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A% / Glossary

AM Amplitude modulation
MC Mode cleaner

MMT Mode matching telescope
FI Faraday isolator

FN Frequency noise

HWP Half wave plate

PBS Polarizing beam splitter
MzZM Mach-Zehnder modulator
PM Phase modulation

PRM Power recycling mirror
RIN Relative intensity noise
SEM Signal extraction mirror
WFS Wave front sensing

Infrastructure for the Input-Output Optics Subsystem:
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1. EYITLORTLOEELTESE / Concise definition of Input-Output Optics
Subsystem
LCGTERETETICE T I TN —THREBEREEE >TRERM I REBEEL,. ThEERTH-HDD/N—F

2IF. VI IIT,

No. #8E / Function N—FH9x7-Y27b9x7 / Hardware, software

1 Mode and RF Sideband Suspended triangular ring cavity with 10m baseline in vacuum
Cleaner (MC1)

2 Mode Cleaner (MC2) Suspended triangular ring cavity with 15m baseline in vacuum

3 Phase Modulator for Electro-Optic Modulator for 8MHz (TBD) on the input table
MC1(PMMC1)

4 Faraday Isolator for MC1 Faraday rotator and polarizing beamsplitter in vacuum
(FI1)

5 Mode Matching Telescope for | A pair of convex/concave mirrors mounted on the input table
MC1 input (MMT1)

6 Mode Matching Telescope A pair of convex/concave mirrors suspended in vacuum
between MC1 and MZM
(MMT2)

7 Mach-Zehnder Mach-Zehnder interferometer which contains electro-optic
Modulator(MZM) modulators for 10MHz phase and 60MHz amplitude modulations

8 Faraday Isolator for MC2 Suspended Faraday rotator and polarizing beamsplitter in vacuum
(FI2)

9 Mode Matching Telescope for | A pair of convex/concave mirrors suspended in vacuum
MC2 input (MMT3)

10 Mode Matching Telescope A pair of convex/concave mirrors suspended in vacuum
between MC2 and PRM
(MMT4)

11 Output mode cleaner (OMC) | Rigid-body ring cavity which excludes deformed component of the

anti-symmetric port beam

12 Mode Matching Telescope A pair of convex/concave mirrors suspended in vacuum
between SEM and OMC
(MMT5)

13 Photo Detectors (PDs) Length and wave front sensing photodetectors at the Dark Port, the

Bright Port and the Pick-off Port
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2. ER# / Required specifications for Input-Output Optics Subsystem

1TRLEBRICHTIERLE#EMNEREIh TS LCGT design document version 2 TO section &,
B9 sub-system, Design document version 2 NS> DEEDFRHETREN

No. | i##& / Function ZEEDOEEE
Described Related EERY HEY/to
section (**) sub-system(s) /modified be

modified

1 Mode and RF Sideband

Cleaner (MC1) 7.2,7.3 Laser O O

2 Mode Cleaner (MC2) 7.2,7.3 ISC O X

3 Phase Modulator for

MC1(PMMC1) 7.3 Laser, ISC X X
4 Faraday Isolator for

MCL (FI1) 7.9 ISC X X
5 Mode Matching

Telescope for MC1 Not yet IsC X X

input (MMT1)

6 Mode Matching
Telescope between 7.5 ISC X X
MC1 and MZM (MMT2)

7 Mach-Zehnder
Modulator(MZM) 77 Isc O X
8 Faraday Isolator for 7.9 I1SC 0 X

MC2 (FI2)

9 Mode Matching
Telescope for MC2 7.5 ISC O X
input (MMT3)

10 Mode Matching
Telescope between 7.5 ISC X X
MC2 and PRM (MMT4)

11 Output mode cleaner

(OMC) 7.4 ISC O X

12 Mode Matching
Telescope between 7.9 ISC O X
SEM and OMC (MMTS5)

13 | Photo Detectors (PDs) | 7.8 ISC, Digital System O X

** Section in LCGT Design Document , Version 2
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3. 12%—2x—X [/ Interface of the Input-Output Optics Subsystem
BEYITVRATLOHEMEBHETICHLY,. RELBThELESBVEHR OB T RTFLTROTHLNVERE. B
LLITEBESN TS L4

* EERICEBABELOREFSTHVWAVWEEHSICE . BRETETICSRETLEWEWLITRNIE,

CORIE. ATIEREL
subsystem £ |

EIE / Item B EY TS RTFL / EX{E / Value EEE /
Related Confirmed
sub-system

MC2 output power ISC 75W ISC

MC2 output spatial mode ISC, Bandwidth TEMOO, M2<1.1 Not yet
(waist size and
location: TBD)

MC2 output polarization ISC S-pol, Is/Ip<0.01 Not yet
MC2 output frequency noise ISC FN<4x10~-8Hz/rtHz | ISC

at 100Hz
MC2 output intensity noise ISC RIN<2x107-8/rtHz ISC

at 100Hz
MC2 output beam jitter ISC TBD Not yet
MC2 output phase modulation ISC PM m>(TBD) at Not yet

f1=10MHz, AM

g>(TBD) at

f2=60MHz, PM

m>(TBD) at

f_WFS=(TBD).
MC2 output frequency tuning ISC TBD Not yet
range
MC2 output intensity attenuation | ISC TBD Not yet
range
MC1 input power Laser 150W ISC
MC1 input spatial mode Laser TEMOO, M2<1.2 Not yet

(waist size and
location: TBD)

* | Power consumption )i TBD not yet
* | Waist heat )i TBD not yet
* | Location and space )i TBD not yet
Installation schedule ?7?7? TBD Not yet
Budget allocation ?7?7? TBD Not yet
Man power allocation ?7?7? TBD Not yet

