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Giant Flares in Soft Gamma Repeaters
(Konus-Wind and Helicon - Coronas-F summary)

A.F.loffe Physico-Technical Institute,
St.Petersburg, Russia

NASA Goddard Space Flight Center,
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Konus-Wind Summary

Joint Russian-American experiment on USGGS
WIND spacecr aft

| aunch: November 1, 1994
Konus-Wind instrument switched on:

November 11, 1994
Orbit: beyond the magnetosphere of the Earth
Observations:

November 11, 1994 —-December 18, 2004 ( 3689
days)

Gammaray burststotal >2500
Burst mode >1450
Background mode  >1150
Solar flares >750
SGR bursts >300
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Wind trajectory

Wind trajectory
during XY (ecliptic plane) projection

extended
mission

L1 excurson ®
L2 excursion
® L1 Lissgous
orbit (2002-
2008+)
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Konus-Wind Gamma-Ray Burst Experiment on US
GGS-Wind spacecraft

Two detectors S1 and 2.
Nal(Tl) 13 cm diameter, 7.5 cm height, 12.5 cm Be window.

L ocated on opposite faces of spacecraft, observing
correspondingly the southern and northern celestial hemispheres

Burst mode:

Time history analyzer: resolution 2ms — 256 ms, total duration
230s

12 — 50 keV 4096 ch
50-200keV 4096 ch
200—-770keV 4096 ch
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Instrument description (i)

o Pulse Height analyzer: accumulation time 64ms—8.192 s,
duration 79 —-492 s

PHA1 12-770 keV 63 ch quasilog scale
PHA2 0.2-10MeV 63 ch quasilog scale
« Background mode: accumulation time 1.47 —2.94 s

Count rate:

12 — 50 keV

50 — 200 keV

200 — 770 keV

> 10 MeV
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Helicon-Coronas-F

e Coronas-F IsaRussian solar observatory that was
lunched on 2001 July 31 on near-Earth orbit
(inclination 82°). S/c is stabilized by rotation with

axis directed to Sun.

* Helicon isagamma-ray spectrometer (20keV -
15MeV). Two detectors identical to Konus-Wind,
observed solar and anti-solar hemispheres.
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SGR history

5 March 1979 — giant flare from SGR 0526-66 detected
by Konus experiment on Venera-11, 12

End of March 1979 — 3 short, soft bursts were detected
by Konus from SGR 1900+14

SGR 1806-20 — 1983 (Prognoz 9, ICE, SMM)

SGR 1627 — 1998 (BATSE, Konus-A, Konus-W,
Ulysses)

SGR 1801-23 —two bursts were detected on 1997 June
29 (BATSE, Konus-A, Konus-W, Ulysses)
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SGR observational summary (i)

o «Active» and «Quiet» states

e Recurrent bursts:
— duration ~0.1-1 s;
— energy release ~ 10%8-10%1erg,
— Spectra can be described by OTTB model
[dN/dE ~ E-lexp(-E/KT)] for E>20keV;
KT ~ 15, 30 keV
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SGR 0526-66

* Burst 790306 detected from SGR 0526-66 by Konus on Venera-11

&

Lad
2

Photons cm™ 8~ keV"
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Konus-Wind observations of SGR 1900+14

e Burst 790324 - the
first burst detected
from SGR 1900+14
by Konus on Venera-
11

Burst 980902b — a
typical burst from
SGR 1900+14
detected by Konus-
Wind

wt
g
3
=]
B

counts/0.002 s

G2GlI

Photons cm™ &~ keV"

Photons cm™ &~ keV"
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SGR 1806-20

e Burst 040828 — one of the
most intense burst (both in

peak flux and fluence)
detected by Konus-Wind from
this SGR.

Counts f 0004 s
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SGR 1627-41

* Anintense burst 980625 from SGR 1627-41 which
demonstrates strong spectral evolution typical for this SGR.

g
B
:
5

Photons cm™ s~ keV™

0.256 D, 128 DD
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New SGR 1801-23

Burst 970629b detected by Konus-Wind at
T,=23493.221 sUT
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Photonscm ™ s keV
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Recurrent bursts statistics
(Gogqus et al., 1999, 2001)

» RXTE, BATSE data
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SGR observational summary (i)

e Persistent X-ray emission (0.5-10 keV)
Flux ~10-Hergem2 st (L, ~ 10 erg s?)
power law spectrawithy ~ 2.2

Pulsation ~10%, P~ 5-8 s, dP/dt ~ 1011 &/s
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Persistent emission
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SGR 0526-66

SGR 1627-41

SGR 1806-20

SGR 1900+14

Distance, kpc

~95

11+0.3

6-15

10-14

Ly (ergs?)

