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INTERACTIOR OF HIGH ENERGY PROTONS
AND ALPHA PARTICLES WITH IODINE-127
Inge~Maria na&enbauer*

Radiation Laboratory
University of California, Berkeley, California

March 1958

ABSTRACT

Todine was bombarded with protons ranging im energy from .25 to 6.2 Bev
and with .25 to .72 Bev alpha particles. The cross sections for reactions of
the type (p,pxn), (p,2pxa), (p,px"), (p,p2x"), (p,p2d) and the corresponding
alpha reactions to produce various iodine and tellurium isotopes were measured.

The cross section for the formstion of iodine-126 via the (p,pn) reaction
1s significantly higher than that 6f the (p,pxn) resctions to form iodine
isotopes at all the incident proton energies. With the alpha particles dom-
bardments a similar effect is noted for 10dine-126 as compared to iodine-127
gnd iodine-125. Excitation functioms for the production of iodine and
tellurium isotopes, other than tellurium-127, decrease rapidly between .25
to 1 Bev and shov only little change from 1 Bev to 6.2 Bev,

- The upper limits for the cross sections of reactions to produce Sblz? and

¢s*27 vere found to be .01 to .1 mb end for Te Z! to be 1 to 2 mb.

* =
On leave from the 2nd Chemical Institute, University of Viemna, Austiia.
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 INTERACTION OF HIGE ENERGY PROTONS
AND ALPHA PARTICLES WITH IODINE-127

Inge-Maria Ladenbauver

Radiation Leboratory
University of California, Berkeley, Californis

March 1958

I. DIIROMICTION

The interaction of high energy protons and alm' particles with iodine to
produce neighboring radiosctive nuclides hac been investigated in order to gain
insight into the mechsniem of high energy nuclear reactions. Iodine wes chosen

for this study because of the favorable decay charecteristic of the products
" from & variety of reletively slmple reactions e.g. s (pyp2”), (3,n), {p,p ")
and (p,pzf) which result in no change in mass number, end (p,xm), (p,pxm) and
{p,2pxn) which result in a small chenge in mass mmber, in addition to similer
reactions with alpha particles.

Unfortunately, a lack of time prevemted the investigation of the {p,xn)
reaction and (&,pm) reactions to produce .xenon nuciides.

The energy of the incident protons was in the range of 0.25 to 6.2 Bev
from the 18h-inch cyelotron and the bevatron. The energles of the alphs
particles vere .25, .50 and .7% Bev (18h-inch cycletron). The comparison of
the cross sections of proton- and alpha~induced reections at the same incident
energy should provide clues as to the mechanism of energy transfer.

II. EXPERIMENTAL PROCEDURES

1. Preparation of the terget materisl.

The targets vere prepared from sheets of cellulose acetate containing known
emounts of jodine in the form of lodoform., These sheets were prepared by dissolve
ing the iodoform in & small amount of organic solvent and mixing this solution

‘with Duco Cement. The mixture was poured on & glass disk, which had been
lubricated with a small smount of silicone greese, and vas pressed to the
desired thicknese with a second glass disk by ite ovm weight. This film
materisl, after being dried et room temperature, was relatively homogeneous
both as to the fodine content and the thickness. The iodine content of the
£ilms, vhich were used as targets,vas: |




o

I, Wl.3h Jodine . . . . . . . . . . 3h.b2 mg!z/cm
II. 42,976 Jodine . . . . . . . . .. . . 18ik2 mglz/cm
IIX. £3.19% Ioaine P U %% | mgxz/cm
IV. 33.29p Joddne . . . . . . . . . . . . 29,34 mgIZ/cm

The sheets with the highest iodine content wvere used at the bevatron. The
accuracy of these values was about 3%,

