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ABSTRACT

Context. The Public European Southern Observatory Spectroscopiepaf Transient Objects (PESSTO) began as a public spectro
scopic survey in April 2012. PESSTO classifies transiemtsfpublicly available sources and wide-field surveys anecsglscience
targets for detailed spectroscopic and photometric follpvPESSTO runs for nine months of the year, January - ApdlAugust -
December inclusive, and typically has allocations of 1htdgper month.

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

Methods. PESSTO uses the New Technology Telescope with EFOSC2 antit&@vide optical and NIR spectroscopy and imag-
ing. We target supernovae and optical transients brighgar 20.5' for classification. Science targets are selected for follphbased

on the PESSTO science goal of extending knowledge of thereets of the supernova population. We use EFOSC2 to provédirap
across 3345-9995A(with resolutions of 13-18A), and SOFRieer 0.935-2.53m (resolutions 23-33A) together withHKs imaging.
Results. This first data release (SSDR1) contains flux calibratedtsp&om the first year (April 2012 - 2013). A total of 221 con-
firmed supernovae were classified, and we released calibogiiical spectra and classifications publicly within 24bfghe data
being taken (via WISeREP). The data in SSDR1 supplant thedeaged spectra and further include all 814 EFOSC2 spauir@s
SOFI spectra taken during the first year (covering 298 distijects). They have more reliable and quantifiable fluibcations,
correction for telluric absorption and are made availablstandard ESO Phase 3 formats. We estimate the absoluteecaot the
flux calibrations for EFOSC2 across the whole survey in SSERde typically~15%, although a number of spectra will have less
reliable absolute flux calibration due to weather and stisé&s. The relative flux calibration is estimated to be atedtaabout 5%.
Acquisition images for each spectrum are available whitlprinciple, can allow the user to refine the absolute fluxocation. The
standard NIR reduction process does not produce high agcabsolute spectrophotometry but synthetic photomettly accompa-
nying JHKs imaging can improve this.
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Conclusions. Future data releases will focus on improving the automatedcilibration of the data products. The rapid turn around
between discovery and classification and access to relpbétine processed data products has allowed early scigapmers in the
first year of the survey.

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

1. Introduction

The search for transient phenomena in the Universe haseraanew era, with the construction and operation of dedioaide-
field optical telescopes, coupled with large format digitaheras and rapid data analysis pipelines. The currergysiitv operation
with 0.7 - 1.8m aperture wide-field telescopes combined wétimeras covering 5-10 square degrees which are activelyhgeg

for transients are the Palomar Transient Factory (PTF;_Ltzadl £009), the Pan-STARRS1 survey (PS1; Kaiser et al.|2016)
Catalina Real Time Survey (CRTS: Drake € 009), the lla SUEST survey (LSQ:_B_a.T)Le_LKE(EB), and the SkyMapper
survey [(Keller et dl. 2007). With exposure times of 30-6Msets, these surveys can reach magnitudes between 19-2igmedch
cover around 1000 - 6000 square degrees per night dependthg telescope. Each survey runs transient object detquipelines,
with differing methodology, but a common factor amongst the sunsetfsei requirement for rapid spectroscopic observations of
new transients. The simplest initial characteristic ofamsient that is immediately required is distance, to pmwad estimate of
emitted energy, albeit initially in the narrow wavelengdigion of the optical domain.

The PTF built dedicated fast follow-up into the factory e@rof the project from the outset, successfully combiniaggient
detection on the Palomar 1.2m Schmidt with spectroscofiicfeup on accessible 2-4m telescopes within their comnsart(e.g.
Rau et al. 2009; Gal-Yam etlal. 2011; Nugent ¢t al. 2011). R8Ichncentratedierts on higher redshift regimes, covering similar
vqume to PTF’s |mag|ng survey with its 10 Medium Deep fieldisily cadence, and follow-up on 4m, 6m and 8m telescopes (e.g

mgzaﬂ_el_dLZQZlZ) Other projects are using smallertapee¢-~0.1-
0.4 m) telescopes or cameras to cover wider fields to shalldeghs. The MASTER project employs a number of 40cm tefgsso
and 7cm cameras in the northern hemisphere, finding opt@asients down te-20 mag [(Lipunov et al. 2010). The ASAS-SN
project is now running two 14cm telescopes in the northethsmuthern hemispheres, successfully finding transieighter than
V ~17 (Shappee et Al. 2014) with the aim of being all sky to apipmately this flux limit. The very successful OGLE project is
also now producing extragalactic transients in~®&0 square degree footprint of the OGLE-IV survey with a 1t8lascope and
1.4 square degree field of vielv (Koztowski ellal. 2013; WyxayEki et al[ 2014).

Between them, these synoptlc surveys are discovering resges of transients that challenge our ideas of the phyfsitsliar
explosions. The long running and very successful nearbgraigva (SN) searches of LOSS (Li etlal. 2011; L eaman| et all 24xid
CHASE (Pignata et dl. 2008), are aided by the large commufitell equipped and experienced amateur astronomersgho
the world who have also increased their detection limitsrtwjole some critical scientific data (e.g. see K. Itagakistcibution to
IPastorello et al. 2007). These have targeted bright galéwi¢hin about-100 Mpc,z < 0.025) for the obvious reasons that they host
much of the mass and star formation in the local Universe. SM@opulation in these galaxies are well studied (Li &t al)pand
the progenitor stars of many core-collapse SNe have beeowised|(Smatrtt 2009) leading to physical insights intoetkglosions
and the progenitor population. However surprises stillesgon these galaxy focused surveys such as the faint hydmom SNe
(Valenti et al| 2009; Kasliwal et al. 2010). The origins ofre® of these are disputed and it is not clear if they are theutiear
explosions of white dwarfs or related to core-collapse. ddtere of faint transients such as that in M85, which are betwl-2mags
brighter than classical novae, have been suggested totjaditehe stellar mergers rather than SNe (Kulkarni et aD?0

The new wide-field transient searches discover transieittsne galaxy bias, fainter limiting magnitudes, and proherger
timescales. This has opened up a new window on the transienetde — and the physical diversity discovered thus fanadlenging
the paradigms we hold for stellar deaths. It is likely we aitm@ssing the diversity in the transient Universe that delseon stellar
mass, metallicity, binarity, mass-loss rates and rotatdes of the progenitor systems. However the biggest cigalen the field is
now linking the discoveries to rapid spectroscopic and inwatvelength follow-up. PTF discovered and spectrosapiclassified
2288 transients over the years 2010-2012, which made u25€8 all SNe found and classified in this per van (21
PS1 has discovered over 4000 transients, with spectrosifdifb. Still many transients go unclassified and wide-fielarshes in
the south are only just beginning. Furthermore, we areylikebn to enter the era of multi-messenger astronomy whioh & link
electromagnetic detections to gravitational wave, neatand high energy cosmic ray sourdes (O'Brien & Srinartt 2013)

In response to the first call by the European Southern ObtmewéESO) for public spectroscopic surveys, and partidyla
prompted by the opportunities provided by the La Silla QUEST SKkyMAPPER surveys, we proposed PESSTO (the Public ESO
Spectroscopic Survey of Transient Objects). This builtfmwork and broad european consortium gathered togethke iE$O
Large Program "Supernova Variety and Nucleosynthesigsligidead by S. Benetti (ESO 184.D-1140, 30 nigytallocated at ESO-
NTT; e.g. see Pastorello et'al. 2013). PESSTO was acceptE&Byas one of two public surveys, the other being the GAIA-ESO
survey using FLAMES on the Very Large Telescope. PESSTO wasded 90 nights per year on the New Technology Telescope
(NTT) initially for two years, which has been renewed to fgaars (2012-2016). The science goal of PESSTO is to provide kc
spectroscopic survey to deliver detailed, high-qualityetseries opticalNIR spectroscopy of about 150 optical transients covering
the full range of parameter space that the surveys now dellueninosity, host metallicity, explosion mechanismseTPESSTO
team is composed of the major supernovae research teanesiESth community and rapid access to the reduced data is gnahte
part of the project. To date, ten papers based primarily 0B data have been accepted in refereed journals_(Fraaér et

* Based on observations collected at the European OrganmigatiAstronomical Research in the Southern Hemispheriée @b part of program
188.D-3003 (PESSTO)
** www.pessto.org
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2013; Maund et al. 2013; Childress etlal. 2013; Valenti eP@ll4a; Benetti et al. 2014; Inserra etlal. 2014; Valenti eP&L4b;
Maguire et all 2013; Scalzo et/al. 2014; Nicholl ef al. 2014)

2. Description of the survey and data reduction pipeline

PESSTO is allocated 90 nights per year, in visitor mode, erB80 NTT. There are no observations planned during the rmonth
of May, June and July due to the Galactic centre being at @btilght ascension. These three months make it mdiecdit to
search for extragalactic SNe and there is large time pregsum the ESO community for Milky Way stellar science. PESSS
typically allocated 10 nights per month split into three suhs of 4N, 3N and 3N. The middle sub-run is usually dark timieile

the two others are grdyright with the moon up for around 50% of the time. The instemts used are EFOSC2 and SOFI and
both spectroscopy and imaging modes are employed. The RES&IEboration host public webpages which includes infaion

on night reports, observing conditions, observing withXiel and instructions for downloading the data reductiorepie. This
information is udpated during the survey and users shoald tiés document with the information on www.pessto.orgtaedwviki
pages that the homepage points to.

2.1. Target selection and strategy

We have built a web-based data aggregator that works to omus institutional and transient survey websites, adalteastro-
nomical transient alert resources such as The AstrononesegfBm (ATelf] and the IAU Central Bureau for Electronic Telegrams
(CBET)@ services. This aggregator (tRESSTO Marshall cross-correlates all transient event metadata comarg fhese various
sources, grouping duplicate objects together, and prieggthe user with a detailed overview of what is currentlywnabout each
transient event.

The PESSTO Marshall also provides a structured workflow wvalows users to both promote objects they wish to be classifi
with the NTT, and to track observations of objects they hdwvesen for detailed followup. The Marshall also works wellaas
collaboration and communication platform for the PESST@cwnity, allowing users to comment on objects they are asted
in, to append useful object metadata, to state their irdaatabout individual objects and to provide observers atNth€& with
detailed instructions as to what observations they require

The major science goal of PESSTO is to extend the detailezldgmies data for unusual and rare transient events thégcal
our understanding of the two standard physical mechanisn®Ne : core-collapse and thermonuclear. Furthermorebyesaper-
novae allow for more detailed study such as progenitor tietescand multi-wavelength (x-ray to radio) follow-up thpbbes both
the explosion mechanisms and shock physics. To this end®?BESTO collaboration has formed Science groups who stiely th
classification spectra and promote targets to “PESSTO Ken8e Targets” on the basis of them falling into these aleBSSTO
takes input sources for classification from all publiclyitalsle sources, and has partnerships in particular with.th8illa QUEST,
SkyMapper and OGLE-IV surveys for access to its targets gy as possible. The public feed of CRTS targets has alsogarov
to be a very valuable source of targets. PESSTO employs aitadgrimit for classification of 20.5 iBBVR or unfiltered CCD
magnitudes and particularly looks to prioritise targetsoading to the following criteria

Distance @ < 40 Mpc) and very high priority for candidates with< 25 Mpc

Young phase : non-detectionaf7 days, or fast rise time>(0.5magday) or sharp drops in magnitude over short timescales

Luminosity extremes : objects with expectbtl < —19.5 andM > —155. This is dificult to implement as the distance or

redshift of the host is required, but when possible it is used

Fast declining light curves\fnag> 1 mag5days) or very slow-rising light curves;{e > 30 days)

— Variability history - for example pre-discovery outbursth as SN2006jc, SN2009ip, SN2010mc (Pastorellol&t al.|,Z0miz3;
Fraser et al. 2013; Ofek etlal. 2013)

— XRF & GRB alerts : these have not yet been observed, due toolfagkgets at right magnitude and availability

— Peculiar host environments : for example low-luminositlagees: Mg > —18 or hostless transients; remote locations /8

galaxies and in the halos of spirats ¥ 20 kpc) from the nucleus; enhanced star formation envirarts®uch as Arp galaxies

-interacting systems or tidal galaxy tails or galaxies wHiave hosted multiple SNe.

data release. PESSTO formally collaborates with the La-RINUEST (LSQ) Low Redshift Supernova Sur :
which operates as part of the La Silla-QUEST Southern HemeispVariability Surveyl (Baltay et &l. 2012). The 160-megap
QUEST camera is installed on the ESO Schmidt telescopeidingva sensitive pixel area of 8.7 square degrees and italsesst
all of the Schmidt telescope time. The pixel scale’i8®and the system gets to a depth of aroun8ia0s through a wide-band
filter that covers the SDS&+r bands. This magnitude limit is well matched to the capabditthe NTT+EFOSC2 for obtaining
spectra with signal-to-noise of greater than 10 in typjca0 min exposures. The LSQ low redshift supernova survegatsma sky
area twice per night to remove bogus objects and asteraidsinathis way 1500 square degrees is typically covered eagit.n
Fig[ shows the source of targets for PESSTO classificat@mn April 2012-2013 illustrating the extensive use of the SQ low
redshift survey targets. The Catalina Real-Time Transsemtvey (CRTS Drake et Hl. 2009) is also another very usefulcgoof
targets for PESSTO, as again the survey depths are well sthtolPESSTO spectroscopic capabilities and the wide-féelcthing
produces large numbers of transients that can be filteredtjects at the extreme end of the supernova luminosityiloligion

1 httpy/www.astronomerstelegram.org
2 httpy/www.cbat.eps.harvard.efbbefRecentCBETs.htm
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e o Type Number Per Cent
TOCP/Amateur (9.9%) la 130 47
la-pec 16 6
OGLE (5.5%) 1 39 14
CHASE (3.3°/D I I n 21 8
b 2 1
Ib 2 1
Ic 11 4
SN uncertain 5 2
CRTS (19.0%) 150 (60.2%) AG N 3 1
galaxy 13 5
stellar 11 4
TAROT (0.7%) unknown 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.

e.g!/Drake et al. 2010; Pastorello ef al. 2010; Inserral @0d13) and luminous transient events in the cores of gaddKieake et dl.

