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Parity and Time reversal



P and T are violated by electroweak interactions

P-violation (Wu 56)
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... but not in the strong interactions



which is shocking! QCDs are P, T violating
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In SM, quark phases contribute to       through the anomaly ✓ = ✓QCD + argDet{Mq}
<latexit sha1_base64="7UmcDfO1MvP+OpHgfOqaKw2Dic4=">AAACIXicbZBNS8NAEIY39avWr6pHL4tFEISS1IJeBKE9eBEUrApNCZvttF26+XB3IpSQv+LFv+LFgyK9iX/GbdqDWl9YeHhnhtl5/VgKjbb9aRUWFpeWV4qrpbX1jc2t8vbOrY4SxaHFIxmpe59pkCKEFgqUcB8rYIEv4c4fNib1u0dQWkThDY5i6ASsH4qe4AyN5ZVPXRwAMnpGp+ClrgrodaOZ0SOaM1N9muXUBKQZddNL78HNvHLFrtq56Dw4M6iQma688tjtRjwJIEQumdZtx46xkzKFgkvISm6iIWZ8yPrQNhiyAHQnzS/M6IFxurQXKfNCpLn7cyJlgdajwDedAcOB/lubmP/V2gn2TjupCOMEIeTTRb1EUozoJC7aFQo4ypEBxpUwf6V8wBTjaEItmRCcvyfPw22t6hxXa9f1ynl9FkeR7JF9ckgcckLOyQW5Ii3CyRN5IW/k3Xq2Xq0PazxtLVizmV3yS9bXN0lsolE=</latexit>



Electric Dipole Moment of the neutron?
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A classical pic of a neutron (~ 2 fm)
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Magnetic moment elecric dipole moment

dn = (2.4± 1.0)✓ ⇥ 10�3e fm
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✓ ⇠ O(1)
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    E-field

Experimental search ...

Mesurable larmor precession difference?

!l = |Bµ+ Ed|
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Neutron EDM breaks P, T

P T

|✓| < 1.3⇥ 10�10
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The theta angle of the strong interactions

- The value of     controls neutral P,T violation in the QCD, SM

n

✓

Measured today |✓| < 10�10 (strong CP problem: why???)
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QCD vacuum energy generated by QCD!

1 - ... if               is a dynamical field, QCD will relax it to its minimum ... strong CP explained!✓(t,x)

QCD vacuum energy minimised at theta = 0 !!
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F. WilczekS. Weinberg

2 - PQ Mechanism: Global U(1) axial sym spontaneously broken-> Goldstone boson

Roberto Peccei Helen Quinn

New Spontaneous symmetry breaking [energy] scale fa

Canonically normalised    -field is the QCD AXION!✓ a(x) = ✓(x)fa

New scale        can relate to fundamental scales (string, flavor)fa

Peccei & Quinn 77

3 - Relic oscillations of the axion-field ...

J. Preskill M. Wise F. Wilczek

W. Fischler M. Dine
P. Sikivie

COLD DARK MATTER



The axion "field" is NOT relaxing...



Motivations (hep-th): axions and axion-like particles beyond the SM
- Axions and "axion-like" particles are generic in BSM + compatible with SUSY, GUTs and String Theories

pseudo Goldstone Bosons

- Global symmetry spontaneously broken 

�(x) = ⇢(x)ei✓(x)

Examples: QCD mesons, ..., QCD axion, Majoron, R-axion, Familon ... 

stringy axions

- Im parts of moduli fields (control sizes) 

- O(100) candidates in typical compactifications 
- masses from non-perturbative effects

- The QCD axion might be a requirement of quantum gravity
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- Axion couplings with SM particles are also generic (shift-symmetry determines leading interactions)
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Some Popular PP Axion models



Hot-DM ê CMB ê BBN
SN1987ABurst Duration SK

Globular Clusters HgagLHgaeL?

White Dwarfs HgaeL?

Solar Neutrino flux HgagLHgaeL

IAXO CAST Telescope Beam
DumpADMX-IIADMX

Cold DM predictions
PreInflation-PQ

PostInflation-PQ
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Reactors 
Had. dec

what do we know about fA??

10�13
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<latexit sha1_base64="5Hii8nbVYwDtFtvGrDmRblXwDaY=">AAAB7nicbVDLSsNAFL2prxpfVZdugkVwVZKWkmYhFty4rGAf0MYymU7aoZMHMxOhhIK/4MaFIm79A//DnX/jNCni68DA4ZxzmXuPFzMqpGl+aIWV1bX1jeKmvrW9s7tX2j/oiCjhmLRxxCLe85AgjIakLalkpBdzggKPka43vVj43VvCBY3CazmLiRugcUh9ipFUUtcyb1LLmQ9LZbNiZjD+EmtJyudv+tkdALSGpffBKMJJQEKJGRKib5mxdFPEJcWMzPVBIkiM8BSNSV/REAVEuGm27tw4UcrI8COuXiiNTP0+kaJAiFngqWSA5ET89hbif14/kX7DTWkYJ5KEOP/IT5ghI2NxuzGinGDJZoogzKna1cATxBGWqiE9K8Gq2nbdUrc7jmPXazkxa42vEjrViqViV2a5WYUcRTiCYzgFC2xowiW0oA0YpnAPj/CkxdqD9qy95NGCtpw5hB/QXj8By3SQ7g==</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="9t03LVISqgghxiTXM9vMSe+oytY=">AAAB7nicbVDLSgMxFM3UV62vqks3wSK4KklLmc6u4MZlBfuAdiyZNNOGZjJDkhHK0I9w40IRt36PO//GtB3E14HA4Zxzyb0nSATXBqEPp7CxubW9U9wt7e0fHB6Vj0+6Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gtmV0u/d8+U5rG8NfOE+RGZSB5ySoyVehjdZdhbjMoVVEUrwL8E56QCcrRH5ffhOKZpxKShgmg9wCgxfkaU4VSwRWmYapYQOiMTNrBUkohpP1utu4AXVhnDMFb2SQNX6veJjERaz6PAJiNipvq3txT/8wapCZt+xmWSGibp+qMwFdDEcHk7HHPFqBFzSwhV3O4K6ZQoQo1tqLQqAddct4Ht7Z7nuY36mqB686uEbq2KbewGVVq1vI4iOAPn4BJg4IIWuAZt0AEUzMADeALPTuI8Oi/O6zpacPKZU/ADztsnceyPMQ==</latexit>

A
<latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit>

A
<latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit>
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10�13
<latexit sha1_base64="hcseoUaYV0rVluf7pAM5TWzX32o=">AAAB73icbVDLSsNAFL2prxpfVZdugkVwY0laStqFWHDjsoJ9QBvLZDpph04ezkyEEgp+gxsXirj1C/wPd/6N06SIrwMDh3POZe49bsSokKb5oeWWlldW1/Lr+sbm1vZOYXevLcKYY9LCIQt510WCMBqQlqSSkW7ECfJdRjru5Hzud24JFzQMruQ0Io6PRgH1KEZSSV3LvE5OrMpsUCiaJTOF8ZdYC1I8e9NP7wCgOSi894chjn0SSMyQED3LjKSTIC4pZmSm92NBIoQnaER6igbIJ8JJ0n1nxpFShoYXcvUCaaTq94kE+UJMfVclfSTH4rc3F//zerH0ak5CgyiWJMDZR17MDBka8+ONIeUESzZVBGFO1a4GHiOOsFQV6WkJVtm2q5a6vV6v29VKRsxK7auEdrlkqdilWWyUIUMeDuAQjsECGxpwAU1oAQYG9/AIT9qN9qA9ay9ZNKctZvbhB7TXTy1KkR8=</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="F3MxFS5DuFR5Np+w1wajzSawxnE=">AAAB73icbVDLSgMxFM3UV62vqks3wSK4sSQtZdpdwY3LCvYB7VgyadqGZjJjkhHK0J9w40IRt/6OO//GdDqIrwOBwznnknuPHwmuDUIfTm5tfWNzK79d2Nnd2z8oHh51dBgryto0FKHq+UQzwSVrG24E60WKkcAXrOvPLpd+954pzUN5Y+YR8wIykXzMKTFW6mF0m1zg6mJYLKEySgH/EpyREsjQGhbfB6OQxgGThgqidR+jyHgJUYZTwRaFQaxZROiMTFjfUkkCpr0k3XcBz6wyguNQ2ScNTNXvEwkJtJ4Hvk0GxEz1b28p/uf1YzOuewmXUWyYpKuPxrGAJoTL4+GIK0aNmFtCqOJ2V0inRBFqbEWFtARccd0atrc3Gg23Vl0RVK1/ldCplLGNXaNSs5LVkQcn4BScAwxc0ARXoAXagAIBHsATeHbunEfnxXldRXNONnMMfsB5+wTTs49i</latexit>

