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• Weakly Interacting 
Massive Particle: 
WIMP

• WIMP scenario: 
DM abundance is 
explained from 
thermal freeze-out.
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Fig: G. Jungman, M. Kamionkowski and 
K. Griest, Physics Reports 267(1996)
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Coincidence Problem I (origin of DM)
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If there is no asymmetry generation in baryon sector
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III. Asymmetry remains

Baryo-genesis (lepto-genesis) recovers this 10,-. discrepancy

II. Asymmetry generatedI. Symmetric

Leptogenesis

𝑇
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Coincidence Problem II (origin of baryon)
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The Universe @ Today

Coincidence Problem III

⌦DM

⌦B
' 5 = O(1)
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Question
• Is there any mechanism that solve this 

problem?

Even after 10,-. discrepancy recovored…

Asymetric Dark Matter!
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Asymmetric Dark Matter (ADM)

Ω1:Baryogenesis or Leptogenesis
Ω23:Thermal freeze-out

Originate from the 
Independent Process

Difficult to Solve Coincidence Problem!

Baryogenesis or Leptogenesis Same

Naturally

Basic Idea of ADM
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What we need for ADM Model

• 𝐵 − 𝐿 charged DM

• 𝐵 − 𝐿 portal interaction 

• Large enough 𝜎899 of DM

Ω23 from Baryogenesis

Distribute 𝐵 − 𝐿 asym. 
between SM and Dark 
Sector (DS)

Annihilate symmetric 
component of DM

Model Building
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Why Composite?
1. Recall what we need for ADM model…

• 𝐵 − 𝐿 charged DM

• 𝐵 − 𝐿 portal interaction

• Strong DM annihilation Obtained by confinement!

2. DM mass
ADM mass is typically 1 ∼ 10 GeV.

Obtained by QCD′ dynamics!

⇤QCD0 = 10⇥ ⇤QCD ⇠ 1GeV
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Components of Dark Sector (DS)

SU(3)D B � L U(1)D
Q1 3 1/3 2/3

Q̄1 3̄ �1/3 �2/3

Q2 3 1/3 �1/3

Q̄2 3̄ �1/3 1/3
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• DS has 𝑆𝑈 3 2×𝑈 1 2 symmetry. 
• 2-flavor dark quarks are charged under this symmetry and 
𝐵 − 𝐿

+ Dark Higgs to make dark photon massive

SU(3)D
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<latexit sha1_base64="9A5w5XtJmp00mwZbwITr+LHrYP0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPRY1IPHCm5baJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Gbmt5+o0kyKBzNJaBDjoWARI9hYqeVXvfP+bb9ccWvuHGiVeDmpQI5mv/zVG0iSxlQYwrHWXc9NTJBhZRjhdFrqpZommIzxkHYtFTimOsjm107RmVUGKJLKljBorv6eyHCs9SQObWeMzUgvezPxP6+bmugqyJhIUkMFWSyKUo6MRLPX0YApSgyfWIKJYvZWREZYYWJsQCUbgrf88ippXdQ8t+bd1yuN6zyOIpzAKVTBg0towB00wQcCj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AKYOOMA==</latexit><latexit sha1_base64="9A5w5XtJmp00mwZbwITr+LHrYP0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPRY1IPHCm5baJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Gbmt5+o0kyKBzNJaBDjoWARI9hYqeVXvfP+bb9ccWvuHGiVeDmpQI5mv/zVG0iSxlQYwrHWXc9NTJBhZRjhdFrqpZommIzxkHYtFTimOsjm107RmVUGKJLKljBorv6eyHCs9SQObWeMzUgvezPxP6+bmugqyJhIUkMFWSyKUo6MRLPX0YApSgyfWIKJYvZWREZYYWJsQCUbgrf88ippXdQ8t+bd1yuN6zyOIpzAKVTBg0towB00wQcCj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AKYOOMA==</latexit><latexit sha1_base64="9A5w5XtJmp00mwZbwITr+LHrYP0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPRY1IPHCm5baJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Gbmt5+o0kyKBzNJaBDjoWARI9hYqeVXvfP+bb9ccWvuHGiVeDmpQI5mv/zVG0iSxlQYwrHWXc9NTJBhZRjhdFrqpZommIzxkHYtFTimOsjm107RmVUGKJLKljBorv6eyHCs9SQObWeMzUgvezPxP6+bmugqyJhIUkMFWSyKUo6MRLPX0YApSgyfWIKJYvZWREZYYWJsQCUbgrf88ippXdQ8t+bd1yuN6zyOIpzAKVTBg0towB00wQcCj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AKYOOMA==</latexit><latexit sha1_base64="9A5w5XtJmp00mwZbwITr+LHrYP0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPRY1IPHCm5baJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Gbmt5+o0kyKBzNJaBDjoWARI9hYqeVXvfP+bb9ccWvuHGiVeDmpQI5mv/zVG0iSxlQYwrHWXc9NTJBhZRjhdFrqpZommIzxkHYtFTimOsjm107RmVUGKJLKljBorv6eyHCs9SQObWeMzUgvezPxP6+bmugqyJhIUkMFWSyKUo6MRLPX0YApSgyfWIKJYvZWREZYYWJsQCUbgrf88ippXdQ8t+bd1yuN6zyOIpzAKVTBg0towB00wQcCj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AKYOOMA==</latexit>
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𝐵 − 𝐿 portal interaction
𝐵 − 𝐿 asymmetry: Generated from Leptogenesis.
Interaction between SM and 𝑁B

LN-SM =
1

2
MRN̄RN̄R + yNHLN̄R + h.c.

<latexit sha1_base64="AzUESyw+ZpT+FHkDS9mKiQY7+vA="></latexit><latexit sha1_base64="AzUESyw+ZpT+FHkDS9mKiQY7+vA="></latexit><latexit sha1_base64="AzUESyw+ZpT+FHkDS9mKiQY7+vA="></latexit><latexit sha1_base64="AzUESyw+ZpT+FHkDS9mKiQY7+vA="></latexit>

Interaction between DS and 𝑁B

At T < 𝑀B, 

LN-D =
1

M2
⇤

�
Q̄1Q̄2Q̄2

�
N̄R + h.c.

<latexit sha1_base64="8FqwabH5fJPrZE7gVkkbIyuAt3s="></latexit><latexit sha1_base64="8FqwabH5fJPrZE7gVkkbIyuAt3s="></latexit><latexit sha1_base64="8FqwabH5fJPrZE7gVkkbIyuAt3s="></latexit><latexit sha1_base64="8FqwabH5fJPrZE7gVkkbIyuAt3s="></latexit>

LB�Lportal =
yN

M2
⇤MR

�
Q̄1Q̄2Q̄2

�
LH + h.c. =

1

⇤3
⇤

�
Q̄1Q̄2Q̄2

�
LH + h.c.

<latexit sha1_base64="Io/6r4dn9DxDaidH+FrPg1l1Zxo="></latexit><latexit sha1_base64="Io/6r4dn9DxDaidH+FrPg1l1Zxo="></latexit><latexit sha1_base64="Io/6r4dn9DxDaidH+FrPg1l1Zxo="></latexit><latexit sha1_base64="Io/6r4dn9DxDaidH+FrPg1l1Zxo="></latexit>

⇤⇤ =
�
M2

⇤MR/yN
�1/3

<latexit sha1_base64="/29hFdbUgv9J83yG3dRA9tGhgCo="></latexit><latexit sha1_base64="/29hFdbUgv9J83yG3dRA9tGhgCo="></latexit><latexit sha1_base64="/29hFdbUgv9J83yG3dRA9tGhgCo="></latexit><latexit sha1_base64="/29hFdbUgv9J83yG3dRA9tGhgCo="></latexit>
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Confinement of DS
QCD′ components confine to compose dark nucleons and 
dark pions, like ordinary QCD

