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Main Message

Successful operation of 3-km cryogenic
Interferometer for the first time

Show that cryogenic cooling is compatible with
3-km interferometer alignment and control

Things already demonstrated in IKAGRA
- Underground operation
- 3-km alignment of vacuum tubes
- 3-km link between real-time machines
- Data transfer to Osaka, Kashiwa, etc.

First things in bKAGRA Phase 1
- Cryogenic ETMY
- Real Type-A, Type-B suspensions
- Initial alignment through cryogenic ducts and baffles
- Measured beam positions in vacuum tanks
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1. Introduction

Detections of GWs (upto GWTC-1)
Introduction to aLIGO and AdV

Necessity of KAGRA for more precise parameter
estimation, sky localization, and polarization tests

Introduction to KAGRA

What we have done in IKAGRA and purpose of
bKAGRA Phase 1

Table 1. Summary of the phases of KAGRA. Type-C suspension is a double pendulum
and Type-A suspension is a full eight-stage pendulum (see Section 2 for details).

iIKAGRA bKAGRA Phase 1 bKAGRA

Operation year Mar-Apr 2016 Apr-May 2018 2019- (planned)
Interferometer configuration 3-km Michelson  3-km Michelson 3-km RSE
Test mass substrate Fused silica Sapphire Sapphire
Test mass temperature room temp. 18 K/room temp. 22 K

Test mass suspension Type-C Type-A Type-A 6




2. Interferometer Configuration
 Interferometer, mirror, suspension, and cryopayload
configuration in full bBKAGRA
« Latest estimated sensitivity of bKAGRA

* Quite in detall to show the latest design so that this
paper will be cited as a reference for KAGRA from

NOW 0On
(Many parameters and

cryopayload configurations

are updated from
Somiya CQG 2012 and
Aso PRD 2013)

standard filter<—

bottom filter.

outer shield (80 K)

sapphire fibers

re test masses (right).


http://iopscience.iop.org/article/10.1088/0264-9381/29/12/124007/meta
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.043007

3. bKAGRA Phase 1 Operation

Differences between full bKAGRA and Phase 1
- ITMs and SRs not installed

- PRM misaligned

- Slgnal eXtraCthn r':gg; E@Y-arm cavity
from REFL at f1L &Y docing

- 50 mW at BS
- 10> to 10“ Pa
instead of 107 Pa

laser

-

reflection port

ETMX

X-arm cavity

)SRZ

-~ .
signal
. recycling

cavity

- ETMX without = (@)
heat links = ()
. . \, ) Type-Bp e
g %\ LF OMMTs
- pilot ETMY mirror -~ _ o
""" \ mode
anti-symmetric port *~-@* cleaner

Optics used in Phase 1 /
operation are labeled in bold

Figure 1. Schematic of the bBKAGRA interferometer. All the mirrors shown are
suspended inside the vacuum tanks with four types of vibration isolatig
IMMT (OMMT): input (output) mode-matching telescope, IFT (OFT): iny

Faraday isolator. Optics used in the Phase 1 operation are labeled in bold.

systems.
(output)



3.1 Initial alignment

* Tools to aid initial alignment procedure
- Prototype baffle PDs
- Tcam
successfully monitored the cryogenic mirror

« |nstallation accuracy measurement

- within 1 cm from designed positions

- IMC length measurement show IMC length was
different from the designed by 1.3 cm

- Reasonable result

- Enough accuracy to form a full interferometer
(within mirror position and alignment

tuning range)



3.2 Cryogenic cooling

ETMY cooled down to below 20 K within a month
Finally IM reached 16 K and TM reached 18 K
Almost as expected

O(100) urad drift during cool down, but can be
recovered using actuators (actuators have enough
range)
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Figure 5. Cooling curve of ETMY. The bump starting from around 30‘[le®1}-’ is due
to the restart of crvocoolers.



3.3 Characterization of suspensions

Measured actuator transfer functions
BS and ETMX matched with the model within a

« ETMY had spurious

factor of two

couplings

- maybe from

touching

- touching was
successfully
solved for ETMX

- ETMY (18K) > ETMX ™

by 30%
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Figure 6. Actuator transfer functions of BS (top left), ETMX (bottom left) and
ETMY (bottom right). The measurement results and expected curves from suspension
models described in Ref. [12] are plotted for marionette (MN), intermed ;';1:[‘ mass (IM)

and optic (OP) stages. The transfer functions are in the unit of the op splacement

per voltage applied to the coil drivers.



3.4 IFO control and calibration
Used BS IM and TM for the feedback (crossover at
0.4 Hz)

Digital system ADC/DAC detalls and time delay
measurements

Optical gain calibration by Michelson free swing
UGF drift estimated from calibration line at 91 Hz
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Figure 8. The openloop transfer function of the Michelson interferomdtel control
(left) and estimated unity gain frequency over time (right).



3.5 Data transfer

Overview of data transfer system

* Result of the test
- Speed from detector to analysis building
~200 MB/s (meets requirement)
- Latency from detector to OCU

KAGRA VPN
KAGRA site Analysis building Tier-0: Tler-1 S
(underground, (surface, Data storage center Data mirrorng centgrs
inaide tunne) Kamioka) (ICRR, Kashiwa) (Academia SINICA, Taiwan
KISTI, Korea)
!
|
Tier-0.5: :
Low latency - »{ collaborator
analysis center | Tier-2. -3
(OCU, Osaka) ! ore -
Jlommmmm e | coliaborator

Figure 9. Overview of the KAGRA data transfer system. Tier-0 (original) and Tier-
0.5 (low latency) are formed as isolated local network using VPN (Virtuai?riva.te
Network).



3.6 IFO sensitivity and stability

« Sensitivity limited by angular controls noise and
photo diode dark noise

« Better than IKAGRA because acoustic noise
coupling was lower (not evacuated In |KAGRA)
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bKAGRA Phase 1
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Figure 10. The strain sensit of KAGRA during Phase 1 oper ;Inﬂ'] d h
various strain equivalent noises. Actuator noise is th of l d splac



3.6 IFO sensitivity and stability

« BNS range about 17 pc

» Duty factor: 69 % (88.6% for first half)
- due to stormy weather and earthguakes
- effect was higher because of

ETMY touching . /\y\/*\
« Automatic lock -

0

using Guardian
- lock often took g,

less than 10 min
- longest lock
11.1 hours S e

time from Apr 28, 2018 at 0:00 UTC (days)

Figure 11. Daily duty factor (top), inspiral range (middle), and 501511;51110150 level
(bottom) during Phase 1 operation. The root-mean-square (RMS) e ground
velocity measured with a seismometer is shown



4. Conclusions and outlook

Sapphire mirror suspended by a full system was
cooled down to below 20 K within 35 days

Alignment drift and mirror actuation was measured,
and confirmed cryogenic cooling is compatible with
iInterferometer alignment and control

Installation accuracy was enough to form a full
Interferometer

There were ETMY touching issues but successfully
solved

Expect to finish installations by March 2019, first

observing run in late 2019 -



Detalls Not Discussed

« Detalls of several things are not written in this
Phase 1 paper so that people can write their papers
- Sapphire mirror
- Tcam
- Type-A and Type-B characterization
- Type-Bp characterization
—> Shoda-san’s paper
- Cryopayload
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Summary
bKAGRA Phase 1 paper draft was finalized
Avallable at JGW-P1809289
To be submitted to CPC after this F2F
Thank you very much for comments

We welcome further comments by CPC deadline,
as always
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