). PESSTO also parses the OGLE-IV transient list whdarery useful as the declination of the fields are arou6@ to —80
degrees, allowing the NTT to point in this direction durinmarestrictions and providing targets available for lottogervational
seasons. The other sources of targets as seen [ Fig.1 améteur reports which are posted on the Central Bureausgéient
Objects Confirmation Pagél, the Chilean Automatic Supernova Search (CHASE PignatE 8088) and a small number of
targets from MASTER| (Lipunov et al. 2010) and TARdmtm) Targets from ther3survey from Pan-STARRS1
survey have also been classified, mostly during the secoadofeoperations_(Smartt etlal. 2014). In the future, PESSTEQ
closer coordination with SkyMAPPEﬂYM 07) dhd transient stream likely to be produced by the ESA GAIlAsiois
(“GAIA alerts”, see Hodgkin et al. 2013).

One of the goals of PESSTO is to provide early spectra for feghclassification and for probing the early explosions of
supernovae. The earlier an object can be classified, the appertunity there is for the community to observe it with trul
wavelength facilities in the interesting early phases ofw flays after explosion (elg. Soderberg éft al. 2008; Cao20aB) To
gauge how the first year of PESSTO progressed, we compar&#sep of the first classification spectra taken by PESSTO of La
Silla-QUEST targets, with the Palomar Transient Factoryigid (Maguire et al. 2014). We chose type la SNe for this canspn
as they have well defined rise times, are the most commonsf@mntd in magnitude limited surveys and can be typed to withi
few days (type Il SNe are hard to date from explosion, sinegitie time takes hours if the progenitor is an extended rpergiant,
and the peak is not a well defined epoch in this case). Thisstiwat we recover type la SNe down to around 10 days before peak
There is some uncertainty in the dating of spectra as thistefiut it is encouraging to see that we can recover SNe catmphst
at these epochs by combining immediate exchange of infiombetween La Silla QUEST and PESSTO. Where PESSTO could
do better, and where PTF has excelled, is in very low redshifty discoveries i.e. the bottom left corner of the rightdh@anel in
Figl2. This is an area for rich scientific exploitation (e.qudént et al. 2011; Gal-Yam et/al. 2014). PESSTO publiclyasds the
first spectrum of each newly classified transient objectsenbes in reduced, flux calibrated form via WISe BEron & Gal-Yam
2012). The raw data for PESSTO are immediately availabledgtiblic once they are taken, via the ESO Archive. We reltsask
reduced data of the science follow-up targets during yesfigial data releases, the first of which is SSDR1.

2.2. PESSTO Data reduction pipeline

PESSTO uses fixed setups for EFOSC2 and SOFI which allow eeldideta products to be provided rapidly and uniformly to the
PESSTO survey members and the public (see Table Lland 5 féixéaesetups). The PESSTO consortium has developed a data
reduction pipeline, written ipythonby Stefano Valenti, with input from other members and basethe basic python packages
numpy pylah pyraf, pyfits The pipeline produces fully reduced, flux calibrated se¢tD and 2D images) for both EFOSC2
and SOFI and reduced images for EFOSC2 and SOFI on which plettic measurements can be made (a nominal zeropoint is
provided as discussed below). This pipeline is publiclyilatée on the PESSTO wiki, with instructions for instaltatiand use.

All the data released in SSDR1 have been processed throagligeline and indeed all subsequent data releases wilhikdy
processed. The following sections describe the instrumetaps, calibrations and data products delivered incudétails on the
header keywords employed that assist the user in intengréie calibrated data.

In the first year of PESSTO and for SSDR1, we have not focuséiigtraccuracy absolute spectrophotometry. Reliableivelat
flux calibration is essential for supernovae and transieiense, but for general classification and screening atesspectropho-
tometry is not critical. We placed more importance on sdregand classifying as many targets as possible rather thgdreh
accuracy calibration of fewer objects. For follow-up tadsgehe standard methods of improving spectrophotometiyivie cor-

3 httpy//www.cbat.eps.harvard.etlunconftocp.html
4 httpy/www.weizmann.ac jastrophysicsviserep
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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.

recting the spectra with photometric measurements frora siaries lightcurves. Since most of the PESSTO sciencetsatgenot
yet have a fully calibrated lightcurve, we have not corrddtee spectra in bulk with this method. Discussion of the eacyiand
reliability of the absolute flux scales is presented in $&8tand future data releases will focus on improving this.

3. PESSTO EFOSC2 spectroscopic observations and calibrati  ons

The ESO Faint Object Spectrograph and Camera 2 (EF@SB23 been mounted at tHg11 nasmyth focus on the NTT since
2008. It is a focal reducer which uses multi-layer coateldirahsmission optics (i.e. no reflecting surfaces). THOFEamera has
a focal length of 200mm, which provides a pixel scale’tfDpix*, for detector pixels of 1@m physical size. As described in the
EFOSC2 manual, the filter and grism wheels are located indhalpl beam, between the collimator and the camera whidnse
that the EFOSC2 focus is quite stable and does not drift fitgunitly as a function of temperature, rotator angle, wawgtle or
observing mode.

As an all-transmission optical instrument, the dispersilegnents are grisms, providing a fixed wavelength coveragemtdent
on detector size and camera beam width. Despite the largbenwhgrisms available, PESSTO uses only three defauibhgsttor
EFOSC?2, listed in Tablg 1. The CCD on EFOSC2 is ESO#40 whiah.izral Lesser Thinned AR coated, UV flooded detector with
2048x 2048 15um pixels and driven with an ESO-FIERA controller. PESSTOsube CCD in Normal readout mode with<22
pixel binning giving 2-dimensional science images with 4821024 physical pixels, which have a plate scale’t#@pixel*. The
CCD is never windowed for PESSTO observations, hence tltediee is 41 x 4.1 arcmin. The lowest resolution setting (Gr#13) of
17.7A has the broadest wavelength coverage and is the tisédtihg for classification spectra (Table 1). All classifion spectra
which are reduced and released immediately (within 24 htlsedflata being taken) employ this setup. The other two grédtings
are used for some of the PESSTO Key Science Targets, in whiigdr ¢he higher resolution or full wavelength coveragetioth)
are required. All PESSTO observations with Gr#16 use therdutbcking filter OG530 to remove second ordgeets in this red
setting. For science targets PESSTO does not use an oradarigdilter for Gr#13. Hence for blue objects there may beoselc
order contamination at wavelengths greater thaf00A. In order to correct for this, spectrophotometric fitandards are taken
with and without a blocking filter; further details on howgltiorrection is applied are in S€ct]3.3. The EFOSC?2 apertieel has
fixed width slits. When the seeing is 174 then the 10 slit is used and when it is 1”5 then then the’5 slit is employed. Flat
field and flux calibrations are then taken with the approprigtectrograph configuration and matched to the science§raithin
the data reduction pipeline. The spectrograph setups ammarised in Tablgl1.

3.1. Detector characteristics : bias level, gain and readnoise

The EFOSC2 chip, CCD#40, is always used by PESSTO in Nornaalotet mode and 2 2 binning (Mode 32 as defined by
ESON) All acquisition images are also taken in this mode. At thgibeing of the PESSTO survey and during April 2012, we
began with the EFOSC2 default acquisition Observation BH¢©Bs) which use Fast readout mode for acquisition imag@s.is
immediately visible to the user as Fast readout mode usearpdifiers and the frame shows a split appearance with twaekalf

the chip having dferent bias levels. This readout mode was never used for PES&&nce frames and from August 2012 onwards,
PESSTO has uniformly used Normal readout mode for all agtprisrames (except in a few occasions due to OB selecticorer

In this section we present characterisation checks of the @@y in Mode 32 : Normal readout mode and2binning. The CCD

5 httpy/www.eso.orgscifacilitieg/lasillginstrumentgefosc.html
6 httpy/www.eso.orgscifacilities/lasilla/instrumentgefosginsyCcd40.htmi#Performance
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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 55 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

has a physical size of 2042048 pixels. With 12 pixels of prescan and overscan thisltesua 2062060 pixel FITS image, or
a 103x1030 pixel FITS file after binning. Hereafter, all pixel cdorates referred to will be on this 1080030 reference frame.

The bias level of CCD#40 on EFOSC2 appears to be stable tanvBti0% of the mean level (212 ADU) across a period
of a year. In Fig.B we plot the bias level from all PESSTO rsgthairing the first year of survey operations. This was medsure
in the central 200200 binned pixel region. The bias frames are always flat affdmm and no evidence of gradients have been
found. Hence no overscan region corrections are ever applithe PESSTO pipeline processing. The EFOSC2 Users Manual
(Monaco et al. 2012) notes that overscan correction shautithé@ used due to their small size (6 and 12 pixels only) aneldibg
effects of charge from the science and calibration frames Iméset sections.

To measure the gain and readout noise of CCD#40, we usaththain task withinirar. Finpcain uses Janesick’s algorithm
to determine the gain and readout noise of a CCD from a set@btas frames and two frames with uniformly high signal level
We used pairs of EFOSC2 dome flats from the ESO archive (in #@&4Y filter and Mode 32) during the months of PESSTO
observations. We selected two exposures from each set offthis) and used the closest bias frames available (usuaity the
same night, but occasionally from the preceding or subsgquight) and ensured that all were taken in Mode 32 (i.e. Nbbrm
readout mode and binning). The gain and readnoise were measured over thenrefithe CCD from [601:800, 401:600] (in
binned pixels) to minimise theflects of any slope in the flat field. Sixty five such measurem&ste made over the period of
PESSTO observations from April 2012 to April 2013 and theailtssare plotted in Fid.]4. The gain was found to be stable) wit
mean value of 1.1& 0.01 e /ADU. The readout noise appears to be constant until Jan@drg,2vhen it increased from an average
of ~11 € to ~12.5 €. The cause of the readout noise increase is not known to tispbimeasurements match those of the ESO
La Silla Quality Control programme which also records améase in the noise in this readout mode.

As described in the EFOSC2 instrument handbook the bad piael of CCD#40 (also see the EFOSC2 BADPIXMABK
indicates a bad column at=486 (in binned image coordinates). The dispersion diraatims along the Y-direction, and hence as
is standard practice for EFOSC2 observing, PESSTO targetsasitioned at X550. To be clear, these X-positions refer to the
CCD pixel coordinates in the full raw 1082030 frame (i.e. including the prescan and overscan sesjtiéffiter processing, the
PESSTO data products are trimmed to 851 pixels in the sphitedtion and the targets are typically at pixet#50.

3.2. Spectroscopic calibration data and reduction

PESSTO observations are carried out in visitor mode andrtijeqt aims to homogenise all calibration frames and tisaftirectly
to what is required in the data reduction pipeline. To adchitnat, standard sets of OBs for calibration purposes hase treated,
and are available on the PESSTO public wiki. Here we desthibealibration data that are taken during routine PESST8eming
and how they are applied in the data reduction process.

3.2.1. Bias calibration

As discussed above in SAct]3.1 the bias level has been rddeure quite stable over a one year period. A set of 11 biessare
typically taken each afternoon of PESSTO EFOSC2 obsenatiad are used to create a nightly master bias. This niglasten
bias frame is applied to all EFOSC2 data taken, includingsfiectroscopic frames, the acquisition images and any pieit@
imaging. The frame used for the bias subtraction can beedkthe header keyword

ZEROCOR = ’bias_20130402_Grll_Free_56448.fits’

The file name gives the date the bias frames were taken, tlsen@rid filter combinations for which it is applicable (of ceair
for biases this is not relevant but the pipeline keeps tratk this nomenclature) and the MJD of when the master biascnested.
The dark current is less than 3.5@x~* hr !, hence with typical PESSTO exposures being 600-1800s, tkdfidane correction is
made

" httpy/www.eso.orgscifacilitieg/lasillg/instrumentgefos¢insyBADPIXMASK.html
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Fig. 3. The bias level of CCD#40 over the first year of PESSTO surveyatpns. Red pluses are the mean count as measured over
the central 200200 binned pixels in each raw bias frame. Black crosses amnm#an of each combined masterbias frame produced
by the PESSTO pipeline from a set of raw biases, and measueeth@ same region. Error bars correspond to the standeiatide

of the measured pixels, while the solid line is the average the year.
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Fig. 4. The readnoise and gain of CCD#40 over the period over theyl@at of PESSTO survey observations. The method to
determine the values is described in the text.

