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ABSTItiCT

Of nine (n,p) and (n,a) reactions studied, only

]j#(n,a)Ho6~ #1(n~p)Si31 and #2(rJ,p)p32 gave mmsumble aativj.tim of tho

;?widual nuokus after tmbardmmt by neutrons below 2 :iiev,and of these three

02iy Prjl[n,p)Si31had the oombine,tionof’cross seotion and half life to make a

v:ry practdoal threshold de+seotorfor neutxons~ The 4.1 hour Z201H3tL@llrtT)

wwitation of In was investigated as a function of neutron energy. ‘L’hethins.

hold and variation of arose seotion with snorgy of the @1(nOp]Si31 roao%ions were

EJwLsurd in dOtai10

—,._. . --——-—_ . . . -—- . . .. -- ... .
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UNCLASSIFIED

The possibility

under neutron bo,mbardmont

mmoes of unknown numlmr

.mwti ma:

of usin:~thin foils of olments whioh beocme radioactive

above Q threshold energy for investi~atin~ neutron

and energy distribution lad to a study of tho following

Be9(n,a)Ho6

A127(n,p)Kg27

Si28(n,p).A128

#1(n$p)Si31

S=(n,p)#$2

K39(n,p)~9

Ti49(n,p)So4g

V51(n9p)Ti51

~6g(n,plzn6g

These reaotions seemed most likely to provo easily usablo deixmtors

sinoe the half lives of the activities were neither too short nor too long and the

caloulateclthreshold~ ran~ed fror~thermal neutron tmergies to about 2 fievo Spooial

ofi’ortwas made to findraflationswith very low threshold energies~

Tho above reaotions and their dependence on neutron ensrgy were studied

by use of the ?.i(p~n)souroe for the most pmt. No chmioal separations were rode.

Onl.ythe reaotion F%l,p)si= was st&U.ed in great detail since it appsared most
.

usoful~ Bxoept for phosphors, whioh will be disoussed in detail later, tho

xwi;ultswere as follows:

Beg(n,a)He6 o mloulated threshold 780 kv., The half life of 008 mo

proved too short to use without speoial transfer methods frcm souroo to oountero

V/it%neutrons of 1.2 WV incident of Be the activity oould be observed by quiokly
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off the?souroe of neutrons and watohing tho decay inactivity of a large .

Be in front of the Geiger oounter~ The activity and aounthg affioiency

and special methods could bo used for detection if neces8ary.

A127(n,p)l?@j27 - calculated threshold 1095 lWev,half Mfe 1002 mins~ An

foil bombarded with 202 Jievneutrons from the DoD source in the baokward

dirac%ion showed no activity. lJofurther investigations were made since Brotsoher

haa measured the @old up to 4 Mov and found his observable threshold at about

2.3 Jlev.

S128(n9p)A128 - calculated thrssho3d 2.7 JJev9half life 2.4 mino A mall

aotivity was observod at thermal energies and none at 292 I&w. No further investi.

gations were mado~

@%(n@)*2 = oaloulated threshold 1 Llev,half life # 14 days. 500 mg

samples in the form of thin foils were exposed for four hours at 1.7 Mev and 1.8 Mev

neutron energy. The activity was only about ona twenticithof background. If this

activity is real then the cross section at’lo7 ffievis approximately 1 x ~O”27c#$

i.OeO about the same as that for phosphorus, which saem xeasonable~ ‘Me long

MM’ life, however, makes it impnwtical tostudyinmoro detail with the IA(p,n)

souroe~ although perhaps large qxintitios of sulfur could be used.

K39(n,p)A39 = oaloulated exothermic by 9 ?:gv,half’lif’~4 minsO No

activity at all was found up to a bombarding neutron energy of

action is misassigned or the msses ~e inoorrect sinoe at l.l

penetration of the protons is already 0.1 percent whioh should

Ulki.vi+yo

T@(nBp)so49 -

mebs.1was investigated up

duo probably to the hots

.

