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What is a neutron star?
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The Sun case

Life Cycle of the Sun

Red Giant

Gradual warming Planetary Nebula

White Dwarf

Birth 1 5 6 7 13 14
Billions of Years (approx.) not to scale

The main sequence
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Mass (Mg) Surface temperature (K) Spectral class Luminosity (Lg) Main-sequence lifetime (10° years)
25 35,000 O 80,000 4
15 30,000 B 10,000 15
3 11,000 A 60 800
1.5 7000 F 5 4500
1.0 6000 G 1 12,000
0.75 5000 K 0.5 25,000
0.50 4000 M 0.03 700,000

The main-sequence lifetimes were estimated using the relationship |t = 1/M?-|(see Box 19-2).
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H-R diagrams
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Outer layers: no thermonuclear reactions
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The Sun life (ll)

Core helium fusion and Shell heliom
shell hydrogen fusion  fusion and shell

Core hydrogen Shell hydrogen \E\ hydrogen fusion

fusion fusion  °

10,000 = : R
; i 2 —t3
Helium

1000 = flach

-day value)

Sun

100 ¢

Contraction

" from protostar
105 P , Sun is a

Now ' red giant

v
=
)
ey
Q
k=)
[¥e ]
C
3=
=i
—
=
(|

4
=
L)
o
(]
—
=l
ar
e
—
ol
s’
oyt
4
i
(341
£
)
Sl

ﬁ \' : _ Sun leaves
Sun joins the the main
main sequence sequence

2 10 12.1 12.2 12.3 12,3650 12.3655
Age of the Sun (billions of vears)




White dwarfs

ese evolutionary tracks follo
| three different giant stars as they
eject planetary nebulae and become
white dwarf stars.

Earth to the same scale
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Low-mass star evolution in the HR-diagram

Stellar evolution



High-mass stars
M>38 M,
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1.6 billion kilometers
I | About 10,000 km

Hydrogen-fusing shell

Central
regions of a
supergiant star

Jupiter’s orbit

Stellar evolution

Helium-fusing shell
Carbon-fusing shell
Neon-fusing shell
Oxygen-fusing shell
Silicon-fusing shell

[ron core (no fusion)
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Nuclear onion

LogT: 10

Stage before
star's death




DTU Space = =
The explosion engine

A

M_>14M,
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Photodisintegration
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Towards the neutron star

Table 20-1 Evolutionary Stages of a 25-Mg, Star

Stage Core temperature (K) Core density (kg/m?3) Duration of staj

Hydrogen fusion 4 x 107 5% 103 7 X 10° years
Helium fusion 2 X 108 7 X 10° 7 X 10° years
Carbon fusion . 6 %X 108 2 X 108 600 years
Neon fusion 1.2 X 10? 4 X 10° 1 year
Oxygen fusion 1.5 X 10° [yl 6 months
Silicon fusion 2.7 X 102 : 3 X 1010 1 day

Core collapse 5.4 % 102 G (12 Y4 second
Core bounce 2.3 X 1010 4 x 1015 milliseconds

Explosive about 10? varies 10 seconds
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The black hole case

Stellar evolution
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The Crab pulsar and nebula

X-ray pulsar



A stellar dynamo
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Roche lobe of Roche lobe of

smaller star larger star _ _ - -

Inner Lagrangian point Mass can flow from the enlarged star to
the other across the inner Lagrangian point

(a) Detached binary: Neither star fills its Roche lobe. (b) Semi-detached binary: One star fills its Roche lobe.

P i

Mass can flow from either star to the other

across the inner Lagrangian point Both stars share the same outer atmosphere

(c) Contact binary: Both stars fill their Roche lobes. (d) Overcontact binary: Both stars overfill their Roche lobes.

Symbiotic binaries

Stellar evolution



Binary systems




X-ray binaries
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National Space Institute Porb age
ZAMS ° 1500 days 0.0 Myr
15.0 1.6
Roche-lobe overflow 13930 days 13.9 Myr
13.0 1.6
common envelope
+ spiral-in
4.86
helium star 0.75 days 13.9 Myr
486 16
supernova - ‘“‘;(5_:{7. 1.00 days 15.0 Myr
399 16

neutron star o ° 2.08 days
13 16 ecc=0.24

1.41 days

o °o 12.3 days 2.64 Gyr
—150 026

(PSR 1855+09)

millisecond pulsar white dwarf
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y
Classification after the mass of the companion

Characteristics
HMXB LMXB
X-ray spectra: kT = 15 keV (hard) kT < 10keV (soft)

Type of time variability: regular X-ray pulsations only
no X-ray bursts

very few puisars

Accretion process: wind (or atmos. RLO) Roche-lobe overflow
Timescale of accretion: 10° yr 107-107 yr '
Accreting compact star: high B-field NS (or BH) low B-field NS (or BH)
Spatial distribution: Galactic plane Galactic center and
spread around the plane

Stellar population: young, age < 107 yr old, age > 107 yr
Companion stars: luminous, Lept/Ly > 1 faint, Lopt/Lx <« 0.1

early-type O(B) stars blue optical counterparts

> 10 Mg (Pop. 1) < 1 Mg (Pop. 1 and II)

MComp > MCO M MCO

Comp =
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The Galactic Center region as seen by JEM-X

>90 X-ray bursters known to date; ~2/3 located in the Galactic Bulge



X-ray bursters
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INTEGRAL <
Picture of the Month

February 2006

Countsfsec

Z2000 Z2400
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Time {(sec) relative to main peak

400 200

An unusual thermonuclear flash from a commmon burster...

GX 3+1 is a bright and well-known low-mass X-ray binary. Normally, a few times per day it shows short (less than 10 sec duration) and strong
bursts. I'NTEGRAL detected on August 31, 2004 an unusual type I X-ray burst. Its duration was about 30 minutes. The peculiar burst is characteri
. similar to the normai type I X-ray bursts, followed by a remarkable extended dec(ff of cooling emission. The discovery is r«
at the burst is due to unstable burning of a mixe droge; elium layer involving an unu:

short s%/ of ec.
astro-ph/05 12559) Although it seems most probable.
other scenario's (involving unstable burning of either pure hellum or carbon) cannot be ruled out.
Data displayed in the figure are from JEM-X in the 3-20 keV range and plotted with S s bins. The main peak (t = O s) occurred at UTC 18:
Credits: J. Chenevez (DNSC, Copenhagen) et al.
Download the picture.

Download caption
Printer-friendly version
The POM Archive

A service of BESAASOC
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Example 1:

GX3+1 XrB 20040831 (ScW 0230009)

400s exposure 3-10 keV
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Investigation method

Standard method: cut the bu
/ g
and model ,-///// i
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X-ray bursts are characterized by a =
emission and exponential decay with cooli

A 2 keV blackbody spectrum
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Flux conservation: L = @
- 4T R, 0
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Flux conservation: L =@

X-ray bursts as standard can
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More or less long burs ///

7,

X-ray burst durations

Ordinary
H bursts

Unusual
long bursts

intermediate
superbursts —
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Compared to normal type I X-ray

- pebus i
more energetic (E, =10* ergs), ~ // longer (;
/ Gy i
a day), and have recurrence ti ///////////////// 7

Superbursts display the same properties

usual X-ray bursts. /////// / 7

They are thought to arise from Carbon shell
ﬂasI}lles in tl%e sub-la ///////////// heavy

rence of HiHe i 0l -
2 of ] ‘burs| :
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THE END ?
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