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Survey (SDSS)!. Hyper-Suprime Cam (HSC) Legacy Survey!?. Panoramic Survey
Telescope and Rapid Response System (Pan-STARRS) 37 Survey®%s, 24t 7 35 1
WORHHE, KRR T 24 RCHIS 7 . 5 RN, RH 5T 046 e AR 42
HEBT ROV 75 5K, HEBNT AT — AR R &5 KK R B T KA w82, F T 3R EUR AR
TR 22 B A S I AT (cadence ) B RGO I ECHE , FF F B 380K SCRITIAE N 1) 22 A0
BlEat 7t

% 1 fLarge Synoptic Survey Telescope (LSST)& — £8.4 ml11&. M H
3.5 0 KA 45 & I R B 85, i R JT B #9 K Bk2x 10* deg” K X AL fIus gv 1 i
7oy 6NV BL ORI, B3 A — i, DARE ) AE RE . OKPH R R, BIECR
SCRER VAT R BF 0 A% O B2 HAREL TR K 3% 30K 3378 5% (Wide Field Survey
Telescope, WFST)s& —52.56 mH2M EAENX BT, HACEAL KM, LB EZR
WEE, AR R . EYEEIR39.3, BIURTLSSTH & At E G Rk 4. KMz
KT GATF B AL RER2x 101 deg” T KB Fu. g 1 iy zv wiBIEGKR, S5/
RLSSTIR HAb. Ak, KA IR B Ba e £ A R EHCIME RS, 1T LLSC I 8wl
BB AL FEARSCH, FRAT14E GRS B AR £ 16 2% 5 G0 . % sl ik W) 2% 12
3BT 38 IR AR A A LI A (1] Rl 248 250 X P % U B R SR A FE R 32 00 25 e 97 i 28, A
B TH IR JEE v i iE i ZR il 4, e E PPN R B S O R ) K &

SDSSFILSSTEE 7t 45 BT 4 FH 1 806 v 34009 5 s 6% Jr . Fukugita®F PR H, %515 I8
6 AE AL A B0 21 A B o 51 P 3 i8] R, G FON T T 75 [ 4 8 5 25 1F (CCD:
Charge Coupled Device) ] “staring” £ =X 5 {2 2 173X Fp 52 0 0] DUIE 1 203 CCD A &
oA RS E T2 IR, BB TE BIwIE G, PR B O (white) 3 6 fr, AH Y
TSDSSHIg. v A HIE R, & T R R R AR DA B 2 0 R 55 8 I
PR R 0. B TEBE S A fo VR BRI T U B I B R AR T, $R i E bR R AR (S S PRI B
Pan-STARRSEI iz 5t R 40 K FMIwIE N A A 4 T v 1 3N IE A 078 S5 i B & .
KA 8 R B I 45 v 6 v Rt B G wIE Dt i, W HTK FH 2 R A0 2 (11 A 1)
MM, % B 7 5% H Pan-STARRS 1.8 mE 53 142 5K, w] AR 2 SE IS 1 R AR, 24 B A5
RARSERE LR E B BEIE I, RO S 146 = S BRI R BB, Uomd B (i 2 y) RO
SEEE S (us gy r)iE, B R wIED R B o VO TR R ORI H AR e 1 ik
k.

AT AL AR B 0k KA I 2 e A g 3 E AN LT (Mauna Kea) W
M & 4k RG5O, 456 18 R Bz 455 70U I 7 & G0 i 2l L A R CCD &
T B 4 EFECWW (Coleman, Wu and Weedman) B8k H 6 [ 2 R (E). Jigin
2 FR(Sbe/Scd) FIAFLN E & (Im). SWIRE (Spitzer Wide-Area Infrared Extragalactic
survey ) BAUZE2 H IR E K (QSO) Peter Nugent B8 HEALAR S H (TR AT 48 37 A& (SN
SNIT) LA Jz A BH 28 K AR SR ) 1E 22 (G2 V) BE 1 JL8AN RAK RE 1S AR TRk A/ 78 (1) C-
CD & 1M 87 i 2 06 B8 170 3 18 R 2% 28 A0 R BRE (R 52l (2) H A RS e Lk 5wl ol
PIPACARAL TR ZR; (3) i vh 25 BB FEAN R BE OGN [A] ) 50 R PR B2 55 A SCRHABE S5 &

