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Improving the sensitivity of KAGRA
gravitational wave detector

Cryogenic cooling of test mass mirrors adds more complexity
to the sensitivity design of

interferometric gravitational wave
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sapphire input test masses (ITMs)
was found. Birefringence creates
unwanted polarization in the
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reflection of ITMs. The optical
losses are as high as several %,
and power and signal recycling
cavities cannot be locked stably
until now.

Shape of unwanted
polarization component
of reflected beam from
X-arm
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Significant vertical thermal
noise comes from blade sp

and CuBe fibers suspending the

intermediate mass (IM)
- Blade spring resonance:
14.5 Hz vertical
2 kHz horizontal
(lower the better)
- Blade spring loss angle:

rings

losses in power and signal
recycling cavities)

with mirrors replaced

and frequency dependent

squeezing (BNS ~180 Mpc;
60 m filter cavity assumed)

18 i | ‘-\

- A i

10 i _i_,-“\\ ﬁ\

1020} N \\
. N

/e-7/

Vertical | r-*“""f
- suspension ' '
1026} thermal

Blade spring -1
g‘( CuBe fiber] bounce
4 |

.;,i% Ref. [6]

- CuBe fiber loss angle: 5e-6 i

- IM temperature: 16 K
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Power recycling cavity . |s
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Signal recycling cavity f
Increasing input laser power reduces parameters changes the | POS
guantum noise at high frequencies but shape of quantum noise
increases at low frequencies. - SRM transmission:
- Power at BS: 30% for O3
1 W for O3 due to no power recycling? 15 9% for 04-057
200 W for O4 due to reduced - Detuning angle:
recycling gain from birefringence? 0 deg for 0O3-05? SR3

3.5 deg in design

Frequency dependent squeezing
will be injected from here to

Readout quadrature
changes the shape of
the quantum noise
- Homodyne angle:
90 deg for O3-057
135.1 deg in design

reduce quantum noise in broad

- Injected squeezing: 10 dB
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OMMT
band [7] 2( oy - substrate absorption:

50 ppm/cm in design

25 ppm/cm for O57?7?
- coating loss angle: 3e-4 / 5e-4
- coating absorption: 0.5 ppm

- Filter cavity length: 60 m in O5? OFIO
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Parameters for sapphire fibers
suspending the test mass is critical for
suspension thermal noise and heat
extraction calculations.

- length: 35 cm
- diameter:

1.6 mm in design, 1.4 mm for O57?7?
- loss angle: 2e-7
- thermal conductivity: 5800 W/m/K

Signal recycling cavity

- lo

Mirror parameters are critical for calculating
coating and substrate thermal noises

- Size: 22 cm dia. 15 cm thick

- mass: 22.8 kg

- temperature: 22 K

ss angle: 1e-8
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