜƴ ŀ ōŀŎƪƎǊƻǳƴŘ ƛǎ ƛƴŎƭǳŘŜŘ ŀƭƻƴƎ ǿƛǘƘ ŀ ŦƻǊŜƎǊƻǳƴŘ ǎǇŜŎǘǊǳƳΣ ŀ ǘƛƳŜπƴƻǊƳŀƭƛȊŜŘΣ ōŀŎƪƎǊƻǳƴŘπ
ǎǳōǘǊŀŎǘŜŘ ǎǇŜŎǘǊǳƳ ƛǎ ǇƭƻǘǘŜŘΦ ²ƘŜƴ ǘƘŜ ǎǇŜŎǘǊǳƳ ŦƛŜƭŘǎ ŀǊŜ ŎƻƳǇƭŜǘŜΣ ǘƘŜ tƭƻǘ ōǳǘǘƻƴ Ƴǳǎǘ ōŜ ŎƭƛŎƪŜŘ 
ǘƻ ŘǊŀǿ ŀ ƴŜǿ ƻǊ ƳƻŘƛŦƛŜŘ ǇƭƻǘΦ  

 

 
Figure 12. Plot screen with entries to be plotted from the ñcal.pcfò file. 

 
¦ǎƛƴƎ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǘƘŜ tƭƻǘ ǎŎǊŜŜƴΣ ŜƛǘƘŜǊ ǳƴǇǊƻŎŜǎǎŜŘ ƻǊ ōŀŎƪƎǊƻǳƴŘπǎǳōǘǊŀŎǘŜŘ ǎǇŜŎǘǊŀ Ŏŀƴ ōŜ 
ǇƭƻǘǘŜŘ ŀǎ ƛƭƭǳǎǘǊŀǘŜŘ ƛƴ CƛƎǳǊŜ моΦ ¢ƘŜ !ŘŘ {ǇŜŎ tŀƛǊ ŀƴŘ 5ŜƭŜǘŜ {ǇŜŎ tŀƛǊ ōǳǘǘƻƴǎ ŦƻǳƴŘ ƻƴ ǘƘŜ ǘƻǇπ
ǊƛƎƘǘ ŎƻǊƴŜǊ ƻŦ ǘƘŜ ǎŎǊŜŜƴ ŀǊŜ ǳǎŜŘ ǘƻ ŀŘŘ ƻǊ ǊŜƳƻǾŜ ŀŘŘƛǘƛƻƴŀƭ ǎǇŜŎǘǊŀ ŦǊƻƳ ǘƘŜ ǇƭƻǘΦ  
 
²ƘŜƴ ǘƘŜ !ŘŘ {ǇŜŎ tŀƛǊ ōǳǘǘƻƴ ƛǎ ŎƭƛŎƪŜŘΣ D!5w!{π5wC ŀǳǘƻƳŀǘƛŎŀƭƭȅ ƛƴŎƭǳŘŜǎ ǘƘŜ ƴŜȄǘ ǊŜŎƻǊŘ ƛƴ ǘƘŜ 
t/C ŦƛƭŜ ǘƻ ǘƘŜ aŜŀǎǳǊŜŘ CƻǊŜƎǊƻǳƴŘ ǎǇŜŎǘǊǳƳΦ ¢ƘŜ ǇǊŜǾƛƻǳǎ .ŀŎƪƎǊƻǳƴŘ ǊŜŎƻǊŘ ƛǎ ƳŀƛƴǘŀƛƴŜŘ ōȅ 
ŘŜŦŀǳƭǘΦ  
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Figure 13. Plot of background subtracted 88Y spectrum. 

 
CƛƎǳǊŜ мп ǎƘƻǿǎ ǘƘŜ Ǉƭƻǘ ŦƻǊƳ ǿƛǘƘ ǘƘǊŜŜ ǎǇŜŎǘǊŀƭ ǇŀƛǊǎ ǎŜƭŜŎǘŜŘ ŦƻǊ ƎǊŀǇƘƛƴƎΦ ¢ƘŜǎŜ ǇŀƛǊǎ ŀǊŜ ŘƛǎǇƭŀȅŜŘ 
ƛƴ ǘƘŜ ŎŜƴǘǊŀƭ ǿƘƛǘŜ ŀǊŜŀ ƻŦ ǘƘŜ Ǉƭƻǘ ǇŀƎŜΦ ¦Ǉ ǘƻ ǎƛȄ ǎǇŜŎǘǊŀ Ŏŀƴ ōŜ ǎŜƭŜŎǘŜŘ ŀƴŘ ŘƛǎǇƭŀȅŜŘ ƛƴ ŀ ǎƛƴƎƭŜ 
ƎǊŀǇƘΦ  
 

 
Figure 14. Plot page example with 3 background subtracted spectral pairs identified for 

plotting. 

 
CƛƎǳǊŜ мр ǎƘƻǿǎ ǘƘŜ ƎǊŀǇƘ ƻŦ ǘƘŜ ǘƘǊŜŜ ǎǇŜŎǘǊŀƭ ǇŀƛǊǎ ƛŘŜƴǘƛŦƛŜŘ ƛƴ CƛƎǳǊŜ мпΦ ¢ƘŜ ƎǊŀǇƘǎ ŀǊŜ ƛŘŜƴǘƛŦƛŜŘ 
ŦƻǊ ŜŀŎƘ ǎǇŜŎǘǊǳƳ ōȅ ǘƘŜ ŎƻƭƻǊ ǎŜƭŜŎǘŜŘ ƛƴ ǘƘŜ ǎǘȅƭŜ ōƻȄ ƛƴ ǘƘŜ tƭƻǘ ǿƛƴŘƻǿΦ ¢ƘŜ рт/ƻ Ǉƭƻǘ ƛǎ ŘƛǎǇƭŀȅŜŘ ƛƴ 
ǇǳǊǇƭŜ ŀǎ ǎƘƻǿƴ ƛƴ ǘƘŜ ǎǘȅƭŜ ōƻȄ ƛƴ CƛƎǳǊŜ мпΦ 
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Figure 15. Plot of the three background subtracted spectral pairs: 137Cs (blue), 57Co 

(purple), and 88Y (black). 

 
4.2 Computed Spectra 
Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ŘƛǎǇƭŀȅƛƴƎ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊŀΣ ŎƻƳǇǳǘŜŘ ǎǇŜŎǘǊŀ ƻǊ ƛǎƻǘƻǇŜ ǎƻǳǊŎŜ ǎǇŜŎǘǊŀ Ŏŀƴ ŀƭǎƻ ōŜ 
ŘƛǎǇƭŀȅŜŘ ŦǊƻƳ ǘƘŜ Ǉƭƻǘ ǇŀƎŜΦ {ƻǳǊŎŜǎ ŦƻǊ ŎƻƳǇǳǘŜŘ ǎǇŜŎǘǊŀ ŀǊŜ ŜƴǘŜǊŜŘ ƻƴ ǘƘŜ {ƻǳǊŎŜ ŦƻǊ /ƻƳǇǳǘŜŘ 
{ǇŜŎǘǊǳƳ ƭƛƴŜ ŀǘ ǘƘŜ ōƻǘǘƻƳ ƻŦ ǘƘŜ Ǉƭƻǘ ǿƛƴŘƻǿΦ  
 
hǘƘŜǊ ƻǇǘƛƻƴŀƭ ǎƻǳǊŎŜǎ Ƴŀȅ ƛƴŎƭǳŘŜΥ 

• ǘƘŜ ƴŀƳŜκǎŜǊƛŀƭ ƴǳƳōŜǊ ƻŦ ŀ ŎŀƭƛōǊŀǘƛƻƴ ǎƻǳǊŎŜ ƛƴ ǘƘŜ ǎƻǳǊŎŜ ƭƛōǊŀǊȅκŘŀǘŀōŀǎŜΣ  
• ŀƴ ƻǳǘǇǳǘ ŦƛƭŜ ƴŀƳŜ ŦǊƻƳ ǊŀŘƛŀǘƛƻƴ ǘǊŀƴǎǇƻǊǘ ŎŀƭŎǳƭŀǘƛƻƴǎ όƛΦŜΦΣ ŀ D!a ŦƛƭŜύΣ  
• ŀƴ ƛǎƻǘƻǇƛŎ ŘŜǎƛƎƴŀǘƛƻƴ ŀƴŘ ǎƻǳǊŎŜ ǎǘǊŜƴƎǘƘ όŜΦƎΦΣ нон¦Σ мΦрǳ/ύΦ  

 
!ŎǘƛǾƛǘȅ ǳƴƛǘǎ ŦƻǊ ǘƘŜ ŎƻƳǇǳǘŜŘ ǎǇŜŎǘǊǳƳ ŀǊŜ ŀƭǿŀȅǎ ƎƛǾŜƴ ƛƴ /ǳǊƛŜǎ όǎƘƻǊǘŜƴŜŘ ǘƻ ά/έ ƛƴǎǘŜŀŘ ƻŦ ǘƘŜ 
ǎǘŀƴŘŀǊŘ ά/ƛέύΦ ¢Ƙƛǎ ǳƴƛǘ Ƴŀȅ ōŜ ǇǊŜǇŜƴŘŜŘ ǿƛǘƘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ {L ǇǊŜŦƛȄŜǎ όNote: these are not case 
sensitiveύΥ 

• Ǉ/Υ ǇƛŎƻ/ǳǊƛŜǎ 
• ƴ/Υ ƴŀƴƻ/ǳǊƛŜǎ 
• ǳ/Υ ƳƛŎǊƻ/ǳǊƛŜǎ 
• Ƴ/Υ Ƴƛƭƭƛ/ǳǊƛŜǎ 
• ƪ/Υ ƪƛƭƻ/ǳǊƛŜǎ 

 
!ƭǘŜǊƴŀǘƛǾŜƭȅΣ ǳƴƛǘǎ ƻŦ .ŜŎǉǳŜǊŜƭ όǎƘƻǊǘŜƴŜŘ ŀǎ .ǉύ Ŏŀƴ ōŜ ƛƴǇǳǘ ǳǎƛƴƎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ {L ǇǊŜŦƛȄŜǎ όŀƭǎƻ ƴƻǘ 
ŎŀǎŜ ǎŜƴǎƛǘƛǾŜύΥ  

• ƪ.ǉΥ ƪƛƭƻ.ŜŎǉǳŜǊŜƭ 
• a.ǉΥ ƳŜƎŀ.ŜŎǉǳŜǊŜƭ 
• D.ǉΥ ƎƛƎŀ.ŜŎǉǳŜǊŜƭ 

 
aŀǎǎ ƻǊ ŀŎǘƛǾƛǘȅ ƻŦ ŀ ǎƻǳǊŎŜ Ŏŀƴ ōŜ ǎǇŜŎƛŦƛŜŘ ŀƴŘ ǳǎŜŘ ŦƻǊ ǇƭƻǘǘƛƴƎΦ ¢ƘŜ Ƴŀǎǎ ƛǎ ŎƻƴǾŜǊǘŜŘ ǘƻ ǘƘŜ ǇǊƻǇŜǊ 
ŀŎǘƛǾƛǘȅ ǇǊƛƻǊ ǘƻ ǇƭƻǘǘƛƴƎ όŜΦƎΦΣ нофtǳΣ рлƎ ƛǎ ŎƻƴǾŜǊǘŜŘ ǘƻ нофtǳΣ оΦм/ύΦ  
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²ƘŜƴ D!a ŦƛƭŜǎ ŀǊŜ ǳǎŜŘΣ ǘƘŜ ŀŎǘƛǾƛǘȅ ƭŜǾŜƭ ǎǇŜŎƛŦƛŜŘ ƛƴ /ǳǊƛŜǎ ŘŜǘŜǊƳƛƴŜǎ ǘƘŜ ǎŎŀƭƛƴƎ ŦŀŎǘƻǊ ŦƻǊ ǘƘŜ 
ǎƻǳǊŎŜΦ ¢ƘǳǎΣ ŀƴ ŀŎǘƛǾƛǘȅ ƻŦ άм/έ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ǎƻǳǊŎŜ ǎƘƻǳƭŘ ƴƻǘ ōŜ ǎŎŀƭŜŘΣ ŀƴŘ ŀƴ ŀŎǘƛǾƛǘȅ ƻŦ άн/έ 
ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ǎƻǳǊŎŜ ǎǘǊŜƴƎǘƘ ǎƘƻǳƭŘ ōŜ ŘƻǳōƭŜŘΦ 
 
