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The Issues

* A new approach to nuclear structure?
« Start from a QCD-inspired model of hadron structure
* Ask how that structure is modified in-medium

* This naturally leads to saturation
+ predictions for all hadrons

* Fit n-p matter:
P, ., E/A , symmetry energy, compressibility etc.

* Predict dense matter; hyper-nuclei; finite nuclei
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Relativity

* In n-star core densities > 2-3 p,: must have a
relativistic EoS

=P ~m,

- e.g. velocity of sound:
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Hyperons in Dense Matter?

 Baryons in medium are not complicated —in a sense

 E, (p)—E\ (p) ~ constant (not Z-N )
-A-N~170 MeV

- = =N~ 380 MeV but P muon ~ 230 — 250 MeV max.
which means =" competes with A

» Clearly, as pg" increases A or =- must enter

- typically around 3 p,

- Effectis obviously to softenEoS
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Summary:
We need a relativistic EoS

Including hyperons
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Where to get the interactions?

« Familiar approach:

— Fit NN interaction to NN data — typically 20-30
parameters to fit 1000’s of data points

- BUT to fit nuclear data also need 3-body force:
typically 4 parameters fit to energy levels light nuclel

AN : very limited data plus systematic A-hypernuclel

— cannot determine 20-30 parameters of a “realistic”
potential and certainly no 3-body force!
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Interactions (cont.)

« 2 N:no elastic data. Few dozen data on AN => ZN

— Contrary to first results in early 80’s there are
no Z — hypernuclel (one exceptional, very light case)

- Phenomenologically :
2 — nucleus interaction is somewhat repulsive

« = N: No elastic data.

Nothing known about = — hypernuclel BUT at J-PARC
experimental study just beginning

H H: Nothing known empirically
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Suggests a different approach : QMC Model

(Guichon, Saito, Tsushima et al., Rodionov et al.
- see Saito et al., Prog. Part. Nucl .Phys. 58 (2007) 1 for a review)

« Start with quark model (MIT bag/NJL...) for all hadrons

* Introduce arelativistic Lagrangian
with o, w and p mesons coupling
to non-strange quarks

QCD & hadron
structure

« Hence only 3 parameters

5
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Density dependent
o nuclear ﬁ effective NN
matter (andNA,NZE ..))
forces

Structure of
finite nuclei &
@ |hypernuclei

- determine by fitting to saturation
properties of nuclear matter
(Po. E/A and symmetry energy)

 Must solve self-consistently for the internal structure of
baryons in-medium
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Effect of scalar field on quark spinor

MIT bag model: quark spinor modified in bound nucleon

N ( jo(zu'/ Rp) \ )Xm

47 \ iB,7 - 0/j1(z'/ Rz

Lower component enhanced by attractive scalar field

0 — m;‘,RB
IBQ’ — "
{2 +ngB

This leads to a very small (~1% at p, ) increase in bag radius

It also suppresses the scalar coupling to the nucleon as the
scalar field increases

Q[]/Q -+ m;RB(QO — 1)
Qo(ﬁo — 1) + méRB/Z
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Quark-Meson Coupling Model (QMC):

Role of the Scalar Polarizability of the Nucleon

The response of the nucleon internal structure to the
scalar field is of great interest... and importance

Non-linear dependentCe through the scalar polarizability
d~0.22Rinoriginal QMC (MIT bag)

Indeed, in nuclear matter at mean-field level (e.g. QMC),
this is the ONLY place the response of the internal
structure of the nucleon enters.
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Summary : Scalar Polarizability

« Can always rewrite non-linear coupling as linear coupling
plus non-linear scalar self-coupling — likely physical
origin of some non-linear versions of OHD

« Conseguence of polarizability in atomic physics is

many-body forces:
V=V, +Vy "'Vls@

— same is true in nuclear physics
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Summary so far .....

 QMC looks superficially like QHD but it’s fundamentally
different from all other approaches

« Self-consistent adjustment of hadron structure opposes
applied scalar field (“scalar polarizability”)

* Naturally leads to saturation of nuclear matter
- effectively because of natural 3- and 4-body forces

 Only 3-4 parameters: o, w and p couplings to light
quarks (4" because m, ambiguous under quantisation)

* Fit to nuclear matter properties and then predict the
~4 Interaction of any hadrons in-medium ?‘i’iﬁ‘“ﬁ"?imnc
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The EMC Effect: Nuclear PDFs

* Observation stunned and electrified the
HEP and Nuclear communities 20 years ago

 Nearly 1,000 papers have been generated.....

