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SUMMARY

I. Project Title

Charaterization of Neutron Supermirror V-bender

II. Objective and Contents of the Project

HANARO reactor with maximum thermal power of 30MW at KAERI is
the multi-purpose research reactor for the application of reactor radiation in
variety of fields such as physics, nuclear power plant, materials science,
bio—science, etc. For the neutron beam research, six horizontal beam tubes of
different types are available. Various and complementary neutron scattering
facilities are developed and installed around HANARO reactor to contribute
towards solving a wide rage of problem involving basic and applied
researches.

Liquid hydrogen cold neutron source will also be equipped at CNS
vertical hole of HANARO reactor, and neutron guide tubes and a number of
cold neutron scattering facilities such as small angle neutron spectrometer,
triple axis spectrometer, etc., will be developed in stages. When above
facilities will be installed completely, HANARO as a national neutron beam
research center will have a major important role to support a wide range of
fundamental research as well as technological development in various research
fields such as bio-technology(BT), information technology(IT), nano-
technology(NT), radiation technology(RT), etc.

Neutron supermirror V-bender was fabricated for the purpose of using
neutron filter of small angle neutron spectrometer, and the performance test
on the neutron beam of CN beam tube was carried out. In this report, the
basic principles and applications of neutron guide tube and neutron
supermirror as well as the performance test results of neutron V-bender were

introduced.



III. Result of Project

Neutron supermirror is used not only for neutron guide tubes that their
make it possible to transmit neutrons for long distance with low losses in
intensity but for neutron benders used as a beam splitter. These devices are
of main components of advanced neutron diffractometer or spectrometer with
cold neutrons. As the characterization techniques of HANARO supermirror
V-bender on neutron beam and the process of performance tests are
developed, these techniques will be used for the development of advance cold

neutron spectrometers in the future.
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19 3.1 Reflectivity of a supermirror composed of 900 layers Ni/Ti. The
solid line represents a fit to the data using the roughness rs~11.5 A of the
interfaces as adjustable parameter. The principle of a supermirror is shown
on the right. The thin layers are responsible for the reflection of neutrons at
large angles
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19 3.2 Dependence of the number of layers on the critical angle
of reflection. The dramatic increase of N with increasing ©c
indicates that four times O™ might be a technological limit. The

number of layers is approximately given by N=4m’
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Fig. 3.3 Transmission profile of a micro-guide having a gap of 0.8 mm and
a length of 500 mm. The supermirror coating(Rq=99.3%) is composed of 40
bilayers Ni-N-O/Ti vyielding a reflectivity of 94% at m=2 for A=4 A.
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¥ 3.1. Loss mechanism of a supermirror(m=2) having a design reflectivity Rq =

99.3%, rs is the roughness of the float glass.

Mechanism R/loss
Absorbtion ANy 0.7%
Incoherent scattering A 0.7%

re ~ 37A Al ~1.3%
Re = Ra — 44 = & - 2% Re 96.6%
Measured reflectivity Rexp(max) 94.0+0.5%
Difference : Agn = Re = Rexp(max) Agm 2.6+0.5%
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19 3.4 Reflectivity of a polarizing supermirror. The polarization
1s of the order of 0.93 and has not been corrected for the finite

polarization of the neutron beam.
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% 35 Calculated flux at the end of a 54 m long neutron
guide at SINQ. For A>2A(Ei<20 meV) the neutron guide is

more efficient than abeam tube.
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19 3.6 The experimental reflectivity of a Ni/Ti supermirror on

glass as a function of the perpendicular wavelength.
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Supermirror m=4; 900 layers; float glass
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29 3.7 Reflectivity of an m=4 supermirror on float glass. the

total thickness of the coating is 4.5 um

19 3.8 Trumpet type supermirror
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# % 9] supermirrori= F. Mezeioll 93] polarized T4AF W 23S 93]
A RbEo Rt A B3RO AFEH = mirrore A AR S E T
% b Ak el W glasstt Si @o| ZEE supermirrors S FAEH O "
oA wkEo] FA A} benderx ® Ab&dte= A o' 15A014e] 3AS o] &ste
T EFgA O vl fF&eith B g3A Q] wPHS polarizing neutron

guide® A}&3= Ao 2 o] AL polarizing 7|15 °] €1+ Ni/Ti supermirrore} H]

