
高能物理分会，2021.08.18

高能物理分会, 08.18, 2021 Kangkang Zhao

$��+1,%���0���%
 ��")��

-.��-���	����'

��&*#��/��(

0

2!!

2021�8�18




高能物理分会, 08.18, 2021 Kangkang Zhao

Ø�������

Ø���������

Ø�����

Ø����

Ø�	�


1

主要内容
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晶体量热器技术

T0 ⇠ mK w ⇡ meV
<latexit sha1_base64="kGwDfeQAysc37SyEoXOJD5Vp39o="></latexit><latexit sha1_base64="kGwDfeQAysc37SyEoXOJD5Vp39o="></latexit><latexit sha1_base64="kGwDfeQAysc37SyEoXOJD5Vp39o="></latexit><latexit sha1_base64="kGwDfeQAysc37SyEoXOJD5Vp39o="></latexit>

France CSNSM:'CMO<�0��7><���/?��25 mK	 ��"

• �!��:9��+)(;*/
• ������
• ����� FWHM 5.3keV@2615keV

• 7><�@����$.�
• �����	: α� β/γ�


• 1��@6-�,%=?�3�;*/�+�;*&4
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�25⇥ 45mm 134g
<latexit sha1_base64="fVbpVXtuCWxqvIV6E8JLL6F6Bks=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXEhJakWXRTcuK9gLNKVMptN26EwSZ07EEvISbnwVNy4UcSu4822ctllo6w8DH/85hznn9yPBNTjOt5VbWl5ZXcuvFzY2t7Z37N29hg5jRVmdhiJULZ9oJnjA6sBBsFakGJG+YE1/dDWpN++Z0jwMbmEcsY4kg4D3OSVgrK594kVDjjEun3nAJdO4YoA9QCJl6t3FpIfd08rMGaRdu+iUnKnwIrgZFFGmWtf+8nohjSULgAqiddt1IugkRAGngqUFL9YsInREBqxtMCBmg04yvSrFR8bp4X6ozAsAT93fEwmRWo+lbzolgaGer03M/2rtGPoXnYQHUQwsoLOP+rHAEOJJRLjHFaMgxgYIVdzsiumQKELBBFkwIbjzJy9Co1xynZJ7UylWL7M48ugAHaJj5KJzVEXXqIbqiKJH9Ixe0Zv1ZL1Y79bHrDVnZTP76I+szx/OJ54A</latexit><latexit sha1_base64="fVbpVXtuCWxqvIV6E8JLL6F6Bks=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXEhJakWXRTcuK9gLNKVMptN26EwSZ07EEvISbnwVNy4UcSu4822ctllo6w8DH/85hznn9yPBNTjOt5VbWl5ZXcuvFzY2t7Z37N29hg5jRVmdhiJULZ9oJnjA6sBBsFakGJG+YE1/dDWpN++Z0jwMbmEcsY4kg4D3OSVgrK594kVDjjEun3nAJdO4YoA9QCJl6t3FpIfd08rMGaRdu+iUnKnwIrgZFFGmWtf+8nohjSULgAqiddt1IugkRAGngqUFL9YsInREBqxtMCBmg04yvSrFR8bp4X6ozAsAT93fEwmRWo+lbzolgaGer03M/2rtGPoXnYQHUQwsoLOP+rHAEOJJRLjHFaMgxgYIVdzsiumQKELBBFkwIbjzJy9Co1xynZJ7UylWL7M48ugAHaJj5KJzVEXXqIbqiKJH9Ixe0Zv1ZL1Y79bHrDVnZTP76I+szx/OJ54A</latexit><latexit sha1_base64="fVbpVXtuCWxqvIV6E8JLL6F6Bks=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXEhJakWXRTcuK9gLNKVMptN26EwSZ07EEvISbnwVNy4UcSu4822ctllo6w8DH/85hznn9yPBNTjOt5VbWl5ZXcuvFzY2t7Z37N29hg5jRVmdhiJULZ9oJnjA6sBBsFakGJG+YE1/dDWpN++Z0jwMbmEcsY4kg4D3OSVgrK594kVDjjEun3nAJdO4YoA9QCJl6t3FpIfd08rMGaRdu+iUnKnwIrgZFFGmWtf+8nohjSULgAqiddt1IugkRAGngqUFL9YsInREBqxtMCBmg04yvSrFR8bp4X6ozAsAT93fEwmRWo+lbzolgaGer03M/2rtGPoXnYQHUQwsoLOP+rHAEOJJRLjHFaMgxgYIVdzsiumQKELBBFkwIbjzJy9Co1xynZJ7UylWL7M48ugAHaJj5KJzVEXXqIbqiKJH9Ixe0Zv1ZL1Y79bHrDVnZTP76I+szx/OJ54A</latexit><latexit sha1_base64="fVbpVXtuCWxqvIV6E8JLL6F6Bks=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXEhJakWXRTcuK9gLNKVMptN26EwSZ07EEvISbnwVNy4UcSu4822ctllo6w8DH/85hznn9yPBNTjOt5VbWl5ZXcuvFzY2t7Z37N29hg5jRVmdhiJULZ9oJnjA6sBBsFakGJG+YE1/dDWpN++Z0jwMbmEcsY4kg4D3OSVgrK594kVDjjEun3nAJdO4YoA9QCJl6t3FpIfd08rMGaRdu+iUnKnwIrgZFFGmWtf+8nohjSULgAqiddt1IugkRAGngqUFL9YsInREBqxtMCBmg04yvSrFR8bp4X6ozAsAT93fEwmRWo+lbzolgaGer03M/2rtGPoXnYQHUQwsoLOP+rHAEOJJRLjHFaMgxgYIVdzsiumQKELBBFkwIbjzJy9Co1xynZJ7UylWL7M48ugAHaJj5KJzVEXXqIbqiKJH9Ixe0Zv1ZL1Y79bHrDVnZTP76I+szx/OJ54A</latexit>

