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INTRODUCTION

HE following compilation summarizes the present
status of nuclear spectroscopy in the medium

light elements from sodium to calcium. Above Z= 20 it
is still true that most of our information concerning
nuclear excited states deals with (a) low-lying levels

up to a few million volts above the ground level,

studied by means of beta- and gamma-ray spectra of
radioactive isotopes, and (b) levels just above the

binding energy of the neutron, observed by means of
neutron resonances. However, for the light nuclei there

is available a much larger variety of information —the
inelastic scattering of protons, neutrons, and deuterons,
the discrete particle groups and gamma-ray lines

emitted in such nuclear reactions as (dp) (np) (do.) (nn)
etc., as well as the study of proton, neutron, and alpha-
particle resonances, and beta- and gamma-ray spectra.
The task of critically coordinating this mass of data
has become one of major concern to those working with

nuclei in the region Z&20.
The initial attack on this problem was made in 1945

by Volz (VI) in a summary of nuclear energy levels up
to Z=20. Energy levels in light nuclei below Z=10
were compiled by Hornyak and Lauritsen (H11, L4) in

the first comprehensive postwar survey of this subject.
This has now been expanded by Hornyak, Lauritsen,
Morrison, and Fowler to include complete level informa-

tion up to and including Z=10 and appears as the

preceding article of this issue (H17). The need for a
supplementary table of levels for the nuclei from Z —11
to 20 has become increasingly evident not only for
presenting information already available but for indi-

cating energy regions where data are lacking and where

useful experiments might be performed. It is because
of its possible value to nuclear physicists working in this
field as well as to our own research program at Brook-
haven that this compilation was undertaken. A pre-
liminary survey was made early in 1949 (A7).

For most nuclei our knowledge of excited states is

limited to their positions with respect to the ground
level. The widths, angular momenta, and parity proper-
ties are, of course, of importance in attempting to
formulate a suitable theory accounting for such states.
Rather little conclusive information concerning these
properties is available at present, although some experi-
ments have been done on the angular dependence of
collision processes, the relative yield of particle groups,
and the line shape of resonance phenomena. The density
of unresolved levels as a function of energy has been
investigated in a few cases. Because of the indefinite

* Under contract with the AEC.

nature of most of this other information only the level
positions are given here.

Table I lists nuclear levels for isotopes from Z= 11 up
to and including Z= 20 in order of increasing excitation
energy. Observation of the ground state in a particular
reaction is included only if an excited st&,te is found in
the same process, one exception being that of inelastic
scattering levels. The elastically scattered peak, which
is usually observed, has been omitted.

The concept of resonance levels corresponding to
excitation of a compound nucleus at energies above the
binding energy of the incoming particle is based on
theoretical treatment of widths and level densities
that have been obtained experimentally. The calculated
lifetimes of these levels are of the order of 10' times as
great as the transit time of nucleons across the nucleus,
and it is therefore suspected that such virtual states are
similar. in nature to bound states. An excellent discus-
sion of resonances and the compound nucleus has been
given by Weisskopf (W13).

Representing the position of resonance levels above
the ground state requires a knowledge of the binding
energy of the incoming particle, a quantity which has
not yet been measured directly in any of the cases
considered here. Other processes must therefore be
used to connect the initial and compound nuclei. For
example the binding energy, or Q-value, of the
Na"(py)Mg" reaction is found by combining the
relations

Na~'+d= Na" +p+Qg
Na" =Mg"+Q& (beta-decay)

to obtain
Q= (Na"+ p) —Mg"

= 2p —d+Qo+Qi,

where Qo and Q& are measured quantities, and masses
have been converted to appropriate energy units.
Table II shows the way in which the various resonance
binding energies were obtained.

The position of a resonance above the ground level is
then given by

g —Q+g
where E, is the additional excitation in the center-of-
mass system furnished by the kinetic energy of the
incoming particle. If m is the mass of the bombarding
particle and M is the mass of the compound nucleus
then E, is obtained from the particle energy in labora-
tory coordinates, EI., by using the relation

rn y mass of init. nucL
Z,„=

I
1—fZ, = X&I..

mass of comp. nucl.
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TAsLE L Nuclear energy levels, Z—11 to 20.

Z Isotope Level (Mev) Process Observation Energetics (Mev) References

11. Na~ 0
3.0

10.8+3.0

10,8+3.4
10.8+3.9
10.8+4.3

Na24 0
0.54
1.32
1.83
2.55
3.44
3.81
3.99
4.27
4.65
7.00+0.00164
7.00+0.0029
7.00+0.057
7.00+0.192
7.00+0.225
7.00+0.374
7.00+0.426
7.00+0.680
7.00+0.757
7.00+0.882

12 Mg'4 0
0.8
1.38

1.7
4.14

5.5
7.5

11.74+0.244
11.74+0.292
11.74+0359
11.74+0.407
11.74+0.426
11.74+0.494
11.74+0.552
11.74+0.573
11.74+0.704
11.74+0.831
11.74+0.964
11.74+1.03
11,74+ 1.111
11.74+1.156
11.74+1.203
11.74+1.228
11.74+1.269
11.74+1.334
11.74+1.353
11.74+1.393
11.74+1.570
11.74+1.660
11.74+1.720
11.74+1.753

Ne (je )Na~
Ne~(P )Na~

F»(ap) Ne~
F»(aa) F»
F»(ap)N&
F (aa) F~

F»(ap)Ne

Na~(d p) Na24

Na~(d p)Na~
Na~(dp) Na"
Na (dp)Na
Na~(d p) Na"
Na~(d p) Na~4

Nas3{dP) Na~'
Na~(dp) Na"
Na~(dP) Nas4
Na"(d p) Na"
Na~+n
Na"+n
Na~+n
Na~+n
Na~+n
Na~+n
Na~+n
Na~+n
Na~+n
Na~+n

Na~{dn) Mg"
Na~(dn) Mg~4

Na~(P )Mg

Mg"(pp)Mg"
Mg"(pp) Mg~
Mg~{dd) Mg~
Na" (dn) Mg'4
Mg (nn)Mg~
Na~(dn) Mg~
Na'(P )Mg"

Mg~4(pp) Mg"
Na~(dn) Mg'4
Mg'4(pp) Mg
Na~{dn) Mg"
Mg~4(p p) Mg"
Na~(dn) Mg~
Mg~4(pp) Mg~
Na83(pp) MgtA

Na~(py) Mg~
Na~(p&) Mg
Na~(py) Mg~
Na~(py) Mg~
Na~(py) Mg~
Na~(py}Mg~
Na~(py) Mg~
Na~(py) Mg~
Na~(py) Mg~
Na~(p&) Mg~
Na3{py) Mg~
Na~(py) Mg"
Na'3(py) Mg'4
Nas'(pp) Mg~
Na"(py) Mg~
Na~(py}Mg~
Naa{py) Mg~
Na~(py) Mg~
Nasa(Py) Mg'4
Na~(py) Mg~
Na'3(py) Mg"
Na~(py) Mg~
Na~(Py) Mgs'

7
res.
res.
res.
res.
res.

o res.
o res.
o. res.
o. res.
o. res.
o. res.
o res.
o res.
o res.
o res.

n
p
n
p
n
p

res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.

