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HZeERE4 (¥ ) Development of Quantum-Non-Demolition laser interferometer using
displacement noise cancelling technique.

MRERRE
{E#& 18— (SATO SHUICHI)
EBKRE - BIZEE - &%
HREES : 30425409
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e RO EE  (330) : High—sensitivity displacement sensor had been developed to beat
Standard Quantum Limit (SQL) using a technique of Displacement—noise Free Interferometer
(DFI). Extracting the idea and results of prototype DFI, a package of basic techniques
needed to observe and then overcome the SQL was demonstrated. After a series of upgrades
of instruments including vacuum enclosure and intensive light source, we have tried to
improve the sensitivity of the instrument as a displacement sensor. Employing the
monolithic interferometer that fix the optics rigidly on the single base plate for a
Mach—-Zhender interferometer, the sensitivity of the interferometer was limited by the
shot noise (quantum noise) down to several Hz, which corresponds to the level less
sensitive by only factor of 10 to reach to the SQL.

AEAH IR FE B
(BEHHAL - 1)
[ERESE LiEESE & &t
200 94 20, 500, 000 6, 150, 000 26, 650, 000
20104 71,100, 000 2,130, 000 9, 230, 000
201 14 6, 500, 000 1,950, 000 8, 450, 000
201 248 2,800, 000 840, 000 3, 640, 000
I

ik 36, 900, 000 11,070, 000 47,970, 000

WHIE5T 8 - B Rk

P& O3 F - #H - B - SR - R

FHR - FH

F—U— N M - mO(ER), EAM, v—Y TR



Hosei University Repository

1. WFZEBRAR S W DT 7

HAOWOP O TOEEMRM A B L T
RNLOEZH > T\, RS HTRE D
L — W —F R s OB N T b, K
[E LIGO FHiEi7Zg E 134 CIZaFE H Az U ik
ETOBNEHRZEIH LTS, BAD
KAGRA FHIHE & 2010 4FE L 0 L 5 0 < AN A
H—hKL7 ZHHOHBIX AT LADT v
T L— R&ERT, 2010 40 T 1T HE X
DH 1MW A LS L, 1HFEICE A X
NOBRINBENIZRD LD ETHEEN
5. BTk LIGO EHEiXI Tz vy S L —
RO TEPFRD B, BIIEOKG TOBINIE
AZELELTT vy 77 L — REEICETFL
TWa., ZOEOT v 77 L —RIZL-T,
RO KRBT WEHE, Bk T MR TR
WD & 9 7ol R Ze Rl C T B

—J7, KE LN IR 2R Lz A
— AT WEHALE T T R SRR &
NTERY, 2010 FHHEORIEEEITH LT %
Hg L CHARBRR M ThN TV D, Z DR
T E OB LY b EMNITIEE KO
1-30mHz OE /WM AZHIET Z L2k D,
== YA U AEH S TND.

THIZK LEAD 7 —T71%, i Eoft
et & LISA FHE @4 ak o F1 i o KB
48 B & JH - T, DECIGO (DECi- hertz
Interferometer Gravitational-— wave
Observatory) FtHjZ#EZE L7=. DECIGO Ffif
VERRCKE DO EHE O 1/1000 DA Ar— LD A~ —

A FHERT, 0. 1-10Hz ZEHIE L LTRY

H BRI ERRE L LISA SHEI 2B T & 22 E
W pEI & [ < A N—F HRHERTH D

TS OFE SR ENEE, R . R
— 2B E DT, KoFEEHW-BHER
i DN 722 48 st R B 22 80 o0 G & EE 0 0% f
HOFHEE LTWA., LENRST, HmHso
XTI DB HET (B MEEB
LT OMEREMET) ICL-oTORFIRENS.
FE, I EOTHEHHERSBREEROT v
TL—RERT, HYEHODIHET PR
L CW o 725 R, 2010 FERICEHT 5 TH A
D WHAR TV EHLHUR M & RS R &
D /N EMEBMRICEL - B TE N D
MEUER PR (CEDREE RO LTS
no.

PR PRI & 1B e & W S e
TR E D FWEHIEKE AT ML O i/MED
AR THY, THHONRRTHDH L —H—
D/NT —Z% FIF TS L~ V&2 T 5,
EWVIORREEANEH LW, oF D, HEES
FERIZTH L TLUNMREIT X 72 VR
DEENGH DD THD.

