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BH

where are they?

the possible mass range of DM ⇠ O(1080)

<latexit sha1_base64="c767Jr9Hh1svh3cjeJ62FUjDBfs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREKnZZdOPOCvYBTSyT6aQdOjMJMxOhxCz8FTcuFHHrb7jzb5y2WWjrgQuHc+7l3nuCmFGlHefbWlpeWV1bL2wUN7e2d3btvf2WihKJSRNHLJKdACnCqCBNTTUjnVgSxANG2sHoauK3H4hUNBJ3ehwTn6OBoCHFSBupZx96inKYehgxeJOVXec+rTnZac8uORVnCrhI3JyUQI5Gz/7y+hFOOBEaM6RU13Vi7adIaooZyYpeokiM8AgNSNdQgThRfjq9P4MnRunDMJKmhIZT9fdEirhSYx6YTo70UM17E/E/r5vosOanVMSJJgLPFoUJgzqCkzBgn0qCNRsbgrCk5laIh0girE1kRROCO//yImmdVdxq5fy2Wqpf5nEUwBE4BmXgggtQB9egAZoAg0fwDF7Bm/VkvVjv1sesdcnKZw7AH1ifP926lLc=</latexit>
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BH

where are they?

⇠ O(102)GeV

<latexit sha1_base64="5DL+Uf0cFGgNB8N0gxoWfuYlpSg=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpSZUtFl0YXurGAf0BlLJk3b0CQzJBmhDLN046+4caGIWz/BnX9j2s5CqwcuHM65l3vvCSJGlXacLyu3sLi0vJJfLaytb2xu2ds7TRXGEpMGDlko2wFShFFBGppqRtqRJIgHjLSC0cXEb90TqWgobvU4Ij5HA0H7FCNtpK697ynKYeJhxOB1WnKdu8oR9I4TT3J4SZpp1y46ZWcK+Je4GSmCDPWu/en1QhxzIjRmSKmO60TaT5DUFDOSFrxYkQjhERqQjqECcaL8ZPpICg+N0oP9UJoSGk7VnxMJ4kqNeWA6OdJDNe9NxP+8Tqz7Z35CRRRrIvBsUT9mUIdwkgrsUUmwZmNDEJbU3ArxEEmEtcmuYEJw51/+S5qVslstn9xUi7XzLI482AMHoARccApq4ArUQQNg8ACewAt4tR6tZ+vNep+15qxsZhf8gvXxDbZrl+A=</latexit>

WIMP

the possible mass range of DM ⇠ O(1080)

<latexit sha1_base64="c767Jr9Hh1svh3cjeJ62FUjDBfs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREKnZZdOPOCvYBTSyT6aQdOjMJMxOhxCz8FTcuFHHrb7jzb5y2WWjrgQuHc+7l3nuCmFGlHefbWlpeWV1bL2wUN7e2d3btvf2WihKJSRNHLJKdACnCqCBNTTUjnVgSxANG2sHoauK3H4hUNBJ3ehwTn6OBoCHFSBupZx96inKYehgxeJOVXec+rTnZac8uORVnCrhI3JyUQI5Gz/7y+hFOOBEaM6RU13Vi7adIaooZyYpeokiM8AgNSNdQgThRfjq9P4MnRunDMJKmhIZT9fdEirhSYx6YTo70UM17E/E/r5vosOanVMSJJgLPFoUJgzqCkzBgn0qCNRsbgrCk5laIh0girE1kRROCO//yImmdVdxq5fy2Wqpf5nEUwBE4BmXgggtQB9egAZoAg0fwDF7Bm/VkvVjv1sesdcnKZw7AH1ifP926lLc=</latexit>



L � ⇤cc +m
2
H
|H|2

<latexit sha1_base64="hFXYCX2mBVQEpecBwCiBbureBQs=">AAACGXicbVDNS8MwHE39nPOr6tFLcAiCMNox0ePQyw47THAfsNaSptkWlrQlSYXR9d/w4r/ixYMiHvXkf2O29aCbDxIe7/0eye/5MaNSWda3sbK6tr6xWdgqbu/s7u2bB4dtGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fijm6nfeSBC0ii8U+OYuBwNQtqnGCkteaaVOhgx2MigI5NYEgWdhk4HyEsdwSHGGTyH3KvfV+CkPtG3Z5assjUDXCZ2TkogR9MzP50gwgknocIMSdmzrVi5KRKKYkayopNIEiM8QgPS0zREnEg3nW2WwVOtBLAfCX1CBWfq70SKuJRj7utJjtRQLnpT8T+vl6j+lZvSME4UCfH8oX7CoIrgtCYYUEGwYmNNEBZU/xXiIRIIK11mUZdgL668TNqVsl0tX9xWS7XrvI4COAYn4AzY4BLUQB00QQtg8AiewSt4M56MF+Pd+JiPrhh55gj8gfH1A+vznvc=</latexit>

these parameters are radiatively unstable



solutions proposed to explain them may be categorized

• symmetry

• anthropic

• dynamics



solutions proposed to explain them may be categorized

• symmetry

• anthropic

• dynamics



L � ⇤cc +m
2
H
|H|2

<latexit sha1_base64="hFXYCX2mBVQEpecBwCiBbureBQs=">AAACGXicbVDNS8MwHE39nPOr6tFLcAiCMNox0ePQyw47THAfsNaSptkWlrQlSYXR9d/w4r/ixYMiHvXkf2O29aCbDxIe7/0eye/5MaNSWda3sbK6tr6xWdgqbu/s7u2bB4dtGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fijm6nfeSBC0ii8U+OYuBwNQtqnGCkteaaVOhgx2MigI5NYEgWdhk4HyEsdwSHGGTyH3KvfV+CkPtG3Z5assjUDXCZ2TkogR9MzP50gwgknocIMSdmzrVi5KRKKYkayopNIEiM8QgPS0zREnEg3nW2WwVOtBLAfCX1CBWfq70SKuJRj7utJjtRQLnpT8T+vl6j+lZvSME4UCfH8oX7CoIrgtCYYUEGwYmNNEBZU/xXiIRIIK11mUZdgL668TNqVsl0tX9xWS7XrvI4COAYn4AzY4BLUQB00QQtg8AiewSt4M56MF+Pd+JiPrhh55gj8gfH1A+vznvc=</latexit>

= ⇤cc(h�ii) +m
2
H
(h�ii)|H|2

<latexit sha1_base64="1e5kOMiSKBs/CBJP69Gtm/3TFHY="></latexit>

fundamental constants may not be constants

but may be dynamical variables



dynamical selection of EW scale

=

✓
⇤2 � ⇤2 �

fe↵

◆
|H|2 � ⇤4 �

fe↵
+ µ

2|H|2 cos(�/f)

<latexit sha1_base64="STEKZvV037Qybe4cJAIQKmMN0UM="></latexit>

Graham, Rajendran, Kaplan 2015

V (H,�) = m
2
H
(�)|H|2 + V (�) + Vbr(H,�)

<latexit sha1_base64="60hdjSZWY5uEOzD4wXt3HXoOpIg=">AAACJXicbVBdSwJBFJ21L7Mvq8dehiQwCtkVox4KpF58NMhVcHWZHUcdnNldZmYDWf0zvfRXeukhiaCn/kqjblDahYFzz7mHO/d4IaNSmeankVpZXVvfSG9mtrZ3dvey+we2DCKBSQ0HLBAND0nCqE9qiipGGqEgiHuM1L3B3VSvPxIhaeA/qGFIWhz1fNqlGClNudlrO185d8I+PYU3kLuVdjE/70aVUbsIz6Cd9Bq5sSM49MT4x+Jmc2bBnBVcBlYCciCpqpudOJ0AR5z4CjMkZdMyQ9WKkVAUMzLOOJEkIcID1CNNDX3EiWzFsyvH8EQzHdgNhH6+gjP2tyNGXMoh9/QkR6ovF7Up+Z/WjFT3qhVTP4wU8fF8UTdiUAVwGhnsUEGwYkMNEBZU/xXiPhIIKx1sRodgLZ68DOxiwSoVLu5LufJtEkcaHIFjkAcWuARlUAFVUAMYPIEX8AYmxrPxarwbH/PRlJF4DsGfMr6+AaUIoRo=</latexit>



V (�) =
⇣
⇤2 � ⇤2

fe↵
�
⌘
|h|2 � c

⇤4

fe↵
� + µ2

b |h|2 cos(�/f)

Dynamical selection of EW scale

m2
h(�0) ⇠ �(90GeV)2

Graham, Rajendran, Kaplan 2015



The smallness of the Higgs mass

is due to dynamical relaxation in the early universe

v2ew ⌧ ⇤2
<latexit sha1_base64="Quamf2CV9SfmL1xo9p3SBjV1IJg=">AAACInicbVBPS8MwHE39O+e/qje9BMfA02iHoN6GXjx4mGDdYO1KmmZbWNKWJJ2OMvDL6FW/hyfxJPgp/ARmWw9u80Hg8d7vJb+8IGFUKsv6MpaWV1bX1gsbxc2t7Z1dc2//XsapwMTBMYtFM0CSMBoRR1HFSDMRBPGAkUbQvxr7jQERksbRnRomxOOoG9EOxUhpyTcPB37mCg7Jw6hdhS5j0L3R6RC1q75ZsirWBHCR2DkpgRx13/xxwxinnEQKMyRly7YS5WVIKIoZGRXLbipJgnAfdUlL0whxIr1s8okRLGslhJ1Y6BMpOFGLfxIZ4lIOeaAnOVI9Oe+Nxf+8Vqo6515GoyRVJMLThzopgyqG40ZgSAXBig01QVhQvSzEPSQQVrq3mZvCAU1kvvXjdG1dkj1fySJxqpWLin17Wqpd5m0VwBE4BifABmegBq5BHTgAgyfwAl7Bm/FsvBsfxud0dMnIMwdgBsb3LwVnpJM=</latexit><latexit sha1_base64="Quamf2CV9SfmL1xo9p3SBjV1IJg=">AAACInicbVBPS8MwHE39O+e/qje9BMfA02iHoN6GXjx4mGDdYO1KmmZbWNKWJJ2OMvDL6FW/hyfxJPgp/ARmWw9u80Hg8d7vJb+8IGFUKsv6MpaWV1bX1gsbxc2t7Z1dc2//XsapwMTBMYtFM0CSMBoRR1HFSDMRBPGAkUbQvxr7jQERksbRnRomxOOoG9EOxUhpyTcPB37mCg7Jw6hdhS5j0L3R6RC1q75ZsirWBHCR2DkpgRx13/xxwxinnEQKMyRly7YS5WVIKIoZGRXLbipJgnAfdUlL0whxIr1s8okRLGslhJ1Y6BMpOFGLfxIZ4lIOeaAnOVI9Oe+Nxf+8Vqo6515GoyRVJMLThzopgyqG40ZgSAXBig01QVhQvSzEPSQQVrq3mZvCAU1kvvXjdG1dkj1fySJxqpWLin17Wqpd5m0VwBE4BifABmegBq5BHTgAgyfwAl7Bm/FsvBsfxud0dMnIMwdgBsb3LwVnpJM=</latexit><latexit sha1_base64="Quamf2CV9SfmL1xo9p3SBjV1IJg=">AAACInicbVBPS8MwHE39O+e/qje9BMfA02iHoN6GXjx4mGDdYO1KmmZbWNKWJJ2OMvDL6FW/hyfxJPgp/ARmWw9u80Hg8d7vJb+8IGFUKsv6MpaWV1bX1gsbxc2t7Z1dc2//XsapwMTBMYtFM0CSMBoRR1HFSDMRBPGAkUbQvxr7jQERksbRnRomxOOoG9EOxUhpyTcPB37mCg7Jw6hdhS5j0L3R6RC1q75ZsirWBHCR2DkpgRx13/xxwxinnEQKMyRly7YS5WVIKIoZGRXLbipJgnAfdUlL0whxIr1s8okRLGslhJ1Y6BMpOFGLfxIZ4lIOeaAnOVI9Oe+Nxf+8Vqo6515GoyRVJMLThzopgyqG40ZgSAXBig01QVhQvSzEPSQQVrq3mZvCAU1kvvXjdG1dkj1fySJxqpWLin17Wqpd5m0VwBE4BifABmegBq5BHTgAgyfwAl7Bm/FsvBsfxud0dMnIMwdgBsb3LwVnpJM=</latexit><latexit sha1_base64="Quamf2CV9SfmL1xo9p3SBjV1IJg=">AAACInicbVBPS8MwHE39O+e/qje9BMfA02iHoN6GXjx4mGDdYO1KmmZbWNKWJJ2OMvDL6FW/hyfxJPgp/ARmWw9u80Hg8d7vJb+8IGFUKsv6MpaWV1bX1gsbxc2t7Z1dc2//XsapwMTBMYtFM0CSMBoRR1HFSDMRBPGAkUbQvxr7jQERksbRnRomxOOoG9EOxUhpyTcPB37mCg7Jw6hdhS5j0L3R6RC1q75ZsirWBHCR2DkpgRx13/xxwxinnEQKMyRly7YS5WVIKIoZGRXLbipJgnAfdUlL0whxIr1s8okRLGslhJ1Y6BMpOFGLfxIZ4lIOeaAnOVI9Oe+Nxf+8Vqo6515GoyRVJMLThzopgyqG40ZgSAXBig01QVhQvSzEPSQQVrq3mZvCAU1kvvXjdG1dkj1fySJxqpWLin17Wqpd5m0VwBE4BifABmegBq5BHTgAgyfwAl7Bm/FsvBsfxud0dMnIMwdgBsb3LwVnpJM=</latexit><latexit sha1_base64="Quamf2CV9SfmL1xo9p3SBjV1IJg=">AAACInicbVBPS8MwHE39O+e/qje9BMfA02iHoN6GXjx4mGDdYO1KmmZbWNKWJJ2OMvDL6FW/hyfxJPgp/ARmWw9u80Hg8d7vJb+8IGFUKsv6MpaWV1bX1gsbxc2t7Z1dc2//XsapwMTBMYtFM0CSMBoRR1HFSDMRBPGAkUbQvxr7jQERksbRnRomxOOoG9EOxUhpyTcPB37mCg7Jw6hdhS5j0L3R6RC1q75ZsirWBHCR2DkpgRx13/xxwxinnEQKMyRly7YS5WVIKIoZGRXLbipJgnAfdUlL0whxIr1s8okRLGslhJ1Y6BMpOFGLfxIZ4lIOeaAnOVI9Oe+Nxf+8Vqo6515GoyRVJMLThzopgyqG40ZgSAXBig01QVhQvSzEPSQQVrq3mZvCAU1kvvXjdG1dkj1fySJxqpWLin17Wqpd5m0VwBE4BifABmegBq5BHTgAgyfwAl7Bm/FsvBsfxud0dMnIMwdgBsb3LwVnpJM=</latexit>



unlike models based on symmetry principle

the relaxation mechanism includes 

one IR degree of freedom: relaxion

mIR < vew
⇣vew

⇤

⌘3/2

<latexit sha1_base64="dofV2MvXrOVe3OHPAnbJrqCWqjM="></latexit><latexit sha1_base64="dofV2MvXrOVe3OHPAnbJrqCWqjM="></latexit><latexit sha1_base64="dofV2MvXrOVe3OHPAnbJrqCWqjM="></latexit><latexit sha1_base64="dofV2MvXrOVe3OHPAnbJrqCWqjM="></latexit><latexit sha1_base64="dofV2MvXrOVe3OHPAnbJrqCWqjM="></latexit>

