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Summary 

We give the theory and describe the execution of 
the magnetic bean position monitors in use in the AGS 
injection line. These are strictly linear devices of 
very low impedance with a rise tine of the order \,f 
1 bsec. They do not require electronics close to the 
device and have been constructed to withstand consider- 
able radiation. Their construction is simple and not 
critical. 

Introduction 

The bean transport system between the ZOO-MeV in.- 
jection linac and the Alternating Gradient Synchrotron 
at Brookhaven National Laboratory contains 18 non-de- 
structive bean position monitors (PM’s) with which the 
transverse position of the beam with respect to some 
fixed coordinate system may be determined during nor- 
ma 1 cperation. Sixteen of these are arranged in groups 
of 4, each group yielding values for the 4 coordinates 
of the beam axis in transverse phase space. Two others 
are placed at points of high dispersion in bends and 
used to measure the momentum error averaged with the 
beam. Ocr purpose is to describe these PM’s. 

Design Considerations 

Our prime goal is a PM with a resolution of ( 0.1 
nm for the center of charge of proton beams with bean 
currents between 10 and 100 mA, bunched at 200 MHz, in- 
dependent of charge distribution or bunching factor. 
Signal rise times should be short compared to the AGS 
revclution period of L.75 psec, we chose 1 ksec. Sen- 
sitivity tc beam current was preErrred above sensitivi- 
ty to beam charge because this gives a measure of dis- 
crimination against low energy rest gas ions. A low 
impedance was tho.lght desirable because this should re- 
duce problems associated with charge accumulation due 
to rest gas ions or direct hits. 

The device was to be cheap, nxchanically sinple 
::nd naintcnance frw. It should not require electron- 
ics in rndiaticn areas, so that that equipment may be 
servicec’ independent cf the cperational status of the 
accelerator. 

Sollltior 

The nwnitsrs that finally evolved may be regarded 
as 3 ?eve lopnent l.:f a scrveying ievicc I.:scd at SL1C.’ 
It is a rna:;nrtic dipole structure forned of a single 
tklrn pick-up loop (a structure brazed of 3 mm thick 
sheet czpper) inside a fcrritr picture frame y%cke (Fis. 

1). A beam pa;;sini; asy!n7etrically through the aperture 
~‘r.-~lcp5 :I si,::al ir the pick-:p loop t!-.clt is przpcr- 
t lrna.1 t\: beam cL1rrent :and beai:) ~:Efset, a current 
ti:rwI:;h tie Loop btnls the beam ns any bending maGnct 
d52i.3 . Tile zi#-,nal is sent tc the electronic crl’iip’-wnt D 
v i a 2 tT:ltching transforrrer and a shielded twisted pair. 
T’JC t-ra~sfarrnrr is an integral !p.art ,oE the deyiice an< 
lias a pawband that crits hff beyond 4 flHz, so that the 
“dc” component of the signal. is passed llnhormed bllt its 
.?O“ Y.‘Il‘! b ‘,tr Irt,lrP i’; ll?it, 

T,in<Aarit:i and Sc!nsi t ivi ty 

It is wfll known that any position imonitor will 

+-!Jork longs 81ndi,r thr, auspices of tll2 C.S. ,1X. 

New Ycrk 

detect the location of the center <f charge if it has 
a linear characteristic of response. Since our bean: 
dimensions are not necessarily small compared to the 

aperture we paid special attention to that linearity. 
There are several proofs for the statement that the 

response will be linear if the device, when operated 
as a be ding magnet, 
I.e., rx?- 

produces a perfect dipole field; 
Bdt independent of transverse l-cat ion. One, 

for wb.iic I am indebted to Dr. R.A. Beth, is particu- 
larly nice. It depends an the bidircctionality cf the 
mutual inductance sf two coils. If the field produced 
by the pick-up coil when driven by a current yields a 
perfect dipole the signal induced in a long search coil 
is independent of the latter’s transverse location. 
Therefore its mutual inductance with the pick-up coil 
is position independent. Dr. Beth remarked that this 
leads to a sinple bench test for linearity: demonstrate 
that independence of transverse position esperi!nentallq. 

Part of the magnetic fl,xx generated by an excited 
pick-up coil returns to the left, the remainder to the 
right of a dividing plane in the air gap parallel to 
the field’s direction (Fig. 2). It is easy to show that 
the mutual inductance of a pencil beam and the pick-up 
coil is linearly proportional to the distance of that 
beam (averaged over .the effective length of the device) 
to that dividing plane. But then the signal induced by 
that beam in the pick-up coil must be proportional to 
that averaged distance also. In formulae : 

M = j 3 2 (SnH/mm) 

L; , o $ (300 nH) 
h 

-=- 
eS 

c”, @ii) = jl 

Here M is the mutaal inductance, L the self-indtlctancc 
of and c the signal induced in the pick-up coil. 
4 (- 24 cm) is the effective length of the device, 

w G- 7.5 cm) its width and g (- 7.5 cm) its gap height. 
s represents the distance to the dividing plane and i 
the beam current. The numbers in brackets apply to a 
typical cxamyle at 3NL. These fornulne assume that ‘~112 
reluctance of the path throuah the ferrite is negligible 
compared to that of the air gap, permissible if the per- 
meability of the ferrite is sufficiently high (in our 
case -., 300) and the ferrite cross saction not too s81iali. 
It may be seen t’7at the (device acts as a bean transfor- 
:r.cr whcyse coupling factc,r te the bean) depends upon tlhe 
‘bear1 position. 