Ep=4.12
Ep= 1.18
E~=2.5—3.5
E =3.7
E„=3.5
E =4.1
E =4.7
E =5.25

Q =4.77
Q =423
Q =3.45
Q =2.94
Q =2.22
Q =1.33
Q =096
Q =0.78
Q =0.50
Q =0.12
E =0.00171
E =0.003
E =0.060
E =0.200
E =0.235
E =0.390
E =0.445
E =0.710
E~=0.790
E„=0.920

Q =92
Q =8.4

+=1.35

Q =80

Q =7.5
Ey = 1.38+2.76

Q =5.1

Q =1.5

Q =06

E„=0.255
E„=0.305
E„=0.375
E~=0.425
E„=0.445
E„=0.515
E~=0.576
E„=0.598
E„=0.735
E„=0.867
E„=1.006
E~= 1.08
E„=1.159
E„=1.206
E~= 1.255
Ep= 1.281
E„=1.324
E„=1.392
E„=1.412
E„=1.454E„1.638
E„=1.732
E~= 1.795
E„=1.829

818
818
P15
C5, Ci
D8
C5, Ci
D8
Ci

W10, M10, Li, L6
W10, M10
W10, M10
W10
W10
W10, M10, Li, L6
W10
W10
W10
W10
L2
H15
A4
A4
A4
A4
A4
A4
A4
A4

M13
M13
S4, R4, E3, Ii, W6, F4, LS, C4, MS,
88, M4
R6, R5, GS, D2, W7, Fi, W11, D5
812
H14, GS
M13
L3
M13
S4, R4, E3, li, W6, F4, G2, LS, C4,
W8, M5, 88, M4
D2, F1, W7
M13
Fi
M13
F1
M13
Fi
Ti
G3, 810, Ti, H1
Ti
C2
Ti
810, C2, T1, H1
Bio
810, C2
Bio, C2
810, C2
810
B10
810
810
810
810
810
810
810
810
810
810
810
810
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TAsr.z I—Continued.

Z Isotope Level (Mev)

11.74+1.85
9.60+5.1

0.58
0.98

1.58

2.54

7.22+0.58
7.22+0.69
7.22+0.84
7.22+1.09
7 22+1.27
7.22+1.60
7.22+1.66
7.22+2.44

Process

Na~(p&)Mg
Ne o{aa)Ne'0

Mg (dp)Mg
AP'(da}Mg'«
Na»(P )Mgs«
Mg (dp)Mg"
Mg~(dp) Mg»
Ap'(d )Mg"
Na»(P )Mg «

AP~{da) Mgs«

Mg (dp}Mg»
AP~(da} Mgi«
Mg~(dp) Mg»
Mg +n'
Mgm+na
Mg'4+n'
Mg +n4
Mg +n'
Mg +n'
Mg~+n'
Mg~+n4

Observation

res.
res.

o res.
o res.
o res,
o' res.
o. res.
o. res.
o. res.
o res.

Energetics (Mev)

E~= 1.93
E =6.1

Q =5.03
Q =652
Ep= 3.7
Q =4.45
Q =4.05
Q =5.71
Ep=2.7

Q =4.94

Q =3.98

E„=0.60
E =0.72
E =0.87
E„=1.14
E„=1.32
E =1.60
E =1.73
E„=2.54

810
813

A5, N2
P7, Li, M6
82
AS, N2
AS, N2
P7, Li, M6
82
P7
N2
P7
N2
F5
FS
FS
FS
F5
F5
F5
M14

References

Mg"

13 AP'

0
0.44
1.91
2.85
4.0
S.Q

—+0.213—+0.400

0
2.0
3.6
5.1
7.80+0.173
7.80+0.298
7.80+0.377
7.80+0.473
7.80+0.488
7.80+0.505
7.80+0.553
7.80+0.793

0.84

1.02

3.03
3.7
43
53
5.8
8.29+0.279
8.29+0.302
8.29+0.324
8.29+0.374
8.29+0.414
8.29+0.434
8.29+0.476

Na~(ap) Mg~
Na~(ap}Mg~
Na~(ap) Mg~
Na~(ap) Mg~
Na~(ap) Mg
Na~(ap}Mg~

Mg (py)AP«
Mgs4(p&)AP«

Mg"(dn) AP'
Mg"(dn) Al~
Mg «(dn)Al~
Mg «(dn) Al
Mgs«{py) Al~b

Mg»(p~) AP6b

Mg"(py) Al~b

Mg»(p&) Al~b

Mg «(p&)Al~b
Mg"(py) Al~b

Mg «(p'y}Al~b
Mg»(py}Al~b

Mg (ap)AP~
Mg (dn)AP7
AP'(pp) AP'
AP'(dd) AP'
Mg~(dn) AP7
Mg»(P }Al»
APT(pp) Ap7

Mg '(ap)AP~
AP7(pp) AP~
Mg»{P )AP~
Mg~(dn) AP~
Apf (pp) Apv
AP'(dd)A1"
APT (pp) AP7
M+(dn) AP7
AP7(p p) AP7

Mg (dn)Al»
Mg (da}A1'~

Mg+(Ck}AP'
Mg~(py) AP'
MQ{py) AP~
Mgs«(py) AP'
Mg~{p&)Al»
Mg~s{p&) Apv

Mg&(p~) APT
Mme(py}AP'

res. yield of AP'
res. yield of AP'

n
n
n
n

res.
res.
res.
res.
res.
res.
res.
res.

p
n
p
d

p
p
p

P, v

p
d
p

p
n
n
n
n

res.
res.
res.
res.
res.
res.
res.

Q =1.72
Q =1.28
Q = —0.19
Q = —1.13
Q = —2.1
Q = —3.1

E„=0.222
E =0.417

Q =5.6
Q =3.6
Q =2.0
Q =05
E„=0.180
Ej,=0.310
Ep= 0.392
E„=0.492
E„=0.508
E„=0.525
Er =0.575
E„=0.825

Q 132o
Q =5.7

Q =48
K„=0.84

Q = —2.37~

Eq =0,84+1.01
Q =3.8

Q =29

Q =20
Q = 1.4
Q =0 4
Q = —0.1
E~=0.290
E„=0.314
E„=0.336
E~=0.388
E~=0.430
E„=0.451
E~=0.494

M7, K2, L1, M9, P8, H13
Mi
Mi, H13, P8, Li, K2, M2, M9
M7, H13
Li, M2, K2, P8
Li, M2, K2

G4
G4

Sii
Sii
Sii
Sii
C2
Ta
Ti
Ti, C2
Ti
Ti
C2
C2

Li, D1, H9
S14
H10, D2, F1, R6, RS, %12, 814, DS, GS
G5, H14
S14
81, li, R4
R6, RS, H10
Li, Di, H9
H10, DS
81, I1
S14
R6, RS, GS, H10, D2, 814
G5, H14
H10, D2, D5, 814, Fi
S14
H10, 314
S14
S14
S14
S14
Ti
T1
Ti
T1
Ti
T1
Ti
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TABLE E—Continued.

