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Purpose of this report -

Can “1st MC” be replaced with “PMC” ?
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Difference between MC _and PMC S

+ MC and PMC are the same things because both MC and PMC use characteristics of transmitted light
from a optical cavity.

*  Naming of MC and PMC are derived from supporting of mirrors.
— MC: All mirrors are suspended by pendulums and are housed in vacuum chambers.
» Low frequency: All mirrors fluctuate independently.
» High frequency: Pendulum suppress mirror fluctuations.
— PMC:All mirrors are glued to a rigid spacer.
» Low frequency: Mirror fluctuation depends on the spacer.
— It mainly depends on the thermal expansion.
» High frequency: Resonance of the spacer should be cared.
*  How to select MC or PMC
— Long cavity => MC
« MC: Each mirror is supported by the independent pendulum, and is housed in the vacuum
chamber.
« PMC: Spacer’s resonance comes to low frequency and its amplitude becomes large.
— Short cavity => PMC
« MC: Mirror’s fluctuation in low frequency is too large.
« PMC: Mirror’s fluctuation in low frequency is not large.
« PMC is easier to be operated than a suspended MC.
— If both PMC and MC have the same performance, PMC should be selected.



Summary (1) S—

«  Criterion for determining of the change “1st MC => PMC”
— LCGT'’s sensitivity is not be degraded by the change “1st MC => PMC”.

« If 1t MC => PMCs, there are a lot of advantages;
— Installation of input optics (modulators, Faraday isolator etc.) will be quick.
« Because all components before 2"d MC can be set in the laser room.
« PMC can be tested before installation.
— PMC is a rigid cavity, which is easier to be operated than a suspended MC (15t MC).
— Beam profile after PMC is fixed.

« Realignment of components after the PMC will not be needed after replacement
and maintenance of the laser.

— Components after PMC: modulators, Faraday isolator, 2"d MC, etc.
— Laser can be replaced easily and quickly without any risks.
— Cost of vacuum chambers, pendulums, large mirrors can be reduced.

« Area for 15t MC should be prepared.
— In this 3-year term, PMC has a sufficient performance, but in the future, 15t MC may be
needed to improve the sensitivity of LCGT.

— Additional excavation is impossible, but vacuum chambers can be add in the future.
— This area will be convenient for quick installation in this 3-year term.



Summary (2) S

« The main role of 1st MC (PMC) is the reduction of the RF intensity noise of the laser.
— Suppression ratio of the current design (15t MC) is about 103.
— Finesse of the current design (15t MC) is so high that thermal problems will occur.
« Finesse should be lower (1720 => < 500).

« Tandem configuration of 2 low-finesse PMCs has the same performance as the current 1st
MC.

— “Round-trip length = 2 m, Finesse = 200" x 2
— If RF intensity noise is problematic, one more PMC will be added easily.

« Suppression ratio of RF intensity noise

f1 =11.25 MHz f2 =45 MHz

Current design (L=20m, F =1720) 1.2e-3 2.9e-3
Modified current design (L = 20 m, F= 500) 4.1e-2 1.0e-2
PMC x2 (L=2m, F=200) 1.1e-3 9.4e-5

PMC x1(L=2m,F =200) 3.4e-2 9.7e-3




Suppression ratio

Current design (L=20m, F=1720)

- Modified current design (L=20m, F=500)

PMC x 2 (L=2m, F=200)
PMCx 1 (L=2m, F=200)
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f1=11.25 MHz f2 =45 MHz
Current design (L =20 m, F =1720) 1.2e-3 2.9e-3
Modified current design (L = 20 m, F= 500) 4.1e-2 1.0e-2
PMC x 2 (L=2m, F =200) 1.1e-3 9.4e-5
PMC x 1 (L=2m, F=200) 3.4e-2 9.7e-3




Schematic of current design._______________

In this vacuum chamber, there are
®Faraday isolator

®Modulation unit ond MC
®Mode matching telescope.
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Schematic of new design (15t MC => PMC).
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Role of MCs SR

« 1tMC (L/2=10 m) « 2WMC (L/2=13.33m)
— Very important — Very important
« Reduction of RF intensity noise « Transmission of RF sidebands
— 11.25 MHz
— Important — 45 MHz
* Mode cleaning — o (for alignment sensing)
« Reduction of position fluctuation * Mode cleaning
» Reduction of position fluctuation
— Not necessarily * Frequency reference
» Frequency reference — FSR =11.25 MHz
 Polarization discrimination  Polarization discrimination

— Not concerned
« Reduction of RF intensity noise



Design of PMC

* Round-trip length =2 m => FSR = 150 MHz
* Finesse =200

« To avoid the resonance of a supporting body, the size of the body should not be large.
« Typically, smaller than 0.5 m.
* To make long length, folded path can be used. => 6 mirrors

» Loss of high-reflectance mirrors affects on the transmittance of the large-finesse cavity.
« Since finesse of this design is sufficiently low, this is negligible.

« Laser power density should be lower. => Beam radius on mirrors should be larger.
» PMC has a possibility to realize lower power density on mirrors than 1st MC.

* Mode deformation caused by the heat should be smaller.
* Mirrors whose radii of curvature are small should be selected.
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MCEPMC®DELN

ELLLAHIRBOEBILDHEEZFIALEIOT, ARG HERKRL.
HHEIRBEERTIHEDOXFAEDENTHENSITTULS (BAEGERIEELY).
— MC: 9 RTDEFEZHO>TLDHREZEEICANDS.

o ERBIK: T RTOMMNMILIZIENS.

