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Abstract

We re-measured limiting magnitudes of the Nishiharima Infrared Camera (NIC), after im-
plementation of Fowler sampling modes. The limiting magnitudes (S/N = 10) of J = 18.9
[mag], H = 19.0 [mag] and Ks = 18.0 [mag] were derived from images obtained with a 1200 s
integration and eight-time Fowler samplings.
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1. BU®HIC

PEIE D ERCE 3 WEFERBIHLIL RN A 2 5 (Nishiharima Infrared Camera: NIC) (., 2w 7= &R A
7L VHERUICHD AT 6T 2 BIHEEECTH %, TR J, H, Ks 2N F O % [FRHZ S T & 25
DB 5, NIC DFEZAR - YEBEIE, Ishiguro et al. (2011) IKF LD LNTW 5, A IIZLREY 7Y v 7
(Fowler sampling, Fowler & Gatley, 1990) & — FE AT 7 fFaAER 2 i 1) T & 72, ZaUdiidricxf L
TIEM G L 2 BT, 2 0FHfEEINS 2 LT, AL /A X2 ERT 2 b0 TH L, ¥ 7Y
YRk OBG, BiERY £y PO, k FogAN L 27w, RERHRROE#IC, 512k RO
AL 2T, BHATERD k 2y FDESZ LD, 2050 VFEZz AT v P ELTHIIT 2, 2013 4F
I 4 A1 (x4 sampling) 8 & O 8 [AFES S~ 7Y » 7 (x8 sampling) €— FE2EMALT 2 2 L3 TELD
T, WO TRAEHRDMUE 217> 72,
L1 Eo@AMRLIC 2 B2k, Fv 7)) v JEE k OBEORKETIIX 2k BTh 2,
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2. BUHL A

HE I e70iE, 2013443 H 5 H (UF5UR 5.8°C) (CBUI L 72 #tH R Hl NGC 2420 OEHRTH %, 8 [H1F
By 7Yy =R, 13> 7Y v 7 (x1 sampling) €— F2 ICH LT, 2hFh 1> ay b 120 BEH
D10 M7 4 Y v 78 CER:10") Z24T- 7, Ishiguro et al. (2011) EFkIC, ¥—2ZLE&, 77 b
WIE, Ny FEZRL - Ay FEZRL .- F—I7ET7RLEER, L7 AL ELLIE, 3y —vE B
L &b OWGME 217> 7, Fig. 1 IZADGICH W2l TH 5 (J NV F), BEO FWHM (full-width at
half-maximum) (&, #J 1.1” (7 pixels) TdH o7z, HEFLE 1.5 FWHM & LT, IRAF @ apphot.phot ¥ A
7 %M OTHEZT o 72, HEFND 2MASS (Skrutskie et al., 2006) sF & DFIRFADEIC X D Efkz ko 7,

Fig. 1. Processed J images for photometry. (Left) x8 sampling mode. (Right) x1 sampling mode.

2Z22TE) MEYYy 7Y Lid, "1 ED correlated double sampling; &\ ) ERTH O, FEITIFFTHATRIC 1 [HT O,
g2 Blo@mEAL L 27> T\w» 2,
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3. BREHK

Figs. 2-4 13, #3507z S/N (signal-to-noise ratio) Z5ficxfLT7my FLAbDTHS, I T, S/N
& S/N = 1.086/0,, (0 HYEERRE) 225437, 0., (& IRAF @ apphot.phot ¥ A 7 TRDZHDTH %
(MERR), (#ftiilhizstBAr—ne L) KET7my F2ER7 4y L, 74y FEETS/N=10 L% 3%
RS E L7z, Table 1 ICFERZZ LD 2,

