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GRBs GRBs in a nutshellin a nutshell

((Klebesadel Klebesadel et al 1972)et al 1972)

Discovery by Vela 4

BATSE

Two populationsDiscovery by Vela 4

SHB
LSB

(Fox et al 2003)(Fox et al 2003)

Afterglow emission

Two populations

Supernova connection
((Hjorth Hjorth et al 2003)et al 2003)

Afterglow emission
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1)1) GRBs GRBs with INTEGRAL SPI-ACSwith INTEGRAL SPI-ACS
2)2) GRB/XRF 030528GRB/XRF 030528
3)3) Orphan afterglow surveyOrphan afterglow survey

1)1) GRBs GRBs with INTEGRAL SPI-ACSwith INTEGRAL SPI-ACS

Thesis/talk overviewThesis/talk overview

1)1) GRBs GRBs with INTEGRAL SPI-ACSwith INTEGRAL SPI-ACS
2)2) GRB/XRF 030528GRB/XRF 030528
1)1) GRBs GRBs with INTEGRAL SPI-ACSwith INTEGRAL SPI-ACS
2)2) GRB/XRF 030528GRB/XRF 030528
3)3) Orphan afterglow survey Orphan afterglow survey 

black hole

1015cm 1019cm
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Spectrometer on 
board INTEGRAL 
(SPI)

Imager (IBIS) X-ray Monitor 
(JEM-X)

Optical Monitor 
(OMC)

INTEGRAL

Population 1:Population 1:

GRBs GRBs with the Anti-with the Anti-
Coincidence Shield SPI-ACSCoincidence Shield SPI-ACS

[AR, von [AR, von KienlinKienlin,  Hurley &,  Hurley & Lichti Lichti, A&A, 438, 1175 (2005)], A&A, 438, 1175 (2005)]
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SPI-ACS as GRB DetectorSPI-ACS as GRB Detector

 19 SPI-Ge detectors

    91 Bi91 Bi1212GeOGeO2020 (BGO) crystals (BGO) crystals

••  omnidirectional FoVomnidirectional FoV
••  ~80keV - 10MeV~80keV - 10MeV
•• 50ms time resolution 50ms time resolution
•• no spectral/spatial  no spectral/spatial 
   resolution   resolution
•• localization via triangulation localization via triangulation  
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•• ~ 400 candidates ~ 400 candidates
••  ~ 50% detected also by other ~ 50% detected also by other γγ-ray -ray 
  instruments  instruments

The sample of candidate The sample of candidate GRBsGRBs
(Oct 2002 - Jan 2005)(Oct 2002 - Jan 2005)

www.www.mpempe.mpg.de/gamma/science/.mpg.de/gamma/science/grbgrb/1ACSburst.html/1ACSburst.htmlwww.www.mpempe.mpg.de/gamma/science/.mpg.de/gamma/science/grbgrb/1ACSburst.html/1ACSburst.html

4th BATSE Cat.
SPI-ACS all

T90 [s]

N N

T90 [s]

4th BATSE Cat.
SPI-ACS conf
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Origin of events with TOrigin of events with T9090 < 0.25s < 0.25s

co
un

ts

seconds since IJD 1431.0 (031203)

ACSACS                SPISPI

•• short events consistent with cosmic ray spectrum short events consistent with cosmic ray spectrum
•• deficit of short deficit of short GRBs GRBs ( (systematicssystematics?)?)
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Population 2:Population 2:

Afterglows and Hosts:Afterglows and Hosts:
GRB 030528GRB 030528

[AR, Greiner, [AR, Greiner, Klose Klose & GRACE, A&A, 427, 815 (2004)& GRACE, A&A, 427, 815 (2004)
AR,AR, Salvato  Salvato & Greiner, A&A, 444, 425, (2005)]& Greiner, A&A, 444, 425, (2005)]
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•• HETE-2 detection HETE-2 detection
•• T T90 90 = 49.1s (30-400= 49.1s (30-400 keV keV))

Afterglow discoveryAfterglow discovery

VLT/ISAACVLT/ISAAC
JJss-band-band
VLT/ISAACVLT/ISAAC
JJss-band-band

intrinsic Aintrinsic AV V = 2= 2 mag mag•• HETE-2 detection HETE-2 detection
•• T T90 90 = 49.1s (30-400= 49.1s (30-400 keV keV))
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GRB 030528 - an X-ray FlashGRB 030528 - an X-ray Flash

BATSE

GRB 030528

EEpeakpeak,obs,obs = 32±5 = 32±5 keV  keV →→  X-ray Flash (XRF)X-ray Flash (XRF)

XRFs XRFs similar tosimilar to LGRBs  LGRBs except except 
lower peak energylower peak energy

EEpeakpeak,obs,obs = 32±5 = 32±5 keV  keV →→  X-ray Flash (XRF)X-ray Flash (XRF)

