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Neutron Stars:
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Motivation

Magnetars:

@ Young NS

@ Magnetic fields of the order of
B =10Y — 10 G*

@ Source of high-energy
electromagnetic radiation
emissions

@ Soft Gamma-ray Repeaters
(SGRs)

@ Anomalous X-ray pulsars
(AXPs).

*Casey Reed/Penn State U.

FTHuang et al., Phys. Rev. D 81, 045015 (2010)
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Composition of neutron stars (NS) remains under discussion.
(nuclear matter? hyperon matter?)

May magnetars/NS be made of hyperon matter?

What are the effects of the inclusion of magnetic fields?

May low-Magnetized (10*” G) hyperon matter describe NS?
(hyperon matter composed magnetars?)

May High-magnetized (10'® G) hyperon matter describe NS?
(hyperon matter composed magnetars?)

What about two solar mass NS?
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Motivation

Density dependent magnetic field B (ﬁ):

Po

1(2)-sernfoml ()] o

1019
"] Bsu,f = 1015 G s
® By=107 a3.1x108 G i
@ Fast decay: v =3, G 17|
B =0.02 “
@ Slow decay: v = 2, 10%® 1
8 =0.05
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Motivation

Non-linear Walecka Model:

£:Z£b+ﬁm+ﬁs+zﬁl (2)
b /
Lorentz o-field coupling
Lo= > Dl im0 + A" — gpaprud” —  mj (3)
b=n,p,hyp R/_/ A’_/
o Kinetic term p-field coupling

1
gwaMW# - EMNkbauuFuy]wb
———

——

w-field coupling AMM-term
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Motivation

Non-linear Walecka Model:

Scalar self-interaction

1 1 1
L= 5(8#08“0 — m?o?) — gbm,,(ggba)3 — Zc(ggba)4 (4)
1 1 1, 1.
+§miwuwﬂ — ZQ'LL QUV +§m’2)p,u . p_ﬂ — Zp'u PMV
—_———
w-field tensor p-field tensor
1 v
L=~ F"Fu (5)
———
EM-field tensor
L= Plinud" + qry A" — il (6)
I=e,n
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Motivation

Important:

@ Relativistic mean field approach.
@ [-equilibrium.
@ Charge neutrality.

@ EoS from Euler-Lagrange equations.
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Motivation

The inclusion hyperons:

The hyperon coupling constants!:

o-field coupling

— &oHT3 VP — (Mp — 8oHO) —  GuH YW
——_——— ———

p-field coupling

(7)

w-field coupling

XO' = gaH/gaNa Xw = ng/nga Xp = ng/gpN7
X,=06 | X,=071] X,=0.8
X 0.600 0.700 0.800
X, 0.653 0.783 0.913
X, 0.653 0.783 0.913

1Glendenning N. K.,Compact Stars. 1° edition. University of California.

Springer- Verlag: New-York, USA (2000).
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Motivation

The inclusion of magnetic fields By:

@ Landau quantization: Quantization of the cyclotron orbits of
charged particles in magnetic fields. Only discrete energy

value orbits are allowed?.
o AMM: Difference between theoretical and experimental values
founded for the magnetic moment? of particles.

p [ n [ AN [T [ [0 [ =° = |
| kp [ 179 | -1901 | -0.61 | 167 | 161 | -038 | -1.25 [ 0.06 |

@ kp—g - No inclusion of AMM
® Knp - Inclusion of AMM for neutrons and protons

® Knphyp - Inclusion of AMM for neutrons, protons and all
hyperons

2Landau, L. D.; E. M. Lifshitz (1977). Quantum Mechanics: Nonrelativistic Theory. Pergamon Press.
3S(:hwinger J. Phys. Rev. 73, 416 (1947). Kush P., Foley H. M. Phys. Rew: 74, 250 (1947).
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Results

Particle fractions - kp p hyp-

10° - - 10°

By=10"7 G - By=3.1x10"% G
o p

@ From (a) By = 10 G to (b) By = 3.1 x 10'® G: Kinks produced on
populations of charged particles, due to the filling of Landau levels.
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Results

Equations of state - slow: panels (a) and (b), fast: panels (c) and (d).

B8 BT A @ By =10" G: No

PR B R big deal.

é . 54 57 6 :»E,

o apReene - @ By =3.1x10% G:
0 @ Stiffening on fast
T S — and slow decays.

e (fm)
@ Progressive
o stiffening with
18 -
, e A AMM corrections,

s iy - on zoom box.