¢ƘŜ ǎƛƳǳƭŀǘŜŘκŎƻƳǇǳǘŜŘ ǎǇŜŎǘǊǳƳ Ŏŀƴ ōŜ ŀ ƳƛȄǘǳǊŜ ƻǊ ǎǳƳ ƻŦ ǎŜǾŜǊŀƭ ǎǇŜŎǘǊŀΦ ¢ƘŜ ƛƴŘƛǾƛŘǳŀƭ ǎǇŜŎǘǊŀ 
Ŏŀƴ ōŜ ǎǳƳƳŜŘ ōȅ ǇƭŀŎƛƴƎ ŀ Ǉƭǳǎ όҌύ ǎƛƎƴ ōŜǘǿŜŜƴ ǘƘŜ ǎǳŎŎŜǎǎƛǾŜ ǎƻǳǊŎŜǎ όŜΦƎΦΣ нон¦Σ мǳ/ҌплYΣ нрƳ/ύΦ 
DŀƳƳŀπǊŀȅǎ ŜƳƛǘǘŜŘ ōȅ ǘƘŜ ǎǇŜŎƛŦƛŜŘ ƛǎƻǘƻǇŜǎ ŀǊŜ ŦƻƭŘŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ŘŜǘŜŎǘƻǊ ǊŜǎǇƻƴǎŜ ŦǳƴŎǘƛƻƴ ǘƻ 
ŎƻƳǇǳǘŜ ǘƘŜ ǎǇŜŎǘǊǳƳ ǘƘŀǘ ǿƻǳƭŘ ōŜ ǊŜŎƻǊŘŜŘ ƛŦ ǘƘŜ ŘŜǘŜŎǘƻǊ ǿŜǊŜ ŜȄǇƻǎŜŘ ǘƻ ǘƘŜ ƎƛǾŜƴ ƻǊ ǎƻǳǊŎŜǎΦ LŦ 
ƻƴŜ ǎǇŜŎǘǊŀƭ ǇŀƛǊ ƛǎ ǇƭƻǘǘŜŘΣ ǘƘŜ ˔н Ŧƛǘ ǊŜǎƛŘǳŀƭǎ ōŜǘǿŜŜƴ ǘƘŜ ƳŜŀǎǳǊŜŘ ŀƴŘ ŎƻƳǇǳǘŜŘ ǎǇŜŎǘǊŀ ŀǊŜ 
ŎŀƭŎǳƭŀǘŜŘ ŀƴŘ ŘƛǎǇƭŀȅŜŘΦ  
 
CƛƎǳǊŜ мс ƎƛǾŜǎ ŀƴ ŜȄŀƳǇƭŜ ƻŦ ǘƘŜ tƭƻǘ ǎŎǊŜŜƴ ǿƛǘƘ ŀ уу¸ ǎǇŜŎǘǊǳƳ όŎŀƭΦǇŎŦΣ оύ ƻƴ ǘƘŜ ŦƻǊŜƎǊƻǳƴŘ ƭƛƴŜ ŀƴŘ 
ŀ ōŀŎƪƎǊƻǳƴŘ ǎǇŜŎǘǊǳƳ όŎŀƭΦǇŎŦΣ мύ ƻƴ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ ƭƛƴŜΦ  ¢ƘŜ {ƻǳǊŎŜ ŦƻǊ /ƻƳǇǳǘŜŘ {ǇŜŎǘǊǳƳ ƭƛƴŜ 
ǎƘƻǿǎ ǘƘŀǘ ǘƘŜ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳ ƛǎ ǘƻ ōŜ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘŜ ŎƻƳǇǳǘŜŘ ǎǇŜŎǘǊǳƳ ŦƻǊ ǘƘŜ уу¸ ǎƻǳǊŎŜ 
ǿƛǘƘ ǎŜǊƛŀƭ ƴǳƳōŜǊ пфрмпоΦ  ¢ƘŜ ŘƛǎǇƭŀȅ ǿƛƭƭ ǎƘƻǿ ŀ ōŀŎƪƎǊƻǳƴŘπǎǳōǘǊŀŎǘŜŘ уу¸ ǎǇŜŎǘǊǳƳ ƛƴ ōƭŀŎƪ ŀƴŘ 
ǘƘŜ ŎƻƳǇǳǘŜŘ ǎǇŜŎǘǊǳƳ ƛƴ ǊŜŘΦ 
 

 
Figure 16. The Plot screen displaying selections for a foreground, background, and 

computed spectrum 

 
CƛƎǳǊŜ мт ƛǎ ƎŜƴŜǊŀǘŜŘ ŀŦǘŜǊ ǘƘŜ tƭƻǘ ōǳǘǘƻƴ ƛǎ ŎƭƛŎƪŜŘΦ ¢ƘŜ ƳŜŀǎǳǊŜŘ уу¸ ǎǇŜŎǘǊǳƳ ƛǎ ŘƛǎǇƭŀȅŜŘ ƛƴ blackΣ 
ǿƘƛƭŜ ǘƘŜ ŎƻƳǇǳǘŜŘ ǎǇŜŎǘǊǳƳ ŦƻǊ ǘƘŜ уу¸ ǎƻǳǊŎŜ όL5 ƴǳƳōŜǊΥ пфрмпоύ ƛǎ ŘƛǎǇƭŀȅŜŘ ƛƴ redΦ  
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Figure 17. Plot page of a measured 88Y spectrum and a 88Y source (ID number: 495143).  

 
CƻǊ ǇƭƻǘǘƛƴƎ ǇǳǊǇƻǎŜǎΣ ǘƘŜ {ƻǳǊŎŜ ŦƻǊ /ƻƳǇǳǘŜŘ {ǇŜŎǘǊǳƳ ƭƛƴŜ Ŏŀƴ ōŜ ǳǎŜŘ ǿƛǘƘƻǳǘ ŀƴȅ ƳŜŀǎǳǊŜŘ 
ǎǇŜŎǘǊŀ ōŜƛƴƎ ŜƴǘŜǊŜŘ ƻƴ ǘƘŜ ŦƻǊŜƎǊƻǳƴŘ ƻǊ ōŀŎƪƎǊƻǳƴŘ ƭƛƴŜǎΦ ¢ƘŜǎŜ ǎǇŜŎǘǊŀ ŀǊŜ ŎƻƳǇǳǘŜŘ ŀƴŘ ǇƭƻǘǘŜŘ 
ǿƛǘƘƻǳǘ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ǎŜƭŦπŀǘǘŜƴǳŀǘƛƻƴΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ǎƛƎƴƛŦƛŎŀƴǘ ŦƻǊ ƭŀǊƎŜ ƳŀǎǎŜǎ ŀƴŘκƻǊ 
ŘŜƴǎŜ ƳŀǘŜǊƛŀƭǎΦ  
 
LŦ ŘŜǎƛǊŜŘΣ ŜŦŦŜŎǘǎ ƻŦ ǎƘƛŜƭŘƛƴƎ ƳŀǘŜǊƛŀƭǎ Ŏŀƴ ōŜ ŜǎǘƛƳŀǘŜŘ ōȅ ǎǇŜŎƛŦȅƛƴƎ ǘƘŜ ƳŀǘŜǊƛŀƭ ƻƴ ǘƘŜ {ƻǳǊŎŜ ŦƻǊ 
/ƻƳǇǳǘŜŘ {ǇŜŎǘǊǳƳ ƭƛƴŜΦ ¢ƘŜ ŀǘƻƳƛŎ ƴǳƳōŜǊ ŀƴŘ ŀǊŜŀƭ ŘŜƴǎƛǘȅ ƻŦ ǘƘŜ ŀōǎƻǊōƛƴƎ ƳŀǘŜǊƛŀƭ Ŏŀƴ ŀƭǎƻ ōŜ 
ŜƴǘŜǊŜŘ ƻƴ ǘƘŜ ƛƴǇǳǘ ƭƛƴŜ ǳǎƛƴƎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŎƻƴǾŜƴǘƛƻƴΥ 

нон¦Σмлǳ/ƛ ϑнсΣмлϒ Ҍ мот/ǎΣоΦнƳ/ƛ ϑмоΣрϒ 
 

In this example, 10uCi of 232U is propagated through 10 g/cm2 of iron (Z=26), and 3.2mCi of 137Cs is 
propagated through 5 g/cm2 of aluminum (Z=13).  
 
4.3 Tools on the Graph Window 

мΦ ²ƘŜƴ ǾƛŜǿƛƴƎ ǘƘŜ ŘƛǎǇƭŀȅŜŘ ǎǇŜŎǘǊǳƳΣ ǘƘŜ CƛƭŜ ƳŜƴǳ ǘŀō ǇǊƻǾƛŘŜǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƻǇǘƛƻƴǎΥ 

• /ƻǇȅ ǘƻ /ƭƛǇōƻŀǊŘ  
• {ŀǾŜ ǘƻ aŜǘŀŦƛƭŜ 
• {ŀǾŜ {ǳƳ {ǇŜŎǘǊǳƳ 
• ²ǊƛǘŜ /ƻƳǇǳǘŜŘ {ǇŜŎǘǊǳƳ ǘƻ CƛƭŜ 

o ¢ƘŜ ŎƻƳǇǳǘŜŘ ǎǇŜŎǘǊǳƳ ŦƛƭŜ Ŏŀƴ ōŜ ǳǎŜŘ ƛƴ ŀƴȅ ŦǳǘǳǊŜ ǇƭƻǘǘƛƴƎΣ ŎŀƭŎǳƭŀǘƛƻƴǎΣ ƻǊ 
ƳŀƴƛǇǳƭŀǘƛƻƴǎΦ 

• tǊƛƴǘ  

нΦ ¢ƘŜ ¢ƻƻƭǎ ƳŜƴǳ ǘŀō ǇǊƻǾƛŘŜǎ ƻǇǘƛƻƴǎ ŦƻǊ ƎǊŀǇƘ ǇǊƻǇŜǊǘƛŜǎΣ ǇŜŀƪ ƭƛǎǘǎΣ ŀƴŘ Ŏƻǳƴǘ ǊŀǘŜǎΥ 

• ½ƻƻƳ ǘƻ 9ȄǘŜƴǘǎ ς ȊƻƻƳ ǘƘŜ ƎǊŀǇƘ ƻǳǘ ǘƻ ǘƘŜ Ŧǳƭƭ ŜƴŜǊƎȅ ƭƛƳƛǘǎ 
• DǊŀǇƘ LƴŦƻ ς ǇǊƻǾƛŘŜǎ ǘƘŜ Ŏƻǳƴǘ ǊŀǘŜ ŦƻǊ ǘƘŜ ƎǊŀǇƘŜŘ ǎǇŜŎǘǊŀ ǿƛǘƘƛƴ ǘƘŜ ŘƛǎǇƭŀȅŜŘ 

ŜƴŜǊƎȅ ƭƛƳƛǘǎ  
• tŜŀƪ {ŜŀǊŎƘ aƻŘŜ ς ǇǊƻǾƛŘŜǎ ŜƴŜǊƎȅ ŀƴŘ Ŏƻǳƴǘ ǊŀǘŜǎ ŦƻǊ ǇŜŀƪǎ ƛƴ ǘƘŜ ǎǇŜŎǘǊǳƳ 
• hǇǘƛƻƴǎ όƎǊŀǇƘ ǇǊƻǇŜǊǘƛŜǎύ 

ну 
 



 

o ·π!Ȅƛǎ aƛƴƛƳǳƳ ŀƴŘ aŀȄƛƳǳƳ ς ǎŜǘǎ ǘƘŜ ƳƛƴƛƳǳƳ ŀƴŘ ƳŀȄƛƳǳƳ ŜƴŜǊƎȅ 
όƪŜ±ύ ƭƛƳƛǘǎ ŦƻǊ ǘƘŜ ƎǊŀǇƘ  

o ·π!Ȅƛǎ ¦ƴƛǘǎ ς ŎƘƻƻǎŜ ōŜǘǿŜŜƴ /ƘŀƴƴŜƭ bǳƳōŜǊ ŀƴŘ 9ƴŜǊƎȅ όƪŜ±ύΦ όLŦ /ƘŀƴƴŜƭ 
bǳƳōŜǊ ƛǎ ŎƘƻǎŜƴΣ ǘƘŜ ŜƴŜǊƎȅ ǎŎŀƭŜ ƛǎ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ǇǊƻǾƛŘŜŘ ŀƭƻƴƎ ǘƘŜ ǘƻǇ ƻŦ 
ǘƘŜ ƎǊŀǇƘΦύ  

o ¸π!Ȅƛǎ ¦ƴƛǘǎ ς ŎƘƻƻǎŜ ōŜǘǿŜŜƴ /ƻǳƴǘǎκƪŜ± ƻǊ /ƻǳƴǘǎκ/ƘŀƴƴŜƭ 
o ¸π!Ȅƛǎ {ŎŀƭŜ ς ŎƘƻƻǎŜ ǘƘŜ ¸πŀȄƛǎ ǎŎŀƭŜ όǎǉǳŀǊŜ ǊƻƻǘΣ ƭƛƴŜŀǊΣ ƻǊ ŘƛŦŦŜǊŜƴǘ ƭƻƎ 