3.2.2. Flat field calibration

Techniques for flatfielding spectroscopic data depend ompdngcular instrument or detector response that is beirggtad for
removal. The type of calibration data required needs to it@¢al to the process and the final science product requineme

The PESSTO survey takes sets of spectroscopic flatfieldeiafternoons at a typical frequency of once per sub-run of 3-4
nights. The illumination for these comes from outside thstrimment, hence they are referred to as “spectroscopic dasé An
integrating sphere is illuminated with a “flatfield” lamp (engsten halogen with a quartz bulb) which is directed toviaedNTT
focal plane and the telescope pupil is approximately sitedlarhe EFSOC?2 calibration OBs allow the user to set a reduével
of counts. PESSTO takes five exposures with maximum couetdef 40,000-50,000 ADU for each of the grism, order sorting
filter, and slit width combinations that we use. There are@ltimations in total: the three basic configurations asdigteTabld,
which are used with 1 and 1.5 arcsec slits and in addition &flts are taken with the GG495 filter, to allow for second orde
correction as discussed in S&cfl]3.3). Each of these is cmulaind normalised to give a masterflat which can be assdaiatie
the appropriate science observations from the sub-run.

FLATCOR = ’'nflat_20130413_Grll_Free_slit1.0_100325221_56448.fits’

As these are primarily used for removal of pixel-to-pixedpense then higher frequency observations are not negeksar
fact it is debatable as to whether pixel-to-pixel respomseaval is required at all in long-slit spectroscopy at matkesignal-to-
noise. PESSTO does not take, nor use, spectroscopic skydidng twilight for correction for slit illumination pattes. As we are
primarily concerned with flux calibration of point sourcasd the spectroscopic standard is placed at the same pasitithe slit
and detector as the science targets (at CCD pixel positiebb8) then application of a slit illumination correction istmecessary.

The EFOSC2 CCD#40 is a thinned chip, hence has significangifiiy beyond 7200A and the severity depends upon the grating
used. To remove this fringing pattern (in spectroscopic @adcalibration flat field lamp exposuramediately after or beforthe
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Fig. 5. Comparison of the rapid and final reductions for the clasgificn spectrum of SN 2012fx, taken with Gr#13 and’sslit on
2012 August 26. These spectra show that fringing is not asfiignt a problem with Gr#13 as it is for Gr#16.

science image is required and is divided into the sciencetspe (another method is to construct fringe frames diyefatim on-sky
frames during the night, but this requires that the targetsighered along the slit; as discusse 0ARgrnoon flats
are not useful for this due to wavelength drifts that alter fitinge pattern and hence do not allow for removal. PESST¥a\s
takes internal lamp flats (3 exposures of typically 40,000 ADaximum count level) after taking any science spectra Gith16.
We do not, as default, take fringe correcting flats when uGingl 3, as the fringing does ndtect this grism to a significant extent,
as can be seen in Figl 5. The internal lamp in EFOSC2 is a glzaniz, which sifers from water vapour absorption that is not
present in the afternoon dome flats.

In all cases, the combined flats are normalized to remove dverall shape, while leaving the pixel to pixel responsel(an
the case of Gr#16, the fringing pattern) that we are attergpt correct for. High order splines are fitted to the flat Seldith
orders 90, 35 and 70 for Gr#13, Gr#11 and Gr#16 respectilrelyig.[d we show the shape of the flat fields used by PESSTO,
both before and after normalisation. In the pixel regionswe200 for Gr#11 (which is approximately 4450 A), the respenf
the dome flat field lamp is very poor, resulting in low signalek after combining the frames, the count rate is typical@Qe
which would only increase the noise in the science framdserahan improve it. Hence we set the flat level to unity betwee
pixels 1 and 200. The saméect occurs for Gr#13 and we do not flat field the first 200 pixélsazh spectra. In summary, for
Gr#11 and Gr#13 we employ masterflats constructed usingahwdamps for each sub-run of 3-4 nights. For Gr#16 we do not
use masterflats, but instead use three flatfields taken vétimtérnal lamp immediately after the science spectrunkisrtaFiguréb
illustrates the profile of the normalised flats used in theffidtiing process. It is noticeable that Gr#11 is not flat atuhity level,
but has variations of order 3-4%. While this is not ideal, anltlbe fixed in future data releases (e.g. SSDR2), we havetlas
shown, as the variation will not impact on the flux calibrat8&ince both the standards and science objects are treatethevsame
flat-field. We also note that the normalisation of the domes ftdten is not continuous at the point where we set it to uniy a
discrete steps are induced at the level of 1-3% (the exarsptesn in Fid.6 for Gr#11 is one of the worst cases). One mighéei
this to be propagated into the science spectra since themresgunctions derived from the spectrophotometric statsdaill not
reproduce such a step function. We have checked the highaat-$o-noise science spectra and don'’t see obviousiggsof this
flat-field feature. Nevertheless it is an undesirable featdithe released data set and we will aim to fix in the next ddéase.

Fig[@d shows how fringing is almost completely removed in Gi#pectra using an internal contemporaneous flat-fieldsdt a
illustrates that using a flat from the afternoon (not at thees#elescope position) makes no impact on fringe removaljmfact
makes it slightly worse.

3.2.3. Cosmic ray removal

EFOSC?2 spectra with a typical exposure time~dB00 s will show numerous cosmic ray hits in the 2D frames,aashe seen

in the upper panel of Fidll 8. After de-biasing and flat-fieffiwe use the cosmic ray rejection algorithmeosmidd presented in
lvan Dokkurh [(2001) to remove these. The PESSTO pipeline jrozates a modified version of thgythonimplementatiof} of
Lacosmic that avoids the use of theeipypackage. As it is a computationally expensive process duahie manual extraction, only
the central 200 pixels around the object are cleaned (irgralepixel +100 pixels). FigurEl9 shows an example of the extracted
spectrum before and after cosmic ray cleaning. One condeapplying this cosmic ray rejection is whether it may errongy
remove real, narrow, emission features from spectra. Hewyavwe have tested this in the EFOSC2 data, and in particoteB N
2009ip which has narrow lines, and are confident that thipighe case. Whether cosmic rays were removed or not is redand
the header as described in JecilA.2.

3.2.4. Arc frames and wavelength calibrations

Arc frames are generally taken in the evening before obsgand are never taken during dark time. EFOSC2 has heliurargiot
lamps and PESSTO uses both of these lamps turned on togdtharc frames are taken during the night to reduce overheads.

8 httpy/www.astro.yale.eddokkumlacosmig¢
9 See http/obswww.unige.ch-tewegcosmicsdot py/
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Fig. 6. Representative flat fields for Gr#11, 13 and 16, taken in Aug0$3. Each panel shows a cut along column 450 of the two-
dimensional flat-field, corresponding to the approximatelptoordinates of the target. The black lines show theniitishape of
the flat fields, while the red lines show the normalized flatfadter fitting with a high order polynomial (all spectra acrmalised

to 1, and dfset for clarity). For Gr#13, the flat field with the GG495 or@écking filter (as used when correcting for second-order
contamination) is also shown. For Gr#16, both internal f#atd dome flats are shown; in the former the absorptions due@ H
vapour are visible in the un-normalised flat. This absorpfeature is fit by the high order polynomial during normaiisa and
hence is removed in the normalised flat.
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Fig. 7. Gr#16 spectrum of SN 2011gr. Three reductions are showmgiritst there is no flat-fielding, in the second a dome flat
from the start of the night is used, in the third an interndlti&en immediately after the science observations.

Although EFOSC2 dftiers from significant flexure as the instrument rotates at #senyth focus (which can be 4 pixels over 200
degrees in rotation), the flexure causes a rigid shift of taealength frame. Hence we apply the calibration determirmd the
evening arc frames and adjust this with a linefiset as measured from either the skylines or atmosphericatizsolines.

Relatively high order Legendre polynomial fits are needefit the EFOSC2 arc lines with a fit which produces no systematic
residuals. For Gr#13, 13-15 lines were used with a 5th or Gtardit; when the GG495 order blocking filter was also usedbtider
of the fit was reduced to 5 (due to the smaller wavelength fafge Gr#11, 9 lines were used with a 5th order fit, while fo#G3
11-14 lines were used for a 5th or 6th order fit. The root meausg(RMS) error of the fit was typically found to lie betweef 0
and 0.2A as shown in Fig_110. The number of arc lines used édigpersion solution of each object, along with the RMSreai@
given in the header of the reduced spectra by the keywar#isl. IN andLAMRMS respectively. The formal RMS values are probably

10
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Fig. 8. 2D spectrum of LSQ12drz, reduced with and without LACOSM[ipleed. The PESSTO pipeline applies this, but only in
the centrale100 pixels around the science object.
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Fig. 9. The classification spectrum for LSQ12drz taken on 2012 Auguseduced with PESSTOFASTSPEC with and without
cosmic ray rejection. The relatively long exposure timetfos spectrum (2700 s) results in a large number of cosmiditsy
which are removed in the 2D image using the algorithim of vakknai (2001).

too small to realistically represent the uncertainty in Wevelength calibration at any particular point, given th&HM of the
arclines is 13-17A. Hence this might suggest over-fittinthefsampled points. As a comparison, Legendre polynomighsorder
4 produced obvious systematic residuals and RMS valuestailea 0.4-1.0A for a0 slit and 1-1.8A for a’15 slit.

For exposures longer than 300s, the linear shift appliethe¢odispersion solution is measured from the night sky eorissi
lines. For shorter exposures (brighter objects), the régytines are weak or not visible, and the shift is insteadsaezd from the
telluric absorptions in the extracted 1D spectrum. Thedirghifts are calculated by cross-correlating the obsesgedtrum (sky or
standard) with a series of library restframe spectra whieloéiset by 1A. The library spectrum which produces the minimuthén
cross-correlation function is taken as the correct matchthis shift is applied. This method limits the precision loé shift to 1A,
which is roughly%l of a pixel and less thatl% of a resolution element. This value of 1A is recorded in thades as the systematic
error in the wavelength calibratioSKEC_SYE, see AppendixAl3).

The value of the linear shifts applied are typically in thega of 6-13 A for Gr#11 and Gr#13. In the case of Gr#16 speb&a t

shifts were usually smaller, usually 4-9 A. This value isoreled in the header keywoBdIFT. Full details of the header keywords
applicable for the wavelength solution are in AppediXA.3.

3.3. Spectrophotometric standards and flux calibration

PESSTO uses a set of 9 spectrophotometric standard st&B@BC2, listed in Tablg 2. The data in this table are takesttirfrom
Simbadd. The EFOSC2 finding charts, including proper motion pragexs, are available for users from the PESSTO website, and
the data tables used for flux calibration standards areadlailn the publicly accessible PESSTO pipeline. Thesalatats provide
year round coverage, have full wavelength coverage fronatim@spheric cut4d up to Jum and are in a suitable magnitude range
for a 3.5m aperture telescope. PESSTO standard policy isserge an EFOSC2 spectrophotometric standard three tienesght
(start, middle and end), although if there are significanfEBibservations or weather intervenes then this may be esi@enerally,

the three observations will include 2dirent stars and a set of observations is taken with all ggiand filter combinations used
during the nights observing. From September 2012 to Nove2®iE? the standard EG21 was frequently observed. We laiksed
however that the photometric flux tables for this star didawer the full, telluric corrected regions for Gr#16 and G3#nd hence
stopped using it after 2012-11-21. We have only used it tinicte PESSTO data taken with Gr#11 in SSDR1.

10 httpy/simbad.u-strasbg/Bimbad
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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. The average monthly sensitivity curves for Gr#11, Gr#13 @md16, derived from spectrophotometric standards taken
during the first year of PESSTO observations. The thick liaesannual sensitivity function. Thin lines are monthly rages
(Gr#11 dfset by -1, Gr#16 fiset by+1 for legibility)

The wavelength coverage of GR#13 is 3650 - 9250A, and fonseig¢argets we do not use an order blocking filter. Hence
second order contamination is possible for blue object®heyround 7200A, depending on their colour. This would afect
the flux standards and hence the flux calibration of scierrgets To remove any second order contamination in the fandstrds,
PESSTO always takes Gr#13 data for these stars with and wtithe filter GG495, to allow correction for thefect during
pipeline reductions. The blocking filter GG490 has a trassion of 90% from 5000A and upwards. The sensitivity funcfir the
combination of Gr#183GG490 is scaled up to match the sensitivity function of GeéFi2e at the position of 5500A. To construct a
final sensitivity function which is corrected for any secesrder flux in the standards, we merge the sensitivity fum@r#13-free
(from 3650-5500A) and the scaled up sensitivity functio®Go#13+GG490 (for wavelengths 5500A). Flux standards are always
observed unless clouds, wind or humidity force unexpectededclosure. Hence even during nights that are not photamgbx
standards are taken and the spectra are flux calibrated;alevidle the issue of the absolute flux reliability below.

A sensitivity function is derived for each EFOSC2 configimafrom the spectrophotometric standards observed. These
averaged to create a master sensitivity function for eachtimavhich was then applied to the final reduced spectra. lewa f
instances, a master sensitivity curve was not created farticplar configuration on a given month, as there were no@apate
standards observed. In these cases, the sensitivity dumicm the preceding or following month was used. In Eig. \ké&,show
the shape of the sensitivity curves, together with the tianan sensitivity functions from month to month.

