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proper'ties of Null-instanton Model from M~gnetic 
Moments and Masses of Baryons and Nuclei 

Syurei Iwao 

0 K 
(),Physics Institute, Sue13-S2-44, Kanazawa :~~~;~:--< 

0 The null-instanton model of baryons are studied ~ased on the 
1 new experimental information and its impo~tant role 1n low\

energy physics is clarified from the magnetic moments andZ 
masses of the nuclear states. 

0::. 
Q. $ 1. Introduction\.i.. Recently, Bukina 1) has compared the magnetic moment results 

-3=3

_J_ J in the quark model with null instantons2
) and semibosonized 

Nambu-Jona-Lasinio (abbreviated as NJL hereafter) model3
) and 

pointed out that the difference between two models lies 
essentially in the evaluation of the magnetic moment of the A 
hyperon. In the course of discussion she quoted the parameter 
values based on the old set of data in spite of the improvement of 
the experimental values 4 

), though it is not essential for her-Ll1-1TI"_C1 conclusion. There is an old question why the magnetic moments 
~_.J1 

:J_o of odd-A nuclei deviate from the single-particle Schmidt lines. S) 

Miyazawa6
) has proposed the quenching of the pion cloud for the.!-o-.J1_.... bound nucleon, while Arima and Horie7 

) (abbreviated as AH - ....
herefater) the configuration mixing of nucleons based on the 

1_

-0
0 

nuclear shell model. Both models admit to explain the data 
appearing in between two Schmidt limits for both odd-Z and N 
nuclei, however, the magnetic moments which lie outside of the 
two limits are left unanswered. 

In what follows if we admit the variation of two parameters of 
null-instanton unitary symmetric SU6 model in the nuclear matter 
~e difficulty pointed out above will be resolved by a simple 
pIcture., Accepting the validity of similar thought to the baryon 
masse,s In th~ nuclear ~atter the rapid variation of the binding 
ene~gIes of lIght nuclei will be reduced to the same cause. 

FIrst of all we re-examine the parameters associated with the 
baryon magnetic moments under the new light of recent data in 
ord7~ to provide a s.tandard i~ proceeding to test our proposal. An 
additional purpose IS to eXamIne the magnetic moment of the A
hyperon of our model numerically so as to give an indirect answer 
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to the Bukina's proposal. In the course of this study we shall give 
additional sum rules among nine members of baryon magnetic 
moments and examine their physical meaning. 

In nuclear physics one has to extract the single particle moment 
which will be used to find the corresponding parameter change of 
interest. This quantity of interest, which will contain solely the 
symmtry-breaking effect, will be obtained by combining suitably 
the experimental,9) Schmidt and AH's results for individual 
nucleus. The magnetic moments of odd-odd nucleus are also used 
for the same purpose with some care without introducing the 
configuration mixing by extending the Schmidt method 
straightforwardly. 

The standard variation of the broken symmetry in baryon 
masses becomes ~e ratio of mass term from instanton 
contribution and effective quark mass with appropriate numerical 
factor in the mass formula. 1~ There is no definite standard of the 
variation of broken symmetry for the nucleon mass in nuclei. 
For this purpose we propose to take the modified packing fraction 
(mpf) as a numerator, where the binding energy contains the 
Coulomb correction. The denominator is chosen to be a coefficient 
of the volume term of Weizsii cker-Bethe mass formula,l1) by 
taking its proportionality to the mass number into account. 
Therefore the broken symmetry effect of the null-instanton model 
on bound nucleon mass is defined rather arbitrarily. However 
the satisfactory results found reliably from the studies, starting 
from the common theoretical basis, is of a great interest if it is 
confirmed further from an independent source. 

$2 is devoted to the least-squares fit to the observed baryon 
magnetic moments with the null-instanton model and the test of 
sum rules. The magnetic moments of odd-A and odd-odd nuclei 
are studied in terms of null-instanton model in $3. A proposed 
study from the mass formula is presented in $4. The last section 
summarizes the result and suggests a probable test of the idea. 

