
Brookhaven National Laboratory 

U.S. Department of Energy
USDOE Office of Science (SC)

Collider Accelerator Department

June 1977

V. Agoritsas

EVALUATION TESTS OF TWO SPECIAL SECONDARY EMISSION
CHAMBERS

BNL-104565-2014-TECH

AGS/AD/Tech Note No. 136;BNL-104565-2014-IR

Notice: This technical note has been authored by employees of Brookhaven Science Associates, LLC under
Contract No.EY-76-C-02-0016 with the U.S. Department of Energy. The publisher by accepting the technical note
for publication acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable,
world-wide license to publish or reproduce the published form of this technical note, or allow others to do so, for
United States Government purposes.



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government.  Neither the United States Government nor any 
agency thereof, nor any of their employees, nor any of their contractors, 
subcontractors, or their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or any 
third party’s use or the results of such use of any information, apparatus, product, 
or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service 
by trade name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or any agency thereof or its contractors or subcontractors. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof.  



Accelerator Department 
BROOKHAVEN NATIONAL LABORATORY 

Associated Univers i t ies ,  Inc. 
Upton, New York 11973 

AGS D I V I S I O N  TECHNICAL NOTE 

No. 136 

EVALUATION TESTS OF TWO SPECIAL SECONDARY EMISSION CHAMBERS 

* 
Vassilis Agoritsas 

June 28, 1977 

1. In t roduct ion  

Two spec ia l  Secondary Emission' Chambers w e r e  dynamically t e s t e d  i n  

two very d i f f e r e n t  high energy proton beams i n  two labora tor ies .  The 

tests were f i r s t  s t a r t e d  a t  Fermilab and later were continued a t  BNL/ 

AGS . 
It w a s  found independently a t  SLAC,l a t  CERNY2 a t  FNALY3 and here  

a t  Brookhaven, 4 y 5 7 6  t h a t  t he  re la t ive e f f i c i ency  o r  s e n s i t i v i t y  of a 

number of secondary emission chambers varies with t i m e  o r ,  r a t h e r  varies 

with t h e  t o t a l  f l u x  of protons o r  e l ec t rons  t h a t  t raversed  them. These 

observed v a r i a t i o n s  of t h e  r e l a t i v e  e f f i c i e n c i e s  w e r e  given t h e  general 

name "Aging Phenomena". 

spec ia l  SECs were focused on t h e i r  long-term s t a b i l i t y .  

The study, however, of t he  long t e r m  s t a b i l i t y  i s  a d i f f i c u l t  

That i s  why t h e  evaluation tests of t h e  two 

en te rp r i se .  
pecgs,sgry t o  have: 

I n  order t o  study t h e  "aging phenomena" 6f a sSEC4t r i s  - 

a) A high i n t e n s i t y ,  high dens i ty  penc i l  proton beam running 

f o r  long periods of t i m e  so t h a t  very high in tegra ted  f luxes  

can be obtained, 

b) A s t ab le ,  accurate and r e l i a b l e  monitor which measux-es' t h e  

beam i n t e n s i t y  from pulse t o  pulse or  measures t h e  t o t a l  

beam f l u x  during a number of pulses,  

Jc 
Vis i t i ng  phys ic i s t  from CERN. Permanent address: CERN - PS Division, 
1211 Geneva 23, Switzerland. 
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d) 

A r e l i a b l e  beam s i z e  and beam pos i t ion  monitor, 

Long t e r m  r e l i a b l e  and continuous da t a  acqu i s i t i on  system, 

e) Remote-controlled moving t a b l e  i n  both ver t ica l  and hor izonta l  

planes on which the  SEC can be f ixed ,  

f )  Free space i n  t h e  beam as near as poss ib le  t o  a focusing point 

of t h e  beam t ranspor t  ofXics, 

g) Available s igna l  and HT interconnecting cables,  between the  

loca t ion  of t h e  SEC i n  the  beam and the loca t ion  of t h e  elec- 

t ron ic s .  

2. The Two Spec ia l  Secondary Emission Chambers 

Theltwo spec ia l  SECs were constructed by LND, I ~ c . ~  following d e t a i l e d  

spec i f i ca t ions  peepared by Miguel Awschalom and co-workers. 

f i c a t i o n s  are reproduced ex tens ive ly  i n  Appendix 1. 
SSEM-2-73 and SSEM-3-73, each one taken together with SSEM-1-73, concern 

t h e  spec ia l  SEC #2 and special SEC $13, respec t ive ly .  

