COST Meeting, Lyon, 17 Nov. 2014

Polgnomial fits for COMPOSE

I Burgjo (INFN Catania)

M. Baldo, F. B., H.-]. Schulze, G.Taranto (INFN Catania)
D.P. Zhang, Z. H. Li (Fudan Univ., Shanghai)

A.Li, X.R.Zhou (Xiamen Univ.)

T. Rijken (Nijmegen Univ.)




The Bethe-Goldstone equation for the G-matrix :

v Self-consistent and Parameter free Proc:eclure.

s The onlg inPut rcc]uirecl is the NN Potential V.
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Problem : wrong saturation Point.

Solution : Inclusion of three~boclg forces (TBFs).
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Results : energy clensitg, effective masses .....
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Fits calculated for several choices of NN potentials and TBF’s. ™|




= Symmetric (SNM) and Purely neutron (PNM) matter

S Easilg extended to asgmmetric matter using the Parabolic aPProximation

B

Casea): T=0

B

¢ G and K matrices
¢ NN potentials . Argonne vi8, Bonn B, Njimegen 93 CD Bonn

(P 2p) = —(p,2p = 0.5) + Egym (p)(1 — 2p)°

& TBF : urbana 1x (Pudliner et al. 1995) and Microscopic (Grange et al. 1989)

—

B

A

(p) = ap+ Bp”

symmetric matter

neutron matter

a B Y a B y | [p,B/Alo(fm—3MeV) K (MeV) Eqm (MeV)
VI8 + UKX (G) —4525 556.0 1.24] 780 23209 2.24 0.18,—15.3] 192 335
V18 + MICRO (G) -123.2 407.9 2.38| 559 5323 2.68 0.20,-14.7| 226 30.6
Bonn B + MICRO (G)| —130.4 537.0 2.39| 31.0 780.2 277 0.17,-15.9| 244 29.4
Nij93 + MICRO (G) | —152.5 3433 1.94| 723  693.6 2.67 0.18,-15.4] 216 34.0
CD Bonn + UIX (K) | —306.5 4240 1.38| 873 175.0 2.33 [0.18, -15.56] 189. 345
V18 + UKX (K) ~265.5 406.0 147 77.1 2574 2.27 [0.16, -15.98] 212. 31.9




Full dots : BHF calculations
Solid lines Polynomial fits

@ UIX Procluce EoSes softer than

microscol:)ic THBFE

»

& G-matrix calculations give less
rePulsive B/A than the ones with K-
matrix.

(E Large uncertaintg at high clensitg.

@ More accurate fits at small densitg,
n orcler to reprocluce we” the

»

saturation Point. Use of a different
parametrizationup to p = 0.6 fm_3

Table 1. Parameters of the EOS for symmetric nuclear matter
and pure neutron matter using different interactions.

Symmetric matter Neutron matter

'6 a b c d a b c d

b Paris —-99.1 4305 253 -3.19 33.7 644.7 287 478

5 AvlS -—101.3 371.0 239 -3.12 325 5857 273 A48T
Bonn B —151.4 511.3 213 -2.21 218 8140 283 379
Nij93 —242.6 385.7 1.52 -0.21 395 7123 255 4.0
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iﬂClUCli ﬂg hqoer Oons (Phgs. Rev. C 84, 035801 201))

The basic inl:)ut quantities are the NN, YN and YY Potentials. The Iarge number of clegrees of freedom (tour Partial

clensities) renders inconvenient the use of the resultirig thernuclear Eos in tabular form ---> we tried to approximate the

numerical results 139 a sutﬁcientig accurate Parametrization.

In the requirecl range of nucleon densities (0.1 fm ™2 < py <0.8 fm™3) Proton fraction (0 < pp/pn < 0.5 fm_3)
and theron fraction (0< ps/py 0.5 fm™3.0< ppr/pny < 1. fm™?)
an excellent fit of the energy density is gjven bg :

£(Pns Pps PA, PE) = EnpN Ey = (1 = B)(appn + bopy) + B(aipn + bypy),
| C s/ . Ey = (ay + ajyx+ajx*)py+(b) +b} x+b3x?) py
+(E.‘\ + EAA +EA):),0A 4 pi/3 W’t]f, ( Y Y ) ¥ ) ( Y Y Y ) N
2mAMA EYY' — a”,,p;}'r' pyi'r"
| C 0 !
+(Ex+Exxs+Exa)ps + pgﬁ My =1+ (cy +cyx)pn.
2"le:

where pN = pn+pp, T =py/pn, B=0-22)° Y)Y =A%, and C = (3/5)(37%)*/3 ~ 5.742

@ All calculations Pertormecl with the G-matrix.
& Potentials used : VI8 (NN), UIX and Micro (TBFs), NSC89 and ESC08 (NY). No VY.