A B3go] ©@hx 50% Hio] Eo]&Xx & e AR o] Qo). =4 | 2
o 7HE & o2 ALEEY] Yl E SA A guide Brell polarizing cavity
= AA3= Aot} o] AL 3 WeEY] polarizing state’} guideE T3l Btk

|
o2 k9] polarizing state®= guide Yo 2 HWHALA Al T 4= AT} [23]
troF e AT EWE pnd zZtE H] A4 A & (non-magnetic materials) <}
% p. = palnuclear) fpm(magnetic)s zZte= AAAEE 2519
g 59| spin state AP thH]7F 0e=H GE 5 2 b diHlE
T mirrorge YHEY, o]AL spin downs

s
2] tH]= (0°] ¥ += remanent supermirror=

9 3108 PSIelA A Z3e m=291 FesCosVe/TiNk supermirrors guide
filedol] FaL Aol wWE  WAbES H Zlelv. Z7]ol= supermirrorE B=
=30 mToll A #8421 7]3, B = +1 mT % +30 mmT= S7HAA ZH7F gk g S
Z7gstdtt HolB = #st& Mol B Wake] whdiakel A Fagk wikow W
ST A2, =, polarizer’} B = 1 mTolA remanent A EIZ A= AL
4 At T3 remanent AElEF @ X 2}% flipping rate’} - =&
o1 o]= o] supermirrorg spin selective deviceZ% A& 4 & H

T Aeoly, o] Y3t supermirrors AHE3 w= spin flipper7} 2 8.3}%] ¥t}
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Remanent Supermirror Polarizer m=2.5
L M 1] T v L] 1

800 - - ~
F “re n‘ﬁ"ﬁ" 2y V14, HMI |
— Dg . r-Y .y
_g 600 | o .GAS AA.A.A A
3 2 ™ A.ﬂ.e
LA h o UP 1mT
= 400} e DOWN 1mT a
= a Up 30mT .
& h & DOWN 30mT
©
catalA .
. o Py Sg\hmiloatvi4.0pj g
0.00 001 002 003 004 0.05

0.06
Momentum Transfer (A-1)

29 3.10 The measured reflectivity of Remanent supermirror

polarizer

o]2]%t remanent supermirror® % T2 {2

Al &0 A 2] magnetic field®} flipper Abolol] &4

L slo] z}7] A o) 317 o) A
ofo it A= HAA Aol
ol AT

magnetic pulse®] 2]3f4] spin

PN
T A,

eigenstateS A & st
(cross-talk)o] §lom,
% polarizer= A}-&

Arol A E AE 3

o] =
BA

3t flipper7t 3ol -
ATH= Aol AT

Q& m > 49 supermirrors 7%

1A

PN
T

S
T

2] Alole] PNPIOI A= WHAL 78] 52L& CoFe/TiZr &+, Co/Ti, Fe/Al 5=
o] &3} polarizing supermirrorES 7Walal 9 01} m¢l & supermirrord] A # el

PSI?] 7]&HY tAh "@olxlar dtt. PNPIO| A ®WHE supermirrors <

mirror H9 Fol Ti¢} Gdz= oz A4 &4 T2 W= substrate(F-E])
FEo AL g9 E A A, CosgsFen Vel TisZrassgaol 18 3L TigZrioGds
Ah5] 198 3119+

e

m=2

ool

&4 =S ztE supermirrorys U gy AFRE I

CoFe/TiZr® polarizing supermirror®] thalA spin-up =AAES 23 dkAL
¥R oY} mirrord] #SES FA I did R UEtldT 19 36
¥ 29 311245 Ni/Ti supermirror®] ®HAFE-0] CoFe/TiZr supermirror® ¥t
AbERT A F355 4 7 Uk dAow Antd F2(AZ7] RMS
~3—-5A) substrate¥ ol Ni/Ti supermirror®] ts 37} 525, CoFe/TiZr

o

o] A
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supermirror= glass substrate?]ol &4k

PN
T
=17A 8! HHES fdl vSs7x7E SFE7] WZolth ol# g |=¥ mirrore
A7) wEn JYgs T 2As e g

[}
He% 5o 9

.