« What is it that alters the quark momentum in the nucleus?

: e SLAC E139 (Fe)
1.2 F * EMC (Cu) .

1 J. Ashman et al., Z.
¥ Phys. C57, 211 (1993)
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Calculations for Finite Nuclel

(Spin dependent EMC effect TWICE as large as unpolarized)
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FIG. 7: The EMC and polarized EMC effect in "B. The

empirical data is from Ref. [31].
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Cloét, Bentz &Thomas, Phys. Lett. B642 (2006) 210 (nucl-th/0605061)
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empirical data is from Ref. [31].




Linking QMC to Familiar Nuclear Theory

Since early 70’s tremendous amount of work
In nuclear theory is based upon effective forces

« Used for everything from nuclear astrophysics to
collective excitations of nuclel

« Skyrme Force: Vautherin and Brink

Guichon and Thomas, Phys. Rev. Lett. 93, 132502 (2004)
explicitly obtained effective force, 2- plus 3- body, of Skyrme type

- density-dependent forces now used more widely
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Physical Origin of Density Dependent Force of the Skyrme
Type within the Quark Meson Coupling Model

P.A.M. Guichon!, H.H. Matevosvan®®, N. Sandulescu®*® and A.W. Thomas?

Ep (MeV, exp) | Ep (MeV, QMC) || r. (fin, exp) | r. (fin, QMC)
0 7.976 7.618 2.73 2.702
UCa 8.551  _ 4bs 8.213 3485 ~19p 3415
“Ca 8.660 quuuy 8343 3.484 ¢ummp 3.468
“US pp 7.867 7.515 5.3 5.42

* Where analytic form of (e.g. H, + H3) piece of energy
functional derived from QMC is:

Ho+Hs — p> | = Cp + Go Go L3 G, .
o 7T TR 4@p )’ 2(1+@pG,) 8
O highlight ( )° [5 Co 4 Co Co
Igniignts Pn — pp e — T "o
»scalar polarizability 32 8(1+@pG,) S
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Nuclear Densities from QMC-Skyrme

0.10
0.08
s 0.06
£ .
o .04
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r{fm)
X Oriversiry Calculation of Furong Xu (2010)
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Spin-Orbit Splitting

Neutrons | Neutrons |Protons Protons
(Expt) (QMC) (Expt) (QMC)

160 6.10 6.01 6.3 5.9
1p1/2-1P3s
40Ca 6.15 6.41 6.0 6.2
1d3/2_1d5/2
48Ca 6.05 5.64 6.06 5.59
1dg,-1dg, | (Sly4) (Sly4)
208pph 2.15 2.04 1.87 1.74
2d3,-2ds, | (Sly4) (Sly4)

Agreement generally very satisfactory — NO parameter adjusted to fit
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Shell Structure Away from Stability

» Use Hartree — Fock — Bogoliubov calculation

 Calculated variation of two-neutron removal energy
at N =28 as Zvaries from Z = 32 (proton drip-line
region) to Z = 18 (neutron drip-line region)

* S,, changes by 8 MeV at Z=32
S,, changes by 2-3 MeV at Z =18

« This strong shell quenching is very similar to
Skyrme — HFB calculations of Chabanat et al.,

. 2n drip lines appear at about N =60 for Ni and N = 82 for Zr
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Global search on Skyrme forces

The Skyrme Interaction and Nuclear Matter Constraints

M. Dutra, O. Lourenco, J. S. S. Martins, and A. Delfino
Departamento de Fisica - Universidade Federal Fluminense,
Awv. Litordnea s/n, 24210-150 Boa Viagem, Niterdi R.J, Brazil

These authors tested 233

J. R. Stone widely used Skyrme forces

Department of Physics, University of Ozxford,

OX1 3PU Oazford., United Kingdom and ag am St 12 Stan d ard nu C | ear
Department of Physics and Astronomy, p ro p ertles . on |y 17 Su rVIVed
University of Tennessee, Knoxville, Tennessee 37996, USA | n CI u d | n g tWO QMC p Oten t | al S

