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Bell’s Inequality: Its Significance in Physics and Recent
Ramifications

Izumi Tsutsui

abstract: The significance of Bell's Inequality and Bell's Theorem in
physics is reviewed, along with its historical background and recent
ramifications. Bell's Inequality allows us to examine if Einstein’s view-
point, presented in the EPR paper and modeled into a local realistic
hidden variable theory by Bell, is tenable against experimental verifica-
tions. Some of the prominent experiments are mentioned featuring pos-
sible loopholes and expansion in the scope of the tests. The observed
violation of Bell’s Inequality suggests that the physical reality, if grant-
ed, must be contextual and vulnerable to the influence of other parties

even if they are remotely located.
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abstract: The basic concept of entanglement is introduced taking ex-
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EIHBHLE) 205, MR LT, M2kl
2007 ALMPELT, 2200 TFEVINr—FO
R—t25, HIZHDEINRE, Zh), 2R%FRFTHT
HoH. ZOHZLOBHIPV LA LWHIIT 17 2B R L
THL W,

B312, Fx ORFELOGETFHE S 2573, J68Fm
BICADENE 2200011, ZNENS, 20200
R I 2LABICATENSE. ZFRS5OBTH, JEH
BS2, BS3ICEIET DI 4 I v FaBbET, KPEL
T W T) 2 AL A2OR—= 25 ANTS. ZLT,
M %5 D1, D2 D Z N ZENCTHEFHSET 271 2 F oMl &
NS, pido[ETdoNn 74 vy — | Bl sh
7B DOWREE FEOITAIS1our, S20ur 2SI EN S,

CONETHEON F 2B TD 0, PEHBS2,
BS3IBIF 5 26T ETTHTH S (K3 DIX). 4, BS3
DOELEFTORBEP ST FAINELE).
CORBOREICH AR —2 A7 v 7 — (PBS) i3,
KEmEaEd L, EEFLERET 2. 207, BS3
WCEGEYT BT oG, KRBT > TwE. 20
FHFERUT A IV 7 TA2D LR E R - 226t
FHRATIEND L, 2FRTFTHICLD, WIEGD2 T,
DEFamib s v, Hrwid D2 omibsh
51 OVTNIORELLLY, DhTx 1208ty 5] 7 —
ZUFAE U, ¥, MR D2 CIHET 2 12oMi] 35
DI, BS3IDOLEMM» S AT EN LT A, offlh 20
WEICELNS.

WE, KB EEEMED20DHTH, SI, 205
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Ideal T Measured

1 ~ /

% s O t HV Output

Inpul

M4 BTLONT 4V 5 —OEBREREFHE"Y BRI —2 27
Y v & (PPBS) (22T, PPBS A DKFARIGE & O TP G 3 2 ROt
RIZZNZN05 & 1. $72PPBS B D/KFARIG & TG 0§ 5 B
1205 & 1. FEEBFSROLEME, ZFhERO AT 5 1) o B 25
AL, SR 5, 800 BRE O 4 6T FIREEHECRE 1.

5 20

Prohablllty
4-fold coincidence counts
a
S
< / N
I / /

ANENTGEEEZ LS. $5&, BSIIZE, ElrG
MoOVFNLHE, KERLEERE 7206721272 AT
ENLI LIRS, FONTIL B&itiB%@wfn
PIEDIAENS. WwE, BSIIZELNY;
T5E, BEALD
&&%mﬁ%ﬁ%1@ﬁ&?é#—xuiu&w Wz,
B2IZED ZEFNETDE, SEIHMHBEDI AT %
VBT 27— 2340w, EOZ ERS, KER
L JEMRED 2 DDONT2S, S1, 20 AT ENTHE
ZiE, THRIZEDI, D2 O ZNENCTRFFIOETA1 292
MHEND | W) FRED VBN L2905

Z D Aﬁéﬂtt?#FﬁﬁK?J%éwuﬁﬁ
ﬁﬁﬁjﬂ%%JiFﬁm%mJnm%n%ﬂTHh_
HTFB1IOTORM] L VI FELRPELHI L. LHrLID
HE2HIE, FNH2200ATRBIZRNTET, ok
R, ZO200REMOMAMEFKR (Te—L Y R) 25

723, INHOHREXBIEFTIHESMT I LN TE 5.