] ,O" = !,.!_ i T T ts s ol
] N ol IAJ - 'I‘bca;m& i Y U\ﬂﬁ:\:‘ S o
0,8 s P
0,6 N\ F
RP R eCo/TiZr
0.4 J SUpSTrmHuTor
0,2 ]
0,0 =

200 400 600 800 1000 1200 1400
r A

2% 311 Experimental reflectivities for spin—up neutrons and
the polarizing efficiency of CoFe/TiZr supermirror with a
TiZrGd antireflective underlayer produced in PNPI are given as

a function of the perpendicular wavelength.
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Al 4 A Y2 V-bender 7|t

A1 4d e

M

dUm CN FH gt 27HtaEA4 BBHSANS)FA 7L A% 4x%

ojty. o] FA= VIEALoR dAR =AM A vo= WA A (white

o,
=
>
o,
ox
o
oL
of\
oX,
B
ft
of\
oX,
)
Ip
b
W~
e, J
N

neutron) oA 3% =
GASIA|A Azl YJAMAIZI 3L, AlEE T AbgE FA2E 2 SR A E
72 HEs] &

:i
Algol dALE = B TR = V2L
o]

=
=
obA = FAA HE7I7F AR A W] gl BlojyA] st Ut ¢
oM detaisel WAL = A "EY FAA guideE: AHEst= A f
= o]8 3 background’} TA FEAlHA o}, WEAAY Qo] YRz F

AAE = SANS ZAAA = olH e FFS FAE = Aok

a8Y, m(Nie] 9 A Zhol W3k supermirror A AIZEe] ZF7HAISG) 0] 2 FA
Z} supermirrorg ARESIH THE 2 doleo] YFE8l FAA bendergs T3 A
2 ebd HEHE ol &shd, 71ES AAdA W7 Be/Bi 2HE ol&ste A
Hop SAA Frde tda £48 BRI 9xzo 24 gloRzRE AF9
AAE HoAuA & 4 JOSE 2 signal-to-noise BIE FZAZA 5 A= FH ol

Atk ol HA o stz SANS Ao d¥ = AHgE T4 A V-benders
g{Alote] PNPIONA Al Ztstglom, sfhb= CN =3 3ol A EL
Fermi chopperg ©]-&3te] e m& Fih& YA W digh T3 Hlef o)
Zt(angular deviation) 5° TAA SAHE FdAT. 2 HoA = styE
SANS “&A1°] V-bender A4t 51 T2 5487} Aatol] thajr A3 7]=st
A} ko
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A 2 A st E V-bender A%t

shub® SANS Ao Alm W87 = (pre-flight path)= °F 4me]
%715 AMgstesE Hol gtk webA V-bender= W JE7]9 wpE Aol
A1 %™, V-benders F33k ®lol oF 4m HojA U= A= AA CN 3
A W FAHSRNH oF 18cm HoAYEE AA AFEAY. 18 412 3

m& iy

ol
1o

V-bender

%

section|

section2

a9 41 3stYE SANS A9 V-bender 7=
U= SANS &A1 V-benderd] ot 7 efro]t},

V-bender= Z°]7} 400mm¢!l 5+ 7He] BFE3 section®® Aol Ao
H, section 2+= section 1o w3l B/2¢ Z+& ol F i Atk 7t section®] E£E &
glass substrated] Ni/TiE Z"®ste] @9 34 G A 2 o, = 3.3 mrad/A
(m=2)%] supermirror® T-/d ¥ o] At} SANS AdS 9t Y32 3542 4A
Bt} Aok st &2 V-bender? 7} section F77F} 0.7mm¢! supermirror 12%
S 45mm 7 o2 A3} bender cut-off To] oF 348A0] = 3L
A7 B YAF Wefl disk T3 o] o]g Zh(angular deviation)o. 2 ~46
mrade] HEE AA ATt =3 7} glass substrated] ®Htf WHolE F=A A T
AN TiZrGdE s"ste] F(main) T3 JZ=FEH  ~ /20 Hevds 94
(satellite) ¥ =27} AAH =S stdct. o] & A AAE V-bender® AA=™S 1
H 4.2¢] YEFH S