C. Providéncia
Centro de Fisica Computacional,
Department of Physics,
University of Coimbra,

P-3004-516 Coimbra, Portugal
Furthermore, we considered weaker constraints arising from giant resonance experiments
on 1soscalar and isovector effective nucleon mass in SNM and BEM, Landua parameters and

r of CSkP

low-mass neutron stars. If these constraints are taken into account.

reduces to to 9, GSkI. GSKII, KDEOv1l, LNS, NRAPR( QMC700, QMC750 jhnd

i ;.:: L

S]f‘RﬂL the CSkP hbtl’ruly remarkable — force derived from quark level does“ﬁﬁT MiC
LS ADELAIDE a better job of fitting nuclear structure constraints thaf %
coePP Xt phenomenological fits with many times # parameters!

Phys. Rev. C85 (2012) 035201
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Constraints from Heavy lon Reactions
— from Dutra et al. (2010)
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FIG. 4: (color online). Constraint PNM2: Pressure in the pure neutron matter as a function of

"’;"{\:’é«- . density in the region 2 ; }% i 4.6. For detailed explanation see Ref. [24]. :HESX; MIC
® o B e
COEPP [24] Danielewicz, Nucl Phys A727 (2003) 233 s



More on derived Skyrme force later

« Last part of the talk will deal with recent unpublished
studies of the derived Skyrme force, with it’s
unusual density dependence

« Across the entire periodic table
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Mesons Iin Nuclel

« At Hartree level mesons like w, n and n’ contain light
guark-anti-quark pairs

* Repulsive vector potential cancels for g and g
(s and s do not couple to o, w and p)

 Thus they must feel attraction associated with the
mean scalar field

 Initial estimates significantly underestimated
absorption of the w, which adds repulsion

- but V. Metag finds hint of mild
attractionin C: -20+ 25+ 10 MeV e
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N’ in Nuclel

Complicated/made more interesting by axial anomaly

o 2 ~ 1
Mypin = (mK + m??o/g)

1 1 _ & _
:I:E\/(Zm%{ — 2m2 — §m%0 2 4 gm%()

But absorption significantly less than the w

M. Nanova (arXiv:1311.0122 ) finds that the
n’ feels attraction of -37 + 10 + 10 MeV in 12C

This is very similar to Bass and Thomas (Acta Phys Pol B41 (2010) 2239)

' (MEV) m* (MEV) Rea (fm)
78 h47.7hH 500.0 (.43
n (-10°) | B47.75 474.7 (.64
7 (-20°) | b47.75 449.3 0.85
70 U5 & &78.6 .99
ADELAIDE a7’ (-10°) | 958 899.2 0.74
7 (-20°) | 958 921.3 0.47




N’ in Nuclel

Nanova arXiv:1311.0122 :
n’ feels attraction of -37 + 10 + 10 MeV in 12C

©  fo C'data’ TEis00b200Mev] 2 T I S [T
L - a EY_1 500-2200 MeV | = S E"r=1 500-2200 MeV
- i 1 ® 10— -
1] o - L
e o = = |
- 8 = |
= I 8 —
" I i
% 1 F - 6 o C data
::F ] - V(p=p,) = 0 MeV 6 -
! ] CWinen™ = L
V(p=p,) = 0 MeV Lo V(p=p,) = -50 MeV
(p=po) =0 Me ! 4 V(p=py) = -75 MeV - 1
Y oy § V(p=py) = -100 MeV 4
a (p=py) =~ € . - Vip=py) =-150 MeV L
al V(p=p,) = -75 MeV ,;
10 , V(p:po) =-100 MeV Y 2 2 -
E V(p=p,) = -150 MeV \ e — I
i I I I I I I | L P R A R B
0 02505075 1 12515175 2 0.5 1 1.5 150 -100 -50 0 50
P, [GeV/c ] P, [GeVic potential depth [MeV]

*This, plus weak absorption, suggests a search for n’ bound
states is very worthwhile!

