Design considerations for
LCGT’s seismic isolation
LCGT DEXETLDEEEIE=T:

Riccardo DeSalvo

Discussion:

Comparative seismic attenuation, vacuum
tank and optical element configurations
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W What am | doing?
FAELAZLTNDDTE M ?

* | am here to assist Ryutaro Takahashi in
designing, building and implementing the
seismic attenuation for LCGT

s FAIEBRENERZZIET H1=HIZZIIZLVS
s RET.BESLIUVMERDBEZELET S LCGT
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' First step

* Need to define the interface between
— General interferometer configuration
— Optics
— Mirror suspension (cryo and room temp.)
— Seismic isolation
— Vacuum tanks
— Tunnel and cavern configuration

* | have been bugging everybody
* | apologize for the inconvenience | caused



Seism g%
b{i

* |n the way
| have freely given comments and suggestions

* Please feel free to take them or ignore them

. but please considere them !
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b Premise

| make specific proposition and design hypothesis

What | present is just a “proposal”

Need discussion and negotiation between
subsystems

Please interrupt me often !



fETM: End Test Mass

ITM: Input Test Mass

BS: Beam Splitter

MC: Made Cleaner

PRM: Power Recycling Mirror
SRM: Signal Recycling Mirror
MMT: Mode Matching Telescope
\PD: Photo Detector
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' tarting point: attenuator types
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' Thinking threads

* Seismic configuration
* Access type
* Vacuum tanks

 Modularity of design
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b Seismic configuration

e Passive attenuation similar to Virgo’s

* SAS type, based on Geometric Anti Springs
(GAS) not magnetic (Virgo SA)

* Underground location
— need less attenuation than Virgo

e Start at room temperature
* Future cryogenic
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Physics advantages

Underground location
— Less Newtonian noise

Can potentially detect GW at lower frequency
— *** Exclusive physics for LCGT ! I'|

Future cryogenic interferometer
— Problem with high power
— Lower Frequency requires less power

Want to preserve potentialities
— Need to produce attenuation at lower frequency
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Seismeqp%
b Constraints

* Need very stable basement for seismic chains
— Virgo and LIGO had problem with stilts

¢2qoo |

This is a
problem that
must be
avoided




b Constraints from low frequency

* Horizontal attenuation

* Pendulum attenuation frequency vg/I
— Need elevation | for low frequency attenuation

* Vertical attenuation
* GAS filters OK at low frequency

* No dilution, full metal noise present
— Will need horizontally level interferometer to
preserve capability to detect GW (Back to this later)
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b Factual constraints

* Design seismic attenuation

* For unknown suspensions => flexibility
* Design of seismic attenuation is important
e Access is also important for implementation,

e Seismic must be designed together with
detector configuration, vacuum,
suspension, ....
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b Type A proposed solution

* Attenuation Filterd
chains for
Filter1 IP
test masses Filter0
and possibly Filter2
Filter1
beam
: PF
splitter
IM-MB
TM-RM
Stack

Type



' Design key point

* Need height for low frequency
* Need foundation stability
* Need to preserve the advantage of stable rock

* Need not to occupy space to allow later
installation of cryogenic suspensions




b Dual tunnel

- general description

* Eliminate the large experimental Hall

* Replace with two superimposed tunnels

ITM-Y

H

3Km




Generalities
s e >4m x 24m upper tunnel
Al Siins ) -

7 ~+ ¢ containing pre-attenuator
& -+ 1 mdiameter =5 m tall
... = bore-hole with SAS chain

/‘_1_%_ <
} * 5.5 m tall containing main
beam and cryostat
For more detailed discussion, please see JGW-T1000249

/ JGW-G1000255
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Physical advantages

* Pre-isolator footed on
solid rock

* |Inverted Pendulum
table short

— It was found that
small size = better
performance
* Easy of access for

pre-isolator tuning
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Physical advantages

1300

2100

2100

5000

2100

* Naturally longer
oendulum length
petween filters

_ower frequency
performance

* Opens door to possible
physics underground
from lower

Newtonian Noise
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Controls advantages

