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From Ciaran O’Hare (cajohare.github.io/AxionLimits/)
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Astrophysics This talk: 
Cosmology

Axion (Like) Particles

https://cajohare.github.io/AxionLimits/


Outline

Cristina Mondino

• CMB secondary anisotropies


• Photon-axion conversion inside halos


• Axion signal (temperature, polarization)


• Sensitivity projections
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Cosmic Microwave Background

Planck 2018
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Primary CMB anisotropies
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Secondary CMB anisotropies
Interactions with intervening structure New anisotropies
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Secondary CMB anisotropies

Standard Model effects:

• Lensing

• Screening
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• Sunyaev Zel’dovich effects
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Secondary CMB anisotropies

What about New Physics?

?
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Secondary CMB anisotropies

What about New Physics?

This talk: photon to axion

conversion inside halos

…
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Future CMB experiments will have better sensitivity at high resolution

Higher sensitivity/

resolution

2015 2020 20252010

Why CMB secondaries?
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From Matt Johnson



Future CMB experiments will have better sensitivity at high resolution

S/N improvement

ACT DR6 Preliminary 
(from Sigurd Naess talk @ PI, Dec. 2023)

Current

Temperature Polarization

Why CMB secondaries?
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(expected in 2024)



• CMB secondary anisotropies


• Photon-axion conversion inside halos


• Axion signal (temperature, polarization)


• Sensitivity projections
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Photon-axion conversion
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In an external B field, we can have photon-axion oscillations 

(like neutrino oscillations)

G. Raffelt and L. Stodolsky, 1988

C. Deffayet, D. Harari, J.P. Uzan, and M. Zaldarriaga, 2002

A. Mirizzi, G. Raffelt, and P. D. Serpico, 2005



Resonant conversion
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Like for neutrinos, 

medium effects can be important!

Photon plasma mass:
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Slope of the 

number density 


profile
S. J. Parke, 1986

A. Mirizzi, J. Redondo, and G. Sigl, 2009

H. Tashiro, J. Silk, and D. J. E. Marsh, 2013
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Resonant conversion
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<latexit sha1_base64="wqZLPcGml9Og5FDdUdFUNWEF4FE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxKuM6Q==</latexit>

�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

ga��
<latexit sha1_base64="xQwHRbPmHxvqK+PQ3IZJ9HgNres=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRV0GXRjcsK9gFtCDfTSTp0JgkzE6XEfoobF4q49Uvc+TdO2yy09cC9HM65l7lzgpQzpR3n2yqtrW9sbpW3Kzu7e/sHdvWwo5JMEtomCU9kLwBFOYtpWzPNaS+VFETAaTcY38z87gOViiXxvZ6k1BMQxSxkBLSRfLsa+TkMIhCi6FPfrjl1Zw68StyC1FCBlm9/DYYJyQSNNeGgVN91Uu3lIDUjnE4rg0zRFMgYIto3NAZBlZfPT5/iU6MMcZhIU7HGc/X3Rg5CqYkIzKQAPVLL3kz8z+tnOrzychanmaYxWTwUZhzrBM9ywEMmKdF8YggQycytmIxAAtEmrYoJwV3+8irpNOrueb1xd1FrXhdxlNExOkFnyEWXqIluUQu1EUGP6Bm9ojfryXqx3q2PxWjJKnaO0B9Ynz+WxZQ2</latexit>

~B
<latexit sha1_base64="x+HWlhTeYqRpbE3+7Aa/bfE0JQc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjqxWMF+wFtKJvtpF262YTdTaGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4fu63J6g0j+WTmSboR3QoecgZNVZq9ybIsvqsXyq7FXcBsk68nJQhR6Nf+uoNYpZGKA0TVOuu5ybGz6gynAmcFXupxoSyMR1i11JJI9R+tjh3Ri6tMiBhrGxJQxbq74mMRlpPo8B2RtSM9Ko3F//zuqkJ7/yMyyQ1KNlyUZgKYmIy/50MuEJmxNQSyhS3txI2oooyYxMq2hC81ZfXSata8a4r1cebcq2ex1GAc7iAK/DgFmrwAA1oAoMxPMMrvDmJ8+K8Ox/L1g0nnzmDP3A+fwBhI4+Y</latexit>m2

pl =
e2ne

me
<latexit sha1_base64="kflGCrp2QgN3ywS7cyoFk8OuVnU=">AAACEHicbVDLSgMxFM3UV62vqks3wSK6KjNV0I1QdOOygn1AW4dMeqcNTTJDkhHKMJ/gxl9x40IRty7d+Temj4W2Hkg4nHMv994TxJxp47rfTm5peWV1Lb9e2Njc2t4p7u41dJQoCnUa8Ui1AqKBMwl1wwyHVqyAiIBDMxhej/3mAyjNInlnRjF0BelLFjJKjJX84rHw044gZqBEGvMsu6/gS9wJFaEpWC59yFJhP79YcsvuBHiReDNSQjPU/OJXpxfRRIA0lBOt254bm25KlGGUQ1boJBpiQoekD21LJRGgu+nkoAwfWaWHw0jZJw2eqL87UiK0HonAVo531/PeWPzPaycmvOimTMaJAUmng8KEYxPhcTq4xxRQw0eWEKqY3RXTAbFpGJthwYbgzZ+8SBqVsndartyelapXszjy6AAdohPkoXNURTeohuqIokf0jF7Rm/PkvDjvzse0NOfMevbRHzifP+bvnR8=</latexit>

Photon plasma mass:

r [Mpc]
<latexit sha1_base64="hdMHmJsoJ8GfoVl2hA3ePdIVrqQ=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KkkVdFl040aoYB/QhDKZTtqhM0mYmSgl9lPcuFDErV/izr9x0mahrQcGDufcyz1zgoQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+Dr3Ow9UKhZH93qSUF/gYcRCRrA2Ut+uSA/1PIH1SIrsNiFTv29XnZozA1ombkGqUKDZt7+8QUxSQSNNOFaq5zqJ9jMsNSOcTsteqmiCyRgPac/QCAuq/GwWfYpOjDJAYSzNizSaqb83MiyUmojATOYh1aKXi/95vVSHl37GoiTVNCLzQ2HKkY5R3gMaMEmJ5hNDMJHMZEVkhCUm2rRVNiW4i19eJu16zT2r1e/Oq42roo4SHMExnIILF9CAG2hCCwg8wjO8wpv1ZL1Y79bHfHTFKnYO4Q+szx87c5P8</latexit>

D
en

si
ty
/

!
2 p
l

<latexit sha1_base64="WGeX/omhR3xlzCslwuEbp19BgzM=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAiuSlIFXRbduKxgH9DEMJlO2qEzmWFmIpSQnRt/xY0LRdz6C+78GydtFtp6YOBwzr3MPScSlCjtut/W0vLK6tp6ZaO6ubW9s2vv7XcUTyXCbcQpl70IKkxJgtuaaIp7QmLIIoq70fi68LsPWCrCkzs9EThgcJiQmCCojRTaR76QXGju+JzhIQwzn0E9kiwTNM/vG6Fdc+vuFM4i8UpSAyVaof3lDzhKGU40olCpvucKHWRQaoIozqt+qrCAaAyHuG9oAhlWQTbNkTsnRhk4MZfmJdqZqr83MsiUmrDITBZXqnmvEP/z+qmOL4OMJCLVOEGzj+KUOiZ3UYozIBIjTSeGQCSJudVBIygh0qa6qinBm4+8SDqNundWb9ye15pXZR0VcAiOwSnwwAVoghvQAm2AwCN4Bq/gzXqyXqx362M2umSVOwfgD6zPH/T1mgA=</latexit>

m2
a

<latexit sha1_base64="jbURh5YbrP7j8TQqILPe8whMC8s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WKAHxuDas2tuznQKvEKUoMCrUH1qz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI8mNn6MwqQxTFypY0KFd/T2RYaD0Voe0U2Iz1sjcX//N6qYmug4zJJDVUksWiKOXIxGj+ORoyRYnhU0swUczeisgYK0yMzadiQ/CWX14l7Ubdu6g37i9rzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OdJ5cd6dj0VrySlmjuEPnM8fa9WObQ==</latexit>

ne
<latexit sha1_base64="UGE1rzExV0DQVZETWJ3SNwEpwlg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0IPvYL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8surpFWrehfV2v1lpX6Tx1GEEziFc/DgCupwBw1oAoMhPMMrvDnCeXHenY9Fa8HJZ47hD5zPH0ySjc4=</latexit>

m2
a

<latexit sha1_base64="jbURh5YbrP7j8TQqILPe8whMC8s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+WKAHxuDas2tuznQKvEKUoMCrUH1qz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI8mNn6MwqQxTFypY0KFd/T2RYaD0Voe0U2Iz1sjcX//N6qYmug4zJJDVUksWiKOXIxGj+ORoyRYnhU0swUczeisgYK0yMzadiQ/CWX14l7Ubdu6g37i9rzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OdJ5cd6dj0VrySlmjuEPnM8fa9WObQ==</latexit>

Inside DM halos
This talk:

resonance

Navarro, Frenk, and White, 1996

N. Battaglia, 2016

resonance
!pl = ma

<latexit sha1_base64="LYoBvD/QeVMwSVp43X/q/8Ye+44=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyWpgm6EohuXFewDmhAm00k7dB5hZiKUUPBX3LhQxK3f4c6/cdpmoa0HLhzOuZd774lTRrXxvG+ntLK6tr5R3qxsbe/s7rn7B20tM4VJC0smVTdGmjAqSMtQw0g3VQTxmJFOPLqd+p1HojSV4sGMUxJyNBA0oRgZK0XuUSA5GaAoDxSHKZvAa8gjFLlVr+bNAJeJX5AqKNCM3K+gL3HGiTCYIa17vpeaMEfKUMzIpBJkmqQIj9CA9CwViBMd5rPzJ/DUKn2YSGVLGDhTf0/kiGs95rHt5MgM9aI3Ff/zeplJrsKcijQzROD5oiRj0Eg4zQL2qSLYsLElCCtqb4V4iBTCxiZWsSH4iy8vk3a95p/X6vcX1cZNEUcZHIMTcAZ8cAka4A40QQtgkINn8ArenCfnxXl3PuatJaeYOQR/4Hz+AGi6lR4=</latexit>
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tres
<latexit sha1_base64="Qrznhf+9QT0kyoSvsMX8J7VSoc8="></latexit>



Resonant conversion in halos

Cristina Mondino

P res
�!a = g2a��B

2 ⇡!

m2
a

�����
d ln!2

pl

dt

�����

�1

tres
<latexit sha1_base64="Qrznhf+9QT0kyoSvsMX8J7VSoc8="></latexit>

Depends on:

• halo density profile

• frequency of the photon



CMB photon disappearance

Cristina Mondino

~B
<latexit sha1_base64="x+HWlhTeYqRpbE3+7Aa/bfE0JQc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjqxWMF+wFtKJvtpF262YTdTaGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4fu63J6g0j+WTmSboR3QoecgZNVZq9ybIsvqsXyq7FXcBsk68nJQhR6Nf+uoNYpZGKA0TVOuu5ybGz6gynAmcFXupxoSyMR1i11JJI9R+tjh3Ri6tMiBhrGxJQxbq74mMRlpPo8B2RtSM9Ko3F//zuqkJ7/yMyyQ1KNlyUZgKYmIy/50MuEJmxNQSyhS3txI2oooyYxMq2hC81ZfXSata8a4r1cebcq2ex1GAc7iAK/DgFmrwAA1oAoMxPMMrvDmJ8+K8Ox/L1g0nnzmDP3A+fwBhI4+Y</latexit>

a
<latexit sha1_base64="wqZLPcGml9Og5FDdUdFUNWEF4FE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxKuM6Q==</latexit>�

<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>
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�!a = g2a��B
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�����
d ln!2
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�����
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tres
<latexit sha1_base64="Qrznhf+9QT0kyoSvsMX8J7VSoc8="></latexit>
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CMB photon disappearance
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tres
<latexit sha1_base64="Qrznhf+9QT0kyoSvsMX8J7VSoc8="></latexit>

Distortion of the 
black body spectrum
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<latexit sha1_base64="gLYjDQMbDTrFu/aD+1fCfmGCn7s=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCAWqqQgwVjBAGOR6ENKQuS4TmvVTiLbQaqi/AELv8LCAEKsrGz8DU6bAVqOZOvonHt17z1BwqhUlvVtLCwuLa+sVtaq6xubW9vmzm5HxqnApI1jFotegCRhNCJtRRUjvUQQxANGusHoqvC7D0RIGkd3apwQj6NBREOKkdKSbx4N/Ay5A8R5+ecudFyO1FDw7Jp07rMTO88936xZdWsCOE/sktRAiZZvfrn9GKecRAozJKVjW4nyMiQUxYzkVTeVJEF4hAbE0TRCnEgvm9yTw0Ot9GEYC/0iBSfq744McSnHPNCVxaZy1ivE/zwnVeGFl9EoSRWJ8HRQmDKoYliEA/tUEKzYWBOEBdW7QjxEAmGlI6zqEOzZk+dJp1G3T+uN27Na87KMowL2wQE4BjY4B01wA1qgDTB4BM/gFbwZT8aL8W58TEsXjLJnD/yB8fkDS1Wczw==</latexit>

ma [eV]
<latexit sha1_base64="xz8m5a3f9CjClnqzBmkBG4U+g8Q=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaQKuiy6cVnBPiAJYTKdtENnJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98yJUkaVdpxva219Y3Nru7ZT393bPzi0jxp9lWQSkx5OWCKHEVKEUUF6mmpGhqkkiEeMDKLpbekPHolUNBEPepaSgKOxoDHFSBsptBs8RD70fI70RPKc9IsgtJtOy5kDrhK3Ik1QoRvaX/4owRknQmOGlPJcJ9VBjqSmmJGi7meKpAhP0Zh4hgrEiQryefYCnhllBONEmic0nKu/N3LElZrxyEyWGdWyV4r/eV6m4+sgpyLNNBF4cSjOGNQJLIuAIyoJ1mxmCMKSmqwQT5BEWJu66qYEd/nLq6TfbrkXrfb9ZbNzU9VRAyfgFJwDF1yBDrgDXdADGDyBZ/AK3qzCerHerY/F6JpV7RyDP7A+fwDpBJRc</latexit>

CMB photon disappearance
COBE/Firas 

constraint from 
spectral distortion



Cristina Mondino

The signal is not 
isotropic!

Anisotropic screening



Cristina Mondino

The signal is not 
isotropic!

Anisotropic screening

cross-correlation



Halo B field

Cristina Mondino

Auriga: high resolution cosmological magnetohydrodynamical simulations

1010 M� < Mhalo < 1013 M�
<latexit sha1_base64="HsdngKRCvCZQzceTJc3Kx0em/p4=">AAACJHicbVDLSgMxFM34rPU16tJNsAiuykwrKOii6MaNUME+oFNLJk3b0GQyJBmhDPMxbvwVNy584MKN32JmOovaeiBwOOdccu/xQ0aVdpxva2l5ZXVtvbBR3Nza3tm19/abSkQSkwYWTMi2jxRhNCANTTUj7VASxH1GWv74OvVbj0QqKoJ7PQlJl6NhQAcUI22knn3hOg+x6yQevO3FnugLncDLjHOkR5LHI8REkmpZsDob7Nklp+xkgIvEzUkJ5Kj37A+vL3DESaAxQ0p1XCfU3RhJTTEjSdGLFAkRHqMh6RgaIE5UN86OTOCxUfpwIKR5gYaZOjsRI67UhPsmma6u5r1U/M/rRHpw3o1pEEaaBHj60SBiUAuYNgb7VBKs2cQQhCU1u0I8QhJhbXotmhLc+ZMXSbNSdqvlyt1pqXaV11EAh+AInAAXnIEauAF10AAYPIEX8AberWfr1fq0vqbRJSufOQB/YP38AsPxo7E=</latexit>

R. Pakmor et al., 

Magnetising the circumgalactic medium of disk galaxies

MNRAS, 498, 3, 3125 (2020), arXiv:1911.11163

R. Pakmor et al., 

Magnetic field amplification in cosmological zoom 
simulations from dwarf galaxies to galaxy groups 
arXiv:2309.13104

Mhalo = 1012 M�
<latexit sha1_base64="ERI1P1GArp8iOKkXDSyw3Elb75M=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSlIF3QhFN26ECvYBTQyTyaQdOsmEmYlQQv7Ajb/ixoUibt2682+ctFlo64ELh3Pu5d57/IRRqSzr21hYXFpeWa2sVdc3Nre2zZ3djuSpwKSNOeOi5yNJGI1JW1HFSC8RBEU+I11/dFX43QciJOXxnRonxI3QIKYhxUhpyTOPbrzMiZAaiigbIsbzHF5A27rP7EbuwMLkAVe5Z9asujUBnCd2SWqgRMszv5yA4zQiscIMSdm3rUS5GRKKYkbyqpNKkiA8QgPS1zRGEZFuNvknh4daCWDIha5YwYn6eyJDkZTjyNedxely1ivE/7x+qsJzN6NxkioS4+miMGVQcViEAwMqCFZsrAnCgupbIR4igbDSEVZ1CPbsy/Ok06jbJ/XG7WmteVnGUQH74AAcAxucgSa4Bi3QBhg8gmfwCt6MJ+PFeDc+pq0LRjmzB/7A+PwBKiGcGQ==</latexit>

B field profile



• CMB secondary anisotropies


• Photon-axion conversion inside halos


• Axion signal (temperature, polarization)


• Sensitivity projections

Outline

Cristina Mondino



Cristina Mondino

Intensity

Polarization

Axion screening

n̂
<latexit sha1_base64="PbRghOBnOP0/8Mk6Rvh5Fm/+bJw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnf6YYqZmg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxbnzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jsZCs0ZyqkllGlhbyVsTDVlaBMq2RC81ZfXSbtW9a6qtYd6pXGbx1GEMziHS/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP6JYj8M=</latexit>

ê✓
<latexit sha1_base64="Me5rm3nU4B7IJG4ZQi27kMaOJeY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSRV0GPRi8cK9gOaEDbbSbN088HupFBC/4kXD4p49Z9489+4bXPQ1gcDj/dmmJkXZIIrtO1vo7KxubW9U92t7e0fHB6ZxyddleaSQYelIpX9gCoQPIEOchTQzyTQOBDQC8b3c783Aal4mjzhNAMvpqOEh5xR1JJvmm5EsYCZX7gYAdKZb9bthr2AtU6cktRJibZvfrnDlOUxJMgEVWrg2Bl6BZXImYBZzc0VZJSN6QgGmiY0BuUVi8tn1oVWhlaYSl0JWgv190RBY6WmcaA7Y4qRWvXm4n/eIMfw1it4kuUICVsuCnNhYWrNY7CGXAJDMdWEMsn1rRaLqKQMdVg1HYKz+vI66TYbzlWj+Xhdb92VcVTJGTknl8QhN6RFHkibdAgjE/JMXsmbURgvxrvxsWytGOXMKfkD4/MHP9KUDg==</latexit>

ê�
<latexit sha1_base64="PzveH71ernP/2sS54JqTM7RFFeo=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84DsGmYns8mQ2QczvUpY9j+8eFDEq//izb9xkuxBEwsaiqpuurv8RAqNtv1trayurW9slrbK2zu7e/uVg8O2jlPFeIvFMlZdn2ouRcRbKFDybqI4DX3JO/74Zup3HrnSIo7ucZJwL6TDSASCUTTSgzuimPG8n7nJSOT9StWu2TOQZeIUpAoFmv3KlzuIWRryCJmkWvccO0EvowoFkzwvu6nmCWVjOuQ9QyMacu1ls6tzcmqUAQliZSpCMlN/T2Q01HoS+qYzpDjSi95U/M/rpRhceZmIkhR5xOaLglQSjMk0AjIQijOUE0MoU8LcStiIKsrQBFU2ITiLLy+Tdr3mnNfqdxfVxnURRwmO4QTOwIFLaMAtNKEFDBQ8wyu8WU/Wi/VufcxbV6xi5gj+wPr8AS7jkvQ=</latexit>

~B
<latexit sha1_base64="uRlo8hSi/mbNPMK/p0LBttajcOU=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GpKxo12WunFZwdpCO5RMmmlDM5khyRTK0I9w40IRt36PO//G9CGo6IELh3Pu5d57wlRwbRD6cApr6xubW8Xt0s7u3v5B+fDoXieZoqxFE5GoTkg0E1yyluFGsE6qGIlDwdrh+HrutydMaZ7IOzNNWRCToeQRp8RYqd2bMJo3Zv1yBbno0q/iGkSuj3AN+5Z4PkbIg9hFC1TACs1++b03SGgWM2moIFp3MUpNkBNlOBVsVuplmqWEjsmQdS2VJGY6yBfnzuCZVQYwSpQtaeBC/T6Rk1jraRzazpiYkf7tzcW/vG5molqQc5lmhkm6XBRlApoEzn+HA64YNWJqCaGK21shHRFFqLEJlWwIX5/C/8m95+IL17utVuqNVRxFcAJOwTnA4ArUwQ1oghagYAwewBN4dlLn0XlxXpetBWc1cwx+wHn7BK+/j84=</latexit>

a
<latexit sha1_base64="wqZLPcGml9Og5FDdUdFUNWEF4FE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxKuM6Q==</latexit>

�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

Only B      to the line of sight 

(angular momentum conservation)

Iaxion = �ICMBP�!a
<latexit sha1_base64="10loOG3sEuhf5HEMFpVaN3goP7k="></latexit>

Iaxion / �ICMB

g2a��(B
2
✓ +B2

�)

2
<latexit sha1_base64="XFeihsSJZVlMvkbINSkYMNaUYuk="></latexit>

Qaxion / �ICMB

g2a��(B
2
✓ �B2

�)