Z Isotope Level (Mev) Process Observation Energetics (Mev) References

14 Si"

8.29+0.558
8.29+0.655
8.29+0.963
10.42+5.3
10.42+5.8
17.26+0.884

0
1.02
1.42
1.61
2.18
2.64
3.00
3.3?
3.64
3.90
4.13
4.47
4.75
4.95
S.09
5.35
S.?2
7.68+0.0088
7.68+0.039

7.68+0.092
7.68+0.140

7.68+0.145
7.68+0.203

7.68+0.217
7.68+0.256
7.68+0.280
7.68+0.304

7.68+0.357

7.68+0.410

7.68+0.429
7.68+0.463

7.68+0.482

7.68+0.511
7.68+0.550
7.68+0.598
7.68+0.627
7.68+0.680
7.68+0.767
7.68+2.3
?.e8+2.8

0
1.80

4.47

4.91
6.11
6.65
7.10
7.55
8.18
9.16
11.69+0.2) 7
11.69+0.284
11.69+0.313
11.69+0.390
j.j..69+0.427

Mg&{pp) APV

Mg~(p&) AP
Mg~(pp) AP'
Na~'(an} Al~
Nams(a. n}AI~
Mg"{dp) Mg

AP'(d p) AP'
Al»(d p) Al's
Al»{dp) APs
Al»(d p) APs
AJ»(dp) APs
AP'(d p) APs
AP'(d p) AP'
AP {dp)AP'
Al»{dp)AP'
AP'{dp) APs
AP'(d p) Al"
AP'(d p) APs
Al»(d p) AP'
Al»(dp) APs
Al»{dp) /Ps
Al»{dp) APs
Al (dp}V'
AP'+n
APV+n

APY+n
AP'+n

Al»+n
AP'+n

AP~+n
AP'+n
Al»+n
AP'+n

AP'+n

Al»+n

Al»+n
AP'+n

AP'+n

APY+n
Al»+n
AP'+n
Al»+n
Al»+n
Al»+n
AP'+n
Al»+n

Al»(dn) Si&s

APs{p-) SPS
AP'(dn} Si's
AP'(dn) Siss

SPs(pp) SPs
AP'(dn) Siss
AP'(dn) Siss
AP'(dn) Si's
AP'(dn) Si"
AP'(dn) SPs
Ai»(dn) SPs
Al»{dn) SPs
Al»(») Sjss
A l27(py} Siss
Al»(p~) Siss
Al»(p~}Siss
»(pp) Sjss

res.
res.
res.
res.
res.
res.

P
P
P
P
P
p
P
P
P
P
P
P
p
P
p
P
P

cr res.
o res.

res. yield of AP'
o res.
o res.

res. yield of AP'
cr res.
cr res.

res. yield of AP
res. yield of APs
res. yield of APs

cr res.
o res.

res. yield of AP'
o res.

res. yield of APs
o res.

res. yield of AP'
res. yield of APs

o res.
res. yield of APs

o res.
res. yield of APs

o res.
o res.
cr res.
o. res.
o res.
cr res.
cr res.
o res.

n
v
n
n
P
n
n
n
n
n
n
n

res.
res.
res.
res.
res.

E„=0.580
Ep= 0.680
E„=1.000
E =6.2
E =6.8
Eg =0.955

Q =5.45
Q =4.43
Q =4.03
Q =3.84
Q =3.27
Q =2.81
Q =2.45
Q =2.08
Q =1.81
Q =1.55
Q =1.32
Q =0.98
Q =0.70
Q =0.50
Q =036
Q =0.10
Q = —0.27
E,=0.0091
E =0.040
E„=0.040
E„=0.095
E„=0.145
E„=0.145
E,=0.155
E„=0.210
E,=0.210
E„=0.225
E =0.265
E„=0.290
E„=0.315
E„=0.315
E.=0.370
E„=0.370
E„=0.425
E„=0.425
E„=0.445
E„=0,480
E„=0.480
E„=0.500
E„=0.500
E„=0,530
E„=O.S70
E„=0.620
E„=0.650
E„=0.705
E„=0.795
E„=2.4
E„=2.9

Q =9.08

Q =7.30
Q =4.61

Q =4.17
Q =297
Q =2.43
Q =1.98
Q =1.53
Q =0.90
Q =-0.08
Ep=0, 225
E,=A.2~5
E„=0.325
Ep=0.404
Ej,=0.443

C2
C2
C2
89
89
A1

P7, A1, A3, W10
P7, Ai, A3, %10
Ai, W10
P7, W10
P7, A1, A3, %10
P7, W10, N3, L1
P7, W10
P7, W10
W10, N3
P7, Li, M6
W10
P7
P7, W10
P7, %10
P7, W10, N3, L1
P?, W10
P?, W10
L2
H18, S3
H18
H18, S3
H18, S3
H18
H18, S3
H18, S3
H18
H18
H18
H18, S3
H18, S3
H18
H&8, S3
H18
H18, S3
H18
H18
H18
H18
H18
H18
H18, S3
H18
H18
H18, S3
H18
S3
A2
A2

P1
81, 82, E1, I1
P1
P1
Fi
P1
P1
Pi
Pi
Pi
P1
Pi
83, Ti
83, Tl
83, Hl, T1
83, Hi, Ti
83, Hl, Ti

, N3, Li, M6



NUCLEAR EN ERG Y LEVELS

TAmz I—Coeliwged.

