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Finite temperature effects, while often ignored, 
can have a dramatic consequence on the relic 

abundance of particles
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The Main Message

Show this in several production mechanisms of 
dark matter



Main tools:
• One-loop effective potential at finite temperature
• Boltzmann equations
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• Kinematically induced freeze-in
• Decaying dark matter

One BSM model with several new scenarios for 
producing DM:

• Instantaneous freeze-out

Approach



• Model 

• Particle physics and the effective potential at finite 
temperature 
- Instantaneous freeze-out 
- Kinematically induced freeze-in 

• Two step phase transition (vev flip-flop) 
- Decaying dark matter
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• Outline
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Model



• BSM Model
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Field Spin Z2 mass scale

S 0 +1 0.1 GeV – 500 GeV

� 1
2 �1 5 GeV – 5 TeV

 1
2 �1 5 GeV – 5 TeV
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Particle Physics 
and the Effective 

Potential at Finite T



• Particle Physics at Finite Temperature
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`The great advantage of this formalism is that perturbation 
theory may still be organised into a diagrammatic expansion 
with the same vertices as at T = 0.’ [Weldon, 1983]

Can we apply our usual zero-T techniques? 
What happens to vertices and propagators?

Imaginary-time formalism: field operators quantized on
0  it  1/T

<latexit sha1_base64="NAT+n4K0YpT5ohi4fwnNuhU9wqw=">AAACDHicbVDLTsJAFJ36RHxVXLqZSExcYWtM1B3RjUtMqJBAQ6bDFCZMp3Xm1ogN3+AfuNUfcGXc+g/u/RAH6ELAk9zck3Puzb05QSK4Bsf5tpaWV1bX1gsbxc2t7Z1de690p+NUUebRWMSqGRDNBJfMAw6CNRPFSBQI1ggG12O/8cCU5rGswzBhfkR6koecEjBSxy45uC3YPeYw7e5JvWOXnYozAV4kbk7KKEetY/+0uzFNIyaBCqJ1y3US8DOigFPBRsV2qllC6ID0WMtQSSKm/Wzy+wgfGaWLw1iZkoAn6t+NjERaD6PATEYE+nreG4v/ea0Uwgs/4zJJgUk6PRSmAkOMx0HgLleMghgaQqji5ldM+0QRCiaumSvAB0+joonFnQ9hkXinlcuKc3tWrl7l+RTQATpEx8hF56iKblANeYiiR/SCXtGb9Wy9Wx/W53R0ycp39tEMrK9fDkWaVA==</latexit><latexit sha1_base64="NAT+n4K0YpT5ohi4fwnNuhU9wqw=">AAACDHicbVDLTsJAFJ36RHxVXLqZSExcYWtM1B3RjUtMqJBAQ6bDFCZMp3Xm1ogN3+AfuNUfcGXc+g/u/RAH6ELAk9zck3Puzb05QSK4Bsf5tpaWV1bX1gsbxc2t7Z1de690p+NUUebRWMSqGRDNBJfMAw6CNRPFSBQI1ggG12O/8cCU5rGswzBhfkR6koecEjBSxy45uC3YPeYw7e5JvWOXnYozAV4kbk7KKEetY/+0uzFNIyaBCqJ1y3US8DOigFPBRsV2qllC6ID0WMtQSSKm/Wzy+wgfGaWLw1iZkoAn6t+NjERaD6PATEYE+nreG4v/ea0Uwgs/4zJJgUk6PRSmAkOMx0HgLleMghgaQqji5ldM+0QRCiaumSvAB0+joonFnQ9hkXinlcuKc3tWrl7l+RTQATpEx8hF56iKblANeYiiR/SCXtGb9Wy9Wx/W53R0ycp39tEMrK9fDkWaVA==</latexit><latexit sha1_base64="NAT+n4K0YpT5ohi4fwnNuhU9wqw=">AAACDHicbVDLTsJAFJ36RHxVXLqZSExcYWtM1B3RjUtMqJBAQ6bDFCZMp3Xm1ogN3+AfuNUfcGXc+g/u/RAH6ELAk9zck3Puzb05QSK4Bsf5tpaWV1bX1gsbxc2t7Z1de690p+NUUebRWMSqGRDNBJfMAw6CNRPFSBQI1ggG12O/8cCU5rGswzBhfkR6koecEjBSxy45uC3YPeYw7e5JvWOXnYozAV4kbk7KKEetY/+0uzFNIyaBCqJ1y3US8DOigFPBRsV2qllC6ID0WMtQSSKm/Wzy+wgfGaWLw1iZkoAn6t+NjERaD6PATEYE+nreG4v/ea0Uwgs/4zJJgUk6PRSmAkOMx0HgLleMghgaQqji5ldM+0QRCiaumSvAB0+joonFnQ9hkXinlcuKc3tWrl7l+RTQATpEx8hF56iKblANeYiiR/SCXtGb9Wy9Wx/W53R0ycp39tEMrK9fDkWaVA==</latexit>

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.28.2007


• What happens to propagators?  
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Also for fermions, but negligible for us

⇡(!n, ~p)
1-loop
⇡
I.R.

⇡(1)(!n = 0, ~p = ~0)
e.g.
=

�T 2

4
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Propagator pole receives FT correction

The scalar two-point Green’s function is

D(!n, ~p) =
1

!2
n � ~p 2 �m2 � ⇡(!n, ~p)
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• Particle Physics at Finite Temperature
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We can apply our usual zero-T Feynman rules,  
after substituting T-dependent masses

What about vevs?



• The Effective Potential
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T � TEW
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The effective potential can be calculated in FTQFT using a 
loop expansion, with leading contribution

V e↵ = V tree + V CW + V T + V daisy

[Philip Tanedo]



 13

Instantaneous 
Freeze-out



• Instantaneous Freeze-out
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10�5 � 10�3
<latexit sha1_base64="SuDo/MYYF2gM7JAGyWzMueyej6A=">AAACCXicbVDLTsJAFL3FF+KDqks3jcTEDaT1EXVHdOMSEyskUMl0GGDCdNrMTE2w6R/4B271B1wZt36Fez/EoXQh4Elu7sk59+beHD9iVCrb/jYKS8srq2vF9dLG5tZ22dzZvZdhLDBxcchC0fKRJIxy4iqqGGlFgqDAZ6Tpj64nfvORCElDfqfGEfECNOC0TzFSWuqaZcd+SKpnaTXrJ2nXrNg1O4O1SJycVCBHo2v+dHohjgPCFWZIyrZjR8pLkFAUM5KWOrEkEcIjNCBtTTkKiPSS7PHUOtRKz+qHQhdXVqb+3UhQIOU48PVkgNRQznsT8T+vHav+hZdQHsWKcDw91I+ZpUJrkoLVo4JgxcaaICyo/tXCQyQQVjqrmSuKjp7Sko7FmQ9hkbjHtcuafXtaqV/l+RRhHw7gCBw4hzrcQANcwBDDC7zCm/FsvBsfxud0tGDkO3swA+PrF8TOmRY=</latexit><latexit sha1_base64="SuDo/MYYF2gM7JAGyWzMueyej6A=">AAACCXicbVDLTsJAFL3FF+KDqks3jcTEDaT1EXVHdOMSEyskUMl0GGDCdNrMTE2w6R/4B271B1wZt36Fez/EoXQh4Elu7sk59+beHD9iVCrb/jYKS8srq2vF9dLG5tZ22dzZvZdhLDBxcchC0fKRJIxy4iqqGGlFgqDAZ6Tpj64nfvORCElDfqfGEfECNOC0TzFSWuqaZcd+SKpnaTXrJ2nXrNg1O4O1SJycVCBHo2v+dHohjgPCFWZIyrZjR8pLkFAUM5KWOrEkEcIjNCBtTTkKiPSS7PHUOtRKz+qHQhdXVqb+3UhQIOU48PVkgNRQznsT8T+vHav+hZdQHsWKcDw91I+ZpUJrkoLVo4JgxcaaICyo/tXCQyQQVjqrmSuKjp7Sko7FmQ9hkbjHtcuafXtaqV/l+RRhHw7gCBw4hzrcQANcwBDDC7zCm/FsvBsfxud0tGDkO3swA+PrF8TOmRY=</latexit><latexit sha1_base64="SuDo/MYYF2gM7JAGyWzMueyej6A=">AAACCXicbVDLTsJAFL3FF+KDqks3jcTEDaT1EXVHdOMSEyskUMl0GGDCdNrMTE2w6R/4B271B1wZt36Fez/EoXQh4Elu7sk59+beHD9iVCrb/jYKS8srq2vF9dLG5tZ22dzZvZdhLDBxcchC0fKRJIxy4iqqGGlFgqDAZ6Tpj64nfvORCElDfqfGEfECNOC0TzFSWuqaZcd+SKpnaTXrJ2nXrNg1O4O1SJycVCBHo2v+dHohjgPCFWZIyrZjR8pLkFAUM5KWOrEkEcIjNCBtTTkKiPSS7PHUOtRKz+qHQhdXVqb+3UhQIOU48PVkgNRQznsT8T+vHav+hZdQHsWKcDw91I+ZpUJrkoLVo4JgxcaaICyo/tXCQyQQVjqrmSuKjp7Sko7FmQ9hkbjHtcuafXtaqV/l+RRhHw7gCBw4hzrcQANcwBDDC7zCm/FsvBsfxud0tGDkO3swA+PrF8TOmRY=</latexit>

L � y��̄�S + y  ̄ S + [y�  ̄�S + h.c.]
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<latexit sha1_base64="GwnrrqwINE+raEVUP6itacmXxtQ="></latexit><latexit sha1_base64="GwnrrqwINE+raEVUP6itacmXxtQ="></latexit><latexit sha1_base64="GwnrrqwINE+raEVUP6itacmXxtQ="></latexit>

•       and      will remain in contact with the thermal bath throughoutS
<latexit sha1_base64="6yiCQkfAli7z5Qa99hs60i1srBA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bNLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgecgZNVZq3vXKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8cXoyq</latexit><latexit sha1_base64="6yiCQkfAli7z5Qa99hs60i1srBA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bNLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgecgZNVZq3vXKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8cXoyq</latexit><latexit sha1_base64="6yiCQkfAli7z5Qa99hs60i1srBA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bNLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgecgZNVZq3vXKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8cXoyq</latexit>

 
<latexit sha1_base64="rLw/XUcToa2ZeKGI9H4siap24Cg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk2xIskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvVpwZ6/tfXmVldW19o7pZ29re2d2r7x88mDTThIYk5anuxthQziQNLbOcdpWmWMScduLJTeF3Hqk2LJX3dqpoJPBIsoQRbAuprwwb1Bt+058D/SVBSRpQoj2of/aHKckElZZwbEwv8JWNcqwtI5zOav3MUIXJBI9oz1GJBTVRPr91hk6cMkRJql1Ji+bqz4kcC2OmInadAtuxWfYK8T+vl9nkMsqZVJmlkiwWJRlHNkXF42jINCWWTx3BRDN3KyJjrDGxLp6aCyFYfvkvCc+aV03/7rzRui7TqMIRHMMpBHABLbiFNoRAYAxP8AKvnvCevTfvfdFa8cqZQ/gF7+MbkRGOHQ==</latexit><latexit sha1_base64="rLw/XUcToa2ZeKGI9H4siap24Cg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk2xIskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvVpwZ6/tfXmVldW19o7pZ29re2d2r7x88mDTThIYk5anuxthQziQNLbOcdpWmWMScduLJTeF3Hqk2LJX3dqpoJPBIsoQRbAuprwwb1Bt+058D/SVBSRpQoj2of/aHKckElZZwbEwv8JWNcqwtI5zOav3MUIXJBI9oz1GJBTVRPr91hk6cMkRJql1Ji+bqz4kcC2OmInadAtuxWfYK8T+vl9nkMsqZVJmlkiwWJRlHNkXF42jINCWWTx3BRDN3KyJjrDGxLp6aCyFYfvkvCc+aV03/7rzRui7TqMIRHMMpBHABLbiFNoRAYAxP8AKvnvCevTfvfdFa8cqZQ/gF7+MbkRGOHQ==</latexit><latexit sha1_base64="rLw/XUcToa2ZeKGI9H4siap24Cg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk2xIskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvVpwZ6/tfXmVldW19o7pZ29re2d2r7x88mDTThIYk5anuxthQziQNLbOcdpWmWMScduLJTeF3Hqk2LJX3dqpoJPBIsoQRbAuprwwb1Bt+058D/SVBSRpQoj2of/aHKckElZZwbEwv8JWNcqwtI5zOav3MUIXJBI9oz1GJBTVRPr91hk6cMkRJql1Ji+bqz4kcC2OmInadAtuxWfYK8T+vl9nkMsqZVJmlkiwWJRlHNkXF42jINCWWTx3BRDN3KyJjrDGxLp6aCyFYfvkvCc+aV03/7rzRui7TqMIRHMMpBHABLbiFNoRAYAxP8AKvnvCevTfvfdFa8cqZQ/gF7+MbkRGOHQ==</latexit>

•  m (T ) = m̃ + y hSi(T )
<latexit sha1_base64="hQUFwUt4tmjf3S1Q1O09CjYXiUM="></latexit><latexit sha1_base64="hQUFwUt4tmjf3S1Q1O09CjYXiUM="></latexit><latexit sha1_base64="hQUFwUt4tmjf3S1Q1O09CjYXiUM="></latexit>

