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Estimation of production rate and 
relic abundance

Boltzmann equations:
<latexit sha1_base64="39wD8hrPT5wVXcHcJl9HJPAhE14=">AAACGnicbVDLSgMxFM3UV62vqks3wSIIQpnRgm6EooLdCBWtLXSGkkkzbWiSGZKMUIbxM9z4K25cKIg7cePfmLaz0NYDIeeecy/JPX7EqNK2/W3l5uYXFpfyy4WV1bX1jeLm1p0KY4lJA4cslC0fKcKoIA1NNSOtSBLEfUaa/uB85DfviVQ0FLd6GBGPo56gAcVIG6lTtN1AIpx0oehcpObSKTyAR7A2quEpdC8R5+jBVIkrOby5SjvFkl22x4CzxMlICWSod4qfbjfEMSdCY4aUajt2pL0ESU0xI2nBjRWJEB6gHmkbKhAnykvGm6VwzyhdGITSHKHhWP09kSCu1JD7ppMj3VfT3kj8z2vHOjjxEiqiWBOBJw8FMYM6hKOYYJdKgjUbGoKwpOavEPeRiUqbMAsmBGd65VnSPCw7lbLjXFdK1bMsjzzYAbtgHzjgGFRBDdRBA2DwCJ7BK3iznqwX6936mLTmrGxmG/yB9fUDfiueig==</latexit>
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<latexit sha1_base64="6GfPaFNlDP0veuQC+HDGuPAV5Nw=">AAACEHicbZBPS8MwGMbT+W/Of1WPXoJD8eJoZKDHoZcdJ2xusJaRpukWlqYlScVR+g28+FW8eFAQrx69+W3Mth5084WEH8/zviTv4yecKe0431ZpZXVtfaO8Wdna3tnds/cP7lScSkI7JOax7PlYUc4E7WimOe0lkuLI57Trj2+mfveeSsVi0daThHoRHgoWMoK1kQb2KXRDiUmG8qydzzGA7dxcOocuThIZP8Dz5sCuOjVnVnAZUAFVUFRrYH+5QUzSiApNOFaqj5xEexmWmhFO84qbKppgMsZD2jcocESVl832yeGJUQIYxtIcoeFM/T2R4UipSeSbzgjrkVr0puJ/Xj/V4ZWXMZGkmgoyfyhMOdQxnIYDAyYp0XxiABPJzF8hGWETijYRVkwIaHHlZehe1FC9htBtvdq4LvIogyNwDM4AApegAZqgBTqAgEfwDF7Bm/VkvVjv1se8tWQVM4fgT1mfP9GLnFA=</latexit>
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<latexit sha1_base64="MzKkA0uHexk8rYgFm2HlmJEmmsM="></latexit>
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Where to start with?

• The relic abundance is the only number we know 
about dark matter

<latexit sha1_base64="vJeucr/IIx4J5fwfupTG3IUBIso="></latexit>
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<latexit sha1_base64="qwnhjvBsJpFaLsAeYaY+tliSUXA="></latexit>
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IR freeze-in