In order to determine the loss of lodoform as a result of its volatility,
films were put under vacuum for five hours. The iodine loss was about 1%.
Since the duration of the exposures at the bevatron were of the order of 1 hour,
the iodine loss from the films vas negligible. The length of bormbardments at the
184~inch cyclotron were from 30 seconds to one and a half minutes. In order to
minimize the loss of iodine in the longer cyclotron bombardments, the beam ves
pulsed on and off at 5 second intervals,

Attempts to use polyethylene and paraffin as film materisls vere unsuccess-
ful because of difficulty in destroying the £ilm with fuming nitric scid in the
first step of the chemical procedure. '

2. Target arrangement.
~ The target consisted of a stack of folls in the following order: 1 mil |

aluminum, the iodine-containing foil, 1 mil aluminum, 3 mil aluminum monitor
of known weight, and 1 mil aluminum. The beam passed through the foil in this
sequence, The leading edge of the stack was mschined down in order to insure
that all foils receive the same beam exposure. For the cyclotron bombardment
the stack was tightly covered with an additional 1 mil aluminum sheet in order
-to prevent loss of jodoform by heating of the target.

3. Chemical sepsration procedures.

After the bombardment the target was cut from the target holder. The 3 mil
aluminum foll vas separnted and mounted for counting sodium-24 in the stendard
wvay. The cellulose-acetate iodoform foll was weighed and carefully ﬁiséolved
in a few ml of fuming nitric acid. To prevent the loes of iodine, s reflux
condenser may be used, although this is not necessary if care is exercised,
Approximately 20 mg of tellurium carrier (as tellurate ion), 20 mg of antimony
carrier (as SbCl ), and tracer amounts of cesium-137 were added. Aliguots of
the solution were taken for separate analysis of the cesium, iodine, tellurium,

4
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and antimony-127 fraction. In later experiments all of the target material was
used elther for the analysis of the iodine fraction or for the analysis of all
the other produets.

a. Iodine purificationxl

Por the jodine analysis aboub 2 ml 0.5 M sodium nitrite solution and a
volume Of carbon tetrachloride equal to that of the tellurium fraction were added.
The resulting iodate wvas reduced to elementary iodine with saturated sulfurous
acid, added dropwvise, and was then extracted into carbon-tetrachloride, This
layer was treated with a solution of sodium bisulfite to reduce the ilodine to
lodide lon. The excess of sulfur dioxide was bolled off, and the iodine was
tydized in nitric acid solution with sodium nitrite to elementary iodine. This
extraction was repeated for 3 times. After the last reduction, the sulfur
dioxide was boiled off, and the iodide was precipitated from 1 M nitric acid
solution with silver nitrate. After filtering and careful washing, the pre-
cipitate wvas 4ried, weilghed and mounted for counting.

b. Tellurium purification:>’> |

For the tellurium apalysis the solution was evaporated to pear dryness,
 with the addition of concentrated hydrochloric ecid, to get rid of the nitric
acid. This step vaz repeated 3 times. The residue was dissolved in concentrated
hydrochloric acid and the tellurium was precipitated as the sulfide with hydrogen
sulfide. The sulfide wes centrifuged and the supernmant liguid was kept for the
antimony end cesium purification. After the teliurium sulfide was dissolved in
boiling concentrated sulfuric acid and a few drops of perchloric acid, selenium
carrier was added to the ice-cold hydrochloric solution. The selenium was pre-
cipitated with sulfur dioxide and was discarded. DMore selenium was added to the
solution, and the precipitation was repeated. The solution was diluted to a 3 N
. eongentration of hydrochloric acid and was boiled., Tellurium was then precipi-
tated vith sulfur dioxide. The tellurium was again dissolved, and the
purification was repented. Finally the tellurium was filtered, carefully washed,
dried, weighed and mownted for counting.

