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Disclaimer: conceptual artistic impression

Thorne, K. S., & Zytkow, A. N. 

1975, Astrophys. J. Lett., 199, L19

Thorne, K. S., & Zytkow, A. N. 

1977, Astrophys. J., 212, 832
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SPECTROSCOPY 
AND 
PHOTOMETRY 
(e.g. Anna J. G. O'Grady et al. 2024)

GRAVITATIONAL WAVES 

•from the rotating neutron star or 

•a common-envelope evolution phase

(DeMarchi et al. 2021; Nazin & Postnov 1995; DeMarchi et 

al. 2021; Renzo et al. 2021; Moran-Fraile et al. 2023)
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ELECTROMAGNETIC TRANSIENTS

• long gamma-ray bursts

• luminous fast blue optical transients

• common envelope jets supernovae

• merger-driven core-collapse supernovae 

(Zhang & Fryer 2001; Levan et al. 2013; Soker et al. 2019; 

Metzger 2022; Grichener & Soker 2019;Fryer et al. 1996)

GRAVITATIONAL WAVES 

• from the rotating neutron star or 

• a common-envelope evolution phase

(DeMarchi et al. 2021; Nazin & Postnov 1995; DeMarchi et 

al. 2021; Renzo et al. 2021; Moran-Fraile et al. 2023)
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CANDIDATES have been mainly identified through peculiar 

spectroscopic lines

POTENTIAL PROGENITORS include 

• high-mass X-ray binaries in which the neutron star accretes 

matter from the stellar companion and unstable mass transfer 

is expected

• stellar clusters where red supergiants are abundant

PMM, I.Tamborra, A.Vigna-Gomez, ApJL 984 L2
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Tailored detection strategies at neutrino 

observatories could help identify Thorne-Żytkow 

Objects. 

Neutrinos would be complementary to other 

electromagnetic observations and gravitational wave 

detections.

Aptos

PMM, I.Tamborra, A.Vigna-Gomez,

ApJL 984 L2
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SPECTROSCOPY AND PHOTOMETRY 

GRAVITATIONAL WAVES 

NEUTRINOS

Neutrinos from a spherically-symmetric accreting 

neutron star (10-4 - 104 M☉ yr-1)

Long-lasting neutrino emission

Main production process is (electron-positron) 

pair annihilation.
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ELECTROMAGNETIC TRANSIENTS

GRAVITATIONAL WAVES 

NEUTRINOS 

From a hypercritical accreting disk with accretion rates in the 
range 104 –106 M☉ yr-1 , following Di Matteo et al. (2002).  

Burst-like neutrino emission.

Main production channel is beta processes.
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NEUTRINO FLUX

The neutrino flux grows with the accretion 

rate and the peak of  the spectrum shifts to 

higher energy.

The duration of  the neutrino emission is 

expected to range from ~100 s to ~1000 yr. 
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How do we look for 
these neutrinos?
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STEADY TŻO

Small accretion rates would produce a steady signal 

lasting for ~ month(s).

It would look like a transient enhancement of  the 

neutrinos signal in the region of  interest of  diffuse 

supernova neutrino background searches.

See also 

I. Esteban, J. F. Beacom, J. Kopp, PRL (2025)



Smaller accretion rates would 

produce a steady signal lasting 

for ~ month(s).
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See also  I. Esteban, J. F. 

Beacom, J. Kopp, PRL (2025)



17

TŻO BURST

Large accretion rates would produce a detectable 

burst of  neutrinos.

It would look like a supernova neutrino burst with 

a different time and energy profile (to be 

determined with more sophisticated simulations).



Large accretion rates would 

produce a detectable burst 

of  neutrinos.
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Tailored detection strategies at neutrino 

observatories could help identify Thorne-Żytkow 

Objects. 

Neutrinos would be complementary to other 

electromagnetic observations and gravitational wave 

detections.

PMM, I.Tamborra, A.Vigna-Gomez,

ApJL 984 L2
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SPARE SLIDES
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TZOs contribute to a diffuse background of  

astrophysical thermal and themonuclear 

neutrinos (generalised DSNB).

Current limits from the DSNB already exclude 

extreme scenarios where all TZOs reach very 

large accretion rates.*

*this statement would depend on the cosmic rate of  TZOs
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