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Abstract of Scientific Justification
Novae (CNe) are important contributors to galactic chemical enrichmentoah doales. Optical spec-
troscopy of novae provides information about the elemental abundahttesgas in the ejecta dispersing
into the interstellar medium (ISM) as well as kinematic information related to the @itbMe pro-
pose to obtain optical spectra with the Blue Channel Spectrograph ofhfame returning to quiescence
([V]~ 17), as well as recently discovered adolescent novae, to study the dgaitie ejecta, to deter
mine the temporal evolution of coronal lines, recombination lines (measuringsthength and velocity
profiles), and to determine whether or not the [Fe X] 68 #&nission line is present — an indicator of the
supersoft x-ray phase. The optical spectra, which will be supplemhevith published and unpublished
infrared, ultraviolet and x-ray spectra, are critical to determining ateuabundances of nova ejecta.
These abundance solutions will help determine the importance of nova ctiatn#to the ISM and, in
particular, the roll that novae play in the abundances of certain intermedass elements observed|in
the ISM and meteorites. Sources selected for study include those targgted af our science programs
awarded time on HST, Newton-XMM, SOFIA, and Swift. Our efforts ard pallaborative program be
tween investigators at ASU, the LBTO, and Minnesdthae proposal is a U. Minnesota GTO request.

Summary of observing runs requested for this project Scheduling Sharing
Run Telescope Cage Instrument Pl AO Nights Moon Optimal Acceptablss. Falv.
[ 1][MMT | f/9 [Blue | [ ] 2 [dark[ Jun [ Jun [no[no]

Scheduling constraints and unusable datefip to 4 lines) Target visibilities (RAs 17-02 hrs) and low
Decl (down to -38) and lunar phase restrict observing windows to near dark time conditichs#2015,
near 17 June or after. The Blunavailable5-9 and 12-15 Jun due to meeting travel.

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 EG131 19:20:35.0 -07:40:06.0 12V
2 V745 Scoy 17:55:22.3 -33:14:58.5 14V
3 V339 Del«y 20:23:30.7 +20:46:04.1 12V
4 NvCyg2014 20:21:42.3 +31:03:29.4 13V
5 NvCep2014 20:54:23.8 +60:17:06.9 17V
6 V809 Cep 23:08:04.7 +60:46:52.1 19V
7 NvSgr2014 18:25:08.6 -22:36:02.4 14V
8 V5558 Sgr-[FeX] 18:10:18.4 -18:46:51.0 17V
9 V5593 Sgr-[FeX] 18:19:37.0 -19:07:40.0 17V
10 V5590 Sgr 18:11:03.7 -27:17:30.2 17V
11 Vv458 wul 19:54:24.0 +20:52:52.0 18V
12 V2491 Cyg 19:43:01.9 +32:19:13.8 15V
13 V2468 Cyg-[FeX] 19:58:33.6 +29:52:04.6 16V
14 V407 Cygsy 21:02:09.8 +45:46:33.0 14V
15 V1974 Cyg 20:30:31.6 +52:37:51.3 17V

Approval for Instrument Use from PI:

(have instrument PI signature appear on, or attach Pl e-rr@idl| copies)

Graduate students(provide the following information foeach student named as PI or Col on the cover
page. Have the advisor’s signature(s) appearatirsubmitted copies)

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

Amanda Wilber SS, RMW, CEW yes no
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[ Scientific Justification|

Novae occur in close binary systems in which a white dwarf (WD) accretésoben-rich material from
a companion, either through a stream or a wind. Core material is mixed into ¢hetext material and is
violently ejected (with velocities of- 100 km s~! to = 1000 km s!) into space when a thermonuclear
runaway (TNR) is initiated. Novae thus eject a mixture of material accretea fhe companion star, core
material from the underlying WD, and products of nucleosynthesis doguiuring the TNR into the ISM;
where the ejected mass ranges from 1@ 103 M, (cf., Jo# 2013; Starrfield et al. 2012; Woodward &
Starrfield 2011).

Initially the radiative output of a nova peaks in the optical. However, aséhsity in the ejecta drops from
expansion and the mass loss rate from the WD surface declines, suelydsstter layers of the WD ejecta
are revealed (e.g., Metzger et al. 2014). The decline in the optical, g&Herally measured as the time to
decline 2 magnitudes from maximum)defines the nova speed class. Thére has been assumed to be
inversely related to the WD mass since a massive WD accretes less mateniald@NR begins, leading to
a smaller ejected mass. The composition in the TNR region is also important, ultimaéeiyraf)/. The
bolometric luminosity remains constant near the Eddington luminosity as long esgeydfuel remains on
the WD. This energy powers the later spectral evolution and can bevebisence the ejected material has
sufficiently cleared, as a bright and soft X-ray source. In novds,etolutionary phase is designated as
the SSS-phase due to the close observational resemblance to sugewpftinaries (Kahabka & van den
Heuvel 1997). In the optical, onset of this phase is associated with tkermre of [Fe X] 637A emission
(e.g., Ness et al. 2008). Once nuclear burning ends, the X-ray ligh¢ ¢ades as the WD cools and the
system returns to quiescence.