* Note that search for bound charmed mesons also attractive

4@t = QMC predicts D- bound in Pb by 10-30 MeV
Cormp NG LN




Modified Electromagnetic Form Factors In-Medium
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NJL Model

( scalar di-quarks only)

10 I 1 | I I 1 1 I | l I I 1 1 I 1 1 I I
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Longitudinal response function

(New results from JLab, Meziani et al., eagerly awaited)
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Hyperons

Derive A N, Z N, A A ... effective forces in-medium
with no additional free parameters

« Attractive and repulsive forces (o and w mean fields)
both decrease as # light quarks decreases

* NO X2 hypernuclel are bound!
A bound by about 30 MeV in nuclear matter (~PDb)

 Nothing known about = hypernuclel — JPARC!
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A- and =-Hypernuclei_in QMC

ig‘i"h (Expt.) _.DJ,LIZI' %@;.E iﬂal"h (Expt.) i':'gl"h 9P,

1819 -22.5 -24.0 -9.9 -27.0 -26.9/-15.0
Lps o -19.4 -7.0 -24.0 -12.6
Iprpa | -16.0 (1p) -194 -7.21 -220 (1p) -24.0 -12.7
Lddy o -13.4 -3.1 -20.1 -9.6
2819 0.1 -17.1 -8.2

ldgg | -0.0 (1d) -134 34| -170 (1d) -20.1 -0.8

1fr /9 6.5 154 -6.2
2Dg 9 1.7 1.4 -4.9
Lfen | -20(1f) -64 12,0 (1f)  -154 -6.5
2p1 9 16 1.4 -43

b Predicts = — hypernuclel bound by 10-15 MeV
95 e to be tested soon at J-PARC
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2 — hypernuclel

>-hypernuclel unbound :
because of increase of hyperfine interaction with density
—e.g. for 29 in #°Ca:
central potential +30 MeV and few MeV attraction
In surface (-10MeV at 4fm)

200 —~ 1 I 1 I 1 | | I | _
—~ <\ 41 =
> E | \\. _— ZOCE:I E
L 150 & N\ -
= = 5. 3
e’ — Q- - T _(VG) _
= 100 |- A3 > —
= - \Y —— Vg =
L s50F W ceee Voo
o Ny .
aw .:_\_—,\ N~ — Total 4

0 u | | 1 — | | ] | I ]
0 2 4 6 3 10

S

\
L]

Pl vveiey - Guichon et al., Nucl. Phys. A814 (2008) 66
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Consequences for Neutron Star
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Rikovska-Stone et al., NP A792 (2007) 341



LETTER

A two-solar-mass neutron star measured using

doi:10.1038/nature(9 466

L ]
Shapiro delay -
_ ) . oof -~
P. B. Demorest’, T. Pennucci®, 5. M. Ransom®, M. S. E. Roberts® & J. W. T. Hessels®* l/c\] .'-f-;;:\i
o N ./
0
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Report a very accurate pulsar
mass much larger than seen
before : 1.97 £ 0.04 solar mass

Claim it rules out hyperons
(particles with strange quarks
-ignored published work!)
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Most Recent Development
(Whittenbury, Carroll, Stone & Tsushima)

* Include in Fock terms the effect of the Pauli coupling
(i.e. F, o g, term)in p and w exchanges between
all baryons

 This introduces more parameters
— because of short-distance suppression of relative
wave function and possible form factors

* Inline with recent work of Stone, Stone and
Moszkowski , require compressibility at p,

In the range 250-330 MeV

see : Whittenbury et al., arXiv:1307.4166 (PRC 89 (2014) 065801)
(related work: Miyatsu et al., Phys.Lett. B709 (2012) 242
am~oeaoe and Long et al., Phys. Rev. C85 (2012) 025806 )
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Pure Neutron Matter (PNM) c.f. EFT
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Density [fm™]
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Whittenbury et al., PRC 89 (2014) 065801
- Details EFT Tews et al., PRL 110 (2103)
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Heavy lon Constraints

Daniclewicz =1 al.
| — Standard
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# Danielewicz et al., Nucl Phys A727 (2003) 233
;-, and Dutra et al (2010)
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Equation of State
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standard cass (for which A = 0.9 Ge¥, and Rﬁfﬁ = 1.0 fm} and the effect of subsequent varations in which differences from the standard
pararnster set are indicated in column 1. The tabulated quantities at saturation are the slops and curvature of the symrmetry energy, Ly and
Keym, the incompressibility Xy, skewness coefficient {Jy, calenlated at saturation density, and volume component of isospin incomprassibility
K.y, respactively, Tabulated nentron star quantities are the stellar radius, maxirmm stellar mass, and corresponding central density (units