“http://www.bo.astro.it/ micol/Hyperz/old public v1/hyperz manuall/node6.html

2http://www.iasf-milano.inaf.it/ polletta/templates/swire templates.html
Shttp://c3.1bl.gov /nugent /nugent templates.html
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ys10),

2 RSN K3
2.1 EXRETEHZ

RN RGERIAFRFEIE R FIET R MAR B EAR L, HIEARIMEL RR
BlEAE A, SDSSHIVE G Fr i id e ph &R DA XS 2%, W& BE B, #i e, (4398
Jrd sk 3R B KAk ASTEIE S R I B A D, SR T R AR R I 2. LSSTHYJE
K H 5SDSSHIu. g 1 iEEFAH R, Tz B T AR X AR L RN Ty BUIE O A
SDSSHIZJE N ELLum % A # b, LR R HCCDE 1M 5 th 28, $ e R, JATFT
RIS IEE e g v iS5 LSSTHIAN R EE H M A, 236 Hr 5 SDSSAHH B JE St A 4
7], w2 T Pan-STARRSH Hg. 1+ i BI& R 21 (a1 AT s i BB 6
SEZR). SERREIPESE A R TR R A AR, FRATAE X A A B At 2k, X
HEE R K.
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B 1 WFSTRGN RN E HALE. WFSTHDE Y REZEE % (thoughput) BB AL HIZL (B OCEL). EH(BO L
RILR) A2 FE 4 (R R L) P FP AL F I CCD & THI R 2k, Pan-STARRSHIw It (B (SR )i 2 i 2

Fig.1 Comparison of system response functions for WEFST. The black solid line is w filter transmission
curve from Pan-STARRS; The black dash-dotted (blue-sensitive) and the black short dashed (optical
broadband) curves are two kinds of CCD quantum response curves; and the black long dashed line is the

predicted throughput of the optical system of WFST

— NI B RO AT E SR
[ AThdA
C [Thd

Horbr, TR AL 2, A9 K. LSST itk Bt 1A &k K 356.3 nm, gtk
B R K N475.9 nm, 1 BEA RGP K N620.4 nm, 9% B A 2K N753.9 nm,

Aeft (1)
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SDSSHIz B A 30 872.2 nm, WIEI2FT7R.
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K2 k5130 XLl & hk AU Uz 2 2 AR B B ML (Mauna Kea) ML & HERE B RO A 1. DK
AIELF MR AMODTRANAA K. FOEHE AR H Gemini RICE BISHIEIE. &R EL CRRKL) 2 K
W REEE AN g v i 2I6 X R IE T 2% i 28

Fig.2 The simulated atmospheric transmission curve for the site at the altitude of 5130 m, generated
using the software MODTRAN, and the sky background spectrum of dark night at the Gemini
Observatory on the summit of Mauna Kea. The background dashed lines (different gray) denote the

transmission curves of the u, g, r, i, and z filters

2.2 CCD#HNzEHYE F M pz ik

BATRHE2VA & 4 77 111290-9975 1B BHCCDIR M 28, 120 HUN10 k x10 k. FA(Tik
FI 7 2 7R ) i N7 2 3k — 2B X Ee A i, DB A IE FICCDE I R M 28, &
T R AR 37 BE 370 5 T o 38 TN 3 B 1140 3 7 o 2 i 7 i 28 0 T AR R FE AR 173 Ko
Tk 0 B RN S SR AR SR AR 2R TR, A R 98 B 7 R v A 22 1), PR LA Y B
55 R 2 R0 B €0 0 R 2

bl 3 B H 1 5 4 CCD R -1 37 1T 28, 7R B CCDKg B2 0 3 10 756 8 L7 IR AR,
BATT LA B EBCCDTEw gl Bt H A B m 1IN, 17 98 1 CCDAEr iv 2 BRI & T
M) J87 285026 B 1. 7 56 i A4 R U B AR R 08 B AH R R U S 00, TR AP 28 B CCDIR I 2%
PLEBAMACR T B TR ORI A B 2Dl vT DURA 2 S R SR FH I CCDAR I 28 2 L.