V-benderg F#ate= 45 WAL A2E A Hom wEatr] fa 74
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51 brems)
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®
ke
3

5?
=B
7z
©=133.1

»
- 14,33.16%r0

oy &
|1 S
t
mrroe
AN

&
I

@3=4;32.10"§ud
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e R——1

4oo _ oo Ilj 0,2226¢ 16 rad

i . ——>1 =113 {Crd
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(a) o) REAL

7 B = 46 mrad
O =B/2 = 23 mrad
6; =6, = Op/2 =B/4 = 11.5 mrad

(ei + O, ) = Op = 23 mrad
6; =6, < O¢ = 3.3 mrad/A

(c) HIN A REAL 7He st ixb o) A s
A=4A A=6A

Oc(4A)= 13.2 mrad Oc(6A)= 19.8 mrad

98 115 132 (mrad) 3.2 115 19.8 (mrad)

1Y 4.3 V-bender® T} whARZ:

section®] %3l SUAW n et 5 L8l @ Ao U FAA] MAHRE
nelshd a9 433 2ol ¥ kA SR E & Ak a9 439 @ 34
A7t WAWAE S AR oW FAA] YA prgelefokdth ok

aAG A Ao gass FAAE 19 439 D)% Lol MAIWAE 5



S/ Ao WhAL 7hE st JAMZES mirrore] WRALR W] ol w)

gt GebAY, daH o o] whel V-bender 73 o] F3}

olth. 1® 43(c)x AR Mol el 44 6Ad W Rt Tbe
=] =

3P 3k o] V-benderol 9A+E w] V-bender 3]z}

At o] 7
2 9A 7t
| @244

& JAap e

e FES AAbste] UEbd Aol

gy, AA V-benderoll M= 2] 7o &3S 94 Ao widgow
A, B ¥EA} W (supermirror)®] ®Fd) WS FAA FFAR ZWUTOZA YA H

zZ 0

sgol wAglel F3t Mol 4 REES AR

L ¥

e
=

>
>
L
5!

il
2

9] Ag 4 9t} 0.3mm T4
o] Ago] 40omm AR AU E V-benderd A5, o8 e JAF
Wof oist T WS o]&EH o2 ALtste] a1 449 YeERUAT 29 A =
T Udxo] o] FrtE w FHES SUFste Aol vl F3 e 7z B
X= g 73S &+ 9
0,71
13
067 i —4A
n ——8A
R 05
S ----10A
g 043
g‘o,s-
£ 029 {f |  10mrad
7/
SN
] "
] - 'y
0,0 +rrrrrrro P ety Ty AT T rr !
0,00 0,02 0,04 0,06 0,08 0.10

44 ol el F4Ame e V-bender MO 2

S =3A71E 54 99 multi-slit(soller) collimator®]
54& 7ML lernw F F3 a9 4p/o FHdE A48 dAvt EAT
tools #14d A ¥ 43l o] FAATE v ANALE = B9
o} section stitoll AR HEALE = 7 9o AW mirror WHAF THE] REL]

"ol TiziGd #2302 FAE 44 F5 248 a9gozy A AA% 5
itk e, We A g 2 Al 0 AT Aol —pjp T 9



8
0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
Arbitrary intensity

a3 45 YA V-bender T35 o o] &7l

AR %} A=

X-ray Reflectometer
PNPI, Gatchina

1% 46 S4# bender channel® geometryS 7AANS7] €3+ X-ray
reflectometer; 1-X-ray source, 2-slit 1, 3-Si monochromator, 4-slit
2, b—sample(e.g. bender), 6-slit 3, 7-dtector

_41_



A 9aE 94Ad3 AASE Aol EvFssti(1® 45). °o] 94 ¥ A+ section
20 s ARt WAL %
AS-ouk A AL == bender %ol collimatorE A X 3o 2H 71es] A A
& & AUk

