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Abstract

4k, BETHFOBRREZFHITHT, R EDORIZAWVTHILD ” entangled state ” DFEIITE Yz o7z,
IHRERERNIIZERDRETH AN, ZINDBIZEPRARIRZ7AD L) RERIZK T TFENENMIND,

H v arN—F— LI IERERERIT. —EDOXTF % entangled L2 DN TFITHEIET 5, ZOXFHRITH LT
Tt 2T Z LIZL V.| entangled state DIFEE EFET D,
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Chapter 1

Introduction

1.1 ZEMEOT—VDER

1.1.1 EFHFRIZHITHEBBE

g%ﬁ%i SH, HLEREINEZEHRZDO—DOThHD, BEFNFEOTFEIL, BAOEHBRIIKTHZEHLIEELIEDS

EDELN, ERAIEEHA SN TS, (—RFTH#., AB $E, f\/vwr%ﬁcetc) L»L., BEFRCRIT 58
m(ﬁ4Mﬁ WHRDOIHEE) DI IR ADITONTIT. ENOZLOFERBH Y. BB RERIIRISHT
WhWEWnz 5,

1.1.2 RBEEE

BKAT—oDEBERZITO ZLICRY, BEFNFOBMMECTY ' —F352 L 2RART,
FP. —EIZ—2DRT LM L2V E 5 72 source IC X B —hi 7T 2B 2 X5, 4%, NI, ZEENET~D
LRI SRVWERET D, O, IOXHI—T7I7—2AVT 20k TORKEZERADELZ LI K
D, BITICTHERZIEDRZENTED, 22T, MTOTHEIE. FHFORBICHEA LA AR Z % L CZDhL
MEEZDZ LI, TFORWVHENIHMELZEZ D ENTE LI LEEKRT S,
WIT. back to back {2, ZODRFEHIET DL R source #Ex L5, (BFIZIX, R Pr=ULTete™ —2v) 4
Ed, BHAMICZEY O, b, FEETHIWEIATELEEVWI KB LIEZ HLRVWERET D, 22T, £l
WCH7ERFICER L, THRREISEDIZELE2EXD, 20K, AANCHZRFICH T2 8HI%N . EROTHOFEIC
HBEEXDEIRZLIRIOLBRNVEAS 0 ?
EROEY b Ty T LTRDOED bDEEZEZTHI,

o (A) THEDR,
o B)ELEEETDOLELLITKRDNEMT,
o (C) Ml L RO TR 21ED
o (D) BEZEVNTIRINSH S,
NG0By Ty LT, EOLD REAVDTRENDTEAD 1 ?
EEF DN L D0 ERIZLTHE I,
KA 2B & LT,
o (A) TiE, W% RBBYHFBOTHFH RO TTRTS 2 (A, v, »)
o (B) T, RICEEDTIZEX LB LNBEDTTHLARN 2 (AL4})
e (C) Tix. ZEMDOKLFDERPAMORLFNOITDLNERNEIZ LD TTFHTDH2( A, 2, K, )
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e (D) TH, LFEMRITTHTD2(A, v, ~ F)
EREZOND,

1.1.3 entangled state

CORBEROEZZZELLIE X259 2T, entangled state & WO BEBMNIE L 725, T Z TiE, entangled state IZ
DWTHHHICE 2O TEL,
entangled state & 1%, ZRTFRTIILD TERERFOBMETHD, T2 TIE, BHOD | KTFRRBITE 2565455
ZED, BF A, B, C. - MORDIZBRTRNBHY . H R TFROIKREN, |a). |BB). [v€). - TrdEhd &§
5, ZORE, _ﬂgwﬁ%@(v//w)ﬁiéwﬁmﬁfkbf R AR,

18) = lo*) @ |8%) o ) @ (1.1)
TDEIIT, BIERORENRE R TROREOEL LThT DL E, ZOWREL unentangled, BV L separable TH
LS9, —H., BEROIRIEL LT, separable ZIREEOBEHE A bIFIND,
¥) = let)e|p?)o ) e
o)y o) o lY) e (1.2)

ZHUIE R TFROREBOFEIITR > TWRY, 2D XD RIFE. ZOIREEIT entangled LTWD LTINS,
entangled state DHITRBIE LTIZ, ZODAE L 1/2 DRI K 5 —EHEIREE

1
S=0,5,=0)=—=(| T 1B = 1) 1P 1.3
| ;82 =0) «ﬂTHl)|lHTH (1.3)
BH 5D, ZhiX, Einstein, Podolsky, Rosen ’J:O’C%?‘\éi}’bfc\ Whpd EPRNXFR I ADZRTEHD, ZORT
WX, BRI HFDORFIZOWTAE V ERIE 2R LIESAE. DO A FORFIISNT A THRETHD,

1.1.4 BEERBROHE

BEEBRTEZTLRIZONT, EBICHEZITRo TR LD,
FT. RTOTHIZOVWTHE L TADS, (BLFO@EARKIZOVWTHE () DX IARIZDT, £ZEBHRLTDIR
BHLZOLRITRTZEICTD, 2, REOMMHIZ OV T, FHEHOMAZEIZ LNEEZBDRY,)
ET. R FORHEZOREZ

1

;gﬂa%+w» (1.4)
LEL, BEAITIX. MAKIZBNTNDDT, REEIX

i i0

viww+e|ﬁ» (1.5)

LB, IBIEN—TIT—ZL T ODRER_DIZHT b &,
eié‘
¢4vrﬂ> il7)) + vr@ﬁ il6)))

(i + €*) (1 +zew)

= ;I + |6) (1.6)

LY, YCEANERIRIC L > T RIS AHERIT, 0D (ﬂ%%ff%ﬂﬁ@:%%ké:kﬁib\

. 260
Py = e
_ (145sin0) (17)
2
B, SITHONWTHIFIERIZ, '
P(6) (1_;“” (1.8)






EHEIN, THTLIZ LR,
DEI|Z, back to back IZHL T ZH T source ZB X TR LS, (FREIZOWTIEK () ©0@EY) KTOHEZD Chifxt
DEEFRD) IRHEIX. entangled state Z T,

1
7 e)la) +10)18) (1.9)

LET B, NAREES L .
-ﬁggﬂaWﬁ+GWWHw) (1.10)

&%, A, B, D T, EoN—7I7—%@EL T,
i0

1 . .
= S8y +il)la) + (1) +il8)) o)
. 60 1 - 16
= le)+ I + 5 16)la) + -1)lb) = I9) (111)
L72b, BOGAE, EANCHIZRLF Ry R S BRI,
P(y) = P(y;a)+ P(1;b)
= [(Wal®)* + (7] (bl)|?
7 ) ei@ 5
= LI+ 15
1
= 3 (1.12)
L7, FHIIR AR, CTE, MAloN—T7IJ7—%@E L T,
1 . . et? . .
5¢m+mmm+mw+aam+mmm+mn
_ (e?® — 1) i(e'® + 1) i(e'® +1) (—e®? 4+ 1) _
= w5|wm+—37;4wm+ 2¢§IM®+—37;—MM%4® (1.13)
LB, EANCH TR TRyl RO S D rESRIT,
P(y) = P(y¢)+P(y;d)
= [(vl{cl®)* + [(7[{d]|2)
— |(ei0 B 1) |2 + |i(ei0 + 1) |2
- 2V/2 22
_ 1-—cosf 1+cosd
- i T
1
= 3 (1.14)

R0 FEITR 2BV, BLASEIX, BI2IE P(y;e) TNIET 24D & MRTFHERER->TWD, T, ZRIOkK+
R TWAET TIETHIIEE 20D, ARIOR TN c ICRHEINTZEWI FED L L TEMORL T2 R25 & THBRE
2B EEERLTWS,