Q1
<latexit sha1_base64="LNV4PqIZjphFAfUv+vN7gbielho=">AAACEnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5ct2ge0pWTSTBuaZEKSEYahn+BO9F/ciVt/wF9xZdrOwlYPXDiccy/33hMqzoz1/S+vsLa+sblV3C7t7O7tH5QPj1omTjShTRLzWHdCbChnkjYts5x2lKZYhJy2w8ntzG8/Um1YLB9sqmhf4JFkESPYOum+MQgG5Ypf9edAf0mQkwrkqA/K371hTBJBpSUcG9MNfGX7GdaWEU6npV5iqMJkgke066jEgpp+Nj91is6cMkRRrF1Ji+bq74kMC2NSEbpOge3YrHoz8T+vm9joup8xqRJLJVksihKObIxmf6Mh05RYnjqCiWbuVkTGWGNiXTpLWyKaSqGW/sjUODWMmKkLK1iN5i9pXVQDvxo0Liu1mzy2IpzAKZxDAFdQgzuoQxMIjOAJXuDVe/bevHfvY9Fa8PKZY1iC9/kD/Zqe3w==</latexit><latexit sha1_base64="LNV4PqIZjphFAfUv+vN7gbielho=">AAACEnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5ct2ge0pWTSTBuaZEKSEYahn+BO9F/ciVt/wF9xZdrOwlYPXDiccy/33hMqzoz1/S+vsLa+sblV3C7t7O7tH5QPj1omTjShTRLzWHdCbChnkjYts5x2lKZYhJy2w8ntzG8/Um1YLB9sqmhf4JFkESPYOum+MQgG5Ypf9edAf0mQkwrkqA/K371hTBJBpSUcG9MNfGX7GdaWEU6npV5iqMJkgke066jEgpp+Nj91is6cMkRRrF1Ji+bq74kMC2NSEbpOge3YrHoz8T+vm9joup8xqRJLJVksihKObIxmf6Mh05RYnjqCiWbuVkTGWGNiXTpLWyKaSqGW/sjUODWMmKkLK1iN5i9pXVQDvxo0Liu1mzy2IpzAKZxDAFdQgzuoQxMIjOAJXuDVe/bevHfvY9Fa8PKZY1iC9/kD/Zqe3w==</latexit><latexit sha1_base64="LNV4PqIZjphFAfUv+vN7gbielho=">AAACEnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5ct2ge0pWTSTBuaZEKSEYahn+BO9F/ciVt/wF9xZdrOwlYPXDiccy/33hMqzoz1/S+vsLa+sblV3C7t7O7tH5QPj1omTjShTRLzWHdCbChnkjYts5x2lKZYhJy2w8ntzG8/Um1YLB9sqmhf4JFkESPYOum+MQgG5Ypf9edAf0mQkwrkqA/K371hTBJBpSUcG9MNfGX7GdaWEU6npV5iqMJkgke066jEgpp+Nj91is6cMkRRrF1Ji+bq74kMC2NSEbpOge3YrHoz8T+vm9joup8xqRJLJVksihKObIxmf6Mh05RYnjqCiWbuVkTGWGNiXTpLWyKaSqGW/sjUODWMmKkLK1iN5i9pXVQDvxo0Liu1mzy2IpzAKZxDAFdQgzuoQxMIjOAJXuDVe/bevHfvY9Fa8PKZY1iC9/kD/Zqe3w==</latexit><latexit sha1_base64="LNV4PqIZjphFAfUv+vN7gbielho=">AAACEnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5ct2ge0pWTSTBuaZEKSEYahn+BO9F/ciVt/wF9xZdrOwlYPXDiccy/33hMqzoz1/S+vsLa+sblV3C7t7O7tH5QPj1omTjShTRLzWHdCbChnkjYts5x2lKZYhJy2w8ntzG8/Um1YLB9sqmhf4JFkESPYOum+MQgG5Ypf9edAf0mQkwrkqA/K371hTBJBpSUcG9MNfGX7GdaWEU6npV5iqMJkgke066jEgpp+Nj91is6cMkRRrF1Ji+bq74kMC2NSEbpOge3YrHoz8T+vm9joup8xqRJLJVksihKObIxmf6Mh05RYnjqCiWbuVkTGWGNiXTpLWyKaSqGW/sjUODWMmKkLK1iN5i9pXVQDvxo0Liu1mzy2IpzAKZxDAFdQgzuoQxMIjOAJXuDVe/bevHfvY9Fa8PKZY1iC9/kD/Zqe3w==</latexit>

Q2
<latexit sha1_base64="xN8J5kda3au0DV5P9w6WwxeTpa4=">AAACEnicbVDLSgNBEJyNrxhfUY9eFoPgKewGQY9BLx4TNA9IljA76U2GzMwOM7PCsuQTvIn+izfx6g/4K56cJHswiQUNRVU33V2hZFQbz/t2ChubW9s7xd3S3v7B4VH5+KSt40QRaJGYxaobYg2MCmgZahh0pQLMQwadcHI38ztPoDSNxaNJJQQcjwSNKMHGSg/NQW1QrnhVbw53nfg5qaAcjUH5pz+MScJBGMKw1j3fkybIsDKUMJiW+okGickEj6BnqcAcdJDNT526F1YZulGsbAnjztW/ExnmWqc8tJ0cm7Fe9Wbif14vMdFNkFEhEwOCLBZFCXNN7M7+dodUATEstQQTRe2tLhljhYmx6SxtiSAVXC79kclxqinRUxuWvxrNOmnXqr5X9ZtXlfptHlsRnaFzdIl8dI3q6B41UAsRNELP6BW9OS/Ou/PhfC5aC04+c4qW4Hz9Av9GnuA=</latexit><latexit sha1_base64="xN8J5kda3au0DV5P9w6WwxeTpa4=">AAACEnicbVDLSgNBEJyNrxhfUY9eFoPgKewGQY9BLx4TNA9IljA76U2GzMwOM7PCsuQTvIn+izfx6g/4K56cJHswiQUNRVU33V2hZFQbz/t2ChubW9s7xd3S3v7B4VH5+KSt40QRaJGYxaobYg2MCmgZahh0pQLMQwadcHI38ztPoDSNxaNJJQQcjwSNKMHGSg/NQW1QrnhVbw53nfg5qaAcjUH5pz+MScJBGMKw1j3fkybIsDKUMJiW+okGickEj6BnqcAcdJDNT526F1YZulGsbAnjztW/ExnmWqc8tJ0cm7Fe9Wbif14vMdFNkFEhEwOCLBZFCXNN7M7+dodUATEstQQTRe2tLhljhYmx6SxtiSAVXC79kclxqinRUxuWvxrNOmnXqr5X9ZtXlfptHlsRnaFzdIl8dI3q6B41UAsRNELP6BW9OS/Ou/PhfC5aC04+c4qW4Hz9Av9GnuA=</latexit><latexit sha1_base64="xN8J5kda3au0DV5P9w6WwxeTpa4=">AAACEnicbVDLSgNBEJyNrxhfUY9eFoPgKewGQY9BLx4TNA9IljA76U2GzMwOM7PCsuQTvIn+izfx6g/4K56cJHswiQUNRVU33V2hZFQbz/t2ChubW9s7xd3S3v7B4VH5+KSt40QRaJGYxaobYg2MCmgZahh0pQLMQwadcHI38ztPoDSNxaNJJQQcjwSNKMHGSg/NQW1QrnhVbw53nfg5qaAcjUH5pz+MScJBGMKw1j3fkybIsDKUMJiW+okGickEj6BnqcAcdJDNT526F1YZulGsbAnjztW/ExnmWqc8tJ0cm7Fe9Wbif14vMdFNkFEhEwOCLBZFCXNN7M7+dodUATEstQQTRe2tLhljhYmx6SxtiSAVXC79kclxqinRUxuWvxrNOmnXqr5X9ZtXlfptHlsRnaFzdIl8dI3q6B41UAsRNELP6BW9OS/Ou/PhfC5aC04+c4qW4Hz9Av9GnuA=</latexit><latexit sha1_base64="xN8J5kda3au0DV5P9w6WwxeTpa4=">AAACEnicbVDLSgNBEJyNrxhfUY9eFoPgKewGQY9BLx4TNA9IljA76U2GzMwOM7PCsuQTvIn+izfx6g/4K56cJHswiQUNRVU33V2hZFQbz/t2ChubW9s7xd3S3v7B4VH5+KSt40QRaJGYxaobYg2MCmgZahh0pQLMQwadcHI38ztPoDSNxaNJJQQcjwSNKMHGSg/NQW1QrnhVbw53nfg5qaAcjUH5pz+MScJBGMKw1j3fkybIsDKUMJiW+okGickEj6BnqcAcdJDNT526F1YZulGsbAnjztW/ExnmWqc8tJ0cm7Fe9Wbif14vMdFNkFEhEwOCLBZFCXNN7M7+dodUATEstQQTRe2tLhljhYmx6SxtiSAVXC79kclxqinRUxuWvxrNOmnXqr5X9ZtXlfptHlsRnaFzdIl8dI3q6B41UAsRNELP6BW9OS/Ou/PhfC5aC04+c4qW4Hz9Av9GnuA=</latexit>