Models:Models:
(e.g. high baryon loading,(e.g. high baryon loading,
                wide opening angle jet,wide opening angle jet,
                off-axis bursts,off-axis bursts,
                high high redshiftredshift))

XRFs XRFs similar tosimilar to LGRBs  LGRBs except except 
lower peak energylower peak energy

distance scale importantdistance scale important, but only two , but only two XRFs XRFs withwith redshift redshift
(z=0.251, z=2.66)(z=0.251, z=2.66)

Models:  Models:  
(e.g. high baryon loading,    (e.g. high baryon loading,    
        wide opening angle jet,         wide opening angle jet, 
        off-axis bursts,          off-axis bursts,  
        high        high redshift redshift))
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Host spectroscopy with VLT/FORS2Host spectroscopy with VLT/FORS2

z=0.782±0.001z=0.782±0.001

sky

host

•• Z=10-60% Z Z=10-60% Z

•• mass: 2x10 mass: 2x101010 M M

•• E Epeakpeak,rest,rest = 60 = 60 keV keV
••  actively star forming galaxy (20 Mactively star forming galaxy (20 M yr yr-1-1))
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Population 3:Population 3:

Orphan Afterglows with WFIOrphan Afterglows with WFI
[AR, Greiner & Schwarz, A&A in press (2006)][AR, Greiner & Schwarz, A&A in press (2006)]
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((Nakar Nakar && Piran  Piran 2003)2003)

On-axis and off-axis orphan afterglows
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Strategy, Instrumentation

(Fox et al 2003)(Fox et al 2003)

•• WFI MPG/ESO 2.2m WFI MPG/ESO 2.2m

•• 12 deg 12 deg22 in up to 25 nights in up to 25 nights
   (700 images, 420s)   (700 images, 420s)

•• R<23 (10 R<23 (10σσ))

•• IRAF/WIFIX pipeline IRAF/WIFIX pipeline

•• Differential photometry Differential photometry
  (  (ΔΔR>0.75 R>0.75 magmag))

•• 12000 candidates  12000 candidates   
      ⇒⇒  4 transient sources4 transient sources
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Candidate transients - #1

••  ΔΔR~1.5R~1.5 mag  mag in 2 daysin 2 days
•• flare star, supernova, afterglow ? flare star, supernova, afterglow ?
•• not associated with a triggered burst not associated with a triggered burst

Ç√ ç√
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Afterglow detection efficiency

FFRR  ∝∝tt--αα11    : t     : t ≤≤ t tbb                0.4<0.4<αα11<1.8; 0.4 days<t<1.8; 0.4 days<tbb<4 days<4 days
          ∝∝tt--αα22    : t > t    : t > tbb        1.4        1.4<<αα22<2.8 <2.8                       ((Zeh Zeh et al. 2005)et al. 2005)

 N NMCMC∝∝PP-1-1    ~10~1077 ( (RRlimlim=23)=23)

const.: const.:                 9<R<209<R<20
                                    13<R<2313<R<23
NN∝∝FFRR

--0.20.2: 13<R<23: 13<R<23

FFRR  ∝∝tt--αα11    : t     : t ≤≤ t tbb                0.4<0.4<αα11<1.8; 0.4 days<t<1.8; 0.4 days<tbb<4 days<4 days
          ∝∝tt--αα22    : t > t    : t > tbb        1.4        1.4<<αα22<2.8 <2.8                       ((Zeh Zeh et al. 2005)et al. 2005)
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ffcc            : ratio of optically to : ratio of optically to γγ-ray emitting area-ray emitting area
NNA      A      : rate of detectable on-axis : rate of detectable on-axis OTsOTs
NNγγ          : : LGRBs LGRBs with detectable OTwith detectable OT

ffcc            : ratio of optically to : ratio of optically to γγ-ray emitting area-ray emitting area
NNA      A      : rate of detectable on-axis : rate of detectable on-axis OTsOTs
NNγγ          : : LGRBs LGRBs with detectable OTwith detectable OT
NNγγ,obs ,obs : observed LGRB rate (BATSE: 444 yr: observed LGRB rate (BATSE: 444 yr-1-1))
ffγγ                    : prompt emission completeness correction (~2): prompt emission completeness correction (~2)
ffD         D         : optically dim/dark bursts correction (~0.9): optically dim/dark bursts correction (~0.9)
ffS          S          : : OTs OTs of short bursts (~1)of short bursts (~1)

ffc c = N= NAA  / / NNγγ  < < NNMC MC / / NNγγ  < NMC / (Nγ,obs ⋅ fγγ ⋅ fD ⋅ fS)ffc c = N= NAA  / / NNγγ  < < NNMC MC / / NNγγ  < NMC / (Nγ,obs ⋅ fγγ ⋅ fD ⋅ fS) < 12500

ffcc            : ratio of optically to : ratio of optically to γγ-ray emitting area-ray emitting area
NNA      A      : rate of detectable on-axis: rate of detectable on-axis OTs OTs
NNγγ     :     : LGRBs  LGRBs with detectable OTwith detectable OT
NNγγ,obs ,obs : observed LGRB rate (BATSE: 444 yr: observed LGRB rate (BATSE: 444 yr-1-1))
ffγγ                    : prompt emission completeness correction (~2): prompt emission completeness correction (~2)
ffD         D         : optically dim/dark bursts correction (~0.9): optically dim/dark bursts correction (~0.9)
ffS          S          :: OTs  OTs of short bursts (~1)of short bursts (~1)