R, ERORFIETE2RTWARY, FEHIIRZZWI ERbholz, LML, FEITEZX2WE W) HERKES
BIEbOD, ZNHDEY M T v IF—REBEOFEHHDO LI ICAL., WEDEDMERNLR, 2T, ERICE
BREZITW., TFHITIRZRV] EWIORENARYICELVDONE I NEST-LTHEENDLZ L2 LT,

1.2 ZEEROH®M

1.2.1 SERRIZIT S EEBROBE

BEEEBROBIZIX. source & LT back to back IR FX &K T2L57bnEEZL, Ll EBEICEREZ T
5L LZFDLD M source TTHERZTDIZHEDVNHDIXAYEZLR, 22T, ROYVIZL—F—& down



converter & U Tl < FERAEIESRE 2 W T EEROBEZBEREZFHR 52 L2 L7z, , down conversion &1L, —DDHFH
(ZNETEREDELRD) “OORFIIEDLDIBERTH D,
TOHGBEIELMMED L,

1 )
Vix— ﬁquVz)z,\ + €"*|V1Hz)ax) (1.15)

EWVHREBEND, T2 T MEORAFIITOREONXFORREZ, 1 & 213@EKEZ, H & VIMFELEHFRICE-T
R¥ % ¥ % Vi (principal plane) IZENEIVEATNEENEZ R T, BlZIE. [HiVa)an & WD 7y MiE, B 1ITATIC
RAELINT. BE2ICHEEIRELEETRHHZ EE2RT,

ZOEIICLTE-THIRICH L, RO L D 7ty b 7y %#Ee, down converter IZ& > TEGITZ DT 3%
NEIURNEE— LR T Y » Z— (PBS) ~ L e, PBS I principal plane (ZFEE R BRE , SEATRES &% KA T2
£219%, K LEEZ N—7 I 7 —CHUEROLETHRET S,

KDL HIZ, PBS TRHE Lz, BEEBROEMNIRA RIS U, il U TOMUANT o T2 H R ok 712kt
BT b, TZTIEHE, ADEY N Ty FEHFBHRLENS, AILE21ICLT, B, C, DHbHHTEX S,

1.2.2 ZEEROBROIER

INHDERABCDIE, ETITo#HRICED ETHRRIARVWI EAH/HINTND, LrL, T, EBR
EITROWTERRZ B2 LTH, £, BROMETHL2O0, EREBOMEICL5D0BbNb RV, £
ZTC, AUEREEZHANT, THORXATHEREZITRV., BRBPTHORZI S ZEEZBOI ZTHIETERIA X
HEVNH ZEERRIELRTIUIR D2,

FEBR C TlL, —2D detecter &R TWD T TIETFEHREEZ VA, —-O0 detecter DFHEEZ RAVX, THRRZ5Z
ERHIREINTWS, BI2iX. LD detecter ITHL 23372 FFE £ D detecter IZRLTF23 K DRI, MAHKIZ L o T
AN EEREZDZ LTI VBT B,

EEOEBREBIZBWV T, PBS CTRE LA ola I 7 —CREIE, ALY IN—7IF7—TCTEHEREDLEDZ
LIZEY COEREFHTE D,



Chapter 2

FERIEFIZDINT

2.1 YAG laser

YAG L—HY—DRRERIT, 1064nm TH Y, IR Z HO THEMEK (5320m). F 3 EFHK (355nm) Z R IR T
XHE0IRB, FEiREERIET AT, appendix A B,

SEIOFERTIX, FUrar N "—Va r TEEP MBI TR TEERTI 2D, EH0 L FHEFETEOXT%
55 &% &, Fm~DAHIE%E 355nm, g2 b OFHENZE 710nm L5 2 LI2R Y, H L DIFROFENESIZ
RBHEDTIXRWNEEZ T,

AEIOFERTIE, #VIRLEES 20Hz, FBED 10mW O YAG L—¥—%Huiz,

2.2 Machzender Fi$Et

2.3 down converter & L TOIEEREE SR

Entangled state # B 57O DEERFE L LT, down conversion & FRIIL D& H 5D, down conversion &
X, L—V—2IEREERICIRN ST & X2, 220 photon HBRAELDHAEDZ &%\ D, down conversion DER
T,

o FERICAF S®D L —YF—E—L0DZ &% pump J: & MRS,
o pump XD AFIZ L - T, signal Y& idler XBAEL 5,

Zok &, pump k. signal K. idler KT D WREEE TN LW, we wis BEARZ PAEEZNENK,. k. K
ThHLdd, 2R, 2XVF—RFAL LTw, = ws + w; LT D, £72. down conversion DRI ETH D
Dix. pump — idler+signal TEEANZ MV ORIMBRIFESN DR, $72bbk, =k, +k; TH D, Appendix TIZHHD
72 1 IRITEDFEITDHRE LT, REFRwD L—F —J% 2 DB ST, IREEK 20D photon %152 Fehll 25 E1C
DWTDHFEA L7, ZOWEIT—ROBEITHMILT D, ZDFRMH% index matching condition & FES,

FATe b OREFEMETIX 2 EORK A EMHEH Lz, —2iX type I ® down conversion ##2 2§ LilO3 TH D, bH—
1% type II @ down conversion ## Z 3 BBO #if CThH D, LilOz1TEIHF L VI b DTHY | Rz bDAZE
W TIEFREROT=OICHW bz, BBO fiftZx AV 528 HIE, entangled state 2 Z 72D & L TENL TV S
MHTHLR, ZORIZHODVWTIFRRT D, ZbDORmOHEEIZLUTORIZRTEY ThD (HAOHEG L. #iZEd
FHNOZORIZED D),

R B DO AW B FEERITWV TS Bravais lattice ZRHEOT 2 3 DOFEEEOF T, O ED 2 DL b HEERD L H 72
FEREINTFET 5, £0D X 5 i 2 Y78l (optic axis) LFES, T HIT, #5825 2 DD Bravais lattice DR S A& LU
WD KA R ORGSR 2 —EERS S L ERT D, £ LT, —EER AL IZIT D photon 2DV TIE, £ DOIRMEIREEIZIG T
T ordinary. extraordinary @ 2 DDIREZERTE 5,



| | LilO; BBO

Bravais 7 ANITEFR (Co) =7tk (3m)
Wi or il S A
downconversion type I type I1
Sellmeiner 523 (o) || nf = 3.4132 + 55 %0555 — 0.00770% | nd = 2.7359 + 12405 — 0.01354)7
Sellmeiner HFE (e) || n2 = 2.9211 + 29346~ — 0.0042A% | n? = 2.3753 + 91224 _ (.01516)2

Table 2.1: EBRTHW A IEREHEROMEE

| E(o) = ordinary h€am
I A
/; _: |12 AXIS(c axis of
- /G’T e % the bravais lattice)
_/_/_ — _I‘.r.“_‘_ N |7 k
“‘?
A“//' — — — — YAXIS —
E;(e)’: extraordinary beam)
re

Here, the principal plane contains the Z axis(optic axis), and the wave vector k.
o-beam (ordinary) is the beam whose polarization is parpendicular to the principal plane
e-beam (extraordinary) is the beam polarized in the principal plane.

Figure 2.1: ordinary Jt: & extraordinary JtDFEA

ordinary Jt: (o) &%, {RHM&2S principal plane IZHEE TH D K9 RN TH D, —F . extraordinary J: (e) &IL. Rk
25 principal plane NIiZ$H D L9 2N ThH D, TNENORBICEIT D IEITRITERETFMEZFF D, Sellmeiner FERUT
LoTHRESND, ZHIFFREICE > TRRAMB, LilOsk BBOIZEAL T, EORIZE 285 Rzt 5,

e ordinary JGIZHR L CIIEIFTRIZ, B —LDFHME | KD optic axis & DRTH (LT, 0L FES) ITEF LRV,
e, WRIZ (OWTIRERIO) (KFET2DHTHY, KRFDn,DEEZZEDOEEHEHAT S,

o —J7. extraordinary Yo% 2 HRHTIIAEIKTF T HMEEH D, RHD n DEIZ. E—LDME LAHFHHFE
TRFOEITROETH D, —MITIL, BITRBAEEZ HWcERic L > T,

2 .2
cos“f sin”f _,.

