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Why dark baryons?

explain n lifetime puzzle 
with 1% branching to 

 + anythingn → χ

[new GeV-mass states carrying B]
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(1)
discrepancy:

Fornal, Grinstein (2018)



Why dark baryons?
could explain recent XENON1T excess

[new GeV-mass states carrying B]
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(2)

2006.15140 [PRL 125, 231803 (2020)] : McKeen, Pospelov, Raj



Why dark baryons?
role in baryon asymmetry could constitute the dark matter 

of the universe

[new GeV-mass states carrying B]
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Model

δ/(mn − mχ)

image: Fornal & Grinstein
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@ hadron level : 

neutron magnetic moment

nuclear magneton( )

exotic neutron decay

n lifetime puzzle:
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(perhaps never chem eqbm)

(  is the dark matter if )χ τχ > tU
Interesting cases:

Prehistoric census

number-changing rate
 H for≳

above QCD transition => quark level description required

=>

chemical equilbrium keepable down to T ~ GeV—PeV

for 10-20 — 10-10 θ ∼ and  ~ 1—100 MeVΔm
reasonable since universe was probably that hot



Probes: [1] primordial nucleosynthesis
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Probes: [2] relic radiation
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When kinematically open:

e or  could “rewrite” reionization 
history by dumping EM energy in
Dark Ages
(i.e. modify optical depth)

γ



Probes: [3] neutron star temperatures
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neutron Fermi energy
~ 100 MeV

 + anythingn → χ

explosive liberation of energy!
1056 protons

n n → n χ }
new heating mechanism: 
nucleon “Auger effect”

p n → p χ

1057neutrons 
=>

Fermi sea

+



10

 + anythingn → χ
n n → n χ

Suitable lab:

Probes: [3] neutron star temperatures

p n → p χ

neutron Fermi energy
~ 100 MeV}

new heating mechanism: 
nucleon “Auger effect”

Fermi sea
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 + anythingn → χ
n n → n χ

Future lab:
optimized for
~2000 K
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Probes: [3] neutron star temperatures

p n → p χ

neutron Fermi energy
~ 100 MeV

nucleon Fermi sea

}
new heating mechanism: 
nucleon “Auger effect”

Fermi sea



longer 
life

  
open 
n → χ γ

Constraints
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BBN data:

CMB limit:

 direct search: 1802.01595 [nucl-ex]n → χγ

H  : Borexino recast 
by McKeen, Pospelov (2003.02270)

→ χνγ

9Be  2 4He +  : → χ

< 3 x 109 yr

Limited by:

in metal-poor stars

NS: J2144-3933



Highlights
Cosmology (BBN + CMB) stringently limits dark neutron explanation of 
neutron lifetime puzzle.
    small 100 keV-ish window left for UCN experiments to target!

very slow exotic neutron decays => explosive heating of neutron stars.

Heavier-than-neutron dark neutrons (see back-up slides): cosmology sole probe.

Thank you! Questions?
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Back-up slides
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longer 
life

  
open 
n → χ γ

Constraints
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Signals: photodissociation post-nucleosynthesis
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Constraints:  all the dark matterχ
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Constraints:  percent-level dark matterχ
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distortions of CMB
 blackbody spectrum