2. WHEOHEM

TR B B 7 Fa—FTh HEM
MEE AR A S DICBET A iIck o
T, L=V =T Ic LA ENEDEF S
FHRRATHDOIERERE FIRAZB X 5 HE
ZREL, ERICK > THIEEREFIRA L2
HU—W—FWiHEEIT L LEHEMNE
T5. By, L——FHEHEE T
VTR OFEYER R CHIBR S5 &
Elzls EFRINEZZEND, ZOETHE
HIRAZM D 2 S X TS OKE R TORE
ERAZBROBRS ZETHLH D, ZOREE,
FEAER F-PRIL &\ 9 JRE DBEAR FEBR A Ll -
TWHZ DA N7 MIbLHLAALTHD
23, RARD & O F 79 BN 5 T 7 {1 JE I A8
WORKEDM EICEME T2 Lidx&xbd T
HETHD. RAEXG L 72 2 HAPIEEEN
THZET, BRI A R TE D
i, KL L COERERNEMIEICE - T

REBRDE.
3. WHFED Tk

RIFGED T A T T ORI T BN HE T 12
FBEDRWDFL 25 Z & CENMEEZ O —FET
b LESTHE S bHEETLIEN) 2 LI
HD. LN T, AR LE D TSR
Hixmb S DFI T HH MM~
N = =T AR T 5.

Laser

MZI 2
o \ N
FM2 [ DCPD

Hp =t JUTPUE 20 EOM2 EOM1
Output 2a HPD2

ZOTFWETIZ2 O TWEH A EE T
DL, PML B X OV FM2 DN HES M
FATAT NS B AL AR IL BB ICFE R C =
%.—J5TBS1 & BS2 OfiFATFHIL, = v /Y
U A =TGR L 2 L ORI ZE TS
72D JFBEAICITHBZE LW, & 2 AN, %
OFEE X T EHEHT T 2 X657 F 7 O X FR
PED R — L BSIFM 5 ENZ T v
L) & BRERECE 5.6 21X T
DA —LH 10cm DA, 1Hz OEAREFHRIC
KLU THE lo/c = 107 FEE DR F 2 Wify
TEDHEWI Z LR D. AEBRTHLESI



Hosei University Repository

ZOHMEEFIHAL, TP E/ ATy
MZED Z & T BS OEMIFERNEE LN
AT S, £, REBRIT (B S
D72\ mEE O Dt o h—] &
BHRTZ LA HBRO T, THHOBIIE W
MBI, RO & 72 D MZT 5y o
A4 XX 10cm BRETH D, £, WEIEHS
LUV R BT AT DI R G EE N
HETHHIN, B IV ——THi> Z &Iz
L CHIRS 2 E ORI, T& 5K
TRERICa T MR EED T,

4. HFFERE

(1) FEhEEEDEZ L

7u NEA T RO IETERBR O R AR
BT DL, BAHESEOMBZDRITTEIC
GOABFEEE A ERIZZAR > TV D Z L NHER SN
7. AR FALBE R DO IERIFRE T & £ AR DR
DO ERRIZI40BREEH D Z B> TND
DT, THFTHHZTDO L DITKIKT D IER
FPERR IR D EIRZHIR L TV D Z &2
EzoD. ZHUHIERNFREOIRFOOE S
ELTC, EEICHEREZ T 28EL T
<, BEERL - ZXELTORBETHL L
DI NETO L —F—TFUEHBA R OREER & Of
BT RBENTZZ L ERZDEZEL
ZHED T TAUIDFIN TR & 2R 2R TS
L, KKEMI T 28E2mMmz 52 & CTH
M eET D E WIS D, EERICIR)E R HE
BIZBWTEBEZ LHTOMEE L~V DK D
MR DBHER I T,

(2) EEEEE LG O L

SQL 2R T 7 B AT B 7=0i2iE, H
HESOERETHRED SQL L-ULORE & 3t
TN OETRE TR E D SQL AR A > F D
RENEETHDH. HRBZHWDEOT
HEFFMNOOT o —F &, EHEOIEE
HNDT 7 a—FRnR e Th o0, WEFR
DR Z TE BT T s a3y MNZ
TEHHE LT, T2 TCIIBEEEATS
Zke L, mHEENROEEITo T

