Magnetars: SGRs and AXPs
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‘ Neutron stars

A NEUTRON STAR: SURFACE and INTERIOR
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(by Dany Page)

Mass ~1-2 solar masses
Radius ~10-15 km

Observed as:

» Radio pulsars

* Accreting in binaries

« Compact central X-ray sources
in supernova remnants.

« Anomalous X-ray pulsars

« Soft gamma repeaters

* The Magnificent Seven

 Transient radio sources (RRATS)

« Gamma-ray pulsars

See reviews:

* physics/0503245 - general

* astro-ph/0609066 — types of young
e arXiv: 0804.0250 - magnetars



http://ru.arxiv.org/abs/physics/0503245

All NSs in one plot
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‘ Magnetars in the Galaxy

s 7/ SGRs, 11 AXPs, plus candidates (3+3), plus radio
pulsars with high magnetic fields...

= Young objects (about 104 year).

= At least about 10% of all NSs (or more, as transient
magnetars can be abundant).

SGR : = e =
= : - : : . : i ,'I; .-":"_,___ - - s _— e - ; --_.-_.," -\. 2 \

(see a recent review in )


http://arxiv.org/abs/0804.0250

Soft Gamma Repeaters: main properties

Saturation

= Energetic “Giant Flares” of detectors
(GFs, L = 10%°-10%" erg/s)
detected from 3 (47) i
sources 20-150 ke

= No evidence for a binary
companion, association with
a SNR at least in one case

= Persistent X-ray emitters,
L = 103%° - 103 erg/s

s Pulsations discovered both
in GFs tails and persistent
emission, P=5-10s

= Huge spindown rates,
P/P =1010ss™




'SGRs: periods and giant flares

= 8.0 5 March 1979
. 2.6 18 June 1998 (?)
. 7.5 27 Dec 2004
- Wi 27 Aug 1998
. 5.7
N
SGR 1900+ 14
- See the review in
: Sk Woods, Thompson
- 7.6 astro-ph/0406133

and Mereghetti
il arXiv: 0804.0250




Historical notes

= 05 March 1979. The "Konus” experiment & Co.
Venera-11,12 (Mazets et al., Vedrenne et al.)

= Events in the LMC. SGR 0520-66.

= Fluence: about 103 erg/cm?
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Main types of activity of SGRs

= Weak bursts. L<104% erg/s

= Intermediate. L~10%2—1043 erg/s
= Giant. L<10* erg/s

= Hyperflares. L>104 erg/s

See the review in
Woods, Thompson
astro-ph/0406133




‘ Normal bursts of SGRs and AXPs

Typical weak bursts of
SGR 1806-29,
SGR 1900+14 and of

AXP 1E 2259+586
detected by RXTE

(from Woods, Thompson 2004)



Intermediate SGR bursts

SGR 1900+14

Examples of intermediate
bursts.

The forth (bottom right) is
sometimes defined as a
giant burst (for example by
Mazets et al.).

.......
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(from Woods, Thompson 2004)




Giant flare of the SGR 1900+14 (27

August 1998)

= Ulysses observations
(figure from Hurley et al.)

= Initial spike 0.35 s
= P=5.16s

= >3 10 erg/s

= Ergra>10% erg

Ulysses
20—150 keV

100 1530 200 250 300
Time (s}

Hurley et al. 1999



 Anomalous X-ray pulsars

|dentified as a separate group in 1995.
(Mereghetti, Stella 1995 Van Paradijs et al.1995)

 Similar periods (5-10 sec)

» Constant spin down

» Absence of optical companions
* Relatively weak luminosity

» Constant luminosity




Anomalous X-ray Pulsars: main properties

= Eleven sources known:
1E 1048.1-5937, 1E 2259+586, 4U 0142+614,
1 RXS J170849-4009, 1E 1841-045,
CXOU 010043-721134, AX J1845-0258,
CXOU J164710-455216, XTE J1810-197,
1E 1547.0-5408, AX J1818.8-1559 (+ PSR J1846-0258)
= Persistent X-ray emitters, L = 1034 -103% erg/s
= Pulsations with P =2 -10 s (0.33 sec for PSR 1846)
= Large spindown rates, P/P = 101" ss-*

= No evidence for a binary companion, association with a SNR in
several cases




Known AXPs

CXO 010043-7211 8.0

4U 0142+61 8.7
1E 1048.1-5937 6.4
1E 1547.0-5408 2.1

CXOU J164710-4552 |10.6

1RXS J170849-40 11.0
XTE J1810-197 5.5
1E 1841-045 11.8
AX J1845-0258 7.0

1E 2259+586 7.0




‘ Are SGRs and AXPs brothers?

