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Guide to Using the Berkeley Lab
Cosmic Ray Detector
By Colleen Twitty and Howard Matis1

General Information

Co smic ra ys a re  p a rt ic le s th a t  st rike  th e  Ea rth  a t  h ig h  sp e e d s,

a n d  co n se q u e n t ly h ig h  e n e rg ie s,  f ro m so u rce s with in  o u r g a la xy

a n d  b e yo n d .   To  me a su re  p rima ry co smic ra ys—th e se  p a rt ic le s th a t

co me  d ire ct ly f ro m so u rce s in  o u te r sp a ce ,  yo u  wo u ld  n e e d  to  t ra ve l

ve ry h ig h  in to  th e  Ea rth ’s a tmo sp h e re .   Th e se  p rima ry co smic ra ys

co llid e  with  p a rt ic le s in  o u r a tmo sp h e re  a n d  p ro d u ce  p a rt ic le s

ca lle d  se co n d a ry co smic ra ys—ma n y o f  wh ich  a re  mu o n s o r

e le ct ro n s.   Th e  Be rke le y L a b  d e te cto r me a su re s se co n d a ry co smic

ra ys,  wh ich  ca n  b e  fo u n d  a t ,  a n d  e ve n  b e lo w,  th e  su rfa ce  o f  th e

e a rth .

The Berkeley Lab Detector

A wo o d e n  b o x  p ro vid e s th e  f ra me  o f  th e  d e te cto r.   A c ircu it

b o a rd  is mo u n te d ,  u sin g  n u ts a n d  th e  switch e s o n  th e  b o a rd ,  to  a

L u cite  p a n e l.   Th is p a n e l,  in  tu rn ,  is  fa ste n e d  with  scre ws to  th e

wo o d e n  b o x.   Two  h o se  cla mp s h o ld  e a ch  p h o to mu lt ip lie r tu b e  in

p la ce .   Ea ch  o f  th e se  tu b e s is g lu e d  to  a  p ie ce  o f  scin t il la to r,  wh ich

                                                                        
1 For  m or e i nfor m ati on, contac t H ow ar d M ati s  at  hsm ati s@l bl .gov  or  at  M S 70- 319,
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is  wra p p e d  in  a lu min u m fo il (with  th e  e xce p t io n  o f  th e  p a rt  o f  th e

scin t il la to r to u ch in g  th e  fa ce  o f  th e  p h o to tu b e ) a n d  th e n  co ve re d

with  ca rd b o a rd .   Th e se  p re p a re d  p ie ce s o f  scin t il la to r a re  ca lle d

p a d d le s.

Th e  d e te cto r re q u ire s a  1 2  V  p o we r so u rce  to  o p e ra te .   Th e

p o we r so u rce  ca n  b e  a  co mmo n  1 2  V  t ra n sfo rme r,  wh ich  ca n  b e

fo u n d  in  ma n y h o b b y sto re s,  a  1 2  V  o u t le t  f ro m a n  a u to mo b ile ,  o r a

sta n d a rd  1 2  V  b a t te ry.

How it Works

Wh e n  a  h ig h -e n e rg y p a rt ic le  p a sse s th ro u g h  th e  scin t il la to r

p a d d le ,  e le ct ro n s in  th e  scin t il la to r b e co me  e xcite d .   Th e  e le ct ro n s

re le a se  a  f la sh  o f  l ig h t ,  a n d  re tu rn  to  th e ir g ro u n d  sta te .   Th e  lig h t ,

a  fe w p h o to n s,  h it s th e  p h o to ca th o d e  o f  th e  p h o to mu lt ip lie r tu b e .

In sid e  th e  p h o to tu b e  is a  p h o to ca th o d e ,  a  p la te  co a te d  with  a

lig h t  se n sit ive  ma te ria l th a t  h a s a  lo w wo rk fu n ct io n .   Co n se q u e n t ly,

it  d o e s n o t  ta ke  mu ch  e n e rg y in p u t  to  e xcite  th e  io n  e n o u g h  fo r it

to  re le a se  a n  e le ct ro n .

