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Tasks: Emittance Diagnhostics
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estimate the image resolution for an optical synchrotron radiation profile monitor

»modern 3 generation light source: E =6 GeV, Ay =500 nm, 6, = 10 pm

— assume ,self diffaction®, i.e. aperture limitation imposed by radiation angular distribution (1/y)

derive the single particle transport matrix for a drift space

» assume paraxial approximation

—  sin(x)=x’

calculate the evolution of the beam size after a drift space
» use the beam matrix transformation together with the transport matrix R for a drift space

investigate the performance of the CCD
» spatial calibration — dot grid target (0.5 mm spacing)
> resolution —  Siemens star, USAF 1951 target

measure the emittance of the laser beam

» measure spot sizes for different distances of the lens

g

calculate the laser hbeam emittance —

g

g

(repeat with a different scintillator thickness)

analyse the horizontal profiles as function of the lens position

use the simplest way with only 2 values
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Transverse Emittance

ﬁHELMHOLTZ =
| GEMEINSCHAFT
@ projection of phase space volume , ]
: : - X X

» separate horizontal, vertical and longitudinal plane 4 4
@ accelerator key parameter

»defines luminosity / brilliance

X

@ linear forces

» any particle moves on an ellipse in phase

space (x,X")

. . _ =y X +2a XX'+ B X'
» ellipse rotates in magnets and shears along drifts

) ) (a, B, v, & Courant-Snyder or Twiss parameters )
— but area is preserved: emittance

@ transformation along accelerator

»knowledge of the magnet structure (beam optics) —  transformation from initial (i) to final (f) location

—  single particle transformation —  transformation of optical functions
X Rll R12 X ﬂ R112 ) Rll R12 R122 ﬂ

X' f_ R,, R, |y | al = —RMI;QZl 1+R,R,, _Rlzzqzz la
%FQ_J f Ry -2R,R,, R,, 7).
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Transverse Emittance Ellipse p
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@ propagation along accelerator sy — B
»change of ellipse shape and orientation — area is preserved 14 a22 (s)
TSN

£ = y(8) X(8)" +2a(s) X(s) X'(8) + B(s) X' (s)”

x(s) =/g8(s) -cosp(s) + D _
beam envelope: +/8(s)

\l
7

beam waist:
— minimum in envelope — minimuminp — p'=0 —a=0

von

X' X'
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Emittance and Beam Matrix ﬁ

@ beam matrix

{2 2+ ) -

Z21 222

SZM:\/Zlfzﬂ -2

» transformation of beam matrix

Rll

> =RXR’ R:(R

X
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@ via Twiss parameters

gzyxz + 2a X X'+ [ X

2

@ statistical definition

P.M. Lapostolle, IEEE Trans. Nucl. Sci. NS-18, No.3 (1971) 1101

Epme = \/<x2 ><x’2> — <xx'>2

0 2
2"d moment of beam <X2 > _ j—oo dxx* - p(x)
distribution p(x) ©
[ axp()

> &ms IS Measure of spread in phase space

» root-mean-square (rms) of distribution

1/2

> gms Useful definition for non-linear beams
— usually restriction to certain range

(c.f. 90% of particles instead of [-oo0,+00])
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Beam Matrix based Measurements
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@ starting point: beam matrix z:(zn ZuJ: <X > (%) _ (13 _“j

Su Zp) () <x'2>

@ emittance determination

> measurement of 3 matrix elements X,;, X.,, X, 5
. . £=,/detx :\/211'222_212
> remember: beam matrix o depends on location, i.e. X(s)

— determination of matrix elements at same location required

@ access to matrix elements

»profile monitor determines only 0 = 4/Zy;

»other matrix elements can be inferred from beam profiles taken under various transport conditions

— knowledge of transport matrix R required yP_R.y2.RT R = (Rn RlZJ
R21 RZZ
@ measurement of at least 3 profiles for 3 matrix elements
2?1 . ab,c a,b,c
] ) , » measurement : profiles o =2
a a a
2 =Ry 25 +2R R, -2, R - 2y

