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Three New Delayed Alpha Emitters of Low Mass
Luis W. Alvarez

Radiation Laboratory, Department of Fhysics
University of California, Berkeley, Californie

May 31, 1950

ABSTRACT

Two new positron active isotopes, B8 and NaZO, have.béen found to decay
to excited states of Be® and Nezo, which in turn decay™instantaneously" by
alpha emission. Their half-lives are 0.65 + 0.1 sec., and 1/4 sec. respec-
tively. M2 is also foUnd‘to have a low energy positron group which leads to
an @-unstable excited state. in C12, The masses of B® and Na?0 are 8.”27~and
20.015 regpectively. B8 decays by a 13.7 + 0.3 Mev positron,'through‘the
same excited state‘of Beb as does Lié. Estimates of the energies of.thé

excited state in C12 and Ne?0 are made.
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Three New Delayed Alpha Emitters of Low Mass

Luis W; Alvaresz

Radiation Laboratory, Department of Physics
University of California, Berkeley, California

Intrbdﬁétion

| Uhtil thé present time, the only known light, delayed alpha emitter,
was_Lisgl) In the terminology of classical radicactivity, "delasyed alpha-
particles,"'such as those from Lis, are called "long range alpha»particles.“
They arise from excited states of a daughter nucleus, following a beta-decay,
and their real lifetimes are too short to be measured directly. Their
apparent lifetimes are those of their perents, with which they are in
equilibriumo The expression "delayed neu£ron emitter," is used for the same
reason; to indicate that the observed neutron activity of nuclel such as
N17,(2) is not a true neutron radiocactivity, but rather the "instantaneous"
disintegration of aﬁ excited beta-decay daughter nucleus. In both neutron
and alpha-decays of the delayed variety, it is possible to determine the
lifetime of the actual heavy particle reaction, not by time measurements,

but indirectly, from the uncertainty principle; using a measurement of the

energy spread of thé emitted particles.

(1) Crane, : Delsasso, Fowler and Lauritsen, Phys. Rev. 47, 971 (1935)

(2) L. W. alvarez, Phys. Rev. 75, 1127 (1949)
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(3)(4)(5)(6)

Li8 ﬁes been investigated by a number of nuclear physicists,
and its decay scheme 1s well understood. The beta transition is first
forbidden, and leaves the Bed daughter in a broad excited state about 3.1

Mev above the ground state. The width of the state is 0.8 Mev.

Description of Experiments

The present experiments were started in an attempt to cbserve an example
of delayed proton emission., Although this process hes not yetvbeen‘reported,
it would be expected from nuclel such as Ne17 013 and C9 In‘the cese of

Ne17 the reactﬂons would be
1 17*

Thig pair of reactions is similar to the rair describing the delayed‘neutron‘.
- 17 ' . ‘ s
activity of N*f: .~ = S S

7Nl7————b 8017* +

8017 _ﬁ_,8016 +n
The 32 Mev proton beam from the Berkeley llnear accelerator ras used to
bombard a proportlonal counter fllled with B10F3 (Protons plus B10 could
give 09 and protons plus F19 could give Nel?, ) The linear accelerator is*
pulsed 15 tlmes per second, for 300 v seco,Aand the proportlonal counter

"cleans up“ 1n a few mllllseconds from the huge burst of ions formed during

3) p. So Bayley and H. R. Crane, Phys. Rev;‘ég; 604 (1937)"
(4) Bonner, Evans, NMalide and Risser, Phys. Rev. 73, 885 (1948)
(5) 7. L Hereford, Phys. Rev. 73, 574 (1948)

(6) w. F.Harnyek and T. Lauritsen, Phys. Rev. 77, 160 (1950)
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the 300 W sec. pulse. It ié therefore very convenient‘to count delayed heaﬁy
particles through a gate circuit ﬁhiéh eliminates all pulses during the time
the couﬁtér ié parélyzedo Aétivifies ﬁa& be followed in this manner, throﬁgh
bu;ldup to equilibrium, and after the accelerator is turned off, through decay.
A delayed heavy particle activitvaas observed in BF3, with a half-life of
about 2/3 sec.

