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KAONICS(KAO Near Infrared Camera System)$} 22 A9 sivlets d3-SA A7 W%
23k YA Ba Sol2E 929 IBA 9= vl 4HL B FUHE @
EAZL el ABAZA A&7 QAstd Aadle A5 A Avie O ¥ FAE 5 g
ekl WA B AL} A&7 ZAA Y ERFSE 2017 HANA Fidlet YR FEA AR} A&7
E JZtsokat 3t ojof] B AFoAE J H,Ks, L 3% Ol #&357]9 8 Uy Y422 &
AgBo2 ARG oy S RN FUHE BAHE 34510 Y oA PR @
LFE A YAE Adsdt. Ad9d Y2471 o] 83t Y4 ¥ o Cold-Box7t EX
2xd T3k At HF YG 258 A4Etd Ala" Aol wkad gt
ABSTRACT

It is very important to eliminate thermal background radiation for the near infrared
camera system such as KAONICS (KAO Near Infrared Camera System). Thermal
background radiations which come from window and cryostat wall influence IR de-
tector and decrease IR system performance. Therefore the cold box which contains
optics and detector housing must be cooled down to eliminate thermal background
radiation. We carried out quantitative analysis to determine internal cooling tem-
perature to reduce thermal noise in the J, H, Ks, and L bandpass. Additionally, we
estimated the incoming heat load and then chose the cryocooler adequate to KAON-
ICS’s requirements. The cooling time and the final cooling temperature of the cold

box were calculated. These results were also implemented to the system design.
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AN 7FAIFA o vlE] AR Ao &3 T GFS AN o2 FA @) g 23 F
Adgolv E B4 99 59 AARYW ot} A2 AAE FET £ Ak A A A A array
A&719 g 2 34 = A4 BF 71719 AL g0 M FS Fobe £E iAo
o]FofA . gtk T FA Fule= S8FHIL = HIM FE A7t Qlok oo dZHESA
FhdA e T L7 €83 A A el tist A Hope] Bl g A5 FA sl
€ MEst Uth KAONICS(KAO Near Infrared Camera System)2}x B 5 o] Q) A 7me}=
J,H,Ks, L33 & A58 = UASE AA H 1 o] 2044 3RS 6len FEFLAA) 44
g o Ao}

AN A£9 FL U7 £371F3 B35 Fule] dEA B4 Fodder 243
tHMcLean 1997). #& 298] 7142 24L E71g A o} & F ol o3 GEALE= AFFH A £4
< 53 Hdd L= E AA AR Aol /Hsdieh wekA AYA sivetE ARee 3¢ d
AN 2 v F2H BEog FulAdA Aol 713 WA 8 of 3= A7t}

KAONICSS} 22 A oA Firlele 7lolel R ZRE fF Y& QB i ZEAZAM HE7)
o YASHA H o 2 )& FAE 5 QUnk ol A M BAE A 242 WA EA} AE) 9
FE& 0171 A F&A AAG AE715 ¥ 28] oF gt gt} (Nagashima 2003). 3H#, KAONICS
F2E 29 13} Zo] YR AF &7 Cryostat, 18] 1 W= F3H4, I8 ¥, &7 5& =
3= Cold-BoxZ A v 4+ Yt} kA 2= KAONICSS #3849 He) 4, 2&7) 58
A347) ¢t Cold-Box ol ol @371 & &1, 384 FE S8 FX9 £33 E &
Aoz A3 WAL CryostatE A 2tsl71 & ) o) 2§ KAONICS B ZAA~H Aute) Mg 47z
A, AR, stoet QRN G = W FEALE AL S Fviete ¥4 2225 E A F Y,
=4, ZHvlete] Wi 2 Y=+ 48%F2 ALt KAONICSO AA 3 Y4718 Ayt of
Agtog, AEYE Y72 ¥Z43JAS W YZAEFRL= L3 Aol Auiy £28FH =2 3
FHo 7 A4 sqct

2. d45E 2z 43

KAONICS®] R 28H FUS & W B EAE €017 HA3iA 284 AAE ¥Zs ok do)
wekA] fele FFE71<19] Cold-Box Wi oll WX ZEA}t AE718 437198 Ay 43
EA 37 ERLEE RS Hrt o) F A, A&7 AAH = WFEAF A4S £ 9
AN FYHE EAZ g3 oA dgste Bl FopAle ¥ 2EE 223U, F
W x2 7heAt & 3 W3 BAZ A4Vt S g ¥4 228 Ads o

gFoMe BEAdozE W79 FAEAL, th7)2] OH airglow, B3 F3 3 274, vacuum
window?] @A EA}L, 2|2 YRS BAA 2= Flvlet Offner F3HAo] £33 7 27434 7))
g U (2 £ 352 78)9 ¢FEAE sk ol o, IR AF R R 4uF2 44
3] At Ay F @i 713 s

