OBSERVING REQUEST
University of Arizona Observatories

Year: 2017 Term: Jul-Dec Proposal type: short-ternt |
AZTEC: Arizona Transient Exploration and Characterization

P.l.: Nathan Smith(SO;nathans@as.arizona.efdb20-621-4513)

Col(s): G. Grant Williams(SO), Peter MilndSO), Tom MathesofNOAO), Dennis Zaritskyf{SO),
Paul Smith(SO), Jennifer Andrew§SO), Wen-Fai FongSO), Max Moe (SO),
Charles Kilpatrick UCSC), Christopher BilinskiSO)

Abstract of Scientific Justification
We propose to continue the ongoing study of explosive transient scarg&teward. The study of astrp-
nomical transient and variable sources (supernovae, GRBs, steltdioms, tidal disruption flares, binary
stars, etc.) is of fundamental importance to astronomy, and a primary afetaref effort as emphasized
by the decadal review and the construction of LSST. In the time leading u&Y Lthis is a regime
where small and moderate-sized telescopes with broad-band photometsingle-object spectroscopy
can make critical advances, because valuable new insight derivespfrgsical properties of transients
provided by nature. Arizona is unique among US institutions in its access weiseisuite of telescopes.
AZTEC marshalls our small and large telescopes in Arizona to obtain photoaredrgpectra of a wide
variety of transients, and we leverage the flexible queue scheduling BRU enhance the cadence
and wavelength coverage of this diverse program. We will take adwauatiaiipe sensitivity afforded by
LBT and MMT to obtain low- and high-resolution spectra of particularly féoitl) objects.We empha-
size that AZTEC combines several different projects (at least 1@istinct programs) with different
science cases under one umbrella program, to allow better and moffexible scheduling to follow
transient events. It is not just one proposal with one PI, which istie cause of the apparently large
time request for a single proposal. This program represents all olervational studies of explosive
transients at Steward. So far, AZTEC time granted in the last 2 yr has yielded 25 publications; we
hope to continue this track record in 2017B. We also enable frequertgnadiuate student observing and
undergrad research projects with data from all telescopes.

Summary of observing runs requested for this project Scheduling Sharing
Run Telescope Cage Instrument Pl AO Nights Moon Optimal Acceptablss. Fav.
1 ||MMT f/9 |Blue 4 grey | Sep—Dec| Aug-Dec| no| no
2 ||MMT f/9 |Blue 4 dark | Sep—Dec| Aug-Dec| no| no
31190 f/9 |BCSpec 8 grey | Sep—Dec| Aug—-Dec| no| no
4|61 /9 |Mont4k 6 dark | Sep—Dec| Aug—Dec| no| no
5 ||UKIRT /9 |WFCAM 5 any | Sep—-Dec| Aug—Dec|yes|yes
6 ||UKIRT cass |UFTI 5 any | Sep—-Dec| Aug—Dec|yes|yes
7 ||LBT /9 |MODS 2 dark | Sep—Dec| Aug-Dec|yes|yes
8 ||[MMT f/5 |MMTCam 1 grey | Sep—Dec| Aug—Dec|yes|yes
9 ||MMT /5 |MMIRS 2 | bright| Sep—Dec| Aug—Dec| no | no

Scheduling constraints and unusable datefip to 4 lines) We ask nights to be staggered evenly to fa-
cilitate transient monitoring. Please schedule single nights. Please try to agiduing more than 2
telescopes (especially Kuiper/MMT/Bok) on the same night if possible.

no text past this line:

A * appended to the proposal type indicates a continuatioropedp a* appended to the name of a proEoser indicates the proposégriscuate) student; a proposer whose name is underlined
is certified on the proposed telescope/instrument combimatf a  appears within the Pl or AO box in the observations summaretahe instrument is a Pl instrument and/or Adaptive Gptic
are requested — signatures are required on the next page.



Target list (attach list if longer than 26 objects)
# Object RA Dec mag / color /type / redshift/ comment/ etc.

