Viewgraphs presented at International Symposium on Neutrino Astrophysics, Takayama,
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(1991) confirm this location for the pulsar.

3 DISCUSSION

the remnant as illustrated in Fig. 1 (inset). The position error -+~
in right ascension is smaller than the width of the line; the
error in declination is larger because this pulsar lies close to
the ecliptic plane, The pulsar is located at the extreme
western edge of the compact nebula G5.27-0.90; the
‘ derived position is consistent with location within the
v ‘bump’ on the Becker & Helfand (1985) image. Independent
' observations using the Very Large Array by Frail & Kulkarni

The location of the pulsar relative to G5.27-0.90 and

G5.4-1.2 confirms the association with the supernova -
remnant and suggests that both the pulsar and the compact

nebula are moving in a westerly direction at such
velocity that they have overtaken the shell, Further e
for the association is obtained from the agreement of the
haracteristic age with the estimated age. for
G5.4~1.2, aboyt 14000 yr (Caswell et al. 1987). Distance
estimates for the pulsar and remnant are also in good agree-
ment, Using the surface-brightness/diameter relationship of
Caswell & Lerche ( 1979), Caswell et al. ( 1987) estimated the
distance t0 G5.4~1.2 to be ~3 kpc which compares well
with a distance to the pulsar of 4.4 kpc. based on the
dispersion measure (Table 1) and a new model for the
galactic electron density distribution {Taylor, Lyne &

g o Mask d el o jemg WV, B 33 %

T Fible Y. Patameters for PSR {750 S5 by o
Right Ascension (32000) 18400739787 + 0,03 N
Declinaticn (J2000) - " =24°50'57" £ 327 '
Right Ascension (B1950) 170 87m388.014 . 2“
Declination (B1950) —24°80r88” e
Period 0.12487445209 £ 8 -
Period Derivative (127.898 £ 0.010) x 10-88 P
Second Period Derivative (=4.7£0.8) x 10-14 g1 -
Period Epoch (Modified Julian Day) 47916.000 .
R.M.S. residual 930 us -

Dispersion Measure - 28941 cm™pe-
Mean Flux Density at 1520 MHs 0.7 mJy .
Characteristic Age . 15 300 years
Surface Magnetic Field Streagth 4.0 x1017 G

Manchester, in’ preparation). Caswell ef al, also suigestedt e

that G5:27 - 0.90 lies beyond ~ 5.9 kpe, based on the radial T
velocities of H,CO absorption features. Given the. small 54

galactic longitude and the consequent uncertainties in the:

radial velocity-distance relation, this result is not incon- .28

sistent with associating G527-0.90 with the pulsar and

withG5.4~1.2,

We conclude, therefore, that PSR 1758 ~24 is associated '3

with both G5.4~1.2 and G5.27-0.90 and that, together,
they form the eighth reasonably well-established pulsar~
Supernova remnant association after Vela {Large, Vaughan &
Mills 1968), the Crab (Staclin & Reifenstein 1968),

‘

:..’ ey 1634
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ASTROPHYSICS FROM COALESCIN_G
BINARIES

e Measure the masses of hundreds of
neutron stars and dozens of black holes,
These masses are Parameters that will be

automatically Mmeasured as part of the de-
tection of the binary.

e Hubble’s constant.

Easy if the event
rate is a few per year fro

m within 200 Mpc.

e Observe black holes Coalescing. This
provides a test of stron

g-field general rel-
ativity. T

10
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STOCHASTIC BACKGROUND |

This could be Ieft over from a number of pro-
cesses inthe early universe, notably decaying-
cosmic strings. Two detectors situated within
A/27 of each other (A = gravitational wave-
length) have optimum sensitivity:

(Pl ltie] " 2™
N / stochastic 100 Hz 10—22

Ry B |
X )
10-8 100kms—1 Mpc—1

Where opp is the broadband burst sensitivity
of the detectors.

An experiment conducted at the lowast fre-
quency gives the largest possible separation
between detectors. Even at 100 Hz, however,
the detectors need to be _within 500 km of
each other for optimum sensitivity.

