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X-ray binaries
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X-ray binaries in the GC region

84 type | X-ray bursters known to date; ~2/3 located in the Galactic Bulge
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Classification after the mass of the companion

Characteristics

HMXB LMXB
X-ray spectra: kT = 15 keV (hard) kT < 10 keV (soft)
Type of time variability: regular X-ray pulsations only a very few pulsars

no X-ray bursts c y bursts
Accretion process: wind (or atmos. RLO) Roche-lobe overflow
Timescale of accretion: 10° yr 107-10° 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 > 10° yr
Companion stars: luminous, Lept/L: > 1 faint, Lopt/Lx < 0.1

early-type O(B) stars blue optical counterparts

> 10 Mg (Pop.I) < 1 Mg (Pop.I and IT)

Mcomp > MCO IVIComp < IVICO

IMXB: Intermediate-Mass X-ray Binaries (M, 1-10 M)
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Black Holes have no surface = no X-ray bursts!

b= — e — — ¥
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X-ray bursters

RXTE PUFFED ACCRETION DiISK
VERSION 2 WITH NO WOBBLE

-

AMNMATION BY
DANA BERRY

SKYWORKS DIGITAL ANIMATION
104011738

Type I X-ray bursts are thermonuclear explosions in the surface layers
of a neutron star accreting H and/or He from the envelope of a
companion star. Their emission 1s described by blackbody radiation
with peak temperature ~2 keV and X-ray softening during the decay.
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ITHE KAFID BUKSIER

THERMONUCLEAR BURNING ON THE NEUTRON STAR 20
Frg. 819 Magnetospheric
wate model af the Raped Bursier.
Material acereting from the dise 15
hreld back (tap pawel) by the
meutron star’s maguetosphene.
When enough material has bult
ufr autside this gate, the
magietospliere can sio fonger fold
i and it ryptures (middle panel),
therehy alforwing it fo_fall ante the
neadron star, producing a type I
burst,  With the material gone,
the gate re-formes and the process
starts agam. (Diagram by
Walter Lewwtn, AMIT)

Hydrogen
layer

Helium layer

~,

.—)..F

Hydroge" n from
Accrelion disc

Continuous”
X-ray amission

Thermonuclear
flash

—>»3d 44— R€«—

£— aun)

010 20 40 60 B0 100
Number of photons

Fig. 8.11 Schematic of the thermouncicar flash moddel of an N-rap burst, Ar the fop the netron
star i aecreting fydrogen fron its aeeretion dise, forming o faver tpically £ om thick. This
Ievagen burns steadily iuto belinm, forming & fiver af comparable thichuess. Enentually the
condifianes i the helians faver go eriiicat and @ thermuuclens flash takes pluct (centre panel). The
process then begins again,  (Diagram by Walter Lawin, AT}

TYPE |
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e |Rapid Burster| ~

24 -minute snapshots from 8 orbits on March 273, 1976
1100 s

Only 2 Type Il X-ray bursters B Y N U S T LS Y L St S 1 ITH
known so far:

MXB 1730-335 (Rapid Burster)
and the Bursting Pulsar

BRI N ET TT AL WU ¥ WO U S TN WU T ¥, S,
oo o oo o s A A

' e il fi., A,
GRO J1744-28 (no type 1). . e ) o —
MLW\,_%JMLH&H O WY .J..-.P'_,_
bl LUx,uva_Lmﬁxw,qugwqﬁr i A
ST L WSS WUYTFTSTVT1RT1 SRS WATIVI) WRARL

f
SR TR TR

(Lewin et al., 1995, Fig. 4.19)
Bursting of the “Rapid Burster” 1 730—-335: Type | and Type
Il bursts.

Type |l bursts: magnetospheric gate model: B-field blocks

accretion until gas pressure > magnetic pressure —>
BOOM.

