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ABSTRACT

65
Radistions frem Zn  have been stadied by means of

a f-hin léns bets ray spedtrometer. A spiral baffle was used
to separate positrons from negatrons. The gemma ray spectrum
in the energy range sbove 100 kev was found to consist of

one gamma ray é.t._ 1.11 mev and annihilation radigtion at

0.51 mev. One positron group was found with maximum energy
at 6.327 mev. No internal conversion electrons were found.
A decay scheme has been proposed in whieh Zn 6de-caya either
by K-capture to a 1l.11 mev excited state ofé‘Cu or by

positron emission to the ground state of Cu .



ACKNOWLEDGEMENT

This researsh was ca;rﬁ_.ed out with the aid of a
National Research Council Scholarship.

e



(1)

Introduction p
. Radiations from the Zn'5 nuclaug.have been studied
by several methods. The samples of Zn used have been
produced by the following'reactiona (1);
- 64 65

zn6 (d,p) 2n ¢
Cu (d,2n) Zn
65 6

Cu64(p,n) Zn .

m% (n,¥) 2n

6a (E-decay) 2n

_Bg?nei aﬁd Vk;iéy‘z) investiééfed ;adiaﬁiOns frém

copper bombgrdeélby'pfptqngz @q;gg §bs§rp€1oh*and cloud
chamber techni&uea. They reported eh getivity with a half
life of‘abéut-?‘manfhs. consisting of both‘pqgiﬁ:on and
negatroh gmission in the ratio of 231 and gamma radiation
with & gamma to positron ratiaief'abaut.SOs Absorption
méasuremegta in aluminum ipéicgted_an ;ﬂd.point of 0.7 mev
for theeppgitroqégi§up. Thrdugh thg~cu§ (pyn) ZnA reaction
bBoth Zn 3 an%‘zn g cqgld be produced from the two stable
isotopes Cuv%)and Cu by'p:otOH'bombardmeqt; Livingood
and Se&hqrg»(3~, however, found & similar activity in an
isotope of zipc producedbydeufer@nibgmbardment of zinc.
They identified the reaction as Zn (d,p) Zn 5. Since
there is no stable ;éetepeZnsz,,frdmiwhich Zn63 could -

similarly be produced, they assigned the activity to 4n .
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o (4) | N
Delsasso et al - also investigated the radiations

from copper'Bombarded by protons, by’abserptioh mn&snréments
'in aluminum. The absorptich curve was separated into three
éompopenta.wﬁich were identified as: one pogsitron group,

one internal conversion electron and ome gamma ray. The

The lowest end point only was reported at 0,55'mev; This
value could be assigned to either the positron group or the
internal converson electron. Fairly intengse X-radiation
fdund by them was attributed to both the K—eépture and
internal eonversion processes.

(3) reported X-rays appropriate

(5) .o

Livingood and Seaborg|
approximately'to the CuKy line. Previously Alvarez
ahowed.that there was ho large difference in the absorption
’oﬁ these X-rays in nickel and copper. Livingood and Seaborg
concluded from this that the X-rsys weee from an element of
atomié number less than that of zinc, and assigned them to .
the CuKy line. The-K-capture process for the decay Znés--'-)Cué5
was therefore postulated.

They used magnetic separation of the particles and
gemma rays and confirmed the high ratio of gemma rays to
péiticias. Thair abscrptien maasuramanta in aluminum indic-
ated one K-zay'at 1.0 mev and & weak annihilation radiation o

L

at 0.5 mev. The half life was given as 250%5 days. Perrier

-.Santangelo and Segre(é)

reported & half life of 245 days for
a Zn isotope obtained from copper which had been bombarded

by both protons and deuterons.
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Since the CuK, X-rays could arise from either K-capture .
process;,or internal converaion of gamma rays from the excited
Cu65; coincidence studies are required. Good and peacock (7)
investigated X-ray Y-ray and @*Y-'ray coincidencess. ‘They cone-
cluded that 54%‘of the K-capture precess leads to the ground
(11)

gtate of 6ﬁ65, while 46% leads to the 1.14 mev excited

state, and 2.2% of the disintegrations go by positron emission
directly to the ground state. Watase, Itoh and Takeda(s)
also found some eéidehce by X-ray X—ray’c@incidéqqg that some
part of the K-capture process goes to the ground state.
(9)Ihe Table of Isotopeé(l) lists 0.4 mev for the Qf;end

point from cloud chamber measurements and 0.32 mev, using
8 betavray spectrometer(19). The existence of internal conversi
vérsioa electrons is also listed from the work of Livingood
and Seaﬁorg(a), but no energies are given.
For the gamma ray ahergiea. l.14mev % 3% was reported

