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<latexit sha1_base64="/2mphgq8YSb0BjTxDUTe6Uwi7gs=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgaZldQxIPQtCLxwjmAUkIs5PZZMjsw5leISz5CS8eFPHq73jzb5xNIqhoQUNR1U13lxdLoYGQDyu3srq2vpHfLGxt7+zuFfcPWjpKFONNFslIdTyquRQhb4IAyTux4jTwJG97k6vMb99zpUUU3sI05v2AjkLhC0bBSJ0ejDnQCzIoloh9Xqu45QomNiFVx3Uy4lbLZ2XsGCVDCS3RGBTfe8OIJQEPgUmqddchMfRTqkAwyWeFXqJ5TNmEjnjX0JAGXPfT+b0zfGKUIfYjZSoEPFe/T6Q00HoaeKYzoDDWv71M/MvrJuDX+qkI4wR4yBaL/ERiiHD2PB4KxRnIqSGUKWFuxWxMFWVgIiqYEL4+xf+Tlms7xHZuyqX65TKOPDpCx+gUOaiK6ugaNVATMSTRA3pCz9ad9Wi9WK+L1py1nDlEP2C9fQL4SI/r</latexit><latexit sha1_base64="/2mphgq8YSb0BjTxDUTe6Uwi7gs=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgaZldQxIPQtCLxwjmAUkIs5PZZMjsw5leISz5CS8eFPHq73jzb5xNIqhoQUNR1U13lxdLoYGQDyu3srq2vpHfLGxt7+zuFfcPWjpKFONNFslIdTyquRQhb4IAyTux4jTwJG97k6vMb99zpUUU3sI05v2AjkLhC0bBSJ0ejDnQCzIoloh9Xqu45QomNiFVx3Uy4lbLZ2XsGCVDCS3RGBTfe8OIJQEPgUmqddchMfRTqkAwyWeFXqJ5TNmEjnjX0JAGXPfT+b0zfGKUIfYjZSoEPFe/T6Q00HoaeKYzoDDWv71M/MvrJuDX+qkI4wR4yBaL/ERiiHD2PB4KxRnIqSGUKWFuxWxMFWVgIiqYEL4+xf+Tlms7xHZuyqX65TKOPDpCx+gUOaiK6ugaNVATMSTRA3pCz9ad9Wi9WK+L1py1nDlEP2C9fQL4SI/r</latexit><latexit sha1_base64="/2mphgq8YSb0BjTxDUTe6Uwi7gs=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgaZldQxIPQtCLxwjmAUkIs5PZZMjsw5leISz5CS8eFPHq73jzb5xNIqhoQUNR1U13lxdLoYGQDyu3srq2vpHfLGxt7+zuFfcPWjpKFONNFslIdTyquRQhb4IAyTux4jTwJG97k6vMb99zpUUU3sI05v2AjkLhC0bBSJ0ejDnQCzIoloh9Xqu45QomNiFVx3Uy4lbLZ2XsGCVDCS3RGBTfe8OIJQEPgUmqddchMfRTqkAwyWeFXqJ5TNmEjnjX0JAGXPfT+b0zfGKUIfYjZSoEPFe/T6Q00HoaeKYzoDDWv71M/MvrJuDX+qkI4wR4yBaL/ERiiHD2PB4KxRnIqSGUKWFuxWxMFWVgIiqYEL4+xf+Tlms7xHZuyqX65TKOPDpCx+gUOaiK6ugaNVATMSTRA3pCz9ad9Wi9WK+L1py1nDlEP2C9fQL4SI/r</latexit><latexit sha1_base64="/2mphgq8YSb0BjTxDUTe6Uwi7gs=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgaZldQxIPQtCLxwjmAUkIs5PZZMjsw5leISz5CS8eFPHq73jzb5xNIqhoQUNR1U13lxdLoYGQDyu3srq2vpHfLGxt7+zuFfcPWjpKFONNFslIdTyquRQhb4IAyTux4jTwJG97k6vMb99zpUUU3sI05v2AjkLhC0bBSJ0ejDnQCzIoloh9Xqu45QomNiFVx3Uy4lbLZ2XsGCVDCS3RGBTfe8OIJQEPgUmqddchMfRTqkAwyWeFXqJ5TNmEjnjX0JAGXPfT+b0zfGKUIfYjZSoEPFe/T6Q00HoaeKYzoDDWv71M/MvrJuDX+qkI4wR4yBaL/ERiiHD2PB4KxRnIqSGUKWFuxWxMFWVgIiqYEL4+xf+Tlms7xHZuyqX65TKOPDpCx+gUOaiK6ugaNVATMSTRA3pCz9ad9Wi9WK+L1py1nDlEP2C9fQL4SI/r</latexit>



Neutron Neutron

Electric  
Dipole

✓GG̃
<latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit>

✓ = 0
<latexit sha1_base64="/2mphgq8YSb0BjTxDUTe6Uwi7gs=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgaZldQxIPQtCLxwjmAUkIs5PZZMjsw5leISz5CS8eFPHq73jzb5xNIqhoQUNR1U13lxdLoYGQDyu3srq2vpHfLGxt7+zuFfcPWjpKFONNFslIdTyquRQhb4IAyTux4jTwJG97k6vMb99zpUUU3sI05v2AjkLhC0bBSJ0ejDnQCzIoloh9Xqu45QomNiFVx3Uy4lbLZ2XsGCVDCS3RGBTfe8OIJQEPgUmqddchMfRTqkAwyWeFXqJ5TNmEjnjX0JAGXPfT+b0zfGKUIfYjZSoEPFe/T6Q00HoaeKYzoDDWv71M/MvrJuDX+qkI4wR4yBaL/ERiiHD2PB4KxRnIqSGUKWFuxWxMFWVgIiqYEL4+xf+Tlms7xHZuyqX65TKOPDpCx+gUOaiK6ugaNVATMSTRA3pCz9ad9Wi9WK+L1py1nDlEP2C9fQL4SI/r</latexit><latexit sha1_base64="/2mphgq8YSb0BjTxDUTe6Uwi7gs=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgaZldQxIPQtCLxwjmAUkIs5PZZMjsw5leISz5CS8eFPHq73jzb5xNIqhoQUNR1U13lxdLoYGQDyu3srq2vpHfLGxt7+zuFfcPWjpKFONNFslIdTyquRQhb4IAyTux4jTwJG97k6vMb99zpUUU3sI05v2AjkLhC0bBSJ0ejDnQCzIoloh9Xqu45QomNiFVx3Uy4lbLZ2XsGCVDCS3RGBTfe8OIJQEPgUmqddchMfRTqkAwyWeFXqJ5TNmEjnjX0JAGXPfT+b0zfGKUIfYjZSoEPFe/T6Q00HoaeKYzoDDWv71M/MvrJuDX+qkI4wR4yBaL/ERiiHD2PB4KxRnIqSGUKWFuxWxMFWVgIiqYEL4+xf+Tlms7xHZuyqX65TKOPDpCx+gUOaiK6ugaNVATMSTRA3pCz9ad9Wi9WK+L1py1nDlEP2C9fQL4SI/r</latexit><latexit sha1_base64="/2mphgq8YSb0BjTxDUTe6Uwi7gs=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgaZldQxIPQtCLxwjmAUkIs5PZZMjsw5leISz5CS8eFPHq73jzb5xNIqhoQUNR1U13lxdLoYGQDyu3srq2vpHfLGxt7+zuFfcPWjpKFONNFslIdTyquRQhb4IAyTux4jTwJG97k6vMb99zpUUU3sI05v2AjkLhC0bBSJ0ejDnQCzIoloh9Xqu45QomNiFVx3Uy4lbLZ2XsGCVDCS3RGBTfe8OIJQEPgUmqddchMfRTqkAwyWeFXqJ5TNmEjnjX0JAGXPfT+b0zfGKUIfYjZSoEPFe/T6Q00HoaeKYzoDDWv71M/MvrJuDX+qkI4wR4yBaL/ERiiHD2PB4KxRnIqSGUKWFuxWxMFWVgIiqYEL4+xf+Tlms7xHZuyqX65TKOPDpCx+gUOaiK6ugaNVATMSTRA3pCz9ad9Wi9WK+L1py1nDlEP2C9fQL4SI/r</latexit><latexit sha1_base64="/2mphgq8YSb0BjTxDUTe6Uwi7gs=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgaZldQxIPQtCLxwjmAUkIs5PZZMjsw5leISz5CS8eFPHq73jzb5xNIqhoQUNR1U13lxdLoYGQDyu3srq2vpHfLGxt7+zuFfcPWjpKFONNFslIdTyquRQhb4IAyTux4jTwJG97k6vMb99zpUUU3sI05v2AjkLhC0bBSJ0ejDnQCzIoloh9Xqu45QomNiFVx3Uy4lbLZ2XsGCVDCS3RGBTfe8OIJQEPgUmqddchMfRTqkAwyWeFXqJ5TNmEjnjX0JAGXPfT+b0zfGKUIfYjZSoEPFe/T6Q00HoaeKYzoDDWv71M/MvrJuDX+qkI4wR4yBaL/ERiiHD2PB4KxRnIqSGUKWFuxWxMFWVgIiqYEL4+xf+Tlms7xHZuyqX65TKOPDpCx+gUOaiK6ugaNVATMSTRA3pCz9ad9Wi9WK+L1py1nDlEP2C9fQL4SI/r</latexit>

✓ 6= 0
<latexit sha1_base64="NGIYMsedOn9MbGM52VFzd/AHCrY=">AAAB8nicdVDLSgNBEJz1bXxFPXoZDIKnMBuXJN6CXjwqmAckIcxOOsmQ2dl1plcIIZ/hxYMiXv0ab/6NsxpBRQsaiqpuurvCREmLjL15C4tLyyura+u5jc2t7Z387l7DxqkRUBexik0r5BaU1FBHiQpaiQEehQqa4fg885u3YKyM9TVOEuhGfKjlQAqOTmp3cATIOxpuWC9fYMXTarkUlCkrMlbxS35GSpXgJKC+UzIUyByXvfxrpx+LNAKNQnFr2z5LsDvlBqVQMMt1UgsJF2M+hLajmkdgu9OPk2f0yCl9OoiNK430Q/0+MeWRtZModJ0Rx5H97WXiX147xUG1O5U6SRG0+Fw0SBXFmGb/0740IFBNHOHCSHcrFSNuuECXUs6F8PUp/Z80SkWfFf2roFA7m8exRg7IITkmPqmQGrkgl6ROBInJHXkgjx56996T9/zZuuDNZ/bJD3gv74xrkWw=</latexit><latexit sha1_base64="NGIYMsedOn9MbGM52VFzd/AHCrY=">AAAB8nicdVDLSgNBEJz1bXxFPXoZDIKnMBuXJN6CXjwqmAckIcxOOsmQ2dl1plcIIZ/hxYMiXv0ab/6NsxpBRQsaiqpuurvCREmLjL15C4tLyyura+u5jc2t7Z387l7DxqkRUBexik0r5BaU1FBHiQpaiQEehQqa4fg885u3YKyM9TVOEuhGfKjlQAqOTmp3cATIOxpuWC9fYMXTarkUlCkrMlbxS35GSpXgJKC+UzIUyByXvfxrpx+LNAKNQnFr2z5LsDvlBqVQMMt1UgsJF2M+hLajmkdgu9OPk2f0yCl9OoiNK430Q/0+MeWRtZModJ0Rx5H97WXiX147xUG1O5U6SRG0+Fw0SBXFmGb/0740IFBNHOHCSHcrFSNuuECXUs6F8PUp/Z80SkWfFf2roFA7m8exRg7IITkmPqmQGrkgl6ROBInJHXkgjx56996T9/zZuuDNZ/bJD3gv74xrkWw=</latexit><latexit sha1_base64="NGIYMsedOn9MbGM52VFzd/AHCrY=">AAAB8nicdVDLSgNBEJz1bXxFPXoZDIKnMBuXJN6CXjwqmAckIcxOOsmQ2dl1plcIIZ/hxYMiXv0ab/6NsxpBRQsaiqpuurvCREmLjL15C4tLyyura+u5jc2t7Z387l7DxqkRUBexik0r5BaU1FBHiQpaiQEehQqa4fg885u3YKyM9TVOEuhGfKjlQAqOTmp3cATIOxpuWC9fYMXTarkUlCkrMlbxS35GSpXgJKC+UzIUyByXvfxrpx+LNAKNQnFr2z5LsDvlBqVQMMt1UgsJF2M+hLajmkdgu9OPk2f0yCl9OoiNK430Q/0+MeWRtZModJ0Rx5H97WXiX147xUG1O5U6SRG0+Fw0SBXFmGb/0740IFBNHOHCSHcrFSNuuECXUs6F8PUp/Z80SkWfFf2roFA7m8exRg7IITkmPqmQGrkgl6ROBInJHXkgjx56996T9/zZuuDNZ/bJD3gv74xrkWw=</latexit><latexit sha1_base64="NGIYMsedOn9MbGM52VFzd/AHCrY=">AAAB8nicdVDLSgNBEJz1bXxFPXoZDIKnMBuXJN6CXjwqmAckIcxOOsmQ2dl1plcIIZ/hxYMiXv0ab/6NsxpBRQsaiqpuurvCREmLjL15C4tLyyura+u5jc2t7Z387l7DxqkRUBexik0r5BaU1FBHiQpaiQEehQqa4fg885u3YKyM9TVOEuhGfKjlQAqOTmp3cATIOxpuWC9fYMXTarkUlCkrMlbxS35GSpXgJKC+UzIUyByXvfxrpx+LNAKNQnFr2z5LsDvlBqVQMMt1UgsJF2M+hLajmkdgu9OPk2f0yCl9OoiNK430Q/0+MeWRtZModJ0Rx5H97WXiX147xUG1O5U6SRG0+Fw0SBXFmGb/0740IFBNHOHCSHcrFSNuuECXUs6F8PUp/Z80SkWfFf2roFA7m8exRg7IITkmPqmQGrkgl6ROBInJHXkgjx56996T9/zZuuDNZ/bJD3gv74xrkWw=</latexit>



|✓| . 10�10

Neutron Neutron

Electric  
Dipole

✓GG̃
<latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit>

Experimentally

✓ 6= 0
<latexit sha1_base64="NGIYMsedOn9MbGM52VFzd/AHCrY=">AAAB8nicdVDLSgNBEJz1bXxFPXoZDIKnMBuXJN6CXjwqmAckIcxOOsmQ2dl1plcIIZ/hxYMiXv0ab/6NsxpBRQsaiqpuurvCREmLjL15C4tLyyura+u5jc2t7Z387l7DxqkRUBexik0r5BaU1FBHiQpaiQEehQqa4fg885u3YKyM9TVOEuhGfKjlQAqOTmp3cATIOxpuWC9fYMXTarkUlCkrMlbxS35GSpXgJKC+UzIUyByXvfxrpx+LNAKNQnFr2z5LsDvlBqVQMMt1UgsJF2M+hLajmkdgu9OPk2f0yCl9OoiNK430Q/0+MeWRtZModJ0Rx5H97WXiX147xUG1O5U6SRG0+Fw0SBXFmGb/0740IFBNHOHCSHcrFSNuuECXUs6F8PUp/Z80SkWfFf2roFA7m8exRg7IITkmPqmQGrkgl6ROBInJHXkgjx56996T9/zZuuDNZ/bJD3gv74xrkWw=</latexit><latexit sha1_base64="NGIYMsedOn9MbGM52VFzd/AHCrY=">AAAB8nicdVDLSgNBEJz1bXxFPXoZDIKnMBuXJN6CXjwqmAckIcxOOsmQ2dl1plcIIZ/hxYMiXv0ab/6NsxpBRQsaiqpuurvCREmLjL15C4tLyyura+u5jc2t7Z387l7DxqkRUBexik0r5BaU1FBHiQpaiQEehQqa4fg885u3YKyM9TVOEuhGfKjlQAqOTmp3cATIOxpuWC9fYMXTarkUlCkrMlbxS35GSpXgJKC+UzIUyByXvfxrpx+LNAKNQnFr2z5LsDvlBqVQMMt1UgsJF2M+hLajmkdgu9OPk2f0yCl9OoiNK430Q/0+MeWRtZModJ0Rx5H97WXiX147xUG1O5U6SRG0+Fw0SBXFmGb/0740IFBNHOHCSHcrFSNuuECXUs6F8PUp/Z80SkWfFf2roFA7m8exRg7IITkmPqmQGrkgl6ROBInJHXkgjx56996T9/zZuuDNZ/bJD3gv74xrkWw=</latexit><latexit sha1_base64="NGIYMsedOn9MbGM52VFzd/AHCrY=">AAAB8nicdVDLSgNBEJz1bXxFPXoZDIKnMBuXJN6CXjwqmAckIcxOOsmQ2dl1plcIIZ/hxYMiXv0ab/6NsxpBRQsaiqpuurvCREmLjL15C4tLyyura+u5jc2t7Z387l7DxqkRUBexik0r5BaU1FBHiQpaiQEehQqa4fg885u3YKyM9TVOEuhGfKjlQAqOTmp3cATIOxpuWC9fYMXTarkUlCkrMlbxS35GSpXgJKC+UzIUyByXvfxrpx+LNAKNQnFr2z5LsDvlBqVQMMt1UgsJF2M+hLajmkdgu9OPk2f0yCl9OoiNK430Q/0+MeWRtZModJ0Rx5H97WXiX147xUG1O5U6SRG0+Fw0SBXFmGb/0740IFBNHOHCSHcrFSNuuECXUs6F8PUp/Z80SkWfFf2roFA7m8exRg7IITkmPqmQGrkgl6ROBInJHXkgjx56996T9/zZuuDNZ/bJD3gv74xrkWw=</latexit><latexit sha1_base64="NGIYMsedOn9MbGM52VFzd/AHCrY=">AAAB8nicdVDLSgNBEJz1bXxFPXoZDIKnMBuXJN6CXjwqmAckIcxOOsmQ2dl1plcIIZ/hxYMiXv0ab/6NsxpBRQsaiqpuurvCREmLjL15C4tLyyura+u5jc2t7Z387l7DxqkRUBexik0r5BaU1FBHiQpaiQEehQqa4fg885u3YKyM9TVOEuhGfKjlQAqOTmp3cATIOxpuWC9fYMXTarkUlCkrMlbxS35GSpXgJKC+UzIUyByXvfxrpx+LNAKNQnFr2z5LsDvlBqVQMMt1UgsJF2M+hLajmkdgu9OPk2f0yCl9OoiNK430Q/0+MeWRtZModJ0Rx5H97WXiX147xUG1O5U6SRG0+Fw0SBXFmGb/0740IFBNHOHCSHcrFSNuuECXUs6F8PUp/Z80SkWfFf2roFA7m8exRg7IITkmPqmQGrkgl6ROBInJHXkgjx56996T9/zZuuDNZ/bJD3gv74xrkWw=</latexit>

✓ = 0
<latexit sha1_base64="/2mphgq8YSb0BjTxDUTe6Uwi7gs=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgaZldQxIPQtCLxwjmAUkIs5PZZMjsw5leISz5CS8eFPHq73jzb5xNIqhoQUNR1U13lxdLoYGQDyu3srq2vpHfLGxt7+zuFfcPWjpKFONNFslIdTyquRQhb4IAyTux4jTwJG97k6vMb99zpUUU3sI05v2AjkLhC0bBSJ0ejDnQCzIoloh9Xqu45QomNiFVx3Uy4lbLZ2XsGCVDCS3RGBTfe8OIJQEPgUmqddchMfRTqkAwyWeFXqJ5TNmEjnjX0JAGXPfT+b0zfGKUIfYjZSoEPFe/T6Q00HoaeKYzoDDWv71M/MvrJuDX+qkI4wR4yBaL/ERiiHD2PB4KxRnIqSGUKWFuxWxMFWVgIiqYEL4+xf+Tlms7xHZuyqX65TKOPDpCx+gUOaiK6ugaNVATMSTRA3pCz9ad9Wi9WK+L1py1nDlEP2C9fQL4SI/r</latexit><latexit sha1_base64="/2mphgq8YSb0BjTxDUTe6Uwi7gs=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgaZldQxIPQtCLxwjmAUkIs5PZZMjsw5leISz5CS8eFPHq73jzb5xNIqhoQUNR1U13lxdLoYGQDyu3srq2vpHfLGxt7+zuFfcPWjpKFONNFslIdTyquRQhb4IAyTux4jTwJG97k6vMb99zpUUU3sI05v2AjkLhC0bBSJ0ejDnQCzIoloh9Xqu45QomNiFVx3Uy4lbLZ2XsGCVDCS3RGBTfe8OIJQEPgUmqddchMfRTqkAwyWeFXqJ5TNmEjnjX0JAGXPfT+b0zfGKUIfYjZSoEPFe/T6Q00HoaeKYzoDDWv71M/MvrJuDX+qkI4wR4yBaL/ERiiHD2PB4KxRnIqSGUKWFuxWxMFWVgIiqYEL4+xf+Tlms7xHZuyqX65TKOPDpCx+gUOaiK6ugaNVATMSTRA3pCz9ad9Wi9WK+L1py1nDlEP2C9fQL4SI/r</latexit><latexit sha1_base64="/2mphgq8YSb0BjTxDUTe6Uwi7gs=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgaZldQxIPQtCLxwjmAUkIs5PZZMjsw5leISz5CS8eFPHq73jzb5xNIqhoQUNR1U13lxdLoYGQDyu3srq2vpHfLGxt7+zuFfcPWjpKFONNFslIdTyquRQhb4IAyTux4jTwJG97k6vMb99zpUUU3sI05v2AjkLhC0bBSJ0ejDnQCzIoloh9Xqu45QomNiFVx3Uy4lbLZ2XsGCVDCS3RGBTfe8OIJQEPgUmqddchMfRTqkAwyWeFXqJ5TNmEjnjX0JAGXPfT+b0zfGKUIfYjZSoEPFe/T6Q00HoaeKYzoDDWv71M/MvrJuDX+qkI4wR4yBaL/ERiiHD2PB4KxRnIqSGUKWFuxWxMFWVgIiqYEL4+xf+Tlms7xHZuyqX65TKOPDpCx+gUOaiK6ugaNVATMSTRA3pCz9ad9Wi9WK+L1py1nDlEP2C9fQL4SI/r</latexit><latexit sha1_base64="/2mphgq8YSb0BjTxDUTe6Uwi7gs=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgaZldQxIPQtCLxwjmAUkIs5PZZMjsw5leISz5CS8eFPHq73jzb5xNIqhoQUNR1U13lxdLoYGQDyu3srq2vpHfLGxt7+zuFfcPWjpKFONNFslIdTyquRQhb4IAyTux4jTwJG97k6vMb99zpUUU3sI05v2AjkLhC0bBSJ0ejDnQCzIoloh9Xqu45QomNiFVx3Uy4lbLZ2XsGCVDCS3RGBTfe8OIJQEPgUmqddchMfRTqkAwyWeFXqJ5TNmEjnjX0JAGXPfT+b0zfGKUIfYjZSoEPFe/T6Q00HoaeKYzoDDWv71M/MvrJuDX+qkI4wR4yBaL/ERiiHD2PB4KxRnIqSGUKWFuxWxMFWVgIiqYEL4+xf+Tlms7xHZuyqX65TKOPDpCx+gUOaiK6ugaNVATMSTRA3pCz9ad9Wi9WK+L1py1nDlEP2C9fQL4SI/r</latexit>



✓GG̃
<latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit>

✓
✓ +

a

fa

◆
GG̃

<latexit sha1_base64="NPnHOw7NJQAN9qpx1CJeBUPI6OI="></latexit><latexit sha1_base64="NPnHOw7NJQAN9qpx1CJeBUPI6OI="></latexit><latexit sha1_base64="NPnHOw7NJQAN9qpx1CJeBUPI6OI="></latexit><latexit sha1_base64="NPnHOw7NJQAN9qpx1CJeBUPI6OI="></latexit>

hai = �✓fa
<latexit sha1_base64="//F4vyMjiYsqo74neu96GR6x3Q0="></latexit><latexit sha1_base64="//F4vyMjiYsqo74neu96GR6x3Q0="></latexit><latexit sha1_base64="//F4vyMjiYsqo74neu96GR6x3Q0="></latexit><latexit sha1_base64="//F4vyMjiYsqo74neu96GR6x3Q0="></latexit>

At the minimum

Introduce a new global symmetry at fa



AXION-LIKE DARK MATTER

• Minimal Extension of 
what we know to exist 

• Simple and predictive 
cosmology 

• Solve another big 
problem in particle 

physics



Does anything change  
as we vary the Higgs mass?

