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Bz ld, PEIX Y XA 3ERRBHLERI A X 5 (NIC) OffGBIHIE— REHIKE L2, f
fRA DR T2 R L, RO ORIZIRERGMEICIE L 2R 7 AV X — 2 8EL 72, 2018
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RG2S BIBERE D 2 R D 2 & 33 hr o 7,

Abstract

We redeveloped the polarimetry mode for the Nishiharima Infrared Camera (NIC). A calcite
polarizing beam displacer was adopted. The holder for the displacer was designed considering
anisotropy in thermal expansion of calcite. We installed the new polarizing beam displacer into
the cryostat in February, 2018. Observations for unpolarized standard stars yielded instrumental
(including telescope) polarization degrees of 0.01+0.37% (J), 0.024+0.82% (H), and 0.04+0.39%
(Ks). We did not find any significant dependence of the instrumental polarization on either the
image position, the rotator’s angle, or the telescope altitude. Our evaluation shows that the

NIC has a potential to detect a 1% polarization degree in at least J and K, bands.
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1. [ELC®»IC

PHIE D £ KA 3 WRFARBIHLTARIE A X 5 (Nishiharima Infrared Camera: NIC) (&, 72D 7= i D 7
IV VERIZEEIN TV B IRGRETH 5, EHKHN J, H, Ky NV RERARICEHITE 5, @HEORE K
BB (LARE TG & E8Y) OPEREIE Ishiguro et al. (2011), Takahashi et al. (2013) IZEd I T W2

NIC (&, GBI OMIZRCEAEH (TREYEBH] SIER) $TED LI TN TWE, fﬁi‘é@ﬁ{m
IRPEEER LD HE T2 H WS, BEZREMARRNOEEGEREDI AR T ZEL Z 2
D, ABPEERZEYE - BEED 268 (BEWIZIRBIOM S A ERT 5 2 0681 120HEd 5, ¥?}§§1‘)ﬂi%f§$ﬁ

CEZEGHIREDR (77 YN 2@, AN AZREIEHE2T 5,

2012 4 5 A & D EAEP OB AR I Nz, L L, TOEEZ» SHBZMN T2 <] OFOEH
7z (Fig. 1), 1<) OFORIIMAEHREREE 2 K& SHIRL. EEMICHELEIZTERWVREE 2>
Tzo ZDH, BEMHNBREZHBE UREAHMBZETZBHE LA, RTRHAICEBADPASTE I L1 o
72o BIHIZIIEA D BERZE T OFHPBETH 2,

NIC i, I— IV R¥ vy X— @B TRV — 2R (TRLVE—] LIRS 23R LANT
52 LIZ&D, wBEBIE— R X—2BHE— R LBHE—FOUOVEZX 2175, ZOBEIIXALX—
ZWE-EBEEIHE S, EEBEERR-VAVEAT YV I E—XTHEIT 2 AROYEHT W, T
OEBFEE L, FRFEEEECEXMER LB LOD, BEEBHIEREE (~75-100 K, ~ 107876 Torr) TIXH)
MR T8 B NI TNNRELEL TV, £ T, WADHEETOFHRICELE, MAROETEES M5

Iz U7z,

EEZEEZHHT LR VT —DOWMO I IAMESEDS72H, SV —OHEELREE RS, DF
0. BRAIMMEHDHMERT - BV E—  HEEETHKIN 2=y b ([E=FYFa=y b ZIER) 24K
FPHEEARTLEZ UL,

2. FHHE

2-1. RADBERF. KLY —

AR U 7R D MR 7 D RMIZFRATH o 7z, HRAIZBWIRED RNV KR E L | T D7 DiRELLIC
9\ BHRDRIZH S TR WAY, EAELE (FHR) K@M GaH) K i 200 K R DR
LD 2720, WMEEACPBIRO R > 72 iR 5 %,

Fig. 1. Images obtained with the previous polarizing beam displacer before (left) and after (right) the
breakage. Both of them are in J band. The left is a dome-flat image.