Banerjee, HK, Matsedonskyi, Perez, Safronova 2020



for low-phenomenology we need to know

(i) the mass

(ii) the couplings to SM particles

most of information can be extracted from wiggles

Vbr = �µ
2
b |H|2 cos(�/f)

<latexit sha1_base64="kfYJe/KDYVl4b7jDZ7I6P88nDFA="></latexit><latexit sha1_base64="kfYJe/KDYVl4b7jDZ7I6P88nDFA="></latexit><latexit sha1_base64="kfYJe/KDYVl4b7jDZ7I6P88nDFA="></latexit><latexit sha1_base64="kfYJe/KDYVl4b7jDZ7I6P88nDFA="></latexit><latexit sha1_base64="kfYJe/KDYVl4b7jDZ7I6P88nDFA="></latexit>



some (rough) dimensional analysis

Vbr = �µ
2
b |H|2 cos(�/f)

<latexit sha1_base64="kfYJe/KDYVl4b7jDZ7I6P88nDFA="></latexit><latexit sha1_base64="kfYJe/KDYVl4b7jDZ7I6P88nDFA="></latexit><latexit sha1_base64="kfYJe/KDYVl4b7jDZ7I6P88nDFA="></latexit><latexit sha1_base64="kfYJe/KDYVl4b7jDZ7I6P88nDFA="></latexit><latexit sha1_base64="kfYJe/KDYVl4b7jDZ7I6P88nDFA="></latexit>

its mass might be estimate

m2
� ⇠ @2

�Vbr ⇠ µ2
bv

2/f2 cos(�0/f) ⇠ µ2
bv

2/f2

<latexit sha1_base64="JKsVN293TDXUpOZ1CzblxYohpd4="></latexit>

it does also have a mass mixing

m2
h� ⇠ @�@hVbr ⇠ µ2

bv/f sin(�0/f) ⇠ µbm�

<latexit sha1_base64="uv60qUPZ+aWxLBOcPgVZb8QsPjQ="></latexit>



M2 =

✓
m2

h mh�

mh� m2
�

◆

<latexit sha1_base64="S0iL1pOUqOJh8qC3aOq2vaice+Y="></latexit>

the mass matrix

diagonalize the mass matrix

h ! h cos ✓h� + � sin ✓h�
<latexit sha1_base64="bk8ah/vGl/scur+7Sd0zmQMjKUw="></latexit><latexit sha1_base64="bk8ah/vGl/scur+7Sd0zmQMjKUw="></latexit><latexit sha1_base64="bk8ah/vGl/scur+7Sd0zmQMjKUw="></latexit><latexit sha1_base64="bk8ah/vGl/scur+7Sd0zmQMjKUw="></latexit><latexit sha1_base64="bk8ah/vGl/scur+7Sd0zmQMjKUw="></latexit>

� ! � cos ✓h� � h sin ✓h�
<latexit sha1_base64="5oEmHdPsHCJfZUx8EWZt5qdlJ7w=">AAACP3icbVDNSgMxGMz6W+tf1aOXYCl4seyKUL0VvXisYG2hu5RsmnZDs9kl+bZYlj6KL6NXfQDfwJOIN2+m3T3Y1oHAMPN9yWT8WHANtv1urayurW9sFraK2zu7e/ulg8MHHSWKsiaNRKTaPtFMcMmawEGwdqwYCX3BWv7wZuq3RkxpHsl7GMfMC8lA8j6nBIzULdXcOODYhQhnhEbahYAB6abBVJngMxxgV3M5L3dLZbtqz4CXiZOTMsrR6Ja+3V5Ek5BJoIJo3XHsGLyUKOBUsEmx4iaaxYQOyYB1DJUkZNpLZz+c4IpRergfKXMk4Jla/LORklDrceibyZBAoBe9qfif10mgf+mlXMYJMEmzh/qJwKaQaV24xxWjIMaGEKq4CYtpQBShYEqdu6k34rHOUz9msU1JzmIly6R5Xr2qOncX5fp13lYBHaMTdIocVEN1dIsaqIkoekIv6BW9Wc/Wh/VpfWWjK1a+c4TmYP38ArrysTE=</latexit><latexit sha1_base64="5oEmHdPsHCJfZUx8EWZt5qdlJ7w=">AAACP3icbVDNSgMxGMz6W+tf1aOXYCl4seyKUL0VvXisYG2hu5RsmnZDs9kl+bZYlj6KL6NXfQDfwJOIN2+m3T3Y1oHAMPN9yWT8WHANtv1urayurW9sFraK2zu7e/ulg8MHHSWKsiaNRKTaPtFMcMmawEGwdqwYCX3BWv7wZuq3RkxpHsl7GMfMC8lA8j6nBIzULdXcOODYhQhnhEbahYAB6abBVJngMxxgV3M5L3dLZbtqz4CXiZOTMsrR6Ja+3V5Ek5BJoIJo3XHsGLyUKOBUsEmx4iaaxYQOyYB1DJUkZNpLZz+c4IpRergfKXMk4Jla/LORklDrceibyZBAoBe9qfif10mgf+mlXMYJMEmzh/qJwKaQaV24xxWjIMaGEKq4CYtpQBShYEqdu6k34rHOUz9msU1JzmIly6R5Xr2qOncX5fp13lYBHaMTdIocVEN1dIsaqIkoekIv6BW9Wc/Wh/VpfWWjK1a+c4TmYP38ArrysTE=</latexit><latexit sha1_base64="5oEmHdPsHCJfZUx8EWZt5qdlJ7w=">AAACP3icbVDNSgMxGMz6W+tf1aOXYCl4seyKUL0VvXisYG2hu5RsmnZDs9kl+bZYlj6KL6NXfQDfwJOIN2+m3T3Y1oHAMPN9yWT8WHANtv1urayurW9sFraK2zu7e/ulg8MHHSWKsiaNRKTaPtFMcMmawEGwdqwYCX3BWv7wZuq3RkxpHsl7GMfMC8lA8j6nBIzULdXcOODYhQhnhEbahYAB6abBVJngMxxgV3M5L3dLZbtqz4CXiZOTMsrR6Ja+3V5Ek5BJoIJo3XHsGLyUKOBUsEmx4iaaxYQOyYB1DJUkZNpLZz+c4IpRergfKXMk4Jla/LORklDrceibyZBAoBe9qfif10mgf+mlXMYJMEmzh/qJwKaQaV24xxWjIMaGEKq4CYtpQBShYEqdu6k34rHOUz9msU1JzmIly6R5Xr2qOncX5fp13lYBHaMTdIocVEN1dIsaqIkoekIv6BW9Wc/Wh/VpfWWjK1a+c4TmYP38ArrysTE=</latexit><latexit sha1_base64="5oEmHdPsHCJfZUx8EWZt5qdlJ7w=">AAACP3icbVDNSgMxGMz6W+tf1aOXYCl4seyKUL0VvXisYG2hu5RsmnZDs9kl+bZYlj6KL6NXfQDfwJOIN2+m3T3Y1oHAMPN9yWT8WHANtv1urayurW9sFraK2zu7e/ulg8MHHSWKsiaNRKTaPtFMcMmawEGwdqwYCX3BWv7wZuq3RkxpHsl7GMfMC8lA8j6nBIzULdXcOODYhQhnhEbahYAB6abBVJngMxxgV3M5L3dLZbtqz4CXiZOTMsrR6Ja+3V5Ek5BJoIJo3XHsGLyUKOBUsEmx4iaaxYQOyYB1DJUkZNpLZz+c4IpRergfKXMk4Jla/LORklDrceibyZBAoBe9qfif10mgf+mlXMYJMEmzh/qJwKaQaV24xxWjIMaGEKq4CYtpQBShYEqdu6k34rHOUz9msU1JzmIly6R5Xr2qOncX5fp13lYBHaMTdIocVEN1dIsaqIkoekIv6BW9Wc/Wh/VpfWWjK1a+c4TmYP38ArrysTE=</latexit><latexit sha1_base64="5oEmHdPsHCJfZUx8EWZt5qdlJ7w=">AAACP3icbVDNSgMxGMz6W+tf1aOXYCl4seyKUL0VvXisYG2hu5RsmnZDs9kl+bZYlj6KL6NXfQDfwJOIN2+m3T3Y1oHAMPN9yWT8WHANtv1urayurW9sFraK2zu7e/ulg8MHHSWKsiaNRKTaPtFMcMmawEGwdqwYCX3BWv7wZuq3RkxpHsl7GMfMC8lA8j6nBIzULdXcOODYhQhnhEbahYAB6abBVJngMxxgV3M5L3dLZbtqz4CXiZOTMsrR6Ja+3V5Ek5BJoIJo3XHsGLyUKOBUsEmx4iaaxYQOyYB1DJUkZNpLZz+c4IpRergfKXMk4Jla/LORklDrceibyZBAoBe9qfif10mgf+mlXMYJMEmzh/qJwKaQaV24xxWjIMaGEKq4CYtpQBShYEqdu6k34rHOUz9msU1JzmIly6R5Xr2qOncX5fp13lYBHaMTdIocVEN1dIsaqIkoekIv6BW9Wc/Wh/VpfWWjK1a+c4TmYP38ArrysTE=</latexit>
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Figure 1. Summary of present bounds and few projections on the relaxion mass m� and the
mixing angle sin ✓ (for details see Ref. [10]): Fifth force via the Casimir e↵ect (orange) [45, 46],
astrophysical probes (light blue) [55–60] such as red giants (RG), horizontal branch stars (HB)
and the Supernova (SN) 1987A, rare meson decays (turquoise) where the strongest bounds stem
from K ! ⇡ + invisible at E949 [64], KL ! ⇡l

+
l
� at KTeV/E799 [70, 71] and B ! Kµ

+
µ
� at

LHCb [65, 66]. Beam dump experiment for � production from K- and B-decays at CHARM [61–
63] and a projection from SHiP [72] (red dotted). Constraints from the �Z interaction (green) via
Z ! Z

⇤
� and e

+
e
�

! Z� at LEP [67, 68] and projections for the same processes at the FCCee
(green dashed). Untagged Higgs decays (blue) at the LHC Run-1 [10] and projections for the
FCCee and TeraZ (blue, dash-dotted, see Sect. 4.1.1). The gray contours of the relaxion lifetime
of ⌧� = 1 s, 1017 s and 1026 s indicate the beginning of BBN, the lifetime of the universe and safety
from constraints of extragalactic background light, respectively. The black line shows the upper
bound on the mixing according to Eq. (2.12).

3.2 CP-odd couplings

Pseudoscalar couplings of the relaxion originate from the backreaction sector, and thus

they depend on the details of the specific model as we briefly discussed in Sect. 2.1. The

perspectives to probe the relaxion via these CP-odd couplings are subject to the relative

size of the CP-odd and -even couplings.

In the following we focus on the mass region above 5GeV and we refer to Refs. [20, 87,

88] for a detailed discussion of the phenomenology of axion-like particles with sin ✓ = 0. As

it was shown in Ref. [87], heavy-ion collisions at the LHC can provide the best limits on

CP-odd photon couplings in the 5GeV–100GeV mass range. Considering Pb-Pb collisions
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sin ✓h� ⇠ µ2
b/vf

<latexit sha1_base64="b4I77RPUCumezj4VFTgJKhHNmJ0=">AAACLXicbVDLSgMxFM3Ud31VXboJloKrOlMEdSe6cVnBWqFTh0ya6YQmmSG5UyxDv8Cf0a3+hyCIW/d+gWk7C18HAodz7k1OTpgKbsB1X53S3PzC4tLySnl1bX1js7K1fW2STFPWoolI9E1IDBNcsRZwEOwm1YzIULB2ODif+O0h04Yn6gpGKetK0lc84pSAlYJKzTdcYR9iBiTIYz+N+RhbTWJfZkF428AHQxwFlapbd6fAf4lXkCoq0Awqn34voZlkCqggxnQ8N4VuTjRwKti4XPMzw1JCB6TPOpYqIpnp5tP/jHHNKj0cJdoeBXiqlr9t5EQaM5KhnZQEYvPbm4j/eZ0MouNuzlWaAVN09lCUCQwJnpSDe1wzCmJkCaGa27CYxkQTCrbCHzf1hjw1Req7WWxbkve7kr+k1aif1L3Lw+rpWdHWMtpFe2gfeegInaIL1EQtRNE9ekRP6Nl5cF6cN+d9Nlpyip0d9APOxxfjP6kf</latexit><latexit sha1_base64="b4I77RPUCumezj4VFTgJKhHNmJ0=">AAACLXicbVDLSgMxFM3Ud31VXboJloKrOlMEdSe6cVnBWqFTh0ya6YQmmSG5UyxDv8Cf0a3+hyCIW/d+gWk7C18HAodz7k1OTpgKbsB1X53S3PzC4tLySnl1bX1js7K1fW2STFPWoolI9E1IDBNcsRZwEOwm1YzIULB2ODif+O0h04Yn6gpGKetK0lc84pSAlYJKzTdcYR9iBiTIYz+N+RhbTWJfZkF428AHQxwFlapbd6fAf4lXkCoq0Awqn34voZlkCqggxnQ8N4VuTjRwKti4XPMzw1JCB6TPOpYqIpnp5tP/jHHNKj0cJdoeBXiqlr9t5EQaM5KhnZQEYvPbm4j/eZ0MouNuzlWaAVN09lCUCQwJnpSDe1wzCmJkCaGa27CYxkQTCrbCHzf1hjw1Req7WWxbkve7kr+k1aif1L3Lw+rpWdHWMtpFe2gfeegInaIL1EQtRNE9ekRP6Nl5cF6cN+d9Nlpyip0d9APOxxfjP6kf</latexit><latexit sha1_base64="b4I77RPUCumezj4VFTgJKhHNmJ0=">AAACLXicbVDLSgMxFM3Ud31VXboJloKrOlMEdSe6cVnBWqFTh0ya6YQmmSG5UyxDv8Cf0a3+hyCIW/d+gWk7C18HAodz7k1OTpgKbsB1X53S3PzC4tLySnl1bX1js7K1fW2STFPWoolI9E1IDBNcsRZwEOwm1YzIULB2ODif+O0h04Yn6gpGKetK0lc84pSAlYJKzTdcYR9iBiTIYz+N+RhbTWJfZkF428AHQxwFlapbd6fAf4lXkCoq0Awqn34voZlkCqggxnQ8N4VuTjRwKti4XPMzw1JCB6TPOpYqIpnp5tP/jHHNKj0cJdoeBXiqlr9t5EQaM5KhnZQEYvPbm4j/eZ0MouNuzlWaAVN09lCUCQwJnpSDe1wzCmJkCaGa27CYxkQTCrbCHzf1hjw1Req7WWxbkve7kr+k1aif1L3Lw+rpWdHWMtpFe2gfeegInaIL1EQtRNE9ekRP6Nl5cF6cN+d9Nlpyip0d9APOxxfjP6kf</latexit><latexit sha1_base64="b4I77RPUCumezj4VFTgJKhHNmJ0=">AAACLXicbVDLSgMxFM3Ud31VXboJloKrOlMEdSe6cVnBWqFTh0ya6YQmmSG5UyxDv8Cf0a3+hyCIW/d+gWk7C18HAodz7k1OTpgKbsB1X53S3PzC4tLySnl1bX1js7K1fW2STFPWoolI9E1IDBNcsRZwEOwm1YzIULB2ODif+O0h04Yn6gpGKetK0lc84pSAlYJKzTdcYR9iBiTIYz+N+RhbTWJfZkF428AHQxwFlapbd6fAf4lXkCoq0Awqn34voZlkCqggxnQ8N4VuTjRwKti4XPMzw1JCB6TPOpYqIpnp5tP/jHHNKj0cJdoeBXiqlr9t5EQaM5KhnZQEYvPbm4j/eZ0MouNuzlWaAVN09lCUCQwJnpSDe1wzCmJkCaGa27CYxkQTCrbCHzf1hjw1Req7WWxbkve7kr+k1aif1L3Lw+rpWdHWMtpFe2gfeegInaIL1EQtRNE9ekRP6Nl5cF6cN+d9Nlpyip0d9APOxxfjP6kf</latexit><latexit sha1_base64="b4I77RPUCumezj4VFTgJKhHNmJ0=">AAACLXicbVDLSgMxFM3Ud31VXboJloKrOlMEdSe6cVnBWqFTh0ya6YQmmSG5UyxDv8Cf0a3+hyCIW/d+gWk7C18HAodz7k1OTpgKbsB1X53S3PzC4tLySnl1bX1js7K1fW2STFPWoolI9E1IDBNcsRZwEOwm1YzIULB2ODif+O0h04Yn6gpGKetK0lc84pSAlYJKzTdcYR9iBiTIYz+N+RhbTWJfZkF428AHQxwFlapbd6fAf4lXkCoq0Awqn34voZlkCqggxnQ8N4VuTjRwKti4XPMzw1JCB6TPOpYqIpnp5tP/jHHNKj0cJdoeBXiqlr9t5EQaM5KhnZQEYvPbm4j/eZ0MouNuzlWaAVN09lCUCQwJnpSDe1wzCmJkCaGa27CYxkQTCrbCHzf1hjw1Req7WWxbkve7kr+k1aif1L3Lw+rpWdHWMtpFe2gfeegInaIL1EQtRNE9ekRP6Nl5cF6cN+d9Nlpyip0d9APOxxfjP6kf</latexit>

