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I. INTRODUCTION

'HIS compilation of nuclear reaction energies was
undertaken to provide a systematic and compre-

hensive survey of the present state of our experimental
knowledge of the energy released in nuclear reactions.
Table I also aGords convenient reference to the large
number of experimental results scattered throughout
the literature. Somewhat similar tables have appeared
previously ' in view of the rapid accumulation of new

results, an up-to-date revision is felt to serve a useful

purpose.
The Q values for the ground-state transitions are one

source of information about the mass differences be-
tween the initial and final nuclei involved in the reac-
tion. In the region of the light nuclei where the Q value
measurements are sufficiently complete to relate all of
the nuclei with Z(16 to 0" by successive reactions,
it is possible to determine the masses of the light nuclei
from Q value measurements alone. ' For heavier nuclei
the measurements are less abundant, and the results
from nuclear spectroscopy must be used in conjunction
with the information from mass spectroscopy and
radio-frequency measurements. For both heavy and
light nuclei, the most complete knowledge of nuclear
masses will, of course, be achieved by combining the
results from all of these different experimental tech-
niques. Unfortunately, there are at present some dis-

crepancies between the mass differences derived from
nuclear reaction energies and those measured with the
mass spectrograph. A first step toward the quantitative
comparison, and eventual synthesis, of the results from
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the different experimental methods is a separate com-
pilation and examination of the results from each of the
diGerent methods, This table was prepared with this
end in view. Beta-decay measurements are not included;
these have been excluded not because of inconsistency
with the measurements of nuclear reaction energies but
because the number and complexity of the measure-
ments of beta spectra suggest that they be treated in a
separate report. '

II. ARRANGEMENT OF THE TABLE

In Column 1 are listed the reactions for which energy
measurements have been made. The experimental values
are listed in Column 2. An attempt has been made to
include all of the measurements that have appeared in
journals received in this country up to May, 1954. In
a few instances early results have been omitted when
they are known to involve considerable experimental
error or when several more recent determinations of sub-
stantially higher precision have been reported. Some of
the experimental values, designated by the superscript
"a,"do zot appear explicitly in the reference cited and
have been calculated by the present authors from ex-
perimental data given in the reference. A frequent
example is a Q value calculated from the published re-
action threshold energy by multiplying by the factor
Mo/(Me+Mt), where Mo is the atomic mass of the
target nucleus and M~ is the mass of the bombarding
particle.

~~
When there is doubt that a reported Q value

represents the ground-state transition, it has been
enclosed in parentheses. It is quite possible that a few
of the remaining Q values do not represent ground-state
transitions, particularly in the region of the heavy nuclei
where checks from reaction cycles are not available.

Column 3 indicates the method by which the measure-
ment was made. A list of the abbreviations used to
designate the experimental methods will be found at
the end of Table I.

A great majority of the measurements of nuclear
reaction energies are a comparison of the unknown
energy with an established energy standard, and many
measurements depend on an empirical range-energy
relation. The energy standard employed, or reference to
the range-energy relation used, is listed in Column 4.
If separate energy standards were used for the bombard-

' R W. King, Revs. Modern Phys. 26, 327 (1954)
II The masses used in these calculations are those given by K. T.

Bainbridge in reference (2). It the mass cVo is not known, the mass
number has been used.
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ing energy and the energy of the reaction products,
both are listed. As the best values of these energy
standards change with time, the results which depend
on them must of course be altered also. Fortunately,
recent changes in the commonly used energy standards
have been small compared to other experimental un-
certainty present in most measurements, and only a
few results have had to be altered to establish con-
formity with the presently accepted values of the energy
standards; any correction applied to such a measure-
ment is explained in a footnote. Some of the (y, n)
threshold energies frequently employed as calibration
points for betatron energy (e.g. , the Cu63(p, e)Cu"
threshold energy) are not yet well established. For
these measurements the value assumed for the calibra-
tion energy is listed in Column 4, and no attempt has
been made to correct such measurements to a common
value of the calibration energy standard.

Column 5 gives a reference to the paper in which the
measured value appears. When more than one measure-
ment of a given reaction energy has been published by
the same author or group of authors, the reference given
refers to the latest published value. In, the case where a
correction has been reported in a later paper by another
author, an additional reference with an asterisk has
been added; for a subsequent revision of the error
assigned to a measurement, the reference is designated
with a double asterisk.

When several measurements of the same reaction
have been reported by diferent autho&s, a weighted
average value is listed in Column 6. The following pro-
cedure was used in calculating these weighted average
values.

All published ~ errors are treated as standard devia-
tions. This assumption that all stated errors are of the
same significance, regardless of the author's claim, is
open to criticism but it appears to be the only practical
method of combining results obtained by diferent
methods in many diferent laboratories. Some authors
do not specify how their published error is to be inter-
preted, and at best the assignment of an estimate of
uncertainty to a Q value measurement involves sub-
jective factors that vary from one individual to the
next. In calculating the weighted average of several
measurements, each measurement is weighted inversely
as the square of the stated error. A measurement for
which no error is given is necessarily omitted from the
average. Range measurements have been omitted from
the average if there are precise magnetic or electrostatic
deflection measurements of the same reaction available.
In addition, a few experimental results, designated by
the superscript "c,"have been omitted from the average
because they appear to be statistically inconsistent
with the other measurements of the same Q value. If
all of the experimental measurements of a reaction
energy appear to be inconsistent with each other, and
there is no basis for choosing one of the measurements
as most reliable, no average value has been calculated.

Inverse and direct reactions have been averaged to-
gether, and the same average value, identi6ed by a
dagger superscript, has been listed for both reactions.

In assigning an error to the weighted average, both
the internal error E; t and the external error E t have
been calculated for each reaction:

n

QJe e

+ext

(I—I) pm;

where E; is the error of the i'th measurement. The larger
of the two errors, E;„tor E t, is taken to be the error
of the weighted average value. This method of calcu-
lating the error for the weighted average is justi6ed
only if the errors E; are completely random. Although
the E, do contain systematic parts from the uncer-
tainties in the fundamental constants and energy stand-
ards, the wide variety of different constants and stand-
ards used in the diferent measurements lends support
for the above method of calculation.

The mass difference between many of the nuclides
appearing in Table I can be determined in more than
one way, and some care should be taken to select the
reaction or set of reactions which will determine the
desired mass diBerence with minimum uncertainty.
For example, the binding energy of the last neutron in
P" is given as 7.94&0.03 Mev by the P"(e y)P32 re-
action energy: This same binding energy can be de-
termined more accurately by adding the P"(d,P)P"
reaction energy and the binding energy of the deuteron
H'(e, y)D',

P"+D'= P"+H'+5.704&0.008 Mev

H'+e =D'+y+2. 227&0.002 Mev

P"+e=P"+y+7.931&0.008 Mev

with an uncertainty of only 0.008 Mev. The charts at
the end of Table I provide a convenient means of 6nding
all of the reactions or reaction cycles that can give
information about a particular mass difference. On
the charts a link connecting two nuclides represents
a reaction listed in the table, and the mass diGerence
between any two nuclides which are connected by a
link or chain of links can be determined from the in-
formation in the table. The more accurately measured
reactions, hQ 20 kev, are indicated by solid lines;
dotted links indicate measurements with an uncer-
tainty greater than 20 kev. A key in the corner of each
figure identi6es the type of reaction represented by
different connecting links.
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TABLE l. Nuclear reaction energies.

Reaction

I (n, )()0

Measured
Q-Value (Mev. )

2.26

2.230 + O.O05

2.23

Method

abs co

spec

scint spec

Energy
Cal|bration Standard

ThC" $
~ Cn

Na

Reference

Fl 36

Be 50c, El 5lb~.

Ha 53a

Average
0-Value (Mev. )
2,227 + 0.002t

D {g,n)H -2.221 + 0.013

-2,226 + O.pp3

-2.227 + 0,003

pulse ht

thresh

thresh

Li (p,n)Be, Th 0"f
Li (p&n)Be

7 7

absolute

Ha 49b, Mo 50+

Mo 50
No 53

-2.227 + 0,002

0 (n, $)T 6e25 (+ PoC)08 pr spec absolute

D (p, n)2H
2 1 2,225 + Oe010 thresh Li (p,n)Be7 7

Sm 50, Li 51a+ 2+227 ~ Oe002

D (p, 2|)He 5.3 + 0.3'
5e50 + Pe'03

abs Al

scint spec

(pea )C )0 Fo 49
Gr 53

5.50 0.03

D (d pp)T 3.o8 + 0.02

3.96 + O. C6

3.93 + O. lo
3.98 + 0.07

4.n36 ~ O. O1 2

3,96

4.030 + O. C06

range

range

range

range

mag spec

mag spec

mag spec

Th C'a~ Li 37

Li 3?
a~nergies
F'(
Be (d, o)LZ

Po a

01 35, Li 37+

Co 3&a

& 39
Ho 40a

To 49& Li 5la~
In 50

St 5lb

4.031 + 0.006

D (d, n}~e2 '3

3.27 + O.03

3e 3p + pe 01

3e23 + Oe02

3.265 + 0.009

3.24 + 0.04

3 ~ 25 + 0.06

cl ch

el spec

ph pl

m&g spec

pulse ht

ph pl

ThC' a, Li 37

absolute

Po ap Li 37

(p o3)o
234 238

y U a

El 51d, Ro 51c

Bo 41, Ba 48»

Ar 48

Li 48

To 49, Li 5la~
Bi 52

+ 53

3.265 + 0.009

T (p,n)He -0.7637 + Oeppl

-0.T6i + 0,001

thresh

thresh
(P, ))Si, F (p,af )0

Li (p,n)Be

Ta 49
Bo 51

-0.764 + O.OO&

T (p, )c )He 19.7 + O.3
19.7 + 0.4

pr spec absolute

scint spec Li (p, )( )pg
7 8

Ro 51-b

Ma 53b
19.7 + 0.2

T (d, a)n 17.578 + O. p30

17 7 + 0,3
el spec Li (p,n)Be

7 7

La 47

Mi 51

Ro 53

T (He, p)He 11.18 + O.(p
1'l.l3 + O.g7

range

scint spec He {d,p)He, Sm 4I
Al 53

Mo 53

11,15 + 0 05

He (n, p)T 0 764 + Oe025

0.766 + 0.010
cl ch Je 49a Hu 48a~ Je 49a
pulse ht Po a Fr 50

0.764 + 0.001

& This Q value has been calculated specifically for this compilation from the experimental data. In the calculation of Q values from published threshold
energies, accurate masses have been used if they are known. Mass numbers have been used if the masses are not known.

b This Q value has been corrected for the Li7(p, n) Bev threshold at 1.881 Mev.
& This Q value has been omitted from the weighted average.
~ This Q value has been corrected for the F (p,ay) resonance energy of 873.5 kev.
+ This reference contains a later correction to the value originally reported.
++ In this reference the quoted error for the Q value has been changed.
f This average value was calculated by including the measured Q value for the inverse reaction.
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TABLE I.—COstw led.

He~(d, p)He4 18,45 + 0,17 range My 4.9a

He (d& O )Li 16e3 + 0,2 saint spec Li (p, )I)He
8

Hi 54.

He (He &p}Li 10 86 + 0,15

He (d, p)He
5

302
ph pl Po 43

Ro 5lc
Gu 4.7
Bu 5'lc

He ~ He + n 1,0
0.9 + 0.1

0.90 + O.GV

0.95 + O.OV

1,09+ 010

ph pl
ph pl
ph pl
scient spec

ph pl

Ro 51c

D (d, p)T & He (d&p)He
2

Li (n, t)He, T {d,n)He
6

Bu 51'
«53
Al 53

Mo 53

Fr 54.