<latexit sha1_base64="NUcu8oyRqIQMhF37CMedfe8KmFM=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfVY9OKxgv2AppTNdtou3WzC7qZQQv+JFw+KePWfePPfuE1z0OoLCw/vzDCzb5gIro3nfTmltfWNza3ydmVnd2//wD08auk4VQybLBax6oRUo+ASm4YbgZ1EIY1Cge1wcreot6eoNI/lo5kl2IvoSPIhZ9RYq++6gaByJJCMA5VD3616NS8X+Qt+AVUo1Oi7n8EgZmmE0jBBte76XmJ6GVWGM4HzSpBqTCib0BF2LUoaoe5l+eVzcmadARnGyj5pSO7+nMhopPUsCm1nRM1Yr9YW5n+1bmqGN72MyyQ1KNly0TAVxMRkEQMZcIXMiJkFyhS3txI2pooyY8Oq2BD81S//hdZFzb+qeQ+X1fptEUcZTuAUzsGHa6jDPTSgCQym8AQv8OpkzrPz5rwvW0tOMXMMv+R8fANdOpN8</latexit>

hhi

<latexit sha1_base64="bj355pO6DGvf056c7CHU0Zba94o=">AAACEnicbVC7SgNBFJ31GeMramkzGARtwq4EtQxaxDJCXrC7hNnZu8mQ2YczswlhyTfY+Cs2ForYWtn5N04ehSYeuHA4517uvcdLOJPKNL+NldW19Y3N3FZ+e2d3b79wcNiUcSooNGjMY9H2iATOImgopji0EwEk9Di0vP7txG8NQEgWR3U1SsANSTdiAaNEaalTOM8cEeK6GNtVZwh+F3DVxQ48pGyAq9gZMh8U476WO4WiWTKnwMvEmpMimqPWKXw5fkzTECJFOZHStsxEuRkRilEO47yTSkgI7ZMu2JpGJATpZtOXxvhUKz4OYqErUniq/p7ISCjlKPR0Z0hUTy56E/E/z05VcO1mLEpSBRGdLQpSjlWMJ/lgnwmgio80IVQwfSumPSIIVTrFvA7BWnx5mTQvStZlqXxfLlZu5nHk0DE6QWfIQleogu5QDTUQRY/oGb2iN+PJeDHejY9Z64oxnzlCf2B8/gC3lZzg</latexit>

Tr[G ^G] ⌘ G eG

LOCAL NON-LOCAL

On-shell N-point 
functions of massive SM 

particles



Does anything change  
as we vary the Higgs mass?

<latexit sha1_base64="NUcu8oyRqIQMhF37CMedfe8KmFM=">AAAB+XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfVY9OKxgv2AppTNdtou3WzC7qZQQv+JFw+KePWfePPfuE1z0OoLCw/vzDCzb5gIro3nfTmltfWNza3ydmVnd2//wD08auk4VQybLBax6oRUo+ASm4YbgZ1EIY1Cge1wcreot6eoNI/lo5kl2IvoSPIhZ9RYq++6gaByJJCMA5VD3616NS8X+Qt+AVUo1Oi7n8EgZmmE0jBBte76XmJ6GVWGM4HzSpBqTCib0BF2LUoaoe5l+eVzcmadARnGyj5pSO7+nMhopPUsCm1nRM1Yr9YW5n+1bmqGN72MyyQ1KNly0TAVxMRkEQMZcIXMiJkFyhS3txI2pooyY8Oq2BD81S//hdZFzb+qeQ+X1fptEUcZTuAUzsGHa6jDPTSgCQym8AQv8OpkzrPz5rwvW0tOMXMMv+R8fANdOpN8</latexit>

hhi

<latexit sha1_base64="bj355pO6DGvf056c7CHU0Zba94o=">AAACEnicbVC7SgNBFJ31GeMramkzGARtwq4EtQxaxDJCXrC7hNnZu8mQ2YczswlhyTfY+Cs2ForYWtn5N04ehSYeuHA4517uvcdLOJPKNL+NldW19Y3N3FZ+e2d3b79wcNiUcSooNGjMY9H2iATOImgopji0EwEk9Di0vP7txG8NQEgWR3U1SsANSTdiAaNEaalTOM8cEeK6GNtVZwh+F3DVxQ48pGyAq9gZMh8U476WO4WiWTKnwMvEmpMimqPWKXw5fkzTECJFOZHStsxEuRkRilEO47yTSkgI7ZMu2JpGJATpZtOXxvhUKz4OYqErUniq/p7ISCjlKPR0Z0hUTy56E/E/z05VcO1mLEpSBRGdLQpSjlWMJ/lgnwmgio80IVQwfSumPSIIVTrFvA7BWnx5mTQvStZlqXxfLlZu5nHk0DE6QWfIQleogu5QDTUQRY/oGb2iN+PJeDHejY9Z64oxnzlCf2B8/gC3lZzg</latexit>

Tr[G ^G] ⌘ G eG

Present in many 
explanations of the small 
value of the Higgs mass 

[Dvali, Vilenkin ’03], [Dvali ’04], [Geller, 
Hochberg, Kuflik,’18], [RTD, Teresi, 

’21], [Arkani-Hamed, RTD, Kim, ‘20],

…



• Minimal Extension of 
what we know to exist 

• Simple and predictive 
cosmology 

• Potentially solves two 
big problems in 
particle physics

AXION-LIKE DARK MATTER



a

fa

⇡

f⇡
+ ...

<latexit sha1_base64="V2Yz7IuHfauBIyzmSVTsecoY1Fc=">AAACC3icbVDLSsNAFL3xWesr6tJNaBEEISQi6LLoxmUF+4AmhMl00g6dTMLMRCghezf+ihsXirj1B9z5N07aLLT1wDDnnnMvM/eEKaNSOc63sbK6tr6xWduqb+/s7u2bB4ddmWQCkw5OWCL6IZKEUU46iipG+qkgKA4Z6YWTm9LvPRAhacLv1TQlfoxGnEYUI6WlwGx4kUA4R0UeBaiYF15Ky7K8zmzbDsymYzszWMvErUgTKrQD88sbJjiLCVeYISkHrpMqP0dCUcxIUfcySVKEJ2hEBppyFBPp57NdCutEK0MrSoQ+XFkz9fdEjmIpp3GoO2OkxnLRK8X/vEGmois/pzzNFOF4/lCUMUslVhmMNaSCYMWmmiAsqP6rhcdI56F0fHUdgru48jLpntuuY7t3F83WdRVHDY6hAafgwiW04Bba0AEMj/AMr/BmPBkvxrvxMW9dMaqZI/gD4/MHZg+bOg==</latexit><latexit sha1_base64="V2Yz7IuHfauBIyzmSVTsecoY1Fc=">AAACC3icbVDLSsNAFL3xWesr6tJNaBEEISQi6LLoxmUF+4AmhMl00g6dTMLMRCghezf+ihsXirj1B9z5N07aLLT1wDDnnnMvM/eEKaNSOc63sbK6tr6xWduqb+/s7u2bB4ddmWQCkw5OWCL6IZKEUU46iipG+qkgKA4Z6YWTm9LvPRAhacLv1TQlfoxGnEYUI6WlwGx4kUA4R0UeBaiYF15Ky7K8zmzbDsymYzszWMvErUgTKrQD88sbJjiLCVeYISkHrpMqP0dCUcxIUfcySVKEJ2hEBppyFBPp57NdCutEK0MrSoQ+XFkz9fdEjmIpp3GoO2OkxnLRK8X/vEGmois/pzzNFOF4/lCUMUslVhmMNaSCYMWmmiAsqP6rhcdI56F0fHUdgru48jLpntuuY7t3F83WdRVHDY6hAafgwiW04Bba0AEMj/AMr/BmPBkvxrvxMW9dMaqZI/gD4/MHZg+bOg==</latexit><latexit sha1_base64="V2Yz7IuHfauBIyzmSVTsecoY1Fc=">AAACC3icbVDLSsNAFL3xWesr6tJNaBEEISQi6LLoxmUF+4AmhMl00g6dTMLMRCghezf+ihsXirj1B9z5N07aLLT1wDDnnnMvM/eEKaNSOc63sbK6tr6xWduqb+/s7u2bB4ddmWQCkw5OWCL6IZKEUU46iipG+qkgKA4Z6YWTm9LvPRAhacLv1TQlfoxGnEYUI6WlwGx4kUA4R0UeBaiYF15Ky7K8zmzbDsymYzszWMvErUgTKrQD88sbJjiLCVeYISkHrpMqP0dCUcxIUfcySVKEJ2hEBppyFBPp57NdCutEK0MrSoQ+XFkz9fdEjmIpp3GoO2OkxnLRK8X/vEGmois/pzzNFOF4/lCUMUslVhmMNaSCYMWmmiAsqP6rhcdI56F0fHUdgru48jLpntuuY7t3F83WdRVHDY6hAafgwiW04Bba0AEMj/AMr/BmPBkvxrvxMW9dMaqZI/gD4/MHZg+bOg==</latexit><latexit sha1_base64="V2Yz7IuHfauBIyzmSVTsecoY1Fc=">AAACC3icbVDLSsNAFL3xWesr6tJNaBEEISQi6LLoxmUF+4AmhMl00g6dTMLMRCghezf+ihsXirj1B9z5N07aLLT1wDDnnnMvM/eEKaNSOc63sbK6tr6xWduqb+/s7u2bB4ddmWQCkw5OWCL6IZKEUU46iipG+qkgKA4Z6YWTm9LvPRAhacLv1TQlfoxGnEYUI6WlwGx4kUA4R0UeBaiYF15Ky7K8zmzbDsymYzszWMvErUgTKrQD88sbJjiLCVeYISkHrpMqP0dCUcxIUfcySVKEJ2hEBppyFBPp57NdCutEK0MrSoQ+XFkz9fdEjmIpp3GoO2OkxnLRK8X/vEGmois/pzzNFOF4/lCUMUslVhmMNaSCYMWmmiAsqP6rhcdI56F0fHUdgru48jLpntuuY7t3F83WdRVHDY6hAafgwiW04Bba0AEMj/AMr/BmPBkvxrvxMW9dMaqZI/gD4/MHZg+bOg==</latexit>

QCD Phase Transition
a

fa
GG̃

<latexit sha1_base64="s/NIuldwNbQDlyc65oEjDPo+13M=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0WXdRlBfuAJoTJZNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBVdgWd9GZWV1bX2julnb2t7Z3TP3D7oqySRlHZqIRPZ9opjgMesAB8H6qWQk8gXr+eObqd97YFLxJL6HScrciAxjHnJKQEueeeSEktCcFHnokaLlABcBwy3PrFsNawa8TOyS1FGJtmd+OUFCs4jFQAVRamBbKbg5kcCpYEXNyRRLCR2TIRtoGpOIKTef3V/gU60EOEykrhjwTP09kZNIqUnk686IwEgtelPxP2+QQXjl5jxOM2AxnS8KM4EhwdMwcMAloyAmmhAqub4V0xHRgYCOrKZDsBdfXibd84ZtNey7i3rzuoyjio7RCTpDNrpETXSL2qiDKHpEz+gVvRlPxovxbnzMWytGOXOI/sD4/AEDEJYS</latexit><latexit sha1_base64="s/NIuldwNbQDlyc65oEjDPo+13M=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0WXdRlBfuAJoTJZNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBVdgWd9GZWV1bX2julnb2t7Z3TP3D7oqySRlHZqIRPZ9opjgMesAB8H6qWQk8gXr+eObqd97YFLxJL6HScrciAxjHnJKQEueeeSEktCcFHnokaLlABcBwy3PrFsNawa8TOyS1FGJtmd+OUFCs4jFQAVRamBbKbg5kcCpYEXNyRRLCR2TIRtoGpOIKTef3V/gU60EOEykrhjwTP09kZNIqUnk686IwEgtelPxP2+QQXjl5jxOM2AxnS8KM4EhwdMwcMAloyAmmhAqub4V0xHRgYCOrKZDsBdfXibd84ZtNey7i3rzuoyjio7RCTpDNrpETXSL2qiDKHpEz+gVvRlPxovxbnzMWytGOXOI/sD4/AEDEJYS</latexit><latexit sha1_base64="s/NIuldwNbQDlyc65oEjDPo+13M=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0WXdRlBfuAJoTJZNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBVdgWd9GZWV1bX2julnb2t7Z3TP3D7oqySRlHZqIRPZ9opjgMesAB8H6qWQk8gXr+eObqd97YFLxJL6HScrciAxjHnJKQEueeeSEktCcFHnokaLlABcBwy3PrFsNawa8TOyS1FGJtmd+OUFCs4jFQAVRamBbKbg5kcCpYEXNyRRLCR2TIRtoGpOIKTef3V/gU60EOEykrhjwTP09kZNIqUnk686IwEgtelPxP2+QQXjl5jxOM2AxnS8KM4EhwdMwcMAloyAmmhAqub4V0xHRgYCOrKZDsBdfXibd84ZtNey7i3rzuoyjio7RCTpDNrpETXSL2qiDKHpEz+gVvRlPxovxbnzMWytGOXOI/sD4/AEDEJYS</latexit><latexit sha1_base64="s/NIuldwNbQDlyc65oEjDPo+13M=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0WXdRlBfuAJoTJZNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBVdgWd9GZWV1bX2julnb2t7Z3TP3D7oqySRlHZqIRPZ9opjgMesAB8H6qWQk8gXr+eObqd97YFLxJL6HScrciAxjHnJKQEueeeSEktCcFHnokaLlABcBwy3PrFsNawa8TOyS1FGJtmd+OUFCs4jFQAVRamBbKbg5kcCpYEXNyRRLCR2TIRtoGpOIKTef3V/gU60EOEykrhjwTP09kZNIqUnk686IwEgtelPxP2+QQXjl5jxOM2AxnS8KM4EhwdMwcMAloyAmmhAqub4V0xHRgYCOrKZDsBdfXibd84ZtNey7i3rzuoyjio7RCTpDNrpETXSL2qiDKHpEz+gVvRlPxovxbnzMWytGOXOI/sD4/AEDEJYS</latexit>

AXION



a

fa

⇡

f⇡
+ ...

<latexit sha1_base64="V2Yz7IuHfauBIyzmSVTsecoY1Fc=">AAACC3icbVDLSsNAFL3xWesr6tJNaBEEISQi6LLoxmUF+4AmhMl00g6dTMLMRCghezf+ihsXirj1B9z5N07aLLT1wDDnnnMvM/eEKaNSOc63sbK6tr6xWduqb+/s7u2bB4ddmWQCkw5OWCL6IZKEUU46iipG+qkgKA4Z6YWTm9LvPRAhacLv1TQlfoxGnEYUI6WlwGx4kUA4R0UeBaiYF15Ky7K8zmzbDsymYzszWMvErUgTKrQD88sbJjiLCVeYISkHrpMqP0dCUcxIUfcySVKEJ2hEBppyFBPp57NdCutEK0MrSoQ+XFkz9fdEjmIpp3GoO2OkxnLRK8X/vEGmois/pzzNFOF4/lCUMUslVhmMNaSCYMWmmiAsqP6rhcdI56F0fHUdgru48jLpntuuY7t3F83WdRVHDY6hAafgwiW04Bba0AEMj/AMr/BmPBkvxrvxMW9dMaqZI/gD4/MHZg+bOg==</latexit><latexit sha1_base64="V2Yz7IuHfauBIyzmSVTsecoY1Fc=">AAACC3icbVDLSsNAFL3xWesr6tJNaBEEISQi6LLoxmUF+4AmhMl00g6dTMLMRCghezf+ihsXirj1B9z5N07aLLT1wDDnnnMvM/eEKaNSOc63sbK6tr6xWduqb+/s7u2bB4ddmWQCkw5OWCL6IZKEUU46iipG+qkgKA4Z6YWTm9LvPRAhacLv1TQlfoxGnEYUI6WlwGx4kUA4R0UeBaiYF15Ky7K8zmzbDsymYzszWMvErUgTKrQD88sbJjiLCVeYISkHrpMqP0dCUcxIUfcySVKEJ2hEBppyFBPp57NdCutEK0MrSoQ+XFkz9fdEjmIpp3GoO2OkxnLRK8X/vEGmois/pzzNFOF4/lCUMUslVhmMNaSCYMWmmiAsqP6rhcdI56F0fHUdgru48jLpntuuY7t3F83WdRVHDY6hAafgwiW04Bba0AEMj/AMr/BmPBkvxrvxMW9dMaqZI/gD4/MHZg+bOg==</latexit><latexit sha1_base64="V2Yz7IuHfauBIyzmSVTsecoY1Fc=">AAACC3icbVDLSsNAFL3xWesr6tJNaBEEISQi6LLoxmUF+4AmhMl00g6dTMLMRCghezf+ihsXirj1B9z5N07aLLT1wDDnnnMvM/eEKaNSOc63sbK6tr6xWduqb+/s7u2bB4ddmWQCkw5OWCL6IZKEUU46iipG+qkgKA4Z6YWTm9LvPRAhacLv1TQlfoxGnEYUI6WlwGx4kUA4R0UeBaiYF15Ky7K8zmzbDsymYzszWMvErUgTKrQD88sbJjiLCVeYISkHrpMqP0dCUcxIUfcySVKEJ2hEBppyFBPp57NdCutEK0MrSoQ+XFkz9fdEjmIpp3GoO2OkxnLRK8X/vEGmois/pzzNFOF4/lCUMUslVhmMNaSCYMWmmiAsqP6rhcdI56F0fHUdgru48jLpntuuY7t3F83WdRVHDY6hAafgwiW04Bba0AEMj/AMr/BmPBkvxrvxMW9dMaqZI/gD4/MHZg+bOg==</latexit><latexit sha1_base64="V2Yz7IuHfauBIyzmSVTsecoY1Fc=">AAACC3icbVDLSsNAFL3xWesr6tJNaBEEISQi6LLoxmUF+4AmhMl00g6dTMLMRCghezf+ihsXirj1B9z5N07aLLT1wDDnnnMvM/eEKaNSOc63sbK6tr6xWduqb+/s7u2bB4ddmWQCkw5OWCL6IZKEUU46iipG+qkgKA4Z6YWTm9LvPRAhacLv1TQlfoxGnEYUI6WlwGx4kUA4R0UeBaiYF15Ky7K8zmzbDsymYzszWMvErUgTKrQD88sbJjiLCVeYISkHrpMqP0dCUcxIUfcySVKEJ2hEBppyFBPp57NdCutEK0MrSoQ+XFkz9fdEjmIpp3GoO2OkxnLRK8X/vEGmois/pzzNFOF4/lCUMUslVhmMNaSCYMWmmiAsqP6rhcdI56F0fHUdgru48jLpntuuY7t3F83WdRVHDY6hAafgwiW04Bba0AEMj/AMr/BmPBkvxrvxMW9dMaqZI/gD4/MHZg+bOg==</latexit>

