EFFEHREFEDFR2021

SEEFarEal—4

R XER

REARFRFRIFRUEHR




EFFEHREFEDFR2021

SEEFarEal—4

1. BN EEEHE
2. tEFIOAEL—2EE -EFE VMR

3. WEFIOAVE 1 —3EHE B iR
4. IRFcimbEwo X485




DREFREEAIT? §
:—1’IEU TETRFHIRENS
@[llﬂarhb\i? T ~NDOICHA
 @BANHRE—KTES




®OLPE N=N
::] &,
R N4
[ a<sag
© Aegs
B35 IS ]
D=l
>

&
B &
&>
-N
%

&L St
l-}:/e -N}?R%‘J

nnnnnnnnnnnnn

65 oA 0O—/) ULEHE

£5D | 72% =

24D |

YouTubeEj ]|

https://www.youtube.co

m/watch?v=ZiEscKWZZPc

| 4/95‘1—=E =

https://gforum.org/topics/

yil

young interview06.html



https://www.youtube.com/watch?v=ZiEscKWZZPc
https://qforum.org/topics/young_interview06.html

REXZE-RBAWOHENT

c RRKF-TFEMETFER
« 20195 10A A —T 2, Av\—44
cET—V REFOAVELI—RFEFDILFE

c EZICHELHOACHRERBNBEZELFHT
SR (takeda@ap.t.u-tokyo.ac.jp) T

g ' o RERE
S 1

Shuntaro Takeda |
= % X% HIl bR




 EFIAVEI—3DZHE Iﬁ?ﬁ‘t
:>7<¥E1‘§1I:/\0)n% Eli fin (A~ BA

_

(+] -
OOOOOO ° D $

EE ., A/ EDTT0—3

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
Re R, R

/ x%ﬁ*ﬁi%%gh/—-ﬁz / rg%-&tni& |/-:_ 0)5._'&5

Nature Photonics 7, 982 (2013) i Science 370, 1460 (2020)

. of . .
---------------------------------------------------------------------------------------------------------------------------------------------------------------




 EFOAVEA—ZDERE
DX TEFERERK
QB CIE R
QIR THRAHL

« 2DM IR
JEF RS - ~L B




EFFEHREFEDFR2021

SEEFarEal—4

1. B2 tEENE
2. D'GE?:IJI::L—’)"EFE EFEYME

3. EFIAVE 1 —3EE En=k
4. & SEimbE o X BT




e 1970~80F X K FIZKBEF NFDIEIFEER
E%%ommm‘ﬁ%%ﬁ} |0 - R

Phys. Rev. Lett. 28, 938 (1972) I
\_Phys. Rev. Lett. 47, 460 (1981) 75 é%

.« 19804 X thiE ~ - ¥ ?Iﬁﬂiki“’\@ﬁ?

Nature Photonics 3, 687 (2009)

[ EFEE [ ETHE ) EFEHE

- N
= XS THLEFHRAMN

DRI EIZHES




« LEFE VDY
: @”"’FEEP&:':E’C%%EJJ (@& - ASPTEFHEERE

A ek bl '-
m,mg e

= X0

. @Eﬁlzﬁiiﬁ )L OFRIRENFE
[ QEEly V(@R D BT T

WWWW —{ ke — ?

OB /AvI DT —MRIE | ARBEANELNS — ST




xRV E-EFEVFOERE

e Single-railEFE a|0 Y+ BIL, ) = a|0>+,8|>

nmaIE(Loglc)G)rOJ&rlJ J'E?yﬂd)rmtrlj
X FEDARZFTFN(ARTEDIREES|0,)=]0) [ZZ1L)
. Dual-rail @ FE vb: alo,)+ A1) = a0}, 1), + A1), [0),
A, B@EBB(:%’:?h“L\%m\
OFMORIZA/NRF(ART|0),]0), LR BIATEE

-------------------------------------------------------------------------------------------------------------------------------------------------------------
oooooo

@{ﬁ?‘ﬁ FE JI* @ﬁ‘xﬂ%i?t JI‘ @Tlme binEFE JI\
SRR EUERZALH LR LN

* o *
.....
-----------------------------------------------------------------------------------------------------------------------------------------------------------

@"'@li*EE’"?ﬁ'&_I =>u1£li®15%5ﬁ



KFDEFEVFDERL

s EPRREDAFDRESFRIEZAFIRODFENER

--------------------------------------------------------------------------------------------------------------------------------------------------------------------
’ *