the mixing angle is



identification of available parameter space is based on

the relaxion mass is naively

m2
� ⇠ µ2

bv
2/f2

<latexit sha1_base64="XpQhxrOurNT7md2vBAx7SgDzu14=">AAACJnicbVBNS8MwGE7n15xfVY+CBMfA02yHoN6GXjxOsG6wdiXN0i0saUuSDkfZzT+jV/0fnkS8+Rv8BWZbD27zhReePM/7Jk+eIGFUKsv6Mgorq2vrG8XN0tb2zu6euX/wIONUYOLgmMWiFSBJGI2Io6hipJUIgnjASDMY3Ez05pAISePoXo0S4nHUi2hIMVKa8s1j7rtJn3Zq0JWUQ5enfqAPQ91nYafmm2Wrak0LLgM7B2WQV8M3f9xujFNOIoUZkrJtW4nyMiQUxYyMSxU3lSRBeIB6pK1hhDiRXjb9yBhWNNOFYSx0RwpO2dKfjQxxKUc80JMcqb5c1Cbkf1o7VeGll9EoSRWJ8OyhMGVQxXCSCuxSQbBiIw0QFlSbhbiPBMJKZzd3U3dIE5m7fpzZ1iHZi5EsA6dWvarad+fl+nWeVhEcgRNwCmxwAergFjSAAzB4Ai/gFbwZz8a78WF8zkYLRr5zCObK+P4FxlmlXg==</latexit><latexit sha1_base64="XpQhxrOurNT7md2vBAx7SgDzu14=">AAACJnicbVBNS8MwGE7n15xfVY+CBMfA02yHoN6GXjxOsG6wdiXN0i0saUuSDkfZzT+jV/0fnkS8+Rv8BWZbD27zhReePM/7Jk+eIGFUKsv6Mgorq2vrG8XN0tb2zu6euX/wIONUYOLgmMWiFSBJGI2Io6hipJUIgnjASDMY3Ez05pAISePoXo0S4nHUi2hIMVKa8s1j7rtJn3Zq0JWUQ5enfqAPQ91nYafmm2Wrak0LLgM7B2WQV8M3f9xujFNOIoUZkrJtW4nyMiQUxYyMSxU3lSRBeIB6pK1hhDiRXjb9yBhWNNOFYSx0RwpO2dKfjQxxKUc80JMcqb5c1Cbkf1o7VeGll9EoSRWJ8OyhMGVQxXCSCuxSQbBiIw0QFlSbhbiPBMJKZzd3U3dIE5m7fpzZ1iHZi5EsA6dWvarad+fl+nWeVhEcgRNwCmxwAergFjSAAzB4Ai/gFbwZz8a78WF8zkYLRr5zCObK+P4FxlmlXg==</latexit><latexit sha1_base64="XpQhxrOurNT7md2vBAx7SgDzu14=">AAACJnicbVBNS8MwGE7n15xfVY+CBMfA02yHoN6GXjxOsG6wdiXN0i0saUuSDkfZzT+jV/0fnkS8+Rv8BWZbD27zhReePM/7Jk+eIGFUKsv6Mgorq2vrG8XN0tb2zu6euX/wIONUYOLgmMWiFSBJGI2Io6hipJUIgnjASDMY3Ez05pAISePoXo0S4nHUi2hIMVKa8s1j7rtJn3Zq0JWUQ5enfqAPQ91nYafmm2Wrak0LLgM7B2WQV8M3f9xujFNOIoUZkrJtW4nyMiQUxYyMSxU3lSRBeIB6pK1hhDiRXjb9yBhWNNOFYSx0RwpO2dKfjQxxKUc80JMcqb5c1Cbkf1o7VeGll9EoSRWJ8OyhMGVQxXCSCuxSQbBiIw0QFlSbhbiPBMJKZzd3U3dIE5m7fpzZ1iHZi5EsA6dWvarad+fl+nWeVhEcgRNwCmxwAergFjSAAzB4Ai/gFbwZz8a78WF8zkYLRr5zCObK+P4FxlmlXg==</latexit><latexit sha1_base64="XpQhxrOurNT7md2vBAx7SgDzu14=">AAACJnicbVBNS8MwGE7n15xfVY+CBMfA02yHoN6GXjxOsG6wdiXN0i0saUuSDkfZzT+jV/0fnkS8+Rv8BWZbD27zhReePM/7Jk+eIGFUKsv6Mgorq2vrG8XN0tb2zu6euX/wIONUYOLgmMWiFSBJGI2Io6hipJUIgnjASDMY3Ez05pAISePoXo0S4nHUi2hIMVKa8s1j7rtJn3Zq0JWUQ5enfqAPQ91nYafmm2Wrak0LLgM7B2WQV8M3f9xujFNOIoUZkrJtW4nyMiQUxYyMSxU3lSRBeIB6pK1hhDiRXjb9yBhWNNOFYSx0RwpO2dKfjQxxKUc80JMcqb5c1Cbkf1o7VeGll9EoSRWJ8OyhMGVQxXCSCuxSQbBiIw0QFlSbhbiPBMJKZzd3U3dIE5m7fpzZ1iHZi5EsA6dWvarad+fl+nWeVhEcgRNwCmxwAergFjSAAzB4Ai/gFbwZz8a78WF8zkYLRr5zCObK+P4FxlmlXg==</latexit><latexit sha1_base64="XpQhxrOurNT7md2vBAx7SgDzu14=">AAACJnicbVBNS8MwGE7n15xfVY+CBMfA02yHoN6GXjxOsG6wdiXN0i0saUuSDkfZzT+jV/0fnkS8+Rv8BWZbD27zhReePM/7Jk+eIGFUKsv6Mgorq2vrG8XN0tb2zu6euX/wIONUYOLgmMWiFSBJGI2Io6hipJUIgnjASDMY3Ez05pAISePoXo0S4nHUi2hIMVKa8s1j7rtJn3Zq0JWUQ5enfqAPQ91nYafmm2Wrak0LLgM7B2WQV8M3f9xujFNOIoUZkrJtW4nyMiQUxYyMSxU3lSRBeIB6pK1hhDiRXjb9yBhWNNOFYSx0RwpO2dKfjQxxKUc80JMcqb5c1Cbkf1o7VeGll9EoSRWJ8OyhMGVQxXCSCuxSQbBiIw0QFlSbhbiPBMJKZzd3U3dIE5m7fpzZ1iHZi5EsA6dWvarad+fl+nWeVhEcgRNwCmxwAergFjSAAzB4Ai/gFbwZz8a78WF8zkYLRr5zCObK+P4FxlmlXg==</latexit>

⇥(µb/⇤)
<latexit sha1_base64="nbyZBb0zno0bNRoTq7/2U4i1wZ0=">AAACLHicdVDLSsNAFJ3UV62vqEs3g7VQNzURQd0V3bhwUcHYQhPCZDJpBycPZibFEvoD/oxu9T9ciLj1A/wCp2mE1seFC4dz7uNwvIRRIQ3jVSvNzS8sLpWXKyura+sb+ubWjYhTjomFYxbzjocEYTQilqSSkU7CCQo9Rtre7flYbw8IFzSOruUwIU6IehENKEZSUa6+Z+c3Mk78EbQlDYmAdTtMXQ8eQPtSHfLRvqtXzYaRFzR+gW+pCopqufqn7cc4DUkkMUNCdE0jkU6GuKSYkVGlZqeCJAjfoh7pKhgh9dfJcisjWFOMD4OYq44kzNnK1EaGQiGGoacmQyT74qc2Jv/SuqkMTpyMRkkqSYQnj4KUQRnDcTbQp5xgyYYKIMypMgtxH3GEpUpw5pI/oIkoXN9NbE+H9D+wDhunDfPqqNo8K9Iqgx2wC+rABMegCS5AC1gAg3vwCJ7As/agvWhv2vtktKQVO9tgprSPL81CqIs=</latexit><latexit sha1_base64="nbyZBb0zno0bNRoTq7/2U4i1wZ0=">AAACLHicdVDLSsNAFJ3UV62vqEs3g7VQNzURQd0V3bhwUcHYQhPCZDJpBycPZibFEvoD/oxu9T9ciLj1A/wCp2mE1seFC4dz7uNwvIRRIQ3jVSvNzS8sLpWXKyura+sb+ubWjYhTjomFYxbzjocEYTQilqSSkU7CCQo9Rtre7flYbw8IFzSOruUwIU6IehENKEZSUa6+Z+c3Mk78EbQlDYmAdTtMXQ8eQPtSHfLRvqtXzYaRFzR+gW+pCopqufqn7cc4DUkkMUNCdE0jkU6GuKSYkVGlZqeCJAjfoh7pKhgh9dfJcisjWFOMD4OYq44kzNnK1EaGQiGGoacmQyT74qc2Jv/SuqkMTpyMRkkqSYQnj4KUQRnDcTbQp5xgyYYKIMypMgtxH3GEpUpw5pI/oIkoXN9NbE+H9D+wDhunDfPqqNo8K9Iqgx2wC+rABMegCS5AC1gAg3vwCJ7As/agvWhv2vtktKQVO9tgprSPL81CqIs=</latexit><latexit sha1_base64="nbyZBb0zno0bNRoTq7/2U4i1wZ0=">AAACLHicdVDLSsNAFJ3UV62vqEs3g7VQNzURQd0V3bhwUcHYQhPCZDJpBycPZibFEvoD/oxu9T9ciLj1A/wCp2mE1seFC4dz7uNwvIRRIQ3jVSvNzS8sLpWXKyura+sb+ubWjYhTjomFYxbzjocEYTQilqSSkU7CCQo9Rtre7flYbw8IFzSOruUwIU6IehENKEZSUa6+Z+c3Mk78EbQlDYmAdTtMXQ8eQPtSHfLRvqtXzYaRFzR+gW+pCopqufqn7cc4DUkkMUNCdE0jkU6GuKSYkVGlZqeCJAjfoh7pKhgh9dfJcisjWFOMD4OYq44kzNnK1EaGQiGGoacmQyT74qc2Jv/SuqkMTpyMRkkqSYQnj4KUQRnDcTbQp5xgyYYKIMypMgtxH3GEpUpw5pI/oIkoXN9NbE+H9D+wDhunDfPqqNo8K9Iqgx2wC+rABMegCS5AC1gAg3vwCJ7As/agvWhv2vtktKQVO9tgprSPL81CqIs=</latexit><latexit sha1_base64="nbyZBb0zno0bNRoTq7/2U4i1wZ0=">AAACLHicdVDLSsNAFJ3UV62vqEs3g7VQNzURQd0V3bhwUcHYQhPCZDJpBycPZibFEvoD/oxu9T9ciLj1A/wCp2mE1seFC4dz7uNwvIRRIQ3jVSvNzS8sLpWXKyura+sb+ubWjYhTjomFYxbzjocEYTQilqSSkU7CCQo9Rtre7flYbw8IFzSOruUwIU6IehENKEZSUa6+Z+c3Mk78EbQlDYmAdTtMXQ8eQPtSHfLRvqtXzYaRFzR+gW+pCopqufqn7cc4DUkkMUNCdE0jkU6GuKSYkVGlZqeCJAjfoh7pKhgh9dfJcisjWFOMD4OYq44kzNnK1EaGQiGGoacmQyT74qc2Jv/SuqkMTpyMRkkqSYQnj4KUQRnDcTbQp5xgyYYKIMypMgtxH3GEpUpw5pI/oIkoXN9NbE+H9D+wDhunDfPqqNo8K9Iqgx2wC+rABMegCS5AC1gAg3vwCJ7As/agvWhv2vtktKQVO9tgprSPL81CqIs=</latexit><latexit sha1_base64="nbyZBb0zno0bNRoTq7/2U4i1wZ0=">AAACLHicdVDLSsNAFJ3UV62vqEs3g7VQNzURQd0V3bhwUcHYQhPCZDJpBycPZibFEvoD/oxu9T9ciLj1A/wCp2mE1seFC4dz7uNwvIRRIQ3jVSvNzS8sLpWXKyura+sb+ubWjYhTjomFYxbzjocEYTQilqSSkU7CCQo9Rtre7flYbw8IFzSOruUwIU6IehENKEZSUa6+Z+c3Mk78EbQlDYmAdTtMXQ8eQPtSHfLRvqtXzYaRFzR+gW+pCopqufqn7cc4DUkkMUNCdE0jkU6GuKSYkVGlZqeCJAjfoh7pKhgh9dfJcisjWFOMD4OYq44kzNnK1EaGQiGGoacmQyT74qc2Jv/SuqkMTpyMRkkqSYQnj4KUQRnDcTbQp5xgyYYKIMypMgtxH3GEpUpw5pI/oIkoXN9NbE+H9D+wDhunDfPqqNo8K9Iqgx2wC+rABMegCS5AC1gAg3vwCJ7As/agvWhv2vtktKQVO9tgprSPL81CqIs=</latexit>