Th e  lig h t  f ro m th e  scin t il la to r st rike s th e  p h o to ca th o d e  a n d

p ro d u ce s a n  e le ct ro n .   Th is e le ct ro n  t ra ve ls (b e ca u se  o f  a  vo lta g e
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p o te n t ia l d if fe re n ce  b u ilt  in to  th e  p h o to tu b e ) to  a n o th e r co a te d

p la te  a n d  kn o cks o f  se ve ra l mo re  e le ct ro n s.   Th e se  e le ct ro n s

co n t in u e  a n d  st rike  a n o th e r p la te ,  e a ch  re le a sin g  st il l mo re

e le ct ro n s.   Th is p ro ce ss co n t in u e s,  p la te  a f te r p la te ,  u n t il th e re  a re

a  su f f ic ie n t  n u mb e r o f  e le ct ro n s to  p ro d u ce  a  se ve ra l h u n d re d -

mill ivo lt  s ig n a l.

Un fo rtu n a te ly,  th e  p h o to tu b e s a re  so  se n sit ive  th a t  th e re  is a

p h e n o me n o n ,  wh ich  is ca lle d  “p h o to tu b e  n o ise ”.   Fo r e xa mp le ,

th e rma l e n e rg y ca n  ca u se  a n  e le ct ro n  to  “b o il o f f ” o f  o n e  o f  th e

io n s.   Th e n  th e  e le ct ro n s co n t in u e  a lo n g ,  e xcit in g  o th e r e le ct ro n s,

a s b e fo re ,  a n d  cre a t in g  a  s ig n a l.   To  min imize  th is n o ise ,  two

p a d d le s a re  u se d  “in  co in cid e n ce ”.   Th is me a n s th a t  if  b o th  p a d d le s

re g iste r a n  e ve n t  ve ry c lo se  to g e th e r with in  a  ve ry sh o rt  p e rio d  o f

t ime ,  it  is  co u n te d  a s a  co smic ra y.

Th e  circu it  b o a rd ,  wh ich  co n ta in s th e  simp le  co in cid e n ce  lo g ic,

co mp a re s th e  in p u ts f ro m e a ch  p h o to mu lt ip lie r tu b e  a n d  d e te rmin e s

wh ich  me e t  th e  crite rio n  fo r a n  e ve n t .   Th e  b o a rd  ke e p s t ra ck o f

th e se  co u n ts a n d  d isp la ys th e m.   S in ce  th e  n o ise  co u n ts a re

ra n d o m in  t ime ,  th e y d o  n o t  p ro d u ce  a  co in cid e n t  co u n t .   Th is

d e te cto r re q u ire s th a t  h it s in  e a ch  p a d d le  o ccu r with in  8 0 0

n a n o se co n d s o r 8  5  1 0 - 7 se co n d s.

Operating the Detector

To  tu rn  th e  d e te cto r o n ,  co n n e ct  it  to  a  p o we r so u rce  b y

in se rt in g  co n n e ct in g  th e  t ra n sfo rme r to  a  p lu g  a n d  in se rt in g  th e

o th e r e n d  in to  th e  co n n e cto r.   Th e  d isp la y n u mb e rs will l ig h t  u p .

Yo u  co n t ro l th e  d e te cto r with  th e  fo u r switch e s a s fo llo ws:
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Buzzer On/Buzzer Off  Wh e n  in  th e  “Bu zze r On ” p o sit io n ,

th e  b u zze r will b e e p  e a ch  t ime  th e  d e te cto r re co rd s a n o th e r

co u n t .   I t  will b e e p  wh e th e r th e  d e te cto r is in  co u n t in g  mo d e

o r n o t ,  p ro vid e d  th e  d e te cto r is o n .   “Bu zze r Of f ” d e a ct iva te s

it .