S [AAT] ~

Low Mass X-ray Binaries 14
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Example 1. X-ray burst detection in JEM-X images

GX3+1 XrB 20040831 (ScW 0230009)

400s exposure 3-10 keV

X-ray bursters | Jérome Chenevez | Compact Objects | page 11
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Example 2: JEM-X detector light curve (30s bins)

RATE (count/s) | | |

150 — —

100 — —
IGR J17254-3257 ” |

50 — “ I

| | | |
2465 2465 .5 2466 2466 .5

TIME (4)
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KP484_DETE_LC30s ScWs 41—43 [3—10 keV]

RATE (Cﬂunt/S) | |

GX 354-0
a5 —
40 — lfGR g17254-3257  (Burst 2)
«— slew!
35 —
30 —
|
Scw 41 | ScW 42 ScwW 43
| |
25 —
20 —
15
| | | | | | |
2465 .26 2465 .27 2465 .28 2465.29 2465 .3 2465 .31 2465 .32
TIME (d)
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IGR J17254-3257 X-ray burst light curves

Shortburst Long burst

T T =

AN Hﬂﬂﬂm |

 t +++++ ‘ 1T ﬁ I ﬁ#ﬂﬁ% | Hﬂﬁﬂﬁﬁﬂﬁ*ﬁﬁ++ H++f++++++++++f+
1 Fobuany 2004 | October 2006
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Light curves and hardness profiles

. " 1GX 17+2 (Kuulkers et al., 2002)
S . n - b& 1 ., [§§= B0
E -q- = =
-
by
; —t—t ] "t
; " .
S,
E ..Illl o |- -
g™ o 4%7T | y
i ) \\.\“q
e — o ————— " ———
[
i ol _
i . i (=
2ot 1af IR . Hardness = hard flux / soft flux
£ ol \,,” | 2
=t A =
= | 1 1 | | 1 = L | 1 L | |
200 400 a 200 400 a 200 400 a 200 400

Time after start of burst (sec)
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g, 8.9 X-ray burst profiles = 3 -
observed by SAS-3 in different B D oo
ertergy bands from £ of egrees
NMNBI728-34 Note how in the 5 T = 18 million
loreest energies the burst persists 2 41 degrees K
Jor much longer (it fras a tail), =

wwhiich does not happen at higher E ——— e
energies. This is because the o o 10 20
radiating material cools Time (s)

significarntly during the burst, as
indicated in the theoretical burst 30

profile shown at top. (Oriinal . Shorter tails at harder energies:
AIT) .
Softening

10

ol Exponential decay (e-folding time: 1)
JLL\—\. due to thermal conduction (Newton’s law)
= Cooling

80 |-

a0

80

L Fluence: E, = jOT Fo (1) dt
40: .
o : : : = E =pr2'(1—e4)

20

X-ray photon counts per 0.83 seconds

(bolometric)

-

L]
|

N
-l
x
Q
<

[=n

10 |

Time (s)
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5. Molkow et al.: INTEGRAL detection of a long powerful burst from SLX 1735-260 (2005)
a0 Laa 1aon L1t00 2000

Long = : E: | -0 m
. L :M 14 18 :
rise = o ’ 'H""' %ﬁlﬂ of i

S !
% - “'*‘==
E .-'“"'i- 1 1 1 H| — 1 1 1 1 1 1 "\.I 1 )
i imr b - o S d: \
‘bin=1s*  bin=5a T - bin=32-200a u bin==20a b
E u [ I I 1 1 I I 1 1 1 1 I \H 1 1 I I 1 1 I I i
13 L " T
SOft % E ;_ '. +f_ II‘ -1{ .'.:F '*'T"""'L"'IHMHFH—-— _;
precursor 2 o s ‘ o _'—-—In':"*rw.{-_,—r,m-,..,rm..._g
o - | : : : | I | : | : | : 1 : I | 1 : I : | : I : : | : .
. . = s .
Very soft emission (UV) g BF i T
due to cooling E o it I o ]
. . D i i 1 I L I L I L I L 1 L L I 1 L 1 1 I 1 1 1 1 I 1
caused by large radius expansion ¢ [ L ML LR
v - - 101 -
followed by contraction. = B | ertatin] E
e 3

’n\
|
Z
|

- P | - i i i | P T T I T T T
[rogresswe ; of L '¥ ﬂ**l ' e
hardening fwm*m"’-““*‘““ O R
I i P I T B | I I T T T O I P T B
o 10 100 200 300 EOO0 10068 1500 2000
Time, s
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Investigation method

Time resolved spectral analysis

« Standard method: modelling of the net burst emission by blackbody (BB)

« 2-component method: modelling of the total burst emission by BB+PL
(PL is fixed by pre-burst persistent emission)

X-ray bursters | Jérome Chenevez | Compact Objects | page 18
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Blackbody radiation

Type | X-ray bursts are characterized by a =2 keV (T = 25-10° K)
blackbody emission and exponential decay with cooling.