The standard method of ensuring spectra are properly flubraggd is to compare synthetic photometry of the scieneetsp
with contemporaneous calibrated photometry and applyedttonstant, linear or quadratic multiplicative functiorthe spectra
to bring the synthetic spectra into line with the photomefigr PESSTO SSDRL1 this is not yet possible for all spectreesine
photometric lightcurves are not yet finalised for many ofghience targets and the classification spectra do not havetarpetric
sequence. However it is useful to know what the typical uladety is in any flux calibrated PESSTO spectrum, and thisicoded
in the header keyworBLUXERR. PESSTO observes through non-photometric nights, andglthiese nights all targets are still flux

12
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Fig. 12.Synthetic magnitudes as measured from flux-calibrated r#11 and Gr#16) and SN2013ai (Gr#13) compared to the
photometric magnitude at the same epoch for SN2009ip (Feasd. ) SN2012ft (Childress eflal. 2013, and Contretas.,

in prep.) SN2013ai (Fraser et al. in preMagenotis the calibrated photometric magnitude and the y-axisagiifierence 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.

calibrated. Hence the uncertainties in flux calibrationmedrom transparency (clouds), seeing variations thatecenismatches
between sensitivity curves derived using standards witkmint image quality, and target slit positioning. Finghlgpotometric flux
is generally measured with point-spread-function fittiwgich inherently includes an aperture correction to deteerthe total flux
whereas spectroscopic flux is typically extracted down tpdiGcent of the peak flux (a standard practice in IRAdpsall task). All
of this means that large percentage variations are expaotkave carried out tests as to how well this method works arat igh
the reliability of the absolute flux calibration in the spect

We took the Gr#11, Gr#16 and Gr#13 spectra of the three twfgeivhich a calibrated photometric sequence is eitheripluéd
or has been measured and is in preparation : SNZOW) SN2012fi (Childress efal. 2013, and Contreras e
in prep.) SN2013ai (Fraser et al. in prep). Synth&itRI photometry on the PESSTO spectra was calculated usingrireor
package withinrar and spectra which covered the entire bandpass of each fiter imcluded and the fierence between the
spectral synthetic magnitudes and photometric measutsrissshown in Fig.12. This illustrates thefitulty and challenges faced
in accurately flux calibrating spectra but also shows prerttigt in future data releases we can significantly improv€8bR1.
The standard deviation of all points #0.31™ or +29%, but we can identify several cases were fairly obviotasteophic failures
have occurred. The main bulk of points lie within a range@#44™ around zero, with a formal averagfset and standard deviation
of 0.042+ 0.164"™. The four low lying points have either images of poor seeimgen the seeing changed rapidly before the slit
width was changed or (in the case of the point@t9) the object likely was not positioned on the slit. Thent®iying above+0.5
were found to be due to a monthly sensitivity curve for Jap2&x1 3 which was too low, likely due to an unusually high freqay
of non-photometric cloudy conditions when the standardewaken. Ignoring these fairly obvious problematic caties scatter
in the flux calibration is~ 15% in the main locus and is recorded in the headers of altispec

FLUXERR = 15.2 / Fractional uncertainty of the flux [%]

Science users should use this as a typical guide, if the géaghcan be measured on the 2D frames and acquisition images)
and night conditions (from the PESSTO wiki night reports ard Appendi{_B) are reasonable. Note that we have recoréeed th
standard deviation formally as 15.2% in the file headers buttat attach significance to the decimal digit. In future dateases we
plan to significantly improve on the flux calibration scatted reduce both the failures and intrinsic scatter. Revig\the monthly
sensitivity curves and applying photometric calibratifmmsn the V-band acquisition images are the two most promising routes.
The V-band acquisition images would allow a constafiset to be applied in an automated way, but only if all sky cafaés
were available. In the future, the combination of Pan-STSRRMagnier et dl. 2013) and SkyMappm@ 007) wi
supplement SDSS DRO (Ahn et al. 2012) to provide this all+gifgrence catalogue and would allow an adjustment to thetdlux
bring down the absolute flux error to probably a few per ceBSETO will pursue this type of calibration as far as the eiee
catalogues will allow in future data releases.

We carried out further checks to determine the relative flaliocation across the EFOSC2 spectra compared to photismetr
measurements. We employed B¥ photometry of Fraser etial. (2013) for SN2009ip and deteechisynthetic photometry from
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Fig. 13.A check on the relative flux calibration of the PESSTO spedine diterence between the synthetic photometry colours of
SN2009ip (Gr#11) and SN2013ai (Gr#13) and photometric oreasents is plotted on the y-axis. The x-axis is simply\tHeand
photometric magnitude on the left panel and photometriowo(eitherB — V or V — R) on the right.

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

Standard Name RA (FK5,J2000) DEC (FK5,J2000) Proper mdtragyr) Vmag Sp. Type Instrument

VMA2 00 49 09.902 +052319.01 1236.96;2709.19 12.374 DZ8 EFOSC2
GD71 0552 27.614 +155313.75 85-174 13.032 DAl EFOSG3OFI
L745-46a 07 40 20.79 -1724 49.1 1129.7-565.7 12.98 DAZ6 EFOSC2
LTT 3218 08 41 32.50 -3256 34.0 -1031.7, 1354.3 11.85 DAS 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 EFOSQ3OFI
EG274 16 23 33.837 -39 1346.16 76.19, 0.96 11.029 DA2 EFO$EQFI
EG131 1920 34.923 —07 40 00.07 —-60.87,-162.15 12.29 DBQA5 EFOSC2
LTT 7379 18 36 25.941 -44 18 36.93 —-177.05,-160.31 10.22 GO EFOSC2
LTT 7989 201112.08 —-36 06 06.5 52251691 115 M5V SOFI
Feigel10 2319 58.398 —-0509 56.16 -10.68, 0.31 115 sdO EFOSEDOFI

the EFOSC2 Gr#llspectra, with the results plotted in[FigTt® average fiset of these 14 spectra giveB € V)spec— (B —
V)phot = 0.05+ 0.04 mag (where the error is the standard deviation of the iddal differences). For Gr#13 spectra, we usel
photometry of SN 2013ai from Fraser at al. (in prep.) andragze results are shown in Fig]13. The 10 spectra give an geefa
(V = R)spec— (V = R)phot = —0.05+ 0.05 mag.

The comparison plots indicate that there may be a systetnatid. It could indicate that the spectra of brighter olgece~5%
redder than the photometry would imply. Or that the Gr#1lkspeand Gr#13 spectra have systemaftseis of+0.05 mag and
—0.05 mag in comparison to what the photometry would implywieer this is not completely clear, since the average uaiceigs
in the photometric points are0.04 mag for SN2009ip ang0.05 mag for SN20133]@@@|013, Fraser et al.,d@p.pr
We should also note that the SN2013ai photometry comes fldRT'S 1.3m telescope and KPNO filters. These affedént to
Johnson and Bessell filters and one should ideally do an i&at@mn on the photometry for consistent comparison. Theseals
will be probed further when we have more calibrated photoynatd can investigate the trends with better statisticsnFthis
preliminary investigation, we suggest that the relativg flalibration in the PESSTO spectra is accurate to around 5%.

3.4. Telluric absorption correction

PESSTO does not specifically observe telluric standardsF@SC2 such as fast rotating, smooth continuum stars aldistiee data
reduction pipeline uses a model of the atmospheric absor i correct for the KO and Q absorption. The model was computed
by F. Patat using the Line By Line Radiative Transfer Mod&@I(RTM (Clough et al. 2005). Details on the model and the patanse
used can be found in_(Patat etlal. 2011). This is carried culf@rism setups. The intensities 08 and Q absorptions in the
atmospheric absorption model are first Gaussian smoothé&e toominal resolution of each instrumental setup, and tekimned
to the appropriate pixel dispersion. The pipeline thenescttie model spectrum so that the intensities gdtdnd Q absorptions
match those observed in the spectrophotometric standaedsge creating multiple model telluric spectra per niglachEscience
spectrum is then corrected for telluric absorption, bydliv it by the smoothed, rebinned, and scaled absorptioretwvalich is
most closely matched in time i.e. closest match betweentéimelard star observation time and the science observatien t
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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 cuf-m the red, but is instead limited by the quantufficeency of the CCD, which drops to
10% at um.

4. PESSTO EFOSC2 imaging observations and calibrations

EFOSC2 is used in imaging mode for PESSTO to provide supmgpphotometry for some targets. Much of the photometric
lightcurve data is provided by PESSTO scientists througir ticcess to other facilities such as the SMARTS 1/3m (DePa:

), Liverpool TeIescop&@k@OM) the LCOGHlifies (Boroson et dl. 2014) the SWOPE 1, (Perez Bt alZ2p01
Asiago Telescopes (Tomasella etlal. 2014) and PROMPT (Retiehal. 2005). However EFOSC2 is also used for supporting
data, particularly when the targets are fainter than ardih@". The detector setup is exactly the same as for the specpiasco
observations as described above in $eck. 3.1, and duringRBESTO night the filter wheel is loaded with the filt&i#640,
B#639,V#641, R#642,g#782,r#784,i#705,2#623. These filters have typically been employedJiBVRior Ugriz sequences
depending on the science target. Additionally, an acqaisiimage is taken through ¥-band filter before every spectroscopic
exposure to identify the target and allow it to be placed @ndiit. These are also processed in a similar manner to thiemledric
science frames. The data final products and access arelmbebiriSedis.

4.1. EFOSC2 imaging calibration frames and reduction

As the EFOSC2 CCD is read out in the same mode for both imagidgspectroscopy the CCD characteristics as discussed in
Sect[3.]l apply and the bias subtraction calibration iSedout as described in Sect. 312.1. The filters used for intpgie listed in
Tabld3 and their throughputs are illustrated in Eig. 144daken from ESO database). Cosmic ray cleaning is genaygtijed to
the full frame imaging data, as described in Seci. 8.2.3,aaheader keyword is set to alert the user that this processdsrun
(see AppendikAR).

Twilight sky flatfields for imaging are typically taken oncergsub-run of 3-4N in all of the eight filters (or as many as \weat
will allow). A master flat is created and used as close as plessd the science, or acquisition frames. The master flathéasl
frames used for any particular frame can be found listed theader keywords. The naming nomenclature is similar toftinahe
spectroscopic calibration frames but without the grism glitchames.

ZEROCOR = ’bias_20130402_56463.fits’
FLATCOR = ’flat_20130401_R642_56463.fits’

In constructing these, the individual flats are checked haodd with a high number of visible stars are rejected andwtided
in the masterflat. The masterflats commonly show a featurppdir@nt “dots” in a straight line (along X) in the central glimrea
of [200:700,530:590] in filter&/ grz (it is also faintly visible inB). These are common, but transitory, and it is not clear ¥ tre
illumination ghosts and hence not present in the sciencedsaHowever, the counts level of these patterfieidby only 1% from
the average level of the masterflat and as a consequence waeatisey do not impinge on science frame calibrations. Intagi
fringe frames are constructed for thband filter from a collection of NTT-band images taken between Jan. 2010 and Apr. 2012.

PESSTO uses a set of 10 photometric standard fields, six e the fields are photometric standards in both the Landolt and
Sloan Digital Sky Survey (SDSS) systems (listed in Thblaf3he night appears to be photometric to the observers thaméo-
metric standard field is observed three times. As with thetspgcopic standards, at least two of these should fierdnt fields.
During nights which are clearly non-photometric, PESST@swot tend to take standard field calibrations. The PESSEérobrs
record their night reports on the PESSTO public web p&larsd record their judgment of whether the night is photoroerinot.
This page is publicly available and is a useful guide wheerjpreting the flux calibrations and validity of zeropoimsiie FITS
headers of the imaging files. The information is also rectbidéhe table in AppendixB.

The PESSTO pipeline is constructed to rapidly determine peints (ZP). Instrumental magnitudes are calculatedtfordard
stars usingaorrot aperture photometry routines with an aperture set to 3 timemeasured FWHM in the image, which are then
compared to catalogue magnitudes. We carried out this Zfiledion for all available EFOSC2 imaging of the PESSTO ditaid
fields for period stretching back 3 years from April 2013 (aavith a few points from observations of the PG2213-006dstah
field which is not a nominated PESSTO field). Many of these damae from the Benetti et al. large program (ESO 184.D-1140) a
we built upon the choice of standards and experience of That ZP trends are shown for each band in Eig. 15 and in cotistguc
this plot we rejected any night which had an outlying ZP mbiant0.5 mag away from the average of the 5 ZPs closest in time as
these were almost certainly non-photometric nights. Wa thgcted measurements when the ZPs were greater ¢h&orh their

11 httpy/wiki.pessto.orgpessto-wikihomenight-reports
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Table 3.PESSTO photometric standard fields.

