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UNCLASSIFIED

Fiducial Mark Calibration

« Aligns cameras to identical orientation, field of view and pixel size
« Removes pincushion, obliqueness distortion, and magnification

« Sets picture scale
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UNCLASSIFIED

Effects to be Corrected
* Proton Beam  Areal Density from Transmission
v Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux - — Background Signal
» Magnetic Lens * Volume Density from Areal
v" Magnification — Cylindrical Symmetry
— Particle Background
v’ Distortion

* Optical/Camera
v" Dark Field
v’ Fixed pattern Noise
v" Long Range Blur
v’ Stars
v Orientation/Alignment
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Proton Beam Location and Flux

« Two methods: knowledge-based and measurement-based
« Knowledge based:

— Fit polynomial to area of picture “known to be flat”
— Divide pic by that polynomial
* Measurement based:
— Proton toroid for flux; 4-chamber BPM for position
— Normalize to flux, divide by shifted Gaussian for position
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UNCLASSIFIED

Effects to be Corrected
* Proton Beam  Areal Density from Transmission
v" Beam Profile — Collimator Angle Cut
v’ Location — Fixed Scattering
v  Flux — Background Signal
« Magnetic Lens * Volume Density from Areal
v" Magnification — Cylindrical Symmetry
— Particle Background
v Distortion

e Optical/Camera
v" Dark Field
v’ Fixed pattern Noise
v" Long Range Blur
v’ Stars
v’ Orientation/Alignment
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Areal Density Extraction

» Measured transmission depends on
— Fixed scattering
— Radiation length in object
— Collimator cut angle
— Nuclear scattering in object
— Background scattering (Tile glow, protons)
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Proton Radiography Analysis Procedure

Alexander Saunders

LANSCE Proton Radiography
Effects to be Corrected

* Analysis Procedure

« Sample Results
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Line C PRAD Apparatus

Object

Collimator 1 Image
Typically 10 mr  Station 1
Armored Windows 7 frames
Thin Windows 16007 pixels
L.SO Scintillators
Matching Lens

Image Station 0: BPM, Calibration

800 MeV Protons
Beam timing
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Collimator 2

Image
Station 2

5 frames

102472 pixels

+ 9-frame
framing camera
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LANSCE 800 MeV Proton Radiography

Proton Beam >

Proton Beam Line  cypfinement Collimator1  Image Station 1 image Station 2
vessel
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Effects to be Corrected

* Proton Beam » Areal Density from Transmission
— Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux — Background Signal

* Magnetic Lens * Volume Density from Areal
— Magnification — Cylindrical Symmetry
— Particle Background
— Distortion

« Optical/Camera
— Dark Field
— Fixed pattern Noise
— Long Range Blur
— Stars
— Orientation/Alignment
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Camera Dark Field

» (Constant over hours to days

« <5% of camera signal

» (Camera Temperature Dependent
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« Typically Average 5 Pics
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Effects to be Corrected
* Proton Beam » Areal Density from Transmission
— Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux — Background Signal
* Magnetic Lens * Volume Density from Areal
— Magnification — Cylindrical Symmetry
— Particle Background
— Distortion

* Optical/Camera
v" Dark Field
— Fixed pattern Noise
— Long Range Blur
— Stars
— Orientation/Alignment
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Star Correction

e Hadronic Interactions in Camera CCD
— Large Local Energy Deposition
— Shielding Necessary

* Correction:
— Smooth data
— Chop isolated outliers
— Multiple passes
— Correction is limited
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Star Correction
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Effects to be Corrected

* Proton Beam  Areal Density from Transmission
— Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux — Background Signal
« Magnetic Lens e Volume Density from Areal
— Magnification — Cylindrical Symmetry
— Particle Background
— Distortion

* Optical/Camera
v" Dark Field
— Fixed pattern Noise
— Long Range Blur

v’ Stars
— Orientation/Alignment
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Long Range Blur
« Optical Effect in Cameras

