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Fiducial Mark Calibration

.

Aligns cameras to identical orientation, field of view and pixel siz e

Removes pincushion, obliqueness distortion, and magnificatio n

.,~
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22 -6 cm
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6 cm

• Sets picture scale



UNCLASSIFIE D

Effects to be Corrected
• Proton Beam

V/ Beam Profile

- Location

- Flux

• Magnetic Lens
Magnification

- Particle Background
~ Distortion

• Optical/Camera
Dark Field .

~ Fixed pattern Noise

~ Long Range Blur

Stars
~ Orientation/Alignment

• Areal Density from Transmissio n

.

- Collimator Angle Cut

- Fixed Scattering

- Background Signal

Volume Density from Areal
- Cylindrical Symmetry

Drn tGn DanlfnnMnhv

Science Based Stockpile Stelvard.ship LTNCLASSIFIED



UNCL A SSIFIF, n

Proton Beam Location and Flux

• Two methods : knowledge-based and measurement-base d

• Knowledge based :

- Fit polynomial to area of picture "known to be flat "

- Divide pic by that polynomia l

• Measurement based :

- Proton toroid for flux ; 4-chamber BPM for positio n

- Normalize to flux, divide bv shifted Gaussian for positio n

Scienee Based Stockpile Stewardship UNCLASSIFIED



UNCLASSIFIED

Effects to be
. Proton Beam

~ Beam Profile

~ Location

Flux

• Magnetic Lens
v' Magnification

- Particle Background
V Distortion

• Optical/Camera
,/' Dark Field
,v'' Fixed pattern Noise

v/ Long Range Blur

-v' Stars
,/ Orientation/Alignment

.

.

Corrected
Areal Density from Transmissio n

Collimator Angle Cut

Fixed Scattering

- Background Signal

Volume Density from Area l
- Cylindrical Symmetry

DrnMn Daai~~o~~ti v
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UNCLASSIFIED

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 Result s
- Pmt

Science Based Stockpile Stewardship UNCLASSII'IE D
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Line C PRAD Apparatus

Object Collimator 1
Typically 10 mr

• Armored Window s
. Thin Window s

LSO Scintillators

Image
Station 1

7 frames
16002 pixel s

• Matching Len s

• Image Station 0 : BPM, Calibration

• 800 MeV Proton s

• Beam timin cr

--F
Science Based Stockpile Stewardship U NCLASSIFIEI)

Collimator 2 Image
Station 2

5 frames
10242 pixels
+ 9-frame
framing camera
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LANSCE 800 MeV Proton Radiography

Proton Beam

vesse l
--Pl'

Science Based .ti'tockpile .Ste ►vurd.ship UNCLASS I F I E D
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Effects to be Corrected
• Proton Beam

- Beam Profile

- Location

- Flux

• Areal Density from Transmission
- Collimator Angle Cut

- Fixed Scattering

- Background Signal

• Magnetic Lens
- Magnification

- Particle Background
- Distortion

• Optical/Camera
- Dark Field

- Fixed pattern Noise
- Long Range Blur

- Stars

- Orientation/Alignment

• Volume Density from Areal
- Cylindrical Symmetry

Dreten Dadf nWhy
Science Based Stockpile Stewardship UNCLASSIFIED
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Camera Dark Field
a Constant over hours to days

• <5% of camera signal

• Camera Temperature Dependent

• Typically Average 5 Pic s

- Proton
.Sc ience Based .Stockp ile Stewardship UNC LASS 11j I ED
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Effects to be Corrected
. Proton Beam

- Beam Profile

- Location

- Flux

• Areal Density from Transmission
- Collimator Angle Cut
- Fixed Scattering

- Background Signal

• Volume Density from Areal
- Cylindrical Symmetry

• Magnetic Lens
- Magnification
- Particle Background
- Distortion

• Optical/Camera

v` Dark Field
- Fixed pattern Nois e

- Long Range Blur

- Stars
- Orientation/Alignment

Drn+nn Darlingmnhv

Science Based Stockp ile Stelvardship UNCLASSIFIED
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Star Correction

• Hadronic Interactions in Camera CCD
- Large Local Energy Deposition

- Shielding Necessary

. Correction :
- Smooth data
- Chop isolated outlier s

- Multiple passes

- Correction is limite d

Dre+en Da iJinNWhv

Science Based Stockpile Stewardship UNCLASSIFIED
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Star Correction
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Effects to be Corrected
. Proton Beam

