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The Excess in the electron recoil 
spectrum in recent XENON1T result

• Report on searches for ER signals  
with Feb 2017-Feb 2018 (SR1) 


• An excess is observed in 1-7 keV


• Backgound = 232 ± 15, Observed = 285 events    
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[2006.09721] [hep-ex]



Two Scenarios for Recent 
XENON1T Excess (I)

• Scenario #1 :  
Consider Non-Standard Interaction  
between Electron and Neutrinos

Solar ⌫

<latexit sha1_base64="8Pg/MwUcWsx65sq43qNs9hyiYCQ="></latexit>

⌫Solar + e� ! ⌫ + e�

<latexit sha1_base64="j+EwWzjRL49gGKVuyE6NUxjUq2I="></latexit>
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R. Harnik et al.  [JCAP 07 (2012) 026] [1202.6073] [hep-ph]
C. Boehm et al. [2006.11250] [hep-ph]



Two Scenarios for Recent 
XENON1T Excess (II)

• Scenario #2 :  
Cosmic Ray (electron) Boosted DM  
interacts with Electrons in detector

CR boosted DM

<latexit sha1_base64="WV2ttSpFYIevrfW84yG4Y/NSeO8="></latexit>

e�CR + �halo ! e� + �Boosted

<latexit sha1_base64="+8OH7p9xjcV6vvNZBgLpUkHmJG4="></latexit>

�Boosted + e� ! �+ e�

<latexit sha1_base64="U3j6EVk6A6NtaL8bPQiEMDQSEJ4="></latexit>
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cf) Q.-H. Cao et al. [2006.12767] [hep-ph]
Y. Ema et al.  [PRL 122 (2019) 181802] [1811.00520] [hep-ph]



Model

L � �Xµ(geJ
µ
e + g⌫J

µ
⌫ + g�J

µ
� ) + ...

<latexit sha1_base64="5+vLfp8keh6qSCyY5ZXi6yj5w24="></latexit>

Jµ
e = ē�µe

<latexit sha1_base64="AyoPjaLBsKO/OwLSqGh+eYQKBa4=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCncSUAshaCNWEcwH5GKY20ySJbt3x+6eEI6UNv4VGwtFbP0Jdv4bNx+FJj4YeLw3w8y8IBZcG9f9dhYWl5ZXVjNr2fWNza3t3M5uVUeJYlhhkYhUPQCNgodYMdwIrMcKQQYCa0H/auTXHlBpHoV3ZhBjU0I35B3OwFiplTu4aeG9LxN6Qf0AVIpD6ndBShiLSFu5vFtwx6DzxJuSPJmi3Mp9+e2IJRJDwwRo3fDc2DRTUIYzgcOsn2iMgfWhiw1LQ5Com+n4kSE9skqbdiJlKzR0rP6eSEFqPZCB7ZRgenrWG4n/eY3EdM6aKQ/jxGDIJos6iaAmoqNUaJsrZEYMLAGmuL2Vsh4oYMZml7UheLMvz5PqScErFs5vi/nS5TSODNknh+SYeOSUlMg1KZMKYeSRPJNX8uY8OS/Ou/MxaV1wpjN75A+czx8TQJjC</latexit>

Jµ
⌫ = ⌫̄L�

µ⌫L

<latexit sha1_base64="Li5FjwYkfYC8bZWaM/msIc6pc0g=">AAACEXicbVDLSgMxFM3UV62vqks3wSJ0VWZEUBdC0Y1IFxXsAzp1uJOmbWiSGZKMUIb+ght/xY0LRdy6c+ffmD4W2nrgwsk595J7Txhzpo3rfjuZpeWV1bXsem5jc2t7J7+7V9dRogitkYhHqhmCppxJWjPMcNqMFQURctoIB1djv/FAlWaRvDPDmLYF9CTrMgLGSkG+eBP4Mrn3RYIvsB+CSu1zFFSw3wMhYGJYJagE+YJbcifAi8SbkQKaoRrkv/xORBJBpSEctG55bmzaKSjDCKejnJ9oGgMZQI+2LJUgqG6nk4tG+MgqHdyNlC1p8ET9PZGC0HooQtspwPT1vDcW//NaiemetVMm48RQSaYfdROOTYTH8eAOU5QYPrQEiGJ2V0z6oIAYG2LOhuDNn7xI6scl76R0fntSKF/O4siiA3SIishDp6iMrlEV1RBBj+gZvaI358l5cd6dj2lrxpnN7KM/cD5/AI+EnOA=</latexit>

Jµ
� = �̄�µ�

<latexit sha1_base64="RNZQc1EdzhU9OhRb7V1Tw9nyV1E=">AAACEHicbZDLSgMxFIYzXmu9jbp0EyyiqzIjBXUhFN2Iqwr2Ap2xnEnTNjSZGZKMUIY+ghtfxY0LRdy6dOfbmJl2oa0/BP585xyS8wcxZ0o7zre1sLi0vLJaWCuub2xubds7uw0VJZLQOol4JFsBKMpZSOuaaU5bsaQgAk6bwfAqqzcfqFQsCu/0KKa+gH7IeoyANqhjH910PDJg955I8AX2ApBpdh9jrw9CQM4z0LFLTtnJheeNOzUlNFWtY3953YgkgoaacFCq7Tqx9lOQmhFOx0UvUTQGMoQ+bRsbgqDKT/OFxvjQkC7uRdKcUOOc/p5IQSg1EoHpFKAHaraWwf9q7UT3zvyUhXGiaUgmD/USjnWEs3Rwl0lKNB8ZA0Qy81dMBiCBaJNh0YTgzq48bxonZbdSPr+tlKqX0zgKaB8doGPkolNURdeohuqIoEf0jF7Rm/VkvVjv1sekdcGazuyhP7I+fwDDyZxz</latexit>
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Model (Scenario 1)