= Bursts of AXPs
(from 6 now)

m Spectral properties

= Quiescent periods of
SGRs (0525-66 since
1983)
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‘Bursts of the AXP 1E1547.0-5408
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Bursts of the AXP 1E1547.0-5408

Some bursts have pulsating tails with spin period.

0903.1974



‘ A Tale of Two Populations ?

A Magnetar




Pulse profiles
of SGRs and AXPs
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Hard X-ray Emission

INTEGRAL revealed | Mersgheictal 2005
substantial emission in e

the 20 -100 keV band

from SGRs and APXs

SGR 1900+ 14
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'SGRs and AXPs soft X-ray Spectra

m 0.5 - 10 keV emission is well represented by
a blackbody plus a power law

utikov & Gavriil 2005)

SGR 1806-20 (Mereghetti et al 2005)




SGRs and AXPs soft X-ray Spectra

= kTg5z~ 0.5 keV, does not change much in
different sources

= Photon index [ =1 -4,

AXPs tend to be softer

s SGRs and AXPs persistent emission is
variable (months/years)

= Variability is mostly associated with
the non-thermal component




‘ And what about AXPs and PSRs?

1E1547.0-5408 — the most rapidly rotating AXP (2.1 sec)
The highest rotation energy losses among SGRs and AXPs.
Bursting activity.

-54716"00

-54°18"00°

Declination (J2000)

—
[
=]

=t
-
=
-
-

N

o,
4
—

m

=
=
)

[=]

—

15h51miss  51m00s S0m45s 50m30s
Right Ascension (J2000) Radius (arcsec)

Pulsar wind nebulae around an AXP.

0909.3843



‘ Transient radiopulsar

PSR J1846-0258
P=0.326 sec
B=5 1013 G

Among all rotation powered
PSRs it has the largest Edot.
Smallest spindown age (884 yrs).

The pulsar increased

its luminosity in X-rays.

Increase of pulsed X-ray flux.
Magnetar-like X-ray bursts (RXTE).
Timing noise.

See additional info about this pulsar
at the web-site

Chandra X-ray Image of = - Fulsarin the Corcof
Supernova Remnant Kes 75 ' i -
and its Central Pulsar

PSR J1846-0258:

The Youngesi Known Pulsar, 700 yrs—old L S
Kes 75 (orange dat) ...

Pulsar Wind
- Nebula

Chandra/ACIS X-ray Snapshot of Oct 10 2000

http://hera.phl.uni-koeln.de/~heintzma/SNR/SNR1 [V.htm

FPhoto Credit: Evic V, Gotthell (Colurritig L)

0802.1242, 0802.1704



2.60 keV pulsed intensity (counts s | per PCU)

]E!.u.rstﬂux(l[}i3 counts 5 per PCU)

Bursts from the transient PSR

Year

2000 2001 2002 2003 2004 2005

51500 52000 52500 53000 53500

2006

54000

0.1 0.0 0.1 01 00 ol 0.1 00 0l 01 00 a0l
Time (seconds from burst peak)

54000 54500

54100

0.1 00 0l

Chandra: Oct 2000

June 2006

Table 1

Fluence
i

Burst 1

8.9+0.7

41+24

57136

712.8+2.5 3.31+0.7 18.4£0.7

9+13.1 6.6+2.5 5.8+1.7

99141 97+31

18.4+1.1

53+2.0

Gavriil et al. 0802.1704




‘ Generation of the magnetic field

The mechanism of the magnetic
field generation is still unknown.

Turbulent dynamo

a-Q dynamo (Duncan,Thompson)
a2 dynamo (Bonanno et al.)
or their combination

In any case, initial rotation of a
protoNS is the critical parameter.

