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i) Observation 
ii) Amount of DM

Weakly Interacting Massive Particle (WIMP)
Preferred candidate so far was

• Weak scale mass: O(1 ~ 100) × proton mass

• Weak interaction with the SM particles: 
  about < 10-12 (in cross section) smaller than EM

Byproduct of many BSM theories 
for resolving the hierarchy problem



What is Dark Matter?
What particle is dark matter?

LHC

• Mass? 
• (Non-gravitational) Interactions?  

   DM - SM 
   DM - DM

i) Observation 
ii) Amount of DM

WIMP strongly constrained!
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Dark Matter

WIMP wind ~ O(100 km/s) ≫ O(100 km/s)

• Dark sector structure 
 

• Scattering with energetic background 
 

• Production in an astrophysical object providing large kinetic energy, 
e.g., SN, PBH
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Detection prospects of BDM

�1 �1

• Neutrino Experiments

• Dark Matter direct detection experiments

More systematic approach in possible BDM signals

Alhazmi, Kim, Kong, Mohlabeng, 
Park, SS, JHEP 05, 055 (2021)
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Detection prospects of BDM

Toward new dark 
matter theories
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SM

U(1)/Z2
Most of  
the relic

Y0

Freeze out first

�0

�0

�1

�1

𝜒0: heavy, 𝜒1: light

Belanger, Park, 1112.4491

Assisted freeze-out mechanism

Freeze out later

Y1

non-relativistic relic 𝜒1 (negligible) 
Y0 � Y1

Multi-component BDM

U(1)’/Z’2

Agashe, Cui, Necib, Thaler,1405.7370
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Freeze out later

Multi-component BDM

U(1)’/Z’2

Agashe, Cui, Necib, Thaler,1405.7370

• Possible restrictions on the annihilation channel between 𝜒1 and SM?

• Hidden role of a subdominant component relic 𝜒1 in cosmological/
astrophysical observables & DM direct detection?
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<latexit sha1_base64="S21dc0acq5ZexsoCKIg8ZNIpXZ8="></latexit>

Yast.

Multi-component BDM

Thin blue line: ignoring Yast 

• For r1 ≪ 1,        is lifted-up by Yast. (follows it when T ≲ m1/30). <latexit sha1_base64="u+f4KDxvZln9Qwt/gsB3wCGHNYg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48V7Ie2IWy223bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g7HNzO//cS1EbG6x0nC/YgOlRgIRtFKjw9B1mMjEXjToFxxq+4cZJV4OalAjkZQ/ur1Y5ZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fziKTmzSp8MYm1LIZmrvycyGhkziULbGVEcmWVvJv7ndVMc1PxMqCRFrthi0SCVBGMye5/0heYM5cQSyrSwtxI2opoytCGVbAje8surpHVR9a6ql3eXlXotj6MIJ3AK5+DBNdThFhrQBAYKnuEV3hzjvDjvzseiteDkM8fwB87nD1WRkK0=</latexit>

Y�1

When 𝜒1𝜒1→ SM is dominated by s-wave

• The annihilation cross section 𝜒1𝜒1 → SM increases as 1/r1 2 so it is 
sensitive to various observables (strong constraints).

<latexit sha1_base64="Bt6y5w7O62epMdZMhgEL4pFNClo=">AAACVHicdVFLSwMxGMxufdSqterRS7AIilB2S1GPghePFWwtdOuSTb+2oUl2TbKFsvRH6kHwl3jxYPpAaqsDgcnMfCSZRAln2njeh+PmNja3tvM7hd29/eJB6fCoqeNUUWjQmMeqFRENnEloGGY4tBIFREQcnqLh3dR/GoHSLJaPZpxAR5C+ZD1GibFSWBoGnMg+Bxxo1hck9PAozAIlsAI+wYH6MQW84PO/Qhehxpf/WMub52pYKnsVbwa8TvwFKaMF6mHpLejGNBUgDeVE67bvJaaTEWUY5TApBKmGhNAh6UPbUkkE6E42K2WCz6zSxb1Y2SUNnqnLExkRWo9FZJOCmIFe9abiX147Nb2bTsZkkhqQdH5QL+XYxHjaMO4yBdTwsSWEKmbviumAKEKN/YeCLcFfffI6aVYr/lWl9lAr394s6sijE3SKzpGPrtEtukd11EAUvaJPBzmO8+58uTl3cx51ncXMMfoFt/gNaaiyCw==</latexit>

h�0vreli ' (�0vrel)s + (�0vrel)v
2
rel
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When 𝜒1𝜒1→ SM is dominated by p-wave Safe from constraints?