• One of simplest extensions of SM


• Free from gauge anomalies


• No additional hadronic interaction

Jµ
e = ē�µe

<latexit sha1_base64="AyoPjaLBsKO/OwLSqGh+eYQKBa4=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCncSUAshaCNWEcwH5GKY20ySJbt3x+6eEI6UNv4VGwtFbP0Jdv4bNx+FJj4YeLw3w8y8IBZcG9f9dhYWl5ZXVjNr2fWNza3t3M5uVUeJYlhhkYhUPQCNgodYMdwIrMcKQQYCa0H/auTXHlBpHoV3ZhBjU0I35B3OwFiplTu4aeG9LxN6Qf0AVIpD6ndBShiLSFu5vFtwx6DzxJuSPJmi3Mp9+e2IJRJDwwRo3fDc2DRTUIYzgcOsn2iMgfWhiw1LQ5Com+n4kSE9skqbdiJlKzR0rP6eSEFqPZCB7ZRgenrWG4n/eY3EdM6aKQ/jxGDIJos6iaAmoqNUaJsrZEYMLAGmuL2Vsh4oYMZml7UheLMvz5PqScErFs5vi/nS5TSODNknh+SYeOSUlMg1KZMKYeSRPJNX8uY8OS/Ou/MxaV1wpjN75A+czx8TQJjC</latexit>

Jµ
⌫ = ⌫̄L�

µ⌫L

<latexit sha1_base64="Li5FjwYkfYC8bZWaM/msIc6pc0g=">AAACEXicbVDLSgMxFM3UV62vqks3wSJ0VWZEUBdC0Y1IFxXsAzp1uJOmbWiSGZKMUIb+ght/xY0LRdy6c+ffmD4W2nrgwsk595J7Txhzpo3rfjuZpeWV1bXsem5jc2t7J7+7V9dRogitkYhHqhmCppxJWjPMcNqMFQURctoIB1djv/FAlWaRvDPDmLYF9CTrMgLGSkG+eBP4Mrn3RYIvsB+CSu1zFFSw3wMhYGJYJagE+YJbcifAi8SbkQKaoRrkv/xORBJBpSEctG55bmzaKSjDCKejnJ9oGgMZQI+2LJUgqG6nk4tG+MgqHdyNlC1p8ET9PZGC0HooQtspwPT1vDcW//NaiemetVMm48RQSaYfdROOTYTH8eAOU5QYPrQEiGJ2V0z6oIAYG2LOhuDNn7xI6scl76R0fntSKF/O4siiA3SIishDp6iMrlEV1RBBj+gZvaI358l5cd6dj2lrxpnN7KM/cD5/AI+EnOA=</latexit>

LScen#1 � �Xµ(geJ
µ
e + g⌫J

µ
⌫ ) + ...

<latexit sha1_base64="SMnXB9G0PFqSqm7pjHGHeSYj0wA="></latexit>

Gauged U(1)Le�Li (i = µ, ⌧)

<latexit sha1_base64="0x4SAEIygO67130r5ZlXg2uwviU=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0FMQMOuBNRCCNpYpIjgJoHsssxOJsmQ2QfzEMKST7DxV2wsFLG1tPNvnCRbaOK5XDiccy8z9wQJo0Ja1reRW1peWV3Lrxc2Nre2d8zdvaaIFcfEwTGLeTtAgjAaEUdSyUg74QSFASOtYHgz8VsPhAsaR/dylBAvRP2I9ihGUku+eeyU7LKf1n0CT2Hdp2PoZlWiV9AN1Ql0JVJl3yxaFWsKuEjsjBRBhoZvfrndGKuQRBIzJETHthLppYhLihkZF1wlSILwEPVJR9MIhUR46fSgMTzSShf2Yq47knCq/t5IUSjEKAz0ZIjkQMx7E/E/r6Nk78JLaZQoSSI8e6inGJQxnKQDu5QTLNlIE4Q51X+FeIA4wlJnWNAh2PMnL5LmWcWuVi7vqsXadRZHHhyAQ1ACNjgHNXALGsABGDyCZ/AK3own48V4Nz5mozkj29kHf2B8/gDKhZlT</latexit>

ge = g⌫

<latexit sha1_base64="yJubYfZO4ZUf2rdcwrX9Jr/siiU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoB6EohePFewHpCFstpt06WY37G6EUvozvHhQxKu/xpv/xm2bg7Y+GHi8N8PMvCjjTBvX/XZKa+sbm1vl7crO7t7+QfXwqKNlrghtE8ml6kVYU84EbRtmOO1liuI04rQbje5mfveJKs2keDTjjAYpTgSLGcHGSn4SUnSDkrAv8rBac+vuHGiVeAWpQYFWWP3qDyTJUyoM4Vhr33MzE0ywMoxwOq30c00zTEY4ob6lAqdUB5P5yVN0ZpUBiqWyJQyaq78nJjjVepxGtjPFZqiXvZn4n+fnJr4KJkxkuaGCLBbFOUdGotn/aMAUJYaPLcFEMXsrIkOsMDE2pYoNwVt+eZV0Lupeo3790Kg1b4s4ynACp3AOHlxCE+6hBW0gIOEZXuHNMc6L8+58LFpLTjFzDH/gfP4ASWqQoQ==</latexit>

