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Abstract 

Small, air-filled, ion chambers have been con- 
structed to serve as localized beam spill monitors. 
They 3re rnoucted at the downstream end of each 
str:ti:;ht section of the ring and are useful for lncntiri;> 
i>eanl ohstrllctions and for findini: spills due 13 nbnor- 
ma1 machine adjustment. The chamber is made up of 
thin al~tminum sheets with mylar insulation and is 
enclosed ir. a lucite box. No preamplifier I9 used, 

tl.dt the signals are transported to the l[air. Control 
Room (LICR) via RG-22/lJ shielded pair to maintain 
!JOOil SNII. A central ‘300 V power supply provides 
ion collection potential for all eiyht chambers. ‘The 
kignnls arc procrssrd i.,r ivlrli\-idual and miilti~l~~ued 

m0nitorln.g. 

Introduction ____-_I_ 

A simple radiation monitoring systen; was 
tiesirrd to Take comparative tests of 1)eam spills for 
deti.rmining <Iccrlerator behavior. Radiation safety 
-~.nnifors xT”,hich ~.x’~bre on the outer ~,a11 of the Ring 
nrlildina :rc’rs too nocdirrctional in their reception 10 
localize losses. Ion chambers filled with air at 
aitn~osp!~eric pressure nere srlt~cterl hecause they are 
+:isilv constructed anti are mainte~ince-i’ree. CtOYe 

~p::~~n,g bt>hveen the plates lwcps the? trar.sil tirrte low 
so Ihat the chambers are us~flll for monitoring beam 
struc+urr anti fast spills. 

Ion Chamber Descrktion 

A rli~~rrsm of the ion chamber is shown in the 
liw,cr lrft section of i-ig. 1. ‘Ihe mylar is 1!2 in 
i7‘rjt% :incj 1P>l”-Pq 7 5 y 7.; in2 ,qf I.hp .t y -1; in . . 2 p1:itc 
<L L’~A Ilnc,Jvrrcd, except w:th a i r. Four chnrzbrr set- 
lions n re forme< with an active volume of 3 cm ‘3 C’ <a c L.1 , 
i,r 12 cm) lotal. Additional sections rar. ‘le added to 
p~?por!ioi-ally jncreasc sr:-isit ivipy. Tl~e z:ctal-myiar 
‘:/,x.:.1. ii. n~oi~n+t~~$ :~sirlc~ 2 lllritts b?;:i u,k:ih pr7virlc~ 

ir.su!at:2n and 3 :7 >>,iint for the UC-;-221’1: rni,lr ci,n~:r~r- 
t\3r. :\ vic\~, .,f I+ asprt~n~l~led ckimh(,r IS seen in 
r-it.‘. I!. 

Tic c t r i (1 L 1 

1.0~~ of ion crirrenf due to recflmhinalion ian<! :i:f- 
i~i3ion 7.5 oiild he rt:rIucrrl by us::,c appropriat-c ;:asrs to 
rrpl.7~~~ ni r. It \l;ill hta :h c, wvn Inter that theee errors 
,-,3qtri~~t:I,~ IiftIrh lip,: ::~sc Ch.y ‘:,><~:-+a ‘::.,p>s.ccn ;;lr;fzs I>‘ 
Lit, Lilll;: II. 

:,!;\. ark pcr~ormc*(i tlntlcr tllr :ilzspircs of th?ca 1’. S. 
.?tomic i?oergy Co:~?:~s?iion. 

Sensitivitv 

-4 quick estimate of the sensitivity can ‘=e made 
by assuming unif0rrr: r;idiation flus over tie chamber. 

Ion chamber sensitivity (S) is then defined as 

s 
Vl,lurrle 

i x 1 (1 ‘.3 

A Eli i $ 
i I.< 

‘I’he total chamber volume is 12 cm’. 

s -12 

? x 1 (Ii4 
1 x 1o-13 AIRis. 

A current ‘J,f 1o-8 A !l~ the threshold of dutectinn by 
the electronics fi): ia reasonable SNR. ‘This then sets 
2 rninimutr~ radiation level of 

10 
-8 

- 2.5 R/s. -‘a - 
4 x 1’2 

At first glance, this -tpprars to be an insensitive SYS- 

tern , ‘jut where intense accelerator beams are con- 
cerned, 2.2 R/s is relatively small. By as sumine 
that minimum ionizing ra diation is involved, we can 
determine the rate of particles scattcrcd through the 
ion chamber. 

:+‘c,y air: 
(1 E Me v 
- - 0.0022 - (energy lost per 
tlx cr-2 unit distance) 

d (total) 7 1 x 0.0.38 cm = 0. 152 cm. 

Energy lost/ 
particle = 0.0022 x 0.152 

= 3.3 x 10 
-1 

MeV or 330 cV. 

Number of ion s : r-l e v 
Fairs/particle .’ 

ion pair/ 
‘32. 7 eV,/ion pair 

IO. 2 
parlirli~. 

I 0 
- i 

F’A rti.clc ra.te 1 ---. ~-, -- - (3.: :< Ii:’ 
If,. d :i 1 . t, x I 0 - ’ ‘I p~;“ticlc/s. 

.dJt; i’!-l,);.,ri(‘s > , -:(.\’ , thib rlux 7% -11 ii<‘: 1.i; rlll,stly <<c; 
! i c.ittcrr<l pr:>lons. 

