W }Katze Auchettl
__ “_ﬁ_;_f?’The Ohlo State Un1vers1ty g
e _"'.-V-.:.'._;_-.’;Center for Cosmology and AstroPartlcle' P' si

he non-thermal ' ?ray

,lsswn from mzxed—

T -‘»Auchettl et al (2016), in prep

Lk R e Y
v Lheovern e ARG T -
i | e A ; A 2 3 - A0 g s A ~ ,
T P Do 2 o S ERARCE e " ; ; SR
- R ".-_"-'\ “e <Eee S5t RS IR R FRSRELE ‘-€



Supernova remnants & Cosmic Rays

* Below E,,,,, there is
evidence in favour of SNRs
being the origin of cosmic
rays (CRs).

1. CR energy density ~ 1 eV
cm

osmic Ray Flux Vs. Energy

Galactic
origin

* SNRs can explain this.

2. Spectral index of CR
spectrum at Earth = 2.

Extra-

* Consistent with spectral Galactic
. . . . origin
index of derived by diffusive

shock acceleration.
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S/NRs accelemte particles

* Forward shock (& reverse i R F°"Wa:; shock
S]’lOC.k. ') of a SNR can accelerate | b | synchrotron
particles e emission from

— eg. SN1006 R e muft-TeV e

* Lagage & Cesarsky (1983)
applied diffusive shock
acceleration to young shell-type
SNRs and concluded that:

— Particles in SNRs can be
accelerated up to 10 -100 IeV.

=» SNRs can accelerate

cosmic rays!

Chandra X-ray image(NASA/CXC/Middlebury College/F.Winkler)
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The remnants of a supern
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Centrally peaked X-ray morphology

* Centrally peaked X-ray morphology which arises from a
collisional hot plasma (Lazendic et al. 2006).



Kes 79 - Auchettl et al. 2014

Enhanced abundances

Strong X-ray lines imply super solar abundances of different elements.

Indicates that some of the X-ray emission we are observing arises from
stellar ejecta.

Expect to see ejecta in young SNRs, not MM SNRs which are middle
aged.
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Ozawa et al. 2009

Overionised plasma

Overionised plasma is detected in the form of radiative
recombination continuum (RRC).

Indicates rapid electron cooling.

Only found in SNRs interacting with molecular material (MM
SNRs).

Energy (keV)

Energy (keV)

Fitting X-ray spectrum of W49B RRC seen in red + recombination lines
without recombination seen in orange and blue added to fit.



Sources of hadronic gamma-rays

Surprising as MM SNRs are thought to have too slow of shocks but a
significant of these a interacting with MCs.
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Sources of hadronic gamma-rays

Surprising as MM SNRs are thought to have too slow of shocks but a
significant of these a interacting with MCs.

\MISH 11-61A

Abdo et al. 2009 Auchettl et al. 2014



G346.6-0.2
.

First classified as a
Mixed morphology
SNR
by ASCA

843 MHz
radio contours

Known to be
Interacting with
nearby molecular
cloud

1720 MHz
hydroxyl

masers
Red: 0.5-1.5 keV

Green: 1.5-2.0 keV



X-ray analysis of G346
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Powerlaw component

T | A

2 #ﬁ ' ll"'lm' L

s JF%% | H w
‘FJF

——

S
“ | Model: tbabs(vrnei)

I

+HH+

Model: thabs(vr

Yoo T

“ W W

HHHI H‘ M i

0.5 1 2 5

Energy (ke

A single thermal model

struggles to fit the data
above > 4 keV




Origin of this powerlaw component?

* Undetected pulsar/pulsar wind
nebula?

— [’ similar to that for a PWN.

— Look for source:
* Within the radio contours of remnant
* Has no optical/IR counterpart
* Predominantly hard X-ray emission.

* Derived velocity assuming produced 13
in same event that produced G346 is 1o

reasonable. (0 1(;‘

— None of the sources within the

field of view fulfill this.

— Powerlaw component is found
across the whole remnant not
localised.
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Origin of this powerlaw component?

* Synchrotron X-ray emission
— Detected in young (<lkyr) shell type
SNRs with vs >2000 km/s and
B=50-250 uG.
» Electron E,  >1 TeV

— MM SNRs vs~100 km/s, too slow to

accelerate electrons to these energies,
assuming B=10-100 uG.

— For G346:
* vs~1300 km/s

—  Assuming White & Long (1999) model of SNR evolution
in a dense environment.

* B =1.7mG based on Zeeman splitting.
» Electron E, . = 3 TeV



Origin of this powerlaw component?

* Synchrotron X-ray emission
— Detected in young (<lkyr) shell type
SNRs with vs >2000 km/s and
B=50-250 uG.
» Electron E, . >1 TeV

— MM SNRs vs~100 km/s, too slow to

accelerate electrons to these energies,
assuming B=10-100 uG.

— For G346:
* vs~1300 km/s

—  Assuming White & Long (1999) model of SNR evolution
in a dense environment.

Not unreasonable that this
powerlaw component could
» Electron E,,,. = 3 TeV arise from synchrotron X-ray

* B =1.7mG based on Zeeman splitting.

emission.



Things still to work out...

* B, will be higher closer to OH

mag
masers.

— Is it valid to assume this for the
whole remnant?

* Detection of X-ray filaments with
Chandra would help constrain the B,,,,

* kT,~0.23 keV is too low for
v~1300 km/s!
— kT propto V2 => 2 keV

— Shock front could have broken

through dense material and is now
expanding in a low density medium.

* Currently investigating...
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