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Motivation

Motivation

©

Why only few SGRs/AXPs emit in radio?

Electromagnetic emission models in neutron stars and white dwarfs pulsars: the effect
of the radius.

o Polar Cap Model and Outer Gap Model
Application to SGRs/AXPs.

White Dwarfs Pulsars: Sources of ultra high energetic photons.

©

©

©
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Models of electromagnetic emission

Models of electromagnetic emission

o There are two basic standard models associate with pair e* production and
emission of radiation in compact stars.
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Figure: (REA; TORRES, 2011)
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Models of electromagnetic emission

Polar Cap Model

o The first process is the polar-cap model, where electrons are accelerated on the
stellar surface emitting ~-rays by curvature radiation

L 3m?
“2r’

(1)

where r. is the curvature radius
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Models of electromagnetic emission

Polar Cap Model

o The first process is the polar-cap model, where electrons are accelerated on the stellar
surface emitting ~-rays by curvature radiation
3 @
“2r’
where rc is the curvature radius

o In this model the condition to pair production is given by

(eAV>3 h h B @)

1
== > =
mc? 2mcre re B. — 15
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Models of electromagnetic emission
Polar Cap Model

Polar cap model

Figure: (REA; TORRES, 2011)
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Models of electromagnetic emission

Outer Gap Model

o The second model of emission consider the production of the photons far away
from the stellar surface, where the magnetic field lines are open. In this model,
the energy is limited by a combination of curvature radiation and inverse Comp-
ton scattering.
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Models of electromagnetic emission

Outer Gap Model

o The second model of emission consider the production of the photons far away from
the stellar surface, where the magnetic field lines are open. In this model, the energy
is limited by a combination of curvature radiation and inverse Compton scattering.

o The magnetic field responsible for the pair production is given by their dipole

expression
B(r) = ByR*/r’ (3)

Ronaldo V. Lobato, J. Coelho, M. Malheiro Aeronautics Institute of Technology Monday, 23 May 2016 7/22



Models of electromagnetic emission

Outer Gap Model

o The second model of emission consider the production of the photons far away from
the stellar surface, where the magnetic field lines are open. In this model, the energy
is limited by a combination of curvature radiation and inverse Compton scattering.

o The magnetic field responsible for the pair production is given by their dipole expres-

sion
B(r) = ByR*/r’ (3)
o There is a minimum photon frequency given by the frequency of infrared photons
IR
We ’Y| B~ 3 (4)
and a maximum frequency
o15 s
max ~ 07 B
w ~ hm9c1s (5)
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Outer Gap Model
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Results

SGRs/AXPs as pulsars of neutron stars, M = 1.4M, e radius R = 10° cm

o The value of magnetic field is calculate using the expression

3C3/ 2\ 2 NS 14
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Results

SGRs/AXPs as pulsars of neutron stars, M = 1.4M, e radius R = 10° cm

o The value of magnetic field is calculate using the expression

3C3l 2 NS 14

o We calculate the rotational energy

E = I1QQ = Exs ~ 10* erg/s. (7
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Results

SGRs/AXPs as pulsars of neutron stars, M = 1.4M, e radius R = 10° cm

o The value of magnetic field is calculate using the expression

3C3l 2 NS 14

o We calculate the rotational energy
E = IQQ = Exs ~ 10* erg/s. (7

o The value of gap hmax and the curvature radius are given in terms of period and
the radius of the star

RQ\"?
Pmax = Rp =~ ( c ) ~ 1 cm; re ~ (RC/Q)1/2 ~10% cm. (8)
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Results

SGRs/AXPs as pulsars of neutron stars, M = 1.4M, e radius R = 10° cm

o The value of magnetic field is calculate using the expression

3C3/ 2 NS 14

©

We calculate the rotational energy
E = 1QQ = Exs ~ 10® erg/s. (7

o The value of gap hmax and the curvature radius are given in terms of period and the
radius of the star

3 1/2
hmax = Rp &~ (RCQ) ~ 1 cm; re ~ (Re/Q)Y? ~ 10° cm. (8)

©

We highlight the importance of the light cylinder comparing to neutron star
radius.
R =c/Q~5x10°P ~ 10" cm (9)
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Results

SGRs/AXPs as pulsars of neutron stars, M = 1.4M, e radius R = 10° cm

o The difference of potential is

B,Qh?
AV =2 108V 10
- , (10)
and the associate Lorentz factor
eAV 7
= ~ 10°. 11
TE (11)
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BEENN———
Polar Cap Model for SGRs/AXPs as pulsars of neutrons stars
o Using the condition
eAVN® h h
mc?