$ 2. Magnetic Moments of Baryons 
Before entering into the analysis of the magnetic moments of 

baryons let us recapitulate the theoretical expression for them for 
the reader's sake. In the broken SU6 symmetry with null
instanton picture we arrange them in the order of decreasing 
accuracy of presently available data: 

8 
It =(l+-z)1t -a , 

p 9 
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I1 I + = -(8(1+z)+I1' )-[3,
9 

I1 g - = -11
, 

, 

1 2 1 
IJ =-- (1+ - z) 11 +- ( a - a )
rIO A .J3 3 6 ,.., , 

where z, a and (3 are the SU6 -breaking, the time averages for u-d 
and s-u (s-d) quark-exchange parameters in spin 0 state 
contained in an instanton and anti-instanton ball. The remaining 
two parameters 11 and 11' are related to the u, d and s quark 
magnetic moments as 

1 ,
I1 s = --11 . (2.2)

3 

In the least-squares fit we have repeated three fittings by (i) 
setting a = f3 = 0, (ii) fixing three parameters Jl, z and a 
determined from the first five states in Eq.(2.1) then released the 
remaining two parameters 11' and f3 free so as to minimize the 
chi-square and (iii) putting a = f3. The results (i) and (ii) are 
tabulated in Table I. 

Table I. Magnetic Moments of baryons (n.m.) 

baryon SU6 experiment broken SU6 

p 2.79284739 2.79284739± 0.00000006 2.79284739 
n -1.9130428 -1.9130428 ±0.0000005 -1.9130428 

E- -0.6108 -0.6507 ± 0.0025 -0.6499 
L+ 2.703 2.458 ± 0.010 2.484 
A -0.701 -0.613 ± 0.004 -0.598 
8° -1.552 -1.250 ± 0.014 -1.417 
~- -1.062 -1.160 ±0.025 -1.271 
g- -2.10 -2.02 ±O.OS -1.98 

~o A -1.63 -1.61 ±O.08 -1.56 
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The corresponding fitted parameters are summarized in Table 

II. 

Table II. Parameters on fits in Table I 

(i) (ii) 

11- 2.915594286 3.095186725 
11-' 2.1031 1.9765 
z -0.047362645 -0.21868392 

a --------- -0.299320732 
P --------- -0.1145 

2 1821 184X 

The third fit (iii) gives us 

p, =3.016729592, p,' =1.828, z =-0.1463492709 and 
a = p =-0.1685588436, with X 2 =558. (2.3) 

This fit was repeated only as a memorial check of the best 
empirical rule found in the previous study. The reduced chi
square becomes 260, 36.7 and 92.9 for the fit (i), (ii) and (iii), 
respectively. 

The estimated numerical value of the A magnetic moment in fit 
(ii) is not much different from the experimental value, so it seems 
too early to conclude on the validity of either the null-instanton 
model or the semibosonized NjL model unless we get a more 
refined information as discussed already by Bukina. 

There are 9 independent experimental data. Each of them 
takes a different theoretical expression in our model with five 
parameters. In general one can construct 84 independent sum 
rules among them. It seems to be preferable to give some of them 
explicitly in order to decide which baryon should be chosen as the 
first object in the experimental studies. 

For the moment 5 of them relatively accurately measured as 
pointed out at the beginning of this section. We shall give here 4 
sum rules by joining the first five with the remaining four in 
succession. They are given by 

(2.4a) 

(37.OS-34.42 = ± (0.14-0.33) ), 
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lO,up+20,un+18 ,u:e:- -5 "":r.~ -30""A -13 ""r =0 (2.4b) 

(61.40-62.26 = ± (0.11-0.30», 

which is nothing but the one discussed by Bukina. She found one 
more sum rule in addition as an exception of the general 
combinatorial rule pointed out above. A new third one becomes 

(2.4c) 

(69.48-68.97 =± (0.61-0.97», 

where the large error comes from that for g-. Finally one finds 

(2.4d) 

(45.38-46.22 = ± (1.99-2.11». 

Here the big error is caused, of course, from that involved in the 
last member of the sum rule. One learns from these analyses that 
the main bodies of the data for the last two states in (2.4c) and 
(2.4d), respectively, are rather accurately measured except for the 
error estimate, if one relies on the theory. 

Before proceeding to next section it is convenient to define the 
standards of symmetry-breaking parameter z and a from baryon 
data suitable for nuclear physics. The z value of individual odd-N 
nucleus is un-ambiguously determined directly after the 
appropriate manipulation as will be shown in the next section. 
Thus we choose z found from baryon study in fit (il) as the 
standard value. 

z = -0.2187 (2.Sa) 