These speci-  

The spec i f i ca t ion  

The bas ic  design of these two spec ia l  SECs i s  similar t o  t h e  design 

af a number of SECs constructed a t  CERN LO years ago.8 

t r ad ic to ry  information about how e f f e c t i v e l y  the  two chambers were 

constructed and t o  what degree the  specifications were followed. 

confirms t h a t  t h e  chambers w e r e  constructed following t h e  spec i f i ca t ions  

as  c lose ly  as possible;  however, some people who had t h e  oppoktunity t o  

inspec t  t he  LND, Inc. l abo ra to r i e s  during t h e  cons t ruc t ion  of t h e  cham- 

bers  th ink  d i f f e r e n t l y .  

exac t ly ,  as t h e  chambers were hermetically closed, and so considered as 

"black boxes". The ex te rna l  appearance of t h e  chambers; however, ind i -  

c a t e s  a ca re fu l  and well-fin&shed mechanical work. The co lor  o f k h e  

chambers a l s o  ind ica t e s  t h a t  they were baked a t  high temperatures and 

f o r  long periods of t i m e .  

There i s  con- 

LND,.Inc. 

It i s  not poss ib le  t o  f ind  out what happened 

2.1 The Special SEC if2 

A s impl i f ied  drawing of t h e  spec ia l  SEC $12 i s  shown i n  

Fig. 1. The polar iz ing  (b ias )  e lec t rodes  are shown i n  group 1. 

There are t h r e e  groups of f o i l s .  

and 6 corresponding b i a s  f o i l s .  

Each group has 9 emitt ing f o i l s  



b 

I. c 
1 i 

. '. . 



" I' 

I r 
1 L I  

-4- AGS Tech. Note V136 

I Group 1 spacing between f o i l s  0.38 cm, h e r e a f t e r  Special  SEC #3 A g . 1  

Ag 2 

If Ag 3 

I I  11 0.76 cm, 11 11 Group 2 

Group 3 I I  1 1  1 1  I I  
' I  1.52 cm, 

The b i a s  f o i l s  of t h e  t h r e e  groups were a l s o  connected toge ther  through 

a feedthrough t o  a HT BNC connector. 

* 
3. FNAL Tests 

Even with t h e  encouragement of t h e  Accelerator  Divis ion and t h e  warm 

cooperat ion of t h e  Proton Department, we spent  oonsiderable  t i m e  f ind ing  

a loca t ion  i n  an adequate proton beam. 

i n s t a l l  t h e  chambers i n  t h e  P-Eas t  proton beam about 10 meters upstream 

of t h e  t a r g e t .  I n  f a c t ,  it was  ahunique p o s s i b i l i t y .  The chambers were 

i n s t a l l e d  a t  t h e  end of June and taken out  a t  t h e  end of November. 

F i n a l l y ,  we were authorized t o  

Figure 2 shows a s impl i f i ed  drawing of t he  FNAL beams and t a r g e t  

layout  and t h e  d e t a i l e d  layout  of t h e  beam upstream and downstream of 

t h e  chambers. 

mming t a b l e  which permits  scanning of t h e  beam v e r t i c a l l y .  

SEC #3 was f ixed  on a r i g i d  support .  

The s p e c i a l  SEC #2 w a s  f ixed  on a remote-controlled 

The s p e c i a l  

I I I 
I 
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3 . 1  P-Eas t  B e a m  Charac t e r i s t i c s  
I 

During t h e  tests t h e  P-East beam c h a r a c t e r i s t i c s  w e r e  as 

1 follows: 
i 
I Energy: 400 GeV (-fox-a-shprtiperifo'?l 200 G e V  d 40-01 GeV) 

Machine r e p e t i t i o n  period: - 9 - 15 sec. 

S p i l l :  - 1-2 sec. (slow ext rac ted  beam) 
I 

~ 

i Intensity': - 10" - 1 0 ~ 3  protons per pulse 

Beam pos i t ion  and s i z e  remained very s t a b l e  during the  five-month test .  

The beam p r o f i l e  was  e l l i p t i c  with area N 0.2 cm2. 

t h e  proton f l u x  per pulse was 5 X 10" - 5 X 

This i m p l i e s  t h a t  
2 protons per  c m  . 

The s t a b i l i t y  of t h e  beam pos i t i on  and s i z e  are very w e l l  demonstra- 

ted  by the  spots  t h e  beam formed on t h e  s t a i n l e s s  steel  windows of  t he  

SECs. 

spec ia l  SEC $12, as seen by a photographic lens. 

reproduce two ~ autoradiographs of two d i f  f e r en t  f i l m  exposure t i m e s  of 

an ac t iva ted  aluminum f o i l .  The ac t iva t ion  took p lace  on t h e  10th of 

August, 1976. 

of spec ia l  SEC #2. 

both vertical  and hor izonta l  planes were a l s o  continuously monitored 

by a number of SWICs (Segmented Wire Ion Chambers). 9y10y11 
f i g u r e  a t y p i c a l  P-Eas t  beam s p i l l  i s  a l s o  shown. 

