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Toward the experimental verification of CS modified gravity using photonic
interferometers

TAKEUCHI, Shigeki

2,900,000

Chern-Simons(CS) os

370nm

Chern-Simons (CS) modified gravity is attracting attention, by which it may be
possible to solve the galaxy rotation problem. Recently, Professor Asada, who is one of the cooperative
investigator of this project, proposed the possible test of CS modified gravity using a neutron
interferometer, however, large area and high precision are required for the interferometer. In this
project, we investigated the possibilities of the test of CS modified ?ravity using a Sagnac fiber
interferometer. As a result, we developed a ultra-broad low-coherence light source with the bandwidth
over 370 nm, and precise control of the optical phase using liquid crystal device. It is also found that
ring laser gyroscope is advantageous to Sagnac fiber interferometer in view of signal to noise ratio.

CS



B XL C—19, F—19,.
TFZEB RS F DY =
E$®%@%L®Ekﬁﬁw DI, &

SR D [AIERIEEY O REN 5 5, éﬁ/ﬁﬂ#%m

1FEAEDIFNIZBWNT, ZOHLNL DY

B roOEEHCH A EOREEHEE vS, rick

LT —ETHDLI RN, ZhdiE

WORERNEGICE 5T (vy 1Y rickesl)

ERELSEpoTWD #&Wﬁ@@ D P

NTZDORE é%ﬂ%#ét WZEA ST

DN, = ~H—ThHbd, L)L, ¥—

I X —ILETHERINTE LT, TOGFHE

WAL H D,
COMBEERIRTSE ) oD T S —

F & L. Chern-Simons(CS)&E /1Hz[5%

ik 1123, 2003 FE0FEELK, FUTIEFIZ

&E%%@Twé CS Himix, Hed 4
St OEBIETIEZRL ., Bk EoET

P DK = L X — W [R T O F Bl

ELTELSZIENTEDLZ LR ENHEAT

b5, Fr. 20 CS IO FPEFTEHT

K DRRAESERR DS, AW OB ZEH Th D

EBHLICE > TIRESIN[ZE R 2], =

DFEZETIX, 10 D~ A T A 4 FONAHERS

JE & O bm FRE O R & XOHFETTHEHC

o, ANTHE#HS v Aa—712k5

CS HFmMIEH O LR # 2 2K E COM

AEAS, Hi ETHEREICZR D EFHISNZ, Lo

L. BUEOHMEFTFHE O K Z S 1% 20em U

FRETHD . TR O P TFUHEHT &

DR ERRE BRI IEF ICHEE . B 2 b

77

2. WD HBY
Forx (1PN - M) 1. PEFTEEHCE
PV EE50km OY7 7 A 3% 10m X 10m
BREOL—TRICLEZEY =% v 7 TiEr
Z v, bm X 5m O - TFPEE & RIS R
DOFET, CS BlimOMFEFERRN, JFREMIC
AR CH L Z 2R LT, K =v vV
FUEHE, MR, BIfEL GPS OFH»
HEERBRE T Ty LTHVWLND
RIEETH D, L LEBICHT- > T

CORE = v 7 T OEEERS

ZDOXRIZONT, FRNC 372G 51T 9
VERDH 5,

ABFTETIE, SCERZ S 3k 2] CIRE S
TW3B, P TFHEHzE T 2 THRkEED B
BB IOFERENOBNEZ, X774\ =E
X 50km DY 7 7 A 3% 10m PO 52—
RIZ 1250 [EEEW =Y = v 7 BTG5 %
WCEBIRHZLE2&FHE L, ZOHEHAAGE
PEIZOWT, HMEBF R, RRIC OV THAE
BRI 21T Z 2 AL L,

3. WrFED I
AKHFFETIZ. L FO 3 5DHEBIZHWT,
W 7e b NTRRFT 2 E D 72,

D) KT 7 A STV O TR O IR O B
B & BA%E

Z—19 (Hm

)

