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Background: 72EPIZEXDDOH? (1)
» ITM/ETMDBRZR(g-factor)(FRE D TLA D Tz,

» g-factor MIE(FRED>TH D (g19, = 0.475).
LT D2DDIEMEICR SN TULE,

Negative g-factor set Positive g-factor set
ITM curvature: R; = 1.68km. ITM curvature: R; = 14 km
ETM curvature: R, =1.87km ETM curvature: R, = 7.5 km

PI=Parametric Instability
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Background: RXEPIZZX DM ? (2)
y BEENHIHEI(ASC)DE =M SnegativeANKUY [1].

» UL, negative TIEPINEIEERD T ULEWLHOHND,
—ZCC. P/NMIFADIREHIC DUV TCPIZHENSD THD,

" positive | Negative
ASC X O
PI ? ?

[1] Y. Michimura, LCGT f2f mtg in Aug. 2011:
JGW-G1100533
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Introduction: PI&I(&? (1)

» SHMEE— RIEFPFv E
74’ ODEZIK = I\EOO%_:
SNDOTEME— R
TEM,,,, Zhfc 9 D,

» TEM,,, BEc. HZHF
ICETHEE— K=
e 9 S

Scatter
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Introduction:

PIZ(E? (2)

» COBADILICKD T,
BF & U CHEE— RD

78 it -

— =
_/’/‘E-l_

oOvIICHZfExZE/-

LD

Scatter
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Introduction: PI&I(E? (3)

» PINEECDEMHFIILLTFTEREINDB[2]:
R>1,
_ 2P Qm QPR QRSE
R=L CLM w2 <1+( Aw )2 T 1+(Aw—ARSE)2) A,

SwpRr SWRSE

A: overlap factor between the optical mode and
the elastic mode,

Aw = wog — WTEM — Wm, |
wy, . angular freq. of the elastic mode.

R(F“parametric gain” EME(EIN S,
HMFINTDHFE— RICDNTED.

[2] V.B. Braginsky et al., Phys. Lett. A 287,
331(2001)
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Introduction: PIC(X7? (4)

il ETEMMonodS|2

A =—
J uzav [|ETgm|?dS [1Egol?dsS

»  TEME#EMEE— POZERIMIZAZIR & BIRE —E
U2 EEPINEECD
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g-factordiR
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Strategy: fRIZETE LIZDH (1)

R=2 chIIJVI a?;nz (H(QZE )2 + 1+<AiriiiSE)2> A

Swpr SWRSE

» Ry, RRDVENZENDEKRBEANTEILTDE. EE—
REfRANEIE T B,
—(R,R)FHETERXDE., —EPDMEIHTIEIRMNAKE
<IED D35,

» FUEETE(CIZCOMSOLEMATLABZEHULE
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Strategy: EDW> CETRUZDN (2)

R=2 Ci}I\)/I a?::z (H(QZE )2 t 1+(AS)§115E)2> A

SwpRr SWRSE

 Elastic modes(<150kHz)
(frequencies and shapes) COMSOL

« Overlap factors A

Braginsky & ADiaEX (C KNE
TEM88EZTEEINIE+D 5 LLY

« Parametric gains R

through changing Ry, R, by 2% iaI=AE
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Parameters

» Mirror radius r = 110 mm
» Mirror depth d = 150 mm
» Mirror direction c-axis .
» Power in the main cavity P = fo = (b s Lny)/2
041 MW e -
» Wavelength 4 = 1064 nm o o T
» Main cavity length L = 3000 m
» SR cavity length Lggc = 66.591m "t R ™
) g-faCtl%rg of mechanical modes — Lm“Lm:M_X Larm
m — - :; \T
» Finesse F = 1550 o8 | T
» Power transmittance of the PR 153, 4!
mirror Tpg = 0.10 | 7
» Power transmittance of the RSE o
mirror Trsg = 0.37 SR3 |—_L| :

» I ATOEETYVILIEBHST A
DEFEFIHERZ FAU T,
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Result (with PR and detuned RSE)

Max. of the parametric gain log! C77

The colored areas show
where R > 1.

Max. of the parametric zain log1 O(R)

[EII"GLJHCJ F1=1680 m, E2=17280 (around R1=14000 m, R2=7500 m)
R 7650 Y Em
r ) "'L L £ kT
— 1900 ' S |
i= AT 5 T : 7600
o~ N S YRR AL I =
' a0y | B ss0
» 1880} L]
- 5
T = 7500
2 5
& 1960 2 7450
E - - 7400
1840¢ "N
N Y . - e . R 3 _
1 660 1680 1,700 7390 138 139 14 14 14
[Th Curvature R1[m] [TM Curvature R1[m] x 10°
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Result (with PR and detuned RSE)

The colored areas show
where R > 1.

' ' oy
hWax. of the parametric gain loglC Max. of the parametric zain log1 O(R)

[EII"GLJHCJ F1=1680 m, E2=17280 (around R1=14000 m, R2=7500 m)
B 7650 oy e
— 1 900¢ a T . AR '
K - N M 7600 R X!
i o SRR T DR \\
-, ' SN Y S ee] |
01880 N - NS |
= i 5
i = 7500
c :
A~ 1860 © 7450
= —
— ~ 7400
18400 Ay
. Y 3 )

1}66[3. 1580 1 700 Fach case has the domain R > 1,
[TM Curvature R1[m] but it does not seems so bad
15 TSUBONO (not always R > 1).