102 :.iev.This re-

Xev the barrier

give a detxuotable

calculated threshold 1.1 NOVS half life 57 min. The

to ~= 1.6 ~V~ no aotivity of any kind was detected

that this isotope is present only to~ 505 peroent and

~-===—- .. .. .-

‘Uli’iimo
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the ‘barrieragainst proton emi88ion is I’t3ht*iV6?ly kigh~

V51[n,p)Ti51 ~ oaloulated threshold 180 lcev~half life Z reins. Samples

of the metal were studied in detail to ~= 1.6 Mvs Botwemn about 600 kev and

1.6 UCW the ELutivity LS easily observable and praotioally constaut~ below 600

km the activity rises very approximately as l/v as shovm in l’ig~1. All, or at

leas% that part of the aotivity

mhioh decays with approximately

intensity at high energies even

nsp reaotion.

Ga69(n,p)Zn6g -

up to 600 kev, is probably due to V51(n,y)V52

4 min half life and whioh thus, duo to its large

thou~h Cd covered,

oaloulated threshold 250

in detail but found no 57 sninaotivityo Strong 20

masks the threshold of the

kv, half Mfe 57 min. Studies

min (XZ,Y)from @70 and strong

14 hr (n,y) from Ga72 emen at high

doteotor.

Ebmenks higher in Z do

energies nmke this useless as a threshold

not appsar practicable sinoe the barrier is

too high for approoiable aotivity at low neutron energies. Possible elements

below Z = 12 have too short half lives for praotioal useo

#1(n,p)Si31 . Tho thre8hold of this reaction as calculated froa the

& ray energy1, of 108 I&m should be at about 1 fievneutron energy. The half life

he.sbeen reported as 150 to 180 min2) and 17Q rdiR3)C.The half life observed

4*om six aotive foils was 145 * 5 minutes. The neutron energyat vihiohaotivity

in a 500 w foil oould just bo measured was 1~4 tiev~ At this energy the aotiviky

was about 20 percent of background after a two hour expomre to the Li(pOn) souroe~

A ChioaZo type IMnw ailed oounter WA; used to measure the aotivi%y~

1) tSsaborgORevO Uod. 3?hys~ 16 , 1(1944)—
2) Fermi, Malcli, RtAgostino, Rasetti and Segre, F’rooeRoye

Soo.aA146, 4%3 (1934)0
3) kwso~fiys~ Rev~Q624(lS37)

-.. . ..-.— .-—..._------------..-—— —.“—.-...-.--.-

i
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Relativo data wero rapidly obtained with 1 gr samples of rad phosphorus

spread Isvemlybetween two sheets of scotch tape to an area of 15 CW?O ‘l%esefoils

