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Outline

« Radiographic Support Capabilities at Los Alamos Operations

— X-ray sources
« Variable energy 2 MeV electron accelerator
» Platts flash x-ray source, ~300 keV 50 ns pulse x-ray source
« CW 225 keV confined x-ray source
— Scintillator testing
« Examine scintillator performance from local test
» Test developmental scintillators
— Camera evaluation
» Provide systematic evaluations of camera performance
— Radiography analysis
» Battle-hardened analysis/processing software has been developed
by the team

« Simulation development
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Radiographic Chain

High-energy
Source photon converter

........

i

* End-point Energy * Due to high-energy, high
—  Higher end-point energies intensity beam imaging
have better resolving power require a scintillator

of denser objects

— Lower end-point provides
high-contrast of low-density

» Resolution

— Limited by source size and
radiation scatter and not

object dia
Int it scintillator
* Intensi .
. y L » Brightness
— High intensity gives better .
SNR — Material dependent
+ Multi-pulse + High density
- Can acquire multiple time —  Greater ability to convert
images high-energy photons
« Spot Size * Decay time

— T <100 ns for pulsed

— Smaller spot size provides -
machines

better resolution
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Visible
photon detector

Data Analysis

* High quantum * Overworked
efficiency
» Takes work
» Large collection area home
* Low readout noise * Finds boring

images amazing
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Sources: Platts Source

flat field corrected, rotated Basket Weave 3 mm LYSO

* Low end-point
energy

— ~300 keV

e IS5MR@1m

» Single-pulse or multi-
pulse configurations

Lul Edge

» Spot size of ~1.5 mm

« Red Sage
development work

« X-ray diffraction
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Sources: e Linac, injected beam ,

219-MHz S-BAND
SUB HARMONIC ~ WAVEGUIDES

VALVES

QUADRUPOLE QUADRUPOLE
Il TRIPLET ] TRIPLET
INJECTOR 100KeV | ACCELERATOR 2 éma'g'&
TANK LENS SOLENOIDS TARGET (2 CELLS) TARGET

CHAMBER

FUNDAMENTAL ACCELERATOR 1
BUNCHER (3 CELLS)

Injector
tank
ub-harmonic

« Beam current: 6 A peak
* Energy range: 10-100 keV

 Variable pulse width, 250 ps e k Waveguides
to 4 s ! — y
S-band RF

* Rep rate single shot: 100 Hz section

« Based on Santa Barbara LINAC ; ' Solenoid
(Idaho State) L3 |
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Sources: e" Linac, accelerated beam

21 Feet
219-MHz S-BAND
SUB HARMONIC WAVEGUIDES
\\/ALVES

QUADRUPOLE
TRIPLET PP

ACCELERATOR 2

(2 CELLS) TARGET CHAMBER

CHAMBER

QUADRUPOLE
TRIPLET

INJECTOR

N\ 100keV
TANK LENS SOLENOIDS

FUNDAMENTAL ACCELERATOR 1
BUNCHER (3 CELLS)

» Accelerated peak current

of ~0.5 A sof
* S-band microstructure - |
— Calculated 30 ps pulse width —~ 20k | _
with 350 ps separation §f 1 ,'
« Calculated energy range from 5 N
250 keV to 2.5 MeV Z 1o (- -
« New spectrometer to be T
installed, beam optics to be 0.0 F” RS I oA vrsn
optimized o
« MHz modulation being pursued 0.0 1.0 2.0 3.0 4.0

Time (ns)
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Sources: Comet MXR-225 keV VF

| Front of Cabinet |

* Tunable energy Top
up to 225 keV -
continuous source

720 Part Access Doar
Motorized, Opening to Right
No Window, 24" x 24" Opening

Full Height/Width Backscatier Wall
020" Al, 1/16" Pb, 064°Al
Attach to cabinet on primary wall side

« 600-1600 W power S emayminanes

4" x 4" square cut-out for beam

Remately Adjustable —
2-axds Motorized Collimator

« Small, adjustable
spot size s

|
memMMﬁmO_.l I .’M"“mm 80.0
- . 24.'H xA0W (vm') ;n.:de’ &45 D(i::h\:’s l
- Easily acquired SO cae e :
cheap precision data | | L
for evaluating basic |
- I
scintillator performance |
I
32W x 18™H Camera Acoess Doars (2) X
SHCSaewstedHold Closed I‘_zfl,o——l N\ o
00mn 06in. 16.0in. 320n. ::;;Tti:)x@w
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Scintillator Testing

« Examine currently
used LYSO
scintillators

« Determine
performance of
new materials
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Scintillator Testing