T HBRYTIRTLMRROBVDEWVFREWIEICIE * HIE/FITETE,
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0. YTV RFLDOEK / Current status of the Input-Output
Optics Subsystem

a) Conceptual design (V7 RTFLDEE) ERELELE,? / *
E

* RELGEANHLEE . RFEEEFHREICEEBRLTTSL,
* Conceptual design DZEREIZ{EL, FEINSEZE (REHEIE) LBEE sub-group,
SPI AXBRHDEENRE,
b) Alternative design [FE->TWL\ETH? BoTW3 /
* Alternative design OERICKYVELLHEFHINSGEE (BREFTIER)E BE sub-group,
MC2 % SPI #HICT3MESINEE T,
DCY—RT7 I BANDORIEMNRE .
BEHXEFRTFO AR AOERFXDOLERZE MCITHVWSRO VIV ADKESIA KRR,

Faraday 7AYL—2DEZERNFIR -KARDTHF AV, KARDEATHE—HiEL-1EE. ERALFHEE
RATAIL—EDTHA,

BEMICH T ZE—RHEDHEEE MMT  MC1, MC2 [ZH=-#23MEID,

B83# sub-group: ISC (Fi5t#l{#l sub-group)

C) SEFHRBINIELEBE . EERNICRESTNEHBLME sub-group,
ERENORE. HEEHN. BRE OV THRARRLITEALEIVRENHD.



Interface Control Document for the ISC sub-
system

Preface

This is a draft of the ICD for the LCGT-ISC sub-system.

Sub-System Definition

The role of the Interferometer Sensing and Control (ISC) sub-system is to keep the interferometer at its optimal
operation point and extract the gravitational wave signal with low noise. This sub-system can be functionally
broken into two parts: Sensing and Control.

Sensing

In order to control the interferometer, we have to know the state of the interferometer. Sensing part of this sub-
system defines the methods to extract information about the state of the interferometer. We sort the degrees of
freedom (DOFs) of an interferometer into three categories.

Length Sensing

The word "length" here means the distances between the mirrors. In addition to the geometric lengths, a change
in the laser frequency also appears as an apparent change in the lengths for an interferometer. Therefore, the
laser frequency is counted as a length here. There are 5 length DOFs to be controlled for a Dual-Recycled
Fabry-Perot Michelson Interferometer (DRFPMI).

Name Notation | Description

Michelson (MICH) I- Differential change of the Michelson arm lengths
Power Recycling Cavity Length (PRCL) | 1+ Length of the power recycling cavity

Signal Recycling Cavity Length (SRCL) | Is Length of the signal recycling cavity
Differential Arm Length (DARM) L- Differential change of the arm cavity lengths
Common Arm Length (CARM) L+ Common change of the arm cavity lengths

Out of those DOFs, MICH, PRCL and SRCL are called "central part", "short DOFs" or " A & —)L%&". DARM
and CARM are called "arm DOFs", "long DOFs" or "7 — " R&". CARM is often regarded as being equivalent
to the laser frequency variation. DARM contains the gravitational wave signal, so it is the most important DOF.

Alignment Sensing

In order for a laser beam to properly resonate inside the interferometer, the beam and the mirrors of the
interferometer must be aligned well. Alignment sensing is a mechanism to monitor errors in the alignment. A
mirror has three rotational degrees of freedom, out of which only two (pitch and yaw) are important for an
interferometer. For each of pitch and yaw, there are 6 alignment DOFs in an interferometer.

Name Description

Common Stable (CS)



Common Unstable (CU)
Differential Stable (DS)
Differential Unstable (DU)
Power Recycling Mirror (PRM)
Signal Recycling Mirror (SRM)

CS, CU, DS, DU are the DOFs of the arms in the Sidles-Sigg basis [ref].

Auxiliary Signals

There are other signals which may have to be monitored (and possibly corrected for by feedbacks) during the
operation of an interferometer.

Name

Thermal
lensing

AS_1

SPOB

Control

Description

Heat deposited on the mirrors by the laser beam can create a lensing effect. This lens mainly
manifests itself as a mismatch of the spatial modes between the recombined beams at the dark
port.

If we use RF readout for the DARM, we may have to monitor the I-phase signal of the AS-port
PD, which does not contain any GW signal but comes from junk light at the AS-port. AS-I
could saturate the AS-PD in RF and reduce the dynamic range for the GW signal channel (AS-
Q). If so, we can feedback the AS-I into the AS-PD current to cancel it.

SPOB is Sideband Picked Off at Beam-splitter. The light picked off inside the PRC is
demodulated at twice the frequency of the sidebands to serve as a measure of the sideband power
in the PRC.

Once the information about the state of the interferometer is obtained, we feedback the information to keep the
interferometer at the optimal operation point. Feedback has to be strong enough to keep the error signals in
linear regions so that up-conversion and other noises related to the non-linearity are well suppressed.

The control part consists of two successive components: Filtering and Actuation.

Filtering
o Related
Type Description Subsystems
Digital | Most of the ISC feedback filters will be implemented as digital filters. Digital
Analog electronics are used where a wide feedback bandwidth is required.This will
. e . . . IFO
Analog = be the case mainly for the laser stabilization loops i.e. the frequency and intensity SUDPOLt
stabilization servos. pp
Actuator
Actuators change the state of an interferometer.
o Related
Name Description Subsystems
Suspension = These actuators move the mirrors. This is the realm of the suspension sub- S .
. . . uspension
actuators system.ISC group will set requirements for the suspension actuators
Laser Laser intensity and frequency has to be controllable with a high bandwidth. 100

actuators



If necessary, the thermal deformations of the mirrors have to be compensated IFO

Thermal by some way, such as illuminating the mirrors with CO2 lasers. Support

Requirements

The requirements for the ISC system ultimately come from the target sensitivity. Again the requirements for the
ISC subsystem are divided into Sensing and Control.

