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Abstract

The youngest galactic Supernova remnant G1.94-0.3 is an interesting target for next generation gamma-ray observatories. So far the remnant is only detected in the radio and the X-ray bands but its young
age and inferred shock speed of 14,000km /s should make it an efficient particle accelerator. We explain the observed radio- and x-ray fluxes together with the morphology of the remnant. At the same time
we are estimating the gamma-ray flux of the source and evaluate the prospects of its detection with future gamma-ray experiments. We carry out spherical symmetric 1-D simulations where we
simultaneously solve the transport equations for the cosmic rays, the transport equation for magnetic turbulence and the hydro-dynamical flow using the RATPaC code. The separately obtained particle
spectra for the acceleration at the forward and the reverse shock are then used the calculate the radio, x-ray, inverse Compton and Pion-decay radiation from the source. We are able to show that the
emission from G1.94-0.3 can be explained with our self-consistent model. Furthermore is the observed morphology indicating, that the x-ray flux is dominated by emission from the forward shock while most
of the radio-emission is originated at the reverse shock, which makes G1.9+0.3 the first remnant with non-thermal radiation detected from the reverse shock.

1. The modelling

We solve the time-dependent transport equation for cosmic-rays [1, 2, 3], for the transport of
Alfvenic turbulence [4] and the standard gas-dynamical equations [5] in spherically-symmetric

1-D geometry under the test-particle assumption:
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p Energy losses
(Q Source of thermal particles
D). Diffusion coefficient in wave-number space

FE,, Spectral energy density in Alfvenic turbulence I'  Source and damping coefficients

k  Wave-number
m_ Momentum density (= pv)
~v Adiabatic index of the Plasma

p Plasma density
P Plasma pressure
E Total energy of the Plasma

We initialise the simulation as a Typela-explosion following [6] with 10°! erg explosion energy and

1.4 solar masses of ejecta.

A ambient density of 0.03 cm™* gives a forward-shock radius of 2.2 pc after 105 years and a shock
speed of 14,000 km/s. The reverse shock radius would be 1.85 pc and the expansion speed

11,000 km/s.

3. The radio and x-ray morphology
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Figure: Morphology of the remnant in x-ray and
radio. The x-ray data is taken from [7] and the
radio-data is from Luken et al. (in preparation).
We extracted the averaged profiles in the
East-West direction from the 2D maps covering
the x-ray ears. The same method was applied to
the theoretical data.

6. Conclusions

The separation between the peaks of the x-ray
and radio emission is about 25 % in the
East-West direction of G1.9+0.3. This
separation is hard to match even with a
two-shock model, as the reverse shock radius is
about 84 % of the forward shock radius.
However, the separation we obtain for our
two-shock model is about 20 % and quite close
to the value observed. In case of a one-shock
scenario, the separation would be much smaller
with about 6 %.

This scenario further allows to explain the
different morphologies of the x-ray and the radio
emission of the remnant. As the bipolar x-ray
structure might be caused by the orientation of
the ambient magnetic field, this would not
influence the acceleration at the reverse shock.
An asymmetric explosion or an higher ambient
density towards the north of the remnant would
explain the morphology of the radio emission
without effecting the x-ray emission.

In this work we studied the supernova remnant G1.9+0.3 through the modelling of
its broadband non-thermal emission aiming to explain the observed spectral energy
distribution, the morphology, the brightening rate at radio frequencies and the
prospects for detecting the remnant with CTA. Therefore we solved the transport
equations for cosmic rays and alfvenic turbulence together with the standard
gas-dynamical equations and subsequently calculated the emission from the forward
and the reverse shock under the assumption of spherical symmetry. We found that:
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2. The non-thermal emission

We calculated the emission of the remnant
through synchrotron (SY), Pion-decay (PD) and
inverse-Compton (IC) radiation on CMB and

IR-photons. The radio emission is dominated by 1 o SFS o ovRS 4 e |
emission from the reverse shock (RS), whereas 1 s CRS ey
the forward shock (FS) contributes most of the ] -

gamma-ray emission and all of the x-ray 01 +

emission.

The peak magnetic field we obtain is 270 G
behind the forward shock and 60 G behind the
reverse shock, which both represent = 0.3 % of
the energy in the downstream plasma-flow. The -3 -
field drops sharply behind both shocks due to
fast turbulence damping through cascading.
The cosmic-ray pressure stays well below 10 %
of the shock ram pressure at both, shocks
justifying our test-particle assumption.
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Figure: Combined SED of the forward (FS) and

reverse shock (RS) contributions.

4. Radio and x-ray brightening

The radio brightening of the remnant depends
mainly on the evolution of the magnetic field
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' Pl radiate.
- T Lt As the shock surface increases and thus the
E T / J | number of particles that can radiate increases, a
élo '/I/. l L { radio brightening IS exPeC’Fed even without
S ] changes in the magnetic-field strength. The

relative increase in the number of particles is

1.9 % /yr for the forward shock and 1.6 % /yr for
the reverse shock.

In our model, we obtain a flux increase of

1.64 % /yr, which is in good agreement with the
1.2 % /yr observed for the radio flux [8].

For the x-ray flux, we obtain a value of 1.8 %/yr
which is well in agreement with the 1.9 %/yr
increase measured by Chandra [9].
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Figure: Evolution of the radio flux at 843MHz.
We reproduce the right order of magnitude for
the radio flux as seen in section 2 but
systematically undershoot the

MOST-observations.
5. Prospects for CTA

The gamma-ray emission from G1.9+0.3 is dominated
by inverse Compton scattering of the high energetic ~05 1
electrons accelerated at the forward shock on CMB
and IR photons. Our predictions for the gamma-ray
emission are well in agreement with the H.E.S.S
upper limits and about three times below the
proposed sensitivity of CTA south. Further we expect o5
the gamma-ray flux to increase by about 25% in the
epoch between 2007 and 2032. 7 |
Still there are good prospects of seeing a 3 sigma B
signal of G1.9+0.3 within about 170 hours of CTA o

observations.
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Figure: Gamma-ray emission from

(G1.9+0.3 in 2007 and 2032.

@ A two shock scenario can explain the observed emission within the test-particle limit and
moderate magnetic fields

@ The separation between the x-ray and radio peaks in the East-West direction can be better
explained with a two-shock scenario than a single-shock scenario

@ The origin of x-ray and radio emission from different shocks allows to explain the different
morphologies

@ Our simulations reproduce the observed rates of radio and x-ray brightening

@ (G1.940.3 might be detectable by CTA south
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