CMO: 116Cd & 100Mo
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晶体量热器应用

ü !"#$%&'

CRESST SuperCDMS

ü ()%*+,-./

NuCLEUS

• � 0123$%"456%7"436%"4238%9:;<=>

ü ?@7AB

151Eu, !
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晶体量热器读出信号

NTD-Ge!"#$%&'()*+,-.
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<latexit sha1_base64="/eue2xBmijsOITIwCBvbUDVZzmg=">AAACIXicbVDLSgMxFM3UV62vUZdugkVwY5kRwW4E8YEuFawWOrVk0js2NPMguSOUYX7Fjb/ixoUi3Yk/Y9rOQqsHAifnnEtyj59IodFxPq3SzOzc/EJ5sbK0vLK6Zq9v3Oo4VRwaPJaxavpMgxQRNFCghGaigIW+hDu/fzry7x5BaRFHNzhIoB2yh0gEgjM0Useue2cgkdGbIy9QjGfF9TzPTnOPd2OkcJ/t4YROIhcjL+/YVafmjEH/ErcgVVLgqmMPvW7M0xAi5JJp3XKdBNsZUyi4hLzipRoSxvvsAVqGRiwE3c7GG+Z0xyhdGsTKnAjpWP05kbFQ60Hom2TIsKenvZH4n9dKMai3MxElKULEJw8FqaQY01FdtCsUcJQDQxhXwvyV8h4zNaAptWJKcKdX/ktu92uuU3OvD6rHJ0UdZbJFtskucckhOSaX5Io0CCdP5IW8kXfr2Xq1PqzhJFqyiplN8gvW1zeF3KPC</latexit><latexit sha1_base64="/eue2xBmijsOITIwCBvbUDVZzmg=">AAACIXicbVDLSgMxFM3UV62vUZdugkVwY5kRwW4E8YEuFawWOrVk0js2NPMguSOUYX7Fjb/ixoUi3Yk/Y9rOQqsHAifnnEtyj59IodFxPq3SzOzc/EJ5sbK0vLK6Zq9v3Oo4VRwaPJaxavpMgxQRNFCghGaigIW+hDu/fzry7x5BaRFHNzhIoB2yh0gEgjM0Useue2cgkdGbIy9QjGfF9TzPTnOPd2OkcJ/t4YROIhcjL+/YVafmjEH/ErcgVVLgqmMPvW7M0xAi5JJp3XKdBNsZUyi4hLzipRoSxvvsAVqGRiwE3c7GG+Z0xyhdGsTKnAjpWP05kbFQ60Hom2TIsKenvZH4n9dKMai3MxElKULEJw8FqaQY01FdtCsUcJQDQxhXwvyV8h4zNaAptWJKcKdX/ktu92uuU3OvD6rHJ0UdZbJFtskucckhOSaX5Io0CCdP5IW8kXfr2Xq1PqzhJFqyiplN8gvW1zeF3KPC</latexit><latexit sha1_base64="/eue2xBmijsOITIwCBvbUDVZzmg=">AAACIXicbVDLSgMxFM3UV62vUZdugkVwY5kRwW4E8YEuFawWOrVk0js2NPMguSOUYX7Fjb/ixoUi3Yk/Y9rOQqsHAifnnEtyj59IodFxPq3SzOzc/EJ5sbK0vLK6Zq9v3Oo4VRwaPJaxavpMgxQRNFCghGaigIW+hDu/fzry7x5BaRFHNzhIoB2yh0gEgjM0Useue2cgkdGbIy9QjGfF9TzPTnOPd2OkcJ/t4YROIhcjL+/YVafmjEH/ErcgVVLgqmMPvW7M0xAi5JJp3XKdBNsZUyi4hLzipRoSxvvsAVqGRiwE3c7GG+Z0xyhdGsTKnAjpWP05kbFQ60Hom2TIsKenvZH4n9dKMai3MxElKULEJw8FqaQY01FdtCsUcJQDQxhXwvyV8h4zNaAptWJKcKdX/ktu92uuU3OvD6rHJ0UdZbJFtskucckhOSaX5Io0CCdP5IW8kXfr2Xq1PqzhJFqyiplN8gvW1zeF3KPC</latexit><latexit sha1_base64="/eue2xBmijsOITIwCBvbUDVZzmg=">AAACIXicbVDLSgMxFM3UV62vUZdugkVwY5kRwW4E8YEuFawWOrVk0js2NPMguSOUYX7Fjb/ixoUi3Yk/Y9rOQqsHAifnnEtyj59IodFxPq3SzOzc/EJ5sbK0vLK6Zq9v3Oo4VRwaPJaxavpMgxQRNFCghGaigIW+hDu/fzry7x5BaRFHNzhIoB2yh0gEgjM0Useue2cgkdGbIy9QjGfF9TzPTnOPd2OkcJ/t4YROIhcjL+/YVafmjEH/ErcgVVLgqmMPvW7M0xAi5JJp3XKdBNsZUyi4hLzipRoSxvvsAVqGRiwE3c7GG+Z0xyhdGsTKnAjpWP05kbFQ60Hom2TIsKenvZH4n9dKMai3MxElKULEJw8FqaQY01FdtCsUcJQDQxhXwvyV8h4zNaAptWJKcKdX/ktu92uuU3OvD6rHJ0UdZbJFtskucckhOSaX5Io0CCdP5IW8kXfr2Xq1PqzhJFqyiplN8gvW1zeF3KPC</latexit>