Assuming no additional symmetry-breaking occurs for the 
nucleons in the nuclear matter the Schmidt values of magnetic 
moments should be realized if we subtract the configuration 
mixing effect appropriately except for those staying outside of the 
Schmidt limits. In order to test the idea we have to standardize 
a to compare with that for odd-Z and odd-odd nuclei. There 
occurs three cases corresponding to three experimental situations: 
there exist (a) charge symmetric pairs, (b) no charge symmetric 
pairs and (c) odd-odd nuclei. We choose three standards a'S: 
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the a found in fit (ii), the one extracted from the proton data 
alone by putting a = z and the estimated a value from the 
combined proton and neutron data by putting again a = z for case 
(a), (b) and (c), respectively. They are given by 

a =-0.2993, -0.1726 and -0.1429 for (a), (b) and (c). (2.Sb) 

The last choice is most suitable for the charge symmetric odd
odd nuclei, although we take it as the standard for all odd-odd 
nuclei for convenience sake. 

Notice that the idea of the synunetry-breaking effect on the 
nuclear magnetic moment can in principle be applied to any 
datum irrespective to its observed value. 

$ 3. Odd-A and Odd-Odd Nuclei 
Let us accept the variation of the symmetry-breaking 

parameters of free nucleons when they form the bound states. 
In order to extract the suitable magnetic moments which should 

be compared with the Schmidt limits in the nuclear matter with 
the synunetry breaking we adopt the theoretical magnetic 
moments as 

(3.1) 

where ItSch' I-lexp and I-lAH are the magnetic moments of Schmidt 
limit, experimental and AH value, respectively. The z and a for 
odd-N and Z nuclei may simply be estimated by substituting Itth 

into the Schmidt formula following the classification suggested at 
the end of $ 2. 

AH have estimated the effect of the configuration mixing in the 
first-order perturbation theory. They took into account the spin 
one unit excitation belonging to the same parity in both un-mixed 
and mixed configurations. All six contributions give the same 
sign so as to quench the magnetic moments in between the 
Schmidt limits common to odd-A nuclei. Owing to this fact and 
the observed anti-quenching found for the light nuclei the 
analysis was not carried out for nuclei up to A=16. The 
quenching mechanism was proposed by Miyazawa due to that of 
pion cloud for the bound nucleon irrespective to the nuclear 
structure. We are interested in the structure dependence of the 
effect so we confine ourselves to the former model. Owing to the 
perturbative nature of this model we have to retain two effective 
significant numbers in the numerical study. The all perturbative 
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effect vanishes for 1/2-(p 1/2 -) nucleon in the same approximation. 
We shall retain one more significant numbers in the estimates of z 
and a for P1l2 nuclei. The average excitation energy appears as 
the denominator of the first-order matrix element in the estimate 
of expansion coefficient for the mixed configuration. The average 
excitation energy of the allowed configuration in light nuclei up to 
A=16 takes about 10 times or more relative to that for higher A, 
so we retain also effective three significant numbers without 
introducing the configuration mixing. In the case of odd-odd 
nuclei the additional configuration mixing appears than that in AH 
in the same approximation. For simplicity, we shall neglect all 
configuration mixing effect for odd-odd nuclei in our crude 
estimate of symmetry-breaking parameter by putting a = z for 
each nucleus. Here we have also chosen the single shell 
assignment for unpaired proton and neutron so as to keep the 
absolute magnitude of a as small as possible where the order of 
the shell structure alternates. 

It is not difficult to estimate the configuration mixing effect 
once they are specified for odd A nuclei. We are interested in the 
shell structure dependent variation of the symmetry breaking 
parameters z and a. For our present purpose it will be sufficient 
to choose the odd-A nuclei with configuration mixing evaluated by 
AR. We have also chosen the calculated value for a single set of 
mixed configuration in ref. 7 

) when it gives the PAll close to the Pexp 

, otherwise the average value of a few configurations instead of 
choosing Pth = in order to get a crude estimate of a for such aPSch 

nucleus. To avoid a complication we shall not specify explicitly 
such cases in the tabulation, since the most of the estimates have 
been done under the assumed single configuration, so our choice 
does not affect to the general tendency found for the variation of z 
and a discussed in this paper. 

In order to keep 1-1 correspondence with the Tables in the 
paper of AH, we took the same numbering of Tables except for the 
fact that we include additional low A data by the reason already 
explained. 

(i) (1/2+) nuclei 

Table III. Symmetry breaking parameters of (1/2+) nuclei 

odd-N nucleus z odd-Z nucleus aPth Pth 

-2.128 0.0938 2.979 0.374 
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a =Z 

19F 
9 2.82 -0.16 

1 
2~.