Q̄2
<latexit sha1_base64="1WTwVGNPOIpuZvleRSPtg8MPYSQ=">AAACGHicbVA9SwNBEN2LXzF+RS1tDoNgFe6CoGXQxjIB8yHJEfY2c8mS3b1ld084jvwKO9H/Yie2dv4VKzfJFSbxwcDjvRlm5oWSUW0879spbGxube8Ud0t7+weHR+Xjk7aOE0WgRWIWq26INTAqoGWoYdCVCjAPGXTCyd3M7zyB0jQWDyaVEHA8EjSiBBsrPfZDrLLmdFAblCte1ZvDXSd+TiooR2NQ/ukPY5JwEIYwrHXP96QJMqwMJQympX6iQWIywSPoWSowBx1k84On7oVVhm4UK1vCuHP170SGudYpD20nx2asV72Z+J/XS0x0E2RUyMSAIItFUcJcE7uz790hVUAMSy3BRFF7q0vGWGFibEZLWyJIBZdLf2RynGpK9NSG5a9Gs07atarvVf3mVaV+m8dWRGfoHF0iH12jOrpHDdRCBHH0jF7Rm/PivDsfzueiteDkM6doCc7XLyhvoaU=</latexit><latexit sha1_base64="1WTwVGNPOIpuZvleRSPtg8MPYSQ=">AAACGHicbVA9SwNBEN2LXzF+RS1tDoNgFe6CoGXQxjIB8yHJEfY2c8mS3b1ld084jvwKO9H/Yie2dv4VKzfJFSbxwcDjvRlm5oWSUW0879spbGxube8Ud0t7+weHR+Xjk7aOE0WgRWIWq26INTAqoGWoYdCVCjAPGXTCyd3M7zyB0jQWDyaVEHA8EjSiBBsrPfZDrLLmdFAblCte1ZvDXSd+TiooR2NQ/ukPY5JwEIYwrHXP96QJMqwMJQympX6iQWIywSPoWSowBx1k84On7oVVhm4UK1vCuHP170SGudYpD20nx2asV72Z+J/XS0x0E2RUyMSAIItFUcJcE7uz790hVUAMSy3BRFF7q0vGWGFibEZLWyJIBZdLf2RynGpK9NSG5a9Gs07atarvVf3mVaV+m8dWRGfoHF0iH12jOrpHDdRCBHH0jF7Rm/PivDsfzueiteDkM6doCc7XLyhvoaU=</latexit><latexit sha1_base64="1WTwVGNPOIpuZvleRSPtg8MPYSQ=">AAACGHicbVA9SwNBEN2LXzF+RS1tDoNgFe6CoGXQxjIB8yHJEfY2c8mS3b1ld084jvwKO9H/Yie2dv4VKzfJFSbxwcDjvRlm5oWSUW0879spbGxube8Ud0t7+weHR+Xjk7aOE0WgRWIWq26INTAqoGWoYdCVCjAPGXTCyd3M7zyB0jQWDyaVEHA8EjSiBBsrPfZDrLLmdFAblCte1ZvDXSd+TiooR2NQ/ukPY5JwEIYwrHXP96QJMqwMJQympX6iQWIywSPoWSowBx1k84On7oVVhm4UK1vCuHP170SGudYpD20nx2asV72Z+J/XS0x0E2RUyMSAIItFUcJcE7uz790hVUAMSy3BRFF7q0vGWGFibEZLWyJIBZdLf2RynGpK9NSG5a9Gs07atarvVf3mVaV+m8dWRGfoHF0iH12jOrpHDdRCBHH0jF7Rm/PivDsfzueiteDkM6doCc7XLyhvoaU=</latexit><latexit sha1_base64="1WTwVGNPOIpuZvleRSPtg8MPYSQ=">AAACGHicbVA9SwNBEN2LXzF+RS1tDoNgFe6CoGXQxjIB8yHJEfY2c8mS3b1ld084jvwKO9H/Yie2dv4VKzfJFSbxwcDjvRlm5oWSUW0879spbGxube8Ud0t7+weHR+Xjk7aOE0WgRWIWq26INTAqoGWoYdCVCjAPGXTCyd3M7zyB0jQWDyaVEHA8EjSiBBsrPfZDrLLmdFAblCte1ZvDXSd+TiooR2NQ/ukPY5JwEIYwrHXP96QJMqwMJQympX6iQWIywSPoWSowBx1k84On7oVVhm4UK1vCuHP170SGudYpD20nx2asV72Z+J/XS0x0E2RUyMSAIItFUcJcE7uz790hVUAMSy3BRFF7q0vGWGFibEZLWyJIBZdLf2RynGpK9NSG5a9Gs07atarvVf3mVaV+m8dWRGfoHF0iH12jOrpHDdRCBHH0jF7Rm/PivDsfzueiteDkM6doCc7XLyhvoaU=</latexit>

Q̄1
<latexit sha1_base64="HC57QLlK/r8kpwEAnANs1/KhbPQ=">AAACGHicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWMLtlXaUDbbSbt0d7PsboQQ8iu8if4Xb+LVm3/Fk9s2B9v6YODx3gwz80LJqDae9+2U1tY3NrfK25Wd3b39g+rhUUfHiSLQJjGL1UOINTAqoG2oYfAgFWAeMuiGk9up330CpWks7k0qIeB4JGhECTZWeuyHWGWtfOAPqjWv7s3grhK/IDVUoDmo/vSHMUk4CEMY1rrne9IEGVaGEgZ5pZ9okJhM8Ah6lgrMQQfZ7ODcPbPK0I1iZUsYd6b+ncgw1zrloe3k2Iz1sjcV//N6iYmug4wKmRgQZL4oSphrYnf6vTukCohhqSWYKGpvdckYK0yMzWhhSwSp4HLhj0yOU02Jzm1Y/nI0q6RzUfe9ut+6rDVuitjK6ASdonPkoyvUQHeoidqIII6e0St6c16cd+fD+Zy3lpxi5hgtwPn6BSbDoaQ=</latexit><latexit sha1_base64="HC57QLlK/r8kpwEAnANs1/KhbPQ=">AAACGHicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWMLtlXaUDbbSbt0d7PsboQQ8iu8if4Xb+LVm3/Fk9s2B9v6YODx3gwz80LJqDae9+2U1tY3NrfK25Wd3b39g+rhUUfHiSLQJjGL1UOINTAqoG2oYfAgFWAeMuiGk9up330CpWks7k0qIeB4JGhECTZWeuyHWGWtfOAPqjWv7s3grhK/IDVUoDmo/vSHMUk4CEMY1rrne9IEGVaGEgZ5pZ9okJhM8Ah6lgrMQQfZ7ODcPbPK0I1iZUsYd6b+ncgw1zrloe3k2Iz1sjcV//N6iYmug4wKmRgQZL4oSphrYnf6vTukCohhqSWYKGpvdckYK0yMzWhhSwSp4HLhj0yOU02Jzm1Y/nI0q6RzUfe9ut+6rDVuitjK6ASdonPkoyvUQHeoidqIII6e0St6c16cd+fD+Zy3lpxi5hgtwPn6BSbDoaQ=</latexit><latexit sha1_base64="HC57QLlK/r8kpwEAnANs1/KhbPQ=">AAACGHicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWMLtlXaUDbbSbt0d7PsboQQ8iu8if4Xb+LVm3/Fk9s2B9v6YODx3gwz80LJqDae9+2U1tY3NrfK25Wd3b39g+rhUUfHiSLQJjGL1UOINTAqoG2oYfAgFWAeMuiGk9up330CpWks7k0qIeB4JGhECTZWeuyHWGWtfOAPqjWv7s3grhK/IDVUoDmo/vSHMUk4CEMY1rrne9IEGVaGEgZ5pZ9okJhM8Ah6lgrMQQfZ7ODcPbPK0I1iZUsYd6b+ncgw1zrloe3k2Iz1sjcV//N6iYmug4wKmRgQZL4oSphrYnf6vTukCohhqSWYKGpvdckYK0yMzWhhSwSp4HLhj0yOU02Jzm1Y/nI0q6RzUfe9ut+6rDVuitjK6ASdonPkoyvUQHeoidqIII6e0St6c16cd+fD+Zy3lpxi5hgtwPn6BSbDoaQ=</latexit><latexit sha1_base64="HC57QLlK/r8kpwEAnANs1/KhbPQ=">AAACGHicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWMLtlXaUDbbSbt0d7PsboQQ8iu8if4Xb+LVm3/Fk9s2B9v6YODx3gwz80LJqDae9+2U1tY3NrfK25Wd3b39g+rhUUfHiSLQJjGL1UOINTAqoG2oYfAgFWAeMuiGk9up330CpWks7k0qIeB4JGhECTZWeuyHWGWtfOAPqjWv7s3grhK/IDVUoDmo/vSHMUk4CEMY1rrne9IEGVaGEgZ5pZ9okJhM8Ah6lgrMQQfZ7ODcPbPK0I1iZUsYd6b+ncgw1zrloe3k2Iz1sjcV//N6iYmug4wKmRgQZL4oSphrYnf6vTukCohhqSWYKGpvdckYK0yMzWhhSwSp4HLhj0yOU02Jzm1Y/nI0q6RzUfe9ut+6rDVuitjK6ASdonPkoyvUQHeoidqIII6e0St6c16cd+fD+Zy3lpxi5hgtwPn6BSbDoaQ=</latexit>