Figure 3 shows t h e  formed spot on the  upstream window of t h e  

On t h e  same f i g u r e  we 

The loca t ion  of ac t iva t ion  w a s  about 1.5 meters upstream 

The P-East beam pos i t i on  and beam d i s t r i b u t i o n s  i n  

On the  same 
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3.2 Elec t ronic  Chains and Interconnections 

The block diagram of Fig. 4 represents  t h e  hook-up of t h e  

spec ia l  SECs and associated apparatus used f o r  performing long-term 

s t a b i l i t y  tests of these  specgal SECs. 

and t h e  con t ro l  of t h e  moving itable were i n s t a l l e d  a t  t h e  basement of 

t h e  Pagoda where most of t h e  Proton Area cont ro ls  are a l s o  i n s t a l l e d .  ;Be- - 

I 
The low l e v e l  s igna l  e l ec t rons  

s e -  of? the2lac t endioh- cab lbes IbeFween. Pa  nd SECs 

loca t ion ,  t h e  power supply providing t h e  b i a s  f o r  t h e  special SECs - 3  

w a s  i n s t a l l e d  i n  another building. For the  same reason t h e  power 

suppl ies  of the  SEC Ion Pumps were l e f t  near t h e  SECs. 

of t h e  e l ec t ron ic s  introduced b ig  e a r t h  loops which ingerfered unfa- 

vorably i n  t h e  measurements of t h e  very lowclevel s igna l  of t h e  SECs. 

This s p l i t  

12 The main p a r t  of t he  e l ec t ron ic  chain i s  t h e  Charge In tegra tor .  

Only two chazge in t eg ra to r s  of a new type were ava i l ab le  f o r  our tests. 

That i s  why only two SEC s i g n a l s  of t h e  six were t r e a t e d  simult 

The d i g i t a l  r e s u l t  of t h e  two s igna l s  w e r e  displayed on a G E k v  
monitor through computer cont ro l .  The c o l l e c t i o n  of data,  how 

had t o  be taken by hand. A l l  t h e  e f f o r t  of t h e  Proton 

t o  automatize t h e  c o l l e c t i o n  of d a t a  f a i l e d  because of 

nqeded) -e qu ipment . 
3 . 3  The Reference I n t e n s i t y  Monitor 

The reference i n t e n s i t y  monitor f o r  t h e  long term s t a b i l i t y  

tests of t h e  spec ia l  SECs w a s  another Secondary Emission Chamber, t he  

SE400 which was  i n s t a l l e d  i n  t h e  P-Eas t  beam at  t h e  end of 1973. The 

construction spec i f i ca t ions  of. t h i s  chamber are almost unknown. For- 

tuna te ly ,  t h e  operatkonal his$ory i n  i t s  ac tua l  pos i t i on  i n  P-East ' 

, i s  very w e l l  known. 

Table I summarizes t h e  proton f l u x  and t h e  in tegra ted  proton f l u x  

which traversed t h e  SE400 chamber (measured by t h e  SE400 chamber it- 

s e l f )  from one f o i l  ac t iva t ion  t o  t h e  next ac t iva t ion .  

emission chamber had been r egu la r ly  ca l ib ra t ed  aga ins t  f o i l  ac t iva t ion  

techniques.l4 

FAT were based on t h e  nuclear r eac t ion  

The secondary 

, 
One count of SE400 1 lo9 protons. A l l  c a l i b r a t i o n s  by 

'400 GeV 4- Cu 3 Cxi 4- :;Na 

15 9 16 using Q = 3.5 mb. 



- 7- 
A

G
S Tech. 

Note 11136 



I 
I n t e g r a t e d  
Proton Flux  

Date x 1017 - -- - 

0.6 

l;iJ 
Aug. 21,  ' 7 3  

Sept. 4 ,  ' 7 3  

Jan. 20, ' 7 4  

Jan. 2 6 ,  ' 7 4 '  

Jan. 2 6 ,  -'74 

May 1, ' 7 4  

May 16,  ' 7 5  

Mar. 1 6 ,  '76 '  

Aug. 18, ' 76  

Oct.110, '76 

Oct. 10, ' 76  

Dec. 10, '76 

I 

I 

'Feb. 2 ,  '77  
i, - 
Feb. 2 ,  '77  

Feb. 24,  ' 77  

:Feb. 24, '77 

4 -  - -  

2.8 

3.0 

3.0 

7.1 

7.5 

28.15 

35.4 

40.0 

40.0 

45.5 

47.0 

47.0 

65 
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Table 1 

0.2 

0.2 

0.2 

0.2 

8; 2" 
0.2 

0.8 

0.2 

072 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

3.0 

4.5 

14.0 

15.0 

15.0 

21.3 

22.5 

142.5 

177 

200 

200 

227.5 

235 

235 

3 25 

3 25 

200 

200 

300 

300 

300 

400 

400 

400 

400 

400 

400 

400 

400 

400 

400 

400 

0.945 

1.01 

1.00 

1.01 

0.99 

1.08" 

0.76* 

e*- 

1. oo** 

1.01** 

1.02** 

1.04'F* 

0.97** 

0.99** 

oo-?"'2: 

1. 02*** 

0.99 

7k 
A new e l e c t r o n i c  cha in  w a s  i n s t a l l e d  dur ing  t h a t  per iod.  &* ,. F o i l s  a c t i v a t e d  downstream of SE400. 