I -1.89 -0.25 31p 3.02 -0.04315 

11t:d 
48 -1.80 -0.38 

11t'd* -2.06 0.7948 

11~ -1.72 -0.5050 n 

117
508n -1.79 -0.40 

11~ -1.81 -0.3750 n 

12~ * 5 e -1.92 -0.21 

12i -1.64 -0.62 2.62 -0.275 e "~1t* 

12~ -1.60 -0.60 2.61 -0.28S4 e "~rl 

Here the first, second and third column correspond to the 
symbol of odd-Z nucleus, its magnetic moment corresponding to 
the Schmidt value after correcting configuration mixing and the 
corresponding Z parameter, respectively, except for the light 
nuclei. The similar applies to the 4-th and 5-th column for odd-Z 
nucleus. In the last column the parameter a is shown. The 
symbol * (** ) putted at the right superscript on the nucleus 
syrrlbol means that it is the natural (artificial) radioactive nucleus. 
We put the two odd-Z data in the last two lines in order to save 
the space, although there is no correspondence among nuclear 
structures. The same convention is used up to Table XII unless 
stated otherwise. 

From Table lone sees that the z and a are rather sensitive to 
the inputs. There are no resemblance among these for A=3 and 
standard ones, while a =-0.16 found for I:F nucleus is close to the 
standard value -0.17. The most of z estimated for odd-N nuclei 
deviate largely from standard -0.22 except for a few cases. It is 
not clear whether we should take seriously the few exceptions at 
this stage. 
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(ii) (1/2-) nuclei 

Table N. Synunetry-breaking parameters of (1/2-) nuclei 

odd-N nucleus Ilth Z odd-Z nucleus Il th a 

13C 0.762 0.0619 13N •• -0.322 0.2996 7 

15 .• l5N 
80 0.719 0.136 7 -0.283 0.620 

a =Z 

7 V •• 
e 0.546 -0.619 :)' -0.137 -0.39132 

10~77Se 0.534 -0.671 -0.888 0.13534 45 

16:e .. 1:~ -0.114r 0.513 -0.762 -0.5286 

10~l;/rb 0.493 -0.850 41 -0.131 -0.513 

19;a, •• 0.538 -0.653 11~" -0.146 -0.5008 g 47 

19~ ll~~ 
78 0.606 -0.357 4 n -0.211 -0.445 

19~ .. 11:m1g 0.524 -0.715 49 n -0.243 -0.4178 

l;;Hg 0.503 -0.806 

207Pb 
82 0.589 -0.431 

The m after mass number on the left superscript means that it 
is a metastable nucleus. One sees that there is certain regularity 
in the estimated parameters between the light and heavy nuclei 
except ~05Wz. The use of charge symmetry introduces rapid 
variation of z and a in the light two groups shown in the first two 
lines, while those for the heavy nuclei remain approximately 
constant. This indicate that the symmetry breaking effect are 
sensitive in light nuclei. 

(iii) (3/2-) nuclei 
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Table V. Synunetry-breaking parameters of (3/2-) nuclei� 

odd-N nucleus Z odd-Z nucleus a =ZJ-tth 11 t h 

L
, 

3 
7

l 3.256 -0.48 

4 
9
Be -1.177 -1.3 

a 

IIC•• 111 
6 -1.027 -1.5 5 2.689 0.98 

a =Z 

53 63 
24'Cr -1.93 -0.19 29'CU 3.73 -0.21 

65 
29'CU 3.70 -0.23 

57mp; 69 
e -1.36 -1.1 31'Ga 3.35 -0.4326 

71 
31Ga 3.05 -0.60 

61Vi' -1.19 -1.3 75As 3.97 -0.07128 l 33 

79
3;Br 3.974 -0.20 

81 
35'Br 3.74 -0.20 

87Rb 
37 3.83 -0.15 

In Table V we tentatively arrange the pair of nuclei on the same 
line when the number N of odd-N coincide with Z of odd-Z nuclei. 
No correction from configuration mixing is done for the first four 
states. The large deviation of Z and a from the standard values 
in these nuclei gives an additional evidence on the occurrence of 
the sensitivity to symmetry-breaking in light elements. The 
parameter value close to the standard one found for some of 
heavy elements indicate the success of the configuration-mixing 
approach fronl null-instanton model. 
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(iv) (3/2+) nuclei 

Table VI. Symmetry-breaking parameters of (3/2+) nuclei 

odd-N nucleus z odd-Z nucleus ex =zJlth Jlth 

35
:~ 1.18 -0.14 17C1 -0.045 -0.011 

37
17C1 0.014 -0.068 

39K:~ 1.12 -0.29 18 -0.15 0.085 

0.064 -0.12:~ 

13 X 1.16 -0.19 19}I 0.26 -0.3154 e 7 7 

19~
7 7 0.25 -0.30 

13~ 
56 a 1.25 0.029 1;;Au 0.25 -0.30 

13856 a 1.16 -0.19 

One finds a more or less a similar behavior for z and ex 

parameters to previous Tables, viz., they fluctuate below A=50 
and stay nearly constant if we neglect a very few exceptions. 