(3) £/ Vv yr Tk

Tu b A TRV EIERROE R %
WETDH L, TWitaHRT 2 FHTOM
Frro W BN (2 & D B OIS, JTRWE
T O F W5 O FERFRE S T U5 O & A
FIEL TWAZ EWNREINTEZ., ZiLbHE
B OWH 5 WVITEIEREE 2 O & ST S HebR
T5 2 & CREMES ZIKEL, BEOM LA
ot THHoBEZE{bICs &FiE, T
Ao FER T EBEEL LT, Vv
WFRAEETAT 5 2 L TRIEZRHET DI,
JREEM A EBL U=, DFT BAEIC L A28

HOME, BLOTEEHTOREZE( EIT &
DRIALTIISE LR o 7=, EIZ 1kHz BLF
DAL JE 1 BB T D A M B 25— 25 ARk L
72, TAUT - FANII NS B B 0N E S
N2 ENBEFEICRZ TS Z LY
5. — T, TNLSMCEL TEHOH HFED
FEXHEDR A BNDIENH Y, ZHIC L
S THF M OTFWEFHIET 2 E O 2= K
TEIZ/NEL o TWAD. ZHIT X » TEEW
(21X DFT B DR O BGENHIfF S 5.
/Uy 7 FEHEZ AW DRI T, v
VUV MZI T 1kHz BLFIZH - TN -l
B DL BDFI I L > THER STV 5.
FEEL L LT, ¥ 10Hz DL R oo JEescEE Tl
EEBONMEE L VOREAEBL L. L
L7223 B4 10Hz PANICITR SRR L & vz
W7 a TIRORFIHESPERFLTND. T
JE I BRI B T B B S L L T
WTIE, 227 RSB it IZ K 5 A2
NMVOIACNIEHE TE 720, 6 54 LISVWVHE
BWIACHEDIRWER TOBENLE L WS =
EThb.

-12

[y
, ©
-
w

[y

o,
-
'S

, Rigid optics DFI@shot noise |

Displacement noise [m/rHz]
[=Y
o

0 1 2 3 4
10 10 10 10 10
Frequency [Hz]

THLDOMRAZIT T, AMEE T L — Y —
KN BE V> 7 FWEEE TOASHE
FRENT 7 A N—=THO, HHZER TN
D By E R TS, BEORE~
7 hPORDYICEENFREHND Z &
TETCORFERET ) Vv vy IiEELE LT
2V vy s TG ARG - BELZ. 8L
R, ZORRERE S ITETE /Y vy 71k
L 7= F 52 = DFT O HIE & M2
Miz4T-> T 5.

(4) A%~mFT
EAMESHBRTWEZHW = ETD
WZeic k5 b, U7 IRR 2B 1 D% L
~OVIZEGET AT, (AT —D L
—P—Z WD Z &, RESNZBESR
FHWS) 2L, BXO EOHE GABRE
&) b 2o 3HINESREEZmE LR
INTREFTIZZLENARA L N THD. K
ZICH E R P TIZBE 2 Bl OV T
WAEITH Z LTk » THEMBEELZ ¥ 2, SAL



Hosei University Repository

Z

r

DOREJEFEIRICT 7B AT A LNEETH
5.

5. FleREimLE
(BFFEAREEE . WFSC 03 M ONHHERFZE 3 1
=Y

CdesEimsr) G2 1)

[1] Shuichi Sato, Seiji Kawamura, Atsushi
Nishizawa and  Yanbei Chen, Noise
cancellation properties of displacement

noise free interferometer, Journal of
physics conference series, 228, 012026,
(2010), #EFif

[2] Keiko Kokeyama, Shuichi Sato, Atsushi
Nishizawa, Seiji Kawamura, Yanbei Chen and
Akio  Sugamoto, “Development of a
Displacement and Frequency Noise Free
Interferometer in a 3D Configuration for
Gravitational Wave Detection” , Phys. Rev.
Lett., 103, 171101, (2009), ##HA

(FaRE] Groff)