the relaxion is also relaxed

[Banerjee, HK, Matsedonskyi, Perez and Safronova 20]

sin ✓h� ⇠ µ2
b/vf

<latexit sha1_base64="b4I77RPUCumezj4VFTgJKhHNmJ0=">AAACLXicbVDLSgMxFM3Ud31VXboJloKrOlMEdSe6cVnBWqFTh0ya6YQmmSG5UyxDv8Cf0a3+hyCIW/d+gWk7C18HAodz7k1OTpgKbsB1X53S3PzC4tLySnl1bX1js7K1fW2STFPWoolI9E1IDBNcsRZwEOwm1YzIULB2ODif+O0h04Yn6gpGKetK0lc84pSAlYJKzTdcYR9iBiTIYz+N+RhbTWJfZkF428AHQxwFlapbd6fAf4lXkCoq0Awqn34voZlkCqggxnQ8N4VuTjRwKti4XPMzw1JCB6TPOpYqIpnp5tP/jHHNKj0cJdoeBXiqlr9t5EQaM5KhnZQEYvPbm4j/eZ0MouNuzlWaAVN09lCUCQwJnpSDe1wzCmJkCaGa27CYxkQTCrbCHzf1hjw1Req7WWxbkve7kr+k1aif1L3Lw+rpWdHWMtpFe2gfeegInaIL1EQtRNE9ekRP6Nl5cF6cN+d9Nlpyip0d9APOxxfjP6kf</latexit><latexit sha1_base64="b4I77RPUCumezj4VFTgJKhHNmJ0=">AAACLXicbVDLSgMxFM3Ud31VXboJloKrOlMEdSe6cVnBWqFTh0ya6YQmmSG5UyxDv8Cf0a3+hyCIW/d+gWk7C18HAodz7k1OTpgKbsB1X53S3PzC4tLySnl1bX1js7K1fW2STFPWoolI9E1IDBNcsRZwEOwm1YzIULB2ODif+O0h04Yn6gpGKetK0lc84pSAlYJKzTdcYR9iBiTIYz+N+RhbTWJfZkF428AHQxwFlapbd6fAf4lXkCoq0Awqn34voZlkCqggxnQ8N4VuTjRwKti4XPMzw1JCB6TPOpYqIpnp5tP/jHHNKj0cJdoeBXiqlr9t5EQaM5KhnZQEYvPbm4j/eZ0MouNuzlWaAVN09lCUCQwJnpSDe1wzCmJkCaGa27CYxkQTCrbCHzf1hjw1Req7WWxbkve7kr+k1aif1L3Lw+rpWdHWMtpFe2gfeegInaIL1EQtRNE9ekRP6Nl5cF6cN+d9Nlpyip0d9APOxxfjP6kf</latexit><latexit sha1_base64="b4I77RPUCumezj4VFTgJKhHNmJ0=">AAACLXicbVDLSgMxFM3Ud31VXboJloKrOlMEdSe6cVnBWqFTh0ya6YQmmSG5UyxDv8Cf0a3+hyCIW/d+gWk7C18HAodz7k1OTpgKbsB1X53S3PzC4tLySnl1bX1js7K1fW2STFPWoolI9E1IDBNcsRZwEOwm1YzIULB2ODif+O0h04Yn6gpGKetK0lc84pSAlYJKzTdcYR9iBiTIYz+N+RhbTWJfZkF428AHQxwFlapbd6fAf4lXkCoq0Awqn34voZlkCqggxnQ8N4VuTjRwKti4XPMzw1JCB6TPOpYqIpnp5tP/jHHNKj0cJdoeBXiqlr9t5EQaM5KhnZQEYvPbm4j/eZ0MouNuzlWaAVN09lCUCQwJnpSDe1wzCmJkCaGa27CYxkQTCrbCHzf1hjw1Req7WWxbkve7kr+k1aif1L3Lw+rpWdHWMtpFe2gfeegInaIL1EQtRNE9ekRP6Nl5cF6cN+d9Nlpyip0d9APOxxfjP6kf</latexit><latexit sha1_base64="b4I77RPUCumezj4VFTgJKhHNmJ0=">AAACLXicbVDLSgMxFM3Ud31VXboJloKrOlMEdSe6cVnBWqFTh0ya6YQmmSG5UyxDv8Cf0a3+hyCIW/d+gWk7C18HAodz7k1OTpgKbsB1X53S3PzC4tLySnl1bX1js7K1fW2STFPWoolI9E1IDBNcsRZwEOwm1YzIULB2ODif+O0h04Yn6gpGKetK0lc84pSAlYJKzTdcYR9iBiTIYz+N+RhbTWJfZkF428AHQxwFlapbd6fAf4lXkCoq0Awqn34voZlkCqggxnQ8N4VuTjRwKti4XPMzw1JCB6TPOpYqIpnp5tP/jHHNKj0cJdoeBXiqlr9t5EQaM5KhnZQEYvPbm4j/eZ0MouNuzlWaAVN09lCUCQwJnpSDe1wzCmJkCaGa27CYxkQTCrbCHzf1hjw1Req7WWxbkve7kr+k1aif1L3Lw+rpWdHWMtpFe2gfeegInaIL1EQtRNE9ekRP6Nl5cF6cN+d9Nlpyip0d9APOxxfjP6kf</latexit><latexit sha1_base64="b4I77RPUCumezj4VFTgJKhHNmJ0=">AAACLXicbVDLSgMxFM3Ud31VXboJloKrOlMEdSe6cVnBWqFTh0ya6YQmmSG5UyxDv8Cf0a3+hyCIW/d+gWk7C18HAodz7k1OTpgKbsB1X53S3PzC4tLySnl1bX1js7K1fW2STFPWoolI9E1IDBNcsRZwEOwm1YzIULB2ODif+O0h04Yn6gpGKetK0lc84pSAlYJKzTdcYR9iBiTIYz+N+RhbTWJfZkF428AHQxwFlapbd6fAf4lXkCoq0Awqn34voZlkCqggxnQ8N4VuTjRwKti4XPMzw1JCB6TPOpYqIpnp5tP/jHHNKj0cJdoeBXiqlr9t5EQaM5KhnZQEYvPbm4j/eZ0MouNuzlWaAVN09lCUCQwJnpSDe1wzCmJkCaGa27CYxkQTCrbCHzf1hjw1Req7WWxbkve7kr+k1aif1L3Lw+rpWdHWMtpFe2gfeegInaIL1EQtRNE9ekRP6Nl5cF6cN+d9Nlpyip0d9APOxxfjP6kf</latexit>

the mixing angle is



How is relaxion relaxed ?

V (�) =
⇣
⇤2 � ⇤2 �

fe↵

⌘
|h|2 � ⇤4

fe↵
�� µ2

b |h|2 cos(�/f)
<latexit sha1_base64="23igk2ScBQwOyrBxJEJmviI9BDE="></latexit><latexit sha1_base64="23igk2ScBQwOyrBxJEJmviI9BDE="></latexit><latexit sha1_base64="23igk2ScBQwOyrBxJEJmviI9BDE="></latexit><latexit sha1_base64="23igk2ScBQwOyrBxJEJmviI9BDE="></latexit><latexit sha1_base64="23igk2ScBQwOyrBxJEJmviI9BDE="></latexit>

Vroll(�) = � ⇤4

fe↵
�

<latexit sha1_base64="ri7B30qB7Wo27fBwzrENiRuIKzc="></latexit><latexit sha1_base64="ri7B30qB7Wo27fBwzrENiRuIKzc="></latexit><latexit sha1_base64="ri7B30qB7Wo27fBwzrENiRuIKzc="></latexit><latexit sha1_base64="ri7B30qB7Wo27fBwzrENiRuIKzc="></latexit><latexit sha1_base64="ri7B30qB7Wo27fBwzrENiRuIKzc="></latexit>

Vbr(�) = �µ2
b |h|2 cos(�/f)

<latexit sha1_base64="+3804/KNtSazJQ+gdkJ2jBxFImA="></latexit><latexit sha1_base64="+3804/KNtSazJQ+gdkJ2jBxFImA="></latexit><latexit sha1_base64="+3804/KNtSazJQ+gdkJ2jBxFImA="></latexit><latexit sha1_base64="+3804/KNtSazJQ+gdkJ2jBxFImA="></latexit><latexit sha1_base64="+3804/KNtSazJQ+gdkJ2jBxFImA="></latexit>



How is relaxion relaxed ?

Relaxion stops when

V (�) =
⇣
⇤2 � ⇤2 �

fe↵

⌘
|h|2 � ⇤4

fe↵
�� µ2

b |h|2 cos(�/f)
<latexit sha1_base64="23igk2ScBQwOyrBxJEJmviI9BDE="></latexit><latexit sha1_base64="23igk2ScBQwOyrBxJEJmviI9BDE="></latexit><latexit sha1_base64="23igk2ScBQwOyrBxJEJmviI9BDE="></latexit><latexit sha1_base64="23igk2ScBQwOyrBxJEJmviI9BDE="></latexit><latexit sha1_base64="23igk2ScBQwOyrBxJEJmviI9BDE="></latexit>

0 = V 0
roll + V 0

br
<latexit sha1_base64="1lzywiTe9oEq3RYDE5MeXE6S6rQ=">AAACKHicbVDLSsNAFJ3UV62vqEs3g6VUEEoigroQim5cVjBtoQ1hMpm0QycPZibFErL1Z3Sr/+FKuvUT/AKnTRa29cLAmXPuvXPmuDGjQhrGVCutrW9sbpW3Kzu7e/sH+uFRW0QJx8TCEYt410WCMBoSS1LJSDfmBAUuIx13dD/TO2PCBY3CJzmJiR2gQUh9ipFUlKNDA97Cdt1J+zyAPGIsg+ewnV9dntWho1eNhjEvuArMAlRBUS1H/+l7EU4CEkrMkBA904ilnSIuKWYkq9T6iSAxwiM0ID0FQxQQYafzr2SwphgP+hFXJ5Rwzlb+TKQoEGISuKozQHIolrUZ+Z/WS6R/bac0jBNJQpw/5CcMygjOcoEe5QRLNlEAYU6VWYiHiCMsVXoLm7wxjUXh+jm3rUIylyNZBdZF46ZhPl5Wm3dFWmVwAk7BGTDBFWiCB9ACFsDgBbyBd/ChvWqf2pc2zVtLWjFzDBZK+/4FioOlvQ==</latexit><latexit sha1_base64="1lzywiTe9oEq3RYDE5MeXE6S6rQ=">AAACKHicbVDLSsNAFJ3UV62vqEs3g6VUEEoigroQim5cVjBtoQ1hMpm0QycPZibFErL1Z3Sr/+FKuvUT/AKnTRa29cLAmXPuvXPmuDGjQhrGVCutrW9sbpW3Kzu7e/sH+uFRW0QJx8TCEYt410WCMBoSS1LJSDfmBAUuIx13dD/TO2PCBY3CJzmJiR2gQUh9ipFUlKNDA97Cdt1J+zyAPGIsg+ewnV9dntWho1eNhjEvuArMAlRBUS1H/+l7EU4CEkrMkBA904ilnSIuKWYkq9T6iSAxwiM0ID0FQxQQYafzr2SwphgP+hFXJ5Rwzlb+TKQoEGISuKozQHIolrUZ+Z/WS6R/bac0jBNJQpw/5CcMygjOcoEe5QRLNlEAYU6VWYiHiCMsVXoLm7wxjUXh+jm3rUIylyNZBdZF46ZhPl5Wm3dFWmVwAk7BGTDBFWiCB9ACFsDgBbyBd/ChvWqf2pc2zVtLWjFzDBZK+/4FioOlvQ==</latexit><latexit sha1_base64="1lzywiTe9oEq3RYDE5MeXE6S6rQ=">AAACKHicbVDLSsNAFJ3UV62vqEs3g6VUEEoigroQim5cVjBtoQ1hMpm0QycPZibFErL1Z3Sr/+FKuvUT/AKnTRa29cLAmXPuvXPmuDGjQhrGVCutrW9sbpW3Kzu7e/sH+uFRW0QJx8TCEYt410WCMBoSS1LJSDfmBAUuIx13dD/TO2PCBY3CJzmJiR2gQUh9ipFUlKNDA97Cdt1J+zyAPGIsg+ewnV9dntWho1eNhjEvuArMAlRBUS1H/+l7EU4CEkrMkBA904ilnSIuKWYkq9T6iSAxwiM0ID0FQxQQYafzr2SwphgP+hFXJ5Rwzlb+TKQoEGISuKozQHIolrUZ+Z/WS6R/bac0jBNJQpw/5CcMygjOcoEe5QRLNlEAYU6VWYiHiCMsVXoLm7wxjUXh+jm3rUIylyNZBdZF46ZhPl5Wm3dFWmVwAk7BGTDBFWiCB9ACFsDgBbyBd/ChvWqf2pc2zVtLWjFzDBZK+/4FioOlvQ==</latexit><latexit sha1_base64="1lzywiTe9oEq3RYDE5MeXE6S6rQ=">AAACKHicbVDLSsNAFJ3UV62vqEs3g6VUEEoigroQim5cVjBtoQ1hMpm0QycPZibFErL1Z3Sr/+FKuvUT/AKnTRa29cLAmXPuvXPmuDGjQhrGVCutrW9sbpW3Kzu7e/sH+uFRW0QJx8TCEYt410WCMBoSS1LJSDfmBAUuIx13dD/TO2PCBY3CJzmJiR2gQUh9ipFUlKNDA97Cdt1J+zyAPGIsg+ewnV9dntWho1eNhjEvuArMAlRBUS1H/+l7EU4CEkrMkBA904ilnSIuKWYkq9T6iSAxwiM0ID0FQxQQYafzr2SwphgP+hFXJ5Rwzlb+TKQoEGISuKozQHIolrUZ+Z/WS6R/bac0jBNJQpw/5CcMygjOcoEe5QRLNlEAYU6VWYiHiCMsVXoLm7wxjUXh+jm3rUIylyNZBdZF46ZhPl5Wm3dFWmVwAk7BGTDBFWiCB9ACFsDgBbyBd/ChvWqf2pc2zVtLWjFzDBZK+/4FioOlvQ==</latexit><latexit sha1_base64="1lzywiTe9oEq3RYDE5MeXE6S6rQ=">AAACKHicbVDLSsNAFJ3UV62vqEs3g6VUEEoigroQim5cVjBtoQ1hMpm0QycPZibFErL1Z3Sr/+FKuvUT/AKnTRa29cLAmXPuvXPmuDGjQhrGVCutrW9sbpW3Kzu7e/sH+uFRW0QJx8TCEYt410WCMBoSS1LJSDfmBAUuIx13dD/TO2PCBY3CJzmJiR2gQUh9ipFUlKNDA97Cdt1J+zyAPGIsg+ewnV9dntWho1eNhjEvuArMAlRBUS1H/+l7EU4CEkrMkBA904ilnSIuKWYkq9T6iSAxwiM0ID0FQxQQYafzr2SwphgP+hFXJ5Rwzlb+TKQoEGISuKozQHIolrUZ+Z/WS6R/bac0jBNJQpw/5CcMygjOcoEe5QRLNlEAYU6VWYiHiCMsVXoLm7wxjUXh+jm3rUIylyNZBdZF46ZhPl5Wm3dFWmVwAk7BGTDBFWiCB9ACFsDgBbyBd/ChvWqf2pc2zVtLWjFzDBZK+/4FioOlvQ==</latexit>

