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Axion Search with the Breakthrough Listen Galactic Center Survey

Foster, SJW, Lawson, Linden, Gajjar, Weniger, Safdi (arXiv: 2022.08274)

Survey Details:
• Telescope: Green Bank Telescope, 100m Single Dish
• Observation Frequency: 4–8 GHz  [C band]
• Observation Target: Milky Way Galactic Center [inner ~ few pcs]
• Observation Time: ~4.6 hours
• Observation Strategy: On/off target
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Computing the Radio Flux

Neutron 
star

• Magnetic field
• Rotational period
• Misalignment angle

[rotation & magnetic axis]

• Position
• Velocity
• Mass
• Radius

[Small Impact]

[Monte Carlo Sampled 
 from Population]

For each neutron star, one must define
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De-phasing approximations
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Neutron star

Axion

Conversion Probability: Caveat #2
Foster, SJW, Lawson, Linden, Gajjar, Weniger, Safdi (arXiv: 2022.08274)

Small coupling regime
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Reflection 
Surface

Ea ⇠ !p

<latexit sha1_base64="M6UXRE3UqFaL1q9w7U/IMqbqQyo=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgqiQ1WrsriuCygn1AU8JkOmmHziRhZqKU2E9x40IRt36JO//GSRtBRQ9cOJxzL/fe48eMSmVZH0ZhaXllda24XtrY3NreMcu7HRklApM2jlgkej6ShNGQtBVVjPRiQRD3Gen6k4vM794SIWkU3qhpTAYcjUIaUIyUljyzfOkh6ErKoRtxMkJe7JkVq+pYjnXagFbVmiMjjeN6rQbtXKmAHC3PfHeHEU44CRVmSMq+bcVqkCKhKGZkVnITSWKEJ2hE+pqGiBM5SOenz+ChVoYwiISuUMG5+n0iRVzKKfd1J0dqLH97mfiX109UcDZIaRgnioR4sShIGFQRzHKAQyoIVmyqCcKC6lshHiOBsNJplXQIX5/C/0mnVrWd6sm1U2me53EUwT44AEfABnXQBFegBdoAgzvwAJ7As3FvPBovxuuitWDkM3vgB4y3T7Drk6k=</latexit>

Conversion Probability: Caveat #2
Foster, SJW, Lawson, Linden, Gajjar, Weniger, Safdi (arXiv: 2022.08274)

Small coupling regime
Pa!� ⌧ 1

<latexit sha1_base64="+zVgkdsLcR5L5ivnUYayIp+CVeM=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQquiy6cVnBPqAJ4WY6SYfOJGFmopTQnRt/xY0LRdz6C+78G6ePhbYeuHA4517uvSfMOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pNJeENknKU9kJQVHOEtrUTHPaySQFEXLaDgfXY799T6ViaXKnhxn1BcQJixgBbaTAPmoEBWBPsrivQcr0AXsxCAEj7HGO3cCuOFVnArxI3BmpoBkagf3l9VKSC5powkGprutk2i9AakY4HZW9XNEMyABi2jU0AUGVX0z+GOETo/RwlEpTicYT9fdEAUKpoQhNpwDdV/PeWPzP6+Y6uvQLlmS5pgmZLopyjnWKx6HgHpOUaD40BIhk5lZM+iCBaBNd2YTgzr+8SFpnVbdWPb+tVepXszhK6BAdo1PkogtURzeogZqIoEf0jF7Rm/VkvVjv1se0dcmazRygP7A+fwAYS5jQ</latexit>
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Neutron star

