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Type la Supernova (SN la)

Galactic Type la Supernova rate: "%
~1.4 events/century; .\ .
Accelerator of cosmic rays—> GeV .

and TeV gamma-rays ;

Formation model: single vs. double
degenerate scenarios; ®e

Marat'Gilfanov & Akos Bogdan
“Standard candle” ;

Nucleosynthesis sites of iron-group —Ni
'y
elements; L/Lo SNia
C
Light curve is powered by °Ni /ﬂ

radioactive decay.
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A Galactic SN la May Be Unnoticed

» Optical or IR? large extinction in the plane—> faint

A,>10
€ >*' SN la
us MW

» Radio or soft X-ray? not seen for SN2014)
» Neutrinos? —> weak and in low energy

» A Galactic Type la SN could happen anywhere any
time, most MW plane are not monitored at most
wavelength—>It’s possible that we’ll miss it!
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Gamma-rays can act as monitor of

Type la SN:

(confirmed by SN20

>0 N
56 CO

*The decay line

2.6MeV

*MW is opticall

We need a ganr
above energy r

the sky!

tic SN 1a

Galac
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Fermi Gamma-ray Burst Monitor

Low-Energy Hal{TI} Credit: Fermi website
Detectors (3 of 12) LAT

High-Energy BGO
Detector {1 of 2)

5
* Scintillation detector: ((Iggmggw
12 Nal (8 keV -1 MeV) Scintillation Crystal );
2 BGO (150 keV - 40 MeV) BT
* Field of view: 9.5 steradian ':;"’“"“'Gammam&bsorbed;
. Energy resolution: 12% FWHM at 511keV U ILU Ml
8/4/2015 2015ICRC

Photomultipliers detect light



Type la SN2014)

SN2014J) in M82
(~3.5Mpc)
Discovered: Jan
21,2014

INTEGRAL SPI
observation: Jan 31-
Apr 24

Both 56Ni and 56Co
lines were seen as SN2014) i M 82
ed rly as "'20 days Credit: UCL/University of London

Observatory/Steve Fossey/Ben

after the explosion Cooke/Guy Pollack/Matthew
Wilde/Thomas Wright
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>

Flux [10° phecm™2 s keV™]

i1 © | & £ & R [ % o % & [ A4 @ @ A& T % ¥
i Intensity: 1.10 + 0.42
Centroid: 159.43 + 0.37 keV
10- FWHM:  1.77 keV (fixed)

Ol g v 5 ¢ ¢ opopow oo g o5 o5 5 % 3

I
1 1 I 1 1 1 1 TH 1 1 1 1 I 1 1 1 1
Flux [10° phem™?s™ keV™]

L L | L

150 155 160 165
Energy [keV]

* Compton scattering—>

opaque during first 10

day for gamma-ray lines—

> early seen ®Ni lines:

>5Ni belt model (Ni belt

mass ~ 10% total Ni m

8/4/2015

-20

ass)

2015ICRC

10}

Intensity: 1.90 + 0.66
Centroid: 811.84 £0.42 keV

FWHM: 2.23 keV (fixed) " ]

805

Expanding
v~5000 km/s

810 815 820 825
Energy [keV]

—s s rranarr } ‘&%

observer

After Diehl et al. 2014’s diagram
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2.0x10*

o If a c 1_5x1¢:|‘_—
we C

4.945: 2000.00 keV 4

will

SN Ia?

X
% 1 0x10° 3
s | _
t,, = 8.8 days
5.0x10% [56(;9 — 1113 dayS
] | | | | | |
—40 —20 0 20 40
Time (s)
2015ICRC .
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Galactic Type la Alarm: Approach

Galactic SN la:

*Use earliest SN2014J detection at 17 days to
constrain the parameters in a Ejecta+Belt model

*Fiducial distance: 10 kpc

D~10kpc
<= >*SN la
us MW




PRELIMINARY nght Curves
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NG 158.98 eV Tine Ni & Co lines signal in
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100
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Spectra

