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1% of the stellar mass in_oUrGaIaxy isin
superfluid neutrons and superconducting
protons of neutron stars (pulsars) |

NS core radius ~ 10km

NS crust thickness ~ 1km

‘NS is a giant (solar mass) atomic nucleus with N,~10N
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“Uniformly” rotating neutron superﬂuid core




Magnetic field in (type Il) proton superconductor core
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Fig. 2. Folded light curves, with a resolution of 32 phase bins per period, of
ther16 pulsars discovered with the Fermi LAT, using 5 months of data with £ >

300 MeV, '
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Nevlron SBe Spin up
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X-ray and radio pulse profiles for the six brightest ms-pulsars.

Becrev (109)

Two full pulse cycles
are shown for clarity. The relative phase between the radio and X-ray pulses is only known for
PSR 182124, B1937+21, 021844232 and PSR J0437—4715 with sufficient accuracy. The phase
alignment in all other cases is arbitrary



Radio Flux

[=]

4 06 08 1 12 14
Pulse phase

T

35~ 100 MeV

Radio Flux

T T T T 77

Radio Flux

|1| )lvllIIlVIPslllll

40613-0200_|

Radio Flux

J
1

I

Pl P B e P |
02 04 08 08 1

| Prwn I
12 14 16 18 2
Pulse phase

o

P e | ) Loesl
02 04 08 08 1 1

el Do b B
2 14 16 18 2
se

Pulse pha

T

x
2
(r
2
3
4

TT T T 7Y

T T T LT
PSR J1744-11

rire wrw IS
0 020408 08 1

Puise

Radio Flux

-

Radio Flux

=

Counts

Radio Flux

=

06 08 1 12 14 16 18 2
Pulse phase

T

-~
aslisal

6204

-

[ ) las L i

06 08 1 12 14 16 18 2
Pulse phase

PSR J2124-3356




wih

I
a-{- L4 """

e T

[E Lt N B S S s T'""""“f" e e T
1= ' oy ) q =
. I g=30] . 26H, = -
. 17 60" . Res DL =
b : % ) ]
0.5 — >
.0 [ 2
I -t (e i — E i
h‘\\_ ™ Ly ’/"\.\\ > \\ /_. é
rd
- S TR O N . Y TONNNN TR VS N .. SN SN | l\| 4
1=t v & + i 1 le | F=<T A TR 1
0 Phzse ;
700 [ PSR JO0SO+-0451% P =5 mbe
& soo [
5 -
& 4 -
= soo |
§ oo
LS
400 :—
i : £

o 0.5 3

S T Prass

- /j?' = 10" yrs ?OGD{‘f"?Y'_?”T’?‘_‘“*f’?YF_’?? 8)
| . P,



T T T

e

[EEEE RN

TITT [T rI]

Relative flux
T

TTTTTT T

a=20°, {=BO0% .

yaa s Lyl

|/11|l

N
\
/
¥
\

TTT T

~N
& 7 L
o el
1

| Pl o S

1

[

[=]

1 .
Rotational phase

2600

0
[=]
o
o

Counts per bin
- —-
o o
S =]
o (=}

(523
[=}
(=]

L B L B L B
Lacaals

| IR I

4
AN
’I-m_

2

ranyp o dew




10% opening angie (degj)

—i
o

o normal
e MSP

——— 5.4°P(s)®

i‘l ‘ v 9 .ag""d‘“ » )" i;#.!rg:.?r":;b a'..‘!-‘ [y 3
. Neutron star interior %

P 0 may o, Mot 2

Period (ms)



A
400

2600 [
£ 2000 [ -
0 o 4
£ N b
[} . 4
A 1500 ~ =
' ]
3 1000F - \_ _y \Cond
(8] B \/__/ N AN 5

L g \ . . Y ]
5 \ 7 N\ X
500 [ 7 N , N T
n < . 5, &
e e e e R
S S
700 PSR J2124-3358 j
I
H
e
.. 600
o
[=9
18
S s00
r (b)
400 | " 1 i 2 n L 1 i 1 " 1 n n " n
0 0.5 1 1.5 2
Rotational phase
— -
700 PSR J0030+0451 ]
5 [
A 600
153
@
a.
“ [
g 500
o]
(&S]

[ %



