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I, SUMMARY 

Time-lnten$ity modul:~r~on 1n beam spill cm be of prm~.n-y toll- 
tern in tome e\pertment\. The m.ljor source of this beam structure 
1s from main-guide fteld-m.ignet power supply ripple If the time 
constant\ .~re ~ppropr~te, then final control of beJm structure c.11: 
be ,lccompllshed by closed loop control of the intensity of beam spill. 
The recpon<e characteristics of the feedback system wili determine 
the fin.11 srrucrure At high beam fluxes signal to noise ratio of beam 
detector,, in the feedback loop, can be Improved by .lt least four 
orders of magnitude by usi:lg photomultiplier tubes end a w.irer 
Cerenhov counter in place of the normal secondary emission monitor. 

4t beam fluves below 10” partlcies per second (PPS), a plastic 
tcintlllstor .md photomultiplier tube Are used in the feedback system. 
.A pl.lstic scintlllator and photomultiplier are also used in the beam as 
intensitv monitors. At intensities below .lbout IO’ PPS standard 
counting techniques are used For intensities between lo6 to 1 lo9 
PPS, the photomultipller ii usrd as a current <ource driving dn inte- 
grating circuit which is then calibrated to read the number of par- 
tlcie5 per pulse. 

II Introduction 

.4. Euperlmental Requirements 

The major purpose of a particle accelerator IS to deliver high 
energy particles to an experimenter in a mode that is compatible 
with the needs of his experiment. The quanrlties of concern to the 
experimenter are. 

1. The total number of particles delivered to his experiment. 
This determines the length of time to complete the experiment to 
the desired statistical accuracy. 

2 The average rate of particles during the beam spill. This 
is the envelope of the spill and is determined by the method used 
to spill beam and the spill feedback control system if one is used. 

3 The instantaneous peak rates during the spill. This is dc- 
termined by the method used to spill beam and the variation of 
p,trdmeterr that affect it such as main magnet field rippie or rt 
structure from the accelerating electrode This fine structure except 
rf structure 1s hopeful!? controlled by the feedback system used to 
cplli beam. However, <IS will be seen, the feedback system mdy 
Introduce some fine structure of Its own. 

4 Beam spot size. spatial densiT ,md beam emittance. 
5 Energy .Ind enerp spre.ld, momcnium .md momentum 

cprc,id. 
Xlonitoring .lnd control the first three quantities 3rc discussed 

in rhlc paper Eisrntiol!y all cspcrimcntcrs Are iilic~rsted in the 
number of particles per pulsed (ppp) .md the pulse rate. The over.lgc 
.ind Instant.mcous r.ltes of beam spill are maini) of Interest to rhc 
experimenter doing .L counting esperlment FIo\\e\er ,I biologic,11 
experlmenr which uses be.im position sc.mning tn get controlled dorc 
dl\tributlon 1s also v~tnlly ~ntcrected In a\‘cragc .lnd ~n\tant:mcou~ 
rdtes ctlme intensity modulation) of be,lm cp~ll. 

The str;1cturc .I<\oclatcd with the number of p.lrtlcles per pulp 
.md the pulse r.ltc’ constitutes the m.lcro(tructure of the bc,!m. She 
Instant.lncous p,~lce rate 15 the bc.lm micrcostructurc. 

One ilndl polnr. I would like to dcf1r.c:. i\ the i-alnccpt oi .‘I)(~” 
heam spill .~nd the structure .i\w)ci.itc:d \\\ith individual! p.lrticlrs in 
the b?:im For convenience let’s define the beam pul\c width as- 
\oclatcd irith .a \~ngle p.u-tlclc ,1s the Mid:h of the pul\c from the 

‘LCorh \up;‘orted h). the U S I;ncr$ .mJ Rcse.lrch Dcvclopn~ent 
.\dmini\rr.ltion 

particle detector. In our case, using a scintillstor and a photo- 
multiplier with ,\ clipping line, this \qidth is 10 ns. i\ preliminary 
definition for “DC” be.lm is uniform rate of particle spill If we 
consider the spill over a period of one second. then ue have one 
particle every 10-I 2 < for n spill of 10” particles and one parrlcle 
ever-d 10eb s for a spill of IO” particles. For the case of 10” ppp, 
we k.ill have lo* partlclcs per 10 ns the width of our beam detector 
We obviously c,mnot resolve this detail. However any counter 
experiment taking 10 I2 is counting the secondary particle flux from 
a target. so his flux 1s of the order of IO4 to lo6 ppp. IVlth a 
counter pulse width of 10 ns. we could theoretically count 10’ ppp 
for a uniform beam spill. With particles flus of 106 ppp we would 
only be counting one one hundredth of the time. ‘This IS for .m ideal 
counter and ignores statistical fluctuations. lye can therefore allow 
some variar;on in the arrival time between indl\,idual particles as long 
as we don’t get two particles within our 10 ns counter resolution. 