LY v 7)) v 71T R T 8 BIPEg Y~ 77 v 7 ORRER L, J N FT 0.5 mag, H 7V FT 0.3
mag L 2o T3, —H, Ks XY FTIRIFEAEZLL TuRvy, ZOFERIZOWT, RASRZ G
24 R%5H L CHMAZRAS, Table 2 13, AAAL /A REGHAKL /4 X2HML, 2otk i/
A ZDEIZHFED T, 1R 7)) v 7L ST > 7)) v VP TORFERDEZ BEEL > b DTH 5,
JH Ny FTlE, IZIFRB D@D I S v 77 v S TORBERBIEL o Tw b 2 Ebh 5, Ks
TiE, /A XDSDRED TIF 0.2 mag 1FERLS 2 LI FERPH N, HHEERVES, ZDOFERKIE
RHTH 205, FAHL /A ZADOREW GiAaHBL I DT v A L% Ishiguro et al. 2011 T HIERE
D 6 DFHEINZAL) 23 L CO 2 AREED D 5,
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Fig. 2. Magnitudes vs. S/N diagram for J band.
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Fig. 4. Magnitudes vs. S/N diagram for Ks band.
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Fig. 3. Magnitudes vs. S/N diagram for H band.
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Table 1. Limiting magnitudes.

Sampling J [mag] H [mag] Ks [mag]
x 1 18.4 18.7 18.1
x 8 18.9 19.0 18.0

Table 2. Estimates of differences in limiting magnitudes

Band  Sampling  Sky[ADU]  Ngyle™]  Nyeaale™]  Niotawrle™]  Rgpi Est. Am
J x1 205 137 158 209 - -
X8 210 139 35 143 0.68 0.41

H x1 2330 478 237 533 - -
X8 2085 452 35 453 0.85 0.18

Ks x1 1430 367 262 451 - -
X8 1430 367 32 368 0.82 0.22

Nokys Nread, and Niotqr stand for sky background noise, effective readout noise, and total noise,
respectively. Sky counts in ADU are converted to electron unit using an effective conversion factor
(C.F), which is calculated as n x (single C.F), where n represents the dithered (i.e., combined)

number (n = 10 for our data). Then, Ngyle”] = +/Skyle™] is used. Effective readout noise
is obtained by Nycqq = v/ X (single readout noise), where values of single readout noise were
derived by Ishiguro et al. (2011) (see Table 3 in this paper). N7, = N2, + N7, is assumed.

Rg/1 is the ratio of Nyoqr for x8 sampling to that for x1 sampling. Am, which is defined as
(Lim. mag. for x 8 samp.) — (Lim. mag. for x 1 samp.), is estimated by —2.5 x log Rg/1.
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4. F&EH

8P v 7Y v ' — FOEAL, A€ — FTORMERZ KD, S/N =10 &% 5RAERIE, J =189
[mag], H = 19.0 [mag], Ks = 18.0 [mag] £RF->7%, #31&, HEHF I/ NIC i —ETH 5,

Table 3. Performance of NIC in 2013

Unit J H Ks Remarks

Wavelength center pm 1.25 1.63 2.15
Wavelength width pm 0.16 0.30 0.31
Conversion factor e"/ADU 92+02 98+02 94402
Readout noise e” 50 + 4 75 £ 4 83 £5  x1 sampling mode

~17 ~23 ~27 x4 sampling mode

~11 ~11 ~10 x 8 sampling mode
Linearity limit ADU ~8,000 ~8,000 ~8,000 Incl. counts before the first read.
Field of view arcmin?  2.73x2.73 2.73x2.73 2.73x2.73
Pixel scale arcsec/pix 0.16 0.16 0.16
Limiting magnitude mag 18.9 19.0 18.0 S/N =10, 120 s x 10 dither

X8 sampling mode

Photometry precision mag 0.014 0.005 0.011 10 s x 10 dither x 26 set

x 1 sampling mode
Ref:.J=10.8, H=10.2, Ks=9.9
Object:J=11.2, H=10.7, Ks=10.6

Bold texts are information added or renewed since Ishiguro et al. (2011).

This publication makes use of data products from the Two Micron All Sky Survey, which is a joint
project of the University of Massachusetts and the Infrared Processing and Analysis Center/California
Institute of Technology, funded by the National Aeronautics and Space Administration and the National

Science Foundation.
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