2
<latexit sha1_base64="4VlhsmiSxpA4c9ORgMStk+6duI8="></latexit>

Uaxion / �ICMBg
2
a��(B✓B�)

<latexit sha1_base64="oXfdKZoTeswoSo+YyU9Z3Vxtpqk="></latexit>

?
<latexit sha1_base64="H61uR/NhkUTwCQVSBskQf0g9p8U=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8laQKeix68VjBtIU2lM120i7dbJbdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXSc608bxvZ219Y3Nru7RT3t3bPzisHB23dJopigFNeao6EdHImcDAMMOxIxWSJOLYjsZ3M7/9hEqzVDyaicQwIUPBYkaJsVLQk6hkv1L1at4c7irxC1KFAs1+5as3SGmWoDCUE627vidNmBNlGOU4LfcyjZLQMRli11JBEtRhPj926p5bZeDGqbIljDtXf0/kJNF6kkS2MyFmpJe9mfif181MfBPmTMjMoKCLRXHGXZO6s8/dAVNIDZ9YQqhi9laXjogi1Nh8yjYEf/nlVdKq1/zLWv3hqtq4LeIowSmcwQX4cA0NuIcmBECBwTO8wpsjnBfn3flYtK45xcwJ/IHz+QPuOI7D</latexit>

k
<latexit sha1_base64="QgoegamjyYsaKIJo1iOUrTZ/H80=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ie0oWy2k3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4dua3n1BpHkcPZpKgL+kw4iFn1FjpsZdQRYVA0S9X3Ko7B1klXk4qkKPRL3/1BjFLJUaGCap113MT42dUGc4ETku9VGNC2ZgOsWtpRCVqP5sfPCVnVhmQMFa2IkPm6u+JjEqtJzKwnZKakV72ZuJ/Xjc14bWf8ShJDUZssShMBTExmX1PBlwhM2JiCWWK21sJG9kImLEZlWwI3vLLq6RVq3oX1dr9ZaV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm+Ocl6cd+dj0Vpw8plj+APn8wfz8pCB</latexit>

Only B      to the polarization direction 

(CP conservation)

P�!a / g2a��B
2

<latexit sha1_base64="LQ+0joGuFVLRpzz8IBO3xp97/VI=">AAACIXicbVDLSgMxFM34rPVVdekmWARXZaYKdim6cVnBPqAzDnfSdBpMJkOSUcrQX3Hjr7hxoUh34s+YtrPQ6oWEwznnkpwTpZxp47qfztLyyuraemmjvLm1vbNb2dtva5kpQltEcqm6EWjKWUJbhhlOu6miICJOO9H91VTvPFClmUxuzSilgYA4YQNGwFgqrDSaYe7HIARgX7F4aEAp+YhhjP1UydRIHIc5zB3ze3xXx5d39bBSdWvubPBf4BWgiopphpWJ35ckEzQxhIPWPc9NTZCDMoxwOi77maYpkHuIac/CBATVQT5LOMbHlunjgVT2JAbP2J8bOQitRyKyTgFmqBe1Kfmf1svMoBHkLEkzQxMyf2iQcWyDT+vCfaYoMXxkARDF7F8xGYICYmypZVuCtxj5L2jXa95prX5zVr24LOoooUN0hE6Qh87RBbpGTdRCBD2hF/SG3p1n59X5cCZz65JT7BygX+N8fQOrlqPK</latexit>



Cristina Mondino

Temperature

Polarization

Axion screening

n̂
<latexit sha1_base64="PbRghOBnOP0/8Mk6Rvh5Fm/+bJw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnf6YYqZmg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxbnzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jsZCs0ZyqkllGlhbyVsTDVlaBMq2RC81ZfXSbtW9a6qtYd6pXGbx1GEMziHS/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP6JYj8M=</latexit>

ê✓
<latexit sha1_base64="Me5rm3nU4B7IJG4ZQi27kMaOJeY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSRV0GPRi8cK9gOaEDbbSbN088HupFBC/4kXD4p49Z9489+4bXPQ1gcDj/dmmJkXZIIrtO1vo7KxubW9U92t7e0fHB6ZxyddleaSQYelIpX9gCoQPIEOchTQzyTQOBDQC8b3c783Aal4mjzhNAMvpqOEh5xR1JJvmm5EsYCZX7gYAdKZb9bthr2AtU6cktRJibZvfrnDlOUxJMgEVWrg2Bl6BZXImYBZzc0VZJSN6QgGmiY0BuUVi8tn1oVWhlaYSl0JWgv190RBY6WmcaA7Y4qRWvXm4n/eIMfw1it4kuUICVsuCnNhYWrNY7CGXAJDMdWEMsn1rRaLqKQMdVg1HYKz+vI66TYbzlWj+Xhdb92VcVTJGTknl8QhN6RFHkibdAgjE/JMXsmbURgvxrvxsWytGOXMKfkD4/MHP9KUDg==</latexit>

ê�
<latexit sha1_base64="PzveH71ernP/2sS54JqTM7RFFeo=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84DsGmYns8mQ2QczvUpY9j+8eFDEq//izb9xkuxBEwsaiqpuurv8RAqNtv1trayurW9slrbK2zu7e/uVg8O2jlPFeIvFMlZdn2ouRcRbKFDybqI4DX3JO/74Zup3HrnSIo7ucZJwL6TDSASCUTTSgzuimPG8n7nJSOT9StWu2TOQZeIUpAoFmv3KlzuIWRryCJmkWvccO0EvowoFkzwvu6nmCWVjOuQ9QyMacu1ls6tzcmqUAQliZSpCMlN/T2Q01HoS+qYzpDjSi95U/M/rpRhceZmIkhR5xOaLglQSjMk0AjIQijOUE0MoU8LcStiIKsrQBFU2ITiLLy+Tdr3mnNfqdxfVxnURRwmO4QTOwIFLaMAtNKEFDBQ8wyu8WU/Wi/VufcxbV6xi5gj+wPr8AS7jkvQ=</latexit>

~B
<latexit sha1_base64="uRlo8hSi/mbNPMK/p0LBttajcOU=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GpKxo12WunFZwdpCO5RMmmlDM5khyRTK0I9w40IRt36PO//G9CGo6IELh3Pu5d57wlRwbRD6cApr6xubW8Xt0s7u3v5B+fDoXieZoqxFE5GoTkg0E1yyluFGsE6qGIlDwdrh+HrutydMaZ7IOzNNWRCToeQRp8RYqd2bMJo3Zv1yBbno0q/iGkSuj3AN+5Z4PkbIg9hFC1TACs1++b03SGgWM2moIFp3MUpNkBNlOBVsVuplmqWEjsmQdS2VJGY6yBfnzuCZVQYwSpQtaeBC/T6Rk1jraRzazpiYkf7tzcW/vG5molqQc5lmhkm6XBRlApoEzn+HA64YNWJqCaGK21shHRFFqLEJlWwIX5/C/8m95+IL17utVuqNVRxFcAJOwTnA4ArUwQ1oghagYAwewBN4dlLn0XlxXpetBWc1cwx+wHn7BK+/j84=</latexit>

a
<latexit sha1_base64="wqZLPcGml9Og5FDdUdFUNWEF4FE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxKuM6Q==</latexit>

�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

Only B      to the line of sight 

(angular momentum conservation)

?
<latexit sha1_base64="H61uR/NhkUTwCQVSBskQf0g9p8U=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8laQKeix68VjBtIU2lM120i7dbJbdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXSc608bxvZ219Y3Nru7RT3t3bPzisHB23dJopigFNeao6EdHImcDAMMOxIxWSJOLYjsZ3M7/9hEqzVDyaicQwIUPBYkaJsVLQk6hkv1L1at4c7irxC1KFAs1+5as3SGmWoDCUE627vidNmBNlGOU4LfcyjZLQMRli11JBEtRhPj926p5bZeDGqbIljDtXf0/kJNF6kkS2MyFmpJe9mfif181MfBPmTMjMoKCLRXHGXZO6s8/dAVNIDZ9YQqhi9laXjogi1Nh8yjYEf/nlVdKq1/zLWv3hqtq4LeIowSmcwQX4cA0NuIcmBECBwTO8wpsjnBfn3flYtK45xcwJ/IHz+QPuOI7D</latexit>

k
<latexit sha1_base64="QgoegamjyYsaKIJo1iOUrTZ/H80=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ie0oWy2k3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4dua3n1BpHkcPZpKgL+kw4iFn1FjpsZdQRYVA0S9X3Ko7B1klXk4qkKPRL3/1BjFLJUaGCap113MT42dUGc4ETku9VGNC2ZgOsWtpRCVqP5sfPCVnVhmQMFa2IkPm6u+JjEqtJzKwnZKakV72ZuJ/Xjc14bWf8ShJDUZssShMBTExmX1PBlwhM2JiCWWK21sJG9kImLEZlWwI3vLLq6RVq3oX1dr9ZaV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm+Ocl6cd+dj0Vpw8plj+APn8wfz8pCB</latexit>

Only B      to the polarization direction 

(CP conservation)

P�!a / g2a��B
2

<latexit sha1_base64="LQ+0joGuFVLRpzz8IBO3xp97/VI=">AAACIXicbVDLSgMxFM34rPVVdekmWARXZaYKdim6cVnBPqAzDnfSdBpMJkOSUcrQX3Hjr7hxoUh34s+YtrPQ6oWEwznnkpwTpZxp47qfztLyyuraemmjvLm1vbNb2dtva5kpQltEcqm6EWjKWUJbhhlOu6miICJOO9H91VTvPFClmUxuzSilgYA4YQNGwFgqrDSaYe7HIARgX7F4aEAp+YhhjP1UydRIHIc5zB3ze3xXx5d39bBSdWvubPBf4BWgiopphpWJ35ckEzQxhIPWPc9NTZCDMoxwOi77maYpkHuIac/CBATVQT5LOMbHlunjgVT2JAbP2J8bOQitRyKyTgFmqBe1Kfmf1svMoBHkLEkzQxMyf2iQcWyDT+vCfaYoMXxkARDF7F8xGYICYmypZVuCtxj5L2jXa95prX5zVr24LOoooUN0hE6Qh87RBbpGTdRCBD2hF/SG3p1n59X5cCZz65JT7BygX+N8fQOrlqPK</latexit>

Qaxion / �T̄
g2a��(B

2
✓ �B2

�)

2
<latexit sha1_base64="RhBUcYzyLvO4VDiPnfUtTLWncMA="></latexit>

Uaxion / �T̄ g2a��(B✓B�)
<latexit sha1_base64="65uJuBuoZmH7FD/egOI4tY0JnUs="></latexit>

Taxion / �T̄
g2a��(B

2
✓ +B2

�)

2
<latexit sha1_base64="fogrK4q9dzbChcAyoadcg2ORyAk="></latexit>



Cristina Mondino

One-point function: temperature

n̂
<latexit sha1_base64="PbRghOBnOP0/8Mk6Rvh5Fm/+bJw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnf6YYqZmg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxbnzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jsZCs0ZyqkllGlhbyVsTDVlaBMq2RC81ZfXSbtW9a6qtYd6pXGbx1GEMziHS/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP6JYj8M=</latexit>