1019
<latexit sha1_base64="5Hii8nbVYwDtFtvGrDmRblXwDaY=">AAAB7nicbVDLSsNAFL2prxpfVZdugkVwVZKWkmYhFty4rGAf0MYymU7aoZMHMxOhhIK/4MaFIm79A//DnX/jNCni68DA4ZxzmXuPFzMqpGl+aIWV1bX1jeKmvrW9s7tX2j/oiCjhmLRxxCLe85AgjIakLalkpBdzggKPka43vVj43VvCBY3CazmLiRugcUh9ipFUUtcyb1LLmQ9LZbNiZjD+EmtJyudv+tkdALSGpffBKMJJQEKJGRKib5mxdFPEJcWMzPVBIkiM8BSNSV/REAVEuGm27tw4UcrI8COuXiiNTP0+kaJAiFngqWSA5ET89hbif14/kX7DTWkYJ5KEOP/IT5ghI2NxuzGinGDJZoogzKna1cATxBGWqiE9K8Gq2nbdUrc7jmPXazkxa42vEjrViqViV2a5WYUcRTiCYzgFC2xowiW0oA0YpnAPj/CkxdqD9qy95NGCtpw5hB/QXj8By3SQ7g==</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="9t03LVISqgghxiTXM9vMSe+oytY=">AAAB7nicbVDLSgMxFM3UV62vqks3wSK4KklLmc6u4MZlBfuAdiyZNNOGZjJDkhHK0I9w40IRt36PO//GtB3E14HA4Zxzyb0nSATXBqEPp7CxubW9U9wt7e0fHB6Vj0+6Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gtmV0u/d8+U5rG8NfOE+RGZSB5ySoyVehjdZdhbjMoVVEUrwL8E56QCcrRH5ffhOKZpxKShgmg9wCgxfkaU4VSwRWmYapYQOiMTNrBUkohpP1utu4AXVhnDMFb2SQNX6veJjERaz6PAJiNipvq3txT/8wapCZt+xmWSGibp+qMwFdDEcHk7HHPFqBFzSwhV3O4K6ZQoQo1tqLQqAddct4Ht7Z7nuY36mqB686uEbq2KbewGVVq1vI4iOAPn4BJg4IIWuAZt0AEUzMADeALPTuI8Oi/O6zpacPKZU/ADztsnceyPMQ==</latexit>
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<latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit>

A
<latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit>

Stellar evolution accelerated*Black hole spin radiated 
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Axion dark matter in a nutshell
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<latexit sha1_base64="j05/Ffg7ksSJ/4lHjk+ghJq1FWw=">AAAB/XicbVDJSgNBEK2JW4zbuNy8DAbBU5gRxFzEBC8eI5gFkmHo6fQkTXoWumuEOAR/xYsHRbx69Ru86dfYWQ6a+KDg8V4VVfX8RHCFtv1l5JaWV1bX8uuFjc2t7R1zd6+h4lRSVqexiGXLJ4oJHrE6chSslUhGQl+wpj+4GvvNOyYVj6NbHCbMDUkv4gGnBLXkmQcd7DMkF51AEppVR1ngVUeeWbRL9gTWInFmpFg5u/z+AICaZ352ujFNQxYhFUSptmMn6GZEIqeCjQqdVLGE0AHpsbamEQmZcrPJ9SPrWCtdK4ilrgitifp7IiOhUsPQ150hwb6a98bif147xaDsZjxKUmQRnS4KUmFhbI2jsLpcMopiqAmhkutbLdonOgfUgRV0CM78y4ukcVpy7JJzo9MowxR5OIQjOAEHzqEC11CDOlC4h0d4hhfjwXgyXo23aWvOmM3swx8Y7z+2dZeR</latexit><latexit sha1_base64="yx7mwdVzrGRl/R81Vq0CG/eLHGw=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRxFzEBC8eI5gFMmHo6fQkTXoWumuEOAzevfoDXjwo4tU/8AO86dfYWQ6a+KDg8V4VVfW8WHAFlvVl5BYWl5ZX8quFtfWNzS1ze6ehokRSVqeRiGTLI4oJHrI6cBCsFUtGAk+wpje4GPnNGyYVj8JrGMasE5BeyH1OCWjJNfcc6DMgZ44vCU2rWeq71cw1i1bJGgPPE3tKipWT8++P+wdRc81PpxvRJGAhUEGUattWDJ2USOBUsKzgJIrFhA5Ij7U1DUnAVCcdX5/hQ610sR9JXSHgsfp7IiWBUsPA050Bgb6a9Ubif147Ab/cSXkYJ8BCOlnkJwJDhEdR4C6XjIIYakKo5PpWTPtE5wA6sIIOwZ59eZ40jku2VbKvdBplNEEe7aMDdIRsdIoq6BLVUB1RdIse0TN6Me6MJ+PVeJu05ozpzC76A+P9B8vHmSA=</latexit><latexit sha1_base64="yx7mwdVzrGRl/R81Vq0CG/eLHGw=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRxFzEBC8eI5gFMmHo6fQkTXoWumuEOAzevfoDXjwo4tU/8AO86dfYWQ6a+KDg8V4VVfW8WHAFlvVl5BYWl5ZX8quFtfWNzS1ze6ehokRSVqeRiGTLI4oJHrI6cBCsFUtGAk+wpje4GPnNGyYVj8JrGMasE5BeyH1OCWjJNfcc6DMgZ44vCU2rWeq71cw1i1bJGgPPE3tKipWT8++P+wdRc81PpxvRJGAhUEGUattWDJ2USOBUsKzgJIrFhA5Ij7U1DUnAVCcdX5/hQ610sR9JXSHgsfp7IiWBUsPA050Bgb6a9Ubif147Ab/cSXkYJ8BCOlnkJwJDhEdR4C6XjIIYakKo5PpWTPtE5wA6sIIOwZ59eZ40jku2VbKvdBplNEEe7aMDdIRsdIoq6BLVUB1RdIse0TN6Me6MJ+PVeJu05ozpzC76A+P9B8vHmSA=</latexit><latexit sha1_base64="Zy9UlhSCt4mwH9qhAShSmQOtdb0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5K4sRuhxY3LCvYBTQiT6aQdOpmEmRuhhuKvuHGhiFv/w51/47TNQlsPXDiccy/33hOmgmtwnG+rtLa+sblV3q7s7O7tH9iHRx2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64fhm5ncfmNI8kfcwSZkfk6HkEacEjBTYJx6MGJBrL1KE5s1pHgXNaWBXnZozB14lbkGqqEArsL+8QUKzmEmggmjdd50U/Jwo4FSwacXLNEsJHZMh6xsqScy0n8+vn+JzowxwlChTEvBc/T2Rk1jrSRyazpjASC97M/E/r59BVPdzLtMMmKSLRVEmMCR4FgUecMUoiIkhhCpubsV0REwOYAKrmBDc5ZdXSeey5jo1986pNupFHGV0is7QBXLRFWqgW9RCbUTRI3pGr+jNerJerHfrY9FasoqZY/QH1ucPmoGVQw==</latexit>�⇡

