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Q) Origin of the potential? 

e.g) QCD axions : QCD Instantons
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✓

 ALPs : “Dark Matter Candidate” <latexit sha1_base64="BtqVfPZhCxtVluS+oqDaILivy0M=">AAAB/nicbVDJSgNBEO1xjXGLiicvjUGIlzAjbsdgPHhMwCyQGUJPp5I06VnorhHDEPBXvHhQxKvf4c2/sbMcNPFBweO9Kqrq+bEUGm3721paXlldW89sZDe3tnd2c3v7dR0likONRzJSTZ9pkCKEGgqU0IwVsMCX0PAH5bHfeAClRRTe4zAGL2C9UHQFZ2ikdu6w3nYRHjGtlm9HtOBiH5CdtnN5u2hPQBeJMyN5MkOlnftyOxFPAgiRS6Z1y7Fj9FKmUHAJo6ybaIgZH7AetAwNWQDaSyfnj+iJUTq0GylTIdKJ+nsiZYHWw8A3nQHDvp73xuJ/XivB7rWXijBOEEI+XdRNJMWIjrOgHaGAoxwawrgS5lbK+0wxjiaxrAnBmX95kdTPis5l8aJ6ni/dzOLIkCNyTArEIVekRO5IhdQIJyl5Jq/kzXqyXqx362PaumTNZg7IH1ifP0oPlRA=</latexit>

VQCD(✓)
<latexit sha1_base64="BtqVfPZhCxtVluS+oqDaILivy0M=">AAAB/nicbVDJSgNBEO1xjXGLiicvjUGIlzAjbsdgPHhMwCyQGUJPp5I06VnorhHDEPBXvHhQxKvf4c2/sbMcNPFBweO9Kqrq+bEUGm3721paXlldW89sZDe3tnd2c3v7dR0likONRzJSTZ9pkCKEGgqU0IwVsMCX0PAH5bHfeAClRRTe4zAGL2C9UHQFZ2ikdu6w3nYRHjGtlm9HtOBiH5CdtnN5u2hPQBeJMyN5MkOlnftyOxFPAgiRS6Z1y7Fj9FKmUHAJo6ybaIgZH7AetAwNWQDaSyfnj+iJUTq0GylTIdKJ+nsiZYHWw8A3nQHDvp73xuJ/XivB7rWXijBOEEI+XdRNJMWIjrOgHaGAoxwawrgS5lbK+0wxjiaxrAnBmX95kdTPis5l8aJ6ni/dzOLIkCNyTArEIVekRO5IhdQIJyl5Jq/kzXqyXqx362PaumTNZg7IH1ifP0oPlRA=</latexit>

VQCD(✓)

<latexit sha1_base64="TtFRihvY41Ff5sgavePjpP8lbeo=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4Kon4WhbduKxgH9iGMpnetEMnkzBzI5SQtT/gVv/Anbj1O/wBv8Npm4VtPXDhcM693HuPHwuu0XG+rcLK6tr6RnGztLW9s7tX3j9o6ihRDBosEpFq+1SD4BIayFFAO1ZAQ19Ayx/dTvzWEyjNI/mA4xi8kA4kDzijaKTHLg4BaS/lWa9ccarOFPYycXNSITnqvfJPtx+xJASJTFCtO64To5dShZwJyErdRENM2YgOoGOopCFoL51enNknRunbQaRMSbSn6t+JlIZaj0PfdIYUh3rRm4j/eZ0Eg2sv5TJOECSbLQoSYWNkT963+1wBQzE2hDLFza02G1JFGZqQ5rYwKhmIrGSCcRdjWCbNs6p7Wb24P6/UbvKIiuSIHJNT4pIrUiN3pE4ahBFJXsgrebOerXfrw/qctRasfOaQzMH6+gVGyZlv</latexit>

✓i

[R. D. Peccei,  H. R. Quinn, (1977)]

[S. Weinberg, (1978)]
[F. Wilczek, (1978)]

[ J. E. Kim, (1979)] …
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 ALPs : “Dark Matter Candidate” <latexit sha1_base64="BtqVfPZhCxtVluS+oqDaILivy0M=">AAAB/nicbVDJSgNBEO1xjXGLiicvjUGIlzAjbsdgPHhMwCyQGUJPp5I06VnorhHDEPBXvHhQxKvf4c2/sbMcNPFBweO9Kqrq+bEUGm3721paXlldW89sZDe3tnd2c3v7dR0likONRzJSTZ9pkCKEGgqU0IwVsMCX0PAH5bHfeAClRRTe4zAGL2C9UHQFZ2ikdu6w3nYRHjGtlm9HtOBiH5CdtnN5u2hPQBeJMyN5MkOlnftyOxFPAgiRS6Z1y7Fj9FKmUHAJo6ybaIgZH7AetAwNWQDaSyfnj+iJUTq0GylTIdKJ+nsiZYHWw8A3nQHDvp73xuJ/XivB7rWXijBOEEI+XdRNJMWIjrOgHaGAoxwawrgS5lbK+0wxjiaxrAnBmX95kdTPis5l8aJ6ni/dzOLIkCNyTArEIVekRO5IhdQIJyl5Jq/kzXqyXqx362PaumTNZg7IH1ifP0oPlRA=</latexit>

VQCD(✓)
<latexit sha1_base64="BtqVfPZhCxtVluS+oqDaILivy0M=">AAAB/nicbVDJSgNBEO1xjXGLiicvjUGIlzAjbsdgPHhMwCyQGUJPp5I06VnorhHDEPBXvHhQxKvf4c2/sbMcNPFBweO9Kqrq+bEUGm3721paXlldW89sZDe3tnd2c3v7dR0likONRzJSTZ9pkCKEGgqU0IwVsMCX0PAH5bHfeAClRRTe4zAGL2C9UHQFZ2ikdu6w3nYRHjGtlm9HtOBiH5CdtnN5u2hPQBeJMyN5MkOlnftyOxFPAgiRS6Z1y7Fj9FKmUHAJo6ybaIgZH7AetAwNWQDaSyfnj+iJUTq0GylTIdKJ+nsiZYHWw8A3nQHDvp73xuJ/XivB7rWXijBOEEI+XdRNJMWIjrOgHaGAoxwawrgS5lbK+0wxjiaxrAnBmX95kdTPis5l8aJ6ni/dzOLIkCNyTArEIVekRO5IhdQIJyl5Jq/kzXqyXqx362PaumTNZg7IH1ifP0oPlRA=</latexit>

VQCD(✓)

<latexit sha1_base64="XfQjjPEwm38udK6ta5b0FLjEbkk=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmY2dllplcIISd/wKv+gTfx6pf4A36Hk2QPJrGgoajqprsrSKQw6LrfTm5ldW19I79Z2Nre2d0r7h/UTZxqDjUey1g3A2ZACgU1FCihmWhgUSChEQxuJ37jCbQRsXrAYQJ+xHpKhIIztFK9jX1A1imW3LI7BV0mXkZKJEO1U/xpd2OeRqCQS2ZMy3MT9EdMo+ASxoV2aiBhfMB60LJUsQiMP5peO6YnVunSMNa2FNKp+ndixCJjhlFgOyOGfbPoTcT/vFaK4bU/EipJERSfLQpTSTGmk9dpV2jgKIeWMK6FvZXyPtOMow1obgtnioMcF2ww3mIMy6R+VvYuyxf356XKTRZRnhyRY3JKPHJFKuSOVEmNcPJIXsgreXOenXfnw/mcteacbOaQzMH5+gXcNZeH</latexit>

✓

<latexit sha1_base64="TtFRihvY41Ff5sgavePjpP8lbeo=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4Kon4WhbduKxgH9iGMpnetEMnkzBzI5SQtT/gVv/Anbj1O/wBv8Npm4VtPXDhcM693HuPHwuu0XG+rcLK6tr6RnGztLW9s7tX3j9o6ihRDBosEpFq+1SD4BIayFFAO1ZAQ19Ayx/dTvzWEyjNI/mA4xi8kA4kDzijaKTHLg4BaS/lWa9ccarOFPYycXNSITnqvfJPtx+xJASJTFCtO64To5dShZwJyErdRENM2YgOoGOopCFoL51enNknRunbQaRMSbSn6t+JlIZaj0PfdIYUh3rRm4j/eZ0Eg2sv5TJOECSbLQoSYWNkT963+1wBQzE2hDLFza02G1JFGZqQ5rYwKhmIrGSCcRdjWCbNs6p7Wb24P6/UbvKIiuSIHJNT4pIrUiN3pE4ahBFJXsgrebOerXfrw/qctRasfOaQzMH6+gVGyZlv</latexit>

✓i

Q) Origin of the potential? 

e.g) QCD axions : QCD Instantons
<latexit sha1_base64="tveN4kS86jMUArt6YlGYisY+z54="></latexit>

L(µ > ⇤QCD) =
1

2
(@µa)

2 +
g2s

32⇡2

a

fa
Gµ⌫G̃

µ⌫ + ...

<latexit sha1_base64="kBQgYK9V4EF1orTiBfAEMfIPd6M="></latexit>

Le↵(µ ⌧ ⇤QCD) =
1

2
(@µa)

2 � 1

2
m2

aa
2 + ...

+    other  sources!U(1)

Gravity “explicitly breaks” global  
symmetries : 

<latexit sha1_base64="1H0dkorb5hcs/QBSzdzz4oFsD84=">AAACL3icbVDLSgMxFM34tr6qLt0Ei6CbMiO+loIuXLZgH9ApJZPetsFMZkjuqGWY//A3/AG3+gfiRlwJ/oXpY2FbDwQO55zLvTlBLIVB1/1w5uYXFpeWV1Zza+sbm1v57Z2qiRLNocIjGel6wAxIoaCCAiXUYw0sDCTUgrurgV+7B21EpG6xH0MzZF0lOoIztFIrf1w59I5aPsIjpqVyRn0tuj1kWkcP1OdMcZDpZCRr5Qtu0R2CzhJvTApkjFIr/+23I56EoJBLZkzDc2Nspkyj4BKynJ8YiBm/Y11oWKpYCKaZDv+W0QOrtGkn0vYppEP170TKQmP6YWCTIcOemfYG4n9eI8HORTMVKk4QFB8t6iSSYkQHRdG20MBR9i1hXAt7K+U9phlHW+fEllFNWc4W403XMEuqx0XvrHhaPilcXo8rWiF7ZJ8cEo+ck0tyQ0qkQjh5Ii/klbw5z8678+l8jaJzznhml0zA+fkFB1+pfw==</latexit>

U(1)PQ !⇠⇠⇠⇠U(1)PQ
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 ALPs : “Dark Matter Candidate” <latexit sha1_base64="BtqVfPZhCxtVluS+oqDaILivy0M=">AAAB/nicbVDJSgNBEO1xjXGLiicvjUGIlzAjbsdgPHhMwCyQGUJPp5I06VnorhHDEPBXvHhQxKvf4c2/sbMcNPFBweO9Kqrq+bEUGm3721paXlldW89sZDe3tnd2c3v7dR0likONRzJSTZ9pkCKEGgqU0IwVsMCX0PAH5bHfeAClRRTe4zAGL2C9UHQFZ2ikdu6w3nYRHjGtlm9HtOBiH5CdtnN5u2hPQBeJMyN5MkOlnftyOxFPAgiRS6Z1y7Fj9FKmUHAJo6ybaIgZH7AetAwNWQDaSyfnj+iJUTq0GylTIdKJ+nsiZYHWw8A3nQHDvp73xuJ/XivB7rWXijBOEEI+XdRNJMWIjrOgHaGAoxwawrgS5lbK+0wxjiaxrAnBmX95kdTPis5l8aJ6ni/dzOLIkCNyTArEIVekRO5IhdQIJyl5Jq/kzXqyXqx362PaumTNZg7IH1ifP0oPlRA=</latexit>

VQCDQCD(✓)

<latexit sha1_base64="XfQjjPEwm38udK6ta5b0FLjEbkk=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmY2dllplcIISd/wKv+gTfx6pf4A36Hk2QPJrGgoajqprsrSKQw6LrfTm5ldW19I79Z2Nre2d0r7h/UTZxqDjUey1g3A2ZACgU1FCihmWhgUSChEQxuJ37jCbQRsXrAYQJ+xHpKhIIztFK9jX1A1imW3LI7BV0mXkZKJEO1U/xpd2OeRqCQS2ZMy3MT9EdMo+ASxoV2aiBhfMB60LJUsQiMP5peO6YnVunSMNa2FNKp+ndixCJjhlFgOyOGfbPoTcT/vFaK4bU/EipJERSfLQpTSTGmk9dpV2jgKIeWMK6FvZXyPtOMow1obgtnioMcF2ww3mIMy6R+VvYuyxf356XKTRZRnhyRY3JKPHJFKuSOVEmNcPJIXsgreXOenXfnw/mcteacbOaQzMH5+gXcNZeH</latexit>

✓

<latexit sha1_base64="TtFRihvY41Ff5sgavePjpP8lbeo=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4Kon4WhbduKxgH9iGMpnetEMnkzBzI5SQtT/gVv/Anbj1O/wBv8Npm4VtPXDhcM693HuPHwuu0XG+rcLK6tr6RnGztLW9s7tX3j9o6ihRDBosEpFq+1SD4BIayFFAO1ZAQ19Ayx/dTvzWEyjNI/mA4xi8kA4kDzijaKTHLg4BaS/lWa9ccarOFPYycXNSITnqvfJPtx+xJASJTFCtO64To5dShZwJyErdRENM2YgOoGOopCFoL51enNknRunbQaRMSbSn6t+JlIZaj0PfdIYUh3rRm4j/eZ0Eg2sv5TJOECSbLQoSYWNkT963+1wBQzE2hDLFza02G1JFGZqQ5rYwKhmIrGSCcRdjWCbNs6p7Wb24P6/UbvKIiuSIHJNT4pIrUiN3pE4ahBFJXsgrebOerXfrw/qctRasfOaQzMH6+gVGyZlv</latexit>

✓i

Q) Origin of the potential? 

e.g) QCD axions : QCD Instantons
<latexit sha1_base64="tveN4kS86jMUArt6YlGYisY+z54="></latexit>

L(µ > ⇤QCD) =
1

2
(@µa)

2 +
g2s

32⇡2

a

fa
Gµ⌫G̃

µ⌫ + ...

<latexit sha1_base64="kBQgYK9V4EF1orTiBfAEMfIPd6M="></latexit>

Le↵(µ ⌧ ⇤QCD) =
1

2
(@µa)

2 � 1

2
m2

aa
2 + ...

+    other  sources!U(1)

Gravity “explicitly breaks” global  
symmetries : 

<latexit sha1_base64="1H0dkorb5hcs/QBSzdzz4oFsD84=">AAACL3icbVDLSgMxFM34tr6qLt0Ei6CbMiO+loIuXLZgH9ApJZPetsFMZkjuqGWY//A3/AG3+gfiRlwJ/oXpY2FbDwQO55zLvTlBLIVB1/1w5uYXFpeWV1Zza+sbm1v57Z2qiRLNocIjGel6wAxIoaCCAiXUYw0sDCTUgrurgV+7B21EpG6xH0MzZF0lOoIztFIrf1w59I5aPsIjpqVyRn0tuj1kWkcP1OdMcZDpZCRr5Qtu0R2CzhJvTApkjFIr/+23I56EoJBLZkzDc2Nspkyj4BKynJ8YiBm/Y11oWKpYCKaZDv+W0QOrtGkn0vYppEP170TKQmP6YWCTIcOemfYG4n9eI8HORTMVKk4QFB8t6iSSYkQHRdG20MBR9i1hXAt7K+U9phlHW+fEllFNWc4W403XMEuqx0XvrHhaPilcXo8rWiF7ZJ8cEo+ck0tyQ0qkQjh5Ii/klbw5z8678+l8jaJzznhml0zA+fkFB1+pfw==</latexit>

U(1)PQ !⇠⇠⇠⇠U(1)PQ

Non-perturbative gravity effects explicitly break  in ALP modelsU(1)

Origin for  , Dark Matter Possibility!V(θ)

Objects : Euclidean ALP Wormholes
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ALP Wormholes

<latexit sha1_base64="/ymthAd+i+g5LZnpy9QAbwWlqjY="></latexit>

S =

Z
d4x

p
|g|


�M2

P

2

✓
1 +

⇠

M2
P

(⇢2 � f2
a )

◆
R(�) +

1

2
(@µ⇢)

2 +
1

2
⇢2 (@µ✓)

2 +
��

4

�
⇢2 � f2

a

�2
�

 complex scalar + non-minimal coupling to gravity U(1)
<latexit sha1_base64="sKp19Kkfwc8SUvg4ZOlwXQ6RZyw="></latexit>

� =
1p
2
⇢ei✓
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ALP Wormholes

<latexit sha1_base64="/ymthAd+i+g5LZnpy9QAbwWlqjY="></latexit>

S =

Z
d4x

p
|g|


�M2

P

2

✓
1 +

⇠

M2
P

(⇢2 � f2
a )

◆
R(�) +

1

2
(@µ⇢)

2 +
1

2
⇢2 (@µ✓)

2 +
��

4

�
⇢2 � f2

a

�2
�

 complex scalar + non-minimal coupling to gravity U(1)
<latexit sha1_base64="sKp19Kkfwc8SUvg4ZOlwXQ6RZyw="></latexit>

� =
1p
2
⇢ei✓

<latexit sha1_base64="SoIi+tikGdI+W5/sBdimPmJGRH4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVVa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4GGNAA==</latexit>r

<latexit sha1_base64="8w7ZkTB4Yy0uHTZdbkClS185yvI=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9H4lePGKQRwIbMjs0MGF2djMza0I2fIIXDxrj1S/y5t84wB4UrKSTSlV3uruCWHBtXPfbya2srq1v5DcLW9s7u3vF/YOGjhLFsM4iEalWQDUKLrFuuBHYihXSMBDYDEZ3U7/5hErzSD6acYx+SAeS9zmjxkq1Wve8Wyy5ZXcGsky8jJQgQ7Vb/Or0IpaEKA0TVOu258bGT6kynAmcFDqJxpiyER1g21JJQ9R+Ojt1Qk6s0iP9SNmShszU3xMpDbUeh4HtDKkZ6kVvKv7ntRPTv/FTLuPEoGTzRf1EEBOR6d+kxxUyI8aWUKa4vZWwIVWUGZtOwYbgLb68TBpnZe+qfPlwUarcZnHk4QiO4RQ8uIYK3EMV6sBgAM/wCm+OcF6cd+dj3ppzsplD+APn8wfZi42H</latexit>

S3

<latexit sha1_base64="yh8QRzxRw13F4p5gtxE0wuXYZys=">AAACAHicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68eChgmkLbSib7aRdutmE3Y1SQi/+Aa/6D7yJV/+Jf8Df4bbNwbY+GHi8N8PMvCDhTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUPFqaTo0ZjHshUQhZwJ9DTTHFuJRBIFHJvB8GbiNx9RKhaLBz1K0I9IX7CQUaKN5N11s6dxt1R2Ks4U9jJxc1KGHPVu6afTi2kaodCUE6XarpNoPyNSM8pxXOykChNCh6SPbUMFiVD52fTYsX1qlJ4dxtKU0PZU/TuRkUipURSYzojogVr0JuJ/XjvV4ZWfMZGkGgWdLQpTbuvYnnxu95hEqvnIEEIlM7fadEAkodrkM7eFEkGRj4smGHcxhmXSOK+41Ur1/qJcu84jKsAxnMAZuHAJNbiFOnhAgcELvMKb9Wy9Wx/W56x1xcpnjmAO1tcvKO+XJg==</latexit>

Lw
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ALP Wormholes

Finite-action solutions
<latexit sha1_base64="xB/kWPnSVDhqk1yhxSsSjipeBPs="></latexit>

ds2 =
dr2

(1� L4
w/r

4)
+ r2d⌦2

3

See e.g. [A. Hebecker, T. Mikhail, P. Soler, (2018)]

<latexit sha1_base64="/ymthAd+i+g5LZnpy9QAbwWlqjY="></latexit>

S =

Z
d4x

p
|g|


�M2

P

2

✓
1 +

⇠

M2
P

(⇢2 � f2
a )

◆
R(�) +

1

2
(@µ⇢)

2 +
1

2
⇢2 (@µ✓)

2 +
��

4

�
⇢2 � f2

a

�2
�

 complex scalar + non-minimal coupling to gravity U(1)
<latexit sha1_base64="sKp19Kkfwc8SUvg4ZOlwXQ6RZyw="></latexit>

� =
1p
2
⇢ei✓

<latexit sha1_base64="SoIi+tikGdI+W5/sBdimPmJGRH4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVVa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4GGNAA==</latexit>r
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<latexit sha1_base64="1XixLPceKBST1yOKZN/Eovs+Ne4=">AAACGnicbVDLSsNAFJ34rPVVdSnCYBFclUR8bYSCLnQjFewD2hAm09t26GQSZyZCCVn5G/6AW/0Dd+LWjT/gdzhts7CtBy4czrmXe+/xI86Utu1va25+YXFpObeSX11b39gsbG3XVBhLClUa8lA2fKKAMwFVzTSHRiSBBD6Hut+/HPr1R5CKheJeDyJwA9IVrMMo0UbyCnsPXgIpxhdYeMlNiltM4FZAdM/3k9vUKxTtkj0CniVORoooQ8Ur/LTaIY0DEJpyolTTsSPtJkRqRjmk+VasICK0T7rQNFSQAJSbjN5I8YFR2rgTSlNC45H6dyIhgVKDwDedwwvVtDcU//Oase6cuwkTUaxB0PGiTsyxDvEwE9xmEqjmA0MIlczcimmPSEK1SW5iCyWCAk/zJhhnOoZZUjsqOaelk7vjYvkqiyiHdtE+OkQOOkNldI0qqIooekIv6BW9Wc/Wu/VhfY5b56xsZgdNwPr6Bc/ZoIk=</latexit>
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HE3 : 3-form field strength, axion dual

See e.g. [A. Hebecker, T. Mikhail, P. Soler, (2018)]
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<latexit sha1_base64="SoIi+tikGdI+W5/sBdimPmJGRH4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVVa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4GGNAA==</latexit>r

<latexit sha1_base64="8w7ZkTB4Yy0uHTZdbkClS185yvI=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9H4lePGKQRwIbMjs0MGF2djMza0I2fIIXDxrj1S/y5t84wB4UrKSTSlV3uruCWHBtXPfbya2srq1v5DcLW9s7u3vF/YOGjhLFsM4iEalWQDUKLrFuuBHYihXSMBDYDEZ3U7/5hErzSD6acYx+SAeS9zmjxkq1Wve8Wyy5ZXcGsky8jJQgQ7Vb/Or0IpaEKA0TVOu258bGT6kynAmcFDqJxpiyER1g21JJQ9R+Ojt1Qk6s0iP9SNmShszU3xMpDbUeh4HtDKkZ6kVvKv7ntRPTv/FTLuPEoGTzRf1EEBOR6d+kxxUyI8aWUKa4vZWwIVWUGZtOwYbgLb68TBpnZe+qfPlwUarcZnHk4QiO4RQ8uIYK3EMV6sBgAM/wCm+OcF6cd+dj3ppzsplD+APn8wfZi42H</latexit>
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<latexit sha1_base64="yh8QRzxRw13F4p5gtxE0wuXYZys=">AAACAHicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68eChgmkLbSib7aRdutmE3Y1SQi/+Aa/6D7yJV/+Jf8Df4bbNwbY+GHi8N8PMvCDhTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUPFqaTo0ZjHshUQhZwJ9DTTHFuJRBIFHJvB8GbiNx9RKhaLBz1K0I9IX7CQUaKN5N11s6dxt1R2Ks4U9jJxc1KGHPVu6afTi2kaodCUE6XarpNoPyNSM8pxXOykChNCh6SPbUMFiVD52fTYsX1qlJ4dxtKU0PZU/TuRkUipURSYzojogVr0JuJ/XjvV4ZWfMZGkGgWdLQpTbuvYnnxu95hEqvnIEEIlM7fadEAkodrkM7eFEkGRj4smGHcxhmXSOK+41Ur1/qJcu84jKsAxnMAZuHAJNbiFOnhAgcELvMKb9Wy9Wx/W56x1xcpnjmAO1tcvKO+XJg==</latexit>
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<latexit sha1_base64="sKp19Kkfwc8SUvg4ZOlwXQ6RZyw="></latexit>
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<latexit sha1_base64="SoIi+tikGdI+W5/sBdimPmJGRH4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVVa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4GGNAA==</latexit>r