B9 247 27, vacuum window?] & EALgF A 7]Eo] HE A g2 L5 E 4
Wik RN 723 Zokn AR SR e, A AT 52 o] 192 B 93 10°, 79
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; Cryostat
Cold box

Detector box

f

Primary mirror

2% 1. KAONICSS 774,

L HF 942008 AL SAHAA AT 48 1982). tirle] dHEAY A Fad A £
712 718 AAo] 3 FE 25 AFxHA wsA 20° Ax E& Ao 2 &elA YrH(McLean
1997). B Ao AE 294 3B 09 DX (1.4km; hitp://www.kao.re kr/~sobaek 2%)9 R A
e 3 25 WE8(-6.5°/km; 939 9 1099)& A4, dh7id AAY FE 22§ 29
AEolA 283 7120l sk 10° ¥& A2 A sHch

siviel YRe &5 24¢ 2A 28 £33 A3 3 $2 Yrol ALy, U8 B3 Fof HPe
¥ detector bafle® A&7 WY HE2ng AV A% L5(H 1 F2)U 30K Y748t @
B 52 e dddo] 28 UnA 24 2480 255 B 47Y BH & R A o A
Ab#AR-g B 2E& %) o] wf, Flofle} AR e ExE AL AR o 5 Fefdl e
7+ 3tk

Ao RoA 57 Wi = J, H, Ks(Mauna Kea Filter System; Tokunaga et al. 2002), L(Standard
Filter System; Simons & Tokunaga 2002), ZZo] i3] ¢354 Addz2+ A9)d «
ETE)o) g Aldsgth 4 aoo] ofE w3 BA £892 AdE A8 thge 48 A8

o},
B (T)

photon = { he /}\
A7V Nphoton S B AZ7HE AE7] B4 32 Folo: F29 A4, BT &5 ¢
M e B9 33 F EAA, he/Ae 3HF A BRNAAN(ERA A4S b= 6623
s, FEE ¢ = 3.00 x 10° m/s), e HFAFE (emissivity), Ax H4 93, 0= A&7 94
Azl ¢hA z, TP (Transfer Function)& 334 o] Agdyoloh A4 #3 & A8

d)\] AQ TF
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X1 YgEILE A4 2E.

8

Solid angle
& Pixel area( AQ)

2] 2.7} 2} Offner mirrors 2%

(AQ)beam = (An)l:lescope

—_ Dprimary mirror 2 _ Dcausegrain hole 2
= |(emenpmizzan ) (Seasscagpin hete)

ay:
. . Djitter/2 2
(AQ) sireer = (pizel size)’n (a’mﬂ%ﬁmﬁ;)

(distance to detector = 50[mm])

2e F3} A9 shoila} vid:

(AQ)wall before filter = (AQ)filter - (AQ)beam

28 3 29 Aoz O

(AQ)wall after sitter = ((pizel scale)’2m) — (AQ)fitter

(pizel scale)?

Transfer Function
(TF)

Mirror reflectance (397 /%74, 7tvle} Offner £/% 73 3%,
Aluminum): 0.95 at J, H, Ks and 0.9 at L

Vacuum window transmittance (CaFz): 0.95

Filter transmittance (%3} BA g}/ YA BAL=E)

J-band: 0.7 at passband(1.17< A < 1.33um)?, 1073 at
stopband(X < 1.17um, A > 1.33um)

H-band: 0.7 at passband(1.49< A < 1.78um)!, 1075 at
stopband() < 1.49um, XA > 1.78um)

Ks-band: 0.8 at passband(1.99< A < 2.31um)?, 107% at
stopband(A < 1.99um, A > 2.31um)

L-band: 0.7 at passband(3.20< X < 3.80um)?, 104 at
stopband(A < 3.20um, XA > 3.80um)

Emissivity(e)

Atmosphere, Mirror, Windows: 1 - (transmission or reflectance)
Atmospheric transmission : ATMO 23 #4413

PWYV(Precipitable Water Vapour) = 4.2mm(19) & 25mm(7¥)*, A4 A& = 30°

HdE]: 1 (worst case)
Zhel2} Wig: 1 (black baffle)

