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APSTRACT
The B4- and 85~neutron isotopes of Tm and ¥h weve produced by heavy-fon
reactions on neutron-deficient rare carth targete. These iscropes which ave
16 to 18 neutroms removed frem the beta sta bility line decay predominantly by
alpha particle emission. A search was made for proton emicsion in the decay
~l k3 x I-S 1 LA 152 s . % ”,
of thege puelides and in Tm and Tm hut none was observed. The alphs
decay promn*ti 5 of these nuclides weré measured and compared with the
syste matics of alpha decay of the 84~ and 85-neutron lsotopes. Evidonce was
obfzined for the ezistence of a long~lived alpha~emitting iscmeric state in
154
T »
I. INTRODUCTION
In previcus papers we have reported reaults on the alpha decay properties
¥ .. . . iy 2 - R .
of isotopes of the rare ecarth elements between Tb and Tzl 93, Mozt of the
- rezulto were obiained for the B4~ and 85<ncutron isotopes which possess on-
honeed alpba decay encrgies due to the effect of the &2-neuiron closed ghells
(o '

“This work was porfcrmea Unac* the auspices of the U.8. Atomic Enexgy
Gommlssione. { -

“Re» D. Macfarlane and n.yw. Seegmiller, Nucl. Phys. 53, 449 (1964).
%R. D. Macfarleme and R.)D. Crifffocn, Phys. Rev. 130, 1491 (1963).
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o 3 R . "
“Re D. Macfarlane and R D. Griffioen, Phys. Rev. 131, 2176 (1963).
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The vcr" "CpG“LCd here on Tm and Yb isctopes is a comtinuatlon of this study.
The moin objectives of this program are twc-foid . to provide a set of experi-
ha decay dota which can be used to study the effect of proton

on ont alvau decay rates, and to obtain some informstion on the

0
R
e
W?
9‘
;4,

production and properties of ultra-neutron deficient nuclides. ‘ -

=3
l~5

. DXTCRIMENTAYL, DETATLS

. s 15
The nuclides, Tm" 3

154

. . “ a 1!}2 .A 3
and T ", were produced by pr 4l (maéc, xn) reactions

and [T (9*9, %n) reactrions using 131 to 195 MeV ¥e?C jons and 121 to 185 MeV

. ' ‘ - e 15
719 fons From the Berkele v ueavy ion linear acceleragor (Hilac)., ¥b 4 and
1

4t

R 1 , ' KT
were produced by Sm (0*6, xn) reactions using 106 to 151 HeV 0% 1ons

and by ? ‘éié‘ (NQZC, xn) reactions. Rare earth oxide ta coots { ~2 mg/cm?) of

. 4

enriched 4so ucpuﬂ of 3&14_ and Sm@’é were ueeds The 1sotopxc “abundances of
N llfrf' > - rc. - 4 -8 Py .

1al%2 ena Sm T were 93.93% and $4.6% respectzvely. Relative excitcation

fﬂnCL10R: wore obtained for cach of the alpha activities studled by meésuring
the intensities of the alpha groups at dx’fe"cnt borbardisg cnergies. Aluminum
cﬁabscs'wcre used to degrade the emergy of the hea
ion beam. The data of lortheliffe and Hubbard were used te,determine energy
iozses in;&he aleminum’ absaruers, vacuum‘w ndUWo in the target assembly, and
the ﬁargetaé’sl

The activity produced durving bomburdm~ wag coliccted b] thc*mal ing the
racolils éje““cd frcm the target in holﬂum aﬂd then purping thﬁm through a small

. "y

orifice on 220 a ol ?ecﬁzcr 1ate in vacuum. A @ola—Surfase—barrler—azpha«particle

e
R

detector was used %o measurs the alpha activi*y cailechﬂu on the p?aﬁc. Details

)

O

Lkt
(s
l;;l

rhig system arve reported in an earlier papers, .

