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G B T R D R, DR I 3 R B R AR
SE W He i 5, ABAF LRI AR AL
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T &R 0N B2 378 (Sagittarius stream ) {8 4 & B,
1M & XA V2 BE IS A 22 Jn 49 Bl 282 48 0 215 il 2 e
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Survey, PAndAS)[FIFE 45t 7 X TM31LE R & H
FEABAZE5 440 PR S 0 25 SR, 3k — S5 R IE S T BRI (1 Tl
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B AN R 18 R G5 R TR B B AR O T HERR A
B RFEPIAIE A R IF G P LR s, 7
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W | A AR, AT HENT e A R
BT R S 55 A, 5 B 1) 45 5, T R
5 B IATT B B AR i R AR ORI HE —
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AL FON T A0 K AR I 45 SR 5 N AR S
FLTTI £ pR AR TR R R T BRI SR R o 4 A O
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WV G R AT R MBI 9T, 3K A 5 R B A I
(71 B 't I 25 5 R o 1) MR Ak B B R SR 3R A BE IR 1
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100 1 R~T i KA &, AR 2 REWISE W1
(3.4 pm) P B 1o RIGH F 55 64T Ry EAT i ik
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ERBPATEELERE TN E R(MAFFEILH
MAFFEI2), 15216 Fe A B 5. 7 2 Ui B 1 42,
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A RSP KREE RS IRNE R, AFFAEAR T
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B RM— IR R). SR, 1620 i it 5,
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AHIFFEH B 2 R T6 A FE AR DL KB AT 3 B
JBi W S5 R RIE S 0 DA R S in A e B D I ]
FIR FE (R FE 1 5 WL 55 3.5 By B R fE R 1. %o
TEANER, BAMEMH T O)EREBELK; (2)75F
ZR.A.; (3) 7% Dec.; (4) A B R ays; (5)ELEHR Ass;
(6)HLHILE Db/ a (DT a3 7] 9 WL 5~ 4 il 2 J
Hh); (7)IEE D; (8)F R A (Morph); (9)/2 15 17
FEAI T 52 P 45 14 (LSBSS) S AR G STk (10) 8 im E 14
JENEREINT T) (gip B /el BE); (11) i AR AR PR 1T 5%
FE i (U B /e BY). BT SHERE A A RS M
2R, 78T L, ¥R H NED?
(NASA/IPAC Extragalactic Database) ' 45 Hi 1]
s A ELAT (RN BB B 11 52 2 2925 mag)/(7)? &bt B
AR R Kl AR ), B A R 3T E A T & H
¢ W EE BSRT FOR M B AR T AR B A FEAR
B RWEZ ZNEDH 4 1) 7 2K (RC3MG 2 1Y),
M20FEA AL 5 L 2 % NED.
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Table 1 Main properties of sample galaxies as well as exposure time and depth of coadded images

Galaxy Name R.A./° Dec./° a5/’ ﬁffc/ b/a h?lgc Morph LSBS E,I)‘(ipn(l)gl/lﬁe [mélgh. ,/,)—2]
(1) (2) (3) 4 (6) (6 (7 (8) (9) (10) (11)
DDO 047 115479 16.801 50 119 085 8.17 IB(s)m N 2.5/5.3  28.65/28.64
DDO 084  160.675 34.449 53 153 074 9.95 Im N 6.3/9.1  29.27/29.02
IC 0342 56.704  68.096 24.0 22.9 091 328  SAB(rs)cd N 1.9/2.5  28.51/28.18
IC 0356 61.945 69.813 50 17.1 0.72 11.75  SA(s)ab pec N 2.7/3.0  28.52/28.15
IC 1727 26.875 27.331 8.0 17.3 036 7.45 SB(s)m N 3.0/41  28.65/28.53
IC 2574  157.093 68.416 150 17.2 0.41 3.93 SAB(s)m N 2.8/32  28.72/28.39
IC 3247  185.808 28.894 2.3 163 0.17 2440 (R)SABO+(r) N 42/45  28.91/28.64
M51a 202.470 47.234 9.0 220 0.85 840 SA(s)bcpec Y 56/56  20.06/28.93
M51b 202.495 47.268 7.0 156 092 7.66 10 pec YP2U 5656 29.06/28.93
M63 198.955 42.029 150 394 057 9.04 SA(rs)be Y™ 63/6.0  20.15/28.80
M64 194.184 21.685 100 128 052 441  (R)SA(is)ab N 3.5/4.3  28.86/28.49
M74 24172 15787 120 35.6 094 10.19 SA(s)c N 3.1/3.9  28.88/28.64
M81 148.890 69.067 260 28.0 0.52 3.70 SA(s)ab Y 99/96  28.50/28.21

