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Part 1 :
Ring Cavity Experiment
for Dark Matter Axion Search

with Watanabe-kun
in 4S5 semester @ Ando Lab
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Introduction

® The existence of dark matter

Galaxy rotation curve  Bullet cluster CMB
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Wikipedia: Galaxy rotation curve NASAAPOD XMASS: Dark Matter

® Candidates of dark matter : WIMPs, axion, PBH
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https://apod.nasa.gov/apod/ap170115.html
http://www-sk.icrr.u-tokyo.ac.jp/xmass/darkmatter-e.html
https://en.wikipedia.org/wiki/Galaxy_rotation_curve

Introduction

® Axion is one of candidates of dark matter
® Previous research placed restrictions in the figure
® If axion exists here, cy and ¢, will be different

or linear polarization will rotate

— observe with ring cavity

Dark matter Axion search with riNg Cavity Experiment

axion-photon coupling |gay| (GeV™?)
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http://granite.phys.s.u-tokyo.ac.jp/michimura/presentation/Darkon2019_michimura.pdf

Optical system
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Optical system

Laser ____ Faraday Collimator
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beam radius [um]

Mode matching

® Mode matching with lenses, beam profiler
® Calculation with Python, JamMt

for a fiber for a ring cavity
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Optical system

Laser ___ Faraday Collimator
1064 nm isolator

A

Feedback

control REPD

100% 99.9%
Ring cavity R:1m

2nd floor

Length : 1 m

PD



Fiber problem

® When a fiber is shaken, polarization rotates
— difficult to keep circular polarization for a long time
— change optical system
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Optical system (ver. 2)

Collimator

Laser  ___ Faraday

1064 nm isolator
A

Feedback

control REPD

100% 99.9%
Ring cavity R:1m

2nd floor

Length : 1 m



Performance evaluation of cavity

StppeY ; AL ‘ - U5 Sep 03 19:08:39
Frequency modulation
- by temperature

Transmitted light

Measured value

(P polarization) Discussion

Much smaller than

Finesse 5156 design value (3140)

Proportion of
mode matching
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Making RFPD

L GND
e OP Amp [y GND
:g A < R3
. £330 ._T
T — A cv
& | fzk . 1w
RF signal ——»
L e
| cx U= R4 GNo
. 33 e 49.9 oo
tu 22|3‘ Szémm_m 517k '_':18 -
G.ND v 91y
Y- GND
High-pass
filter | w e
1in
" l_T
RS
150 I’;
= - 2. 1u
T N olf (B Asiona
| 2.2u cie 3 -
e - o sl or27 LEMO
499 22n e
GND 777 GND SMD u— Ando Lab Wlkl
0'7 . T T T T T T T T
data @
fit

S
Il
[
Ul
<
L
N

15.5 16 16.5 17

13.5 14 14.5 15
frequency [MHz]
13/ 38

Apr. 22nd, 2020 @ Ando Lab Midterm Seminar

13


https://granite.phys.s.u-tokyo.ac.jp/wiki/Lab/index.php?RFPD_circuit_board

Feedback control (PDH technique)

Ring cavity

Laser ~__ Faraday __
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Feedback control

® Succeeded in locking the laser to the cavity
® But ... in only 5 minutes
Error signal saturated or the light faded away

Monitoring transmitted light
with CCD camera
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Ope

coherence
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Coherence is low

UGF ~200 Hz
Too small??

Phase margin ~90 deg
But something strange...

frequency [Hz]

1
100 1000

n loop transfer function

ST

Why feedback control was finished
in 5 minutes??