<latexit sha1_base64="qwnhjvBsJpFaLsAeYaY+tliSUXA="></latexit>

nD

T 3

���
t0

⇠
Z t0

tinitial

�(t)dt ⇠
Z Tinitial

T0

�(T )
dT

HT

<latexit sha1_base64="8u81EgCCB/owYNxlptZTIq8YUz0=">AAAB9nicbVBNSwMxEM3Wr1q/qh69BIvgqWxE0ItQ9KDHCtYW2rXMptk2NMkuSVYpS/+HFw8K4tXf4s1/Y9ruQVsfDDzem2FmXpgIbqzvf3uFpeWV1bXiemljc2t7p7y7d2/iVFPWoLGIdSsEwwRXrGG5FayVaAYyFKwZDq8mfvORacNjdWdHCQsk9BWPOAXrpId25xqkBBxgfIFJt1zxq/4UeJGQnFRQjnq3/NXpxTSVTFkqwJg28RMbZKAtp4KNS53UsAToEPqs7agCyUyQTa8e4yOn9HAUa1fK4qn6eyIDacxIhq5Tgh2YeW8i/ue1UxudBxlXSWqZorNFUSqwjfEkAtzjmlErRo4A1dzdiukANFDrgiq5EMj8y4ukeVIlp1VCbk8rtcs8jyI6QIfoGBF0hmroBtVRA1Gk0TN6RW/ek/fivXsfs9aCl8/soz/wPn8Ar1WRJA==</latexit>

[�] = 1

Assuming marginal interactions:
<latexit sha1_base64="kCGT1kF1xRIiDQiZtoh7RlQU6NM=">AAACA3icbVA9SwNBEN3zM8avUyuxWQxCbMKdBLQMWmgZITGBXAxzm71kye7esbsnhBBs/Cs2Fgpi65+w89+4Sa7QxAcDj/dmmJkXJpxp43nfztLyyuraem4jv7m1vbPr7u3f6ThVhNZJzGPVDEFTziStG2Y4bSaKggg5bYSDq4nfeKBKs1jWzDChbQE9ySJGwFip4x4G1yAEFGunONBM4AB40od7iWsdt+CVvCnwIvEzUkAZqh33K+jGJBVUGsJB65bvJaY9AmUY4XScD1JNEyAD6NGWpRIE1e3R9IUxPrFKF0exsiUNnqq/J0YgtB6K0HYKMH09703E/7xWaqKL9ojJJDVUktmiKOXYxHiSB+4yRYnhQ0uAKGZvxaQPCoixqeVtCP78y4ukcVbyyyXfvy0XKpdZHjl0hI5REfnoHFXQDaqiOiLoET2jV/TmPDkvzrvzMWtdcrKZA/QHzucP5jmWSQ==</latexit>

�(T ) ⇠ ↵nT

<latexit sha1_base64="3Zenx2zvhiOc5w/uirlCH6uW/8s=">AAACB3icbVBNS8NAEN3Ur1q/oh5FWCyCp5KUgh6LXnqs0NpCE8Nmu2mX7m7C7kYoIScv/hUvHhTEq3/Bm//GbZuDtj4YeLw3w8y8MGFUacf5tkpr6xubW+Xtys7u3v6BfXh0p+JUYtLFMYtlP0SKMCpIV1PNSD+RBPGQkV44uZn5vQciFY1FR08T4nM0EjSiGGkjBfZpC3qKcuhFEuGsc1/PMx5knuQwYXke2FWn5swBV4lbkCoo0A7sL28Y45QToTFDSg1cJ9F+hqSmmJG84qWKJAhP0IgMDBWIE+Vn8zdyeG6UIYxiaUpoOFd/T2SIKzXloenkSI/VsjcT//MGqY6u/IyKJNVE4MWiKGVQx3CWCRxSSbBmU0MQltTcCvEYmUC0Sa5iQnCXX14lvXrNbdRc97ZRbV4XeZTBCTgDF8AFl6AJWqANugCDR/AMXsGb9WS9WO/Wx6K1ZBUzx+APrM8fgnGY+g==</latexit>
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mpl

IR divergence

Whichever regularizes the IR determines the size of freeze-in.

