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BEV/THOUN TARCETS, DBE/Y FNTRGY /WD CURREHT FOUITOR

BFiM T/RGETS

Werren W. Chupp

Tha £-Bev proton beem hes the following cherecteristics:
1. Joplitudes of verticel oscilletion ~ 1M. »

2. Jjmplitudes of rsdiul oscilletion ~ 2".

3. Rote of decreese of steble orbit at full energy with rf off ~ 1/3 mil{/turn.

L. The verticel and redial oscillsetion frequencies sre not frr removed from

the rotetional frequency. For n = 0.63 %zﬁg = 0.73 ‘%225&::0.92 .
_ : rot rot

Seversl fects regsrding the beﬁaviorvof the beem on targets follow directly
from these chorecteristics. Because the besm méves in so slowly and the oscille-
tions ere rapid, & target, smell in height and with 8 radial extent large comparea
to 1/3 mil., will intercept ali the beem 4f 1t 1s loceted on the medien plane and
inside the ortit. Protons with lerge rsdisl oscilletions will be Intercespted
first, end the radiel distence in from the tip of the terget where the protons
strike csnnot be much more then 1/3 mil.

The tergets used in the Bevatron cannét be set in e fixed position beceuse the
gperture must be clesr st the time of injection, snd et high energy‘the region of
"prood" field (the region of fileld with the proper gradient to keep the beam resson-
6bly focused over @ period of several thousand turns) is 1n the cantgr of the éper-
ture Aenr the circulating beem.

The uscble -aperture et injection extends from 582" R to 622" R. [t 6.1 Bev

the region of "good" field extends from.597" R to 609" R.
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Typicel targets cen be used effectively et rsdii between 597" end 603". The
probas used at present can be plunged into the desired radiml position in a minimum
time of 0.2 sec snd & maximum time of 1.5 sec. |

In order to schirve relisbls operation of targets, several design specificstions
hsve besn edopted e&s preacticel messures, though they need not rigorously epply to
811 ceses.

~ Normel speclficetions sre:

1. Terget-height mintwum = 1/4".

This dimenslon limit sllows forisome misslignment of the probe from a
level line, some vibretion et the end of the stroke, and an uncertainty
as to the exact locetion of the median plene of < 1/16".

2. Addition of & "1lip" which extends radinlly outwsrd from the tip of the
terget. The lip 1is constructed of luci;e or polyethylene to minimize
multiple Coulomb seuttering. The nominal thickness in thg beam direc-
tion is 1/8", end the smount of radisl protrusion is 1/8" to 1/4". The
function of such a 1lip is to increase the specing between successive
turns from the normal 1/3 mil to . 1/8;ﬁ¥o 1/4wy;5 that a lsrge fraction
of the prdtons will penetrete the full target thickness. Without such a
lip, one cen expect only ﬁrazing encounters with the terget. The theory
of the 1lip tsrget has been given by_McMillan (R.S.1. 22, 117, 1951) .

3. The width of the target (redizl dimension) is determined by the intensity
distribution of protons landing on the target efter traversing tﬁe 1ip.
This distribution, which depends on the lip geometry, proton energy,
and megnetic field, has been deteruined éxperimentally during tha course

of the besm-deflection expariments and internel ermulsion exposures. The
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cherecteristic distribution 1s shown in Figure 1 and will be referred
to leter.
L. The target support should be es light as possible, and on fhe probe -
mounted tergets, the target should stend out & minimum of 6J from
the standsrd bress holders.
The present method of support is to use thin-walled stainless
steel tubing as & support member.
BEAM CLIPPER
The protons, sfter traversing the tarpet acquire larger redial oscillations
a8 a result of the contraction_of the radius of curvature csused by the energy
loss in the target and the acquisition of radisel veléciﬁies produced by Coulamb’
scettering in the terget. The change in the redius of curvature brought sbout

~

by en energy loss OFE is given by Or = Tgﬁ Q%E_ where E is the total energy

of the protons end n = %; gg— ~ 0.6 i3 the megnetic field exponent.

Lt 6 Bev _
AOr = 0.4 w . Ar = inches

w = target thickness in gm cm'z.

' The approximete emplitude induced by multiple Coulomb scattering 1is

5 .
tael -~ 2(E- v with w = target thickness Aa = inches
- ¥r w.= radistion length '

Most of the targets used produce & Or of at least several inches. After
one passsge through the target, the beam will ride at smeller fﬂdius withVSevefel
inches amplitude of oscilletion. The protons cen then "see" & relativély lerge
radial intervel in the space between the target and the inner wall of the sccele-
reting chember. The probe target holder and other obstructions can then act as

secondery targets producing background resdietion.
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The clipper is & larpe copper vlock S" high, 2" to 4" thick in the beoum dirac-
tion, end 12" lowg in radial dirension. Tt is mountsd on a slunging probe 160°
fror the west terget erea. Protons incident on the clipper srs degraded, ettonu-
ated. ond scetlered. Plunging this deviece Fc a radilal position ubout.J” short of
the terget position reduces tha background proton intensity to sbout 1/40 of the
totel beem.