Before giving the reasons for the assignment of this activity to B8, it
will be well to describe other experimeﬁtal techniques which were used in
these imiestigaﬁions° Gaseous targets of CH; and Ne were also bombarded,
and heavy particle aétivities were agaig observed in the manner just described.
In the case of BF3, coinciden¢es between tﬁe heavy particles and the positrons
were detectéd° Actually, triple coincidencé techniques were used to reduce
the background. The pésiﬁrons were observed with a pair of trays of propor-
tional counters; an absorber was placed'between the trays to eliminate coin-
cidences from secondary electrons of gamma;ray origin, The alpha-particles
were detected in thé bombarded counter. The energy of the B8_positrons was
measured by absorption techniques, using the triple coincidence ciréuit, and
finally ébmparing the B8 curve with that of le',(7) in the Feather comparison
methbd;:vThe le abéorption curve was taeken in the same geometry, immediately
after the B8 curve.

Excitation curves for all the observed reactions were determined, and
the values of the thresholds were measured relative to the Clz(p,n)N12
threshold,’ which was investigated very éarefully in this laboratory last
year.(7)‘The linear acceierator beam is very mono-energetic at a given time,

but the value of the energy may change by a few hundred kilovolts from day

(7) L. W. Alvarez, Phys. Rev. 75, 1615 (1949)
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to day; éepending upon the adjustment of the final accelerating gap. It is
théreforé important to have an easily repfodudible energy standard in the
region under investigation. The sharﬁ p,n threshold for the production ofv
N2 sefveS'this purpose. |

Solid targets of Be?, B10 and Bl were bombarded on a number of cccasions,
and both alphéaparticles and beta-rays of short half-lives were‘bbserveda |
Alpha-particle range distributions were measured from solid targets, using
calibrated mica absorbers and a proportional coﬁnter'equipped with a thin
mica window, Beta radiation from solid targets was-detécted by a paif of
proportional counters in coincidence, and in some ekperiments, a;ﬁagnétic
fieldAwas uged Yo separate fhe effects of positrbns and electronsg. . This
téchniqué was essenfial in the study of the activities from Be?, where Lis'_
and BS ére made at the same time., They have similar excitabion curves,
nearly equal half-lives, almost identical beta-ray upper'limits, éﬁd iden-

tical alpha-particle spectra.

Boron 8 ‘ |

The delayed‘heavy ?articles froﬁ BiOE3VWere_observéd fé haﬁé;a Haifflife,
of 0565,;‘001 secoquiﬁcé iig has.a.hélf_life df 0.88 sec,, and siﬁce‘it pan-f
be producéd*bywthe réac£ion - E

| | o Blo(p;3p)Li8;

it was first hécéésaryvto show that the observed activity was not. due»to
Li8, Thé energetic thféshbld for the (f,}p) reactiop is é5;8 Mev,. but the
observed‘threshold for the delayed-heaﬁy partiCles was found to be 2102-Mév.:v
If one does not believe thaévthe tri-proton is a stable nucleus with‘a‘bindf
ing energy of at least 4;6>Mev, these energetic data indicate thatvthe.

activity cannot be due to Lig, and must be from some unknown isotope. One
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woﬁld thén éen£a£i§ely assigh thé‘actij;ty either io B8 orl09. Agsuming the
reactions to be _v. A - h | _ |
| Blo(p,zn)09 or B_lo(p,p,Zn)B8
one calculates the masses to be
69 - 9.0270 or BE - 8.0189

Barkas'(s) estimate of the mass of C? is 9.036. Although his mass
estimatés have proved to be very reliable, there aré no known nucleil with
three more protons than neutroﬁs, so there is no way to evaluate the accu-
racy of his estimates so far from the region of stability. It was hard to
believe that the masé of B® would be 5.7 Mev lighter than that of Lis,
(8.02502) in view of iﬁs greater Coulomb energy. For this reason, it was at
first felt fhat the activity was probebly c9. But if one assumes the reac- »
tion to be B | | |

Blo(p,H3)B8, |

the masé of BE would be 8.0279. This is a more reasonable Valﬁe from simple
energetic arguments,‘but_itvis higher than is allowed by the proton stability
of,the'active‘nuclegs,. Bg must be lighter than the sum of Be7'p1us a proton,
which' is 8,0273 mass uﬁits,v The discrepancy between this upper limit and the
mass caiculated’froﬁEthe thréshold enefgy can be attributed to the barrier
effect,‘vin'other,words, the observed threshold for a (p,H3) reaction must
be greater_than‘the énérgetic threshbid,‘ This effect was observed by
Panofsky and Phillips in thé c12(p,a)cit reéction, where the masses of all
the reacting atoms are known. They fouﬁd that the observed threshold wes
aboutvO,S Mev higher than the calculated ehergetic threshold. Since it.