g� = 0

<latexit sha1_base64="qm0jRybWc3YV11+alkaADP7EJfg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9up33ri2ohYPeA44X5EB0qEglG00uOg12VDQa6J2ytX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx28YScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw0s/EypJkSs2XxSmkmBMpu+TvtCcoRxbQpkW9lbChlRThjakkg3BW3x5mTTPqt559er+vFK7yeMowhEcwyl4cAE1uIM6NICBgmd4hTfHOC/Ou/Mxby04+cwh/IHz+QMhfo/t</latexit>
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Model (Scenario 2)

• Electron Cosmic Ray can boost light DM in the halo


• Resulting electron spectrum depends on 
the mediator and light DM masses

Jµ
e = ē�µe

<latexit sha1_base64="AyoPjaLBsKO/OwLSqGh+eYQKBa4=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCncSUAshaCNWEcwH5GKY20ySJbt3x+6eEI6UNv4VGwtFbP0Jdv4bNx+FJj4YeLw3w8y8IBZcG9f9dhYWl5ZXVjNr2fWNza3t3M5uVUeJYlhhkYhUPQCNgodYMdwIrMcKQQYCa0H/auTXHlBpHoV3ZhBjU0I35B3OwFiplTu4aeG9LxN6Qf0AVIpD6ndBShiLSFu5vFtwx6DzxJuSPJmi3Mp9+e2IJRJDwwRo3fDc2DRTUIYzgcOsn2iMgfWhiw1LQ5Com+n4kSE9skqbdiJlKzR0rP6eSEFqPZCB7ZRgenrWG4n/eY3EdM6aKQ/jxGDIJos6iaAmoqNUaJsrZEYMLAGmuL2Vsh4oYMZml7UheLMvz5PqScErFs5vi/nS5TSODNknh+SYeOSUlMg1KZMKYeSRPJNX8uY8OS/Ou/MxaV1wpjN75A+czx8TQJjC</latexit>

Electrophilic mediator to dark sector

LScen#2 � �Xµ(geJ
µ
e + g�J

µ
� ) + ...

<latexit sha1_base64="oLjIyOKN6iKTM4aV7BLVmldeeMM="></latexit>

Jµ
� = �̄�µ�

<latexit sha1_base64="RNZQc1EdzhU9OhRb7V1Tw9nyV1E=">AAACEHicbZDLSgMxFIYzXmu9jbp0EyyiqzIjBXUhFN2Iqwr2Ap2xnEnTNjSZGZKMUIY+ghtfxY0LRdy6dOfbmJl2oa0/BP585xyS8wcxZ0o7zre1sLi0vLJaWCuub2xubds7uw0VJZLQOol4JFsBKMpZSOuaaU5bsaQgAk6bwfAqqzcfqFQsCu/0KKa+gH7IeoyANqhjH910PDJg955I8AX2ApBpdh9jrw9CQM4z0LFLTtnJheeNOzUlNFWtY3953YgkgoaacFCq7Tqx9lOQmhFOx0UvUTQGMoQ+bRsbgqDKT/OFxvjQkC7uRdKcUOOc/p5IQSg1EoHpFKAHaraWwf9q7UT3zvyUhXGiaUgmD/USjnWEs3Rwl0lKNB8ZA0Qy81dMBiCBaJNh0YTgzq48bxonZbdSPr+tlKqX0zgKaB8doGPkolNURdeohuqIoEf0jF7Rm/VkvVjv1sekdcGazuyhP7I+fwDDyZxz</latexit>

g⌫ = 0

<latexit sha1_base64="c6fxjgkSz8tCx5W+LQ0pxcUnMhE=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoB6EohePFeyHtEvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyaCG+t536iwsrq2vlHcLG1t7+zulfcPmiZONWUNGotYt0NimOCKNSy3grUTzYgMBWuFo9up33pi2vBYPdhxwgJJBopHnBLrpMdBr6tSfI29XrniVb0Z8DLxc1KBHPVe+avbj2kqmbJUEGM6vpfYICPacirYpNRNDUsIHZEB6ziqiGQmyGYHT/CJU/o4irUrZfFM/T2REWnMWIauUxI7NIveVPzP66Q2ugwyrpLUMkXni6JUYBvj6fe4zzWjVowdIVRzdyumQ6IJtS6jkgvBX3x5mTTPqv559er+vFK7yeMowhEcwyn4cAE1uIM6NICChGd4hTek0Qt6Rx/z1gLKZw7hD9DnD36Rj5I=</latexit>