<3 103

47 10%

27 10%

PL photon
Index

2.5

20-22

1.0-22

KTgg, keV

0.5-0.7

Period (s)

7.5

dP/dt
(101ss?)

8—-30(55in
2004 - XMM
data)
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Recent progress

e Discovery of hard component (up to ~150 keV) in
persistent emission of SGR 1806-20 by
Integral/IBIS (Molkov et al. 2005; Mereghetti et

al. 2005)

* Discovery of likely IR-counterpart of
SGR 1806-20 by Subaru and VLT (Kosugi et al.
2005; Israel et al. 2005)
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Giant flare on 1979 March 5 (SGR 0526-66)

Time and energy
characteristics of the March
5 event.
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Top: Background subtracted light
curve of the outburst.
Horizontal sections with
triangles specify count rates
averaged over the period. The
sloped dashed lineis aplot of
exp(-t/t) relation for t =100 s.

Bottom: Horizontal sections with
squares specify kT averaged
over the period.




:loffe .- -._ /Goddard
Ph sico- SOf t GaITTTB. Mgﬁﬁ F||ght
Techmcal Repeat ers (SGRs) < / Space
7 Center
Giant flare on 1998 August 27 (SGR 1900+14)

Institute

Time and energy characteristics f[fso 15 - 250 keV
of the August 27 event.

=915s P=516S

"y

al'_"ﬂ

Top: Background subtracted light
curve of the outburst. Horizontal
sections with triangles specify
count rates averaged over the
period. The sloped dashed lineis

aplot of exp(-t/t) fort =91.5
S.

Bottom: Horizontal sections with
sguares specify kT averaged
over the period.
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Not-so-giant flare on June 18, 1998
(SGR 1627-41)

Time and energy
characteristics of the June
18 event.

Top: Background subtracted
light curve of the outburst.

Bottom: Spectra evolution
during the burst.

4 o12a  ora0 03R4 0212 OLd (urpdE
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SGR 1806-20 activity before giant flare
on 27 December 2004

e |n 2004 2-10 keV luminosity nearly doubled
(XMM data; Mereghetti et al. 2004)

o Steep rise of activity in May 2004 (since January till
May, only 2 trigger bursts from SGR 1806-20 had been detected
by Konus-Wind)

e Since May, 74 triggers on K-W and Helicon were
due to SGR 1806-20. Their total fluence 7.4° 104 erg cm
(energy release 2° 10 erg)
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Burst series on 1998 May 30 (SGR 1900+14)

» 89 days before the ettt
giant fare on T
August 27

o Total fluence
(>20keV)
S=5.6" 10~ erg cm?

|[Energy release " \ '|1Wﬁ»w
Q=1.1" 10* erq] | :

—k
G—h—

counts / 0.256 s

Zoomed




; : loffe prre— ___.::_Goddard
, l Physico- Soft Ganmma mﬁf“ x| Flight
o Technical Repeat er s ( SGRs) R '/ Space

Institute Center

Burst series on 5 October 2004 from SGR 1806-20

KONUS - WIND 041005
T,=50209.639s UT (13:56:49.639)

e 83 days beforethe
giant flare 3

e The sarieswas aso

G1+ G2

detected by
INTEGRAL
(IBIS/ISGRI)

G1 + G2 (zoomed)

counts f0.256 s

100 150 200 =250
T-T,.s
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Burst series 040510 (i)

KONUS - WIND 041005
T0= 20209.639 5 UT (13:56:49.639)
e Total Fluence (>20keV) 100 F
S=7.6" 10° ergcm™ S o
|[Energy release = :
Q=2 10% erq] g OF
Peak Flux (>20keV)
P =56 10°erg cm?s? - :
[L,=1.5" 10* erg s'] o
for d=15 kpc 5 ol
% D.2;
00 Brliri i ol b Lo b b L
o 2 4 6 8 10 12 14 16 18 20
T-TFS
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Burst series 040510 (i)

KONUS - WIND 041005

. The mOSt - TDI= ISDIZ?Q_BE‘TQSIUIT {13%6:4?.63?{ B
intense peaks '
have lower
rigidity
(G2/G1) than
remaining
parts of the
Series.