Collimation

ffc c = N= NAA  / / NNγγffc c = N= NAA  / / NNγγ  < < NNMC MC / / NNγγ

ffBB            : : γγ-ray beaming correction-ray beaming correction

ffcc <  < ffBBffcc  < < ffBB < 75< 75……500 500 ((Guetta Guetta et al. 2005; Frail et al. 2001)et al. 2005; Frail et al. 2001)

ffBB            : : γγ-ray beaming correction-ray beaming correction
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SummarySummary

• pilot survey
• 4 transient sources
• AR et al. 2006
• Hubble/Chandra fellow
  application

• pipeline for data reduction
  and analysis
• interpretation and Monte
  Carlo simulations

orphan afterglows:
Wide-Field Imaging
Survey

• afterglow discovery
• redshift and host
  properties
• AR et al. 2004, 2005b

• PI ESO/VLT proposal
• imaging & spectroscopy
  data reduction
• analysis and interpretation

afterglows and host
galaxies:
GRB 030528

• very short events from
  cosmic ray interaction
• deficit of SHB
• AR et al. 2005a

• burst trigger pipeline
• web- and catalogue
  maintenance
• analysis and interpretation

prompt γ-emission:
INTEGRAL SPI-ACS
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TT9090 Distribution vs BATSE Distribution vs BATSE

4th BATSE Cat.
SPI-ACS all

4th BATSE Cat.
SPI-ACS conf.

confirmed: ~1/10 with T90 < 2s

N

T90 [s]
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Origin of events with TOrigin of events with T9090 < 0.25s < 0.25s

1.1. (so far) undiscovered short(so far) undiscovered short
burst population ?burst population ?

1.1. (so far) undiscovered short(so far) undiscovered short
burst population ?burst population ?

2.2. ((unlocalizedunlocalized) SGR) SGR
outburstsoutbursts

1.1. (so far) undiscovered short(so far) undiscovered short
burst population ?burst population ?

2.2. ((unlocalizedunlocalized) SGR) SGR
outburstsoutbursts

3.3. evaporation of primordialevaporation of primordial
black holes throughblack holes through
Hawking radiation ?Hawking radiation ?

1.1. (so far) undiscovered short(so far) undiscovered short
burst population ?burst population ?

2.2. ((unlocalizedunlocalized) SGR) SGR
outburstsoutbursts

3.3. evaporation of primordialevaporation of primordial
black holes throughblack holes through
Hawking radiation ?Hawking radiation ?

4.4. instrumental effects orinstrumental effects or
cosmic ray interactions ?cosmic ray interactions ?

co
un

ts

seconds since IJD 1431.0 (031203)
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Scenario: cosmic ray interactionsScenario: cosmic ray interactions

ACSACS                SPISPI
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X-ray Flashes - lateX-ray Flashes - late

••  XRFsXRFs//XRRsXRRs//LGRBs  LGRBs  form continuum form continuum 
•• X-ray, optical, radio afterglows X-ray, optical, radio afterglows
•• underlying supernova  underlying supernova ((Fynbo Fynbo et al. 2003,et al. 2003, Soderberg  Soderberg et al. 2005)et al. 2005)
•• late type host galaxies  late type host galaxies (e.g. Bloom et al. 2003)(e.g. Bloom et al. 2003)

((Fynbo Fynbo et al. 2003)et al. 2003)

XRF 030723XRF 030723
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X-ray Flashes - promptX-ray Flashes - prompt

•• BeppoSAX  BeppoSAX WFC  WFC  ((Heise Heise et al. 2001)et al. 2001)
•• similar to similar to LGRBs  LGRBs exceptexcept E Epeakpeak
••  HETE-2 observer frame classification: HETE-2 observer frame classification: 
      log(log(SSxx(2-30(2-30 keV keV) / S) / Sγγ(30-400(30-400 keV keV))))  (Sakamoto et al. 2004)(Sakamoto et al. 2004)
  

(Sakamoto et al. 2005)(Sakamoto et al. 2005)

>0 >-0.5 <-0.5
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X-ray Flashes - modelsX-ray Flashes - models