§F‘fiﬁ/7'z$§)]% HEOFEE

) E_,iﬁE P— goZ(l)E +50Z(2)E2 +50}[(3)E3
Wi JE#RM (2R) 3&%%(3 R) |
73 i P DS ANLERTAF RO RELE

o*
-------------------------------------------------------------------------------------------------------------------------------------------------------------------

o HHEIF L /NS AN J7T7§W*ﬁ(2/kd)gﬁ%iﬁ/f5$;ﬂ%)

[Rev. Sci. Instrum. 82, 071101 (2011)]

malzﬁﬂ, Pt L n“vvaamoceam]
(BBO, KTP%} 1,10), HelL), |1, |+ 22

.................... %782®6E$’C

LR T Wik :IIII::‘ HFEERL
0, = 0, + ©, a)Z'A ........ > fjlz%@l-_l




KFDOEFEVRDEIE

» XFIRHT |0, ) or |1 ) ZEAITE

FREFE VL i >
olocy et -l i), { ;G

--------

.
*
.
.
PR

=
-----------
--------------------------------------------------------------------------------------------------------------------------------------------------------

DON/offiE M =H TR0 LU E DS AE
BTN TA NI AT R FIEEE)

' %) ®» on (n=1) or off (n=0)
_@tﬁﬁzmuﬁ% K FHATHEELIREADSERIE
- (B BiEERBinto Y —)

J[A) » n=0orlor2or... ;
Rev. Sci. Instrum. 82, 071101 (2011):




1EFEYMIX T H184E

s DQTHREEDNDI=EFE YN —FAVATEE [Nature 409, 46 (2001)]

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------
*

DAY 745 2 [0,)-Jo, 1|
SABEOEVTHEAAT LS AN |
gy [1ef—1 [0, ~0)), @%"y
BFEVN 2 L2 [9:/0), >€72)[0), -
: =Bloch¥k £ TzEH[BIER7 —k~

S .
........................................................................................................................................................................

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

QE—LRTYvE=ASTRO—BERS. BYEER
BB <1}<1 0),1), —c056[0),[1), ~sin 6[1),[0),
EFEVh[) 2 |10, —sin6|0),[1), +cosl1) |0),

N—

RETE cos2)  =BlochEk L TyEEIEEAS —b

-
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------




1EFEYMIXT HRE

 2EFEVNT—HMIIZLUTODHEEERINNE

----------------------------------------------------------------------------------------------------------------------------------------------------------------------
o* .

OHRH—DHE ROIERIHEHE)
 =YEORFEARBRETEL

 RTFARAS EHFEREL

AC— - 1 TOA 0) [1). —|0)
Bo—"" T N=0B (1,1, -5, ),

o 7
 EFBICIBO ML IE L FRADAAEEFATHRES T

SIOBATRBREFEVND2EFE VR —FBEND
(AL RFUEL AL TIBO RIS TREEDFE
ROV RDIERRFEZ R DB (X74ELY)

.
-
----------------------------------------------------------------------------------------------------------------------------------------------------------------------




2EFEYMIxT HI1RE

s B e F+H I FRE ISR ARG IFREERDF X

[Nature 409, 46 (2001)]

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
\d .

“~Nonlinear Sign Shift gate : B IhfE31/4
- of0), +B1), +7]2) > 0t AL =712),
0,=718 sl 2 b 1
o, :Zrccos( 2—1) NSS }t%jﬂ <
6, =18 VEFE0
........ I: AZ?U;’;‘!

o
-----------------------
---------------------------------------------------------------

*
.
----------------------------------------------------------------------------------------------------------------------------------------------



2EFEYMIXT 51 E

s B e F+H I FRE ISR ARG IFREERDF X

---------------------------------------------------------------------------------
.

of0), + A1) +712);
6, =nl8
o, —arccos( 2—1)
6? =—7/8 :

[Nature 409, 46 (2001)]

--------------------------------------------------------------------------------------
.