+ 13
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Projects of the laser interferometric
gravitational wave detectors in Japan

K. Tsubono

Department of Physics, University of Tokyo
Bunkyo, Tokyo 113, Japan

I. Progress report in Japan
II. 3kmx3km laser interferometer

III. 300mx300m laser interferometer
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» Schematic view of the Fabry-Perot type

laser interferometric gravitational wave
detector
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Progress report in Japan

R&D program (1991-1994, ~ $6M)

Institute of Space and Astronautical Science(ISAS)

loo-m DL

National Astronomical Observatory(INAO)

20-m FP

The University of Electro-Communication

doser

Tokyo University

contire [ 2 i50QaTion

Kyoto University
GW Theovy
Insittute for Cosmic Ray Research(ICRR)
National Laboratory for High Energy Physics(KEK)

Tokyo Institute of Technology
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* Frequency satbilization of LD pumped
Nd:YAG lasers |
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t Horizontal Plane Suspended Fp Cavity
F=380
/\ Mass; ] Mass
X v T T
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A4

PBS BPF2 Side Actuators
Fl [] 15Hz . |Driver2 19Hz
He-Ne i
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Freq. Servo Filter2
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20.8kHz

BPF1

i
x
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Driver1

Servo Filter]

E; _ Cavity Length Locking Loop

angle < 4-YI°-QMJ/«/H3

« Schematic diagram of the a

ment control of the sus
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utomatic align-
pended Fabry Perot
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Operation of 3-mn Fabry-Perot cavity
with mirrors suspended by the
double pendulum

o Cavity length L,.=3m
* Mirror reflectivity »2=999

e Mirror curvature R=5m

'R

e Cavity finesse F~300

e Cavity FWHM §u ~170kHz
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3kmx3km- Fabry-Perot cavit

. Y type
laser Interferometer

Conceptual c‘iesign(1990)‘

* Sensitivity: A, = 10-2 at 1kHz

e Laser: Nd:YAG laser

- P=1kWwW

— Frequency nojse bvfv ~ 1072 /\/Hy
—Intensity noise OP/P ~ 10~%/+/Hy

* FP Cavity: finesse=80
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path control
GW signal

* Conceptual design of a B3kmx3km

Fabry-Perot type laser interferom-
eter



@ ,

300mx300m Fabry-Perot cavity type
laser interferometer

¢ 300mx300m Fabry-Perot cavity type
— quite feasible with the present technology

® hpin =10~20

— covers GW sources within the distance of
Andromeda galaxy (7 00kpc)

Problems:

¢ GW sources?

— two orders improvement over the present de-
tector

e Too late?
— three years construction

* Sufficient sensitivity?
— main obstacles: thermal noise and seismic noise
=future technology will achjeve hmin ~ 10—21"



300mx300m Fabry-Perot cavity type
laser interferometer

Design parameters

* Sensitivity: A, = 102 at 1kH>, with 1kHz
bandwidth

* Frequency range: 100Hz-5kHz

e Laser:
— LD pumped Nd:YAG laser

— Power=1W, Recycling gain=33
* P cavity mirror:

— 70mm(¢)x 100mm(¢), (m ~ 1kg,
Q. ~ 10°%) |

— Near mirror R=97.5%, loss< 100ppm

— End mirror R=99.99%, loss< 100ppm
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modulation

Frequency stabilization

Arm 2

)
Recycling ==
Frequency mirror 300m
control - BS [+ Arm 1 -—
Nd:YAG T 14 1 o 0 [ I \]
ser S i L] lf\ l
LD current . Mode cleaner
Intensity stabilization
Cutput signal
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* Conceptual design of a 300mx300m

Fabry-Perot type laser interferoms-
eter '
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Scientific objectives

First detection of gravitational radiation
coincidence detection with more than two antennas
or observation of a periodic source (Virgo)

Tests of the polarization properties
coincidences between antennas with different orientations

Propagation velocity of gravitational waves
timing of events, with more than 3 antennas

Tests of gravity theories in strong field
coalescence of a binary black hole

Morphology of a supernova core
mass, angular momentum, ...

Neutron star equation of state
comparison with numerical models for supernovae or
coalescences

Hubble's constant

observation of a coalescin/g binary associated with a visible
galaxy (expected precision @ 1%)

Homogeneity and isotropy of the Universe
through statistics on coalescences up to 500 Mpc

The early - universe
stochastic background cosmic strings, phase transitions,
generation of supermassive objects
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Ground-based optical interferometers .
(VIRGO, LIGO, ... projects)

The main limitations

>

1) Low frequencies ( below 10 Hz ) --> Seismic noise
-6 -11
Typical ground motion : Ax = 41 (2) m.Hz 1/2 ,0r Ah = Ax =3—1(;—-Hz- 172
o f