Count Infin itely/Hold /Timed Count With  “Co u n t

In f in ite ly”,  th e  d e te cto r co n t in u e s to  co u n t  u n t il th e  switch  is

mo ve d  to  th e  “Ho ld ”.   Th e n  it  d isp la ys th e  la st  co u n t .   Yo u

ma y co u n t  p a st  9 9 9  if  yo u  ke e p  t ra ck o f  th e  th o u sa n d s d ig it

yo u rse lf—th e  n u mb e rs ro ll o ve r to  0 0 0  a n d  co n t in u e

co u n t in g .   “Time d  co u n t ” sto p s co u n t in g  a f te r 6 0  se co n d s

a n d  th e n  co n t in u e s to  d isp la y th e  co u n t  u p  to  th a t  t ime .

A f te r yo u  h a ve  sta rte d  a  t ime d  co u n t ,  th e  d e te cto r ca n n o t  b e

re se t  with o u t  tu rn in g  th e  p o we r o f f .   To  d o  a n o th e r t ime d

co u n t ,  yo u  mu st  wa it  u n t il th e  c lo ck sto p s.

Upper Single /Coincidence/Lower Single “Co in cid e n ce ”

co u n ts co smic ra ys wh e n  th e  d e te cto r is co u n t in g  b y th e

p rin cip le s e xp la in e d  in  th e  se ct io n  e n t it le d  “Ho w it  Wo rks. ”
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“Up p e r S in g le ” a n d  “L o we r S in g le ” will in cre me n t  th e  co u n t

a n y t ime  a  p a rt ic le  with  e n o u g h  e n e rg y p a sse s th ro u g h  th e

se le cte d  scin t il la to r.   Ph o to tu b e  n o ise  ca n  a lso  re su lt  in

co u n ts.   Usin g  th e  sin g le  mo d e s,  yo u  ca n  d e mo n st ra te  th e

e xiste n ce  o f  b a ckg ro u n d  n o ise  a n d  th e  n e ce ssity o f  th e

co in cid e n ce  circu it .

Count Mode/Clear Th e  u p p e r p o sit io n  is “Co u n t in g  Mo d e ”.

Th is me a n s th a t  th e  d e te cto r will d isp la y co u n ts.   Th e  lo we r

p o sit io n  is “Cle a r. ”  Th is ze ro s th e  d isp la y.   Th e  d e te cto r will

n o t  d isp la y co u n ts if  th e  switch  is le f t  in  th e  “Cle a r” p o sit io n .

Ad d it io n a lly,  c le a rin g  th e  d isp la y d o e s n o t  sto p  th e  t ime  o n

t ime d  co u n t .   Th e  co u n t  will re ma in  a t  ze ro  a s lo n g  a s th e

switch  is in  th e  c le a r p o sit io n ,  a n d  it  will co n t in u e  co u n t in g  if

it  is  re tu rn e d  to  “Co u n t in g  Mo d e . ”

Changing the Timer with the Adjustable Resistor

Th e  a d ju sta b le  re sisto r is u se d  to  ch a n g e  th e  le n g th  o f  t ime

th e  d e te cto r co u n ts wh e n  it  is  se t  in  “Time d  Co u n t ” mo d e .   Use  a

sma ll scre wd rive r to  a d ju st  th is re sisto r,  wh ich  is lo ca te d  a t  R2 4 .

To  se t  it  to  6 0  se co n d s,  yo u  n e e d  to  t ime  it ,  a d ju st  it ,  a n d  t ime  it

a g a in .   Th e  scre w ca n  co mp le te  2 0  fu ll tu rn s.   To  g e t  a n  id e a  o f

h o w ma n y tu rn s yo u  n e e d ,  d e te rmin e  th e  t ime  ch a n g e  in  o n e  tu rn

to  f in d  a p p ro xima te ly h o w ma n y tu rn s yo u  n e e d  to  a rrive  a t  6 0

se co n d s.   Th e n  ma ke  f in e r a d ju stme n ts.
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Determining Average Count Rate and Error

Sample data

Th e  co smic ra y d e te cto r wa s o rie n te d  with  it s p a d d le s p a ra lle l to

th e  g ro u n d .   In  th is g e o me t ry,  it  me a su re d  ve rt ica l co smic ra ys.