<latexit sha1_base64="D0O9vMkCkPd/ZrovT9hshp/RWe4="></latexit>
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IR freeze-in
<latexit sha1_base64="3HivF1VMHOb996HmRntWOrhwnnY="></latexit>
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T 2 Possible cut-offs:

<latexit sha1_base64="h1azC0BZtyjKnw2bP/vn96aOmu4=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DKohWVEYwLJEfY2e8mS3b1jd04IIT/BxkJBbP1Ddv4bN8kVmvhg4PHeDDPzolQKi77/7RVWVtfWN4qbpa3tnd298v7Bo00yw3iDJTIxrYhaLoXmDRQoeSs1nKpI8mY0vJ76zSdurEj0A45SHira1yIWjKKT7lX3pluu+FV/BrJMgpxUIEe9W/7q9BKWKa6RSWptO/BTDMfUoGCST0qdzPKUsiHt87ajmipuw/Hs1Ak5cUqPxIlxpZHM1N8TY6qsHanIdSqKA7voTcX/vHaG8WU4FjrNkGs2XxRnkmBCpn+TnjCcoRw5QpkR7lbCBtRQhi6dkgshWHx5mTTPqsF5NQjuziu1qzyPIhzBMZxCABdQg1uoQwMY9OEZXuHNk96L9+59zFsLXj5zCH/gff4ArmWN4Q==</latexit>mD

<latexit sha1_base64="vM0Og7YMFvzZeBwc5zBOt1nbYQQ=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXQxjKiMYHkCHubuWTJ7t6xuyeEkJ9gY6Egtv4hO/+Nm+QKTXww8Hhvhpl5USq4sb7/7RXW1jc2t4rbpZ3dvf2D8uHRo0kyzbDJEpHodkQNCq6wabkV2E41UhkJbEWjm5nfekJteKIe7DjFUNKB4jFn1DrpXvawV674VX8OskqCnFQgR6NX/ur2E5ZJVJYJakwn8FMbTqi2nAmclrqZwZSyER1gx1FFJZpwMj91Ss6c0idxol0pS+bq74kJlcaMZeQ6JbVDs+zNxP+8Tmbjq3DCVZpZVGyxKM4EsQmZ/U36XCOzYuwIZZq7WwkbUk2ZdemUXAjB8surpHVRDWrVILirVerXeR5FOIFTOIcALqEOt9CAJjAYwDO8wpsnvBfv3ftYtBa8fOYY/sD7/AHgio4C</latexit>me

<latexit sha1_base64="ZCKJAKgR0IWmps1zEUmbS8mS0pI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwcF8eoPefNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU56kL1mr1zxq/4cZJUEOalAjnqv/NXtJyyTqCwT1JhO4Kc2nFBtORM4LXUzgyllIzrAjqOKSjThZH7qlJw5pU/iRLtSlszV3xMTKo0Zy8h1SmqHZtmbif95nczG1+GEqzSzqNhiUZwJYhMy+5v0uUZmxdgRyjR3txI2pJoy69IpuRCC5ZdXSeuiGlxWg+D+slK7yfMowgmcwjkEcAU1uIM6NIDBAJ7hFd484b14797HorXg5TPH8Afe5w/Jv43z</latexit>mV
In the case

<latexit sha1_base64="Xnrx9EcifvMgKkEqIMoSfIDGfmE=">AAAB+3icbVDLSsNAFL3xWesr1aWbwSK4kJJIQZdFXbisYB/QhjCZTtKhM0mYmSgl9lPcuFAQt/6IO//GaZuFth64l8M59zJ3TpByprTjfFsrq2vrG5ulrfL2zu7evl05aKskk4S2SMIT2Q2wopzFtKWZ5rSbSopFwGknGF1P/c4DlYol8b0ep9QTOIpZyAjWRvLtivBvUD+KkPDb6Mx06ttVp+bMgJaJW5AqFGj69ld/kJBM0FgTjpXquU6qvRxLzQink3I/UzTFZIQj2jM0xoIqL5+dPkEnRhmgMJGmYo1m6u+NHAulxiIwkwLroVr0puJ/Xi/T4aWXszjNNI3J/KEw40gnaJoDGjBJieZjQzCRzNyKyBBLTLRJq2xCcBe/vEw65zW3XnPdu3q1cVXkUYIjOIZTcOECGnALTWgBgUd4hld4s56sF+vd+piPrljFziH8gfX5A6gQksc=</latexit>