2https://ned.ipac.caultech.edu
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Table1 Continued
Galaxy Name R.A./° Dec./° ay5/' ﬁ%fc/ b/a l\?}{c Morph LSBS E%Egsl/lﬁe [ma{lghf ,/,)72]
(1) (2) (3) 4 6 (6 (7 (8) (9) (10) (11)

M82 148.975 69.682 13.0 13.7 0.38 3.61 10 YEPU S 50/52  28.87/28.69
M84 186.266 12.887 50 257 097 17.70 El YU 40/46  28.73/28.54
MS86 186.549 12.946 12.0 57.0 0.62 1632  S0(3)/E3 YU 40/46  28.73/28.54
M94 192.723 41119 14.0 180 081 441  (R)SA(r)ab N 5.0/45  29.18/28.94
M98 183.451 14.901 9.9 460 028 1598  SAB(s)ab N 4.0/4.9  28.77/28.57
M101 210.803 54.351 28.0 56.6 093 695  SAB(is)cd Y go/71 29.21/28.91
M105 161.957 12582 3.8 125 0.89 11.32 El YR 1317 28.39/28.19
M106 184.740 47.304 22.0 49.0 0.39  7.66 SAB(s)be YT 39/37  28.71/28.49
M110 10.092 41.685 19.0 4.5 0.50 0.82 E5 YR 6o/84  28.72/28.25
NGC 0147 8301 48509 150 32 057 0.73 E5 pec YO 4578 28.73/28.45
NGC 0672 26972 27434 7.2 150 036 7.18 SB(s)cd N 3.0/41  28.66/28.54
NGC 0925  36.817 33.578 13.0 36.1 056 9.55 SAB(s)d N 3.5/50  28.88/28.63
NGC 1023 40.100 39.063 85 257 047 10.41 SB(rs)0- N 3.8/5.9  28.83/28.65
NGC 1055  40.438 0444 80 330 030 14.16 SBb YP o 29/28  28.56/28.34
NGC 2403 114214 65599 28.0 26.0 056 3.19 SAB(s)cd N 3.4/42  28.92/28.63
NGC 2500 120472 50.737 2.8 10.1 0.84 12.40 SB(rs)d N 47/64  29.01/28.79
NGC 2541  123.667 49.062 8.1 292 053 12.40 SA(s)ed N 3.5/5.1  29.00/28.78
NGC 2552  124.835 50.010 3.9 141 0.74 12.40 SA(s)m N 46/64  28.98/28.73
NGC 2768  137.906 60.038 6.5 39.0 0.32 20.60 E6 N 5.2/6.0  29.02/28.62
NGC 2841 140511 50.977 7.4  30.3 047 14.08 SA(r)b N 47/7.3  28.91/28.85
NGC 2962 145225 5166 3.0 304 0.73 3480 (R)SABO+(rs) N 2.0/4.3  28.33/28.64
NGC 2967 145514 0.336 2.8 244 1.00 29.90 SA(s)c N 1.9/3.8  28.33/28.52
NGC 3104  150.989 40.757 3.6 168 0.56 16.00 IAB(s)m N 3.8/5.1  28.83/28.65
NGC 3344  160.876 24.924 7.5 214 090 982  (R)SAB(r)bc N 2.1/4.0  28.70/28.50
NGC 3377  161.927 13.986 4.0 121 0.58 10.42 E5-6 N 1.8/2.7  28.42/28.23
NGC 3412 162722 13412 33 109 0.56 11.32 SB00(s) N 1.9/2.9  28.44/28.32
NGC 3432 163.130 36.619 7.5 199 022 9.14 SB(s)m Y 35/49  28.83/28.52
NGC 3489  165.078 13.901 3.2 11.2 057 12.08  SABO +(rs) N 1.8/2.8  28.37/28.24
NGC 3593  168.650 12.819 52 163 043 1080  SA(s)0/a N 2.2/2.6  28.64/28.22
NGC 3689  172.046 25.661 1.6 185 0.62 39.80  SAB(is)c Y g7/51  28.89/28.75
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Table1 Continued
Galaxy Name R.A./° Dec./° a5/ ﬁ;ﬁ({ b/a l\fgc Morph LSBS Eli‘il;ges‘/‘ff [m:gljf’(,/r)ﬂ]
(1) (2) (3) 4 (6 6 (7 (8) (9) (10) (11)
NGC 3976 178.989 6.750 3.6 37.6 0.31 3590  SAB(s)b N 1.7/2.4  28.36/28.21
NGC 4144 182497 46.457 6.9 138 021 6.89  SAB(s)ed N 49/50  29.11/28.89
NGC 4158 182792 20.176 1.7 17.9 0.94 36.20 SA(r)b N 2.7/2.8  28.79/28.49
NGC 4204  183.810 20.659 4.7 109 0.81 8.00 SB(s)dm N 6.8/8.4  20.22/29.01
NGC 4217 183.962 47.092 55 29.7 0.17 1857 Sb N 5.3/5.6  28.98/28.89
NGC 4242 184.376 45.619 57 126 076 7.62  SAB(s)dm N 4.9/47  29.08/28.76
NGC 4244  184.375 37.808 185 232 0.1 4.31 SA(s)cd N 3.9/41  29.08/28.82
NGC 4278  185.028 29281 3.5 164 0.92 16.07 E1-2 N 42/56  28.91/28.57
NGC 4365  186.118 7.318 55 347 0.68 21.68 E3 YEEL 9 407 28.75/28.50