Standard field RA (J2000) DEC (J2000) Filters

T-Phe 00 3014.00 —-463200.00 UBVRI

PG023%+051 023341.00 051843.00 UBVRgriz
RU149 07 24 15.40 -003207.00 UBVRgriz
RU152 07 2956.00 —-02 0539.00 UBVRgriz

PG104%003 105005.65 -000111.30 UBVRgriz
PG1323-085 13 2549.00 -08 50 24.00 UBVRgriz
PG1633099 163534.00 094617.00 UBVRI
PG165%4078 165933.00 074219.00 UBVRI
MarkA 204358.00 -104711.00 UBVRI
PG2336-004 233843.00 004255.00 UBVRgriz

neighbours within:2 adjacent days. The resultant measurements are likelyftotmephotometric nights which is illustrated by the
low scatter and long term trends in Fig] 15. The cyclical ltergn trends are probably due to the ZPs being maximised iriatedyl
after re-aluminization of the primary mirror (annually)daslow degradation afterwards. An average of ZPs and cotworg from
Aug. 2012 until April 2013 is reported in Tad. 4. For PESSTanstard fields taken during PESSTO time the image produchein t
archive have zeropoints calculated directly with the LdndpSDSS magnitudes of the stars in the field, and this isrosbin
the header. The pipeline also provides ZPs for science &aftkee fields are in the SDSS DR7 footprint and uses referstars
from that catalogue to set the ZPs. If the science frame isrobd with filtersg#642r#784 orz#623 the ZPs are provided in the
SDSS AB system. If the science frame is observed with filts#640 B#639V#641,R#642, ori#705 the magnitudes of the stars in
the SDSS DR7 catalogue are converted to the Landolt systiem the equations from Jester et al. (2005) and ZPs are prdvid
Landolt system. For these cases when the field is in the DRpfiot, the ZPs are calculated as follows. Instrumental mtages
are calculated for reference stars matched to DR7 starsran@ported for an airmas® using the extinction cdgcient reported
in Tab[4. The ZP is computed as the mean of all ZPs obtaineallfthe stars that have catalogue matches. The PESSTOngpeli
adds the following keywords which describe the data pradhetmeasurements of which are described in full in AppeAdik

PSF_FWHM= 1.32371928 / Spatial resolution (arcsec)

ELLIPTIC= 0.131 / Average ellipticity of point sources

PHOTZP = 25.98 / MAG=-2.5*log(data)+PHOTZP

PHOTZPER= 999 / error in PHOTZP

FLUXCAL = ’ABSOLUTE’ / Certifies the validity of PHOTZP

PHOTSYS = ’'VEGA ’ / Photometric system VEGA or AB

ABMAGSAT= 13.34036948729493 / Saturation limit for point sources (AB mags)
ABMAGLIN= 19.86138704080803 / 5-sigma limiting AB magnitude for point sources

For images which do not fall in the SDSS DR7 footprint, we galtg do not have reference stars in the EFOSCR2>d4.1
arcmin field. Hence we adopt and report the aveRHET0ZP which we have measured and recorded in Table 4. If the night wa
photometric, then the error in tHRO0TZP is recorded as the error reported in T4dDIPAQTZPER) allowing the user to use the
PHOTOZP with some degree of confidence within the observed spredteaiterage measurement. If the night was not photometric,
or we are unsure, theRHOTZPER is always set to 999. The record of photometric and non-phetadc nights are recorded by the
observers on the PESSTO whkiand in AppendikB. In this way the keywolRLUXCAL is always set to ABSOLUTE, but users
should be cautious of the validity.

Science users can then employ the ZPs to calibrate photpwifettars in the field using the following equation (and witle t
calibration caveats described above) :

COUNT S\pu

MAG = -25x Ioglo( TEXPTINE

) + (AIRMASS X Kﬂhe,) + PHOTZP (1)

whereCOUNT Sypy is the measured signal in ADU aniier is the average extinction cfiient listed in for each filter in
Tabld4. The other terms are as defined in the FITS heademuelrms are not included, but are listed in Table 4 for exfee.

The astrometric calibration was derived using the USNO BI2MASS reference catalogues, and a distortion model destri
by a second order polynomial. The astrometry task withifRBEESTO pipeline employs theaces package which is part @frar.
The pipeline makes an initial estimate for the astrometiat®n of the field and iterates at least three times to reacbnfidence
level < 2 arcsec in botlr andég, otherwise it will record a failure to match catalogued statis is recorded in the FITS header
with a value of 9999 for the keywor&STROMET. A typical scatter of 0.4-0.5 arcsec was found for the s@enames with around
15 stars usually recognised by the catalogue in the EFOS02efr This typically improves to an rm®.2-0.3 with>30 stars. For
standard star fields we typically find a scatter of 0.2 arcakiepugh the Landolt fields PG0231 and PG2336 usually prediac
higher RMS 0f~0.3-0.5. The information on the RMS afandé and the number of stars used for the calibration are givehéy t
header keyword STROMET. Details for the other astrometric keywords are providedppendiXA.8.
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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 Aug. 20h2 errors are standard deviations of the sample.

Filter Zero point Extinction Cacient 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 0031+ 0042 ¢ -R
0.025£0.029 R-1)
g#782 25897+ 0.085 0.20+ 0.02 0073+ 0031 @-r)
r#784 25673+ 0.082 0.09+ 0.01 Q044+ 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

5. PESSTO EFOSC2 data products
5.1. EFOSC2 Fast Reduced Spectra

Since the start of PESSTO survey operations in April 2012heaxe been releasing reduced spectra of all transient sandeth
have been classified by PESSTO and announced via the Astasisorelegram system within 24hrs of the data being takers&h
spectra are referred to as PESSTO “Fast Reduced Specag’ath produced instantly at the telescope by the PESSTOwelnse
A supportteam in Europe or Chile is always on duty to eitheediice these, or check them before they are made availabliely
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through WISeREB|(Yaron [-Yan12012). Only EFOSC2 spectra are producedrastreduced spectra” (EFOSC2 FRS) as we
do not use SOFI for classifications. These FRS are not ESGePha@mpliant and are an intermediate product to assist tiveysu
and the public with good, but not final, data products. Theyrant sent to the ESO archive (although the raw data are inatedyli
available in the ESO archive), and are not as carefully catital as the SSDR1 spectra. Theyanéy ever made available through
WISeREP. The major éierences are that flat fielding, bias image subtraction, érizgrection, and telluric absorption correction
are not applied and a library sensitivity curve is employedffux calibration. This section describes the data prodoat we
emphasise that these FRS data are now replaced with theréayced SSDR1 spectra in WISeREP and the ESO archive only
includes the full reduced spectra.

The PESSTO pipeline has a module to produce the FRS from ttee fixed EFOSC2 setups. These are not flat-fielded and the
bias level is &ectively removed during the sky-subtraction process. \léaggh calibration is achieved by applying a dispersion
solution from an archive arc frame, which is not the one tatkering the previous afternoon’s calibrations. However arhiaal
reference night sky spectrum is cross-correlated with thjeab frame’s sky spectrum and a linedfset is applied to bring the
dispersion solution into agreement with the observed néglgt As noted above in Seff_32.4, the EFOSC2 dispersiartisol
is stable over long periods and we find typical observedshife 10-30A, or 2-6 pixels. The linear shift applied therultesin
residuals between the observed sky spectrum and the reéeaechive spectrum of less than a pixel. An average seihsiturve
for each of the EFOSC2 grisms is applied and the PESSTO p@éknce produces wavelength calibrated, and flux calibrate
1D and 2D images. There is no correction applied for the riellabsorption lines. Bias and flatfields from the night, ateed
the observing run areot employed in the FRS. The PESSTO pipeline then allows the toseiteractively select the object for
extraction and set the background regions for backgroubttaetion within the familiar IRAFapall package, and then carry out
tracing and extraction. The extracted spectra are waviiaradjbrated and then flux calibrated with an archive setitsittunction,
after correcting for La Silla atmospheric extinction (&inger et all 2005). Cosmic ray rejection is generally éafon for these
FRS, as described in Séct.3]2.3.

This procedure is carried out by the observers at the NT hebackup data reduction and analysis team that PESSTOisegan
each month. The backup team can access the raw data at the@mittan night, and complete these reductions. Classificare
then made using one (or a combination) of the SN classificatiols SNID (Blondin & Tonry 2007), GELATQ (Har nyan éf a
[2008), or SuperFIT (Howell et &l. 2005). The classificatiaresbased on these FRS spectra and posted to the Astrondelegsam
website, or occasionally (mostly in the case of amateur a@&H discoveries) to the 1AU Central Bureau. These specta ar
uploaded to WISeREP and are immediately publicly availabie PESSTO target turn around time for this process is 2ftes
the end of the Chilean night, and to date we have managedtlegary night, save a very small number of exceptions. Sorgets
have uncertain classifications due to noisy spectra or ngngdion by host galaxy light. If a reasonable guess at ifieagon
cannot be made, the spectra are anyway made publicly aleital/ISeREP. In many cases a second attempt is made, partycu
for those targets that have reasonable signal and defyasththssification. The most common type that we find are tbjeith
blue featureless continua, which are often classified whererspectra are taken.

A comparison of the FRS and the SSDR1 spectra for a PESSTéfidaton target (SN 2012fx; also known as PSN J02554120-
2725276) is shown in Fi§] 5. Aside from a uniform scaling inxflthe overall appearance of the spectrum in the two redusi®
very similar. In the rapid reduction, the uncorrected TedlB band at~6870 A is apparent (the stronger A band is lost in the deep
Or absorption seen in the SN spectrum), while the rapid redspedtrum also appears somewhat noisier in the red. In be#sca
SNID finds the same best fitting template (SN 1991bk#),.018, age-1.9 d), giving us confidence that the rapid reduced speatra ar
adequate for classification purposes.

5.2. EFOSC?2 final data product : SSDR1

The Spectroscopic Survey Data Release 1 (SSDR1) is novabi@athrough the ESO archive system. This serves the suatay d
products which have been through the final data reductioogsvia the PESSTO pipeline. The data processing stepsabat
been applied are summarised below.

1. Bias subtractionapplied as described in S&ct.3]2.1.

2. Flat fielding: for Gr#11 and Gr#13 flat fields from afternoon dome flats ardiegypFor Gr#16, contemporaneous flat fields
taken at the same instrument and telescope position asiémeedrames are applied (see Sect.3.2.2). For spectrapledrtc
standards, daytime dome flats are used for all grisms.

3. Wavelength calibrationthe 2D images are calibrated using arc frames as descrit&etii3.2.¥.

4. Cosmic Ray cleaningthe 2D images are cleaned of cosmic rays using the Laplaoi&mnic ray rejection algorithm as discussed
in Sect[3.2B.

5. Object extraction and background subtractiothe PESSTO pipeline implements the standard IRAF tgsH| to extract the
target and apply background subtraction. This has beemrimtearactive mode by the data reduction team at Queen’sdusity
during the preparation of the SSDR1 data. This process imtist manual and user intensive in any spectroscopic datatied
process and if the transient object is on, or close to, a bhight galaxy then the choice of the background to subtractbea
subjective. In all cases the PESSTO data reduction pro@assattempted to achieve a clean background subtractiomtder
a target spectrum which is as uncontaminated as possibéeSBDR1 also releases the fully calibrated (wavelength amgl fl
2D frames as associated products for each 1D spectrum, tsa tisr can go back to this data product and simply re-extract
with apertures and background regions of their choosings Wil provide wavelength and flux calibrated spectra, with
having to go through all the reduction steps manually. @pall task has been run ipyraf with the multispec output format

12 httpy/www.weizmann.ac jhstrophysigsviserep
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with variance weighting implemented. Hence each scieneetsm also has an associated error spectrum and sky backbro
spectrum which are the standard outputs from this procdssefror spectrum produced hpall is the standard deviation of
the variance weighted science spectrum.

6. Flux calibration :the 1D and 2D frames are flux calibrated as described iN[S&ct.3

7. Telluric absorption correction this correction is applied as detailed in $&d.3.4. It is @pplied to the 1D spectra, not the 2D
calibrated images released as associated files.

The final step in both the EFOSC2 and SOFI spectral data riedymntocesses is to convert the one-dimensional flux caéldra
spectrum images into binary FITS table format as the stah8&DR1 data products. These conform to the ESO Science Data
Products Standard (Retdlzt al. 201B), referred to as the spectrum binary table farfie binary table FITS file consists of one
primary header (there is no data in the primADPy SONAXIS=0), and a single extension containing a header unit aBINZABLE
with NAXIS=2. Although the binary FITS table format supports storingtiplé science spectra within a single FITS file, a unique
FITS file is provided for each individual science spectrurine Bctual spectral data is stored within the table as vectaysin
single cells. As a consequence, there is only one row iBINFABLE, that iSNAXIS2=1.

Information associated with the science spectrum is alewigeed within the same binary table FITS file resulting in bl¢a
containing one row with four data cells. The first cell contathe wavelength array in angstroms. The other three ocafitam
the science spectrum flux array (extracted with variancggig), its error array (the standard deviation producednd the
extraction procedure) and finally the sky background flugyarEach flux array is in units of erg cAs *A-1.

The science spectrum has a filename of the following formeatbjame, date of observation, grism, filter, slit width, M3D
data reduction date, a numeric counter (beginning at 1)stingdjuish multiple exposures taken on the same night, an¢hia ssb
to denote a spectrum in binary table format.

SN2013ak_20130412_Grll_Free_slitl.0_56448_1_sb.fits
They can be identified as having the data product categomnydelyset as
PRODCATG = SCIENCE.SPECTRUM / Data product category

The 2D spectrum images that can be used to re-extract thet@lgjeliscussed above are released as associated anciliaiip d
SSDR1. They are associated with the science spectra thtbadbllowing header keywords in the science spectra filee file
name is the same as for the 1D spectrum, but tfféxaused is si to denote an image.