<latexit sha1_base64="8w7ZkTB4Yy0uHTZdbkClS185yvI=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9H4lePGKQRwIbMjs0MGF2djMza0I2fIIXDxrj1S/y5t84wB4UrKSTSlV3uruCWHBtXPfbya2srq1v5DcLW9s7u3vF/YOGjhLFsM4iEalWQDUKLrFuuBHYihXSMBDYDEZ3U7/5hErzSD6acYx+SAeS9zmjxkq1Wve8Wyy5ZXcGsky8jJQgQ7Vb/Or0IpaEKA0TVOu258bGT6kynAmcFDqJxpiyER1g21JJQ9R+Ojt1Qk6s0iP9SNmShszU3xMpDbUeh4HtDKkZ6kVvKv7ntRPTv/FTLuPEoGTzRf1EEBOR6d+kxxUyI8aWUKa4vZWwIVWUGZtOwYbgLb68TBpnZe+qfPlwUarcZnHk4QiO4RQ8uIYK3EMV6sBgAM/wCm+OcF6cd+dj3ppzsplD+APn8wfZi42H</latexit>

S3

<latexit sha1_base64="yh8QRzxRw13F4p5gtxE0wuXYZys=">AAACAHicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68eChgmkLbSib7aRdutmE3Y1SQi/+Aa/6D7yJV/+Jf8Df4bbNwbY+GHi8N8PMvCDhTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUPFqaTo0ZjHshUQhZwJ9DTTHFuJRBIFHJvB8GbiNx9RKhaLBz1K0I9IX7CQUaKN5N11s6dxt1R2Ks4U9jJxc1KGHPVu6afTi2kaodCUE6XarpNoPyNSM8pxXOykChNCh6SPbUMFiVD52fTYsX1qlJ4dxtKU0PZU/TuRkUipURSYzojogVr0JuJ/XjvV4ZWfMZGkGgWdLQpTbuvYnnxu95hEqvnIEEIlM7fadEAkodrkM7eFEkGRj4smGHcxhmXSOK+41Ur1/qJcu84jKsAxnMAZuHAJNbiFOnhAgcELvMKb9Wy9Wx/W56x1xcpnjmAO1tcvKO+XJg==</latexit>

Lw

<latexit sha1_base64="X/lgKteygoT/BpVNabY32WF5TRI=">AAACD3icbVDLTsJAFJ36RHwhLt00EhNXpDW+liS6cImJPBJoyHS4wITptM7cGkjTj/AH3OofuDNu/QR/wO9wgC4EPMkkJ+fce8/k+JHgGh3n21pZXVvf2Mxt5bd3dvf2CwfFug5jxaDGQhGqpk81CC6hhhwFNCMFNPAFNPzhzcRvPIHSPJQPOI7AC2hf8h5nFI3UKRTbCCOc3kkUdNPkMe0USk7ZmcJeJm5GSiRDtVP4aXdDFgcgkQmqdct1IvQSqpAzAWm+HWuIKBvSPrQMlTQA7SXTzNQ+MUrX7oXKPIn2VP27kdBA63Hgm8mA4kAvehPxP68VY+/aS7iMYgTJZkG9WNgY2pMi7C5XwFCMDaFMcfNXmw2oogxNXXMpjEoGIs2bYtzFGpZJ/azsXpYv7s9Lldusohw5IsfklLjkilTIHamSGmFkRF7IK3mznq1368P6nI2uWNnOIZmD9fUL8K+dnA==</latexit>q
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<latexit sha1_base64="JzJN65xPc9z8r//IhaGmKXemLs0=">AAACGnicbVDLSgMxFM3UV62vqksRgkVwVWZEqhuh6MZlBfuAtpQ76Z02NJMZkoxQhq78DX/Arf6BO3Hrxh/wO0wfC9t6IOHknHu5N8ePBdfGdb+dzMrq2vpGdjO3tb2zu5ffP6jpKFEMqywSkWr4oFFwiVXDjcBGrBBCX2DdH9yO/fojKs0j+WCGMbZD6EkecAbGSp38cUuA7AmkLdWP7DV90GsadFIYdfIFt+hOQJeJNyMFMkOlk/9pdSOWhCgNE6B103Nj005BGc4EjnKtRGMMbAA9bFoqIUTdTiffGNFTq3RpECl7pKET9W9HCqHWw9C3lSGYvl70xuJ/XjMxwVU75TJODEo2HRQkgpqIjjOhXa6QGTG0BJjidlfK+qCAGZvc3BQGkqEY5Www3mIMy6R2XvRKxdL9RaF8M4soS47ICTkjHrkkZXJHKqRKGHkiL+SVvDnPzrvz4XxOSzPOrOeQzMH5+gWyC6Bx</latexit>

h⇢i = fa

[DYC, et.al., 2411.07713]
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ALP Wormholes [DYC, S.C. Park, C.S. Shin, 2310.11260]

Wormhole Action

<latexit sha1_base64="DZclwSF2gm+tAuo44kYXbQk8C0I="></latexit>

S
1⌧⇠.M2

P /f2
a

w '

8
><

>:

⇡
p
30

4 ⇠1/2 (metric)

⇡
p
6

4 ⇠1/2 (Palatini)

<latexit sha1_base64="e8VVzPd8SmJ9DA+N/K/cnYKFCg0="></latexit>

S⇠⌧1
w ' ln

✓
MP

fa

◆

<latexit sha1_base64="SlGcmfCQA2uR5or3KXZdpmzf0vg="></latexit>

S
⇠=M2

P /f2
a

w =

p
6⇡MP

4fa

Wormhole Throat
<latexit sha1_base64="0dPqSe83kWvQth66Y2F+YlUf1dA="></latexit>�
L⇠⌧1
w

�2 ' 1

3⇡3M2
P

<latexit sha1_base64="CwWuMhU1OCKONEi0kyFLcqf0UxY="></latexit>

⇣
L
1⌧⇠.M2

P /f2
a

w

⌘2
'

8
>><

>>:

p
3⇠1/2

2⇡2
p
10M2

P

(metric)

⇠1/2

2⇡2
p
6M2

P

(Palatini)
<latexit sha1_base64="lmTc+pGazr8nPb1NKZ1NaprmYg4="></latexit>⇣
L
⇠=M2

P /f2
a

w

⌘2
=

1

2⇡2
p
6MP fa

.

<latexit sha1_base64="qYKCTkVxAuMhNLPSuYAj69qa7Gw="></latexit>

�V ⇠ e�SwL�3
w (�+ �⇤) ⇠ e�Sw

⇢

L3
w

cos

✓
a

fa

◆ <latexit sha1_base64="CX+bKgRPwIhozFP0VGsjteJfqhI="></latexit>

m2
a ⇠ 1

faL3
w

e�Sw
Radial mode stabilization

<latexit sha1_base64="JzJN65xPc9z8r//IhaGmKXemLs0=">AAACGnicbVDLSgMxFM3UV62vqksRgkVwVWZEqhuh6MZlBfuAtpQ76Z02NJMZkoxQhq78DX/Arf6BO3Hrxh/wO0wfC9t6IOHknHu5N8ePBdfGdb+dzMrq2vpGdjO3tb2zu5ffP6jpKFEMqywSkWr4oFFwiVXDjcBGrBBCX2DdH9yO/fojKs0j+WCGMbZD6EkecAbGSp38cUuA7AmkLdWP7DV90GsadFIYdfIFt+hOQJeJNyMFMkOlk/9pdSOWhCgNE6B103Nj005BGc4EjnKtRGMMbAA9bFoqIUTdTiffGNFTq3RpECl7pKET9W9HCqHWw9C3lSGYvl70xuJ/XjMxwVU75TJODEo2HRQkgpqIjjOhXa6QGTG0BJjidlfK+qCAGZvc3BQGkqEY5Www3mIMy6R2XvRKxdL9RaF8M4soS47ICTkjHrkkZXJHKqRKGHkiL+SVvDnPzrvz4XxOSzPOrOeQzMH5+gWyC6Bx</latexit>

h⇢i = fa

[DYC, et.al., 2411.07713]
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Wormhole Induced ALP DM - Production [DYC, et.al., 2411.07713]

Pre-Inflationary Post-Inflationary

<latexit sha1_base64="t36ZevlSbXPCM6olmVuzslzrG0k=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPZTN+uXK07VmcFeJW5OKiRHo1/+6Q0iloQgkQmqddd1YvRSqpAzAVmpl2iIKRvTIXQNlTQE7aWzizP7zCgDO4iUKYn2TP07kdJQ60nom86Q4kgve1PxP6+bYHDtpVzGCYJk80VBImyM7On79oArYCgmhlCmuLnVZiOqKEMT0sIWRiUDkZVMMO5yDKukdVF1a9Xa/WWlfpdHVCQn5JScE5dckTq5JQ3SJIxI8kJeyZv1bL1bH9bnvLVg5TPHZAHW1y/vr5k/</latexit>

✓1 <latexit sha1_base64="6scDGJw0Mgzo7SctNkzX0y9Hm+o=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJSlSXRbc6K6CfWAbymR60w6dTMLMjVBC1v6AW/0Dd+LW7/AH/A6nbRa29cCFwzn3cu89fiy4Rsf5ttbWNza3tgs7xd29/YPD0tFxS0eJYtBkkYhUx6caBJfQRI4COrECGvoC2v74Zuq3n0BpHskHnMTghXQoecAZRSM99nAESPtpNeuXyk7FmcFeJW5OyiRHo1/66Q0iloQgkQmqddd1YvRSqpAzAVmxl2iIKRvTIXQNlTQE7aWzizP73CgDO4iUKYn2TP07kdJQ60nom86Q4kgve1PxP6+bYHDtpVzGCYJk80VBImyM7On79oArYCgmhlCmuLnVZiOqKEMT0sIWRiUDkRVNMO5yDKukVa24tUrt/rJcv8sjKpBTckYuiEuuSJ3ckgZpEkYkeSGv5M16tt6tD+tz3rpm5TMnZAHW1y/xSJlA</latexit>

✓2

<latexit sha1_base64="GGPTpqE/XuZhmQw9wonQQqdTA/c=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJVGpLgtudFfBPrANZTK9aYdOJmHmRigha3/Arf6BO3Hrd/gDfofTNgvbeuDC4Zx7ufcePxZco+N8Wyura+sbm4Wt4vbO7t5+6eCwqaNEMWiwSESq7VMNgktoIEcB7VgBDX0BLX90M/FbT6A0j+QDjmPwQjqQPOCMopEeuzgEpL30IuuVyk7FmcJeJm5OyiRHvVf66fYjloQgkQmqdcd1YvRSqpAzAVmxm2iIKRvRAXQMlTQE7aXTizP71Ch9O4iUKYn2VP07kdJQ63Hom86Q4lAvehPxP6+TYHDtpVzGCYJks0VBImyM7Mn7dp8rYCjGhlCmuLnVZkOqKEMT0twWRiUDkRVNMO5iDMukeV5xq5Xq/WW5dpdHVCDH5IScEZdckRq5JXXSIIxI8kJeyZv1bL1bH9bnrHXFymeOyBysr1/y4ZlB</latexit>

✓3

<latexit sha1_base64="nuSXDPgPoTzkip2NLDzJz2SeL4k=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPbTy6xfrjhVZwZ7lbg5qZAcjX75pzeIWBKCRCao1l3XidFLqULOBGSlXqIhpmxMh9A1VNIQtJfOLs7sM6MM7CBSpiTaM/XvREpDrSehbzpDiiO97E3F/7xugsG1l3IZJwiSzRcFibAxsqfv2wOugKGYGEKZ4uZWm42oogxNSAtbGJUMRFYywbjLMayS1kXVrVVr95eV+l0eUZGckFNyTlxyRerkljRIkzAiyQt5JW/Ws/VufVif89aClc8ckwVYX7/0eplC</latexit>

✓4

<latexit sha1_base64="l8ew62MUnfuYxapF2AO+NjQEI48=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJRGtLgtudFfBPrANZTK9aYdOJmHmRigha3/Arf6BO3Hrd/gDfofTNgvbeuDC4Zx7ufcePxZco+N8Wyura+sbm4Wt4vbO7t5+6eCwqaNEMWiwSESq7VMNgktoIEcB7VgBDX0BLX90M/FbT6A0j+QDjmPwQjqQPOCMopEeuzgEpL30MuuVyk7FmcJeJm5OyiRHvVf66fYjloQgkQmqdcd1YvRSqpAzAVmxm2iIKRvRAXQMlTQE7aXTizP71Ch9O4iUKYn2VP07kdJQ63Hom86Q4lAvehPxP6+TYHDtpVzGCYJks0VBImyM7Mn7dp8rYCjGhlCmuLnVZkOqKEMT0twWRiUDkRVNMO5iDMukeV5xq5Xq/UW5dpdHVCDH5IScEZdckRq5JXXSIIxI8kJeyZv1bL1bH9bnrHXFymeOyBysr1/2E5lD</latexit>

✓5

<latexit sha1_base64="cuhLkZfpXtSp8NSIUT68xFTOw9c=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPbTWtYvV5yqM4O9StycVEiORr/80xtELAlBIhNU667rxOilVCFnArJSL9EQUzamQ+gaKmkI2ktnF2f2mVEGdhApUxLtmfp3IqWh1pPQN50hxZFe9qbif143weDaS7mMEwTJ5ouCRNgY2dP37QFXwFBMDKFMcXOrzUZUUYYmpIUtjEoGIiuZYNzlGFZJ66Lq1qq1+8tK/S6PqEhOyCk5Jy65InVySxqkSRiR5IW8kjfr2Xq3PqzPeWvBymeOyQKsr1/3rJlE</latexit>

✓6 <latexit sha1_base64="FAsYbIxcI9G9wOMiuiti/TJQKts=">AAACBXicbVBNS8NAEN3Ur1q/qh69BIvgqSQirceCF71VsK3YhrLZTtqlm03YnQgl5Owf8Kr/wJt49Xf4B/wdbtscbOuDgcd7M8zM82PBNTrOt1VYW9/Y3Cpul3Z29/YPyodHbR0likGLRSJSDz7VILiEFnIU8BAroKEvoOOPr6d+5wmU5pG8x0kMXkiHkgecUTTSYw9HgLSf1rN+ueJUnRnsVeLmpEJyNPvln94gYkkIEpmgWnddJ0YvpQo5E5CVeomGmLIxHULXUElD0F46uzizz4wysINImZJoz9S/EykNtZ6EvukMKY70sjcV//O6CQZXXsplnCBINl8UJMLGyJ6+bw+4AoZiYghliptbbTaiijI0IS1sYVQyEFnJBOMux7BK2hdVt1at3V1WGrd5REVyQk7JOXFJnTTIDWmSFmFEkhfySt6sZ+vd+rA+560FK585Jguwvn4B+UWZRQ==</latexit>

✓7

6
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Wormhole Induced ALP DM - Production [DYC, et.al., 2411.07713]

Pre-Inflationary Post-Inflationary

<latexit sha1_base64="t36ZevlSbXPCM6olmVuzslzrG0k=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPZTN+uXK07VmcFeJW5OKiRHo1/+6Q0iloQgkQmqddd1YvRSqpAzAVmpl2iIKRvTIXQNlTQE7aWzizP7zCgDO4iUKYn2TP07kdJQ60nom86Q4kgve1PxP6+bYHDtpVzGCYJk80VBImyM7On79oArYCgmhlCmuLnVZiOqKEMT0sIWRiUDkZVMMO5yDKukdVF1a9Xa/WWlfpdHVCQn5JScE5dckTq5JQ3SJIxI8kJeyZv1bL1bH9bnvLVg5TPHZAHW1y/vr5k/</latexit>

✓1 <latexit sha1_base64="6scDGJw0Mgzo7SctNkzX0y9Hm+o=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJSlSXRbc6K6CfWAbymR60w6dTMLMjVBC1v6AW/0Dd+LW7/AH/A6nbRa29cCFwzn3cu89fiy4Rsf5ttbWNza3tgs7xd29/YPD0tFxS0eJYtBkkYhUx6caBJfQRI4COrECGvoC2v74Zuq3n0BpHskHnMTghXQoecAZRSM99nAESPtpNeuXyk7FmcFeJW5OyiRHo1/66Q0iloQgkQmqddd1YvRSqpAzAVmxl2iIKRvTIXQNlTQE7aWzizP73CgDO4iUKYn2TP07kdJQ60nom86Q4kgve1PxP6+bYHDtpVzGCYJk80VBImyM7On79oArYCgmhlCmuLnVZiOqKEMT0sIWRiUDkRVNMO5yDKukVa24tUrt/rJcv8sjKpBTckYuiEuuSJ3ckgZpEkYkeSGv5M16tt6tD+tz3rpm5TMnZAHW1y/xSJlA</latexit>

✓2

<latexit sha1_base64="GGPTpqE/XuZhmQw9wonQQqdTA/c=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJVGpLgtudFfBPrANZTK9aYdOJmHmRigha3/Arf6BO3Hrd/gDfofTNgvbeuDC4Zx7ufcePxZco+N8Wyura+sbm4Wt4vbO7t5+6eCwqaNEMWiwSESq7VMNgktoIEcB7VgBDX0BLX90M/FbT6A0j+QDjmPwQjqQPOCMopEeuzgEpL30IuuVyk7FmcJeJm5OyiRHvVf66fYjloQgkQmqdcd1YvRSqpAzAVmxm2iIKRvRAXQMlTQE7aXTizP71Ch9O4iUKYn2VP07kdJQ63Hom86Q4lAvehPxP6+TYHDtpVzGCYJks0VBImyM7Mn7dp8rYCjGhlCmuLnVZkOqKEMT0twWRiUDkRVNMO5iDMukeV5xq5Xq/WW5dpdHVCDH5IScEZdckRq5JXXSIIxI8kJeyZv1bL1bH9bnrHXFymeOyBysr1/y4ZlB</latexit>

✓3

<latexit sha1_base64="nuSXDPgPoTzkip2NLDzJz2SeL4k=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPbTy6xfrjhVZwZ7lbg5qZAcjX75pzeIWBKCRCao1l3XidFLqULOBGSlXqIhpmxMh9A1VNIQtJfOLs7sM6MM7CBSpiTaM/XvREpDrSehbzpDiiO97E3F/7xugsG1l3IZJwiSzRcFibAxsqfv2wOugKGYGEKZ4uZWm42oogxNSAtbGJUMRFYywbjLMayS1kXVrVVr95eV+l0eUZGckFNyTlxyRerkljRIkzAiyQt5JW/Ws/VufVif89aClc8ckwVYX7/0eplC</latexit>

✓4

<latexit sha1_base64="l8ew62MUnfuYxapF2AO+NjQEI48=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJRGtLgtudFfBPrANZTK9aYdOJmHmRigha3/Arf6BO3Hrd/gDfofTNgvbeuDC4Zx7ufcePxZco+N8Wyura+sbm4Wt4vbO7t5+6eCwqaNEMWiwSESq7VMNgktoIEcB7VgBDX0BLX90M/FbT6A0j+QDjmPwQjqQPOCMopEeuzgEpL30MuuVyk7FmcJeJm5OyiRHvVf66fYjloQgkQmqdcd1YvRSqpAzAVmxm2iIKRvRAXQMlTQE7aXTizP71Ch9O4iUKYn2VP07kdJQ63Hom86Q4lAvehPxP6+TYHDtpVzGCYJks0VBImyM7Mn7dp8rYCjGhlCmuLnVZkOqKEMT0twWRiUDkRVNMO5iDMukeV5xq5Xq/UW5dpdHVCDH5IScEZdckRq5JXXSIIxI8kJeyZv1bL1bH9bnrHXFymeOyBysr1/2E5lD</latexit>

✓5

<latexit sha1_base64="cuhLkZfpXtSp8NSIUT68xFTOw9c=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPbTWtYvV5yqM4O9StycVEiORr/80xtELAlBIhNU667rxOilVCFnArJSL9EQUzamQ+gaKmkI2ktnF2f2mVEGdhApUxLtmfp3IqWh1pPQN50hxZFe9qbif143weDaS7mMEwTJ5ouCRNgY2dP37QFXwFBMDKFMcXOrzUZUUYYmpIUtjEoGIiuZYNzlGFZJ66Lq1qq1+8tK/S6PqEhOyCk5Jy65InVySxqkSRiR5IW8kjfr2Xq3PqzPeWvBymeOyQKsr1/3rJlE</latexit>

✓6 <latexit sha1_base64="FAsYbIxcI9G9wOMiuiti/TJQKts=">AAACBXicbVBNS8NAEN3Ur1q/qh69BIvgqSQirceCF71VsK3YhrLZTtqlm03YnQgl5Owf8Kr/wJt49Xf4B/wdbtscbOuDgcd7M8zM82PBNTrOt1VYW9/Y3Cpul3Z29/YPyodHbR0likGLRSJSDz7VILiEFnIU8BAroKEvoOOPr6d+5wmU5pG8x0kMXkiHkgecUTTSYw9HgLSf1rN+ueJUnRnsVeLmpEJyNPvln94gYkkIEpmgWnddJ0YvpQo5E5CVeomGmLIxHULXUElD0F46uzizz4wysINImZJoz9S/EykNtZ6EvukMKY70sjcV//O6CQZXXsplnCBINl8UJMLGyJ6+bw+4AoZiYghliptbbTaiijI0IS1sYVQyEFnJBOMux7BK2hdVt1at3V1WGrd5REVyQk7JOXFJnTTIDWmSFmFEkhfySt6sZ+vd+rA+560FK585Jguwvn4B+UWZRQ==</latexit>

✓7
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Wormhole Induced ALP DM - Production [DYC, et.al., 2411.07713]

Pre-Inflationary Post-Inflationary

<latexit sha1_base64="t36ZevlSbXPCM6olmVuzslzrG0k=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPZTN+uXK07VmcFeJW5OKiRHo1/+6Q0iloQgkQmqddd1YvRSqpAzAVmpl2iIKRvTIXQNlTQE7aWzizP7zCgDO4iUKYn2TP07kdJQ60nom86Q4kgve1PxP6+bYHDtpVzGCYJk80VBImyM7On79oArYCgmhlCmuLnVZiOqKEMT0sIWRiUDkZVMMO5yDKukdVF1a9Xa/WWlfpdHVCQn5JScE5dckTq5JQ3SJIxI8kJeyZv1bL1bH9bnvLVg5TPHZAHW1y/vr5k/</latexit>

✓1 <latexit sha1_base64="6scDGJw0Mgzo7SctNkzX0y9Hm+o=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJSlSXRbc6K6CfWAbymR60w6dTMLMjVBC1v6AW/0Dd+LW7/AH/A6nbRa29cCFwzn3cu89fiy4Rsf5ttbWNza3tgs7xd29/YPD0tFxS0eJYtBkkYhUx6caBJfQRI4COrECGvoC2v74Zuq3n0BpHskHnMTghXQoecAZRSM99nAESPtpNeuXyk7FmcFeJW5OyiRHo1/66Q0iloQgkQmqddd1YvRSqpAzAVmxl2iIKRvTIXQNlTQE7aWzizP73CgDO4iUKYn2TP07kdJQ60nom86Q4kgve1PxP6+bYHDtpVzGCYJk80VBImyM7On79oArYCgmhlCmuLnVZiOqKEMT0sIWRiUDkRVNMO5yDKukVa24tUrt/rJcv8sjKpBTckYuiEuuSJ3ckgZpEkYkeSGv5M16tt6tD+tz3rpm5TMnZAHW1y/xSJlA</latexit>

