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ABSTRACT

Context. The Public European Southern Observatory Spectroscopiepwf Transient Objects (PESSTO) began as a public spacipic
survey in April 2012. PESSTO classifies transients from jglibavailable sources and wide-field surveys, and sel@ithse targets for detailed
spectroscopic and photometric follow-up. PESSTO runs foe months of the year, January - April and August - Decembelusive, and
typically has allocations of 10 nights per month.

Aims. We describe the data reduction strategy and data produattar publicly available through the ESO archive as the tBpmopic Survey
Data Release 1 (SSDR1).

Methods. PESSTO uses the New Technology Telescope with the instiisniEFOSC2 and SOFI to provide optical and NIR spectroscopy an
imaging. We target supernovae and optical transients tetighan 20.3 for classification. Science targets are selected for felipbased on the
PESSTO science goal of extending knowledge of the extreifnig supernova population. We use standard EFOSC2 setrapislipg spectra
with resolutions of 13-18A between 3345-9995A. A subsetef tirighter science targets are selected for SOFI speoppseith the blue and
red grisms (0.935-2.58n and resolutions 23-33A) and imaging with broadbdhiK; filters.

Results. This first data release (SSDR1) contains flux calibratedtsppérom the first year (April 2012 - 2013). A total of 221 confied supernovae
were classified, and we released calibrated optical spanttaclassifications publicly within 24hrs of the data beiaken (via WISeREP). The
data in SSDR1 replace those released spectra. They haveeatiabte and quantifiable flux calibrations, correctiontturic absorption, and are
made available in standard ESO Phase 3 formats. We estineasdsolute accuracy of the flux calibrations for EFOSC2sactioe whole survey
in SSDR1 to be typically15%, although a number of spectra will have less reliablelabs flux calibration because of weather and slit losses.
Acquisition images for each spectrum are available whitlprinciple, can allow the user to refine the absolute fluxbcation. The standard NIR
reduction process does not produce high accuracy absgeattérsphotometry but synthetic photometry with accompanyHKg imaging can
improve this. Whenever possible, reduced SOFI images axédad to allow this.

Conclusions. Future data releases will focus on improving the automateddélibration of the data products. The rapid turnaroungveen
discovery and classification and access to reliable pipglincessed data products has allowed early science papbesfirst few months of the
survey.

Key words. Instrumentation: spectrographs — Methods: data analyBéchniques: spectroscopic — Surveys — supernovae: general

1. Introduction

The search for transient phenomena in the Universe has en-
* Based on observations collected at the European Orgamisati  tered a new era, with the construction and operation of ded-
Astronomical Research in the Southern Hemisphere, Clilpast of icated wide-field optical telescopes, coupled with large fo
programme 188.D-3003 (PESSTO) mat digital cameras and rapid data analysis pipelines. The ¢
** Wwww. pessto.org rent surveys in operation with 0.7 - 1.8m aperture wide-field
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telescopes combined with cameras covering 5-10 square tlansient Universe — and the physical diversity discovéned
grees that are actively searching for transients are theniRal far is challenging the paradigms we hold for stellar deaths.
Transient Factor PTFM%MOQ), the Pan-STARRStLis likely that we are witnessing the diversity in the tran-
survey (PSJ&- 10), the Catalina Real Time&urvsient Universe that depends on stellar mass, metallicita-b
(CRTS:;| Drake et al. 2009), the La Silla QUEST survey (LSQity, mass-loss rates, and rotation rates of the progesystems.
.L.2013), and the SkyMapper surVMﬁbt aHowever the biggest challenge in the field is now linking tiee d
[2007). With exposure times of 30-60 seconds, these surays coveries to rapid spectroscopic and multi-wavelengtiofelup.
reach magnitudes between 19-21, and can each cover aroBfé has discovered and spectroscopically classified 2288 tr
1000 - 6000 square degrees per night depending on the tpkesceients over the years 2010-2012, which made up 25-50% of alll
Each survey runs transient object detection pipelined) dift SNe found and classified in this periOlS). P& h
fering methodology, but a common factor amongst the survegiscovered over 4000 transients, with spectroscopy of 1.
is the requirement for rapid spectroscopic observationseof many transients go unclassified and wide-field searchesein th
transients. The simplest initial characteristic of a transthatis south are only just beginning. Furthermore, we will sooreent
immediately required is distance, to provide an estimatnaf- the era of multi-messenger astronomy, which aims to link-ele
ted energy, albeit initially in the narrow wavelength regad the tromagnetic detections to gravitational wave, neutrimal, laigh-
optical domain. energy cosmic ray sources (O’'Brien & Smartt 2013).

The PTF built dedicated fast follow-up into the factory el- In response to the first call by the European Southern
ement of the project from the outset, successfully comiiniObservatory (ESO) for public spectroscopic surveys, amticpa
transient detection on the Palomar 1.2m Schmidt with spectularly prompted by the opportunities provided by the La&Sill
scopic follow-up on accessible 2-4m telescopes withirrtt@n- QUEST and SkyMapper surveys, we proposed PESSTO (the
sortium. (e.d. Rau et Al. 2009; Gal-Yam ef al. 2011; Nugeat et Public ESO Spectroscopic Survey of Transient Objects)s Thi
2011). PS1 has concentrateftoets on higher redshift regimes,built on the work and broad european consortium gathered to-
covering similar volume to PTF’s imaging survey with its 1@ether in the ESO Large Programme "Supernova Variety and
Medium Deep fields, daily cadence, and follow-up on 4m, 6riucleosynthesis Yields” lead by S. Benetti gESO 184.D-1140

and 8m telescopes (e%aﬂtmumm&et 3D nightgyr allocated at ESO- NTT; e.g. s t al.
12011; Berger et al. 2012; i etlal. 2012). Other projaxs 2013). PESSTO was accepted by ESO as one of two public sur-

using smaller aperture~0.1-0.4m) telescopes or cameras tgeys, the other being the GAIA-ESO survey using FLAMES
cover wider fields to shallower depths. The MASTER projean the Very Large Telescope. PESSTO was awarded 90 nights
employs a number of 40cm telescopes and 7cm cameras inee year on the New Technology Telescope (NTT) initially
northern hemisphere, finding optical transients down2@ mag for two years, which has been renewed to four years (2012-
(Lipunov et all 2010). The ASAS-SN projectis now running tw@016). The science goal of PESSTO is to provide a public
14cm telescopes in the northern and southern hemisphares, spectroscopic survey to deliver detailed, high-qualitpet se-
cessfully finding transients brighter th&h~17 Me%ﬂal. ries opticakNIR spectroscopy of about 150 optical transients
2014) with the aim of being all sky to approximately this fluxcovering the full range of parameter space that the surveys
limit. The very successful OGLE project is now producing exaow deliver : luminosity, host metallicity, explosion meeh
tragalactic transients in its700 square degree footprint of thenisms. The PESSTO team is composed of the major super-
OGLE-IV survey with a 1.3m telescope and 1.4 square degneevae research teams in the ESO community and rapid ac-
field of view (Koztowski et all 2013; Wyrzykowski et ‘al. 2014) cess to the reduced data is an integral part of the project. To
Between them, these synoptic surveys are discovering ndate, ten papers based primarily on PESSTO data have been
classes of transients that challenge our ideas of the ghysic accepted in refereed journals (Fraser et al. 2013; Maunid et a
stellar explosions. The long running and very successfattne [2013;[ Childress et al. 2013; Valenti ef al. 2014a; Benetilet
supernova (SN) searches of LOSS (Li éf al. 2011; Leaman et2014; | Inserra et al. 2014; Valenti et al. 2014b; Maguire et al
@E.')L_i) and CHASEL(Pignata et al. 2008), are aided by the la@@13; Scalzo et al. 2014; Nicholl et/ al. 2014)
community of well equipped and experienced amateur as-
tronomers throughout the world who have also increased thei
detection limits to provide some critical scientific datad®.g. 2. Description of the survey and data reduction
K. Itagaki’'s contribution td Pastorello etlal. 2007). Thésve pipeline
targeted bright galaxies (within abostl00 Mpc,z < 0.025)
for the obvious reasons that they host much of the mass @@ESSTO is allocated 90 nights per year, in visitor mode, on
star formation in the local Universe. The SN population iesth the ESO NTT. There are no observations planned during the
galaxies are well studied (Li etlal. 2011), and the progestrs months of May, June, and July because the Galactic centre is
of many core-collapse SNe have been discovéEidL_(_gm 2080 optimal right ascension. These three months make it more
leading to physical insights into the explosions and thgend-  difficult to search for extragalactic SNe and there is large time
tor population. However, surprises still appearinthe:te%o- pressure from the ESO community for Milky Way stellar sci-
cused surveys such as the faint hydrogen poor i etence. PESSTO is typically allocated 10 nights per monttt spli
12009} Kasliwal et dl. 2010). The origins of some of these &e dinto three sub-runs of 4N, 3N and 3N. The middle sub-run is
puted and it is not clear if they are thermonuclear explasiwin  usually dark time, while the two others are gtayght with the
white dwarfs or related to core-collapse. The nature otfaem- moon up for around 50% of the time. The instruments used are
sients such as that in M85, which are between 1-2mags brighE0OSC2 and SOFI and both spectroscopy and imaging modes
than classical novae, have been suggested as potentlal stare employed. The PESSTO collaboration host public welpage
mergers rather than SNe (Kulkarni etlal. 2007). which includes information on night reports, observing dien
The new wide-field transient searches discover transietitsns, observing with the NTT and instructions for downled
with no galaxy bias and fainter limiting magnitudes, andb@o the data reduction pipeline. This information is udpatedray
shorter timescales. This has opened up a new window on the survey and users should read this document with the-infor
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mation on www.pessto.org and the wiki pages that the honepag in E/SO galaxies and in the halos of spirads{ 20 kpc) from
points to. the nucleus; enhanced star formation environments such as
Arp galaxies -interacting systems or tidal galaxy tails or

) laxies whi i .
2.1. Target selection and strategy galaxies ch have hosted multiple SNe

We have built a web-based data aggregator that works to pool The breakdown of the targets from the various feeder surveys
various institutional and transient survey websites, gémte as- is shown in Fid.l for the first year, which covers the first publ
tronomical transient alert resources such as The Astrormmeéata release. PESSTO formally collaborates with the La-Sill
Telegram (ATelf] and the IAU Central Bureau for ElectronicQUEST (LSQ) Low Redshift Supernova Survéy (Baltay ét al.
Telegrams (CBETR services. This aggregator (tHRESSTO [2013) which operates as part of the La Silla-QUEST Southern
Marshall), cross-correlates all transient event metadata comikigmisphere Variability Survey (Baltay et al. 2012). The 4160
from these various sources, grouping duplicate objecisthay, megapixel QUEST camera s installed on the ESO Schmidt tele-
and presenting the user with a detailed overview of whatiis ciscope, providing a sensitive pixel area of 8.7 square degnee
rently known about each transient event. it uses almost all of the Schmidt telescope time. The pixaksis
The PESSTO Marshall also provides a structured workflo¥/88 and the system gets to a depth of arourftliB@0s through
which allows users to both promote objects they wish to be cla& wide-band filter that covers the SD§$r bands. This magni-
sified with the NTT and to track observations of objects thdyde limitis well matched to the capability of the NFEFOSC2
have chosen for detailed follow-up. The Marshall also worker obtaining spectra with signal-to-noise of greater th&nin
well as a collaboration and communication platform for theypically 20 min exposures. The LSQ survey repeats a sky area
PESSTO community, allowing users to comment on objects thigyice per night to remove bogus objects and asteroids, and in
are interested in, to append useful object metadata, ®ttair this way 1500 square degrees is typically covered each .night
intentions about individual objects and to provide obsena Fig[l shows the source of targets for PESSTO classification
the NTT with detailed instructions as to what observatitveyt from April 2012-2013 illustrating the extensive use of the t
require. LSQ survey targets. The Catalina Real-Time Transient Surve
The major science goal of PESSTO is to extend the detailgaRTS@tgﬁLZ_Qm) is another very useful source of tar-
time series data for unusual and rare transient events tiakt c gets for PESSTO, as again the survey depths are well matched
lenge our understanding of the two standard physical mechi@PESSTO spectroscopic capabilities and the wide-fielctbea
nisms for SNe : core-collapse and thermonuclear. Furthexmong produces large numbers of transients that can be filfered
nearby supernovae allow for more detailed study such agprogobjects at the extreme end of the supernova luminosityiloistr
itor detections and multi-wavelength (x-ray to radio) éeitup tion (e.g.Drake et al. 2010; Pastorello et al. 2010; Inserg.
that probes both the explosion mechanisms and shock phy<@13) and luminous transient events in the cores of galaxies
To this end, the PESSTO collaboration has formed Scie .2011). PESSTO also parses the OGLE-IV trahsien
groups who study the classification spectra and promotetsardist which is very useful as the declination of the fields awad
to “PESSTO Key Science Targets” on the basis of them fallingd0 to—-80 degrees, allowing the NTT to point in this direction
into these areas. PESSTO takes input sources for classificaguring wind restrictions and providing targets availalaelbng
from all publicly available sources, and has partnershigsar- observational seasons. The other sources of targets asnseen
ticular with the La Silla QUEST, SkyMapper and OGLE-IV surFig[l are the amateur reports which are posted on the Central
veys for access to its targets as early as possible. Thecfabli  Bureau's “Transient Objects Confirmation Pafjethe Chilean
of CRTS targets has also proved to be a very valuable soufs¢tomatic Supernova Search (CHA%& and
of targets. PESSTO employs a magnitude limit for classificat @ small number of targets from MASTE 010)
of 20.5 inBVRor unfiltered CCD magnitudes and particularlyand TAROT m&. Targets from the Survey from
looks to prioritise targets according to the following eria Pan-STARRS1 survey have also been classified, mostly dur-
ing the second year of operations (Smartt et al. 2014). In the
— Distance (j < 40 MpC) and very h|gh priority for Candidatesfuture, PESSTO plans further exploitation of targets froma t
with d < 25 Mpc SkyMapper survey (Keller et Al. 2007). Although we have a for
— Young phase : non-detection at7 days, or fast rise time mal partnership and agreement to access the SkyMappetstarge
(> 0.5magday) or sharp drops in magnitude over sho@s soon as they are discovered, this survey was not funogami
timescales full science survey mode during the period covered by tha dat
— Luminosity extremes : objects with expectéld< —19.5 and in this paper. We also intend to exploit the transient striieety
M > —155. This is dificult to implement as the distance oito be produced by the ESA GAIA mission (“GAIA alerts”, see
redshift of the host is required, but when possible it is usediodgkin et all 2013).
— Fast declining light curvesAfnag> 1 mag5days) or very One of the goals of PESSTO is to provide early spectra for
slow-rising light curvestfise > 30 days) both fast classification and for probing the early explosioh
— Variability history - for example pre-discovery outbureth supernovae. The earlier an object can be classified, the opere
as SN2006jc, SN2009ip, SN2010mc (Pastorello gt al.|20@Rrtunity there is for the community to observe it with multi
1 Fraser et 8l. 20113; Ofek eflal. 2013) wavelength facilities in the interestil?_i%arl hases @vadays
— XRF & GRB alerts : these have not yet been observed, bafter explosion (e.d. Soderberg et et al.|20a3)
cause of a lack of targets at the right magnitude and avagiauge how the first year of PESSTO progressed, we compare
ability the phases of the first classification spectra taken by PESSTO
— Peculiar host environments : for example low-luminositgf La Silla-QUEST targets, with the Palomar Transient Facto
galaxies:Mg > —18 or hostless transients; remote location® Figl2 (Maguire et &l. 2014). We chose type la SNe for this
comparison as they have well defined rise times, are the most