(v) (5/2+) nuclei 

Table VII. Symmetry-breaking parameters of (5/2+) nuclei 

odd-N nucleus z odd-Z nucleus ex =zJlth Jlth 

17
80 -1.93 -0.19 

25 27Al 
12Mg -1.70 -0.53 13 4.53 -0.32 

:07.7 -1.41 -0.95 l:~b 4.92 -0.10 

95 12} 
42Mo -1.72 -0.50 53 5.02 -0.043 

13e ....97 
42Mo -1.63 -0.63 ss S 4.83 -0.15 



-12

lOPd� 14j:>-1.74 -0.47 5 r� 4.65 -0.2546 

Iltd� lSE 
48 -2.01 -0.078� 63 ~U 4.02 -0.61 

18~ 4.81 -0.167S e 

187R • 
7S e 4.76 -0.19 

In terms of 1Jt the data is not much irregular but much in z andh 

a for odd-N and odd-Z, respectively, owing to the sensitivity of 
the latter. Notice that z = -0.19 for 1870 is close to the standard 
value z = -0.219. 

(vi) (5/2-) nuclei� 

Table VIII. Symmetry-breaking parameters of (5/2-) nuclei� 

odd-N nucleus II z� odd-Z nucleus a =ZIIf""th� f""th 

67 
30Zn 1.44 -0.069� 0.89 -0.19 

The a found for :;Rb shows again supports the sufficiency of 
configuration mixing theory in high mass region, viz., the null- . 
instanton force does not affect on the bound nucleon at such high 
mass nUITlber provided that the configuration mixing is good 
enough. 

(vii) (7/2-) nuclei� 

Table IX. Symmetry-breaking parameters of (7/2-) nuclei� 

odd-N nucleus z odd-Z nucleus a =Z�1J th 

::sc 5.77 -0.19 

43/""1 -2.03 -0.049� 5.66 -0.25
20va� ~r 

49r ,� S7 •• 
2-r l -1.39 -0.98 C0 5.19 -0.5227 
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59CO 5.27 -0.4727

16~d -1.69 -0.54� 

16~d -1.90 -0.24� 

147 • 
628m -1.91 -0.22 

149
628m -2.05 -0.020 

Looking at a values in Table IX one gets a similar conclusion 
found from Table VIII. 

(viii) (7/2+) nuclei� 

Table X. Symmetry-breaking parameters of (7/2+) nuclei� 

odd-Z nucleus a =Z�I-tth 

12~b 1.63 -0.1151 

13t 1.56 -0.05855 s 

13;: .. 
5 s 1.67 -0.14 

13j:; •• 
5 s 1.55 -0.050 

131. 1.13 0.2657 a 

1~~U 1.89 -0.30� 

18~ 1.67 -0.14�7 a 

(ix) (9/2+) nuclei 

Table XI. Symmetry-breaking parameters of (9/2+) nuclei 

odd-N nucleus Z odd-Z nucleus a =ZI-tth 
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93Nb 
4t 6.78 -0.18 

9~ •• 
4 C 6.72 -0.21 

8
)(r -1.77 -0.433 

87 11)
388r -1.50 -0.82 4 n 6.89 -0.12 

ttl •4 n 6.84 -0.15 

(x) (9/2-) nuclei 

Table XII. Symmetry-breaking parameters of (9/2-) nuclei 

odd-Z nucleus a =Zf.1. t h 

209B" 1.97 0.2883 1 

Tables X, XI and XII give an additional information on the 
subject already discussed. 