‘m. €. Northcliffe, Phys. Rev. 120, 1746 (1960h

5g. L. Bubbard, icvrcnvc ?QﬂlmthR Laborato“y chort UGRL-90333 {1960)
(Lnﬁvbﬂicaca).

GR.,D.:mmc:atlan? and R, B. Grifficen,. Wucl.,Tnutr. Hotiod@ 2&, 461 (1Q63>

'
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Single component decay curves were obtained by selecting the desired group

b 9
!

in the alpha particle spectrum using a singie»chanacn~puiae height gnalyzer and
following the decay of the group after bombardment,

Aipha p:rticsc energy measurements wore wmade using as standards the alphka

_ ' 7 s )
{ particles from Ey150 {4.23 ﬁev)l, Erlsz (4 30 ch)3, and >02“0 5.30 Mev){g

3 216
A prtot o B9 snd o4O 4 17020

1£31 . 219

The reagction Pr + F*7 was used to study the emergetics of the Fl‘y 8n

2

18 o . : . . . e
and Fl‘, Vi) LoactLona in the neutron deficlent rare earth re egion. This information

o
&

was used ip assigning the mass numbers of the new Ta and ¥b slphs activitie
Using o Px target, these weact ions produce two known ﬁi,a, enitters, B

W 153 . .
and Er o Figure lz shows the ex chaticm funectio

N 19
J»’
s ]
3
0
£
0
o
s
Q
]
9
Y

these two nuclides. In addition to these activities,: Fo

150 were alss producdd., The absolute cross sections for the pro-

&3 ‘K -
11 o w19 pave been measurcd by Alemaader and

and Dy v
duction of Dy 3¢ by the reaction Pr

’ l
[ A his results were used to convert our relstive yield messurements to @ absolute
basis. The normalizatlon point was teken at a bombarding energy of 166 MoV where

e
the cross aactian for ?ylﬁg production was found by Alexsuder to be 260 xb .

o

The information cbtaived from these measurements that was used in Interpreting
the Tm end ¥h results was the position of the pesks of the excitation functicns

1 s 72 reacil lons. As shown in Fig. la, maxima were observed

. for the 59, 8n end ¥
o - at excitstion energles of 17 MeV and 105 MeV respectively (the torm “enmcitation
ensrpy’ is defined as the difference between the ccnrcr~o£~mnua hQMWarmlny cnerss
o’

and the G-valus for com ydhnd nvclenq formatien caleulated £rom the Seeger mo

foxmmlag).' o . SRR B K I o

7AL B, Wapstra, Wucl, Phys. 28, 29 (1561).
83, Alexander, private communication {3963) "
9?, Ao Bedger, Nucl., Fhys., 23, 1 (1961),‘




Excitation functions were also obtained for the Rezg, 8n and Reze, in o

s : L : .
reactions using @ Cel'B targets To coaveri to absslute €ross sections the cross

” 14‘0 ‘g_ E%'e;‘,o

section date of Alemander for 35150 production by Ce was uueé . The

normalization point was 1?1 MeV bombarding energy vwhere a Eylso cross section
152

q

value of 267 wb was cbtained by Alexander. The cross section results for Er

a,a 2r153 are shown in Fig, 2a and for ﬁolj” and 3015 in ¥ig. 2b. The position -

- of the mawima in the excitation functions for the Hazs, &n and Nezg, 7n reactions
correspond to excitation cnergies of 120 MeV and 108 MoV res tlvely.
151 13192

The results obitained for the production of Ho and Ho by H.I. pxm

reactions are also chowm in order te point out the uzefulness of these results
in providing additional data for deducing mass assignments of new activities.
Bo th Fxb» 1 and Fig, 2 show that for H.I., xn and H,Io, pEn products, the im~-

152 and Helsz) pQS? at

132 yas

- dependent excitation functions of iscobaric pairz {e.ge Er
- the same excitation cnergy in the neuiron deficlent rare earth vegion (Er

_i‘ * 1 2 o 3 >4 5
a very small B7/EC branch to HQ*SZh)g. The excitation function for Hozjl is

. 1 5 Y - » 2..
tually pum of the EzlJl ar 1o*1 excitation funceions eince Er15 is not
an alpha emitter, Vcr ﬂvun;1e, one wculn expect that the excitation function

for the production of Tm?“” by a H,I. xn veaction will peak at approximately the

' Er153 produced by a HuIl. p(x-1)n éeaction

4

(&)
{3

ame excitation energy as that for

h

rom the same compound nucleus.