Ea ch  t ria l wa s fo r 6 5  se co n d s.

Tra i l #  o f
Co u n ts

1 11 0
2 1 4 1
3 9 7
4 1 0 6
5 11 5
6 11 8
7 1 2 1
8 1 2 1
9 11 0
1 0 1 2 5
Tota l 11 6 0

How to calculate the rate

Th e  to ta l n u mb e r o f  co u n ts,  N,  is th e n  11 6 0  co u n ts in  1 0 .8

min u te s  Th e  e rro r,  o r s ig ma ,  s ,  ca n  b e  ca lcu la te d  b y ta kin g  th e

sq u a re  ro o t  o f  N.

N = 11 6 0  co u n ts d iv id e d  b y 1 0 .8  min  =  1 0 7  co u n ts/min

s= √11 6 0  co u n ts d iv id e d  b y 1 0 .8  min  =  3 .2  co u n ts/min

So ,  th e  a ve ra g e  co u n t  ra te  =  1 0 7  ± 3  co u n ts/min

Alternative Data Collection: Using the TI CBL Digital

Probe

Th e  co smic ra y d e te cto r co lle cts d a ta —th e  n u mb e r o f  co u n ts p e r

t ime .   On e  wa y o f  a cq u irin g  th is d a ta  is s imp ly b y re a d in g  th e

d isp la y n u mb e rs.   An o th e r wa y to  re t rie ve  d a ta  is b y u sin g  th e



LBNL--46909

7

Ca lcu la to r Ba se d  L a b o ra to ry (CBL ),  a  Te xa s In st ru me n ts2 p ro d u ct .

Th e  CBL  is a  h a n d -h e ld  d e vice ,  wh ich  wo rks in  co n ju n ct io n  with

Te xa s In st ru me n ts’ g ra p h in g  ca lcu la to rs.   I t  is  d e sig n e d  fo r

co lle ct in g  scie n t if ic  d a ta  in  th e  cla ssro o m.   Th e  ca lcu la to r se n d s

co mma n d s to  th e  CBL  via  a  co rd ,  wh ich  is in clu d e d  with  th e

ca lcu la to r.   Th e  d a ta  is se n t  to  th e  CBL  f ro m th e  b o a rd  th ro u g h

Te xa s In st ru me n ts’ cu sto m p ro b e  cre a te d  fo r th e  CBL .   Th e  CBL

ca n  b e  u se d  to  ke e p  t ra ck o f  t ime  wh ile  co u n t in g  co smic ra y

e ve n ts.  

Yo u  n e e d  p ro g ra ms so  th a t  th e  Te xa s In st ru me n ts ca lcu la to r ca n

co mmu n ica te  with  th e  CBL .   Be lo w a re  p ro g ra ms3 writ te n  fo r a  TI -

8 3 .   P re ss Pro g ra m,  se le ct  Ne w,  a n d  e n te r th e  n a me  o f  th e

p ro g ra m.   Th e n ,  in p u t  th e se  p ro g ra ms.

I f  yo u  h a ve  n e ve r p ro g ra mme d  th is ca lcu la to r b e fo re  o r if  yo u  d o

n o t  kn o w wh e re  to  f in d  th e  fu n ct io n s (su ch  a s Ge t ,  P ro mp t ,  min ,  o r

Pa u se ) ca lle d  in  th e  fo llo win g  p ro g ra ms,  co n su lt  th e  b o o k

a cco mp a n yin g  yo u r ca lcu la to r.   To  ma ke  “Æ ”,  u se  th e  STOÆ  (sto re )

ke y.