1 SN 2017abc 00 00 00.00 +30 00 00.00 <# 20.0, to be discovered

Approval for Instrument Use from PI:  N/A

Graduate students(provide the following information if student is Pl on the cover page or if this is a
2nd-year or Thesis program. Send confirmation email to TAC chair iogptd signature.)

Student’s Name Advisor’'s Name Advisor’s Signature 2nd-yr Thesis

Christopher Bilinski N. Smith no yes
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[ Scientific Justification|

There is a wide variety of supernovae (SNe) and other astrophygjaalséons, resulting from various stel-
lar initial masses, metallicities, multiplicity, explosion mechanisms, and evolution#éing.p&ome are tra-
ditional core-collapse SNe, some produce GRBs, some may be failed Si@kiISNe formed by fallback
onto a black hole, some are pre-SN eruptions (a.k.a. luminous blue variaBMs), and some are ther-
monuclear explosions like Type la SNe and pair-instability SNe. All of thesefinterest in this proposal,
where we aim to harness Steward’s array of telescopes to obtain follonwad-band photometry (i.e., light
curves) and spectroscopy of explosive transients. Transientsurffgue windows into stellar evolution,
allowing us to dissect inner layers of stars as they are peeled away, dirédtly measure the mass and
energy in their violent death throes. Our aim is to characterize transiehtgédiscovered by other surveys
(amateur astronomers, PTF, the Lick Observatory SN search, CRTEG @8, PanSTARRS, etc.). We will
follow a subset in specific categories that align with our primary scientificasteras described below.

Here we propose to continue our “poor man’s queue” for Steward’sdefes that we call the Arizona
Transient Exploration and Characterization (AZTEC) program. This isnabrella program with several
diverse science goals. In the next subsection, we describe eaatsefthmary science goals and identify
the lead investigator. The TAC really should think of AZTEC as at least p@rsg¢e programs, which we
need to merge together into one large program because of the time-depeatige of our science. We
must do this in order to pool our efforts on various telescopes to enlsagheeluling flexibility, to facilitate
more regular monitoring, and to maximize the scientific return of our diversectabe system for the study
of transient sourceAZTEC was approved in 2015A-2016A; things are working logistically wezil now.
This time we place a stronger emphasis on late-time spectroscopy with MMIBIN These observations
are the most essential to our overall program, since explosions giyezveal their most important secrets
(total ejecta mass, composion, structure, distant CSM, dust formatsotieg fade from view when we can
see deep into the interior of the ejecta.

Specific Science Goals - 10 differnet programs:

(1) SNe with dense circumstellar material (Type IIn). Pl = N.SmAlbout 9% of core-collapse SNe are
classified as Type lIn (Smith et al. 2011). The “n” means that they hawewad lines in their spectrum
arising when the SN shock crashes into slow and dense circumstellar m@&&h). These objects are of
particular interest because their dense CSM is ejected in violent erupts® loss events before the SN,
indicating the presence of an instability that is a prelude to core collapse andffaeat the core collapse
mechanism itself (Smith & Arnett 2014). Spectra of these events can consteaexpansion speed and
kinetic energy of the SNe, but can also measure the speed and masdasftie progenitor star eruptions
because the pre-shock gas is illuminated. The instability causing thesé&lpreti&ursts is still unidentified,
so understanding the diversity in physical parameters is essential tamd&gnSince SNe lIn have narrow
lines, higher spectral resolution is needed, and strong CSM interactionordinue for years as the SN
fades. A recent example of this is the remarkable case of SN2005ip, 8hstih going strong (Smith et al.
2016, Fig. 1). This is one of our primary science drivers for MMT time witheBhannel.

(2) Thermonuclear SNe with strong CSM interaction; or SNe la-CSMMihe/Kilpatrick. Similar to
SNe lIn in terms of CSM interaction and observed diagnostics, but in By@Ee. The fact that some SNe
la crash into dense H-rich CSM has extremely important implications for cogiyyattnce it proves that
some SNe la progenitors are single degenerate rather than 2 merging waifs (see Kilpatrick+16).