E%%Oh74w&—@%%M%%I4:?T“>WW
Yoy w7 TliE, AT SNRIEIREEIE U TR -
EWEOR I B [HRGYE — AX#U;&@%@J%

HMALEDbELI LT, BETI VN N EELERL -

K4 5T, BENEET I ON T4V OEEEZR LT
Wb, AT ORI H AT (HH) & WG TEE (VV)
DA, HRITEFOTIORENEIINED, AN

854
©2014 HARYy 2

ErEZ L.
12, BS3 T, &R 2NHTTFHENEL

BHV, HDLWVIEZVHOEAIZIE, WINoRED )X
v, M4 TOEBREE2S, HH L VV O AJJIKE
iﬁw%%f%@ii@ﬁ%ﬁ&ﬁéh&ﬁiHV&VH
DIRFEDRATI DYFEIZDOWTIE, Ok E &
hfwé;&ﬁﬁﬁé.%%ﬁu,é%tﬁhﬁbﬁﬁ%
DAV THRBEOEBREZITV, b ONEVARKTE)
DIFFEEMERL TS
ZOBETIONT A NVE —E, HELIET D ORI
DL L, SRRBISANETH L. £z, TOXI) %,
2RTFERTTHEZH Y, SF Tt HFo a7
MEHEIN TS

3. BEREOEFHONEMBAERE
COHTE, BTRICHT AR I ONKEL, Fhz
R U 7o A it 1~ BRI 208 2 72 AR 2 T D S BLIZ D
THMT 5.
Forzo0MEEE LT, 9, BTEIREIC O W THH
WKHHAL LS. HAH—DZEME—F - WBIREIZ LS
TS HIREL, OETIRE BT 7 4 v Z73K88) [k
LY,

m=ﬁﬁw%> (6)

LERENE.Y 22T JBTFOEREETF, (o) idE
E2THDH. HILHE—DOEME—TF - FHIREBOLEDOND
e

D=3 Ik )
k=0

LERENL. 22T, GRERIEETH L. 12 21F, L—
F—Hhroarv—L v MREIZOWTIK, ZoORIEZ o

LT
a2 k
Ck=exp[ ‘;‘ jjﬁ (8)
THZAbN%.

WIS, BT T 2 ' T D ONRBIZOWTHHET 5.
WE, 200D CtkE HFH) A BIZOWT, [#
A2V GRS BIZIZ0MR) | & v ) IR & [

BTN (B AIIZME) ] & vy REBoOERED
CRELEZB.

=5 (N0 n+10. M) ©)

CZIZT, INOAsXINMAOs DI TH 5. T DIRIEIX
KD TLHZOND L) REEORONREEXEZ T, &
BABOREBOZNZNOHMEIEE LCIdHEIRT
ENRTET, 7abb[ETOoNRE]ITchs KX
KOBOFERGHLENS, [NOON (X — ) JREE] & IFfE
n5s.

O X9 HIRRED 2 D DREEE I O A7 AH 2 % AR T2
SRS, FUHEREZLTRILBTRIT256%% 2
X9, M50 EMIE N=1DNOONIKREDHEETH D,
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lp> I¢ >< %g
Phase shifter Detectors

00x10° T 5 ; ;

~

o
3
T
1

g
T
1
coincidence

counts (/s)

0  phascg o2x O
Classical light/single photons

phase ¢ 21
‘NOON' state (N=2)

s DEFFlEE SR FlEt e E—t TR T
Wi (Z0) 12X LT, 2967 NOONRIE TR S N2 Tl () oL
BT oTWn5,

WHONEOTHE RIS, 22O THEIESNS.
—7J5, M54 MIZ, N=2DNOONIREZ AL, 22
DN MBS HRIET 2T 2, FEFEEE 70y
FMLZbDTHAH. ZoOWH, N=1D04ED5 0
DT WA ESNL. —FONIZOWTIE, B 20N

275, BEIE, NOGTIRIE |N) ASAHM & @i 5 5 BRI,

HTFFUNIZIBI L7 AHEAL 2 52 5720 TH 5.

L ZAT, FTHEAN LM MHNEL, Hike
WHEOBEZREEHIT 2 P L LTS Hw bR T
5. LaL, L=¥—kro Hit] 2%EICHN S
e, o T mEIGERNTZ2 /74 X (Yay M)A
) &, BHroOREEIPELL LD LIADVREORR L
%Y, TOMITEETNZNTFH OCHEE) niZxt LTING
v RS (BRI BT 5. LT
7o & Z21E(9) DNOONREZ W2 L, ZOF CHTR
T XU, ToMMNEKEL, EiEETRALEZ
JN fEMETE L. 2o LHIC, Bk TR L2 -
AR E & E N, THZAHRI&SE (Phase super sensitivity) | &
s F7, MR R EBT 5120, LIS
HO TIEHMBE | PUIETHY), v rIlRHEEZ TRL
Th, WM ZABECTEIERATELZVW LML T
5.2 20X, AHBEEEE, HRtRTESTAE
BRIREE LR 5T 05,

CCCEERHATE B R M IR, 222 T
FrOMEREEAG 1L, BT HEZn TOROEE AL
T5E,

An
M:E%E
THAZLND., L—H—ko#s, Yavy b/ L2k
An/n=1n, F7HRIETBAEAL L 72160 & [0n/0¢ |/n D KAl
3 17%DT, Apsou=1~n &% 5. INHIPEEERFRET
H5.