v(t) = A · s(t� t0) + n(t) +B
<latexit sha1_base64="ICwM19J8ke75rj7VDe7bOPOLgco=">AAACCHicbVA9SwNBEJ2LXzF+RS0tXCJCQjDc2WgjxNhYRjBRSELY22zM4t7esTsXCEdKG3+FvY2FIrb+BDv/jZuPQhMfDDzem2Fmnh9JYdB1v53UwuLS8kp6NbO2vrG5ld3eqZsw1ozXWChDfetTw6VQvIYCJb+NNKeBL/mNf38x8m/6XBsRqmscRLwV0DsluoJRtFI7u9/PY4GckfMm64RITB6PsJ24w0JRWaNYaWcP3JI7Bpkn3pQclHPN4hMAVNvZr2YnZHHAFTJJjWl4boSthGoUTPJhphkbHlF2T+94w1JFA25ayfiRITm0Sod0Q21LIRmrvycSGhgzCHzbGVDsmVlvJP7nNWLsnrYSoaIYuWKTRd1YEgzJKBXSEZozlANLKNPC3kpYj2rK0GaXsSF4sy/Pk/pxyXNL3pVNowITpGEPcpAHD06gDJdQhRoweIBneIU359F5cd6dj0lrypnO7MIfOJ8/szuYsA==</latexit><latexit sha1_base64="+zHjMaYc4tTV/iGEqWIyIMiIafM=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDglCQjDs2mgjxNhYRjAPSEKYnUySIbOzy8zdQFhS2lj7FzYWitj6CXb5GyePQhMPXDiccy/33uOFgmtwnImVWFvf2NxKbqd2dvf2D+zDo6oOIkVZhQYiUHWPaCa4ZBXgIFg9VIz4nmA1b3A79WtDpjQP5AOMQtbySU/yLqcEjNS2T4dZyOFrfNOknQCwzsI5tGNnnMtLY+RLbTvjFJwZ8CpxFyRTTDfzz5PiqNy2v5udgEY+k0AF0brhOiG0YqKAU8HGqWakWUjogPRYw1BJfKZb8eyRMT4zSgd3A2VKAp6pvydi4ms98j3T6RPo62VvKv7nNSLoXrViLsMImKTzRd1IYAjwNBXc4YpRECNDCFXc3IppnyhCwWSXMiG4yy+vkupFwXUK7r1Jo4TmSKITlEZZ5KJLVER3qIwqiKJH9ILe0Lv1ZL1aH9bnvDVhLWaO0R9YXz+8pZo2</latexit><latexit sha1_base64="+zHjMaYc4tTV/iGEqWIyIMiIafM=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDglCQjDs2mgjxNhYRjAPSEKYnUySIbOzy8zdQFhS2lj7FzYWitj6CXb5GyePQhMPXDiccy/33uOFgmtwnImVWFvf2NxKbqd2dvf2D+zDo6oOIkVZhQYiUHWPaCa4ZBXgIFg9VIz4nmA1b3A79WtDpjQP5AOMQtbySU/yLqcEjNS2T4dZyOFrfNOknQCwzsI5tGNnnMtLY+RLbTvjFJwZ8CpxFyRTTDfzz5PiqNy2v5udgEY+k0AF0brhOiG0YqKAU8HGqWakWUjogPRYw1BJfKZb8eyRMT4zSgd3A2VKAp6pvydi4ms98j3T6RPo62VvKv7nNSLoXrViLsMImKTzRd1IYAjwNBXc4YpRECNDCFXc3IppnyhCwWSXMiG4yy+vkupFwXUK7r1Jo4TmSKITlEZZ5KJLVER3qIwqiKJH9ILe0Lv1ZL1aH9bnvDVhLWaO0R9YXz+8pZo2</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ZT8K6Nq0kBiIpNOBuzHdid2+Mtc=">AAAB/XicbZBLSwMxFIXv1FetVatbFwaL0FIsM250I/jYuKxgH9CWkknTNjSTGZI7hTJ06ca/4saFIv4Nd/4b08dCWw8EDuck3NzPj6Qw6LrfTmptfWNzK72d2cnu7u3nDrI1E8aa8SoLZagbPjVcCsWrKFDyRqQ5DXzJ6/7wbtrXR1wbEapHHEe8HdC+Ej3BKNqokzseFbBIrshNi3VDJKaAZ9hJ3EmxpGxRuu3k8m7ZnYmsGm9h8rBQpZP7anVDFgdcIZPUmKbnRthOqEbBJJ9kWrHhEWVD2udNaxUNuGkns0Um5NQmXdILtT0KySz9/SKhgTHjwLc3A4oDs9xNw/+6Zoy9y3YiVBQjV2w+qBdLgiGZUiFdoTlDObaGMi3sXwkbUE0ZWnYZC8FbXnnV1M7Lnlv2HlxIwxGcQAE8uIBruIcKVIHBE7zAG7w7z86r8zHHlXIW3A7hj5zPHyMRlbg=</latexit><latexit sha1_base64="ZT8K6Nq0kBiIpNOBuzHdid2+Mtc=">AAAB/XicbZBLSwMxFIXv1FetVatbFwaL0FIsM250I/jYuKxgH9CWkknTNjSTGZI7hTJ06ca/4saFIv4Nd/4b08dCWw8EDuck3NzPj6Qw6LrfTmptfWNzK72d2cnu7u3nDrI1E8aa8SoLZagbPjVcCsWrKFDyRqQ5DXzJ6/7wbtrXR1wbEapHHEe8HdC+Ej3BKNqokzseFbBIrshNi3VDJKaAZ9hJ3EmxpGxRuu3k8m7ZnYmsGm9h8rBQpZP7anVDFgdcIZPUmKbnRthOqEbBJJ9kWrHhEWVD2udNaxUNuGkns0Um5NQmXdILtT0KySz9/SKhgTHjwLc3A4oDs9xNw/+6Zoy9y3YiVBQjV2w+qBdLgiGZUiFdoTlDObaGMi3sXwkbUE0ZWnYZC8FbXnnV1M7Lnlv2HlxIwxGcQAE8uIBruIcKVIHBE7zAG7w7z86r8zHHlXIW3A7hj5zPHyMRlbg=</latexit><latexit sha1_base64="TI0mspr5NjbjWrQb43XmB+HUrZA=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhIRh2bbQRYmwsI5gHJMsyO5kkg7Ozy8zdQFhS2vgrNhaK2PoJdv6Nk0ehiQcuHM65l3vvCWLBNTjOt5VZWV1b38hu5ra2d3b37P2Dho4SRVmdRiJSrYBoJrhkdeAgWCtWjISBYM3g4WbiN4dMaR7JexjFzAtJX/IepwSM5NvHwwIU8RW+7tBuBFgX4Az81BkXS9IYpapv552yMwVeJu6c5NEcNd/+6nQjmoRMAhVE67brxOClRAGngo1znUSzmNAH0mdtQyUJmfbS6SNjfGqULu5FypQEPFV/T6Qk1HoUBqYzJDDQi95E/M9rJ9C79FIu4wSYpLNFvURgiPAkFdzlilEQI0MIVdzciumAKELBZJczIbiLLy+TxnnZdcrunZOvVOdxZNEROkEF5KILVEG3qIbqiKJH9Ixe0Zv1ZL1Y79bHrDVjzWcO0R9Ynz+gvJcn</latexit><latexit