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Status of phase camera simulations
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Monochromatic

laser 1064 nm
Phase camera

Faser 4 detecting beatings
from van der Schaaf thesis f‘ + 80 MHt L PD

Laser frequency
shifted by 80 MHz
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QUiCk baCkground Carrier Sidebands Reference
Y 4 % @ beam

Total intensity circulating in
y g ‘ I(Ia Y, t) = lEc(xa Y, t) + Eusb(xv Y, t) + Elsb(-ra Y, t) + Eref(xa Y, t)|2

the SyStem = DC-term + PDH-term + 2 f,-term + PC-term,
DC-term = |E¢(z,y)[* + | Bus (2, Y)[* + | Bisp (2, y)[* + | Bret(z, y)I%,
PDH-term = E.(x,y,t)E(z,y,t) + EX (x,y,t) Eusv(T, ¥, )+
+ Ee(x,y,1) Eg(z,y,t) + E(z,y,t) Ewn (2, y, t)
[Beatings] = 2|Ec(x, y)|| Busp (2, y)| cos(2m fant + (dush — bc))+
+ 2|Ec(z, y)|| Exsn (2, y)| cos(27 fant + (P — Pisb)),
“Direct” probe of 2 fop-term = By (2,y, ) Elg, (2, 4, ) + Efg, (2,9, 1) Eusn (7, 9, 1)
fields = 2[Eisb (2, Y)|| Bush (@, y)| cos(4m fapt + (Pusb — Disb)),

PC-term = E (z,y,t)El(x,y,t) + EX(x,y,t) Eret(z, y, t)+
+ Eusb(7,y,t) Efe(7,y, 1) + Eig, (2, 4, t) Brer(@, y, )+
+ B (2, 4, 1) Eree(@, y, t) + Eigy (2,9, t) Eret(2, 9, )
= 2|Ee(z, y)|| Evet(z, y) | cos(—27 fut + (de — ref) |+

Fielo! intensity we are W | 2B (@ 9| Eretl, 9)[feos@n(fop — fu)t + (usb — Grer))
IntGFEStEd N -+ QIElsb(;L', y)HEref(xa 'y)l 05(277(_be - fh)t 5 (¢lsb - ¢ref) )
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. phase_camera Frivate ® Unwatch

Collecting things

Currently collecting simulation p man = | 1 18a0ch © g Q cotone o naate -
C O d e S i n g it h U b . Imirasola including plane-wave simple setup (missing plot part) 2acbc71 - lastweek O 3 Commits

[ LICENSE Initial commit 4 months ago

. . [ finesse_manual.pdf first commit of the repo 4 months ago

G et I n to u C h If yo u Wa nt to b e [ simplest_setup.py including plane-wave simple setup (missing plot part) last week
i n C | u d e d ! D thesis_L_van_der_Schaaf.pdf first commit of the repo 4 months ago

[ try_finesse_HOM.py first commit of the repo 4 months ago

[ try_finesse_phase_gaussian_beam.py first commit of the repo 4 months ago

C O d e S b a S e d O n fi n e S S e p a C ka ge [ try_finesse_simple_setup.py first commit of the repo 4 months ago

00 README &8 CCO-1.0 license

T AT J

S (-
G Add a README
~~ \) - 1 ne s S e Help people interested in this repository understand your project by adding a README.

(Frequency domain INterfErometer Simulation SoftwarE)

Note to myself: add instructions for conda env




Plane-wave studies in finesse [

Implemented “simple setup” in
try_finesse_simple_setup.py

/ Detecto r\

code = addAD(code, .

for isb i ange (1,nsb+1) :
code = addAD(code, ip{is

beam code = addAD(code, .
EOM . i e = addAD(code M 1ths")
Splltter Coildr. code, 7 . w 1»

Laser

\ Shifted Iasey

Quick insight on what a
finesse code looks like :)
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Plane-wave studies in finesse (2)