Q̄2
<latexit sha1_base64="1WTwVGNPOIpuZvleRSPtg8MPYSQ=">AAACGHicbVA9SwNBEN2LXzF+RS1tDoNgFe6CoGXQxjIB8yHJEfY2c8mS3b1ld084jvwKO9H/Yie2dv4VKzfJFSbxwcDjvRlm5oWSUW0879spbGxube8Ud0t7+weHR+Xjk7aOE0WgRWIWq26INTAqoGWoYdCVCjAPGXTCyd3M7zyB0jQWDyaVEHA8EjSiBBsrPfZDrLLmdFAblCte1ZvDXSd+TiooR2NQ/ukPY5JwEIYwrHXP96QJMqwMJQympX6iQWIywSPoWSowBx1k84On7oVVhm4UK1vCuHP170SGudYpD20nx2asV72Z+J/XS0x0E2RUyMSAIItFUcJcE7uz790hVUAMSy3BRFF7q0vGWGFibEZLWyJIBZdLf2RynGpK9NSG5a9Gs07atarvVf3mVaV+m8dWRGfoHF0iH12jOrpHDdRCBHH0jF7Rm/PivDsfzueiteDkM6doCc7XLyhvoaU=</latexit><latexit sha1_base64="1WTwVGNPOIpuZvleRSPtg8MPYSQ=">AAACGHicbVA9SwNBEN2LXzF+RS1tDoNgFe6CoGXQxjIB8yHJEfY2c8mS3b1ld084jvwKO9H/Yie2dv4VKzfJFSbxwcDjvRlm5oWSUW0879spbGxube8Ud0t7+weHR+Xjk7aOE0WgRWIWq26INTAqoGWoYdCVCjAPGXTCyd3M7zyB0jQWDyaVEHA8EjSiBBsrPfZDrLLmdFAblCte1ZvDXSd+TiooR2NQ/ukPY5JwEIYwrHXP96QJMqwMJQympX6iQWIywSPoWSowBx1k84On7oVVhm4UK1vCuHP170SGudYpD20nx2asV72Z+J/XS0x0E2RUyMSAIItFUcJcE7uz790hVUAMSy3BRFF7q0vGWGFibEZLWyJIBZdLf2RynGpK9NSG5a9Gs07atarvVf3mVaV+m8dWRGfoHF0iH12jOrpHDdRCBHH0jF7Rm/PivDsfzueiteDkM6doCc7XLyhvoaU=</latexit><latexit sha1_base64="1WTwVGNPOIpuZvleRSPtg8MPYSQ=">AAACGHicbVA9SwNBEN2LXzF+RS1tDoNgFe6CoGXQxjIB8yHJEfY2c8mS3b1ld084jvwKO9H/Yie2dv4VKzfJFSbxwcDjvRlm5oWSUW0879spbGxube8Ud0t7+weHR+Xjk7aOE0WgRWIWq26INTAqoGWoYdCVCjAPGXTCyd3M7zyB0jQWDyaVEHA8EjSiBBsrPfZDrLLmdFAblCte1ZvDXSd+TiooR2NQ/ukPY5JwEIYwrHXP96QJMqwMJQympX6iQWIywSPoWSowBx1k84On7oVVhm4UK1vCuHP170SGudYpD20nx2asV72Z+J/XS0x0E2RUyMSAIItFUcJcE7uz790hVUAMSy3BRFF7q0vGWGFibEZLWyJIBZdLf2RynGpK9NSG5a9Gs07atarvVf3mVaV+m8dWRGfoHF0iH12jOrpHDdRCBHH0jF7Rm/PivDsfzueiteDkM6doCc7XLyhvoaU=</latexit><latexit sha1_base64="1WTwVGNPOIpuZvleRSPtg8MPYSQ=">AAACGHicbVA9SwNBEN2LXzF+RS1tDoNgFe6CoGXQxjIB8yHJEfY2c8mS3b1ld084jvwKO9H/Yie2dv4VKzfJFSbxwcDjvRlm5oWSUW0879spbGxube8Ud0t7+weHR+Xjk7aOE0WgRWIWq26INTAqoGWoYdCVCjAPGXTCyd3M7zyB0jQWDyaVEHA8EjSiBBsrPfZDrLLmdFAblCte1ZvDXSd+TiooR2NQ/ukPY5JwEIYwrHXP96QJMqwMJQympX6iQWIywSPoWSowBx1k84On7oVVhm4UK1vCuHP170SGudYpD20nx2asV72Z+J/XS0x0E2RUyMSAIItFUcJcE7uz790hVUAMSy3BRFF7q0vGWGFibEZLWyJIBZdLf2RynGpK9NSG5a9Gs07atarvVf3mVaV+m8dWRGfoHF0iH12jOrpHDdRCBHH0jF7Rm/PivDsfzueiteDkM6doCc7XLyhvoaU=</latexit>

Q2
<latexit sha1_base64="xN8J5kda3au0DV5P9w6WwxeTpa4=">AAACEnicbVDLSgNBEJyNrxhfUY9eFoPgKewGQY9BLx4TNA9IljA76U2GzMwOM7PCsuQTvIn+izfx6g/4K56cJHswiQUNRVU33V2hZFQbz/t2ChubW9s7xd3S3v7B4VH5+KSt40QRaJGYxaobYg2MCmgZahh0pQLMQwadcHI38ztPoDSNxaNJJQQcjwSNKMHGSg/NQW1QrnhVbw53nfg5qaAcjUH5pz+MScJBGMKw1j3fkybIsDKUMJiW+okGickEj6BnqcAcdJDNT526F1YZulGsbAnjztW/ExnmWqc8tJ0cm7Fe9Wbif14vMdFNkFEhEwOCLBZFCXNN7M7+dodUATEstQQTRe2tLhljhYmx6SxtiSAVXC79kclxqinRUxuWvxrNOmnXqr5X9ZtXlfptHlsRnaFzdIl8dI3q6B41UAsRNELP6BW9OS/Ou/PhfC5aC04+c4qW4Hz9Av9GnuA=</latexit><latexit sha1_base64="xN8J5kda3au0DV5P9w6WwxeTpa4=">AAACEnicbVDLSgNBEJyNrxhfUY9eFoPgKewGQY9BLx4TNA9IljA76U2GzMwOM7PCsuQTvIn+izfx6g/4K56cJHswiQUNRVU33V2hZFQbz/t2ChubW9s7xd3S3v7B4VH5+KSt40QRaJGYxaobYg2MCmgZahh0pQLMQwadcHI38ztPoDSNxaNJJQQcjwSNKMHGSg/NQW1QrnhVbw53nfg5qaAcjUH5pz+MScJBGMKw1j3fkybIsDKUMJiW+okGickEj6BnqcAcdJDNT526F1YZulGsbAnjztW/ExnmWqc8tJ0cm7Fe9Wbif14vMdFNkFEhEwOCLBZFCXNN7M7+dodUATEstQQTRe2tLhljhYmx6SxtiSAVXC79kclxqinRUxuWvxrNOmnXqr5X9ZtXlfptHlsRnaFzdIl8dI3q6B41UAsRNELP6BW9OS/Ou/PhfC5aC04+c4qW4Hz9Av9GnuA=</latexit><latexit sha1_base64="xN8J5kda3au0DV5P9w6WwxeTpa4=">AAACEnicbVDLSgNBEJyNrxhfUY9eFoPgKewGQY9BLx4TNA9IljA76U2GzMwOM7PCsuQTvIn+izfx6g/4K56cJHswiQUNRVU33V2hZFQbz/t2ChubW9s7xd3S3v7B4VH5+KSt40QRaJGYxaobYg2MCmgZahh0pQLMQwadcHI38ztPoDSNxaNJJQQcjwSNKMHGSg/NQW1QrnhVbw53nfg5qaAcjUH5pz+MScJBGMKw1j3fkybIsDKUMJiW+okGickEj6BnqcAcdJDNT526F1YZulGsbAnjztW/ExnmWqc8tJ0cm7Fe9Wbif14vMdFNkFEhEwOCLBZFCXNN7M7+dodUATEstQQTRe2tLhljhYmx6SxtiSAVXC79kclxqinRUxuWvxrNOmnXqr5X9ZtXlfptHlsRnaFzdIl8dI3q6B41UAsRNELP6BW9OS/Ou/PhfC5aC04+c4qW4Hz9Av9GnuA=</latexit><latexit sha1_base64="xN8J5kda3au0DV5P9w6WwxeTpa4=">AAACEnicbVDLSgNBEJyNrxhfUY9eFoPgKewGQY9BLx4TNA9IljA76U2GzMwOM7PCsuQTvIn+izfx6g/4K56cJHswiQUNRVU33V2hZFQbz/t2ChubW9s7xd3S3v7B4VH5+KSt40QRaJGYxaobYg2MCmgZahh0pQLMQwadcHI38ztPoDSNxaNJJQQcjwSNKMHGSg/NQW1QrnhVbw53nfg5qaAcjUH5pz+MScJBGMKw1j3fkybIsDKUMJiW+okGickEj6BnqcAcdJDNT526F1YZulGsbAnjztW/ExnmWqc8tJ0cm7Fe9Wbif14vMdFNkFEhEwOCLBZFCXNN7M7+dodUATEstQQTRe2tLhljhYmx6SxtiSAVXC79kclxqinRUxuWvxrNOmnXqr5X9ZtXlfptHlsRnaFzdIl8dI3q6B41UAsRNELP6BW9OS/Ou/PhfC5aC04+c4qW4Hz9Av9GnuA=</latexit>

