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Oral Presentation Abstract:
X-Ray Detector Simulations

The free-electron laser at LCLS produces X-Rays that are used in several
facilities. This light source is so bright and quick that we are capable of producing movies
of objects like proteins. But making these movies would not be possible without a device
that can detect the X-Rays and produce images. We need X-Ray cameras. The challenges
LCLS faces include the X-Rays’ high repetition rate of 120 Hz, short pulses that can
reach 200 femto-seconds, and extreme peak brightness. We need detectors that are
compatible with this light source, but before they can be used in the facilities, they must
first be characterized. My project was to do just that, by making a computer simulation
program. My presentation discusses the individual detectors I simulated, the details of my
program, and how my project will help determine which detector is most useful for a
specific experiment.
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Background

* LCLS FEL

* Challenge
— Need new detectors to be characterized
— Computer Simulation



Detectors

* Indirect

— Scintillator, fiber-
optic plate, CCD

— Advantages
— Rayonix MX170HS




Detectors

* Direct
— CSPAD
— ePix10k




User interface

Which specific detector
X-ray photon intensity
Order of photon distribution
Noise values

Etc.



nTiles : this variable will give us the size of the detector
and also possibly simplify searching

Attributes

tiles : this very important list is made of the Tile ¢
it represents the detector grid made of s

NoiseArray : this 2D array contains the same amount of pixels
in each tile, w/ corresp. noise values

rows : this parameter specifies the amount of rows of pixels
per tile which will be stored in the Tile class

cols : this parameter specifies the amount of cols of pixels
per tile which will be stored in the Tile class

sizea : this specifies the width of the detector's pixels
sizeb : this specifies the length of the detector's pixels
rate : this is the Frame rate of the detector

_ps : array of position vectors (p-vectors) that represent the
orientation of a tile in space

ss : array of vectors that point along the slow-scan direction,
defining a single pixel in the direction of the vector

fs : array of vectors that point along the fast-scan direction,
defining a single pixel in the direction of the vector

_shapes : defines grid dimensions, i.e. the number of pixels
in the fast/slow direction

_ns : array of normal vectors that help define the plane of
the corresponding tile at the same index




(ot ):

(self, rows, cols):

Attributes
rows : the specified amount of rows of pixels in tile,
specific to detector type

cols : the specified amount of columns of pixels in tile,
specific to detector type

xLoc : the x-coordinate of the tile
yLoc : the y-coordinate of the tile
zLoc : the z-coordinate of the tile
theta : the first Euler angle of the tile
phi : the second Euler angle of the tile

The X,y,z coordinates and the two Euler angles will help determine
the plane that the tile covers

self.rows = rows

self.cols = cols

self.xLoc =0

self.yloc =20

self.zLoc =20

self.theta =0

self.phi =0

self.data = np.zeros((self.cols, self.rows))
self.gain = np.zeros{(self.cols, self.rows))
self.gainSetting = np.zeros((self.cols, self.rows))
self.NoiseArray = np.zeros((self.cols, self.rows))

self.statusArray = np.zeros((self.cols, self.rows))




d (self, x, y, z, anglel, angle2, gain):

index = @
xmod = @
ymod = @
ri ) (self.nTiles):
xmod == 5:
xmod = @
X += 15
ymod == 5

ymod = @

y =@
self.tiles[index].xLoc = x
self.tiles[index].ylLoc = vy
self.tiles[index].zloc = z

self.tiles[index].theta = anglel
self.tiles[index].phi = angle2

p=I(x,y, 2)
self._ps.append(p)
('p:"), p
index == 0:

self._ns.append(p)

y += 15

index += 1
xmod += 1
ymod += 1

self.computeVectors()



(self, distribution):

Using external program:

random{Order)Photons.npy

Generates list of photon distributions
Will send this list of photons to findIntersections() function
Add the intersecting photons to the camera for analysis
Adding noise
The energy values are displayed in units of keV

M

distribution == 1:
photonList = "randomUniformPhotons.&apy"
('Uniform distributionl)
distribution == 2:
photonList = "randeflinearPhoiloastnpy
('Lingar distribus4on ')
distrigltion =7
piiotonldst® = "randomQuadraticPhotggs.npy"
print ('Quadratic dis&ssbution’)
dis¥yipdtion == 5:
photonlist = "random§ourthPhotons.npy"
('Fourth distribution')

—
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=

photeas = fApwload(photonList)

tiles, pixelsy~intersects~=_self.findIntersections (photons)
photonhits = selfladdPhotonToCa@kera(tiles, pixels, photons)

(self) CSPAD ope(self) ePix10k:
self.addNoise()

('Detector-photon simulation results:\n')
(self) RayonixMX17@HS:

t (self.nTiles):
('Tile %d:"' %(t))
self.tiles[t].data
\n'
('Total hits: %d' %(photonhits))
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ePix10k
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Rayonix
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3 Cameras
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Conclusion

Characterize detectors by simulating behavior

Understand how they work, what they output,
costs and benefits

— Active area
— SNR tradeoff

Which detector is most useful for specific
experiment

Program applicable in future
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