—J7, MUBETHEnDb L, NFETNOONIREIZX %
ZHT- BT THZMEIH LA, 1HdH720) OWET
A2 0F8EN, WERBEm=nNE Y, HOE

(10)

HE SRR ET L ONOEBLEHRIEH

a
b 381‘ c Mirror
—

e

SPCMs Mirror

M6 40T RTTHERER > BBOE, A Y K7/ 7L, PMF
WRBERFE7 7 4 28, SPCM LTS, PPIXALAHIREENL. #il o BSI,
BS2 (L&M=, JIFEEAT50% D&, PSIIMAHT 7 4. a~fIdtofEk
(E—F) 2R 720075

LEAmIESn/IN &7 5. —75, NOONIREED T Msfi o JH 1
X UNREIC % 27280, BIAL S N2 T R O S [om/og|im
DKRIINIZE D, LoT

M=%%¥ (11)
L, fEER TR L, RV N AT S
Z LTk b,

Y ko, Ksotdfarsesrins, 2% Wi
B OOBIIHIED 0122 5 2 L ZHifEE LTwiz, L
P LEBOFEBRTIE, BREOELY)OR—HEL, XFX
FHARTESICIDVEIHEIIZOICES RV, ZofREE 4
0N, TWMHMOMS M RIRIEOKRE S &R, HKRE Y
THY, THRmO [ (KM - fe/ME) /(R AE + fe/MiE)
THZo6N5, V=1 PEBENLEYET, EBIZIZ1H250
FTOMZNL. VAIVNS K 2 BITE, AATNE R 2K
T35,

Fxlx, N=4DNOONIKREZHV7-Z 61w T ks
BRA ATV, A RS O 4 % G 72 3T e o BIINC BE D)
L7z SRR 6 RS, /89 X MY v o FHLE#R
TIHEZSE 200 20T RE (12,2).) & 1EHIC AL
T5&, BTTHOMKE

YO (14,0010, 4)c) + 12,20 (12

L), 4567 NOONIRRE (55 13) & 12,2) nEAGD
TIREPHONL. CORELHELEETTHIEDL L,
46T NOON IRTE 2 & 13K e 12306, MBI 16T-&
W3, Der & W IREBZE SN S5, 2,247 5 1,
13, Der EWHIRBIIELNZWV. 2F D, Kell3 T,
R DB TAHATEET 256 2 B9, 4967 NOON
REBIZED2TFHZ2ROBTIENTE S, ZOHLRERUC
B 2503y & ARBIWRIE (intrinsic efficiency) & IFTF, 2
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150000 (a) —
100000 —

50000

T
1

1 photon count rate

6000
5000
4000
3000
2000
1000

2-photon count rate

0.15

0.10

0.05

4-photon count rate

0.00 i F I
0.00 0.02 0.04 0.06 0.08 0.10

PP Angle (deg)

M7 ZhFEFTEREGHE Y (&, BT REAI10), T, E—
FeTORTRMHEUE O BRE). b1, [1Da2 AL, T—Fe, fTHD
[T (300 FPREST). (o) 1, 1220w B ATIL, E— FeTINF, E—
F£T 16T0 467 FREEHEUE (300 BR5).

DYEn=38ThH 5. n=3/80D4NF T HalHEEHER TR
Rz 5720121%, 2% U EOWHBENLEE 2L L
BHSNTVS. 2 rld, ZBRY=v v 7 Ttz Hw
THEBLUI-REMZERLGTTETE, Buvm Tk
RO 2T APIRIES IR A VT, EBREAT- 7
EERERERTIIRT. K70 @Q), b)), (o) 1F, ThEFh
1T FHEREE N=2BXUN=4DNOONIKEEIZ X
b TBEBRRTH D, THHORENDS, UNIZR->T
WAL ENGHD. Fiz, K7 OFHBREIE V=91+6%
&, R TRAEBR D 7200 2 BIEE 82% %+
NS Z ENRTET.