0
Q0
Ty
™
L
——
&
c
-
0
G

170 180 190
T-Tﬂ, S
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Activity of SGR 1806-20 after the burst series of
October 5, 2004

e Long burst series (~600 s) on December 21,
More than 30 bursts.

e Another, weaker series on December 25

* Three bursts on December 27 just before giant
HE(E
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041227

KONUS-WIND 041227 T,=77278.447 s UT (21:27:58.447)

16.5-280 keV

Counts /s
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Gilant flare on 27 December 2004
from SGR 1806-20

Detected by many s/c (INTEGRAL, RHESS!,
HEND, Wind, Swift, Geotail)

First GCN Circular — INTEGRAL
(Borkowski et al., 2004)
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Konus-Wind and Helicon-Coronas-F
observations of giant flare on 27 Dec. 2004

KONUSWIND 041227
ZSF7278.447 5 UT (21:27:58.447)

* Precursor —the most
Intense recurrent burst SN
ever detected: fluence JW‘*‘”‘“" N\
1.25" 10% erg cm? o h.
(energy release -
Q=34 10* erg
for d=15 kpc)

050 025 000 025 050 0.7
T-T,.3%
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Initial pulse (saturation)

Counts /0.002 s
2

—
i
]

10
143.0 1432 1434 1436 1438 1440

T_TD,S
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Helicon-Coronas-F event

HELICON-COROMNAS-F
0227 T =77429.303s UT

G1 (25 - 105 ke

me piled ﬂmwum

&2 (108 - 440 kel

I.,ﬂmmqur._fmJLUJ L"l‘ﬂuiw; ﬂuqlmumﬁpw

53 (440 - 1700 keV)

4]
=
o
=
o
A
=
=
o
o

oTCHeTHI { ek K3B

g b g IR w o Lo

.—[].3 02 01 00 01 02 402 04 058 08
T—Tu,s
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Schematic diagram of the flare detection by the
Konus-Wind and Helicon-Coronas-F

T.=T,+5.086 s
Ty =Tyy+7.69'S

Front spreading:
2R,,/c=11.6 ms
(R —Moon
radius)




.. Goddard

{—iloffe ey
l & | Physico- Soft Ganmma m@; <4, Flight
EXa | echnical Repeaters (SGRs) < X ' space
A\ Institute LS

Reconstruction of initial pulse

Calculation of lunar response matrix with
GEANTA4

Folding lunar matrix with Helicon detector
response matrix

Standard spectral fitting procedures with XSPEC
Light curve reconstruction
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Moon response

Lunar Soil Composition

Magnesium Other

6% / 3%
Aluminum \
7% T 4

o §

Calcium
8%

Silicon
2%
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Scatter angle g=159°+2°
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Energy of incident ¢
quanta E;= 20 keV, 12
MeV

Compton scattering:

1000+

100

Energy of incident y-quantum E , keV

mC

Fa
=

- Lok a0 k. b3
=

E'® @264keV E, >>mc?
(1- cosq)

SR | T T L |
100 1000

Energy of output v-quantum E', keV

_Goddard
Fllght
Space
Center
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Moon reflectance efficiency

* Albedo (photons) as
function of energy of

an incident photon

Efﬁcency sr’
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Fitting models (i)

Power law with exp cutoff: o = 0.995+0.025,
EO = 1150+£330 keV, y-=11.4/12

GRB (Band) model: thesame, B < 1.6
Power law: y = 1.41+0.07, == 18.4/13
Blackbody: kT=116 keV, y?= 27.5/13
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Fitting models (ii)
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Reconstructed time history of the initial pulse

—.—— : . GEOTAIL/LEP on 27 Dec 2004 |
Halicon data ] i B scaled CEM (original x280)
Konus-Wind data - T scaled CEM (3bin ave x280)

E f m MCP

Photons cm” s
counts/5.48ms
i

510" counte/5.48ms

.I

1 I T T T I T S L
1430 1432 143.4 143.6 1435

T-T,%

100 200 300 400 500 600
ms after onset

=
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The giant flare on 2004 December 27
General view

KONUS-WIND 041227
T =77278.447 s UT (21.27.58.447)

G1+G2 (16.5-280 keV)