Axion

Conversion 
Surface

ma ⇠ !p

<latexit sha1_base64="UJTQtaKhQGvJGQ8ku3FNTCggnyY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRS0WXRjcsK9gFNCJPppB06jzAzUUrsp7hxoYhbv8Sdf+O0zUJbD1w4nHMv994Tp4xq43nfTmltfWNzq7xd2dnd2z9wq4cdLTOFSRtLJlUvRpowKkjbUMNIL1UE8ZiRbjy+mfndB6I0leLeTFIScjQUNKEYGStFbpVHCAaachhIToYoSiO35tW9OeAq8QtSAwVakfsVDCTOOBEGM6R13/dSE+ZIGYoZmVaCTJMU4TEakr6lAnGiw3x++hSeWmUAE6lsCQPn6u+JHHGtJzy2nRyZkV72ZuJ/Xj8zyVWYU5Fmhgi8WJRkDBoJZznAAVUEGzaxBGFF7a0Qj5BC2Ni0KjYEf/nlVdI5r/uN+sVdo9a8LuIog2NwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox+L1pJTzByBP3A+fwCtiJOj</latexit>

Reflection 
Surface

Ea ⇠ !p

<latexit sha1_base64="M6UXRE3UqFaL1q9w7U/IMqbqQyo=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgqiQ1WrsriuCygn1AU8JkOmmHziRhZqKU2E9x40IRt36JO//GSRtBRQ9cOJxzL/fe48eMSmVZH0ZhaXllda24XtrY3NreMcu7HRklApM2jlgkej6ShNGQtBVVjPRiQRD3Gen6k4vM794SIWkU3qhpTAYcjUIaUIyUljyzfOkh6ErKoRtxMkJe7JkVq+pYjnXagFbVmiMjjeN6rQbtXKmAHC3PfHeHEU44CRVmSMq+bcVqkCKhKGZkVnITSWKEJ2hE+pqGiBM5SOenz+ChVoYwiISuUMG5+n0iRVzKKfd1J0dqLH97mfiX109UcDZIaRgnioR4sShIGFQRzHKAQyoIVmyqCcKC6lshHiOBsNJplXQIX5/C/0mnVrWd6sm1U2me53EUwT44AEfABnXQBFegBdoAgzvwAJ7As3FvPBovxuuitWDkM3vgB4y3T7Drk6k=</latexit>

Conversion Probability: Caveat #2
Foster, SJW, Lawson, Linden, Gajjar, Weniger, Safdi (arXiv: 2022.08274)

Photon

Pa!a ⇠ 1

<latexit sha1_base64="134YuGmx9TFOPRBpr97E+dlAhls=">AAACA3icbVBNS8NAEN34WetX1JteFovgqSRS0WPRi8cK9gOaECbbTbt0Nwm7G6WEghf/ihcPinj1T3jz37htc9DWBwOP92aYmRemnCntON/W0vLK6tp6aaO8ubW9s2vv7bdUkklCmyThieyEoChnMW1qpjntpJKCCDlth8Prid++p1KxJL7To5T6AvoxixgBbaTAPmwEOWBPsv5Ag5TJA4Yx9hQT2A3silN1psCLxC1IBRVoBPaX10tIJmisCQeluq6Taj8HqRnhdFz2MkVTIEPo066hMQiq/Hz6wxifGKWHo0SaijWeqr8nchBKjURoOgXogZr3JuJ/XjfT0aWfszjNNI3JbFGUcawTPAkE95ikRPORIUAkM7diMgAJRJvYyiYEd/7lRdI6q7q16vltrVK/KuIooSN0jE6Riy5QHd2gBmoigh7RM3pFb9aT9WK9Wx+z1iWrmDlAf2B9/gD/Fpcb</latexit>

Pa!� ⌧ 1

<latexit sha1_base64="+zVgkdsLcR5L5ivnUYayIp+CVeM=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQquiy6cVnBPqAJ4WY6SYfOJGFmopTQnRt/xY0LRdz6C+78G6ePhbYeuHA4517uvSfMOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pNJeENknKU9kJQVHOEtrUTHPaySQFEXLaDgfXY799T6ViaXKnhxn1BcQJixgBbaTAPmoEBWBPsrivQcr0AXsxCAEj7HGO3cCuOFVnArxI3BmpoBkagf3l9VKSC5powkGprutk2i9AakY4HZW9XNEMyABi2jU0AUGVX0z+GOETo/RwlEpTicYT9fdEAUKpoQhNpwDdV/PeWPzP6+Y6uvQLlmS5pgmZLopyjnWKx6HgHpOUaD40BIhk5lZM+iCBaBNd2YTgzr+8SFpnVbdWPb+tVepXszhK6BAdo1PkogtURzeogZqIoEf0jF7Rm/VkvVjv1se0dcmazRygP7A+fwAYS5jQ</latexit>