L OREIR R I%, ST AT 26.3 x 1076 K1, BWEAHGHTIX 544 x 1070 K—1  (0-80 °C. BERM4EZ 2015),
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ZTZ T, ARAITRLZEME LTV FILERG Uz, VFIVIZHBAIZ AR TEIZERD BN NE
W, EBBROFEMRFEN NIV WS RERH B, ULPLURAKNPKREL, ZOOKHET—T 1~
THMETH B0, NIC OEERHEE CHEZ BT e R onehro7z, I T, VFILORH
WRED, PR AR RO Z T MZTOZEME UTHWS Z 2T Uz, BIEL 2R EEE T D4
1% Table 1 IZF 2 D5,

RBEZMZEBER L WS HRADEEAIZH LTI, SVEX—2TRKTEZLTHIGTAZ &2,
Fibb, EBTOMNEH4AHD S HLERXRT L 2HENITHXRTLILIZED, ZLPFRL TEHBRBELN
PRSRNEDI T Uz, TOT AT T AR T B LRV E —ORERRIE U 72 6 F M » SR X
N-HEDOTH 5B,

E. FZFO CETino TRZRD) WREEEKREZD 5720 AY (12 mm x 12 mm), ARFBDOKRE
T 2.7mm X 4 mm A5 2.7 mm x 8§ mm IZHLKT B I LITLD, RABHUGEEZILKT LI LT L7,
I oI, fek, fWtFETRE (LS (FEEFENm LD 2.2 mm E@EEEM & U THEF S A, S
WEERE 2 A TIRDIZE D 4.2 mm RSl e Uz, ZNEEFREHOHE S PMBRAEHRICEHENWISSTEZ L%
HozbDTH B,

Table 1. Specs of the new polarizing beam displacer

Substrate Calcite
Size 12 mm x 12 mm x 32.5 mm
Clear aperture 10 mm x 10 mm

Beam separation >30 mm

Coating None

2-2. E#EE

¥ U \WIEB)EEE 21 Janssen Precision Engineering (JPE) @ Cryo Linear Drive (CLD) 1 %#MH L7z, CLD1
1% 0.02-375 K DIRERECHHATE L SN TH Y, NIC TOMFHAIZ+O/IETE 2 LMWL -,

CLD1 #RAT 212 H 72> TORAKD AL AL, MEROKEETH>7-, CLDL I BN GHllT 5
IYI—=XRFEL TRV ?2, CLDL ¥y (JEE) RIZX VBT 52, 1 AT v Tdi-b OBEH
HEDOREMD K E N, JPE HEffi# & D private communication IZ2& 3 &, TRTOEMELR—EZLLTHE
FEREEZ T U T 10%REDOAREMED B 5, open loop HlMHITIX, #0110 mm ORBENZH U TEH mm OLEMHL
FHRIN (1 mm B KZ 5 pix ITHY), XFERDH B AEEMELRD 5,

ZZT, CLD1 ®F v VU 7 a8l (A b o —2 51.5 mm) OFMNMHTZ . WCEIHIE— N B & O
HE—ROMEE Uz, WIZET 2010 Bbid ATy 7HOBE 2 4L, Fv 1) 7 2IHSIZRID
352 ik, MERDEITY, F—2BHETE—RIZOVWTIE, YyYy X —DKREIIZRBND 5D THE
PHEORKEE L 2-3 mm FEFE & HikIUEE <. open loop I CTEHEE Y E D EHAABETH 5 & RiA iz,

AF U7z CLD1 ZHWT, #0 iR UAEROMEEZJE L 72, RERIZHER (~290 K) BEERBETIT - 72,
CLDLIZ ANV R — %87 RET. ACE, ShE NAE, $hiE &0 3MEOBEL TR L7Z, ¥y V7T
B W TDRER S 2500 ATy TEI U7z, CLDL ARy 7K 3 12k 3 1 ATy THi- OB

