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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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£ /st lth KAONICS(KAO Near Infrared Camera System)
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JLH,Ks, LIF & FAZT + J=F A4 51 gom 294t % 2] 6lcn FEHA Al AX
g of o]t}
Ho)M #Fe] A 79 F371FH A5 Ao dEATL AEA ] Faddoez FE3
th(McLean 1997). && X2 7|42 A2 E71gEH ol &= Ao 3t dEA= FFHA 24
T3l Hoist FEEF AA At Aol Zhsdteh ek oA AErE A Fste B¢ @

A ol Fas REow FuaA Aol A WA s ok s AFolrh
KAONICS®} 2-& 29) 41 shuleb 7ule} o) 2R $95 & Q2T MARAA 457
of AALSA F ) T e TAT 4 Ak o F A9l BEo) As) 249 WAL} AE7]

g Eol7] AsiA FEA AA 9} AE 75§78 oFwh ghk(Nagashima 2003). 3+, KAONICS
F2E 29 13} 2o) 9BE AF £7)9 Cryostat, 12|31 Uie F7, 28] 4, 457 5& =
g3he Cold-BoxZ FA W& o ok mebA 2= KAONICSS) #8tA 9t 28 &, 4<7] 5=
&4 7] 28] Cold-Box ¢tell Hol ©dst7|= st FoA HEe] S|t FA o] £33E 5
Hoz A4 uA Y CryostatE A 231712 Frk. o] 213 KAONICS WZA 28 Adke] A9 A7
A, AR, Fteet o Fol A Y= WG EAGE A B3 tviete] W4 Er2xE 446,
=4, Zhvlete] 2 {5 e E8%FE A4dstol KAONICSO] 423 4 471%_— e stgict vt

Aoz, A9 47472 YARAS W YASEL L) SDSHE Abe] Arh} £8F LR 4
Ao A4 Sk

KAONICS?| &2 7 = Wl EAE &017] AsiA FeA AAE Jzs) ofet 3ot
A 2] K138 7] k2] Cold-Box Ul F-ofl v ?
24 Y7 Bx2EE AR okt S ol & A,
FolA F U= & FAFFl vls] W Fol A dgste BAFRFO]
o =2 7FAZL & F A BAREe] 4Tt He oo ¥ 228 Aok
oA el Bz E th7]e] dHEAL th7]2] OH airglow, W97 F743% 77, vacuum
window?] dAEAL, T2]3 W Fol e BARd 2= Fhve} Offner F38HA &) + #
g U (2E 73 A-F2 72)2 dHEAE LYsth o) o, o7 g % i F e oA
8] Agkst AU Fdtoka 7 skl
FAA 243 27, vacuum window?] & E Atk A2k 7] Fo] HE FuE 9B 5= &
Y AEe] 7123 2okal sl en, a4 A olF oz Ure] 142 W sk 10°, 74
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79 1. KAONICSS +4.

o 3hd 8 1982). th7]e] EAEARS] TMF ST dHA
2719 th71 A AR e FE LEt AT WHA 20° A FE Ao deiA drk(McLean
1997). & A AE o] 5 (1.4km; http://www.kao.re.kr/~sobaek #=x)2} tlF4
el 24 L% WEhE(-6.5/km; WAH 9 1000) Astol, o7 WA HE LEE AU
AEWHAAN SAT 7120 vls) 10° @2 ez 7H3 5kt

Zhelek el & 232 A 28 T3 A T3 T2 rojA e, 28 3 3ol s Fst
= detector bafle2 ZA&7]9 A HEsnz A&7 FF 25 (F 1 Fx) 30Kz YZsich 2
H =35 Ao dojo] 2o E A 7Y 9459 Lt B A7 24 F sz okee] A
4 TR e B9 £EUT o W, Ave} 0ot yre) LEE 27 AAAoR 58 AHd Aoz
A3 shsich

AR ALl s Wl = J) H, Ks(Mauna Kea Filter System; Tokunaga et al. 2002), L(Standard
Filter System; Simons & Tokunaga 2002), ZtZrol]l ojsf]l =38t A 1 AZEE+= AL(19)3 o
(7)ol el AdeAT 7 2ol BT WA B BAX ALE A3 o) A AL
o}

Nphoton = [ ]f;(;;)e d)\] AQ TF (1)
7)1 A Nproton-> T AIHF A& 7] FA shURZ S0+ A M4, BA(T)E 25 ¢ SA

A arEE = w9 5hA © BAAN 7] he/As 9 A2 FAPo R (B33 A h =6.623x 10 T
s, BEE ¢ =3.00 x 10° m/s), e WA (emissivity), A+ A WA, Q= AE7] FAlA Holx
A9 QA 7, TF(Transfer Function)-2 3841 9] Addgolth A4t A F AFH FA g uet
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.7} 2} Offner mirrors 3%:
(AQ)beam = (AQ)telescope

— [(Dmmwg mirror )2 _ (Dmseggm—n hole )2] (pizel scale)?