0.95 + 0.04

Li He + H 1.6+ 0.5
5 4 1

ph pl Ti 51

Li (y,n)Li -5.4 + 0.26 4

5+35 + Oi20

ph pl
thresh D o Li ~ Be ( g &n)thresholds

2 I 9 tj
Ti 51

Sh 51

«5+37 + 0,14

Lf (n, a)T 4.86 + 0.04

4e97

4.66

4.69 + o, lo
4e56~ 4,92

4.67 + 0.21

4.804 + 0.0?2

range

ph pl
range

ph pl
pulse ht

Poa, Pa37
Poa, Ho38
La 47

Po 47a
Be 38, Fo 38

Pua, La47
v234 238

p U a

Li 38

Ru 38
Ch 49
Na 49
Bo 49
Aa 50

Fa 51

4e797 + Oe022

Li (n,d}He -2, 57 + 0.106
ph pl L1 (n, t)He, T (d,n)He

6

Li (p, a)He
6 3.72 + 0.08

3.945 + 0.06

3. 94 + 0,08

4,0l7 + 0,012

3.97 + 0.03

4e021 + Oe006

4e023 + 0,003

4.024 + Oeno5

cl ch

range

range

mag spec

mag spec

mag spec

mag spec

el spec

Li 37

Be (p,a)Li9 6

F (p,a))O, Fc a16

Fl 9( ))016

a (p,a)Li, ae (p,d)ae9 6 9 8

-Po a
absolute

Li (p,n)ae

Ne 35, Li 37»

Pe 40
Mi 40
To 49a, Li 51a»»

Bu 50a

St 51b

Co 53

Mi 51

4e023 + 0+002

J.i (d&a)He 23' 0
22.{P + 0.07

22e20 + Oe04

22 396 + 0 012

22 375 + 0 Ol4

range

range

range

mag spec

mag spec

Li 37

Th C'ay Li 37
Th C'a~ Li 37
absolute

absolute

Le 33' L& 37»
Ol 35 Li 37»
8a 39
Co 53

Ph 53

22 386 + 0 011

Li6(d, p) Li7 5.02 + 0.12

5.019 + 0.007

5,028 + 0 003

range

mag spec

ILag spec absolute

Co 34' Li 37»

St 51b

Co 53

5.027 + O.N5
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Li {d,n)tee 7
3+30

3.27

3e40 + Oo05

ph pl
c1 ch

ph p1

TABLE I.—Costi' ed.

Ro 50

Ma 49a
Rl 50a

Gi 50

3.40 + 0.05

Li {dgt)L1 0.9 + 0.1 mag spec preliminary

Li (d~t)He +H 2, 51 + O, O4
I

mag spec Fr 53 preliminary

(Li (t,d)Li 0 982 + Q, QQ7 mag spec Li {p,e)He
6

Pe 52 0.982 + O, ops

Li (t,p)Li 0,784 + 0 015 mag spec Li {p,e)He
6

Pe 52

L1 {He ,p)Be 16.606 3 8 scint spec D (He ,p)He
2

Li ( y&p)He ~.5+ O.3
, 8+ 0,5

thresh

thresh ee~( l,n)ae, c'~( ),~)c"'
Be 47

Mc 49

-9.6 + 0.3

Li (p, e)He47 17.1
1713+ 006
'l7, 28 + Q, Q3

17.340 + 0.014
17.338 + 0.011

17.352 + 0.009

17o344 + 0,013

range

range

range

mag spec

mag spec

mag spec

mag spec

Ie

Th C&c, Li 37

Th C'a

absolute

absolute

Li 33. Li 37»

ol 35, Li 37»

S 39
$t 51b

Qh 51

Co 53

Fa 53

1 I.346 + o,olo

Li (p, n)Be
7 7 I g64 + ooo2d

1,647 + 0,005

6
-1.645 + o ooi6
-1,65 + 0.04

1.6451 + 0'0006
-1 i6454 + Q+0009

thresh

thresh

thresh

thresh

ph pl
thresh

thresh

p ( II)o
absolute

absolute

absolute

La 47

Ra C'a

yg (p,p')&g, Na

Ha 40a

Ha 44
He 49
Sh 49b

'
Gr 50

% 51c

Jo 53

1,6453 + 0.000

L& (p. N)~ 17+1

16i7 + Oo5

17,2 + 0,2

cl ch

cl ch

pr spec

absolute

absolute

absolute

Ga 37

De 37

Ma 48

17,1+ 02

Li {dye)He
7

14 3
13,43
14.2 + o.l
14.2 + 0.1

range

ph pl
range

ph pl

Li 37
&z~nergies

Th(C + C )a

Mi 37, Li 37»
La 47
Fr 51c

Cu 53

14.2 + 0.)

Li (d e)He + n 14,9 + 0,3
7 4

range Th C'e 01 35' L& 37'»

Li {d,t)Li -1.00
7 6

range Al {d&p)Al Go 51a -0.982 + O.oov

Li (d,p)Li -Oo3 thresh
-o.20 + 0.03 yield Li
-0.187 + 0+070 angle Li recoil8

is~(p, ) )a
Ba 37' Li 37»
Ru 38
Pa 50

We&92 + 0+00&
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TABLE I.—Continued.

-0.188 + O.OOV

-0.192 + 0.001

mag spec

el spec

Po a

Li {p,n)Be7 7
St 511
Mi 51

Li (d, n)Be
7 8 14.5 + 0.5

1 5.o5 + 0.2
15io + 0+15

cl ch

cl ch

ph pl

Li 37

Be 38

La 47

Bo 35' Lf: 37+

St 38

Gr 49a

15~ 0+ 0, 1

Li (d, n)2He 14.6 cl ch Th C , Li 37 Bo 35, Li 37+

Li (t,a)He
7 6 9.79 + o.03 mag spec Cm a242

De 52

Be ~ 2He
8

Oelol + Oo010

0.089 + 0.005

Oe085 + Oe00$

Oo094~+ Ooool

pulse ht

mag speC

ph pl
81 spec

Li (p, n)Be , Be ( g, n)Pe

F ( 1)0

Li (p,n)Be, B (p a)Be
7» 8

He 48b, He 49b+

To 49a

Cr 50& Cr 50a

Jo 53a

0.094 + 0.0013

Be ( g &p)Li ~ -18, + 1

-lb.93 + 0.15

thresh

thresh
08 47

Tg 52

-16,93 + 0.15

B 9(IC, )an' -1 e681 + 0,013
-1,666 + 0,002

-1.662 + O.oo3

pulse ht

thresh Li (p,n)Be

absolute

Ha 49b

No 50

No 53

-1.665 + 0.002

Be (n, ))Be 6.816 + 0.006 pr spec absolute Ki 53b

Be (p, a)Li6 2 ' 115 + 0.04

2.074 + 0.03

2e121 + OiOOV

2,142 + 0,006

2el30 + Oeolo

2,126~+ 0,004

2+126 + 0.003

el spec

el spec

mag speC

mag sP8C

el spec

el spec

mag spec

absolute

absolute

F ( eII)0
Po a

absolute

Li (p,n)B
7

absolute

Al 40
Ro 48

To 49ay Li 5la~
$t 5lb

Ca 51

Mi 51, Cr 52+

Co 53

2,126 + 0.002

Be (p,d)Be
8 0.547 + 0.006

Oi541 + Oe003

0.5++ 0.003

0,562 + 0,004,

0.558 + 0.005

0.558 + 0.002

0 560+ 0013
0.560 + 0.003

el spec

el spec

mag sPSC

mag spec

el spec

8l sp8c

mag spec

mag spec

absolute

absolute
F19( )j )016

Po a

absolute

Li (p, n)Be
7 7

Li (p, g)Be
absolute

Al 40
Ro 48

To 49a
St 51b

Ca 51

Vf. 51

Sa 51

Co 53

0.559 + 0.001

B.9(p,n)B9 -1.85 + 0.01d

-1,851 + 0,006

-1,852 + 0 002

thresh

thresh

thresh

F '(p&a0 )019 g 16

Li (p,n)Be
7 7

(pqn) Be7 7

Ha 40a
Ha 44

Ri 50

j.,852 + 0,002

B 9(p,) )B" 6.5 + 0.2R

6.50 + 0.10
6.48 + 0.15

abs co

pr spec

p&],se ht

F19( g )016

absolute
F" (p,e))0, 0 ().P)n

Fo 48

Ma 50b

Ca 51a

6.5 + 0,1
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TAsr. E I.—Con. tinued.

Be (d, a)LX 7.19 + 0.12

6.95
7.093 + 0.022

7.150 + 0.008

7.151 + 0.010

7,159 + 0 009

7.153 + 0.004

range

pulse ht

range

Nag spec

mag 8pec

el spec

mRg spec

Po a

Th (C + C&)a

Poa, Ho38

Th G' a

Li (p, n)Be
7 7

absolute

01 35a, Liy7+

Mi 37a

Gr 40

St 51b

Mh 51

Mi 51

co 53

7.153 + 0.003

Be9(d t)B 8 4.32 + 0 06

4.597 + 0.013

4,61 + 0 04

4.67 + 0.03

4.&o + o.o3

pulse ht

mRg spec

mag spec

ph pl

ph pl

Th(C+e) a

Po a

re (d,a)Li7

El 51c El
Ca

51a

52

Vi 37a

St 51b

Re 51

4 598 + 0,012

Be (d, p)Be
10 4.59 + 0.11

4, 52

4.59 + 0.05

4.68

4.585 + 0.008

4.591 + 0.008

4.55 + 0.03

rRnge

range

range

IQRg 8Pec

mag 8 pec

mag spec

ph pl

Po a

Li 37

Ee (d, a)Li7

Pc a

F (~, )I)o
Li (p, f }Be,Ro 50

01 35ag Li 37+

Po 40

Al 48

Xn 50

St 51b

Kl 51

Sa 51

4.588 + o.oo6

Be (d,n)B
10 4.2 + 0.2

4 4

4.39 + 0, 1

4.35 + 0.06

4.44 + 0.05

4 ~ 35 + 0.02

cl ch

cl ch

ph -pl

ph pl
ph pl

ph pl

Li 37

D (d,n)Ve
2

Ri 51

La 47

E1 5&d, Ro51c

Eo 36a, Li37»

St 39

Mh 50

A$ 52

Pr 52

Dy 53

4.35 + 0.02

B (a d)B -8.0& + 0.05 range m-. e( a, B 50d Mc 51 -8.018 + 0.007

Be (a~p)B
12 -6.92 + 0.05 range The' a, Be 5M Mc 51

Be (a,n)C 6.3
5.8
5.7
5.68

p~ pl

ph pl

La l7
La 4'7

range recoil p ?.1 37 Du 34 Li 37+

Be 37

Br 50

Gu 52

10(f ) 9 -8.55 + 0.25 thresh D, Li, P. e {g,n)thresholds2 7 9 9
Sh

2 82

2.78 +

2.70 +

2.788+

0,07

0.02

0,01 0
2.8o + O.o5

2.85 + 0.10

2.793+ 0 027

2.775+ 0.02

2.781+ 0.025

2.75 + 0,08

2,90
range

pulse ht

pulse ht

cl ch

cl ch

pulse ht

pulse ht

mag spec

pulse ht

pulse ht

puj. se ht

Po a~ Bl 38

Po a

Th (C+G') a

Bl 38

37
„238

Po a

(v P)o
Po a

Pu a
23&, 238

~ U a

Po a

Li 38

ya 39
Qi 41

Bo 45
Gi 48

St 49

Je 50, El 48

Bu 50

Fr 50c

Ha 50a

Bi 52

Ha 52c

2.786 + O. OO8
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TABr.E I.—Co~t6zued.

