Shocking New Insights into Classical Novae
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Classical & Embedded Novae

Runaway hydrogen burning on WD accreting from main sequence or giant companion
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Thermal Paradigm

optical peaks in days & lasts weeks - months
(timescale for envelope removal)

Loeak ~ 1-10 Logg ~ 103839 erg s+

Ve; ~ 300 - 5,000 km s
M,; ~106 — 104 Mg

soft X-rays (white dwarf surface)
and radio free-free (photo-ionized ejecta shell)
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Thermal Paradigm

optical peaks_in da

Despite this B
§ seemingly simple &
™  picture, a beast
e (powerful shocks)
lurks within




Flux Density (mJy)

Early Non-Thermal Radio Emission
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Early Non-Thermal Radio Emission

V1723 Aql
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Thermal free-free emission from
photo-ionized ejecta (Tz ~ 10% K)
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Hard Thermal X-rays from Shocked Gas

temporally and spectrally distinct from soft X-rays from WD surface
(e.g., Mukai & Ishida 01; Gordon+20)
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Hardness

Hard Thermal X-rays from Shocked Gas

temporally and spectrally distinct from soft X-rays from WD surface
(e.g., Mukai & Ishida 01; Gordon+20)
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Fermi LAT detects classical novae
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Fermi LAT detects classical novae
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What’s the Nova Ejecta Colliding With?

Embedded Novae Classical Novae
(VA07 Cyg — 15t gamma-ray detection) (13+ gamma-ray detections)
Red Giant Companion CV - Main Sequence Companion

Dense Giant Wind Mass Transfer Rate

~ —6 '1
M~ 10 M@yr M < 1038 M@yr—l

=> external shocks? => internal shocks



Geometry of Internal Shock Interaction
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Geometry of Internal Shock Interaction
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Geometry of Internal Shock Interaction




Geometry of Internal Shock Interaction
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Geometry of Internal Shock Interaction

lIWi nd”
3 km s1

Supported by optical spectroscopy (e.g. Aydi+20)
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Old Nova Shells

“....the ejecta are clumpy but often display coherent structures, notably equatorial
rings of enhanced emission encircling prolate ellipsoidal shells” (O’Brien et al. 2001)
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Gamma-ray shocks are radiative
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Gamma-ray shocks are radiative

N
N : Shock’s luminosity
. must emerge as
_ radiation
- (in some waveband)
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Internal Radiative Shocks

e.g. BDM+14
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ilative Shocks

Internal Rad

e.g. BDM+14
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ilative Shocks

Internal Rad
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Internal Radiative Shocks

e.g. BDM+14
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Internal Radiative Shocks

e.g. BDM+14
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NuSTAR
J

Aydi+20

Optical/Gamma-ray Correlation
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Large fraction of optical luminosity is shock-powered (not directly white dwarf)

e Super-Eddington luminosities without violating Eddington limit
Ratio of optical to gamma-ray luminosity probes particle acceleration efficiency

Implications
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2D Hydro Simulation of Radiative Shocks
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2D Hydro Simulation of Radiative Shocks
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Suppression of Thermal X-rays
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A Shocking New Paradigm for Nova Emission

The discovery of luminous GeV gamma-rays from novae establishes shocks
& relativistic particle acceleration as key features of these events.

Shocks arise from internal collisions between different phases of outburst, as
evidenced from optical spectroscopy (Elias talk) and late radio/optical imaging

Hadronic emission mechanism favored over leptonic one => ion acceleration

High ejecta densities => shocks radiative for both thermal and relativistic particles
— Significant fraction of optical luminosity/variability can arise from shocks instead of WD envelope
— New explanation for super-Eddington luminosities?

— Can directly measure relativistic particle acceleration efficiency via calorimetry

— Huge compression and instabilities provide natural source of clumpiness & dust formation

Open Questions for Nova Theory:
— At least two “modes” of mass-loss (“common-envelope”-like and “wind”-like)
with abrupt transitions (“mode-switching”) between them
— Ejecta geometry implies key role of binary interaction
how to capture in 1D models? extend to multi-dimensions while capturing nuclear physics?
— Impact on binary angular momentum? Implications for CV evolution?

— Contributions of shock emission must be considered in light curve modeling. Implications for
optical/NUV spectra?

— Why are the shock X-rays so weak?
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A Shocking New Paradigm for Novae

(Chomiuk, Metzger & Shen, ARAA in press)
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WEIGHTED BY RADIATED LUMINOSITY

if cooling was thermally stable
== Immediate Post-

Shock Gas
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