ŎȅŎƭŜǎύΦ Note: this can also be changed using a scrolling wheel on an external 
mouse when focused on a displayed spectrum. 

o 5ƛǎǇƭŀȅ ς .ŀǊ /ƘŀǊǘΣ /ǳǊǾŜΣ ƻǊ IƛǎǘƻƎǊŀƳ 
o DǊƛŘ ς ŎƘƻƻǎŜ ǿƘŀǘ ǘȅǇŜ ƻŦ ƎǊƛŘΣ ƛŦ ŀƴȅΣ ǎƘƻǳƭŘ ŀǇǇŜŀǊ ƻƴ ǘƘŜ ǎǇŜŎǘǊǳƳ 
o {ƳƻƻǘƘƛƴƎ ς ǘƘŜ ǎǇŜŎǘǊǳƳ Ŏŀƴ ōŜ ǎƳƻƻǘƘŜŘ ƛƴ ǾŀǊƛƻǳǎ ǿŀȅǎ ƛƴŎƭǳŘƛƴƎ ƴƻ 

ǎƳƻƻǘƘΣ Ǉƭƻǘ ƻƴƭȅ млнп ŎƘŀƴƴŜƭǎΣ ŀǇǇƭȅ ŀ ǎƳƻƻǘƘ ŦǳƴŎǘƛƻƴ όŜƴŜǊƎȅ ҈ύ ƻǊ ōȅ ǇŜŀƪ 
ǿƛŘǘƘ όC²Iaύύ  

o 5ŜŦŀǳƭǘ ǘǊǳŜ ǘƛƳŜ όǎύ ς Řŀǘŀ ŜƴǘǊȅ ŦƻǊ ƭƛǾŜ ǘƛƳŜ ǘƻ ǇǊƻǾƛŘŜ ŀǇǇǊƻǇǊƛŀǘŜ ǎǘŀǘƛǎǘƛŎǎ 
ŦƻǊ ƎŜƴŜǊŀǘŜŘ ƻǊ ŎƻƳǇǳǘŜŘ ǎǇŜŎǘǊŀ 

• !ƴƛƳŀǘŜ ½ƻƻƳ 
• {Ƙƻǿ tŜŀƪ [ƛǎǘ ς ŘƛǎǇƭŀȅǎ ŀ ƭƛǎǘ ƻŦ ǇŜŀƪǎ ǘƘŀǘ Ŏŀƴ ōŜ ƻǾŜǊƭŀƛŘ ƻƴ ǘƘŜ ǎǇŜŎǘǊǳƳΦ .ȅ 

ǎŜƭŜŎǘƛƴƎ ŀƴ ŜƴǘǊȅΣ ŀƭƭ ǇŜŀƪǎ ŦǊƻƳ ǘƘŜ ǎǇŜŎƛŦƛŜŘ ǎƻǳǊŎŜ ŀƴŘ ǘƘǊŜǎƘƻƭŘ ǿƛƭƭ ōŜ ŘƛǎǇƭŀȅŜŘΦ 
ό¢Ƙƛǎ ƻǇǘƛƻƴ ƛǎ ŘƛǎŎǳǎǎŜŘ ƛƴ ƳƻǊŜ ŘŜǘŀƛƭ ƛƴ {ŜŎǘƛƻƴ рύΦ 

• {Ƙƻǿ LǎƻǘƻǇŜ 5. ς ŘƛǎǇƭŀȅǎ ǘƘŜ LǎƻǘƻǇŜ 5ŀǘŀōŀǎŜ ŦƻǊ ǳǎŜ ƛƴ ŀƴŀƭȅȊƛƴƎ ŘƛǎǇƭŀȅŜŘ ǎǇŜŎǘǊŀ 
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5 ENERGY CALIBRATION OF SPECTRA 

¢ƻ ŀƛŘ ƛƴ ǇŜǊŦƻǊƳƛƴƎ ŀƴ ŜƴŜǊƎȅ ŎŀƭƛōǊŀǘƛƻƴ ƻǊ ƛƴ ŘŜǘŜǊƳƛƴƛƴƎ ŀ ǇŜŀƪΩǎ ŜƴŜǊƎȅ ƛƴ ŀ ǎǇŜŎǘǊǳƳΣ ǘƘŜ 
tƘƻǘƻtŜŀƪ [ƛǎǘ ƭƛōǊŀǊȅ Ŏŀƴ ōŜ ǳǎŜŘΦ ¢Ƙƛǎ ƭƛǎǘ Ŏŀƴ ōŜ ŀŎŎŜǎǎŜŘ ŦǊƻƳ ǘƘŜ ¢ƻƻƭǎ ǇŀƎŜ ƻǊ ōȅ ǎƘƛŦǘπƭŜŦǘ ƳƻǳǎŜ 
ŎƭƛŎƪ όholding down the shift key while clicking the left mouse buttonύ ƻƴ ŀ ǇŜŀƪ ƻŦ ƛƴǘŜǊŜǎǘ ƛƴ ŀ ŘƛǎǇƭŀȅŜŘ 
ǎǇŜŎǘǊǳƳΦ  
  
¢ƘŜ tƘƻǘƻtŜŀƪ [ƛǎǘ ƭƛōǊŀǊȅ ƛǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ му ŀƴŘ ǘƘŜ ƘƛƎƘƭƛƎƘǘŜŘ ŜƴǘǊȅ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ƎŀƳƳŀπ
Ǌŀȅ ǎŜƭŜŎǘŜŘ ōŀǎŜŘ ƻƴ ƛǘǎ ǇǊƻȄƛƳƛǘȅ ǘƻ ǘƘŜ ǎŜƭŜŎǘŜŘ ŜƴŜǊƎȅ όǎƘƛŦǘπƭŜŦǘ ŎƭƛŎƪύ ŀƴŘ ǘƘŜ ǊŜƭŀǘƛǾŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ 
ǘƘŜ ƎŀƳƳŀπǊŀȅ ǘƻ ǘƘŜ ƻōǎŜǊǾŀōƭŜ ǎǇŜŎǘǊŀƭ ŦŜŀǘǳǊŜǎΦ !ǘ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ tƘƻǘƻtŜŀƪ ƭƛōǊŀǊȅ ƛǎ ŀ ŎƘŜŎƪ ōƻȄ ŦƻǊ 
ŀ ǎǇŜŎǘǊŀƭ ƻǾŜǊƭŀȅ ǘƘŀǘ Ŏŀƴ ōŜ ǘƻƎƎƭŜŘΦ ¢Ƙƛǎ ƻǇǘƛƻƴ ŀƭƭƻǿǎ ǘƘŜ ǳǎŜǊ ǘƻ ǎŜŜ ǘƘŜ ƻǾŜǊƭŀȅ ƻŦ ǘƘŜ ǎǇŜŎǘǊǳƳ ŦƻǊ 
ǘƘŜ ǎŜƭŜŎǘŜŘ ƛǎƻǘƻǇŜΦ ¢ƘŜ ƻǾŜǊƭŀȅ ŘƛǎǇƭŀȅǎ ǘƘŜ ǎƻǳǊŎŜ ŀŎǘƛǾƛǘȅ ŀƴŘ ǎƘƛŜƭŘƛƴƎ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ŜǎǘƛƳŀǘŜŘ ǘƻ 
ǇǊƻǾƛŘŜ ǘƘŜ ōŜǎǘ Ŧƛǘ ǘƻ ǘƘŜ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳΦ ¢ƘŜ ƻǾŜǊƭŀȅ Ŏŀƴ ōŜ ŎƘŀƴƎŜŘ ǘƻ ŘƛǎǇƭŀȅ ŀƴƻǘƘŜǊ ƛǎƻǘƻǇŜ 
ǎƛƳǇƭȅ ōȅ ǎŜƭŜŎǘƛƴƎ ŀƴƻǘƘŜǊ ƎŀƳƳŀπǊŀȅ ƭƛƴŜ ƛƴ ǘƘŜ tƘƻǘƻtŜŀƪ ƭƛǎǘΣ ŀƭƭƻǿƛƴƎ ŦƻǊ ǊŀǇƛŘ ŜȄŀƳƛƴŀǘƛƻƴ ƻŦ 
Ƴŀƴȅ ƛǎƻǘƻǇŜǎ ƛƴ ǘƘŜ ƭƛōǊŀǊȅΦ ¢ƘŜ ŎƻƭƻǊ ŀƴŘ ƭƛƴŜ ǘƘƛŎƪƴŜǎǎ ƻŦ ǘƘŜ ƻǾŜǊƭŀƛŘ ǎǇŜŎǘǊǳƳ Ŏŀƴ ōŜ ŎƘŀƴƎŜŘ ǳǎƛƴƎ 
ǘƘŜ ƻǇǘƛƻƴǎ ŀǘ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ ƭƛōǊŀǊȅ ǇŀƎŜΦ 
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Figure 18. PhotoPeak List library page with the 137Cs entry higlighted. 

 
5.1 Manual Energy Calibration using GADRAS-DRF 
{ǇŜŎǘǊŀ Ŏŀƴ ōŜ ŎŀƭƛōǊŀǘŜŘ Ƴŀƴǳŀƭƭȅ ŦǊƻƳ ǘƘŜ 5ŜǘŜŎǘƻǊ ǘŀō ƻƴ ǘƘŜ Ƴŀƛƴ ǇŀƎŜΦ ¢ƘŜ /ŀƭƛōǊŀǘŜ ŘǊƻǇπŘƻǿƴ 
ƭƛǎǘ Ŏƻƴǘŀƛƴǎ ǘƘŜ tŜŀƪ {ŜŀǊŎƘ ŀƴŘ aŀƴǳŀƭ 9ƴŜǊƎȅ /ŀƭƛōǊŀǘƛƻƴ ƻǇǘƛƻƴ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ мфΦ .ȅ ǎŜƭŜŎǘƛƴƎ 
ǘƘƛǎ ƻǇǘƛƻƴΣ ǘƘŜ tŜŀƪ {ŜƭŜŎǘƛƻƴ ŀƴŘ LŘŜƴǘƛŦƛŎŀǘƛƻƴ ǘŀō όǎƘƻǿƴ ƛƴ CƛƎǳǊŜ нлΣ leftύ ƻǇŜƴǎ ǿƛǘƘ ŀƴ ŜƳǇǘȅ 
ǇŀƎŜΦ ¢ƻ ǎƘƻǿ ŀ ƭƛǎǘ ƻŦ ŀǾŀƛƭŀōƭŜ ǎǇŜŎǘǊŀΣ ŀ t/C ŦƛƭŜ ǎƘƻǳƭŘ ōȅ ƭƻŀŘŜŘ ōȅ ǎŜƭŜŎǘƛƴƎ hǇŜƴ {ǇŜŎǘǊǳƳ CƛƭŜ ƛƴ 
ǘƘŜ CƛƭŜ ŘǊƻǇŘƻǿƴ ƳŜƴǳΦ ! ǳǎŜǊ Ŏŀƴ ǘƘŜƴ ŘǊŀƎ ŀƴŘ ŘǊƻǇ ŀ ǎǇŜŎǘǊǳƳ ŦƛƭŜ ƛƴǘƻ ǘƘŜ ōƭŀƴƪ ǇŀƎŜΦ ¢ƻ ƛƴŎƭǳŘŜ ŀ 
ǇŜŀƪ ƛƴ ǘƘŜ ŦƛǘǘƛƴƎ ǊƻǳǘƛƴŜΣ ǘƘŜ ǳǎŜǊ ǎƘƻǳƭŘ ǎŜƭŜŎǘ ŀ ǾƛǎƛōƭŜ ǇŜŀƪ ƛƴ ǘƘŜ ŘƛǎǇƭŀȅŜŘ ǎǇŜŎǘǊǳƳΦ tŜŀƪǎ 
ǊŜŎƻƎƴƛȊŀōƭŜ ōȅ D!5w!{π5wC ŦƻǊ ǘƘƛǎ ǇǊƻŎŜŘǳǊŜ ŀǊŜ ǎƘƻǿƴ ƛƴ red ŀōƻǾŜ ŀ cyan ŎƻƴǘƛƴǳǳƳ ǿƛǘƘ ǘƘŜ 
ŘŜŦŀǳƭǘ р ǎƛƎƳŀ ǇŜŀƪ ǘƘǊŜǎƘƻƭŘΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ нл όright)Φ 
 
 

 
Figure 19. Selecting Peak Search and Manual Energy Calibration located under the 

Detector tab.  