by Deutsch, noberts-and Elliott‘?l) and l.1lmev ¥ 0.5% by

Jénaen;_Easiett and Prattflg), b@ﬁh from spectrometer studies.
The latter found e weak annihil&tion radiation at 0.51 mev.
' .The existence of both K-cepture and positron emission
with the former process highly favored is reasonably certain.
At least one y=ray has been:found at 1.11 mev and at least one
@ -group with end point at 0. 32 mev, both by spectrometer
methodse In view of‘the uvrkfof'Good and Peacock, there
shauld.bera waaker'el-groupxwiﬁh_higher end point energye.

The presence of 1nternal convéraionweléctrons-has not been
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confirmed Ey-spectrometer-methods, and the energiea are there--
fore not known with any-certainty;

In view of thess nncertsinties_it w;srdéemed a&vieéble
‘to repeat the apectrometer study of the\gamma ray spectrum,
- and further, te inveatigate both positron and negatron spectra
separately. The isotope used was obtained‘by'the Zn64 (n,l)ng
reaction from the Chalk River Laboratories of the Nationsl
Research Cpuncil.

Eguipment

Spectrometer

, | The spectrometer is of the thin IenS'type‘w?ig? has
‘been used in previous researches in this laboratory and
clseuhsra‘lQ’ls'IG); & diagram of the spectfometer‘ia shown
in figure 1 . Eléotrene from the source are selected by the
bafrlehB‘and focussed by the magnetic field on the thin window
of the beta ray counter. The baffles &, C, D, and B are added
$o reduce scattered radiation and prevent diraei‘radiation
from resching the counter. For study of positron ajeotra.én
additionsl apiral baffle was inserted between C and the field
cuils. Deutsch et 81(14) have calculated the pitch of the
focuaeed electrons in their spiral path through the epectro~
meter. ?hq:baffle shown in figure 2 is based on thede cal-

culations. Since the piftch is almost a constant for paths
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Figure 2. Spiral baffle ised with the spectrometer
for studying positron spectra.
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having different radii, radial baffle plates of constant
pitch may be used. Electrons of either sign may be selected
by choosing the direction of the magnet coil current; this
baffle transmitted 75% of the focussed electrons with one
direction of c¢oil current while it reduced the count te
background with the opposite direction. The loss of 25%
transmission caused by insertion of the baffle must be attrib-
uted to a difference between the pitech of the baffle plates
and that of the electrons, since the geometric cross section
of the plates is much less than 25% of the spectrometer

cross section.

Plate I. Assembled spectrometer.
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Piatqu shows: the asﬁemﬁied.sPectrometef. The axis
of the fnstrument is aligned with the magnetiec meridian and
the vertical component of the earth's magnetic field is
effectively cancelled by_a.currenﬁ through the pair of com-
penaatfng coils surrounding the instrément. The effect of
the remaining axiaml component may be found by reversing the
maghet coil ourrent (with the spiral baffle removed) (11).
It was found that, with the present resolution of 3 to 4%
obtained with thig apectrometér. no effect could be observed.
By use of non-ferromagnetic materials throughout, proportion-.
ality between the momentui of the focussed electrons and
coil current is therefore preserved.

Deutsch et aglgive shown the relatien between spherical
aberration and mean coil radius. Spherical aberration may
be minimized by operating with the largest radius permitted
by the momentum of the electrons being studied. The magnet
coil is therefore wound in four lsyers having separate
terminais, 8o that the inner 1ayer3 may be disconnected.

Counters

The thin window Geiger counter, sketched in figure 3,
. was designed to use a minimum of wax seals. Unstable oper-
ation peculiar to wax sealed counters has been experienced

in this Idbaratoryf Anode wire and filling tube are brought

through the brass envelope with Kovar seals, which are
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FLANGES °

[,r BRA}S ENVELOPE * - {UVAR SEALS
s / A LS \\ FILLING TUGE"
WAKX SEAL
. \\ :
- COPPFR CATWODE -
MICA WINDOW K H L

CLASS BEAD _———— o —
: qr\ \ ) Aowmce
. TUNGSTEN ANODE .005°0IA.

f@@. o H-~HARD SOLDER

e [ * 7 3 S-SOFT SOLDER

Figure 3. Counter construction

goft soldered to the envelope. All other soldered joints are
hard soldered and coated with soIt ewxelepe solder. The
usual filliﬁg tﬁbe tap was omitted; the tube was sealedvoff
after a satisfactory filling was obtained.