A 2 keV blackbody spectrum Spectral intensity = Planck Function:
3| I 2hv? 1
% 5
-M -]
NE . . . —_—
3 | Wien displacement law: hvy,,, = 2.82 kT
K U
Maximum burst emission (5-6 keV) in JEM-X
I'C‘,'Ol.l)l — .[:1 — .“I“i — ..““lIU . II...I.CI)I:'I

Energy (keV)

X-ray bursters | Jéréme Chenevez | Compact Objects | page 19



/a N

DANISH NATIONAL

SPACE CENTER

s Stefan-Boltzmann law| ™~
The total brightness of a black body is obtained from
B(T) — / B,(T) dv (3.42)
o]
. substituting x = hv /KT
(kT) 3 dx (3.43)
exp(.’r) — 1 ’
. the integral has the value 7w /15
2at K4 ac ospd™?
= == 7= T = 58T 3.44
15c2h3 4T 7T ( )

Convert the brightness to the flux (¥ = = B), to obtain:

F — O_SBTM‘I- (3.45)
the Stefan-Boltzmann law.

And, yes, Boltzmann’s first name is Ludwig, while Stefan’s first
name is Josef.

ais the ,

a — BTk — 7.566 < 10 '"ergem K ¢ (3.46)

15c2h3

also written as the

2?T51r{'4 _5 —= —
Ogp = 152R5 5.671 < 10 ergcm K s (3.47)
 IAAT] ~

Blackbody Radiation: Properties 6
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Blackbody emission from a neutron star

Flux conservation: L=®

S4r R oT, =4rd’F (Stefan’s law)

d /F
<R, = = GBB
eff

Caveats:
Burst emission is assumed isotropic (¢=1)
L=L(1+2z)
Gravitational redshift effects T =T,(1+2)
R=R (1+2)"

What is actually observed is a “colour temperature”...

X-ray bursters | Jérome Chenevez | Compact Objects | page 21



/a N

DANISH NATIONAL
SPACE CENTER

Deviations from blackbody emission
of hot neutron stars (kT > kT, ~2.4keV)

 Nakamura et al., 1989:
High energy tail due to comptonization of photons in a hot plasma around NS

* Lewin et al., Space Sci. Rev. 62 (1993):
Modification of BB emission by electron scattering in the atmosphere of NS

» T_,=1.5 T, = Runderstimated by factor = 2

« Stronmayer & Brown, ApJ 566 (2002):
Reflection from accretion disk of 4U 1820-30
[suggested by Day & Dove, MNRAS 253 (1991)]

X-ray bursters | Jéréme Chenevez | Compact Objects | page 22
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GX3+1 XrB 20040831

Total XrB spectrum
w wabs(bbodyrad + cutoffpl)

normalized counts s-' keV-!

Vb bt
LT |

05 [ .

ratio
=

10 20
Energy (keV)

6-Sep-2005 23:42
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e g time interva@
speciral evolution during burst
1 7 ' I ﬂ

# KT

'_|_
T
+++ ++

+ +++

10

+++ +1++++*++Tﬂ+ w % | |

g ++H+ |

A

normalized counts 5™ kel
++

01

0.01
I
I

" 1 1 i 1 1 X
5 10 20
Energy (keV)

Jerome 24-2ep-200S 1237
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Results (Example 1)

s L } Bolometric luminosity A

The time resolved spectral analysis n; s . (assuming d = 5 kpc) i

of GX 3+1 long X-ray burst reveals #*[ T ]

variations in the temperature and s e

inferred blackbody radius which 5 | | Blackbody temperature

L . . N j

indicate expansion and contraction of = | I % j
the emission region. T ﬂL . e

° ‘\’ Inferred blackbody radius

26 ]

- 4 - | +—’r— } B

2 4{— -

I I CI) . I I . ‘IDIOCI I . l I ZOIOD

Time from start of burst {sec)
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Example 2: IGR J17254-3257 X-ray burst spectral analysis

Dataset Burst 1 Burst 2
FParameters AVErame peak decay AVETAgE
ETon (keV) L. 4+E' : 1f¢§;§ 1. _g;g 1 3+§§
be degpe (km) 1275 647  B6YS