Z Isotope Level (Mev) Observation Energetics (Mev) References

i2S 11.69+0.486
11.69+0.587
11.69+0.607
11.69+0.630
11.69+0.6S3
11.69+0.702
11.69+0.707
11.69+0.712
11.69+0.730
11.N+0.737
11.69+0.743
11.N+0.848
11.69+0.885
11.69+0.899
22.69+0.952
11.N+0.958
11.69+0.983
11.69+1.044
11.69+1.052
11.69+1.076
11.N+1.124
11.69+1.134
2 2.69+1.147
12.69+1.160
11.69+1.210
11.69+1.223
11.69+1.261
11.69+1.273
11.69+1.306
11.69+1.322

11.69+1.336

22.69+1.343

11.69+1.393
11.69+1.409
11.69+1.454
11.69+1.469

11.69+1.526

11.69+1.536
11.69+1.610

11.69+1.628
11.N+1.647
11.N+1.667

11.69+1.690

11.69+1.741

11.69+1.842

11.69+1.903

11.69+1.966

11.69+1.978

11.69+2.037

11.69+2.056

11.69+2.084

11.69+2.097

APT(pp) Sj28

APV(py) Si2s

APT(p~) Sj28

APT(py) Siss
A]2V{p~)$128

APT(pry) $j28

APT(p~) Sj28
APT{pp) $128

APT(p&}$128

AP7 (p~) $j28

APT(p~) Sj2S

APT(py) Si28

Apv(py) Sj28

APZ(p~) Sj28

APT(p&) $128

APT(p~) $j28

APT(pp) $j28

AP7 (p~) Sj28

APT(py) Si
APT(pp} Sj2s

APT(p~) Sj28

APT(p~) $j28
v(pp)$128

APT(p~) SPS
APV(p~) Sj28

APT(p~) Sj28

Apv{p~) Sj28

APT{p~}$128
APT(P ~)$128

APT(p~} $128

APV(pp) APV

APT(p~) Sj28

AP'(p p) APT

APT{py}$12
AP'(pp) AP'
AP'(pa) Mg~
APT(p p) APT

APT(pp) AP7
APT {pp)$128

Al»(p p}AP'
N»{pa) Mg~
APT(p p) A]27

APT(p~) SPS
APV(p~} Sj28

APT(pp) A]27

APT(Py) $128

AP'{pp) AP'
APT(p~) Sj28

A]»(p )Mg~
AP'(p p) AP'
APT(p'y) $128

AP'(p p) A]27
A}27(p ~)$j'28

APT{pp)AP7
A]27{p~) Sj28

A]2'(pa) Mg2
A]27(pp) $128

APT(pp) AP'
AP (pp)$28
APT(pa) Mg~
A]»(pp)A]»
APT {p~)Sj28
APT{pp) APT

Pv{py) Si2s

APT(p p) AP'
A]»(p~) Sj28

APT{p )Mg~
A]2'(p p}A]2'
A]27{p~) SPS
A]27{pa)Mg2'
APV{pp) A]27
A]27{p~) Sj28

APT{pa}Mg~

rCs.
1'CS.

res.
res.
res.
res.
res.
rcs.
res.
res.
res.
res.
res.
res.
res.
rcs.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
rcs.
res.
res.
1'CS.

res.
res.
rcs.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
rcs.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.

E~=0.504
E„=0.609
E„=0.630
E„=0.653
E„=0.677
E„=0.728
ET,=0.733
E„=0.738
E„=0.757
E„0.764
Ep=0.772
E„=0.880
E~=0.918
E„=0.932
E~=0.986
E„=0.994
E~= 1.019
E~= 1.083
E~= 1.091
E„=1~ 116
E„=1.166
Er,= 1.176
ET,= 1.190
Ep= 1.203
E~= 1.255
E„=2.268
Ep= 1.308
E„=1.320
E„=1.3SS
E„=1.370
E„=1.370
E~= 1.385
E„=1.385
E~= 1.393
E„=1.393
E„=1.445
E„=1.461
ET,= 1.508
E~= 1.523
E,=1.523
E„=1.583
ET,= 1.S83
E„=1.593
E„=1.670
E~= 1.670
E„=1.688
E„=1.708
E„=1.729
Ep= 1.729
E„=1.729
E~= 1.753
Ep= 1.753
E„=1.806
E„=1.806
Ep= 1.910
E„=1.910
ER= 1 973
E~= 1.973
E„=2.039
E~=2.039
E„=2.039
E~= 2.052
E„=2.051
E„=2.112
E~=2.112
E~= 2.132
E„=2.132
Ep= 2.132
E„=2.161
E„=2.162
E~= 2.161
E„=2.175
E~=2.175

83, P2, H1, T1
83
83, P2
83, P2
B3, P2
33
83, P2
83
83
83
83, P2
83
83
83
33, P2
33
83, P2
33
83
33, P2
33, P2
B3
83, P2
33 P2
33 P2
83
33, P2
83
83
83, P2
S15
$15
$25
S15
$15
S15
$15
$15
$25
Sis
$25
$1S
$25
Sis
S15
Sis
S15
$15
$15
S25
Sis
Sis
$15
$15
$25
$15
$15
Sis
$1S
$15
Sis
$25
$15
S15
$15
$15
S15
Sis
$15
S15
S15
S25
Sis
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TAM.E I—Continued.

Z Isotope

Sic

Sj88

Level (Mev)

11.69+2.106
11.69+2.127

22.69+2.206
11.69+2.233

21.69+2.250
11.69+2.282
11.69+2.292

11.69+2.319
11.69+2.358

2 2.69+2.392

12.69+2.402
11.69+2.445
11.69+2.468
11.69+2.486
11.69+2.524
11.69+2.729
11.69+2.747
11.69+2.767
11.69+2.777

11.69+2.892
11.69+2.912

11.69+2.936

11.69+2.960
11.69+2.970

21.69+2.995

11.69+3.071

12.69+3.148
11.69+3.279

11.69+3.343
11.69+3.405
22.69+3.425
11.69+3.439

11.69+3.471
11.69+3.494

21.69+3.531
11.69+3.573
11.69+3.684
11.69+3.713
11.69+3.837
11.69+3.910

11.69+3.954

11.69+3.965

10.37+4.8'

10.37+5.3e

2.06
2.43

Process

APv(p~) Sjl8

APv(p~} Sj28

APv(pa) Mg"
APv(pp) APv

APv(p~) SPS
AP'(pa}Mg~
APv(pp) AP'
AP7(pp) AP7
APv(p~) Sjs8
AP'(pa) Mg"
APV{p~)Sj88

APV(py) SP8
AP'(pa}Mg"
APV(pa) Mg~
AIN'T(p p) APv

APV(pp) APV

APv(p~) @88

APv{pp)APV
APV(pa) Mg84

APV(pa) Mg~
APV(pa) Mg8'
APV(pa) Mg~
APV(pp) AP'
~»(pa)Mg~
APv(pp) APv

AP7{pp) AP7
APV(p&) Sj88

APv(pa) Mg"
APV(pp) Al"
AP7(p ~)Sj28

Al'v(pa) Mg~
AP (p~)$1 8

APv(py) Sj88

AP'(pa) Mg'4
APV(pa) Mg'4
APv(py) Si"
APV(py) Si'8
AP7(pp) AP7
APV(pa}Mg"
APv(pa)Mg 4

Apv{p~) Sj28

APv(py) Si'8
AP7{p~)Sj28

APV(p&) Sp8
APV(p~) SP8
AP'(pp)AP'
AP'(p }Mg
APV(p~) Sj28

APv(pa) Mg~
APv(pp} AP7
AP7(p~}SP8
APv(p~) Sj88

APv{p~}Spy
APV(pa) Mg'4
APV(p }Mg
Al"(pa) Mg~
APV(p~) Sp8
AP7 (p~)Sj%8

Al'7(pa) Mg~
APV(pa) Mg8

j.

