Loss Dependence on Beam Position
in the Arm Cavities of aLIGO
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What did | do?

Optical loss in the 4km arm cavities
High cavity power - O High sensitivity!!
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Where do the loss come from?

1 Geometrical loss

2 Scattering loss




Clipping model : Loss(d)
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Clipping model : Loss(d)
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Simulation results
Clipping model of ITM
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Experiment

* Diagram of optical configuration
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Reflected power [V]
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Analysis

my = P+ P

my = PKIT/R,

ms = PoK[ri —re(T; + R))* + P

mqg = T
_ Lequity X Finesse  Leayity — /TiTe
N mC B c 1 —r;re

(K = 1/(1 =rra)])

+ R, = (1-50x10"°% T,=50x10"°

mqy, My, M3, My = Ty, Riry = Lyt =1 —Tiry — Ryt

(cf. T.Isogai et al, Optical Express, Vol.21, No.24(2014))
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Init

1.TMS (Dalignment

ial alignment

>Green beamZBERIZHE

2.ITM,ETM @ misalign
> 5cB%|Zscattering
3.ITM M alignment

SRed beamZITMD LM

4. ETM@alignment

>Red beamZBE R IZHL
5.IM4&PR2M alignment
—>Red beam D KX EZ i@k

6.B FERZTAILT, 3

EE1~5% R {8




V4 ~
,/ “~~~
” S~
g R
, SS
PDA100a S eo
/’, N
Ud
/,, \\N‘x
S
MC3 N
IM1 IM3
—= I

!

/
4 MC1
fi ——
(adls

I PDR2 POP

M2 M4 I—IPRM -

r

IMC IMs

Vacuum enclosure

e |
)

E \ 4
¥$é

L g
[ ]

Lcavity




ITMX At 2014-07-21-21-52-54 UTC




ITMY At 2014-08-16-03-06-43 UTC




TMY At 2014-08-16-05-11-01 UTC




Main noise source

Any cavity = =the ringdown speed of T
detertermined by cavity length and finesse
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Reflected power [V]

On-resonance
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—arm

Loss in each arm
F

-—-=-&-=- X

700 LT R EEr EETEEPEEPEERP

| | | |
o o o o
o o o o

900
B0 [+ -+ e e e R
700

HEm& mmso_ Q_muvcmom

20 30 40 50 60 70 80
Offset [mm]

10



n/s%O)"K.ﬂﬂ’thd)T i&
« JMEDEWMD A

Loss = L(my, mo, m3, my)
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X—arm measurement & Model
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—> Where did the other 30 ppm come from?



Y-arm measurement & Model
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Scattering loss ITMY: unknown ETMY:36ppm
- ITMY scattering measurement is needed.
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* Round trip loss
50 [ppm]/arm
JEHRT DI
Scattering lossDN R ZFIEKRT HNLEHY
DENPSEIZLDE—FL TR
QMNP 5 F[IZ L SHrandom scattering
QB FTIRME(T S ? )Tk Bscattering
L EURR I 1E30~50[ppm]EE A ?




Summary

© Round trip lossbeam off-centeringl ZX} 9
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O Round trip lossEx#2 BiRZEDEIR A g%
(Hopefully)




Further works

e Statistical error
More measurement at each beam spot
e 2-dimensional loss measurement
Measure in other directions from the center

* Scattering error
ITMY!!
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Thank you for listening!




Time constant of IMC ringdown

Transmited power{V]

IMC ringdown
: | | | l Ploted Idata
*1 Model function H
t’ Model function
fity = Aexp(-t'B)+C
£=4.03
s:_a,a?z-_oa .
o ! Not clean ringdown
_ [
{  Quicker lock loss?
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Time[s] x10°

Mean [s]

Standard error [s]

Standard error per [% ]
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Camera calibration
< 640 pixels >

340[mm] ITMY At 2014-08-16-03-06-43 UTC
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