Small coupling regime
Pa!� ⌧ 1

<latexit sha1_base64="+zVgkdsLcR5L5ivnUYayIp+CVeM=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQquiy6cVnBPqAJ4WY6SYfOJGFmopTQnRt/xY0LRdz6C+78G6ePhbYeuHA4517uvSfMOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pNJeENknKU9kJQVHOEtrUTHPaySQFEXLaDgfXY799T6ViaXKnhxn1BcQJixgBbaTAPmoEBWBPsrivQcr0AXsxCAEj7HGO3cCuOFVnArxI3BmpoBkagf3l9VKSC5powkGprutk2i9AakY4HZW9XNEMyABi2jU0AUGVX0z+GOETo/RwlEpTicYT9fdEAUKpoQhNpwDdV/PeWPzP6+Y6uvQLlmS5pgmZLopyjnWKx6HgHpOUaD40BIhk5lZM+iCBaBNd2YTgzr+8SFpnVbdWPb+tVepXszhK6BAdo1PkogtURzeogZqIoEf0jF7Rm/VkvVjv1se0dcmazRygP7A+fwAYS5jQ</latexit>
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Neutron star

Axion

Conversion 
Surface

ma ⇠ !p

<latexit sha1_base64="UJTQtaKhQGvJGQ8ku3FNTCggnyY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRS0WXRjcsK9gFNCJPppB06jzAzUUrsp7hxoYhbv8Sdf+O0zUJbD1w4nHMv994Tp4xq43nfTmltfWNzq7xd2dnd2z9wq4cdLTOFSRtLJlUvRpowKkjbUMNIL1UE8ZiRbjy+mfndB6I0leLeTFIScjQUNKEYGStFbpVHCAaachhIToYoSiO35tW9OeAq8QtSAwVakfsVDCTOOBEGM6R13/dSE+ZIGYoZmVaCTJMU4TEakr6lAnGiw3x++hSeWmUAE6lsCQPn6u+JHHGtJzy2nRyZkV72ZuJ/Xj8zyVWYU5Fmhgi8WJRkDBoJZznAAVUEGzaxBGFF7a0Qj5BC2Ni0KjYEf/nlVdI5r/uN+sVdo9a8LuIog2NwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox+L1pJTzByBP3A+fwCtiJOj</latexit>

Reflection 
Surface

Ea ⇠ !p

<latexit sha1_base64="M6UXRE3UqFaL1q9w7U/IMqbqQyo=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgqiQ1WrsriuCygn1AU8JkOmmHziRhZqKU2E9x40IRt36JO//GSRtBRQ9cOJxzL/fe48eMSmVZH0ZhaXllda24XtrY3NreMcu7HRklApM2jlgkej6ShNGQtBVVjPRiQRD3Gen6k4vM794SIWkU3qhpTAYcjUIaUIyUljyzfOkh6ErKoRtxMkJe7JkVq+pYjnXagFbVmiMjjeN6rQbtXKmAHC3PfHeHEU44CRVmSMq+bcVqkCKhKGZkVnITSWKEJ2hE+pqGiBM5SOenz+ChVoYwiISuUMG5+n0iRVzKKfd1J0dqLH97mfiX109UcDZIaRgnioR4sShIGFQRzHKAQyoIVmyqCcKC6lshHiOBsNJplXQIX5/C/0mnVrWd6sm1U2me53EUwT44AEfABnXQBFegBdoAgzvwAJ7As3FvPBovxuuitWDkM3vgB4y3T7Drk6k=</latexit>

Conversion Probability: Caveat #2
Foster, SJW, Lawson, Linden, Gajjar, Weniger, Safdi (arXiv: 2022.08274)