Mg~(ap) APV

Mg~(cue) Silv

Mg8'(ap) AP'
Mg~(an) Si"

Sj"(dp}Si"
Sj88{dp)Sj»'
AP'(p )S&"
Sj88{dp) Sjmg

AP9(P )Si"
SP8(gp}Sj89

Observation

res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
xes.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
xes.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.
res.

res. yield of Si"
res.

res. yield of Si'7

Energetics (Mev)

E~=2.184
E„=2.206
E„=2.206
E„=2.288
E„=2.316
E~= 2.316
E„=2.333
E„=2.365
E„=2.377
E~= 2.377
E„=2.405
E„=2.445
Ey= 2.445
E~=2.480
E„=2.480
E„=2.491
E„=2.536
E~=2.559
E~=2.578
E„=2.607
E„=2.820
E„=2.849
E~=2.869
E„=2.S80
E~=2.880
E~= 2.999
E„=3.020
E„=3.020
E„=3.020
E„=3.045
E„=3.045
E~=3.070
E„=3.080
E„=3.080
E~=3.106
E„=3.106
E„=3.185
Ep=3.185
E„=3.265
E~=3.400
E„=3.400
E„=3.467
E~=3.531
E~=3.552
E„=3.566
E„=3.566
E„=3.599
E„=3.623
E„=3.623
E„=3.623
E„=3.662
E„=3.705
E~=3.820
EN= 3.850
E„=3.979
E~=4.055
E~=4.055
E„=4.100
E„=4.200
Ep= 4.212
E„=4.112
E =5.7
E =5.6
E =63
E =6.2

Q =6.18
Q =4.89
E =1.25
Q =4.12
Q =3.75
KV= 2.35
Q =3.10

Sis
S15
S15
S15
S25
S25
S15
S15
S15
S15
S15
S15
S15
S15
S15
S25
S15
S15
S15
S15
S25
S15
S15
S15
S15
S15
S15
S15
S15
S15
S15
S15
S15
S15
S15
S15
S)5
S15
S15
S15
S15
S15
S15
S15
S25
S15
S25
S15
S15
S15
S25
S15
S15
S15
S15
S15
S15
S15
S15
S15
S15
Dl
M15
Di
M15

MS, Ai, N3
M8, Ai, N3
S12
MS, N3
MS, Ai
S12
MS

References
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TAaI.E I—Continued.

Z Isotope

Sj29

Sj30

$131

15 p30

P31

Level {Mev)

3.60
4.09
4.87
8.40+0.58
8.40+0.80
8.40+0.96
8.40+1.18
8.40+1.26
8.40+1.39
8.40+1.61
8.40+1.82
11.20+4.8
11.20+5.4

7.18
8.20
9.26
9.87
10.86

0.73

1.23
1.73
2.33

1.02

5.63+0.315
5.63+0.400

0.44
1.02

1.74

7.46+0.35S
7.46+0.483
9.72+3.41

9.72+3.81

9.72+4.09

9.72+4.48

9.72+5.1

9,72+5.8

9.72+6.8

2.25

4.34
9.93+0.344
9.93+0.426

Process

128(dp) SlR9

Si28(dp) Si29

Si28(dp) SiR'
Si'8+n
Si28+n
Si"+n
Si +n
Si28+n
Si"+n
Sj28+n
Si'8+n
Mg»(ap) AP'
Mg"(ap) AP'

Si29(dp) Si»
AP'(ap}Si»
AP'(ap) Si»
Sj29(dp) Sj30
AP~(ap}Sj30
Si29(dp) Si»
Al" (ap) S1»
Sj29{dp) S1»
Sj29(dp) Sj30

AP'(ap) Si»
AP7(aP) Si30

AP'(ap) Si»
AP7(aP) Sjso

AP'(ap) Si»
A127(aP) Sj30

Sj30(dp) Sj31

p31(np) $1»
Si'o(d p) Si
P31{nP)Sj31

Si»(dp) Si»
SjSO(dp) $131

Siso {dp) $j31

AP'(an) P»
Si'9(dn}P»
APT(an) P'0
Sj29(dn}P30
s j29(p~) P30

$1R9(p~)P30

$130{dn)P»
$j28(aP) P31

SiSo(dn) P»
Sj30(dn}P»
$128(ap) p31

$130(dn}p31

$j28(aP) P31

Sj30(p~)P31

$j30(p~) P31

AP~{ap)Si»
AP'(an) P»
AP~{aP)Si'0
AP'(an) P»
AP~(ap) Si»
AP~(an}P»
AP&(aP) Sj30
AP~{an) P»
AP~(an}P'0
APT(ap) Siso
AP~{an) P»
AP~(ap) Si'0
AP'{an) P»

SSR(pp) SsR

SSR(pp) SSR

S"(pp}SSR
P31(p~)SSR

P31(p~)SSR

Observation

o. res.
o res.
o res.
o. res.
o. res.
o. res.
o res.
o res.

res. yield of AP8
res. yield of AP8

p

p
p
p
p
p
p

p
p
p
p

n

n

res. yield of P»
res. yield of P'0

p
n
n
p
n
p

res.
res.
res.

res. yield of P»
res.

res. yield of P'0
res.

res. yield of P»
res.

res. yield of P»
res. yield of P'0

res.
res. yield of P»

res.
res. yield of P'0

res.
res.

Energetics (Mev)

Q =2.58
Q =2.09
Q =1.31
E„=0.60
E =0.83
E =0.99
E =1.22
E =1.30
E„=1.44
E„=1.67
E„=1.88
E =5.6
E~=6.3

Q =836
Q =2.26
Q = —002
Q =60
Q = —1.32
Q =44S
Q =—2.49
Q =3.36
Q =2.7
Q = —3.22
Q = —496
Q = —5.98
Q = —7.04
Q =—7.65
Q = —8.64

Q =4.33
Q = —0.97
Q =3.60
Q ~—17
Q =3.10
Q =2.60
Q =2.00

Q = —2.93
Q =3.38
Q = —3.91
Q =2.11
E„=0.326
E„=0.414

Q =456
Q = —2.23
Q =4.12
Q =3.57
Q = —3.28
Q =2.78
Q = —3.92
E„=0.36?
E„=0.499
E =3.92
E~=4.0
E =4.37
E =451
E =4.70
E~=5.0
E =5.14
E =5.3
E =5.9
E =5.75
E~=6.7
E =6.61
E =7.80

E„=2.3S

Ey=0.355
E„=0.440

References

MS, N3
MS
MS, N3
F5
F5
F5
F5
FS
FS
FS
FS
C6, F2, M15, E2
C6, F2, M15, E2

M8
L1 84 Di H2 M1 P8 L?
L1, 84, Di, H2, Mi, P8, L7
M8
Li, D1, Mi, H2, 84, P8, 814
MS, P8
Li, 84, D1, H2, P8, L7
M8
MS
814
814
814
814
814
814

MS
M i i
MS
M11
MS
MS
MS

P4
P4
P4
P4
T1
T1

P4
L1, H2, H3
P4
P4
L1, H3, H9, H2
P4
L1, H3, H9, H2
T1, Hi
T1, H1
Mi, C1, Di, K1
Wi
Mi, C1, D1, K1
Wi
M1, C1, Di, K1
%1, F3
M1, C1, Di
W1
W1, Y1
Di
F3, Wi, Yi
Di
F3

D2
812
D2
Ti, Hi
T1, H1, C2
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ThsLE I~ontinged.