« Some (15%) light scatters widely
e Measure blur function, unfold from data
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Effects to be Corrected
* Proton Beam  Areal Density from Transmission
— Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux — Background Signal
* Magnetic Lens * Volume Density from Areal
— Magnification — Cylindrical Symmetry
— Particle Background
— Distortion

* Optical/Camera
v" Dark Field
— Fixed pattern Noise
v" Long Range Blur

v’ Stars
— Orientation/Alignment
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Beam Profile Flattening

« Measure beam profile with no object in place
« Accounts for uneven beam and fixed pattern noise
« Result: “Flattened” picture
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Effects to be Corrected
* Proton Beam  Areal Density from Transmission
v' Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux — Background Signal
* Magnetic Lens * Volume Density from Areal
— Magnification — Cylindrical Symmetry
— Particle Background
— Distortion

* Optical/Camera
v" Dark Field
v’ Fixed pattern Noise
v’ Long Range Blur
v’ Stars
— Orientation/Alignment
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UNCLASSIFIED

Fiducial Mark Calibration

 Aligns cameras to identical orientation, field of view and pixel size
« Removes pincushion, obliqueness distortion, and magnification
« Sets picture scale
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Effects to be Corrected
* Proton Beam  Areal Density from Transmission
v" Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux | — Background Signal
* Magnetic Lens * Volume Density from Areal
v' Magnification — Cylindrical Symmetry
— Particle Background
v’ Distortion

* Optical/Camera
v" Dark Field
v Fixed pattern Noise
v" Long Range Blur
v’ Stars
v Orientation/Alignment
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Proton Beam Location and Flux

« Two methods: knowledge-based and measurement-based
« Knowledge based:

— Fit polynomial to area of picture “known to be flat”
— Divide pic by that polynomial
« Measurement based:

— Proton toroid for flux; 4-chamber BPM for position
— Normalize to flux, divide by shifted Gaussian for position
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Effects to be Corrected
" Proton Beam  Areal Density from Transmission
v' Beam Profile — Collimator Angle Cut
v’ Location — Fixed Scattering
v Flux — Background Signal
» Magnetic Lens * Volume Density from Areal
v" Magnification — Cylindrical Symmetry
— Particle Background
v’ Distortion

* Optical/Camera
v" Dark Field
v’ Fixed pattern Noise
v" Long Range Blur
v’ Stars
v Orientation/Alignment
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Areal Density Extraction

e Measured transmission depends on

— Fixed scattering

— Radiation length in object

— Collimator cut angle

— Nuclear scattering in object

— Background scattering (Tile glow, protons)
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Proton Radiography Analysis Procedure

Alexander Saunders

 LANSCE Proton Radiography
» Effects to be Corrected
* Analysis Procedure

« Sample Results
 Proton Radiography-—em——
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Line C PRAD Apparatus
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Object qulimator 1 Ima.lge Collimator 2 Image
Typically 10 mr  Station 1 Station 2
 Armored Windows 7 frames
 Thin Wi 16002 pixels > frames
Thin Windows 10242 pixels
* LSO Scintillators + 9-frame
« Matching Lens framing camera

« Image Station 0: BPM, Calibration
« 800 MeV Protons

* Beam timing
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LANSCE 800 MeV Proton Radiography

Proton Beam s
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Effects to be Corrected

* Proton Beam  Areal Density from Transmission
— Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux — Background Signal

« Magnetic Lens * Volume Density from Areal
— Magnification — Cylindrical Symmetry
— Particle Background
— Distortion

* Optical/Camera
— Dark Field
— Fixed pattern Noise
— Long Range Blur
— Stars
— Orientation/Alignment
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Camera Dark Field

« Constant over hours to days

« <5% of camera signal

« (Camera Temperature Dependent

- Proton Radiegraphy—emm——

Science Based Stockpile Stewardship

o Typically Average 5 Pics
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Effects to be Corrected
* Proton Beam » Areal Density from Transmission
— Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux — Background Signal
* Magnetic Lens * Volume Density from Areal
— Magnification | — Cylindrical Symmetry
— Particle Background
— Distortion |