The mica window, 2.8mg/cm2,thick, was sealed between
the flahgea using Cenco Plicene, a wax insoluble in alcohol,
with the following technique. Plicene, dissolved in turpen-
tine was painted smoothly on both flanges and allowed to dry.
these were then heated to melt the wax and the mica droﬁped
on the counter; air bubbles were pressed out with a rubber
tube and the outer flange bolted to the first.

| The counter desctibed has operated satisfactorily

during the present work.
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Amplifiers

The laboratory arrangement required the use of a ten
foot pulse cable to carry counter pulses to the séalar. To
avoid direct loading of the counter by the cable, a cathode
follower was connected to the counter with short leads, as
shown in figure 4. The cable connected to the eathode is
approximately matched at tiftg output end by the 100 ohm
resistor. The following preamplifier is a two stage grounded
grid triode amplifier,, each stage of which is preceded by a
cathode follower. The three volt pulses obtained from the _
cathode follower‘are sufficient to saturate the preamplifier,
whose output consists of sixty volt pulses of equal amplituda.
The scalar discriminator was set at 15 volts to eliminate
stray plckup and noise, and then the counting rate was inde-’
pendent of diascriminator bias fluctuationa. Counter plateaua'

obtained with this counter and cirecuit are shown inAfigdre 5.2
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COUNTER VOLTAGE

$500K 7“ : 1300y

COUNTER GJ6

‘ .
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Figure 4. Sohematic of caf.hode follower and preamplifier.

400,

300
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‘SOURCES DIFFERENT.’

1100 {1SO- 1200 . 1250
COUNTER VOLTAGE

Figure 5. Counting rate of pulses from preamplifier of

a.mpiitude greater than 1% volts.



Regulators

Magnet Current Regulator

The regulator is the same as used in previous research-
es(l3a)except.fer the following modifications« The D. C.
ﬁower is taken from the building-supply, wheae negatite
termingl is grounded, inatead of f:om‘ﬁhe"fioating" generator
supply. The A. C. error voltage &s then taken between the
sﬁandarﬁAfesisto: and ground. This modification rééuired anth
additional stale of A. C. smplifieaﬁion to obtain both error
signal inversion and increased voltage gain. The driver stage
was ﬁadifiad.s@ that it operated as & tetrode uith,normal'
biss for all bias sétting$'af the type 6AS7 control tubes.
Bias control fbr the lstter was: obtained from a 100,000 ohm
poﬁienﬁiamnﬁer éonnected mcross the driver B supply, with
the movable arm grounded; the negative bias supply was then
not require&5

Magnet curment was determined as before by setting the
dfal box potentiometer. Stsbility was 0.01% st 10 amperes
and 0.1% at I ampefe-with this arrangement.

Compensating Coil Current Regulator

The current carried by the pair of compensating field
ebils is regulated against line voltage va:iafionafby the use
of two ballast tubes. (type CRCS?E) in series with the 10 ohm
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field coils. ‘S“ince these operate normally with 1.7 amperes,
whereas only 1 ampere is re«iu?[red for field compenssation,

the exoess current was ahunted by the coils through & rheostat.
Current regulation of 0.25% pexr wolt was. obtained, which value
is sufficient for normsl I‘lq:u'rly' line woltage variations.

Experimentsl Technique

Arrangement. of Sources

A diagram of the é:fmrce arrangement is ghown in figure
6. E‘oi' gamme. rTay spectra the active material is inserted into
the brass cup‘ from the outside. A screw cap holds this firmly
in place. Sufficient brass ig left betw.een the active material
and thé radistor to absorb the beta rays. The radiator, &
thin disc of lead or uranium oxide iz cemented to the front

face.

‘ ) For b&ta; ray speectra, filings foom the active material
. wepe cemented uith colledion to a thin dise of mica, which
fiﬁz din_ﬁzo? the bra:ss eup . The braas is removed from immed-
ﬁtely beh:[nd the mica to reduce reflecfians of ﬁet& rays.
Owing ta the low specific activity of the -~ , the deposit
could not be made as thin as was desired; sufficient. was added

to produce roughly twice background count in the spectremeter.
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WASHER. PLUG

BRASS .
‘\\ SOURCE MATERIAL

/\k\/v —VRA.DIATOR B ) 'E |

Figure 6 Arrangement of_ gources. A, Gamms ray

gource. B, Beta ray source. .

