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II.  WFI  @ La.  WFI  @ La Silla  Silla  2.2m Telescope2.2m Telescope

Wide Field Imager:Wide Field Imager:
•• MPG/ESO facilityMPG/ESO facility
•• 4x2 2kx4k4x2 2kx4k CCDsCCDs
•• field of view:  34'x33' field of view:  34'x33' 
•• plate scale:     0.238 ''/pixelplate scale:     0.238 ''/pixel

Timeline: Timeline: 
•• 1997: GRB afterglow discovery 1997: GRB afterglow discovery 

(van(van ParadijsParadijs et al., Costa et al.)et al., Costa et al.)
•• 1997: orphans proposed (J. Rhoads)1997: orphans proposed (J. Rhoads)
•• 1998: MPG/ESO proposal (PI: J. Greiner)1998: MPG/ESO proposal (PI: J. Greiner)
•• 1999: observations1999: observations
•• ……
•• 2006: AR et al., A&A in press,2006: AR et al., A&A in press, astroastro--ph/0603284ph/0603284



Strategy & PerformanceStrategy & Performance
(Fox et al 2003)(Fox et al 2003)

Strategy:Strategy:
•• imaging every 2 nightsimaging every 2 nights
→→ onon--axis afterglow with ≥ 2 detectionsaxis afterglow with ≥ 2 detections

+ limits before & after+ limits before & after
•• RRlimlim = 23 = 23 mag mag (10 (10 σσ))

Performance:Performance:
•• 7 southern fields 7 southern fields 
(2(2--8 subsets each)8 subsets each)

•• ~12 deg~12 deg22 in 11in 11--25 nights25 nights
•• median seeing 1"median seeing 1"
•• 25% loss25% loss
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Data:Data:
•• 700 images, ~130 700 images, ~130 GbyteGbyte
•• chipchip--byby--chip reductionchip reduction
•• PerlPerl/IRAF/WIFIX pipeline/IRAF/WIFIX pipeline

Reduction and Transient SearchReduction and Transient Search

Transient Search:Transient Search:
•• differential photometry differential photometry 
((ΔΔR>0.75R>0.75 magmag))

•• 12000 candidates 12000 candidates 
⇒⇒ 4 transient sources in >2 obs.4 transient sources in >2 obs.



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

Ç√ç√

Transient #4: origin unknownTransient #4: origin unknown



FFRR ∝∝tt--αα11 : t : t ≤≤ ttbb 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 1.41.4<<αα22<2.8 <2.8 ((Zeh Zeh et al. 2005)et al. 2005)

→→1 afterglow detection for 101 afterglow detection for 1077 bursts per year and full sky (bursts per year and full sky (RRlimlim=23)=23)

Afterglow detection efficiencyAfterglow detection efficiency

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 ≤≤ ttbb 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 1.41.4<<αα22<2.8 <2.8 ((Zeh Zeh et al. 2005)et al. 2005)

detection probability for random event at given magnitudedetection probability for random event at given magnitude



ffcc : ratio of optically to : ratio of optically to γγ--ray emitting arearay emitting area
NNA      A      : rate of detectable on: rate of detectable on--axis axis OTsOTs
NNγγ : : LGRBs LGRBs with detectable OTwith detectable OT

ffcc : ratio of optically to : ratio of optically to γγ--ray emitting arearay emitting area
NNA      A      : rate of detectable on: rate of detectable on--axis 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--11))
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 arearay emitting area
NNA      A      : rate of detectable on: rate of detectable on--axisaxis OTsOTs
NNγγ :: LGRBs LGRBs with detectable OTwith detectable OT
NNγγ,obs ,obs : observed LGRB rate (BATSE: 444 yr: observed LGRB rate (BATSE: 444 yr--11))
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 / / NNγγffc c = N= NAA / / NNγγ < < NNMC MC / / NNγγ

ffBB
--11 : : γγ--ray beaming correctionray beaming correction

ffcc < < ffBB
--11ffcc < < ffBB
--11 < 75…500 < 75…500 ((Guetta Guetta et al. 2005; Frail et al. 2001)et al. 2005; Frail et al. 2001)

ffBB
--11 : : γγ--ray beaming correctionray beaming correction

GRB collimationGRB collimation

Conclusion:Conclusion:
•• significantly larger in sky coverage requiredsignificantly larger in sky coverage required
•• with same strategy in 150 nights:with same strategy in 150 nights:

50 deg50 deg22 ⇒⇒ ffcc < 500 < 500 
330 deg330 deg22 ⇒⇒ ffcc <   75<   75

2500 deg2500 deg22 ⇒⇒ ffcc <   10<   10



IIII. Faint Sky Variability Survey @ La Palma   . Faint Sky Variability Survey @ La Palma   
2.5m Telescope (INT)2.5m Telescope (INT)

General: General: 
•• PI: E. van den PI: E. van den HeuvelHeuvel
•• 1998 1998 -- 20012001
•• 4 2kx4k 4 2kx4k CCDs CCDs Wide Field CameraWide Field Camera

field of view:  33'x33' field of view:  33'x33' 
plate scale:     0.333 ''/pixelplate scale:     0.333 ''/pixel

•• data reduction: data reduction: Groot Groot et al. 2003et al. 2003

Aim: Aim: 
•• photometric andphotometric and astrometric astrometric variablevariable
objects at V=16objects at V=16--24mag24mag

•• time scales between 24min and time scales between 24min and 
several days (+ yearly)several days (+ yearly)

•• 78 fields @ mid78 fields @ mid-- & high galactic latitudes& high galactic latitudes
(~21 deg(~21 deg22))

•• BVI colorsBVI colors
•• MoralesMorales--Rueda Rueda et al. 2006, MNRAS sub.et al. 2006, MNRAS sub.



χχ22 Variability AnalysisVariability Analysis

A(t)= A(t)= γγ + K sin ( 2+ K sin ( 2ππ (t(t--tt00) / P )) / P )

deviation of individual measurements from mean source brightnesdeviation of individual measurements from mean source brightnesss

(Morales-Rueda et al. 2006)

nonnon--variablevariable short time variableshort time variable

Fraction ofFraction of STVsSTVs

•• 173276 sources total173276 sources total
•• 1% have short timescale 1% have short timescale 

variabilityvariability
•• 3.5% at blue end 3.5% at blue end 



Floating Mean Floating Mean PeriodogramPeriodogram
A(t)= A(t)= γγ + K sin ( 2+ K sin ( 2ππ (t(t--tt00) / P )) / P )

•• amplitude & timescale for sinusoidal variabilityamplitude & timescale for sinusoidal variability
•• KK//δδV andV and NNobsobs dependentdependent

(Morales-Rueda et al. 2006)

RRRR Lyr candLyr cand..

subdwarf B cand.



timescale and amplitude distribution for 219 sources (timescale and amplitude distribution for 219 sources (ΔΔP < 10%, P < 10%, ΔΔK<10%)K<10%)

(Morales-Rueda et al. 2006)

•• bimodality at 43min & 2.9hrs bimodality at 43min & 2.9hrs 
•• 51% P < 6 hrs51% P < 6 hrs
•• 20% 6 hrs <  P < 1 d20% 6 hrs <  P < 1 d
•• 19% 1 d < P <  4 d19% 1 d < P <  4 d
•• 10% 4d < P  10% 4d < P  



LaLa Silla Silla -- WFI:WFI:
•• RR--band survey for orphan afterglows band survey for orphan afterglows 
•• 12 deg12 deg22 in up to 25 nights, R<23in up to 25 nights, R<23
•• 4 candidate transients (1x CV?, 1x FS?,  1x DN?, 1?)4 candidate transients (1x CV?, 1x FS?,  1x DN?, 1?)
•• ffcc<12500<12500
•• future survey strategy: future survey strategy: -- every two nights over 150 nights  of  50 degevery two nights over 150 nights  of  50 deg22

(330, 2500) (330, 2500) ⇒⇒ ffcc < 500 (75, 10)< 500 (75, 10)
-- immediate followimmediate follow--up necessaryup necessary

SummarySummary

La Palma La Palma -- FSVS:FSVS:
•• VV--band survey for faint variability on timescales of 24min to seveband survey for faint variability on timescales of 24min to several   ral   
daysdays

•• 21 deg21 deg2 2 down to V=24down to V=24
•• 1% off all sources variable, 3.5% at (B1% off all sources variable, 3.5% at (B--V) < 0.38V) < 0.38
•• orphan afterglows & other oneorphan afterglows & other one--time eventstime events→→ Vreeswijk Vreeswijk et al. in prep.et al. in prep.