¢. Antimony purification:

For the antimony anslysis ghe solution set aside in the tellurium procedwre
vas diluted and hydrdgen sulfide gas was passed in Yo precipitate antimony
sulfide, The supernant solution was kept for the ceslum purification. (The
time of the separation was noted). The antimony sulfide was dissolved in con-
centrated hydrochloric acid. The solution was heated to boil off the hydrogen
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sulfide and was diluted. The sntimony was precipitated as the metal with chromous
chloride. The sample wae weighed after filtering, washing and drying. In about
32-36 hours the tellurium-127 activity grovwing in as the daughter of antimony-127,
was essentielly at lts maximm value., The sntimony and the filter psper were
dissolved in red fuming mitric acid and a known amount of tellurium carrier was
added. The tellurium procedure described above was applied again. The sample
vas veighed and mounted, The decay of the/sample was followed on a beta propor-
tional counter, conmected to & traffic counter, for about 4 to 5 half-lives.

d. Cesium puriticatiomb _ |

The solution vhich remained after the precipitation of antimony sulfide was
evaporated nearly to dryness for several times with concentrated hyarochloric
acid. The residue wes dissolved in 15 ml ice cold concentrated hydrochloric
acid, which had been presaturated with hydrochloric gas. To the clear solution,
which was belng stirred vigorously, 5 drops of O.L M solution of silicotungstic
acid vere added. A white crystelline precipitate of silicotungstic acid waé
formed, vhich coprecipiteted ihe tracer amounts of cesium and rubidium. After
centrifugation, decantstion and washing the precipitate was dissolved in a few
drops of water {conductivity water) and was reprecipiteted with 15 ml ice-cold
concentrated hydrochloric acid. ‘This procedure was repeated 6 times to separate
cesium from rubidium., The latter separation must be very clean in order to —~—
remove rubidium nuclides with about the same half life as cesium-127. Finally
the white precipitate was dissolved in 1 ml water., A column of Dowex-50 cation
exchange resin with the approximate dimensions L em x 0.5 cm, was previously
prepared from 250 to 500 mesh resin in the ammonium form. The column wag care-
fully washed with water., The 1 ml solution, which contains the cesium and
possibly rubidium contamination wass pipetted on top of the colum end was passed
through the column at & rate of 2 to 3 drops per minute. The column was washed
with 2 m} water and with 1 ml 1 M‘hyérochloric acid in order to separate
rubidium and cesium. The cesium was finally eluated with concentrated hydro-~
chlorie acid, 3 4rops vere collected on each of several platinum dleks. The
disks vere 8ried under an infra-red lamp end vere counted with the beta propor-
tional counter. The platinum disk with the most activity was then counted for
et least 5 half lives on the top shelf. With the procedure described hiere the
best results were obtained. However, this procedure ves not used at the
beginning. This is the reeson for some higher vesults in the first few experi-

nents.
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4. Bample mounting.
The precipitates were filtered with the aid of a filter chimnewﬁhaving &

diameter of approximately 19 mm. The precipitate was collected on a previously
veighed filter paper of the corresponding size, placed on a sintered glésa disk.
The resulting srea of the semple was about 2.7 to 2.8 cn®.  After washing, ary-
ing, and weighing the precipitate, the filter paper with the sample wes placed
on a double-sided sceteh tape, which was centered on a standard aluminum sample
holder. A plastic £1lm with a thickness of 4.2 mg per cm? was placed over the
sample and secured to the aluminum card with the aid of scotch tape. When the
counting was completed some of the samples vere glven to the analytical group
fare-chemical snalysis. The latter determinations checked the original.weigh~
ings very well.

III. COUNTING AND TREATMENT OF DATA

1. Caleculation of cross sections.
For all the bombardments the cross section for the formation of sny per-
ticular nuclide x 1s given by: '

Ao @ -

§ e . ~ k
e ),

Agq0 (1 -e

Ma tp
a1 B,
e ) Fyy Koy

In this equation,
Axo: the activity of the given nuclide at the end of bombardment.
A,,0% the sctivity of the beam monitor sodium-2k et the end of bombardment.
XAl’hx: the apecific decay constants.
(veight oval/em?) + {atomic weight of iodine)

® (weight of iodine/em?) + {atomic weight of aluminum) \
24 and A127(a,hp3n)ﬁa2h.

it

¢ croese section for the reactions, A127(p,3pn)Na
F=C{"@GF * D" ABS - B,

CY¥: chemical yield.