B, %22 + 519 ang 2t 4 1e20 ,
The formation of Tmlﬁl cosmound nuclei by Ndléz + Flﬁ and Pvl&l + Nel0
rea"ﬁxcng produced three new alpha actmvmties whi¢h wara not aacn in the Prlél “+

b or Cel’e 4 Fiel? bombar&ments. On this basis, these activities were assigned

to isotopes of thulium. Figure 3 shcws alpha particle spectra of these'aCtivities

produced at &iffeaen* bombarding energlcsa Iw adaﬁtion to theue, the Pnavn
alpha emitters of DY, ha, and’ Er were alco observed.

Tal®® (5, = 5.11 vy .

.—— .
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An alpha particle spectrum uhow1n" this activity can be geen in Fig. 3d. The

alpha particle encrgy cf this activity is 4.96 MeV and it cﬁcays with a2 half-1ife

of 5 sec. The halfi-life €~s obtained from zn analysis df alpha particle spectra Con
taken in a séxies of timed sequences after bemgavdmﬂnt. This experiﬂént clearly
ruled out the pcssib licy that the 4.96 MeV group was assgoclated with the decay
of the 2.98 sec Talo% activ 7Lty e B

Bcca se ox the "low intensity of this grchp, it was not possible to obtain a

detailed excitaticn function. Qualitatively, it was determined that the
zeitation function pesks at a somewhat lower bombarding energ& than the 5.04 Me

% 4, probably around 145 MoV when produced by priél 5 §e20, Alpha decay energy

systematies do not favor the assigmment of Tm?s? to this éctivity bacauge the

g
G

difference between the alpha decay energies of the 85~ and 86-neutron isotopes

of the elements below thulium have consistently been~ 400 keV. This, and the

£act that the activity is spparently produced in low yield {(a small alpha decay

branch would give the same rcvulﬁ), ngges;s that the activity may be due to a
icw‘spin icomer of Twl%,  The Quurgeﬁic of the qualitative cross section
measurements also indicate that this is the most probable asgignmenta Simiiar
repults were obtalned for the producﬁion of low spin isomers of holmium by highé

encrgy-heavy-ion reactions?. Mol®2, which has the same number of moutrons as

15 - ) . s . ) ] :
T 49 has a long-lived alpha~emitiing isomeric atotel. Here the difference in

alpha decay energies of the two states ig 70 keV which is close to the difference .f.

AL 0 -~ 154\ -~ R Cor ’ v .
of 80 keV observed for the o™~ case. T

c. Sut® 4 016 gna mal®? + we? . A o

154

o | N s
The 84« znd 83-neutron lsotopes of ytterbium, ¥b and ¥b~ 539 were pvoaaced

by Sm,44 (016, xn) reactions and ﬂ6142 (Nezg, xn)'xeactidns. Tha eaergetics of

the 0”6, zn veactions have becn suudicd in previous work on Dy, Ho, and Er aly‘a

52,3 20

emitter and information on He™ ; xm reactions was obtained from resules

presented above on the Tm alpha'emitters; K



R

we obgerved that the peak cross section for the O '5 6n reaction was at ~ 85 MeV

-7 -

‘ ' 16 142 .
Alpha particle spectra of asctivity collected Zrom Smléb 4 16 and Md %
2020 bombardments which form Yb compound nuciei showed two new alpha groups which

had not been seen in bombardmente which produced isotopes up to thulivm (Fig. 6).