Each experimenter has a resolution time associated with his 
experiment. The beam can be considered “DC” as long .IS two beam 
particles do not appear within the resolution time of the expcrlment. 
A “DC” beam therefore appears as a picket fence with some mod- 
ulation of space between pickets allowed. With this picture of a 
“DC” beam, we can talk meaningfully of a “DC” beam from 2 ppp 
to 10” ppp or above. This concept will be considered when dis- 
cussing closed loop spill control. 

B. Bevatron-Bevalac Facility 

The Bevdrron IS ,l weak focusing synchrotron with four 90 degree 
curved sections of 15.22 meter radius of curvature (gap a) and four 
straight sections 6.1 meters long. There :ue three injectors. .I 19 MeV 
proton linac (5 MeViu for heavy ions eim = 0.5); 2 50 f&V proton 
hnac; and the SuperHlLAC for heavy ions from carbon through Jrgon 
with eventual operation planned up to KfypIon (8 MeViu). These 
facilities have been described previously. 

A peak magnetic field of 15.5 kG, yields of 6.2 GcV kinetic ener- 
gy and heavy ions (e/m =0 5) of 2.7 GeV/u. The normal operating 
peak magnetic field of 12.8 kG :~llows operation with a two second 
flat top at :I kinetic energy of 1.9 CeV for protons and 2 1 GcViu for 
heavy ions (e/m = 0.5) at IO pulses per minute The type of particles 
decelerated And the peak number per pulse Lre shown in Table I. 

‘l’.lble I. Number of ions per pulse :LvailJb;e in external beam 
channel from 20 ,!lcV proton llnac and projected levels from 
SuperHlL,ZC. 
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Essentially all the experiments are now done in the External 
Particle Facilit).2 Beam IS extracted from the synchrotron using ,I 
YR = 213 extraction system.3,’ 

Ill. Beam Detectors 

In normal operation of the Bevdrrorl-Bevalac, we span J kinetic 
energy range from 250 %leViu for biomedical experiments to 4.9 GeV 
protons or 2.1 GeV!u heal? ions for nuclear science and high energy 
physics. The number of particles varies from about I OJ to 10’ ’ ppp 
depending on the nature of the experiment This ren orders of mag- 
nltude change in inrcnsity required substantial ch.mges m beam 
detection equipment both for inrcnslty measurement .md for feedback 
control of the resonant extraction system from the original sesondar) 
emission monitors (SE&i) used for high intensity proton beams. 

If the detector is to be placed directly m the beam, then four 
problems must be considered. First the detector must bc linear over 
at least three or focr decades of beam intensity to be useful. Second 
it high beam fluxes radiation damage and auto-activ.ltlon determine 
useful life times of the detector. Third background radiation in the 
.lrea can create both hfetlme problems (radiation damage) and signal 
:o noise ratio problems Fourth the detector must be thin enough 
to minimize energy spread increase and secondary particle contamma- 
tion of the beam. 

The SEti! has been the standard beam detectior device in most 
high intensity proton acceler‘ltors. The nominal secondary electron 
production is 2 percent per surface r$- 1, e/m = 1). The SEMS at 
:he Bevarron have five collecting foils or ten surfaces. For 1 O1 ’ 
protons over a one second spill, this gives an average current of 
3 2 x lo-@ A. If the particle flux is reduced an order of magnitude 
the current from the SEM is reduced an order of magnitude. 

A photomultlplier (PM) tube, such as the RCA 8575, can dehver 
an ,nerage current of bet\veen 1 x 10T6 .A to 200 s 1O-6 A dependir.g 
on stability required and still remain linear. This current can be in- 
creased by an order of magnitude by the use ot “after burners” or 
separate high current source for the final four stages of the photo- 
multipliers. A self tracking solid state modification of the P rM base 
circuit is under trial ar the Bevatron and hopefully will eliminate the 
operationai problems of having to have and adjust two power supplies. 