§>0£

~ ! JﬂZIjJﬁE$(1/4)2—1/16

2B FE IO —

& [\ s

NSS—\ /—>1

=FEYRX [ 2 j?_
R /3 A

NSS —7z/4 ~ 3

=FE JI*Y

"4

BT S TR o THIEE 1

*
.
--------------------------------------------------------------------------------

--------------------------------------------------------------



jciﬁ*ﬁﬂ:w?j O—FLiRRE

. rﬁﬁxj'l: E‘I‘%ﬁj DF }ii [Nature 409, 46 (2001)]

----------------------------------------------------------------------------------------------------------------------------------------------
Ke R K

%
---------------------------------------------

ﬁﬁﬂﬂ'ﬂ (ix)]$J:<7'EE?:|/|::L—’5‘75‘§é
(L?ﬁ\bfﬁ'lkli';é—fl:?ﬁ:ﬁﬁg?t W — I*:ETJE$EI'J)

c I ANIT—ERK

- LRI OKFILIEHIEA
[Nature Photonics 14, 273 (2020)]
BFLE-ER-RERELFVTIC %

S o %
------------------------------------------------------------------------------------------------




EFEYME-FLED

- MR DOBEFEE QE BRI THE O=EIE
- EFE JI‘OD"IE]*&%EIE, 05‘0 >+,3‘ > a‘O>A‘1>B+ﬂ‘1>A‘O>B
RREAERL - TR HE

-------------------------------------------------------

g,\7)(|\|) w4 e S

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------
‘‘‘‘‘‘

éﬁ*ﬁ Eh1 E—A
/7I~2—>2 Z?'JJ’S‘z

*e o ‘e -
......................................................................................................................................................

- ?IE?:E % rﬁﬁn‘c FEt&E ] THARWTRE, FuTLL 8
- E%%E:%@DX-%?E:E‘Z'VJZE?E YT —hDVHERR




EFFEHREFEDFR2021

%Elll tnﬁ-ﬁz*ﬂig
FarbEa—42EE-EFE VMR
KEFIVEL—FER - EHER
% FeimbE v R8T




St EmEIEEE?
T RIS - 248

pabt

I E T EFE IZTED?
DS L VB RALIEH ==
=FE /hf—tﬁﬁ-%-ﬁﬁf—h\ EftELEEEIOBERHY

QERERTDKELE
=FEYkIZ ’C%ﬁb\qﬁ#ﬁk _"75‘\’63 BHGEEHY

ST REFEYMEREN EFEEZEITSEENEFS

IO




BA

 SEREDFH(EF

“whERIL)

”®Wﬁ§tgr@ﬁ\

\_

@%E - kG PTEFHERE

/ﬁ;ﬁ&%g n

('-)

AL
OBHFRIRIENTE y

\_ @JE1 'u:ﬁ_‘ﬁ )
4 )

QR FHUNE

Al Al A A

@@=y I D7 —MMEE

‘@FDIEBERETIASELLY

\_ A%ﬁh\iﬁ L/L\/T_I\b\ﬁﬁ )

?EHIE’C%é_I“b'IE




& H L\T_Eﬁ"ngwﬁﬁ

E?t ko 18 JLE MWW
EFE  kFO E X FHIRTIE
MEE| A é*éﬁ?? ..... RRERT ¢ _(a+a")/Vv2,p=(a—-a")iv2
t n) $ 5% =xx)-L plp)=p|p)
K ),|1),]2),- ﬂx>|XE]R} orﬂp)loeR}
&R \W> = ¢ 0)[)+¢,[D)|0) ||v) = w ()| x)ax=>"" c,|n)
8l E R A FIRIE | x=0) % 4 R AT HE
E(Z t) = Ig(aei(kz—a)t) a*e—i(kz—wt)) l\/\/\/\/\/\/\/ 7
=1k . Y

E(z t) = |g(ae'(kZ ) ét*e“(kz‘””) ([é,é*]zl)
= —/2¢&(Rsin(kz — wt) + pcos(kz —at)) (%, p]=i)
= X, p [Esinfl 3 &cosil s DIRIEIZAE Y



KD | x=0)REDE

5%

s EFEYNNTGAN) YO T AR TR FE-

- Rk

«kd)éliﬁﬁ, it B L #/7§§f—>o(g—>0)]
(BBO, KTP%} )0), +{ef1)[1), |+ 22l

BLASTH M :::::iijf e

W, = W, + @, @y O e > 57'5?7@|.