(3) Nearby SNe with an HST-detected progenitor star (Pl = N.Smithy.normal type of core-collapse SN
can become extremely valuable in the rare nearby cases when we arehakyh to have pre-explosion
archival HST detections of a progenitor star. More than a dozen relddikctions of progenitor stars

ejecta mass, abundances, and kinetic energy derived from spextatamely valuable since they can be
compared with the estimated mass and type of star that exploded. N. Smith iscm@®IHST program
that has triggered observations of 3 of these.

(4) Type la SNe. Pl = P.Milne. Swiftiscovered that the normal Type la SNe used as cosmological distance
indicators can be divided into two classes, based on their NUV-opticailodbine et al. 2013), and that the
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ratio between these classes changes with redshift (Milne et al. 201E) pdtentially impacts the amount
of dark energy inferred. The M4K camera has excellent blue sensitividywill categorize nearby events
as NUV-red or NUV-blue. UKIRT photometry will constrain extinction towardrmal la’'s and will spot
super-Chandrasekhar candidates (Kilpatrick & Milne, in prep.).

(5) Late-time spectroscopy of Type la supernovae in elliptical galax®iss M.Moe. The progenitors
of SNe la remain hotly debated. In most cases observations fail to reigeitures of a donor star, but
pre-explosion images of a 2002cx-like SN la provided evidence for stétedonor (McCully et al. 2014).
There has been a growing consensus that He stars, main-sequescegiatds, and white-dwarf donors all
contribute to the overall SN la rate, but producing different subctass8N la. In particular, sub-luminous
SN la that preferentially explode in elliptical galaxies may contain giant dofiRuiz-Lapuente et al. 1993).
Radio, optical, and X-ray observations taken near maximum light provitjevegak upper limits for the
amount of H (Chomiuk et al. 2016), but late-time optical spectroscopy2BR0days after explosion can
firmly rule out or confirm the giant donor hypothesis based on the absenpresence of & emission
(Maguire et al. 2016). A nearby (00 Mpc) SN la explodes in an elliptical galaxy each month, and then
subsequently fades to V=18-19 mag after 150-250 days. We plan to tdtiitime spectra with MMT of
6 SNe la during the 2016B observing semester (6-12 hours total).

(6) Spectropolarimatry of SNe. Pl = G.William8his program aims to understand the asymmetry for a wide
variety of SNe using SPOL on the MMT, Bok, and Kuiper. SPOL obsermatwill be submitted separately.
With AZTEC, we will obtain non-polarization spectra and photometry to plaeesp data in context.

(7) Eruptive non-SN transients (LBVs and related phenomena). Pl mith&ndrews. In addition to

SNe lIn that result from a SN crashing into CSM created by a pre-Shtieru(above), we also aim to
study the pre-SN eruptions directly. This is a class of transient eventarthabn-terminal stellar eruptions,
such as LBVs likey Car that are sometimes called “SN impostors”. Studying the luminosity and dpectra
evolution provides critical clues about unsteady mass loss in the late evabfitioassive stars (see review

by Smith 2014). These can last for years and undergo subtle spegimsbanges (Smith et al. 2016).

(8) Core-collapse SNe with dust formation and IR Echoes. Pl = J. Arddré@ore-collapse supernovae
(ccSNe) may be crucial players in the dust budget of galaxies, efipatihigh-redshift where only higher
mass stars have enough time to enrich the ISM. The mechanism and the gfficfedtust condensation
is not well understood. When dust forms in SNe, it can be measured asiogbination of optical/IR
photometry and spectroscopy: (1) a sudden decrease in continuuminiesg in the optical (Kuiper phot.),
(2) a brightening in the IR as new dust grains re-emit in the IR (UKIRT phandl (3) the development of
asymmetric, blue-shifted emission-line profiles, caused by new dust@négdly extinguishing redshifted
emission (MMT/LBT spectra). If dusty CSM already exists around the ¢bjleere may also be enhanced
IR flux due to absorption and re-emission of the initial SN flash, called areti®”. Therefore observing
IR echoes can be an invaluable tool for reconstructing the evolutiontardateristics of the progenitor.