The high current capability of the P.M over the SEM made it 
highly attractive as a device to monitor beam intensity with a much 
mproved qlgnal to noise ratio. Preliminary tests were made using a 
Liquid Cerenkov counter and P.M looking at secondary pxticles from 
rhe septum of the first magnet in the extraction channel. The duty 
factor (microstructure) for the experiment being run at the time, went 
from 10 percent with the SElLl to 50 percent usmg the P.M signal to 
control beam rplll. This improvement provided sufficient incentive to 
stxt a development program using a P.M in the beam monitoring 
ilrcuits. .A” additional advantage of the P.M. is that the same current 
ourput c‘an be maintained over .he full range of Inrentitic\ bv adjusting 
the P.M high volt,lge and by suitable choice of particle detectors 

Polyvinyl toluene plastic (Pilot “I;“) scintillators. 0.125 in thick, 
se used up to beAm fluscs of 10’ ” ppp. At Ibout IO” ppp the photo- 
cathode Faturates and the P IM output becomes non-hncar. The P..11 
can be made linear again by restricting the light reaching the photo- 
cathode This has been done by irising rhe light pipe Ueutr.d grci 
t’llters bar-e been considered but ha\e not as yet been tried. 

,\t f!uxcs abo>:e 10’ ’ ppp r:ldlation d,lm,agr to :hc \cmtill.ltor 
qtxts to be of concern. Both reduced light ourput .uld rxllation 
&rn.lge were solxcd by conhrructing a thin 0.125 111. thick \iatcr ccl1 
with 0 003 In thick .llun;inum windows. The CcrcnknL light from 
:he N.~TCT I\ c~)llcct~d from :hc cdgc of the cell I)>, mulriplc rct’lcctmn 
fhe light ourputt is do\\n by about 10” cump.tred to .~n (I. 125 in 
plastic sclnti:l,itor 

The cell is construxcd by makizg J picture frlmc ot 0 I25 ii,. 
thick Iuclte. Aluminum fo11 ii then g!ucd IO the frame and bnckcd 
\+:th 0.062 in .llumlnum tvindo\v frame as d xrcctura! cl.unp. The 
edges of the frame are polished. One edge c.m he cemented to a light 
;>lpe .lnd then to the P.11 Thin tubes cntcr the cell through the edge. 
one AI the top .~nd the other at the bottom of the ccl]. I‘hcse provide 
ivdter flow in .~nd out of the cell for filling ,lnd for thcrm.ll e\p.lnsion 
.md contr.1ction ot rhe \v.itcr. f’l.lrtlc tubci attaL,h the ccl1 to two \%:l:cr 
!,ottiec. This ~l\o :lllo\vs for remov.11 of g.1, from II! drol\.hi\ r)t rhc 
wdtcr 1\ circulx cell IS shown in Fig. 1. Thi> ccl1 \\J\’ de\igncd to 
uork :n .I rrflectlvc box r-thcr rh.m being .~tt:~cixd tLo .I light pipe Ir; 
this case the cdper murt bc bevcllcd to .~lla\~ light to cx,\pc irlirn the 
cell (critlc.11 .inglr of rcfr.ictlon). 

Fig. 1. Thin wxer Cerenhov ceil 

The plastic scintillator and wdtrr cell provide adequate beam 
detectors over the full operacmg range of thr Bevalac \\‘e h.ice some 
remaining problems that xe associated with our specific machme 
operations and the confined splice in which to place the detectors If 
the plastic scintillator and light pipe are pulled back out of the beam 
but left in place, the plastic light pipe will brown from background 
radiation when we operate at high proton fluxes !> 10” pppl. Tests 
with J lightly browned T.V. camera lens showed B 20 percent reduc- 
non in transmission of white light but a 90 percent rcduct:on in trans. 
mission of blue light which is the region of operation of T V. vidicons 
and P.hI tubes. 

To eliminate the light pipe problem, a reflective box has been 
constructed. The P.M. tubes then collect light from direct and multiple 
reflection within the box. Only the plastic scintillators and water 
cell have to be moved in and out of the beam. This inrt,~llation will be 
tested when machine operation is resumed. 

