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ofELEX %10

HERFDINGA—H
BRT primary spherical M1 ROC = 4000mm
BRT secondary spherical M2 ROC = -400mm

ACT M1 ROC = -650mm (horizontal)
%50 \ ACT M2 ROC = 1650mm (hol.)

% OLL $ 91G %

ey N Gouy tel. Plano—convex L1 f = 343.0mm
Gl 001 1 13L Anoo oot | 11 718L Anog

Gouy tel. Plano—conves L2 f=-114.5mm

e ASTH
Incident angle to BRT M1, M2 9 deg.
Incident angle to ACT M1, M2 45 deg.

@ ,
00€ eve 0¢

Ww GZ X Ww 0G () ww 2z} x (M) ww 009 X (Q) Ww 05} Ww GZ X Ww 0G
1ddO Juied xoe|q o/m |N/09SLEIN SqeloyL 2ado

ol

Flipper
Mirror
FM1

° / BRT M2 to ACT M1 100mm
-- / ACT M1 to M2 200mm

—QPDZ Thorlabs MB1560/M w/o black paint —QPD1 ACT Mz tO GOuy L1 1000mm

-50mmx25mm 150 mm (D) x 600 mm (W) x 12.7 mm (t) -50mmx25mm Gouy L_I to L2 243mm

-— {J : 1 Gouy L2 to QPD!1 585.7mm
Gouy Tel. L1 | 100 Gouy Tel. L2 100 75 GOuy L2 tO QPDZ 991 me

H=343.6 mm F=-1145r m

Jne o (Gouy L2 to beam waist 795mm (avg. of hor. and ver.))

L S———2

*Rayleigh+=
ACTE R 37991.5mm (hor.), 38135.3mm (ver.)
Gouy tel.f& 204.8mm (hor.), 205.0mm (ver.)

Breadboard
600 x 800
X 12.7 mm)

Aberration Compensation Mirror ACT M2
Dimension 35 mm x 35 mm

Thickness 10 mm

ROC 1650 mm

Tilt angle 45 deg.

Aberration Compensation Mirror ACT M2 ‘ /

Dimension 35 mm x 35 mm
Thickness 10 mm
ROC 1650 mm

Tilt angle 45 deg.

Breadboard Breadboard
600 x 800 600 x 800
X 12.7 mm

X 12.7 mm)

111.1

Secondary Spherical
Mirror BRT M2

Secondary Spherical f \

Mirror BRT M2 g Aberration Compensation Mirror ACT M1 670 mm (W) x 525 mm (H) 230 mm (D) x 525 mm (H) Diameter 32 mm
Diameter 32 mm | Dimension 35 mm x 35 mm | Thickness 20 mm
Thickness 20 mm Thickness 10 mm ROC -400 mm
ROC -400 mm ROC -650 mm v Tilt angle 9 deg.
Tilt angle 9 deg. Tilt angle 45 deg.

Aberration Compensation Mirror ACT M1
Dimension 35 mm x 35 mm

Thickness 10 mm

ROC -650 mm

Tilt angle 45 deg.

Beam radius on BRT M2
3.599 mm (hol.) +-11mm
2.78 mm (ver.)

Folding Mirror F1
Diameter 160 mm
Thickness 20 mm
ROC infinity

Tilt angle 9 deg.

Folding Mirror F1
Diameter 160 mm
Thickness 20 mm
ROC infinity

. Folding Mirror F2
Tilt angle 9 deg.

Diameter 90 mm
Thickness 20 mm
ROC infinity

Tilt angle 9 deg.

Folding Mirror F2
Diameter 90 mm

Thickness 20 mm
ROC infinity

Tilt angle 9 deg.

Beam radius on F1
25.22 mm (hol.)
24.95 mm (ver.)

Beam radius on F2
14.42 mm (hol.)
13.88 mm (ver.)

Primary Spherical Mirror BRT M1
Diameter 230 mm

Thickness 40 mm

ROC 4000 mm

Tilt angle 9 deg.

Primary Spherical Mirror BRT M1
Diameter 230 mm

Thickness 40 mm

ROC 4000 mm

Tilt angle 9 deg.

Beam radius on BRT M1
35.95 mm
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Ao

BRTXS— MDA

e AdLIGO BRT Primary mirror M1

LASER INTERFEROMETER GRAVITATIONAL WAVE OBSERVATORY E0900347 -VI10

LIGO SPECIFICATION

Drawing No  Vers.