B {pea)Be
10

1 ~ 148 + 0,006

1 ~ 152 + 0,004

1 ~ 147 + 0,010

1 147 + 0,0025

mag spec

mag spec

mag spec

el spec

Li (p,n)Be , F (p, a)Q19 16

Po a
F19(g)016
Li (p,n)Be

Ch l+9a, Br 5)a»»

Pa 50

Bu 50

Cr 52

1,1l,8 + 0.002

B (p, He )Be -0.536 + 0.00310 3 8 el spec Li (p,n)Be7 7 Cr 52 -0.536 + 0.003

B (p, n)C -5.1
1Q 10

-4,35 + 0,2

thresh

ph pl

-4.35 + 0.2
preliminary

B (py))C &838+ 012 pr spec absolute Ma 50b

B (d, a)Be 17.76 + O. O8

17,92 + 0,15

17,91 + 0,06

)7.87 + 0.06

range

range

range

Rag spec

Li 37

Be 50

F (p~a Ic )0, Li 3V
19

Co 36 ~ Li 37»

Mh 51a

53a

Cu 53a

17,86 + 0.04

BlQ{d )Bll 9,14 4 0,06

9,22 + 0.20

9,18 + 0 05

9.235+ 0,01)

range

range

range

mag spec

Li 37

Li 37, Be 38

Li 37, Be 38

Po a

Co 36 ~ Li 37»

Po 401

Ba 50

& 51b

9.235 + 0,011

(d, n)C 6.O8 + 0.2
6.6
6 59+0,1

cl ch

ph pl

ph pl

Li 37 Bo 36a, Li 37»

$M 49

Gi 49

6.6 + 0.1

B (ad)C (1 ~ 55+ 02)
1,39 + O, Q1

range

Inag spec

Th (C + C') a& Li 37 Cr 49
Sh 53

4.16

3.86

3.85

4,K+ 02
4, Q8 + 0,12

l,.13 + 0.02

cl ch

range

ph pl
range

range

mag spec

lh (C+C') a

Th (C+ C&) tt, Li 37

Zl 38

Je l,o, Ho 5Oa»

Ne 40
Cr l+9

Pe 50a

Sh 53

4.OS + 0.10

B ( Q n)B -11,50 + 025lp thresh D, Li, Be ( g,n)thresholds2 7 9 ii
Qh 51

B (p&a)Be
)1 8 8.60 + O. lo

8.567 + O.Q)O

8.574 + 0.014
8.589 + 0.00l,

range

mag spec

mag spec

mag spec

Th C~a

Po a

Po a
absolute

01 35ap Li 37»

St 5)b

Li 51a

Co 53

8.585 + O. QO6

B (p, a)2He 8.5 + 0.61)

8.7 + 0.2
range

cl ch

Po a 01 35a

D 36

B (p, n)C -2.76 + 0 01
11 11 d

-2.762+ 0 003

thresh

thresh

F19( ))016
Li (p,n)Be

Ha i+pa

Ri 50

2.762 + 0.003
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B (a,p)C o.66 + o.30
0.85 + 0.2
0,75 + Oiol

0,85 + 0,02

range

range

mag spec

mag spec

T&BLE I.—Continued.

Th (C + C') a& Li 37

Po a

Po 39
Cr 49

Fr 51b

Sh 53

0,75 + 0.01

B (a,n}N 0.4 + 0.25 pulse ht Poa&RaAa 027+006

C ( g n)C -19.0+ 0.412 ~ 11

18g7

thresh

thresh

absolute

Cu ( g,n)cu65 &
Ba 45
Mc 49

C (n, 2n)C & - 2112 11 thresh Li (d, n)Be
7 8

Sh 45

C (ni 3I)C 4 949 + 0.006

4.95 + O.Q5

pr spec

pulse ht

absolute

(n, p)c14 1$
Ki 53b
Mi 50

4.949 + 0.006

C (p,d)C ) -17 1 + Oo3
12 11 a

(16.7)'
thresh

ph pl

B (p, n)C
11 11

Pa 48

Le 50

12( )
12 -18.5 + O, l thresh C (pyd)C ~ Sm 47 Al 49a

B (d, a)Be 8 ~ 13 + 0.12
1'l 9

8.n18 + O.Qm

range

mag spec

Li 37

Po a

Co 36, Li 37+

ga 51

8.018 + O, QO7

B11(d )B12 (1-25)
&.136 + O. QO4

1.1l,o + 0.008

ph pl

mag spec

mag spec

Po a

Po a

Hu 49a

Bu 50b

El 53

1 ' 137 + O, QQ4

P (d n)C 134 + 0311 12

13 92 + 0,15

cl ch

ph pl

Li 3l
La 47

Bo 36a, Li 37+

Ci 49

13.8 + 0,2

C12(d,p)C1 2,71 + 0.05

2,38 + 0.15

2.6
2.72

2.716 + 0.005

2.70 + 0,03

2.732 + O. QO6

2 722 + 0+Q04

2 ~ '722 + O.C04

range

range

ph pl
rarge

mag spec

.ange

mag spec

mag spec

mag spec

Li 37

Li 37

Po 43
Pa 37, Li 37

Po a

A127(d, p) Al28

19( g) 16

absolute

Co 36a, Li 37+

Hu 41

Gu 47

He 49a

St 51b

Ha 51

Kl 51

Ha 51b

Fa 53

2 722 + 0+003

c (a,n)N -o.25 + 0.0312 13

-0.28

-0.281 + O.003

cl ch

thresh

thresh

Pa 37
absolute

F ( $)O

Bo 36a, Bo 38+

Co 36a, Li 37+

Bo 49a

-0.281 + 0.003

(a p)N -4 ~ 8& + 0,2012 15
Sm 47' Li 37

+-4.961 + 0.003

(p,n)N -3.» + O. Q3
13 13 . . a

-3.003+ O. QO3

thresh

thresh

F"(p,.$)O"
Li (p,n)pe

Ha 40a

Ri 50

-3.003 + 0.003
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C (Py g )N 7.6 + 0 2

7.62 + 0.08

cl ch

pulse ht

TABLE I.—Co~ti~ued.

absolute

F (p&i g )0, D ( g, p)n
19 ~ 16 2

La 40
Ca 51a

7.62 + 0.08

13( )
11 +24 + 0.11

5.160 + 0.010

5 164 + 0 006

5 166 + 0,005

range

mag spec

mag spec

mag spec

Li 37

Po a

Al (pgg )Si g Po a
J 28

absolute

Co 36a, Li 37+

St 51b

Li 51

Ph 53

5.164 + 0.004

C (d t)C 1 310 + 0 006

1 310 + 0,003

mag spec

mag spec

Po a

(p, g)Si, Po a28
St 51b

Li 51

1 ' 310 + 0.003

C (d yp)C
' 6,1

6.09 + 0.2
5.82 + 0.12

5.91 + 0.03

5,948+ 0,008

5+9lpO+ 0.004

cl ch

range

range

range

xRg spec

mag spec

Be 38

Li 37

Be (d, p)B

Po a

Al (p~ g )Qi ~ Po a27 J 28

Bo 39
Be 41

Hu 41

Cu 50

$t 51b

Li 51

5.942 + 0.004

C (d, n)N 5~2 + 0,4
5.17 + 0.05

cl ch

ph pl

Li 37 Bo 36a& Li 37+

Ma 50e

C (a,n)0 2.06 + 0 16 pose ht D (II,n)H Jo 51a

C (p, n)N -0,620 + 0,00914, 14 thresh Li (p, n)Be
7 7 Sh 49

+-0 624 + 0.004

C (d gn) N. 8,16 ph pl Hu 50b

N ( g, n)N -11~ 1 + 0,5

-10,65 + 0,2

-10,8

thresh

thresh

thresh

absolute

Cu (j e~)~
Ba 45

Mc 49
Ho 51

10i7 + Oo2

N (n, a)B14 11 -0,28

~.43 + O.l

-0.26

W, 50+ 006
-Oo24 + Oo08

-Oe28 + 0+08

cl ch

pulse ht

pulse ht

pulse ht

pulse ht

pulse ht

D(d, n)H

Li {p,n}Be7 7

Th {C +C~) a
234 238

y U a

Bo 36

Ba 39
Ba 46

Bl 47b

$t 4,8
Bo 51a

-0.27 + 0.06

N 4(n, p)C
4 0.62

0 57 + 0,04

0.6o

0+71

0.60 + O.ey

063 + 001
0,616 + 0,025

0.630 + O.oo6

0.610 + 0.010

cl ch

pulse ht
cl ch

pulse ht

ph pl
pulse ht

cl ch

pulse ht

pulse ht

Be 38
absolute

Li 37

Li (p, n)Be7 ?

Li 37

Al 4.7
Je 49a
Po a

ThCa

Bo 36, Li 37+

Hu 40, Hu 48+

Bo 45
Ba 46

Cu 47

Hu 48

Hu 48a, Ze 49a
Fr 50

Me 50

0.624 + 0.004
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M (n, ] )N &0,832 + O, O08

TAsr. E I.—Cont& zz&ed.

absolute Ki 53b

(p,n}0 -6.0 + 0.5
14 14

-6+03+ Qe2

thresh

ph pl

absolute

Ro 51c

3h 49a

A) 5I

&.0 + 0,2

N (p~))O 7.34 + O.&3 scint spec Na $, F (p&a)0
22 ~& 19 16 Jo 52

N14(d a)c12 13 40

13,40 + 0,1

13,39 + 0.08

range

range

range

La 35a, Li 37+

Co 36a, Li 37+

Ho 40a

N {d~p)N 8.55

8,51

8.65
8.55

8.61

8.615

8.63

8.613

+ 0.08
+ Q

+007

+ 0.1

+ 0009
+ 0.03
+ 0 011

range

range

range

ph pl
range

mag spec

range

mag spec

+ energies

Po 43

Po a
~27(d )

28

(n, )r) a&, Ta c a

Co 36a, Li 37+

Ho l+Oa

Da 47

Gu 47

~ 49
Ma 50d, St 51b~
Ha 51

Ni 52

8.4~4 + 0.0%

N14(d )
15 5.1 + 0.2

5,15 + 0.10

5.11 + 0,04

51
5.15 + 0.16

cl ch

ph pl
ph pl

ph pl

Na 34

La 47

Ri 5]

Kl 51c

St 37

Gi 48a

Na 52

Ro 52

Ev 53

5.12 + O.ol,

N14'{ )017 -1 26

-1.6 + 0.2
~1 y31

-1.16 + O.04

range

range

range

ph pl

Ha 35
St 35
Po l+7

Ro 51a

-1 ~ 16 + O, Q4,

N (a,n)F14, 17 thresh Ha 35~ Li 37+

m (p, a)c 5~00

5 14.

5.2
4 96

4.960

4~961

4. 962

+ 0,15

+ 0 (Xff

+ 0 006
+ Q.OQ4

range

range

range

range

mag spec

mag spec

mag spec

em ner gies

absolute

Bu 39
Ho lo
Co 49
Fr 5Qb

St 51b

Li 51a

Co $3

4.961 + 0+003

N (d, a)C 7.54 + 0.07

7 681 + 0.009

range

mag spec

amnergies Ho 4Qa

Na 51

7.681 + 0,009

N (d,p)N 0,23 + 0,15 range

N'5(d, n) 0"6

10.9 + 0.5
ph pl

range recoil p

Hu 49
Mo 5Qa
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0 ( y, a) 3He 14.616 &
ph pl

TAsr. z I.—Continued.