✓2

<latexit sha1_base64="GGPTpqE/XuZhmQw9wonQQqdTA/c=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJVGpLgtudFfBPrANZTK9aYdOJmHmRigha3/Arf6BO3Hrd/gDfofTNgvbeuDC4Zx7ufcePxZco+N8Wyura+sbm4Wt4vbO7t5+6eCwqaNEMWiwSESq7VMNgktoIEcB7VgBDX0BLX90M/FbT6A0j+QDjmPwQjqQPOCMopEeuzgEpL30IuuVyk7FmcJeJm5OyiRHvVf66fYjloQgkQmqdcd1YvRSqpAzAVmxm2iIKRvRAXQMlTQE7aXTizP71Ch9O4iUKYn2VP07kdJQ63Hom86Q4lAvehPxP6+TYHDtpVzGCYJks0VBImyM7Mn7dp8rYCjGhlCmuLnVZkOqKEMT0twWRiUDkRVNMO5iDMukeV5xq5Xq/WW5dpdHVCDH5IScEZdckRq5JXXSIIxI8kJeyZv1bL1bH9bnrHXFymeOyBysr1/y4ZlB</latexit>

✓3

<latexit sha1_base64="nuSXDPgPoTzkip2NLDzJz2SeL4k=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPbTy6xfrjhVZwZ7lbg5qZAcjX75pzeIWBKCRCao1l3XidFLqULOBGSlXqIhpmxMh9A1VNIQtJfOLs7sM6MM7CBSpiTaM/XvREpDrSehbzpDiiO97E3F/7xugsG1l3IZJwiSzRcFibAxsqfv2wOugKGYGEKZ4uZWm42oogxNSAtbGJUMRFYywbjLMayS1kXVrVVr95eV+l0eUZGckFNyTlxyRerkljRIkzAiyQt5JW/Ws/VufVif89aClc8ckwVYX7/0eplC</latexit>

✓4

<latexit sha1_base64="l8ew62MUnfuYxapF2AO+NjQEI48=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJRGtLgtudFfBPrANZTK9aYdOJmHmRigha3/Arf6BO3Hrd/gDfofTNgvbeuDC4Zx7ufcePxZco+N8Wyura+sbm4Wt4vbO7t5+6eCwqaNEMWiwSESq7VMNgktoIEcB7VgBDX0BLX90M/FbT6A0j+QDjmPwQjqQPOCMopEeuzgEpL30MuuVyk7FmcJeJm5OyiRHvVf66fYjloQgkQmqdcd1YvRSqpAzAVmxm2iIKRvRAXQMlTQE7aXTizP71Ch9O4iUKYn2VP07kdJQ63Hom86Q4lAvehPxP6+TYHDtpVzGCYJks0VBImyM7Mn7dp8rYCjGhlCmuLnVZkOqKEMT0twWRiUDkRVNMO5iDMukeV5xq5Xq/UW5dpdHVCDH5IScEZdckRq5JXXSIIxI8kJeyZv1bL1bH9bnrHXFymeOyBysr1/2E5lD</latexit>

✓5

<latexit sha1_base64="cuhLkZfpXtSp8NSIUT68xFTOw9c=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPbTWtYvV5yqM4O9StycVEiORr/80xtELAlBIhNU667rxOilVCFnArJSL9EQUzamQ+gaKmkI2ktnF2f2mVEGdhApUxLtmfp3IqWh1pPQN50hxZFe9qbif143weDaS7mMEwTJ5ouCRNgY2dP37QFXwFBMDKFMcXOrzUZUUYYmpIUtjEoGIiuZYNzlGFZJ66Lq1qq1+8tK/S6PqEhOyCk5Jy65InVySxqkSRiR5IW8kjfr2Xq3PqzPeWvBymeOyQKsr1/3rJlE</latexit>

✓6 <latexit sha1_base64="FAsYbIxcI9G9wOMiuiti/TJQKts=">AAACBXicbVBNS8NAEN3Ur1q/qh69BIvgqSQirceCF71VsK3YhrLZTtqlm03YnQgl5Owf8Kr/wJt49Xf4B/wdbtscbOuDgcd7M8zM82PBNTrOt1VYW9/Y3Cpul3Z29/YPyodHbR0likGLRSJSDz7VILiEFnIU8BAroKEvoOOPr6d+5wmU5pG8x0kMXkiHkgecUTTSYw9HgLSf1rN+ueJUnRnsVeLmpEJyNPvln94gYkkIEpmgWnddJ0YvpQo5E5CVeomGmLIxHULXUElD0F46uzizz4wysINImZJoz9S/EykNtZ6EvukMKY70sjcV//O6CQZXXsplnCBINl8UJMLGyJ6+bw+4AoZiYghliptbbTaiijI0IS1sYVQyEFnJBOMux7BK2hdVt1at3V1WGrd5REVyQk7JOXFJnTTIDWmSFmFEkhfySt6sZ+vd+rA+560FK585Jguwvn4B+UWZRQ==</latexit>

✓7

Constant θ
<latexit sha1_base64="TpWRg/v33dZbw3DkYqoMvva4yM4="></latexit>

⌦
✓
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D.Y. Cheong                                                                                                Wormhole Induced ALP DM

Wormhole Induced ALP DM - Production [DYC, et.al., 2411.07713]

Pre-Inflationary Post-Inflationary

<latexit sha1_base64="t36ZevlSbXPCM6olmVuzslzrG0k=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPZTN+uXK07VmcFeJW5OKiRHo1/+6Q0iloQgkQmqddd1YvRSqpAzAVmpl2iIKRvTIXQNlTQE7aWzizP7zCgDO4iUKYn2TP07kdJQ60nom86Q4kgve1PxP6+bYHDtpVzGCYJk80VBImyM7On79oArYCgmhlCmuLnVZiOqKEMT0sIWRiUDkZVMMO5yDKukdVF1a9Xa/WWlfpdHVCQn5JScE5dckTq5JQ3SJIxI8kJeyZv1bL1bH9bnvLVg5TPHZAHW1y/vr5k/</latexit>

✓1 <latexit sha1_base64="6scDGJw0Mgzo7SctNkzX0y9Hm+o=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJSlSXRbc6K6CfWAbymR60w6dTMLMjVBC1v6AW/0Dd+LW7/AH/A6nbRa29cCFwzn3cu89fiy4Rsf5ttbWNza3tgs7xd29/YPD0tFxS0eJYtBkkYhUx6caBJfQRI4COrECGvoC2v74Zuq3n0BpHskHnMTghXQoecAZRSM99nAESPtpNeuXyk7FmcFeJW5OyiRHo1/66Q0iloQgkQmqddd1YvRSqpAzAVmxl2iIKRvTIXQNlTQE7aWzizP73CgDO4iUKYn2TP07kdJQ60nom86Q4kgve1PxP6+bYHDtpVzGCYJk80VBImyM7On79oArYCgmhlCmuLnVZiOqKEMT0sIWRiUDkRVNMO5yDKukVa24tUrt/rJcv8sjKpBTckYuiEuuSJ3ckgZpEkYkeSGv5M16tt6tD+tz3rpm5TMnZAHW1y/xSJlA</latexit>

✓2

<latexit sha1_base64="GGPTpqE/XuZhmQw9wonQQqdTA/c=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJVGpLgtudFfBPrANZTK9aYdOJmHmRigha3/Arf6BO3Hrd/gDfofTNgvbeuDC4Zx7ufcePxZco+N8Wyura+sbm4Wt4vbO7t5+6eCwqaNEMWiwSESq7VMNgktoIEcB7VgBDX0BLX90M/FbT6A0j+QDjmPwQjqQPOCMopEeuzgEpL30IuuVyk7FmcJeJm5OyiRHvVf66fYjloQgkQmqdcd1YvRSqpAzAVmxm2iIKRvRAXQMlTQE7aXTizP71Ch9O4iUKYn2VP07kdJQ63Hom86Q4lAvehPxP6+TYHDtpVzGCYJks0VBImyM7Mn7dp8rYCjGhlCmuLnVZkOqKEMT0twWRiUDkRVNMO5iDMukeV5xq5Xq/WW5dpdHVCDH5IScEZdckRq5JXXSIIxI8kJeyZv1bL1bH9bnrHXFymeOyBysr1/y4ZlB</latexit>

✓3

<latexit sha1_base64="nuSXDPgPoTzkip2NLDzJz2SeL4k=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPbTy6xfrjhVZwZ7lbg5qZAcjX75pzeIWBKCRCao1l3XidFLqULOBGSlXqIhpmxMh9A1VNIQtJfOLs7sM6MM7CBSpiTaM/XvREpDrSehbzpDiiO97E3F/7xugsG1l3IZJwiSzRcFibAxsqfv2wOugKGYGEKZ4uZWm42oogxNSAtbGJUMRFYywbjLMayS1kXVrVVr95eV+l0eUZGckFNyTlxyRerkljRIkzAiyQt5JW/Ws/VufVif89aClc8ckwVYX7/0eplC</latexit>

✓4

<latexit sha1_base64="l8ew62MUnfuYxapF2AO+NjQEI48=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJRGtLgtudFfBPrANZTK9aYdOJmHmRigha3/Arf6BO3Hrd/gDfofTNgvbeuDC4Zx7ufcePxZco+N8Wyura+sbm4Wt4vbO7t5+6eCwqaNEMWiwSESq7VMNgktoIEcB7VgBDX0BLX90M/FbT6A0j+QDjmPwQjqQPOCMopEeuzgEpL30MuuVyk7FmcJeJm5OyiRHvVf66fYjloQgkQmqdcd1YvRSqpAzAVmxm2iIKRvRAXQMlTQE7aXTizP71Ch9O4iUKYn2VP07kdJQ63Hom86Q4lAvehPxP6+TYHDtpVzGCYJks0VBImyM7Mn7dp8rYCjGhlCmuLnVZkOqKEMT0twWRiUDkRVNMO5iDMukeV5xq5Xq/UW5dpdHVCDH5IScEZdckRq5JXXSIIxI8kJeyZv1bL1bH9bnrHXFymeOyBysr1/2E5lD</latexit>

✓5

<latexit sha1_base64="cuhLkZfpXtSp8NSIUT68xFTOw9c=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPbTWtYvV5yqM4O9StycVEiORr/80xtELAlBIhNU667rxOilVCFnArJSL9EQUzamQ+gaKmkI2ktnF2f2mVEGdhApUxLtmfp3IqWh1pPQN50hxZFe9qbif143weDaS7mMEwTJ5ouCRNgY2dP37QFXwFBMDKFMcXOrzUZUUYYmpIUtjEoGIiuZYNzlGFZJ66Lq1qq1+8tK/S6PqEhOyCk5Jy65InVySxqkSRiR5IW8kjfr2Xq3PqzPeWvBymeOyQKsr1/3rJlE</latexit>

✓6 <latexit sha1_base64="FAsYbIxcI9G9wOMiuiti/TJQKts=">AAACBXicbVBNS8NAEN3Ur1q/qh69BIvgqSQirceCF71VsK3YhrLZTtqlm03YnQgl5Owf8Kr/wJt49Xf4B/wdbtscbOuDgcd7M8zM82PBNTrOt1VYW9/Y3Cpul3Z29/YPyodHbR0likGLRSJSDz7VILiEFnIU8BAroKEvoOOPr6d+5wmU5pG8x0kMXkiHkgecUTTSYw9HgLSf1rN+ueJUnRnsVeLmpEJyNPvln94gYkkIEpmgWnddJ0YvpQo5E5CVeomGmLIxHULXUElD0F46uzizz4wysINImZJoz9S/EykNtZ6EvukMKY70sjcV//O6CQZXXsplnCBINl8UJMLGyJ6+bw+4AoZiYghliptbbTaiijI0IS1sYVQyEFnJBOMux7BK2hdVt1at3V1WGrd5REVyQk7JOXFJnTTIDWmSFmFEkhfySt6sZ+vd+rA+560FK585Jguwvn4B+UWZRQ==</latexit>

✓7

<latexit sha1_base64="t36ZevlSbXPCM6olmVuzslzrG0k=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPZTN+uXK07VmcFeJW5OKiRHo1/+6Q0iloQgkQmqddd1YvRSqpAzAVmpl2iIKRvTIXQNlTQE7aWzizP7zCgDO4iUKYn2TP07kdJQ60nom86Q4kgve1PxP6+bYHDtpVzGCYJk80VBImyM7On79oArYCgmhlCmuLnVZiOqKEMT0sIWRiUDkZVMMO5yDKukdVF1a9Xa/WWlfpdHVCQn5JScE5dckTq5JQ3SJIxI8kJeyZv1bL1bH9bnvLVg5TPHZAHW1y/vr5k/</latexit>

✓1 <latexit sha1_base64="6scDGJw0Mgzo7SctNkzX0y9Hm+o=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJSlSXRbc6K6CfWAbymR60w6dTMLMjVBC1v6AW/0Dd+LW7/AH/A6nbRa29cCFwzn3cu89fiy4Rsf5ttbWNza3tgs7xd29/YPD0tFxS0eJYtBkkYhUx6caBJfQRI4COrECGvoC2v74Zuq3n0BpHskHnMTghXQoecAZRSM99nAESPtpNeuXyk7FmcFeJW5OyiRHo1/66Q0iloQgkQmqddd1YvRSqpAzAVmxl2iIKRvTIXQNlTQE7aWzizP73CgDO4iUKYn2TP07kdJQ60nom86Q4kgve1PxP6+bYHDtpVzGCYJk80VBImyM7On79oArYCgmhlCmuLnVZiOqKEMT0sIWRiUDkRVNMO5yDKukVa24tUrt/rJcv8sjKpBTckYuiEuuSJ3ckgZpEkYkeSGv5M16tt6tD+tz3rpm5TMnZAHW1y/xSJlA</latexit>

✓2

<latexit sha1_base64="GGPTpqE/XuZhmQw9wonQQqdTA/c=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJVGpLgtudFfBPrANZTK9aYdOJmHmRigha3/Arf6BO3Hrd/gDfofTNgvbeuDC4Zx7ufcePxZco+N8Wyura+sbm4Wt4vbO7t5+6eCwqaNEMWiwSESq7VMNgktoIEcB7VgBDX0BLX90M/FbT6A0j+QDjmPwQjqQPOCMopEeuzgEpL30IuuVyk7FmcJeJm5OyiRHvVf66fYjloQgkQmqdcd1YvRSqpAzAVmxm2iIKRvRAXQMlTQE7aXTizP71Ch9O4iUKYn2VP07kdJQ63Hom86Q4lAvehPxP6+TYHDtpVzGCYJks0VBImyM7Mn7dp8rYCjGhlCmuLnVZkOqKEMT0twWRiUDkRVNMO5iDMukeV5xq5Xq/WW5dpdHVCDH5IScEZdckRq5JXXSIIxI8kJeyZv1bL1bH9bnrHXFymeOyBysr1/y4ZlB</latexit>

✓3

<latexit sha1_base64="nuSXDPgPoTzkip2NLDzJz2SeL4k=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPbTy6xfrjhVZwZ7lbg5qZAcjX75pzeIWBKCRCao1l3XidFLqULOBGSlXqIhpmxMh9A1VNIQtJfOLs7sM6MM7CBSpiTaM/XvREpDrSehbzpDiiO97E3F/7xugsG1l3IZJwiSzRcFibAxsqfv2wOugKGYGEKZ4uZWm42oogxNSAtbGJUMRFYywbjLMayS1kXVrVVr95eV+l0eUZGckFNyTlxyRerkljRIkzAiyQt5JW/Ws/VufVif89aClc8ckwVYX7/0eplC</latexit>

✓4

<latexit sha1_base64="l8ew62MUnfuYxapF2AO+NjQEI48=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJRGtLgtudFfBPrANZTK9aYdOJmHmRigha3/Arf6BO3Hrd/gDfofTNgvbeuDC4Zx7ufcePxZco+N8Wyura+sbm4Wt4vbO7t5+6eCwqaNEMWiwSESq7VMNgktoIEcB7VgBDX0BLX90M/FbT6A0j+QDjmPwQjqQPOCMopEeuzgEpL30MuuVyk7FmcJeJm5OyiRHvVf66fYjloQgkQmqdcd1YvRSqpAzAVmxm2iIKRvRAXQMlTQE7aXTizP71Ch9O4iUKYn2VP07kdJQ63Hom86Q4lAvehPxP6+TYHDtpVzGCYJks0VBImyM7Mn7dp8rYCjGhlCmuLnVZkOqKEMT0twWRiUDkRVNMO5iDMukeV5xq5Xq/UW5dpdHVCDH5IScEZdckRq5JXXSIIxI8kJeyZv1bL1bH9bnrHXFymeOyBysr1/2E5lD</latexit>

✓5

<latexit sha1_base64="cuhLkZfpXtSp8NSIUT68xFTOw9c=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPbTWtYvV5yqM4O9StycVEiORr/80xtELAlBIhNU667rxOilVCFnArJSL9EQUzamQ+gaKmkI2ktnF2f2mVEGdhApUxLtmfp3IqWh1pPQN50hxZFe9qbif143weDaS7mMEwTJ5ouCRNgY2dP37QFXwFBMDKFMcXOrzUZUUYYmpIUtjEoGIiuZYNzlGFZJ66Lq1qq1+8tK/S6PqEhOyCk5Jy65InVySxqkSRiR5IW8kjfr2Xq3PqzPeWvBymeOyQKsr1/3rJlE</latexit>

✓6 <latexit sha1_base64="FAsYbIxcI9G9wOMiuiti/TJQKts=">AAACBXicbVBNS8NAEN3Ur1q/qh69BIvgqSQirceCF71VsK3YhrLZTtqlm03YnQgl5Owf8Kr/wJt49Xf4B/wdbtscbOuDgcd7M8zM82PBNTrOt1VYW9/Y3Cpul3Z29/YPyodHbR0likGLRSJSDz7VILiEFnIU8BAroKEvoOOPr6d+5wmU5pG8x0kMXkiHkgecUTTSYw9HgLSf1rN+ueJUnRnsVeLmpEJyNPvln94gYkkIEpmgWnddJ0YvpQo5E5CVeomGmLIxHULXUElD0F46uzizz4wysINImZJoz9S/EykNtZ6EvukMKY70sjcV//O6CQZXXsplnCBINl8UJMLGyJ6+bw+4AoZiYghliptbbTaiijI0IS1sYVQyEFnJBOMux7BK2hdVt1at3V1WGrd5REVyQk7JOXFJnTTIDWmSFmFEkhfySt6sZ+vd+rA+560FK585Jguwvn4B+UWZRQ==</latexit>

✓7

Constant θ
<latexit sha1_base64="TpWRg/v33dZbw3DkYqoMvva4yM4="></latexit>

⌦
✓
2
i

↵
= ✓

2
i +

✓
Hinf

2⇡fa

◆2

6



D.Y. Cheong                                                                                                Wormhole Induced ALP DM

Wormhole Induced ALP DM - Production [DYC, et.al., 2411.07713]

Pre-Inflationary Post-Inflationary

<latexit sha1_base64="t36ZevlSbXPCM6olmVuzslzrG0k=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPZTN+uXK07VmcFeJW5OKiRHo1/+6Q0iloQgkQmqddd1YvRSqpAzAVmpl2iIKRvTIXQNlTQE7aWzizP7zCgDO4iUKYn2TP07kdJQ60nom86Q4kgve1PxP6+bYHDtpVzGCYJk80VBImyM7On79oArYCgmhlCmuLnVZiOqKEMT0sIWRiUDkZVMMO5yDKukdVF1a9Xa/WWlfpdHVCQn5JScE5dckTq5JQ3SJIxI8kJeyZv1bL1bH9bnvLVg5TPHZAHW1y/vr5k/</latexit>

✓1 <latexit sha1_base64="6scDGJw0Mgzo7SctNkzX0y9Hm+o=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJSlSXRbc6K6CfWAbymR60w6dTMLMjVBC1v6AW/0Dd+LW7/AH/A6nbRa29cCFwzn3cu89fiy4Rsf5ttbWNza3tgs7xd29/YPD0tFxS0eJYtBkkYhUx6caBJfQRI4COrECGvoC2v74Zuq3n0BpHskHnMTghXQoecAZRSM99nAESPtpNeuXyk7FmcFeJW5OyiRHo1/66Q0iloQgkQmqddd1YvRSqpAzAVmxl2iIKRvTIXQNlTQE7aWzizP73CgDO4iUKYn2TP07kdJQ60nom86Q4kgve1PxP6+bYHDtpVzGCYJk80VBImyM7On79oArYCgmhlCmuLnVZiOqKEMT0sIWRiUDkRVNMO5yDKukVa24tUrt/rJcv8sjKpBTckYuiEuuSJ3ckgZpEkYkeSGv5M16tt6tD+tz3rpm5TMnZAHW1y/xSJlA</latexit>

✓2

<latexit sha1_base64="GGPTpqE/XuZhmQw9wonQQqdTA/c=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJVGpLgtudFfBPrANZTK9aYdOJmHmRigha3/Arf6BO3Hrd/gDfofTNgvbeuDC4Zx7ufcePxZco+N8Wyura+sbm4Wt4vbO7t5+6eCwqaNEMWiwSESq7VMNgktoIEcB7VgBDX0BLX90M/FbT6A0j+QDjmPwQjqQPOCMopEeuzgEpL30IuuVyk7FmcJeJm5OyiRHvVf66fYjloQgkQmqdcd1YvRSqpAzAVmxm2iIKRvRAXQMlTQE7aXTizP71Ch9O4iUKYn2VP07kdJQ63Hom86Q4lAvehPxP6+TYHDtpVzGCYJks0VBImyM7Mn7dp8rYCjGhlCmuLnVZkOqKEMT0twWRiUDkRVNMO5iDMukeV5xq5Xq/WW5dpdHVCDH5IScEZdckRq5JXXSIIxI8kJeyZv1bL1bH9bnrHXFymeOyBysr1/y4ZlB</latexit>

✓3

<latexit sha1_base64="nuSXDPgPoTzkip2NLDzJz2SeL4k=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPbTy6xfrjhVZwZ7lbg5qZAcjX75pzeIWBKCRCao1l3XidFLqULOBGSlXqIhpmxMh9A1VNIQtJfOLs7sM6MM7CBSpiTaM/XvREpDrSehbzpDiiO97E3F/7xugsG1l3IZJwiSzRcFibAxsqfv2wOugKGYGEKZ4uZWm42oogxNSAtbGJUMRFYywbjLMayS1kXVrVVr95eV+l0eUZGckFNyTlxyRerkljRIkzAiyQt5JW/Ws/VufVif89aClc8ckwVYX7/0eplC</latexit>

✓4

<latexit sha1_base64="l8ew62MUnfuYxapF2AO+NjQEI48=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJRGtLgtudFfBPrANZTK9aYdOJmHmRigha3/Arf6BO3Hrd/gDfofTNgvbeuDC4Zx7ufcePxZco+N8Wyura+sbm4Wt4vbO7t5+6eCwqaNEMWiwSESq7VMNgktoIEcB7VgBDX0BLX90M/FbT6A0j+QDjmPwQjqQPOCMopEeuzgEpL30MuuVyk7FmcJeJm5OyiRHvVf66fYjloQgkQmqdcd1YvRSqpAzAVmxm2iIKRvRAXQMlTQE7aXTizP71Ch9O4iUKYn2VP07kdJQ63Hom86Q4lAvehPxP6+TYHDtpVzGCYJks0VBImyM7Mn7dp8rYCjGhlCmuLnVZkOqKEMT0twWRiUDkRVNMO5iDMukeV5xq5Xq/UW5dpdHVCDH5IScEZdckRq5JXXSIIxI8kJeyZv1bL1bH9bnrHXFymeOyBysr1/2E5lD</latexit>