2.3 EBmiENF (optics) RSN ik

KM RERERNF REHER. 5MEH. — DM RAAEEESESRA K, A%
M4242.3 m. WiHHIBA e VPG 1% I 5 L% R 400%E I 2 (throughput) i 28, 2
F[H pr @ B O Rt Re, SOt EL R EA NS E T

(1) TR AR ES A R R, H AR 22 F 5 18%;

(2) R FAAE SRR I ) 5 St 5 fi 2, A1 B B s 110) = 45~ 38 Bt %2 20.90;
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(3) R F B L i 328 5 2 T 1140325 3L %6540 98;

(4)3B 55 B 3B BEONN-BK 76 2 3558, %§350 nm PA_E Y6 FiE i RAEQ0% LA L, Xt/
T°350 nm I EANE A B R FHARE SR A 98, KR A6 F 3 BRI R v %
NO.

FZRELL LR ER, AT R R ER 5ot R R i rh e K
FELEATR. M FR R HAZ I 8 6 2 R G0AE350 nm PA R (35 I S, i 78 HoAth il
BURFFAAR, HG22 U B 1 %2 080.545.

ok BE 70 B )l 2 22 G LR RN B i . ph 2R Ak, KA e RGBT S B e
G HER KSR T E (seeing)s KT W FE AT /K VA5 B 255 DR 200 R SCOUL i PRI 1 3R 07
A EER M AT PR AR B B 1A R B R A e Rk T R T LA .

2.4 REBEIRMAAEREH

KA AR T ARV R E T 0 R 5 A ARUBIURE £ ) % 1o K0 H B A
5o 7 AV O (B MSORTSORT ) 1 T, V8 D 8 P2 I W AR A ) et 4 B 9 KRR Ol vl 2, 7R
R A R FR i 4t R a8 R B e 5 v Rl 22 B A VG AT L 3 [X ¥ 4405130 m) B
SRITRHLIN G 0t b AL B S bR MR RE L AR 2. JATE Bt SR iE
FFIMODTRONE A, B4 1 ¥ 4k5130 mi MMl & Hk b 25 KA 33 i 26 i 265,
an 2 A R B B 2 R, B BRI KV SR T R, AT EOE KU
# (airmass) N1.2. KIXEEPWV=2 mm, F/HHMODTRAN |11 515 2] | M52
JesA AELLAMER VI R G R N RSB OR, R S O R UK,
FEAG R ARE R R FRAK, JCHAE LA B, KSR o0 KA TR AR 8K, R
KV R MR SR 5 T AR 6 1k AT PR K R B B Y, FEIT LA BOROR 2, SRR
S,

KAER T WRORTHI >k B RSB AMIRR S 4k, B S o A miida . B2 fr
AN IR OGS SR S R T >k H 26 B 2 B 32 R 3L & (NOAO: National Optical Astronomy
Observatory)#s H 1] Gemini-North 327 52 fr 75 5 Jak 3 (Hawaii) & 1k 46 1 S B4 10 2
W57 (dark night) ()R GHES BEIES. MEF T LLE H, 7E350-550 nmitk Bt 1) R 6 1 il
B #E300-350 nm B, 2B R P AR B A EUN DRI ROGIE S 20N B
A R RSB A 2 R p R R R Y R R (OH) BTk . 1l T B B E AL
BT (Mauna Kea) S & 3k 44 51 (4200 1) -5 R E 3 DU 53 ) el ik i g SRR, RATTR:
H Gemini R 3 & FIEBR G R S 1R AR U WS T B2 578 58 RO WL 2% 1

3 DHEER
3.1 EZBERHEME

e RGUEE, PGB R CCDE 1 B3 R e T B R g
2k, o B0 st Bk OO 2% AE (L7 B KT KOO AR S R ), S BImg 0

*http://www.cfht.hawaii.edu/Instruments/Observatory Manual/ CFHT Observatory Manual(Sec2).html
Shttp://hinotori.hiroshima-u.ac.jp/Instrument/
Shttp://www.gemini.edu/sciops/telescopes-and-sites/observing-condition-constraints/optical-sky-

background
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Rl E T BB ARG 8 MR OGI [A) SRR A% I8 B 1) R B, FRATRIAE EATR 45
KA 18 R B2 e B v 1 it 28 9 45 & HAh S HOk TH R B im B i) R U, KL iR B
BEA U048 M2.3 m, BRIEERT N30 s, KA TN arcsee, HITEHLE K RARSS
RT3 MHz R s AR, 52 A 418 e - pixel ™!, FRIZHER 2 K /NMO0.3
arcsec, CCD#f 28 1. 7EIFHABE SR, WATRH MM F S NF) = 3.631 x 10720
erg-s~1-cm™2-Hz L.