Go 49

0 (g,n)0 -16.3 + 0.416 d

-15.6 + 0.2
thresh

thresh

absolute

( g,n)thresholds
Ba 45

St 51a

-15.8 + 0.2

0 (n&a)C -2.38 + 0,1616
pulse ht D {d,n)He ~ U a

2 3
Hu 51

0 (n, p)N
16 16 a thresh (d, n) B

0 ( ,2n)0
16 15 thresh u. {d,n)Be

0 (d ga}N 3 13 +0,13

3.112 + O. OO6

3 ' 119 + 0 005

3 09 + 0,02

3,113 + 0,003(

3 119 + 0,005

range

IQag spec

mag spec

ph pl
el spec
IMg spec

P.o 51c

L& (p~n)Be
7

absolute

Co 36a, Li 37»
St 51b

Li 51a

Pu 51a

Cr 52

Fa 53

3~ 1&5 4 Os002

0"(d )O" 1 95 + 0.06

1,8
1 075

1,9
li90 + Oo2

1,94 + 0 Q8

1,917 +0 005

1.918 +0.008

1,928 +0,010

range

ph pl
range

ph pl
range

range

mag spec

mag spec

ph pl

Li 37

Po 43

Pa 37~ Li 37

Li 37

Po a
19( )) 16

Ro 51c

Cc 36a, Li 37»

Qu 47

Po 47

Ne 49a
He 49a
Sa 50

St 51b

Kl 51

Bu 51a

1,9'l9 + 0 0(g

0 (d,n)F
1 03

-1.615 + 0.010
-1 ~ 51 + 005
-1.631 + 0.003

thresh

angle F
1'7

thresh

ph pl
thresh Lg (p, n)B

7 '7

Ne 35ay Li 37+

Ne 35a
He 48

51

Bo 51

1s630 + Oo004

0 (a,p)F &.08 + 0.1016
Sm 47' Li 37 Bu 51b &.117 + 0 009

pulse ht N (n, p}C1

0 ( g, p)N & -16s35 + Os2
18 J 17 thresh ( ),n) thresholds St 51a

0 (,a)N 3.96 + 0.15
3+97 + 0+05

3+96 + Os04

3 961+ 0,009

range

range

mag spec

mag spec

ThCa
Be (d,a}Li, C (d,p)C

F ~( 7)0 N ~(,s)C

Bu 39
Fr 50b

Se 51

Mi 54

3.961 + Os009

0 {ppn)F -2 42 + 0+04
18 18

-2,4
-2e4$3 + OoO

thresh
thresh
thresh- Li (p,n)Be

7 7

Du 38

Bl 49
Rg 50

-2.453 + O.Oa4.
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TABLE I.—COB tin ued.

0 (a,n)F 5.7+ 0.1 ph pl Se 53

F (n e)N W73+ 02516

-1,2 + 09
pulse ht
thresh

Th (C+ C&) e
calculated

Bl 47b

Je 50a

F (n, p)O -3.9 + 0.7519 19 thresh calculated Je 50a

3' (n, II)F 6.63 + O.O3 pr spec absolute Ki 51a

19( )
16 8,15 + 0,12

7.95
8.113+ 0.030

8,06 + 0 0/+

8,118+ . 0,009

range

range

mag spec

15ag spec

NRg spec

L& 37

u (p, e)Ze
6

(r ~e)t)o
Th C& C {d&a)B

Po e

Li 37

Bu 38

Ch 50

Fr 5Qb

St 51b

8.117 + 0.009

F (y, n)Ne -3.97 + 0.2519 a

-4.~ 1

»4. 039 + 0 005

thresh

thresh

thresh

Qm 47
19( )) 'l6

MI, 39
Bl 5'1

Mi 52

-4..o39 + 0.005

19( )
17 9,84,

10e050 + Qe010

10,os + 0,020

10,028

range

IMg spec

ph pl

La (p, e)He
6

Po a

Ro 51c

Po e

Bu 38

St 51c

Bu 51a

Qa 52

10 039 + 0.010

F (dip)F 4.3
4' + 0.04

4,16+ 008
4,373+ Q, OOV

4.55

4.39 + 0.05

cl ch

rRIlge

range

nag spec

nag spec

ph pl

C (d,p)C, Be (dip)B
'

Ro 51c

Bo 39
Je 5Qb

Al 51

St 51b

Sh 51b

Bu 51a

4, ~ 373 + 0.007

F (d, n)Ne 'l0, 80 + 0.20 cl ch Ho 38 Bo 40

F (e,p)Ne 1.58

1+4 + 0 2

1 ~ 57

range

ph pl

L& 37

Qu 34.b

Po ey La 47

Ch 32' L1 37+

ga 36

H$ 52

F (a,n)Ma ( 2.3) cl ch Bl 32 Bo 34., LX 37+

Ie (n~e) 0 0.720

-0.8O to ~.85
M+75 + Oe05

cl ch

pulm ht
pulse ht

D (d,n)He

Po e

JR 35
Gr 46' Jo 51+

Jo 51

-0,75 + 0.65

Ee (d, e}F 2 78 + 0 02

2 791+ 0 {Xg
ph pl
RRg spec

Ro 51c
19( )) 'l6 o'l6g ) 19

Ki 51R

Ni, 54,8

2 791 & D.OO9

Ke (d~n)Na . (W.'l7 e 0.05) Su 52
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TABLE I.—Continued.

Ne (p,n)Na -16,1 thresh tel 2( )N
2

I

Nb (d,p)Ne 4.48 + Q.l 0
0 e

4s 54

4s54 + Qs
4.529 + O, OOV

4,526 + 0,009

range

ph pl
ph pl
IBag spec

nag spec

Ro 51c

Po c
F' (p,s))O, Ss (d,p)as O

E1 47

Ru 50
Am 50
Ni 51a
Va 52

& 54

4s528 + Oe006

Ne (a~p)Na»2, 54 + 0.2020 23 Lt 37 Po 37' Li 37+ We378 e Os003

Ne (d,a)F 6.432 + 0.01 021 19
nag spec Al (pqg)Si q Th C a N. 52

Ne (d&p}Ne 8 34
21 22

8.137 + 0.011
ph pl
5Lag spec Al (py $)SA y Th C s

Ae 50

N. 52

8+13/ + QsQl'I

Ns (d s)F 2+62 + 0 10 ph pl Ro 51c

Ne (d&p) Ne 2.89 + 0.11

2,88 + 0+06

2.96
2o964 + OoOGV

range

ph p&

El 47
Zu 50
Am 50
7a 52

2s964 + OoQGV

Ne (e n)~ ~9&6 e 0OV ph p1 01 51

Na ( ),n)Na 12.05 + 0.2023 .& 22 thresh D, Li, Bs ( ), ,n)thrssholds7
gh 51

Na (n&a}F -5.4 + 0.320 thresh calculated Je 50a

Na (n, p)Ne -3,6 + 0.823 23 calculated Je 50a

Na (ppe}Ne 2s37 + 0,045

2.34 + 0-04
2~372 + Os008

2 379 + 0 003

range

nag spec

%kg sPeC

el spec

F19( )016

Be (p&e)L& & U. (p&e}He

Po a

Li (yn}ae

Fr 48' Fr 505+

Fr 50b

Va 52

Do 53

2s378 + 0 QQ3

Na (p,n)Ng
23 23 458+0,3

5o0

4,88 + 0,01

thresh

thresh
thresh

am 47
F19( $)O16

Qh 39
81 51

Mi 52a

-4.88 + 0.01

Na23 (d )N
21 6.85 + 0.1

6.75 + 0.1

6+902+ Os010

6.S4 + 0.05

range

range
'nag epee

range

Li 37

e (d,a}B

amnergiee, Be 50

La 35y D 37+
Nu 39

51b

Fr 51

6i902 + 0 01P
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Na (d, p)Na
23 4,92 + 0.30-

4.76

4 69 to 4,81

4,731 + 0.007

4 723 + 0~008

range

range

range

mag spec

mag spec

TABLE I,—Continued.

Li 37

D (d p)T L& (d p)L&

Po a

(a, It)sz, Ta c,

La 35' Li 37+

Mu 39
Mh 5Ob

St 51b, Sp 52++

Nt 52

4,727 + 0,005

Na {d,n)Ng 9.23
23

ph pl Ma 49

Ha {a,p)Ng 1.9123 26

1.64

1 44
't ~ 55

range

ph pl
range

ph pl

Th (C+C') a
ThC' a

Po ay La 47

Ko 34& Li 37+
Me 40
No 48

HJ 52

yg ('g, n)Mg -'l6.4 + 0.3
-16.2 + 0.3
-16+55+ 0+25

thresh

thresh

thresh
ae (II, )nan, c (f,n)c
D, Li, Be {g,n)thresholds

Be 47

Nc 49
Sh-51

16,4 + 0,2

Mg (n, ])Mg 7 33l„+ 0 007 Ki 51a, Ki 53e+ 7~334 + 0,0%

Ng (p,n)Al -14.8 + 0.3 t,hresh

Ng (p, ))Al 2.&4. + 0.& scint spec F (p~ g )0 ~ Na
19 d 16 22 ~)

Ca 53a

~g {dip)Mg 5 03 + 0~05

5,097+ 0 OGV

4.99 + o.10

range

mag spec

ph pl

m48
St 51b, Va 52~

Am 52

5+097 + 0.007

.Mg (d,n)Al 0.07 + 0.0625
ph pl 0 (d~n)F, Ro 51C

16 1/
Go 53

Mg (a,p)A1
24 27

-1.613 + 0.010
range

mag spec
M 34a, L1 37+
Ka 52

-1 ~ 595 + oo002

Ng ( g, p)Na -11~ 5 + 1.025 & 24 thresh a ($ )as c (g, )c Mc 49

gg ( ],n)Ng -7,25 + 0,20 thresh D , Li , Be ( j,n)thresholds
2 7 9

Sh 51
+.

-7i334 + 0.007

Ng {d,a)Na 7.225 23

7+019 + 0 013
range

mag spec

Li 37

Po a
Le 33' L& 37+
Va 52

7.019 + 0.013

Ng (d, p)Mg 8,880 + 0 01226

8,86 + 0 10
nag spec

ph pl
Va 52

~ 52

8.880 + 0.010

g 5(d,n)~ 6 5.58 + 0.10 ph pl Sv 50

Ng {a,p)pZ 1 05
25 28

range Du 3@ay L& 37+
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TABLE I.—CO11 f1111leG.