⇠ 10�7
<latexit sha1_base64="gJBkvHqaBTXU0RGRBaIsZfZL97I=">AAACBHicbVDLSsNAFJ34rPVVdelmsAhuLIkI1Y0U3LisYGyhiWUynbRDJ5MwcyPUkLV/4FZ/wJW49T/c+yFO2yxs64ELh3Pu5VxOkAiuwba/raXlldW19dJGeXNre2e3srd/r+NUUebSWMSqHRDNBJfMBQ6CtRPFSBQI1gqG12O/9ciU5rG8g1HC/Ij0JQ85JWAkz9M8wo79kJ3W826latfsCfAicQpSRQWa3cqP14tpGjEJVBCtO46dgJ8RBZwKlpe9VLOE0CHps46hkkRM+9nk5xwfG6WHw1iZkYAn6t+LjERaj6LAbEYEBnreG4v/eZ0Uwgs/4zJJgUk6DQpTgSHG4wJwjytGQYwMIVRx8yumA6IIBVPTTArw4VNeNrU48yUsEvesdlmzb8+rjauinxI6REfoBDmojhroBjWRiyhK0At6RW/Ws/VufVif09Ulq7g5QDOwvn4BDb2YRg==</latexit><latexit sha1_base64="gJBkvHqaBTXU0RGRBaIsZfZL97I=">AAACBHicbVDLSsNAFJ34rPVVdelmsAhuLIkI1Y0U3LisYGyhiWUynbRDJ5MwcyPUkLV/4FZ/wJW49T/c+yFO2yxs64ELh3Pu5VxOkAiuwba/raXlldW19dJGeXNre2e3srd/r+NUUebSWMSqHRDNBJfMBQ6CtRPFSBQI1gqG12O/9ciU5rG8g1HC/Ij0JQ85JWAkz9M8wo79kJ3W826latfsCfAicQpSRQWa3cqP14tpGjEJVBCtO46dgJ8RBZwKlpe9VLOE0CHps46hkkRM+9nk5xwfG6WHw1iZkYAn6t+LjERaj6LAbEYEBnreG4v/eZ0Uwgs/4zJJgUk6DQpTgSHG4wJwjytGQYwMIVRx8yumA6IIBVPTTArw4VNeNrU48yUsEvesdlmzb8+rjauinxI6REfoBDmojhroBjWRiyhK0At6RW/Ws/VufVif09Ulq7g5QDOwvn4BDb2YRg==</latexit><latexit sha1_base64="gJBkvHqaBTXU0RGRBaIsZfZL97I=">AAACBHicbVDLSsNAFJ34rPVVdelmsAhuLIkI1Y0U3LisYGyhiWUynbRDJ5MwcyPUkLV/4FZ/wJW49T/c+yFO2yxs64ELh3Pu5VxOkAiuwba/raXlldW19dJGeXNre2e3srd/r+NUUebSWMSqHRDNBJfMBQ6CtRPFSBQI1gqG12O/9ciU5rG8g1HC/Ij0JQ85JWAkz9M8wo79kJ3W826latfsCfAicQpSRQWa3cqP14tpGjEJVBCtO46dgJ8RBZwKlpe9VLOE0CHps46hkkRM+9nk5xwfG6WHw1iZkYAn6t+LjERaj6LAbEYEBnreG4v/eZ0Uwgs/4zJJgUk6DQpTgSHG4wJwjytGQYwMIVRx8yumA6IIBVPTTArw4VNeNrU48yUsEvesdlmzb8+rjauinxI6REfoBDmojhroBjWRiyhK0At6RW/Ws/VufVif09Ulq7g5QDOwvn4BDb2YRg==</latexit>

+m��̄�+ m̃  ̄ 
<latexit sha1_base64="0CrBJX7lbX2aaO/+w4LjRg6U5hQ="></latexit><latexit sha1_base64="0CrBJX7lbX2aaO/+w4LjRg6U5hQ="></latexit><latexit sha1_base64="0CrBJX7lbX2aaO/+w4LjRg6U5hQ="></latexit>
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 15

Open when
m� > m (T ) +mS(T )

<latexit sha1_base64="IlrXo7k9uivNdKJPrJd3LXYW8Nw=">AAACA3icbZDNSgMxFIUz9a/Wv1GX3QSLUBHKjAjqRopuXFbs2EI7DJk004YmmSHJCGXowo2v4saFiltfwp1vY9rOQlsPBD7OvZebe8KEUaUd59sqLC2vrK4V10sbm1vbO/bu3r2KU4mJh2MWy3aIFGFUEE9TzUg7kQTxkJFWOLye1FsPRCoai6YeJcTnqC9oRDHSxgrsMg+6eEDhJTSQKFptHsFjw3cGArvi1Jyp4CK4OVRArkZgf3V7MU45ERozpFTHdRLtZ0hqihkZl7qpIgnCQ9QnHYMCcaL8bHrEGB4apwejWJonNJy6vycyxJUa8dB0cqQHar42Mf+rdVIdnfsZFUmqicCzRVHKoI7hJBHYo5JgzUYGEJbU/BXiAZIIa5NbyYTgzp+8CN5J7aLm3J5W6ld5GkVQBgegClxwBurgBjSABzB4BM/gFbxZT9aL9W59zFoLVj6zD/7I+vwBmK6Vrg==</latexit><latexit sha1_base64="IlrXo7k9uivNdKJPrJd3LXYW8Nw=">AAACA3icbZDNSgMxFIUz9a/Wv1GX3QSLUBHKjAjqRopuXFbs2EI7DJk004YmmSHJCGXowo2v4saFiltfwp1vY9rOQlsPBD7OvZebe8KEUaUd59sqLC2vrK4V10sbm1vbO/bu3r2KU4mJh2MWy3aIFGFUEE9TzUg7kQTxkJFWOLye1FsPRCoai6YeJcTnqC9oRDHSxgrsMg+6eEDhJTSQKFptHsFjw3cGArvi1Jyp4CK4OVRArkZgf3V7MU45ERozpFTHdRLtZ0hqihkZl7qpIgnCQ9QnHYMCcaL8bHrEGB4apwejWJonNJy6vycyxJUa8dB0cqQHar42Mf+rdVIdnfsZFUmqicCzRVHKoI7hJBHYo5JgzUYGEJbU/BXiAZIIa5NbyYTgzp+8CN5J7aLm3J5W6ld5GkVQBgegClxwBurgBjSABzB4BM/gFbxZT9aL9W59zFoLVj6zD/7I+vwBmK6Vrg==</latexit><latexit sha1_base64="IlrXo7k9uivNdKJPrJd3LXYW8Nw=">AAACA3icbZDNSgMxFIUz9a/Wv1GX3QSLUBHKjAjqRopuXFbs2EI7DJk004YmmSHJCGXowo2v4saFiltfwp1vY9rOQlsPBD7OvZebe8KEUaUd59sqLC2vrK4V10sbm1vbO/bu3r2KU4mJh2MWy3aIFGFUEE9TzUg7kQTxkJFWOLye1FsPRCoai6YeJcTnqC9oRDHSxgrsMg+6eEDhJTSQKFptHsFjw3cGArvi1Jyp4CK4OVRArkZgf3V7MU45ERozpFTHdRLtZ0hqihkZl7qpIgnCQ9QnHYMCcaL8bHrEGB4apwejWJonNJy6vycyxJUa8dB0cqQHar42Mf+rdVIdnfsZFUmqicCzRVHKoI7hJBHYo5JgzUYGEJbU/BXiAZIIa5NbyYTgzp+8CN5J7aLm3J5W6ld5GkVQBgegClxwBurgBjSABzB4BM/gFbxZT9aL9W59zFoLVj6zD/7I+vwBmK6Vrg==</latexit>

Suppressed by
x3 =

⇣m�

T

⌘3

<latexit sha1_base64="RhFFWu68tPZNJe3YrZmv0kMhlos="></latexit><latexit sha1_base64="RhFFWu68tPZNJe3YrZmv0kMhlos="></latexit><latexit sha1_base64="RhFFWu68tPZNJe3YrZmv0kMhlos="></latexit><latexit sha1_base64="TKGRN8mTCitDHhLMaHQQltmxsz4=">AAAB6nicbZC9TsMwFIVvyl8JBcrMYlEhMVUJC7AhsTAWidBKbVQ5jtNadZzIvkFqo7wAKy/AhHgldh4E92egLUeydHSOrXv9RbkUBj3v26nt7O7tH9QP3aOGe3xy2my8mKzQjAcsk5nuRdRwKRQPUKDkvVxzmkaSd6PJw7zvvnJtRKaecZrzMKUjJRLBKNqoM2y2vLa3ENk2/sq0YKVh82cQZ6xIuUImqTF938sxLKlGwSSv3EFheE7ZhI5431pFU27CcrFmRS5tEpMk0/YoJIv074uSpsZM08jeTCmOzWY3D//r+gUmt2EpVF4gV2w5KCkkwYzM/0xioTlDObWGMi3sroSNqaYMLZm1KSgms8q1VPxNBtsmuG7ftb0nD+pwDhdwBT7cwD08QgcCYBDDG7w7M+fD+VzCqzkrimewJufrF+L/kZ8=</latexit><latexit sha1_base64="ms8jm5Q1wKhtoZ+vsaA3X6gHEBY=">AAACFnicbZDNTgIxFIXv4B8iKrp100iMuCGDLNSFiYkbl5iAmDBAOqUDDZ2ftHeMOJlH8C18A7f6Aq6MO/c+iOVnIeBJmpyc0+befm4khUbb/rYyK6tr6xvZzdxWfntnt7CXv9NhrBhvsFCG6t6lmksR8AYKlPw+Upz6ruRNd3g97psPXGkRBnUcRbzt034gPMEomqhbOH7sVMklcST3sEQcT1GW+F2HDUSa1FPiKNEf4Emn2i0U7bI9EVk2lZkpwky1buHH6YUs9nmATFKtWxU7wnZCFQomeZpzYs0jyoa0z1vGBtTnup1MPpSSI5P0iBcqcwIkk/Tvi4T6Wo9819z0KQ70YjcO/+taMXrn7UQEUYw8YNNBXiwJhmRMh/SE4gzlyBjKlDC7EjagBgoahnNTUAyf0pzBUlmEsGwap+WLsn1rQxYO4BBKUIEzuIIbqEEDGDzDK7zBu/VifVifU34ZawZyH+Zkff0C/BOh3g==</latexit><latexit sha1_base64="ms8jm5Q1wKhtoZ+vsaA3X6gHEBY=">AAACFnicbZDNTgIxFIXv4B8iKrp100iMuCGDLNSFiYkbl5iAmDBAOqUDDZ2ftHeMOJlH8C18A7f6Aq6MO/c+iOVnIeBJmpyc0+befm4khUbb/rYyK6tr6xvZzdxWfntnt7CXv9NhrBhvsFCG6t6lmksR8AYKlPw+Upz6ruRNd3g97psPXGkRBnUcRbzt034gPMEomqhbOH7sVMklcST3sEQcT1GW+F2HDUSa1FPiKNEf4Emn2i0U7bI9EVk2lZkpwky1buHH6YUs9nmATFKtWxU7wnZCFQomeZpzYs0jyoa0z1vGBtTnup1MPpSSI5P0iBcqcwIkk/Tvi4T6Wo9819z0KQ70YjcO/+taMXrn7UQEUYw8YNNBXiwJhmRMh/SE4gzlyBjKlDC7EjagBgoahnNTUAyf0pzBUlmEsGwap+WLsn1rQxYO4BBKUIEzuIIbqEEDGDzDK7zBu/VifVifU34ZawZyH+Zkff0C/BOh3g==</latexit><latexit sha1_base64="r2ehXgNn8vwOIeiG1y3R1GW74ho="></latexit><latexit sha1_base64="RhFFWu68tPZNJe3YrZmv0kMhlos="></latexit><latexit sha1_base64="RhFFWu68tPZNJe3YrZmv0kMhlos="></latexit><latexit sha1_base64="RhFFWu68tPZNJe3YrZmv0kMhlos="></latexit><latexit sha1_base64="RhFFWu68tPZNJe3YrZmv0kMhlos="></latexit><latexit sha1_base64="RhFFWu68tPZNJe3YrZmv0kMhlos="></latexit>
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V
e↵(H,S, T ) =V

e↵(H,T ) + V
e↵(S, T )