Calibration

_ The spectrometer was cglibrat_ed‘_directlyj in terms of
dial box ézatentiometer_ reading, which is proportional to the
momentum of the focussed efteeti'n.ge. Photoéiectrons ejected
from the E shell of léad by the 0.607 mev gamme ray of radium
mére: used. This energy value was obtained by Ozeroff (130)
from & similar spectrometer calibrated in teims of the ¥ line
of thorium B. The momentum of the phatbe_];_ectrons was obtained
by subtracting the binding energy §0.0875mev) of the K sghell .
The calibration curves in figure 7 show that both resolution
and transmission a;rerim‘p'rov,-ed by uaa;[ng_pnly_ the magnet coils

of large radii. Below are listed the calibration correspond=
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ing to peak values and the resolution for each coil

conbination used.

Cetls in Width at Calibration in

series half maximum gauss-cm. per volt
4 coils &% 9600
3 outer 3.6% 6600
2 outer 3.5% 4090
1 outer 3.4 1915
I-.S6 VOLTS
- 2000  QUTER coiL LerdsomA
W 0-730 VOLTS
= 1.>940 M A
L2 2 OUTER
rZ . COILS 4 OLTS
| 5 1800 ‘ 1c=940MA
| _ 3 OUTER
| LdJ 0-311 VOLTS
- T I.=980 MA-
E 1800 R 'gomro R
) PB sowmag/ 1
;O A e
;Y
1400 \\
l 7
! | | . N
0-9G 099 I-00 oL 04
[ P ‘
| Po

— * R R e

‘ Galiéi'ation curves.
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The compensating current, I,, had to bée adjuated for
mgximum pesk intensity with each coil cembinatian. Pre-
sumably, the difference is due to slight misaligmment of
the separate coil axes in the horizontal plane. The resoclu=
tion possibly could be improved for the outer eoil alone
by realigmment of the spectromster axis with tke outer coil
a-xis, in the vertical pilanegl4 » but this was not a:tfempt‘ed
bee~aueé the outer coil alone was insufficient for mest

energies.

E;_gerimentgl Regults
Gamms Ray Spectrum

The gamma ray spectrum is shown in figure 8. Compton
background, obtained with the radister removed, is dotted
under the main curve; the diff‘eren-oé gives the photoeleetrons
ejected from the radiator. Several radiators and magnet coils
were tried both to obtain high peak intensity and resclution
and to eliminate spurious peaks. The two peaks obtained with
lead radfators show that little is gained by using & radiator
thicker than 50 mg/cmz. Several small peaks appear on the
min curve obtained by using the lead radistor. These could
be interprete@either as apurioﬁs pegks arising from unusuglly
large statistidal deviations or as photoelectron peaks from
weak gamms, rays. To remove the ambiguity, the reglon con-
taining theee.pea;i{s was repeated with the uranium radiator.
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Figure 8. Gamma ray spectrum of Zn
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Since the binding energy of the uranium K-shell is 27'.5 kev
‘higher than that of the lead K-ghell, a photoelectron peak
obtained with the lesd radiator must reappear when the
urantum radistor is used, ‘but at 27.5 kev lower energy.
Only one such peak eaﬁiafied; this condition. This peak is
indicated in figure 8 at 0. 26 volts.

The Gomton background seemed rather excesaive. It
was shqvm thet the high intensity was due te the large aour-c‘e
ares required By the low specific asctivity. A lead cylinder-
2 cm. long and 2 cm. in diameter, with & conicsl hole drilled
to fit over the rsdi&_t.o-r,z_ rdduced the C@pten background to
%+ but left"the phefﬁaelectroh pea;k. unchmigéd. The vzork
however was not repeated since :bepetition wasg not considered
uortmila for a factor of 2. It :I‘.s therefore recommended
that small sources of high specific activity, when available,
Bbe placed directly behind the radistor; end the lead cylinder
baffle be used only when necessary, since additional
scattering is undoubtedly produced by its use. |

ggnna' Rg Energ_ies |

- -The _gamma ray energiea were obta;:[ned by a.dd:[ng the
K ahell 'bim)ﬁng energ:[es, 115 kev for uranium and 87.5 kev
for leadé 1  ,» to the phqte;er;qctnon peaks. These are tebulated
belqﬁ. The _Q_ent;er..cf ‘the p‘l‘mtoelectron p_eak.was chosen
gene-ra:ily'; except in ’r';'he case of the 100 mg/cm2 lead radiators
S’:I.nce this had & definite flat top, the high energy end. of

| (12)
the flat top was chosen . .,
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s

Gamma Ray Radistor Coilse Ey in Mev
(1) U, 80mg/em® 4 coils 0.51
| U, 80 2 outer 0.508
(2) Pb, 56 4 coils 1.107
Pb, 100 4 coils 1.104
U, 8o 4 coils 1.109
U, 80 2 outer 1.109

Positron Spectrum

The positron spectrum, shown in figure 9, was
obtained from the beta ray source with the magnet current
reversed; the spirsl baffle effectively removed negative
particled. The counter was shielded foom o%her~saurces
(including & 500 millicurie radium source in a second spec-
trometer in an adjeining room) with 15 cm. of lead. Back-
ground was reduced to 10 counts per minute, The source
thickness required to obtain twice background count was
130 mg/cma.