Mg (),n)Mg -11.15 + 0.20 D „Li, Be ( g,n)thresholds2 7 9 Sh 51

Mg ($ yp)Na 14 0+ 1 026 ~j 25 thresh Se (f,n)ae, C (),n)C Mc 49

Mg (n, f }Mg 6oA40 + OI008 pr spec alsolute

Mg ,(p)n)g. (-5.1)26 26 thresh Bl 51

Mg (pe))A1 8.3 + 0 A scient sPec F (P,c f )0 , Ns Ca 53 8/++ 0.3

4,21 + 0,10

4.2Ã+ 0.006

4,16+ 010

range

Eag spec

ph pl

Po a

Al 49b

Ya 52

Ae 52

4.2N + 0.006

Mg (d,n)M 5.68 + 0.05 ph pl Qv 50

» (3 .p)Mg -8 6 + o 5 ph pl Di 50 -8.4 + 0.3

Al () yn)Al -1A.A + 0.3
-14+0 + Oo1

12 75+ 0,20

thresh

thresh

thresh

ae (j(,n)ge , 0 ( ),n}C

D, Li, Be (g,n)thresholds2 7 9i)

Be 47

Mc 49
Sh 51

Al (n, }I)Al 7.724 + 0.006 pr spec absolute Ki 53b

~ (p")Mg 1 ~ 57 + 0,03

1.585 + 0.015
1 ~ 595 + O.KP
1 ~ 594 + 0,002

1.61 + 0.02

range

mag spec

mag spec

el spec

(p,a}0 , Ho 3816

Be (p&a)Li, L1 (p&a)He
9 6 6 3

Po a

Lt (p,n)Be
7 7

Fr 48' Fr 501+

Fr 50'
V&. 52

Do 53

Ru 53

1,595 + O, OP2

7{ )Si27 -5.8 + 0.1

~5 e4,

-5'71

-5.610 + 0.10

thresh

ph pl
thresh

thresh

La 47

Qm 47

F ( l)0

Mc 40
Gu 51

Bl 51

IE 53d

-5.610 + 0.010

(p, ) }Si 11~ 51 + 0.20
11 63+010

pr sp c LX (p y )B F (p a O }0
sc1nt spec 8 (p, }I )C , C (p, C )N

Ru 51a
Ru 54

11,60 + Oe09

(d, e}Wg 646+ 014
6.52 + o.o6

6.58 + 0.03

662+005
6 694 + 0 010

range

range

range

range

mag spec

Li 37

Li 37
Th C' ag Li 37
iC (d~a)B ~ Ho 3813 11

Po a

Mc 35& Li 37+

Po 49
Sc 50

Fr 50a

En 51

6 694 + O.610.
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TABLE I.—Continued.

Al (d,p)Al
. 5.79 + 0.3

5.46 + 0.06

5e45 + 0+05

5.47 + 0.15

5.72

5I494 + Oe010

5.53 + o.2

range

range

range

ph pl
range

mag spec

mag spec

Li 37

Li 37

Li 37

Po a

Nc 35' Lt 37+
Al 48
po 49
Ne 49
Mh 50b

En 51

Ke 51

5.494 + 0.$10

(d,n)Si 9,08 + 0.20 ph pl B (dip)B y Li 37

Al (a~p)Si 2.3
2.3
2.26

2.25

2.22

2.38 + 0.2
2.30
2,26 + 0.05

range

range

range

ph pl

range

ph yl
ph pl

Bl 32

Bl 32

Li 37
Th (C +C') I

po es La 47

Ch 32

Ha 33
Du 34a& Li 37+

Me 40
Be 48

La 50b

Sl 51 ' Sl 52

Eo 51d,

2,27 + 0.05

Q, 7{I,n)p30 -2.8a

-3e0a

302
a

a-3+4

2,93 + 0,17

thresh

thresh

thresh

thresh

ph pl

Sa 35
Ma 36
Po 38
F(.. 38

Pe 48

2e9 + Oe2

Si (),n)Si -16 9 + 0.5
-16.8 + 0.4
-16.9 + 0.2

thresh

thresh

thresh-

Se~(),n)se, C (V, )C

absolute

Be 47
Mc 49
Su 53

-16.9 + 0.2

Si2S(n, g )Si29 S.46S + O. 0OS pr spec absolute Ki 53h 8.g68 + 0.008

(p, n)P -15' 1 + 0.5
28 28

-14,8 + Oe5

thresh

thresh
Mg (p,n)Al

Mg (p,n)Al

Gl 53

Br 54a

'l4,9 + 0.4

St28(d, p)S~29 6,16 + 0,06

6 ' 12 + 0.15
6e18 + 0.09

6.246+ 0.010

range

ph pl
range

mag spec Po a

Al 48

Ne 49
Mo 50a

En 51a

6~246 + Oe010

Sg28(d n)P29 (-0.80 + Oe10)

0.29 + O. Ql,

ph pl
ph pl

Pe 48

Ma 52

Si28( )P1 2 023 range Ha 35as L1 37+ 1+909+ 0,010

Si ( ll yn)si -Se45 + 0.20 thresh D ~ Li, Be ( Y,n)tl;reeholde2 7 9 S}1 51 -8.468 + 0.008

SL (n~g)Si 10,601 + 0,011 pr spec absolute Ki 53b
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TABLE I.—Continued.

M. (dse)A1 5.994 + 0.011 mag spec po a Va 5la Va $2+

Si (d~p)Si 8 36 + 0.10
8 388 + 0.013

range

mag spec Po a

Mo 50a

Va 51ay Va 52+

8.388 + 0.013

Si (d,n) P (3 38 + 0.17)
3.27 + 0,04,

ph pl
ph pl

pe 47a

Rf. 51

Pe 48

Ma 52

3,27 + 0,04

S| (d sa)M 3 ~ 120 + Oo0" 0 Po a St 511

Si (d, p)SX 4,33 + 0.15

4.364 + OeOCI7

range

mag spec Po a

Mo 50a

St 51b Va 52~
4.364 + 0.0&

Si (d,n)P (4.56 + 0.13)
4,92 + 0+04,

ph pl
ph pl

Pe 47a
Rg 51

pe 48
Ma 52

P (g,n)P 12.35 + Oa2

-12,4 + 0 2

«12,05 + 0 20

thresh

thresh
thresh

Ba (/~n)Ba ~ C (Y ~n)C

C ( g &n)C Cn (V,n)C

D, I,i, 'He (,n)thresholds

Mc 49
Ka 51a

Sh 51

-12~27 + 0,12

(n, p)sx -Oi94 + 0.13 pulse ht 234 ge 4S

P (nY)P 7,94 + 0,03 pr spec absolute

P (p,a)si 1.85 + 0.02

1 909 + 0.010
mag spec

gag spec

P19( )016

Fo a

Fr 51a

Va 52

1.909 + 0.010

P (d,a)sl S 158 + 0.011 Fo a M 51a& Va 52+

P (dp)~ 5.9 + 0.3
5,52 + 0 10

5.7e,+ 0.008

range

range

mag spec

po 40a

H. 51

St 51b, 7a 52~

5~704. + Oa009

P (d,n)S 6,81 + 0.08

6.2 + 0.2
ph pl
ph pl

El 52

Sn 52 ~ Sn 52a+

P(a p)s P 31

(1.3)
compQ, ec}

ph pI
Xi 37
Th (t: +C') e

P (a,n)CX34 -5,6

(),d)P3C 19+15 + Oo2O es(y ) 6g
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TABLE I.—COP1t&sued.

83 (V,n)s -15.0 + 0.3
-14.8 + o.4
-15 0 + oe'l

thresh

thresh
thresh

Be (g,n)se, C (ht, n)C

Be 47

Mc 49
Ha 52

15.0+ 01

(n, a)si32
1 16+0,15 pu3.se ht 238

s (n p)p ~,93 + 0,10 pulse ht absolut, e Hu 41a

832( y }833 8.64 + 0.02 pr spec ah sot.ute Kl 50a Ki 52+

S (p n)Cl32 32 -13 9 + 0.5
-1l,.1 + Oe6

thresh

t,hresh
(p,n)u
(p n)~

Gl 53

Br 54a

-14.0 + 0.4

(d p)s 6.62

6.48 + 0.11

6,422 + Oe011

range

range

mag spec Po a

sm 41

Da 49
Qt 51b

6,422 + 0.011

S3 (d )c133 0,25 ph pl El 51c Ni 53

-2,10 + 0.20
-2~02 + 0,11

compiled

ph pl

Li 37

Th C'a
Ha 35a, Br 36, LX 37+ 2.0l„+ 0.10
Fo 52

s33 (d ) s34 8.67 + o.25 Li 37

834(), )s33 -10.85 + 0.20 D , Li. , Be ( g,n)thresholds7
Sh 51

cl35( )s35 0,52 + O.Q. pulse ht D (d n)He , Po a
2 3

Cl (n, I( }Cl 8 56 + 0+03

8,57 4 oi03
pr spec absolute

198 137scint spec An , Cs ~ Ne

N. 52

Ha 52b

S,57 + Oe03

(n, c)P 1,g7 +. 0 15
0.97 + 0.16

pulse ht

pulse ht
D (d,n)He, Th(B + C) Po 52

M 53

1.02 + 0.11

Ql (d ~a) S range

cx (d,p)cl 6.31

6.26 + o.1o
range

range

sh 41

Zn 51b

6 28 + 0 10

0 81 + 0.08 range

Cl (g.,n}cl (-9,95 + 0,20) 0 ~ L1, Be {$ ~n)thseshclds2 7 9
I

ah 51 tgt, lsotopeuncertain

Cl (p,a)S )'Q 2 pulse ht
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Cl (p n}A -1 ~ 598 + 0 004
-1 ~ 598 + 0.002

~1 ~ 58

thresh

thresh

ph pl

TABLE I.—Con tinued.

J.i (p~n}Be
7 7

Li (p,n}Be7 7
Ri 50

Sc 52

St 52

«1 ~ 598 + Og002

Cl (d, p)Cl 4 0+ 0 3

4 02

range

range

Po 40a
Sh 41

4a0 + 0.2

A+(n, a)S33 20+ 01 pulse ht D (d,n)He To 53 preliminary

(d, p)A 6.59 + 0.03

6 49 + 0,08

range

range

Da 49a
Zu 5Qa

6.58 + 0.03'

A {2t,p)cl -10.8 + 0 1 pulse ht Mi 51a

(p,n)K & -2.340 ~0 thresh Ri 48~ Ri 50

40(d )
41 3,8/+ + 0.03

3,80 + O. Q6

3a90 + 0+08

range

range

ph pl

Li 37

Ro 51c

Da 49a
Sa 49
Gi 52

3 84+ 0,03

A {a,n)K 5,97 + Oi25 range recoil p Mo 50a

K (P,n)K -13.2 + 0.2 thresh a ~(3(, )a, c (7, )c Nc 49

K ( .Y)K 7,789 + 0 008, absolute Ba 53bg Bu 53

K~~(a, p)X
' 5,6 + 0 3

5.48+ 0.08

5,576+ 0.01 0

range

range

mag spec Po a

5,576 + 0.010

K3')(.,p)Ca4' & 0.1S range Sc 53

j{ ( Itn)K (7.34 + 0.02} absolute Ba 53b tent isotope
uncertain

K (p,n)Ca -1,22 + 0,02 thresh Li (p,n)Be7 Ri 50

KA'(a, p) KA' 5~12 + 0,10 range

K (a,p)ca 1,20 Sc 53

Ca (H,n)ca -16 0 + 0.3
-15.9 + 0.4
-15.8 + 0.1

thresh
thresh

thresh

a ()I, )a, c' {'bt, )c"
absolute

Be 47

Nc 49
Su 53

~15,8 + 0, 1

Ca {p,n}Sc40 " '
40 -15+5 + 1+0 thresh Gl 53a
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TABLE I.—Co~tinued.