I changed gain and cut-off frequency
but failed repeatedly
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Future experiments

® Keep feedback control for a long time, get the data
and pIace restrlctlons in the figure

Dark matter Axion search with riNg Cavity Experiment
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® Discover the cause of the small finesse
and improve it

Measured value
(P polarization)

Discussion

Finesse

515+ 6

Much smaller than
design value (3140)
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http://granite.phys.s.u-tokyo.ac.jp/michimura/presentation/Darkon2019_michimura.pdf

Short Break : Self-introduction
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Self-introduction

® Timeline about me
1996.11 born in Tokyo

-2015.3 Senior High School, Univ. of Tsukuba

2016.4- Univ. of Tokyo, Natural Science II aﬂb
2018.4- Dept. of Physics
2020.4- Graduate school, Ando Lab

® My favorites : sports, Dlsney, Harry Potter the universe
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Educational activities

® Science teacher license of junior & senior high school
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http://www.ioa.s.u-tokyo.ac.jp/kisohp/OUTREACH/GS/index.html
http://sciencestation.jp/activities/gs.html
https://prc.nao.ac.jp/stargazing/

Part 2 :
Measurements of the Jets Motion of PSR B1509-58
by Chandra X-ray Observatory Image Analysis

with Tsuji-kun
iIn 4A semester @ Bamba Lab
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Introduction

® A pulsar : a highly magnetized rotating neutron star

® The interval between pulses is basically very precise
I\}b'b‘—O)Erlbl "

JAXA: pulsar

22 s fime series ]
Very precise

e

Handbook of Pulsar Astronomy

® Glitch : the period changes suddenly in rare cases
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http://spaceinfo.jaxa.jp/ja/pulsar.html
http://www.jb.man.ac.uk/research/pulsar/handbook/

Introduction

® Glitch may be better explained
by the precession (mZ=:EH)) of a pulsar
® The precession has been observed
— analyze the image of another pulsar jets
to find a new precession

Precession The helical jet of the Vela pulsar

>

=
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https://iopscience.iop.org/article/10.1088/0004-637X/763/2/72/pdf

Observation

® Chandra X-ray Observatory archive data

NASA

Object name : PSR B1509-58

(s Bl Search HEASARC website
National Aeronautics and Space Administration

[Advanced Search]
Goddard Space Flight Center HEASARC Quick Links
Sciences and Exploration —Quick Links-—

As

HEASARC Home Observatories Archive Calibration

Tools Students/Teachers/Public

Tip
Archive HEASARC Browse ArEhEre @ HELP

Other Browse interfaces:
Notification Service | Batch | Correlation | Index of all tables

Start Search | Reset | | Detailed Mission/Catalog Search |

1. Do you want to search around a position ... ?
{If you want o search on parameters other than object name or cocrdinates, select "Detailed Mission/Catalog Search™.)

Select
Object Name or coordinatesl PSR B1509-58 I andior  Local =0

g Cyg X-1or120000, 4126 or

Cyg X-2; 12.235, 15.245 (Mote use of semi-colons
(3} to separate multiple object names or coordinate
pairs)

Coordinate System: | J2000

Query File And Session Uploads |

File should contain objects andlor coordinate pairs one per line
or separated by semi-colons

Search Radius: ‘Default | arcmin

Default uses the optimum radius for each catalog searched.

... andfor search by date?

Observation Dates: ‘ | Y'Y ¥-IM-DD hh:mm:ss or MJD: DDDDD.ddd

Mot all tables have observation dates. For those that do, the fime portion of the date is optional Separate multiple dates/ranges with
semicolons ;). Range operator is .. (e.g. 1992-12-31; 48950.5; 1985-01-15 12:00:00; 1987-03-20 .. 2000-10-18)

2. What missions and catalogs do you want to search? (Bold text indicates mission is active)

[ Most Requested Missions

Chandra [CXC,CSC] [] Fermi [] Hitomi ] maxi (zaxa)
[] NuSTAR [Caltech] [1 RosaT [ rxTE )
[ Suzaku [ Swift ] wmap ] XMM-Newton [XSA] NASA's HEASARC: Archive
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https://svs.gsfc.nasa.gov/cgi-bin/details.cgi?aid=11185
https://heasarc.gsfc.nasa.gov/cgi-bin/W3Browse/w3browse.pl

Observation

® To discover the jets motion of the pulsar
— chose 3 data observed in different years

