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A b s t r a c t 

A techn ique f o r p r e c i s e de te rm ina t i on of beta 
endpo i n t s w i t h an i n t r i n s i c germanium de tec to r has 
been deve loped. The energy c a l i b r a t i o n was de r i v ed 
f rom y - r a y photopeak measurements. T h i s a n a l y s i s 
p rocedure has been checked w i th a 2 7 S i s ou r ce p r o ­
duced i n a (p ,n ) r e a c t i o n on an 2 7 A 1 t a r g e t and 
s ub sequen t l y a p p l i e d to mass separa ted samples of 
7 6 R b , 7 7 R b and 7 8 R b . R e s u l t s i n d i c a t e e r r o r s 
< 50 keV a re o b t a i n a b l e . 

1 . I n t r o d u c t i o n 

Many nuc lea r and p a r t i c l e p h y s i c s exper iments 
may be c h a r a c t e r i z e d by an attempt to measure the 
t o t a l energy and the energy d i s t r i b u t i o n f o r a pa r ­
t i c l e or compos i te group of p a r t i c l e s . The t o t a l 
energy o f a bound nuc lea r system i s dominated by 
t he mass o f the agglomerated p a r t i c l e s . S i n ce the 
masses of the f r ee neutron and proton are known 
w i t h g rea t p r e c i s i o n , the most i n t e r e s t i n g po ten ­
t i a l energy part of a nuc lear system i s the b i n d i n g 
ene rgy . Many methods to determine the b i n d i n g 
energy of an unknown nuc l i de have been dev i s ed 
i n c l u d i n g both d i r e c t and i n d i r e c t measurements. 
The former tend to g i ve sma l l e r e r r o r ba r s (1 -50 
k e V ) , w h i l e the l a t t e r techn iques t y p i c a l l y y i e l d 
l a r g e r e r r o r bars (>50 keV) . Because of small 
c r o s s s e c t i o n s and a lack of s u i t a b l e t a r g e t nuc l e i 
f o r d i r e c t measurements, i n d i r e c t methods are d i c ­
t a t e d . Where ob se r v a t i on of r a d i o n u c l i d e decay i s 
r e q u i r e d , mass s e p a r a t i o n 1 ) i s o f ten neces sa ry t o 
e l i m i n a t e as much "backg round " from competing r e a c ­
t i o n p roduct s as p o s s i b l e . D i s c r e t e energy charged 
p a r t i c l e spec t ro scopy has long been used t o d e t e r ­
mine both ground s t a t e and e x c i t ed s t a t e mas se s , 
but t h i s c l a s s of nuc le i i s l i m i t e d t o l i g h t 
n e u t r o n - d e f i c i e n t A s e r i e s , to a small r e g i o n above 
Z=50 and to a l l the w e l l - e s t a b l i s h e d a l p h a - p a r t i c l e 
e m i t t e r s above neodymium. A l though some mass 
de te rm ina t i on s have been made by u t i l i z i n g unique 
s y s t e m a t i c s , the va s t ma jo r i t y of n u c l i d e s f a r from 
s t a b i l i t y r e q u i r e d i r e c t beta endpoint measurements 
which are f r augh t wi th i n c o n s i s t e n c i e s due to non-
d i s c r e t e p a r t i c l e ene rg i e s and to d i f f e r i n g 
d e t e c t o r re sponse f u n c t i o n s . 

Beta p a r t i c l e de tec t i on wi th p l a s t i c s c i n ­
t i l l a t o r s has long been a s tandard p r o c e d u r e 2 * 3 ) 
w i t h determined mass d i f f e r e n c e s g e n e r a l l y hav ing 
e r r o r s > 100 keV. Thus , c onve r s i on t o i n t r i n s i c 
germanium spectrometers has become an important 
s t ep i n attempts to a t t a i n endpoint measurements 

w i th e r r o r s < 20 keV. The energy c a l i b r a t i o n i s 
g e n e r a l l y much s imp le r ( y - r a y photopeaks may be 
u s e d ) , but the re sponse f u n c t i o n has been d i f f i c u l t 
t o d e l i n e a t e . T h i s l a t t e r problem has been s o l v e d 
i n a number of ways , i n c l u d i n g shape f u n c t i o n 
c a l c u l a t i o n s on known 3 e m i t t e r s 4 ) and emp i r i c a l 
e l e c t r o n re sponse f u n c t i o n c a l c u l a t i o n s 5 ) d e t e r ­
mined from a monoenerget ic e l e c t r o n beam. A 3 
spectrometer u t i l i z i n g a s upe rconduc t i ng s o l e n o i d 
t o channel the 3 p a r t i c l e s has been c o n s t r u c t e d 6 ) 
and a n a l y s i s of the de tec to r d i s t o r t e d data has 
been accompl i shed through an i t e r a t i v e t e c h n i q u e 7 ) . 
T h i s techn ique has been used to measure decay 
c h a r a c t e r i s t i c s of 7 8 R b 8 ) . 