 

 
Figure 20. The Peak Search and Manual Calibration screen is blank when first opened 

(left) and populated when a spectrum is loaded (right).  
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¢ƘŜ tŜŀƪ ¢ƘǊŜǎƘƻƭŘ όǎƛƎƳŀǎύ ƻǇǘƛƻƴ Ŏŀƴ ŜƛǘƘŜǊ ōŜ ƭƻǿŜǊŜŘ ǘƻ ǊŜŎƻƎƴƛȊŜ ŀŘŘƛǘƛƻƴŀƭ ǇŜŀƪǎ ƻǊ ǊŀƛǎŜŘ ǘƻ 
ǊŜŎƻƎƴƛȊŜ ŦŜǿŜǊ ǇŜŀƪǎΦ CƻǊ ǘƘŜ ƴŜǿ ǇŜŀƪ ǘƘǊŜǎƘƻƭŘ ǾŀƭǳŜ ǘƻ ǘŀƪŜ ŜŦŦŜŎǘΣ ƛǘ Ƴŀȅ ōŜ ƴŜŎŜǎǎŀǊȅ ǘƻ ǊŜƭƻŀŘ ǘƘŜ 
ǎǇŜŎǘǊǳƳ ōȅ ŘǊŀƎƎƛƴƎ ǘƘŜ ŦƛƭŜ ǘƻ ǘƘŜ ǿƛƴŘƻǿΦ ¢ƘŜ ǎŜƭŜŎǘƛƻƴ ƻŦ ŀ ǊŜŎƻƎƴƛȊŜŘ ǇŜŀƪ ǿƛƭƭ ƻǇŜƴ ŀ ǿƛƴŘƻǿ ŦƻǊ 
ǎŜǘǘƛƴƎ ǘƘŜ ǇŜŀƪΩǎ ŜƴŜǊƎȅ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ нмΦ LŦ ǘƘŜ ǇŜŀƪΩǎ ŎŜƴǘǊƻƛŘ ŜƴŜǊƎȅ ƛǎ ŎƭƻǎŜ ǘƻ ŀ ƪƴƻǿƴ ǇŜŀƪ ŦǊƻƳ 
ŀƴ ƛǎƻǘƻǇŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ D!5w!{π5wC ƛǎƻǘƻǇŜ ƭƛōǊŀǊȅΣ D!5w!{π5wC ǿƛƭƭ ŘƛǎǇƭŀȅ ǘƘŜ ƛǎƻǘƻǇŜ ŀƴŘ ǘƘŜ 
ŘŜŦŀǳƭǘ ƎŀƳƳŀπǊŀȅ ŜƴŜǊƎȅ ƭƛǎǘŜŘ ŦƻǊ ǘƘŀǘ ǇŜŀƪΣ ŀƴŘ ŦƻǊ ƻǘƘŜǊ ǇŜŀƪǎ ŀƴŘ ŜƴŜǊƎƛŜǎ ŀǊƻǳƴŘ ǘƘŜ ŘŜŦŀǳƭǘ ǾŀƭǳŜΦ 
¢ƘŜ ƛƴƛǘƛŀƭ ǇŜŀƪ ŜƴŜǊƎƛŜǎ ŀǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ ŎǳǊǊŜƴǘ ŜƴŜǊƎȅ ŎŀƭƛōǊŀǘƛƻƴ ǇŀǊŀƳŜǘŜǊǎ ŜȄƛǎǘƛƴƎ ŦƻǊ ǘƘŜ ŘŜǘŜŎǘƻǊΦ 
¦ǎŜǊǎ Ƴŀȅ ǎŜƭŜŎǘ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ƛǎƻǘƻǇŜ ŀƴŘ ŜƴŜǊƎȅ ƛƴ ǘƘŜ ǇǊƻǾƛŘŜŘ ƭƛǎǘΣ ƻǊ ǘƘŜȅ Ƴŀȅ Ƴŀƴǳŀƭƭȅ ŜƴǘŜǊ ǘƘŜ 
ŀǇǇǊƻǇǊƛŀǘŜ ŜƴŜǊƎȅ ŦƻǊ ǘƘŜ ƛǎƻǘƻǇŜΦ /ƭƛŎƪƛƴƎ hY ŀǇǇƭƛŜǎ ǘƘŜ ŜƴŜǊƎȅ ŎƘŀƴƎŜǎΦ ¢Ƙƛǎ ǇǊƻŎŜǎǎ Ŏŀƴ ōŜ ǊŜǇŜŀǘŜŘ 
ŦƻǊ ŀƴȅ ƴǳƳōŜǊ ƻŦ ŀǾŀƛƭŀōƭŜ ǇŜŀƪǎ ƛƴ ǘƘŜ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳ ŀǎ ƴŜŜŘŜŘ ǘƻ ŎƻƳǇƭŜǘŜ ǘƘŜ ŎƘŀƴƴŜƭκŜƴŜǊƎȅ 
ǘŀōƭŜΦ  
 

 
Figure 21. Selection of the actual energy for a peak (highligted entry or manually enter 

energy) in the change energy window. 

 
CƻǊ ƘƛƎƘƭȅ ŘŜǘŀƛƭŜŘ ǎǇŜŎǘǊŀ όŜΦƎΦΣ ǳǎƛƴƎ ŀƴ ItDŜ ŘŜǘŜŎǘƻǊύΣ ŀ ǊŜƎƛƻƴ ƻŦ ƛƴǘŜǊŜǎǘ όwhLύ ƻŦ ǘƘŜ ƎǊŀǇƘ Ŏŀƴ ōŜ 
ǎŜƭŜŎǘŜŘ ōȅ ƭŜŦǘπŎƭƛŎƪƛƴƎ ŀƴŘ ŘǊŀƎƎƛƴƎ ŀ ōƻȄ ƻǾŜǊ ǘƘŜ whLΦ ! ǊƛƎƘǘπŎƭƛŎƪ ǿƛƭƭ ȊƻƻƳ ƻǳǘ ǘƘŜ ŘƛǎǇƭŀȅΦ 
LƴŘƛǾƛŘǳŀƭ ǇŜŀƪǎ Ƴŀȅ ōŜ ŜŀǎƛŜǊ ǘƻ ƛŘŜƴǘƛŦȅ ŀƴŘ ǎŜƭŜŎǘ ƛƴ ǘƘŜ ƴŜǿ whLΦ  
 
!ŦǘŜǊ ŜƴǘŜǊƛƴƎ ǎŜǾŜǊŀƭ ǇŜŀƪǎ ƛƴ ǘƘŜ ŎƘŀƴƴŜƭκŜƴŜǊƎȅ ǘŀōƭŜΣ ǘƘŜ ŜƴŜǊƎȅ ǇŀǊŀƳŜǘŜǊ ŀŘƧǳǎǘƳŜƴǘ Ŏŀƴ ōŜ 
ǇŜǊŦƻǊƳŜŘΦ ¢ƘŜ ǳǇǇŜǊ ǇƻǊǘƛƻƴ ƻŦ CƛƎǳǊŜ нн ŘƛǎǇƭŀȅǎ ǘƘŜ ǘǿƻ ŜƴŜǊƎȅ ǇŜŀƪǎ ǘƘŀǘ ǿŜǊŜ ǎŜƭŜŎǘŜŘ ŦƻǊ ŜƴŜǊƎȅ 
ŎŀƭƛōǊŀǘƛƻƴ όŎƘŀƴƴŜƭκŜƴŜǊƎȅ ǘŀōƭŜύ ŀƴŘ ǘƘŜ ƭƻǿŜǊ ǇƻǊǘƛƻƴ ŘƛǎǇƭŀȅǎ ǘƘŜ !ŘƧǳǎǘ tŀǊŀƳŜǘŜǊǎ ǘŀōΦ ¢ƘŜ 
ƘƛƎƘƭƛƎƘǘŜŘ όcyanύ ǇŀǊŀƳŜǘŜǊǎ ǿƛƭƭ ōŜ ŀŘƧǳǎǘŜŘΦ !ŦǘŜǊ ǘƘŜ ǇŜŀƪ ǎŜƭŜŎǘƛƻƴ ǇǊƻŎŜǎǎ ƛǎ ŎƻƳǇƭŜǘŜ ŀƴŘ ǘƘŜ 
ŀǇǇǊƻǇǊƛŀǘŜ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ ŀŘƧǳǎǘŜŘΣ ǘƘŜ ǳǎŜǊ ǎƘƻǳƭŘ ŎƭƛŎƪ ǘƘŜ Cƛǘ tŀǊŀƳŜǘŜǊǎ ōǳǘǘƻƴ ƻƴ ǘƘŜ ōƻǘǘƻƳ ƻŦ 
ǘƘŜ ǇŀƎŜ ǘƻ ƛƴƛǘƛŀǘŜ ǘƘŜ ƭŜŀǎǘ ǎǉǳŀǊŜǎ Ŧƛǘ ǘƻ ǘƘŜ ŘŀǘŀΦ  
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Figure 22. Energy calibration screen showing two selected peaks in the channel/energy 

table (top) and the highlighted (cyan) parameters that will be adjusted 
(center). 

 
¢ƻ ŜƴǎǳǊŜ ŀ ǇǊƻǇŜǊ ŜƴŜǊƎȅ ŎŀƭƛōǊŀǘƛƻƴΣ ŀ ǎƳŀƭƭ ǎǳōǎŜǘ ƻŦ ǿŜƭƭπƪƴƻǿƴ ǇŜŀƪǎ ǎƘƻǳƭŘ ōŜ ǎŜƭŜŎǘŜŘ ǘƻ 
ǇŜǊŦƻǊƳ ŀƴ ƛƴƛǘƛŀƭ ŎŀƭƛōǊŀǘƛƻƴΦ D!5w!{π5wC ǿƛƭƭ ǘƘŜƴ ǇǊƻǇŜǊƭȅ ŀǎǎƛƎƴ ŜƴŜǊƎƛŜǎ ŦƻǊ ǎǳōǎŜǉǳŜƴǘ ǇŜŀƪ 
ǎŜƭŜŎǘƛƻƴΦ 
 
Lǘ ƛǎ ǳǎǳŀƭƭȅ ŀŘǾƛǎŀōƭŜ ǘƻ ǳǎŜ hǊŘŜǊ л ŀƴŘ hǊŘŜǊ м ŦƻǊ ŀƴ ƛƴƛǘƛŀƭ ŜƴŜǊƎȅ ŎŀƭƛōǊŀǘƛƻƴΣ ŀƴŘ ǘƘŜƴ ǘƻ ƛƴŎƭǳŘŜ 
ƘƛƎƘŜǊ ƻǊŘŜǊǎ ƛŦ ǘƘŜ Ŧƛǘǎ ŀǊŜ ƴƻǘ ŀŎŎŜǇǘŀōƭŜΦ ¢ƘŜ hǊŘŜǊ м ŜƴŜǊƎȅ ǇŀǊŀƳŜǘŜǊ ǎƘƻǳƭŘ ōŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ Ŝǉǳŀƭ 
ǘƻ ǘƘŜ Ŧǳƭƭ ǎŎŀƭŜ ŜƴŜǊƎȅ ǾŀƭǳŜ ƻŦ ǎǇŜŎǘǊǳƳ ƛƴ ƪŜ± όŜΦƎΦΣ мрллΣ олллΣ мллллύ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŘŜǘŜŎǘƻǊΦ 
{Ƴŀƭƭ ǾŀƭǳŜǎ ǎƘƻǳƭŘ ōŜ ǳǎŜŘ ŦƻǊ hǊŘŜǊ лΣ нΣ ŀƴŘ о ŜƴŜǊƎȅ ǇŀǊŀƳŜǘŜǊǎ ōŜŎŀǳǎŜ ƭŀǊƎŜ ǾŀƭǳŜǎ ŎƻǳƭŘ ƭŜŀŘ ǘƻ 
ŜǊǊƻǊǎ ƛƴ ƻǘƘŜǊ ǊŜƎƛƻƴǎ ƻŦ ǘƘŜ ǎǇŜŎǘǊǳƳΦ hƴŎŜ ǘƘŜ ŜƴŜǊƎȅ ǎŎŀƭŜ ŀƴŘ Ǝŀƛƴ όhǊŘŜǊ л ŀƴŘ мύ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ 
ŀŘƧǳǎǘŜŘ ŎƻǊǊŜŎǘƭȅΣ ǘƘŜƴ ǘƘŜ ŜƴŜǊƎȅ ǊŜǎƻƭǳǘƛƻƴ ǇŀǊŀƳŜǘŜǊǎ όƭƻǿκƘƛƎƘπ9 ǎƪŜǿύ Ŏŀƴ ōŜ ŀŘƧǳǎǘŜŘΦ  
 
CƛƎǳǊŜ но ƛƭƭǳǎǘǊŀǘŜǎ ŀ ǇǊƻǇŜǊƭȅ ŎŀƭƛōǊŀǘŜŘ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳ ŦƻǊ мот/ǎΦ  ¢ƻ ŜȄŀƳƛƴŜ ǘƘŜ ǇŜŀƪΣ ǘƘŜ ǳǎŜǊ 
Ŏŀƴ ǎƘƛŦǘπŎƭƛŎƪ ƴŜŀǊ ǘƘŜ ǇŜŀƪ ŀǊƻǳƴŘ ссм ƪŜ±Φ !ǎ Ŏŀƴ ōŜ ǎŜŜƴ ƛƴ CƛƎǳǊŜ ноΣ ǘƘŜ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳ 
ŎƻǊǊŜǎǇƻƴŘǎ ǿƛǘƘ ǘƘŜ ƭƛōǊŀǊȅ ǎǇŜŎǘǊǳƳ ƻǾŜǊƭŀȅΦ ¢ƘŜ ƭŜƎŜƴŘ ƻƴ ǘƘŜ ƎǊŀǇƘ όlower leftύ ǎǘŀǘŜǎ ǘƘŜ ƛǎƻǘƻǇŜΣ 
ǘƘŜ ŀŎǘƛǾƛǘȅΣ ŀƴŘ ǘƘŜ ǎƘƛŜƭŘƛƴƎ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ǘƘŀǘ ōŜǎǘ Ŧƛǘǎ ǘƘŜ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳΦ Lƴ ǘƘƛǎ ŜȄŀƳǇƭŜΣ ǘƘŜ 
ŀŎǘƛǾƛǘȅ ƛǎ ƎƛǾŜƴ ŀǎ млΦпоǳ/ƛ ǿƛǘƘ ƴƻ ǎƘƛŜƭŘƛƴƎ ŦƻǊ ǘƘŜ ǎǇŜŎƛŦƛŜŘ ŘŜǘŜŎǘƻǊΣ ŎƻƴŦƛƎǳǊŀǘƛƻƴΣ ŀƴŘ ǎƻǳǊŎŜπǘƻπ
ŘŜǘŜŎǘƻǊ ŘƛǎǘŀƴŎŜΦ  
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Figure 23. A measured spectrum (black) with a 137Cs library spectrum overlay (cyan). 

