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OUTLINE:

-which Radius of Curvature are we interested in?
-fitting strategy:
-choosing the function
-choosing the weighting
-application to VIRGO+ mirror maps
-validation of RoC results by means of FFT simulation of focusing
-check of low spatial frequency parameters by means of Finesse simulations
- piston and tilt
- RoC

-comparison with experimental data

-conclusions




- which Radius of Curvature are we interested in?
T M@JJEGO

The one that can reproduce focusing effects of
the mirror:

-For an ideal spherical mirror this is the same

than the geometrical RoC A B

-For a real life mirror (to be placed in a cavity) it is 2/R D

important to analyze also the “effective” RoC as
seen by the modes.

Looking for an effective RoC




-fitting strategy: choosing the function
M) EGO

Two features to take into account:
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- our choice: a pal‘abOIOid 2 -n_is -n.-1 -0.65 0 n_ﬁs n_.1 n.is 0.2

diskance from center [m)

zZ(xy)=clx*+c2y*+c3xy+cdx+cby+20

it allows astigmatic curvatures, and gives piston and tilt in one shot.




-fitting strategy: choosing the weighting

M) EGO

- what is at the far edge of the mirror should
be less important than what is at the center,
for the sake of effective RoC estimation.

-

- RoC as seen from the beam point of view '
leads to consider the use of beam intensity as _
a weight for the fitting. " .

- our choice: TEMOO intensity with suitable waist

wrzy= 1n2) = |E(gf)|z - (u?iz))gﬂp (;f}f)) ’

(z= 0; w0 =7?7?)

Iterative procedure:

1) use expected beam size on the mirror — find RoC

2) compute new beam size on the mirror using previously found RoC
3) if difference is not below a set accuracy, repeat procedure

End when w0 used for the fitting is consistent with the RoC value

S




M@JJEGO ‘

Let's apply this procedure to Virgo+ mirror maps...




- application to VIRGO+ mirror maps

analysis with make_flat_map - Rich_curv_tilt_hess (( @}) E G 0

I --- ‘

N TOI R Sy rotx oSy 0 RoCawg(m) 218 303

_ _ RoC1 (m) 3285.2 3424.5
oS A T
Z . ny alpha (deg) -76.9 49.8
i EEE
Z Z
yx y Gouy 1 (deg) 72.9 69.4
H-kl)v=0 xtilt (rad) 2.36e-7 1.79e-7
i piston (um) -0.28 -0.23

k, , — principal curvatures
v, , — principal planes

(with angle alpha =tg"(v /v ) )
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- application to VIRGO+ mirror maps

analysis with make_flat_map - Rich_curv_tilt_hess ((@}} E G 0 '

Lcav=2999.9 m; ITM RoC=-1.5e5 m;

B ‘

RoC1 (m) 3285.2 3424.5

astigmatism (m) 25.2 42.5

Beam parameters with IM RoC = -150km

w0_1 (mm) 17.6 19.5 /4

w_end (mm) 61.0 56.4 NE principal curvature axes (alpha=-76.9)

w2 end (mm)  61.6 57.0 (as seen by TEMOO) 3
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How to validate this procedure?




-validation of RoC results by means of FFT simulation of

focusing ({@}} EGO

Mirror

Reminder: the effective RoC is the one that explains
focusing effects of the mirror

Reflected
focused
beam

FFT simulation:

 Reflect off mirror with a gaussian beam with plane
wavefront.

« Find d__ from mirror giving minimum rms point
spread.

 Find equivalent RoC (ideal mirror) which gives
minimum rms point spread at same d__ .

Injected
collimated
beam
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-validation of RoC results by means of FFT simulation of

focusing ({@}}EGO |

- Results of FFT simulation ‘
- Results of fitting with the same mode as a weight

3285.2 3260.2 32615 32839 -76.9 3272.7 3271.4

3306.6 3283.3 3284.3 33055 -77.7 3294.9 3289.9

8.9 3330.8 3299.5 3300.2 3330.1 -81.3 3315.1 3326.9
34244 33819 3399.5 3406.6 : 3403.0 3397.5

3381.5 3346.8 3359.0 3369.1 534 3364.0 3360.0

3391.0 3358.9 3365.6 3384.2 : 3374.9 3361.4

(1) see VIR-0381A-10
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Are results consistent with Finesse simulations?




-check of parameters by means of Finesse simulations: piston

Finesse simulation: Arm cavity with one mirror map, high finesse.

-Measure total power in cavity
-scan TM position over half a wavelength
-find TEMOO resonance position
-use offset of TEMOO resonance to correct further the map

-repeat for the other TM
-check with both maps.

Sensitivity =0.5nm

(Fitting error =5nm)

West Arm simulation - TEM(m+n<=3) - finesse=600

I I
| — Arm Circulating Power

-20 -10 0 10 20 30 40 50
[T position [nm)

(MJJEGO



-check of parameters by means of Finesse simulations: tilt

Finesse simulation: ({@}} EG O

Arm cavity with one mirror map, high finesse, locked on TEMOO resonance.