2 2 )
o e

ne(0) = (

(2.1)

n n

155, EITEBAEEORERIC OV TIE Appendix IZFEDH Z L1275,

down conversion DFEZ VW 55 & LT, type I & type II IZ3H SN D, type I down conversion &I, signal Jt&
idler SEDORIIRHEN FI— TH % conversion ZH 7, HlxIX. e = o+o D XD REID conversion % S, type Il down
conversion &I, singal Yt & idler eDRIEREBO R DL LD EET, HlZIE. e 2 ote RETH D,

1995 4EZ Paul.G.Kwiat <> Anton Zeilinger I 512 & - T, type II T down convert S#17z photon X 23MENTZ, &
RO E S TREEZ AR TAIRTH D Z LML b7z, BBO #dh T down conversion S®72 & &, 2 DOREIEIKREES
#& G o T, entangled state 1ED Z L BFARETH D, Z DEIGUL Bell DRERDI D ERZR LITB WV TRE <EH'R
T5L5I7o7,

Z ® type II down converter IZ X % entangled state IZ. T DRNI/RE4L 5 L 5 72 ordinary Y & extraordinary J&iZ
KBENEND cone DERSTHFITE > TEILT D Z ERFREICRD, 2 DOMFEDER Y OIS TITARERIT LD



EHIRABIL o-beam & e-beam DIEA L7ZRETH Y | ZHR TR TERYE S L 9 72 entangled state Z1ED,

(|Hy, Vo > +€i¢|Va, Hy >)
>= 2.2
|9 7 (2.2)

LAF T, Hid horizontal (@623 principal plane (2% L T/KY¥E7R extraordinary Jt), Vid vertical (@623 principal plane
(2 L CEER ordinary ) 2K ¥, MAHZAIFKBEOBEEFTRNLGELDIBDOTHY, ZHITFEEZEIEIELZ LI
LOoTEZDILDTELONTA=F—THD(0<a<7),

type IT @ down conversion % FEHL 9 2 IEMEHERITMEEI SV . TNENOEITEN Z & 725 Sellmeiner HFER
WX THE SN TWD, type [T OFEBERHEDRNTEH, LD KD 72 ring DEZRY ZEBTZX 5D THIIX,
entangled state Z KT HDICHWD Z ERHEETH S, Appendix TEAEKMRFHE AT T L 212, BBO 13405 ring
DERY ZERZTHBD—DTH D, BBO BMUOFERICHSTENZRL LT, UTOFERRHT D,

e down conversion DA K X\,

o damage threshold 23k & <, #U> laser pulse (33 B LA E L,
o JHARMEA RN,

o TEMICEUE, T LT,

FA7= HDEBRTIX. THFERT type I 2. ARFEERT type II DZINEIUTDOVTD down conversion HEZFIH T35,
ZEND down conversion T FRUIRT LD 22, BOTRMEB R 6N D03, ZDFHEFEIX Appendix IZ5EDH Z LI

@@\\E@

type | down conversion (using LilO3) type Il down conversion (using BBO)

(Where the two cone overlap, we can see the
entangled state of the ordinary beam and

the extraordinary beam, which is of great
use in EPR-Bell experiment.)

Figure 2.2: ordinary Jt: & extraordinary Jt D%

2.4 TWAZERvY

ZOFERICBNT, B HITMUNREIRR THE BT I0IC, FIE slit ZAER Lz, 20 slit 2B L2 BT, TX
272 A ¥R (coherence length) Z & < LCEREZITRI 2L ThH D,

ZIZT, TFEHRICOVWCHIIAZMNA 5, THHZHAT L X2 20XRTEHT DL, EBTEHT 5 RUTBWT,
B LN OHEDONAN S WTNOREEEST=NEMD I ENRTERVIETHD, THHO 2 >ONKEN/NES L
RIERZI1FE. THIZAELRLTRS, JTHBELIZ. 20X ITEBEEZ/NSSLTWVST 2200 KD 5
ANPERLCTFERELAIOEFREIZTS L) RNREEET, LoC. TEAHARTHAELSE L LEFBNTFEIIE

10



LR <d, ZDEim% . down converter 2> H H T <2 ring 123 L THE TIED TH, HE slit IZXL o Tslit 1%
WL E—AOWRGBPBANTREIND ETD, ZOLE, AIETHRE Ly ELWOEROPREZN )L TD &,

A
L=Xx" 2.3
A (2:3)

TERIND, setup ZAHDBRIC ABIOF CTIERREIX lmm BEIXED LTHAELTLEI B OIS, £Z2TC, L=lmm &
BB S 2720, Z 2Tl SHG (2 M AL ) ICOWTDFERE LIZVD T, A = T10(m) ThH D, £ T, 82 = 40
BRECBIZADZ LNEFEIND,

ZZ°C, ¥R 710nm OIFE T, Appendix TIT72 o7 type I D 1ing DTEHF DY Ial—ar &b EIiC LT = A
ERETEDAKEAIZFHRTIIE. A =0.016(4.) & RD, THLY ., RITHER L slit & 30cm FREEHEL TRBEZITR

5 EiE. 0.1lmm BED slit [RE2EHECHIER VD,

FZ T, 1 0.1mm FRED slit ZERT A0, UTORIZTT LY BT A Tslit ZER LT, 2D XHIT,

nLle

<« »
movable

| X - stage |

Figure 2.3: AIZ slit OF P A2, HUNHENRTE 5 L9 12 x-stage IC L o TEL B EDL LS LT,

x-stage T H T LICXK o, slit IEZFHETE DL 51T L7, D calibration IX He-Ne laser 2\ T® Fraunhofer
B OFEERNTIT R o7, fiRE L TERE x(mm) & slit 8 y(mm) O BRIE,

y = —1.006z + 19.050 (2.4)

THD,

11



Chapter 3

FiHEERIZDULVT

3.1 He-NelZ&kBFHEERIZCDINT

He-Ne Laser # YR & L. Machzender THEHI K VAR D IBITR n Z2RDT7z, 0B, hxulicksd e n=1.434
"C‘\&)éo

FEERIT0—60 = DH+60 —F T, 0 oZBRNT 10 oBXOEFH 1220 -7, 2hEx 1EvFE LT,
vy b 2o,

T AT AV TIWRETEn £ 7V — T A—F— L UTNHRDO A7 > MBEf &AW TR/ 2R'IEEZH W, &
D28y ERD3 Y P TIE—EMBEREZBRONLIZTZD., MHEROZT 7y MR RZ-TWNWD EE X, Blx
W7 4T 47 Lz,

MREM (3.1, 3.1) TR, ZA4vT AV T BELNZn. b F IR LT W, 2B 7 T 7 ORI EIRIC
5t UCALARAR D8 FE CHANLIXEE ., el 1 RO BT OB 2 A E CHEMIIM TH B,

EL&

5

30 T T T T T T

henel ~—
hene2 ——

25 | y

ylabel
[
(6]
T
1

xlabel

Figure 3.1: n = 1.449,6, = 0.8991 ()

12



30 T T T

T T T
! hene3 ~o—
hene4 ——
hene5 &

25 |

ylabel
=
(¢
T
1

10 | E

xlabel

Figure 3.2: n = 1.434,60, = —0.5477(})