Requirements for Sensing

DARM | The DARM sensing noise should be below the target sensitivity.

Other | The noises in the DOFs other than DARM affect the sensitivity through feedback. The sensing
DOFs | noises should be small enough to allow descent feedback gains for the auxiliary loops.

Requirements for Control

DARM actuator noise directly appears in the DARM noise spectrum. This has to be kept below

DARM e

the target sensitivity.
Other Actuator noises in the DOFs other than DARM appear in the DARM signal through various
DOFs couplings. The couplings have to be modeled and estimated to set the requirements for the

actuator noises.

Interface with Other Sub-Systems

The ISC sub-system is realized by connecting hardware components provided by other sub-systems. So
establishing good interface with the related sub-systems is imperative. Since the ISC requirements are set
directly from the target sensitivity, ISC sets the requirements for other sub-systems in most cases.

Issues Description Numbers Related Consensus
Subsystems

Laser Power 100

Laser

Frequency 100

Noise

Laser

Frequency 100

Control

Las.er Intensity 100

Noise

Laser Intensity 100

Control

Modulation 100l

Input Mode 100

Clearner

Output Mode 100

Cleaner

Seismic RMS Suspension

Mirror .
Suspension

actuators



Mirror Loss Mirror

Mirror

. Mirror
Transmittance
Mirror Coating Mirror
100, Mirror,
Folding RCs Suspension,
Vacuum
Vacuum Optical layout of the interferometer determines v
acuum
Layout the layout of the vacuum tubes and chambers.
Vacuum
Vacuum
Pressure
PD Regqlrements.for power.handhng, quantum 100
efficiency, noise, bandwidth etc
Analog
Electronics IFO support

Standards


http://gw.icrr.u-tokyo.ac.jp:8888/JGWwiki/YoichiAso

Interface Control Document for the digital control
subsystem

1. Definition of subsystem
This system provides the functions which digitalize analog sensing signals extracted from
interferometers, produce signals in computers for controlling the interferometers and data acquisitions,

and re-produce analog signals to actuate the interferometer.

2. Task area

No. | Function Hardware, software

PC, ADC/DAC, AA/AL filter, whitening/dewhitening filter, real

1 Digital control system . .
& y time OS, control software, monitor software, data storage
2 Detector tuning system | tuning software
3 Detector diagnosis diagnosis software
system
4 Long term monitor monitor software, data storage

Auto lock / auto .
5 . auto lock scripts
alignment sequencer

Detector operation

6 system for GW operator, operation scheduling
observation

7 GW segrch data projector, calibration signals, real time calibration software
calibration

8 Real time data analysis | projector, real time data analysis software

3. Required specifications

Item value comment
Sampling rate >16kHz
Dynamlc range of ot/-15V
mnput
Dynamic range of t/-10V
output
ADC noise <3uV/rHz
DAC noise <3uV/rHz
time delay <100usec To realize 300Hz UGF
Input channel (16kHz:>128ch, 2kzHz:>256¢ch,
numbers >1024ch 64Hz>512ch)
Output channel >256¢ch for suspensions, PZTs
numbers
Stored channel 16kHz:>64ch, 2kzHz:>256¢h,
numbers 64Hz>512ch
4. Interface between systems
Item Related sub-system Requirements Agreed
Sampling rate Data acquisition, Data 16kHz (option:up to 64kHz) not yet

analysis, IFO control



Number of channels
Data bit resolution
Data transfer rate

Saving
Parameters(using
conlog)

ADC dynamic range
DAC dynamic range
through delay

ADC noise level
DAC noise level
AA filter noise level
Al filter noise level

whitening filter
noise level

dewhitening filter
noise level

whitening filter input
impedance

dewhitening filter
output impedance

Connector shape
HEE IBGT
BERNGEGT - i HIRE
]

Network capability
Optical fiber cable

Location and space

Remote control
switch

Wireless LAN

CCD monitor

Inter lock

Data acquisition, Data
analysis, IFO control

Data acquisition

Data acquisition

Data analysis, IFO
control

IFO control

IFO control

IFO control

IFO control

IFO control

IFO control

IFO control

IFO control

IFO control

IFO control

IFO control

IFO control

Infrastructure
Infrastructure

Infrastructure
Infrastructure

Infrastructure, Data

acquisition, IFO control

Vacuum, Infrasturucture

for digital system on
laptop PC

5. Other related subsystems

IFO support

Infrastructure, IFO

Entrance monitor system = Infrastructure

TBD, 16kHz:64ch, 2kHz:256¢h,
64Hz:512ch (see channel list)

24bit = 4 Byte integer

4MB/sec for 16kHz, 2MB/sec for
2kHz, 128kB/sec for 64Hz

TBD, See parameter list

20Vpp(differential input)
10Vpp(differential output)
80usec

2uV/rHz

1.5uV/rHz

TBD uV/rHz

TBD uV/rHz

TBD uV/rHz

TBD uV/rHz

TBD

TBD

TBD
TBD

TBD

10Gbps ethernet
TBD

3 racks at center room, 1 rack at X end

room, 1 rack at Y end room

TTL(OV-5V)

IEEES02.11n(300Mbps)

not yet
not yet

not yet

not yet

not yet
not yet
not yet
not yet
not yet
not yet

not yet

not yet

not yet

not yet

not yet

not yet

not yet
not yet

not yet

not yet

not yet

not yet

not yet


http://gw.icrr.u-tokyo.ac.jp:8888/JGWwiki/LCGT/subgroup/ifo/digital/chennelslist
http://gw.icrr.u-tokyo.ac.jp:8888/JGWwiki/LCGT/subgroup/ifo/digital/parameterslist

