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「核力と核構造の話を聞きたい」

目指した講義
学部レベル量子力学と核力専門書の 
“橋渡し” となるような講義 

 
→ プログラムを動かす 
ハンズオン形式にしよう！
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2(泣く泣く)範囲外
散乱問題

束縛問題よりも散乱問題のほうが核力の情報を多く含む……

206 R. Machleidt 

bond is about 2 MeV in the two-nucleon system and 3 MeV for the triton. 
In 4He we have"" 4.5 MeV per bond (28 MeV total). One can then conclude 
that, when nucleons are pulled closer to each other by more bonds (due to 
more particles), also the energy per bond increases (up to saturation). From 
this Wigner (Wig 33), in 1933, conjectured that the nuclear force should be 
of short range, namely, shorter than the deuteron diameter of about 4 fm 
and roughly equal to the radius of the alpha particle of about 1.7 fm. 

2. The nuclear force is attractive in its intermediate range. "Intermedi-
ate" is meant here relative to the total range of the nuclear force, which we 
now consider as being subdivided according to TNS (TNS 51) in short, 
intermediate and long range. The proof for the attractive character of the 
nuclear force (at least, in a certain range) is provided by the fact of nuclear 
binding. The range of this attraction can be obtained more precisely by 
considering the central density of heavy nuclei as known from electron 
scattering. This density is about 0.17 fm-3 (nuclear matter density), which 
is equivalent to a cube of length 1.8 fm for each nucleon. Thus, the average 
distance between the centers of two nucleons in the interior of a nucleus 
is about 1.8 fm, in close agreement with our estimate given under item 1. 
This average distance should be about the range of the attraction. Further 
evidence for the (partially) attractive character of the nuclear force comes 
from the analysis of NN scattering data. The S-wave phase shifts are 
positive (corresponding to attraction) for low energies; see Fig. 3.1. Note 
that the average momentum of a nucleon in nuclear matter is equivalent to 
a laboratory energy of about 50 MeV. 

3. The nuclear force has a repulsive core. Such an assumption could 
help explain the saturation properties of nuclear forces and the constant 
nuclear density. But this aspect is not a compelling proof for a repulsive 
core, as saturation can also be generated in other ways, namely, by 
"exchange" forces, by Pauli and relativistic effects. In fact, at nuclear matter 
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Fig. 3.1. NN phase shifts for the 
1 So and 1 Dl state. Shown is the 
energy-dependent analysis by 
Arndt (Arn 87). 
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Fig. 3.3. NN phase shifts in triplet P waves. Shown are predictions using a central 
force only (C), central plus tensor (C + T), and central plus tensor plus spin-orbit 
force (C + T + LS). The dots represent energy-independent phase shift analyses 
(Arn+ 83, Dub+ 82). 

is proportional to the transition amplitude from a state with L = J - 1 to 
one with L = J + 1 (with J the total angular momentum). Of all operators, 
by which the most general nonrelativistic potential can be represented, only 
the tensor operator has nonvanishing matrix elements for this transition. 

5. There is a spin-orbitforce. A first indication for this fact was observed 
in the spectra of nuclei. Note, however, that this refers to the effective 
nuclear interaction in the many-body system, which is not the same as the 
free NN interaction, though these two forces are related. Clear evidence 
came from the first reliable phase-shift analysis at high energy (SYM 57, 
GT 57). The triplet P waves resulting from the analysis can only be explained 
by assuming a strong spin-orbit force; see Fig. 3.3. Speaking in terms of 
observables, a strong spin-orbit force is required to explain the polarization 
(Fig. 3.4). 
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Fig. 3.4. Predictions for the pp polariz-
ation at 212 MeV laboratory energy. 
Solid line: full nuclear force; dashed: 
spin-orbit force omitted; dotted: cen-
tral force only. [Data at 209.1 (open 
square), 210 (solid dot), and 213 MeV 
(open circle) (BL 82, Am 87)]. 
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核物質

核力が原子核の 
飽和性にどのように 
寄与しているのか……

Sammarruca & Millerson,  
Front. Phys. 7, 00213 (2019)

多体問題

真空中の核力を 
インプットとして、 
核子多体系がどのように 
組織化されるのか……
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Fig. 3.1. NN phase shifts for the 
1 So and 1 Dl state. Shown is the 
energy-dependent analysis by 
Arndt (Arn 87). 
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5. There is a spin-orbitforce. A first indication for this fact was observed 
in the spectra of nuclei. Note, however, that this refers to the effective 
nuclear interaction in the many-body system, which is not the same as the 
free NN interaction, though these two forces are related. Clear evidence 
came from the first reliable phase-shift analysis at high energy (SYM 57, 
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observables, a strong spin-orbit force is required to explain the polarization 
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核物質

核力が原子核の 
飽和性にどのように 
寄与しているのか……

Sammarruca & Millerson,  
Front. Phys. 7, 00213 (2019)

多体問題

真空中の核力を 
インプットとして、 
核子多体系がどのように 
組織化されるのか……

準備時間足りず…… 
すみません

準備時間足りず…… 
すみません

ハンズオンにするには 
難易度が高すぎると判断
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