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Recent transient observations indicate that some massive stars have ‘confined’ circumstellar materia
on. We Investigate the time evolution of synchrotron radi
limeter emission can be a diagnostic of the confined CSM. Furthermore we reveal that
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(CSM), iImplying that they lose
ation from a type [I-P SN with

proton inelastic collisions, leading to a production of electrons and positrons, make a large contribution to the radio emission. We
emphasize that this signal can be an interesting observational target for ALMA.

1. Introduction
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of the progenitor of SN 2013fs

Detected by recent transient (Figure 6 in Yaron+ 2017)

surveys and flash spectroscopy
follow-up observation

(e.qg., Gal-Yam+ 2014).

Flash
spectroscopy
optical)

Instead of the flash spectroscopy,
we have shown that synchrotron
signal can become a robust

evidence of the confined CSM.

2. Method

A red super giant + confined CSM w/ a7 =1072,1072,10~* My /yr , tO

mimic the SN 2013fs (Yaron+ 2017, Figure 1)
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Perform the hydrodynamics
simulation by SNEC
(Morozova+ 2015)

reaching the edge of
the confined CSM

= Obtain the time evolution of
shockwave V_sh (Figure 2)
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Figure 2 : Time evolution of forward shock

2. Particle acceleration and its energy loss
Parametri
field amp

ze the efficiencies of particle acceleration and magnetic

Ification at the forward shock front as follows:
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Solve the particle energy distribution;

Cooling term
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Particle injection term
- Power-law (i =¢",p)
- proton inelastic collision (i = e~

. Synchrotron radiation transfer

dl,

Radiative transfer:; —ayl, + .5,

dr

w/ + synchrotron self-absorption (SSA) in the shocked region
- free-free absorption (FFA) in the unshocked region
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Figure 1 : The CSM density structure

Table 1T : Comparison of optical and radio

Radio
Characteristic
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of the density (Groh 2014)
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3. Results

1. Light curves [Red: 107% Mg /yr

Blue : 107°% Mg /yr, no confined CSM

1029 22 GHz synchrotron light curve for SN @30Mpc 102° 250 GHz synchrotron light curve for SN @30Mpc

No detection for cm:---

detectable for mm!!
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Figure 4 : Millimeter light curves;
detectable

Figure 3 : Centimeter light curves;
damped by SSA or FFA

These light curves show that the millimeter emission can
be a diagnostic for the confined CSM. This millimeter signal
Is detectable by ALMA.

2. Secondary particles
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Figure b : Light curves for M =103 Mg /yr
model, dividing into the different
radiating particles
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Figure 6 : Same as Figure b, but
for the smooth CSM

If the confined CSM exists, secondary particles (e ,e™)
produced by proton inelastic collisions dominate the radio
emission In the later phase ¢ 2 1 month.

4. Conclusions & Discussion

- We show that synchrotron millimeter emission can be a
robust tracer of the confined CSM.

- |If the confined CSM exists, the radio emission in the later

phase ( ¢t > 1 month ) iIs dominated by secondary particles.
+ The observation by ALMA will provide a robust evidence of
the confined CSM, or the spatial structure of the CSM.
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