3.2 type I#5if LilO3I1Z & HEER

SEIORERZITRI YUY, THERE LTEBERIL) FU LA EHWDEREZITR o7, type ] OFEEZHW
720X, BBO b2 R E L TCFHICE K ETIEMBL o720 TH Y . ZORNCFEHFICH IR E TEREZ L
Tl THD, ZOTHEREITRD BRIX, RO28THD,

o IR DR Z THRICKH T 2B EIRD D720

o MR L L—V —ZHVWEEROT 7 =y Z7IZERT D70, FICHITTORRICER TS &, ARIOARE
B3 720> photon B TORENERSND DT, ERELRE S TLHOSLENEL D, £9 LIREICH > TEREH
T35 ETOT 7=y 7 EORBERIZOWTH LN UDERET 5 Z Lid, AEREZAWICETTDH LETHEHETH D,

=LKLY FU A1 type T @ down conversion ## Z TR TH D, THLE AWV TOTHEBRIL down conversion i
GOBEL | TWEHO setup D_FEETH 5,

3.2.1 type I down conversion D3EZE

FAT= HITMEAE 12/30 ICHHRFRZEOWH 1D H LT, type I fEdaIC &% down conversion (& X % ring #8157 2 FEBR
ZATR o7, YAG O 35 L—F—& ZFBMLIRIL) FU MCHRF S5 2 L2 X o T, ERMIITARD Y > 7 2815
THIENTEBRIITTHD, FHMIX Appendix A 2B,

EREEH & U setup
ZDEBRD set up ITTHIIRTHEY TH D,

o ZZTHWEFHELIEI 7 — (dichroic mirror) & 1%, FE DR DA% K ST TENLSNDER DN & 53H1T 57
DOEETH D, YAG laser 25 2 3 {5 (355nm) O L —HF =KL 2 fFE OB ETIRE > TWdH, Zhi
WY BRLTEDICHESIEI 7 —C 3 FRUNZHRTDILER D o7, TOFLHEI 7 — O WK OFEREIL 80~
0% ThHD, ZOLIIT2HETITFEABRUICETRE DA EMO T LR TED,

13



| screen

T y .

I TN
|

| 4

x(cm) I N
SN N
crystal approx laser ‘/ | \\ \\ Tl N
2 cm (355 nm) I' | | \ x (cm) )
O I
| [
v Yr(em)/ |/ -
2w, AT
— - \ o - v
slit (2mm or 4mm) AN

dichroic
/mirror
2

mirror

Figure 3.3: =B(LIR{L Y F U L& M2 down conversion EERD setup(7£), BL TR 7 U — ZHEHNTAER ()

o ZRRALIRIL) FU LFPRDO EIZv T U STV, REEHRSE L Z X 2T, B —2adim e =@kt Y
FULDNFEE DR TAZFSED I LB TE S,
REBRER
FIZBIZZ DERIZEBN T, B — A LR OIS & D72 T 0, 2B 2 FRME/IMERI R o7, T2 TR
EERI R FRERICERTDHILITT D,

ZDOTHEBRIZBVT, FA7Z BT type 11231F % down conversion BB MR L, WA ring 2B T5 Z LITHK
L7, photon 3V 7 OBEEIX web L http://tancho.scphys.kyoto-u.ac.jp/ p1-98/jikken/crystal/picture.html (Z
AL TVWDEY THD, Bnfzring DXF— L LTiE, RO2BVERAHAZENTET,

o Kkta (W R) O ring OIF D AHMUICHT, Fofs (RIER) RRRICHTO 554
o Rt (BWE) O ring OIF 5 MMMUICHT, & (FEE) BRIICHTO S 58

GBEZEHRIEDITONT, HHMAELZEICHIE ORENOHEORBICEE Lz, ZOHHEBRETIL, AR ring
DEPREZT>TWVWDIEIICR ATz, ZDOZ Lid, Appendix IZbFET L HIZ, BRI FRHILCWEZ ETHD, 2
Vo— 2 — L X 2BEHEORR (77 7 A3BR). 0,, =560 DL XICRETDLERBLND,

3.2.2 LilOsl2 &k 2 FHEER

Rz BIX, LilOs® ring ODHEANWTOTHEREZ TFTEL Wz, LHLRRS, %ikd 5 X 52 LilOsFE M EikE
LT LE 27Dl ZOFPHERIFEHLCLEY., BETICBTZLIXTE o7z, T, FAZHDOAE L TN
EBROME, BXOWROBE LEZERIZSOWTERT S,
FHEROBM

Alal, LilOsZ AW TCOTEEREZIT/2 S BIX. Z 00 BHEICf =2 & Li135lizb 5 —2% %, down conversion
BAIT X D photon ZHWZERIZIEWT, A THROMENRZ Y 7 TELINEINERDZ L THD (AIFBROMS
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A4 plate

~ = O &<
i 3w
Mirror/ L O eam stoflper
movable slit  LilO3 230
1 BS Mirror
E;l » N
YAG
laser
( Beam
,N A

Mirror Splitter

screen —

The setup of the attempted preliminary experiment

Figure 3.4: S EIRZIHK > T2 FHERD setup

FHE slit DEZSR), ZOZEEFERICI > THRLE D LEEILL,

EBREEH & U setup

= HDOFELTZEBRTIX, £9 YAG laser ZHWT LiIOsHEdEIZ 355nm D L —F —NHE2REF TS, ZL T,
355nm — 710nm~+710nm T down convert S4L7z photon XD F—FH DAHEIWYH L T, FHERICAWS Z LT3,
ZNE AL slit 18 L721% T, Machzender T3t 2 AV T 2 DONEOENRIEFICTFH IS, FAHOFHE LTV
FEERD setup ITIRDEY TH D, K4 DEBEOHAIILLTICE RS,

o AIEslit:AIEDHY THMOSHR, T THRRRZL I, ZHIEXERERFTTEHHET I A AN TD LXIT,
Imm LA E®D coherent length ZHT RO TTFF AL LcbDTH D,

e beam stopper:Bifi Cik-X72 X 51T, YAG laser 22H 2 3 KD L—V —KiZiX, HF 2FE/RS >TW5D, 4
EIDEETIX, BEEIT—2HNVERDVIZ, £ prism T2EKE 3FHEZBTSE, 5958, #ENTIE
HDHM2EWHE SFRDOBEF T2 HMBRRD, £Z T, 2FEOHIMEICHNEZE S Z LICk > T2 5K
YEHERT 5,

REROXBDRE

F72 Bl LiIOs # W Te THEREITR D Z R TE R o, ZhU. AIfiOTHEROSH L. R UBIEICE T
ring ¥HZES L LTHRBMLENSG TH D, RIEIOTHEROBEFEICIN T, LiIIOIZ V—F —Z2 R LTI TICHS
EETERLTLE STV, ZRUTL 5T, beam DA BB T AR L o7, FEETFTWRNEZA
FHOTHPRIERLRNNDLTH D, EEOEROERE T pulse 258 < 5 Z & Tring BB EA 5 LA HENZ
LTWe, LT pulse 58 < T DI, FEEA S DICET TLEW, BHMEMICIINENOOUNAVEEL TLE o7,

FA7Z BIX LilO3755: T ring 2 32 L IZKE UK Z I8 L7212, beam ORI ZRE T HEREZIT R o, £
FHUE., EBEHF D laser D pulse DRI (X 0.160W TH o722 LA LTz, FA72 B DfE 572 YAG laser i3 pulse 1§ 20Hz
T, —%H7=V pulse 1L 3ns ZITAEL D, LT, pulse DIELEIT

1 1
X X
3ns) 200z 3mm)

0.160(w) x )? =3 X 1003 /,m2) (3.1)

Th oz, LiIOsHEd D damage threshold X 355nm @ pulse (2% LTI 1 x lO%éV/mz)U\—F'C“Z}?)Z) ZEBImENTWS,

oz EiF, bR E X L—Y —23 O damage threshold 28 %2 TH Y . #EdadS pulse DI XTI 2 & T KE
LizéEEz2zbhb,
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A EIOFEROKAE RIX. D damage threshold #Z & L laser beam DEZZH LN COWET D WV I1EEE
BoltRilh b,
3.3 BBOTOADvavN—U3 UER

