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SPACE TELESCOPE SCIENCE INSTITUTE


Moderador
Notas de la presentación
Hi, Welcome, name is Bethan James 
Today talking about an exciting new UV legacy survey called CLASSY
I’m talking to you on behalf of the CLASSY collaboration, slides made by Danielle Berg
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Moderador
Notas de la presentación
The UV offers a window onto many important diagnostic features - from LyA, stellar population features, ISM absorption features, and strong nebular emission lines. 
These lines are accessible for galaxy from z~0 to the EoR with Hubble in the rest-UV and the rest-optical+IR from the ground, and will be our best probe of the most distant galaxies we will observe with JWST.
BUT. Only if they are properly calibrated.

Here we have a typical UV spectrum, where I’ve highlighted 4 important features and uses of UV spectra
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Moderador
Notas de la presentación
I’m going to focus on the UV in more detail here and highlight the types of information that each part of the UV spectrum can deliver 
In each of these drops you’ll see the lines that can be used for that diagnostic
However, we’ve been limited in the past because studies tend to just touch on one of the grating settings, which is illuminating only a piece of the galaxy evolution puzzle.
G130M+G160M coverage of 1200 − 1750 °A probes the most age- and metallicity-sensitive stellar features and provides access
to ISM absorption features of a variety of ions. 
On the other hand, G160M+G185M 1450 − 2000 °A observations contain the strongest nebular UV emission lines.

This has lead to a very piecemeal UV archive , e.g. the Hubble spectroscopic legacy archive (HSLA)
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Moderador
Notas de la presentación
So, the solution is to combine the UV spectra and harness all the diagnostic capabilities of the UV. 
To do this, we devised CLASSY - the COS legacy archive spectroscopic survey.
CLASSY is a treasury survey that builds on the Hubble Space Telescope (HST) archive to construct the first high-quality, high-resolution far-ultra violet (far-UV) spectral database of nearby star-forming galaxies. The survey will combine 177 orbits of archival observations with 135 new orbits (312 total orbits) of HST observations, or more than 600 total spectral images  taken with the Cosmic Origins Spectrograph (COS). 

Not only will we be combining these gratings to allow synergistic analyses (examples given) of the stars and gas at z ⇠ 0 within the same objects for the first time, we’ll be obtaining high S/N (~7) in these gratings to enable access to even more UV diagnostic lines, which I show on the bottom row here.
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State of HSLA Archive after CLASSY
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Moderador
Notas de la presentación
The Venn diagram here shows the issue in-hand. Before CLASSY, only two nearby star-forming galaxies had the full UV coverage with S/N.7,  that's necessary to enable full synergy of FUV science that we show here. 
Note in particular the severely under-explored parameter space covered by tG130M+G185M such that only TWO targets in the HSLA have high S/N, high resolution comprehensive coverage of the FUV.
With CLASSY, we will be bridge the gap by building upon archival data and bring the number of SFGs with full FUV coverage up to a statistically robust sample of 46, includign 10 high electron density targets. 
High density targets were chosen to sample the full effects of electron density on FUV galaxy properties - a currently under-explored parameter space.
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Moderador
Notas de la presentación
So, what kind of SFGs will CLASSY cover?
The charts here show the sample coverage according to which gratings are missing.
You can see that existing samples of UV spectra are biased by their divergent parameters pace coverage.
CLASSY will unifies UV coverage of past samples to span a broad dynamic range of M?, SFR, metallicity, ionization parameter (e.g., O32), and electron density.
We also carefully designed the target sample such that it is highly representative of galaxies in the high-z Universe - low stellar masses, low metallicities, and high ionization parameter which predicts Lyman Continuum leakage. 
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Moderador
Notas de la presentación
Ok, so that’s what CLASSY will cover target and sample-wise.
Let’s now have a look at some of the data.
Survey is very close to being finished - here we have a selection of the target acquisition images.
As you can see, the vast majority of the NUV light for each galaxy enters the COS aperture. 
The plots here are those that we use to measure the spatial light profile, collapsed along the cross-dispersion direction, so that we can accurately measure the individual line spread functions
The spatial profiles themselves are already available to the public on our GITHUB page. 
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Moderador
Notas de la presentación
Like I previously mentioned, one of the major science deliverables of this survey will be multi-visit, multi-grating spectra, each carefully co-added to make full UV spectra of each of 46 targets
Currently this isn’t something that the HSLA delivers.
Here we have an example spectrum (un-binned), in the top panel here you can see the G130M spectrum (blue), the G160M spectrum (orange) and the NUV G185M spectrum in green, which have been co-added. The gaps in the spectra here are just the chip gaps on the COS detectors.
The bottom panel shows the error spectrum.
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Moderador
Notas de la presentación
As you may know, the COS gratings have slightly different resolutions. As such, before we-coadd, we need to degrade the spectra to the lowest resolution within that combination. 
-> The final CLASSY templates come in several flavors:
VHR (G130M) : 9.97 mÅ/pix or 0.05982 Å/resel or 14.77 km/s / resel at LyA
HR (G160M) : 12.23 mÅ/pix or 0.07338 Å/resel or 14.20 km/s / resel at CIV 1550
MR (G185M) : 37.00 mÅ/pix or 0.22200 Å/resel or 34.89 km/s / resel at CIII 1909
MR (G140L)  : 80.30 mÅ/pix or 0.49800 Å/resel or 78.30 km/s / resel at CIII 1909
However, don’t get perfect resolution due to extended objects.

