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MEASUREMENTS OF HIGH ENERGY PROTON FLUXES U S I N G  

FOIL ACTIVATION TECHNIQUES (FAT) 

Vassilis & o r i t s a s *  

June 29, 1977 ~ 

1. ~ In t roduc t ion  

The AGS provides  two v e r y  d i f f e r e n t  primary pro ton  beams f o r  high 

energy phys ics  experiments. One beam i s  t h e  F a s t  Ext rac ted  B e a m  (FEB), 

U-line.  The 12 proton bunches c i r c u l a t i n g  i n  t h e  AGS r i n g  are e x t r a c t e d  

i n  t h e  FEB l i n e  w i t h i n  one proton r evo lu t ion  per iod ,  i .e. 2.7 psec ,  with 

a r e p e t i t i o n  per iod  t y p i c a l l y  1.3 sec. The o t h e r  beam i s  t h e  Slow Extrac- 

t e d  Beam (SEB), A-, B-, and C- l ine  s imultaneously.  The s p i l l  of t h i s  beam 

can be  as long as 1 sec and a r e p e t i t i o n  per idd  t y p i c a l l y  2.4 sec. The 

pro ton  f l u x e s  of t h e  FEB are cont inuous ly  monitored by a number of beam 

c u r r e n t  t ransformers  d i s t r i b u t e d  along t h e  beam. The pro ton  f l u x e s  of 

t h e  SEB are cont inuously monitored by a number of Secondary Emission 

Chambers (SECs). The SEC can as w e l l  monitor t h e  pro ton  f l u x e s  i n  FEB. 

Thus, i n  p r i n c i p l e ,  t h e  SEC can be  c a l i b r a t e d  a g a i n s t  t h e  curr.ent t r a n s -  
' 

formers i n  FEB before9being  i n s t a l l e d  i n  SEB. 

found t h a t  t h e  s t a b i l i t y  of t h e  a v a i l a b l e  SECs varies wi th  t i m e  o r  r a t h e r  

' varies wi th  t h e  t o t a l  f l u x  of pro tons  t h a t  traverses them. It i s ,  there-  

Unfortunately,  it was 

! f o r e ,  ve ry  d e s i r a b l e  t o  c a l i b r a t e  t h e  SEC i n  s i t u ,  under t h e  a c t u a l  runn- 

ing  condi t ions  experienced by t h e  use r s .  That i s  why t h e s e  c a l i b r a t i o n s  

are done a g a i n s t  t h e  proton f l u x e s  measured by t h e  f o i l  a c t i v a t i o n  tech-  
I 

~ niques (FAT).. 

~ 

, 
I t h e  o rde r  of 5% can be  achieved i f  t h e  c r o s s  s e c t i o n  of t h e  r e a c t i o n  i s  

The h igh  energy p h y s i c i s t s ,  main u s e r s  of t h e  beams, 

o f t e n  r eques t  t h e  c a l i b r a t i o n s  wi th  t h e  FAT.3 

a very  accu ra t e  method of measuring proton beam f luxes .  

Many cons ider  t h e  FAT as 

Accuracies of 
I 

1 w e l l  known. 

' I .I- 

V i s i t i n g  p h y s i c i s t  from CERN. Permanent address:  CERN, PS Divis ion ,  
1211 Geneva 23, Switzer land.  
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. 

I 

2. F o i l  Act ivat ion Techniques 

For many years  now t h e  f o i l  a c t i v a t i o n  techniques have been used t o  ' measure high energy proton f luxes  around synchro-cyclotrons,  proton 

synchrotrons and proton l i nacs .  I n  any f o i l  t raversed  by high energy 

protons a number of rad io ios topes  w i l l  be produced with p a r t i c u l a r  

r ad ioac t ive  constants :  h a l f - l i f e ,  radiation,a-abubd-ance. I N O W ,  i f  t h e  

a c t i v i t y  of a p a r t i c u l a r  induced r ad io i so tope  of t h e  f o i l  can be 

measured, and t h e  c ros s  sec t ion  of t h e  nuc lear  r e a c t i o n  of proton with 

f o i l  material i s  known, then t h e  proton f l u x  t h a t  traversed t h e  f o i l  

, 

, can be ca l cu la t ed .  I n  p r a c t i c e ,  however, very few nuclear  r eac t ions  

induced by high energy protons with known c ross  sec t ions  are used. 

