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) ' OPSRATION OF TiE 1/4 SCALE 170DEL BIVATROH, II

BEe Je Lofgren
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&

This report is an 6utlihc of what has boen léarned'bn ‘the 1/4 Scale Bevdﬁfon
'during Junes The provious pdriod v coversd by ﬁbRL—373. Upvto ‘the ﬁrééeﬁﬁ'subﬁfahtigl
rrogross hes boen nade in the study of pressure effscts, ihjéction,vandvtahk’aperture.
hore hes elso boen improvement in the meximwa beam and in the stability of somo of
the control circuits. On 5 orie iﬁpo}uant problens such as‘freéuency tfddking; no iﬁ@fbveu

nent hes yet becn made,

Bean Detection and ilegnitudo

All the beam currents given in this report were measured on electrical probes

viaich were‘shieldod exdept fqr the electrode exposed to the bean. The prdbes were;not
coverzd with foil, The voltage drop—across resistors, 50,000 %oEI;OOO,OOC onms, was
passed through prearips and then %o oscilloscopes. Usually no bias'vbl%gge was‘ﬁséd;
Sgém curent as a functibn of probe bias voltage is given in Fig; le This shows that

our no bies values are about 407 too high, which is not important. In all experiments

;%hd‘lérgest beam'puises at each setting are recorded. Actually thefeAiSICOnﬁiasrab;e.

litter in the machine so that the best pulse may occur onlyonce “n 5 to 20 pulses. The

[

i .
»wlargéét'acceleratéd beam has beon 0.4 o lb’e‘amperes.' The acceleration was to only 12

i

“ . L. RPN
] . T A
- : . R

wmilliseconds.,

Accoleration Time
(‘ - '

Ifrthé largest beam pulées at optimun adjustmenﬁ'ére piﬁttéé ?df?ﬁéfidué‘ﬁif

scceloration times a typical curve is as shown in Fige 2, Tho, rapid fall off of beed
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5 due-at least in part to a poor maich of froquency with magnetic field. Temporarily

i3

this problem was by-passed by doing most experiments at shord acceleration timese We

RIS - . . .
BT -, - i

are now taking steps to improve tho frequency traclking.

kecelaration Voltage

" Tige 3 shows the veriation of boam with r.f. voltagee The three lowest points

*

are rormalized with recpect to the bemi at 980 voltse The rote of chang se of nugnotlc

s

'4°i 1d.is about 3500 gauss ner second and the accelerating clectrode is 8,8 electrical

S e,

‘dogrecs in length, giving 285 volts as the expestod threshold,

Prés suro 41fc

Thu«variation of beam with pressure has been investigated again with various

LT TS s : . - o Y o
sccéloration times ond vertical aportures. : These data show a less rapid drop: of bean

[

with pressure then previously roportad. The present values are probably more reliablé
since wo were worldng with larger beams and used direct elsctrical meas asurement rether
than an ionization chambers [ L ST

.

These curves are given in Fige 4. As will be explained in the section on

aperturc the effective aperture when the tanl is open is probably about.6 1/2 instead

“eof 9 L/ In @ach case the horizontal aperturs wos 31 inches.

'

- IS

On o occd“' on sfter tno tank had boen pumped on for 5 days and for the '~

precodlnv 12 hours had no llould air the average reading of ion gages 'in the four: -

. -l3 . -
; -y . . . , . .
infolds wes 1._‘0 177 w1, Tho room & mperature was 700 c. . One of the twe 20 inch