Telescope
(&9 61cm)

Diameter of primary mirror = 0.6096m

Diameter of secondary mirror = 0.17m

Diameter of Cassegrain hole = 0.19m

Focal length = 8.24m

Black focal length = 0.495m

Distance between primary and secondary = 1.59m

Dezector
(Raytheon Aladdin III
InSb®)

Physical size of pixel = 2.7E-5m

Pixel scale = 0.676 arcsec

Quantum efficiency = 0.9

(worst case for the maximum exposure time)
Full well depth of pixel = 2.0E5 (electrons)
Detectable wavelength range : 0.4~5.5um
Optimal operating temperature = 30K

ITokunaga et al. 2002

2Simons & Tokunaga et al. 2002

3Grossman 1989
L2EE 9 2004

52 0] A http://www.raytheon.com/products/astronomy sensors &=

o ElE & 19 AAjstgith 282 tf 7] 2] OH airglow?) S84 g2 & 29) AR A

o =275 A M (Tmez) S THEE A& AR AdS AT

’ _ well depth
e Nphoton QE

z

o =

(2)
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£ 2. ], H, Ks =9 th3t t7]9] OH airglows] S32(J & H: Cox 2000, Ks: Matsumoto et al. 1994).

J H Ks
t) 7] 22 mag arcsec™2) 15.6 13.8 15.5
Detector Y Ab%(photons s~ pixel™!) 100 500 60

- 10" o 107

.% 105§ % 108

g 10° g 10°

g 10° g 10°

8 -10 8 10

>z 10 = 10

g 10" 2 10"

= .20 £ 20
10 s L : 10 R . . R
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Cooling Temperature [K] Cooling Temperature [K]

1010 T u T ™

.5 105 .‘5

S s

g 10° E

£ 10° o

=3 =

9 10" o

B 515 ]

£ £°
10 . A n A 10 N L 1 " "

0 50 100 150 200 250 300 0 50 100 150 200 250 300
Cooling Temperature [K] Cooling Temperature [K]

292 92 LX) B s wRe} 5ol WA BAEe] u. AHLe AL, BAL AF.

7\ well depths A&7 FA 2] A3t 23 2 3(full well depth of pixel; & 1)°] T QE(Quantum
Efficiency)+ A€719] FA&Eolth

A (D)€ ol 83, ¥ Z 2o tfg Fhvfet e SR w3 BARFS] vlE AL 2 3
FE 2% 20 Bk AR FA=E = BAZ vl R A= BAalgo] ot W
Z 55, AR wE Ao)E £8389, J, H, Ks e A 90~100K, L =0} A 120~140K QS
E 4 Aok 283 4] (2)F o83 AL A3 A =2 FteAZe] X claE(F i B
Atgkol 471 HE) ¥ L5+ 1, H, Ks =04 90~100K, L EolA 120~130KY L & 5 9]
th(2E 3). webA Sl 1 291 39 AARRE RE S HES R 23 2 A TFHoR
BEA 7= Y7 5= B K= dE2L 9, 85 A2 293t KAONICSS RAd Y
Z+ ERL2EE 100KE A ATt

3. € U AN

¥z 58 44 2= A4e 2N AAE, #8+= KAONICS?| Cold-BoxE % 100KZ § 73]
of it} WA o= FEY ¥AEFE 7 WAV E AT AAA 24387 A3 Cold-Boxol
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1C0 1000 —
) g
8 10 & 100 y
€ 10 € 10
S J - H ]
g 10 ¢ 10 ¢} 1
L w
% 010 X 010 1
= =
0.01 . " I W . 0.01 . . . . A
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Cooling Temperature [K] Cooling Temperature [K]
1000 1000
“g o
8 100¢F 1 8 100 1
[+3] [+
E 10 1 E 10 F :
g 10 1 & 10 L 1
W i
% 010 1 % 010
b3 =
0.01 L . . 0.01 . . N . .
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Cooling Temperature {K] Cooling Temperature {K]
I3 ¥ 2= dE A =& M AT AHL AL, FHL AF.

23 YAz d #UF A 24

25 ki
PR ETCECEE 7 X 40 X 40 [mm?)
F9 AR 22T, 300 [K]
Cold-Box9] 2% T; 80 [K]
29 YA PAE g 1
Cold-Box W39 AR €2 1

o 9 AAFE 5T F27 Aok WA Cold-Boxol E0j2& FBAL: A A, 13471 W
9, 9 QB2 RE S A §UF Cold-Box Wil A&7 a2 d §9o2 e 5 Aok
ol d /FUF ALEL thE A Fhvizte] FRAME HIRT 7HH S 33 glrk(Nagashima
2003).