Only two nuclear  r eac t ions  induced i n  t h i n  f o i l s  by high energy 

I protons w i l l  be  discussed here.  This  l i m i t a t i o n  i s  due only t o  t h e  coun- 

t i n g  equipment a v a i l a b l e  t o  u s  which counts t h e  a c t i v i t y  of t h e  ac t iva t ed  

' t h i n  f o i l s .  These two r e a c t i o n s  and . t he i r - r ad ioac t ive  cons tan ts  a r e  l i s t e d  - ~ -_ ___ 
i n  Table l . 4 3 5 , 6  TABLk I - 1  4 I ) - ,  I - 

Thin f o i l :  
polyethylene .- 10 mg/cm"- 
mole CH2 = 14.027 g 

Proton energy 28 GeV 

Nuclear r e a c t i o n  

2 25 mb = 2.5 X c m  
Adopted c ross  . - 1  , 
sec t ion  (T 

11 - 
I so tope kgC 

Half l i f e  T% 20.4 min. 
1 

Decay constant  h ; 
Radiat ion energy, 1 ps 0.96 MeV 100% 

y 0.511 I' 200% 

-2 .-1 m i x !  0.693/Ts = 3.3977 X 10 
2 

abundance 

4 12 Counting rate a t  12-13x10 counts f o r  1 0  prp- 
h a g f - l i f e  from be- ton f l u x  
ginning of activa- 

2 aluminum N 13 m$cm 
mole of PR =*26.98 g. 

28 GeV 

Jx 1. 

8 mb = 8 X cm2 

900 min. (15 h r s . )  

7.7016 X min -1 

p-  1.389 MeV 100% 

y 1.369 " 100% 

y 2.754 I' 100% 

4-5x104 counts f o r  l O I 4  pro- 
ton f l u x  

irir t ion  

Prel iminary results 6f a new experiment t o  measure d i r e c t l y  t h e  &A& (11N'a)~ 24 f o r  
28 GeV protons i n  FEB aga ins t  beam cur ren t  t ransformers  i n d i c a t e  t h a t  t h i s  
c r o s s  sec t ion  might be somewhat lower than  t h e  va lue  repor ted  here.  
Counts pe r  minute on t h e  scaler assoc ia ted  with t h e  Well Counter #l i n  t h e  
Chemistry Depat5ment counting room of CH2 f o i l s  of 10-11 mg/cm2 t h i c k  bom- 
barded with 10 protons .- 20 minutes a f t e r  a c t i v a t i o n ,  of Ah f o i l s  of 12-13 
mg/cm2 t h i c k  bombarded with protons N 15 hours a f t e r  ac t iva t ion .  The 
du ra t ion  of t h e  i r r a d i a t i o n - i s  assumed -to b e v e r y  shor t  compared with t h e  

9; Jr b*J 1 

l - . * l . !~ l .$ . , - . . -  
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A number of other nuclear reactions are also used to monitor high 

energy proton fluxes, however, the measurement of the radioactivity 

necessitates a more sophisticated counting equipment. The FAT can 
also be used to measurei other high %%rgY-F?rot$n beam parameterse- 

For instance, interchanging the plain foil with a fine mesh the size 

of the FEB was measured. 7 
I 
I 

The following formula is used to compute the proton flux if the 
activity of a bombardment foil is counted: 

I 

m 

protons N o  s h  3 proton flux = 

Where AT = duration of bombardment in minutes 

A(t) = counting rate per minute of activated foil t minutes 

from beginning of bombardment (cool-off period) back- 

I ground subtracted. 

i Correction of counting rate for long counting periods is necessary. 