(xi) Odd-Odd nuclei 
The magnetic moment formula for the odd-Odd nuclei 

corresponding to the Schmidt model may be derived as follows. 
Owing to its simplicity of derivation we shall explain shortly in 
words and then give the result explicitly. Let us specify the spin 
operators j p and j n for unpaired single proton and neutron in the 
nucleus, respectively. The total magnetic moment operator 
becomes the sum of Schmidt operators by replacing the total spin 
of the corresponding single particle operators by these spin 
operators for the proton and neutron part, respectively. Firstly 

........ .... 2� 

one takes scalar products of this operator with the dyads j p j p/ jp 
........ ....2� 

and jn jn / jn for proton and neutron part, respectively, and then 
........ ....2� 

take that operator with the dyad J J / J made from the total spin 

J. The coefficient of the total spin J thus calculated gives the 
desired magnetic moment. Specifying the orbital angular 

momentum of the unpaired proton and neutron by Tp and Tn, 
respectively, the results are summarized as follows for the sake of 
reader: 
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For simplicity let us define first the four quantities by 

(3.2b) 

(3.2d) 

where Il- p and ft n are the magnetic moments of free proton and 
neutron, respectively, Ip - = jp -1/2, In - = jn -1/2, Ip + = jp +1/2 and 
In + = jn +1/2. Making use of these notations one finds the four 
possible magnetic moments of interest as 

1 
II (I - I -) = [X( I -) + X( I -)] (3.3) 
f"" p' n 2(J + 1) p n' 

(3.4) 

(3.5) 

(3.6) 

The proton and neutron part of these expressions coincide with 
the Schmidt formula by making an appropriate substitution as 
will be checked easily. The numerical results are summarized by 
putting Jlsch = Il-exp in our approximation in Table XIII. 

Table XIII. Symmetry-breaking parameter of odd-odd nuclei 

nucleus shell assignment I-texp a =Z 
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2H1 (5112 ,5112 ) 1+ 0.857 -0.164 

lOB 
5 (P3/2 ,A/2) 3+ 1.801 -0.22 

14N7 (P1I2,PlIZ) 1+ 0.4036 -0.228 

38K·· 
19 (d3/2,d3IZ) 3+ 0.5399 -0.30 

60C •• 
27 0 (1712,P3/2) 5+ 1.3735 -0.23 

6L o 

3 l (P3/2,A/2) 1+ 0.8220 0.41 

8L o 

3 l (P312,P3/2) 2+ 1.6532 0.42 

12B·· 
S (P3/2,P1I2) 1+ 1.0029 -0.92 

2°F·· 
9 (dS/2,ds/2) 2+ 2.094 0.10 

22N, •• 
11 a (dSI2,ds/2) 3+ 1.746 -0.11 

2~ •• 
1 a (dS/2,dslz) 4+ 1.6902 -0.12 

32p. 
15 (SI/2,d3/1 ) 1+ -0.2523 -0.50 

3rt· 
17 (d3/1,d3/2) 2+ 1.2854 -1.17 

t~· (d312 '/7/2) 4 -1.2981 -0.37 

42K ••19 (d3/2 '/7/2) 2 -1.1410 0.76 

4~ •• 
21 C (17/2,P3/2) 2+ 2.56 0.12 

44mS 
21 c (/7/Z'/7/2) 

6(+) 3.88 0.47 

4~ •• 
11 c (17/2,17(1) 4+ 3.04 1.21 

;Y (/7/Z'/7/Z) 6+ 3.347 -0.12 
-17
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52M • 6+25 n (/7/2'/7/2) 3.075 -0.42 

54 3+ -1.2825'Mn (!7/2,P3/2) 3.302 

56 •• 
27C0 (!7/2,P3/2) 4+ 3.803 -0.54 

58 2+27CO (/7/2,P3/2) 4.035 -1.31 

The first, second, third, fourth and fifth column of Table XIII 
correspond to the symbol of odd-odd nuclei, the assumed orbits 
for the unpaired proton and neutron, the total spin and parity, the 
observed magnetic moments and the estimated a by putting a = 
z, respectively. In the Table we have arranged the data for 
parallel spins of proton and neutron shell and non-parallel one: 
the first five states and the remaining eighteen states, 
respectively. If there is an ambiguity in shell assignment we 
choose a unique one so as to make the absolute value of a less 
than 1 as much as possible. Except for nuclei with mass number 
A up t016 the estimated numbers should not be taken too 
seriously, because we did not take into account the effect of 
configuration mixing. 

It is remarkable to point out that the estimated a for the 
deuteron is close to the standard value a =-0.143 estimated from 
the combined free proton and neutron data, where the proton and 
neutron are loosely bound. The a values in next four states, 
which however does not contain the effect of configuration mixing, 
are not much different from the standard value. 