S i n c e e x t r a bombardment t ime f o r c a l i b r a t i o n s 
i s not always a v a i l a b l e , an a n a l y s i s of the raw 
e l e c t r o n or p o s i t r o n spectrum d i s t o r t e d by a 
germanium c r y s t a l has been attempted u s i n g the 
y - r a y energy c a l i b r a t i o n . The b a s i c Monte C a r l o 
a p p r o a c h 9 * 1 0 ) has been s u c c e s s f u l l y used i n p r e ­
d i c t i n g gamma and negatron s pec t r a as d i s t o r t e d by 
an i n t r i n s i c germanium de tec to r . Fu r the r work has 
been nece s s a r y , however, t o extend the se c a l c u l a ­
t i o n s to p o s i t r o n s p e c t r a . S i n ce t h i s work i s i n 
the p roces s of be ing p u b l i s h e d 1 1 ) , on l y a b r i e f 
s y n o p s i s w i l l be g i ven he re , i n a d d i t i o n t o r e s u l t s 
f rom the t e s t case 2 7 S i (GS) + 2 7 A 1 (GS ) . 

The general area between the f y / 2 and g g / 2 

s h e l l s has been only l o o s e l y e xp l o r ed . The mass 
s y s t ema t i c s s hou ld prove very i n t e r e s t i n g because 
o f the l a r g e number of d i f f e r i n g s h e l l model s t a t e s 
and because the proton d r i p l i n e and Z = N l i n e 
s hou ld i n t e r s e c t i n t h i s r e g i o n . In o rder to 
u t i l i z e the best c h a r a c t e r i s t i c s of the U N I S 0 R 1 2 ) 
o n - l i n e mass s epa ra to r f a c i l i t y , the d i r e c t mass 
measurements of Ref. 13 and the r e l a t i v e s t a b i l i t y 
o f the k rypton i s o t ope s to min imize daughter 
c on t am ina t i on , measurements on the l i g h t rub id ium 
i s o t o p e s were commenced. R e s u l t s f o r 7 6 R b , 7 7 R b 
and 7 8 R b w i l l be presented. 

2. Technique 

A l though the techn iques a l ready m e n t i o n e d 4 ' 7 ) 
have t h e i r advantages and seem to work well i n 
i n t e r p r e t i n g 3 spec t ra measured w i th an i n t r i n s i c 
germanium d e t e c t o r , i t was deemed advantageous to 
develop a techn ique whereby the energy c a l i b r a t i o n 
r e s u l t a n t from y - r a y photopeaks cou ld be u t i l i z e d . 
T h i s p roces s would e l i m i n a t e the n e c e s s i t y f o r 
wa s t i ng bombardment time on c a l i b r a t i o n s and 
s i m p l i f y the c o r r e c t i o n s to a s t anda rd Fe rm i - Ku r i e 
type c a l c u l a t i o n . 

* ) Oak R idge Nat iona l Laboratory i s operated by Union Carb ide Co rpo ra t i on f o r the U.S. Department of 
Energy under Contract No. W-7405-eng-26. 