= � ⇤4

fe↵
+

µ2
b |h|2

f
sin(�/f)

<latexit sha1_base64="TPuoIyyhaom1SBzDOe0qmGR1VAc="></latexit><latexit sha1_base64="TPuoIyyhaom1SBzDOe0qmGR1VAc="></latexit><latexit sha1_base64="TPuoIyyhaom1SBzDOe0qmGR1VAc="></latexit><latexit sha1_base64="TPuoIyyhaom1SBzDOe0qmGR1VAc="></latexit><latexit sha1_base64="TPuoIyyhaom1SBzDOe0qmGR1VAc="></latexit>

Relaxion should stop at the electroweak Higgs mass

⇤4

fe↵
' µ2

bv
2

f
<latexit sha1_base64="Rjy+2XGl51pyOnL9GJtVPJ/bR18="></latexit><latexit sha1_base64="Rjy+2XGl51pyOnL9GJtVPJ/bR18="></latexit><latexit sha1_base64="Rjy+2XGl51pyOnL9GJtVPJ/bR18="></latexit><latexit sha1_base64="Rjy+2XGl51pyOnL9GJtVPJ/bR18="></latexit><latexit sha1_base64="Rjy+2XGl51pyOnL9GJtVPJ/bR18="></latexit>



The potential height increases incrementally
and the relaxion stops at the shallow part of the potential



available parameter space shifts accordingly
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)<latexit sha1_base64="iecc8Bi4Nz+8ZM6zj4HuxuX8rak=">AAACEXicbVDLTsJAFL3FF+ILdemmkZC4Iq0xUXdENy7RWCEpDZlOpzBhOtPMTFFC+Avd6n+4Mm79An/DL3CALgQ8ySQn59x75+SEKaNKO863VVhZXVvfKG6WtrZ3dvfK+wcPSmQSEw8LJmQrRIowyomnqWaklUqCkpCRZti/nvjNAZGKCn6vhykJEtTlNKYYaSP57Tva7WkkpXjslCtOzZnCXiZuTiqQo9Ep/7QjgbOEcI0ZUsp3nVQHIyQ1xYyMS9V2pkiKcB91iW8oRwlRwWiaeWxXjRLZsZDmcW1P1dKfjRFKlBomoZlMkO6pRW8i/uf5mY4vghHlaaYJx7OP4ozZWtiTAuyISoI1GxqCsKQmrI17SCKsTU1zl6IBTVWe+mkW25TkLlayTLzT2mXNvT2r1K/ytopwBMdwAi6cQx1uoAEeYBDwAq/wZj1b79aH9TkbLVj5ziHMwfr6BUxlnxw=</latexit> <latexit sha1_base64="iecc8Bi4Nz+8ZM6zj4HuxuX8rak=">AAACEXicbVDLTsJAFL3FF+ILdemmkZC4Iq0xUXdENy7RWCEpDZlOpzBhOtPMTFFC+Avd6n+4Mm79An/DL3CALgQ8ySQn59x75+SEKaNKO863VVhZXVvfKG6WtrZ3dvfK+wcPSmQSEw8LJmQrRIowyomnqWaklUqCkpCRZti/nvjNAZGKCn6vhykJEtTlNKYYaSP57Tva7WkkpXjslCtOzZnCXiZuTiqQo9Ep/7QjgbOEcI0ZUsp3nVQHIyQ1xYyMS9V2pkiKcB91iW8oRwlRwWiaeWxXjRLZsZDmcW1P1dKfjRFKlBomoZlMkO6pRW8i/uf5mY4vghHlaaYJx7OP4ozZWtiTAuyISoI1GxqCsKQmrI17SCKsTU1zl6IBTVWe+mkW25TkLlayTLzT2mXNvT2r1K/ytopwBMdwAi6cQx1uoAEeYBDwAq/wZj1b79aH9TkbLVj5ziHMwfr6BUxlnxw=</latexit> <latexit sha1_base64="iecc8Bi4Nz+8ZM6zj4HuxuX8rak=">AAACEXicbVDLTsJAFL3FF+ILdemmkZC4Iq0xUXdENy7RWCEpDZlOpzBhOtPMTFFC+Avd6n+4Mm79An/DL3CALgQ8ySQn59x75+SEKaNKO863VVhZXVvfKG6WtrZ3dvfK+wcPSmQSEw8LJmQrRIowyomnqWaklUqCkpCRZti/nvjNAZGKCn6vhykJEtTlNKYYaSP57Tva7WkkpXjslCtOzZnCXiZuTiqQo9Ep/7QjgbOEcI0ZUsp3nVQHIyQ1xYyMS9V2pkiKcB91iW8oRwlRwWiaeWxXjRLZsZDmcW1P1dKfjRFKlBomoZlMkO6pRW8i/uf5mY4vghHlaaYJx7OP4ozZWtiTAuyISoI1GxqCsKQmrI17SCKsTU1zl6IBTVWe+mkW25TkLlayTLzT2mXNvT2r1K/ytopwBMdwAi6cQx1uoAEeYBDwAq/wZj1b79aH9TkbLVj5ziHMwfr6BUxlnxw=</latexit> <latexit sha1_base64="iecc8Bi4Nz+8ZM6zj4HuxuX8rak=">AAACEXicbVDLTsJAFL3FF+ILdemmkZC4Iq0xUXdENy7RWCEpDZlOpzBhOtPMTFFC+Avd6n+4Mm79An/DL3CALgQ8ySQn59x75+SEKaNKO863VVhZXVvfKG6WtrZ3dvfK+wcPSmQSEw8LJmQrRIowyomnqWaklUqCkpCRZti/nvjNAZGKCn6vhykJEtTlNKYYaSP57Tva7WkkpXjslCtOzZnCXiZuTiqQo9Ep/7QjgbOEcI0ZUsp3nVQHIyQ1xYyMS9V2pkiKcB91iW8oRwlRwWiaeWxXjRLZsZDmcW1P1dKfjRFKlBomoZlMkO6pRW8i/uf5mY4vghHlaaYJx7OP4ozZWtiTAuyISoI1GxqCsKQmrI17SCKsTU1zl6IBTVWe+mkW25TkLlayTLzT2mXNvT2r1K/ytopwBMdwAi6cQx1uoAEeYBDwAq/wZj1b79aH9TkbLVj5ziHMwfr6BUxlnxw=</latexit> <latexit sha1_base64="iecc8Bi4Nz+8ZM6zj4HuxuX8rak=">AAACEXicbVDLTsJAFL3FF+ILdemmkZC4Iq0xUXdENy7RWCEpDZlOpzBhOtPMTFFC+Avd6n+4Mm79An/DL3CALgQ8ySQn59x75+SEKaNKO863VVhZXVvfKG6WtrZ3dvfK+wcPSmQSEw8LJmQrRIowyomnqWaklUqCkpCRZti/nvjNAZGKCn6vhykJEtTlNKYYaSP57Tva7WkkpXjslCtOzZnCXiZuTiqQo9Ep/7QjgbOEcI0ZUsp3nVQHIyQ1xYyMS9V2pkiKcB91iW8oRwlRwWiaeWxXjRLZsZDmcW1P1dKfjRFKlBomoZlMkO6pRW8i/uf5mY4vghHlaaYJx7OP4ozZWtiTAuyISoI1GxqCsKQmrI17SCKsTU1zl6IBTVWe+mkW25TkLlayTLzT2mXNvT2r1K/ytopwBMdwAi6cQx1uoAEeYBDwAq/wZj1b79aH9TkbLVj5ziHMwfr6BUxlnxw=</latexit>



available parameter space shifts accordingly

)<latexit sha1_base64="iecc8Bi4Nz+8ZM6zj4HuxuX8rak=">AAACEXicbVDLTsJAFL3FF+ILdemmkZC4Iq0xUXdENy7RWCEpDZlOpzBhOtPMTFFC+Avd6n+4Mm79An/DL3CALgQ8ySQn59x75+SEKaNKO863VVhZXVvfKG6WtrZ3dvfK+wcPSmQSEw8LJmQrRIowyomnqWaklUqCkpCRZti/nvjNAZGKCn6vhykJEtTlNKYYaSP57Tva7WkkpXjslCtOzZnCXiZuTiqQo9Ep/7QjgbOEcI0ZUsp3nVQHIyQ1xYyMS9V2pkiKcB91iW8oRwlRwWiaeWxXjRLZsZDmcW1P1dKfjRFKlBomoZlMkO6pRW8i/uf5mY4vghHlaaYJx7OP4ozZWtiTAuyISoI1GxqCsKQmrI17SCKsTU1zl6IBTVWe+mkW25TkLlayTLzT2mXNvT2r1K/ytopwBMdwAi6cQx1uoAEeYBDwAq/wZj1b79aH9TkbLVj5ziHMwfr6BUxlnxw=</latexit> <latexit sha1_base64="iecc8Bi4Nz+8ZM6zj4HuxuX8rak=">AAACEXicbVDLTsJAFL3FF+ILdemmkZC4Iq0xUXdENy7RWCEpDZlOpzBhOtPMTFFC+Avd6n+4Mm79An/DL3CALgQ8ySQn59x75+SEKaNKO863VVhZXVvfKG6WtrZ3dvfK+wcPSmQSEw8LJmQrRIowyomnqWaklUqCkpCRZti/nvjNAZGKCn6vhykJEtTlNKYYaSP57Tva7WkkpXjslCtOzZnCXiZuTiqQo9Ep/7QjgbOEcI0ZUsp3nVQHIyQ1xYyMS9V2pkiKcB91iW8oRwlRwWiaeWxXjRLZsZDmcW1P1dKfjRFKlBomoZlMkO6pRW8i/uf5mY4vghHlaaYJx7OP4ozZWtiTAuyISoI1GxqCsKQmrI17SCKsTU1zl6IBTVWe+mkW25TkLlayTLzT2mXNvT2r1K/ytopwBMdwAi6cQx1uoAEeYBDwAq/wZj1b79aH9TkbLVj5ziHMwfr6BUxlnxw=</latexit> <latexit sha1_base64="iecc8Bi4Nz+8ZM6zj4HuxuX8rak=">AAACEXicbVDLTsJAFL3FF+ILdemmkZC4Iq0xUXdENy7RWCEpDZlOpzBhOtPMTFFC+Avd6n+4Mm79An/DL3CALgQ8ySQn59x75+SEKaNKO863VVhZXVvfKG6WtrZ3dvfK+wcPSmQSEw8LJmQrRIowyomnqWaklUqCkpCRZti/nvjNAZGKCn6vhykJEtTlNKYYaSP57Tva7WkkpXjslCtOzZnCXiZuTiqQo9Ep/7QjgbOEcI0ZUsp3nVQHIyQ1xYyMS9V2pkiKcB91iW8oRwlRwWiaeWxXjRLZsZDmcW1P1dKfjRFKlBomoZlMkO6pRW8i/uf5mY4vghHlaaYJx7OP4ozZWtiTAuyISoI1GxqCsKQmrI17SCKsTU1zl6IBTVWe+mkW25TkLlayTLzT2mXNvT2r1K/ytopwBMdwAi6cQx1uoAEeYBDwAq/wZj1b79aH9TkbLVj5ziHMwfr6BUxlnxw=</latexit> <latexit sha1_base64="iecc8Bi4Nz+8ZM6zj4HuxuX8rak=">AAACEXicbVDLTsJAFL3FF+ILdemmkZC4Iq0xUXdENy7RWCEpDZlOpzBhOtPMTFFC+Avd6n+4Mm79An/DL3CALgQ8ySQn59x75+SEKaNKO863VVhZXVvfKG6WtrZ3dvfK+wcPSmQSEw8LJmQrRIowyomnqWaklUqCkpCRZti/nvjNAZGKCn6vhykJEtTlNKYYaSP57Tva7WkkpXjslCtOzZnCXiZuTiqQo9Ep/7QjgbOEcI0ZUsp3nVQHIyQ1xYyMS9V2pkiKcB91iW8oRwlRwWiaeWxXjRLZsZDmcW1P1dKfjRFKlBomoZlMkO6pRW8i/uf5mY4vghHlaaYJx7OP4ozZWtiTAuyISoI1GxqCsKQmrI17SCKsTU1zl6IBTVWe+mkW25TkLlayTLzT2mXNvT2r1K/ytopwBMdwAi6cQx1uoAEeYBDwAq/wZj1b79aH9TkbLVj5ziHMwfr6BUxlnxw=</latexit> <latexit sha1_base64="iecc8Bi4Nz+8ZM6zj4HuxuX8rak=">AAACEXicbVDLTsJAFL3FF+ILdemmkZC4Iq0xUXdENy7RWCEpDZlOpzBhOtPMTFFC+Avd6n+4Mm79An/DL3CALgQ8ySQn59x75+SEKaNKO863VVhZXVvfKG6WtrZ3dvfK+wcPSmQSEw8LJmQrRIowyomnqWaklUqCkpCRZti/nvjNAZGKCn6vhykJEtTlNKYYaSP57Tva7WkkpXjslCtOzZnCXiZuTiqQo9Ep/7QjgbOEcI0ZUsp3nVQHIyQ1xYyMS9V2pkiKcB91iW8oRwlRwWiaeWxXjRLZsZDmcW1P1dKfjRFKlBomoZlMkO6pRW8i/uf5mY4vghHlaaYJx7OP4ozZWtiTAuyISoI1GxqCsKQmrI17SCKsTU1zl6IBTVWe+mkW25TkLlayTLzT2mXNvT2r1K/ytopwBMdwAi6cQx1uoAEeYBDwAq/wZj1b79aH9TkbLVj5ziHMwfr6BUxlnxw=</latexit>

