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ABSTRACT

The static properties of nucleons and the mass of the resonance in
« - N scattering ate calculated in a modified Skyrme model, which includes
a six-order term and another independent quartic-derivative lLagrangian instead
of Skyrme term. The predictions for static properties of nucleons are
improved and the mass of Roper resconance is more close to the measured value

over the original Skyrme model.
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I.  INTRODUCTION

The Skyrme model [1) has gained some guccesaes in describing
the nucleon and delta since Witten's realization that in the
large N limit {N, =number of colors) baryons should indeed

emerge B8 topologicaelly stable sclitons in the field of pions

o123, The static properties of baryons can be ealculated [3-5].

Pion-nucleon, plon-pion and nucleon-nucleon gcattering can also
be described [6,9,10) in this model. 1In this original Skyrme

model, the nonlinear sU(2) x 5U(2) ohiral Lagrangian is
L = &y + Lsx

2
2, = Te[auvo*u’]

t 1 v
Ly = 'z T (30U, (3, U0V ]
32¢ (1)
The leading term is the usual 2-flavor nonlinear sigma model.
The second term &gk ig called the Skyrme term. It was introduced

by Skyrme to atabilize the soliton. In Ref.[3) an explicit

symmetry breaking term

: | 2
o%]:“é_miFn(TrU‘e) (2)

was added into the Lagrangian (1) in order to introduce the

pion mass, The phenomenologicnl aspects of the Shyrme soliton

based on these Lograngians have been explored. The static
properties of nucleons have been computed [3-51. The resulta are

generally within about 30% of the experimental values, but the




!
axial-vector coupling constant G and the mean square radius <r2§

of the axial vector form factor of nucleoh are much smaller than
the experimental datum. The pion-soliton scattering phase shifts
are calculated (6], Two probleme have arisen
in Ref.[6]. First, the phase shift rises to a maximum of only
about 91° and then slowly declines., It is not 1ike experimental
pP-wave phase ghift which rise quite rapidly up to about 180° .
Second, the calculated mass of the Roper resonance ig lower than
physical value by about 200 MeV.

It will be en intercsting problem to see whether we can introduce
pther higher—-order terms instead of the Skyrme term in the Lagrangian
thereby keeping stability of the soliton simultanecusly and improving the
above results.

In Ref.[7] and (8], & six-nrder Lagrangian

£ o= —— T’“‘Bﬂu Utr)”UUr“r?‘,UUf, af'uurj[af.uut a’"uu"’j}

[3 qp M (3}

was introduced instead of the Skyrme term o5, and the static
properties of nucleons were computed. The results are much hetter
than those obtained from original Skyrme model.

the - ocorrect

In this paper we show that in order to give
behavior of P-wave phase shift of TN scattering it is neceasary
to add a term

2

fye e ]

to the Lagrangian. The term af¢ was first introduced by
J.F.Donogune et al., to obtain the correct amplitudes of D-wave on
7fﬂ‘scattering [10j. 1n this modified Skyrme model the mass of

the Roper IesOnance; the energy at which the phase shift passes

- through 90“ , is closer to the

measured value and the corresponding

static properties of nucleon are improved over the original

Skyrme model.

I1I. THE MODEL AND FORMULAS

We use the Lagrangian

Fr 2
£ = Tgarr(aﬂua”uf) + SL [ Te duu a%V])

f.
T T { L1200y "ot la,uut ofuut[3udt, a"uu*Jj
PR
* ?— My Fr [ Try-2 J
{5}

where U is an SU(2) matrix, F, 1is the pion decay constant
1]

Y and m are undetermined parameters. As in Ref.{3] the ansatz

for a spinning soliton i=s

U(E. ) = ALO Ut AT

(6)
where A{t) is a time dependent SU({Z) matrix, Uo(§)=exp[iF(r}f-;]
ig a classical static soliton solution and functien F({r) is subject
to the boundary conditions F(0)=7C and F{ &2 1=0. Substituting
(6} into (5), we have

L =M+ ATl AA

where M is the classical scliton massa

Ha z
M= :%%E Fn (4—”“ + P ’Wz)