 EIRE  INTANIYITAEBRTRIA—A LT ERK

[arXiv:1401.4118] 4 RAA—XRH )

J

QROIARIHFHER | | (01— 5/v2[2)+ 657 /4a) 1
(BBO, KTP, etc.) R T 0 (1), - )

W

BRI M | ”

RITRIA—XN

W, =20, @, TERK



It D & £ D RITE

s EFEYMAFEETI0) or|l ) ZBITE
ZFREFE VL 1 D
l00) et =l0) Y, +ef)]0), | ,CEL =
B E REF M VRETERGABIRIE %, p ZHIE
[arXiv:1401.4118]

QRBEAE  G3IFH | onoiRiEiES e
¥
HOBIE A .

%, P :
J\/W\/\_). ...... / >IN
150% % &t é

V2|a|(%cos @+ psin6)

A

LOFE DL AHOIZIG U=

[ERRR L RS

R —H —3 (LOKE)
ERIRNE o =e"|]




EFET—RFIZHT 5%

- EfREDEFERIETIL, XOEXGBIRIE %, p 2 i
=Heisenberg&{& T &2t A EF|

Schrodingeri & IRBEASLE L
A A f_H A
‘W> U-H- U W> ...... ~ E-'-> <W UT)A(U W>
Heisenbergf#tg  AlE..7 "o
X T YRy HEFHNEIL
p U’ pU CREEIFXAE)

B BLHS TR U = exp(-ign) =exp(-ip(%? + p? -1)/2)
%> U'RU =%cosp+ psing 45 715
p—UTpU =—Rsinp+ pcos o Ll

BED _ FEOHBER | FRHERIE

TE ™ (expDHAR PD2REUT) © (exp® AR, PDIRLELE)

i



EFE—FICHT58%E

e ND~BTHEENDIE—RIRIEN T EE

-------------------------------------------------------------------------------------------------------------------------------------------------------------
. Y .

Qlnz;:Pwls @W_L?“ 1’E

==

; U =exp(—igph) U :exp(ipok—ixoﬁ)
- x> Xcosg+ psing o R — X+ X,
. P> —Xsinp+ pcosgp &

3
------------------------------------------------------------------------------

. . *
------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------------------------------------
. e \4 .

-

 @RUA—XigE 1 @3REIAS—
2RO IR 3RO
%ﬁ&kﬂ% — | #E e _> %ﬁ&kﬂ% — & B —>
U =exp(ir(X ) i -
x—>e

1 /\
> X0 U>
+
N®)
<>
~—
N
~—
C
|
D
X
@
T
X
w
N—

. .
* L4 *
---------------------------------------------------------------------------------------------------------------------------------------------------------



—RIZX 9 5ER1E

N4 ®~@J+Fu‘|‘o>2rc FHEEERG]

« TRID1E—
=fEE0D:EHREEFETE DA AIEE [Rev. Mod. Phys. 77, 513 (2005)]
ennrnmn @E‘_A X 7,)“}/5(1:51:—'_1,'5 J ....................

&3 cos?0

p, = p,cosd+ p,sing
X, =& —X,SIn@+ X, cos g
p, > —p,sind+ p,coséd

*
. *
..................................................................................................................




EFE—FIIHT 5RE

« SRR —MEIEZE (SR D IEFEMIZAFHNR (T FILY)

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

sx@IE@As U =explin’)
TEEIER — gEE >

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

=>J\7Hk ez BRREEEMBEERSHE . BIESET
SRLLEYT —FEITOF &0)1%% [Phys. Rev. A 64, 012310 (2001)]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ATVIRE HAREE
V), — T explig ),

WENIREE e ﬁ\i T
expli7A: | p=0),— — B fEq

- LREERMTECERL. BFATYICEELTEIFIEOK
SR ALV LSO R RE T TE S A Al

.
...........................................................................................................................................................................