1 httpy/www.astronomerstelegram.org
2 httpy/www.cbat.eps.harvard.efbbefRecentCBETs.htm 3 httpy/www.cbat.eps.harvard.etlsnconftocp.html
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MASTER (1.5%) Type Number Per Cent
TOCP/Amateur (9.9%) |a 130 47
la-pec 16 6
OGLE (5.5%) I 39 14
CHASE (3.3%) IIn 21 8
b 2 1
Ib 2 1
Ic 11 4
SN uncertain 5 2
CRTS (19.0%) . AGN 3 1
LSQ (60.2%) galaxy 13 5
stellar 11 4
TAROT (0.7%) unknp\{vn 10 3
not visible 11 4
Total 274 100

Fig. 1. Left : Breakdown of the source of targets for PESSTO classificafiamm April 2012 to April 2013. The details of the survey
names are in the text in SéctPRight : classification types.

common events found in magnitude limited surveys and can the PESSTO survey members and the public (see Thble 1 and
typed to within a few days (type Il SNe are hard to date frof for the fixed set-ups). The PESSTO consortium has devel-
explosion, since the rise time takes hours to days if thegmwog oped a data reduction pipeline, written pythonby Stefano

itor is an extended red supergiant, and the peak is not a weéllenti, with input from other members and based on the basic
defined epoch in this case). This shows that we recover typepighon packagesumpy pylah pyraf, pyfits The pipeline pro-
SNe down to around 10 days before peak. There is some unairees fully reduced, flux calibrated spectra (1D and 2D irspge
tainty in the dating of spectra as this epoch, but itis enagimg for both EFOSC2 and SOFI and reduced images for EFOSC2
to see that we can recover SNe competitively at these epgchsabd SOFI on which photometric measurements can be made (a
combining immediate exchange of information between Lka Silnominal zeropoint is provided as discussed below). Thisljip
QUEST and PESSTO. There is an obvious peak in both survéypublicly available on the PESSTO wiki, with instructicios

at phase= 0 which is simply a labelling fect. Observers tend installation and use. All the data released in SSDR1 hava bee
to label SNe which are close to peak magnitude as being fabcessed through the pipeline and indeed all subsequéat da
peak” and therefore havinghase= 0. Spectroscopically dat- releases will be similarly processed. The following sewide-

ing type la SNe which are within a few days of peak magnituderibe the instrument set-ups, calibrations and data [isdie-

is not accurate to within about3-5 days. Hence there is a hu{ivered including details on the header keywords employed t
man tendency to label these witthase= 0. With the hindsight assist the user in interpreting the calibrated data.

of lightcurves one can of course pin down the maximum light In the first year of PESSTO and for SSDR1, we have not
phase and then the true date of the first spectrum, but thephdscused on high accuracy absolute spectrophotometryalieli
plotted here typically come from spectroscopic dating ohly relative flux calibration is essential for supernovae anddient
reality this peak should be smeared out within abebtdays science, but for general classification and screening atesol
around thephase= 0 epoch. Where PESSTO could do bettegpectrophotometry is not critical. We placed more imparéan
and where PTF has excelled, is in very low redshift earlyalisc on screening and classifying as many targets as possillerrat
eries i.e. the bottom left corner of the right hand ?anel %%:I than higher accuracy calibration of fewer objects. FoioiwHup
This is an area for rich scientific exploitation ( . targets, the standard methods of improving spectrophdtgme
[2011;[Gal-Yam et al. 2014). PESSTO publicly releases the filavolve correcting the spectra with photometric measuresie
spectrum of each newly classified transient object it okeseiv  from time series lightcurves. Since most of the PESSTO seien
reduced, flux calibrated form via WISeREEfYaron & Gal-Yarh targets do not yet have a fully calibrated lightcurve, weehagt
2012). The raw data for every PESSTO observation are imnurrected the spectra in bulk with this method. Discussidhe
diately available to the public once they are taken, via tB®E accuracy and reliability of the absolute flux scales is pres
Archive. This includes the raw data for all classificatioe&pa, in Sect[3.B and future data releases will focus on improthisy
imaging (including acquisition images), follow-up specand

all calibration frames. The only delay is the time taken tpyco

data from La Silla and ingest into the ESO Garching archivd PESSTO EFOSC2 spectroscopic observations

which is typically minutes to hours. We release final reduced and calibrations

data of the science follow-up targets during yearlyaial data
releases. the first of which ispSSIgRl. g yearly The ESO Faint Object Spectrograph and Camera 2 (EF@SC2)

has been mounted at tHi¢11 nasmyth focus on the NTT since
2008. It is a focal reducer which uses multi-layer coateH, al
2.2. PESSTO Data reduction pipeline transmission optics (i.e. no reflecting surfaces). THOFEam-

! ) era has a focal length of 200mm, which provides a pixel scale
PESSTO uses fixed set-ups for EFOSC2 and SOFI which allgywgr12 pixL, for detector pixels of 1m physical size. As de-

reduced data products to be provided rapidly and uniforly §criped in the EFOSC2 manual, the filter and grism wheels are

4 httpy/ httpy/wiserep.weizmann.ad.il 5 httpy/www.eso.orgscifacilities/lasillg/instrumentgefosc.html
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Fig. 2. The phase of type la SNe at first spectrum taken with PESSTSulRdrom the Palomar Transient Factory (over 2009-2012)
are in grey or black (data from Maguire et/al. 2014), with PES%ind La Silla QUEST targets in red.

located in the parallel beam, between the collimator anddne  3.1. Detector characteristics : bias level, gain and readnoise

era which means that the EFOSC2 focus is quite stable and d?ﬁ% EFOSC2 chip, CCD#40, is always used by PESSTO in

\r/]v(z)atvirlgtnzghnglrcc?gstgr\?isrmg fmuggg(.)n of temperature, rotatogle, Normal readout m_o_d_e a_nd>22 binning (Mode 32 as defined
by ESOE) All acquisition images are also taken in this mode. At
the beginning of the PESSTO survey and during April 2012, we
began with the EFOSC2 default acquisition Observation Igloc
(OBs) which use Fast readout mode for acquisition imageis. Th
o o ) . is immediately visible to the user as Fast readout mode uses
As an all-transmission optical instrument, the dispersieg  two amplifiers and the frame shows a split appearance with two
ments are grisms, providing a fixed wavelength coveragerdepfalves of the chip having fierent bias levels. This readout mode
dent on detector size and camera beam width. Despite the lafghs never used for PESSTO science frames and from August
number of grisms available, PESSTO uses only three defapif12 onwards, PESSTO has uniformly used Normal readout
settings for EFOSC2, listed in Talle 1. The CCD on EFOSGRode for all acquisition frames (except in a few occasions be
is ESO#40 which is a Loral Lesser Thinned AR coated, U¥ause of OB selection error). In this section we presentazhar
flooded detector with 2048 2048 1um pixels and driven with terisation checks of the CCD only in Mode 32 : Normal read-
an ESO-FIERA controller. PESSTO uses the CCD in Normg|t mode and 22 binning. The CCD has a physical size of
readout mode with & 2 pixel binning giving 2-dimensional sci- 20482048 pixels. With 12 pixels of prescan and overscan this
ence images with 10241024 physical pixels, which have a platgesults in a 20602060 pixel FITS image, or a 1030030 pixel
scale of 024 pixel . The CCD is never windowed for PESSTOF|TS file after binning. Hereafter, all pixel coordinategereed
observations, hence the field size i§ % 4.1 arcmin. The low- tg will be on this 103&1030 reference frame.
est resolution setting (Gr#13) of 17.7A has the broadesewav  The pias level of CCD#40 on EFOSC2 appears to be sta-
length coverage and is the default setting for classificajmec- ple to within 5-10% of the mean level (212 ADU) across a pe-
tra (Tablél). All classification spectra which are reduced arjpd of a year. In Fig3 we plot the bias level from all PESSTO
released immediately (within 24 hrs of the data being takem) nights during the first year of survey operations. This waa-me
ploy this set-up. The other two grism settings are used foveso syred in the central 26200 binned pixel region. The bias
of the PESSTO Key Science Targets, in which either the highesmes are always flat and uniform and no evidence of gradi-
resolution or full wavelength coverage (or both) are reepliiAll  ents have been found. Hence no overscan region correctiens a
PESSTO observations with Gr#16 use the order blocking filtgyer applied in the PESSTO pipeline processing. The EFOSC2
science targets PESSTO does not use an order blocking fif{gh should not be used owing to their small size (6 and 12Ipixe
for Gr#13. Hence for blue objects there may be second-orq)qﬂy) and bleeding féects of charge from the science and cali-
contamination at wavelengths greater thaf400A. In order to pration frames into these sections.
correct for this, spectrophotometric flux standards arertakith To measure the gain and readout noise of CCD#40, we used
and without a blocking filter; further details on how this @@~  the rinpeain task withinirar. FiNpGaIN uses Janesick’s algorithm
tion is applied are in Se¢L. 3.3. The EFOSC2 aperture wheel hg determine the gain and readout noise of a CCD from a set of
fixed width slits. When the seeing is 1”4 then the 10 slitis  two bias frames and two frames with uniformly high signaklev
used and whenitis 1’5 then then the’E slit is employed. Flat els. We used pairs of EFOSC2 dome flats from the ESO archive
field and flux calibrations are then taken with the appropriafin the V#641 filter and Mode 32) during the months of PESSTO
spectrograph configuration and matched to the science frard@servations. We selected two exposures from each set af-dom
within the data reduction pipeline. The spectrograph pstare
summarised in Tab 1. 6 httpy/www.eso.orgscifacilities/lasillg/instrumentgefos¢insyCcd40.html
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Table 1. PESSTO settings for EFOSC2 spectroscopy. The number abprel wavelength ranges are those in the final trimmed
spectra for public release. The blocking filter OG530 is usely (and always) for Gr#16. The spectral resolut®is given at

the central wavelength, as is the velocity resolutbrmhe FWHM is the full-width-half-maximum of a Gaussian fiteégher the
[O1] 5577A or 6300A night sky line, for a’D slit. The respective values when 201slit is used can be determined by simply
multiplying the values by 1.5. The column headed Arclinelidates the number of lines used. The RMS is the typical vasiir

the wavelength calibration solution.

Grism  Wavelength  Filter Npix Dispersion FWHM Resolution R V resolution Arclines RMS
A (blocking) (pixels) (Apix')  (pixels) (A) (A¢/AY)  kms? (number)  (A)
#13 3650-9250 none 1015 5.5 3.3 18.2 355 845 13-15 0.10-0.15
#11 3345-7470 none 1011 4.1 34 13.8 390 765 9 0.10-0.15
#16 6000-9995 OG530 950 4.2 3.2 13.4 595 504 11-14 0.05-0.10
flats, and used the closest bias frames available (usualtytie Date

same night, but occasionally from the preceding or subsgque Z/Z%f 2012 Jul2012  Oct2012  Jan2013  Apr2013
night) and ensured that all were taken in Mode 32 (i.e. Normal ET ' E
readout mode andx2 binning). The gain and readnoise were 230 F
measured over the region of the CCD from [601:800, 401:600% 220 %

(in binned pixels) to minimise theffects of any slope inthe flat 5 210
field. Sixty five such measurements were made over the periéd8i 200 E
of PESSTO observations from April 2012 to April 2013 and the 199 E
results are plotted in Fifj] 4. The gain was found to be stabtb, g0 E
a mean value of 1.18 0.01 e /ADU. The readout noise appears 56100 56200 56300 56400

to be constant until January 2013, when it increased fronvan a MJID

erage of~11 e to ~12.5 €. The cause of the readout noise in-

crease is not known to us, but our measurements match thosEigf 3. The bias level of CCD#40 over the first year of PESSTO
the ESO La Silla Quality Control programme which also resor@urvey operations. Red pluses are the mean count as measured
an increase in the noise in this readout mode. over the central 206200 binned pixels in each raw bias frame.

As described in the EFOSC?2 instrument handbook the bBHCK crosses are the mean of each combined masterbias frame
pixel map of CCD#40 (see also the EFOSC2 BADPIXMAGK Produced by the PESSTO pipeline from a set of raw biases, and
indicates a bad column at>486 (in binned image coordinates)measured over the same region. Error bars correspond to the
The dispersion direction runs along the Y-direction, amudeeas ~ Standard deviation of the measured pixels, while the soliel |
is standard practice for EFOSC2 observing, PESSTO targetsig the average over the year.
positioned at X550. To be clear, these X-positions refer to the
CCD pixel coordinates in the full raw 1082030 frame (i.e. in-
cluding the prescan and overscan sections). After pratggbie
PESSTO data products are trimmed to 851 pixels in the spatial

Date
Apr 2012 Jul 2012 Oct 2012 Jan 2013 Apr 2013
14 T T

- - 1 - T T 1
direction and the targets are typically at pixet50. - ]
@ BF .
g F r t#
3.2. Spectroscopic calibration data and reduction S 12F R S
S E + ++ + ]
PESSTO observations are carried out in visitor mode and the§ 11 ';;,: {’* o P Iiﬁ w7 3
project aims to homogenise all calibration frames and tséh C * ]
directly to what is required in the data reduction pipeliiie. 1.3 ]
achieve that, standard sets of OBs for calibration purpbaes : ]
been created, and are available on the PESSTO public wiké He 3 ]
we describe the calibration data that are taken during meuti ;‘ LE . N 3
PESSTO observing and how they are applied in the data redu L i*H $¢+++ ++:+1+ﬂ'+ #E 1¢: :I ]
tion process. g F + +
. . . 1.1 Eoo lovvo 0000 lov v 0000 Loy v v 000y | |:
3.2.1. Bias calibration 56100 56200 56300 5640
MJD

As discussed above in Sct.]3.1 the bias level has been redasur
to be quite stable over a one year period. A set of 11 bias fsame
are typically taken each afternoon of PESSTO EFOSC2 obsg[g. 4. The readnoise and gain of CCD#40 over the period over
vations and are used to create a nightly master bias. THiinig the first year of PESSTO survey observations. The method to

master bias frame is applied to all EFOSC2 data taken, ifaud determine the values is described in the text.
the spectroscopic frames, the acquisition images and awpph

metric imaging. The frame used for the bias subtraction @n b : :
tracked in the header keyword ZEROCOR = ’bias_20130402_Grll_Free_56448.fits’

The file name gives the date the bias frames were taken,
7 httpymww.eso.orgscifacilities/lasilla/instrumentgefosginsyBADPIXMASK. html the Grism and filter combinations for which it is applicabdé (
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course for biases this is not relevant but the pipeline ké&apg& 1.2
with this nomenclature) and the MJD of when the master bias+
was created. The dark currentis less than 3@ 1 hrt, hence o I
with typical PESSTO exposures being 600-1800s, no darkdfram § o3
correction is made T, -

o 0.6

Lf')m |
3.2.2. Flat field calibration DR

)
Techniques for flatfielding spectroscopic data depend opdhe X 02T
ticular instrument or detector response that is being tatyr S o
removal. The type of calibration data required needs to be ta 3000 4000 5000 6000 7000 8000 9000 10000
lored to the process and the final science product requiremen Wavelength (4)