4. EFHONRXDOEBEANDICH

o, MAHBKE] %, EBEOWEBM~NEH LW
EDEZNPS, REEAIETRTDONEME] 2%
FEH LY M8 (a) 12, MBI O TS (DIM)
EIRT. 2205 LB OGO BT, TV ok
By AR5 20MEEBT LIS, 20 Y TVOEARSR
JRITFZEIC XY, MM E LS. BETH LIRS
B3 5. ki, ZTORERMDIM % H7z, KOM 5
WEBEO1GTFATy 7B HE S T02.2 2o
MG REEL, B9 M AT 11274 B MIHZ LT
Bzoha, L—¥F—Nkoiitosaid, Mt
RS, 5.2 & N7z S RO EE 233 % il 5 10 5 i hE 2
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(a) Laser (b)  NOON state
Polarizerg: @

=

Phasé shift: NAg

Polarizer
- =g plate
Polarization
fa Beam
Intensity Correlation Splitter
measurement measurement

Photo detector

=2 Nomarski prism '

U Photon number

Lens discriminating detector

M8 b ONBMBEOMER. Y () LA T HBEME. 45
ERtotE, /JVINVAF—=T) ZLAT2ODHEDOE =258 L,
ENODY Y TVOBHET 2 ARy MIESRINE, B/ VIV A
F—TNVALATEWRENS. 2200 —2ADNGHKAEIZIE L, FGAEDS
BRL, AR L TRGTFA2EM Lol mEEbe LTl snhs.
(b) T b ONPFMEE. SEIHE LT, BEICHT2ETHEIONRETH
% NOONJREEZ V2. TI#5 R, ML L Citds 5.

(@) (b)

(©) (d)
800um 800um Maximum
Oum Oum | R e " Minimum

800um

Oum 800um Oum

Mo T b ONBEMBETHE Y (2), b) QFEFEWYIILAEA T A
I 7 VORETFHAEMGESE (b) () OFREORTOILKIE. FEH B
DO 3E 17om. (¢) B ONPFEMSETH% (4 HiLkz 7a—750
& L7, BT SR

WBHZ eIl Db.

L2L, sRticeaTd 2tz vnws e T, Zoi
REBMZDLIENTRERTDHS. M8b)IZ, WELLET
bONEMEEZRT. 2HtE LT, NJGT NOONIKEE
EHWLE, YU TVETHEONLMMY 7 MI NS & 7%
D, W CTHR7zL I, EEFEERTFREALD OIN
Bl 5.

FEERTIE, A4 1E26T- NOONKE (N=2) &t L
LTHwWwZ (K9). > 7nicig, kv rs74—%H
WTE L2, EE17mmTQ E W) XFEFEMICL
72977 AW w7z (B9(a), (b). B9(c) & (d) 1%, Th
Zh, /Fbdotute, H—btTFhE2sote LTIWT
B2t ERGTH L. WiHLd, SROGEEL LT,
¥2bedhizh) 20T TEALZTWAS. 2%, M9(c)
TlE, 460D 26T NOONIKEZ, X 9(d) Tl 920 ®
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H—FZ2HTWE. QTOFEW) 0EEE, Ko()
TIEE-> &) L T2t L, Ko THIFRITTWw
L. XD EEI RN S, 1K9(c) DAFTHEE HAZ X 9(d)
XY 135fEmEL, oM 2T THRoVRES %28
LB TPHE—FLTn5.

5. B - BEBOEFEOhE, XEFIES
774

w2, BT O - Bk D >HIREE 2ol HIZ>
WTHIAL LS. By 7L —%— (AREK 0, =IERIE
FERE SIS T4 L, N5 MY v 7 FHERBRICX
D, GFRDIEETE. TRAVF—REANC LY, TR
(Y7 FNVHFETA FTHTF) F, ORI o, o
PROERE R, W - REE D ONIREICSH 5.

Wy = w5t w; (13)

H10@), ) &, ¥ 7Fulre74 FI6T02%87
W ECE, RRCTRURL72b0TH 5. K100b) 1k, L
WDINTG ATy 7 FHERIZE D BE LT ORE
T, 7A FIRTFOMMBER 1%, ¥ 7 F VT oMtk
e LM EFED, (ZIZFAEL c~s I SRB SN S Z
ENGH B, ZOREEANEL, MR A THMETE 5.
=7, K10 &, ¥ZFNhTFLET A FIRTIELeI
MOr L, MMEZHEZZWLETH L. (ZIZREZNS, M7
WZHA L, B—GTFoda s ieds. 20k %2