The average S/N at 1135 is around 5. This is somewhat lower for the NUV because we were aiming to achieve S/N~3 in the emission lines rather than the continuum.
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TREASURY VALUE:
HIGH LEVEL SCIENCE PRODUCTS (HLSPS)

HLSP 1: CLASSY spectral atlas of 46 individual galaxies and stacked galaxies
- High-resolution, high-S/N, co-added multi-grating FUV spectral templates of 46 CLASSY star-forming

galaxies created from ~600 exposures (312 orbits), plus aperture corrected optical spectra, covering
a broad dynamic range of metallicities, stellar masses, star formation rates (SFRs), and ionizations
- Composite spectra stacked in characteristic bins of observable parameters
- Additional versions of the atlas convolved to different resolutions
HLSP 2: Compiled ancillary data across the electromagnetic spectrum of all CLASSY galaxies

HLSP 3: CLASSY stellar continuum fits

HLSP 7: Database of nebular properties

HLSP 8: UV Diagnostic Tools

HLSP 9: Database of chemical abundances and individual, tailored chemical evolution models
HLSP 10: Database of feedback properties

HLSP 11: Predictive tools of inferred escape fractions of ionizing photons

HLSP 12: Improved stellar models and prescriptions

HLSP 13: User-friendly CLASSY tutorials
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Moderador
Notas de la presentación
Quickly highlight the numerous, detailed data products that will be available to the public and easy to use via jupyter notebook tutorials.

Each of these will be hosted on a MAST HLSP website, which is in its final design stage. As the project continues, more and more of the HLSPs will be hosted there, along with a query database so that you can download each of of these products for either the entire sample or a subsample of your choice, chosen via parameters of your choice. 

I should point out here that each of these galaxies has ground-based optical spectra, mostly SDSS, some IFU observations, which provide aperture matched spectroscopy from UV to optical.
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Moderador
Notas de la presentación
Preview of some of the things we will be able to do with the emission-line spectra.

From the data that we have in-hand so far, we have…24 HeII emitters ETC
I’ve highlighted some of these in the panels here, including some CIV pure emitters, some nice narrow HeII emitters, some beautiful CIII profiles (for electron density) and also OIII for electron temperatures 
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Moderador
Notas de la presentación
Preview of the LyA profiles in the CLASSY sample.
As you can see there’s a wide range in the Lya profile shapes
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Moderador
Notas de la presentación
27 galaxies did not have LyA coverage before.
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Moderador
Notas de la presentación
24 of the CLASSY spectra have strong LyA emission - defined by their large EWs - bordered in green.
7 have weak LyA emission or LyA emission on top of significantly damped profiles - purple border.
16 of these emitters are new CLASSY spectra.
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Moderador
Notas de la presentación
Finally, here’s a taster of that synergistic science that I mentioned at the beginning
Here we have three different galaxies from the CLASSY sample, with three very different Lya profiles - Lya in emission, and damped Lya.
When we combine this info with the FUV-NUV wavelengths from the G160M spectra, you can see that each of these galaxies has strong, high ionization emission - the sign of large amounts of high energy photons getting produced
And each has strong, resonant CIV emission (high energy photons escaping)
Using these pieces of information, CLASSY will allow us to explore the parameter space that allows photon escape through the full ionization structure of the ISM
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THE CLASSY TEMPLATES +
THE STELLAR AND NEBULAR DIAGNOSTIC POWER OF THE FUV +
THE ACCESSIBILITY OF FUV SPECTRA
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Moderador
Notas de la presentación
So, to conclude and bring us back to the bigger picture (literally, of the entire Universe)
The UV spectral diagnostics that will be brought to us by CLASSY will enable us to diagnose both stellar and nebular properties of the nearby star-forming systems, understanding the interplay between stars and gas in high-z like systems.
As we move into the ELT and JWST era, gaining access to the FUV spectra of the early universe, we can harness the diagnostic power of CLASSY and understand the properties of those early star-forming systems. Bridging galaxy evolution. 
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