The PESSTO survey takes sets of spectroscopic flatfieldsd 5 comparison of the rapid and final reductions for the clas-

the afternoons at a typical frequency of once per sub-rundf ification spectrum of SN 2012fx, taken with Gr#13 and’a 1

nights. The illumination for these com“es from outsi_de trssrin slit on 2012 August 26. These spectra show that fringing ts no
ment, hence they are referred to as “spectroscopic dome flafg, significant a problem with Gr#13 as it is for Gr#16.
An integrating sphere is illuminated with a “flatfield” lamp (

tungsten halogen with a quartz bulb) which is directed tolwar

the NTT focal plane and the telescope pupil is approximately

simulated. The EFSOC2 calibration OBs allow the user to d in the case of Gr#16, the fringing pattern) that we are at
a required level of counts. PESSTO takes five exposures pting to correct for. High-order splines are fitted to fiag

maximum count levels of 40,000-50,000 ADU for each of thge|qs, with orders 90, 35 and 70 for Gr#13, Gr#11 and Gr#16
grism, order sorting filter, and slit width combinationstte regpeciively. In Figd6 we show the shape of the flat fields used
use. There are 8 combinations in total: the three basic aonfigy, pESSTO, both before and after normalisation. In the pixel
rations as “Sted. in Tabl@ 1, which are used W'th 1 and 1.5carc ions below 200 for Gr#11 (which is approximately 4450 Ag th
slits and in addition Gr#13 flats are taken W'th the G_G495rfllt response of the dome flat field lamp is very poor, resultingw |
to allow for second-order correction as discussed in B&X. 3 g0 a1 "Even after combining the frames, the count ratefis ty
\I/Evﬁ(i:hh()f trr:ebse IS cor{]tzlrljealiztakr]]?hnormarhser(ij io gl\gena m;ﬁ;erﬁéfly 1700€e which would only increase the noise in the science
vhich can be associated with the appropriate science €¥ames rather than improve it. Hence we set the flat level ityun
tions from the sub-run. This is recorded in the FITS header fBetween pixels 1 and 200. The sanfieet occurs for Gr#13 and
each data product, for example: we do not flat field the first 200 pixels of each spectra. In sum-
FLATCOR = ’nflat_20130413_Grll_Free_slit1.0_100325221_56448.fits’ mary, for Gr#11 and Gr#13 we employ masterflats constructed
As these are primarily used for removal of pixel-to-pixel reusindg the dome Iampsf]?or ea:)ch sub-ru(r; of S-AF]nighftls.fF%Gr#i6
. : 0 not use masterflats, but instead use three flatfields take
sponse then higher frequency obser\_/atlons are not neyess%ﬁh the internal lamp immediately after the science spautr
In fact it is debatable as to whether pixel-to-pixel resores ;o o FigurEl6 illustrates the profile of the normalisedsfl
moval IS reqwred at all in long-slit spectroscopy at mot_hsra sed in the flat-fielding process. It is noticeable that Giig1ibt
signal-to-noise. PESSTO does not take, nor use, sp.ecpmscéjlat at the unity level, but has variations of order 3-4%. Whil
sky flats during tW|I|ght f(_)r correction for _sllt |IIum|na_mn pat- is is not ideal, and will be fixed in future data releaseg. (e
terns. As we are primarily concerned with flux calibration ({SDRZ) we ha\,/e left it as shown. as the variation will rft"ﬂ(rat '
ngg Spoousri(t:igi, c?r? ?htehglitsgi%trg:feoc%cr z??r? : rsdcigngfﬁggsttst e flux calibration since both the standards and sciencctsj
: s o o -~ are treated with the same flat-field. We also note that the nor-
tcizﬁjcg:)r(:ét?c?r?Iigonnoﬁiig)sg;?; application of a slit illumina- malisation of the dome flats often is not continuous at thatpoi
ISR : . _where we set it to unity and discrete steps are induced at the
The EFOSC2 CCD#40 is a thinned chip, hence has S'gm}g'vel of 1-3% (the examples shown in Eig 6 for Gr#11 is one of

cant fringing beyond 7200'B§ an(_j th_e severity dgpends upon IEPFe worst cases). One might expect this to be propagated into
grating used. To remove this fringing pattern (in spectopsc

d ibration flat field | i diatelv aft the science spectra since the response functions deriged fr
mode) a calibration flat field lamp exposumemediately after or ¢ ghectrophotometric standards will not reproduce siath
beforethe science image is required and is divided into the s

X . '€ SGlinction. We have checked the highest signal-to-noisenseie
ence spectrum (another method is to construct fringe frainesspectra and don't see obvious signatures of this flat-filtife.

rectly from on-sky frames during the night, but this regsiti@at o ertheless it is an undesirable feature of the releaseeta
the targets are dithered along the slit; as discusse Bl 2nd we will aim to fix in the next data release.

2008). Afternoon flats are not useful for this owing to wave- Fiall sh how fringing is almost letel di

length drifts that alter the fringe pattern and hence do Hotva IgLd Shows how 1ringing 1S aimost completely removed in

for removal. PESSTO always takes internal lamp flats (3 expgl"+6 SPectra using an internal contemporaneous flat-field.
so illustrates that using a flat from the afternoon (nothat t

sures of typically 40,000 ADU maximum count level) after-tak® - . .
ing any science spectra with Gr#16. We do not, as defaul, t me telescope posmon) has no impact on fringe removl, an
! ’ fig fact makes it slightly worse.

fringe correcting flats when using Gr#13, as the fringingsdo
not afect this grism to a significant extent, as can be seen in Fig.
B The internal lamp in EFOSC2 is a quartz lamp, whicfies8 3 52 3 cosmic ray removal
from water vapour absorption that is not present in the aften
dome flats. EFOSC?2 spectra with a typical exposure time~df800 s will

In all cases, the combined flats are normalised to remasieow humerous cosmic ray hits in the 2D frames, as can be seen
their overall shape, while leaving the pixel to pixel resgen in the upper panel of Fidl8. After de-biasing and flat-fieggin
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1

Fig. 8. 2D spectrum of LSQ12drz, reduced with and without
LACOSMIC applied. The PESSTO pipeline applies this, but
only in the centrak100 pixels around the science object.
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L l 10 Fig. 9. The classification spectrum for LSQ12drz taken on 2012
| I ] August 7, reduced with PESSTOFASTSPEC with and without
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cosmic ray rejection. The relatively long exposure timetfos
750 10000 spectrum (2700 s) results in a large number of cosmic ray hits
Pixel which are removed in the 2D image using the algorithm of

\van Dokkum|(2001).

Fig. 6. Representative flat fields for Gr#11, 13 and 16, taken
in August 2013. Each panel shows a cut along column 450 of
the two-dimensional flat-field, corresponding to the appnate we use the cosmic ray rejection algorithavosmidd presented
pixel coordinates of the target. The black lines show therisic  in lvan Dokkum [(2001) to remove these. The PESSTO pipeline
shape of the flat fields, while the red lines show the norma@listhcorporates a modified version of tpgthonimplementatioE
flat field after fitting with a high-order polynomial (all sgezare of Lacosmic that avoids the use of thecipy package. As it is
normalised to 1, andftset for clarity). For Gr#13, the flat field a computationally expensive process during the manuahextr
with the GG495 order blocking filter (as used when correctintgn, only the central 200 pixels around the object are @ean
for second-order contamination) is also shown. For Gr#té) b (i.e. central pixek-100 pixels). Figurgld shows an example of
internal flats and dome flats are shown; in the former the @bsothe extracted spectrum before and after cosmic ray cleaing
tions due to HO vapour are visible in the un-normalised flatconcern of applying this cosmic ray rejection is whether déym
This absorption feature is fit by the high-order polynomiai-d erroneously remove real, narrow, emission features froee-sp
ing normalisation and hence is removed in the normalised flatra. However, we have tested this in the EFOSC2 data, and in
particular for SN 2009ip which has narrow lines, and are eonfi
12 rrrreem — — N dent that this is not the case. Whether cosmic rays were reghov

| |'30meI ga’[l or not is recorded in the header as described in[Sedt.A.2.
nternal flat

No flat

10
3.2.4. Arc frames and wavelength calibrations

Arc frames are generally taken in the evening before observ-
ing and are never taken during dark time. EFOSC2 has helium
and argon lamps and PESSTO uses both of these lamps turned
on together. No arc frames are taken during the night to eeduc
overheads. Although EFOSC2fters from significant flexure as
the instrument rotates at the nasmyth focus (which can be-4 pi
els over 200 degrees in rotation), the flexure causes a tgfid s
Fig. 7. Gr#16 spectrum of SN 2011gr. Three reductions afd the wavelength frame. Hence we apply the calibrationrdete
shown, in the first there is no flat-fielding, in the second aeonfined from the evening arc frames and adjust this with a finea
flat from the start of the night is used, in the third an intéflaa  OffSet as measured from either the skylines or atmospheric ab-
taken immediately after the science observations. sorption lines.

Flux (10_15 erg stem™ i\_l)

0
7000 7500 8000 8500 9000 9500 10000
Wavelength (2)

8 httpy/www.astro.yale.eddokkunylacosmi¢
9 See http/obswww.unige.ch-tewegcosmicsdot py/


http://obswww.unige.ch/~tewes/cosmics_dot_py/
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Relatively high-order Legendre polynomial fits are needeahd hence stopped using it after 2012-11-21. We have onty use
to fit the EFOSC2 arc lines with a fit which produces no systernit+to calibrate PESSTO data taken with Gr#11 in SSDR1.

atic residuals. For Gr#13, 13-15 lines were used with a fdth- The wavelength coverage of GR#13 is 3650 - 9250A, and
sixth-order fit; when the GG495 order blocking filter was alsgyr science targets we do not use an order blocking filterceen
used the order of the fit was reduced to 5 (due to the small@fcond-order contamination is possible for blue objecyie
wavelength range). For Gr#11, 9 lines were used with a fifthzong 72004, depending on their colour. This would aect
order fit, while for Gr#16 11-14 lines were used for a fifth Ofye fiyx standards and hence the flux calibration of scienee ta
sixth-order fit. The root mean square (RMS) error of the fit Wagsis To remove any second-order contamination in the fan st
typically found to lie between 0.1 and 0.2A as shown in E1g. 1@ards, PESSTO always takes Gr#13 data for these stars with an
The number of arc lines used for the dispersion solution oheayjthout the filter GG495, to allow correction for théfect dur-
object, along with the RMS error, are given in the header ef thhg pipeline reductions. The blocking filter GG490 has agran
reduced spectra by the keywordSHNLIN andLAMRMS respec- mission of 90% from 50004 and upwards. The sensitivity func-
tively. The formal RMS values are probably too small to ®ali jon, for the combination of Gr#185G490 is scaled up to match
tically represent the uncertainty in the wavelength calion at . oo ngitivity function of Gr#18Free at the position of 5500A.
any particular point, given the FWHM of the arclines is 13\17 14 construct a final sensitivity function which is corrected
Hence this might suggest overfitting of the sampled POISS. 4y second-order flux in the standards, we merge the sétysitiv
a comparison, Legendre polynomials with order 4 produced g ion Gr#12-free (from 3650-55004) and the scaled up sen-
vious s/ystgmatlc residuals ar:d RMS values of between @ﬁ'l'sitivity function of Gr#13-GG490 (for wavelengths 5500A).
for a 20 slit and 1-1.8A for 215 slit. _ _ _ Flux standards are always observed unless clouds, wind-or hu
For exposures longer than 3005, the linear shift applied iqity force unexpected dome closure. Hence even durirfgsig
the dispersion solution is measured from the night sky 80mss it are not photometric, flux standards are taken and tretrape
lines. For shorter exposures (brighter objects), the relghtines are flux calibrated; we deal with the issue of the absolute flux
are weak or not visible, and the shift is instead measured ereIiabiIity below.

the telluric absorptions in the extracted 1D spectrum. Tresal A sensitivity function is derived for each EFOSC2 config-

shifts are calculated by cross-correlating the observedtspm . :
(sky or standard) with a series of library restframe spegtiigh Uration from the spectrophotometric standards observiees@
.were averaged to create a master sensitivity function foh ea

are dfset by 1A. The library spectrum which produces the Mionth, which was then applied to the final reduced spectra. In

imum in the cross-correlation function is taken as the a:[brrea few instances, a master sensitivity curve was not create f

match and th'_s shift is ap_plle_d. This method I!mlts the p1vecbarticular configuration on a given month, as there were no ap
sion of the shift to 1A, which is roughly of a pixel and less propriate standards observed. In these cases, the sigynSitivc-
than 2 of a resolution element. This value of 1A is recorded ition from the preceding or following month was used. In Fig.
the header as the systematic error in the wavelength ctédibra[TT, we show the shape of the sensitivity curves, togethdr wit
(SPEC_SYE, see AppendixAI3). the variation in sensitivity functions from month to montthe

The value of the linear shifts applied are typically in thgensitivity curves from individual standard stars withipaatic-
range of 6-13 A for Gr#11 and Gr#13. In the case of Gr#l@ar month are shown for comparison. While there are grefsshi
spectra the shifts were usually smaller, usually 4-9 A. Talse between the individual sensitivity curves (as expecteabzer-
is recorded in the header keywoSHIFT. Full details of the Vvationstaken with a single slit width undefigiring atmospheric
header keywords applicable for the wavelength solutionirare conditions), the overall shape of the sensitivity curvesduite
AppendiXA3. similar, indicating that the relative flux calibration idiedle.

The standard method of ensuring spectra are properly flux
calibrated is to compare synthetic photometry of the s@enc
spectra with contemporaneous calibrated photometry ard ap
PESSTO uses a set of 9 spectrophotometric standard starspfgreither a constant, linear or quadratic multiplicativen¢-
EFOSC2, listed in Tablg2. The data in this table are takéi@n to the spectra to bring the synthetic spectra into liriy w
directly from Simbaffl. The EFOSC2 finding charts, includ-the photometry. For PESSTO SSDR1 this is not yet possible
ing proper motion projections, are available for users ftbm for all spectra since the photometric lightcurves are notfiye
PESSTO website, and the data tables used for flux calibrglised for many of the science targets and the classifitatio
tion standards are available in the publicly accessibleFTES spectra do not have a photometric sequence. However it is use
pipeline. These standards provide year round coverages hf to know what the typical uncertainty is in any flux calibed
full wavelength coverage from the atmospheric cfitup to PESSTO spectrum, and this is encoded in the header keyword
1um and are in a suitable magnitude range for a 3.5m apertdfitd/ XERR. PESSTO observes through non-photometric nights,
telescope. PESSTO standard policy is to observe an EFOST® during these nights all targets are still flux calibrakéshce
spectrophotometric standard three times per night (stadglle the uncertainties in flux calibrations come from transpayen
and end), although if there are significant SOFI observatwn (clouds), seeing variations that cause mismatches betsesesi-
weather intervenes then this may be reduced. Generally)the tivity curves derived using standards wittférent image qual-
observations will include 2 dierent stars and a set of observaity, and target slit positioning. Finally, photometric flisxgen-
tions is taken with all grism, slit and filter combinationseds erally measured with point-spread-function fitting, whisher-
during the nights observing. From September 2012 to Novemtggtly includes an aperture correction to determine thé tiota
2012 the standard EG21 was frequently observed. We later Wéereas spectroscopic flux is typically extracted down tpei0
alised however that the photometric flux tables for this dtdr cent of the peak flux (a standard practice in IRA&{=ll task).

not cover the full, telluric corrected regions for Gr#16 @13 All of this means that large variations are expected and we ca
ried out tests as to how well this method works and what is the

10 httpy/simbad.u-strashg/gimbad reliability of the absolute flux calibration in the spectra.