✓5

<latexit sha1_base64="cuhLkZfpXtSp8NSIUT68xFTOw9c=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPbTWtYvV5yqM4O9StycVEiORr/80xtELAlBIhNU667rxOilVCFnArJSL9EQUzamQ+gaKmkI2ktnF2f2mVEGdhApUxLtmfp3IqWh1pPQN50hxZFe9qbif143weDaS7mMEwTJ5ouCRNgY2dP37QFXwFBMDKFMcXOrzUZUUYYmpIUtjEoGIiuZYNzlGFZJ66Lq1qq1+8tK/S6PqEhOyCk5Jy65InVySxqkSRiR5IW8kjfr2Xq3PqzPeWvBymeOyQKsr1/3rJlE</latexit>

✓6 <latexit sha1_base64="FAsYbIxcI9G9wOMiuiti/TJQKts=">AAACBXicbVBNS8NAEN3Ur1q/qh69BIvgqSQirceCF71VsK3YhrLZTtqlm03YnQgl5Owf8Kr/wJt49Xf4B/wdbtscbOuDgcd7M8zM82PBNTrOt1VYW9/Y3Cpul3Z29/YPyodHbR0likGLRSJSDz7VILiEFnIU8BAroKEvoOOPr6d+5wmU5pG8x0kMXkiHkgecUTTSYw9HgLSf1rN+ueJUnRnsVeLmpEJyNPvln94gYkkIEpmgWnddJ0YvpQo5E5CVeomGmLIxHULXUElD0F46uzizz4wysINImZJoz9S/EykNtZ6EvukMKY70sjcV//O6CQZXXsplnCBINl8UJMLGyJ6+bw+4AoZiYghliptbbTaiijI0IS1sYVQyEFnJBOMux7BK2hdVt1at3V1WGrd5REVyQk7JOXFJnTTIDWmSFmFEkhfySt6sZ+vd+rA+560FK585Jguwvn4B+UWZRQ==</latexit>

✓7

<latexit sha1_base64="t36ZevlSbXPCM6olmVuzslzrG0k=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPZTN+uXK07VmcFeJW5OKiRHo1/+6Q0iloQgkQmqddd1YvRSqpAzAVmpl2iIKRvTIXQNlTQE7aWzizP7zCgDO4iUKYn2TP07kdJQ60nom86Q4kgve1PxP6+bYHDtpVzGCYJk80VBImyM7On79oArYCgmhlCmuLnVZiOqKEMT0sIWRiUDkZVMMO5yDKukdVF1a9Xa/WWlfpdHVCQn5JScE5dckTq5JQ3SJIxI8kJeyZv1bL1bH9bnvLVg5TPHZAHW1y/vr5k/</latexit>

✓1 <latexit sha1_base64="6scDGJw0Mgzo7SctNkzX0y9Hm+o=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJSlSXRbc6K6CfWAbymR60w6dTMLMjVBC1v6AW/0Dd+LW7/AH/A6nbRa29cCFwzn3cu89fiy4Rsf5ttbWNza3tgs7xd29/YPD0tFxS0eJYtBkkYhUx6caBJfQRI4COrECGvoC2v74Zuq3n0BpHskHnMTghXQoecAZRSM99nAESPtpNeuXyk7FmcFeJW5OyiRHo1/66Q0iloQgkQmqddd1YvRSqpAzAVmxl2iIKRvTIXQNlTQE7aWzizP73CgDO4iUKYn2TP07kdJQ60nom86Q4kgve1PxP6+bYHDtpVzGCYJk80VBImyM7On79oArYCgmhlCmuLnVZiOqKEMT0sIWRiUDkRVNMO5yDKukVa24tUrt/rJcv8sjKpBTckYuiEuuSJ3ckgZpEkYkeSGv5M16tt6tD+tz3rpm5TMnZAHW1y/xSJlA</latexit>

✓2

<latexit sha1_base64="GGPTpqE/XuZhmQw9wonQQqdTA/c=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJVGpLgtudFfBPrANZTK9aYdOJmHmRigha3/Arf6BO3Hrd/gDfofTNgvbeuDC4Zx7ufcePxZco+N8Wyura+sbm4Wt4vbO7t5+6eCwqaNEMWiwSESq7VMNgktoIEcB7VgBDX0BLX90M/FbT6A0j+QDjmPwQjqQPOCMopEeuzgEpL30IuuVyk7FmcJeJm5OyiRHvVf66fYjloQgkQmqdcd1YvRSqpAzAVmxm2iIKRvRAXQMlTQE7aXTizP71Ch9O4iUKYn2VP07kdJQ63Hom86Q4lAvehPxP6+TYHDtpVzGCYJks0VBImyM7Mn7dp8rYCjGhlCmuLnVZkOqKEMT0twWRiUDkRVNMO5iDMukeV5xq5Xq/WW5dpdHVCDH5IScEZdckRq5JXXSIIxI8kJeyZv1bL1bH9bnrHXFymeOyBysr1/y4ZlB</latexit>

✓3

<latexit sha1_base64="nuSXDPgPoTzkip2NLDzJz2SeL4k=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPbTy6xfrjhVZwZ7lbg5qZAcjX75pzeIWBKCRCao1l3XidFLqULOBGSlXqIhpmxMh9A1VNIQtJfOLs7sM6MM7CBSpiTaM/XvREpDrSehbzpDiiO97E3F/7xugsG1l3IZJwiSzRcFibAxsqfv2wOugKGYGEKZ4uZWm42oogxNSAtbGJUMRFYywbjLMayS1kXVrVVr95eV+l0eUZGckFNyTlxyRerkljRIkzAiyQt5JW/Ws/VufVif89aClc8ckwVYX7/0eplC</latexit>

✓4

<latexit sha1_base64="l8ew62MUnfuYxapF2AO+NjQEI48=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJRGtLgtudFfBPrANZTK9aYdOJmHmRigha3/Arf6BO3Hrd/gDfofTNgvbeuDC4Zx7ufcePxZco+N8Wyura+sbm4Wt4vbO7t5+6eCwqaNEMWiwSESq7VMNgktoIEcB7VgBDX0BLX90M/FbT6A0j+QDjmPwQjqQPOCMopEeuzgEpL30MuuVyk7FmcJeJm5OyiRHvVf66fYjloQgkQmqdcd1YvRSqpAzAVmxm2iIKRvRAXQMlTQE7aXTizP71Ch9O4iUKYn2VP07kdJQ63Hom86Q4lAvehPxP6+TYHDtpVzGCYJks0VBImyM7Mn7dp8rYCjGhlCmuLnVZkOqKEMT0twWRiUDkRVNMO5iDMukeV5xq5Xq/UW5dpdHVCDH5IScEZdckRq5JXXSIIxI8kJeyZv1bL1bH9bnrHXFymeOyBysr1/2E5lD</latexit>

✓5

<latexit sha1_base64="cuhLkZfpXtSp8NSIUT68xFTOw9c=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPbTWtYvV5yqM4O9StycVEiORr/80xtELAlBIhNU667rxOilVCFnArJSL9EQUzamQ+gaKmkI2ktnF2f2mVEGdhApUxLtmfp3IqWh1pPQN50hxZFe9qbif143weDaS7mMEwTJ5ouCRNgY2dP37QFXwFBMDKFMcXOrzUZUUYYmpIUtjEoGIiuZYNzlGFZJ66Lq1qq1+8tK/S6PqEhOyCk5Jy65InVySxqkSRiR5IW8kjfr2Xq3PqzPeWvBymeOyQKsr1/3rJlE</latexit>

✓6 <latexit sha1_base64="FAsYbIxcI9G9wOMiuiti/TJQKts=">AAACBXicbVBNS8NAEN3Ur1q/qh69BIvgqSQirceCF71VsK3YhrLZTtqlm03YnQgl5Owf8Kr/wJt49Xf4B/wdbtscbOuDgcd7M8zM82PBNTrOt1VYW9/Y3Cpul3Z29/YPyodHbR0likGLRSJSDz7VILiEFnIU8BAroKEvoOOPr6d+5wmU5pG8x0kMXkiHkgecUTTSYw9HgLSf1rN+ueJUnRnsVeLmpEJyNPvln94gYkkIEpmgWnddJ0YvpQo5E5CVeomGmLIxHULXUElD0F46uzizz4wysINImZJoz9S/EykNtZ6EvukMKY70sjcV//O6CQZXXsplnCBINl8UJMLGyJ6+bw+4AoZiYghliptbbTaiijI0IS1sYVQyEFnJBOMux7BK2hdVt1at3V1WGrd5REVyQk7JOXFJnTTIDWmSFmFEkhfySt6sZ+vd+rA+560FK585Jguwvn4B+UWZRQ==</latexit>

✓7

Constant θ
<latexit sha1_base64="TpWRg/v33dZbw3DkYqoMvva4yM4="></latexit>

⌦
✓
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✓
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D.Y. Cheong                                                                                                Wormhole Induced ALP DM

Wormhole Induced ALP DM - Production [DYC, et.al., 2411.07713]

Pre-Inflationary Post-Inflationary

<latexit sha1_base64="t36ZevlSbXPCM6olmVuzslzrG0k=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPZTN+uXK07VmcFeJW5OKiRHo1/+6Q0iloQgkQmqddd1YvRSqpAzAVmpl2iIKRvTIXQNlTQE7aWzizP7zCgDO4iUKYn2TP07kdJQ60nom86Q4kgve1PxP6+bYHDtpVzGCYJk80VBImyM7On79oArYCgmhlCmuLnVZiOqKEMT0sIWRiUDkZVMMO5yDKukdVF1a9Xa/WWlfpdHVCQn5JScE5dckTq5JQ3SJIxI8kJeyZv1bL1bH9bnvLVg5TPHZAHW1y/vr5k/</latexit>

✓1 <latexit sha1_base64="6scDGJw0Mgzo7SctNkzX0y9Hm+o=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJSlSXRbc6K6CfWAbymR60w6dTMLMjVBC1v6AW/0Dd+LW7/AH/A6nbRa29cCFwzn3cu89fiy4Rsf5ttbWNza3tgs7xd29/YPD0tFxS0eJYtBkkYhUx6caBJfQRI4COrECGvoC2v74Zuq3n0BpHskHnMTghXQoecAZRSM99nAESPtpNeuXyk7FmcFeJW5OyiRHo1/66Q0iloQgkQmqddd1YvRSqpAzAVmxl2iIKRvTIXQNlTQE7aWzizP73CgDO4iUKYn2TP07kdJQ60nom86Q4kgve1PxP6+bYHDtpVzGCYJk80VBImyM7On79oArYCgmhlCmuLnVZiOqKEMT0sIWRiUDkRVNMO5yDKukVa24tUrt/rJcv8sjKpBTckYuiEuuSJ3ckgZpEkYkeSGv5M16tt6tD+tz3rpm5TMnZAHW1y/xSJlA</latexit>

✓2

<latexit sha1_base64="GGPTpqE/XuZhmQw9wonQQqdTA/c=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJVGpLgtudFfBPrANZTK9aYdOJmHmRigha3/Arf6BO3Hrd/gDfofTNgvbeuDC4Zx7ufcePxZco+N8Wyura+sbm4Wt4vbO7t5+6eCwqaNEMWiwSESq7VMNgktoIEcB7VgBDX0BLX90M/FbT6A0j+QDjmPwQjqQPOCMopEeuzgEpL30IuuVyk7FmcJeJm5OyiRHvVf66fYjloQgkQmqdcd1YvRSqpAzAVmxm2iIKRvRAXQMlTQE7aXTizP71Ch9O4iUKYn2VP07kdJQ63Hom86Q4lAvehPxP6+TYHDtpVzGCYJks0VBImyM7Mn7dp8rYCjGhlCmuLnVZkOqKEMT0twWRiUDkRVNMO5iDMukeV5xq5Xq/WW5dpdHVCDH5IScEZdckRq5JXXSIIxI8kJeyZv1bL1bH9bnrHXFymeOyBysr1/y4ZlB</latexit>

✓3

<latexit sha1_base64="nuSXDPgPoTzkip2NLDzJz2SeL4k=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPbTy6xfrjhVZwZ7lbg5qZAcjX75pzeIWBKCRCao1l3XidFLqULOBGSlXqIhpmxMh9A1VNIQtJfOLs7sM6MM7CBSpiTaM/XvREpDrSehbzpDiiO97E3F/7xugsG1l3IZJwiSzRcFibAxsqfv2wOugKGYGEKZ4uZWm42oogxNSAtbGJUMRFYywbjLMayS1kXVrVVr95eV+l0eUZGckFNyTlxyRerkljRIkzAiyQt5JW/Ws/VufVif89aClc8ckwVYX7/0eplC</latexit>

✓4

<latexit sha1_base64="l8ew62MUnfuYxapF2AO+NjQEI48=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJRGtLgtudFfBPrANZTK9aYdOJmHmRigha3/Arf6BO3Hrd/gDfofTNgvbeuDC4Zx7ufcePxZco+N8Wyura+sbm4Wt4vbO7t5+6eCwqaNEMWiwSESq7VMNgktoIEcB7VgBDX0BLX90M/FbT6A0j+QDjmPwQjqQPOCMopEeuzgEpL30MuuVyk7FmcJeJm5OyiRHvVf66fYjloQgkQmqdcd1YvRSqpAzAVmxm2iIKRvRAXQMlTQE7aXTizP71Ch9O4iUKYn2VP07kdJQ63Hom86Q4lAvehPxP6+TYHDtpVzGCYJks0VBImyM7Mn7dp8rYCjGhlCmuLnVZkOqKEMT0twWRiUDkRVNMO5iDMukeV5xq5Xq/UW5dpdHVCDH5IScEZdckRq5JXXSIIxI8kJeyZv1bL1bH9bnrHXFymeOyBysr1/2E5lD</latexit>

✓5

<latexit sha1_base64="cuhLkZfpXtSp8NSIUT68xFTOw9c=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPbTWtYvV5yqM4O9StycVEiORr/80xtELAlBIhNU667rxOilVCFnArJSL9EQUzamQ+gaKmkI2ktnF2f2mVEGdhApUxLtmfp3IqWh1pPQN50hxZFe9qbif143weDaS7mMEwTJ5ouCRNgY2dP37QFXwFBMDKFMcXOrzUZUUYYmpIUtjEoGIiuZYNzlGFZJ66Lq1qq1+8tK/S6PqEhOyCk5Jy65InVySxqkSRiR5IW8kjfr2Xq3PqzPeWvBymeOyQKsr1/3rJlE</latexit>

✓6 <latexit sha1_base64="FAsYbIxcI9G9wOMiuiti/TJQKts=">AAACBXicbVBNS8NAEN3Ur1q/qh69BIvgqSQirceCF71VsK3YhrLZTtqlm03YnQgl5Owf8Kr/wJt49Xf4B/wdbtscbOuDgcd7M8zM82PBNTrOt1VYW9/Y3Cpul3Z29/YPyodHbR0likGLRSJSDz7VILiEFnIU8BAroKEvoOOPr6d+5wmU5pG8x0kMXkiHkgecUTTSYw9HgLSf1rN+ueJUnRnsVeLmpEJyNPvln94gYkkIEpmgWnddJ0YvpQo5E5CVeomGmLIxHULXUElD0F46uzizz4wysINImZJoz9S/EykNtZ6EvukMKY70sjcV//O6CQZXXsplnCBINl8UJMLGyJ6+bw+4AoZiYghliptbbTaiijI0IS1sYVQyEFnJBOMux7BK2hdVt1at3V1WGrd5REVyQk7JOXFJnTTIDWmSFmFEkhfySt6sZ+vd+rA+560FK585Jguwvn4B+UWZRQ==</latexit>

✓7

<latexit sha1_base64="t36ZevlSbXPCM6olmVuzslzrG0k=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPZTN+uXK07VmcFeJW5OKiRHo1/+6Q0iloQgkQmqddd1YvRSqpAzAVmpl2iIKRvTIXQNlTQE7aWzizP7zCgDO4iUKYn2TP07kdJQ60nom86Q4kgve1PxP6+bYHDtpVzGCYJk80VBImyM7On79oArYCgmhlCmuLnVZiOqKEMT0sIWRiUDkZVMMO5yDKukdVF1a9Xa/WWlfpdHVCQn5JScE5dckTq5JQ3SJIxI8kJeyZv1bL1bH9bnvLVg5TPHZAHW1y/vr5k/</latexit>

✓1 <latexit sha1_base64="6scDGJw0Mgzo7SctNkzX0y9Hm+o=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJSlSXRbc6K6CfWAbymR60w6dTMLMjVBC1v6AW/0Dd+LW7/AH/A6nbRa29cCFwzn3cu89fiy4Rsf5ttbWNza3tgs7xd29/YPD0tFxS0eJYtBkkYhUx6caBJfQRI4COrECGvoC2v74Zuq3n0BpHskHnMTghXQoecAZRSM99nAESPtpNeuXyk7FmcFeJW5OyiRHo1/66Q0iloQgkQmqddd1YvRSqpAzAVmxl2iIKRvTIXQNlTQE7aWzizP73CgDO4iUKYn2TP07kdJQ60nom86Q4kgve1PxP6+bYHDtpVzGCYJk80VBImyM7On79oArYCgmhlCmuLnVZiOqKEMT0sIWRiUDkRVNMO5yDKukVa24tUrt/rJcv8sjKpBTckYuiEuuSJ3ckgZpEkYkeSGv5M16tt6tD+tz3rpm5TMnZAHW1y/xSJlA</latexit>

✓2

<latexit sha1_base64="GGPTpqE/XuZhmQw9wonQQqdTA/c=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJVGpLgtudFfBPrANZTK9aYdOJmHmRigha3/Arf6BO3Hrd/gDfofTNgvbeuDC4Zx7ufcePxZco+N8Wyura+sbm4Wt4vbO7t5+6eCwqaNEMWiwSESq7VMNgktoIEcB7VgBDX0BLX90M/FbT6A0j+QDjmPwQjqQPOCMopEeuzgEpL30IuuVyk7FmcJeJm5OyiRHvVf66fYjloQgkQmqdcd1YvRSqpAzAVmxm2iIKRvRAXQMlTQE7aXTizP71Ch9O4iUKYn2VP07kdJQ63Hom86Q4lAvehPxP6+TYHDtpVzGCYJks0VBImyM7Mn7dp8rYCjGhlCmuLnVZkOqKEMT0twWRiUDkRVNMO5iDMukeV5xq5Xq/WW5dpdHVCDH5IScEZdckRq5JXXSIIxI8kJeyZv1bL1bH9bnrHXFymeOyBysr1/y4ZlB</latexit>

✓3

<latexit sha1_base64="nuSXDPgPoTzkip2NLDzJz2SeL4k=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPbTy6xfrjhVZwZ7lbg5qZAcjX75pzeIWBKCRCao1l3XidFLqULOBGSlXqIhpmxMh9A1VNIQtJfOLs7sM6MM7CBSpiTaM/XvREpDrSehbzpDiiO97E3F/7xugsG1l3IZJwiSzRcFibAxsqfv2wOugKGYGEKZ4uZWm42oogxNSAtbGJUMRFYywbjLMayS1kXVrVVr95eV+l0eUZGckFNyTlxyRerkljRIkzAiyQt5JW/Ws/VufVif89aClc8ckwVYX7/0eplC</latexit>

✓4

<latexit sha1_base64="l8ew62MUnfuYxapF2AO+NjQEI48=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJRGtLgtudFfBPrANZTK9aYdOJmHmRigha3/Arf6BO3Hrd/gDfofTNgvbeuDC4Zx7ufcePxZco+N8Wyura+sbm4Wt4vbO7t5+6eCwqaNEMWiwSESq7VMNgktoIEcB7VgBDX0BLX90M/FbT6A0j+QDjmPwQjqQPOCMopEeuzgEpL30MuuVyk7FmcJeJm5OyiRHvVf66fYjloQgkQmqdcd1YvRSqpAzAVmxm2iIKRvRAXQMlTQE7aXTizP71Ch9O4iUKYn2VP07kdJQ63Hom86Q4lAvehPxP6+TYHDtpVzGCYJks0VBImyM7Mn7dp8rYCjGhlCmuLnVZkOqKEMT0twWRiUDkRVNMO5iDMukeV5xq5Xq/UW5dpdHVCDH5IScEZdckRq5JXXSIIxI8kJeyZv1bL1bH9bnrHXFymeOyBysr1/2E5lD</latexit>

✓5

<latexit sha1_base64="cuhLkZfpXtSp8NSIUT68xFTOw9c=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KolIdVlwo7sK9oFtKJPpTTt0MgkzN0IJWfsDbvUP3Ilbv8Mf8DuctlnY1gMXDufcy733+LHgGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo4SxaDJIhGpjk81CC6hiRwFdGIFNPQFtP3xzdRvP4HSPJIPOInBC+lQ8oAzikZ67OEIkPbTWtYvV5yqM4O9StycVEiORr/80xtELAlBIhNU667rxOilVCFnArJSL9EQUzamQ+gaKmkI2ktnF2f2mVEGdhApUxLtmfp3IqWh1pPQN50hxZFe9qbif143weDaS7mMEwTJ5ouCRNgY2dP37QFXwFBMDKFMcXOrzUZUUYYmpIUtjEoGIiuZYNzlGFZJ66Lq1qq1+8tK/S6PqEhOyCk5Jy65InVySxqkSRiR5IW8kjfr2Xq3PqzPeWvBymeOyQKsr1/3rJlE</latexit>

✓6 <latexit sha1_base64="FAsYbIxcI9G9wOMiuiti/TJQKts=">AAACBXicbVBNS8NAEN3Ur1q/qh69BIvgqSQirceCF71VsK3YhrLZTtqlm03YnQgl5Owf8Kr/wJt49Xf4B/wdbtscbOuDgcd7M8zM82PBNTrOt1VYW9/Y3Cpul3Z29/YPyodHbR0likGLRSJSDz7VILiEFnIU8BAroKEvoOOPr6d+5wmU5pG8x0kMXkiHkgecUTTSYw9HgLSf1rN+ueJUnRnsVeLmpEJyNPvln94gYkkIEpmgWnddJ0YvpQo5E5CVeomGmLIxHULXUElD0F46uzizz4wysINImZJoz9S/EykNtZ6EvukMKY70sjcV//O6CQZXXsplnCBINl8UJMLGyJ6+bw+4AoZiYghliptbbTaiijI0IS1sYVQyEFnJBOMux7BK2hdVt1at3V1WGrd5REVyQk7JOXFJnTTIDWmSFmFEkhfySt6sZ+vd+rA+560FK585Jguwvn4B+UWZRQ==</latexit>

✓7

Constant θ
<latexit sha1_base64="TpWRg/v33dZbw3DkYqoMvva4yM4="></latexit>
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<latexit sha1_base64="pNI4KNLNeEKVtPD+WIFxt7Bf7cU="></latexit>

fa > max {Treh, TdS}
<latexit sha1_base64="3ewKjXBwF8AmRISchXqgz7szLHs="></latexit>

fa < max {Treh, TdS}
<latexit sha1_base64="GGB8Gs5lG9oaScdWRt1TaYM1IF8="></latexit>