» known: transport optics R,R

—2 — — —2 .
Zfl =Ry - 2;‘1 +2R11R1» .Zj‘z +Rp .222 » deduced: matrix elements 2:‘1, 2;‘2,2;‘2

— more than 3 profile measurements favourable, data subjected to least-square analysis
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Miscellaneous :
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@ transfer matrices

> drift » quadrupole

1 1
Rdrift: 0 1

Lens of Variable Profile Monitoring
Strength, k Screen

Rquaa (F=1/K) Rynire  (drift space) — Ry = Ryrire R

quad
@ fundamental resolution limit
» point observer detecting photons from point emitter — location of emission point ?
X A
./ NA =sind:
AXI BT AR s -9 numerical aperture
observer

emitter

uncertainty principle: ~ AX-Ap, =~h = | AX~ /1
2sin 9
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Emittance Measurement Test Setup
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@ test setup

» screen : Al,O4:Cr (Chromox), thickness 1.0 mm /0.5 mm /0.3 mm

@ calibration / resolution targets » Siemens star: focusing
» USAF 1951-target: resolution
» dot grid target: calibration
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Parameters

@ CCD
» Phytec USB-CAM 051H
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@ sScreen
» material: Al,O4:Cr (Chromox)

Exposure time

1/10.000 sto 30 s

Gain

0dBto 18 dB

White Balance

- -6 dB bis +6 dB

Power supply

4,5V bis 5,5V DC

Power Consumption

Circa 250 mA bei 5V

» thickness: 1.0 mm /0.5 mm /0.3 mm

Resolution 2592 x 1944 (5 MPix), 2048 x 1536 (3,1MPix),
1600 x 1200 (2MPix), 1280 x 960 (1,2MPix)
1024 x 768 (0,8MPix), 640 x 480 (VGA)
Model USB- USB- USB- USB-CAM-152H
CAM- CAM- CAM- .
051H 151H 052H o] dOT gr'ld 'I'ar‘geT
—
color / monochrom monochrom color A 2 — I II . "l —
Sensor Format 1/2,5° s SpaCIngZ 05 mm — "l_
Image Sensor Aptina MT9P031, CMOS 3 =
Pixel Size 22 pmx 2,2 ym 4 =
Color format Y8 | RGB32, RGGB (Raw) :
Lens Holder C /CS — Mount q USAF 1951 Tar‘geT g =
fps 6 fps to 52 fps HPH H =
- oo
Dynamic Range 8 bit WI kl pedla SayS
Shutt Rolli . . . .
— 4 e_';_ : 1 4\2‘ n9 The 1951 USAF resolution test chart is a resolution test pattern conforming to
I - . . . . .
ght sensitvity DAL MIL-STD-150A standard, set by US Air Force in 1951. It is still widely accepted
Interface USB 2.0 High Speed
— 101 °P to test the resolution of optical imaging systems such as microscopes, cameras and

image scanners, although MIL-STD-150A was cancelled on October 16, 2006.
The pattern consists of groups of three bars with dimensions from big to small.
The largest bar the imager cannot discern is the limitation of its resolving power...

Feature (optional) - ext. - ext. Trigger, Number of Line Pairs / mm in USAF Resolving Power Test Target 1951
Tri Digital-Output
[;:g:?;r igtal-utpy Group Number
Output Element 1 2 3 4 Z
Temperature range -5°C bis +45°C 1 200 4.00 8.00 16.00 320
Dimensions (B x L x H) 36 mm x 36 mm x 25 mm
: - 2 224 4.49 §.98 17.96 359
Fixing 1/4* and M6x8 on all sides
Weight 70g 3 252 5.04 10.08 2016 40.3
Connection USB Mini-B 4 283 5.66 11.31 22 63 453
Feature- Connection - Hirose - Hirose 5 317 6.35 12.70 25 40 50 8
HR10A- HR10A-7R-4P
7R-A4P & 3.56 713 1425 28.51 57.0
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https://en.wikipedia.org/wiki/Optical_resolution
https://en.wikipedia.org/wiki/US_Air_Force
https://en.wikipedia.org/wiki/Microscopes
https://en.wikipedia.org/wiki/Cameras
https://en.wikipedia.org/wiki/Image_scanner