mD � mV ,me

<latexit sha1_base64="D0O9vMkCkPd/ZrovT9hshp/RWe4="></latexit>
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<latexit sha1_base64="WAXWHARhkXaoB6r9Z4tlkZFng+Q=">AAACD3icbVBNSwMxEM3Wr1q/Vj16CZaCp7IrBT0W9eCxgrWFbl2yabYNTbIhyQpl2V/gxb/ixYOCePXqzX9j2u5BWx8MPN6bYWZeJBnVxvO+ndLK6tr6RnmzsrW9s7vn7h/c6SRVmLRxwhLVjZAmjArSNtQw0pWKIB4x0onGl1O/80CUpom4NRNJ+hwNBY0pRsZKoVsLNOUwiBXCWYCYHKF7AXmYBYpDyfI84+FVDkO36tW9GeAy8QtSBQVaofsVDBKcciIMZkjrnu9J08+QMhQzkleCVBOJ8BgNSc9SgTjR/Wz2Tg5rVhnAOFG2hIEz9fdEhrjWEx7ZTo7MSC96U/E/r5ea+LyfUSFTQwSeL4pTBk0Cp9nAAVUEGzaxBGFF7a0Qj5CNxtgEKzYEf/HlZdI5rfuNuu/fNKrNiyKPMjgCx+AE+OAMNME1aIE2wOARPINX8OY8OS/Ou/Mxby05xcwh+APn8wf2dZx8</latexit>

⇠ ↵nmpl
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<latexit sha1_base64="vJeucr/IIx4J5fwfupTG3IUBIso="></latexit>
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↵n ⇠ ⌘�mB

mpl
⇠ 10�28



Motivation

• Can we test this kind of models with direct 
detection experiment?

• The direct detetion cross section is also 
proportional to this number. 

<latexit sha1_base64="+rUcJP054HGTeJeqtKvqKOZy0r0="></latexit>
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Vector portal models as examples

<latexit sha1_base64="6Q0uha+HmkfvpQfbQbrLiMclnx8=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARurEkpaDLoiAuK9gLNLFMppN26GQS5iKUkFdw46u4caEgbl25822cthG09YeBj/+cw5nzBwmjUjnOl1VYWV1b3yhulra2d3b37P2Dtoy1wKSFYxaLboAkYZSTlqKKkW4iCIoCRjrB+HJa79wTIWnMb9UkIX6EhpyGFCNlrL5dOYVeKBBOvTFKEpSltQxe9VMv0h7XGWzf/WDfLjtVZya4DG4OZZCr2bc/vUGMdUS4wgxJ2XOdRPkpEopiRrKSpyVJEB6jIekZ5Cgi0k9nF2XwxDgDGMbCPK7gzP09kaJIykkUmM4IqZFcrE3N/2o9rcJzP6U80YpwPF8UagZVDKfxwAEVBCs2MYCwoOavEI+QCUiZEEsmBHfx5GXo1Kpuveq6N/Vy4yLPowiOwDGoABecgQa4Bk3QAhg8gCfwAl6tR+vZerPe560FK585BH9kfXwDT/Kdxw==</latexit>

�

2
Fµ⌫V

µ⌫
<latexit sha1_base64="yZyWbbwQmstvt4AfN+QVH032RR8=">AAAB+3icbVDLSsNAFL2pr1pfqS7dDBbBVUlE0GXRLsRVBfuANobJdNIOnUzCzEQpsZ/ixoWCuPVH3Pk3TtsstPXA5R7OuZe5c4KEM6Ud59sqrKyurW8UN0tb2zu7e3Z5v6XiVBLaJDGPZSfAinImaFMzzWknkRRHAaftYHQ19dsPVCoWizs9TqgX4YFgISNYG8m3y9Svo5bfi1J049fvTfftilN1ZkDLxM1JBXI0fPur149JGlGhCcdKdV0n0V6GpWaE00mplyqaYDLCA9o1VOCIKi+bnT5Bx0bpozCWpoRGM/X3RoYjpcZRYCYjrIdq0ZuK/3ndVIcXXsZEkmoqyPyhMOVIx2iaA+ozSYnmY0MwkczcisgQS0y0SatkQnAXv7xM2qdV96zqurdnldplnkcRDuEITsCFc6jBNTSgCQQe4Rle4c16sl6sd+tjPlqw8p0D+APr8wd8/ZNS</latexit>
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µ
D