o = 0.16 frn—3),

Model/ S Sav & Ko Lo Egn U0 Kiw  Un Us- Us- M R 02
scenatio (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (Mo) (km) (o)
standard 8.97 938 49 273 84 23 305 —431 3 25 5 180 1180 544
A=10 907 973 505 278 85 -15 =282 —-439 10 32 8 184 1186 542
A=1l1 916 1006 316 283 86 -3 —261 —446 16 34 11 188 11594 370
A=12 924 1037 328 286 87 -2 =41 —451 23 46 15 192 1203 360
A=13 931 1067 340 239 83 4 224 456 249 53 18 195 1210 352
A=11gr %13 916 1006 316 283 86 -3 261 -4 135 14 —4 184 1191 573
A=13,g,y %13 931 1067 340 239 8a 4 224 456 —3 24 3192 1201 566
A=20,g,rx19 9609 1227 616 302 92 31 137 478 29 20 =T 207 1224 338
Increased fow/gon 8.70 927 386 267 81 —34 321 424 6 27 6 177 1161 6.14
Fock do .01 944 497 273 84 i1 29 432 4 26 5 181 1182 536
Eff. Proton Mass 1040 110 455 297 101 64 =190 476 11 41 10 194 1220 548
Eff. Proton Mass, A = 1.1 1108 1231 485 311 111 126 —87 =309 34 67 22 207 1237 5.08
Eff. Proton Mass + dor 1089 11.55 453 285 109 132 =232 432 17 49 13 199 1222 346
Ditac Only 10,10 922 T84 2% 85 0 =288 424 23 4 -3 179 1233 522
Harttres Only 10,25 793 840 283 8 =17 =455 405 49 =23 =21 1534 1173 o.04d
Nucleon Only 8.97 938 49 273 84 -23 =305 —431 3 25 5 210 1108 646
R=048 930 985 495 277 85 -15 268 —443 6 23 5 183 1188 530
App. Sp =325 905 938 486 273 82 =27 =303 —429 2 24 4 180 1182 382
App. 55 = 30.0 931 935 450 230 4 -4 295 391 —4 14 1 181 1182 376
S = 30.0 924 936 461 278 7o =20 299 —304 —2 21 2 181 1181 530




Equation of State
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Particle content
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Mass vs Radius
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Systematic approach to finite nuclel

( This work is in preparation for publication: collaborators
are P.A.M. Guichon, P. G. Reinhard and J. R. Stone)

« Allow 3 basic quark-meson couplings to vary so
that nuclear matter properties reproduced within errors

-17 < E/A < -15 MeV
0.15<p, <0.17 fm-3
28 <J <34 MeV
L > 25 MeV
250 < K, < 350 MeV

 Fix at overall best fit for binding energies of finite nuclel
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Overview of Nucleil Studied — Across Periodic
Element Z N Element Z N
C 6 6-16 Pb 82 116-132
(0) 8 4-20 Pu 94 134 -154
Ca 20 16 - 32 Fm 100 148 - 156
Ni 28 24 -50 No 102 152 -154
Sr 38 36 -64 Rf 104 152 -154
Zr 40 44 -64 Sg 106 154 - 156
Sn 50 50 -86 Hs 108 156-158
Sm 62 74 - 98 Ds 110 160
Gd 64 74 -100
N Z N Z
20 10 - 24 64 36-58
28 12 - 32 82 46-72
40 22 -40 126 76 -92
50 28 -50
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Overall agreement better than 0.5%
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Even Gd isotopes
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Charge Distributions
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Summary

* Relativity Is essential

e Intermediate attraction in NN force is STRONG scalar

* This modifies the intrinsic structure of the bound nucleon
— profound change in shell model :
what occupies shell model states are NOT free nucleons

« Scalar polarizability is a natural source of three-body
force/ density dependence of effective forces
— clear physical interpretation

* Derived, density-dependent effective force gives
results better than most phenomenological Skyrme forces
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Summary,

« Same model also yields realistic, density dependent
AN, Z N, E N forces (not yet published)
- with NO additional parameters

 Availability of realistic, density dependent
H N and H H forces is essential for p > 3 p,

* Already important results for n stars : mass as large as
2.1 solar masses possible with hyperons

 Inclusion of Pauli terms in Fock calculation presents
new challenges: A hypernuclel no longer bound

« Can modify couplings to bind A hypernuclei and still get
massive n-stars — but many open questions

uuuuuuuuuuuu

0 m SEE not least, transition to quark matter? SUBAT%,?
LE%J

5
Al
S




Summarys
 Initial systematic study of finite nuclei very promising

- remember just 3 parameters fixed by nuclear matter

« Super-heavies (Z > 100) especially good (typically better
than 0.25%)!