They were thercfore assigned to is ctopcu ¢f ¥b. From exeitation fumetion data
o™ ! : r
they were shown to be due to Y‘L’é and TpLo>

One of the Yb alpha emitters has an alpha particle enerﬁy of 5,33 MeV and
decays wi ith 2 half-life of 0.39 sec, As in the study of the Tm alpha emitters,
the only means available for mnss assignment was a comparison of the energetics

of the excitation functions for this activiiy with those of knowm activities in

PRty

@
Ui

v}
o

this regioén. The activity was produced two different waysy the fivst va

1&- . - N 'Q :‘2 - 2 - . . 6
-l (013, m) reaction, and the sccand by a wa* (he40, %n) reaction. The 049,
m results (FTig. 7a) for this activity showed that the peak cross section occurred
& &
at an eucitation epergy of 87 MeV.  In our previcus work with ilo and Ir isoteopes,
€& ' . 5 ‘ A

Mo

excitation energy, & value very close to that observed for this Yb activity. This
R e ‘e 154
result ¢ 'Qnglj suggeste that this new nuelide Ls probably ¥Yb™ 7,

‘s as . 42 . 20
Addizional eupport for this wass ass ignmont was cbtained from the N&™“* + Ne
rasulizs Here, the exciL tion function which is shown in Tig. 82, was compared

.1 LY,
with resulis pEeVLOdSLy obtained for Celgg 4 Nc?o and Fr14 o> Ne‘a.‘ The poesition

of the peak of the ox ‘“atl @ xunctidn‘was found to correspond very closely to

vhat had been previously ohserved foz a ¥e?d

gistent with our wmass assignmont of Yb154.

, On reaction. This result is cone

.
2 @

As a further check on our mass assignm went, we tooked at the cxcita lon functions
of the Hel. ,xﬁ prodacés (Fig. 7 and Fig. 8D) making use of our previous observas
tién of the simiiaritv of the encrgetics of iéobars formed by‘ﬁ I., xn ond H.T.,
plx=-1)n reactiaﬁ@q For LgLa the S-t% 4 016 and Ndlé? + Nh?o *euults, tna o 4R

zeitation functions pcakcd at a@proxxmata;y the same exncitation enexvgy as that for

154

" the activity we have assigned to i, : B o
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e

%
acﬁivi 'y that was observed has an alpha particle cnergy

escond Yh alpha
a2 of 1.65 sec. The ascignment of this
54

V and decays wi th a haif-1ifa of
proccdure analogous to that used for Yb™

work to identify the reaction

155 (z:o, = 5.21 MoV)

The 5

5.21 Mo

rh

e}
activity to ¥b

iS

Rt
I35 Gas made by a
wtion data frem proviou

making
g first produced by the reaction Sm
v of 70 MaV.

ion energ:
value for 0265 Sn

ivity. It was
vod at an exeibat

cteristie

feriing

preducing the act
ion was obs

vhere the maximum cr

In the rare ecarth

nes algo produced this activity and the excitation
Tha pegk cress section

giou, this was found to be a chara

,rﬁacblond.
L2 + 1?0 pombardue
tion is shown in Fig."aa..

o159 4 15020 gne

From cur Qe
peak

The Ha'
tae

tion for this mode of produ

£ qyey g oo
Tupce

MaV.

red at an excitation energy of 106 Mo
regults, the Nezg, In reaction oro ections were found ¢
198 and 106 MeV reo pectively. This Yb activity must,

ae

was obser
'.5?'3:141 + W20

SZLeB O

& exclitation end
n produced by t¢he reaction Nat4? (120, "7n) ¥,

ac
therefore, have - bee

Gearch for Proton Radlozctivity
jdes reported in this work are far on the neutvon deficient side of

