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Hadron

A theory describe both meson sector
and baryon sector in a consistent way?
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The original skyrmion mode

The nonlinear sigma model:
7 (x)

U = &tr=€"T
&, — SLR- QE,R
{L,R = eﬁ%
The lagrangian: renulsive force
£ = nuion) + e ute,up)

* Only pion is included. Due to the hedgehog ansatz, the isospin group
SU(2) mapping to space group SO(3)
« The skyrmion term, generating repulsive force to prevent the soliton

Sh rl n k | T. H. R. Skyrme, Nucl. Phys. 31, 556 (1962)




Incorporate the vector meson contribution

The hidden local symmetry:

7 ()
U = ¢leg=¢e¥7n

ELr — h(x )SLR'QZR

;o(z) - (x)
fL,R p— e fo :F fr

h( ) € Hlocal JL.R S Gglobal

» The transformation for U do not changes, which seems that the freedom
of vector meson is “

[SU(N¢)r x SU(Ny)Rlgiobat X [SU(Ng)v]iocat = [SU(Ny)v]gioba



The vector meson contribution

The lowest order HLS Lagrangian(m, p meson contribution)

2 .  ph 2 " L 1 ny U. G. Meissner, N. Kaiser, A. Wirzba and W. Weise,
L= F:=tr I:Q{J_Maj_]_] + F2 tr |:Od|#(){”j| _ 2_92 tr [VMVV ] Phys. Rev. Lett. 57, 1676 (1986)
G, = (D,,,gR &L — D&y, - 6{) /(24) , Repulsive force
Gl = (Dutn-eh+Dute-€)/(2) . Dty = -V +itLL,
D,u,gR — 8{L£R = 7‘/,U€R + ifRRy. .
L (0 ‘ + *,+
V= NG Pu 2 (f)ﬂ + wl-t) Ky
K- K;:'U bu
The Wess-Zumino term(w meson contribution)
3
4. _ Nc oo [P
/d .L»Cvanom — ].671'2 /1;{4 JZ_; (,pct
Ly = " Tr(ap,0ru0Le0Ry — CRUORVORSOLp)
Lo = " Tr(ap,0pLe0R,)
»CS — @ Tr{FV;u/(aLo'aRp = &RﬂaLp)}

. 2
Wess-Zumino term = ¢, =-¢, = 5:C:=0

U
a)l,l, B U. G. Meissner, N. Kaiser and W. Weise,

Nucl. Phys. A 466, 685 (1987)
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Scalar meson plays attractive effects

Model | Soliton mass [MeV] | /(r2)y [fm]

The Incorporate of dilaton y

The incorporate of dilaton y
of skyrmion



Quark model

When meson made by gg bound states

P = (_1)l+1’ C = (_1)l+s

Pseudo-Scalar meson JPC =0"%
Vector meson JES ===

]PC — O++

Scalar meson

Axial-Vector meson JEE = R

Tenser JPC =2%*

When meson made by ggqq bound states
Scalar meson can be made as




Scalar Meson Mixing mechanism

| R. L. Jaffe, Phys. Rev. D15, 267 (1977) |

Scalar meson below 1 GeV m (GeV)

a | 24 | 76 | 0984 |

[=0:m[f(600)] ~ 500Mev KNI NN N TN

- -“_
I1=1/2: ml[k] ~ 800 MeV
I=0:m[fo(980)] =~ 980 MeV
I =1:mlap(980)] =~ 980 MeV

Wlth q:u d S H. Fariborz, R. Jora and J. Schechter,
A,

Phys. Rev. D79, 074014 (2009)




The scalar mixing structure(g=u,d)

The 2 quark state and the 4 quark state for scalar meson

1 1
Mgy = 55},6&, My = §¢

2 quark 4 quark
The potential
1 4 1 2 2 1 2 12 1 2
o, before Vo = =A™ —-m50° + —mio°+ —=Ac¢
symmetry 3 2 2 V2 o
breaking g - R ~ ¢, before
Vsp — F Moy B symmetry

; breaking



The scalar mixing structure(g=u,d)

The 2 quark state and the 4 quark state for scalar meson

1 1
Mgy = 55},6&, My = §¢

2 quark 4 quark
The potential
o, after Vo = Lyot = 1mSJQ + lmiqﬁ + LAU%
SHIMMET 8 1 2 : - i
breaking Vsp = _ZMﬁfN Tv(U + UT) f'*‘:lb),/ff:meer"ry

preaking



The scalar mixing structure

The scalar mesons

olx)=0+6(x) =f;+(x)
$(x) = + p(x)

Scalar mesons have vacuum expectation value

The scalar mixing structure

(fsoo ) . (cos 8 —sin 8) (Q)
f1370 sinf cosf /\¢

The physical scalar meson are made by mixing 2-quark state and 4-
guark state



The Lagranglan(q u ,d)