ê✓
<latexit sha1_base64="Me5rm3nU4B7IJG4ZQi27kMaOJeY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSRV0GPRi8cK9gOaEDbbSbN088HupFBC/4kXD4p49Z9489+4bXPQ1gcDj/dmmJkXZIIrtO1vo7KxubW9U92t7e0fHB6ZxyddleaSQYelIpX9gCoQPIEOchTQzyTQOBDQC8b3c783Aal4mjzhNAMvpqOEh5xR1JJvmm5EsYCZX7gYAdKZb9bthr2AtU6cktRJibZvfrnDlOUxJMgEVWrg2Bl6BZXImYBZzc0VZJSN6QgGmiY0BuUVi8tn1oVWhlaYSl0JWgv190RBY6WmcaA7Y4qRWvXm4n/eIMfw1it4kuUICVsuCnNhYWrNY7CGXAJDMdWEMsn1rRaLqKQMdVg1HYKz+vI66TYbzlWj+Xhdb92VcVTJGTknl8QhN6RFHkibdAgjE/JMXsmbURgvxrvxsWytGOXMKfkD4/MHP9KUDg==</latexit>

ê�
<latexit sha1_base64="PzveH71ernP/2sS54JqTM7RFFeo=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84DsGmYns8mQ2QczvUpY9j+8eFDEq//izb9xkuxBEwsaiqpuurv8RAqNtv1trayurW9slrbK2zu7e/uVg8O2jlPFeIvFMlZdn2ouRcRbKFDybqI4DX3JO/74Zup3HrnSIo7ucZJwL6TDSASCUTTSgzuimPG8n7nJSOT9StWu2TOQZeIUpAoFmv3KlzuIWRryCJmkWvccO0EvowoFkzwvu6nmCWVjOuQ9QyMacu1ls6tzcmqUAQliZSpCMlN/T2Q01HoS+qYzpDjSi95U/M/rpRhceZmIkhR5xOaLglQSjMk0AjIQijOUE0MoU8LcStiIKsrQBFU2ITiLLy+Tdr3mnNfqdxfVxnURRwmO4QTOwIFLaMAtNKEFDBQ8wyu8WU/Wi/VufcxbV6xi5gj+wPr8AS7jkvQ=</latexit>

~B
<latexit sha1_base64="uRlo8hSi/mbNPMK/p0LBttajcOU=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GpKxo12WunFZwdpCO5RMmmlDM5khyRTK0I9w40IRt36PO//G9CGo6IELh3Pu5d57wlRwbRD6cApr6xubW8Xt0s7u3v5B+fDoXieZoqxFE5GoTkg0E1yyluFGsE6qGIlDwdrh+HrutydMaZ7IOzNNWRCToeQRp8RYqd2bMJo3Zv1yBbno0q/iGkSuj3AN+5Z4PkbIg9hFC1TACs1++b03SGgWM2moIFp3MUpNkBNlOBVsVuplmqWEjsmQdS2VJGY6yBfnzuCZVQYwSpQtaeBC/T6Rk1jraRzazpiYkf7tzcW/vG5molqQc5lmhkm6XBRlApoEzn+HA64YNWJqCaGK21shHRFFqLEJlWwIX5/C/8m95+IL17utVuqNVRxFcAJOwTnA4ArUwQ1oghagYAwewBN4dlLn0XlxXpetBWc1cwx+wHn7BK+/j84=</latexit>

a
<latexit sha1_base64="wqZLPcGml9Og5FDdUdFUNWEF4FE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxKuM6Q==</latexit>

�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

Only B      to the line of sight 

(angular momentum conservation)

?
<latexit sha1_base64="H61uR/NhkUTwCQVSBskQf0g9p8U=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8laQKeix68VjBtIU2lM120i7dbJbdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXSc608bxvZ219Y3Nru7RT3t3bPzisHB23dJopigFNeao6EdHImcDAMMOxIxWSJOLYjsZ3M7/9hEqzVDyaicQwIUPBYkaJsVLQk6hkv1L1at4c7irxC1KFAs1+5as3SGmWoDCUE627vidNmBNlGOU4LfcyjZLQMRli11JBEtRhPj926p5bZeDGqbIljDtXf0/kJNF6kkS2MyFmpJe9mfif181MfBPmTMjMoKCLRXHGXZO6s8/dAVNIDZ9YQqhi9laXjogi1Nh8yjYEf/nlVdKq1/zLWv3hqtq4LeIowSmcwQX4cA0NuIcmBECBwTO8wpsjnBfn3flYtK45xcwJ/IHz+QPuOI7D</latexit>

k
<latexit sha1_base64="QgoegamjyYsaKIJo1iOUrTZ/H80=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ie0oWy2k3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4dua3n1BpHkcPZpKgL+kw4iFn1FjpsZdQRYVA0S9X3Ko7B1klXk4qkKPRL3/1BjFLJUaGCap113MT42dUGc4ETku9VGNC2ZgOsWtpRCVqP5sfPCVnVhmQMFa2IkPm6u+JjEqtJzKwnZKakV72ZuJ/Xjc14bWf8ShJDUZssShMBTExmX1PBlwhM2JiCWWK21sJG9kImLEZlWwI3vLLq6RVq3oX1dr9ZaV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm+Ocl6cd+dj0Vpw8plj+APn8wfz8pCB</latexit>

Only B      to the polarization direction 

(CP conservation)

-
-

-
-

-
-

--

-

-

--

-

-
-

-- -
-
-

-
-

< 0
<latexit sha1_base64="/JdJsEzF9kZImF7h5qXhD1atGLY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoAcPRS8eK9gPaEPZbDft0t1N2N0IJfQvePGgiFf/kDf/jZs0B219MPB4b4aZeUHMmTau++2U1tY3NrfK25Wd3b39g+rhUUdHiSK0TSIeqV6ANeVM0rZhhtNerCgWAafdYHqX+d0nqjSL5KOZxdQXeCxZyAg2mYRukDus1ty6mwOtEq8gNSjQGla/BqOIJIJKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pRILqv00v3WOzqwyQmGkbEmDcvX3RIqF1jMR2E6BzUQve5n4n9dPTHjtp0zGiaGSLBaFCUcmQtnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwVt+eZV0GnXvot54uKw1b4s4ynACp3AOHlxBE+6hBW0gMIFneIU3RzgvzrvzsWgtOcXMMfyB8/kDphCNUg==</latexit>

hTaxioni < 0
<latexit sha1_base64="V71jire8R44XmbY82B2dMb2ffMQ=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmKilIMDBUsDAWqS+piSLHdVurthPZDqKK8gcs/AoLAwixsrLxNzhtBmg50pWOzrlX994Txowq7Tjf1tLyyuraemmjvLm1vbNr7+23VZRITFo4YpHshkgRRgVpaaoZ6caSIB4y0gnHN7nfuSdS0Ug09SQmPkdDQQcUI22kwD7xGBJDRmAzSD2O9EjyFD0YK8ugJ2fWFXQCu+JUnSngInELUgEFGoH95fUjnHAiNGZIqZ7rxNpPkdQUM5KVvUSRGOExGpKeoQJxovx0+k8Gj43Sh4NImhIaTtXfEyniSk14aDrzk9W8l4v/eb1EDy79lIo40UTg2aJBwqCOYB4O7FNJsGYTQxCW1NwK8QhJhLWJsGxCcOdfXiTtWtU9q9buziv16yKOEjgER+AUuOAC1MEtaIAWwOARPINX8GY9WS/Wu/Uxa12yipkD8AfW5w+m5Zxi</latexit>

Screening



Cristina Mondino

One-point function: polarization

n̂
<latexit sha1_base64="PbRghOBnOP0/8Mk6Rvh5Fm/+bJw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnf6YYqZmg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxbnzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jsZCs0ZyqkllGlhbyVsTDVlaBMq2RC81ZfXSbtW9a6qtYd6pXGbx1GEMziHS/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP6JYj8M=</latexit>

ê✓
<latexit sha1_base64="Me5rm3nU4B7IJG4ZQi27kMaOJeY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSRV0GPRi8cK9gOaEDbbSbN088HupFBC/4kXD4p49Z9489+4bXPQ1gcDj/dmmJkXZIIrtO1vo7KxubW9U92t7e0fHB6ZxyddleaSQYelIpX9gCoQPIEOchTQzyTQOBDQC8b3c783Aal4mjzhNAMvpqOEh5xR1JJvmm5EsYCZX7gYAdKZb9bthr2AtU6cktRJibZvfrnDlOUxJMgEVWrg2Bl6BZXImYBZzc0VZJSN6QgGmiY0BuUVi8tn1oVWhlaYSl0JWgv190RBY6WmcaA7Y4qRWvXm4n/eIMfw1it4kuUICVsuCnNhYWrNY7CGXAJDMdWEMsn1rRaLqKQMdVg1HYKz+vI66TYbzlWj+Xhdb92VcVTJGTknl8QhN6RFHkibdAgjE/JMXsmbURgvxrvxsWytGOXMKfkD4/MHP9KUDg==</latexit>

ê�
<latexit sha1_base64="PzveH71ernP/2sS54JqTM7RFFeo=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84DsGmYns8mQ2QczvUpY9j+8eFDEq//izb9xkuxBEwsaiqpuurv8RAqNtv1trayurW9slrbK2zu7e/uVg8O2jlPFeIvFMlZdn2ouRcRbKFDybqI4DX3JO/74Zup3HrnSIo7ucZJwL6TDSASCUTTSgzuimPG8n7nJSOT9StWu2TOQZeIUpAoFmv3KlzuIWRryCJmkWvccO0EvowoFkzwvu6nmCWVjOuQ9QyMacu1ls6tzcmqUAQliZSpCMlN/T2Q01HoS+qYzpDjSi95U/M/rpRhceZmIkhR5xOaLglQSjMk0AjIQijOUE0MoU8LcStiIKsrQBFU2ITiLLy+Tdr3mnNfqdxfVxnURRwmO4QTOwIFLaMAtNKEFDBQ8wyu8WU/Wi/VufcxbV6xi5gj+wPr8AS7jkvQ=</latexit>

~B
<latexit sha1_base64="uRlo8hSi/mbNPMK/p0LBttajcOU=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GpKxo12WunFZwdpCO5RMmmlDM5khyRTK0I9w40IRt36PO//G9CGo6IELh3Pu5d57wlRwbRD6cApr6xubW8Xt0s7u3v5B+fDoXieZoqxFE5GoTkg0E1yyluFGsE6qGIlDwdrh+HrutydMaZ7IOzNNWRCToeQRp8RYqd2bMJo3Zv1yBbno0q/iGkSuj3AN+5Z4PkbIg9hFC1TACs1++b03SGgWM2moIFp3MUpNkBNlOBVsVuplmqWEjsmQdS2VJGY6yBfnzuCZVQYwSpQtaeBC/T6Rk1jraRzazpiYkf7tzcW/vG5molqQc5lmhkm6XBRlApoEzn+HA64YNWJqCaGK21shHRFFqLEJlWwIX5/C/8m95+IL17utVuqNVRxFcAJOwTnA4ArUwQ1oghagYAwewBN4dlLn0XlxXpetBWc1cwx+wHn7BK+/j84=</latexit>

a
<latexit sha1_base64="wqZLPcGml9Og5FDdUdFUNWEF4FE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxKuM6Q==</latexit>

�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

Only B      to the line of sight 

(angular momentum conservation)

?
<latexit sha1_base64="H61uR/NhkUTwCQVSBskQf0g9p8U=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8laQKeix68VjBtIU2lM120i7dbJbdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXSc608bxvZ219Y3Nru7RT3t3bPzisHB23dJopigFNeao6EdHImcDAMMOxIxWSJOLYjsZ3M7/9hEqzVDyaicQwIUPBYkaJsVLQk6hkv1L1at4c7irxC1KFAs1+5as3SGmWoDCUE627vidNmBNlGOU4LfcyjZLQMRli11JBEtRhPj926p5bZeDGqbIljDtXf0/kJNF6kkS2MyFmpJe9mfif181MfBPmTMjMoKCLRXHGXZO6s8/dAVNIDZ9YQqhi9laXjogi1Nh8yjYEf/nlVdKq1/zLWv3hqtq4LeIowSmcwQX4cA0NuIcmBECBwTO8wpsjnBfn3flYtK45xcwJ/IHz+QPuOI7D</latexit>

k
<latexit sha1_base64="QgoegamjyYsaKIJo1iOUrTZ/H80=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ie0oWy2k3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4dua3n1BpHkcPZpKgL+kw4iFn1FjpsZdQRYVA0S9X3Ko7B1klXk4qkKPRL3/1BjFLJUaGCap113MT42dUGc4ETku9VGNC2ZgOsWtpRCVqP5sfPCVnVhmQMFa2IkPm6u+JjEqtJzKwnZKakV72ZuJ/Xjc14bWf8ShJDUZssShMBTExmX1PBlwhM2JiCWWK21sJG9kImLEZlWwI3vLLq6RVq3oX1dr9ZaV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm+Ocl6cd+dj0Vpw8plj+APn8wfz8pCB</latexit>

Only B      to the polarization direction 

(CP conservation)

= 0
<latexit sha1_base64="tTgKMGg9M/VWjwBnaZS8HAHo3sM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh6MVjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cZPmoK0PBh7vzTAzL4g508Z1v53S2vrG5lZ5u7Kzu7d/UD086ugoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTO8yv/tElWaRfDSzmPoCjyULGcEmk26Qi4bVmlt3c6BV4hWkBgVaw+rXYBSRRFBpCMda9z03Nn6KlWGE03llkGgaYzLFY9q3VGJBtZ/mt87RmVVGKIyULWlQrv6eSLHQeiYC2ymwmehlLxP/8/qJCa/9lMk4MVSSxaIw4chEKHscjZiixPCZJZgoZm9FZIIVJsbGU7EheMsvr5JOo+5d1BsPl7XmbRFHGU7gFM7Bgytowj20oA0EJvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ap8ONUw==</latexit>

hQaxioni = 0
<latexit sha1_base64="NBaWb4RPMCRt+PI1nucJ9b3C7bE=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSlIF3QhFNy5bsA9oQphMp+3QmUmYmYgl5A/c+CtuXCji1q07/8ZJm4W2HrhwOOde7r0njBlV2nG+raXlldW19dJGeXNre2fX3ttvqyiRmLRwxCLZDZEijArS0lQz0o0lQTxkpBOOb3K/c0+kopG405OY+BwNBR1QjLSRAvvEY0gMGYHNIPU40iPJU/RgrCyDnpxZV9AJ7IpTdaaAi8QtSAUUaAT2l9ePcMKJ0JghpXquE2s/RVJTzEhW9hJFYoTHaEh6hgrEifLT6T8ZPDZKHw4iaUpoOFV/T6SIKzXhoenMT1bzXi7+5/USPbj0UyriRBOBZ4sGCYM6gnk4sE8lwZpNDEFYUnMrxCMkEdYmwrIJwZ1/eZG0a1X3rFprnlfq10UcJXAIjsApcMEFqINb0AAtgMEjeAav4M16sl6sd+tj1rpkFTMH4A+szx+jiJxg</latexit>

hUaxioni = 0
<latexit sha1_base64="gF/Vn5McSTSh1o8HWKBAqxLbob0=">AAACD3icbVBNS8NAEN3Ur1q/oh69LBbFU0mqoBeh6MVjBdMWmhA22027dLMJuxuxhPwDL/4VLx4U8erVm//GTZuDtj4YeLw3w8y8IGFUKsv6NipLyyura9X12sbm1vaOubvXkXEqMHFwzGLRC5AkjHLiKKoY6SWCoChgpBuMrwu/e0+EpDG/U5OEeBEachpSjJSWfPPYZYgPGYGOn7kRUiMRZehBW3kOXTGzLqHlm3WrYU0BF4ldkjoo0fbNL3cQ4zQiXGGGpOzbVqK8DAlFMSN5zU0lSRAeoyHpa8pRRKSXTf/J4ZFWBjCMhS6u4FT9PZGhSMpJFOjO4mQ57xXif14/VeGFl1GepIpwPFsUpgyqGBbhwAEVBCs20QRhQfWtEI+QQFjpCGs6BHv+5UXSaTbs00bz9qzeuirjqIIDcAhOgA3OQQvcgDZwAAaP4Bm8gjfjyXgx3o2PWWvFKGf2wR8Ynz+qDJxk</latexit>

+
-

+
-

+
-

+-

+

-

+-

+

-
-+

+- +
+

-

-



Cristina Mondino

Two-point function: temperature

6= 0
<latexit sha1_base64="LPS20F5rDjzmTWh98dLhPEJ5NY4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7kl8JC7plytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0qpVvYtq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPHzc+jtQ=</latexit>

-
-

-
- 6= 0

<latexit sha1_base64="LPS20F5rDjzmTWh98dLhPEJ5NY4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7kl8JC7plytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0qpVvYtq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPHzc+jtQ=</latexit>

1-halo term

2-halo term

halo-halo auto-correlation (matter power spectrum)

/ g4a��B
4T̄ 2

<latexit sha1_base64="++VpKOMv7xQYRi08xTd+d2c+SO0=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEiwVEmpBGNVFsYi9SU1aXXjuq1VO4lsB6mK+g0s/AoLAwixMrHxN7htBmg50rWOzrlX1/cEMWdKO863tba+sbm1ndvJ7+7tHxzaR8dNFSWS0AaJeCTbASjKWUgbmmlO27GkIAJOW8H4dua3HqhULArrehJTX8AwZANGQBupZ196sYxiHeFhLwVvCEJk77RbxlVTXgAyrU+7pZ5dcIrOHHiVuBkpoAy1nv3l9SOSCBpqwkGpjuvE2k9BakY4nea9RNEYyBiGtGNoCIIqP52fNMXnRunjQSRNhRrP1d8TKQilJiIwnQL0SC17M/E/r5PowY2fsjBONA3JYtEg4dhEMMsH95mkRPOJIUAkM3/FZAQSiDYp5k0I7vLJq6RZKrpXxdJ9uVCpZnHk0Ck6QxfIRdeogu5QDTUQQY/oGb2iN+vJerHerY9F65qVzZygP7A+fwCFw51Z</latexit>

hTaxion(n̂1)Taxion(n̂2)i
<latexit sha1_base64="VQpyfK/NfjYouDwJay5HNJRN6FE=">AAACM3icfVDLSgMxFM3UV62vqks3wSK0mzJTBV0W3YirCn1Bpwx30rQNzWSGJCOWYf7JjT/iQhAXirj1H0wfC23FA4HDOffe3Hv8iDOlbfvFyqysrq1vZDdzW9s7u3v5/YOmCmNJaIOEPJRtHxTlTNCGZprTdiQpBD6nLX90NfFbd1QqFoq6Hke0G8BAsD4joI3k5W9cDmLAKa57iRuAHsoggXtjpWnRHYJOROo5pf/cSsmV0xFevmCX7SnwMnHmpIDmqHn5J7cXkjigQhMOSnUcO9LdBKRmhNM058aKRkBGMKAdQwUEVHWT6c0pPjFKD/dDaZ7QeKr+7EggUGoc+KZysrha9CbiX14n1v2LbsJEFGsqyOyjfsyxDvEkQNxjkhLNx4YAkczsiskQJBBtYs6ZEJzFk5dJs1J2TsuV27NC9XIeRxYdoWNURA46R1V0jWqogQh6QM/oDb1bj9ar9WF9zkoz1rznEP2C9fUNUAmshg==</latexit>

Clustering

Small scale
(halo shape)



Cristina Mondino

Two-point function: polarization

+
-

-1-halo term

2-halo term

/ g4a��B
4T̄ 2

<latexit sha1_base64="++VpKOMv7xQYRi08xTd+d2c+SO0=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEiwVEmpBGNVFsYi9SU1aXXjuq1VO4lsB6mK+g0s/AoLAwixMrHxN7htBmg50rWOzrlX1/cEMWdKO863tba+sbm1ndvJ7+7tHxzaR8dNFSWS0AaJeCTbASjKWUgbmmlO27GkIAJOW8H4dua3HqhULArrehJTX8AwZANGQBupZ196sYxiHeFhLwVvCEJk77RbxlVTXgAyrU+7pZ5dcIrOHHiVuBkpoAy1nv3l9SOSCBpqwkGpjuvE2k9BakY4nea9RNEYyBiGtGNoCIIqP52fNMXnRunjQSRNhRrP1d8TKQilJiIwnQL0SC17M/E/r5PowY2fsjBONA3JYtEg4dhEMMsH95mkRPOJIUAkM3/FZAQSiDYp5k0I7vLJq6RZKrpXxdJ9uVCpZnHk0Ck6QxfIRdeogu5QDTUQQY/oGb2iN+vJerHerY9F65qVzZygP7A+fwCFw51Z</latexit>

= 0
<latexit sha1_base64="tTgKMGg9M/VWjwBnaZS8HAHo3sM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh6MVjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cZPmoK0PBh7vzTAzL4g508Z1v53S2vrG5lZ5u7Kzu7d/UD086ugoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTO8yv/tElWaRfDSzmPoCjyULGcEmk26Qi4bVmlt3c6BV4hWkBgVaw+rXYBSRRFBpCMda9z03Nn6KlWGE03llkGgaYzLFY9q3VGJBtZ/mt87RmVVGKIyULWlQrv6eSLHQeiYC2ymwmehlLxP/8/qJCa/9lMk4MVSSxaIw4chEKHscjZiixPCZJZgoZm9FZIIVJsbGU7EheMsvr5JOo+5d1BsPl7XmbRFHGU7gFM7Bgytowj20oA0EJvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8Ap8ONUw==</latexit>