SN A58, 74 F I OMmmMEG] s O 54 I,

YT FNIEF ORISR 12X 5200,
CNOEONZ2RILT — ) TAEBL, IR TIRRLL
bDOEX10(c), (d) 1R, KM L 72 a7k,

WRHBFRTHMBIZRE 2 (K10(c)) DI LT, K

(a)A (b)‘
= ‘ Y A%
1, g t, g
(C)“ (d)A
Aw
T £
(0)] (0]

S

10 SETORN - SR TS O RE. () BB %, ML
PR 2 TR (REIRNTHER). (b) R BERLAI & #5056 T
HOET R AR, (o) 83 L7t T30, Rz
TOLRTHBIME. (d) BB & H0 5 TH O IR T 2
TUTME. Ao 6T O,

HE SRR ET L ONOEBLEHRIEH

WIAHRE 2 FEo 0t FRhE, IRBIEICEI L C MBI 2R3
(K10(d). 7=V ZZEEOMHRP S, MBI 285
57201213, KOl A0 ZLBEETHIEDRGDD.

RIE, S0 X9 BB % o6 Tt o FEH RIS
T AWENEE SNTnw5b, F0o—o%, tae—1
YANEZT 74 (0CT)Y ~NOIEHTH L. M1l(a) 2,
OCTDFEIAZ/RY. LM Sh %, E—A4
7 v % (BS) T22OORMITHIF, —HIEH >y 7,
IS I 7 —ICIBE$ 5. BiHE LTHoaass
Folflav—L r 2bEE2 VL L, F v 7V TRES
niots, ZHHI 7 — TR SN0 E (RikE
WCIEITEZ 2723 0) P55 LK, THETHEOL5.
ZOkn, BRAIIT—DONEZAFY Y $H2 LT, W
TN OWNEMEE R BT A 2 EASWREIC R A, OCT
&, BifE, IREFCoOREBIZSE R ET, ELAHESNTYS
HitiTtdh .

Z O OCT Ol i s fEie % ) L S 5121%, X 11(a)
R L2 THRHOIEE L THUERH L. 0720121,
Kae -V ANEORREINT2LEEH L. LarL,
WIRAEPT B L, v TVHNERTOREREE /T O BT &
D, WICTFHRIBEA>TLE). ZOML—=FFTHh5,
BUE OCT D/ fEREIE, 5~10umIZB T > T 5b.

COMEERUL, S0 dAEEI L TD, SRGE
BHEALL WM ERFOOD, ¥4 F (M. C. Teich) 5D
WELLBEEIE—L YA MESY T 74 (QOCT) TH
25329 (K11(b). 787 X bV v 7 FHEBERL VT
SR IET R %2, OCT LB, ¥ FIVERES

(a) %‘— Mirror
i

Light
Detectori)

source
(b) Pump laser

Nonlinear
crystal
Mirror & .ry Sample
Entangled

I photons ‘_*é )

7 «— BS:
Photon |
detectors

| 2

11 (a) Yake—L YA bEZ T 74 OEK. BSIZEES (b) &1
Fae—L YA NEST 7 1 OBEK. CCIEFFFEL

857
©2014 HARYyHZ2



20—
g 1.5 i—(a) - || um
3 10F E
@) °°iLCl 4.2 umi g
Mirror — 0-9 : = : +

>‘20: = T T T
’% 515 ] §1000 ;
WFELM ; 8 3
£ F ¢ 18 E 9
| = 13 400 e
o5 %L 37um35 H00f TPI 3.0 um
Mirror Q00— Lo Lol Eoma e b o
-40 -20 0 20 40 -40 -20 0 20 40

Delay [um] Delay [um]

M12 Jtae—L YA MEFTFT 14 (OCT) EEFIL—LVAMEST
7 4 (QOCT) DA # D k. ¥ (a) HUEZ AV, fKae—L v 2
T, (b) WUk z Forxhick %, 2 FmTTF871 v 7. (o)
[ U4fET, e, IREROEAICH YT 2L S 25 mm DKEFFAL T
B2 T EEERD, 42mA 537um MK L Tws. Zhid,
OCT /MRFEDFH L WAL 2w T 5. () M U4&MT, e, ko
JERIZAN T B E 25 mm DR EFFA L TR 26T R TFTWH7T 1 v 7.
AR 7 3.0 um T, LT v, ZhiE, QOCT M f#hEAs, /K
OIFACE > THHMFREEND Z L & FERT 5.

-l 5. ZLT, FRERTRE L2000
Z, PESICASL, MRS 2. 5, S
TIVTHE N6, BRI S — TR SNEnY
BE (BREBEREICEITREZ 2T 2b0) PELVE, K2T
AL, 26T ETFFHRICLY, BTIREEEOwTR
P20 b ENE D, FEEHERICT v 7
HELSL (F11b)HFR). ZokHi, OCTDOKka e —

Ly 2FH (T8 ofbhic, 27T T2 H
WEHDOH, QOCTTH 5.