mX ,m�

<latexit sha1_base64="MuMkFS2jm1lFoVxlhiG77G/M9aA=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBg5RECuqt6MVjBfsBaQib7aZdupsNuxOhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0oFN+C6305pbX1jc6u8XdnZ3ds/qB4edYzKNGVtqoTSvYgYJnjC2sBBsF6qGZGRYN1ofDfzu09MG66SR5ikLJBkmPCYUwJW8mXYu8Ay7NMRD6s1t+7OgVeJV5AaKtAKq1/9gaKZZAlQQYzxPTeFICcaOBVsWulnhqWEjsmQ+ZYmRDIT5POTp/jMKgMcK20rATxXf0/kRBozkZHtlARGZtmbif95fgbxdZDzJM2AJXSxKM4EBoVn/+MB14yCmFhCqOb2VkxHRBMKNqWKDcFbfnmVdC7rXqN+89CoNW+LOMroBJ2ic+ShK9RE96iF2ogihZ7RK3pzwHlx3p2PRWvJKWaO0R84nz95QJDA</latexit>
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XENON1T Electron recoil spectrum 
in Scenario #1 (NSI)
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XENON1T Electron recoil spectrum 
in Scenario #1 (NSI)

• Electron Recoil spectrum at XENON1T

NT : The (e↵ective) total number of target electrons

<latexit sha1_base64="Sd/+uzto2K+MSvMFhi8L8B96WI8="></latexit>

✏(Kr) : The detection e�ciency of e� recoil with recoil energy Kr

<latexit sha1_base64="QyQm7UXkE+obc1+QnWrUNJ8dmp4="></latexit>

e�⌫ ! e�⌫ with t-channel exchange of X boson

<latexit sha1_base64="aSOL+8lmbtOdBQ9Sqg6BNJPeD0c="></latexit>

Solar ⌫

<latexit sha1_base64="PbizHg3kYQbyUXIYcaG5BCV7cdo="></latexit>

Flux

<latexit sha1_base64="oVtnoORl8Xx7gerNamUIs7/L/W8=">AAAB8nicdVDJSgNBEO2JW4xb1KOXxiB4CjPjkOUWFMRjBLPAJISeTk/SpGehu0YShnyGFw+KePVrvPk39iQRVPRBweO9KqrqebHgCkzzw8itrW9sbuW3Czu7e/sHxcOjtooSSVmLRiKSXY8oJnjIWsBBsG4sGQk8wTre5CrzO/dMKh6FdzCLWT8go5D7nBLQktsDNoX0WiTT+aBYMsv1WsV2Ktgsm2bVsq2M2FXnwsGWVjKU0ArNQfG9N4xoErAQqCBKuZYZQz8lEjgVbF7oJYrFhE7IiLmahiRgqp8uTp7jM60MsR9JXSHghfp9IiWBUrPA050BgbH67WXiX56bgF/rpzyME2AhXS7yE4Ehwtn/eMgloyBmmhAqub4V0zGRhIJOqaBD+PoU/0/adtlyyvVbp9S4XMWRRyfoFJ0jC1VRA92gJmohiiL0gJ7QswHGo/FivC5bc8Zq5hj9gPH2CUPqke4=</latexit>

✏(Kr)

<latexit sha1_base64="88PAeYqHSRA3aDRYPpBxYNrJnY0=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXCuqt6EXwUsF+QLuWbDrbhmaTJckqZen/8OJBEa/+F2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiaLQoJJL1Q6IBs4ENAwzHNqxAhIFHFrB6Hrqtx5BaSbFvRnH4EdkIFjIKDFWeuhCrBmXApdve+q0Vyy5FXcGvEy8jJRQhnqv+NXtS5pEIAzlROuO58bGT4kyjHKYFLqJhpjQERlAx1JBItB+Ort6gk+s0sehVLaEwTP190RKIq3HUWA7I2KGetGbiv95ncSEF37KRJwYEHS+KEw4NhJPI8B9poAaPraEUMXsrZgOiSLU2KAKNgRv8eVl0jyreNXK5V21VLvK4sijI3SMyshD56iGblAdNRBFCj2jV/TmPDkvzrvzMW/NOdnMIfoD5/MHn7GR9Q==</latexit>

Total efficiency

9

4s, 4p, 5s, 5p, 4d

<latexit sha1_base64="wswdi4X7yia58eb4kqKD2VaPhuI=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KCWRFHVXdOOygn1AG8pkMmmHTiZhZiKW0l9x40IRt/6IO//GaZuFth4Y7uGce7l3TpByprTjfFtr6xubW9uFneLu3v7BoX1Uaqkkk4Q2ScIT2QmwopwJ2tRMc9pJJcVxwGk7GN3O/PYjlYol4kGPU+rHeCBYxAjWRurbJU9VkJdWUM3Umqle2LfLTtWZA60SNydlyNHo21+9MCFZTIUmHCvVdZ1U+xMsNSOcTou9TNEUkxEe0K6hAsdU+ZP57VN0ZpQQRYk0T2g0V39PTHCs1DgOTGeM9VAtezPxP6+b6ejKnzCRZpoKslgUZRzpBM2CQCGTlGg+NgQTycytiAyxxESbuIomBHf5y6ukdVF1ver1vVeu3+RxFOAETuEcXLiEOtxBA5pA4Ame4RXerKn1Yr1bH4vWNSufOYY/sD5/AOewkcs=</latexit>



XENON1T Electron recoil spectrum 
in Scenario #1 (NSI)