* Optical/Camera
v" Dark Field
— Fixed pattern Noise
— Long Range Blur

— Stars
— Orientation/Alignment
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Star Correction

» Hadronic Interactions in Camera CCD
— Large Local Energy Deposition
— Shielding Necessary

e Correction:
— Smooth data
— Chop isolated outliers
— Multiple passes
— Correction is limited

— Proton-Radiegraphy—emm——
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Star Correction
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Effects to be Corrected
 Proton Beam * Areal Density from Transmission
— Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux — Background Signal
« Magnetic Lens * Volume Density from Areal
— Magnification — Cylindrical Symmetry
— Particle Background
— Distortion

* Optical/Camera
v" Dark Field
— Fixed pattern Noise
— Long Range Blur

v’ Stars
— Orientation/Alignment
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Long Range Blur

« Optical Effect in Cameras

* Some (15%) light scatters widely

e Measure blur function, unfold from data
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Effects to be Corrected
* Proton Beam * Areal Density from Transmission
— Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux — Background Signal
» Magnetic Lens * Volume Density from Areal
— Magnification — Cylindrical Symmetry
— Particle Background |
— Distortion

e Optical/Camera
v" Dark Field
— Fixed pattern Noise
v" Long Range Blur
v’ Stars
— Orientation/Alignment
m UNCLASSIFIED



UNCLASSIFIED
Beam Profile Flattening

« Measure beam profile with no object in place
« Accounts for uneven beam and fixed pattern noise
« Result: “Flattened” picture
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Effects to be Corrected

* Proton Beam  Areal Density from Transmission
v Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux — Background Signal
» Magnetic Lens * Volume Density from Areal
— Magnification — Cylindrical Symmetry
— Particle Background
— Distortion

» Optical/Camera
v" Dark Field
v’ Fixed pattern Noise
v" Long Range Blur
v’ Stars
— Orientation/Alignment
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Fiducial Mark Calibration

« Aligns cameras to identical orientation, field of view and pixel size
« Removes pincushion, obliqueness distortion, and magnification
« Sets picture scale
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Effects to be Corrected
* Proton Beam * Areal Density from Transmission
v" Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
~— Flux — Background Signal
e Magnetic Lens * Volume Density from Areal
v" Magnification — Cylindrical Symmetry
— Particle Background
v Distortion

* Optical/Camera
v" Dark Field
v’ Fixed pattern Noise
v" Long Range Blur
v’ Stars
v Orientation/Alignment
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Proton Beam Location and Flux

« Two methods: knowledge-based and measurement-based
« Knowledge based:

— Fit polynomial to area of picture “known to be flat”
— Divide pic by that polynomial
« Measurement based:
— Proton toroid for flux; 4-chamber BPM for position
— Normalize to flux, divide by shifted Gaussian for position
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Effects to be Corrected
* Proton Beam  Areal Density from Transmission
v" Beam Profile — Collimator Angle Cut
v Location — Fixed Scattering
v Flux — Background Signal
* Magnetic Lens * Volume Density from Areal
v" Magnification — Cylindrical Symmetry
— Particle Background
v Distortion

* Optical/Camera
v" Dark Field
v’ Fixed pattern Noise
v" Long Range Blur
v’ Stars
v Orientation/Alignment
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Areal Density Extraction

» Measured transmission depends on
~ Fixed scattering
— Radiation length in object
— Collimator cut angle
— Nuclear scattering in object
— Background scattering (Tile glow, protons)

f= [fHad ’(l_fMS)/(l‘fFS)+fBG]

[1 +fBG]
Jttad = e—(%ﬁ)
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Proton Radiography Analysis Procedure

Alexander Saunders

LANSCE Proton Radiography
Effects to be Corrected

* Analysis Procedure

« Sample Results
- Proton Rediography- —mm——
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Line C PRAD Apparatus