Q1
<latexit sha1_base64="LNV4PqIZjphFAfUv+vN7gbielho=">AAACEnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5ct2ge0pWTSTBuaZEKSEYahn+BO9F/ciVt/wF9xZdrOwlYPXDiccy/33hMqzoz1/S+vsLa+sblV3C7t7O7tH5QPj1omTjShTRLzWHdCbChnkjYts5x2lKZYhJy2w8ntzG8/Um1YLB9sqmhf4JFkESPYOum+MQgG5Ypf9edAf0mQkwrkqA/K371hTBJBpSUcG9MNfGX7GdaWEU6npV5iqMJkgke066jEgpp+Nj91is6cMkRRrF1Ji+bq74kMC2NSEbpOge3YrHoz8T+vm9joup8xqRJLJVksihKObIxmf6Mh05RYnjqCiWbuVkTGWGNiXTpLWyKaSqGW/sjUODWMmKkLK1iN5i9pXVQDvxo0Liu1mzy2IpzAKZxDAFdQgzuoQxMIjOAJXuDVe/bevHfvY9Fa8PKZY1iC9/kD/Zqe3w==</latexit><latexit sha1_base64="LNV4PqIZjphFAfUv+vN7gbielho=">AAACEnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5ct2ge0pWTSTBuaZEKSEYahn+BO9F/ciVt/wF9xZdrOwlYPXDiccy/33hMqzoz1/S+vsLa+sblV3C7t7O7tH5QPj1omTjShTRLzWHdCbChnkjYts5x2lKZYhJy2w8ntzG8/Um1YLB9sqmhf4JFkESPYOum+MQgG5Ypf9edAf0mQkwrkqA/K371hTBJBpSUcG9MNfGX7GdaWEU6npV5iqMJkgke066jEgpp+Nj91is6cMkRRrF1Ji+bq74kMC2NSEbpOge3YrHoz8T+vm9joup8xqRJLJVksihKObIxmf6Mh05RYnjqCiWbuVkTGWGNiXTpLWyKaSqGW/sjUODWMmKkLK1iN5i9pXVQDvxo0Liu1mzy2IpzAKZxDAFdQgzuoQxMIjOAJXuDVe/bevHfvY9Fa8PKZY1iC9/kD/Zqe3w==</latexit><latexit sha1_base64="LNV4PqIZjphFAfUv+vN7gbielho=">AAACEnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5ct2ge0pWTSTBuaZEKSEYahn+BO9F/ciVt/wF9xZdrOwlYPXDiccy/33hMqzoz1/S+vsLa+sblV3C7t7O7tH5QPj1omTjShTRLzWHdCbChnkjYts5x2lKZYhJy2w8ntzG8/Um1YLB9sqmhf4JFkESPYOum+MQgG5Ypf9edAf0mQkwrkqA/K371hTBJBpSUcG9MNfGX7GdaWEU6npV5iqMJkgke066jEgpp+Nj91is6cMkRRrF1Ji+bq74kMC2NSEbpOge3YrHoz8T+vm9joup8xqRJLJVksihKObIxmf6Mh05RYnjqCiWbuVkTGWGNiXTpLWyKaSqGW/sjUODWMmKkLK1iN5i9pXVQDvxo0Liu1mzy2IpzAKZxDAFdQgzuoQxMIjOAJXuDVe/bevHfvY9Fa8PKZY1iC9/kD/Zqe3w==</latexit><latexit sha1_base64="LNV4PqIZjphFAfUv+vN7gbielho=">AAACEnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5ct2ge0pWTSTBuaZEKSEYahn+BO9F/ciVt/wF9xZdrOwlYPXDiccy/33hMqzoz1/S+vsLa+sblV3C7t7O7tH5QPj1omTjShTRLzWHdCbChnkjYts5x2lKZYhJy2w8ntzG8/Um1YLB9sqmhf4JFkESPYOum+MQgG5Ypf9edAf0mQkwrkqA/K371hTBJBpSUcG9MNfGX7GdaWEU6npV5iqMJkgke066jEgpp+Nj91is6cMkRRrF1Ji+bq74kMC2NSEbpOge3YrHoz8T+vm9joup8xqRJLJVksihKObIxmf6Mh05RYnjqCiWbuVkTGWGNiXTpLWyKaSqGW/sjUODWMmKkLK1iN5i9pXVQDvxo0Liu1mzy2IpzAKZxDAFdQgzuoQxMIjOAJXuDVe/bevHfvY9Fa8PKZY1iC9/kD/Zqe3w==</latexit>

