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Abstract

» Measuring Lorentz violation signal since Oct. 315t

» Data analysis in Mansouri-Sex| framework
v | used a week-long data (Oct. 315 - Nov. 7t)
v LV signal after Nov. 8t is very noisy (why?)

» Lorentz violation parameter:
oc
a+1/2=(-0.5+2.5)x10"12 (7 ~ 6><10‘15)

v the same order of magnitude as world record

2017/11/17 ANDO GROUP SEMINAR 2




Contents

1. Mansouri-Sex|l Theory
Optical Ring Cavity
Data Analysis

B ORI

Conclusion

2017/11/17 ANDO GROUP SEMINAR 3




Contents

1. Mansouri-Sex|l Theory
Optical Ring Cavity
Data Analysis

= Wk

Conclusion

s
2017/11/17 ANDO GROUP SEMINAR 4




Introduction

» Purpose of our experiment: Test of Lorentz invariance

LASER o

‘ freq. lock

Silicone

L

LVsignal
o« VL - VR

/Especially,

we search for Anisotropy
in the one-way speed of light
using optical ring cavity.

N

W,

One-way speed of light

c(6)

c(0 + )

'%cs 6 x 10

Y. Michimura (2013)

Round-trip speed of light

o6+ ) % < 1x10-18
C

c(6) M. Nagel (2015)
M‘“

2017/11/17 ANDO GROUP SEMINAR




Test Theory

> 3 frameworks

v' Mansouri-Sex| theory - #&#zA&Hh

- test theory of special relativity with 3 parameters (a, 3, §)
-a+ 1/2 = 0 © one-way speed of light is constant

v’ Standard model extension — #&#=A#ER) DR

- more general theory with many parameters
- can describe many particle (not only photon)

v" Spherical harmonic decomposition - #E#&ADi#
- no theoretical assumptions or background

-c(60,9) = 1+ Xy Re[(5777)"Y,(6, ¢)]
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Mansouri-Sex| Theory

» Special relativity
@ Principle of relativity @) Invariance of ¢ = Lorentz Invariance

» Mansouri-Sexl| theory
(D There exists a preferred frame X, where c is constant
@ There is no preferred direction in X
+ Clock synchronization by slow clock transport
Y b

7\ Lab. frame

S(txy.2) y c(e) / N

2., Cis not necessarily

_Lconstant in lab. frame.
4

preferred frame %(T,X,Y,Z)
M Natural candidate; CMB rest frame

2017/11/17 ANDO GROUP SEMINAR 7




Speed of Light in MS Theory

D preferred frame X (c = const.) + @ no preferred direction in X

& l Dependence on v '

c(0) = 1—2(a+%)vcos€—(ﬁ+6—;)vzsin29—(a—ﬁ+1)v2+0(v3)

[ One-way speed of light ‘ [Round-’rrip speed of light ‘

4 Lab. frame

S(tx.y.2) c(e)

In Special relativity,
1 1
a = —5, ,B = E' 0=0

preferred frame Z(T,X,Y,Z)
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Optical Ring Cavity (1/2)

» Speed of light
c(0) =1 —2(a+%)vcos€

\ )

Y
One-way speed of light

Lab. velocity Vv

- " Silicone
(n=3.69)
» Resonant frequency
v =v+ 51//2 for clockwise Lopt: round trip optical path length
{vR = v — 0V /2 for counterclockwise
5 2(n-1)d 1
where v=-2 (m e N), Ve @ (a+—)vcos€
Lopt 2 Lopt 2
——

> Resonant frequency difference

oV vy —V 4(n—1)d 1
L = ( ) <a+§)vc058
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Optical Ring Cavity (2/2)

ﬁn = 0.2Hz

Vlaser — VL

» Measuring v;, — vy using

Silicone double-pass configuration.

» Getting the error signal
(Vlaser o VL/R) by the

freq. lock L‘(st‘Q"\j; Hansch-Couillaud method.
« (a+1/2)vcos® = {RICERIT &

Vlaser — VL Vlaser — VR I /

» Lorentz Violation signal - modulation by rotating the cavity

I> 0 = w,oit ? --- This is not true because of the Earth’s rotation.

» We have to define a frame moving at a constant velocity
with respectto 2. - SCCEF
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SCCEF -

A

[ \
» SCCEF = Sun-Centered Celestial Equatorial Frame
= Velocity with respect to X' (CMB rest frame) is approximately constant.