3.3. Spectrophotometric standards and flux calibration
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Fig. 10.Histogram of the root mean square error of the fit to the aesliior each science spectrum. Each panel includéseh@
1.5” slit spectra.
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Fig.11. Left: The average monthly sensitivity curves for Gr#11, Gr#13 @md16, derived from spectrophotometric standards
taken during the first year of PESSTO observations. The ek are annual sensitivity function. Thin lines are mbntverages
(Gr#11 dfset by -1, Gr#16 fiset by+1 for legibility) Right : As a comparison, the sensitivity curves from individuahsiard stars
over ten nights in March 2013 (for Gr#13). Fouftdrent standards were observed, L745a, LTT3864, EG274, GTIELmaster
sensitivity curve for March 2013 with this configuration igsvn in black.

We took the Gr#11, Gr#16 and Gr#13 spectra of the thre@gioned on the slit. The points lying abov®.5 were found to
targets for which a calibrated photometric sequence is &ie owing to a monthly sensitivity curve for January 2013 vahic
ther published or has been measured and is in preparationas too low, likely due to an unusually high frequency of non-
SN2009ip [(Fraser et Bl. 2013) SN2012fr (Childress €t al320Iphotometric cloudy conditions when the standards werentake
and Conteras et al., in prep.) SN2013ai (Fraser et al. in)prefgnoring these fairly obvious problematic cases, the ecait
SyntheticBV RI photometry on the PESSTO spectra was calcthe flux calibration is~ 15% in the main locus and is recorded
lated using theyneaor package withinrar and spectra which in the headers of all spectra.
covered the entire bandpass of each filter were includedrand t
difference between the spectral synthetic magnitudes and-ph@I@XERR = 15.2 / Fractional uncertainty of the flux [%]
metric measurements is shown in [Eigl. 12. This illustratesitf
ficulty and challenges faced in accurately flux calibratipgcira Science users should use this as a typical guide, if the see-
but also shows promise that in future data releases we caif-siging (as can be measured on the 2D frames and acquisition im-
icantly improve on SSDR1. The standard deviation of all finages) and night conditions (from the PESSTO wiki night re-
in £0.31M or +29%, but we can identify several cases were fail’wor’[s and see Appendm B) are reasonable. Note that we have
obvious catastrophic failures have occurred. The main biilk recorded the standard deviation formally as 15.2% in the file
points lie within a range 0£0.44™ around zero, with a formal headers but do not attach significance to the decimal digit. |
average fiset and standard deviation 0f0d2+ 0.164". The fyture data releases we plan to significantly improve on the fl
four low lying points have either images of poor seeing, whegalibration scatter and reduce both the failures and isiziscat-
the seeing changed rapidly before the slit width was changeder, Reviewing the monthly sensitivity curves and applyg-

(in the case of the point at0.9) the object likely was not po- tometric calibrations from th&/-band acquisition images are

10
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the two most promising routes. The-band acquisition images 0.15 e S S S S S
would allow a constant féset to be applied in an automated F Gr#ll (B-V)
way, but only if all sky catalogues were available. In the fu- 01 b " " Gr#13 (V-R) ]
ture, the combination of Pan-STARRS1 (Magnier efal. 2013) - a ]
and SkyMappef (Keller et &1. 2007) will supplement SDSSDR9 € s E . " a u E
) to provide this all-sky reference catagnd = s (]

would allow an adjustment to the flux to bring down the absolut E okb "
flux error to probably a few per cent. PESSTO will pursue this 2 C "

type of calibration as far as the reference catalogues VWaliva 5 _o0sF o " E
in future data releases. 3

| [

We carried out further checks to determine the relative flux 01 " u 1
calibration across the EFOSC2 spectra compared to phatemet Eo L L L L L ]
measurements. We employed ¥ photometry o@hlal. 015 2 14 15 16 17 18 19
(2013) for SN2009ip and determined synthetic photometmnfr my
the EFOSC2 Gr#llspectra, with the results plotted in[Flg. 13
The average fiset of these 14 spectra giveB £ V)spec— (B — 0.15 — _ L
V)phot = 0.05+ 0.04 mag (where the error is the standard devi- T ' ' Gré11 (B-V) ]
ation of the individual dferences). For Gr#13 spectra, we used o1 E - u Gr#13 (V-R)]
VR photometry of SN 2013ai from Fraser at al. (in prep.) and = T . ]
again the results are shown in Higl 13. The 10 spectra give an g Lo E = .. = 3
average of{ — R)spec— (V — R)phot = —0.05+ 0.05 mag. < O f n L] ]

T uy

The comparison plots indicate that there may be a system- § 0 3 [ E
atic trend. It could indicate that the spectra of brightejeots < C . " -
are~5% redder than the photometry would imply. Or that the & 0% . ]
Gr#11 spectra and Gr#13 spectra have systemdisets of © C ™
+0.05 mag and-0.05 mag in comparison to what the photome- 0.1 a m E
try would imply. However this is not completely clear, sirtbe r | | | ]
average uncertainties in the photometric points£0e)4 mag o T T Yy s 1T
for SN2009ip and:0.05 mag for SN201313, ' ' '

Col M
Fraser et al., in prep.). We should also note that the SN2013a 010UTehot (M20)

photometry comes from SMARTS 1.3m telescope and KPNO ) o

filters. These are @ierent to Johnson and Bessell filters and orfedg. 13.A check on the relative flux calibration of the PESSTO

should ideally do an S-correction on the photometry for épnsspectra. The dierence between the synthetic photometry
tent comparison. These trends will be probed further when welours of SN2009ip (Gr#11) and SN2013ai (Gr#13) and pho-
have more calibrated photometry and can investigate thelgre tometric measurements is plotted on the y-axis. The x-axis i

with better statistics. From this preliminary investigatj we Simply theV-band photometric magnitude on the left panel and
suggest that the relative flux calibration in the PESSTO tspecPhotometric colour (eitheB — V or V — R) on the right.

is accurate to around 5%.

4. PESSTO EFOSC2 imaging observations and
3.4. Telluric absorption correction calibrations

EFOSC2 is used in imaging mode for PESSTO to provide sup-
PESSTO does not specifically observe telluric standards foorting photometry for some targets. Much of the photomet-
EFOSC2 such as fast rotating, smooth continuum stars adsteric lightcurve data is provided by PESSTO scientists thioug
the data reduction pipeline uses a model of the atmosphleric their access to other facilities such as the SMARTS 1.3m
sorption to correct for the 0 and Q absorption. The model (DePoy et al! 2003), Liverpool Telescope (Steele et al. [p004
was computed by F. Patat using the Line By Line Radiatithe LCOGT facilities [(Boroson et Al. 2014) the SWOPE 1m,
Transfer Model (LBLRTM_Clough et al. 2005). Details on théPerez et éll 2012) Asiago Telescopes (Tomasellal &t al)2014
model and the parameters used can be found in (Patat eeald PROMPTI/(Reichart etlal. 2005). However EFOSC2 is also
[2011). This is carried out for all grism set-ups. The intéesi used for supporting data, particularly when the targetéaanger
of H,O and Q absorptions in the atmospheric absorption mod#ian around 19™ The detector set-up is exactly the same as for
are first Gaussian smoothed to the nominal resolution of machthe spectroscopic observations as described above in3SEct.
strumental set-up, and then rebinned to the appropriagtgix- and during each PESSTO night the filter wheel is loaded with
persion. The pipeline then scales the model spectrum sththatthe filtersU#640,B#639,V#641,R#642,g#782,r#784,i#705,
intensities of HO and Q absorptions match those observed i@#623. These filters have typically been employet! BV Rior
the spectrophotometric standards, hence creating nauitipbdel Ugriz sequences depending on the science target. Additionally,
telluric spectra per night. Each science spectrum is then can acquisition image is taken througWeband filter before ev-
rected for telluric absorption, by dividing it by the smoeth ery spectroscopic exposure to identify the target and alldo
rebinned, and scaled absorption model which is most closdlg placed on the slit. These are also processed in a similar ma
matched in time i.e. closest match between the standardistarner to the photometric science frames. The data final preduct
servation time and the science observation time. and access are described in $éct.5.
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MagPhot—Spec

14 15 16 17 18
MagPhot

Fig. 12.Synthetic magnitudes as measured from flux-calibratedispesmpared to the photometric magnitude at the same epoch
for SN2009ipm13, Gr#11 and Gr#16) SN20{CHidress et &l. 2013, and Conteras et al., in prep; Gr#1 Ca#i6)
SN2013ai (Fraser et al. in prep; Gr#18)agenet is the calibrated photometric magnitude and the y-axisedifierence between
this and the synthetic photometry measured from the flwbited spectra. Colours indicate filters, square symbelsGa#11,
pentagons are Gr#16 and circles are Gr#13.

Table 2. PESSTO spectrophotometric standards. All data in thigtat# taken from Simbad.

Standard Name RA (FK5,J2000) DEC (FK5,J2000) Proper m@tragyr) Vmag Sp. Type Instrument

VMA2 00 49 09.902 +052319.01 1236.90;2709.19 12.374 Dz8 EFOSC2

GD71 0552 27.614 +1553 13.75 85;-174 13.032 DA1 EFOSQ3O0FI

L745-46a 07 40 20.79 -172449.1 1129.7+565.7 12.98 DAZ6 EFOSC2

LTT 3218 08 41 32.50 -3256 34.0 -1031.7, 1354.3 11.85 DA5 SOFI

LTT3864 10 32 13.603 -353741.90 -263.7,-8.0 11.84 Fp... EFOSC2

GD153 12 57 02.337 +22 01 52.68 —-46,-204 13.35 DA1.5 EFOSG3OFI

EG274 16 23 33.837 -391346.16 76.19, 0.96 11.029 DA2 EFO38RFI

EG131 19 20 34.923 —07 40 00.07 -60.87,-162.15 12.29 DBQA5 EFOSC2

LTT 7379 18 36 25.941 -4418 36.93 -177.05,-160.31 10.22 GO EFOSC2

LTT 7989 201112.08 —-36 06 06.5 5221691 11.5 M5V SOFI

Feigel10 2319 58.398 —-0509 56.16 -10.68, 0.31 11.5 sdO EFOSEDFI

100
< 90 -
< 80 .
5 O ]
8 s ]
= 40 .
2 30 - .
S 20 -
= 18 - L /0 . . ) . A o A U -
3000 4000 5000 6000 7000 8000 9000 10000

Wavelength (3)

Fig. 14.Filter functions taken from the ESO database. The blaclslave for the Landolt filters, while the red lines are for thexGu
filters. The z filter does not have a cui~m the red, but is instead limited by the quantufficiency of the CCD, which drops to
10% at Jum.

4.1. EFOSC2 imaging calibration frames and reduction out as described in Sect. 3.2.1. The filters used for imagiag a
listed in Tabl€B and their throughputs are illustrated ig.[E4

As the EFOSC2 CCD is read out in the same mode for ba ata taken from ESO database). Cosmic ray cleaning is gen-

imaging and spectroscopy the CCD characteristics as disdus ally applied to the full frame imaging data, as described i
in Sect[3.]l apply and the bias subtraction calibration isiex
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Table 3.PESSTO photometric standard fields. April 2013 (along with a few points from observations of the
PG2213-006 standard field which is not a nominated PESSTO
Standard field RA (J2000) DEC (J2000) Filters field). Many of these data come from the Benetti et al. large
T-Phe 0030 14.00 —-463200.00 UBVRI programme (ESO 184.D-1140) and we built upon the choice of
PG023%#051 023341.00 051843.00 UBVRgriz standards and experience of that. The ZP trends are shown for
RU149 0724 15.40 -003207.00 UBVRgriz each band in Fid. 15 and in constructing this plot we rejected
RU152 0729 56.00 -020539.00 UBVRgriz any night which had an outlying ZP more than 0.5mag away

PG104%003 105005.65 -000111.30 UBVRgriz
PG1323-085 1325 49.00 -08 50 24.00 UBVRgriz
PG1633099 163534.00 094617.00 UBVRI

from the average of the 5 ZPs closest in time as these were al-
most certainly non-photometric nights. We then rejecteéd-me

PG1657.078 165933.00 07 4219.00 UBVRI surements when the ZPs were greater tharfirém their neigh-
MarkA 204358.00 -1047 11.00 UBVRI bours within+2 adjacent days. The resultant measurements are
PG2336004 233843.00 00425500 UBVRgriz likely to be from photometric nights which is illustrated the

low scatter and long term trends in Fig] 15. The cyclical long
term trends are probably due to the ZPs being maximised imme-
diately after re-aluminisation of the primary mirror (aratiy)
Sect[3.2B, and a header keyword is set to alert the usethibat and slow degradation afterwards. An average of ZPs and colou
process has been run (see AppeidiX A.2). terms from Aug. 2012 until April 2013 is reported in Tab. 4rFo

Twilight sky flatfields for imaging are typically taken oncePESSTO standard fields taken during PESSTO time the image
per sub-run of 3-4N in all of the eight filters (or as many agroducts in the archive have zeropoints calculated direith
weather will allow). A master flat is created and used as assethe Landolt or SDSS magnitudes of the stars in the field, and
possible to the science, or acquisition frames. The maatearftl  this is recorded in the header. The pipeline also provides ZP
bias frames used for any particular frame can be found lisyed for science frames if the fields are in the SDSS DR7 footprint
in header keywords. The naming nomenclature is similardo thand uses reference stars from that catalogue to set the ZPs. |
for the spectroscopic calibration frames but without thisrgr the science frame is observed with filtggt642r#784 orz#623

and slit names. the ZPs are provided in the SDSS AB system. If the science

. . frame is observed with filter8l #640B#639V#641,R#642, or
ZEROCOR = ’bias_20130402_56463.fits’ i#705 the magnitudes of the stars in the SDSS DR7 catalogue
FLATCOR = ’flat_20130401_R642_56463.fits’

are converted to the Landolt system using the equations from

In constructing these, the individual flats are checked a@l@a tz;ndf_ZIijs_ar_e ?Lovggg iP L?n(_j(iltt?]ys';a;m F
those with a high number of visible stars are rejected anéhrot ese cases when the neld 1S in the ootprint, the ZI's are

cluded in the masterflat. The masterflats commonly show a f&g_lculated as follows. Instrumental magnitudes are ca!edlfor
ture of apparent “dots” in a straight line (along X) in the trah reference stars matched to DR7 stars and are reported faran a

pixel area of [200:700,530:590] in filtekégrz (it is also fainty Mass0 using the extinction cdkcient reported in Tafi.l4. The

il : g i ted as the mean of all ZPs obtained for all the stars
visible in B). These are common, but transitory, and it is not cle%{) IS compu e
if they are illumination ghosts and hence not present in tie s at have catalogue matches. The PESSTO pipeline addshe fo

ence frames. However, the counts level of these pattefies by '©"VINg keywords which describe the data product, the measur

only 1% from the average level of the masterflat and as a con8iENts of which are described in fullin AppenfixA.7.
quence we assume they do notimpinge on science frame caliRka pyme- 132371028 / spatial resolution (arcsec)

tions. Imaging fringe frames are constructed foritfiand filter EeLLIPTIC= 0.131 / Average ellipticity of point sources
from a collection of NTTi-band images taken between Jan. 201012> - 25.98 / MAG=-2.5%log(data)+PHOTZP
PHOTZPER= 999 / error in PHOTZP
and Apr. 2012. ) . _ FLUXCAL = 'ABSOLUTE’ / Certifies the validity of PHOTZP
PESSTO uses a set of 10 photometric standard fields, si@wfrsys = "VEGA '/ Photometric system VEGA or AB
ABMAGSAT= 13.34036 / Saturation limit for point sources (AB mags)

these 10f|e|dS are phOtometriC standards in bOth the Laadd|t ABMAGLIN= 19.86138 / 5-sigma limiting AB magnitude for point sources
Sloan Digital Sky Survey (SDSS) systems (listed in Table 3).