Q̄1
<latexit sha1_base64="HC57QLlK/r8kpwEAnANs1/KhbPQ=">AAACGHicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWMLtlXaUDbbSbt0d7PsboQQ8iu8if4Xb+LVm3/Fk9s2B9v6YODx3gwz80LJqDae9+2U1tY3NrfK25Wd3b39g+rhUUfHiSLQJjGL1UOINTAqoG2oYfAgFWAeMuiGk9up330CpWks7k0qIeB4JGhECTZWeuyHWGWtfOAPqjWv7s3grhK/IDVUoDmo/vSHMUk4CEMY1rrne9IEGVaGEgZ5pZ9okJhM8Ah6lgrMQQfZ7ODcPbPK0I1iZUsYd6b+ncgw1zrloe3k2Iz1sjcV//N6iYmug4wKmRgQZL4oSphrYnf6vTukCohhqSWYKGpvdckYK0yMzWhhSwSp4HLhj0yOU02Jzm1Y/nI0q6RzUfe9ut+6rDVuitjK6ASdonPkoyvUQHeoidqIII6e0St6c16cd+fD+Zy3lpxi5hgtwPn6BSbDoaQ=</latexit><latexit sha1_base64="HC57QLlK/r8kpwEAnANs1/KhbPQ=">AAACGHicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWMLtlXaUDbbSbt0d7PsboQQ8iu8if4Xb+LVm3/Fk9s2B9v6YODx3gwz80LJqDae9+2U1tY3NrfK25Wd3b39g+rhUUfHiSLQJjGL1UOINTAqoG2oYfAgFWAeMuiGk9up330CpWks7k0qIeB4JGhECTZWeuyHWGWtfOAPqjWv7s3grhK/IDVUoDmo/vSHMUk4CEMY1rrne9IEGVaGEgZ5pZ9okJhM8Ah6lgrMQQfZ7ODcPbPK0I1iZUsYd6b+ncgw1zrloe3k2Iz1sjcV//N6iYmug4wKmRgQZL4oSphrYnf6vTukCohhqSWYKGpvdckYK0yMzWhhSwSp4HLhj0yOU02Jzm1Y/nI0q6RzUfe9ut+6rDVuitjK6ASdonPkoyvUQHeoidqIII6e0St6c16cd+fD+Zy3lpxi5hgtwPn6BSbDoaQ=</latexit><latexit sha1_base64="HC57QLlK/r8kpwEAnANs1/KhbPQ=">AAACGHicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWMLtlXaUDbbSbt0d7PsboQQ8iu8if4Xb+LVm3/Fk9s2B9v6YODx3gwz80LJqDae9+2U1tY3NrfK25Wd3b39g+rhUUfHiSLQJjGL1UOINTAqoG2oYfAgFWAeMuiGk9up330CpWks7k0qIeB4JGhECTZWeuyHWGWtfOAPqjWv7s3grhK/IDVUoDmo/vSHMUk4CEMY1rrne9IEGVaGEgZ5pZ9okJhM8Ah6lgrMQQfZ7ODcPbPK0I1iZUsYd6b+ncgw1zrloe3k2Iz1sjcV//N6iYmug4wKmRgQZL4oSphrYnf6vTukCohhqSWYKGpvdckYK0yMzWhhSwSp4HLhj0yOU02Jzm1Y/nI0q6RzUfe9ut+6rDVuitjK6ASdonPkoyvUQHeoidqIII6e0St6c16cd+fD+Zy3lpxi5hgtwPn6BSbDoaQ=</latexit><latexit sha1_base64="HC57QLlK/r8kpwEAnANs1/KhbPQ=">AAACGHicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWMLtlXaUDbbSbt0d7PsboQQ8iu8if4Xb+LVm3/Fk9s2B9v6YODx3gwz80LJqDae9+2U1tY3NrfK25Wd3b39g+rhUUfHiSLQJjGL1UOINTAqoG2oYfAgFWAeMuiGk9up330CpWks7k0qIeB4JGhECTZWeuyHWGWtfOAPqjWv7s3grhK/IDVUoDmo/vSHMUk4CEMY1rrne9IEGVaGEgZ5pZ9okJhM8Ah6lgrMQQfZ7ODcPbPK0I1iZUsYd6b+ncgw1zrloe3k2Iz1sjcV//N6iYmug4wKmRgQZL4oSphrYnf6vTukCohhqSWYKGpvdckYK0yMzWhhSwSp4HLhj0yOU02Jzm1Y/nI0q6RzUfe9ut+6rDVuitjK6ASdonPkoyvUQHeoidqIII6e0St6c16cd+fD+Zy3lpxi5hgtwPn6BSbDoaQ=</latexit>

𝑇
HIGH LOW⇤QCD0

<latexit sha1_base64="BhXXocQJR6/coyBPlTr71ld1TMY=">AAACKHicbVDLSsNAFJ34rPUVdeHCTbCIrkoigi6LdeHCRQv2AU0Ik+mkHTozCTMTIYR8jTvRf3En3foZrpy0WdjWAxcO59zLvfcEMSVS2fbUWFvf2NzaruxUd/f2Dw7No+OujBKBcAdFNBL9AEpMCccdRRTF/VhgyAKKe8GkWfi9FywkifizSmPsMTjiJCQIKi355qn7pJuH0M9cBtVYsKzdfMgvc9+s2XV7BmuVOCWpgRIt3/xxhxFKGOYKUSjlwLFj5WVQKIIozqtuInEM0QSO8EBTDhmWXjZ7ILcutDK0wkjo4sqaqX8nMsikTFmgO4sr5bJXiP95g0SFd15GeJwozNF8UZhQS0VWkYY1JAIjRVNNIBJE32qhMRQQKZ3ZwpYQp5zFC39k8TiVBMkiLGc5mlXSva47dt1p39Qa92VsFXAGzsEVcMAtaIBH0AIdgEAOXsE7+DDejE/jy5jOW9eMcuYELMD4/gUHTKfH</latexit><latexit sha1_base64="BhXXocQJR6/coyBPlTr71ld1TMY=">AAACKHicbVDLSsNAFJ34rPUVdeHCTbCIrkoigi6LdeHCRQv2AU0Ik+mkHTozCTMTIYR8jTvRf3En3foZrpy0WdjWAxcO59zLvfcEMSVS2fbUWFvf2NzaruxUd/f2Dw7No+OujBKBcAdFNBL9AEpMCccdRRTF/VhgyAKKe8GkWfi9FywkifizSmPsMTjiJCQIKi355qn7pJuH0M9cBtVYsKzdfMgvc9+s2XV7BmuVOCWpgRIt3/xxhxFKGOYKUSjlwLFj5WVQKIIozqtuInEM0QSO8EBTDhmWXjZ7ILcutDK0wkjo4sqaqX8nMsikTFmgO4sr5bJXiP95g0SFd15GeJwozNF8UZhQS0VWkYY1JAIjRVNNIBJE32qhMRQQKZ3ZwpYQp5zFC39k8TiVBMkiLGc5mlXSva47dt1p39Qa92VsFXAGzsEVcMAtaIBH0AIdgEAOXsE7+DDejE/jy5jOW9eMcuYELMD4/gUHTKfH</latexit><latexit sha1_base64="BhXXocQJR6/coyBPlTr71ld1TMY=">AAACKHicbVDLSsNAFJ34rPUVdeHCTbCIrkoigi6LdeHCRQv2AU0Ik+mkHTozCTMTIYR8jTvRf3En3foZrpy0WdjWAxcO59zLvfcEMSVS2fbUWFvf2NzaruxUd/f2Dw7No+OujBKBcAdFNBL9AEpMCccdRRTF/VhgyAKKe8GkWfi9FywkifizSmPsMTjiJCQIKi355qn7pJuH0M9cBtVYsKzdfMgvc9+s2XV7BmuVOCWpgRIt3/xxhxFKGOYKUSjlwLFj5WVQKIIozqtuInEM0QSO8EBTDhmWXjZ7ILcutDK0wkjo4sqaqX8nMsikTFmgO4sr5bJXiP95g0SFd15GeJwozNF8UZhQS0VWkYY1JAIjRVNNIBJE32qhMRQQKZ3ZwpYQp5zFC39k8TiVBMkiLGc5mlXSva47dt1p39Qa92VsFXAGzsEVcMAtaIBH0AIdgEAOXsE7+DDejE/jy5jOW9eMcuYELMD4/gUHTKfH</latexit><latexit sha1_base64="BhXXocQJR6/coyBPlTr71ld1TMY=">AAACKHicbVDLSsNAFJ34rPUVdeHCTbCIrkoigi6LdeHCRQv2AU0Ik+mkHTozCTMTIYR8jTvRf3En3foZrpy0WdjWAxcO59zLvfcEMSVS2fbUWFvf2NzaruxUd/f2Dw7No+OujBKBcAdFNBL9AEpMCccdRRTF/VhgyAKKe8GkWfi9FywkifizSmPsMTjiJCQIKi355qn7pJuH0M9cBtVYsKzdfMgvc9+s2XV7BmuVOCWpgRIt3/xxhxFKGOYKUSjlwLFj5WVQKIIozqtuInEM0QSO8EBTDhmWXjZ7ILcutDK0wkjo4sqaqX8nMsikTFmgO4sr5bJXiP95g0SFd15GeJwozNF8UZhQS0VWkYY1JAIjRVNNIBJE32qhMRQQKZ3ZwpYQp5zFC39k8TiVBMkiLGc5mlXSva47dt1p39Qa92VsFXAGzsEVcMAtaIBH0AIdgEAOXsE7+DDejE/jy5jOW9eMcuYELMD4/gUHTKfH</latexit>