2 RT3 - K EOWE (CLD1-COE) b & 24, EZMEIEBNIMIET 7 1 N2 TiiT 2 FHPKRE L, AL, o7,

3 https://www.janssenprecisionengineering.com/page/cryo-linear-drive-cld /
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8 um (B 203 K) TH D 4 | ZOMIZEDDVWTFHEINLZBENEHIL 20 mm TH D, ZOEEEZ 1D
DEFESFHD 10 FIHEDIR U, ERl, BBEEE#EE 72 2L F2ATHEL 7,

HIEFER % Table 2 (2R T, BIEAMAFH U THIE, 0K UABEPOKEIX 0.4 mm £l TdH 35,
BIEAFNC & O BENERECER KR T 7 mm FEEDEDNAEL 5 Z LD o 7z,

R—VBRHIE— NIZYOBER 2 7-O DB 7 v THIE, Bializ ®EII TR (CLD1 OB ;51
KT OfixRELTHS, FHOMUEHEREBEZ DL, X—7BHE— NADY Y &2 I3 E % &
EZSLCRETIT S OV EHTH 5, TNLSDORETH — 7B ZITOERIE, vy Z—DPIELIHHAZ
N, R EITER SN TV DR T 2B D 5,

2-3. HYW{FiF & E5HER

FREMELZE— NIBI=y M % 2018 4F 2 AIZ HZEWHIASRAIZELD (11372 (Fig. 2).

Fig. 3 3oz 7 v Nl TH D (IUF5TE. EEAI KX 3-2. HiZI) . IZIFHEHE Y OLE
2, BRI NT WD Z e 2R L, B EOHEBTFOKRE XX, BL% 150 pix x 430 pix THo
Tzo 7N AT = UH GBI & W U 0.16” /pix (Ishiguro et al., 2011) &{KET 5 &, FHEFOKE XM
24" % 69" \ZHI24 9 B,

=y MO AHF . ATHER A E TIZ 4 ORI - WS 24707203, RS HESE T OIHE X EB) %
B O IEFE L TV,

Table 2. Measurements of CLD1’s movement (in mm)

Move. orientation Horizontal Vertically downward Vertically upward
Mean 19.54 24.06 17.30
Std. deviation 0.12 0.35 0.20

3. R DT
3-1. EAEREA

iRt (E&EEZ2 OB AT A TEUZ AANRIEL) Z5HMiid 272002, EELEHER 28U 72,
BUHIRAKIX “A List of Polarized and Unpolarized Standard Stars for UKIRT”S & 0 &R U 7z, B O
% Table 3 2R T,

PR FHESAL S 0°, 45°, 22.5°, 67.5° [ X &, TN Z D [ElEEf TFT S ki 4 M OHGRE 12y
FEREATVS, 12y hOBHIT— 255, 1O NEA N —2 285 A= (¢ = Q/I,u=U/I)
NEHRIND,

3-2. BERUE, RN—VRANRNSA—-9DEH

E AL T LA O FNETIT - 72,

LREIC L O RESHL D,
5 RERRAER - b ED,
6 https://www.ukirt.hawaii.edu/instruments/irpol/irpol_stds.html
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Ll

Fig. 2. Mode switching unit. (a) Holder for the polarizing beam displacer. The positions to be inserted on

the light path for imaging, dark, and polarimetry modes are designated by arrrows with “Open”, “Close”,
and “Pol”, respectively. (b) Mode switching unit as a whole. The holder is placed on the CLD1. A plate
with a hole behind the holder is a light shield. (c¢) Installing the unit into the cryostat. The light path is

shown by a bold yellow arrow.

Fig. 3. Combined flat frames in J, H, and K bands, from left to right. In each band, ordinay light is

imaged on the left (smaller ) rectangular region, whereas extraordinary lihgt reachs the right region.
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Table 3. Summary of our observations for unpolarized standard stars. Hereby m ; represents magnitude in
J band, retrieved from the SIMBAD database; Exp, PA and Alt stand for exposure time, NIC’s position

angle with respect to equatorial North, and telescope’s pointing altitude, respectively.