Isotopics, activity, and shielding information of the overlaid spectrum is 
provided at the lower left corner of the window in the same color as the 

spectrum (cyan). 

 
5.2 Graphical Energy Calibration 
!ƴ ŀƭǘŜǊƴŀǘƛǾŜ ǘƻ ŀ Ƴŀƴǳŀƭ ŜƴŜǊƎȅ ŎŀƭƛōǊŀǘƛƻƴ ƛǎ ŀ ƎǊŀǇƘƛŎŀƭ ŎŀƭƛōǊŀǘƛƻƴ ƳŜǘƘƻŘΦ ¢Ƙƛǎ Ŏŀƴ ōŜ ǳǎŜŘ ŦƻǊ ǘƘŜ 
ŀŘƧǳǎǘƳŜƴǘ ƻŦ ǘƘŜ Ǝŀƛƴ ŀƴŘ ƻŦŦǎŜǘ όhǊŘŜǊ л ŀƴŘ hǊŘŜǊ мύ ƻŦ ǘƘŜ ǎǇŜŎǘǊǳƳΦ ¢ƘŜ ŎŀƭƛōǊŀǘƛƻƴ ǿƛƭƭ ƻŎŎǳǊ ǳǎƛƴƎ 
ŀ ƎǊŀǇƘ ƻŦ ǘƘŜ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳ ŀƴŘ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ƻǾŜǊƭŀƛŘ ǎǇŜŎǘǊǳƳ ŦǊƻƳ ǘƘŜ tƘƻǘƻtŜŀƪ ƭƛǎǘ ƻǊ 
ƛǎƻǘƻǇŜ ŘŀǘŀōŀǎŜ ƭƛōǊŀǊȅΦ CƛƎǳǊŜ нп ǎƘƻǿǎ ŀ ƳŜŀǎǳǊŜŘ мот/ǎ ǎǇŜŎǘǊǳƳ όblackύ ŀƴŘ ŀ ƭƛōǊŀǊȅ мот/ǎ ǎǇŜŎǘǊǳƳ 
όredύ ǿƘŜǊŜ ǘƘŜ мот/ǎ ǇŜŀƪ ŀǘ ссм ƪŜ± ƛƴ ǘƘŜ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳ ŘƻŜǎ ƴƻǘ ŎƻƛƴŎƛŘŜ ǿƛǘƘ ǘƘŜ ŜƴŜǊƎȅ ƻŦ 
ǘƘŜ ƭƛōǊŀǊȅ ǇŜŀƪΦ ¢Ƙƛǎ ƛƳǇƭƛŜǎ ǘƘŀǘ ŀƴ ŜƴŜǊƎȅ ŎŀƭƛōǊŀǘƛƻƴ ƻŦ ǘƘŜ Řŀǘŀ όƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳύ ƛǎ ƴŜŜŘŜŘΦ  
 

 
Figure 24. The 661-keV peak from 137Cs in the measured spectrum (black) and the 

computed spectrum (red) do not overlay, which indicates the calibration for 
the measured spectrum is incorrect. 

 
Lƴ ǘƘƛǎ ŜȄŀƳǇƭŜΣ ǘƻ ŎŀƭƛōǊŀǘŜ ǘƘŜ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳ ŎƻǊǊŜŎǘƭȅΣ ǘƘŜ ŎŜƴǘǊƻƛŘ ƻŦ ǘƘŜ ƳŜŀǎǳǊŜŘ ǇŜŀƪ 
όblackύ ǎƘƻǳƭŘ ōŜ ŀŘƧǳǎǘŜŘ ǘƻ ƳŀǘŎƘ ǘƘŜ ŎŜƴǘǊƻƛŘ ƻŦ ǘƘŜ ŎƻƳǇǳǘŜŘ ǎǇŜŎǘǊǳƳ όredύΦ ¢ƻ ƳŀƪŜ ǘƘƛǎ 
ŀŘƧǳǎǘƳŜƴǘΣ ǘƘŜ ǳǎŜǊ ǎƘƻǳƭŘ ǊƛƎƘǘπŎƭƛŎƪ ƻƴ ǘƘŜ ǇŜŀƪ ƛƴ ǘƘŜ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳ ŀƴŘ ŘǊŀƎ ǘƘŜ ǇŜŀƪ ǘƻ ǘƘŜ 
ŎƻǊǊŜŎǘ ŜƴŜǊƎȅ όǘƘŜ ŎŜƴǘǊƻƛŘ ƻŦ ǘƘŜ ǇŜŀƪ ƛƴ ǘƘŜ ŎƻƳǇǳǘŜŘ ǎǇŜŎǘǊǳƳύΦ hƴŎŜ ǘƘƛǎ ŀŎǘƛƻƴ Ƙŀǎ ōŜŜƴ 
ǇŜǊŦƻǊƳŜŘΣ ǘƘŜ ŜƴŜǊƎȅ ŎŀƭƛōǊŀǘƛƻƴ ǿƛƴŘƻǿ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ нр ǿƛƭƭ ŀǇǇŜŀǊ ŦƻǊ ǘƘŜ ǎŜƭŜŎǘƛƻƴ ƻŦ ǘƘŜ 
ŀǇǇǊƻǇǊƛŀǘŜ ŎŀƭƛōǊŀǘƛƻƴ ǇŀǊŀƳŜǘŜǊ όƻŦŦǎŜǘ ƻǊ ƎŀƛƴύΦ ¢ƘŜ ǳǎŜǊ ǿƛƭƭ ƴŜŜŘ ǘƻ ŎƻƴŦƛǊƳ ǘƘŜ ŀŘƧǳǎǘƳŜƴǘ ōŜŦƻǊŜ 
ǘƘŜ ŜƴŜǊƎȅ ŎŀƭƛōǊŀǘƛƻƴ ǇŀǊŀƳŜǘŜǊ ǿƛƭƭ ōŜ ŎƘŀƴƎŜŘΦ 
 

ор 
 



 

 
Figure 25. Energy Calibration parameter selection and confirmation window. 

 
5ǳŜ ǘƻ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ƛƴŀŘǾŜǊǘŜƴǘ ŎƘŀƴƎŜǎ ǘƻ ŎŀƭƛōǊŀǘƛƻƴ ǇŀǊŀƳŜǘŜǊǎΣ D!5w!{π5wC ǊŜǉǳŜǎǘǎ 
ŎƻƴŦƛǊƳŀǘƛƻƴ ŦƻǊ ǘƘŜ ǇŀǊŀƳŜǘŜǊǎ ǘƻ ōŜ ŀŘƧǳǎǘŜŘ ǿƘŜƴ ǘƘŜ ŘǊŀƎƎƛƴƎ ƻǇŜǊŀǘƛƻƴ ƛǎ ǳǎŜŘ όǳƴƭŜǎǎ ŀƴƻǘƘŜǊ 
ƎǊŀǇƘƛŎŀƭ ŎŀƭƛōǊŀǘƛƻƴ ŀŘƧǳǎǘƳŜƴǘ Ƙŀǎ ǇŜǊŦƻǊƳŜŘ ǿƛǘƘƛƴ ƻƴŜ ƳƛƴǳǘŜύΦ  
 
¢ƘŜ ƎǊŀǇƘƛŎŀƭ ŎŀƭƛōǊŀǘƛƻƴ ŎƻƳǇŜƴǎŀǘŜǎ ŦƻǊ ƘƛƎƘπƻǊŘŜǊ ŜƴŜǊƎȅ ŎŀƭƛōǊŀǘƛƻƴ ǇŀǊŀƳŜǘŜǊǎ ǎƻ ǘƘŀǘ ǘƘŜ ƎǊŀǇƘƛŎ 
ŀŘƧǳǎǘƳŜƴǘ ƛǎ ŀŎŎǳǊŀǘŜ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ƴƻƴπƭƛƴŜŀǊ ŜƴŜǊƎȅ ŎŀƭƛōǊŀǘƛƻƴ ǇŀǊŀƳŜǘŜǊ ǎŜǘǘƛƴƎǎΦ CƛƎǳǊŜ нс ŘƛǎǇƭŀȅǎ 
ǘƘŜ ǎǳŎŎŜǎǎŦǳƭ ŎƻƳǇƭŜǘƛƻƴ ƻŦ ǘƘŜ ƎǊŀǇƘƛŎŀƭ ŜƴŜǊƎȅ ŎŀƭƛōǊŀǘƛƻƴ ŦƻǊ ǘƘŜ ƳŜŀǎǳǊŜŘ мот/ǎ ǎǇŜŎǘǊǳƳ ǘƻ ǘƘŜ 
ƭƛōǊŀǊȅ ǎǇŜŎǘǊǳƳΦ 
 
 

 
Figure 26. Sucessful graphical energy calibration, the measured 137Cs spectrum (black) 

is now energy calibrated and aligned with the computed 137Cs spectrum 
(red). 
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6 ANALYZING SPECTRA 

 
6.1 Graphical Analysis Using Plot Overlays from Library  
¢ƘŜ D!5w!{π5wC ǇƭƻǘǘƛƴƎ ƳŜƴǳ ŀƭƭƻǿǎ ŦƻǊ ǎƻƳŜ ǇǊŜƭƛƳƛƴŀǊȅ ǎǇŜŎǘǊŀƭ ŀƴŀƭȅǎƛǎΦ ¢Ƙƛǎ ƎǊŀǇƘƛŎŀƭ ŎŀǇŀōƛƭƛǘȅ 
ŦŀŎƛƭƛǘŀǘŜǎ ǘƘŜ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ǎŜƭŜŎǘŜŘ ǇŜŀƪǎ ŀƴŘ ŜƴŜǊƎƛŜǎ ƛƴ ŀ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳ ǿƛǘƘ ƭƛōǊŀǊȅ ǎǇŜŎǘǊŀ 
ŦǊƻƳ ǘƘŜ ƛǎƻǘƻǇŜ ŘŀǘŀōŀǎŜ ƻǊ ǘƘŜ tƘƻǘƻtŜŀƪ ƭƛǎǘ όǎƘƛŦǘπƭŜŦǘ ƳƻǳǎŜ ŎƭƛŎƪύΦ  
¢ƘŜ ƭŜŦǘ ǎƛŘŜ ƻŦ CƛƎǳǊŜ нт ǎƘƻǿǎ ŀƴ ŜȄŀƳǇƭŜ ǿƘŜǊŜ ǘƘŜ tƘƻǘƻtŜŀƪ [ƛǎǘ ŦƻǊƳ ƛǎ ǳǎŜŘ ǘƻ ƻǾŜǊƭŀȅ ŀ 
ŎƻƳǇǳǘŜŘ ǎǇŜŎǘǊǳƳ ŦƻǊ уу¸ όŎȅŀƴύ ǿƛǘƘ ǘƘŜ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳΦ ¢Ƙƛǎ ŘƛǎǇƭŀȅ ƛǎ ǇǊŜǎŜƴǘŜŘ ŀŦǘŜǊ ŀǇǇƭȅƛƴƎ 
ǎƘƛŦǘҌƭŜŦǘπŎƭƛŎƪ ƻƴ ǘƘŜ уфу ƪŜ± ǇŜŀƪΦ ¢ƘŜ ŀŎǘƛǾƛǘȅ ƻŦ уу¸ ƛƴ ǘƘƛǎ ǎŀƳǇƭŜ ƛǎ ŜǎǘƛƳŀǘŜŘ ǘƻ ōŜ рΦоу ǳ/ƛ ǿƛǘƘ ƴƻ 
ǎƘƛŜƭŘƛƴƎΦ ¢ƘŜ tƘƻǘƻtŜŀƪ ƭƛǎǘ ƛǎ ǎƘƻǿƴ ƻƴ ǘƘŜ ǊƛƎƘǘ ǎƛŘŜ ƻŦ CƛƎǳǊŜ нтΦ LŦ ǘƘŜ ƻǾŜǊƭŀȅ ŘƻŜǎ ƴƻǘ ƳŀǘŎƘΣ 
ŀƴƻǘƘŜǊ ǇŜŀƪ Ƴŀȅ ōŜ ŎƘƻǎŜƴ ŦƻǊ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ǘƘŜ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳΦ 
 

 
Figure 27. Graph of measured spectrum with best fit isotope information and overlay 

using shift + left-click (left); Photopeak list with displayed isotope 
highlighted (right).  