Photon

Pa!a ⇠ 1

<latexit sha1_base64="134YuGmx9TFOPRBpr97E+dlAhls=">AAACA3icbVBNS8NAEN34WetX1JteFovgqSRS0WPRi8cK9gOaECbbTbt0Nwm7G6WEghf/ihcPinj1T3jz37htc9DWBwOP92aYmRemnCntON/W0vLK6tp6aaO8ubW9s2vv7bdUkklCmyThieyEoChnMW1qpjntpJKCCDlth8Prid++p1KxJL7To5T6AvoxixgBbaTAPmwEOWBPsv5Ag5TJA4Yx9hQT2A3silN1psCLxC1IBRVoBPaX10tIJmisCQeluq6Taj8HqRnhdFz2MkVTIEPo066hMQiq/Hz6wxifGKWHo0SaijWeqr8nchBKjURoOgXogZr3JuJ/XjfT0aWfszjNNI3JbFGUcawTPAkE95ikRPORIUAkM7diMgAJRJvYyiYEd/7lRdI6q7q16vltrVK/KuIooSN0jE6Riy5QHd2gBmoigh7RM3pFb9aT9WK9Wx+z1iWrmDlAf2B9/gD/Fpcb</latexit>

Pa!� ⌧ 1

<latexit sha1_base64="+zVgkdsLcR5L5ivnUYayIp+CVeM=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQquiy6cVnBPqAJ4WY6SYfOJGFmopTQnRt/xY0LRdz6C+78G6ePhbYeuHA4517uvSfMOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pNJeENknKU9kJQVHOEtrUTHPaySQFEXLaDgfXY799T6ViaXKnhxn1BcQJixgBbaTAPmoEBWBPsrivQcr0AXsxCAEj7HGO3cCuOFVnArxI3BmpoBkagf3l9VKSC5powkGprutk2i9AakY4HZW9XNEMyABi2jU0AUGVX0z+GOETo/RwlEpTicYT9fdEAUKpoQhNpwDdV/PeWPzP6+Y6uvQLlmS5pgmZLopyjnWKx6HgHpOUaD40BIhk5lZM+iCBaBNd2YTgzr+8SFpnVbdWPb+tVepXszhK6BAdo1PkogtURzeogZqIoEf0jF7Rm/VkvVjv1se0dcmazRygP7A+fwAYS5jQ</latexit>

pa!� ⇠ g2a�� B
2 L2

<latexit sha1_base64="LSJX+2DQleDZ/AP5n9Bm6s0caw4=">AAACJnicbZDLSgMxFIYzXmu9VV26CRbBhZSZUtGNUOrGhYsK9gKdtpxJ02loMjMkGaUMfRo3voobFxURdz6KaTsLbT0Q8vP955Cc34s4U9q2v6yV1bX1jc3MVnZ7Z3dvP3dwWFdhLAmtkZCHsumBopwFtKaZ5rQZSQrC47ThDW+mfuORSsXC4EGPItoW4Aeszwhog7q566ibgCuZP9AgZfjk+iAEjLGrmMD+1JuBFHeK2D3Hlfl11yl2c3m7YM8KLwsnFXmUVrWbm7i9kMSCBppwUKrl2JFuJyA1I5yOs26saARkCD5tGRmAoKqdzNYc41NDergfSnMCjWf090QCQqmR8EynAD1Qi94U/ue1Yt2/aicsiGJNAzJ/qB9zrEM8zQz3mKRE85ERQCQzf8VkABKINslmTQjO4srLol4sOKXCxX0pX66kcWTQMTpBZ8hBl6iMblEV1RBBz+gVTdC79WK9WR/W57x1xUpnjtCfsr5/ACBfpNE=</latexit>

