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SUMMARY 
Beam pro' i les  were measured a t  three locat,r)ns i n  t a l e  upstream end of the 

new Slow Extracted Beam (SEB) switchyard, for  various sett ings of the matching 
quadrupol es. 
Comparison of the fo i l  and SWIC profiles leads t o  a prescription for  
correcting the SWIC profiles for the large distortions that  are present. When 
these corrections are made, excellent agreement is obtained w i t h  the model of 
SEB emittance that was used i n  design of the switchyard, as f a r  as the 
vertical plane i s  concerned. In the horizontal plane the observed beam i s  
significantly larger t h a n  predicted. 

In addition several prof i 1 es were measured by f o i  1 act i v a t i  on. 

0 

1. INTRODUCTION 

switchyard3 t o  t e s t  the validity of the model o f  SEB emittance t h a t  was used 
i n  the switchyard design. 
fur ther  measurements were made f o r  several reasons: 

Beam prof i 1 es were measuredl 32 before construct i ng the new SEB 

Wi th  the new switchyard now i n  stable operation, 

The switchyard beam loss of approximately six percent is a s ign i f i -  
cant improvement over the performance o f  the previous system, b u t  i t  
i s  not  equal t o  the design performance of two percent. 
studies are the f i r s t  step i n  a systematic program t o  understand the 
excess loss. 
The improved instrumentation in the new switchyard can provide 
more accurate measurements. 
The measurements are a needed step toward b r i n g i n g  on-line, coupled 
computer control of the matching and focussing quadrupoles i n t o  
operation. 

Emittance 
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(4)  Some measurements4 made i n  p repara t ion  f o r  the D-line cons t ruc t ion  
found beam sizes t h a t  a r e  much l a r g e r  than design values .  

2. PROCEDURE 
e 

Plunging SWICS (Segmented Wire Ion iza t ion  Chambers) a r e  provided a t  C039, 
C l O O  and C223 f o r  emit tance measurements. 
given i n  Table  I .  W i t h  normal tun ing ,  C l O O  i s  loca ted  c l o s e  t o  hor izonta l  and 
v e r t i c a l  w a i s t s  and C039 and C223 a r e  s i g n i f i c a n t l y  upstream and downstream of 
these wa i s t s ,  providing an idea l  setup f o r  emit tance measurements. 

The parameters of these SWICS a r e  

Parameters of the  New Plunging SWICS 

Vacuum can 

Windows (2)  

Signal  planes ( 2 )  

Number of wires per s igna l  
p l  ane 

Bias planes (3 )  

Spacing, s igna l  plane t o  b i a s  
plane 

Gas 

Aluminum,  0.020 inch wall thickness 

0.005 inch Nickel 

0.002 inch Nickel wires, 0.050 inch 
spacing 

32 

Nickel wire mesh, 0.002 inch diameter ,  
100 per inch 

0.0625 inch 

90% A, 10% C02 

P r o f i l e s  were measured a t  var ious  settings of the matching quads CQl-CQ4. 
These s e t t i n g s  were determined by the i n t e r a c t i v e  computer program CQTUNE, t o  
provide a range of s p e c i f i e d  values of the wais t  parameters HZ, HX, VZ and V X  
t h a t  c h a r a c t e r i z e  the beam i n  the d r i f t  space downstream of CQ4. Here HZ and 
H X  a r e  the long i tud ina l  and t r a n s v e r s e  wais t  parameters i n  the hor izonta l  
plane,  and VZ and V X  a r e  the corresponding wais t  parameters i n  the v e r t i c a l  
plane.  The eleven d i f f e r e n t  quadrupole tunes t h a t  were used a r e  given i n  
Table 11, and the corresponding predic ted  envelopes a r e  given i n  F igures  1 
through 3. In Tunes 1-4 VX was var ied w i t h  the o t h e r  parameters held f ixed  
(F igu re  1 ) ;  i n  Tunes 5-8 VZ was var ied  (F igure  2 ) ;  and i n  Tunes 9-11 HX was 
va r i ed  (F igure  3 ) .  Tune 2 corresponds t o  normal AGS running. 
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TABLE I1 
Tune Parameters 

The quadrupole e t t i n g s  are g iven i n  Datacon un i t s .  The wa is t  parameters 