NGC 4490  187.652 41.644 7.0 181 049 891  SB(s)dpec Y™ = 10.8/11.4 29.39/29.19
NGC 4656 190.990 32170 22.0 511 015 7.98 SB(s)mpec Y  36/3.7  20.04/28.64

NGC 4725 192611 25501 120 445 0.63 1274 SAB(r)abpec N 3.0/5.5  20.04/28.74
NGC 4762 193233 11.231 9.0 363 029 1386  SBOO(r) Y™™ 99/30  2862/28.41
NGC 5023  198.050 44.039 7.5 132 011 6.05 Sed N 6.2/6.6  29.10/28.86
NGC 5207  206.599 43.872 58 59.9 0.17 3550  SAB(s)c Y 67/71 29.14/28.93
NGC 5347  208.324 33491 1.7 171 082 3460 (R)SB(s)ab N 46/45  29.04/28.80
NGC 5363 209.030 5255 55 325 0.68 20.30 10 Y 91/25  28.53/28.27
NGC 5448 210.708 49.173 4.3 419 047 3350 (R)SAB()a N 7.4/85  29.25/29.21
NGC 5602 215578 50.501 1.4 139 0.50 34.00 Sa N 7.4/8.3  29.27/29.16
NGC 5633  216.868 46.147 25 252 044 3460 (R)SA(rs)b N 6.5/82  29.19/29.11
NGC 5869  227.456 0470 1.0 88 080 30.10 SABO - N 1.8/2.5  28.35/28.30
NGC 5907  228.973 56.329 128 635 0.19 17.06 SA(s)c YU 94789 29.28/29.00
NGC 5962 234132 16.608 2.8 227 071 27.90 SA(r)e N 3.5/4.6  28.77/28.62
NGC 6181  248.088 19.824 25 244 040 33.60  SAB(rs)c N 40/4.8  29.01/28.63
NGC 6278 255210 23.011 21 240 057 39.30 S0 N 9.0/8.9  29.27/28.98
NGC 6503  267.365 70.145 80 145 034 6.25 SA(s)ed N 9.5/9.1  29.10/29.02
NGC 7328  339.372 10532 21.0 238 0.33 38.90 Sab N 3.4/42  28.70/28.52
NGC 7640  350.528 40.846 11.0 270 0.19 843 SB(s)c N 9.1/13.2  29.09/28.89
NGC 7716 354.131 0297 23 232 078 3460  SAB@)b N 2.2/2.3  28.47/28.29
UGC 00903 20449 17.592 2.0 223 020 38.40 S N 3.6/5.1  28.75/28.80