2mcre re

B,1
B. —

15°
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Results

Polar Cap Model for SGRs/AXPs as pulsars of neutrons stars

o Using the condition

3
(emAc\Z/) 2n7crcr%gz 2 1i5 (12)
o M1 - Pure Dipole, B; = B, e r. = (Rc/Q)*? e h~ R(RQ/c)'/?
4log B, —7.5logP +95logR = 106.37
4log B, —7.5log P = 49.37, (13)
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Results

Polar Cap Model for SGRs/AXPs as pulsars of neutrons stars

o Using the condition

3
(emAc\z/) 2n7crcr%%z 2 1i5 (12)
o M1 - Pure Dipole, B; = B, e re = (Rc/Q)*? e h =~ R(RQ/c)*/?
4log B, —7.5logP +95logR = 106.37
4log B, —7.5log P = 49.37, (13)

o M2 - Lines of magnetic field B very curved, such that r. ~ R = 10° cm, and
polar cap area similar to the anterior case and B; = B,

4log B, — 6.5log P+ 10.5logR = 108.70
4log B, — 6.5log P 45.70 (14)
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Results

Polar Cap Model for SGRs/AXPs as pulsars of neutrons stars

o Using the condition

3

(emAc\z/) 2mhcrcr%%z 2 1i5 (12)
o M1 - Pure Dipole, B; = B, e re = (Rc/Q)*? e h =~ R(RQ/c)*/?
4log B, —7.5logP +95logR = 106.37

4log B, —7.5log P = 49.37, (13)

o M2 - Lines of magnetic field B very curved, such that r. ~ R = 10° cm, and polar
cap area similar to the anterior case and Bs = B,

4log B, — 6.5log P+ 10.5logR = 108.70
4log B, — 6.5log P 45.70 (14)

o M3 - Lines of magnetic field B very curved on the Polar Cap r. ~ R, but now we
consider the value of h with magnetic field dependence, h ~ (B, /B;)"/?R(RQ/c)"/?,
where B, = 2 x 10" G is a fix value

7log B, — 13log P + 21 log R = 204.08
7log B, — 13log P = 78.08 (15)
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Results

Polar Cap Model for SGRs/AXPs as pulsars of neutrons stars

o The three curves and the SGRs/AXPs with their respective magnetic field in-
ferred for neutron stars and their periods

10V Polar Cap model applied to SGRs/AXPs as neutron stars
10% b
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Results

SGRs/AXPs as white dwarfs pulsars, M = 1.4Mg, e radius R = 3 x 10% cm

o Considering the SGRs/AXPs as white dwarfs, we inferred the news values for
the quantities:
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Results

SGRs/AXPs as white dwarfs pulsars, M = 1.4Mg, e radius R = 3 x 10% cm

o Considering the SGRs/AXPs as white dwarfs, we inferred the news values for the
quantities:

o The new value for the magnetic field is calculate using the dipole expression,

3C3I . 1/2 WD 9
B,/2 = (8ﬂ2R6PP) =BYP ~10° G. (16)
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Results

SGRs/AXPs as white dwarfs pulsars, M = 1.4Mg, e radius R = 3 x 10% cm

o Considering the SGRs/AXPs as white dwarfs, we inferred the news values for the
quantities:
o The new value for the magnetic field is calculate using the dipole expression,

3¢t o\
B,/2 = (8W2R6 PP) =B" ~10° G. (16)

o We calculate the rotational energy

E =190 = Ewp ~ 10%® erg/s. (17)
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Results

SGRs/AXPs as white dwarfs pulsars, M = 1.4Mg, e radius R = 3 x 10% cm

o Considering the SGRs/AXPs as white dwarfs, we inferred the news values for the
quantities:
o The new value for the magnetic field is calculate using the dipole expression,
3C3I . 1/2 WD 9
B,/2 = (8712,‘?6 PP) =B, ~10 G. (16)