Z Isotope

$33

Level (Mev)

9.93+0.523
9.93+0.68
9.93+0.92
9.93+1.05
9.93+1.08
9.93+1.10
9.93+1.13
9.93+1.23
9.93+1.39
9.93+1.42
9.93+1.45
9.93+1.49
9.93+1.54
9.93+1.57

0
0.79
1.90
2.17
2.85
3.15
3.88
4.15
4.42
4.70
5.12
5.63
6.30
8.71+0.108
8.71+0.199
8.71+0.267
8.71+0.281
8.71+0.364
8.71+0.567
8.72+0.674
8.71+0.703
8.71+0.718
8.71+0.761
8.71+0.800
8.71+0.892
8.71+0.926
8.71+0.960
8.71+1.03
8.71+1.10
8.71+1.12
8.71+1.14
8.71+1.16
8.71+1.18
8.71+1.21
8.71+1.24
8.71+1.26
8.71+1.30
8.71+1.32
8.71+1.35
8.71+1.39
8.71+1.50
8.71+1.57
8.72+1.72

Process

P31(p~)$33

P31(p~) $33
P31(p~) $33

P31{p~)$33

P31(p~) $33

P31(p~) $33

P31(p~) $33

P31(p~)$33

P31{p~)$33

P31(p~) $33

P31(p~)$33

P31(p~)$33

P31(P~)$3S

P31(p~)$33

$33(dp) $33

$32(dp) S33

$32(dp) $33

$33(dp) S33

$~{dp) S33

$33(dp) $33

$33(dp) S33

$33(dp) $33

$32(dp) S33

$32{dp)$33

$&(dp) S33

$&(dp) S33

s"+n
S~+n
$~+n
S~+n
s~+n
$~+n
S~+n
$~+n
S~+n
S~+n
S~+n
$32+n
S~+n
$33+n
S~+n
S~+n
$~+n
S~+n
SN'+n
S~+n
s +n
S"+n
$~+n
S~+n
$32+n
S +n
$~+n
S~+n
S~+n
$3'+n

Observation

res.
res.
res.
res.
res.
res.
res.
res.
res.
1'es.
res.
res.
res.
res.

cr res.
cr res.
o res.
cr res.
cr res.
o res.
cr res.
o 1eS.
cr res.
o res.
o. res.
o res.
o. res.
o res.
cr res.
o res.
o- res.
o res.
o. res.
o res.
o res.
cr res.
o res.
cr res.
o. res.
cr res.
o res.
cr res.
o res.
o res.

Energetics (Mev)

E„=0.540
E„=0.70
E„=0.95
E„=1.08
E„=1.11
E„=1.14
E~= 1.17
E„=1.27
E„=1.43
E~= 1.47
E„=1.50
E„=1.54
E„=1.59
E„=1.62

Q =6.48
Q =5.69
Q =458
Q =431
Q =3.63
Q =3.33
Q =2.60
Q =2.33
Q =2.06
Q =1.78
Q =1.37
Q =085
Q =0.18
E =0.111
E„=0.205
E„=0.275
E =0.290
E =0.375
E =0.585
E =0.695
E„=0.725
E =0.740
E„=0.785
E„=0.825
E„=0.920
E =0.955
E =0,990
E =1.06
E„=1.23
E„=1.15
E„=1.18
E„=1.20
E„=1.22
E =1.25
E„=1.28
E„=1.30
E„=1.33
E„=1.36
E„=1,39
E„=1.43
E =1.55
E„=1.62
E„=1.77

Ti, H1, C2
C2
C2
G6
G6
G6
G6
G6
G6
G6
G6
G6
G6
G6

D3, S6
D3, S6
D3
D3, S6
D3
D3, S6
D3
D3
D3, S6
D3
D3, S6
D3
D3
P14, A6, P13
P14, A6
P14
P14
P14, P13
P14, P13, F5
P14, P13, FS
P14
P14
P14
P14
P14, FS
P14
P14, FS
P14, F5
P14
P14
P14
P14
P14
P14, FS
P14
P14
P14, FS
P14
P14, FS
FS
F5
FS
FS

References

0.82

1.8

2.5

3.8
5.8

S33(dp) S'4
P31(ap) $34

P34(p-) $34

{p+)$
$33{dp)$34

P31(ap) S34

p34(p-) $34

$34

C134(p+)S34

P31(ap)$"
P'1(ap) S34

Q =8.67
Q = 1.3
Ep= 5.0
Ep= 5.1
Q =7.85
Q =04
Ep=3.2
Ky = 1.9
Q = —1.2
Ep= 2.4
K„=3.4
Q = —2.5
Q = —45

D3
M9
B6, Zi
H4
D3
M9, Li, M2, PS, P6
B6, Z1
B6
M9, Li, M2, P5, P6
H4
H4
Li, M2, P5, P6
Li, PS
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TABLE I—Confinled.

