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underground cryogenic

3km arms

detuned RSE

e Japanese second generation GW detector
e Underground cryogenic interferometer
e To start the first cryogenic operation in 2018



KAGRA observation scenario =
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2018-19: low power cryogenic tuned RSE (x10)
2020-21: high power cryogenic tuned RSE (x5)
2021-22: high power cryogenic detuned RSE



KAGRA plan

IKAGRA: room-temperature Michelson ifo
4-week test run in 2016 Mar-Apr

bKAGRA phase-1: cryogenic Michelson ifo
Type-A suspension + cryo-payload for ETMs
Type-B suspension for some recycling mirrors

bKAGRA phase-2: cryogenic RSE
short test runs at 300K ('18) and at 20K (‘19)

bKAGRA phase-3: commissionings
final sensitivity at 2021~2022



TAMA mirrors/suspensions
were reused for ETMs, and
CLIO BS was reused.

AS port was dumped and
REFL was used to lock MI.

We had to simplify some components
to catch up the delay of the installation.



IKAGRA test run
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« 65 KAGRA members joined the shift for the
4 week operation

« Test of the integrated system (control, vacuum,
data transfer, etc.)

« Our first experience to operate a km-scale ifo



What we learned from going ndesground to build a gravitational-wave detectar
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« A 12-page paper to summarize the construction
of the km-scale underground detector

« KAGRA's first all-author paper




bKAGRA phase-1
—

~~ ETMs suspended on a

cryo-payload connected
PR2/3 suspended on to final Type-A system
final Type-Bp system.

E()UD/ H

IFI =

BS and SR2/3 suspended
= | on final Type-B system.

L

« The goal is to operate a cryogenic interferometer
by Mar 2018

« CRY/VIS people are working hard to make it in
time to install the cryogenic mirrors



Development of cryo-payload
> ?apﬁggzs Sapphire prototypg to T
| w\ K\L’\/\/x perform test hanging.
\\§>qp nailheads

e
(indium bond)

HCB training using
a metal mass with
glass inserts.

(HCB)




An issue of the indium bonding

r | Melting temperature of indium is
- as high as 150 C.

.

The heating process may damage
- the sapphire fiber (and mirrors).

- | A possible solution

Use gallium instead of indium.
The melting temperature is 30 C.

Gallium can be heated using : )
a supersonic soldering iron. A concern is that it may be too low.



Development of Type-A
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Installation schedule

ETMY

2017.4-5: Installation of Type-A with a dummy metal payload
2017.6: Replace the dummy metal by a cryo-payload

(a dummy sapphire is used)
2017.7-8: Full hanging test

2017.7 : A real sapphire mirror delivered

2017.8-9: HCB on the sapphire mirror

2017.10-11: ETMY installation N bt
(to be cooled in 2017.12) 00K
ETMX dumn%y payload

2017.6-7: Installation of Type-A with a dummy metal payload
2017.8-9: Some measurements of Type-A
2017.12-2018.1: ETMX installation

(to be cooled in 2018.1)



Spare mirrors

We have various sapphire mirrors.

original: 2 expensive mirrors to be delivered in 2017.7
spare: 2 cheaper mirrors to be delivered in 2017.10-11

for hanging test: unpolished, also used for HCB training (x2)
for coating test: no side-cut, flat (x2)

prototype: $205 mirror (x1)

We discussed if we should use the spare mirrors
first to reduce a risk to break original mirrors, but
it turned out the spares cannot meet the schedule.



bKAGRA phase-1




bKAGRA phase-2
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Development of a high-power laser
2014: 200W was created but the beam looks dirty.

Fiber amplifier stage :: Coherent addition stage :: Solid state amplifier stage

Fiber amplifier

Fiber stratcher Isolator

= Nd:YAG NPRO
F‘olani‘er

- Isola;rfl . ot .
. - 0 coupler Solid state amplifier -

2015: A fiber amp got broken but a clean 110W was created.

i
.

¢ 1.0 mm



How much power do we need?

Three suggestions by our LASER group

Suggestion (1): almost no training needed
Generate 40W using a single fiber amplifier

Suggestion (2): some training needed
Generate 80W using two fiber amplifiers

Suggestion (3): very hard
Generate 150W using two fiber amps and a
solid-state amplifier



How much power do we need?

It turned out that we cannot cool the mirrors if we inject
the full power.

(1) Measured fiber thermal conductivity is 6580W/m/K
while the requirement is 7000W/m/K

(2) Fiber length has been changed from 30cm to 35cm

(3) 0.5K loss for the blade and bonds

80W 23.0K
50ppm/cm 55W 21.6K
33W 20K
0.5ppm
80W 24 .9K
80ppm/cm 55W 23.1K
23W 20K
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Summary

bKAGRA development has been started

Type-A + cryo-payload hanging test
starts in July 2017

Indium bonding is to be replaced by
Gallium that does not require much heating

Laser development is on-going



Supplementary slides




Seismic noise in the test run

Kumamoto earthquake (Ms5.7) Data taking error
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