©

We calculate the rotational energy
E = 1QQ = Ewp ~ 10® erg/s. (17)

o The size of hy.x and the curvature radius

R3Q 1/2
Pmax = Ry = (T) ~ 10%cm; re ~ (Re/Q)Y? ~10° cm.  (18)
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L
SGRs/AXPs as white dwarfs pulsars, M = 1.4Mp, e radius R = 3 x 108 cm

o The difference of potential is given by

AV

= LW ~ 10" Vv,
2c

«O> «F>r «=r» «E» Q>

(19)



Results

SGRs/AXPs as white dwarfs pulsars, M = 1.4Mg, e radius R = 3 x 10% cm

o The difference of potential is given by

B.Qh
AV = 2220 101 v,
2c
o and the associate Lorentz factor,
eAV
y=-—3 ~10%.
mc
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Results

SGRs/AXPs as white dwarfs pulsars, M = 1.4Mg, e radius R = 3 x 10% cm

o The difference of potential is given by

B,Qh
AV = 2 10" 1
5 0™V, (19)
o and the associate Lorentz factor,
eAV 10
= ~ 107, 2
v= o ~ 10 (20)

o this potential can produce curvature photons with a energy up to ~ 10?! eV.
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Results

SGRs/AXPs as white dwarfs pulsars, M = 1.4Mg, e radius R = 3 x 10% cm

o The difference of potential is given by

B,Qh
AV = 2 10" 1
5 0™V, (19)
o and the associate Lorentz factor,
eAV 10
= ~ 107, 2
v= o ~ 10 (20)

o this potential can produce curvature photons with a energy up to ~ 10?! eV.

o SGRs/AXPs are within the GZK limit (=~ 10 Mpc for photons with a energy of
10" eV)
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Results

Polar Cap Model for SGRs/AXPs as white dwarfs pulsars

o Using the condition

eAVN® h hB, _ 1
22 s =
( mc? ) 2mcre re B. — 15 (21)

we achieved the next curves:
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Results

Polar Cap Model for SGRs/AXPs as white dwarfs pulsars

o Using the condition

eAVN® h hB, _ 1
22 s =
( mc? ) 2mcre re B. — 15 (21)

we achieved the next curves:

oml -
4log B, —7.5logP +95logR = 106.37
4log B, — 75log P = 25.84, (22)
m2 -
4log B, —6.5logP = 23.68 (23)
m3 -
7log B, — 13log P = 34.06 (24)
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Results

Polar Cap Model for SGRs/AXPs as white dwarfs pulsars

o ml, m2 e m3 and SGRs/AXPs with its respective magnetic fields like WD and

their periods

101 Polar Cap Model applied to SGRs/AXPs as white dwarfs
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Results

Outer Gap Model para SGRs/AXPs like neutron star

o In this model the magnetic field is given by its dipolar expression

B = B,R*/r’ = B,(QR/c)?, (25)
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Results

Outer Gap Model para SGRs/AXPs like neutron star

o In this model the magnetic field is given by its dipolar expression
B = B,R*/r’ = B,(QR/c)?, (25)
o 01 combining w. &~ wmax, we have the next death-line

5log B, —12log P+ 15logR = 161.54
5log B, —12logP = 71.53 (26)

where | ~ 10 fitting by Vela pulsar.
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Results

Outer Gap Model para SGRs/AXPs like neutron star

o In this model the magnetic field is given by its dipolar expression

B = B,R*/r’ = B,(QR/c)?, (25)

o O1 combining we & Wmax, we have the next death-line

5log B, —12log P+ 15logR = 161.54
5log B, —12logP = 71.53 (26)

where 7 ~ 10 fitting by Vela pulsar.
o 02 - If the tertiary photons has a synchrotron frequency ws =~ wg we have the

next curve

2log B, —5log P +6logR = 67.41
2log B, —5logP = 31.40 27)
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Results

Outer Gap Model para SGRs/AXPs like neutron star

o The two curves of the Outer Gap Model and the SGRs/AXPs

102 Outer Gap Model applied to SGRs/AXPs as neutron stars
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Results

Outer Gap Model for SGRs/AXPs as white dwarfs pulsars

o Considering the Outer Gap Model we have the anterior conditions ws, wc € wWmax
used to WD, we have,
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Results