For / t h i s  f o i l  a c t i v a t i o n  t h e  SE400 was  r a i s e d  N 16 mm above i t s  normal pos i t i on .  **Jr 
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The a c t i v i t i e s  of t he  radioisotope 24Na were always measured by t h e  same 11 
Ge(1i) de t ec to r  and associated e l ec t ron ic s .  The counting e f f i c i ency  of 

t he  Ce(1i) de t ec to r  w a s  a l s o  r egu la r ly  ca l ib ra t ed  with a Bureau of Standards e 
( r ad ia t ion  y: 1172 and 1332 keV) source. Table 1 a l s o  summarizes t h e  

c a l i b r a t i o n s  of t he  reference monitor SE400 aga ins t  FAT. (We assume t h a t  

something went wrong with t h e  c a l i b r a t i o n  done on 16 May, 1975.) Table 1 

demonstrates t h a t  t he  reference monitor SE400 c a l i b r a t i o n  tests zemained- 

s t a b l e  during t h e  period November '73 - February '77 (one SE&OOO1counto= e 

10 protons). 9 

3.4 Results and Discussion 

Data w a s  taken almost day by day during the  normal operation of 

t h e  P-East beam. The r e s u l t s  are presented i n  t h r e e  p l o t s  as fol1ows:a 

a) The relative e f f i c i e n c i e s  of t h e  th ree  groups o$ f o i l s  of 

t h e  special SEC #2 aga ins t  t i m e  o r  aga ins t  in tegra ted  proton f l u x  

per cm2. (Fig. 5) 

b) The relative e f f i c i e n c i e s  of t h e  th ree  gmoups of f o i l s  of t he  

spec ia l  SEC #3 aga ins t  t i m e  o r  aga ins t  in tegra ted  proton f l u x  per cm2. 

(Fig. 6) 

c )  The rdlative e f f i c i e n c i e s  of t h e  t h ree  groups of f o i l s  of t h e  

spec ia l  SEC #2 agains t  beam spot pos i t i on  i n  the  ver t ical  plane ( v e r t i c a l  

scanning of t h e  spec ia l  SEC #2 a t  the  end of t he  t e s t s ) .  (Fig. 0) 

We def ine  t h e  relative e f f i c i ency  of a p a r t i c u l a r  group of f o i l s  as 

t h e  r a t i o  of t h e  counts of t h i s  p a r t i c u l a r  group of f o i l s  over t h e  counts 

of SE400. 

then ca lcu la ted  knowing theo-overall secondary emission c o e f f i c i e n t  p of 

the  SE400, which i s  

The secondary emission c o e f f i c i e n t  p e r  emitt ing f o i l  can be 

Number of emitted e l ec t rons  of SE400 
Number of high energy protons t ravers ing  the  SE400 = 0.39. - - 

%E400 

(We cannot r epor t  t h e  PSE400 per &m&tting f o i l  as we do not  knowno&% 

what material t h e  f o i l s  are made andhhow many emitt ing f o i l s  are i n  

SE400 SEQ) 

I f  we use  the  f l a t  p a r t  of t h e  p l o t s  i n  Fig. 5 and Fig. 6 t h e  

secondary emission c o e f f i c i e n t s  per emitt ing f o i l  of a l l  t h e  s i x  groups 

of f o i l s  can be calculated.  These coe f f ik i en t s  are as follows: 
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, 

= 0.041 (emitted e l ec t rons  per 480 GeV t ravers igg  
pro t  ons) 

Pspecial SEC 22 PR 

"Special SEC ~2 ~g = 0.042 
li I !  

= 0.037 Pspecial SEC i / 2  AU 

- 0.045 Pspecial SEC i j3 A ~ I -  

PSpecial SEC #3 &2= 0.045 

6s ecial SEC #3 Ag3= 0.032 '- &i 
A ca re fu l  observation of p l o t s  i n  Fig. 5 and Fig. 6 i nd ica t e s  t h a t  

a l l  six groups of f o i l s  behaved astonishingly i n  t h e  same manner with 

t h e  in tegra ted  proton f l u x  per cm2 t h a t  t raversed  t h e  SECs. 

There i s  an apparent 10% increase  of t h e  relative e f f i c i e n c i e s  a t  

the  beginning of t h e  tests. 

1 gep ec2d s H g r  
The in tegra ted  f l u x  atastEa8sn6ment 163% less 

oz5eEgkd.up of f o i l s  

i s  p lo t t ed  aga ins t  another group, f o r  instance,  spec ia l  SEC #2 PR. 
' agains t  spec ia l  SEC #2 Agl, then t h e  p l o t  i s  a l l  t h e  way f l a t .  These 

considerations imply t h a t  t h e r e  i s  no detected "aging phenomena" i n  

both the  spec ia l  SECs under t h e  conditions of t h e  tests i n  Eermilab. 