HZ and VZ are i n  inches from F13, and HX and V X  a re  i n  m i l s  (3.035 t imes 

standard dev ia t i on ) .  
. -  -. - 

TUNE C Q 1  - -  
1 -1693 
2 -1878 
3 -1931 
4 -1842 
5 -1931 
6 -1792 
7 -1622 
8 -1380 
9 -1902 

10 -1878 

>- 

x E% 0,OO 

CQ3 - CQ4 - CW5&8 - CQ6&7 - 827 CQ2 -398 - 862 -11,O 9,0 

1069 -285 521 
1280 -536 724 
1278 -830 1179 
1280 -536 724 
1143 -727 1117 
879 -713 1317 
456 -510 1371 

1122 -369 580 
1069 -286 522 

~ ~~~~~ 

vx 
1171 274 1274 446 

346 

- vz - HZ HX - - 

I :2 
1274 246 
1474 246 
1674 246 
1874 246 
1274 346 

274 1274 346 
1217 -614 784 -11 0 900 11171 324 1274 346 

I 1 I I 

2 ’  

1 
1 1 1 I 
0, 5 0.. 100. 150. 200 II ‘250 

F igu re  1. Beam envelopes f o r  Tunes 1-4. 



- 4 -  AGS Tech. Note no. 168 

* t\ . 1.00 
m 
W 
I 
0 
z 0.50 
H - 

0.00 
4, 

: x  

* 

H '  

I I I I 

F igu re  2. Beam envelopes f o r  Tunes 5-8. 

Each SWIC i s  mounted i n  an aluminum can t h a t  can be i n s e r t e d  i n t o  t h e  
beamline (F igure  4). 
a t ime f o r  meaningful resu l t s .  
each o f  t h e  t h r e e  SWICS a t  each o f  t h e  eleven tunes. 

It i s  impor tant  t o  c o r r e c t  t he  measured p r o f i l e s  f o r  inst rumenta l  
e f fec ts ,  s ince  t h e  uncorrected widths are s i g n i f i c a n t l y  l a r g e r  than t h e  t r u e  

beam width1y5. Since t h e  SWICS used d i f f e r  cons iderab ly  from those i n  
t h e  prev ious study, l  a new determinat ion  o f  these systemat ic e f f e c t s  was 

made. A comparison p r o f i l e  was obta ined a t  C039 by exposing aluminum f o i l s  t o  

t h e  beam, c u t t i n g  them i n  s t r i p s ,  and count ing t h e  a c t i v i t y .  

t h e  inst rument  box (F igu re  4)  made it easy t o  c a r r y  ou t  t h i s  exposure. 
s i m i l a r  inst rument  box, bu t  w i thout  a SWIC, i s  present a t  C010, and a f o i l  

p r o f i l e  was a l so  obta ined there.  

Because o f  sca t te r i ng ,  on l y  one u n i t  can be i n s e r t e d  a t  

Therefore separate measurements were made f o r  

The design o f  

A 
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3. MODEL OF BEAM EMITTANCE 
The beam distribution in phase space i s  modeled by parallelograms i n  the 

horizontal plane and Gaussian ell ipses i n  the vertical plane, as described i n  
Ref. 1. For interactive tuning i n  the horizontal plane, the method of r.m.s. 
emittance i s  used t o  o b t a i n  waist parameters and t o  recalculate quadrupole 
settings. The predicted beam envelope and beam profiles, for comparison w i t h  
SWIC da ta ,  are then obtained by going back t o  the parallelogram model. 

’ 1 .00 - 
cr> 
W 
I 
0 z 0.50 
H 
u 

0.00 x 
h, 

W 
kl 
H 

-0 n 50 
I 

LL 
_I 
a 
1-1.00 

1 I I I 

11 - 

1 I 1 I 
0. 50 0 100. 150. 200 e 250., 

Z [ F E E T  F R O M  F131 

Figure 3. Beam envelopes for Tunes 9-11. e 
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F i g u r e  4. P l u n g i n g  SWIC, vacuum can, instrument box and i n s e r t i o n  mechanismo 



- 7 -  AGS Tech. Note no. 168 

In this report the beam w i d t h s  quoted are 4.50 times the h a l f  w i d t h  a t  
half area. For a beam t h a t  is described by Gaussian e l l ipses ,  this w i d t h  
corresponds t o  the projection of the e l l ipse  i n  phase space t h a t  contains 99% 
of the beam intensity. 
Guassian prof i le  i t  corresponds t o  -2 l n  (0.01), or  3.035, times the standard 
deviation. The half-width a t  half area is  used because i t  is less l ikely than 
other measures, such as s tandard  deviation or half-width a t  90% or  99%, t o  be 
distorted by systematic errors. 

i n  Table 111. 
was transmitted down the C l ine.  
AGS Studies time. 