FIA R EE, AN FEWFSTH I 55 SL R 630 s 5 e bt & UAEME R IE

200
N,t

= = (2)
VNt + npi (Nt + NZ)

Horp) N, A& BRI TA] A B2 AR DN s UL 38 1) H AR RAR IR O FE 78, 2 BRI 8], NG/
LA N ] PRI S8 BB OGS SURDG F 58, N 9B R 75 B4, npie AR R
AE SERM S Eigoos. £ R B, IATH & T8 B RREE S
g A5 32 SRR T PRI SR RSO AR O T AR R R B T HOH A e BL23 magh
RARKS BR VS B IEAT e bR, 75 45 5 R R ' o i) AR S 7 B 422 A TR AR T B30 B AN IR A ) A
RE &, 132 EOE TR KRR R, sBER MG CCDE T M4k, #
TG S T R BB R ARV 1 S i T, BNRME 5. RAKSERE r=23 maglt)
R BEHER K SR AN R % EN2.29 x 1072 erg-s™t-em™2- Hz~ 1, XRG40
FEN3.46 x 1073 s~ tcm 2.

M P R ORARUE H S OGRS (XM (B R i R R, RS
FEC IR W 75 AT G ) DL K RO MR O TR NS S T BN TR, B R A R
H CCDIRMI %45 5E 15 ROGTH 54 1 THEL 5 SR ARME 5 BT 528401, 3 BLZ20% ok H Rt
T AN SR s, MRHEIE R (dark night) N B RGTE SOR S, FHI B B 5 E 422.3
mag - arcsec 2 X HHEAT AR, 138 TOCE SR, B 1K 3P = 2 I B g J A4 L
L BIBREIR T8 ANFIE B ) RARLERS BT B R G4R S BE S FEBAC AR L R &R XA E
R HRMEETE 56, B E6 R4t AT RIS [ COD 1 Wi B Hh 2k 4 11
FE, BRI R 5380 B AL

B3 ¢ &, JRATT AT 45 2 AN [R] 28 B4 RAK Y5 AE A R B BT B A5 e e, AT il 55
HWEST Bt 45 7 A [F] B i R . FETH S R LU, JRATTSR 2 arcsec FLAR A 15 4L
FEXF KA T (seeing) 91 arcsec sk AN 56 8y e 107 R £ s 5 ek 2 (P SF) s I,
FAEWAZITTECN34.91, B bR R E LR AN T E ] 86.3%. K EIBRIAE G 50 5
UG, A H (2) 3045 2R AR YR AE % i B I S e B, S5 R an B4R, f7 ZIa 2, X T
AR RIXFER R U, IPSFRIFRE Sm i AR, SRR B RIE6Ee
MR AT . AL 10 B R Al SR T s R AR 38 70

S/N
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lg(e™/s)

400 600 800
Wavelength/nm

B3 WFSTYE30 sl i) F R EIR F R A r=23 magfI8IANH At il KA T e iy B S i K AL OE R

Fig.3 Number of electrons integrated by WFST within 30 s exposure as a function of wavelength from

the sky (black) and eight types of =23 mag celestial sources (color-coded), respectively

12- T T T T
L £

- #:::: 4 Sbc | o
10 ¥ —%Scd |

400 600 800 1000
Wavelength/nm

B4 SRAREERM RN W RMCCDEFMWM Fu, g v i 2RIV EMLE

Fig.4 Signal-to-noise ratios at u, g, r, i, and z for eight types of celestial sources. The broadband CCD

quantum response is adopted here

3.2 CCDEFIgR Lttt
BATVHE &1 vp oy 5 S5O0 58 7 7 A 2R 2 [ CCD & 1 M o2 il 28 (an B LR ). F)
FHWESTAEA RN 2 A AT Bs B30T, 30 sPRe3 8 18R A R A RAATEu, g 1.
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iv oz SN B L, 4R, B RELE SR & BT R all BOK R HARR R 35, 3,
N4 EWEFSTHIENE AR, 28T W& B A & KB CCD & 1M 37 i 2&.