Interface Control Document LCGT Project

R R

* (1) aRELSE

BBIZ VFMFREYMUBEAT S 300K BE M- DEES DRRELEIEE T 55
REXERICTOVTEREIT S,

=L CLIO [2EWT,. RWLE . BAEIZLS . ERMWERLYDELE, EOX
ERBIRELE. B U MEREDRBMERAHDOD T, TNEEKIZERET S

* (2)60Hz

HILAREVLS EIRIRRIZE THT 5V RFOBRYEILE, /\L (60HZ) DRI (¥
) ICEAL THR#ZED D,

* (3)&L X

BHIT.BMEEED BS [TEITARLUIXMRITOVTEDORELY., 32l
—23V WRKEEZD, 2L, T TICLIGO [Z&Y. FIL—HF—ICLDRERFD
“RITCMEBGENETL TSN T, EDHEEERIIEZZ S,

ZD#%. LIGO DA zsAN. TERETBEMARAFOANIE, BS DELUX
[FFEZETLVDTIEIEWSREEZTRE, TOMTITTEICLELE,
* (4)0')—VIRIR

RERIZGESEND)—VIREBEDREZE A S



Interface Control Document

LCGT Project

Subgroup Name

Scattered Light Control in IFO Support

Subgroup Leader

ICRR, UT

Shinji Miyoki

Doc version

Date

Description

Rev. A-0

2009-05-31

Kick-off draft

APPROVAL AUTHORITIES



Interface Control Document

LCGT Project

A% / Glossary

SLC

Scattered Light Control

DLC

Diamond Liked Carbon ( coating )

NIP

Nickel Phosphorus ( coating )
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1. 8T RXATFLOEELESE / Concise definition of Scattered Light

Control
LCGTERETETICR YT T L—THREEEH - TRBET REHEEL. ThEXRTIH-HDOEXH
Pog
No. # &k / Function EEHxE / Policy
1 SLC for Main 3km Duct - Diamond Liked Carbon (DLC) or NIP Coated Baffles
2 SLC for Radiation Shield Diamond Liked Carbon (DLC) or NIP Coated Baffles
Duct Radiation Protector coated by DLC or NIP around Mirrors in the
inner shield.
3 SLC for Main IFO Optics Proper wedge
angle Low reflection low scattered loss AR coating
Optical dumping set for the high intensity AR reflected light
Optical dumping set for the high angle scattered light
4 SLC for Input Output Optics HR mirrors are desirable
Back side should be polished and AR coated
Proper wedge
Optical dumping set for the transmitted light
5 SLC for Vacuum Windows Proper edge
Double AR coated
Optical dumping set for the high intensity AR reflected light
6 SLC for Photo Detectors Housed in NIP coated box
Optical dumping set for the high intensity AR reflected light
Optical dumping set for the reflected light fro PDs
7 SLC for non-Linear Optics Optical dumping set for the high intensity AR reflected light
Brewster angle cutting
8 SLC for Beam Axes Iris

NIP coated meshed metal tube beam guide
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2. ER{# / Required specifications Scattered Light Control

1CRLULEBEEICHTIERGEHI,EREINTLVS LCGT design document version 2 TO section &5,
B9 sub-system, Design document version 2 NS> DEE D FHETREN .

No. | ##8 / Function Described . . to be
section (**) Required value modified modified
1 SLC for Main 3km Less than 1/10 of the
Duct 14.2 targeted Sensitivity O X
(2*10~-21 is designed)
2 SLC for Radiation Less than 1/30 of the
Shield Duct designed heat for one mirror
(~ 300mW)
New Practical baffles design is O X
proven in CLIK (Tomaru)
Practical mirror shield is
proven in CLIO (Uchiyama)
3 SLC for Main IFO Damp 10ppm loss from one
Optics New mirror O &
4 SLC for Input Output )
Optics New Not fixed O X
5 SLC for Vacuum )
Windows New Not fixed O X
6 SLC for Photo )
Detectors New Not fixed O X
7 SLC for non-Linear )
Optics New Not fixed X
8 SLC for Beam Axes New Not fixed [l X

** Section in LCGT Design Document
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3. 1>49—27x—RX [/ Interface of the Scattered Light Control

BEYTVRTLOHMBHETIICHEY RELGETAEE RV ER O YT RTFLTROTHRLNVER. S
LLEABSATH S 4

* FRICEBRABMESIORFOTWEVEERSL BRETETITREFTLEWLEWVIFRIN &,

EI1F / Item BEEGITSRTL / ER{E / Value a8 /
Related sub-system Confirmed
) Vacuum By Vacuum for
SLC for Main 3km Duct S Outgas level DLC, not NIP

Vacuum Refrigerator  power

SLC for Radiation Shield By Cryostat
Cryostat to evacuate the heat load

Duct from 300K area system

Refrigerator ’
Vacuum Position

SLC for Main IFO Optics IsC Scattered light level, Not yet
Mirror Coating angle

SLC for Input Output Optics Vacuum Housed in vacuum? Not yet

SLC for Vacuum Windows not yet
Clean Environment . C'eaf‘ air

SLC for Photo Detectors introduction not yet
Sound Environment "

Box material
SLC for non-Linear Optics Input optics Scattered light level not yet
SLC for Beam Axes Input Optics Design Layout not yet

E|

BYTORATLARROBVENTREWIEISF * HZEFIFEHIE,
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0. YT XF LMK / Current status of the Scattered Light Control
a) Conceptual design (H 7L AT LDEE) (IHELELEM? FE /

* RELGEADHEHE. R EEEHEICEEBLTTIL,
* Conceptual design DZEREIZfEL, FEINSEZE (REHEIE) LBEE sub-group,

b) Alternative design [ZE->TWWETHM? BoTW3 /
* Alternative design OIERICKYVELLHEFRINSGEE (BREFTIER)E BE sub-group,