TABLE 1. Fit parameters for the energy density of hypernuclear matter, Egs. (11) through (15), obtained with the ESCO8 or the NSC89 YN

potentials.

V18 + TBF + ESCO08 V18 + UIX'+ NSC89
ap, by, co, ay, by, ¢, —140.7 390.1 208 883 6343 3.11 —286.6 397.2 1.39 207.7 250
a%.a),a’, b}, bl b3, cy —625 67 0 656 —17 0 128 | —403 688 —943 —1273 1761 1.72
ay,ay,ax, b}, by, b:, cx | —1285 —395 0 1856 —-93 0 1.07| -—-114 0 0 0 0 1.63
AAN. CAA. dAp 218 095 0384 136 051 0.93
Aax.Carx:, dAz 0 0 0 0 0 0
axy,Cxx.dxyx 0 0 0 0 0 0
Ay A, Cxa, dza 157 095 080 890 033 08l
ch. ek, e, ek —-0.13 176 —-0.75 —-0.44 022 -038 —-0.59

Main ditferences

4

() more rePulsive (attractive) in ESCO8 than in NSC89 *

v Swal:) in the composition
v No changc in the EoS

Vi8 + TBF + ESCO08

V18 + UIX' + NSCB9
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Case b) T£0

The Bloch-De Dominicis theorg of nuclear matter

Q=Q,+ AQ

o epedVig b

7T2 0

1 i -
k*dk [Blog(l + e PEr—p)y 4 U(k)n(k)]
Uky) = nks) < kyka| K(W)lkyky >4
< bkl KWilkke > = < ey K|V | sk >
(1 — n{&5)][2 — n(k})]

— < KKK (W) kske >

» r
+ He§ < bk VKK, > W By, — B 46

_— A = 1823# /oo dwe_Bw'IY [arctan(lC(w)wé(H -w)]
2 e 2m P .

< kg |K| (w)ksky >=< kyko| K (w)[ksky > [ +/1 - ni(k)

=14

ThermodLnamics of the hadronic pl'wase :

f=0Q+pp
e=f+Ts

EoS at finite T for symmetric nuclear matter

L o o S AT S e T e I ’ 0\ r——— R - .

Avl8
- TBF (urbana

Typical Van der Waals behavior. with T,=20 MeV and p ~0.06 fm™

The critical Point clcpcnds on the mang-bodg method and ti'nc NN interaction

&ﬁ» Calculations Pemcormecl for the K-matrix

& The free energy densitg :

[ k2 |
fun = Z [2;'“(“ (2m,- + EU'(“) B TS':|

i=n.p

with si==23" (m@1nnik) + 1 — ni()]n[1 — n; (k)
k

§ Argonne VI8 + UIX as input

We find that the following functional forms provide excel-
lent parametrizations of the new numerical results in the required
ranges of density (0.03 fm™ < p < | fm*) and temperature
(O MeV < T < 50 MeV) for symmetric (SNM) and pure neu-
tron matter (PNM):

%(’T, p) = —(137 + 157R)p + 3080"%2 + 2077 In(p)
{475 +TIA Y p-5  (SNM),

%‘T p) = (11 - 122 + 3090'% + 1732 In(p)
+H(—482 +T1°)[p+ 6 (PNM),

where t = T/(100 MeV) and F and p are given in MeV and
fm ™, respectively.

&5 Parabolic approx. holds true also @T#O
F

X(T' p.X) = %(T. p.x=035)+ (1 = 2x)°F,yn(T. p),




@ Cxtension to G-matrix, more time consuming !

@ Frozen Correlations APProximation : at T;éO correlations are almost the same as @ T=0.