_T’_—.?—°ﬂ/\1 WA SE B AL U5 €% Q= U AdA ALE 5 gt
Q=05 (T! - Tf) — 22— 3)
AN o 2HF B2 Aol T, T 2424 12 &, AL F2 2508 e, v 247 2L
2 A& Z£2] WA (emissivity) ©| T} 300K 2 H 712 RE YAHEE F3) Cold-Boxoll fY3dt: &
ZFe] B, A AL E = YA A AR AU FA3te] RaebA] o shgel tiaA
€ YA Aol 424 dredith wetA BE s dis) 12 o e S 12 7MY s
Aoz E %S AAsZA8, & 33 Zo] 7H3 A, A3)& o] AL A ¢
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E 4 AF &7 WH22REHY d §4F A4y =3,
25 ki
AF 87 Wiy ¥ s 0.87 [mm?]
g 87 &= T 300 [K]
Cold-Box®] 2% T, 80 (K]}
AF 47 W] BAE 0.02~0.08
Cold-Box W% 2] BAE e, 0.02~0.08

Vacuum
E%m' --------------------------

t Cold Box [

Eﬂ@ﬁ------__._____..-__--________'

1% 4. Cold-Box XA W(QHUE). AL 42949 Cold-Box 5% A 2g, F 44
Cold-box& A A 31 ¢+ FiberglassZHE Y & FUFE 1AL,

o

243 =

flo

AHZo 2 RES @ K97, Qu=23W Z3E ATh
3273 I/ WHWEHoZREQ] d R

AF {71 e e 4 §YFL gAFoze d §UF A g 4(3)& o] &3t A
4% 4 vk IF 2719 WH3 Cold-Boxe] #1¥-& &FugS Avst Hojy, dAvpst &=
A& ol ol 0.02 A o)A R W) AAJA W FANE o] Ho}A, 0.08 =7} At Cold-Boxs} W
9 A}o] o] MLI(Multi-Layer Insulation) 3 22 QA E Yol E&L Y F+ A2t A7dAME
T2l § 7R Aol s AAte] Bkl & 49 2 A& WY PAES 0.022 NS BY
2} 0.082 7IHPS AL EF didl] A RAF QS AL AE T, Qi0.02) = 4W, Qi(o.08) = 1TW
o A& 4& = AUk
3.3 & XX|Eo 2 HE{Q] Rz

Cold-Boxt 18 49 Zo] A-F9 42zt 4742, 3 8749 AL 2 JF 719 AZ2HA A
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5 99 AABRL2REY d FYF AL 2.

2w A akci
A7 &7 e 93 0.87 {mm?
Cold-Box9] &% Ta 300 [K}
SEAe gy A 2x30 [mm?]
GEAqe do] L (AAA EF) 40 [mm]
g Zol L (FHAA £F) 50 [mm]

£ 6. Cold-Box9 #93h= 4%

2 & SFuE FAHE 002 EFuE FAE 0.08
Aoz} 79U Qw 23 W 23 W
A4 ez nee 5% Q: 4W 17TW
94d AAgozRE 449F Q, 1.08 W 1.08 W
A 74 W 20.4 W

th 2% 49 AH BB A5 §o] ZL fiberglass® B gk #olnd, Cold-Box9} AF /7|8 &
g3t 93} Cold-Boxd] E % ¥R FH 4FE vAA =& F58E 98E /1A
Art fiberglasse] GEHL 2 FU=E dFLE 4(4)8 o] &3t ALT £ Q.

T

A
Q=% - x(T)dT (4)

AAM 4, L 27 Bd B BERT 2olE GERITh () E29) QRS o)H ofef s} 2o)
% 2] 3t} (Nagashima 2003).
300K
/ K(T)dT = 1.80 x 10° [W/m] 5)
80K
S fiberglass®] w(T)2] 2 epoxy THEN &3] AALE $2) AgelE 2] o= A
At £ 59 AL o431 4 () g3 A4S E Aol ¢ X2 0.07W, E99] 3 2L 0.20W
ojt}. wheha] H.Zut 247} qife] A A o] gloenz ANAo2HE £ F FYFHS Q, = 1.08Wo]
}. .
zzte) Aol Y ANE YAFLES & $UBF AF 47 YHozres @ §UF, 2
93 B AABosRe d RYBL ALS IHE E 60] Pk T3 KAONICSS] 9ol
ZZte] 4 4%l digt AAAHA 3 ES 1Y 50 EAF oz FHEATH