ZE:
. 2
Solid angle (AQ)fitcer = (pizel size)®w (%)
& Pixel area(AQ) (distance to detector = 50[mm)])

2 =3 Ao ghvel vy

(AQ)wall before fitter = (AQ)fitter — (AQ)beam

dE] B3 39 7k fs:

(AQ)wail after fitter = ((pizel scale)®27w) — (AQ)fizen

Mirror reflectance (%974 /%74, 742} Offner /574 3%,
Aluminum): 0.95 at J, H, Ks and 0.9 at L
Vacuum window transmittance (CaF2): 0.95
Filter transmittance (3} AL/ QA BAL)

Transfer Function J-band: 0.7 at passband(1.17< X < 1.33um)!, 107° at

(TF) stopband(\ < 1.17pum, A > 1.33um)

H-band: 0.7 at passband(1.49< A < 1.78um)", 1075 at
stopband(A < 1.49um, A > 1.78um)
Ks-band: 0.8 at passband(1.99< X < 2.31um)*, 1075 at
stopband(\ < 1.99um, X\ > 2.31um)
L-band: 0.7 at passband(3.20< A < 3.80um)!, 10™* at
stopband(A < 3.20pum, A > 3.80um)

Atmosphere, Mirror, Windows: 1 - (transmission or reflectance)
Atmospheric transmission : ATMO 24 72
Emissivity(e) PWV (Precipitable Water Vapour) = 4.2mm(19) & 25mm(7%)*, 3372 = 30°
E]: 1 (worst case)
Zhd gk W¥: 1 (black baffle)

Diameter of primary mirror = 0.6096m
Telescope Diameter of secondary mirror = 0.17m
(292} 61cm) Diameter of Cassegrain hole = 0.19m
Focal length = 8.24m
Black focal length = 0.495m
Distance between primary and secondary = 1.59m

Physical size of pixel = 2.7E-5m
Pixel scale = 0.676 arcsec

Detector Quantum efficiency = 0.9
(Raytheon Aladdin ITI  (worst case for the maximum exposure time)
InSb%) Full well depth of pixel = 2.0E5 (electrons)

Detectable wavelength range : 0.4~5.5um
Optimal operating temperature = 30K

I Tokunaga et al. 2002

2Simons & Tokunaga et al. 2002

3Grossman 1989

tEE 9 2004

5& 5 0] A http://www.raytheon.com/products/astronomy sensors =

el % 19 AAsE T 28] 1 th7]9) OH airglow? S8 ZHS % 20] AAE A 2o =

AT 25 7H5 A (e ) & THES) A2 ALGSho] A AFsHl T,

well depth
Nphoton QE

Tmaz =
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3 2. J,H, Ks =9 gt d]7]2] OH airglow?] £ 2(J & H: Cox 2000, Ks: Matsumoto et al. 1994).
J H Ks
o] 7] BALeH(mag arcsec™2) 15.6 13.8 15.5

Detector 3 At%(photons s~" pixel™') 100 500 60

c c
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g 2. Y7k 2ol BhE vk et 95el Wi BAGY v, AP AL, AAL o,

oy 71X well depth= A<7] Ao A} A A & 2F(full well depth of pixel; 3 1)°] 3 QE(Quantum
Efficiency)+= A<7]2 FA&-&olth