Multi-component BDM
When 𝜒1𝜒1→ SM is dominated by p-wave Safe from constraints?
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<latexit sha1_base64="hjSvpuoNMP7gu3vk/7XvdYD6yZs="></latexit>

m�0 = 100MeV
<latexit sha1_base64="wJnIPlQ9e+VkPW/wJma3xfXiVKI="></latexit>

m�1 = 60MeV

<latexit sha1_base64="IJsx37tedgdF9O3EbEF+o8fjFaY="></latexit>

r = 0.7

<latexit sha1_base64="hjSvpuoNMP7gu3vk/7XvdYD6yZs="></latexit>

m�0 = 100MeV
<latexit sha1_base64="wJnIPlQ9e+VkPW/wJma3xfXiVKI="></latexit>

m�1 = 60MeV

<latexit sha1_base64="ncNlXtn9y6lF/AD2PkQOlmktY0k="></latexit>

r = 0.1

<latexit sha1_base64="kuxr/AP1Ah/l6xvTSy4sbGvq+8E="></latexit>

Y�0

<latexit sha1_base64="pa+fbRU/BtYpLFrQTA95pjd047g="></latexit>

Y�1

<latexit sha1_base64="kuxr/AP1Ah/l6xvTSy4sbGvq+8E="></latexit>

Y�0

<latexit sha1_base64="pa+fbRU/BtYpLFrQTA95pjd047g="></latexit>

Y�1

<latexit sha1_base64="S21dc0acq5ZexsoCKIg8ZNIpXZ8="></latexit>

Yast.

<latexit sha1_base64="S21dc0acq5ZexsoCKIg8ZNIpXZ8="></latexit>

Yast.



Multi-component BDM
When 𝜒1𝜒1→ SM is dominated by p-wave Safe from constraints?
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<latexit sha1_base64="hjSvpuoNMP7gu3vk/7XvdYD6yZs="></latexit>

m�0 = 100MeV
<latexit sha1_base64="wJnIPlQ9e+VkPW/wJma3xfXiVKI="></latexit>

m�1 = 60MeV

<latexit sha1_base64="IJsx37tedgdF9O3EbEF+o8fjFaY="></latexit>

r = 0.7

<latexit sha1_base64="hjSvpuoNMP7gu3vk/7XvdYD6yZs="></latexit>

m�0 = 100MeV
<latexit sha1_base64="wJnIPlQ9e+VkPW/wJma3xfXiVKI="></latexit>

m�1 = 60MeV

<latexit sha1_base64="ncNlXtn9y6lF/AD2PkQOlmktY0k="></latexit>

r = 0.1

<latexit sha1_base64="kuxr/AP1Ah/l6xvTSy4sbGvq+8E="></latexit>

Y�0

<latexit sha1_base64="pa+fbRU/BtYpLFrQTA95pjd047g="></latexit>

Y�1

<latexit sha1_base64="kuxr/AP1Ah/l6xvTSy4sbGvq+8E="></latexit>

Y�0

<latexit sha1_base64="pa+fbRU/BtYpLFrQTA95pjd047g="></latexit>

Y�1

<latexit sha1_base64="S21dc0acq5ZexsoCKIg8ZNIpXZ8="></latexit>

Yast.

<latexit sha1_base64="S21dc0acq5ZexsoCKIg8ZNIpXZ8="></latexit>

Yast.