PATd I LB W BN B 7 I A CCD R T B B AR BRI I R AR Eus g 1 iy 2K
B LR IEEXCCD R Y, E B CCD & 71 B 7Eudl Bt b 98 7 CCD & T By, 7Egs
v Bt 5 55 COD R 1A B AH 2, (H 25 58 2 BN P B I R AR, FRATT R &R B T %8
W CCDYE AWEFST S Izt 45 1 2 7 N 28, FRAT 3 B2l A5 1 5%l B 1 g ol it [ 4 453
RARTE W BN 587 CCD T 1) R U A [F SR A & I CCDR TN, 45 R wil B
EFERCCDRIB0 sIEE REBUERT, 56 CCD R EAE30 sl 1 IN5.28 s, {Egil B
T EHEN0.22 sA REIA B W BCCDRIS0 sMEE RBUE; M BCCD Y. i zi B i
T123.9 sFBE G E] 7 fg ik 2 98 CCD IS0 sEEGIE BRI RBUE. #F5 B HCCDEr. i
73 B3N (1) 23.9 sERGIT RN I Euis B, B 58 7 CCDTE uiil B R A IR 115 e LL LL iE
HCCDTEwH; B, WR1FTR. U5 BUA Bl 2 R BUE R, B HBCCDH IR 1)
s If 8] EE %5 17 CCD 2 B J612.3%, 31X 3 B 98 47 CODAE S A 8 R (1) 240 % L ¥ i CCD
e, AT ORI R BE /. R FRATTIE B 58 s CCDAE N WEST R 25

®1 REREES EHERMERNCCDEFMN TwKEREREL

Table 1 The u-band signal-to-noise ratios of celestial sources under blue-sensitive
and broadband CCD quantum responses, respectively
Source types E Sbc Sed Im QSO G2V SNII SNI

S/N with blue CCD (30 s) 0.36 0.67 1.08 1.81 330 1.02 845 1.60
S/N with broad CCD (30 s) 033 0.61 099 165 301 093 773 146
S/N with broad CCD (30+23.9s) 0.45 0.84 1.35 227 4.14 1.28 10.62 2.01

Pan-STARRSAH #rui BUR 4F FIFRIAE J7, 1w B A9RGB, 33 & 480
FE LA BR KT 2 2 R % (AGN) M e i A S, AT RIRoR BR R e iE A, I R 2
< == FE AT U3 &0 T 1 R R TR B, T ISR Rl 2 M0 = S A B AN AR A2
S SR S I ORI AR, i B WL AT LS I B e AT D AR SE.
A, i Bt e AR R KA 718 R i Bt (WS TT) e o 48t IR f0y — 7o 55 2 F W gk B

3.3 wiEdth

wiE e A EEH TR PH R R AR RN SR SOU, H BE A E T AR A H
B A& R Sl T AR AL, BRI, FRATTAR 48 K738 R B im 45 B2 B A 7 R, € B0
S MTwIE . w4k o i E B B T IR B ICCDE PN, i il K,
KA M R TS S AR ot R B L5, 45 8 MR BN 1) R R AR A 1 2R AL 15 Blwik e F 15
FEBH I AR 1) SR OG22, AT T wii e i R AS e L P AGAE.

YT PE S P B I R I 2R B T, T ELE A R 1, 7R IR T
BEZE0. fEBARMRALTHE S, BAT1Z % Pan-STARSS Bz 5% (I w e 6 Fr A% 1T K ih £, )
WWFSTHIwIE G Fr i i 5 il 28 10348 v $0.97, 1l 28 At 05 s A1 213 43 9] 5 g A 6 A
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WA S R 2T 3 P A A [, T AR L T AR X R PR b U K BT i R A g WA g — 2 B
X R, SRR RSO R e 2R il R TR BB A 3 B, (HAS R FRATT B A A 45
RO HEERN A, BATAEH O RAIEEIAA CWWHER F 4282 R, SWIRERRK +
PIZRER(QSO)RERE. Peter NugentBLAR H T 15 21 B A2 BE ik LA A SR BH 1H 2 RE 182K
R, BATEEARE RF2BEH RO Nz = 0.1, REAKRQSOM L2 = 0.72Y. %
G LR K AR O &, HREAN:
S8 (M) dA
S N(A)dA
Horbr, SO\ ARAEE LS IE SRR R, N ()R R R KRR R,
A N LA IR, A AR i LR