Obs. ID Year
2000
2004

2017

Name for simplicity
A
B
C

Select Related Links Services obsid| status name ra dec time detector|grating|exposure| type pi public date Search Offset
f | $4 U4 [ 4 4 | U4 U1 U4 | 4+ ﬂ”JG_ﬁ U4 O
—— — S S

ASCA ROSAT RXTEXMM|O RN S DB F archived|G320.4-1.2 15 13 55.60|-59 08 08.9]2000-08-14 13:31:48|ACIS-1 [NONE [19280 GO Kaspi 2001-08-25]0.011 (PSR B1509-58)|
|:| ASCAROSATRXTEXMM|O R N S D B E|3833 |archived|PSR B1509-58|15 13 55.60]-59 08 09.2|12003-10-18 00:23:07|ACIS-I |NONE [19380 GO Gaensler |2004-10-24(0.012 (PSR B1509-58)
Q D ASCA ROSAT RXTE XMM|O R N S D B F|3834 |archived|PSR B1509-58|15 13 55.60(-59 08 09.2|12003-04-21 17:00:25|ACIS-I |[NONE |9590 GO Gaensler |2004-05-01(0.012 (PSR B1509-58)
@ El ASCA ROSAT RXTEXMM|O R N S D B F | 4384 |archived|PSR B1509-58|15 13 55.60|-59 08 09.2|2003-04-28 06:05:29|ACIS-I |NONE [10020 GO Gaensler |2004-05-01(0.012 (PSR B1509-58)
ASCA ROSAT RXTE XMM|O R N S D B F|5515 larchived|PSR B1509-58|15 13 55.60|-59 08 09.0]2005-06-13 00:12:14|HRC-I %45190 GTO |Murra 2006-06-1710.011 (PSR 81509-582

ASCA ROSAT RXTE XMM|O R N S D B F archived|PSR B1509-58[15 13 55.60|-59 08 08.9(2004-12-26 10:26:36|ACIS-I % 50130 GO |Slane 2006-10-1910.011 (PSR B1509-58

|:| ASCA ROSAT RXTEXMM|O R N S D B F|5535 |archived|PSR B1509-58|15 13 55.60{-59 08 08.9|2005-02-07 15:15:07|ACIS-I |[NONE 43130 GO Slane 2006-10-19(0.011 (PSR B1509-58)
@) []| ASCAROSAT RXTEXMM|QO R N S D B E| 5562 |archived|RCW89 15 13 34.20{-59 01 58.0[2004-12-31 09:12:47|ACIS-S |[NONE [29960 |GO |[Yatsu 2006-01-03 [6.759 (PSR B1509-58)

1 8 d t @) []| ASCAROSAT RXTEXMM|O R N S D B F|6116 |archived|PSR B1509-58)15 13 55 60-59 08 08 9[2005-04-29 03:40'54|ACIS-| |NONE |47650 |GO |[Slane  |2006-10-19/0.011 (PSR B1509-58)
a a (#) []| ASCA ROSAT RXTE XMM [0 R N S D B F|6117 |archived|PSR B1509-58|15 13 55.60|-59 08 08.9|2005-10-18 00:11:37|ACIS| |NONE [48140 [GO [Slane  [2006-10-19[0.011 (PSR B1508-58)
Q |:| ASCAROSATRXTEXMMIO RN S D E 9138 |archived|RCW 89 15 13 34.20/-59 01 58.0|2008-06-19 18:47.07|ACIS-S |[NONE |59740 GO |Yatsu 2009-06-22 |6.759 (PSR B1509-58)
ASCA ROSAT RXTE XMM (1O R N S D B F |14805 |archived[PSR B1509-58|15 13 55.60]-59 08 08.9]12013-05-29 14:36:27|ACIS-S %SOWOO & N 2014-05-31]0.011 (PSR 81509-583
M 18023 |archived|PSR B1509-58|15 13 55.50|-59 08 08.8|2017-02-02 23:18:20|ACIS-I |[NONE [18560 GO  |Xue 2018-02-0310.002 (PSR B1509-58
D ASCAROSATRXTEXMM|O R N S D E  |19299 |archived|RCW 89 1513 37.27]-59 01 46.2|2018-01-05 16:45:01|ACIS-S [NONE (44110 GO Borkowski|2019-04-09 (6.794 (PSR B1509-58)
@ [1| ASCA ROSAT RXTEXMM |O R N S D E  |19300 |archived|RCW 89 1513 37.27/-59 01 46.2|2018-01-16 06:31:19|ACIS-S |NONE |21110 GO  |Borkowski|2019-04-09 (6.794 (PSR B1509-58)
@ El ASCAROSATRXTEXMM|O R N S D E  |20910 |Jarchived|RCW 89 1513 37.27)-59 01 46.2|2017-12-27 00:09:37|ACIS-S |[NONE (47110 GO Borkowski|2019-04-08 |6.794 (PSR B1509-58)
Q |:| ASCAROSAT RXTEXMM|O R N S D E 20932 |archived|RCW 89 1513 37.27|-59 01 46.2|2018-02-12 20:04.10|ACIS-S |NONE |31110 GO |Borkowski|2019-04-09 (6.794 (PSR B1509-58)
Q ]| ASCAROSATRXTEXMM|O R N S D E 20933 |archived|RCW 89 1513 37.27|-59 01 46.2|2018-04-08 17:17:16|ACIS-S |NONE |43590 GO |Borkowski|2019-04-09 (6.794 (PSR B1509-58)