 
6.2 Numerical Spectral Analysis 
D!5w!{π5wC ƛǎ ǎǇŜŎƛŦƛŎŀƭƭȅ ŘŜǎƛƎƴŜŘ ǘƻ ǇŜǊŦƻǊƳ Ǌƻōǳǎǘ ŦǳƭƭπǎǇŜŎǘǊǳƳ ŀƴŀƭȅǎƛǎΦ hƴŎŜ ŀ ŘŜǘŜŎǘƻǊ 
ŎŀƭƛōǊŀǘƛƻƴ Ƙŀǎ ōŜŜƴ ǇŜǊŦƻǊƳŜŘΣ ǾŀǊƛƻǳǎ ŀƴŀƭȅǎƛǎ ǘŜŎƘƴƛǉǳŜǎ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ƛŘŜƴǘƛŦȅ ǇŜŀƪǎ ŀƴŘ ǇŜǊŦƻǊƳ 
ŀƴ ŀƴŀƭȅǎƛǎΦ ¢ƘŜ !ƴŀƭȅȊŜ ǘŀō ƻƴ ǘƘŜ Ƴŀƛƴ ǇŀƎŜ ǇǊƻǾƛŘŜǎ ƻǇǘƛƻƴǎ ŦƻǊ ƴǳƳŜǊƛŎŀƭ ŀƴŀƭȅǎƛǎ ƻǇǘƛƻƴǎΦ ¢ƘŜ 
ŀƴŀƭȅǎƛǎ ƻǇǘƛƻƴǎ ŀǾŀƛƭŀōƭŜ ŀǊŜΥ  

• {ƛƴƎƭŜ wŜƎǊŜǎǎƛƻƴ 
• aǳƭǘƛǇƭŜ wŜƎǊŜǎǎƛƻƴ 
• CƭǳȄ 

 
¢ƘŜ !ƴŀƭȅȊŜ ǇŀƎŜ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ ну Ŏƻƴǘŀƛƴǎ ǘŜȄǘ ōƻȄŜǎ ǘƘŀǘ ŀŎŎŜǇǘ ƛƴǇǳǘ ŦƻǊ ŦƻǊŜƎǊƻǳƴŘ ŀƴŘ 
ōŀŎƪƎǊƻǳƴŘ ǎǇŜŎǘǊŀ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ Ǉƭƻǘ ǇŀƎŜΦ 5ƛǎǇƭŀȅ ƻǇǘƛƻƴǎ ŀǊŜ ŦƻǊ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻǳǘǇǳǘ ŀƴŘ ŀǊŜ ŦƻǳƴŘ ƛƴ 
ŎƘŜŎƪ ōƻȄŜǎ ƻƴ ǘƘŜ ǊƛƎƘǘ ǎƛŘŜ ƻŦ ǘƘŜ ŀƴŀƭȅǎƛǎ ǇŀƎŜΦ ¢ƘŜ ŜƴǎǳƛƴƎ Ǉƭƻǘ ǿƛƭƭ ƻƴƭȅ ǎƘƻǿ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ 
ǎǘǊƛǇǇŜŘ ƛŦ ǘƘŜ {ǘǊƛǇ ōŀŎƪƎǊƻǳƴŘ ƻǇǘƛƻƴ ƛǎ ǎŜƭŜŎǘŜŘΦ  

от 
 



 

 

 
Figure 28. The Analyze tab on the main page contains three numerical analysis tab 

options: Single Regression, Multiple Regression, and Flux. The source 
libraries are located in the middle of the analysis tab for each option. 

 
6.3 Source Libraries 
{ŜǾŜǊŀƭ ǎƻǳǊŎŜ ƭƛōǊŀǊƛŜǎ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ŀǾŀƛƭŀōƭŜ ŦƻǊ ƛƴŎƭǳǎƛƻƴ ƛƴ ŀƴȅ ƴǳƳŜǊƛŎŀƭ ŀƴŀƭȅǎƛǎΣ ŀǎ ǎƘƻǿƴ ŀōƻǾŜ ƛƴ 
ǘƘŜ ƭŀǊƎŜ ōƻȄ ƭŀōŜƭŜŘ {ƻǳǊŎŜ [ƛōǊŀǊƛŜǎ όǎŜŜ CƛƎǳǊŜ нуύΦ  
 
¢ƘŜ ŀǾŀƛƭŀōƭŜ ǎƻǳǊŎŜ ƭƛōǊŀǊƛŜǎΥ  

• LǎƻǘƻǇŜ 
• ·Ǌŀȅ 
• /ŀǇǘǳǊŜDŀƳƳŀǎ 
• /ƻƴǘƛƴǳǳƳ 
• bŜǳǘǊƻƴ 
• {ba 
• 5ŜǘŜŎǘƻǊCƻƭŘŜǊ 

 
hǘƘŜǊ ƭƛōǊŀǊƛŜǎ Ŏŀƴ ōŜ ŎǊŜŀǘŜŘ ŀƴŘ ƛƴŎƭǳŘŜŘ ōȅ ƛƴŘƛǾƛŘǳŀƭ ǳǎŜǊǎ όƴŜǿ ǎƻǳǊŎŜ ƭƛōǊŀǊƛŜǎ ǎƘƻǳƭŘ ōŜ ǎŀǾŜŘ ƛƴ 
ƛƴŘƛǾƛŘǳŀƭ ŦƻƭŘŜǊǎ ǳƴŘŜǊ ǘƘŜ {ƻǳǊŎŜ ŦƻƭŘŜǊκǎǳōŘƛǊŜŎǘƻǊȅ ŦƻǳƴŘ ǳƴŘŜǊ ǘƘŜ D!5w!{π5wC ŦƻƭŘŜǊύΦ 9ŀŎƘ 
ƭƛōǊŀǊȅκŦƻƭŘŜǊ Ŏƻƴǘŀƛƴǎ ŀ ǎŜǊƛŜǎ ƻŦ ŦƛƭŜǎ ǘƘŀǘ ŘŜŦƛƴŜǎ ŜƳƛǎǎƛƻƴ ǊŀǘŜǎ ƻŦ ƎŀƳƳŀπǊŀȅǎ ƻǊ ƴŜǳǘǊƻƴǎΦ CƛƭŜǎ ǿƛǘƘ 
ǘƘŜ ŜȄǘŜƴǎƛƻƴ L{hΣ ǿƘƛŎƘ ŀǊŜ ŎƻƴǘŀƛƴŜŘ ƛƴ ǘƘŜ LǎƻǘƻǇŜ ŦƻƭŘŜǊΣ ŘŜŦƛƴŜ ŘƛǎŎǊŜǘŜ ƎŀƳƳŀπǊŀȅǎ ŜƳƛǘǘŜŘ ōȅ 
ǳƴǎƘƛŜƭŘŜŘ ƛǎƻǘƻǇƛŎ ǎƻǳǊŎŜǎΦ  
 

оу 
 



 

²ƛǘƘƛƴ ŜŀŎƘ ƭƛōǊŀǊȅ ŀǊŜ ƭƛǎǘǎ ƻŦ ǎƻǳǊŎŜǎ ǘƘŀǘ Ŏŀƴ ōŜ ǎŜƭŜŎǘŜŘ ŦƻǊ ǳǎŜ ƛƴ ǘƘŜ ŎǳǊǊŜƴǘ ŀƴŀƭȅǎƛǎ ōȅ ŎƭƛŎƪƛƴƎ ƻƴ 
ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ǎƻǳǊŎŜ ŘŜǎƛƎƴŀǘƻǊΦ ¢ƘŜ ǎŜƭŜŎǘŜŘ ǎƻǳǊŎŜǎ ŀǊŜ ǘƘŜƴ ŀǾŀƛƭŀōƭŜ ŦƻǊ ŀƴŀƭȅǎƛǎΦ CƻǊ ƛƴŎƭǳǎƛƻƴ ƛƴ ǘƘŜ 
aǳƭǘƛǇƭŜ wŜƎǊŜǎǎƛƻƴ ŀƴŀƭȅǎƛǎΣ ƳǳƭǘƛǇƭŜ ƭƛōǊŀǊƛŜǎ Ƴŀȅ ōŜ ǎŜƭŜŎǘŜŘΦ 
 
¢ƘŜ Ƴƻǎǘ ŎƻƳƳƻƴƭȅ ǳǎŜŘ ƭƛōǊŀǊȅ ƛƴ ŀ ǘȅǇƛŎŀƭ ŀƴŀƭȅǎƛǎ ƛǎ ǘƘŜ LǎƻǘƻǇŜ ƭƛōǊŀǊȅΦ CƛƎǳǊŜ нф ǎƘƻǿǎ ǘƘŜ LǎƻǘƻǇŜ 
ƭƛōǊŀǊȅ ǇŀƎŜ ǿƛǘƘ ǎŜǾŜǊŀƭ ƻŦ ǘƘŜ ƛǎƻǘƻǇƛŎ ǎƻǳǊŎŜǎ ǎŜƭŜŎǘŜŘ ŀƴŘ ƘƛƎƘƭƛƎƘǘŜŘ όblueύΦ ¦ǎŜǊǎ Ƴŀȅ ǎŜƭŜŎǘ 
ǾŀǊƛƻǳǎ ƎǊƻǳǇǎ ƻŦ ƛǎƻǘƻǇŜǎ ƛƴ ǘƘŜ DǊƻǳǇ {ŜƭŜŎǘƛƻƴ hǇǘƛƻƴǎ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǿƛƴŘƻǿΦ ¢ƘŜ ƎǊƻǳǇ ǎŜƭŜŎǘƛƻƴ ƻŦ 
ƛǎƻǘƻǇŜǎ ŎŀǊǊƛŜǎ ƴƻ ƎǳŀǊŀƴǘŜŜ ƻŦ ŀŎŎǳǊŀŎȅ ƻǊ ŎƻƳǇƭŜǘŜƴŜǎǎΤ ƛǘ ƛǎ ǇǊƻǾƛŘŜŘ ƻƴƭȅ ǘƻ ǎŀǾŜ ǘƛƳŜ ƛƴ ǎŜƭŜŎǘƛƴƎ 
ǎǳŎƘ ƛǎƻǘƻǇƛŎ ƎǊƻǳǇǎΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜΥ 

• Cƛǎǎƛƻƴ ς Ŧƛǎǎƛƻƴ ŘŀǳƎƘǘŜǊ ǇǊƻŘǳŎǘǎ 
• bŀǘǳǊŀƭ ςƴŀǘǳǊŀƭƭȅ ƻŎŎǳǊǊƛƴƎ ƛǎƻǘƻǇŜǎ 
• aŜŘƛŎŀƭ ςǘȅǇƛŎŀƭ ƛǎƻǘƻǇŜǎ ǳǎŜŘ ŀǎ ǊŀŘƛƻǇƘŀǊƳŀŎŜǳǘƛŎŀƭǎ ŀƴŘ ǎƻǳǊŎŜǎ ŦƻǊ ƛƳŀƎƛƴƎ ŀƴŘ 

ǘƘŜǊŀǇŜǳǘƛŎ ǳǎŜ 
• /ŀƭƛōǊŀǘƛƻƴ ς ƛǎƻǘƻǇŜǎ ƻŦǘŜƴ ǳǎŜŘ ŀǎ ƭŀōƻǊŀǘƻǊȅ ŎŀƭƛōǊŀǘƛƻƴ ǎƻǳǊŎŜǎ 
• {ba ς ƛǎƻǘƻǇŜǎ ǘȅǇƛŎŀƭ ƻŦ ǳǊŀƴƛǳƳ ŀƴŘ ǇƭǳǘƻƴƛǳƳ 
• !ǳǘƻƳŀǘƛŎ ς ŀǳǘƻƳŀǘƛŎŀƭƭȅ ŎƘƻƻǎŜǎ ǇƻǘŜƴǘƛŀƭ ƛǎƻǘƻǇŜǎ ŦǊƻƳ ǘƘŜ ƭƛōǊŀǊȅ ōŀǎŜŘ ƻƴ ŀ ǎƛƳǇƭŜ ǇŜŀƪ 

ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ŀƭƎƻǊƛǘƘƳ  
 
 

 
Figure 29.  Isotope library page for isotope inclusion in the numerical analysis. 

