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Motivation

Previous published compilation: Nuclear Spins and Moments
by G.H. Fuller J. Phys. Chem. Ref. Data 5, 835 (1976)

1976Fu06 (literature quoted up to 1974)
Earlier compilation 1969Ful1: G.H. Fuller and V.W. Cohen: NDT 5, 433

Direct measurement of spin is a strong argument for JPI
assignments in ENSDF evaluations

“2. Spin determinations by such techniques as atomic-beam resonance,
paramagnetic resonance, electron-spin resonance, and optical spectroscopy
give correct values.”

With radioactive ion-beam facilities, direct measurement of
nuclear spin may, once again, become an active area of
research.



Methods of Direct Measurement

» Hyperfine structure: optical spectroscopy or
collinear laser spectroscopy.

» Nuclear magnetic resonance

» Atomic and molecular beams

» Electron scattering

» B—asymmetry from oriented/polarized nuclei
» Microwave spectroscopy

» Optical pumping

» Electron paramagnetic resonance

» Spin exchange

% \\ \




Literature and Procedure

Compilation done using the following sources
and sequence for each nuclide:

» Nuclear Spins and Moments, H.G. Fuller:
J. Phys. Chem. Ref. Data 5, 835 (1976); NDT 5, 433 (1969)

v The Table of Isotopes, Seventh Edition,
C.M. Lederer et al. (1978)

v ENSDF database.

» NSR database

» Current publications




Nuclide Level Spin ™ Method of NSR Citation
Energy Spin Keynumber
(keV) Measurement
Z Physik
S 2 flx Optical Spectroscopy 1934Ko01 02, 82
Naturwiss.
Optical Spectroscopy IR 22,758
Collinear/Insource Phys Rev Lett
el L Sz | aser Spectroscopy AUREIRIDE 103, 142501
Nuclear Magnetic
73Se 0 9/2 Resonance/Nuclear [1988Be39 Phys Rev
Orientation C38, 2329
161Yb 0 3/2 1983Ne13 Hyper Int
LASER Spectroscopy 15/16, 181
Eur Phys JA
enlHy L 2 LASER Spectroscopy TEREEE 3, 225
207Rn 0 5/2 1987B029 Hyper Int
Hyperfine Structure 34, 25
Collinear Fast-Beam Phys Lett
EAlRE 2 R Laser Spectroscopy ISRl LE 133B, 47
Nucl Phys
Laser Spectroscopy el i A483, 244
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Abstract

We present a compilation of nuclear ground and isomeric state spins
measured by direct methods. To our knowledge, this is the first such
compilation since 1976, when the compilation Nuclear Spins and
Moments (J. Chem. Phys. Ref. Data 5, 835) by G. H. Fuller was
published. We anticipate that the area of direct spin measurement will
continue to expand and we will update this table as it does so.

Introduction

The direct measurement of nuclear
spins is cited as the primary argument for
spin assignment to ground states and
isomers by the National Nuclear Data
Center: “Spin determinations by such
techniques as atomic-beam resonance,
paramagnetic ~ resonance,  electron-spin
resonance, and optical spectroscopy give
correct values.” (Nuclear Data Sheets Vol.
110, No. 1, p. iv).

Our motivation in compiling this data
was driven by the observation that there
have been several direct measurements
effected since the publication of Nuclear
Spins and Moments, which tabulates nuclear
spins measured up to 1974. Thus, to our
knowledge, there has been no new
compilation of measured nuclear spins for
nearly 35 years.

Additionally, it is our strong belief
that interest in the area of nuclear spins and
their measurement will increase in the
foreseeable  future due to  present
technologies which allow the production of
previously unattainable radioactive ion
beams. For example, the paper entitled
Nuclear spins and magnetic moments of
"L1375Cy: Inversion of \pi ps, and fs;, levels
in Cu by K.T. Flanagan et al. was accepted

for publication in Physical Review Letters
on September 2, 2009. Furthermore, it is
our intent to continuously update this table
with new spin measurements as they are
published.

In the table below, we present
nuclides for which spins were directly
measured. The level energies of long-lived
isomers for which spins were measured are
also given. Measured spin values are given,
where parentheses and/or question marks are
reproduced from the source from which the
reference was taken, and indicate an
uncertain value. The method of spin
measurement is given, along with the
citation and NSR keynumber of the
reference from which the measurement was
taken. References prior to 1976 are taken
primarily from Fuller et al. The Table of
Isotopes, Seventh Edition by Edgardo
Browne et al, published in 1978 was also of
great help. Finally more recent references
were found using the Nuclear Science
References (NSR) and the Evaluated
Nuclear Structure Data File (ENSDF)
databases maintained by the National
Nuclear Data Center, Brookhaven National
Laboratory. Parities are taken from the
ENSDF database.