An attenuation of 1010 is then needed @ 10 Hz

2) Intermediate frequencies (10 to 200 Hz) -->
Thermal noise

-22 -1/2
Ah=L1/4kTal° ,typically Ah=10" Hz ''@100Hz
L M) o

for M=100 kg, Q =106 ,and L = 3 km

3) High frequency (above 200 Hz) --> Shot noise
-2 -1/2
ah=—N_,[hv _5 31/1_@}& t

2n Leq V. nP nP

for A = 1uym, and Leq = 100 km
Solutions to the shot-noise problem :
- high power Nd:YAG lasers
- coherent addition of lasers
- recycling
- Squeezing ??
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STABILISATION DE FREQUENCE

VANNE TOUT METAL 35 CF

. ) VANNE TOUT METAL 16 CF
POMPE IONIOUE 25 L-S '

CAVITE ULE

VANNE TOUT METAL 35 CF

CAGE OE SUSPENSION
INNERUX DE SUSPENSION

" ENCEINTE CAVITE

- _ENCEINTE CRVITE

PLATEAU

CRVITE ULE

SUPPORT POMPE IONIOUE

ANNERUX OE SUSPENSION ECH : 0.25

BELOT : 25-02-4992
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Chapter III-Laser

beam, and to use low thermal impedance submounts to extract the waste heat with
minimum temperature rise. The pump array consist of an array of 10 diodes mounted on
individual water cooled submounts, placed themselves on an insulating mounting, serving
to hold the set of diodes.

Slab Nd:YAG

water cooled
submount

Insulated M~ nting

\]

Laser Diodes

1.2 Performance of the Prototype

The output power will depend on many parameters: the pumping efficiency, the
extraction efficiency, the cavity losses, the gain per pass in the medium, and the optimum
output coupler. To choose the resonator parameters, one must consider two factors which
play important roles: the filling factor and the aperture losses. A large beam radius fills
well the volume of the slab but may be severely clipped by the slab edges and losses are
the major obstacle to the laser performance. Therefore we choose a beam radius which is
a good compromise between the two conditions. The other factor that counts in the design
of the cavity is the ease of monomode operation. The first two conditions are quite
contradictory with the third one, but we can find a way to fulfill all the conditions if v:e
add a diaphragm into the cavity to select spatially only the TEMgg mnode.

To avoid spatial hole burning in the laser and appearance of parasitic oscillations,
we will use a ring cavity in a x configuration, formed by four mirrors. It is easy to find
the equivalent linear cavity and to apply the usual sthbility conditions. If we take a cavity
length of about 50 cm end a curved mirror nf 1m radius of survatu.e, the TEMgg mode




B B33Py
RBez RE™
R Lag3f 2
L =15
L.:- 15;00\.

1 5009

2w hougpatd = TDpan
Wl - 370 pm
P=2,30W

A L°C
105, 2-3

LI PR R L g

POP PP P OPP R PP PP PPN IS

PRD L PRSP PR AN P PSSP S

-8-8-8-8-{-0-n-g-8-

%0 %0 40 = 20 €0 40 00 $5 00 60 w0 00 b = o0 S0 o=

' ‘ &2 .94’§ 200/

-~
o~

%

'JIIII‘I%II"'I-'I

L)

PPP PP P PP PRPPIPOPIIPY L LR S 2

*

% % % % %t S2P % %t e Bt N NN N

PPPPPP PP PRSP PPLPPIIrS

%
.
.
',
'
.
.
",

¥

4

calpe

SERAALALAVLLAL MMV
AR AN AR NS R R A LAY

SIS ITIIIIETTIALLIAANAIAAALAMA LTI LMLV
ITITLIETII $5 4 5% %MLttt stastesy

¥
PEPPS AR, P, atwov.!o&" »fza.-.'.'céra.-:a. ® o o ;J.‘.’-‘-’.‘.‘-‘-’ P A :
£ - :
/7 3 s s
-g-y-p-p-f-n-p -f'g«s«u'g—n-i-u-u--u--u \:lau--N:-—u-ﬂ--u-u-xl-u-ﬁ
/ !’ S S SN :
= - = E E2RY zz\
3