18 rows retrieved from chanmaster
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https://heasarc.gsfc.nasa.gov/cgi-bin/W3Browse/w3browse.pl




Analysis 10

® CIAO : the software for analyzing Chandra data
® Reproject event data for a stack to a common point
® Create image data from event data

energy : 2-8 ke
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: O
Analysis g UpentV

® Optical flow :
the vector representation of the motion of objects
® Open CV : open source library for dealing with image
including optical flow
® The direction of the jet motion is estimated
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: O
Analysis g UpentV

® Optical flow :
the vector representation of the motion of objects
® Open CV : open source library for dealing with image
including optical flow
® The direction of the jet motion is estimated
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: O
Analysis g UpentV

® Optical flow :
the vector representation of the motion of objects
® Open CV : open source library for dealing with image
including optical flow
® The direction of the jet motion is estimated

North jet!:

\.y- ‘f‘ - .
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Analysis

Shift & subtraction method
@ Measure counts,
then normalize B and C based on A

E| Counts of north jet

e v 200 % + {
}+}{ % } %
4U§-:3 150 % }
= LT, M
Srr by iEh g N
e ¢ 59338 3
I Lt
00 l5 10 115 _210 ZIS 30 35 40
pixel
Data Exposure time [sec]
A 19280
B 50130
C 18560
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Analysis

Shift & subtraction method

@ Shift counts by 1 pixel, subtract each data,
then fit by constant function

counts

Example (not shifted) X%, = 26
B A B-A
— §j =3 y :con:c,t._
pi;el o - pi>s<el - u> . pi>6<el
| b
® Plot reduced chi-square 2
vs. shift >
._L('_:)
5 ® (0, 26)
8
-
©
Q
= shift [pixel]
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Analysis

Shift & subtraction method
@ Shift counts by 1 pixel, subtract each data,
then fit by constant function

counts

Example (shifted by 3 pi
B

pixel

® Plot reduced chi-square

vS. shift

Apr. 22nd, 2020 @ Ando Lab Midterm Seminar

counts

xels

Shift by 3 pixels

pixel

counts

X%, = 0.2

B - A(shifted)

o o
®e(3 02

reduced chi-square x?2,

shift [pixel]
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Results

North jet

KR 8.24 £ 0.11 &
=t t0632£ 003 e

reduced chi-square x?2,

-5 0 10 15

shift [pixel]

1 pixel = 0.49 arcsec

South jet

shift [pixel]

The shift can’t be measured

>
<8

v | -
S s e
O Lo °
D st Lol
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_C4_ . ®

O e ® o ® . ()
83—.'.. .. ° ?