Tablel: Directly measured nuclear spins compilation. The symbol ~ indicates that no hyperfine structure
was observed by the reference.

., |Level . . NSR oy
Nuclide (keV) Spin Method of Spin Measurement Keynumber Citation
N 0 12 Slow-neutron scattering from ortho- 1937Sc09 Phys Rev 52, 1250
and para- H2
Reflection from magnetized iron 1950Ha67 Phys Rev 79, 888
Neutron beam resonance 1954St90 Phys Rev 96, 983
e Proc Roy Soc (London)
1H 0 1/2 Specific heat 1927De01 115A, 483
Band Spectra 1929Mu01 Trans Faraday Soc 25, 634
Band Spectra 1930He02 Z Physik 64, 151
2H 0 1 Optical Spectroscopy 1933Le02 Phys Rev 43, 837
Optical Spectroscopy 1934Mu03 Phys Rev 46, 95
Nuclear Magnetic Resonance 1950Le06 Phys Rev 78, 204
3H 0 1/2 Nuclear Magnetic Resonance 1947BI31 Phys Rev 71, 373
Nuclear Magnetic Resonance 1947BI32 Phys Rev 71, 551
Optical Spectroscopy 1949Di31 Phys Rev 76, 283
3He 0 1/2 Nuclear Magnetic Resonance 1949An11 Phys Rev 76, 1460
Optical Spectroscopy 1949D024 Phys Rev 76, 1529
Atomic and Molecular Beams 1953We01 Phys Rev 90, 377A
4He 0 0 Optical Spectroscopy 1929Mu01 Trans Faraday Soc 25, 634
6He 0 Atomic and Molecular Beams 1958C068 Phys Rev Lett 1, 208
6Li 0 1 Atomic and Molecular Beams 1937Ma06 Phys Rev 51, 19
Nuclear Magnetic Resonance 1951Sc07 Phys Rev 81, 157
7Li 0 3/2 Optical Spectroscopy 1930Ha01 Phys Rev 35, 789
Optical Spectroscopy 1932Gr03 Phys Rev 42, 44
Atomic and Molecular Beams 1935F003 Phys Rev 48, 746
Inelastic Electron-Scattering 1966Ra29 Phys Rev 144, 859
Inelastic Electron-Scattering 1969Vi02 Nucl Phys A132, 410
B-asymmetry from polarized
8Li 0 (2) 1959Co068 Phys Rev Lett 3, 429
nuclei/Nuclear Magnetic Resonance
B-asymmetry from polarized
(2) 1962Co08 Phys Rev 126, 1506
nuclei/Nuclear Magnetic Resonance
B-asymmetry from polarized
(2) 1967Gu14 Yadern Fiz 6, 657
nuclei/Nuclear Magnetic Resonance
B-asymmetry from polarized
2) 1971Ha67 Phys Rev 79, 888
nuclei/Nuclear Magnetic Resonance
B-asymmetry from polarized
2 1971Co068
nuclei/Nuclear Magnetic Resonance
Radiative Detection of Optical )
2 1973 Z Physik 261, 237