(9) GRBs and their SNe. PI=W-F.Fongong-duration gamma-ray bursts (GRBs) have two optical counter-
parts: the afterglow, which is the relativistic jet interacting with the circumbuestium, and a Type Ic SN.

At present, differences between Type Ic SNe with or without GRBs acelyp understood. To date, only

~ 10 GRB-SNe have been spectroscopically confirmed, due to the paucity akbshift ¢<0.7) long
GRBs. While the afterglow emission fades below the capabilities of grouseeddacilities in~1 week, the

SN emission is often detectahte3 weeks after the burst. Our program provides a unique opportunity for
constraining their expansion velocities and ejecta masses.

(10) Infrared-only transients. PI=N.Smith/AndrewSmith, Andrews, & Milne are co-investigators on a
current Spitzer large program to discover and study transient sourdbe IR (PI=M Kasliwal), called
“SPIRITS: Spitzer Infrared Transient Search”. These are eithecuwred SNe, or unusual dusty stellar
mergers or transients associated with star formation. IR spectra and inl#glesT) are needed because
these sources are faint optically.

AZTEC won't cover everything related to transients. For example, ToQrimes for GRBs may still be
needed for timescales shorter than our cadence, and programs thatuseerous high-redshift SNe or
studies of host galaxies will not be covered by AZTEC.
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Above: SN 2005ip from Smith et al. (2016)
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Figure 1: TOP. Left: a series of late-time spectra of SN2005ip taken over the past 2 waaraZTEC,
typical of our studies of SNe lIn evolution. Right: A plot of thexHuminosity with time for SN 2005ip,
compared to a few other nearby SNe with strong interaction. This ongoirrgdtiten requires a CSM shell
of 15-20 M, lost 1000 yr before explosion (from Smith et al. 2016, in preBOTTOM. Examples of
figures from recent AZTEC papers led by studemtsft: The Type la-CSM supernova PS15si. Kilpatrick
et al. 2016 compared the spectra to a series of templates and showed theglasspecific subtype of
Type la SNe that was interacting with several,idf CSM. Middle: The Type lin supernova PSNJ13522,
from Hofmann et al. 2016. This shows thexHine profile evolution, used to decipher the forward shock
speed, luminosity, and mass of CSM. This is the typical evolution over déwerdred daysRight: Spectra
of SN2012ab from Bilinski et al. 2016 (in prep.). Although this was a Tpewith narrow lines, it was
ex'{remely unusual in that at very late times it also showed bergd line wings out to almost 20,000 km
s

REFERENCES e Chomiuk et al. 2016, ApJ, 821, 1Fong, W., Milne, P., Smith, N., & Andrews, J.
2014, GCN Circular, 16826, d Kilpatrick, C. & Milne, P.A., in prep.e Maguire et al. 2016, MNRAS, 457,
3254 McCully et al. 2014, Nature, 512, 5Milne et al. 2013, ApJ, 779, 28 Milne et al. 2015, ApJ,

803, 20e Smartt 2009, ARAA, 47, 68 Smith 2014, ARAA, 52, 48% Smith & Arnett 2014, ApJ, 785, 82
e Smith, N., et al. 2011, MNRAS, 412, 1532Smith et al. 2016, MNRAS, 455, 3546Smith et al. 2016,

MNRAS, 458, 950
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| Experimental Design & Technical Description] Describe your overall observational program. How will
these observations contribute toward the accomplishment of the goals ourlittedscience justification?
If you've requested long-term status, justify why this is necessaryufoeessful completion of the science.
(up to one page)

This proposal aims to observe diverse explosive transients that bayetrbeen discovered and that con-
tinually fade at sometimes unpredictable rates, so we cannot provide a trablégtimate of the exposure
times needed for a set number of targets of known flux as one might dod@andard survey program.
Our time request is guided by two principles: (1) Establishinmadencefor monitoring transients that is
frequent enough to provide adequately-sampled light curves antrepampy, essential to understand the
temporal evolution of any explosion. (2) Typical exposure times requdoed minimal number of targets
that can continue to address the science cases outlined above.