W e  be l i eve  t h a t  t h e  apparent increase  i n  efficiency was  due t o  some 

malfunctioning of t he  two used e l ec t ron ic  chains andpprobably the  

timing c i r c u i t  which was  common t o  both in tegra tors . .  The relative 

e f f i c i ency  of t h e  spec ia l  SEC 1 3  Ag3 i s  only 2 / 3  of t h e  r e l a t i v e  

1 e f f i c i ency  of SEC #3 Agl o r  SEC #3 Ag2. This is  because the  e l e c t r i c  

f i e l d  produced by t h e  1000 v o l t s  b i a s  i s  not s t rong  enough t o  c o l l e c t  

a l l  t h e  emitted e lec t rons .  

of f o i l s  SEC #3 Ag being 1.5 cm. 

~ r ,, 

The in t e re l ec t rode  spacing f o r  t h e  group 

LThe p l o t  of Fig. 7 i s  a l s o  861 c y ,  

of t h e  beam spot (see a l s o  Fig. 3 )  on t h e  speckal SEC #2 was about 3 cm 

above t h e  geometrical cen te r  of t h e  SEC. 

spot goes up on t h e  window. There i s  a l s o  an apparent decrease of 

t he  relative e f f i c i e n c i e s  of a l l  t h e  t h r e e  groups of f o i l s  when the  

spot was  h i t t i n g  t h e  upper p a r t  of t h e  SEC. 

t h e  relative e f f i c i e n c i e s  i n  t h e  o ther  p a r t  of t h e  chamber. 

Moving t h e  t a b l e  down, t h e  

: 

There i s  no change i n  

W e  do 
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0 
not know t o  what these  v a r i a t i o n  of t he  relative e f f i c i ency  aga ins t  

spot pos i t i ons  are r e a l l y  due. 

t h a t  a l l  f o i l s  are somehow de fec t ive  near t h e i r  supports. 

we;:,canr aSiSgre 

An easy explanation i s  t o  suppose 

However, 
- .  

4 .  BNLIAGS Tes ts  
Before f i n a l  conclusions about t h e  ove ra l l  performance of t h e  two 

spec ia l  SECs we f e l t  t h e  need t o  continue the  tests. No adequate beam 

w a s  ava i l ab le  i n  FNAL t o  continue t h e  measurements f o r  a l l  1977. That 

i s  why both spec ia l  chambers w e r e  transported t o  BNL last  February with 

&s@y 

beam. The most i n t e r e s t i n g  beam f o r  t he  tests around t h e  AGS i s  the  FEB. 

This i s  because t h e  proton f luxes  per cm2 i n  t h i s  beam are higher than 

per machine pulse  under normal opera t iona l  conditions andbbecause 

the  i n t e n s i t y  pulse by pulse i s  very  w e l l  monitored by beam curren t  

transformers. The s t a b i l i t y  and accuracy of t h e  beam cur ren t  trransformers 

areyvery good.17 

c a l i b r a t i o n  of these  transformers, bu t  f o r  our measurements t h e  absolute 

c a l i b r a t i o n  i s  not necessary. Unfortunately, t h e  scheduled FEB runs are 

rare and very  l imi ted  i n  t i m e .  

i t y  of using t h e  BLIP l i n e  and test t h e  SECs i n  a 200 MeV proton beam, 

There are s t i l l  some problems concerning the  absolute 

For a dx&&eew@2a 

. ~. . .. but i t  turned out  t o  be &mpb:spkbked e? ~a,a<~1&;~:e:- t i m e .  ~ m z  

The April-May 1977 FEB run-+,.was an opportunity and we t r i e d  t o  &ake 

maximum advantage of it. The ava i l ab le  longi tudina l  space immediately 

upstream of t he  neut r ino  t a r g e t  w a s  long enough f o r  only one secondary 

emission chambercto be i n s t a l l e d  there.  That i s  why we divided t h e  FEB 
run ~ n ~ & & w p s p & ~ , $ ~ d s  . T ~ - ~ ~ h : ~ ~ f & & s &  &&ek.s. ~ ~ ~ N ~ ~ a p e t ~ ~ i ~ a l t a $ E S E . ~ , ~ ~ ~ a G l i . - ~ n ~ . ~ a ~ , - . : 1 ! e d  

and t e s t ed  and t h e  next 3 weeks t h e  spec ia l  SEC #2 was i n s t a l l e d  and tes- 

ted. 

FNAL t o  BNL. Some of t h e  i n t e r n a l  connections of t h e  e lec t rodes  w e r e  

somehow l o s t .  

The spec ia l  SEC #2 has suffered during t h e  t r anspor t a t ion  from 

That i s  why t h e  group of f o i l s ,  spec ia l  SEC #2 PRY were 
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0 
given no s i g n a l  and t h e  s p e c i a l  SEC #2 Au was  given h a l f  of t h e  expec- 

ted s igna l .  The s p e c i a l  SEC #2 Ag was ,  however, unaffected.  