10-20 10-15 10-10 10-5 1 105
10-30
10-20
10-10

1



available parameter space shifts accordingly

0.01 0.10 1 10 10010-14
10-12
10-10
10-8
10-6

O(103)
<latexit sha1_base64="ZnrDaQfDkK+xK6f8qqc4qEFznZk=">AAACFHicbVDLTgIxFL2DL8QX6tJNIyHBDZlRE3VHdONOTBwhgYF0Oh1o6DzSdohkwnfoVv/DlXHr3t/wCywwCwFP0uTknHtvT44bcyaVaX4buZXVtfWN/GZha3tnd6+4f/Aoo0QQapOIR6LpYkk5C6mtmOK0GQuKA5fThju4mfiNIRWSReGDGsXUCXAvZD4jWGmpk7YJ5uhuXLHMztlJt1gyq+YUaJlYGSlBhnq3+NP2IpIENFSEYylblhkrJ8VCMcLpuFBuJ5LGmAxwj7Y0DXFApZNOY49RWSse8iOhX6jQVC382UhxIOUocPVkgFVfLnoT8T+vlSj/0klZGCeKhmT2kZ9wpCI06QB5TFCi+EgTTATTYRHpY4GJ0k3NXfKGLJZZ6qdZbF2StVjJMrFPq1dV6/68VLvO2srDERxDBSy4gBrcQh1sICDgBV7hzXg23o0P43M2mjOynUOYg/H1C0R3nus=</latexit><latexit sha1_base64="ZnrDaQfDkK+xK6f8qqc4qEFznZk=">AAACFHicbVDLTgIxFL2DL8QX6tJNIyHBDZlRE3VHdONOTBwhgYF0Oh1o6DzSdohkwnfoVv/DlXHr3t/wCywwCwFP0uTknHtvT44bcyaVaX4buZXVtfWN/GZha3tnd6+4f/Aoo0QQapOIR6LpYkk5C6mtmOK0GQuKA5fThju4mfiNIRWSReGDGsXUCXAvZD4jWGmpk7YJ5uhuXLHMztlJt1gyq+YUaJlYGSlBhnq3+NP2IpIENFSEYylblhkrJ8VCMcLpuFBuJ5LGmAxwj7Y0DXFApZNOY49RWSse8iOhX6jQVC382UhxIOUocPVkgFVfLnoT8T+vlSj/0klZGCeKhmT2kZ9wpCI06QB5TFCi+EgTTATTYRHpY4GJ0k3NXfKGLJZZ6qdZbF2StVjJMrFPq1dV6/68VLvO2srDERxDBSy4gBrcQh1sICDgBV7hzXg23o0P43M2mjOynUOYg/H1C0R3nus=</latexit><latexit sha1_base64="ZnrDaQfDkK+xK6f8qqc4qEFznZk=">AAACFHicbVDLTgIxFL2DL8QX6tJNIyHBDZlRE3VHdONOTBwhgYF0Oh1o6DzSdohkwnfoVv/DlXHr3t/wCywwCwFP0uTknHtvT44bcyaVaX4buZXVtfWN/GZha3tnd6+4f/Aoo0QQapOIR6LpYkk5C6mtmOK0GQuKA5fThju4mfiNIRWSReGDGsXUCXAvZD4jWGmpk7YJ5uhuXLHMztlJt1gyq+YUaJlYGSlBhnq3+NP2IpIENFSEYylblhkrJ8VCMcLpuFBuJ5LGmAxwj7Y0DXFApZNOY49RWSse8iOhX6jQVC382UhxIOUocPVkgFVfLnoT8T+vlSj/0klZGCeKhmT2kZ9wpCI06QB5TFCi+EgTTATTYRHpY4GJ0k3NXfKGLJZZ6qdZbF2StVjJMrFPq1dV6/68VLvO2srDERxDBSy4gBrcQh1sICDgBV7hzXg23o0P43M2mjOynUOYg/H1C0R3nus=</latexit><latexit sha1_base64="ZnrDaQfDkK+xK6f8qqc4qEFznZk=">AAACFHicbVDLTgIxFL2DL8QX6tJNIyHBDZlRE3VHdONOTBwhgYF0Oh1o6DzSdohkwnfoVv/DlXHr3t/wCywwCwFP0uTknHtvT44bcyaVaX4buZXVtfWN/GZha3tnd6+4f/Aoo0QQapOIR6LpYkk5C6mtmOK0GQuKA5fThju4mfiNIRWSReGDGsXUCXAvZD4jWGmpk7YJ5uhuXLHMztlJt1gyq+YUaJlYGSlBhnq3+NP2IpIENFSEYylblhkrJ8VCMcLpuFBuJ5LGmAxwj7Y0DXFApZNOY49RWSse8iOhX6jQVC382UhxIOUocPVkgFVfLnoT8T+vlSj/0klZGCeKhmT2kZ9wpCI06QB5TFCi+EgTTATTYRHpY4GJ0k3NXfKGLJZZ6qdZbF2StVjJMrFPq1dV6/68VLvO2srDERxDBSy4gBrcQh1sICDgBV7hzXg23o0P43M2mjOynUOYg/H1C0R3nus=</latexit><latexit sha1_base64="ZnrDaQfDkK+xK6f8qqc4qEFznZk=">AAACFHicbVDLTgIxFL2DL8QX6tJNIyHBDZlRE3VHdONOTBwhgYF0Oh1o6DzSdohkwnfoVv/DlXHr3t/wCywwCwFP0uTknHtvT44bcyaVaX4buZXVtfWN/GZha3tnd6+4f/Aoo0QQapOIR6LpYkk5C6mtmOK0GQuKA5fThju4mfiNIRWSReGDGsXUCXAvZD4jWGmpk7YJ5uhuXLHMztlJt1gyq+YUaJlYGSlBhnq3+NP2IpIENFSEYylblhkrJ8VCMcLpuFBuJ5LGmAxwj7Y0DXFApZNOY49RWSse8iOhX6jQVC382UhxIOUocPVkgFVfLnoT8T+vlSj/0klZGCeKhmT2kZ9wpCI06QB5TFCi+EgTTATTYRHpY4GJ0k3NXfKGLJZZ6qdZbF2StVjJMrFPq1dV6/68VLvO2srDERxDBSy4gBrcQh1sICDgBV7hzXg23o0P43M2mjOynUOYg/H1C0R3nus=</latexit>



[Banerjee, HK, Matsedonskyi, Perez and Safronova 20]



misaligned axion dark matter

[Abbott & Sikivie 83]
[Dine & Fischler 83]

�̈+ 3H�̇+m
2
� = 0

<latexit sha1_base64="y6ILCrZs9HLy0H84fYUfcNBWpgY=">AAACM3icbVDLSsNAFJ34rPUVdelmsBSEQkmqoC6EopsuKxhbaGKZTCbt0MmDmUmxhH6EP6Nb/QzBlbh14xc4abPowwMDh3NfZ44bMyqkYXxoK6tr6xubha3i9s7u3r5+cPggooRjYuGIRbztIkEYDYklqWSkHXOCApeRlju4zeqtIeGCRuG9HMXECVAvpD7FSCqpq1dsz4tkasd9OoYVeAYb0J4VgscazDi8hkZXLxlVYwK4TMyclECOZlf/VbtwEpBQYoaE6JhGLJ0UcUkxI+Ni2U4EiREeoB7pKBqigAgnnfxqDMtK8aAfcfVCCSdqcWYiRYEQo8BVnQGSfbFYy8T/ap1E+pdOSsM4kSTE00N+wqCMYBYR9CgnWLKRIghzqsxC3EccYamCnNvkDWksctdPU9sqJHMxkmVi1apXVfPuvFS/ydMqgGNwAk6BCS5AHTRAE1gAg2fwCt7Au/aifWpf2ve0dUXLZ47AHLSfP8LhqdQ=</latexit><latexit sha1_base64="y6ILCrZs9HLy0H84fYUfcNBWpgY=">AAACM3icbVDLSsNAFJ34rPUVdelmsBSEQkmqoC6EopsuKxhbaGKZTCbt0MmDmUmxhH6EP6Nb/QzBlbh14xc4abPowwMDh3NfZ44bMyqkYXxoK6tr6xubha3i9s7u3r5+cPggooRjYuGIRbztIkEYDYklqWSkHXOCApeRlju4zeqtIeGCRuG9HMXECVAvpD7FSCqpq1dsz4tkasd9OoYVeAYb0J4VgscazDi8hkZXLxlVYwK4TMyclECOZlf/VbtwEpBQYoaE6JhGLJ0UcUkxI+Ni2U4EiREeoB7pKBqigAgnnfxqDMtK8aAfcfVCCSdqcWYiRYEQo8BVnQGSfbFYy8T/ap1E+pdOSsM4kSTE00N+wqCMYBYR9CgnWLKRIghzqsxC3EccYamCnNvkDWksctdPU9sqJHMxkmVi1apXVfPuvFS/ydMqgGNwAk6BCS5AHTRAE1gAg2fwCt7Au/aifWpf2ve0dUXLZ47AHLSfP8LhqdQ=</latexit><latexit sha1_base64="y6ILCrZs9HLy0H84fYUfcNBWpgY=">AAACM3icbVDLSsNAFJ34rPUVdelmsBSEQkmqoC6EopsuKxhbaGKZTCbt0MmDmUmxhH6EP6Nb/QzBlbh14xc4abPowwMDh3NfZ44bMyqkYXxoK6tr6xubha3i9s7u3r5+cPggooRjYuGIRbztIkEYDYklqWSkHXOCApeRlju4zeqtIeGCRuG9HMXECVAvpD7FSCqpq1dsz4tkasd9OoYVeAYb0J4VgscazDi8hkZXLxlVYwK4TMyclECOZlf/VbtwEpBQYoaE6JhGLJ0UcUkxI+Ni2U4EiREeoB7pKBqigAgnnfxqDMtK8aAfcfVCCSdqcWYiRYEQo8BVnQGSfbFYy8T/ap1E+pdOSsM4kSTE00N+wqCMYBYR9CgnWLKRIghzqsxC3EccYamCnNvkDWksctdPU9sqJHMxkmVi1apXVfPuvFS/ydMqgGNwAk6BCS5AHTRAE1gAg2fwCt7Au/aifWpf2ve0dUXLZ47AHLSfP8LhqdQ=</latexit><latexit sha1_base64="y6ILCrZs9HLy0H84fYUfcNBWpgY=">AAACM3icbVDLSsNAFJ34rPUVdelmsBSEQkmqoC6EopsuKxhbaGKZTCbt0MmDmUmxhH6EP6Nb/QzBlbh14xc4abPowwMDh3NfZ44bMyqkYXxoK6tr6xubha3i9s7u3r5+cPggooRjYuGIRbztIkEYDYklqWSkHXOCApeRlju4zeqtIeGCRuG9HMXECVAvpD7FSCqpq1dsz4tkasd9OoYVeAYb0J4VgscazDi8hkZXLxlVYwK4TMyclECOZlf/VbtwEpBQYoaE6JhGLJ0UcUkxI+Ni2U4EiREeoB7pKBqigAgnnfxqDMtK8aAfcfVCCSdqcWYiRYEQo8BVnQGSfbFYy8T/ap1E+pdOSsM4kSTE00N+wqCMYBYR9CgnWLKRIghzqsxC3EccYamCnNvkDWksctdPU9sqJHMxkmVi1apXVfPuvFS/ydMqgGNwAk6BCS5AHTRAE1gAg2fwCt7Au/aifWpf2ve0dUXLZ47AHLSfP8LhqdQ=</latexit><latexit sha1_base64="y6ILCrZs9HLy0H84fYUfcNBWpgY=">AAACM3icbVDLSsNAFJ34rPUVdelmsBSEQkmqoC6EopsuKxhbaGKZTCbt0MmDmUmxhH6EP6Nb/QzBlbh14xc4abPowwMDh3NfZ44bMyqkYXxoK6tr6xubha3i9s7u3r5+cPggooRjYuGIRbztIkEYDYklqWSkHXOCApeRlju4zeqtIeGCRuG9HMXECVAvpD7FSCqpq1dsz4tkasd9OoYVeAYb0J4VgscazDi8hkZXLxlVYwK4TMyclECOZlf/VbtwEpBQYoaE6JhGLJ0UcUkxI+Ni2U4EiREeoB7pKBqigAgnnfxqDMtK8aAfcfVCCSdqcWYiRYEQo8BVnQGSfbFYy8T/ap1E+pdOSsM4kSTE00N+wqCMYBYR9CgnWLKRIghzqsxC3EccYamCnNvkDWksctdPU9sqJHMxkmVi1apXVfPuvFS/ydMqgGNwAk6BCS5AHTRAE1gAg2fwCt7Au/aifWpf2ve0dUXLZ47AHLSfP8LhqdQ=</latexit>

[Preskill, Wise and Wilczek 83]

H > m
<latexit sha1_base64="PgZp7Lnl93xOk7js8InpY7AB5lo=">AAACCnicbVDNTgIxGPwW/xD/UI9eGgmJJ7JrTNSLIXrhiIkrJLAh3W6Bhra7abtEsuER9Krv4cl49SV8DZ/AXdiDgJM0mcx8XzsdP+JMG9v+tgpr6xubW8Xt0s7u3v5B+fDoUYexItQlIQ9V28eaciapa5jhtB0pioXPacsf3WV+a0yVZqF8MJOIegIPJOszgk0mNW6Q6JUrds2eAa0SJycVyNHslX+6QUhiQaUhHGvdcezIeAlWhhFOp6VqN9Y0wmSEB7STUokF1V4yCztF1VQJUD9U6ZEGzdTSn40EC60nwk8nBTZDvexl4n9eJzb9Ky9hMooNlWT+UD/myIQo+zkKmKLE8ElKMFEsDYvIECtMTNrPwk3BmEU6T/00j52W5CxXskrc89p1zbm/qNRv87aKcAKncAYOXEIdGtAEFwgM4QVe4c16tt6tD+tzPlqw8p1jWID19QuQ/Ztk</latexit><latexit sha1_base64="PgZp7Lnl93xOk7js8InpY7AB5lo=">AAACCnicbVDNTgIxGPwW/xD/UI9eGgmJJ7JrTNSLIXrhiIkrJLAh3W6Bhra7abtEsuER9Krv4cl49SV8DZ/AXdiDgJM0mcx8XzsdP+JMG9v+tgpr6xubW8Xt0s7u3v5B+fDoUYexItQlIQ9V28eaciapa5jhtB0pioXPacsf3WV+a0yVZqF8MJOIegIPJOszgk0mNW6Q6JUrds2eAa0SJycVyNHslX+6QUhiQaUhHGvdcezIeAlWhhFOp6VqN9Y0wmSEB7STUokF1V4yCztF1VQJUD9U6ZEGzdTSn40EC60nwk8nBTZDvexl4n9eJzb9Ky9hMooNlWT+UD/myIQo+zkKmKLE8ElKMFEsDYvIECtMTNrPwk3BmEU6T/00j52W5CxXskrc89p1zbm/qNRv87aKcAKncAYOXEIdGtAEFwgM4QVe4c16tt6tD+tzPlqw8p1jWID19QuQ/Ztk</latexit><latexit sha1_base64="PgZp7Lnl93xOk7js8InpY7AB5lo=">AAACCnicbVDNTgIxGPwW/xD/UI9eGgmJJ7JrTNSLIXrhiIkrJLAh3W6Bhra7abtEsuER9Krv4cl49SV8DZ/AXdiDgJM0mcx8XzsdP+JMG9v+tgpr6xubW8Xt0s7u3v5B+fDoUYexItQlIQ9V28eaciapa5jhtB0pioXPacsf3WV+a0yVZqF8MJOIegIPJOszgk0mNW6Q6JUrds2eAa0SJycVyNHslX+6QUhiQaUhHGvdcezIeAlWhhFOp6VqN9Y0wmSEB7STUokF1V4yCztF1VQJUD9U6ZEGzdTSn40EC60nwk8nBTZDvexl4n9eJzb9Ky9hMooNlWT+UD/myIQo+zkKmKLE8ElKMFEsDYvIECtMTNrPwk3BmEU6T/00j52W5CxXskrc89p1zbm/qNRv87aKcAKncAYOXEIdGtAEFwgM4QVe4c16tt6tD+tzPlqw8p1jWID19QuQ/Ztk</latexit><latexit sha1_base64="PgZp7Lnl93xOk7js8InpY7AB5lo=">AAACCnicbVDNTgIxGPwW/xD/UI9eGgmJJ7JrTNSLIXrhiIkrJLAh3W6Bhra7abtEsuER9Krv4cl49SV8DZ/AXdiDgJM0mcx8XzsdP+JMG9v+tgpr6xubW8Xt0s7u3v5B+fDoUYexItQlIQ9V28eaciapa5jhtB0pioXPacsf3WV+a0yVZqF8MJOIegIPJOszgk0mNW6Q6JUrds2eAa0SJycVyNHslX+6QUhiQaUhHGvdcezIeAlWhhFOp6VqN9Y0wmSEB7STUokF1V4yCztF1VQJUD9U6ZEGzdTSn40EC60nwk8nBTZDvexl4n9eJzb9Ky9hMooNlWT+UD/myIQo+zkKmKLE8ElKMFEsDYvIECtMTNrPwk3BmEU6T/00j52W5CxXskrc89p1zbm/qNRv87aKcAKncAYOXEIdGtAEFwgM4QVe4c16tt6tD+tzPlqw8p1jWID19QuQ/Ztk</latexit><latexit sha1_base64="PgZp7Lnl93xOk7js8InpY7AB5lo=">AAACCnicbVDNTgIxGPwW/xD/UI9eGgmJJ7JrTNSLIXrhiIkrJLAh3W6Bhra7abtEsuER9Krv4cl49SV8DZ/AXdiDgJM0mcx8XzsdP+JMG9v+tgpr6xubW8Xt0s7u3v5B+fDoUYexItQlIQ9V28eaciapa5jhtB0pioXPacsf3WV+a0yVZqF8MJOIegIPJOszgk0mNW6Q6JUrds2eAa0SJycVyNHslX+6QUhiQaUhHGvdcezIeAlWhhFOp6VqN9Y0wmSEB7STUokF1V4yCztF1VQJUD9U6ZEGzdTSn40EC60nwk8nBTZDvexl4n9eJzb9Ky9hMooNlWT+UD/myIQo+zkKmKLE8ElKMFEsDYvIECtMTNrPwk3BmEU6T/00j52W5CxXskrc89p1zbm/qNRv87aKcAKncAYOXEIdGtAEFwgM4QVe4c16tt6tD+tzPlqw8p1jWID19QuQ/Ztk</latexit>