SCCEF Vsccer Lab

vernal equinox
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.

st
.............
------
.......
.
ot .
. "
. .
. .
.
. .
" ‘e
o .

r:;. ................................................................................... S0 0pCannggslens .:S ‘ . ‘ x (SOUf h)

e
.
‘.
., .t
. .
. .
“ .t
.....
.......
-------
llllllllllll

autumnal equinox Earth
€7Ga=)

» Velocity of SCCEF We can neglect

—0.970 .

y = orbital speed ~ 30k

Foceer = 367K x( e ) $ { tati pl d On;/ks
0.126 rotational speed ~ 0.5km/s
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Lorentz Violation Signal

» Coordinate transformation matrix (SCCEF - Lab.)

cos y coswgt cosysinwgt —siny
R =

= —sinwgt cos wgyt 0
sin y coswgt sinysinwgt Ccosy

= Unit vector along the light
. 5 4(n—-1d 1 propagating in silicone
> LV signal v _ 4n-l) (a + —) v cos 6 (in Lab. frame) J
14 Lopt 2 —— .
4(n-1)d 1\ - .
— Hn-1) (a + —) U - RT|| sin wyort
Lopt 2 0
SCCEF Vsccer Lab
vernal equinox
| Y(east) X = 54.3° (Colatitude of Lab.)
Wrott (1)@ — 1
2T 23h 56m 4s

z Xttt | (Rotational frequency of the Earth)
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Cos/Sin Amplitude of LV Signal

» LV signal =0 (a + —) U - RT| sin w ot

» Simulation (made by random number)

Without Lorentz Violation With Lorentz Violation
§, O — — 5,5
2t ﬂ»

L

Anisotropy of X, Y direction
+ Rotation of the Earth

-4 1 | — | i

Anisotropy of Z d|rect|on ,.:':-'- el

Sine Amplitude [arb. unit]

-6

% time s o
-10 L 1 L 1 1 1 1 1 1 ) -10 L I L . h
=10 -8 -6 -4 -2 0 2 4 6 8 10 -10 -8 -6 -4 -2 0 8 10
Cosine Amplitude [arb. unit] Cl Cosine Amplitude [arb. unit] Cl

2017/11/17 ANDO GROUP SEMINAR




Mansouri-Sex| Theory
Optical Ring Cavity

Data Analysis

B W N

Conclusion

s
2017/11/17 ANDO GROUP SEMINAR 15




Time-Series Data (1/2)

» Freq. lock had continued for 7 days.

Time-Series Data ( t = 0 2017/10/31 14:18:26 )
2 l I T 1 1 ]
1.5k O T VP PP SRR PONS SYPMTRPRTTY s |
- 1f 5 | ; §
> : ? ot /.\ i
= 0.5| : f\vu o T ) TR o | -
o M, L2l W N
8 0.5 r T Discontinuous point: |
S il | Manual Feedback to laser temp.
=1.5F : ‘ LVsignal Trans FB
-2 | 1 | I I I
0 1 2 3 4 5 6 7

Time [day]

> Some correlation between LV and FB

= If caused by cavity length change, CMRR < 1073

VL, — VR
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Time-Series Data (2/2)

» Enlarged view of LV signal
- Cannot find rotational frequency noise visually
- Unknown noise with ~2-rotation period

x 107
1 T T T T
= 0.5
>
~
&
- 0
©
&
0 _005 < . >
< 1 rotation
: l Homesignal LVsignalI
-1 1 1 1 1
0 5 10 15 20 25

Time [s]

We can get “home signal”
using a photo-interrupter.
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Power Spectrum of LV signal

frot = 0.2Hz, Af = 0.016667Hz, Average : 10080

1070 e , ——r
b e e e Y.Michimura—stationary 1
L .ii.i.i.......... === Y.Michimura-rotating(0.083Hz)|]
Y Srschrafoshofeimpigecsrcaccien stationary 1
: % rotating
: RSN .\,‘. SRR
1w Unknown noise .. Position
N\ (f=0548f) of slip-ring
' SN )

Fractional Frequency Noise &v/v [1/rHz]

10—12
Vibration
of turntable
10"
107 -
10

Frequency [Hz]
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Cos/Sin Amplitudes (1/2)

» Cos/Sin amplitudes (calculated every 12 rotations = 1min.)

OV/ = C, cOS Wport + Sy SIN Wpgit

Lo RS o Y S - = * Rot. freq. noise
5 ( If this gap is caused by
3 anisotropy, 5c/c ~10712)
2
£
b
8 0.

N o (0,0

' Day 1 === >IDOy 7 | 1 :

Cosine Amplitude C; [10-13]
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Cos/Sin Amplitudes (2/2)

RIR1BEDT -5 &

» Taking moving average (time constant ~ 1 hour) BETIS% ¢ 5> ThD

» Local mean value changes with time --- Big problem!!!

