godd

gobgoboooooood

gogboobooogoon
gobooo

goooo

00210






o0

ooooooooboooobooooboooboooooooooobooDoboOooDboboOo
goooboooooboo0ooooOoOoOoOooOoOobOoOoOoboOoOooobDoboOooDbobooo
0000000000000 000DO00O00ooO0oo0oDOo0ooOOooDOooOoDO
ogooooooobooboooooboooboooooo0oobooobboboooDbobooo
goooooOoooOooOo0oobooO0OoboOoOoOoboOoOoOoOobooOoooooDooOoOoDboboOoo
00000000 ILLO Institut Laue-LangevinO O PF2-VCNOOODOOOOOOO
O0D0O000D60AD0DO0DODOOOODOOOODOOODODOOONDDOOOO
oooDo

nininininininininininininininininingnininininininininininininininAnEnEREREN
D00000000000000000000000000000000000 60A0
od01weoooobooooooooboo0ooboo0ogoooooooooooOoo
00 JaminOO0OO0OO00O0OO0OO0OOOODOODOOODODOOOODDOODODOO
obooboboo0 1 smm0000000D00O000DOOOO0O0DOOO0O0ODOODOO
ooobobo0Jamin0DO0OO00O0O00OO0O0O0OOOODOOODOODOODOODO
ooo

o0oo0Oo0o0o0ooO0oO000 JaminO000O0O0O0DOOO0O0DOO Mach-Zehnder
goobOOooOoooOooO00oDOoO0OobOOO00oboOooUoOooOboOooobOoOooDbboOoo
ogoobooobooooooooobboooooboooobooooboooDbbOoo
goobooooboooooooOoOoboOoOobooDoOoOoO0obDbOOooobDoOooDoboOoo
ooooooobboobooboobobobobooooobJaminDO0OOO0OOOOODOO
ogooooboooobobooobooobooboooboooooboooobboooDbbOoo
goooooooooOooooOoOoooOoOooboOooboooooobooOooDbobooo
Oo0ooooooog



010
1.1
1.2
1.3

020
2.1
2.2
2.3
24
2.5
2.6

30
3.1
3.2
3.3
3.4

040
4.1
4.2
4.3

4.4

goog

goo

OO00O00 .. e
gobooboooooooboobooooboon oo

googn

gboboboboboboboobooooono oo e
I
OOD00O0 .
0
I
OOD00O0O0 .. e

gooooo

OODO0O0 .. e
I
O0D0O00000 ... 0o e
I

Jamin O OO0

U
O00OD000 ... e e e e e
O0O0D000000 ... e e e s s

4.3.1
4.3.2
4.3.3

OO0 ..o
I
gbooooboobooooboooog oo

gboboboboboboboon «.o oo oo oo

4.4.1
4.4.2
4.4.3

4.44
4.4.5
4.4.6

I 0
I
Uobooobob0JaminODOOO0OO0OO0OO0O0D0O0O0O0OOO0ODOO
OO
I
I 0
UO0O00000 .. o e

N — =

O =g U R

10

15
15
16
16
18



ii

gs0
0.1
5.2
5.3

0.4

ged
6.1
6.2
6.3

o770

un

Mach-Zehnder O 0 0O 0O

00000000000 ... e e e e e e
0
O0O0D000000 ... e e e e s s
53.1 OO0 . . . e e
53.2 O000O0OO0DO0O0O ... . et e
533 O0O0O00ODOOODOOODOOODOO ... ... ....
00000000000 D0Oogn ... oo oo
541 0000000 ... .. e e e e e
542 O00000D0OOO0DOOOOO ......... ... .....
543 O00000O0DOOODOOOO ......... ... .....
544 0O00000D0OOO0DOOOOOO ........ ... .....
545 000000 ... . e e e

oooooboooooad

000000000 000000 ... . oo oo
I
Mach-Zehnder O OO OO O0O0O0QOQOQOQOO ... ... ..

gogd

36
36
37
38
38
38
39
40
40
41
41
42
43

45
45
45
46

49

51



1.1

2.1
2.2
2.3
2.4
2.5

3.1
3.2
3.3
3.4
3.5

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13
4.14
4.15
4.16
4.17
4.18
4.19

0000D0000000000 .. ..o 3
OOO0 .« . oot e e e 8
000000000000 .+ ..ot et e e 9
5 10
0000000 ..ot e e 10
0000 Si000000000000000 Mach-Zehnder 00 00

8 13
OO0O0O000 . ..ot e e e e e 15
200 Ni:105A/Ti:82A . . . . ... ... ... ... 19
200 Ni:92A/Ti:92A . . . . . ... 19
80 Ni:103A/Ti:78A . . . . . ... . ... 19
80 Ni:89A/Ti:89A . . . . . . . .. ... 19
Jamin OO OO0 ... ... e e 20
0000000000 . ..ot s 21
OO00000 .. .0 e 22
0000000 ..ot e e e s 23
Jamin 00000000000 .. ..ot 24
00000000000 . .00t 25
00000000 .« . oot e e 26
O0000000 (WL =W2) + + v v v 26
200 Ni:105A/Ti:82A . . . ... ... ... ... 28
200 Ni:92A/Ti:92A . . . ... ... 28
80 Ni:103A/Ti:78A . . . . . .. .. . 28
80 Ni:89A/Ti:89A . . . . . .. ... . .. 28
Jamin0O00O0O0O0D000000 .. ..ot 31
AD,\00000D0D000000 . .. ot v e 35
AD, 000000000000 .. .ot e e 35
A0, D0000000D0000 .. .00 35
A6, 000000000000 . ..ot 35
A 000000000000 . ..ot e e 35
A, 000000000000 .. .ot 35

iii



iv

420 AO000000000000 . oo v 35
421 A0 00000000000 oo oo oo 35
5.1 Mach-Zehnder OO OO . . . . . . . . . . e 36
52 OO000 « 00t e e 37
5.3 Mach-Zehnder OO O OOOOOOOO ... ... v oo 37
54 200 Ni:105A/Ti:82A . . ... ... . 39
55 200 Ni:92A/Ti:92A . . . . ... ... 39
5.6 80 Ni:103A/Ti:78A . . . . . . ... ... ... ... 39
57 80 Ni:89A/Ti:89A . . . . . . . ... 39
58 Mach-Zehnder 0000000000000 ... ..ot 41
59 000000000@ « v e 42
500 AL« o o e 42
511 00000-000@IQDOOO0O .. ..o, 43
512 Ado 00000000000 .. .00ttt 44
513 A0, 00000000000 ..ttt 44
514 Ao D0DOD0O0O000 .ttt 44
515 Adgy, 00000000000 + 0ot vi it 44
516 A0, 00000000000 ..ttt 44
517 Ag, 00000000000 ..ttt 44
6.1 MichelsonOODOO ... ... .. e e 46

6.2 ODO00ODOOO0OOOOODOOOOOnonO ..o oo 48



[]

2.1

4.1
4.2
4.3
4.4

5.1
5.2

7.1

I I U

I I I
ogobobo iwmbbooooooobooooobooboo .
gobog20pmgboooooooboobooonooboon
oobod 1m0 0000000000000O0O000000

Mach-Zehnder OO OO0 QOQO0OQOODOOOO ... .. o . ...
Ady, OAGODODOODOOOO . ... e

Jamin 0 0 Mach-Zehnder OO OO0 . . . . . . . . . ..o ... ...

23
32
32
33



Ui ootgd

1.1 OO0

gbobooobooboooobobobooboboobooob o ObODOn
booobooooooboooboobobobboobboobobooboobooobononbo
gbooboobobbobooobuooboobuoobooboobuooboobo
gboodgbuobouogboobooboboboobobbobboobuooboobd
ubooobooboobooboobooboobooboobooooboobo
gobooobbooobboono 1 sroobobooobooooboboooobooboog
boogbuooboobboboobooboobooboobooboboobooboo
ubooobooobooobooobooobobooboobooboobooboobo
gboooobooboobbooboobbooboobbon

gboboboboobobobobobobboobooboobuoobooobooboon
ugboogopobooboobbooboooo

1.2 QJOO0odon

0000000000000 0D000b000Do0nDOoooOoD1924b000000n
Od0dbOO0oo0ooooodoodoooOoooooooooOoooooooag
0000000000 bO0ooO0oO0o0oomooogoD 1927000 o0ooDoOoo
0000000000000 0000000000000000000O0oDoOooog
Od0d0odoodoooooDdoodoooOoooooooooOoooooooag
old000d0000dodododoooooooooooooon

00od0do0oooooooooooooooooooooooooog 10000
O00dooodoOooo0oodoooooD0DbOooo0ooooooooooog
Od0d0dDd0oo0odooodoooooooooooooooooooog
O0o0d0ooDdooooooooOdboooobooooooooooooooonog
ooooooooo

0000000D0o000ooo0oooo0ooodoooooooooooooooo
O0o0dooooodoooooooooooooooooooooooooooonog
0000000000000 00DO0D000O0OO0MURRO the University of Missouri
Research Reactor0 0 000000 COWODOODOODODOOOOOOOODOOO
1200000000000 0000000O00O0000UO00UOO0OOUOOUO
0000000000000 0oo0oooooooDOoooooooOoooooag



2 010 0000

0000000000000 0DO0o0obO0o0obO0o0ooO0oooO0oooOOooOomoo
Oo0obOo0obbo00oDbbo0oobo0oobOboO0o0DO Thermal NeutronD OO OO
O0O00DOO0O0O00D0OCold NewtronD OO OOOODOOOOOODDOOOOODOO
00000 ILLO Institut Laue-LangevinO 0 PF2-VCNOOOOOOODOODOOO
0 Very Cold Neutron,VCNO OO OO DOO0OD0 60AD 0000000000 DOO0
oobooboobooobooobobooboobooooboboooOoboboUoboOo Do
O000ooO0boOoOoOobDooooooo