wore aotivated at a distance of 2W from tineLi target and the neu,tronflux was

4)monitored by means of tho long counter o Aotivitios were measured by wrapping

the aotivated foils around the Geiger counter and following the aotivity from

3 to 4 hours~, The zero time aoti~itigs wore converted to infinita axposuro

activities per unit neutron flux wore obtained in the

1.,9 Uevo

IZIcmdor to determine the moss section for

wwe made of 509 mg of phosphorus evenly dispersed in

~~~lodion of to~l araa 15 om20 The total

wore about 700 mg making a weight of about

wai@ts of

emorgy interval from i=4 to

the above reaotiono foiltv

a &in fih.?lof flexible

oollodion and phosphorus

EJLxixnumstopping power of about 80 kev for

Vhe foils were folded into an area 3 x 2.5

ohamber oontainir!ga foil of 763 y of 250

wws l/4t*between foil and phosphorus% the

the oross-seotion Oaloulations. During approximately two hours$ irradiation

W/.@fission count was taken at frequent ixkwnds and the flux kept as constant

46 q:/om2 whioh corresponds to a

1=8 Ilevelefstronso During irradiation

cm and placed on the front of a fission

At two inohes from the target there

l~z correction haa been applied to

EM possible in time. From five to ten minutes usually elapsed bcdmwwn measuring

aotivity and stopping ths exposure,, From this activity and the fission moss

s@otion the @1(n,p]Si31 cross seotion was found aftsr determining the Geiger

oounter sensitivity. Three separato exposurm of’three different collodion foils

wwo made at 1.8 I&w and one mews.uromentat 1.4 &v neutron energy. When tb

relative activities measured with the larger foils wore normalized to 108 I!bvs

the cbsolute 1.4 J.&vmeasurement eheoked well with the normsdized ons so the curve

—..
—-~~ ——. ..~ —-————

4) LAMS-66,,
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The Geiger counter sensitivitywas obtained in the following way,

Uranyl nitrate was dispersed i= a thin collodion foil and the oounting rate obtained;

when this foil was cut into several strips the sum o-Cthe counting rates of the

strips equalled the counting rate of the whole. Therefore e large foil.of this

type contdning an accurately weighed

of its small fraction of uranium) was

with the phosphorus foils and all the

amount of uranyl nitrate (chosen because

cut into strips of identioal size and shape

activities determiIIedO ~h~ fractio~l

counting rate of a sin~le strip then measured the mass of’uranium in that strip

and therefore the number of ~*s/sec being counted. From the known 732.5

#?’s/mg-minute,the counter efficiency was determined as 29 peroent for uranium

A’S under them oondit-ions. Since the phosphorus p’s are somewhat softer than

those f’reinU, absorption data with tldu alumimm foils -s obtained from a thiok-

ness of 7 mg/cm2 to 96 mg/om2e In this range tho p

linear on a semi log soalo of activity as a function

from the slopos of these ourves near zero absorption

and U ab@@A.cn ourvos were

of absorber thickness and

the efficiexy for the ~’%

from the phosphorus foils was calculated to be 25 percent.

The ratio Of the P31(n,p)Si.alcross section to the 25 fission cross

a~ftercorrecting for the amount of 28 present in the f’oi10

%
= Geiger counter effi”oienoyfor phosphorus )s,

Cp ‘#oounts/seo at zero time = oounting rats for

-=9693t/T@ infinite exposurO
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f-+ = fissions/soo - corrected for time variations in flux if any.

Hz$j = number of 25 atoms

NY = number of phOsph0rU5 atoms

The moss seotiou CYp was obtained from this

in the ener~y interval usGd* The average of

1.8 h% gave

(u#of)l”8

whore the error is duo only

Similarly

(c3p/crf)~”4

ratio by using af ~ 1033 x 10-24 ~m2

the three separate exposures at

Idev
= 4=77 x 10”3 t

to deviations from *ho

Mev = 00X37 x lo-~.

3 peroent
●

mean of the threo values.

Bretscherb) has obtained relative data on this reaotion between 2005

Kev and 4S95 using D-D neutronso In order to join his data to that obtained here

one of the collodion.=t~e foils was exposed to the 301 hlevmaximum energy neutrons

from the D-l)source in Z in the same way as above.

The ratio

The oross seotion obtained from this raJciowas then used to normalize Bretscherws

data &o that found here. The fit near 2 Iievwhere the two sets of data join is

nc)tvery good and may indicate that the 2.9 I&v cross seotion is somewhat low.

In Fig. 2 is plotted the oross seotion for the reaction #1(n,p]si31

so obtained as a function of energy, 13retsoher’sdata being joined to the present

data by means of tho normalization at 209 ldev~ It will be seen that there are

~omo indications of a resonance near l~EJldev~ this seems to be real sinoe several

cheek Puns tierer~de in this short energy interval. Bretsoher”s original data
*.i

Mu3tscher, porsonal oomnunicati.ono “ _._.,........ . ._~
.. _.—

.—
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which are plotted on a linear activity scale shows a strong resonance near 305

bkm which is washed out in this plot. The cross sectionincreases by a fhotor of