Novae are unique laboratories in which several poorly-understamsbpses are observed (e.g., mass trans-
fer, TNR, optically thick winds, common envelope evolution, shocks, mpirescal ejection geometries,
etc.) — many in real time. Therefore, the physics involved in novae outbhastslirect applications to
many areas of astrophysics including deciphering the progenitors ahatien of Supernova la’s (Dilday

et al. 2012). Recently, Fermi/LAT has discovered transiemay emission £ 2 GeV) coincident with

six recent novae, two of which are symbiotic systems (cf., Ackermann €2Gl4). These latter detec-
tions have opened a new process to study in CNe. Contemporaneous aipgieevations, combined with
Swift/HST/Chandra/XMM-Netwon observations of Fermi/LAT detected naa@ble an unparalleled op-
portunity to identify the origins of the-ray photons. However, to achieve this objective and to understand
other surprising phenomena requires dedicated, multi-wavelength monitofirty capture the underlying
physics (e.g., Schwarz et al. 2014). Synoptic optical spectroscofhesé systems enable exploration of
the temporal evolution of CNe which tightly constrains models describing thdafaental physics of these
events (e.g., Shore et al. 2011).

Our MMT program continues our long-term observational studies of. @gecific outcomes of our panchro-
matic study of the CNe event address: (i) the evolution of the stellar renamanthe ejected material by
virtue of the changing states of ionization of the ejecta; (ii) the nascenishabthe ejecta, as revealed by
the evolving structure in the emission lines (filling factor, structured line pmfdee.); and (iii) the temporal
processing of dust (if present) in the environs of a hard UV or X-eajation field.

One of our key targets is V339 Del (Nova Delphinus 2013)V339 Del (a CO-nova) was one of the
30 brightest novae ever discovered. We have an extant, long-ternh GlwiibO (CY10) programs, com-
plemented by approved campaigns including HST (+STIS) ToO and SOfeigrgms to observe the long
term evolution of this source. These data, combined with contemporanstensige ground-base optical
monitoring will enable a transformative study of this source. V339 Del iketype for our MMT activi-
ties, satisfying observational criteria including: detection by Fermi/LAT, legbansion velocity FWHM
21800 km s~! and low extinction (measured E(B-V) = 0.182).
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Figure 1: Representative target visibility and airmass for 16 June 20ttinwheoptical dark time window
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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)

Target visibilities and lunar phase dictate that 2015 Jun 10 through 19 iptimeab “dark-time” window
(required to balance UM usage of telescope time considering lunation) tmcbour observations, partic-
ularly spectroscopy of V339 Del (see Fig. 1).

CNe evolve temporally over periods of months. MMT data, complemented byedaiéy contemporaneous,
and synoptic panchromatic observations conducted by our group flozdast 15 yrs), have shed new
light on the post-eruption evolution of recurrent novae (RNe) and Ghsght into the physics of the
TNR, characteristics of the WD progenitor, and assessment of whetBemdss can potentially grow
(via accretion) to exceed the Chandrasekhar Limit. The overall rationaleur integrated effort is to
study the dynamical evolution of CNe, to determine absolute abundancesn@ils relative to H), to
infer ejecta density, to estimate line of sight extinction (hence limits on system cidtavwe need and to
acquire MMT spectra for inclusion in panchromatic data sets which aréreelgfor rigorously constraining
models. Specific outcomes of this MMT effort address: (i) the elementaldamnce pattern in the ejecta
and especially the ejected mass, (ii) the hascent shaping of the ejecteeasddoy the evolving structure
in the emission lines (filling factor, structured line profiles, etc.); and (iii) the tealgrocessing of dust in
the environs of a hard UV or X-ray radiation field.