<latexit sha1_base64="PO7ZmkGpU3Sz/eYb5DeW3zO75O0=">AAACO3icbVA9SwNBFNzzM8avqKXNYlAihnARQS3UgI2lojFCEsPe5l2yZG/v2H0nhiM/x7/hH7DVwl4sxNbeTUxhogMLw8w83tvxIikMuu6rMzE5NT0zm5pLzy8sLi1nVlavTRhrDmUeylDfeMyAFArKKFDCTaSBBZ6Eitc57fuVO9BGhOoKuxHUA9ZSwhecoZUamZPr2xrCPSbg+73cWf4yf7VNj7ZoLU/HHKvvjGr9bCOTdQvuAPQvKQ5Jlgxx3si815ohjwNQyCUzplp0I6wnTKPgEnrpWmwgYrzDWlC1VLEATD0ZfLRHN63SpH6o7VNIB+rviYQFxnQDzyYDhm0z7vXF/7xqjP5BPREqihEU/1nkx5JiSPut0abQwFF2LWFcC3sr5W2mGUfb7cgWH7oqiHppW0xxvIa/pLxbOCy4F3vZ0vGwoRRZJxskR4pkn5TIGTknZcLJA3kiz+TFeXTenA/n8yc64Qxn1sgInK9vVo2r8w==</latexit><latexit sha1_base64="PO7ZmkGpU3Sz/eYb5DeW3zO75O0=">AAACO3icbVA9SwNBFNzzM8avqKXNYlAihnARQS3UgI2lojFCEsPe5l2yZG/v2H0nhiM/x7/hH7DVwl4sxNbeTUxhogMLw8w83tvxIikMuu6rMzE5NT0zm5pLzy8sLi1nVlavTRhrDmUeylDfeMyAFArKKFDCTaSBBZ6Eitc57fuVO9BGhOoKuxHUA9ZSwhecoZUamZPr2xrCPSbg+73cWf4yf7VNj7ZoLU/HHKvvjGr9bCOTdQvuAPQvKQ5Jlgxx3si815ohjwNQyCUzplp0I6wnTKPgEnrpWmwgYrzDWlC1VLEATD0ZfLRHN63SpH6o7VNIB+rviYQFxnQDzyYDhm0z7vXF/7xqjP5BPREqihEU/1nkx5JiSPut0abQwFF2LWFcC3sr5W2mGUfb7cgWH7oqiHppW0xxvIa/pLxbOCy4F3vZ0vGwoRRZJxskR4pkn5TIGTknZcLJA3kiz+TFeXTenA/n8yc64Qxn1sgInK9vVo2r8w==</latexit><latexit sha1_base64="PO7ZmkGpU3Sz/eYb5DeW3zO75O0=">AAACO3icbVA9SwNBFNzzM8avqKXNYlAihnARQS3UgI2lojFCEsPe5l2yZG/v2H0nhiM/x7/hH7DVwl4sxNbeTUxhogMLw8w83tvxIikMuu6rMzE5NT0zm5pLzy8sLi1nVlavTRhrDmUeylDfeMyAFArKKFDCTaSBBZ6Eitc57fuVO9BGhOoKuxHUA9ZSwhecoZUamZPr2xrCPSbg+73cWf4yf7VNj7ZoLU/HHKvvjGr9bCOTdQvuAPQvKQ5Jlgxx3si815ohjwNQyCUzplp0I6wnTKPgEnrpWmwgYrzDWlC1VLEATD0ZfLRHN63SpH6o7VNIB+rviYQFxnQDzyYDhm0z7vXF/7xqjP5BPREqihEU/1nkx5JiSPut0abQwFF2LWFcC3sr5W2mGUfb7cgWH7oqiHppW0xxvIa/pLxbOCy4F3vZ0vGwoRRZJxskR4pkn5TIGTknZcLJA3kiz+TFeXTenA/n8yc64Qxn1sgInK9vVo2r8w==</latexit>

Portal coupling is small, so
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Without finite T effects, yield would be 10 orders of magnitude too large
We have demonstrated a new method of obtaining the relic abundance
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Kinematically 
Induced Freeze-in
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1
<latexit sha1_base64="uFKxovLPnoaRP73SA/Q9x1xPpkA=">AAAB+XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMFZoQ9lsJ+3SzSbsboRa+wu86h/wJF79Nd79IW7bHGzrg4HHezPMzAtTwbVx3W+nsLK6tr5R3Cxtbe/s7pX3D+51kimGPktEoh5CqlFwib7hRuBDqpDGocBmOLiZ+M1HVJon8s4MUwxi2pM84owaKzW8TrniVt0pyDLxclKBHPVO+afdTVgWozRMUK1bnpuaYESV4UzguNTONKaUDWgPW5ZKGqMORtNDx+TEKl0SJcqWNGSq/p0Y0VjrYRzazpiavl70JuJ/Xisz0WUw4jLNDEo2WxRlgpiETL4mXa6QGTG0hDLF7a2E9amizNhs5rYYPngal2ws3mIIy8Q/q15V3cZ5pXad51OEIziGU/DgAmpwC3XwgQHCC7zCm/PsvDsfzuesteDkM4cwB+frF42ulC0=</latexit><latexit sha1_base64="uFKxovLPnoaRP73SA/Q9x1xPpkA=">AAAB+XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMFZoQ9lsJ+3SzSbsboRa+wu86h/wJF79Nd79IW7bHGzrg4HHezPMzAtTwbVx3W+nsLK6tr5R3Cxtbe/s7pX3D+51kimGPktEoh5CqlFwib7hRuBDqpDGocBmOLiZ+M1HVJon8s4MUwxi2pM84owaKzW8TrniVt0pyDLxclKBHPVO+afdTVgWozRMUK1bnpuaYESV4UzguNTONKaUDWgPW5ZKGqMORtNDx+TEKl0SJcqWNGSq/p0Y0VjrYRzazpiavl70JuJ/Xisz0WUw4jLNDEo2WxRlgpiETL4mXa6QGTG0hDLF7a2E9amizNhs5rYYPngal2ws3mIIy8Q/q15V3cZ5pXad51OEIziGU/DgAmpwC3XwgQHCC7zCm/PsvDsfzuesteDkM4cwB+frF42ulC0=</latexit><latexit sha1_base64="uFKxovLPnoaRP73SA/Q9x1xPpkA=">AAAB+XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMFZoQ9lsJ+3SzSbsboRa+wu86h/wJF79Nd79IW7bHGzrg4HHezPMzAtTwbVx3W+nsLK6tr5R3Cxtbe/s7pX3D+51kimGPktEoh5CqlFwib7hRuBDqpDGocBmOLiZ+M1HVJon8s4MUwxi2pM84owaKzW8TrniVt0pyDLxclKBHPVO+afdTVgWozRMUK1bnpuaYESV4UzguNTONKaUDWgPW5ZKGqMORtNDx+TEKl0SJcqWNGSq/p0Y0VjrYRzazpiavl70JuJ/Xisz0WUw4jLNDEo2WxRlgpiETL4mXa6QGTG0hDLF7a2E9amizNhs5rYYPngal2ws3mIIy8Q/q15V3cZ5pXad51OEIziGU/DgAmpwC3XwgQHCC7zCm/PsvDsfzuesteDkM4cwB+frF42ulC0=</latexit>

0.01
<latexit sha1_base64="ho+1VYvn4t4Wez8Ct+24FQcbxpk=">AAAB/HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZhN2J0INxX/gVf+AJ/Hqf/HuD3HT5mBbHyz7eG+GmXlBIrhGx/m2Siura+sb5c3K1vbO7l51/+BBx6mizKOxiFU7IJoJLpmHHAVrJ4qRKBCsFYxucr/1yJTmsbzHccL8iAwkDzklmEtO3XF71Zr5prCXiVuQGhRo9qo/3X5M04hJpIJo3XGdBP2MKORUsEmlm2qWEDoiA9YxVJKIaT+b7jqxT4zSt8NYmSfRnqp/OzISaT2OAlMZERzqRS8X//M6KYaXfsZlkiKTdDYoTIWNsZ0fbve5YhTF2BBCFTe72nRIFKFo4pmbgnz0NKmYWNzFEJaJd1a/qjt357XGdZFPGY7gGE7BhQtowC00wQMKQ3iBV3iznq1368P6nJWWrKLnEOZgff0C3mSU2Q==</latexit><latexit sha1_base64="ho+1VYvn4t4Wez8Ct+24FQcbxpk=">AAAB/HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZhN2J0INxX/gVf+AJ/Hqf/HuD3HT5mBbHyz7eG+GmXlBIrhGx/m2Siura+sb5c3K1vbO7l51/+BBx6mizKOxiFU7IJoJLpmHHAVrJ4qRKBCsFYxucr/1yJTmsbzHccL8iAwkDzklmEtO3XF71Zr5prCXiVuQGhRo9qo/3X5M04hJpIJo3XGdBP2MKORUsEmlm2qWEDoiA9YxVJKIaT+b7jqxT4zSt8NYmSfRnqp/OzISaT2OAlMZERzqRS8X//M6KYaXfsZlkiKTdDYoTIWNsZ0fbve5YhTF2BBCFTe72nRIFKFo4pmbgnz0NKmYWNzFEJaJd1a/qjt357XGdZFPGY7gGE7BhQtowC00wQMKQ3iBV3iznq1368P6nJWWrKLnEOZgff0C3mSU2Q==</latexit><latexit sha1_base64="ho+1VYvn4t4Wez8Ct+24FQcbxpk=">AAAB/HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZhN2J0INxX/gVf+AJ/Hqf/HuD3HT5mBbHyz7eG+GmXlBIrhGx/m2Siura+sb5c3K1vbO7l51/+BBx6mizKOxiFU7IJoJLpmHHAVrJ4qRKBCsFYxucr/1yJTmsbzHccL8iAwkDzklmEtO3XF71Zr5prCXiVuQGhRo9qo/3X5M04hJpIJo3XGdBP2MKORUsEmlm2qWEDoiA9YxVJKIaT+b7jqxT4zSt8NYmSfRnqp/OzISaT2OAlMZERzqRS8X//M6KYaXfsZlkiKTdDYoTIWNsZ0fbve5YhTF2BBCFTe72nRIFKFo4pmbgnz0NKmYWNzFEJaJd1a/qjt357XGdZFPGY7gGE7BhQtowC00wQMKQ3iBV3iznq1368P6nJWWrKLnEOZgff0C3mSU2Q==</latexit>

⇠ 10�3
<latexit sha1_base64="m6zxbdhpB+pvvbr84e6l+vfOTOY=">AAACBHicbVDLSsNAFJ34rPVVdelmsAhuLIkK6q7oxmUFYwtNLJPppB06k4SZG6GGrP0Dt/oDrsSt/+HeD3HaZmFbD1w4nHMv53KCRHANtv1tLSwuLa+sltbK6xubW9uVnd17HaeKMpfGIlatgGgmeMRc4CBYK1GMyECwZjC4HvnNR6Y0j6M7GCbMl6QX8ZBTAkbyPM0lduyH7Pg071Sqds0eA88TpyBVVKDRqfx43ZimkkVABdG67dgJ+BlRwKlgedlLNUsIHZAeaxsaEcm0n41/zvGhUbo4jJWZCPBY/XuREan1UAZmUxLo61lvJP7ntVMIL/yMR0kKLKKToDAVGGI8KgB3uWIUxNAQQhU3v2LaJ4pQMDVNpQAfPOVlU4szW8I8cU9qlzX79qxavyr6KaF9dICOkIPOUR3doAZyEUUJekGv6M16tt6tD+tzsrpgFTd7aArW1y8ImZhG</latexit><latexit sha1_base64="m6zxbdhpB+pvvbr84e6l+vfOTOY=">AAACBHicbVDLSsNAFJ34rPVVdelmsAhuLIkK6q7oxmUFYwtNLJPppB06k4SZG6GGrP0Dt/oDrsSt/+HeD3HaZmFbD1w4nHMv53KCRHANtv1tLSwuLa+sltbK6xubW9uVnd17HaeKMpfGIlatgGgmeMRc4CBYK1GMyECwZjC4HvnNR6Y0j6M7GCbMl6QX8ZBTAkbyPM0lduyH7Pg071Sqds0eA88TpyBVVKDRqfx43ZimkkVABdG67dgJ+BlRwKlgedlLNUsIHZAeaxsaEcm0n41/zvGhUbo4jJWZCPBY/XuREan1UAZmUxLo61lvJP7ntVMIL/yMR0kKLKKToDAVGGI8KgB3uWIUxNAQQhU3v2LaJ4pQMDVNpQAfPOVlU4szW8I8cU9qlzX79qxavyr6KaF9dICOkIPOUR3doAZyEUUJekGv6M16tt6tD+tzsrpgFTd7aArW1y8ImZhG</latexit><latexit sha1_base64="m6zxbdhpB+pvvbr84e6l+vfOTOY=">AAACBHicbVDLSsNAFJ34rPVVdelmsAhuLIkK6q7oxmUFYwtNLJPppB06k4SZG6GGrP0Dt/oDrsSt/+HeD3HaZmFbD1w4nHMv53KCRHANtv1tLSwuLa+sltbK6xubW9uVnd17HaeKMpfGIlatgGgmeMRc4CBYK1GMyECwZjC4HvnNR6Y0j6M7GCbMl6QX8ZBTAkbyPM0lduyH7Pg071Sqds0eA88TpyBVVKDRqfx43ZimkkVABdG67dgJ+BlRwKlgedlLNUsIHZAeaxsaEcm0n41/zvGhUbo4jJWZCPBY/XuREan1UAZmUxLo61lvJP7ntVMIL/yMR0kKLKKToDAVGGI8KgB3uWIUxNAQQhU3v2LaJ4pQMDVNpQAfPOVlU4szW8I8cU9qlzX79qxavyr6KaF9dICOkIPOUR3doAZyEUUJekGv6M16tt6tD+tzsrpgFTd7aArW1y8ImZhG</latexit>