-1 
I - decay constant (min j- A = - -  

N = number of atoms/cm2 of the foil material 

1 . - -  1 - 1 
LTL~ half life of radioisotope 4,n 2 
I 

I 

2"' 
X 7Fg/hh- of the activated 6.023 X lo2' 24 = 

molecular weight of the foiLstmateria1 foil-cut. 

I mole of CH = 14.027 gp: 2 

mole of A& = 26.98 gir 

2 
5 = cross section of the nuclear reaction used in cm 

I 

(1 mb = lomz7 cm2) 

e = efficiency of the counting equipment including evapora- I 
tion for polyethylene foils. 

I All our activity measurements were done using either the Well Counter #l 
or Well Counter #3 in the Chemistry Department counting room. 
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1. 

s i b i l i t y  of James Cumming. 

counting equipment including t h e  counter  e f f i c i e n c y  f o r  each rad io-  

isotope.  

The maintenance and c a l i b r a t i o n  of t hese  counters  i s  t h e  respon- 

H e  and h i s  co-workers know a l l  about t h e  

We mentioned f o r  re ference  the  e f f i c i e n c i e s  we have used f o r  a l l  

t h e  a c t i v i t y  measurements w e  have done. 

Well Counuter #1: e f f i c i e n c y  f o r  6 C  = 0.649, e f f i c i e n c y  f o r  llNa = 0.517 

Well Counter #3: e f f i c i e n c y  f o r  11 6 C  = 0.636, e f f i c i e n c y  f o r  24 1 1 N a  = 0.513 

11 24 

W e  have used T W e W  &mmter,s f r equen t ly  during t h e  last  two years ,  and we 

no t iced  t h a t  t h e  w e l l  counter  e f f i c i e n c i e s  remained remarkably constant .  

3. Prepara t ion  of F o i l s  f o r  Act ivat ion 

I 

A s  we have mentioned, two d i f f e r e n t  f o i l s  have been r o u t i n e l y  used: 

aluminum f o i l s  and polyethylene f o i l s .  

possesses  good q u a l i t y  pure aluminum f o i l s  of N 50 pm of 12-13 mgkm2- 

t h i c k  and a l s o  good q u a l i t y  polyethylene f o i l s  of N 100 pm of 10-11 m d c m  

th i ck .  However, we  no t iced  t h a t  t he  thickness  of both f o i l s  varies from 

f o i l - c u t  t o  f o i l - c u t .  

were observed. J. Cumming possesses  aluminum f o i l s  with much less va r i a -  

t i o n  i n  thickness .  The f o i l s  must be  p l a i n ,  f l a t ,  un.j,f_orm-l~nFt$hcknelsS- ~ * 

and have c lean  su r faces  without wrinkles o r  holes .  

i t y  t h e  f o i l  t o  be  counted must be sandwiched between two very  t h i n  f o i l s  

of t h e  same material so t h a t  r e c o i l s  leav ing  t h e  f o i l  are replaced by r e c o i l s  

from t h e  cover f o i l s .  The cover f o i l s  a l s o  p ro tec t  t h e  f o i l  t o  be  counted 

from contamination by r e c o i l s  from o t h e r  materials s t r u c k  by t h e  beam, i.e. 

air,vacuum windows, o the r  f o i l s ,  etc. The f o i l s ,  however, cannot be pro- 

t e c t e d  from neutrons produced i n  t h e  immediate v i c i n i t y .  

used are very  s e n s i t i v e  t o  low energy neutrons.  I n  order  t o  inc rease  t h e  

s ta t is t ics  of a proton f l u x  measurement by the  PAT, two o r  more counted 

f o i l s  of t h e  same ma te r i a l  can be covered by t h e  same cower f o i l s .  

very  t h i c k  sandwich w i l l  in t roduce e r r o r s  i n  t h e  measurement i t s e l f  be- 

cause of secondaries  produced by i n t e r a c t i o n s  of t h e  primary protons.  