<latexit sha1_base64="unNOnWnANSRGx13f74prrsQ/Ur4=">AAAB63icbVC7SgNBFL0bXzG+opY2g0GwMezamDJgYxnBPCBZwuxkNhkyj2VmVghLfsHGQhFbf8Av8Bvs/BB7Z5MUmnjgwuGce7n3nijhzFjf//IKa+sbm1vF7dLO7t7+QfnwqGVUqgltEsWV7kTYUM4kbVpmOe0kmmIRcdqOxte5376n2jAl7+wkoaHAQ8liRrDNpYtewvrlil/1Z0CrJFiQSh2+3z8AoNEvf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbHbrFJ05ZYBipV1Ji2bq74kMC2MmInKdAtuRWfZy8T+vm9q4FmZMJqmlkswXxSlHVqH8cTRgmhLLJ45gopm7FZER1phYF0/JhRAsv7xKWpfVwK8Gty6NGsxRhBM4hXMI4ArqcAMNaAKBETzAEzx7wnv0XrzXeWvBW8wcwx94bz9JXpCd</latexit><latexit sha1_base64="DmhobvOZcCPzby0PV5HJOKPh6F8=">AAAB63icbVC7SgNBFL0bXzG+opY2g0GwMezamDJgI9hEMA9IljA7mU2GzMwuM7PCsuQXbCwUsfUH/BRJ44fYO5uk0MQDFw7n3Mu99wQxZ9q47pdTWFvf2Nwqbpd2dvf2D8qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/F17rcfqNIskvcmjakv8FCykBFscumiF7N+ueJW3RnQKvEWpFKH74/ptHDb6Jc/e4OIJIJKQzjWuuu5sfEzrAwjnE5KvUTTGJMxHtKupRILqv1sdusEnVllgMJI2ZIGzdTfExkWWqcisJ0Cm5Fe9nLxP6+bmLDmZ0zGiaGSzBeFCUcmQvnjaMAUJYanlmCimL0VkRFWmBgbT8mG4C2/vEpal1XPrXp3No0azFGEEziFc/DgCupwAw1oAoERPMIzvDjCeXJenbd5a8FZzBzDHzjvP+bskdI=</latexit><latexit sha1_base64="DmhobvOZcCPzby0PV5HJOKPh6F8=">AAAB63icbVC7SgNBFL0bXzG+opY2g0GwMezamDJgI9hEMA9IljA7mU2GzMwuM7PCsuQXbCwUsfUH/BRJ44fYO5uk0MQDFw7n3Mu99wQxZ9q47pdTWFvf2Nwqbpd2dvf2D8qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/F17rcfqNIskvcmjakv8FCykBFscumiF7N+ueJW3RnQKvEWpFKH74/ptHDb6Jc/e4OIJIJKQzjWuuu5sfEzrAwjnE5KvUTTGJMxHtKupRILqv1sdusEnVllgMJI2ZIGzdTfExkWWqcisJ0Cm5Fe9nLxP6+bmLDmZ0zGiaGSzBeFCUcmQvnjaMAUJYanlmCimL0VkRFWmBgbT8mG4C2/vEpal1XPrXp3No0azFGEEziFc/DgCupwAw1oAoERPMIzvDjCeXJenbd5a8FZzBzDHzjvP+bskdI=</latexit><latexit sha1_base64="UzmxYhRFh7MdDL6ilZOeqvo0nC4=">AAAB63icbVA9SwNBEJ3zM8avqKXNYhBsDHc2pgzYWEYwH5AcYW8zSZbs7h27e0I48hdsLBSx9Q/Z+W/cS67QxAcDj/dmmJkXJYIb6/vf3sbm1vbObmmvvH9weHRcOTltmzjVDFssFrHuRtSg4ApblluB3UQjlZHATjS9y/3OE2rDY/VoZwmGko4VH3FGbS5d9xM+qFT9mr8AWSdBQapQoDmofPWHMUslKssENaYX+IkNM6otZwLn5X5qMKFsSsfYc1RRiSbMFrfOyaVThmQUa1fKkoX6eyKj0piZjFynpHZiVr1c/M/rpXZUDzOuktSiYstFo1QQG5P8cTLkGpkVM0co09zdStiEasqsi6fsQghWX14n7Zta4NeCB7/aqBdxlOAcLuAKAriFBtxDE1rAYALP8ApvnvRevHfvY9m64RUzZ/AH3ucPtR6N9g==</latexit> 0
<latexit sha1_base64="43L7HRh0Q5e+sd5ZzJQaFulX2lI=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWIQrMKsjekM2FgmYi6QLGF2cjYZMzu7zMwKYckT2FgoYutTWPkQdr6Nk0uhiT8MfPz/Ocw5J0gE14aQbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/z1gMqzWN5Z8YJ+hEdSB5yRo216qRXLJEymcldBW8BpavPj1uwqvWKX91+zNIIpWGCat3xSGL8jCrDmcBJoZtqTCgb0QF2LEoaofaz2aAT98w6fTeMlX3SuDP3d0dGI63HUWArI2qGejmbmv9lndSEFT/jMkkNSjb/KEyFa2J3urXb5wqZEWMLlCluZ3XZkCrKjL1NwR7BW155FZoXZY+UvTopVSswVx5O4BTOwYNLqMIN1KABDBAe4RlenHvnyXl13ualOWfRcwx/5Lz/ADNkjq0=</latexit><latexit sha1_base64="S0f1jRcMN/TyyTLOJUeA4B/Jjjw=">AAAB5HicbZC7SgNBFIbPeo3rLdoKMhgEq7BrYzoDNpYJmAskIcxOziZjZmeXmVkhLCmtbCwUWx8jlQ9h5zP4Ek4uhSb+MPDx/+cw55wgEVwbz/ty1tY3Nre2czvu7t7+wWHeParrOFUMaywWsWoGVKPgEmuGG4HNRCGNAoGNYHgzzRsPqDSP5Z0ZJdiJaF/ykDNqrFX1uvmCV/RmIqvgL6Bw/TGpfj+eTird/Ge7F7M0QmmYoFq3fC8xnYwqw5nAsdtONSaUDWkfWxYljVB3stmgY3JunR4JY2WfNGTm/u7IaKT1KApsZUTNQC9nU/O/rJWasNTJuExSg5LNPwpTQUxMpluTHlfIjBhZoExxOythA6ooM/Y2rj2Cv7zyKtQvi75X9AvlEsyVgxM4gwvw4QrKcAsVqAEDhCd4gVfn3nl23uaFa86i4xj+yHn/AcMuj8w=</latexit><latexit sha1_base64="S0f1jRcMN/TyyTLOJUeA4B/Jjjw=">AAAB5HicbZC7SgNBFIbPeo3rLdoKMhgEq7BrYzoDNpYJmAskIcxOziZjZmeXmVkhLCmtbCwUWx8jlQ9h5zP4Ek4uhSb+MPDx/+cw55wgEVwbz/ty1tY3Nre2czvu7t7+wWHeParrOFUMaywWsWoGVKPgEmuGG4HNRCGNAoGNYHgzzRsPqDSP5Z0ZJdiJaF/ykDNqrFX1uvmCV/RmIqvgL6Bw/TGpfj+eTird/Ge7F7M0QmmYoFq3fC8xnYwqw5nAsdtONSaUDWkfWxYljVB3stmgY3JunR4JY2WfNGTm/u7IaKT1KApsZUTNQC9nU/O/rJWasNTJuExSg5LNPwpTQUxMpluTHlfIjBhZoExxOythA6ooM/Y2rj2Cv7zyKtQvi75X9AvlEsyVgxM4gwvw4QrKcAsVqAEDhCd4gVfn3nl23uaFa86i4xj+yHn/AcMuj8w=</latexit><latexit sha1_base64="qe3NlLpNv6Cxlfwv8Z9I1tvTV50=">AAAB5HicbVA9SwNBEJ2LX/H8irY2i0GwCns2pgzYWEYwH5AcYW8zl6zZ2zt294Rw5BfYWCi2/iY7/42b5AqNPhh4vDfDzLwok8JYSr+8ytb2zu5edd8/ODw6Pqn5p12T5ppjh6cy1f2IGZRCYccKK7GfaWRJJLEXzW6Xfu8JtRGperDzDMOETZSIBWfWSfd0VKvTBl2B/CVBSepQoj2qfQ7HKc8TVJZLZswgoJkNC6at4BIX/jA3mDE+YxMcOKpYgiYsVocuyKVTxiROtStlyUr9OVGwxJh5ErnOhNmp2fSW4n/eILdxMyyEynKLiq8XxbkkNiXLr8lYaORWzh1hXAt3K+FTphm3LhvfhRBsvvyXdK8bAW0E9VazDKMK53ABVxDADbTgDtrQAQ4Iz/AKb96j9+K9rxsrXjlxBr/gfXwDC+WLgA==</latexit>