•• high baryon loading in the high baryon loading in the ejecta  ejecta (e.g.(e.g. Dermer  Dermer et al. 1999)et al. 1999)
•• wide opening angle jet wide opening angle jet
•• low contrast between the bulk low contrast between the bulk Lorentz  Lorentz factors of colliding factors of colliding 
  relativistic shells   relativistic shells ((Barraud Barraud et al. 2005)et al. 2005)
•• off-axis bursts   off-axis bursts  (e.g. Yamazaki et al. 2002)(e.g. Yamazaki et al. 2002)
•• high high redshift   redshift  (e.g. (e.g. Heise Heise et al. 2001)et al. 2001)

                    Distance Scale is important:Distance Scale is important:

XRF 020903: XRF 020903:   z=0.251z=0.251 ((Soderberg Soderberg et al. 2004)et al. 2004)
XRF 030429:  z=2.66XRF 030429:  z=2.66 ((Jakobsson Jakobsson et al. 2005)et al. 2005)

ESO proposal for spectroscopy of host of XRF 030528 written 
and accepted 
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030528: 030528: EEpeakpeak,obs,obs                = 32±5 = 32±5 keV  keV  ⇒⇒    EEpeakpeak,rest,rest              = 57±9 = 57±9 keVkeV030528: 030528: EEpeakpeak,obs,obs                = 32±5 = 32±5 keV  keV  ⇒⇒    EEpeakpeak,rest,rest              = 57±9 = 57±9 keVkeV
                            log(log(SSxx/S/Sγγ))obsobs = 0.04           = 0.04          ⇒⇒ log( log(SSxx/S/Sγγ))restrest = -0.17 = -0.17
030528: 030528: EEpeakpeak,obs,obs                = 32±5 = 32±5 keV  keV  ⇒⇒    EEpeakpeak,rest,rest              = 57±9 = 57±9 keVkeV
                            log(log(SSxx/S/Sγγ))obsobs = 0.04           = 0.04          ⇒⇒ log( log(SSxx/S/Sγγ))restrest = -0.17 = -0.17

  XRF  XRFobsobs                                                          ⇒⇒ XRR XRRrestrest

030528: 030528: EEpeakpeak,obs,obs                = 32±5 = 32±5 keV  keV  ⇒⇒    EEpeakpeak,rest,rest              = 57±9 = 57±9 keVkeV
                            log(log(SSxx/S/Sγγ))obsobs = 0.04           = 0.04          ⇒⇒ log( log(SSxx/S/Sγγ))restrest = -0.17 = -0.17

  XRF  XRFobsobs                                                          ⇒⇒  XRRXRRrestrest
030429: 030429: XRFXRFobsobs                                                          ⇒⇒ XRR/ XRR/GRBGRBrestrest
020903: 020903: XRFXRFobsobs                                                          ⇒⇒  XRFXRFrestrest

030528 in the rest frame

⇒⇒Do we need the XRF/XRR/GRB classification ? Do we need the XRF/XRR/GRB classification ? 
⇒⇒ if yes: then in the rest frame ! if yes: then in the rest frame !

⇒⇒  What about shortWhat about short XRFs  XRFs ??

030528:030528: E Epeakpeak,obs,obs        = 32±5        = 32±5 keV   keV  ⇒⇒    EEpeakpeak,rest,rest       = 57±9       = 57±9 keV keV
                            log(log(SSxx/S/Sγγ))obsobs = 0.04           = 0.04          ⇒⇒ log( log(SSxx/S/Sγγ))restrest = -0.17 = -0.17

  XRF  XRFobsobs                                                          ⇒⇒ XRR XRRrestrest
030429:030429: XRF XRFobsobs                                                          ⇒⇒ XRR/ XRR/GRBGRBrestrest
020903:020903: XRF XRFobsobs                                                          ⇒⇒ XRF XRFrestrest
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SummarySummary

••    trigger software developmenttrigger software development
••  T  T9090<0.25s population <0.25s population ⇒⇒ cosmic ray interactions cosmic ray interactions
••    236 236 GRBs GRBs (T(T9090≥≥0.25s) 0.25s) ⇒⇒  1 every 3 days1 every 3 days
•• defizit  defizit of short durationof short duration GRBs GRBs

SPI-ACS:SPI-ACS:

•• discovery of near-IR afterglow and host galaxy  discovery of near-IR afterglow and host galaxy 
•• ESO/VLT  proposal for host study written+accepted  ESO/VLT  proposal for host study written+accepted 
•• spectroscopic spectroscopic redshift   redshift  (z=0.782)(z=0.782)

GRB/XRFGRB/XRF
030528:030528:

Hier tabelle!!
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Host PropertiesHost Properties

••  metallicity metallicity from emission lines: Rfrom emission lines: R2323=log(([OIII]+[OII])/H=log(([OIII]+[OII])/Hββ))
   0.1<Z<0.6   0.1<Z<0.6