* * ) S u p p o r t e d by Department of Energy Con t r ac t s DEAS 0979ER10434 and DE-AC05-760R00033. 
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An attempt to completely c a l c u l a t e the response 
f u n c t i o n of po s i t ron s in germanium has been 
s t a r t e d , but f o r present purposes a s i m p l i f i e d 
v e r s i o n 1 1 ) has been developed to g i ve po s i t ron 
endpo int s . Th i s Monte Car lo c a l c u l a t i o n s imulates 
the e f f e c t of a n n i h i l a t i o n r a d i a t i o n on the shape 
of the observed Kur ie p l o t . The code c a l c u l a t e s 
the energy depos i ted in the detector from both 
the stopped pos i t ron and a s s o c i a t e d y rays (511-keV 
a n n i h i l a t i o n p a i r s ) and then proceeds to r e d i s t r i ­
bute the peak i n t e n s i t y with a Gauss ian smearing 
r ou t i ne . A l l po s i t rons were assumed to stop at the 
center of the detector . We have found that t h i s 
assumption does not genera l l y a f f e c t the ca l cu l a ted 
endpoint whi le i t s i g n i f i c a n t l y reduces the com­
puter t ime. The hypothet ica l detector used in 
these c a l c u l a t i o n s had dimensions 1.6 cm by 0.7 cm, 
i d e n t i c a l to that used in the measurements 
descr ibed here in. The code was run f o r theore t i ca l 
endpoint energ ies rang ing from 2.5 to 9.0 MeV. The 
c a l c u l a t e d energy s h i f t due to a n n i h i l a t i o n i n t e r ­
ference ( A E 0 ) was found to vary smoothly over t h i s 
energy range and could e a s i l y be f i t by the quadra­
t i c p o l y n o m i a l 1 1 ) : 

0.1572 + 0.0115 E„ 0.0007 E 0

2 

(1) 

where E 0 i s the correct endpoint energy. Thus a 
4.0-MeV endpoint would be measured as 4.192 MeV. 
F i gure 1 shows a theo re t i c a l Kur ie p l o t , an 
observed Kur ie p lo t and the Monte Ca r l o s imu la t ion 
f o r the h igh energy por t ion of a known pos i t ron 
emitter ( 8 2 R b - - s e e Ref. 11 fo r d e t a i l s ) . The 
s l i g h t disagreement on the high energy t a i l i s 
unimportant f o r the purpose cons idered here, s ince 
l e a s t - s q u a r e s f i t s are begun at the point where the 
Kur ie func t ion f i r s t becomes l i n e a r . 

Avo id ing the i n c l u s i o n of data in the nonl inear 
reg ion of the Kur ie was an important cons idera t ion 
i n our data a n a l y s i s . S ince t h i s departure from 
l i n e a r i t y occurs 200 - 300 keV below the endpoint 
f o r a detector of these d i m e n s i o n s 1 1 ) , a second 
3-ray branch w i th in t h i s range could create a prob­
lem. Unless the s t a t i s t i c s of a p a r t i c u l a r spec­
trum are very l a r g e , t h i s break i s not easy to 
detect . The a n a l y s i s code thus searches fo r a con­
s i s t e n t endpoint whi le removing data po int s in 
small increments from the high energy s i de . 
Removing a small number of data po in t s from the low 
energy s ide of ten changes the endpoint and i s pro­
bably due e i ther to a second component or to not 
having proper ly found the o r i g i n a l h igh energy 
break. To reduce the s t a t i s t i c a l e r ror in a par­
t i c u l a r endpoint measurement, i t i s necessary to 
inc lude as much data as p o s s i b l e in the f i t . But a 
second component w i th in the 200-keV break point i s 
n o n - t r i v i a l to t r e a t . A reasonable c r i t e r i o n fo r 
data i n c l u s i o n near the break po int has been x 2 

min imizat ion ; in p r i n c i p l e , data can be added as 
long as the endpoint remains c o n s i s t e n t and x 2 i s 
reduced. These procedures have been app l ied where 
p o s s i b l e to a l l of the spectra which w i l l be 
presented. 

3. Experimental 

The choice of l i g h t rubidium i so topes was pre­
d icated upon the ease of e x t r a c t i n g rubidium from 
the UNIS0R in tegra ted t a r ge t ion source and the 
d i r e c t mass measurements 1 5 ) which could be used as 
a b a s i s , or in the case where the krypton daughters 
are well cha rac te r i zed , provide a check fo r those 
same d i r e c t mass measurements. I t was thus decided 
t o use 7 8 R b as a check fo r our technique and com­
mence actual measurements with 7 6 R b and 7 7 R b , 

Z 3 

• THEORETICAL SPECTRUM 

* MONTE CARLO SPECTRUM 

- OBSERVED SPECTRUM 

2.5 3.0 3.5 

Energy (MeV) 

F i g . 1 T h e o r e t i c a l , measured and Monte Car lo 
s imula ted Kur ie p lo t of high energy 
p o s i t r o n s a r i s i n g from the decay of 
8 2 R b . 