would teke only a 0.6 Mev shift in the experimental threshold for the

(8) §. Barkas, Phys. Rev. 55, 691 (1939)
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BlO(D,T}BS reaction,; to make B8 stable against proton loss, it will be assumed
from now on, ﬁhat the‘mase of B® is almostAequal to its maximum stable value
of 8,0273. In view of the uncertainties of the actual threshold andvthe |
strong evidence that the new activity is B8, no othef view couldlseriouely

be taken. (Barkas! estimate of the mass of B® is 80027;)

There are several weys of eliminating'c9 from-consideretion.',ln the
first place, the'maximum'pessible positron energy it éould.have‘(lfviﬁs‘mass
were 90627) ig about 7 Mev; in the second plaee, it could not 5e-§roduced
from'Beg, while Bs-ceuld be so produced. Both of these lines of atﬁaeleere
folléwed, andic9vwas shown 1o be ruledleut‘by both of themal o

The positrons in coincidence with the heev& partlelee wefe fodndzgydthejA‘
Feather eomparisen method to have an upper.limlt of 13, 7‘+: B.MeQ;dtﬁereByA”:
ruling.out "Qlwith‘certeintj This upper 1limit energy checks closely w1th a
the value ealculated from the mass of 389 1f one assumes that the alpha- T{ .
partlcles come from the same state of Be8 as those follow1ng the decay of
118, - The calculafed upper llmlt 1s 14 0 Mev The absorptlon curve of . the‘
,alpha partlclee, as meaeured from a solld thlck ta”get of Blo, was 1n.a-
agreemen+ w1th hat calculated from the known L18 apectrum Thls conflrmsi
the’ v1ew at the same exclted state of Be8 15 respons1ble for the delayed
alpha partlclee from bo h L18-and B8 " The measured energy of the p051trons
is another 1nd1c4t10n that the observed heavy partlcles are alpha- partlcles
with the ‘same energy dlstrlbutlon as those follow1ng the Li® beta tran51—
tion. | | | ‘

There is experlmental ev1dence.to support the theoretlcal view that the
ground etates of palr of "mlrror nucleﬂ" have the- same’ spect"oscoplc char_

acter. ‘Sinee Li8 and B8 have the same'forbldden value of ft‘forrthelr beta ..

decays, it would be very‘surprising if they did not decay to the samé state
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in Be®B, .The two measurements of the B8 aipha-perticle energy (direct, and
by subtractlon of the P—energy from the mass dlfference) support this view.

The flrst attempts to produce the 0.65 sec. acthlty by proton tombard-
ment of Be9 were unsuccessful in that the measured half- llfe of the observed
beia—particles was always olose'to the 0,88 sec. half-life of Li8. Since it
was felt that the cross sections for producing a p;2n reaction should be much
greater than that leeding to a p,Zo reaction near the threshold, this obser-
vation}was‘the best evidence»that the new acfivity was 9. But latef wofk
with magnetic analysis of the beta-rays showed that the shorter lived posi-
trons were present, and with the calculated threshold. The smallness of the
cross section is still an unexplaiued fact, elthough it might be felated to
- the almost negligible binding energy of the last proton in B8. Figure 1
shous the yield curves of positrone and electrons from Be? bombarded with
protous, it is apparent from the curves why the B® half-life could not be
seen without magnetie analysis. The mass of B8, as calculated fromithe Be?
threshold is 8.0264. This is not so reliable a mass value as that ffom the
Blo experlment, since no calibratlon relatlve to the N12 threshold was made,
and no background runs were made, The purpose of the experiment was pri-
marlly to see if the 0.65 sec. activity could be made from Be? by proton
bombardment, thereby ruling ocut 09 The threshold value, and its related B8
mass sre merely inaccurate by-products of a qualltatlve experlment to check
the isotope a531gnment