C) SEFHRBINIELEBE . EERNICREST NEHA LBAE sub-group,
BH—ILRIZD TR\ Oa— EHM, B, B, I2DU1\T,
A0F— =L FROFESGTRES—ILFOMNE, I—FREMITDONT,
Optical dumping set for the high intensity AR reflected light @A &IZDWT,
IFO DTHAVICKYRFESBOMENSD Wedge ADHE,
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1. 8YTURTFLOEELFESE / Concise definition of the 60Hz Control
LCGTERETETICEY T L—THABRELEE - TIRM T REBEEL. ThEERTI-DOEEXN

Pog
No. ##E / Function EEHxE / Policy
1 Primary Power Source Grounding
AC line purity enhancement
2 Secondary Power Source Noise cut trance introduction
AC-AC or AC-DC? conversion
3 Grounding Control for Common ground bar
Instruments Electro conductive concrete introduction
4 Signal Cross Talk control Categorization (RF, AM, AC, DC, Network)
Electrical shield introduction
Separation between categories
5 Special Treatment for Battery with the auto charge system
Specific Instruments
6 Signal Transfer AM : Differential amp, Isolation amp, Optical coupler

RF : Ground cutting using transfer
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2. ER&# / Required specifications of the 60Hz Control

1CRLULEBEEICHTIERGEHI,EREINTLVS LCGT design document version 2 TO section &5,
B9 sub-system, Design document version 2 NS> DEE D FHETREN .

No. | #% / Function Described . e to be
section (**) Required value modified modified

1 Primary power source | New Obey the manufacturer level O X
2 Secondary power

source New TBD O X
3 Grounding control for Grounding Copper Bar

instruments New Introduction O X
4 Signal cross talk

control New TBD o &
5 Spec_lz_al t_reatment for New TBD X

specific instruments
6 Signal transfer New TBD X

** Section in LCGT Design Document
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3. 1>4%—2x—RX / Interface of the 60Hz Control

BEYTVRTLOHMBHETIICHEY RELGETAEE RV ER O YT RTFLTROTHRLNVER. S
LLEABSATH S 4

* FRICEBRABMESIORFOTWEVEERSL BRETETITREFTLEWLEWVIFRIN &,

EIE / Item BEHTSRTL / ER{E / Value aBE /
Related sub-system Confirmed
1 Prlmary_/ power source and Facility TBD Not yet
grounding
2 | Secondary power source Facility TBD Not yet
3 | Grounding control for - TBD Not yet
- Facility
instruments
4 | Signal cross talk control Facility TBD Not yet
5 | Special treatment for specific Data taking TBD not yet
instruments Data analysis
Facility
6 | Signal transfer Data taking TBD not yet

Data analysis
Facility

T HBRYTIRTLMRROBLDEVFREWIEICIE * HIEF}ITETE,
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0. YT RAFLDIEK / Current status of the 60Hz Control
a) Conceptual design (W 7L RATLDEE) (FHELELEM? FE /

* REGHANHLEE . RAEBEHHEICERLTTSLY,

b) Alternative design [ZE->TWWETH? BoTW3 /
* Alternative design OFERICKYVELLHEFHINSGEE (BREFTIER)E BE sub-group,
Secondary power source DT, REBEH AR DERAN T RTEL->TLES,

c) SEFHRBEINLELEEBEE. EERNICRET REEHLEE sub-group,
Secondary power source MZ5E,
—ILTAVT DREE

EBEED policy



Interface Control Document

LCGT Project

Subgroup Name

Thermal Lensing Control In IFO Support

Subgroup Leader

ICRR, UT

Shinji Miyoki

Doc version

Date

Description

Rev. A-0

2009-05-31

Kick-off draft

APPROVAL AUTHORITIES



Interface Control Document LCGT Project

A% / Glossary




Interface Control Document

LCGT Project

1. EYTORAFLOEELTEZE / Concise definition of the Thermal Lensing

Control
LCGTERETETICR YT T L—THREEEH - TRBET REHEEL. ThEXRTIH-HDOEXH
Pog
No. # &k / Function EEHxE / Policy
1 Beam Splitter Prepare super low absorption loss SiO2 ( < 0.1ppm/cm,
possibly 0.02 ppm/cm), which will be prepared in Ad-LIGO, then
minimize thermal lensing problem
For the worst case, the thermal compensation method used in
LIGO will be introduced.
2 Non-Linear Optics Apply beam profile design accounting for the thermal lensing.
Wider beam introduction into the EOMs and Faraday Isolators.
3 Mode Cleaner Design to set the wider beam size on the mirrors
4 Input Test Mass (option) Prepare super low absorption loss SiO2 ( < 0.1ppm/cm) which

will be prepared in Ad-LIGO, then minimize thermal lensing
problem
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2. ER4# / Required specifications the Thermal Lensing Control

1CRLULEBEEICHTIERGEHI,EREINTLVS LCGT design document version 2 TO section &5,
B9 sub-system, Design document version 2 NS> DEE D FHETREN .

No. | #% / Function Described . e to be
section (**) Required value modified modified
1 Beam Splitter Absorption loss <
0.1ppm/cm for Si0O2
New PP O X
Coating Absorption loss <
0.5 ppm?
2 Non-Linear Optics 7.7
P TBD (Il X
7.9
3 Mode Cleaner Absorption loss : no problem
7.2 Coating Absorption loss < (| X
0.5 ppm?
4 Input Test Mass New Absorption loss < O X

(option)

0.1ppm/cm for SiO2

** Section in LCGT Design Document
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3. 149—27x—R / Interface of the Thermal Lensing Control