En te r th e  p ro g ra m TIME  in to  yo u r ca lcu la to r b e fo re  COUNTMAX

o r NCOUNTS  b e ca u se  th e  la t te r two  p ro g ra ms n e e d  to  ca ll TIME  in

o rd e r to  wo rk.

I t  is  n o t  p o ssib le  to  write  a  p ro g ra m,  wh ich  te lls th e  CBL  a  t ime

a n d  th e n  re tu rn s th e  n u mb e r o f  co u n ts in  th a t  t ime .   Th e re fo re ,  th is

p ro g ra m u t il ize s a  d if fe re n t  a p p ro a ch  b y te ll in g  th e  CBL  th e re  will

b e  5 1 2  co u n ts.   Th e  CBL  ca n  th e n  b e  a ske d  to  re tu rn  th e  t ime .

Th is p ro g ra m ca lls TIME ,  wh ich  fo llo ws,  a n d  will n o t  wo rk u n le ss

TIME  h a s a lso  b e e n  in p u t .   Yo u  will g e t  a n  in co rre ct  va lu e  fo r th e

t ime  if  yo u  d o  n o t  wa it  u n t il th e  CBL  h a s f in ish e d  g e t t in g  th e

                                                                        
2
 M or e i nfor m ati on can be found at Texas  Ins tr um ents ’  w eb page at

http: / /w w w .t i .com /cal c /docs /cbl .htm .
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d a ta —d isp la ys “DONE”—b e fo re  yo u  p re ss e n te r.   In  a d d it io n ,  p re ss

th e  En te r ke y a t  th e  e n d  o f  th e  p ro g ra m a f te r yo u  h a ve  re co rd e d

th e  t ime .   I f  yo u  lo o k a t  L 1 a f te r e xe cu t in g  th is p ro g ra m,  yo u  ca n

g e t  a  lis t  o f  th e  t ime s e a ch  co smic ra y e ve n t  o ccu rre d .

P ro g ra m n a me d  TIME:
:Get(L1)
:Get(L1)
:L1ÆCRAY
:max(LCRAY)-min(LCRAY)ÆA
:ClrHome
:Output(1,1,”TIME”)
:Output(2,1,A)
:Output(4,1,”SECONDS”)
:Pause
:ClrHome

Pro g ra m n a me d  COUNTMAX:
:Send({0})
:{1,1,2}ÆL6
:Send(L6)
:{3,0,512,3,21,2,0,0,1)ÆL6
:Send(L6)
:ClrHome
:Output(1,1,”PRESS ENTER”)
:Output(2,1,”AFTER CBL IS”)
:Output(3,1,”DONE”)
:Pause
:prgmTIME

I f  yo u  wa n t  f le xib il it y  with  th e  n u mb e r o f  co u n ts yo u  u se ,  t ry

NCOUNTS .   I t  a llo ws th e  u se r to  ch o o se  th e  n u mb e r o f  co u n ts.

Th is n u mb e r mu st  b e  a  p o sit ive  in te g e r le ss th a n ,  o r e q u a l to  5 1 2 .

I f  yo u  d o  n o t ,  th e  CBL  will re tu rn  a n  e rro r.  

P ro g ra m n a me d  NCOUNTS:
:ClrHome
:Output(2,1,”NUMBER OF COUNTS”)
:Output(5,1,”NOT>512”)
:Prompt N
:{1,1,2}ÆL6
:Send(L6)
:{3,0,N,3,21,2,0,0,1)ÆL6
:Send(L6)
:ClrHome
:Output(1,1,”PRESS ENTER”)
:Output(2,1,”AFTER CBL IS”)

                                                                                                                                                                                             
3 Sl i ght m odi f i cat i ons  m ay  have to be m ade for  the other  cal cul ator s .
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:Output(3,1,”DONE”)
:Pause
:prgmTIME