[,z L »2 es."nzF
M, = Llf{ 3 7 (F + )
v
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M j ( - (8)
and Ve
A Fr{
A= 3 J/-v /\
F) 4 )
= tan® ASINE (Pt —-3'” F }
A-—Jdlr 5ntF{|+8F 2 5( o
'”; Y m
ST A
Primes in Eqs.{8) and {9) refer to t derivative. The variational
equation from Eq. {8) is
r2 ot ~Zo e 2
{l_+ 2ErFE _ay(3v Fs 2 sin F)}F’
4 T
2 <
+{~—25mr5|718f—a§(;rf+S:712F) F
r
+(L A sntr)]: ——5;71 01'_‘“‘{3 r snnF
< 7
4 LR - ] —
Jr_r:E § oo smep =0 {11)

In the present model the vector and axial-vector currents

are respectively

v/;%:_t(?_r_f__ﬁr 2,ue u’) Tr T (ua,.,u +Ufa.U)

T»[[ tauy ![[a vy’ f,uufj lapuu*, B#UU‘L]J
Tigmt

d aullflat, 3 Vo |, [0, 9 UWU

2
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f
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A

o

*
+ 3_amz Trf[r auu][[auu vl (afu'y, uu u]]

[t a00') [[a”uuta‘nuufj, [afuu’ a/uuu]]j

{12}

If we continue to use the methods and signs given in Refs.[4]

and (5], we can get the expregsions for various physical
quantities in this modified Skyrme model. The mean square rndi;

of isoscmlar and isovector are respectively

2 [ ~ ol a2
Iy = - dr v F SinF
vty — A y
2
2 ! ! ~ ol 2 2 SinF
Y = — gy ¥ Sin | +8F —m—
< %::j mFe A .J ! F{ 73
.2
_Bg(}_vz-f- ";,%‘2' S F)} )

The expressions for iscscalar and isovector magnetic mean agquare

radii are

~ o . 2
i jdr r*F’SHlF.
m fr Jo(? ?zf’s;nﬁ: 1)

M,1=] 5 I =1 ‘ (16)

The mean square radius of atrong interaction [11] is

Jo(?’ ?55:‘71/-'
’ - ,oj (17)

ey o2 1
<r ——SszFﬁ{F jdmﬁsmF
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The mean square radius of axial form factor can be written as

ina
<r® =-—§-—Jd?r4{f‘+2—5—§-ﬁ+ b psinE sinof
A 5»,,1_11) 4
K e .2 ;2 .
— F'sinf-835(F +— SinF)(F +—;~5ma)‘~'}}
+ f ( ! r (18)
whare '
D —-—Jd?? [f: g S L 3 5 F san}:smaF+.\4F5"1F
r
_ R -y SinzF }
F3(F +59 FIF + ——=— ) (19)
In this model we obtain the axial coupling constant
7 -
; { -~ D for m, =0
A —f%’r- for g =0 (20)
where D is given in Eq.(18). The Goldberger-Treiman relation
L My
3’ = gk
TUNN Fr _ (21)

are 8till correct both for nn=0 and mw#O. The magnetic moments

for the proton and neutron are respectively
|
/uP = ET ( éﬁ::o 31 ! )
|
/‘*n=1—(g’1=0—371=|) (22)

where the isoscalar g factor 51=o and isovector g factor ‘I=l can

be written as follows

% -
PR L B P S A sin°F
I=p TR A

B My F : (23)

g—Izr_. (’ mj/-?.

The pion-nucleon sigma term given in Ref., [3] ia now

¢ R . %K T - e

i
2 F'r[ ~ A~
0 = ﬂ'F 'f;ﬁa Jldf F(1-cosF)

{24}

Finally, the massea of nucleon and baryon delta are respectively
J
_— +,__-
My M IEN

5 o)
Mo =M + 355

where M and A are given in BEqe.({8) and (9). Hence we have the

relations of the between parameters ¥, , m and MN » HA ; Plon-

mags B, 88 follows
2

4 _ 4nt AT M, - M
mt = ( ")
2z
[TA(MA"M,\J)(5MN_M¢3) - My M.Z_}
E o= g1 m?
n 16 T2 AT (Ma-M)* (26)
where M, , M, and A are given in Eqs.{8) and (9). Therefore

parameters Fp, , m and p are fixed by inputting physical mass M,

M and m,, .