BEYTVRTLOHMBHETIICHEY RELGETAEE RV ER O YT RTFLTROTHRLNVER. S
LLEABSATH S 4

* FRICEBRABMESIORFOTWEVEERSL BRETETITREFTLEWLEWVIFRIN &,

EIE / Item BEHTSRTL / ER{E / Value aBE /
Related sub-system Confirmed
* | Beam Splitter Not yet
* | Non-Linear Optics Input Optical System | Adjustable optical Not yet
Design layout
* | Mode Cleaner Input Optical System | Adjustable optical Not yet
Design layout
* | Input Test Mass (option) Absorption loss < Not yet
Mirror 0.1ppm/cm for
Sio2

T HBRYTIRTLMRROBVDEWVFREWIEICIE * HIE/FITETE,
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0. YTV RXAFLDEIK / Current status of the Thermal Lensing
Control

a) Conceptual design (W 7L RATLDEE) (FHELELEM? FE /

* REGHANHLEE . RAEBEHHEICERLTTSLY,

b) Alternative design [ZE->TWWETH? BoTW3 /
* Alternative design OERICKYVELLHEFHINSGEE (BREFTIER)E BE sub-group,

FH— BEOXFRARDOERNTELNEE (X, BS DRLUXHREHET S LIGO XOMWES X T LM
M‘go

) SEFHRBINELLEBE. FERNICRETRERE LHE sub-group,
BEORZMAEDOAFIOLRDREIL
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1. YT RTFTLOBEELTEEH / Concise definition of the Clean
Environment Control

LCGTEHRETETICEY T I L —THREEH - TRH{ T REMREL. ThEXERTH-HOEXRHN

%0

No.

8 / Function

EAXXE / Policy

1

Primary Clean Air (C class)

Production at out of the tunnel
Class 10000

Transfer the air to secondary clean air production

Secondary Clean Air (B class)

Production at the access tunnel area.
Class 1000

For a part of 3km tunnel near cryostat, Center, End
stations, for cleaning before mechanics and electronics
installing

A part of the air directly introduced to (A, S class) air
production instruments

Special Clean Air (A class)

Optics assembly area (Working bench, Cryostat area)
Class 100

Super Clean Air (S Class)

Mirror assembly area
Class <100
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2. ER4# / Required specifications for the Clean Environment Control

1CRLULEBEEICHTIERGEHI,EREINTLVS LCGT design document version 2 TO section &5,
B9 sub-system, Design document version 2 NS> DEE D FHETREN .

No. | ##€ / Function :ee:t?;i:?g*) Required value modified mic:::iil;?ed
1 Primary Clean Air (C class) New Class 10000 O X
2 Secondary Clean Air (B class) New Class 1000 O X
3 Special Clean Air (A class) New Class 100 O X
4 Super Clean Air (S Class) New < Class 100 O X

** Section in LCGT Design Document



Interface Control Document

LCGT Project

3. 1>4%—2x—RX [/ Interface of the Clean Environment Control

BEYTVRTLOHMBHETIICHEY RELGETAEE RV ER O YT RTFLTROTHRLNVER. S

LEEBSh TS

* FRICEBRABMESIORFOTWEVEERSL BRETETITREFTLEWLEWVIFRIN &,

EIE / Item BEHTSRTL / ER{E / Value aEEE /
Related sub-system Confirmed
* | Primary Clean Air (C class) Space Not yet
Facility
Cost
* | Secondary Clean Air (B class) Space Not yet
Cost
Facility
Tunnel design
Meshed floor
* | Special Clean Air (A class) Cost Not yet
Facility
Meshed floor
* | Super Clean Air (S Class) o Cost Not yet
Facility

Meshed floor

T HBRYTIRTLAMRROBVDEWVFREWIEICIE * HIEF}ITETE,
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0. YOV RFLDHRIK / Current status of the Clean Environment Control
a) Conceptual design (W 7L RATLDEE) (FHELELEM? FE /

* REGHANHLEE . RAEBEHHEICERLTTSLY,

b) Alternative design [ZE>TWWET M ? BoTHL /
* Alternative design OFERICKYVELLHEFHINSGEE (BREFTIER)E BE sub-group,

C) SEFHEBINLELEGBE . FERNICRETREHRE LAE sub-group,
BEMALGFENEODIN ? (REHICPZLE HEAL LMD BLEBVET,)
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GPS Global Positioning system
DAQ Data Acquisition System
ADC Analog to Digital Converter

bps bit per second (a unit to indicate data flow capability)




Interface Control Document

LCGT Project

1. 8T RXAFLOEELEZE / Concise definition of the subsystem
LCGTERETETICEY I TN —THBEEEH > TREITRERREL. ThEXERTEL-HDD/N—F

2IF. VI IIT,

No. #8E / Function N—FH9x7-Y27b9x7 / Hardware, software

1 Main DAQ system Analog Digital Converter, Signal conditioning filter (whitening filter)

2 Frame Maker Computer: Real time operation system to storage data with GW
FRAME FORMAT.

3 Detector Diagnosis Computer: Online data analysis soft for detector diagnosis and
trend-data archive

4 Environment Monitor Computer: Environmental data monitoring soft, display for user
interface.

5 Time Keeper and Global GPS, GPS signal transmission system, GPS time server with

Positioning System Rubidium atomic clock, sampling clock distribution system for ADC

and DAC.

6 Raw Data Archive Computer, tape archive system and data storage system: Archived
data database and its human interface.

7 Pre Analysis Server Computer: Data re-formatting for GW signal search

8 Data Distribution Computer and high-speed network: Data distribution system for
collaborator's demands




Interface Control Document LCGT Project

2. ER# / Required specifications of the system

1TRLEBRICHTIERLE#EMNEREIh TS LCGT design document version 2 T? section &,
B9 sub-system, Design document version 2 NS> DEE D FHETREN

No. | ##& / - sk Related v EEOTHE

Function Described section (**) sub-system EERY Ay
1 Main DAQ Data analysis, Digital

system 17.1 system & [
2 Frame I

Maker 17.2 Digital system O X
3 Detector L

Diagnosis 17.3 Digital system X X
4 Environment L

Monitor 17.4 Digital system X X
5 Time Keeper

and Global L

Positioning 17.5 Digital system X X

System
6 Raw Data I

Archive 17.6 Digital system X X
7 Pre Analysis .