IV. MOKITORINC THE PHOTOMULTIPLIER SIGUAL 

A Intensity Monitorins 

The P.M. signal is used in t\vo modes of operation. .2t lo\v fluxes 
10’ to 10’ ppp, standard counting techniques are used for bram In- 
tensity monitoring The P M output goes to a 300 MHz Mecl dissrimin- 
ator and then to a times 10 prescdlcr ‘The discriminator is placed as 
close to the P.M. as possible to minimize pluse width broadening. A 
cl:pping line at the P.M. clips the pulse to 10 ns base w:dth dt the dis- 
criminator. The prescJed by 10 slgn~l is hen sent to a scslcr 111 the 
main control room (MCR). If unclipped md sent directly to the MCR. 
rhc pulse would be ,tbout -CO n\ ivide. The <lgnal cables .ind il. V 
c.tbles :ire run together in a speclJ cnblc run to the MCR to minimix 
:mlse pickup. The signal cables xe KG 2 I3 u to minimile pulse w:dth 
bro.ldening 

\Vc h.l\c xhlcvcd counrlng of ne,irly 10’ PDI) o\cr .I 1 SO0 ms 
beam spill. IJcpc0di~~g on bc.im spill !c:lg,,. A, .ind mIcrostructure, the 
\calcr cnuntlng of be.im pxticlcs usu.~llv go’< noIvline.:r .I[ bct\rcen 
2 1 10’ ro 10’ ppp. 

Our SE,\1 products .i u~blc ~>irtpur .~t about 10 pr0Ion~ per 
mi.5~‘. ‘1‘1~~ uh.!blc output from :hr SE.!1 for i:uiou5 :ons ,~\\umlng .I I’ 
;cl.~tion\hlp :and con\t.mt ,3 is \hoMn In I’.~blc II. 

I .IIIIC II. Iktcct.~t~lc ,on thre4~old ot I.RL ?;I:\1 in ~.LIKIC~C\ 
per pulse (ppp) 
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TO cmer the region of 10’ to lo9 ppp, ‘rye have chosen to use 
P.,W and Integrator c~rcuirs. The P.,\l. is now looked J[ as a current 
source rather than a pulse out for a p.utlcle through .As a current 
source. the output IS no longer calibrated but can be made propor- 
t:onJI to the number of particles. 

‘I‘he Integ.lror provides six decxies of range b,y sktching the 
lntegrdtor c.ip.icitor. The outpct of the integrator 1s reJd by a dlg:tal 
\olrmrter A sepdratc t\vo digIt readout gkcs the scale of ten the 
IntegrJror IS iet to rend. Thor 1s set to re.xd the correct r,lnge at the 
c;libr:;tion point 2nd then track, range sc.lle \\hen rhe integrator 
cdpac,tor 1s swItched (See block didgram below). 

i *wilSh * 

I l ~w;l;;tpic 

XBLTIS-2420 

CJibrJtlon is accomplished at the lo\+ intensity end by reducing 
the beam level until the scaler P.M. signal is linear. The HV on the 
Integr.lting P.M. :s then adjusted until the digital voltmeter readout 
corresponds to the scaler redd out. The integrater output now reads 
parr~riec prr pulse. The output from the integrator will now be 
linex until the P.M. saturates; either current saturation in the final 
\r~ges or slruration at the photocathode. 

The Integrating P.,M can be calibrated at the upper end in the 
<ame m;lnner by comparing it with the SEM redding. 

B Beam Shape Monitoring and Spill Control 

I-or beam shdpc monitoring and spill control, the P.M. are op- 
erated a~ current sources for all Intensity levels of beam. 

Nedm extrxtion from rhe Bevatron is from radial betdrron ph,lse 
space using the two rhxds resonance. The resonance is driven by a 
two pxt perrurb~Lrion. .I time constant part PI ,md a time variable 

)>drt Sl., The L,~UC of S I dcrerm;nes whx fraction of radial space is 
&II sr.lble t‘or beratron oscillations. If the radial distribution of 
p~r~1c.1~~ IS the s.mx at 10’ ppp AS at 10” ppp, then for a given value 
ot Sl current The \.ime fr:*;rlon ot beam 1. . 1 ii! have been cstrnctcd for 
either C.ICC. The output sign:11 level from the P.M. to the spiller control 
chJ\\l:, xhlch controls Sl current must therefore be the same value 
~ndrpendcnt of the rota1 number of part:clcs .xxcler.ltcd. This P.M 
output lc\ ri is conrrollcd bv ~ld]ust’ng the P.bl. high \,olrage and by 
3ppmpxe scl~ctic~n of be&, detector Plastic sclntili~tors are used 
for be.m~ Ic\el\ from 10J to *ibout 10”’ ppp. Tl~c r,lnpc from IO’” to 
10’ ’ ppp i, \p.lrlncd 1)~ using rhe thin \\:it.cr Ccrcnko\ counter. 