K7 7 ANRNFHFHAORFEE LTHWS
DT, JREIIEIROZ L PEIC OV TR 5
LBz, Eob— L A REE IO
TR ZEDT-,

(2) @7 & ONTAAH Y 7 MRERH DY
HEAOEE & G

W7 7 A NTFHTIL R R 22 EVE D
EEiy BEALREICHEXRTL T A
N CTOFNERZ: 82 IET D NENE
ZHND, EDOHDONFFRTORER LN
R 24T > 7=,

(3) K7 7 A ™ TPatE VT2 EBRO[E

SO A D RS

HHEAFSE %%$u’£mémt e
WEF ORI &2 AUEIC LT BRI R (B 0k
2% ML LTz, ﬁ%$@ﬁwﬂ I IANE

DB (S5 30k 3172 SIT OV TR
DL EbiT, Y=y TWEE O
Tt & @tti’ﬁﬁ%%ﬁo =,

4. HFFERE
ARFZETIL, WD HIE TR =FNEh
DERIZBWT, FiD X d R E57-,

(1) K7 7 A /ST EREHH O IR H O O K

Bt &A%

FT. WEROIET 7 A NTFUETOHFFERIL
DI 2 Fhfi LTofE R, 7 7 A4 S FUEHT
MR NIRE LT, IRk —1 > Mg
TRANE L CWD Z & 2R Lz,

EHEE Ko e — L FEIRE LCiE, BifE
A—=R—)LI Xyt b & A I — FHFER
FIFFTRETZ . Z OHHSIZ WO E Y 100nm F
B EEﬂTMéO%ZTﬁﬁ@\#ﬁ%%
FRERPTONRT AN w7 FHE#EH
W EEHE T b — Ly R RO A 4T
-7,

AL, WE - BPEMIFSCHERE (NIMS) TfE
Sz, BV FULBEY A NTF v —T
BHONIAHRE S 2RI L, S0 iis)E 3
23.3.12um235 3. 34 umEFTELL TV B,
A7y e LTHE 40lnm, 237 —100mW @
L—YF—NrE AT LTELNZ, XTF AR

f 660-1030nm |
~163THz

%0 7oo 800 900 1000
Wavelength [nm]

M1 JEHEHEKae—L 2
DAY v

Kpectml intensity Jarh.mits|



o TR D AR S VB ITRT, R
660nm 7>% 1030nm &, 370nm, JEHEEIZ LT
163THz DO IEFIZIAWHIR Z RO NI TH 5
TLEMER L, . TWEFEEEL, K
ab— L ATWERE I LR, E
LME 1. 5um &V D MRS TN E WEEICRTE
LTz B+ 5 2 tncal s
1),

(2) @7 & ONTAAE Y 7 MERH DY
PR ORE L FHE

K77 A NBEEREICEY, 77 A
NP TCORFNERZ: 82 IET D 0NENE
A BHNb, FOEOIZIE., WtTFEREZAT
— V7 ECHIET B HIENERA VST
WZDS, EVKEER S O D K, IR
IR 2S5 L WO MERNH -T2, —
. WY =k, REHEEDS 5~20 2 U
L RETOEEE AT — 2 X A & b
L. 50~200 5 E RGN FTHETH 5,
LML, BUVHEEZSELZERRNEEEB XD
NTE, 22C, BxliZr 7 v—H7Y
AL TT LYY ALEFHALE,
TSV MR SC R B 2 B RS 8 e R e el &
HE L, EOREORENS B D 0% I
\Z XV RRE LT,

X 22, HIE ST U 2 — 2 OOk
7 N EOHNEEREERT, 12 BRSO 5%
BfE 2 B CoRd, BRI, EEOHIECTH
WA CH 5, Fiz, M0 UALE R
DREEIZOW TG LTRSS, Y ¥ —4
1L 0.03 FEL, PEEREREZAT— V%
WS AREEE (0,08 JE) & FE A &\ VK
ENGE ST,