⇡
<latexit sha1_base64="xK+8aPVjfApawzkC8KHkUfAusAk=">AAAB6nicbZC7SgNBFIbPxluMt6ilzWAQrMKujekSsLGMl1wgWcLsZDYZMju7zJwVwpJHsLFQxNaHsPIh7HwbJ5dCE38Y+Pj/c5hzTpBIYdB1v53c2vrG5lZ+u7Czu7d/UDw8apo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRlfTvPXAtRGxusdxwv2IDpQIBaNorbtuInrFklt2ZyKr4C2gVP38uAWreq/41e3HLI24QiapMR3PTdDPqEbBJJ8UuqnhCWUjOuAdi4pG3PjZbNQJObNOn4Sxtk8hmbm/OzIaGTOOAlsZURya5Wxq/pd1UgwrfiZUkiJXbP5RmEqCMZnuTfpCc4ZybIEyLeyshA2ppgztdQr2CN7yyqvQvCh7btm7cUu1CsyVhxM4hXPw4BJqcA11aACDATzCM7w40nlyXp23eWnOWfQcwx857z8KCI/G</latexit><latexit sha1_base64="JzjTaeFm+yuKhXlT1N2+DNiUSM8=">AAAB6nicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTNBdIQpidnE2GzM4uM7NCWFJa2lgoYutDpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+SdGcbYDmlP8oAzaqx124p5J5d3C+5UZBm8OeSvPsaV74eTcbmT+2x1I5aEKA0TVOum58amnVJlOBM4yrYSjTFlA9rDpkVJQ9TtdDrqiJxZp0uCSNknDZm6vztSGmo9DH1bGVLT14vZxPwvayYmKLZTLuPEoGSzj4JEEBORyd6kyxUyI4YWKFPczkpYnyrKjL1O1h7BW1x5GWoXBc8teBU3XyrCTBk4hlM4Bw8uoQQ3UIYqMOjBIzzDiyOcJ+fVeZuVrjjzniP4I+f9BxQDkgs=</latexit><latexit sha1_base64="JzjTaeFm+yuKhXlT1N2+DNiUSM8=">AAAB6nicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTNBdIQpidnE2GzM4uM7NCWFJa2lgoYutDpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+SdGcbYDmlP8oAzaqx124p5J5d3C+5UZBm8OeSvPsaV74eTcbmT+2x1I5aEKA0TVOum58amnVJlOBM4yrYSjTFlA9rDpkVJQ9TtdDrqiJxZp0uCSNknDZm6vztSGmo9DH1bGVLT14vZxPwvayYmKLZTLuPEoGSzj4JEEBORyd6kyxUyI4YWKFPczkpYnyrKjL1O1h7BW1x5GWoXBc8teBU3XyrCTBk4hlM4Bw8uoQQ3UIYqMOjBIzzDiyOcJ+fVeZuVrjjzniP4I+f9BxQDkgs=</latexit><latexit sha1_base64="AjlcWKHB1+A2NAT06C/eQfG2BjI=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswp6NKQM2lhHNByRH2NvsJUv29o7dOSEc+Qk2ForY+ovs/Ddukis08cHA470ZZuaFqZIWKf32Nja3tnd2S3vl/YPDo+PKyWnbJpnhosUTlZhuyKxQUosWSlSimxrB4lCJTji5nfudJ2GsTPQjTlMRxGykZSQ5Qyc99FM5qFRpjS5A1olfkCoUaA4qX/1hwrNYaOSKWdvzaYpBzgxKrsSs3M+sSBmfsJHoOapZLGyQL06dkUunDEmUGFcayUL9PZGz2NppHLrOmOHYrnpz8T+vl2FUD3Kp0wyF5stFUaYIJmT+NxlKIziqqSOMG+luJXzMDOPo0im7EPzVl9dJ+7rm05p/T6uNehFHCc7hAq7AhxtowB00oQUcRvAMr/DmKe/Fe/c+lq0bXjFzBn/gff4AS3uNvw==</latexit>

1: The axion field (A) is the dynamical 
version of the theta angle of QCD 

We observe ✓ ' 0
<latexit sha1_base64="3MfmsEgjGDE1mkMnfbyoGEp9nqU=">AAAB9XicdVC7SkNBEJ3r2/iKWtosBsEq7I2PaGXAxlLFqJBE2buZmMW9D3fnKiHkP2wsFLG1tfIj7Pwb9yYKKnpg4HDODDNzgkQrS5y/e0PDI6Nj4xOTuanpmdm5/PzCsY1TI7EqYx2b00BY1CrCKinSeJoYFGGg8SS43M38k2s0VsXREXUSbITiIlItJQU56axObSRRtyrEK8bP8wVe3C7zjZLPMlLa9MsZ4aW19U3mF3kfhZ3Xl0Nw2D/Pv9WbsUxDjEhqYW3N5wk1usKQkhp7uXpqMRHyUlxgzdFIhGgb3f7VPbbilCZrxcZVRKyvfp/oitDaThi4zlBQ2/72MvEvr5ZSa6vRVVGSEkZysKiVakYxyyJgTWVQku44IqRR7lYm28IISS6onAvh61P2PzkuFX1e9A94obIFA0zAEizDKvhQhgrswT5UQYKBW7iHB+/Gu/MevadB65D3ObMIP+A9fwBUlpSM</latexit><latexit sha1_base64="kl0xPHihGSAdB5/T8DIMn0g/Oac=">AAAB9XicdVDLSgNBEJz1GeMr6lGQwSB4CrPxET0Z8OIxglEhiWF20psMzj6c6VVC8Og/ePGgiFevOfkR3vwGf8LZREFFCxqKqm66u7xYSYOMvTkjo2PjE5OZqez0zOzcfG5h8dhEiRZQFZGK9KnHDSgZQhUlKjiNNfDAU3Dine+n/sklaCOj8Ai7MTQC3g6lLwVHK53VsQPI60YGcEFZM5dnhd0S2yq6NCXFbbeUElbc2NymboENkN976R++36z0K83ca70ViSSAEIXixtRcFmOjxzVKoeA6W08MxFyc8zbULA15AKbRG1x9Tdes0qJ+pG2FSAfq94keD4zpBp7tDDh2zG8vFf/yagn6O42eDOMEIRTDRX6iKEY0jYC2pAaBqmsJF1raW6nocM0F2qCyNoSvT+n/5LhYcFnBPWT58g4ZIkOWySpZJy4pkTI5IBVSJYJockvuyYNz5dw5j87TsHXE+ZxZIj/gPH8AXpGW0Q==</latexit><latexit sha1_base64="kl0xPHihGSAdB5/T8DIMn0g/Oac=">AAAB9XicdVDLSgNBEJz1GeMr6lGQwSB4CrPxET0Z8OIxglEhiWF20psMzj6c6VVC8Og/ePGgiFevOfkR3vwGf8LZREFFCxqKqm66u7xYSYOMvTkjo2PjE5OZqez0zOzcfG5h8dhEiRZQFZGK9KnHDSgZQhUlKjiNNfDAU3Dine+n/sklaCOj8Ai7MTQC3g6lLwVHK53VsQPI60YGcEFZM5dnhd0S2yq6NCXFbbeUElbc2NymboENkN976R++36z0K83ca70ViSSAEIXixtRcFmOjxzVKoeA6W08MxFyc8zbULA15AKbRG1x9Tdes0qJ+pG2FSAfq94keD4zpBp7tDDh2zG8vFf/yagn6O42eDOMEIRTDRX6iKEY0jYC2pAaBqmsJF1raW6nocM0F2qCyNoSvT+n/5LhYcFnBPWT58g4ZIkOWySpZJy4pkTI5IBVSJYJockvuyYNz5dw5j87TsHXE+ZxZIj/gPH8AXpGW0Q==</latexit><latexit sha1_base64="pVaH16nhnBwNHv4ALlLZsTc2MOU=">AAAB9XicdVBNS0JBFJ1nX2ZfVss2QxK0knlWajuhTUuD/AA1mTdedXDeRzP3FSL+jzYtimjbf2nXv2meGlTUgQuHc+7l3nu8SEmDjH04qaXlldW19HpmY3Nreye7u1c3YawF1ESoQt30uAElA6ihRAXNSAP3PQUNb3SR+I070EaGwTWOI+j4fBDIvhQcrXTTxiEgbxvpwy1l3WyO5c9L7Kzg0oQUim4pIaxwclqkbp7NkCMLVLvZ93YvFLEPAQrFjWm5LMLOhGuUQsE0044NRFyM+ABalgbcB9OZzK6e0iOr9Gg/1LYCpDP1+8SE+8aMfc92+hyH5reXiH95rRj75c5EBlGMEIj5on6sKIY0iYD2pAaBamwJF1raW6kYcs0F2qAyNoSvT+n/pF7IuyzvXrFcpbyII00OyCE5Ji4pkQq5JFVSI4Jo8kCeyLNz7zw6L87rvDXlLGb2yQ84b5+WCZKF</latexit>