PRELIMINARY
SSI]IHaahtl(DOkppcaatféerZG) daysmnG(B]BM,BE@O
T T T T T T | T T
— — Ni lines
100 — Co lines —
- —— Ni+Co lines 1
L_H_L x BGO background
- _ i
s ] i
> —
< L
- 10 | :IZH: =
o, -
3 .
é L )
= i '::'—I_‘h_l_l_‘—-_f
. . g I +
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Ni and Co
lines signal in
GBM BGO
detectorat 1
day and 20
days after
Galactic SN Ia
explosion

lay = = 8.8 days
fay, =111.3 days
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Localization

e Earth Occultation

SN Ia
Angular resolution: ~ 0.5 for B =

Oto ~ 1.25° for B = 66°

GBM orbit(signal)

GBM orbit(no signal)
8/4/2015 2015ICRC 12



Summary and Future work

* A Galactic Type la SN may go unnoticed in lower
energy band but will be a large gamma-ray
signal observed in Fermi GBM.

e Fermi GBM is an ideal alarm for a future Galactic
SN la.

* We will build models with a range of ejecta
structures to simulate the signals from a future
Galactic SN la to get a range of the strengths of
the signal and the timescales to confirm the
signal.



e Back up slides



Cumulative Fraction

Extinction and Apparent Magnitude of
A Future Galactic Supernova

Adams et. al. 2013

0 3 10

SNela

i79::0 5 10 15 20 25 0 5,10 15 20 25100
Apparent Magnitude at Maximum Ay



Optical Depth of Galactic gamma-rays

* MW is optically thin to gamma-rays.

Z = 1, HYDROGEN

Optical depth of photons o Hubbell & Seltzer (2004)
in MW: '

opacity |}

\ m
[=0Sds~N,s =N, —m 10°

r

cm?/g

A4, _ 3.1
N, 5.8 10%Hcm *mag™

1071

A, ~ 30, forE, >10""MeV,

wip or pen/p.

1077

97<1 b ¢ <1 optical thin

-1(}_3 1 11111 1 1 11 11111 1 1 11 11111 1 1 111 111 1 1 L1 1 111
1073 1072 17" 10% 10’ 107
Fhoton Energy, MeV

We need a gamma-ray detector that is sensitive to decay line
energy range and continuously monitors the sky!



Galactic Type la Alarm: Approach

0.14 ‘ 1
. 0.12} # 5
GalaCtlc SN Ia: 2 0.10} / \\\ Adams et. al. 2013
3 0.08} \
* Fiducial distance: §oos

Q- 0.04f

d~10 kpc e

y
=
o

o
fos)
T

o
o

— ccSNe|;
SNela

o
N

Cumulative Probabilit
o
S

o

o
o
w

10 15 20
Distance [kpc]
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Model: Ejecta+Belt

* We build a simple zeroth-order model, ignoring the Compton
continuum emission, combining Bussard et al. 1989’s uniform
ejecta model and Diehl et al. 2014’s belt model to get the flux:

F total =F ejecta (M Ni, ejecta = (1_ f )M Mi, total) +F belt( Ni, belt ﬂw Mi, total)

* Use earliest SN2014J detection to constrain the parameters in
our model for SN la: My o =0.5M,, f=10%,¢,, =0
* The optical depth in ejecta is:

M, s
=QQrSdlll ——
anmp Vol

where M, =1.4AM ,m=2,s0s

1(121.09day 1)’

e]ecta

=6.65" 10 ®cm”®

Thompson



Model: Ejecta+Belt

The Ni gamma-ray line flux( ignoring the Doppler shift) is:
N bEO M “tlty

Ni, ejecta € -t

!,
didA ApD* S6m, f,

1

(o)_

by,
F. (E)01.16  10°cm *s™ [0.9¢ 7 +0.1]e" "
Ni total 0 [ /10]{]? ]2

Similarly, the Co gamma-ray line flux (ignoring the Doppler shift)
iS:

bE -t - tlt - tlt
F oo (Bo) 0 99.5¢m %57 D /lOOkp E [0.9¢" +0.1]He " - e ]
c