1.3 bbb oobuobuobuobboboboo

goboobooboobobooboobobobbooboooboboobooboon
gooobooboboobobobooboboooobobooooboboono
00000000000000000000000000O0O0O0OooOoOo [3)4]o
gboboboobooobooobooboobobboobooobooobooooboon
gboobooboobobooboobooboobooboobooboobo
gbooobooboboobuoobooboobboobboboobooboooba
booobooobooobooobooobobbobobooboooobooobonoono
gbooobooobooboobobobbooboobuoobobobooboboobo
gbbooobooboabboboobbuooboobbooboo
gbobobooboobooboobooobouoobuooboobooboboooboon
ooobooboobgoobobooobooboobuooboobuooboobo
gbbooobogbooobuooboobbooboan
gboboboooboobooboboobooboboboobooooooobooooboon
gobooboobobbooooboboboobobobobobooboboboobo
gbboogobooboobboobuoobboobuoobboobuoaboo
goboboboobooboobooobooboobooboboooobooooboon
gboogbuoobooboobooboobooboobobobboobooboobo
gboodgbuoobouogbooboobobobobobobbobboobboboobg
gbooobooobooboobobobobooboobooobooboobooobo
gboobgooobobooboobobooooboboobooboboobobo
boogbooobooboobuoobooboobooobbooboboobboboobo
000000000 1/400000000000000000000O0OOOOOO
goboobogooboooboooobooobooboobooboobooboobogo
boogbuooboooboobuoobooboobooboobooboobobobo
uboooboobooboobooboboboobboobboboobboobonobo
oooobooooboobobooooboboboboooooboboboooono
gboobobooboabboonod
gboboboooboobooobooboobobboobooboooboooboon
00 1.1500000000000000000O000O0ODO0ODOOODOOODOOO
gbooobooobooboooboobooboobboobbobooboobbbonobo



13000000000

gbobobobobobob

goooboobobooooboobobobboobooboooobooboboooo
gboooboobobooooooobobboooooobobobobooobono

ugoogan

goboboobooboobooboobobobooboobooboobooon
googboboooooboobobobooobooboboooobobobooooo
gboooboooboobooobooboooboboobbobbobooboobbonobo

oooooa
10" 10%° - _
T Lamoreaux
10° - 109} gauged \ \ |
B#]
10° F 108 -~ 8
Excluded by
107 - 107+ i e
Sanfordh— experiment
10° - 10° :
10° 10° |- Yukawamesengers \Stanford8 e
@ 10 @ 10%| gion |t Sanfor;;' ]
A strange Te===——
10°L MR ET HEE 10%L [+ modulus 3 §
10° 102+ gluon T U.lorado *
modulus N N
1 1 N N
107 107 Qra,VL?Qn,s,{ ,,,,,,,, " UWeashington 2 1
10°L 10°h - - UWashington 1|
heavy q
10t L 10t |- moduli |
102 | | 102 | Ll i
107 10 10" 1 10 o 100¢C

0 11: 000000000000DoO0

A (um)



20 Oouug

gobooboobooboobooboobuooboboobooboobooon
gboogoboabod

21 O0o0boobuoobbobobooboobogd

0000000000000 0oooOvOoooooooOo AO00 k=27/A00
obooom,0dboooboobooobboobonb0bo0boonooaon

K 2m,V

n

oboooooooooovobobooboobobovyooboboob bOOOO

2 h?

mnp

V:

vb (2.2)

goooboobo™bo210b0bboboobooboobooboboong
oogd

00 Ni 58N Ti Ge A% Si Al | SiOy
000 [fm] 10.3 | 144 | -3.36 | 8.19 | -0.41 | 4.15 | 3.45 | 15.8
000000 [neV] | 243.4 | 340.4 | -50.0 | 94.1 | -7.5 | 54.0 | 54.1 | 108.5

0 21: 0000000000000000000

22 O000O0O0OO0OOOO

O0000000oooooD AeO

My AL
2

Ap = 2r AE (2.3)

ooooooooboom, 0000000, 0000000000O0O00ODOLOODOO
O000O0O000000o0AEOOCODOOOO0OOOOOOODOODODOODODOOO
O00000O0ooO000D ApODOO0OODODOOODODODODOOOOO N OO0



23000000 )

oooooouo Logboooobobooooboobooboboooobobooo
googbooboboooboboboooooboobobobooboobobobooono
ugoogan

23 00000

0000000000000 000000000000000000000000
00000 K000000 kDD00000 V20, 000000000 U, O

Vine = \/;/g(k) : ei(kwiwwdk’ (24)
_ 1 (k — ko)?
g(k) = W exp {_W} (2.5)

7WDDDDDDDDDDDMW:%%DDDDMMPDDD%DDDDD%DD
000000000000000000 ¢(k) 0000000000 1/2r0)Y*0 N
0000000000 ¥,,.000000000000000000000

000 ¥, 000000000000000000000 ¢;0«4y0000000
00000000000000000000000000000000000000
D¢y 0000 ¢(k,¢) 00000000000 ¢0000000000000000
000000000000 00000x,<k0000000¢(k,6)00000 (k—ko)

gboagboboobgdaoo

(K, &) ~ ¢o(§) + Lo(§) - (k — ko) (2.6)

ogoon
9¢(k,§)

ok k=kq
0000000000000 0y;0vyy 0000 a0 0O00O00O0OOOOODOO
ogoood

#0(§) = ¢(ko, &) ,  Lo(§) = (2.7)

ars kr—wt
= k dk 2.8
Y1 T g(k)e (2.8)
arN (z— ZTk,?t)Q i(koz—wot)
= = — exp 1 — 5 LB € (2.9)
\/(\/io.k) 2+,Lm7nt 2((\/§Uk) —l—lmnt)
vr = ;% g(k) - eFret . 9 kE) g (2.10)
_ ar N (2.11)
\/(\/ﬁok)*Q + imint
hkg +\2
o (@4 Lol) = a D™\ ithow—wiot) . iso(e) (2.12)
2((V20,) 2 + i t) '



6 020 00000

0000w D hw =% 0p0D000000000006}06}0000000
000000000000000 e +af=10000(290(212)0000000
00

i ar” exp { o mt) (2.13)
T T o0 O 2o+ @) '
9 |ag |? ((z + Lo(§)) — vgt)
™ = ¢2w<<awo>2+<avt>2>exp{ (om)? + (0 t>2>} (2.14)

DDDDDDDD\/?UIODDDDDg(k:)DDDDDDDDDDDDDUQDDDDD

DDDDDDGWD\g(k)]ZDDDDDDDDDDDDDDDDDDDDDD
1 hkg h

V20 =——, vg=—, op=-—0 2.15

0= e v = Ok (2.15)

0000(213)0(2.14)000000¢; 0+, 000000 (Le(¢)00000000

0000000000¢(k &) 0 (k—k)ODODOODODDD000000O Le(6)00

gododboootooouooouoodooooooooooooooooooooa
O00000000000000000000000000 ¥g,,,0000

Wsup = N ¢i(koz—wot)
V(V20,0)% + i1t
(z —vgt)? ! idot ((x + Lo(&)) — vgt)?
X are — + ape'®s e —
{ I Xp{ 2(V20u0)? + i) [ T TP T 2(Vaoa)? +zit

2.16)

0000000d/0a;0 a0 0000000000000 O00OO0DOOOOOOO
000000000 I(¢)ooooooooooo

I¢) = / W2z (2.17)

m)? o ?
= (d}® +dj®) + 2asa) exp {— (24) (fo b Lg\(f)> } cos (¢o(§)) (2.18)

DDDD)\OZQW/]{J()DDDD(I/IDCLE[D 00ooooooOoOoOoOoOoOoOoO(218) 0
O cos(¢o(€)) 0000000000000 OO000DO0

$(§) 000000000000 DO0O0 kpODOODOODDODOODODOOOD (OO0
gdodbodod sep 0o onoooonoooooooa
O00o0x0 Le(§) 0000000000 0DOO00O0O00OOO0OO0OOOOOOG
000000000000 Ine00000 I, 000000 (2.18)00000
00 Y(ok, Lo(§)) O

1 — I
T L — _maxr —“mun 2.19
(O.Iw O) Imaa} + Imzn ( )



240000 7

2aal
= g7ﬁ§7ﬂmw%@»5 (2.20)

1 ik

21)2 /o1 L 2
I(ok, Lo(§)) = eXp{—(Q) (kﬁi(f)) } (2.21)
2
bobooo (2200000 ?ﬁ2mapz%DDDDDDDDDDDDDDDDD
ay tay

0Oooo00oo0o

T(o4, Lo(¢)) 0000000000000 030Le($) 0000000000000
00000000000L(§)0000000000000000000000000O
000000000000000000T,0000

I'(okLo(£)) > Te (2.23)

1
Lo()] < Lho , ZCE<) Lo (2.24)

gooog

24 00O0OO

0000000000000000000000000000000000000
00000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000 0000000000000000000000000
000000000 TN,=1/e00000000 Dok, Lo(€)) O Dok, Lo(€)) = To
0000000000000 0000000000000000000000000
0000000000000001/e000000000000000000000
000000000000

000000000000 (222)000000000000000000000 [6]0

(okiLi)?

N(L)= ] wp] (2.25)

1=x,Y,2

2

0000T = (Ly, Ly, L) 00000000000, 00000000000000
D00D00D000D00000000 1/e000000000000LS000
0oO ~
L 1 (oriL§)?
_1_ ki %) 2.26
T0) e 11 “pl 2 (2:26)

1=x,y,2

> (owLf)? =2 (2.27)

1=x,Y,2



8 020 00000

goooboooboobooboboobobooboobobobbobooboobobonobo
gooooboboboboooooooboboboooooobobobobono
gbooobooobooboobboobbbobobooboobooboooboanoobo
ooobooo Lpbobogoobooobobooooooobobooon LeDOO
ooooooooogd

0210000000004d

y4
y//l
/ I-_T
e
O ,_—"’/’/—"
~=2x
L.
0 21: 0000
L, = L, (2.28)

Ly = \/LZ"FLE (2.29)

00000000000 00000000000000
00D00D00200000000000y--000000000000000
(Oky = 0%z = o) DO 0 (2.27) 00 (2.28)0(2.29) 000000
> (owLf)? =2 (2.30)
i=L,T
00000000 0C
000000000000 0000000000000000000000000

OoobOOoOoooooDbodb o 0000D0OOO0OOOODOOOODOOO AOD
Ork000D00O

27
k=2 2.31
5 (2:31)
00000000000000000
of 2
Ay)* = Az 2.32
@7 =% (g an) (232
0000000000 AO000 60,0000
2 2
(02 = (Bon) = (-Bon) (2.33)

:W:%@ (2.34)