A (1) o]&sto], ¥z 2o thgt 7hulet yRe} o o v 7 HAbke] vl Atsty 1 2
FE 39 20] Ytk o FolA FAH = EAel vls] Wil DA sts BAFgFo] FopAle o
Zt 25 =, AZo W 2ol T30, J, H, Ks MEoA 90~100K, L M =oj A 120~140K J-2
E 5 Stk 2Ea A (2)F ol8T At A, A =2 The Aol HaAd ol2e(F WA &
AbFo] 47t HE) Yz 5= J, H, Ks =04 90~100K, L WEoj] A 120~130KE S & 4 &
(9 3). wetA fee 27 29439 A2 RE BE s e gt o 20 F5He =
THEA 7= 97 25+ B 9BKEE A2S 41, & AL 7SHeto] KAONICSS] A H st

o
Z+ ER S E 100KE ARk

Y7 52 4% 25 At 23 M A", #-2l= KAONICSS] Cold-BoxE °F 100K=Z 73
of gttt webA ol Axo WZhE e ZH WAV E AR E A AA A7) f18 Cold-Box el
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3. AAFozd A fUF AN 27,
=5 ks
A L] WA S T X 40 X 40 [mmZ]
9 QAR 252 T 300 [K]
Cold-Box9] 2% T 80 [K]
9 AR AbE e 1
Cold-Box W¥2] PALE eo
o 9 #9%S 223 D27} ek WA Cold Boxol ol 2= A=A 24 A, AFE7] )
W, gd AR @z RE ] G f97 Cold-Box WRe] &7 vtage] & §02 s 4
o]yt d FYF ANELS o Ao i ete] A ME vk /MRS st 3lth(Nagashima
2003)
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4. A7 SVl WHo2HE 4 FdZF A =22
£ F =%

AF |7 Yule W s 0.87 [mmz]
g 8719 2= T1 300 [K]
Cold-Box?2] & 80 [K]

AF &7 \4]‘*‘4 Hc}%}g €1 0.02~0.08

Cold-Box W82 WA eo 0.02~0.08
Vacuum

1% 4. Cold-Box XA WH(VAE). FAL A4 Cold-Box 5% A B, 2 AAS £5 F 2
Cold-boxE A A|3}l1L 1= FiberglassZ2H-E19] 4 #-43-S 1833
AFerRHY 4 #9997 Qu=23We] 434E Atk
32518 87| Loz Relo] o Y

A2 87 URoRRe 4 §%e ANRO R @ FUBT HAIAR A(3)S o830 7
2 & Ak 23 8719 WAH Cold-ocs] 9 9E Lol E Ao Al Aok A7 8
Apgo] o} 0.02 Aol Alwk Tro] ARo] AW WAE o] 1A, 0.08 27} Bk Cold Boxh v
W Ao]of MLI(Multi-Layer Insulation) 53 22 Z A& Yo E%% T4 dey A7l =

El AHeg 0.022 7HE RS B¢

TS0 = 7] AL ois] Aske] Bkl ¥ 49 %

2+ 0.08% 7S A ZFol s € FEF QS

o 23E 42 4 AUk

3.3 B X[ X|HoZEE{o] PR Qlet
Cold-Box: 1% 48} Zo] .39 2+ 4=, & 8/ AR R g AF |79 d2H o] ¢
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5. 4l AAFezREH 4 FAF At =3
B R Gk
Az 87 udel A4 0.87 [mm?]
Cold-Box?] &% To 300 [K]
crada e chE A A 2x30 [mm?]
Ao do] L (AWAA =) 40 [mm]
GdAe Fo] L (FUAA =) 50 [mm)]

£ 6. Cold-Boxol| 3= Ak

= A2 uE WARE 0.02 Z2FulE YA 0.08
YrarFo 2] AFAF Qw 2.3 W 2.3 W
AF&7) Uy oz iele] {90 Q; 4 W 17 W
g AFozRE o AFAF Q. 1.08 W 1.08 W
3 A 7.4 W 20.4 W

ok 33 42 A B2 @HEE0] &L fiberglass® & oF2 #HolH, Cold-Box %t JF &7 &
date 927 Cold-Box?| @ 5 F&0o] I &2 vAA F=s S5t 98 /A
ATh fiberglass®] GEHC R {3 = F A(4)F ol &sto] ALE 4 Jrh

—

=
2
3
S,
|
&

A7IM A, L& 77 e d A ol g yehdth s(T)= 429 EdEsolH o e 2ol
7 o] 3trh(Nagashima 2003).