3mm ® BBO #E5LIC YAG L—HE2Y T, FoyrarA—Ta VSR AZEREPTR T, LML, FETEZ TV
LORY UTIXETBMILIEDN, RxlenroTe,

3.3.1 ZEEROFIR
EBO¥Y v T v 71X Fig3.3.1Th b,

prism

beam
st opper

sScreen

Figure 3.5: SZBR®D setup

F9. BBOMEEA L —F—THELRWI 2N D120, L—F—0DELZD LFoHhiF 2085, BBO OfEME
DORIEEBIE LT, HBEZ 0.500W(LIO;BERMED 3 %) £ THF 7223, Lil0; TR 7= L 5 RiixT&ian ot

L—P =% LTHHRELR2NI L 2HEIDE LT, BBOK®EEZ I OEMTI Ty Ty L, L—F—% 0.630W
DOFETAR L3, VU7X R 2 e o, fEfZTICR LT, FURETAK L, R0 Y V73R xR ol,

VU T RRZIBEDSTZREIIZONT, BEOMANRY V7 B2 E S IR > TW D TiEnne B, 1
AR oD LD REBEOT, HKKATEZTWARST LA LT,

L—F—DMEZRKIZL., HBROMAZELSE, SOICHEEIH L TORROAELEILIELN, LTV Y
CTIBRITCE RN oT,

3.3.2 EE

ASEIOFERIZBWNTC, BHEITY V7 28R TERNoEHIZ, FUrar_"—Ug 2L TWAER, BTRZ25I1E
FHAALBRVDTIERVDONEND Z L 2E 2T,
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Chapter 4
fham e RE R

FLI- 513 1999 42 3 A OB T, AR A ZZETAZENTEdolr, ZIZ T, ZINETERELNMTR-TERD
LIZOWTERHE Lz,

NETHBLNEEWRZIDONT
1999 £ 3 A OEYECR - b OEEMETH ONTZMAIZOWVWTE L DD,

o 2 KT LLEDRIZBWTHN D, entangled state (T 2 MLFF-, £ LT, £ZH 51X EPR paradox D & 9
REBICRT 2 TENEHELND,

o entangled state ZEH I HODFEE LT, FERBHEIEITE D type II @ down conversion 234 < LT
LT Lbinolc, ZOH T BBO IIFHIEIL source TH D,

e BBO ™ down conversion BLZDBIEIZIENL D, LiIOs D down conversion (IZX 3B HAEE-, ZiiL typel ®
down conversion T&H Y., BBO & IXE 2 D852 1572, LiIOs® down conversion IZ B | CEEBRIICHER TE -,
LNLRBD, ZHEAWTTFEHEREZMT R & O P ERIITE L,

e BBO ™ down conversion BT 3RAZITR o=, BHENZITRK L=, 2T, BBO ® down conversion ®
HIIFEEITHE RO TH D LHEL TV D,

ULDBME T ZED 2L Z AT, RN ERVEEREZAZDICE ST,

REXHAREORER

ZDED) BARBRFERICK STZRE E LTI, ERICHEREREZEATIERICHEMR» 0D Z L 2B E LTV
MoTe R D, JFRD setup ZHALBRICMNEREREORHIIEREZBEORDRER LR o7, ZTORR, EFREEN
R ET, EELBEZRETIDE2BRN I LIFETERTH S, EBROD setup IOV TIFHANTEE LAREIC
FHE AL Tz T, schedule Z#ie & Vo7 EAM R EREAEZ R, TOMRRKEBEDRVEE - FELTERLL
TLEo7eFxr DIFTRE,

Fio, ZBEIRILY FU AR EBEIEZZ LT, SEOTPHERITER LZ, Z 07D, Tl HITARERITE
PoTHIREHMRAEZH/DLIZENTE RN, ZOFERBICE-JRRIT, FifkD damage threshold i % BRI HER
BHbRhrol-Z itk b,

L P BRI RN T 0, R3O ABIRIC AT 5 TR ORI S « 8 L bICRIE LTV 2 2,
FEBVIZEE R oZRRTH 277,
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HERORE

LIt . ABFFE 2kt 4 2B EDREEZ DD, FxBRIZRT_E Z &3 BBO #Eifk® down conversion #8245 2
ETHD, ZODITIIWITNHOBEE TEX LT OEEOH % L) X CHEICEE T ER LRV, ZhNTE
#UZ. entangled state D beam BEERINEND Z L EZMR LIZZ LT D, TIUIRTZHDFERICE > TRERBETH D,

ZOWRDIEHEE LT, BBO THH ALz 2 DO photon Xt & AW TSR EHMIMEEZITR S . T E TR Blid He-Ne
laser # W= ERZE L CTYREMD ETOT /=y 72 HIZOFTWAH, L LAaRb, 22 % THRETCOMIL
ERWEERZITR) Z LI TERholz, 77=v 7 LORBEL LTHIEEHE D ECREEZLED Z LI PHITE 5,
BBO Z W= FWst&2#Te 2 T, 77 =v 7 LORMBECEMT S AIREMHIIRIETETE RV,

HLINOOHEN EOMEEFRCTE 7272 51X, FA72HiX entangled state (2B 9251 A2 ERIICE N T 5 Z L1
BT THAHI,

18



Chapter 5
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PR LU CTHEWE, Fxld, RFRER)IIEBITF LY YAG laser O EIZBIT 2582 Bb o7, 2. ZB(LIR
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Appendix A

JEERIIERIC DT

Al BIFEBAAEICOLNT

ordinary JREE & extraordinary REEDEHR TH B 72 L 51T, ordinary Jid principal plane ICEETHY, Lizdo
Tl L3I 90 ° DAL RS, BT, £ OEITH M L FE L OAELITIIETF LRVWEETH D,

L22L., extraordinary XDHETL. AEOKFET 5, —dliERE Ik LT,

2 02
cos® sin" 6. _,4

_2)

2
n2 n

ne(0) = (

€

T,

B/
ﬁ K n(6)
: ¢ ne,

Index ellipsoid of a uniaxial crystal

Figure A.1: —HlMERE STk 2 TR A8 MR DX

UTFT, ZOZEDESHEICONTHEMmE T D, I TIIHFEFERERITONTERLD, 2F0. E & P OGN
EOFAEFETDH DL T5H, Uk LT, BHRAZ b D OFRFITERNZ MV E O =gy OMEERE
DETEZDLZLBARETH D,

3
D; = Z €;; (1=1,2,3) (A.2)
j=1

EZXBD, YT, i=1,23EFNENxyz BRCHIETEHbDETDH, o, 2D {6} 1IE3x3D2HET LI ALTHD,
N CHEOFERZLRTLHIENTE D, £/o. Zhide; = €;; T3 DO T, ZIUITHI & LTRIEFRT, $FHMT
I THD, UTZDITH% [¢] & &S, TOTFIDBEHF NS b MEI—KMILRbDE 3 DEDZENAETHD, £D3
DONRY M NVEEFEE UCRET D L. 175 ] XA TE S, BB,

D1 €1 0 E1
D2 = 0 €2 0 E2 (A3)
D3 0 0 €3 E3



&%, DX IREERITESN (principal axis) EFEEIND, £ LT, ENENDOG AN T 5 EIrEz LE TR L IF
O, RATERIND,

ni= % (i=1,2,3) (A.4)
€0

FIBITRD D B KT 2 DHFE LR (ng = ng & LTMEZ DRV 2 Bl s (uniaxial crystal) & FES, %
7. HEhERIZRIT 5 2 @306 (optical axis) & FHIND,