The same convention is used in Refs. 1-3. For a 

The general conditions under which the measurements were made are given 

The measurements required about 2 hours of 
Sp l i t t e r  positions were adjusted so t h a t  nearly a l l  the beam 

TABLE I11 
Operating Conditions During Measurements 

Date and time 19 December 1980, 1200-1400 
Moment urn 29 GeV/c 
Intensity 8x1012 pro tons  per pulse 
Beam size on F5 f lag 0.54 inches 

4. FOIL PROFILES AND SWIC SYSTEMATIC ERRORS 
Figure 5 shows the beam profiles obtained by fo i l  exposure. The vertical 

profiles are well described by Gaussians, while the horizontal profiles are 
asymmetric and not Gaussian. 
semi-logarithmic plots aga ins t  position i n  units of each prof i le ' s  own 
standard deviation, w i t h  a perfect Gaussian curve for comparison. 
are integral curves of the same profiles. 
are Gaussian down t o  the 2.5 or  3 standard deviation level,  w i t h  a broad 
" t a i l "  or h a l o  beyond that.  The horizontal profiles are non-Gaussian b u t  
t h e i r  integral curves are the same as for a Gaussian out t o  2.5 or 3 s t a n d a r d  
devi a t  i ons. 

In Figure 6 the same profiles are shown i n  

Also shown 
In the vertical plane, the profiles 
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Figure  5. Beam p r o f i l e s  (ho r i zon ta l  and v e r t i c a l )  obtained by f o i l  
a c t i v a t i o n  a t  C O l O  and C039. 
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Figure 6. Normalized p r o f i l e s  obtained by f o i l  a c t i v a t i o n .  
on a logar i thmic  s c a l e  aga ins t  beam pos i t i on  i n  units of each 
p r o f i l e ’ s  s tandard  devia t ion .  Also shown a r e  i n t e g r a l  curves 
g iv ing  the f r a c t i o n  of the t o t a l  p r o f i l e  a r ea  lying ou t s ide  a given 
number of s tandard devia t ions .  

Data a r e  p l o t t e d  
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These profiles indicate t h a t  a Gaussian ellipse model should work 
for describing the beam envelopes (beam width versus distance) for 99% 
beam in each plane. In the horizontal plane a more detailed model wil 
needed t o  describe the actual shape of each profile. 

These pro  Some i l lustrat ive SWIC profiles are shown in Figure 7. 

we1 1 
of the 
be 

i les  
ride on a wide background. The smooth curves in Figure 7 are an estimate of 
this  background, obtained by f i t t ing  a Gaussian curve t o  the t a i l s  of the 
profiles. 
bins or 0.50 inches. 
possible because the beam nearly f i l l s  the aperture of these small SWICs. 
the SWICs used in Reference 1, which had greater wire spacing and greater 
spacing between planes, the background width was 8 wires or  1.0 inches. 
appears t h a t  the background width scales with wire spacing or plane spacing. 

This background Gaussian has a width (standard deviation) of 10 
A precise determination of this  background is  not 

For 

I t  

Figure 8 shows the dependence of signal area, background area, and 
(background subtracted) signal width on SWIC bias voltage. 
effect of the background, i t  would be desirable t o  operate a t  much higher 
biases t h a t  the 300 volts t h a t  was used. 

A comparison of SWIC and foil activation beam profiles a t  C039 i s  given 
in Figure 9. The f i t ted background Gaussian i s  also shown. 
background i s  not subtracted, a width will be obtained t h a t  i s  far  greater 
t h a n  the true beam width. 
measures such as standard deviation or  width a t  90% o r  99% area are used, 
since these measures are sensitive t o  the t a i l s  of a distribution. 

To minimize the 

0 If this  

The discrepancy will be particularly large if 

Even when the background i s  subtracted, however, the width obtained s t i l l  
exceeds the width obtained by foil exposure, as shown in Table IV. I t  i s  
plausible t o  attribute this excess t o  an inherent SWIG resolution. Based on 
the d a t a  in Table IV, a SWIC resolution of 0.09 inches or 1.8 bins (standard 
deviation) i s  indicated. 
the larger SWICs used in Ref. 1. 

This is  t o  be compared with 0.12 inches or 1 bin for 
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Figure 7. SWIC profiles for the vertical plane of C l O O  for Tunes 1-4. 
profiles are plotted on linear ( l e f t )  and logarithmic ( r i g h t )  
scales. The raw d a t a  ( w i t h  constant baseline subtracted) are 
shown, along w i t h  the f i t ted Gaussian background. 