KBPREIEOT7TO—FLEBE

EMEETFTOEFIALE-EFTILIVXLEH BN,
BRI OBy sTEa g e FE v Ea—K )
I5770—FHhEH(FELEBRFXILERE)

{51 : GKP code ~

Phys. Rev. A 64, 012310 (2001) 0, ) . X= 25\/;>

1 3 X=(2s+1)J7x
“3Wr-Wr-Jr O Nz 2Jz 3x . ‘ L> B S=—00 ( ) 7Z->

eI ADITS—ERHIFILNDOX(=10%)

- LRI ORFILFTBA
[Nature Photonics 14, 273 (2020)]
BFLE-ER-RERELFVTIC %




EitER-FEH

FR DB FEVREYBHRLE QERRTOEHE
-E%izm'lﬁilﬁ%fﬁ v)=[ ww(x)\x>dx

------------------------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------

S .
.
-------------------------------------------------------

- LEETE  EE M ICE t‘JF’EJ ~. 7‘/713%%@?
- FRRE YD OR IRKREAE O3 RALABYT — ROV HE R




EFFEHREFEDFR2021

EFIaAE1L—H

LI EEENE o
gg;yﬁf—&%ﬁ%-i?t WA=

1. B
:2%. i%%:ylfl—’;‘l%ﬁ%-ﬁfﬁ%ﬁ
4. EEEME YO R BN



EEIRcE v X $B5

TEFHEUBMIOFT || ARBFYTELEMOER |

X% Bk § XE % Bk

RAVGEEDHEE200HT | 1F VTS50 LDRTF

Science 370, 1460 (2020)

*
. *
-----------------------------------------------------------------------------

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
3
-

ABEEFELONER || =3
X Ml B AR DHRE

Ty | BNEB TR EATRE
. 250003t/ VLAD=EFELIM i Phys. Rev. Lett. 119, 120504 (2017)
: Science 370, 1460 (2019) ;i

. * .
-----------------------------------------------------------------------------------------------------------------------------------------------------------------




1. [EFEEEDEE

20194 - Google[Z X AHBIEEZ AWM= = FiEikE ]

SR/ TLIRE

SIZIN =

EDETEF 2008 TET
Yo7 T (2FEYhE31{E) X % BB

Nature 574, 505 (2019)

H|E ‘:J:éﬁlﬁél

1LV =T = FEEHE

B SEIER /N THEL

EDETE 72008 TELT

A9 TORIY TG (RIA—XRIES0A - FEIE100A)

XX 7 Bl

X% Bl

Science 370, 1460 (2020)



2. EEIRFVvTeH T HERE

;;F\yjomjﬁfgg Silica doped with

germanium & boron oxides

e

X[ & HIl bR X & Hl R

/ f Nature Photonics 3, 346 (2009)

:7&77‘/#0)?13?"?:%’&*']% LTHZRFALADH D

= - s EEPRN y : ‘4 = ==\ y
s FEYRRIFTFYT EiresmTF v
XX & YIS N % 4R https://physicsworld.co

m/a/programmable-
photonic-chip-lights-up-
quantum-computing/

S5t TR 1 61E 45 &, - 5501@@%% RADA—XR I RIEE -8E—F

Science 360, 285 (2018) . Nature 591, 54 (2020)



https://physicsworld.com/a/programmable-photonic-chip-lights-up-quantum-computing/

3. REABEEFELONERL

RADEER  TUR—HIBADEER

X% KR § X% KR

5 X 5000%/ \)bxmg%'ﬁoh 24 X 1250/ N )LRADEFEON

............... .S.‘f'f.”f.‘?ff?..?i?.?f.f.z.(?.l.?.)..................................S.F.'Fff‘.‘f.e.f??‘?.f’ff?..(.2.9?.9.)...............
AREEFEONTELAE = MBS FEIE
_>_§_>. ..... ;
EFtonk [ ——B  KEEEFEONEHEY
pIRE—HB| E o AEOBECHHER
AR s i Phys. Rev. Lett. 86, 5188 (2001)
> B




4. V—TEREEFIAVEL—H

SR [
okt x CER
JEiR

X
X

JIL—T AR
ol Adv 5, caowasi0 (2019) ZLWM_ﬂ
LR © LN

....... . X
MNAMO s 1D MERERAE
JLIR ¥ RYIRLFA

.O
.O
O. Iy
L 4
L4
4




KEFIAVEL—ZDBEED

RISERTABEE? | REAEOREL?
OBETR g [OECERERS
D FI| 539 QFEAREF T p Jt THLIE

ﬁﬁx* \@mi@ﬂjﬁk *%hjz QOS5 da:ks
X =FE Wiy E =

EFBH?
HEO 1 iy & WW
VIIH—TF | .g&sy— |~'> =>RBIIOROHEERMNER

ERICHTTLI=LY !
THANA—)L
takeda@ap.t.u-tokyo.ac.jp

. SRELAHOMEE
 RMNTEELENTT !