Making a magnetar

Hot, newborn star
churns and mixes

Internal convection
carrios off haat

If spinning faster than

200 revelutions/second,
the dynamo action quickly
| builds up the magnetic field

Ceve Dooling, MaSa Marshall Space Flight Center




‘ Strong field via flux conservation

There are reasons to suspect that the magnetic fields of magnetars
are not due to any kind of dynamo mechanism, but just due to

1.

flux conservation:

Study of SNRs with magnetars (Vink and Kuiper 2006).
If there was a rapidly rotating magnetar then a huge
energy release is inevitable. No traces of such energy
injections are found.

There are few examples of massive stars with field
strong enough to produce a magnetars due to flux
conservation (Ferrario and Wickramasinghe 2006)




‘ Magnetic field estimates

= Spin down
= Long spin periods

= Energy to support
bursts

= Field to confine a
fireball (tails)

= Duration of spikes
CUVCIURVEVER))
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(cyclotron lines) Ibrahim et al. 2002




‘ Weak tield magnetars

Magnetic field is estimated from timing:
spin-down according to the magneto-dipole formula
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SGR 0418+5729
P=9.1 cek

Straight line corresponds
to no spin-down

B<7.5 10'2 Gs

e aarve 10102781



‘Hyperflare of SGR 1806-20

s 27 December 2004 A
giant flare from SGR
1806-20 was detected
by many satellites:
Swift, RHESSI, Konus-
Wind, Coronas-F,
Integral, HEND, ...

= 100 times brighter than
any other!

Palmer et al.
astro-ph/0503030



m' O>X>Z00$00

RHESSI

Integral




27 Dec 2004
Giant flare of the SGR 1806—_29

= Spike 0.2's S p

= Fluence 1 erg/cm? t/j ﬂ"f
= E(spike)=3.5 10*6 erg :._
= L(spike)=1.8 10*7 erg/s '~

= Long «tail» (400 s)

m P=7.65s

= E(tail) 1.6 10** erg
= Distance 15 kpc — but it is uncertain




Konus observations
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Mazets et al. 2005
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‘ QPO 1n tails ot giant tlares of SGRs

A kind of quasi
periodic oscillations
have been found

in tail of two events
(aug. 1998, dec. 2004).
They are supposed

to be torsional
oscillations of NSs,
however, it is not clear,
yet. 000 | I
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(Israel et al. 2005 astro-ph/0505255,
Watts and Strohmayer 2005 astro-ph/0608463)



'SGR 1806-20 - 1

SGR 1806-20 displayed a gradual
increase in the level of activity during

2003-2004 (Woods et al 2004; Mereghetti et al
2005)

Bursts /day (IPN)

IPN Bursts/day

20-60 keV flux (INTEGRAL IBIS)

Autumn Spring
2003 2004 Autumn

t I

Mereghetti et al 2005

s
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‘ Twisted Magnetospheres — 1

= The magnetic field inside &
“wound up”

= The presence of a toroidal
Induces a rotation of the s

= The crust tensile strength

= A gradual (quasi-plastic ?) [}
crust

= The external field twists up
(Thompson, Lyutikov & Kulkarni 2002 Thompson & Duncan 2001




‘ Growing twist

A KMM

E + Chandra

Agp, s = 2 radians




A Growing Twist in SGR 1806-20 ¢

= Evidence for spectral ol
hardening AND % ool
enhanced spin-down

00 02 d4 06 8 1.0

m [-Pdotand I'-L

correlations I
= Growth of bursting + PM | 3o ;i
activity i I X
= Possible presence of K :1""’:;3“%':;“;?}%;}“5”

proton cyclotron line
only during bursts




Twisted magnetospheres

= [Twisted magnetosphere model, within magnetar
scenario, in general agreement with observations

= Resonant scattering of thermal, surface photons
produces spectra with right properties

= Many issues need to be investigated further
Twist of more general external fields
Detailed models for magnetospheric currents

More accurate treatment of cross section including QED
effects and electron recoil (in progress)

10-100 keV tails: up-scattering by (ultra)relativistic (e*)
particles ?