we’ll assume    stays in thermal equilibrium via other NP 
<latexit sha1_base64="ThBpJ4glPtWsDW1/QXWlS+fZ0kQ=">AAAB/HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZhN2J0INxX/gVf+AJ/Hqf/HuD3HT5mBbHww83pthZl6QCK7Rcb6t0srq2vpGebOytb2zu1fdP3jQcaoo82gsYtUOiGaCS+YhR8HaiWIkCgRrBaOb3G89MqV5LO9xnDA/IgPJQ04J5lI30bxXrTl1Zwp7mbgFqUGBZq/60+3HNI2YRCqI1h3XSdDPiEJOBZtUuqlmCaEjMmAdQyWJmPaz6a0T+8QofTuMlSmJ9lT9O5GRSOtxFJjOiOBQL3q5+J/XSTG89DMukxSZpLNFYSpsjO38cbvPFaMoxoYQqri51aZDoghFE8/cFuSjp0nFxOIuhrBMvLP6Vd25O681rot8ynAEx3AKLlxAA26hCR5QGMILvMKb9Wy9Wx/W56y1ZBUzhzAH6+sXUGqVwg==</latexit><latexit sha1_base64="ThBpJ4glPtWsDW1/QXWlS+fZ0kQ=">AAAB/HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZhN2J0INxX/gVf+AJ/Hqf/HuD3HT5mBbHww83pthZl6QCK7Rcb6t0srq2vpGebOytb2zu1fdP3jQcaoo82gsYtUOiGaCS+YhR8HaiWIkCgRrBaOb3G89MqV5LO9xnDA/IgPJQ04J5lI30bxXrTl1Zwp7mbgFqUGBZq/60+3HNI2YRCqI1h3XSdDPiEJOBZtUuqlmCaEjMmAdQyWJmPaz6a0T+8QofTuMlSmJ9lT9O5GRSOtxFJjOiOBQL3q5+J/XSTG89DMukxSZpLNFYSpsjO38cbvPFaMoxoYQqri51aZDoghFE8/cFuSjp0nFxOIuhrBMvLP6Vd25O681rot8ynAEx3AKLlxAA26hCR5QGMILvMKb9Wy9Wx/W56y1ZBUzhzAH6+sXUGqVwg==</latexit><latexit sha1_base64="ThBpJ4glPtWsDW1/QXWlS+fZ0kQ=">AAAB/HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZhN2J0INxX/gVf+AJ/Hqf/HuD3HT5mBbHww83pthZl6QCK7Rcb6t0srq2vpGebOytb2zu1fdP3jQcaoo82gsYtUOiGaCS+YhR8HaiWIkCgRrBaOb3G89MqV5LO9xnDA/IgPJQ04J5lI30bxXrTl1Zwp7mbgFqUGBZq/60+3HNI2YRCqI1h3XSdDPiEJOBZtUuqlmCaEjMmAdQyWJmPaz6a0T+8QofTuMlSmJ9lT9O5GRSOtxFJjOiOBQL3q5+J/XSTG89DMukxSZpLNFYSpsjO38cbvPFaMoxoYQqri51aZDoghFE8/cFuSjp0nFxOIuhrBMvLP6Vd25O681rot8ynAEx3AKLlxAA26hCR5QGMILvMKb9Wy9Wx/W56y1ZBUzhzAH6+sXUGqVwg==</latexit>

⇠ 10�12
<latexit sha1_base64="uSxOWEGugtwiUAJrEDpog226ZYw=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgxpIUQd0V3bisYGyhjWUynbRDZ5I4MxFqyN4/cKs/4Erc+h3u/RCnbRa29cCFwzn3ci7HjzlT2ra/rcLS8srqWnG9tLG5tb1T3t27U1EiCXVJxCPZ8rGinIXU1Uxz2oolxcLntOkPr8Z+85FKxaLwVo9i6gncD1nACNZG8jqKCeTY9+mJU8u65YpdtSdAi8TJSQVyNLrln04vIomgoSYcK9V27Fh7KZaaEU6zUidRNMZkiPu0bWiIBVVeOnk6Q0dG6aEgkmZCjSbq34sUC6VGwjebAuuBmvfG4n9eO9HBuZeyME40Dck0KEg40hEaN4B6TFKi+cgQTCQzvyIywBITbXqaSdFs+JSVTC3OfAmLxK1VL6r2zWmlfpn3U4QDOIRjcOAM6nANDXCBwAO8wCu8Wc/Wu/VhfU5XC1Z+sw8zsL5+AX0hmIA=</latexit><latexit sha1_base64="uSxOWEGugtwiUAJrEDpog226ZYw=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgxpIUQd0V3bisYGyhjWUynbRDZ5I4MxFqyN4/cKs/4Erc+h3u/RCnbRa29cCFwzn3ci7HjzlT2ra/rcLS8srqWnG9tLG5tb1T3t27U1EiCXVJxCPZ8rGinIXU1Uxz2oolxcLntOkPr8Z+85FKxaLwVo9i6gncD1nACNZG8jqKCeTY9+mJU8u65YpdtSdAi8TJSQVyNLrln04vIomgoSYcK9V27Fh7KZaaEU6zUidRNMZkiPu0bWiIBVVeOnk6Q0dG6aEgkmZCjSbq34sUC6VGwjebAuuBmvfG4n9eO9HBuZeyME40Dck0KEg40hEaN4B6TFKi+cgQTCQzvyIywBITbXqaSdFs+JSVTC3OfAmLxK1VL6r2zWmlfpn3U4QDOIRjcOAM6nANDXCBwAO8wCu8Wc/Wu/VhfU5XC1Z+sw8zsL5+AX0hmIA=</latexit><latexit sha1_base64="uSxOWEGugtwiUAJrEDpog226ZYw=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgxpIUQd0V3bisYGyhjWUynbRDZ5I4MxFqyN4/cKs/4Erc+h3u/RCnbRa29cCFwzn3ci7HjzlT2ra/rcLS8srqWnG9tLG5tb1T3t27U1EiCXVJxCPZ8rGinIXU1Uxz2oolxcLntOkPr8Z+85FKxaLwVo9i6gncD1nACNZG8jqKCeTY9+mJU8u65YpdtSdAi8TJSQVyNLrln04vIomgoSYcK9V27Fh7KZaaEU6zUidRNMZkiPu0bWiIBVVeOnk6Q0dG6aEgkmZCjSbq34sUC6VGwjebAuuBmvfG4n9eO9HBuZeyME40Dck0KEg40hEaN4B6TFKi+cgQTCQzvyIywBITbXqaSdFs+JSVTC3OfAmLxK1VL6r2zWmlfpn3U4QDOIRjcOAM6nANDXCBwAO8wCu8Wc/Wu/VhfU5XC1Z+sw8zsL5+AX0hmIA=</latexit>

L � y��̄�S + y  ̄ S + [y�  ̄�S + h.c.]

+ µ
2
H
H

†
H � �H (H†

H)2 +
1

2
µ
2
S
S
2 � �S4

4!
S
4

� �S3

3!
µSS

3 � �p3µS S(H†
H)� �p4

2
S
2(H†

H)
<latexit sha1_base64="GwnrrqwINE+raEVUP6itacmXxtQ="></latexit><latexit sha1_base64="GwnrrqwINE+raEVUP6itacmXxtQ="></latexit><latexit sha1_base64="GwnrrqwINE+raEVUP6itacmXxtQ="></latexit>

m 6= m (T )
<latexit sha1_base64="jT6Crz5pjYkZCmTpEPt9BOYXSxc=">AAACD3icbZDNSsNAFIUn/tb6FxVXbgaLUDclEUHdSMGNywqNLTQhTKaTdujMJM5MhBr6Er6BW30BV+LWR3Dvgzhts7CtBy58nHsv93KilFGlHefbWlpeWV1bL22UN7e2d3btvf17lWQSEw8nLJHtCCnCqCCeppqRdioJ4hEjrWhwM+63HolUNBFNPUxJwFFP0JhipI0V2oc89FNFoS/IA5xytXka2hWn5kwEF8EtoAIKNUL7x+8mOONEaMyQUh3XSXWQI6kpZmRU9jNFUoQHqEc6BgXiRAX55P0RPDFOF8aJNCU0nLh/N3LElRryyExypPtqvjc2/+t1Mh1fBjkVaaaJwNNDccagTuA4C9ilkmDNhgYQltT8CnEfSYS1SWzmiqaDp1HZxOLOh7AI3lntqubcnVfq10U+JXAEjkEVuOAC1MEtaAAPYJCDF/AK3qxn6936sD6no0tWsXMAZmR9/QKsrpxe</latexit><latexit sha1_base64="jT6Crz5pjYkZCmTpEPt9BOYXSxc=">AAACD3icbZDNSsNAFIUn/tb6FxVXbgaLUDclEUHdSMGNywqNLTQhTKaTdujMJM5MhBr6Er6BW30BV+LWR3Dvgzhts7CtBy58nHsv93KilFGlHefbWlpeWV1bL22UN7e2d3btvf17lWQSEw8nLJHtCCnCqCCeppqRdioJ4hEjrWhwM+63HolUNBFNPUxJwFFP0JhipI0V2oc89FNFoS/IA5xytXka2hWn5kwEF8EtoAIKNUL7x+8mOONEaMyQUh3XSXWQI6kpZmRU9jNFUoQHqEc6BgXiRAX55P0RPDFOF8aJNCU0nLh/N3LElRryyExypPtqvjc2/+t1Mh1fBjkVaaaJwNNDccagTuA4C9ilkmDNhgYQltT8CnEfSYS1SWzmiqaDp1HZxOLOh7AI3lntqubcnVfq10U+JXAEjkEVuOAC1MEtaAAPYJCDF/AK3qxn6936sD6no0tWsXMAZmR9/QKsrpxe</latexit><latexit sha1_base64="jT6Crz5pjYkZCmTpEPt9BOYXSxc=">AAACD3icbZDNSsNAFIUn/tb6FxVXbgaLUDclEUHdSMGNywqNLTQhTKaTdujMJM5MhBr6Er6BW30BV+LWR3Dvgzhts7CtBy58nHsv93KilFGlHefbWlpeWV1bL22UN7e2d3btvf17lWQSEw8nLJHtCCnCqCCeppqRdioJ4hEjrWhwM+63HolUNBFNPUxJwFFP0JhipI0V2oc89FNFoS/IA5xytXka2hWn5kwEF8EtoAIKNUL7x+8mOONEaMyQUh3XSXWQI6kpZmRU9jNFUoQHqEc6BgXiRAX55P0RPDFOF8aJNCU0nLh/N3LElRryyExypPtqvjc2/+t1Mh1fBjkVaaaJwNNDccagTuA4C9ilkmDNhgYQltT8CnEfSYS1SWzmiqaDp1HZxOLOh7AI3lntqubcnVfq10U+JXAEjkEVuOAC1MEtaAAPYJCDF/AK3qxn6936sD6no0tWsXMAZmR9/QKsrpxe</latexit>

•  

+m��̄�+ m̃  ̄ 
<latexit sha1_base64="0CrBJX7lbX2aaO/+w4LjRg6U5hQ="></latexit><latexit sha1_base64="0CrBJX7lbX2aaO/+w4LjRg6U5hQ="></latexit><latexit sha1_base64="0CrBJX7lbX2aaO/+w4LjRg6U5hQ="></latexit>



• Kinematically Induced Freeze-in

mS(T ) > m� +m m > m� +mS(T )
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Assume    begins with negligible abundance�

Suppressed by y = 0.01
<latexit sha1_base64="1kUTp1mUTd3070zaOeV+fUUDN5M=">AAACBXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoB6UgBePEVwTSJYwO5kkQ2YfzvQK65K7f+BVf8CTePU7vPshTpI9mMSCpouqbropP5ZCo21/W4Wl5ZXVteJ6aWNza3unvLt3r6NEMe6ySEaq6VPNpQi5iwIlb8aK08CXvOEPr8d+45ErLaLwDtOYewHth6InGEUjeWmnHWtBLoldtZ1OuWLaBGSRODmpQI56p/zT7kYsCXiITFKtW44do5dRhYJJPiq1E81jyoa0z1uGhjTg2ssmT4/IkVG6pBcpUyGSifp3I6OB1mngm8mA4kDPe2PxP6+VYO/cy0QYJ8hDNj3USyTBiIwTIF2hOEOZGkKZEuZXwgZUUYYmp5krKIZPo5KJxZkPYZG4J9WLqn17Wqld5fkU4QAO4RgcOIMa3EAdXGDwAC/wCm/Ws/VufVif09GCle/swwysr1//F5gs</latexit><latexit sha1_base64="1kUTp1mUTd3070zaOeV+fUUDN5M=">AAACBXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoB6UgBePEVwTSJYwO5kkQ2YfzvQK65K7f+BVf8CTePU7vPshTpI9mMSCpouqbropP5ZCo21/W4Wl5ZXVteJ6aWNza3unvLt3r6NEMe6ySEaq6VPNpQi5iwIlb8aK08CXvOEPr8d+45ErLaLwDtOYewHth6InGEUjeWmnHWtBLoldtZ1OuWLaBGSRODmpQI56p/zT7kYsCXiITFKtW44do5dRhYJJPiq1E81jyoa0z1uGhjTg2ssmT4/IkVG6pBcpUyGSifp3I6OB1mngm8mA4kDPe2PxP6+VYO/cy0QYJ8hDNj3USyTBiIwTIF2hOEOZGkKZEuZXwgZUUYYmp5krKIZPo5KJxZkPYZG4J9WLqn17Wqld5fkU4QAO4RgcOIMa3EAdXGDwAC/wCm/Ws/VufVif09GCle/swwysr1//F5gs</latexit><latexit sha1_base64="1kUTp1mUTd3070zaOeV+fUUDN5M=">AAACBXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoB6UgBePEVwTSJYwO5kkQ2YfzvQK65K7f+BVf8CTePU7vPshTpI9mMSCpouqbropP5ZCo21/W4Wl5ZXVteJ6aWNza3unvLt3r6NEMe6ySEaq6VPNpQi5iwIlb8aK08CXvOEPr8d+45ErLaLwDtOYewHth6InGEUjeWmnHWtBLoldtZ1OuWLaBGSRODmpQI56p/zT7kYsCXiITFKtW44do5dRhYJJPiq1E81jyoa0z1uGhjTg2ssmT4/IkVG6pBcpUyGSifp3I6OB1mngm8mA4kDPe2PxP6+VYO/cy0QYJ8hDNj3USyTBiIwTIF2hOEOZGkKZEuZXwgZUUYYmp5krKIZPo5KJxZkPYZG4J9WLqn17Wqld5fkU4QAO4RgcOIMa3EAdXGDwAC/wCm/Ws/VufVif09GCle/swwysr1//F5gs</latexit><latexit sha1_base64="TKGRN8mTCitDHhLMaHQQltmxsz4=">AAAB6nicbZC9TsMwFIVvyl8JBcrMYlEhMVUJC7AhsTAWidBKbVQ5jtNadZzIvkFqo7wAKy/AhHgldh4E92egLUeydHSOrXv9RbkUBj3v26nt7O7tH9QP3aOGe3xy2my8mKzQjAcsk5nuRdRwKRQPUKDkvVxzmkaSd6PJw7zvvnJtRKaecZrzMKUjJRLBKNqoM2y2vLa3ENk2/sq0YKVh82cQZ6xIuUImqTF938sxLKlGwSSv3EFheE7ZhI5431pFU27CcrFmRS5tEpMk0/YoJIv074uSpsZM08jeTCmOzWY3D//r+gUmt2EpVF4gV2w5KCkkwYzM/0xioTlDObWGMi3sroSNqaYMLZm1KSgms8q1VPxNBtsmuG7ftb0nD+pwDhdwBT7cwD08QgcCYBDDG7w7M+fD+VzCqzkrimewJufrF+L/kZ8=</latexit><latexit sha1_base64="o8elTX5ARz9yljqmibDDB+X6DzE=">AAAB+nicbZDNSgMxFIXv1L9aq1a3boJFcFVm3KgLQXDjsoJjC+1QMmmmDc1kxuSOMA7d+wZu9QVcie/i3gcx/VnY1gMhh3MS7uULUykMuu63U1pb39jcKm9Xdqq7e/u1g+qDSTLNuM8Smeh2SA2XQnEfBUreTjWncSh5KxzdTPrWE9dGJOoe85QHMR0oEQlG0UZB3uumRpAr4jZcr1er22sqsmq8uanDXM1e7afbT1gWc4VMUmM6nptiUFCNgkk+rnQzw1PKRnTAO9YqGnMTFNOlx+TEJn0SJdoehWSa/v1R0NiYPA7ty5ji0Cx3k/C/rpNhdBEUQqUZcsVmg6JMEkzIhADpC80ZytwayrSwuxI2pJoytJwWpqAYPY8rFou3DGHV+GeNy4Z750IZjuAYTsGDc7iGW2iCDwwe4RXe4N15cT6czxm/kjMHeQgLcr5+AXNNlsA=</latexit><latexit sha1_base64="o8elTX5ARz9yljqmibDDB+X6DzE=">AAAB+nicbZDNSgMxFIXv1L9aq1a3boJFcFVm3KgLQXDjsoJjC+1QMmmmDc1kxuSOMA7d+wZu9QVcie/i3gcx/VnY1gMhh3MS7uULUykMuu63U1pb39jcKm9Xdqq7e/u1g+qDSTLNuM8Smeh2SA2XQnEfBUreTjWncSh5KxzdTPrWE9dGJOoe85QHMR0oEQlG0UZB3uumRpAr4jZcr1er22sqsmq8uanDXM1e7afbT1gWc4VMUmM6nptiUFCNgkk+rnQzw1PKRnTAO9YqGnMTFNOlx+TEJn0SJdoehWSa/v1R0NiYPA7ty5ji0Cx3k/C/rpNhdBEUQqUZcsVmg6JMEkzIhADpC80ZytwayrSwuxI2pJoytJwWpqAYPY8rFou3DGHV+GeNy4Z750IZjuAYTsGDc7iGW2iCDwwe4RXe4N15cT6czxm/kjMHeQgLcr5+AXNNlsA=</latexit><latexit sha1_base64="fhpDXwcB4q9UGnC7gwQNI83XiP8=">AAACBXicbVA9SwNBEJ3zM8avqKXNYhCswp2NWigBG8sIngkkR9jb7CVL9j7cnRPOI73/wFb/gJXY+jvs/SFukitM4oNhHu/NMMPzEyk02va3tbS8srq2Xtoob25t7+xW9vbvdZwqxl0Wy1i1fKq5FBF3UaDkrURxGvqSN/3h9dhvPnKlRRzdYZZwL6T9SASCUTSSl3U7iRbkktg12+lWqqZNQBaJU5AqFGh0Kz+dXszSkEfIJNW67dgJejlVKJjko3In1TyhbEj7vG1oREOuvXzy9IgcG6VHgliZipBM1L8bOQ21zkLfTIYUB3reG4v/ee0Ug3MvF1GSIo/Y9FCQSoIxGSdAekJxhjIzhDIlzK+EDaiiDE1OM1dQDJ9GZROLMx/CInFPaxc1+9au1q+KfEpwCEdwAg6cQR1uoAEuMHiAF3iFN+vZerc+rM/p6JJV7BzADKyvX/3XmCg=</latexit><latexit sha1_base64="1kUTp1mUTd3070zaOeV+fUUDN5M=">AAACBXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoB6UgBePEVwTSJYwO5kkQ2YfzvQK65K7f+BVf8CTePU7vPshTpI9mMSCpouqbropP5ZCo21/W4Wl5ZXVteJ6aWNza3unvLt3r6NEMe6ySEaq6VPNpQi5iwIlb8aK08CXvOEPr8d+45ErLaLwDtOYewHth6InGEUjeWmnHWtBLoldtZ1OuWLaBGSRODmpQI56p/zT7kYsCXiITFKtW44do5dRhYJJPiq1E81jyoa0z1uGhjTg2ssmT4/IkVG6pBcpUyGSifp3I6OB1mngm8mA4kDPe2PxP6+VYO/cy0QYJ8hDNj3USyTBiIwTIF2hOEOZGkKZEuZXwgZUUYYmp5krKIZPo5KJxZkPYZG4J9WLqn17Wqld5fkU4QAO4RgcOIMa3EAdXGDwAC/wCm/Ws/VufVif09GCle/swwysr1//F5gs</latexit><latexit sha1_base64="1kUTp1mUTd3070zaOeV+fUUDN5M=">AAACBXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoB6UgBePEVwTSJYwO5kkQ2YfzvQK65K7f+BVf8CTePU7vPshTpI9mMSCpouqbropP5ZCo21/W4Wl5ZXVteJ6aWNza3unvLt3r6NEMe6ySEaq6VPNpQi5iwIlb8aK08CXvOEPr8d+45ErLaLwDtOYewHth6InGEUjeWmnHWtBLoldtZ1OuWLaBGSRODmpQI56p/zT7kYsCXiITFKtW44do5dRhYJJPiq1E81jyoa0z1uGhjTg2ssmT4/IkVG6pBcpUyGSifp3I6OB1mngm8mA4kDPe2PxP6+VYO/cy0QYJ8hDNj3USyTBiIwTIF2hOEOZGkKZEuZXwgZUUYYmp5krKIZPo5KJxZkPYZG4J9WLqn17Wqld5fkU4QAO4RgcOIMa3EAdXGDwAC/wCm/Ws/VufVif09GCle/swwysr1//F5gs</latexit><latexit sha1_base64="1kUTp1mUTd3070zaOeV+fUUDN5M=">AAACBXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoB6UgBePEVwTSJYwO5kkQ2YfzvQK65K7f+BVf8CTePU7vPshTpI9mMSCpouqbropP5ZCo21/W4Wl5ZXVteJ6aWNza3unvLt3r6NEMe6ySEaq6VPNpQi5iwIlb8aK08CXvOEPr8d+45ErLaLwDtOYewHth6InGEUjeWmnHWtBLoldtZ1OuWLaBGSRODmpQI56p/zT7kYsCXiITFKtW44do5dRhYJJPiq1E81jyoa0z1uGhjTg2ssmT4/IkVG6pBcpUyGSifp3I6OB1mngm8mA4kDPe2PxP6+VYO/cy0QYJ8hDNj3USyTBiIwTIF2hOEOZGkKZEuZXwgZUUYYmp5krKIZPo5KJxZkPYZG4J9WLqn17Wqld5fkU4QAO4RgcOIMa3EAdXGDwAC/wCm/Ws/VufVif09GCle/swwysr1//F5gs</latexit><latexit sha1_base64="1kUTp1mUTd3070zaOeV+fUUDN5M=">AAACBXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoB6UgBePEVwTSJYwO5kkQ2YfzvQK65K7f+BVf8CTePU7vPshTpI9mMSCpouqbropP5ZCo21/W4Wl5ZXVteJ6aWNza3unvLt3r6NEMe6ySEaq6VPNpQi5iwIlb8aK08CXvOEPr8d+45ErLaLwDtOYewHth6InGEUjeWmnHWtBLoldtZ1OuWLaBGSRODmpQI56p/zT7kYsCXiITFKtW44do5dRhYJJPiq1E81jyoa0z1uGhjTg2ssmT4/IkVG6pBcpUyGSifp3I6OB1mngm8mA4kDPe2PxP6+VYO/cy0QYJ8hDNj3USyTBiIwTIF2hOEOZGkKZEuZXwgZUUYYmp5krKIZPo5KJxZkPYZG4J9WLqn17Wqld5fkU4QAO4RgcOIMa3EAdXGDwAC/wCm/Ws/VufVif09GCle/swwysr1//F5gs</latexit><latexit sha1_base64="1kUTp1mUTd3070zaOeV+fUUDN5M=">AAACBXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoB6UgBePEVwTSJYwO5kkQ2YfzvQK65K7f+BVf8CTePU7vPshTpI9mMSCpouqbropP5ZCo21/W4Wl5ZXVteJ6aWNza3unvLt3r6NEMe6ySEaq6VPNpQi5iwIlb8aK08CXvOEPr8d+45ErLaLwDtOYewHth6InGEUjeWmnHWtBLoldtZ1OuWLaBGSRODmpQI56p/zT7kYsCXiITFKtW44do5dRhYJJPiq1E81jyoa0z1uGhjTg2ssmT4/IkVG6pBcpUyGSifp3I6OB1mngm8mA4kDPe2PxP6+VYO/cy0QYJ8hDNj3USyTBiIwTIF2hOEOZGkKZEuZXwgZUUYYmp5krKIZPo5KJxZkPYZG4J9WLqn17Wqld5fkU4QAO4RgcOIMa3EAdXGDwAC/wCm/Ws/VufVif09GCle/swwysr1//F5gs</latexit>
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<latexit sha1_base64="Bo2IjUuRJwbgC1YL67R7Nf5Ed4M=">AAACCXicbZDPSsNAEMY39V+tfxr16GWxCF4siQjqRQpePFYwttCGsNlu2qW7SdidCDX0DXwDr/oCnsSrT+HdB3Hb5mBbPxj48c0MM3xhKrgGx/m2Siura+sb5c3K1vbObtXe23/QSaYo82giEtUOiWaCx8wDDoK1U8WIDAVrhcObSb/1yJTmSXwPo5T5kvRjHnFKwFiBXZVBN9Ucn2IDdMADu+bUnanwMrgF1FChZmD/dHsJzSSLgQqidcd1UvBzooBTwcaVbqZZSuiQ9FnHYEwk034+fXyMj43Tw1GiTMWAp+7fjZxIrUcyNJOSwEAv9ibmf71OBtGln/M4zYDFdHYoygSGBE9SwD2uGAUxMkCo4uZXTAdEEQomq7krwIdP44qJxV0MYRm8s/pV3bk7rzWui3zK6BAdoRPkogvUQLeoiTxEUYZe0Ct6s56td+vD+pyNlqxi5wDNyfr6BS3tmfI=</latexit><latexit sha1_base64="Bo2IjUuRJwbgC1YL67R7Nf5Ed4M=">AAACCXicbZDPSsNAEMY39V+tfxr16GWxCF4siQjqRQpePFYwttCGsNlu2qW7SdidCDX0DXwDr/oCnsSrT+HdB3Hb5mBbPxj48c0MM3xhKrgGx/m2Siura+sb5c3K1vbObtXe23/QSaYo82giEtUOiWaCx8wDDoK1U8WIDAVrhcObSb/1yJTmSXwPo5T5kvRjHnFKwFiBXZVBN9Ucn2IDdMADu+bUnanwMrgF1FChZmD/dHsJzSSLgQqidcd1UvBzooBTwcaVbqZZSuiQ9FnHYEwk034+fXyMj43Tw1GiTMWAp+7fjZxIrUcyNJOSwEAv9ibmf71OBtGln/M4zYDFdHYoygSGBE9SwD2uGAUxMkCo4uZXTAdEEQomq7krwIdP44qJxV0MYRm8s/pV3bk7rzWui3zK6BAdoRPkogvUQLeoiTxEUYZe0Ct6s56td+vD+pyNlqxi5wDNyfr6BS3tmfI=</latexit><latexit sha1_base64="Bo2IjUuRJwbgC1YL67R7Nf5Ed4M=">AAACCXicbZDPSsNAEMY39V+tfxr16GWxCF4siQjqRQpePFYwttCGsNlu2qW7SdidCDX0DXwDr/oCnsSrT+HdB3Hb5mBbPxj48c0MM3xhKrgGx/m2Siura+sb5c3K1vbObtXe23/QSaYo82giEtUOiWaCx8wDDoK1U8WIDAVrhcObSb/1yJTmSXwPo5T5kvRjHnFKwFiBXZVBN9Ucn2IDdMADu+bUnanwMrgF1FChZmD/dHsJzSSLgQqidcd1UvBzooBTwcaVbqZZSuiQ9FnHYEwk034+fXyMj43Tw1GiTMWAp+7fjZxIrUcyNJOSwEAv9ibmf71OBtGln/M4zYDFdHYoygSGBE9SwD2uGAUxMkCo4uZXTAdEEQomq7krwIdP44qJxV0MYRm8s/pV3bk7rzWui3zK6BAdoRPkogvUQLeoiTxEUYZe0Ct6s56td+vD+pyNlqxi5wDNyfr6BS3tmfI=</latexit>
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Thermal effects increase relic abundance by orders of magnitude
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Decaying Dark 
Matter