produced in 6 0 > 6 2 N i ( 2 0 N e , p x n ) reac t ions with 2 0 N e 
ions acce lerated in the Oak Ridge isochronous 
c y c l o t r o n . These reac t i on s are not n e c e s s a r i l y the 
best choice a v a i l a b l e , but the proximity of the 
t a r ge t to the ion source made the choice of a 
n ickel t a r g e t imperat ive. Unfor tunate ly , 7 8 R b has 
proven to be anyth ing but s imple and has not served 
as the t e s t o r i g i n a l l y env i s ioned. Some of the 
p o s s i b l e reasons w i l l be mentioned l a t e r , but a 
fundamental nece s s i t y f o r such measurements i s that 
the leve l s t ruc tu re of the daughter be s t r i c t l y 
understood. The decay schemes re levant to t h i s 
work as shown in F i g . 2 are reported in Ref. 14. 

A s t r i n g e n t t e s t of both the f i t t i n g rout ines 
and the Monte Car lo c a l c u l a t i o n s was performed by 
measuring the 2 7 S i endpoint . S i l i c o n - 2 7 was pro­
duced in the 2 7 A l ( p , n ) reac t i on with ~ 11.4 MeV 
protons acce lera ted in the Oak Ridge EN tandem and 
then t ranspor ted to a 3 - Y coincidence s t a t i o n by a 
he l ium- je t system f o r a n a l y s i s . A continuous 
c o u n t i n g - c o l l e c t i o n cyc le was u t i l i z e d to measure 
both s i n g l e s and 511-keV coincidence spectra of the 
ground s t a t e - t o - g r o u n d s t a t e decay. The s i n g l e s 
spectrum gave an endpoint of 3983 ± 11 keV and 
the co inc idence spectrum y i e l ded an endpoint of 
3980 ± 30 where the e r ro r s are s t r i c t l y s t a t i s t i c a l . 
A p p l i c a t i o n of Eq. 1 r e s u l t s in a po s i t ron d i s t o r ­
t i o n c o r r e c t i o n of 191 keV which when subtracted 
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y i e l d s 3792 and 3789 keV fo r the f i n a l endpoints 
f o r 2 7 S i , in exce l l en t agreement with the accepted 
value of 3787.0 ± 1 . 3 keV 1 5 ) . F ina l e r ro r s were 
c a l c u l a t e d by adding the conse rva t i ve est imate of 
~ 10 keV in the c o r r e c t i o n f a c t o r in quadrature to 
the energy c a l i b r a t i o n er ror and the s t a t i s t i c a l 
e r ror to g ive f i n a l endpoints of 3792 ± 16 keV and 
3789 ± 32 keV for the s i n g l e s and co inc idence 
spec t r a , r e s p e c t i v e l y . The s l i g h t l y bet ter agree­
ment between our r e s u l t s and prev ious w o r k 1 5 ) u s ing 
the coinc idence measurement i s expected and such 
measurements should be u t i l i z e d whenever p o s s i b l e . 

Although the heavier neutron d e f i c i e n t nuc le i 
are u sua l l y s tud ied f i r s t , the order of d i s c u s s i o n 
w i l l be reversed f o r the sake of c l a r i t y . The 
decay of 7 6 R b had been p rev ious l y s t u d i e d 1 6 * 1 7 ) and 
the s imple decay scheme shown in F i g . 2 i s con­
s i s t e n t with our ob se rva t i on . A Kur ie p lo t of the 
s i n g l e s spectra f o r 7 6 R b i s shown in F i g . 3. S ince 
the ion source produces no 7 6 K r or 7 6 S r and s ince 
7 6 K r emits no 3 + p a r t i c l e s , the measured spectrum 
was completely a t t r i b u t a b l e to 7 6 R b . E s s e n t i a l l y 
no events were recorded above 5 MeV (8 MeV was the 
c o l l e c t i o n l i m i t ) . The 2 + > 0 + and 4 + 2 + t r a n s i ­
t i o n s in 7 6 K r are 424 and 612 keV, r e s p e c t i v e l y . 
No evidence fo r the l a t t e r t r a n s i t i o n was observed, 
whereas most of the beta s t reng th seemed to be 
channeled through the 2 + , 424-keV l e v e l . A n a l y s i s 
o f these data prov ides an exce l l en t i l l u s t r a t i v e 
example of the ideal a n a l y s i s procedure. Us ing a 
d i s t o r t i o n break at ~ 4250 keV garnered from the 
s i n g l e s spectrum, a s e r i e s of f i t s was obtained by 
us ing a p r o g r e s s i v e l y l a r g e r data base. F i t s were 
terminated when the endpoint obta ined was no longer 
c o n s i s t e n t . The f i n a l endpoint of 4584 ± 40 keV 
i n Table 1 was chosen on the b a s i s of the minimum 
x 2 u t i l i z i n g a 1000-keV range of data . S l i g h t l y 
d i f f e r i n g ranges f o r f i t s could have been chosen, 
but would not have had a s i g n i f i c a n t e f f ec t on the 
f i n a l va lue. Th i s i s c l e a r l y a be s t - ca se example 
and, as w i l l be shown, other f i t s obta ined are not 
qu i te as s imple. 