Scintillator p( g ) | T (ns) | photons Peak Max Thickness (on
cm3 MeV emission hand)
(hm)
GLO 9.1 ~ms 55,000 610 165 x 165 2 mm
Lul 5.6 ~40 100,000 550 45 mm 200 ym
diameter
LYSO 7.1 42 32,000 420 200 x 66 10 mm
Csl 4.5 980 65,000 550 200 x 200 600 pm
ESF Brightness Comparison
1.000?|||\|\\|||‘\\\‘||||\\ E :l-l\\\Illlll\l‘llll‘l\\\‘IIII:
é E E E, 10000 E— —E
O'Umillll\‘|\\llll‘\\\‘lllll\\‘\\|7 1000|\I\\‘\Illlll\l‘llll‘l\\\‘IIII
-12 -10 -8 -Smm -4 -2 0 2 0.5 1.0 1.5 thickne:.so(mm) 25 3.0 3.5
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Camera Development/Evaluation

* Provide systematic
evaluation of camera
performance

« Light-tight camera
evaluation box

« Development of digital
framing camera

« Radiometric
measurements of
sensor performance
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Camera Development/Evaluation

* Produce easily repeatable,
low uncertainty transfer
curves

« Determine signal-to-noise
ratio of camera system
with high precision

* Provide sensor dynamic
range

 Provide baseline
performance for single-
or multi-frame cameras

Nevada National Security Site
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Signal to Noise ratio

1000

8

Noise (counts)

‘SI 1100-166: 200 kHz, Analog Attn = O(Low), CCD Attn = 0 (High Sensitivity), Binning =1

x 1|10/26/201

~—Noise Model 11

+ Signal Noise 11
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L 2
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Data Analysis: Source Simulations

« Lacked current monitors on

300 kV e Photon Production Spectrum in W

o
Entries 7871
Mean 56.43

RMS 50.81

the Platts x-ray head

 Had to take a guess at
spectrum

— Assumed the end-point was
300 keV in a steady state
voltage

L
250 300

e Modeled cathode and anode
with GEANT4

300 kV e Photon Production Spectrum in Mo

1
E t 10495
39.91
43.83

— Lacks electric field, currently

RMS

shows cathode interaction that
is not really there

« Propagate spectrum through
experimental configuration
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Data Analysis: Scintillator Modeling

* LYSO easily * Propagate modeled » Add surface effects
modeled in GEANT4 Platts energy
spectrum through air - Upstream side has
* Picturedis a black paint
single tile in the « Add scintillation light
cr?nflgurayon of from scintillator - Made assumptions
the experiment about reflection/
» Assume a perfectly absorption properties

polished surface

mener Nevada National Security Site e : Foe
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Data Analysis: Scintillator Evaluation

« Edge spread function of
dark field subtracted
region doesn’t go to zero 1.00
even at long range

« Beam punch-throughof =z ..
CuW observed g
- Beyond beam signal still s
0.01

not in the noise
— Long-range blur

Edge Spread Function

[TTTTTTTI IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|II-H—

Punch-through of beam photons

— ESF dark field subtracted

8 Nevada National Security Site
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Data Analysis: Scintillator Evaluation

e GEANT4 simulations of

the eXperimental Setup ESF LYSO 10 mm X-ray energy Deposition in Scintillator
made (red) 1000 =T T T T 1 T 1 I L R A I B B R =
. Platts Data i

. B —— Sim, x-ray Energy deposition
« X-ray energy deposition o100 L —
in the scintillator shows =z 3
the range of x-rays g .
— Shows punch-through g i il
observed in data g MO0 E E
S - 3
« Doesn’t account for long- i il
range observation = f =
:. L ‘l. b I R N N BT A do Lo -
-100 -50 0 50 100
mm
Punch-through of beam photons
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Data Analysis: Scintillator Evaluation

« GEANT4 simulations of
the experimental setup
made (red)

 Scintillation photons are
transported

Includes LYSO emission
spectrum, polished front
and sides, and painted
back; assumes single tile

Absorbs 91%, 20%
specular reflection, 20%
backscatter, 60% diffuse
reflection

« Qualitative agreement
seen

8 Nevada National Security Site
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normalized intensity

ESF LYSO 10 mm Scintillation Photons Detected

1.000

0.100

0.010

0.001

Platts Data
Sim, Scintillation Light detected

-100

-50 0 50 100

Surface effects can account for long range blur
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Data Analysis: Radiography Processing Software, RadPro

Easy processing of data
- DeSIgned for mlnlmal §] RadPro - . ESIE=)

Image Help

user input o [ [ s

0
B

Shot # 2997

1]

H

Flat # 2979

!

Site

« Currently used with
Cygnus

©) Cygnus

FXR

NRL

Camera

ecC

Cc2

* Provides quick-time
look of data on site

Options

V| De-Star
V| Subtract Dark
|”| Rotate

De-Wamp

Tile Boundaries

e Saves option
parameters for : 2
day'tO'day use a [ Change Defautts || Load Defauts

(2047,1008)=302
Read Image ‘ [ Reset Zoom J l Process Single Shot

|¥| Nomalize

" | Change Directory
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