Z Isotope Level (Mev) Process Observation Energetics (Mev) References

17 CP6

Cl37

CPS

A'0

A41

19 K40

0
0.6
1.5

0
0.96
4.81
8.54—0.000073

0
2.7

0
1.00
1.92
6.25+0.0018

0
1.49
2,56
3.50
4.40
4.63
5.04
5.85

2.10

2.6
3.70

4.3
10.28+0.416
10.28+0.435
10.28+0.487
10.28+0.518
10.28+0.63
10.28+0.78
10.28+0.97

1.46

0
0.66
1.21
1.34
1.94
2.27
2.80
3.29
3.69
4.01

0
0.81
2.01
2.56
3.3
3.7

4.8
7.71+0.020
7.71+0.068
7.71+0.107
7.71+0.156
7.71+0.299

S(ap) CP6
S'2(ap) CP'
S32(ap) CP6

CP'(d p) CP
CP6(d p(CP'
CP'{dp) CP'
CP6+73

S37(p—
)Cl37

S»(p-) CP7
S37(p-) Cl37

CP'(d p) CP'
Cpv(d p) CP8
CP7{dp) CP8
CP7+I

A38{dp) A»
A"(dp}A»
A~(dp) A»
A~{dp) A'7

A~(dp) A»
A"{dp)A»
A"(dp) A»
A~{dp)A»

CPS(p-) A38

CP'(ap) A38

C]38(p—
)A38

CP8(p —
)A38

K38 (p+) A38

CP6( p)A8
CPS(p—

)A38

CP8(p-}A38
CP6(ap) A'8

CP7(py) A38

Cpv(p~) A38

CP7{py)A38

CP7(py) A»
CP7{p~)A38

Cpv{p&) A38

CP7 (p~) A38

K40(E)A40

A40(p p) A40

A4'(pp) A4'

A"(dp) A41

A4'(d p) A4'
A4'(d p) A4'

A4'(d p) A4'

A4'(d p}A41
A 0(dp)A
A40{dp) A41

A4'(d p) A4'
A' (dp)A41
A4'{dp) A41

K39(dp) K40

K»{dp) K40

K"(dp) K40

K (dp)K 0

K39(dp) K40
K3'(d p) K40
K39(dp) K'0
K39(dp) K'0
K39+73
K39+n
K39+n
K39+n
K39+e

0 res.

0 res.

res.
res.
res.
1es.
res.
res.
res.

cr res.
0. res.
0. res.
g res.
o res.

Q = —2.1
Q = —2.7
Q = —3.6

Q =631
Q =535
Q =1.50
E = —0.000075

{calculated)

Ep=4.1
E0= 1.5
Eq =2.7

Q =4.02
Q =3.02
Q =2.10
E =0.0018

Q =654
Q =5.05
Q =3.98
Q =3.04
Q =2.14
Q =1.91
Q =1.50
Q =0.69

Ep =4.81
Q =0.1
E~=2.15
Ep= 2.77
K„=2.0-2.15
Q = —2.5
E~= 2.15+1.60
Ep = 1.11
Q = —42
E„=0.427
E3,=0.447
E„=0.500
E~=0.532
E„=0.65
E„=0.80
E~= 1.00

Q =3.84
Q =3.18
Q =2.63
Q =2.50
Q =1.90
Q =1.57
Q =1.04
Q =055
Q =0.15
Q = —0.17

Q =5.48
Q =467
Q =3.47
Q =292
Q =2.18
Q =1.78
Q =1.28
Q =0.68
E =0.020
E„=0.070
E =0.110
E =0.160
E =0.305

Li, B5, H9
L1, BS, H9
Li, BS, H9

SS
SS
SS
H16

HS, Z1, B6
HS, Z1, B6
HS, Zi, B6

SS
SS
SS
L2

Z2, D6
Z2, D6
Z2, D6
Z2, D6
Z2
Z2
Z2, D6
Z2

L8, H6, S8, %2, %3
P5
H6, S8, Ii
L8, H6, S8, %2, Ã3
R2
PS
S8, H6, Ii, C3
L8, H6, W2, W3
PS
Ti
Ti
T1
Ti
C2
C2
C2

B16, B11,P12, Gi, H7, M3
H12
H12

D6, P9, D7
D6, P9
D6, P9
D6, D7
D6, P9
D6, P9, D7
D6, P9
D6
D6
D6

Sio, Pio
S10, P10
S10, P10
Sio
Sio
Sio
S10
S10
P11
P11
P11
P11
P11
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TABLE l—Continled.

Z Isotope Level (Mev) Process Observation Energetics (Mev) References

K41

20 Ca4'

Ca42

Ca43

Ca44

7.71+0.351
7.71+0.419
7.71+0.478
7.71+0.546

1.35

3.1

7.84+0.878
7.84+1.024
7,84+1.054
7.84+1.073
7.84+1.205

0
0.62
1.18
1.97
2.29

0
1.95
2.41
2.96
3.23
3.49
3.67
3.86
8.32+0.137
8.32+0.166
8.32+0.215
8.32+0.249
8.32+0.288
8.32+0.327
8.32+0.429
8.32+0.498
8.32+0.590

1.51

2.6
10.15+1.56
10.15+1.85
10.15+2.19
10.15+2.40
10.15+2.54
10.15+2.73
10.15+2.89
10.15+3.05

0.56

1.0

1.65

1.33

K"+n
K"+n
K"+n
K"+n

A41{P )K41
A40(dn) K4'
A41(P-) K41

A4'(P )K41

A«(dn) K41

Ca41(E)K4'
A'o{dn) K41

A'o(dn) K4'
A40(py) K4'
A'0{py) K4'
A"(pv)K"
A40(p~) K41
A40{p~) K41

K41(dp) K42

K4'(dp) K~
K4'(dp) K~
K41(dp) K'2
K41(dp) K42

Ca 0(dP) Ca
Ca40(d p) Ca41

Ca4'(dp) Ca4'
Ca40(dP) Ca41

Ca"(dp) Ca41

Ca o(dP) Ca41
Ca' (dp) Ca41

Ca40(dP) Ca41
Ca«+n
Ca40+n
Ca40+n
Ca40+n

a4o+n
Ca«+n
Ca4o+n
Ca40+n
Ca4'+n

K42(P-}Ca&
K»(~p) Ca&
K&(P-}Ca42
K&(P-)Ca&
K"{np)Ca42

K»(~p}Ca42
K41(pn}ca41
K41{pn)Ca41
K41(pn}Ca41
K41(pn) Ca41

K4'(pn) Ca41

K4'(pn) Ca4'
K4'{pn) Ca4'
K4'(pn) Ca4'

K43(P )Ca4'
K43(P-) Ca43
Sc43{P+)Ca4'
Sc43(P+}Ca43
Sc43(P+}Ca4'

Sc (X)Ca

o. res.
o. res.
cr res.
o res.

Y
n
n

res.
res.
res.
res.
res.

cr res.
o- res.
o. res.
cr res.
cr res.
o res.
o res.
o res.
o. res.

res.
res.
res.
res.
res.
res.
res.
res.