QCD Phase Transition
a

fa
GG̃

<latexit sha1_base64="s/NIuldwNbQDlyc65oEjDPo+13M=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0WXdRlBfuAJoTJZNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBVdgWd9GZWV1bX2julnb2t7Z3TP3D7oqySRlHZqIRPZ9opjgMesAB8H6qWQk8gXr+eObqd97YFLxJL6HScrciAxjHnJKQEueeeSEktCcFHnokaLlABcBwy3PrFsNawa8TOyS1FGJtmd+OUFCs4jFQAVRamBbKbg5kcCpYEXNyRRLCR2TIRtoGpOIKTef3V/gU60EOEykrhjwTP09kZNIqUnk686IwEgtelPxP2+QQXjl5jxOM2AxnS8KM4EhwdMwcMAloyAmmhAqub4V0xHRgYCOrKZDsBdfXibd84ZtNey7i3rzuoyjio7RCTpDNrpETXSL2qiDKHpEz+gVvRlPxovxbnzMWytGOXOI/sD4/AEDEJYS</latexit><latexit sha1_base64="s/NIuldwNbQDlyc65oEjDPo+13M=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0WXdRlBfuAJoTJZNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBVdgWd9GZWV1bX2julnb2t7Z3TP3D7oqySRlHZqIRPZ9opjgMesAB8H6qWQk8gXr+eObqd97YFLxJL6HScrciAxjHnJKQEueeeSEktCcFHnokaLlABcBwy3PrFsNawa8TOyS1FGJtmd+OUFCs4jFQAVRamBbKbg5kcCpYEXNyRRLCR2TIRtoGpOIKTef3V/gU60EOEykrhjwTP09kZNIqUnk686IwEgtelPxP2+QQXjl5jxOM2AxnS8KM4EhwdMwcMAloyAmmhAqub4V0xHRgYCOrKZDsBdfXibd84ZtNey7i3rzuoyjio7RCTpDNrpETXSL2qiDKHpEz+gVvRlPxovxbnzMWytGOXOI/sD4/AEDEJYS</latexit><latexit sha1_base64="s/NIuldwNbQDlyc65oEjDPo+13M=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0WXdRlBfuAJoTJZNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBVdgWd9GZWV1bX2julnb2t7Z3TP3D7oqySRlHZqIRPZ9opjgMesAB8H6qWQk8gXr+eObqd97YFLxJL6HScrciAxjHnJKQEueeeSEktCcFHnokaLlABcBwy3PrFsNawa8TOyS1FGJtmd+OUFCs4jFQAVRamBbKbg5kcCpYEXNyRRLCR2TIRtoGpOIKTef3V/gU60EOEykrhjwTP09kZNIqUnk686IwEgtelPxP2+QQXjl5jxOM2AxnS8KM4EhwdMwcMAloyAmmhAqub4V0xHRgYCOrKZDsBdfXibd84ZtNey7i3rzuoyjio7RCTpDNrpETXSL2qiDKHpEz+gVvRlPxovxbnzMWytGOXOI/sD4/AEDEJYS</latexit><latexit sha1_base64="s/NIuldwNbQDlyc65oEjDPo+13M=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0WXdRlBfuAJoTJZNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBVdgWd9GZWV1bX2julnb2t7Z3TP3D7oqySRlHZqIRPZ9opjgMesAB8H6qWQk8gXr+eObqd97YFLxJL6HScrciAxjHnJKQEueeeSEktCcFHnokaLlABcBwy3PrFsNawa8TOyS1FGJtmd+OUFCs4jFQAVRamBbKbg5kcCpYEXNyRRLCR2TIRtoGpOIKTef3V/gU60EOEykrhjwTP09kZNIqUnk686IwEgtelPxP2+QQXjl5jxOM2AxnS8KM4EhwdMwcMAloyAmmhAqub4V0xHRgYCOrKZDsBdfXibd84ZtNey7i3rzuoyjio7RCTpDNrpETXSL2qiDKHpEz+gVvRlPxovxbnzMWytGOXOI/sD4/AEDEJYS</latexit>

ma ⇠ m2
⇡

fa
⇠ 10�2 eV

109 GeV

fa
<latexit sha1_base64="j456rW01LfCF/7337t/ToFIUDCI="></latexit><latexit sha1_base64="j456rW01LfCF/7337t/ToFIUDCI="></latexit><latexit sha1_base64="j456rW01LfCF/7337t/ToFIUDCI="></latexit><latexit sha1_base64="j456rW01LfCF/7337t/ToFIUDCI="></latexit>

Mass

Relevant Coupling

a

fa
E ·B

<latexit sha1_base64="HgImdUPFTKoB9ozgdOVlonAfLJM=">AAACCnicbVBNS8MwGE7n15xfVY9eokPwNFoR9DgmgscJ7gPWUtIs3cLSpCSpMErPXvwrXjwo4tVf4M1/Y9b1oJsPJDx5nvflzfuECaNKO863VVlZXVvfqG7WtrZ3dvfs/YOuEqnEpIMFE7IfIkUY5aSjqWakn0iC4pCRXji5nvm9ByIVFfxeTxPix2jEaUQx0kYK7GMvkghnKM+iwFxeGMGb3MNDoWHxaOWBXXcaTgG4TNyS1EGJdmB/eUOB05hwjRlSauA6ifYzJDXFjOQ1L1UkQXiCRmRgKEcxUX5WrJLDU6MMYSSkOVzDQv3dkaFYqWkcmsoY6bFa9Gbif94g1dGVn1GepJpwPB8UpQxqAWe5wCGVBGs2NQRhSc1fIR4jk4026dVMCO7iysuke95wnYZ7d1Fvtso4quAInIAz4IJL0AS3oA06AINH8AxewZv1ZL1Y79bHvLRilT2H4A+szx8uS5qJ</latexit><latexit sha1_base64="HgImdUPFTKoB9ozgdOVlonAfLJM=">AAACCnicbVBNS8MwGE7n15xfVY9eokPwNFoR9DgmgscJ7gPWUtIs3cLSpCSpMErPXvwrXjwo4tVf4M1/Y9b1oJsPJDx5nvflzfuECaNKO863VVlZXVvfqG7WtrZ3dvfs/YOuEqnEpIMFE7IfIkUY5aSjqWakn0iC4pCRXji5nvm9ByIVFfxeTxPix2jEaUQx0kYK7GMvkghnKM+iwFxeGMGb3MNDoWHxaOWBXXcaTgG4TNyS1EGJdmB/eUOB05hwjRlSauA6ifYzJDXFjOQ1L1UkQXiCRmRgKEcxUX5WrJLDU6MMYSSkOVzDQv3dkaFYqWkcmsoY6bFa9Gbif94g1dGVn1GepJpwPB8UpQxqAWe5wCGVBGs2NQRhSc1fIR4jk4026dVMCO7iysuke95wnYZ7d1Fvtso4quAInIAz4IJL0AS3oA06AINH8AxewZv1ZL1Y79bHvLRilT2H4A+szx8uS5qJ</latexit><latexit sha1_base64="HgImdUPFTKoB9ozgdOVlonAfLJM=">AAACCnicbVBNS8MwGE7n15xfVY9eokPwNFoR9DgmgscJ7gPWUtIs3cLSpCSpMErPXvwrXjwo4tVf4M1/Y9b1oJsPJDx5nvflzfuECaNKO863VVlZXVvfqG7WtrZ3dvfs/YOuEqnEpIMFE7IfIkUY5aSjqWakn0iC4pCRXji5nvm9ByIVFfxeTxPix2jEaUQx0kYK7GMvkghnKM+iwFxeGMGb3MNDoWHxaOWBXXcaTgG4TNyS1EGJdmB/eUOB05hwjRlSauA6ifYzJDXFjOQ1L1UkQXiCRmRgKEcxUX5WrJLDU6MMYSSkOVzDQv3dkaFYqWkcmsoY6bFa9Gbif94g1dGVn1GepJpwPB8UpQxqAWe5wCGVBGs2NQRhSc1fIR4jk4026dVMCO7iysuke95wnYZ7d1Fvtso4quAInIAz4IJL0AS3oA06AINH8AxewZv1ZL1Y79bHvLRilT2H4A+szx8uS5qJ</latexit><latexit sha1_base64="HgImdUPFTKoB9ozgdOVlonAfLJM=">AAACCnicbVBNS8MwGE7n15xfVY9eokPwNFoR9DgmgscJ7gPWUtIs3cLSpCSpMErPXvwrXjwo4tVf4M1/Y9b1oJsPJDx5nvflzfuECaNKO863VVlZXVvfqG7WtrZ3dvfs/YOuEqnEpIMFE7IfIkUY5aSjqWakn0iC4pCRXji5nvm9ByIVFfxeTxPix2jEaUQx0kYK7GMvkghnKM+iwFxeGMGb3MNDoWHxaOWBXXcaTgG4TNyS1EGJdmB/eUOB05hwjRlSauA6ifYzJDXFjOQ1L1UkQXiCRmRgKEcxUX5WrJLDU6MMYSSkOVzDQv3dkaFYqWkcmsoY6bFa9Gbif94g1dGVn1GepJpwPB8UpQxqAWe5wCGVBGs2NQRhSc1fIR4jk4026dVMCO7iysuke95wnYZ7d1Fvtso4quAInIAz4IJL0AS3oA06AINH8AxewZv1ZL1Y79bHvLRilT2H4A+szx8uS5qJ</latexit>

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

AXION
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[RTD, Teresi ’21]

AXION LIKE PARTICLES (ALPs)
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[RTD, Teresi ’21]

AXION LIKE PARTICLES (ALPs)

[Ko, Gonzales, Harigaya, ‘18] 
[Fonseca, Morgante, Sato, Servant, ’19] 
[Gouttenoire, Servant, Simakachorn, ’22] 

…



AXION LIKE PARTICLES (ALPs)

DESY and Hamburg University are at the 
forefront of this effort: 
ALPS II, BabyIAXO, …



ALPS DETECTION



Produced Colder than the SM (even if not via misalignment)

Ea ⇡ ma

<latexit sha1_base64="TvkrkA8VUQx3UpmD9HCMX/bjhFE=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquCOqtKILHCvYD2mWZTbNtaDZZkqxYS3+JFw+KePWnePPfmLZ70NYHA4/3ZpiZF6WcaeN5305hZXVtfaO4Wdra3tktu3v7TS0zRWiDSC5VOwJNORO0YZjhtJ0qCknEaSsaXk/91gNVmklxb0YpDRLoCxYzAsZKoVu+CQF3IU2VfMRJCKFb8areDHiZ+DmpoBz10P3q9iTJEioM4aB1x/dSE4xBGUY4nZS6maYpkCH0acdSAQnVwXh2+AQfW6WHY6lsCYNn6u+JMSRaj5LIdiZgBnrRm4r/eZ3MxBfBmIk0M1SQ+aI449hIPE0B95iixPCRJUAUs7diMgAFxNisSjYEf/HlZdI8rfpn1cu7s0rtKo+jiA7RETpBPjpHNXSL6qiBCMrQM3pFb86T8+K8Ox/z1oKTzxygP3A+fwAHx5K1</latexit>

ALP DARK MATTER IN THE LAB



Produced Colder than the SM (even if not via misalignment)

Ea ⇡ ma

<latexit sha1_base64="TvkrkA8VUQx3UpmD9HCMX/bjhFE=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquCOqtKILHCvYD2mWZTbNtaDZZkqxYS3+JFw+KePWnePPfmLZ70NYHA4/3ZpiZF6WcaeN5305hZXVtfaO4Wdra3tktu3v7TS0zRWiDSC5VOwJNORO0YZjhtJ0qCknEaSsaXk/91gNVmklxb0YpDRLoCxYzAsZKoVu+CQF3IU2VfMRJCKFb8areDHiZ+DmpoBz10P3q9iTJEioM4aB1x/dSE4xBGUY4nZS6maYpkCH0acdSAQnVwXh2+AQfW6WHY6lsCYNn6u+JMSRaj5LIdiZgBnrRm4r/eZ3MxBfBmIk0M1SQ+aI449hIPE0B95iixPCRJUAUs7diMgAFxNisSjYEf/HlZdI8rfpn1cu7s0rtKo+jiA7RETpBPjpHNXSL6qiBCMrQM3pFb86T8+K8Ox/z1oKTzxygP3A+fwAHx5K1</latexit>

It acquires a small velocity dispersion from virialization in the Milky Way

<latexit sha1_base64="bb0NW4QoX7Ve0pTf4dIKwuyAbtw=">AAACC3icbVBNS8NAEN34WetX1KOX1SJ4sSRa0GNRD16ECtYWmhg22227dHcTdzeFEnL24l/x4kFBvPoHvPlv3LY5aOuDgcd7M8zMC2NGlXacb2tufmFxabmwUlxdW9/YtLe271SUSEzqOGKRbIZIEUYFqWuqGWnGkiAeMtII+xcjvzEgUtFI3OphTHyOuoJ2KEbaSIG95yna5ShIB0HqSQ4vr7PMSJw8QNe5T49OssAuOWVnDDhL3JyUQI5aYH957QgnnAiNGVKq5Tqx9lMkNcWMZEUvUSRGuI+6pGWoQJwoPx2/ksEDo7RhJ5KmhIZj9fdEirhSQx6aTo50T017I/E/r5XozpmfUhEnmgg8WdRJGNQRHOUC21QSrNnQEIQlNbdC3EMSYW3SK5oQ3OmXZ0njuOxWyq57UylVz/M8CmAX7IND4IJTUAVXoAbqAINH8AxewZv1ZL1Y79bHpHXOymd2wB9Ynz8zVZpd</latexit>

�vDM ' 10�3

<latexit sha1_base64="t4IDX6eTqqFzkLsCwoofV1Y2LS8="></latexit>

Ea ' ma

✓
1 +

v2DM

2

◆

ALP DARK MATTER IN THE LAB



Lots of axions in each frequency bin that we can resolve  
(even more in a De Broglie volume):

Ea ⇡ ma

<latexit sha1_base64="TvkrkA8VUQx3UpmD9HCMX/bjhFE=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquCOqtKILHCvYD2mWZTbNtaDZZkqxYS3+JFw+KePWnePPfmLZ70NYHA4/3ZpiZF6WcaeN5305hZXVtfaO4Wdra3tktu3v7TS0zRWiDSC5VOwJNORO0YZjhtJ0qCknEaSsaXk/91gNVmklxb0YpDRLoCxYzAsZKoVu+CQF3IU2VfMRJCKFb8areDHiZ+DmpoBz10P3q9iTJEioM4aB1x/dSE4xBGUY4nZS6maYpkCH0acdSAQnVwXh2+AQfW6WHY6lsCYNn6u+JMSRaj5LIdiZgBnrRm4r/eZ3MxBfBmIk0M1SQ+aI449hIPE0B95iixPCRJUAUs7diMgAFxNisSjYEf/HlZdI8rfpn1cu7s0rtKo+jiA7RETpBPjpHNXSL6qiBCMrQM3pFb86T8+K8Ox/z1oKTzxygP3A+fwAHx5K1</latexit>

<latexit sha1_base64="bb0NW4QoX7Ve0pTf4dIKwuyAbtw=">AAACC3icbVBNS8NAEN34WetX1KOX1SJ4sSRa0GNRD16ECtYWmhg22227dHcTdzeFEnL24l/x4kFBvPoHvPlv3LY5aOuDgcd7M8zMC2NGlXacb2tufmFxabmwUlxdW9/YtLe271SUSEzqOGKRbIZIEUYFqWuqGWnGkiAeMtII+xcjvzEgUtFI3OphTHyOuoJ2KEbaSIG95yna5ShIB0HqSQ4vr7PMSJw8QNe5T49OssAuOWVnDDhL3JyUQI5aYH957QgnnAiNGVKq5Tqx9lMkNcWMZEUvUSRGuI+6pGWoQJwoPx2/ksEDo7RhJ5KmhIZj9fdEirhSQx6aTo50T017I/E/r5XozpmfUhEnmgg8WdRJGNQRHOUC21QSrNnQEIQlNbdC3EMSYW3SK5oQ3OmXZ0njuOxWyq57UylVz/M8CmAX7IND4IJTUAVXoAbqAINH8AxewZv1ZL1Y79bHpHXOymd2wB9Ynz8zVZpd</latexit>

�vDM ' 10�3

<latexit sha1_base64="t4IDX6eTqqFzkLsCwoofV1Y2LS8="></latexit>

Ea ' ma

✓
1 +

v2DM

2

◆

<latexit sha1_base64="DFztqpc/knzrCEhR+W0BxHLJq7k="></latexit>

�Na ' ⇢DMV

m2
atintv

2
DM

' 1024
✓
10�14 eV

ma

◆2 ✓
year

tint

◆✓
V

m3

◆

Produced Colder than the SM (even if not via misalignment)

It acquires a small velocity dispersion from virialization in the Milky Way

ALP DARK MATTER IN THE LAB



In each experimental bin we are summing over a multitude of plane waves 
with different phases

<latexit sha1_base64="kk9G2BrB/V0i02MD+2dGypIy9CE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW4loGXQxjKiMYHkCHubuWTJ3t6xuyeEkJ9gY6Egtv4hO/+Nm+QKTXww8Hhvhpl5YSqFsb7/7RXW1jc2t4rbpZ3dvf2D8uHRo0kyzbHJE5nodsgMSqGwaYWV2E41sjiU2ApHNzO/9YTaiEQ92HGKQcwGSkSCM+uke9ajvXLFr/pzkFVCc1KBHI1e+avbT3gWo7JcMmM61E9tMGHaCi5xWupmBlPGR2yAHUcVi9EEk/mpU3LmlD6JEu1KWTJXf09MWGzMOA5dZ8zs0Cx7M/E/r5PZ6CqYCJVmFhVfLIoySWxCZn+TvtDIrRw7wrgW7lbCh0wzbl06JRcCXX55lbQuqrRWpfSuVqlf53kU4QRO4RwoXEIdbqEBTeAwgGd4hTdPei/eu/exaC14+cwx/IH3+QN/Mo3C</latexit>a1

<latexit sha1_base64="pcMWAkUTjJ/DT8C/WxQtQ1xr3Rw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR6LXjxWtLbQhrLZbtqlm03YnQgl9Cd48aAgXv1D3vw3btsctPXBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTRxOnmvE2i2WsuwE1XArF2yhQ8m6iOY0CyTvB5Gbud564NiJWDzhNuB/RkRKhYBStdE8HtUG54lbdBcg68XJSgRytQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF75mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66RTq3r1qufd1SvN6zyPIpzBOVyCBw1owi20oA0MRvAMr/DmSOfFeXc+lq0FJ585hT9wPn8AgLeNww==</latexit>a2

<latexit sha1_base64="VgB/P89Q7KB9hOAxY6GcLBTOZYE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0UI9FLx4rWltoQ5lsN+3SzSbsboQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjRx2nirIWjUWsOgFqJrhkLcONYJ1EMYwCwdrB+Gbmt5+Y0jyWD2aSMD/CoeQhp2isdI/9y3654lbdOcgq8XJSgRzNfvmrN4hpGjFpqECtu56bGD9DZTgVbFrqpZolSMc4ZF1LJUZM+9n81Ck5s8qAhLGyJQ2Zq78nMoy0nkSB7YzQjPSyNxP/87qpCa/8jMskNUzSxaIwFcTEZPY3GXDFqBETS5Aqbm8ldIQKqbHplGwI3vLLq6R9UfVqVc+7q1Ua13keRTiBUzgHD+rQgFtoQgsoDOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AgjyNxA==</latexit>a3

ALP DARK MATTER IN THE LAB



In each experimental bin we are summing over a multitude of plane waves 
with different phases

<latexit sha1_base64="X9dMgq8ZDxmjh7CGpnMHFOGUIIM="></latexit>

�!a ' 1

mahv2DMi ' 106

ma

Effectively: very slow modulation of an  
approximately monochromatic field

<latexit sha1_base64="kk9G2BrB/V0i02MD+2dGypIy9CE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW4loGXQxjKiMYHkCHubuWTJ3t6xuyeEkJ9gY6Egtv4hO/+Nm+QKTXww8Hhvhpl5YSqFsb7/7RXW1jc2t4rbpZ3dvf2D8uHRo0kyzbHJE5nodsgMSqGwaYWV2E41sjiU2ApHNzO/9YTaiEQ92HGKQcwGSkSCM+uke9ajvXLFr/pzkFVCc1KBHI1e+avbT3gWo7JcMmM61E9tMGHaCi5xWupmBlPGR2yAHUcVi9EEk/mpU3LmlD6JEu1KWTJXf09MWGzMOA5dZ8zs0Cx7M/E/r5PZ6CqYCJVmFhVfLIoySWxCZn+TvtDIrRw7wrgW7lbCh0wzbl06JRcCXX55lbQuqrRWpfSuVqlf53kU4QRO4RwoXEIdbqEBTeAwgGd4hTdPei/eu/exaC14+cwx/IH3+QN/Mo3C</latexit>a1

<latexit sha1_base64="pcMWAkUTjJ/DT8C/WxQtQ1xr3Rw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR6LXjxWtLbQhrLZbtqlm03YnQgl9Cd48aAgXv1D3vw3btsctPXBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTRxOnmvE2i2WsuwE1XArF2yhQ8m6iOY0CyTvB5Gbud564NiJWDzhNuB/RkRKhYBStdE8HtUG54lbdBcg68XJSgRytQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF75mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66RTq3r1qufd1SvN6zyPIpzBOVyCBw1owi20oA0MRvAMr/DmSOfFeXc+lq0FJ585hT9wPn8AgLeNww==</latexit>a2

<latexit sha1_base64="VgB/P89Q7KB9hOAxY6GcLBTOZYE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0UI9FLx4rWltoQ5lsN+3SzSbsboQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjRx2nirIWjUWsOgFqJrhkLcONYJ1EMYwCwdrB+Gbmt5+Y0jyWD2aSMD/CoeQhp2isdI/9y3654lbdOcgq8XJSgRzNfvmrN4hpGjFpqECtu56bGD9DZTgVbFrqpZolSMc4ZF1LJUZM+9n81Ck5s8qAhLGyJQ2Zq78nMoy0nkSB7YzQjPSyNxP/87qpCa/8jMskNUzSxaIwFcTEZPY3GXDFqBETS5Aqbm8ldIQKqbHplGwI3vLLq6R9UfVqVc+7q1Ua13keRTiBUzgHD+rQgFtoQgsoDOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AgjyNxA==</latexit>a3

<latexit sha1_base64="6WKl3THzQocLorf0mWnlr8pVbZk="></latexit>

a(t) = a0


cos

✓
ma

✓
1 +

v21
2

◆
t+ �1

◆
+ cos

✓
ma

✓
1 +

v22
2

◆
t+ �2

◆
+ ...