H . m
<latexit sha1_base64="nGXy9jwl1ovsWGtWDadw4LRcgUs=">AAACEnicbVDNSgMxGMz6W+tf1aOXYCl4KrsiqLeilx4ruLbQXUo2m21Dk2xIssWy9DH0qu/hSbz6Ar6GT2Da7sG2DgSGme/7MkwkGdXGdb+dtfWNza3t0k55d2//4LBydPyo00xh4uOUpaoTIU0YFcQ31DDSkYogHjHSjoZ3U789IkrTVDyYsSQhR31BE4qRsVLQhAEjWmvKIe9Vqm7dnQGuEq8gVVCg1av8BHGKM06EwQxp3fVcacIcKUMxI5NyLcg0kQgPUZ90LRWIEx3ms9ATWLNKDJNU2ScMnKnlPxs54lqPeWQnOTIDvexNxf+8bmaS6zCnQmaGCDz/KMkYNCmcNgBjqgg2bGwJworasBAPkELY2J4WLsUjKnWR+mke25bkLVeySvyL+k3du7+sNm6LtkrgFJyBc+CBK9AATdACPsBAghfwCt6cZ+fd+XA+56NrTrFzAhbgfP0CHZWe8g==</latexit><latexit sha1_base64="nGXy9jwl1ovsWGtWDadw4LRcgUs=">AAACEnicbVDNSgMxGMz6W+tf1aOXYCl4KrsiqLeilx4ruLbQXUo2m21Dk2xIssWy9DH0qu/hSbz6Ar6GT2Da7sG2DgSGme/7MkwkGdXGdb+dtfWNza3t0k55d2//4LBydPyo00xh4uOUpaoTIU0YFcQ31DDSkYogHjHSjoZ3U789IkrTVDyYsSQhR31BE4qRsVLQhAEjWmvKIe9Vqm7dnQGuEq8gVVCg1av8BHGKM06EwQxp3fVcacIcKUMxI5NyLcg0kQgPUZ90LRWIEx3ms9ATWLNKDJNU2ScMnKnlPxs54lqPeWQnOTIDvexNxf+8bmaS6zCnQmaGCDz/KMkYNCmcNgBjqgg2bGwJworasBAPkELY2J4WLsUjKnWR+mke25bkLVeySvyL+k3du7+sNm6LtkrgFJyBc+CBK9AATdACPsBAghfwCt6cZ+fd+XA+56NrTrFzAhbgfP0CHZWe8g==</latexit><latexit sha1_base64="nGXy9jwl1ovsWGtWDadw4LRcgUs=">AAACEnicbVDNSgMxGMz6W+tf1aOXYCl4KrsiqLeilx4ruLbQXUo2m21Dk2xIssWy9DH0qu/hSbz6Ar6GT2Da7sG2DgSGme/7MkwkGdXGdb+dtfWNza3t0k55d2//4LBydPyo00xh4uOUpaoTIU0YFcQ31DDSkYogHjHSjoZ3U789IkrTVDyYsSQhR31BE4qRsVLQhAEjWmvKIe9Vqm7dnQGuEq8gVVCg1av8BHGKM06EwQxp3fVcacIcKUMxI5NyLcg0kQgPUZ90LRWIEx3ms9ATWLNKDJNU2ScMnKnlPxs54lqPeWQnOTIDvexNxf+8bmaS6zCnQmaGCDz/KMkYNCmcNgBjqgg2bGwJworasBAPkELY2J4WLsUjKnWR+mke25bkLVeySvyL+k3du7+sNm6LtkrgFJyBc+CBK9AATdACPsBAghfwCt6cZ+fd+XA+56NrTrFzAhbgfP0CHZWe8g==</latexit><latexit sha1_base64="nGXy9jwl1ovsWGtWDadw4LRcgUs=">AAACEnicbVDNSgMxGMz6W+tf1aOXYCl4KrsiqLeilx4ruLbQXUo2m21Dk2xIssWy9DH0qu/hSbz6Ar6GT2Da7sG2DgSGme/7MkwkGdXGdb+dtfWNza3t0k55d2//4LBydPyo00xh4uOUpaoTIU0YFcQ31DDSkYogHjHSjoZ3U789IkrTVDyYsSQhR31BE4qRsVLQhAEjWmvKIe9Vqm7dnQGuEq8gVVCg1av8BHGKM06EwQxp3fVcacIcKUMxI5NyLcg0kQgPUZ90LRWIEx3ms9ATWLNKDJNU2ScMnKnlPxs54lqPeWQnOTIDvexNxf+8bmaS6zCnQmaGCDz/KMkYNCmcNgBjqgg2bGwJworasBAPkELY2J4WLsUjKnWR+mke25bkLVeySvyL+k3du7+sNm6LtkrgFJyBc+CBK9AATdACPsBAghfwCt6cZ+fd+XA+56NrTrFzAhbgfP0CHZWe8g==</latexit><latexit sha1_base64="nGXy9jwl1ovsWGtWDadw4LRcgUs=">AAACEnicbVDNSgMxGMz6W+tf1aOXYCl4KrsiqLeilx4ruLbQXUo2m21Dk2xIssWy9DH0qu/hSbz6Ar6GT2Da7sG2DgSGme/7MkwkGdXGdb+dtfWNza3t0k55d2//4LBydPyo00xh4uOUpaoTIU0YFcQ31DDSkYogHjHSjoZ3U789IkrTVDyYsSQhR31BE4qRsVLQhAEjWmvKIe9Vqm7dnQGuEq8gVVCg1av8BHGKM06EwQxp3fVcacIcKUMxI5NyLcg0kQgPUZ90LRWIEx3ms9ATWLNKDJNU2ScMnKnlPxs54lqPeWQnOTIDvexNxf+8bmaS6zCnQmaGCDz/KMkYNCmcNgBjqgg2bGwJworasBAPkELY2J4WLsUjKnWR+mke25bkLVeySvyL+k3du7+sNm6LtkrgFJyBc+CBK9AATdACPsBAghfwCt6cZ+fd+XA+56NrTrFzAhbgfP0CHZWe8g==</latexit>

�̈+ 3H�̇+m
2
� = 0

<latexit sha1_base64="y6ILCrZs9HLy0H84fYUfcNBWpgY=">AAACM3icbVDLSsNAFJ34rPUVdelmsBSEQkmqoC6EopsuKxhbaGKZTCbt0MmDmUmxhH6EP6Nb/QzBlbh14xc4abPowwMDh3NfZ44bMyqkYXxoK6tr6xubha3i9s7u3r5+cPggooRjYuGIRbztIkEYDYklqWSkHXOCApeRlju4zeqtIeGCRuG9HMXECVAvpD7FSCqpq1dsz4tkasd9OoYVeAYb0J4VgscazDi8hkZXLxlVYwK4TMyclECOZlf/VbtwEpBQYoaE6JhGLJ0UcUkxI+Ni2U4EiREeoB7pKBqigAgnnfxqDMtK8aAfcfVCCSdqcWYiRYEQo8BVnQGSfbFYy8T/ap1E+pdOSsM4kSTE00N+wqCMYBYR9CgnWLKRIghzqsxC3EccYamCnNvkDWksctdPU9sqJHMxkmVi1apXVfPuvFS/ydMqgGNwAk6BCS5AHTRAE1gAg2fwCt7Au/aifWpf2ve0dUXLZ47AHLSfP8LhqdQ=</latexit><latexit sha1_base64="y6ILCrZs9HLy0H84fYUfcNBWpgY=">AAACM3icbVDLSsNAFJ34rPUVdelmsBSEQkmqoC6EopsuKxhbaGKZTCbt0MmDmUmxhH6EP6Nb/QzBlbh14xc4abPowwMDh3NfZ44bMyqkYXxoK6tr6xubha3i9s7u3r5+cPggooRjYuGIRbztIkEYDYklqWSkHXOCApeRlju4zeqtIeGCRuG9HMXECVAvpD7FSCqpq1dsz4tkasd9OoYVeAYb0J4VgscazDi8hkZXLxlVYwK4TMyclECOZlf/VbtwEpBQYoaE6JhGLJ0UcUkxI+Ni2U4EiREeoB7pKBqigAgnnfxqDMtK8aAfcfVCCSdqcWYiRYEQo8BVnQGSfbFYy8T/ap1E+pdOSsM4kSTE00N+wqCMYBYR9CgnWLKRIghzqsxC3EccYamCnNvkDWksctdPU9sqJHMxkmVi1apXVfPuvFS/ydMqgGNwAk6BCS5AHTRAE1gAg2fwCt7Au/aifWpf2ve0dUXLZ47AHLSfP8LhqdQ=</latexit><latexit sha1_base64="y6ILCrZs9HLy0H84fYUfcNBWpgY=">AAACM3icbVDLSsNAFJ34rPUVdelmsBSEQkmqoC6EopsuKxhbaGKZTCbt0MmDmUmxhH6EP6Nb/QzBlbh14xc4abPowwMDh3NfZ44bMyqkYXxoK6tr6xubha3i9s7u3r5+cPggooRjYuGIRbztIkEYDYklqWSkHXOCApeRlju4zeqtIeGCRuG9HMXECVAvpD7FSCqpq1dsz4tkasd9OoYVeAYb0J4VgscazDi8hkZXLxlVYwK4TMyclECOZlf/VbtwEpBQYoaE6JhGLJ0UcUkxI+Ni2U4EiREeoB7pKBqigAgnnfxqDMtK8aAfcfVCCSdqcWYiRYEQo8BVnQGSfbFYy8T/ap1E+pdOSsM4kSTE00N+wqCMYBYR9CgnWLKRIghzqsxC3EccYamCnNvkDWksctdPU9sqJHMxkmVi1apXVfPuvFS/ydMqgGNwAk6BCS5AHTRAE1gAg2fwCt7Au/aifWpf2ve0dUXLZ47AHLSfP8LhqdQ=</latexit><latexit sha1_base64="y6ILCrZs9HLy0H84fYUfcNBWpgY=">AAACM3icbVDLSsNAFJ34rPUVdelmsBSEQkmqoC6EopsuKxhbaGKZTCbt0MmDmUmxhH6EP6Nb/QzBlbh14xc4abPowwMDh3NfZ44bMyqkYXxoK6tr6xubha3i9s7u3r5+cPggooRjYuGIRbztIkEYDYklqWSkHXOCApeRlju4zeqtIeGCRuG9HMXECVAvpD7FSCqpq1dsz4tkasd9OoYVeAYb0J4VgscazDi8hkZXLxlVYwK4TMyclECOZlf/VbtwEpBQYoaE6JhGLJ0UcUkxI+Ni2U4EiREeoB7pKBqigAgnnfxqDMtK8aAfcfVCCSdqcWYiRYEQo8BVnQGSfbFYy8T/ap1E+pdOSsM4kSTE00N+wqCMYBYR9CgnWLKRIghzqsxC3EccYamCnNvkDWksctdPU9sqJHMxkmVi1apXVfPuvFS/ydMqgGNwAk6BCS5AHTRAE1gAg2fwCt7Au/aifWpf2ve0dUXLZ47AHLSfP8LhqdQ=</latexit><latexit sha1_base64="y6ILCrZs9HLy0H84fYUfcNBWpgY=">AAACM3icbVDLSsNAFJ34rPUVdelmsBSEQkmqoC6EopsuKxhbaGKZTCbt0MmDmUmxhH6EP6Nb/QzBlbh14xc4abPowwMDh3NfZ44bMyqkYXxoK6tr6xubha3i9s7u3r5+cPggooRjYuGIRbztIkEYDYklqWSkHXOCApeRlju4zeqtIeGCRuG9HMXECVAvpD7FSCqpq1dsz4tkasd9OoYVeAYb0J4VgscazDi8hkZXLxlVYwK4TMyclECOZlf/VbtwEpBQYoaE6JhGLJ0UcUkxI+Ni2U4EiREeoB7pKBqigAgnnfxqDMtK8aAfcfVCCSdqcWYiRYEQo8BVnQGSfbFYy8T/ap1E+pdOSsM4kSTE00N+wqCMYBYR9CgnWLKRIghzqsxC3EccYamCnNvkDWksctdPU9sqJHMxkmVi1apXVfPuvFS/ydMqgGNwAk6BCS5AHTRAE1gAg2fwCt7Au/aifWpf2ve0dUXLZ47AHLSfP8LhqdQ=</latexit>

coherent scalar oscillation constitutes dark matter in the universe

misaligned axion dark matter



after a long period of inflation

the relaxion is settled down to one of local minima

relaxion is aligned
no misalignment at all



A challenge is to generate non-zero misalignment angle



misalignment angle can be generated

backreaction potential vanishes

Vbr = ⇤4
br
|h|2

v2
cos(�/f) ! 0

<latexit sha1_base64="9LOcGx0AWvoDKKYjZ/J7i3T2jNM="></latexit><latexit sha1_base64="9LOcGx0AWvoDKKYjZ/J7i3T2jNM="></latexit><latexit sha1_base64="9LOcGx0AWvoDKKYjZ/J7i3T2jNM="></latexit><latexit sha1_base64="9LOcGx0AWvoDKKYjZ/J7i3T2jNM="></latexit><latexit sha1_base64="9LOcGx0AWvoDKKYjZ/J7i3T2jNM="></latexit>