Production rate

Focus on the regime 
<latexit sha1_base64="Y5rmfEuYiNVP6REPgZnw+d6lVhU=">AAAB/XicbVDLSgMxFM3UV62v0YIbN8EiuCqTIujCRakuXLZgH9AOQybNtKGZzJBkhKHUX3HjQkHd+gN+gTs3fouZtgttPZDLyTn3kpvjx5wp7ThfVm5ldW19I79Z2Nre2d2z9w9aKkokoU0S8Uh2fKwoZ4I2NdOcdmJJcehz2vZHV5nfvqNSsUjc6jSmbogHggWMYG0kzy5WYOhReGlqy9Tsdu3ZJafsTAGXCZqTUvWw8c1eax91z/7s9SOShFRowrFSXeTE2h1jqRnhdFLoJYrGmIzwgHYNFTikyh1Pl5/AE6P0YRBJc4SGU/X3xBiHSqWhbzpDrIdq0cvE/7xuooMLd8xEnGgqyOyhIOFQRzBLAvaZpETz1BBMJDO7QjLEEhNt8iqYENDil5dJu1JGZ2WEGqhUrYEZ8uAIHINTgMA5qIIbUAdNQEAKHsATeLburUfrxXqbteas+UwR/IH1/gN/NJY/</latexit>

2me < mV < 2mD

V decays back to the SM sector, or the rate of 
dark matter production can go through on-
shell V, and 𝜅 will become even smaller. 

In this specific regime:
<latexit sha1_base64="ACEKuwkgiNjWbrnnlySPG/ZnorE=">AAACDXicbVDLSgMxFM34rPVVFdy4CRbBTcukCLos1YXLFqwtdGrJpJk2NMkMSUYow3yAG/9E3LhQEFeCe3du/BbTx0JbDwQO55zLzT1+xJk2rvvlLCwuLa+sZtay6xubW9u5nd1rHcaK0DoJeaiaPtaUM0nrhhlOm5GiWPicNvzB+chv3FKlWSivzDCibYF7kgWMYGOlTi7vDXAUYUg7F9DTTEDk3iQFhFJYmNJSalNu0R0DzhM0Jfnyfu2bPVTeq53cp9cNSSyoNIRjrVvIjUw7wcowwmma9WJNI0wGuEdblkosqG4n42NSeGSVLgxCZZ80cKz+nkiw0HoofJsU2PT1rDcS//NasQnO2gmTUWyoJJNFQcyhCeGoGdhlihLDh5Zgopj9KyR9rDAxtr+sLQHNnjxPGqUiOikiVEP5cgVMkAEH4BAcAwROQRlcgiqoAwLuwCN4Bi/OvfPkvDpvk+iCM53ZA3/gfPwAqXecUA==</latexit>