(1] A_X—ZE AW T > 7 DECIGO F ]
(42) :DPF R T v 77 U —, {EJ#{E —, DECIGO
=X 77—, AARWEES F 68
AIERKE, (RERT (RBE) , 2013 4
3 H 26 H~29 H)

[2] DECIGO pathfinder D7=DF £
2 — VOB (5), ERIE—, FIAHERE R,
FHBEE, FIRB AN, AN, BERE,
MR sE, BizA, MRS, RHEZ, W
HHIDE, TEHEINE, ERMER, AT,
By, ZHIER, JIRERR, B ARYEES
MERE, RHEEERY GLERY) , 2012
F9H 11 H~14H)

[3] DECIGO pathfinder M7= DT £
= —)VOBAE (4), EEE—, FIAEEE,
FHBEE, FIRB AN, AN, BERE,
HHRsE, BizA, MRS, RHEZ, W
HHAR, FEHENE, B, PEBAK,
B, ZHIER, JIRERR, B ARYEES
567 [k R s, (B FERE RS () ,
20124E 3 B 24 H~27 H)

[4] DECIGO pathfinder D7=DFEHEY
22—V OB (3), ERIE—, FIAHERE R,
FHBEE, FIRB AN, AN, BERE,
M sE, BizA, MEBRES, KHEZ, W
HHIDE, TEHEINE, ERMER, AT,
Ly, ZHIER, JIRERR, B ARYEES

MERE,  GLATRY (HFHR) , 201149
H 16 H~19 H)

[5] DECIGO pathfinder D7=DFEHEY
2 —/VDOB%E (2), e —, FIAHE R,
FHBEE, FIRB AN, AN, BERE,
HAfifss, JLAMKSE T, SaARFE 1, MR
7=, KHEs, MEBHIZK, FEHE/NE, B
MEOR, PRSP, Lk, ZRIEMR, AR
W, BAPLES 8 66 BIFRKRsE,  CF
B CIrg ) , 2011 &% 1E)

[6] DECIGO pathfinder D7=DFiEHEY
2 —/L ORISR 1), ERE—, FIAHRE R,
FHBEE, FIRB AN, AN, BERE,
HA sz, JLAMKSE T, SaRFE 1, MR
7=, KHEs, MEBHIZK, EHE/NE, B
MEOR, PRSP, LYk, ZRIER, AR
W, BARPEHEEKERS, (JUNTERT
(f@RE ) , 201049 H 11 H~14 H)

[7] DECIGO pathfinder D7- DiRER~ A E
Va— VO 4), EEE - BERE,
EWRBFIE, LS E T, SoRBRE -, LHBE
7, JIFERR, FIagE AN, ZHRERS, K
Z, MmERJE, Em#/\E, EFMEER, PR

N, BRAETFE—, B, BAMEES
65 mIAERRZ, (LR (L) , 2010

3720 H~23 H)

[8] DECIGO pathfinder M7= DiRER~ A F
Ta— VO Q), EEE -, BERE,
ERBFIE, LIS E T, oRBRE -, L HBE
7, JIFERR, g AN, ZHRER, KiHE
Z, MmERJE, Em#/\E, EFMER, PR
ANFe, BRAEFE—, BIUP, HAYEFESKE

2, (FERT (JER) , 2009 4 9 A
10 H~13 H)

[9] Shuichi Sato, “Noise cancellation properties of
displacement noise free interferometer”, Edoard
Amaldi 23 , Columbia K% CKE) , (2009 4
6 H 22 H~26H)

(& DAih])

AL

[1] Bk TS 7 U — T35t (DFT)
DBEAFE | B, EBRT: (2012 4F)

(2] mgsrs TRAMES 7 U — T35t (DFT)
DBEAFE | B, BB (2011 4F)

(3] Bk TS 7 U — T35t (DFT)
DPFHFE ] JEBIRSF: (2010 47)



Hosei University Repository

(4] FME SRS T2EAMES 7 U — T35t (DFT)
DPFHFE ] JEBIRS: (2009 47)

6. AFFERHRE

(D) WFgefs

V2% {&— (SATO SHUICHI)
TREORS: « PRS0 - %
98 %5 30425409

(2) WFge sz

E kG mE A (TAKAHASHI RYUTARO)
ENZRICE « HeaRAMIFZERD - Bh#
WFgeE 35« 60270451

(3) HHEMFTEA



