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ABSTRACT 

Nb2 is shown t o  have a half  life of 12.5 ?! 1 mil l iseconds,  and a pos i t ron  

uppeP l i m i t  o f  l6,6 2 0,2 Nev. 

a threshold p r o t o n  energy o f  20,O Nev, 

200 Kev of  being unstable  aga ins t  proton emissiono 

It i s  produced by the r eac t ion  C12(p,n)N129 and has 

T h i s  ind ica tes  t h a t  N12 i s  wi th in  about 

The mass of  N12 is 12,0228 2 

0,00015, and the  be t a  t r a n s i t i o n  i s  allowed, 

1, Introduct ion 

A rad ioac t ive  substance w i t h  a very s h o r t  ha l f  l i f e  was observed when 

high enorgy p r o t o n s  from a l i n e a r  acce le ra to r  were incident  on carbon, 

has been s tudied  i n  some d e t a i l ,  and has been shorn t o  be due t o  N12., 

i n t e r e s t i n g  substance, i n  t h a t  it has the  s h o r t e s t  l i f e t i m e  o f  any known b e t a  emi t te r ,  

and i t s  pos i t rons  are  more than three times as ene rge t i c  as those f r o m  any other  

previously known rad ioac t ive  i so tope ,  

r e t i c a l l y  by Barkasl, who concluded t h a t  i t s  s t a b i l i t y  aga ins t  proton emission is  

borderl ine.  i s  the  t h i r d  i d e n t i f i e d  member of' the  new rad ioac t ive  s e r i e s  with 

A = 2(2 - 11, 

This  a c t i v i t y  

It i s  a r a t h e r  

The mass o f  IT12 has been inves t iga ted  theo- 

$0 and 014 have been observed by Sherr ,  Muether and Whitez, 

All of the rad ioac t ive  measurements on N 1 2  were made w i t h  the carbon t a r g e t  

i n  i t s  bombarded pos i t i on ,  

a t o r  is 67 mill iseconds,  which is  5,3 half  l i v e s o  Therefore, the  a c t i v i t y  decays 

almost t o  baokground between pulses ,  and f i f t e e n  new samples of I\J12 are made each 

The normal time between beam pulses on the l i n e a r  aoceler- 
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secondo After the f i r s t  experiment w i th  a s i n g l e  counter,  a l l  l a t e r  work was done 

wPth a p a i r  o f  t r ays  of Geiger counters ,  which were oonnected i n  coincidence, The 

counting c i r c u i t  was s e n s i t i v e  f o r  only 1/120 second, almost immediately a f t e r  t h e  

proton beam was tu rned  o f f ,  

background, and i n  addi t ion ,  8 1 mm t h i c k  p iece  o f  copper was placed between t h e  

counter t r a y s o  This absorber e l imina ted  y-ray coincidences f r o m  the  C l l ,  which is  

a l s o  formed i n  the carbon t a r g e t  by high energy p r 0 t o n s 3 ~  

neg l ig ib l e ,  and i n  fact ,  was l a r g e l y  due t o  cosmic r ays ,  

of the order  of one m i l l i c u r i e  may be produced wi th  the f u l l  beam cur ren t  (1 1.1. amp 

peak; 4 x 10-9 amp average), bu t  a l l  measurements were done a t  g r e a t l y  reduced beam 

i n t e n s i t i e s ,  t o  avoid s a t u r a t i o n  of  the  counterso  

This "gating" o f  t h e  c i r c u i t  helped t o  reduce the  

The background was always 

N 1 2  sanples with an a c t i v i t y  

2, Half-l ife Measurement 

The h a l f - l i f e  was measured with the  a i d  o f  t h e  ga te  c i r c u i t  previously 

descr ibed,  The r e p e t i t i o n  rate o f  the  l i n e a r  acce le ra to r  was c u t  f r o m  15 cycles  pe r  

second t o  7,5 cycles  pe r  second, i n  order  t h a t  the  decay curve could be ' c a r r i e d  out 