sha1_base64="TI0mspr5NjbjWrQb43XmB+HUrZA=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhIRh2bbQRYmwsI5gHJMsyO5kkg7Ozy8zdQFhS2vgrNhaK2PoJdv6Nk0ehiQcuHM65l3vvCWLBNTjOt5VZWV1b38hu5ra2d3b37P2Dho4SRVmdRiJSrYBoJrhkdeAgWCtWjISBYM3g4WbiN4dMaR7JexjFzAtJX/IepwSM5NvHwwIU8RW+7tBuBFgX4Az81BkXS9IYpapv552yMwVeJu6c5NEcNd/+6nQjmoRMAhVE67brxOClRAGngo1znUSzmNAH0mdtQyUJmfbS6SNjfGqULu5FypQEPFV/T6Qk1HoUBqYzJDDQi95E/M9rJ9C79FIu4wSYpLNFvURgiPAkFdzlilEQI0MIVdzciumAKELBZJczIbiLLy+TxnnZdcrunZOvVOdxZNEROkEF5KILVEG3qIbqiKJH9Ixe0Zv1ZL1Y79bHrDVjzWcO0R9Ynz+gvJcn</latexit><latexit sha1_base64="+zHjMaYc4tTV/iGEqWIyIMiIafM=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDglCQjDs2mgjxNhYRjAPSEKYnUySIbOzy8zdQFhS2lj7FzYWitj6CXb5GyePQhMPXDiccy/33uOFgmtwnImVWFvf2NxKbqd2dvf2D+zDo6oOIkVZhQYiUHWPaCa4ZBXgIFg9VIz4nmA1b3A79WtDpjQP5AOMQtbySU/yLqcEjNS2T4dZyOFrfNOknQCwzsI5tGNnnMtLY+RLbTvjFJwZ8CpxFyRTTDfzz5PiqNy2v5udgEY+k0AF0brhOiG0YqKAU8HGqWakWUjogPRYw1BJfKZb8eyRMT4zSgd3A2VKAp6pvydi4ms98j3T6RPo62VvKv7nNSLoXrViLsMImKTzRd1IYAjwNBXc4YpRECNDCFXc3IppnyhCwWSXMiG4yy+vkupFwXUK7r1Jo4TmSKITlEZZ5KJLVER3qIwqiKJH9ILe0Lv1ZL1aH9bnvDVhLWaO0R9YXz+8pZo2</latexit><latexit sha1_base64="+zHjMaYc4tTV/iGEqWIyIMiIafM=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDglCQjDs2mgjxNhYRjAPSEKYnUySIbOzy8zdQFhS2lj7FzYWitj6CXb5GyePQhMPXDiccy/33uOFgmtwnImVWFvf2NxKbqd2dvf2D+zDo6oOIkVZhQYiUHWPaCa4ZBXgIFg9VIz4nmA1b3A79WtDpjQP5AOMQtbySU/yLqcEjNS2T4dZyOFrfNOknQCwzsI5tGNnnMtLY+RLbTvjFJwZ8CpxFyRTTDfzz5PiqNy2v5udgEY+k0AF0brhOiG0YqKAU8HGqWakWUjogPRYw1BJfKZb8eyRMT4zSgd3A2VKAp6pvydi4ms98j3T6RPo62VvKv7nNSLoXrViLsMImKTzRd1IYAjwNBXc4YpRECNDCFXc3IppnyhCwWSXMiG4yy+vkupFwXUK7r1Jo4TmSKITlEZZ5KJLVER3qIwqiKJH9ILe0Lv1ZL1aH9bnvDVhLWaO0R9YXz+8pZo2</latexit><latexit