If the night appears to be photometric to the observers then g images which do not fall in the SDSS DR7 footprint, we
a photometric standard field is observed three times. As Wﬁ'&nerally do not have reference stars in the EFOSTX 4t.1
the spectroscopic standards, at least two of these showd-be 5rcmin field. Hence we adopt and report the aveRHETOZP
ferent fields. During nights which are clearly non-photamegt \yhich we have measured and recorded in Table 4. If the night
PESSTO does not tend to take standard field calibrations. Tgs photometric, then the error in tRE0TZP is recorded as
PESSTO observers record their nllg.ht reports on the PESS§Q error reported in Tal@ #KOTZPER) allowing the user to
public web pageE] and record their judgment of whether these thePHOTOZP with some degree of confidence within the
night is photometric or not. This page is publicly availaled  opserved spread of the average measurement. If the night was
is a useful guide when interpreting the flux calibrations aad ot photometric, or we are unsure, trRHOTZPER is always set
lidity of zeropoints in the FITS headers of the imaging filese o 999. The record of photometric and non-photometric might
information is also recorded in the table in Apperidix B. _are recorded by the observers on the PESSTOviid in

The PESSTO pipeline is constructed to rapidly determingspendisB. In this way the keyworBLUXCAL is always set to
zero points (ZP). Instrumental magnitudes are calculated ABSOLUTE, but users should be cautious of the validity.
standard stars usingopror aperture photometry routines with  Science users can then employ the ZPs to calibrate photom-
an aperture set to 3 times the measured FWHM in the imageny of stars in the field using the following equation (andhwi
which are then compared to catalogue magnitudes. We carried calibration caveats described above) :
out this ZP calculation for all available EFOSC2 imaginglo# t

PESSTO standard fields for period stretching back 3 yeans fro MAG = -2.5x logm(%

+ (ATRMASS X Kier ) + PHOTZP 1
TEXPTINE ) ( fiter) @

11 httpy/wiki.pessto.orgpessto-wikihomenight-reports
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whereCOUNT Sypy is the measured signal in ADU akier  night sky. As noted above in Seci. 312.4, the EFOSC2 disper-
is the average extinction cirient listed in for each filter in sion solution is stable over long periods and we find typidal o
Tabld4. The other terms are as defined in the FITS headeygrved shifts are 10-30A, or 2-6 pixels. The linear shiftliop
Colour terms are not included, but are listed in Table 4 féerre then results in residuals between the observed sky speeatndm
ence. the reference archive spectrum of less than a pixel. An geera
The astrometric calibration was derived using the USNEknsitivity curve for each of the EFOSC2 grisms is appliedl an
B1 and 2MASS reference catalogues, and a distortion modieé PESSTO pipeline hence produces wavelength calibrated,
described by a second-order polynomial. The astrometty teffux calibrated 1D and 2D images. There is no correction ap-
within the PESSTO pipeline employs thesces package which plied for the telluric absorption lines. Bias and flatfieldsrfi the
is part ofpyrar. The pipeline makes an initial estimate for theight, or indeed the observing run aretemployed in the FRS.
astrometric solution of the field and iterates at least thirmes The PESSTO pipeline then allows the user to interactively se
to reach a confidence level 2 arcsec in botlr andé, other- lect the object for extraction and set the background regfon
wise it will record a failure to match catalogued stars. Tibis background subtraction within the familiar IRA#fpall package,
recorded in the FITS header with a value of 9999 for the kegnd then carry out tracing and extraction. The extracted-spe
word ASTROMET. A typical scatter of 0.4-0.5 arcsec was foundra are wavelength calibrated and then flux calibrated with a
for the science frames with around 15 stars usually recegdnisarchive sensitivity function, after correcting for La Gilatmo-
by the catalogue in the EFOSC2 frame. This typically impsovepheric extinction (Stritzinger etlal. 2005). Cosmic ragcion
to an rms~0.2-0.3 with»>30 stars. For standard star fields wés generally turned on for these FRS, as described in[SE&.3.
typically find a scatter of 0.2 arcsec, although the Landeld§ This procedure is carried out by the observers at the NTT,
PG0231 and PG2336 usually produced a higher RMS@8- or the backup data reduction and analysis team that PESSTO
0.5. The information on the RMS af ands and the number of organises each month. The backup team can access the raw
stars used for the calibration are given by the header keywefata at the end of Chilean night, and complete these reduc-
ASTROMET. Details for the other astrometric keywords are praions. Classifications are then made using one (or a conibinat
vided in AppendikA.8. of the SN classification tools SNIELLB_I_Qn_din_&lQm% 5%07),
GELATO (Harutyunyan et al. 2008), or SuperF tal.
[2005). These three codes each hakedint approaches and un-
5. PESSTO EFOSC2 data products derlying assumptions. Their application and performanes w
5.1. EFOSC2 Fast Reduced Spectra discussed recently in Tomasella_et al. (2014) in the coraéxt
the Asiago Supernova classification program. The codes each
Since the start of PESSTO survey operations in April 201Rave a diferent set of database spectra for use in the classifi-
we have been releasing reduced spectra of all transierdgtsargation algorithm. They can provideftirent answers for “best
which have been classified by PESSTO and announced via dissification” depending on the signal-to-noise of thecsjpe
Astronomer’s Telegram system within 24hrs of the data beimgd input information such as redshift and reddening. SNID i
taken. These spectra are referred to as PESSTO “Fast Redywethably the mostficient algorithm, if the redshift of the SN
Spectra”, they are produced instantly at the telescope by tr host galaxy is not known, and it also has a library of non-
PESSTO observers. A support team in Europe or Chile is alwagupernova spectra such as M-stars, AGN and luminous blue
on duty to either re-reduce these, or check them before tieey gariable stars. Conversely, SNID assumes that the inpud-spe
made available publicly through WISeREfYaron & Gal-Yarm trum is purely flux from the supernova, while SuperFIT can ad-
[2012). Only EFOSC2 spectra are produced as “Fast redugest the fit to include host galaxy contamination. GELATO has
spectra” (EFOSC2 FRS) as we do not use SOFI for classificgusite an extended library of spectra which is regularly upda
tions. These FRS are not ESO Phase 3 compliant and areaad has a web-based interface which has recently undergone
intermediate product to assist the survey and the publibh wisome improvements including a variable extinction optiod a
good, but not final, data products. They are not sent to the ES@oothing algorithms (as described in Tomasella et al. [p014
archive (although the raw data are immediately availablfaén As one might expect, for spectra with reasonable signaleise
ESO archive), and are not as carefully calibrated as the 3SDE/N>15, as is typical in PESSTO), the results from all three are
spectra. They arenly ever made available through WISeREHFN reasonable agreement. If the continua are featurelessyve
The major diferences are that flat fielding, bias image subtrashallow absorption or weak emission then one needs to be care
tion, fringe correction, and telluric absorption correatare not ful, irrespective of the code used. In PESSTO, if the classifi
applied and a library sensitivity curve is employed for flatic tion is ambiguous then more than one of the classifiers isyalwa
bration. This section describes the data product, but wehampused and the best estimate is provided at the point of clessifi
sise that these FRS data are now replaced with the fully etlud¢ion. These classifications, based on the FRS spectra, atedoo
SSDR1 spectra in WISeREP and the ESO archive only includesthe Astronomer’s Telegram website, or occasionally igos
the full reduced spectra. in the case of amateur and TOCP discoveries) to the IAU Clentra
The PESSTO pipeline has a module to produce the FRS fré@tireau. These spectra are uploaded to WISeREP and are imme-
the three fixed EFOSC2 set-ups. These are not flat-fielded aliately publicly available. The PESSTO target turn aroumet
the bias level is fectively removed during the sky-subtractiorfor this process is 24hrs after the end of the Chilean nigid, a
process. Wavelength calibration is achieved by applyingsa dto date we have managed this on every night, save a very small
persion solution from an archive arc frame, which is not the o number of exceptions. Some targets have uncertain classific
taken during the previous afternoon’s calibrations. Havean tions due to noisy spectra or contamination by host galaptyt.li
archival reference night sky spectrum is cross-correlatitl  If a reasonable guess at classification cannot be made, ¢ge sp
the object frame’s sky spectrum and a linefiset is applied to tra are anyway made publicly available in WISeREP. In many
bring the dispersion solution into agreement with the olesgér cases a second attempt is made, particularly for thosetsarge
that have reasonable signal and defy standard classificdtie
12 httpy/www.weizmann.ac jastrophysicsviserep most common type that we find are objects with blue feature-
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Fig. 15.Evolution of NTT zero points between 2010 and 2013. PESST®al@ shown by filled symbols, while the open symbols
refer to archival data. The vertical dashed line indicatesirst PESSTO night. ZPs were evaluated from observatibRESSTO
standard fields using the PESSTO pipeline.

Table 4.Average values of zero points and colour terms from the peiag 2012 until April 2013, as shown in Higl15. The errors
are standard deviations of the sample.

Filter Zero point Extinction Caicient Colour term
U#640 23655+ 0.090 0.46+ 0.09 Q096+ 0.030 U -B)
B#639 25755+ 0.078 0.27+ 0.05 0040+ 0.020 (B-V)
V#641 25830+ 0.075 0.12+ 0.04 0034+ 0.018 (B-V)
0.048+ 0045 V-R
R#642 25967+ 0.079 0.09+ 0.05 Q031+ 0042 V-R
0.025+0.029 R-1)
g#782 25897+ 0.085 0.20+ 0.02 Q073+ 0031 @-r)
r#784 25673+ 0.082 0.09+ 0.01 0044+ 0033 @-r)
0.056+0.045 (-1i)
i#705 25112+ 0.081 0.02+ 0.01 -0.014+ 0015 (¢ -1i)
7623 24777+ 0.081 0.03+ 0.01 0126+ 0042 (-2

less continua, which are often classified when more spentra that the rapid reduced spectra are adequate for classifiqattir-
taken. poses.

A comparison of the FRS and the SSDR1 spectra for
PESSTO classification_ target (S_N 2012fx; qlso known as P
J02554120-2725276) is shown in Fig. 5. Aside from a uniforfie spectroscopic Survey Data Release 1 (SSDR1) is now avail
scaling in flux, the overall appearance of the spectrum in tge through the ESO archive system. This serves the suatay d
two reductions is very similar. In the rapid reduction, theer- o q,cts which have been through the final data reduction pro

rected Telluric B band at6870 A is apparent (the stronger Acess via the PESSTO pipeline. The data processing steps that
band is lost in the deepi@bsorption seen in the SN spectrumaye been applied are summarised below.

while the rapid reduced spectrum also appears somewhéatmnois
in the red. In both cases, SNID finds the same best fitting tem-
plate (SN 1991bg,=0.018, age+1.9 d), giving us confidence 1. Bias subtractionapplied as described in S&ct.3]2.1.

. EFOSC?2 final data product : SSDR1
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2. Flat fielding: for Gr#11 and Gr#13 flat fields from after-that can be used to read spectra in binary FITS table is given i
noon dome flats are applied. For Gr#16, contemporanedpendiXJ.
flat fields taken at the same instrument and telescope posi- The science spectrum has a filename of the following form,
tion as the science frames are applied (see[Seci.3.2.2). &bject name, date of observation, grism, filter, slit widéh]D
spectrophotometric standards, daytime dome flats are usédata reduction date, a numeric counter (beginning at dijsto
for all grisms. tinguish multiple exposures taken on the same night, anéfia su
3. Wavelength calibrationthe 2D images are calibrated usingsb to denote a spectrum in binary table format.
arc frames as described in Sect.3.2.4.
4. Cosmic Ray cleaning the 2D images are cleaned of cosmiéN2013ak_20130412_Gr1l_Free_slitl.0_56448_1_sb.fits
rays using the Laplacian cosmic ray rejection algorithm as
discussed in Sedf. 3.2.3. They can be identified as having the data product category
5. Object extraction and background subtracticthe PESSTO keyword set as
pipeline implements the standard IRAF tagall to extract
the target and apply background subtraction. This has bd&QPCATG = SCIENCE.SPECTRUM / Data product category
run in interactive mode by the data reduction team at Queen’s
University during the preparation of the SSDR1 data. ThiEf
process is the most manual and user intensive in any specftt
scopic data reduction process and if the transient object,is

One should note that the ESO Science Archive Facility pro-
ces these files with a name which begins ADP and then ap-
pended with the date and time the file was created (as is stan-
diard ESO policy). The filename described here can always be
Feggieved from the FITS header with the keywORILGFILE.

groundto Sl_Jbtract can be subjective. In all cases the PESS The 2D Spectrum imanes that can be used fo re-extract the
data reduction process has attempted to achieve a clean baEk P 9

ground subtraction to provide a target spectrum which is §91€Ct as discussed above are released as associatedrgncill
uncontaminated as possible. The SSDR1 also releases Ak in SSDRI1. T_hey are associated W.'th the sclence spectra
fully calibrated (wavelength and flux) 2D frames as ass ._rough th? foIIowm_g header keywords in the science spectr
ciated products for each 1D spectrum, so that a user can'ljgs- The file name is the same as for the 1D spectrum, but the
back to this data product and simply re-extract with apegurSUlix used issi to denote an image.

and background regions of their choosing. This will providg, .,
wavelength and flux calibrated spectra, without having to geson:
through all the reduction steps manually. Tdmall task has

been run ipyrafwith the multispec output format with vari- ~ These 2D files are wavelength and flux calibrated hence a
ance weighting implemented. Hence each science spectruser can re-extract a region of the data and have a calibrated
also has an associated error spectrum and sky backgrospdctrum immediately. Users should note the valu8®dIT in
spectrum which are the standard outputs from this procetisese frames means that the flux should be divided 5% D
The error spectrum produced bpall is the standard devia- provide the result in erg cris A1

ANCILLARY.2DSPECTRUM / Category of associated file
SN2013ak_20130412_Grll_Free_slit1.0_56448_1_si.fits /Name

tion of the variance weighted science spectrum. We are also releasing the reduced acquisition images and re-
6. Flux calibration :the 1D and 2D frames are flux calibratediuced multi-colour photometric follow-up frames. These ia-
as described in SeCL.3.3. duced as discussed in SEEt.4 and are currently availalgletgir

7. Telluric absorption correction this correction is applied as from the PESSTO website (www.pessto.org) and will soon be
detailed in SeE.3l4. It is only applied to the 1D spectra, navailable in the ESO archive. As they don't all have reliadtie
the 2D calibrated images released as associated files.  solute photometric zeropoints (as described in Sekt 4ed)whill
be available as associated ancillary data from ESO, rattiaer t
i , separate science data products. The acquisition imagedenay
The final step in both the EFOSC2 and SOFI spectral da{gefy| for improving on flux calibration in the future, if esence
reduction processes is to convert the one-dimensional 8ilx Cstars in the field can be accurately calibrated. Images Heve t

ibrated spectrum images into binary FITS table format as thq|owing naming convention for acquisition and sciencanfies
standard SSDR1 data products. These conform to the EgQpectively

Science Data Products Standard (Refaaal. 2013), referred

to as the spectrum binary table format. The binary table FI€S acq_sn2012ec_20120907_v641_56462_1.fits

consists of one primary header (there is no data in the pyimanN2011hs_20120422_R642_56462_2.fits

HDU so NAXIS=0), and a single extension containing a header

unit and aBINTABLE with NAXIS=2. Although the binary FITS This naming scheme is similar to the spectral files: object
table format supports storing multiple science spectraiwia name, observation date, filter (including ESO number), MdD o
single FITS file, a unique FITS file is provided for each indivi date of reduction and a numeric counter to distinguish iplelti
ual science spectrum. The actual spectral data is storéihwitexposures from the same night. The acquisition images have t
the table as vector arrays in single cells. As a consequdrae, acq_ prefix.

is only one row in the8INTABLE, which iSNAXIS2=1.