V-bendere] A|zto| AF-g&¥ Zo]7F 400 mmelal F717F 0.7 mm<Sl 2471 <]
supermirrors< 13 4.6°] H.9l X-ray reflectometerE ©]-&3}%] supermirror?
geometry 2 FAA FE AFES HAEAT ¥ 413 479 ®BA HAF u)
Ao A" ZF WA} mirrore] FFE bender section®] 99 1A Zbel] thel A,
x-scan® 2 A2 WhAL ®lo] ZtrwHE FET 5 vk F, Z} +section®l A

—

7 WA W8k (mean normal direction) ¢ >< U3 #o] 2t

’

A

- 12
< —L Lf Hy)dy

o|ZHE, 4 %W WA(local surface normal)e] Zt= ¢t o] E(deviation) &
StES BASIE BEET A(0)E g T U odE Eo] 19 482 section

o g X FF (o) HERNA LW, o= RE mirrore] yHAdA A

x-ray beam

a9 47 X-ray Wel 9% V-bender AAF M E;
koSt k2 ZH7F AR 3 wiAble] gk 3k aiy,
n(y)= y 9 gk ¥ WA WME 24 scattering
e} o} 3 ) 5ot
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X-ray Yo Hi olg Zi(deviation angle) > ZHF-¥ AoJRt} Z; sectionol A 3

THOeRRE dojxl 1 Aol Hit oJE2 0.5 mrad(0.03°) o] t.

2,51 HANARO(Korea)
]_f((p) section 1
2,01
1,5—i
1
1,01
]
0,51
0,0 +——=r R
-0,8 -0,6 -04 02 00 02 04

¢, mrad

Y 48 V-bender section 12| Z}Z} t}& channelo] d 3l

A GE y AN Z4F Xoray WA

(angular deviation)& YEIH & 3% &5 f(d)

1Y 49 34 o] wE V-benderd F3&S AAE Ao
2 Ak 3 e channel 739 ot AAF grela, =4
V-benderE TA3l= EE channelES Y3 AA] V-benderd +%= 1193

A 39 4= 94 9

Aol 714 AAF Wel Bab 2L 05°% shdatden,

258 uAs Fradolth Figol AyHor ue

W
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0,6 T
0,5

0,4
0,3
0,2

0,1

0,0 Frererrrrrrrrr

gy 49 S4A g dig V-bendere] o]EAH < Fz
&, FA41 17 32 &3 geometryE %2t channelo] e
olm, 4 29} 4+ X-ray reflectometry® -2 2|
123t channelo] W3 AHolth = A 33} 4=
y=e] g5 wjAlsta ALk Aot

ox, Jdf o

19

Homr o
filo

EE -

1. V-bender 73 W& o]g ZH(angular deviation, B) 578

Stoll A A st ZAAT section 13 section 29| Ako] Zte] g/od uf, o
FubAbell ojsf 7= 5 ¥ A= section 19 B/4e Ao dAEE FEAE
of ok Ao®m BolA yEhdt I ~ god UEus oA dae TR
H g3 WAL, = 319 sectiond] 93| A R BEALE A zte] 98k Aot} o=
a9 YAE FAstr] f&A CN FH 3o WAl A2 (white neutron) ¥ 2
PG(002) REAel o &k A3} Hl& o]&3te] V-bender 73 W& A3 o,
PG(002)H o] 22} wkxlel zmpid o] of &S AAs7] 984 20 em - Bi 944

R 10 cm - Be A4S dH=E AREAT
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=4

7_}—

7F WAl F A2k 1l (white neutron beam)ol] gk o] g
3 A
NAES 219 4100 Jehglon,
| #1384 deole] $IAZFH
=2 bender

=
=

14
A} oju 3] A
foF alw, 18 4.10°] HO=

olg

V-bender 2]
g 7= A 095 zZrolofsit)

2= oo 2o Al 7S 9 A

A AL EEO 2 B A A 7| HA] T2
olw] T3} "o A5 17 410 aZ FEAIFITE V-benders F ¥ A7}

i

g

A
il

=

=

bender %
section 1%} section 29]
ety F d3E dA ®o] section 19 B4 xR JAb wl A,

X bE FAHT HFZE o] A7} V-bendergs F33st Wo] YA W13} HIHS
A 0%tk Ao ® 18 F V-bender slit2 180°3)