A

In order to determining the only parameter ¥ in Eg.{11) we
now calculate the mass of Roper resonance in T N scattering. The
methode used to find the phase shifts are essentially -the same as

those used in Ref.[6]}., For this reason we consider a small

fluctuation around the classical soliton and let

PG ~{‘,‘df...; -
u(i‘,t)=expf£F(r)r-x +idF(me r-x}

(27)
Substituting {27) into (6) and using Lagragian equation satisfied

by this Lagrangian we get the equation of metion for SF(EY

L ¥ 2



# o . wd it s 2
(FE) {-l—+—§~ssm4;r-z§(3r Foe2sinp)d
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+-:3[zf sin F sin2fF +F (25inFeos2f+SIm F)
7
. ~2< . 4
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Y
Y si o a nF +sin
“2f[2F"sin2F + 2F COS€F—E_'—2(.ZS|’HFCOS-3F F)

+c33(’}“2}:’z+25i714]-")_]} == () .
(28)
where @ = w'/mF, . OF subjects to the boundary conditions
§F(0)=0 and § F(00)z0. As FaoofF(F) — a(k) 4, (K D) +b(K)n, (k T),

where jl and n, are the spherical Bessel functions of order 1.

k= - Pl . Therefore P-wave phase shift 5;can be got- from
following expresion
-} b(k)
SRy =tan [-7=] |
. (29)

Finally, the energy at which the phase shift passes through 90°

ia identified with the mass of Roper resonance.

ITTI. THE RESULTS AND DISCUSSION

First of all we obtain, numerically, that as parameter §1=0,

that is, there is no 0(4 in Lagrangian ot , the phase shift Sp

does not pass through 20° , As E increases slightly, the phase
shift J-, may peass through 90° but the resonance mass computed is
too great. For example, we have resonance masa 2114 Mev for
§ =0,02. Experimentally we have the Roper resonance at ' about
1440 MeV. Secondly we find that the value of resonance mass
caloulated decreases as § inoreases. But paramenter ! can not
be taking too great in order to guarantee the existence of stable

soliton. We find that as § » 0.0272 there ie no soliton solution.

‘Therefor we ochose § = 0.0271 to solve the equation of moction

{11}, We obtuin the resonance mass to be 1522 MeV.
Corresponding static properties of nucleon are calculated in this
model and listed in Tab.1l. We also 1listed the results  for
original Skyrme model [3] in Tab.1 in order to teking a
comparison, We find that some of the results, in particular F .,

/
«rt >/.z

s 8are improved greatly.

To summarize, we calculate the static propeties of nucleons,
P~wave phase shift and resonance mags for 7N scattering in a
modified Skyrme model, which includes a six-order Lagrangian: and
another independent quartic-derivative Lagrangian instead of
Skyrme term in original Skyrme model. The results show that most
of the static propertiea of nucleons are impreved and the maas of
the resonance is more close to measured value over the original

Skyrme model.
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TABLE 1.

of the preseﬁt model

compared againgt the

results of original Skyrme model [3] and against experiment.

Physical Present Original Experiméntal
quantity model model value
o, {MeV) Input Input 939
m, {(MeV) Input Input 1232
m, (HMeV) Input Input 138
Fp (MeV} 136 108 186
ey’ (fm) 0.70 0.68 0.72
ab o (tm) 0.95 1.04 0.88
<r3>:l"'1”1fm) 0.66 0.74 0.81
<r?rgi (fm) 0.74 0.80 0.80
[}
cx*r)t (fa) 0.53 0.28 0.72
Bl (fm) 0.65 0.80
Mp 1.98 1.97 2,793
Ay, -1.22 -1.24 -1.91
g, 0.75 0.65 1.23
g 10.4 11.8 13.5
RN
£ 15.8 17.8 20.2
TNA
Mg 2.3 2.3 3.3
T 50 19 36120
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