Information associated with the science spectrumis alse p
vided within the same binary table FITS file resulting in aléab ) )
containing one row with four data cells. The first cell congai  calibrations

the Wavelength array in angstroms. The othe_r thre(_e cellta'cm_n The Son OF ISAAC (SOHH is an infrared spectrograph and
the science spectrum flux array (extracted with variancghtei imaging camera which is mounted on the opposite nasmyth plat

ing), its error array (the standard deviation produced@ithe o 1o EFOSC2 on the NTT (Nasmyth A focus) and has been
extraction procedure) and finally the sky background flugyarr

Each flux array is in units of ergcris A1, A list of software 3 httpy/www.eso.orgscifacilities/lasillg/instrumentgsofi.html

6. PESSTO SOFI spectroscopic observations and
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installed there since 1997 (Moorwood etlal. 1998).The instrsections describe how they are applied in the pipeline rtemhuc
ment has a 10241024 Hawaii HgCdTe array with 18 pix- process.

els. The array sensitivity and range of filters and grismscov
imaging and spectroscopy between 0.9u2n5 PESSTO oper-
ates with the SOFI imaging and spectroscopy default mod®

which have pixel scales of/@9 pix*, and 027H)(l* reSpec- ynlike for EFOSC2, we do not subtract bias (or dark) frames
tively due to the dferent objectives employed (Lidman. et algom SOFI images or spectra. The bias level seen in the each im

2012). The imaging mode provides a FOV of 4.9 arcmingge js dependent on the incident flux level, and so it is nattpra

PESSTO uses the long slit spectroscopy mode with the two 105 to correct this with daytime calibration data. Insteaty; bias
resolution grisms labelled “Blue” and “Red” and the waveln set or structure is subtracted along with the sky background
coverage is listed in Tablé 5 and typically only takes sgefiir 55 recommended in the SOFI handbook.

targets which are in the magnitude rangel# < 17.PESSTO 1o 5OF| detector sters from cross talk, where a bright
does not use SOFI spectroscopy for any type _Of classificatiqy rce on either of the two upper or lower ql,Jadrants of the de-
only targets that are picked as PESSTO Key Science Targets @ il pe accompanied by a “ghost” on the corresponding
put forward for SOFI observations and only those bright @fou ., o, the opposite two quadrants. This ghost wifeat the

to give reasonable S|gnal-to_-n0|se (typicaByN ~ 20 in the  gpiire row of the detector, and has a fixed intensity relative
contm_uu_m) are spectroscqpmally _observed. PESSTO a*ﬂ_@ Uthe opposite row. This cross-talkfect is corrected for within
SOFI in imaging mode, using the filted${Ks, as shown in Fig. e nineline by summing each row on the detector, scaling by a

[18. TheK — shortor K filter is different to standard andK’ as ; :
- : -~ constant value, and subtracting from the opposite quasirant
it transmits between 2-2u8n hence avoiding the 1.1 atmo- 9 PP q

spheric absorption feature and cuts short of the incredbierg

mal background beyond 2: (Lidman, et al. 2012). No other 6.2.2. Flat field calibration

imaging filters are employed for PESSTO SOFI observations. , ,

The amount of SOFI NIR data available for any PESSTO scpPectroscopic flats are taken approximately once per month f
ence target depends critically on the brightness of theceoamd  SOFI: these consist of pairs of flats, taken first with an ircan
the science drivers. Hence, as originally planned in theesur plescent lamp illuminating the dome, and then with the dome un

proposal, SOFI observations make up around 20 per cent of fjf¢minated. The lamp-fi flats are subtracted from the lamp-on
total PESSTO time. flats, to remove the thermal background of the system. These

subtracted flat fields are then combined and normalised @sing

high-order (order 80 by default) spline fit; the normaliseat fl
6.1. Detector characteristics field is used to correct for the pixel to pixel variations irtetsor

sensitivity in the science and standard star frames. Ajhat-

The detector installed in SOFI is a Rockwell Scientific HgTed Mospheric absorption features due to the light path betireen
1024x1024 Hawaii array with 184n pixels and an averagedorr_\e Ir_;lmp and the detector can be seen in these flats, the nor-
guantum éiciency of 65% . It has a dark current of typicallymalisation appears to remove them relatively well. The raw a
around 20 ehr! per pixel, and a documented readout nois@ormalised flat fields for both the blue and red grisms are show
of approximately 12g both of which are negligible comparedin Fig.[I7. _ o o

to background in PESSTO exposures. The gain of the array is The amplitude of the variability in the flat field is4% for

5.4 /ADU and well depth around 170,000 electrons (32,00be red grism and-6% for the blue grism. The pixel-to-pixel
ADU). The array non-linearity is reported to be less thartd .5variation in Fig[1V illustrates the real response of theder,

for a signal up to 10,000 ADU (Lidman, etlal. 2012), but th&ather than being due to shot noise in the flats. We verify this
ESO instrument scientists recommend that exposures keepithFig.[18, where we compare a section of two normalised red
background below 6,000 ADU owing to the bias of the arragrism flat fields taker5 months apart. Both flats show the same
which has a complicated dependence on flux levels. structure, demonstrating that the flat field is stable, aadtte

)se of monthly calibrations is justified.

g.l. Bias, dark and cross-talk correction

In imaging mode, we use DCR (double correlated read
mode which results in a readnoise of around1Zehe short
noise from the sky (or object if it is bright) dominates andde 6.2.3. Arc frames and wavelength calibrations
noise is negligible for imaging. In spectroscopy mode, we al _ S
ways use the NDR (non-destructive read) mode with the gttirAs for the optical spectra, wavelength calibration is perfed
NSAMP=30 and NSAMPPIX=4 (as described in the SOFI man-Using spectra of a Xenon arc lamp. To fit the dispersion solu-
ual;[Lidman, et al. 2012). This mode is recommended for speian of the arc spectra without any systematic residualsireg
troscopy and the array is read within e&diT a number of times @ fourth-order polynomial fit. As listed in Talilé 5, 7-8 lineere
(equal toNSAMP), and for each read-out the signal is Samp|el;yp|cally used_ fpr the fit in the red grism, and 12-14 linesthie t
NSAMPIX times. This mode reduces the readnoise further thBH/e grism, giving an RMS error in the wavelength of around
for DCR, with read noise values typically in the range 3e". 0.2-0.5 A. The dispersion solution found from the arc frames

is then applied to the two dimensional spectra. The wavéfeng

calibration is also checked against the sky lines. After2Bbe
6.2. SOFI spectroscopic calibration data and reduction science frame is wavelength calibrated, the frame is aeerag

along the spatial axes and cross-correlated with sky livdis-
Similar to PESSTO observations and reductions for EFOSG&r shift is applied to the wavelength calibration and réedr
we aim to homogenise the SOFI observations and calibratianghe header keywor8HIFT. A more robust result is obtained
and tie them directly to what is required in the data redunctiaf the regions of the spectrum containing strong tellurisip-
pipeline. A standard set of PESSTO OBs for calibrations atidn is removed before the wavelength calibration checleis p
science are available on the PESSTO wiki and the followirfigrmed. As with the EFOSC2 correction, the precision of the
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Fig. 16. Transmission curves for th#HKs filters used with SOFI. Also plotted in grey is the atmospheatfsorption in the NIR
GE%@, courtesy of Gemini Observatory)

Table 5.PESSTO settings for SOFI spectroscopy. The order blocKiegdiused are 0.926n (GBF) and 1.424m (GRF) “cut-on”
filters. A 1’ slit projects to 3.4 pixels FWHM, measured from arc lines #raresolutiorR is given at the midpoint of the spectral
ranges, as is the velocity resolution. The column headelin®sindicates the number of lines used. The RMS is the & pésidual
for the wavelength calibration solution.

Grism  Wavelength Filter Npix Dispersion Resolution R V resolution Arclines RMS
(um) (blocking) (pixels) (Apixel)  (A) A/Ad kmst A
Blue 0.935-1.645 GBF 1024 6.95 23 550 545 12-14 0.1-0.2
Red 1.497-2.536 GRF 1024 10.2 33 611 490 7-8 0.2-0.5
B T T T T T rrT L T 1.4
3 12 " :
5 11 5 105
2 10 5
£ 0.9 g !
£ 2
z 0.8 E [
‘ S 095f
l 12 0.9 :....I....I.......I....I....I...I....I....I....
m i W \1 “ 11 400 410 420 430 440 450 460 470 480 490 500
‘ ‘ wil ‘M ‘ ‘”.‘i‘ ‘
W Il FW ' ‘ H\\ \ i ‘ H"M‘ \ 10 Fig. 18.Comparison of a cut along column 512 of the normalised
il i Juli \Jy' 0.9 flat for the red grism taken on 2013 March 3 (black) and the
m\‘ 0.8 normalised flat taken on 2012 October 6 (red) between pixels
TR AP A h sl Wb lwd ¢ 7 400 and 500. The two flats are essentially identical, indigat
0 100 200 300 400 500 600 700 800 900 1000 that the “noise” seen in Fid.17 is in fastc% pixel-to-pixel
Pixel variation in the detector.

Fig. 17. Cut across SOF flat fields along row 512. Blue grism.2.4. Sky subtraction and spectral extraction

(lower) and red grism (upper panel) are shown, with the nor- ) ) )

malised flat field shown in black, and the raw flat field (showing} critical part of NIR observations is the bright sky backgna,

the H,O absorption) in red. which usually has higher flux levels than the target. The sky ¢
vary on timescales of a few minutes, and so must be measured
and subtracted at (or close to) the time of the science oaserv
tions. To accomplish this, SOFI spectra for PESSTO are taken
in an ABBA dither pattern. This pattern consists of takingstfi
(A1) exposure at a position ‘A, then moving the telescope sb tha

wavelength correction is limited to 1A, owing to the scaléte  the target is shifted along the slit of SOFI b$-10" to position

shifts in the library sky spectra employed. Hence this valtie ‘B’. Two exposures are taken at ‘B’ (Band B,), before the tele-

1A, is again recorded as the systematic error in the waveiengcope is ffset back to ‘A’ where a final exposure {Ais taken.

calibration SPEC_SYE, see AppendixAl3). When reducing the data, the pipeline subtracts each paip-of o
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servations (i.e. ABy, B1-A1, B2-Az, Ax-By) to give individual 1 e —————————————
bias- and sky-subtracted frames. Next, the PESSTO pipatine ; n ]
tempts to shift these sky-subtracted frames so that the tfetbe : - ]
target is at a constant pixel position, and combine the feaiifie 05 F 3
the target s relatively faint, and the spectral trace cabadden- : m " ]
tified clearly in each frame, this routine in the pipelinelvail, :
and instead the user will be prompted to interactively aigd
combine the frames. Finally, the spectrum is optimally &oted :
in an interactive fashion. E =
The total on object exposure time of these combined frames :
is given in the header &EXPTIME. This is simply a product of Foom ]
the following values, all found as header keywordsIT (the 1 B
detector integration time}DIT (the number of DITS)NJITTER 12 13 14 15 16 17 18 19
(the number of jitters at positions ‘A" and ‘B’), anDFFSETS Magppor
(he number of @iset positions, which is always 2). Typical§ T

is kept between 60-240 sec. Fig. 20. Comparison of observed and synthelld magnitudes

for SN 2012fr. The standard deviation of the distribution is
34.7%, which is a measure of the uncertainty of the absolute
spectroscopic flux scale of the calibrated SOFI spectra.

The NIR region covered by SOFI contains multiple strong

telluric absorptions, arising chiefly from water vapour and ) _ .

