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We show how the recent observations of neutrinos from SN 1987A can be used to constrain the properties of light particles,

including the number of neutrino species N, and the coupling strength of a light pseudoscalar boson such as the axion. First we

ate the it y of Kamiokande IT and IMB III data with each other and with the standard theory of neutrino emis-

sion from a supernova core of radius R~ 20 km and effective temperature 7= 5 to 6 MeV. The total amount of energy emission

by neutrinos is compatble with the binding energy of a neutron star only if N,<6. The upper limit on the difference between the
binding energy and the energy lost via N, =3 neutrino species excludes light ds lar bosons with to el in ‘

the range 10~%" <a. < 10, which enables one to extend astrophysical bounds on the axion decay constant to £, >4 10° GeV. -
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Bounds on Exotic-Particle Interactions from SN1987A

Georg Raffelt
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and

David Seckel
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(Received 26 October 1987)

The observation of a neutrino pulse from the supernova SN1987A constrains the production of light
exotic particles in the proto neutron star. We derive a new bound on the axion decay constant, f, X 10'
GeV. If right-handed (RH) neutrinos exist, the “RH Fermi constant” is Gru S 10 ~*GF, 2 orders of
magnitude below laboratory bounds. The Dirac mass of v, can be constrained below laboratory limits.
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Axion emission from SN1987A by nucleon-nucleon axion bremsstrahlung is considered. On the basis
of the neutrino observations the axion luminosity must be S10°* erg s ™!, This occurs if (1) axions cou-
ple very weakly: m, $0.75%10 73 eV; or (2) axions couple strongly enough to be “trapped” and radiat-
ed from an “axion sphere” with 7, <8 MeV: m,22.2 eV. In general, “axion trapping” occurs for
m,20.016 eV. These mass constraints are at best reliable to within a factor of =3.
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CONSTRAINTS ON AXIONS FROM SN 1987A
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We argue that the detection of neutrinos from SN 1987A implies that axion emission from the collapsing star must not have
been significant. The best axion supernova limits come from nucleon bremsstrahiung processes which involve axion-quark cou-
plings rather than the electron or photon couplings used in obtaining axion limits from red giants. The axion-quark couplings are
less sensitive to specific axion model parameters and therefore are capable of yielding a model independent lower bound on f,.
Quantitatively this yields an axion coupling limit of 28X 10'! GeV (or equivalently m, $9x10~* ¢V). This approaches the
upper bound on £, 54X 10'2 GeV from cosmological density arguments. While the bounds do not exclude the axion, if the axion
exists, it must dominate the cosmological mass density. This same argument can also be applied to analogous couplings for any
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Supernova 1987A Cbnstraints on New Particles
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Supernova 1987A Cbnstraints on New Particles
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Supernova 1987A Cbnstraints on New Particles
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Supernova 1987A and Neutrino Physics
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Neutrlnophlllc Dark Matter
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. SN Bounds on DM-Neutrino Interactions
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. Many Medels for DM-Neutrino Interactions!

T
Z s uxd

%
&

AL = Mimed /3

D decay

)

g ¢ A = Mined /3

. q i .
1072 107! 1 10 100 1000
Mediator Mass [MeV]

(a) Dirac fermion DM, scalar mediator

107* 10'-2 107! 100 1000
Mediator Mass [MeV]

(b) Majorana fermion DM, scalar mediator
1

Z 5 oxo

e

T
Z—vxo

1
£ D decay

1

Vo LA |
Wi

: WA AP A

s
25 o=
TR
B

Dy = Mined /3

ity = 1ea /3

1 10 100 1000
Mediator Mass [MeV]

(c) Real Scalar DM, fermion mediator
1

10 100 1000
Mediator Mass [MeV]

(d) Complex Scalar DM, fermion mediator

107
1072F
1073
107
107°
107¢
1077

107*
-9

10 10 107!

100 1000

Mediator Mass [MeV]

(e) Vector DM, fermionic mediator

MDM = Minea /3

10 100 1000
Mediator Mass [MeV]

(a) Dirac Fermion DM, vector mediator

T T

D decay

/””1),\1 = Miea/3 |
1 10 100 1000
Mediator Mass [MeV]

(c) Scalar DM, scalar mediator
T . AT

D decay

K decay

2 [ most = Miea/3
10 100 1000
Mediator Mass [MeV]

(e) Vector DM, scalar mediator

> 1073
< 10

= 907

1
107!
1072

1074

107°

107*

107° & i
107* 1072 10 100 1000

Mediator Mass [MeV]

P
MM = Mimed /3

(b) Majorana Fermion DM, vector mediator
1

107!

PAIY

= 1072
» 107

1072

1075
107°
107"

1078
-9

DM = Mined /3

107°

1072 1 100 1000
Mediator Mass [MeV]

(d) Scalar DM, vector mediator.

21
MpM = Mined /3

107*

07 107 10 100 1000
Mediator Mass [MeV]

(f) Vector DM, vector mediator

NASA/ESA/Kirshner et al




Constraining Neutrinophilic Dark Sector
1. Dark Matter Productlon g
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Constralnlng Neutrlnophlllc Dark Sector
2. Trapping by Neutrinos X
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Constraining Neutrlnophlllc Dark Sector
3. Trapping by Annihilation : m V
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Simulation Inputs: Garching Core
Collapse Supernova Archive
Credit: Hans-Thomas Janka,

Robert Bollig and Lorenz Hudepohl
https://wwwmpa.mpa-garching.mpg
.de/ccsnarchive/archive.html

We use a CCSN simulation for 20
solar mass progenitor, snapshot at
1 second post core bounce
(PROMETHEUS-VERTEX)
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Constiaints for a Heavy Mediator
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Constraints for a Heavy Mediator
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Resonant Datk Matter Production
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Constraints for a Light Mediator
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Constraints for a Light Mediator

— B
R~ =
N .
: (;&‘J
L~ R De ' 8
) -
20 .
10°5 &,
& .
wn
o
=
g
o
=
=
Es
»
- ‘ -

NASA/ESA/Kirshner et al®



» . 's-chdnnel Models

NASA/ESA/Kirshner et al®



+ . s-chdnnel Models

NASA/ESA/Kirshner et al®



+ .'s-chdnnel Models
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