GF: geometry factor of the coumter.

D: the number of particles being counted which are emitted per disintegrstion.

ABS: factor to correct for abszorption of the radiation by the sample cover,

added absorber (if any), air, and.window of the counter.

Sa1

B: counting efficiency.



Qe
FAl: the coefficient CY, D, and E are equal to 1. For beta counting GF for Eazu

end for x ere essentially equal and are, therefore, not included. When
the gemma activity of the unknown is being determined, GF for Nagh'ie in-
cluded and is taken to be 0.458 (average of 3 counters) for the top shelf

of the proportional counter, is determined by D. W. Barr.

The metivity of entimony-127 at the end of the bombardment is obtained from
the 9.3 hour tellurium-127 daughter activity by the formulas

- Msv ~ Mpe i Are . e“ka '
b ° - e-xgb & e"“re v

A

where'tx: is the time after which the antimony vas separated from the origimal
solution.
ty: is the time the tellurium was séparated from the antimony fraction.
ATeg is the tellurium activity at the time ty.

2. Bets countiqg;

An end-window ges f£low proportional counter described by D. W. Barérwas

used to count electrons and positrons. The factor D was obtained from the dacéy
scheme and is given below. The absorption correction was calculsted from a
curve of the abgorption half thickness vs. energy for beta particles. The self-
scattering, back-absorption, and self-sbsorption corrections were included in
the geonmetry factor. When it was desired to eliminate conversion electron, a

3 mil aluminum absorber was used. Positron counting rates were mulitiplied by

a factor of 1.12 to correct for the difference in back-scattering of positrons
and electrons.

3. Gepma-ray counting.

A sodium iodide (thallium sctivated) crystal, 1.5 inches in diameter by 1
inch high, connected to a Penco 100-channel differentisl pulse height analyzer,
wag used for gamma-ray counting. The covering of the erystal was 3 mil alumioum
(20 mg/cmg) with magnesiwm oxide, equivalent to 1 mg/cm2 aluminum, as a filler,
The aebsorption correction from this source as well as the iatervening air, the
beryllium or steel absorbers which are used when countling positrons in order to
produce snnihilation radistion, and the sample covering mmaszcalceulated from:
absorption coefficients given by Compton e&nd Allison sund by Pavisson and Ev&ns?
Self-absorptinn in the sample itzelf was smell and was,therefore, neglected.
The geometry factor for the top shelf of the counter vas measured to be 10.8p
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with an Am source, calibrated by alphs counting. In Fig. 1 is shown a typical

gamma~-ray spectrum of iodine activities several days after the end of the bom-

bardment. The Compton background was obtained from the average of the counting
rates on elther side of the pesk (indicated by a solid point) multiplied by the
peek channel width. - '

- L. Decay cheracteristics.

The factor, D, which is the number of a given bype of particle emitted per
disintegration, was calculated from the decay scheme if known. Othervise, this
fackor was ealculated'thsoretically. Thus the positron branching ratios of
P PR p 116 ora 16T and their daughters were estimated by the method
of" P. R. Wiles on the assumptiion that oaly alloved beta transitions contridute
significantly to the counting rate. A4lso the rate of #iestron capture by the
L-shell to that by the K-shell for the isotopes of iocdine other tham 60 d leB
vas caleulated to be approximately 0.1, asccording to Brysk and Rose?o In the
fourth colwm of Tsble I the values of the factor, D, are given For themnuclide
listed in the Pirst colum and for the radlation listed in the second and thifd
colwms, The last column indicates the references used for calculating D.

The eross section of Ilao was determined from the positron activity by
means of beta-particle and gamma-ray counting minus the contribution of Ilgl.