• Light mass ~ O(1-30) keV is preferred for spectral fit

0 5 10 15 20 25 300

20

40

60

80

100

120

ER @keVD

dR dE
R
@yr
-
1
to
n-

1 k
eV
-
1 D

ge = g⌫ = 3.8⇥ 10�7

<latexit sha1_base64="fPZAtOh1laXOCb9wUp2wPizRH2o=">AAACCXicbVDLSgMxFL3js9bXqEs3wSK4scxooXUhFN24rGAf0BmHTJq2oZnMkGSEMnTrxl9x40IRt/6BO//G9LHQ1gNJDufcy809YcKZ0o7zbS0tr6yurec28ptb2zu79t5+Q8WpJLROYh7LVogV5UzQumaa01YiKY5CTpvh4HrsNx+oVCwWd3qYUD/CPcG6jGBtpMBGvYCiS3N7IjXvebGCPM0iqpDr3Gen5VFgF5yiMwFaJO6MFGCGWmB/eZ2YpBEVmnCsVNt1Eu1nWGpGOB3lvVTRBJMB7tG2oQKbYX422WSEjo3SQd1YmiM0mqi/OzIcKTWMQlMZYd1X895Y/M9rp7pb8TMmklRTQaaDuilHOkbjWFCHSUo0HxqCiWTmr4j0scREm/DyJgR3fuVF0jgruqXixW2pUL2axZGDQziCE3ChDFW4gRrUgcAjPMMrvFlP1ov1bn1MS5esWc8B/IH1+QNOYpeT</latexit>

mX = 3 keV

<latexit sha1_base64="STRenYXKgigMqHcbrviDIt1i6Dk="></latexit>

mX = 10 keV

<latexit sha1_base64="/E0ThmZubDWIAa+VFxAt4e/3++E="></latexit>

mX = 30 keV

<latexit sha1_base64="ARd/4b08vFAvl75yJKB37UnS3e8="></latexit>

mX = 50 keV

<latexit sha1_base64="2ksRMPpoB25JH98fpn+2Qk9iBNE="></latexit>

B0

<latexit sha1_base64="eXekdll0sODD0Za/3SyL6K4dQ68=">AAACFXicdZDLSsNAFIYnXmu9RV26GSyCixISqZfuSt24rGAvkIYwmU7aoZMLMxOhhLyEG1/FjQtF3ArufBunaSpeDwz8fP85M2d+L2ZUSNN81xYWl5ZXVktr5fWNza1tfWe3I6KEY9LGEYt4z0OCMBqStqSSkV7MCQo8Rrre+GLqd28IFzQKr+UkJk6AhiH1KUZSIVevpv38EpsPPSc1DTOv6i+RNV0zc/WKaZyYVv3UgnMDfhKrIBVQVMvV3/qDCCcBCSVmSAjbMmPppIhLihnJyv1EkBjhMRoSW8kQBUQ4ab5QBg8VGUA/4uqEEub060SKAiEmgac6AyRH4qc3hX95diL9cyelYZxIEuLZQ37CoIzgNCI4oJxgySZKIMyp2hXiEeIISxVkWYUw/yn8X3SODatm1K9qlUaziKME9sEBOAIWOAMNcAlaoA0wuAX34BE8aXfag/asvcxaF7RiZg98K+31A3sEmpw=</latexit>

B0 + sig.

<latexit sha1_base64="IqKVFBiCaujtRiH4sMwCkhQhJKk="></latexit>

B0 + sig.

<latexit sha1_base64="o8L0GC4c/Jikq0hwpJBjnguDmpc="></latexit>

B0 + sig.

<latexit sha1_base64="3Xlc7r+GJF6r39HX0LluY+bKCLs="></latexit>

B0 + sig.

<latexit sha1_base64="VhrNuNAaSaxuBHBcqIaVNDscKBs="></latexit>
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XENON1T Electron recoil spectrum 
in Scenario #1 (NSI)

• Favored Parameters

0.1 10 1000 105
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Scenario 1 favored

<latexit sha1_base64="5NddLFfuZ3eGKEyWf5p6vlzA2vw="></latexit>

Stellar Cooling

<latexit sha1_base64="z5CUHT7FHJq0e26qAY4Q9l/Kt3Q=">AAAB/3icdVBNSwMxEM36WetXVfDiJVgET2W3Ltbeir14rGhVaEvJptMazG6WZFYsaw/+FS8eFPHq3/DmvzFbK6jog4HHezPJzAtiKQy67rszNT0zOzefW8gvLi2vrBbW1s+MSjSHJldS6YuAGZAigiYKlHARa2BhIOE8uKpn/vk1aCNUdIrDGDohG0SiLzhDK3ULm22EG0xPEKRkmtaVsi8NRt1C0S1VD/bL/j51S65b8cpeRsoVf8+nnlUyFMkEjW7hrd1TPAkhQi6ZMS3PjbGTMo2CSxjl24mBmPErNoCWpRELwXTS8f4jumOVHu0rbStCOla/T6QsNGYYBrYzZHhpfnuZ+JfXSrB/0ElFFCcIEf/8qJ9IiopmYdCe0MBRDi1hXAu7K+WXTDOONrK8DeHrUvo/OSuXPL9UPfaLtcNJHDmyRbbJLvFIhdTIEWmQJuHkltyTR/Lk3DkPzrPz8tk65UxmNsgPOK8f36aWsA==</latexit>

NA64 (2019)