The distribtullion of basm intensity along the radiel dimension of the target‘
hss been determined experinrentslly for several ceses which approximate genersl-
use targets.

The studies cerried out under the bean-deflection progren end in internsl
beam exposures eres in genersl agreement. The beem distribution along the redial
dimension of the tsrget is independent of theo target for targets grester than
5 gm/cm’2 équipped with & stendard lip énd-using the clipper. The general inten-
sity»patternlis shown in ﬁéilﬁﬁi%: | | |

Smull tergets (<5 gn/cm™2) or those necessérily sméll in radiel dimension
end in the beam direction should not be used on the stendsrd probe, but rather
mounted on 8 ”flipéup"vtarget mounting. The hlip’*.mey be dispensed with. It is

desireble to use the clipper, however.

"FLIP-UP" T/RGETS v
The stenderd "flip-up" tergets ere doécribed both és to geometry and loce-
tion in the mschine on a sketch prepered by W. W. 5slsig after eech shutdown and
ronrrnngamagt. Coples mny be obteined through the Eavetron office.
The mfxémum dinension in the bemn direction that can be accommodsted is 1-1/4",
and the movimm target mass tolersble is 130 mm.
I new type now eveileble csn eccommodate targets 4 inches thick In the hoan

’

direction.
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[CCUR/CY QF DETFRMIN/TION OF PROTON =NFRCY IN THT INTZIN/L bW/ OF TH® BEVATRON
Josuph J. urray

In & table1

postad ir the counting oree, ona finds & list of current mrrkers
(Iapips) with corresponding velues of proton enarry, rf frequency, effective flux

density, magnet curraent and time. The proton energy corrasponds to tha momentum

2
computed from messured velues of the megnetic fleld”™ sccording to the relation

b= E%' §ﬁd1 ,
where the line inteprel iz teken eround the machines slong the nominel beam cen-
terline, which has & rsadius, T of 5?9~3/8 inch in the qundrantsf It 1s belleved
thet the error of the everege H usad in the intepral was léss than t 0.3%. Thi§
is the only source of error teken into eccount in the uncerteinty of % 0.3% assign-
ed to the proton energy (%g - dp shove 3 pav) . Other possible sources of error
of compsreble megnituds b£9 th:!followiny:
1. Deviestion of the actusl besm conterline from the nominal peth,
2. Uhift of the I-pips with respect to tha megnet currents to which
'they corresponded at the time of tho {ield measurcments.
Spread of the beem enargy rsrising from batetron &nd fh?Se oncill&{ions is relstive-

1y negligible (<X0.1%). In vhet follows. the numbered items will be discussed

briefly.

I
¥

S1i Dac. 2, 1954 (Revised 1-12-55).

~
b

Windsor, Lembertson and ieck, 43%3-01
2Glen R. Lembertson, Teatins ths Meenotd- Tiald of ths Neyntpon, University of
Californde Eadiviiin Leloritory nerart oo UChL-or L, Dovenber 106, 1954

ﬁThe ef fective flux density 1iated in the tride I delinad Yy Pni eer = §Hdl.
The rf freajgqumoeion listad anoar the cubhasded "2t Current derker” were
comyuted from th uveiscit; corresrondivg te p for s prth Lemeth eround the
mechine squel Lo Jerg + Al whiers Lg 2 fest 45 the lensth of & strslicht sec-

ac ey Uiraguancy™ is now obsolete.

hed
tiorn. The st 1. 4{tcrnze ~Y cthar entr ;
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Jodilerena bt o Ly el oo pomine ]l baam centlordinean mey arist for
twd rercons. b arute the beom may oe tricked off the nowi-
nal cantarlin-. Coyen ! Lerip ol 15, Tor asne la, the besn is normelly tracked
at a redivs a fo0 Luthes rorbes then thaet of the nondinsl centeorline. I the
the actusl send nominsl redil s er; the corresponding energy
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where T s kinatic enersy end n is the ogerithmic field index equsl to 0.C.
Secondly, however, the shaps of th» ectual beam centerline may differ from

e nominrl shape, and, of course, knowledge of the redius of the besm a e
th in~1l shape, 1, of knowledge of th edius of the ! at on
point could not revesl that fect. In sucn & cese the OHALl slong the actual path
of the besm mey diffsr from the noninnal velus even sfter correction for NHr. The
results of a prelimdnsry expervinment seen Lo Indicete thet energy errors, possibly
83 lerge ss O.5%, may exisl beciuvse of Lhis «ffect. Ko more definite conclusions
ctn ba drown frowm the present infarmetion, snd no prazerintion for correction cen
be given.