XPwi ot B A A 2 B, FRATTR A AR R T L B — P 2R B wiiE
Jr 1 s AR B K AN, = 300 nm, AL LR BN, K01 nm. R TE K
B EF)CCDE W B, A A G FEE Z, RAHENG. RGH SR s E RORIR R, 45
A WFSTHE @B 45 € PSS HL, MR (3) AT BA A 1S 2Y 1) RAREwIEE v PSR L 5
R RECC R, WESATR. 85 5 RIRA ) TS Y (1) RARAE W LI B — AN e K AR, AH B
Hhof I8 — A B A A 1 KA

S/N = : (3)

0 [ ~"’-"“‘|“ 1 1 1
400 600 800 1000
Wavelength/nm

B 5 RAREwWH B30 sHEG A B MG M LU B w i e 2 K AR I SE R . wil e g it 2R il 28 16 o [ 52 ££ 300
nm, SURLLAE LKA
Fig.5 The signal-to-noise ratios (30 s exposure) for eight types of celestial sources as a function of the

red cut-off wavelength of the w filter. The blue cut-off wavelength of w filter is fixed at 300 nm, and the

red cut-off wavelength is tuned

Feodty T B B wik e W s AL B KN, = 300 nm, A AL AT LR K, R 45
SHP AN [] 1 78 ) R AR FEwil B 7 ) e A0 #8810 K /43 731 9875 nm. 861 nm. 827
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nm. 780 nm. 750 nm. 795 nm. 517 nm. 552 nm. I E5H 2R AT &N, AS[E]E A Y
RARYE I35 L g wie B A B L LB BB AN ). 45 508 Bom e, X130t 32 3 1T
B, LN L w e B foe HIE 20 S A A A AE g BE, T A 158 22 A% X I ) i B PR e I 20 v
ot G ke S WA 228
%2 BEEwKBEHELLEEKN, = 300 nm, SEXAKERELL & KRTHLLiRE KR HE
Table 2 The optical red cut-off wavelength of the w filter with the blue cut-off
wavelength fixed at A, = 300 nm with the maximized signal-to-noise ratios for eight

types of celestial sources
Source type E Sbc¢ Sed Im QSO G2V SNII SNI

(S/N)max 3.75 3.81 3.88 425 446 377 717 6.31
Amax/0m 875 861 827 780 750 795 517 552

F w6 Ak 20 b i 58— b 22 R I 25038 wis B e b v Ko A OB,
EATRIEUE 75 B 9300-1100 nm, K H0.5 nm. 1515 3015 e B AR N wi )t A
Uity R AT o B R UK. B K AS M b 5K I RNEI6 AR, 45 R B T AR AL R
AR T XTIV w8 BB P e DA A L 3 A5 BT A [ ).

6 E T T T T
E —_—
‘= Sbec
5;— - = Scd |
E — = G2V
4F |
> oo e
N 3F -
v T
2F 3
1F 3
O g L L L L
400 600 800 1000

Wavelength/nm

K6 WA [F] e A TR R A I S B Ao I8 15 W8 bt 87 w0y M i R £ 3 195 K9

Fig. 6 Maximal signal-to-noise ratio achieved with w filter for eight types of celestial sources. These lines
denote the optimal band width

Fe 302 [ B S0 AR wi ol v A i 38 K K /N A 3 1 S D0 A R Y L R S AN [
R RARAEw I B I 1) 5 I A8 L E 30 KV L 237 9487894 nmy 440-891 nm. 421-874
nm. 388867 nm. 328863 nm. 408851 nm. 300-719 nm. 367-738 nm. F6E R T
Xof T A e R B IS A R R Ak BOWLIN, mT DU SR U A0 5 7 R R TR, XS5 —

22-10



59 il A& A KA A8 R B e B A i 5 e v A 23 A 33

MR 45 R — 2L

#* 3 RIFRHETIwigSt h RImEULL RN A, T8MR R IRRIFREEL

Table 3 The signal-to-noise ratios of eight celestial sources when adjusting the blue
cut-off wavelength )\, and red cut-off wavelength ). of w filter
Source type E Sbc Scd Im QSO G2V SNII SNI

