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Nobel Prize for the discovery of the
accelerated expansion of the Universe
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Adam Riess

SNe la gave use the
accelerating Universe

What else besides Cosmology?
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http://cfa.harvard.edu/supernova/newdata/data.html

SNe la gave use the
accelerating Universe

What else besides Cosmology?
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white dwarf star

M=11M.=22x10%3g

pc=2.9x10° g cm3
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ANBERRA C J
e.g., delayed detonations e.g., violent mergers
pure turbulent deflagrations He double-detonations

| 2 -2 | 0 | 2 -2 l 0 |

= Morimary = 1.4 solar masses = Morimary = 0.8 —1.1 solar masses
= ignition of deflagration by pycno- = ignition occurs as
nuclear fusion of 2C at high dens. « violent accretion stream
= explode expanded/-ing profile triggers detonation
= burning includes high density % He-layer detonates
% low entropy freeze-out = detonate hydrostatic profile

% electron captures = burning at relatively low density



N100 delayed-detonation
(Seitenzahl+2013)

1.1+0.9 Msun violent merger
(Pakmor+2012)

Same *°Ni mass, morphology different

Abundance
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Seitenzahl+ (2013), MNRAS, 429, 1156 Pakmor+ (2013), ApJ, 747, 10
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*®Ni and *°Co y-rays

detected for SN 2014J by INTEGRAL

K1, MPA and INTEGRAL team
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Regimes of explosive
carbon/oxygen burning

stable IGE (°°Ni consumed)

Mn produced

107 5

10° ¢

105- I I I I
00 02 04 06 08 10 12 14

Enclosed Mass (Mg )
Seitenzahl & Townsley (2017) Handbook of Supernovae




Stable Fe and °’Ni
Flors et al., 2018, A&A 620, 200 VADF A

stable Fe / *®Ni=
0.27223:882

del. det.
deflag.
new W7
CONe delfl.
grav. conf.
COdet. T fNi/*Ni=
ONe det. 0.032+3911
double det.
V. merger

A

0.2 0.3 0.4
stable Fe / *Ni




Mass fraction

ceze-out  FANDITY

AUSTRALIAN DETENCE FORCT ACADM MY

{1 — network
----NSE
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» 1: low entropy NSE
most °>°Co is produced here
» 2: high entropy NSE
%Co(p,g)*°Ni destroys *°Co
» 3. incomplete Si-burning
some *°Co is produced here

- Densities in merger model
too low to enter [1]

- Merger model produces less
%5Co for same °°Ni

- 55CO i 55Fe > 55Mn
- 56Ni i 56C0 > 56Fe

log(peak density) [g cm3]

109 g

108 E

=56 ©ADFA

log(®**Co) mass fraction

—3 2
violent merger — /
(Pakmor+ 2012) 1)/

3 +/ :

2 —

1 2 3 4 5 678810
peak Temperature [10° K]
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[Mn/Fe]-=log(N(Mn) / N(Fe))+ - log(N(Mn) / N(Fe))o

| [Mn/Fe]

model name | SN type | masses

WWO5B°
LC03D¢
NO6

11
I1
II+HN

11 < M/Mg < 40
13 < M/M; < 35
13 < M/My < 40

-0.15¢
-0.27¢
-0.31¢

Seitenzahl et al. (2013). A&A. 559. L5




late phases
&

radioactivity



AAAAAAA




@ ALSTRALIANDETENCE FORCT ACADEMY
.




BERRA

y-ray(s)




@ ALSTRALIANDETENCE FORCT ACADEMY
.













ﬁu?trali?n\

. . . > Nationa

ANBERRA - > - University -«
\ |

Internal conversion e-




\odl decay che © ADFA
C A N B E R R A v ALSTRALIAN DNTENCE TORCT MEAIM MY
8551 % 1071 %
t1 /6= 6.08d t1 0= 77.2d 5/2—
N 1/2 56 (0 1/2 56 e . .
— 35.60h — 271.79d i i
57Ny /2T OO st ot TRe  122.06keV ! | 136.47 keV
t1 /9= 17.53h t1 /9= 999.67d i '
550 1/2 55 Fe 1/2 55Mn : :
Table 1. Radioactive decay energies (keV decay—1!) E E
Nucleus Auger e~ IC e~ et X-ray : :
57 Clo 7.594 10.22  0.000  3.598
6Co 3.355 0.374  115.7  1.588 g g
55Fe 3.973 0.000 0.000  1.635 ; ;
Seitenzahl, Taubenberger & Sim (2009), MNRAS, 400, 531 3/2— Y L 9%

/o Y Y1441 keV

Figure 1: Ground state and first
two exited levels of *"Fe showing -
ray energies and intensities for the
decay of ®"Co.

Seitenzahl (2011), PrPNP, 66, 329




o —11C e
400—— ,
. +3 pES i w— el det.
39.5 internal conversion —

merger
e from °’Co

39.0
-=- %Co

_ 38.5 S7Co
D . O 55 Fe
=0 3
3 38'()6::;;:._,. +4 years
< 375 el . Auger e- and x-rays from °°Fe
=] ‘o
o .