ASSOC1 = ANCILLARY.2DSPECTRUM / Category of associated file
ASSON1 = SN2013ak_20130412_Grll_Free_slit1.0_56448_1_si.fits / Name of associated file

These 2D files are wavelength and flux calibrated hence a aegeeextract a region of the data and have a calibratedrspect
immediately. Users should note the value BONIT in these frames means that the flux should be divided B tbOprovide the
resultin ergcm?s tA-1,

We are also releasing the reduced acquisition images andeddanulti-colour photometric followup frames. These aduced
as discussed in Sddt.4 and are currently available dirrotly the PESSTO website (www.pessto.org) and will soon lédave in
the ESO archive. As they don't all have reliable absolutegmetric zeropoints (as described in $ect 4.1) they will\zglable as
associated ancillary data from ESO, rather than separiatecgcdata products. The acquisition images may be usefiumhfiroving
on flux calibration in the future, if reference stars in thddfiean be accurately calibrated. Images have the followiaging
convention for acquisition and science frames respegtivel

acq_SN2012ec_20120907_V641_56462_1.fits
SN2011hs_20120422_R642_56462_2.fits

This naming scheme is similar to the spectral files: objent@abservation date, filter (including ESO number), MJD attd
of reduction and a numeric counter to distinguish multipipasures from the same night. The acquisition images havedi
prefix.

6. PESSTO SOFI spectroscopic observations and calibration s

The Son OF ISAAC (SOHH is an infrared spectrograph and imaging camera which is eoon the opposite nasmyth platform
to EFOSC2 on the NTT (Nasmyth A focus) and has been instatlecetsince 1997 (Moorwood et al. 1998).The instrument has
a 10241024 Hawaii HgCdTe array with 18/ pixels. The array sensitivity and range of filters and gsisraver imaging and
spectroscopy between 0.9-2rb. PESSTO operates with the SOFI imaging and spectroscdipyltienodes which have pixel
scales of 029 pix* and @27 pix~* respectively due to the fierent objectives employed (Lidman, ellal. 2012). The imggiode
provides a FOV of 4.9 arcmins. PESSTO uses the long slit spsipy mode with the two low resolution grisms labelledu®!

and “Red” and the wavelength coverage is listed in Table Stapidally only takes spectra for targets which are in the nitgle
range 14 H < 17. PESSTO does not use SOFI spectroscopy for any type affetation, only targets that are picked as PESSTO
Key Science Targets are put forward for SOFI observatiod®aty those bright enough to give reasonable signal-teen@ypically

13 httpy/www.eso.orgscifacilities/lasillginstrumentgsofi.html
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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
d[%@, courtesy of Gemini Observatory)

Table 5.PESSTO settings for SOFI spectroscopy. The order blocKiegsiused 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 headelinesindicates 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/Adl kmst A
Blue 0.935-1.645 GBF 1024 6.95 23 550 545 12-14 0.1-0.2
Red 1.497-2536 GRF 1024 10.2 33 611 490 7-8 0.2-0.5

S/N ~ 20 in the continuum) are spectroscopically observed. PES&%o0 uses SOFI in imaging mode, using the filtérK, as
shown in Fig[Ib. Th& — shortor Kj filter is different to standardl andK’ as it transmits between 2-2:3 hence avoiding the
1.9um atmospheric absorption feature and cuts short of the asarg thermal background beyond 213 (Lidman, et all 2012).
No other imaging filters are employed for PESSTO SOFI obsienvg The amount of SOFI NIR data available for any PESSTO
science target depends critically on the brightness of tliece and the science drivers. Hence, as originally plaiméee survey
proposal, SOFI observations make up around 20 per cent tbtlePESSTO time.

6.1. Detector characteristics

The detector installed in SOFI is a Rockwell Scientific HgT&d1024x1024 Hawaii array with 1§/ pixels and an average
quantum @iciency of 65% . It has a dark current of typically around 2@re! per pixel, and a documented readout noise of ap-
proximately 12e, both of which are negligible compared to background in PE38xposures. The gain of the array is 54U

and well depth around 170,000 electrons (32,000 ADU). Thayaron-linearity is reported to be less than 1.5% for a digpdo
10,000 ADU [Lidman, et al. 2012), but the ESO instrumentrsitéés recommend that exposures keep the background bel® 6
ADU due to the bias of the array, which has a complicated degece on flux levels.

In imaging mode, we use DCR (double correlated read) modehwigisults in a readnoise of around 12Z€he short noise from
the sky (or object if it is bright) dominates and readnoisesgligible for imaging. In spectroscopy mode, we alwaysthseNDR
(non-destructive read) mode with the settiNgaMP=30 andNSAMPPIX=4 (as described in the SOFI mandﬁL.LLdJ:ﬂﬂ&.élL&L.POlZ)
This mode is recommended for spectroscopy and the arrapdswéhin eactDIT a number of times (equal ®8SAMP), and for
each read-out the signal is sampNShAMPIX times. This mode reduces the readnoise further than for @R read noise values
typically in the range 2 3e".

6.2. SOFI spectroscopic calibration data and reduction

Similar to PESSTO observations and reductions for EFOS@2aim to homogenise the SOFI observations and calibratiots a
tie them directly to what is required in the data reductiquefine. A standard set of PESSTO OBs for calibrations arehsei are
available on the PESSTO wiki and the following sections dbsdow they are applied in the pipeline reduction process.
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Fig. 17.Cut across SOFI flat fields along row 512. Blue grism (lowed ead grism (upper panel) are shown, with the normalized
flat field shown in black, and the raw flat field (showing thgCHabsorption) in red.

6.2.1. Bias, dark and cross-talk correction

Unlike for EFOSC2, we do not subtract bias (or dark) framesifSOFI images or spectra. The bias level seen in the eacteimag
is dependent on the incident flux level, and so it is not pcatto correct this with daytime calibration data. Instesul; bias d@fset
or structure is subtracted along with the sky backgrounde@smmended in the SOFI handbook.

The SOFI detector sters from cross talk, where a bright source on either of theuper or lower quadrants of the detector
will be accompanied by a “ghost” on the corresponding rowlandpposite two quadrants. This ghost willezt the entire row
of the detector, and has a fixed intensity relative to the sjpgpoow. This cross-talkfiect is corrected for within the pipeline by
summing each row on the detector, scaling by a constant vahgesubtracting from the opposite quadrants.

6.2.2. Flat field calibration

Spectroscopic flats are taken approximately once per mon®®FI; these consist of pairs of flats, taken first with amiescent
lamp illuminating the dome, and then with the dome un-illnated. The lamp4® flats are subtracted from the lamp-on flats, to
remove the thermal background of the system. These subdirélet fields are then combined and normalized using a higérord
(order 80 by default) spline fit; the normalized flat field idgo correct for the pixel to pixel variations in detectongévity in
the science and standard star frames. Although atmospdifesarption features due to the light path between the domp &nd
the detector can be seen in these flats, the normalisati@aepfo remove them relatively well. The raw and normalizatfiglds
for both the blue and red grisms are shown in Eig. 17.

The amplitude of the variability in the flat field is4% for the red grism and6% for the blue grism. The pixel-to-pixel
variation in Fig[IV illustrates the real response of thecketr, rather than being due to shot noise in the flats. Wénthis in Fig.
[18, where we compare a section of two normalized red grisnfiélalls taken~5 months apart. Both flats show the same structure,
demonstrating that the flat field is stable, and that the useootthly calibrations is justified.

6.2.3. Arc frames and wavelength calibrations

As for the optical spectra, wavelength calibration is perfed using spectra of a Xenon arc lamp. To fit the dispersitutien of
the arc spectra without any systematic residuals requirgh arder polynomial fit. As listed in Tablé 5, 7-8 lines weygitally
used for the fit in the red grism, and 12-14 lines in the blusrgrigiving an RMS error in the wavelength of around 0.2-0.5 e
dispersion solution found from the arc frames is then apgiethe two dimensional spectra. The wavelength calibnataalso
checked against the sky lines. After the 2D science frameigigngth calibrated, the frame is averaged along theasdpats and
cross-correlated with sky lines. A linear shift is appliediie wavelength calibration and recorded in the header GaySHIFT. A
more robust result is obtained if the regions of the specttantaining strong telluric absorption is removed beforewavelength
calibration check is performed. As with the EFOSC2 cormettthe precision of the wavelength correction is limited & due to
the scale of the shifts in the library sky spectra employeghdé this value of 1A, is again recorded as the systematic ierthe
wavelength calibrationrSPEC_SYE, see AppendikAl3).

6.2.4. Sky subtraction and spectral extraction
A critical part of NIR observations is the bright sky backgna, which usually has higher flux levels than the target. Skyecan

vary on timescales of a few minutes, and so must be measudesldtracted at (or close to) the time of the science obsenst
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Fig. 18. Comparison of a cut along column 512 of the normalized flattierred grism taken on 2013 March 3 (black) and the
normalized flat taken on 2012 October 6 (red) between pixglsahid 500. The two flats are essentially identical, indicathat
the “noise” seen in Fid. 17 is in fast5% pixel-to-pixel variation in the detector.

To accomplish this, SOFI spectra for PESSTO are taken in aBAA8ither pattern. This pattern consists of taking a first)(A
exposure at a position ‘A, then moving the telescope sottiatarget is shifted along the slit of SOFI b$-10" to position ‘B’.
Two exposures are taken at ‘B’ {Eand B), before the telescope igfeet back to ‘A’ where a final exposure fAis taken. When
reducing the data, the pipeline subtracts each pair of wagens (i.e, A-B1, Bi1-A1, B2-A,, A2-B») to give individual bias- and
sky-subtracted frames. Next, the PESSTO pipeline attetostsift these sky-subtracted frames so that the trace déthet is at a
constant pixel position, and combine the frames. If thegigrelatively faint, and the spectral trace cannot betitled clearly in
each frame, this routine in the pipeline will fail, and irestiehe user will be prompted to interactively align and camlithe frames.
Finally, the spectrum is optimally extracted in an interaefashion.

The total on object exposure time of these combined framgwén in the header éBEXPTIME. This is simply a product of
the following values, all found as header keywor®&T (the detector integration timeJpIT (the number of DITS)NJITTER (the
number of jitters at positions ‘A’ and ‘B’), anBlOFFSETS (he number of @iset positions, which is always 2). TypicaljL T is kept
between 60-240 sec.

6.3. Telluric absorption correction

The NIR region covered by SOFI contains multiple strongité@labsorptions, arising chiefly from water vapour ancbCahd their
absorption strength is a function of both time and airmahks.Most common technique for low to medium resolution spsctpy
is to observe a star of known spectral type (a “telluric stadt) immediately prior to or following the science spectruand at
a similar airmass. The spectrum of the telluric standarties tdivided by an appropriate template spectrum of the saeetrsl
type, yielding an absorption spectrum for the telluric éeas. The absorption spectrum is then divided into the seigpectrum to
correct for the telluric absorption. As part of PESSTO, weeaskie either a Vega-like (spectral type AOV) or a Solar ané2V)
telluric standard for each SOFI spectrum. The PESSTO pipelses the closest (in time) observed telluric standarddb science
or standard star spectrum.

6.4. Spectrophotometric standards and flux calibration

The process for correcting the spectrum for the tellurioghion also provides a means for flux calibration using tlygpidrcosl
orV photometry of the solar analogs and Vega standards usedluktad the observed telluric standard spectrum is scaledatzim
the tabulated photometry, with the assumption that tharielstandards have the same colour (temperature) as Vetha Gun.
When possible, a second step is performed to flux calibrateghctra using a spectrophotometric standard. The spaotametric
standard is reduced and corrected for telluric absorptsimgua telluric standard, with the same technique as useithéoscience
targets. This corrected standard spectrum is then compatiedts tabulated flux, and the science frame is then linesehled in
flux to correct for any flux discrepancy. There are only a hahalf spectrophotometric standard stars which have taddiétixes
extending out as far as tieband. We do observe these standards (listed in Table 2j as fossible when SOFI spectra are taken,
but nonetheless there are a significant number of nightsenieeflux standard was observed in the NIR. For these nightpibhetra
will still have an approximate flux calibration performedsagst the accompanying telluric standard. An example oflaced and
flux calibrated spectrum is shown in FHigJ]19.

All SOFI spectra have the following keyword which denotedahttelluric standard was used for both the telluric corigett
and the initial flux calibration.

SENSFUN = 'TSTD_Hip109796_20130417_GB_merge_56478_1_ex.fits’ / tell stand frame
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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.
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Fig. 20. Comparison of observed and synthelid magnitudes for SN 2012fr. The standard deviation of theidigion is 34.7%,
which is a measure of the uncertainty of the absolute spsaipic flux scale of the calibrated SOFI spectra.

If one of the spectrophotometric flux standards from Tabl@& been used to additionally scale the flux then the keyword
SENSPHOT is added to the header, with the spectrum used to apply thedlibration. This file has the name of the standard clearly
labelled. In this way, users can distinguish which methaglbeen applied.