Pumping




9Be 3/2 Nuclear Magnetic Resonance 1951Ha50 Phys Rev 83, 672
Nuclear Magnetic Resonance 19518c17 Phys Rev 81, 886
Nuclear Magnetic Resonance 1953Kn50 Phys Rev 92, 539A
Nuclear Magnetic Resonance 1956Br48 J Chem Phys 24, 751
(3/2) Inelastic Electron-Scattering 1965Gr18 Phys Rev 139, B880
(3/2) Inelastic Electron-Scattering 1966Ra29 Phys Rev 144, 859
(3/2) Inelastic Electron-Scattering 1969Vi02 Nucl Phys A132, 410
(3/2) Inelastic Electron-Scattering 1969Be50 Phys Lett 30B, 412
10B 3 Microwave Spectroscopy 1950Go10 Phys Rev 78, 512
Microwave Spectroscopy 1950We03 Phys Rev 78, 202
(3) Inelastic Electron-Scattering 1966Ra29 Phys Rev 144, 859
(3) Inelastic Electron-Scattering 1969Vi02 Nucl Phys A132, 410
11B 3/2 Microwave Spectroscopy 1950Go10 Phys Rev 78, 512
(3/2) Inelastic Electron-Scattering 1965Gr18 Phys Rev 139, B880
(3/2) Inelastic Electron-Scattering 1966Ra29 Phys Rev 144, 859
(3/2) Inelastic Electron-Scattering 1969Vi02 Nucl Phys A132, 410
11C 3/2 Atomic and Molecular Beams 1961Sn01 2;"1' 22” Phys Soc 6, No 3,
B-asymmetry from polarized
12B (1) 1967Su03 Phys Lett 25B, 130
nuclei/Nuclear Magnetic Resonance
B-asymmetry from polarized
(1) 1968Su05 J Phys Soc Japan 25, 1258
nuclei/Nuclear Magnetic Resonance
(1) Ti.me. Differential Perturbed Angular 1968Pf03
Distribution
B-asymmetry from polarized
1 1970Su04 Phys Lett 31B, 520
nuclei/Nuclear Magnetic Resonance
B-asymmetry from polarized
(1) 1970Wi17 Phys Rev C2, 1219
nuclei/Nuclear Magnetic Resonance
B-asymmetry from polarized
1 1971Mi06 J Phys Soc Japan 30, 311
nuclei/Nuclear Magnetic Resonance
B-asymmetry from polarized
(1) 1971Wi28
nuclei/Nuclear Magnetic Resonance
12C 0 Optical Spectroscopy 1929Mu01 Trans Faraday Soc 25, 634
B-asymmetry from polarized Contrib.Intern.Conf.Nucl.St
12N 1 1967Su09
nuclei/Nuclear Magnetic Resonance ruct., Tokyo, 196
B-asymmetry from polarized
1968Su05 J Phys Soc Japan 25, 1258
nuclei/Nuclear Magnetic Resonance
B-asymmetry from polarized
1971Mi06 J Phys Soc Japan 30, 311
nuclei/Nuclear Magnetic Resonance
13C 1/2 Optical Spectroscopy 1948Je21 Phys Rev 74, 355

Nuclear Magnetic Resonance

Phys Rev 96, 543 (1954)




Bull Am Phys Soc 6, No 3,

13N 0 1/2 Atomic and Molecular Beams 1961Sn01 224 A1
Atomic and Molecular Beams 1964Be24 Phys Rev 136, B27
14C 0 0 Optical Spectroscopy 1948Je21 Phys Rev 74, 355
14N 0 1 Optical Spectroscopy 19280r01 Z Physik 49, 315
Microwave Spectroscopy 1946Co10 Phys Rev 70, 979
Microwave Spectroscopy 1948To10, Phys Rev 74, 1113, ibid
1947To16 71,644
15N 0 1/2 Optical Spectroscopy 1939Kr11 Z Physik 111, 467
Optical Spectroscopy 1940Wo010 J Chem Phys 8, 351
150 0 1/2 Atomic and Molecular Beams 1963Co17 Phys Rev 131, 700
160 0 0 Optical Spectroscopy 1929Mu01 Trans Faraday Soc 25, 634
170 0 5/2 Nuclear Magnetic Resonance 1951Ad08 Phys Rev 81, 1067
Microwave Spectroscopy 1952Ge26 Phys Rev 85, 474
Microwave Spectroscopy 1952Mi26 Phys Rev 86, 607A
180 0 0 Microwave Spectroscopy 1948To10 Phys Rev 74, 1113
Microwave Spectroscopy 1951Mi20 Phys Rev 82, 454
19F 0 1/2 Optical Spectroscopy 1929Ga01 Astrophys J 69, 77
Optical Spectroscopy 1933Ca04 Z Physik 84, 393
Microwave Spectroscopy 1949Gi28 Phys Rev 75, 1014
19Ne |0 1/2 Atomic and Molecular Beams 1963Co022 Phys Rev Lett 10, 347
20Ne |0 0 Optical Spectroscopy 1927Ha01~ r;l::tsur\mssenschaften 15,
Atomic and Molecular Beams 1960Lu06~ Phys Rev 120, 153
20Na |0 5 B-asy.mmfatry from polarized 1970Bo47
nuclei/Spin Exchange
B-asy.mmfatry from polarized 19710104
nuclei/Spin Exchange
Radiative Detection of Optical Nucl Phys A246, 187
Pumping (1975)
21Ne [0 3/2 Optical Spectroscopy 1949Ko021 Phys Rev 76, 1417
Atomic and Molecular Beams 1956HuU70 Phys Rev 104, 715
21Mg [0 5/2 Laser Spectroscopy/Nuclear 2009Kr Phys Lett B 678, 465
Magnetic Resonance
21Na |0 3/2 Atomic and Molecular Beams 1965Am01 Phys Rev 137, B1157
Spin Exchange 1969K010 Z Physik 226, 297
Spin Exchange 19710104
, Naturwissenschaften 15,
22Ne |0 0 Optical Spectroscopy 1927Ha01~ 163
22Na |0 3 Atomic and Molecular Beams 1949Da01 Phys Rev 76, 1068
Atomic and Molecular Beams 1949Da14 Phys Rev 76, 1076
23Na |0 3/2 Optical Spectroscopy 1933Gr03 Phys Rev 44, 935
Optical Spectroscopy 1933J004 Phys Rev 43, 761
Optical Spectroscopy 1934EI102 Phys Rev 46, 583
Atomic and Molecular Beams 1934Ra01 Phys Rev 46, 707
24Na |0 4 Atomic and Molecular Beams 1953Be19 Phil Mag 44, 33
Atomic Beam Laser Spectroscopy 1978Hu12 Phys Rev C18, 2342
24Mg |0 0 Optical Spectroscopy 1931Mu02~ Z Physik 72, 793
25Mg |0 5/2 Optical Spectroscopy 1949Cr18 Phys Rev 76, 1527