Trans Former 

Ttr ‘,t2sn :;i:;na.l ,ir. the pi~k-~.I: ,,:iZ i:: ~r3,l..;i~~rt~cl 
to the elrctrcnic i.q:JLpmcnt, which iz iAsta21cd in a 
radiRtion-free area via a transform-er s:ld a 18.1:1; cnbl. :. 
T!.c transformer sclrv”.s sevc!rnl flinct ic:n; : 

1) It separates tt!e pick-1lp c.,il ;-,;llxanical 1;; Tr<;;, t!iih 
si,snnl circlli.t, .iil that the cilil “my hi! ;;rottndi,tI 
locally withollt ~cnIl::ing qro,inci ti)t,p pro’b?enis, 

2) ttt,: :;ec,;nclnr;i xiilliilt: fI6jt;, Yi, iilOL Lhf ca!,ie anl 

electronics !;my bc rl~n !laI.anci:d to rrrotind; thi; 
rediici:s simnw:7 iri~dc: rltlisr, 

‘: ) it acts :I; a iiltL,r, p<\.,s;.nj: tl!r “bIc’* C~~rl!p""t'Ct oi 
the si::nal but stepping its Ticary pron~).lncrd 200 Milz 
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3) buccking structure, 

-‘* ) it caa~ses some partial integration, reducing there- 
by the hi$h frequency content of the “dc” signal 
and the high frrq~~ency requirements oil cable and 
electrocics. 

It consists of a tape vocnd tsroldal ccre of 
0. Cl”5 nur st!perma llo]: tape (Arnold part number 4T-4035- 
~1) l~ound with a secondary :cicding and housed in a 
toroidal copper can with a cylindrical capacitive gap 
(Fig. 3). The gap is filled with epoxy, making the 
can ~x~ac~ux tight . The inductance cf the can resonates 
with the capacitance of the gap at about Li NHz. Signal 
c~,niponents iwith frequencies below i >Mz will primarily 
flow thrcligh the Inductance, pass through the aperture 
of th toxoid and couple with the secondary winding 
:~:l~ile signal cor:ponents beyond 4 lW.z will pass through 
the capacitance and not couple to the szcon2ary. The 
primnrb windins is formed by a stem thr*,I.igh the center 
of the toroid. Together with the pick-up coil it forrcs 
a closed loop with inductance L ?f 0.3 GH and a resis- 
tance r Qf 40 &t-. . (Transformer secondary shorted.) 
The indectance of a single transformer turn is 5 lH, 
thus its coupiing inductarce is much larger than the 
inductar,ce of the pick-up loop. The number of secondar] 
turns, i.e., the transformer turns ratio n is chosen to 
suit the purpose. Below the break point frequency 

1. ‘0 p = (2,/n’ + rp)/L the transfer function from beam to 
cable is given by *scl = nL d/dr (xi/w)/ (1 + n”rp/Zo), 
above it by qsc2 = 2, xi/(wn) and above the resonant 
:retquenc;~ of the can isc3 ; 0. 

Fcr Zoinl >3 r this reduces to 
P 

“bp 
= Zo/(Ln~) 

d xi\ 
3 SC1 = nLz TJ 

4’ SC2 
= z o si/(nw) . 

Fro-n this it nay be seen that increasing n reduces 
the break point freqllency, and the sensitivity beyond 
that frequency. E.B. Forsyth pointed out that the sig- 
nal to noise ratic is imprcved if the integration neces- 
sarv ti> obtain a signal prcportional to xi is performed 
;1 !i a final st~,p because then all the noise in the sys- 
tem is icte,;rated also and thereby reduced in magnitude. 
This is equivalent with cihzosing ::b high and conse- 
qoently I: low. should not be c osen too high how- R 
e:rer ti. prevent ‘L:$ing the high frequeilcy response of 
cable ant electroclcs tcx sevrreiy. At present we have 
, 2- 0.50 :, 10’ rad,‘scv. This -lakes the cable volt- 
;;ge ,2f ti-12 c,rilcr of 100 ,*.I7 fit n:inin:tm rrsol~ltio,. l’he 

noise cxf the c,able must be Cevelopcd :-!crass the trans- 
fx>r::ed r 

P’ 
i , ,2 , 1 .:. . 

Electrocics 

The electronics equipment consists of conventional 
operational arr.plifiers, used as amplifiers and gated 
integrators. Ihe integrator should act as integrator 
for 0 < IC .; ~~ 
prL>blarr has be ii 

and as amplifier for w > % , A prime 
P zero drift of the Integrakgrs, causing 

triangular waveforms even with no beam present. The 
problem has been partly cured by amplifier selection. 
Autczatic compensation is under consideration. 

Adtiitiocal Canslderatiocs 

Althoilgh the perneabilit>- of the ferrite shcluld be 
high, it should not be too high in order til prevent 
magnetic saturation of the yoke by the bean ccrrent. 
If this cnlikely problem occurs, the yoke na!r be pro- 
vided vith a thin gap in the nngnetic asymmetry plane 
mentioned above. 

In principle the beam is steered by the dipole 
field set up by the current in the ?ick-up loop. At 
worst this current equals half tte bran current. In 
our case the dipole field would be fBd-L = 2 Y 10-’ Tm 
per ampere of beam current or 10-’ ;ad/A per monitor. 

Practical Experience 

Our PM appear to behave to within a few percent 
as calculated. In particular the linearity as mea- 
sured with a current in a stretched copper vire remains 
with a few tenth’s Percent to the edges of the aper- 
ture. This result was our accuracy limit. 

We cannot state that our design goal has been 

reached. Because the performance is more than ade- 
quate for our present needs, the electronics have not 
yet been fully developed, nor have the cables been in- 
stalled in seamless metal conduit, essential to reduce 
interference from external soln-ces to a fiinimum. Al 1 
monitors contain a stretched calibration wire in cne 
corner of the aperture. 
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Fig. 1. Magnetic Position Monitor (right hand part of top bricks left off to show 
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