Y ;dc:uf 12/10 48/49 48/42 !El_.fcir
Fra © =0 4.0 1.0 1.1
Burst parameters

Frcak * =~ 20 ~ 12

fi © 26 = 1077 2.6 = 1077

T 13 216

v & 0, 010G 0.000

@ Unabsorbed flux (0.1-100 keV) in units of 10~ "erg em™ 571,

_EII. o

* Fluence (erg cm Tisec) = fu/ Flheak- 4y = Fpers( Fpealk

Fpers = 1.1 % 107 erg em ™ 571 (0.1-100 keV).
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Photospheric
Radius Expansion
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Radius expansion burst from GX 354-0 observed by INTEGRAL (Falanga et al., 2006)

HETE J19200.1-2455

=g _

S HHH ||HH JEM—X

3 h |

g " 4

5 f + AR et

S o g W ol e o

} [ | [ } [

= ISCRI

]

- =b ]

? 5 &

L 1

PN |
- _|

R | _

[

L
- T M

0 =0 40 G0
Time (s}
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Radius expansion burst from GX 3+1 (Kuulkers & van der Klis, 2000)

[ SR

Inkerzit,
T
1

b Tao1e 4 e

= S

Intenzit,

Hordnezs

Time (3ecd

Fig. 2. The X-ray burst light curve at low (a.) and high (b.) en-
ergies and the corresponding hardness curve (c.), all at a time
resolution of 0.125sec. T=0s corresponds to 1999 August 10,
18:3553.5UTC.

i T T T
£ - L _r;.*fﬁ a
_T ]
LL':' - =+ %ﬂ; —
o & &y
Lor %%'M'.M |
= F |
1 T T
Ty .
O e b
T | b g §
._-'* — W@W&‘
| | |
_ o [ I I i
E — ® _
ERER T
o Bmm&mi"’iﬁﬂﬂﬂf{.f. T,
. | | |
1 T T
N .
(I'é: m-' m“‘:_ " - ) Lna e o
— i H” “m"1.|" ul“:"'w ", - _ - _|
1 1
T 1C
Tirm=z =0

Fig. 3. Spectral fit results during the burst: (a) bolometric black-
body flux. Fi.. (b) black-body temperature, T}y, (c) effective
black-body radius, Ry, at Skpe, and (d) goodness of fit ex-
pressed in reduced 2.
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Blackbody cooling track and Stefan’s law: F~SxT*

3

+
+
+

da e il

S _%;: ¢ ool %"‘"""N-uﬁ.m |
4 T — |

Z E* Slope =4 B S R, B

I.:n I - = —'I. d HEE""{Q n

E HE il et s, |

l
|

T
N
p
:
+
i

1
" ren
i

Fig. 4. Bolometric black-body flux (Fr.) versus black-body Mo T -
temperature (Ty,,) for the first 145 of the burst. Data points ' .
are connected for clanity. The dotted line represents the fit to '

the cooling track of the burst, see text. Note that Ty, runs from Time (e
right to left.
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Long radius expansion burst from GX 17+2 (Kuulkers et al., 2002)

Fub.nu‘.

]

Expansion/contraction phase

KTy (kev)
2

Cooling track

R 11 (k)
10 20 30 1

7 PR S
NR 4. ]
. |
0.1 1 10 1001000 2 1
Time after start of burst (sec) kT, Lkev)

X-ray bursters | Jérome Chenevez | Compact Objects | page 31



/a N

DANISH NATIONAL
SPACE CENTER

Eddington Limit

For any luminous object, there is a maximum luminosity beyond which
radiation pressure will overcome gravity, and material outside the object
will be forced away from it rather than falling inwards.

For canonical NS parameters (Rys= 10 km, Mys= 1.4 M)

» Eddington luminosity
» Eddington temperature

» Eddington accretion rate

X-ray bursters | Jéréme Chenevez | Compact Objects | page 32



Eddington luminosity, |V

Assume mass M spherically
symmetrically accreting ionized
hydrogen gas.

At radius r, accretion produces
energy flux S.

Important: Interaction between
accreted material and radiation!