 

CƛǘǘƛƴƎ ǘƘŜ ŎƻƴǘƛƴǳǳƳ ŎŀǳǎŜŘ ōȅ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀ ƴŜǳǘǊƻƴ ǎƻǳǊŎŜ Ŏŀƴƴƻǘ ōŜ ŘƻƴŜ ōȅ ǎŜƭŜŎǘƛƴƎ ŀ 
ƴŜǳǘǊƻƴ ŜƳƛǘǘŜǊ όŜΦƎΦΣ нрн/Ŧύ ƻǳǘ ƻŦ ǘƘŜ ƎŀƳƳŀπǊŀȅ LǎƻǘƻǇŜ ƭƛōǊŀǊȅΦ LƴǎǘŜŀŘΣ ƛǘ Ƴǳǎǘ ōŜ ŘƻƴŜ ǿƛǘƘ ŀƴ 
ŀǇǇǊƻǇǊƛŀǘŜ ǎŜƭŜŎǘƛƻƴ ŦǊƻƳ ǘƘŜ bŜǳǘǊƻƴ ƭƛōǊŀǊȅΦ  
 
6.4 Introduction to Linear Regression Analysis 
D!5w!{π5wC Ŏƻƴǘŀƛƴǎ ǘǿƻ ǊƻǳǘƛƴŜǎ ǳǎŜŘ ǘƻ ŀƴŀƭȅȊŜ ƎŀƳƳŀπǊŀȅ ǎǇŜŎǘǊŀ ōȅ ƭƛƴŜŀǊ ǊŜƎǊŜǎǎƛƻƴΦ ¢ƘŜ ǘǿƻ 
ǇǊƻƎǊŀƳǎΣ ƭƻŎŀǘŜŘ ƻƴ ǘƘŜ !ƴŀƭȅǎƛǎ ǎŎǊŜŜƴ ƘŀǾŜ ǘƘŜ ǎŀƳŜ ǳǎŜǊ ƛƴǘŜǊŦŀŎŜ ŀƴŘ ŀƴŀƭȅǎƛǎ ŀǇǇǊƻŀŎƘΣ ōǳǘ ŀǊŜ 
ǳǎŜŘ ŦƻǊ ŘƛŦŦŜǊŜƴǘ ǇǳǊǇƻǎŜǎΦ  

оф 
 



 

• aǳƭǘƛǇƭŜ wŜƎǊŜǎǎƛƻƴ ǇŜǊŦƻǊƳǎ ŀ ǎƛƳƛƭŀǊƛǘȅ όŎƘƛπǎǉǳŀǊŜΣ ˔нύ ŀƴŀƭȅǎƛǎ ǿƛǘƘ ǘƘŜ ŀǎǎǳƳǇǘƛƻƴ ǘƘŀǘ 
ǎŜǾŜǊŀƭ ƎŀƳƳŀπǊŀȅ ǎƻǳǊŎŜǎ ŀǊŜ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ŀ ƳŜŀǎǳǊŜƳŜƴǘΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ŀ 
ǊŀŘƛƻŀŎǘƛǾŜ Ŧŀƭƭƻǳǘ ƳŜŀǎǳǊŜƳŜƴǘΣ ǎŜǾŜǊŀƭ ǊŀŘƛƻƴǳŎƭƛŘŜǎ ŀǊŜ ǇǊŜǎŜƴǘ ŀƴŘ ǎƘƻǳƭŘ ōŜ ƛƴŎƭǳŘŜŘ ƛƴ 
ǘƘŜ ŀƴŀƭȅǎƛǎΦ  

• {ƛƴƎƭŜ wŜƎǊŜǎǎƛƻƴ ǇŜǊŦƻǊƳǎ ŀ ǎƛƳƛƭŀǊƛǘȅ όŎƘƛπǎǉǳŀǊŜΣ ˔нύ ŀƴŀƭȅǎƛǎ ǘƻ Ǌŀƴƪ ƛƴŘƛǾƛŘǳŀƭ ƎŀƳƳŀπǊŀȅ 
ǎƻǳǊŎŜǎ ǘƻ ŀ ǊŀŘƛŀǘƛƻƴ ƳŜŀǎǳǊŜƳŜƴǘ ǿƘŜƴ ƛǘ ƛǎ ŀƴǘƛŎƛǇŀǘŜŘ ǘƘŀǘ ƻƴƭȅ ƻƴŜ ǎƻǳǊŎŜ ƛǎ ǇǊŜǎŜƴǘΦ 

 
.ƻǘƘ ŀƴŀƭȅǎƛǎ ǊƻǳǘƛƴŜǎ ǊŜǇƻǊǘ ŀ ˔нΣ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ŘŜǾƛŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ƳŜŀǎǳǊŜŘ ŀƴŘ ǘƘŜ 
ŎŀƭŎǳƭŀǘŜŘ ǎŜǘǎ ƻŦ Řŀǘŀ όǊŜƭŀǘƛǾŜ ǘƻ ŜǎǘƛƳŀǘŜŘ ǳƴŎŜǊǘŀƛƴǘƛŜǎ ƛƴ ǘƘŜ ǘǿƻ ǎŜǘǎύΦ ¢ƘŜ ǾŀƭǳŜ ƻŦ ˔н ǎƘƻǳƭŘ ōŜ 
ƴŜŀǊ ǳƴƛǘȅ ƛŦ ǘƘŜ ǘǿƻ Řŀǘŀ ǎŜǘǎ ǿŜǊŜ ǇǊƻŘǳŎŜŘ ōȅ ǘƘŜ ǎŀƳŜ ǊŀŘƛƻŀŎǘƛǾŜ ǎƻǳǊŎŜόǎύΦ  
 
¢ƘŜ ǎǇŜŎǘǊǳƳ ǘƻ ōŜ ŀƴŀƭȅȊŜŘ ƛǎ ǎŜƭŜŎǘŜŘ ōȅ ŘǊŀƎƎƛƴƎ ŀƴŘ ŘǊƻǇǇƛƴƎ ŀ ŦƻǊŜƎǊƻǳƴŘ ŀƴŘ ōŀŎƪƎǊƻǳƴŘ 
ǎǇŜŎǘǊǳƳ ŦǊƻƳ ǘƘŜ t/C ǊŜŎƻǊŘ ǿƛƴŘƻǿ όƻǊ ōȅ ŜƴǘŜǊƛƴƎ ƛǘ ƳŀƴǳŀƭƭȅύΦ aǳƭǘƛǇƭŜ ŀƴŘ {ƛƴƎƭŜ wŜƎǊŜǎǎƛƻƴ 
ŀƴŀƭȅǎŜǎ ŀǘǘŜƳǇǘ ǘƻ Ŧƛǘ ǘƘŜ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳ ǿƛǘƘ ǎŜƭŜŎǘŜŘ ǎƻǳǊŎŜόǎύΦ {ƘƛŜƭŘƛƴƎ ǇŀǊŀƳŜǘŜǊǎ Ŏŀƴ ōŜ 
ŜǎǘƛƳŀǘŜŘ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ŜŦŦŜŎǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƛƴǘŜǊǾŜƴƛƴƎ ƳŀǘŜǊƛŀƭǎΦ ¢ƘŜ ǎƘƛŜƭŘƛƴƎ ǇŀǊŀƳŜǘŜǊǎ 
ŘŜǎŎǊƛōŜ ƛƴǘŜǊǾŜƴƛƴƎ ƳŀǘŜǊƛŀƭǎ ōȅ ŀƴ ŜŦŦŜŎǘƛǾŜ ŀǘƻƳƛŎ ƴǳƳōŜǊ ό!bύ ŀƴŘ ŀǊŜŀƭ ŘŜƴǎƛǘȅ ό!5ύΦ {ŜƭŜŎǘŜŘ 
ƛǎƻǘƻǇŜǎ ŀǊŜ ǊŀƴƪŜŘ ŦƻǊ ŎƻƴǎƛǎǘŜƴŎȅ ǿƛǘƘ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿƘŜƴ {ƛƴƎƭŜ wŜƎǊŜǎǎƛƻƴ ƛǎ ǇŜǊŦƻǊƳŜŘ ŀƴŘ 
ƳƻǊŜ ǘƘŀƴ ƻƴŜ ƛǎƻǘƻǇŜ ƛǎ ǎŜƭŜŎǘŜŘΦ aǳƭǘƛǇƭŜ wŜƎǊŜǎǎƛƻƴ ŦƛƴŘǎ ǘƘŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ƛǎƻǘƻǇŜǎ ŀƴŘ 
ŀǎǎƻŎƛŀǘŜŘ ŀŎǘƛǾƛǘƛŜǎ ǘƘŀǘ ƎƛǾŜǎ ǘƘŜ ōŜǎǘ Ŧƛǘ ǘƻ ǘƘŜ ǎǇŜŎǘǊǳƳΦ tŀǊŀƳŜǘŜǊǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƛƴǘŜǊǾŜƴƛƴƎ 
ƳŀǘŜǊƛŀƭǎ Ŏŀƴ ōŜ ŀŘƧǳǎǘŜŘ ōȅ ƭŜŦǘπŎƭƛŎƪƛƴƎ ƻƴ ǘƘŜ !b ŀƴŘ !5 ƭŀōŜƭǎ όŎƭƛŎƪƛƴƎ ǘƘŜǎŜ ƭŀōŜƭǎ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ 
ŀŘƧŀŎŜƴǘ ōƻȄŜǎΣ ǘǳǊƴƛƴƎ ǘƘŜƳ ŎȅŀƴύΦ ¢ƘŜǊŜ ƛǎ ŀƭǎƻ ŀ ŎƘŜŎƪ ōƻȄ ŦƻǊ ǘƘŜ ƻǇǘƛƻƴ ƻŦ ŀƭƭƻǿƛƴƎ ƛƴŘŜǇŜƴŘŜƴǘ 
ǎƘƛŜƭŘƛƴƎ ŦƻǊ ŜŀŎƘ ǊŀŘƛƻŀŎǘƛǾŜ ǎƻǳǊŎŜ ƛƴ ǘƘŜ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳΦ  
 
6.4.1 Single Regression Analysis 
¢ƘŜ {ƛƴƎƭŜ wŜƎǊŜǎǎƛƻƴ ŀƴŀƭȅǎƛǎ ƻǇǘƛƻƴ Ǌŀƴƪǎ ƛƴŘƛǾƛŘǳŀƭ ƎŀƳƳŀπǊŀȅ ǎƻǳǊŎŜǎ ŦƻǊ ǘƘŜƛǊ ǎƛƳƛƭŀǊƛǘȅ ό˔нύ ǘƻ ŀ 
ǊŀŘƛŀǘƛƻƴ ƳŜŀǎǳǊŜƳŜƴǘΦ Lǘ ƛǎ ǳǎŜŘ ǿƘŜƴ ƛǘ ƛǎ ŀƴǘƛŎƛǇŀǘŜŘ ǘƘŀǘ ƻƴƭȅ ƻƴŜ ǎƻǳǊŎŜ ƛǎ ǇǊŜǎŜƴǘΦ !ƴȅ 
ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǎƻǳǊŎŜǎ Ŏŀƴ ōŜ ǎŜƭŜŎǘŜŘ ōȅ ǘƘŜ ǳǎŜǊ ŦǊƻƳ ǘƘŜ ŀǾŀƛƭŀōƭŜ ǎƻǳǊŎŜ ƭƛōǊŀǊƛŜǎ όǎŜŜ {ŜŎǘƛƻƴ сΦоΣ 
{ƻǳǊŎŜ [ƛōǊŀǊƛŜǎΣ ŦƻǊ ŘŜǎŎǊƛǇǘƛƻƴύΦ CƛƎǳǊŜ ол ǎƘƻǿǎ ǘƘŜ {ƛƴƎƭŜ wŜƎǊŜǎǎƛƻƴ ǘŀō ǿƛǘƘ ǘƘŜ ǎŜƭŜŎǘŜŘ ǎƻǳǊŎŜǎ 
ŦǊƻƳ ǘƘŜ ŀǾŀƛƭŀōƭŜ ǎƻǳǊŎŜ ƭƛōǊŀǊƛŜǎ όǎŜŜ {ŜŎǘƛƻƴ сΦоύ ŀƴŘ ǘƘŜ ǎƘƛŜƭŘƛƴƎ ŀŘƧǳǎǘƳŜƴǘ ƻǇǘƛƻƴ ŀŎǘƛǾŀǘŜŘΦ ¢ƻ 
ǇŜǊŦƻǊƳ ǘƘŜ ŀƴŀƭȅǎƛǎΣ ŎƭƛŎƪ ǘƘŜ !ƴŀƭȅȊŜ ōǳǘǘƻƴ ŀǘ ǘƘŜ ōƻǘǘƻƳ ǊƛƎƘǘ ŎƻǊƴŜǊ ƻŦ ǘƘŜ ǇŀƎŜΦ 
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Figure 30. Single Regression Analysis tab with 226Ra, 232Th, 40K, and 88Y selected 

from the isotope source library and the shielding options activated.  