<latexit sha1_base64="acG4lwromPKaKBFGWBNFeyUhejM="></latexit>

C
oo

li
n
g
vi
a
⌫
em

is
si
on

<latexit sha1_base64="AS6I0MHO4fD1T6wmDVp8AtCg+O0="></latexit>

Borexino (⌫ � e scattering)

<latexit sha1_base64="gYUM1rjHLeR545cpeY+ME/x8piQ=">AAACEnicdVDLSgMxFM34rPVVdekmWIR2YZmKoO5K3bisYB/QlpJJb2swkwzJHWkZ+g1u/BU3LhRx68qdf2P6EHweCDmccy7JPUEkhUXff/fm5hcWl5ZTK+nVtfWNzczWds3q2HCoci21aQTMghQKqihQQiMywMJAQj24Phv79RswVmh1icMI2iHrK9ETnKGTOpl8C2GASVkbGAil6SjXUvEBTFVqXQzBCNUf5TuZrF849Megv0mxMLn9LJmh0sm8tbqaxyEo5JJZ2yz6EbYTZlBwCaN0K7YQMX7N+tB0VLEQbDuZrDSi+07p0p427iikE/XrRMJCa4dh4JIhwyv70xuLf3nNGHsn7USoKEZQfPpQL5YUNR33Q7vCAEc5dIRxI9xfKb9ihnHXg027Ej43pf+T2mGheFQ4vTjKlsqzOlJkl+yRHCmSY1Ii56RCqoSTW3JPHsmTd+c9eM/eyzQ6581mdsg3eK8fHF6eZQ==</latexit>

Gemma (⌫ � e scattering)

<latexit sha1_base64="67UfpTmPbzhKs5bJWKTVKeaxbmo=">AAACD3icdVDLSgMxFM34rPVVdekmWBRdWKYiqLuiC11WsFXoDCWT3tZgkhmSO2IZ+gdu/BU3LhRx69adf2P6EHweCDmccy7JPVEihUXff/fGxicmp6ZzM/nZufmFxcLSct3GqeFQ47GMzUXELEihoYYCJVwkBpiKJJxHV0d9//wajBWxPsNuAqFiHS3agjN0UrOwESDcYHYMSjHa2wx0ug1DiVqXQTBCd3pbzULRL+34fdDfpFwa3H6RjFBtFt6CVsxTBRq5ZNY2yn6CYcYMCi6hlw9SCwnjV6wDDUc1U2DDbLBPj647pUXbsXFHIx2oXycypqztqsglFcNL+9Pri395jRTb+2EmdJIiaD58qJ1KijHtl0NbwgBH2XWEcSPcXym/ZIZx14PNuxI+N6X/k/pOqbxbOjjdLVYOR3XkyCpZI5ukTPZIhZyQKqkRTm7JPXkkT96d9+A9ey/D6Jg3mlkh3+C9fgBkI5zo</latexit>

(g � 2)e

<latexit sha1_base64="ZR+KL7CK5mMgxkjxGH3XSUBCJvo=">AAACGXicdVBLSwMxGMzWV62vqkcvwSJU0JKUYttb0YvHCvYB7VKyabYNzT5IskJZ9m948a948aCIRz35b8z2ASo6EBhm5ku+jBMKrjRCn1ZmZXVtfSO7mdva3tndy+8ftFUQScpaNBCB7DpEMcF91tJcC9YNJSOeI1jHmVylfueOScUD/1ZPQ2Z7ZORzl1OijTTIo7g/u6QnR44doxJCCGN8lhJcvUCG1Ou1Mq4lxdF5+XTAkkG+sEzBZQouUxCnlkEBLNAc5N/7w4BGHvM1FUSpHkahtmMiNaeCJbl+pFhI6ISMWM9Qn3hM2fFsqQSeGGUI3UCa42s4U79PxMRTauo5JukRPVa/vVT8y+tF2q3ZMffDSDOfzh9yIwF1ANOa4JBLRrWYGkKo5GZXSMdEEqpNmTlTwvKn8H/SLpdwpVS/qRQal4s6suAIHIMiwKAKGuAaNEELUHAPHsEzeLEerCfr1XqbRzPWYuYQ/ID18QU18pwO</latexit>

Scenario 1 Disfavored (�2 > 50)

<latexit sha1_base64="Ks41rj4n7DCS4dzaMvFchh984ak="></latexit>

�2 = 43, 44, 46

<latexit sha1_base64="LEq5F4vp+xFN27mspIgwA0rxZe8=">AAACI3icbZDLSsNAFIYn9VbrLerSzWARXJSS1OANhKIblxXsBZJYJtNpO3RyYWYilJB3ceOruHGhFDcufBenaQRtPTDw8f/nzJz5vYhRIQ3jUyssLa+srhXXSxubW9s7+u5eS4Qxx6SJQxbyjocEYTQgTUklI52IE+R7jLS90c3Ubz8SLmgY3MtxRFwfDQLapxhJJXX1y8TJLrH5wHMTo2pkVVmA1MFD+lCDV9A6qVhWxTpNu3r5x4WLYOZQBnk1uvrE6YU49kkgMUNC2KYRSTdBXFLMSFpyYkEihEdoQGyFAfKJcJNsvRQeKaUH+yFXJ5AwU39PJMgXYux7qtNHcijmvan4n2fHsn/uJjSIYkkCPHuoHzMoQzgNDPYoJ1iysQKEOVW7QjxEHGGpYi2pEMz5Ly9Cq1Y1rerFnVWuX+dxFMEBOATHwARnoA5uQQM0AQZP4AW8gXftWXvVJtrHrLWg5TP74E9pX98fl55Z</latexit>