t o  g r e a t e r  t i m e s ,  The width of t he  gate ,  o r  s e n s i t i v e  t i m e  of the  counting c i r c u i t ,  

was  kept f i x e d  a t  0,008 second, and i t s  delay t i m e  af ter  the  end o f  t he  proton pulse  

was va r i ed  by s t eps  of 1/60 second, as measured on an osei l loscope,  The number of 

pos i t rons  reoorded through t h e  gate f o r  a given number o f  i nc iden t  protons was measu red  

as a func t ion  of  the ga te  delay,  The i n t e g r a t i o n  o f  the proton cu r ren t  was c a r r i e d  

out by count ing the  C l l  a c t i v i t y  induced i n  a 0,001" polystyrene f o i l ,  through which 

t h e  protons passed before  s t r i k i n g  the  carbon t a r g e t ,  

The h a l f - l i f e  was measured several t i m e s  i n  a per iod  o f  s eve ra l  weeks, w i th  

d i f f e r e n t  experimental  arrangements, and the var ious  values  agreed wi th in  experimental  

erroro Great care had t o  be taken t o  avoid overloading o f  the counters,  s ince  although 

the  average counting rates appear t o  be re la t ive ly  low, the  instantaneous rates are 

very high because o f  t he  intermit tant  cha rac t e r  of the operations.  Figure 1 shows 
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a t y p i c a l  deoay curve over a f a c t o r  o f  approximately 1,OOCi i n  in t ens i ty ,  which y i e l d s  

a value of 0,0125 2 0,001 second f o r  the ha l f  l i f e ,  

3 .  Exc i t a t ion  Curve 

Panofsky and P h i l l i p s  h a m  determined the  e x c i t a t i o n  curve f o r  the  production 

o f  Cll by the  bombardment o f  C12 by fast pro tonso  The t h e o r e t i c a l  t h re sho ld  of the  

612(p,pn)Cll r eac t ion  may be calculabed from the known masses o f  the r eac t ing  nuc le i ,  

and i s  20.2 Uev. The fa& t h a t  C l l  a c t i v i t y  was observed a t  lower energ ies  was in- 

t e r p r e t e d  as evidence f o r  the 612(p,d)Cll r e a c t i o n o  It may e a s i l y  be shown t h a t  if 

N1' i s  s t a b l e  aga ins t  proton emission t o  form Cll, i t s  psn  threshold  on C12 must  be 

lower than  2002 Dsev, the  (popn) threshold ,  

N12 i s  equal  t o  12/13 o f  the  d i f fe -ence  between t h e  p,pn, and the p,n thresholds .  

The binding energy of t he  l as t  proton i n  

The f i r s t  e x c i t a t i o n  curves f o r  the 1 2  mi l l i second per iod appeared t o  have 

Thick t a r g e t s  were used i n  these  experiments, th resholds  in  the neighborhood o f  21 Mev, 

however, and the  ex t r apo la t ions  t o  zero ac t iv i ty  were more d i f f i c u l t  than i f  thin 

t a r g e t s  were used. 

c r i t i c a l l y  on the p rec i se  value of the proton energy threshold,  a number o f  t h i n  

ta rge t  e x s i t a t i o n  curves were measuredo The d a t a  f o r  Figure 2 were  taken wi th  a 

t a r g e t  o f  polystyrene 0,005n th i ck .  

t abu la t ed  values of  the absorber mass per  u n i t  area include the aluminum window o f  

t he  acce le ra to r ,  t he  a i r  pa th  between the  tdndow and t a r g e t ,  and one-half the th ickness  

o f  the  t a r g e t ,  

o f  reasons t o  bel ieve t h a t  it gives t he  proper energ ies  i n  t h e  20-30 Mev region. 