25Mg Paramagnetic Resonance 1957We13 Phys Rev 107, 1535
26Na |0 3 + |Atomic and Molecular Beams 1978Hu12 Phys Rev C18, 2342
26Mg [0 0 + |Optical Spectroscopy 1931Mu02~ Z Physik 72, 793
27Na |0 5/2 + |Atomic and Molecular Beams 1978Hu12 Phys Rev C18, 2342
27Al 0 5/2 + |Optical Spectroscopy 1938He06 Z Physik 108, 739
Atomic and Molecular Beams 1939Mi08 Phys Rev 56, 303
Atomic and Molecular Beams 1949Le15 Phys Rev 76, 1086
Nuclear Magnetic Resonance 1950P066 Phys Rev 79, 685
Nuclear Magnetic Resonance 1956Br48 J Chem Phys 24, 751
Electron Scattering 1971Deb55
Electron Scattering 1975St01 Nucl Phys A237, 365
28Na |0 1 + |Atomic and Molecular Beams 1978Hu12 Phys Rev C18, 2342
28Si 0 0 + |Microwave Spectroscopy 1949To09~ Phys Rev 76, 700
Nuclear Magnetic Resonance 1954\Wi08~ Phys Rev 93, 1428
29Na |0 3/2 + |Atomic and Molecular Beams 1978Hu12 Phys Rev C18, 2342
298i 0 1/2 + [Microwave Spectroscopy 1953Wh39~ Phys Rev 92, 1256
Nuclear Magnetic Resonance 1953Web51 Phys Rev 89, 923
Nuclear Magnetic Resonance 1954Wi08 Phys Rev 93, 1428
(Double Resonance)
Nuclear Magnetic Resonance
(Double Resonance) 19540901 J Chem Phys 22, 147
30Na |0 2 + |Atomic and Molecular Beams 1978Hu12 Phys Rev C18, 2342
30Si 0 0 + |Microwave Spectroscopy 1949T009~ Phys Rev 76, 700
30P 0 1 + |Atomic and Molecular Beams 1968Ph02 Priv Comm
Atomic and Molecular Beams ND A5, 433 (1969)
31Na |0 3/2 (+) |Atomic and Molecular Beams 1978Hu12 Phys Rev C18, 2342
B-Nuclear Magnetic Resonance 2000Ke09 Eur Phys J A 8, 31
31Mg [0 112 |(+) |P-Nuclear Magnetic Resonance with 1,5\ o4 Phys Rev Lett 94, 022501
g-factor measurement
31P 0 1/2 + |Optical Spectroscopy 1933As01 Phys Rev 44, 919
Optical Spectroscopy 1949Cr31 Can J Research 27A, 156
Microwave Spectroscopy 1949Gi28~ Phys Rev 75, 1014
Electron Paramagnetic Resonance [1954FI41 Phys Rev 94, 1392
31Ar 0 5/2 (+) |B-Recoil Energy Shift 1998Ax01 Nucl Phys A628, 345
B-Recoil Energy Shift 1999Th09 Phys Lett 467B, 194
B-Recoil Energy Shift 2002Fy01 Nucl Phys A701, 394c
32P 0 1 + |Electron Paramagnetic Resonance |1957Fe32 Phys Rev 107, 1462
328 0 0 + |Optical Spectroscopy 1931Na01 Phys Rev 37, 490
Optical Spectroscopy 19360101 Z Physik 100, 656
338 0 3/2 + |Microwave Spectroscopy 1948To013 Phys Rev 74, 626
Microwave Spectroscopy 1952Es07 Phys Rev 85, 532
Microwave Spectroscopy 1952Ki31 Phys Rev 88, 142
Nuclear Magnetic Resonance 1953We51 Phys Rev 89, 923
34S 0 0 + |Microwave Spectroscopy 1948To10~ Phys Rev 74, 1113
35S 0 3/2 + [Microwave Spectroscopy 1949Co012 Phys Rev 76, 703
Microwave Spectroscopy 1951We11 Phys Rev 81, 948
. 1948To10, Phys Rev 74, 1113, ibid
35CI 0 3/2 + |Microwave Spectroscopy 19477016 71, 644
Microwave Spectroscopy 1949To17 J Chem Phys 17, 782
Atomic and Molecular Beams 1949Da14 Phys Rev 76, 1076
36S 0 0 + |Microwave Spectroscopy 1949L021~ Phys Rev 75, 529