At ta ch  th e  ca lcu la to r to  th e  CBL  with  th e  a p p ro p ria te  co rd ,

ma kin g  su re  th e  co rd  is f irmly p u sh e d  in .   P lu g  th e  CBL  co rd  in to

th e  “DIG IN” ch a n n e l.   Tu rn  o n  th e  CBL  a n d  ca lcu la to r.   Co n n e ct

th e  co smic ra y d e te cto r to  a  p o we r so u rce .   Th e  co smic ra y

d e te cto r d o e s n o t  h a ve  to  b e  in  “co u n t  mo d e ” wh e n  yo u  a re  ta kin g

d a ta  with  th e  CBL .   Exe cu te  COUNTMAX  o r NCOUNTS .   Th e  CBL

sh o u ld  d isp la y “READY” a n d  th e n  “SAMPL ING”.   Wh e n  it  sh o ws

“DONE,” p re ss e n te r to  re t rie ve  th e  t ime .

Things to Try

Co mp a re  th e  co u n t  ra te  o f  th e  d e te cto r with  th e  p a d d le s p a ra lle l

a n d  th e n  p e rp e n d icu la r to  th e  g ro u n d .

Co mp a re  th e  co u n t  ra te  o f  th e  d e te cto r with  a  la rg e  sla b  o f

me ta l b e twe e n  th e  p a d d le s a n d  with o u t .

Me a su re  th e  co smic ra y f lu x a t  d if fe re n t  e le va t io n s.   Ta ke  th e

d e te cto r to  th e  lo we st  lo ca t io n  n e a r yo u .   Th e n  ta ke  it  to  th e

h ig h e st  e le va t io n  in  yo u r a re a .   Ma ke  su re  th a t  yo u  ta ke  e n o u g h

d a ta  so  th a t  yo u  h a ve  su f f ic ie n t  a ccu ra cy to  me a su re  th e

d if fe re n ce  co u n t  ra te  in  th e  d if fe re n t  lo ca t io n s.
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p ro vid e d  b y Ed  Iska n d e r.
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Appendix 1 Background on Cosmic
Rays

Prima ry co smic ra ys a re  th e  p a rt ic le s o rig in a t in g  f ro m

a st ro p h ysica l so u rce s.   As su ch ,  e le ct ro n s,  p ro to n s,  h e liu m,

ca rb o n ,  o xyg e n ,  a n d  iro n  a re  in clu d e d  in  th is p a rt ic le  sp e ct ru m;

th e y a re  a ll re a d ily fo u n d  with in  sta rs.   So me  p rima ry co smic ra ys

a re  th e  re su lt  o f  so la r f la re s th a t  a re  in te n se  d istu rb a n ce s o n  th e

su rfa ce  o f  o u r su n .   Oth e r co smic ra ys a re  th e  re su lt  o f  e xp lo d in g

su p e rn o va e .   Wh e n  th e se  la te -sta g e d  sta rs co lla p se ,  th e y la u n ch

p a rt ic le s in to  sp a ce  a t  n e a rly th e  sp e e d  o f  l ig h t .

Se co n d a ry co smic ra ys a re  p a rt ic le s th a t  re su lt  f ro m th e

in te ra ct io n  o f  p rima ry co smic ra ys a n d  p a rt ic le s in  o u r a tmo sp h e re .

Th is co mp o sit io n  sp e ct ru m in clu d e s lith iu m,  b e ryll iu m,  a n d  b o ro n

n u cle i.   An o th e r re su lt  o f  th e se  co llis io n s is th e  p ro d u ct io n  o f

ch a rg e d  me so n s,  wh ich  d e ca y in to  mu o n s a n d  n e u t rin o s,  a n d

u n ch a rg e d  me so n s,  wh ich  d e ca y in to  e le ct ro n s a n d  p h o to n s.