The favored region 
is severely constrained by 
Stellar cooling process.
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YSJ, J.-C. Park, S.-C. Park, P.-Y. Tseng [2006.13910] [hep-ph]



XENON1T Electron recoil spectrum 
in Scenario #2 (CR boosted DM)
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• The flux of DM, boosted by CR electron

XENON1T Electron recoil spectrum 
in Scenario #2 (CR boosted DM)

electron 
CR flux

e�CR + �halo ! e� + �Boosted

<latexit sha1_base64="+8OH7p9xjcV6vvNZBgLpUkHmJG4="></latexit>

• Boosted DM-electron (in the detector) cross section with light mediator X

13



• Mediator mass dependence

XENON1T Electron recoil spectrum 
in Scenario #2 (CR boosted DM)

Light mediator mass is preferred

14

YSJ, J.-C. Park, S.-C. Park, P.-Y. Tseng [2006.13910] [hep-ph]



• Light DM mass dependence

XENON1T Electron recoil spectrum 
in Scenario #2 (CR boosted DM)

Not so sensitive to DM mass.

15

YSJ, J.-C. Park, S.-C. Park, P.-Y. Tseng [2006.13910] [hep-ph]



• Favored parameters in Scenario #2

XENON1T Electron recoil spectrum 
in Scenario #2 (CR boosted DM)

16

YSJ, J.-C. Park, S.-C. Park, P.-Y. Tseng [2006.13910] [hep-ph]



XENON1T Electron recoil spectrum 
in Scenario #2 (CR boosted DM)

• Constraints (mediator mass/coupling) on Scenario #2
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(g � 2)e

<latexit sha1_base64="ZR+KL7CK5mMgxkjxGH3XSUBCJvo=">AAACGXicdVBLSwMxGMzWV62vqkcvwSJU0JKUYttb0YvHCvYB7VKyabYNzT5IskJZ9m948a948aCIRz35b8z2ASo6EBhm5ku+jBMKrjRCn1ZmZXVtfSO7mdva3tndy+8ftFUQScpaNBCB7DpEMcF91tJcC9YNJSOeI1jHmVylfueOScUD/1ZPQ2Z7ZORzl1OijTTIo7g/u6QnR44doxJCCGN8lhJcvUCG1Ou1Mq4lxdF5+XTAkkG+sEzBZQouUxCnlkEBLNAc5N/7w4BGHvM1FUSpHkahtmMiNaeCJbl+pFhI6ISMWM9Qn3hM2fFsqQSeGGUI3UCa42s4U79PxMRTauo5JukRPVa/vVT8y+tF2q3ZMffDSDOfzh9yIwF1ANOa4JBLRrWYGkKo5GZXSMdEEqpNmTlTwvKn8H/SLpdwpVS/qRQal4s6suAIHIMiwKAKGuAaNEELUHAPHsEzeLEerCfr1XqbRzPWYuYQ/ID18QU18pwO</latexit>

NA64 (2019)

<latexit sha1_base64="acG4lwromPKaKBFGWBNFeyUhejM="></latexit>

Stellar Cooling

<latexit sha1_base64="z5CUHT7FHJq0e26qAY4Q9l/Kt3Q=">AAAB/3icdVBNSwMxEM36WetXVfDiJVgET2W3Ltbeir14rGhVaEvJptMazG6WZFYsaw/+FS8eFPHq3/DmvzFbK6jog4HHezPJzAtiKQy67rszNT0zOzefW8gvLi2vrBbW1s+MSjSHJldS6YuAGZAigiYKlHARa2BhIOE8uKpn/vk1aCNUdIrDGDohG0SiLzhDK3ULm22EG0xPEKRkmtaVsi8NRt1C0S1VD/bL/j51S65b8cpeRsoVf8+nnlUyFMkEjW7hrd1TPAkhQi6ZMS3PjbGTMo2CSxjl24mBmPErNoCWpRELwXTS8f4jumOVHu0rbStCOla/T6QsNGYYBrYzZHhpfnuZ+JfXSrB/0ElFFCcIEf/8qJ9IiopmYdCe0MBRDi1hXAu7K+WXTDOONrK8DeHrUvo/OSuXPL9UPfaLtcNJHDmyRbbJLvFIhdTIEWmQJuHkltyTR/Lk3DkPzrPz8tk65UxmNsgPOK8f36aWsA==</latexit>

2� excluded (Scenario 2)

<latexit sha1_base64="27iMfpvpBTtI6LjxFChm64ZZUjY=">AAACD3icdVA9SwNBEN2L3/ErammzmCjahEsIqJ1oY6loNJA7wt7eJC7Z2zt25yThyD+w8a/YWChia2vnv3ETI/j5YJjHezPszgsSKQy67puTm5icmp6ZncvPLywuLRdWVi9MnGoOdR7LWDcCZkAKBXUUKKGRaGBRIOEy6B4N/ctr0EbE6hz7CfgR6yjRFpyhlVqFLQ+hh1m15BnRiViJQo/LNISQbp9xUEyLmFZ3Bq1C0S1X3SHob1Ipj7pbJGOctAqvXhjzNAKFXDJjmhU3QT9jGgWXMMh7qYGE8S7rQNNSxSIwfja6Z0A3rRLSdqxtKaQj9etGxiJj+lFgJyOGV+anNxT/8poptvf8TKgkRVD846F2KinGdBgODYUGjrJvCeNa2L9SfsU042gjzNsQPi+l/5OLarlSK++f1ooHh+M4Zsk62SDbpEJ2yQE5JiekTji5IXfkgTw6t8698+Q8f4zmnPHOGvkG5+UdYHSbng==</latexit>