E . 54 57 6 é X

= Beee . o Evident k, p hyp
0 © effect at higher e.
DU 1 2 3 4 5 6

& (fm™)

Rudiney H. Casali Neutron stars subject to density dependent magnetic fields



Results

Mass-radius relation - slow: panels (a) and (b), fast: panels (c) and (d).
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Results

Magnetic Field AMM SLOW

Mmax R ec pn(ec) pe(ec) R(M = 1.4 Mp)

(M) | (km) | (fm™%) | (MeV) (MeV) (km)

B=0G 1.97 1255 529 14179 93.9 14.69

Kb = 2.00 11.87 5.03 122.1 13.90

By =10 G Kn,p 2.00 11.87 5.93 122.1 13.01

Fon,p.hyp 2.04 12.24 5.56 131.4 14.33

Kb = 2.29 1258 511 14461 150.2 14.29

By =31x10% G Kn,p 2.32 12.77 4.97 1436.7 150.2 14.55

Knp hyp 2.33 12.54 5.25 1464.8 150.2 14.55

Magnetic Field AMM FAST

Mpmax R £c Hn(ec) He(ec) R(M = 1.4 Mo)

(Mo) (km) | (fm™%) | (MeV) (MeV) (km)

B=0G 1.97 1255 529 1417.9 93.9 14.69

Kb = 2.00 11.87 5.03 122.1 13.90

By =10 G Kn,p 2.00 11.87 5.93 122.1 13.01

Fon.p.hyp 2.04 12.24 5.56 131.4 14.34

Kb = 2.36 12.37 5.27 14273 150.2 14.02

By =3.1x 10 G Kn,p 2.38 12.53 5.16 1417.9 159.6 14.23

Fn,p.hyp 2.39 12.38 5.34 1436.7 150.2 14.23

*R.H. Casali, L.B. Castro, D.P. Menezes Phys. Rev:: C 89; 015805 (2014).
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Summary.

Conclusions

@ By = 10 G: Do not differ considerably from nonmagnetized results.

@ Bp=3.1x108G:

Maximum masses increase with inclusion of AMM.

Fast decay mode yields larger maximum masses.

€. do not present a common pattern.

tn(ec) < 1500 MeV for all fast and slow curves.

The model and constants chosen were able to describe 2 M,

NS.
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Summary.

Conclusions

@ 1.4 Mg NS: Although some predictions of R=9.7-13.9 km?,
R=9.1"13 km® and R=10-13.1 km? for the radii, for us it depends
on the choice of the magnetic field decay rate (v, ).

5K. Hebeler, J. M. Lattimer, C. J. Pethick and A. Schwenk, Phys. Rev.
Lett. 105 (2010) 161102.

6S. Guillot, M. Servillat, N. A. Webb and R. E. Rutledge, ApJ 772 (2013) 7.

7). M. Lattimer and A. W. Steiner, arXiv:1305.3242[astro-ph.HE]
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Summary.

@ Sponsored by Brazilian National Council for Research (CNPq) and
Coordination of Superior Level Staff Improvement (CAPES).

AcNPq

Conselho Nacional de Desenvolvimento
CAPES Clentifico e Tecnoldgico

@ Thanks to:

UNIVERSIDADE DE COIMBRA

@ And thank you!

Rudiney H. Casali Neutron stars subject to density dependent magnetic fields



Summary.

Non-linear Walecka Model:

@ The index b=H (Hyperons) o At = (V,A) - Lorentz
or b=N (Nucleons) tensor

e (vp) - Baryon field @ kp - Anamalous magnetic

o (1) - Lepton field momento (AMM)

e (o) - Scalar meson @ T35 - Isospin projection

o (wM) - Vectorial meson @ gp - Eletric charge of the

@ (p") - Isovetorial meson particle b.

® Goby Gubs Ep - Coupling @ up - Nuclear magnetum.
constants between baryon ® yp - Bohr magnetum.
and meson
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Summary.

Non-linear Walecka Model:

e mj = (my — g,p0) - Baryon
effective mass

° Q,, = 0w, — 0wy

o P;uz = (auﬁu - auﬁu)
+gPN(ﬁu X ﬁu)

o Fu =090,A, —0,AL

@ O = é['}/,uv'yl/] -
Electromagnetic tensor

@ vy, - Dirac matrices

@ ¢ - Omega-méson
self-interaction parameter

@ A\, - Parameter the modifies
the density dependence of
the symmetry energy

@ b e c - Related with the
weight of the non-linear
scalar terms
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Summary.

Densities:

|qb‘me fmax kf-Pl/s + EFb
S — ) 7_ , 8
Pb z : z : /m*z +2V|qb mlC7 ( )
|qb|Bumax mj, by b _2 kl?erEf—P
pp = E E Kk 7= — EF kP . — In|————
Pb o2 Fusy» Pb 4n2 g FKFs — Mpln o )
v _ (L b \3
=g [3(kp,s)

1 _
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Summary.

