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+ The response of the CITIUS high-speed, high-resolution detector to heavy charged particles was measured using alpha particles emitted from an 241Am source.
+ Based on the measurement results, the degree of charge diffusion in the sensor and the noise level were evaluated by template fitting.
+ Geant4 Monte Carlo simulation model with the evaluated parameters was developed and performed to assess the position resolution for both alpha particles and neutrons. 

+++ To model neutron sensitivity, the detector surface was assumed to be coated with a 10B layer.
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(B) Alpha-particle Irradiation Test

(C) Template Fitting

= Experimental Setup =
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CITIUS surface

+ pixel area:  72.6 x 72.6 um2

+ number of pixels:  728 x 384 pixel2

+ frame rate:  17.4 kframes/s

+ back bias     :  400V, 300V, 200V, 170V

+ operation mode: mid-gain 

CITIUS detector

+ radiation source: 241Am

+ active area: 8 x 8 mm2

+ air gap to detector surface: 9.4 mm 

+ active material is deposited on Au matrix (1 um thick)

+ matrix sealed with AuPd alloy layer (3 um thick)

setup
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= Geant4 Model =

AuPd alloy

alpha particle energy

readout pads

drift and charge diffusion

alpha particle

3 um

air 9.4 mm

650 um

5.385 MeV (2.3%)

5.443 MeV (12.7%)

5.486 MeV (86.0%)

5.513 MeV (0.12%)

5.545 MeV (0.25%)

assumed to have 

% spread

<latexit sha1_base64="7z+i1eH6lyDgXmYrwUoQdWGuwF4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEpLosunFZwT6gCWEynbRDZyZhZiKUmIW/4saFIm79DXf+jdM0C209cOFwzr1z554wYVRpx/m2Kiura+sb1c3a1vbO7p69f9BVcSox6eCYxbIfIkUYFaSjqWakn0iCeMhIL5zczPzeA5GKxuJeTxPiczQSNKIYaSMF9pFXvJGFLCV55ik64ihQeWDXnYZTAC4TtyR1UKId2F/eMMYpJ0JjhpQauE6i/QxJTTEjec1LFUkQnqARGRgqECfKz4rdOTw1yhBGsTQlNCzU3xMZ4kpNeWg6OdJjtejNxP+8QaqjKz+jIkk1EXi+KEoZ1DGchQGHVBKs2dQQhCU1f4V4jCTC2kRWMyG4iycvk+55w202mncX9dZ1GUcVHIMTcAZccAla4Ba0QQdg8AiewSt4s56sF+vd+pi3Vqxy5hD8gfX5AzdeluQ=</latexit>�s

ratio Au:Pd = 
<latexit sha1_base64="KGEpS8XcJySaFSRaeKgb3CidPXw=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBjSURqeKq6MZlBfuANpTJdNIOnUzCzEQoIeCvuHGhiFu/w51/4zTNQlsPXDicc+/cucePOVPacb6tpeWV1bX10kZ5c2t7Z9fe22+pKJGENknEI9nxsaKcCdrUTHPaiSXFoc9p2x/fTv32I5WKReJBT2LqhXgoWMAI1kbq24e9/I3U5wnNUomukXsms75dcapODrRI3IJUoECjb3/1BhFJQio04VipruvE2kux1IxwmpV7iaIxJmM8pF1DBQ6p8tJ8dYZOjDJAQSRNCY1y9fdEikOlJqFvOkOsR2rem4r/ed1EB1deykScaCrIbFGQcKQjNM0CDZikRPOJIZhIZv6KyAhLTLRJrGxCcOdPXiSt86pbq9buLyr1myKOEhzBMZyCC5dQhztoQBMIpPAMr/BmPVkv1rv1MWtdsoqZA/gD6/MHuj2VVw==</latexit>

r : 1� r

: noise per pixel for 72.6 um pixel size
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Gaussian diffusion (sigma =       ) for 650 um drift
( assumed to )

<latexit sha1_base64="6pCwZRkAXEKEKE5U6Nu5CWJBQCg=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2VGpLosunHhooJ9QGcYMplMG5pJxiQjlKG48VfcuFDErV/hzr8xbWehrQcCh3Pu5eacMGVUacf5tkpLyyura+X1ysbm1vaOvbvXViKTmLSwYEJ2Q6QIo5y0NNWMdFNJUBIy0gmHVxO/80CkooLf6VFK/AT1OY0pRtpIgX3gKdpPUBBBL5Ui1QJ66l7q/GYc2FWn5kwBF4lbkCoo0AzsLy8SOEsI15ghpXquk2o/R1JTzMi44mWKpAgPUZ/0DOUoIcrPpxHG8NgoEYyFNI9rOFV/b+QoUWqUhGYyQXqg5r2J+J/Xy3R84eeUp5kmHM8OxRmDJumkDxhRSbBmI0MQltT8FeIBkghr01rFlODOR14k7dOaW6/Vb8+qjcuijjI4BEfgBLjgHDTANWiCFsDgETyDV/BmPVkv1rv1MRstWcXOPvgD6/MHh+yXig==</latexit>

�d /
p
L

<latexit sha1_base64="AryBTlJ7RmA5w1F6eqU3PIUziyE=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEpLosunFZwT6gCWEymbZDZyZhZiKUmIW/4saFIm79DXf+jdM0C209cOFwzr1z554wYVRpx/m2Kiura+sb1c3a1vbO7p69f9BVcSox6eCYxbIfIkUYFaSjqWakn0iCeMhIL5zczPzeA5GKxuJeTxPiczQSdEgx0kYK7COveCMLWUryzFN0xFEQ5YFddxpOAbhM3JLUQYl2YH95UYxTToTGDCk1cJ1E+xmSmmJG8pqXKpIgPEEjMjBUIE6UnxW7c3hqlAgOY2lKaFiovycyxJWa8tB0cqTHatGbif95g1QPr/yMiiTVROD5omHKoI7hLAwYUUmwZlNDEJbU/BXiMZIIaxNZzYTgLp68TLrnDbfZaN5d1FvXZRxVcAxOwBlwwSVogVvQBh2AwSN4Bq/gzXqyXqx362PeWrHKmUPwB9bnDyCTltU=</latexit>�d

drift length

(E) Response for Alpha particles

(F) Response for Cold Neutrons
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+ Cluster characteristics are defined following Ref. [1,2]
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+ clear bias dependence was observed 
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+ the diffusion appears to have a lower limit

+ in contrast, the noise remains almost 
unchanged
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+ monochromatic alpha particles
+ normal incidence on the detector surface
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(G) Conclusion
+ From measurements using an alpha-particle source, we successfully quantified the 
charge diffusion and pixel-wise noise in the CITIUS detector at several bias voltages. 
+ For alpha particles with energy below 200 keV - within the detector's dynamic 
range in high-gain mode - a spatial resolution of approximately 3 um is expected.

+ By reducing the pixel size to about 20 um, a spatial resolution better than 1 um can 
be achieved.

+ For cold neutrons with a 200 nm 10B converter, the current system is expected to 
provide a spatial resolution of around 50 um.
+ Pixel-by-pixel noise is considered to be the main factor degrading the spatial 
resolution.
+ By suppressing the noise, a spatial resolution of roughly 1 um is expected when 
the pixel size is reduced to around 20 um, similar to the response evaluated for alpha 
particles.
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