1R R R R R R 13 RN R AR SRR A A AR R AR RN

}

.o 3
o . -
.
o a®ePaceo mat
© o s oo 0¥ Baeet o ot oh \

b;&:'.*.\'.'.'.h':. G Rt HTHES

PREF RV PR PRy

3 Y

.
»

e®0%0® a0’ a®a% 0% "

o, o

— ey



Additional Phase Lock -

A

“

Slave laser
or amplifier

slow servo-loop maintaining slave frequencies in the locking range

\k_ _ > Prestabilization
1‘ Cavity

%

| S—

Chapter ITI-Laser

C\D.

malching lens matching lens

Injection locking of Amplification

Slave laser
or amplifier

4 +

Slave laser
or amplifier

1/t

phase locking between the slave beams

Figure 1 : Virgo Laser System and the Phase-Locking loops
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‘ ' Chapter VU Data managemcii
requirement is to have a flexiole systen: which aliows us to record more informations for
debugging purposes of (o inject recorded data or simulated signal at various level in order
{o test and debug the system.

Detectors
| ¢ | | L]
photodiode,probe,...

Local controls
keep components within givei values |

S | |

[ Global control, allgnement
keep Virgo on the dark fringe )

a

.
—’

= Data acquisition Storage

2 Event building, raw data storage

)

3 r—l

EE Preprocessing Calibration
compute h & Data base D
Filterin ?
mdm n Monitoring

mal signal search on DST

Figure 1, The Virgo data flow

3. Data flow implementation
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Viewgraphs presented at International Symposium on Neutrino Astrophysics, Takayama,
Japan (October 1992)—sent to us by Seiji Kawamura.

Distributed by R. Vogt 11/12/92
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RIGHT ASCENSION {1950)
Flgure 1. Radio Image of the supernova remnant GS.4 ~ 1.2 (Caswell ef al. 1987) with a VLA image of the.compact component G5.27 - 0.90
{Becker & Helfand 1985) (inset), The timing position of the pulsar PSR 1758 — 24 is marked on the inset with a cross, Error bars in the declina-
tion direction are shown; in the right ascension direction the positional uncertainty is less than the width of the line.

the Femnant as Wistrated in Fig. 1 (inset), The position efror
in right ascension is smaller than the width of the line; the
error in declination is larger because this pulsar lies close to
the ecliptic plane. The pulsar is located at the extreme
western edge of the compact nebula G5.27-0.90; the
derived position is consistent with location within the small
‘bump’ on the Becker & Helfand (1985) image. Independent
observations using the Very Large Array by Frail & Kulkarni
(1991) confirm this location for the pulsar.

3 DISCUSSION

The location of the pulsar relative to G5.27-0.90 and
G5.4~12 confirms the association with the supernova .
remnant and suggests that both the pulsar and the compact
nebula are moving in a westerly direction at such a high
velocity that they have overtaken the shell. Further evidence
for the association is obtained from the agreement of the
pulsar characteristic age with the estimated age. for
G5.4~1.2, aboyt 14000 yr (Caswell et af, 1987). Distance
estimates for the pulsar and remnant are also in good agree-
ment, Using the surface-brightness/diameter relationship of
Caswell & Lerche ( 1979), Caswell etal. ( 1987) estimated the
distance 10 G5.4~1.2 to be ~5 kpc which compares well
with a distance to the pulsar of 4.4 kpc. based on the
dispersion measure (Table 1) and a new model for the
galactic electron density distribution (Taylor, Lyne &

DS X5 R s L A X T P Y | o, o

1 Seree v Bz 172t o
Table 1. Parameters for PSR {75434, it Treasd
Right Asceasion (J2000) 18400759487 + 0.°03
Declization (J2000) - —24050'57" & 32
Right Ascension (B1950) 1708788414
Declinaticn (B1950) —24°5088"
Period 012487445209 £ 8 4
Peciod Derivative (127.898 + 0.010) x 101
Second Period Derivative (—4.7+0.5) x 10~ 5t
Period Epoch (Modified Julian Day) 47916.000 :
R.M.S. residual 930 us
Dispersion Measure . 289 % 1 em™ pe
Mean Flux Density at 1520 MHs 0.7 mJy
Characteristic Age . 18 300 years
Surface Magnetic Field Strength 4.0 x10' G

Manchester, in’ preparation). Caswell ef al also suggested
that G5:27 —0.90 lies beyond ~ 5.9 kpc, based oa the radial 3

velocities ‘of H,CO absorption features. Given the small 5%
nsequent uncertainties in the:
radial velocity-distance relation, this result is not incon- .

galactic longitude and the co

sistent with associating G5.27~0.90 with the pulsar and

withG5.4~1.2, .
We conclude, therefore, that PSR 1758 - 24 is associated

with both G5.4~-1.2 and G5.27-0.90 and thae, together, -

they form the eighth reasonably well-established pulsar-

' Supernova remnant association after Vela (Large, Vaughan &

Mills 1968), the Crab (Staclin & Reifenstein 1968),
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BINARIES

e Measure the masses Of hundreds of
neutron stars and dozens of black holes,
These masses dreé parameters that will be

automatically Mmeasured as part of the de-
tection of the binary.

e Hubble’s constant. Easy if the event
rate is a few Per year from within 200 Mpc.