The 1-page limit does not permit a detailed time justification for each telescapan &xample, consider
the time needed for MMT spectroscopy, which is our most important resdardhis science. Above we
outlined 10 separate science cases that have been put into one lgrgsabto facilitiate monitoring. Let's
say that we will try to follow the detailed evolution of 1 target for each of treesence cases. Each target
requires 5-10 spectra to monitor the changes in spectral evolution asattheyofer a semester. Typical
exposure times for a 19-21 mag source to achieve adequate signal tamtbishigher resolution setting
(1200 Ipm grating) are always about 1-2 hour per target per epSphead over 5-10 epochs, this means
that one target will require the equivalent of about 1 full MMT night ¢ ks of course 10 epochs of 0.1
nights. The only practical way to accomplish this is to combine all transienrgmugytogether and make
one big request. Since there are 10 separate programs combined irtfoecioéal needed is about 10 MMT
nights. Our request of 8 nights with MMT/Bluechannel is therefore amasge (not including weather
losses, which have been terrible). Below we describe how each facilitgthteur overall science program.

MMT/BluechannelBluechannel on the MMT will emphasize higher resolution spectra (120@tpting; 4
gray nights), for SNe and transients with narrow lines (Type IIn SNe.&\deruptions). Higher resolution
will also be used to study the Na | D absorption. We will also use Bluechanradition low-res spectra
of fainter targets, like SNe after they fade (4 dark nigh@¢heduling: Please stagger these MMT nights
evenly through the semester as single nights.

LBT/MODS:We request 2 nights for dark-time spectroscopy with MODS, reserveduovery faintest
targets at late times. These will be single-object long-slit observations. 8bme late-time targets are
way too faint for the MMT guider camera, and even blind offsets can bkel@matic. In order to measure
reliable line fluxes in the late nebular phases (like the always critioaliltk, which is a direct diagnostic of
the pre-SN mass-loss rate in CSM interacting SNe), we must be sure thattice $ positioned correctly
in the slit. Our faintest targets are usually too faint for MMT in any caseg@afly in the blue.Since we
are focussed on very late times, scheduling is flexible, but please try itbthecsame nights as MMT.

Bok/B&C: The B&C spectrograph on the Bok will provide low-resolution spectrajired for all transients
near maximum luminosity (typically 16th to 19th mag). Usually 30min - 1 hour exgsuer target (more
as they fade), including overheads with standard stars. 1-2 nights i tecachieve a suitable cadence to
obtain 4-6 spectra for a typical SN.

Kuiper/Mont4k:Used to obtain broad-band UBVRI light curves, essential to under#tarshsic energetics
of any transient. We use the robotic super-LOTIS telescope for higéncadphotometry at peak.

UKIRT: The JH K photometry is needed for studies of dust formation and IR echoes, liRransients
(SPIRITS), Type la supernovae, and for evaluating extinction in aiktemts. We typically require a total
of 0.5-1 hr per target (19-20 mag) per epoch, with several epodrsadiew months as a SN fades.

MMT/MMTCam: We request the equivalent of 1 night with MMTCam, to occur as sevefdl Binute
blocks of single targets in queue observing mode. The purpose is to obtationpetry of fainter transients
with DEC above +60beyond Kuiper's DEC pointing limit.

MMT/MMIRS:IR spectroscopy is heeded for studies of dust formation (its effect erpliofiles) and the
IR-only transients discovered with SPIRITS. Dust formation begins atifats when SNe have faded.
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| Summary of Time Requested and Awarded The TAC needs to understand the scope of this project —
(1) tell us how many UAO nights you've already had for this project, howymam request this time, and
(a good guess of) how many you need to complete the project; (2) if a stibstanount of observing for
this project comes from non-UAO telescopes, tell us about that obgeasial how the UAO patrt fits in; (3)

if you are collaborating with people who have telescopes, especially if sgopaat of a large collaboration,
tell us who is leading the project, and how UAO time and your participation fitlimtd one page)

