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Negative Ions and Charge Neutralization in the Cyclotron
E. J. Lofgren

Radistion Laboraﬁory,'Department of Fhysics
University of California, EBerkeley, Celifornia

November 13, 1950

Abstract

Evidence is given for the presenée of negative hydrogen ions in the. synchro-
cyclotron, They are 1ostvby charge neutralization before they reach an energy of
about 3 Jiev. Protons have been made to circulate in the cyclotron without |
acceleration after they have reached an energy of 5 to 22 lev and are found tc

be lost with a half-life of 1/3 to 2 seconds.
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In some of the early‘experiments Withrnucleer emulsions erposediinside the
- 184-inch synchrocyclotron a bortion of the backgroﬁnd.of‘the prlates was found to
be due to short range.particlesvcomlng’from the center of the machine, Apparently
..ions were capturing electrons near the'sourcelend flying'tangentially from small
radius orbits. ‘This procese is most.probable nhen.the epeeds of'the ions ere
comparable wlth the speeds of the outer orbital electrons in the’ resldual gas.
Luis W. Alvarez pointed out that in the bevatron (proton synchrotron) then being
deelgned'at this laboratory the ions will epend relatlvely long‘times'et low
velooitiee end a disaeterously‘large fraction'of thelinjeCted-ions miéht te lost
by thie mechanism. Accordinglylsome simple experiments were carried.out to
identify these partioles'andvto eéstimate the rate at which beam is lost by
charge neutrelization.‘ |

To define the origin of the}neutral oarticles some Eastmen NTA plates were
exposed at an engle of 56 to the norieontal in the median plene of the cyclotronl‘
behind a 1/32 inch wide slit in a box made of 1/4 inch thick brass. A beam of
the neutrallparticles defined by the sllt would graze the.emulsion giving a
pattern which could be projected back to the origin of the partlcles The geom-
etrlcal arrangement 1s shown in Flgure l These plates showed that there were

two bands, one progectlng back to each 31de of the center of the cyclotron. A

,l The operating characteristics of the 184-inch cyclotron are summarlzed in a
paper by Henrich, Sewell and Vale, R.S5.I. 20, 887 (1949)
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vprint of one of the platesbis shcwnkianigure 2. The denser band projects to
the side of the source where thetprotons.are receddng from an chserver at the
photographic plate, hence,mnstihare come from-counter rotating ions. The outer
edge of this band;is‘rery'sharh'and permdts fiXinglthe»extreme radius of the-
counter rotating ions to an'accuracy of"abOut"l/Z inch. When similar exposures
were made with a O. OOOlA inch alumlnum f01l coverlng the deflnlng slit the neu-
_ tral partlcles were strlpped of an electron resultlng in a curved band from which
vthe upper llmlt of HF could be determlned. In one set of exposures the band
'_obtalned w1thout f011 progected to a 6 1/2 1nch radlus where the counter rotat-
1ng ions. would have an %0 of 2. 5 X 105 gauss cm. The measured curvature on the
_plate exposed Wlth a f011 coverlng the sllt corresponded to p051t1ve ions with
an HF of 2. 6 x 105 gauss -cm. In addltlon the range of the 1nd1v1dua1 tracks
. could be measured on llghtly exrosed plates and the uprer 11m1t was found to te
‘ about 80 mlcrons, whlch corresponds to protons of 3 Mev or %F 2.5 x 10° gauss cm,
It seems certarn then thatfthe neutrallpartlcles in the heavyvband are hydrogen
atoms and that.they_cone from negative:ions formed in the’ion source and scceler-
ated to not over ebout 3 lev, before they are neutrallzed Negative hydrogen
ions are known to occur in arcs and to have a Flrdlng energv of . 7 ev.

The gquestion renalned as to whether the very sharr outer llmlt c¢f the nega-
tlve band was due to a very rapld neutrallzatlon beyond a certalﬂ velocity or
due to some property of the cyclotron The latter was showr to be the case
since the angle of the outer edge of the band could be changed by varylng some
of the operatlng parameters of the cyclotron In one sequence of exposures the
radlus of the cyclotron orblt to whlch the band progecteo was 9—3/4 1nches when
the cyclotron dee voltage was 18 kv and the modulatlon rate was 60 cycles per

second. Changing the;dee-voltage_to'22 kv,-with'every other variable unchanged,

2 See Negative Ions by H. S. W. Massey, Cambridge Press, 1938
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_increased the radiusafz 10.3 inches. Changing only the modulation rate to 50
cycles;pef sécond decreased the radius to 7. inches. The most likely explanation
- seems to be that the sharp edge of the band }s gqnneéted‘with the ;adial motien
accompanying the phase}oscillations,.the_radius corresponding to the outer edge
of the band being the éxtreme rad;al.gxcursipn during oﬁe phése oscillation and
that before the next phase cycle woq}d,have_ggrried‘the_negative ions to a greater
- radius they are all 1gst. This explgnation is consistent with the observed
-increase bf radius'witﬁ accelefating.voltage gnd moduletion rate,