25 000b0ooboooooboooooo 9

(2.34)00 (230) 000000

2
P
3 (;TJML;?> —9 (2.35)
AO’L‘

i=L,T

OOo0D0X N OXNyOO0DOOOOOODOOOOOO

25 JUO0Ooobooooobobbod

gobobobooboobooboooboobuoobooboobobooboon
gbooboobobbooboobuoobobo2200b0o0obobboobooDg
bogbuoobooboobooboobobobobboboobboboobo
booobooobobboboboobooboobooboobooboobonobo
god

gbobobobobobooboobooboobobbobbooboobooboon
gooboboobobobobobuoboboobogooD 23240bobobobO
ooogoboboboobooobobooooboboooobobobooboooono
gboooboooboboobboobooboobooboobbooboboobbobobo
gbooopobooboobboobooboobboobooboooobon

0000 Aboss D000 D0O0O0O00000D000 wmeire 100000 2410

A
Wmoire = . Agcross (236)
S1n
2
Ab.0ss 100000
A
= (2.37)

wmoz’re’\“m
000000000000 =000000000000 wnere d 20000000
ooooooooo

An
= 2.38
Aloross (2:38)
) An
S AOeross < = (2.39)

—

0 22 000000000000



10 020 00000

A,

<<l ):é,é(’:rcm

i E7LRE

0 23 0000
0 24: 0000000

googbobooooboobobooooboobobooobooboboboooonoo
ooooogoo

26 O0OOOOO

000000000000 (218)0000000000 ¢o()0Le($)000000
0000000 ¢k,€)0 (k—k)0000000000000000000000O
00000000000000000000000 (23)0000000

0000000000000 000000000000000000000000
0000000000000 0000000000000000000000000
000000000000000000000000000000000000000
0000000000000000(23)000 Adenip(k,6)00000000000
0000000000 Adaige(k,n) 00000000000 70000000000
000000000000000000000000000 AL(pOD0O0O00

A¢align(ka 77) = AL(U) k (2'4())

0000000¢msn(k,€)0¢00000000000000000000(2.3)00
(Lx AE)0OOOO0OO0OO0OOOO

mn£

L2k
O0000000000000000000000000000000000000
D0000000 ¢k, 00000000000

Adsnipi(k, &) = (2.41)

¢(ka 6, 77) = A(bshift(ka 5) + A¢align(ka 77) (2'42)
- ;?:4—ALOn-k (2.43)

00o0o0oooO0o0ooo0oU (27yoo0oo0oU0ooOOypOOOOOOOO

Mn§

K2k

Po(&,m) = +AL(n) - ko (2.44)



26000000 11

LO(£7 77) = -

#%+Aum (2.45)
00000(218)0000 (2200000000000 0¢(&,7n)00000000Ly(E,7)
00000000000000000000000000000000¢000 AE
000000000 ¢o(6,7)0000000000000000000000000
00000000000000(244)0(24500000000000000000
00000000000000000000000000000000000000
000000000
0000000000000000000000000000000000000
00000 AE0D0O0O0O0000O000O00000O0 AEOOOOOOOOOOOO
0000000 ¢o(6,7)00000000000000000000O0O00AEDO
0000 ¢o(6,n0000000000000000000000 (244)000 AE
000000000000000000000000000000000000 LO
kO0DODOODOO0O000D000 S(L,k)O0000O

my, L My,

SR =3y = a2

L), (2.46)
goooooboooouoooooon
gddobooodoooobodoodoooooooooooooooooooa
0000 APO00DO00D00D000D0O000O000OO000000000000000
000000000 AEL<AE<ARD0D00D000O0O00D0O0DOO0DOOO0OO0000
gddodooboooouoooooooooo
my L

2L (ABy = Ay = S(Liko) - (AE; — AE)) (2.47)
0

gboogoooboobooobuooboonoog

S(L,ko) - (AEs — AEy) > Ad (2.48)
AD
SAE, — AE > ——— 2.4
? L= S(L, ko) (2.49)

0000000000000 00OO0O00oooOooooODO A9/SoooOooOog S
O00o0ooOo0oOoooOoooOoo sSob2000000000D0OO0O00DOOO0O
000 1/20000000 S(L,kp)OOODOOOOUOOOODOODOODOOOOOO
00000000 A¢ODODOOODOOOOOOOOOOOOO SOOOOOoOoOoOoo
gboooboobooboobooboooobboobooboobobobonobo
gboooooooooooooobooboobobobobobobobobobob
00 S(L,ky)DOOOOODOO0OO (246) 000000000000 00OOOOO
LoogoooobooobogoobobobooooognD ypoubobobooo
ogoooboboooooooLgoooooobboouoobbooobboooboboooDboboOoo
oboboboobooooooboboboboobooooboboboboobooooL



12 020 00000

00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
0000000000000 000000000000000000000000
000000000000000

0000 AyD0D0000000000000000000000000S000
L0 X\e0000000000000000LO0000000000000000
000000M,00000000000000000000000000 1A00
000000 10A00D00D000D0000000000000 60A000000
00000000000

00000000 COWOOOOOO0O0O0000000000000000000
000D00000000000000000000000000000000000
00000000000 (23)000 LOOD000000000000000000
000000000000000000000 A0 AEDOODOOOOOOOOOO
000 00000000
myg
2k
000 [1200000000000000(246)000000 AEODODODO
sina000000000000000000000000000000000

Adgift(k,€) = Asina (2.50)

m%g m%g)‘no
S(L, ko) = h2koA = - A (2.51)

gbooboobbobbuoobuoobooobbooboobuoobobobobo
boooobooboobboobooboobboobooboobbooobooo
cowdoopooooOopooopoOoOoOo sibooooooooooosibogoo
gboodgbuoobouogboobooboboboobobboboobuooboobg
O00000006AODDOOOODOOOD2A00000000000000
D000D0COWDOOOODOOODOO00OD00.8024A000000000000
0O020A0000SI000000000030°0000000000000000
60c000ODO00bOOO00DbOOoOOoSibooooDoboOoOoooo Ssiboog
oboobooooooooooooooooooooooooo
oooooOooOooOooboOobOOoOooOoOoDODODDODDODDODODODOO Mach-Zehnder
oobobooobooooooobooooobooboobbooboobooloboobo
250000000000 Si0D00000000o0o0o0ooooooooooooo
booobuoobooobooboooobooboobooobooboobonobo
booobooboobooboboobobobobobobboboobooobooboooonoo
D0000006AODDDODDOODOOODOOD 10°0000000000000
gboooobooboooboboobooan



26000000 13

U 25:0000Si000000000000000 Mach-ZehnderOOOOOODO

00000000000000000 ROOOO((251)0000

SVC’N )\VOCNAVCN
_ \nl

R (2.52)

~ gcow ACOW gCOW
n
ooooveNcowoooooooooooooo cowooooooooooo
gboobooooooon
oo0o0o00000000000000000000000000000 6p00
O0000000000000 AO

2
A= 3 tanfp (2.53)

0000(252) 00000000

VO tan gYON

R= 2.54
)\goow tan GgOW ( )

AEN =60 [A]O 03N = 10°0AGPW = 2.0 [AJ005°W =30°0000000
R=09.16 (2.55)

gooooopooooboocownhoooooooopoooo9pboUooboboooo
000000000000 OMach-Zehnder 0O OO0 SiOO00O0OO0O0ODOOOOO
gboobboobuooboobboobooboobbod
gobobobooboobooboooboobooboboooboooooooboon
oobobooooboboboboooooboboboboooboboooono
OLrLo00boboooooboobooboboooooboboooooooboooo
SiDOOd00O0OO0300b0000oooooooood
gcoocowooooooooooooooooooOoOoooooooDooboooo
boogbuoboobooboobuooboobuooboooboobooboobo
00000000 MINE20OOOOOO [fJUooO0O0O0ooo 10ADDDDOD
OsibobooooooooooOoOoOoOoboOoboOoboOOoObOObOOOOoOOOoOoOoO
OO0 1°ro000b0oboooo0obobO0obOo0oo0oboOooDoooDOooboODo si



14 020 00000

gbooobooboobooboobobboboobooboobooboobo
gooobooboboboooooboooooboobobobobooboooboboboo
gbboobobooboobbooboobooebuoobboobbooboonbon



30 oougbod

000000 S0000000000O00oO00o0oo0oDO0oooooooDoooo
ooobooooooobboOooboobooOoOoo sioboooobooooooboobooo
gboooboobbobbooboobooobooboobooobooboboobonoono
gobogboobooboobuoobuooboobobooboobuooboobo
gboogbugboobobooobooobooboobooboobooboobg
gboooboobobbobobobobooboooboobboboobooobobonobo
gooobooboboobooboobooboobuooboobuooboobo
gobooboooooooooobooboobooboobooboooD NiDTiO
gboooobooboooboobooobbooboon

3.1 Uooood

gooooboboooooobbbtoooooooooooooDobobooooon
googbooboboobobobooooobooboboboooobobobooono
udobbbooooobobbdooooubobobuoooobbbbooooouboo
gooooooooooooooon
oo0o00bo0db0boboboob 0o b0o NODO0OnbOODOOODO
udbbtbdoooouobobbooooouobbobbboooouobobobbooooubooo
goo

2dsinf = n (3.1)

uboboooo imoboooooboobooboboboobooboobooooboobonoo
gbooobooobooboooobbon=10000000000000O00DO0ODO

2dsinB

U 31:000000

15



16 030 000o00o

gboobobooobbooobbooobboooobobooobboooooboboon
Nig Tiboooooooooooooon

3.2 OOOUono

0000000000000 000000000000000000000000
D0000000000000000000000000000000000000
00000000000 000000000000000000000000000
00000000 (3.1)000000000000000000000000000
O000000000000000000000000 8000000000 00O
0000000000000 0000000000000000000000000
D0000000000000000000000000000000000000
O000000000000000000000000000 50A00 500A000
[9][10][11]00000000000000000 Ni/Ti00000000000000
O000010°000000000000000000000000000000O0
D000001°0000000000000000000000000000000
Do0oo00o0o00O00d
00000000000 10°00060A000D00000000000OO00
DO00O0OONIDO Ti00000000000000000000000000000
00 (n=1)00

d=172.8 [A] (3.2)

obdJ00000000obobOboobobooobooobooboDbooboooDO
D00000D00000000000000001A000000000 NiO TiO
d/2:86.4[A]DDDDDDDDDDDDDDDDDDDDDDDDDDDD

Ni : 107.7 [A]
Ti : 83.3[A]

good

3.3 Uobboooood

0000000000000 0000000O000D0D0OOOOOOO 12000
gbooobooboobooboobooboobooboboobooboono
goooboboooooboboboooooobobobooooooboonoo
boooboobooboobooobooboooboobooboobobonbbo
googn

Ooo0ooooooooo0oOooooooDobDeOOD EKOOOODODOCODOOO
uboboooboboobobooooboboooobuooobooooboobooooboboon