• Vev Flip-Flop: Decaying Dark Matter
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<latexit sha1_base64="GwnrrqwINE+raEVUP6itacmXxtQ="></latexit><latexit sha1_base64="GwnrrqwINE+raEVUP6itacmXxtQ="></latexit><latexit sha1_base64="GwnrrqwINE+raEVUP6itacmXxtQ="></latexit>

⇠ 1
<latexit sha1_base64="ISBfBe1uB7kQXDC7abuDJghL0GM=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNrmECBb1K1a/5M6BlEhSkCgUavcpXt69IJqi0hGNjOoGf2ijH2jLC6aTczQxNMRnhAe04KrGgJspn107QqVP6KFHalbRopv6eyLEwZixi1ymwHZpFbyr+53Uym1xFOZNpZqkk80VJxpFVaPo66jNNieVjRzDRzN2KyBBrTKwLqOxCCBZfXibhee265t9fVOs3RRolOIYTOIMALqEOd9CAEAg8wjO8wpunvBfv3fuYt654xcwR/IH3+QNURI5/</latexit><latexit sha1_base64="ISBfBe1uB7kQXDC7abuDJghL0GM=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNrmECBb1K1a/5M6BlEhSkCgUavcpXt69IJqi0hGNjOoGf2ijH2jLC6aTczQxNMRnhAe04KrGgJspn107QqVP6KFHalbRopv6eyLEwZixi1ymwHZpFbyr+53Uym1xFOZNpZqkk80VJxpFVaPo66jNNieVjRzDRzN2KyBBrTKwLqOxCCBZfXibhee265t9fVOs3RRolOIYTOIMALqEOd9CAEAg8wjO8wpunvBfv3fuYt654xcwR/IH3+QNURI5/</latexit><latexit sha1_base64="ISBfBe1uB7kQXDC7abuDJghL0GM=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNrmECBb1K1a/5M6BlEhSkCgUavcpXt69IJqi0hGNjOoGf2ijH2jLC6aTczQxNMRnhAe04KrGgJspn107QqVP6KFHalbRopv6eyLEwZixi1ymwHZpFbyr+53Uym1xFOZNpZqkk80VJxpFVaPo66jNNieVjRzDRzN2KyBBrTKwLqOxCCBZfXibhee265t9fVOs3RRolOIYTOIMALqEOd9CAEAg8wjO8wpunvBfv3fuYt654xcwR/IH3+QNURI5/</latexit>

⇠ 1
<latexit sha1_base64="ISBfBe1uB7kQXDC7abuDJghL0GM=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNrmECBb1K1a/5M6BlEhSkCgUavcpXt69IJqi0hGNjOoGf2ijH2jLC6aTczQxNMRnhAe04KrGgJspn107QqVP6KFHalbRopv6eyLEwZixi1ymwHZpFbyr+53Uym1xFOZNpZqkk80VJxpFVaPo66jNNieVjRzDRzN2KyBBrTKwLqOxCCBZfXibhee265t9fVOs3RRolOIYTOIMALqEOd9CAEAg8wjO8wpunvBfv3fuYt654xcwR/IH3+QNURI5/</latexit><latexit sha1_base64="ISBfBe1uB7kQXDC7abuDJghL0GM=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNrmECBb1K1a/5M6BlEhSkCgUavcpXt69IJqi0hGNjOoGf2ijH2jLC6aTczQxNMRnhAe04KrGgJspn107QqVP6KFHalbRopv6eyLEwZixi1ymwHZpFbyr+53Uym1xFOZNpZqkk80VJxpFVaPo66jNNieVjRzDRzN2KyBBrTKwLqOxCCBZfXibhee265t9fVOs3RRolOIYTOIMALqEOd9CAEAg8wjO8wpunvBfv3fuYt654xcwR/IH3+QNURI5/</latexit><latexit sha1_base64="ISBfBe1uB7kQXDC7abuDJghL0GM=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNrmECBb1K1a/5M6BlEhSkCgUavcpXt69IJqi0hGNjOoGf2ijH2jLC6aTczQxNMRnhAe04KrGgJspn107QqVP6KFHalbRopv6eyLEwZixi1ymwHZpFbyr+53Uym1xFOZNpZqkk80VJxpFVaPo66jNNieVjRzDRzN2KyBBrTKwLqOxCCBZfXibhee265t9fVOs3RRolOIYTOIMALqEOd9CAEAg8wjO8wpunvBfv3fuYt654xcwR/IH3+QNURI5/</latexit>

⇠ 10�7
<latexit sha1_base64="Bz71phzixcWfY7ooS8vBJps1YRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURoXorevFYwdhCE8tmu2mX7m7C7kYooX/DiwcVr/4ab/4bt20O2vpg4PHeDDPzopQzbVz32ymtrK6tb5Q3K1vbO7t71f2DB51kilCfJDxRnQhrypmkvmGG006qKBYRp+1odDP1209UaZbIezNOaSjwQLKYEWysFASaCeS5j/lZY9Kr1ty6OwNaJl5BalCg1at+Bf2EZIJKQzjWuuu5qQlzrAwjnE4qQaZpiskID2jXUokF1WE+u3mCTqzSR3GibEmDZurviRwLrccisp0Cm6Fe9Kbif143M/FlmDOZZoZKMl8UZxyZBE0DQH2mKDF8bAkmitlbERlihYmxMVVsCN7iy8vEP69f1d27i1rzukijDEdwDKfgQQOacAst8IFACs/wCm9O5rw4787HvLXkFDOH8AfO5w8nGJCl</latexit><latexit sha1_base64="Bz71phzixcWfY7ooS8vBJps1YRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURoXorevFYwdhCE8tmu2mX7m7C7kYooX/DiwcVr/4ab/4bt20O2vpg4PHeDDPzopQzbVz32ymtrK6tb5Q3K1vbO7t71f2DB51kilCfJDxRnQhrypmkvmGG006qKBYRp+1odDP1209UaZbIezNOaSjwQLKYEWysFASaCeS5j/lZY9Kr1ty6OwNaJl5BalCg1at+Bf2EZIJKQzjWuuu5qQlzrAwjnE4qQaZpiskID2jXUokF1WE+u3mCTqzSR3GibEmDZurviRwLrccisp0Cm6Fe9Kbif143M/FlmDOZZoZKMl8UZxyZBE0DQH2mKDF8bAkmitlbERlihYmxMVVsCN7iy8vEP69f1d27i1rzukijDEdwDKfgQQOacAst8IFACs/wCm9O5rw4787HvLXkFDOH8AfO5w8nGJCl</latexit><latexit sha1_base64="Bz71phzixcWfY7ooS8vBJps1YRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURoXorevFYwdhCE8tmu2mX7m7C7kYooX/DiwcVr/4ab/4bt20O2vpg4PHeDDPzopQzbVz32ymtrK6tb5Q3K1vbO7t71f2DB51kilCfJDxRnQhrypmkvmGG006qKBYRp+1odDP1209UaZbIezNOaSjwQLKYEWysFASaCeS5j/lZY9Kr1ty6OwNaJl5BalCg1at+Bf2EZIJKQzjWuuu5qQlzrAwjnE4qQaZpiskID2jXUokF1WE+u3mCTqzSR3GibEmDZurviRwLrccisp0Cm6Fe9Kbif143M/FlmDOZZoZKMl8UZxyZBE0DQH2mKDF8bAkmitlbERlihYmxMVVsCN7iy8vEP69f1d27i1rzukijDEdwDKfgQQOacAst8IFACs/wCm9O5rw4787HvLXkFDOH8AfO5w8nGJCl</latexit>

⇠ �1
<latexit sha1_base64="K0N8Bs5dYM+6jR90H21SZ38uWjg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgxbArgnoLevEYwTWBZAmzk9lkyDyWmVkhLPkILx5UvPo/3vwbJ8keNLGgoajqprsrTjkz1ve/vdLK6tr6RnmzsrW9s7tX3T94NCrThIZEcaXbMTaUM0lDyyyn7VRTLGJOW/Hoduq3nqg2TMkHO05pJPBAsoQRbJ3U6hom0FnQq9b8uj8DWiZBQWpQoNmrfnX7imSCSks4NqYT+KmNcqwtI5xOKt3M0BSTER7QjqMSC2qifHbuBJ04pY8SpV1Ji2bq74kcC2PGInadAtuhWfSm4n9eJ7PJVZQzmWaWSjJflGQcWYWmv6M+05RYPnYEE83crYgMscbEuoQqLoRg8eVlEp7Xr+v+/UWtcVOkUYYjOIZTCOASGnAHTQiBwAie4RXevNR78d69j3lryStmDuEPvM8fvyqOtg==</latexit><latexit sha1_base64="K0N8Bs5dYM+6jR90H21SZ38uWjg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgxbArgnoLevEYwTWBZAmzk9lkyDyWmVkhLPkILx5UvPo/3vwbJ8keNLGgoajqprsrTjkz1ve/vdLK6tr6RnmzsrW9s7tX3T94NCrThIZEcaXbMTaUM0lDyyyn7VRTLGJOW/Hoduq3nqg2TMkHO05pJPBAsoQRbJ3U6hom0FnQq9b8uj8DWiZBQWpQoNmrfnX7imSCSks4NqYT+KmNcqwtI5xOKt3M0BSTER7QjqMSC2qifHbuBJ04pY8SpV1Ji2bq74kcC2PGInadAtuhWfSm4n9eJ7PJVZQzmWaWSjJflGQcWYWmv6M+05RYPnYEE83crYgMscbEuoQqLoRg8eVlEp7Xr+v+/UWtcVOkUYYjOIZTCOASGnAHTQiBwAie4RXevNR78d69j3lryStmDuEPvM8fvyqOtg==</latexit><latexit sha1_base64="K0N8Bs5dYM+6jR90H21SZ38uWjg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgxbArgnoLevEYwTWBZAmzk9lkyDyWmVkhLPkILx5UvPo/3vwbJ8keNLGgoajqprsrTjkz1ve/vdLK6tr6RnmzsrW9s7tX3T94NCrThIZEcaXbMTaUM0lDyyyn7VRTLGJOW/Hoduq3nqg2TMkHO05pJPBAsoQRbJ3U6hom0FnQq9b8uj8DWiZBQWpQoNmrfnX7imSCSks4NqYT+KmNcqwtI5xOKt3M0BSTER7QjqMSC2qifHbuBJ04pY8SpV1Ji2bq74kcC2PGInadAtuhWfSm4n9eJ7PJVZQzmWaWSjJflGQcWYWmv6M+05RYPnYEE83crYgMscbEuoQqLoRg8eVlEp7Xr+v+/UWtcVOkUYYjOIZTCOASGnAHTQiBwAie4RXevNR78d69j3lryStmDuEPvM8fvyqOtg==</latexit>

V
e↵(H,S, T ) 6=V

e↵(H,T ) + V
e↵(S, T )

<latexit sha1_base64="lcxG9fCLy38nzK43p4ql6d6hpYE=">AAACPnicbVDLSgMxFM34rPVVdekmWBTFUqYiqBsR3bis2KrQqSWT3rGhmcyY3BHL0P/xN/wBt+oP6ErcujStXdjqgcDhnHO5N8ePpTDouq/O2PjE5NR0ZiY7Oze/sJhbWr4wUaI5VHkkI33lMwNSKKiiQAlXsQYW+hIu/fZJz7+8A21EpCrYiaEeshslAsEZWqmRO7649hDuMYUg6G6eFs4LlS3qKbjdoF6BjpjW2h7WevFGLu8W3T7oX1IakDwZoNzIvXnNiCchKOSSGVMruTHWU6ZRcAndrJcYiBlvsxuoWapYCKae9v/apetWadIg0vYppH3190TKQmM6oW+TIcOWGfV64n9eLcFgv54KFScIiv8sChJJMaK94mhTaOAoO5YwroW9lfIW04yjrXdoSwAdFcbdrC2mNFrDX1LdKR4U3bPd/NHhoKEMWSVrZJOUyB45IqekTKqEkwfyRJ7Ji/PovDsfzudPdMwZzKyQIThf30yQrXQ=</latexit><latexit sha1_base64="lcxG9fCLy38nzK43p4ql6d6hpYE=">AAACPnicbVDLSgMxFM34rPVVdekmWBTFUqYiqBsR3bis2KrQqSWT3rGhmcyY3BHL0P/xN/wBt+oP6ErcujStXdjqgcDhnHO5N8ePpTDouq/O2PjE5NR0ZiY7Oze/sJhbWr4wUaI5VHkkI33lMwNSKKiiQAlXsQYW+hIu/fZJz7+8A21EpCrYiaEeshslAsEZWqmRO7649hDuMYUg6G6eFs4LlS3qKbjdoF6BjpjW2h7WevFGLu8W3T7oX1IakDwZoNzIvXnNiCchKOSSGVMruTHWU6ZRcAndrJcYiBlvsxuoWapYCKae9v/apetWadIg0vYppH3190TKQmM6oW+TIcOWGfV64n9eLcFgv54KFScIiv8sChJJMaK94mhTaOAoO5YwroW9lfIW04yjrXdoSwAdFcbdrC2mNFrDX1LdKR4U3bPd/NHhoKEMWSVrZJOUyB45IqekTKqEkwfyRJ7Ji/PovDsfzudPdMwZzKyQIThf30yQrXQ=</latexit><latexit sha1_base64="lcxG9fCLy38nzK43p4ql6d6hpYE=">AAACPnicbVDLSgMxFM34rPVVdekmWBTFUqYiqBsR3bis2KrQqSWT3rGhmcyY3BHL0P/xN/wBt+oP6ErcujStXdjqgcDhnHO5N8ePpTDouq/O2PjE5NR0ZiY7Oze/sJhbWr4wUaI5VHkkI33lMwNSKKiiQAlXsQYW+hIu/fZJz7+8A21EpCrYiaEeshslAsEZWqmRO7649hDuMYUg6G6eFs4LlS3qKbjdoF6BjpjW2h7WevFGLu8W3T7oX1IakDwZoNzIvXnNiCchKOSSGVMruTHWU6ZRcAndrJcYiBlvsxuoWapYCKae9v/apetWadIg0vYppH3190TKQmM6oW+TIcOWGfV64n9eLcFgv54KFScIiv8sChJJMaK94mhTaOAoO5YwroW9lfIW04yjrXdoSwAdFcbdrC2mNFrDX1LdKR4U3bPd/NHhoKEMWSVrZJOUyB45IqekTKqEkwfyRJ7Ji/PovDsfzudPdMwZzKyQIThf30yQrXQ=</latexit>