0.17 ± 0.05-21.6 ± 0.1Ks

0.25 ± 0.05-21.4 ± 0.1J
0.35 ± 0.05-21.1 ± 0.1R
0.5 ± 0.1-20.7 ± 0.1B
1.2 ± 0.2-20.5 ± 0.1U

L/L*MAB [mag]

••  metallicity metallicity from emission lines: Rfrom emission lines: R2323=log(([OIII]+[OII])/H=log(([OIII]+[OII])/Hββ))
   0.1<Z<0.6   0.1<Z<0.6
•• absolute magnitudes absolute magnitudes

••  metallicity metallicity from emission lines: Rfrom emission lines: R2323=log(([OIII]+[OII])/H=log(([OIII]+[OII])/Hββ))
   0.1<Z<0.6   0.1<Z<0.6
•• absolute magnitudes absolute magnitudes

•• stellar mass: 9 stellar mass: 9⋅⋅101099 M Msunsun  ((Brinchman Brinchman & Ellis 2000)& Ellis 2000) to  to 
                                              22⋅⋅10101010  MMsunsun  (Bell et al. 2005)(Bell et al. 2005)

••  metallicity metallicity from emission lines: Rfrom emission lines: R2323=log(([OIII]+[OII])/H=log(([OIII]+[OII])/Hββ))
   0.1<Z<0.6   0.1<Z<0.6
•• absolute magnitudes absolute magnitudes

•• stellar mass: 9 stellar mass: 9⋅⋅101099 M Msunsun  ((Brinchman Brinchman & Ellis 2000)& Ellis 2000) to  to 
                                              22⋅⋅10101010  MMsunsun  (Bell et al. 2005)(Bell et al. 2005)
••    size: ~11size: ~11 kpc kpc
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Summary  - 3

••  R-band survey for orphan afterglowsR-band survey for orphan afterglows
    (12 deg(12 deg22 in up to 25 nights, R<23) in up to 25 nights, R<23)

••  4 candidate transients (1x CV, 1x flare star,4 candidate transients (1x CV, 1x flare star,
  1x dwarf nova, 1?)  1x dwarf nova, 1?)

••  ““idealideal”” survey:  every two nights over 150 nights survey:  every two nights over 150 nights
        of  50 degof  50 deg22 (330, 2500)  (330, 2500) ⇒⇒ f fcc < 500 (75, 10) < 500 (75, 10)
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Summary  - 2

•• discovery of near-IR afterglow and host galaxy discovery of near-IR afterglow and host galaxy
   of GRB/XRF 030528   of GRB/XRF 030528

•• z=0.782 z=0.782

•• observer frame XRF  observer frame XRF   ⇒⇒  rest frame XRRrest frame XRR

•• rest frame classification scheme required (if at all) rest frame classification scheme required (if at all)

•• Do we expect also short Do we expect also short XRFs  XRFs ??
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SummarySummary

•• 236  236 GRBs GRBs (T(T9090≥≥0.25s) 0.25s) ⇒⇒  1 every 3 days (179  IPN confirmed)1 every 3 days (179  IPN confirmed)

•• T T9090<0.25s population with different origin than<0.25s population with different origin than
    TT9090≥≥0.25s population 0.25s population ⇒⇒ cosmic ray interactions cosmic ray interactions

•• discovery of near-IR afterglow and host galaxy discovery of near-IR afterglow and host galaxy
   of GRB/XRF 030528 at z=0.782   of GRB/XRF 030528 at z=0.782

•• R-band survey for orphan afterglows (12 deg R-band survey for orphan afterglows (12 deg22 in up to 25 in up to 25
nights, R<23)nights, R<23)

••  4 candidate transients (1x CV, 1x flare star,  1x dwarf nova, 1?)4 candidate transients (1x CV, 1x flare star,  1x dwarf nova, 1?)

••  ““idealideal”” survey:  every two nights over 150 nights survey:  every two nights over 150 nights
        of  50 degof  50 deg22 (330, 2500)  (330, 2500) ⇒⇒ f fcc < 500 (75, 10) < 500 (75, 10)
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Intensity DistributionIntensity Distribution

log Cmax

lo
g 

N

T90>2.5s
 0.25s ≤T90≤2.5s

T90<0.25s

-3/2

0.340.34(Fishman et al. 1994)(Fishman et al. 1994)BATSEBATSE

0.480.48-2.3-2.3TT9090<0.25s<0.25s
0.310.31--1.11.10.25s0.25s≤≤TT90 90 ≤≤2.5s2.5s
0.260.26--1.11.1TT9090>2.5s>2.5s

<V/<V/VVmaxmax>>logN logN - - logPlogP
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Host Galaxy - PhotometryHost Galaxy - Photometry

ISAAC JISAAC Jss

V = 21.9 ± 0.2V = 21.9 ± 0.2
R = 22.0 ± 0.2R = 22.0 ± 0.2
I I   = 21.3 ± 0.3= 21.3 ± 0.3
J J   = 20.8 ± 0.1= 20.8 ± 0.1
H < 20.3 H < 20.3 
K = 19.9 ± 0.7K = 19.9 ± 0.7

SED consistent with late type galaxy at z<4
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Candidate transients - #2

••  ΔΔR=2.4R=2.4 mag  mag in ~2 daysin ~2 days
•• faint ROSAT source faint ROSAT source
•• dwarf nova ? dwarf nova ?