Accretion Luminosity



Eddington luminosity, VIII

Force balance on accreted electrons and protons:
Inward force: gravitation:

GMm,

T2

Fy =

QOutward force: radiation force:

orS
Frad:L

C
where energy flux S is given by

L
S =

A2

where L: luminosity.
)%, so negligable for protons.
But: strong Coulomb coupling between electrons and protons

——> Fl.q also has effect on protons!

Note: ot o< (me/my

Accretion Luminosity



Eddington luminosity, |X

Accretion is only possible if gravitation dominates:
GMmp o1S o1 L

r2 c c  4m1rd
and therefore

ArGMmpe

oT

L < Lgga =

or, in astronomically meaningful units

M
L <13 x10®%ergs - (4.10)
Mg

where Lgyq is called the Eddington luminosity.

But remember the assumptions entering the derivation: spherically symmetric
accretion of fully ionized pure hydrogen gas.

For pure He: L, =2.9x1038 erg s

Accretion Luminosity



Eddington luminosity, X

GM

Characterize accretion process through the accretion efficiency, n= ek
C

where M: mass accretion rate (e.g.,gs Tor Mgyr ).

Therefore maximum accretion rate (“Eddington rate”):

. . | |
M., — E"E" ~2x 1078 My yr™

ne

(forn = 0.2)

Per unit area: mEdd —F4=105 g cm? s
A7 R’

Y,
) . . LEdd

Peak Temperature (at “touchdown”): T_,, =

47 R’

Accretion Luminosity
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Applications

Relativistic formula for L, :

( 2G MNS)%
zR)y=|1-— ™| -1 =031 @R=R,
Rc

X : H fraction, a~ 2.2x10° K-1: e~ scattering opacity coefficient of the atmosphere

Observationally (globular clusters ): L, ~3.8x1038 erg/s (Kuulkers et al., 2003)
» Determination of the redshift z = Myq
» X-ray bursts as standard candles: if L= L ,=d

L<Ll, <47d’ F<Lg,

d< ‘/ﬂ . upper limit to distance
4 F
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e | X-Ray Bursts, Il ~

Burst intervals .-
and e .
burst energy

F
(10 eraem s )

[
(10 J‘::rgumI]

e
et
......

waiting time, Af (hours)
(Lewin et al., 1995, Fig. 4.10)

The released energy is limited Peak flux and total fluence of bursts are

by PRE and indicates limited correlatec:‘i with dlsta.nce to the next burst.
Explanation: Accretion of hydrogen onto surface
nuclear fuel due to steady

——> hydrogen burns quietly into helium (thickness
nuclear burning between bursts. of layer ~ 1 m) == thermonuclear flash when
critical mass reached

AT ~

Low Mass X-ray Binaries 13
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Recurrence time

dM

1. Bursts are fuelled by accreted material at rate

2. Mass burned during a burst is given by: M, = —(1+2) ; & :burning efficiency [erg - g" |

ITI

&

M, E, #nc

3. Recurrence time between bursts is then: At = —, o (1+2)
M

&

pers

At (L) should reflect the time needed to accumulate the nuclear burning fuel

pers)

But things are not that simple...
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Burst parameters

o = "2 At 10<a<103: a measure of burst energetics

pers

Y = . burst strength relative to persistent emission
|:peak
Effective burst duration: 7 = —> ~ e-folding decay time
peak
ar
Note: — = At
Y
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Burst parameter relationships: t vs. y

I 1 T I
£
N « € ]
[
a0 Lk = B
g e %2
Ir ,t*°+ ‘EB *‘ﬁ . B n
+ x °
o Ogo o
| 1 1 1
-2 -1.5 -1 -0.5
log ¥

The decrease of burst duration with persistent luminosity indicates
that hydrogen becomes less important in the energetics of the burst
as the mass accretion rate increases (Van Paradijs et al, 1988).
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Burst parameter relationships: a vs. y

4F T T T T -

log a

-2 -1.5 -1 -0.5
log 7
The correlation of a with y is consistent with previous conclusion and

seems to indicate that steady nuclear burning limiting the burst energy
release does increase with accretion rate (Van Paradijs et al, 1988).
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Preliminary interpretation

« The previous records seem to indicate a transition between two
nuclear burning regimes.

 Evidences of increasing time between bursts as persistent
emission increases may indicate an increase of the accretion area
implying that the local accretion rate per unit area, m, actually
decreases with the accretion rate M.