The Beam Diagnost ics  Group 

2 

Var ia t ions  of f o i l  thicknesses  as high as f 5% 

For supplementary secur- 

Both rad io iso topes  

A 

The sandwiches are then  c a r e f u l l y  mounted on l u c i t e  o r  cardboard,, 

frames. 

pendicular ly  as poss ib l e  i n t o  t h e  beam. 

sandwiches and t h e  mounting on t h e  frame must be done on a very  c lean  

t a b l e  and always us ing  co t ton  gloves and tweezers. 

These frames he lp  t o  keep t h e  f o i l s  f l a t  and p l ace  them as per- 

The prepara t ion  of t h e  f o i l  

The ou te r  dimensions 
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of t h e  frames depend on t h e  geometry of t h e  a v a i l a b l e  gap i n  t h e  beam and 

the  surrounding equipment. 

known t h e  f o i l s  su r f ace  must be l a rge  enough t o  cover a l l  poss ib l e  beam 

p o s i t i o n  spots .  For f o i l  a c t i v a t i o n  i n  CEO12 instrument box i n  SEB a 

s p e c i a l  plug-in f o i l  support  has  been constructed.  W e  found t h i s  support  

very u s e f u l  and we suggest wherever i t  i s  poss ib l e  t o  cons t ruc t  similar 

supports .  The plug-in support  permits one t o  mount t h e  sandwiches with 

a l l  t h e  necessary a t t e n t i o n  i n  t h e  lab.  The CEO12 instrument box i s  under 

vacuum. It is,mecessary,  t he re fo re ,  t o  fol low a w e l l  predetermined pro- 

cedure of c los ing  a vacuum valve,  stopping a r o t a r y  pump, bleeding the  

vacuum before  opening t h e  instrument box t o  plug i n  t h e  f o i l s  f o r  ac t iva -  

t i on .  A. Soukas must be informed i n  advance each t i m e  an a c t i v a t i o n  must 

t ake  p l ace  i n  CEO12 instrument box. 

When the  p o s i t i o n  of t he  beam spot  i s  not  w e l l  

. .  

Activat ion of F o i l s  

Whenever it i s  necessary t o  a c t i v a t e  f o i l s  f o r  c a l i b r a t i o n  purposes 

ons must be m e t :  

a) The AGS and e x t r a c t i o n  channel are se t  up and tuned f o r  maximum 

i n  a high energy proton beam, t h e  fol low ng condi t  

1 e f f i c i ency .  

b) The beam spot  a t  t h e  loca t ion  of t h e  f o i l s  i s  s m a l l  and remains 

f ixed .  Large beams o r  moving spot  beams in t roduce  e r r o r s  i n  counting 
I 

1 t h e  a c t i v i t y .  
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c) There i s  no l a rge  beam l o s s  occurring i n  t h e  v i c i n i t y  of t h e  

f o i l  loca t ion ,  e spec ia l ly  i n  the  upstream d i r ec t ion .  Such lo s ses  very 

e a s i l y  e f f e c t  t h e  ac t iva t ion ,  i.e. obtaining a very erratic r e s u l t  of 

t he  proton flux. 
i 

The loca t ions  of f o i l  a c t i v a t i o n  around t h e  AGS a re  very w e l l  defined 

and almost a l l  are near focusing po in t s  of t h e  beam. 

a c t i v a t i o n  i s  a function of two main parameters: 

- a) Flux of protons p e r  machine cycle,  t he  f luxes  of t he  AGS beam 

cover t h e  range of l o 9  - 1013 protons per cycle. 

The duration of 

s i t y  during ac t iva t ion  i t  i s  des i r ab le  t o  activate t h e  f o i l s  f o r  a per- 

iod of t i m e  less than 10% of the  i so tope  h a l f - l i f e .  

