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Goal setup of the KAGRA interferometer
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The temperature values are of |IMs.
TMs would be cooler than IMs,
because the cooling process is still in
the radiation dominant, and sapphire

M would have a larger emissivity than
Sl solblack on IMs.

Current setup for O4a
IY: 251 K

EY:252 K
Input: 1 W

IX: 251 K

Previously it was 81 K, though.

Steering mirrors are on a stack structure
but not suspended by pendulums.

Replaced with

Transparent SRM -

Partly cryogenic power recycled
Fabry-Perot Michelson

iInterferometer e
Transmission monitor o
GWADW (May 22-26, 2023, Isola d'EIba, Italy) Partly in air/partly not on a VIS table. 4



KAGRA's run history and plan
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Revisit: 03GK commissioning issues

K. Kokeyama+, in Proceedings of the 3rd World Summit on Exploring the Dark Side of the Universe (EDSU2020)
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http://klog.icrr.u-tokyo.ac.jp/osl/?r=5663

Noise budget estimation right after 03GK

KAGRA collaboration, PTEP ptac093 (2022)
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Upgrading vibration-isolation systems

Not to degrade the GWsens:tIVIty KAGRA collaboration, PTEP ptac093 (2022)
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Further stray-light mitigation

KAGRA collaboration, PTEP ptac093 (2022)
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Preparation for higher power input

. . 10—11
Higher power laser source is

now ready (not yet replaced)
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KAGRA collaboration, PTEP ptac093 (2022)

-*M_17

DAC noise

Mirror thermal noise
Suspension thermal noise
= Shot noise

Radiation pressure noise
Laser frequency noise
Laser intensity noise
OMC PD dark noise

Sensitivity
Summation of known noises
Type-A control noise
Type-B control noise
Type-Bp control noise
MICH coupling

PRCL coupling

—— Acoustic noise

From shot noise

____"
-

10!

Frequency [Hz]

GWADW (May 22-26, 2023, Isola d'Elba, Italy)




Better stability

Local damping improvement
* Now PRFPMI can be maintained even in somewhat stormy days.

Alignment-sensing and control (ASC)

* Took time for wave-front sensing (WFS) in a strategic way; now WFS can
be implemented for some global DoFs; drastically improved the contrast
fluctuation.

* In addition, some noise structures and noise floor got better in the
sensitivity curve.

Doppler phase noise cancellation
* For auxiliary green laser paths; now stable lock acquisition is possible

even in somewhat stormy days.
Microseismic motion: Observed and Forecast (by Sota Hoshino), Update: 2023-05-09 15:53:16 JST
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- =~ - Scattered light from the frosted test
BEtte r re I I a b I I Ity mass during O3GK commissioning
To overcome frosting Unit test: cooling procedure studied at IYC: Nov. 2020-Mar. 2021
« Better vacuum pressure with additional pumps
Leak check allover the vac chambers thoroughly; took long time to complete.
Monitors for partial pressures of remnant components

Defrost heaters
Re-consider the cooling procedure

1 of 4 main mirrors has been at ~80-90 K without frosting for ~1 yr.

To avoid beam clipping/mis-centering

« Adjusted heights of suspended mirrors basing on
measurement for global balancing

* Reliable beam spot target plates

« Additional beam-position monitors/references

« Expanded adjustable height range for the main
mirrors when cooled down.

* Implemented beam position control

Unlike O3GK, we are not facing:

- Unwanted beam clipping, and

- Superius severe birefringence(?) effects that
degrade WFS reliability.

GWADW (May 22-26, 2023, Isola d'Elba, Italy)




Alignment sensing and control

2023 Feb 2023 May

Ref: https://klog.icrr.u-tokyo.ac.jp/osl/?r=23871
IRX IRX

i Sudden drops!
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| Stabilized RF readout
0.000 Handoverl | 0.000 |- | | | | -
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Data access via pastavi
* Internal laser power is drastically stabilized; and increased.
» Better AS contrast allows to do handover with smaller DARM offset.
- Now ready to increase the input power from 1 W for O4b!
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Birefringence???

* Birefringence of the sapphire mirrors was
thought to be a severe problem for WFS in

KAGRA; say, WFS signal would offset depending on the
beam spot position on the sapphire mirror.

* But experiments revealed less impact >

* the WFS error crosses zero when the cavity alignment
comes around the best.

e Other unwanted effects hidden so far?

GWADW (May 22-26, 2023, Isola d'Elba, Italy)
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Steering mirror

Doppler phase noise cancellation

The suspended table seems not well damped. >

Phase noise on ALS path due to the movement of the in-vac steering mirror Suspended

on the suspended table. table
Phase noise cancellation implemented for ALS-X and Y.

ndscope: K1:ALS-X_PNC_SERVO_IN1_DQ K1:ALS-X_PNC_SERVO_OUT_DQ

undef

K1:ALS-X_PNC_SERVO_IN1_DQ

POP
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Avoid unnecessary power loss

Transparent SRM
« During O3GK, 30% trans SRM was used, but not doing RSE.

It has been replaced with a transparent mirror, as we may give
up to do RSE during O4(?).

Output mode cleaner (OMC) upgrade

« Higher transmissivity: 80% -> 95%

* Fix the broken DCPD -> Double the GW signal
» Revise absolute length

QPD2
QPD1 0 ,
=t ‘Q
T‘ : ¢ s} ‘, ~o - —_— wL~
64 = T N Y &
PD1 PO S jO = omca 7
OMC3 Change this distance
=S * = . > [
| omct oMC2
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Goal sensitivity by Michimura
Theoretical curves by Komori

The latest stable sensn:lwty
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Towards re-joining 04...

The strategy is under discussion

« Open some chambers to do additional in-vac works?

* Turn on all the coolers for all the main mirrors?

* Replace with the new higher power laser source and input ~50W?
* Implement better ASC?

« Optimize more the local control?
« (RSE?)

GWADW (May 22-26, 2023, Isola d'Elba, Italy)
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For 05: to Peplace ITMS -> Matteo Leonardi’s talk on Fri

Polarization conversion losses

 Birefringence in the sapphire crystals will be a
problem in the current KAGRA mirrors. e
 Search for better crystals was carried out. {)
* Found that crystals from a Korean company N
have better birefringence homogeneity B B
compared to the currently installed TMs and
comparable absorption.
* We are in a process of making new ITMs with
crystals from this company. .
* Hopefully, we can install a new set of ITMs  ivsrn oo o

before O5.
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Summary

* KAGRA will join O4a from 24 May to 21 June 2023, and come
back to O4 in the spring of 2024 with the better sensitivity.

* Now better sensitivity than that of O3GK is achieved.

* 1 of 4 main mirrors has been at ~80 K for ~1 yr without frosting.

* Despite using the same mirrors as of O3GK, ASC works mostly
well; no severe birefringence effects.

« Upgrade plan is under discussion. New ITM preparation is in
progress for O5.

GWADW (May 22-26, 2023, Isola d'Elba, Italy)
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