Studying transients is fundamentally different from many other types girpros in terms of approach. Our
targets come and go with time as provided by Nature, and we respond, ydsshetpetual and ongoing.
Because this is a somewhat non-traditional program, we attempt here teragsastions that we have
recieved from the TAC in the last cycle, or hypothetical questions thainiveipate:

Q: SNe are bright. Why does AZTEC need MMT and LBTWhile we mainly focus on explosive transients
that are fairly bright at peak (17-19 mag), all these transients fade by magnitudes as their ejecta cool
and recombine. When this happens the ejecta become transparent aad sex aeep into the guts of the
star that exploded, allowing us to measure the mass, abundances, kieedig, eensity profile, etc. For this

reason, the most important physical information is obtained from late-timérapedien our targets have

faded from 17th mag to about 21-23 mag. This is the chief reason we nkddavid LBT.

Q: Why is Nathan requesting so much tima? BecauseAZTEC is actually a combination of at least

10 different transient science programs led by several Pls, whichre combined into AZTEC for the
practical necessity of scheduling Each of these individual science cases is asking for the equivdlent o
less than 1 MMT night and only 1-2 hours of LBT time total. We hope the TACepates that AZTEC
representsll explosive transient science at Stewanchich is a major branch of modern astronomy and a
main motivation for building LSST. We are not asking for all the time we might like the minimum we
need. We prioritize in real time as we track the evolution of our targets.

Q: Why so much time&: Because our targets change with time, and we need to observe theanovaver
again. It takes small portions of many many nights to build up the datasetthtediidy the evolution of
a single SN as it fades, and late times when the SNe are faint (requiringtpoguges on MMT and LBT)
are the most important in terms of uncovering the physics. As a result, ogrgm is requesting a large
amount of time on many different telescopes.

Q: Why so many targets each semester? Why not 1 or 2 to accomplishntieessgence: The answer
is that we need more like 100 SNe of various types in order to begin to daddrthe statistics of the
diverse subtypes of explosions, but Nature only gives us 5 new emes semester (some we follow for
many semesters) that fit our criteria (bright enough to also observe #int&ts) and are of the type we are
interested in. We must be patient and persistent, and over time we build up statistic

Q: When will it end? Will this go on foreverR: Honestly, it will end when the informative surprises end.
So far this has not happened. Our community is still at a relatively earlyepifascploring the transient sky
when large surveys like PTF are finding many new and bizarre transiethis ame. These discoveries hold
critical new clues to understanding the latest phases in the evolution ofwaatasis and binary stars, their
connection to the diversity of explosions, and the physics of explosiogesriaral. When we have so many
transients studied in detail that we can clearly separate them into well-deéinegnizeable subgroups,
then we will begin doing statistics on the diversity. This will be one of the maiorisfin the LSST era;
right now we are just learning how to recognize the difference betwikéimeae transients and what their
important physical parameters are.

We are focused mainly diollowup of transients discovered by other means (i.e. this is a followup program,
not a transient search). We collaborate directly with the Lick Observ@apernova Search (LOSS) at
Berkeley and the Palomar Transient Factory (PTF) at Caltech; thesieeamgain dedicated search engines
that discover, obtain early photometry, and initially classify the transients.

Our followup is highly multi-wavelength in order to evaluate the complete picturtefexplosions we
study. AZTEC observations proposed here cover the essential ofRispléctra range. We have ongoing
accepted programs to study the late time evolution of SNe at radio (VLA) aray Mravelengths (Swift and
Chandra programs), as well as the UV evolution with Swift/UVOT.
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] Previous Use of Steward Facilities | List all allocations of telescope time for the present project
and allocations for other projects on facilities available through UAO duriegést 2 years, together with
the current status of the data (cite publications where appropriate). Mask allocations related to the
present proposal (i.e, precede text withel at ed command). p to one page)

*PI N. Smith. AZTEC was approved in 5 previous semesters. Previous wemesually had a similar
amount of time as in the present request. Although we were plagued byewreatty on, we are now seeing
a steady stream of publications in (or to be submitted to) refereed journkisurBAZTEC data up to the
end of 2016B have been reduced, and many papers are in preps Rajley undergrad or graduate students
are noted below. Hopefully our publications make a case that we are beidggbive. Please forgive the
small font.