-
Angular size of the 

magnetic field 

coherence domain

hQaxion(n̂1)Qaxion(n̂2)i
<latexit sha1_base64="RLXzeBWGg4VqXjnM4vlHGf4uluU=">AAACM3icfVDLSgMxFM3UV62vqks3wSK0mzJTBV0W3YirFuwDOmW4k6ZtaCYzJBmxDPNPbvwRF4K4UMSt/2D6WGgrHggczrn35t7jR5wpbdsvVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFs+6AoZ4I2NNOctiNJIfA5bfmjq4nfuqNSsVDc6nFEuwEMBOszAtpIXv7G5SAGnOK6l7gB6KEMErg3VpoW3SHoRKSeU/rPrZRcOR3h5Qt22Z4CLxNnTgpojpqXf3J7IYkDKjThoFTHsSPdTUBqRjhNc26saARkBAPaMVRAQFU3md6c4hOj9HA/lOYJjafqz44EAqXGgW8qJ4urRW8i/uV1Yt2/6CZMRLGmgsw+6scc6xBPAsQ9JinRfGwIEMnMrpgMQQLRJuacCcFZPHmZNCtl57RcqZ8VqpfzOLLoCB2jInLQOaqia1RDDUTQA3pGb+jderRerQ/rc1aaseY9h+gXrK9vRcWsgA==</latexit>

/ e�|n̂1�n̂2|2/(2�2
d)

<latexit sha1_base64="CreeEWxE3xujjECXYLRGflHFfis=">AAACG3icbZDLSsNAFIYn9VbrLerSTbAIddGaREGXRTcuK9gLNGmYTKbt4GQSZiZCSfMebnwVNy4UcSW48G2cthG09YeBj/+cw5nz+zElQprml1ZYWl5ZXSuulzY2t7Z39N29logSjnATRTTiHR8KTAnDTUkkxZ2YYxj6FLf9u6tJvX2PuSARu5WjGLshHDDSJwhKZXm67cQ8imVk4F5aHTtDKFOWeVb1h+xxzz6p2I4ggxB6Qc8+zjy9bNbMqYxFsHIog1wNT/9wggglIWYSUShE1zJj6aaQS4IozkpOInAM0R0c4K5CBkMs3HR6W2YcKScw+hFXj0lj6v6eSGEoxCj0VWcI5VDM1ybmf7VuIvsXbkpYnEjM0GxRP6GGymISlBEQjpGkIwUQcaL+aqAh5BBJFWdJhWDNn7wILbtmndbsm7Ny/TKPowgOwCGoAAucgzq4Bg3QBAg8gCfwAl61R+1Ze9PeZ60FLZ/ZB3+kfX4DV9Sg8Q==</latexit>
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Cristina Mondino

<̀latexit sha1_base64="3GQWqpO7cQAS3xPKV+Ids7+Coq4=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120i7d3YTdjVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYsGNdd1vZ219Y3Nru7RT3t3bPzisHB23TZRohi0WiUh3A2pQcIUty63AbqyRykBgJ5jc5X7nCbXhkXq00xh9SUeKh5xRm0t9FGJQqbo1dw6ySryCVKFAc1D56g8jlkhUlglqTM9zY+unVFvOBM7K/cRgTNmEjrCXUUUlGj+d3zoj55kyJGGks1KWzNXfEymVxkxlkHVKasdm2cvF/7xeYsMbP+UqTiwqtlgUJoLYiOSPkyHXyKyYZoQyzbNbCRtTTZnN4ilnIXjLL6+Sdr3mXdbqD1fVxm0RRwlO4QwuwINraMA9NKEFDMbwDK/w5kjnxXl3Phata04xcwJ/4Hz+AA60jj8=</latexit>

C `
<latexit sha1_base64="OtlLOmutkiCOOo72xLn7j/D0GDk=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaQKuix247KCfUATwmQ6aYdOJmFmUiihf+LGhSJu/RN3/o2TNgttPTBwOOde7pkTppwp7Tjf1sbm1vbObmWvun9weHRsn5x2VZJJQjsk4Ynsh1hRzgTtaKY57aeS4jjktBdOWoXfm1KpWCKe9CylfoxHgkWMYG2kwLa9GOsxwTxvzQOPch7YNafuLIDWiVuSGpRoB/aXN0xIFlOhCcdKDVwn1X6OpWaE03nVyxRNMZngER0YKnBMlZ8vks/RpVGGKEqkeUKjhfp7I8exUrM4NJNFTrXqFeJ/3iDT0Z2fM5FmmgqyPBRlHOkEFTWgIZOUaD4zBBPJTFZExlhiok1ZVVOCu/rlddJt1N3reuPxpta8L+uowDlcwBW4cAtNeIA2dIDAFJ7hFd6s3Hqx3q2P5eiGVe6cwR9Ynz+7fZO4</latexit>

Two-point function: polarization

Smaller magnetic  
field domain

The axion

signal for E and B


is the same

TT
<latexit sha1_base64="cuaPAhfQ3o+Ga32YEzNbIZdL0/0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rFKv6ANZbOdtEs3m7C7EUroP/DiQRGv/iNv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZn77CZXmsWyYSYJ+RIeSh5xRY6XHRqNfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42v3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjJ7mwy4QmbExBLKFLe3EjaiijJjwynaELzll1dJq1rxLivVh6ty7TaPowCncAYX4ME11OAe6tAEBiE8wyu8OWPnxXl3Phata04+cwJ/4Hz+AFWOjTo=</latexit>

[µ
K

2
]

<latexit sha1_base64="kSy0oGoulZSFjxccplkkon92ERk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh6LXgQvFeyHbNeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjq6nfvuJKs1ieW/GCQ0EHkgWMYKNlR78rkjR7WMt6JUrbtWdAS0TLycVyNHolb+6/ZikgkpDONba99zEBBlWhhFOJ6VuqmmCyQgPqG+pxILqIJsdPEEnVumjKFa2pEEz9fdEhoXWYxHaToHNUC96U/E/z09NdBlkTCapoZLMF0UpRyZG0+9RnylKDB9bgoli9lZEhlhhYmxGJRuCt/jyMmnVqt5ZtXZ3Xqlf5XEU4QiO4RQ8uIA63EADmkBAwDO8wpujnBfn3fmYtxacfOYQ/sD5/AHbEI/J</latexit>

EE (BB)
<latexit sha1_base64="LxlOH7ZDB0+QvwuqZV7p2kfV+uU=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXspuFfRYKgWPFWwttEvJptk2NJusSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etbVMFKEtIrlUnQBrypmgLcMMp51YURwFnD4E45uZ//BElWZS3JtJTP0IDwULGcHGSp1Go4fK9fp5v1hyK+4caJV4GSlBhma/+NUbSJJEVBjCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi0VOKLaT+f3TtGZVQYolMqWMGiu/p5IcaT1JApsZ4TNSC97M/E/r5uY8NpPmYgTQwVZLAoTjoxEs+fRgClKDJ9Ygoli9lZERlhhYmxEBRuCt/zyKmlXK95FpXp3WarVszjycAKnUAYPrqAGt9CEFhDg8Ayv8OY8Oi/Ou/OxaM052cwx/IHz+QMLQI6p</latexit>

< max angular 

resolution

Preliminary

/ g4a��B
4T̄ 2

<latexit sha1_base64="++VpKOMv7xQYRi08xTd+d2c+SO0=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEiwVEmpBGNVFsYi9SU1aXXjuq1VO4lsB6mK+g0s/AoLAwixMrHxN7htBmg50rWOzrlX1/cEMWdKO863tba+sbm1ndvJ7+7tHxzaR8dNFSWS0AaJeCTbASjKWUgbmmlO27GkIAJOW8H4dua3HqhULArrehJTX8AwZANGQBupZ196sYxiHeFhLwVvCEJk77RbxlVTXgAyrU+7pZ5dcIrOHHiVuBkpoAy1nv3l9SOSCBpqwkGpjuvE2k9BakY4nea9RNEYyBiGtGNoCIIqP52fNMXnRunjQSRNhRrP1d8TKQilJiIwnQL0SC17M/E/r5PowY2fsjBONA3JYtEg4dhEMMsH95mkRPOJIUAkM3/FZAQSiDYp5k0I7vLJq6RZKrpXxdJ9uVCpZnHk0Ck6QxfIRdeogu5QDTUQQY/oGb2iN+vJerHerY9F65qVzZygP7A+fwCFw51Z</latexit>

hQaxion(n̂1)Qaxion(n̂2)i
<latexit sha1_base64="RLXzeBWGg4VqXjnM4vlHGf4uluU=">AAACM3icfVDLSgMxFM3UV62vqks3wSK0mzJTBV0W3YirFuwDOmW4k6ZtaCYzJBmxDPNPbvwRF4K4UMSt/2D6WGgrHggczrn35t7jR5wpbdsvVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFs+6AoZ4I2NNOctiNJIfA5bfmjq4nfuqNSsVDc6nFEuwEMBOszAtpIXv7G5SAGnOK6l7gB6KEMErg3VpoW3SHoRKSeU/rPrZRcOR3h5Qt22Z4CLxNnTgpojpqXf3J7IYkDKjThoFTHsSPdTUBqRjhNc26saARkBAPaMVRAQFU3md6c4hOj9HA/lOYJjafqz44EAqXGgW8qJ4urRW8i/uV1Yt2/6CZMRLGmgsw+6scc6xBPAsQ9JinRfGwIEMnMrpgMQQLRJuacCcFZPHmZNCtl57RcqZ8VqpfzOLLoCB2jInLQOaqia1RDDUTQA3pGb+jderRerQ/rc1aaseY9h+gXrK9vRcWsgA==</latexit>



Cristina Mondino

Cross-correlation: temperature
hTaxion(n̂1)g(n̂2)i

<latexit sha1_base64="/J6RX/X8IOolt8hzP45nw4KcEZU=">AAACInicbVDLSgMxFM3UV62vqks3wSK0mzJTBXVXdOOyQl/QKcOdNG1DM5khyYhlmG9x46+4caGoK8GPMX0g2nohcHLOPSTn+BFnStv2p5VZWV1b38hu5ra2d3b38vsHTRXGktAGCXko2z4oypmgDc00p+1IUgh8Tlv+6Hqit+6oVCwUdT2OaDeAgWB9RkAbystfuhzEgFNc9xI3AD2UQQL3RkrTojsEnYjUc0p48HOplFw5dXj5gl22p4OXgTMHBTSfmpd/d3shiQMqNOGgVMexI91NQGpGOE1zbqxoBGQEA9oxUEBAVTeZRkzxiWF6uB9Kc4TGU/a3I4FAqXHgm81JCrWoTcj/tE6s+xfdhIko1lSQ2UP9mGMd4klfuMckJZqPDQAimfkrJkOQQLRpNWdKcBYjL4Nmpeycliu3Z4Xq1byOLDpCx6iIHHSOqugG1VADEfSAntALerUerWfrzfqYrWasuecQ/Rnr6xsbbqSc</latexit>

6= 0
<latexit sha1_base64="LPS20F5rDjzmTWh98dLhPEJ5NY4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7kl8JC7plytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0qpVvYtq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPHzc+jtQ=</latexit>-

- 6= 0
<latexit sha1_base64="LPS20F5rDjzmTWh98dLhPEJ5NY4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7kl8JC7plytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0qpVvYtq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPHzc+jtQ=</latexit>