- From flelds sum This process can be iterated
N g o , _— . - - over carrier and sidebands
IR |,ll| AlabaL e M
o h||||l [FIH! ll ]! I ” 1t l” ! 14 ]!I!I|
i ~se it sss s-' ; "' i
os | {iii1 '§EF|5 !i" 'i'i! AHIh fitt ! ! ll!n i il ﬁ ' )
;| o .“‘..'i,'","?.,.:r,....'..'":ﬂ.“.ﬁ:iﬁ.u:n "“"ml.‘.ﬂ..li i Demodulation Puemod = VI + Q2
g 04 il u“'i"' !i!!!'l'lll "'I"' il II"ll'u il IIII '|I' i i |'|||
E "-"-:ﬁ:}::qui Li i ':=! ::!:!:u":: :" ::,l i I' il "l ‘u.-l' l::::::::::l::l::: :: I = P(t) cos(27 fagemod t) Pdemod = atan Q
03 i i "||I' Il ittt l il I
I:In :: ::I':u"l" l"" "llli::"ll"'l:" i :EI:JI::'I::.::,:I: Q = P(t) sin(27 fdemod t)
02 |Il! “”il“ﬂi“ ] | |”!I il'i | !!I!l
m i 'i ss:i i 's" ii m
o { IR m n}i :i{ ss.is : i i it :: i{ m
!”l 'l .]! l|hi |’I !ll ; ‘!|!| i ! ! ' i ; '” C t h k ff' bl k
ounter-check of finesse’s “blac

" box” with “by hand” methods
Output power at

the phase camera
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Playing with Gaussian beams i
ZR =
A
Implemented “simple setup” in Ravleioh
try_finesse_phase_gaussian_beam.py =L Pl ;"g range g
[Laser > Detector] i,,,o uwl s

w0 input

maxTEM = i3
:
I
I
1

z0 = 0

” ‘
w max = 4 . HGOO :
spacing = 20 waist do";b,!:qbem plane wave

code = 5
e B= D Anln@e e =i (52).

gl laserl ii {w0 input} {z0}

Additional settings for a
Gaussian beam




Playing with Gaussian beams (2)

Detector at 0.2 m

Power

2504 0,03 ~0.02 ~0.01 0.00 0.01 002 003 004
x[m]

Detector at 0.2 m

y [m]

Phase

4 5:04 0,03 -0.02-001 000 001 002 003 0.04
x[m]

0.012

0.010

0.008

z

0.006

0.004

0.002

0.000

0.0000

-0.0025

-0.0050

—0.0075

—0.0100
e

-0.0125

-0.0150

-0.0175

-0.0200

Detector at 20.0 m

-0.02
-0.03
-0.04

-0.04 —0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04
x [m]

y [m]

Detector at 20.0 m

-0.01
-0.02
-0.03
-0.04

~0.04 ~0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04
x[m]

y [m]

Pure Gaussian beam

0.012
0.010

0.008

0.006 b

0.004
0.002

0.000

0.00

-0.25
-0.50
=078,
-1.00

e

-1.25
~1.50
b

-2.00

No demodulation

y [m]

y [m]

Detector at 200.0 m

02508 0,03 0.02 0,01 0.00 0.01 002 003 004
x[m]

Detector at 200.0 m

~0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04

x[m]

0.008
0.007
0.006
0.005
z
0.004
0.003
0.002
0.001

0.000

~
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Playing with Gaussian beams (3)
50% (0,0) + 50% (1,0) mode

Detector at 0.2 m Detector at 20.0 m Detector at 200.0 m
X 0.04
0.014 0.014
X 0.03
0.012 0.012 0.008
X 0.02
0.010 0.010
Y 0.01 0.006
= 0.008 = 0.008 z
Power E om : E o : E om :
> = =
0.004
—0.01 0.006 % 0.006 _0.01
-0.02 000, -0.02 0:004 -0.02
0.002
~0.03 0.002 -0.03 0.002 —0.03
-0.0 0.000 -0.04 0.000 -0.04 0.000
—0 04 -0.03 -0.02 —0.01 0.00 0.01 0.02 0.03 0.04 —0.04 -0.03 —0.02 -0.01 0.00 0.01 0.02 0.03 0.04 —0.04 —0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04
x[m] x[m] x[m]
Detector at 0.2 m Detector at 20.0 m Detector at 200.0 m
X 3 0.04 = 3
. 0.03
2 2
X 0.02
1 1
. 0.01
P h a S e £ E o 0 e £ o000 0 e
= = =
X -0.01
s i
—-0.02 —-0.02
-2 -2
-0.03 —-0.03
-0.04 -3 ~0.04 -
o 04 -0.03 -0.02 —0.01 0.00 0.01 0.02 0.03 0.04 —0.04 -0.03 —0.02 -0.01 0.00 0.01 0.02 0.03 0.04 —0.04 —0.03 -0.02 -0.01 0.00 0.01 0.02 003 0.04
x [m] x [m] x[m]