B,
| The nucli this we "
tﬁe bete stability iine. Proton binding emergies of these nuclides are very small
0f the muclides studied above, thc.Tm

of them may be proton unstable.
offered the b st possibility of obwerving proton radic&ciavity, because

and some
isotopes
0dd-Z nucliel h&ve lewer proten binumno energles. The Seeger scmi—cwer cal miss
formla gives TE}SS & proton binding energy of -+0.727 MeV and Tﬁ?sz a value of
+0.423 %av9¢ Tho heavioest pé@ﬁ@n unetable T dootopen, according to this wmass ¢
These, of course, represent iﬁfge‘@xtraé - .

formila {s To'30 (Q; = -0.228 MeV),
polationg from behaviors nesr beta stability and are, therefore, subject to cone-

gsidersble uncertalnty. However, the msss formula doas reauonaaly wcll in pre«
2 the alpha decay énnrgy of Ihgsg (5,02 HaV camgareﬁ to the experimental
' ] ' ) ;C.i» 288

dicting ¢l pha de
£ 5,25 McV), so that there is some evidence for the validity of the mass

is region.
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“
151 "’ﬂ,d Tmﬁ..JZ

The lighter Im iuotopes, Tn* s appeared to b» the most prauxoing

nuelides for the observation of proton *adloacL1V¢Ly in thig study. Because of

‘h

the effect of the 82-neutron closed shell in ¢ upares°i g the alpha decay energies

ef the 82~ and 83-ncutron isotopes ther@ ghould not be any competition from

ol6

e v 4 15
or tnese nuciides. The m;'4 reaction uging L52 May OL“ ions

jul
femd
]
e
) 0
0,
[0
(2]
3
el
b}

was used to produce thece rucliﬂe" because of the higher cross section fo& 0155 pun

reactions in the ncutron-deficienterare-carth region. This encrgy should give

s

close to the maximum cross section for Tt 2 production {seec Fig. 7b) and
- . 1 . ‘
probably & significant cross section for xm35 Particle spectra were ghtained

over the energy range of 0.73 MeV to 3. ZO acv and the results are shown in Fig. 9.
No grcups'abaervedzinvthis region which couié be attributed to pro con radicactivity.
The backgr@uné in this region was essentially due to the low energy teils of the
intense rare earth alpha groups, We estimate that cur Limit of detection of a
proton group in this experiment is equivalent ko a cross secéion of 0.2 mb if

the activity has a half-1lfe greatexr than.ﬂ.ﬁé sec. and accays 100% by proton
emission (activities with half-lives less than 0,02 secgvcanaot.ba detected in

oﬁr experiments). | |

In order for a nucliée such as TmLSl

£o have a mﬁa*uxablﬂ prc*cn decay brancns
the energy available ior proton decay must be at least 0. 6 MQV._ This would give

a proton decay half~life of ~ 10 sec.z{aa approximate formulas for caleulating

proton decay half~lives given by C@ldan"%y was used to obtain this vaiuelg);

AUnfortunatelyg in our experlment35 the buck@roun& due to beta decay pile-up was

VGry high below 0.75 MeV go thaa t?e senoxtiV“ty for Qc&ccﬁxag roton groups Im.

the ﬁival region bctwccn 0.6 aad »75 MeV was very aoerg

IV. DISCUSSION f'-_-.:' B R )
A, Aipha Decay Energics . |

‘The alpha decay energies of the 84~ and 85-neutron isotopes of Tm and ¥b,

0y, 1. Goidansky, Wucl. Phys. 19, 482 (1960).
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the alpha decay encrgies of these nueliides ave ‘a linear function of nuclear

charge for comstant neutron nuwmber, An eupression for alpha decay energies

cay anergy and 2 ave linearly welated if‘N is ha;d congstant. Oaly in the region
. of ophezical nuclel, however, does thisg seem to be borne out expeiimaﬁtaiiy.