/ o #(T)dT = 1.80 x 10°> [W/m] (5)

8 fiberglass®] #(T) 9] & epoxy EFE &3 Geb B2 2] A E fele] oz Bhalsh
Stk 59 £AE o] §3ke] 4 (4)o) thh ALSHE Ao & L 0.07W, T3] & L 0.20W
ok wekA A-F A7 4 AA G| YOBE AN BORRE F D FAFL Q. = LOSW]
o}

Z7ke] Ao s ANE YAFo R @ YU AT §7) WHoRNHY @ {YF, 1
93 g ANROERH 4 RAFS ALT 2R
771e) 4 f gl e AAAY 55 1Y 5ol £AHOE TASATH

347E7I2 o KUY
&7 %e 9 487129 QLS H454717) A8 FH9 E 432 99 Cold-Box 1)
2o WA E B2 WA APIAE A Aol AN B 721D LaSh BE]

ek 2 =
2 L-band7}A) 9] #ZS +3317) HsiME A&7 229 25+ 30K FEZE vf-$ A ofof 3
T(http://www.raytheon.com/product/astronomy_sensors ¥2). WhetA $el= A&7 stag ol 4
FUF A0S gold T 1 Fe FA3sATh
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7. 45729 4 F9F AL At

Node Material t[m] h[m] Ilm] Ti1[K] T2[K] QmW] 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 x 60"
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 60"
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

ERERS

IR 62 A27] Bage] 4 F0 gt 24z o|th o] H T dedlE FefE g o R, thy
9] A& o]&3t] @ Y= AL th(Barron 1999)
T
Q =9 I‘Lth (6)
Tc

S+ Conduction shape factorZ2 4] A(x)/AxE FolH W, 2] A= 1249 HHol o3 A4ksl7]
U:H'F'Lo“ A( )": 0176‘_5‘}‘ }\]- A AX‘_ €Z1]‘4 T”“E} 7]—;8‘6—]—%\1;]— K/t't_ ;ﬂ Eyﬂ Kcopper = 385.0
W/m K Kteflon = 0.1075 W/m K Kfiberglass = 0.04 W/m K"] %}\__o_ }\}%%}%E}

t-h [TH

Q = T/ Iith (7)
Tc
12 [Ta

Q = WT / ke dT (8)
Tc

2962 A B,D,E, F= A7 AsHog Z¢ Yol l, ¥o] he] SHANZE 713 4 ()&
o] &3 AR o C, G fiberglassE AFE 3 AN A LR EZAM, A5 ¢, T0] QU YFoF 7133
o] 4] (8)& °]83t] AL Ao FrEA 9] ZF Aol sk AR A QN ALk & 70 A A H of
Atk 9] Altel wpet FE7] age] F @ FYFL Qu=03We AFE dUTh

Cold-Box%} AE7] ¥fae] Y=+ €8 ALE 3 Cold-Boxo| X 87E+& ¥7F &3]
FH A& 74WA A 204W7F H= A ¢ ¢ oy, 227] drxoA Q7= ¥4 3 9
0.3W < & & 3tk KAONICSOIA AHEE 4271 InSb AE&7]0l4 9] & 24 ES tE &
o & #9 S840 vjs) 3] Z-2 ko] 7] ufFol 1eistA Ut

4.1d27| 28
KAONICSS} 22 e 7huel 976k oA dg st w3
Cold-BoxE 100K B%= 7hA ¥Z4% 287 Qlas &9 ¥74 5% &
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3 8. Suzuki Shokan®] 2¢+A WY 7Z}7] RF50D 2] AF¥F(Suzuki Shokan Co., Ltd 2004).

Cryocooler RF50D
Compressor C103K
Cooling Capacity 1st(80K) 18W
(50/60Hz) 2nd(20K) 4.7TW
Lowest temperature < 12K
Power 3 phase 200V, 60 Hz
Power consumption 1.9W
Ambient temperature 4 ~ 38°C
Maintenance interval Cryocooler 16,000hrs

KAONICSo| M A8 A&7 A &5 25+ 30K ™, 339 4 fd3 A4t Ao A A
A7 E B W2 250 22X gt glom® Yzhr = 2hA o] AS 18§t o
A ¥ BEx 25 4 F9%, B4 FA, 8% 181 FAF5S 18 8o] Suzuki Shokan9]
W7}7) ol RF50D(Compressor: C103K)E AM231712 Fth 330 Ae At Aas 4§kl o
off 2 ote] 45 7Hgske] Alabstal7] wiEel, 22l KAONICSOA 275+ 4 §9 &3 7
A éﬂr«l H & gk, 7AWSE Z o g, 204WS FEEd F UW AEZ o A4Sk ik
24719 ¥7ZF YL = §9 2= wet gk 15}74] 20A19] sl=o 77k 4

gL of 247k A=
QI[WL Q2[WI7F 43S o, sl =9 27} T1[K], To[K]Z B3 ezt = Aok 89, sl=9] &
T Ty, ToolAe ¥7 582 Qe1, Q27 Atk £28]7F 1 s F A7+ 2041 ¥Z fl=8 21
dom 154 E SOK &2 18W, 2vhAl &= 20K 2 4.7We] ¥z 58o] JTHE 8). ¥ 5o &
1A o A AA Cold-BoxE W¥Zhata o W 22714 BZ4& & & 2uAdA Z&718 324
Zielth. KAONICSOA ol 4=+ F9 d&F Qi[W], Qo[W] Bt e Y7719 Qer, Qe27t &7
o Zol JZhel A= flth
42 HZIA[Zt0 EE 22