From the retie of sirmtls oloure™! on the inner and outer segments of the
induction electrode, one cren mekn A cvude st irets (S a few inches) of the actual
bLerm redius. £ more sccurshe deterainctlion (batter then 2 1 inch) cen be made by
observing with the Induction ~loztrede Lhe ber interference produced by & flip-
up target as o functior of isrget radius. Juth s terget is availeble st the west-
inside-sculh tramncition tenic stotion. rrother aveln ners focprete thouph more
elebvors o method, and one which previides o cc Sdvapas monditor of hersm position

. ~ 1. . - e s g v Y. -~ . v PR ya > . - : ., e
1z Lo marsure the frlervel Untwepn . tive of v "of 0" rped the tima the bLerp
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canterline resches e target at & known radius. Using the proper velue of dr/dt
(see Fig.-%), one then celculates the beam radius at the time of rf "off". The
measurement cen be made in seversl ways; for example, by triggering an oscillo-~
scope with thé seme pulse used to trigger rf "off" and observing on the sweep
“this same pulse together with the signsl from a scinfilletion counter loceted
neer the target. A typical sweep is shown in Figure 2. The fairly sharp trail—
ing edge of the signal envelore corresponds to the time of arrival of the beam
centerline at the target. | | ‘
There are two sets of Ixpips, referred to as the east end west sets, which
are genersted by two sepsrate pecking transformers,4 one in esch of two parellel
brenches of the megnet-current distribution network. The magnet current flowing
in one of the pesking trensformers at a particular Ixpip cen be datermined to
:.0.05% by measurement of the corresponding bias current. The total magnet cur-
rents listed in the tsble are actually twice the'curgents measured in the esast ‘
peeking trensformer at the time of the field measurements. At thet time it was
determined thet the currents in the two branches of the magnet circuit were equel
at Irpip No. 23, by plecing the blas currents of the two pesking transformers in
serles and noting thet thé east and west pips'occurfed similtenecusly. It wss
assumed thet the currents were also equel at other I-pips. The short-term stabili-
ty of the I+pips with respect to megnet current is of the order of % 0.01%, although
long-term drifts of the bias current do occur. For this resson, one may find the

esst and west pips separated in time by a millisecond or s0,* and neither set mey

correspond-. exactly to the currents listed In the table. By heving the current

Z—WCurrent, Merker Meintenance Menuel, 6Y2671.

* The uesf pips are normally mede aveileble to experimenters.. In some instences
timing difficulties may be &avoided by requesting thet rf "off" be triggered by
a west pip, since the control room hass both esst end west pips aveilsble.
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meecured ot the I-pip of interest (end in the proper pesking £ransfofmer), one c&n

nake such correction to the energy 8s necessery by interpolstion of tha teble.

. w\\ | | o
5 : dr._1_x 28
\\ | | @ T I-n W at

4
dr/dt 3 X

(inches per
millisecond) 1 N

10 " 20 30
I-Pip

Fig. 1. Rate of collaepse of the beam with rf "off".

IsPip

by (rf "off") t2 t—

Fig. 2. Typicel oscilloscope sweep on which the I-pip used to trigger rf "off".
i3 presented together with the output of & scintilletion countsr locsted
near the target, t, 1s the time of arrival of the beam centerline at
the targety (t, = tl) x 9¢ (seo Fig. 1) 48 the difference in radii of

the target snd the beam ceg%erline at the time of rf "off".
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EEVATRON INTFRNAL BEMM MONITOR
William A. Venzel

Beceuse the circulsting beam of the Dasvatron 1is bunched, fhe induction elec-
trode serves as & convenient honitoring device. The circuleting beam induces on
the box-shaped electrode & periodic charge whose fundamental frequency is the
accelerating radiofrequency. This signal is emplified and displajed on an oacillo-
scope or integrating recorder.