p0
<latexit sha1_base64="04Sf22D2EP9kjxM6kTaY3iXbATY=">AAACEXicbVDLSgMxFM34rPVVdekmWERXZUYEXRbduKxiH9CWkknvtKFJJiQZYRj6B+5E/8WduPUL/BVXpu0sbOuBC4dz7uXee0LFmbG+/+2trK6tb2wWtorbO7t7+6WDw4aJE02hTmMe61ZIDHAmoW6Z5dBSGogIOTTD0e3Ebz6BNiyWjzZV0BVkIFnEKLFOelBnvVLZr/hT4GUS5KSMctR6pZ9OP6aJAGkpJ8a0A1/Zbka0ZZTDuNhJDChCR2QAbUclEWC62fTSMT51Sh9HsXYlLZ6qfycyIoxJReg6BbFDs+hNxP+8dmKj627GpEosSDpbFCUc2xhP3sZ9poFanjpCqGbuVkyHRBNqXThzWyJIpVBzf2RqmBpGzdiFFSxGs0waF5XArwT3l+XqTR5bAR2jE3SOAnSFqugO1VAdURShZ/SK3rwX79378D5nrStePnOE5uB9/QJcQ56L</latexit><latexit sha1_base64="04Sf22D2EP9kjxM6kTaY3iXbATY=">AAACEXicbVDLSgMxFM34rPVVdekmWERXZUYEXRbduKxiH9CWkknvtKFJJiQZYRj6B+5E/8WduPUL/BVXpu0sbOuBC4dz7uXee0LFmbG+/+2trK6tb2wWtorbO7t7+6WDw4aJE02hTmMe61ZIDHAmoW6Z5dBSGogIOTTD0e3Ebz6BNiyWjzZV0BVkIFnEKLFOelBnvVLZr/hT4GUS5KSMctR6pZ9OP6aJAGkpJ8a0A1/Zbka0ZZTDuNhJDChCR2QAbUclEWC62fTSMT51Sh9HsXYlLZ6qfycyIoxJReg6BbFDs+hNxP+8dmKj627GpEosSDpbFCUc2xhP3sZ9poFanjpCqGbuVkyHRBNqXThzWyJIpVBzf2RqmBpGzdiFFSxGs0waF5XArwT3l+XqTR5bAR2jE3SOAnSFqugO1VAdURShZ/SK3rwX79378D5nrStePnOE5uB9/QJcQ56L</latexit><latexit sha1_base64="04Sf22D2EP9kjxM6kTaY3iXbATY=">AAACEXicbVDLSgMxFM34rPVVdekmWERXZUYEXRbduKxiH9CWkknvtKFJJiQZYRj6B+5E/8WduPUL/BVXpu0sbOuBC4dz7uXee0LFmbG+/+2trK6tb2wWtorbO7t7+6WDw4aJE02hTmMe61ZIDHAmoW6Z5dBSGogIOTTD0e3Ebz6BNiyWjzZV0BVkIFnEKLFOelBnvVLZr/hT4GUS5KSMctR6pZ9OP6aJAGkpJ8a0A1/Zbka0ZZTDuNhJDChCR2QAbUclEWC62fTSMT51Sh9HsXYlLZ6qfycyIoxJReg6BbFDs+hNxP+8dmKj627GpEosSDpbFCUc2xhP3sZ9poFanjpCqGbuVkyHRBNqXThzWyJIpVBzf2RqmBpGzdiFFSxGs0waF5XArwT3l+XqTR5bAR2jE3SOAnSFqugO1VAdURShZ/SK3rwX79378D5nrStePnOE5uB9/QJcQ56L</latexit><latexit sha1_base64="04Sf22D2EP9kjxM6kTaY3iXbATY=">AAACEXicbVDLSgMxFM34rPVVdekmWERXZUYEXRbduKxiH9CWkknvtKFJJiQZYRj6B+5E/8WduPUL/BVXpu0sbOuBC4dz7uXee0LFmbG+/+2trK6tb2wWtorbO7t7+6WDw4aJE02hTmMe61ZIDHAmoW6Z5dBSGogIOTTD0e3Ebz6BNiyWjzZV0BVkIFnEKLFOelBnvVLZr/hT4GUS5KSMctR6pZ9OP6aJAGkpJ8a0A1/Zbka0ZZTDuNhJDChCR2QAbUclEWC62fTSMT51Sh9HsXYlLZ6qfycyIoxJReg6BbFDs+hNxP+8dmKj627GpEosSDpbFCUc2xhP3sZ9poFanjpCqGbuVkyHRBNqXThzWyJIpVBzf2RqmBpGzdiFFSxGs0waF5XArwT3l+XqTR5bAR2jE3SOAnSFqugO1VAdURShZ/SK3rwX79378D5nrStePnOE5uB9/QJcQ56L</latexit>
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Confinement

Cosmology
@SI 2019

20 August, 2019

DM

Extra Component



Entropy transportation through Dark photon
Dark pions annihilate or decay into dark photon 𝛾G
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𝛾G can decay into electron pair through kinetic mixing

⇡�⇡+ ! 2�0
<latexit sha1_base64="R0IWGmwtBKQkpKbI6Ur2ss5CifM=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiCmJJiqDLohuXFewDmlgm00k7dCYJMxOh1C78FTcuFHHrb7jzb5zULLT1wAyHc+7l3nuChDOlHefLKiwsLi2vFFdLa+sbm1v29k5TxakktEFiHst2gBXlLKINzTSn7URSLAJOW8HwKvNb91QqFke3epRQX+B+xEJGsDZS197zEnZ3mn0nno5R1etjIfBR1y47FWcKNE/cnJQhR71rf3q9mKSCRppwrFTHdRLtj7HUjHA6KXmpogkmQ9ynHUMjLKjyx9P9J+jQKD0UxtK8SKOp+rtjjIVSIxGYSoH1QM16mfif10l1eOGPWZSkmkbkZ1CYcmQuzcJAPSYp0XxkCCaSmV0RGWCJiTaRlUwI7uzJ86RZrbhOxb05K9cu8ziKsA8HcAwunEMNrqEODSDwAE/wAq/Wo/VsvVnvP6UFK+/ZhT+wPr4BgW6VHA==</latexit><latexit sha1_base64="R0IWGmwtBKQkpKbI6Ur2ss5CifM=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiCmJJiqDLohuXFewDmlgm00k7dCYJMxOh1C78FTcuFHHrb7jzb5zULLT1wAyHc+7l3nuChDOlHefLKiwsLi2vFFdLa+sbm1v29k5TxakktEFiHst2gBXlLKINzTSn7URSLAJOW8HwKvNb91QqFke3epRQX+B+xEJGsDZS197zEnZ3mn0nno5R1etjIfBR1y47FWcKNE/cnJQhR71rf3q9mKSCRppwrFTHdRLtj7HUjHA6KXmpogkmQ9ynHUMjLKjyx9P9J+jQKD0UxtK8SKOp+rtjjIVSIxGYSoH1QM16mfif10l1eOGPWZSkmkbkZ1CYcmQuzcJAPSYp0XxkCCaSmV0RGWCJiTaRlUwI7uzJ86RZrbhOxb05K9cu8ziKsA8HcAwunEMNrqEODSDwAE/wAq/Wo/VsvVnvP6UFK+/ZhT+wPr4BgW6VHA==</latexit><latexit sha1_base64="R0IWGmwtBKQkpKbI6Ur2ss5CifM=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiCmJJiqDLohuXFewDmlgm00k7dCYJMxOh1C78FTcuFHHrb7jzb5zULLT1wAyHc+7l3nuChDOlHefLKiwsLi2vFFdLa+sbm1v29k5TxakktEFiHst2gBXlLKINzTSn7URSLAJOW8HwKvNb91QqFke3epRQX+B+xEJGsDZS197zEnZ3mn0nno5R1etjIfBR1y47FWcKNE/cnJQhR71rf3q9mKSCRppwrFTHdRLtj7HUjHA6KXmpogkmQ9ynHUMjLKjyx9P9J+jQKD0UxtK8SKOp+rtjjIVSIxGYSoH1QM16mfif10l1eOGPWZSkmkbkZ1CYcmQuzcJAPSYp0XxkCCaSmV0RGWCJiTaRlUwI7uzJ86RZrbhOxb05K9cu8ziKsA8HcAwunEMNrqEODSDwAE/wAq/Wo/VsvVnvP6UFK+/ZhT+wPr4BgW6VHA==</latexit><latexit sha1_base64="R0IWGmwtBKQkpKbI6Ur2ss5CifM=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiCmJJiqDLohuXFewDmlgm00k7dCYJMxOh1C78FTcuFHHrb7jzb5zULLT1wAyHc+7l3nuChDOlHefLKiwsLi2vFFdLa+sbm1v29k5TxakktEFiHst2gBXlLKINzTSn7URSLAJOW8HwKvNb91QqFke3epRQX+B+xEJGsDZS197zEnZ3mn0nno5R1etjIfBR1y47FWcKNE/cnJQhR71rf3q9mKSCRppwrFTHdRLtj7HUjHA6KXmpogkmQ9ynHUMjLKjyx9P9J+jQKD0UxtK8SKOp+rtjjIVSIxGYSoH1QM16mfif10l1eOGPWZSkmkbkZ1CYcmQuzcJAPSYp0XxkCCaSmV0RGWCJiTaRlUwI7uzJ86RZrbhOxb05K9cu8ziKsA8HcAwunEMNrqEODSDwAE/wAq/Wo/VsvVnvP6UFK+/ZhT+wPr4BgW6VHA==</latexit>