Figure 9 shows t h e  s impl i f i ed  layout of the.'EEB and t h e  loca t ion  

of t h e  SECs tests. The FEE c h a r a c t e r i s t i c s  during t h e  test  w e r e  as 

I follows: 

Energy: 28 Gel? 

Repet i t ion  period: 1 . 6  sec. 
, 
1 .  
I 
I S p i l l :  cu 2.7 psec (12-14 proton bunches) 

I n t e n s i t y :  (6-8) X 1 O I 2  protons per  pu lse  

Beam s i z e :  ver t ica l  = 6 mm, ho r i zon ta l  = 8 mm -t ...s+Yi;?OC%iilii.Cm 
I 
I 
I ProtonsfTfixes per  cm2: (1 - 1 .6 )  X 

i However, from t i m e  t o  t i m e  t h e  beam p o s i t i o n  w a s  moving around t h e  normal 

~ focusing po in t  and an o v e r a l l  area of t h e  spot ,  as seen f o r  long per iods 

' of t i m e ,  w a s  CU 1 cm2. The beam s i z e  and p o s i t i o n  was cont inuously 

I monitored through a t e l e v i s i o n  camera on a f l a g  immediately upstream 

, of t h e  neut r ino  t a r g e t .  The SEC w a s  again f ixed  on a remote-controlled 
' moving support  which now permited scanning of t h e  beam i n  both t h e  

v e r t i c a l  and h8rdzo.fitaal planes.  The block diagram of Fig.  10 shows 
' t h e  e l e c t r o n i c  chains  used t o  acqui re  t h e  d a t a  of t h e  measurement. 

~ Both manual and computer acqu i s i t i on  of t h e  d a t a  i s  now ava i l ab le .  

' .Thanks t o  a computer d a t a  acqu i s i t i on  program prepared by R. Witkover, 

I a l a r g e  amount of d a t a  was taken during t h e  15 days (12-27 May 1977) 

~ t h e  s p e c i a l  SEC #2 w a s  i n  t h e  FEE. 

. 5 .  Resul t s  and Discussion 

I W e  summarize t h e  measurements of t h e  BNL/AGS tests us ing  t h e  relative 

, e f f i c i e n c i e s  of t h e  s p e c i a l  SEC #2 Ag and s p e c i a l  SEC #2 Au with re ference  

t o  t h e  beam cur ren t  t ransformers  as follows: 

a) The p l o t s  of Fig.  11 rep resen t s  t h e  r e l a t i v e  e f f i c i e n c i e s  of 

both groups of f o i l s  aga ins t  beam spot  p o s i t i o n  i n  t h e  ho r i zon ta l  axis 

(hor izonta l  scan of thedSEC), a t  t h e  beginning of t h e  tests, 
I 

b) The p l o t s  of Fig.  12  r ep resen t s  t h e  r e l a t i v e  e f f i c i e n c y  of 
' both groups of f o i l s  aga ins t  beam spot  p o s i t i o n  i n  t h e  horizonGa1 

1 axis a t  t h e  end of t h e  tests. 
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Careful observation of t h e  p l o t s  i nd ica t e  very l i t t l e  v a r i a t i o n  

i n  t h e  r e l a t i v e  e f f i c i e n c i e s  of both groups of f o i l s .  

SEC many times i n  d i f f e r e n t  hor izonta l  o r  v e r t i c a l  planes we d id  not 

de t ec t  any spot on the  f o i l s .  

Scanning t h e  8 
Again, no de tec t ab le  "aging phenomena" 

' are present.  For copparison we a l s o  show here  two o ther  p l o t s  of 

t he  relative e f f i c i ency  of t h e  opera t iona l  BNL SEC t e s t e d  i n  the  same 

heam j u s t  before we s t a r t e d  the  measurements of t he  spec ia l  SEC 112. 

The p l o t s  of Fig. 13 represent  t h e  r e l a t i v e  e f f i c i ency  of t h e  BNL 

I opera t iona l  SEC aga ins t  beam spot pos i t i on  i n  both v e r t i c a l  and 

hor izonta l  axes of scanning. 

The "aging phenomena" here  a r e  very wel l  demonstrated. The i n t e -  

, gra ted  proton f l u x  per cm2 t h a t  had traversed t h e  chamber a t  t h e  moment 
I of t h e  scan w a s  equal t o  6 0 1 0 ' ~  protons/cm2. 

0 

W e  r epor t  here  a l s o  an i n t e r e s t i n g  observation of t h e  Vacion cur ren t  

v a r i a t i o n s  of t he  spec ia l  SEC #2 and the  Vacion pump v a r i a t i o n s  of t he  

opera t iona l  BNL/AGS SEC during t h e  tests i n  FEB. 

cur ren t  of SEC #2 was  less than 1 FA with the  beam of f  and was in-  

creasing up t o  N 2 pAwith  the  beam on. 

of t he  opera t iona l  BNL SEC w a s  a l s o  of t he  order of 1 pA with t h e  

beam of f  but with t h e  beam on t h e  Vacion Pump cur ren t  was  as high 

as 20 PA. We a t t r i b u t e  these  v a r i a t i o n s  of t he  pump cu r ren t s  t o  

t h e  "degassing" of t he  windows and f o i l s  due t o  t h e  hea t  depos i te  

of t h e  proton beam i t s e l f .  