Small coupling regime
Pa!� ⌧ 1

<latexit sha1_base64="+zVgkdsLcR5L5ivnUYayIp+CVeM=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQquiy6cVnBPqAJ4WY6SYfOJGFmopTQnRt/xY0LRdz6C+78G6ePhbYeuHA4517uvSfMOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pNJeENknKU9kJQVHOEtrUTHPaySQFEXLaDgfXY799T6ViaXKnhxn1BcQJixgBbaTAPmoEBWBPsrivQcr0AXsxCAEj7HGO3cCuOFVnArxI3BmpoBkagf3l9VKSC5powkGprutk2i9AakY4HZW9XNEMyABi2jU0AUGVX0z+GOETo/RwlEpTicYT9fdEAUKpoQhNpwDdV/PeWPzP6+Y6uvQLlmS5pgmZLopyjnWKx6HgHpOUaD40BIhk5lZM+iCBaBNd2YTgzr+8SFpnVbdWPb+tVepXszhK6BAdo1PkogtURzeogZqIoEf0jF7Rm/VkvVjv1se0dcmazRygP7A+fwAYS5jQ</latexit>
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Neutron star

Reflection 
Surface

Conversion 
Surface

Axion

Pa!� ⇠ 1

<latexit sha1_base64="2aOUMC27IxsDvogg7QDsY2Fl3ak=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQquiy6cVnBPqAJ4WY6SYfOJGFmopTQlRt/xY0LRdz6De78G6ePhbYeuHA4517uvSfMOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pNJeENknKU9kJQVHOEtrUTHPaySQFEXLaDgfXY799T6ViaXKnhxn1BcQJixgBbaTAPmoEBXiSxX0NUqYPXgxCwAh7ignsBnbFqToT4EXizkgFzdAI7C+vl5Jc0EQTDkp1XSfTfgFSM8LpqOzlimZABhDTrqEJCKr8YvLGCJ8YpYejVJpKNJ6ovycKEEoNRWg6Bei+mvfG4n9eN9fRpV+wJMs1Tch0UZRzrFM8zgT3mKRE86EhQCQzt2LSBwlEm+TKJgR3/uVF0jqrurXq+W2tUr+axVFCh+gYnSIXXaA6ukEN1EQEPaJn9IrerCfrxXq3PqatS9Zs5gD9gfX5AzwmmPc=</latexit>

ma ⇠ !p

<latexit sha1_base64="UJTQtaKhQGvJGQ8ku3FNTCggnyY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRS0WXRjcsK9gFNCJPppB06jzAzUUrsp7hxoYhbv8Sdf+O0zUJbD1w4nHMv994Tp4xq43nfTmltfWNzq7xd2dnd2z9wq4cdLTOFSRtLJlUvRpowKkjbUMNIL1UE8ZiRbjy+mfndB6I0leLeTFIScjQUNKEYGStFbpVHCAaachhIToYoSiO35tW9OeAq8QtSAwVakfsVDCTOOBEGM6R13/dSE+ZIGYoZmVaCTJMU4TEakr6lAnGiw3x++hSeWmUAE6lsCQPn6u+JHHGtJzy2nRyZkV72ZuJ/Xj8zyVWYU5Fmhgi8WJRkDBoJZznAAVUEGzaxBGFF7a0Qj5BC2Ni0KjYEf/nlVdI5r/uN+sVdo9a8LuIog2NwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox+L1pJTzByBP3A+fwCtiJOj</latexit>

Ea ⇠ !p

<latexit sha1_base64="M6UXRE3UqFaL1q9w7U/IMqbqQyo=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgqiQ1WrsriuCygn1AU8JkOmmHziRhZqKU2E9x40IRt36JO//GSRtBRQ9cOJxzL/fe48eMSmVZH0ZhaXllda24XtrY3NreMcu7HRklApM2jlgkej6ShNGQtBVVjPRiQRD3Gen6k4vM794SIWkU3qhpTAYcjUIaUIyUljyzfOkh6ErKoRtxMkJe7JkVq+pYjnXagFbVmiMjjeN6rQbtXKmAHC3PfHeHEU44CRVmSMq+bcVqkCKhKGZkVnITSWKEJ2hE+pqGiBM5SOenz+ChVoYwiISuUMG5+n0iRVzKKfd1J0dqLH97mfiX109UcDZIaRgnioR4sShIGFQRzHKAQyoIVmyqCcKC6lshHiOBsNJplXQIX5/C/0mnVrWd6sm1U2me53EUwT44AEfABnXQBFegBdoAgzvwAJ7As3FvPBovxuuitWDkM3vgB4y3T7Drk6k=</latexit>