Densities:

my = mp — g50
me = ,/mjf +2v|qp|B — sunkpB,

ﬁ?b = mz — SILLNka,
v=n+ %—sgn(qb)g =0,1,2,... are the Landau levels for the

fermions with electric charge g, s is the spin and assumes values
+1 for spin up and —1 for spin down cases.
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Summary.

Energy spectra:

Es= \/(kzb)2 + (/mi2 + 2v]qs|B — spnksB)? + gupw® (9)

+7368pb0"

ES = \/(kz")2 +(mg2 4 (k)2 = spnksB)? + gubw’® + T3p8pb0".
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Summary.

Momentum and leptonic density:

(kl-é,u,s)2 = (EFbu 5)2 - (mz)2 (]_O)
(kl—i,u,s)2 = (EF,V,S)2 - ﬁ'/27 | = e, W,

,_ lalB X
Pr = o2 Zkl-i,u,sv (11)
s

v
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Summary.

Landau levels:

(=]
Vmax = | " QA 15 | leptons 12
[ 2B P (12)
Eb k. B 2 k2
Vmax = [( £+ sinksB) M }, charged baryons.
2|qp|B

Rudiney H. Casali Neutron stars subject to density dependent magnetic fields



Summary.

Chemical potencials:

s = EP + gupw® + 7'3bgpbpoa (13)
= B = (kL P+ i+ 20lal .
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Summary.

1
Em = Z(sg +ep)+ Emc,ag (14)
b
1 2, 1 5
+U(o) + 5 Mt + 5MpPo s

Rudiney H. Casali Neutron stars subject to density dependent magnetic fields



Summary.

Vmax

B
= YT ke (R
v s
1 ) by3 _ 2 b3 . mp 0
= 47T2;[2kF’V’S(EF) —gsuNka(EF) arcsin | = | — 5

)]

T2l

Ef + kf

F,v,s

1 1
_ <5NNka + 4ﬁ7b> <ﬁ7bk£l/7sE,_P + r_n?, In

3 mp
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Summary.

ki,stEf

\Q/|Bzmzaxz |:kFusEF+ 2 1n

B

my

Pm = ﬂnzpzf{‘:ma (17)
b
> wipl e,
1
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Summary.

Parametrization mg (MeV) m, (MeV) my (MeV) 8o 8w gp
GM1 512.000 783.000 770.000 8.910 10.610 8.196
GM1-2 512.000 783.000 770.000 8.910 10.610 8.196
GM1-3 512.000 783.000 770.000 8.910 10.610 8.196
NL3 508.194 783.000 763.000 10.217 12.868 8.948
FSU 491.500 782.500 763.000 10.592 14.302 11.767
GM3 512.000 783.000 770.000 8.175 8.712 8.259

Parametrization c b £ Ao
GM1 -0.001070 0.002947 0.00 0.00
GM1-2 -0.001070 0.002947 0.00 0.01
GM1-3 -0.001070 0.002947 0.00 0.03
NL3 -0.002651 0.002052 0.00 0.00
FSU 0.003960 0.000756 0.06 0.01
GM3 -0.002421 0.008659 0.00 0.00
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Summary.

Parametrization K (MeV) -B/A (MeV) asym(MeV) L(MeV) m*/m no(fm—3)
GM1 300 16.3 32.5 94 0.70 0.153
NL3 271.76 16.299 37.4 118 0.60 0.148
FSU 230 16.3 32.6 61 0.62 0.148
GM3 240 16.3 325 90 0.78 0.153

Baryon p n AD Py 30 Y =0 =
My, (MeV) 939 939 1115.7 1189.4 1189.4 1189.4 1314.9 1314.9
qp 1 0 0 1 0 -1 0 -1
b/ AN 279 | 101 | 061 246 161 116 | 125 | 065
kp 1.79 -1.91 -0.61 1.67 1.61 -0.38 -1.25 0.06
36 12 | 12 0 11 0 1 112 12

Neutron stars subject to density dependent magnetic fields

Rudiney H. Casali




Summary.

Theoretical curves that cross the observational data for PSR J0737-3039.