@ Calculations Pemcormecl with Argonne vi8 + UIX and Micro TBF’s

E

(. T) = (ayt + axt*) + (by + byt)p + (co + 1),

F 4>
X(P, ) =(at+ agtz) In(p) + (by + bztz)P -+ Copd,

where r = T /(100 MeV) and E, F. and p are given in MeV
and fm—, respectively. The parameters of the different fits are
reported in Table I for both TBFs that we use.

TABLE 1. Parameters of EOS fits, Egs. (10) and (11), for
symmetric nuclear matter (SNM) and pure neutron matter (PNM),
with both nuclear TBFs used.

a [15) bo b] bg Co C d
Micro-TBF
E/A,SNM 81 95 —-155 -139 395 81 2.09
E/A,PNM 101 73 54 —18l1 659 84 288
F/A,SNM 41 120 -115 —182 355 224
F/A,PNM 18 123 83 —103 631 3.02
Pheno-TBF
E/A,SNM 105 74 —473 —-464 586 381 1.26
E/A,PNM 109 64 34 -240 249 164 197
F/A,SNM 41 116 —180 —174 293 1.57
F/A,PNM 21 116 101 —131 191 2.62

7] T[MeV] = 50

E/A [MeV]

00 02 04 06 08 00 02 04 06 08 1.0
p [fm”] p [fm”]

FIG. 1. Finite-temperature EOS for symmetric (left panels) and
purely neutron (right panels) matter. The internal energy (upper
panels) and the free energy (lower panels) are displayed as a function
of the nucleon density, for temperatures ranging from 0 to 50 MeV,
in steps of 10 MeV. Numerical data (symbols) and results of the fits,
Egs. (10) and (11) (curves), are shown.




lnclucling hgperons atfinite T

‘y Calculations with : G-matrix Plus Argonne vi8, UIX TBFs, and NSC89 NY Potentials

& Use of the Frozen Correlations Approximation.

& Onlg Y and A hgperons.

f(pns Pp» pA» PZ» T) = FNPN

F F F L
+(Fp+ Fan+ 1\2)/0A+2mAMA

F. Fyy + F. - —
+(Fg + Fgy =A)Px Iy M,

with the parametrizations at zero temperature:
Fx = (1 — B)(aopn + bopyy) + Blaipy +b1py),
Fy = (ay +ayx +ayx’)pn + (by + byx +b3x°) py.

Cyyr dyy
Fyyr = ayypy’ Py

My =1+ (c) 4 cyx)pw,

the expressions are extended as follows:

Fy = Fy(T =0)

+ @’ on +(di1* + &%) In(py) + f1t?/px]B.
Fy = FY(T =0)

+(dyt* +éyt") In(py) + fyt*/ py + &yt” In(py),
My = My(T = 0) + byt*p}!,

and fm 3, respectively (and m y in MeV~! fm2).

TABLE 1. Fit parameters for the free energy density, Egs. (12)(19).

ap, by, cp. ay, by, ¢ —286.6 397.2 1.39 88.1 207.7 2.50
a b2, b\, b2 ca | —403 688 043 659  —1273 1761  1.72
at, b2, bl b2, ey |—114 0 0 291 0 0 163

aAAyCAAsdAA |36 05' 0.93

dax.Carx, dAE 0 0 0

arx,cxx,dzx 0 0 0

Gxps Cpnsdya 89 033 0.81

@ el cl 022  —038 ~0.59 —022

dp, d:o, ép, fg —202.0 396.9 —190.6 35.2

a.d,é. fi —138.0 308.4 —109.3 31.2

dn, Ens fasBnsbas En 923 20.3 394 1523 478 395

dy,éx, fx, Bz, by, 89.2 61.0 63.6 186.8 1.13 3.30

where py = po + pp: x = pp/pn: B=(1 — 2x)% V.Y =
A, Z, and C = (3/5)(37%)*3 ~ 5.742. At finite temperature

+ [@ot* pv + (dot* + &) In(pn) + for*/pn](1 — B)

wheret = T /(100 MeV) and f and p; are given in MeV fm—>

py=06fm* p,ip, =03
Pyfpn=0.17] o Prioy= 0.3 1\

MY

. e B
~ T~
S | —ad |

0 02 040 02040 02040 02 040 02 04
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=
1 1

FIG. 1. (Color online) Free energy per baryon, F/A, at fixed
nucleon density py = 0.6 fm— and lambda fraction p, /px = 0.3,
as a function of proton fraction p,/py =0,....0.5 and sigma
fraction px/pxy = 0,0.1,0.2, 0.3, 0.5 for different temperatures 7 =
0, 10, ..., 50 MeV. BHF data (symbols) and fit (curves) are shown.