sha1_base64="+zHjMaYc4tTV/iGEqWIyIMiIafM=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDglCQjDs2mgjxNhYRjAPSEKYnUySIbOzy8zdQFhS2lj7FzYWitj6CXb5GyePQhMPXDiccy/33uOFgmtwnImVWFvf2NxKbqd2dvf2D+zDo6oOIkVZhQYiUHWPaCa4ZBXgIFg9VIz4nmA1b3A79WtDpjQP5AOMQtbySU/yLqcEjNS2T4dZyOFrfNOknQCwzsI5tGNnnMtLY+RLbTvjFJwZ8CpxFyRTTDfzz5PiqNy2v5udgEY+k0AF0brhOiG0YqKAU8HGqWakWUjogPRYw1BJfKZb8eyRMT4zSgd3A2VKAp6pvydi4ms98j3T6RPo62VvKv7nNSLoXrViLsMImKTzRd1IYAjwNBXc4YpRECNDCFXc3IppnyhCwWSXMiG4yy+vkupFwXUK7r1Jo4TmSKITlEZZ5KJLVER3qIwqiKJH9ILe0Lv1ZL1aH9bnvDVhLWaO0R9YXz+8pZo2</latexit><latexit sha1_base64="+zHjMaYc4tTV/iGEqWIyIMiIafM=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDglCQjDs2mgjxNhYRjAPSEKYnUySIbOzy8zdQFhS2lj7FzYWitj6CXb5GyePQhMPXDiccy/33uOFgmtwnImVWFvf2NxKbqd2dvf2D+zDo6oOIkVZhQYiUHWPaCa4ZBXgIFg9VIz4nmA1b3A79WtDpjQP5AOMQtbySU/yLqcEjNS2T4dZyOFrfNOknQCwzsI5tGNnnMtLY+RLbTvjFJwZ8CpxFyRTTDfzz5PiqNy2v5udgEY+k0AF0brhOiG0YqKAU8HGqWakWUjogPRYw1BJfKZb8eyRMT4zSgd3A2VKAp6pvydi4ms98j3T6RPo62VvKv7nNSLoXrViLsMImKTzRd1IYAjwNBXc4YpRECNDCFXc3IppnyhCwWSXMiG4yy+vkupFwXUK7r1Jo4TmSKITlEZZ5KJLVER3qIwqiKJH9ILe0Lv1ZL1aH9bnvDVhLWaO0R9YXz+8pZo2</latexit><latexit sha1_base64="TI0mspr5NjbjWrQb43XmB+HUrZA=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhIRh2bbQRYmwsI5gHJMsyO5kkg7Ozy8zdQFhS2vgrNhaK2PoJdv6Nk0ehiQcuHM65l3vvCWLBNTjOt5VZWV1b38hu5ra2d3b37P2Dho4SRVmdRiJSrYBoJrhkdeAgWCtWjISBYM3g4WbiN4dMaR7JexjFzAtJX/IepwSM5NvHwwIU8RW+7tBuBFgX4Az81BkXS9IYpapv552yMwVeJu6c5NEcNd/+6nQjmoRMAhVE67brxOClRAGngo1znUSzmNAH0mdtQyUJmfbS6SNjfGqULu5FypQEPFV/T6Qk1HoUBqYzJDDQi95E/M9rJ9C79FIu4wSYpLNFvURgiPAkFdzlilEQI0MIVdzciumAKELBZJczIbiLLy+TxnnZdcrunZOvVOdxZNEROkEF5KILVEG3qIbqiKJH9Ixe0Zv1ZL1Y79bHrDVjzWcO0R9Ynz+gvJcn</latexit>