P=756s

D -ﬂl L 'l I L L 'l L I L L L L I L '] L '] I '] L L L I L L L L 'l '] L '] '] L Ll L L 'l L ]
140 120 160 170 180 190

T-Tﬂ,s
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Giant flare — general view (Konus-Wind)

G1 (16.5 - BS kelf)

G2 (65 - 280 keV)

G3 (280 - 1060 keV)

55}
-
43}
0
=
=
o
O
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Giant flare on 27 Dec. - beginning

G1 {16.59 - G2 keV)

(52 (63 - 280 keV)

A IR R RPN
{53 {280 - 1060 keV)

o
—
24
4
[
=
[
O

_-.phul-g-""'q."'_nt"'-

L L L L 1 L Il I L L L L
145 100 195 160

T—Tws
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Glant flare on 27 Dec. — pulsating tail

G1(18.5 - 85 keV)

'] El 'l L i I 'l 'l 'l
162 (85 - 280 keV)

fa)
T
"
§L
[
3
o
O

1 El L L i I L L L
63 (280 1080 keV)

E
0.0 - ———
160 170 180 180 200 210

T—Tc,s
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Tall spectra (1)

Average spectrum:
two components

e OTTB (kT»30 keV)
e + Power Law
y=-1.8+0.2

Photons, cm’s” ke’
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Tail spectra (ii)

IIIII L] L] IIIIIII L] 1 LELBLBLIL L] L] IIIIII| T T IIIIII| LI
sp 37-58 (152-163 s) sp 59-60 (168-154 s)

=
o
s
oy
(]
E
Ly
——
o
=
2
o
L
o

sp 61-62 {’184 EDD s} sp 83-64 (200- 215 5)

Photons f cm” s keV

1 |l||I|| 1 1 I|IIII| 1 111
10° 10° 10°
E. keV
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80 keV — 1 MeV afterglow (Konus-Wind)

* Reported by INTEGRAL
SPI-ACS (Mereghetti et
al. 2005)

Detectable during ~7000 s
-luence ~2x104 erg cm2
Power law index ~1.6
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SGR 1806-20 after the giant flare

e Since Dec 27, 2004 Konus and Helicon detected
~20 bursts from SGR 1806-20

e Bursts are generally weaker (than the bursts
detected before the giant flare)

* Aswith post-flare SGR 1900+14, some bursts are
unusually long
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SGR 1806-20 051203a event

KONUS - WIND SGR 1806-20 051208 e Duration ~8.7s

T=22626 0BY o LT (000246 087)

sz . E,=20.6+-0.4keV
181160 k¥ (5171003) ([0 erg cm2

(1.19+0.06) 10> erg cm? sect




Goddard

l ::"Jl'i\-'esmo- Sof t Ganmm m@; '_-m “ Flight
S {Technical Repeaters (SGRs) <X space

Institute “ " center

Duration — Fluence
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SGR 1806-20 051203b event

KONUS -WIND 3GR 1806-20 051203 Duratl On ~22'5 S (!)

T=42203 684 3 UT (1143:23.684)

@ E,=19.9 +/- 0.5 keV
1160leY (1.53+0.03) 10*erg cm2

(3.5+0.2) 10~ ergcm? st
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Gilant flares summary (initial pulse)

SGR 0526-66

SGR 1627-41

SGR 1900+14

SGR 1806-20

5March
1979

18 June 1998

27 August
1998

27 December
2004

Distance, kpc

95

10

12

|nitial pulse
Duration, s
EINERNS
Fluence, erg
cm2

Q, erg

Peak Flux,
erg cm? st

L. ..,egst

max?

~0.5
~3
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Gilant flares summary (tail)
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Conclusion

 Three Giant Flares from four SGR in 25 year
observation history

« SGR 1627-41 —apeculiar SGR?
* Recurrence period?
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Cataloged events search

Statistical studies (rapid afterglows?)
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GRB 051103 (contd)

e Observed by Konus-Wind, Swift-
BAT, HETE-Fregate, Mars
Odyssey (GRS and HEND), and
RHESS

Duration ~0.17 sec

E e = 1940 +/- 400 keV

Fluence (20keV-10 MeV): (2.34 +/-
0.3) 10>erg cm?

Peak flux (2msscale): (1.89 +/- 0.3)
103 ergcm?st

Q.,, ~ 4.5x10%* erg, assuming M81
distance (~4 Mpc)