Throughout these studies we conclude within an approximation 
made the range of instanton induced long-range force in nuclear 
matter may be about nuclear size of A=SO or less. If the higher 
order effect of configuration mixing explains completely the 
magnetic moments of odd-A nuclei, viz., the discrepancy between 
each datum which appears in between two Schmidt limits for each 
of odd-N and odd-Z group, the apparent force range under 
discussion may become close to the nuclear size of A=16, or less. 
The force range under discussion is the instanton-anti-instanton 
induced inter nucleon one. 

In next section we shail investigate this problem from nuclear 
binding energies by manipulating suitably the data so as to find 
the associated symmetry-breaking parameter a which will be 
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compared with that estimated for individual nuclear magnetic 
moment in this section in a suitable manner. 

$ 4. Nuclear Mass 
In the mass formula of baryons with null-instanton model we 

have neglected the proton and neutron mass difference and find 

(4.1) 

where the subscript mass is attached to a which represents the 
symmetry-breaking effect in the baryon mass formula. By its 
way of definition its treatment is different from that in the 
magenetic moment. Let us define the standard value of 
symmetry-breaking parameter for the baryon mass by 

a' = amass = 0.2468 (4.2)
2U ' 

by making use of the numbers found from baryon mass study. 10) 

This standard is not used explicitly in the study of this paper. It 
should be taken as a memory that the symmetry breaking in the 
null-instanton model is occurring already in the baryon-mass 
level. 

There is no definite criterion to extract the a' for the nuclear 
mass corresponding to the a for the magnetic moment. We shall 
introduce a new symmetry-braking parameter for the bound 
nucleon mass independently to the above standard by the same 
notation. 

I mpj
a=- , (4.3) 

Uv 

where mpf is the modified packing fraction after making the 
Coulomb correction to the observed binding energy B, viz., 

mpf =(B+Coulomb)/A, (4.4) 

Uv is the coefficient of the volume term in the Weizsiicker-Bethe 
mass formula. According to this definition the smaller the a' 
becomes the more closer the free nucleon state is reached. The 
numerical value Uv has been estimated for three choices of the 
range of mass numbers ll

) : (i) A=13-257, (ii) 40-257 and (iii) 100
267. They are 15.36, 15.98 and 17.41 MeV for (i), (ii) and (iii), 



-19
respectively. There is not much meaning to discriminate three 
choices of Uv in the present work except for a minor reason. 
We tabulate the estimated results in Table XN. 

Table XN. Symmetry-breaking parameters in nuclear masses 

nucleus mpf (MeV) a'(i) a'(ii) a'(iii) 

D 1.11226 0.0724 0.0696 0.0639 

T 2.827 0.1841 0.1769 0.1624 

4
1H 0.820 0.0534 0.0513 0.0471 

:He 7.0740 0.4607 0.4427 0.4064 

5H 5.8867 0.2100 0.2018 0.40641 

58 5L o

e'3 I 5.5683 0.3626 0.3485 0.31992 

6 6Be 4.9554 0.3227 0.3101 0.2847
2
He'3 

o 

3 
6
LI 5.5655 0.3624 0.3483 0.3197� 

·� 
3 
7L 1'4

7Be 5.8413 0.3804 0.3656 0.3356 

2
8
'He 3.5708 0.2325 0.2235 0.2051 

o 

3 
8L 1'5

8B 5.3495 0.3484 0.3348 0.3073 

4 
8Be 7.4417 0.4846 0.4657 0.4275 

3 
9L l 

· 5.1723 0.3368 0.3237 0.2971 

9 9 
4'Be'5B 6.7710 0.4409 0.4237 0.3890 

lOBe 10e 6.8055 0.4432 0.4257 0.3909
4 ' 6 

lOB 
5 6.9880 0.4551 0.4373 0.4014 

l1Je 
4 6.2537 0.4073 0.3914 0.3592 
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11
5B '6 

lle 7.4302 0.4839 0.4650 0.4268 

u B UN 
5 ) 7 7.0523 0.4593 0.4413 0.4051 

1
617 8.3118 0.5413 0.5202 0.4775 

13B5 6.8815 0.4481 0.4306 0.3953 

13e 13N 8.0475 0.5241 0.5036 0.4623
6 ' 7 

A= 50 0.6867 0.6679 0.6276 

A=100 0.7360 0.7190 0.6809 

A=150 0.7539 0.7388 0.7039 

A=200 0.7590 0.7456 0.7135 

The first, second, third, fourth and fifth column of the Table 
give the symbol of nucleus, the estimated mpf, the corresponding 
a' for choices (i), (ii) and (iii), respectively, except for the last 4 
lines. In these four cases the Coulomb correction is done by 
making use of the corresponding parameter Uc in the mass 
formula by averaging over B's and Z dependencies from available 
data at A. O\\ling to the difference of numerical coefficient Uc in 
in three chosen range A, we get three slightly different mpf in 4 
different A's. More precisely they become 