36CI 0 2 + |Microwave Spectroscopy 1949To10 Phys Rev 76, 691
Microwave Spectroscopy 1951J021 Phys Rev 83, 1249
Microwave Spectroscopy 1952Gi04 Phys Rev 85, 716A
Microwave Spectroscopy 1955Aa23 Phys Rev 98, 1317
36Ar 0 0 + |Optical Spectroscopy 1937Ko03 Z Physik 105, 389
Optical Spectroscopy 1953Me73 Helv Phys Acta 26, 811
36K 0 5 + B-asy.mm_etry from polarized 1972Sc35
nuclei/Spin Exchange
Spin Exchange 1973Sc36
. 1948To10, Phys Rev 74, 1113, ibid
37Cl 0 3/2 + |Microwave Spectroscopy 1947To16 71, 644
Atomic and Molecular Beams 1949Da14 Phys Rev 76, 1076
Microwave Spectroscopy 1949To17 J Chem Phys 17, 782
37Ar 0 3/2 + |Optical Spectroscopy 1965R013 Phys Rev 140, B820
37K |0 32 |+ |Radiative Detection of Optical 1968Be19 Phys Lett 26B, 721
Pumping
Spin Exchange 1971Vo03 Z Physik 244, 44
38Ar 0 0 + |Optical Spectroscopy 1953Me73~ Helv Phys Acta 26, 811
38K 0 3 + |Atomic Beam Magnetic Resonance ([1965Ph02 Phys Rev 138, B773
39Ar 0 7/2 - |Optical Spectroscopy 1967Tr12 J Opt Soc Am 57, 1452
39K 0 3/2 + |Atomic and Molecular Beams 1935Mi08 Phys Rev 47, 739
Atomic and Molecular Beams 1935F003 Phys Rev 48, 746
Optical Spectroscopy 1937Ja02 Nature 140, 276
40Ar 0 0 + |Optical Spectroscopy 1937Ko03~ Z Physik 105, 389
Optical Spectroscopy 1953Me73~ Helv Phys Acta 26, 811
40K 0 4 - |Atomic and Molecular Beams 1949Da01 Phys Rev 76, 1068
40Ca |0 0 + [Optical Spectroscopy 1931Fr01~ Z Physik 71, 89
41K 0 3/2 + |Atomic and Molecular Beams 1936Ma03 Phys Rev 49, 921
41Ca |0 7/2 - |Nuclear Magnetic Resonance 1962Br30 Phys Rev Lett 9, 166
42K 0 2 - |Atomic and Molecular Beams 1953Be19 Phil Mag 44, 33
Atomic and Molecular Beams 1969Ch20 Phys Rev 184, 1102
. Bull Am Phys Soc 18, No
Atomic and Molecular Beams 1973CoZG 4. 727. KO9
43K 0 3/2 + [Atomic and Molecular Beams 1959Pe26 Phys Rev 116, 734
43Ca |0 7/2 - |Nuclear Magnetic Resonance 1953Je06 Phys Rev 90, 1130
. Proc Phys Soc (London)
Optical Spectroscopy 1954Ke14 67A. 450
43Sc 0 7/2 - |Atomic and Molecular Beams 1966Co013 Phys Rev 141, 1106
44K 0 2 - |Laser Spectroscopy 1982Du06 J Phys (Paris) 43, 509
Laser Spectroscopy 1982T002 Phys Lett 108B, 169
44Sc 0 2 + |Atomic and Molecular Beams 1966Co013 Phys Rev 141, 1106
44Sc 270 6 + |Atomic and Molecular Beams 1966C013 Phys Rev 141, 1106
45K 0 3/2 + |Atomic and Molecular Beams 1967Ga08 Phys Rev 161, 1152
Atomic and Molecular Beams 1968Ga28 Priv Comm
45Ca |0 7/2 |- |Atomic Beam with Laser Double 795447 Z Phys A292, 401
Resonance Detection
45Sc |0 7/2 - |Optical Spectroscopy 1934Ko01 Z Physik 92, 82
Optical Spectroscopy 1934Sc01 l;lsaéur\mssenschaften 22,
45Ti 0 7/2 - |Atomic and Molecular Beams 1966C019 Phys Rev 148, 1157