An additional method of produc1ng B8 was found A proportional counter
filled with.CH4 was oombarded with protons, and two delayedvalpha emitters
were observed. One of these was N12, as will be described in the next
section. The other had a lifetime of about 1/2 sec., but the activity was

too weak to give an accurate decay curve. (It is an interesting experimental
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fact that with the techniques used in this labeoratory; a halfmlife'in this
range of times is ahout the most difficult to measure accurately. If it is
10 times shorter, the "moveable gate! technique can be employed, with 15 Mev
samples being nade every secondn. Thousands of counts may be taken‘at_each-
setting of the gate, so an accurate decay curve may be made; as was.done in
the case éf N12, If the lifetime is severel seconds, & pen recorder can be
used io exhibit £he output pﬁlses of a‘scaler, and thevscaling ratio may be.
ehanéeovseveral times aoring the course of‘the decay. ‘But with-a helf—life
of 1/2 seeo; the.time consumed in changing the scaling factor is appreciable
compared o.the.half_life, The counting rate then.changes tOO-rapidly.from
a value that "Jams" the pen recorder to one that is too slow to glve more
than one count per halpwllfea This is of course not a fundamental dlfflcultj,
but one which depends upon the avallable Bechnlques ) The ev1denc° that the.
activity from CPA was also B8 was so strong that it could not have been
altered by anythlng less than a very extensive program of half«life measure—'
ment. ln.addition ﬁo thefepproXimate halfelife (whlch could not be off by

50 percent) the. threshold for: the reactlon, whlch was assumed to be
Clz(p,na)ng agreed - olosely w1th that calculated from the prev1ously meas—r
ured Value of B8-' The observed threshold was about 30 Mev, AJ51mple palcu—
lation u31ng this threshold shows the mass of B8 to be 8. 029 Thevinoreese'
in apparent threshold due to barrler effect w1ll be greater in thls reactlon
than in the p,T reactlon on Bleg 31nce an alpha»partlcle has to come’ out vIn‘
addition it has been found that observed thresholds are hlgher than true
thresholds when the actlv1t1es are weak Slnce the threshold is almost at
maximum energy of the linear accelerator, it was impossible to extrapolate
the yi eld ourve to zero yield. For those two reasons, it is believed thaﬁ

the observed threshold is of the order of 2 Mev greater than the energetic ’
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threshold. In the following table, the value of 8.029 has been reduced by 2
Mev, so the value listed is ~ 8.027. Thejenergetie arguments for believing

that the assignment of the new' activity to B® is correct are summarized below.

Calculafed Messuof SR | | ‘.Bg ' | : c?
From B1O + P threshol.d A 8.027 | 9,027
From Be? + p threshold ' | 8.026 Impossdble
From 12 + 13 threshold S ~8.027 | ~9.014
From Barkas (theory) .7.'  P 8.027 o 19.036
From proton stability 8.0213 i 9,035

Additional energetic arguments cen be;ﬁsed to show that no other pogsible
nucleus could have the alpha andvpositron energies measured. This may be
apprecieted by noting ﬁhatvif other heavy particles are emitted in the pri-
mary reaetiOns, energy is required (of the order of magnitude of binding
energy), and thls would have to be at the expense of the decay energies,
since the threshold is. fixed experlmentally The isotope assigment is

thereforejqu;te.defln;te,.although no chemical identification was possible.

Nltrogen 12 o . .

When CH4 was bombarded by protons, two delayed heavy partlcle emitters
were observed One of these was shown in the last sectlon to be BE. The
second group of heav11y 1onlzlng partlcles had a measured half life of 0,013
+ OOl sec._ The half-llfe of the p051trons from le, as measured by the
same "delayed gate" equlpment was 0. 0125 sec, The threshold for the pro-
ductlon of heavy partlcles was the same as that prev1ously found for the N12
p051trons.‘ The c01n01dence of half-life and threshold, makes it qulte cer-

tain that N12 may decay in either of the following two ways:
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1) Ni2—gl? ¢ ot
2) N§l2—gl2¥ 4 ot
| 612*;——bBe8 + a.
338——;s2a
Shortly after the low energy positron brancﬁing of N12 was observed, a

o | (9

y Hornyak and Lauritsen appeared. These investigators show

no

paper oun Bt
that a Kurie plot of the BiZ beta-ray spectrum can be resolved into three
components, with end points at 13.4, 6.3 and 2 Mev. Withiﬁ the'acpurecy of
the Kurie plot resoiution, the excited state of 612 to which the 6.3 Mev
beta-ray leads has the same mags as Bed +vHe40 This state therefore_canne@
be responwﬁble for the heavily ionizing perticles cbserved in the le bfenchw
ing, as “f meet deeay by emitting either gammamrays-or very low energy alphae'
particle ee 1 is uemptlng to 1dent1fy the alphawpartlcleg seen in the: N12
branehing 23 arising from the decay of the hlgher ex01ted state of 012 ,
posfulated by Hornyak dnd Laurltsen to explaln the lowest energy component

of the 5129 This state should lead to three alphawpartlcles with a total
energy of about % Mev. This is consistenﬁ ﬁith the ?uise-height'obseryeavih‘
the CHy f£illed prepbftioﬁal‘coﬁntereo Alpha;perticles.frem ehe iowef e#%..fl
cited state of c12 could not have been detected above the gaﬁmemray'beckf‘Txf
ground. In the discussien.sb fer,witvhas-been tacitiy agsumed thatdtﬁei_-
observed heavy particles ere alpha-perticles. It may easily be shownefrem
the meesﬁred.mass of le,-thet fhere is‘insﬁfficient energy available for

any other known part 1cle, such as a proton or an He3 nucleus to be emitted.