34 SRS A RUY

A&7 a9 AE7129 dADE A3 7)7] A8 EHo BE AHE 3] Cold-Box 4
Fo) wjx= ] = FE7) g2 GAEHE G FYFo) AAFHoF Sk 28X InSh AE7)
2 L-band7}R| 8] #&& 73837 e A&7 429 25 £ 30K =R w¢ FAHojof g
th(http://www.raytheon.com/product/astronomy sensors ). MelA $8l&= A&7 daz o] g
FUdF 21E ol 1 F& AT
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s=—t—t————
Wall 4 ~17 W
i
O
o _—— = Support 1.08W _ _ [T} 1 _
2
Q
<
£ 1
= JE
=l D
Total 7.4 ~ 204 W ]
B
1% 5. Cold-Box € #¥3(dEx).
Detector support Dstector Wire
30K shunt block
— 0 ~ 30K
AW,
Fibergtass © ®
Isotators - @ ” -
AR g AMA—R
©_.
F—AA— Hermetic
N o
B L
5 T
25K
25K v
G—/\N\/_ Heater
@ -— ~50mW

KAONICS
| Detector Thermal profile

a9 6. A&7 HaF2AAMY & 38 s, Z AH A G A0l E 79 AAL
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#7 727129 € #9F AL 43

Node Material t{m] h{m] Ifm] Ti1[K] T2[K] Q[mW] Note
A OFHC Copper 0.0005 0.01 0.15 25 20 6.40
B OFHC Copper 0.0005 0.01 0.1 30 25 9.60
C Fiberglass ¢ 0.003 0.01 30 25 0.56 x4
D OFHC Copper  0.00005 0.0004 0.07 30 25 0.30 x60*
Teflon 0.0003 0.15 0.07 30 25 0.35
E OFHC Copper  0.0005  0.0004 0.12 30 25 0.51 x60!
Teflon 0.0003 0.15 0.12 30 25 0.59
F OFHC Copper 0.0005 0.0004 0.12 300 70 305.49 x 601
Teflon 0.0003 0.15 0.12 300 70 3.21
G Fiberglass ¢ 0.005 0.02 70 30 0.64 x4
Total 327.65

TRER

29 6& A&7 ez g $0 U@ £AT otk o]
o) 4g o] g3te] A FUL 43 cH(Barron 1999).

& ezt FE

Ty

Q=S KkedT (6)

Tc
S+ Conduction shape factor2 A A(x)/AxZ A= n, 28] ZAL+= 1a4Y FAd td) A4sl7]
ool A(x)= AT 45 A, Axe BA Y A AT ks GHEEEHN Keopper = 385.0
W/me Kteflon = 0.1075 W/me Kfiberglass = 0.04 W/mKP’] g}:'% /‘}"g-'&}'ﬁq'

t-h [TH

Q = T hith (7)
Te
t2 TH

Q = WT /T KedT (8)
C

2% 69 A,B,D,E, F= A7 AZHoeg Z¢ yol il &0l he) SHAZ 78 4 (S
o] g3 AASA o, C, G fiberglassE AFL 3 A TZEZA, S ¢, Ho] 19 Y02 71A5
o 4] (8)& ol &3t A4 ATH AdA FriAle] 2 Aol digt MIEAQA A2 & 79 AA]F o]
Atk § At et FE7) Az F E YRS Qe =03We ARE d3th

Cold-Box$} A&7 wt2ro] §Y=E= €43 A 53 Cold-Boxol A 275+ ¥ &3]
A 7TAWIAA A 204W7L H&= AE & F o, &7 Haox 75 E ¥ 832
0.3W ¢& ¢ & Atk KAONICSoIA AH8& 271U InSb F&7]dA9] € TAYEL v 7E
9 4 9] 840 vla F3] zH ghol7] W el R Fokrh

4. 4247
41427 2%

KAONICS$} 22 A2 7lulet 7o} YRoA Ast= W3 EAE £0l7] H3llA=
Cold-BoxE 100K A= 747 34T 271 &S ¢9 W97 58 25 AddA ¢ 5 Ak
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£ 8. Suzuki Shokan®] 297 Y Z+7] RF50D2] A}%F(Suzuki Shokan Co., Ltd 2004).