The 
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SIGNRL I 

SIGNAL i - 

0. 100, 200. 3 0 0 .  Y O O .  
BIRS, V U L T S  

- _ _  .. - - -- __ - 

Figure 8. Dependence of s igna l  a r ea ,  background a rea ,  and (background 
s u b t r a c t e d )  s igna l  wid th  on b i a s  vol tage ,  f o r  the v e r t i c a l  plane 
o f  C039 i n  Tune 2. 

~~~~~~~ ~ ~ ~ ~ 

TABLE IV 
RMS widths (inches) of p r o f i l e s  a t  C039 by f o i l  and SWIC 

Horizontal  Ver t ica l  
(1) Foil  0.164 0.173 
( 2 )  SWIC (no background 0.247 0.236 

s u b t r a c t  ion)  
(3) SWIC (background 

s u b t  r a c t  ed ) 
(4) SWIC r e s o l u t i o n ,  

[ (3)z- (1 )2]1/2 

0.178 0.198 

0.069 0.096 
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Figure  9. Comparison of f o i l  and SWIC p r o f i l e s  a t  C039. The raw SWIC d a t a  

P l o t s  a r e  shown f o r  both hor izonta l  
( w i t h  cons tan t  base l ine  sub t r ac t ed )  a r e  shown, along w i t h  the 
f i t t e d  Gaussian background. 
and v e r t i c a l  planes,  and w i t h  both l i n e a r  and logar i thmic  sca l e s .  
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The complete procedure for reducing a measured SWIC profile t o  a 

1. Subtract a constant baseline (determined by the ADC o f fse t ) .  
2. Fi t  and subtract a background Gaussian with a standard deviation 

of 10 b ins .  
3. Determine the half-width a t  half area. 
4. 
5. Subtract, i n  quadrature, the resolution of 0.09 inches. 
6. Multiply by 3.035. 
W i t h  this procedure the SWIC d a t a  may be used for semi-quantitative work. 

corrected beam w i d t h  i s  then as follows: 

Divide by 0.675 t o  convert t o  a measure of standard deviation. 

The uncorrected prof i 1 es are qual i t a t i  ve a t  best. 
5. MEASURED PROFILES COMPARED WITH MODEL PREDICTIONS 

Predicted and observed profiles for  the vertical plane are shown in 
Figure 10. In these curves the SWIC backgrounds have been subtracted, and 
SWIC resolution has been allowed for by broadening the predicted curves 
correspondingly. The dependence of predicted and measured widths  on 
quadrupole tunes is summarized i n  Figure 11. The agreement is as nearly 

0 
perfect as could be expected, especially considering the fact  that  - no 
adjustment of parameters has been carried out .  

plane. 
than expected internal AGS emittance. 
malfunctioning equipment a t  the time these measurements were made, magnet 
ripple being a prime suspect. 

effective doubling of the beam emittance. Cur ing  the problem should reduce 
beam divergence, and hence beam loss, on the wire septa, and i t  should reduce 
beam size,  and hence beam loss,  a t  various apertures. Further work will be 
done on tracking down the source of the problem d u r i n g  the next SEB run. 
6. CONCLUSION 

Figures 1 2  and 13 give the corresponding resul ts  for  the horizontal 
Here there is a large discrepancy, too much to  be explained by larger 

These resul ts  indicate t h a t  there was 

Whatever the source of the problem, i t s  effect  is equivalent t o  an 

The plunging SWICs, although not  perfect, provide information that is 
sensit ive t o  beam emittance. This information may prove useful i n  reducing 
beam loss. In the vertical plane, the ab i l i t y  to model the beam envelopes and 
control them interactively has been proven. In the horizontal plane more work 
i s  needed. 
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F i g u r e  10. Measured p r o f  i 1 es ( h i  stograms) and p r e d i c t e d  p r o f  i 1 es (smooth 
curves)  i n  t h e  v e r t i c a l  p lane a t  each tune. A lso shown are 
p r e d i c t e d  beam o u t l i n e s  i n  phase space. H o r i z o n t a l  sca le :  - +1 
i nch ;  v e r t i c a l  sca le:  - +1 mrad. (Sheet 1 o f  2).  
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Figure 10. Measured profiles (histograms) and predicted profiles (smooth 

curves) i n  the vertical plane a t  each tune. Also shown are 
predicted beam outlines in phase space. Horizontal scale: - t1 
inch; vertical scale: - t1 mrad. (Sheet 2 of 2 ) .  
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Figure 11. Corrected vertical beam widths versus tune number a t  each o f  the 
three SWICs. Points: predicted widths;  crosses: measured 
widths. 
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Figure 13. Corrected horiontal beam w i d t h s  versus tune number a t  each o f  the  
three SWICs. Points:  predicted widths; crosses: measured 
widths. 
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