Beam Emittance

by
3 Screen Method

Task: Measure the Emittance of the Laser Beam




Introduction

Three screen method:
If B is known unambiguously as in a circular machine, then a single profile measurement
determines & by

2
G~ = &Py

But it is not easy to be sure in a transfer line which B to use, or rather, whether the
beam that has been measured is matched to the B-values used for the line. This problem
can be resolved by using three monitors (see Fig. 1), i.e. the three width
measurement determines the three unknown a, g and ¢ of the incoming beam.
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Introduction

Introduction of o-Matrix (see for example: K. Wille; Physik der Teilchenbeschleuniger, Teubner)
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Ems =+/UEL O = \/0-110-22 _(7122 (By - o’ =1)

Beam width . of measured profile = cy#cm = JB(s) ¢

Transformation of o-Matrix through the elements of an accelerator:

M,, M M,, M
“M-5.-M! M=[ 2 M=)
Og = M O 5o M (MZJ_ Mzzj (Mlz Mzzj

L,, L, = distances between screens or from Quadrupole to screen and Quadrupole field
strength are given, therefore the transport matrix M is known.
Applying the transport matrix gives:
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o, =M-o_-M'
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_ M, (oM +0,,M,) + M, (0, M, +6,,M,,) ]
eW = 0%(8y),"™" = Myy°0(Sp)yy+ 2My Ml IV|122 (cp=0y) (1)
transferred beam width ats,  measured beam width at s, unknown

Solving o(s,,),; 6(Sp)1, and o(sy),, While Matrix elements are known: Needs minimum of three
(n=0,1,2) different measurements, either three screens or three different Quadrupole settings with
different field strength.

Ems =JdEL O = \/ 01,0, — 0122 (2)
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By moving screen (together with the camera) one can take pictures from three positions
(avoid the focus due to limited resolution of the optic system). The distance of the lens to
various screen positions can be measured by a simple ruler. The camera is connected to a
Computer where the readout software is installed. The pictures (.jpg) can be saved and can be
loaded into a free software called “Imagel)”” where a profile of an area can be displayed and
the curser position and the value is displayed (8 bit). The o of the profile have to be found for
each screen position and the emittance have to be calculated.



Your tasks in|green frames

Calibration

Use mm-grid to calibrate the
readout setup.

Select ROI (where peaim image will
appear), plot profile, use cursor and

Calibration
Line-

Check:
Do not
saturate
(255)

distance

[mim] pixel 1 pixel 2
| 3| 66| 401
[meter] Cal. Result

3.00E-03|== 111.6667|pixel/mm

All yellow cells will be
calculated automatically

1
200

1
400
Distance (pixels)

List | save..| Mores| Live|




Take profiles at S,

3 different distances

Eearm
lens-screen. Move m s
- =0 = 5=
lense to simulate 3
- = Frofile monitors
posItions.
Hintl: Make the distances equal, sets, =0, s, =s, s;=-s =0
Hint 2: Avoid position at waist (why?) Sl_ Check:
O Op 0-5 O p -« . Do not
o= _ | =ems| = o matrix saturate
O Op o, O, /4 g = deto = 10_110_22 ) (255)
Oy’ measured = M1°01y + 2Myy My,01, + My,® 0y Adjust the aperture so that the image looks
1 s - - : -
M {0 J quite gaussian at its larges size!
y = a + (b-a)%exp(-(e-c)*(x-c)/(2*d=d}))
) _ 2 1209.71x85 58 pixels (528x255), RGE, 526K
] (Sl)measured =0y t 2Sl Gip T S1° Oy
6%(So)measured = 911 + 289 O + So” Oy " Gaussian
6X(S2)measured = O11 + 25, O35 + S,° Opp S _éhn'?i';exp('(x'C}*(x":mz*d*d” 7 &
With s,=0, s,=-S, s,=+s, measured =y = o1s sasas
- d=37.83799
on =0,(0) =o%(s,) R*2=0.9908
N 0'5 (+s) —0'5 (-s)
= 4s
0'3 (+s)—-2-0°(0) +0'§ (-s) 0 ~00 400
O =

2.5°

i List § Save.. ‘ Copy... | H=667, ¥=37.54




Take profiles at |
3 different distances
lens-screen. H iy

Beam

S Sz Check:

FProfile monitors DO nOt
saturate

ake the distances equal, sets, =0, s, =S, S;=-S (255)

nter the screen positons +s, 0, -s and the measured o from fits (in pixel) at +s, 0 and —s into the Excel sheet:
sigma [p] sigma(s) [m] y =2+ oo oo d e [N =

1200 71%89 58 pixals (328x255), RGB, 526K

PIXEL 100 _ ;
g 1. 00E-02 Gaussian 2
0 Bt 37.8)  3.38E-04|Take FWHM/2.36 if not Gaussian! r-a- Garsptooozea) i
80 | b="57.45842 g
1,00E-02 - 51398500
B} B} d=37.83749
5, = 0,00E+00 33.5|  2.99E-04|Take FWHM/2.36 if not Gaussian! = go| R2-05508
1,00E-02
- - 40
. 1 00E-02 30.2]  2.70E-04|Take FWHM/2.36 if not Gaussian!
! [l 200 400 600 a00 1000
X
distance s [meter] _List| Save..| Copy..|x=667, ¥=37.54
(s equal between 3 positions)
Emitts2 2.38E-12|should not be negativ! <
8.95E-08| Emittance: | 1.5415E-06) expected Emittance: around 1 * 10E-6 [m rad]
1.03E-08| (often the unit is written in [ = mm mrad] while 7 indicates that £ is the area of an ellipse) 1 1 d b
3.84E-05 Unfortunately it depends sometimes from one pixel in sigma only, in this experiment The em Ittance IS Cal Cu I ate y the

1 formulas.
e Since the Laser is not gaussian, vary
R e T T s 1 a little(!) the fitted widths. Note how
O sensitive the emittance behave.

0L (45) =0} (=)
0, = 20T

oo - et S => Need of good resolution and
. :w 5:3 = ¢ + 2L s €Qg + L2 reYz E:: Zi;i -_e:)'zfg—*(.ti;?])f;(gLZ) gOOd fitS

e = o{det 0 = o0 — 0y




Without equal distances:




Take profiles at
3 different distances
lens-screen.

Besm
5

== | Check:
Do not
saturate

Frofile moritors

Sets,; =Ly, S,=L,,5,=0 (255)
Enter the screen positons 0, s, S, and the measured c from fits (in pixel) at 0, s;, s, into the Excel sheet:
Width Measurement 5,=0 '“*(b'arwnﬂ

1200 71x80 58 pixels (528x255), RGB, 5
Position[m] L[m] sigma [p] sigmals) [m] 100 o aaian
METER!!! PIXEL  measured L S st enl ) Y
80 [ h=97.45842
Sg 0,00E+00 | 3?.E| 3.33E-D¢I|Take FWHMY/2.36 if not Gaussian! ¢ = 513.99554
d=737.83799
= go | Rr2=0.9908
s, 1.00E-02 | 33.5| 2.55E-04|Ta|-ce FWHM/2.36 if not Gaussian!
40 ;
S; / 2.00E-02 | 30.2| 2.?0E—D4|Ta|-ce FWHM/2.36 if not Gaussian! 0 200 400 600 800 1000
X
(List!| Save. | Copy. | E=667, ¥=37.54

Emitt~2 2.38E-12|should not be negativ! <—

G’ = 1.14E-07, ‘Eminance: ‘ 1.5415E-06 expected Emittance: around 1 * 10€-6 [m rad]
on’= 3.84E-05| (often the unitis written in [ = mm mrad] while 7 indicates that & is the area of an ellipse) h 'tt A I I t d b th
'he emittance Is calculated by the
Three screens at 50, s1 and s2 and L1 = s1-s0 and L2 = 52-50 fo rm u I aS
.

o 2
Cip = =Omeasured At So

B Since the Laser is not gaussian, vary

‘ H] a little(!) the fitted widths. Note how
o9 = Lo —on)- 4o -y .and T4 q

o HED) sensitive the emittance behave.

gt => Need of good resolution and

Knowing all the matrix elements of beam matrix at sq.

o o
& 2‘ Gn” T |the beam optics parameters at sp is
o2

good fits.

then easily calculated as follows,