VQCD(✓)
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  2: The QCD vacuum energy depends on   
      it has a minimum at                 !!!!✓ = 0
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  3: Axions field rolls down potential at  

     and becomes dark matter (like inflaton)
tosc ⇠ 1/mA
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5: Scenario B : Initial conditions after inflation 

   dark matter inhomogeneous at scales below ~ pc

q
h✓2I i ⇠ 2

<latexit sha1_base64="QySFkdjgZ1sPCT4Z74G+ivXTcHg="></latexit><latexit sha1_base64="vk4IXL/xPAnWZChrhiom6ai30e8="></latexit><latexit sha1_base64="vk4IXL/xPAnWZChrhiom6ai30e8="></latexit><latexit sha1_base64="2ElmyDToArb0Ln9OkNY7/XZTHzg="></latexit>

  4: Axion dark matter abundance depends: 
      - Axion mass 
      - Initial angle  ⌦ch
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6: Scenario A : Inflation AFTER initial conditions 

   dark matter homogeneous
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1019
<latexit sha1_base64="5Hii8nbVYwDtFtvGrDmRblXwDaY=">AAAB7nicbVDLSsNAFL2prxpfVZdugkVwVZKWkmYhFty4rGAf0MYymU7aoZMHMxOhhIK/4MaFIm79A//DnX/jNCni68DA4ZxzmXuPFzMqpGl+aIWV1bX1jeKmvrW9s7tX2j/oiCjhmLRxxCLe85AgjIakLalkpBdzggKPka43vVj43VvCBY3CazmLiRugcUh9ipFUUtcyb1LLmQ9LZbNiZjD+EmtJyudv+tkdALSGpffBKMJJQEKJGRKib5mxdFPEJcWMzPVBIkiM8BSNSV/REAVEuGm27tw4UcrI8COuXiiNTP0+kaJAiFngqWSA5ET89hbif14/kX7DTWkYJ5KEOP/IT5ghI2NxuzGinGDJZoogzKna1cATxBGWqiE9K8Gq2nbdUrc7jmPXazkxa42vEjrViqViV2a5WYUcRTiCYzgFC2xowiW0oA0YpnAPj/CkxdqD9qy95NGCtpw5hB/QXj8By3SQ7g==</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="9t03LVISqgghxiTXM9vMSe+oytY=">AAAB7nicbVDLSgMxFM3UV62vqks3wSK4KklLmc6u4MZlBfuAdiyZNNOGZjJDkhHK0I9w40IRt36PO//GtB3E14HA4Zxzyb0nSATXBqEPp7CxubW9U9wt7e0fHB6Vj0+6Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gtmV0u/d8+U5rG8NfOE+RGZSB5ySoyVehjdZdhbjMoVVEUrwL8E56QCcrRH5ffhOKZpxKShgmg9wCgxfkaU4VSwRWmYapYQOiMTNrBUkohpP1utu4AXVhnDMFb2SQNX6veJjERaz6PAJiNipvq3txT/8wapCZt+xmWSGibp+qMwFdDEcHk7HHPFqBFzSwhV3O4K6ZQoQo1tqLQqAddct4Ht7Z7nuY36mqB686uEbq2KbewGVVq1vI4iOAPn4BJg4IIWuAZt0AEUzMADeALPTuI8Oi/O6zpacPKZU/ADztsnceyPMQ==</latexit>
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<latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit>

More interactingLess interacting

Excluded (too much DM) N>1

Excluded (too much DM) ok sub

⇠ ⇡0.1 < ✓I < 3.0
<latexit sha1_base64="zQWFXuYexA8CWvIW1Ja163MDaa8=">AAAB/HicdVDLSsNAFJ34rPVV7dLNYBFchaQt1EIXBTe6q2Af0IYwmU7aoZMHMzdCKPVX3LhQxK0f4s6/cZpGUNEDFw7n3Mu993ix4Aos68NYW9/Y3Nou7BR39/YPDktHxz0VJZKyLo1EJAceUUzwkHWBg2CDWDISeIL1vdnl0u/fMal4FN5CGjMnIJOQ+5wS0JJbKlum3cIjmDIg7jVu4ZppuaWKZTYz4BVp1HPStLFtWhkqKEfHLb2PxhFNAhYCFUSpoW3F4MyJBE4FWxRHiWIxoTMyYUNNQxIw5cyz4xf4TCtj7EdSVwg4U79PzEmgVBp4ujMgMFW/vaX4lzdMwL9w5jyME2AhXS3yE4Ehwssk8JhLRkGkmhAqub4V0ymRhILOq6hD+PoU/096VdOumdWbeqVdz+MooBN0is6RjRqoja5QB3URRSl6QE/o2bg3Ho0X43XVumbkM2X0A8bbJ/MrkwQ=</latexit>

10�3 < ✓I < 0.1
<latexit sha1_base64="HWb3VuwkV0xzCQjLXDR3SJ9omi0=">AAACAHicdVA9SwNBEN3zM8avqIWFzWIQbDzukkAMpAjYaBfBfEASw95mkyzZ2zt254RwXONfsbFQxNafYee/cZOcoKIPBh7vzTAzzwsF1+A4H9bS8srq2npmI7u5tb2zm9vbb+ogUpQ1aCAC1faIZoJL1gAOgrVDxYjvCdbyJhczv3XHlOaBvIFpyHo+GUk+5JSAkfq5Q9e5jc+KSRV3YcyA9K9wFTu228/lHbsyB16QciklFRe7tjNHHqWo93Pv3UFAI59JoIJo3XGdEHoxUcCpYEm2G2kWEjohI9YxVBKf6V48fyDBJ0YZ4GGgTEnAc/X7REx8rae+Zzp9AmP925uJf3mdCIbnvZjLMAIm6WLRMBIYAjxLAw+4YhTE1BBCFTe3YjomilAwmWVNCF+f4v9Js2C7RbtwXcrXSmkcGXSEjtEpclEZ1dAlqqMGoihBD+gJPVv31qP1Yr0uWpesdOYA/YD19gn0kJSy</latexit>

The axion DM mass?

Scenario B : Initial conditions after inflation 

Scenario A : Inflation AFTER initial conditions 

✓I =?
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Globular Clusters HgagLHgaeL?
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Solar Neutrino flux HgagLHgaeL
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Cold DM predictions
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10-7 10-6 10-5 10-4 10-3 10-2 10-1 1 10 102 103 104 105 106
-0.5

0.0

0.5

1.0

1.5

2.0
1014 1013 1012 1011 1010 109 108 107 106 105 104 103 102 101

ma@eVD

fa@GeVD

Reactors 
Had. dec

EXCLUDED 
Astrophysics

10�13
<latexit sha1_base64="hcseoUaYV0rVluf7pAM5TWzX32o=">AAAB73icbVDLSsNAFL2prxpfVZdugkVwY0laStqFWHDjsoJ9QBvLZDpph04ezkyEEgp+gxsXirj1C/wPd/6N06SIrwMDh3POZe49bsSokKb5oeWWlldW1/Lr+sbm1vZOYXevLcKYY9LCIQt510WCMBqQlqSSkW7ECfJdRjru5Hzud24JFzQMruQ0Io6PRgH1KEZSSV3LvE5OrMpsUCiaJTOF8ZdYC1I8e9NP7wCgOSi894chjn0SSMyQED3LjKSTIC4pZmSm92NBIoQnaER6igbIJ8JJ0n1nxpFShoYXcvUCaaTq94kE+UJMfVclfSTH4rc3F//zerH0ak5CgyiWJMDZR17MDBka8+ONIeUESzZVBGFO1a4GHiOOsFQV6WkJVtm2q5a6vV6v29VKRsxK7auEdrlkqdilWWyUIUMeDuAQjsECGxpwAU1oAQYG9/AIT9qN9qA9ay9ZNKctZvbhB7TXTy1KkR8=</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="F3MxFS5DuFR5Np+w1wajzSawxnE=">AAAB73icbVDLSgMxFM3UV62vqks3wSK4sSQtZdpdwY3LCvYB7VgyadqGZjJjkhHK0J9w40IRt/6OO//GdDqIrwOBwznnknuPHwmuDUIfTm5tfWNzK79d2Nnd2z8oHh51dBgryto0FKHq+UQzwSVrG24E60WKkcAXrOvPLpd+954pzUN5Y+YR8wIykXzMKTFW6mF0m1zg6mJYLKEySgH/EpyREsjQGhbfB6OQxgGThgqidR+jyHgJUYZTwRaFQaxZROiMTFjfUkkCpr0k3XcBz6wyguNQ2ScNTNXvEwkJtJ4Hvk0GxEz1b28p/uf1YzOuewmXUWyYpKuPxrGAJoTL4+GIK0aNmFtCqOJ2V0inRBFqbEWFtARccd0atrc3Gg23Vl0RVK1/ldCplLGNXaNSs5LVkQcn4BScAwxc0ARXoAXagAIBHsATeHbunEfnxXldRXNONnMMfsB5+wTTs49i</latexit>