Conversion Probability: Caveat #2
Foster, SJW, Lawson, Linden, Gajjar, Weniger, Safdi (arXiv: 2022.08274)

Pa!a ⌧ 1

<latexit sha1_base64="SXGL1EJxWCFySTNwmzSc3gI3zXQ=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5JIRY9FLx4r2A9oQphsN+3STTbsbpQSihf/ihcPinj1V3jz37htc9DWBwOP92aYmRemnCntON/W0vLK6tp6aaO8ubW9s2vv7beUyCShTSK4kJ0QFOUsoU3NNKedVFKIQ07b4fB64rfvqVRMJHd6lFI/hn7CIkZAGymwDxtBDtiTrD/QIKV4wDDGHufYDeyKU3WmwIvELUgFFWgE9pfXEySLaaIJB6W6rpNqPwepGeF0XPYyRVMgQ+jTrqEJxFT5+fSFMT4xSg9HQppKNJ6qvydyiJUaxaHpjEEP1Lw3Ef/zupmOLv2cJWmmaUJmi6KMYy3wJA/cY5ISzUeGAJHM3IrJACQQbVIrmxDc+ZcXSeus6taq57e1Sv2qiKOEjtAxOkUuukB1dIMaqIkIekTP6BW9WU/Wi/Vufcxal6xi5gD9gfX5AyUQlqA=</latexit>

Large coupling regime

Pa!� ⇠ 1

<latexit sha1_base64="2aOUMC27IxsDvogg7QDsY2Fl3ak=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQquiy6cVnBPqAJ4WY6SYfOJGFmopTQlRt/xY0LRdz6De78G6ePhbYeuHA4517uvSfMOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pNJeENknKU9kJQVHOEtrUTHPaySQFEXLaDgfXY799T6ViaXKnhxn1BcQJixgBbaTAPmoEBXiSxX0NUqYPXgxCwAh7ignsBnbFqToT4EXizkgFzdAI7C+vl5Jc0EQTDkp1XSfTfgFSM8LpqOzlimZABhDTrqEJCKr8YvLGCJ8YpYejVJpKNJ6ovycKEEoNRWg6Bei+mvfG4n9eN9fRpV+wJMs1Tch0UZRzrFM8zgT3mKRE86EhQCQzt2LSBwlEm+TKJgR3/uVF0jqrurXq+W2tUr+axVFCh+gYnSIXXaA6ukEN1EQEPaJn9IrerCfrxXq3PqatS9Zs5gD9gfX5AzwmmPc=</latexit>



March 2, 2022FISICA 2022 Radio Lines from Axion Dark Matter 7

Neutron star

Reflection 
Surface

Conversion 
Surface

Axion

Pa!� ⇠ 1

<latexit sha1_base64="2aOUMC27IxsDvogg7QDsY2Fl3ak=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUQquiy6cVnBPqAJ4WY6SYfOJGFmopTQlRt/xY0LRdz6De78G6ePhbYeuHA4517uvSfMOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pNJeENknKU9kJQVHOEtrUTHPaySQFEXLaDgfXY799T6ViaXKnhxn1BcQJixgBbaTAPmoEBXiSxX0NUqYPXgxCwAh7ignsBnbFqToT4EXizkgFzdAI7C+vl5Jc0EQTDkp1XSfTfgFSM8LpqOzlimZABhDTrqEJCKr8YvLGCJ8YpYejVJpKNJ6ovycKEEoNRWg6Bei+mvfG4n9eN9fRpV+wJMs1Tch0UZRzrFM8zgT3mKRE86EhQCQzt2LSBwlEm+TKJgR3/uVF0jqrurXq+W2tUr+axVFCh+gYnSIXXaA6ukEN1EQEPaJn9IrerCfrxXq3PqatS9Zs5gD9gfX5AzwmmPc=</latexit>

ma ⇠ !p
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Image credit: https://astronomy.swin.edu.au/cosmos/p/Pulsar+Evolution
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Population Today
Larger Flux