- Beam Profile

- Location

- Flux

~ Areal Density from Transmission
- Collimator Angle Cut
- Fixed Scattering

- Background Signal

• Magnetic Lens
- Magnification

- Particle Background
- Distortion

• Optical/Camera
Dark Field

- Fixed pattern Noise

- Long Range Blur
~ Stars
- Orientation/Alignment

• Volume Density from Areal
- Cylindrical Symmetry

~~r~t~n D~~ J~ ~sro~ieNr~nl~vv~sv~ ~ 8~~~~7-~-
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Long Range Blur
• Optical Effect in Cameras

• Some (15%) light scatters widely

• Measure blur function, unfold from dat a

2WOO. 1

1.. . on~~~ Ran :e 131u~~
MOO. ,

,1%00. ,

10000. 1

5000. 1

I o., ; ~ i ~
-20 -15 -10 5 0

rD UZ ITRadif,fr/'9phy
Science Based Stockpile Stewardship

5 10 1 5 20

100000 . .... . . ...
, 0000

T i001
, 00

,o

~---___- .... . .
-20 -15 -10 -5

UNCLASSIFIED

0 5 10 15 20



UNCLASSIFIED

Effects to be Corrected
~ Proton Beam

- Beam Profile
- Location

- Flux

• Areal Density from Transmissio n
- Collimator Angle Cut

-Fixed Scattering

- Background Signal

• Magnetic Lens
- Magnification

- Particle Background
- Distortion

• Optical/Camera

Dark Field

- Fixed pattern Noise

V Long Range Blur

Stars
- Orientation/Alignment

• Volume Density from Areal
- Cylindrical Symmetry

Dre +e n D nlinnmnhv
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U N C L AS SI F IL;ll

Beam Profile Flattening

• Measure beam profile with no object in place

• Accounts for uneven beam and fixed pattern noise

• Result : "Flattened" picture

Divided by

Equa l s

-P -
Science Based Stockpile Stewardship UNCLASSI FI ED
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Effects to be Corrected
• Proton Beam

v' Beam Profile

~ Areal Density from Transmission
- Collimator Angle Cut

- Location

- Flux

• Magnetic Lens
- Magnification

- Particle Background
- Distortion

• Optical/Camera
Dark Field

~ Fixed pattern Noise

~ Long Range Blur

~ Stars
- Orientation/Alignment

- Fixed Scattering

- Background Signal

• Volume Density from Areal
- Cylindrical Symmetry

Dre*hn DadienWhy
Science Based Stockpile Stewardship UNCLASSIFIED
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Fiducial Mark Calibration

Aligns cameras to identical orientation, field of view and pixel siz e

Removes pincushion, obliqueness distortion, and magnificatio n
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6 cm

• Sets picture scale



UNCLASSIFIED

Effects to be Corrected
. Proton Beam

v' Beam Profile
- Location

- Flux

• Areal Density from Transmission

• Magnetic Lens
v,' Magnification
- Particle Background
v' Distortion

• Optical/Camera
,/ Dark Fiel d
Y' Fixed pattern Noise
v' Long Range Blur
v,' Stars

,/ Orientation/Alignment

- Collimator Angle Cut

- Fixed Scattering
- Background Signal

• Volume Density from Areal
- Cylindrical Symmetry
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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 f7at "

- Divide pic by that polynomial

• Measurement based :

- Proton toroid for flux ; 4-chamber BPM for position

- Normalize to flux, divide by shifted Gaussian for positio n

P
Science 13cr. Yed Stockpile Stewardship UNCI.ASSIFIED
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Effects to be Corrected
• " Proton Beam

V Beam Profile

V Location

v," Flux

• Magnetic Lens
v' Magnification

- Particle Background

• Areal Density from Transmission
- Collimator Angle Cut

- Fixed Scattering

- Background Signal

• Volume Density from Areal
- Cylindrical Symmetry

V' Distortion

• Optical/Camera
,/ Dark Field
~ Fixed pattern Noise

Long Range Blur

Y' Stars

,/ Orientation/Alignment

Dm+Gn Radiography
Science Ba.sed Stockpile Stewardship UNCLASSIFIED
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Areal Density Extraction

• Measured transmission depends o n
- Fixed scattering

- Radiation length in object

- Collimator cut angle

- Nuclear scattering in object

- Background scattering (Tile glow, protons )

[fHad * \i - fMS ll\i - fFS l+ fBG J
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Proton Radiography Analysis Procedure
Alexander Saunders

• LANSCE Proton Radiography

• Effects to be Correcte d

• Analysis Procedure

• Sample Result s
-Proton

Science Based Stockpile .Steward.ship UNCLASSIFIFD
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Line C PRAD Apparatus

Object Collimator 1
Typically 10 mr

• Armored Windows
.