Sheet 1 of 4

ETM TELESCOPE PRIMARY PARABOLIC MIRROR ADLIGO

APPROVALS DATE REV DCN NO. BY CHECK | DCC DATE
AUTHOR: MICHAEL SMITH 01/05/11 V8
CHECKED: K MAILAND 01/10/12 V9
APPROVED: 05/15/12 vio E1101192
DCC RELEASE
1 SCOPE

This is a specification for the ADLIGO ETM TELESCOPE PRIMARY PARABOLIC MIRROR, This concave
parabolic mirror is part of an off-axis reflecting beam-reducing telescope.

2 APPLICABLE DOCUMENTS
LIGO-E1200321 Protected Silver High Reflectance Coating

MIL-C-675C
3 REQUIREMENTS
3.1 PERFORMANCE CHARACTERISTICS

3.1.1 Mirror Fabrication

3.1.1.1 Front Surface, S1
Effective focal length
Conic constant

Tilt tolerance, reference to back surface (S2) +- 0.0083 deg

oy = 2000 +/- 20 mm

Clear aperture diameter 190 mm

Center displacement from optical axis 5622 +/- 1 mm

Diameter 230.0 +0.0, 0.1 mm

Minimum edge thickness 43 +/= | mm

Surface irregularity < 1/8 wave, peak to valley @ 633 nm over clear aperture

Surface finish 60/40
Surface roughness < 100 Angstrom
Chamfer edges 0.5-1.0 mm, 45 +/- 10 deg

3.1.1.2 Back Surface, 52
Surface quality
Chamfer edges

fine ground, > 300 grit
0.5-1.0 mm, 45 +/- 10 deg

AdLIGO D Eh4t LI mE &5 D eE

e AdLIGO BRT Secondary mirror M2

4

o

LASER INTERFEROMETER GRAVITATIONAL WAVE OBSERVATORY ED900349 V10

LIGO SPECIFICATION Drwinge Vers.

Sheet | of 3

ETM TELESCOPE SECONDARY PARABOLIC MIRROR ADLIGO

APPROVALS DATE REV | DCN NO. BY CHECK | DCC DATE
AUTHOR: MICHAEL SMITH 01/0511 | V10
CHECKED:
APPROVED:
DCC RELEASE
1 SCOPE

This is a specification for the ADLIGO ETM TELESCOPE SECONDARY PARABOLIC MIRROR. This convex
parabolic mirror is part of an off-axis reflecting beam-reducing telescope.

2 APPLICABLE DOCUMENTS

MIL-C-675C

3 REQUIREMENTS

3.1 PERFORMANCE CHARACTERISTICS

3.1.1 Mirror Fabrication

3.1.1.1 Front Surface, S$1
Effective focal length
Conic constant

oo wp =100.0 +/-

-1.000 +/- 0.002

1.0 mm

Tilt tolerance, reference to back surface (S2) +/- 0.0083 deg

Clear aperture diameter 32 mm

Center displacement from optical axis 281 +/- 0.3 mm

Diameter 38,1 +0.0, <01 mm

Minimum edge thickness 21 +/- 1 mm

Surface irregularity < /8 wave, peak to valley @ 633 nm over clear aperture
Surface finish 60/40

Surface roughness < 100 Angstrom

Chamfer edges 0.5-1.0 mm, 45 +/- 10 deg

3.1.1.2 Back Surface, S2

Surface quality
Chamfer edges

fine ground, > 300 grit
0.5-1.0 mm, 45 +/~ 10 deg

LEOHFRE 1%
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R([Z1%RETEZ-5HE

E;ma
llllllll B

BRTEZ—ROCIRE Fifi+1%
ol

BRTES—ROCEHE W%

BRTEF—ROCE#E &M+t

ERTES—ROCHRE FW(-)1%

per |Tolerance abs.