�

<latexit sha1_base64="CBIlGIUFhXVmEfsO04T6cH3nem8="></latexit>

' a0 cos(mat+ �) [cos(�!at+ �0) + ...]

ALP DARK MATTER IN THE LAB



<latexit sha1_base64="I2uHk4Gh0/W8bhgNPLh4xSbTKis="></latexit>

a(t) '
p
2⇢DM

ma
cos(!at+ �)

ALP DARK MATTER IN THE LAB



!a ' GHz
ma

10�6 eV
<latexit sha1_base64="mA1GuSa6svBnXlTQ2K4JeagTB2E=">AAACIXicbVDLSsRAEJz4dn2tevQyuAheXBIRFbyIHvSo4D5gs4bObGcdnEnizERYQ37Fi7/ixYMi3sSfcfZxUNeChqKqm+6uMBVcG9f9dCYmp6ZnZufmSwuLS8sr5dW1uk4yxbDGEpGoZggaBY+xZrgR2EwVggwFNsLb077fuEeleRJfmV6KbQndmEecgbFSUD70E4ldCID6mku8o7mvJD07fyj8Iz9SwHIZQJF77nW+s2+1gY31ogjKFbfqDkDHiTciFTLCRVD+8DsJyyTGhgnQuuW5qWnnoAxnAouSn2lMgd1CF1uWxiBRt/PBhwXdskqHRomyFRs6UH9O5CC17snQdkowN/qv1xf/81qZiQ7bOY/TzGDMhouiTFCT0H5ctMMVMiN6lgBT3N5K2Q3YXIwNtWRD8P6+PE7qu1XPrXqXe5Xjk1Ecc2SDbJJt4pEDckzOyQWpEUYeyTN5JW/Ok/PivDsfw9YJZzSzTn7B+foGLkWjgg==</latexit><latexit sha1_base64="mA1GuSa6svBnXlTQ2K4JeagTB2E=">AAACIXicbVDLSsRAEJz4dn2tevQyuAheXBIRFbyIHvSo4D5gs4bObGcdnEnizERYQ37Fi7/ixYMi3sSfcfZxUNeChqKqm+6uMBVcG9f9dCYmp6ZnZufmSwuLS8sr5dW1uk4yxbDGEpGoZggaBY+xZrgR2EwVggwFNsLb077fuEeleRJfmV6KbQndmEecgbFSUD70E4ldCID6mku8o7mvJD07fyj8Iz9SwHIZQJF77nW+s2+1gY31ogjKFbfqDkDHiTciFTLCRVD+8DsJyyTGhgnQuuW5qWnnoAxnAouSn2lMgd1CF1uWxiBRt/PBhwXdskqHRomyFRs6UH9O5CC17snQdkowN/qv1xf/81qZiQ7bOY/TzGDMhouiTFCT0H5ctMMVMiN6lgBT3N5K2Q3YXIwNtWRD8P6+PE7qu1XPrXqXe5Xjk1Ecc2SDbJJt4pEDckzOyQWpEUYeyTN5JW/Ok/PivDsfw9YJZzSzTn7B+foGLkWjgg==</latexit><latexit sha1_base64="mA1GuSa6svBnXlTQ2K4JeagTB2E=">AAACIXicbVDLSsRAEJz4dn2tevQyuAheXBIRFbyIHvSo4D5gs4bObGcdnEnizERYQ37Fi7/ixYMi3sSfcfZxUNeChqKqm+6uMBVcG9f9dCYmp6ZnZufmSwuLS8sr5dW1uk4yxbDGEpGoZggaBY+xZrgR2EwVggwFNsLb077fuEeleRJfmV6KbQndmEecgbFSUD70E4ldCID6mku8o7mvJD07fyj8Iz9SwHIZQJF77nW+s2+1gY31ogjKFbfqDkDHiTciFTLCRVD+8DsJyyTGhgnQuuW5qWnnoAxnAouSn2lMgd1CF1uWxiBRt/PBhwXdskqHRomyFRs6UH9O5CC17snQdkowN/qv1xf/81qZiQ7bOY/TzGDMhouiTFCT0H5ctMMVMiN6lgBT3N5K2Q3YXIwNtWRD8P6+PE7qu1XPrXqXe5Xjk1Ecc2SDbJJt4pEDckzOyQWpEUYeyTN5JW/Ok/PivDsfw9YJZzSzTn7B+foGLkWjgg==</latexit><latexit sha1_base64="mA1GuSa6svBnXlTQ2K4JeagTB2E=">AAACIXicbVDLSsRAEJz4dn2tevQyuAheXBIRFbyIHvSo4D5gs4bObGcdnEnizERYQ37Fi7/ixYMi3sSfcfZxUNeChqKqm+6uMBVcG9f9dCYmp6ZnZufmSwuLS8sr5dW1uk4yxbDGEpGoZggaBY+xZrgR2EwVggwFNsLb077fuEeleRJfmV6KbQndmEecgbFSUD70E4ldCID6mku8o7mvJD07fyj8Iz9SwHIZQJF77nW+s2+1gY31ogjKFbfqDkDHiTciFTLCRVD+8DsJyyTGhgnQuuW5qWnnoAxnAouSn2lMgd1CF1uWxiBRt/PBhwXdskqHRomyFRs6UH9O5CC17snQdkowN/qv1xf/81qZiQ7bOY/TzGDMhouiTFCT0H5ctMMVMiN6lgBT3N5K2Q3YXIwNtWRD8P6+PE7qu1XPrXqXe5Xjk1Ecc2SDbJJt4pEDckzOyQWpEUYeyTN5JW/Ok/PivDsfw9YJZzSzTn7B+foGLkWjgg==</latexit>

Frequency:

⌧a ' ms
10�6 eV

ma
<latexit sha1_base64="LdaLrAOGoJQnkyLL2xSJgtTwFI8=">AAACH3icbVBNS8NAEN34bf2qevSyWAQvlkSkCl5ELx4r2FZoaphsJ7q4m8TdjVBC/okX/4oXD4qIt/4btx8HbX0w8Pa9GXbmhang2rhu35mZnZtfWFxaLq2srq1vlDe3mjrJFMMGS0SibkLQKHiMDcONwJtUIchQYCt8uBj4rSdUmifxteml2JFwF/OIMzBWCso130AWAPU1l/hIc19JKnXhn1I/UsByz73ND2r2PXSwWRS5DKAIyhW36g5Bp4k3JhUyRj0of/vdhGUSY8MEaN323NR0clCGM4FFyc80psAe4A7blsYgUXfy4X0F3bNKl0aJshUbOlR/T+Qgte7J0HZKMPd60huI/3ntzEQnnZzHaWYwZqOPokxQk9BBWLTLFTIjepYAU9zuStk92FyMjbRkQ/AmT54mzcOq51a9q6PK2fk4jiWyQ3bJPvHIMTkjl6ROGoSRZ/JK3smH8+K8OZ/O16h1xhnPbJM/cPo/hBmipg==</latexit><latexit sha1_base64="LdaLrAOGoJQnkyLL2xSJgtTwFI8=">AAACH3icbVBNS8NAEN34bf2qevSyWAQvlkSkCl5ELx4r2FZoaphsJ7q4m8TdjVBC/okX/4oXD4qIt/4btx8HbX0w8Pa9GXbmhang2rhu35mZnZtfWFxaLq2srq1vlDe3mjrJFMMGS0SibkLQKHiMDcONwJtUIchQYCt8uBj4rSdUmifxteml2JFwF/OIMzBWCso130AWAPU1l/hIc19JKnXhn1I/UsByz73ND2r2PXSwWRS5DKAIyhW36g5Bp4k3JhUyRj0of/vdhGUSY8MEaN323NR0clCGM4FFyc80psAe4A7blsYgUXfy4X0F3bNKl0aJshUbOlR/T+Qgte7J0HZKMPd60huI/3ntzEQnnZzHaWYwZqOPokxQk9BBWLTLFTIjepYAU9zuStk92FyMjbRkQ/AmT54mzcOq51a9q6PK2fk4jiWyQ3bJPvHIMTkjl6ROGoSRZ/JK3smH8+K8OZ/O16h1xhnPbJM/cPo/hBmipg==</latexit><latexit sha1_base64="LdaLrAOGoJQnkyLL2xSJgtTwFI8=">AAACH3icbVBNS8NAEN34bf2qevSyWAQvlkSkCl5ELx4r2FZoaphsJ7q4m8TdjVBC/okX/4oXD4qIt/4btx8HbX0w8Pa9GXbmhang2rhu35mZnZtfWFxaLq2srq1vlDe3mjrJFMMGS0SibkLQKHiMDcONwJtUIchQYCt8uBj4rSdUmifxteml2JFwF/OIMzBWCso130AWAPU1l/hIc19JKnXhn1I/UsByz73ND2r2PXSwWRS5DKAIyhW36g5Bp4k3JhUyRj0of/vdhGUSY8MEaN323NR0clCGM4FFyc80psAe4A7blsYgUXfy4X0F3bNKl0aJshUbOlR/T+Qgte7J0HZKMPd60huI/3ntzEQnnZzHaWYwZqOPokxQk9BBWLTLFTIjepYAU9zuStk92FyMjbRkQ/AmT54mzcOq51a9q6PK2fk4jiWyQ3bJPvHIMTkjl6ROGoSRZ/JK3smH8+K8OZ/O16h1xhnPbJM/cPo/hBmipg==</latexit><latexit sha1_base64="LdaLrAOGoJQnkyLL2xSJgtTwFI8=">AAACH3icbVBNS8NAEN34bf2qevSyWAQvlkSkCl5ELx4r2FZoaphsJ7q4m8TdjVBC/okX/4oXD4qIt/4btx8HbX0w8Pa9GXbmhang2rhu35mZnZtfWFxaLq2srq1vlDe3mjrJFMMGS0SibkLQKHiMDcONwJtUIchQYCt8uBj4rSdUmifxteml2JFwF/OIMzBWCso130AWAPU1l/hIc19JKnXhn1I/UsByz73ND2r2PXSwWRS5DKAIyhW36g5Bp4k3JhUyRj0of/vdhGUSY8MEaN323NR0clCGM4FFyc80psAe4A7blsYgUXfy4X0F3bNKl0aJshUbOlR/T+Qgte7J0HZKMPd60huI/3ntzEQnnZzHaWYwZqOPokxQk9BBWLTLFTIjepYAU9zuStk92FyMjbRkQ/AmT54mzcOq51a9q6PK2fk4jiWyQ3bJPvHIMTkjl6ROGoSRZ/JK3smH8+K8OZ/O16h1xhnPbJM/cPo/hBmipg==</latexit>

Coherence:

�a ' 200 m
10�6 eV

ma
<latexit sha1_base64="GjSehWKTOFs0LsVUJvZtFdvo3rQ="></latexit><latexit sha1_base64="GjSehWKTOFs0LsVUJvZtFdvo3rQ="></latexit><latexit sha1_base64="GjSehWKTOFs0LsVUJvZtFdvo3rQ="></latexit><latexit sha1_base64="GjSehWKTOFs0LsVUJvZtFdvo3rQ="></latexit>

Max Exp. Size:

<latexit sha1_base64="I2uHk4Gh0/W8bhgNPLh4xSbTKis="></latexit>

a(t) '
p
2⇢DM

ma
cos(!at+ �)

ALP DARK MATTER IN THE LAB



r⇥B ' @tE+ J+ ga��B @ta
<latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit>

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

ALP DARK MATTER DETECTION



r⇥B ' @tE+ J+ ga��B @ta
<latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit>

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

Je↵(t) ⇠ ga��B0(t)
p
⇢DMcosmat

<latexit sha1_base64="aJWjBRLIoE01voS1DqU7jOMJXs0="></latexit><latexit sha1_base64="aJWjBRLIoE01voS1DqU7jOMJXs0="></latexit><latexit sha1_base64="aJWjBRLIoE01voS1DqU7jOMJXs0="></latexit><latexit sha1_base64="aJWjBRLIoE01voS1DqU7jOMJXs0="></latexit>

ALP DARK MATTER DETECTION



a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

Background

<latexit sha1_base64="kOUKmYKyTNGM+o0lyFouQY4292w=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwY0lKUXFVFMFlBfuApobJdNIOnUnizEQoIf/ixl9x40Ipblz4L07aLGzrgQuHc+7l3nu8iFGpLOvbKKysrq1vFDdLW9s7u3vm/kFLhrHApIlDFoqOhyRhNCBNRRUjnUgQxD1G2t7oJvPbz0RIGgYPahyRHkeDgPoUI6Ul17xyJOXQ8QXCCUoT30UpvHUTR3DojQYpzGzyBG3rMTmr2nOea5atijUFXCZ2TsogR8M1J04/xDEngcIMSdm1rUj1EiQUxYykJSeWJEJ4hAakq2mAOJG9ZPpjCk+00od+KHQFCk7VvxMJ4lKOuac7OVJDuehl4n9eN1b+ZS+hQRQrEuDZIj9mUIUwCwz2qSBYsbEmCAuqb4V4iHReSsda0iHYiy8vk1a1Yp9Xave1cv06j6MIjsAxOAU2uAB1cAcaoAkweAFv4AN8Gq/GuzExvmatBSOfOQRzMH5+AdwEo8Q=</latexit>

⇠ a

fa
Ebkg ' 10�21Ebkg

ALP DARK MATTER DETECTION



Cavity

<latexit sha1_base64="JV3tBUyhjJhPd6bFvxS+uhGnDGI=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCWoAsYKFgaGItGH1ESR4zqtVdsJtoNURRlY+BUWBhBi5SPY+BvcNgO0HOlKR+fcq3vvCRNGlXacb6u0srq2vlHerGxt7+zu2fsHHRWnEpM2jlkseyFShFFB2ppqRnqJJIiHjHTD8dXU7z4QqWgs7vQkIT5HQ0EjipE2UmBXeeANEecIeopycg+9SCKcuXl2kwd2zak7M8Bl4hakBgq0AvvLG8Q45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH1DBeJE+dnsiRweG2UAo1iaEhrO1N8TGeJKTXhoOjnSI7XoTcX/vH6qows/oyJJNRF4vihKGdQxnCYCB1QSrNnEEIQlNbdCPEImBW1yq5gQ3MWXl0nntO6e1Ru3jVrzsoijDKrgCJwAF5yDJrgGLdAGGDyCZ/AK3qwn68V6tz7mrSWrmDkEf2B9/gCNQ5gN</latexit>

m� ' 1

L

<latexit sha1_base64="EsUXQCVtBq4y73jg2L4sJIh3P3Q=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmd4zZ</latexit>

L

AXION DARK MATTER DETECTION



Cavity

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

Background

Resonance
<latexit sha1_base64="w/Sj64pGnRW2nhuohTRan6xIwo8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEirosunHhooJ9QBPCZDpph85M4sxEKDELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufeeMGFUacf5tkpLyyura+X1ysbm1vaOvbvXVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCccXU38zgORisbiTo8T4nM0EDSiGGkjBfYBDxD0FOXkHnqRRDhz8+wmD+yqU3OmgIvELUgVFGgG9pfXj3HKidCYIaV6rpNoP0NSU8xIXvFSRRKER2hAeoYKxInys+n9OTw2Sh9GsTQlNJyqvycyxJUa89B0cqSHat6biP95vVRHF35GRZJqIvBsUZQyqGM4CQP2qSRYs7EhCEtqboV4iEwK2kRWMSG48y8vkvZpzT2r1W/r1cZlEUcZHIIjcAJccA4a4Bo0QQtg8AiewSt4s56sF+vd+pi1lqxiZh/8gfX5A55yld0=</latexit>

ma ' 1

L

AXION DARK MATTER DETECTION
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AXION DETECTION

Cavity

m - 0.1 cm

Low noise electronics 
High quality factors
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Impractical  
(fine control of  
huge cavities)



DM RADIO AND ABRACADABRA

Cavity RLC Circuit

<latexit sha1_base64="NstKD+A0t6vqlr2UR9ii2MpoZOk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkqBuh2I0LFxXsA5pQJtNJO3RmEmcmQgnZuPFX3LhQxK3/4M6/cdpmoa0HLhzOuZd77wliRpV2nG+rsLS8srpWXC9tbG5t79i7ey0VJRKTJo5YJDsBUoRRQZqaakY6sSSIB4y0g1F94rcfiFQ0End6HBOfo4GgIcVIG6lnH3oRJwMEL6EXSoRTN0s9dS91elPPsp5ddirOFHCRuDkpgxyNnv3l9SOccCI0ZkipruvE2k+R1BQzkpW8RJEY4REakK6hAnGi/HT6RQaPjdKHYSRNCQ2n6u+JFHGlxjwwnRzpoZr3JuJ/XjfR4YWfUhEnmgg8WxQmDOoITiKBfSoJ1mxsCMKSmlshHiKThjbBlUwI7vzLi6R1WnHPKtXbarl2lcdRBAfgCJwAF5yDGrgGDdAEGDyCZ/AK3qwn68V6tz5mrQUrn9kHf2B9/gBEg5h0</latexit>

! =
1p
LC

[Kahn, Safdi, Tahler ’16][Chauduri, Irwin, Graham, Mardon ’18-‘19]
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DM Radio
50 L

DM Radio GUT

DM m cube



Cavity:

X

n

✓
@2
t +

!n

Qn
@t + !2

n

◆
En = ga��@t(B@ta)

<latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit>

AXION DETECTION



Cavity:

X

n

✓
@2
t +

!n

Qn
@t + !2

n

◆
En = ga��@t(B@ta)

<latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit>

AXION DETECTION

!1 ' ma
<latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit><latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit><latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit><latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit>

@t(B) ' 0
<latexit sha1_base64="ONxQVxs2LcqtH1UmywPVo9GiZwo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi5L3bisYB/QhDCZTtqhM5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPmDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOr3O/+0CkorG405OE+BwNBY0oRtpIgX3sJUhqiligYc3jSI/CKGtOzzxFObmHTmBXnbozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+1m+BDMyrXipIgnCYzQkfUMF4kT52eyRKTw1ygBGsTQlNJypvycyxJWa8NB05qeqRS8X//P6qY6u/IyKJNVE4PmiKGVQxzBPBQ6oJFiziSEIS2puhXiEJMLaZFcxIbiLLy+Tznndderu7UW10SziKIMjcAJqwAWXoAFuQAu0AQaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/vsJlB</latexit><latexit sha1_base64="ONxQVxs2LcqtH1UmywPVo9GiZwo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi5L3bisYB/QhDCZTtqhM5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPmDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOr3O/+0CkorG405OE+BwNBY0oRtpIgX3sJUhqiligYc3jSI/CKGtOzzxFObmHTmBXnbozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+1m+BDMyrXipIgnCYzQkfUMF4kT52eyRKTw1ygBGsTQlNJypvycyxJWa8NB05qeqRS8X//P6qY6u/IyKJNVE4PmiKGVQxzBPBQ6oJFiziSEIS2puhXiEJMLaZFcxIbiLLy+Tznndderu7UW10SziKIMjcAJqwAWXoAFuQAu0AQaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/vsJlB</latexit><latexit sha1_base64="ONxQVxs2LcqtH1UmywPVo9GiZwo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi5L3bisYB/QhDCZTtqhM5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPmDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOr3O/+0CkorG405OE+BwNBY0oRtpIgX3sJUhqiligYc3jSI/CKGtOzzxFObmHTmBXnbozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+1m+BDMyrXipIgnCYzQkfUMF4kT52eyRKTw1ygBGsTQlNJypvycyxJWa8NB05qeqRS8X//P6qY6u/IyKJNVE4PmiKGVQxzBPBQ6oJFiziSEIS2puhXiEJMLaZFcxIbiLLy+Tznndderu7UW10SziKIMjcAJqwAWXoAFuQAu0AQaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/vsJlB</latexit><latexit sha1_base64="ONxQVxs2LcqtH1UmywPVo9GiZwo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi5L3bisYB/QhDCZTtqhM5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPmDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOr3O/+0CkorG405OE+BwNBY0oRtpIgX3sJUhqiligYc3jSI/CKGtOzzxFObmHTmBXnbozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+1m+BDMyrXipIgnCYzQkfUMF4kT52eyRKTw1ygBGsTQlNJypvycyxJWa8NB05qeqRS8X//P6qY6u/IyKJNVE4PmiKGVQxzBPBQ6oJFiziSEIS2puhXiEJMLaZFcxIbiLLy+Tznndderu7UW10SziKIMjcAJqwAWXoAFuQAu0AQaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/vsJlB</latexit>