Object Collimator 1 Image

Collimator 2
Typically 10 mr Station 1 Image

Station 2
« Armored Windows 7 frames
. in Wi 16002 pixels 3 frames
Thin Windows 10242 pixels
« LSO Scintillators + 9-frame
» Matching Lens framing camera

« Image Station 0: BPM, Calibration
« 800 MeV Protons

« Beam timing
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LANSCE 800 MeV Proton Radiography

Proton Beam >
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Effects to be Corrected

* Proton Beam  Areal Density from Transmission
— Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux — Background Signal

» Magnetic Lens * Volume Density from Areal
— Magnification — Cylindrical Symmetry
— Particle Background
— Distortion

* Optical/Camera
— Dark Field
— Fixed pattern Noise
— Long Range Blur
— Stars
— Orientation/Alignment
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Camera Dark Field

« Constant over hours to days
¢ <5% of camera signal
« (Camera Temperature Dependent

« Typically Average 5 Pics
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Eftects to be Corrected

* Proton Beam  Areal Density from Transmission
— Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux — Background Signal
e Magnetic Lens * Volume Density from Areal
— Magnification — Cylindrical Symmetry
— Particle Background
— Distortion

* Optical/Camera
v" Dark Field
— Fixed pattern Noise
— Long Range Blur
— Stars
— Orientation/Alignment
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Star Correction

« Hadronie Interactions in Camera CCD
— Large Local Energy Deposition
— Shielding Necessary

* Correction:
— Smooth data
— Chop isolated outliers
— Multiple passes
— Correction is limited
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Star Correction
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Effects to be Corrected

* Proton Beam  Areal Density from Transmission
~ Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux — Background Signal
e Magnetic Lens * Volume Density from Areal
— Magnification — Cylindrical Symmetry
— Particle Background
— Distortion

e Optical/Camera
v" Dark Field
— Fixed pattern Noise
— Long Range Blur

v’ Stars
— Orientation/Alignment
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[Long Range Blur

« Optical Effect in Cameras
e Some (15%) light scatters widely
e Measure blur function, unfold from data
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Effects to be Corrected
* Proton Beam  Areal Density from Transmission
— Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux —~ Background Signal
« Magnetic Lens * Volume Density from Areal
— Magnification — Cylindrical Symmetry
— Particle Background
— Distortion

e Optical/Camera
v" Dark Field
— Fixed pattern Noise
v" Long Range Blur
v’ Stars
— Orientation/Alignment
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Beam Profile Flattening

« Measure beam profile with no object in place
« Accounts for uneven beam and fixed pattern noise
* Result: “Flattened” picture
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Effects to be Corrected

* Proton Beam  Areal Density from Transmission
v' Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux — Background Signal
e Magnetic Lens * Volume Density from Areal
— Magnification — Cylindrical Symmetry
— Particle Background
— Distortion

* Optical/Camera
v" Dark Field
v" Fixed pattern Noise
v" Long Range Blur
v’ Stars
— Orientation/Alignment
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Fiducial Mark Calibration

« Aligns cameras to identical orientation, field of view and pixel size
« Removes pincushion, obliqueness distortion, and magnification
» Sets picture scale
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Effects to be Corrected

* Proton Beam » Areal Density from Transmission
v Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
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» Magnetic Lens * Volume Density from Areal
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— Particle Background
v’ Distortion

* Optical/Camera
v" Dark Field
v’ Fixed pattern Noise
v" Long Range Blur
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Proton Beam lL.ocation and Flux

« Two methods: knowledge-based and measurement-based
+ Knowledge based:

— Fit polynomial to area of picture “known to be flat”

— Divide pic by that polynomial
* Measurement based:

— Proton toroid for flux; 4-chamber BPM for position
— Normalize to flux, divide by shifted Gaussian for position
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Effects to be Corrected
* Proton Beam  Areal Density from Transmission
v Beam Profile — Collimator Angle Cut
v’ Location — Fixed Scattering
v Flux — Background Signal
* Magnetic Lens * Volume Density from Areal
v’ Magnification — Cylindrical Symmetry
— Particle Background
v" Distortion