Treh = ✏e↵

p
HinfMP

<latexit sha1_base64="He9ChGy+LtXeAaH8eTGCnbFnPN4=">AAACInicbVDLSgNBEJz1GeMr6tHLYBA8xd0g0YsQ8BJvERMVkhBmJ706ZHZ2mekVw7Jf4G/4A171D7yJJ8Gz3+EkRtDEgoHqqm56uvxYCoOu++7MzM7NLyzmlvLLK6tr64WNzQsTJZpDk0cy0lc+MyCFgiYKlHAVa2ChL+HS758M/ctb0EZEqoGDGDohu1YiEJyhlbqF3UY3bSPcYdo7zzJ6TGs/tVCBFfZpuR2LbqHoltwR6DTxxqRIxqh3C5/tXsSTEBRyyYxpeW6MnZRpFFxClm8nBmLG++waWpYqFoLppKNzMrprlR4NIm2fQjpSf0+kLDRmEPq2M2R4Yya9ofif10owOOrYw+IEQfHvRUEiKUZ0mA3tCQ0c5cASxrWwf6X8hmnG0Sb4ZwtnioPM8jYYbzKGaXJRLnmVUuXsoFg9HUeUI9tkh+wRjxySKqmROmkSTu7JI3kiz86D8+K8Om/frTPOeGaL/IHz8QXfNaRH</latexit>

TdS = Hinf/2⇡
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<latexit sha1_base64="pNI4KNLNeEKVtPD+WIFxt7Bf7cU="></latexit>

fa > max {Treh, TdS}
<latexit sha1_base64="3ewKjXBwF8AmRISchXqgz7szLHs="></latexit>
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p
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<latexit sha1_base64="pNI4KNLNeEKVtPD+WIFxt7Bf7cU="></latexit>

fa > max {Treh, TdS}
<latexit sha1_base64="3ewKjXBwF8AmRISchXqgz7szLHs="></latexit>

fa < max {Treh, TdS}
<latexit sha1_base64="GGB8Gs5lG9oaScdWRt1TaYM1IF8="></latexit>
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TdS = Hinf/2⇡<latexit sha1_base64="TpWRg/v33dZbw3DkYqoMvva4yM4="></latexit>
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<latexit sha1_base64="LcLMFjb0GPhSntOIzP3pMC7iW8Y="></latexit>
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⇢a/s

(⇢crit /s)0
⇠ f2
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<latexit sha1_base64="pNI4KNLNeEKVtPD+WIFxt7Bf7cU="></latexit>

fa > max {Treh, TdS}
<latexit sha1_base64="3ewKjXBwF8AmRISchXqgz7szLHs="></latexit>

fa < max {Treh, TdS}
<latexit sha1_base64="GGB8Gs5lG9oaScdWRt1TaYM1IF8="></latexit>

Treh = ✏e↵
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TdS = Hinf/2⇡<latexit sha1_base64="TpWRg/v33dZbw3DkYqoMvva4yM4="></latexit>
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<latexit sha1_base64="LcLMFjb0GPhSntOIzP3pMC7iW8Y="></latexit>

⌦a =
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(⇢crit /s)0
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a h✓2i im2
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Dependence 

epoch of ALP oscillation
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<latexit sha1_base64="pNI4KNLNeEKVtPD+WIFxt7Bf7cU="></latexit>

fa > max {Treh, TdS}
<latexit sha1_base64="3ewKjXBwF8AmRISchXqgz7szLHs="></latexit>

fa < max {Treh, TdS}
<latexit sha1_base64="GGB8Gs5lG9oaScdWRt1TaYM1IF8="></latexit>
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<latexit sha1_base64="pNI4KNLNeEKVtPD+WIFxt7Bf7cU="></latexit>

fa > max {Treh, TdS}
<latexit sha1_base64="3ewKjXBwF8AmRISchXqgz7szLHs="></latexit>

fa < max {Treh, TdS}
<latexit sha1_base64="GGB8Gs5lG9oaScdWRt1TaYM1IF8="></latexit>

Treh = ✏e↵
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TdS = Hinf/2⇡<latexit sha1_base64="TpWRg/v33dZbw3DkYqoMvva4yM4="></latexit>
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<latexit sha1_base64="LcLMFjb0GPhSntOIzP3pMC7iW8Y="></latexit>
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Dependence 

epoch of ALP oscillation

Dependence 

start of ALP oscillation

Subject to isocurvature constraints
<latexit sha1_base64="wg5YJG8gnRbhBvXpdXgTmXnGz08="></latexit>

�iso '
✓

⌦a

⌦CDM

◆2
H

2
inf

8⇡3Asf
2
a h✓2i i

< 0.038

[PDG, 2022]
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Pre-Inflationary Post-Inflationary

7

<latexit sha1_base64="pNI4KNLNeEKVtPD+WIFxt7Bf7cU="></latexit>

fa > max {Treh, TdS}
<latexit sha1_base64="3ewKjXBwF8AmRISchXqgz7szLHs="></latexit>

fa < max {Treh, TdS}
<latexit sha1_base64="GGB8Gs5lG9oaScdWRt1TaYM1IF8="></latexit>

Treh = ✏e↵

p
HinfMP

<latexit sha1_base64="He9ChGy+LtXeAaH8eTGCnbFnPN4=">AAACInicbVDLSgNBEJz1GeMr6tHLYBA8xd0g0YsQ8BJvERMVkhBmJ706ZHZ2mekVw7Jf4G/4A171D7yJJ8Gz3+EkRtDEgoHqqm56uvxYCoOu++7MzM7NLyzmlvLLK6tr64WNzQsTJZpDk0cy0lc+MyCFgiYKlHAVa2ChL+HS758M/ctb0EZEqoGDGDohu1YiEJyhlbqF3UY3bSPcYdo7zzJ6TGs/tVCBFfZpuR2LbqHoltwR6DTxxqRIxqh3C5/tXsSTEBRyyYxpeW6MnZRpFFxClm8nBmLG++waWpYqFoLppKNzMrprlR4NIm2fQjpSf0+kLDRmEPq2M2R4Yya9ofif10owOOrYw+IEQfHvRUEiKUZ0mA3tCQ0c5cASxrWwf6X8hmnG0Sb4ZwtnioPM8jYYbzKGaXJRLnmVUuXsoFg9HUeUI9tkh+wRjxySKqmROmkSTu7JI3kiz86D8+K8Om/frTPOeGaL/IHz8QXfNaRH</latexit>

TdS = Hinf/2⇡<latexit sha1_base64="TpWRg/v33dZbw3DkYqoMvva4yM4="></latexit>

⌦
✓
2
i

↵
= ✓

2
i +

✓
Hinf

2⇡fa

◆2
<latexit sha1_base64="CoNKtG8ICZjpKW1Aidikas3W5PI="></latexit>

⌦
✓2i
↵
=

1

2⇡

Z ⇡

�⇡
d✓✓2 =

⇡2

3

<latexit sha1_base64="LcLMFjb0GPhSntOIzP3pMC7iW8Y="></latexit>

⌦a =
⇢a/s

(⇢crit /s)0
⇠ f2

a h✓2i im2
a

Dependence 

epoch of ALP oscillation

Dependence 

start of ALP oscillation

Contributions from cosmic string decays
<latexit sha1_base64="btdenyOARL20iFLPvH8AuxXU7y0="></latexit>

⌦str
a = �dec⌦

mis
a

Subject to isocurvature constraints
<latexit sha1_base64="wg5YJG8gnRbhBvXpdXgTmXnGz08="></latexit>

�iso '
✓

⌦a

⌦CDM

◆2
H

2
inf

8⇡3Asf
2
a h✓2i i

< 0.038

[PDG, 2022]



D.Y. Cheong                                                                                                Wormhole Induced ALP DM

Wormhole Induced ALP DM - Benchmark [DYC, et.al., 2411.07713]
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2.0 2.5 3.0 3.5 4.0 4.5
6

8

10

12

14

16

<latexit sha1_base64="AgyLm0HfA4nY1aVWMulDJwMTWqA=">AAACFXicbZDLSsNAFIYnXmu9Rd0IbgaL4KomRaorKbpxI1SwF2hjmEwn7dDJJMxMxBLia/gCbvUN3Ilb176Az+GkzcK2/jDw8Z9zOGd+L2JUKsv6NhYWl5ZXVgtrxfWNza1tc2e3KcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1veJXVWw9ESBryOzWKiBOgPqc+xUhpyzX3u48UXsAbN6mn9xV4An03QRm5ZskqW2PBebBzKIFcddf86fZCHAeEK8yQlB3bipSTIKEoZiQtdmNJIoSHqE86GjkKiHSS8Q9SeKSdHvRDoR9XcOz+nUhQIOUo8HRngNRAztYy879aJ1b+uZNQHsWKcDxZ5McMqhBmccAeFQQrNtKAsKD6VogHSCCsdGhTWzDimLC0qIOxZ2OYh2albFfL1dvTUu0yj6gADsAhOAY2OAM1cA3qoAEweAIv4BW8Gc/Gu/FhfE5aF4x8Zg9Myfj6BUz2nXc=</latexit>

⇠ > M2
P /f

2
a

<latexit sha1_base64="SnLdMiltNStA2iQk0G5A6Yx6mwQ=">AAACDXicbZDLSsNAFIYn9VbrLerSzWARXJVEpLpwUXTjsoKthTaEyXTSDp1LmJkUSsgz+AJu9Q3ciVufwRfwOZy2WdjWHw58/OcczuGPEka18bxvp7S2vrG5Vd6u7Ozu7R+4h0dtLVOFSQtLJlUnQpowKkjLUMNIJ1EE8YiRp2h0N+0/jYnSVIpHM0lIwNFA0JhiZKwVui4Ps54ayhzeQIsoD92qV/NmgqvgF1AFhZqh+9PrS5xyIgxmSOuu7yUmyJAyFDOSV3qpJgnCIzQgXYsCcaKDbPZ5Ds+s04exVLaEgTP370aGuNYTHtlJjsxQL/em5n+9bmri6yCjIkkNEXh+KE4ZNBJOY4B9qgg2bGIBYUXtrxAPkULY2LAWrmAkMGF5xQbjL8ewCu2Lml+v1R8uq43bIqIyOAGn4Bz44Ao0wD1oghbAYAxewCt4c56dd+fD+ZyPlpxi5xgsyPn6BavUm7U=</latexit>

m⇢ < ma
<latexit sha1_base64="F/pFyWYiR0nQzswMH5L9R3FUNoE=">AAACFXicbVDLSsNAFJ34rPUVdSO4GSyCG0tSpLoRim5cVrAPaGKYTCbt0MkkzEyEEuJv+ANu9Q/ciVvX/oDf4bTNwrYeGDiccy73zvETRqWyrG9jaXlldW29tFHe3Nre2TX39tsyTgUmLRyzWHR9JAmjnLQUVYx0E0FQ5DPS8Yc3Y7/zSISkMb9Xo4S4EepzGlKMlJY889BhOhwgL3OaA5rDK2hbD9lZLffMilW1JoCLxC5IBRRoeuaPE8Q4jQhXmCEpe7aVKDdDQlHMSF52UkkShIeoT3qachQR6WaTH+TwRCsBDGOhH1dwov6dyFAk5SjydTJCaiDnvbH4n9dLVXjpZpQnqSIcTxeFKYMqhuM6YEAFwYqNNEFYUH0rxAMkEFa6tJktGHFMWF7WxdjzNSySdq1q16v1u/NK47qoqASOwDE4BTa4AA1wC5qgBTB4Ai/gFbwZz8a78WF8TqNLRjFzAGZgfP0CZi+eHw==</latexit>

�� = 10�2
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<latexit sha1_base64="GXB2KqRceJki/a+RvsX3qpEOK64=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJRGpLotuXFawD2xDmUxv2qGTSZi5EUvI2h9wq3/gTtz6Hf6A3+G0zcK2HrhwOOde7r3HjwXX6Djf1srq2vrGZmGruL2zu7dfOjhs6ihRDBosEpFq+1SD4BIayFFAO1ZAQ19Ayx/dTPzWIyjNI3mP4xi8kA4kDzijaKSHLsITpnVoZr1S2ak4U9jLxM1JmeSo90o/3X7EkhAkMkG17rhOjF5KFXImICt2Ew0xZSM6gI6hkoagvXR6cWafGqVvB5EyJdGeqn8nUhpqPQ590xlSHOpFbyL+53USDK68lMs4QZBstihIhI2RPXnf7nMFDMXYEMoUN7fabEgVZWhCmtvCqGQgsqIJxl2MYZk0zytutVK9uyjXrvOICuSYnJAz4pJLUiO3pE4ahBFJXsgrebOerXfrw/qcta5Y+cwRmYP19QsxJJli</latexit> P
eV

<latexit sha1_base64="4YqLdHmqY1fkiLPpnc2N9tOdydI=">AAACBHicbVDLSsNAFJ34rPVVdekmWARXJRGpLotuXFawD2lDmUxv2qGTSZi5EUvI1h9wq3/gTtz6H/6A3+G0zcK2HrhwOOde7r3HjwXX6Djf1srq2vrGZmGruL2zu7dfOjhs6ihRDBosEpFq+1SD4BIayFFAO1ZAQ19Ayx/dTPzWIyjNI3mP4xi8kA4kDzijaKSHLsITptDMeqWyU3GmsJeJm5MyyVHvlX66/YglIUhkgmrdcZ0YvZQq5ExAVuwmGmLKRnQAHUMlDUF76fTgzD41St8OImVKoj1V/06kNNR6HPqmM6Q41IveRPzP6yQYXHkpl3GCINlsUZAIGyN78r3d5woYirEhlClubrXZkCrK0GQ0t4VRyUBkRROMuxjDMmmeV9xqpXp3Ua5d5xEVyDE5IWfEJZekRm5JnTQIIyF5Ia/kzXq23q0P63PWumLlM0dkDtbXL4kBmQg=</latexit> eV
<latexit sha1_base64="mcUIOB1o34m18ZL9IZFYJByeoak=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4KolIdVl047KCfUATymR60w6dTMLMjVhCP8AfcKt/4E7c+hn+gN/htM3Cth64cDjnXs7lBIngGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo5TxaDJYhGrTkA1CC6hiRwFdBIFNAoEtIPR7dRvP4LSPJYPOE7Aj+hA8pAzikbyvCj1EJ4wg9akV644VWcGe5W4OamQHI1e+cfrxyyNQCITVOuu6yToZ1QhZwImJS/VkFA2ogPoGippBNrPZj9P7DOj9O0wVmYk2jP170VGI63HUWA2I4pDvexNxf+8borhtZ9xmaQIks2DwlTYGNvTAuw+V8BQjA2hTHHzq82GVFGGpqaFFEYlAzEpmWLc5RpWSeui6taqtfvLSv0mr6hITsgpOScuuSJ1ckcapEkYScgLeSVv1rP1bn1Yn/PVgpXfHJMFWF+//2CaZA==</latexit> µ
eV

<latexit sha1_base64="/SJ1jAV061ZGeLesozT9d2oin8A=">AAACDnicbVBLTgJBFOzxi/gDXbqZSEzcSGaIQZdENy4xkU8CSHqaB3To6Zl0v1HJZO7gBdzqDdwZt17BC3gOG5iFgJW8pFL1XuqlvFBwjY7zba2srq1vbGa2sts7u3v7ufxBXQeRYlBjgQhU06MaBJdQQ44CmqEC6nsCGt7oeuI3HkBpHsg7HIfQ8elA8j5nFI3UzeVd5z4+K7lJG+EJY6gn3VzBKTpT2MvETUmBpKh2cz/tXsAiHyQyQbVuuU6InZgq5ExAkm1HGkLKRnQALUMl9UF34unriX1ilJ7dD5QZifZU/XsRU1/rse+ZTZ/iUC96E/E/rxVh/7ITcxlGCJLNgvqRsDGwJz3YPa6AoRgbQpni5lebDamiDE1bcymMSgYiyZpi3MUalkm9VHTLxfLteaFylVaUIUfkmJwSl1yQCrkhVVIjjDySF/JK3qxn6936sD5nqytWenNI5mB9/QLpH5vQ</latexit> 10
�
2
1
eV

<latexit sha1_base64="Bb9y+YJVplKRO84Yb5FysXTDTZs=">AAACBXicbVDLSgNBEJyNrxhfUY9eFoPgKeyKRI9BD3qMYB6YLGF20kmGzM4uM71iWPbsD3jVP/AmXv0Of8DvcJLswSQWNBRV3XR3+ZHgGh3n28qtrK6tb+Q3C1vbO7t7xf2Dhg5jxaDOQhGqlk81CC6hjhwFtCIFNPAFNP3R9cRvPoLSPJT3OI7AC+hA8j5nFI300EF4wuQGGmm3WHLKzhT2MnEzUiIZat3iT6cXsjgAiUxQrduuE6GXUIWcCUgLnVhDRNmIDqBtqKQBaC+ZXpzaJ0bp2f1QmZJoT9W/EwkNtB4HvukMKA71ojcR//PaMfYvvYTLKEaQbLaoHwsbQ3vyvt3jChiKsSGUKW5utdmQKsrQhDS3hVHJQKQFE4y7GMMyaZyV3Uq5cndeql5lEeXJETkmp8QlF6RKbkmN1AkjkryQV/JmPVvv1of1OWvNWdnMIZmD9fULIrGZWQ==</latexit> G
eV

<latexit sha1_base64="CX+bKgRPwIhozFP0VGsjteJfqhI="></latexit>

m2
a ⇠ 1

faL3
w

e�Sw

<latexit sha1_base64="Wk8QPZizt+Ubb2MpULaHryE2d/0=">AAACDnicbVBLTgJBFOzxi/gDXbrpSExckRljkCXRDUuM8kmAkJ7mAR16eibdb1Qy4Q5ewK3ewJ1x6xW8gOew+SwErOQllar3Ui/lR1IYdN1vZ219Y3NrO7WT3t3bPzjMZI9qJow1hyoPZagbPjMghYIqCpTQiDSwwJdQ94c3E7/+ANqIUN3jKIJ2wPpK9ARnaKVOJttCeMLkDkFKpul1edzJ5Ny8OwVdJd6c5MgclU7mp9UNeRyAQi6ZMU3PjbCdMI2CSxinW7GBiPEh60PTUsUCMO1k+vqYnlmlS3uhtqOQTtW/FwkLjBkFvt0MGA7MsjcR//OaMfaK7USoKEZQfBbUiyXFkE56oF2hgaMcWcK4FvZXygdMM462rYUUzhQHOU7bYrzlGlZJ7SLvFfKF28tcqTivKEVOyCk5Jx65IiVSJhVSJZw8khfySt6cZ+fd+XA+Z6trzvzmmCzA+foFvU+cRQ==</latexit> S
t
e
ll
a
r
B
H

<latexit sha1_base64="e0d7Sw+FjIx5mR8+dl8UpLx0+zs=">AAACBnicbVDLSgNBEJyNrxhfUY9eFoPgKeyKxByDXnIRIpoHJCHMTnqTIbOzy0yvGJa9+wNe9Q+8iVd/wx/wO5w8DiaxoKGo6qa7y4sE1+g431ZmbX1jcyu7ndvZ3ds/yB8eNXQYKwZ1FopQtTyqQXAJdeQooBUpoIEnoOmNbiZ+8xGU5qF8wHEE3YAOJPc5o2ikdgfhCZP72+tq2ssXnKIzhb1K3DkpkDlqvfxPpx+yOACJTFCt264TYTehCjkTkOY6sYaIshEdQNtQSQPQ3WR6cmqfGaVv+6EyJdGeqn8nEhpoPQ480xlQHOplbyL+57Vj9MvdhMsoRpBstsiPhY2hPfnf7nMFDMXYEMoUN7fabEgVZWhSWtjCqGQg0pwJxl2OYZU0LopuqVi6uyxUyvOIsuSEnJJz4pIrUiFVUiN1wkhIXsgrebOerXfrw/qctWas+cwxWYD19QuIH5mB</latexit> S
M
B
H
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<latexit sha1_base64="GXB2KqRceJki/a+RvsX3qpEOK64=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJRGpLotuXFawD2xDmUxv2qGTSZi5EUvI2h9wq3/gTtz6Hf6A3+G0zcK2HrhwOOde7r3HjwXX6Djf1srq2vrGZmGruL2zu7dfOjhs6ihRDBosEpFq+1SD4BIayFFAO1ZAQ19Ayx/dTPzWIyjNI3mP4xi8kA4kDzijaKSHLsITpnVoZr1S2ak4U9jLxM1JmeSo90o/3X7EkhAkMkG17rhOjF5KFXImICt2Ew0xZSM6gI6hkoagvXR6cWafGqVvB5EyJdGeqn8nUhpqPQ590xlSHOpFbyL+53USDK68lMs4QZBstihIhI2RPXnf7nMFDMXYEMoUN7fabEgVZWhCmtvCqGQgsqIJxl2MYZk0zytutVK9uyjXrvOICuSYnJAz4pJLUiO3pE4ahBFJXsgrebOerXfrw/qcta5Y+cwRmYP19QsxJJli</latexit> P
eV

<latexit sha1_base64="4YqLdHmqY1fkiLPpnc2N9tOdydI=">AAACBHicbVDLSsNAFJ34rPVVdekmWARXJRGpLotuXFawD2lDmUxv2qGTSZi5EUvI1h9wq3/gTtz6H/6A3+G0zcK2HrhwOOde7r3HjwXX6Djf1srq2vrGZmGruL2zu7dfOjhs6ihRDBosEpFq+1SD4BIayFFAO1ZAQ19Ayx/dTPzWIyjNI3mP4xi8kA4kDzijaKSHLsITptDMeqWyU3GmsJeJm5MyyVHvlX66/YglIUhkgmrdcZ0YvZQq5ExAVuwmGmLKRnQAHUMlDUF76fTgzD41St8OImVKoj1V/06kNNR6HPqmM6Q41IveRPzP6yQYXHkpl3GCINlsUZAIGyN78r3d5woYirEhlClubrXZkCrK0GQ0t4VRyUBkRROMuxjDMmmeV9xqpXp3Ua5d5xEVyDE5IWfEJZekRm5JnTQIIyF5Ia/kzXq23q0P63PWumLlM0dkDtbXL4kBmQg=</latexit> eV
<latexit sha1_base64="mcUIOB1o34m18ZL9IZFYJByeoak=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4KolIdVl047KCfUATymR60w6dTMLMjVhCP8AfcKt/4E7c+hn+gN/htM3Cth64cDjnXs7lBIngGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo5TxaDJYhGrTkA1CC6hiRwFdBIFNAoEtIPR7dRvP4LSPJYPOE7Aj+hA8pAzikbyvCj1EJ4wg9akV644VWcGe5W4OamQHI1e+cfrxyyNQCITVOuu6yToZ1QhZwImJS/VkFA2ogPoGippBNrPZj9P7DOj9O0wVmYk2jP170VGI63HUWA2I4pDvexNxf+8borhtZ9xmaQIks2DwlTYGNvTAuw+V8BQjA2hTHHzq82GVFGGpqaFFEYlAzEpmWLc5RpWSeui6taqtfvLSv0mr6hITsgpOScuuSJ1ckcapEkYScgLeSVv1rP1bn1Yn/PVgpXfHJMFWF+//2CaZA==</latexit> µ
eV

<latexit sha1_base64="/SJ1jAV061ZGeLesozT9d2oin8A=">AAACDnicbVBLTgJBFOzxi/gDXbqZSEzcSGaIQZdENy4xkU8CSHqaB3To6Zl0v1HJZO7gBdzqDdwZt17BC3gOG5iFgJW8pFL1XuqlvFBwjY7zba2srq1vbGa2sts7u3v7ufxBXQeRYlBjgQhU06MaBJdQQ44CmqEC6nsCGt7oeuI3HkBpHsg7HIfQ8elA8j5nFI3UzeVd5z4+K7lJG+EJY6gn3VzBKTpT2MvETUmBpKh2cz/tXsAiHyQyQbVuuU6InZgq5ExAkm1HGkLKRnQALUMl9UF34unriX1ilJ7dD5QZifZU/XsRU1/rse+ZTZ/iUC96E/E/rxVh/7ITcxlGCJLNgvqRsDGwJz3YPa6AoRgbQpni5lebDamiDE1bcymMSgYiyZpi3MUalkm9VHTLxfLteaFylVaUIUfkmJwSl1yQCrkhVVIjjDySF/JK3qxn6936sD5nqytWenNI5mB9/QLpH5vQ</latexit> 10
�
2
1
eV