Ca (d,p)Ca 6.3o
6.17 + 0.05

6o14 + 0 05

6 138+ 0 010

range

range

range

mag spec

Li 37

(dip) o
Po g

Qa 39
$a 49
Ho 53

Br 54,

6 'l3g + 0 010

( P)SC -4 3+ Oo2 range Po 37, Li 37+

Ca (d,p)Qa 5 70 + 0.02 Ilag spe.c Po e

Ca (dsp)Ca 5.19 + 0.02

Ca (psn)SC & -0 6448 thresh F (p,aV)0 ~ Li {p,n)Be
16 7

Tr 53

Ca (d&p)ca 2,80 + Q,30 IciÃlt spec Qa 54

Sc (n, 2n)SC 'l1.05 + 0,3 thresh Ba 53c

So {n~f)So (S,85 + 0,08) absolute Ba 53

3 4'(d, p)s 46 6.78 .o.3

s 45( ,p)T~4 ~.3 o.348
range Po 38a

Td (),n)Ti -13.5 + 0.2 thresh {)(,n)Cu, St ~ 10.85 og 50

(pin)T 10+ 2 thresh Ma 52a

Ti (dip)Ti4 6.51 i 0,10
6.45 + 0.05

range

range

Al (d, p)A1 , Q 5.50 Sm 47 Ha 51

r.l 37, o (d,p)o
16

Pl 52a

6.46 + O.m„

(d,p)T~ 8.82 + o.e„48

S.14 + 0.05

range

range

See Tl (d,p)T147

Li 37' 0 (dip)0
Ha 51

Pi 52a

Ti (dsp)Ti 5 92 + 0 05

5.81 + O.Q.

range

range

S- T~4 (d,p)T~447

Li 37' 0 (dip)0
Ha 51

H. 52, PI 52a+
5.85 + 0.05

TL49(p,n)V 9 1,391 + 0 005 thresh F (p,a i )0 Li (p,n)Be
19 d 16 I

Tr 53

n (d,p)n 8.62 + O.o5 La 37, o (d,p)o Pi 52a

Ti (d,p)TL 4 11 + 0.07 range J.i 37, 0 (d,y)o Pi 52a

& ($.n)V' -11~15 + 0 20 thresh D ~ Li ~ Be ( g,n)t1neeholde 11~15+ 020
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TABLE I.—CON tinued.

V (nfl)V 7e305 + oe9Xf

7,4
pr spec absolute

198 137 24 v
scint spec Au, Cs, Na

Ba 53

Ha 52b

V (p n)Cr51 51
1 ~ 532 + 0,006

-1 54

thresh

ph pl

Li (p,n)BeI I Ri 50

St 50

-1.532 + 0.006

V5 {d )V52 502+005
5,/+2 + 0,15

6 25

5o0

5iOV2 + 0,008

range

range

range

mag spec

See Ti {dfp)Ti Ha 51

Ab 50

Ho 51a

Ki 53a

Sc 53a

5eOV2 + 0,008

Cr (g,n)Cr -'13.4 + 0.2 thresh Cu {g,n)Cu, E "-10.85 Og 50

Cr ( g fn)Cr -11.80 + 0.2552 ws 51 thresh B, Li, Be ( P,n)thresholds2 7 9 S}1 51 -11.80 + 0.25
tgt. isotope »probable»

Cr (n, )()Cr 7.929 + 0.008

Cr (d, p)Cr 5. IO52

pr spec

lhag spec

absolute Ki 53

Mc 53a

7,929 + 0.008

Cr (S,n)Cr -7,75 + 0,2053 62 thresh 0, Ll, Be ( f,n)thresholds2 7 9 Sh 51 -7.929 + 0.008
tgt. isotope

»probabld'

Cr (n, f )Cr 9.716 + 0.007 pr spec absolute

Cr (p,n)Mn -1,380 + 0.008 thresh Li (p,n)Bea 7 7

1.37 + 0.05 res. n scatt.
Lo 52

St 51e

-1.380 + 0.008.

Cr (p,n)Mn -1,985 + 0 005 thresh Li {p,n)Be7 7 Lo 52

Mn (Ie,n)Mn -10.15 + 0.20

-10,00 + 0,20

thresh

thresh
{g,n)Cu, Et = 10.9 Mev. «49a63 ~~ 62

0, Lt, Be (g,n)thresholds Sh 51

-10,O7 + 0.14

Mn (n, ) )Mn 7.2
716+005
7 261+ 0 006

scint spec

scint spec

pr spec

198 137 24.

C e I( = 4.5 Mev,12

absolute

Ha 51c

Pr 51

Ba 53

7 ~ 261 + 0.006

M 55(d, p)Mn56 6.57 + 0.30
5e11

4.76 + 0.11

5.09 + 0.15

range Al

range Al

range ~
ph pl

ga 39a

Be (p,n)B,Li (p, n)Be, F (p, gj()0 Mh 50b9 7 7 19 16

MR 50

Ab 50

5.09 + o.15

~55( )p 55 -1.16 g 0.01

-1.006+ 0.010

1,00

1 ~ Q5 + Oo05

-1,020 + 0,005

ph pl
thresh

« {pfn)B7 7

F {pf+ Ir ) 0 y Li (pfn)Be
19 16

thresh See V (p,n)Cr
$1

res. n scatt. Li {pfn)Be
7 7

Ri 50

St 51e

Mc 51b

St 51d

Tr 53

-1 ~ 017 + 0,006
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Fe ( g, n)Fe -14,2 + 0.454 a~) 53

-13.8 + 0.2
thresh

thresh

TABLE L.—Continued.

absolute

Be (g,n)Be, Et = 1,639 8

C (C n)C E ~ 187

Ba 45

Mc 49

-13.8 + 0.2

Fe (n, $ )Fe 9 ' 298 + 0.007 pr sU8c absolute Ki 53

Fe (d, p)Fe 7' 11 + 0.05 range S e Ti46(d, p)Ti4' Ha 51

Fe (g, n)Fe -11,15 + 0.25 thresh D, Li, Be ( f,n)thresholds
2 7 9 aj

Fe (n, g )Fe (7.639 + 0.004) pr spec
57

7,8 + 0.7 abs ~
absolute Ki 53

Ku 49

7.639 + 0.004

Fe (n, e)Cr 4.5 + 0.5 Ha 52a tgt. isotope uncertain

Fe (d, p)Fe 5.42 + 0,10 range Al See Ti (d, p)Tj, Ha 51

Fe ( $ ,n)Fe -775+ 020 thresh 0, Li, Be (),n)threeholde2 7 9 +-7.639 + 0.004

Fe (n II )Fe 10.16 + 0,04
58

pr spec absolute Ki 53 10 16 + 0.04

Fe {n,a)Cr 5 7 + 0 3
57 54 range

Co ()(,n}Co -1 0.25 + 0,2059 58 thresh D & Li & Pe ( g,n)thresholds2 7 8
Sh 51 -10.25 + 0.20

"o (n, $ )Co 7.7 + 0.2
'7 ~ 0

(7.486 + 0.006)

abs ~
198 137 24scint spec Au , Qs , Na o

pr spec absolute

Ku 49
Ha 521

Ba 53

Co (p, n)Ni -1.857 t 0.003 thresh Li (p, n)Be
7

Mc 51a

Co (d, p)Co
60 5,43 + 0,2

5.19

5.30 , range Al

See Ti (d, p)Ti Ha 51

Ba 50a

Ho 52

5.43 + 0.2

Ni (g,n)Ni -1'l,7 + 0,2
58 57 thresh N (3 ~n)iV, Et ~ .10,54

14

F19(y n)F18 E ~ 10 4
Og 50a

Ni (n, f )Ni 8,997 + 0.005 pr spec absolute

{d,p)mi 6.78 + 0.1058

6.77

range

nag spec

S e Ti (d, p)TilP Ha 51

Nc 53a

6.7S + 0.10

Ni (n, V )Ni 8 532 + 0.008 pr spec absolute Ki 53
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TAsz.K I.—Contiel, ed.

Ni {p,n)Cu -5.o + o 2

Ni (d&p)Ni 6e30 + 0+04 Ho 52

gi (p, n)Cu -4.62 + o.162 62 thresh Sm 47 Bl 51a

gi (p~n)Cu 2 46 + 0 264 64 Bl 51a,

cu 3(f,n)cu
62 -10.9 + 0.3

-10i9 + Oo2

-1Q,8 + Oe2

-10.85+ 0.20

-10.61+ 0.05

-1Q 72

t,hresh
'

thresh

thresh

thresh

thresh

thresh

absolut, e

S„Z,54(),n)ze

D ~ Li, Be (g,n)thresholds

{g, n) thresholds14 12 .~

Ba 45
Mc 49
Mc 50

Sh 51

Bi 53, Bi 54

Ta 54

-10.65 + 0.05

Cu (n, 2n)Cu -11 2 + Oe363 62 thresh Fo 50

cu (n, Q )cu 'I 7 + c.463 64

7.914 + 0.006

abs Al

pr spec absolute

Ku 49

Ba 53

7 914 + 0.006

Cu (pyn)Z
63 63 -4,04 + 0,17

4,14 + 0,1

-4.21 + 0.03

thresh

t,hresh

thresh

st 38a

Bl 51a

Co 54

-4.19 + 0.03

preliminary

Cu (d, p)cu63 64
5 ~ 55 + 0.20

5.70 + Qe30

5.66

r Mlge

range

range

See Ti4 (d,p)Ti Hy 51

Da 39

Ho 52

5 60 + 0.17

Cu (g, n)Cu65 64 -1Q,2+ 02
- 9,75 + 0.20

10,2

thresh

thresh

thresh

F 54(] „)p 53

( g,n}thresholds

I, c (P,n)c, E&
= 18.7

Mc 49
Sh 51

Jo 50

97 + 0.22

Cu (p, n)Zn -2 ' 166 + 0.010 thresh65 65

-2.12 + 0.03 thre sh

Li (p, n)Be7 7 Sh 4,8

Co 54 preliminary

Cu (n, g)Cu 7.634 + 0.00665 ~& 66 pr spec absolute Ba 53 tgt. isotope
uncertain

Cu (d,p)Cu 6 35 + 0.3065 66 Da 39

Zn (p,n)oa -8 0 + 0,564 64 thresh Cu (p, n)Zn63 63 Co 53a

Zn (d, p)Zn 5,69 + 0.0564 65 range See Ti (d&p)Ti
47 Ha 51

gn ( g, n)Zn -11.15 + 0.2066 .i 65 thresh D ~ Li ~ pe (g, n)thresnolds2 7 9 S}1 51 t.gt. isotope
"probable"
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zn'4(2(', .)z'3 -11 .6 + 0.4
-1 1 ,80 + 0,20
-1 1 e 65 + Oe 20

thresh

thresh

thresh

Tahar. E I.—Continued.

absolute

S- X 55(),.)+54
D & Li, Be ( 2g, n)thresholds

Ha 45

Ha 49a

51

1 1 ,72 + 0.16

Zn (n, Y )Zn (7,S76 + 0,0%) pr spec absolute Ki 53c tpt. isotope uncertain

Zn (p, n)Ga
66 66 -596+ 0,5 thresh Bl 51a

Zn (n, $ )Zn 9.51 + 0.03 pr spec absolute Ki 53c 9.52 + 0.09

Zn {g,n)zn -7.00 + 0.20
67 66

thresh D & Li, Pe ( (,n)thresholds
2 7 9

Sh51

Zn (p, n)Ga
67 -X.vag + Q.005 thresh F (p, c )( )0 , Li (p, n)Be

19 16
Tr 53

Zn {3 n)Zn -10,15 + 0,20
68 ~ 67

thresh 0, Li, Be (g,n)thresholds
2 7 9

Sh 51
tgt, isotope

» probahld'

~e52 + 0 09

Zn (p, n)Qa
68 68 -3.35 + 0.3 thresh Sm 47 Bl 51a

Zn (d, p)Zn 4, 16 + 0.15 sc"zt spec Eb 54

() yn)zn -9.20 + 0.20 thresh See Yn ()C,n)Mn Ha 49a

Zn (,n )Ga 45 + Oe03 thresh F (p&a b )9 Li (p, n)Be Tr 53

(6 &n)Ga -10.10 + 0.2069 ~6 68

( & n)Ga -9,05 + 0 20
71

thresh

thresh

D & Li, Be ( g,n)thresholds
2 7 9

D ~ Li, Be (g,n)thresholds
2 7 9

Sh 51

Sh 51

tgt. isotope
"probable»

tgt. isotope
»probable»

Ga (p, n)Qe
'71 71 -1.026 + 0.03 thresh F (p,.II )0 , Li (p.n)p

19 16 7
Tr 53

Ge (n, 2n)Ge -11,6 + p.3
'70 69 thresh Ba 53c

Ge (p, n)As
73 73 -1 ~ 154 + 0,03 thresh F (p, a)( )0 ~ Li (p, n)Be

19 16 7 7
Tr 53

As ( g,n)As -10.3 + 0,2

-10 10 + 0.20

thresh

thresh

See Ni (f,n)NL

D, Li, Be (g,n)thresholds
Og 50a

Sh 51

-10e2 + 0,14

As (p,n)Se -1 652 + 0,005 thresh F (p, a f)0, Li (p,n)Be19 16 7 7 Tr 53

As (n~ l )As 7 30 + 0,0475 76
pr spec absolute Ki 53c

Se (n, l)Se 7.416 + 0.009 pr spec absolute Ki 53c
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TABLE I.—Comtieued.