33000000000 17

000000 k=ksinf00O00000O0OOOOODDOOOODODOOO;00O
000000000000 v;DO0oO000000 k;00000(2.1)0000

2m,, V;
2 nVj _ 272 12
k2 — 5 —njk —kj (3.5)

xT

gobooooooooobooo;,00000000000000000000000
ooooogog

Hoj(x;) = Egj(x;) (3.6)
., h? d?
H=-""2 1V, .
2my, d:v? Vi (3.7)
h2k2
E=—24+V; .
o, Vi (3.8)
O0ooOooooooooo
a2, (x;)
gz Thvi(e) =0 (3.9)
J
oo0ooooo
@Z)j(l’j) _ CcOS k‘jl‘j kijsin kacj ¢j(0) (3 10)
V() —kjsinkjx;  coskjx; ¥5(0)

000000 ;00000000d;00000

( ¥;(d;) ) _ ( coskjdj - sink;d; ) ( 1;(0) ) (3.11)
1/13 (d]) —k‘j sin k‘jdj COS ]{Zjdj 1/);(0)

jOo00;+100000000000 z; =d;,z;4.1=0000000000000
0000 ¢;(dj) =v;+(0)0000

¥i11(0) ) M ( ¥;(0) > 319
(;H@ i\ o) (312
M — cos k;d; % sin k;d; (3.13)

I —k‘j sin k‘jdj COS ]{jdj '

00000000000 ¢;0700000000000000000000000
ooboboo NOODOOOobOooooboobooboo N+10O00Db0o0booo

dodooodooodg
v ) { voldo)
(%Hm>‘M<wmw> (3.14)

M:Mwwmm:<m“”m> (3.15)
ma1 M22



18 030 000o00o

OO000O000O0O00bD ADDODODODOO0 pOODODOOOOoO cooooo

1/10(170) — Aeikoxo +Be—ik‘0:€0
¢N+1($N+1) — CetkN+1ZN+1

ooooobooooooood
Yo(do) =
1o(do)
YN+1(0) =
Pi41(0 ):lkNHC
000000 3.14)0ooooood

C mip mi2 Aetkodo 4 Be=ikodo
Z'kN+1C B mo1 M22 iko (Aeikodo — Be*ikodo)

oboobooooooobooooooooooo ROUDOD TO

zkodo +Be—1k0do
(Aemodo . Be—zkgdg)

R o_ _ (kyyimn — komaz)? 4 (knt1komiz + mar)?
= 2
(knt1mar + komae)? 4+ (knt1komaia — mor)
T — kN+1 ’ Ak 1ko(maimaz — migmar)?
(knt1mat + komag)? + (knt1komiz — map)?

goopooogooog

4k n+1ko(miimaz — miamag)
(knt1ma1 + komaz)? + (knt1komiz — map)?
000000 T#1-RO0O0OO0O

1-R=

mi1Mmoo — Mi12M91 = det M = (det MN) e (det Ml)(det M())
O00000detM; =100
mi1mae2 — MiaMay = 1

o0 Tr=1-RrROOOOOODO

34 UUOOLOOOOOOQOO

(3.23)

(3.24)

(3.25)

(3.26)

(3.27)

ooboooogNOTiboobooooooooboooooooobooooo
boogbuooboooboooobooboobooboboobooboobonobo
gbooooboobboobooooboboobobooboboboooboobbonbDbo
53%0000 10mrad 000000000000 000000000000DOO0 60A
bobodboboobooboobooboboobobooboboobobo2o0
gboooboooboobooboboobobooboobbobbobooboobbonobo

oooooob 200000



3400000000000 19

oooood
Vertical Wavelength [ A] Vertical Wavelength [ A]
250 300 350 400 450 250 300 350 400 450
= 1 T T T T = 1 T T T T
£ / " 5 7/ -
] / RN S / N
= / ™ = 4 Y
:42 -1 / \—\ E -1 /
10 7 10 7
Fa £
# i
F i
102 .j 102 ’f
l"’ f;
4 7
//
1079 50 60 70 80 1079 50 60 70 30
Wavelength [A] Wavelength [A]
0 3.2: 200 Ni:105A/Ti:82A 0 3.3: 20 0 Ni:92A/Ti:92A
ogooooo
Vertical Wavelength [A] Vertical Wavelength [A]
250 300 350 400 450 250 300 350 400 450
& // AN & // N
U ]
107 7 \“v' 10 / \ %
/ / Mo
£ £
/ Fi
107 j 107 j{
7/ 7
/ /
7
Y TR—T) Y T R—T)
Wavelength [A] Wavelength [A]
0 3.4: 80 Ni:103A/Ti:78A 0 3.5: 80 Ni:89A/Ti:89A

gbobooooooboooboboboooboobobobooooooDobOobobo
ooboboobooboboboooooobobooobooooboboboooono
goooobogoboooooooboobooboooobooboooooobooboooboono
oooobooboboboooooboooobobooooooobobobooooo
gobooboboboobobobooooobooboboboooooooboono
gooobooboboooooobooboboboboobooboboobobobooooo

gboogobooon



(1400 Jaminl 0O 0O O

Jamin000000000000000000000000000000COO0O0
00000000000000000000000000000000000000
0000000000000000000000000000000000Jamin0
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
0000A/100(A =630nm) 000000000 [12],[9]0

s

T

O 4.1: JaminOOOO

4.1 UOO00OOogooooobooogoon

gobooboboobooboboobbobbobobobboboboobooon
gboogbooboobuogbuooboobooboobboboobobobbo
boooboobooobooobooboooboooboobooobooboobooono
gobogbooboooobooboobooboobooboobuooboobo
gboodgbuobobboboboboooboobuoobooboobooboobg
boboboboboboboooooobobobpoooooobobobono
goboooobbooobbooobbooobobboobbooobboooo
(23)000000000O00O0OO0O0DOOOO0OCODOO0OOOOODODOODOOOO
ubooobooboobooboobooboboboboboboobooboobo
gooobooboobooboobooboboobooboobuooboobo
booboobooboobuooboooboobooboobobobbonobo

20



41000000000000000000 21

\\%\ \

0 42: 0000000000

goooooobooobobooboob42000000ob00obooooooooooog
oooooboooooo0o ROODODUOODOOO sbOOoOODO pOOODDOOOD
O0000606ADDUODODUNDNOONDNONONDODNONONDON 00000000
o0J0b0boboboobogboobooobooboobobobboooobouoboDbog
gboabboobudoboobboobuoobbobbooboa

e 000 6,00

gooooggodg
sinf  cosf”

— =7 4.1
sin@  cos¢’ (4.1)
f0¢’'0ooooooo

0 = sin! <Sm'9> (4.2)

n
0" = cos™ (ncos) = cos* < n? — sin’ 9) (4.3)

e JIIUDOODO d,d

D

d = 2lsin¢ (4.5)
d ,

= s cos = 2l tan 6’ cos 0 (4.6)

e OO0 wau'

0000000000000 (s)0D00o0ooobO0o0o0oobooboOoOooOo
gboboobooobobooboooboboooboooboooon

w = sxsinf (4.7)
/

w
wo= cosf = s x tan 6 cos (4.8)




22 040 JaminO DO OO

goboboboboboobooboooobdd—-w>00000000

e JOOODOOODOO

goboboobbooobobooobbooobooooobooboooooboooooDoo
gboboboooobooooobooboooooobobUobobobon RO
ggbobooobboobobbooobbuoooboboobobooobooboonoon
ooboboboboooooooobooobobobobobo43bobO
gboobooooooon

20 —
s=a—— S:2y (4.9b)

{ 2 +9? = R (4.9a)

gopboooo

| =

y:

l{m—g)i$(m—sﬁ+5{Rl—(%;“32}} (4.10)

gobodoboobbooboobboobooo

s§2y_§{—@L—ﬁid(%—sﬁ+5{Rl_(ﬂ;SY}] (4.11)

R
K (x,y)
2l-s
0 R «x

N

0 43: 000000

000000000000006=10°0d—w=18mmO000000000000
00000000000000000004100000000000d—w = 1.8mm
000000 (4.6)0(4.8) 0000

d—w= (2l —s)tan# cos = 1.8 (4.12)

1.8
20—s=—+——~11.5 4.13
5 tan 6’ cos 6 ( )



41000000000000000000 23

RN 000008020
000000 90.9 [neV]
ooo 0.998
oo 42 [mm)]
000000 30 [mum]
oo 12 [mm]

0 41: 0000000000000

0000 R=1smmO (411)00000000
5 <9.12 (4.14)

0000000000000 000000000000O0000000 (4.13)0(4.4)
goog
D =ltanf" ~ 1.82 (4.15)

gbooooooooooooboooboobgogon

D =18 [mm] (4.16)
$s=9.0 [mm] (4.17)

gbooooooooooooooobooooboooong

w~1.57 [mm)] (4.18)
d—w>~177 [mm] (4.19)

gboooooooooomo4400000000Db0ODODLDODOOODOOD

30mm

D

1
1
|
15mm :
1
1
1
1
1
1

9.57mm

9n£1m

0 44: 0000000



24 040 JaminO DO OO

4.2 0OOOOOO

ooooobo0 1.smmO00000000 JaminOOOOOO0OO0ODOOO0OOOO
4500000000

T~: \A/ = ~® f? éﬂ
i N/ i :
T 100mm 200mm ¢ 100mm |

0 4.5 Jamin 00000000000

4.3 UO0O0OO0OOO0OOO

g3ooboooboobooobooboboboboboobooboobooboon
ooboboboobobobooboboboboooooboboboooono
ugodg

4.3.1 00O

goboooboobooboobooboobooboboboobboobboobooon
gboobooboooboooboobboboboobboboboobooboono
oboboooooboobobooobobuobuo NNgooboboooboobuobooo
oobboobooobooboobooobooboobooooDo NNgbooobooooo
boooboobooobobooboobooboobooboobooboobo
uboooobooboobbooboobbooboobn

ooooooooobooDot w»ObOoO0Do0obo0oob0 wboboooooogl
oboomobo46e00000000000O0ODODLDODOOOOOOO 46000000
Omaz0 0, DO O0D0O0O

1
ltan 0,00 = §(w1 + wo) (4.20)