The 86-neutron isotopes of Tm and YD woere undoubtedly produced in our
exﬁeriments but no alpha decay branch was detected for these nuclidez, No large
~alpha decay hindrance factor is expected 8¢ that the reason for the apparent
small alpha branch of iheae nuclides can probably be attributed to competition
from E.C,/8+ decay as a result of a significant lowering of alpha decay encrgy
bcéween W= 85 and N = 85.

Comparisons of our experimeatal Qy values with those calculaﬁed by the
Seeger mass formula show that the Seeger formula gives very cldsé valueg. The
Cameron mass fcrmulall is not particularly useful in this region because it pre~
dicts that the E5-peutron isotopes should have the mmximum Qq whereas the

exzperimental maximum occurs at N = 84.
) ,

B. Alphs Branching Ratios and Alpha Reduced Widths
¢ was mot.possible,to obtain directjexperimentai,vaiues of alpha branching
' ratios for the Tm and Yb alpha emitters bacausé af_their low yield and also -
becausé the beta decay‘daughtars are fo;mmd directly in greéter yvieid than éhé
parents. Some information was obtaiﬁed on the alpha’braﬁching ratio of Yhio4
from a stuéy_of the alpha decay of H£158 to yn15“ whichvindiéates that Yb154.1

hes essentially a 100% alpha branchlZ, o L

In order te obtain some estimate of the alpha bzahching ratios of tha‘Tm.add

Y5 alpha emitters, beta decay half-lives were estimated using previous data om

13, 6. W. Cameron, Can, 3. Phys. 35, 1021 (1957).
12z, D, Macfarlane, unpubliched results (1963).



the 84~ and 85-necutror alpha oamit&ing isotopes of Dy, Ho, ,hd Er, Using the

Sceger se ﬂu*“ﬂp111Cﬂ1 mass formula to estimate the energ vpiiubsﬂ for beta do»r
ay and experimontally c”“”fﬁﬁﬁ@d nulfniﬂ& et and alpha branching raties of thess

vuciides, gross log (£t) values vere caleulated. Log (£i) values gro juping arcund

5 gore obtained for cven-ev evenwodd, odd-cven, qdénoaa, and high and low

£t of 5 was taken 25 a reasonsble lower limit for the alpha-

;ﬁ.
)
3
o]
0D
th
et
3
cy
[y}

exnletian Tn and ¥h isotopes and beta half-lives were caleulated on this basis.

"

In all cases, it was found that the calculated beta half-1ife was much larger than

”

these nuelides

h

the experimental value, indicating that the alph hranchlrg ratiecs o

glipha branching »at oa obiuxncé from the calevlated

B

ave close to unity. Estimate

bata decay half-lives are glven in Ta 2ble T together with & summary of the Ny and

tlf vesulis, i~v

The alpha reduced widths €u7) given in Table I veflect the probability of

icotopas arve very close to those obtained for the Bo isotopes with the same neutron

P o . )
number and the &8¢ for the ¥h isotopes are in spprozmimate egreement with these obe

tained for the corresponding Ur isotopes. The apg*m%amrtc constancy of &~ fov

Y

nuclides aeax the 8Z-neutron closed shell has beon of particular interest.

. Theovetical colewlations of relative reduced‘wiﬁ%h@ Luiﬁg pure siwvic particle

" 2

wave fuactions chow thnL larg ?ucLuaL&onu in 5% ean be expected, depeading om

the magnitude oFf the f@&x&l wave functions near the nuclear surface, Aleo, a% 2
shell is being £ £i1led {in cur case the halfz proton shell) a° should have o maxizmum
value when the shell £s halfwfi led {2 = 70 for the hgajp proten ﬁhell}g Exzperie

oy N .
MepLaTiy, ha:cver, &= for the 84~ and ’wmeutrom fastopes have bcen reasonably

constant for Z = G0 to 2 = ?Q except for a “elight dacrca@e at € = 66.- If wave

133, Qg'Raﬁu3ww@n, Phys. Rev. 113, L593 (3939)



P e
Ly e

- 12 -

functions derived from residual pairing force calculations are used, fiuctuations

in calculated 82 are essentially washed outla; ‘The constancy of the ewperimental -

reduced widths for the 84~ and 85-neutron'isotopes clearly demomstrates the role
: !