3 standard filters instead of 2
* Reserve in attenuation power

e Additional filter to implement
Eddy current damping

* Effective chain mode damping

| . * Easier and more reliable
Interferometer locking

* Need simulations to confirm design
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b Technical advantages

e Ease of installation

* No need of large,
expensive rigid
structures

17 JGW-G1000255
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Technical advantages

e Safer installation procedures

* Large separation between

77| | V777 suspension point and main
T tunnel, cryogenics, . . .
=3 — Longer path for noise transmission
/%%__%/ * Ease of payload/cryostat
replacement




Economical advantages

* Much smaller and cheaper
vacuum structure

* Much lighter crane requirements

JGW-G1000255



' Mining advantages

 Smaller dug out volume
— Less stability problems
— Less lining thickness

* Tunnel-like structures
— No need of larger machineries to make large halls



Cryogenic installation

* No impediment in cryostat tunnel

/797)% %@74 * Ease of connecting-disconnecting
payload

/%4_ %7 * Relative ease of payload change
i? if needed

/ JGW-G1000255
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b Disadvantages

* Need new bore-holes to re-position any
optical element

e Need to know where to locate all mirrors |
* Re-boring alone “M¥

* Need ~ 75 m (15% slope) of 4m x 4m tunnel
ramp to connect floors



b Disadvantages

e Will need 1200 mm diameter or oval boreholes

e to allow for £100 mm tuning of PR, SR, ITM
mirrors
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' Dual tunnel type A seismic

* More stable pre-isolator footing
* Keep door open for exclusive physics

* At marginal or no additional cost



' Type B proposed solution

IP
e Attenuation Filted
chains for
Filter P
recycler and Filtero
mode Filte
Filter1
cleaner
mirrors 1 o
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Starting point

¢2qoo
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Proposed solution

8%%
.WU




e External rigid structure

— preserve advantage

 Same isolation
elements

 Reduced size
— Better access

— Reduce cost

Need simulations
to confirm design

JGW-G1000255
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Installation access

LIGO:

— Enormous (very expensive) walk in chambers
— HAM side access SR, SR1, SR2, MC mixed on same table
Virgo:

— Access from below

LCGT: =,
Side access

— Separated SR, SR1, SR2, MC suspensions

* Larger chambers unnecessary

— Small chambers access advantage
— Similar to cryostat configuration
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vpe B and C proposed solution

e Attenuated optical benches

|' o [ | FilterO

Filter1

PF




Seisme%%
' Starting point
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* Need space below
e Need to lower floor 40 cm

V

Proposed solution

\

< 3
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N

Need simulations to confirm design
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More on access

ARM

e Side access OK in

most chambers L oo
* Exceptin BS — —
where 4 pipes l M{ i} ﬂ [m
Cross W A /
* Need to remove =
pipe sections for ' |
access N? Yﬂ
\




b Vacuum tank questions

* |s 1500 mm the best choice?
 Are 1000 mm flanges the best compromise?
 [s it structurally OK? 1000 mm

1500 mm dia
OK

1000 mm

1000 mm

1000 mm




1200 mm flange best
for access

800 mm matches pipe
Size
1000 mm may be

needed to route
folded recycler beams

1200 mm

b Vacuum tank questions

800 mm

1500 mm dia
OK

800 mm

1200 mm



e 1200 mm flanges on

contiguous sides

certainly not a good

idea ! ||

JGW-G100025

1200 mm

b Vacuum tank questions

1500 mm dia
NOT OK

800 mm

800 mm



* Does 1500 mm tank with
1000 mm flanges lead to

b Vacuum tank questions

1000 mm

structurally sound? :
* How thick needs the tarN

to be?

* |s 1000 mm flange
sufficient for side access
assembly?

* |sa 1400 mm bench
sufficient for ancillary

1000 mm

1500 mm dia
OK

optics?