Cavity:

X

n

✓
@2
t +

!n

Qn
@t + !2

n

◆
En = ga��@t(B@ta)

<latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit>

AXION DETECTION

!1 ' ma
<latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit><latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit><latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit><latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit>

@t(B) ' 0
<latexit sha1_base64="ONxQVxs2LcqtH1UmywPVo9GiZwo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi5L3bisYB/QhDCZTtqhM5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPmDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOr3O/+0CkorG405OE+BwNBY0oRtpIgX3sJUhqiligYc3jSI/CKGtOzzxFObmHTmBXnbozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+1m+BDMyrXipIgnCYzQkfUMF4kT52eyRKTw1ygBGsTQlNJypvycyxJWa8NB05qeqRS8X//P6qY6u/IyKJNVE4PmiKGVQxzBPBQ6oJFiziSEIS2puhXiEJMLaZFcxIbiLLy+Tznndderu7UW10SziKIMjcAJqwAWXoAFuQAu0AQaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/vsJlB</latexit><latexit sha1_base64="ONxQVxs2LcqtH1UmywPVo9GiZwo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi5L3bisYB/QhDCZTtqhM5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPmDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOr3O/+0CkorG405OE+BwNBY0oRtpIgX3sJUhqiligYc3jSI/CKGtOzzxFObmHTmBXnbozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+1m+BDMyrXipIgnCYzQkfUMF4kT52eyRKTw1ygBGsTQlNJypvycyxJWa8NB05qeqRS8X//P6qY6u/IyKJNVE4PmiKGVQxzBPBQ6oJFiziSEIS2puhXiEJMLaZFcxIbiLLy+Tznndderu7UW10SziKIMjcAJqwAWXoAFuQAu0AQaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/vsJlB</latexit><latexit sha1_base64="ONxQVxs2LcqtH1UmywPVo9GiZwo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi5L3bisYB/QhDCZTtqhM5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPmDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOr3O/+0CkorG405OE+BwNBY0oRtpIgX3sJUhqiligYc3jSI/CKGtOzzxFObmHTmBXnbozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+1m+BDMyrXipIgnCYzQkfUMF4kT52eyRKTw1ygBGsTQlNJypvycyxJWa8NB05qeqRS8X//P6qY6u/IyKJNVE4PmiKGVQxzBPBQ6oJFiziSEIS2puhXiEJMLaZFcxIbiLLy+Tznndderu7UW10SziKIMjcAJqwAWXoAFuQAu0AQaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/vsJlB</latexit><latexit sha1_base64="ONxQVxs2LcqtH1UmywPVo9GiZwo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi5L3bisYB/QhDCZTtqhM5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPmDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOr3O/+0CkorG405OE+BwNBY0oRtpIgX3sJUhqiligYc3jSI/CKGtOzzxFObmHTmBXnbozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+1m+BDMyrXipIgnCYzQkfUMF4kT52eyRKTw1ygBGsTQlNJypvycyxJWa8NB05qeqRS8X//P6qY6u/IyKJNVE4PmiKGVQxzBPBQ6oJFiziSEIS2puhXiEJMLaZFcxIbiLLy+Tznndderu7UW10SziKIMjcAJqwAWXoAFuQAu0AQaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/vsJlB</latexit>

✓
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<latexit sha1_base64="MO4JU/omCeSNLLsCl01gzSro6F4="></latexit><latexit sha1_base64="MO4JU/omCeSNLLsCl01gzSro6F4="></latexit><latexit sha1_base64="MO4JU/omCeSNLLsCl01gzSro6F4="></latexit><latexit sha1_base64="MO4JU/omCeSNLLsCl01gzSro6F4="></latexit>
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HETERODYNE DETECTION
[Berlin, RTD, S. Ellis, C. Nantista, J. Nielson, P. Schuster, S. Tantawi, N. Toro, K. Zhou‘19]
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@2
t +

!n

Qn
@t + !2

n

◆
En = ga��@t(B@ta)

<latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit>

!1 ' !0 +ma
<latexit sha1_base64="aMx3rXHlstWW62FCwx8sxKVopyQ=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigi6LblxWsA9oQphMb9qhM0mcmQgldOPGX3HjQhG3/oM7/8Zpm4W2Hrhw5px7mXtPmHKmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqSSTFJo04YnshEQBZzE0NdMcOqkEIkIO7XB4PfHbDyAVS+I7PUrBF6Qfs4hRoo0U2IdeIqBPAhd7igm4x8XbORUBCeyqU3OmwIvELUgVFWgE9pfXS2gmINaUE6W6rpNqPydSM8phXPEyBSmhQ9KHrqExEaD8fHrFGB8bpYejRJqKNZ6qvydyIpQaidB0CqIHat6biP953UxHl37O4jTTENPZR1HGsU7wJBLcYxKo5iNDCJXM7IrpgEhCtQmuYkJw509eJK2zmuvU3Nvzav2qiKOMDtAROkEuukB1dIMaqIkoekTP6BW9WU/Wi/VufcxaS1Yxs4/+wPr8ATy4l78=</latexit><latexit sha1_base64="aMx3rXHlstWW62FCwx8sxKVopyQ=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigi6LblxWsA9oQphMb9qhM0mcmQgldOPGX3HjQhG3/oM7/8Zpm4W2Hrhw5px7mXtPmHKmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqSSTFJo04YnshEQBZzE0NdMcOqkEIkIO7XB4PfHbDyAVS+I7PUrBF6Qfs4hRoo0U2IdeIqBPAhd7igm4x8XbORUBCeyqU3OmwIvELUgVFWgE9pfXS2gmINaUE6W6rpNqPydSM8phXPEyBSmhQ9KHrqExEaD8fHrFGB8bpYejRJqKNZ6qvydyIpQaidB0CqIHat6biP953UxHl37O4jTTENPZR1HGsU7wJBLcYxKo5iNDCJXM7IrpgEhCtQmuYkJw509eJK2zmuvU3Nvzav2qiKOMDtAROkEuukB1dIMaqIkoekTP6BW9WU/Wi/VufcxaS1Yxs4/+wPr8ATy4l78=</latexit><latexit sha1_base64="aMx3rXHlstWW62FCwx8sxKVopyQ=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigi6LblxWsA9oQphMb9qhM0mcmQgldOPGX3HjQhG3/oM7/8Zpm4W2Hrhw5px7mXtPmHKmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqSSTFJo04YnshEQBZzE0NdMcOqkEIkIO7XB4PfHbDyAVS+I7PUrBF6Qfs4hRoo0U2IdeIqBPAhd7igm4x8XbORUBCeyqU3OmwIvELUgVFWgE9pfXS2gmINaUE6W6rpNqPydSM8phXPEyBSmhQ9KHrqExEaD8fHrFGB8bpYejRJqKNZ6qvydyIpQaidB0CqIHat6biP953UxHl37O4jTTENPZR1HGsU7wJBLcYxKo5iNDCJXM7IrpgEhCtQmuYkJw509eJK2zmuvU3Nvzav2qiKOMDtAROkEuukB1dIMaqIkoekTP6BW9WU/Wi/VufcxaS1Yxs4/+wPr8ATy4l78=</latexit><latexit sha1_base64="aMx3rXHlstWW62FCwx8sxKVopyQ=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigi6LblxWsA9oQphMb9qhM0mcmQgldOPGX3HjQhG3/oM7/8Zpm4W2Hrhw5px7mXtPmHKmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqSSTFJo04YnshEQBZzE0NdMcOqkEIkIO7XB4PfHbDyAVS+I7PUrBF6Qfs4hRoo0U2IdeIqBPAhd7igm4x8XbORUBCeyqU3OmwIvELUgVFWgE9pfXS2gmINaUE6W6rpNqPydSM8phXPEyBSmhQ9KHrqExEaD8fHrFGB8bpYejRJqKNZ6qvydyIpQaidB0CqIHat6biP953UxHl37O4jTTENPZR1HGsU7wJBLcYxKo5iNDCJXM7IrpgEhCtQmuYkJw509eJK2zmuvU3Nvzav2qiKOMDtAROkEuukB1dIMaqIkoekTP6BW9WU/Wi/VufcxaS1Yxs4/+wPr8ATy4l78=</latexit>

@t(B) ' i!0B
<latexit sha1_base64="qoP49jRaZSDY0pX61xLwLG8Nu9w=">AAACGnicbVBNS8NAEN3Ur1q/oh69LBahXkoigh5LvXisYD+gKWGznbRLd5O4uxFK6O/w4l/x4kERb+LFf+OmLaitDwYe780wMy9IOFPacb6swsrq2vpGcbO0tb2zu2fvH7RUnEoKTRrzWHYCooCzCJqaaQ6dRAIRAYd2MLrK/fY9SMXi6FaPE+gJMohYyCjRRvJt10uI1IxwX1c8QfQwCLP65NRTTMAdZl4sYEB8B/94vl12qs4UeJm4c1JGczR8+8PrxzQVEGnKiVJd10l0L8vXUg6TkpcqSAgdkQF0DY2IANXLpq9N8IlR+jiMpalI46n6eyIjQqmxCExnfqFa9HLxP6+b6vCyl7EoSTVEdLYoTDnWMc5zwn0mgWo+NoRQycytmA6JJFSbNEsmBHfx5WXSOqu6TtW9OS/X6vM4iugIHaMKctEFqqFr1EBNRNEDekIv6NV6tJ6tN+t91lqw5jOH6A+sz2+OxqEq</latexit><latexit sha1_base64="qoP49jRaZSDY0pX61xLwLG8Nu9w=">AAACGnicbVBNS8NAEN3Ur1q/oh69LBahXkoigh5LvXisYD+gKWGznbRLd5O4uxFK6O/w4l/x4kERb+LFf+OmLaitDwYe780wMy9IOFPacb6swsrq2vpGcbO0tb2zu2fvH7RUnEoKTRrzWHYCooCzCJqaaQ6dRAIRAYd2MLrK/fY9SMXi6FaPE+gJMohYyCjRRvJt10uI1IxwX1c8QfQwCLP65NRTTMAdZl4sYEB8B/94vl12qs4UeJm4c1JGczR8+8PrxzQVEGnKiVJd10l0L8vXUg6TkpcqSAgdkQF0DY2IANXLpq9N8IlR+jiMpalI46n6eyIjQqmxCExnfqFa9HLxP6+b6vCyl7EoSTVEdLYoTDnWMc5zwn0mgWo+NoRQycytmA6JJFSbNEsmBHfx5WXSOqu6TtW9OS/X6vM4iugIHaMKctEFqqFr1EBNRNEDekIv6NV6tJ6tN+t91lqw5jOH6A+sz2+OxqEq</latexit><latexit sha1_base64="qoP49jRaZSDY0pX61xLwLG8Nu9w=">AAACGnicbVBNS8NAEN3Ur1q/oh69LBahXkoigh5LvXisYD+gKWGznbRLd5O4uxFK6O/w4l/x4kERb+LFf+OmLaitDwYe780wMy9IOFPacb6swsrq2vpGcbO0tb2zu2fvH7RUnEoKTRrzWHYCooCzCJqaaQ6dRAIRAYd2MLrK/fY9SMXi6FaPE+gJMohYyCjRRvJt10uI1IxwX1c8QfQwCLP65NRTTMAdZl4sYEB8B/94vl12qs4UeJm4c1JGczR8+8PrxzQVEGnKiVJd10l0L8vXUg6TkpcqSAgdkQF0DY2IANXLpq9N8IlR+jiMpalI46n6eyIjQqmxCExnfqFa9HLxP6+b6vCyl7EoSTVEdLYoTDnWMc5zwn0mgWo+NoRQycytmA6JJFSbNEsmBHfx5WXSOqu6TtW9OS/X6vM4iugIHaMKctEFqqFr1EBNRNEDekIv6NV6tJ6tN+t91lqw5jOH6A+sz2+OxqEq</latexit><latexit sha1_base64="qoP49jRaZSDY0pX61xLwLG8Nu9w=">AAACGnicbVBNS8NAEN3Ur1q/oh69LBahXkoigh5LvXisYD+gKWGznbRLd5O4uxFK6O/w4l/x4kERb+LFf+OmLaitDwYe780wMy9IOFPacb6swsrq2vpGcbO0tb2zu2fvH7RUnEoKTRrzWHYCooCzCJqaaQ6dRAIRAYd2MLrK/fY9SMXi6FaPE+gJMohYyCjRRvJt10uI1IxwX1c8QfQwCLP65NRTTMAdZl4sYEB8B/94vl12qs4UeJm4c1JGczR8+8PrxzQVEGnKiVJd10l0L8vXUg6TkpcqSAgdkQF0DY2IANXLpq9N8IlR+jiMpalI46n6eyIjQqmxCExnfqFa9HLxP6+b6vCyl7EoSTVEdLYoTDnWMc5zwn0mgWo+NoRQycytmA6JJFSbNEsmBHfx5WXSOqu6TtW9OS/X6vM4iugIHaMKctEFqqFr1EBNRNEDekIv6NV6tJ6tN+t91lqw5jOH6A+sz2+OxqEq</latexit>

@tJe↵ = ga��@t(B@ta) / !0ma � m2
a

<latexit sha1_base64="6hAewEZAVOHiIE0LS/gOn59MJCc="></latexit><latexit sha1_base64="6hAewEZAVOHiIE0LS/gOn59MJCc="></latexit><latexit sha1_base64="6hAewEZAVOHiIE0LS/gOn59MJCc="></latexit><latexit sha1_base64="6hAewEZAVOHiIE0LS/gOn59MJCc="></latexit>

HETERODYNE DETECTION
[Berlin, RTD, S. Ellis, C. Nantista, J. Nielson, P. Schuster, S. Tantawi, N. Toro, K. Zhou‘19]
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HIGH-FREQUENCY 
GRAVITATIONAL  

WAVES



a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

Background
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<latexit sha1_base64="ZIvSsZCdb1nW4yiIUbhr5UNjCHE=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJhSqpKmCsYGEsEn1ITYgc12mt2k6wHaQqysLCr7AwgBAr/8DG3+A+Bmg50pWOzrlX994TJowq7TjfVmFpeWV1rbhe2tjc2t6xd/daKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYfDq7HffiBS0Vjc6lFCfI76gkYUI22kwD70IolwhvIsClDuKcrJPXSdu+y06uaBXXYqzgRwkbgzUgYzNAL7y+vFOOVEaMyQUl3XSbSfIakpZiQveakiCcJD1CddQwXiRPnZ5IscHhulB6NYmhIaTtTfExniSo14aDo50gM1743F/7xuqqMLP6MiSTUReLooShnUMRxHAntUEqzZyBCEJTW3QjxAJhZtgiuZENz5lxdJq1pxzyq1m1q5fjmLowgOwBE4AS44B3VwDRqgCTB4BM/gFbxZT9aL9W59TFsL1mxmH/yB9fkDzXyYHQ==</latexit> a

fa
' 10�21



<latexit sha1_base64="ptI+tgHKzy4mpJzdegWrWzzGrzE=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RTAwkS5id9G6GzGOdmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e6KUs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWaQosqrnQnIgY4k9CyzHLopBqIiDg8RKObqf/wBNowJe/tOIVQkESymFFindTpKQEJ6Sf9as2v+zPgZRIUpIYKNPvVr95A0UyAtJQTY7qBn9owJ9oyymFS6WUGUkJHJIGuo5IIMGE+u3eCT5wywLHSrqTFM/X3RE6EMWMRuU5B7NAselPxP6+b2fgqzJlMMwuSzhfFGcdW4enzeMA0UMvHjhCqmbsV0yHRhFoXUcWFECy+vEzaZ/Xgou7fndca10UcZXSEjtEpCtAlaqBb1EQtRBFHz+gVvXmP3ov37n3MW0teMXOI/sD7/AENFI/6</latexit>!g

<latexit sha1_base64="IL5ogvxXFwuwvgGOungGtHQ7dYg=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahuiiJFHXhouimywp9QRPCZDJph04ezEyEErJ046+4caGIWz/BnX/jNM1CWw8MHM45lzv3uDGjQhrGt1ZaWV1b3yhvVra2d3b39P2DnogSjkkXRyziAxcJwmhIupJKRgYxJyhwGem7k7uZ338gXNAo7MhpTOwAjULqU4ykkhz92GIq7KFaxzk/gzfQ8jnCqZmlrVzJHL1q1I0ccJmYBamCAm1H/7K8CCcBCSVmSIihacTSThGXFDOSVaxEkBjhCRqRoaIhCoiw0/yQDJ4qxYN+xNULJczV3xMpCoSYBq5KBkiOxaI3E//zhon0r+2UhnEiSYjni/yEQRnBWSvQo5xgyaaKIMyp+ivEY6SqkKq7iirBXDx5mfQu6uZlvXHfqDZvizrK4AicgBowwRVoghZogy7A4BE8g1fwpj1pL9q79jGPlrRi5hD8gfb5A7Tkl+A=</latexit>

�(T⇤) <
1

H(T⇤)
Causality



<latexit sha1_base64="ptI+tgHKzy4mpJzdegWrWzzGrzE=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RTAwkS5id9G6GzGOdmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e6KUs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWaQosqrnQnIgY4k9CyzHLopBqIiDg8RKObqf/wBNowJe/tOIVQkESymFFindTpKQEJ6Sf9as2v+zPgZRIUpIYKNPvVr95A0UyAtJQTY7qBn9owJ9oyymFS6WUGUkJHJIGuo5IIMGE+u3eCT5wywLHSrqTFM/X3RE6EMWMRuU5B7NAselPxP6+b2fgqzJlMMwuSzhfFGcdW4enzeMA0UMvHjhCqmbsV0yHRhFoXUcWFECy+vEzaZ/Xgou7fndca10UcZXSEjtEpCtAlaqBb1EQtRBFHz+gVvXmP3ov37n3MW0teMXOI/sD7/AENFI/6</latexit>!g

<latexit sha1_base64="IL5ogvxXFwuwvgGOungGtHQ7dYg=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahuiiJFHXhouimywp9QRPCZDJph04ezEyEErJ046+4caGIWz/BnX/jNM1CWw8MHM45lzv3uDGjQhrGt1ZaWV1b3yhvVra2d3b39P2DnogSjkkXRyziAxcJwmhIupJKRgYxJyhwGem7k7uZ338gXNAo7MhpTOwAjULqU4ykkhz92GIq7KFaxzk/gzfQ8jnCqZmlrVzJHL1q1I0ccJmYBamCAm1H/7K8CCcBCSVmSIihacTSThGXFDOSVaxEkBjhCRqRoaIhCoiw0/yQDJ4qxYN+xNULJczV3xMpCoSYBq5KBkiOxaI3E//zhon0r+2UhnEiSYjni/yEQRnBWSvQo5xgyaaKIMyp+ivEY6SqkKq7iirBXDx5mfQu6uZlvXHfqDZvizrK4AicgBowwRVoghZogy7A4BE8g1fwpj1pL9q79jGPlrRi5hD8gfb5A7Tkl+A=</latexit>

�(T⇤) <
1

H(T⇤)
Causality

<latexit sha1_base64="04xjNAWQSBTSjKfi3vgqFk7+6BA="></latexit>

!0(T⇤) = !(T⇤)
a(T⇤)

a0
& 100 MHz

✓
T⇤

1015GeV

◆✓
g⇤(T⇤)

100

◆1/6
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<latexit sha1_base64="ZIvSsZCdb1nW4yiIUbhr5UNjCHE=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJhSqpKmCsYGEsEn1ITYgc12mt2k6wHaQqysLCr7AwgBAr/8DG3+A+Bmg50pWOzrlX994TJowq7TjfVmFpeWV1rbhe2tjc2t6xd/daKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYfDq7HffiBS0Vjc6lFCfI76gkYUI22kwD70IolwhvIsClDuKcrJPXSdu+y06uaBXXYqzgRwkbgzUgYzNAL7y+vFOOVEaMyQUl3XSbSfIakpZiQveakiCcJD1CddQwXiRPnZ5IscHhulB6NYmhIaTtTfExniSo14aDo50gM1743F/7xuqqMLP6MiSTUReLooShnUMRxHAntUEqzZyBCEJTW3QjxAJhZtgiuZENz5lxdJq1pxzyq1m1q5fjmLowgOwBE4AS44B3VwDRqgCTB4BM/gFbxZT9aL9W59TFsL1mxmH/yB9fkDzXyYHQ==</latexit> a

fa
' 10�21



GRAVITATIONAL WAVE DETECTION

10°24 10°23 10°22 10°21 10°20 10°19

Strain Sensitivity h0

ADMX

HAYSTAC

CAPP

ORGAN

SQMS params.