Outer Gap Model for SGRs/AXPs as white dwarfs pulsars

o Considering the Outer Gap Model we have the anterior conditions ws, wc € Wmax used
to WD, we have,

o ol -

5log B, —12log P + 15log R
5log B, — 12log P

161.54
34.38 (28)
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Results

Outer Gap Model for SGRs/AXPs as white dwarfs pulsars

o Considering the Outer Gap Model we have the anterior conditions ws, wc € Wmax used

to WD, we have,

o ol -
S5log B, —12log P+ 15logR = 161.54
S5log B, —12logP = 34.38 (28)
0 02 -
2log B, —5logP +6logR = 67.41
2log B, —5log P = 16.54 (29)
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Results

Outer Gap Model for SGRs/AXPs as white dwarfs pulsars

o The curves ol, 02 and the all SGRs/AXPs

101 Outer Gap Model applied to SGRs/AXPs as white dwarfs
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Conclusion

o The dependency of the death-lines with the radius of the star.
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Conclusion

Conclusion

o The dependency of the death-lines with the radius of the star.

o The radius of SGRs/AXPs seems to be out of scale in the comparison with the
light cylinder radius Rns/RyL ~ 10°/10%, for white dwarfs Rwp/Rr ~ 108/10%° ~
1072, the same value of ordinary pulsars.
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Conclusion

Conclusion

o The dependency of the death-lines with the radius of the star.

o The radius of SGRs/AXPs seems to be out of scale in the comparison with the light
cylinder radius Rxs/Rr ~ 10°/10'°, for white dwarfs Rwp/Rr ~ 108/10%° ~ 1072,
the same value of ordinary pulsars.

o In the polar Cap Model all stars should emit, i.e., both neutron and white dwarf
stars, however, only in four of them was observed radio emission.
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Conclusion

o The dependency of the death-lines with the radius of the star.

o The radius of SGRs/AXPs seems to be out of scale in the comparison with the light
cylinder radius Rxs/Rr ~ 10°/10'°, for white dwarfs Rwp/Rr ~ 108/10%° ~ 1072,
the same value of ordinary pulsars.

o In the polar Cap Model all stars should emit, i.e., both neutron and white dwarf stars,
however, only in four of them was observed radio emission.

o We have shown that the magnetic field is too small at light cylinder for neutrons
stars. It explain why the Outer Gap Model does not work to explain radio
emission in Magnetars.
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Conclusion

Conclusion

o The dependency of the death-lines with the radius of the star.

o The radius of SGRs/AXPs seems to be out of scale in the comparison with the light
cylinder radius Rxs/Rr ~ 10°/10'°, for white dwarfs Rwp/Rr ~ 108/10%° ~ 1072,
the same value of ordinary pulsars.

o In the polar Cap Model all stars should emit, i.e., both neutron and white dwarf stars,
however, only in four of them was observed radio emission.

o We have shown that the magnetic field is too small at light cylinder for neutrons
stars. It explain why the Outer Gap Model does not work to explain radio emission in
Magnetars.

o In the Outer Gap Model “02” for white dwarfs the SGRs/AXPs are very near or

below the death-line. This could explain the absence of radio emission observed
in these sources.
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Conclusion

Conclusion

o The dependency of the death-lines with the radius of the star.

o The radius of SGRs/AXPs seems to be out of scale in the comparison with the light
cylinder radius Rxs/Rr ~ 10°/10'°, for white dwarfs Rwp/Rr ~ 108/10%° ~ 1072,
the same value of ordinary pulsars.

o In the polar Cap Model all stars should emit, i.e., both neutron and white dwarf stars,
however, only in four of them was observed radio emission.

o We have shown that the magnetic field is too small at light cylinder for neutrons
stars. It explain why the Outer Gap Model does not work to explain radio emission in
Magnetars.

o In the Outer Gap Model “02" for white dwarfs the SGRs/AXPs are very near or below
the death-line. This could explain the absence of radio emission observed in these
sources.

o The four SGRs/AXPs that emit in radio seems to be neutron stars pulsars with
emission explained by the Polar Cap Model.
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