.
Thin Window s

LSO Scintillators

Image
Station 1

7 frames
16002 pixels

• Matching Lens

• Image Station 0 : BPM, Calibration

• 800 MeV Protons

• Beam timing
Dm +en DadW irWhv

Science .Bczsed Stnckpile Stewarc~d.ship UNCLASSIFIED

Collimator 2 Image
Station 2

5 frames
10242 pixels
+ 9-frame
framing camera
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LANSCE 800 MeV Proton Radiography

Proton Beam

vesse l
R
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.

Effects to be Corrected
Proton Beam • Areal Density from Transmission
- Beam Profile - Collimator Angle Cut

- Location

- Flux

• Magnetic Lens
- Magnification
- Particle Background
- Distortion

• Optical/Camera
- Dark Field

- Fixed pattern Nois e
- Long Range Blur

- Stars
- Orientation/Alignment

- Fixed Scattering

- Background Signal

• Volume Density from Areal
- Cylindrical Symmetry

DrGten DadfeNWhv
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Camera Dark Fiel d
• Constant over hours to days

• <5% of camera signal

• Camera Temperature Dependent

• Typically Average 5 Pic s

Science Based Stockpile Stewardship LINCLASSI FI ED



UNCLASSIFIED

Effects to be Corrected
• Proton Beam

- Beam Profile

- Location
- Flux

• Areal Density from Transmissio n
- Collimator Angle Cut

- Fixed Scattering

- Background Signal

• Magnetic Lens
- Magnification

- Particle Background
- Distortion

• Optical/Camera
Dark Field

- Fixed pattern Noise
- Long Range Blur

- Stars
- Orientation/Alignment

• Volume Density from Areal
- Cylindrical Symmetry

Drn+G n Da iJinnWhv
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Star Correction

• Hadronic Interactions in Camera CCD
- Large Local Energy Deposition

- Shielding Necessary

. Correction :
- Smooth data

- Chop isolated outlier s

- Multiple passes

- Correction is limited

Dre*e n Oadi9nWhv

.Science Based Stockpile Stewardship UNCLASSIFIED
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Star Correction
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UNCLASSIFIED

Effects to be Corrected
. Proton Beam

- Beam Profile
- Location
- Flux

• Areal Density from Transmission
- Collimator Angle Cut

- Fixed Scattering

- Background Signal

• Magnetic Lens
- Magnification

- Particle Background
- Distortion

• Optical/Camera

Dark Field

- Fixed pattern Noise
- Long Range Blur

~ Stars
- Orientation/Alignment

• Volume Density from Areal
- Cylindrical Symmetry

Drnfnn Dan1fARP4h{1y
Science .8ased Stockpile Steivard.ship UNCLASSIFIED
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Long Range Blur
• Optical Effect in Camera s

• Some (15%) light scatters widely

• Measure blur function, unfold from dat a
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Effects to be Corrected
Proton Beam • Areal Density from Transmission
- Beam Profile
- Location

- Flux

• Magnetic Lens
- Magnification

- Particle Background
- Distortion

• Optical/Camera
V̀ Dark Field
- Fixed pattern Noise

~ Long Range Blur

Stars
- Orientation/Alignment

.

- Collimator Angle Cut

- Fixed Scattering
- Background Signa l

Volume Density from Areal
- Cylindrical Symmetry

Drn*nn Radiography
~ NCLASSIFIEDScience Ba.sed Stockpile Stewardship L7
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Beam Profile Flattening

• Measure beam profile with no object in place

• Accounts for uneven beam and fixed pattern nois e

• Result : "Flattened" picture

Divided by

Equal s

Science Buscd Stockpile Stewardship UNCLASSIFIED
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Effects to be Corrected
Proton Beam • Areal Density from Transmissio n

-/ Beam Profile

- Location

- Flux

~ Magnetic Lens
- Magnification

- Particle Background
- Distortion

• Optical/Camera
,/ Dark Field
,vl Fixed pattern Noise

v/ Long Range Blur

-v' Stars
- Orientation/Alignment

.