1019
<latexit sha1_base64="5Hii8nbVYwDtFtvGrDmRblXwDaY=">AAAB7nicbVDLSsNAFL2prxpfVZdugkVwVZKWkmYhFty4rGAf0MYymU7aoZMHMxOhhIK/4MaFIm79A//DnX/jNCni68DA4ZxzmXuPFzMqpGl+aIWV1bX1jeKmvrW9s7tX2j/oiCjhmLRxxCLe85AgjIakLalkpBdzggKPka43vVj43VvCBY3CazmLiRugcUh9ipFUUtcyb1LLmQ9LZbNiZjD+EmtJyudv+tkdALSGpffBKMJJQEKJGRKib5mxdFPEJcWMzPVBIkiM8BSNSV/REAVEuGm27tw4UcrI8COuXiiNTP0+kaJAiFngqWSA5ET89hbif14/kX7DTWkYJ5KEOP/IT5ghI2NxuzGinGDJZoogzKna1cATxBGWqiE9K8Gq2nbdUrc7jmPXazkxa42vEjrViqViV2a5WYUcRTiCYzgFC2xowiW0oA0YpnAPj/CkxdqD9qy95NGCtpw5hB/QXj8By3SQ7g==</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="9t03LVISqgghxiTXM9vMSe+oytY=">AAAB7nicbVDLSgMxFM3UV62vqks3wSK4KklLmc6u4MZlBfuAdiyZNNOGZjJDkhHK0I9w40IRt36PO//GtB3E14HA4Zxzyb0nSATXBqEPp7CxubW9U9wt7e0fHB6Vj0+6Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gtmV0u/d8+U5rG8NfOE+RGZSB5ySoyVehjdZdhbjMoVVEUrwL8E56QCcrRH5ffhOKZpxKShgmg9wCgxfkaU4VSwRWmYapYQOiMTNrBUkohpP1utu4AXVhnDMFb2SQNX6veJjERaz6PAJiNipvq3txT/8wapCZt+xmWSGibp+qMwFdDEcHk7HHPFqBFzSwhV3O4K6ZQoQo1tqLQqAddct4Ht7Z7nuY36mqB686uEbq2KbewGVVq1vI4iOAPn4BJg4IIWuAZt0AEUzMADeALPTuI8Oi/O6zpacPKZU/ADztsnceyPMQ==</latexit>
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<latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit><latexit sha1_base64="ARn4qxGxJYEXnLUqyqTv3vT9Up8=">AAAB6XicZVDLagJBEJw1L2NeJjnmMkSEnGRXI6s3Qy45KsQH6CKzY68Ozj6YmQ3I4hfkFEgg5JpPyil/k3FdJCYFDUVVN91dbsSZVKb5beR2dvf2D/KHhaPjk9Oz4vlFT4axoNClIQ/FwCUSOAugq5jiMIgEEN/l0Hfn9yu//wRCsjB4VIsIHJ9MA+YxSpSWOnfjYsmsmCnwf2JlpIQytMfFr9EkpLEPgaKcSDm0zEg5CRGKUQ7LwiiWEBE6J1MYahoQH6STpIcucVkrE+yFQlegcKr+nkiIL+XCd3WnT9RM/vVW4sYrb61SXsNJWBDFCgK63uTFHKsQr97GEyaAKr7QhFDB9LGYzoggVOlwCmkKVtW265Z+vtls2vXampi1xiaFXrVi6bbObanVyPLIoyt0jW6QhWzUQg+ojbqIIkDP6BW9GXPjxXg3PtatOSObuURbMD5/ADiZjUo=</latexit>

More interactingLess interacting

The axion DM mass?

Classical axion window 
(natural initial conditions)

Anthropic axion window 
(seemingly tuned ICs)



On the search for the axion: 2019
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Globular Clusters HgagLHgaeL?

White Dwarfs HgaeL?

Solar Neutrino flux HgagLHgaeL

IAXO CAST Telescope Beam
DumpADMX-IIADMX

Cold DM predictions
PreInflation-PQ

PostInflation-PQ
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<latexit sha1_base64="hcseoUaYV0rVluf7pAM5TWzX32o=">AAAB73icbVDLSsNAFL2prxpfVZdugkVwY0laStqFWHDjsoJ9QBvLZDpph04ezkyEEgp+gxsXirj1C/wPd/6N06SIrwMDh3POZe49bsSokKb5oeWWlldW1/Lr+sbm1vZOYXevLcKYY9LCIQt510WCMBqQlqSSkW7ECfJdRjru5Hzud24JFzQMruQ0Io6PRgH1KEZSSV3LvE5OrMpsUCiaJTOF8ZdYC1I8e9NP7wCgOSi894chjn0SSMyQED3LjKSTIC4pZmSm92NBIoQnaER6igbIJ8JJ0n1nxpFShoYXcvUCaaTq94kE+UJMfVclfSTH4rc3F//zerH0ak5CgyiWJMDZR17MDBka8+ONIeUESzZVBGFO1a4GHiOOsFQV6WkJVtm2q5a6vV6v29VKRsxK7auEdrlkqdilWWyUIUMeDuAQjsECGxpwAU1oAQYG9/AIT9qN9qA9ay9ZNKctZvbhB7TXTy1KkR8=</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="F3MxFS5DuFR5Np+w1wajzSawxnE=">AAAB73icbVDLSgMxFM3UV62vqks3wSK4sSQtZdpdwY3LCvYB7VgyadqGZjJjkhHK0J9w40IRt/6OO//GdDqIrwOBwznnknuPHwmuDUIfTm5tfWNzK79d2Nnd2z8oHh51dBgryto0FKHq+UQzwSVrG24E60WKkcAXrOvPLpd+954pzUN5Y+YR8wIykXzMKTFW6mF0m1zg6mJYLKEySgH/EpyREsjQGhbfB6OQxgGThgqidR+jyHgJUYZTwRaFQaxZROiMTFjfUkkCpr0k3XcBz6wyguNQ2ScNTNXvEwkJtJ4Hvk0GxEz1b28p/uf1YzOuewmXUWyYpKuPxrGAJoTL4+GIK0aNmFtCqOJ2V0inRBFqbEWFtARccd0atrc3Gg23Vl0RVK1/ldCplLGNXaNSs5LVkQcn4BScAwxc0ARXoAXagAIBHsATeHbunEfnxXldRXNONnMMfsB5+wTTs49i</latexit>

1019
<latexit sha1_base64="5Hii8nbVYwDtFtvGrDmRblXwDaY=">AAAB7nicbVDLSsNAFL2prxpfVZdugkVwVZKWkmYhFty4rGAf0MYymU7aoZMHMxOhhIK/4MaFIm79A//DnX/jNCni68DA4ZxzmXuPFzMqpGl+aIWV1bX1jeKmvrW9s7tX2j/oiCjhmLRxxCLe85AgjIakLalkpBdzggKPka43vVj43VvCBY3CazmLiRugcUh9ipFUUtcyb1LLmQ9LZbNiZjD+EmtJyudv+tkdALSGpffBKMJJQEKJGRKib5mxdFPEJcWMzPVBIkiM8BSNSV/REAVEuGm27tw4UcrI8COuXiiNTP0+kaJAiFngqWSA5ET89hbif14/kX7DTWkYJ5KEOP/IT5ghI2NxuzGinGDJZoogzKna1cATxBGWqiE9K8Gq2nbdUrc7jmPXazkxa42vEjrViqViV2a5WYUcRTiCYzgFC2xowiW0oA0YpnAPj/CkxdqD9qy95NGCtpw5hB/QXj8By3SQ7g==</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="9t03LVISqgghxiTXM9vMSe+oytY=">AAAB7nicbVDLSgMxFM3UV62vqks3wSK4KklLmc6u4MZlBfuAdiyZNNOGZjJDkhHK0I9w40IRt36PO//GtB3E14HA4Zxzyb0nSATXBqEPp7CxubW9U9wt7e0fHB6Vj0+6Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gtmV0u/d8+U5rG8NfOE+RGZSB5ySoyVehjdZdhbjMoVVEUrwL8E56QCcrRH5ffhOKZpxKShgmg9wCgxfkaU4VSwRWmYapYQOiMTNrBUkohpP1utu4AXVhnDMFb2SQNX6veJjERaz6PAJiNipvq3txT/8wapCZt+xmWSGibp+qMwFdDEcHk7HHPFqBFzSwhV3O4K6ZQoQo1tqLQqAddct4Ht7Z7nuY36mqB686uEbq2KbewGVVq1vI4iOAPn4BJg4IIWuAZt0AEUzMADeALPTuI8Oi/O6zpacPKZU/ADztsnceyPMQ==</latexit>

EXCLUDED 
Astrophysics

EX
CL

UD
ED

 B
HS

R

CASPER DM RADIO

ADMX 
HAYSTAK 
CULTASK 

KLASH? 
CASTCAPP 
ORGAN 
RADES 

DM RADIO 
ABRACADABRA 

MAINZ-BERKELEY MADMAX 
ARIADNE

BRASS 

IAXO  
TASTE 

R&D

Mature techniques

FLAVOR?