<latexit sha1_base64="Bb9y+YJVplKRO84Yb5FysXTDTZs=">AAACBXicbVDLSgNBEJyNrxhfUY9eFoPgKeyKRI9BD3qMYB6YLGF20kmGzM4uM71iWPbsD3jVP/AmXv0Of8DvcJLswSQWNBRV3XR3+ZHgGh3n28qtrK6tb+Q3C1vbO7t7xf2Dhg5jxaDOQhGqlk81CC6hjhwFtCIFNPAFNP3R9cRvPoLSPJT3OI7AC+hA8j5nFI300EF4wuQGGmm3WHLKzhT2MnEzUiIZat3iT6cXsjgAiUxQrduuE6GXUIWcCUgLnVhDRNmIDqBtqKQBaC+ZXpzaJ0bp2f1QmZJoT9W/EwkNtB4HvukMKA71ojcR//PaMfYvvYTLKEaQbLaoHwsbQ3vyvt3jChiKsSGUKW5utdmQKsrQhDS3hVHJQKQFE4y7GMMyaZyV3Uq5cndeql5lEeXJETkmp8QlF6RKbkmN1AkjkryQV/JmPVvv1of1OWvNWdnMIZmD9fULIrGZWQ==</latexit> G
eV

2.0 2.5 3.0 3.5 4.0 4.5
6

8

10

12

14

16

Pre-inflation

Post-inflation

<latexit sha1_base64="Wk8QPZizt+Ubb2MpULaHryE2d/0=">AAACDnicbVBLTgJBFOzxi/gDXbrpSExckRljkCXRDUuM8kmAkJ7mAR16eibdb1Qy4Q5ewK3ewJ1x6xW8gOew+SwErOQllar3Ui/lR1IYdN1vZ219Y3NrO7WT3t3bPzjMZI9qJow1hyoPZagbPjMghYIqCpTQiDSwwJdQ94c3E7/+ANqIUN3jKIJ2wPpK9ARnaKVOJttCeMLkDkFKpul1edzJ5Ny8OwVdJd6c5MgclU7mp9UNeRyAQi6ZMU3PjbCdMI2CSxinW7GBiPEh60PTUsUCMO1k+vqYnlmlS3uhtqOQTtW/FwkLjBkFvt0MGA7MsjcR//OaMfaK7USoKEZQfBbUiyXFkE56oF2hgaMcWcK4FvZXygdMM462rYUUzhQHOU7bYrzlGlZJ7SLvFfKF28tcqTivKEVOyCk5Jx65IiVSJhVSJZw8khfySt6cZ+fd+XA+Z6trzvzmmCzA+foFvU+cRQ==</latexit> S
t
e
ll
a
r
B
H

<latexit sha1_base64="e0d7Sw+FjIx5mR8+dl8UpLx0+zs=">AAACBnicbVDLSgNBEJyNrxhfUY9eFoPgKeyKxByDXnIRIpoHJCHMTnqTIbOzy0yvGJa9+wNe9Q+8iVd/wx/wO5w8DiaxoKGo6qa7y4sE1+g431ZmbX1jcyu7ndvZ3ds/yB8eNXQYKwZ1FopQtTyqQXAJdeQooBUpoIEnoOmNbiZ+8xGU5qF8wHEE3YAOJPc5o2ikdgfhCZP72+tq2ssXnKIzhb1K3DkpkDlqvfxPpx+yOACJTFCt264TYTehCjkTkOY6sYaIshEdQNtQSQPQ3WR6cmqfGaVv+6EyJdGeqn8nEhpoPQ480xlQHOplbyL+57Vj9MvdhMsoRpBstsiPhY2hPfnf7nMFDMXYEMoUN7fabEgVZWhSWtjCqGQg0pwJxl2OYZU0LopuqVi6uyxUyvOIsuSEnJJz4pIrUiFVUiN1wkhIXsgrebOerXfrw/qctWas+cwxWYD19QuIH5mB</latexit> S
M
B
H
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<latexit sha1_base64="GXB2KqRceJki/a+RvsX3qpEOK64=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJRGpLotuXFawD2xDmUxv2qGTSZi5EUvI2h9wq3/gTtz6Hf6A3+G0zcK2HrhwOOde7r3HjwXX6Djf1srq2vrGZmGruL2zu7dfOjhs6ihRDBosEpFq+1SD4BIayFFAO1ZAQ19Ayx/dTPzWIyjNI3mP4xi8kA4kDzijaKSHLsITpnVoZr1S2ak4U9jLxM1JmeSo90o/3X7EkhAkMkG17rhOjF5KFXImICt2Ew0xZSM6gI6hkoagvXR6cWafGqVvB5EyJdGeqn8nUhpqPQ590xlSHOpFbyL+53USDK68lMs4QZBstihIhI2RPXnf7nMFDMXYEMoUN7fabEgVZWhCmtvCqGQgsqIJxl2MYZk0zytutVK9uyjXrvOICuSYnJAz4pJLUiO3pE4ahBFJXsgrebOerXfrw/qcta5Y+cwRmYP19QsxJJli</latexit> P
eV

<latexit sha1_base64="4YqLdHmqY1fkiLPpnc2N9tOdydI=">AAACBHicbVDLSsNAFJ34rPVVdekmWARXJRGpLotuXFawD2lDmUxv2qGTSZi5EUvI1h9wq3/gTtz6H/6A3+G0zcK2HrhwOOde7r3HjwXX6Djf1srq2vrGZmGruL2zu7dfOjhs6ihRDBosEpFq+1SD4BIayFFAO1ZAQ19Ayx/dTPzWIyjNI3mP4xi8kA4kDzijaKSHLsITptDMeqWyU3GmsJeJm5MyyVHvlX66/YglIUhkgmrdcZ0YvZQq5ExAVuwmGmLKRnQAHUMlDUF76fTgzD41St8OImVKoj1V/06kNNR6HPqmM6Q41IveRPzP6yQYXHkpl3GCINlsUZAIGyN78r3d5woYirEhlClubrXZkCrK0GQ0t4VRyUBkRROMuxjDMmmeV9xqpXp3Ua5d5xEVyDE5IWfEJZekRm5JnTQIIyF5Ia/kzXq23q0P63PWumLlM0dkDtbXL4kBmQg=</latexit> eV
<latexit sha1_base64="mcUIOB1o34m18ZL9IZFYJByeoak=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4KolIdVl047KCfUATymR60w6dTMLMjVhCP8AfcKt/4E7c+hn+gN/htM3Cth64cDjnXs7lBIngGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo5TxaDJYhGrTkA1CC6hiRwFdBIFNAoEtIPR7dRvP4LSPJYPOE7Aj+hA8pAzikbyvCj1EJ4wg9akV644VWcGe5W4OamQHI1e+cfrxyyNQCITVOuu6yToZ1QhZwImJS/VkFA2ogPoGippBNrPZj9P7DOj9O0wVmYk2jP170VGI63HUWA2I4pDvexNxf+8borhtZ9xmaQIks2DwlTYGNvTAuw+V8BQjA2hTHHzq82GVFGGpqaFFEYlAzEpmWLc5RpWSeui6taqtfvLSv0mr6hITsgpOScuuSJ1ckcapEkYScgLeSVv1rP1bn1Yn/PVgpXfHJMFWF+//2CaZA==</latexit> µ
eV

<latexit sha1_base64="/SJ1jAV061ZGeLesozT9d2oin8A=">AAACDnicbVBLTgJBFOzxi/gDXbqZSEzcSGaIQZdENy4xkU8CSHqaB3To6Zl0v1HJZO7gBdzqDdwZt17BC3gOG5iFgJW8pFL1XuqlvFBwjY7zba2srq1vbGa2sts7u3v7ufxBXQeRYlBjgQhU06MaBJdQQ44CmqEC6nsCGt7oeuI3HkBpHsg7HIfQ8elA8j5nFI3UzeVd5z4+K7lJG+EJY6gn3VzBKTpT2MvETUmBpKh2cz/tXsAiHyQyQbVuuU6InZgq5ExAkm1HGkLKRnQALUMl9UF34unriX1ilJ7dD5QZifZU/XsRU1/rse+ZTZ/iUC96E/E/rxVh/7ITcxlGCJLNgvqRsDGwJz3YPa6AoRgbQpni5lebDamiDE1bcymMSgYiyZpi3MUalkm9VHTLxfLteaFylVaUIUfkmJwSl1yQCrkhVVIjjDySF/JK3qxn6936sD5nqytWenNI5mB9/QLpH5vQ</latexit> 10
�
2
1
eV

<latexit sha1_base64="Bb9y+YJVplKRO84Yb5FysXTDTZs=">AAACBXicbVDLSgNBEJyNrxhfUY9eFoPgKeyKRI9BD3qMYB6YLGF20kmGzM4uM71iWPbsD3jVP/AmXv0Of8DvcJLswSQWNBRV3XR3+ZHgGh3n28qtrK6tb+Q3C1vbO7t7xf2Dhg5jxaDOQhGqlk81CC6hjhwFtCIFNPAFNP3R9cRvPoLSPJT3OI7AC+hA8j5nFI300EF4wuQGGmm3WHLKzhT2MnEzUiIZat3iT6cXsjgAiUxQrduuE6GXUIWcCUgLnVhDRNmIDqBtqKQBaC+ZXpzaJ0bp2f1QmZJoT9W/EwkNtB4HvukMKA71ojcR//PaMfYvvYTLKEaQbLaoHwsbQ3vyvt3jChiKsSGUKW5utdmQKsrQhDS3hVHJQKQFE4y7GMMyaZyV3Uq5cndeql5lEeXJETkmp8QlF6RKbkmN1AkjkryQV/JmPVvv1of1OWvNWdnMIZmD9fULIrGZWQ==</latexit> G
eV

Pre-inflation

Post-inflation

<latexit sha1_base64="Wk8QPZizt+Ubb2MpULaHryE2d/0=">AAACDnicbVBLTgJBFOzxi/gDXbrpSExckRljkCXRDUuM8kmAkJ7mAR16eibdb1Qy4Q5ewK3ewJ1x6xW8gOew+SwErOQllar3Ui/lR1IYdN1vZ219Y3NrO7WT3t3bPzjMZI9qJow1hyoPZagbPjMghYIqCpTQiDSwwJdQ94c3E7/+ANqIUN3jKIJ2wPpK9ARnaKVOJttCeMLkDkFKpul1edzJ5Ny8OwVdJd6c5MgclU7mp9UNeRyAQi6ZMU3PjbCdMI2CSxinW7GBiPEh60PTUsUCMO1k+vqYnlmlS3uhtqOQTtW/FwkLjBkFvt0MGA7MsjcR//OaMfaK7USoKEZQfBbUiyXFkE56oF2hgaMcWcK4FvZXygdMM462rYUUzhQHOU7bYrzlGlZJ7SLvFfKF28tcqTivKEVOyCk5Jx65IiVSJhVSJZw8khfySt6cZ+fd+XA+Z6trzvzmmCzA+foFvU+cRQ==</latexit> S
t
e
ll
a
r
B
H

<latexit sha1_base64="e0d7Sw+FjIx5mR8+dl8UpLx0+zs=">AAACBnicbVDLSgNBEJyNrxhfUY9eFoPgKeyKxByDXnIRIpoHJCHMTnqTIbOzy0yvGJa9+wNe9Q+8iVd/wx/wO5w8DiaxoKGo6qa7y4sE1+g431ZmbX1jcyu7ndvZ3ds/yB8eNXQYKwZ1FopQtTyqQXAJdeQooBUpoIEnoOmNbiZ+8xGU5qF8wHEE3YAOJPc5o2ikdgfhCZP72+tq2ssXnKIzhb1K3DkpkDlqvfxPpx+yOACJTFCt264TYTehCjkTkOY6sYaIshEdQNtQSQPQ3WR6cmqfGaVv+6EyJdGeqn8nEhpoPQ480xlQHOplbyL+57Vj9MvdhMsoRpBstsiPhY2hPfnf7nMFDMXYEMoUN7fabEgVZWhSWtjCqGQg0pwJxl2OYZU0LopuqVi6uyxUyvOIsuSEnJJz4pIrUiFVUiN1wkhIXsgrebOerXfrw/qctWas+cwxWYD19QuIH5mB</latexit> S
M
B
H

2.0 2.5 3.0 3.5 4.0 4.5
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<latexit sha1_base64="DOZlzaLCPdaeIIhJdOQXWqBvkas=">AAACG3icbVDLSsNAFJ3UV62vqEtBBovgqiQi1WXRTZcV7AOaEibTSTt0ZhJmJkIJ2fkb/oBb/QN34taFP+B3OGmzsK0HLhzOuZd77wliRpV2nG+rtLa+sblV3q7s7O7tH9iHRx0VJRKTNo5YJHsBUoRRQdqaakZ6sSSIB4x0g8ld7ncfiVQ0Eg96GpMBRyNBQ4qRNpJvn3I/RRn0Rtr0cNj0U48jPZY8pSLMMt+uOjVnBrhK3IJUQYGWb/94wwgnnAiNGVKq7zqxHqRIaooZySpeokiM8ASNSN9QgThRg3T2RwbPjTKEYSRNCQ1n6t+JFHGlpjwwnfmRatnLxf+8fqLDm4H5KE40EXi+KEwY1BHMQ4FDKgnWbGoIwpKaWyEeI4mwNtEtbMFIYMKyignGXY5hlXQua269Vr+/qjZui4jK4AScgQvggmvQAE3QAm2AwRN4Aa/gzXq23q0P63PeWrKKmWOwAOvrF8tCokc=</latexit>

ma & Hinf
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<latexit sha1_base64="GXB2KqRceJki/a+RvsX3qpEOK64=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJRGpLotuXFawD2xDmUxv2qGTSZi5EUvI2h9wq3/gTtz6Hf6A3+G0zcK2HrhwOOde7r3HjwXX6Djf1srq2vrGZmGruL2zu7dfOjhs6ihRDBosEpFq+1SD4BIayFFAO1ZAQ19Ayx/dTPzWIyjNI3mP4xi8kA4kDzijaKSHLsITpnVoZr1S2ak4U9jLxM1JmeSo90o/3X7EkhAkMkG17rhOjF5KFXImICt2Ew0xZSM6gI6hkoagvXR6cWafGqVvB5EyJdGeqn8nUhpqPQ590xlSHOpFbyL+53USDK68lMs4QZBstihIhI2RPXnf7nMFDMXYEMoUN7fabEgVZWhCmtvCqGQgsqIJxl2MYZk0zytutVK9uyjXrvOICuSYnJAz4pJLUiO3pE4ahBFJXsgrebOerXfrw/qcta5Y+cwRmYP19QsxJJli</latexit> P
eV

<latexit sha1_base64="4YqLdHmqY1fkiLPpnc2N9tOdydI=">AAACBHicbVDLSsNAFJ34rPVVdekmWARXJRGpLotuXFawD2lDmUxv2qGTSZi5EUvI1h9wq3/gTtz6H/6A3+G0zcK2HrhwOOde7r3HjwXX6Djf1srq2vrGZmGruL2zu7dfOjhs6ihRDBosEpFq+1SD4BIayFFAO1ZAQ19Ayx/dTPzWIyjNI3mP4xi8kA4kDzijaKSHLsITptDMeqWyU3GmsJeJm5MyyVHvlX66/YglIUhkgmrdcZ0YvZQq5ExAVuwmGmLKRnQAHUMlDUF76fTgzD41St8OImVKoj1V/06kNNR6HPqmM6Q41IveRPzP6yQYXHkpl3GCINlsUZAIGyN78r3d5woYirEhlClubrXZkCrK0GQ0t4VRyUBkRROMuxjDMmmeV9xqpXp3Ua5d5xEVyDE5IWfEJZekRm5JnTQIIyF5Ia/kzXq23q0P63PWumLlM0dkDtbXL4kBmQg=</latexit> eV
<latexit sha1_base64="mcUIOB1o34m18ZL9IZFYJByeoak=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4KolIdVl047KCfUATymR60w6dTMLMjVhCP8AfcKt/4E7c+hn+gN/htM3Cth64cDjnXs7lBIngGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo5TxaDJYhGrTkA1CC6hiRwFdBIFNAoEtIPR7dRvP4LSPJYPOE7Aj+hA8pAzikbyvCj1EJ4wg9akV644VWcGe5W4OamQHI1e+cfrxyyNQCITVOuu6yToZ1QhZwImJS/VkFA2ogPoGippBNrPZj9P7DOj9O0wVmYk2jP170VGI63HUWA2I4pDvexNxf+8borhtZ9xmaQIks2DwlTYGNvTAuw+V8BQjA2hTHHzq82GVFGGpqaFFEYlAzEpmWLc5RpWSeui6taqtfvLSv0mr6hITsgpOScuuSJ1ckcapEkYScgLeSVv1rP1bn1Yn/PVgpXfHJMFWF+//2CaZA==</latexit> µ
eV

<latexit sha1_base64="/SJ1jAV061ZGeLesozT9d2oin8A=">AAACDnicbVBLTgJBFOzxi/gDXbqZSEzcSGaIQZdENy4xkU8CSHqaB3To6Zl0v1HJZO7gBdzqDdwZt17BC3gOG5iFgJW8pFL1XuqlvFBwjY7zba2srq1vbGa2sts7u3v7ufxBXQeRYlBjgQhU06MaBJdQQ44CmqEC6nsCGt7oeuI3HkBpHsg7HIfQ8elA8j5nFI3UzeVd5z4+K7lJG+EJY6gn3VzBKTpT2MvETUmBpKh2cz/tXsAiHyQyQbVuuU6InZgq5ExAkm1HGkLKRnQALUMl9UF34unriX1ilJ7dD5QZifZU/XsRU1/rse+ZTZ/iUC96E/E/rxVh/7ITcxlGCJLNgvqRsDGwJz3YPa6AoRgbQpni5lebDamiDE1bcymMSgYiyZpi3MUalkm9VHTLxfLteaFylVaUIUfkmJwSl1yQCrkhVVIjjDySF/JK3qxn6936sD5nqytWenNI5mB9/QLpH5vQ</latexit> 10
�
2
1
eV

<latexit sha1_base64="Bb9y+YJVplKRO84Yb5FysXTDTZs=">AAACBXicbVDLSgNBEJyNrxhfUY9eFoPgKeyKRI9BD3qMYB6YLGF20kmGzM4uM71iWPbsD3jVP/AmXv0Of8DvcJLswSQWNBRV3XR3+ZHgGh3n28qtrK6tb+Q3C1vbO7t7xf2Dhg5jxaDOQhGqlk81CC6hjhwFtCIFNPAFNP3R9cRvPoLSPJT3OI7AC+hA8j5nFI300EF4wuQGGmm3WHLKzhT2MnEzUiIZat3iT6cXsjgAiUxQrduuE6GXUIWcCUgLnVhDRNmIDqBtqKQBaC+ZXpzaJ0bp2f1QmZJoT9W/EwkNtB4HvukMKA71ojcR//PaMfYvvYTLKEaQbLaoHwsbQ3vyvt3jChiKsSGUKW5utdmQKsrQhDS3hVHJQKQFE4y7GMMyaZyV3Uq5cndeql5lEeXJETkmp8QlF6RKbkmN1AkjkryQV/JmPVvv1of1OWvNWdnMIZmD9fULIrGZWQ==</latexit> G
eV

Pre-inflation

Post-inflation

<latexit sha1_base64="Wk8QPZizt+Ubb2MpULaHryE2d/0=">AAACDnicbVBLTgJBFOzxi/gDXbrpSExckRljkCXRDUuM8kmAkJ7mAR16eibdb1Qy4Q5ewK3ewJ1x6xW8gOew+SwErOQllar3Ui/lR1IYdN1vZ219Y3NrO7WT3t3bPzjMZI9qJow1hyoPZagbPjMghYIqCpTQiDSwwJdQ94c3E7/+ANqIUN3jKIJ2wPpK9ARnaKVOJttCeMLkDkFKpul1edzJ5Ny8OwVdJd6c5MgclU7mp9UNeRyAQi6ZMU3PjbCdMI2CSxinW7GBiPEh60PTUsUCMO1k+vqYnlmlS3uhtqOQTtW/FwkLjBkFvt0MGA7MsjcR//OaMfaK7USoKEZQfBbUiyXFkE56oF2hgaMcWcK4FvZXygdMM462rYUUzhQHOU7bYrzlGlZJ7SLvFfKF28tcqTivKEVOyCk5Jx65IiVSJhVSJZw8khfySt6cZ+fd+XA+Z6trzvzmmCzA+foFvU+cRQ==</latexit> S
t
e
ll
a
r
B
H

<latexit sha1_base64="e0d7Sw+FjIx5mR8+dl8UpLx0+zs=">AAACBnicbVDLSgNBEJyNrxhfUY9eFoPgKeyKxByDXnIRIpoHJCHMTnqTIbOzy0yvGJa9+wNe9Q+8iVd/wx/wO5w8DiaxoKGo6qa7y4sE1+g431ZmbX1jcyu7ndvZ3ds/yB8eNXQYKwZ1FopQtTyqQXAJdeQooBUpoIEnoOmNbiZ+8xGU5qF8wHEE3YAOJPc5o2ikdgfhCZP72+tq2ssXnKIzhb1K3DkpkDlqvfxPpx+yOACJTFCt264TYTehCjkTkOY6sYaIshEdQNtQSQPQ3WR6cmqfGaVv+6EyJdGeqn8nEhpoPQ480xlQHOplbyL+57Vj9MvdhMsoRpBstsiPhY2hPfnf7nMFDMXYEMoUN7fabEgVZWhSWtjCqGQg0pwJxl2OYZU0LopuqVi6uyxUyvOIsuSEnJJz4pIrUiFVUiN1wkhIXsgrebOerXfrw/qctWas+cwxWYD19QuIH5mB</latexit> S
M
B
H

N
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t

<latexit sha1_base64="UzWW/hDHkh+5QHBXFfCwiKAOm5Y=">AAACHHicbVDLSgNBEJz1bXxFPXpwMAiewq6IelEEPXgRFYwKSQi9k04cMju7zPSKYdmjv+EPeNU/8CZeBX/A73ASI/gqaKip6qanK0yUtOT7b97Q8Mjo2PjEZGFqemZ2rji/cG7j1AisiFjF5jIEi0pqrJAkhZeJQYhChRdhZ7/nX1yjsTLWZ9RNsB5BW8uWFEBOahSXa8cRtqGRQc53+NejRnhD2cFRnjeKJb/s98H/kmBASmyAk0bxvdaMRRqhJqHA2mrgJ1TPwJAUCvNCLbWYgOhAG6uOaojQ1rP+ITlfdUqTt2LjShPvq98nMois7Uah64yAruxvryf+51VTam3XM6mTlFCLz0WtVHGKeS8V3pQGBamuIyCMdH/l4goMCHLZ/dgiQAtUecEFE/yO4S85Xy8Hm+XN043S3u4gogm2xFbYGgvYFttjh+yEVZhgt+yePbBH78578p69l8/WIW8ws8h+wHv9AHCJof0=</latexit>

⌦a = ⌦DM

<latexit sha1_base64="y/rihWB/JphUWzh1k3IYiHFWFxw=">AAACCXicbVBLSgNBFOzxG+Mv6tJNYxBchRmR6EYJuHEZwXwgiaGn8yZp0tMzdL8RwjAn8AJu9QbuxK2n8AKew85nYRILHhRV71GP8mMpDLrut7Oyura+sZnbym/v7O7tFw4O6yZKNIcaj2Skmz4zIIWCGgqU0Iw1sNCX0PCHt2O/8QTaiEg94CiGTsj6SgSCM7TSYxsHgKybioxeU69bKLoldwK6TLwZKZIZqt3CT7sX8SQEhVwyY1qeG2MnZRoFl5Dl24mBmPEh60PLUsVCMJ108nVGT63So0Gk7SikE/XvRcpCY0ahbzdDhgOz6I3F/7xWgsFVJxUqThAUnwYFiaQY0XEFtCc0cJQjSxjXwv5K+YBpxtEWNZfCmeIgs7wtxlusYZnUz0teuVS+vyhWbmYV5cgxOSFnxCOXpELuSJXUCCeavJBX8uY8O+/Oh/M5XV1xZjdHZA7O1y8BS5pC</latexit>