Photoionization models provide estimates of ejecta abundances, ejected,nagkdensities as well as
source luminosities and temperatures. Modeling of multiple epochs also emakkEssment of whether
abundance patterns change as the ejecta evolve and the radiation fie$d Pdrotoionization models be-
come tightly constrained if panchromatic, contemporaneous spectra debbkvarypically our analysis of
the emission line spectra utilizes the Cloudy photoionization code, C07.02.02net al. 1998). Cloudy
generates predictions of output spectra from non-LTE, illuminated gasi€loy solving the equations of
thermal and statistical equilibrium for a given set of input parameters (beereed emission line fluxes).
In the early optically thin phases of evolution atmosphere models also cae pseful in interpreting the
spectral energy distribution (cf., van Rossum 2012). The MMT spectmbined with spectroscopy at
UV through infrared wavelengths tightly constrains photoionization modelseofadiating ejecta. These
models provide guidance to interpret the evolution of the TNR, which is adlg#rupon the mass and lu-
minosity of the WD, the rate of mass accretion, the composition of the accretedahated the chemical
composition in the reacting layers. The manner in which material is ejected apthiism to the properties
of the central binary system can be deduced by following the evolutioreaftlctra through various phases
(Woodward & Starrfield 2011, Shore etal. 2011, Helton et al. 2010¢hyet al. 2008, Schwarz et al. 2007).
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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)

This proposal is part of an on-going collaborative project, requesting nights per semester to suport
synoptic and temporal monitoring of novae and other systems at a varietyilitids available to the Cols.
MMT observations are necessary to obtain high quality SNR spectra et tawga too faint for our synoptic
“reconnaissance” spectroscopy conducted at the BoK or the MDNiIn2#rs. These optical observations
also support our current HST (Col-Woodward Cy21/20 AwardexyRxms), Swift (PI-Woodward Cy10/09
Awarded Program), Chandra (PI, Starrfield; Col-Woodward Cytailed Program), and SOFIA (Col-
Woodward Cy1/2 Awarded Programs).

A follow-on proposal will be submitted through the U. Arizona TAC for 20@b8erving time at the MMT
to match the night commitment in 2015A from the U. Minnesota by the ASU &r@ CBIs for this science.
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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 during tis¢ pgears, together with the
current status of the data (cite publications where appropriate). Mask titocations related to the present
proposal (i.e, precede text with el at ed command). §p to one page)

T.W.-S Holoien, J.L. Prieto, K.Z. Stanek, C.E. Woodward and 17 colleadissovery and Observations
of ASASSN-13db, an EX Lupi-Type Accretion Event on a Low-MaaariStar, 2014, The Astrophysical
J. Letters,785 35 doi:10.1088/2041-8205/785/2/L35.

A. Skemer, D. Apai, C.E. Woodward (and 30 co-authok§ECH: A 100 Night Exoplanet Imaging Survey
at the LBT/ 2014, IAUS,299, 70, doi:10.1017/S1743921313007928.

S. Esposito, D. Mesa, C.E. Woodward (and 32 co-authB). Observations of the HR 8799 Planetary Sys-
tem: First Detection of HR 8799n the H-Band 2013, Astron. & Astrophys549, 52, dio:10.1051/0004-
6361/201219212.

*J.L. Prieto, A. Sheffield, R.M. Wagner, C.E. Woodward, R.A. Hounsel§t&rrfield.Spectroscopic Classi-
fication of ASASSN-13d2013. ATel 5508, 1.

* C.E. Woodward, R.M. Wagner, R.A. Hounsell, S. Starrfighiptical Spectroscopy of V959 Mon (2012) in
the Nebular Stage2013. ATel 5499, 1.

* C.E. Woodward, R.M. Wagner, R.A. Hounsell, S. Starrfi&tecent Optical Spectroscopy of V339 Del 2013
2013. ATel 5493, 1.

* T. Vonderharr, MS Thesis, U. Minnesota, 2012.

*L.A. Helton, C.E. Woodward, et alElemental Abundances in the Ejecta of Classical Novae From Late-
Epoch Spitzer Spectroscq012. Astrophysical X55, 37 doi:10.1088/0004-637X/755/1/37.

* R.M. Wagner, C.E. Woodward, et &£.SS5120330:154450-115323: A New Cataclysmic Variable Star Asso-
ciated with the X-ray Source 1RXS J154449.5-1153002. ATel 4160, 1.

T.J. Rodigas, et allThe Gray Needle: Large Grains in the HD 15115 Debris Disk from LBT/BIS&s and
LBTI/LMIRcam/LL Adaptive Optics Imagin®012. Astrophysical 52, 57 doi:10.1088/0004-637X/752/1/57.

D.M. Szczygiel, J.L. Prieto, C.E. Woodward, et &lust to Dust: 3 Years in the Evolution of the Unusual
SN 200852012, Astrophys. J50, 77 doi:10.1088/0004-637X/750/1/77.

L.M. Close et al.High-resolution Images of Orbital Motion in the Orion Trapezium Cluster with tBT
AO Systen2012. Astrophysical 49, 180 doi:10.1088/0004-637X/749/2/180.

E.L. Ryan, R. Gredel, R. Pogge, C.E. Woodwigidor Planet Observations [G83 Mt. Graham-LBP012.
MPC 78525 7.

E.L. Ryan, B. Shappee, D. Thompson, C.E. Woodwaodhet Observations [G83 Mt. Graham-LBBD12.
MPC 77877 9.
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