Cold-Box&2°] @ fY4&FE Ad=7] £&l vl ol & #Hel7] wiel, & =24+ Cold-
Boxo] ¥ 7to] 1A o] B ZhAI7h} 2 =0k 1889l th. KAONICSS] Cold-Box: AAZ H3F
S FRE ML QAT B A glo] edt REEY FFE Ao v 2

£ BEglon,
ARAEE 919 Cold-Box®} ¥77|% oloj3E ez 9 Az ot AAEHE Leishgrh,
Cold-Box Wio] A& &g A ARAQ AFEL & 99 2tk Cold-Box Wi EJES] &
2R & 107 23, dFRvEd 7o gy @A 250 o5 AT B =EolA=
g2 & AHEsE g dREE A% T ARA AEANEE & 110 AlAE 2oy, ImE

A7) 2 UpEol ARG RTha Zhgsto] Aee] 763gQl S kel AFAE HtaE e sgith Zole 30
3 Ur#ﬂ}i 7H4std, oF 330mm A= H AR HEHWe aste] of 150mmE HA Ak T2
7|1F2 2 Zol+ 150mm, ¢HH -2 2dmmx24mm = 0.000576m>2] LA E AL 2 A=
0-769kg°l HER o] FEjo HAE Y sto] Aibstgit
%27] &5 274< 300K2 &1 ] ARAD B7r)7 d4E s BES U7y RF50D] W7t
I RO SESIAC, G A OIS SN S A SEARAEE RdeAnE
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I 9. Cold-Box W A& 2k, AAE & At hoz, A4 AFolMe Hoh A2 FA7}L o &9t

No Ttem Material Weight[g] FH87
1 Cold box AL6061-T6 10,000 vle 10mm, £)¥ 5mm
2 Baffle AL6061-T6 35 AADolE 1Hst] e gEO T A
3 Image Housing AL6061-T6 0.97 g o AR AE)
4 Filter wheel AL6061-T6 5.43 ZZ Z AR A2)
5 Optic Housing AL6061-T6 86.5 AT A4 7%
6 Optic AL6061-T6 853 F4 37 §F R4 A
7 Cover AL6061-T6 731 ko oz 743
8 Etc AL6061-T6 1,000 2E &F
Total AL6061-T6 12,700
Cold Box Vacuum Box

{including Optics) /
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Vacuum Box
— — = Cooling Point
— - — - Copper #5
N X — - - — Copper #1
. Q. N Cold Box

Tem

0 20 40 60 80 100 0 10 20 30 40 50 0 10 20 30 40 50
Time[hr] Time[hr] Time[hr]

298 29 79 7 AR 7 ARAR A3 (a) 1F BRAS ST A9 (b) BRAL] Fol 201 4§
(c) BzAe] Fol 4 3

3 10. YZAIZE A ko] A3 g

=2

R 20.4[W] (22 ulE HAHE 0.08)

7.4[W] (&FvE YA 0.02)
&7 u)E2 ¥ ¥ (200K) 8.0x10%[J/K - kg]
219 ¥ 9 (200K) 3.57 x10%[J/K - kg]
dFEuEe] dH%E&(173K) 241[W/m - K]
T-29 AL E(173K) 420[W/m - K]

Solar Absorptivity IR Emissivity

Optics 0.02 0.02
Black painting (Cold-Box 4]¥) 0.96 0.88
Polished Gold (Cold-Box 2] 9) 0.30 0.05
Super Insulation (Vacuum Box 4]%) 0.004 0.02

® 11 g gAY B A

Nominal Construction  Design ~ Width(+5%) Net Current  Packing
cross section [mm?] X Thickness ~ Weight[g/m] [A] Roll
80 48/148/0.12 80.3 42x4 10000 257 30

= ES
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T}, KAONICS+ 7.4WollA A 204W7HA] do] 42 & des & 5 AU 74, €8%F 1
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