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Overview

• Supernova Models


• Cooling Bounds


• Cherenkov Detectors

Goal: constrain axion-nucleon coupling  using SN1987AgaNN

a

N N



• Core-collapse Supernova


• Neutrino cooling dominant


• SN1987A signal at Kamiokande


• ma ≲ TSN ∼ 100 MeV

Supernova Models
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Source: SN Simulations by H.-Th. Janka et al. MPA Garchingen

[2005.07141]



• Axion-Nucleon Bremsstrahlung 




• Energy-loss by neutrinos 




• Axion emission only for 

ℒ =
1
2

gaNNψ̄Nγμγ5ψN∂μa

ℒν = 3 × 1052 erg
s

ℒa ≲ ℒν
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Cooling Bounds
free-streaming limit: 

•  small  


• Full volume emission


gaNN ⇒ λa ≫ rPNS

trapping limit: 

•  large  


• „Pure“ surface emission 
(like our sun)


gaNN ⇒ λa ≪ rPNS
- - ℒa ∼ r2

aT4(ra)



Cooling Bounds
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Cherenkov Detectors

• Axion-induced photons:  

Axion induced photons: 


• Invisible nucleon decay:  

searches @ SNO+ in 2017 [1812.05552]

a + 16O → 16O* → 16O + γ

a + 16O → 16O* → 15Z* + n/p

16O → 15Z* + invisible



• Goal: calculate number of events and compare with upper limits by SNO+


• Theory: number of expected events and TOF of axions


N = ∑
i

NSNO ∫ dEa

Tend
SNO

∫
Tstart

SNO

dt
dϕ
dEa

⋅ 2Eaσ(Ea)B(Ea, Ei, Γi) ∑
Eγ<Ei

BR(Eγ)ϵ(Eγ)

Cherenkov Detectors



Cherenkov Detectors
Theory: TOF of axions
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Allows to constrain axion 
masses in a window of:


 to 170 keV 400 keV



Cherenkov Detectors
Experiment: recasting of invisible nucleon decay

• Counting analysis of 6 data sets in agreement with background


• Upper limits on the number of events at 90 % CL


                                    
0.9 = A

N90%

∫
0

dN(Nϵ + B)Ntote−(Nϵ+B) ⇒ N90% = 27



Cherenkov Detectors
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Cherenkov Detectors

Cooling

SNO+



Cherenkov Detectors



• SN Cooling constrains 


• Include TOF of massive axions 


• Invisible nucleon decay carries 
same signature as axion induced 
photons


• Water Cherenkov detectors 
potentially capable of detecting 
axions

gaNN

Conclusion



Backup

Luminosity: ℒ = 4πr2T4 gπ
(2π)3

∞

∫
ma/T

dx
x3β(x, ma)

ex − 1

free-streaming limit: ℒ =
∞

∫
0

dr 4πr2Qa(r)

trapping limit: 
2
3

= τ(ra) =
∞

∫
ra

dr
1

λR(r)



Backup

Energy-loss rate: Qa =
1

2π2

∞

∫
ma

dEa E3
aβ(Ea, ma)Γ(Ea)e−Ea/T

Flux: ϕ(t, gaNN) = ( ra

dSN )
2

π
(2π)3

tSN

dSN

m3
a

eEa/T − 1
β4(t)

( 1 − β2(t))5



Backup: Cooling Bounds Comparison

SB Absorption MFP Class.
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Backup: Flux
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Flux with  and ma = 200 keV t = 2017



Backup: SN Density
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Backup: Oxygen Transitions



Backup: Nitrogen Transitions

Average Photon Energy Eγ = 8.1 MeV



Backup: SN Bounds
Cooling + Water Cherenkov + Comparison

Source: Green Exclusion by Bhusal, Houston and Li 

[2004.02733]