The Vacion Pump 

The Vacion pump cur ren t  

6 .  Conclusions 

The tests performed up t o  now of t h e  two spec ia l  secondary emission 

chambers are not  complete. Before f i n a l  conclusions can be formulated, 

~ fu r the r  s tud ie s  of performance of these  chambers are necessary. 

t h e  chambers behaved very w e l l  and very d i f f e r e n t l y  from t h e  opera t iona l  

chamber a t  AGS, FNAL and a t  CERN. 

However, 

The experience obtained during these  tests w i l l  he lp  i n  formulating 

cons t ruc t iona l  spec i f i ca t ions  of secondary emission chambers with no 

"aging phenomena". 
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APPENDIX I 

SPECiFiCATiONS FOR A SECONDARY ELECTRON 
EMISSION NONITOR 

SSEM-1-73 
August 6, 1973 

These specifications cover a herme-ically sealed secon-ary 
'electron emission monitor (SEM) equipped with a Varian #911-5001 
vacuum pump. 

The attached drawing NAL #1100-MD-l7051 is.'part of the 
specifications, The'SEM'under consideration is marked OPTIOS 31. 

1. 

2 .  

3 .  

4. 

5. 

6. 

7. 

8 .  

9. 

There are 15 collector electrodes arranged in three group 
of five each. Two groups of five col-lect~rs (Cl's and C2's) 
shall have full foils, 0.00024 i n c h  thick. One qrou c?f f i v e  
collectors (C3's) shall have foils 0.002-0.003 inch Thick, 
with three inch circular holes. These holes shall be 
concentric with the foil holder openings within 4-0.02G inch- 

There shall be a grounded holed electrode as described 
above, between the last full polarizing electrode and the 
first holed polarizing electrode. 

- 

There shall be twelve full polarizing electrodes and s i x  
holed polarizing electrodes in total. 

In the accompanying drawing, full polarizing eleetrocies are 
marked with I * '  and holed polarizing electrodes are markea 
I * * l .  

All electrodes shall be concentric within +0.020 inch. 

The foils of all electrodes shall be flat within +0.005 i n c h .  

Except for the thicknesses of the foils and the holesf aii 
electrodes shall be equal. 

I 

The foils shall be alum~num, absolutely free of holes and 
defects. The manufacturer shall describe the method he 
uses to ascertain the integrity of the foils. 

All electrodes and all other components that will resicis 
inside the vacuum chamber shall be cleaned to vacuun tube 
standards. The manufacturer shall describe the propose6 
method to clean and degrease all such components, 

NAL-Rad. Phys. Grp. 
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~ f t e r  f i n a l  c l e a n s i n g ,  t h e  s u r f a c e s  of a11 the elec-kzo2e 
f o i l s  s h a l l  be s i i v sz -coa tzd  by vacumi evagora t ion  t o  a 
thickness of 5 0 0  ~-:-252.. The s i l ve r  shall be 39.9S35Q 
(six n i n e s )  pure .  

L’ 

- 

A f t c r  s i l v e r i n g ,  t h e  e l c c t r o 2 e s  s h a l l  n o t  be ex2osed to 
a i r  f o r  lox5-er t ? i ~ , n  3 2  secocds. They s k l l  be stored m e  
worked on i n  an a’ilmosphere of 39.998 pure argon,  

The en t r ance  and e x i t  whdcws s h a l l  be stairlless steel, 
4 i nches  +C.@lO i nch  i n  d i z z ~ s t e r  and 0.002 i ~ c h  thick .  
The manufc tGrer  sh?al l  show C e ? t a i l s  of t h e  progosed ~ . ~ - l k ~ d  
to weld t h e  f o i l s  t o  tk:s end slates end p r ~ v i d ~  them w i t h .  
r e l i e f  a f t e r  t h e  SZX i s  evacueted. 

The SEK s h a l l  be baked a t  3 C P C  for not  less than 170  kours 
under hard  vax~cm. 

The nanuZacturer  skd.2. guarantee -thz,t t h e  SEX pressure 
shall. be less t h a n  tori- aC-Lcr  a per iod  of two wzeks 
w i t h  t h e  pump tu rned  ozf. 



21. The Buyer w i l l  supply to the irtanufactujer the parts  I f s - k ~ d  
.below for each S%>i ordered. 

' 21.1 O E ~  (1) each & t a l  B e l l o w s  Corporation P 'a r t  ::60080-3. 