Published or accepted AZTEC papers in Past 2 yr:

1. Andrews, J.E., Smith, N., & Mauerhan, J.C. 2015, MNRAS,,45Ib, “Late-time spectrocopy of SN 2002hh: A continued ligttho and no
shock interaction yet”

2. Drozdov, D, Leising, M.D., Milne, P.A., Pearcy, J., Rie8sG., Macri, L.M., Bryngelson, G.L., & Garnavich, P.M. 281ApJ, 805, 71.
“Detection of a Light Echo from the Otherwise Normal SN 2007af

3. Jencson, J.E., and SPIRITS team (including J.E. Andrevi& &mith) 2017, ApJ, 837, 167, “SPIRITS 15c and SPIRITS 14bmwo
Obscured Supernovae in the Nearby Star-Forming Galaxy 13”216

4. Kilpatrick, C., Andrews, J.E., Smith, N., Milne, P.M., ¢t 2016, MNRAS, 463, 1088. “An optical and near-infrareddstof the Type la/lin
Supernova PS15si*f former UA grad student ]

5. Lau, R.M., and SPIRITS team (including N. Smith) 2016, /8D, 142, “Rising from the ashes: Mid-infrared re-brigliterof the impostor
SN 2010da in NGC300”

6. Milne P, Foley R, Brown, Narayan 2015, ApJ, 803, 20. “The@ing Fractions of Type la NUV-Optical Subclasses with $héft!

7. Milne PA, et al. 2017, ApJ, 835, 100, “Multi-epoch Spepwtarimetry of SN 2011fe”

8. Porter, A.L., Leising, M.D., Williams, G.G., Milne, P., Stinj P., Smith, N., Bilinski, C., Hoffman, J.L., Huk, L., and Lmeard, D.C. 2016,
ApJ, 828, 24, “Asymmetries in Sn 2014J near maximum light redeough spectropolarimetryhpn-UA grad student

9. Smith N, Andrews JE, Mauerhan JC, et al. 2015, MNRAS, 44%618PTF11igb: cool supergiant mass-loss that bridges thebgaween
Type lIn and normal supernovae”

10. Smith N, et al. 2016, MNRAS, 455, 3546. “The persistenptom of UGC 2773-OT: Finally, a decade-long extragala&ia Carinae
analogue”

11. Smith N, et al. 2016, MNRAS, 458, 950. “Massive-Star Mesgad the recent Transient in NGC4490: A More Luminous Coos\f838
Mon and V1309 Sco”

12. Smith N, Andrews JE, Mauerhan JC. 2016, MNRAS, 463, 29Mgssive stars dying alone: The extremely remote environment of
SN2009ip”

13. Smith N, Kilpatrick C, etal. 2017, MNRAS, 466, 3021. “Emdace of SN 2005ip After a Decade: X-rays, Radio, amdLltke in SN1988Z
Require Long-Lived Pre-Supernova Mass Loss”.

Submitted or in prep. AZTEC papers:

14. Andrews, J.E., Smith, N., et al. 2017, MNRAS, in prep. & aiteraction in the Type |In supernova SN2013L"

15. Andrews, J.E., Smith, N., et al. 2017, MNRAS, in prep. “Adt of Hx line-widths in a sample of early-time Type lin SNe”

16. Bilinski, C., Smith, N., Williams, G.G., et al. 2017, MNRA&most submitted. “SN2012ab: A Peculiar Type lIn Superndv@®.2ab”
[** UA grad, thesis]

17. Bilinski, C., Smith, N., Andrews, J.E., et al. 2017, MNRASprep. “The Type lIn supernova SN2014at* DA grad, thesis]

18. Bilinski, C., Smith, N., Williams, G.G., et al. 2017, MNRA prep. “The asymmetry of Type lIn supernova®'UA grad, thesis]

