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GRB and SGR

Gamma-Ray bursts:
Explosion Iin the
distant Universe

-- Death of massive
stars; Birth of black
holes

—— Starquake of highly

Soft Gamma Repeater: magnetized neutron
Explosion in the star
Milky Way

Common to both:

- Very intense gamma-ray emission

- Variability on short time scales

- Emission from relativistic fireball? 2
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Topics

e Soft gamma repeater (SGR)
— Glant flare on 2004 December 27

e Gamma-ray bursts (GRB)

—“Standard Candle”
Correlation between “Peak energy”
and “Radiated energy”

— Radiation efficiency
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Gilant flare on 27 Dec 2004

e First reported by INTEGRAL
e Detected by >20 spacecrafts

O (S)aéurated most detectors In the first
5s

— More y flux than the most intense solar
flare recorded in history

e Pulsation (7.6 s) and direction
consistent with SGR 1806-20

— 5 degrees from the Sun
— Only y and radio observations
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Known magnetar candidates
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GRB/790305

from SGR 0520-66
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SGR 1900+14 flare
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Giant flare of SGR1900+14 on 1998/08/27

NPM A at HAIL
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Figure 1. (a) -_]Iif.- VLF great-circle paths from the NPM transmitter to Boston, Palmer, and the HAIL network. The
part of the globe illuminated by the y-ray flare is indicated by shadine. (b) The amplitude of the 21.4 kHz NPM signal
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intensity of the giant fare observed on 1 Iysses (from |[Hurley ef al., 19997}

[Inan et al., GRL, 1998§|

SGR1900+14 at 7 kpc from Earth caused disturbance in the ionoshere
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ABSTRACT

We report evidence of cyclotron resonance features from the Soft Gamma Repeater SGR 1806-20 in outburst,
detected with the Rossi X-ray Timing Explorer in the spectrum of a long, complex precursor that preceded a
strong burst. The features consist of a narrow 5.0 keV absorption line with modulation near its second and third
harmonics (at 11.2 keV and 17.5 keV respectively). The line features are transient and are detected in the harder
part of the precursor. The 5.0 keV feature is strong, with an equivalent width of ~ 500 eV and a narrow width
of less than 0.4 keV. Interpreting the features as electron cyclotron lines in the context of accretion models leads
to a large mass-radius ratio (M/R > 0.3 M ./km) that is inconsistent with neutron stars or that requires a low
(5—7) x 10" G magnetic field that is unlikely for SGRs. The line widths are also narrow compared with those of
electron cyclotron resonances observed so far in X-ray pulsars. In the magnetar picture, the features are plausibly
explained as ion cyclotron resonances in an ultra-strong magnetic field that have recently been predicted from
magnetar candidates. In this view, the 5.0 keV feature is consistent with a proton cyclotron fundamental whose
energy and width are close to model predictions. The line energy would correspond to a surface magnetic field of
1.0 % 101 G for SGR 1806-20, in good agreement with that inferred from the spin-down measure in the source.

Subject headings: Pulsar: Individual (SGR 1806-20) — Stars: Magnetic Fields — Stars: Neutron — Stars:
Magnetar — X-Rays: Bursts — Gamma Rays: Bursts
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The giant flare on 27 December 2004:

The peak intensities of hard X/y-ray photons are even stronger (by
afactor of ~100) than those from the largest solar flares!

All known X/y-ray detectors on astronomical satellites (RHESS!,
INTEGRAL, SWIFT, WIND, ...) were saturated for ~0.5 s around

the peak.

Light curve of SGR1806-20
(INTEGRAL: European gamma ray satellite)
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° RHESSI observation on 27 Dec 2004
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counts

al ...

too strong right after the onset
Data gap (~0.5sg

140 160 180 200

220 sec

Mazets et al. (2005)
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If you look at the ISASLEP/QL, ...

GEOTAIL LEP Key Paramelers

Electrons
(CEM) |

http:/Awww.stp.isas,jaxa;jp/geotail /QL /data3/04122703E T jpgoosas




Hard X-ray ~ y-ray photons from SGR1806-20
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By comparing LEP count profiles with those of Y OHKOH
observations, we have concluded that LEP is sensitive to hard X-
ray photons >~50 keV, and calibrated its sensitivity.

® 53-93 keV photons
— MCP counts
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Spectrum of the initial spike

—-Consistent with cooling
blackbody

- kT = 230 2 <100 keV
-175 + 25 keV (avg.)

=

0
=
[
'_
-
=2
o
o

266 DEE 37 T2

Hurley et al. 2005 - 6 263 7 2

100
ENERGY, keV

27
2005/3/8



Pulsating tail
(period = 7.56 second)
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Cameron et al. 2005
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Nobeyama Millimeter Array Hobeyama Millimeter Lrray
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Reliable distance
estimation with
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dR/dt = 3.1 +/— 1.1 mas/day

V/c =027 +/- 0.10

; t

t
Gaensler et al. 2005

also Cdmeron et al. 2005
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Three giant flares

e 5Mar 1979: 6 x 10%* erg SGR 0520-66
e 28 Aug 1998: 2 x 104+ erg SGR 1900+14
e 27 Dec 2004: 3 x 104 erg SGR 1806-20

e Common features

— Initial intense spike (<0.5 s)
o Exponential decay time ~ 30-60 ms
e v radiation up to > MeV
- Relativistic expanding fireball (?)

— Pulsating tail (~ several minutes)
e Rotation period of neutron star (5—8 seconds)
e Comparable energy
e Blackbody (several keV)
—> trapped fireball (?)
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Gilant flare of SGR 1806-20

e Oscillatory tail: E,;~1044 erg
— Similar for three giant flares

e Peak characteristics (time scale and spectrum)
similar to those of other giant flares

- Emission almost isotropic
— (not collimated unlike GRBs)

e Total energy: 3 x 104° erg
— cf. Emag=1.7x10%" B,.*Rg° erg
e Peak luminosity: 3 x 1047 erg/s
— Instant release of magnetic twist in the crust (?7?)

e Blackbody, kT=175 keV
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Radio afterglow

e Distance 6.4—9.8 Kkpc

— Putative association with massive star cluster and
LBV being questioned

e Consistent with a expanding synchrotron
nebula
® U radio nebula) = 1043 erg
— U,,i,/Ey — 0.4%: similar to 27 Aug 1998 flare
strong beaming unlikely

e Relativistic expansion at v—~0.3c

strong beaming unlikely ac
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Lack of strong beaming

e Intense spike for all three giant
flares

e No “pulsating tail only” events
e No radio flare for weak flares

e Same Ly/L for 1998 and
pdeler:

e Moderate I (~0.3)
‘True Radiated energy >104° erg

2005/3/8

radio




GRB vs. SGR flare

GRB SGR
Energy | 10°1 erg 1047 erg
I ~1000 ~1
B (gauss) ~1047? ~101°
Beamed Yes NoO
Ey/E, ;. ~1 ~1000
source | black hole |[neutron star
N/yr/gal 10-° 10-1 3t

2005/3/




	Observations of Gamma-Ray Bursts
	GRB and SGR
	Topics
	Giant flare on 27 Dec 2004
	
	GRB790305 from SGR 0520-66
	
	
	
	
	
	
	
	
	
	Geotail observation
	
	Spectrum of the initial spike
	Pulsating tail(period = 7.56 second)
	
	Radio Afterglow
	Reliable distance estimation with HI absorption
	
	Three giant flares
	Giant flare of SGR 1806-20
	Radio afterglow
	Lack of strong beaming
	GRB vs. SGR flare