21.2 Varian tee, flanges and nipples as required Z o r  installins . "  thne vacuuii p i q 3  and e lec tz ica i  leads. 

2.14 G n e  '(1) each ~ i g h  Voltage connector. 

k+ccep,tance Tests. 

22. The SZ$c8s shall be tested f o r  sparking at (+) and (-} 22GG V 
f o r  24 hazrs ezch. Any one SZN sparking even oiicec s h ~ 1 1  
be rejected. 

2 3 .  The leakage currei-it frox each set of collectors to i . 2 ~  
rest of the SEX shall be measare5 a t  +10 V acd -1CV. Tkf.s 
curxei1t s h a l l  be less than 0 .10  ?A. T h e  test shall bz 
made with a fully zssenble6 S E N .  

j 2 4 .  The vac~rm pumps shzll be tui51cZ off for one ~7eek. '  Thec ,  
Epon turn on, t h e  pr;i;:p currcnt s h a l l  be less than 10 

. !  



SFZCiFICATIONS FOX A SECOX’DAI3,Y ELECTZION 
EX I S S I ON X O S  I TO 2 

SSEK- 2 - 7 3 
August 1 5 ,  1973 

These s p e c i f i c a t i o n s  cover a s p e c i a l  h e r m e t i c a l l y  
s e a l e d  Secondary Elec-kron Exiss ion  Konitor ( S X X )  equipped 
wi th  a Varian #911-5001 vacuum p m ~ p .  

NAL S p e c i f i c a t i o n s  SSEK-1-73 a r e  p a r t  of t h e s e  
s p e c i f i c a t i o n s .  

1. T h i s  SEN s h a l l  be equal  t o  the S3M s p e c i f i e d  i n  
SSZX-1-7  3 ,  except  as listed below. 

The grounCed holed e l ec t roCe  sha l l  n o t  b e  b u i l t  ir, .  2 .  

3 .  A l l  e l e c t r o d e  foils shall b e  s o l i d ,  made of alurnLncrn 
0 . 0 0 0 2 4  inch  t h i c k .  

4. Tnere s h a l l  be t h r e e  groups of f i ve  c o l l e c t o r  e l e c t r o 6 e s  
and six p o l a r i z e r  e l e c t r o d e s  each. . 

5. The f o i l s  or‘ a l l  t h e  e l e c t r o d e s  of each group s h a l l  b e .  
vacuuin coa ted  as f O l l O t . l S :  

5.a. Group 1, Aluminum, 

5.b. Group 2 ,  S i l v e r ,  

5.c. Group 3 ,  Gold. 

I n  a l l  cases  -the p u r i t y  shall be s ix  n i n e s  (99.9999%) 
and all t h e  p reczu t ions  of SSEX-1-73 shall be observed 
r i g o r o u s l y ,  i n  p a r t i c u l a r  t h e  exposure t o  a i r  02 the 
coated f o i l s .  

The Buyer s h a l l  have t h e  r i c ;h t  t o  w i t n e s s  t h e  c o a t i n g  
of the f o i l s  and their t r a n s f e r  from evapora t ion  jar 
t o  arqon atnosphere.  

G .  
/ 

7 .  All the s i g n a l  conncctors  shnal1 be properly idter , t i f ied 
as t o  grou? ( a ,  b, c)  . They shall be UHF connec tors .  



SPECTFICATIOXS F O X  A SECGK-CARY ELECTROX 

SSEX-3-73 
E?..; I S S I ON 2f;OS I T G R 

A=g-us t  15, 1973 

These s p e c i f i c a t i o n s  cover  a s p e c i a l  h e r m e t i c a l l y  s e a l e d  
secondary e l e c t r o n  emission monitor (SEX) equipped with a 
Var ian  $911-5001 vacu-xn punp. 

EAL S p e c i f i c a t i o n s  SSEX-1-73 are p a r t  of t h e s e  
s 2 e c i f i c a t i o n s .  

1. 

I 

2. 

3 .  

4. 

5. 

6 .  

I. 

This  SEX s h a l l  be e q i x 1  t o  the SEX s p e c i f i e d  ia SSZX-1-73, 
except  as l i s t e d  below. 

The grounded holed e l e c t r o d e  s h a l l  n o t  be b u i l t  i n .  

A11 t h e  e l e c t r o z e  f o i l s  s h a l l  Se solid, made of 
alclninurn 0.00024: i nch  t h i c k .  

There s h a l l  be three s-roups of f ive co l lec tor  electroces 
and s i x  p o l a r i z e r  e l e z t r o d e s  each. 

A l l  e l e c t r o d e  f o i l s  s h a l l  be vacuuin coa ted  with s i lver  
as per SSEN-1-73. 

The spac ings  between e l e c t r o d e  f o i l s  shall be vzrie2 
as follows: 

0 . 1 5 0  i nch  f .005  i nch  - 
11. 0.300 inch  -+ .005 i n c h  - 
111. 0 . 6 0 0  inch  - f .005 i nch .  

’ *  
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