O ° e, " e ”

0 2® <] o @
o ceve Ce
O 1 s 1

- -5 0 10 15

Jet shift angle

Data [arcsec]
B 3.10 £ 0.02
C 4.05 £ 0.06
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Discussions

North jet
A BorC
T :,’ d=/tan6=/6 (6«1)
\ /! d : Jet shift distance
‘\‘ ,'I 6 : Jet shift angle
| ! [ : Distance form the pulsar to the earth
/ Vo) 5.2 £ 1.4 kpc (from previous research)
\ /1
N D Jet shift distance Jet shift velocity
y ata
@ [pc] [m/s]
B 0.078 £ 0.034 | (17.5+£7.5) x 10¢%
C 0.10 £ 0.03 (6.1 £1.6) x 10°
+~ 4 years (B)
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Discussions

North jet Precession? 0.02 pc
in 13 years
0.08 pc s Jets
In 4 years
Y . (2004) (20C17) Jet shift velocity
~U 6
(2000} 10°m/s

Pulsar

® Results may support to the precession
® Velocity is reasonable to previous research

M
]
/'” . B
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Discussions & future analysis

South jet

® The shift can’t be measured
South jet is moving slowly?
South jet is blocked by something?

® Place an upper limit to south jet moving
by analyzing more data

('\|>8 T T T
<1 upper limit
Y
O 6
)
Z s
E L
U @]
T et
@
S 2 ;s
o , ce
8 0 5
shift [pixel]
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Summary

Part 1 :
Ring Cavity Experiment for Dark Matter Axion Search

® Built the ring cavity and evaluated its performance
® |Locked the laser to the cavity
by feedback control in 5 minutes

Part 2 :
Measurements of the Jets Motion of PSR B1509-58
by Chandra X-ray Observatory Image Analysis

® Discovered the motion of north jet
® Results may support to the precession
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Extra Slides
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Optlcal system (1st floor)
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Optlcal System (2nd ﬂoor)
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Angle of HWP

Rotate to get

Laser ___ Faraday Colllmator
1064 nm isolator
A
..F..e.é.(.:l.B.a..C.l.( .................. F|ber
control

RFPD (£

Ring cavity

Proportion of
S polarization [%]
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Observation

8.3'
—

8.3' m sl

: ACIS-1

30 st 32 33 4 85 ACIS_S

Chandra

ACIS-I CEIHIZ N7 - X WERI1D8DTH 5, BARDIRTVWEEZOND /-0, BHIEA
NEENZ3 DDT — X EBIZ 212Uz, SHEIEEHA 2003 £ 5 2005 FED 6 2D T — X D1 5K
L T obsid 5534 #3#E (. obsid 754, 5534, 18023 D 3 DIZ DWW TEH 2175 Z 2L 7=.

# 3.1: ACIS-I C#ifll =z -7 —X

obsid name time detector | exposure [s] pi
7H4 G320.4-1.2 2000-08-14 13:31:48 | ACIS-I 19280 Kaspi
3834 || PSR B1509-58 | 2003-04-21 17:00:25 | ACIS-I 9590 Gaensler
4384 || PSR B1509-58 | 2003-04-28 06:05:29 | ACIS-I 10020 Gaensler
5534 || PSR B1509-58 | 2004-12-28 10:26:36 | ACIS-I 50130 Slane
5535 || PSR B1509-58 | 2005-02-07 15:15:07 | ACIS-I 43130 Slane
6116 || PSR B1509-58 | 2005-04-29 03:40:54 | ACIS-I 47650 Slane
6117 || PSR B1509-58 | 2005-10-18 00:11:37 | ACIS-I 46140 Slane
18023 | PSR B1509-58 | 2017-02-02 23:18:20 | ACIS-I 18560 Xue
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https://cxc.harvard.edu/cal/Acis/

Reprojection with CIAO

energy : 0.3-1 keV, 1-3 keV, 3-8 keV
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Counts of the jets

Counts of south jet Counts of north jet
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