* Optical/Camera
v" Dark Field
v’ Fixed pattern Noise
v" Long Range Blur
v’ Stars
v Orientation/Alignment
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Areal Density Extraction

e Measured transmission depends on
— Fixed scattering
— Radiation length in object
— Collimator cut angle
— Nuclear scattering in object
— Background scattering (Tile glow, protons')

f = [fHad '(l"st)/(l"fFS)"'fBG]

[1 + fBG]
St = e_(%ﬂj
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Proton Radiography Analysis Procedure

Alexander Saunders

 LANSCE Proton Radiography
» Effects to be Corrected
» Analysis Procedure

« Sample Results
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Line C PRAD Apparatus

Object Collimator 1
Typically 10 mr
* Armored Windows
* Thin Windows
« LSO Scintillators
« Matching Lens

Image
Station |

7 frames
16007 pixels

« Image Station 0: BPM, Calibration

« 800 MeV Protons
« Beam timing
~ Proton Radiegraphy—m——
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Collimator 2

Image
Station 2

5 frames

10242 pixels

+ 9-frame
framing camera
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LANSCE 800 MeV Proton Radiography
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Eftects to be Corrected

* Proton Beam  Areal Density from Transmission
— Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux — Background Signal

» Magnetic Lens * Volume Density from Areal
— Magnification — Cylindrical Symmetry
— Particle Background
— Distortion

* Optical/Camera
— Dark Field
— Fixed pattern Noise
— Long Range Blur
— Stars
— Orientation/Alignment
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Camera Dark Field

« Constant over hours to days

« <5% of camera signal

» (Camera Temperature Dependent

« Typically Average 5 Pics
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Effects to be Corrected

* Proton Beam » Areal Density from Transmission
— Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux — Background Signal
« Magnetic Lens * Volume Density from Areal
— Magnification — Cylindrical Symmetry
— Particle Background
— Distortion

* Optical/Camera
v" Dark Field
— Fixed pattern Noise
— Long Range Blur
— Stars
— Orientation/Alignment
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Star Correction

« Hadronic Interactions in Camera CCD
— Large Local Energy Deposition
— Shielding Necessary

» Correction:
— Smooth data
— Chop isolated outliers
— Multiple passes
— Correction is limited
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Star Correction
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Eftects to be Corrected

* Proton Beam  Areal Density from Transmission
— Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux — Background Signal
e Magnetic Lens * Volume Density from Areal
— Magnification — Cylindrical Symmetry
- — Particle Background
— Distortion

* Optical/Camera
v" Dark Field
— Fixed pattern Noise
— Long Range Blur

v’ Stars
— Orientation/Alignment

——Proton-Radiography—mme——
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Long Range Blur

« Optical Effect in Cameras
* Some (15%) light scatters widely

* Measure blur function, unfold from data
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Effects to be Corrected
* Proton Beam » Areal Density from Transmission
— Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux — Background Signal
» Magnetic Lens * Volume Density from Areal
— Magnification — Cylindrical Symmetry
— Particle Background
— Distortion

* Optical/Camera
v" Dark Field
— Fixed pattern Noise
v’ Long Range Blur
v’ Stars
— Orientation/Alignment
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Beam Profile Flattening

« Measure beam profile with no object in place
« Accounts for uneven beam and fixed pattern noise
» Result: “Flattened” picture
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Effects to be Corrected
* Proton Beam  Areal Density from Transmission
v' Beam Profile — Collimator Angle Cut
— Location — Fixed Scattering
— Flux — Background Signal
e Magnetic Lens * Volume Density from Areal
— Magnification — Cylindrical Symmetry
— Particle Background
— Distortion

* Optical/Camera
v" Dark Field
v’ Fixed pattern Noise
v" Long Range Blur
v’ Stars
— Orientation/Alignment

—— Proton-Radiography—
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