QOCT O IEE JF M/ fRTEE, MR T 1 v 7 OIF
THhDDL. ZOF 14y T, BEROMAGEORE%
ZI W ERASNT W, B, Fxld, e~
4 um O =5 TREEIR TR T, 584 7 4 BRI 0> 523 12 g
YLz ZheEnF A7 bV (F0E 808 nm, 4
W75 nm D A AW) O E Vo —L v A+
W (R12(a) 26 FEFTH (K120) 2R, [ UH
Wy ZARMARZ PVORBEORE, 26T RETTH
FA v TORELNEL, Ko —L v AT HO N2 /IS
b, M12(0), (d) &, HEPICE S 25 mmOKEFHFAL
TG ORRETH D, KOBRESHICL Y, HILLEH
wWizika e — L Y A TBE SO EEEE, 37um & RE
CHLL7zoizx LT, W - ka1 b 2 vtz fv
T2 T ETTHT 4 v TOPRMEEEE, 3.0um & 2L
Ll T2,

QOCT D fREE% & BT O AHI21E, SET LMD
DT R O E L VIR THLESH L. NY A (S.
E. Harris) 1, RN % 7 v — 7 S &7, BOMH
a2 R L 22BIEAT R D 2 1OG TR o 54 & B
RELEY 2ORFHESE, T4 IWE - HEBDIZH
WO 7V — 7 L JLET, PR 790~1,610nm & 9 i
IEHHRDET S O NETF R ORI L Tw 5. Y Rk
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40 —20 0 20 40  -40 -20 0 20 40

M, BEURLAERE & 3R F ORI L S 72 5h i H FA
(/7 &EMm) 2HHZ LT, LYREEZRT S OE
DERSMFE NG,

6. &b

Db, SFEEERTERTLONWVRE] 0EH L Z0HL
VItHOBIE LT, WtETd onRELKE My tET
W, REORTBICHT 28 TH2IREE R L7,
TGO R % 8 2 72 B R E O SEMAHIEHI, EhEMa T
PP IO U7z TR 7 b DB MEE ], I U8 i 5%
bOoNGVOER L ZONETHIEHE~OILHIZDO W T
AL CTE 7.

Sk, INHOSFEERET O ONIRBO AN
DOWRP—BEREIIL 57259, 1L 21E, KOOI
HFVONRTFENE LT, SRN=4DWEEREA L2,
N=10DREx EH XL, FUERTI[HYULoKE
Z, FLREACEBELZ 110070 -7 HETERTE S,
—7J, BTXEEERR (QOCT) I L Tid, WwitocT®
FRAL % 2 5 50 fREED, 7B EAFTE T C oA S
Na. N R, BIEFEEERD 2TULTHc L 5, 2
HFWAGEEOBHEIZ FELTVE.Y BFdonk
W, B LWIERIELS R, A~ RS B S
n5.

T/, ZHTF L ONEGVOFEIZ, O THOMERGA
DPEILBERERED, TR0~ 20 ETIED A —
W= ¥ 2—7 2T 5LV, Wbhwb [KY Ui
YT VT OIS REIEH ShTn s, P

HFOREFDHOIIREE LT, M2y, ntFIRE )
DRFBICHET AR Tbohe, KToMEfHEbohg L
OWRDED LN TVDL., ENHIZOVTIE, NOMH %
ZRLTHLY. " $72, AMFTE, BTFoRTLON
IZDOWTORIY LIF7225, BAY Y SioHKkO R T
LONOFHIIEHZ LD D SN TS, Y KL E >
T, ZOERDLGEHICA LT THEKEZ BRLTHEITN
X, REEWTHS.

REG TR L7i7eid, dbifEl KRR 8%, L
5 K %7 Hofmann Holger #£ # 4%, 7 ' A I )V K% O'Brien
Jeremy #3%, W - MORMITZEREAESEAT IE EAEATGEH OV —
7, G R RSV B, B 5K S Peiheng Wu #%
TI—T, WA b= AR, KR M R AR %
B, MEA—HE I U E T RAMEEO SH Db &,
WIEE oA %, W EZMLUEE, AR+
eI LD, A5 v 7, FAKME TS HIZETT. &
DY BMHEY LT LDITET. T2 50058
XF 9B, BB IR BB R i 1 81 55 BT 78 3 Ak R g
(CREST) %13 L&, CEFHAAFEIIsEE, HARZ MR
BARHARI TR 4, W s 7 a 7
I, FHEHAMRBEINEY:, S 0— NV COE 7T a2y T A,
SR FHAIIIER I 0 SR IR P LHIT T
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Various Types of Quantum Entanglement and Their
Emerging Application
Shigeki Takeuchi