•• rise:  rise: ΔΔR=1.9R=1.9 mag mag
••  decline: decline: ΔΔR=0.7 R=0.7 mag mag in 20 minin 20 min
•• flare stare, afterglow ? flare stare, afterglow ?

••  ΔΔR=2.4R=2.4 mag  mag in ~2 daysin ~2 days
•• faint ROSAT source faint ROSAT source
•• dwarf nova ? dwarf nova ?
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030528: 030528: EEpeakpeak,obs,obs                = 32±5 = 32±5 keV  keV  ⇒⇒    EEpeakpeak,rest,rest              = 57±9 = 57±9 keVkeV030528: 030528: EEpeakpeak,obs,obs                = 32±5 = 32±5 keV  keV  ⇒⇒    EEpeakpeak,rest,rest              = 57±9 = 57±9 keVkeV
                            log(log(SSxx/S/Sγγ))obsobs = 0.04           = 0.04          ⇒⇒ log( log(SSxx/S/Sγγ))restrest = -0.17 = -0.17
030528: 030528: EEpeakpeak,obs,obs                = 32±5 = 32±5 keV  keV  ⇒⇒    EEpeakpeak,rest,rest              = 57±9 = 57±9 keVkeV
                            log(log(SSxx/S/Sγγ))obsobs = 0.04           = 0.04          ⇒⇒ log( log(SSxx/S/Sγγ))restrest = -0.17 = -0.17

  XRF  XRFobsobs                                                          ⇒⇒ XRR XRRrestrest

030528: 030528: EEpeakpeak,obs,obs                = 32±5 = 32±5 keV  keV  ⇒⇒    EEpeakpeak,rest,rest              = 57±9 = 57±9 keVkeV
                            log(log(SSxx/S/Sγγ))obsobs = 0.04           = 0.04          ⇒⇒ log( log(SSxx/S/Sγγ))restrest = -0.17 = -0.17

  XRF  XRFobsobs                                                          ⇒⇒  XRRXRRrestrest
030429: 030429: XRFXRFobsobs                                                          ⇒⇒ XRR/ XRR/GRBGRBrestrest
020903: 020903: XRFXRFobsobs                                                          ⇒⇒  XRFXRFrestrest

030528 in the rest frame
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(Mereghetti et al. astro-ph/0411695)

The giant flare of SGR 1806-20 on Dec 27, 2004The giant flare of SGR 1806-20 on Dec 27, 2004
(Mereghetti, Götz, von Kienlin, AR et al. 2005, ApJL in press)  

•• increasing level of activityincreasing level of activity
•• two  strong clusters with 10two  strong clusters with 10-4 -4 erg cmerg cm-2-2 on Oct 5, similar to on Oct 5, similar to

SGR 1900+14 three months before giant flare in 1998SGR 1900+14 three months before giant flare in 1998
((Golenetskii Golenetskii et al. 2004)et al. 2004)
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Effective Area for Dec 27, 2004 flareEffective Area for Dec 27, 2004 flare

••  GEANT simulationGEANT simulation (by G. Weidenspointer)
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••  GEANT simulationGEANT simulation (by G. Weidenspointer)
••    known spectral shape: conversion factor known spectral shape: conversion factor 
   1 SPI-ACS count s   1 SPI-ACS count s-1-1 ~ 4.3x10 ~ 4.3x10-10-10 erg cm erg cm-2-2 s s-1 -1 (kT=30keV)(kT=30keV)
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SPI-ACS light curveSPI-ACS light curve  

Pulsating Tail
Period: 7.56 s

Precursor at
t ~ -143 s

 ⇑  Initial Peak
21 × “higher”

•• precursor: S  precursor: S ((kTkTbrbr=15keV, E>80keV)=15keV, E>80keV) = 4.4x10 = 4.4x10-6-6 erg cm erg cm-2-2

Initial Peak
Duration ~ 1 s 

•• precursor: S  precursor: S ((kTkTbrbr=15keV, E>80keV)=15keV, E>80keV) = 4.4x10 = 4.4x10-6-6 erg cm erg cm-2-2