• For r1 ≪ 1,        is lifted-up even more by Yast. (unitl T ~ m1/80). <latexit sha1_base64="u+f4KDxvZln9Qwt/gsB3wCGHNYg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48V7Ie2IWy223bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g7HNzO//cS1EbG6x0nC/YgOlRgIRtFKjw9B1mMjEXjToFxxq+4cZJV4OalAjkZQ/ur1Y5ZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fziKTmzSp8MYm1LIZmrvycyGhkziULbGVEcmWVvJv7ndVMc1PxMqCRFrthi0SCVBGMye5/0heYM5cQSyrSwtxI2opoytCGVbAje8surpHVR9a6ql3eXlXotj6MIJ3AK5+DBNdThFhrQBAYKnuEV3hzjvDjvzseiteDkM8fwB87nD1WRkK0=</latexit>

Y�1
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<latexit sha1_base64="hjSvpuoNMP7gu3vk/7XvdYD6yZs="></latexit>

m�0 = 100MeV
<latexit sha1_base64="wJnIPlQ9e+VkPW/wJma3xfXiVKI="></latexit>

m�1 = 60MeV

<latexit sha1_base64="IJsx37tedgdF9O3EbEF+o8fjFaY="></latexit>

r = 0.7

<latexit sha1_base64="hjSvpuoNMP7gu3vk/7XvdYD6yZs="></latexit>

m�0 = 100MeV
<latexit sha1_base64="wJnIPlQ9e+VkPW/wJma3xfXiVKI="></latexit>

m�1 = 60MeV

<latexit sha1_base64="ncNlXtn9y6lF/AD2PkQOlmktY0k="></latexit>

r = 0.1

<latexit sha1_base64="kuxr/AP1Ah/l6xvTSy4sbGvq+8E="></latexit>

Y�0

<latexit sha1_base64="pa+fbRU/BtYpLFrQTA95pjd047g="></latexit>

Y�1

<latexit sha1_base64="kuxr/AP1Ah/l6xvTSy4sbGvq+8E="></latexit>

Y�0

<latexit sha1_base64="pa+fbRU/BtYpLFrQTA95pjd047g="></latexit>

Y�1

<latexit sha1_base64="S21dc0acq5ZexsoCKIg8ZNIpXZ8="></latexit>

Yast.

<latexit sha1_base64="S21dc0acq5ZexsoCKIg8ZNIpXZ8="></latexit>

Yast.

• For r1 ≪ 1,        is lifted-up even more by Yast. (unitl T ~ m1/80). <latexit sha1_base64="u+f4KDxvZln9Qwt/gsB3wCGHNYg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48V7Ie2IWy223bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g7HNzO//cS1EbG6x0nC/YgOlRgIRtFKjw9B1mMjEXjToFxxq+4cZJV4OalAjkZQ/ur1Y5ZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fziKTmzSp8MYm1LIZmrvycyGhkziULbGVEcmWVvJv7ndVMc1PxMqCRFrthi0SCVBGMye5/0heYM5cQSyrSwtxI2opoytCGVbAje8surpHVR9a6ql3eXlXotj6MIJ3AK5+DBNdThFhrQBAYKnuEV3hzjvDjvzseiteDkM8fwB87nD1WRkK0=</latexit>

Y�1

• The annihilation cross section 𝜒1𝜒1 → SM increases as 1/r1 3 so it can be 
also sensitive to various observables.
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<latexit sha1_base64="kuxr/AP1Ah/l6xvTSy4sbGvq+8E="></latexit>

Y�0

<latexit sha1_base64="pa+fbRU/BtYpLFrQTA95pjd047g="></latexit>

Y�1
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<latexit sha1_base64="hjSvpuoNMP7gu3vk/7XvdYD6yZs="></latexit>

m�0 = 100MeV
<latexit sha1_base64="wJnIPlQ9e+VkPW/wJma3xfXiVKI="></latexit>

m�1 = 60MeV

<latexit sha1_base64="IJsx37tedgdF9O3EbEF+o8fjFaY="></latexit>

r = 0.7

<latexit sha1_base64="kuxr/AP1Ah/l6xvTSy4sbGvq+8E="></latexit>

Y�0

<latexit sha1_base64="pa+fbRU/BtYpLFrQTA95pjd047g="></latexit>

Y�1

<latexit sha1_base64="hjSvpuoNMP7gu3vk/7XvdYD6yZs="></latexit>

m�0 = 100MeV
<latexit sha1_base64="wJnIPlQ9e+VkPW/wJma3xfXiVKI="></latexit>

m�1 = 60MeV

<latexit sha1_base64="ncNlXtn9y6lF/AD2PkQOlmktY0k="></latexit>

r = 0.1

<latexit sha1_base64="S21dc0acq5ZexsoCKIg8ZNIpXZ8="></latexit>

Yast.

