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On the Static Properties of Baryons in the Skyrme Model
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We use a modified version of the Skyrme model in which the stabilizing fourth-order term is separated in
two parts with different parameters that are introduced in the Lagrangian and could vary independently. The
predictions for the static properties of baryons are calculated and results are compared with the respective
experimental values and those of other authors. We show that it possible to improve in an expressive way the
results for the set of the important quantities at the same time.

1 Introduction sion relations. This procedure leads to a term in the Skyrme
Lagrangian additional to Skyrme term. The numerical anal-

In the early 1960's T.H.R. Skyrme published a pioneering Ysis of the Paris group [8] shows that the skyrmion becomes
series of work in which he developed the idea that nucleonsunstable when the strength of this term increases.

are solitons in a field theory of mesons. He proposed to use

the non-linears-model to describe the light pseudo-scalar .

mesons in which the non-strange baryons emerge as stablg Our AnaIyS|S

field configurations with a non-trivial geometrical structure.
Skyrme’s soliton was a hedgehog configuration of the meson
field with a conserved topological charge or winding num- ) ; L
ber. He made the fundamental assumption that this windingtermlne de_ _parr_:lmet_ers in the original Lagrangfgm Ly ¥
number was in fact identical to baryon number. He studied £m Stabilization viaw meson,yw, 5, and with the in-

the properties of these solitons, and obtained estimates foffduction of sixth-order termiB,, 5", where B* is the
the meson field in terms of the parameters of his model. anomalous baryon current. Table 1 resumes some result:

. i for th i i f in thi Icula-
Twenty years later, with the advent of concepts such asobtalned or the static properties of baryons in this calcula

. ; tions.
chiral dsykr;nr?e't(ry far;]d SISD Wltteg [Il] a”ggtgefs demon- In this table< r% >p and< r% >y are the isoscalar
fr:rattﬁe Ljnglelrrl] ir? tsemmg{rirr:s ?r?d So;%Sctin t)rllén;rfs:hg;itésand isovector mean square electric radii, i3, >p anﬁdl
ongCDto the)\INegss)—/Zumino term [2], which rgnewed the in- < i >v are_the mean square magnetic ra_dii
S b andy" are the isoscalar and isovector magnetic moments.
terest in this model. General reviews of the Skyrme model

. . These quantities are simply related [3,4,5] to the proton and
have been written by Holzwarth and Schwesinger [3], Zahed : : Ly X
and Brown [4] and Meissner [5], among others. neutron electric and magnetic ragii r% ,, >, and re

j ) ) spective magnetic moments ,,. We also'include the axial-

In spite of the non-linearr-model has provided a \gctor coupling constant,.
rather economical framework for discussing low-energy  on the overall the results are satisfactory, but we verify
phenomenology, his finite field conﬂ_gu’ratlons are not en- that in the conventional and other variations the quantities
ergetically stable in 3-space by Derrick's theorem [6], i.., cannot be described together with high degree of accuracy.
this solitons are unstable against scale transformations. TApe show that exist structural relations and numerical cor-
avoid this collapse, Skyrme added by hand a quartic term inrejations among them and this lead us to conclude that the
the currents £4) to the Lagrangian of non-linear-model  model could be sub parameterized. This implies that an im-
(L2 + Lonr), with a dimensionless paramete) that char-  provement in any of them results in worse values for others
acterizes the size of the finite energy conf|gurat|o_ns. This gnd that it is impossible by simple variation of the parame-
term can be understood as a higher-order correction to thers gbtain correct values for all guantities.
non-linears-model when cast in the general framework of A5 3 remedy of this inherent link among quantities in the
an effective chiral descnptlon as advocz_ite_d by Weinberg [7]. Skyrme model, in this analysis we proposed to modify the
The presence of higher order terms is important becausq agrangian of the model separating the stabilizing fourth-
there are problems with stability of the classical solution grger term in two parts proportional to parametersand

when such terms are included. The question of non-Skyrme,,, ' sych that the Lagrangian density for the static soliton
four-derivative terms appears in the interaction between two gcquires the form

nucleons in the Skyrme model. In the Paris potential the
attractive scalar interaction is treated by andn= disper-

We studied the predictions of the model in various ap-
proaches. Our analysis [9] includes different ways to de-
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TABLE |. Static properties of baryons calculated in conventional Skyrme model (conv.1 and conv.2), withwectdrwith sixth-order
term B, B*.