STAR [ PARAM. | X, Bo v AMM Mmax/Mo | R(Km) [ eo(fm—*%)
S-1 GM1 0.6 [ 31x10% | 4 [ k=0 1.82 11.91 5.73
S-2 GM1 06 | 31x10% | 4 | Kyphp 101 11.85 5.94
S-3 GM1 07 | 31x10%® [ 4 kn.p 2.06 11.91 5.74
S-4 GM1 07 [ 31x10™ | 4 | Kyphp 2.06 11.69 6.05
S5 GM1 08 | 3.1x10%® [ 4 kn.p 2.23 11.77 5.76
S-6 GM1 08 [ 31x10™ | 4 | Kyphp 2.23 11.77 5.76
S-7 GM1-2 0.6 | 3.1x 101 4 kn.,p 2.06 13.37 4.42
S-8 GM1-2 [ 06 [ 3.1x10% [ 4 | Kyphyp 2.08 12.83 5.14
S-9 GM1-2 0.7 | 3.1x 10%® 4 kn.,p 2.24 13.02 474
S-10 GM1-2 [ 07 [ 3.1 x10% [ 4 | Kyphp 2.24 12.73 5.02
S-11 GM1-3 0.6 1017 1 ky, =0 2.06 13.58 4.29
S-12 GM13 | 06 1077 1 kn.p 2.06 13.60 4.29
S-13 GM1-3 [ 06 1077 1| Knp.hyp 2.14 14.26 377
S-14 GM13 [ 07 1077 1| k=0 2.22 13.17 4.64
S-15 GM1-3 0.7 1017 1 kn.p 222 13.16 4.64
S-16 GM13 | 07 10%7 1| knpohp 2.27 13.52 4.32
S-17 GM1-3 0.8 1017 1 ky, =0 2.35 12.83 4.83
S-18 GM13 | 08 1077 1 kn.p 2.53 12.83 4.83
S-19 GM1-3 [ 038 1077 1| Knp.hyp 2.38 13.01 4.65
5-20 GM1-3 [ 06 1077 4 [ k=0 2.06 13.58 4.29
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Summary.

Theoretical curves that cross the observational data for PSR J0737-3039.

STAR | PARAM. [ X, Bo v AMM Mmax /Mo | R(Km) [ eo(fm™%)
S-21 GM1-3 | 06 107 4 kn.p 2.06 13.60 4.29
S-22 GM1-3 | 06 1077 4 | Knpohyp 2.14 14.26 3.77
S-23 GM1-3 0.7 1077 4 kp =0 2.22 13.16 4.64
S-24 GM13 | 07 1077 4 kn.p 2.22 13.16 4.64
S-25 GM1-3 [ 07 10" 4 | knpohyp 2.27 13.52 432
S-26 GM1-3 0.8 1017 4 kp = 0 2.35 12.82 4.83
S-27 GM1-3 0.8 1077 4 kn.p 235 12.83 4.83
S5-28 GM1-3 | 038 1077 4 | Knpohyo 2.38 13.01 4.65
S-29 GM1-3 0.6 | 3.1x 1018 1 kn,p 2.47 1452 3.65
S-30 GM13 | 06 | 31x10% [ 1 | kypmp 2.49 14.56 3.64
S-31 GM1-3 06 | 3.1x10% | 4 [ k= 2.06 13.39 4.35
S-32 GM1-3 08 | 3.1x108® | 4 kp, =0 2.36 12.61 4.95
S-33 GM3 0.6 10" 1| knphp 1.61 11.69 6.08
S-34 GM3 0.6 1017 4 ky, =0 1.55 10.99 7.12
S-35 GM3 0.6 107 4 Knp 1.55 11.00 7.13
5-36 GM3 0.6 1077 4 | Knpohyo 1.61 11.68 6.08
S-37 GM3 0.6 | 3.1x10% | 1 kn.p 1.96 12.77 4.74
S-38 GM3 06 | 31x10% | 1 | Knphyp 1.96 12.77 474
S-39 GM3 08 | 3.1x10% | 1 [ k= 2.16 12.18 5.19
S-40 GM3 06 | 3.1x10% | 4 k, =0 1.57 11.04 6.92
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Summary.

Theoretical curves that cross the observational data for PSR J0737-

STAR | PARAM. | X, Bo 5 AMM Mmax/Mo | R(Km) | eo(fm—%)
S-41 GM3 06 | 3.1x10% | 4 kn.p 1.57 11.04 6.92
S-42 GM3 06 | 3.1x10™ | 4 | Kyphyp 1.64 10.94 7.16
S5-43 GM3 07 [ 31x10® [ 4 | k=0 1.73 10.88 7.13
S-44 GM3 0.7 | 3.1x 10%® 4 kn,p 1.76 11.10 6.78
S-45 GM3 07 [ 31x10™ | 4 | Kypnp 177 10.77 7.45
S-46 GM3 08 | 3.1x 10 | 4 ky, =0 1.87 10.71 7.20
S-47 GM3 08 | 3.1x10% | 4 kn.p 1.89 10.87 6.93
S-48 GM3 08 | 3.1x10% [ 4 | knpnp 1.89 10.87 6.93
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