 
¢ƘŜ {ƛƴƎƭŜ wŜƎǊŜǎǎƛƻƴ ŀƴŀƭȅǎƛǎ ƎŜƴŜǊŀǘŜǎ ŀ ǎƛƴƎƭŜ ƎǊŀǇƘ ƻŦ ǘƘŜ ōŜǎǘ Ŧƛǘ Řŀǘŀ ŀƴŘ ŀ ǎǳƳƳŀǊȅ ǇŀƎŜΦ ¢ƘŜ 
ōŜǎǘ Ŧƛǘ ƛǎ ǇƭƻǘǘŜŘ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ омΣ ŀƴŘ ǘƘŜ ǎǳƳƳŀǊȅ ǇŀƎŜ όCƛƎǳǊŜ онύ Ǌŀƴƪǎ ǘƘŜ ǎŜƭŜŎǘŜŘ ƛǎƻǘƻǇŜǎ 
ōŀǎŜŘ ƻƴ ǎƛƳƛƭŀǊƛǘȅ ǘƻ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ōŀǎŜŘ ƻƴ ǘƘŜ ŎƻƳǇǳǘŜŘ ŎƘƛπǎǉǳŀǊŜ ό˔нύΦ 
 

 
 

 
Figure 31. Graph of Single Regression Analysis of a 88Y spectrum. 
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Figure 32. Single Regression Analysis Summary Page. 

 
6.4.2 Multiple Regression Analysis 
¢ƘŜ aǳƭǘƛǇƭŜ wŜƎǊŜǎǎƛƻƴ !ƴŀƭȅǎƛǎ ŀƭƎƻǊƛǘƘƳ ŦƛƴŘǎ ǘƘŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǎƻǳǊŎŜǎ ǘƘŀǘ ƎƛǾŜǎ ǘƘŜ ōŜǎǘ Ŧƛǘ ǘƻ 
ǘƘŜ ƳŜŀǎǳǊŜŘ ǎǇŜŎǘǊǳƳΦ ! ōŀŎƪǿŀǊŘ ǊŜƎǊŜǎǎƛƻƴ ǘŜŎƘƴƛǉǳŜ ƛǎ ǳǎŜŘ ƛƴ ǿƘƛŎƘ ŀ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ŀƭƭ ǎǇŜŎǘǊŀƭ 
ǘŜƳǇƭŀǘŜǎ ƛǎ ǳǎŜŘ ƛƴƛǘƛŀƭƭȅΦ {ǳōǎŜǉǳŜƴǘ ƛǘŜǊŀǘƛƻƴǎ ƎǊŀŘǳŀƭƭȅ ǊŜƳƻǾŜ ǎƻǳǊŎŜǎ ǘƘŀǘ Řƻ ƴƻǘ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ 
ŦƛǘΦ ²ƘŜƴ ǇŜǊŦƻǊƳƛƴƎ ǘƘƛǎ ǇǊƻŎŜŘǳǊŜΣ ǘƘŜ ƻǇǘƛƻƴ ƛǎ ƎƛǾŜƴ ǘƻ ŀƭƭƻǿ ŀƴ ƛƴǘŜǊǾŜƴƛƴƎΣ ŀŘƧǳǎǘŀōƭŜ 
ŀōǎƻǊōŜǊκǎƘƛŜƭŘ ǘƻ ƻōǘŀƛƴ ǘƘŜ ōŜǎǘ ŦƛǘΦ ¢Ƙƛǎ ƛǎ ŘƻƴŜ ōȅ ŀŎǘƛǾŀǘƛƴƎ ǘƘŜ ōƻȄŜǎ ƭŀōŜƭŜŘ !b ŀƴŘ !5Φ 
/ŀƭŎǳƭŀǘƛƻƴǎ Ŏŀƴ ǘŀƪŜ ǎŜǾŜǊŀƭ ƳƛƴǳǘŜǎ ƛŦ ŀ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ǎƻǳǊŎŜǎ ŀǊŜ ǎŜƭŜŎǘŜŘΣ ŜǎǇŜŎƛŀƭƭȅ ƛŦ ǘƘŜ 
ǎƘƛŜƭŘƛƴƎ ƛǎ ŀƭƭƻǿŜŘ ǘƻ ǾŀǊȅΦ  
 
¢ƘŜ aǳƭǘƛǇƭŜ wŜƎǊŜǎǎƛƻƴ ŀƴŀƭȅǎƛǎ ƎŜƴŜǊŀǘŜǎ ŀ ǎƛƴƎƭŜ ƎǊŀǇƘ ƻŦ ǘƘŜ ōŜǎǘ Ŧƛǘ Řŀǘŀ ŀƴŘ ŀ ǎǳƳƳŀǊȅ ǇŀƎŜΦ ¢ƘŜ 
ƎǊŀǇƘ ǿƛƭƭ ƛƴŘƛŎŀǘŜ ǘƘŜ ǊŜƭŀǘƛǾŜ ŜŦŦŜŎǘǎ ƻŦ ŜŀŎƘ ƛǎƻǘƻǇŜ ƛƴ ǘƘŜ ƻǾŜǊŀƭƭ Ŧƛǘ ƛŦ ǘƘŜ Cƛƭƭ ¢ŜƳǇƭŀǘŜǎ ƻǇǘƛƻƴ Ƙŀǎ 
ōŜŜƴ ǎŜƭŜŎǘŜŘΦ ¢ƘŜ ƎǊŀǇƘ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ оо ŘƛǎǇƭŀȅǎ ŜŀŎƘ ǎŜƭŜŎǘŜŘ ǎƻǳǊŎŜΩǎ ŎƻƴǘǊƛōǳǘƛƻƴΦ ¢ƘŜ ǎǳƳƳŀǊȅ 
ƻŦ ǘƘŜ ƳǳƭǘƛǇƭŜ ǊŜƎǊŜǎǎƛƻƴ ŀƴŀƭȅǎƛǎ ǊŜǎǳƭǘǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ оп ŘƛǎǇƭŀȅǎ ǘƘŜ ŀƴŀƭȅǎƛǎ ǊŜǎǳƭǘǎ ƛƴ ǘŜȄǘ ŦƻǊƳ 
όƛǎƻǘƻǇŜ ƭƛǎǘΣ ŀŎǘƛǾƛǘƛŜǎΣ ǿŜƛƎƘǘǎΣ ŀƴŘ ǎƘƛŜƭŘƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴύΦ ¢ƘŜ ǘŜȄǘ ǎǘǊƛƴƎ ŦƻǳƴŘ ŀǘ ǘƘŜ ōƻǘǘƻƳ ƻŦ ǘƘŜ 
ǎǳƳƳŀǊȅ ǇŀƎŜ Ŏŀƴ ōŜ ŎƻǇƛŜŘ ŀƴŘ ǇŀǎǘŜŘ ǘƻ ǘƘŜ ǎƻǳǊŎŜ ƭƛƴŜ ό{ƻǳǊŎŜ ŦƻǊ /ƻƳǇǳǘŜŘ {ǇŜŎǘǊǳƳύ ƻƴ ǘƘŜ tƭƻǘ 
ǎŎǊŜŜƴ ŦƻǊ ǇƭƻǘǘƛƴƎ ŀǎ ŀƴ ƻǾŜǊƭŀȅ ǘƻ ŀƭƭƻǿ ŦƻǊ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ǘƘŜ ƳŜŀǎǳǊŜŘ ŘŀǘŀΦ 
 

 
Figure 33. Graph of Multiple Regression Analysis of 88Y spectrum. 
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Figure 34. Multiple Regression Analysis Summary Page. 

 
6.5 Compute Flux 
¢ƘŜ /ƻƳǇǳǘŜ CƭǳȄ ŀƭƎƻǊƛǘƘƳ Ŏŀƴ ōŜ ǎŜƭŜŎǘŜŘ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ орΦ ¢ƘŜ /ƻƳǇǳǘŜ CƭǳȄ ǘƻƻƭ ŜǎǘƛƳŀǘŜǎ 
ǘƘŜ ƛƴŎƛŘŜƴǘ ŦƭǳȄ ōȅ ǇŜǊŦƻǊƳƛƴƎ ƴƻƴƭƛƴŜŀǊ ǊŜƎǊŜǎǎƛƻƴ ŀƴŀƭȅǎƛǎΦ tǊƛƻǊ ǘƻ ŀƴŀƭȅǎƛǎΣ ǘƘŜ ǳǎŜǊ ǎƘƻǳƭŘ ǎŜƭŜŎǘ ǘƘŜ 
ŀǇǇǊƻǇǊƛŀǘŜ ǎǇŜŎǘǊŀƭ ŦƛƭŜǎ ŦƻǊ ǘƘŜ ŦƻǊŜƎǊƻǳƴŘ ŀƴŘ ōŀŎƪƎǊƻǳƴŘΦ ! ƎǊŀǇƘƛŎ Ǉƭƻǘ ƻŦ ǘƘŜ ǊŜǎǳƭǘǎ ŘƛǎǇƭŀȅǎ ǇŜŀƪ 
ŀƴŘ ŎƻƴǘƛƴǳǳƳ ǘŜǊƳǎ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ осΦ ! ǘŜȄǘ ǎǳƳƳŀǊȅ όǎŜŜ ƛƴ CƛƎǳǊŜ отύ ŀƴŘ ƛǎ ǎŀǾŜŘ ŀǎ 
D!5C[¦Φ[L{ ƛƴ ǘƘŜ Řŀǘŀ ŦƻƭŘŜǊΦ ¢ƘŜ ŦƭǳȄ ǇǊƻŦƛƭŜ ƛǎ ŀƭǎƻ ǎŀǾŜŘ ƛƴ ŀ ŦƭǳȄ ŦƛƭŜ ǿƛǘƘ ŀ D!a ŜȄǘŜƴǎƛƻƴΦ  
 

 
Figure 35. Compute Flux Analysis Page. 
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Figure 36. Graph of Compute Flux showing the peaks and continuum from the flux 

calculation 

 
 

 
Figure 37. Analysis results from flux calculations performed using Compute Flux 

 
 
 
 

7 CONCLUSION 
D!5w!{π5wC ŀǇǇƭƛŜǎ ŀ ŘŜǘŜŎǘƻǊ ǊŜǎǇƻƴǎŜ ŦǳƴŎǘƛƻƴ ǘƻ ŎƻƳǇǳǘŜ ǎǇŜŎǘǊŀ ŦƻǊ ƎŀƳƳŀπǊŀȅ ŜƳƛǘǘƛƴƎ 
ǊŀŘƛƻƴǳŎƭƛŘŜǎ ƻǊ ŦƭǳȄ ǇǊƻŦƛƭŜǎ ǘƘŀǘ ŀǊŜ ǎǇŜŎƛŦƛŜŘ ƛƴ D!a ŦƛƭŜǎΦ ¢ƘŜ ŀǇǇƭƛŎŀǘƛƻƴ Ŏƻƴǘŀƛƴǎ ǇŜŀƪ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ 
ŀƴŘ ǇƭƻǘǘƛƴƎ ǘƻƻƭǎ ǘƘŀǘ ŦŀŎƛƭƛǘŀǘŜ ŘŜǘŜŎǘƻǊ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴΦ !ƴŀƭȅǎƛǎ ŀƭƎƻǊƛǘƘƳǎ ǘƘŀǘ ǇŜǊŦƻǊƳ ǎƛƴƎƭŜ 
ǊŜƎǊŜǎǎƛƻƴΣ ƳǳƭǘƛǇƭŜ ǊŜƎǊŜǎǎƛƻƴΣ ŀƴŘ ŎƻƳǇǳǘŀǘƛƻƴ ƻŦ ŦƭǳȄ ǇǊƻŦƛƭŜǎ ŀǊŜ ŀƭǎƻ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ 
ŀǇǇƭƛŎŀǘƛƻƴΦ ¢Ƙƛǎ Ƴŀƴǳŀƭ ǇǊƻǾƛŘŜǎ ŀƴ ƻǾŜǊǾƛŜǿ ƻŦ Ƙƻǿ ǘƻ ŜƳǇƭƻȅ ǘƘŜǎŜ ŎŀǇŀōƛƭƛǘƛŜǎΦ 
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