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GRB with the XSHOOTER : first results

Susanna D. Vergani (GEPI-APC-IAP) On behalf of the X-shooter GRB collaboration
Special guests: S. Savaglio, P. Petitjean

Toulouse - 23 Septembre 2010 Atelier: Les sursauts gamma avec Fermi, Swift et X-Shooter : situation et perspectives
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XSHOOTER: 2nd Generation instrument @ VLT

3 echelle spectrographs

Full range 3000 — 24000 A in a single shot
Resolution 5000 — 10000

Slit length 11"

Integral field unit 1.8" x 4"

m(AB)~21 (1h, SNR=10; K(AB)~19)

UVB VIS NIR

Slit R Sampling Slit R Sampling Slit R Sampling
width MAN  [pixIFWHM] | width  A/AA [PiIX/FWHM] | width A/AA [pPiX/FWHM]
0:5 9100 3.5 0.4 17400 3.0 0.4 11300 2.0

0.8 6200 5.2  J 4 11000 4.8 0.6 8100 2.8

1.0 9100 6.3 0.9 8800 6.0 0.9 5600 4.0

1:3 4000 8.1 1.2 6700 7.9 j 57 4300 5.3

1.6 3300 9.9 15 5400 9.7 15 3500 6.6

IFU 7900 4.1 IFU 12600 4.2 =1 8100 2.8
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Raw calibration data
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Open to the ESO community: October 2009
Consortium GTO time: partly dedicated to GRB science

GTO to study GRB afterglow spectra
PI : J. Fynbo

French-Italian GTO to study GRB host galaxies
PIs : Silvia Piranomonte (INAF-Rome) / Hector Flores (GEPI-Paris)



The X-shooter/Swift GRB afterglow legacy survey

Goal: Construct a well-defined, statistically useful sample of GRBs with
measured redshifts, metallicities, molecular content, and extinction
curves

Large collaboration: Danemark Italy Netherland & France
Pl: J. Fynbo

With the X-shooter survey we expect to provide:
‘Metallicity (we have measured metallicities for 4 GRB afterglows)

Study important element as Znll, Crll and o elements over a much
wider redshift range.

*GRB afterglows allow investigation of random foreground
absorbers, complementing QSO.

‘Reconciling the abundance patterns of GRB absorbers and other

types of absorbers will be a major goal (see also Fynbo et al.
2008, ApJ, 683, 321).



Sample criteria (ToO).

* GRB triggered onboard by Swift.
* Galactic A, < 0.5 mag.

* XRT started observing within 10 minutes since the GRB; an XRT position
must be distributed within 12 hr.

* The target must be visible for at least 60 min at least 30° above horizon,
with the Sun below -12°.

* No bright closeby stars.

Trigger criteria (RRM).

The robot sends a trigger if at the moment of the GCN notice the GRB if:
* Galactic A, < 1.0 mag.

* Error radius < 60".

* No limit on declination.

* No constraint on Moon phase or distance.

* Elevation in the sky > 22° (both now and 15 min after the trigger).
* Sun elevation < -12° (both now and 15 min after the trigger).

* The X-ray position must be available less than 1 hr after the GRB.




Organization:

Burst activator in each country

French BA : S. Vergani P. Goldoni & H. Flores
Example:

Time period Burst Advocates (BAs)

Oct 1-5 Valerio D'Elia + Antonio de Ugarte Postigo
Oct 5-12 Daniele Malesani + Justyn Maund

Oct 12-19 Andrew Levan + Nial Tanvir

Oct 19-26 Hector Flores + Paolo Goldoni

Oct 26 - Nov 2 Pall Jakobsson + Daniele Malesani
Nov 2-9 Susanna Vergani + Klaas Wiersema
Nov 9-16 Paolo D'Avanzo + Silvia Piranomonte
Nov 16-23 Jens Hjorth + Paul Vreeswijk

Nov 23-30 Angelo Antonelli + Stefano Covino
Nov 30 - Dec 7 Johan Fynbo + Darach Watson

GCN: Only if object is identified




An high z GRB observed with X-Shooter

measured a metallicity of 0.1 solar for the z = 4.669 GRB 100219A in P84

(the highest absorption line metallcity determine reliably for any class of
objects to our knownledge).

Reconciling the abundance patterns of GRB absorbers and other types of
absorbers will be a major goal (see also Fynbo et al. 2008).