(3) K7 7 A " TPat a2 VT2 EBRO[RE
SO A DR ET

« R2OAIERFROFHE
— i fbLEh i

50

{148 [deg]

00 10

RE)E—FDEEV]

2 sh ) F—ZOAFAY T MR
DOHINE R

WFZEREHIEIE, TRt ORI 2 485E
LBt 2] 2, Jer Pkt L v 238

THLENWIT AT TIZHESNTWE, ZD%,

HEMIEE D1, KFETWHEHEELZLD
FEA 2R BRI R 21T - 72 (3], FORER.

AT 7 o HJEZEA LR X OMEE 28k 12 B
LC,.CSH@mIZE o TFEINIEbDMIC,
FXTFRHIZh ST 5 Lense-Thirring (LT)%h
R X DBAEDFET D, BAEFTHEIC X D%
Hrof& S, CS BEER OMGEIZ W2 Fidt o 5
M & b5 2 & T LT R A2 IE & 5
&L FERFOREOKE SITHERFLD
ORI DHEHRFEEZ L Oy VK
2o TR, BRbrEETCORED, €S H
FC XD E LT ZhRIC K 2B B 5B
THZLICARATHD Z EBNHLMNZEN
77

Fxix, 774V =v v Tt Lo
T ORI O W T 21T o 7=, %
DORFTOFER, YWIETNE LT 7 A3
=¥ v 7 FWiO5E, SHEEELOKEIC X
V. MK A XD 10 D~ AF A6 F[rad/s/
VHIIRREIZY Iy hENDZ ERgnot,
—J. Vo ==V o T, HE 10
D~ A F A 3 Fer L LU R TR 5]
\Zbh7=v., 10 D<A F A 8 Flrad/s/J Hz]
IFD ) A REFERTED ENDMhoT,

PLEDORRIZ, T WdE W= €S &)
BEER DO RGESEERIC > X AT o T,
AWFGEIXTT 5 EEENIZEE Td HELRTK
R E SR, RER A ST R 2 1
U, WE - MBS SEAT E L Lin
-, £ d R KRS EERRZEER O Zh 12K
W LET, FEEFRIHEEZIICD L
T 5, FEEDOAY v 7 PARNOW I
L £,

(535 3CHR)
1. R. Jackiw and S. Y. Pi, Phys. Rev. D, vol.
68, 104012 (2003).
2. H. Okawa, K. Yamada, and H. Asada,
Phys. Rev. Lett. vol. 109, 231101 (2012).
3. D. Kikuchi, N. Omoto, k. Yamada, and H.
Asada, Phys. Rev. D vol. 90, 064036 (2014).

5. FeREmLE

(WFgefaes . Moo R OSBRI 1

LT

UesEamse) (B 6 1)

(M. Okano, H. H. Lim, R. Okamoto, N.
Nishizawa, S. Kurimura and S. Takeuchi,
“0.54um resolution two—photon
interference with dispersion
cancellation for quantum  optical
coherence  tomography” , Scientific
Reports, vol.5 (2015) 18042/1-8.
DOI:10. 1038/srepl8042, A #Fif.

@ S. Takeuchi, “Photonic  quantum

information : science and technology” ,

Proc. Jpn. Acad., Ser. B, vol. 92 (2016)

29-43.

http://www. japan—acad. go. jp/pjab

DOI:10.2183/pjab. 92.29 , F#if.