KRR 2BET Y NOFERD LAz L LT, RATRINDFEMAEE HOIUTRW, BlH | RHICEETF 2 5RECIT,
€177 + €275 + €373 = 1 (A.5)

Tho, iz, [f] OMITINC epsilong & HIF T,
[n] = €ole] ™ (A.6)

LU, O mmiay = 1 U, SIUGESTREN K SRR DS, Thd A0SR,

! Ta | T3
—+ =4+ —==1 AT
n? + n3 + n32 (A.7)

2155, B ThHE. ny = no KV THIIEEEHEIAE L 2D,

T, FREO LS RIEEHEEROFTORDEELE XS, BN N L u TRSNBEEDFIIERET
BEEREEXD, T, HERTEBEE L THIRERESED bRV, 20K [E%EET—F (normal
mode)] LIFE, ZOMRET—F ORIHF B LOEFRIL, B (AL) 2AVTROFIECHES = & TR S = LAH
BThHS,

o EBITEMHAERDIRREZEY, NI b u LEBEFMICEEERH <, ZOFHE & FEHEROIHR % BHTEFEM (index
ellipse) & M5,

o EITRMHOR YA, H¥REE 2 O OEET—FOEHERLTD,

o IBHIT, BITREHAKRDORE, EioSFME., 2 DOEHEET—RDEBREEI ML D,. DyOFHTHDH, T
SOFENIEVIZEAR L TW5,

o BB~V FMLVE,. Eyl3at (A3) KL o TRDS 2 LRTHETHS,

UTF, EEOEFROELAHZARAT S, £, Maxwell HFEX

V- -[elE=p (A.8)
d
VXE= —%B (A.9)
V-B=0 (A.10)
V x B = poj + pol€]E (A.11)
POHRETDL, ZNEEHWTER T, LKICERj=0THDL LT,
2 L3
V°E = @MO[G]E (A.12)
5. TOL & FEBE ORI & ZERIKTF T DI exp(i(wt — kb)) ([ZHBITD LD, £5 Thid,
kx (kx E)+ w’p[e]E =0 (A.13)
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2’50, TNRFRDZEH OLDICKRTDHI LT,

n%k% - k% - k?% k]_ ’{72 k]_ ]{73 E]_ 0
k]kz n%k% - k% - k% k2k3 E2 = 0 (A14)
k]kg k2k3 n%k% - k% - k% E3 0

213%, E L LT, zero TRWFZFFOIZOITIT LR OITHIOITHID 0 TRITFNITR 2, Th e —dlifEmicEaL
THRFIEE L, 29 Thidw = w(k) DFEBERZED, ZHUT (k1 ke, ks) TRENDZEMANOMEZER T, ZhEx kK
MHEFES, k2 =k +kZ+REETHIE, kREEANZ MV (u) &EDORRITEIT 2BEEIT

2k2
Z 52 _ = (A.15)
2%, ZOHRADIED 2 SO k, & kb75§a%%%/)o L, TR
ko h
Ng = Ea ny = kO (A16)

2152, U EOFRIZEST RGN EE AW TERMERICITR ZLBAETH D, 2T, XN (A13) ZDIZONTH
<o E=[e]'D Z2DT, [n] =€)}, k = kun = %,k% = wlppe® VT,

—ux@th%:%D (A.17)

ThHhbH, ZHIZ2ODEEE— RN OFEROEITEn,, % ERIRATEHZ LT, 200 HEE—FDbfDERDLI
%, 3T, HE uxuxiI, B b u 2X7 MABOKT2RINT 52 LE2RTH, THEHBHICIT w2k
JNCBREZVEICNEEZ LD L2 BH® T, ZONBERELRTHEE T P, eREIX, X

mMD:%D (A.18)

TRIND, THIIHEET Py OBEEHFEBXNTH S, HET [n] TEFEHBAEKICL VRIS, LoT, X (A18)
OEAMHFEREZML I &iE, BIFREEEKRE T bV u ICEERE OZRIZ I > TR S WA MO i % RO
HTLLA%ETHD, LoT, LEROFHE OELUHNSIRES NIz,

ordinary XIZOWTIE, HICEH L ITEERMEXIEREEZ L TNDHOT, BRI n, THD, —F extraordinary Yt
WL EITERIL. ZOFMAEICET S, R OA OEEBEICKIS L T\5, Ko T, extraordinary JEiZx L CTid, (A1) 23
FRALT D, (REFIRE)

A.2 index matching condition [ZDUL\T

T 2 TiE, FERRIEARSEE D down conversion I[Z381T 2R A R RITT 5 729113 index matching FfE & i 72 L TR
FHUXNT RNZ L ZNRET D, fldhIT 2 /k@#ﬁ%ﬁﬂzbé &1 %, J)i;z—é.\ S~ VP IE, E @2 /AT
RINHDT,

P, = EOXLE + dijkEjEk (A.lg)

TRBTE Do {diji} 1FESZRT V)L (susceptibity tensor) EFHIND D THD, k7. EXTE; & BB LT
HERWVWOT, ¥R dijr =dikj75§ﬁ‘2‘j_ﬁ—%’)o IR, 7%

zx=1,yy=2,2z2=38,yz =2y =4,z =zx2=5,7y =y =6 (A.20)
THdETE, ZHUIRD LD RITFITRINDITTTH D,
EZ
E2
P, dyy dyz diz dig dis dig Eg
P, | =| da da2 daz dag dos doe ? (A.21)

P da; dsy das day dss d 2B, E
z 31 32 33 34 35 36 ZEZEQ,

2E,E,
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TREIND,

HBAE L & OMEMERZR L 2124720 Maxwell FREANOEREHFE T D, CORTIIEEMIFELRND
DEFTDHDT,

V-E=0 (A.22)
V-B=0 (A.23)
d
VX E = -~ (uH) (A.24)
d
VxH=j+ eB(l+x1)+Pyr (A.25)

ThbH, T T, (PNL),—d”kE Ekfﬁ)é K oT, o2 BEXMEER, E—€0(1+XL) TH5H LTI, Maxwell 52
ALV %KRKXEHD,

V2E = /,L()O'ClliE + poe ci;t}f + po digf L (A.26)
BRI %,
C o, BRI B LRTE (z Y OR) TEAS, CHICKT 3 EHITARTESNS LT 5,
B (z8) = L[ Builz) expli(ent — ba2)) + ] (A.27)
B (2, 1) = %[E%( ) exp(i(wat — ka2)) + e.d] (A.28)
B9 (2,1) = %[Egj( ) exp(i(wst — kg2)) + c.d] (A.29)

i,j,k i¥ Cartesian JEEE TH YV . x,y OW\TIhE L D, ZIZ T, ws% pump N, wy % idler Y&, wo % signal JDIRENFL T
bbHETDH, £, c.c. ¥ complex conjugate(HERLE) Ol L35, 29 THUX, T ORI FMUIKRD LD ITERE
nd,
w1 dl * .
[PV (2 8)); = ]k — F3j(2) B3 (2) exp(i((ws — wa)t — (ks — k2)2)) + c.c. (A.30)

dE

195, N (A27)~( A.29) ZX (A.26) ITRAT D, ZOFREIZYZY | EIX 2 1R T 2B/ ST
e T EIRET D, £ TIUL, wipoe = k2 ZEA LT, ®RXEH5,

dE i tw

L _ ,/“OEM 1 ,/“0 dijnBsj B3y exp(—i(ks — ky — k1)z) (A.31)
dEX W
djk ,/“0 By + /2 al B 4y Eri B exp(i(ks — ks — k1)) (A.32)
dE ,
dz‘”f - _7‘ /%Esj _ 7,, /%dﬂkEh’Ezk expl(i(ks — ks — kp)2) (A.33)