abstract: Quantum entangled states are the states which cannot be
described by the product of two independent states. Even though
singlet-type states are commonly used as examples, there are many
other types of ‘entangled states.” In this article, we introduce recent
progresses of the generation and application of those various entangled
states. First, we introduce a photonic quantum circuit ‘entanglement
filter’, which can generate entangled states from independent single
photons by filtering some specific correlations in polarization of the
input photons. Second, the application of so-called NOON' states,
which are the path-entangled states to enhance the sensitivity of optical
phase measurement, is explained with an application to microscopy.
Then, time-frequency entangled state of photons for the application of

quantum optical coherence tomography is introduced.
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The Mantle Evolution in Terrestrial Planets: From Mars to
Super-Earths

Masaki Ogawa

abstract: There is a prominent correlation between the size of a planet
and the history of the magmatic activity on that planet. In small planets
like the Moon and Mars, magmatism was active only for the first one
billion years of their history and waned after that. On Venus and the
Earth, magmatism has been active during the last several hundred mil-
lion years, and on the Earth, plate tectonics operates to cause various
types of activities on the surface even at present. Hinted by this corre-
lation, I have systematically developed a numerical model of mantle
evolution in terrestrial planets (Earth-like planets that have the solid
surface.) There are two agents that dominate mantle evolution, magma-
tism and mantle convection. Magmatism induced by mantle convection
generates the crust, makes the mantle compositionally heterogeneous,
and extracts heat and heat producing elements (HPEs) like Uranium
and Thorium, which are the energy source of the magmatism itself,
from the mantle. Magmatism keeps the temperature in the mantle be-
low the solidus temperature regardless of the planetary size. The ex-
traction of HPEs from the mantle by magmatism causes it to wane ear-
ly in the history of a small planet like Mars where the outermost part
of the mantle behaves as a rigid spherical shell that inhibits recycling
of the crust into the mantle. In Venus and the Earth, however, several
high-pressure induced phase transitions of the mantle-constituent min-
erals make mantle convection pulsating during the earlier stage of
mantle evolution when the mantle contains abundant HPEs. The pulses
of mantle convection (or bursts) induce vigorous magmatism, stir the
mantle, and let a significant portion of the crust recycle into the mantle.
The HPEs contained in the recycled crust serve as the energy source of
the magmatism that continues throughout the 4.5 billion years history
of the planets. On the Earth, mantle bursts make plate motion chaotic
on the earlier stage of its history, but plate motion becomes steadier on
the later stage as HPEs decay. It is dangerous to try to understand the
evolution of super-Earths (terrestrial planets of extra-solar system that
are larger than the Earth) by a simple extrapolation from that of the
planets in our solar system, because adiabatic compression consider-

ably impedes mantle convection.
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Deterministic Switching of a Superconducting Qubit by a
Single Microwave Photon
Kazuki Koshino, Kunihiro Inomata, Yasunobu Nakamura and
Tsuyoshi Yamamoto
abstract: In one-dimensional optical setups, light-matter interaction is
drastically enhanced by the interference between the incident and scat-
tered fields. Particularly, in an “impedance-matched” A system, a single
photon deterministically induces the Raman transition and switches the
quantum state of the A system. Here we report implementation of such
a A system by the dressed-state engineering in circuit QED and obser-
vation of perfect extinction of reflection and highly efficient down-
conversion. These results lead to deterministic quantum gates between

material qubits and microwave photons.
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How Can the Number of Peaks be Estimated from
Experimental Data?—Spectral Deconvolution and
Bayesian Statistics—

Kenji Nagata, Seiji Sugita, Takehiko Sasaki and Masato Okada

abstract: Spectral deconvolution, in which a multimodal spectrum is

decomposed into a sum of unimodal peak function such as Gaussian or

Lorentzian function, is widely used for spectroanalysis such as X-ray

photoelectron spectroscopy. For the spectral deconvolution, it is very

important to determine the number of peaks for fitting from the ob-
served data only. In this article, we introduce the Bayesian approach to

the spectral deconvolution.
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W, AN I OVEETEHIASHE S L 72 IREE TR 2.2 K O @8 fniix
BERATHIIE T