FoS of the inner crust

* Wigner-Seitz method

e Generalized EDF Method (DF3 functional bg F‘agans)
¢ Inclusion of neutron and Proton Pairing correlations

e Neutron drip Point same as in BPS and NV aPProaches
. Sliglﬁtlg different crust composition

—

>
kp (fm™) Z Z (3] A A [3] R.(fm) R.(fm) [3] X x [3] )
0.2 52 40 212 180 57.2 536 0245 0.222 g
0.3 54 40 562 320 52.8 443 0.096  0.125 <
04 50 40 830 500 45.1 422 0.060  0.080 ~
0.5 46 40 1020 950 38.6 393 0.045 0.042 LU

o Negligible eftects of Pairing on the EoS.

Fitted 139 :

A

M. Baldo, E.E. Saperstein, S.V. Tolokonnikov,
Nucl. Phys. A 775, 235 (2006).

Eur. Phys. J. A 32, 97 (2007).

Phys. Rev. C 76, 025803 (2007).

0 0.2 0.4 0.6 0.8 1 1.2 1.4
T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T

] —&— CT-Moskow

L —#— Shen

- —o—N&YV

- —e— BPS /

B r_'y

| - 'l

i | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | |

0 0.2 0.4 0.6 0.8 1 1.2 1.4

K_F

E
— —4.58 +23.44 kp — 33.46 k% 4+ 27.2 k7 — 7.7 k%

10



Nucleon eftfective masses m*

m*(k;p) _ k [de(k;p)] ™
dk

1 1 _l LI I LI I LI l LI l LI | LI [ LI I LI I_ ”l *
- CDB+UIX .- 2
' g —(px)=1—( %)
1__. JUCIPE e e m pvx - 1 a +blx +C|x P
09F W x93 03- VAN AF
P - <277 - et CERFU X b o) 7
E - e e ( - -
= o8| N e -\ al 2X ey )
E ¥ S e .-;YJWBF:_-': a2+ Dax + 2x7)p
07 SEEmn T Y 2y 3
: S — (a3 + bax + c3x~)p-,
061 VIg \J =7
0-5:”’}’”{*”I*”I”’I”’{”}/H"":
,/ // '
1 - AR TABLE L. Parameters of the polynomial fits, Eq. (6), for the neutron and proton effective masses, obtained with different interactions. The
N 7 density p is understood in units of fm~* with these coefficients.
09 =1
/E\c' E E a) b C] as by la) as b c3
= O%F S B L
et - S -3 P 1.45 0.85 -0.92 2.10 1.26 —0.44 1.13 0.65 0.42
0.7 e ~ n 0.96 0.92 0.59 1.20 138 1.64 0.71 0.65 0.98
06E TSsmsa ] V18 + TBF
s Il 2 4 1.67 0.99 —2.47 2.70 1.18 —3.75 1.14 0.88 —2.40
- i n X . . 42 2. . —0. . .
05 IIIIIIlIlllIlIIIIIIIIlllIlIIIII 06] I55 09] 047 701 477 017 058 444
0 01 02 03 04 05 06 07 08 VI8 +UIX
(f -3) P 1.56 1.31 —1.89 3.17 1.26 —1.56 0.79 3.78 —3.81
p(m n 0.88 1.21 1.07 1.64 2.06 2.87 0.78 0.98 1.62
FIG. 1. (Color online) Neutron (top) and proton (bottom) effec- CDB +UIX ,
tive mass displayed vs the nucleon density for several values of the P (l)gg ??(7) —(1)2";' 223 :2'_5/ :(')g'g ?gg gg; _‘:25
proton fraction: x = 0.1, 0.2, 0.3, 0.4, and 0.5. Results are plotted for " ’ ) T - - ’ ) ' -
different choices of two- and three-body forces, as discussed in the

text
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