43000000000 25

0 46: 00000000OO0OO

1
ltan 0,,;, = §(w1 — wa) (4.21)

gboobobooboobbooboaoo

w1 + wo
Omar = ———— 4.22
57 (4.22)

w1 — W
Omin = ————— 4.2
57 (4.23)

oood
000000000000 DOOOOOOODOOOODODOOOODODOfMODOOO

gbbooobuodgbobooobuoobbooboobbooboobbuoobodn a
gooog

f(0) = aw; (16] < Omin) (4.24a)
fO)=a <;(w1 + wsy) — Ltan \9;) (Brmin < 18] < Omas)  (4.24Dh)
F(6)=0 (Brmaz < 16)) (4.24¢)
000oooooooo0ooooooooooooooogo
tan 6] ~ |0)] (4.25)
000000 f(6) 0
£(0) = aw; (16] < rmin) (4.26a)
f(0)=a (;(wl + wy) — l|9\) (Omin < 16| < Omaz) (4.26b)
f0)=0 (Ormaz < 161) (4.26¢)

oobooboboobbooboobooooooooo 4vobobooobbobooo
Uw =w 0000000 4800000 30000000000 0O00O0O0O0ODOO
gbooobooboabd



26 040 JaminOOO0O

¢ /ndf 3.787¢+06/ 19998 2/ ndf 1.165¢+06/ 19998
300 Constant 2235 - 01902 300 Constant 2455 - 0.1116
o Mean -1.652¢-22 - 19.46 o Mean 6.068¢-23 - 10.79
L Sigma  0.001855 — 1.689¢-06 + Sigma  0.001658 — 8.507¢-07
250 5 .
200 — .
150~ ] ]
100 — ] ]
S0 = ]
-0.005 0 0.005 0.005
[rad] [rad]

0 4.7 00000000 048 00000000 (w; =ws)

ugboooboboooog

000000 fODooOoUooooooUoooooo

/ £(0)d0 = 1 (4.27)
ooooooooooon l
= (4.28)

gbooboboobuoaboboobd

goog

goboboboobooboobooboobooboooboobbobboboon
gbooobgoooboodan

0000000000000 060
g— / 01 (0)do = 0 (4.29)
0oooovo
Vo= / (0 — 0)2f(8)d6 (4.30)
—00
= 2 6#*f(9)do (4.31)
0
2 2
_ wy Fw;
= are (4.32)

00000000000 690
op = VV (4.33)

1w} +wl
= —\—F= 4.34



43000000000 27

U0o0bdblDw 0w 00000000000 3000000000000O000O0
0000000000000 434)00000000000DOOO0OOO0OO

oobooboooooooooooooo0 iDwbw,00D0O0OO0ODOODIODOO
gboogbooboobobobobooobooboomo4sb0bo0booooo
googboboooobobobooooboobobo10obobooooobooDo
ugodg

[ ~ 400/cos@ (4.35)
~ 406 [mm)] (4.36)

ERERERN
ddwbw, 0000000 0O0O0O0O0O0O0OODOOOODOODODODOOOOOOO
oo 4400000 oooooooobo

gagn
w=sXsinf (4.37)

O0000000w0O0O0O0OD0O0O00sO00000 1000000000005 =
9mm|0#=10[deg| OODODOOOOOOOOODODOO

w ~ 1.6 [mm] (4.38)

00000000 w=15mm|00000000C0COOOOOOOOOOOOO
g
wy = wy = 1.5 [mm] (4.39)

0000000000 (434) 00000000
o9 ~ 1.51 x 1073 [rad] (4.40)

gbogboboobuodoboobboobuooboboobbod

4.3.2 ODUOO0O0O0OOOOO

goboboobooboobuooboobobbooboobooboobooon
gboooooooooooooo4904.1200000



28 040 JaminOOO0O

ogooooad
Vertical Wavelength [ A] Vertical Wavelength [A]
250 300 350 400 450 250 300 350 400 450
z ! : S : \ : : & ! : i : \ : :
z / \ Z [ \
f VA Z / Wa\
z ., N TIEAWAR . Al AW
10 1\ by 10 Vi i
T v \ R ¥ 1o
[ vy \ Ay Ty
N TR N |
102 N / \ ] e L v
iy N
AW (RN
[V iy
[T IERR T
107 LU 102 (R
40 50 60 70 80 40 50 60 70 80
Wavelength [A] Wavelength [A]
0 4.9: 20 0 Ni:105A/Ti:82A 0 4.10: 20 O Ni:92A/Ti:92A
oooooa
Vertical Wavelength [ A] Vertical Wavelength [ A]
250 300 350 400 450 250 300 350 400 450
. 1p ; ‘ ‘ ‘ 1 ‘ ‘ ‘ ‘
E E
] ]
=10 / F10 / \
]/ \ II II ‘\ /I
/ | S / \ /
/ ‘\\ // / N\ f
102 ,/ Yoy 102N / \ ,/
i - 1 i v 1t
. ¥ A vl
[\ V - \
107, L - - 10%, | 1
40 50 60 70 80 40 50 60 70 80
Wavelength [A] Wavelength [A]
0 4.11: 80 Ni:103A/Ti:78A 0 4.12: 80 Ni:89A /Ti:89A

gobooboobooboob 3203s0b00noooboobobooboon
gbobgoooboboooobobobooooboboooboboobobo
gbooboboobooboooboobbooboobbobbobooboobobonobo
gboopoobooboobboobooboobooboobooboobooboobo
gooobooboboboooboboooooobooooobooboboobooono
booboboobooboooboboooboooboonoobo Ni:105A/Ti:82ADDD
004900000000 Ni:103A/Ti:78ADDDDDO 41100000000

4.3.3 ODUO0OOO0OOOOOOOOODbDOOO

gbobobobooboobooobooboobobbobooboobooboon
O000O000O00oOodO0ooOoOoooOoILLO veNOOOoOOooooooooooo



440000000000O0DODODO 29

gboooboboboboboobooobobooboobooboobonobonobo
0000000000000 000000 (FWHM)5.3%0 00000000000
oooooobob0JaminO0OOO0OO00OO0O0O0O0O0OO0DOOOOODOODOOOOOOO
gboogboobobobooboboobooboobooboobobobonobo
goooboobogobobooooobooboobobooooooobooboboooono
O000053%0000000000000000000000O0DOOOOOOOO
gboobooboobooboboobooboobooboobooboobo
0000000 (FWHM)53%0 00000000000

4.4 0O0O0O0OOOOOOOOOOOOO

gbobobobobooboobooboobobbobboobbobobooboon
booobooboooboobooooobobooboobooboobonobo
googobobobooooooboooooboobobobooooboooono
booobuooboobooobuoobobboboboobobooboobonobo
gboooboobooobooooboooboobooboooboobooboobo
oooooooooboobobobobboboboboooooooooooooDo
gbooobooobooboobboouobbooboboobbooboboobbobbo
gooooboobooboobbon

4.4.1 DOO0OOOO

gboboboboboobooboobobooboobooboobooboon
uboopboobobboobooobobbobboboboboooboobonoDbo
ooooobooboboboobooboboooobobobOo JaminDdoOOO
ubooboboobooboobboobooboon

good

00000 (230) 0000000000000 0OOODOOOOOOOODOOOO
OL,0L00000000020000000000000DO0O00ODO0O0ODOOO
ubogbuoobobbobuoobuooboobuooboobooboobonobo
googooon

(230)00 L, 0L, 0000000000000 ODOOOOOO

=2 (i=LT) (4.41)

)
Oki

googoog



30 040 JaminOOO0O

0000000000 L, 000000000000000000 Azpwaym = 5.3%
UboobooooooooooooooooobooboobDobong o O

Op = ———8 (4.42)

D0000000000000 L, 00(4.41)000
Ly ~2.55 x 1078 [m] (4.43)

0000
000000000000000000 Ly000000000000000000
00000000000000000000000000000000000000
000000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000 (4.34)0000
00000000000000000000000000000000000000
000000000000000000000000000 60000000000
00000 kpO

ke = kosin 0 (4.44)

O000kUO0O0O0O000000000000000000 1mradJ00 (4.40) 0
OOo0oDbOoOobooOoobDOosind~600000D0

by = kof (4.45)
Oo0oooOond

ok = koXO‘g (4.46)

1w} + w3
1~ "2} 4.47
V61 2 0 ( )

000000000 wyy=w, =w, 10000

1

ok = jgﬁm% (4.48)
- J%%miz (4.49)
D00000wg; = 1.5 [mm]017 =406 [mm]0 Ao = 6.0 [nm] 000000
opr =~ 1.58 x 1073 [nm™] (4.50)
000 (130000 LyO (441)000
Ly ~8.96 x 1077 [m] (4.51)

ugoogan



440000000000O0DODODO 31

god

000000000000000000000000000000000000000
00000000000000000000000000000000 (2.39)0000
0000000000000000=2000000000000000 w=1.5[mm)]
00000000(239)0000

Abross < 4.0 x 1079 [rad] (4.52)

gboog

4.4.2 ODUO0O0O0OO0OOOOOOOODO

Jamin0O0O0O0OO000000O00O000000000 413000000000@
gboogbubboobbobooboobooboboobooboobooboobo
00000000@OO0O000000000@O0O00000000000000
gooobuooboobooboobooooboobooboobuooboobo
gboogbuoboobbobuoobuoobuoobuoobuooboobooboobg
gbooboooboooboobooboooboooboobooobooboobooono
gboooobooboobboobuoobboobooobo

AD,
Ad,
i 9 402
20, 20Q

TAAVQ L ER
400@ /
IHAVQzk
IG‘D/@T%HQ

0 4.13: Jamin00O0O000O0O0O0O0O0OO



32 040 JaminO DO OO

443 00000000 JaminODO0O0O00O0C0OO0OOO0ODOOOOOO

ooogno 1pmb200cm 000000000000 JaminODOOOOOOOOO
gooobobobooooobobobboboboboooooboboboooonoo
oobo030b0oooboooboo MINE2ODOOODOOOOMINE20000D00O0
0088umI000000FWHMOO 24%0000000000000000000
oboobobooboobobooooboboobooobobobOobboD 4500
gboooobooooan

goboobuooboobooboobooboobooboobooboobobon
oboob45000000000000DO0000O0ODODOOODOOOODODODO
ubogbuoobooobogbuooooboobooboobooboobonobo
gboogoboboobooboobboobuoobbobobodb10pmb200pum 00
Ubooooooooobommo 4204300000000

oooo® oooo®
A0 +1.38 x 1073 [rad]
Ol Ag¢ _ +4.70 x 1072 [rad]
E ADio | £6.84 x 1078 [m] | +6.84 x 1078 [m]
O | Afyo | £1.42 x 1076 [rad] | +3.84 x 107% [rad]
Agro | £8.18 x 1076 [rad] | £2.20 x 1075 [rad]