The contribution of the latter to the bets-particle counting is
e o (B Mevror T

For gamma-ray counting this correction is
.Ls.ggzxx‘éléés A, (.21 Mev y o T2,

The values, .15 and .92, are obtained from Table I. The values,.i58 and
108, sre the geometry fuctors mentioned above. The photopeak counting efficiency
for the 0.21 Mev v 1s .62 and that of the two annihilation gamma rays is .165.

iIV. RESULTS AND DISCUBSION

The experimental cross sections, listed in Tables II and IIY, are based on
the cross section for the formation of sodfium-24 from eluminum vhich is used as
'@ beam monitor. The value at a proton energy of 250 Mev is 10.0 meTQWithin
experimental error the cross section for higher emnergles is constant up to 6.2
Bev and is taken to be 10.5 mb.7 The corresponding cross gections for alpha
perticle bombsrdment have been measured only to 380 Mev. The velue at 250 Mev
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'Nuclide ’I‘yye of Ener Particles or Reference
Radiation (!ﬁev%y Paotons per
Bie%ntey‘) ation
, . § D
1126 + ' _ ' T
13.3 4 | B .39-1.25 0.453 12
T .382 0.3k 12
X-T8y .028 0.%0 12,10
185 i
X x-ray .028
b5 @ T8 gt JTe2.2 ~.30 12
a m i,h' osl ~y & 12
x-ray .028 0.54 - 12,10
13 1 783 y .160 0.84# 12
x-ray .028 - 0.89 12,10
1.6 n P& g* 1.2,4.0 0.15. 1
T .210 0.92 12
X-ray ,028 0.71 12,10
1.6 b 1+ pt 4.0 0.90 11
- - Tanntn. .51 1.80 11
9.3 %f?e B T 1.0 12
110 g 1612 p” 7 1.0 12
64 fflls N i
| B 3.1 0.8 11,12
3.8 m Sblla ' ’
2.5 h §§217 gt 2.5 0.65 11
3 h Te .
s mi%bllé } B 1.5,2.4 0.65 | 11,12
93 b 547
$ % B .7 1.0 12
9.3 n Tet?l |
6.2 b Cs~2 71,1 0.05#%% | 11,12

#This nuclide 4is assumed to populate the .160 Mev level completely.

#Tellurium-127 is separated from the pa{ent activity in oxrder to
determine the cross-section of 93 h Sb

#The limiting value given by reference 12 is smallex than the value
calculated according to reference 11. The value listed here is a
pure agsumption.

L s e e — m et s e v e T e




Table II.* The Cross Seetions in Millibarms for the P‘ormatiaa of Iodine Isoto;_)es by Eigh Exzergy Protons gmd

Alphs Particles

250 Mev

73.h % 19.6

§§§§§§sitrzetens 1135(13‘3 a) rPeoa) (s a) 1123(13 h) 2121(1 61) 2 6 1)
or Alphss Ap.pn) {p.,p2n) _ (p.p3 Appha) - (p,pbn) (p,p?n)
6.2 Bev kg kk * &,7 14.38 £ O bk 12;8 t 2.5 10.3 1.8 6.2 0.6 3.9 209
b Bev 59.2 % 11.h 2.L 5.3 17.5 % 5.7 15.8 & k.1 10.5 £,1.2 6.2 o7
2 Bev 58.3 & 6.7 19.5 ¢ 0.6 18.5 + 6.7 15.0-¢ 4. 10,7 % 1.5 7.0 £ 1.3
1 Bev 67.3 + 12.7  17.9 16.7 + 5.5 24.2 ¢ 6.2 17.0 % 2.1 11.8 £ 3.3
720 Mev- 56,4 &2 6.8 18,5 ¢k 19.1 + 6.6 16k 2 k1 1281 10.6 + 1.9
500 Mev 62.4 ¢ 8.8 20 £ 0.3 25.8 + 4.8 26.1 % 6.3 5 % 5,5 1%.9 * 0.6
250 Mev 79.5 ¢ 7.0 47.3 ¢ &;3 h9.7 £ 7.2 50.% ¢ 11.0 Sg;h * 7.6 25.8 t
" (@m)  (a,02) (@)  (a,0n)  (a,a6) (a,a)
720 Mev 46,6 & 4.8 19.1 20.7 £ 5.1 30.3 * 8,1 2.2 13.2 2.8
500 Hev - €9.2 £ 5.0 31.0 31.6 + 10,1 46.3 % 10}7 §1.5 23.0 % k.1
82.9 +.12.1 37.6 36.6 + 10.1 ' 26.0 15.9 £ &