eD ⇠ 10�11 � 10�12



Rate for direct detection

<latexit sha1_base64="JwIdEtD08gs7sibXanqkUqdrzuk="></latexit>
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<latexit sha1_base64="Y5rmfEuYiNVP6REPgZnw+d6lVhU=">AAAB/XicbVDLSgMxFM3UV62v0YIbN8EiuCqTIujCRakuXLZgH9AOQybNtKGZzJBkhKHUX3HjQkHd+gN+gTs3fouZtgttPZDLyTn3kpvjx5wp7ThfVm5ldW19I79Z2Nre2d2z9w9aKkokoU0S8Uh2fKwoZ4I2NdOcdmJJcehz2vZHV5nfvqNSsUjc6jSmbogHggWMYG0kzy5WYOhReGlqy9Tsdu3ZJafsTAGXCZqTUvWw8c1eax91z/7s9SOShFRowrFSXeTE2h1jqRnhdFLoJYrGmIzwgHYNFTikyh1Pl5/AE6P0YRBJc4SGU/X3xBiHSqWhbzpDrIdq0cvE/7xuooMLd8xEnGgqyOyhIOFQRzBLAvaZpETz1BBMJDO7QjLEEhNt8iqYENDil5dJu1JGZ2WEGqhUrYEZ8uAIHINTgMA5qIIbUAdNQEAKHsATeLburUfrxXqbteas+UwR/IH1/gN/NJY/</latexit>

2me < mV < 2mD

<latexit sha1_base64="4qp7i7sr05SamWxnj6AJWXC89zk="></latexit>

Nobs ⇠ �hvinD ⇥N tot
e ⇥ Tlive ⇠ 10

This is the best we can have, incease mD will only make signal smaller. 

<latexit sha1_base64="wEDXql7d0Zz3li6UZjtMDMO/YMk="></latexit>

Tlive = 1 year, N tot
e = 1 tot/mp, mD = 1 MeV



Direct detection

• The rate is ok.
• What about the recoild energy?

<latexit sha1_base64="4qp7i7sr05SamWxnj6AJWXC89zk="></latexit>

Nobs ⇠ �hvinD ⇥N tot
e ⇥ Tlive ⇠ 10

SENSEI: 2004.11378XENON1T:1907.11485



Direct detection

• The rate is ok.
• What about the recoild energy?

<latexit sha1_base64="4qp7i7sr05SamWxnj6AJWXC89zk="></latexit>

Nobs ⇠ �hvinD ⇥N tot
e ⇥ Tlive ⇠ 10

SENSEI: 2004.11378XENON1T:1907.11485

A boost is in need!



Can the Sun help us this time?

HA, Pospelov, Pradler, Ritz, 1708.03642

The rate is too small!



Boost with down-scattering

• Introduce the a small splitting of DM

• In scalar model:

• In spinor model:

<latexit sha1_base64="hVkxwE0EbyzCQQn0DYInds012gc=">AAACCXicbVDLSgMxFM3UV62vUZeKBovgQsqkCLosunHZgrWFzjBk0kwbmnmQZJQydNmNv+LGhUJx6x+48xv8CTOdLrT1wOUezrmX5B4v5kwqy/oyCkvLK6trxfXSxubW9o65u3cvo0QQ2iQRj0Tbw5JyFtKmYorTdiwoDjxOW97gJvNbD1RIFoV3ahhTJ8C9kPmMYKUl1zy2SZ9BW7BeX2EhokeYCS46z3vVNctWxZoCLhI0I+Xa4aTxPT6a1F3z0+5GJAloqAjHUnaQFSsnxUIxwumoZCeSxpgMcI92NA1xQKWTTg8ZwVOtdKEfCV2hglP190aKAymHgacnA6z6ct7LxP+8TqL8KydlYZwoGpL8IT/hUEUwSwV2maBE8aEmmAim/wpJHwtMlM6upENA8ycvkla1gi4qCDVQuXYNchTBATgBZwCBS1ADt6AOmoCAMXgGr+DNeDJejInxno8WjNnOPvgD4+MH7mecxA==</latexit>

� ! �1,�2



Determine 𝑓! = 𝑛"!/𝑛#
• It must be cosmologically stable.

• The self-annihilation process must be small enough.