Monitoring 1s required for three purposes. First, continuous monitoring is
ususlly required for maintenance of steady operetion. Second, the study of the
bashevior of synchrotron operation is a necessasry pert of the progrem of continual
improvement of VYevatron operetion. Third. the experimenter often requires inte-
greted beem informetion es & record of s run lasting over & period of hours or
days. |

Monitoring gquipment in the first tw§ cases is similar. An oscilloscope pre-
sentation following & wide-bsnd amplifier (28.5 ﬁcps) 1s convenient for observe-
tion of the beam level from rf turn-on through thé whole accelerstion cycle or
for observing the detsils of the bunched beem. The signals from the two halves of
a8 split electrods, displeyed on a dusl-beem oscilloscope, giVe total besm msgnitude
and rediel beam position at the same time. Sensitivity 1§ 1imited pertly by ;mpli-
fier noise and partly by rf pick-up. |

On the other hand, monitoring the beam level &t & given time in the accelera-
tion cycle for a recorded presentation impoées different limitastions. There are
two serious and one minor objection to the use of the wide~band system for this
purpose. First, the noise level from thé ignitrons is very largse. .Although these
trensients do not interfere with the scope presentation (with & slow sweep apeed),

efforts to rectify the output of the wide-band emplifier show thet the nolse duty
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is very large. Second, distortion of the induced signalron the induction electrodes
would make integrstion of the beam‘pulse Inaccurate. This could result from distor-
tion of higher hermonics of the pulse, due to imperfect amplificetion or éven to geo-
metricel effec£8 involving the leads from the electrodes themselves. Another per-
hapé less importanfﬁconsideration i8 that the use of & wide-band system ihtroduces
maximum smplifier noise into the integréted signal-. ‘

For these ressons,and the fact that informetion for the record is requi-:-: at
only one point in the acceleration cycle, & tuned or bend-psss eamplifier 1. to e
preferred. The edvantage of the bsnd-pess over the tuned circuit is thhﬁ‘t£oubls~
some tuning 1s evoided, and there 1is less sensitivity to frequency drift. On the
other hand, more tubes are required to amblify the‘signal to & point where good
linearity using, sey, & dlode reptifier results. The bend width should be suffi-

clent to sccomodate & wide range of energies, sey, from 1 to 6 Bev. This energy

A

range is covered with a frequency range of 2.20 to 2.50 mcps. In eny cese, higher
harmonics then the fundemental must be rejected.

Accﬁrete use of & detector ﬁhich operctaes only on the first harmonic of the
besnm siénal depends on & known ratio between total signel end first-hermonic ampli-

tuqe. With the wide-bsnd presentstion, the besm structure is observed to be as

shown in Fig. 1;

e

Figwel.

The "duty cycle": _%_ — 100° * 20°. If we spproximste the besm pulse by & helf
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gine wevy of paried 2t, we find by Fourder enalysis that the amplitude of the

firat harmonlec is relstnd to the de lavel by the relation /q = (1.85 £.06) ﬁdc

Vie = vl vheras @ is the chsrge of the beem, 1 is the length end C
- C{Zm + /L) .

the cerpecity of the induction electrode, R 1s the radius of the beem orbit, and
L i1s the length of ansch of the four streight sec.ions of the Besvatron.

The amplifier 1s celibreted with en rf signal from the master oscillator
at & known level. This is a convenient method,since et a given time the master
oscillotor haes the seme frequency s the beam fundemsntsl.

Asidé from emplifier drift, especially when a high Q-tuned circuit is used,
the sccurecy of the method is limited only by the uncerteinty of the beam "duty
cyck¥, end the effective length-to-capacity retio of the electrode itself. The
cepucity 1s essily measured, as is the length, if gusrd rings ere used. Thils is
the cese for the electrode in the eest tengent tank. For the electrodes in the
south tengent tenk, the effective length 4s estimated end may be in error by as
much es 30%.

Absolute meesurements wlth the easst electrode ere hampered by the large
amount of rf pickup from signsl cables unless the required amplifying end detect-
ing system is placed neer the eest tengent tsank. ’ | '

The scheme presently used to store the information on beem megnitude is an
integreting electrometer end & recorder. A capecit&r éhbrged to e voliage pro-
portional to Ay 1s dumped by relay into the integreting cspacitor of the electro-
meter et any arbitrsry predetermined time in the scceleration cycle.

in alternative ;cheme, similar to thet used et the Cosmotron, would convert
this dc voltsge to & gete which permits s fixed-frequency oscilletor to operste s

sceler. This digital method permits eesy reproduction for remote indilesntors, but
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loses the record of individual pulses.

Ultimate accurscy of the monitoring scheme used, limited only by the effective
caprcity to length retio of the electrode end the reproducibility of £he beaﬁ "dﬁty
cycle", should be astout * 5%. Amplifier drift and rf pickup (especielly at low |
beam levels) hes limited the accurscy to ebout % 20% to 30%. The equivelent beem
lavel due to rf pickup 1s, at best, 107 particles per pulse.

It should be stressed that absolute experimentsl yields, besed on the iptern&l
“beam monitor, are strongly dependent on terget size end shape and the'mnghéticvfocus—
ing properties of the Bevatron field; In most ceses, these considerstions Qill
limit the sbsolute experimentel accﬁracy atteinable. For counter expefiments, the
monitg{ should measure the beam just before spillout, and eny gatihg usad on the

counters should cover the entire spillout time.