Imrmdiately a f te r  several of the determinations o f  the  proton threshold,  c a l i b r a t e d  

n u d e a r  emulsion p l a t e s  were exposed t o  the  protons f r o n i  the  l i n e a r  acce le ra to r ,  

The protons were found t o  have a range corresponding t o  32,O 2 0,1 Mev, which i s  t h e  

energy one ca l cu la t e s  f r o m  the dimensions and frequency of the acce lera tor .  D r .  

Panofsky has measured the lengths  of s c a t t e r e d  proton tracks i n  the  same p l a t e s ,  

Since the  reasonable i d e n t i f i c a t i o n  of  the a c t i v i t y  as N 1 2  depended 

The aluminum absorbers were weighed, and t h e  

The range energy curve is f r o m  t h e  work  o f  Smith4* There am a number 
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where the  o r i g i n a l  protons had the f u l l  a c c e l e r a t o r  energy, and were s c a t t e r e d  f r o m  

protons at known angles. This i s  an e x c e l l e n t  way of  extending the range-energy curve 

f o r  nuc lear  emulsion p l a t e s  f r o m  t h e  l o w e r  energy region, where it i s  known accurately,  

t o  the range of 32 MeV, 

ab 

One makes use of the r e l a t ionsh ip ,  E@ = Eo cos2 9, 

I n  add i t ion  t o  t hese  checks o f  t h e  range-energy curve, one may work d i f f e r -  

e n t i a l l y  f r o m  the  measured ' threshold o f  t h e  C12(p,d)C11 reac t ion ,  c o r r e c t i n g  f o r  t he  

Gamow factor o f  the escaping deuterone A l l  methods of  determining the  energy o f  a 

p m t o n  i n  the 20 MeV range give r e s u l t s  which check t o  be t t e r  than  2 100 Kev, 

The threshold  o f  the C12(p,n)M12 reac t ion  i s  a t  20.0 !;lev. If one assumes 

t h a t  the  e x c i t a t i o n  curve nea r  the th re sho ld  f o r  m i n f i n i t e l y  t h i n  t a r g e t  i s  8 s t r a i g h t  

l i n e  meeting t h e  ho r i zon ta l  axis a t ' a  f i n i t e  angle, then  the  curve f o r  a t a r g e t  of 

f i n i t e  thickness  should ex t r apo la t e  t o  the  ax i s  a t  "the c e n t e r  o f  t h e  t a rge ta .  It 

should be curved o v e r  a range of absorber th ickness  equal  t o  t h a t  o f  t he  t a r g e t .  

Within t h e  accuracy o f  the da t a  i n  Figure 2 ,  t h a t  i s  j u s t  t he  appeerance of t he  exci-  

t a t i o n  curveo The effects  of s t r agg l ing ,  and o f  the  i n i t i a l  emrgy  inhomogeniety 

o f  the  32 Iiiev beam do n o t  show i n  t h e  curve. 

i n  o u r  l abora tory  s e n s i t i v e  enough t o  d e t e c t  the e n e r o  spread i n  the  32 Uev beam, 

From t h i s  work ,  and t h a t  of Panofsky and P h i l l i p s ,  it i s  known t h a t  t h e  energy spread 

i s  less  t h a n  100 Kev, o r  l o s s  than 3 x 10% 

There is  a t  p re sen t  no method ava i l ab le  

The e x c i t a t i o n  curve was found t o  l e v e l  o f f  a t  a va lue  o f  10 a r b i t r a r y  

u n i t s  f o r  energ ies  abpve about 24 Neve No phys ica l  s ign i f i cance  should be a t tached  

t o  t h i s  observat ion,  because r e c o i l  of the  N12 from the  t h i n  t a r g e t  f o i l  would be 

expected i n  t h i s  range. With the  s tacked f o i l  technique,  t h i s  e f f e c t  i s  not  important, 

but  ir, t h i s  case,  no compensating f a c t o r s  o f f s e t  t he  r e c o i l  e f f e c t .  In one run wi th  

a much t h i c k e r  t a r g e t ,  t he  e x c i t a t i o n  curve was observed t o  r i s e  cont inuously f r o m  