° Cosmological Mass distribution, Length -
Scales of 100-200 Mpc.

e Observe black holes Coalescing. This

provides a test of strong-field general rel-
ativity. -

10
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STOCHASTIC BACKGROUND |

This could be left over from a number of pro-
cesses inthe eérly universe, notably decaying-
cosmic strings. Two detectors situated within
A/2m of each other (A = gravitational wave-
length) have optimum sensitivity:

5) e = ] 2
N/ stochastic 100 Hz 1022

i |
X )
108 100kms—1 Mpc—1

where oy, is the broadband burst sensitivity
of the detectors.

An expefiment conducted at the lowast fre-
quency gives the largest possible separation
between detectors. Even at 100 Hz, however,
the detectors need to be_within 500 km of
each other for optimum sensitivity,

+ 13
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Projects of the laser interferometric
gravitational wave detectors in Japan

K. Tsubono

Department of Physics, University of Tokyo
Bunkyo, Tokyo 113, Japan

I. Progress report in Japan
II. 3kmx3km laser interferometer

III. 300mx300m laser interferometer



Fabry-Perot
cavity

~/

mirror

beam
splitter

3 photo
detector

s

« Schematic view of the Fabry—Perot type

laser interferometric gravitational wave
detector



Progress report in Japan

R&D program (1991-1994, ~ $6M)

Institute of Space and Astronautical Science(ISAS)

loo-m PL

National Astronomical Observatory(NAO)

20-m FP

The University of Electro-Communication

ﬂ&S’OP

Tokyo University

contire [ 2 550QaTion

Kyoto University
- G W Theovry
Insittute for Cosmic Ray Research(ICRR)
National Laboratory for High Energy Physics(KEK)

Tokyo Institute of Technology
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Fabry-Perot cavity - uspended
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¢ Horizontal Plane Suspended Fp Cavity
F=380

—t— Lens

PBS BPF2 Side Actuators
Fl [] 15Hz , | Driver2 19Hz Driver1
+*
He-Ne
Laser

Freg Servo Filter2 Servo Filter1
Modulation

20.8kHz

BPF1

2; , Cavity Length Locking Loop

N Mass o Mass; G0
£ —-1-

i —
irors f\
w4 PD L ers / :

angle < 4.ylo‘§md/4/H-;

« Schematic diagram of the automatic align-

ment control of the Suspended Fabry Perot
cavity
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- Triple pendulum vibration isolation sys-
tem for the suspended mirror
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Operation of 3-in Fabry-Perot cavity
with mirrors suspended by the
double pendulum

e Cavity length L,=3m
* Mirror reflectivity 12=999%,

¢ Mirror curvature R=5m

«

o C‘avity finesse F~300

o Cavity FWHM 6u ~170kHz
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3km><3km--Fabry—Perot cavit

, Y type
laser Interferometer

Conceptual design(1990)_

* Sensitivity: h,_, = 19-2! at 1kHz

e Laser: Nd:YAG laser

- P=1kw

— Frequency noise bvfv ~ 10-2/\/H;
—.Intensity noise 6P/P ~ 1079/\/H;

* FP Cavity: finesse=80




cavity mode
control

FM stabilize

ext. modulation

path control

GW signal

* Conceptual des;j

Fabry-Perot typ
eter

gn of a .3kmx3km
e laser interferom-
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300mx300m Fabry-Perot cavity type
laser interferometer

¢ 300mXx300m Fabry-Perot cavity type
— quite feasible with the present technology
® hpin = 10-20

— covers GW gources within the distance of
Andromeda galaxy (700kpc)

Problems:

e GW sources?

— two orders improvement over the present de-
tector

¢ Too late?
— three years construction

e Sufficient sensitivity?

