
MCPSIM-PY

Ivan Prada, Javier Yáñez, 

Ana I Gómez de Castro

Joint Center for Ultraviolet Astronomy 

Universidad Complutense de Madrid

Space Astronomy Research Group



COMPONENTS OF THE MCP DETECTOR

1.Data 

input

2.MCP gain 3.Phosphor 

gain

4.Fibers tape 

(compression)

5.CMOS 6.FPGA: 

Centroid

detection



THE SIMULATOR STEP BY STEP

INPUT WINDOW

DATA

PARAMETERS GRAPHIC 

OUTPUT

CENTROIDING

ALGORITHMS

CONTROL



1. DATA INPUT:  GENERATION (THREE MODES AVAIBLES)

Image distribution Uniform distribution Two sources

THE LOCATION ON THE IMAGE AND THE TIMING OF THE SIMULATED PHOTONS IS DETERMINED STATISTICALLY





1. MCP ENTRANCE WINDOW

MICRO TUBES CHARACTERIZATION

• PORE DIAMETER

• PITCH

• GEOMETRY



2. MCP GAIN TRANSFER FUNCTION

SAMPLE IMAGE OF THE DETECTOR PERFORMANCE

THIS STATISTICAL NATURE IS MODELLED 

AND IMPLEMENTED IN THE SIMULATOR

IMPORTANT:

DUE TO THE STATISTICAL NATURE OF THE DETECTION PROCESS 

SIMILAR EVENTS PRODUCE DIFFERENT SHOWERS



Image
binarization

Connected
regions

detection

Elimination of
all the showers
with little size

Elimination of
showers with
eccentricities
that are bigger
than a theshold

value

Remove
background

noise

(minor than 4 
electrons)

Calculate the
mayor axis (a), 
minor axis (b)

and the peak of
each resultant

shower

STEPS TO CHARACTERIZE THIS BEHAVIOR



SHOWER PARAMETERS (TRANSFER FUNCTION)

Statistical distribution by intensity
Statistical distribution by width





3.PHOSPHOR GAIN

Example: x4 phosphor

gain



4.FIBERS TAPER

𝐿𝑜𝑠𝑠 𝑓𝑎𝑐𝑡𝑜𝑟 =
𝐶𝑖𝑟𝑐𝑙𝑒 𝑎𝑟𝑒𝑎

𝑆𝑞𝑢𝑎𝑟𝑒 𝑎𝑟𝑒𝑎
=
𝜋 ∗ 𝑅2

4 ∗ 𝑅2
=
𝜋

4

Steps:

• Filter photons that do not go through the fibers. 

• Apply a spatial uniform distribution inside each

tube





5.GENERATION OF THE CMOS IMAGE

AR

DEC

4 1 1 3

1 0 5 9

1 0 3 5

5 2 0 1



OUTPUT EXAMPLE





6.FPGA: CENTROID DETECTION

Subpixel algorithms

• 3-point center of 

gravity

• Gaussian

• Lorentzian

• Parabola

• 5-point center of 

gravity

• 7-point center of 

gravity

Centroid

algorithms

• 3-cross

• 3-square

• 5-cross

• 5-circle

• 5-square

• 7-cross
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