<latexit sha1_base64="N/X9gbH/pr3Q/2u4nlA2fmvNACs="></latexit>

2me > �m ⌘ (m�2 �m�1)

<latexit sha1_base64="iCy572GRWc19TsKn9C5WY+B7qpM=">AAACEXicbVDLSgMxFM3UV62vqktFgkV0VSZF0GXRjcsWrC20w5BJM53QzGRIMkoZunTpxl9x04WCuHXnzm/wJ0w7FbT1QLiHc+7l5h4v5kxp2/60cguLS8sr+dXC2vrG5lZxe+dGiUQS2iCCC9nysKKcRbShmea0FUuKQ4/Tpte/HPvNWyoVE9G1HsTUCXEvYj4jWBvJLR53SMDcCvwpkvUCjaUUd5mEpsUtluyyPQGcJ2hKStX9Uf3r/mBUc4sfna4gSUgjTThWqo3sWDsplpoRToeFTqJojEkf92jb0AiHVDnp5KAhPDJKF/pCmhdpOFF/T6Q4VGoQeqYzxDpQs95Y/M9rJ9o/d1IWxYmmEckW+QmHWsBxOrDLJCWaDwzBRDLzV0gCLDHRJsOCCQHNnjxPmpUyOi0jVEel6gXIkAd74BCcAATOQBVcgRpoAAIewBN4Bi/WozWyXq23rDVnTWd2wR9Y7992JJ+5</latexit>

�2�2 ! �1�1 𝑒! must be small.



Determine 𝑓! = 𝑛"!/𝑛#
• Solving the Boltzmann equation



Stellar constraint

• But 𝜅 # 𝑒! is fixed. Small 𝑒! means a relatively large 
𝜅. The stellar constraint becomes important. 

Chang, Essig, McDermott, 1611.03864



The XENON anomaly

• Excess about 50 events/ton/year at 2-3 keVee.

• We’d better be able to fit it.  



Fitting the XENON1T anomaly



Constraint on parameter space



Fitting the XENON anomaly



Tension with the stellar constraint

One order of magnitude smaller



Re-examine the model 
(scalar case)

<latexit sha1_base64="UY+Xz75XYRewpbCZXABPQbZpt70="></latexit>
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Additional term is always there!
Should be positive!

Fitting the XENON1T anomaly needs about 60% of cancelation.



Re-examine the model 
(spinor case)

<latexit sha1_base64="UY+Xz75XYRewpbCZXABPQbZpt70="></latexit>
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Additional term is always there!
Should be positive!

Fitting the XENON1T anomaly needs about 60% of cancelation.



Future work

• We need to introduce new particles in the dark 
sector to have the cancelation effect. 



Summary and outlook

• Direct detection experiments start to be sensitive 
to inelastic scenarios of freeze-in models.
• We can even find parameter space to fit the 

XENON1T anomaly.

• To have the cancelation in the scalar model
Isn’t this a hint for SUSY?

<latexit sha1_base64="kjp2w4fS1ePRfLHByLOWp+aIspA=">AAAB/HicbVDLSgMxFM3UV62vsS7dBKvgqkyKoMuiLlxWsLbQGYdMJtOGZjJDkhHL0F9x40JB3LjwD/wBd/6GHyCmj4W2HggczjmXe3OClDOlHefTKiwsLi2vFFdLa+sbm1v2dvlaJZkktEkSnsh2gBXlTNCmZprTdiopjgNOW0H/bOS3bqlULBFXepBSL8ZdwSJGsDaSb5ddbsIhhq5iMaT++U3NtytO1RkDzhM0JZX6vvOVv36/N3z7ww0TksVUaMKxUh3kpNrLsdSMcDosuZmiKSZ93KUdQwWOqfLy8e1DeGCUEEaJNE9oOFZ/T+Q4VmoQByYZY91Ts95I/M/rZDo68XIm0kxTQSaLooxDncBRETBkkhLNB4ZgIpm5FZIelphoU1fJlIBmvzxPWrUqOqoidIkq9VMwQRHsgj1wCBA4BnVwARqgCQi4A/fgETxZQ+vBerZeJtGCNZ3ZAX9gvf0AYYyYRQ==</latexit>
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