SAEE AAZEE 180°8 A A 71 29 410} ZolHE™, a= 1™ 4.10(b)

Ast7] el Aejeltt. thAl V-benderg Wk AlAl WFo 2 I AAIAA b7t AL
sl F At SA4EY. oo IALE F bEREH

olF= =M A 7]
Weo 9o enE
A A o] 2T} B(= B4+ B2+ B/4)°1Th.
o]

B/4

(6]
8/4
/B/2 b
/4

(a)

B/4

180°

(b)
B/4



W oZgolA AHEE YA el B Zhe 035w, ZAATE 1Y 411
et Y. = 3= oF 260°904 #EEFJ e ol= V-bender A F
(B=46mrad ~ 2.63°)°1 HlW A FHI Fo= oF 1%9 A& Holi grh. o
157% dvetv= 22 g=2rt ~ B/2 fXdd vEue s 2R, AA g
1.3°¢F= oF 12%9] ztolE Holal g)

® Expermental parametors:
Divergence=0.353deg, White beam
; Fit Gauss function
160000 Py Data: SHINO009_G
1 | @ Model: Gauss
140000 ~ " \ Chir2 = 2500932.4446
120000 - oo
o | Ju xcl 2.60473 +0.00159
g 100000 0 \ wil 0.43305 +0.0032
o i Al 85922.60419 +£548.10932
- xc2 157094 +0.00444
Tg 80000 7 \ w2 0.3953 £0.00893
g 60000—- . ° A2 26866.52079 +523.7297
o ] o |
O 40000 - ° L4 \
y [ e[ «
20000 | ° v’ '
E / (\]
0 - cescescecece See
-20000 +-rrrrr—rrrrrrrrr e
-05 00 05 10 15 20 25 30 35 40 45 5.0 55
V-bender Rotation(deg.)
29 411 A FAANG] dF Vobender T 4 A apyel 2

Ak2E = 0.353°

a3y 412(a)= 22F 7 033°9] YA Wl gk V-bender F3 H S o] =3

o2 AXEe Aolt} o7l F yAE oF 267°2R A9 gt oF 3%, AA F
Y= oF 1.5%9] 2ak W9 el dlem, 94 dAa= 1572 AE w719
A =, F A= AP g, ol % B AA gol SAHAE, 94 =
of A5 A9 % ol& gtol AA FH(B/H} =H AolE Holi Utk A4

= K
2% wEE QA B4 ARE ARHoR TS e gt

=
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19 413004 ¢F o]l T A7) section 29

ol At wAlE 3 V-bender

Calculation paramcters:
. Divergence=0.33dcg (FWHM)
1.0 4 Whilc beam: (T=300K)

?

0.8 1

Data: White beams
xcl 2.66766 £0.00174
wl 0,39788 £0.00349
A1 0.50752 +0.00386
xc2 1.5704 £0.00904
w2 0.3755 £0.01808
A2 0.08986 +0.00375

Arbitrary intensity

0 1 2 3

rotation, deg

—_—
O
~—

Calculation parameters:
- Divergence=0.01deg (FWHM)
_J White beam; (T=300K)

0,8 -

0,6 -

Arbitrary intensity

0 1 2 3

rotation, deg

Iy 412 A FAX ] gk
24 A A3 (a) YA Y EAbz
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al Bt} 3 ZF a2 Bk Aok

offt
&
o
NN
H
o
>
i
o
S
e
i
rlr
ofy
oX,
2
{0
o N
k1
rir
)

gttt 7t A o ®m ALsEA S W, al> B/2ol™ a2v  ~0.013°+8/4 (0.013°
= &89 3 Aol #AE ghelth F, YA 0F  (0.013°+8/4) <O B/2
o] 7S W=l Huh a2¥y, TAAE section 20041 WEALE & section 2
of FH3|A ¢ &3S wA voHW oF B <A gholojok gtk a#=
2 Az 94 Jas vEE 7bed 0% a2(~(.013°+8/4) - ghe]
ok 2 A9 A4 9329 A A ZF 00F  ~0.026°+8/2 ZA 1.34° ol
o] ®th ¥} o] & &3l 3 A whS mEd Aoy F 12289 &8lo] e
V-bender®] 7o+ 19 4.12(a)¢t vz 29E o] t}.