!g/2º 2 [0.65, 1.02] GHz
Q ª 8 £ 104, B0 = 7.5 T
Vcav = 136 L, Tsys ª 0.6 K

!g/2º 2 [5.6, 5.8] GHz
Q ª 3 £ 104, B0 = 9 T
Vcav = 2 L, Tsys ª 0.13 K

!g/2º 2 [1.6, 1.65] GHz
Q ª 4 £ 104, B0 = 7.3 T
Vcav = 3.47 L, Tsys ª 1.2 K

!g/2º = 26.531 GHz
Q ª 1.3 £ 104, B0 = 7 T
Vcav ª 0.0078 L, Tsys ª 4 K

!g/2º 2 [1, 2] GHz
Q ª 106, B0 = 5 T
Vcav = 100 L, Tsys ª 1 K

Projected Sensitivities of Axion Experiments

Berlin, Blas, RTD, Ellis, Harnik, Kahn, Schutte-Engel ‘21



<latexit sha1_base64="xtyk7uHwHlNhzBbfVjAPpfBKDN0="></latexit>

!g ' 2ma ' GHz

✓
10

�4M�
MBH

◆

<latexit sha1_base64="FE+OEk6cA5TIm5TH5a5exKOIWBY="></latexit>

h ' 10
�23

✓
1 pc

D

◆
GHz

!g

SUPERRADIANCE

Signal from:[Arvanitaki, Geraci ’12]
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HETERODYNE

DM Radio
Domcke, Garcia-Cely, Rodd, ‘22



ELECTROMAGNETIC

<latexit sha1_base64="kTBHneyAusUX3Dem+YMVOMWTpAw="></latexit>

Esig ⇠ QhE0 (!gLcav)
2

<latexit sha1_base64="rxSmXgtFNv0ged3SiAw9/I1JYN4=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQNyWRoi6Lbly4qGAf0IQwmU7aoTOTMDMplNCFG3/FjQtF3PoR7vwbp20W2nrgwuGce7n3njBhVGnH+bYKa+sbm1vF7dLO7t7+gX141FZxKjFp4ZjFshsiRRgVpKWpZqSbSIJ4yEgnHN3M/M6YSEVj8aAnCfE5GggaUYy0kQK7XPViTgYoGMC7IPMkhxiNp2ceY9AN7IpTc+aAq8TNSQXkaAb2l9ePccqJ0JghpXquk2g/Q1JTzMi05KWKJAiP0ID0DBWIE+Vn8yem8NQofRjF0pTQcK7+nsgQV2rCQ9PJkR6qZW8m/uf1Uh1d+RkVSaqJwItFUcqgjuEsEdinkmDNJoYgLKm5FeIhkghrk1vJhOAuv7xK2uc196JWv69XGtd5HEVQBiegClxwCRrgFjRBC2DwCJ7BK3iznqwX6936WLQWrHzmGPyB9fkDFqSXGw==</latexit>

(!gLcav) ⌧ 1







MECHANICAL

[Caves ’78], [Radicati, Pegoraro, Picasso ’78]

On resonance

Below resonance

<latexit sha1_base64="FaEHBj95AI7nbJT7/0biiqK19Do=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHqpiRS1GWpCC5bsA9oQphMJ+3QmUmYmQgldOfGX3HjQhG3/oI7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rZXVtfWNzcJWcXtnd2/fPjhsqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOObqZ+54FIRWNxr8cJ8TkaCBpRjLSRAvvkNsg8yaGigwn0FOWwGZiC5SGsB855YJecijMDXCZuTkogRyOwv7x+jFNOhMYMKdVznUT7GZKaYkYmRS9VJEF4hAakZ6hAnCg/m/0xgWdG6cMolqaEhjP190SGuFJjHppOjvRQLXpT8T+vl+ro2s+oSFJNBJ4vilIGdQynocA+lQRrNjYEYUnNrRAPkURYm+iKJgR38eVl0r6ouJeVarNaqtXzOArgGJyCMnDBFaiBO9AALYDBI3gGr+DNerJerHfrY966YuUzR+APrM8fzviXVw==</latexit>

Esig ⇠ QmQ(hB0)

<latexit sha1_base64="UO7mxRADxijiCOeFdpwp5Idexvk="></latexit>

Esig ⇠ Q(hB0)
!2
g

(!min
m )2



MECHANICAL

[Caves ’78], [Radicati, Pegoraro, Picasso ’78]

Mechanical Mode

<latexit sha1_base64="x/CPd8YQTzn1p4nFeQHdaCIfMqM=">AAACF3icbVC7TsMwFHXKq5RXgJHFokJiKgmqgIGhgoWBoUj0ITVR5LhOa9V2ItupVEX5CxZ+hYUBhFhh429w2wxQONK9OjrnXtn3hAmjSjvOl1VaWl5ZXSuvVzY2t7Z37N29topTiUkLxyyW3RApwqggLU01I91EEsRDRjrh6Hrqd8ZEKhqLez1JiM/RQNCIYqSNFNg1L+ZkgAIOPUVNiyTCGQ5Unt0GmSc5xGic5/ASuidGyAO76tScGeBf4hakCgo0A/vT68c45URozJBSPddJtJ8hqSlmJK94qSIJwiM0ID1DBeJE+dnsrhweGaUPo1iaEhrO1J8bGeJKTXhoJjnSQ7XoTcX/vF6qows/oyJJNRF4/lCUMqhjOA0J9qkkWLOJIQhLav4K8RCZaLSJsmJCcBdP/kvapzX3rFa/q1cbV0UcZXAADsExcME5aIAb0AQtgMEDeAIv4NV6tJ6tN+t9Plqyip198AvWxzdeVJ9q</latexit>

!m ⇠ cs
Lcav

< 1/L

<latexit sha1_base64="wMo5NX94NEc5jglSIqTBLl5NY8Y=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLopssK9gGdWjLpnTY0yYxJRqhDP8CNv+LGhSJu/QB3/o1pOwttPRA4nHMuN/cEMWfauO63k1taXlldy68XNja3tneKu3sNHSWKQp1GPFKtgGjgTELdMMOhFSsgIuDQDIZXE795D0qzSN6YUQwdQfqShYwSY6VuseRHAvqkK25TXwksmBxjXzMBd3gqDKsPY5tyy+4UeJF4GSmhDLVu8cvvRTQRIA3lROu258amkxJlGOUwLviJhpjQIelD21JJBOhOOj1mjI+s0sNhpOyTBk/V3xMpEVqPRGCTgpiBnvcm4n9eOzHhRSdlMk4MSDpbFCYcmwhPmsE9poAaPrKEUMXsXzEdEEWosf0VbAne/MmLpHFS9s7Kp9enpcplVkceHaBDdIw8dI4qqIpqqI4oekTP6BW9OU/Oi/PufMyiOSeb2Ud/4Hz+AManm3M=</latexit>

!min
m ' kHz

Niobium ~0.5 m cavity



CONCLUSION

• We have motivated dark matter candidates in a large range of 
masses 

• We have probed the heaviest particle candidates for decades 

• Ultralight dark matter is just as motivated, but experimentally we 
have only just started to scratch the surface! 

• There is a fascinating interplay between ultralight dark matter 
and gravitational waves searches



BACKUP



MECHANICAL

[Caves ’78], [Radicati, Pegoraro, Picasso ’78]

Mechanical Mode
<latexit sha1_base64="IE9GNqqg6VL6xo3t9SWSZ6bWHuw="></latexit>✓
@2
t +

!m

Q
@t + !2

m

◆
um =

Fm

Mcav

<latexit sha1_base64="GEPz180imG+pgNP9dEBMa6qxlLY=">AAAB/3icbVBNSwMxEM3Wr1q/VgUvXoJF8FR2pajHoiAeq9gP6JaSTadtaJJdkqxQ1h78K148KOLVv+HNf2Pa7kFbHww83pthZl4Yc6aN5307uaXlldW1/HphY3Nre8fd3avrKFEUajTikWqGRANnEmqGGQ7NWAERIYdGOLya+I0HUJpF8t6MYmgL0pesxygxVuq4B9cdgQPNBE4DJfAdA0GkHHfcolfypsCLxM9IEWWodtyvoBvRRIA0lBOtW74Xm3ZKlGGUw7gQJBpiQoekDy1LJRGg2+n0/jE+tkoX9yJlSxo8VX9PpERoPRKh7RTEDPS8NxH/81qJ6V20UybjxICks0W9hGMT4UkYuMsUUMNHlhCqmL0V0wFRhBobWcGG4M+/vEjqpyX/rFS+LRcrl1kceXSIjtAJ8tE5qqAbVEU1RNEjekav6M15cl6cd+dj1ppzspl99AfO5w9DxpWk</latexit>

Fm ⇠ Riemann



MECHANICAL

[Caves ’78], [Radicati, Pegoraro, Picasso ’78]

Mechanical Mode
<latexit sha1_base64="IE9GNqqg6VL6xo3t9SWSZ6bWHuw="></latexit>✓
@2
t +

!m

Q
@t + !2

m

◆
um =

Fm

Mcav

<latexit sha1_base64="GEPz180imG+pgNP9dEBMa6qxlLY=">AAAB/3icbVBNSwMxEM3Wr1q/VgUvXoJF8FR2pajHoiAeq9gP6JaSTadtaJJdkqxQ1h78K148KOLVv+HNf2Pa7kFbHww83pthZl4Yc6aN5307uaXlldW1/HphY3Nre8fd3avrKFEUajTikWqGRANnEmqGGQ7NWAERIYdGOLya+I0HUJpF8t6MYmgL0pesxygxVuq4B9cdgQPNBE4DJfAdA0GkHHfcolfypsCLxM9IEWWodtyvoBvRRIA0lBOtW74Xm3ZKlGGUw7gQJBpiQoekDy1LJRGg2+n0/jE+tkoX9yJlSxo8VX9PpERoPRKh7RTEDPS8NxH/81qJ6V20UybjxICks0W9hGMT4UkYuMsUUMNHlhCqmL0V0wFRhBobWcGG4M+/vEjqpyX/rFS+LRcrl1kceXSIjtAJ8tE5qqAbVEU1RNEjekav6M15cl6cd+dj1ppzspl99AfO5w9DxpWk</latexit>

Fm ⇠ Riemann

<latexit sha1_base64="a2w/7iOy9p3GbGVbrH04XCDaE9g=">AAACIHicbZDLSsNAFIYn9VbrrerSzWAR6qYkpViXRTcuXLRgL9DUMJlO0qEzSZiZFErIo7jxVdy4UER3+jRO2wja+sPAx3/O4cz53YhRqUzz08itrW9sbuW3Czu7e/sHxcOjjgxjgUkbhywUPRdJwmhA2ooqRnqRIIi7jHTd8fWs3p0QIWkY3KlpRAYc+QH1KEZKW06xHjsc2pJy2IK2JxBO7JATHzn+fTX9Ya65PIK3TmILDjGapOdOsWRWzLngKlgZlECmplP8sIchjjkJFGZIyr5lRmqQIKEoZiQt2LEkEcJj5JO+xgBxIgfJ/MAUnmlnCL1Q6BcoOHd/TySISznlru7kSI3kcm1m/lfrx8q7HCQ0iGJFArxY5MUMqhDO0oJDKghWbKoBYUH1XyEeIR2T0pkWdAjW8smr0KlWrItKrVUrNa6yOPLgBJyCMrBAHTTADWiCNsDgATyBF/BqPBrPxpvxvmjNGdnMMfgj4+sbB32i5g==</latexit>

um ⇠ Q
!2
g

!2
m

(hLcav)



MECHANICAL

[Caves ’78], [Radicati, Pegoraro, Picasso ’78]

<latexit sha1_base64="NRMnWhlhrrcZKjEaU50Xx+ug0xU=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUmkqMtSEVy2YB/QhDCZTtuhM5MwMxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPGDOqtON8Wyura+sbm4Wt4vbO7t6+fXDYVlEiMWnhiEWyGyJFGBWkpalmpBtLgnjISCcc32R+54FIRSNxrycx8TkaCjqgGGkjBfbJbZB6kkNFh1NPUQ6bQVYuLI9gPXDOA7vkVJwZ4DJxc1ICORqB/eX1I5xwIjRmSKme68TaT5HUFDMyLXqJIjHCYzQkPUMF4kT56eyRKTwzSh8OImlKaDhTf0+kiCs14aHp5EiP1KKXif95vUQPrv2UijjRROD5okHCoI5glgrsU0mwZhNDEJbU3ArxCEmEtcmuaEJwF19eJu2LintZqTarpVo9j6MAjsEpKAMXXIEauAMN0AIYPIJn8ArerCfrxXq3PuatK1Y+cwT+wPr8AauDl9E=</latexit>

Esig ⇠ QmQ1(hB0)

<latexit sha1_base64="EXdnHY7EzYysKdb3eZKw44aQgCo="></latexit>

Esig ⇠ Q1(hB0)
!2
g

(!min
m )2

On resonance

Below resonance



MADMAX and LAMPOST



Figure from PDG and C. O’Hare
 https://doi.org/10.5281/ zenodo.3932430.
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HETERODYNE

DM Radio

CASPER



Figure from PDG and C. O’Hare
 https://doi.org/10.5281/ zenodo.3932430.

Valid for QCD Axion!



CASPER
<latexit sha1_base64="4yW+hsNrZb3RQ+rd0NlK2/Q779I=">AAACHHicbVDLSgNBEJyNrxhfUY9eBoPgKexqUI+iCDlJBBOFbFh6J71xyMzuOjMrhCUf4sVf8eJBES8eBP/GyePgq6ChqOqmuytMBdfGdT+dwszs3PxCcbG0tLyyulZe32jpJFMMmywRiboOQaPgMTYNNwKvU4UgQ4FXYf905F/dodI8iS/NIMWOhF7MI87AWCko79epr7nEW+pHClgOw1wG5zQKYEj9O2QjtyeB+qybmIlyFpQrbtUdg/4l3pRUyBSNoPzudxOWSYwNE6B123NT08lBGc4EDkt+pjEF1oceti2NQaLu5OPnhnTHKl0aJcpWbOhY/T6Rg9R6IEPbKcHc6N/eSPzPa2cmOurkPE4zgzGbLIoyQU1CR0nRLlfIjBhYAkxxeytlN2BDMjbPkg3B+/3yX9Laq3oH1dpFrXJ8Mo2jSLbINtklHjkkx6ROGqRJGLknj+SZvDgPzpPz6rxNWgvOdGaT/IDz8QVa46Dq</latexit>

H ' a

mNfa
~� · ~E

Without the axion you have a magnetisation component  
precessing around B (Larmor frequency)



CASPER
<latexit sha1_base64="4yW+hsNrZb3RQ+rd0NlK2/Q779I=">AAACHHicbVDLSgNBEJyNrxhfUY9eBoPgKexqUI+iCDlJBBOFbFh6J71xyMzuOjMrhCUf4sVf8eJBES8eBP/GyePgq6ChqOqmuytMBdfGdT+dwszs3PxCcbG0tLyyulZe32jpJFMMmywRiboOQaPgMTYNNwKvU4UgQ4FXYf905F/dodI8iS/NIMWOhF7MI87AWCko79epr7nEW+pHClgOw1wG5zQKYEj9O2QjtyeB+qybmIlyFpQrbtUdg/4l3pRUyBSNoPzudxOWSYwNE6B123NT08lBGc4EDkt+pjEF1oceti2NQaLu5OPnhnTHKl0aJcpWbOhY/T6Rg9R6IEPbKcHc6N/eSPzPa2cmOurkPE4zgzGbLIoyQU1CR0nRLlfIjBhYAkxxeytlN2BDMjbPkg3B+/3yX9Laq3oH1dpFrXJ8Mo2jSLbINtklHjkkx6ROGqRJGLknj+SZvDgPzpPz6rxNWgvOdGaT/IDz8QVa46Dq</latexit>

H ' a

mNfa
~� · ~E



CASPER
<latexit sha1_base64="4yW+hsNrZb3RQ+rd0NlK2/Q779I=">AAACHHicbVDLSgNBEJyNrxhfUY9eBoPgKexqUI+iCDlJBBOFbFh6J71xyMzuOjMrhCUf4sVf8eJBES8eBP/GyePgq6ChqOqmuytMBdfGdT+dwszs3PxCcbG0tLyyulZe32jpJFMMmywRiboOQaPgMTYNNwKvU4UgQ4FXYf905F/dodI8iS/NIMWOhF7MI87AWCko79epr7nEW+pHClgOw1wG5zQKYEj9O2QjtyeB+qybmIlyFpQrbtUdg/4l3pRUyBSNoPzudxOWSYwNE6B123NT08lBGc4EDkt+pjEF1oceti2NQaLu5OPnhnTHKl0aJcpWbOhY/T6Rg9R6IEPbKcHc6N/eSPzPa2cmOurkPE4zgzGbLIoyQU1CR0nRLlfIjBhYAkxxeytlN2BDMjbPkg3B+/3yX9Laq3oH1dpFrXJ8Mo2jSLbINtklHjkkx6ROGqRJGLknj+SZvDgPzpPz6rxNWgvOdGaT/IDz8QVa46Dq</latexit>

H ' a

mNfa
~� · ~E



DANCE
Obata, Fujita, Michimura, ‘18



Neutrino
<latexit sha1_base64="C2zQoN0fdqsaA/VgsiyEi0HVqQg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegFy9CBPPAZAmzk9lkyDyWmVkhLPkLLx4U8erfePNvnCR70MSChqKqm+6uKOHMWN//9gorq2vrG8XN0tb2zu5eef+gaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGN1O/9US1YUo+2HFCQ4EHksWMYOukx7te1tUC1fmkV674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2eziCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8TmrjqzBjMkktlWS+KE45sgpN30d9pimxfOwIJpq5WxEZYo2JdSGVXAjB4svLpHlWDS6q5/fnldp1HkcRjuAYTiGAS6jBLdShAQQkPMMrvHnGe/HevY95a8HLZw7hD7zPHzf0kKI=</latexit>

MPlHiggs



Neutrino
<latexit sha1_base64="C2zQoN0fdqsaA/VgsiyEi0HVqQg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegFy9CBPPAZAmzk9lkyDyWmVkhLPkLLx4U8erfePNvnCR70MSChqKqm+6uKOHMWN//9gorq2vrG8XN0tb2zu5eef+gaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGN1O/9US1YUo+2HFCQ4EHksWMYOukx7te1tUC1fmkV674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2eziCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8TmrjqzBjMkktlWS+KE45sgpN30d9pimxfOwIJpq5WxEZYo2JdSGVXAjB4svLpHlWDS6q5/fnldp1HkcRjuAYTiGAS6jBLdShAQQkPMMrvHnGe/HevY95a8HLZw7hD7zPHzf0kKI=</latexit>

MPlHiggs

New Symmetry



AXION

• Minimal Extension of what 
we know to exist 

• Naturally light 

• Simple and predictive 
cosmology 

• Solve two other big 
problems in particle 

physics

AXION



Higgs



THERMAL DARK MATTER



<latexit sha1_base64="doR319/GG3IpbdoCDVPjdkocsVc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRY9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJx8fsbNItV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTshJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadkQ/AWX14mjfOqd1l17y8qtZs8jiIcwTGcggdXUIM7qIMPDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8frOWOmA==</latexit>

e�

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�

Standard Model Thermal Bath



<latexit sha1_base64="H4ys231OPcloEQ0RXUOStYoy9hk=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgQkoiii6LblxW6AuaECbTSTp0ZhJmJmIJ+RU3LhRx64+482+ctllo64HLPZxzL3PnhCmjSjvOt1VZW9/Y3Kpu13Z29/YP7MN6TyWZxKSLE5bIQYgUYVSQrqaakUEqCeIhI/1wcjfz+49EKpqIjp6mxOcoFjSiGGkjBXa948Ux5IGHx/Tc9JwUgd1wms4ccJW4JWmAEu3A/vJGCc44ERozpNTQdVLt50hqihkpal6mSIrwBMVkaKhAnCg/n99ewFOjjGCUSFNCw7n6eyNHXKkpD80kR3qslr2Z+J83zHR04+dUpJkmAi8eijIGdQJnQcARlQRrNjUEYUnNrRCPkURYm7hqJgR3+curpHfRdK+azsNlo3VbxlEFx+AEnAEXXIMWuAdt0AUYPIFn8ArerMJ6sd6tj8VoxSp3jsAfWJ8/E8aT0g==</latexit>

T � m�,me

<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="doR319/GG3IpbdoCDVPjdkocsVc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRY9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJx8fsbNItV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTshJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadkQ/AWX14mjfOqd1l17y8qtZs8jiIcwTGcggdXUIM7qIMPDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8frOWOmA==</latexit>

e�

<latexit sha1_base64="aUvgeeIg8nCIkDeKuhvBl7KJOOE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiih6LXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGSj4/Z2aRbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGudV77Lq3l9Uajd5HEU4gmM4BQ+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/qduOlg==</latexit>

e+

<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="doR319/GG3IpbdoCDVPjdkocsVc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRY9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJx8fsbNItV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTshJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadkQ/AWX14mjfOqd1l17y8qtZs8jiIcwTGcggdXUIM7qIMPDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8frOWOmA==</latexit>

e�

<latexit sha1_base64="aUvgeeIg8nCIkDeKuhvBl7KJOOE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiih6LXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGSj4/Z2aRbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGudV77Lq3l9Uajd5HEU4gmM4BQ+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/qduOlg==</latexit>

e+

<latexit sha1_base64="9xOYZpcjRKGzCsPuTIB9pQgit6c=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOaXcMEfeyVK37VnwEtkyAnFchR75W/un1FUkGlJRwb0wn8xIYZ1pYRTielbmpogskID2jHUYkFNWE2u3aCTpzSR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQCUXQrD48jJpnlWDi6p/d16pXedxFOEIjuEUAriEGtxCHRpA4AGe4RXePOW9eO/ex7y14OUzh/AH3ucPsu2PNQ==</latexit>'