!
of the residual pairing force in the alpha decay processs

142, D, Macforlane, J. 0. Rasmussen and M. Rho, Phys. Rev. 134, BLIS6 (1964).
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Figure 3 Alpha paroicle spectm taken fmm the Pr

 Summary of Results

Estimated Alphs

Nuclide Qe (*znv) Half~1ife (see) Branching Ratic 5t Mev) ¥ _
WS 5,25 £ 0,02 1.58 ¥ 0.15 0,90 0.065
To™ “{nigh spin) 5.17 ¥ 0.02 2.98 ¥ 0.20 0.85 0.066
Tt %(low spin)  5.09 ¥ 0.03 5% | - -
Tyt 5.47 % 0,02 0.39 % 0.06 0.98 0.091
755 | 5.35 ¥ 0,02 1.65 % 0.15 0.90 0.080

% Ca,.culatca assuning ¢ = 0 alpha wave emission only
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' FIGURE CAPTIONS

Figure 1 Excitation functions for the reactions a) ?rm}’(Fm ,80) Ep>d 2( A),

: , ‘ 159 L
and ?rll’l(‘i"lgﬁn) Er'’ () ‘and b) P 141(}?19,911 + p8a) 1{0}31(‘1)
' ! 140 1, 20 152
Figuce 2 Bscitation functions for the reactions &) Ce  O(we’0,8n) mr~ 2(A),

140

and 0™, 7m) 5193 g) and b Cel4Oe0,9n + By 80" ()

' and ceM40(e20, p7n) Hot320(0),

141 i\’aezo runs showing the

L TeW Em al*ma enitters taken at bombardhg energiee of (a.) 195 MeV,

(b) 178 eV, (c) 159 MeV, and (d) 138 ‘M@Vcw
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E::citation functions for the reactions 2) Ndmz(}%’m,sn) TmmB (A)

154h

and Nd“42@19 7n) ?m‘sl’h(v) where denotes the high spi

isomer. Z‘lgure 4b shows the exci tat.*lon functz.ma for the reactions
N 42 (r19 90 + pon) Erbzcg) and 1" ¥ (719, p70) Er*’*“(O).
Excitation functs.ona for thc reactzo*m 2) Pru‘l(mcm,c?n) Tmlsg'(A)

1&1

and Pr (che 70) Tm Sf&h(v) md b) ?r"‘!’l(he"o 9n + p8n) Erl“'z(D)

and Prlal(iﬁczg ,p7n) E’::"‘SBCO}-‘
d“&’ + Nazo runs s’mwmg the

now Yb alpha emitters. The solid polnte refer to the scale on the

 left and the squares to the scale on the right. Figures 6a-d were

taoken at bombarding energies of ?.93 » 183, 171, and 145 MeV respectively.

Excitation A.L!U.Ct fons for Jm prodacﬁon of Ybl"!" "nd Yb 155 from smléb

(Olegxn) reactions and for the production of Tm’-53 and ‘I‘mlsa from tim

seme compound nuclcus. o |

Excitation functions for tbe pr oddctwn of %1.;4 and Yb17° from
15}2(‘4020,&:1) reactions and wr the preduction _o;._'i'mlss and Tno%

by (IQ@ZO,QMUQ) and el ,-:7:1 reactions respactively.

Particla sPect.rum in the region of 0.75. to 3.4 MeV of activity

col_}.ecte” from the reaction Sm 146 4 gl6 us:a.ng 152 MeV 016 ions, _

“This spectrum was taken in order to dei:emine whether proton and

delayed proton smitters could be detected in the neutroa-deficieﬂt

rare earth regiom. -~ .. L

%
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. A

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