Af

0 a9 — —

0 | ADio _— _—
O | A6 | £1.88 x 1076 [rad] | £1.88 x 1076 [rad]
Agra | £1.08 x 1077 [rad] | £1.08 x 107° [rad]

0 42: 00000 1opmO00000000OO0OOOOOOOOOO

Dooo® 0oooo®
Ab 16.88 x 1075 [rad]
O] Ag¢ _ +2.60 x 1073 [rad]
B ADys | +6.84 x 1078 [m] | £6.84 x 1078 [m]
O | Abo | £1.42 x 1076 [rad] | £3.84 x 1076 [rad]
Agro | £8.18 x 1076 [rad] | £2.20 x 1075 [rad]
Ab
O a9
O | AD1p — —
O | Abo | £1.88 x 1076 [rad] | £1.88 x 1076 [rad]
Agro | £1.08 x 1079 [rad] | £1.08 x 107° [rad]

0 43: 00000200m0O00000000000000O0O0O0OOO




440000000000O0DODODO

33

4.4.4 OUOO0O0O0OOOOOOOOODO

gbobobooobooboobooboobobbooboobooobooooboon
goboooboooooboooboobooboobobobobobooboobooDboo
O000000000000000060AD0D0O0O0 5.4%0000 1.51x 1073 [rad]
oooo0o440000000D0ODODOD

oooo® oooo®
Ab +7.65 x 1079 [rad]
U1 Ag _ +2.89 x 1074 [rad]
E AD;o | £6.84 x 1078 [m] | +£6.84 x 1078 [m]
O | Afo | £1.43 x 1076 [rad] | £3.87 x 107% [rad]
Ag¢ro | £8.18 x 1076 [rad] | £2.21 x 107° [rad]
Af
0 i
0 | ADis R S
O | Abpo | £1.88 x 1076 [rad] | £1.88 x 1076 [rad]
Agr2 | £1.08 x 107° [rad] | £1.08 x 1075 [rad]

0 44: 00000 1.8smmUJ00000000O0O0O0OOOCOOO0OOO

4.4.5 0O0O0O0OO0OOO

JaminOOOODOOOOO0O0ODOOODOOO0OOOOO0bOobobooooooboooo
gboogbuoobooobobooboobooboobooboobobooboobo
goooboobobobooboooobooooboJaminD00ooooooboobooOoO
googobooboonooa

gbbobobooboobuogbuooboobuobboboobooboobgaon
ubobooboboooboboobobobooobboobobboo 200emd0nonbooo
gboooooooo20pm 000000000000 000O000O0O00O0DO0O0O0OD0O0O0
gooooboobobooooooobob0 imbobOobOobOOOoDOObDObOOO
uboooboobooboobooboobobbobobobobooboobonobo
ooooog

ooooobooboooboboboobbo0obb0odb10pmd200pmO1.8mmO 0
ubooobooboboboobooboooboobooboobooboobonobo
ooogboboooobooboboooobobobooooboboboooonoo
boogboooobooboobuooboobuooboooboobooboobo
O0000000000000000000AD1,0A6,20A¢,,00000000
oooobooboboooooboobobooooboobobooboooobooono
000000000 000oDooOoCoAD A OO0 0oooooooboboOd



34 040 JaminO DO OO

gbooboboobbooboobobooboobooboobbooboobobonobo
googboobooboobobooooboboboboooooboboboooonoo
gbooboboobuooboobbooboabo
goboobobooboobooboobobbobooobbobbooboon
googboboboobooooobobooboboboobooboboobooobono
O0000000000000000 A/1000A=630nm)0 000000000000
gbooooobooboobbooboonoobg

4.4.6 DOUOOOOOO

gbobobobobbooboobooboobobboboboobbobbooboon
gooobooboboooobobooboobooboooobooboboooboboo
oobogoobooboboboooobbobooboooooboboboboooono
ubogbuoobooobooboobobooobuooboooboobooboobo
gbboobobobobooooooboboboboboboboooooooboo
goboooboooboooboooboooobobooobboooboboooobooon
bmobooobooobooboboobobooooboboooooboboboobo
googbooboobbobobooboobooboobooboobbonbbo
gooooooon
gbobobooboobooobooobooboobobboobooobooobooooboon
gbooobooboobgoobooooboobooboobooboobooobo
gbobgobooobooboboooboboobooobobooboboboobobo
gbooobobooboobobooboobooobbooboooboo
gobobooboobooboobooboobobooboobooboobooon
bodgbugobouogbogbuoobobuogbuoobouogboobuoobooobg
booobobboobbobooboooboobooboooboobooboobonoono
googbooboobooboobooboobooboobobooboobo
gbodgbugoobouoobodgbuoobuoobuoobuooboboobooboobd
bobobooooobobobobbooooboboboobbooobobono
gboogboobooboobooobooboobbooobooboobooboobo
gboogbobooboobooboobooboobooobooboboboobg
goooboobooboobooboobJamin0 00000000 O0OOO0oDOO0ODOOOO
googboobooboobuoobuooboobooboobobbooboobo
gboobobooboaobboobuoobboobuoobobon



440000000000O0DODODO

35

ADI®D R [m]

x10”,

50— —
o _
50— -
L RN IR S AT ST SN AN SN S S NS SO S '

0 0.2 0.4 0.6 0.8 1

T40UEOER m]
4.14: AD;000O0DO0OOCOOODO
x10°
Py T T T T ]

A0:1D ER[rad]

1 L

P P
0.2 0.4 0.6 0.8 1
T30 VRO m]

0 4.16: A, 0J0000O00OOO0OOO

&

?

A1 EFR[rad] _

STal

>
T

|

AYD E[R[rad]

| I

P P IR
0.2 0.4 0.6 0.8 1
T4 0UEOERm]

0 4.18: Ap; 000000000 OOO

AO®D EFR[rad]

<0

=

|

P RIS R
0.2 0.4

N I
0.6 0.8 1
THBUEOERHIm]

0 4.20: ApOO0O0OODOOOOOOO

R

AD20) EBR[m]

=50

| I

L PRI
0.2 0.4

P S
0.6 0.8 1
T 0RO m]

:AD, 000000000000

AB2D £ R[rad)]
=] wm

n

—
S

| I

P RIS R
0.2 0.4

N I
0.6 0.8 1
T30 VRO m]

0 4.17: A, 00000O00OOOOOO

10

e

<

| I

P RIS S
0.2 0.4

N I
0.6 0.8 1
T4 0RO m]

0 4.19: A, 000000000000

. AOD EFR[rad]

| I Y

L PRI S
0.2 0.4
T2 0UEOERHm]

P R
0.6 0.8 1

0 4.21: ApOD0OOODODOOODOOOO



[1 500 Mach-Zehnder (1 0 [ [

oobooobooobooobootbJaminOgoooooooooboOoooOoO
O0000D00OMach-Zehnder 0O OOO0O0DOOOOOOODOOOMach-Zehnder
obobobooboobooobD JaminOoO0OOO0O0OO0OO0O0O0D0O0JaminOOOO0O0OO
oo UgboUUg o
Mach-Zehner OO0 0 OO O0O0OOOOOODOOODOOOOODOOOOOOODOO
gooobooooboobobooooboobogo 1o dJaminooonog
gbobooobbooobbooobooobobooobboobobbooobboo
gooobobobooooobooboob Jamin000O00O000O00O0ODOO 410
gboogoobooon

O 5.1: Mach-Zehnder 0 0O 0O O

5.1 JUOouoobogoadd

Mach-Zehnder O DO DO ODOODOODOODOODOODODODODODODODODOODOO
gobogboboooooboobobobobobobobobobooboobOoboboo
gbooobooobooboooboooboooboobboobbobooboobobonobo
gboooobooboobboobuoobooboboobg s.2tm

gbobosi1oooooooooobooobooooooobobboobooooon
booobooboooboobooboboobooooobooboobonoono
gbogooboobooboboobuooboobbooboobooobobooboo

gboboboboboboboobs20b0b0obOobOobOobOOobOobOobO
boooboooboooboooboooboooboboobboboboobooobooono
boogbooboobooboobobooboobooboobooboobo
gboogbuogbooboobobobobbobobooboboobobbobobo

36



22000000 37

0 52: 00000

0000000000000 000oDo0o0ooo0ooooDOooooooooong
00o0d0oooDdooooooooOdboooooooooooooooooooag
O000d000o0d0oU0odoooodooooooooooon

000000 000o000oo000ooo00oDoooooooooooOooooon
oddoodooooooooooodoooooooooooooooooooog
0000000000 oOo0bOO0o0bO00bOooobOoboO0nD ~10000004 ~ 1.460
000000000000 00o0oDO0ooooooooOoooooooooooonog
Odo0doooDdoooooooooooooooooooooooooooooag
00 Mach-Zehnder 000 O0O0D0OOO0OOOO

5.2 0OOOOO

ooboooooooooos3gbbooooooboo0Jamind0oooooooO
oobobobooooboobobobooboooboboboboooboobOooooonoo
OO000O000O00D0oO0oDO0oO0b00JaminO0O000O00DOODO Mach-Zehnder
O0000@o@eOOO0O0oooooon

35—-Q

—gmmm—————

100mm 400mm ' 100mm

O 5.3: Mach-Zehnder OO 0D O0OOO0O0ODOO



38 0O 50 Mach-Zehnder OO O 0O

5.3 UUOUOOooooog

0300 Jamin00000000O0O0O00OOO0ODOOO0OOODOOOO0ODO0O0O0
oboboboobobobooboboboboob JamindOoOOOoOODO Mach-
Zehnder D000 0OOO0OD0OOO0DOOOOOODOOOOOODOD

5.3.1 00O

0000 Jamin00000000 (4.39)000000000000000O000O0OO
oooboogboiDwOw 00000000

O JaminO000000O0O000O0O0O0OOOOO0ODOOOOOOODOOODOOOOD
oobboo00JaminOO0 00000000 O0O0ODO0O0O0O0O0O0ODO0OODO0OJamin
0000000000000Mach-Zehnder 00000@QUODO@OI@OIODOOO
000UIE@IDDD@GIDOONDONDDNONONDONONDONDOOonO IO

[ ~ 600/cos6 (5.1)
~ 609 [mm] (5.2)