+m��̄�+ m̃  ̄ 
<latexit sha1_base64="0CrBJX7lbX2aaO/+w4LjRg6U5hQ="></latexit><latexit sha1_base64="0CrBJX7lbX2aaO/+w4LjRg6U5hQ="></latexit><latexit sha1_base64="0CrBJX7lbX2aaO/+w4LjRg6U5hQ="></latexit>



• Two Step Phase Transition: Effective Potential
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• Two Step Phase Transition: Effective Potential
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• Vev Flip-Flop: Decaying Dark Matter
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S
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(a) (b) (c)

Open when
m� > m (T ) +mS(T )

<latexit sha1_base64="IlrXo7k9uivNdKJPrJd3LXYW8Nw=">AAACA3icbZDNSgMxFIUz9a/Wv1GX3QSLUBHKjAjqRopuXFbs2EI7DJk004YmmSHJCGXowo2v4saFiltfwp1vY9rOQlsPBD7OvZebe8KEUaUd59sqLC2vrK4V10sbm1vbO/bu3r2KU4mJh2MWy3aIFGFUEE9TzUg7kQTxkJFWOLye1FsPRCoai6YeJcTnqC9oRDHSxgrsMg+6eEDhJTSQKFptHsFjw3cGArvi1Jyp4CK4OVRArkZgf3V7MU45ERozpFTHdRLtZ0hqihkZl7qpIgnCQ9QnHYMCcaL8bHrEGB4apwejWJonNJy6vycyxJUa8dB0cqQHar42Mf+rdVIdnfsZFUmqicCzRVHKoI7hJBHYo5JgzUYGEJbU/BXiAZIIa5NbyYTgzp+8CN5J7aLm3J5W6ld5GkVQBgegClxwBurgBjSABzB4BM/gFbxZT9aL9W59zFoLVj6zD/7I+vwBmK6Vrg==</latexit><latexit sha1_base64="IlrXo7k9uivNdKJPrJd3LXYW8Nw=">AAACA3icbZDNSgMxFIUz9a/Wv1GX3QSLUBHKjAjqRopuXFbs2EI7DJk004YmmSHJCGXowo2v4saFiltfwp1vY9rOQlsPBD7OvZebe8KEUaUd59sqLC2vrK4V10sbm1vbO/bu3r2KU4mJh2MWy3aIFGFUEE9TzUg7kQTxkJFWOLye1FsPRCoai6YeJcTnqC9oRDHSxgrsMg+6eEDhJTSQKFptHsFjw3cGArvi1Jyp4CK4OVRArkZgf3V7MU45ERozpFTHdRLtZ0hqihkZl7qpIgnCQ9QnHYMCcaL8bHrEGB4apwejWJonNJy6vycyxJUa8dB0cqQHar42Mf+rdVIdnfsZFUmqicCzRVHKoI7hJBHYo5JgzUYGEJbU/BXiAZIIa5NbyYTgzp+8CN5J7aLm3J5W6ld5GkVQBgegClxwBurgBjSABzB4BM/gFbxZT9aL9W59zFoLVj6zD/7I+vwBmK6Vrg==</latexit><latexit sha1_base64="IlrXo7k9uivNdKJPrJd3LXYW8Nw=">AAACA3icbZDNSgMxFIUz9a/Wv1GX3QSLUBHKjAjqRopuXFbs2EI7DJk004YmmSHJCGXowo2v4saFiltfwp1vY9rOQlsPBD7OvZebe8KEUaUd59sqLC2vrK4V10sbm1vbO/bu3r2KU4mJh2MWy3aIFGFUEE9TzUg7kQTxkJFWOLye1FsPRCoai6YeJcTnqC9oRDHSxgrsMg+6eEDhJTSQKFptHsFjw3cGArvi1Jyp4CK4OVRArkZgf3V7MU45ERozpFTHdRLtZ0hqihkZl7qpIgnCQ9QnHYMCcaL8bHrEGB4apwejWJonNJy6vycyxJUa8dB0cqQHar42Mf+rdVIdnfsZFUmqicCzRVHKoI7hJBHYo5JgzUYGEJbU/BXiAZIIa5NbyYTgzp+8CN5J7aLm3J5W6ld5GkVQBgegClxwBurgBjSABzB4BM/gFbxZT9aL9W59zFoLVj6zD/7I+vwBmK6Vrg==</latexit>

Assume    begins with thermal abundance�

Suppressed by y� ⇠ 10�7
<latexit sha1_base64="39UqFT+ati2rA6e3XRG4DxJEeZ0=">AAACE3icbVDLSsNAFJ34rPUVdSVuBovgxpKIUN1IwY3LCsYWmhgm00k7dDIJMxMhhuBf+Adu9QdciVs/wL0f4rTNwrYeuHA4517uvSdIGJXKsr6NhcWl5ZXVylp1fWNza9vc2b2TcSowcXDMYtEJkCSMcuIoqhjpJIKgKGCkHQyvRn77gQhJY36rsoR4EepzGlKMlJZ8cz/zcxcPqJtIWkBX0gja1n1+0ih8s2bVrTHgPLFLUgMlWr754/ZinEaEK8yQlF3bSpSXI6EoZqSouqkkCcJD1CddTTmKiPTy8QsFPNJKD4ax0MUVHKt/J3IUSZlFge6MkBrIWW8k/ud1UxWeeznlSaoIx5NFYcqgiuEoD9ijgmDFMk0QFlTfCvEACYSVTm1qi6LDx6KqY7FnQ5gnzmn9om7dnNWal2U+FXAADsExsEEDNME1aAEHYPAEXsAreDOejXfjw/ictC4Y5cwemILx9QvyBZ4h</latexit><latexit sha1_base64="39UqFT+ati2rA6e3XRG4DxJEeZ0=">AAACE3icbVDLSsNAFJ34rPUVdSVuBovgxpKIUN1IwY3LCsYWmhgm00k7dDIJMxMhhuBf+Adu9QdciVs/wL0f4rTNwrYeuHA4517uvSdIGJXKsr6NhcWl5ZXVylp1fWNza9vc2b2TcSowcXDMYtEJkCSMcuIoqhjpJIKgKGCkHQyvRn77gQhJY36rsoR4EepzGlKMlJZ8cz/zcxcPqJtIWkBX0gja1n1+0ih8s2bVrTHgPLFLUgMlWr754/ZinEaEK8yQlF3bSpSXI6EoZqSouqkkCcJD1CddTTmKiPTy8QsFPNJKD4ax0MUVHKt/J3IUSZlFge6MkBrIWW8k/ud1UxWeeznlSaoIx5NFYcqgiuEoD9ijgmDFMk0QFlTfCvEACYSVTm1qi6LDx6KqY7FnQ5gnzmn9om7dnNWal2U+FXAADsExsEEDNME1aAEHYPAEXsAreDOejXfjw/ictC4Y5cwemILx9QvyBZ4h</latexit><latexit sha1_base64="39UqFT+ati2rA6e3XRG4DxJEeZ0=">AAACE3icbVDLSsNAFJ34rPUVdSVuBovgxpKIUN1IwY3LCsYWmhgm00k7dDIJMxMhhuBf+Adu9QdciVs/wL0f4rTNwrYeuHA4517uvSdIGJXKsr6NhcWl5ZXVylp1fWNza9vc2b2TcSowcXDMYtEJkCSMcuIoqhjpJIKgKGCkHQyvRn77gQhJY36rsoR4EepzGlKMlJZ8cz/zcxcPqJtIWkBX0gja1n1+0ih8s2bVrTHgPLFLUgMlWr754/ZinEaEK8yQlF3bSpSXI6EoZqSouqkkCcJD1CddTTmKiPTy8QsFPNJKD4ax0MUVHKt/J3IUSZlFge6MkBrIWW8k/ud1UxWeeznlSaoIx5NFYcqgiuEoD9ijgmDFMk0QFlTfCvEACYSVTm1qi6LDx6KqY7FnQ5gnzmn9om7dnNWal2U+FXAADsExsEEDNME1aAEHYPAEXsAreDOejXfjw/ictC4Y5cwemILx9QvyBZ4h</latexit>
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• Vev Flip-Flop: Decaying Dark Matter
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We have demonstrated another new method of obtaining the relic abundance
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Conclusions



• Conclusions

• Thermal effects are important in the early universe!

• Temperature dependent masses affect kinematic thresholds

• NP scalars may temporarily obtain vevs 

• Illustrated this with three scenarios, more are possible

 32

• This can have a dramatic influence on DM abundance

Thank you!
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Experimental 
Probes



• Experimental Probes

 34

Detection of     hindered by small couplings�

Two-step phase transition scenarios may give a subdominant  
population of     and    

<latexit sha1_base64="rLw/XUcToa2ZeKGI9H4siap24Cg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk2xIskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvVpwZ6/tfXmVldW19o7pZ29re2d2r7x88mDTThIYk5anuxthQziQNLbOcdpWmWMScduLJTeF3Hqk2LJX3dqpoJPBIsoQRbAuprwwb1Bt+058D/SVBSRpQoj2of/aHKckElZZwbEwv8JWNcqwtI5zOav3MUIXJBI9oz1GJBTVRPr91hk6cMkRJql1Ji+bqz4kcC2OmInadAtuxWfYK8T+vl9nkMsqZVJmlkiwWJRlHNkXF42jINCWWTx3BRDN3KyJjrDGxLp6aCyFYfvkvCc+aV03/7rzRui7TqMIRHMMpBHABLbiFNoRAYAxP8AKvnvCevTfvfdFa8cqZQ/gF7+MbkRGOHQ==</latexit><latexit sha1_base64="rLw/XUcToa2ZeKGI9H4siap24Cg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk2xIskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvVpwZ6/tfXmVldW19o7pZ29re2d2r7x88mDTThIYk5anuxthQziQNLbOcdpWmWMScduLJTeF3Hqk2LJX3dqpoJPBIsoQRbAuprwwb1Bt+058D/SVBSRpQoj2of/aHKckElZZwbEwv8JWNcqwtI5zOav3MUIXJBI9oz1GJBTVRPr91hk6cMkRJql1Ji+bqz4kcC2OmInadAtuxWfYK8T+vl9nkMsqZVJmlkiwWJRlHNkXF42jINCWWTx3BRDN3KyJjrDGxLp6aCyFYfvkvCc+aV03/7rzRui7TqMIRHMMpBHABLbiFNoRAYAxP8AKvnvCevTfvfdFa8cqZQ/gF7+MbkRGOHQ==</latexit><latexit sha1_base64="rLw/XUcToa2ZeKGI9H4siap24Cg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk2xIskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvVpwZ6/tfXmVldW19o7pZ29re2d2r7x88mDTThIYk5anuxthQziQNLbOcdpWmWMScduLJTeF3Hqk2LJX3dqpoJPBIsoQRbAuprwwb1Bt+058D/SVBSRpQoj2of/aHKckElZZwbEwv8JWNcqwtI5zOav3MUIXJBI9oz1GJBTVRPr91hk6cMkRJql1Ji+bqz4kcC2OmInadAtuxWfYK8T+vl9nkMsqZVJmlkiwWJRlHNkXF42jINCWWTx3BRDN3KyJjrDGxLp6aCyFYfvkvCc+aV03/7rzRui7TqMIRHMMpBHABLbiFNoRAYAxP8AKvnvCevTfvfdFa8cqZQ/gF7+MbkRGOHQ==</latexit>

S
<latexit sha1_base64="6yiCQkfAli7z5Qa99hs60i1srBA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bNLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgecgZNVZq3vXKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8cXoyq</latexit><latexit sha1_base64="6yiCQkfAli7z5Qa99hs60i1srBA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bNLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgecgZNVZq3vXKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8cXoyq</latexit><latexit sha1_base64="6yiCQkfAli7z5Qa99hs60i1srBA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bNLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgecgZNVZq3vXKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8cXoyq</latexit>

[Curtin, Meade, Yu] [Schwaller]