Section 2

Section 1’ Section 2°

gy 413 4 93

Ll
rlj
[
ul
of
o,
Y
1o
A
~
=
X
!

. PG(002) ©As) ®lo ofst o]lg 7} &7
V-bender WH-ol= 1270¢] <3 window”} 2™, Z window <&

7)
45mmeltt. ¥ AFeM= 3 e &Y windowWs Y] #l5ke]
o

V-bender 47 Feo] 3 mm¢l Cd £3& FFsiath
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PG(002)E AFH&3t%om, take-off angle 80° 90°, 100°=4 Z+7} 431A, 4.74
A, 514A T4 <] %’*} 1& =5 stk Zh2be] dAL Wl thste] WA Ad

b Wl ol &ste] S WY T WHoRE BE FSASAUT Be dAE
9] Skl U;}E]r 2.56° 259, 26°= Z=HH FTrtstdlon, AA #kel 2.63°
= Ha 27% = AolE vEilth ¢ HellA AW g mirror®] wavinessol
ogk Hul &3} 1.1% X gk At

@ 2}
Y 4lds el wE Fop vAe] WAZ(FWHM)= Hlalstr] ¢fste]
o] maximum pointE YXA|AH T Aol 431A, 474A0 digk 9=
A FE °F 0.286°= A Zou 514A6 digh A WX EHe oF (0.294°
2w OE #e ZHoToh ady B R NEAF 9 o3 Aol

=
|
ol grem & 4 glom, A Wo] W Agels Bof wHAE BF 9

AN
o
1

o
rE

o Hu

TkoE V-bendere] <@l 3t (section 13} section 2914 z}z} dupH)wke
Sl

aEsoH, a7 4394 AaFsE A o], YA Wleo] FAfo] FIME S 1A
o] WX ZE% F7}sHA 2 Ao|th T3 supermirror®] WHALE o] 10l YA W9
BEakol A9 glopd, vz BAS "house” FEj7F & Aotk (¥ 4.3(c)). L

<

2 08~19 S 71AH, A} W =3 o= A

o

A A& supermirrore] HHA}

= Incident beam : 4.31A

fit Gauss function

Xc -0.00008 +0.00399
200 4 w 0.2864 +0.00871
) e Incident beam: 4.74A
150 b | fit Gauss function
o \ xc -0.00003 £0.00342
8 w 0.28656 +0.0074
S 1004
> Incident beam: 5.14 A
E fit Gauss function
35
> & ‘ Xc 8.629E-7 +0.00414
& \ w 0.29377 +0.00906
o
0 R S, S - ] Lu w22 Gm
-1.0 -0.5 0.0 0.5 1.0

Arbitrary angle(deg.)

% 414 JARD 3ol mE V-bender 73R o] B uL
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Lo B2 42 7P =R A benderE 33 ¥ A9 RFS "Gaussian” EH)
7} ®th. w3 V-benderdl:= 45 mme AR £BlEo] gy o]l
supermirror®] Wt He FAA SFAZ Holdr] wjFol, 18 4.149F 7o) =
Ay = Ao W& gpge] Faety A ghe zHA Pk

Bender §17-°l ¥ 3mm9| slits 23S A5, o284 o2 ALkd wEAF
& 9F 0.293°(1 ¥ 4.17(b))elth o] &A1 A gk vlastelE W) HF g2 of

24%°] @Ak W el it

t}. Benderol]l gt 2 W] ojgd A 4

23} B/A4AE o)FEE WwEglon] SANS oA olgd W Av|et FUAI A
35 E7] Y84 V-benderd ol 17 30 mme] ¥ && Zke Cd W
NTFE ARG 53 W #3 ¥+ V-bender?] FHoZHE < 3100
mm Eolzl AeA FAeqom, oldff detectore= W TAHAI FHA LFo

2 o]lF A7 At T3 CN F=HFo ¥ FALAE V-benderE A%
A A #H-(FHE)RFor olFstiar =AHste] AAs AT
29 415004 B F %ol T3 33E CN H FAMo=RE ¢F 133 mm H
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