•• initial peak: 99% dead time  initial peak: 99% dead time 
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Light curve decayLight curve decay

co
un

ts
/s

time (s)

1.2-2.2s: F1.2-2.2s: F∝∝tt-2.1±0.1-2.1±0.1  moon reflectionmoon reflection
(Helicon-Coronas-F (Helicon-Coronas-F ((Mazets Mazets et al. 2005)et al. 2005)))  

1.2-2.2s: F1.2-2.2s: F∝∝tt-2.1±0.1-2.1±0.1  

7.56s pulsation7.56s pulsation  

moon reflectionmoon reflection
(Helicon-Coronas-F (Helicon-Coronas-F ((Mazets Mazets et al. 2005)et al. 2005)))  

15-400s: F15-400s: F∝∝ee-t/138s-t/138s

S S ((kTkTbrbr=30keV)=30keV) = 2.6x10 = 2.6x10-4-4 erg cm erg cm-2-2  

7.56s pulsation7.56s pulsation  
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Late time componentLate time component

ACS

PSAC

F ∝ t-0.8±0.1

S ~ Stail 
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Afterglow photometryAfterglow photometry

FFKK∝∝ t t-1.2 -1.2 ••  νν-(>0.4)-(>0.4)

AAV V > 2> 2 mag mag
20.3 ± 0.420.3 ± 0.420.420.4JJ
20.6 ± 0.320.6 ± 0.319.519.5HH

observed [observed [magmag]]expected [expected [magmag]]
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VariabilityVariability

Vf=0.45

N

•• formulation of  formulation of Reichart Reichart et al. (2001)et al. (2001)
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Effective AreaEffective Area

[Simulations by P. Jean] [Simulations by P. Jean] 
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Origin of events with TOrigin of events with T9090 < 0.25s < 0.25s

seconds since IJD 1431.0 (031203)

co
un

ts
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Short EventsShort Events

seconds since IJD 1431.0 (031203)

co
un

ts

ACSACS      SPISPI
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Optical/near-IR Afterglow ObservationsOptical/near-IR Afterglow Observations

                                    GRB 030226:GRB 030226: VLT/FORS spectroscopy VLT/FORS spectroscopy
                                                                              ((KloseKlose, Greiner, AR et al. 2004, AJ, 128, 1942), Greiner, AR et al. 2004, AJ, 128, 1942)

Kinematics: Kinematics: signatures of absorbing clouds from expandingsignatures of absorbing clouds from expanding
shells (shells (ΔΔv=2400 km/s) around massive Wolfv=2400 km/s) around massive Wolf Rayet  Rayet StarStar
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5⋅10-1034 ± 417 ± 3RG02
1⋅10-108 ± 24 ± 1K98UV

12⋅10-1074 ± 637 ± 4RG02
2⋅10-1012 ± 36 ± 2K98[OII]

[Ms yr-1 Ms
-1][Ms yr-1][Ms yr-1]

SFRSSFRSFR

Star FormationStar Formation

[OII]: SFR([OII]: SFR(Ms yr-1) =  1.4 ) =  1.4 ± 0.4  0.4 ⋅ 10 10-41-41LL[OII][OII]    ((Kennicut Kennicut 1998) 1998) 
                    SFR(SFR(Ms yr-1) =  8.4 ) =  8.4 ± 0.4  0.4 ⋅ 10 10-41-41LL[OII][OII]    (Rosa-Gonzalez 2002)(Rosa-Gonzalez 2002)
[OII]: SFR([OII]: SFR(Ms yr-1) =  1.4 ) =  1.4 ± 0.4  0.4 ⋅ 10 10-41-41LL[OII][OII]    ((Kennicut Kennicut 1998) 1998) 
                    SFR(SFR(Ms yr-1) =  8.4 ) =  8.4 ± 0.4  0.4 ⋅ 10 10-41-41LL[OII][OII]    (Rosa-Gonzalez 2002)(Rosa-Gonzalez 2002)

UV:   SFR(UV:   SFR(Ms yr-1) =  1.4 ) =  1.4 ± 0.4  0.4 ⋅ 10 10-28-28LLνν,UV,UV    ((Kennicut Kennicut 1998) 1998) 
                    SFR(SFR(Ms yr-1) =  6.4 ) =  6.4 ± 0.4  0.4 ⋅ 10 10-28-28LLνν,UV,UV    (Rosa-Gonzalez 2002)(Rosa-Gonzalez 2002)
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EEisoiso,,γγ = 2.0±0.7x10 = 2.0±0.7x105252 erg (2-400keV) erg (2-400keV)

030528

Energetics

((Ghirlanda Ghirlanda et al. 2004)et al. 2004)
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Near-IR/X-ray ObservationsNear-IR/X-ray Observations