光热均以测量热的形式读出
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晶体量热器数据预处理

Ø 最佳滤波器处理

Ø 触发算法

Ø ������

NTD-Ge两端
电压信号

物理结果
&探测器性能

各事件脉冲
的描述参数信息

⽆触发
流读出数据电⼦学前端处理

滤波器预处理

物理分析

Bessel滤波器

ADC

信号差分放⼤

关联系数筛选

稳定性修正

信号的判选和触发

脉冲参数的计算

最佳信噪⽐

减少噪声贡献

能量刻度

粒⼦鉴别

α 放射性污染评估

平均噪声功率谱

理想信号模板
响应函数
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• ᅾۖێ႐៧्�7KHUPRG\QDPLF�)OXFWXDWLRQ�1RLVH�
• ૡ֢ࣁᅾଘᤍᇫாጱറၥٖ҅ᚆਂࣁᅾ႐៧

• ᅾභኪᴥᕅᘆ्�7KHUPRPHWHU�-RKQVRQ�1RLVH�
• ᨮኪᴥᕅᘆ्�/RDG�5HVLVWRU�-RKQVRQ�1RLVH�
• 电阻中电子布朗运动所引起的噪声

6

晶体量热器噪声来源

Cite: McCammon D. Thermal equilibrium calorimeters–an introduction[J]. Cryogenic particle 
detection, 2005: 1-34.

无法减小消除！

Einternal =
C · T
kBT

· kBT =) hEi =
p

kBT 2C
<latexit sha1_base64="/Q8WGmxody/Fd8spiUHt9YFFodM="></latexit><latexit sha1_base64="/Q8WGmxody/Fd8spiUHt9YFFodM="></latexit><latexit sha1_base64="/Q8WGmxody/Fd8spiUHt9YFFodM="></latexit><latexit sha1_base64="/Q8WGmxody/Fd8spiUHt9YFFodM="></latexit>
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应用最佳滤波器
• Gatti-Manfredi�'.+!: .+�-���τ"�	0�����

• %�/�2��� ���	�$#��)0��(,

• .+��,2	����*�
�10����*�"�

• .+��)0��(2.09 ADC (19.8 keV) &� 0.26 ADC (2.5 keV)

v1filtered(t) =
A

2⇡

Z +1

�1
S1(!) ·H(!)ej!td!

<latexit sha1_base64="q4I8dr5mVGC5LqhKJgCXGThaL4k="></latexit><latexit sha1_base64="WKKj6gN1QBS53T38fAGWN9rkdsQ="></latexit><latexit sha1_base64="WKKj6gN1QBS53T38fAGWN9rkdsQ="></latexit><latexit sha1_base64="lh1h0bV+Yqtr5SCkNUjbsYktFFE="></latexit>

H(!) = K
0S

⇤
1 (!)

N (!)
e
�j!⌧M

<latexit sha1_base64="5uyITf/iwkH4x5f/+0StzWRLusU="></latexit><latexit sha1_base64="5uyITf/iwkH4x5f/+0StzWRLusU="></latexit><latexit sha1_base64="5uyITf/iwkH4x5f/+0StzWRLusU="></latexit><latexit sha1_base64="5uyITf/iwkH4x5f/+0StzWRLusU="></latexit>
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最佳滤波器处理