T clerance abs. I er

llllllllllllllll er_|Tclerance upper Jupper alerance Talerance kower [Talerance upper  [Tolerance abs. Tolerance lower_[Talerance upper [Tolerance abs

[BRT Lengsh [mm] 182615 1 'I 2 3.1 1R T E 2.9 3.2 1R0E 07 1.7 3 1804.07 14 1.5 3.2 1848 22 0.8 2.1 29
[Eouy Tl Langth [mm) EE FE e EX ; ErT 4,6 Er 2 : 25 0.3
T Lengsh [mm] 200 05 13 285 205 o 20.5 ?E: 157 5 165 28 210 105 16,5 2; 188 7.5 22 20.5
JBERT-ACT Length [mm] 1008 = EE (5 1008 iE ER 62 1004 2] Ell &7 100 20 i &: 100 15| T [
[ERT A1 ROC [rmi] A0 4 2.3 6.3 ] -1.6] 1.9 E».:'l FO6! 5 28 E1 EEN -3.5) 27 E-.g 404 -4.3) 1.5 5.5
JBRT M2 ROC [rm] B -4 2. 6.5 - -4.7] 1.8 [:X 366 7 27 X -4 -3.5] 2 E.g -3 -4 1.8 6.7]
IET M1 ROC [mm] B0 -18 9 27 R il B E?‘ 550 1.4 275 B0 17 n ?T:' G50 21 25
IWCT M2 RO [im] 16508 -5 25 T 16508 -5 27 i':: 16504 A 33 1657 45| 37 i’: 1650 -5 Z1 'I'El?l

M1 Inc. Angle [deg.] E .21 Fal 0.4 2 0 e 3;: <[22 ' 44 L2 1.5 U.: o L1 CI.:!?
JERT A2 Inc. Anghe [oeg.] L . E 5.4 L, =15 i k) Py 3.3 L, 1.4 4
PCT M1 Inc. Angle [dag ] EX -1.65 1.B5 2.5 X -1.55 0.7 2 5? 80y -1.45 1 2.45) a0 -1.55] 0.57) 2 5: o -1.85] 065 25
AT A2 Inc. Angle [deg.) I -0.25 1,65 2.6 oy -0 1.85] iﬁg a0y -1.15 1.5 265 a0 -1.05 1.5 2 Sg o -0.7 5] 2 2.7

-BRT M1EM2IZ£1% D EIFEFRE. +

w1k
- BRTE(:l:iZmes ACTRIFZ+12mmIZEDRBHEN DL E

1%DEREEZEZ . BRTREACTRZEIIZEILSE T,

BINSA—FDEFBIEIL. Gouyﬁﬁ%goﬁb\%@fhhfﬂéguw®1E€§LTL\%>.
-BRT M1DERE A E DFAEE(~+0. 15 LIN) AV EE L L V-
‘BRTR(Z#51800mmD KEE L Z~+1TmMmMEURIZERDODBENH S.

BT BRTASAH#MICH T H2ERCEAREDELIIZEHEEHONS.
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ofELEX v10

HERFDINTA—A
\ BRT primary spherical M1 ROC = 4000mm
I BRT secondary spherical M2 ROC = -400mm

50 mm x 25 mm

: Gouy tel. Plano—convex L1 f =343.6mm
N Gouy tel. Plano—conves L2 f=-114.5mm

”’ « A5 £
A\ — 7 Incident angle to BRT M1 9 deg.
Incident angle to BRT M2 27.95 deg.

Flipper
Mirror
FM1

_ QPD2 Thorlabs MB1560/M w/o black paint
Sterring 50 mm x 25 mm 150 mm (D) x 600 mm (W) x 12.7 mm (t)

Mirror
SM2
243 @
<
Gouy Tel. L1 | 100 Gouy Tel. L2
H =343.6 mm F=-114.5 mm
4inch 1inch
0
Sterring

Mirror % 516

SM1

A

\ J Eﬂ?rrgfope .%ﬁi%Fﬁﬁ ODEE -I%-ﬁ
P12 BRT M1 to M2 1802.2mm

Dicroic

e BRT M2 to Gouy LT 1300mm
Gouy L1 to L2 243mm
- Efcee. Thorthe M= 1Se0M wodecipert - . Gouy L2 to QPD1 585.7mm

A A

20 243 @ 300 % Gouy L2 to QPD2 991.2mm
(Gouy L2 to beam waist 797mm (avg. of hor. and ver.))

R‘S/It.erring Gouy Tel. L1 | 100 Gouy Tel. L2 100 75
SMa. H =343.6 mm F=-114.5mm

4inch | 1inch .t\\_A_Ij_4X\‘
S 516 N 7 BRTE & 4.0mm (hor.), 3.8mm (ver.)