It is Bherefore considered establlshed that the delayed. heavy partlcles are

alphas.,

(9) w. F. Hornyak and T. Lauritsen, Phys. Rev. 77, 160 (1950)
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It would be interesting to make an accurate determination of ﬁhe shape
of the N12 beta spectrum to see if three ‘components exist. (So far only the
upper limit.of the‘higheetienergy groub is known.) According to pfesenﬁ
ideas;_the samebgroupevshould be_ebserved4from B12 and N12. Both of the
groups which could‘be detected by the methods employed have shown up, so the
results sovfer are in agreement with ‘the theory that the mirror nuclei are
identieel ié so fer as their greund states-are concerned,

Lauritgengs table of nuclear energy states(lo) shows no excited sfate
of 012 at the energy required to explaln the lowest energy group of Bl2
beta-rays, and presumably the le delayed alpha—partlcles In fact, the
lowest tabulated excited state of‘Clzzwhich leads to a-emission is at 16.1
Mev. This is not too unexpected, ‘since the excited state of Be® which gives
the delayed a's from Lig and B8 is observed in no othef reactions. There
must be many highly excited stetes of the simple nuclei which have not;yet

been observed;‘sincevthe density of}qbserved states does not increase

markedly wiﬁh{energy; as the Bohr theory requires.

Sodlum 20

A proportlonal counter filled w1th neon was bombarded with protons, and
a new delayed heavy-partlcle act1v1ty was found. The half- llfe is approx1-
mately 1/4 seco, and the cross: sectlon for the production of the heav1ly
1onlzlng;part1cles is at least a hundred times greater than that for the two -
previoueiy aésefibed aL‘ctivities.: Theobrv;ious essignment of this activity
is to Nazo,v31nce 1t is a member of the series Z = 2n + 1, 4 = 4n.v In this
series, we.have. :for,n =1, L14, whlch is almost certainly unstable, for

ns= 2,'B8,,a.delayed a-emitter; for n = 3, le, a delayed a-emitter; for

(10) T. Laufitsen, National Research Council Preliminary Report No. 5 (1949)
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n = 4, Flé, a nucleus which is almost certainly proton unstable (hlgh energy
proton bombardment of 016 yields no short-lived, high energy p031trons) It
is therefore reasonable to assume that the 1/4 sec. activity is Na<0 (n = é
in the series);vproduced in a p,n reaction on Ne?0, The threshold for the
reaction is 16.9 Mev, The mass of Na<0, assuming that the assignment is
correct, is 20;01520 Berkas predicte a value of 20,0160; and bhe higheSt
mass which a Na<® aﬁom coﬁld have and be stable againstspreton emission is
20.01592. The predictions of Barkas on.the masses of tbe‘sefies Z = 2n + 1,
A = 4n are all so“close to the limit of proton etability that Barkas could
not say whethervor not they would be stable. It appears experimentally that
589 le, end N220 are just stable, while F1€ is just unstable.

After notlng That Na?O is-a reasonable aa31gnment of the acthlty,'lt
is necsssary to inguire if auy other lsotope could equally well fill the
billi, Naigg produced in a p,2n reaction with the observed threshold,. would .
be llgp+er than Ne19 aqd 50 1t and all llghter 1ootopes of Na are ruled
out . Ne*g is knowa to have a half- llfe of 23 sec, All llghfer Ne lsotopes
produced at the pbserved threshold would “be llghter than the known 1so§opes
into which they weuld heve to decay, and are therefore ruled out. ine same
is true for all unknown 1sotopes of elements with Z less than 10, Theee
energetlr arguments eompleze the 1dent1flcatlon of the 1/4 seco_act1v1ty as
Na<0,

Bylthebenergetic efgumehts used ih the case of N12, it is possib}e.to

show that the observed heaﬁy particles from Nazo

are alpha-particles. It is
then rposs;ble_bo,set 1;m;ts‘on the height of the.excited state in Né2Q,‘
which decays_into an a-particle plus an Olé nucleus. The combined mass of