Quantity Conv.1 | Conv.2 w B,B" Exp.
T (MeV) 54.0 93.0 62.0 65.1 93.0
parameter e=4.84 | e=4.0 | v=15.64| 3=0.019 -
T
< 1% >2 (fm) 0.6833 | 0.5083 | 0.7482 | 0.7571 0.72
T
< r% >2Z (fm) 1.0405 | 0.8665 | 1.0851 | 1.0396 0.88
T
<2 >2 (fm) 0.7402 | 0.5631 | 0.7371 | 0.7085 0.82
T
<13 >2 (fm) 0.8059 | 0.6712 | 0.8405 | 0.8053 0.80
P (magn.) 0.3655 | 0.1726 | 0.4295 | 0.4029 0.44
1V (magn.) 1.6067 | 1.8824 | 1.6446 | 1.6072 2.35
up (Magn.) 1.9722 | 2.0551 | 2.0742 | 2.0102 2.79
s (Magn.) -1.24121 -1.7097 | -1.2151 | -1.2043 -1.91
T
<73 >Z2 (fm) 0.8821 | 0.7124 | 0.9320 | 0.8932 0.86+0.01
<rg >, (fm?) | -0.3079] -0.2462| -0.3088 | -0.2830 | -0.119+0.004
T
<r? >Z (fm) 0.7942 | 0.6628 | 0.9432 | 0.7869 | 0.86+0.06
T
<r? >Z (fm) 0.8243 | 0.6811 | 0.6274 | 0.8352 | 0.88+0.07
ga 0.65 1.01 - - 1.25:0.01
|
21,0 2sin*F 1 sin*F _,, 1 sin'F 9 9
L=—-"T1F*+4 - = F“———-m 1 —cosF) , 1
2 r2 e? 12 2e3 rt Mo fr(1 = cosF) (1)
|
whereF' is the chiral angle or profile function. The aim of Using the conventional method, we utilize the La-

this procedure is just verify if the introduction of new free grangian (1) and perform the calculations in the model to
parameter could decouple some results and allow the adjusbbtain the desired quantities. Some of them are listed in ta-
of the values obtained for the set of the quantities of interest.ble 2.

TABLE Il. Static properties of baryons calculated in a modified version of Skyrme model.

Quantity €1=3,9¢2=3,4 | ¢1=3,9¢2=3,5| €1=3,9¢2=3,6 exp.

f= (MeV) 93,0 93,0 93,0 93,0

T
<r > 2 (fm) 0,5366 0,5332 0,5297 0,72

T
<r >Z (fm) 0,8772 0,8777 0,8780 0,88

T
<r? >% (fm) 0,5843 0,5825 0,5806 0,82
<r? >?/ (fm) 0,6794 0,6798 0,6801 0,80
uB (magn.) 0,1615 0,1631 0,1646 0,44
uV (magn.) 2,2428 2,1924 2,1439 2,35
wp (magn.) 2,4043 2,3556 2,3086 2,79
un (Magn.) -2,0813 -2,0293 -1,9793 -1,91

T
<r >z (fm) 0.7271 0,7261 0,7251 0,86+0,01
<rE >, (me) -0,2407 -0,2430 -0,2451 -0,119+0,004

T
<r? >2 (fm) 0,6735 0,6735 0,6735 0,86+0,06

T
< r2, >2 (fm) 0,6863 0,6870 0,6877 0,88+0,07
gA 1,2865 1,2347 1,1830 1,254+ 0,01
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In tables 1 and 2 the results for the static properties of case of pion decay constafif and axial-vector coupling
the baryons predicted in different versions of the model are constantg 4, in any version of the model discussed in the
shown. It is interesting to observe the comportment of someliterature their values have been not well predicted at same
results like< r% >, andg,. While the first seems to be time. In our analysis the introduction of two parameters per-
insensible, the second presents large variations in differentmits de desired flexibility of the model and these values are
formulations. correctly obtained.
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