Status:

P84: Only eight bursts fullfilled the trigger criteria. Four of
these could not be observed because of weather, mirror-
recoating, or visitors. The low number of triggers is a result
of an unusual low number of well-localized Swift bursts
observable from Paranal.

Papers in preparation:

GRB091018 (Wiersema et al.),

GRB091127 (Vergani et al.),

GRB100219A (Th'one et al.),

GRB-SN GRB100316D (paper led by Bufano).

P85: 15 bursts have full-filled our trigger criteria, but 7
could not be observed due to bad weather (4), visitors (1),
technical problems (1), and faintness of the afterglow (1).
Papers are in preparation:

Papers in preparation:

GRB100418A (de Ugarte Postigo et al.),
GRB100425A (Skuladottir et al.),
GRB100621A (Watson et al.),

GRB 100814A (Vergani et al.).

13 GCNs



GRB 090313 (Z= 3.3 7): X-shooter's first shot at a gamma-ray burst (De Ugarte Postigo et al. 2010, A&A)
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GRB 090313:

X-shooter's first shot at a gamma-ray

burst
Asta Feature z EW.rn
(A) A (A}
Host galaxy at z = 3.37
569571 O11302.17 337402 03620.11
570596  SillR1304.37 337450 0358x0.12
ClA1334.53
SE3999  CH*A133566 337413 088x0.12
CH*A1335.71
6096.13  S1IVA139375 337389 1.14x0.13
613508 S:IIVAN02T7 337354 1031010
667824  SilIR1526.71 337428 095008
67TN31  CIVAIS48.19 337303 091007
678167 CIVARISS5077 337310 039006
T03595 FellileOBA4s 337437 062006
TIORAT  ALILAIGTO7Y 337427 129006
B111.69  AINAISS4T2 337355 0712004
814686 AIINAIS62.79 337347 0562005
901961  CriLi206223 337371 0142002
103859 Felli2d7446 337401  1.12:0.10
104209  Felli2382.77 3378 1112017
11312.1 FelLi2586.65 337126 1212049
113475 MnllA25%474 337327 1042014
113722 Felli2600.17 337363 12920.11
122337 MglA279635 337486 194+0.15
12267.9 MglIlA280353 337588 190+0.13
124765 Mgli2852%6 337317 03512005
172072 Calla393478 337311 1212006
173596  Calldl96959 3373114 0452004
~ Intervening system at 7 = 1.96

693793 Felli2d4d2l 195960 0.15:004
705226  Felli2382.77 195964 018004
T6U564 Felli2600.17 195966 031004
827648 MgllA279635 195974 0350003
BI9748  MgILI2B0353 19595 0592005

~ Intervening system at 7 = 1.80
667345  Felli23s277 180072 0342005
T2H) 68  Felli2586.65  1.79925 048006
728021 Felli2600.17 179989 067007
TRIBT  MgllA279635  1.BOD3Y 135x0.10
TRASOT  MgILA2B0353 1.79970 131008

TUBTSE  Mgli285296 179974 048008

Spectrum from 570 to 2300nm: 2 inter. System
detected

Determination of column densities



GRB 090926A

(D’Elia et al. 2010, A&A)

study the environment and intervening absorbers

10x10% 1.2x10" 1.4x10° 1.6x10" 1 8x10* 20x10* 2 2x10* 2.4x00°
Wavelength (A)

Table 4. Redshifts, absorption line column densities and
equivalent widths for the intervening systems.

Species  Transition . Redshill  log (Nem ) EW, (A |
1 CIV  1548,1550 18466 1370+003 015004
1 HI Lya 15466 1464+ 0.04
2 CIV  1548,1550 1.7986 1363+003 O0.11+003
2 HI Ly 17986 14.56 + 0.07
3 CIV__ 1548,1550 17483 1390+ 002 0.21 %003
3 HI Lya 1.7483 1498+ 041
4 Mgll 27962803 12456 1239+ 0.05  0.19£0.06
4 Mgl 2852 1.2456 1147 +0.13

“ Rest frame eguivalent widths for Mg Il 22796 and CIV 21548; EW

errors are given at the 2o confidence level.

Normakmd Y

o5

Fig.5. The Lyg@ (top pancl) and Lya (bottom panel) absorption
features at the GRB 090926A redshift. The dashed lines repre-
sent the single Voigt component, best fit model, centered at the
redshift of the red component (2 = 2.1071) of the metallic lines.



