AndolLab Seminar
2022/11/18

Current Status of
DPFP cavity experiment

M2 Masaya Ono



Abstract

* [ will give a talk about my experiment “ASC of DPFP cavity”

« However, now in the middle of commissioning of LSC
« For my experiment, we
« Developed a suspension

« Setup LIGO CDS

| will introduce and share their products such as documents, data
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AndoLab Company
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What is AndoLab Company ?

Meetings to develop some products which can be used for a wide range of purposes

So far, ALC is held 3 times
« Simple Michelson Interferometer for Outreach event (2019 /6 ~ 2019/ 8)

« Switchable filter circuit (ST560) (2019/6 ~ 2019/ 7)
» Suspension (2022 /6 ~ 2022 / 8)
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Outreach Ml ~ Suspension


https://granite.phys.s.u-tokyo.ac.jp/wiki/Lab/?ALCOutreachITF
https://granite.phys.s.u-tokyo.ac.jp/wiki/Lab/?ST560
https://granite.phys.s.u-tokyo.ac.jp/wiki/Lab/?ALCsuspension

All 10 meetings

6/14 Start-off

6/21 Determine the design concept Took 2 months !!
6/29 How to build the suspension

7/6 Concrete procedures 1 to suspend masses

7/12 Concrete procedures 2 to suspend masses

7/20 Determine parameters of suspension (Resonant frequency,Weight of masses)
7127 Discuss CAD design (about the main suspension)

8/3 Discuss CAD design (about Jigs)
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8/10 Discuss CAD design (about frames, coil holders, safeties, etc..)

10. 8/24 Final confirmation



Designed suspension

« 3 stages (SUSP, Intermediate Mass, Test Mass)

 Intermediate Mass is damped by eddy current
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Actual suspension

Intermediate mass
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Shared documents

If you are interested in our suspension, please refer to

* Parts list

» Drawings(pdf), STP files,DXF files are available

* Notes in ALC meetings
e (Oshima-san wrote
* Japanese

Suspension Parts '

You can download parts data collectively --> Suspension_parts.zip

The overall 3D model file of the suspension is here (SuspensionZ{4 v96.stp)

Testmass Parts '

No. Name Material Drawing 3D 2D

1 Testmass2 Copper

2 Testmass2_ear Copper

Intermediatemass Parts '

No. Name
Intermediatemass2_Core
Intermediatemass2_Core_cramp
Intermediatemass2_upper_Cramp
Intermediatemass2_Cramp_plate

Intermediatemass2_Side_Cul

w N oo AW

Intermediatemass2_Side_Cu2

DampingMagnetSupport Parts '

No. Name
9 DampingMagnetSupport_Sidel
10 DampingMagnetSupport_Side2

11 DampinaMaanetSupport Cramp
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https://granite.phys.s.u-tokyo.ac.jp/wiki/Lab/?%E9%83%A8%E5%93%81%E8%A1%A8
https://granite.phys.s.u-tokyo.ac.jp/wiki/Lab/?ALCsuspension

Improvements

 Blade springs does not work well?

 Pitch resonance is relatively large
 Using the suspension, | locked a suspended cavity
« Watching a transmitted beam by a CCD camera, It fluctuate at 2 Hz which is
approximately a designed pitch resonant frequency
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LIGO CDS



Many analog interfaces are required

__ 1 denote analog interface circuits

You can access JGWdoc page from these links

Input signal
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Standalone PC

Output signal
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https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=866
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=59
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=9969
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=868
https://dcc.ligo.org/LIGO-D070101
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=9969
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=4786
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=867

LIGO CDS Timedelay
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LIGO CDS is very useful but “slow”
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We measured time delay of LIGO CDS and
fitted data by the function Exp(=2mift,)

t, IS the time constant and we set
It as a fitting parameter

to = 0.7 x 107 3[s]
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Sensors and Actuators



Laser frequency actuator

Constructed Anti Symmetric Michelson ~ £os

Interferometer and measured laser Tomy

(Koheras BASIK Y10) “frequency actuator i:: o 10 10 0
efficiency” and “frequency response” A R . ctuato e pc ot

gain [Hz/V]

Laser / » %m;_ - \
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RFPD

To sense the error of the length of the cavity,
| install 2 RFPDs in each reflection port

Laser 2
STM
QPD
QPD [ oo
PD PD BS
Camera ? N
F\Bs BS
ST™M
s i 7 W as
T AN I o
Cavity
BS G PDD Camera
—— p-pol
Laser 1 BS PP
QPD s-pol
— p-pol & s-pol
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RFQPD for WFS

To sense the error between “the cavity axis™
and each “laser axis” by WFS,
we need 4 RFQPDs

Laser 2

ST™
QPD

QPD BS

PD PD
Camera [ﬁ BS \BS
|:| \ BS
ST™M A )
BS 7 T BS
2 T N ANDY e au
Cavity
BS g FI;D Camera
——— p-pol
Laser 1 BS
QPD s-pol
—— p-pol & s-pol

