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Development of a quantum probe for optical quantum circuits
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Novel quantum devices are attainable by constructing optical quantum circuits combining quantum gates between

photons. For recent large-scale optical quantum circuits, however, it is very difficult to identify where and how errors

occur in these circuits. In order to solve this problem, it is required to develop a probing technology which can

nondestructively measure quantum states in circuits. However, we cannot use conventional methods for measuring

quantum state because these conventional methods destroy quantum states irreversibly. For this purpose, we need a

“gquantum probe” combining recent quantum measurement techniques. | have acquired the quantum measurement

techniques, such as a photon detection technique using a fiber array and a phase locking scheme for quantum states,

through a quantum optical centroid measurement experiment. We created spatial super-resolution fringes with two-,

three-, and four-photon entangled states, and demonstrated a scalable implementation of the optical centroid

measurement. Then we investigated a scheme for quantum probe using weak measurement which is one of the recent

guantum measurement techniques.
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1. a) Experimentally measured centroids for one to four photons, for both NOON states and classical,

coherent states. b) A plot of the visibility of the classical and the quantum (NOON)-state centroids versus

4 5 6 7 8
Photon Number

o b
w

WeBE . 20 X5 R EIZA T, TEFTRRA) &M
ENDIOWFEIZ L > TREDRATHIFIES NS,
Lol B2 E WD Z &, iy Zem T
RAZFTHHY . KM TR EIED Z &3]
HRRZENMBNATWND, LLAERL, ZAET
OF WA T, AR L& T to =<
—HEELHANWD Z ENTE RN E WD KX 2R REA
D d> o 7=, &1 Centroid JIE 1%, T ORI E R L |
BtoeTERBT2Z L2 WRRICT2H LV E
THEFIETH D,

FEBRTIX, NOON IRHE & ME(Ei 5 & 7IREEIC &
> THELN D ZEM T fR % . &7 Centroid JI7E % H
WTHBLII L7z, NOON KfBIZ, = —L » FE& N
TAN) I FHE#E A E—LATY v X TTH
EEDHZETEELE, £, TWHROBRHIE, 7
FANRNT VARSI EMET D Z & TfF
o7, K1 @NBEOERFERTH D, L£DFNINR,
BE LT, HitzHWEgA. ANETIREEE
WA TH D, —FENS, 1 OEFHE, 2 Y
Centroid Jll7E. 3 3¢+ Centroid #lE, 4 3¢+ Centroid
MEDFER L o> TND, KNG, FITITIEE,
HDWTHRAELNTWDIORS DD, DI,
Bt AW gA . TR OB R T
LD LT, st E AW E . PIRENE L
SHEALTHWL ZER™Dhotz, K1 OIEEhEh
DA O & Rl 75 LT ey FLIZb O
Thd, Kb, HHEEHWZSGE, HRENTE
BHNELS o T DIZR L, & TEE AW

AT, —EBICBEEZNTODENLLI SN, £z,
WERREZMTT 52 LT, ZhE COTERMRH
FiE (BRIZBT D n ErEE) T B
BHERN TR B LTV D Z DR TE -,

&1 Centroid JIEEDRICHMTH LT, 77
ANRT LA Z W FREERS, & FIRBONA
ey 7 FikEwotz, B u—7L L TUNHR
AREZR S 2 IO F D Z e N T& 2, £ 2T,
TR L 7 7 AT LA ZfAHEDE THMNEELT
92 LT, BTRELZIEBENIC T e —T7 T 5% %
EBREL, BREICE2ECIREOHE (E1kE
NEZT 7 4) 1, Bili, BRI EN ST
BY., BHERSRENO, BTIREOBEITYIAES
ZEMATHDLZ Do TnDd, T7ANRT
LA ZRAWEZ LT, Fa—7REOEEZRIET
%o BIEEAL TV D OFEOTHHEE 2 5o
HHZ LT, ZOMEMENDL, ZOEALIZRIT S
ST OREIREEZHEEST D Z LN TED, Zhick
D, BEDTT—0E LD E T RIENEB O
WAL DO BEFIREEE 70— 795 Z L NATREIC 2R B,
L LEREe R D, EMEIMEAKTLTLEST27
B, FEERICREMEE L CEIEL R T DITITEL R
Mote, BIE, MBELIEEBF T 0 —TOHWEDD
(L FIBFFE & Ak T 2,

FHENZIZ AR o 7o, MM OB, he
N KD A% TR & RSB > CTE &1
BN ZET 52 LT, &<H LWERICES
SHETRIENERTEHAREMEN R TE e, B



TRV, BRI Mt 2 ke L T o, GEEFRE
Tz, EMBIES, 2 SOEBESES~HFET 2 1. L.Rozema,J. D. Bateman, D. H. Mahler, R.

LB TE, ZLDWREBFLZWT D ENTE, Okamoto, A. Feizpour, A. Hayat, & A. M. Steinberg,
PRA QR ZTGD Z LN TET, Scalable Spatial Superresolution Using Entangled

Photons. Physical Review Letters, 112, 223602
(2014).



	Novel quantum devices are attainable by constructing optical quantum circuits combining quantum gates between photons. For recent large-scale optical quantum circuits, however, it is very difficult to identify where and how errors occur in these circu...
	研究目的
	近年、光子制御技術の発展に伴い、新しい機能を持った光量子デバイスが実現可能になってきた。そのような光量子デバイスは、光子-光子間の量子干渉効果を用いるため、量子干渉部分をノードとする入り組んだネットワーク状の「光量子回路」として実現される。従って、より複雑な機能を実現するためには、光量子回路の大規模化が避けられない。しかし一方で、近年、光量子回路の大規模化に伴い、回路内でエラーがどこでどのように発生しているかを突き止めることが非常に難しくなってきた。通常の電気/電子系の回路では、プローブ測定を行う...
	研究経過
	1. L. Rozema, J. D. Bateman, D. H. Mahler, R. Okamoto, A. Feizpour, A. Hayat, & A. M. Steinberg, Scalable Spatial Superresolution Using Entangled Photons. Physical Review Letters, 112, 223602 (2014).