00000000000 Jamin000000000000000000000000
w;0wy, 0 Jamin 000000000000000000000000000OMach-
Zehnder 00 Jamin 0 000 0000000000000000000000000
00000000000000000000000000000000000000
000000 Jamin00000000000000000000000000000
00000000000000000003mmO0000000000000000
000000000 wOOOOOOO00 s=30 [ mm) 00000 6 =10 [deg] 000

w = s§xsinf

~ 5.2 [mm] (5.4)

D0000000 w=5.0mm000000000000 (w,w) 0000000
000 (4.34) 000
09 ~ 3.35 x 1072 [rad] (5.5)

gooooooooon

5.3.2 UU0O0OO0OOOOOO0

g3gpboboobooboobooboobooobooooooooboon
ooooos5405. 700000000

O000JaminO0OOO0O0000O00O00O00O00OO Ni:lOSA/Ti:SQADDDDDZl.QD]
ogoooooo Ni:103A/Ti:78ADDDDD 41100000000



.3 000o0oooon 39

oooood
Vertical Wavelength [ A] Vertical Wavelength [ A]
250 300 350 400 450 250 300 350 400 450
= B o NG : = B : : : :
z / \ z / A
3 / \/ F / \
g . / \ / 1\ g / MEANAN
10 7 \f X 10 N \/ %
/ Voo / v
{ !
N A
102 AT : 102 N\
[V ¥
AT I\}
I\ Iy
L. /
- -3
1075 50 60 70 30 1074 50 60 70 80
Wavelength [A] Wavelength [A]
0 5.4: 20 0 Ni:105A/Ti:82A 0 5.5: 20 0 Ni:92A/Ti:92A
oo0oooo
Vertical Wavelength [ A] Vertical Wavelength [ A]
250 300 350 400 450 250 300 350 400 450
. 1p ‘ : : : 1 ‘ : ‘ T
z / z /
&~ 107 // ~ 107 \:
ll \ II i \\ II
/ \ / / \ rs
/ \ / / \ /
102 / \g/ 102~ \/
i | A i =
/ ‘i I/ \i
[ \i / \/
[y ] ¥
sl 23
1079 50 60 70 30 107 50 60 70 80
Wavelength [A] Wavelength [A]
0 5.6: 80 Ni:103A/Ti:78A O 5.7: 80 Ni:89A/Ti:89A

5.3.3 UU00dObOboOoooobbboooob

Mach-Zehnder OO0 OO0 0000000 OOOOODOODOODOODOMOOO 5300
0000000000@QUODDEUUODDUDODO@UUOODOOoOOOoooo
ubbooobbooobobobooobboooobooobooobbooobbon
000000000000000000000000®@0O0 JaminO0OOO0OO0OO00OO
oooobobobobooooobobooooobobobooboobobOoboboo
000000000000000Jamin000000000000@OOOOOOO
gbooooobooooo

Jamin 00000000000 DOO0OO0ODOO0OOOOOO0ODOO00DOOOOD
O0000000000000FWHMO5.3%000000000000000000
ooooboooobooboboboboooboobooouooobobon 5405700
0000000000000 000000O000OD 3% 000000000000



40 0O 50 Mach-Zehnder OO O 0O

goooboboobooboobooboboobbbobobooboobooonbobo
00000000 53% 0000000000

54 UU0UOUOLOOUOOOOOLObOOO

JaminOJOUOOOOO0OO0DOO0OO0OO0O0OO0O0O0OO0O0O0O00OO0O00O00bO0b0000
oboooon

5.4.1 0O0O0OO0OOO

Jamin OO DODOO0O0ODOO0ODODO Mach-Zehnder UDDODOOO0OOODODOO
uoo

oooog

(230)00 L 0Ly 0000000000000000000000000000
0 (441)0000000

00 L,0000000000000000000000000000000000
0000000000000000Jamin00000

Ly ~2.55 x 1078 [m] (5.6)

0ooQ

Ly0000000000000000000000 JaminO0DOOOOOOODOO
0000000 opr 0 (449) 00000000 0wy = 5.0 [mm]07 = 609 [mm]0
A =6.0nm 000000

opr =~ 3.51 x 1073 [nm™] (5.7)
0000 (4.41)000

Ly ~4.03 x 1077 [m] (5.8)
ooooO
000

gobooobooooboooboooobooo

(1]

= 5.0 [mm] (5.9)
0D000000(239)0000
Abross < 1.2 x 1079 [rad] (5.10)

gbooooo



4 000000000O00O0DOODOO 41

5.4.2 U0O0OO0OOOOOOOLOODOOO

Mach-Zehnder UO DO OO OODOOODOOODOODOOODO h800000OO
00@UO0O00000000000000000000000000000000
JaminOOOOOO0OO0OO0O0OO0O00O0O0O0O00DO00000O000000000O0
00000000000000000000000@O0O00@0000000000
@UD0000DEUODDO0NODDOND0NDD0ND@EUON0DNNDOD0oDoooOoog
ubooboobooboobobbobooboobooboobooboobo
ubooopobooboobboobd

Ad,

A8, Ad,
25—0Q Ad,
A8,

A5tF10°

40cm

Ad,

AO;

O 5.8: Mach-Zehnder OO0 OO0 O0O000OOO0OOO

5.4.3 UU0O0OOLOOOOO0OOLOODOOO

gbooboboooboobobbobooboobobboobooogsi1igoooo

000®Q,0 0o0o®@
O | Ad | £6.95x 1078 [m] | 46.95 x 1078 [m]
E A | £6.61 x 1077 [rad] | £1.78 x 1075 [rad]
O | A¢ | £3.81 x 1076 [rad] | £1.03 x 107° [rad]
Ad _ _
E A | £6.00 x 1077 [rad] | £6.00 x 107 [rad]
O | Ag | £3.46 x 107° [rad] | £3.46 x 107 [rad]

0 5.1: Mach-Zehnder 00O 0O0O0ODODODOOOOO



42 0O 50 Mach-Zehnder OO O 0O

5.4.4 UO0O0OO0OOOOOOOODOOOO

000000Mach-Zehnder U OO DO OOOOOOO0OO0O0OOOO0OOOOODOO
ooogoboboooboobooooooboboboooooboboboobooono
0000000000000000000000000@O000000000000
00000000@GO0O000000000000000000000000000
AGOAd,, 00000 5905100 000000000C000O000O0 520000

5—@ Ad,, From mirror 3 (_\\ e

AL, From mirror 2

AG,

0 59: 000000000@
0 5.10: AG

0000
Ady, | £1.25 x 107° [m]
Al | £1.44 x 1073 [rad]

000
Ady, —
Al | £5.92 x 107 [rad]

0 5.2: Ady,0AGD0D00000000

gboboooogoboooooobobooooooboooboooobobobo
gbooo0ooooooooooooooooooooooooognos200000
googn

0000000000000000000000000000000000@O®
uboogbuoobooobooboobobobobobobboboboobboboobo
000000000000000000QO@OO000000000@O®O0O0
0000000000000 5110000511 00000@Q0000000000
gboooboooboooboopooboobobobbobbooboboboooboobonoono
0000@OE0DOD0O000D0000@®O00000000000000000000
000000000000000000@0OEUDO0NO0D0N0N0N0N0N0N0N0NOooon
0000000@OIEUDODO0NO0ND0N0N0N0N0N0N0N0N0N0N0NONoNoNoooo®oO®



4 000000000O00O0DOODOO 43

gbobooobboooobbooobbooooboboobbooobbooobboon
googbobooooboobobooooboboboooobooboboono
gbooooobooan

g s5.1l: 00000-000@uo@oboooooo

5.4.5 UOOOOOO

Mach-Zehnder 00 Jamin OO0 00000000 OO0O0OOOOOOOOOOOO
O000O00DbOOoO0bOoOO0bOO00oO0oO0DOoOb2c0b000DbOOO0obObOObOboOO
goboobobooooboobobobooooobooboooooboobobobooono
obobooooboboboboobobooboboboOoon sa20s61700DO
gboooboobooobobooboobooboobooboobooboobo
0000000000000000000000000@U00000000000
boooobooobooonoog

0000000000000@O000000000000000000O0000
0000000000000000000@O0000000000 JaminOOOO
00000000000000000000000000@OO0000000000
@UEUO0O00D0D0D0D0O0D0O00O00O0D0O00O0O0DO0U00OoOOooOoon



44 0 50 Mach-Zehnder 0 00O 0O
x10” x10°

L : & :
50~ B 05 ]
gt J s [ ]
B 1 £ F E
q 1 BT ]
s or B 4 o ]
3 [ i s L ]
D L .
r ] g ]
.50; ] 0.5 N
i 1 V ]

IR ST SN N SN ST SN SN SN S SN SN T Y SN NN ST S S M RN ST SN N SN SN SN N SN S S SN S Y SN NN SO S S |

0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1

Fisthil-32 5 —@nEREm]

0 5.12: Ad;, 00000000000

X
[
1=
&

A0: E [R[rad]
= N £
R EE

o

P I S S N S S E I S |
0.2 0.4 0.6 0.8 1
FiHEHAPL-3 5 —@DHERIm]

o e

O 5.14: Ap, 00D O0O0OO0OODOOO

X
[
1=
&

wn
T

A6:D L fR[rad]
=

n

P I S S N S S B S |
0.2 0.4 0.6 0.8 1
Fiathih-3 5 —@NERE[m]

S T

0 5.16: A, 00000000000

Fisthin-32 5 —@nERm]

0 5.13: A, 00000000000

«a0”

50

Ads@ EBR[m]

-50

o
LA B
e b b e by

I S I P - P |
0.2 0.4 0.6 0.8 1
FiEHAL-3 7 —@DERm]

L L

0 5.15: Ady, 0O0DOOO0DO0O0O0OO

e

+ AGsD ER[rad]

RS N NS S SN AN SR S SR (N SRS SR SN SRS |
-0.04, 0.2 0.4 0.6 0.8 I

Fibsthib-3 5 —@nE#Im]

O 5.17: Ap, 00000000000



Jell ULUOULOOUOLOOOO

Mach-Zehnder U0 O D000 Jamin O OO OOOOOOODOOOOOOOOOO
O00 Mach-Zehnder 000000000000 O0OO0OD0OOOO0ODOOOOO JaminDO
ooooooooboboboboooooooooobobboob 400D b0
gobodbobbooboobooboboooboobobbooboUuDbOon Mach-Zehnder O
UbooooooooooobD Jamin0O0O0000000000O0000O00O