With t h e  he lp  of t h e  d a t a  i n  Table 1, one decides which of t he  radio- 

iq @.o,p&, I~i&!,e bI&'c+q&q,u.afet .if 0 =;;.& as 
both isotopes can be used. 

r e l a t i v e l y  sho r t  h a l f - l i f e  (20  min.). 

and i t s  l a r g e  knoss sec t ion  (25 mb), ~ h h s i i s a t 9 p e r B s E f n ~ q ~ e ~ ~ ~ y ~ ~ s ~ d , ~ ~ o r  

low i n t e n s i t y  beams. However, t h e  a c t i v i t y  of t he  f o i l  has t o  be measured 

within a few h a l f - l i f e s .  

and everything must be ava i l ab le  on hand. 

i so tope  i s  t h e  quic$ r e s u l t  of t h e  measurement. Therefore, another a c t i -  

va t ion  can take  p lace  within say, one houa.;-,if something i n  t h e  procedure 

of a c t i v i t y  counting went wrong. The long h a l f - l i f e  of 1 1 N a  permits long 

a c t i v a t i o n  periods. 

machines. 

a f t e r  t h e  ac t iva t ion  took place. 

The use of 'IC i so tope  isLlimited by i t s  

But because of t h i s  sho r t  h a l f - l i f e  

Tha t  means t h a t  everything has t o  be done quickly 
11 Another advantage of t h e  6c 

24 

But long ac t iva t ion  periods n e c e s s i t a t e  very skable 

With t h e  1 1 N a  i so tope  t h e  r e s u l t  i s  obtained 24 hours or  more 24 

For each ac t iva t ion  a number of people are involved and coordination 

i s  necessary. I n  general ,  t he  following procedure i s  observed: 

a) The machine, t h e  ex t r ac t ion  and beam t r anspor t  are i n  normal 

operation. 

b) The r f  i s  c u t  off a t  a predetermined t i m e .  

c) 'pi cool-down period of t he  order of 10 minutes f o r  rad ioac t ive  

hot  areas i s  observed. 

d) The i n s t a l l a t i o n  of t h e  f o i l s  i s  then done as quickly as 

possible.  
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e) Stop and reset scalers i n  MCR. 

f )  S t a r t  machine by energizing t h e  r f ,  s tar t  scalers. Write down 

exact t i m e  of start  of ac t iva t ion .  (A s top  watch i s  very  use fu l ,  espe- 

c i a l l y  f o r  polyethylene f o i l s . )  A pulse-by-pulse r e g i s t r a t i o n  of t h e  

scalers i s  an advantage as it  permits u s  t o  know t h e  s t a b i l i t y  of t he  

This can be obtained only i f  t h e  com- 

m 

' machine during t h e  a c t i v a t i o n .  

p u t e r g a n d  IDabacon are used. 

which r e g i s t e r  on t h e  computer d i s k  d a t a  f o r  some o f . t h e  f o i l  activa- 

R. Witkover wrote a number of programs 

' t i o n  runs. 

g) The end of a c t i v a t i o n  i s  obtained again with t h e  push but ton  

of t h e  r f  a t  o f f -pos i t i on .  Write down exact t i m e  of s top  of ac t iva -  

, t i o n ,  a l s o  w r i t e  down t h e  number of machine bunches and t h e  machine 

' cycle .  Stop scalers. (DO NOT RESET SCALERS.) 

h) Write down scaler readings and check readings once again. 

0 

I f  an i n t e r r u p t i o n  of t h e  a c t i v a t i o n  occurred o r  errat ic  bunches 

bombarded t h e  f o i l ,  i t  i s  necessary t o  s t a r t  t h e  a c t i v a t i o n  with new 

f o i l s .  The new a c t i v a t i o n  w i l l  t ake  p l ace  only a f t e r  condi t ions  1-3 

1 are aga in77fu l f i l l ed .  

5; Handling of t h e  Activated F o i l s  

Immediately af ter  an a c t i v a t i o n ,  t h e  induced r a d i o a c t i v i t y  of t h e  f o i l s  

i s  very  high,  Dose rates as high as 5 rem/hr on contac t  have been measured 
9 ( f o i l s  bombarded with protons) .  However, most of t h i s  r a d i o a c t i v i t y  

i s  due t o  very  s h o r t  h a l f - l i f e  rad io iso topes .  

quickly.  