46Sc |0 4 Atomic and Molecular Beams 1962Pe21 Phys Rev 128, 1740
47K 0 1/2 Atomic Beam Laser Spectroscopy 1982T002 Phys Lett 108B, 169
47ca |0 712 Atomic Beam with Laser 1982An15 Phys Rev C 26, 2194
Fluorescence Spectroscopy
47Sc |0 7/2 Atomic and Molecular Beams 1966C013 Phys Rev 141, 1106
A47Ti 0 5/2 Nuclear Magnetic Resonance 1953Je16 Phys Rev 92, 1262
Electron Paramagnetic Resonance [1961Ga16 Zh Eksp Teor Fiz 41, 337
Electron Paramagnetic Resonance |1962Wa03 Phys Rev 125, 233
4av o 3/2 Atomic and Molecular Beams 1967Re06 Bull Am Phys Soc 12,
No.4, 474
Atomic and Molecular Beams 1978Re03 Phys Rev C17, 2229
48sc |0 6 Atomic and Molecular Beams 1967Re06 Bull Am Phys Soc 12,
No.4, 474
48V 0 4 Atomic and Molecular Beams 1966Re06 EIL(J)II1Ag12Phys Soc 11,
y-Anisotropy from Polarized Nuclei 1966Ca04 ;’;og;hys Soc (London)
49Ti 0 7/2 Nuclear Magnetic Resonance 1953Je16 Phys Rev 92, 1262
Electron Paramagnetic Resonance |1961Ga16 Zh Eksp Teor Fiz 41, 337
. Bull Am Phys Soc 7, No 1,
Electron Paramagnetic Resonance [1962Mc05 30. GA9
Electron Paramagnetic Resonance [1962Wa03 Phys Rev 125, 233
. Bull Am Phys Soc 2, No 1,
49V 0 7/2 Electron Paramagnetic Resonance [1957We17 31 JA9
49Cr 0 5/2 Atomic and Molecular Beams 1965Sa22 Arkiv Fysik 30, 540
Atomic and Molecular Beams 1970Jo27 Phys Scr 2, 16
50V 0 6 Electron Paramagnetic Resonance [1952Ba63 gg;c gggs Soc (London)
Electron Paramagnetic Resonance |1952Ki31 Phys Rev 88, 142
Electron Paramagnetic Resonance [1953Ki41 Phys Rev 92, 109
51V 0 7/2 Optical Spectroscopy 1936K004 Z Physik 98, 624
. Proc Phys Soc (London)
Electron Paramagnetic Resonance [1951BI43 64A, 601
. Proc Phys Soc (London)
Electron Paramagnetic Resonance [1952Ba63 65A, 860
51Cr |0 712 Atomic and Molecular Beams 1959Ch24 '13;‘;' ﬁ‘g‘ Phys Soc 4, No 3,
Atomic and Molecular Beams 1965Sa22 Arkiv Fysik 30, 540
51Mn |0 5/2 Atomic and Molecular Beams 1965Sa22 Arkiv Fysik 30, 540
Atomic and Molecular Beams 1968J019 Arkiv Fysik 37, 317
Atomic and Molecular Beams Nucl Phys A166, 306
(1971)
52Mn |0 6 y-Anisotropy from Polarized Nuclei  [1957Hu80 Physica 23, 605
Dynamic Nuclear Orientation Physica 24, 157 (1958)
. . : Prog Cryog 3, K
? -
67 y-Anisotropy from Oriented Nuclei 1961Je04 Mendelssohn, Ed, 129
. Prog Cryog 3, K
Electron Paramagnetic Resonance [1961Je04 Mendelssohn, Ed, 129
Atomic and Molecular Beams 1966Ad03 Arkiv Fysik 31, 549