. i1Uus 5 0 a8 .L"‘Llo 5 on wes then clesed off an cae aVGL age - aS g
&1r us 1on ump n each streo soction wes then closed off znd pressure

increased to.2.5 e 1076 1, Thon both pwips on 3 sec

w

~ck
badd

Lons mre closed off and the 2 on the

renaining north section wore left opom, Prossures were:. North 443 ¢ 1C~5, Tast 7,9 o

 iO‘6; Tost 548 ¢ 1078 South 8,0 « 1075, 211 in mm. ALl purps wore then opened and two

of The quadrant liquid air treps vere fillede A&fter two hours the averago pressure was
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If the Bevatron is tuned up for an-accelorated been on an'electrical probe

cufd ir ‘the acceloration is short smough, 10-20 nzs,, so that dotail can be seen at the
tine of injection as well as at the end of acceleration we have an oscilloscope picture
as in Pige Se  There is a large first turn signal, then gbout 3 ms later a betatron or "
£ bowmn which is independent of 'tholl' refe, and a.f‘ter-the end of the ref. the acée'lef‘ate;d
or a beame If the firing time of ho cyclotron, which is determined by a peaklnf_‘ trans-
former working from tho mognet current, is adjusted for maximum B bean x‘ﬁ.‘-"ch or withoub
refe and if rofe is-turned on and the f.‘roqueﬁc‘y slope is adjusted it will be found

that the firing time is exactly or very nearly at the optinmunm time for accelerated beam.

4

BN

Under the. bast\gdjus‘cmn’c and for the highest beom pulses the height of the @ beam is
egual to the [ beam with r.f. 3§n or to' 1/2 the B beam with 'ri,f; off, The Bptimum. tlmng
for the refe on is so ’chat‘i’c just overlaps the B beam, If the inflector is ?nﬁv.z’sd |
rc;ciially and the best bean at each poi:;t is observed we find a pronounced pe'ali at about
17 inches oﬁtsida- the conter of the tanlk with va smaller moximwn at 12 inches from the =
centerline. .This is shown on Fige 6 together with values of the field exponent e

The. peek is shovm.tc occurs at a radius of high and rapidly changing ne 'We have s‘hoﬁ.'n
that. there are different meclianisms of injection:at the 17 i'nch. peak and inside of 13

inches where n' is a constant, sbout 0e6. If the inner groundéd electrode of *“he inflector
N . + .

has & shield 'added so that it completevly prevents any Sons péssing ‘above or Vbol(:rle'; f'b.he"ﬁ
inflector then for injection at 17 inches there is _no change 1n Lhe beams. For 1ngection
"at 13 inchos there is only a trace of beam. ' This shows that in the £ormer cose bhe been t
slears tho in.f‘lector by rapidly spiraling iimrerds - In the lat"cér‘d‘ase~’£oét of fhe beam
goes- above and’below the infloctor,

There are single turns of wire 's‘pa‘oe}cl every 3 1/16 inc_hés ‘ra"dially alongthe
pole faces of the maguet. If a loop circuit is mede of a wire 15 inches inside the

conter of the pole face znd one 15 inches outsidé and a current passed through in the
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g0 direction.es that in the main exciting coils,.it is possible to incredse the -

(0]

Qpﬁangg in nwith radiuse. ‘% have found thot passing 52 amperes Q.Co Shrough this
singlewyinding_resulted.in a Pour 0ld incresse of beanm for injection at 17 irches.
At:fhe time of injection the main megnst current is sbout 500 amperes through 16-.
'qffect;yg ﬁurnS; hence.thié_auxiliary field is.aboub C.8H. - T Sy
Thé gap botwoen the high voltage and the grounded infld%tor electrodes, is
normailf l;}/@ﬁ., By olocLlnw this off with a probe we have found that eonly ioms ™

. FaTN

'bi'-a’\felin.g *.".rifi;hin_l/4 inch of imner (with respect to the Devabron mag "lct; greunded

0160u?0de are of ffective. This was measured with lov n injection and may not he true

~Tor high nvinjectlon. - o - S

Tk Apgriure ‘ . . NS
s .

By means of vanes the vertical half apcerture can be reducsc from‘thc,4%3/

inch nominal %o any value dovm to zero from hoth above @nd below at azifuthal angles

. ‘.

90° ond 27¢°% and fronm sbove only ot 360°, as measured from the point of injections

| With thoss one can mecswre bean as o function of half aporiure. Fizss 72 $o Te. show

’ s . " . . loy s -

that as measured at 60° cnd 270° little if any boom exists in the 1 1/2 inches of space

: g ' . : :
next to the tank wallse. These results ere typical even if wn effort is made to introduce

.