26-6



66 4 TR LA AR T KR R S5 A I T AT 3 1]
Rl &
Table 1 Continued
Galaxy Name  R.A./°  Dec./° ay5/' ﬁg’({ b/a 1\?14(‘, Morph  LSBS E%Eggyﬁe [mélg“f ,/,)72]
(1) (2) ®3) @ 6 6 O (8) (9) (10) (11)
UGC 04704 134.751  39.210 4.1 18.1 0.11  15.20 Sdm N 4.5/5.9 29.09/28.92
UGC 07321 184.392  22.540 5.5 275 0.06 17.20 Sd N 4.6/5.3 28.96/28.61
UGC 07774 189.094  40.005 3.7 243 016 22.60 Sd N 6.2/6.2 29.23/29.01
Note:
Column (1): galaxy primary name.
Column (2): Right Ascension in degrees (J2000 equatorial coordinates).
Column (3): Declination in degrees (J2000 equatorial coordinates).
Column (4): major angular diameter in arcminutes, corresponding to the 25 mag/(")? isophote in B-band.
Column (5): major linear diameter in kpc, computed from the angular diameters in Col (4) and the distances in Col (7).
Column (6): apparent axial ratio.
Column (7): distance in Mpc.
Column (8): morphology (RC3 Hubble Type).
Column (9): the existence of low surface brightness structures and references.
Column (10): total exposure time of coadded images in hours (g-band/r-band).
Column (11): surface brightness limit of coadded images in mag/(")?(g-band/r-band).
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Z(LTG)HZ, Hrp B E R (E)FIE 5

F(Irr), FEARES 7 R Y B R FEPT A A,
28.9% ) B A7 AE A I 55 B2 W 9 46 74 (22/76). IF
H, FEAFEMIW S 22 B &, 9N R RALE
R, I3 RGIE R,
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Fig. 1 Distribution of properties of the 76 samples. (a) Distribution of linear size, in unit of kpc; (b) Distribution of distance,

in unit of Mpc; (c) Distribution of morphology type, divided into early type and late type galaxies.
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3 EMSAME RN (8. 535N, J9 T e B R b o e P e 5

AT A A T G AR AL PR 7 T BOR DT
T A i MR KA (Resampling) s 1 S HI1FR
B4 B &5 0 TR BRI R UL K Sid T G FE
DB (D) 45 3080 7 235 460 P T - R E R 1, DA
RN A BR ) HAK A 4.

EGREXRH

1ERCEMG AL B, BT R BRI il 2 A0 2 i
BECCD 1 [ R /ANEBRE R R, ANFR X ALE 41
BB S AL E e A, S 7 fEff AT
BUME S A 53§, 75 225 X 2 R B R A 2[R —
G A% b G DU N ) 38 Ui PSR R ). AR
TAER H SWarp® /41 % F W Lanczosfi (& H
b A2 2R B — 0 B 2 O O RIS B SRR 31 R — P A
Hh DUE IEAR 37 W 28 R0

BRI

CCDEE MR 2= It & A 2 ok B R AR U
FIES Y RES A, MY RESHAELES
X B b RARIRAE 5 0940 3 7= AR 5 BRIt AR R ST
B Ak B 3 78 o B0 1 st AT 0 . B Sk
R, AT EE AP S8R 24
T AT A IR LN R ek 25 X — IR E
MAE R E KRB ke 2R
S 3 9 5 (Ghost reflection) F1 JC 12 #R I 1 1 B 55
B ER RN DTk BT T8 2490 sk
AFAE — 58 BBk AN A M, 32 L% (K] 9 78 HH 28 Ok 2¢
/N RO TS 5 A 1 TR e S 3B e ik B O
J5 Bl R B, T S A A8 A5 S YR RN ] R AR