19. Bullivant, C., Smith, N., Andrews, J.E., et al. 2017, subedi “The Type lIn supernovae SN 2013fr and SN 2013f4JA undergrad ]

20. Bullivant, C., Smith, N., Andrews, J.E., et al. 2017, ier“The supernova impostor NGC 5775-OTF"UA undergrad ]

21. Hoffman R.A., Smith, N., et al. 2017, MNRAS, in prep. “Theght Type lIn supernova PSN J13522411+3941286 in NGC 5337 |
former UA undergrad, Senior Honors Thesis]

22. Jencson JE, and SPIRITS team (including J.E. AndrewdijlRe, & N. Smith) 2017, in prep., “SPIRITS 16tn: Discovery afHighly
Obscured Supernova in the Nearby Star-forming Galaxy M108”

23. Johansson J, and SPIRITS team (including P. Milne & N. 93017, in prep., “SN2014dt: a Type lax SN with an IR surpgrise

24. Kilpatrick, C.D., Andrews, J.E., Smith, N., Milne, P.,i8Fers, |., Zheng, W., Filippenko, A.V. 2017, in prep. “Mapg the Circumstellar
Environment Around the Type lin Supernova MASTER OT J04420:2230616.7" f* former UA grad .]

25. Kilpatrick, C. & Milne, P.A., 2017, in prep. “UV-OPT-NIRhotometric Comparisons between super-Chandrasekhadesesland other
broad type la Supernovae®{former UA grad ]

26. Milne, P.A., et al. 2017, in prep. “Two Groups of NarrowaRed Type la Supernovae Revealed by the NUV-Optical Colors

27. Shivvers, I., Andrews, J.E., Smith, N., et al. 2017, sutadjt'The Type Ibn supernova SN2015G”

28. Smith N., Andrews J.E., et al. 2017, in prep. “The unugyarsistent Type lIn supernova SN 2011iw”

29. Smith, N., etal. 2017, in prep. “PTF10vyq: A decade-loatharst from a new LBV in M33”

30. Smith, N., etal. 2017, in prep., “SN 2016bkv and its LBVgenitor detected by HST”

31. Smith, N., etal. 2017, in prep., “SNhunt 225 in NGC2403 igniST progenitor”

32. Williams, G.G. et al. 2017, in prep. “Evolution of Asymmegtiin the Type lIn SN 2010jl”

AZTEC also yielded numerous ATel announcements of SN spdgpallDs, in support of Swift/UVOT SN studies. Note: Due tase limitations,
please see other co-1 proposals for their publications.
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] Other Information | Provide any additional program-related information including, for exam-
ple, relation of current program to externally funded research, toghelopment of expanded capabilities
for UA telescopes, or to individual timescales (e.g. Pl is finishing postgpoiatment and this request
would complete program)up to one page)

The scientific projects described in the justification section of the AZTECqgsamre funded by several
grants, including two AAG NSF grants (3 NSF grants if you include the SPjept, which is ending
soon), two NASA Einstein Postdoctorial Fellowships (co-Is W.F. FonghMnilloe), and numerous smaller
HST and Swift grants. For all of these, continual ground-basedtrgiseopic and photometric followup
of transient sources is absolutely essential to the success of thesetprdjeere are also NASA grants at
other institutions for which AZTEC members are co-Is (for example, Smith ardigws are co-Is on A.V.
Filippenko’s ongoing multi-cycle HST SNAP program to study old superaeland S. Van Dyk’s ongoing
multi-cycle HST program to study SN progenitors). Smith, Andrews, and Mite&lso co-Is on the funded
SPIRITS program (Spitzer Infrared Transient Search), which isye I8pitzer program led by M. Kasliwal,
for which AZ pledged ground-based support, and for which we veddiunding to contribute to upgrading
UA facilities.

IATEX 2¢ UAO Observing Proposal class, 'soprop.cls’ v1.3 (2007 Aug QAJR