L = 5 Lot o @Tr(aL,_,,aL) + = 3 9" — (Vo — Vo) — (Vs — Vsg)

1 v
—I—ahls(s (1 — So)fg) TI‘(OAH”OZ]T) — @ T‘I‘(VMVV‘”’ ) + Eanom

Symmetry of the model

g
4 )
The model
Field Operator Physical fields
Pseudoscalar meson F(r) [
Vector meson W(r),G(r) w, P
2-quark scalar meson o(r)=f,+6 fs00 = cos(0) & — sin(0)P
4-quark scalar meson d(r) = Ppgec + P fiz70 = sin(@) & + cos(6) ¢
G J




The properties of skrymion

The baryon number current

2
By = - 39? {fﬁgQTQahlSW [805’2 + 2500 + 1}

+ F’ [Odg —2G (—ag + a3 + azcos F) + ag cos? F — 25 cos F + (ap — Oég)GQ]

sin® F

F’
2722

— 203 sin FG' 4 a4 sin FF’} —

« Baryon number current, by functional derivative the external field of
Wess-Zumino action
 The integral of baryon number current over all space gives [ dV B, = 1

The charge radius(root-mean-square (rms) radius)

< Charge radius of the baryon- « Charge radius of the
number current energy(soliton mass)

1/2 \// d’rr2B(r <r2)2/2=\/Ml / d3rr2 Mgo (1)
sol J0O
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The ansatz

hedgehog

cos F(r) 4+ 47 - & sin F(r)

a TRA o G
p,u,:i = € haph QS;)
wy, = 0,0W(r)
o = f(1+a(r))
QS — gbvac(l + QB(T))

Well known

Dilaton type

The ansatz for , p, w are

consistent with literatures.
Considering U(2),, symmetry,
we take g, =g, = 9.

The ansatz for g, ¢ do not
contains either space index

nor isospin index, which are
same with dilaton type
scalar meson.




The boundary condition and profiles(B=1)

Boundary Condition

r—0|r— o

F(r)
F'(r)

o o o1 ol O

The boundary condition for m, p, w are consistent with literatures,
while the boundary condition for a, ¢ are taken for the asymptotic
solution when taking r — 0, similar as dilaton case.




When scalar meson is made by pure 2 quark state

When taking A = 0

Loy 155 7 = "
Vo = g)\a — 5M20 + -mjep . —Ao
¢ only have a solution

| _
L = -0,00lc+ o? Tr(ay o)) — (Vo — Vi) — (Vs — VsB)

2
1
+anis(s00” + (1 - 50) f7) TI‘(O{”MOfﬁ) T 52 Tre(V,, V#Y) + Lanom
1 1
1 = é)\a4 — §m§az
1
A= 2 )2 = 2
mfw,w(eﬂ") — agg,wf'?(l - SO)

m, modify potential part for scalar meson, s, modify effective vector
meson mass inside skyrmion



Scalar meson is made by pure 2 quark state

When taking S, = 0 When taking m, = 1.37 GeV
2 _ 2
Mo w(eff) = Mpw(phy) mﬁ?w(eﬂ") — agﬁ,wfﬁ(l — S0)

The pure 2 quark scalar meson will drop about 100 MeV soliton mass, similar
with dilaton scalar meson case.

The tendency of “charge radius - scalar meson mass” relation, depend on the
way how scalar meson is incorporated.



Scalar meson is made by the mixing structure

RGO | 40 | 60 | 07
30| 60 | 0 | 1493

With g=u,d

_ ( cos6 sin 0) (fsoo )
—sinf cos@ f137()

The mixing structure of 2 quark state and 4 quark state will drop about 180
MeV soliton mass than pure 2 quark case, to get a more physical baryon mass.



Some alternative way to incorporate scalar meson

When taking S, = —0.5

The tendency are all same, but the allowed mixing strength is smaller than
So = 0 case, this is because S, = —0.5 corresponding to a heavier effective
vector meson mass and weaker repulsive strength. So the allowed attractive
force made by scalar meson becomes smaller.
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Summary

® The Iincorporate of scalar meson will drop the
soliton mass.

® The result shows a lighter 2-quark state scalar
meson reduce more soliton mass.

® When 2 quark and 4 quark mix with each other,
the lighter “effective 2 quark scalar meson” mass
IS, the more lighter soliton mass becomes.

@ The tendency of “charge radius - scalar meson
mass” relation, depend on the way how scalar
meson Is incorporated.

Future works:
Modify the interaction term, Quantization the soliton,
Dense media effects, EOS for neutron starts, ...



Thank you for your attention!



