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Motivation =“Simple Model of Nuclei and their
Constituents”

+ How well the idea of baryons as topological solutions?
+ Whether s it possible to describe
+ the single hadrons properties in separate state,

+ in the community of their partners (interactions, existence as
an individual...),

+ as well as the properties of that whole community in same
footing?

+ Can we construct some simple model to answer those
guestions, at least qualitatively?

+ How far can we go in that direction?
+ Ifitis far enough then how well?

February 9, 2012 Workshop @ J-PARC



Content

+ Topological solitons
+ Prototype Lagrangian
+ In-medium modification - |
+ Hadron properties in symmetric nuclear medium
+ In-medium modification - I
+ Symmetric nuclear matter properties
+ In-medium modification — Il
+ Asymmetric nuclear matter properties
+ Summary

February 9, 2012 Workshop @ J-PARC



Topological models and Soliton
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Topological models and Soliton

STABILIZATION

+ Soliton has finite
size and finite
energy

+ One needs at
least two
contrterms in
the effective
Lagrangian
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Topological models and Soliton

+ Nonlinear chiral effective meson (pionic) theory (prototype
- Skyrme Model)
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Prototype Lagrangian
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Effective Lagrangian-|
Hadron properties in symmetric
nuclear medium
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Soliton in nuclear medium

Modification

+ Outer shell
modifications

Meson cloud
modifications
in nuclear

medium
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Medium modifications

+ Modification in the mesonic sector modifies the baryonic sector

OSM Lagrangian <= Modified Lagrangian

<& <&

Linear approximation Linear approximation
Free pionic <= Pionic Lagrangian
Lagrangian in Nuclear Matter

+ How to modify the mesonic sector?
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Medium modifications

+ Pion physics in nuclear matter (Optic potential
approach):

+ Equation for in-medium (8“(3 +m? _|_f[)77 =0
pions g "

- f the opti T = — V-7 V
Structu.re of the optic I1= Zonpt = 7. +V.va
potential
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In-medium modified Lagrangian-|
[Rakhimov et al, PRC58, 1998]

+ Medium modified Lagrangian (outer shell modifications)

N F?> (= Neo o)) 1
L =—ZTr\VU\VU" |a |+
16 ( )( 23267
+ The medium functionals depend on S and P wave scattering lengths

and volumes, and
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+ Scattering lengths (two parameters) are fitted from low energy pion-
nucleus scattering data and external in our framework
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In-medium modified Lagrangian-I
[A.Rakhimov et al, PRC58, 1998]

+ How to treat the medium changes?

£ = —f—é-Tr(ﬁU)(%U”ap " 32182 TrlL,. L F+ F{’g’i

+ Effective pion decay constant #
F, =F,Ja,(p)

Tr(U+U" -2)a

a,(p)

+ Effective mass of the pion *

m_=m_ |1+

T

a,(p)

+ Pion physics in nuclear medium

(640, +m +11)7 =0
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Hadron properties in nuclear matter
[A.Rakhimov et al, PRC58, 1998]
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) 12.49 9.48 9.76 | 10.08 | 6.83 | 7.75 | 8.66

8 ZNN

P —mm— P —mm—

* N
M, (mev ) |C8es )| 743 [ 756 | 770 | 635 (| 675 ) 715
m-(Mev ) | 140 | 146 [ 146 | 146 | 152 | 152 [ 152

A" (MeV ) 528 484 | 489 | 494 | 448 | 462 | 477

M, (MeV ) 243 211 214 218 186 186 | 206

by =b"" =-0.024m.;' ¢, =c"" =-0.15m]

free
N

Large renormalization:




February 9, 2012

No description of Nuclear Matter!

— 100}

|

MeV

'

1

— 300

AEg

— 400k

| 1 | 1 § |
0.0 0.5 1.0 1.5

{
I,‘-;"lu" II')U

free

AE,_ (p)=my(p)—my

Workshop @ J-PARC

15



February 9, 2012

Effective Lagrangian-I|
Symmetric Nuclear Matter
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Soliton in nuclear medium

Modification

+ Outer shell plus

+ Inner core
modifications (in
particular at
higher densities)
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In-medium modified Lagrangian-I|
[UY & HC Kim, PRC83, 2011]

+ Core modifications - modification of the Skyrme term

+ May be related to vector meson properties in nuclear matter

+ May be related to nuclear matter properties
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Binding energy per nucleon (volume term)

[UY & HC Kim, PRC83, 2011]
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Compressibility of nuclear matter

+ Nuclear matter compression | 1
modulus and thermodynamic 0 pK =
compressibility relation :