(S/N)max 365 355 351 373 375 335 463 441
Amax/nm  487-894 440-891 421-874 388-867 328-863 408-851 300-719 367-738
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Fig.7 The optical system response (light blue solid line), broad CCD quantum response (red solid line),
atmospheric transmission (black solid line), u, g, r, i, z, and w filters’ transmission curves and their total
transmission curve. The dashed lines (different colors) show the transmission curve of u, g, r, i, and z

filters, and the gray solid line denotes the transmission curve of optimal w filter.
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Fig.8 WFST sensitivities in the u, g, r, i, z, and w bands as a function of integration time under the

survey mode (30 s exposure+fast readout)
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Fig.9 WFST sensitivities in the u, g, r, i, z, w bands as a function of integration time under the pointing

mode (900 s exposure+slow readout)
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R4 BREATWFSTEW g v iv 2z wREAERAEHREXENRBUE (UEFnKRR)
Table 4 The sensitivities (presented as magnitude m) of WFST in the u, g, r, i, z,

and w bands under the survey mode

Integration time/s my/mag mg/mag m./mag mi/mag m,/mag Mmw/mag

30 22.31 22.93 22.77 22.05 21.02 22.96
60 22.69 23.31 23.15 22.43 21.40 23.33
90 22.91 23.53 23.34 22.66 21.62 23.55
900 24.16 24.78 24.62 23.89 22.87 24.80
1800 24.53 25.15 24.99 24.27 23.24 25.18
3000 24.81 25.43 25.27 24.55 23.52 25.46
3600 24.91 25.53 25.37 24.65 23.62 25.56
7200 25.29 25.91 25.75 25.02 24.00 25.93
18000 25.78 26.40 26.24 25.52 24.49 26.43
36000 26.16 26.78 26.62 25.90 24.87 26.81

#z5 EBEBEXTWEFSTHEW g 1 iv zv WHEARBRXAELNAEINREE
Table 5 The sensitivities of WFST in the u, g, r, i, z, and w bands under the

pointing mode

Exposure time/s mu/mag mg/mag m./mag m;/mag m,/mag my/mag

900 24.30 24.83 24.64 23.95 22.89 24.84
1800 24.68 25.20 25.01 24.33 23.27 25.22
2700 24.90 25.42 25.23 24.55 23.49 25.44
3600 25.06 25.58 25.39 24.70 23.64 25.59
9000 25.55 26.08 25.89 25.20 24.14 26.09
18000 25.93 26.45 26.26 25.58 24.52 26.47
27000 26.15 26.67 26.48 25.80 24.74 26.68
36000 26.31 26.83 26.64 25.95 24.89 26.84
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S G R LY AR 5130 o RISl - F R 038 dok 2 ity 2 45
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A Study of Detector Response and Filter
Optimization for the Wide Field Survey Telescope

SHI Dong-dong!?  ZHENG Xian-zhong! ZHAO Hai-bin! LOU Zheng!
WANG Hai-ren®  QIAN Yuan! LIU Wei'! YAO Da-zhi!

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008)
(2 School of Astronomy and Space Science, University of Science and Technology of China,
Hefei 230026)

Asstract The Wide Field Survey Telescope (WFST) is designed to be a powerful
survey machine with prime-focus optics, 2.5 m diameter primary mirror, and 3 degree
field of view. It is dedicated to a northern sky imaging survey over 20000 square
degrees area. The main science goals include: (1) characterizing the compositions and
structures of the Milky Way and local universe; (2) mapping the solar system objects;
and (3) exploring variable universe. We combine the optical throughput, charge coupled
device (CCD) quantum response, and filter transmission with atmospheric transmission
of a 5130 m-altitude site and sky emission from the site of Mauna Kea to analyze the
sensitivities of the telescope with different types of CCD response curves. Our results
denote that a typical blue-sensitive CCD provides a higher sensitivity in observing blue-
color objects like supernova and quasar than a typical broadband CCD, but a lower
sensitivity in the r, i, and z bands, leading to a lower survey efficiency to the same u, g,
r, i, and z depths. We show that the wavelength range of the w filter (~ g +r + i) can
be optimized in terms of the energy distribution of survey targets, and give the optimal
wavelength range of 367-795 nm for the w filter. Finally, we present the u, g, r, i, z,
and w sensitivities as a function of integration time to demonstrate the capability of
WEFST.

Key words wide field survey: filter, CCD: signal-to-noise ratio, sensitivity

22-16