R(⌧) =

Z +1

�1
x(t)x(t� ⌧)dt

<latexit sha1_base64="TPEgwfrkPR5HfCjbeqRfTnX/oh0="></latexit><latexit sha1_base64="02OQvXXH7D8dBVt8ae2y6Xa6xLU="></latexit><latexit sha1_base64="02OQvXXH7D8dBVt8ae2y6Xa6xLU="></latexit><latexit sha1_base64="HyVaQNZT8i2xmUyvHlIDZTQdNLs=">AAACHnicbVDLSgMxFM34rPVVdekmWIQWaZkRRDdC0Y3LKvYBnVoyaaYNzWSG5I5Yhn6JG3/FjQtFBFf6N6btLLT1wiWHc87l5h4vElyDbX9bC4tLyyurmbXs+sbm1nZuZ7euw1hRVqOhCFXTI5oJLlkNOAjWjBQjgSdYwxtcjvXGPVOah/IWhhFrB6Qnuc8pAUN1cic3BRdIXDx3uYROUjKPD8PRXXKUoocCFE2XJq7EVQHujqCTy9tle1J4HjgpyKO0qp3cp9sNaRwwCVQQrVuOHUE7IQo4FWyUdWPNIkIHpMdaBkoSMN1OJueN8KFhutgPlWkJeML+nkhIoPUw8IwzINDXs9qY/E9rxeCftRMuoxiYpNNFfiwwhHicFe5yxSiIoQGEKm7+immfKELBJJo1ITizJ8+D+nHZscvOtZ2vXKRxZNA+OkAF5KBTVEFXqIpqiKJH9Ixe0Zv1ZL1Y79bH1LpgpTN76E9ZXz8RsKJv</latexit>

(x ⇤ y)(⌧) =
Z +1

�1
x(t)y(⌧ � t)dt

<latexit sha1_base64="4OnuuYnY+DBMvI3O4nOaabGjRgA="></latexit><latexit sha1_base64="i3VzuP0yKaXK9XhViOC2zScjt7A="></latexit><latexit sha1_base64="i3VzuP0yKaXK9XhViOC2zScjt7A="></latexit><latexit sha1_base64="lb1JPiD86iWu7hQ7Hs/3vnCr1Qc=">AAACJnicbVBPS8MwHE397/xX9eglOIQVcbRe9CKIXjxOcHOwzpGmqQtL05L8KpayT+PFr+LFw0TEmx/FbOtBnQ9CHu+9H8nvBangGlz305qbX1hcWl5Zraytb2xu2ds7LZ1kirImTUSi2gHRTHDJmsBBsHaqGIkDwW6DweXYv31gSvNE3kCesm5M7iWPOCVgpJ59Vnv0iQacOzUfSOac+VxCrzgyVwT58K44LNljDZx8kjkCp/BVjMMh9OyqW3cnwLPEK0kVlWj07JEfJjSLmQQqiNYdz02hWxAFnAo2rPiZZimhA3LPOoZKEjPdLSZrDvGBUUIcJcocCXii/pwoSKx1HgcmGRPo67/eWPzP62QQnXYLLtMMmKTTh6JMYEjwuDMccsUoiNwQQhU3f8W0TxShYJqtmBK8vyvPktZx3XPr3rVbPb8o61hBe2gf1ZCHTtA5ukIN1EQUPaEXNEJv1rP1ar1bH9PonFXO7KJfsL6+AfF2pXQ=</latexit>

REF：doi：10.1088/1748-0221/6/02/P02007

$�!���

https://arxiv.org/ct?url=https://dx.doi.org/10.1088/1748-0221/6/02/P02007&v=345372bb
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触发及事例参数

May lead a wrong trigger
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数据预处理软件框架

raw data

noise
spectrum

signal
template

filtered data

Trigger &
Parameters

optimum_filter.C

Response Function
Events Info

Zero-padding
Smooth

Normalization
Time alignment
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预处理能量分辨
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• 预处理后数据分析：温度稳定性修正，! 能量刻度
• 能谱：同一组原始数据，不同预处理程序
• 更好的能量分辨，更多的事例数@ 510 keV of !−208Tl, 609 keV of
!−214Bi and 1764 keV, 2614 keV
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模拟信号产生

•声子模型：能量沉积温度响应

•热传感器：电阻温度响应

•偏压回路：读出电压信号
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<latexit sha1_base64="OQk+G08Z3NRlJx5rW1DsknZEUxo="></latexit>

• 噪声：根据实际噪声功率谱产生

Frequency index
1 10 210 310

2
(A

D
C

 c
ou

nt
s)

310

410

510

610

710
raw
filtered



高能物理分会, 08.18, 2021 Kangkang Zhao

• 基于数据预处理软件框架完成实验数据物理结果分析

• 应用滤波器后能量分辨

• 信号触发，事例参数提取

• 晶体量热器前期工作积累

•��"
• ���� ���������!	�����������
����


• 基于数据预处理软件框架完成未来实验数据物理结果分析
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总结展望
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谢谢！
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