Cryocooler RF50D
Compressor C103K
Cooling Capacity 1st(80K) 18W
(50/60Hz) 2nd(20K) 4.TW
Lowest temperature < 12K
Power 3 phase 200V, 60 Hz
Power consumption 1.9W
Ambient temperature 4 ~ 38°C
Maintenance interval Cryocooler 16,000hrs

KAONICSOI A A48 A&719 A4 245 25+ o 30Keld, 332 & 93] A4 Ao
H,ZE7e Hh R 250 £HAIE Favt Jeng Y 29 RS 1 EAnt of
ST YA ER 25U E £ 9%, A 7A, 48%F 2891 J5 & 18319 Suzuki Shokan)
W 7+7] 91 RF50D(Compressor: C103K)E AH4317]2 Flth 33 Al 2 A4t A= & §9 ko) o
3 Hote] A9E M8t ALY wEel, £8+ KAONICSHM 275+ 4 79 £33 A
A" Aol Ha4 gh 7.4We Ao 2k 204WS) R ok 14W A= 2 ofAabstn gl

¥24719 37t 582 =9 §4Y 220 upet Sepdch 194, 2dAe Sl b7 g
Qi[W], QW17 40 o, sl=9] €57} Ty [K), To[K]2 B8 Aej7l Aty 49, sz &
X T, T8 B2 582 Qer, Qe27t AT £87F 188 Y47+ 2949) ¥ =8 23
om 197+ 80K 2 18W, 28+ 20K2 2 4.7We] ¥z 5o UTHE 8). Y7zt o) 2
1A A HA Cold-BoxE WZan o W2 257X Y4d 4= e 2940 A&71E Y48
Zlojth. KAONICS A 4=+ §4 d3F Qu[W), Qx[W] Eot Aedh 34719 Qer, Qe27F £7
j Foll Pzto) EAE ik
42 HZIA |2t 22 2%

Cold-BoxZ 9 & 9% A&7 H2 vlg) vj¢ Z Hol7] W&o, B =8 AE Cold-
Box®] WZtell 19A Y WAA 3 =22 =7 23 E Pt KAONICSS Cold-Box: AAlZ B3
3 FZ2E ZMAT YA B AL glo] B REE] AR Ao vad 2d S wEgon,
HAEE 938 Cold-Box%t ¥ 471 & olojF+ 7z B HRAd di dd=w-g u2isyrh

Cold-Box W2} A& A& A AR A AFEL & 99 2t} Cold-Box W H E2AE2 &
22 E 103 23, ¢RvEd 7o udn dAEEL 250 F MR B =RAME
42 e AREUAT dAEE AT T €AY ARAGLS E 110 AANH Yo, ImE
3~470 2 Yiro] ALg-givkal 71 ate] A o) 763g 57t AHDE vtAE pejsgr) dol& 370
2 tethx 7Hged, F 330mm BT HAW FEAE v o 150mm= A FHY. T
E 71202 Aol 150mm, HHA L 24mmx24mm = 0.000576m?2] HAE AJLE HL ZAL
0.769kge] F B2 o] Eo] wtAg weidto] A4t

27] €& 23& 300K= 31 72 d2Az Y477t A28 E $2 ¥4 RF50DY W2t
<=¢ 80KZ 2As A W7 A7k Fo18 B A g4 2d=z2 399 RadCADE
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E 9. Cold-Box W# AF 2. A4 Jd oz, A4 Ao Bt A2 FA7 et

No Item Material Weight[g] 7387
1 Cold box AL6061-T6 10,000 B1g 10mm, 9% 5mm
2 Baffle AL6061-T6 35 AN Qo2 13t 3} 95ew 74
3 Image Housing AL6061-T6 0.97 g o ALME L)
4 Filter wheel AL6061-T6 5.43 22 2o ALME AE)
5 Optic Housing AL6061-T6 86.5 48 94 %
6 Optic AL6061-T6 853 F3 37 43 B3 45
7 Cover AL6061-T6 731 gre Bog 714
8 Etc AL6061-T6 1,000 EE
Total AL6061-T6 12,700
Cold Box Vacuum Box
(including Optics) /

Cooling Point

Cryocooler
Copper #5

Copper #1

a9 7. YZAT At 2E(Cold-Box i +).

o] &3t} AANH 2AEL e g, A AYH Y+ KAONICS 4 A A& 7+ 7H7ke 57
2de BHET(2P 7)) HNRAL AAHPY 2T Sinda T2IY-S 53 AAFAU o} B2 B
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