Object Date in 2018 (UT) my Exp (s) Set # PA Alt Remarks

HD 65583 March 14 5.5 2 15 0° 80°-73° 3 y-positions

HD 98281 March 14 5.9 5 15 0° 42°-44° 3 y-positions

HD 103095 May 9 4.9 2 ~150 90°,0° 72°-32° Self-guide (PA=0°)

L Mg —r . X—=URE

2. 75 v MHIE

NIC O IEME X — > (fthF) 2WBND, 2 —v Ol Ak, BEHEORRPILIZRELRD, /-8
221224k d 5 (Ishiguro et al., 2011), H OHFRABINOBEGLIETIX, M X —rDRrEF, X—2#&L
5l &, ARARAELGEDRITIT o T Wz, AR KON GEEIL, ThEZLUGIrRVwE, itk —r
AN WD TH D, UL, WHBHIOGA . HE2/NS <HIELTWAS 72D, BEEROZFNZKT
HDFEE A EAS RV EET 5, 2T, EEBEOBERE T, FRBIZOVTHIIFE A LA S IRVEE
MOMENRZ =V DRI (IT V) ZHAMD, ThEELGIK ZETHAR -V E2REL 7 (Fig. 4), 2D
WIET, K= REEHA Ty ATV b EREEIN5,

RIZ7 7y MEIEZRTTS, RO 7 Ty MREEEZHWT Y 7y MNEikE 52 O0EMTH 5, HGBil
HEDT7 7y MEETIENTIA T4 M7 Ty bE2HWS Z AR IN TV S (Ishiguro et al., 2011), LA
L. AR 22 (BELI N2 K 3R <G L. 8E & AT M2 LT 2720127 | Bl 7 7 v
FRERELUTIEBEL TR, 22T, F—A77 v b2 LE (ZV 70—V YHNICHELTHD T TV
NAZ ) = IZBEFF U722 BED, =475y b OMEMEIRRFFICIZIE-E 20, Mo AR SN2 R
LW DI BITERGETH B HEEE 2, T2 Ty BARD & S A8 - EiGRAE 247\, SEEREERIZ
BT Ty MNEifEARL .

o NV VERDEED —T — X DEELAE%-135° 725 +180° £ T 45° HATHELZ ¥z (8 AE),

e 1 DDU—F—REMZAEIZDE, 20y b (1 Xy MILIKENR 4 BHEM OBUH) OIFSEER %17 -
72 AEOZBLERIZ2M), 20, 85 4x20x 8 =640 D7 5 v MHifgzEEL 7,

o MENNR—VEREBMWMILZAT o 724k, TR TOMEGZ MU (BEREINZIEA Y > MED 1 IEIZ 7%
£ IR,

L EDWIRE L THESNHE T T v NlifkdS, Fig. 3 TH 3, IHENEOHME T (BHERT) O 75w Ml
B (Fig. 1 /£) 2lRB e, —BREESRZ=VBRESNTWE I B0 5, ZOHEIX

o HFEFORMOME LHEMDIIT—MEDRIHE T LD B/NI W,
o RTYKM% LRFENALEDPSHEL 72 Z LB LT,

TRENET D EUT TR HETRHMFELT Ty bESGRTER W,
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Fig. 4. Column pattern subtraction. Left: before subtraction. The regions enclosed by upper two lines and

lower two lines are used for measurement of the column pattern. Right: after subtraction.

Fig. 5. Processed images of HD 65583 in J, H, and K, bands, from left to right.