✓i = 1
<latexit sha1_base64="UzWW/hDHkh+5QHBXFfCwiKAOm5Y=">AAACHHicbVDLSgNBEJz1bXxFPXpwMAiewq6IelEEPXgRFYwKSQi9k04cMju7zPSKYdmjv+EPeNU/8CZeBX/A73ASI/gqaKip6qanK0yUtOT7b97Q8Mjo2PjEZGFqemZ2rji/cG7j1AisiFjF5jIEi0pqrJAkhZeJQYhChRdhZ7/nX1yjsTLWZ9RNsB5BW8uWFEBOahSXa8cRtqGRQc53+NejRnhD2cFRnjeKJb/s98H/kmBASmyAk0bxvdaMRRqhJqHA2mrgJ1TPwJAUCvNCLbWYgOhAG6uOaojQ1rP+ITlfdUqTt2LjShPvq98nMois7Uah64yAruxvryf+51VTam3XM6mTlFCLz0WtVHGKeS8V3pQGBamuIyCMdH/l4goMCHLZ/dgiQAtUecEFE/yO4S85Xy8Hm+XN043S3u4gogm2xFbYGgvYFttjh+yEVZhgt+yePbBH78578p69l8/WIW8ws8h+wHv9AHCJof0=</latexit>

⌦a = ⌦DM
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<latexit sha1_base64="GXB2KqRceJki/a+RvsX3qpEOK64=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJRGpLotuXFawD2xDmUxv2qGTSZi5EUvI2h9wq3/gTtz6Hf6A3+G0zcK2HrhwOOde7r3HjwXX6Djf1srq2vrGZmGruL2zu7dfOjhs6ihRDBosEpFq+1SD4BIayFFAO1ZAQ19Ayx/dTPzWIyjNI3mP4xi8kA4kDzijaKSHLsITpnVoZr1S2ak4U9jLxM1JmeSo90o/3X7EkhAkMkG17rhOjF5KFXImICt2Ew0xZSM6gI6hkoagvXR6cWafGqVvB5EyJdGeqn8nUhpqPQ590xlSHOpFbyL+53USDK68lMs4QZBstihIhI2RPXnf7nMFDMXYEMoUN7fabEgVZWhCmtvCqGQgsqIJxl2MYZk0zytutVK9uyjXrvOICuSYnJAz4pJLUiO3pE4ahBFJXsgrebOerXfrw/qcta5Y+cwRmYP19QsxJJli</latexit> P
eV

<latexit sha1_base64="4YqLdHmqY1fkiLPpnc2N9tOdydI=">AAACBHicbVDLSsNAFJ34rPVVdekmWARXJRGpLotuXFawD2lDmUxv2qGTSZi5EUvI1h9wq3/gTtz6H/6A3+G0zcK2HrhwOOde7r3HjwXX6Djf1srq2vrGZmGruL2zu7dfOjhs6ihRDBosEpFq+1SD4BIayFFAO1ZAQ19Ayx/dTPzWIyjNI3mP4xi8kA4kDzijaKSHLsITptDMeqWyU3GmsJeJm5MyyVHvlX66/YglIUhkgmrdcZ0YvZQq5ExAVuwmGmLKRnQAHUMlDUF76fTgzD41St8OImVKoj1V/06kNNR6HPqmM6Q41IveRPzP6yQYXHkpl3GCINlsUZAIGyN78r3d5woYirEhlClubrXZkCrK0GQ0t4VRyUBkRROMuxjDMmmeV9xqpXp3Ua5d5xEVyDE5IWfEJZekRm5JnTQIIyF5Ia/kzXq23q0P63PWumLlM0dkDtbXL4kBmQg=</latexit> eV
<latexit sha1_base64="mcUIOB1o34m18ZL9IZFYJByeoak=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4KolIdVl047KCfUATymR60w6dTMLMjVhCP8AfcKt/4E7c+hn+gN/htM3Cth64cDjnXs7lBIngGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo5TxaDJYhGrTkA1CC6hiRwFdBIFNAoEtIPR7dRvP4LSPJYPOE7Aj+hA8pAzikbyvCj1EJ4wg9akV644VWcGe5W4OamQHI1e+cfrxyyNQCITVOuu6yToZ1QhZwImJS/VkFA2ogPoGippBNrPZj9P7DOj9O0wVmYk2jP170VGI63HUWA2I4pDvexNxf+8borhtZ9xmaQIks2DwlTYGNvTAuw+V8BQjA2hTHHzq82GVFGGpqaFFEYlAzEpmWLc5RpWSeui6taqtfvLSv0mr6hITsgpOScuuSJ1ckcapEkYScgLeSVv1rP1bn1Yn/PVgpXfHJMFWF+//2CaZA==</latexit> µ
eV

<latexit sha1_base64="/SJ1jAV061ZGeLesozT9d2oin8A=">AAACDnicbVBLTgJBFOzxi/gDXbqZSEzcSGaIQZdENy4xkU8CSHqaB3To6Zl0v1HJZO7gBdzqDdwZt17BC3gOG5iFgJW8pFL1XuqlvFBwjY7zba2srq1vbGa2sts7u3v7ufxBXQeRYlBjgQhU06MaBJdQQ44CmqEC6nsCGt7oeuI3HkBpHsg7HIfQ8elA8j5nFI3UzeVd5z4+K7lJG+EJY6gn3VzBKTpT2MvETUmBpKh2cz/tXsAiHyQyQbVuuU6InZgq5ExAkm1HGkLKRnQALUMl9UF34unriX1ilJ7dD5QZifZU/XsRU1/rse+ZTZ/iUC96E/E/rxVh/7ITcxlGCJLNgvqRsDGwJz3YPa6AoRgbQpni5lebDamiDE1bcymMSgYiyZpi3MUalkm9VHTLxfLteaFylVaUIUfkmJwSl1yQCrkhVVIjjDySF/JK3qxn6936sD5nqytWenNI5mB9/QLpH5vQ</latexit> 10
�
2
1
eV

<latexit sha1_base64="Bb9y+YJVplKRO84Yb5FysXTDTZs=">AAACBXicbVDLSgNBEJyNrxhfUY9eFoPgKeyKRI9BD3qMYB6YLGF20kmGzM4uM71iWPbsD3jVP/AmXv0Of8DvcJLswSQWNBRV3XR3+ZHgGh3n28qtrK6tb+Q3C1vbO7t7xf2Dhg5jxaDOQhGqlk81CC6hjhwFtCIFNPAFNP3R9cRvPoLSPJT3OI7AC+hA8j5nFI300EF4wuQGGmm3WHLKzhT2MnEzUiIZat3iT6cXsjgAiUxQrduuE6GXUIWcCUgLnVhDRNmIDqBtqKQBaC+ZXpzaJ0bp2f1QmZJoT9W/EwkNtB4HvukMKA71ojcR//PaMfYvvYTLKEaQbLaoHwsbQ3vyvt3jChiKsSGUKW5utdmQKsrQhDS3hVHJQKQFE4y7GMMyaZyV3Uq5cndeql5lEeXJETkmp8QlF6RKbkmN1AkjkryQV/JmPVvv1of1OWvNWdnMIZmD9fULIrGZWQ==</latexit> G
eV

Pre-inflation

Post-inflation

<latexit sha1_base64="Wk8QPZizt+Ubb2MpULaHryE2d/0=">AAACDnicbVBLTgJBFOzxi/gDXbrpSExckRljkCXRDUuM8kmAkJ7mAR16eibdb1Qy4Q5ewK3ewJ1x6xW8gOew+SwErOQllar3Ui/lR1IYdN1vZ219Y3NrO7WT3t3bPzjMZI9qJow1hyoPZagbPjMghYIqCpTQiDSwwJdQ94c3E7/+ANqIUN3jKIJ2wPpK9ARnaKVOJttCeMLkDkFKpul1edzJ5Ny8OwVdJd6c5MgclU7mp9UNeRyAQi6ZMU3PjbCdMI2CSxinW7GBiPEh60PTUsUCMO1k+vqYnlmlS3uhtqOQTtW/FwkLjBkFvt0MGA7MsjcR//OaMfaK7USoKEZQfBbUiyXFkE56oF2hgaMcWcK4FvZXygdMM462rYUUzhQHOU7bYrzlGlZJ7SLvFfKF28tcqTivKEVOyCk5Jx65IiVSJhVSJZw8khfySt6cZ+fd+XA+Z6trzvzmmCzA+foFvU+cRQ==</latexit> S
t
e
ll
a
r
B
H

<latexit sha1_base64="e0d7Sw+FjIx5mR8+dl8UpLx0+zs=">AAACBnicbVDLSgNBEJyNrxhfUY9eFoPgKeyKxByDXnIRIpoHJCHMTnqTIbOzy0yvGJa9+wNe9Q+8iVd/wx/wO5w8DiaxoKGo6qa7y4sE1+g431ZmbX1jcyu7ndvZ3ds/yB8eNXQYKwZ1FopQtTyqQXAJdeQooBUpoIEnoOmNbiZ+8xGU5qF8wHEE3YAOJPc5o2ikdgfhCZP72+tq2ssXnKIzhb1K3DkpkDlqvfxPpx+yOACJTFCt264TYTehCjkTkOY6sYaIshEdQNtQSQPQ3WR6cmqfGaVv+6EyJdGeqn8nEhpoPQ480xlQHOplbyL+57Vj9MvdhMsoRpBstsiPhY2hPfnf7nMFDMXYEMoUN7fabEgVZWhSWtjCqGQg0pwJxl2OYZU0LopuqVi6uyxUyvOIsuSEnJJz4pIrUiFVUiN1wkhIXsgrebOerXfrw/qctWas+cwxWYD19QuIH5mB</latexit> S
M
B
H

N
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M
is

al
ig
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t

<latexit sha1_base64="UzWW/hDHkh+5QHBXFfCwiKAOm5Y=">AAACHHicbVDLSgNBEJz1bXxFPXpwMAiewq6IelEEPXgRFYwKSQi9k04cMju7zPSKYdmjv+EPeNU/8CZeBX/A73ASI/gqaKip6qanK0yUtOT7b97Q8Mjo2PjEZGFqemZ2rji/cG7j1AisiFjF5jIEi0pqrJAkhZeJQYhChRdhZ7/nX1yjsTLWZ9RNsB5BW8uWFEBOahSXa8cRtqGRQc53+NejRnhD2cFRnjeKJb/s98H/kmBASmyAk0bxvdaMRRqhJqHA2mrgJ1TPwJAUCvNCLbWYgOhAG6uOaojQ1rP+ITlfdUqTt2LjShPvq98nMois7Uah64yAruxvryf+51VTam3XM6mTlFCLz0WtVHGKeS8V3pQGBamuIyCMdH/l4goMCHLZ/dgiQAtUecEFE/yO4S85Xy8Hm+XN043S3u4gogm2xFbYGgvYFttjh+yEVZhgt+yePbBH78578p69l8/WIW8ws8h+wHv9AHCJof0=</latexit>

⌦a = ⌦DM

<latexit sha1_base64="y/rihWB/JphUWzh1k3IYiHFWFxw=">AAACCXicbVBLSgNBFOzxG+Mv6tJNYxBchRmR6EYJuHEZwXwgiaGn8yZp0tMzdL8RwjAn8AJu9QbuxK2n8AKew85nYRILHhRV71GP8mMpDLrut7Oyura+sZnbym/v7O7tFw4O6yZKNIcaj2Skmz4zIIWCGgqU0Iw1sNCX0PCHt2O/8QTaiEg94CiGTsj6SgSCM7TSYxsHgKybioxeU69bKLoldwK6TLwZKZIZqt3CT7sX8SQEhVwyY1qeG2MnZRoFl5Dl24mBmPEh60PLUsVCMJ108nVGT63So0Gk7SikE/XvRcpCY0ahbzdDhgOz6I3F/7xWgsFVJxUqThAUnwYFiaQY0XEFtCc0cJQjSxjXwv5K+YBpxtEWNZfCmeIgs7wtxlusYZnUz0teuVS+vyhWbmYV5cgxOSFnxCOXpELuSJXUCCeavJBX8uY8O+/Oh/M5XV1xZjdHZA7O1y8BS5pC</latexit>

✓i = 1

<latexit sha1_base64="xYpEhG09liAaeOwgYVlNOcQhHc0=">AAACJ3icbVDJSgNBEO1xjXEb9eilMQjiIcyIRI9BLzlGMAtkQujpVJIm3T1Dd48QhvkHf8Mf8Kp/4E306MXvsLMcsvig4PFeFVX1wpgzbTzv21lb39jc2s7t5Hf39g8O3aPjuo4SRaFGIx6pZkg0cCahZpjh0IwVEBFyaITD+7HfeAKlWSQfzSiGtiB9yXqMEmOljntZ6aSBIGagRBppmmU44KC1ZgLPOQoGWdZxC17RmwCvEn9GCmiGasf9DboRTQRIQznRuuV7sWmnRBlGOWT5INEQEzokfWhZKokA3U4nP2X43Cpd3IuULWnwRJ2fSInQeiRC2zk+Ui97Y/E/r5WY3m07ZTJODEg6XdRLODYRHgeEu0wBNXxkCaGK2VsxHRBFqLExLmyhRFLgWd4G4y/HsErqV0W/VCw9XBfKd7OIcugUnaEL5KMbVEYVVEU1RNEzekVv6N15cT6cT+dr2rrmzGZO0AKcnz9BDafH</latexit>

Hosc . Hreh

osc. during RD

<latexit sha1_base64="aAcm4iL5dOtw52Z4N+rIZLfONL4="></latexit>
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<latexit sha1_base64="aAcm4iL5dOtw52Z4N+rIZLfONL4="></latexit>
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<latexit sha1_base64="2fqO36ppnQezP/vE8wLbWq+eyJk=">AAACGnicbVDLSgNBEJyN7/iKehRhMAiewq5I9Ch6yTGC0UASltlOR4fMzC4zs0JY9uRv+ANe9Q+8iVcv/oDf4WySgxoLGoqqbrq7okRwY33/0yvNzS8sLi2vlFfX1jc2K1vb1yZONWALYhHrdsQMCq6wZbkV2E40MhkJvImGF4V/c4/a8Fhd2VGCPcluFR9wYNZJYWWvEWZdyeydlllsIM9pV6AxhkvaCCGsVP2aPwadJcGUVMkUzbDy1e3HkEpUFgQzphP4ie1lTFsOAvNyNzWYMBiyW+w4qphE08vGb+T0wCl9Ooi1K2XpWP05kTFpzEhGrrO42Pz1CvE/r5PawWkv4ypJLSqYLBqkgtqYFpnQPtcIVowcYaC5u5XCHdMMrEvu1xZgClDkZRdM8DeGWXJ9VAvqtfrlcfXsfBrRMtkl++SQBOSEnJEGaZIWAfJAnsgzefEevVfvzXuftJa86cwO+QXv4xuSu6GU</latexit>

Hosc . Hc

<latexit sha1_base64="aAcm4iL5dOtw52Z4N+rIZLfONL4="></latexit>
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<latexit sha1_base64="aAcm4iL5dOtw52Z4N+rIZLfONL4="></latexit>
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<latexit sha1_base64="8eexK9r8D3NU7hxQJuUVs12Keko=">AAACGXicbVDLSgMxFM3UV62vqktdBIvgqsyIVJdFN11WsA9oy5C5TdvQJDMkGaEMs/E3/AG3+gfuxK0rf8DvMNN2YVsPBA7nnMu9OUHEmTau++3k1tY3Nrfy24Wd3b39g+LhUVOHsQLagJCHqh0QTTmTtGGY4bQdKUpEwGkrGN9lfuuRKs1C+WAmEe0JMpRswIAYK/nF05qfdAUxIyWSUEOa4u7Q2LjANR/8Ysktu1PgVeLNSQnNUfeLP91+CLGg0gAnWnc8NzK9hCjDgNO00I01jQiMyZB2LJVEUN1Lpr9I8blV+ngQKvukwVP170RChNYTEdhkdrBe9jLxP68Tm8FNL2Eyig2VMFs0iDk2Ic4qwX2mKBg+sYSAYvZWDCOiCBhb3MIWIBIoTwu2GG+5hlXSvCx7lXLl/qpUvZ1XlEcn6AxdIA9doyqqoTpqIEBP6AW9ojfn2Xl3PpzPWTTnzGeO0QKcr1+5DaEg</latexit>

Hosc & Hc

<latexit sha1_base64="b8SZvMyxbYG4c7VPIvLwwBD8mLo=">AAACJ3icbZBLSgNBEIZ7fBtfUZduGoMgLuKMiroRRDcuFYwKmRhqOpWkSU/P0F0jhCF38BpewK3ewJ3o0o3nsPNY+Pqh4eerKqr6j1IlLfn+uzc2PjE5NT0zW5ibX1hcKi6vXNkkMwIrIlGJuYnAopIaKyRJ4U1qEOJI4XXUOe3Xr+/QWJnoS+qmWIuhpWVTCiCH6sWtUIFuKeQhtZGgnsve7Q4PzRDyIx6m0oFtvsvrxZJf9gfif00wMiU20nm9+Bk2EpHFqEkosLYa+CnVcjAkhcJeIcwspiA60MKqsxpitLV88Kce33CkwZuJcU8TH9DvEznE1nbjyHXGQG37u9aH/9WqGTUPa7nUaUaoxXBRM1OcEt4PiDekQUGq6wwII92tXLTBgCAX448tArRA1Su4YILfMfw1VzvlYL+8f7FXOj4ZRTTD1tg622QBO2DH7IydswoT7J49sif27D14L96r9zZsHfNGM6vsh7yPL91bpHk=</latexit>

h✓2i i = ⇡2/3

<latexit sha1_base64="VGbbzYdIAokNVnZEZ598SD/6p3o="></latexit>

⇢a
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⌦
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2⇡2g⇤,s (Tc)T 3
c /45

osc. right after PT

<latexit sha1_base64="mCpVQenTAikjYqfgH5RuBRdQeR8=">AAACFnicbVDLSgNBEJyNrxhfUU/iZTAInuKuSvQiBL3kGME8IAnL7KSTDJmZXWdmhbAEf8Mf8Kp/4E28evUH/A4nj4NJLGgoqrrp7goizrRx3W8ntbS8srqWXs9sbG5t72R396o6jBWFCg15qOoB0cCZhIphhkM9UkBEwKEW9G9Hfu0RlGahvDeDCFqCdCXrMEqMlfzsQem65CdNJXCo6bCpmYAHLHxyeu5nc27eHQMvEm9KcmiKsp/9abZDGguQhnKidcNzI9NKiDKMchhmmrGGiNA+6ULDUkkE6FYyfmGIj63Sxp1Q2ZIGj9W/EwkRWg9EYDsFMT09743E/7xGbDpXrYTJKDYg6WRRJ+bYhHiUB24zBdTwgSWEKmZvxbRHFKHGpjazhRJJgQ8zNhhvPoZFUj3Le4V84e4iV7yZRpRGh+gInSAPXaIiKqEyqiCKntALekVvzrPz7nw4n5PWlDOd2UczcL5+AdWlnvM=</latexit>

H = Hosc ' ma/3
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<latexit sha1_base64="GXB2KqRceJki/a+RvsX3qpEOK64=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJRGpLotuXFawD2xDmUxv2qGTSZi5EUvI2h9wq3/gTtz6Hf6A3+G0zcK2HrhwOOde7r3HjwXX6Djf1srq2vrGZmGruL2zu7dfOjhs6ihRDBosEpFq+1SD4BIayFFAO1ZAQ19Ayx/dTPzWIyjNI3mP4xi8kA4kDzijaKSHLsITpnVoZr1S2ak4U9jLxM1JmeSo90o/3X7EkhAkMkG17rhOjF5KFXImICt2Ew0xZSM6gI6hkoagvXR6cWafGqVvB5EyJdGeqn8nUhpqPQ590xlSHOpFbyL+53USDK68lMs4QZBstihIhI2RPXnf7nMFDMXYEMoUN7fabEgVZWhCmtvCqGQgsqIJxl2MYZk0zytutVK9uyjXrvOICuSYnJAz4pJLUiO3pE4ahBFJXsgrebOerXfrw/qcta5Y+cwRmYP19QsxJJli</latexit> P
eV

<latexit sha1_base64="4YqLdHmqY1fkiLPpnc2N9tOdydI=">AAACBHicbVDLSsNAFJ34rPVVdekmWARXJRGpLotuXFawD2lDmUxv2qGTSZi5EUvI1h9wq3/gTtz6H/6A3+G0zcK2HrhwOOde7r3HjwXX6Djf1srq2vrGZmGruL2zu7dfOjhs6ihRDBosEpFq+1SD4BIayFFAO1ZAQ19Ayx/dTPzWIyjNI3mP4xi8kA4kDzijaKSHLsITptDMeqWyU3GmsJeJm5MyyVHvlX66/YglIUhkgmrdcZ0YvZQq5ExAVuwmGmLKRnQAHUMlDUF76fTgzD41St8OImVKoj1V/06kNNR6HPqmM6Q41IveRPzP6yQYXHkpl3GCINlsUZAIGyN78r3d5woYirEhlClubrXZkCrK0GQ0t4VRyUBkRROMuxjDMmmeV9xqpXp3Ua5d5xEVyDE5IWfEJZekRm5JnTQIIyF5Ia/kzXq23q0P63PWumLlM0dkDtbXL4kBmQg=</latexit> eV
<latexit sha1_base64="mcUIOB1o34m18ZL9IZFYJByeoak=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4KolIdVl047KCfUATymR60w6dTMLMjVhCP8AfcKt/4E7c+hn+gN/htM3Cth64cDjnXs7lBIngGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo5TxaDJYhGrTkA1CC6hiRwFdBIFNAoEtIPR7dRvP4LSPJYPOE7Aj+hA8pAzikbyvCj1EJ4wg9akV644VWcGe5W4OamQHI1e+cfrxyyNQCITVOuu6yToZ1QhZwImJS/VkFA2ogPoGippBNrPZj9P7DOj9O0wVmYk2jP170VGI63HUWA2I4pDvexNxf+8borhtZ9xmaQIks2DwlTYGNvTAuw+V8BQjA2hTHHzq82GVFGGpqaFFEYlAzEpmWLc5RpWSeui6taqtfvLSv0mr6hITsgpOScuuSJ1ckcapEkYScgLeSVv1rP1bn1Yn/PVgpXfHJMFWF+//2CaZA==</latexit> µ
eV

<latexit sha1_base64="/SJ1jAV061ZGeLesozT9d2oin8A=">AAACDnicbVBLTgJBFOzxi/gDXbqZSEzcSGaIQZdENy4xkU8CSHqaB3To6Zl0v1HJZO7gBdzqDdwZt17BC3gOG5iFgJW8pFL1XuqlvFBwjY7zba2srq1vbGa2sts7u3v7ufxBXQeRYlBjgQhU06MaBJdQQ44CmqEC6nsCGt7oeuI3HkBpHsg7HIfQ8elA8j5nFI3UzeVd5z4+K7lJG+EJY6gn3VzBKTpT2MvETUmBpKh2cz/tXsAiHyQyQbVuuU6InZgq5ExAkm1HGkLKRnQALUMl9UF34unriX1ilJ7dD5QZifZU/XsRU1/rse+ZTZ/iUC96E/E/rxVh/7ITcxlGCJLNgvqRsDGwJz3YPa6AoRgbQpni5lebDamiDE1bcymMSgYiyZpi3MUalkm9VHTLxfLteaFylVaUIUfkmJwSl1yQCrkhVVIjjDySF/JK3qxn6936sD5nqytWenNI5mB9/QLpH5vQ</latexit> 10
�
2
1
eV