 The influence of the accretion rate per unit area is an indication
that only a fraction of the NS is covered by freshly accreted fuel.
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X-ray burst oscillations

Power spectrum showing
millisecond variability
a during X-ray bursts

Recently, Kaaret et al. (2007)
has observed a record breaking
oscillation at 1122 Hz in the tail
i of an X-ray burst from XTE
: J1739-285, previously identified
| I | oo as a burster by the JEM-X team.

T | ]}

Fig. 3.8, An X-ray burst from 417 1725-34 cbserved with the PCA cnbecard RXTE. The
main panel shows the X-ray counts chserved by the PCA in (1/32) & bins. The insst panel
shows the power spectrum in the vicinity of 363 Hz (after Strohmayer et al. 1996,
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Spin modulation

Oscillations are associated with a hot spot expanding on the NS
surface like a deflagration flame and modulated by the NS rotation.
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THEORY

Stable nuclei

' L ]
Nuclei known F=Process

o exist

: o

Number of Protons

neutron star
28 ProcCesscs

b.
Number of Neutrons
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More or less long bursts

Number of burst

K RSN | RIS S | . ddiad . ﬂ
1 10 100 1000

Expomential decay thime (sec)

Figure 1. The distribution of the decay times of
1158 X-ray bursts seen by the BeppoSA X/ WTCs.
The decay times are determined from exponen-
tial fits to the burst decay profiles. Courtesy:
the BeppoSAX/WFEFC team at SRON/Utrecht and
CNR/Rome.
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Burst Energetics

F e -

| Jess

ot &%

" ~1.6 Mev/nucleon

3 3
:I: He.’!

1 [pH?

Average binding energy per nucleon (MeV)
s

0 30 60 80 120 150 180 210 240 270
Number of nucleons in nucleus
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Nuclear vs. gravitation

= Ineffective process compensated by accumulation
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Nuclear burning regimes
© M<900 g/cm’/s . Mixed H/He burning triggered by thermally unstable H igzgn.

>

Long burst duration (> 100s - 1000s) due to rp- process. = -5@
n
. 900§1‘1 £ 2000 g/cm?/s : H stable burning (hot CNO cycle) to He Qg_J':
= — Pure He flash (3-a.). Frequent PRE. a~200. <
°2000§/cn 2 m < rﬁEdd : Mixed H/He burning triggered by thermally unstable He ignition.
L 7 Burst duration > 10s due to rp- process. a~20-100.
A%
* m2=mew : NO bursts (e.g. pulsars).

@ Pure He accretion (e.g. from white dwarf) = powerful pure He bursts.

% Deep Carbon burning in superbursts.
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Nucleosynthesis

CNO cycle 3-a

. Proton 1/ |Gamma Ray

No -decay
= He flash

Final
Waiting product

points
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Fig. 3.1. Schematic showing the dominant pathways of the nuclear reaction flows during the
rp process. Elements far beyond *Fe can easily be reached. Filled squares denote stable
nuclides (after Schatz et al. 2001).
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Superbursts

Compared to normal type I X-ray bursts, superbursts are ~1000 times
more energetic (E, =10* ergs), ~1000 times longer (from hours to half
a day), and have recurrence times of the order of years. They are very
rare, only 13 such events having been found from 8 sources.

\ -

1 5x10t

ot

ec (3 PCUs)

chs /s

Superburst from 4U 1820-30 , ]
on 9/9/1999 (Kuulkers, 2003) =b . . . . . . . . . . . . . =
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Superbursts |l

Li%s T T T LN B B B L B L T LA B B

Superbursts display the same properties 5 " i 228 1oy
as usual type I X-ray bursts. W= 1 .
They are thought to arise from Carbon B P

o _gﬁﬁl *iiii!f 1 gkgﬁgij i*iii_

shell flashes in the layers where heavy B | | | |
elements have previously been produced | jl I 5’ ) 'kw f_‘ W'
through the rp-process of H/He bursts. ; - & R
Their duration is explained by a deep E - Edm mm l lﬁﬂﬂm mﬂ
ignition column below the surface. ol ]

Top (keV)

Superburst from KS 1731-260 N T

1 1 1 1 I 1
349 349.5 320 330.5

Days (MJD=30000)
)
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Unusually long bursts

Only 8 known bursts have shown a duration of a few tens of minutes

Unusually long bursts seem generally to be associated with
mixed H/He burning at low accretion rate.