SENSPHOT= ’sens_GD71_20130417_GB_merge_56478_1_f.fits’ / sens used to flux cal

To check the flux calibration of SOFI spectra, we would ideathve a large number of targets with both well sampled NIR
lightcurves and SOFI spectra. At this time, the NIR lightas for most of the PESSTO science targets are not compldtaan
calibrated reliably enough to allow a large scale compari¥de have used a well observed type la SN (SN 2012fr Childreak
[2013) to determine the accuracy and reliability of the SSEi®4 calibrations. Synthetid-band photometry was performed on the
blue grism spectra, and-band photometry on the red grism spectra. THEedénce between the synthetic magnitudes andlthe
photometry from Contreras et al., (2014, in prep) is plotteBig.[20. Not surprisingly, a fairly large spread of magudi¢ dfsets
is seen, with the distribution having a mean of 0'@hd a standard deviation of 0"37Although this is quite a significant scatter,
it can be improved upon by users by employing #i¢K, imaging that is normally done when SOFI spectra are takenth®&yic
photometry will allow more accurate scaling of the absoflute levels. This correction is not in SSDR1, but in future FH® data
releases, the flux calibration of SOFI spectra will be crdsscked against théHKgs photometry of the target taken closest to the
observations.

6.5. SOFI imaging calibration frames and reduction

SOFI imaging is carried out as default when spectroscopgi®dproviding images with a 4.9 arcmin field of view 29 pix ).
The cross talk fect is first corrected as for the spectra and all images areftaefielded using dome flats. Dome flats are taken
using a screen on the interior of the telescope dome whictbeatuminated with a halogen lamp. Pairs of flats are taketh wi
the screen illuminated and un-illuminated; the latter &entsubtracted from the former to account for dark curredtthermal
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background. Multiple flats are combined, and then used toaethe science data. Typically, dome flats are taken oncepeth
with SOFI, although they appear stable over longer periods.

An illumination correction is also applied, to account fbetdiference between the illumination pattern of the dome flats and
the actual illumination of the night sky. The illuminationrcection is determined by imaging a bright star at eachtjposin a
4x4 grid on the detector. The intensity of the star is then meakat each position, and a two-dimensional polynomial tedit
This polynomial is normalised to unity, so that it can be #&ipto the imaging data as a multiplicative correction. Ehes-sky
calibrations are tested annually within PESSTO.

Sky-subtraction is the most important aspect of NIR imagind reductions. For targets that are in relatively uncraidasds,

a dither pattern is employed where the telescope is movealirooffset positions on the sky, while keeping the target in the fiéld
view (“on-source sky subtraction”). To determine the skgkzaound, the four frames are then median combinigdoutapplying
offsets, rejecting pixels from any individual image which arerenthan a certain threshold above the median. Tit&l sky
image is subtracted from each individual frame in order taotinitial sky-subtracted images. These frames are used to identify
the positions of all sources and create a mask frame for e@ehce image. For each set of four images, the frames are then
median combinedgain withoutapplying dfsets and using the masks created previously to reject aitesand produce tHaal

sky image. Thdinal sky background image is then subtracted from each of the finpones. The sky-subtracted images are then
mosaiced together to create a single image usingwher packagel(Bertin et &1, 2002).

For targets which are in a crowded field, or where there isnebdd difuse emission (such as nearby galaxies), then on-source
sky subtraction is not possible. In these cases, we aleebetveen observing the target, and observing an uncrowisoarce
field around~5 arcmin from the target. We typically observe four framesouarce, then four framedfesource, dithering in each
case The fi-source frames are then used to compute a sky frame in the wagnas for the “on-source sky subtraction”. The
oft-source sky frame is then subtracted from each of the oneednrages of the target, which are then combined to creatintie
image. Since the field of view of SOFI is rather small (4.9 @amrthe astrometry is not set for single images. InsteadrAcTOR
is run to detect sources in individual frames, and to cheelnttminal dither. The images are then mosaiced togethey sxsiwe.
Finally, an astrometric calibration is made, by cross datirg the sources detected ksxtracTOR With the 2MASS catalogue,
in the same fashion as for the EFOSC2 frames. The instruiregpéature magnitudes of the sources in the field as measyred b
paopHoT are then compared to their catalogued 2MASS magnitudestéorime the photometric zeropoint, which is recorded in
the header of the image RHOTZP.

The definition of PHOTZP for SOFI is fierent to that of EFOSC2. Since the SOFI images all have astranand photometric
solutions from 2MASS point source matching, it is possiblgite a measured zeropoint for all images. The SOFI imageiir
science archive products and as such they obey the formaldestion of the zeropoint :

MAG = —2.5x log;o (COUNT Sypy) + PHOTZP )

The extinction term is not used since the 2MASS calibratmirees are in the same image, andRKBTIME term is incorporated
into thePHOTZP value. The other photometric keywords are similar to EFO&@2are described in AppendixA.7.

6.6. PESSTO SOFI data products : SSDR1

PESSTO does not produce fast reduced spectra for SOFI, tsiead¢IR is never used for classification. Hence only final oedu
spectra and images are described here for SSDR1. The ddtacpsdor SOFI are similar to those described in §edt.5.EFDSC2.
The spectra are in binary table FITS format, with the same faa cells corresponding to the wavelength in angstrohes, t
weighted science spectrum and its error and the sky backdritux array. Again, each flux array is in units of erg@s1*A-1. The
SSDR1 FITS keywords described Appeidix7 are again apidedre. A typical file name is

SN2009ip_20130417_GB_merge_56478_1_sb.fits

Where the object name is followed by the date observed, teendGB for the blue grism, or GR for the red grism), the word
“merge” to note that that the individual exposures in the ABBther pattern have been co-added, the MJD date the file reased,
a numeric value to distinguish multiple exposures on theesaight and a sftix _sb to denote a spectrum in binary table format.
As with EFOSC2, this science spectrum can be identified wigHabel :

PRODCATG = SCIENCE.SPECTRUM / Data product category

We also provide the 2D flux calibrated and wavelength catidatéile so that users can re-extract their object directlgescribed
with EFOSC2. The identification of the 2D images follow thensaconvention as for EFOSC2, with theffsu _si to denote a
spectral image.

ASSOC1
ASSON1

ANCILLARY.2DSPECTRUM / Category of associated file
SN2009ip_20130417_GB_merge_56478_1_si.fits / Name of associated file

We do not reduce and release the SOFI equivalent of the EF@8@#sition images, but in nearly all cases where PESSTO
takes a SOFI spectrum, imagingdi Ks is also taken. These images are flux and astrometricallyreadid and released as science
frames rather than associated files. They are labelled Bsviivhereks labels the filter and theerge denotes that the dithers
have been co-added.

SN2013am_20130417_Ks_merge_56475_1.fits
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Fig. 21.PESSTO obijects (filled blue stars) in the phase space of cdemnisients as originally developed|by Kulkarni etlal. (200
The grey areas illustrate the known phase space for nova@)duis blue variable eruptions and core-collapse supam(itie com-
mon types Il and Ibc). The black squares show eruptive teasiying outside the nova regime, and the black dots areresopae
(normal and superluminous) or extreme erupitve events aacBN2008S (taken froh:LKLLLKﬁLDL&.K&SIMﬁ@LZO%) The color fo
each event represents the color at peak brightrizss org—r < 0.2 in blue;B—V org—r > 0.7 in red).

We also release the image weight map as describded in Regzkl. (2018). The definition in this document is the pixeptrel
variation of the statistical significance of the image arrayerms of a number that is proportional to the inverse vexéaof the
background, i.e. not including the Poisson noise of sour@es is labelled as

ASSOC1
ASSON1

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

7. Summary and data access

This paper describes the processing and calibration of PESfata products that are served by ESO as the SpectrosaapieyS
Data Release 1 (SSDR1). From this first year of science apesata total of 909 reduced and calibrated spectra from EFOS
and SOFI for 298 distinct objects have been released alotig2@4 reduced and calibrated near-infrared SOFI imagegZor
objects. These spectra and SOFI images are available ffE3® archive as Phase 3 compatible data products. In addido
make available the reduced and calibrated EFOSC2 imagedefove they are fully ESO archive compliant. As of Octob@t2,
PESSTO has classified around 570 transient objects andysngpout follow-up campaigns on around 90 of these. All imfi@tion

is kept up to date on the PESSTO website to support this psblicey and classification spectra are released on an ongasig
via WISeREP|(Yaron & Gal-Yarn 2012). As discussed in éctik of the major goals of PESSTO is to study the extremes of
the known transient populations and provide comprehemsitasets to study the physical mechanisms producing tgset®. An
illustrative diagram of the phase space of explosive anpteitransients was first plotted by Kulkarni et al. (20@/3how the faint
and relatively fast nature of transients in the gap betwaar §upernovae and novae. This was expand

(2009) and Kasliwal et al. (2010) to higher luminosities &aster declining objects. As an illustration of PESSTOlgsce goals,
Fig[2Z1 shows this Kulkarni & Kasliwal diagram updated withjects that PESSTO has classified and is following. The data f
these will be released in future public releases via the ES@ia, and this shows the extremes of the transient papul#tat we
are now covering extensively.

We have highlighted the fliculty in homogenising the flux calibration of small imagineldis in a public survey, and providing
absolute spectroscopic flux calibration to below 10% acneary nights which have variable seeing and transparenayeter
methods to improve these for future data releases have thestified and neither of these impact severely on the scigfrtcansient
objects that can be done with PESSTO. Science users havitig @ adjust the flux measurements since the data retease
contain enough information that improvements to the catibns can be tailored for specific objects, with additianahual steps
in calibrating. For example, as all EFOSC2 spectra have aquisiion image inv-band, a calibration of reference stars in the field
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should allow the absolute flux to be calibrated on the image fiew per cent. This has not been possible on a full survesbasi
for SSDR1 since it would require re-calibrating severaldred EFOSC2 fields with reliable photometric measurementsl] sky
reference catalogues. In the future of all-sky digital sys/such as Pan-STARRS1 and SkyMapper, the existence oémeéestars
down to around 20 will provide this improvement quite easily. We envisageaifetreleases will improve on this.

The SSDR1 EFOSC2 and SOFI spectra and the SOFI images deb&ttirough the ESO archive server as formal ESO Phase
3 data. Instructions for accessing these data are avaitabiee PESSTO websitenw . pessto.org. The reduced and calibrated
EFOSC2 images are available from the PESSTO website, byentiirough the ESO archive. All 1D spectra will also avdiah
the Weizmann Interactive Supernova data REPository (WER:Raron & Gal-Yarh 2012).
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Appendix A: SSDR1 FITS Keywords description

This section contains details of the some of the more us&8ISTO specific SSDR1 FITS keywords and their definitions $ers.

It should be read in conjunction with the ESO Phase 3 Usermeatation|(Retzld et al. 2013). The flux and wavelength related
keywords are typically applicable to both SOFI and EFOSQ2 déile some (such as the cosmic ray rejection flag) are caipk

to one or the other only (EFOSC?2 in this case). Their use itvtieanstruments should be self-explanatory in the desorgt

A.1. Number of exposures

All PESSTO EFOSC spectra are extracted from single epocbsexps, we do not provided merged or co-added spectra is case
where multiple spectra are taken for EFOSC2. This is lefhéousers to decide. Hence for all EFOSC spectra:

SINGLEXP= T / TRUE if resulting from single exposure
PESSTO SOFI spectra are always taken in an ABBA dither pastedescribed in Sdci6.2.4, and hence:

SINGLEXP= F / TRUE if resulting from single exposure
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All PESSTO spectra are taken at a single epoch, hence:

M_EPOCH = F / TRUE if resulting from multiple epochs

A.2. Cosmic ray rejection

PESSTO uses the Laplacian cosmic ray rejection algoffthaflvan Dokkurh [(2001) for EFOSC?2 data (no cleaning is necgssar
for the SOFI detector). If the Boolean value is seTtas below, then the rejection algorithm has been applie@raike it has not.
Note that in the spectral frames, only the central 200 piaedsind the object are cleaned (i.e. central piEO0 pixels). Full frame
cosmic ray cleaning is generally turned on for acquisitiod photometric imaging, and again this is flagged with théfaihg
keyword.

LACOSMIC= T / TRUE if Laplacian cosmic ray rejection has been applied

A.3. Wavelength calibration

The patrticular arc frame used for wavelength calibratioaligays recorded for information using tABC keyword. The number
of arc lines used in the fit is given IHAMNLIN, and the root mean square of the residuals to the fit is liss@dMRMS, formally
calculated as

N R
LAMRMS = Z.TlRZ (A1)

whereR is the residual of the wavelength fit for tith arcline andN is the number of arc line4.AMNLIN). This assumes that errors
are randomly distributed and without any systematic ernotsch is true as far as we can tell for EFOSC2 and SOFI. Helmee t
statistical uncertainty in the wavelength solution at aainpis approximately given by the vall$®EC_ERR, where

SPECERR= —-AMRMS (A2)

VLAMNLIN

As described in Seft.3.2.4 the wavelength positions of kigines in the science frame (or telluric lines for brigharstiard stars)
are checked and a linear shift is applied. This is listed ék&ywordSHIFT in Angstroms. The precision of this is limited to 1A
and hence we set the keyw®BEC_SYE (the systematic error in the spectral coordinate systeat)js$tfound during the observation
and reduction process to 1A. After this systemaHdFT is applied to correct the skylines to rest, we find no furthystematic
effects in EFOSC2 wavelength calibration.