<latexit sha1_base64="S21dc0acq5ZexsoCKIg8ZNIpXZ8="></latexit>

Yast.
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<latexit sha1_base64="hjSvpuoNMP7gu3vk/7XvdYD6yZs="></latexit>

m�0 = 100MeV
<latexit sha1_base64="wJnIPlQ9e+VkPW/wJma3xfXiVKI="></latexit>

m�1 = 60MeV

<latexit sha1_base64="IJsx37tedgdF9O3EbEF+o8fjFaY="></latexit>

r = 0.7

<latexit sha1_base64="hjSvpuoNMP7gu3vk/7XvdYD6yZs="></latexit>

m�0 = 100MeV
<latexit sha1_base64="wJnIPlQ9e+VkPW/wJma3xfXiVKI="></latexit>

m�1 = 60MeV

<latexit sha1_base64="ncNlXtn9y6lF/AD2PkQOlmktY0k="></latexit>

r = 0.1

<latexit sha1_base64="kuxr/AP1Ah/l6xvTSy4sbGvq+8E="></latexit>

Y�0

<latexit sha1_base64="pa+fbRU/BtYpLFrQTA95pjd047g="></latexit>

Y�1

<latexit sha1_base64="kuxr/AP1Ah/l6xvTSy4sbGvq+8E="></latexit>

Y�0

<latexit sha1_base64="pa+fbRU/BtYpLFrQTA95pjd047g="></latexit>

Y�1

<latexit sha1_base64="S21dc0acq5ZexsoCKIg8ZNIpXZ8="></latexit>

Yast.

<latexit sha1_base64="S21dc0acq5ZexsoCKIg8ZNIpXZ8="></latexit>

Yast.

• For r1 ≪ 1,        is lifted-up by Yast.
<latexit sha1_base64="u+f4KDxvZln9Qwt/gsB3wCGHNYg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48V7Ie2IWy223bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g7HNzO//cS1EbG6x0nC/YgOlRgIRtFKjw9B1mMjEXjToFxxq+4cZJV4OalAjkZQ/ur1Y5ZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fziKTmzSp8MYm1LIZmrvycyGhkziULbGVEcmWVvJv7ndVMc1PxMqCRFrthi0SCVBGMye5/0heYM5cQSyrSwtxI2opoytCGVbAje8surpHVR9a6ql3eXlXotj6MIJ3AK5+DBNdThFhrQBAYKnuEV3hzjvDjvzseiteDkM8fwB87nD1WRkK0=</latexit>

Y�1

• 𝜒1𝜒1 → SM affects the cosmo/
astroph observables. 

• For the cases where the crossing 
symmetry is effective, it affects the 
direct detection experiments. 
 (conventionally ignored so far!)

Assisted regime
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<latexit sha1_base64="kuxr/AP1Ah/l6xvTSy4sbGvq+8E="></latexit>

Y�0

<latexit sha1_base64="pa+fbRU/BtYpLFrQTA95pjd047g="></latexit>

Y�1

101 102 103
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<latexit sha1_base64="hjSvpuoNMP7gu3vk/7XvdYD6yZs="></latexit>

m�0 = 100MeV
<latexit sha1_base64="wJnIPlQ9e+VkPW/wJma3xfXiVKI="></latexit>

m�1 = 60MeV

<latexit sha1_base64="IJsx37tedgdF9O3EbEF+o8fjFaY="></latexit>

r = 0.7

<latexit sha1_base64="kuxr/AP1Ah/l6xvTSy4sbGvq+8E="></latexit>

Y�0

<latexit sha1_base64="pa+fbRU/BtYpLFrQTA95pjd047g="></latexit>

Y�1

<latexit sha1_base64="hjSvpuoNMP7gu3vk/7XvdYD6yZs="></latexit>

m�0 = 100MeV
<latexit sha1_base64="wJnIPlQ9e+VkPW/wJma3xfXiVKI="></latexit>

m�1 = 60MeV

<latexit sha1_base64="ncNlXtn9y6lF/AD2PkQOlmktY0k="></latexit>

r = 0.1

<latexit sha1_base64="S21dc0acq5ZexsoCKIg8ZNIpXZ8="></latexit>

Yast.