Table 1 

7 6 R b 3 + Decay - 424-keV Gamma Gate F i t s 

Range from 
D i s t o r t i o n Break 

i n Kur ie P lo t 
(keV) 

Endpoint 
R e l a t i v e 

Ch i - square 

600 4579 1.08 

800 4583 1.03 

1000 4584 1.00 

1200 4584 1.13 

1500 4500 1.12 

F i g . 2 P a r t i a l decay schemes fo r a) 7 6 R b , b) 7 7 R b 
and c) 7 8 R b , as g iven in Ref. 14. 

The spectrum of po s i t r on s in 
a n n i h i l a t i o n r a d i a t i o n y i e l d an 
4585 ± 42 keV. A f t e r c o r r e c t i n g 
r a d i a t i o n d i s t o r t i o n , adding in 
and t ak ing appropr ia te averages , 
5835 ± 42 keV was obta ined. The 
y i e l d e d a Q E C of 5833 ± 16 keV. 
three ana lyses are summarized in 
should a l s o be noted that a lack 
po s i t r on branch, in a d d i t i o n to 
4 + 2 + t r a n s i t i o n sugges t tha t 
s p i n and pa r i t y of 7 6 R b i s 2 + , i 
Ref. 17. 

co inc idence with 
endpoint of 

f o r a n n i h i l a t i o n 
the y - r a y energy 

a f i n a l Q^Q of 
s i n g l e s spectrum 
Resu l t s from a l l 
Table 2. I t 
of a ground s t a te 

the unobserved 
the ground s t a te 
n accordance with 
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F i g . 3 High-energy s i n g l e s pos i t ron spectrum a r i s i n g from the decay of 7 6 R b . 

Table 2 

7 6 R b Endpoint Re su l t s 

Gamma Gate (keV) S i n g l e s 

424 511 

Measured E 0 (keV) 4584±40 4585±42 4582±11 

A n n i h i l a t i o n Rad i a t i on 
Cor rec t ion (keV) -195 -195 -195 

Gamma Energy (keV) 424 424 424 

Q Q + (keV) 4813 4814 4811 

Weighted Mean (keV) 4813±30 

Q E C (keV) 5835±42 5833±16 

Because the h igh c ros s sec t ion 6 0 N i ( 2 0 N e , 2 p x n ) 
r e a c t i o n s are hindered when x = 0 or 1, t h i s 
permits a g reater y i e l d fo r the 6 0 N i ( 2 0 N e , p 2 n ) 
r e a c t i o n as a percentage of the t o t a l reac t ion 
c ro s s s e c t i o n . Th i s l a r g e r y i e l d i s useful because 
the fragmented decay of 7 7 R b (see F i g . 2) requ i res 
g rea ter s t a t i s t i c s . Furthermore, the f i v e y rays 