Chemistry Department bu i ld ing ,  a steel box of 2 mm t h i c k  w i l l  s t op  prac- 

t i c a l l y  a l l  fhe  b e t a  p a r t i c l e s  emit ted from t h e  f o i l s .  

The dose rates d,ecay very  

I n  order  t o  t r anspor t  t h e  f o i l s  t o  t h e  counting room a t  t h e  

A number of manipulations of t h e  f o i l s  t o  be counted are necessaiy 

and because of t h e  r a d i o a c t i v i t y  they have t o  be t r e a t e d  with care. 

d i r e c t  contac t  with t h e  spot ,  wear gloves and p re fe rab ly  use  tweezers 

and keep yourse l f  as f a r  as poss ib le t f rom t h e  f o i l s .  

are as follows: 

Avoid 

Thelmanipulations 

5.1 I Making Autoradiogsaph 

I n  order  t o  l o c a t e  t h e  cen te r  of r a d i o a c t i v i t y  of t he  f o i l s  

t o  be counted it i s  necessary t o  make an autoradiograph. 

posed autoradiograph g ives  t h e  shape and dimensions of t h e  beam during 

A c o r r e c t l y  ex- 





.. .* , .I. - *.;- ' 

5.2 Cutt ing t h e  F o i l s  

0 
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I n  order  t o  measure t h e  a c t i v i t y  of t h e  f o i l s  only t h e  p a r t  of 

t h e  f o i l  containing t h e  spot  i s  necessary.  

i n  a r egu la r  geometric form. 

of t h e  f o i l  p iece  t o  be counted. 

d i e s  are used. 

The dimensions of t h e  f o i l  c u t s  are then measured very  ca re fu l ly .  

f o i l s  are then separated and numbered and in se r t ed  i n  sepa ra t e  envelopes. 

Each envelope i d e n t i f i e s  a p a r t i c u l a r  f o i l - c u t .  

each f o i l  i s  a l s o  noted on each envelope. 

a c t i v i t y  of t h e  f o i l  ou t s ide  t h e  spot ,  another p i ece  i s  cu t  around t h e  

ho le  made by t h e  f o i l - c u t  with t h e  spot ,  of a total '  su r f ace  equal t o  

t h e  f o i l - c u t .  

d i c a t e  t h e  presence of a ha lo  o r  b i g  lo s ses  occurr ing upstream of t h e  

sandwich. 

as t h e  f o i l - c u t  with t h e  spot .  

Therefore,  t h e  f o i l  i s  c u t  

This  w i l l  permit measurement of t h e  area 

For s m a l l  spo ts ,  c i r c u l a r  punching 

For l a r g e  spo t s  rec tangular  p ieces  are c a r e f u l l y  cu t .  

The 

The su r face  i n  cm2 of 

I n  order  t o  measure t h e  radio-  

The counting rates of t h i s  background specimen w i l l  in-  

This  background f o i l - c u t  i s  t r e a t e d  exac t ly  i n  t h e  same way 

/ 

5.3 Weighing t h e  F o i l  Cuts 

2 I n  order  t o  determine t h e  number of atomslcm of t h e  f o i l  material 

ac t iva t ed  by t h e  protons i t  i s  necessary t o  know t h e  th ickness  of t h e  

f o i l - c u t  i n  mg/cm . 
Measuring i t s  weight w i l l  permit u s  t o  determine t h e  th ickness  i n  mglcm2. 

The Chemistry Department possesses  a number of very  s e n s i t i v e  balances.  

Therefore,  t h e  weight of each f o i l  c u t  i s  e a s i l y  obtained. 

of each f o i l - c u t  i s  a l s o  w r i t t e n  on  t h e  corresponding envelope. This 

means t h a t  t h e  N atoms/cm2 f o r  t h e  formula which w i l l  g ive  t h e  proton 

f l u x  i s  then known. W e  assume t h a t  t h e r e  i s  very  l i t t l e  v a r i a t i o n  of 

t h e  th ickness  on t h e  p a r t i c u l a r  f o i l - c u t .  

t h e  f o i l - c u t s  can be  done a f t e r  t he  counting of t h e  f o i l s .  