DWITNhELEHAFTHDEEZ NS,

MR — VBREFADREKERZ 7 F7 v MEGTH L Z LIk, 77y MlEZT> 72,

KARDME K A 74 DSFERINIZIA D < BB 5618, 0 OGBIM & Wbz, A AR — 2 DREDBEE
27227255, LU, SRIEBHIU 72 R 2 I3 12D <. A0 A B 3 NI EE 1590 5 720
T (Fig. A G TCANAEDMFIFLE AL E S>TWRN), AHANRR—=VDREZITDRP 72,

A= ANTGA—RE2HENT 5012, BEHERENXTNZTNOEBZRDEL 72, HHITIZ IRAF ©
apphot.phot X A7 &\ 7z, PARDFIETHEEL S A N =2 AT A=K ERD =, [ EN O EER
St SRORAEBI T — Z 126 U TSR 2 kT h 5,

Ie 00 Io,450

R, = (1)

Iooe Teaso’
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I o 1 o
Ru _ €,22.5° 10,67.5 , (2)
10,2250 Ie 67.50

1—- R,

= 3

I 1+ R, (3)
1-R,

= . 4

TZTIxg FHAPKETH 0. B 1RE x IFEN (o) T/2IXEEN (o) 2. 82T ¢ 1LV ERDMELA % K
T, BB, ZIZTKRD q, u HMEADEERFITE > TOREDRN M2 HHEL LTRDENIZEDT, &
FTUHREREOMIL 2 REE L T2 g, u L IF—F LR,

SENIERGERER (BD g, w3 0) 2BHIL-0T, ZZTEHINZ ¢, u PBRWRETHDIEEX
5, 7o, ARG DM HIERK BB HIZAE U 2 RS0 % 59 5 il HetE S & 528, HIBRKSUIZ K 2 Rt i3
KT 0.006%FEfE L Wi TN TEH D (Bailey et al., 2008), NIC THHTE 5 L)L TIERNWODT (Table 4) Z
ZTRF AR,

g, u ZBAFIZE D, RNE Py LIRSETi6if © ITEMTE 5,

Po= @+, )
t4n(26) = u/g, ©)

R LR T DERFE (op,00) 13, g & u DIRFE (04,04) POKRD B,

0252 2452
qeoy +ucoy

= _— 7

ap P() ) ( )
op
= 28.65°—.

oo 8.65 7 (8)

K (5) TRDOIZAHE Py 1T1E, WHEIINT B ZDRED (op/Py) WREWVE E,| IEDNA T AHH
Mo, ZONATA%EFEIET 572012, Plaszezynski et al. (2014) 232K U 72 LA R O E X% W7z,

9 1—6_P()2/°-§’

P="F—-op 5P, (9)

3-3. R
(a) S

BoN/-WiEYt ¢, u % Table 4 IZE DD, 3 RIKDF ¢, u D ORNE P 2RkD B L. 0.01+£0.37% (J),
0.0240.82% (H), 0.0440.39% (K,)® 75, J, H, K, XY R, ARBEWFECIMEIhRhro7z, A
BRI NZD 70T, WHHAA O 1Tk TWiawn,

HD 65583 £ HD 98281 (232 H N> ROUEMEA LV DIX, Mg ETESHI Y Y MAfAILTL
FoMoTHB, HD 103095 1I22WTH, HNVYRDAT Y MIJ, K, NNV REDHREDRSZIZE NN
Ho53, HNAVROBEABFIMANY REDERELRoTWE, ZOEKE, HAAY RO—HDOEY IRV TH
TV RBEEMUZNY =T ) T A BRI NDBRAEZEATCLUE 572720 THLRENEDLD 5,

8 BN,
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Table 4. Derived instrumental polarization. Errors in ¢, u for each object are in terms of standard deviation

NIC Polarimetry Mode

(one sigma). Errors in the mean ¢, u are calculated as root-mean-square of errors for the objects.