« SR RARYFTHIRSNTLSDT, FENGRLY.
— PMC: I R TDHREBEAERAR—H—[Z5RYFFTH & EXPITEL.

o BRIR: AX—H—I2RY AT TSSO TLEEERRIFENIZLY.

— ARN—H—DRIRTRED.

* BRI AR—H—DOHIRZRIRT 5. AAOENERIRT S.
XFAEDFEEZENLT, UTOXRIIFENTITTNNS.
- RULHIREE => MC

¢ MC:ERZRIRICKXFQREZEICIDZERDELSENDLZLDT, ANTWS.

« PMC: Rl &, AR—H—DHIRAVEREK & XIRIZIZEAD T, FRE.
- "L HRes => PMC

* MC:ERIRTENIELZDT, FRE.

¢ PMC: AR—H—[Z{2DL\ TS DT, EREKTENNDGELMLTLNS.
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¢ “StMC =>PMC” ZTEDF|MELE.
— “1StMC =>PMC” DOZEFEIZ&KY, LCCTOREMIRZFIMGL.
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e “IStMC =>PMC” IZLTf=&ZEDF &
— ABHAFERDAVRN—ILHELSET TES.
« 2MMCHIE TCORERFEZL—Y—EEICRETESHMD.
o BRIOTAEHEIZTES.
— m2=MCIZLEART, BIEMCOA MKW (AVIIZESLIBFE) NAFFE.
— PMC#OE—LTOIZ7AILITEIZ—FE.
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— PMCEBDNER T75T7—T74A4YL—4, ZF1=vhk, 2d MCHE
— PMCHRIDXZFERDEFRFAZI XTI NI, 220DOL—F—DUIENT CIZTES.
— FAIREZE, 1P MCRARIS—LGEICET HEM - XN EHIBI TES.

« ISUTtMCHMDAR—REIFIIAETAE.
— 3FERAIIZIF1It MCOEENIPMCTHRED, 10FEREFEZT=EE, 1StMCHOEKTTFHETD
HRENHELDIZES.
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« ISIMCOELGREE, L—F—OZEARRBTORERST (RFEERT) DIERE.

— RITESMC) OHNELEIEX3HTIERE.

- WITRUACMC)DIARRIIKRETET, A REIZGDETREMENHD.
o TARRZE1720M 5, S00LLFIZTIFHARE-HEENKI1/3ELS.

o 2EDEIARAPMCEMAEHEDHILT, BITELRILNITA—TUREEHRTES.
— “Round-trip length =2 m, 743X = 200" x 2
— 3L, RFEEE#ENSOIZHEELD, $D1DOPMCEIENDT CETERRETES.

+ RFZEEH#ETOHIEL.

f1=11.25 MHz | f2 =45 MHz
B4TEE (L=20m, F=1720) 1.2e-3 2.9e-3
HAFEDBEE (L=20m, F=500) | 4.1e-2 1.0e-2
"PMC x 2 (L=2m, F = 200) 1.1e-3 9.4e-5
"PMC x 1 (L=2m, F = 200) 3.4e-2 9.7¢-3




RFREE OHNELE

—— Current design (L=20m, F=1720)
- Modified current design (L=20m, F=500)
—— PMC x 2 (L=2m, F=200)

— PMCx 1 (L=2m, F=200)

Supression ratio
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Supression ratio

10 .;O 10 0 5101520253035404550
Frequency [Hz] Frequency [MHz]
f1=11.25MHz |2 =45 MHz
HITE (L=20m, F=1720) 1.2e-3 2.9e-3
IRITEDIEIEE (L =20 m, F=500) 4.1e-2 1.0e-2
PMC x 2 (L=2m, F=200) 1.1e-3 9.4e-5
PMC x1(L=2m,F=200) 3.4e-2 9.7e-3
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ASFFROEE (1St MC => PMC Z)
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¢ 1StMC (L/2=10m) « 2dMC (L/2 =13.33 m)
- XEEIEH - XEEIEHB
- RFERE#EDIRE. 5 AN N B. 31|
— 11.25 MHz
- EEIAH — 45 MHz
« E—FHY—2=U4G — o (PIAAVMETEER)
« MEELST DR « B—FY)—=U0
- FIEELSTEDIERE
— WIBTIIERNZE. - FAIRBSHE
- FR#¥SE. — FSR = 11.25 MHz
« RAFHEOHRE. « RAFHEOHRE.
- BELIGLTKNE.

- RFEBEMTDRE.



PMCOTH A2

* Round-trip length =2 m => FSR = 150 MHz
« J41A =200

« PMCTHAVEIZEET AL

o UUYRRTADOHEEEZEL, HEYKRSLAWEEBHIZ0.5m UTDHAX).
o HYRLT, ESFIRC => 6D THERL.

o TARREKRELT BHE, ERFITST—THOORLEK.
o BIARREDT, BITEDIVFELRIMEREDED TS,

« ST—ETOE—LBEERELT, L—HF—ND—ZFEEFTIT5.
« WMITELFRTBELTICTHIELIEAEE.

o BZEDE—FDEI~ADEEEHR/NEIZHIZ 5.
o HEBRMHEBFFZEONILGIS—ZFFERAITNIEELL.
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