-Measure power in TEM(m+n=1)

-scan xtilt angles both for ITM and ETM

-find minimum for power in TEM(m+n=1)

-use the tilt giving a minimum to correct further the maps

'repeat for ytllt Marth Amm simulation - finesse m+n= 3
-check with the corrected maps 10 p—
-repeat for the other map 0.04 012

. 0.0z
-check with both maps 101
= 0.02
I
5 0.01 0,08
(]
Sensitivity =dnrad £
ﬁ 0.0
(Fitting error =0.1urad) = 00
=
= .00z 0.04
-0.03
0.0z
-0.04

-0.0%
-0.0% a 0.0%

Al Yixeta [microradiang)




-check of parameters by means of Finesse simulations: RoC from
Gouy phase

RWEGO

Morth arm [

R o = o R westarml] ROC from Gouy phase.

TEM(m+h=2)

Splitting of homs is due
to astigmatism

phi = cos™'(V(g g, )

Powmer [

g=1-Lcav/RoC

(See f.i. Siegman, Lasers)

ITM phase [deq]

l 0 20 40 &0 80 100 120 140 160
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Is it possible a mismatch between

orientation of Finesse basis (likely along x,y) ({@}} EGO

and the “natural”’ basis of the two arms?

NE tem02 (?) WE tem02 (?)

/ Consequences of orientation mismatch?
| —» WORK IN PROGRESS
North ETM principal curvature axes

West ETM principal curvature axes

NormEwdM 0w Sors(ngSry)  21(ng2s)

— — e —————m—

<




Is it possible a mismatch between

orientation of Finesse basis (likely along x,y) ({@})EGO ‘

and the “natural”’ basis of the two arms?

fitting 3324 3300
(tem02 y) (tem20 x)

fitting 3391 3366

(tem02 y) (tem20 x)
/ - better for WE, worse for NE:
North ETM principal curvature axes further investigation needed

West ETM principal curvature axes
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How does the fit compare with experimental data?




( -comparison with experimental data

2JJEGO

See logbook entry 26858 (Beams) by Vajente et al.

WE back
15.JUN.10 #11:33:58amM 2 H.METER

Qualitative agreement:

19
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https://pub3.ego-gw.it/logbook/main.php?area=logbook&ref=search&searchrecid=26858
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-comparison with experimental data

Counts

T2.2 T24 T26 728 T3 T32 734 736 738 74 T42 744 T46 748 TS 7TH2 To4 756

RoC NE (m)

Gouy phase [deg.]

3257 (fitting: 3273)

@JJEGO

North Arm swinging

See logbook entry 26776 (NE RoC)
by G. Vajente

ETM RoC from hom resonances

Average separation between modes.
(ITM assumed to be perfectly flat)

phi = cos™(V(g g, ))
g=1-Lcav/RoC

(See f.i. Siegman, Lasers)
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file:///Users/antonino/Documents/Work/EGO/mypapers/talks/comm_sim_20100618/<a href="https://pub3.ego-gw.it/logbook/main.php?area=logbook&ref=search&searchrecid=26776" class="urlcopy" target="_parent" >A better measurement of NE ROC</a>

-comparison with experimental data

URWEGO | |

10
— Averaged measurement i WeSt Arm SWInglng ‘
CAR 1 Carrer 1 (top stage actuation)
0 _f::lb'm CAR 2 E
CAR 3 1 1 See VIR-0386A-10 (B. Swinkels)
SB 1 ]
Pl cara i ETM RoC from hom resonances
g o8 i | (ITM assumed to be perfectly flat)
£l , i -
- | | i\ ]
[ A\ | /\ 5
10'F {L Hx \ .j H ;/ \'\_ E
f L Iy Vo
/ J‘If III;I'I. \\1 ] I 1 "':rr'fl 1 -x'l ‘\.\L 1 1
0 01 02 03 04 0.5 06 07 08 k] 1

Cavity length (fsr)

RoC WE (m) 3380 3302 3334 3293 3327
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‘
-__

meas. 3257 3327 3357@ 3297@

Finesse (1) 3279 3290 3269 3377 3389 3366

LMAfit.(3) 3300 3410

(1) RoC inferred from gouy phase in Finesse simulation
(2) RoC seen by TEMOO beam in SIESTA simulation optimizing losses, see VIR-0381A-10
(3) spherical fitting over 150mm diam., no weight, see VIR-0381A-10

(a) average RoCs seen by TEM(m+n=1,2) modes, along cavity TEM basis axes
(b) average RoCs seen by TEMOO along map principal curvature axes
(c) average RoCs seen by TEM(m+n=2) along finesse TEM basis axes 22




Conclusions

M) EGO

- paraboloid fitting with gaussian weight (pfgw) shows excellent agreement with FFT
simulation of focusing effects of a mirror map (around 10~ discrepancy for TEMO0O)

- good agreement (<1% discrepancy) between fitting results and simulations
(Finesse, SIESTA) using the same mirror maps.

- around 2-3% discrepancy between fitting results and measured data:
-orientation issues?
-influence of Input Mirror?
further investigation is needed to compare with measured data

- pfgw provides an estimation of effective RoC as seen by the beam better than
usual unweighted spherical fitting — we suggest to use this procedure to specify
mirror requirements for AdV

23




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23