Depending on the actual accretion rate, either the burning of a
large amount of H is triggered by an He flash, or a large column
of He is triggered by H ignition.

Long pure He bursts involving an even larger column depth are
also possible, especially if no H is accreted.

An aborted superburst due to the premature ignition of a carbon
layer triggered by an He detonation may also be considered.
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Burst triggering Mechanisms
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Fia. 6.— One-zone burst calculation following unstable H igni-
tion for three mass accretion rates: i /riiggq = 9.1 x 10™% (solid
lines), 1.1 x 102 (dotted lines) and 2.3 x 1072 (dashed lines),
respectively. Top panel: temperature evolution; Middle panel: the
ratio of one-zone cooling flux to the accretion flux; Bottom panel:
mass fraction of hydrogen (thin lines) and *He (thick lines), re-
spectively. Diffusion and sedimentation is included. This category
of H ignition triggers helium ignition and produces strong x-ray
burst.
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FIG. 7.— Recurrence time, burst energy, ratio of accretion to burst energy
o, and peak flux of type I X-ray bursts as a function of /e, from top to
bottom. For —2.9 5 log(laee) 5 —2.5. both energetic pure helium Hashes and
weak hydrogen flashes occur. In tlus case, the solid line denotes the burst
properties of the helium flashes and the dot-and-dashed line denotes the burst
properties of the hydrogen flashes. The chaotic behavior discussed in §4 and
Fig. 5 causes the sudden jumps m the panels that occur in the range —2.93 <
log(lace) < —2.87. The dashed line 1 the bottom panel denotes the luminosity
due to aceretion. Note that the peak flux during most weak hydrogen flashes

1s much less than the aceretion luminosity.
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Back to observations

Two phase long burst from GX 3+1

' | ' | ' |
3-20 keV | |
_ 5 s bins 7
“ 60 .
o B ]
(]
= 401 -
=
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20 —
WMW __________________ o ||I|. el (W IO YU E AR . A b iyl BT | AR
0 | | | | | ] |
0O 1000 2000 3000
Time (s)
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Relation with accretion rate

Long term persistent flux of GX 3+1

‘ T T T T ‘

long burst

eV)n
c
o4 &

Crab units (1.5—12
0.2

51x10% 5.2%x10% 5.3%x10%
Time (MJD)
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IGR J17254-3257 short and long bursts

Ik

T ' ++++ +

150

(3-20 keV)
100

Different lasting bursts from
IGR J17254-3257 can be
explained by a transition
between two slightly different

50

Count Rate

accretion rates. Burst 1 is a " f ‘

mixed H/He burst triggered by Y e @i

a weak H flash, while burst 2 o — T
Burst 2

is the result of the burning of

a large He pile at a slightly § ol m i

higher accretion rate. ) } mw
AR |
e Dbl 4 b
g HHHH - + ++++ ity +++++ +++H+++++ f

Time (s)/20s bins
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Practical example: GS 1826-24
w 7 Usual X-ray burst from GS 1826-238.
The long rise time and total duration

are indicative of the delayed energy
e e Fhvom release from the rapid proton process.

F...=2-10°erg/cm2/s

pers

At=5.7h

F,=> a=40
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Some calculations (1/3)

n:] M |\/| _ L e |_perS =4r dzgp FperS e’;pz1 . anisotropy

: Mixed H/He burning triggered by He ignition

Ignition column depth: vy = m At
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Some calculations (2/3)

Fres
a= At 2 2

Fb 2 ) | g =& C (1+Z)<:>g:§77 (1+2)
At = E. £(1+Z):§ F. (1+Z) é:p & ép o

L € S Frw €

Energy efficiency: € = Q,,. x10"8 erg g’!

Q. 1.6 + 4X Mev/nucleon
Indeed!
= Q,,,.® 5 Mev/nucleon < X = 0.8 : H-rich burst
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Some calculations (3/3)

Mass burned: m =47 R} y=2.5x10"g

m
— &
1+2
E.~10"ergs

Burst energy release: Eb =
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OUTLOOK

X-ray bursts as probes of:
« Compact object as neutron star

* Neutron stars properties (Myg, Ryg, Tngs SpPIn)
* Accretion rate

 Evolutionary state (H/He) of the companion

Future prospect: * Nuclear lines
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THE END
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