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How can we measure and make

sure the absolute laser power?



GRAVITY 3

Gravity is one of the most
fundamental Sources.
We are trying to use the
F gravity field as a kind of
ruler for the power
calibration.




Gravity field calibrator

“Gravity field calibrator”
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History

“In 1967, Forward and Miller [1] developed a gravity field generator that allowed
them to calibrate an orbiter sensor capable of measuring the lunar mass distribution.”

“A similar technique was used by Weber et al [2, 3] to calibrate a gravitational-wave bar
detector,”

“At the University of Tokyo, in the 1980s, a series of experiments were conducted to
test the law of gravitation up to a distance of 10 m [4-8].”

“In the 1990s, the gravitational-wave group at the University of Rome developed
and carried out experiments [9, 10] “
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Benefits of artificially generated gravity gradients for
interferometric gravitational-wave detectors

L. Matone', P Raffai’, S Mérka', R Grossman', P Kalmus', Z Médrka',
J Rollins' and V Sannibale’

—P Basic idea of Gcal/ Ncal for interferometer
—» Uncertainty of distance

2018. Sep.

Improving the absolute accuracy of the gravitational wave detectors by combining the
photon pressure and gravity field calibrators
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—» Systematic errors
—» Quadrupole/Hexapole method
—p Combination with Photon calibratormentioned EURAMET comparison)

2018. Nov.

First Tests of a Newtonian Calibrator on an
Interferometric Gravitational Wave Detector

D. Estevez, B. Lieunard, F. Marion, B. Mours, L. Rolland,
D.Verkindt

—PFrst demonstration with interferometer

—¥»Consistency check with other method
—p Suspended design




Gravity field calibrator and Newtonian Calibrator
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Hlstory of KAGRA Grav1ty field calibrator

2016 Prototype rotation test 2017 350mm Gcal Test
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KAGRA GraV|ty field Calibrator for O4

2018 520mm Gcal Test
“BV"“;}%ST";‘&,QMBMH i Remote control test

NoAvg

We have succeeded to the remote control test!



Instruments
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Sensors

1.Absolute position

13



Sensors £.f

2.Encoder

Origin, @o

Colimeter
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An idea of quadrupole and hexapole method

Value Relative uncertainty

G 6.67408 x 10~ m°kg~'sec™* 0.0047 %
M 22.89 kg 0.02 %
mq 4.485 kg 0.004 %
mp 4.485 kg 0.004 %
rq 0.200 m 0.010 %
Th 0.125 m 0.016 %

2
GMmgry
Lof = T (w)

We can measure each
parameter except for distance

GMmyry
T3 = 15 75 & b s(w).

3y using Hexapole, we can
measure the distancel!




Basic parameter of KAGRA Gcal

520mm Gcal

350mm | 520mm
Mq 1889.5g | 1889.b¢g
Mh 1889.5g | 1889.b¢g
I'qg S0mm 160mm
I'h 135mm | 220mm

d 2.9m 4.0m

f 15Hz 15Hz




Hybrid method

Improving the absolute accuracy of the gravitational wave detectors by combining the
photon pressure and gravity field calibrators
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Suzuki,? %% Takayuki Tomaru,? % %% T; 7

akahiro Yamanmoto.’ and Takaaki Yokozawa

Photon Calibrator Gravity field Calibrator
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Rybrid method

End test

mass
L Gravity field calibrator
Input test Photon calibrator
mass End test
mass

Power recycling
mirror

Reference

Signal recycling signal
mirror

Transfer
function

Detector




Hybrid method

Photon Calibrator Gravity field Calibrator
GM'mqr2
dz = 2 Zoses(f) (1 + %c—i- 5) Cancelation Tof =9 74 “s(w).
3
T3f = 15GMdn;hrhs(w).
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Technological limi limited by geometry
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Application for Power calibration
Photon Calibrator

Gravity field Calibrator

GM'mqr2
dr = 2P Zosos(f) (1 + %Ez’- 5) Cancelation Tof =9 d4 qs(w)-
T3f = 15GMdn;hrh (w).
Rotation
a (@
b _ 9GemeMrg 1 We can define the power as
27 97 dicosh M= P’
trTaeh trical factor and Gravit
P — 15 GcmhMrh 1 geOme y
BT 2 dcost 14 Mg . constant!




Calibration standard (More future)

Laser power standard

National Institute of
Standards and Technology
U.S. Deportment o f Commerce

$calibrate

@ GCal
- Crosschecklk i [ Fom

We can crosscheck each other
for verification of Calibration
uncertainty
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Summary

. (Gcal/Ncal are one of the new calibrators for
Interterometric gravitational wave detector.

- LVK are developing the new calibrators.

- KAGRA start the development and

characterization of Gravity field calibrator from
2016. KAGRA will install the system after O3.

- Hybrid method can probably give an
Independent measurement method of the
absolute laser power.
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1.Coupling of other suspension
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2.Higher Harmonics

TABLE III. Calculated quadrupole (N = 2) displacement. n ¥
is the order of the Legendre polynomial, where w = nwyet. .
n=1 n=2 n=3 n=4 n=y n=>6 n="7
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TABLE 1IV. Calculated hexapole (N = 3) displacement. n is Distance [m]
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1-f 0 0 0 0 0 0 0 v
2-f 0 0 0 0 0 0 0 -% 0.99)
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3.Rotation

Quadrupole of Quadrupole of
= TM
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Cancellation!




Observation plans and verification of calibration
The verification of sub% error is very hard!

- 0 " - We will operate the gravity field calibrator from
Target: <1% uncertainty iy
350 " 55t

- We plan to verify the calibration uncertainty by
comparing four calibrators.
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