If rhc ch.lrgc ((11 irom the P..\l 1s proportlon,lI ta the number of 
;xlrn.rry p,“tlclcs i hi p,,c\jng through the dctcctor WC’ h.l\e r:, = KN. 
In rhc rcg~on of 10’ ro IO” ppp K I\ .I constant for our P.M. and plxic 
\clnrlll.ltt)r\. Bctwccn IO” .incf IO’” ppp K is .L slowly decreasing 
tlllll~rilln lI”;t.\\ ,lC .ITrcnl!dtC the hght In the rcglon uhcre K is &~ly 
c~Y3.lng11lg the dcrcitor I\ unsuit~~blc .1\ .1 beam intcn\in monitor. It 15 
hc>\vcl-cr q.lirc ur.~l)lc ,I> .I ~.gn.ii rronitor For thr cl&d loop spill 
control .1\ do I\ still prc>portlon.‘l IO <IS 

01x t‘~ndl p01iir \h,)uid hc rn.~~lc rc,g.lrcfIng background r.lJIarlon 
.ilNi hght .Ittc‘l~l.iTll~1~ to the P \l ,\t rhc Bev.itron \yc h.lkc ‘1 gencrJl 
hchgrr)u~ld r.idl.!rlon till\ t:c.,r ~hc .lccc.:c.r.ITor oi the order of IO 
p.lrtlclc\ per cm’ t‘or 10’ ’ proton\ cxtr.l<,tcJ In going tram .I pl,l\tlc 

sclnt:llator ,Lt 10b ppp to .I \\ .Iter Cere:lho\, ccxinter for 10’ ’ ppp we 
have pro\lded .I I:ght ,~ttenuation of about 100 to maintain the same 
output current front rhr phoromultiplirr At the sdme rime we tidve 
r.lised the background r.ldiatlon tlux b,!’ 10” The bx!+ound tlu\: 
through rhe P hi. dnd light pipe nowgl\c A current output rh.lt is 
.lppro.xhing the P..fI. current ourput from rhr Cercnkov Ilpht. ‘l‘hc 
besr sign.9 to bachground rJt]o ue hdve been .tble 10 .Ichlcve 1s ten to 
one Radi.ltion shielding of the P Al. c.m improve th:s but is very in- 
convenient. However it is not A> bad AS it may seem bcc.iu>c the 
background flu\. r.ite is proporrlonsl to the beam extraction rJte so 
even the background is a usable signA for closed loop control. Hou- 
ever the background rate may change near the detector bec.luse of 
bectm scraping in the transpoir chunncl i~used b!, changes in be.lrn 
position. The feedback system Lvill then convert this to ,I reJ in- 
tensitv modulation. 

V. BEAM SPILL STRUCTURE 

The radi.11 cx*truction system is sc.n~i~~ve to r.~d~al position chtngcs 
of the order of 0.001 in. ChAnges in the reference \oltape from the 
spiller control chassis to Sl magnet of the order of 0.001 mv cor- 
respond to changes to position of radl.tl stability of the order of 
0.001 in. 

Magnetic field ripple in the main guide field is controlled hl 
passive filters in the M.G. Room and dynamic rIppIe reduction’ 
windings on the pole tips. 

Because of asymmetries in the ripple components in the four 
main magnet quadrants, there is a distortion of the cloxd orbit AS 
well as a simple change in radius of curvature. 

Betatron acceleration from ripple in the net enclosed magnetic 
flux causes addirional changes in particle radius. As .I result of these 
two effects, changes in radial beam position at the loc.ir~on of the 
perturbation magnet are a complex function of the main magnet 
ripple field To corre!ate rippI- p structure with rnnin magnet ripple, 
it is more fruitful to check for coherence ivirh mAin magnet current 
than detailed comparisons by harmonic an.4ysis of the signals. This 
is accomplished by putting the beam monitor signJ, showing the 
beam structure. on an oscillascope and using IM G. synchronized 
multiple triggers. Pictures of multiple sweeps are then checked for 
coherent structure. Figure 2. Nhen the gain of the closed loop 
feedback is sufficiently high, there is no structure that is strongly 
coherent wth the M.G. power supply. Figur; 1. The remainmg 
structure is not coherent with line frequency so cannot come from 
the other power supp!ies associated with the extraction s)xtem The 
remaining structure is then characteristic of the spill control system. 

Budgetary restrictions on Bevatron operation h.lvc m.ldc it 
difficult to collect consistent sets of data. Much of the d:jta has 
been collected during normal operation for esperimcnts The iree- 
dom to vary parameters controlling the bean? spill xv.15 thcretorc Lerv 

Fig. 2. Beam structure coherent with main magnet field ripple 
sweep 1 msicm. 