Phillips et al (2014) 
Cumming et al (2004)

Gullón et al (2014)

https://astronomy.swin.edu.au/cosmos/p/Pulsar+Evolution
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Population Synthesis

Fast Magnetic Field Decay

“Data driven approach”

Neutron star birth and disruption of 
globular clusters in Galactic Center

~1500 NSs [Age < 30 Myr in inner pc] 300,000 NSs inner few pcs

Yusef-Zadeh et al (2008) Generozov et al (2018)

Foster, SJW, Lawson, Linden, Gajjar, Weniger, Safdi (arXiv: 2022.08274)

Slow Magnetic Field Decay
Dominated by young neutron stars

Recent star formation provides insight into 
spatial distribution and number densities

Both young and old neutron stars contribute

Population Modeling

Gullón et al (2014)
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Population Synthesis

Fast Magnetic Field Decay

“Data driven approach”

Neutron star birth and disruption of 
globular clusters in Galactic Center

~1500 NSs [Age < 30 Myr in inner pc] 300,000 NSs inner few pcs

Frequency [1/ma ⇥ 10�5]

<latexit sha1_base64="HkjKow4W+0OZ4QH7+Wp07QzgkYc=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR3FgTadFl0Y3LCvYBaQyT6aQdOjMJMxOhhLrxV9y4UMStf+HOv3HaZqGtBy4czrmXe+8JE0aVdpxvq7C0vLK6VlwvbWxube/Yu3stFacSkyaOWSw7IVKEUUGammpGOokkiIeMtMPh9cRvPxCpaCzu9CghPkd9QSOKkTZSYB94LjyDPECwqyknCrrOfXZaG/uBXXYqzhRwkbg5KYMcjcD+6vZinHIiNGZIKc91Eu1nSGqKGRmXuqkiCcJD1CeeoQKZbX42/WAMj43Sg1EsTQkNp+rviQxxpUY8NJ0c6YGa9ybif56X6ujSz6hIUk0Eni2KUgZ1DCdxwB6VBGs2MgRhSc2tEA+QRFib0EomBHf+5UXSOq+41UrttlquX+VxFMEhOAInwAUXoA5uQAM0AQaP4Bm8gjfryXqx3q2PWWvBymf2wR9Ynz92p5T/</latexit>

Sample neutron star-Earth orientation

Doppler shift line

Stack samples

Yusef-Zadeh et al (2008) Generozov et al (2018)

Foster, SJW, Lawson, Linden, Gajjar, Weniger, Safdi (arXiv: 2022.08274)

Slow Magnetic Field Decay
Dominated by young neutron stars

Recent star formation provides insight into 
spatial distribution and number densities

Both young and old neutron stars contribute

Population Modeling

Gullón et al (2014)
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Foster, SJW, Lawson, Linden, Gajjar, Weniger, Safdi (arXiv: 2022.08274)
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Population Synthesis
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Individual Neutron Stars

Plasma Broadening

Doppler Broadening

Axion Mass

Neutron Stars Disappear

Foster, SJW, Lawson, Linden, Gajjar, Weniger, Safdi (arXiv: 2022.08274)
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Conclusions

Results & interpretation to be shown in Josh Foster’s talk!

Last few years have shown major developments in forward modeling of these systems

Analysis now including:
• Computation of radio flux at level of individual neutron stars using ray tracing
• Boosted neutron stars (with respect to dark matter) — induces anisotropy in local phase space
• Improved conversion probability calculation (includes estimate of axion-photon de-phasing and 

generalizes to adiabatic regime)
• State-of-the-art population models for the Galactic Center neutron star population
• More rigorous investigation of theoretical systematics 

Foster, SJW, Lawson, Linden, Gajjar, Weniger, Safdi (arXiv: 2022.08274)