After the wavelength solution is determined and SHEFT applied, the following values were inserted as keywords

ARC = ’arc_SN2013XYZ_20130401_Grll Free_slit1.0_56448_1.fits’

LAMNLIN = 9.0 / Nb of arc lines used in the fit of the wavel. s
LAMRMS = 0.0136 / residual RMS [nm]

SPEC_ERR= 0.004533333333333334 / statistical uncertainty

SHIFT = 2.0

SPEC_SYE= 1.0 / systematic error

WAVELMIN= 334.3426032066341 / minimum wavelength [nanometers]

WAVELMAX= 746.9358822822566 / maximum wavelength [nanometers]

SPEC_BIN= 0.408104133605957 / average spectral coordinate bin size [nm/pix]
APERTURE= 0.0002778 / [deg] Aperture diameter

SPEC_RES= 432.0955936041426 / Spectral resolving power

SPECSYS = ’TOPOCENT’ / Observed frame

The dispersion is given b§PEC_BIN, determined simply from :

SPECBIN = WAVELMAX-WAVELMIN (A3)

Npix

wherenpiy is the number of pixels in the array.
The slit width is given in degrees as the vahRERTURE, and the resolving power is calculated from the nearestalioration
frame (in time) to the science frame. We do not apply any \sl@orrection to the spectra, henSBECSYS is set to topocentric.

1 httpy/www.astro.yale.eddokkunylacosmig
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A.4. Detector characteristics

As described in Se¢t. 3.1 and the read noise and gain haverbewmsured for CCD#40 on EFOSC2 and the correct values are
written into the header as the following keywords.

DETRON = 11.6 / Readout noise per output (e-)
GAIN = 1.18 / Conversion from electrons to ADU
EFFRON = 13.282436188859 / Effective readout noise per output (e-)

GAIN is always the same in the EFOSC2 released data products, thieg are single images and not combined. Similarly, the
effective readnoisBFFRON is fairly constant since it only relies on the the flats andégused to detrend the data :

EFFRON= DETRON1/1+ ! +i (A.4)
Nbias  MNflat

where
Npias= NumMber of bias frames making up the masterbias
Niae = Number of flat-field frames making up the masterflat

For SOFI imaging, the dithered images are median combing@ti@nce the values fRFFRON andGAIN are calculated appropriately.
In general, the images and spectra are shot noise limitedthe high NIR background and readnoise is not a major factor.

A.5. Instrument setup and book keeping

The object name is the primary name used by the supernovaaarsidnt community. Where it exists, an IAU name (e.g. SN291L

is used, otherwise the survey specific names (e.g. LSQLl2aa#)e “potential” SN name from the CBAT “Transient Objects
Confirmation Page” is employed. It is important to note ttoatdll spectral frames the RA and DEC values refer to thos@ef t
target, not the telescope. However for all imaging framesRA and DEC refer to the telescope pointing position.

OBJECT = ’PSNJ]13540068-0755438’ / Original target.
RA = 208.504924 / 13:54:01.1 RA (J2000) target (deg)
DEC = -7.93163 / -07:55:53.8 DEC (J2000) target deg)

The ESO OB that created the science frames is recorded aslOBiice PESSTO provides the single epoch, individual spect
there will always be only one OBID in the header. The titlettd tlata set is given as the MJD (of the observations), obgoen
grism, filter and slit combinations. In addition, the griditter and slit combinations are listed as below.

OBID1 = 100324424 / Observation block ID

TITLE = ’56384.305 PSNJ13540068-0755438 Grll Free slitl.®’ / Dataset title
DISPELEM= ’Gr#l11 ’ / Dispersive element name

FILTER = ’Free ’ / Filter name

APERTURE= 0.0002778 / [deg] Aperture diameter

The relevant time stamps are listed below and are self-eafay, and are as defined in the ESO Science Data Produatsa®ta
(Retzldf et all201B). We add our ovATRMASS keyword which is the mean airmass calculated at the midjpdihie exposure. This
value is the one used in calculations of the sensitivity fiomg to flux calibrate the science spectra and to computeéhepoints
for EFOSC2 imaging.

TEXPTIME= 900.0006 / Total integ. time of all exposure
TELAPSE = 900.0006001442671 / Total elapsed time [s]

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

TMID = 56384.30571460681 / [d] MID mid exposure

AIRMASS = 1.148 / mean airmass computed with astcalc

The version of the PESSTO pipeline which was used to redueada is recorded using tlPROCSOFT keyword. The source
code, installation guide, users manual and tutorial videgesavailable on the PESSTO viki As discussed in Seci2.1, PESSTO
immediately releases reduced data for all classificatiayeta via WISeRER (Yaron & Gal-Yam 2012) within 24hrs of lggiaken.
We label these “Fast” reductions, while the full reductidmsSSDR1 are given an internal label of “Final” to distingluithem.
This is recorded in the header keyw@WdALITY. This publication is recorded as the primary scientific pratlon describing the
data content.

PROCSOFT= 'ntt_2.1.0° / pipeline version
QUALITY = ’Final ’ / Final or fast reduction
REFERENC= ’Smartt_et_al_2015’ / Bibliographic reference

15 httpy/wiki.pessto.orgpessto-operation-groujoata-reduction-and-quality-control-team
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A.6. Flux calibration

All objects extracted are by definition point sources heheeeixtended object keyword is always set to false. The spaoérflux
calibrated and never normalised he OB TNORM is always set to false and tl&UXCAL is set to ABSOLUTE. As described in the
ESO Science Data Products Standard (Rételteal. 2018)FLUXCAL should only be either ABSOLUTE or UNCALIBRATED. As
PESSTO does not do wide slit observations to ensure thauzliflcaptured within the slit, we s80T_FLUX to false always. The
units of the flux calibration are in ergcfs* A~1 in the FITS binary table spectra. The value FRUXERR is set to either 15.2%
for EFOSC2 or 34.7% for SOFI as described in Sect. 3.3 and[Gdct

The average signal-noise-ratigK§ per pixel is calculated by determining théNSin N regions taken at 50A intervals across
the spectra and taking the mean. The number of redibissdetermined simply byW AVELMAX- WAV ELMIN/50.

FLUXERR = 15.2 / Fractional uncertainty of the flux [%]
TOT_FLUX= F / TRUE if phot. cond. and all src flux is capture
EXT_OB] = F / TRUE if extended

FLUXCAL = ’'ABSOLUTE’ / Certifies the validity of PHOTZP

CONTNORM= F / TRUE if normalised to the continuum

BUNIT = ’erg/cm2/s/A’ / Physical unit of array values

SNR = 26.09801597883862 / Average signal to noise ratio per pixel

The associated 2D spectroscopic frame labelledSEON1 and is submitted as an ancillary data product. This file is flux
calibrated, and wavelength calibrated, and the units farahe in 102%ergcn?s 1 A1

ASSON1
ASSOC1

"PSNJ13540068-0755438_20130401_Grl1l_Free_slit1.0_56448_1_si.fits’ /
"ANCILLARY.2DSPECTRUM’ / Category of associated file

A.7. Imaging - photometric calibration

The keyword$HOTZP, PHOTZPER, FLUXCAL, PHOTSYS are described above in Séctl4.1. Four other keywords atetasgian-
tify the data.

PHOTZP = 25.98 / MAG=-2.5*log(data)+PHOTZP

PHOTZPER= 999 / error in PHOTZP

FLUXCAL = ’ABSOLUTE’ / Certifies the validity of PHOTZP

PHOTSYS = ’'VEGA ’ / Photometric system VEGA or AB

PSF_FWHM= 1.32371928 / Spatial resolution (arcsec)

ELLIPTIC= 0.131 / Average ellipticity of point sources

ABMAGSAT= 13.34036948729493 / Saturation limit for point sources (AB mags)
ABMAGLIN= 19.86138704080803 / 5-sigma limiting AB magnitude for point sources

The values folPSF_FWHM andELLIPTIC are determined throughsaxtractor (Bertin & Arnouts 1996) measurement on the
field which is automatically called within the PESSTO pipeli The % limiting magnitude for a point soura&BMAGLIM is derived
from:

5
(GAIN)(EXPTIME

MAGLIM = PHOT ZP- 2.5log X (Npix(MBKG x GAIN) + (EFFRON")NpiX)l/z) (A.5)

WhereN,ix is the number of pixels in an apertutdgx = 7(PS F.FWHM/0.24y for EFOSC2 where the 0.24 scaling factor is the
pixel size in arcseconds; for SOFI this factor is 0.29) ¥BKG is the median background in ADU estimated daytracTor. We
ignore extinction as a second orddieet in this calculation. In a small number of cases (aroun8&e ~2400 EFOSC2 images
images) the images have short exposure times and low bagkdjsuch that after bias subtraction, the valu®RKG is negative.
This may be due to bias drift as seen in Eig.4, or a low enougkdraund that read noise dominates and the overall valuelésb
zero. In these cases EQn.A.5 is still valid as the read noisdeminate.

The magnitude of a point source that will saturate at peaktsois given by the following equation. This assumes thatrasibn
occurs at 60,000 ADU and that the volume under a 2D Gaussianlis (wherel, is the peak intensity) and th&WHM =

2V2In 20, then
MAGS AT= PHOTZP-25 |og(ﬁnz(aoooo— MBKG)(PS FFWH M/o.24)2), (A.6)

The saturation value of 60,000 is assumed for EFOSC2 andibt &e assume 32000 ADU (from the SOFI manUual; Lidman, et al.
[2012) TheMBKG value is simply the median background sky in ADU (the biagldas a negligibleféect since it is 0.3% of
the ADU 16-bit saturation level) and is recorded in the hesads such. The short exposure time problem, wivBKG may go
negative, is not significant for this calculation. Againe tscaling factor of 0.24 is simply the pixel size for EFOSC# for SOFI
itis 0.29.

Although the header keywords are always listedBMAGSAT and ABMAGLIV, they should be interpreted in the photometric
system given byHOTSYS and not always assumed to be in the AB system.
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A.8. Imaging - astrometric calibration

As described in Sedi. 4.1, the keywa®ITROMET provides the number of catalogued stars used for the astricroalibration and the
RMS of @ andé in arcseconds. The other keywords are mandatory ESO SdateeProducts Standard keyword
[2013).CSYER1 and CSYER2 should specify the contribution to the uncertainty of theraaetric calibration due to systematlc
errors intrinsic to the registration process. In our case ihdominated by the uncertainty intrinsic to the astrametference
catalogues used. For data registered to the 2MASS pointsgatalogue we list the uncertainty in each axis as 100-aritiseconds
(Skrutskie et al. 2006) or 2.78E-05 degrees and and for USN®i8 200 milli-arcseconds (Monet etlal. 2003) or 5.55E-6§des.

ASTROMET= ’0.372 0.507 10’ / rmsx rmsy nstars

CUNIT1 = ’deg ’ / unit of the coord. trans.

CRDER1 = 7.30677007226099E-05 / Random error (degree)

CSYER1 = 2.78E-05 / Systematic error (RA_m - Ra_ref)
CUNIT2 = ’deg ’ / unit of the coord. trans.

CRDER2 = 9.95842050171054E-05 / Random error (degree)

CSYER2 = 2.78E-05 / Systematic error (DEC_m - DEC_ref)

Appendix B: Photometric nights

The PESSTO observers record the night conditions in a nggtdrt which is publicly available on the PESSTO web pagesthe
PESSTO wiki*3. The following table summarises that information. Where¢bnditions are labelled with “photometric”, then the
night was considered photometric in that there were nolsilouds at dusk or dawn and no obvious signs of clouds ospraency
problems during the night. A “non-photometric” label me#met the night was definitely not photometric, and a ? mezaiiiere
were no obvious transparency issues but with the informati@ilable we cannot be completely certain that it was phetadc.
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Table B.1.List of records on photometric nights

Night La Silla Conditions  Night La Silla Conditions
20130419 photometric 20121211 photometric
20130418 photometric 20121206 2

20130417 photometric 20121205 ?

20130413 photometric 20121204 2

20130412 non-photometric 20121203 ?

20130411 photometric 20121122 2

20130405 photometric 20121121 2

20130404 photometric 20121120 2

20130403 photometric 20121114 2

20130402 non-photometric 20121113 2

20130401 non-photometric 20121112 non-photometric
20130318 non-photometric 20121107 non-photometric
20130317 ? 20121106 photometric
20130316 photometric 20121105 photometric
20130312 photometric 20121104 photometric
20130311 photometric 20121022 2

20130310 photometric 20121021 non-photometric
20130305 photometric 20121020 2

20130304 photometric 20121016 non-photometric
20130303 non-photometric 20121015 2

20130302 non-photometric 20121014 2

20130301 non-photometric 20121009 non-photometric
20130221 photometric 20121008 2

20130220 photometric 20121007 non-photometric
20130219 non-photometric 20121006 non-photometric
20130208 non-photometric 20120925 non-photometric
20130207 non-photometric 20120924 photometric
20130206 non-photometric 20120923 non-photometric
20130130 non-photometric 20120922  non-photometric
20130129 2 20120917 non-photometric
20130128 7 20120916 non-photometric
20130127 ? 20120915 non-photometric
20130121 non-photometric 20120909 photometric
20130120 non-photometric 20120908 photometric
20130119 non-photometric 20120907 non-photometric
20130113 non-photometric 20120906 non-photometric
20130112 7 20120826  non-photometric
20130111 2 20120825 non-photometric
20130104 7 20120824 photometric
20130103 2 20120818 photometric
20130102 2 20120817 non-photometric
20130101 2 20120816 non-photometric
20121222 7 20120810 photometric
20121221 2 20120809 non-photometric
20121220 7 20120808 non-photometric
20121213 non-photometric 20120807 photometric
20121212 photometric
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