Se {n, )()Se 10.4S3 + 0.014. pr spec absolute Ki 53c

Se (p,n)Er -4.45 + Os2
78 78 a thresh Bl 51a

S ( )B 2,57+02 thresh Bl 51a

Se ($ &n)se %,8 + 0.5 thresh absolute

Br ( g, n)Er -10,7 + 0,279 ~ 78

-10,6 + Oe20

thresh
thresh

See Fe ($ ~n)Fs
53

Nc 49

D ~ Li ~ Be ()j,n) threeholds Sh 5'12 '7 9
-10,65 + 0,14,

Br {g,n)Br -10.2 + 0,2 thresh81 «80
- 9 95 + 0.20 thresh

See Fe ( f,n)Fe

D, Li, Be ( IC', n)thresholds2 7 9
Mc 49
Sh 51

10s07 + Oo14

Kr (dip)Kr 3 72 + 0.05 range Mh 53

(d p)Kr 3.30 + 0.05 range Vh 53

Sr (dip)Sr 5s25 + Oe30 scint spec Ma 54

Sr ( f,n)sr -9,50 + 0,20 thresh D, Li, Be (g,n)thresholds2 7 9, Sh $1 tgt. isotope
~improbable"

Sr (d, p)Sr 6.29 + 0.2
6.26 + 0.2

rar. ge

scint spec

See Ti (d, p)Ti Ha 51

Ma 54

6.275 + 0,16

(),n)sr M.l„O + 0,20 thresh D, Li, Be ()I,'n)thresholds2 Sh 51

87( )~87 -2.g7 + 0.2 thresh Qn 47 Bl 51a

Sr ( g,n)Sr -11' 15 + Oe20SS .~ 87 thresh D, Li, Be (g,n)thresholds2 7 9 Sh 51 tgt, isotope
&probable"

88( )
88 - 4.7 + Oe2 thresh Bl 51a

88(d )
89 4.32 + 0.2

4.29 + 0.15

4.33 + 0,1

4.18 + 0.08

range

scint spec

mag spec

range

See Ti (d F p) Tf

(dip)0

Ha 51

Wa 54

Mc 53

Ho 53

4,30 + 0.06

(pF n)~ -3.46 + 0.2 thresh Bl 51a

&@(d p)T9 4,41 + Oe20 scint spec Ma 54

(1t),n)Zr -12~ 0 + 0 2
-12.48 + 0.15

thresh
thresh

See Ni (Y,n)Nl
See yn55( S,n)Nn54

Og 50a
Ha 49a

-12s30 + Oe23
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TABLE I.—Continued.

Zr (d,p)Zr 4.93 + 0.05

5+03

range

mag spec

S e Ti46(d, p)Ti47 Ha 51

Sh 52

4.93 + o.'05

preliminary

Zr (Q,n)Zr -7&0 + 0.4 thresh See Mn (),n)Mn 4
Ha 49a

zr (d,p)zr 6.50 + 0+10 range See Ti (d p)Ti

Zr (n, 4 }Zr 8.66 + 0 04. pr spec absolute Ki 53c

Zr (d, p)Zr 4.33 + 0 10g2

4,46+ 005
range

scint spec

See Ti (d, p)Ti46 47
Ha 51

Va 54

4.l,3 + 0.05

Zr (d, p)Zr 4 ' 19 + 0 05 scint spec

Zr (p,n)Nb
96 96 -2.58 + 0.2 thresh Bl 51a

Nb95{g,n)Nb9' -S.70 + 0.20 D, Li, Be (g,n)thresholds2 .7 gu
S}1 51

Nb (n, g )Nb {7.19 + 0.05) pr spec absolute Ba 53a Nay be transition
to 41 kev state,

Nb93( n)Mo93 -3.66 + 0.2 thresh

Nb (d, p)Nb 5,03 + 0,10 See Ti (d, p) Ti Ha 51

Mo (}I,n)No -13.5 + 0.4
-13.28+ 0,15

-13~ 1 + 0,1

thresh

thresh

thresh

absolute

See Ya (g,n)Ya

Ba 45
Ha 49a
Ka 53

-13,17 + 0,08

Mo (n, 2n)Mo -12,35g2 thresh Pa 53c

Mo (d, p)Mo
92 6e08 + Oe2

6.50

5.63 + 0.05

range

mag spec

scInt spec

See TX (d, p)Ti Ha 51

Sh 52

Va 5l+

5.66 + 0.10

prelim' nary

Mo (p, n)Tc -5.05 + 0.10 thresh Bl 51a

No {n,f )No 9.15 + 0.0596 absolute Ki 53c

Mo {p,n)Tc -3,56 + 0.3 thresh Bl 51a

Mo (p,n)Tc96 96 -3.76 + 0.3 thresh Bl 51a

No (h, p)No 4.51 + 0.3096 97 scint spec Va 54.
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No (g, n)Mo -7.10 + 0,30

Mo (d, p)No .6.06 + 0,1097 98

thresh

scint spec

TABLE 'I.—Cosstieued.

See Mn (}(,n}Mn 4

tAta 5/+

Ru (p,n)Rh -4,06 + 0,2
100 100

thresh 81 51a

Ru {p&n)Rh -2.58 + 0.31O1 101 a thresh

Rh (l,n)Rh -9.35 + 0.20 thresh , Li, Be ( g, n)thresholds2 7 9

Rh103( }{,)R 102
ph pl Cu 50a

Rh (a&2n)Ag «15.6 + 0 5103 105 thresh

Rh (n, }( )Rh (6.792 + 0.014) pr spec absolute

Rh (d, p)Rh 4 58 + Oe2 range See Ti (d, p)Ti Ha 51

Ag (ny $ )Ag 7 ~ 27 + 0.02 pr spec absolute Ba 53a

Ag {d,p)Ag 4.78 + 0+2 S e ~i (d, p)TX

Ag (a,n) In 10.61gV 110 thresh Gh 48

Ag ( lf, n)Ag -9.3 + 0.5

-9,05+ 0,20
07+ 0,07

thresh

thresb

thresh

absolute

D , Li , Be ( O, n)thresholds2 7 9 i)

0, N, C (g,n)thresholds16 14 12

Ba /+5

Sh 51

Bi 53' Bi 54,

+ 0 (f7

Ag (n, }t }Ag 6 ' 5 + 0.7 abs Al Ku l+9 tgt isotope
uncertain

Ag (a ~2n) In
111 -1l,.95 + 0 5 thresh

-14.3 + 0.2 thresh

Te /+'7

Bl 5$

110( )
110 -/+46+ 02 Bl 51a

Cd (d, p)Cd 4.10 + O, Q9 scint spec Ma 5/+

Cd (}(,n}Cd %,44 + 0 15
-6.55 + 0.20

thresh
thresh

S- M 55(}(',.)M
54

0 , Li , Be (}(,n)thresholds2 7 9
Ha 49a

Sh 51

-6.48 + 0.12

cd 3(n, g)cd 4 8 ~ 5+ 0,5

7 ~0+0,2

9.046 + 0.008

cl ch

abs Al

pr spec

N (n, p)C
14

absolute

Mi 50

Ku 49
Ki 53c

9.046 + 0.008

tgt. isotope
probable



434 D. M. VAN PATTER AND W. WHALING

TABLE I.—Continued.

Gd (d, p)Cd 3' 52 + 0,15 scint spec Qa 54

In (m(, n)ln -9.05 + 0.20 thresh D, Lj, Be (g,n}ttuesholds
2 7

Sh 51 tgt. isotope probable

(n, $ ) In & 6.27 + 0,16115 116
pr spec absolute

In (d, p)In 4e36 + 0,2115 116
range See 'Zi (d, p)Ti

Sn117(d )S
11S 7 14 + 0 2 range Bee Ti (d, p)Ti46 47

Ha 51

Sn ( )(,n)sn -9,1 0 + 0.20 thresh D , Li , Ee ( t,n)thresholds2 7 9
51 tgt. isotope probable

Sn (g,n)Sn -6.51 + 0.15119 1'l S

-660+ 020
thresh

thresh

s- F~55(g,.)10 54

D, Li, Be (g,n}thresholds2 7
Ha 49a

51

-6.54 + 0.12

tgt. isotope probable

S 120( n)Sb120 «3,47 + 0,3 Bl 51a

$n (dip)Qn 4eO + Oe3

3,92+ O, QV

range

scint spec

See Ti (d, p)Ti Ha 51

Ma 54

3.92 + O. OV

Sn ()(,n)sn &.50 + 0.15 thresh s.e N 55( P,n)M
54

Ha 49a

Sn (dip)Sn 3,52 + O, QV scint spec

sb (I|,n)sb -9 25 + 0.2
903

thresh

thresh

See Fe (g,n)Fe

See Cu (V,n)Cu
64.

Nc 49
Jo 50

Sb (n, $ )Sb 6es0 + 0.04 pr spec absolute Ba 53a tgt. isotope
uncertain

Q) (dip)Sb 4+41 + 0+20 S e. Ti46(d, p)+47 Ha 51

Sb ( Yyn)sb +I3 thresh See Cu ()(,n)Cu
65 64 Jo 50

Te (d, p)Te 4.25 + O.OV
124 125 scint spec Va 54,

128( ) ~1 28 «3,S + 0,3 thresh

Te { n)X 3.27 + 0,3 thresh Ba 47 Bl 51a

(Q n)I -9e3 + 0+2

He45+ Oe2

H 10+ oe20

thresh
thresh

thresh

See Fe ( Y',n)Fe

See Ni (It &n)NX

D , Ll , Be ()(,n)t1neshojds

Nc 49
Og 50a

Sh 51

~2S+ 012
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I127(,y )
128

7 0 + 0,4 abs Al

TABLE I.—Co~tinued.