3. £Lo

large vertical oscillations by tilting the inflector. In that case ther

o

is simply a

ropid decrease of beame An explanation eppeared when later a measurenént wes made at

360°, The knee in the curve there appears 1 l/? inches lower than at the other points
iﬁdidatiﬁr that the olane of the orbits is tlpned and the lons are hitting the bottom
" of the tank at 360° and the top at 130°. We shall later attempt to correct thise The

effective vertical aperture with the vanes open is -thus gbout 6 1/2 inchese

n i

[ 2

Another similar sct of data is plotted e 5 o show more points at smell

63

eperturese It will be scon that 107 of the beam gets through a total vertical opening
of 3 inchess : .

" YMth injection from regions of lerge n it has not yet been possible to reduce
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horizontal aperture below sbout 24 inches without drastic loss of boame See ?ig. Se
With the inflector at & inches outside the tank center line whore there is- & loss by'
o factor of 2 to 4 compared with injeétion fron largé n, the probe on the inside of the
tenic can be moved towards center as shown in Fig. 9 giving 107 of the maximum béam
e&en at 3 incies inside of center or.é total horizontal_apertﬁre of 9 inches. This is
for full verticel aperture, effectively about 6 i/? inches. This‘of cbursevis at small
acceleration times, about 12 ms, aud we must provide improved'frequency tracking %o
reduce the taﬁk width for long accelerations, Adjustmeht of the freéueﬂcy becomes -
very difficult at this small radial apertu;e due to the jitter..

The qperating group during this intérval-cpnsiste%?of: W. Chupp, Re Clack,

E. Lofgren, De Iielsen, Re Richber, R. Robertson, D. Sewell, R. Shankland and W. Stephens

Operational help has been given by others, especially: W. Brobeck and G. Farleye

v

. Information Division
7/18/49 :hw -
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AMPERES

'BEAM CURRENT x 10%

B
-
| 1 - L . L 1 L L y. |
10 20. : 30 . - 40 50 60. 70 80 90 . iOO-{
' ' ACCELERATIQN TIME IN _MILLISECONDS“ .
- ’ v FIGZ : R I‘&Q(I\l';.lj
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BEAM vs PRESSURE
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"FIG 5', '

'OSCILLOSCOPE TRACE SHOWiNG FIRST TURN, 73, & a@ BEAMS

" HORIZONTAL DIVISIONS ARE 2 Mu.ussconos VERTICAL
- DIVISIONS ARE 0.8 x 107 AMPERES. THE rf 18 '

snown “AS. A THiCKENlNG OF THE TRACGE
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@ BEAM — AMPS x 10°

- . INFLEGCTOR POSITION vs
16 - _ ' " ACCELERATION BEAM
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HALF APERTURE vs BEAM
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HALF APERTURE vs BEAM

UPPER 8 LOWER

5 VAN +0.4 360° VANE ONLY .. < @ .
90° & 270° VANES 7 0%V NLY o

' NORMALIZED BEAM
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@ BEAM - AMPS x- 10>

12
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HALF APERTURE vs ACCELERATED BEAM

INFLECTOR POSITION — 17 "~OUTSIDE §

COLLECTING PROBE — 14', INSIDE ¢
ACCELERATION TIME — |2 MILLISECS.

TANK PRESSURE ——3'x10°% mm

LOWER VANE
"o UPPER VANE

| . | I . 1

S 2 3 4 5 .
HALF APERTURE - INCHES ABOVE OR
BELOW BEV/4 TANK ¢

FlG. 8
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COLLECTING PROBE POSITION
vs ACCELERATED BEAM

INFLECTOR POSITION 6" OUTSIDE ¢
12 MILLISECS.

ACCELERATION TIME

i
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2 4 6 8 0 12 14 16

COLLECTING PROBE POSITION
INCHES |INSIDE BEV /4 TANK ¢

FIG. 9
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