CO,, and their absorption strength is a function of both timgoy g o .1 - iP109796-20130417-GBmerge 56478 1_ex. fits’ / tell

and airmass. The most common technique for low-to-medium-

resolution spectroscopy is to observe a star of known sgectr If one of the spectrophotometric flux standards from Table 2
type (a “telluric standard”) immediately prior to or follomg the has been used to additionally scale the flux then the keyword
science spectrum, and at a similar airmass. The spectruneof $ENSPHOT is added to the header, with the spectrum used to ap-
telluric standard is then divided by an appropriate teng@aec- ply the flux calibration. This file has the name of the standard
trum of the same spectral type, yielding an absorption spect clearly labelled. In this way, users can distinguish whictmod

for the telluric features. The absorption spectrum is theidedd has been applied.

into the science spectrum to correct for the telluric absonp
As part of PESSTO, we observe either a Vega-like (spectpal t
AQV) or a Solar analogue (G2V) telluric standard for each BOF 14 cneci the flux calibration of SOFI spectra, we would ide-

spectrum. The PESSTO pipeline uses the closest (in time) %ﬂy have a large number of targets with both well sampled NIR
served telluric standard to each science or standard star SFFightcurves and SOFI spectra. At this time, the NIR lightag

trum. for most of the PESSTO science targets are not complete dand no
calibrated reliably enough to allow a large scale comEariWe

6.4. Spectrophotometric standards and flux calibration have used a well observed type la SN (SN 201, etal
[2013) to determine the accuracy and reliability of the SSDR1

The process for correcting the spectrum for the telluric aflux calibrations. Synthetid-band photometry was performed
sorption also provides a means for flux calibration using tten the blue grism spectra, amttband photometry on the red
Hipparcosl or V photometry of the solar analogues and Veggrism spectra. The fference between the synthetic magnitudes
standards used. The flux of the observed telluric standarc spand theJH photometry from Conteras et al., (2014, in prep) is
trum is scaled to match the tabulated photometry, with the gsotted in Fig[20. Not surprisingly, a fairly large spreddmag-
sumption that the telluric standards have the same coleor-(t nitude dfsets is seen, with the distribution having a mean of
perature) as Vega or the Sun. When possible, a second s&p is@.04" and a standard deviation of 0"87Although this is quite a
formed to flux calibrate the spectra using a spectrophotaenetsignificant scatter, it can be improved upon by users by eyaplo
standard. The spectrophotometric standard is reduced@nd ing the JHKg imaging that is normally done when SOFI spectra
rected for telluric absorption using a telluric standarithwhe are taken. Synthetic photometry will allow more accurat-sc
same technique as used for the science targets. This amreatg of the absolute flux levels. This correction is not in SIDR
standard spectrum is then compared with its tabulated fluk, aut in future PESSTO data releases, the flux calibration dfISO
the science frame is then linearly scaled in flux to correcafty  spectra will be cross checked against fHéKs photometry of
flux discrepancy. There are only a handful of spectrophotame the target taken closest to the observations.
standard stars which have tabulated fluxes extending owdras f
as theK-band. We do observe these standards (listed in E{ble?zg oy ) libration f d reducti
as far as possible when SOFI spectra are taken, but noneghefe” SOF! imaging calibration frames and reduction
there are a significant number of nights where no flux standagdF| imaging is carried out as default when spectroscopy
was observed in the NIR. For these nights the spectra will sis done, providing images with a 4.9 arcmin field of view
have an approximate flux calibration performed against the §0729 pix1). The cross talk fect is first corrected as for the
companying telluric standard. An example of a reduced and flgpectra and all images are then flat fielded using dome flats.
calibrated spectrum is shown in Fig]19. Dome flats are taken using a screen on the interior of the tele-
All SOFI spectra have the following keyword which denotescope dome which can be illuminated with a halogen lampsPair
which telluric standard was used for both the telluric caticln  of flats are taken with the screen illuminated and un-illusténl;
and the initial flux calibration. the latter are then subtracted from the former to accourdddt

Mag Phot-Spec
o
T
|
|
L]
|

6.3. Telluric absorption correction

ENSPHOT="sens_GD71_20130417_GB_merge_56478_1_f.fits’/sens for flux cal
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Fig. 19. Combined blue and red grism SOFI spectra of SN 2012ec tak@0d8 September 24. Overplotted in grey is the atmo-
spheric transmission, showing the correspondence betrggans of low transparency and pogNSn the spectrum.

current and thermal background. Multiple flats are comhbineglared to their catalogued 2MASS magnitudes to determine the
and then used to reduce the science data. Typically, donse flahotometric zeropoint, which is recorded in the header ef th
are taken once per month with SOFI, although they appedestaimage aPHOTZP.
over longer periods. The definition of PHOTZP for SOFI is flerent to that of

An illumination correction is also applied, to account foet EFOSC2. Since the SOFI images all have astrometric and pho-
difference between the illumination pattern of the dome flats at@inetric solutions from 2MASS point source matching, itosp
the actual illumination of the night sky. The illuminatioore sible to give a measured zeropoint for all images. The SOFI im
rection is determined by imaging a bright star at each mwsitiages are full science archive products and as such they bbey t
in a 4x4 grid on the detector. The intensity of the star is theformal ESO definition of the zeropoint :
measured at each position, and a two-dimensional polyridnia
fitted. This polynomial is normalised to unity, so that it dae
applied to the imaging data as a multiplicative correctiimese MAG = -2.5x 09,4 (COUNT Spu) + PHOTZP  (2)
on-sky calibrations are tested annually within PESSTO.

if% dand (rje?}uctions. For targelts tréat ﬁre inhrelatlively mdﬂg] porated into th®HOTZP value. The other photometric keywords
lelds, a aither pattern is employed where the telescope Wetho o ¢ gimilar to EFOSC2 and are described in AppehdixA.7.
to four ofset positions on the sky, while keeping the target in

the field of view (“on-source sky subtraction”). To determin
the sky background, the four frames are then median combir@@. PESSTO SOFI data products : SSDR1

withoutapplying dfsets, rejecting pixels from any individual im- .
age which are more than a certain threshold above the mediar> 1O d0€s not prod?ce flast r_?duc_:ed spectra forIS(f)_FI,I sihce
Thisinitial sky image is subtracted from each individual fram € NIR is never used for classification. Hence only final re-
in order to obtaininitial sky-subtracted images. These frame uced spectra and images are described here for S.SDl' The
are used to identify the positions of all sources and creatask ataEEg)(Sjg(;cs_lt(r)‘r SOFl are S|m_|lalr)yo thos%:jels:f_rrlgefd inSact N
frame for each science image. For each set of four images, Eﬁre - The spectra are in binary table ormat, wit

frames are then median combinagain withoutapplying di- € same four data cells corresponding to the wavelength in
sets and using the masks created previously to reject aitesu angstroms, the weighted science spectrum and its errorhand t

- ; . ; ky background flux array. Again, each flux array is in units of
d produce théinal sk . Thdinal sky background im- °
anc prociice thina sy mage na S bACKGrouUnc fm gcnt?s A1, (see AppendiXT for a list of software that can

age is then subtracted from each of the input frames. The sfg _
subtracted images are then mosaiced together to creatgla siffad Pinary FITS table format). The SSDR1 FITS keywords de-

image using theware package! (Bertin et &l. 2002). scribed Append[X7 are again applicable here. A typical flme
For targets which are in a crowded field, or where there

extended diuse emission (such as nearby galaxies), then W2009ip_20130417_GB_merge_56478_1_sb. fits

source sky subtraction is not possible. In these cases,tere al

nate between observing the target, and observing an unetbwd \\/here the object name is followed by the date observed, the
off-source field around5 arcmin from the target. We typically grism (GB for the blue grism, or GR for the red grism), the word
observe four frames on source, then four framéSsource, “merge” to note that that the individual exposures in the ABB
dithering in each case Thefesource frames are then used tQjither pattern have been co-added, the MJD date the file was
compute a sky frame in the same way as for the “on-source $ppated, a numeric value to distinguish multiple exposores
subtraction”. The fi-source sky frame is then subtracted fronge same night and a fix _sb to denote a spectrum in binary

each of the on-source images of the target, which are ther cQihje format. As with EFOSC2, this science spectrum can be
bined to create the final image. Since the field of view of SOkdentified with the label :

is rather small (4.9 arcmin) the astrometry is not set foglein

images. InsteadigxTrAcTOR iS run to detect sources in individ-pPRODCATG = SCIENCE.SPECTRUM / Data product category

ual frames, and to check the nominal dither. The images are th

mosaiced together usingvarp. Finally, an astrometric calibra-  We also provide the 2D flux calibrated and wavelength cal-
tion is made, by cross correlating the sources detectedby ibrated file so that users can re-extract their object direas
TRACTOR With the 2MASS catalogue, in the same fashion as falescribed with EFOSC2. The identification of the 2D images
the EFOSC2 frames. The instrumental aperture magnitudesafow the same convention as for EFOSC2, with théigusi

the sources in the field as measuredohyrroT are then com- to denote a spectral image.
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ASSOC1 = ANCILLARY.2DSPECTRUM / Category of associated file calibrations can be tailored for specific objects, with &ddal
ASSONL = SN2069ip-20130417_GB_merge_56478_1_si.fits / Name manual steps in calibrating. For example, as all EFOSC2ispec
of associated file L. . A .

have an acquisition image M-band, a calibration of reference

We do not reduce and release the SOFI equivalent of tH&S in the field should allow the absolute flux to be calémtat
EFOSC2 acquisition images, but in nearly all cases whe?B the image to a few per cent. This has not been possible on a
PESSTO takes a SOFI spectrum, imaging iiKs is also taken. full survey basis for SSDR1 since it would require re-caiting
These images are flux and astrometrically calibrated and g&veral hundred EFOSC2 fields with reliable photometric-mea
leased as science frames rather than associated files. TeeySdrements, or all sky reference catalogues. In the futusdlof
labelled as follows whergs labels the filter and theerge de- SKY digital surveys such as Pan-STARRS1 and SkyMapper, the

notes that the dithers have been co-added. existence of reference stars down to around&il provide this
improvement quite easily. We envisage future releasesinvill
SN2013am_20130417_Ks_merge_56475_1.fits prove on this.

The SSDR1 EFOSC2 and SOFI spectra and the SOFI im-
We also release the image weight map as describedaigjes are available through the ESO archive server as for&@l E
IRetzldf et al. (201B). The definition in this document is thehase 3 data. Instructions for accessing these data afe avai
pixel-to-pixel variation of the statistical significancétbe im- able on the PESSTO websitemw.pessto.org. The reduced
age array in terms of a number that is proportional to therswe and calibrated EFOSC2 images are available from the PESSTO
variance of the background, i.e. not including the Poissmisen website, but not yet through the ESO archive. All 1D spectra
of sources. This is labelled as will also available in the Weizmann Interactive Supernosagad

REPository (WISeREP Yaron & Gal-Yam 2012).
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nisms producing these objects. An illustrative diagramhaf t f Astrophysics, MAS.gLG? SG and HK acknowledge support byNDOYT

phase space of explosive and eruptive transients was fot Pthrough FONDECYT grants 3130680 and 3140563, 3140566
ted by Kulkarni et al.[(2007) to show the faint and relativiglgt
nature of transients in the gap between faint supernovae and
novae. This was expanded by Kulkarni & Kasliwal (2009) angeferences
Kasliwal et al.(2010) to higher luminosities and fasterlity  ap, ¢ p. Alexandrs, R., Allende Prieto, C., et al. 2012, ApJS, 203, 21
objects. As an illustration of PESSTO'’s science goals[Zg. Baltay, C., Rabinowitz, D., Hadijiyska, E., et al. 2012, Theddenger, 150, 34
shows this Kulkarni & Kasliwal diagram updated with object8altay, C., Rabinowitz, D., Hadjiyska, E., et al. 2013, PASF5, 683
that PESSTO has classified and is following. The data forethe&enetti, S., Nicholl, M., Cappellaro, E., et al. 2014, MNRA®1, 289
will be released in future public releases via the ESO ae;hi\gggﬁfs'éir:;’gt‘:‘s:‘k's?'l'gggjr}fg'Ag;'fff"'égglz’ ApJL, T35,
and this shows the extremes of the transient populationibat Bertin, E., Mellier, Y., Radovich, M., et al. 2002, in Astromical Society of the
are now covering extensively. Pacific Conference Series, Vol. 281, Astronomical Data sial Software
We have highlighted the fliculty in homogenising the flux Bloafgjd S)éstgf{\rzfl, %d-LD-ZQC-WBOAN%n%%fé DioDzllerand' &T. H. Handg8
: ; : : . ; : ndin, S. ry, J. L. , , ,
Cf’il!bratlon of small imaging f!elds in a pUbII.C survey, ang-pr (ﬁoroson, T., Browz, T., HjeIstromF,) A., et al. 2014, in Sogief Photo-Optical
viding abSOIUI? spectr_oscoplc ﬂU).( Ca“brat]on to below 10% Instrumentation Engineers (SPIE) Conference Series, 94319, Society of
across many nights which have variable seeing and transpare  Photo-Optical Instrumentation Engineers (SPIE) Confezeeries
However methods to improve these for future data releases h&otticella, M. T., Trundle, C., Pastorello, A., et al. 202qJL, 717, L52
been identified and neither of these greatfgets the science of €20, Y., Kasliwal, M. M., Arcavi, |, et al. 2013, ApJL, 7757L
transient objects that can be done with PESSTO. Science u g%?jfyéhjﬁ?gfg g;i’g‘)é%’% K’At_’agtz;.lgbff%%’ 114
have the ability to adjust the flux measurements since the dafough, s. A, Shephard, M. W. Miawer, E. J. et al. 2005,

releases contain enough information that improvementieéo t J. Quant. Spec. Radiat. Transf., 91, 233

ASSOC1 = ANCILLARY.WEIGHTMAP / Category of associated file
ASSON1 = SN2013am_20130417_Ks_merge_56475_1.weight.fits / Name of
associated file

7. Summary and data access
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Appendix A: SSDR1 FITS Keywords description SPEC VvLAMNLIN (A-2)

This section contains details of the some of the more usef\ described in Seft.3.2.4 the wavelength positions of kiye s
PESSTO specific SSDR1 FITS keywords and their definitiotiges in the science frame (or telluric lines for bright stard
for users. It should be read in conjunction with the ESO Phastars) are checked and a linear shift is applied. This iedigt
3 User documentation (Retfizt all 201B). The flux and wave-the keywordSHIFT in Angstroms. The precision of this is lim-
length related keywords are typically applicable to bothFFSQited to 1A and hence we set the keywSREC_SYE (the system-
and EFOSC2 data while some (such as the cosmic ray rejatie error in the spectral coordinate system) that is fownihd
tion flag) are applicable to one or the other only (EFOSGRe observation and reduction process to 1A. After thisesyst
in this case). Their use in the two instruments should be sedftic SHIFT is applied to correct the skylines to rest, we find no
explanatory in the descriptions. further systematicféects in EFOSC2 wavelength calibration.
After the wavelength solution is determined and SHEFT
applied, the following values were inserted as keywords

A.1. Number of exposures

. ARC = "arc_SN2013XYZ_20130401_Grll_Free_slit1.0_56448_1.fits’
All PESSTO EFOSC spectra are extracted from single epo&mm - 9.0 / Nb of arc lines used in the fit
exposures, we do not provided merged or co-added spectraaipus = 0.0136 / residual RES [nm]
cases where multiple spectra are taken for EFOSC2. Thitis Bro-""* @'0045333333332/®Sm15t1°al uncertainty
to the users to decide. Hence for all EFOSC spectra: SPEC_SYE= 1.0 / systematic error
WAVELMIN= 334.3426032 / minimum wavelength [nanometers]
. . . WAVELMAX= 746.9358822 / maximum wavelength [nanometers]
SINGLEXP= T / TRUE if resultlng from Slngle exposure SPEC_BIN= 0.408104133 / average spectral coordinate bin size [nm/pix]
APERTURE= 0.0002778 / [deg] Aperture diameter

PESSTO SOFI spectra are always taken in an ABBA dith@F 155 1320950036041 / Spectral zesolving pover
pattern as described in SEct6]2.4, and hence:

SINGLEXP= F / TRUE if resulting from single exposure The dispersion is given b§PEC BIN, determined simply from :

WAVELMAX- WAVELMIN

All PESSTO spectra are taken at a single epoch, hence: SPECBIN = — (A3)
pix

M_EPOCH = F / TRUE if resulting from multiple epochs  whereny is the number of pixels in the array.

The slit width is given in degrees as the valARERTURE,
and the resolving power is calculated from the nearest dfc ca
ibration frame (in time) to the science frame. We do not apply
PESSTO uses the Laplacian cosmic ray rejection algofiffoh any velocity correction to the spectra, herSRECSYS is set to

1) for EFOSC2 data (no cleaning is necessaopocentric.
for the SOFI detector). If the Boolean value is seT tas below,
then the rejection algorithm has been applied, otherwibast
not. Note that in the spectral frames, only the central 26@ piA.4. Detector characteristics

els around the object are cleaned (i.e. central piA€IO0 pixels). . . . .
Full frame cosmic ray cleaning is generally turned on fonac As described in Se¢f._3.1 and the read noise and gain have been

sition and photometric imaging, and again this is ﬂaggedh Wifemeasured for CCD#40 on EFOSC2 and the correct values are

A.2. Cosmic ray rejection

the following keyword. written into the header as the following keywords.