+ Isothermal compressibility is defined

as 1 op 5 ﬂm, 32{11-
“th — ‘O ‘O 2
I dp C?fpz
+ At normal nuclear matter density K — 9 ,O0%ay
one has expression ’O Jp? =20
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Compressibility of nuclear matter
[UY & HC Kim, PRC83, 2011]
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Compressibility of nuclear matter
[UY & HC Kim, PRC83, 2011]

bo [z e [m72] | rum [m37] | vaen [T ]| K [MeV]|m¥iy_s [MeV]
—0.024 | 0.21 2.098 1.451 1647.47 105.21
—0.024 | 0.15 1.44%8 0.998 114518 129.39
—0.024 | 10.09 0.797 (0.496 8279 170.34
—0.029 | L0.21 2.106 1. 506 1637.16 107.13
—0.029 1 10.15 1.444 1.031 1142.00 151.59
—0.029 | 10.09 0.785 0,502 as0.03 172.91
“ (F):1_47rgb02p(f7) a,(F)=1- 47, p(r)/ 6
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Symmetry energy in infinite nuclear matter
approximation

+ Symmetry -
A
energy can be )
related to A-N 550
mass difference _
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Effective Lagrangian-Il|
Isospin breaking & Symmetry
energy
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Isospin breaking effects

+ Three types of pions treated (@ﬂé +m? )7—Z_>(i,0) —0
separately H A

+ In nuclear matter, one )
considers three types of (@”@ﬂ + mi@,m + 10 )ﬁ(i’o) =0
polarization operators

+ There will be some additional
parameters which correspond

m-atom 15 = 50 MeV

to isospin breaking bo 1] - 0.03 - 0.04
environment by [mz1] - 0.00 - 0.09
cg[mz]  0.23 0.25

cy [m” 0.15 0.16

g 0.47 (.47

February 9, 2012 Workshop @ J-PARC 25



In-medium modified Lagrangian-Il|

+ Outer&inner shell modifications + isospin breaking
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Improvements

+ Nucleon in finite nuclei (including isospin asymmetric
environment)

+ Volume energy

¥ Surface term 4— Studies in future

+ Coulomb term

+ Symmetry energy €— Present talk

+ Applications
+ Mirror nuclei

«4— Elsewhere

+ Neutron matter (astrophysics)
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Symmetric nuclear matter
+ Volume term in the binding energy formula takes form

-m-; +m,, mp + My

AEy, = ( 5 — 5 ) A=ay(p)A

i i

+ In general, due to isospin breaking effects the masses of nucleons are
different

+ Due to medium modifications the masses are density dependent
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Binding energy per nucleon
[UY, JKPS 60, 2012]

+ Volume term coefficient as a function of normalized nuclear
matter density
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Binding energy per nucleon
[UY, JKPS 60, 2012]

+ Fraction of the binding energy per unit volume to normal
nuclear matter density as a function of normalized density
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Pressure
[UY, JKPS 60, 2012]

+ Pressure as a function of normalized density
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Compressibility

[UY, JKPS 60, 2012]

TABLE I: Compression modulus K of nuclear matter. The variational parameters vy, and vgen are

chosen in such a way that at p = pg the minimum of binding energy per nucleon AE /A ~ —16 MeV

is reproduced correctly.

po [fm~7] Youm [mz 7] Yden [ K [MeV]
0.159 2.038 0.165 931
0.156 2.030 0.157 732
0.152 2.025 0.151 317
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+ Hamiltonian

<+ Effective mass

+ Nucleus mass

February 9, 2012

Asymmetric matter

- - AF -
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Symmetry energy

+ Binding energy per nucleon

Eazt = — (mys — mig)
—I—ﬂf —Z (ﬂ-m.;p — &-m.g:;e)

+ Symmetry energy term

N-—-Z
2A

* freey a2
(&mnp — Amy ") = agfl
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Symmetry energy

+ Symmetry energy term coefficient as a function of normalized
nuclear matter density
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Symmetry energy

+ Symmetry energy term coefficients (in MeV)

as(\) = as(1) + %m— 1) + %{A— 1)2+...
a,(1) LS KS
The result 31.65 91.21 -3700
.Experiment"| ~ 30-35 | ~ 70-90 ~ -500
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Summary

+ How well the idea of baryons as topological
solutions? It seems, not bad...

+ Whether is it possible to describe
+ the single hadrons properties in separate state,

+ in the community of their partners (interactions,
existence as an individual...),

+ as well as the properties of that whole
community in same footing? It seems, yes.

+ Can we construct some simple model to answer
those questions, at least qualitatively? It seems,
yes.

+ How far can we go in that direction? We will see...
+ If it is far enough how well is that direction? ...
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Thank you very much!
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