Fig. 3 Cohcrcnt bc,lm strucrure rcmovcd by closed loop \piil C‘OW 
trol cweep 1 msicm. 
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lirnitc?. The tolli>\\ ing di\iusslon on beam xructure and control is 
rl~crefore , c,,mposire picture r.lther than the result of :, series of 
c,,refull\- col,trolled c\perimenrs. Those experimcnrs .xe ccheduled 
and \\ ;li be done ~vhe.1 m.lci:ine oper.ltion time is .~vAble. 

.-\t low cncrby o?erarion, buch as for the Bio-medical runs, the 
radial Lvidth of the bum is too gent IO :11low for normal resonant 
21tracrion uri:lg 5 1 currents to comrol the spill rate. An operating 
mode W:IC fJund th.lt Lo\vs the beam to be moved r.tdially into the 
pf:rturb,ti,,!;. Thl\ r:lil:i,il shift .LS d function of time is normaliy 
done by raml‘ing the m:cm guide field with the rf volt.lge turned off. 
.liacrostr~ic::lrc :or this spill mode is shown in Fig. 4. The macro- 
\trucrure for .I bc&.m s?illcd \lith closed loop feedb.xk is shown in 
Fis. 5. 

Fig 4. Be,:m spll! shape wirh ramped main guide field. 

Fig. 5. Cr)rrcl,lti~>n of bekm spill ~trucfure (upper tract) with sl 
cc,ntrol \~fn.ll / lo\vcr tr.icc) 1rMcc11 1 ms!cm. 

~hc hram spili fecdhach system can eliminate ,M.C. synchro- 
nixd ripple \tructure. Ho\vever, it does not rllwa)7s control the 
rlpp;e. It is not cicar at pretcnt whether thcrc is a malfunction in 
the ,I\ n.lmic ripple reduction circuits uhich we have not as yet 
locar& or tvhcthcr the ripple reduction cquipmcnt must be balanced 
.Ig:unst tI:c. txt.lrron effect to minimize ixxm Xructure. 

\\‘Ic~ the spill Ic<:~II~~~(~, \> rrcm i> .15lc 10 c,.)ntroI 1l.G. ripple 
\t,-uc:u-:. :IC I.IIL. \rrlIcturc .IS shov,n in Fig. 6. Hcrc rhe spill 
t...lcl,\ tlii. rtx;.rc\t for \rlll .i\ 4~0~ n I)? compxing spill structure 
,‘I it Ii !l?C ’ \\c:- Ir.iic’ \\hich i\ S 1 ix)nrro/ kign:ll. ‘l‘hc yill continues 
.Ll‘tvr si 1l.1~ r~.i~ii~d IT\ l-c,~k i.lluc .ind i‘ilntuc\ a\ S 1 tric~ to turn 
the \piii oti ’ il rilv f,l”, _[I i,lc \{>I11 ic,Iiirtil iii'iiizi is 4 :ncrcx;etI the 
jpi!l gcr\ hi;hi,r .~t:<l rh[lrtt.r. ‘l‘hc time\ hctnccn p,~l\c< remaining 
the rm,c 

Fig. 6. Beam spill off the base line (upper trace) sl control signal 
(lower trace) sweep 200 msicm. 

At this stage one might become discour&ged and feel that 
there is a basic mechanism in the extraction system that produces 
this structure, Similar structure has been obserbed dt the Bevntron 
when extraction from rf phase space, inro the Piccioni extraction 
svstem. by lowering the rf voltage. However as can be teen in 
iig. 5. we can at times achieve good spill with httlc microsrruc- 
ture. Beam spills for normal operation 3 few years ago hod less 
microstructure than we have todav. Recent experiments have been 
operated in the primary beam while previous esperimentr have 
been done predominantly in secondxy beuns. The major ch;lnge 
between these two modes of operarion is that experiments opera- 
ting directly in the primary beam are much more concerned \Qith 
positional st;ihility of the bc.m. This h.ts bern accomplished in 
general by loaering current in the perturbation magnet Pl. 
Preliminary test) show different struxurc ds the ;-.tluc of cur:c:lt 
in Pl is vaked. Presumably the net slope of the perturbation at 
the point of extraction is going to control the rate of extraction: 
This effect is under study, both wirh more detailed calcul.xionc 
around the point of extraction and more machine measurements. 
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