<latexit sha1_base64="S21dc0acq5ZexsoCKIg8ZNIpXZ8="></latexit>

Yast.
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<latexit sha1_base64="hjSvpuoNMP7gu3vk/7XvdYD6yZs="></latexit>

m�0 = 100MeV
<latexit sha1_base64="wJnIPlQ9e+VkPW/wJma3xfXiVKI="></latexit>

m�1 = 60MeV

<latexit sha1_base64="IJsx37tedgdF9O3EbEF+o8fjFaY="></latexit>

r = 0.7

<latexit sha1_base64="hjSvpuoNMP7gu3vk/7XvdYD6yZs="></latexit>

m�0 = 100MeV
<latexit sha1_base64="wJnIPlQ9e+VkPW/wJma3xfXiVKI="></latexit>

m�1 = 60MeV

<latexit sha1_base64="ncNlXtn9y6lF/AD2PkQOlmktY0k="></latexit>

r = 0.1

<latexit sha1_base64="kuxr/AP1Ah/l6xvTSy4sbGvq+8E="></latexit>

Y�0

<latexit sha1_base64="pa+fbRU/BtYpLFrQTA95pjd047g="></latexit>

Y�1

<latexit sha1_base64="kuxr/AP1Ah/l6xvTSy4sbGvq+8E="></latexit>

Y�0

<latexit sha1_base64="pa+fbRU/BtYpLFrQTA95pjd047g="></latexit>

Y�1

<latexit sha1_base64="S21dc0acq5ZexsoCKIg8ZNIpXZ8="></latexit>

Yast.

<latexit sha1_base64="S21dc0acq5ZexsoCKIg8ZNIpXZ8="></latexit>

Yast.

• Here,       is not affected by Yast.
<latexit sha1_base64="u+f4KDxvZln9Qwt/gsB3wCGHNYg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48V7Ie2IWy223bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g7HNzO//cS1EbG6x0nC/YgOlRgIRtFKjw9B1mMjEXjToFxxq+4cZJV4OalAjkZQ/ur1Y5ZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fziKTmzSp8MYm1LIZmrvycyGhkziULbGVEcmWVvJv7ndVMc1PxMqCRFrthi0SCVBGMye5/0heYM5cQSyrSwtxI2opoytCGVbAje8surpHVR9a6ql3eXlXotj6MIJ3AK5+DBNdThFhrQBAYKnuEV3hzjvDjvzseiteDkM8fwB87nD1WRkK0=</latexit>

Y�1

• In this example, the fraction of 𝜒1 
is already large enough to affect 
various observables.

Standard regime
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<latexit sha1_base64="uoQWfRq79AGLYS2cXr3fSHHybQ4="></latexit>

m�1 > m�0
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<latexit sha1_base64="bY2eIjCrpLyCsTuR28am3F0cHVg="></latexit> r 1
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Affects of 𝜒1 to various observables
When 𝜒1𝜒1→ SM is dominated by s-wave

• Conventionally, the existence of sub-component 𝜒1𝜒1 → SM like our 
structure has been naively though as remedy because

• The cosmological/astrophysical bounds on light DM annihilations are very 
stringent because of the enhanced number density.

<latexit sha1_base64="BNuCJV7mNQovZRmT7fJN+t31QmM="></latexit>

n2
�1
h�1vrelistandard ⇠ r1
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<latexit sha1_base64="uoQWfRq79AGLYS2cXr3fSHHybQ4="></latexit>

m�1 > m�0
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Affects of 𝜒1 to various observables
When 𝜒1𝜒1→ SM is dominated by s-wave

• If the crossing symmetry is effective (𝜒1 - e), various DM direct detection 
experiments can have sensitivities to 𝜒1.