Server 17.7 Data analysis O O
8 Data .

Distribution 17.8 Data analysis

(Il (Il

** Section in LCGT design document of version 2
LCGT de5|gn document versmn 2 0)&‘”&!1 TRICEEDTHYET .

uhEE(-r?’)?)bﬂﬁﬂJto)#ﬁm&t ERELEBRETREFNICHFRT ST E.
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3. 1>4—2xz—2R [/ Interface of the system

BEYTVRTLOHMBHETIICHEY RELETAEEHVER O YT RTFLTROTHRLLER. B
LLEABSATH S 4

* FRICEBRABMESIORFOTWEVEERSL BRETETITREFTLAEWLEWVIFRIN &,

EI1F / Item BEYITSRTL / ER{E / Value a¥E /
Related sub-system Confirmed

R Data analysis 10 Hz - 10 kHz by #H
ADC bit resolution Data analysis > 16 bits by #H
Number of channels for GW search | Data analysis 32 channels by #H
Pre-processed data formats Data analysis TBD not yet
Acceptable delay time to distribute | Data analysis TBD not yet
observation data for collaborators
Data storage capability Data analysis TBD not yet
Accuracy of time Data analysis < 1lus not yet
Computational capability for GW Data analysis TBD not yet
searches

* | Network capability HMEE 10Gbps spec not yet

network switches

Each 16 ports for 8
DAQ stations

* | Power consumption MR TBD not yet
* | Waist heat HMEE TBD not yet
* | Location and space e TBD not yet
Installation schedule ?7?7? TBD not yet
Budget allocation ?7?7? TBD not yet
Man power allocation ?7?7? TBD not yet

T BBYTORATFLRROBNEVFENI LIS * BIZFFHIE,
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0. YT RAF LD / Current status of the subgroup
a) Conceptual design (W 7L RATLDEE) (FHELELEM? FE /

* RELGHADHAEE. MR EHEICERLTTEL,
* Conceptual design DZERIZ{EL, FEINSEZE (WREHEIE) LBEE sub-group,

b) Alternative design [ZE->TWWETH? BoTW3 /
* Alternative design OERICKYVELLHEFHINSGEE (BREFTIER)E BE sub-group,

TORILEIE sub-group AFFERSNhT-F. T—AWMBO IOV RIUR(ADC, signal conditioning filter)
HEDHBILBLLIIERBEHDEELLED alternative design A%ELT=,

f=1=L. LWED LA Conceptual design [ZIFEFELL,
B9:#E sub-group: FiHEtERET U RILHIfE sub-group

c) SEFHEBENLLLEBE. FERNICRET REHE LEE sub-group,
ERENOEE.HEEH. BRRECOVTHRERLITEELEILENH S,
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A% / Glossary

GW Gravitational Wave

DAQ Data Acquisition Subsystem

ACS Analysis Center Subsystem

grid The application of several computers to a single problem at the same time
GRB Gamma Ray Bursts

SN Supernovae

Processed data Calibrated data in strain h, including detector information which need for

analysis
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1. 89T RATLOHELESE / Concise definition of Data Analysis

LCGTRMETETIIE Y T I N—THREEF >TRU T AEHRL. ThEXERTH=HON—F

DIF7.VI+0IT,

No. ## / Function Hardware, Software

1 Computing power and Main Server, Network infrastructure, C, Matlab, etc.
software for event searches

2 Interface for grid computing | GRID server for distributed computing environment, Network
as an international GW infrastructure
detector network

3 Interface for LCGT Main Server, Network infrastructure,
collaborators as data center .
including document control Library management software (e.g. CVS)

4 Calibration Routine Software and parameter table for calibration

5 Interface for external Main Server, Network infrastructure, C, Matlab, etc.
triggers such as GRB and
SNs.

6 GW alert system Main Server, Network infrastructure, C, Matlab, etc.

7 Interface for distributed Main Server, Network infrastructure, BOINIC
computing system based on
BOINIC (*)

8 Processed data server Mass storage for processed (calibrated) data sharing and

distribution

* http://boinc.oocp.org/indexj.php

: Software platform for Einstein@home
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2. ER{# / Required specifications for Data Analysis

1CRLEBEEICHTIERGEHI,EREINTLVS LCGT design document version 2 TO section &5,

B9 sub-system, Design document version 2 NS> DEEDFRHETREN

No. | #&k / EEOTEE
Function Described section Related ETERY #HY
(**) sub-system(s) modified to be
modified
1 Computing )
Power Data Analysis Subsystem O O
2 Data storage Data Analysis Subsystem N .
and archive Data Acquisition Subsystem
3 Commerciall
zo?’glwa!?glsnd Data Analysis Subsystem O O
libraries
4 Grid system Data Analysis Subsystem O O
5 Database for .
stored data Data Analysis Subsystem
6 Document
control and Data Analysis Subsystem O O
archive
7 Interface for
external Data Analysis Subsystem O O
trigger
8 GW alert Data Analysis Subsystem
system isiti O O
Yy Data Acquisition Subsystem
9 Interface for )
BOINIC Data Analysis Subsystem O O

** Section in LCGT Design Document, Version 2
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3. 1>32—27x—R [/ Interface of the Data Analysis