20 t o  32 Eev, as it should i f  the r e c o i l  hypothesis  i s  c o m e c t v  
'e*- 
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4, Absorption Data 

The absorpt ion o f  t h e  N12 pos i t rons  i s  shown i n  Figure 3,  The i n t e n s i t y  

was reduced by a f a c t o r  of about lo3$ and the  end po in t  is of t he  so-cal led inspec t ion  

type, which i s  gene ra l ly  more  reliable than  endpoints based on comparisons wi th  known 

spec t r a ,  

ex t rapola t ions ,  and t h e  only convenient high energy negat ive e l e c t r o n  emitter which 

may be produced by t h e  acce leya tor  i s  Li8, from the  Beg(p,2p) r eac t ion ,  Since t h i s  

i so tope  has a complex spectrum, it would no t  be s u i t a b l e  f o r  use wi th  the  Feather  

comparison method, 

by Glendenin and Coryel15, and has t h e  value 16.6 Nev. 

Any comparison wi th  o ther  p o s i t r o n  emitters would involve r a t h e r  large 

The upper l i m i t  i s  c a l c u l a t e d  f r o m  Fea the r r s  formula, as cor rec ted  

This is p r e c i s e l y  the  upper 

l i m i t  one c l a c u l a t e s  from the  atomic masses, assuming a p,n th re sho ld  o f  20.0 MeV. 

To show t h a t  the  e l e c t r o n i c  component cons i s t ed  of  pos i t rons ,  a syarch was 

made f o r  a n n i h i l a t i o n  r a d i a t i o n .  A Y-ray was found which decayed wi th  a per iod  of 

approximately second. That  t h i s  x-ray was no t  o f  nuc lear  o r i g i n  was shown by 

surrounding e. bare source of N 1 2  w i th  a heavy copper cyl inder .  

p laced  s o  t h a t  the counters could 'see" only the  reg ion  near  t he  N 1 2  sourceo  'Ahen 

the  cy l inder  w a s  placed around the  N 1 2  sample, t h e  r - r a y  counting rate increased, 

Lead d i a p h r a p s  were  

which showed t h a t  formerly, t h e  pos i t rons  were ann ih i l a t ed  a t  more  d i s t a n t  po in ts ,  

f r o m  which the  ann ih i l a t ion  quanta  could n o t  reach  the  countersa  

50 I d e n t i f i e a t i o n  of the A c t i v i t y  

In the early s t ages  o f  the  work,, before a2curate  h a l f - l i f e  and threshold  

values  w e r e  available, it was thought t h a t  the  ac t iv i ty  might be the  0,022 second 

per iod  of B12$ formed i n  the r eac t ion  C13(p,2p)B12, 
* i n  C13 showed t h a t  the a c t i v i t y  d e f i n i t e l y  arose from the  C120 

Bombardment of samples enr iched  

The i d e n t i f i c a t i o n  of t he  a c t i v i t y  eomes f r o m  t h e  fol lowing ene rge t i c  

evidences 9 
* I am indebted t o  D r ,  J, W. Otvos  of t he  S h e l l  Development Company, f o r  t h e  loan 

of the enriched carbon s m p l e s .  
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(a ) ,  The masses o f  N12, as computed f r o m  the proton threshold  and t h e  

pos i t ron  endpoint, are the same t o  wi th in  the  e r r o r  of the  measurements, o r  about 

*, 0,0002 m a s s  u n i t s ,  

(b ) ,  It may be shown by a series o f  d e t a i l e d  ca l cu la t ions  t h a t  on ene rge t i c  

ground, all i so topes  wi th  Z less than  8, and A less than 14, may be ru l ed  out as being 

responsible  f o r  the 0,0125 second a c t i v i t y ,  From the pos i t ron  energy, one may compute 

the mass of any supposed respons ib le  isotope,  which decays i n t o  a h a * m  isotope,  Then, 

using t h e  observed proton threshold,  the  mass of the  exc i t ed  N13 a t o m  i s  calculated.  