(66, 179, 245, 394 and 511 keV) should provide 
f i v e independent measurements of the same va lue. 
Choice of data f i t t i n g reg ion was much more d i f ­
f i c u l t because of the leve l spac ing , p a r t i c u l a r l y 
f o r the 66-keV t r a n s i t i o n . S ince the p o s i t r o n end-
po int f o r 7 7 K r i s ~ 2 MeV, pos i t rons from the 7 7 K r 
daughter should not i n te r f e re . Thus, the only 
convergence c r i t e r i a used were that the 66- and 
511-keV gated spectra should y i e l d the same end-
po int and that the 179- and 245-keV gated spectra 
should a l s o g i ve the same endpoint. An attempt was 
made to obta in a cons i s ten t endpoint u s ing only a 
150- to 250-keV range below the d i s t o r t i o n break in 
the Kur ie p lo t f o r the 66- and 511-keV gated 
spect ra and to minimize both x 2 and the s t a t i s t i c a l 
e r ro r bar w i th in the context of a very l i m i t e d 
amount of data. Thus, a cons i s ten t endpoint u t i l i ­
z ing the same a n a l y s i s procedures as f o r 7 6 R b was 
not p o s s i b l e . I n s tead , an endpoint sometimes had 
t o be based on an average of a l l s i m i l a r endpoints 
with c o n s i s t e n t x 2 va lues and s t a t i s t i c a l er ror 
bars because no p a r t i c u l a r subset of data could 
c l e a r l y be c a l l e d best . For example, with the 
245-keV gated data , reasonable f i t s f o r s l i g h t l y 
d i f f e r i n g energy ranges gave several endpoints with 
s i m i l a r x 2 va lues . The f i n a l value was taken to be 
a s imple average with the l a r g e s t s t a t i s t i c a l 
e r r o r , 4023 ± 28 keV. Th i s value i s c o n s i s t e n t 
with the 179-keV r e s u l t of 4026 ± 18 keV. Th i s 
averag ing procedure was used only in the cases of 
the s i n g l e s spectrum and the 6 6 - , 245- and 394-keV 
gated spec t ra . 
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Figure 4 g ives the Kur ie p l o t f o r the high 
energy 179-keV gated data. Th i s p l o t shows the 
a n n i h i l a t i o n r a d i a t i o n d i s t o r t i o n break, but only 
the s i n g l e s spectrum makes i t c l e a r enough to 
choose a f i t t i n g reg ion (as can be seen in the 
s i n g l e s spectrum fo r 7 6 R b in F i g . 3 ) . Furthermore, 
most gated spectra do not have s u f f i c i e n t s t a t i s ­
t i c s to de l ineate t h i s po in t . Therefore, careful 
a n a l y s i s was required to d i scover where the f i t 
should beg in. This problem was p a r t i c u l a r l y acute 
f o r the 66-keV gated da ta , where the f i n a l value of 
4212 ± 28 could e a s i l y be c a l c u l a t e d as 5-10 keV 
h i gher , but the 511-keV gated data could in no 
reasonable manner g ive such va lues and convergence 
was a necessary c r i t e r i o n . Table 3 summarizes our 

0.3 

^ R b J ê l 7 7 K r 

179 keV GAMMA GATE 

E 0 = 4 0 2 6 ± 1 9 k e V 

2 8 0 0 3100 3 4 0 0 3 7 0 0 4 0 0 0 
ß ENERGY (keV) 

4 3 0 0 

F i g . 4 Kurie p lo t of the 179-keV gated data from 
the decay of 7 7 R b . 

d i s t o r t i o n break. Obv ious l y , s i n g l e s spectra can 
only be used fo r spec ia l cases where no r a d i o ­
a c t i v i t i e s ( i n c l u d i n g the daughter) have endpoints 
above or in the same range as the nuc l ide of 
i n t e r e s t . I t i s a l s o imperative to know the 
re levant decay scheme p rec i s e l y f o r c a l c u l a t i n g 
proper endpo int s ; however, an endpoint can a l s o 
be used to l oca te a p a r t i c u l a r energy level in the 
daughter nuc leus . 

The plan to u t i l i z e 7 8 R b as a pre l iminary 
check was qu i ck l y shat tered once the data were 
obta ined. F igure 5 compares the s i n g l e s and 
455-keV gated p o s i t r o n spectra . I t should be 
immediately evident that the endpoints of these two 
spectra d i f f e r by more than the 455 keV suggested 
by the decay scheme in F i g . 2. The 511-keV gated 
data a l s o shows the very high energy t rend , but 
because of the very small number of events , v a l i d 
endpoints are not a t t a i n a b l e . The f i n a l f i t t i n g 
range fo r the 455-keV gated data y i e l d s a corrected 
endpoint of 3150 ± 110 keV. This value was c o r r o ­
borated by f i t t i n g the equiva lent range of 511-kev 
gated da ta , y i e l d i n g 3160 ± 85 keV. P r e v i o u s l y , 
the e n d p o i n t 1 6 ) f o r 7 8 R b has been obtained by 
g a t i n g on the 664-keV t r a n s i t i o n . Our f i n a l end-
po int f o r t h i s data of 2480 ± 70 keV i s c on s i s t en t 
with the decay scheme g iven in F i g . 2, but i s not 
c o n s i s t e n t with tha t g iven in Ref. 16 of 3410 ± 370 
keV. 