BEYTVRTLOEMBHETIICHEY RELETAEE RV TR O YT RTFLTROTHRLNVER. B
LLEABSATO S 4

* FRICEBRABMESIORFOTWEVEERSL BRETETITREFTLEWLEWVIFRIN &,

EI1F / Item BEYITSRTL / ER{E / Value ¥ /
Related sub-system Confirmed
* | Computing power DAS TBD Not yet
* | Amount of data storage DAS TBD Not yet
* | Data archive system DAS, DAQ TBD Not yet
Commercial software DAS TBD Not yet
Commercial libraries DAS TBD Not yet
* | Database for stored data DAS TBD Not yet
* | Document control and archive DAS TBD Not yet
External triggers DAS TBD Not yet
GW alert system DAS, DAQ TBD Not yet

T HBRYTIRTLMRROBVDEVFREWIEICIE * HERFITETE,
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0. YT RAF LMD / Current status of the Data Analysis

a) Conceptual design (V7 RFLDEE) EFRELELE,? / *
E

* RELGEADHLHE. R EEEFHEICEEBLTTSIL,
T=AT7—=hATIRT L, T—ABRAVATL . T—4BINTaVE1— 4 RTLDOERSARETHS.
* Conceptual design DZERIZ{EL, FEINSGEZE (WREHEIE) LEE sub-group,

b) Alternative design [ZE->TWEITH ? EoTW3% / LWL
* Alternative design OERICKYVELLHEFHINSGEE (BREFTIER)E BE sub-group,

c) SEFHEBENLLLEGE. FERNICRET REHE LEE sub-group,

BEYTIN—T(DAQ BEKUDAS) LRI, F—E7—NATLRTL T—ERAEVATL,. T—4
BAVELA— SV RTLOEBRDREESTS.
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A% / Glossary

NS Neutron Star

BH Black Hole

SN Supernovae

SNR, S/N Signal-to-Noise Ratio

GW Gravitational Wave

inspiral The inspiral of the coalescing compact binaries
CBC Compact Binary Coalescence

DAQ Data Acquisition Subsystem

ACS Analysis Center Subsystem
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1. 89T RATLOHELESE / Concise definition of Data Analysis

LCGTERETETICEY I TN —THBEEEH > TREITRERREL. ThEXERITI-HDD/N—F
DIF7.VILOIT,

No. 8 / Function GW sources / Search Methods
1 International network GW Compact Binary Coalescences, Stochastic backgrounds, Bursts, All
searches sky pulsar searches
2 LCGT standalone GW External triggered search for CBC and Burst sources, Known
searches pulsars searches, new search method developments, novel GW
source searches
3 Astrophysical interpretation

of GW search results
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2. ER{# / Required specifications for Data Analysis

1CRLULEBEEICHTIERGEHI,EREINTLVS LCGT design document version 2 TO section &5,

B9 sub-system, Design document version 2 NS> DEE D FHETREN .

No. | #& / EEOTEE

Function Described section Related ETERY #HY

(**) sub-system(s) modified to be
modified

1 CBC search 2.1,2.4,18.2.1, 18.4 Analysis Center Subsystem ] O
2 Burst search | 2.3, 2.4, 18.2.2, 18.4 Analysis Center Subsystem O O
3 Periodic

source 2.2,18.2.3, 18.4 Analysis Center Subsystem O O

search
4 BH ringdown )

search 2.1.2,2.3,2.4,18.4 Analysis Center Subsystem O O
5 Stochastic )

GW search none Analysis Center Subsystem O O
6 Data quality

Data Acquisition Subsystem

and 17.4 , O 0

character Analysis Center Subsystem

check
7 International )

collaboration 18.3 Analysis Center Subsystem O O
8
9 O O

** Section in LCGT Design Document, Version 2
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3. 1>32—27x—R [/ Interface of the Data Analysis

BEYTVRTLOHMBHETIICHEY RELGETAEE RV ER O YT RTFLTROTHRLNVER. S

LEEBSh TS

* FRICEBRABESIORFOTWEVEERS L BRETETICREF TRV EWVIFRIN &,

EI1F / Item BEYITSRTL / ER{E / Value ¥ /
Related sub-system Confirmed
Observable frequency range DAQ 10 Hz - 10 kHz
ADC bit resolution DAQ > 16 bits
Search task data format DAQ TBD Not yet
Calibration code and data DAQ TBD Not yet
Data distribution method DAQ, ACS TBD Not yet
* | Analysis computer system DAQ, ACS TBD Not yet
* | CBC search code ACS TBD Not yet
* | Burst search code ACS TBD Not yet
* | Periodic source search code ACS TBD Not yet
* | BH Ringdown search code ACS TBD Not yet
* | Stochastic GW search code ACS TBD Not yet
* | Data quality and character check ACS TBD Not yet
code
human resource management ACS TBD Not yet
International collaboration ACS TBD Not yet

T HBRYTIRTLAMRROBVDEVFREWIEICIE * HIEF}ITETE,
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0. YT RAF LMD / Current status of the Data Analysis

a) Conceptual design (V7 RFLDEE) EFRELELE,? / *
E

* REGHANHLEE . RAEBEHHEICERLTTSLY,
T—HBITEITOABDHERDFR HENEDMRERANTITIN NRETHD.
ERR# R T — 2B O D EKEES - FBR- ABNKRETHS.

* Conceptual design OZERIZ{EL, FEINSEZE (FREHEIE) LBEE sub-group,
T—ABMABRRSNTAERLEVGEIZE, FRREEEOBEEC OV TRHTILELNHS.

b) Alternative design [ZE->TWWETH? BoTW3 /
* Alternative design OIERICKYVELLHEFHINSGEE (BREFTIER)E BE sub-group,

TR A—NERLIGES(CE, T—2@ a0 Ea—3Y X T LR 2—(ChBYERNT HENSATEE
EMNTES.

BE&E sub-group: Analysis Center Subsystem

) SEFHEBENLLLEGE. FERNICRET REHE LHEE sub-group,

T—ET7—NATLART L, TEARAVATL, TEBFAVE1—4L AT LA(@QERETERR) DERKRDR
.