It has been shown t h a t  the only two nuc le i  which come wi th in  f i v e  IJev o f  s a t i s f y i n g  

t h e  ene rge t i c  requirements a r e  Li4 and B8, which we  each o f f  by about 4 Nev, 

nuc le i  would be formed i n  (p ,  an) o r  (p,2an)reactions.)  

energy ava i l ab le  t o  make t he  reac t ions  go. It is  no t  j u s t  t h a t  the  numbers do not  

agree p e r f e c t l y  as they  do i n  the  1712 ca lcu la t ion ;  t he  reac t ions  a re  e n e r g e t i c a l l y  

forbidden. FOP a l l  o ther  i so topes ,  which l i e  f u r t h e r  f r o m  the  s t a b i l i t y  curve, it 

is  poss ib l e  t o  show t h a t  t hey  are even m o r e  easi ly  disposed of  on energetic grounds. 

- 

(These 

I n  a l l  cases,  t h e r e  i s  no t  enough 

6, Discussion 

The mass of  N12 is 12.0228 *, 0.00015 EIOU., based on C 1 2  = 12,0038. The 

b e t a  t r a n s i t i o n  f r o m  N12 t o  C12 is  alloPJedo 

by Konopinski6, the  f t  value f o r  the t r a n s i t i o n  i s  1,6 x lo4, as compared with 1.4 

x lo4 f o r  

As ca lcu la t ed  f r o m  the  f o r m u l a  given 

7 
~ 1 2 ,  using the  l a t e s t  values  f o r  the upper l i m i t  of BIZ 

According t o  Professor  E. Teller8,  t he  ex is tence  o f  N1' may be of some 

importance i n  theo r i e s  of t h e  evolu t ion  o f  t he  l i g h t  elements, 

E l 2  may be the  m o s t  nea r ly  i d e a l  r ad ioac t ive  i s o t o p e  f o r  t e s t i n g  t h e  

neu t r ino  theory,  The m a x i m u m  r e c o i l  energy of a nucleus f r o m  t h e  r eac t ion  o f  

a nijutrfno is 13,200 e l e c t r o n  volts,  Such recoi l s  should have a range o f  about 2 

cm i n  a cloud chamber operated wi th  pure water vapor a t  a f e w  degrees cent igrade.  

The N 1 2  could be deposi ted on a charged wire, i n  an atmosphere of some hydrocarbon, 
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- .  

.b 

and then r ap id ly  t ranspor ted  through a small h o l e  i n t o  the low pressure cloud chamber. 

The d i r e c t i o n  of the r e c o i l  would be evident,  and i t s  energy could be measured by 

drop counting techniques,  The drop counting technique could be c a l i b r a t e d  by 0l6 

r e c o i l s  from neutrons inc iden t  on t he  chamber, The d i r ec t ion  and energy of the pos i t ron  

could be photographed i n  811 ordinary cloud chamber plus magnetic f i e l d ,  placed adjacent  

t o  the small, l o w  pressure r e c o i l  chamber, I f  t he  experiment could be done, one would 

have the  d i r e c t i o n  and energy of r e c o i l  and e l ec t ron ,  and could compute f r o m  momentum 

considerat ion,  the  d i r e c t i o n  and energy of the neutrino. 

then be compared with the energy ca lcu la ted  from the pos i t ron  energy and the upper 

l i m i t ,  If the  two values  always agreed, one would gain s t i l l  more confidence i n  the  

neut r ino  the  oryo 

This computed energy could 

. 

e i r c u i t ,  t o  Dro Hugh Bradner f o r  help wi th  some o f  the  measurements, and t o  t he  l i n e a r  

acce le ra to r  crew f o r  t he  bombardments , 

I m indebted t o  Nro Donald Cone f o r  cons t ruc t ing  the  e l e c t r o n i c  gate 

Th i s  work was done under the  auspices o f  the Atomic Energy Commissiono 
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