Although the s i n g l e s spectrum high energy 
s t a t i s t i c s are extremely poor (<10% of decay 

s t r e n g t h ) , a crude endpoint of 6060_i7o shows that 

perhaps prev ious decay scheme w o r k 1 8 " 2 0 ) was 
i n c o r r e c t . Recent work by Rehf ie ld and Moore 8 ) 
g i ve an endpoint of 6221 ± 20 as being due to a 
0 + (GS) > 0 + (GS) i s o s p i n forbidden beta t r a n s i t i o n 

Table 3 

7 7 R b Endpoint Resu l t s 

Gamma Gate (keV) 

66 5 1 1 179 245 394 

Measured E 0 (keV) 4212±28 4208±46 4026±18 4023±28 3812±35 

A n n i h i l a t i o n Rad ia t i on Cor rec t ion (keV) - 1 9 3 . 5 - 1 9 3 . 5 - 1 9 2 . 0 - 1 9 2 . 0 - 1 9 0 . 6 

Gamma Energy (keV) 6 6 . 5 6 6 . 5 245 245 4 5 0 . 8 

Q 3 + (keV) 4085±30 4 0 8 U 4 8 4079±21 4076±30 4081±37 

Weight = /ÏÏ 35 34 85 60 37 

Weighted Mean (keV) 

QEC ( K E V ) 

S i n g l e s QEC (keV) 

4080±13 

5102±25 

5103±15 

obse rva t i on s , i n c l ud ing a f i n a l value fo r QFX of 
7 7 R b of 5102 ± 25 keV. The exce l l en t agreement of 
the value der ived from the s i n g l e s spectrum only 
serves to i nd i ca te that in some cases good end-
po in t s can be der ived from such spec t ra . I t should 
not be construed as a better measurement. The 
quoted er ror bars are based s o l e l y on s t a t i s t i c s 
of the ~ 150-keV f i t t i n g range from the pos i t ron 

with a log f t va lue of 7.95. S ince t h e i r measure­
ment was bequn a f t e r wa i t i n g 45 min to e l im ina te 
any 6 min 7 8 m R b decays and because the sample was 
produced in the 7 8 K r ( p , n ) reac t ion at 15 MeV, these 
beta p a r t i c l e s must be from 7 8 9 R b . For reasons 
a l ready e l u c i d a t e d , our sample was a l s o pure 7 8 R b , 
f o r c i n g the beta decays i nvo l v i n g the 455- and 
664-keV t r a n s i t i o n s to occur elsewhere in 7 8 K r , 
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F i g . 5 Raw beta spectra observed in the decay of 7 8 R b : a) 455-keV gated data , b) s i n g l e s data . 

t r a n s i t i o n s to occur elsewhere in 7 8 K r , or neces s i ­
t a t i n g a search fo r some very high energy y t r a n s i ­
t i o n s . Work on a more de ta i l ed decay scheme f o r 
7 8 R b i s under w a y 2 1 ) and i t i s hoped t h i s w i l l 
c l a r i f y these matters . Our present r e s u l t s thus 
tend to support the conc lus ions of Ref. 8. 

4. Re su l t s and Conc lus ions 

A l though our values fo r Q E C f o r 7 7 R b and 7 6 R b 
shou ld be cons idered p re l im ina ry , the base numbers 
shou ld change l i t t l e . The error bars should a l s o 
be cons idered p re l im ina ry , with the s t a t i s t i c a l 
e r r o r dominat ing. Table 4 summarizes our r e s u l t s 
and a l s o compares them with the d i r e c t mass 
measurements of Ref. 13. The decay energy f o r 7 7 R b 
agrees well with one s c i n t i l l a t o r measurement 1 6 ) 

(5180 ± 390 keV) , but not with a n o t h e r 2 3 ) (4882 ± 
150 keV). Furthermore, w i th in quoted er ror b a r s , 
our value agrees with the d i r e c t mass measure­
m e n t s 1 3 ) , but the ~ 100 keV d i f f e rence i s of 
oppos i te s i g n from that in 7 8 R b . These d i f f e rence s 
are noted because the d i r e c t mass measurements have 
been c a l l e d in to q u e s t i o n 2 6 » 2 7 ) . 

