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Non-destructive diagnostics

Motivation

Increased demand

blackened chamber wall _ ’;,'f

vacuum gauge s, \Ta atmosphele e

It must not perturb the beam

It must not be destroyed by high
B current beam (kilowatt beam power)
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G ; = vacuum window
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Optical Profilers

Beam Induced Fluorescence (BIF)

mmage ntensifier & CCD Monitor at GSI*
Schematic of BIF at GST’ Beam lonization Optical profile
monitors

“F. Beckeret al., Beam Induced Fluorescence Monitor for Transverse Profile Determination of 5 to 750 MeV /u Heavy Ion Beams, Proceedings of DIPAC 2007, Venice, Italy
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Optical Profiler in IPN/CEA

Beam profiles of proton beam

Intensified CCD camera was used to capture beam image

5500 ‘ ‘ 18
5000 16 . Hq
o + Horm (M2 #656.2 nm
e g = Nam 099 [ = oty L~
4000 —~Norm (&) . 24101 0m
3500 *Nom g | g /
3000 \  Hom G g “ Hg
2510 5% i —
2000 06 .
1500 04 d i T ‘
1000 o / S I
500 éé/%/
Pizds 0.0 A
i -'- } } } } } ] 0 10 20 30 40 50 60 70
0 20 40 60 80 100 130 140 160 130 200 320 240 260 280 300 intensié faisceau (mA)
Profiles obtained with different gases I . I o n
— . .
but with constant gas pressure. lum beam 0
P. Ausset, et. al., Transverse Beam Profile Measurements for High Power Proton Beams, Proceedings of EPAC2001, Paris, France
“Pottin, B, (2001) Etude d'un profileur optique de faisceaux intenses de protons par absorption laser, Doctor of Science thesis. Institutde Physique Nudéaire
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Tomography

Tomography is the method used to reconstruct a 2D cross sectional image of an
object given multiple flat scans taken from multiple angles around an object
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How?

Algebraic Reconstruction Technique for 2 Projections
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How?

Interested in finding a vector solution fto the vector equation:

unknown slice vector

Sparse matrix or
——> forward projection
matrix

_ Projection
data vector

Iterative Procedure
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Reconstructed spatial distribution

Initial Test

reconstructed
measured
100 100 - 30° 1 100 r 60°
50 50 1 50k
0+ N (R - 0 - L
0 200 400 0 200 400 0 200 400 00 400
o Rotatable
100 100120 1 100 mask
laser L yi B ;
50 50 1 50 :'Af<i UD  — Gas- filled
; a chamber
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CCD camera

G.E. Belyaev, L.V.Roudskoy, D. Gardes, P. Ausseth and A. Olivier, Nucl.
Instr. and Meth.in Phys. Res. A 578, p. 47-54 (2007).
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Numerical Test
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- Dependence on number of
lterations
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Numerical Test

The reconstructed image after 15 iterations
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Comparison with the source image

Original image Reconstructed image
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- Vacuum Chamber specially
designed for Measurements

Doppler shift
effect
spectroscopy

Spatial density
reconstruction
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Imaging and Detection

Focal Length (mm) 25
Iris Range F1.4 ~ F16
e Focus Manual
Iris Manual
. 2/3" 19'58" X 15702
A"g['ﬁlgfv‘{'ew 172" 1435 X 10°58
1/3" 1058 X814
Focusing Range (From Front Of The Lens) (m) oo ~ (.15
Object Dimensions 23" 53 X 40
at M.O.D. 1/2" 38 X 29
(HXV) (mm) 1/3" 29 X 22
Back Focal Distance (in air) (mm) 14.58
Exit Pupil Position (From Image Plane) (mm) —32
Filter Thread (mm) M25.5 X 0.5
Mount C
Mass (g} 45

Stingray F146B

>
Labview

Fujinon HF25HA-1B objective
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Measurements in BETSI test bench

Banc d’Etude et de Tests des Sources d’Ions

ECR SOURCE (| Focusing solenoid
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Measurements in BETSI
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Measurements in SILHI

High Intensity Light Ion Sour

|
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ECRIS: 2.45 GHz - 875 Gauss.
CW or pulsed mode.
up to 130 mA at 95 kV  => kilowatt of beam power
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Measurements in SILHI

Steerer
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Beam Shape
Beam position
have changed !

=>» Non linearity of the
solenoid for such beam size
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Measurements VS Steerer current

Varying the steerer Values
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Position has changed
Intensity remains constant
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—{ Beam shape has changed !
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COpper <« PrOfiler >> Camera 1 for the

copper « profiler »
mounted on the 30°
viewport

Camera 1 = BEAM SPOT

=T

Manual T+AE d:lE::nl:-E Fl - Camera 2 On the five
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Copper « Profiler »

Comparing the shape of the reconstructed image with 5 viewports with the
copper profiler”

Reconstructed
—— Measured

Comparison between the
2 beam spot and the
reconstructed image shape
is very much comparable
even with 5 projections
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Summary

It was demonstrated that tomography technique can
reconstruct the spatial density of the beam both for low
and high intensity beams.

The algorithm written in MATLAB is very fast.
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Step 1

Image to Projections of the TEST IMAGE
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Construction of the Projection vector "g
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Step 3

Sparse matrix is constructed
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Step 5, iteration 2

fis reshaped to 101% 101 image matrix

pixel values

Reconstructed Image
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An Illustration

fis solved iteratively
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An Illustration

The reconstructed image after 15 iterations
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An Illustration

Reconstructed images with respect number of iterations
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An Illustration

Original image Reconstructed image
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How?

Algebraic Reconstruction Technique for more than 2 projections
Sparse matrix for more projection angles not equal to 0° and 90 °

A 97 =Cufsa +Cifs + Cof; + C5f3

More angles =» more complicated
sparse matrix

Number of rows

= length of one projection X number of projections

Number of columns

= (length of one projection)?
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Optical Profiler in IPN/CEA

Doppler Shift Spectroscopy allows discrimination of different beam components

AL =1, Y/ cos0
Fai d'hydroge
zllsceau | Yy rogine Balmer
H* H,* H,* H
656.2
LS nm
@
£ ] AAH
; T AAH,"
.E 1 \A
2 AAH;*
= % o
CE 545 50 B2 54 BSE
Longueur d'onde {nmj

“Pottin, B, (2001) Etude d'un profileur optique de faisceaux intenses de protons par absorption laser, Doctor of Science thesis. Institutde Physique Nudéaire

“P. Ausset, et. al., Transverse Beam Profile Measurements for High Power Proton Beams, Proceedings of EPAC2001, Paris, France
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Tomography

By Fourier Slice Theorem, EXACT value of f{(x,y) can be calculated given an
infinite number of projections

y
j f(x , Y. (s, 1) )dt
=Jf(ScosQ—tsin@,Ssin¢9+tCOS¢9)dt t
Fourier Slice theorem:
+00 . 400 400 . .
J‘ g[S, g)e—j2m/tdt _ J‘ J‘ f(X, y)e—jZﬂ(v cos OX+v sin Hy)dxdy
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How?
Iteration process
Vector of projection data

g
f  Vector of unknown slice data
A Matrix such that g = Af

—k) a; Value of element located at the #*and j
—(k+1) f n ) column of matrix A
f N Z gi a. i  Projection subscript
J n _ m —k) 1) j  Pixel subscript
Z ai' 1=1 Z ai' : f. : g; Number of counts in the 7" bin of the
—rl J .l J J projection dataset
1= 1= m  Number of pixels
n  Number of bins
Image®* Y = Image™ x Normalized Backprojections of Mefalsured prOJ_ectlon::,
Projections of image™
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