ARIADNE

CAVITY

Looks good eh?? well ...

FLAVOR?
requires axion  
flavour-violating couplings

ARIADNE
requires beyond SM   
CP violation (SUSY?)

hybrid 
ferro-e 
cavity

requires axion 
electron coupling +RD

DISHve
ry

 o
pt

im
ist

ic 

hybrid 
ferro-e 
cavity

DISH

MADMAX



Detecting axion DM



Detecting axion DM

✓ =
X

k

✓k cos(!t� ~k · ~x)
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- Axion spectrum is not exactly monochromatic, non-zero velocity of DM in the galaxy -> finite width

frequency

vg =
k

!
⇠ vvir ⇠ 200km/s < vesc
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- Axion DM,                                 +B, source in Maxwell’✓ = ✓0 cos(mat)

Axion DM and the cavity concept

r ·D = ⇢f

r⇥H� @D

@t
= Jf � Ca�

↵

2⇡
B
@✓

@t
r ·B = 0

@B

@t
+r⇥E = 0

<latexit sha1_base64="nA9c5f8qOn2jqasNs+CO8wnBLAY="></latexit>
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- Haloscope (Sikivie 83)  
  “Amplify resonantly the EM field in a resonant cavity”  P. Sikivie

B ⇠ 10T- B-fields 
- Volume ⇠ 1/m3

a (typically a few liters)

- Cavity quality factor Q ⇠ 105

Pout ⇠ Q|Ea|2V ma (on resonance)

- Temperature T ⇠ 0.2� 4K

- System T ~ Quantum limited (SQUID, JPA)

Pnoise = Tsys�⌫a ⇠ Tsys10
�6ma
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In a magnetised medium

E(t) =
Ca�↵✓0B

2⇡✏
cos(mat)

<latexit sha1_base64="nzLgSG2aGQk4JRdZMV7GPuccMAM="></latexit>

   
   

   
   

   
  B

-fi
el

d

   
   

   
   

   
  B

-fi
el

d

   
   

   
   

   
  B

-fi
el

d

   
   

   
   

   
  B

-fi
el

d

|E| ' 10�12 V

m

Ca�

2

|B|
10T

<latexit sha1_base64="sPWs1/pTYj5Eq6eWITGyMS2GHog="></latexit>



Cavities at high-mass?

Pout ⇠ Q|Ea|2V ma (on resonance)

Q #
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V ma ⇠ 1

m2
a
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Pnoise = Tsys�⌫a ⇠ Tsys10
�6ma
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�⌫a / ma
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Ideas:  
- Less V, More B! 
- Couple + cavities ~ x4 per octave 
- QL amplifiers  
- Squeezed light detection  
- Quantum non demolition meas.



Radiation from a dielectric interface ...

Emitted EM-wave

E(t) =
c�↵✓0B

2⇡✏
cos(mat) E(t) =

c�↵✓0B

2⇡
cos(mat)

Boundary conditions!

E||1 = E||2Emitted EM-wave



Dish antenna
- Detect radiated power from a huge (                            )   magnetised dishAm2

a � 106

- Broadband, no resonance enhancement; Only detector needs to be at T~mK (high reflectivity dish)
- Maximise Volume even if you loose Q

FUNK experiment (KIT)BRASS @ Hamburg
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Ps ⇠ |Ea|2 ⇥Area ⇠ 2⇥ 10�27
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Pcavity
⇠ |Ea|2A

Q|Ea|2V ma
⇠ Am2

a

Q
<latexit sha1_base64="0mYYHYlU+yYVDhpqaUW0TxChyE0="></latexit>

Plus:  
- No tuning! 
- Absolute simplicity  
- Backgrounds (only detector) 
- Eventually better than cavities, but for   
      (where both are not good)

ma ⇠ meV
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Horns 2013



is there something in between ? Dielecrtic Haloscopes Millar 2017

Ps / QVma
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<latexit sha1_base64="GaA95ol4BoWs4TAvCcXQXbh0sMY=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9mtgj1WvHisYD+gu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5lpQltEcqm7MTaUM0FblllOu0pTnMacduLx3dzvPFFtmBSPdqJolOKhYAkj2DopbPZNqLRUVqLbfrniV/0F0DoJclKBHM1++SscSJKlVFjCsTG9wFc2mmJtGeF0VgozQxUmYzykPUcFTqmJpoubZ+jCKQOUSO1KWLRQf09McWrMJI1dZ4rtyKx6c/E/r5fZpB5NmVCZpYIsFyUZR+7FeQBowDQllk8cwUQzdysiI6wxsS6mkgshWH15nbRr1eCqWnu4rjTqeRxFOINzuIQAbqAB99CEFhBQ8Ayv8OZl3ov37n0sWwtePnMKf+B9/gC19ZFv</latexit>

- Emission from a STACK of dielectrics ... add coherently! Ps = |Ea|2A⇥ �2(⌫)
<latexit sha1_base64="VH7AGNlHO6x3mfCVthUw7GrXv30=">AAACGHicbVDLSsNAFJ34rPUVdelmsAh1U5Mq2I1QEcFlBfuApobJdKJDJ5MwcyOUtJ/hxl9x40IRt935N04fC7UeuHA4517uvSdIBNfgOF/WwuLS8spqbi2/vrG5tW3v7DZ0nCrK6jQWsWoFRDPBJasDB8FaiWIkCgRrBr3Lsd98ZErzWN5CP2GdiNxLHnJKwEi+fVzzNT7Hg8wLQnw19MngrowzT0X4Yog94BHT2AsYkLty0ZPpkW8XnJIzAZ4n7owU0Aw13x553ZimEZNABdG67ToJdDKigFPBhnkv1SwhtEfuWdtQSczGTjZ5bIgPjdLFYaxMScAT9edERiKt+1FgOiMCD/qvNxb/89ophJVOxmWSApN0uihMBYYYj1PCXa4YBdE3hFDFza2YPhBFKJgs8yYE9+/L86RRLrknpfLNaaFamcWRQ/voABWRi85QFV2jGqojip7QC3pD79az9Wp9WJ/T1gVrNrOHfsEafQPs1Z5t</latexit>

Ps / A⇥N2...
<latexit sha1_base64="l0Ohk83UO9JQqaEFfLR2+kornms=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZCYoqQg0bGIhQkViT6kJkSO67RW7cSyHaQq6s7Cr7AwgBArP8DG3+C2GaDlSJaOzrlX1+dEglGlXffbWlldW9/YLG2Vt3d29/btg8O2SjOJSQunLJXdCCnCaEJammpGukISxCNGOtHoaup3HohUNE3u9FiQgKNBQmOKkTZSaFeaoYK+kKnQKcx9yeHlBPqacqLgzX0NOo4T2lXXcWeAy8QrSBUUaIb2l99PccZJojFDSvU8V+ggR1JTzMik7GeKCIRHaEB6hibIHAvyWZYJPDFKH8apNC/RcKb+3sgRV2rMIzPJkR6qRW8q/uf1Mh3Xg5wmItMkwfNDccagyT0tBvapJFizsSEIS2r+CvEQSYS1qa9sSvAWIy+Tds3xzpza7Xm1US/qKIFjUAGnwAMXoAGuQRO0AAaP4Bm8gjfryXqx3q2P+eiKVewcgT+wPn8AP76ZNQ==</latexit>

- transparent mode
- maximum reflection... cavity effect
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Dielectric haloscopes to search for axion DM Dielecrtic Haloscopes Millar 2017 Caldwell  2017