1�
all
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)

<latexit sha1_base64="tCqIZ3sCNqXU6t7fVdBjM7u0spI="></latexit>

g⌫ = 0

<latexit sha1_base64="c6fxjgkSz8tCx5W+LQ0pxcUnMhE=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoB6EohePFeyHtEvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyaCG+t536iwsrq2vlHcLG1t7+zulfcPmiZONWUNGotYt0NimOCKNSy3grUTzYgMBWuFo9up33pi2vBYPdhxwgJJBopHnBLrpMdBr6tSfI29XrniVb0Z8DLxc1KBHPVe+avbj2kqmbJUEGM6vpfYICPacirYpNRNDUsIHZEB6ziqiGQmyGYHT/CJU/o4irUrZfFM/T2REWnMWIauUxI7NIveVPzP66Q2ugwyrpLUMkXni6JUYBvj6fe4zzWjVowdIVRzdyumQ6IJtS6jkgvBX3x5mTTPqv559er+vFK7yeMowhEcwyn4cAE1uIM6NICChGd4hTek0Qt6Rx/z1gLKZw7hD9DnD36Rj5I=</latexit>

g� = 1.5

<latexit sha1_base64="eEKvLOpv0FzyEgOA8FH7A3NrNUI=">AAAB83icbVBNS8NAEJ2tX7V+VT16WSyCp5CIoh6EohePFewHNKFstpt26WYTdjdCCf0bXjwo4tU/481/47bNQVsfDDzem2FmXpgKro3rfqPSyura+kZ5s7K1vbO7V90/aOkkU5Q1aSIS1QmJZoJL1jTcCNZJFSNxKFg7HN1N/fYTU5on8tGMUxbEZCB5xCkxVvIHPZ8OOb7BnnPRq9Zcx50BLxOvIDUo0OhVv/x+QrOYSUMF0brruakJcqIMp4JNKn6mWUroiAxY11JJYqaDfHbzBJ9YpY+jRNmSBs/U3xM5ibUex6HtjIkZ6kVvKv7ndTMTXQU5l2lmmKTzRVEmsEnwNADc54pRI8aWEKq4vRXTIVGEGhtTxYbgLb68TFpnjnfuXD+c1+q3RRxlOIJjOAUPLqEO99CAJlBI4Rle4Q1l6AW9o495awkVM4fwB+jzBwlBkGU=</latexit>
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YSJ, J.-C. Park, S.-C. Park, P.-Y. Tseng [2006.13910] [hep-ph]



cf) Future probe of Scenario #2  
(CR boosted DM)

• Neutron Star Heating by DM capture (up to 1500K)

18

Old Neutron Star
electron fraction ~ 5% 

DM

• Future Search using James Webb Infrared Telescope 
can be a sensitive probe of Scenario #2.

Thermal IR radiation

for the best-fit parameters

Geometric limit of capture rate 



Conclusion
• We consider Gauged Lepton Number and Electrophilic 

gauge mediator models as the intriguing interpretations of 
recent XENON1T electron recoil spectrum Excess.


• In Scenario 1, light mass ~O(1-30) keV and small coupling  
O(         ) provides good spectral fit to the XENON1T ER 
spectrum, although the stellar cooling by neutrino emission 
can constrain the favored parameters.


• In Scenario 2, the CR-electron boosted DM can scatter with 
target electrons in XENON1T detector, and generally 
O(10-100) keV mediator mass, 1 keV - 50 MeV of DM mass 
provide a good fit to the excess.

10�7

<latexit sha1_base64="Jh9dngv92G/xImkWB0TFxHaoTKM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgxbArgegt6MVjBPOAJIbZSW8yZHZ2mZkVwpKP8OJBEa9+jzf/xkmyB00saCiquunu8mPBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf38781hMqzSP5YCYx9kI6lDzgjBortTz3Mb2oTvvFklt25yCrxMtICTLU+8Wv7iBiSYjSMEG17nhubHopVYYzgdNCN9EYUzamQ+xYKmmIupfOz52SM6sMSBApW9KQufp7IqWh1pPQt50hNSO97M3E/7xOYoKrXsplnBiUbLEoSAQxEZn9TgZcITNiYgllittbCRtRRZmxCRVsCN7yy6ukeVn2KuXr+0qpdpPFkYcTOIVz8KAKNbiDOjSAwRie4RXenNh5cd6dj0VrzslmjuEPnM8fSGeO5w==</latexit>
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Thank you for your attention

20
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Constraints on light mediator
R. Harnik et al.  [JCAP 07 (2012) 026] [1202.6073] [hep-ph]



Constraints on light mediator
R. Harnik et al.  [JCAP 07 (2012) 026] [1202.6073] [hep-ph]



CR electron flux (2 MeV - 90 GeV)

Voyager, AMS-02, 
PAMELA