127( )
128 4.35 + 0.05 scint spec Ma 54

Cs (Y In)Cs 9i05 + Oi20132 thresh D , LL , Be (Y,n)thresholds2 7 9 Sh 51

Cs (d&p)Cs 4' 50 + 0.1 scint spec ga 54

Ba (n, g)Ba 9.23 + O. GV
137 138 pr spec absolute Ki 53c

Ba {d,p)Ba 3.0 + 0.3138 139 range S e TZ (d, p)n. Ha 51

La {)(~n)La &.80 + 0 20 thresh D, Li ~ Be (V,n)thresholds2 7 9 Sh 51

La (d~p)La 2 87 + 0,1 scint spec Ma 54

Ce (g,n)Ce ~.05 + 0.20140 139 thresh D, Lf, Be ( K,n)thresholds2 7 9 tgt. isotope
"probable"

Ce (d~p)Ce
140 141 3.17 + 0.10 scint spec

Ce (II',n)Ce 7 15 + Os20
142 141 thresh D, Li, Be ( g,n)thresholds2 7

Sh 51 tgt. isotope
"probable"

{d~p)Ce 2,86 + 0 07142 143 scint spec Ma 54

p, '4'(Q, n)p "4 ~.8 + 0.3
-9,40+ 0, 'l0

thresh

thresh

See N1 (g, n)NX

S- ~~55( y',.)N
54

Og 50a

Ha 4/a

»9.44 + 0,12

(n, S )Pr & 5.83 + 0.03 pr spec absolute

Pr (d,p)Pr 3s42 + 0e20 scint spec Qa 54

Nd (d, p)Nd 3.79 + 0.08 scint spec Ma 54

Nd {Vyn)Nd -'1+40 + Oe20 thresh See Nn ()),n)Mn Ha 49a

S '49(n, y )8 '50 8.6 + 0.3
~ 7.89 + 0.06

abs Al

pr spec

Ku 49
Q. 53c

tgt. isotope
llprpbabge lt

c)m (d~p)Sm 3,36 + Oe30 scint spec Ma 54

Cd'~(n, Y)M'~ 6.3 + 0.4 abs A1 Ku 49 tgt. isotope
"probable"
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Tash. E I.—Continued.

T 'l81(y
)

180 77+020
-7~ 55+ 0.20

-8.0

thre sh

thresh

t hresh

Bee Fe ( V,n)Fe

D f Li f Be ( f f n)thresholds7 9 aa

Cu {4 fn}cu f Et = 10.9

Pc 49

Sh 51

Jo 50

-7.62 + 0, 14

Ta (n, y )Ta 6.07 + 0.03
181 & 182

pr spec absolute Ba 53a

Ta (d, p)Ta 3,80 + 0 15181 182 See &1 (dfp)Ti Ha 51

182( g )
183 (6.182 + 0,008) pr spec absolute Ki 53c tgt. isotope

uncertain

183(y
)' 182 -6.25 + 0.3 thresh D f Li f Be ( $ f n)thresholds2 7 9 Sh 51 tgt. isotope

uncertain

183(,) )W18$ 7,42 + 0.02 pr spec a bsolute Ki 53c tgt. isotope
"probable"

186( y )W187 o1 +03 abs Al Ku 49 tgt. isotope
"probable"

Re ( f fn)Re -7.30 + 0.30187 LI 186 thresh D, Li, Be (y, n)thresholds2 7 9
Sh 51 tgt. isotope

"probable1'

Ir (n, y )Ir 5,15 + 0.2191 192 abs Al Ku 49 tgt. isotope
"probable"

Ir ( lj,n) Ir -I,80 + 0.20 thresh D, Li, Be ('l(, n)thresholds2 7
Sh 51 tpt. isotope

'probable"

Pt ( g fn}Pt , 50 + 0,20 thresh D Li Be (g, n) thre shold s
2 7 9

S?1 51 tgt. isotope
IIprobable n

Pt {d,p}Pt 3,91 + 0,2 range See Ti {d,p)Ti Ha 51

Pt"5(y,.) Pt" B' ~.1 ~ 0.1

-6.1 + 0,20

thresh

thresh

absolute

D ~ Li, Be (y, n)thresholds2 7 9
Pa 50a

Sh 51

tgt. isotope
uncertain

-6, 1 + 0.9

(nf~ }Pt 7.920 + 0.012 pr spec absolute Ki 53c
tgt. isotope
"probable"
7920+ 0012

pt'95(d, p) pt" 9' 5,74 + 0,2 range S e Ti (d, p)Ti tgt. isotope
uncertain

Pt (I(',n) Pt -8.20 + 0.20 thresh D, Li, Be (y, n)thresholds2 7 -9
Sh 51 tgt. isotope

"probable"
+

7,920 + 0 012

Au ( II fn)Au
197 196 -8e00 + 0+15

-8.1 + 0.1

-7.90 + 0,20

thresh

thresh

thresh

8 e M 55(g, n)Mn5~

absolute

D f Li, Pe ( Tfn)thresholds2 7 9 aJ

Ha 49a
Pa 50a

Sh 51

-8.05 + 0.08

Au (n, 0 )Au (6, '94 + 0.008) pr spec
]98

7 3 + 0,4 abs Al

absolute Ba 53a
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Au (d, p)Au 4.12 + 0.15197 198

Hg {n,g)Hg 7.& + 0.4

range

abs Q.

Twsr. E I.—Contieued.

S e Ti (d, p)Ti Ha 51

Ku 49

tgt. isotope
probable

See also Ki 53C

Hg {)(,n}Hg -6.25 + 0.20

W.6 + 0.2
thresh

thresh

Sse Mn ( I,n)Mn
54.

absolute

Ha 49a

Pa 50a

W.42 + 0.18

tgt. isotope
uncertain

Tl (}{,)nlT-8.80 + 0.20 thresh D , Li , Be ( %,n)thresholds2 7 9 &

Tl (n, g)T1 6.54 + 0.03 pI spec absolute Ba 53a

Tl (d~p)Tl 4.29 + 0.15 See Ti (d, p)Ti

T1205( Y,.)T12~ -7,48 + 0.15

-7.3 + 0.25
-'7

~ 55 + 0.20

thresh

thresh

thresh

Ses Mn (I{,n)Mn

absolute

0, Ll, Pe { If,n)thresholds2 7 9

Ha 49a

Pa 50a

-7.46 + 0.11

tgt. isotope
uncertain

Tl (n, ){ )Tl (6.20 ~ 0.03 ) absolute Ba 53a

Tl {d,p)Tl 3.93 + 0~ 15 range Ti46(d )Ti47 Ha 51

Pb ()f,n)Pb &,25 + 0,10 thresh Cu (O,n}Cu, Et = 1Q,963 & 62
Pa 501

Pb (n, % )Pb 6.734 t 0.008 pr spec
206 & 20t?

absolute Ki 51b

Pb (dip)Pb 4,48 + O. Q3 range Se Ti (d, p) 7i

(d, t)pb -1.83 + 0.100 range Pb (d, t ) Pb

~207( y ) ~206 -6 85 + 0.20

95 + Q ]0
A.75 + 0.20

W, 9 + 0,1

thresh
thresh

thresh

thresh

See ~ ( II,n)~
See Pb (g )Pb

D 8 Li ~ Ee ( f gn)thresholds
2 7 9 ~

absolute

Ha 49a

Pa 50b

Sh 51

Pa 50a

6.91 + 0.07

(n, V )q-value
not included in
average

Pb {ny V)Pb 7 ~ 380 + 0.008 pr spec absolute Ki 511 7 ~ 380 + 0.008

Pb (d, t)Pb -Os42 + Os05 ,range ~208
( )Pb207 Ha 53

Pb (dip)Pb . 5 ' 14 + 0.03 range See Ti (d, p)Ti Ha 51

Pb208( ){ )Pb207 -7s44 + 0.10
-8.1 + 0. g
-7,30 + 0.20

thresh

thresh

thresh

Ses Pb ( g ~n)Pb

Cu ( &,n)Cu, Et = 10s9
D ~ Li & Be ( 4 &n)thresholds2 7 9

Pa 50b

Pa 50a, Pa 50c

$h 51

-7.380 + 0.008
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Pb (d t)Pb -1 ~ 10 + 0.05
208

range

TABLE I,—Continued.

Ha 53

Pb (a,p) pb 1.64 + 0.05
208

p Tl (d, p)Tl4 Ha 51

B1. (0 In)Bi -7.45 + 0 2

-7e2 + 0,1

-7~40 + 0,2Q

thresh

thresh

thresh

See Fe ()t,n)Fe

absolute

9 ~ Ll & ~ ( f &n)thresholds
2 '7 9 ii

Nc l9
P 50a

Sh 5&

-7.28 + 0.08

Bl (d, t)Bl -1 ~ 17 + O.Q5 range S e Tl46(d, p)T&47 Ha 51~ Ha 53

B5. (n, g )Bi 4.170 + 0.015 pr epee
209 210

absolute Q. 5Qa

Bl (d, p)Pl (1.91 + 0.3)
1.94 + 0.03

range

sclnt spec

S e Tl46(a, p)Tl47 Ha 51

Ma 53, lpga 54+

'1,94 + 0,03

Th (g,n)Th -6.0 + 0.15

. 35 + 0.04

thresh

thresh

absolute

CU ( $ yn)CQ y E 10o9
62

Pa 50a

Na 51a

W.34 + 0.09

Th (d, p)Th 2 65 + 0 20 range See Tl (d,p)Tl Ha 51

U238(g, )U237 -5.8 + 0,15

-5.97 + 0.15

thresh

thresh

absolute

Cu (g,n)Cu, E&
= 10.9

Pa 50a

Hu 51a

-5.88 + 0.11

U23B(a, t, )U237 0,4 + 0.2 range See Tl {d,p)Tl Ha 51

238(d )0239 240+ 0,15 range See Tl (d,p)T147

+ This Q value has been calculated specifically for this compilation from the experimental data. In the calculation of Q values from published threshold
energies, accurate masses have been used if they are known. Mass numbers have been used if the masses are not known.

b This Q value has been corrected for the Li7(p, e) Be7 threshold at 1.881 Mev.
& This Q value has been omitted from the weighted average.
~ This Q value has been corrected for the F»(p, ny) resonance energy of 873.5 kev.
+ This reference contains a later correction to the value originally reported,**In this reference the quoted error for the Q value has been changed.
f This average value was calculated by including the measured Q value for the inverse reaction.

Note added im proof.—On page 408, the third line of the table should read

D2(n, ~)T3 6.251 +0.008 Mev pr spec absolute Ki 50b

Note added in proof.—On page 431 of Table I add

Rbs7(d p)Rbss —3.75 &0.20 Mev scint spec Wa54

List

abs Al
abs co
cl ch
el spec
mag spec
ph pl
pr spec
res. n scatt
pulse ht
scint spec
spec
tgt
thresh

of Abbreoiations Used for Experimental 3dethods

absorption in aluminum
, absorption of secondary electrons using coincidences

cl.oud chamber
electrostatic spectrometer
magnetic spectrograph or spectrometer
photographic plate
pair spectrometer
resonant neutron scattering
pulse height
scintillation spectrometer
spectrograph or spectrometer
target
threshold
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Ab 50

Ah 54
Aj 52
Aj 54

Aj 54a

Al 40
Al 47

Al 49a
Al 49b

Al 50

Al 50c
Al 51
Al 53

Am 50

Am 52
Ar 48
Ba 37

Ba 39

Ba 4O

Ba 5O
Ba 50a

Ba 53

Ba 53a

Ba 53b

Ba 53c
Be 37
Be 38
Be 41

Be 47
Be 48
Be 50
Be 50c
Be 50d
Bl 52

Bi 52a
Bi 53

Bi 54
B132

Bl 38

Bl 47b

B149

Bl 51
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