2 The f o i l - c u t  area i s  known by t h e  previous operat ion.  

The weight 

Nbtice t h a t  t h e  weighing of 

5.4 Prepara t ion  f o r  Counting 

The f o i l - c u t s  are now folded with t h e  a i d  of tweezers and in- 

s e r t e d  i n t o  s p e c i a l  copper cups ava i l ab le  i n  t h e  counting room of t h e  

Chemistry Department. 

Well-Counter i s  coraec t  only i f  t h e  copper cups are used and i f  t h e  

f o i l - c u t  i s  a t  t h e  bottom of t h e  cup. 

The given counting e f f i c i e n c y  of a p a r t i c u l a r  
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5.5 Counting the  F o i l s  

Introduce the  copper cups with t h e  folded f o i l - c u t  t o  be 
' counted i n  t h e  well  counter and s tar t  and stop the  s c a l e r  f o r  t h e  

' t i m e  period desired.  Then write down t h e  exact t i m e  counted from 

* 
t h e  beginning of t he  ac t iva t ion  i n  minutes. As w e l l  as t h e  readings 

of the  s c a l e r ,  i.e. t he  counted d i s in t eg ra t ions  of t h e  adopted isotope. 

For most cases a one-minute counting period is  s u f f i c i e n t .  

s t a t i s t i c s ,  longer periods can be used but then the  counting rate has 

t o  be corrected.  This cor rec t ion  i s  very important f o r  t h e  6C i so -  

tope with i t s  shor t  h a l f - l i f e .  From t i m e  t o  t i m e  you a l s o  count t h e  

background counting rate. 

a c t i v e  material ou ts ide  the  counting room. 

cups t o  count, one a f t e r  t h e  o ther ,  proceed as follows: Keepithe - '  : 

cups on t h e  t a b l e  opposite t h e  well-counter. Take one cup and in t ro -  

duce it i n  t h e  w e l l  counter. 

t a b l e  f a r  from t h e  w e l l  counter. 

For b e t t e r  

11 

Place  t h e  copper cups and any o the r  radio- 

I f  you have say 4 copper 

The o ther  t h ree  cups are always on the  

Figure 3 i s  a photocopy of t h e  proton f l u x  measurement by f o i l  

ac t iva t ion  da ta  shee t ,  with a l l  t h e  d a t a  of a p a r t i c u l a r  a c t i v a t i o n  

run and t h e  associated computation of the  proton flux. 

6. The Well-Counter 

Figure 4 i l l u s t r a t e s  schematically the  well-counter o r  y-ray counter 
-_ 
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PROTON FLUX MEASUREMENT BY F O I L  ACTIVATION DATA SJ3EET 

GEPERAL DATA 

D a t e  
e 

I 

Counting D a t a  

Cool-off 1 I] BKG 
Period ITotal 1 per 
t(min) Counts min. 

Net and I 
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The main parts of the well-counter are: 

a) A sodium iodide thalium activated (Na IT&) an inorganic scin- 

The y-ray counting efficiency of such a scintillator is very tillator. 
* 

high and its fluorescent efficiency is also very high. 

high Z is easily stops electrons. 
Because of its 

b) A photomultiplier which will transform the photons produced 

in the scintillator into a good and,.measurable electrical pulse for 

each converted y-ray. 

c) A thick lead absorber all around the scintillator and the 

phototube. 

through a coaxial hole, the "well". 

well-counter, 

d) 

The copper cups are inserted in the counter from the top 

That is why the system is called 

. .  
A very well-regulated high-voltage power supply which provides 

the voltage for the photomultiplier voltage divider. 

e )  An electronic scaler with pulse height discriminator and with 

internal timing unit can count the counting rates of the activated foils. 

The internal timing unit is in intervals of 1/10 of minute. 

