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X-ray observations of SN 1987A
]

Continuousmonitoring with X-ray observatoriego follow the transition
from a SNto a SNRthus providinga Rosettastone for the link between

thesetwo phasesf evolution
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X-ray observations of SN 1987A
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X-ray lightcurves and highresolution images reflect the complex
Interactionwith the multi-phasecircumstellamaterialcharacterizedy

1. Atenuous(1® cnt3) Hllregionwith harderX-ray thermalemission

2. A circumstellardense(10° cnt?) equatorialring with knots (10* cnt?)
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X-ray spectra of SN 1987A
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Evolutionfrom anisothermalmodelto a modelwith three components
(the coldestonein ClEssociatedwvith

A Theslowtransmitted shockin the equatorialring ; T, D0.3¢0.5 keV
A Thefastforward shockin the Hllregion
A Plasmareheatedby a reflectedshockfrom the ring; T, ~ 3keV

(e.q., Parlet al. 2004 Haberlet al. 2006 Zhekov
etal. 2010, Magaet al. 2012 Helderet al. 2013) EUSIRYRSECYS SRS/




Aims
]

Currentmodelsare phenomenologicafad hocisothermalcomponents
and analyzesingle observations regardlessof the whole successiorof
datasets(ignoringinformationembeddedin the data)

We perform 3-D hydrodynamicsimulationsto model the evolution of
SN1987awith aforward modelingapproach

SNIight—curve‘ multi-epochX-ray data‘

P~ Setupof the model }</A
)

. Synhesigf observable#—

This approach aims at understanding the physical origin of the
emissionand studyinghow the dnitial conditiong (the SNphysic$ and
the dboundaryconditiong (the ambientmedium)affectthe evolution
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Initial conditions and parameter space
]

Clumping of ejecta (Orlando+ 2012)

Radiative losses from optically thin plasma

Non-equilibrium of ionization

- time evolution of each parcel of gas is
followed (Dwarkadas+ 2010)

- deviations from equilibrium of selected
elements (O, Ne, Mg, Si) is calculated

Tracers to follow the evolution of ejecta, HlI
region, and ring material

Spatialresolution

range of values  best-fit values

- Initial remnant radius ~ 20 AU (3e14 cm) ' explored
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The evolution of SN 1987A

Our model Time: Oyr (1987) density (cmA-3)
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Density structure of ionized gas of the ring from
optical spectroscopic data (Mattila+ 2010)

My ~ 0.058 M,
~0.046 M, @ n~103cm=3and n ~ 3 x 103 cm™3
~0.012 M, @ n ~ 3 x 104 cm3
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Years since SN 1987A (Orlando+ 2015)

INAF - Osservatorio Astronomico di Palermo (Italy)

~100 %of the ringmaterialhasbeen
shockedat the currenttime (2017)

Miceli, M. ¢ X-raysfrom SN1987A



Synthesis of the X-ray emission

M L L L By _adopting ATQMDB V3.0_, we
2y 28 30 98 40 derivethe syntheticX-ray emission
In eachcomputationalcellfrom

AElectron  temperature  (by
Includingp*-e- Coulombcollisiong
APlasmadensity

ATime elapsed after the shock
heating

Abundances Zhekow (2009)
ISMAbsorption  2.35e21cnt? (Park+ 2006)
Distance 51.4kpc (Panagia 1999)

Thesyntheticemissionisthen folded through the instrumental XMM-
Newton and Chandraresponses
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Synthetic fluxes and images
e
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XMM seectra in 2001 SHII region dominated)

Simulated Spectrum of SNR 1887A
XMM—Newton
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Both 2001 XMM EPIQlata and the correspondingsyntheticspectracan
be fitted by anisothermalopticallythin plasmain NElwith kT=1.7+0.4
keVandt =2+1x10%%scnt?
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XMM seectra in 2001 SHII region dominated)

Simulated Spectrum of SNR 1987A
AMM—Newton
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Though XMM EPIC spectra can be modelled by a single thermal
component the actualdistributionof EM(T}) is quite complex
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XMM seectra in 2001 SHII region dominated)
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Though XMM EPIC spectra can be modelled by a single thermal
component the actualdistributionof EM(T}) is quite complex
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XMM seectra in 2013 Sring dominated)

SameHD modelits the
spectraat all epochs

Simulated Spectrum of SNR 1987A
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Both 2013 XMM EPICdata and the correspondingsynthetic

spectracanbe fitted by 3 thermal components
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XMM seectra in 2013 Sring dominated)

Simulated Spectrum of SNR 1987A
AMM—Newton
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The 2013 spectrum is the result of an extremely complex
distribution of temperatures and ionization parameters with
different contributionsfrom Hllregion ringandejecta
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XMM seectra in 2013 Sring dominated)
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The 2013 spectrum is the result of an extremely complex
distribution of temperatures and ionization parameters with
different contributionsfrom Hllregion ringandejecta
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