(Fa%E) Gt 5710

O, TEFE%. BEFEHR, =29
WIE I T & O FBREVERTE . 5 63 Bl H
BRSO LERTKR
] 11126 ¢ > S A BB, 2016 4F 3 7 20
H

O NER. T2 A7 BRI -
st oER], > &SRV 2 b
0 =7 ARG R D T A FEREE,
BRUER. 2016 42 H 29 H

O ER, Det2 vz, S A
MEFS BT LY =g AR
TRREREH DR & Heffr) R R %
Wit I F— o A0 IR, 2015 4 12
H 19 H

@5S. Takeuchi, “Quantum entangled photon
sources and their application to quantum
metrology” , CLEO-PR 2015, BEXCO, Korea,
27. Aug., 2015

® S. Takeuchi, “Quantum metrologies
using entangled photons” , Workshop on
Multi-Photon interferometry, University
of Science and Technology of China, China,
9.May, 2015

O NERE, [ev% iz &3, 2015
T LPRFFREv RV UL &
FITAOBUR] . HERT: HAUHR, 2015
FE3IHI1TH

O ER, DeT2 vz m -5, S
MBRHER T URTY UL S 4 T4 b= A
& AT O/ E ~T T, R,
I 201543 A 11 H

S. Takeuchi, “Quantum metrologies
using entangled photons” , 2015 IMCE
International Symposium, Kyusyu

University, Fukuoka, 28. Jan., 2015

©sS. Takeuchi, “Quantum entangled photon
sources and their application to quantum
metrology” , 2014 International Topical
Meeting on Microwave Photonics/The 9th
Asia-Pacific Microwave Photonics
Conference  (MWP/APMP2014),  Sapporo
Convention Center, Hokkaido, 20. Oct.
2014

O, TNER, &b o085 Hn
7o REE B BRI 2 8 2 D A R )
2014 FEFHREEYSE YV AT 4

&, [EERY. &, 201449 A 25 H

@ S. Takeuchi, “Photonic  Quantum
Information and Metrology” , Okinawa
School in Physics Coherent Quantum
Dynamics, OIST Seaside House, Okinawa,
16. Sep., 2014

@ S. Takeuchi, “Photonic  quantum
circuits and their applications” , The
2ND Kyoto university & National taiwan
university symposium, Kyoto University,
Kyoto, 1. Sep., 2014

@ S. Takeuchi, “Quantum metrologies

using entangled photons” , Quantum 2014,
I. N. Ri. M. Strada delle Cacce 91, Italy,
28. May, 2014

WY NER, TEF+bH oo FE~D)%
A, T/ BB Ry T A BRK
. HURHER. 20144E5 A 19 A

(XE) Gt 61h)
@S. Takeuchi, Springer, Principles and

Methods of  Quantum Information
Technologies, “Photonic Quantum
Metrologies Using Photons: Phase
Super—sensitivity and
Entanglement-Enhanced Imaging” , 2016,
135-150

OrWNER, PlaEL, BitoFEih, T&71
BRI FRAE ], TR ONAEWIETxE
B TERAAEE | 2015, 56-67

OiAZE, MEFE.2, MTNERS, 7 Kal -
A5 ¢ TR, OplusE, TEFH o0
FHDFEHA~DISH 1, 2015, 724-728

O NS, HARMESES . HAYE S5,
[ZEER BT b ONDFEE L F- s,
2014, 852-859

(Z D)

(1) #HaEpdE  GHorh)

O R, MBEZ, SEAE, PR,
M b oNJea R e iERe W
JETRE AN 2 B ) . BT, 4 1 2016
F1H1H

O, THEBESRZE s
OFEHT] . FERHTR, 23 M 2015 4E 12 A 16
H

QTR TRIRFFEE - K 2 Bz,
f HHR, 28 . 201549 A 15 H

(2) m—bX—Y
http://qip. kuee. kyoto-u. ac. jp/index. htm
1

6. AR

(D) W A

YrN - s (TAKEUCHL Shigeki)
AR « KEPE LAR9eR) - B
e & E . 80321959

(2) EEEMF I

#M 8t (ASADA Hideki)
SLATRE: « BT 220F90R) - 2%
W9eE %5 50301023

i< 7% (OKAMOTO Ryo)
TR - KPP TR - UEH
e s 10435951