He4 and 010 is 20,0039, and the mass of Ne?O is 19.99877, The lowest ex-

cited state of Ke<0 whieh could give rise to an a-particle, is then 4.8 Mev



UCRL~739
Page 16

above the ground state° The highest state of Ne20 which could be reached
from Na20 (by a p051tron of zero energy), is 14 3 Nev above the ground ‘'state.
The limits can be pushed together from both directions by the follow1ng
argumentso The helghts of the Q- partlcle pulses 1nd1cated that the energy
release was greater than 2 Mev° This is qualltatlve, in view of the fact
that the Wlndows of the proportlonal counter were too thlck to allow cali-
bratlng a-partlcles to be 1ntroduced We‘w1ll therefore raise the lower
limit on the exc1ted state to 6 8 Mevo The intensity of the a- partlcles was
80 great that 1t is very 1mprobable that the positron branchlng ratlo to the
excited state of Ne20 is less than 5 percent ‘This would make the effective
half-1ife for the trans1tlon less than 5 seco, or the pos1tron energy greater
than_BodtMev.‘ These cons1deratlons lower the maximum helght of the excited
state ofﬁl\le20 to lO 8 Mev° It seems relatlvely safe, then, to conclude that
the ex01ted state of Ne20 is between 6. 8 and 10.8 Mev above the ground state.
It should be p0331ble to measure the helghts of the excited levels in
both 012 and Ne20 in elther of two ways | An absorptlon curve of the p051-
trons 1n colncldence w1th the alpha» artlcles would give ‘the necessary infor-
matlon, and 50 would a pulse helght analy51s of the alpha-partlcles | The
energy dlstrlbutlon of the alpha»partlcles was- observed to be broad, by
1nspectlon of the cathode—ray tube dlsplay, but no accurate measurements were
p0851ble in. the absence of a good calibratlono' A search was made for posi-
trons: 1n 001nc1dence w1th the le and Na20 alphawpartlcleso. A low intensity
of relatlvely soft positrons was found from N12, but in the case of Na2o, no
conv1n01ng proof of the ex1stence of . positrons was found Thls shows,that.
most of the Nazovp031trons to Nezo were not energetlc enough to penetrate"
the brass walls of the counter -and would 1nd1cate that the excited level is

somewhat hlgher than the lower llmlt of 6.8 Mev quoted in the last paragraph

It is 1nterest1ng to note that F20, the mirror image of Ne20, does not
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combine in a beta transition with the ground state of Ne20, From_the magni-
tude of the branching ratic in Nezo, it is apparent that the transition |
between the ground states of Na?® and Ne<0 is also not an allowed one.

The latest isotope chart issued by the General Electric company shows a
3 sec. positron-agtivity‘assigned to Na?0, Thé classification isl"C" (element
certain; ~one of severai possible mass numbers). Dr. J. R. Steﬁn, who pre-
pared the chart, has told the author that the 3 sec. assignment is unwar-
ranted, énd that the preSeﬁt identification will repiace it invhis next .

edition.,

Interpfé{atioﬁ 5f "Haﬁm;r Tracksﬁ
| COéﬁiéQféy 5bsérvérs have found many examples of "stars" in‘photogfaphic:

emulsiohs; ﬁhicﬁ héveu“hammer prongs." A heavily ionizing track‘istobéeréd
to 1égve ﬁhe exploding nucleus, and at the end of the track appéar a pair of
heaﬁy pfongs of eQual faﬁge;'bﬁtfqpﬁésite direction. It has alWays been”
assumed that -such Hamméf’traéksfare Li8'nuclei, and that the heads qf the
hammers are formed by the resulting peirs of alpha-particles. Thé.léngﬂhs
of.thé,hammér hééds,aré in‘égréement with this assumption. But now that it =
has beenvfouﬁd that B8 gives delajed alpha-particles with the samé range " .
distribﬁtipn,.this strict interpretation of hammer tracks can no longer‘Ee
made. ,Bqtlitbis prbbéﬁly.true.that most of the observed hammer traéks are
actuélly'dﬁé to Li8 andvnbt to B8, since their lower charge would allow them
to eséapeimore eésilyo | |

Tﬂe aﬁﬂhorvwishéé to thank the linear accelerator crew and its chief
operatorQ’Mro Robert, Watt, for valuable assistance in the course of the
experimentéu
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