The measured decay energy fo r 7 6 R b i s lower 
than most a l l p red i c t i on s by ~ 2.5 MeV. S ince the 
observed 7 6 R b spectrum (un l i ke 7 8 R b ) i nd i ca ted no 
s i g n i f i c a n t h igh energy event s , any l a r ge er ror in 
the reported spectroscopy would n e c e s s i t a t e e i ther 
a ground s ta te -g round s t a t e t r a n s i t i o n with a 
branching r a t i o l e s s than 1% or a d i f f e r e n t l o c a ­
t i o n for the 424-keV t r a n s i t i o n in 7 6 K r . The error 
i n the d i r ec t mass measurements does not account 
f o r t h i s d i screpancy. Un for tunate ly , the mass for 

Table 4 

F ina l QEC a n c ' M a s s Excess Values 

Nuc l ide 7 8 R b 7 7 R b 7 6 R b 

QEC < K E V ) 7 2 4 2 ± 2 0 a ) 5 1 0 2 ± 2 5 b ) 5 8 3 5 ± 4 2 b ) 

D i r e c t Mass Measurement 0) 
Mass Excess (keV) - 6 7 0 7 6 ± 6 4 - 6 5 0 3 7 ± 1 0 5 - 6 0 6 6 8 ± 1 5 1 

A 7 8 77 76 

Mass Excess of Kr I so topes 
( k e V ) d ) - 7 4 1 5 0 ± 8 - 7 0 2 3 6 ± 3 0 - 6 9 1 0 0 ± 2 0 0 e ) 

Derived Rb Mass Excess 

(M(Kr) + Q E C ( R b ) ) ( k e V ) - 6 6 9 0 8 ± 2 2 - 6 5 1 3 4 ± 3 9 - 6 3 2 6 5 ± 2 0 5 

Di f fe rence from D i rec t 
Measurements (keV) 1 6 8 - 9 7 - 2 5 9 7 

a) Ref. 8. 
b) This work. 
c) Ref. 13. 
d) Ref. 15. 
e) Based on Ref. 22. 
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7 6 K r has been measured only i n d i r e c t l y 2 2 ) by obser­
v ing the endpoint of delayed protons from the 
decay of 7 7 S r . C l a r i f i c a t i o n of a l l these b i t s 
of in format ion w i l l requ i re two more important 
l i n k s - - t h e mass of 7 6 K r and better spect roscop ic 
in format ion in the decay of 7 6 R b . The l a t t e r 
problem has been g iven a cursory i n s p e c t i o n 2 8 ) with 
no real s u r p r i s e s . The f i r s t problem i s cur rent ly 
under study here at Oak Ridge. 

Another p o s s i b i l i t y which might exp la in the 
small QEQ f o r 7 6 R b i s the correctness of the 
response of our detector to higher pos i t ron 
energ i e s . Data have been obtained on the decay of 
5 8 C u 1 5 ) ( Q 3 + ) = 7540.6 ± 2.4 keV and, a l though 
a n a l y s i s i s incomplete, the raw beta spectrum 
sugges t s the decay energy i s w i th in 100 keV of t h i s 
number. S ince a natural nickel t a r ge t was used in 
the (p,n) r eac t i on bombardments ( E p = 11.4 MeV), 
6 0 C u data were a l s o obtained s imul taneous ly . These 
spectra should provide a clue as to the v a l i d i t y 

of s ub t r ac t i n g one component to obta in a second 
endpoint . I f t h i s technique i s success fu l with 
5 8 C u and 6 0 C u , then i t w i l l be app l ied to the 7 7 K r 
c o n t r i b u t i o n present as a low energy background in 
the 7 7 R b spect ra . An accurate decay energy fo r 
7 7 K r w i l l provide a complete chain to 7 7 B r whose 
mass i s known 2 9 ) to 3.8 keV from (p,n) th re sho ld 
r e a c t i o n s . 

Our measurements f o r 7 7 R b and 7 6 R b appear 
c o n s i s t e n t with p r e d i c t i o n s 1 1 ) and thus ques t ions 
a r i s e about how these Q E r va lues f i t i n to the 
general nuclear mass sur face sy s temat i c s . I t i s 
c l e a r , however, that much work remains. 
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