In Fig. 3 are plotted the penetration factor PO = e-2C by the fractional

neutron energy above threshold since this quantity should indlcata roughly the

theoretical expectation of ho~itho cross smtion should vary with energy below the

top of the barrier. F~n Po/~ is shown for the reaotion #1(n,p)Si31 f.’or

-X5
eiementnry nuclear distance r. - 1065 x 10-M and r. ~ 1.3 x 10 cm assuming

that th ~-ray energy is about 1075 bv~ whioh makes the reaotion threshold

100 Msvc ‘fhesame quantity is also shown for r. = 103 x la
;.3and a~-ray energy

of 1.45 Mev, corresponding to a reaotion threshold of about ‘}00lrv, For purposes

of comparison En$n P~ ~ has been plotted also for @1(n,a)A128 assuming a

threshold of 900 Lw and r. = 103 x 10”130 In all these curves -thefactor e02c

is calculated as the penetration in peroenk and then multiplied by the ratio of

the minimum energy used to the energy in questicm The observations have been

normalized at 206 Mev to the two calculated ourwes for r. = 1.3 x 10-13 cm

in the #1(n,p)Si31 reaCtionQ It is immediately seen that only the ourve using

he 700 kv threshold anergy gives a reasonable fit at allo Soaborg1) gives only

Yurie, Richardson, and Paxton~s6, ~-ray energy of 108 Mev corresponding toa 1~0

5 7)hl?vthreshold but more recent measurements 0 indioate that 105 &Ievor even less

is more likely correct, whioh would be good ovidenoe in favor of ohoosing the 700

kv threshold to get a penetration function fit. However, suoh a theoretical

picture is probably much too simple to explain the variation in cross seotion of a

mediumly heavy element over such a wide energy range. The penetration functio;

for the reaotion #1(n,c)A128 beoomes appreciable near 2.5 Mev and at 4 hlevis

almost equal to that for #1(n,p)Si31 indicating that strong competition can be

6) Kurie, Richardson, and Paxtcm, Phys. Rcnr~&9.368(1936]

7) Paxton, Phys~ l?ev~Q, 170(1937)
........— — .——, .—..–—- —. ___

~i$-”zc -— .—.—
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I expected from tho former above about 3 !&v whioh might reduae *ho oross sootion
I

for #1(n,p)Si31 and aocount for a bad fit at high energies. The A128 has a

min half life and was probably net observed under the present experimental

oonditians sinoe seworal of tiaeseshort half lives would have elepsad before

iug began after an axposureg

2.4

0ount-

lt is interesting to note here that of 29 possible rea>tions listed by

Uchiyamadaa) whioh go either by (n,p) or (n~a), for all but three (both positive

and ne~ative)s the raaotion ener,~iosare more positive for

@l (n,p)Si31 is -1 J&v and‘lkelistetireaotion ener~y fo=

#1(n,a)A128 is gi.%?gnas 09f)0kevg whereas it appears here

of - 700 Icev may be more nearly correot for #1(n,p]Si33Q

In115(n,n)y . At Fermi?s suggestion the 4cl.hour non-oapture excitation

period of In115 was investigated at neutron ener~ies of 600~ 800, 10000 and

1500 kev~ Paokets of four standard ihdium

exposed for periods from two to f’ourhouxxs

romtion snd the activity of ths innermost

foils inside a tight oadmiursbox were

to the neutrons from tho Li(pn]

foil measured in eemh oase~ The 4el.hour

period was measurably exoited at 800, 1000, and 1500 ksv but absent or,extremely

weak at 600 kevo ln this enei-gyinterval, unfortunately, the 54+nimute (ny)

period and a long period. presumably tie 48-day (ny) in 1n113 , are still~-lmsonb

th,e54.minute with suoh strength

4.1-hour period is not obviously

The long-period aotivity is weak

for these almost saturated exposures that the

apparmt for about eight hours after the cmposureo

but must be swasurcxireasonably aocmrately since

it, is the baokgroumd for the other aotivlkies, It was no%

appreciably the acti~ity-time ourvos by using F% absorbers

activity oonsists principally of y-rays whose energies lie

found possible to distort

since tho 54-minuto

on both sides of the

350.kev y=ray from the non=@a@W9 exci.tti~~o~~ =..——. ..—

;) Uchiyamada, CP-1336 ~=
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Mg , 4 shows tho

in ooun.t+’sooon a Chioazo

4oL+our aotivity calculated for infinito exposure

typo Geiger oounter pm neutron inoident on 100mg/om2

foi16 ofln as a i%noticx of neutron energy. Rough values of the sorreaponding

54-minute and 48=-dayactivities are shown in the same .&nre for comparison with

tb.e4ol-hour period. Tfzenon.oapture exaltation shows a threshold near GOO-kev

rmztron energy and rises rapidly until its saturated aotivity at 105 JJevis about

or:e.seventhof the activity of the 54-minute aotivityo Goldhaber, Hill and

S.zilardg) huve reported that the neutrons from Rn-a-Be (maximum energy 1307 Mev) .

exoites the 4~1-~louraotivity more slx=on~lythan

would inc?ioatethat about 5.Xlevneutrons would be

activity equal to the U-minute.

the 54.minuteo A.rough estimte

required to make the 4Qi==hour

‘I’hethrosholdfbr the 4ol-hour aotivity appears to be sharp and the

oross section rims rapidly with neutron ener~y but the 54.minuts and vary long

period aotivitias make its use as a threshold detector difficult

~--===

9) Ehys~ Rev~* g 47(1939)
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