- Collimator Angle Cut

- Fixed Scattering

- Background Signal

Volume Density from Areal
- Cylindrical Symmetry

DrnFnn Dasrrv~9~i~n Faphv
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Fiducial Mark Calibration

Aligns cameras to identical orientation, field of view and pixel siz e

Removes pincushion, obliqueness distortion, and magnification

-22

Sc ience f3u.ved .S tock-p ile Stewardship

22 -6 cm

UNCLASSIFIED

6 cm

• Sets picture scale
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Effects to be Corrected
Proton Beam • Areal Density from Transmissio n

v' Beam Profil e

- Location
- Flux

• Magnetic Lens
v,' Magnification
- Particle Background
Y' Distortion

• Optical/Camera
,/ Dark Field
~ Fixed pattern Noise
~ Long Range Blur

,/ Stars
,/* Orientation/Alignment

.

- Collimator Angle Cut

- Fixed Scattering

- Background Signal

Volume Density from Areal
- Cylindrical Symmetry

Drntnn Da iJinNr*hv

Science Based Stockpile Steward.ship UNCLASSIFIED
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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 polynomia l

Measurement based :

- Proton toroid for flux ; 4-chamber BPM for position

- Normalize to flux, divide by shifted Gaussi an for position

Science f3uscd Stockpile Steward.shin
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Effects to be Corrected
. Proton Beam

~ Beam Profile

~ Location

v,"Flux

• Areal Density from Transmissio n

• Magnetic Lens
Y' Magnification

- Particle Background
Y' Distortion

~ Optical/Camera
,/ Dark. Field
v' Fixed pattern Noise
,vl Long Range Blur

v'' Stars
,/ Orientation/Alignment

- Collimator Angle Cut

- Fixed Scattering

- Background Signal

• Volume Density from Area l
- Cylindrical Symmetry

Ore+en DaiJinNra nhv
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Areal Density Extractio n

• Measured transmission depends on
- Fixed scattering

- Radiation length in object

- Collimator cut angl e

- Nuclear scattering in object

- Background scattering (Tile glow, protons )

t- [fHad(1JMS)/(1JFS)+fBGI

[1+JBG ]

= e-(%H )

fHad

(2 (d / Xo +R f-( p'6eC J2
14 . 1
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_ -\ p14.1c JZ Rf
fFS - e

Dre +e n Da iJibNmnhv

Science Ba.sed Stockpile Stewardship UNCLASSIFIED



UNCLASSIFIE D

Proton Radiography Analysis Procedure
Alexander Saunder s

• LANSCE Proton Radiography

• Effects to be Corrected

• Analysis Procedure

• Sample Result s
P
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Line C PRAD Apparatus

Object Collimator 1
Typically 10 mr

• Armored Windows
. Thin Window s

LSO Scintillators

Image
Station 1

7 frames
16002 pixel s

• Matching Lens

• Image Station 0 : BPM, Calibration

• 800 MeV Protons

• Beam timing
DmfGn Da iJiGnr* hy

Science Based Stockpile Stewardship UNCLASSIFIED

Collimator 2 Image
Station 2

5 frames
10242 pixels
+ 9-frame
framing camera
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LANSCE 800 MeV Proton Radiography

Proton Beam

Science Based Stockpile .S'teward.ship i JN C LA S S I F I E D
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Effects to be Corrected
• Proton Beam

- Beam Profile

- Location

- Flux

• Areal Density from Transmission
- Collimator Angle Cut

- Fixed Scattering

- Background Signal

• Magnetic Lens
- Magnification

- Particle Background
- Distortion

• Optical/Camera
- Dark Field

- Fixed pattern Noise

- Long Range Blur

-- Stars

- Orientation/Aligriment

• Volume Density from Areal
- Cylindrical Symmetry

DrGtGn Da ~~guphv
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Camera Dark Fiel d
• Constant over hours to day s