• In the assisted regime viable in a wide range of parameter space, 
however, this is not true since

<latexit sha1_base64="pRpeONVlf+OPJoZLfqqF9Znd/gw="></latexit>

n2
�1
(�1vrel)s ⇠ r21 ·

1

r21
= no r1
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Affects of 𝜒1 to various observables
When 𝜒1𝜒1→ SM is dominated by s-wave

• If the crossing symmetry is effective (𝜒1 - e), various DM direct detection 
experiments can have sensitivities to 𝜒1.

• In the assisted regime viable in a wide range of parameter space, 
however, this is not true since
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Affects of 𝜒1 to various observables
When 𝜒1𝜒1→ SM is dominated by p-wave

• In the assisted regime, the kinetic decoupling can occur after the freeze-
out of 𝜒1𝜒1 → e+e-: photo-dissociation if 100 eV ≲ Tkd ≲ 10 keV after BBN.

• The CMB and the DM direct detection (assuming crossing symmetry) 
bounds enter for small r1. 
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Affects of 𝜒1 to various observables
When 𝜒1𝜒1→ SM is dominated by p-wave

χ1

χ1

sm

sm

χ1
sm

sm

χ1
sm

sm

• Even when the annihilation is dominated by p-wave, it can be 
comparable to the 4-body s-wave in later time.
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Self-heating of 𝜒1 

• Self-interacting DM models have been proposed actively recently.

• Self-interaction of a subdominant component relic 𝜒1 can be large for the 
dark gauge coupling 𝛰(1) depending on the mass parameters.

Hyun Min’s talk

• Self-interactions always exist. The question is how efficient they can 
transfer energy long after the freeze-out (not effective for WIMP).
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Temperature evolution of 𝜒1 

Tdec,selfTmin
r1 = 0.1

r1 = 3⇥ 10�3

Photo-dissociation CMB
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• Such an effect increases as r1 and the strength of the self-interaction.

• If self-heating is efficient even after the kinetic decoupling, the 
temperature evolution of 𝜒1 shows an interesting dynamics.
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• For r1 ≳ 0.1, the self-heating epoch can persist until the matter-
radiation equality.
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𝜒1 can be sub-GeV Warm Dark Matter!!
Lyman-𝛼

# of satellites



New bounds due to self-heating



Complementary searches
Light DM can be produced in accelerators!

• Reference model: 
singlet scalar DM + 
dark photon

• Green: Neff,  
    Pink: WDM 
    for r1 ≳ 0.1.

• Future discovery 
can tell the dark 
sector details.

• For r1 ≲ 0.1, not 
preferred by the 
accelerator results.
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Conclusions
• A sub-component DM in general multi-component dark sector theories 

can severely affect the cosmological/astrophysical observables. 
(Sub-component and SM interaction should be p-wave!) 

• Suppression of the fraction of the sub-component does not avoid the 
detections unlike the conventional expectations so far. 

• Self-heating naturally arises in a wide range of parameter space and 
changes the evolution of the temperature of 𝜒1 after the freeze-out.  

• The sub-component can affect the structure formation and be a sub-
GeV mass Warm Dark Matter (heavy WDM) for r1 ≳ 0.1! 

• Complementary searches in accelerators are possible (disfavor r1 ≲ 0.1)



• Light WIMP (non-relativistic) at DM direct detection experiments:  
sometimes new devices are proposed. 
 

• Light DM in neutrino experiments: boosted dark matter 

• Light DM produced in high intensity accelerators

Backup: Light Dark Matter recoiling electron
Where do we probe the LDM recoiling electron target?
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Maybe NOT??

Sep 3, 2021  
ORNL HEP seminar 
by D. Pershey

- Afterglow background: 
mysterious glow

- xxxxxx backgrounds…
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Backup: DM experiments

Kim, Machado, Park, SS, JHEP 2007, 057 (2020)



Backup: constraints & comparisons

NA64, arXiv:1912.11389
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