Sine Amplitude S; [10713]

because we cannot
distinguish mean value
change by anisotropy
with by noise.

\.

.

Current sensitivity is

| limited by this effect.
X (noise at fror £ fo )

Day 1 ===

>Day7

—4

Cosine Ampll’rude C1 [lO 13]
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How to calculate o + 1/2

» If anisotropy exists, 81

| - Cyis drifted Anisotropy of Z direction |

- Cl Changes @ fEB } Anisotropy of X, Y direction

| - Sq changes @ fGB + Rotation of the Earth 5

= These 3 components has the same
information about « + 1/2.

> | used “phase component”

p1 = —sing (C; — Cp) + cos ¢ (S; — S1)
( ¢: phase of rot. Freg. noise )

o

pr=A4A (a + %) cos(a)@t — 1/))
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a+1/2

» | calculated a + 1/2 every 12 rotations

1 P1
a+- =
2 Acos(wgt — )
1x 107° | . S | N _
, { i | * :measured

at+l/2

* &

i S

S

L

L& ] .
3

0 1 2 4 5 6 7
Time [day]

Very high noise at cos(wgt — ) =0

> Need to take weighted average (Normal average - Sensitivity,)
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Weighted a + 1/2

» Taking weighted average

1 P1 :
a—+-—-= Weight « |cos t —
T 2 Acos(wgt—1) g | (we 1/))l
£ —meuea] | > Weighted average:
:';i 0.5 y
3 (a + 1) = 5x10713
3 2/w
> Standard deviation:
0 ! 2 ?l‘ime [d&:y]4 > 6 ’ 8 (a + 1) o~ 10_10
1400 T T T T T T 2 w
wor <01 Number of data: N~10°
g zzz: > Sen5|t|V|ty:
200_ e s S(a_l_l)
. L o 1 2)w _ -13
-1 -0.8 -0.6 -0.4 -0.2 a+2/2 0.2 0.4 0.6 0.8x 10_91 6 (a + Z)WX m 3)(1()(?)
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Really Independent?

» Enlarged view of weighted a + 1/2

x 10

! ! L)
: *  measured
e 28 4

L 1 i ] 1 i
2.7 28 29 3 31 32 33 3.4
Time [cay]

There is some trend!/

» Power spectrum of
weighted a + 1/2

2 points are independent
if more than 2 hours away
from each other.
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a+l/2 [/rHz]

.
Nearby data points are
NOT independent.
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Result

» Taking average every 2 hours
» Standard deviation:

1\ _ -11
8 (a+ E)w = 2.3x10
<l Number of data: N~84
» Sensitivity:

5+t
5 (a + %)W = (Oj_NZ)W ~2.5%10"12

Result
@+ =(-0.5+2.5)x10712

%"'2 (CX + %) VUSCCEF ™~ 6)(10_15
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Discussion

» Noise level is reduced, but
pom TNy now noise at fi.o; * fg limits
I T S the sensitivity.

ar 2.7 28 2.9 3 3.1 32 33 3.4 3.5
3.5} (eFIEG
a2 » |In the framework of spherical
2 2l harmonic decomposition,
‘f Al anisotropy of Z direction
R cannot be measured unless
s rot. freq. noise is reduced by
§ o5l 3 order of magnitude.
oo z x(O, 0)
oj Day ] === =>Day 7| |
Cosine Ampall’rude Cy [10 13] 0 SOEETIIRA? BB UDHERN?
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Conclusion

» Data analysis in Mansouri-Sex| framework
(using a week-long data: Oct. 315t - Nov. 7t)

oc
a+1/2=(—0.5+2.5)x10"12 (? ~ 6><10‘15)

v The same order of magnitude as world record
v Noise at f.o¢ * fp is big problem

 REDEAMERDT —V: FERZB DICIRRET
o] B @i e s (B = SIS =) DFERE
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[FZ< | O EREUKRFIE

> QEREIREL 1 X« MDD/ 1 XAEERIIBIEEND SR

Af = 0.0083333 Hz

10—10

oo [===Y.Michimura(l/12 Hz)|
I S S ORI 1/4 Hz ]
R R L AR R 1/5 Hz

_ ‘~-\ ‘‘‘‘‘‘ 1/6 Hz

N L N 1/8 Hz

i ;\\ 1/10 Hz

~ _ : : : S : 1/12 Hz

:.1011:::::@::::}::Q::;:jx:ﬁ:y::::::::::::;::’su:gm:x:Q:x:x;x:;:xgﬁ:g:g:

>

3

©

fractional frequency noise

-14 S S S S S

10

frequency [Hz]
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