Create an archive to fit model spectra to observations (in
progress)

Thompson, Lyutikov, Kulkarni astro-ph/0110677
Beloborodov arXiv: 1008.4388



‘ Extragalactic giant flares

Initial enthusiasm that most of short GRBs can be explained
as giant flares of extraG SGRs disappeared.

At the moment, we have a definite deficit of extraG SGR bursts,
especially in the direction of Virgo cluster
(Popov, Stern 2006; Lazzatti et al. 2006).

However, there are several good candidates.




‘ Extragalactic SGRs

it was suggested long ago (Mazets et al. 1982)
1 that present-day detectors could alredy detect
| giant flares from extragalactic magnetars.

‘: However, all searches in, for example,
-| BATSE database did not provide clear candidates
- (Lazzati et al. 2006, Popov & Stern 2006, etc.).

] Finally, recently several good candidates

1 have been proposed by different groups

{ (Mazets et al., Frederiks et al., Golenetskii et al.,
| Ofek et al, Crider ....).

et 8" 4™ " 1" 58" 5" 547 527 S0 44" gME

Right ageension (JZ000}

[D. Frederiks et al. ]


http://arxiv.org/abs/astro-ph/0609544

‘What 1s spectal about magnetars?

There are reasons to suspect — .°. . 7. i » . e
that magnetars are connected - .7 o % )
to massive stars L
(astro-ph/0611589). : ,:_.‘f'_,. A

There is a hypothesis that o
magnetars are formed In close | e
binary systems (0905.3238, SRR Ot

aStrO'ph/05054O6)' AXP in Westerlund 1 most probably has

a very massive progenitor >40 Msolar.




How many magnetars?

o XM

AChandra

<540 barely-detectable (L=3 1033 A .=15%)
5992 , easily detectable (L=10%° A .=70%)

—-15

-15 —10 -5 ] 2
X (kpc)

Muno et al. arXiv: 0711.0988



‘ Conclusions

» Two classes of magnetars: SGRs and AXPs
 Similar properties (but no giant flare in AXPs, yet?)
» Hyperflares (27 Dec 2004)
 Transient magnetars

» About 10% of newborn NSs
* Links to PSRs (and others?)
« Twisted magnetospheres

100,000 SGR 1900+14
Aug. 27,1998
Ulysses, 25-150 keV

Tail
10,000
B-sec cm perod

- | 1“ v Mw"ihi l||
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‘ Papers to read

* Mereghetti arXiv: 0804.0250
» Woods, Thompson astro-ph/0406133
» Beloborodov arXiv: 1008.4388




	�Magnetars: SGRs and AXPs
	Neutron stars
	All NSs in one plot
	Magnetars in the Galaxy
	Soft Gamma Repeaters: main properties
	SGRs: periods and giant flares 
	Historical notes
	Main types of activity of SGRs
	Normal bursts of  SGRs and AXPs
	Intermediate SGR bursts 
	Giant flare of the SGR 1900+14 (27 August 1998)
	Anomalous X-ray pulsars
	Anomalous X-ray Pulsars: main properties
	Known AXPs 
	Are SGRs and AXPs brothers?
	Bursts of the AXP 1E1547.0-5408
	Bursts of the AXP 1E1547.0-5408
	A Tale of Two Populations ?
	Slide Number 19
	Hard X-ray Emission
	SGRs and AXPs soft X-ray Spectra 
	SGRs and AXPs soft X-ray Spectra 
	And what about AXPs and PSRs?
	Transient radiopulsar
	Bursts from the transient PSR
	Generation of the magnetic field
	Strong field via flux conservation
	Magnetic field estimates
	Weak field magnetars
	Hyperflare of SGR 1806-20
	Slide Number 31
	27 Dec 2004: �Giant flare of the SGR 1806-20
	Konus observations
	QPO in tails of giant flares of SGRs
	SGR 1806-20 - I 
	SGR 1806-20 - II
	Twisted Magnetospheres – I
	Growing twist
	A Growing Twist in SGR 1806-20 ?
	Twisted magnetospheres
	Extragalactic giant flares
	Extragalactic SGRs
	What is special about magnetars?
	How many magnetars?
	Conclusions
	Papers to read

