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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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'RESEARCH PROCRESS MEETING
Ho Po Kremer

December 15, 1948

Survey of the Radiation Field of the 184" Cyclotron

Bo‘Moyer

For a number of months = systematic survey of the radiation field outside the
shielding 6f ﬁhe 184" cyclotron. has been ﬁn&ér wayo. The safety of the area has been reaf=-
firmed and it was sh&wn.that the neutfon beam was very shérply defined, Another interesting
result of an investigatién of ﬁhe neutron flux through the shielding is that most likely
the meain contribution to the flux is made by neutrons that diffuse through the 2° concrete
ceiling slabs of the cyclotron shielding rather than through the 10* shielding on the sides,
It is expected however that this contribution to the general radiation level will be gfeatly

diminished as soon as the additional 2°¢ layer‘df concrete is placed. over the present Ceiling

slabse

The work was carried‘out with a polystyrene counter. This counter is very

suitable to Health Physics work since the polystyrene walls of the chamber present approxi=-
mately the same absofption eharacte%iéties as humen tissue. This fact was discovered by
comparing the datafobtained'with this counter to the results of measurements made some six
months ago by DrSolGo Failla and H. Rossi from Columbis Universify with their counters which
hed *tissue equivalent® walls and were filled with gés containing chemicél elements in the |
s ame proportibn as in ﬁuméh ﬁissueo The combérison which was made is described in gfeater
deteil in The Medical snd Health Divisions'® Quarterly Report, April, May, June 1948, UCRL 157.
The teble contained in this.report shows that the rediation strengths obtained with p&lystyrene

sunters are slightly higher than those which were measured with the tissue equivalent counter.
For this reasongvthey are somewhat more 6onéerva£ive from the view point of personnel safétyo

Three dimensional measurements were mede in the space surrounding the cyclotron
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shieldihgo One set of measurements wes taken/at_different points around the structure st a
level of S*Vébrresponding to shoulder heightg another set gt fifteen feet, the height of

the neutron beam, eand another at Zsﬂgkabove the @éilingﬁf the cyclotron but et the level

of offices in the building. A1l results which afg_shown in Figo 1 have been corrected for
temperature and pfessure end normglized'to ail/? pa beem of chafged particles impingihg

‘on a 1/2% Be target for the production of neutrons. The normelization wes performed in the
fbllowiné fashion. A measure of the sﬁrengﬁhioffﬁhé chargéd'beam was indicated by counters
which are perﬁanently fixed in the "yoke® igsidé:éhe“cyéiéﬁfona If the radiation measured
at this poiﬁt was 2.0 r/hr the velues meééuféd {ﬁxﬁhe polystyrene.ehémber were left unaltered.
If, however, the radiation éﬁ the yoke was diffe%éﬁt_from 2.0 r/hr. a linear extrapolation
wes performadlbnvthe polystyrene counter results%éo thet the numbers which are presented

in Fige. 1 have ell been adjusted to indieaﬁékthei}édiation which would have been meesured
hed the besm been of such stfength'as”ﬁb pfodﬁeei§édiaﬁion of 2,0 r/hr at the yoke inside
the @yelotrono X

Figo 2 shows the result of a measurement of fhe neutron flux through the shielding

by means of indium foils,: It is a remarkable feature of this graph that at ebout 1° from
the -outside of the shieldlngg therneubron flux_dxsgont}nue§ its exponentlal decrease and
vesrs shééﬁly upwardso Thi;:pheﬁoménon has been?iﬁﬁributed to neutrons which leave the -
eyelotroh tﬁrough thehfelatiyély thin 2¢ %o? shieldingg sirculate dowﬁward %o the sidesg‘
and then enter the lateral shielding ﬁora'de‘pfh"gf'lu It is expected thet the number of
neutrons 1eav1ng the cyelotron in this way W111 be greatly diminished when the addltlonal

2% concrete ceiling slabs are installed, S

The numbers which are shown in Figo 1>é;e in rep units that is, they are multiples

of thatvamount'of radiationfwhi&h will bygits ioﬁizing actionv(direct or indirect) dissipate
83 ergs in one grem of tissuepo The tolerance for slow neutrons with WhlGh these measurements
are prlmarlly concerned is 2000 n/bm?/%ee over an.elght ‘hour period of continuous exXposure.
The data of Flgo 1 when roughly converted to slow neutron flux indicate between 50 and IOO

slow neutrons per em? per sec, on the floor of the buiidihgo It is thus seen that the slow
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neutron effect is very much below the éllpwable tolerance.