1-halo term

2-halo term

halo-halo auto-correlation (matter power spectrum)

Clustering

Small scale
(halo shape)

/ g2a��B
2T̄

<latexit sha1_base64="XWWJh85hPlDMEBdGALnrzv73XHo=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUFCcaqLIxF6ktq2urGdVurdhLZDlIV5QtY+BUWBhBiZWbjb3DbDNByJFtH59wr+xw/4kxpx/m2chubW9s7+d3C3v7B4ZF9fNJSYSwJbZKQh7Ljg6KcBbSpmea0E0kKwue07U9v5377gUrFwqChZxHtCRgHbMQIaCMN7JIXyTDSIR4PEvDGIER2p/1KrV/xfJBJIx3YRafsLIDXiZuRIspQH9hf3jAksaCBJhyU6rpOpHsJSM0Ip2nBixWNgExhTLuGBiCo6iWLOCkuGWWIR6E0J9B4of7eSEAoNRO+mRSgJ2rVm4v/ed1Yj256CQuiWNOALB8axRyb+PNu8JBJSjSfGQJEMvNXTCYggWjTYMGU4K5GXietStm9LFfur4rVWlZHHp2hc3SBXHSNqugO1VETEfSIntErerOerBfr3fpYjuasbOcU/YH1+QN5a5xd</latexit>



Cristina Mondino

-2-halo term -

halo-halo auto-correlation (matter power spectrum)

6= 0
<latexit sha1_base64="LPS20F5rDjzmTWh98dLhPEJ5NY4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7kl8JC7plytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0qpVvYtq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPHzc+jtQ=</latexit>

/ g4a��B
4T̄ 2

<latexit sha1_base64="++VpKOMv7xQYRi08xTd+d2c+SO0=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEiwVEmpBGNVFsYi9SU1aXXjuq1VO4lsB6mK+g0s/AoLAwixMrHxN7htBmg50rWOzrlX1/cEMWdKO863tba+sbm1ndvJ7+7tHxzaR8dNFSWS0AaJeCTbASjKWUgbmmlO27GkIAJOW8H4dua3HqhULArrehJTX8AwZANGQBupZ196sYxiHeFhLwVvCEJk77RbxlVTXgAyrU+7pZ5dcIrOHHiVuBkpoAy1nv3l9SOSCBpqwkGpjuvE2k9BakY4nea9RNEYyBiGtGNoCIIqP52fNMXnRunjQSRNhRrP1d8TKQilJiIwnQL0SC17M/E/r5PowY2fsjBONA3JYtEg4dhEMMsH95mkRPOJIUAkM3/FZAQSiDYp5k0I7vLJq6RZKrpXxdJ9uVCpZnHk0Ck6QxfIRdeogu5QDTUQQY/oGb2iN+vJerHerY9F65qVzZygP7A+fwCFw51Z</latexit>

hQaxion(n̂1)Qaxion(n̂2)g(n̂3)i
<latexit sha1_base64="YPQ5vQRSsgQ+WrSxcVvBs5/RKOw="></latexit>

1-halo term 6= 0
<latexit sha1_base64="LPS20F5rDjzmTWh98dLhPEJ5NY4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7kl8JC7plytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0qpVvYtq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPHzc+jtQ=</latexit>

hBBgi ⇠ CBB
l Chh

l
<latexit sha1_base64="0IjRv+SMoX/r1NryWKzxcAdz/JA=">AAACKXicbZDLSsNAFIYn9VbrLerSzWARXJWkCros6cZlBXuBJpbJdJoMnUzCzEQoIa/jxldxo6CoW1/ESZuFtv4w8PGfc5hzfj9hVCrL+jQqa+sbm1vV7drO7t7+gXl41JNxKjDp4pjFYuAjSRjlpKuoYmSQCIIin5G+P20X9f4DEZLG/E7NEuJFKOB0QjFS2hqZLZchHjACHSdwxQJdSSPoRkiFGLGsnY8ylt9njpOveGGYj8y61bDmgqtgl1AHpToj89UdxziNCFeYISmHtpUoL0NCUcxIXnNTSRKEpyggQ40cRUR62fzSHJ5pZwwnsdCPKzh3f09kKJJyFvm6s9hVLtcK87/aMFWTay+jPEkV4Xjx0SRlUMWwiA2OqSBYsZkGhAXVu0IcIoGw0uHWdAj28smr0Gs27ItG8/ay3nLKOKrgBJyCc2CDK9ACN6ADugCDR/AM3sC78WS8GB/G16K1YpQzx+CPjO8fqu+oKw==</latexit>

Clustering

Cross-correlation: polarization

--



• CMB secondary anisotropies


• Photon-axion conversion inside halos


• Axion signal (temperature, polarization)


• Sensitivity projections

Outline

Cristina Mondino



Cristina Mondino

Internal Linear Combination (ILC)

Weight different maps 
appropriately to minimize the 

noise with respect to the 
frequency scaling of the signal 

Taxion(n̂) = �1� e�!/T̄

!/T̄
T̄P�!!(n̂,!) /

1� e�!/T̄

!/T̄
!

<latexit sha1_base64="s17EjlsKB6bp08JoRMYVNs/G2dw="></latexit>



Cristina Mondino

ILC cleaning

<̀latexit sha1_base64="3GQWqpO7cQAS3xPKV+Ids7+Coq4=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120i7d3YTdjVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYsGNdd1vZ219Y3Nru7RT3t3bPzisHB23TZRohi0WiUh3A2pQcIUty63AbqyRykBgJ5jc5X7nCbXhkXq00xh9SUeKh5xRm0t9FGJQqbo1dw6ySryCVKFAc1D56g8jlkhUlglqTM9zY+unVFvOBM7K/cRgTNmEjrCXUUUlGj+d3zoj55kyJGGks1KWzNXfEymVxkxlkHVKasdm2cvF/7xeYsMbP+UqTiwqtlgUJoLYiOSPkyHXyKyYZoQyzbNbCRtTTZnN4ilnIXjLL6+Sdr3mXdbqD1fVxm0RRwlO4QwuwINraMA9NKEFDMbwDK/w5kjnxXl3Phata04xcwJ/4Hz+AA60jj8=</latexit>

C `
<latexit sha1_base64="OtlLOmutkiCOOo72xLn7j/D0GDk=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaQKuix247KCfUATwmQ6aYdOJmFmUiihf+LGhSJu/RN3/o2TNgttPTBwOOde7pkTppwp7Tjf1sbm1vbObmWvun9weHRsn5x2VZJJQjsk4Ynsh1hRzgTtaKY57aeS4jjktBdOWoXfm1KpWCKe9CylfoxHgkWMYG2kwLa9GOsxwTxvzQOPch7YNafuLIDWiVuSGpRoB/aXN0xIFlOhCcdKDVwn1X6OpWaE03nVyxRNMZngER0YKnBMlZ8vks/RpVGGKEqkeUKjhfp7I8exUrM4NJNFTrXqFeJ/3iDT0Z2fM5FmmgqyPBRlHOkEFTWgIZOUaD4zBBPJTFZExlhiok1ZVVOCu/rlddJt1N3reuPxpta8L+uowDlcwBW4cAtNeIA2dIDAFJ7hFd6s3Hqx3q2P5eiGVe6cwR9Ynz+7fZO4</latexit>

TT
<latexit sha1_base64="cuaPAhfQ3o+Ga32YEzNbIZdL0/0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rFKv6ANZbOdtEs3m7C7EUroP/DiQRGv/iNv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZn77CZXmsWyYSYJ+RIeSh5xRY6XHRqNfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42v3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjJ7mwy4QmbExBLKFLe3EjaiijJjwynaELzll1dJq1rxLivVh6ty7TaPowCncAYX4ME11OAe6tAEBiE8wyu8OWPnxXl3Phata04+cwJ/4Hz+AFWOjTo=</latexit>

[µK2]
<latexit sha1_base64="kSy0oGoulZSFjxccplkkon92ERk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh6LXgQvFeyHbNeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjq6nfvuJKs1ieW/GCQ0EHkgWMYKNlR78rkjR7WMt6JUrbtWdAS0TLycVyNHolb+6/ZikgkpDONba99zEBBlWhhFOJ6VuqmmCyQgPqG+pxILqIJsdPEEnVumjKFa2pEEz9fdEhoXWYxHaToHNUC96U/E/z09NdBlkTCapoZLMF0UpRyZG0+9RnylKDB9bgoli9lZEhlhhYmxGJRuCt/jyMmnVqt5ZtXZ3Xqlf5XEU4QiO4RQ8uIA63EADmkBAwDO8wpujnBfn3fmYtxacfOYQ/sD5/AHbEI/J</latexit>

Noise without ILC

Noise with ILC

We can see a signal if it is above the blue line
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<latexit sha1_base64="zMWoN2RmsThHoK3OtAq7pJd3krQ=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCAWqqQgwVjBAGOR6ENKQuS4TmvVTiLbQaqi/AELv8LCAEKsrGz8DU6bAVqOZOvonHt17z1BwqhUlvVtLCwuLa+sVtaq6xubW9vmzm5HxqnApI1jFotegCRhNCJtRRUjvUQQxANGusHoqvC7D0RIGkd3apwQj6NBREOKkdKSbx4N/Ay5A8R5+ecudFyO1FDw7Jp08vvsxM4936xZdWsCOE/sktRAiZZvfrn9GKecRAozJKVjW4nyMiQUxYzkVTeVJEF4hAbE0TRCnEgvm9yTw0Ot9GEYC/0iBSfq744McSnHPNCVxaZy1ivE/zwnVeGFl9EoSRWJ8HRQmDKoYliEA/tUEKzYWBOEBdW7QjxEAmGlI6zqEOzZk+dJp1G3T+uN27Na87KMowL2wQE4BjY4B01wA1qgDTB4BM/gFbwZT8aL8W58TEsXjLJnD/yB8fkDTBKczw==</latexit>

Prel
imin

ary

ma [eV]
<latexit sha1_base64="xz8m5a3f9CjClnqzBmkBG4U+g8Q=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaQKuiy6cVnBPiAJYTKdtENnJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98yJUkaVdpxva219Y3Nru7ZT393bPzi0jxp9lWQSkx5OWCKHEVKEUUF6mmpGhqkkiEeMDKLpbekPHolUNBEPepaSgKOxoDHFSBsptBs8RD70fI70RPKc9IsgtJtOy5kDrhK3Ik1QoRvaX/4owRknQmOGlPJcJ9VBjqSmmJGi7meKpAhP0Zh4hgrEiQryefYCnhllBONEmic0nKu/N3LElZrxyEyWGdWyV4r/eV6m4+sgpyLNNBF4cSjOGNQJLIuAIyoJ1mxmCMKSmqwQT5BEWJu66qYEd/nLq6TfbrkXrfb9ZbNzU9VRAyfgFJwDF1yBDrgDXdADGDyBZ/AK3qzCerHerY/F6JpV7RyDP7A+fwDpBJRc</latexit>