] The Fermi plot of the positron spectrum, shown in
figure 10, was obtained by use of the following'approxim-
" ations. The Fermi relation is giwen by

[ s =2
F= [jﬁ#f 2 B, -E
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where T\ - monientum of slectron in units of mye
N - relative number of electrons with momentum n

and 2z0) = N e

y= Zd1 t!lz .

'The approximation discussed conceres the expansion of the
gaamg function. -This was expa;ndec} in a Taylor aeries,. to
the fé:ét power of s only. By & second espproximation to

the first power, the expression

| o ' ; ] '
Pi(lfSriy)iz =~ 148 ([{1 sity) = r'ﬁl- ;q
1+ iy |"' 1l - iy
The expression in brackets was ez.pan‘ded in series, uaing- a

,.
well known expansion for PEZ; . The series :I.nvol\red, of the
Z

oo "
form 1 s WES approximated by/ dn The
« ngn.l n%4 yX) } n(n? ¢ y‘l)

result used in the calculations ia
. 2 . . . ) ) . - . A .
Mrtsta)|®= Ty _[1- 28845 10802 + ‘y2)}
e ginh Ty
A commonly used gpproximate e-xpansioh for this gamma function

is Iy 14+ 0.4(0(2)2} .
sinhfly _

Thia formuls can be obtained from ours by two further

epproximations.
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The Fermi plot of the positron spectrum'indicatee

. one pastron group with end point at 0.327 mev, with &
standard deviation of 040037 mev for the 14 painte used.

Internal Conversion Electrons

A negatron spectrum was attempted, using the betg
rey 80urce. Particuiér attention wag paid to the low energy
end in a search for internal conversion lines. KNone were
found, but a dietribﬁiion'wéﬁ'ob@ained which was identif@ed
as a Compton d;stribuﬁion;wi?héugxistence of Compton eléctrons
is attributed to the high émrfase density of the source
(130 mg/cm?) end to the relatively;intehse l.11 mev gamma

radiation.

Conclusions

_ The average values of the gamma rey energies, taken
to the number of valid.a;gnificant figﬁres, are:*d.sl mev
and 1.11 mev. The 0.51 mev radiation is‘idgntified with
~annihilstion radiation. These results are similar, within
1%, to those reported by Jensen et gl(lg). The garma ray
energy is 3¥ lower than that reported by Deutsch, Bobefts
and Ellio@t‘?;).

Ihe end point of the positron group is 0.327 meve.
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- - ‘ (10),
This value is 24 higher than that reported by Peacock
_ffom'spectrometei measurements, and iaicongiﬂerably'less

than all valuea'regorted from cloud chamber and sbsorption

(2,4,9
measurements o

i

Decay Scheme |
‘The following~decay séheme based on these results

ia'propcaed,

65 65
Cu - 4n

-y,
l.11 mev o _
@.’1, 0.327 4 0.51 mev

The K-capture process is energeticaliy possible if
the energy difference between the initial and final states
is less than the rest energy of the electron. This condition
is eatisfied bj the decay scheme. The statement made in the
introduction-- that & second ‘3'-group of higher end point
energy weas required By the results of Good and Péacock(7)-—
is therefqre incorrect.'Accordipg to their results there is
& second K-capture process, approximately equally favored,
leading to the ground state of Cu6 ; They further concluded
that. 2% of all disintegrations go by positron emission

directly to the ground state. Therefore, if only one (3" -
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group exists, the ratio of gamma to posit§on emission would
_ : , | 5 | J
be approximately 25. Barnes and Valley( , however, reported

a ratio of 60. Further, the reported presence of internal

(1,2,3,) |
conversion electrons E haa'not been confirmed.

It would be possibie to estimate the mess of zn65,
assuming that the positron emission leads to the gﬁound‘
state. However, owing to the conflictihg'resﬁlte, further _

'work with a source of much higher specific activity is
recommended, to determine first the decay scheme with greater

certainty.
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