— main obstacles: thermal noise and seismic noise
=>future technology will achieve hin ~ 1020



300mx300m Fabry-Perot cavity type
laser interferometer

Design parameters

* Sensitivity: b, = 10~2 at 1KHy with 1kHz
bandwidth

* Frequency range: 100Hz-5kHz

¢ Laser:
— LD pumped Nd:YAG laser

— Power=1W, Recycling gain=33
* F'P cavity mirror:

— 70mm(¢)x 100mm(¢), (m ~ 1kg,
Q ~ 107)

— Near mirror R=97.5%, loss< 100ppm

— End mirror R=99.99%, loss< 100ppm



Frequency stabilization

modulation

Mechanical t::__ i

Am 2

. Mode cleaner

Intensity stabilization

A
Recycling &=
Frequency mirror 300m
control - BS [+ Arm 1 -
Nd:YAG =0 Té o I [ I 1
laser Sy ] nj L
LD current

1

Output signal

hh.‘o, ) p-20
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* Conceptual design of a 300mx300m
Fabry-Perot type laser interferom-
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Scientific objectives

First detection of gravitational radiation
coincidence detection with more than two antennas
or observation of a periodic source (Virgo)

Tests of the polarization properties
coincidences between antennas with different orientations

Propagation velocity of gravitational waves
timing of events, with more than 3 antennas

Tests of gravity theories in strong field
coalescence of a binary black hole

Morphology of a supernova core
mass, angular momentum, ...

Neutron star equation of state
comparison with numerical models for supernovae or
coalescences

Hubble's constant

observation of a coalescin’g binary associated with a visible
galaxy (expected precision @ 1%)

Homogeneity and isotropy of the Universe
through statistics on coalescences up to 500 Mpc

The early - universe
stochastic background : cosmic strings, phase transitions,
generation of supermassive objects
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Ground-based optical interferometers -
(VIRGO, LIGQ, ... projects)

The main limitations

>

1) Low frequencies ( below 10 Hz ) --> Seismic noise
-6 -11
- -1/2
Typical ground motion :Ax = 410 m.Hz 1/2 , 0T Ah =éL£=—3%—Hz L
o f

An attenuation of 1010 is then needed @ 10 Hz

2) Intermediate frequencies (10 to 200 Hz) -->
Thermal noise

Ah:L 4 kT 0,
L 4

M) o
for M=100 kg, Q =106 ,and L = 3 km

22 -1/2
,typically Ah=10 Hz @100Hz

3) High frequency (above 200 Hz) --> Shot noise
-2 -1/2
ah=—® ,fhv _54g 31/LISV_V}IZ1/

2n Leq V. 1P nP

for A = 1um, and Leq = 100 km
Solutions to the shot-noise problem :
- high power Nd:YAG lasers
- coherent addition of lasers
- recycling
- Squeezing ??
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Chapter III-Laser

beam, and to use low thermal impedance submounts to extract the waste heat with
minimum temperature rise. The pump array consist of an array of 10 diodes mounted on
individual water cooled submounts, placed themselves on an insulating mounting, serving
to hold the set of diodes.

Slab Nd:YAG

water cooleq
submount

Insulated M~ nting

\]

Laser Diodes

1.2 Performance of the Prototype

The output power will depend on many parameters: the pumping efficiency, the
extraction efficiency, the cavity losses, the gain per pass in the medium, and the optimum
output coupler. To choose the resonator parameters, one must consider two factors which
play important roles: the filling factor and the aperture losses. A large beam radius fills
well the volume of the slab but may be severely clipped by the slab edges and losses are
the major obstacle to the laser performance. Therefore we choose a beam radius which is
a good compromise between the two conditions. The other factor that counts in the design
of the cavity is the ease of monomode operation, The first two conditions are quite
contradictory with the third one, but we can find a way to fulfill all the conditions if v:e
add a diaphragm into the cavity to select spatially only the TEMgq node.

To avoid spatial hole burning in the laser and appearance of parasitic oscillations,
we will use a ring cavity in a x configuration, formed by four mirrors. It is easy to find
the equivalent linear cavity and to apply the usual stébility conditions. If we take a cavity
length of about 50 cm end a curved mirror of 1m radius of survatu.e, the TEMpg mode

©
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Chapter III-Laser

Master
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Slave laser
or amplifier

Slave laser
or amplifier

Slave laser
or amplifier

phase locking between the slave beams

\k__ —_— L Prestabilization
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Figure 1 : Virgo Laser System and the Phase-Locking loops
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