- 1D Transfer matrix formalism + axion emission from each interface 

- Optimise setups                             by adjusting distances    �2 ⇠ const in �!
<latexit sha1_base64="Nq9/6fcub/9dCXCHit8S7ZTcohw=">AAACGnicbZDLSitBEIZ7vJvj0ahLN43hwFmFmRxBl4IuXCoYFTI5oaZTiY19GbprxDDkOdz4Km5cKOJO3Pg2dmIW3n5o+Piriur6s1xJT3H8Gk1Nz8zOzS8sVn4t/V5eqa6unXhbOIFNYZV1Zxl4VNJgkyQpPMsdgs4UnmYXe6P66SU6L605pkGObQ19I3tSAAWrU03SDAn+N3jqpeZl6jQX1nga8pTwikouDQ+8j4ogtRr70KnW4no8Fv8OyQRqbKLDTvU57VpRaDQkFHjfSuKc2iU4kkLhsJIWHnMQF9DHVkADGn27HJ825H+C0+U968IzxMfux4kStPcDnYVODXTuv9ZG5k+1VkG9nXYpTV4QGvG+qFcoTpaPcuJd6VCQGgQA4WT4Kxfn4EBQSLMSQki+nvwdThr15F+9cbRV292ZxLHANtgm+8sSts122QE7ZE0m2DW7ZffsIbqJ7qLH6Om9dSqazKyzT4pe3gCV5aCR</latexit>

- Correlate boost factor with reflectivity and phase delay

• optimal bandwidth  = max  (time to readjust disks, 1/Q)

• make sure that you are boosting in the correct range!

B = 10 T 
A = 1 m^2 80 disks 

LaAlO3  (n~5) QL detection  
3 year 



Magnetized Disc-and-Mirror Axion Experiment: MADMAX

• CEA-IRFU, Saclay, France 
• DESY Hamburg 
• MPI for Physics, Munich  
• MPI for Radio Astronomy, Bonn 
• RWTH Aachen 
• University of Hamburg 
• University of Tübingen 
• University of Zaragoza, Spain 

Collaboration forming on 18th Oct. 2017

Site: DESY Hamburg,  
hall north 



Dielectric haloscope : MADMAX

Mirror

Parabolic Mirror

10 T dipole magnet       Horn antenna  
(+ receiver)

80 adjustable dielectric discs 
⊘: ~1m

Separate cryogenic 
volume

~2m



Disks

→ Sapphire (Al2O3) @ 300K, 10 GHz:

Dielectric disc, chose material: 
▫ High dielectric constant  (for large boost & conversion) 
▫ Low loss → low tan δ (reduce photon losses) 
▫ Stable 
▫ Cheap

→ Lanthanide Aluminate (LaAlO3) @ 77K

→ Titanium dioxide – Rutil  (TiO2) @10 K, 8 GHz

  

  

 10-6

IEEE Trans. Ultrasonics, Ferroelectrics, and Freq. Control, vol. 
57, no. 10, October 2010



1D to 3D ... difraction!

- Suite of 1D, LEC, 2D cilindrical, 3D simulations 

� ⇠
k||
k?

⇠ 1

maD
<latexit sha1_base64="+xH5pW85H53KK47tXyOECO1YGR4=">AAACH3icbVDLSsNAFJ34rPUVdelmsAiuSqKiLou6cFnBPqAp4WY6aYfOJGFmIpQ0f+LGX3HjQhFx179x+ljU1gOXezjnXmbuCRLOlHackbWyura+sVnYKm7v7O7t2weHdRWnktAaiXksmwEoyllEa5ppTpuJpCACThtB/27sN56pVCyOnvQgoW0B3YiFjIA2km9feV0QArCnmMBeKIFkfT8bDvPcdC+hMsnnLDfPhA/4PvftklN2JsDLxJ2REpqh6ts/XicmqaCRJhyUarlOotsZSM0Ip3nRSxVNgPShS1uGRiCoameT+3J8apQODmNpKtJ4os5vZCCUGojATArQPbXojcX/vFaqw5t2xqIk1TQi04fClGMd43FYuMMkJZoPDAEimfkrJj0wSWgTadGE4C6evEzq52X3ouw8XpYqt7M4CugYnaAz5KJrVEEPqIpqiKAX9IY+0Kf1ar1bX9b3dHTFmu0coT+wRr+xQ6P7</latexit>

diffraction angle

O(1) effect



Receiver

Fake axion

Signal analyzer  
(4 samplers, 1.4% dead time)

LHe bath  
→ 4K THe + 5.5K TAmp  
  = 9.5K TSys  

Front end mixers and amps

G

fLO1

G

fLO2

1.555-1.605 GHz
Signal analyzer

33 dB
T

N
=5-6 K

-10 dB

10GHz - 20 GHz

1. Local oscillator
2.7GHz – 12.7GHz

3. Local oscillator
1.5495GHz

50 MHz10 GHz33 dB
T

N
=75 K

G

fLO2

7..25-7.75 GHz

2. Local oscillator
5.7245GHz

-10 dB -10 dB

LHe-Bath Room temperature

• Inject fake 18GHz axion signal with 10-22 W power  
• Measurement for 28 hours (integrate signal):  

Receiver at LHe temp. 
! Cross correlation analysis (8kHz Lorentz shaped) 
! found ~5σ signal succesfully 

 

! For 1 week measurement: 
Sensitivity at the level of ~ few 10-23 W 

s: Signal 
T: Testfunction  

(Lorentz, Gauss, …)

Low Noise preamp, HEMT 



Seed setup!

„Ab-sorber“Dielectric discs 
(Saphire)

Horn antenna

Removable copper 
mirror

Mirror

Booster response, Reflectivity 

Now available: 
Reflectivity measurements with up to 20 

discs 
First results: 

Reproducibility of positioning without 
algorithm: ~ µm



MADMAX Magnet ... 

100 T²m² dipole magnet:  
Never ever done before 
! Design Study  
! Prototype  
! Full scale magnet

Innovation partnership: First in MPG 
!Tedious 16 months EU tendering 

process:  Aug. 2016 – Dec 2017 
!Two innovation partners:  

CEA-IRFU Saclay, France  
Bilfinger Noell, Würzburg 

One tender for whole magnet project! 

Weight: < 200.000 Kg

Length: 6900 mm

Diameter: 4400 mm

Warm bore: 1350* mm

Operating temperature: ~2 K

Superconducting cable: 35.000 m

Superconducting wire: > 700.000 m NbTi 

So far no show stoppers, the show goes on!



Prototype booster

Build prototype with 20 discs, 30cm diameter 
Use inside prototype ( few T) magnet: 
!Test feasibility of 1m² booster 
!First physics results

VERY PRELIMINARY DESIGN!

: 

Mirror + Discs + Mechanics
Parabolic m

irro
r

Antenna



MADMAX Discovery site @DESY 

HERA

concrete

concrete

HERA distribution box

H1 cold box

Electronic Trailer

Iron yoke

Cut

ALPS IIc

ALPS IIc (valve box)

 @ DESY HERA hall north
DESY becoming an internation reference in axion searches:  

ALPS II,  
IAXO (baby IAXO) > solar axions ... 
MADMAX !!

 HERA yoke  
and control room available



Discs with 1m² surface  !Tiling needed 
 !Glueing 
 !Properties of glue? 

Bigger tiles are better!



Sensitivity proyection 

QCD axions 
hadronic axions

GUT axions



Aheads

2018-2020 
Finish Proof of principle phase,  
full understanding of 3D effects 

2018-2022 
Prototype magnet & booster  
Integration, first physics runs,  
search for ALPs and hidden photons 

Afterwards: 
Build final magnet 
Build final booster 
! Start scanning 10-30GHz  
(40-120 µeV) range 



Conclusion

QCD axions 
hadronic axions

DFSZ axions

- QCD axion hinted by Strong CP problem 
- Axions and Axion-like particles fit very well BSM 
- They are perfect cold-dark matter candidates 

- postinflation scenario > predictive ~ 100 microeV 
- preinflation scenario ... who knows!  

- Current cavity experiments optimal ~ microeV 
- very hard at 100 times that frequency! 

- MADMAX experiment: only experiment feasible  
  and actively targeting that region 

- Challenges:  
- Magnet never done before! 
- 1m^2 dielectric disks never done before! 
- tuning ~10 um 80 disks never done before! 
- Operating a QL 

- but no showstopper so far! 