GRB-SN GRB100316D
Discovery of the nearby long, soft GRB 100316D with an associated supernova

(Starling et al. 2010, arXiv)

o { GRE 1003160
57| GRB 070129
2 2 { I GREB 060029
Fer— % &l Similar to GRB060929
2 ey g,
S ‘[ T m'*‘tr* ! But
’ ——p— .
= - T AN GRB-SNe host galaxies shows a great
z OF m f oy, diversity in the environments.
O A | n A i
1(‘)3 1000 1;; 100 E‘

time since tngger (s)

Figure B. Upper panel: Xoray light curves in flux density at 1.7
keV agaiost time sinoe trigger for a sample of Swft XRT obscerved
very long promapt emission duration [>400 s) CRIs [excleding
060218). Lower panel: (1510 keV)/(0.5-1.5 keV] hardness ratios
ferived from the XRT count rate light curves.



GRB-SN GRB100316D
Three epochs follow-up with X-Shooter

= RENSA

LML_L_J.L- - N N

X-Shooter UVB + VIS spectrum

Same metallicity in two epochs:

Ongoing analyses



Xchooter X-Shooter:French Italian GTO program

GTO The physical properties of the GRB host galaxies
Pl: S. Piranomonte (l) H. Flores (F)

More than 10 z>1 GRBs observed using the slit mode and 5 low z
using the IFU mode.

GOAL : Study the Integrated properties (longslit) or map (IFU)of long
GRB host galaxies

vVelocity field and sigma map
v Electronic density

v Extinction @

v'Metal content D
v'SFR

vEtc ... \ I



Summary:

First of all: X-Shooter works !! ESO pipeline works for slit mode.

Ongoing GTO Legacy survey is a successfully collaboration: 8 papers
In preparation

High-z: First run reduced and paper in preparation (See S. Vergani
talk )

Low-z : IFU data reduction: pipeline under construction




French-Italian GTO to study GRB host galaxies
PIs : Silvia Piranomonte (INAF-Rome) / Hector Flores (GEPI-Paris)

Slit spectroscopy: z = 1 host galaxies

+ Extend emission lines spectroscopic host galaxy studies to high z:
SFR, extinction, metallicity... (e.g. Savaglio et al. for z<1)

+ Comparison with GRB-DLAs

+ Comparison with surveys of galaxies

Balmer lines, [OII] and [OIII] doublets, [NII], [Nelll], ....
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New instrument : first selection based on galaxies with one or more emission
lines already detected in the optical

GRB 021004 z~2.3

GRB 011211 z~2.1

GRB 070506 z~2.3
GRB 050820 z~2.6
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STIS image / Narrow—band contours
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GRB 021004
One of the best studieded GRB

Afterglow light curve sampled from X to radio
VLT/UVES afterglow spectrum (and many other)
Lyman-alpha emission in the afterglow spectrum :

HST host galaxy observations UVB to NIR (Fynbo et al. 2005):
m_r= 24.4
Blue starburst galaxy

Tentative [OIII] and H-alpha VLT/ISAAC detections
(Castro-Tirado et al. 2010)

SCUBA observations (Tanvir et al. 2004):
no detection



Preliminary results (Vergani et al. in preparation)
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Ly~alphav=0111

[OII1]

Shift of about
70 km/s
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XSHOOTER
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GRB 021004 z=1.3800 GRB 021004 z=1.6026
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Excess qf strong MglIl'absorbers along GRB lines of sight

Prochter et al. 2006; Sudilovsky et al. 2007; Porciani et al. 2007 Cuc€hiara et aI 2009;
Vergani, et al. 2009 TeJos et aI 2009 i ~
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Slit UVB 1.0" R=5100 t_exp=4800
VIS 0.9" R=8800 t_exp=4800
NIR 0.9" R=5100 t_exp=5200

Slit UVB 1.0" R=5100 t_exp=3600
VIS 0.9" R=8800 t_exp=3600
NIR 0.9" R=5100 t_exp=5200

Slit UVB 1.6" R=3300 t_exp=4800
VIS 1.5" R=5400 t_exp=4800
NIR 1.5" R=3300 t_exp=5200
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[OIII] 5007 A

; galaxy ‘A’ ——>

host—

Interactions between the host and ‘A’ ?

High velocity absorbers: outflowing gas ?

No detections of intervening absorbers counterparts
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