• <5% of camera signal

• Camera Temperature Dependent

• Typically Average 5 Pic s

Science Based Stockpile .S'teward.ship UNCLASSIFIED
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Effects to be Corrected
• Proton Beam • Areal Density from Transmission

- Beam Profile

- Location

- Flux

• Magnetic Lens
- Magnification

- Particle Background
- Distortion

• Optical/Camera
Dark Field

- Fixed pattern Nois e
- Long Range Blur

- Stars
- Orientation/Alignment

- Collimator Angle Cut

- Fixed Scattering
- Background Signal

• Volume Density from Areal
- Cylindrical Symmetry

Dmten D

~~ ~
~jppXA~v

„~~~ ~~ UNCLASSIFIEDScience Based Stockpile Stewardship
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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

Drn+nn Dadienmntiy
Science Based Stockpile Steivardship UNCLASSIFIED
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Star Correction
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Effects to be Corrected
• Proton Beam

- Beam Profile

- Location

- Flux

• Areal Density from Transmission
- Collimator Angle Cut

- Fixed Scattering

- Background Signal

• Magnetic Lens
- Magnification

- Particle Background
- Distortion

• Optical/Camera
Dark Field

- Fixed pattern Noise

- Long Range Blur

~ Stars
- Orientation/Alignment

• Volume Density from Areal
- Cylindrical Symmetry

Dreten Dadisgmphy
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Long Range Blur
• Optical Effect in Cameras

• Some (15%) light scatters widel y

• Measure blur function, unfold from dat a
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Effects to be Corrected
0 Proton Beam

- Beam Profil e
- Location
- Flux

• Areal Density from Transmissio n
- Collimator Angle Cut

- Fixed Scattering

- Background Signal

• Magnetic Lens
- Magnification

- Particle Background
- Distortion

• Optical/Camera

Dark Field

- Fixed pattern Noise
,vl Long Range Blur

-v' Stars
- Orientation/Alignment

• Volume Density from Areal
- Cylindrical Symmetry

Dmten Da "nra n~y -,.-
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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

Divided by

Equals

-P
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Effects to be Corrected
• Proton Beam

v' Beam Profile
- Location

- Flux

• Areal Density from Transmission
- Collimator Angle Cut

- Fixed Scattering

- Background Signal

• Magnetic Lens
- Magnification

- Particle Background
- Distortion

• Optical/Camera
v` Dark Field
v' Fixed pattern Noise
v,/ Long Range Blur

Y' Stars
- Orientation/Alignment

• Volume Density from Areal
- Cylindrical Symmetry

PTEit V tl7FQVr°gra nhv
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Fiducial Mark Calibratio n

Aligns cameras to identical orientation, field of view and pixel siz e

Removes pincushion, obliqueness distortion, and magnificatio n

~•`~~.

~
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22 -6 cm

UNCLASSIFIED

6 cm

• Sets picture scale
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Effects to be Corrected
• Proton Beam

~ Beam Profile

-- Location

• Areal Density from Transmission
- Collimator Angle Cut

- Fixed Scattering
- Flux

• Magnetic Lens
v' Magnification

- Particle Background
~ Distortion

• Optical/Camera
~Dark Field

~ Fixed pattern Noise
~ Long Range Blur

Stars
Orientation/Alignment

- Background Signal

• Volume Density from Areal
- Cylindrical Symmetry

fttnn Da iJL~nranl~~i
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Proton Beam Location and Flu x

• Two methods: knowledge-based and measurement-base d

• Knowledge based :

- Fit polynomial to area of picture "known to be flat "

- Divide pic by that polynomia l

• Measurement based :

- Proton toroid for flux ; 4-chamber BPM for position

- Normalize to flux, divide by shifted Gaussian for positio n

Science Based Stockpile Stewardship UNCLASSIFIED
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Effects to be Corrected
Proton Beam • Areal Density from Transmissio n

v' Beam Profile

V Location

v" Flux

• Magnetic Lens
v' Magnification
- Particle Background
v' Distortion

• Optical/Camera
,/' Dark Field
v' Fixed pattern Noise
v' Long Range Blur

Y'' Stars
~ Orientation/Alignment

.

