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TAMA @

The Objective of TAMA is to develor

advanced technologies for km scale

interferometer and to observe possibl
events in our Galaxy.

The funding originally covered five
years.

We began its construction in April of
1995.1t ends in this March after two
years extension. Four year research

money has been approved from this
April.
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Displacement noise level of TAMA300
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Optical Config. and control system
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4,
(1) Matched Filter

Detector outputs:  S(7) = Ah(t)+ n(t)

h(f ) : known gravitational waveform (template)

H(I‘ ) . noise. N Post-Newtonian
Outputs of matched filter approximation
f Vh'(F }
p(t.,m;  ,m,,...)= EJ
k i ( }[ }

5.(/) noise power spectrum density

Signal to noise ratio isSNR = p / +/2
Find the parameter which realize the maximum of p for each

certain interval of’ f
max pP(t..m,,m,,...)
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« Survey mass region: 0.3 - 10 Msolar
 0.59 event/ hour C.L. 90 %

— Note: ~ SNR o
survived event significancy
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(3)

. SN1987A
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6.
(1) LISM - TAMA

LLocation of TAMA and LISM

« Location of TAMA and LISM LISM

orientation  latitude longitude . SN 3
TAMA| 225° 35.68° N 139.54° E N\ &35 Foe.aeth
LISM 165° 36.25° N 137.18° E
" :=: 0
Relation between TAMA and LISM arms direction . TAMA
TAM LM
LN PN Distance between TAMA and LISM ~220km

G ; @ Maximum delay of signal arrival time

s ~ ().73msec

Difference of zenith direction ~ 1.97 °




TAMA—LISM Analysis Algorithm

TAMA LISM
{data rﬂading] [ data reading ]
v v
Matched filter N[ Matched filter h
max (po(m,,m,.t....)) max (p(m;,m,.1,...)
_MS et st + Y4 AL =3.2sec /sr <t +% A =3.2sec
i A "a_ l A
TAMA event list 1 [ LISM event list
! \ 2
'r._-m.m !Maumu ,I‘j’mmu E pm.m :;Tim j—l, r—!’ {izm M ligm !??J'E:rm 1 ﬂj‘r’.ﬂn ,Jf.!.-_;m

[l{ﬂﬂp the events in the common lock pa.m']

{TAMA event list } o {LISM event list }

for common lock parts 7 for common lock parts
.,-'-""-
e

— . ~ “—— Total length of locked part ~ 322 hours
[ cmncldent event search ]

—,

Common locked parts ~ 245 hours



Results of coincident event search

II..F

g

Results of onestep search for common lock parts

TAMA LISM
158437 events 142465 events

!

1L

{ After {{_-mincidence

70 events 70.45 +£8.53

accidental coincidence (7.

JL

[ After {., M, n -coincidence

| 8 events 17.55 & 4.08

accidental coincidence (7.

4L

{After t.,M,n, p -coincidence

|3 event 12.76 £3.51

accidental coincidence (7,




6.
(2) LIGO - GEO - TAMA

 Fake event

. ( constraint)
Redundancey

« Memorandom of Understanding

« DT/ -LIGO S1

— Five detectors common lock data: 9 hours 50 min
e DT8-LIGO S2

— 2/14 - 4/14/2003
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Since BNS exist and the signal
of the coalescence is precisely
predicted, the event is the most
important target of the ground
based interferometric detectors.

However, since the event rate is
106 per year per matured galaxy
as ours, we have to wait for 30
years on average by the sensi-
tivity to observe the VIRGO
cluster 20Mpc). Because there
IS one galaxy per cubic Mpc

on average.

: "

Therefore, it is clear to everyone
to develop more sensitive
detector to see more remote
galaxies. Increasing the
sensitivity by ten times, the
above waiting time becomes 0.4
months.
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Underground merit is the smaller seismic noise

ﬂﬂ"g j 20m prototype interferometer mounted
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The amplitude is smaller by two
orders than that of TAMA site.




SAS or similar system
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24.3K

Foil heater [l Thermometer
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Finesse
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13. Al wire (Cooler)
12. CGR |
N\
]
Sample UWA |Stanford| VIRGO |LCGT (5K)
Hemex 55+-4 140 3 2
Hemlite R 5 s 90-99
CSl White [3.1-3.5| 120 = i
CSI White - 141 - &
CSI White - 68 |142+-15 -
CSI White " 58 90+-10 .
CSI White - 3 o 88 -93

ppm/cm
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Cryogenic Laser Interferometer Observatory (CLIO)
and
Laser Seismometer
111

: - End Tank St
Kamioka Mine il

End Tank Station
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Center Tank Station
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Optical layout
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Thermal noise (300K — 20K)
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Signal bandwidth [HZz]
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Design detall

Suspension point interferometer
Vacuum system

Suspension system

Refrigerator system

Heat link system

Data acquisition system

Others




An Optical Design of LCGT interferometer

EM2
Rf=0,99999
Sapphire
. L0 H Temp.: 20K
nput Optics 2nd MC Perpen.
Twa Made Cleaners arm cavity Main Interferometear
and Modulation Unit 400kW Resonant Sldeband
1st MC Lehgth: 130m Extraction config.
Lanth: L0m Finuul: 1200 with Power Recyeling
Finasse: 1700 FM2Z
iah= Rf=0.955
Power Sapphie
Temp.: 206 Inline arm cavity
Laser EOM 1 MMTL MMT2 MMr3  Fused Silica Length: 2000m
|:|—D—#EH7$ FI Temp.: 300k | pg Finesse: 1250
* B {'ﬁ H
IHOW 100W 1kW [1]+] :
II 180W PRM FM1 Anakw EM1
fn1 facz A SEM
b= Mod.Unit PRE:10 [77] g’B;f'f: Signal Band: 200Hz
n!c:[ MC2 omc Demaod.
signal signal T\l Gravitational
i Wave signals
PD
IFO IFO .
signals signals Output Optics



