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(heavy nuclei don’t work as well) 
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Inelastic Dark Matter
X2
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Dark matter scattering forbidden (by broken symmetry) unless
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(energy exchange required to make X2 from X1)
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These are the bounds
from CRESST and Xenon

without high recoil searches. JB Fox Kribs Martin 2016
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Higher Recoil Searches

To find inelastic dark matter look at high recoil
energy events!

δ = 500 keV is a much better sensitivity, 
but for Higgsinos really want δ up to GeV…
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Ideal Direct Detector

-Probe mass scales evenly 
(less weak-centric [~100 GeV nuclei])

-Sensitive without nuclear coherence 
(spin-dependent dark matter)

-Accelerate dark matter to speed of light 
(blast inelastic dark matter)
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DM Flux Through the Neutron Star



1. Dark matter gravitationally accelerated to ~0.7 c by neutron star  

2. Scatters (re-scatters) against neutrons, electrons, or protons 

3. Heats neutron star, resulting in blackbody emission 
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103 K

1750

105 K

After 108 years, neutron stars should emit as 
black bodies with Teff << 1000 K.

Most neutron stars (all stars) are older than  
a billion years, by which time Teff << 100 K).

Maximum dark kinetic heating  
results in      Teff ~ 1750 K.

(e.g. Yakovlev and Pethick 2004)
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Pulsars
-Rotating, neutron stars with magnetic dipole


-Pulsed radio emission along the magnetic dipole axis
B ⇠ 108 � 1014 G



Old unspun 
pulsars

Alice Harding 2013



~1-3 neutron stars 
10 parsecs  
from Earth

1. Find a few pulsars in radio with FAST, SKA, CHIME up to  
~50 parsecs from earth (radio emission separate from temp.)

(Blaes & Madau ’93)



~1-3 neutron stars 
10 parsecs  
from Earth

1. Find a few pulsars in radio with FAST, SKA, CHIME up to  
~50 parsecs from earth (radio emission separate from temp.)

(Blaes & Madau ’93)

2. Use James Webb Space Telescope or Thirty Meter 
Telescope to observe or constrain dark kinetic heating



2 Sigma Integration Times

James Webb Space Telescope

Thirty Meter Telescope

annihilation

annihilation

kinetic only

kinetic only

(and its smorgasbord of filters) 
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Can get out to ~50 parsecs with next-gen telescopes.



-100 meter telescope, an "OWL" 
-2 sigma on known pulsars in ~100 hours 

-Excellent task for exoplanet atmosphere telescopes

Long Term Braise



Possible backgrounds:

Interstellar medium accretion

Magneto-Thermal Heating

Other 
— Standard thermodynamics and NS cooling indicate 100 K after ~Gyr 

Local Bubble

-Local bubble around earth 
has ISM of <0.01 GeV/cm3

-Portion of ISM deflected by 
NS magnetic field

-Magneto-thermal heating can occur for B>1013 Gauss

-Damps out after a million years, Pons et al '08
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Dark Kinetic Heating Sensitivity



<

2 ×10-45 cm2



DM must lose its halo kinetic energy (10-6 mx) 
by scattering with the neutron star to become captured.





JB, Delgado, Martin 2017
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Will Motivate Kiloton-Year+ Detectors!

reach of next-gen
telescopes for

d~10 parsec NS

all incoming
DM intercepted,

finds inelastic, SD
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(very sensitive 
to escape velocity)

(heating mostly from captured 
mass, scales with NS mass)

nanoJansky ~ 10-30 GeV / (cm2 s Hz)  
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Mass splittings include 
one loop EW corrections
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Estimate pulsar age measuring pulse period (P)      
and slowdown per pulse (Ṗ)

Pulsars

Ṗ =

P  =



Estimate pulsar age measuring pulse period (P)      
and slowdown per pulse (Ṗ)

tNS =
P

2Ṗ

Pulsars

Ṗ =

P  = =

divide by       to find age 
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