- Collimator Angle Cut

- Fixed Scattering

- Background Signal

Volume Density from Areal
- Cylindrical Symmetry

Drn +e n Da"nrsnhy
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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 Saunder s

• LANSCE Proton Radiography

• Effects to be Correcte d

• Analysis Procedure

• Sample Results
~
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Line C PRAD Apparatus

Object Collimator 1
Typically 10 mr

• Armored Window s
. Thin Wi ndow s

LSO Scintillators

Image
Station 1

7 frames
16002 pixel s

• Matching Lens

• Image Station 0 : BPM, Calibration

• 800 MeV Proton s

• Beam timing

Science Based Stockpile Stewardship UNCLASSI F IED

Collimator 2 Image
Station 2

5 frames
10242 pixels
+ 9-frame
framing camera
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LANSCE 800 MeV Proton Radiography

Proton Beam

Proton °„adiegmphT
Science f3ased Stockpile Steward.ship UNCLASSIFIED
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Effects to be Corrected
• Proton Beam

- Beam Profile

Location

Flux

• Areal Density from Transmission
- Collimator Angle Cut

- Fixed Scattering

- Background Signal

• Magnetic Lens
- Magnification

- Particle Background
- Distortion

• Optic al/C amera
- Dark Field

- Fixed pattern Noise

- Long Range Blur

- Stars

- Orientation/Alignrnent

• Volume Density from Areal
- Cylindrical Symmetry

Dmten D~a~~irr~nti~iasrv8r~r
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Camera Dark Fiel d
• Constant over hours to day s

• <5% of camera signa l

• Camera Temperature Dependent

• Typically Average 5 Pic s

_ W
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Effects to be Corrected
Proton Beam ~ Areal Density from Transmission
- Beam Profile - Collimator Angle Cut

- Location

- Flux

~ Magnetic Lens
- Magnification
- Particle Background
- Distortion

• Optical/Camera
v" Dark Field

- Fixed pattern Noise
- Long Range Blur

- Stars
- Orientation/Alignment

- Fixed Scattering

- Background Signal

• Volume Density from Areal
- Cylindrical Symmetry

.Science Based Stockpile Steivard.ship LJNCLASSIFIED
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Star Correction

• Hadronic Interactions in Camera CCD
- Large Local Energy Deposition

- Shielding Necessary

. 'Correction :
- Smooth data

- Chop isolated outlier s

- Multiple passe s

- Correction is limite d

ft+An Da~ ,iAfiwaphy
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Proton
Sc ience Based Stockpile .Steward.s hip

UN C LASSI F IE D

Star Correction

UNCLASSI FI ED
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Effects to be Corrected
• Proton Beam

- Beam Profile
- Location
- Flux

• Areal Density from Transmission
- Collimator Angle Cut

- Fixed Scattering
- Background Signal

• Magnetic Lens
. - Magnification

- Particle Background
- Distortion

• Optical/Camera
Dark Field

- Fixed pattern Noise

- Long Range Blur

Stars
- Orientation/Alignment

• Volume Density from Areal
- Cylindrical Symmetry

Dmten Da"NWhy
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Long Range Blur
• Optical Effect in Camera s

• Some (15%) light scatters widel y

• Measure blur function, unfold from dat a

_ P
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Effects to be Corrected
• Proton Beam

- Beam Profile

- Location

- Flux

• Areal Density from Transmission
- Collimator Angle Cut

- Fixed Scattering
- Background Signal

• Magnetic Lens
- Magnification

- Particle Background
- Distortion

• Optical/Camera

Dark Field

~- Fixed pattern Nois e
v1 Long Range Blur

Y' Stars
- Orientation/Alignment

0 Volume Density from Area l
- Cylindrical Symmetry

ftMn Da iANraptiv
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Beam Profile Flattening

• Measure beam profile with no object in place

• Accounts for uneven beam and fixed pattern nois e

• Res ul t : "Flattened " picture

Divided by

Equal s

_ P
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Effects to be Corrected
Proton Beam • Areal Density from Transmissio n

v' Beam Profile
- Location

- Flux

• Magnetic Lens
- Magnification

- Particle Background
- Distortion

• Optical/Camera
,/ Dark Field
~ Fixed pattern Noise
~ Long Range Blur
Y' Stars

.

- Collimator Angle Cut

- Fixed Scattering

- Background Signal

Volume Density from Areal
- Cylindrical Symmetry

- Orientation/Alignment

Drn te n Darlinirranhv
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