Optical Design Parameters

Main Interferometer

— Resonant Sideband Extraction | aser source
with power recycling, broad band configuration - Output power 300W
— Arm cavity length 3000 m - Wavelength 1064nm
— Power in arm cavities 800 kw
— Signal bandwidth 200 Hz
— Arm cavity finesse 1250
— Power recycling gain 10
— Signal band gain 10
Input optics
Power transmittance 33.3%
Modulation sidebands 15 MHz, 50 MHz
15t Mode cleaner 10m Triangle ring cavity, 4.5kHz, FSR 15 MHz
2"d Mode cleaner 180m Triangle ring cavity, 350Hz, FSR833kHz
Core optics

Main Mirror: sapphire, 20K, 30cm, 18cm, 50kg
Substrate optical loss 500ppm/18cm; heat absorption 20ppm/cm

PRM, SEM, BS, MC mirrors: Fused silica



LCGT Laser (300W)

1st Slave Laser
Fiber coupled LD

2nd Slave Laser
-'--I- -,
' | Power Amplifier
1mw m-
. - iy il | T e | i
PET 1
Quoarkz
AL
FI.
¢ =-— e e
SOW Amp. Unit 0w
o T i |
fnz




e Pressure
— 2X107 Pa

e Ducts

— Total length 3km
— 1.2m Diameter

— 11m Unit
/facuum System — Titanium or Stainless steel

e Pumps
— 10 Root pumps
— 30 Turbo molecular pumps or 10 Cryopumps
— 30 lon pumps

e Optical Buffles
— 10cm Height
— Made by M2052
— DLC (diamond likecarbon)
— 80 pieces



Test mass of LCGT is connected to a cooling system by a heat link that introduces
mechanical noise. A suspension point interferometer is introduced to maintain high
attenuation of seismic and mechanical noise without degrading high heat
conductivity.

Main pendulum

1\‘ ; Beam Splitter

Main interferometer
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10410 m/rtHz
at 3Hz.

0.3Hz GAS- - {--

104-12 m/rtHz
at 3Hz.

104-14 m/rtHz
at 3Hz.

104-16 m/rtHz
at 3Hz.

Horizon: 104-18 m/rtHz

Vertical: 10416 m/rtHZ -

25 m

14.3 m

+ at JHz.
2.1 m

':/_ll




m
Disp. |sensor

I Coil-magnet
aftuator
Vibration —\m filter
Isolation System g
(Room temp.)
A |
| Suspension
Upper Plathome
Recoil Mass -| | T Damping magnets
Cryogenic - Upper Mass
Suspensinn (SPI) Test Mass
——Heat Link
Coil-magnet 7| P
Actuators | | Test Mass w':;“:ﬁ "
(Main IFO) 1o ion | Cryo-pump
Recoil -
Mass

4.2K shield ‘77K shield



Aluminum plate U shape thermal conductor

Radiation: 2 1mw Length: 1.3m S il
G10 rods: 150mW Wilthi:1hem R e

Number: 12pcs
Signal cables: 3.7mW
Cryogenic suspension: 320mW
Total evaluated heat: 500mW

Thickness: Tmm
Number: 1pc/1 heat link clam

TOTAL: TW (100% safety value)

G10rods
d10*10

6rods |j shape thermal conductor
/ Width: Zmm
Thickness: Tmm

Radius of U shape: Scm
Mumber: 2pcs

/SK

1w

Sapphire fiber
¢ 1.8*500

Number: 4pcs

4

Aluminum plates |

\ 7K Length: 1.5m : h\SK
Width: 5cm +360mW
+17mwW Thickness: Tmm 1TW
1TW ~Mumber: 10pcs




Mirrar tank

{rycgenic vacuum pipe

-
®

IZ@) Refrigerator unit ;
4K 2 stages GM pulse refrigerator

G

Refrigerator unit ;
40K 1 stage GM pulse refrigerator

__________l__________________

0 Crycgenic mirror
Beam splitter tank
% O
[ 1 vacuumpipe
Hze
¢ Beam splitter

2]
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Fake elimination using parallel Interferometers

Assumption of the TAMA fake event << 1/ 1hour

Coincidence analysis of two identical interferometer
placed side by side

Probability detecting noise withinx At iIsp®2 At
At 0.5msx 3

Expected rate of the signal event is assumed as
levent/year ->3x 10™-8} /s

P2 A1<0.27% x 8x 10M-8}}=8x 10M-11}/s =
2.7x 10M{-3} / year

p< 2.3x 10M-4} =1/ (1.2 hour)



LCGT Man Power

ICRR 5
NAO 8
KEK 9
Physics Dept, UT 2
Material science Dept, UT 2
ILS, UEC 2
1
2

ERI

Kyoto University

Osaka University 1
Osaka City University 1
Niigata University 1

34



Estimated budget (to be revised)

Tunnel Construction

Vacuum system
Cryogenics

Optics

Suspension system
Laser system
Control system
Computer

Others

Total

3400
12100

400
800
260
400
100
200
340

18000

M JpnYen



Summary

Steady R&D for LCGT
Practical test of cryogenic technique by CLIO

Result of TAMA
— World record of sensitivity & observation time
— Successful collaboration of different organization

Plural interferometers to assure the detection of
GW