mpf= 10.54, 10.67, 10.93 MeV for (i), (ii), (iii) at A=50, (4.5a) 

mpf= 11.30, 11.49, 11.85 MeV for (i), (ii), (iii) atA=100, (4.5b) 

mpf= 11.58, 11.81, 12.25 MeV for (i), (ii), (iii) atA=150, (4.5c) 

and 

mpf= 11.65, 11.91, 12.42 MeV for (i), (ii), (iii) at A=200. (4.5d) 

These as well as the tabulated result show that there is the 
saturation of instanton induced force in the nuclear matter 
roughly at about A=16. The a' (i) (i=I,2,3) in the last four lines of 
the Table correspond to those in Eq.(4.5a-d). 



-21
The following sun1Dlary of this study will give us the definite 

support to the variation of symmtetry-breaking parameters of 
null-intanton model in the nuclear matter: 

(1) The smallness of a' for D supports the closeness of a found 
from D magnetic moment to that of free proton-neutron data. 

(2) The rapid variation of a' at light nuclei and a at light odd
A and odd-odd nuclei indicate that the instanton-induced force is 
relatively short range. 

The a' stays nearly constant say above A=16, while z and a 
cannot be fitted exactly to the standard values in the individual 
state by the common choice of energy gap between the relevant 
shell structures, but high A states show roughly the saturation of 
them with some exceptions. 

(3) If we assume that the quenching of the magnetic monlent 
at high mass number is solved completely by the configuration 
mixing, the longest range of null-instanton induced force in 
nuclear matter is at most the nuclear radius of A=16. This 
estimate will be somewhat reduced if a many-body effect is taken 
into account. 

$ S. Discussion and Conclusion 
In this paper we have examined the properties of null

instanton force from magnetic moments of baryons and those 
from odd-A and odd-odd nuclei. For many years we cannot 
understand why some of odd-A magnetic monlents stay outside of 
the two Schmidt limits. It is shown that this long-standing 
problem can be reduced to the change of symmetry-breaking 
parameters of nucleons in nuclear matter. The study done on the 
magnetic moments of odd-odd nuclei gives us an additional clue to 
understand this problem. The range of null-instanton force in 
nuclear matter is at most the radius of A=16 nucleus. One learns 
that this result is supported by the variation of a' in low and high 
mass states. 

We have pushed our idea based on the analysis of the nuclear 
magnetic moments nlade by AH in earlier days. At the same 
time the null-instanton model explains the reason why they have 
succeeded to explain the observed magnetic moments in their 
assumed mass range. 

Let me digress shortly to comment on Bukina's work., Her 
broken SU3 electromagnetic current contains 6 parameters so she 
find a single sum rule from 7 data, from a constraint on 6 
parameters her relation splits into two sum rules: one of them is 
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Eq.(2.4b), the other holds also accidentally for the null-instanton 
model. Both relations are not completely in success as far as we 
rely on the presently available data, especially for the latter. In 
the semibosonaized NJL model there appears 7 parameters with 7 
inputs so that she finds a discrepancy between the null-instanton 
and that model through the magnetic moment of the A -hyperon. 

In this paper we are concerned the symmetry-breaking of null
instanton force between nucleons in nuclear matter. The present 
accuracy of the sum rule (2.4b) and numerical results in Table I 
and II will not affect the conclusion found in this paper even if 
the future study favors the semibosonized NjL model. 

Recently the null-instanton model has paid much attelltion at 
high energy interaction with a certain success 1 

Z> where the short
range property of the instanton-induced effect can be studied by 
the perturbative approach. 

In this paper we have suggested the rapid variation of the 
bound nucleon mass in light nuclei by the presence of the 
instanton induced force. It will be worthwhile to measure 
simultaneously the mini-max of the momentum distributions of 
proton and the residual nucleus in (e,p) collision at a fixed angle 
for various target nuclei. The instantaneous nature of the force 
and the presence of the uncertainty principle make obscure the 
direct check. Even a negative answer teaches us how much 
instantaneous the propagation velocity of the force is. 

We hope that a further study on the nature associated with the 
instanton will be made in order to clarify the physics involved in 
QI). 
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