T, ZOFBEXEZHNT, FiZ SHG OBHBIZOWTHRET S, ZDLE, w + w, DIRENEE 2 2 DD photon & A
%LVC\ %@§QW3%% 27z E—A%jﬁtﬁ éﬁéo W] = Wy Wy = 2&)1%5‘5‘21._[.@—60 é BL‘:\ A%E*‘Ao)gﬁ)ﬁliﬁﬂl{%
ERTVEEEXTRNOT, U —0chs LEEHLTHARY, 22T,

Ak = kP — kP — 9 (A.34)

ThdETD, $Tc. WEPBERATH L LT, EXEERITIO THLLEHRTILNTELDT,
dEgi Z(.«J3

= dﬁkEhElk exp(iAkz) (A.35)
Thd, ZNERTIX, E3;(0)=0 DOEEEFRTZ LT,
iws [ o exp(tAkL) — 1
EBJ(L) = _73 d]zkElelk _( ZAI{E) — (A36)
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25, O THiE, BEOZRXNX—T7 T v 7 ADKEHIE, 0% FAEEEOFEORTALE LT, B EEHY

9 sinZ(AkL/2)

Bl (A.37)

1
p2e) — 5\/,%esinz 0w§d§ikEfiE12kL

BB, ZOZEIE, AKZOVWTHNIE, SHG IZX > TT&E 2= rx X —1% Airy BEMICEAL L’Cb‘{.‘) et ﬁ" 3
5, 2T i%fy'ﬁi%ﬁbb‘% L7 oTz, —MRIZH down conversion B Z DR E < Z 372HI121F index
matching 5§

KD = B 4 k) (A.38)

BECTOWRNWEWT RN LR550 5, (REAK)

A.3 down conversion [ZEIT 5 ring DTEADTEAE

PATiX, Paul G. Kwiat K28 fax TR 2 TTF S o721 B & O LEFRIL D appendix ORX—VZ2HEIZ L72#ERTH D,
%7, index matching condition, 2% ¥ pump — signal+idler IZB W THEE 7 F LBHRFEINTWS Z & D down

optic axis

Kp U beam direction

Figure A.2: down conversion {231} 2 AHHE G54 D schematic

conversion D) ZHKRIZT DML 2D (RIHiBR), FAZHDEBRTIEL, pump St L L TIE YAG laser @ 3 55 % H
WeDT, Ay =355mm Th D, Flo. LT TOEITE ng, n. DAL, Kbk D Sellmeiner TRRIZ L > THLNLD B D
ET%,

A.3.1 typelIZDLWTHER

MEHm B EZERT DI EITED,

k, = kscosfs + k; cosb;, kysin, + k;sinf; =0 (A.39)

55, =LKLY F7 A1 type I @ down conversion ##2 Z 3, OF ¥ down conversion DX FDRIRIZILETH
D, e>oto &RD, £ T, EIRLEREFOBRKIT, UTDLI 125,

sin? Opm cos? Opm

ng(wp)  m3(wp)

FEEDOPFTOT RN —RFAULY | ws, = wp — wiBPRILT D, LT, T, MGM, M7 D index matching
condition IXZ N Ei.

kP = wp( )71/25 ks = wsno(ws)a ky = wino(wi) (A.40)

-2 2
sin® O, cO8* Oy,

n2 (wp) n2(wp) )—1/2 = (wp — wi)No(wp — wi) €08 Oy + wine(w;) cosb; (A.41)

wp

(wp — wi)no(wp — wi) sin, = wine(w;) sin 6; (A.42)
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25, TRNEHAWT, E0H2T 0,2HETL L. BEONTICEN T, LTOBEMRATidler SEDJER Y 2155 Z
LIRTE D,

1.2 2
W2 (S + ) T+ wind(wi) — (wp — wi)?nd(wp — wi)

6; = arccos(

) (A.43)

sin? 0, + cos? 8,1 )_1/2

2wpwin,(wi)( nZ(w,) n2(wp)

O, FROWNEHTO idler SEDJANR Y DAETH D, FAilebdiring & LTRA DD, RO THD, Lo
T, BITAICKI L Cid snell OERIZEAT2HLERDH D, £ 9 THUL, 0.%. HROINTOIERY OAEL LT,

sin 6, = n,(w;) sin 8; (A.44)

2155 LT 7 7 713, D4 Tidler DT AL | idler KOWR L OREFRE T T 7ICLIbDTHD,

ZOHTYH, &<IlCw, = w;y DEVHEHEID 2 DD photon DT RALF—RNELWEAE, signal Xt & idler YD
photon DR ITWVTH S 710nm &72%, EDF T T7TEFRIE, X, =0.710,, P L XYY | 0, =51.45° LLEIZ/R >
T, O TZOHRENRA LD,

A.3.2 type II DFERIZTDOWT

type II DFERICOVTHREDOBREMZX D Z EIZE Y, ring D TEERBIZOWTOFMIEIZT5Z EBFELE 2D,
SEIX type I 2D T, e = ote DIRNEERET D, €9 T4UL. index matching condition(A.39) ITEDE EMILT D
bOD, FEEAT BV,

kp = wpne(wp, Opm ), ks = wsno(ws), ki = wine(ws, Oi) (A.45)
Lied, £, EOMOEMFHREMELY
cos ©; = cos O cos 0; + sin b, sin 6; cos ¢, (A.46)
ZxbH, Zhbkv, X (A39) ZHND &,
kpg. —ki—2kpp, kie, cosbi+klg =0 (A.47)
kxb, 22T, R (A47) &3 (A46) BE SECHTIE, AEET Dy F LTI ENTES, FIHE LTI,

e 9. 0,=0,=0T&H% & LT, second harmonic condition, DF Vw, = w; ZIREL T, 0, PHEEZKDD, Z
DEE, K (A46) 1X. BIARKO; = 0,,IC%DLDHDT,

4 1 4

in? 2 + o= 2 - A A
sin? 0,m cos? 0,m sin? 0,m cos? 0,m \/( sin? 0, €052 0pm )(sz B cos? 9pm)

n22w) T ni(ew) nlw) T nl(w) 2w T nige ) hre T hzw)

=nl(w) (A.48)

FEMERNIRTIEE WV,

o WIT, BHITHICHEERAL TN ST, DT RERTE,, DlEEM -7z ET, K (A.46) 2R (A.47) ITRAL T,
B0, 2 ROITRV, ZhBTEE, K (A39) LY. 0,0IIHALHTHD, ZHbOFERNE . FoH
%% plot LTWIFIERVY,

o FAT-LRAY 7T, FEEOMIH LT TH D, F2 T, M L TREEOENOA~NHBEBORITZEE TS
MERBH D, ZIUZDOWTIX, Snell DERIZ FHWT,

sin 0} = ny(w;, ©;)sinB;, sinf, = ny(w,)sin b, (A.49)
ZHOVWIUIRW,
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Figure A.3: down conversion {Z31F % idler eI E & | idler DA E DR, b L pump DR TAEA E 45.0
°. ALE50.0°, EFEs145°, AR ES6.0°, ZFTF600° ., FHTF65.0°, £ZF70.0°, AF75.0° L35, D
Vo T RO ITRELLBIMINTH 200E, 56.0 ° 20D, DF Y 56.0 ° K /NI WAEECTIIRkD T A FMil
WD P, 56.0 ° XD KREWAETIXROFGTIIMINCH S,
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A ° 0 10 20 30 40 50 60 70 80 90
AE0.=0" || 8.390 | 8.296 | 8.018 | 7.579 | 7.010 | 6.350 | 5.643 | 4.932 | 4.260 | 3.657
A ° 100 110 120 130 140 150 160 170 180 Hokk
AEEQ.=0] || 3.143 | 2.715 | 2.396 | 2.145 | 1.959 | 1.825 | 1.736 | 1.685 | 1.668 | ***