212, ZOWFIC L D357z CrAs OIREE - LTI
ZRT. 8907 GPaDHIEIZ X o TAY H VM I 2
L, WM REL L. BEEIEANY) 2OV 2350
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GPa TR AfE22K %2 & 0, HARZHMETHELH»ITH L
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Superconductivity of 2.2 K under Pressure in Helimagnet

CrAs

H. Kotegawa, S. Nakahara, H. Tou and H. Sugawara: J.

Phys. Soc. Jpn. 83 (2014) 093702.
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W27 —u v, v (B EE). 77— Y HIEEDLV/V A 1IEw &
(i)~ (iii) OBMALHNSF — ¥ BT AN F =TT 22 L5, p/Veid
WHOTTAI =Y a VEGVWERLTVWEIHDEFR 5.

ELELY, BAEHEE ORI 7 AR EED
W(HFAZRYRTW) b F2 A —F, BHNET
ZEMFEN D WHEICBWTIE, HBiRICBWTERE L TWw
BHEFDS, AKRIZBWCREAMMICES L CTRET S, Wb
W % BATAREARRE & FEN 2 IR 25 UIE LB S 5 28,
RFIZ k- TiE, THIZEMOHHEIIBT 2 k-5
EREWZLIEHTEL. TNTIHEFORKOY G L
FBkIC, BRFFIER (ETORKRL) 22812 X>TH
flL, BAERIION T AREEZTEET 5 LIETES0T
HrI? A, HBEEK0-(BEDT-TTF),RbZn (SCN) 4,
0-(BEDT-TTF),CsZn(SCN), (LA 'F, Z 7L € 1 6-RbZn, 6-
CsZn EWERR) I2BWT, BMWAAE—IZWHI LA T A
MDAIRNTRE SNz, TS OFBEBERIZGIRO
Wi %75, BEDT-TTF 75 ¥ H A REE I W T,
BIHEICE < 7 —a Y KD 720127 4 7 F =R BARTHE
FHNORLEEEZAT 5. FEBE, O-RbZn 2B W T
200K DLF TEMBEFHNE KB EZRT D00,
5 K/min LA E O HEEFE T Cld Z 0B I3l S h, K
MR 2 RS v E FETEMD Y T ZARICHRET 5
(1a)). —J, 6-CsZn 2B W TIX0.1 K/min THIHL T
DQEMA T AR LTEBY, BT AR LEE 2
REGHEE, $habb “BWOF I AWERE X, WEZ
LICKEL B AL EITHL. UL, BIWY T AR
ZPRO TV BN ER I 2 O%, WHiEREZZHEON
TWirhpolz.

R, WRERF LR e R Ly, BT sE
RIS R 2T ge £ © & — D X Y oN—Z i & § B HFE
7V —71, 0-(BEDT-TTF),TICo (SCN) 4 \Z BT % [ A H)
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fif 7 A RE D R Z T ~R72. 22X ), BEDT-
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#1 6-(BEDT-TTF),X(SCN), (X=TICo, RbZn, CsZn) |2 BF % M40y 7
FAML—Ya v EEMGHTARIEOMKR. 77 A ML —3 3 VAT
L (VeSS ) 1R L, BATA T AMAE B O FEERIFHIC BV THE
HLRed< 5.

6-TICo 6-RbZn 6-CsZn

EHTIA ML= 3 v (KLV) 0.835 0.871 0.917
7T ZACIZ LB i FIHEE (K/min) >150 ~5 <0.1
BRD A T AT b {8 H [

AR R S 2 Y, #idt e L TH RO
BTid, BHEFEESHIZEDTICEMO N T ZIRE
DRSNS K BB EAPERICHS Mk o7z Z
DRI, HARPIFEXDFEAT T 5 335 Journal of the
Physical Society of Japan (JPSJ) @ 2014 4F 8 H 523k s
7z.
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L, B O FALEE (BT O EEE) 285 %
EVI) A CTW A L0 L IR I NS,
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BRI I VWIS Z RETBY, 4% B/WTI A
DWFFED SFF O NI RIS, WA T ADHFIZBNTD
Bl Blmiz 5252 Loiifisns.
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Systematic Variations in the Charge-Glass-Forming Ability

of Geometrically Frustrated 6-(BEDT-TTF),X Organic Con-

ductors

T. Sato, F. Kagawa, K. Kobayashi, A. Ueda, H. Mori, K.
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Hermann Weyl Prize 2014 :
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SEN A IR G 0K 2% B 22 R v E
B) BNV EF =D v b TP
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Theoretical Methods in Physics (ICGT-
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7. ICGTMP (& DL A~ & BE G R0 B
MO EE W8I L T Wigner
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