Already confirmed all 16 segments works well



OPLEV

To monitor the fluctuations of CTMs,
| Installed 2 OPLEVS

X1:ASC-OPLEV_CTM2_PIT_IN1
. X1:ASC-OPLEV_CTM2_YAW_IN1

t0 = Thu Nov 17 2022 13:37:10 UTC [1352727448.3750]

. XLASC-OPLEV_CIMI1_YAW_IN1
X1:ASC-OPLEV_CTMI1_PIT_IN1

P g 5 9 g P g W s S AN TR O,

t0 = Thu Nov 17 2022 13:21:14 UTC [1352726492.1250]




Coll and colil driver circult

OP27 BUF634

z 8 Q
To actuate the cavity axis,

we need 8 Coils and 8 channels of coil drivers 390

CoilDriver ~ 2022,/10/20 Oro
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PD Camera
GO ——— p-pol

Laser 1

—— p-pol & s-pol



~ VX T LY g HPZA-0.15P

PZT STM and PZT amp Bl <o)

To actuate 2 beam axes, we need 4 STeering Mirrors and
8 channels of PZTamp

Laser 2
STM
QPD @
QPD ds
PD PD BS
Camera ? G— N\ ~
\
ST™M )
é) BS 7 \w BS D
PSS [\ A - oD
Cavity
BS g FI; Camera
— p-pol
Laser 1 BS PP
QPD s-pol

— p-pol & s-pol


https://www.pi-japan.jp/ja/products/controllers-and-drivers/nanopositioning-piezo-controllers/e-663-three-channel-piezo-driver-601800
https://www.pi-japan.jp/ja/products/controllers-and-drivers/nanopositioning-piezo-controllers/e-610-piezo-amplifier-controller-601000
https://www.matsusada.co.jp/product/psel/pz/hpza/
https://www.matsusada.co.jp/product/psel/pz/hpza/
https://www.thorlabs.co.jp/thorproduct.cfm?partnumber=POLARIS-K05P2

Current Status



2 lasers resonance

This week, I achieved the simultaneous resonance of DPFP cavity

Laserl is “Mass Lock™ (The actuator is Cavity Test Mass)
Laser2 is “Freq Lock™ (The actuator is Laser Frequecy)

However, the feedback-loop controls are not stable (especially Freq lock)

Laser 2
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gain [V/V] C O h

Gain

Phase

Openloop and Spectum of Masslock

Openloop Transfer Function of Mass lock

N ety oo ok ...'.'ﬂ-...'."‘
e ..."" %
..:.: .-‘..:
107 10°
-
- 3 1073 1
: s VNS
e &
by _
TS A |
=
&
UGF ~2kHz 1w |2

Ld

10 10*

‘.~‘~. ..

. - .. .

.V'.:.J!: .
-
JN”'.J o «” . .
qll'-'.".'."""d" -ﬁ'ln""'w .
10! ¥ 108 10*
frequency [Hz] 1 O k

spectrum in mass lock

107% 1

- ?ggudrbzig:::gnal ~180 HZO
~20 Hz

Not identified
(will examine if they are
dominant from the view of
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May be Gain Peaking

(In the way of improving the filter)
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Openloop and Spectum of Freqlock

Openloop Transfer Function of Freq lock
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Future future plans



Broadband RFPD, RFQPD

 Komori-san recommends a OPAMP Ritr
“ADS8038” e
_T_ —{ 1+—O
* |t is fast and low current noise ADg03g 0%

| hope to develop Broadband RFPD and
RFQPD

Komori-san’s LISA QPD


https://www.analog.com/jp/products/ad8038.html

Modify our suspension for B-L DM search

| g
v — 2 3

« According to Komori-san’s calculation,
We need 10~17|m/vHz|@100 [Hz] in
order to search B-L DarkMatter (@100 Hz)

 For more isolation, Komori-san

: : Appearance of the Stack
and B4 students is going to lock PP

(B4 students measure seismic noise using Geophones)

the suspended cavity on a stack | . |
+ If searching B-L. DM, we need to =& | s | VAo
make different the material of the 2 TV |
test masses. |l =N
0.001 || === X (Horizontal) | . .. ... ...\
: ==== Z (Vertical) | 5 -
0.0001 Ik : k] X B

Frequency[Hz]

¢ Isolation Ratio (© P.54 of Numata-san’s Doctor thesis)
27

W?, Si?, Cu?, Zn?, Pb?



https://granite.phys.s.u-tokyo.ac.jp/theses/numata_d.pdf

Our LIGO CDS update

« More AA/AI filters are required
« This summer, we ordered a repair of 2 ADC
boards
« However, 1 board is not used because AA/AI
filters are in short

» Replace PC higher spec |

» Due to the spec of PC which is used for LIGO g =

CDS, “NDSCOPE”(oscilloscope) cannot S ———-
display more than 2 channels

———
e —
—
e —




Summary

LSC of 2 lasers are already achieved
* However, now in commissioning

After that, I will move on to ASC DPFP cavity
 Already confirmed PDH signals from all 16 segments of 4 RFQPDs when it
IS In no-control (off resonance)

The suspension will be applied to B-L DM search experiment

Hope to do
* Make broadband RFPD,RFQPD
« Update our LIGO CDS



Thank you for listening