CCD Readout: Introduction
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@ readout program

» histogram of grey values

Histogram

4008445

PHYTEC Vision Demo 2.2

Devi

() |

- v | &  wo% v‘@

@75 1H (17310008) v | R [

|~ |n2 2
v | [ Ros2s (2s02x1944)

v 1 | ;put -na
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= 5T

v|es 599 vt o £ v

_—

V_,-,' USB-CAM-051H (17310008) [100%] [live] [6 FPS]

[

| Grayscale

b |

| Visualize Zeros
Scale
Linear
@) Logarithmic
Clipa 1000

[ n
Device Properties - USB-CAM-051
Exposure | Partial scan | Special
Gain _J
Exposure o) 1/139 sec
Auto Reference ™) 43 :
Auto Max Value 30.000 sec = | Auto
Help | Update | | Default | | oK |

—

Device —

» CCD control parameters

Properties
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CCD Readout: Introduction
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Start/Stop acquisition — Device — Live (Shortcut: Ctrl + L)
CCD control parameters — Device — Properties
Save image — Capture — Save Image (Shortcut: Ctrl + U): save as Jpeg images

File] Device l|Capture] View Window Help
DR @E) N o oy v |® @ m% ~ |0 00700 Ev |82

Device | US8-CAM-051H (17310008) | ~ | e ma- || 1o [Rep2s 2592x1049)  ~| 1B~ | mput | -na - - | T o ¢ ey
CCD type readout format readout rate
(RGB, 2592 x 1944 pixel) (5.99 frames per second)
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I'mageJ: Introduction m :
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@ press icon access to start panel

File Edit Image Process Analyze Plugins Window Help

sw|4le|A| | |~

I8 O| || <| 4|+ |x]Ala] @O o=

@ load image file — File — Open  (Shortcut: Ctrl +O)

@ select ROI: in start panel: select left button (below “File”), usually already pre-selected

then with left mouse button: draw rectangular ROI _

(Shortcut: Ctrl + k)

@ plot horizontal projection — Analyze — Plot Profile

Plot of 8_0c E=E
2137.67x163.87 pixels (530x255); 8-hit; 132K
- T — T T
100 _
g
B
a0 1
- . 1 . M- . 1
v
0 a00 1000 1500
'3 Distance (pixels) 4
List §| Save..] More = | Live
list data points save data as Excel sheet (required for profile fitting)
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Imaged: Inftroduction
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@ profile fitting

» load profile data:

» delete bad data:

» select fit function:
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— Analyze — Tools — Curve Fitting...

Straight Line - Fitl Open Applyll_Showseﬂings

—

4]
1
2.
3
4
5

.00 0.00 -
.00 0.30
00 4.50
.00 §.00

load data file

.00 18.00
.00 24.00

IGaussian =| Fit ﬁ}pen | &pply | [ Show settings

0 14.781 -
1 14.793 M

fit profile data

_(x-¢)*

y=a+(b-a)e
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> fit results:

1 }r:a+{b—a]” -C) = (- (2%d*d |

2832.56x203.48 pixels (530x255);, RGE; 528K

| Gaussian

150y =a+ (h-ay*expi-(ec)*(e-c (2

Fa=15.42796

[ b=17017305

= g
100Hd=103.03230

= P = 0.0006

50—

1 o-width (in pixel) 0 500 1000 1500 2000

List | Save... | More = |

@ additional data fitting

» create data file — e.g. simple ASCII text file with Notepad

» repeat fitting as described before
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