*Rayleight
edbon BRTIE##® 47284.7mm (hor.), 30300.2mm (ver.)
S0 xs00 Gouy tel.{%& 167.2mm (hor.), 255.7mm (ver.)

Periscope Mirror PM1

Diameter 50.8 mm

Thickness 12 mm Periscope Mirror PM1
+ ROC infinity < > Diameter 50.8 mm

Tilt angle 59 deg.

Thickness 12 mm
ROC infinity
Tilt angle 59 deg.

70.0

Periscope Mirror PM2

Diameter 50.8 mm Periscope Mirror PM2
Thickness 12 mm O Diameter 50.8 mm
ROC infinity Thickness 12 mm

Tilt angle 45 deg. ROC infinity
Tilt angle 45 deg.

76.2

Breadboard Breadboard
600 x 800 600 x 800
X 12.7 mm) X12.7 mm

111.1

Secondary Spherical
670 mm (W) x 525 mm (H) 230 mm (D) x 525 mm (H) Mirror BRT M2

Secondary Spherical

Mirror BRT M2

Diameter 32 mm

Thickness 20 mm

ROC -400 mm

Tilt angle 37.9 deg.

(Beam incident angle
27.95 deg.)

Beam radius on BRT M2

4.01 mm (hol.)
3.21 mm (ver.)

Diameter 32 mm
Thickness 20 mm

ROC -400 mm
Tilt angle 9 deg.

)

+-11mm

Folding Mirror F1
Diameter 160 mm
Thickness 20 mm
ROC infinity

Tilt angle 9 deg.

Folding Mirror F1
Diameter 160 mm
Thickness 20 mm
ROC infinity

. Folding Mirror F2
Tilt angle 9 deg.

Diameter 90 mm
Thickness 20 mm
ROC infinity

Tilt angle 9 deg.

Folding Mirror F2
Diameter 90 mm

Thickness 20 mm
ROC infinity

Tilt angle 9 deg.

Beam radius on F1
25.22 mm (hol.)
24.95 mm (ver.)

Beam radius on F2
14.42 mm (hol.)
13.88 mm (ver.)

Primary Spherical Mirror BRT M1
Diameter 230 mm
Thickness 40 mm

Primary Spherical Mirror BRT M1
Diameter 230 mm

Thickness 40 mm
ROC 4000 mm ROC 4000 mm

Tilt angle 9 deg. Tilt angle 9 deg.

Beam radius on BRT M1
35.95 mm
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Ez:an-l-ZO)k 'Jj
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BRTIL—LD#ME

GouyfiIFHZEENSDT NE+4S5ELIAIZT 51=-0(Z1F. BRTRZE{EZ+TmmUKA
[CHIE ST AELHS.

BRTEL~1800mm, EZE#E RN EELTLAT~+2E, BELHIZLEBRTEZ{LALZ+10um
LURIZTBI5E . 7JL—LMEIZERSINDEFIRFZREalE

BRI RFZR o <AL/ L-AT~2.8x10°

. 1

JL—LMEBIZIEAIN—DE,

TILS 20 23.0 FA 25 8.6
TIJILIY 20 21.6 A IN— 20 1.2
S 20 11.8 A—i"=AV\— 25 0.5
SUS304 20 17.6 BEASR 20 0.41
i 20 16.5 H—HRUKHE 25 -1.0~1.7
=K 20 17.5 ¥aA—LESIvT 25 0.93

e } .
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HFET IR ITA—LICKHEREDDRIELY
‘B IREREBE L ETRAT25WERE.
-FHEDNA/B—/INT—E—FDHXELLFE100:1 &R E.
- BRT®Dholding mirror® D 1% K5 E1.2%IZF BE FET IV IT+r—LAD AGHE
% . 30mW (/\( /3 —F—K)/300uW (A—/\J—F—K) [ZTE5.
- REEEICH I AERTERFZEEZEONEANIEBTITICEITTRIE, AELTY
THR—3ET LEBETIEGL.
ST —RAERNDIR—IDBHLHERTE

- RKIRE—FE=2—HFCCDAATIEIFE.

