


2. MODELS

More about galactic models (dust/star distributions) than about SN models

• Density distributions of dust and SN progenitors:  

various possible normalization for the dust : ‘’SIMPLE’’ : Av = 30 to the Galactic Center

• Distribution in distance and absorption 

→ distribution in mag. primarily controlled by extinction, not by distance

Schematic view of the problem

dust ccSN SNIa

Rd  (kpc) 2.9 2.9 2.4

H  (pc) 100 100 800
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3. RESULTS

From the distribution in distance and absorption  →

Distribution in apparent magnitude
CCSNe SN Ia

82% with mV < 15 ; ~ 1/3 with mV < 5    92% with mV < 13.5 ; ~ 1/2 with mV < 5    

Fig.5 Fig.6



Progenitor luminosity function                                                                   Shock breakout

Intrinsic LF coupled to extinction models 
Reasonable chance to identify the progenitor 
in archival plates (especially 2MASS)

Fig.5 (bottom)

Fig.4



Confusion: probability of having a source brighter than the SN at a given distance 

ccSNe SN Ia

• Supernova:
- moderate risk of confusion in the visible
- no confusion in the infrared

• Progenitor:
- larger risk of confusion in the visible: 50 – 60% 
- no risk in the infrared →  progenitor already present in 2MASS survey !

Fig.7 Fig.8



The galactic SN rate 

• very uncertain: magnitude distribution from the model  ↔ historical supernovae
• accuracy limited by the small number of historical SNe: only 5 (1006, 1054, 1181, 1572, 1604)
• sample of historical SNe assumed to be complete to a limiting visual magnitude of -2 (or 0)

→ ccSNe rate:  3.4!".$%&.$ 2.8!'.$%(.& per century or   one every 30 years (9 to 170 years)
SN Ia rate:  1.4!).$%'.* 0.8!).+%).$ per century or   one every  70 years (36 to 170 years)

Neutrinos  (ccSNe)

Binding energy of the newly formed compact object : ~1053 erg  (six flavors ne,nµ, nt and their antiparticles, En ~ tens of MeV)

Mainly detected via 𝜈̅, + p → 𝑒% + n (104 𝜈̅, expected in Super-Kamiokande for an event at the Milky Way center !)
(12 for SN 1987A in Kamiokande)

→ 𝜈̅, neutrino light curve and spectrum 
direction lost ; rough estimate of the distance from number of events

Other detection channel: neutrino-electron scattering (all flavors; a few hundreds of events expected in Super-K)
forward scattering within 10° → direction to the source within a few degrees

A delicate question: avoid a false alarm/risk to miss an historical event 



Neutrino Alerts

SNEWS: SuperNova Early Warning System

Super-Kamiokande, IceCube, Borexino, LargeVolumeDetector (LVD)
→ agreement on the criteria to announce a detection (too severe?)

Super-Kamiokande

Only experiment with localization (a few-degree) capability: time and duration of the n burst, 
number of n above 7 MeV, sky location  

SURGE (Supernova Urgent Response Group of Experts)
→ release in about one hour (could be too long for the shock breakout signal?)

EGADS: Evaluating Gadolinium’s Action on Detector Systems 

Adding a small quantity of gadolinium chloride or sulfate to water:  test in progress with a 200-ton water tank (1% of Super-K)
→ detection of the neutron in coincidence with the positron:  𝜈̅, + p → 𝑒% + n followed by   n + Ga157 → Ga158 + g

robust detection possible within one second !

This would guarantee the detection of the shock breakout



Instrumentation for shock breakout detection

Shock breakout peaks in far UV/X but search more effective in near-IR due to galactic extinction (thermal spectrum assumed) 

Design proposed for an IR camera:  86 mm aperture, 300 mm focal length
3x2.5 degree field of view

Detection of the shock breakout signal possible even during daytime
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WAIT AND SEE !         