6.1 U0LOUooboooboobood

gbobobboobooboobooobooobuooooboooooobooooboon
gbooooooboboboboboboboboboooooobobobobo
googboboboboooooboooobobooooooboboobooono
ogoog

goboboobobboobobooboobooboobooboobooon
goboobooboooobooboboobooboobboobooobooboo
booobouoooboooboobooboboobuooboobooboobonooo
gooobooboobooboobuooboobooboobobooboobo
gboodgbuoobouogbgoboobobobuobobobbobboobbobooba
boooboooboooboooboooboobooboboobobooboobooboooono
gboogboobooboobooboobooboobbooobooooboboobo
gboobboobuoobobobobuooboobboo

6.2 UOOOO

gbobooboboooboooboobuooboobooboboooboooboon
gboooboobooboobooboobobobobboboboobbooboobo
gboboboboboboboboooobooobooboobobOo01d03nmbO
000000000 (4000000 MichelsonOO MirauOOOOQOOOOOOO
ggobobooobboooobbooobbooobbooooobboooboboon
0 6.10 MichelsonOUOOOOOOOoOOoOO

00000 Michelson OO0 0OOOO0ODOOOO0ODOOOO0ODOOODOOODOOOO
oooobob0oobooboobobooobDubO Mach-Zehnder DO DO OOQOOOO
goooboobobobooooobobobooooooboooooobooboonoo

45



46 g6 0o0oooooooog

N—TI5—

SR

O 6.1: Michelson D O OO

gboobobobooboobooboobooboobooboobuooboobo
goobooooooboobooboooboooboobobo0 s nmbgdonog
gboooboboobod2enomddnooonooooooonooonDn

gobboooobooobbooobboooobobboooobboooobobooon
gboogbuoobouogbaodgbuoobouogbuoobuooboboobooboobg
ubooooobobobnoo3inmdbobooooooobonooooooonog
obobooooboboboooboboobobobobobbooDb 5.0mmOO0O0
000000000 6.0x1077[rad 0000000000000000 1lmrad 00O
O00000((.10)0000000000000000000000OO0DOOo0o0OOd
oboboboboboooooooobobobobg 239000 oobOobo
goooooboooooo cchooooooboooooooboooboooooo
ubooobooboooboobooboboobooboooboobonobonobo
oboooooooooogon

6.3 Mach-Zehnder OO OO OO QOO oooonQ

Mach-Zehnder U0 OO0 O00O0O00D0OOO0ODOOOOOOODOOODOOOOOOODO
boooboooboobogboobooobooobooboooboooobobonobo
goboogboobooboobooboboobuoobooboobooboobo
gboogbuoobouooboobobuoobuogbuooboooboobooboobg
boooboobobooboooobobooboboooobooboobobooooono
o000 14 dpogooooooooooooooooooooooogonog
gboogbuboobboboobooboobboobooboobooboobg
uboooboobooboobooboobobbobobobobooboobonobo
oboooooooooooooooooooooooooooooooboonDo

ggooooooobobobobooobbobboobooudoooooooooooooao
62000 000000000000000000Q@QOO0DO0O0O0000O000O000



6.3 Mach-Zehnder OO0 OO0 0OOO00OOOODO 47

000000000000000000000000000000000@OO0O0
gbooooboobgoooo

00000000@U@UODO0N0ND0N0D0N0N00N0O0N0OUOo0ooooooon
goooboobobobooobooboboboooboboboboobobobooono
booobooooboooboobobobobbooboobuoobooboobonoono
gboobooboobobooboobooboobooboobooboobo
00000000000000000@UDO0O@OEOIDOD0NOONDOOD®IOOO
gboooboooboooboboobooboobooooobooobooooonooo
gooboooobbbooooboboboe20 x—yO00ODOOO0D—-—200000
O00000000000000000000000Ad,00000000000 A0
0000000000 ApOOODOOOOO0OODODDOODOO

goboboobooboobooboobobbooboobooboobooon
gboboooboboobobooobobbod 2enm 0000000000 3nm O
OO00OO0O0DO0O00C00O0O0DOO000O0000d0O0D Imrad0OD00O 0.6mrad O
boogbuooboobobooboobooboobooboobooboobo
gboodgbuoobooboboobooboobuooboooboobuooboobg
oodg



Oo0o0o0ooo0o0ooDoooOooooog 9 O

g6 0o0oooooooog

48

Sy FH OY T HF
: z HBOKBE L0BY
RBOFH D WEOIH
A
) SIVOIEHIEY
Wil (0'820°0-0) ©®—£= K BH
(0°0°6S1°0) N (0°0°6S1°07) N
— 000 E—
I —=| f T J
®—Es . Ot
7pV) T|I,._ (*Tpv)
"oV (0'820'0°0) @—£&= oV
(*¢pv) H OIFEY
"y o v £}
EHEQ mm%< \:—uﬁ
fepy



70 OO0

goboooobooboobooboboobbobbobbobobobboooon
gboodgbuobouogboobooboboboobobbobboobuooboobd
boooboboobooobboobooboobbooboooboobon
goboobuoobooboobboobboobooboobooboobbon
gboogbuoouogbooboobooboobboobooboobooboonbg
ogoooboog1rooboo0obobo0obooooooboooboboUooDbooo
goooboooboobooboobooboobbobboobooooboobo
gboodgbugboobuogboobooboobooboboobooboobg
go0obOoO00oboOoO0O0obooO0Oobo0oobOooobooO 1w ogbobooobooooo
gboooobooobobobobobooooooobobooooooooonDoo
000000000000 00O0000O00O0O00ODO0ODO0OODOO0O0D 90%050%0
gbooobooboooboboobooboobooboobooboobonobo
oooobooboboboooooboobooboooooboobobobooooono
2000000
Ob00JaminOO0O0ODOOO0OO0O0OO0O0OD0O0ODOOOOOOODOODODOOODODO
obooboboooobooboboooboobobooobooboboobOoDb 1.8mmO0
OO0O00OOo00boO0O0oO0oobOoOoOoooOoOo0n JaminOODOOO Mach-Zehnder
obooobooboobooboobooboboboboboboboobboboobo
O Jamin 0 O Mach-Zehnder 0 OO0 00000 0O0O0DOO 710000
OO0000O000ooO0oO00DOOoO00DOO00DO Mach-ZehnderOOODOOOODO
oboooooooooooodgboJamind0O0 100 0000000000O00O0O0OO

Jamin [ Mach-Zehnder [
ooo 2 4
00doooooooood xgoooo 2x2 3 x4
oooOoooodo O ad
200000 O O
odoodoooo O ad
odooooooooooooooooo —_ +7.0 x 1078 [m]
dooooooooooo +7.7 x 1079 [rad] +6.0 x 1077 [rad]

O 7.1: Jamin O 0O Mach-Zehnder 0 OO0 OO

49



20 o770 000

oboboooouobobbooboobooboobuobooognod Mach-Zehnder O
googbooboboooooobooooooboobobobooooobobobooonoo
boboboobboobooobobobdsnmbgbooboonooobooboanog
goooboooboobog 2enmd0poooooooobooonbooooonog
oboobooboobobsmmOnoooooooO0O0o00 3nmO00000D0O0
0000000000000 00 Imrad00O0O 06mrad000D00O0OO0OOOOO
gbooboobooboobooboobobobooboboboobooboobo
googboobooooobooboooooboboboboooooboobooooonoo
ubobooobobooooboobboooobuoooboooboboooboboon
00000ODoOO0oOSiObo0og0oooo0oooooOoobooooo9Ygooooo
gbobogoooooobooboooobob soboboobooboobooobobo
ogodg

goboboobooboobooboobobbooboobooboobooon
gbodgbuoobouogbooboobobogbuooboobooboobooba
booobooobooobooobooooboobooboobooboobonoono
O000000O00O000O0000 1/40000000000000000000O0
gboogbubooboobooboobboboobbobbobbobbobobd
gbooobooooobboobooboooboobooboobooboobonoono
googobooboonooa



HRN

gbobobobobbooobooboobobobuobobobobobobo
gbboogobooboobboobuaobbooo

gbobobooobooobooobooboobobboobooobooooooobooon
googbooboobopooobobobobobboobboboobbooboobo
gbogboboobuoabobooboobbooon

gbobobobooboooboobooobooobooboboobooobooooboon
googbooooboobooboobooboobooboobooboobo
gbooobgoaon

0000000000 0DO0DO000O00O0ODODOO0OL0O Neutron Optics and
Physics (NOP) O OOOOOO0OOODOOOODOOOOODOOOOOOOOOOOO
vbooboobooboobooboboobooboboboobooboobo
gboooooboobooooon

gobooobooobooobobooobbooobooobooboooboooon
bobobobobobobonooooobobuoboooooobobobonbo

gobobobooboobooboooboobuooboobooboboboboon
oobooobooboobooboooboboboboboboboobooobooboboboog
gbooobboobodo

o1



oo

[1] R. Collella, A. W. Overhauser, and S. A. Werner, Phys. Rev. Lett. 34, 1472
(1975); J. L. Staudenmann, S. A. Werner, R. Collella, and W.Overhauser, Phys.
Rev. A21, 1419 (1979).

[2] HELMUT RAUCH and SAMUEL A. WERNER, Neutron Interferometry, OX-
FORD SCIENCE PUBLICATIONS (2000).

[3] V. Gudkov, H. M. Shimizu, G. L. Greene, arXiv:0709.3266 [hep-ph] (2007).
[4] G. L. Greene and V. Gudkov, Phys. Rev. C75, 015501 (2007).

[5] Andrew A. Geraci et al., arXiv:0802.2350v2 [hep-ex] (2008).

[6] H. Rauch, et al., Phys. Rev. A53 902 (1996)

[7] M. Kitaguchi et al., Phys. Rev. A67, 033609 (2003)

8] 00 OO0 0,0000000 000,0000000 (2005).

(9] 00 0D0,0000,Jamin00000000C0O0OOOOO,0000 (2001).

[10] S. Tasaki, T. Ebisawa, T, Akiyoshi, T. Kawai, and S. Okumoto, Nucl. Instr.
and Meth. A355, 501 (1995)

[11] S. Tasaki, Doctor thesis, Dep. of Nuclear Engineering, Kyoto University (1995).

[12] KITAGUCHI Masaaki, Doctor thesis, Cold-neutron interferometry using beam
splitting etalons, Kyoto University (2004).

[13] Masaaki Kitaguchi et al., J. Phys. Soc. Jpn. 72 (2003) pp. 3079-3081.

(14 00 0;000000000000000000000 ,0000, Vol. 57, p.554
(2006) .

52



