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Abstract

| will introduce the current situation of noise budget

For my research purpose, | was not really pursuing sensitivity. However, It was better than
| expected, so | hope to get better sensitivity with this set up

We designed a suspension last year. | would like to discuss how to make it better

To save the time to create circuits (soldering, making boxes), | would like to package and
design highly versatile circuits,
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Current Status of Noise Budget ./ 1 A)NY = v b DIRIR

Coherence with Seismic noise and Estimated Displacement under no control and Noise budget (2023/04/20)
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Coherence with Seismic noise and Estimated Displacement under no control and Noise budget (2023/04/20)
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To reduce DAC noise...
High actuator efficiency of coil-magnet

3 IN/A]

So, replacing with higher value resistor to
reduce actuator efficiency

39 [Q] - 390 [Q]

Measured Current to Force of coil magnet actuator

2U 7 ..l'.

Displacement of the cavity [m/rtHz]

15 -

10 1 -

coherence
=]
(9]

1078

10—10

10—12

10

—— Horizontal Geophone & Feedback signal
Vertical Geophone & Feedback signal

,_.—-—-—'-m-___/—_ﬂ\ —

100

103

—— Total, from feedback signal of laser2
Horizontal Seismic Noise
Vertical Seismic Noise

—— LIGO_CDS_DAC

Force[mi]

5_.
|}.

| |
= = I
n [ LA

|
Pl
[}

-40

-0

0
Current[mda]

20

mn

o——

OP27

10°

BUF634

10!

Frequency [Hz]

. —g[A]

51390

Coil Driver Circuit




o ] O MU E HRE) M

Horizontal Seismic Noise 7KX

Coherence with Seismic noise and Estimated Displacement under no control and Noise budget (2023/04/20)
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Cohlegence with Seismic noise and Estimated Displacement under no control and Noise budget (2023/04/20)
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Vertical Seismic Noise $R1E /5 [a ORI HIRENME =

Coherence with Seismic noise and Estimated Displacement under no control and Noise budget (2023/04/20)
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Vertical Seismic Noise $R1E /5[] D HIE

Coupling constant
from “Vertical motion” to “Horizontal motion”

yyy = 0.00848

Resonant frequency of the blade spring
g = 42 [Hz]
Qg = 20
Resonant frequency of tungsten wires
fiw = 110 [Hz]
Q, = 300
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Coherence with Seismic noise and Estimated Displacement under no control and Noise budget (2023/04/20)
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Assessment of RMS and Range of Actuator RUSOFEA & L > T D & D ELER

Coherence with Seismic noise and Estimated Displacement under no control and Noise budget (2023/04/20)
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Some update plans for My Experimental Setup EERZD 7 v 75— K

. . . - e . ® Laser2
So many kinds of noises if we pursue sensitivity U
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RFQPD1B | RFPD1 PD cCD camera
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From the environment
Seismic noise => Rubbers under the table RFQPD2A___ op

] sTM1c RFQPDIA
Alir turbulence} => A clean room

STM2L

PD

=> BS  PBS W
Sounds Walls and roofs > ’L/ L\~
From the Iasers Laserl f,----iOLQPEEY ______________ fiJr_OfL_EV_\ CCD camera
Frequency noise => Frequency stabilization using a reference cavity i :f_g:l' P s rorisc
Intensity noise => Intensity stabilization using EOAM | ol opo GDDURD Serdlstorasc |

From other devices
Mechanical resonance(Bounce mode, Violin mode, etc)

Electrical noise (Diodes, Circuits, Digital system, GND, etc) => Whitening, Dewhltenmg optimizing some filters
Beam jitter noise i
Thermal noise of wires => Making wires thin
Coating thermal noise

Quantum noises

Shot noise

Radiation pressure noise




Isolation from, Air turbulence, sound noise, and seismic noise

Y |
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To isolate the setup from Air turbulence and sound noise...

Proposal 1
Preparing some walls and roofs surrounding the optical system like

DANCE setup and optomechanics setup

Assumed problems
Taking time to design(How to access optical components,

What material is better? Acrylic, Aluminum or Styrofoam)

Proposal 2
Preparing a clean room like TOBA setup and optomechamcs setup

Assumed problems
Space

Walls andRoofs |

Clean room 14




Isolation from seismic noise, Alir turbulence and sound noise

Regarding the vacuum environment

Installing a turbomolecular pump for higher level of vacuum
(1Pa —» 10~ *Pa)

Assumed problems

Vacuum chambers are made of aluminum (How much they
leak air, Can they stay rigid?(Distortion, Durability))

To isolate the setup from seismic noise...
Putting rubbers under the table

Rubber
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Leg of the table
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Some update plans for our suspension Y FD7 v 75— b

Photo sensors
To assess our suspension, adding photo sensors

We can use the suspension 4th-year students used last time
For now, there are safety devices around the test mass, | think it is

not necessary unless we use the suspension roughly. So, It is
better to replace them with photo sensors

Magnets for Eddy-current damping
Eddy-current damping seems over-damping now.

We use cylinder-shaped @ 10 mm X 8 mm magnets for Eddy-current damping

Aiming for the optimal damping by making the height of magnets 6 or 7 mm
or reduce the number of magnets




Applying the suspension to B-L DM search experiment

Design a new masses

In B-L DM search experiment, we need a small cavity (Length =5 mm)

We will suspend two pendulums from one roof

In the middle of designing an intermediate mass as the right figures

It is still on the level of a conceptual design

Some specific details
High resonant frequency in the pitch direction

Materials : Top and bottom are stainless steel while the middle is Cu

We still need to consider how to suspend it...(Jigs, Guide) 1.8 cm




Re-design blade springs

Now, | found the resonant frequency of the blade spring is 42 Hz

We need to design a new blade spring again

Geometric Anti-Spring will be needed to realize a low resonant frequency
Making pitch resonant frequency higher

The resonant frequency in the pitch direction is 2 Hz. !
It is for the demonstration of ASC of DECIGO ‘ y

For the precise measurement,
We no longer need the fluctuation in the angle direction

Pitch resonant frequency fp = 1 \/mf g(dlp-l_lf ) [Hz
2T I
fYf
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Developing Circuits [B]F& DB

Some kinds of circuits we often use should be packaged to save time and share their characteristic

| plan to design Printed Circuit Boards (PCBs) and order to P-ban.com

Now Komori-san and | have been designing PCB of Broadband RFPD

I'{]Cad
g
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Broadband RFPD

Komori-san developed Broadband RFQPD for LISA at JAXA

We customize the configuration of the RFQPD for the environment of Ando Group

Now Komori-san and | have been designing PCB of Broadband RFPD
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What should be developed ?

- circuits only for adjusting gain
- Offset Circuits

- The Flexible Filter ST560 from Ando Lab Company like SR560

- Analog interfaces for LIGO CDS

ST560 in our group

We already have ordered..
- Resonant-type RFQPD
» 4ch Demodulator (from TAMA Design)
- Coil Driver Circuit
* D-sub9pin BNC for ADC board (from LIGO and KAGRA)
* D-sub9pin BNC for DAC board (from LIGO and KAGRA)

Please suggest !
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Summary

- After realizing a situation seismic noise limits the displacement of the cavity at low
frequencies and frequency noise limits it at high frequency, | will start writing a paper

- DECIGO DPFP cavity experiment has a potential to achieve a good sensitivity. So the
setup will remain after the demonstration of ASC of DPFP cavity is finished

- Many kinds of noises are expected.

- It I1s Important to take the necessary measures in order from dominant noises we can see
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