No demodulation
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Let’s get a bit more “serious”

Implemented “simple setup”

with GB in try_finesse_ HOM.py 80% (0,0) + 10% (1,1) + 10% (2,2)
/ Detector\ : 2
b e a m E 0.01 0.00008 E . -
Laser EOM . = 0 000006 > = 0
‘ ‘ Sp | Itte r o 0.00004 - =
k Shifted |aser _0‘010.04 -0.03 —0.02 —0.01 xo.[(:;)] 0.01 0.02 0.03 0.04 £.00000 T 0.04 ~0.03 ~0.02 ~0.01 xo.[(:;)] 0.01 0.02 003 004 -
Pure gaussian with 5w, Sidebands’ reconstruction in

next slides
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Let’s get a bit more “serious” (2)

SB1 Up power le— SB2 Up power le— SB3 Up power le—
0.04 0.04 0.04
1.50 2.0 2.0
0.03 0.03 0.03
1.25
0.02 0.02 15 0.02 .
0.01 1.00 0.01 0.01
£
= 0.00 075> 0.00 103> 000 o =
—-0.01 —-0.01 -0.01
0.50
—0.02 -0.02 05  —0.02 05
—-0.03 025  —0.03 -0.03
—0.04 —-0.04 -0.04
—-0.04 -0.02 0.0 9:00 -0.04 —0.02 0. 0:9 -0.04 -0.02 0.0 0.0
SB1 Low power SB2 Low power SB3 Low power le—
0.04 0.04 0.04 1.75
1.4 1.75
0.03 0.03 0.03
1.2 1.50 1.50
0.02 0.02 0.02
1.0 1.25 1.25
0.01 0.01 0.01 _
E 0.00 08 000 100 = p00 Tz
>
-0.01 0.6  _g.01 075  _p.01 %75
-0.02 04  -0.02 0.50 —0.02 0.50
-0.03 0.2 —0.03 0.25 —0.03 0.25
—0.04 —-0.04 —0.04
—-0.04 -0.02 0.00 0.0 %0 -0.04 -0.02 0.00 0.0 0:00 -0.04 -0.02 0.00 0.0 0.00

x [m] x [m] x [m]
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Let’s get a bit more “serious” (3)

SB1 Up power SB2 Up power SB3 Up power

0.04 o 0.04 260 0.04 -2.70
0.03 0.03 265 003 -
-05 -2.
0.02 0.02 270 002
0.01 -10 ¢ 001 _2.75 &%01 ~280 ¢
E i T |
- 0.00 iR 3 0.00 80 go.oo 285 §
-0.01 —0.01 i 20.01
-2.0 -2. -
—0.02 —0.02 —0.02 2:.90
-2.90
-0.03 -25 -0.03 -0.03 .95
-0.04 -0.04 =293 _biga
-0.04 —0.02 —-0.04 —0.02 0.00 —-0.04 —0.02 0.00 0.02 0.04
SB1 Low power SB2 Low power SB3 Low power
0.04 0.04 0.04
0.0 g
0.03 0.03 —2.3 003 :
0.02 05 o002 54 002 -2.3
_ o0l -10 g 001 s 0.01 -24 &
E o000 I 0.00 ~ 1000 g L
> =15 0 .
-0.01 <$_0.01 —2.6 S_g01 ng
—0.02 2.0 —0.02 —2.7 -0.02 '
-0.03 5 —0.03 _,g —0.03 =2
-0.04 -0.04 -0.04 2.8
—-0.04 —0.02 0.00 —-0.04 -0.02 0.00 0.0 -0.04 —0.02 0.00 0.0

x [m] x [m] x [m]