y-Anisotropy from Oriented

52Mn 1970Ni11 Physica 50, 259
Nuclei/Nuclear Magnetic Resonance
52Mn (383 2 Atomic and Molecular Beams 1965Sa22 Arkiv Fysik 37, 317
Atomic and Molecular Beams 1965Ph04 Phys Rev 140, B555
53Cr 0 3/2 Electron Paramagnetic Resonance (1951BI74 Proc Phys Soc (London)
64A, 1135
. Proc Phys Soc (London)
Electron Paramagnetic Resonance [1952B066 65A, 860
Nuclear Magnetic Resonance 1954Ha39 Helv Phys Acta 27, 259
Coulomb Excitation Reorientation 1971Th19
53Mn |0 7/2 Electron Paramagnetic Resonance [1956Do045 Phys Rev 104, 1378
54Mn (O 3 y-Anisotropy from Oriented Nuclei 1960Ba42 Phys Rev 120, 946
. Prog Cryog 3, K
Electron Paramagnetic Resonance [1961Je04 Mendelssohn, Ed, 129
y-Anisotropy from Oriented Prog Cryog 3, K
1961Je04
Nuclei/Dynamic Nuclear Orientation Mendelssohn, Ed, 129
y-Anisotropy from Polarized
1967Te01 Phys Rev Lett 18, 240
Nuclei/Nuclear Magnetic Resonance
y-Anisotropy from Oriented
1970Ni11 Physica 50, 259
Nuclei/Nuclear Magnetic Resonance
55Mn |0 5/3 Optical Spectroscopy 1930Wh01 Phys Rev 35, 208
Optical Spectroscopy Phys Rev 35, 1146 (1930)
. Proc Roy Soc (London)
Electron Paramagnetic Resonance [1951BI30 205A, 336 (1951)
Microwave Spectroscopy 1954Ja16 Phys Rev 96, 649
. Proc Phys Soc (London)
Atomic and Molecular Beams 1957Wo46 70A., 485
Atomic and Molecular Beams 1979De19 Z Physik A291, 207
55Co |0 7/2 Radioactive Detection of Nuclear Nucl Phys A201, 561
56Mn (O 3 y-Anisotropy from Polarized Nuclei  [1960Ba06 Phys Rev 117, 519
Atomic and Molecular Beams 1961Ch05 Phys Rev 122, 891
56Co |0 4 Electron Paramagnetic Resonance [1956Ba69 g;'oo\c gg%/s Soc (London)
Electron Paramagnetic Resonance |1956J006 Phys Rev 102, 738
57Fe |0 1/2 Electron Paramagnetic Resonance [1957Ga16 I1Z)1();<Ia1<12);§\kad.Nauk SSSR
Electron Paramagnetic Resonance [1958Lu64 Phys Rev Lett 1, 295
57Co |0 7/2 Electron Paramagnetic Resonance [1956Ba69 g;ic gg%/s Soc (London)
y-Anisotropy from Oriented
1972Ni01 Physica 57, 1
Nuclei/Nuclear Magnetic Resonance
58Co |0 1,2 Electron Paramagnetic Resonance  |1957Do38 Phys Rev 108, 60
. Bull Am Phys Soc 10, No
59Fe |0 3/2 Atomic and Molecular Beams 1965D011 4, 445, BC11
y-Anisotropy from Oriented Nuclei 1970Ts04 Phys Rev C2, 2168




