IONIZATION POTENTIAL IN eV

Separation energy of last electron for neutral atoms

Ref: C.E. Moore, Atomic Energy Levels, Circular 467, vol. 1, p .XL,
Nat. Bureau of Standards, Washington, D.C. (1949)
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Note: separation energy decreases after the
completion of each major shell (noble gases)
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One-proton separation energy for nuclei
Ref: J.H.E. Mattauch, W. Thiele, and A.H. Wapstra, Nucl. Phys. 67 (1965) 1

N even

Sp(N,Z)=B(NZ)-B(N,Z-1) 7 odd

Sp MeV




Sn MeV
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One-neutron separation energy for nuclei
Ref: J.H.E. Mattauch, W. Thiele, and A.H. Wapstra, Nucl. Phys. 67 (1965) 1
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Energies of first 2* states in even-even nuclei

Chart of Nuclides

Click on a nucleus for information

Color code  Half-life Decay Mode QB- QEC| QB+ Sn Sp Qa S2n S2p Q2p- QzEC QEcp
QB-n BE/A (BE-LDM Fit)/A  Eistex.st. Ez+| E3- E4+ Ea+/E2+ |Bz B(E2)az/B(E2)20  o(n,y) o{(n,F) 235U FY 239Pu FY
Tooltips
(8])]
F 3
W Off
=
=]
% Zoom Uncertainty
= 1 NDS
% 2 Standard
_ 3
g Z_E‘IZ K N NN ] 4 Screen
t~ Size
5
6 Narrow
MN=126 )
7 Wide
Mucleus
go
Z:E."j Illlllllllllll: kEU
" 3BOE+4  1.16E+3
" 2 T4E+4 822E+2
s M=82
—|o L 1.93E+4  578E+2
o v - 1.35E+4 4 0TE+2
1 9 57TE+3 2 87E+2
L I E B EEEEEENI 1 E_?’4E+3 2[]2E+2
“N=50 4.74E+3 | 142E+2
3.34E+3 1.00E+2
2 35E+3 7.05E+1
1.65E+3 ATEH
1.16E+3 3.50E+1
M, number of neutrons unknown
| .
[ Pty Sy K




Spherical shell model with strong spin-orbit force (1949)

Maria Goeppert Mayer, U.S.A. J. Hans D. Jensen, Germany
Nobel prize 1963



Mean-field concept

(Ref: Isotope Science Facility at Michigan State University,
MSUCL-1345, p. 41, Nov. 2006)




Spherical shell model with spin-orbit interaction:
gquantum numbers

n=12,3,..
¢ =0,1,2,...
N = Z(n — 1) + ¢ determines 3D harmonic oscillator energy

j=l-1/2| and j=l+1/2

E, =-V,+ho(N+3/2)-al for j=0+1/2

E,, =-Vy+ho(N+3/2)+a(f+1) for j=|(-1/2]



Spherical shell model with spin-orbit interaction:
single-particle quantum states

¢ =0 1 2 3 4 5 6
s p d [f g h i

spectroscopic notation

nt g notation for single particle energy states, e.g.

ls,,, 1ps, 2d5, lh,, li,,

‘nfjmj> single particle state vectors
m,=—j,—j+1l,...+]

= M =2j+1 degeneracy of single-particle energy level



Spherical shell model (Mayer & Jensen, 1955): part 1
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Spherical shell model (Mayer & Jensen, 1955): part 2

”' _'3dm {“i]'
—hs ———— T —syy [ 2)
-—3d _"—'(\ o 2912 (8)
0 —li (12)
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—_ ¢ 299& (10)
~
‘\\I\
(=3P ez 22T PR L 2)
o= 393;2 (4)
2{ . ,.ﬂ———--me ['E]'
.F' ----- = 2fw2 [8]
5h¢ 1h — (10)
odd ,', 9/2
[ —1h 4

-{(16) — (184 ) — 184

(126) ——126

(100]

10



R (]°

0.25

0.2

0.15

0.1

0.05

spherical nuclear shell model,,,
square of radial wave functions for = Pb
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Spherical shell model for 2%%Pb: 1s,, orbital (m, = +1/2)

prob_density_in_xz_plane

0.0115

0.0106

0.00971
1110.00882
1 10.00794
| 10.00706
| 10.00618
110.00529
110.00441
| 10.00353
1110.00265
0.00176
0.000832
3.5¢-20




Spherical shell model for 2%%Pb: 1p,, orbital (m; = +3/2)

prob_density_in_xz_plane

10 0.00432

0.00399
0.00365
1110.00332
| 10.00299
| 10.00266
| 10.00232
110.00199
110.00166
| 10.00133
1110.000996
0.000664
0.000332
1.07e-19




Spherical shell model for 2%°Pb: 2d,, orbital (m; = +3/2)

prob_density_in_xz_plane

0.00313
0.00289
0.00265
110.00241
110.00216
110.00192
110.00168
110.00144
110.0012
110.000962
110.000722
0.000481
0.000241
4.44¢-15

14



Spherical shell model for 2%°Pb: 2d,, orbital (m; = +1/2)
prob_density_in_xz_plane

0.00414
0.00382
0.00351
0.00319
1 10.00287
1 10.00255
1 10.00223
110.00191
110.00159
110.00127
0.000956
0.000637
0.000319
7.4e—15
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Spherical shell model for 2%°Pb: 3p,, orbital (m; = +1/2)

prob_density_in_xz_plane

0.00873
0.00806
0.00739
110.00671
1 10.00604
1 10.00537
1 10.0047

110.00403
110.00336
1 10.00269
110.00201
0.00134
0.000671
1.24¢-13
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Comparison of one-particle shell models
atomic “orbitals” (left) vs. nuclear “orbitals” (right)
Note that atomic orbitals are more diffuse!

0.0156
0.0144
0.0132
0.012
1 0.0108
1 000963

1 10.00843

size: 1019 m size: 10"° m



Measurement of single-particle proton energy levels: °*O(p,2p)'°N
Ref: Textbook by Ring & Schuck

Elllpll
Schematic representation of the (p, 2p) reaction.

Energy

it
!

25.Td\ / EL

p - -____i_-A__

Is

Figure 2.12. (p,2p) reaction in the shell model.
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Measured single-particle proton energy levels in 10O
Ref: Textbook by Ring & Schuck

o (1p3)  (1p3)
-
@
=
r:a' 10—
# 0" (p.2p) N°
K
E l15£l
|| |
| ! | | 1] | (™
70 60 50 40 30 20 10

Figure 2.13. Experimental '°O (p, 2p) "°N cross section [MHT 58].
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Measured single-particle neutron energy levels in 29°Pb
Ref: Ellegaard et al., Nucl. Phys. A129 (1969) 113

EXCITATION ENERGY (MeV)

4 3 2 1 0
T T T T T T T - T T T
L
3d o 2°'Pb(d.p) 08P p
" - E, =120 MeV
Car "0y 2Gs 8=130°
3d j
300 |- v 1w B
1i|';;
Ls\n
€
é 200 "0 ) -
S M %5 » '\16 3% .513 )
[+ 4 Iz
w ©
n‘ 3
» @
g Q
P
= ) .
100 5 -
C
B

AR 3

; ﬁ}%,,@; _
T - "—'l_ - -
65

DISTANCE ALONG PLATE

Fig. 6. Proton spectrum from the 2°*Pb(d, p)?°?Pb rcaction. The intense peaks are labelled by their shell-model assignment. The peaks labelled
A ... L are the peaks for which angular distributions are measured. The arrow labelled 4~ indicates the position of the known 3~ level.