<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="doR319/GG3IpbdoCDVPjdkocsVc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRY9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJx8fsbNItV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTshJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadkQ/AWX14mjfOqd1l17y8qtZs8jiIcwTGcggdXUIM7qIMPDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8frOWOmA==</latexit>

e�

<latexit sha1_base64="aUvgeeIg8nCIkDeKuhvBl7KJOOE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiih6LXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGSj4/Z2aRbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGudV77Lq3l9Uajd5HEU4gmM4BQ+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/qduOlg==</latexit>

e+

<latexit sha1_base64="H4ys231OPcloEQ0RXUOStYoy9hk=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgQkoiii6LblxW6AuaECbTSTp0ZhJmJmIJ+RU3LhRx64+482+ctllo64HLPZxzL3PnhCmjSjvOt1VZW9/Y3Kpu13Z29/YP7MN6TyWZxKSLE5bIQYgUYVSQrqaakUEqCeIhI/1wcjfz+49EKpqIjp6mxOcoFjSiGGkjBXa948Ux5IGHx/Tc9JwUgd1wms4ccJW4JWmAEu3A/vJGCc44ERozpNTQdVLt50hqihkpal6mSIrwBMVkaKhAnCg/n99ewFOjjGCUSFNCw7n6eyNHXKkpD80kR3qslr2Z+J83zHR04+dUpJkmAi8eijIGdQJnQcARlQRrNjUEYUnNrRCPkURYm7hqJgR3+curpHfRdK+azsNlo3VbxlEFx+AEnAEXXIMWuAdt0AUYPIFn8ArerMJ6sd6tj8VoxSp3jsAfWJ8/E8aT0g==</latexit>

T � m�,me

<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�



<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="doR319/GG3IpbdoCDVPjdkocsVc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRY9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJx8fsbNItV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTshJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadkQ/AWX14mjfOqd1l17y8qtZs8jiIcwTGcggdXUIM7qIMPDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8frOWOmA==</latexit>

e�

<latexit sha1_base64="aUvgeeIg8nCIkDeKuhvBl7KJOOE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiih6LXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGSj4/Z2aRbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGudV77Lq3l9Uajd5HEU4gmM4BQ+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/qduOlg==</latexit>

e+

<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="doR319/GG3IpbdoCDVPjdkocsVc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRY9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJx8fsbNItV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTshJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadkQ/AWX14mjfOqd1l17y8qtZs8jiIcwTGcggdXUIM7qIMPDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8frOWOmA==</latexit>

e�

<latexit sha1_base64="aUvgeeIg8nCIkDeKuhvBl7KJOOE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiih6LXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGSj4/Z2aRbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGudV77Lq3l9Uajd5HEU4gmM4BQ+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/qduOlg==</latexit>

e+

<latexit sha1_base64="hzvqt5k3wU1mdpymoec+l5wGe5s=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSUfRY9OKxQr+gCWGznbRLd5OwuxFKqBf/ihcPinj1X3jz37htc9DWBwOP92aYmRemnCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqySSFFk14IrshUcBZDC3NNIduKoGIkEMnHN1O/c4DSMWSuKnHKfiCDGIWMUq0kQL7SATgcY6b2OOglGICi8CjQxbYVafmzICXiVuQKirQCOwvr5/QTECsKSdK9Vwn1X5OpGaUw6TiZQpSQkdkAD1DYyJA+fnsgwk+NUofR4k0FWs8U39P5EQoNRah6RRED9WiNxX/83qZjq79nMVppiGm80VRxrFO8DQO3GcSqOZjQwiVzNyK6ZBIQrUJrWJCcBdfXibt85p7WXPuL6r1myKOMjpGJ+gMuegK1dEdaqAWougRPaNX9GY9WS/Wu/Uxby1Zxcwh+gPr8we+lpZw</latexit>

me ⌧ T . m�

<latexit sha1_base64="fnhFD8ZUeauOUHy3YXQV1/A0RZg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK1hbaUDbbTbp0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZhGSoSCUbTSfS+K+tWaW3dnIMvEK0gNCjT71a/eIGFZzBUySY3pem6Kfk41Cib5pNLLDE8pG9GIdy1VNObGz2enTsiJVQYkTLQthWSm/p7IaWzMOA5sZ0xxaBa9qfif180wvPJzodIMuWLzRWEmCSZk+jcZCM0ZyrEllGlhbyVsSDVlaNOp2BC8xZeXyeNZ3buou3fntcZ1EUcZjuAYTsGDS2jALTShBQwieIZXeHOk8+K8Ox/z1pJTzBzCHzifP0BajcY=</latexit>�

Not enough Kinetic Energy to Produce DM



<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="doR319/GG3IpbdoCDVPjdkocsVc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRY9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJx8fsbNItV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTshJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadkQ/AWX14mjfOqd1l17y8qtZs8jiIcwTGcggdXUIM7qIMPDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8frOWOmA==</latexit>

e�

<latexit sha1_base64="aUvgeeIg8nCIkDeKuhvBl7KJOOE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiih6LXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGSj4/Z2aRbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGudV77Lq3l9Uajd5HEU4gmM4BQ+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/qduOlg==</latexit>

e+

<latexit sha1_base64="hzvqt5k3wU1mdpymoec+l5wGe5s=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSUfRY9OKxQr+gCWGznbRLd5OwuxFKqBf/ihcPinj1X3jz37htc9DWBwOP92aYmRemnCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqySSFFk14IrshUcBZDC3NNIduKoGIkEMnHN1O/c4DSMWSuKnHKfiCDGIWMUq0kQL7SATgcY6b2OOglGICi8CjQxbYVafmzICXiVuQKirQCOwvr5/QTECsKSdK9Vwn1X5OpGaUw6TiZQpSQkdkAD1DYyJA+fnsgwk+NUofR4k0FWs8U39P5EQoNRah6RRED9WiNxX/83qZjq79nMVppiGm80VRxrFO8DQO3GcSqOZjQwiVzNyK6ZBIQrUJrWJCcBdfXibt85p7WXPuL6r1myKOMjpGJ+gMuegK1dEdaqAWougRPaNX9GY9WS/Wu/Uxby1Zxcwh+gPr8we+lpZw</latexit>

me ⌧ T . m�



<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="doR319/GG3IpbdoCDVPjdkocsVc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRY9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJx8fsbNItV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTshJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadkQ/AWX14mjfOqd1l17y8qtZs8jiIcwTGcggdXUIM7qIMPDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8frOWOmA==</latexit>

e�

<latexit sha1_base64="aUvgeeIg8nCIkDeKuhvBl7KJOOE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiih6LXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGSj4/Z2aRbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGudV77Lq3l9Uajd5HEU4gmM4BQ+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/qduOlg==</latexit>

e+

<latexit sha1_base64="qZDtsImM3a57uPpZA5tqs9DmzJY=">AAACInicbVBNSwMxEM36bf2qevQSLIKnsiuKehBED3oRFK0WmmWZTdM2NMkuSbZQlv4WL/4VLx4U9ST4Y8zWHrT6YODlvRky8+JUcGN9/8ObmJyanpmdmy8tLC4tr5RX125NkmnKajQRia7HYJjgitUst4LVU81AxoLdxd3Twr/rMW14om5sP2WhhLbiLU7BOikqH5IzkBKinNAOJzbBOdESX18MBkdYRYWIiQDVFgwTw9sScI/o4TsqV/yqPwT+S4IRqaARLqPyG2kmNJNMWSrAmEbgpzbMQVtOBRuUSGZYCrQLbdZwVIFkJsyHJw7wllOauJVoV8riofpzIgdpTF/GrlOC7ZhxrxD/8xqZbR2EOVdpZpmi3x+1MoFdFEVeuMk1o1b0HQGqudsV0w5ooNalWnIhBOMn/yW3O9Vgr+pf7VaOT0ZxzKENtIm2UYD20TE6R5eohii6R4/oGb14D96T9+q9f7dOeKOZdfQL3ucXFe6kAg==</latexit>

��!SM = n�h�vi



<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="doR319/GG3IpbdoCDVPjdkocsVc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRY9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJx8fsbNItV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTshJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadkQ/AWX14mjfOqd1l17y8qtZs8jiIcwTGcggdXUIM7qIMPDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8frOWOmA==</latexit>

e�

<latexit sha1_base64="aUvgeeIg8nCIkDeKuhvBl7KJOOE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiih6LXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGSj4/Z2aRbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGudV77Lq3l9Uajd5HEU4gmM4BQ+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/qduOlg==</latexit>

e+

<latexit sha1_base64="qZDtsImM3a57uPpZA5tqs9DmzJY=">AAACInicbVBNSwMxEM36bf2qevQSLIKnsiuKehBED3oRFK0WmmWZTdM2NMkuSbZQlv4WL/4VLx4U9ST4Y8zWHrT6YODlvRky8+JUcGN9/8ObmJyanpmdmy8tLC4tr5RX125NkmnKajQRia7HYJjgitUst4LVU81AxoLdxd3Twr/rMW14om5sP2WhhLbiLU7BOikqH5IzkBKinNAOJzbBOdESX18MBkdYRYWIiQDVFgwTw9sScI/o4TsqV/yqPwT+S4IRqaARLqPyG2kmNJNMWSrAmEbgpzbMQVtOBRuUSGZYCrQLbdZwVIFkJsyHJw7wllOauJVoV8riofpzIgdpTF/GrlOC7ZhxrxD/8xqZbR2EOVdpZpmi3x+1MoFdFEVeuMk1o1b0HQGqudsV0w5ooNalWnIhBOMn/yW3O9Vgr+pf7VaOT0ZxzKENtIm2UYD20TE6R5eohii6R4/oGb14D96T9+q9f7dOeKOZdfQL3ucXFe6kAg==</latexit>

��!SM = n�h�vi

<latexit sha1_base64="k34B4WCE+XXkSgyNbBIglexg/cw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh56U/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWq7v1lpX6Tx1GEEziFc/DgCupwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH0+HjdA=</latexit>⌧ <latexit sha1_base64="SKzCVfI8Kc37oRuJrpeYPo/j73k=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVtXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBnsuM0A==</latexit>

H

Expansion Rate  
of the Universe



<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="doR319/GG3IpbdoCDVPjdkocsVc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRY9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJx8fsbNItV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTshJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadkQ/AWX14mjfOqd1l17y8qtZs8jiIcwTGcggdXUIM7qIMPDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8frOWOmA==</latexit>

e�

<latexit sha1_base64="aUvgeeIg8nCIkDeKuhvBl7KJOOE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiih6LXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGSj4/Z2aRbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGudV77Lq3l9Uajd5HEU4gmM4BQ+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/qduOlg==</latexit>

e+

<latexit sha1_base64="qZDtsImM3a57uPpZA5tqs9DmzJY=">AAACInicbVBNSwMxEM36bf2qevQSLIKnsiuKehBED3oRFK0WmmWZTdM2NMkuSbZQlv4WL/4VLx4U9ST4Y8zWHrT6YODlvRky8+JUcGN9/8ObmJyanpmdmy8tLC4tr5RX125NkmnKajQRia7HYJjgitUst4LVU81AxoLdxd3Twr/rMW14om5sP2WhhLbiLU7BOikqH5IzkBKinNAOJzbBOdESX18MBkdYRYWIiQDVFgwTw9sScI/o4TsqV/yqPwT+S4IRqaARLqPyG2kmNJNMWSrAmEbgpzbMQVtOBRuUSGZYCrQLbdZwVIFkJsyHJw7wllOauJVoV8riofpzIgdpTF/GrlOC7ZhxrxD/8xqZbR2EOVdpZpmi3x+1MoFdFEVeuMk1o1b0HQGqudsV0w5ooNalWnIhBOMn/yW3O9Vgr+pf7VaOT0ZxzKENtIm2UYD20TE6R5eohii6R4/oGb14D96T9+q9f7dOeKOZdfQL3ucXFe6kAg==</latexit>

��!SM = n�h�vi

DM particles (almost) never meet: Number of DM particles is frozen

<latexit sha1_base64="k34B4WCE+XXkSgyNbBIglexg/cw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh56U/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWq7v1lpX6Tx1GEEziFc/DgCupwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH0+HjdA=</latexit>⌧ <latexit sha1_base64="SKzCVfI8Kc37oRuJrpeYPo/j73k=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix66bEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVtXJWrd3kcBTiFM7gAD26gCjWoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBnsuM0A==</latexit>

H

<latexit sha1_base64="T/oTFYqED3wyhojc05T7E7FdBp8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZNS1GXRjcsKfUETwmR62w6dScLMRKih+CtuXCji1v9w5984bbPQ1gMXDufcy733hAlnSjvOt7Wyura+sVnYKm7v7O7t2weHLRWnkkKTxjyWnZAo4CyCpmaaQyeRQETIoR2Obqd++wGkYnHU0OMEfEEGEeszSrSRAvu4gT0OSikmsAg8OmQXFSewS07ZmQEvEzcnJZSjHthfXi+mqYBIU06U6rpOov2MSM0oh0nRSxUkhI7IALqGRkSA8rPZ9RN8ZpQe7sfSVKTxTP09kRGh1FiEplMQPVSL3lT8z+umun/tZyxKUg0RnS/qpxzrGE+jwD0mgWo+NoRQycytmA6JJFSbwIomBHfx5WXSqpTdy3L1vlqq3eRxFNAJOkXnyEVXqIbuUB01EUWP6Bm9ojfryXqx3q2PeeuKlc8coT+wPn8AFc+UWQ==</latexit>

T . m�/20



<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="doR319/GG3IpbdoCDVPjdkocsVc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRY9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJx8fsbNItV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTshJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadkQ/AWX14mjfOqd1l17y8qtZs8jiIcwTGcggdXUIM7qIMPDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8frOWOmA==</latexit>

e�

<latexit sha1_base64="aUvgeeIg8nCIkDeKuhvBl7KJOOE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiih6LXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGSj4/Z2aRbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGudV77Lq3l9Uajd5HEU4gmM4BQ+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/qduOlg==</latexit>

e+

<latexit sha1_base64="jpz54PnykUDPfCXWNNdKgSbqiY4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0WPRi8cK/YImhM122y7d3YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvTjnTxvO+ndLG5tb2Tnm3srd/cHjkHp+0dZIpQlsk4YnqxlhTziRtGWY47aaKYhFz2onHD3O/M6FKs0Q2zTSlocBDyQaMYGOlyHWbAadaayaQiAIyYpFb9WreAmid+AWpQoFG5H4F/YRkgkpDONa653upCXOsDCOczipBpmmKyRgPac9SiQXVYb64fIYurNJHg0TZkgYt1N8TORZaT0VsOwU2I73qzcX/vF5mBndhzmSaGSrJctEg48gkaB4D6jNFieFTSzBRzN6KyAgrTIwNq2JD8FdfXiftq5p/U/Oerqv1+yKOMpzBOVyCD7dQh0doQAsITOAZXuHNyZ0X5935WLaWnGLmFP7A+fwBXZmTew==</latexit>

T . m�



The amount of DM today depends on its interactions

<latexit sha1_base64="nmi17oRSH0oK9npWjWrFp4xL7pI="></latexit>

��!SM = n�h�vi ' H

<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="doR319/GG3IpbdoCDVPjdkocsVc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRY9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJx8fsbNItV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTshJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadkQ/AWX14mjfOqd1l17y8qtZs8jiIcwTGcggdXUIM7qIMPDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8frOWOmA==</latexit>

e�

<latexit sha1_base64="aUvgeeIg8nCIkDeKuhvBl7KJOOE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiih6LXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGSj4/Z2aRbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGudV77Lq3l9Uajd5HEU4gmM4BQ+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/qduOlg==</latexit>

e+

<latexit sha1_base64="TJSwUA7YprtkU6AyZiWhYoDoISA="></latexit>

ntoday
� ⇠ 1

h�vi ⇠
m2

�

↵2
�



<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>� <latexit sha1_base64="SnYQS61M9QihKlqmdyE6xQ3C+Lw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALuvjOc=</latexit>

Z

Higgs

Perfect match!



Higgs
<latexit sha1_base64="C2zQoN0fdqsaA/VgsiyEi0HVqQg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegFy9CBPPAZAmzk9lkyDyWmVkhLPkLLx4U8erfePNvnCR70MSChqKqm+6uKOHMWN//9gorq2vrG8XN0tb2zu5eef+gaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGN1O/9US1YUo+2HFCQ4EHksWMYOukx7te1tUC1fmkV674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2eziCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8TmrjqzBjMkktlWS+KE45sgpN30d9pimxfOwIJpq5WxEZYo2JdSGVXAjB4svLpHlWDS6q5/fnldp1HkcRjuAYTiGAS6jBLdShAQQkPMMrvHnGe/HevY95a8HLZw7hD7zPHzf0kKI=</latexit>

MPl



Higgs
<latexit sha1_base64="C2zQoN0fdqsaA/VgsiyEi0HVqQg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegFy9CBPPAZAmzk9lkyDyWmVkhLPkLLx4U8erfePNvnCR70MSChqKqm+6uKOHMWN//9gorq2vrG8XN0tb2zu5eef+gaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGN1O/9US1YUo+2HFCQ4EHksWMYOukx7te1tUC1fmkV674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2eziCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8TmrjqzBjMkktlWS+KE45sgpN30d9pimxfOwIJpq5WxEZYo2JdSGVXAjB4svLpHlWDS6q5/fnldp1HkcRjuAYTiGAS6jBLdShAQQkPMMrvHnGe/HevY95a8HLZw7hD7zPHzf0kKI=</latexit>

MPl

New Symmetry



<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>� <latexit sha1_base64="SnYQS61M9QihKlqmdyE6xQ3C+Lw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALuvjOc=</latexit>

Z

Higgs

• Minimal Extension of what we 
know to exist 

• Simple and predictive 
cosmology 

• Solves another big problem in 
particle physics



DIRECT DETECTION OF THERMAL DM
[APPEC  ’21, 2104.07634]



Higgs



Higgs

<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="uBRAxDQCalIwCH8FFtkidYxljsc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwEMjjY=</latexit>�

<latexit sha1_base64="xaJDZXIWwCSyuD9GqgaJO20N8wo=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8lV1R9Fj04kWoaD+gXUo2zbahSXZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RkvLK6tr64WN4ubW9s5uaW+/YeJUU1ansYh1KySGCa5Y3XIrWCvRjMhQsGY4vJ74zSemDY/Vgx0lLJCkr3jEKbFOamUdLfH97bhbKnsVbwq8SPyclCFHrVv66vRimkqmLBXEmLbvJTbIiLacCjYudlLDEkKHpM/ajioimQmy6b1jfOyUHo5i7UpZPFV/T2REGjOSoeuUxA7MvDcR//PaqY0ug4yrJLVM0dmiKBXYxnjyPO5xzagVI0cI1dzdiumAaEKti6joQvDnX14kjdOKf17x7s7K1as8jgIcwhGcgA8XUIUbqEEdKAh4hld4Q4/oBb2jj1nrEspnDuAP0OcPt26PwQ==</latexit>

SM

<latexit sha1_base64="xaJDZXIWwCSyuD9GqgaJO20N8wo=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8lV1R9Fj04kWoaD+gXUo2zbahSXZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RkvLK6tr64WN4ubW9s5uaW+/YeJUU1ansYh1KySGCa5Y3XIrWCvRjMhQsGY4vJ74zSemDY/Vgx0lLJCkr3jEKbFOamUdLfH97bhbKnsVbwq8SPyclCFHrVv66vRimkqmLBXEmLbvJTbIiLacCjYudlLDEkKHpM/ajioimQmy6b1jfOyUHo5i7UpZPFV/T2REGjOSoeuUxA7MvDcR//PaqY0ug4yrJLVM0dmiKBXYxnjyPO5xzagVI0cI1dzdiumAaEKti6joQvDnX14kjdOKf17x7s7K1as8jgIcwhGcgA8XUIUbqEEdKAh4hld4Q4/oBb2jj1nrEspnDuAP0OcPt26PwQ==</latexit>

SM

<latexit sha1_base64="QQQPSSPzqHlLe7tYt/GsI76lggU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIogcPRS9ehIr2A5oQNttNu3Q3CbsboYT6V7x4UMSrP8Sb/8Ztm4NWHww83pthZl6Ycqa043xZpaXlldW18nplY3Nre8fe3WurJJOEtkjCE9kNsaKcxbSlmea0m0qKRchpJxxdTf3OA5WKJfG9HqfUF3gQs4gRrI0U2FUReGTI0AUSQe5Jge5uJoFdc+rODOgvcQtSgwLNwP70+gnJBI014Vipnuuk2s+x1IxwOql4maIpJiM8oD1DYyyo8vPZ8RN0aJQ+ihJpKtZopv6cyLFQaixC0ymwHqpFbyr+5/UyHZ37OYvTTNOYzBdFGUc6QdMkUJ9JSjQfG4KJZOZWRIZYYqJNXhUTgrv48l/SPq67p3Xn9qTWuCziKMM+HMARuHAGDbiGJrSAwBie4AVerUfr2Xqz3uetJauYqcIvWB/ffCeUBA==</latexit>

m� < mSM

[Griest, Seckel ’89][RTD, Ruderman ’15][RTD, Liu,Ruderman, Wang ’15]