E =0.360
E =0.430
E„=0.490
E„=0.560

Ep= 2.55
Q =60
Ep= 1.18
Eq = 1.37
Q =46
Ey = 1.1
Q =2.9
Q =1.6
E~=0.900
E„=1.050
Ep= 1.080
E~= 1.100
E„=1.235

Q =5.12
Q =4.50
Q =394
Q =3.1S
Q =2.83

Q =6.09
Q =4.14
Q =3.68
Q =3.13
Q =2,86
Q =2.60
Q =2.42
Q =2,23
E =0.140
E„=0.170
E,=0.220
E =0.255
E„=0.295
E„=0.335
E =0.440
E„=0.510
E =0.605

Ep= 3.S8
Q = —0.89
Ep= 2.07
E~= 1.51
Q = —2.3
Q = —3.5
E~= 1.60
E~= 1.90
E~=2.24
E„=2.46
E~=2.60
E„=2.80
Ep =2.96
E~=3.12

Ey= 0.81, 0.24
Ev 0.4
Ep= 1.4, 0.4
E~= 1.0

Pl i
P11
P11
Pi i

B7
W7
87
Ri 87
W9
W4
W9
W9
819
819
819
819
819

S10
S10
Sio
Sio
S10

S9, S1, D4
S9, S1, D4
S9, Si
S9, Si
S9, Si
S9, Si
S9, Si
S9, Si
817, A4

- 817
817, A4
817, A4
817
817, A4
817, A4
817, A4
817

S2, S13, 82
L1, PS
S2, S13, 82
S2, S13, 82
Li, PS
Li, PS
815
815
815
815
815
815
815
815

01
01
WS
W5
H8

H8

& Isotopic assignment not certain.
b Isotopic assignment uncertain —possibly Mg»(py)A1» on basis of reference G4.' Q-value taken from Al»(pa) Mg24 reaction {F6).
~ Corrected to agree with ground state (pa) Q-value.

Level numerically out of order.
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Thus, E, is less than EI, by a few percent for proton
and neutron resonances in this mass region; for alpha-
particle resonances E,„may be lower than EI. by as
much as 15 percent.

In most resonance work the value of E, is much
more accurately determined than the corresponding
calculation of Q. Proton resonances are often known
to a few kev and slow neutron resonances to the order
of electron volts. On the other hand the value of Q is
seldom good to better than 0.05 Mev. Resonance levels
have therefore been listed as the sum of Q and Z,„in
order that the location of their positions not be mis-
leading and to allow the Q-values to be changed easily
with improved data.

The observation of a resonance generally refers to
the yield of the reaction product found in the "Process"
column unless special note is made otherwise. All
cases in which gamma-radiation is the observed product
are listed as (pp) although it is probable that in many
of the measurements the radiation arose from the decay
of the residual nucleus in a (Pa) process or in inelastic
scattering of energetic protons. The experimental
separation of these processes has rarely been attempted;
the Wisconsin data on Sis' (S15) form a notable ex-
ception.

The value listed in Table I for a given level has been
obtained by comparing the data of various processes
leading to this level and selecting a best average value.
The relative weight of a particular reference depends on
such features as the techniques employed, whether
isotopically enriched samples were used, and an over-all
estimation of the results. The assumption is made that
the same level is observed in two diferent processes
if the limits of error appear to overlap. Such correlations
may in some cases later prove incorrect. Some of the
results of very early work have been omitted. entirely
because, in our opinion, the nature of the experiment
did not justify the data.

To widen the usefulness of Table I a separate column
is devoted to energy characteristics of the various
processes, including Q-values, resonance energies, and
disintegration energies. Facts pertaining to particular
experiments, such as bombarding energies in non-
resonant reactions, beam energy spread„ type and
resolution of measuring equipment, angle of observa-
tion, etc. , have been omitted. The energetics column

may be used, to some extent, for noting how the data
of various processes leading to a given level compare.
Limits of error have not been stated in much of the
literature and for uniformity it has been decided to
omit those which have been speci6ed. Instead, the
number of significant 6gures may be taken as a fairly
reliable guide to the approximate accuracy of measure-
ment. In a few cases the data in the literature have been
rounded off to fewer signi6cant 6gures, if, in our opinion,
the probable errors of the results appear to justify
such a procedure.

TABLE II. Binding energies of incident particles.

Mass differences&

F"+a—Na" = 10.8

Na" +n —Na'4 = 7.00
Na"+p —Mg94 = 11.74

Ne'0+ a —Mg~4 =9.60

Mg'4+n —Mg" =7.22

Mg'4+ p —AP'

Mg"+p —AI~ =7.80

Mg"+p —AP'= 8.29

Na" +a—APv= 10.42

Mg2s+d —APz = 17.26

APv+n —AP'= 7.68

APv+ p —Si2s = 11.69

Mg 4+ca—Si~s = 10.37

Si"+n —Si"=8.40

Mg's+a —Si~9 = 11.20

Si~'+p —P"=5.63

Si'0+p —P"=7.46

APzia —P"=9.72

P"+p —S~=9.93

S~+e—S~=8.71

CP'+n —Cl~ =8.54

CPvie —CP'=6.25

C»+p —Ass = 10.28

K'9+I—K40 =7.71

A4'+ p —K4'= 7.84

Ca40+.n —Ca4' =8.32

K4'+ p —Ca~ = 10.15

NeRO Fj.9— 5 4.
Na" —Ne" = —1.80
Na'4 —Na" = 1.36
Na24 —Na~ = 1.36
Mg"—Na'4 = —5.52

Na~ —Ne" = —1.80
Na~ —Na" = 1.36
Mgi' —Na~4 = —5.52

Mg"—Mg'4 = 1.10

(no information on AP')

AI~ —Mg9'= —0.23

Mg'v —Mg~ = 1.93
APv —Mgmv = —2.64
Na'4 —Na" = 1.36
Mg2' —Na~4 = —5.52
APz —Mg 4= —2.62

APz Mgs' 3 55

APs —AP'=0 68

AP' —AP'= 0.68
Si~' —AP = —4.79

APv —Mg'4 = —2.62
AP' —APv =0.68
Si"—AP'= —4.79
Si"—Si's = —0,05

APv —Mg25 = —3.55
Si"—AP' = —4.01
Si'0 —SP9= —2.22
P'0 —Si'0= 4.17

Si"—Si'0 = 1.80
P"—Si"= —1.68
Si'0 —AP'= —6.20
Si"—Si"= 1.80
P"—Sis'= —1.68
S34 Psl — 5 24
S~—S~= —2.54
Ss' —Sl= —0.35
S~—S~= —0.35
Cl~ —CP'= —0.18

CPe CPv 2 11
CPs —CPv =2.11
A's —CP'= —4.81
K4o Ks9 0 65
A4' —A40 =2.29
K"—A~ = —2.55
Ca4~ —Ca4o=0.04
K~—K~ = 1.01
Ca~ —K~ —3.58

& All values in Mev. n =8.358, P =7.S76, d =13.7io, a =3.640.

In addition to the original papers, the following
summaries contain useful reference material: L1, M12,
N1, P3, S7, Vi, and K3.

We are indebted to the late H. H. Goldsmith for
suggesting that this compilation be made and for his
helpful advice during the early stages of its preparation
before his untimely death. We wish to thank Dr. H. T.
Motz for supplying much of the mass data used in com-
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puting resonance binding energies. The interest of
numerous other associates, who kind1y furnished,

information in advance of publication, is gratefu11y
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