iéSee no'te on bettom of Table Iﬁ
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is 27 nb, and &t 500 Mev and at 720 Mev it is taken to be 22 and 16 mb
regpectively as cbtained by extrapola‘twn13 ’

The overall experimental accuracy of the measurements, including the mean
deviatione given in Tables IT and III, is approximately #25% for those nuclidés
with known decay schemes and for the incident energles at which the monitor |
eross section has been measwred. The accuracy of the other cross sectioms ie
not knovn. There is sap additional wncertsinty in the alpha-particle bonbard-
ments because only one experiment was made at esch energy. The cross sections
for the formation of the iocdine ilsotopes are plotted in Fig. 2 and h as 8
- funetion of the mass number of the product. The eixcitetion functions for the
formation of iodine and tellurium isotopes are shown in Figs. 3, 5, end 6,
© 1., Reactions of the type (p,pun) end (o axn).
| In Fig. 1 it 1ic seen that the cross secticn for the formation of iodine-126
is significantly higher thsn that of the other iodine isotopes at all of the
lucident proton energies studied. With the alpha-particle bonbardments & simllar
effect is noted for iodine-126 as compared to iodine-124 and fodine-125, Fig. 3.

The excitation functions for the formation of lodine+126 by proton bombard-
- ment drops a emell amount between 250 Hev and 500 Mev, but within experimentael
error remains constant from 270 Mev to 4 and perbaps even 6 Bev, Fig. 3 and
~ Table II. D. ﬂethawaym* observed that the cross section for the In S(p,pn) 11k
 peaction is also relatively constent from £0 to 6.2 Bev, The work of 8. B.
mz;mmzw and A. Caretto and G. Frﬂ.eidlﬁndez‘lﬁ confirms this general behavior
of (p,pn) reactions for various other targets.

%‘he drop in croms section hetween 250 and 500 Mev mmi&ent proton energy
for the other lodine isotopes is larger, being a factor of approximately tvo.
| The fall~off in the excitstion functionghabove this eneray is larger for the
lighter iodine masses, Fig. 3.

‘The higher cross sections for the formstion of iodine isotopes of mass 122
and 123 in the alpha-psrticle bvombardments, as compared to those of mmsses 12k
and 125,my be due to {(&,pxn) reactions to form xenon isotopes, followed by
decey to the iodine daughter activities.

2. BReactions which require the emission of pions.

The production of tellurium-127 directly from iodine-127 requires the loss
of one upit of nuclear charge without & change in mass. The simplest resction
of this type is (p,px ) snd requires that the incident proton energy be
sufficient to profluce a plon. Unfortunately, the yield of tellurium~127 is




Table III.* The Cross Sections in Millibarns for the Ebrmation of Antimony-127, CEsium-lZT, and Tellurium_ Isotopes