. B

-GouyTLRAa—724& (1064nm, 532nmAK 18T D)

AR BN TART A F—F

SCEREAE AT EIS—V Ik (1064nm, 532nmA& 283 D)
-BEFRYHLAT ) v/N\—25—
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RIZABAMES = GRTEX )

" AFE—LIZHT 5. BRTARADIEETNEAET NDFE
— BZLERDEELL, BRTAIK (~100kg) DREZEUERONIVE.

= =~ &=

=l

" TFBETIAAVMEFTRIF DO DIHIR~NDER
ex. VIRGODIS&
R < 2.1e-6 m/rtHz (@>10Hz)
AEEN < 3.3e-15 rad/rtHz (@>10Hz)
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bKAGRAZ BN E=FA—RATLRAO—T DLk (BUY)

o BEREHYBRLEIS—DMAENE

s E—LBORILGELECATHENGAALTH - E—LF/N—(KE) (FMIL

o (REAEERM (A2 /\—) TOHRE

e GouyTLRO—T%2%& (1064nm, 532nmA& 189 D) El&

o 1UMBAREI DA T AT OE—%2E8%EME N4/ —2.5W/O0—/\T—25mW3E )
o S32nmAA R BT A T4 T U 28%%E

« E—LE=4—FCCDIIIEES

o NREHABOL-OICEZEARATHBIS—IIOUMEE

o HBRXIMYHLAIVN—Z5—%(H

« ETIAHIT—ZE(=

.« BRT+#%¥FS5vhh—LEE~100kg

 BRTORZEGMERDHNHE (x,y,z,pitch,yawdD 58 ? )
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KAGRAX < a—)L

WiE 20145 2015 I 2175 2016 HIE:
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_ MGSuspension @ i

Suspéﬂtiﬂn Install?atiun for i :

'ti*:rpe A Comm sainnilas

Ex::avatmn . Type A Installation ETMX

"..___._bv.the end__of

_ig_gg__ﬁ__;r_y__stal atmn ETH‘I’ o

* Vacuum system--...é____ ;
by the Eﬂd '3- TJ'D A Tesl ETM d
--FY2014.(2015.3).

' |LCGT(FPMI) |
-~ observatlon run '

...........Insi:allation of
________S_agp_h_ire___te 5t m;asses

__iLCGT IFO Commissioning

' BS, PRC Holator
upgrade to Type B SAS

 ica DR inerterometsr ) // Sapphlre test masses

Interfercmetertest.-—- PRm Raom—temp REE"] : -
Crmire : : : : : i D ; ;

“E’E‘&ﬁ&"ﬁ e I I I ke bk | With ‘sapphire test masses

Cryogenic RSE =

Flrst Obsewatlon run _
W|th cwc:-gemc test-masses

ﬂ'm'"af'""
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BiZ
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FE

2013 Q4 2. B, N EBEDA U A—T—REBEHT T & FEHAT

2014 Q1~2015FQ2 R 1EH (155) BE- AL T&HF. ik, EZEEEET A
2015 Q3~Q4 25 HEE - AL C&EET AL

20165%EQ1 KAGRA~NAA+—)LERA

o BERHLEETNICEDBERE. BELUHREHERIZKAGRA (AOS) T E TEE,
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IKAGRATV R RXAET LR

AL bread-board for type C system

Material - AL5052
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aLIGOTFL Ra—T N ER

TRANSMISSTON MONITOR SUSPENSION (TMS)

Maming Conventions s.20-2010
TOS004EE-v]

e BEC Table
Mot Shown
Transhon_Upper_ o
Blades . : Quad_Upper
\ e " oA _Struchue
TransMon '
%, F /d‘ Transhion
_'r' = Transverse by ™ 1 Suspension
b i@- Top Mass
TELESCOPE 70:2 v
ey [‘ : X = Longinidinal
= Long
BACK FOR TransMon_Table [T it
ETM Suspension_Wires
b
SERVICE Optical Table
Promary Murror
Beam Eaters Side
Thas Sude
TransMon_ / Z = Vestical
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Figure 2 Naming Conventions
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Figure 1: Annotated Transmon top view, In this view, the ETM 18 towards the hottom,
This layout is for the H2 End % station, so the not-shown beams exit to the left from M2,
M13 and M6
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ZFR =1/10 - JS5ybhT+—LsTiE 70cm x 85cm
fEE =1/20
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