0.67 days:  NTT/0.67 days:  NTT/Sofi Sofi J,H,KsJ,H,Ks
1.67 days:  NTT/1.67 days:  NTT/Sofi Sofi J,H,KsJ,H,Ks
3.65 days:  NTT/3.65 days:  NTT/Sofi Sofi Ks Ks 

0.67 days:  NTT/0.67 days:  NTT/Sofi Sofi J,H,KsJ,H,Ks
1.67 days:  NTT/1.67 days:  NTT/Sofi Sofi J,H,KsJ,H,Ks
3.65 days:  NTT/3.65 days:  NTT/Sofi Sofi KsKs  
6 days:   6 days:           Chandra  Chandra  
  4 Sources   4 Sources (Butler et al. 2003a)(Butler et al. 2003a)

0.67 days:  NTT/0.67 days:  NTT/Sofi Sofi J,H,KsJ,H,Ks
1.67 days:  NTT/1.67 days:  NTT/Sofi Sofi J,H,KsJ,H,Ks
3.65 days:  NTT/3.65 days:  NTT/Sofi Sofi Ks Ks 
6 days:   6 days:           Chandra  Chandra  
  4 Sources   4 Sources (Butler et al. 2003a)(Butler et al. 2003a)

AG candidate AG candidate 
(Greiner, AR,(Greiner, AR, Klose  Klose et al. 2003)et al. 2003)

0.67 days:  NTT/0.67 days:  NTT/Sofi Sofi J,H,KsJ,H,Ks
1.67 days:  NTT/1.67 days:  NTT/Sofi Sofi J,H,KsJ,H,Ks
3.65 days:  NTT/3.65 days:  NTT/Sofi Sofi Ks Ks 
6 days:   6 days:           Chandra  Chandra  
  4 Sources   4 Sources (Butler et al. 2003a)(Butler et al. 2003a)
12 days:     Chandra12 days:     Chandra
  C1 fading   C1 fading (Butler et al. 2003b)(Butler et al. 2003b)

0.67 days:  NTT/0.67 days:  NTT/Sofi Sofi J,H,KsJ,H,Ks
1.67 days:  NTT/1.67 days:  NTT/Sofi Sofi J,H,KsJ,H,Ks
3.65 days:  NTT/3.65 days:  NTT/Sofi Sofi Ks Ks 
6 days:       Chandra  6 days:       Chandra  
  4 Sources   4 Sources (Butler et al. 2003a)(Butler et al. 2003a)
12 days:     Chandra12 days:     Chandra
  C1 fading   C1 fading (Butler et al. 2003b)(Butler et al. 2003b)
14.8 days:  UKIRT/UFTI K14.8 days:  UKIRT/UFTI K
120 days:   VLT/ISAAC Js120 days:   VLT/ISAAC Js
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What causes this burst to be optically dark ? What causes this burst to be optically dark ? 

Large intrinsic extinction: Large intrinsic extinction: AAV V > 2mag   > 2mag   
Observational limitations:Observational limitations: R Robsobs > 18.7 (t=0.097)  > 18.7 (t=0.097) ((Ayani Ayani & Yamaoka 2003)& Yamaoka 2003)

                                                                                            RRexpexp  = 20.1-23.1 = 20.1-23.1 
Burst properties:Burst properties:                  ??          ??
HighHigh redshift redshift::            ??          ??
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ConclusionsConclusions

••  Discovery of the near-IR afterglowDiscovery of the near-IR afterglow
•• Would have been  Would have been ‘‘darkdark’’ burst without near-IR and burst without near-IR and
  Chandra observations  Chandra observations
•• 2nd faintest near-IR detected so far 2nd faintest near-IR detected so far
••  ‘‘optical darknessoptical darkness’’ certainly due to lack of rapid and deep certainly due to lack of rapid and deep
  observations  observations

•• Discovery of the underlying host galaxy Discovery of the underlying host galaxy
•• among the brightest K-band hosts known among the brightest K-band hosts known
•• late type galaxy at z < 1 late type galaxy at z < 1
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Early Optical ObservationsEarly Optical Observations

Valentini Valentini etet
al. 2003al. 2003>20.5>20.5whitewhite0.496d0.496d

Ayani Ayani et al.et al.
20032003>18.7>18.7RR0.097d0.097d

Uemura Uemura etet
al. 2003al. 2003>16>16whitewhite152s152s

Torii 2003Torii 2003>15.8>15.8whitewhite106s106s

ref.ref.magmagfilterfiltertt

optically dark burst !optically dark burst !
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Data Reduction & CalibrationData Reduction & Calibration

ISAAC JsISAAC Js
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A very faint near-IR afterglowA very faint near-IR afterglow
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SED fitting - photometricSED fitting - photometric redshift redshift

late type galaxylate type galaxy early type galaxyearly type galaxy

reduced  χ2 < 1 reduced χ2 > 2 
(tools: Bender et al. 2001)(tools: Bender et al. 2001)