<latexit sha1_base64="Bb9y+YJVplKRO84Yb5FysXTDTZs=">AAACBXicbVDLSgNBEJyNrxhfUY9eFoPgKeyKRI9BD3qMYB6YLGF20kmGzM4uM71iWPbsD3jVP/AmXv0Of8DvcJLswSQWNBRV3XR3+ZHgGh3n28qtrK6tb+Q3C1vbO7t7xf2Dhg5jxaDOQhGqlk81CC6hjhwFtCIFNPAFNP3R9cRvPoLSPJT3OI7AC+hA8j5nFI300EF4wuQGGmm3WHLKzhT2MnEzUiIZat3iT6cXsjgAiUxQrduuE6GXUIWcCUgLnVhDRNmIDqBtqKQBaC+ZXpzaJ0bp2f1QmZJoT9W/EwkNtB4HvukMKA71ojcR//PaMfYvvYTLKEaQbLaoHwsbQ3vyvt3jChiKsSGUKW5utdmQKsrQhDS3hVHJQKQFE4y7GMMyaZyV3Uq5cndeql5lEeXJETkmp8QlF6RKbkmN1AkjkryQV/JmPVvv1of1OWvNWdnMIZmD9fULIrGZWQ==</latexit> G
eV

Pre-inflation

Post-inflation

<latexit sha1_base64="Wk8QPZizt+Ubb2MpULaHryE2d/0=">AAACDnicbVBLTgJBFOzxi/gDXbrpSExckRljkCXRDUuM8kmAkJ7mAR16eibdb1Qy4Q5ewK3ewJ1x6xW8gOew+SwErOQllar3Ui/lR1IYdN1vZ219Y3NrO7WT3t3bPzjMZI9qJow1hyoPZagbPjMghYIqCpTQiDSwwJdQ94c3E7/+ANqIUN3jKIJ2wPpK9ARnaKVOJttCeMLkDkFKpul1edzJ5Ny8OwVdJd6c5MgclU7mp9UNeRyAQi6ZMU3PjbCdMI2CSxinW7GBiPEh60PTUsUCMO1k+vqYnlmlS3uhtqOQTtW/FwkLjBkFvt0MGA7MsjcR//OaMfaK7USoKEZQfBbUiyXFkE56oF2hgaMcWcK4FvZXygdMM462rYUUzhQHOU7bYrzlGlZJ7SLvFfKF28tcqTivKEVOyCk5Jx65IiVSJhVSJZw8khfySt6cZ+fd+XA+Z6trzvzmmCzA+foFvU+cRQ==</latexit> S
t
e
ll
a
r
B
H

<latexit sha1_base64="e0d7Sw+FjIx5mR8+dl8UpLx0+zs=">AAACBnicbVDLSgNBEJyNrxhfUY9eFoPgKeyKxByDXnIRIpoHJCHMTnqTIbOzy0yvGJa9+wNe9Q+8iVd/wx/wO5w8DiaxoKGo6qa7y4sE1+g431ZmbX1jcyu7ndvZ3ds/yB8eNXQYKwZ1FopQtTyqQXAJdeQooBUpoIEnoOmNbiZ+8xGU5qF8wHEE3YAOJPc5o2ikdgfhCZP72+tq2ssXnKIzhb1K3DkpkDlqvfxPpx+yOACJTFCt264TYTehCjkTkOY6sYaIshEdQNtQSQPQ3WR6cmqfGaVv+6EyJdGeqn8nEhpoPQ480xlQHOplbyL+57Vj9MvdhMsoRpBstsiPhY2hPfnf7nMFDMXYEMoUN7fabEgVZWhSWtjCqGQg0pwJxl2OYZU0LopuqVi6uyxUyvOIsuSEnJJz4pIrUiFVUiN1wkhIXsgrebOerXfrw/qctWas+cwxWYD19QuIH5mB</latexit> S
M
B
H

N
o 

M
is

al
ig

nm
en

t

<latexit sha1_base64="UzWW/hDHkh+5QHBXFfCwiKAOm5Y=">AAACHHicbVDLSgNBEJz1bXxFPXpwMAiewq6IelEEPXgRFYwKSQi9k04cMju7zPSKYdmjv+EPeNU/8CZeBX/A73ASI/gqaKip6qanK0yUtOT7b97Q8Mjo2PjEZGFqemZ2rji/cG7j1AisiFjF5jIEi0pqrJAkhZeJQYhChRdhZ7/nX1yjsTLWZ9RNsB5BW8uWFEBOahSXa8cRtqGRQc53+NejRnhD2cFRnjeKJb/s98H/kmBASmyAk0bxvdaMRRqhJqHA2mrgJ1TPwJAUCvNCLbWYgOhAG6uOaojQ1rP+ITlfdUqTt2LjShPvq98nMois7Uah64yAruxvryf+51VTam3XM6mTlFCLz0WtVHGKeS8V3pQGBamuIyCMdH/l4goMCHLZ/dgiQAtUecEFE/yO4S85Xy8Hm+XN043S3u4gogm2xFbYGgvYFttjh+yEVZhgt+yePbBH78578p69l8/WIW8ws8h+wHv9AHCJof0=</latexit>

⌦a = ⌦DM

<latexit sha1_base64="y/rihWB/JphUWzh1k3IYiHFWFxw=">AAACCXicbVBLSgNBFOzxG+Mv6tJNYxBchRmR6EYJuHEZwXwgiaGn8yZp0tMzdL8RwjAn8AJu9QbuxK2n8AKew85nYRILHhRV71GP8mMpDLrut7Oyura+sZnbym/v7O7tFw4O6yZKNIcaj2Skmz4zIIWCGgqU0Iw1sNCX0PCHt2O/8QTaiEg94CiGTsj6SgSCM7TSYxsHgKybioxeU69bKLoldwK6TLwZKZIZqt3CT7sX8SQEhVwyY1qeG2MnZRoFl5Dl24mBmPEh60PLUsVCMJ108nVGT63So0Gk7SikE/XvRcpCY0ahbzdDhgOz6I3F/7xWgsFVJxUqThAUnwYFiaQY0XEFtCc0cJQjSxjXwv5K+YBpxtEWNZfCmeIgs7wtxlusYZnUz0teuVS+vyhWbmYV5cgxOSFnxCOXpELuSJXUCCeavJBX8uY8O+/Oh/M5XV1xZjdHZA7O1y8BS5pC</latexit>

✓i = 1

<latexit sha1_base64="G0C4aCszwUYT3jrHhxfJpzdvf3k=">AAACF3icbVDLSgNBEJz1GeMr6k0vg0HwFHZVohdB9OIxgnlAdgmzk44Ozs4uM71iWBb8DX/Aq/6BN/Hq0R/wO5w8DsZY0HRR1U3PVJhIYdB1v5yZ2bn5hcXCUnF5ZXVtvbSx2TBxqjnUeSxj3QqZASkU1FGghFaigUWhhGZ4dzHwm/egjYjVNfYTCCJ2o0RPcIZW6pS2/RCQdTIf4QEzYeI8p6fUrbiHJ51S2fYh6DTxxqRMxqh1St9+N+ZpBAq5ZMa0PTfBIGMaBZeQF/3UQML4HbuBtqWKRWCCbPiHnO5ZpUt7sbalkA7V3xsZi4zpR6GdjBjemr/eQPzPa6fYOwkyoZIUQfHRoV4qKcZ0EAjtCg0cZd8SxrWwb6X8lmnG0cY2cYUzxUHmRRuM9zeGadI4qHjVSvXqqHx2Po6oQHbILtknHjkmZ+SS1EidcPJInskLeXWenDfn3fkYjc44450tMgHn8wdtN584</latexit>

�iso = 0.038

<latexit sha1_base64="G0C4aCszwUYT3jrHhxfJpzdvf3k=">AAACF3icbVDLSgNBEJz1GeMr6k0vg0HwFHZVohdB9OIxgnlAdgmzk44Ozs4uM71iWBb8DX/Aq/6BN/Hq0R/wO5w8DsZY0HRR1U3PVJhIYdB1v5yZ2bn5hcXCUnF5ZXVtvbSx2TBxqjnUeSxj3QqZASkU1FGghFaigUWhhGZ4dzHwm/egjYjVNfYTCCJ2o0RPcIZW6pS2/RCQdTIf4QEzYeI8p6fUrbiHJ51S2fYh6DTxxqRMxqh1St9+N+ZpBAq5ZMa0PTfBIGMaBZeQF/3UQML4HbuBtqWKRWCCbPiHnO5ZpUt7sbalkA7V3xsZi4zpR6GdjBjemr/eQPzPa6fYOwkyoZIUQfHRoV4qKcZ0EAjtCg0cZd8SxrWwb6X8lmnG0cY2cYUzxUHmRRuM9zeGadI4qHjVSvXqqHx2Po6oQHbILtknHjkmZ+SS1EidcPJInskLeXWenDfn3fkYjc44450tMgHn8wdtN584</latexit>

�iso = 0.038



D.Y. Cheong                                                                                                Wormhole Induced ALP DM

2.0 2.5 3.0 3.5 4.0 4.5
6

8

10

12

14

16

Wormhole Induced ALP DM - Benchmark [DYC, et.al., 2411.07713]

16

<latexit sha1_base64="GXB2KqRceJki/a+RvsX3qpEOK64=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJRGpLotuXFawD2xDmUxv2qGTSZi5EUvI2h9wq3/gTtz6Hf6A3+G0zcK2HrhwOOde7r3HjwXX6Djf1srq2vrGZmGruL2zu7dfOjhs6ihRDBosEpFq+1SD4BIayFFAO1ZAQ19Ayx/dTPzWIyjNI3mP4xi8kA4kDzijaKSHLsITpnVoZr1S2ak4U9jLxM1JmeSo90o/3X7EkhAkMkG17rhOjF5KFXImICt2Ew0xZSM6gI6hkoagvXR6cWafGqVvB5EyJdGeqn8nUhpqPQ590xlSHOpFbyL+53USDK68lMs4QZBstihIhI2RPXnf7nMFDMXYEMoUN7fabEgVZWhCmtvCqGQgsqIJxl2MYZk0zytutVK9uyjXrvOICuSYnJAz4pJLUiO3pE4ahBFJXsgrebOerXfrw/qcta5Y+cwRmYP19QsxJJli</latexit> P
eV

<latexit sha1_base64="4YqLdHmqY1fkiLPpnc2N9tOdydI=">AAACBHicbVDLSsNAFJ34rPVVdekmWARXJRGpLotuXFawD2lDmUxv2qGTSZi5EUvI1h9wq3/gTtz6H/6A3+G0zcK2HrhwOOde7r3HjwXX6Djf1srq2vrGZmGruL2zu7dfOjhs6ihRDBosEpFq+1SD4BIayFFAO1ZAQ19Ayx/dTPzWIyjNI3mP4xi8kA4kDzijaKSHLsITptDMeqWyU3GmsJeJm5MyyVHvlX66/YglIUhkgmrdcZ0YvZQq5ExAVuwmGmLKRnQAHUMlDUF76fTgzD41St8OImVKoj1V/06kNNR6HPqmM6Q41IveRPzP6yQYXHkpl3GCINlsUZAIGyN78r3d5woYirEhlClubrXZkCrK0GQ0t4VRyUBkRROMuxjDMmmeV9xqpXp3Ua5d5xEVyDE5IWfEJZekRm5JnTQIIyF5Ia/kzXq23q0P63PWumLlM0dkDtbXL4kBmQg=</latexit> eV
<latexit sha1_base64="mcUIOB1o34m18ZL9IZFYJByeoak=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4KolIdVl047KCfUATymR60w6dTMLMjVhCP8AfcKt/4E7c+hn+gN/htM3Cth64cDjnXs7lBIngGh3n2yqsrW9sbhW3Szu7e/sH5cOjlo5TxaDJYhGrTkA1CC6hiRwFdBIFNAoEtIPR7dRvP4LSPJYPOE7Aj+hA8pAzikbyvCj1EJ4wg9akV644VWcGe5W4OamQHI1e+cfrxyyNQCITVOuu6yToZ1QhZwImJS/VkFA2ogPoGippBNrPZj9P7DOj9O0wVmYk2jP170VGI63HUWA2I4pDvexNxf+8borhtZ9xmaQIks2DwlTYGNvTAuw+V8BQjA2hTHHzq82GVFGGpqaFFEYlAzEpmWLc5RpWSeui6taqtfvLSv0mr6hITsgpOScuuSJ1ckcapEkYScgLeSVv1rP1bn1Yn/PVgpXfHJMFWF+//2CaZA==</latexit> µ
eV

<latexit sha1_base64="/SJ1jAV061ZGeLesozT9d2oin8A=">AAACDnicbVBLTgJBFOzxi/gDXbqZSEzcSGaIQZdENy4xkU8CSHqaB3To6Zl0v1HJZO7gBdzqDdwZt17BC3gOG5iFgJW8pFL1XuqlvFBwjY7zba2srq1vbGa2sts7u3v7ufxBXQeRYlBjgQhU06MaBJdQQ44CmqEC6nsCGt7oeuI3HkBpHsg7HIfQ8elA8j5nFI3UzeVd5z4+K7lJG+EJY6gn3VzBKTpT2MvETUmBpKh2cz/tXsAiHyQyQbVuuU6InZgq5ExAkm1HGkLKRnQALUMl9UF34unriX1ilJ7dD5QZifZU/XsRU1/rse+ZTZ/iUC96E/E/rxVh/7ITcxlGCJLNgvqRsDGwJz3YPa6AoRgbQpni5lebDamiDE1bcymMSgYiyZpi3MUalkm9VHTLxfLteaFylVaUIUfkmJwSl1yQCrkhVVIjjDySF/JK3qxn6936sD5nqytWenNI5mB9/QLpH5vQ</latexit> 10
�
2
1
eV

<latexit sha1_base64="Bb9y+YJVplKRO84Yb5FysXTDTZs=">AAACBXicbVDLSgNBEJyNrxhfUY9eFoPgKeyKRI9BD3qMYB6YLGF20kmGzM4uM71iWPbsD3jVP/AmXv0Of8DvcJLswSQWNBRV3XR3+ZHgGh3n28qtrK6tb+Q3C1vbO7t7xf2Dhg5jxaDOQhGqlk81CC6hjhwFtCIFNPAFNP3R9cRvPoLSPJT3OI7AC+hA8j5nFI300EF4wuQGGmm3WHLKzhT2MnEzUiIZat3iT6cXsjgAiUxQrduuE6GXUIWcCUgLnVhDRNmIDqBtqKQBaC+ZXpzaJ0bp2f1QmZJoT9W/EwkNtB4HvukMKA71ojcR//PaMfYvvYTLKEaQbLaoHwsbQ3vyvt3jChiKsSGUKW5utdmQKsrQhDS3hVHJQKQFE4y7GMMyaZyV3Uq5cndeql5lEeXJETkmp8QlF6RKbkmN1AkjkryQV/JmPVvv1of1OWvNWdnMIZmD9fULIrGZWQ==</latexit> G
eV

Pre-inflation

Post-inflation

<latexit sha1_base64="Wk8QPZizt+Ubb2MpULaHryE2d/0=">AAACDnicbVBLTgJBFOzxi/gDXbrpSExckRljkCXRDUuM8kmAkJ7mAR16eibdb1Qy4Q5ewK3ewJ1x6xW8gOew+SwErOQllar3Ui/lR1IYdN1vZ219Y3NrO7WT3t3bPzjMZI9qJow1hyoPZagbPjMghYIqCpTQiDSwwJdQ94c3E7/+ANqIUN3jKIJ2wPpK9ARnaKVOJttCeMLkDkFKpul1edzJ5Ny8OwVdJd6c5MgclU7mp9UNeRyAQi6ZMU3PjbCdMI2CSxinW7GBiPEh60PTUsUCMO1k+vqYnlmlS3uhtqOQTtW/FwkLjBkFvt0MGA7MsjcR//OaMfaK7USoKEZQfBbUiyXFkE56oF2hgaMcWcK4FvZXygdMM462rYUUzhQHOU7bYrzlGlZJ7SLvFfKF28tcqTivKEVOyCk5Jx65IiVSJhVSJZw8khfySt6cZ+fd+XA+Z6trzvzmmCzA+foFvU+cRQ==</latexit> S
t
e
ll
a
r
B
H

<latexit sha1_base64="e0d7Sw+FjIx5mR8+dl8UpLx0+zs=">AAACBnicbVDLSgNBEJyNrxhfUY9eFoPgKeyKxByDXnIRIpoHJCHMTnqTIbOzy0yvGJa9+wNe9Q+8iVd/wx/wO5w8DiaxoKGo6qa7y4sE1+g431ZmbX1jcyu7ndvZ3ds/yB8eNXQYKwZ1FopQtTyqQXAJdeQooBUpoIEnoOmNbiZ+8xGU5qF8wHEE3YAOJPc5o2ikdgfhCZP72+tq2ssXnKIzhb1K3DkpkDlqvfxPpx+yOACJTFCt264TYTehCjkTkOY6sYaIshEdQNtQSQPQ3WR6cmqfGaVv+6EyJdGeqn8nEhpoPQ480xlQHOplbyL+57Vj9MvdhMsoRpBstsiPhY2hPfnf7nMFDMXYEMoUN7fabEgVZWhSWtjCqGQg0pwJxl2OYZU0LopuqVi6uyxUyvOIsuSEnJJz4pIrUiFVUiN1wkhIXsgrebOerXfrw/qctWas+cwxWYD19QuIH5mB</latexit> S
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<latexit sha1_base64="UzWW/hDHkh+5QHBXFfCwiKAOm5Y=">AAACHHicbVDLSgNBEJz1bXxFPXpwMAiewq6IelEEPXgRFYwKSQi9k04cMju7zPSKYdmjv+EPeNU/8CZeBX/A73ASI/gqaKip6qanK0yUtOT7b97Q8Mjo2PjEZGFqemZ2rji/cG7j1AisiFjF5jIEi0pqrJAkhZeJQYhChRdhZ7/nX1yjsTLWZ9RNsB5BW8uWFEBOahSXa8cRtqGRQc53+NejRnhD2cFRnjeKJb/s98H/kmBASmyAk0bxvdaMRRqhJqHA2mrgJ1TPwJAUCvNCLbWYgOhAG6uOaojQ1rP+ITlfdUqTt2LjShPvq98nMois7Uah64yAruxvryf+51VTam3XM6mTlFCLz0WtVHGKeS8V3pQGBamuIyCMdH/l4goMCHLZ/dgiQAtUecEFE/yO4S85Xy8Hm+XN043S3u4gogm2xFbYGgvYFttjh+yEVZhgt+yePbBH78578p69l8/WIW8ws8h+wHv9AHCJof0=</latexit>

⌦a = ⌦DM

<latexit sha1_base64="y/rihWB/JphUWzh1k3IYiHFWFxw=">AAACCXicbVBLSgNBFOzxG+Mv6tJNYxBchRmR6EYJuHEZwXwgiaGn8yZp0tMzdL8RwjAn8AJu9QbuxK2n8AKew85nYRILHhRV71GP8mMpDLrut7Oyura+sZnbym/v7O7tFw4O6yZKNIcaj2Skmz4zIIWCGgqU0Iw1sNCX0PCHt2O/8QTaiEg94CiGTsj6SgSCM7TSYxsHgKybioxeU69bKLoldwK6TLwZKZIZqt3CT7sX8SQEhVwyY1qeG2MnZRoFl5Dl24mBmPEh60PLUsVCMJ108nVGT63So0Gk7SikE/XvRcpCY0ahbzdDhgOz6I3F/7xWgsFVJxUqThAUnwYFiaQY0XEFtCc0cJQjSxjXwv5K+YBpxtEWNZfCmeIgs7wtxlusYZnUz0teuVS+vyhWbmYV5cgxOSFnxCOXpELuSJXUCCeavJBX8uY8O+/Oh/M5XV1xZjdHZA7O1y8BS5pC</latexit>

✓i = 1

<latexit sha1_base64="UzWW/hDHkh+5QHBXFfCwiKAOm5Y=">AAACHHicbVDLSgNBEJz1bXxFPXpwMAiewq6IelEEPXgRFYwKSQi9k04cMju7zPSKYdmjv+EPeNU/8CZeBX/A73ASI/gqaKip6qanK0yUtOT7b97Q8Mjo2PjEZGFqemZ2rji/cG7j1AisiFjF5jIEi0pqrJAkhZeJQYhChRdhZ7/nX1yjsTLWZ9RNsB5BW8uWFEBOahSXa8cRtqGRQc53+NejRnhD2cFRnjeKJb/s98H/kmBASmyAk0bxvdaMRRqhJqHA2mrgJ1TPwJAUCvNCLbWYgOhAG6uOaojQ1rP+ITlfdUqTt2LjShPvq98nMois7Uah64yAruxvryf+51VTam3XM6mTlFCLz0WtVHGKeS8V3pQGBamuIyCMdH/l4goMCHLZ/dgiQAtUecEFE/yO4S85Xy8Hm+XN043S3u4gogm2xFbYGgvYFttjh+yEVZhgt+yePbBH78578p69l8/WIW8ws8h+wHv9AHCJof0=</latexit>

⌦a = ⌦DM

<latexit sha1_base64="G0C4aCszwUYT3jrHhxfJpzdvf3k=">AAACF3icbVDLSgNBEJz1GeMr6k0vg0HwFHZVohdB9OIxgnlAdgmzk44Ozs4uM71iWBb8DX/Aq/6BN/Hq0R/wO5w8DsZY0HRR1U3PVJhIYdB1v5yZ2bn5hcXCUnF5ZXVtvbSx2TBxqjnUeSxj3QqZASkU1FGghFaigUWhhGZ4dzHwm/egjYjVNfYTCCJ2o0RPcIZW6pS2/RCQdTIf4QEzYeI8p6fUrbiHJ51S2fYh6DTxxqRMxqh1St9+N+ZpBAq5ZMa0PTfBIGMaBZeQF/3UQML4HbuBtqWKRWCCbPiHnO5ZpUt7sbalkA7V3xsZi4zpR6GdjBjemr/eQPzPa6fYOwkyoZIUQfHRoV4qKcZ0EAjtCg0cZd8SxrWwb6X8lmnG0cY2cYUzxUHmRRuM9zeGadI4qHjVSvXqqHx2Po6oQHbILtknHjkmZ+SS1EidcPJInskLeXWenDfn3fkYjc44450tMgHn8wdtN584</latexit>

�iso = 0.038

<latexit sha1_base64="y/rihWB/JphUWzh1k3IYiHFWFxw=">AAACCXicbVBLSgNBFOzxG+Mv6tJNYxBchRmR6EYJuHEZwXwgiaGn8yZp0tMzdL8RwjAn8AJu9QbuxK2n8AKew85nYRILHhRV71GP8mMpDLrut7Oyura+sZnbym/v7O7tFw4O6yZKNIcaj2Skmz4zIIWCGgqU0Iw1sNCX0PCHt2O/8QTaiEg94CiGTsj6SgSCM7TSYxsHgKybioxeU69bKLoldwK6TLwZKZIZqt3CT7sX8SQEhVwyY1qeG2MnZRoFl5Dl24mBmPEh60PLUsVCMJ108nVGT63So0Gk7SikE/XvRcpCY0ahbzdDhgOz6I3F/7xWgsFVJxUqThAUnwYFiaQY0XEFtCc0cJQjSxjXwv5K+YBpxtEWNZfCmeIgs7wtxlusYZnUz0teuVS+vyhWbmYV5cgxOSFnxCOXpELuSJXUCCeavJBX8uY8O+/Oh/M5XV1xZjdHZA7O1y8BS5pC</latexit>

✓i = 1
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