No measurement of the number of neutral particles was made. However in
lightly exposed plates it wés possible to compare the number of particles in the
~two bands by counting tracké. The band comiﬁg ffom the negatiﬁe ions was the
greater by a factor of about eleven. |

The weaker band is due to neutralizations of protons and is the one of.
~ consequence to the operation of a proton_synchrotfqn. It hés no sharp boundary‘
like.the negative band but it can be projected back to a zone inside the 15 inch
‘radius where the energy of the prétons is 16 Mev or less.

Because it was not easy to make a couht_of_thé total number of protons lest
by neutralization an.experiment was deyised.tp measure the survival of ions
directly. A scintillation counter_telescqpelwas attached to the cyclotron tahk
by a sylphonAbellows‘and pivot so“that‘it coula swing in the median plane and
intercept particles coming from_ény radius up to 60 inches.. The telescope con-
sisted of 66 inches of 2 inch diameter pipe with an anthracene crystal at one
end adjacent té a lucite window through which the light reached a photo tube.
The resolution. of the telescope was *+ 4 inches at the center of the cyclotron.
Figure 1 shows the relation of the telescope to the cyclotron. Provision was
made to pulse the oscillatorvoff.at!a\predetemined-time after the arc pulse at
the beginning of the modulation cycle. .The ions would then. presumably circu-

late at a constant radius until lost by scattering or charge neutralization.
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The later particles could‘be"ﬁickéd up by the counter when its axis was tangent
to the zone inwhich the ions were rotating and would Eermit“a measurement . of the
decay of the circulating beam. it‘waé'found that with the axis of ‘the éounter
pointed to a zone vafyihg from‘8'inches to 18 inches which corresponds to protons
of 5 to 22 Mev, and with the'oséiilafbr'pulséd off after an interval: of 300 to
500 microseconds the counts bericycloﬁroﬁ pulsé were in the range 500 to 2500.
.The longer times giving fewer counts. If-thelbscillafor-ran through its full
cycle thérevwére Qniyil'to 15 counts'per pulse. The background with the crystal
" shielded by 3/8 inch of brass waé also always below 15 counts per pulse. With
the telescdpé position constant the oscillator off time was varied to give a
maximum number of'counts per pulsé.-‘A Brush moving tape recorder was then con-
nected to the output of a scaler and thé rate of  decay of tHe'circulating ions
could be'méasured. " One such‘decéﬁicurve is shown in Figure 3 in which the counts
" occurring after a time intérval are-plotted against the interval, indicating a |
half-life of 0.35 second. The measured half-lives of the circulating ions were
not reproducible from run“tp‘ruh to better than a factor of 2 to 3, but in the
range of 300 to 500 microseconds the half-life varied from 1/3 to 2 seconds and
in any giveﬂ’run the half-life always increased with increasing oscillator pulse
length. Beyond SOO"microsecqnds the number of counts per pulse were too few to
determine a half-life by the counting method uséd. The proof that ions could
' cifculate*in'a eyclotron for times of ﬁhe order of a second favorably settled
theiquestion which started the inquiry since in' the bgyatfon the injection
irjehérgy was to te 10 Mev and the réte‘bflinCreaSerf the magpetic field was such
that in 0.1 second the protons would be well past the range where charge loss1in
positive ions is important.
The variation of'half-lifé with pressure in the cyclotron was deiermined in
one run with the counter directed:at‘the eight inch orbit and the oscillator

pulsed off at 400 microseconds after the arc pulse. The results are given in
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Figure 4. The half-lives are besed‘on 900 to 1500 counts each.

Thanks are due to Dr Hugh Bradner who a551stea in the photographlc plate
work and to Mr Norman Knable who a851sted in the counter work

The work described 1n.thls paper‘was‘performed under the auspices of the

Atomic Energy Commission.
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Informstion Division
11/13/50 md



-9- | UCRL-1006

Figure Captions

Figure

Figure

Figure

Figure

1‘

3.

Dlagram of the 184 1nch synchrocyclotron show1ng photographlc and

_counter methods of detectlng p031t1ve and negatlve ions neutrallzed

in the central region.
Plate exposed to neutralized ions from tﬁé cfciotfon. Thé;densér
band projects to coﬁnter rotaﬁing iéns. (The plate was turned over

in printing to give a sharper picture.)
A decay curve of protons circulating at & + 4 inches with the oscilla-
tor cut off at 325 midroseconds.
The half-life of protons circulating at a radius of 8.1 4 inches in
the cyclotron as a function of tank pressure.’ The oscillator was cut

off at 400 microseconds.
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