But     and     couplings can be relatively large, so can be produced 
<latexit sha1_base64="rLw/XUcToa2ZeKGI9H4siap24Cg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk2xIskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvVpwZ6/tfXmVldW19o7pZ29re2d2r7x88mDTThIYk5anuxthQziQNLbOcdpWmWMScduLJTeF3Hqk2LJX3dqpoJPBIsoQRbAuprwwb1Bt+058D/SVBSRpQoj2of/aHKckElZZwbEwv8JWNcqwtI5zOav3MUIXJBI9oz1GJBTVRPr91hk6cMkRJql1Ji+bqz4kcC2OmInadAtuxWfYK8T+vl9nkMsqZVJmlkiwWJRlHNkXF42jINCWWTx3BRDN3KyJjrDGxLp6aCyFYfvkvCc+aV03/7rzRui7TqMIRHMMpBHABLbiFNoRAYAxP8AKvnvCevTfvfdFa8cqZQ/gF7+MbkRGOHQ==</latexit><latexit sha1_base64="rLw/XUcToa2ZeKGI9H4siap24Cg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk2xIskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvVpwZ6/tfXmVldW19o7pZ29re2d2r7x88mDTThIYk5anuxthQziQNLbOcdpWmWMScduLJTeF3Hqk2LJX3dqpoJPBIsoQRbAuprwwb1Bt+058D/SVBSRpQoj2of/aHKckElZZwbEwv8JWNcqwtI5zOav3MUIXJBI9oz1GJBTVRPr91hk6cMkRJql1Ji+bqz4kcC2OmInadAtuxWfYK8T+vl9nkMsqZVJmlkiwWJRlHNkXF42jINCWWTx3BRDN3KyJjrDGxLp6aCyFYfvkvCc+aV03/7rzRui7TqMIRHMMpBHABLbiFNoRAYAxP8AKvnvCevTfvfdFa8cqZQ/gF7+MbkRGOHQ==</latexit><latexit sha1_base64="rLw/XUcToa2ZeKGI9H4siap24Cg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk2xIskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvVpwZ6/tfXmVldW19o7pZ29re2d2r7x88mDTThIYk5anuxthQziQNLbOcdpWmWMScduLJTeF3Hqk2LJX3dqpoJPBIsoQRbAuprwwb1Bt+058D/SVBSRpQoj2of/aHKckElZZwbEwv8JWNcqwtI5zOav3MUIXJBI9oz1GJBTVRPr91hk6cMkRJql1Ji+bqz4kcC2OmInadAtuxWfYK8T+vl9nkMsqZVJmlkiwWJRlHNkXF42jINCWWTx3BRDN3KyJjrDGxLp6aCyFYfvkvCc+aV03/7rzRui7TqMIRHMMpBHABLbiFNoRAYAxP8AKvnvCevTfvfdFa8cqZQ/gF7+MbkRGOHQ==</latexit>

S
<latexit sha1_base64="6yiCQkfAli7z5Qa99hs60i1srBA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bNLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgecgZNVZq3vXKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8cXoyq</latexit><latexit sha1_base64="6yiCQkfAli7z5Qa99hs60i1srBA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bNLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgecgZNVZq3vXKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8cXoyq</latexit><latexit sha1_base64="6yiCQkfAli7z5Qa99hs60i1srBA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bNLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgecgZNVZq3vXKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8cXoyq</latexit>



 35

Parameter Space
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• Vev Flip-Flop: Decaying Dark Matter
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• Vev Flip-Flop: Decaying Dark Matter
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Two Step Phase 
Transition



• Phase Transitions

First Order Phase Transitions

Tn < Tc

�

V (�)
T > Tc

T = Tc

Tn < Tc

Second Order Phase Transitions

TPT = Tc

�

V (�)

T > Tc

T = Tc

T < Tc
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• Bubble nucleation and Cosmotransitions

�

V
= Ae�SE/T

Bubble nucleation rate per volume:

Use cosmotransitions Wainwright, 2011

P(one bubble nucleation per Hubble volume) ~ 1

SE

T
⇠ 140 Linde, 1983

Anderson & Hall, 1992

 40

+m��̄�+ m̃  ̄ 
<latexit sha1_base64="0CrBJX7lbX2aaO/+w4LjRg6U5hQ="></latexit><latexit sha1_base64="0CrBJX7lbX2aaO/+w4LjRg6U5hQ="></latexit><latexit sha1_base64="0CrBJX7lbX2aaO/+w4LjRg6U5hQ="></latexit>



• Vev Flip-Flop: Effective Potential
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The Effective 
Potential



• The Effective Potential

 43

“It would be wonderful if, in the full quantum field theory, there were a function 
whose minimum gave the exact value of     .  We will exhibit a function with 
these properties, called the effective potential.”

h�i
<latexit sha1_base64="P5ZJK2c5vqXZprthHrAAkCCXVBA=">AAACEHicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1I0U3LisYGyhCWUyvWmHTiZhZiLE0q/wB9zqH7gSt/6BP+B3OE2zsK0HLpx7zr3cywlTzpR2nG9raXlldW29slHd3Nre2bX39h9UkkkKHk14ItshUcCZAE8zzaGdSiBxyKEVDm8mfusRpGKJuNd5CkFM+oJFjBJtpK596HMi+hywnw4Y9mXRdO2aU3cK4EXilqSGSjS79o/fS2gWg9CUE6U6rpPqYESkZpTDuOpnClJCh6QPHUMFiUEFo+L7MT4xSg9HiTQlNC7UvxsjEiuVx6GZjIkeqHlvIv7ndTIdXQYjJtJMg6DTQ1HGsU7wJArcYxKo5rkhhEpmfsV0QCSh2gQ2cyWCXMTpuGqCcedjWCTeWf2q7tyd1xrXZUIVdISO0Sly0QVqoFvURB6i6Am9oFf0Zj1b79aH9TkdXbLKnQM0A+vrFx5tnUE=</latexit><latexit sha1_base64="P5ZJK2c5vqXZprthHrAAkCCXVBA=">AAACEHicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1I0U3LisYGyhCWUyvWmHTiZhZiLE0q/wB9zqH7gSt/6BP+B3OE2zsK0HLpx7zr3cywlTzpR2nG9raXlldW29slHd3Nre2bX39h9UkkkKHk14ItshUcCZAE8zzaGdSiBxyKEVDm8mfusRpGKJuNd5CkFM+oJFjBJtpK596HMi+hywnw4Y9mXRdO2aU3cK4EXilqSGSjS79o/fS2gWg9CUE6U6rpPqYESkZpTDuOpnClJCh6QPHUMFiUEFo+L7MT4xSg9HiTQlNC7UvxsjEiuVx6GZjIkeqHlvIv7ndTIdXQYjJtJMg6DTQ1HGsU7wJArcYxKo5rkhhEpmfsV0QCSh2gQ2cyWCXMTpuGqCcedjWCTeWf2q7tyd1xrXZUIVdISO0Sly0QVqoFvURB6i6Am9oFf0Zj1b79aH9TkdXbLKnQM0A+vrFx5tnUE=</latexit><latexit sha1_base64="P5ZJK2c5vqXZprthHrAAkCCXVBA=">AAACEHicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1I0U3LisYGyhCWUyvWmHTiZhZiLE0q/wB9zqH7gSt/6BP+B3OE2zsK0HLpx7zr3cywlTzpR2nG9raXlldW29slHd3Nre2bX39h9UkkkKHk14ItshUcCZAE8zzaGdSiBxyKEVDm8mfusRpGKJuNd5CkFM+oJFjBJtpK596HMi+hywnw4Y9mXRdO2aU3cK4EXilqSGSjS79o/fS2gWg9CUE6U6rpPqYESkZpTDuOpnClJCh6QPHUMFiUEFo+L7MT4xSg9HiTQlNC7UvxsjEiuVx6GZjIkeqHlvIv7ndTIdXQYjJtJMg6DTQ1HGsU7wJArcYxKo5rkhhEpmfsV0QCSh2gQ2cyWCXMTpuGqCcedjWCTeWf2q7tyd1xrXZUIVdISO0Sly0QVqoFvURB6i6Am9oFf0Zj1b79aH9TkdXbLKnQM0A+vrFx5tnUE=</latexit>

(Peskin & Schroeder)

At zero temperature:

E.g.,

V CW(h, S) =
X

i

ni

64⇡2
m4

i (h, S)


log

m2
i (h, S)

⇤2
� 3

2

�

Coleman & Weinberg, 1973

m2
t (h) =

1

2
y2t h

2

<latexit sha1_base64="4jOkNTZ8lotChi5q6cXKjzVGksA=">AAACGnicbZC7SgNBFIZnvcZ4W7W0GQxCbMJuENRCCNpYRjAmkMsyO5nNDpm9MHNWiMu2voVvYKsvYCW2NvY+iLNJCpP4w8DPf87hnPncWHAFlvVtLC2vrK6tFzaKm1vbO7vm3v69ihJJWYNGIpItlygmeMgawEGwViwZCVzBmu7wOq83H5hUPArvYBSzbkAGIfc4JaAjx8SBA71q2T/Bl7jjSUJTO0urGR7lMfZ7VccsWRVrLLxo7KkpoanqjvnT6Uc0CVgIVBCl2rYVQzclEjgVLCt2EsViQodkwNrahiRgqpuOf5LhY530sRdJ/ULA4/TvREoCpUaBqzsDAr6ar+Xhf7V2At55N+VhnAAL6WSRlwgMEc6x4D6XjIIYaUOo5PpWTH2ieYCGN7MF+PAxK2os9jyERdOoVi4q1u1pqXY15VNAh+gIlZGNzlAN3aA6aiCKntALekVvxrPxbnwYn5PWJWM6c4BmZHz9Ak0Fn8g=</latexit><latexit sha1_base64="4jOkNTZ8lotChi5q6cXKjzVGksA=">AAACGnicbZC7SgNBFIZnvcZ4W7W0GQxCbMJuENRCCNpYRjAmkMsyO5nNDpm9MHNWiMu2voVvYKsvYCW2NvY+iLNJCpP4w8DPf87hnPncWHAFlvVtLC2vrK6tFzaKm1vbO7vm3v69ihJJWYNGIpItlygmeMgawEGwViwZCVzBmu7wOq83H5hUPArvYBSzbkAGIfc4JaAjx8SBA71q2T/Bl7jjSUJTO0urGR7lMfZ7VccsWRVrLLxo7KkpoanqjvnT6Uc0CVgIVBCl2rYVQzclEjgVLCt2EsViQodkwNrahiRgqpuOf5LhY530sRdJ/ULA4/TvREoCpUaBqzsDAr6ar+Xhf7V2At55N+VhnAAL6WSRlwgMEc6x4D6XjIIYaUOo5PpWTH2ieYCGN7MF+PAxK2os9jyERdOoVi4q1u1pqXY15VNAh+gIlZGNzlAN3aA6aiCKntALekVvxrPxbnwYn5PWJWM6c4BmZHz9Ak0Fn8g=</latexit><latexit sha1_base64="4jOkNTZ8lotChi5q6cXKjzVGksA=">AAACGnicbZC7SgNBFIZnvcZ4W7W0GQxCbMJuENRCCNpYRjAmkMsyO5nNDpm9MHNWiMu2voVvYKsvYCW2NvY+iLNJCpP4w8DPf87hnPncWHAFlvVtLC2vrK6tFzaKm1vbO7vm3v69ihJJWYNGIpItlygmeMgawEGwViwZCVzBmu7wOq83H5hUPArvYBSzbkAGIfc4JaAjx8SBA71q2T/Bl7jjSUJTO0urGR7lMfZ7VccsWRVrLLxo7KkpoanqjvnT6Uc0CVgIVBCl2rYVQzclEjgVLCt2EsViQodkwNrahiRgqpuOf5LhY530sRdJ/ULA4/TvREoCpUaBqzsDAr6ar+Xhf7V2At55N+VhnAAL6WSRlwgMEc6x4D6XjIIYaUOo5PpWTH2ieYCGN7MF+PAxK2os9jyERdOoVi4q1u1pqXY15VNAh+gIlZGNzlAN3aA6aiCKntALekVvxrPxbnwYn5PWJWM6c4BmZHz9Ak0Fn8g=</latexit>

V e↵ =V tree + V 1-loop + . . .
<latexit sha1_base64="vbdWpEBGuEs0uwfiX8TBH21g5+E="></latexit><latexit sha1_base64="vbdWpEBGuEs0uwfiX8TBH21g5+E="></latexit><latexit sha1_base64="vbdWpEBGuEs0uwfiX8TBH21g5+E="></latexit>



V T (h, S) =
X

i

niT 4
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Z 1

0
dx x2 log


1± exp

⇣
�

q
x2 +m2

i (h, S)/T
2
⌘�

Dolan & Jackiw, 1974

• The Effective Potential
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In finite temperature QFT, we can’t rely on asymptotic states.  Instead, we 
apply ideas from thermodynamics, then express the partition function as a 
path integral in imaginary time with periodic boundary conditions.  The one-
loop expansion of the effective potential then becomes

= V tree +
X

i

niT

2

+1X

n=�1

Z
d3~k

(2⇡)3
log

h
~k2 + !2

n +m2
i (h, S)

i
+ . . .

<latexit sha1_base64="pXbwt5g/u063XUH+RhkZRK+rImA="></latexit><latexit sha1_base64="pXbwt5g/u063XUH+RhkZRK+rImA="></latexit><latexit sha1_base64="pXbwt5g/u063XUH+RhkZRK+rImA="></latexit>

V e↵
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V e↵ = V tree + V CW + V T + V daisy
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• The Effective Potential
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V e↵ = V tree + V CW + V T + V daisy

Dolan & Jackiw, 1974

E.g., ⇧h,G0,G+ = 1
48T

2
�
9g2 + 3g02 + 24�H + 12y2

t
+ 2�p

�
<latexit sha1_base64="zQcrbcmGdkRYcGY8gdAMWv7+y4E="></latexit><latexit sha1_base64="zQcrbcmGdkRYcGY8gdAMWv7+y4E="></latexit><latexit sha1_base64="zQcrbcmGdkRYcGY8gdAMWv7+y4E="></latexit>


