
CEPC Vertex Detector 
R&D Status

���	������

�
���0"$8%�"#�2&�," �

1�!����

��
� ��
�

�!����2�5�"5�&����
����.1�,�&�.�2 �



�21����

• �����
��1���
�1��1��
• ���������1�1����� ��
�����
• 	2��������
��21����

 



-�%C�&�!�"(�=5�(�,(�/�&(�E�)�(��(=&

• .����3�"(�5��0(�="�=5���0D,�5:0D=&��1�� �%C0&�'�0"3�
(0C�:�$(="'��'��''�"(�0:�5=&�(�,(�$�,'��'�$&=�&0!��

• ,&���'�="�!�0'C&�!�"(�=5��-11���� &�%C�&�'�(&0���
$0&0!�(�&�&�'=:C(�="�

• 0���"(&�"'���&�'=:C(�="�=5�D�&(�E�
• 1��!C:(�$:��'�0((�&�"���55��(�
• 0
���1
	��(0��"�0'�3�'��"�D0:C�






1<.#E.)�D:<�$E�(I�#E.�5<.0<M�+<0<:0E.

• 3,�0&�(�.<IE(10&ED�D<�.�0%<��1�R31S�7)�
 %&$%�$.�D1(�.&0N��I)�((�,&M<(�I&5<�

• /�0<.&�(��1!$<0�S�	�
(� �	�(�N<.��
 )EDE(&0%&:�,&M<(�I<DIE.�0%&:'�(	7)
���&.�:EE(&D$�,EL<.�:EDI1),0&ED�(	)��:)%�

• .EL�!<0<:0E.�E::1,�D:N���	�(��
 %&$%�$.�D1(�.&0N��D!�E.�I%E.0�.<�!E10�0&)<�

• 2�!&�0&ED�0E(<.�D:<)�
P
/2�!�N 4�+���D!�
	
� 
/<5�D<-�:)%�N 0�,.�






�#EJFI�1-1AFEJ

• �F�J#EJFI�1#!&EFCF%O�J�1AJ$A#J��CC�1&#�
I#HLAI#D#E1J�F$�
)2
�M#I1#N�"#1#!1FI� O#1�

• 2F1#E1A�C�F-1AFEJ��$1#I�#N1#EJAM#���(
• (#-C#1#"��A#C"�)$$#!1�5I�EJA1FI  ()2�)5�

&#CC#�,,�M#I1#N�

• 
�1��2AN#C��#EJFIJ� 
2��
�.,
)�,5�����5���2�.��-�"#2AN�� 1&AJ�1�CB��
-�"#2AN	� J##�1�CB� O�����&FL�

• �ACA!FE�FE�AEJLC�1FI� �1,��
)N-CFI#"��1�,�)2�� J##�1�CB� O�����&FL��






).03�1>1:&�3:(FC+�Q �CJ:+,6MM 1+C8:FF

• �CJ:+,6MM )�3�����N'�*+C8:FF�!:6-.+:F

• 2.6�+.*&:�J:&&�*+C8:FF
��::*�1��:&&�F#>:&�F����:&&�C!�1.03�

-+6(F>F-C+F��6&&CJ>("�!C+�!.&&�).03�8>+8.>-+L�J>-#>(�-#:�68->I:�6+:6

• �:6-.+:�F>M:�C!�����.'�6(����':-6&�&6L:+F
�#>"#��:(F>-L�6(��&CJ�*CJ:+�

• �#>(�"6-:�C1>�:��
(' 
�+6�>6->C(�-C&:+6(8:�

• �#>8%��(�	�N' �6(��#>"#�+:F>F->I>-L���%PO8' �:*>-61>6&�&6L:+
�*CFF>�&:�
>'*+CI:':(-�C!�8#6+":�8C&&:8->C(�

�

• �(-:"+6-:��*>1:&�F:(FC+�6(��+:6�C.-�
:&:8-+C(>8F�C(�-#:�F6':�F>&>8C(��.&%�
J>-#�-#:�>(�.F-+L�8F-6(�6+�S�).03�
*+C8:FF�
�(�-CJ�'6-:+>6&��.�":-��&CJ�*CJ:+�
8C(F.'*->C(��&CJ�8CF-�T�



	���������,�����
����	,��-��,��
• �������&�--�&�,������������&��7,���
,���������������
,�
��

�������,�� ���,���,�-�-������������,�����
���
,��,���
�������
���-����
�7,���
�����,��-��,���

�

Pixel geometry parameters Diode geometry

Radiation damage

Epitaxial layer

Y. Zhang et. al. NIMA 831 (2016) 99-104

Y. Zhang,  M. Zhao
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In-pixel readout structures Peripheral circuitry

Y. Zhang,  Y. Zhou, Y. Lu
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33x33µm2 (Matrix-1) 16x16µm2 (Matrix-2)
Diced pixel sensor



JadePix1 Test System
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• Test system developed to characterize JadePix1 at IHEP

Motherboard FPGA board PC

FMC FMC PCIeX8

Sensor + 
Daughterboard
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K. Wang, N. Wang, J. Tao
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R. Kiuchi, J. Tao
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ILA (Logic Analyzer)

Data
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R. Kiuchi
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• Cross-platform, multi-thread
• C++/Qt GUI
• 80 MB/s data transmission
• Stable operation, accumulated 

>10 TB data on disk

X. Lu, F. Gao,
J. Mansour, 
T. Yang, X. Ju

Y. Liu, L. Chen, T. Yang
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R. Kiuchi,  T. Yang
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• Scan A1-A10 pixel matrix (33µm, 16x48) , Correlated 
Double Sampling�CDS�, subtract adjacent frame to 
suppress noise. 

L. Chen , H. Zhu

ENC~ 7.5 e- ENC~ 8 e- ENC~ 10 e-
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• Use 55 Fe for pixel gain calibration
L. Chen , H. Zhu, R. Kiuchi

Non-electrode area, 
thermal diffusion 
dominant 

• kαkβ peak can be recognized clearly
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• Larger electrode size -> better charge collection, but larger 
capacitance, low gain and higher noise

L. Chen , H. Zhu

• Optimization: Q/C (analog power consumption), S/N (spatial resolution)
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• Use 90 Sr to measure the charge collection efficiency for MIP

L. Chen , H. Zhu

• Cluster with Landau distribution, use MPV for CCE calculation
• Uncertain of radiation angle, will use electron beam for better CCE 
• Optimization: Q/C (analog power consumption), S/N (spatial resolution)
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• Three batches of neutron irradiation with Xi’an pulse reactor : 
1012, 5x1012, 1013.   

• Build TCAD simulation with radiation damage model 

L. ChenH. Zhu
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• Reserved DESY test beam (Aug. 27- Sep. 2, 2018) , characterize 
pixel special resolution and detector efficiency. 

• Preparing: new firmware, EUDAQ plugin, offline
reconstruction software, etc. 
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