One set of measufemgﬁts was carried out for the purpose of defihing the shérpness
‘of the neutron besm which leaves the inside of the cyclotron through a port hole in the
10¢ shieldings Tt was found that the besm is confined to a very smell tube so that it is
quite safe to'wbrk in its vicinitjﬂas lbng as one remeins outside the ectual péth of the
partioieso The results of this measurement are set aqwh in Fig. 3.

Fast nehtroﬁs were'measuréd by-means of their proton receil.effect in counters
with 1/16" polyethylens walls which were -filled With an ergon CO, mixture. It wes deduced
thet the quantity which was méasured, counts/%écond was proportional to the product of the
neutron flux of & certain energy and the energy. The neutron flux was then spproximated
by setting the energy equel to its meen value, 1 Mev.

Tﬁis deduction was carried out in the following fashion. For a thin plate,

(&) = 15~ o(zy) [0 (5) 2, ]
. where'yz(Eo) is the number 6f_protons knocked out of.the well per sec., N is the number of
neutrbns impinging per cmz per sec, J(EO) is that fractiﬁn of N which comes in with the
energy E,,-A is the exposed.area, o*ié tﬁ? cross section for the process, and R is the
range of protons in ﬁhe matefi§1 of the walls If one enters a mean valﬁe into the above
equation for the croés'section'andmﬁhemrénge, and a flux eorrééponding to & known neutron
sources'and if‘bne‘furthérmoré”diécovers the empirical facter which'converts the above
formula derived for a flat ?iéte to the formula descriptive of a cylinder, one may compound
these»influeﬁcés into the fééfor 012 end errive at the formula |
M (8;) = 012 J(E,) E,

The énefgy range to which the méchaﬁisﬁ is sehsf%iﬁé is 0.1 to 10 Meve The results of
. measurements with this counter are shown in Figo 4o

"'”in'the“fﬁturé méﬁsi#émeﬁﬁs'will be made with a coincidence counter containing two
vdhambers which are separated by & septum. It is also contemplated to use s counter consisting

of a cadmium shell which encases e blook'of‘paraffin surrounding a BFg filled cavity.
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Tin Isotopes

‘A; ﬁewton

The ﬁin isotbpés thet are formed es products in the slow neutron induced fissicn
of thorium stirred interest which led to a further study bfvSﬁ isotopes. A tentative
result of this investigation is the discovery of three isomers of sni23,
In the fission of thorium, the following periods are seehg 70 min. (probebly the
séme as 6ur 40 min. pgriod)9762 hro (probably the same as our 28 hre period), 10 d., and
130 d. All of these are B; emitters, When tin is bombarded with slow neutfonss the followihg
g emitters are'observedg‘lo min., 40 min., 28 hr05'10 do, and 130 do The 10 min. period
hes been essigned to Sn125 end the 28 hr. period has been assigned by Io Porlman to Snl2l,
When the Oakriagé separated iédtopeishlzo was bombérded with deuterons two 7
emitting periqu were founde One had a haif life of 36 min. end emitted 1.5 Mev g~ end
" the other had a half life of 28 hro end emitted 0.4 Mev f~. Neither one of these f emitters
gave evidence of Kv.radiationo When snl24 op ﬁnkhoﬁn analysis was bombarded with deuterons,
a 39 mine. 3 Mev [~ emitter which was ac00mpaniéd by.Sb x-rays was observed. Furthermore,
two P” emitters of 10 and lSOqu respectivély were seen. These were not, however, accompahiéd
by ¥ or X=rayso It must be pointed out that no 28 hre period was found.

121 123 125

s Sn7°%Y, and Sn™"Y, can be B emitters .