Higgs

<latexit sha1_base64="QQQPSSPzqHlLe7tYt/GsI76lggU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIogcPRS9ehIr2A5oQNttNu3Q3CbsboYT6V7x4UMSrP8Sb/8Ztm4NWHww83pthZl6Ycqa043xZpaXlldW18nplY3Nre8fe3WurJJOEtkjCE9kNsaKcxbSlmea0m0qKRchpJxxdTf3OA5WKJfG9HqfUF3gQs4gRrI0U2FUReGTI0AUSQe5Jge5uJoFdc+rODOgvcQtSgwLNwP70+gnJBI014Vipnuuk2s+x1IxwOql4maIpJiM8oD1DYyyo8vPZ8RN0aJQ+ihJpKtZopv6cyLFQaixC0ymwHqpFbyr+5/UyHZ37OYvTTNOYzBdFGUc6QdMkUJ9JSjQfG4KJZOZWRIZYYqJNXhUTgrv48l/SPq67p3Xn9qTWuCziKMM+HMARuHAGDbiGJrSAwBie4AVerUfr2Xqz3uetJauYqcIvWB/ffCeUBA==</latexit>

m� < mSM

<latexit sha1_base64="J+SdhzIGvDG9Kjx2wOkgTj3YRTQ="></latexit>
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The same amount of DM requires a smaller mass

[Griest, Seckel ’89][RTD, Ruderman ’15][RTD, Liu,Ruderman, Wang ’15]



<latexit sha1_base64="vKYD4vM2nbmkNTBdopZJv7AotrI="></latexit>

S � �1

2

Z
d4x jµe↵ Aµ

<latexit sha1_base64="p2bJ6mAzsNbv7x2m7GP1LgkMQAc="></latexit>

jµe↵ = @⌫

✓
1

2
hFµ⌫ + h⌫

↵ F↵µ � hµ
↵ F↵⌫

◆
,

<latexit sha1_base64="Cy/SqRYwGp8SWsTdEF+JE4fhAJY="></latexit>

jµe↵ = ✏µ⌫⇢�@⌫(aF⇢�)

GW Axion

Not a covariant vector



Proper Detector Frame (PDF) Vs Transverse Traceless (TT) Frame

(Fermi Normal Coordinates)



<latexit sha1_base64="Isy2OyVQ8iH/SN2QT1YvLvm9+qM=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmkqBuh1I3LCvYBTQiT6aQdOnkwMxFiqL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7j59wJpVlfRultfWNza3ydmVnd2//wDw86so4FYR2SMxj0fexpJxFtKOY4rSfCIpDn9OeP7mZ+b0HKiSLo3uVJdQN8ShiASNYackzq7njB6g1vUYtz0LOGCv06Jk1q27NgVaJXZAaFGh75pczjEka0kgRjqUc2Fai3BwLxQin04qTSppgMsEjOtA0wiGVbj4/fopOtTJEQSx0RQrN1d8TOQ6lzEJfd4ZYjeWyNxP/8wapCq7cnEVJqmhEFouClCMVo1kSaMgEJYpnmmAimL4VkTEWmCidV0WHYC+/vEq653X7ot64a9SarSKOMhzDCZyBDZfQhFtoQwcIZPAMr/BmPBkvxrvxsWgtGcVMFf7A+PwBkoSTcQ==</latexit>

B = B0ẑ

probe wire

proper detector frame = laboratory
<latexit sha1_base64="D/+hCftmHOCmr5qyFezDq2cWqOY=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahQimJFPVY9OKxgv2QNpTNdtMu3U3C7kSMob/CiwdFvPpzvPlv3LY5aOuDgcd7M8zM8yLBNdj2t5VbWV1b38hvFra2d3b3ivsHLR3GirImDUWoOh7RTPCANYGDYJ1IMSI9wdre+Hrqtx+Y0jwM7iCJmCvJMOA+pwSMdF+GymMlqTyd9oslu2rPgJeJk5ESytDoF796g5DGkgVABdG669gRuClRwKlgk0Iv1iwidEyGrGtoQCTTbjo7eIJPjDLAfqhMBYBn6u+JlEitE+mZTklgpBe9qfif143Bv3RTHkQxsIDOF/mxwBDi6fd4wBWjIBJDCFXc3IrpiChCwWRUMCE4iy8vk9ZZ1Tmv1m5rpfpVFkceHaFjVEYOukB1dIMaqIkokugZvaI3S1kv1rv1MW/NWdnMIfoD6/MHfnOPkQ==</latexit>

(t, x, y, z)

<latexit sha1_base64="oDQdWu3FS8suOn8QPbax7F0BT+o=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxCBSmJFHUjFN24rGDaQhvLZDpph04mYR5CDf0SNy4UceunuPNvnLRZaOu5XDiccy9z5wQJo1I5zrdVWFldW98obpa2tnd2y/befkvGWmDi4ZjFohMgSRjlxFNUMdJJBEFRwEg7GN9kfvuRCEljfq8mCfEjNOQ0pBgpI/XtsvfQi/RV1T11sjrp2xWn5swAl4mbkwrI0ezbX71BjHVEuMIMSdl1nUT5KRKKYkampZ6WJEF4jIakayhHEZF+Ojt8Co+NMoBhLExzBWfq740URVJOosBMRkiN5KKXif95Xa3CSz+lPNGKcDx/KNQMqhhmKcABFQQrNjEEYUHNrRCPkEBYmaxKJgR38cvLpHVWc89r9bt6pXGdx1EEh+AIVIELLkAD3IIm8AAGGjyDV/BmPVkv1rv1MR8tWPnOAfgD6/MHhSuRDg==</latexit>

Uµ = (1, 0, 0, 0)



probe wire

proper detector frame = laboratory
<latexit sha1_base64="D/+hCftmHOCmr5qyFezDq2cWqOY=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahQimJFPVY9OKxgv2QNpTNdtMu3U3C7kSMob/CiwdFvPpzvPlv3LY5aOuDgcd7M8zM8yLBNdj2t5VbWV1b38hvFra2d3b3ivsHLR3GirImDUWoOh7RTPCANYGDYJ1IMSI9wdre+Hrqtx+Y0jwM7iCJmCvJMOA+pwSMdF+GymMlqTyd9oslu2rPgJeJk5ESytDoF796g5DGkgVABdG669gRuClRwKlgk0Iv1iwidEyGrGtoQCTTbjo7eIJPjDLAfqhMBYBn6u+JlEitE+mZTklgpBe9qfif143Bv3RTHkQxsIDOF/mxwBDi6fd4wBWjIBJDCFXc3IrpiChCwWRUMCE4iy8vk9ZZ1Tmv1m5rpfpVFkceHaFjVEYOukB1dIMaqIkokugZvaI3S1kv1rv1MW/NWdnMIfoD6/MHfnOPkQ==</latexit>

(t, x, y, z)

<latexit sha1_base64="oDQdWu3FS8suOn8QPbax7F0BT+o=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxCBSmJFHUjFN24rGDaQhvLZDpph04mYR5CDf0SNy4UceunuPNvnLRZaOu5XDiccy9z5wQJo1I5zrdVWFldW98obpa2tnd2y/befkvGWmDi4ZjFohMgSRjlxFNUMdJJBEFRwEg7GN9kfvuRCEljfq8mCfEjNOQ0pBgpI/XtsvfQi/RV1T11sjrp2xWn5swAl4mbkwrI0ezbX71BjHVEuMIMSdl1nUT5KRKKYkampZ6WJEF4jIakayhHEZF+Ojt8Co+NMoBhLExzBWfq740URVJOosBMRkiN5KKXif95Xa3CSz+lPNGKcDx/KNQMqhhmKcABFQQrNjEEYUHNrRCPkEBYmaxKJgR38cvLpHVWc89r9bt6pXGdx1EEh+AIVIELLkAD3IIm8AAGGjyDV/BmPVkv1rv1MR8tWPnOAfgD6/MHhSuRDg==</latexit>

Uµ = (1, 0, 0, 0)

GW



TT gauge = comoving with the wave
<latexit sha1_base64="/q0P03eYc5+64QCIMvMpzURIBgE=">AAACFnicbZDLSsNAFIYn9VbrLerSzWARKmhJpKjLohuXFXqDNoTJdNIOnUzCzESMoU/hxldx40IRt+LOt3HaBqvVHwY+/nMOZ87vRYxKZVmfRm5hcWl5Jb9aWFvf2Nwyt3eaMowFJg0cslC0PSQJo5w0FFWMtCNBUOAx0vKGl+N664YISUNeV0lEnAD1OfUpRkpbrnlcUm7aFQGs10dHtzNMZnj3jYeuWbTK1kTwL9gZFEGmmmt+dHshjgPCFWZIyo5tRcpJkVAUMzIqdGNJIoSHqE86GjkKiHTSyVkjeKCdHvRDoR9XcOL+nEhRIGUSeLozQGog52tj879aJ1b+uZNSHsWKcDxd5McMqhCOM4I9KghWLNGAsKD6rxAPkEBY6SQLOgR7/uS/0Dwp26flynWlWL3I4siDPbAPSsAGZ6AKrkANNAAG9+ARPIMX48F4Ml6Nt2lrzshmdsEvGe9f3p+ekg==</latexit>

(tTT, xTT, yTT, zTT)

<latexit sha1_base64="FBW3dihLTeycpr9ngJR3DAvDnyM="></latexit>

tTT ' t� i

4
!g (x

2 � y2)h+ ei!gt , xTT ' x� 1

2
x (1� i!gz)h+ ei!gt .

yTT ' y +
1

2
y (1� i!gz)h+ ei!gt , zTT ' z � i

4
!g (x

2 � y2)h+ ei!gt



probe wire

TT gauge = comoving with the wave
<latexit sha1_base64="/q0P03eYc5+64QCIMvMpzURIBgE=">AAACFnicbZDLSsNAFIYn9VbrLerSzWARKmhJpKjLohuXFXqDNoTJdNIOnUzCzESMoU/hxldx40IRt+LOt3HaBqvVHwY+/nMOZ87vRYxKZVmfRm5hcWl5Jb9aWFvf2Nwyt3eaMowFJg0cslC0PSQJo5w0FFWMtCNBUOAx0vKGl+N664YISUNeV0lEnAD1OfUpRkpbrnlcUm7aFQGs10dHtzNMZnj3jYeuWbTK1kTwL9gZFEGmmmt+dHshjgPCFWZIyo5tRcpJkVAUMzIqdGNJIoSHqE86GjkKiHTSyVkjeKCdHvRDoR9XcOL+nEhRIGUSeLozQGog52tj879aJ1b+uZNSHsWKcDxd5McMqhCOM4I9KghWLNGAsKD6rxAPkEBY6SQLOgR7/uS/0Dwp26flynWlWL3I4siDPbAPSsAGZ6AKrkANNAAG9+ARPIMX48F4Ml6Nt2lrzshmdsEvGe9f3p+ekg==</latexit>

(tTT, xTT, yTT, zTT)

<latexit sha1_base64="ldKjPnwoCaXBaZj7D5i2tTz9r/I="></latexit>

B = B0ẑ +
i

2
(h+B0)e

i!gt(!gx,�!gy, 0) +O(h2)



TT gauge = comoving with the wave
<latexit sha1_base64="/q0P03eYc5+64QCIMvMpzURIBgE=">AAACFnicbZDLSsNAFIYn9VbrLerSzWARKmhJpKjLohuXFXqDNoTJdNIOnUzCzESMoU/hxldx40IRt+LOt3HaBqvVHwY+/nMOZ87vRYxKZVmfRm5hcWl5Jb9aWFvf2Nwyt3eaMowFJg0cslC0PSQJo5w0FFWMtCNBUOAx0vKGl+N664YISUNeV0lEnAD1OfUpRkpbrnlcUm7aFQGs10dHtzNMZnj3jYeuWbTK1kTwL9gZFEGmmmt+dHshjgPCFWZIyo5tRcpJkVAUMzIqdGNJIoSHqE86GjkKiHTSyVkjeKCdHvRDoR9XcOL+nEhRIGUSeLozQGog52tj879aJ1b+uZNSHsWKcDxd5McMqhCOM4I9KghWLNGAsKD6rxAPkEBY6SQLOgR7/uS/0Dwp26flynWlWL3I4siDPbAPSsAGZ6AKrkANNAAG9+ARPIMX48F4Ml6Nt2lrzshmdsEvGe9f3p+ekg==</latexit>

(tTT, xTT, yTT, zTT)

<latexit sha1_base64="Isy2OyVQ8iH/SN2QT1YvLvm9+qM=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmkqBuh1I3LCvYBTQiT6aQdOnkwMxFiqL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7j59wJpVlfRultfWNza3ydmVnd2//wDw86so4FYR2SMxj0fexpJxFtKOY4rSfCIpDn9OeP7mZ+b0HKiSLo3uVJdQN8ShiASNYackzq7njB6g1vUYtz0LOGCv06Jk1q27NgVaJXZAaFGh75pczjEka0kgRjqUc2Fai3BwLxQin04qTSppgMsEjOtA0wiGVbj4/fopOtTJEQSx0RQrN1d8TOQ6lzEJfd4ZYjeWyNxP/8wapCq7cnEVJqmhEFouClCMVo1kSaMgEJYpnmmAimL4VkTEWmCidV0WHYC+/vEq653X7ot64a9SarSKOMhzDCZyBDZfQhFtoQwcIZPAMr/BmPBkvxrvxsWgtGcVMFf7A+PwBkoSTcQ==</latexit>

B = B0ẑ

GW

Theorem: 
<latexit sha1_base64="jns6kVpEezYzXtTVdslvOs5RgDA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1ISKepGKLpxWaEvaGKYTCft2JlJmJkIJRT8FTcuFHHrd7jzb5y2WWjrgQuHc+7l3nvChFGlHefbKiwtr6yuFddLG5tb2zv27l5LxanEpIljFstOiBRhVJCmppqRTiIJ4iEj7XB4M/Hbj0QqGouGHiXE56gvaEQx0kYK7IOHe4+nQeZJDkkUncJGY3zlBHbZqThTwEXi5qQMctQD+8vrxTjlRGjMkFJd10m0nyGpKWZkXPJSRRKEh6hPuoYKxInys+n5Y3hslB6MYmlKaDhVf09kiCs14qHp5EgP1Lw3Ef/zuqmOLv2MiiTVRODZoihlUMdwkgXsUUmwZiNDEJbU3ArxAEmEtUmsZEJw519eJK2zinteqd5Vy7XrPI4iOARH4AS44ALUwC2ogybAIAPP4BW8WU/Wi/VufcxaC1Y+sw/+wPr8AeszlNA=</latexit>

jµe↵,TT = 0



TT gauge = comoving with the wave
<latexit sha1_base64="/q0P03eYc5+64QCIMvMpzURIBgE=">AAACFnicbZDLSsNAFIYn9VbrLerSzWARKmhJpKjLohuXFXqDNoTJdNIOnUzCzESMoU/hxldx40IRt+LOt3HaBqvVHwY+/nMOZ87vRYxKZVmfRm5hcWl5Jb9aWFvf2Nwyt3eaMowFJg0cslC0PSQJo5w0FFWMtCNBUOAx0vKGl+N664YISUNeV0lEnAD1OfUpRkpbrnlcUm7aFQGs10dHtzNMZnj3jYeuWbTK1kTwL9gZFEGmmmt+dHshjgPCFWZIyo5tRcpJkVAUMzIqdGNJIoSHqE86GjkKiHTSyVkjeKCdHvRDoR9XcOL+nEhRIGUSeLozQGog52tj879aJ1b+uZNSHsWKcDxd5McMqhCOM4I9KghWLNGAsKD6rxAPkEBY6SQLOgR7/uS/0Dwp26flynWlWL3I4siDPbAPSsAGZ6AKrkANNAAG9+ARPIMX48F4Ml6Nt2lrzshmdsEvGe9f3p+ekg==</latexit>

(tTT, xTT, yTT, zTT)

Theorem: 
<latexit sha1_base64="jns6kVpEezYzXtTVdslvOs5RgDA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1ISKepGKLpxWaEvaGKYTCft2JlJmJkIJRT8FTcuFHHrd7jzb5y2WWjrgQuHc+7l3nvChFGlHefbKiwtr6yuFddLG5tb2zv27l5LxanEpIljFstOiBRhVJCmppqRTiIJ4iEj7XB4M/Hbj0QqGouGHiXE56gvaEQx0kYK7IOHe4+nQeZJDkkUncJGY3zlBHbZqThTwEXi5qQMctQD+8vrxTjlRGjMkFJd10m0nyGpKWZkXPJSRRKEh6hPuoYKxInys+n5Y3hslB6MYmlKaDhVf09kiCs14qHp5EgP1Lw3Ef/zuqmOLv2MiiTVRODZoihlUMdwkgXsUUmwZiNDEJbU3ArxAEmEtUmsZEJw519eJK2zinteqd5Vy7XrPI4iOARH4AS44ALUwC2ogybAIAPP4BW8WU/Wi/VufcxaC1Y+sw/+wPr8AeszlNA=</latexit>

jµe↵,TT = 0 No signal

Wrong Conclusion

Surprisingly common mistake in the literature 
(confusion between TT frame and laboratory frame)



TT gauge = comoving with the wave
<latexit sha1_base64="/q0P03eYc5+64QCIMvMpzURIBgE=">AAACFnicbZDLSsNAFIYn9VbrLerSzWARKmhJpKjLohuXFXqDNoTJdNIOnUzCzESMoU/hxldx40IRt+LOt3HaBqvVHwY+/nMOZ87vRYxKZVmfRm5hcWl5Jb9aWFvf2Nwyt3eaMowFJg0cslC0PSQJo5w0FFWMtCNBUOAx0vKGl+N664YISUNeV0lEnAD1OfUpRkpbrnlcUm7aFQGs10dHtzNMZnj3jYeuWbTK1kTwL9gZFEGmmmt+dHshjgPCFWZIyo5tRcpJkVAUMzIqdGNJIoSHqE86GjkKiHTSyVkjeKCdHvRDoR9XcOL+nEhRIGUSeLozQGog52tj879aJ1b+uZNSHsWKcDxd5McMqhCOM4I9KghWLNGAsKD6rxAPkEBY6SQLOgR7/uS/0Dwp26flynWlWL3I4siDPbAPSsAGZ6AKrkANNAAG9+ARPIMX48F4Ml6Nt2lrzshmdsEvGe9f3p+ekg==</latexit>

(tTT, xTT, yTT, zTT)

Theorem: 
<latexit sha1_base64="jns6kVpEezYzXtTVdslvOs5RgDA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1ISKepGKLpxWaEvaGKYTCft2JlJmJkIJRT8FTcuFHHrd7jzb5y2WWjrgQuHc+7l3nvChFGlHefbKiwtr6yuFddLG5tb2zv27l5LxanEpIljFstOiBRhVJCmppqRTiIJ4iEj7XB4M/Hbj0QqGouGHiXE56gvaEQx0kYK7IOHe4+nQeZJDkkUncJGY3zlBHbZqThTwEXi5qQMctQD+8vrxTjlRGjMkFJd10m0nyGpKWZkXPJSRRKEh6hPuoYKxInys+n5Y3hslB6MYmlKaDhVf09kiCs14qHp5EgP1Lw3Ef/zuqmOLv2MiiTVRODZoihlUMdwkgXsUUmwZiNDEJbU3ArxAEmEtUmsZEJw519eJK2zinteqd5Vy7XrPI4iOARH4AS44ALUwC2ogybAIAPP4BW8WU/Wi/VufcxaC1Y+sw/+wPr8AeszlNA=</latexit>

jµe↵,TT = 0 No signal

 Doubly Wrong:

Wrong Conclusion

1. Impossible to prepare a uniform B-field in the TT frame 
2. Even if you could do it, there would still be a signal (wire moving)



OUR CALCULATION

Cavity

<latexit sha1_base64="EsUXQCVtBq4y73jg2L4sJIh3P3Q=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmd4zZ</latexit>

L

<latexit sha1_base64="hakA7XFIa9AGR6X5TgA+mB048Lk=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE1GXRjQsXFewDmhAmk0k7dCaJMxOxlP6KGxeKuPVH3Pk3TtsstPXAwOGcc7l3TphxprTjfFulldW19Y3yZmVre2d3z96vtlWaS0JbJOWp7IZYUc4S2tJMc9rNJMUi5LQTDq+nfueRSsXS5F6PMuoL3E9YzAjWRgrsqsdNOMJBH3mKCfqAbgO75tSdGdAycQtSgwLNwP7yopTkgiaacKxUz3Uy7Y+x1IxwOql4uaIZJkPcpz1DEyyo8sez2yfo2CgRilNpXqLRTP09McZCqZEITVJgPVCL3lT8z+vlOr70xyzJck0TMl8U5xzpFE2LQBGTlGg+MgQTycytiAywxESbuiqmBHfxy8ukfVp3z+tnd2e1xlVRRxkO4QhOwIULaMANNKEFBJ7gGV7hzZpYL9a79TGPlqxi5gD+wPr8AUNLk/I=</latexit>

�g ' L



OUR CALCULATION

<latexit sha1_base64="CVeGnXWWboGSjqepfqVoDsfbsSY="></latexit>

j⇥ · ẑ / sin� sin�
⇣
� 1 +

2i

3
!g (z cos� � r sin� sin�) +O(!2

g L
2
det)

⌘

ADMX, HAYSTAC, …

The volume integral of the leading 
order piece vanishes



ma(T ) ⇡ 0.1ma

✓
⇤QCD

T

◆4

The Universe cools below the QCD scale
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af
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a ✓̄
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a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>
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ALP DARK MATTER DETECTION
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THE TIP OF AN ICEBERG
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