Table A.1: BBO IZ & % 355nm — 710nm+710nm (28T 5. SEOAE

BBO 1m

355nm |
YAG Gpm
laser AN
N
optical
axis
plane

Figure A.4: UTOWOTEEAEORIL, ERIIREND LD 72 setup Db & TEREITR oT-FED screen LB TH
% &35, BBO & screen Id lm BT\ 5 & 975,

Z 93X, FHRE L TBBO f&D down conversion IC L AHEZ T I 2L —FTE 5, ZDOFHEICH]->TBBOIZE
(T DR T10nm ONITK L TAHEZ RN (A.2) DAE 2 EILSE D L fEdOIMTET 555 A0, & 6L 1TRD
£ %57, SHG Thiv, 0L 0L1XF CEE R,

ZDOMORIIZH LTS, down-conversion SN ED I I AU EIZNEXRT DI & T, RERIZETE-T
down conversion BLRIZK T2 A A TG D RS EIT2 o7, FB L LTIX, mathematica Z VWV EES I 2L —a v
FHWE, UTFCTHRT 2 DiE, BBO ki 355nm D YAG L—V—Z AR ST, HE21 D Im Biniz & Z A28
TPEICHE LI ERETH S,

ToLE, LTOXEOTTCERENMIEY I 2 b— 3 Y &ITR 0T, Oy TREEOIFEE | L—VF — DTS
BMORTHAERT, I TOWEREIL, extraordinary XD LD TH 5, 5T 5 ordinary DR F x5 <

lambdac—355 (nm)

b5, TNENOREBICKTHRIE, 7T T7DT 7 AND—2>—2DEEP/KEWE T, B (1999/03/15 BHEKED)

| 0w | 532nm | 600nm | 710nm | 869nm | 1064nm |

e || — — [ (a3) | (A4) | (as5)
° | | | ®3) | (B4 | (B5)
186° | — — [ (c3) | (ca) | (c)
88° | — — | (03 | 04 | (D5)
49.62° | — — (E-3) | (E-4) | (E-5)
55 ° (F-1) | (F-2) | (F-3) | (F-4) | (F-5)
60° | (G-1) 2) | (G-3) | (G4) | (G5
65° | (H1) | (H2) | (H3) | (H4) | (H5)
0° | @) | @2 | @3) | @4 | @5

WREHT S 2520, ZNbOREZEBRIZIENTAHSDZ & T, BBOIZX S type IT @ down conversion (2B LT, LA
TOFEWREMDZ LN TET,

o T Opm 8 49.62° KD /NSWEEITIE, type II @ down conversion T ring (Z1E& A EA LRV, type IT DFF
HTO; 2RO 2G5BT, MERFlRRonbThHD, 49.62° LV b/INSWAZITHTIREVEREL <D
&L UTOFEWRB N1,
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— f4£0,,,=48.6 ° T, ordinari cone & extraordinary cone IZ7=BWZHET D, £L T, £ LV, 2/hs<
THE, 20D cone IHENTLE D, Lo T, 2 2OMHFEDERVITH VHFR L, b OERRTEAL LD 72
entangled state %325 Z & IXTE R,

— A, =47.66 ° ZELIZ, 710nm DOWRIIK L T IEERPE R 6N <25,

TDEIIT, ring PESRZRLSRD LD ZLid, FEO LTI (AAT) MR, 2B -2 I o TR TH D
CHRTHZLENTED,

¢ Opm% 49.62° LV RELSTDHE, LITD 2 oOREB AL,

— 710nm 2GRN IR T, ring MEC 2EROHPADIE <R 272, Opm=>55 ° TiX 600nm FREE T, 6,,,=60
° LA ETIX, 532nm @ ring AE TER -2 TWND,

— FACEETHIZL, 0,, 2 K& <FTHULTDI1EE, photon DIEH Y DAEYIIRE <RoTWDH, DXV, =
T CORLIEHEN Cldring DFEBETETRELR>TWD, 2L T, £L % ring O (F7213FEM) 131
ERDLMIC2 5 Z & BEEFHFE LV HRITX D,

— 0,2 RE K LT, idler(signal) ¥ FE % 710nm 2 HES1F 5 &, A CHEED idler it & signal JEIZ K 5 ring
DERDLZDELHT-, R VIZ, idler YD ring 23, signal KD ring DHFICASTLEIBENRR o5 L H]
?g‘f»—c\\% 60

e 710nm K V/NSWEREIR TIE, idler Yt (LAMI) DI5A3, signal St (THRI) £V H/hS W ring £ RS> TELTWD,

e RN, = /\’:’:’\/\ip ® down conversion IZ. HEEND D LIX, x flRFRICH B EIXR S22, F2, FHED 710nm 2>
LEEN DT T, idler & signal D RKE SDEIIIRNR 5, 7oL %, 355nm — 710nm+710nm TH T H x i Fr
WZIER B RVA, ZAUTEITERD idler S & signal K TRR TRV, fMaaDIMIHDROEHFTBZINTND LFE

Abid,

B Iab—varhb, BB TFO BBO @ down conversion (X4 2 FPHIZED Z &N TED, EENDE
R CE LS HTHIZV parameter (X, LV —F—bE—ALIERORXFEEDRTATHD,

¥, ZOVIalb—va 80, BBO D Sellmeiner FRADEIZL T, fRPKRE KHESNDZ LB
72, Dmitriev ® databook |2 LUX., F K& % K & Tid Sellmeiner FRERDMEDDIZ Z &£ 725, Kwiat KIZHE—hK
DIEHES LI L, RebIIFE fROMEZ H LI L THE L, Ar-ion laser 351nm @ 702nm DT H T 250, =49.62
B LTI, Kwiat K25 25D cone DER Y 23 6.0 ° BTV D LR~ (ZHUIUTFL S EERITHENDTZ) 3. B RO
Sellmeiner FEER TIL 44 ° L WHEEH TS,

LInLBn s, ZOERICBODCREICEDEFHEIZIZEAERWVWEE Z BN D, Dmitriev(2nd ed.) (2 KiLiE,

dn,

T =-166x 10 °K ! (A.50)
dn,
é; =-093x 105K 1 (A.51)

ThHY, BENR10°CE-TH, BIWROXO/NEEE AMICHELRIETETDOZI L THD, EE, #HEEZLTHZ
DOREOBEZEICH LTRT L A EEEIIR D oT-,

SRR oTeZ &Ik, WROEKFMENRRENWZ L TH D, FlAiE, 710nm (21T 5 idler S & signal JEDOEZRY D
AEZHE L CHR LI, FEITE ZMDOF LT D Sellmeiner HRERZ AW, bR T, 2 20H#$EORRDRR
FAIZ, 710nm D0, =49.62 ° DIRVBLUTKF L TiL,

e 355nm(YAG laser) (IZx LTIE7.3° TH D,

e 351nm(Ar ion laser) IZxf L CTid 4.4 ° TH D,
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LLBRRE, WEDOR L EDHRIIATZEDER TIIBE THIIRIER Y, BEIZIIFTZHD YAG laser DR DFE
LEIEFIHMNTH D, BOTODERLLTUIUTOLONREZLND,

o EREDIREDEILITHED | cavity DI/INRIEIR,
o L—V—DRE), FFZL—VF—%2BE N TWEEOREERTIHD,

BLEIZITE®IZ YAG laser ZHEH L TWLRY, L—F—DEROEDL X 1320.0lnm BETLIELRY, KoT, ¥
BOELXDOHEITIELTZH D BBO @ down conversion D EERIZEBW T, 5HA0;ICEE LT ?/E\ﬁﬁ@ﬁﬁ%)ﬁ’(“ L2ia
ZxE TN T LA mathematica DFIE LV D25, ZOBRITERD setup BN TZ LA LEHLTHRVWERT

H5,
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