<.025,.028

. ) BigH Euergy Protons ,
Energy of | TelOamell (2,75 b)  Teio(6 a) *re137(9 3 B 2e27(120 aye °21(93 n) 6s%7(6.2 n)
gzéggzt (o, 2p9n) + (P,men | (p,2pta) - (p,ps* (p,-px“) (p,p2a*) P, p2T )%
6.2 Bev 7,55 & 2.5 15.5 ¢ 3,7 1.32 & 0,16 b <.009,.123,.009  <.30,.66,16
b Bev 8.0 ¢ .7 12.7 ¢ .8 .39 - <. b3 <. 074
2 Bev 7.0 1.5 18.1 2.56 ¢ 1.08 .65 <.019 -
1 Bev 20.2 2 3.6 28.5 £ 1 1.19 & |7 .118 <.009 .-
T20 Mev 23.6 ¢ b0 31.1 2.58 + 1,12 608 + ,237 <.014,.032 <.015,.062
| 500 Mev 30.6 % 2.8 38.7 £1.8 1.72t .27 059 & 007  <.10,.22 <,045
250 Mev 40.2 ¢ 7.8 64.5 % 6.6 1.5 % .52 BT & L4y <.010,.051

#*The values following the % signs are the mean deviation from the mean in the cases where more tham one
determination of the cross section has been made. On the second line of Tsbles II and III and the tenth

line of Table 11 sre indicated one of seveml possible reactions 1o produce the given product.

*¥These valnee are probabdblyg upper limits because of the difficulty of resolving the decay curves and

because of possible contamination from secondary (n,p) reactions,

*¥¢Tbe limits for ¢s1?7 are based on an sssumed value of 0.05 for B (Table I)
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small relative to that of the other tellurium isotopes. It vas, therefore, ot
poesible to resolve the te€llurium decsy curves with suffieient accursey to get

& relisble value for the (pip#*) cross section. In addition, there is a possi-
bility of contemination from secondary {n,p) resctions. Thda, the cross sections
vhich are given in Teble III for this remction are probably only upper limits.
Thi: 1s confirmed by the velue at 250 Mev, which i3 in essentisl agreement with
the others, since the (p,pn’) reaction is not possible at this energy.

The production of antiwony-127 from iodine-l87 reguires the loss of two
wnits of nueclear charge. Since the cross section for this resction is erxpected
to be very low in comparison to that of the other éntimony isotopes, it is
necessary to purify the satimony fraction firet end then, after sufficient
time has elapsed, separate the daughter tellurium-127 eotivity. Bescaouse of
the low counting rates which were obtained and the pcsﬁibility of contamination,
the values which are listed for this reaction in Table III are also t0 be cone
sidered only as upper limits to the correct velue.

The production of cesium-127 requires a gain of two units of nuclear
charge. The values for the crose section %o form this nuclide, listed in
Table I, are based on the assumption that the branching retic for beta decay
is 0.05., JPor the same ressons given in the case of antimony-l27, the values in
Table IIX are only upper limits.

3. The production of several tellurium isotopes with meeses other than 127.

The half-lives of the tellurium isotopes with mass 116 esnd 117 are reported
a8 being 3 and 2.5 bours, regpectively. Since these activities were measured
only on bets proportional counters, the decay curves could not be resolved into
%ﬁese:fwo components separately. The sum of the two cross sections is there~
- fore, given in Table IITI. The excitation functions for these two tellurium
| isotopes and for tellnrium»liﬂ are shovn in Fig. 6. In general, they resemble
those of other reactions in vhich a similar number of nucheons are emltted, as
a result of bombardment by high energy protons.
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Cross sections for the formation of jodine isotopes from bombardiept
of iodine-127 by protons of different energies as & function of the .
mass number.

Excitation functions of iodine isotopes from proton bonbardment
of lodine-127. The symbol (p,p:n) represents one of several
possible resctions which result in the given product.

Cross sections for the formation of iodine isotopes from
bombardment of iocdine-~127 by alpha particles of different
energies as a function of the mass number. _

Excitation functions of iodine isctopes from alphs-particle
bombardment of iodine~127. The symbol (@,0n) represents one
of several possible reasctions which result in the given product.

Excitation functions of tellurium isotopes from proton bombard~
ment of iodine-127. The symbol (p,Zpxn) represente one of several
possible reactions which result in the given product.