35.5

600 800 1000 1200 1400 1600 1800 _ 2000
t [days]
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C A N B E R R A STRALIAN DETENCE FORCT ACADIAY
) a

Dimitriadis+ 2017, MNRAS, 468, 3798

|
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Model decomposition
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supernova remnant tomography
with

coronal lines in the shocked ejecta



Coronal lines
Voulgaris et al. 2012, Solar Physics, 278, 187
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flux (1078 ergs cm™ st A1)

SNR 0519-69.0
R: X-ray, G: Fe XIV, B:Ha
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SNR 0509-67.5
R: X-ray, G: Fe XIV, B:Ha

—II|IIII|IIII|IIII|II-I-

wavelength [A]

-~ - — S

RA (J2000)

[ FWHM (km/s) = 4365+/-107 0509
““ 'v,"‘
2y N
\ ll_}nlh x‘ M .ﬂ"' ‘I“ L l‘A‘xd._ll
| '11! r 1/ e TNV ”", 1 ! . I\ IR '
5100 5200 5300 5400 5500




flux (1078 ergs cm™? st A1)

N103B

R: X-ray, G: Fe XIV, B:Ha

| FWHM (km/s) = 3292+/-95 N103B
| "‘.
LA -
)
.l L‘.‘U"’l "r A 1Yr1'”" 1 [ \ 'Fllml'lll""y‘"'U“I" Jr“hmvh‘
5100 5200 5300 5400 5500

04s 02s

wavelength [A]

09mMmOO0s

RA (J2000)

58s 5h08m56s




Constraining the models B
with SNR evolution [ YalB)ya\

AUSTRALIAN DXTENCE FORCT ACADM Y

Leahy & Williams, ascl:1703.006

SNR Modelling Program

Input parameters: Output:
Age (y): 310 Pt Type: D Radius Velocity Log scake: X-axis y-axis
Bamgy ( 50°% el 7 ——Blast-Wave Shock —Reverse Shock ===tsr
ISM Temperature (X): 100 4.5 H
|
Ejocted mass (Msun) 14 4.0 1 1
Ejecta power-law index, n: 7 u :
Ambient meda power-law Iindex, s: 0 u 3.5 1 :
1
ISM number density (cm ?): 04 |
3.0 4
Electron to lon temperature ratio T/T: 0072 | -
Vv
Coolng adjustmaent factor: 1.0 % 2.54 :
1
ISM turbulence/random speed (um/s): 7.0 -g :
Change ISM Abundances @ 2.07 :
1
Change Ejecta Abundances 1.5 - :
Model type: i
© Standard Fractional energy loss 1.0 :
Hot low-density media Cloudy ISM as :
2] |
Emissivity :
0 100 200 300 400 500
Time/yr
Plotted Time:  Custom M e o S oMax 500 :
Values at specified time: Phase transition times:
Blast-wave shock slectron temperature:  7.26804+07 K EDWST: 4312w
Reverse shock dlectron temperature: 50610408 K STw PDS: 25160404 yr
Blast-wave shock radus: 3,436 po POS 1o morger:  2.0580+06 yr

Roverse shock radius: 2,684 pe
Blast-wave shock velccity: 6193 km/s
Reverse shock velocity: 4469 km/s
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[S XII] 7613.1 (red)
UNSW [Fe IX] 8236.8 (blue)
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BLASPHEMER models %
) UN RWA BLASt Propagation in Highly EMitting EnviRonment @ A D F A

by Martin Laming

Fe ion fraction
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radius (pc)




Shock velocities

time-dependent
Leahy & Williams, ascl:1703.006
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al thoug ©ADFA

= Broad coronal lines in ejecta behind RS in three young
Type la SNRs in the LMC: NEW DIAGNOSTIC

= Gives first direct measurement of reverse shock speed

= |f ages are known, then we can constrain allowed

explosion parameters via SNR evolution models
= (mass, ambient density, explosion energy)

= Further coronal lines allow for supernova tomography

of the nucleosynthesis products in the ejecta
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al thoug ©ADFA

= Broad coronal lines in ejecta behind RS in three young
Type la SNRs in the LMC: NEW DIAGNOSTIC

= Gives first direct measurement of reverse shock speed

= |f ages are known, then we can constrain allowed

explosion parameters via SNR evolution models
= (mass, ambient density, explosion energy)

= Further coronal lines allow for supernova tomography

of the nucleosynthesis products in the ejecta
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Screenshot: ~ new | = \/OQt, IRS, Dopita & Ruiter 2017, PASP, 129

Outer flux density level: 7.0 x10 " ergs ' ecm 2% A




ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

CAASTRO oy ESO PR image UN%W




| ARC CENTRE 100.0 1 - 30.0 CANBERRA
FOR ALL-SKY ASTH
}
10.0 - 3.0
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A

1.0 03 —

— 1E0102-T2 data =
8 —— Cas A “like" 5

3

(blackbody equivalent) source radius of 8.7(+4.9 -2.7) km

1.0+ F 0.3

1.0

Energy (keV) Vogt+ 2018, Nat. Astron., 2, 465

Fig. 1. Energy distribution of the X-ray point source p/ in E(0102 (black
curve), compared with that of a Cas A-like CCO observed at the same
distance (blue curve, top), and our best-fit, absorbed, single blackbody
component model with kTgg = 0.19keV (red curve, bottom). Given
its brightness and spectral signature, p/ is consistent with being a CCO
~(0.2 keV cooler than that of Cas A (Pavlov & Luna 2009).



CAASTRO NS cooling curves
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Fitted red- and blue- shlfted H- alpha
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UNSW Ferrand, Warren, Ono, Nagataki, kR
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UNSW Vogt, Seitenzahl et al, A&A, 602, L4
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initial composition
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Eg=7.68 MeV/nuc
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. detonation of 1.18 M. “hybrid” WD




NS distinguishing models YT
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We find evidence for °*’Co dominated phase
Best fit to model: 2 x solar *’Ni/°¢Ni
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