Some Possible Decay Reactions

p +  n Æ  p  +  p  +  ! -

A p ro to n  (p ) a n d  n e u t ro n  (n ) co ll id e  re su lt in g  in  two  p ro to n s a n d  a

n e g a t ive ly ch a rg e d  p io n  (p- ),  a  me mb e r o f  th e  me so n  fa mily.   Th e n

p-  Æ  m -  +  n

He re ,  th e  p io n  (p- ) d e ca ys in to  a  n e g a t ive ly ch a rg e d  mu o n  (m - ) a n d

a  n e u t rin o  (n).   Th e  me a n  h a lf  fo r th is d e ca y is 2 .6  ¥ 1 0 - 8 s.
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p +  n Æ   p  +  n  +  !0

An o th e r p o ssib le  sce n a rio  is th a t  th e  co llis io n  b e twe e n  th e  p ro to n

(p ) a n d  n e u t ro n  (n ) re su lts in  a  p ro to n ,  a  n e u t ro n ,  a n d  a n

u n ch a rg e d  p io n  (p0).

p0 Æ  g  +  g

Th is p io n  (p0) d e ca ys in to  two  p h o to n s (g).   An o th e r n a me  fo r th is

e n e rg y p h o to n  is a  g a mma  ra y.   Th e  me a n  life  o f  th e  p0 d e ca y is

8 .4  ¥1 0 - 17 se co n d s.   Th e  p h o to n s ca n  st rike  th e  d e te cto r o r in te ra ct

with  o th e r n u cle i a n d  p ro d u ce  e le ct ro n s.

Se co n d a ry co smic ra ys ca n  b e  p ro d u ce d  f ro m p ro to n -p ro to n

in te ra ct io n s,  ju st  a s th e  p ro to n -n e u t ro n  re a ct io n s th a t  we re

p re vio u sly d e scrib e d .   Mu o n s a n d  g a mma  ra ys a re  p ro d u ce d  f ro m

th e  in te ra ct io n s.

Of te n ,  th e  in co min g  p rima ry co smic ra y will h a ve  su f f ic ie n t

e n e rg y fo r th e  d e ca y se q u e n ce s o f  th e  re su lt in g  se co n d a ry co smic

ra ys to  se t  o f f  n e w d e ca y se q u e n ce s.   Fo r e xa mp le ,  th e  g a mma -ra y

p h o to n s ca n  th e mse lve s th e n  p ro d u ce  mo re  e le ct ro n s,  wh ich  ma y

a g a in  p ro d u ce  mo re  g a mma -ra y p h o to n s,  e tc.   I f  th e  in co min g

p rima ry co smic ra y h a s e n o u g h  e n e rg y,  th is p ro ce ss ma y b e

re p e a te d  ma n y t ime s.   Eve n tu a lly,  a  h u g e  n u mb e r o f  p a rt ic le s ca n

b e  d e te cte d  a t  g ro u n d  le ve l o ve r a n  a re a  o f  ma n y sq u a re

kilo me te rs.   Th is b a rra g e  o f  p a rt ic le s st re a min g  d o wn  th ro u g h

Ea rth ’s a tmo sp h e re  is co mmo n ly re fe rre d  to  a s a n  e xte n sive  a ir

sh o we r.

Facts about Cosmic Rays

At  th e  su rfa ce  o f  th e  e a rth ,  th e  mo st  p le n t ifu l ch a rg e d  co smic

ra ys a re  mu o n s.
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Co smic ra ys e ve n  p e n e t ra te  th e  e a rth ’s su rfa ce ,  a n d  ca n  b e

d e te cte d  u n d e rg ro u n d .

Co smic ra ys a cco u n t  fo r a p p ro xima te ly 1 0 % o f  th e  ra d ia t io n  yo u

re ce ive  e a ch  ye a r.

Pe o p le  wh o  live  a ro u n d  7 0 0 0 ’ e le va t io n  g e t  a b o u t  d o u b le  th e

d o se  o f  co smic ra ys th a n  th o se  p e o p le  wh o  live  a t  se a  le ve l.