I?ecombir,ation anti r!~‘fl~.?i’,n effects 7.‘. ill reduce 
ion chamber current. Values for these effects can be 
determined by cxpressicsns derived by Rossi an:! 
Staub. 1 For worst case, we ass:lme that all r.egativv 
rharjies occur in air as negative ions, instead of 
electrons. Rcrornbination error thrn is 

/ 
2 

A! 

\J 

(1 ?J ci ii 
0 1 

I ret - t;v v 
L - 

11 is the r~:ccmbinaf.ion kcoc!ffici~~rlt 2 x Ii:-’ cili”,‘s, 
tWorsl- case. ) 
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No is the number of ion pairs/cm’/Ris. 

d is the spacing between plates 7 0.038 cm. 

Ri is the radiation level = 2. 5 R/s. 

V+ is the drift velocity for the positive ion 

= 1.11 x 104 cm/s. 

V- is the drift velocity for the negative ion 

= 1.35 x lo4 cm/s. 

AI 

0 

(2 x 10-6) (2.08 x 109) (0. 038)2 (2. 5) 
I =- 

, ret (6) (1. 11 x 10~) (1.35 x 10~) 

-8 
= - 1.7x 10 . 

It is apparent that recombination error is of no 
consequence, even if the spill rate were 1, 000 times 
greater. 

Diffusion error is given by 

AI 

0 =- 

e 2.5 x 10 
-2 

- 
I iff. v - 

e is the ratio of mean energy of ions with and without 
electric field on. e is approximately four for this 
ion chamber. 

V is the voltage applied to the plates = 300 ir. 

14) (2.5 x 10 -2 ) -4 
_ _ : 300 -3.3 x 10 . 

Diffusioc error is also of little consequence. 

Transit Time 

Longest transit time is due to the positive ions 
ant! is determined by 

t 2!- 
Y 

T 

0.03s i ~ = :..: ;< 12 
1. 11 x 104 

-6 s 3r 3*.1 .r vs. 

Electronics Unit Circuit Description 

‘ihe circuit diagram is sholr n i? Fig. 1. Corn - 
plevity is reduced by not having preamplifiers and 
their associated power supplies. The operational 
?irnliEier current-to-voltage converters arc operated 
in a differentiat-input node to relect common mode 
noise. Further simplification results from using a 
corlmon power supply for all eight chambers. This 
dower “upply is decoupled frorr the amplifiers by an 
RC nc!~cor!i to reduce introduction <>f noisr. ‘I’he 
balance control, which is common 1.0 all the inputs, is 
,1ci;irstckl !‘or rr:k.nir.iuni noise \jutput. 

The ion cham::ers can be monlt.ored lnrlividually 
by the octant selector. The time constant of the elec- 
tronics for this monitor is 20 ps, so that ion chamber 
1 ransit tirxe contributes little to the rise time. 

All eight chambers can be monitored in a time 
multiplexed mode for corr.parative losses. Each 
multiplexer channel output is offset by a differect 
dc voltage to separate the data. 

Chamber Environment 

Care mcst be taken that the ion chamber is not 
located near electrically noisy equipment. This pre- 
caution is needed because the chamber plates are not 
shielded. A grounded shield was placed around a 
chamber when a noise problem arose. The noise 
level was greatly reduced, but operation was altered. 
The shielding forms another ion chamber ynhich is 
connected in parallel with the origlnal one, but which 
has different ion collection characteristics. It took 
some investigation time before the problem of strange 
waveforms was diagnosed. 

Results 

The utility of this system comes from being able 
to distinguish abnormal from normal spill signals. A 
catalog of normal operating waveforms is maintained 
for comparison. Figure 3 shows an example of spill 
signals during acceleration and targeting. The sys- 
tem shows good amplitude linearity for both fast and 
slow spills. 

Sensitivity for injected beam losses compared to 
high energy beam losses is greatly reduced because 
the 50 MeV protons do not penetrate the steelu:alls o’ 
the straight section. The ion chamber then responds 
to the slower decaying secondary radiation, such as 
gamma rays. Good information is still obtained as 
can be seen in Fig. 4. This is a photograph of the 
injected beam spill at the section where the inflector 
is located. The loss signal comes from uncaptured 
beam which hits the inflector. The long tail of the 
pulse in Fig. 4 appears to result from A.0 different 
half-lived decays. This long decay time prevents us 
from distinguishing capture losses from injection 
10s ses. Injected beam loss in any other section is 
usually indicative of an obstruction or incorrect 
injection orbit. 

Conclusions 

The monitor sysi.em has been in operation I:XVO 
years and has been used mostly xhec looking for 
beam obstructions. It has been proved helpful in 
optimizing injected beam orbits and bear?? cxtrnctior?.. 
Occasionally,. :t is used as a tar;etcd beam strl:ctl;re 
monitor. In all cases, the design rr:T’:irel::e?ts ‘iavc 
been satisfied. 
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Fig. : Diagram of the hfonitor System. Cables Connecting Ion Chambers to the Electronics are 
About 500 It Long. 

Fig. 3 Example of a Slow and a Fast Spill During 
Normal Operation. The Early Losses Occs~r 
When Vertical Beam Instabilities Arise. 
Vertical 1 0.2 V/cm; Horizontal 7 0.2 s,/cm 

Fig. 4 Injected Beam Spill. Noise Spikes are Due 
to Multiplexer Crosstalk. 
Vertical - 20 mV/cm; Horizontal : 1 ms/cm 

If‘ig. 2 Ion Chamber Assembled in Lucite 
riox. I3olts Through Back Side 
i’asten Chamber to Afounting 
Bracket. 
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