T > min(Tc, Tra)
<latexit sha1_base64="T06hY8B1bMZ4J6MjGDmPyvki4q8=">AAACInicbVDNSgMxGMzWv1r/Vr3pJVgKFUrZFUG9SNGLxwqtLXTLkk3TNjTJLkm2WJaCL6NXfQ9P4knwKXwC03YPtnUgMMx8XzKZIGJUacf5sjIrq2vrG9nN3Nb2zu6evX/woMJYYlLHIQtlM0CKMCpIXVPNSDOSBPGAkUYwuJ34jSGRioaipkcRaXPUE7RLMdJG8u2jGryGHqeiWPNxySvV/MSTHEo0PvXtvFN2poDLxE1JHqSo+vaP1wlxzInQmCGlWq4T6XaCpKaYkXGu4MWKRAgPUI+0DBWIE9VOpp8Yw4JROrAbSnOEhlM192cjQVypEQ/MJEe6rxa9ifif14p197KdUBHFmgg8e6gbM6hDOGkEdqgkWLORIQhLasJC3EcSYW16m7upM6SRSlM/zmKbktzFSpZJ/ax8VXbvz/OVm7StLDgGJ6AIXHABKuAOVEEdYPAEXsAreLOerXfrw/qcjWasdOcQzMH6/gWd/qPE</latexit><latexit sha1_base64="T06hY8B1bMZ4J6MjGDmPyvki4q8=">AAACInicbVDNSgMxGMzWv1r/Vr3pJVgKFUrZFUG9SNGLxwqtLXTLkk3TNjTJLkm2WJaCL6NXfQ9P4knwKXwC03YPtnUgMMx8XzKZIGJUacf5sjIrq2vrG9nN3Nb2zu6evX/woMJYYlLHIQtlM0CKMCpIXVPNSDOSBPGAkUYwuJ34jSGRioaipkcRaXPUE7RLMdJG8u2jGryGHqeiWPNxySvV/MSTHEo0PvXtvFN2poDLxE1JHqSo+vaP1wlxzInQmCGlWq4T6XaCpKaYkXGu4MWKRAgPUI+0DBWIE9VOpp8Yw4JROrAbSnOEhlM192cjQVypEQ/MJEe6rxa9ifif14p197KdUBHFmgg8e6gbM6hDOGkEdqgkWLORIQhLasJC3EcSYW16m7upM6SRSlM/zmKbktzFSpZJ/ax8VXbvz/OVm7StLDgGJ6AIXHABKuAOVEEdYPAEXsAreLOerXfrw/qcjWasdOcQzMH6/gWd/qPE</latexit><latexit sha1_base64="T06hY8B1bMZ4J6MjGDmPyvki4q8=">AAACInicbVDNSgMxGMzWv1r/Vr3pJVgKFUrZFUG9SNGLxwqtLXTLkk3TNjTJLkm2WJaCL6NXfQ9P4knwKXwC03YPtnUgMMx8XzKZIGJUacf5sjIrq2vrG9nN3Nb2zu6evX/woMJYYlLHIQtlM0CKMCpIXVPNSDOSBPGAkUYwuJ34jSGRioaipkcRaXPUE7RLMdJG8u2jGryGHqeiWPNxySvV/MSTHEo0PvXtvFN2poDLxE1JHqSo+vaP1wlxzInQmCGlWq4T6XaCpKaYkXGu4MWKRAgPUI+0DBWIE9VOpp8Yw4JROrAbSnOEhlM192cjQVypEQ/MJEe6rxa9ifif14p197KdUBHFmgg8e6gbM6hDOGkEdqgkWLORIQhLasJC3EcSYW16m7upM6SRSlM/zmKbktzFSpZJ/ax8VXbvz/OVm7StLDgGJ6AIXHABKuAOVEEdYPAEXsAreLOerXfrw/qcjWasdOcQzMH6/gWd/qPE</latexit><latexit sha1_base64="T06hY8B1bMZ4J6MjGDmPyvki4q8=">AAACInicbVDNSgMxGMzWv1r/Vr3pJVgKFUrZFUG9SNGLxwqtLXTLkk3TNjTJLkm2WJaCL6NXfQ9P4knwKXwC03YPtnUgMMx8XzKZIGJUacf5sjIrq2vrG9nN3Nb2zu6evX/woMJYYlLHIQtlM0CKMCpIXVPNSDOSBPGAkUYwuJ34jSGRioaipkcRaXPUE7RLMdJG8u2jGryGHqeiWPNxySvV/MSTHEo0PvXtvFN2poDLxE1JHqSo+vaP1wlxzInQmCGlWq4T6XaCpKaYkXGu4MWKRAgPUI+0DBWIE9VOpp8Yw4JROrAbSnOEhlM192cjQVypEQ/MJEe6rxa9ifif14p197KdUBHFmgg8e6gbM6hDOGkEdqgkWLORIQhLasJC3EcSYW16m7upM6SRSlM/zmKbktzFSpZJ/ax8VXbvz/OVm7StLDgGJ6AIXHABKuAOVEEdYPAEXsAreLOerXfrw/qcjWasdOcQzMH6/gWd/qPE</latexit><latexit sha1_base64="T06hY8B1bMZ4J6MjGDmPyvki4q8=">AAACInicbVDNSgMxGMzWv1r/Vr3pJVgKFUrZFUG9SNGLxwqtLXTLkk3TNjTJLkm2WJaCL6NXfQ9P4knwKXwC03YPtnUgMMx8XzKZIGJUacf5sjIrq2vrG9nN3Nb2zu6evX/woMJYYlLHIQtlM0CKMCpIXVPNSDOSBPGAkUYwuJ34jSGRioaipkcRaXPUE7RLMdJG8u2jGryGHqeiWPNxySvV/MSTHEo0PvXtvFN2poDLxE1JHqSo+vaP1wlxzInQmCGlWq4T6XaCpKaYkXGu4MWKRAgPUI+0DBWIE9VOpp8Yw4JROrAbSnOEhlM192cjQVypEQ/MJEe6rxa9ifif14p197KdUBHFmgg8e6gbM6hDOGkEdqgkWLORIQhLasJC3EcSYW16m7upM6SRSlM/zmKbktzFSpZJ/ax8VXbvz/OVm7StLDgGJ6AIXHABKuAOVEEdYPAEXsAreLOerXfrw/qcjWasdOcQzMH6/gWd/qPE</latexit>

 if the reheating temperature is high



relaxion begins to roll again

misalignment angle can be generated

T > min(Tc, Tra)
<latexit sha1_base64="T06hY8B1bMZ4J6MjGDmPyvki4q8=">AAACInicbVDNSgMxGMzWv1r/Vr3pJVgKFUrZFUG9SNGLxwqtLXTLkk3TNjTJLkm2WJaCL6NXfQ9P4knwKXwC03YPtnUgMMx8XzKZIGJUacf5sjIrq2vrG9nN3Nb2zu6evX/woMJYYlLHIQtlM0CKMCpIXVPNSDOSBPGAkUYwuJ34jSGRioaipkcRaXPUE7RLMdJG8u2jGryGHqeiWPNxySvV/MSTHEo0PvXtvFN2poDLxE1JHqSo+vaP1wlxzInQmCGlWq4T6XaCpKaYkXGu4MWKRAgPUI+0DBWIE9VOpp8Yw4JROrAbSnOEhlM192cjQVypEQ/MJEe6rxa9ifif14p197KdUBHFmgg8e6gbM6hDOGkEdqgkWLORIQhLasJC3EcSYW16m7upM6SRSlM/zmKbktzFSpZJ/ax8VXbvz/OVm7StLDgGJ6AIXHABKuAOVEEdYPAEXsAreLOerXfrw/qcjWasdOcQzMH6/gWd/qPE</latexit><latexit sha1_base64="T06hY8B1bMZ4J6MjGDmPyvki4q8=">AAACInicbVDNSgMxGMzWv1r/Vr3pJVgKFUrZFUG9SNGLxwqtLXTLkk3TNjTJLkm2WJaCL6NXfQ9P4knwKXwC03YPtnUgMMx8XzKZIGJUacf5sjIrq2vrG9nN3Nb2zu6evX/woMJYYlLHIQtlM0CKMCpIXVPNSDOSBPGAkUYwuJ34jSGRioaipkcRaXPUE7RLMdJG8u2jGryGHqeiWPNxySvV/MSTHEo0PvXtvFN2poDLxE1JHqSo+vaP1wlxzInQmCGlWq4T6XaCpKaYkXGu4MWKRAgPUI+0DBWIE9VOpp8Yw4JROrAbSnOEhlM192cjQVypEQ/MJEe6rxa9ifif14p197KdUBHFmgg8e6gbM6hDOGkEdqgkWLORIQhLasJC3EcSYW16m7upM6SRSlM/zmKbktzFSpZJ/ax8VXbvz/OVm7StLDgGJ6AIXHABKuAOVEEdYPAEXsAreLOerXfrw/qcjWasdOcQzMH6/gWd/qPE</latexit><latexit sha1_base64="T06hY8B1bMZ4J6MjGDmPyvki4q8=">AAACInicbVDNSgMxGMzWv1r/Vr3pJVgKFUrZFUG9SNGLxwqtLXTLkk3TNjTJLkm2WJaCL6NXfQ9P4knwKXwC03YPtnUgMMx8XzKZIGJUacf5sjIrq2vrG9nN3Nb2zu6evX/woMJYYlLHIQtlM0CKMCpIXVPNSDOSBPGAkUYwuJ34jSGRioaipkcRaXPUE7RLMdJG8u2jGryGHqeiWPNxySvV/MSTHEo0PvXtvFN2poDLxE1JHqSo+vaP1wlxzInQmCGlWq4T6XaCpKaYkXGu4MWKRAgPUI+0DBWIE9VOpp8Yw4JROrAbSnOEhlM192cjQVypEQ/MJEe6rxa9ifif14p197KdUBHFmgg8e6gbM6hDOGkEdqgkWLORIQhLasJC3EcSYW16m7upM6SRSlM/zmKbktzFSpZJ/ax8VXbvz/OVm7StLDgGJ6AIXHABKuAOVEEdYPAEXsAreLOerXfrw/qcjWasdOcQzMH6/gWd/qPE</latexit><latexit sha1_base64="T06hY8B1bMZ4J6MjGDmPyvki4q8=">AAACInicbVDNSgMxGMzWv1r/Vr3pJVgKFUrZFUG9SNGLxwqtLXTLkk3TNjTJLkm2WJaCL6NXfQ9P4knwKXwC03YPtnUgMMx8XzKZIGJUacf5sjIrq2vrG9nN3Nb2zu6evX/woMJYYlLHIQtlM0CKMCpIXVPNSDOSBPGAkUYwuJ34jSGRioaipkcRaXPUE7RLMdJG8u2jGryGHqeiWPNxySvV/MSTHEo0PvXtvFN2poDLxE1JHqSo+vaP1wlxzInQmCGlWq4T6XaCpKaYkXGu4MWKRAgPUI+0DBWIE9VOpp8Yw4JROrAbSnOEhlM192cjQVypEQ/MJEe6rxa9ifif14p197KdUBHFmgg8e6gbM6hDOGkEdqgkWLORIQhLasJC3EcSYW16m7upM6SRSlM/zmKbktzFSpZJ/ax8VXbvz/OVm7StLDgGJ6AIXHABKuAOVEEdYPAEXsAreLOerXfrw/qcjWasdOcQzMH6/gWd/qPE</latexit><latexit sha1_base64="T06hY8B1bMZ4J6MjGDmPyvki4q8=">AAACInicbVDNSgMxGMzWv1r/Vr3pJVgKFUrZFUG9SNGLxwqtLXTLkk3TNjTJLkm2WJaCL6NXfQ9P4knwKXwC03YPtnUgMMx8XzKZIGJUacf5sjIrq2vrG9nN3Nb2zu6evX/woMJYYlLHIQtlM0CKMCpIXVPNSDOSBPGAkUYwuJ34jSGRioaipkcRaXPUE7RLMdJG8u2jGryGHqeiWPNxySvV/MSTHEo0PvXtvFN2poDLxE1JHqSo+vaP1wlxzInQmCGlWq4T6XaCpKaYkXGu4MWKRAgPUI+0DBWIE9VOpp8Yw4JROrAbSnOEhlM192cjQVypEQ/MJEe6rxa9ifif14p197KdUBHFmgg8e6gbM6hDOGkEdqgkWLORIQhLasJC3EcSYW16m7upM6SRSlM/zmKbktzFSpZJ/ax8VXbvz/OVm7StLDgGJ6AIXHABKuAOVEEdYPAEXsAreLOerXfrw/qcjWasdOcQzMH6/gWd/qPE</latexit>

 if the reheating temperature is high



As temperature drops, the backreaction potential appears again

misalignment is dynamically generated

[Banerjee, HK and Perez 18]



the relaxion DM induces
an oscillation of fundamental constants

L � sin ✓h�
�

v

h
�mf f̄f +
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4⇡

FF +
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GG
i

<latexit sha1_base64="bICbujZaSJsRL+zcb1LuD4I1+go="></latexit><latexit sha1_base64="bICbujZaSJsRL+zcb1LuD4I1+go="></latexit><latexit sha1_base64="bICbujZaSJsRL+zcb1LuD4I1+go="></latexit><latexit sha1_base64="bICbujZaSJsRL+zcb1LuD4I1+go="></latexit><latexit sha1_base64="bICbujZaSJsRL+zcb1LuD4I1+go="></latexit>

for instance

�mf

mf
⇠ sin ✓h�

�

v
' sin ✓h�

p
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m�v
cos(m�t)

<latexit sha1_base64="BRu45n5k4/YoXw2Mebtr38zRjL8="></latexit><latexit sha1_base64="BRu45n5k4/YoXw2Mebtr38zRjL8="></latexit><latexit sha1_base64="BRu45n5k4/YoXw2Mebtr38zRjL8="></latexit><latexit sha1_base64="BRu45n5k4/YoXw2Mebtr38zRjL8="></latexit><latexit sha1_base64="BRu45n5k4/YoXw2Mebtr38zRjL8="></latexit>

one way to probe such oscillation is

to use atomic clocks

[Arvanitaki, Huang, Tilburg 14]



[Banerjee, HK, Matsedonskyi, Perez and Safronova 20]

[Banerjee, HK, Perez 18]