Of all the tin isotopes, only thrées_Sn

The 39 mine aétivity which resulted from the bombardment of Sni24 could not possibly be
aééigﬁéd tb'éﬁlzs'sihée it fegiétérgd bnly 300 éodnts/ﬁino whereas, it has been calculated,
hed it been due to Snl25 it would'have_ﬁia to show a count of 1ooo/hin; Neither can the
39 min. activity be essigned to snl2l since it has been sesn thatvSn121 has two f activities
which iﬁvariably accompany each other, Sé min. and 28 hr°; and a 28 hr. period was not
observed. Moréovers the 56 min. period of snl2l 35 not ¥ mctive wheress the 39 min. period

ssulting from the bombardment of snl24 enits Sb x-rays. The conclusion must be drewn

therefore that two periods exist of epproximately 40 minogithat one must be assigned to

Sn121 end the other one to snl23, Finally, since neither the 10 d. activity nor the 130 d.
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actijiky, geve any indication of decaying %o sHi2s (2.7 yro B) these peridds must also
be aessigned to Snlzso
| Thus the only essignment which seems‘poésible ise

sn12l (36 min., 28 hro)

§n123 (39 min., 10 do, 130 d.)

The Bevatron (Gt
“W. Brobeck
: 3ﬁ1/12 scale magnét model which is‘éﬁefgized by a condenser bank has been used.

extensxvely to verlfy the doco model charaeterlstlcso .

A 1/4 scele model of & 200 segment of the magnet has been used to verify the
fieldkétrength and radiel unlformltyo It Was'pulse operated et a rate comparable to that
of\the'full scale méehinea $hédféticai pfedictions were verified. The effect of the
" -stainless steel vécuum fubé‘&és elso iﬁrestiéated and it wes found that its introduction
'produced only a negllglble effect on the fleldo -

1/4 seale model of the entlre apparatus is belng built now. The coils are
being’WDundland the steel 1s}belng pub 1n‘placeo It should be ready at the end of December.
The ion SGur¢e,is expected'ﬁsibe feady at ﬁhe 6hd of January. The vecuum tube sections
are being tested and it is‘tﬁoughtlﬁhat tests and assembly Wiil heave been coﬁpleted By
the end of Februaryo |

- "TﬂébfetiCal Qofk is being continued. It has been calculated that in the 1/4 scale
machine oniy 2% of the beam Will‘femaiﬁ'after scéttering st an opérating preSsuré of 1072
mm Hge Clearéncélbf the injeétor has'also been éohsideréd thebreticallyo The cleafance
is not perféét“sinéé the bea@’dontfaéﬁé only about o0O5” per revolution with the magnet
_current rising. It is ostimated’ that a/4'to 1/2 of the beem will be lost in this fashion.
'Fig; 4.end Fige 5 show a preliminary layout and en artist®s sketch of the building
~‘f.'or’-"ﬁhfe full-scale machine, This building will have en outer diameter of 220% and will
provide space for.office59 shops, and‘facilities; It is expected that the building will

be ready at the end of the coming summer.
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Progresé Report on the Synchrotron

£, MeMillen

At 133C AM on the morning of December 14, the first evidence of synchrotorn
operation was seen. An snthracene deteétor which was placed in the doughnut end connscted
to en oscillograph emitted a pulse caused by synchrotron operstion. The pulse was about
1/4 to 1/? as intense as the pulse from the betatron beam. A schematic diagrém of the
oscillogréph trace is reproduced in Fig. 6.

| It is slso-possible to observe phase oscillation by chenging the frequency and
emplitude of the RF voltage.

It was decided to look for x-reys. They were found by exposing = photographisc
plate 2 2-1/2 m from the target. It showed a well defined spot l"lx 1 1/2% in srea. The
magneé'was'run'at 805 kv which ié‘about L/S of full excitation, At this véltage the x-rays
whieh ere produced possess an energy of 120 lev,.

The main problems which now remain ere to lengthen the pulse and to increase the
voltage so that the‘adjustment is less critical,

Since the radial distance thfough which the electron beam moves during acceleration
is very smell one would be put %o the inconvenience of using a very thin'térgeto However,
& proposal has been advenced to remove this difficulty. It is thought that if the beam is

scattered by a Be'sampleg perhaps e thicker terget might be used without interfering with

theytrajectories which are et less than peak acceleration. (Fig. 7).

. Information Division
. HW/1-11-49
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