No saturation phenomena were observed even in cases of counting 

rates higher than 300,000 counts per minute. 

we observed an overall variation of the counting efficiency. 

not araive to understand to what these variations are due. That is 

why for each foil a number of counting rates are measuredlat.different 

times. 

mic paper will give a straight line, the decay line of the particular 

isotope. If the points obtained are not in a straight line then some- 

thing is wrong and the proton flux cannot be otained. 

A few times, however, 

We did 

A plot of these rates against time in an adequate semilogarith- 

7. Conclusions 

Since November 1975 we performed about 40 foil activations of poly- 

ethylene and aluminum. The results obtained were consistent and the 

overall accuracies obtained were within f 5%. With a modern scaler and 
time counter as well as more uniform thickness aluminum and poly- 

ethylene foils,even better results can be obtained. In order to avoid 

evaporation phenomena in polyethylene foils it will be preferable to 
use plain carbon foils (graphite) * 



-13- AGS Tech. Note V135 

8, Acknowledgments 

I am gratefu1:to J i m  Cumming f o r  h i s  continuous he lp  I received 

s ince  t h e  f i r s t  day of my work a t  Brookhaven Nat ional  Laboratory. 

t h e  measurements were done i n  h i s  counting room and t h e  e s t ab l i shed  pro- 

cedures descr ibed i n  t h i s  paper are mostly due t o  t h e  continuous d i s -  

cussions I had on t h e  sub jec t  with him. 

of Fermilab with whom I a l s o  had t h e  p leasant  opportuni ty  t o  d i scuss ,  

i n  d e t a i l ,  t h e  f o i l  a c t i v a t i o n  techniques f o r  monitoring high energy 

proton f luxes .  

A l l  
L L  

I a m  a l s o  g r a t e f u l - t o  Sam Baker 

The f o i l  a c t i v a t i o n s  would n o t  have been poss ib l e  without t h e  he lp  

and cooperat ion of t h e  AGS Divis ion S t a f f ,  e s p e c i a l l y  t h e  members of t he  

Operations Group, Beam Diagnost ics  Group, E lec t ron ic  Support Group and 

t h e  Externa l  B e a m  Group. Many measurements could n o t  have been done 

without  t h e  d i r e c t  co l l abora t ion  of J. Balsamo, A. Soukas, Y.Y. Lee ,  

R. Witkover, S. Naase, R. Dryden and J . D .  Klein. I a m  g r a t e f u l  t o  them 

a l l .  

continuous encouragement he  gave from t h e  beginning of t h e  s tudy of 

i n t e n s i t y  monitoring techniques.  

I a m  e s p e c i a l l y  indebted t o  Lyle  Smith f o r  t h e  opportuni ty  and 

References 

1. J . B .  Cumming, Monitor Reactions f o r  High Energy Proton Beams, 
Ann. Rev. Nucl, S c i .  l.3, 261 :(P963). 

2. S.J. Baker, Beam I n t e n s i t y  Measurements Using Copper F o i l s ,  
Fermilab Report FN-276, August 20, 1975. 

3. V. Agori tsas ,  J. Balsamo, R. Witkover, Ca l ib ra t ion  of t h e  Secondary 
Emissions Chambers CEO10 and G O O .  AGS Div. Tech. Note #117 (1976). 

4 .  Lederer,  Hollander, Perlman, Table of I so topes ,  6 th  e d i t i o n ,  J. Wiley 
New Pork (1963). 

5. J . B .  Gumming, p r i v a t e  communication. 

6. S.J .  Baker, p r i v a t e  communication. 

7. V. Agori tsas ,  J.B. Curmning, S.J .  Baker, experiment i n  progress .  

8. V. Agori tsas ,  Y.Y. Lee ,  R. Witkover, B e a m  S ize  Measurement f o r  FEBy 
AGS Tech. Note V130 (1977). 

9. S.J .  Baker, Procedures f o r  I r r a d i a t i o n  F o i l s ,  unpublished. 

D i s t r :  AGS Divis ion S t a f f  
EP&S Divis ion  S&P 
Dept. Admin. 
Exoerimentel Users 