Cosmic Ray Detectors Around the World

Co smic ra ys a re  d e te cte d  in  a  va rie ty o f  wa ys d e p e n d in g  u p o n

th e ir e n e rg y.   S in ce  th e  lo we st  e n e rg y co smic ra ys a re  e a sily

a b so rb e d  b y Ea rth ’s a tmo sp h e re ,  th e y ca n  o n ly b e  d e te cte d  b y

e q u ip me n t  a b o a rd  sa te ll ite s,  h ig h  a lt itu d e  b a llo o n s,  a n d  o th e r

d e te cto rs n e a rly o u tsid e  o f  th e  a tmo sp h e re .   As n o te d  a b o ve ,

h ig h e r e n e rg y co smic ra ys in te ra ct  in  th e  a tmo sp h e re  p ro d u cin g

co smic ra y a ir sh o we rs.   Ma n y o f  th e se  a ir sh o we rs a re  a b so rb e d  in

th e  a tmo sp h e re  a n d  d o  n o t  re a ch  g ro u n d  le ve l.   Ho we ve r,  th e  a ir

sh o we r p a rt ic le s in it ia lly  t ra ve l a t  a  sp e e d  g re a te r4 th a n  th a t  o f

lig h t  in  th e  a tmo sp h e re  a n d  e mit  t in y f la sh e s o f  l ig h t  kn o wn  a s

Ch e re n ko v lig h t .   Th is l ig h t ,  a n a lo g o u s to  th e  so n ic b o o m

p h e n o me n a ,  is d e te cte d  b y ve ry se n sit ive  d e te cto rs o n  cle a r

n ig h ts.

Hig h -e n e rg y co smic ra ys ca n  b e  d e te cte d  a t  th e  su rfa ce  o f  th e

e a rth  with  p a rt ic le  d e te cto rs.   Usin g  se ve ra l d e te cto rs in  a n  a rra y,  a

p rima ry co smic ra y’s a rriva l d ire ct io n  ca n  b e  d e te rmin e d  b y u sin g

th e  d e te cto rs to  p in p o in t  it s  lo ca t io n  a t  se ve ra l d if fe re n t  t ime s.

Cu rre n t  re se a rch  co n t in u e s o n  th e  myste rio u s a n d  ra re  h ig h -

e n e rg y co smic ra ys (with  e n e rg ie s g re a te r th a n  1 0 17e V).   Cu rre n t ly,

                                                                        
4 A par t i c l e cannot t r avel  fas ter  than the speed of l i ght i n a vacuum .  H ow ever ,  l i ght
s l ow s  i n the atm ospher e.  I t  i s  poss i bl e for  a par t i c l e to tr avel  fas ter  than the speed of
l i ght i n ai r .
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th e ir so u rce  a n d  a n  e xp la n a t io n  fo r th e ir h ig h  e n e rg ie s a re

u n kn o wn .   On e  o f  th e se  d e te cto rs is th e  Fly ’s Eye ,

h t tp : / /b ra g g .p h ysics.a d e la id e .e d u .a u /a st ro p h ysics/HiRe s.h tml ,

d e te cte d  th e  h ig h e st  e n e rg y co smic ra y,  a  s in g le  p a rt ic le  with  3 .2  ¥

1 0 20 e V  (o r  5 1  jo u le s) o f  e n e rg y.
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Appendix 2 CBL Program to
Compute Average Quantities

Th is p ro g ra m,  wh ich  ma y b e  ru n  a f te r co lle ct in g  d a ta ,  re tu rn s

th e  a ve ra g e  t ime  b e twe e n  co u n ts a n d  th e  sta n d a rd  d e via t io n  fo r

th is a ve ra g e .

PROGRAM: INT
:DL ist (LCRAY)->TIME

:ClrHo me
:Ou tp u t (1 ,1 , ”AVG TIME BETWEEN”)
:Ou tp u t (2 ,1 , ”COUNTS: ”)
:Ou tp u t (3 ,1 ,me a n (LTIME))
:Ou tp u t (4 ,1 , ”STAN DEV: ”)
:Ou tp u t (5 ,1 ,std De v(LTIME))