Discussion (positive g)
» max(R) = 4000

Max. of the parametric gain logl O[R)
(around R1=14000 m, R2=7500 m)

V7 = 7650 mw—wm
» COHMALZIER > 1): AR
JE00
C
23.9kHz &%

ETM Curvature R2[m]

» TEM20&Doverla pb\\EEﬁE 7400 -
AREUN, "

138 109 14 141 142

» CIC éiﬁ%{rj‘/jn(i‘&b\o ITM Curvature R1[m] «10°
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Discussion (negative g)

» max(R) = 16000

(positived)ctédi DAERE Max. of the parametric gain logl O(R)
(,\) (around R1=1680 m, R2=1780 m)
i\ . — 1900} N .
» COMICUTD2DDE— KA E
REZEICIEDDB: o
A B L1 280¢
\ i//,/ I g
~ — y 5 1860
| f J =
Hg40t VAT N 3
74.9 kHz 75.4 kHz R . N o}
1 660 1680 1,700
» A, BEEICTEMO2 &Doverlap [TM Curvature R1[m]
PNEBARELY,
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Conclusion

» NegativeDIE W AREZE(CIRD DD METE— ROEHZ0),
(B CEIETHZRRMZ(EUTZESE. HZERD/NE0)
negative®A Mg =1 - L/RISKDKELL LT D)

» PIDBIGNARBREE (IRSRETESTHS
(Not Always R > 1),

» UMUP/NEBSB(ICUS. PlIFEEID DD,
(PIDwIREEZ TR (CHIFR I D 2 LETERWN)

» PIDXRZEZER CHBEEDD,
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Summery

—"Positive | Negative_
ASC X O
PI N\ N\

y AT ADASCLR— MMCKD T,
negative glCiRTE,
(@ the MIF meeting 1/19)

» 212U, PLEHREC D D 2D TRISH DI RISHE,
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Risk: PIZEe C UDDEX

y T — ROBKREHNFEMTOSTEENS LB
ElCEOTRCD

1. FEMODEtEEEEZE(1~5%)

2. RRRRICKDEMETE— FOBEBREKREDZEAL

3. HIROZLICKDtEE— FEIKREDZEIL
(MO TH v EFr OHIRIE(~30HZ)ALZE
1t93D)

RUFRRE

REZL
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Provision: 1% (1)

y ZOOF1T—HICED
CTAREZEET— ROQEZ
MR BD(MESTADTA

il

Hx ) r
7/ ) - by‘%pctisastors.
y —F& )L, ——>" —
s RIFEED TFHBINS |
A UELT
3 ?
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Provision: %1% (2)

» mfE CHIERZ HliE S [4] Zhang et al., Phys.
(STEMBERBRDHIPIZZE  Rey. Lett. 94,

16) [4] 121102(2005)

» AdVLIGODIR T &, 'RE
Z1IKTHIZEMN10M(1%  heating -
EE)ZIEIT DS UL,
(FRDORFRBE LD 2EE
THWY)

» KAGRADR(IC DWW TESR

RTEHE L BB CH—BLETSRENT S,
> CHECERREHDT FHLWJ 1 ZDEAER)
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Provision: Xi5& (3)

» Braginsky® 771577
] ETM

» ETMODEAMSD—U

L —85—=ANs3 = ->
—ETMARNHEIREZE U

TE)L\Cdetuningd 11 <€-= i
(JPI%ﬂIﬂiBnﬁ

y FEMMC T ZUVN(RZ 1% |

Bz 5NS?)IFE \[/5] E/E Brac_:JFl)rp]sky,Ls.t Ft>.

[TMIZ{ED & EEIT yatchanin, Phys. Lett.
& o A'293, 228(2002)
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Appendix A: Calculation error

» Q. By setting the curvature requirement like

+1%/-0% (not +0.5% as usual), can we get rid
of the PI risk in advance?

» A. Since the error of FEM calc. is 1~5%, the

error of max(R) should be > 2%. So we cannot
get rid of the risk completely.

(To get rid of the PI in advance, the error of the
FEM should be « 0.5%. And there is no such a
method.)
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Appendix B: Check with the old result

» Often reported that the I v
FEM CaICU|at|OnS return 5 ‘
with > 1% errors. e

[ -

» Check with the 5 cOmesz from~I_ ]
Yamamoto's result(old
parameters) [3] :

%My result agree with it s ETJ@S%w;ch{)?[m] 7300 7400
by < 2% errors for the 1000 p
peak position and value. .
—>0K S 100k
[3] K. Yamamoto et al., : U
Amaldi proceedings(2009) N

6900 7000 T100 TIO0O0 7300 7400

Curvature radius of a mirror [m]
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Appendix C: Loss of higher TEM modes

» Higher TEM modes have large power loss at
MIrrors.

» So, the finesse becomes smaller than F = 1550.

» Q. How is that effect?

» A. The highest peak comes from TEM20&02,

and their power loss are about 3 ppm. So that
effect doesn’t make role.
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Appendix D: Beam miss-centering

» A beam miss-
centering might be
occurs with 1mm
error.

Miss centering

» Q. By this error, the

PI occurs?
A changeg

» A. No. (By miss-
centering, R changes
only 1%.)
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