 Binding energies typically within 0.5% or better across
the periodic table

« Deformation, spin-orbit splitting and charge distributions
all look good (NOT fit — only binding)

IIIIIIIIIIIIIII
llllllllllll

2 %
SUBAT@EIMIC
" ADELAIDE =
o M )N |VERSITY S
=E / ausTrRaLIA 65'
sm\\c‘“&




Special Mentions......
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Key papers on QMC

- Two major, recent papers:

1. Guichon, Matevosyan, Sandulescu, Thomas,
Nucl. Phys. A772 (2006) 1.
2. Guichon and Thomas, Phys. Rev. Lett. 93 (2004) 132502

* Built on earlier work on QMC: e.g.

3. Guichon, Phys. Lett. B200 (1988) 235
4. Guichon, Saito, Rodionov, Thomas,
Nucl. Phys. A601 (1996) 349

* Major review of applications of QMC to many
nuclear systems:

5. Saito, Tsushima, Thomas,
Prog. Part. Nucl. Phys. 58 (2007) 1-167 (hep-ph/0506314)
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References to: Covariant Version of QMC

* Basic Model: (Covariant, chiral, confining version of NJL)
Bentz & Thomas, Nucl. Phys. A696 (2001) 138

* Bentz, Horikawa, Ishii, Thomas, Nucl. Phys. A720 (2003) 95
* Applications to DIS:

* Cloet, Bentz, Thomas, Phys. Rev. Lett. 95 (2005) 052302

» Cloet, Bentz, Thomas, Phys. Lett. B642 (2006) 210

« Applications to neutron stars — including SQM:

* Lawley, Bentz, Thomas, Phys. Lett. B632 (2006) 495

» Lawley, Bentz, Thomas, J. Phys. G32 (2006) 667
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Most recent nuclear structure results

 Results obtained using SKYAX code of P. G.
Reinhard

« 2BCS pairing parameters (density dependent,
contact pairing force) fitted from pairing gaps
In Sn isotopes
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Experimental Test of QMC at Mainz & JLab”

Capacity to measure polarization in coincidence:
eI
e

‘He o~ —

/ P
—-
o1/ o, ~ Gg/G,,: Compare ratio in “He and in free space

S. Dieterich et al. , Phys. Lett. B500 (2001) 47; and JLab report 2002
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Super-ratio — in-medium to free space
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Jefferson Lab & Mainz : more from S. Strauch

Polarized
“He(e,e’p)
measuring
recoil p
polarization
(TIL : GE/Gy,)
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Strauch et al., EPJ Web of Conf. 36 (2012) 00016

I
—_—

1.1

1.0

----- " Madrid RDWIA (RLF) A MAMI
Madrid RDWIA (RLF) + QMC
- Madrid ROWIA (RLF) + cas ¥ =93-049
Schiavilla (2010) ® E03-104
A\ 4
1 | L |
0 1 2

Q? (GeVic)?

QMC medium effect predicted more than

a decade years before the experiment
(D.H. Lu et al., Phys. Lett. B 417 (1998) 217)
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ORIGIN .... in QMC Model

[ivH0u — (Mg — 9595) — 7P gu9@]y = O

Source of o ST s
changes: fBag d’rw(‘r)w(fr)
SELF-CONSISTENCY
and hence mean scalar field changes... D

and hence quark wave function changes....

THIS PROVIDES A NATURAL SATURATION MECHANISM
(VERY EEFICIENT BECAUSE QUARKS ARE ALMOST MASSLESS)

source is suppressed as mean scalar field increases
(i.e. as density increases)
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Can we Measure Scalar Polarizability
In Lattice QCD ?

* IF we can, then in areal sense we would be linking
nuclear structure to QCD itself, because scalar
polarizability is sufficient in simplest, relativistic
mean field theory to produce saturation

* Initial ideas on this published :
the trick is to apply a chiral invariant scalar field
- do indeed find polarizability opposing applied o field

18" Nishinomiya Symposium: nucl-th/0411014
— published in Prog. Theor. Phys. e
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Symmetry Energy in B-Equilibrium (n,p,e,p only)
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