LA0�A =
✏

2
Fµ⌫F

0µ⌫ +
1

2
m2

�0A0
µA

0µ
<latexit sha1_base64="9epso/IEX1smqASe5GTr/nS82+w="></latexit><latexit sha1_base64="9epso/IEX1smqASe5GTr/nS82+w="></latexit><latexit sha1_base64="9epso/IEX1smqASe5GTr/nS82+w="></latexit><latexit sha1_base64="9epso/IEX1smqASe5GTr/nS82+w="></latexit>

Kinetic mixing term

�
�0

e+

e�

Nch : number of decay channels
<latexit sha1_base64="AVC5EbqJBGdwmEHNic8l8tFmVAY="></latexit><latexit sha1_base64="AVC5EbqJBGdwmEHNic8l8tFmVAY="></latexit><latexit sha1_base64="AVC5EbqJBGdwmEHNic8l8tFmVAY="></latexit><latexit sha1_base64="AVC5EbqJBGdwmEHNic8l8tFmVAY="></latexit>

��0 = Nch
1

3
✏2↵m�0

' 0.3 s�1 ⇥Nch

⇣ ✏

10�10

⌘2 ⇣ m�0

100MeV

⌘

<latexit sha1_base64="lCHg/6ROsQxW4i0qncChOTrSMLg="></latexit><latexit sha1_base64="lCHg/6ROsQxW4i0qncChOTrSMLg="></latexit><latexit sha1_base64="lCHg/6ROsQxW4i0qncChOTrSMLg="></latexit><latexit sha1_base64="lCHg/6ROsQxW4i0qncChOTrSMLg="></latexit>
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DM-Nucleon Scattering

Kinetic mixing term also induces DM-nucleon scattering

We can detect in direct detection experiments!

LA0�A =
✏

2
Fµ⌫F

0µ⌫ +
1

2
m2

�0A0
µA

0µ
<latexit sha1_base64="9epso/IEX1smqASe5GTr/nS82+w="></latexit><latexit sha1_base64="9epso/IEX1smqASe5GTr/nS82+w="></latexit><latexit sha1_base64="9epso/IEX1smqASe5GTr/nS82+w="></latexit><latexit sha1_base64="9epso/IEX1smqASe5GTr/nS82+w="></latexit>

�

�0

p

p0

p

p0

<latexit sha1_base64="Nke5SuOoRc74gMXIJANBPuyGuRs="></latexit><latexit sha1_base64="Nke5SuOoRc74gMXIJANBPuyGuRs="></latexit><latexit sha1_base64="Nke5SuOoRc74gMXIJANBPuyGuRs="></latexit><latexit sha1_base64="Nke5SuOoRc74gMXIJANBPuyGuRs="></latexit>
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Allowed!

Excluded

𝑁HII

↵D = ↵/100
<latexit sha1_base64="FSCf7BOIGqpmm44EoJIKsMgOVtg="></latexit><latexit sha1_base64="FSCf7BOIGqpmm44EoJIKsMgOVtg="></latexit><latexit sha1_base64="FSCf7BOIGqpmm44EoJIKsMgOVtg="></latexit><latexit sha1_base64="FSCf7BOIGqpmm44EoJIKsMgOVtg="></latexit>

↵D = ↵
<latexit sha1_base64="WVR/0Ltpao+YtrIPBVkodAlJJhY=">AAACIHicdZDLSgMxFIYz9VbrpaMu3QSL4KpkbNEWFAq6cFnBXqAtJZNm2tBMJiQZYRj6JO5E38WduNRHcWV6EazoD4Gf/5zDOfl8yZk2CL07mZXVtfWN7GZua3tnN+/u7Td1FCtCGyTikWr7WFPOBG0YZjhtS0Vx6HPa8sdX03rrnirNInFnEkl7IR4KFjCCjY36br6LuRzh/vXlwrgFVKxUUbl0BlHRq5RQFU1NycqDXhHNVAAL1fvuZ3cQkTikwhCOte54SJpeipVhhNNJrhtrKjEZ4yHtWCtwSHUvnR0+gcc2GcAgUvYJA2fpz4kUh1onoW87Q2xG+ndtGv5V68QmqPRSJmRsqCDzRUHMoYnglAIcMEWJ4Yk1mChmb4VkhBUmxrJa2hLQRIRy6R+pHCWaET2xsL6JwP9N87ToWYK35ULtYoEtCw7BETgBHjgHNXAD6qABCIjBA3gCz86j8+K8Om/z1oyzmDkAS3I+vgC7iqSG</latexit><latexit sha1_base64="WVR/0Ltpao+YtrIPBVkodAlJJhY=">AAACIHicdZDLSgMxFIYz9VbrpaMu3QSL4KpkbNEWFAq6cFnBXqAtJZNm2tBMJiQZYRj6JO5E38WduNRHcWV6EazoD4Gf/5zDOfl8yZk2CL07mZXVtfWN7GZua3tnN+/u7Td1FCtCGyTikWr7WFPOBG0YZjhtS0Vx6HPa8sdX03rrnirNInFnEkl7IR4KFjCCjY36br6LuRzh/vXlwrgFVKxUUbl0BlHRq5RQFU1NycqDXhHNVAAL1fvuZ3cQkTikwhCOte54SJpeipVhhNNJrhtrKjEZ4yHtWCtwSHUvnR0+gcc2GcAgUvYJA2fpz4kUh1onoW87Q2xG+ndtGv5V68QmqPRSJmRsqCDzRUHMoYnglAIcMEWJ4Yk1mChmb4VkhBUmxrJa2hLQRIRy6R+pHCWaET2xsL6JwP9N87ToWYK35ULtYoEtCw7BETgBHjgHNXAD6qABCIjBA3gCz86j8+K8Om/z1oyzmDkAS3I+vgC7iqSG</latexit><latexit sha1_base64="WVR/0Ltpao+YtrIPBVkodAlJJhY=">AAACIHicdZDLSgMxFIYz9VbrpaMu3QSL4KpkbNEWFAq6cFnBXqAtJZNm2tBMJiQZYRj6JO5E38WduNRHcWV6EazoD4Gf/5zDOfl8yZk2CL07mZXVtfWN7GZua3tnN+/u7Td1FCtCGyTikWr7WFPOBG0YZjhtS0Vx6HPa8sdX03rrnirNInFnEkl7IR4KFjCCjY36br6LuRzh/vXlwrgFVKxUUbl0BlHRq5RQFU1NycqDXhHNVAAL1fvuZ3cQkTikwhCOte54SJpeipVhhNNJrhtrKjEZ4yHtWCtwSHUvnR0+gcc2GcAgUvYJA2fpz4kUh1onoW87Q2xG+ndtGv5V68QmqPRSJmRsqCDzRUHMoYnglAIcMEWJ4Yk1mChmb4VkhBUmxrJa2hLQRIRy6R+pHCWaET2xsL6JwP9N87ToWYK35ULtYoEtCw7BETgBHjgHNXAD6qABCIjBA3gCz86j8+K8Om/z1oyzmDkAS3I+vgC7iqSG</latexit><latexit sha1_base64="WVR/0Ltpao+YtrIPBVkodAlJJhY=">AAACIHicdZDLSgMxFIYz9VbrpaMu3QSL4KpkbNEWFAq6cFnBXqAtJZNm2tBMJiQZYRj6JO5E38WduNRHcWV6EazoD4Gf/5zDOfl8yZk2CL07mZXVtfWN7GZua3tnN+/u7Td1FCtCGyTikWr7WFPOBG0YZjhtS0Vx6HPa8sdX03rrnirNInFnEkl7IR4KFjCCjY36br6LuRzh/vXlwrgFVKxUUbl0BlHRq5RQFU1NycqDXhHNVAAL1fvuZ3cQkTikwhCOte54SJpeipVhhNNJrhtrKjEZ4yHtWCtwSHUvnR0+gcc2GcAgUvYJA2fpz4kUh1onoW87Q2xG+ndtGv5V68QmqPRSJmRsqCDzRUHMoYnglAIcMEWJ4Yk1mChmb4VkhBUmxrJa2hLQRIRy6R+pHCWaET2xsL6JwP9N87ToWYK35ULtYoEtCw7BETgBHjgHNXAD6qABCIjBA3gCz86j8+K8Om/z1oyzmDkAS3I+vgC7iqSG</latexit>

Direct Detection Constraint

In our model
m⇡0 ⇠ 1GeV

<latexit sha1_base64="Ow4D8cflikyCin9JSpZZtNeSmFM="></latexit>

mDM = 8.5GeV
<latexit sha1_base64="guOtHJLAAqtlRt9nJPczVkwERcc="></latexit>
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