LACOSMIC= T / TRUE if Laplacian cosmic ray rejection has been applied DETRON = 11.6 / Readout noise per output (e-)
GAIN = 1.18 / Conversion from electrons to ADU
EFFRON = 13.282436188 / Effective readout noise per output (e-)

A.8. Wavelength calibration GAIN is always the same in the EFOSC2 released data products,

The particular arc frame used for wavelength calibratioalis since they are single images and not combined. Similargy, th
ways recorded for information using thRC keyword. The num- effective readnoisBFFRON is fairly constant since it only relies
ber of arc lines used in the fit is given bgMNLIN, and the root On the the flats and biases used to detrend the data :

mean square of the residuals to the fit is listed. &4RMS, for-

[ 1 1
mally calculated as EFFRON= DETRON,/1+ +— (A.4)
Nbias Nilat

1 httpy/www.astro.yale.eddokkunylacosmig where
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Npias= NumMber of bias frames making up the masterbias A.6. Flux calibration

Niat = NUMber of flat-field frames makin hem rfl . .
fat = number of flat-field frames making up the masterflat All objects extracted are by definition point sources hence

n'&? extended object keyword is always set to false. The
spectra are flux calibrated and never normalised hence
CONTNORM is always set to false and tHELUXCAL is set to
BSOLUTE. As described in the ESO Science Data Products
tandard|(Retzfaet al.[ 201B)FLUXCAL should only be either
ABSOLUTE or UNCALIBRATED. As PESSTO does not do
wide slit observations to ensure that all flux is capturedimit
A.5. Instrument set-up and book keeping the slit, we seTOT_FLUX to false always. The units of the flux
;gglibration arein ergcntst A-1in the FITS binary table spec-

For SOFI imaging, the dithered images are median combi
and hence the values fBFFRON andGAIN are calculated appro-
priately. In general, the images and spectra are shot riniged
from the high NIR background and readnoise is not a major f
tor.

The object name is the primary name used by the sup fa. The value foFLUXERR is set to either 15.2% for EFOSC2 or

nova and transient community. Where it exists, an AU na ; ; —
(e.g. SN2013xy) is used, otherwise the survey specific na %7% for SOF! as described in S€Ct]3.3 and Sedt. 6.4.

(e.g. LSQ12aaa), or the “potential” SN name from the CBAT The average signal-noise—rat_io/rés per pixel is cal_culated
“Transient Objects Confirmation Page” is employed. It is amp by determining the 8l in N regions taken at 50A intervals

tant to note that for all spectral frames the RA and DEC valu@§T0SS the spectra and taking the mean. The number of regions
refer to those of the target, not the telescope. Howeverlfor & IS determined simply bW/ AVELMAX-WAVELMIN/50.

imaging frames the RA and DEC refer to the telescope pointipgyegg - 15.2 / Fractional uncertainty of the flux [%]
pOSItIOI’]. TOT_FLUX= F / TRUE if phot. cond. and all src flux captured
EXT_OB] = F / TRUE if extended
OBJECT = 'PSN]13540068-0755438’ / Original target. FLUXCAL = ’ABSOLUTE’ / Certifies the validity of PHOTZP
RA = 208.504924 / 13:54:01.1 RA (J2000) target (deg) CONTNORM= F / TRUE if normalised to the continuum
DEC = -7.93163 / -07:55:53.8 DEC (J2000) target deg) BUNIT = ’erg/cm2/s/A’/ Physical unit of array values
SNR = 26.0980159788 / Average signal to noise ratio per pixel

The ESO OB that created the science frames is recorded . .
as OBID1. Since PESSTO provides the single epoch, individ- T_he asso_clated 2D spectroscopic frame Iabelle_ﬁiS@S)N_l
ual spectra, there will always be only one OBID in the headé"rn‘_j is submitted as an ancﬂla_ry data product. Th|s file is flux
The title of the dataset is given as the MJD (of the obserua)io pahbr%ed, andz wzi\velclangth calibrated, and the units far dhe
object name, grism, filter and slit combinations. In additithe N 10~ ~"ergcnT*s A~
grism, filter and slit combinations are listed as below.

ASSON1 = ’SN2009ip_20130419_Grll_Free_slitl.0_56448_1_si.fits’
X ASSOC1 = ’ANCILLARY.2DSPECTRUM’ / Category of associated file
OBID1 = 100324424 / Observation block ID
TITLE = ’56384.305 PSNJ13540068-0755438 Grll Free slitl.0’/Dataset title
DISPELEM= ’Gr#11 ’ / Dispersive element name . . . .
FILTER = 'Free ° / Filter name A.7. Imaging - photometric calibration
APERTURE= 0.0002778 / [deg] Aperture diameter

The keywordsPHOTZP, PHOTZPER, FLUXCAL, PHOTSYS are
The relevant time stamps are listed below and are seffescribed above in Secth.1. Four other keywords are used to
explanatory, and are as defined in the ESO Science Dgtantify the data.

Products Standard_(Retdl®t al. [201B). We add our own orzp 25,08 / MAG=-2.5*L0g (data sPHOTZP
A . . = . =-2.5% +]
ATRMASS keyword which is the mean airmass calculated at R o e 999 7 erzor im PHOTZP
midpoint of the exposure. This value is the one used in calcuexcaL = *ABSOLUTE’ / Certifies the validity of PHOTZP
7 A 7 H i PHOTSYS = ’VEGA ’ / Photometric system VEGA or AB

lations of the sensitivity function, to flux calibrate theem_:e PSE FUHN 132371928 / Spatinl resolution (atcsec)

spectra and to compute the zeropoints for EFOSC2 imaging. g1 1prc- 0.131 / Average ellipticity of point sources
ABMAGSAT= 13.340369487 / Saturation limit point sources (AB mags)

TEXPTIME= 900.0006 / Total integ. time of all exposure ABMAGLIM= 19.861387040 / 5-sigma limiting AB magnitude point sources

TELAPSE = 900.0006001442671 / Total elapsed time [s]

MID-END = 56384.31092294362 / End of observations (days) .

IMID -  56384.30571460681 / [d] MID mid exposure The values forPSF_FWHM and ELLIPTIC are determined

ATRUASS = 1.148 / mean airmass computed with astcalc through asextractor (Bertin & Arnouts| 1996) measurement

on the field which is automatically called within the PESSTO
The version of the PESSTO pipeline which was used to IBipeline. The & limiting magnitude for a point source
duce the data is recorded using tPROCSOFT keyword. The ABMAGLIMis derived from :
source code, installation guide, users manual and tutddabs
are available on the PESSTO ki As discussed in S€ct2.1, 5
PESSTO immediately releases reduced data for all clagasfica MACHM =PHOTZP-25 'og(m * (Npix)(MBKG X GAIN)+
targets via WISeREP _(Yaron & Gal-Yam 2012) within 24hrs of (EFFRON: x Np‘x)i/z)
being taken. We label these “Fast” reductions, while therésl A5)
ductions for SSDR1 are given an internal label of “Final” ts-d '
tinguish them. This is recorded in the header keywiirAL ITY.
This publication is recorded as the primary scientific pedtion
describing the data content.

Where Npix is the number of pixels in an aperturdlf; =
7(PS FFFWHM/0.24) for EFOSC2 where the 0.24 scaling fac-
tor is the pixel size in arcseconds; for SOFI this factor B9).

PROCSOFT= ’ntt_2.1.0 / pipeline version andMBKG is the median background in ADU estimated day-
QUALITY = ’Final = ° / Final or fast reduction TRACTOR. We ignore extinction as a second-ordéieet in this
REFERENC= ’Smartt_et_al_2015’ / Bibliographic reference

calculation. In a small number of cases (around 3% oft24¢00

15 httpy//wiki.pessto.or¢pessto-operation-groufuata-reduction-and- EFOSC2 images images) the images have short exposure times
quality-control-team and low background such that after bias subtraction, theavail
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MBKG is negative. This may be due to bias drift as seen il Fig.fable B.1.List of records on photometric nights

or a low enough background that read noise dominates and the

overall value is below zero. In these cases Eqi.A.5 is stlllv ~Night La Silla Conditions  Night La Silla Conditions
as the read noise will dominate. 2013 Apr 19  photometric 2012 Dec 11  photometric
The magnitude of a point source that will saturate at peaktsou 2013 Apr 18  photometric 2012 Dec06  ?
is given by the following equation. This assumes that séitura 2013 Apr 17 photometric 2012 Dec05 7
occurs at 60,000 ADU and that the volume under a 2D Gaussi Oig ﬁp: g’ ﬁgzm?c?ttc:lncwetric ?2%1122 [E))Z?:%Aé ?)
is 2rlgo? (wherelg is the peak intensity) and th&WHM = 2013 Agr 11 photh))metric 2012 Nov 22 2
2V21In 207, then 2013 Apr05  photometric 2012 Nov21l 2
2013 Apr 04  photometric 2012 Nov20 2
7 2013 Apr 03  photometric 2012 Nov 14 ?
MAGS AT= PHOTZP- 25 |Og(rnz(600007 MBKG)(PS F.FWH M/0.24)2), (A.6) 2013 Apr 02 non-photometric 2012 Nov 13 7
2013 Apr01  non-photometric 2012 Nov 12 non-photometric
2013 Mar 18  non-photometric 2012 Nov 07  non-photometric
The saturation value of 60,000 is assumed for EFOSC2 an2013 Mar 17 ? 2012 Nov 06  photometric
for SOFI we assume 32000 ADU (from the SOFI manual;2013 Mar 16  photometric 2012 Nov 05  photometric
ILidman, et al| 2012) TheMBKG value is simply the median 2013 Mar12  photometric 2012 Nov 04 photometric
background sky in ADU (the bias level has a negligible ef-2013Mar1l  photometric 2012 0ct22 7 ,
fect since it is 0.3% of the ADU 16-bit saturation level) asd i 2812 mz: ég Eﬂgzgmgg:g ggig 82: 3(1) gon'phc’tometr'c
recorded in the headers as such. The short exposure time .pr(%bli’) Mar 04  photometric 2012 Oct 16  non-photometric
lem, whereMBKG may go negative, is not significant for this 54513 \var 03 non-photometric 2012 Oct15 2
calculation. Again, the scaling factor of 0.24 is simply fiieel 2013 Mar02  non-photometric 2012 Oct14 2
size for EFOSC2 and for SOFI itis 0.29. 2013 Mar 01  non-photometric 2012 Oct09  non-photometric
Although the header keywords are always listed as2013 Feb21 photometric 2012 Oct08  ?
ABMAGSAT andABMAGLIN, they should be interpreted in the pho- 2013 Feb 20  photometric 2012 Oct 07  non-photometric
tometric system given byHOTSYS and not always assumed to 2013 Feb 19  non-photometric 2012 Oct 06  non-photometric
be in the AB system. 2013 Feb 08  non-photometric 2012 Sep 25  non-photometric
2013 Feb 07  non-photometric 2012 Sep 24  photometric
2013 Feb 06  non-photometric 2012 Sep 23 non-photometric
A.8. Imaging - astrometric calibration 2013 Jan 30  non-photometric 2012 Sep 22  non-photometric
2013Jan29 ? 2012 Sep 17  non-photometric
As described in Sedf._4.1, the keywokSTROMET provides the 2013 Jan28 ? 2012 Sep 16  non-photometric
number of catalogued stars used for the astrometric céiblbora 2013 Jan27  ? 2012 Sep 15  non-photometric
and the RMS ofe and ¢ in arcseconds. The other keywords 2013 Jan21  non-photometric 2012 Sep 09 photometric
are mandatory ESO Science Data Products Standard keyworgg,ig jan ig non-pﬂo;ometr!c ggi% gep 83 phOtOfr?ettflC i
.[201B).cSYER1 and CSYER2 should specify the an non-photometric ep non-pnotometric
contribution to the uncertainty of the astrometric calffmadue ~ 20+3Jan13  non-photometric 2012 Sep 06 non-photometric
to systematic errors intrinsic to the registration procéssur 2018 Jan12 7 2012 Aug 26 non-photometric
e . ; M 2013Jan11 ? 2012 Aug 25 non-photometric
case th_ls is dominated by the uncertainty intrinsic to the asyg13Jan04a 2 2012 Aug 24  photometric
trometric reference catalogues used. For data registerétet 5013 jan03 2 2012 Aug 18  photometric
2MASS point source catalogue we list the uncertainty in eack?013 Jan02 2 2012 Aug 17  non-photometric
axis as 100 milli-arcseconds_(Skrutskie et al. 2006) or -78 2013Jan01  ? 2012 Aug 16  non-photometric
05 degrees and and for USNO B1 it is 200 milli-arcsecond012 Dec 22 ? 2012 Aug 10  photometric
dmgﬁls) or 5.55E-05 degrees. 2012 Dec21 2 2012 Aug 09  non-photometric
2012 Dec20 ? 2012 Aug 08  non-photometric
ASTRONET= ’8.372 §.507 10’ / rmsx rmsy nstars 2012 Dec 13 non-photometric 2012 Aug 07  photometric
CUNIT1 = ’deg / unit of the coord. trans. 2012 Dec 12 phOtometriC

CRDER1
CSYER1
CUNIT2
CRDER2
CSYER2

= 7.30677007226099E-05 / Random error (degree)

2.78E-05 / Systematic error (RA_m - Ra_ref)
"deg / unit of the coord. trans.
9.95842050171054E-05 / Random error (degree)

2.78E-05 / Systematic error (DEC_m - DEC_ref)

tables

Appendix C: Software for reading FITS binary

As described in Sectidn3.2 and Secfiad 6.6, the PESSTOrapect

Appendix B: Photometric nights

from the ESO Science Archive Facility are in FITS binary &bl

) » ] ~ format. Not all astronomical software routines can reasl fii-
The PESSTO observers record the night conditions in a néght pat easily. Listed here are some examples of software tiat ca

port which is publicly available on the PESSTO web pages (vig

used. This information is linked from the PESSTO survey

mation. Where the conditions are labelled with “photoneéfri gofhwyare.
then the night was considered photometric in that there were
visible clouds at dusk or dawn and no obvious signs of clouds 4.
transparency problems during the night. A “non-photoraétri
label means that the night was definitely not photometrid,an 2.
? means that there were no obvious transparency issuesthut wi
the information available we cannot be completely certadt it

was photometric.

The new IRAF external package SPTABLE is able to read,
display, and analyse (via the onedspec and rv packages).
Fv is a graphical program for viewing and editing any
FITS format image or table available from NASAs High
Energy Astrophysics Science Archive Research Center
(HEASARC).
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. Further

S.J. Smarttet al.:

. VOSpeds a multi-wavelength spectral analysis tool from the

ESA Virtual Observatory team.

. SPLAT-VOis a Virtual Observatory enabled package thaf

originated in STARLINK and is now released as part of the’
German Astrophysical Virtual Observatory (GAVO)

14

. IDL and pythoncan also read FITS binary tables through

the IDL Astronomy User’s Library at Goddard and throughs
pyfitsrespectively.

details on all the above are linkeds
from the PESSTO website and are available at
http://archive.eso.org/cms/eso-data/help/ldspectra.htmi’
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