59Co |0 712 Optical Spectroscopy 1935K05 Z Physik 94, 58
Optical Spectroscopy 1935Mo07 Phys Rev 47, 256A
. Proc Roy Soc (London)
Electron Paramagnetic Resonance [1951BI38 208A. 143
60Co |0 5 y-Anisotropy from Oriented Nuclei  |1954BI07 Proc Roy Soc (London)
221A, 170
y-Anisotropy from Oriented Nuclei 1955P017 Physica 21, 233
y-Anisotropy from Polarized Nuclei  [1955Wh42 Physica 21, 841
Electron Paramagnetic Resonance [1956Do08 Phys Rev 101, 1001
y-Anisotropy from Polarized
1972Ni01 Physica 57, 1
Nuclei/Nuclear Magnetic Resonance
60Co |58 2 Atomic and Molecular Beams 1968R008 Priv Comm
Atomic and Molecular Beams 1969Hu12
Atomic and Molecular Beams ND A5, 517 (1969)
60Cu 0 2 Atomic and Molecular Beams 1958Re10 Phys Rev 109, 465
61Ni 0 3/2 Electron Paramagnetic Resonance [1958W052 Phys Rev Lett 1, 16
. . Bull Am Phys Soc 2, No 4,
61Cu (O 3/2 Atomic and Molecular Beams 1957Ni09 200 KA11
Atomic and Molecular Beams 1958Re10 Phys Rev 109, 465
62Cu 0 1 Atomic and Molecular Beams 1966D0o01 Phys Rev 142, 638
Atomic and Molecular Beams 1968Ph01 Phys Rev 169, 917
63Cu |0 3/2 Optical Spectroscopy 1932Ri02 Z Physik 79, 1
Optical Spectroscopy 1936Sc07 Z Physik 100, 113
. Bull Am Phys Soc 12, No
63Zn 0 3/2 Optical Double Resonance 1967Mc17 1,132 HG10
Optical Double Resonance 1969La05 Phys Rev 177, 1606
64Cu |0 1 Atomic and Molecular Beams 1954Le40 Phys Rev 95, 1356
64Zn |0 0 Optical Spectroscopy 1929Sc01~ Z Physik 56, 291
Optical Spectroscopy 1931Mu02~ Z Physik 72, 793
65Cu |0 3/2 Optical Spectroscopy 1932Ri02 Z Physik 79, 1
65Zn 0 5/2 Optical Double Resonance 1964By01 Phys Rev 134, A47
66Cu 0 1 Atomic and Molecular Beams 1964Ro04 Phys Rev Lett 8, 266
Atomic and Molecular Beams 1969Cu09 J Phys A (London) 2, 658
66Zn |0 0 Optical Spectroscopy 1929Sc01~ Z Physik 56, 291
Optical Spectroscopy 1931Mu02~ Z Physik 72, 793
66Ga |0 0 Atomic and Molecular Beams 1957Wo35~ S;g Qrzn Phys Soc 2, No 8,
67Zn |0 5/2 Optical Spectroscopy 1937Ly07 Z Physik 104, 434
Optical Spectroscopy 1948Ar06 Phys Rev 74, 1263A
Nuclear Magnetic Resonance 1953Web1 Phys Rev 89, 923
67Ga |0 3/2 Atomic and Molecular Beams 1957HuU86 Phys Rev 105, 1928
68Zn 0 0 Optical Spectroscopy 1929Sc01~ Z Physik 56, 291
Optical Spectroscopy 1931Mu02~ Z Physik 72, 793
68Ga |0 1 Atomic and Molecular Beams 1958Hu14 Phys Rev 110, 534
69Ga [0 3/2 Optical Spectroscopy 1932Ja04 Z Physik 75, 229
Optical Spectroscopy 1933Ca02 Nature 131, 204
69Ge [0 52 Atomic and Molecular Beams 19700I102 Phys Rev C2, 228
69As |0 5/2 Atomic Beam Magnetic Resonance [1976He21 Phys Scr 14, 138
70Ga |0 1 Atomic and Molecular Beams 1962Eh01 Phys Rev 125, 2008




70Ge |0 0 + |Microwave Spectroscopy 1949T009~ Phys Rev 76, 700
70As |0 4 + |Atomic and Molecular Beams 1969Ph04
Atomic and Molecular Beams 1976He24 gggerﬁne Interactions 2,
Atomic and Molecular Beams ND A5, 433 (1969)
Atomic and Molecular Beams PC68 Philips2
Atomic and Molecular Beams Bull Am Phys Soc 14, 944
(1969)
71Cu [0 32 |- |Solinear/insource Laser 2009FIAA Phys Rev Lett 103, 142501
Spectroscopy
71Ga |0 3/2 - |Optical Spectroscopy 1932Ja04 Z Physik 75, 229
Optical Spectroscopy 1933Ca02 Nature 131, 204
71Ge |0 1/2 - |Atomic and Molecular Beams 1963Ch12 Phys Rev 131, 245
Nuclear Magnetic Resonance/Static Nucl Phys A259, 378
71As |0 5/2
Nuclear Orientation (1976)
72Ga |0 3 - |Atomic and Molecular Beams 1960Ch13 Phys Rev 120, 2138
72Ge |0 0 + |Microwave Spectroscopy 1949To09~ Phys Rev 76, 700
72As |0 2 - |Atomic and Molecular Beams 1969Ph04
Atomic and Molecular Beams ND A5, 433 (1969)
. Bull Am Phys 14, 944
Atomic and Molecular Beams (1969)
73cu o ap | [|Collinear/nsource Laser 2009FIAA Phys Rev Lett 103, 142501
Spectroscopy
73Ge |0 9/2 + |Microwave Spectroscopy 1949T009 Phys Rev 76, 700
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