J band H band K, band
Object q (%) u (%) q (%) u (%) q (%) u (%)
HD 65583 0.03 £ 0.32 -0.06 £ 0.33 - 1-0.05+£026 -0.13+0.24
HD 98281 | -0.05 + 0.25 0.01 £ 0.14 -1 -0.04 £0.17 -0.05 £ 0.20
HD 103095 | 0.01 +0.30 0.02 +£0.36 | 0.03 + 0.52 -0.03 £ 0.55 | 0.02 £ 0.42 -0.02 4+ 0.43
Mean -0.00 £0.29 -0.01 £0.29 | 0.03 £0.52 -0.03 £ 0.55 | -0.02 &+ 0.30 -0.07 £+ 0.31

(b)  HEARALE N DA

PR YE DRGEALE X T B HAFMEZ FIAR 7z, HD 65583 £ HD 98281 122\ T, FEFD E (FERE y 23K E W\
F). s FO 3T TREE GRS MBAENIC ¢, u 2RO, ZDFERE Table 5 1ITR7,
FEARNL BT X 2 B e DMRAEMEIZ A S e dr 5 7z,

Table 5. Positional dependence of instrumental polarization.

J band K, band
y-position q (%) u (%) q (%) u (%)
Upper -0.02 £0.26 -0.11 £ 0.21 | -0.01 &+ 0.24 -0.09 £+ 0.26
Center 0.12 £ 030 -0.03 £0.31 | 0.01 £ 0.22 -0.13 £ 0.22
Lower -0.12 £ 0.26  0.05 £0.22 | -0.13 &+ 0.18 -0.04 £ 0.19
(¢) v—7F—REHEA - FRIFEE AN DOKRENE
HED—T —XOEEMPEIT DL, BEM»S L L EREFEVRELT DI Li12h5, L. FEEHFIE

K 28R d 2 D7 51E, 0 —T — X DOEHRIZPE > THREEED Sl © MREEEd 5 (¢,u BET 2)
$3CH 5, HD 103095 DBLHIT — X & T, #eblif 01 — 7 — X [HELfH AN OIRIFNEZ FR T2, MDD
30 &y MIEEEFGNA (PA) HY90°, T DI PA 23 0° O%ETH% LD T, PA2YI0EFERZRA1 IV
7 Ccu—7 — XDOEELA (insrot) PR ESEL Uz, 72, PAZEELTWAMHE. HEFOREEZITHHT 72
HIZ insrot 1FMHR %2 IZZEAL L TWL, Figs. 6-8 T, insrot DEALIZES 72 g, w DEALIIFER TE W,
F 7z, HD 103095 OEHIF, LEFIIRAFEE L 72° 225 32° T TEL D, EEIZNT S g, u DIRF
MEH R Z W (Figs. 6-8), Z4uE, A< & 2 OmEHIPH CIFHIBRRAERIC L 2RAVEHTE I L %
BRI DERTHHEZ R 5D, b#b EENR22° 2 RES L, BB REFEOHRFADO AT 70—
V¥ OREER S D DT, WFRER I NERIRYEDIR E KRB A HEMED D B, EE 30° BAR T O MR LA HE
BEEALEENG,
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. 6. J-band instrumental polarization derived from observations for HD 103095.
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. 7. H-band instrumental polarization derived from observations for HD 103095.
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Fig. 8. K,-band instrumental polarization derived from observations for HD 103095.
4. F&&

413 NIC DREEIHIE — N 2 HHEFEL 72, BECEEROBINC X v, SR YEE X 0.01+0.37% (J),
0.02+£0.82% (H), 0.04+£0.39% (K;) £3RD SNz, J, H, Ks NV R e dH | FRgHEMELIRE T hanr-
7o F7o, FEGAE, EED—T7 — XA, LEREROEEOVTIUIT LTS, SMlREOREMNIER S
Nwhotz, s J, K, 8 FIiZ2oWTid, NIC I 1%DmEE 2§ 2FERE N2> Z £ 23
Molz, S, TRIFEEEEER OB - b 2170, (WYGEHE O IEMEVES 2 FHEiT 5 TETH 5,

ARBIFE L, WO TREaO D2 LFEFIA - LA AOEEEFZE] . B LU HARZEAM RSB
(15K21296) DX E#=ZI1FF L7z,

S X HR
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