1 kpc < rdom < 10 kpc
<latexit sha1_base64="otCAfL2XQvjjjTIYrM55mXgOaxI=">AAACGXicbVC7TsMwFHV4lvIKMLJYVEhMVVKQYGCoYGEsEn1ITRQ5jtNatePIdpCqqL/Bwq+wMIAQI0z8DU6bgbYcydLxOffq3nvClFGlHefHWlldW9/YrGxVt3d29/btg8OOEpnEpI0FE7IXIkUYTUhbU81IL5UE8ZCRbji6LfzuI5GKiuRBj1PiczRIaEwx0kYKbMf1oMeRHkqej1I8gddQBrknOYwEL36uM18Q2DWn7kwBl4lbkhoo0QrsLy8SOOMk0Zghpfquk2o/R1JTzMik6mWKpAiP0ID0DU0QJ8rPp5dN4KlRIhgLaV6i4VT925EjrtSYh6ay2FEteoX4n9fPdHzl5zRJM00SPBsUZwxqAYuYYEQlwZqNDUFYUrMrxEMkEdYmzKoJwV08eZl0GnX3vN64v6g1b8o4KuAYnIAz4IJL0AR3oAXaAIMn8ALewLv1bL1aH9bnrHTFKnuOwBys71/2o5+r</latexit>

Planck

+ unWISE



10°14 10°13 10°12 10°11 10°10

ma [eV]

10°14

10°13

10°12

10°11

10°10

g
[G

eV
°

1
]

FIRAS

CAST

CMB°S4

hTT i
hBBi
hTgi
hBBgi

SN1987A°∞ Star Clusters NGC 1275

Cristina Mondino

Projections: CMB-S4 + unWISE
g a

�
�
[G

eV
�
1
]

<latexit sha1_base64="zMWoN2RmsThHoK3OtAq7pJd3krQ=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCAWqqQgwVjBAGOR6ENKQuS4TmvVTiLbQaqi/AELv8LCAEKsrGz8DU6bAVqOZOvonHt17z1BwqhUlvVtLCwuLa+sVtaq6xubW9vmzm5HxqnApI1jFotegCRhNCJtRRUjvUQQxANGusHoqvC7D0RIGkd3apwQj6NBREOKkdKSbx4N/Ay5A8R5+ecudFyO1FDw7Jp08vvsxM4936xZdWsCOE/sktRAiZZvfrn9GKecRAozJKVjW4nyMiQUxYzkVTeVJEF4hAbE0TRCnEgvm9yTw0Ot9GEYC/0iBSfq744McSnHPNCVxaZy1ivE/zwnVeGFl9EoSRWJ8HRQmDKoYliEA/tUEKzYWBOEBdW7QjxEAmGlI6zqEOzZk+dJp1G3T+uN27Na87KMowL2wQE4BjY4B01wA1qgDTB4BM/gFbwZT8aL8W58TEsXjLJnD/yB8fkDTBKczw==</latexit>

Prel
imin

ary

ma [eV]
<latexit sha1_base64="xz8m5a3f9CjClnqzBmkBG4U+g8Q=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaQKuiy6cVnBPiAJYTKdtENnJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98yJUkaVdpxva219Y3Nru7ZT393bPzi0jxp9lWQSkx5OWCKHEVKEUUF6mmpGhqkkiEeMDKLpbekPHolUNBEPepaSgKOxoDHFSBsptBs8RD70fI70RPKc9IsgtJtOy5kDrhK3Ik1QoRvaX/4owRknQmOGlPJcJ9VBjqSmmJGi7meKpAhP0Zh4hgrEiQryefYCnhllBONEmic0nKu/N3LElZrxyEyWGdWyV4r/eV6m4+sgpyLNNBF4cSjOGNQJLIuAIyoJ1mxmCMKSmqwQT5BEWJu66qYEd/nLq6TfbrkXrfb9ZbNzU9VRAyfgFJwDF1yBDrgDXdADGDyBZ/AK3qzCerHerY/F6JpV7RyDP7A+fwDpBJRc</latexit>

1 kpc < rdom < 10 kpc
<latexit sha1_base64="otCAfL2XQvjjjTIYrM55mXgOaxI=">AAACGXicbVC7TsMwFHV4lvIKMLJYVEhMVVKQYGCoYGEsEn1ITRQ5jtNatePIdpCqqL/Bwq+wMIAQI0z8DU6bgbYcydLxOffq3nvClFGlHefHWlldW9/YrGxVt3d29/btg8OOEpnEpI0FE7IXIkUYTUhbU81IL5UE8ZCRbji6LfzuI5GKiuRBj1PiczRIaEwx0kYKbMf1oMeRHkqej1I8gddQBrknOYwEL36uM18Q2DWn7kwBl4lbkhoo0QrsLy8SOOMk0Zghpfquk2o/R1JTzMik6mWKpAiP0ID0DU0QJ8rPp5dN4KlRIhgLaV6i4VT925EjrtSYh6ay2FEteoX4n9fPdHzl5zRJM00SPBsUZwxqAYuYYEQlwZqNDUFYUrMrxEMkEdYmzKoJwV08eZl0GnX3vN64v6g1b8o4KuAYnIAz4IJL0AR3oAXaAIMn8ALewLv1bL1aH9bnrHTFKnuOwBys71/2o5+r</latexit>

CMB-S4
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<latexit sha1_base64="zMWoN2RmsThHoK3OtAq7pJd3krQ=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCAWqqQgwVjBAGOR6ENKQuS4TmvVTiLbQaqi/AELv8LCAEKsrGz8DU6bAVqOZOvonHt17z1BwqhUlvVtLCwuLa+sVtaq6xubW9vmzm5HxqnApI1jFotegCRhNCJtRRUjvUQQxANGusHoqvC7D0RIGkd3apwQj6NBREOKkdKSbx4N/Ay5A8R5+ecudFyO1FDw7Jp08vvsxM4936xZdWsCOE/sktRAiZZvfrn9GKecRAozJKVjW4nyMiQUxYzkVTeVJEF4hAbE0TRCnEgvm9yTw0Ot9GEYC/0iBSfq744McSnHPNCVxaZy1ivE/zwnVeGFl9EoSRWJ8HRQmDKoYliEA/tUEKzYWBOEBdW7QjxEAmGlI6zqEOzZk+dJp1G3T+uN27Na87KMowL2wQE4BjY4B01wA1qgDTB4BM/gFbwZT8aL8W58TEsXjLJnD/yB8fkDTBKczw==</latexit>

Prel
imin

ary

ma [eV]
<latexit sha1_base64="xz8m5a3f9CjClnqzBmkBG4U+g8Q=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaQKuiy6cVnBPiAJYTKdtENnJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98yJUkaVdpxva219Y3Nru7ZT393bPzi0jxp9lWQSkx5OWCKHEVKEUUF6mmpGhqkkiEeMDKLpbekPHolUNBEPepaSgKOxoDHFSBsptBs8RD70fI70RPKc9IsgtJtOy5kDrhK3Ik1QoRvaX/4owRknQmOGlPJcJ9VBjqSmmJGi7meKpAhP0Zh4hgrEiQryefYCnhllBONEmic0nKu/N3LElZrxyEyWGdWyV4r/eV6m4+sgpyLNNBF4cSjOGNQJLIuAIyoJ1mxmCMKSmqwQT5BEWJu66qYEd/nLq6TfbrkXrfb9ZbNzU9VRAyfgFJwDF1yBDrgDXdADGDyBZ/AK3qzCerHerY/F6JpV7RyDP7A+fwDpBJRc</latexit>

Cristina Mondino

Astro bounds 

S. Hoof, L. Schulz,

JCAP, 03 (2023) 054, arXiv:2212.09764

Axions produced in SN1987A converting

to    -rays within the MW B field�

<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

C. Dessert, J. Foster, B. R. Safdi, 

PRL 125 (2020) 16, arXiv:2008.03305

Axions produced in stars converting

into X-ray within the MW B field

C. S. Reynolds, M.C.D. Marsh et al., 

Astrophys. J. 890, 59 (2020), arXiv:1907.05475

Distortions of X-ray spectra 

of cluster-hosted quasars

M. Libanov, S. Troitsky, 

Phys. Lett. B, 802, 135252 (2020), arXiv:1908.03074Large systematics from B field modeling?



Cristina Mondino

Probing smaller masses?
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<latexit sha1_base64="zMWoN2RmsThHoK3OtAq7pJd3krQ=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCAWqqQgwVjBAGOR6ENKQuS4TmvVTiLbQaqi/AELv8LCAEKsrGz8DU6bAVqOZOvonHt17z1BwqhUlvVtLCwuLa+sVtaq6xubW9vmzm5HxqnApI1jFotegCRhNCJtRRUjvUQQxANGusHoqvC7D0RIGkd3apwQj6NBREOKkdKSbx4N/Ay5A8R5+ecudFyO1FDw7Jp08vvsxM4936xZdWsCOE/sktRAiZZvfrn9GKecRAozJKVjW4nyMiQUxYzkVTeVJEF4hAbE0TRCnEgvm9yTw0Ot9GEYC/0iBSfq744McSnHPNCVxaZy1ivE/zwnVeGFl9EoSRWJ8HRQmDKoYliEA/tUEKzYWBOEBdW7QjxEAmGlI6zqEOzZk+dJp1G3T+uN27Na87KMowL2wQE4BjY4B01wA1qgDTB4BM/gFbwZT8aL8W58TEsXjLJnD/yB8fkDTBKczw==</latexit>
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ma [eV]
<latexit sha1_base64="xz8m5a3f9CjClnqzBmkBG4U+g8Q=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaQKuiy6cVnBPiAJYTKdtENnJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98yJUkaVdpxva219Y3Nru7ZT393bPzi0jxp9lWQSkx5OWCKHEVKEUUF6mmpGhqkkiEeMDKLpbekPHolUNBEPepaSgKOxoDHFSBsptBs8RD70fI70RPKc9IsgtJtOy5kDrhK3Ik1QoRvaX/4owRknQmOGlPJcJ9VBjqSmmJGi7meKpAhP0Zh4hgrEiQryefYCnhllBONEmic0nKu/N3LElZrxyEyWGdWyV4r/eV6m4+sgpyLNNBF4cSjOGNQJLIuAIyoJ1mxmCMKSmqwQT5BEWJu66qYEd/nLq6TfbrkXrfb9ZbNzU9VRAyfgFJwDF1yBDrgDXdADGDyBZ/AK3qzCerHerY/F6JpV7RyDP7A+fwDpBJRc</latexit>
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<latexit sha1_base64="qrosr4sLoxrLRQzG5uRChYaup6U="></latexit>

Still anisotropic

• Resonant conversion 
outside halos


• Non-resonant conversion



Cristina Mondino

Summary

γCMB a

⃗B

With Dalila Pîrvu , Junwu Huang, and Matt Johnson

New Physics can induce 
secondary anisotropies

example from this talk: 

axions on the CMB

Next: analysis with 
Planck+unWISE, (soon) ACT DR6

+ Sam Goldstein, Colin Hill, Fiona McCarthy