1000 mm

1000 mm



bf Do we need more than
3 m separation between tanks?

e 17.1+14.08+17.1+25.5 ARM
=83.78 m fixed value

! REMOVABLE

3m SECTIONS FOR
 To conserve 83.78 m & Aocess
* andincrease 3to 3.5m — Jf”—\% |
e+ 17.6+14.08+17.6+24.5 l Hm " ﬂ
e |s24.5mtoITM OK? A A
O® OB o 7 N
A) N& )
N




b Back to non-horizontal interferometer
R5IEKFEFiHET

* Earth’s radius s m % =6.4 10°m

* Natural tiltB#n1E=1500/6.4 10° =2.3 10%
* Imposed tilt EEL-D1E=1/200 =5 102

e sensitivity to vertical noise worse 20 x

« BEHAMMD/AXIZXTHEEIEL 20 x

* Metal elasticity 1/f noise in wires diluted by gravity in
horizontal direction

’ %E@Eﬁj}'l‘i 1/f BED/AXE KEABDEAIZES>TH
VD

e Last stage non metallic, further filter metal noise
RIEBRUNDER. SHIZT IILFIER/AX

Please read
JGW-P1000254
JGW-G1000255




SeiSmQ%{v
b‘ Problems with non-horizontal interferometer

%8 JEKEFiHEt

* All metal elasticity 1/f noise is transmitted
completely unfiltered in vertical direction

- ERNDEHEIFL/ F/ARXTELITEEINTT E

EEAMIZT4)L

81)2 5 A TG
* Transmitted to horizontal by tilt Hféf;‘ﬁ;ﬁjfm w
« ERNIKFEICEHD

 We can do a good tilted interferometer

s KARIIBWMERITFSESEITOICENTEEXT
e We cannot do a tilted GW detector !

 HAIEMERE NRBHETIC LI TEE A
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b Facility issue &% D %8

* Tilt the tunnel may defeat the purpose
o FILME FURIILDBRIZITLEENT CEAHYFET

* |s it worth building an interferometer that may
not measure Gravitational Waves?

BEHREBAETHAENTELWNTHEHEEET HMEMN
HYETM?

Tulll
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b3 Seismic attenuation
Modular design

e Standard filter with changeable load

e Standard pre-isolation with
Inverted pendulum and
GAS suspension

e Optical benches on same IP-GAS elements

JGW-G1000255



b Standard modular filter

* Twelve separate
blades design

* 500 kg max
nominal load

e Steps of 80 kg
load reduction per
pair suppressed

* Smaller steps with
smaller blades

73 cm diameter

85 kg mass
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' Standard filter performance

* Magic wands,
— Peak attenuation 90 dB £

* Bimetal thermal
compensation

* LVDT/Actuator for
frequency tuning

JGW-G1



Magic wands

 Compensate center of percussion limitations




b. Thermal shield

* The standard
filter is
designed to
operate near
cold spots
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b Rapid suspension wire hookin




'I\/Iodular-rapid blade assembly

* Specialized tooling
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Easy to assemble




w Mass/balance,
tilt frequency tuning

 With masses above and below the shell

A\l e

L4444444

e ———— =
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Inverted pendulum

e Same as HAM SAS and AEI SAS

Please read LCGT-T1000253:
http://gw.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=253




b’ How to proceed-1
EDXIITHEDHT-1
No time to delay design any further

R DVEVEREHEEAND SIS

We need prototype delivery by March
ONONIEI3AETIZTAMNMATDEEZVLELT S

| will discuss with all of you today, tomorrow and
Wednesday morning

c AEHET-OIT_TOSH. BB, KEBDEAIZERIT S

Then | will assume that the suggested design
parameters are correct and approved

ZTNDOFATIREERET/NTA—IMNIELNVEAZEIN TNV
EIRELET



W How to proceed-2
EDISITHEDHT-2

* | will proceed with the design of type A
seismic attenuation chain and vacuum tank

o FADIAATDEHRETMERBEFI— 2V EETEZED
TLK

* | will modify the design if and when | receive
complaints from you

» REBHLE-IoFFERITEHESHE . RRIETHAUN
KENFT

* Flexibility will reduce rapidly with time
o REMHEFIFRIOZEBEEDICRREITHDLET