U (0 7 A Al 22
TERAT 7 HE KA 5, A TAEfE A Astropy H 1
Photutils’#l Astropy.modeling & 4+ 3 X 45 i B 14
P24t S R BB R kR, BRI R T
B &= —K H EMZ B {H 53§ (Image

(1) 5175 5

3.1

3.2

EB
threshold segmentation) ] /5 % K I {5 5 I, Jt
Tifh RS FUE bR e, g s T8 fil20 8

ﬁ/’?’\

BIH, &R T —BREAA R RIEEE S

3https://photutil&readthedocs.io/en/stable/index.htrnl

4https://docs.astropy.org/en/stable/modeling/index.html
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BT 2 55 R G B 10 40, B s 10 HE R
F X IR G S IR . DL Bk, aT oA
MXE SIRBRENE B R,

(2) AR (Mask) 15 5 J5—xT 5 18 73 5 G A i
HR MR R, D3ME RN ITRIEE R
TZMK, A R R, AT SRR = FEBRE TS
SN AN, TR AR B R R, )
I 2 2R AL BT AR T 3 4 3 T B0 [ T A,
BEEmTH R WE050EH, Bk H AR 2 R
BT S5 el ;o T R LA AE A T o A A )
BR, RYE S A B AR IE A3 KA RBLE

(3)K! 73 P A% —FEHE RS T IR J5 , X BB BEAT
WX Kl 43, A T HLL /2075 ) UG A, B B4
WA B IF R — ME R, TR IRE Z A% A 15 3= D
315 bR HE ZE 5 B (30 clipping) J& [ HHE (O 1 i 4
WA I 22 Hb 2 B FEBAR R, FRAT A 9
FERLPE 8 R 5 R T 10% 1 A% ), 15 214 15
K2 PR 23T S R 1% B3 A& R i R KD,
REPRIE 1R 2] DAL EAR i M R (TR ), X
/NBI AT DA P2 S AN AR A
(4)Fh AR R —X TR o PR 5K
B g R R R, R X EE B I AL (Inverse
Distance Weighted, IDW)#fi{& 77 VA 1E AT #h 42;

(5) A T H—0MR D HER T 5, K3 pixel x
3 pixel K/ R B E D & HEAT P18, IF = 10FE
2 (Bicubic spline)4ffi {A 77 12K H ik J5i o4 5 R 46 K
GRS RN FH TR ) 1 B Y AR

ﬁ/?’\
(6)fh &1 Ft—h THRER 2 E SR &2
) B ey A R

BRI, SN Tkl B

I 5, W TAREAR I S E SRR &, FATH

HINE G RIEE T 5 N THES 20445

HER G 5, AR Astropy.modeling #4481 47
AR HNRGEG

H 2, SRR 5 B EUE.

3.3 E%Em

Sk
She
H = H =<.
SR Z AU G, 19 324875 5
G & I8 1 2 8 i 6 R — R XA [R] i a] 36


https://photutils.readthedocs.io/en/stable/index.html
https://docs.astropy.org/en/stable/modeling/index.html
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HirERDE &S mEEES MEG ErE—
R, I E K B bR R AR A 28GR ], 32
A g L0 BRATTIAR T R e 0 7 i, X A
RFAT T HEL
3.3.1 ZOGY#& fm 77 #%

AT R Re R = N ER S b, A TR

2 HZOGY (Zackay-Ofek-Gal-Yam) proper

coadd /7 VL Wik T EIG &, 5B EE. S
$#4E £ E 2 2% Bruno Sanchez & A7 [ Python X /4 £,
Properimage’, B AL FEN: &5, MN#tiT T &
KR FBTECFRE KN, X 5% 7 RERALE H AR
T I EME, X R BRI SO, AR5 X
EIG R TAM T M) LK. PSR
JEAEANE S, R K-Lo i1 g A5 1 45 o 2 () A%
& B S Y B 2 2 (Point Spread Function, PSF),
R HEPSEX B A4 k4T UL IC 8 3% (Matched
filtering). Fifi J5 %o 4k M P45 T~ 75 S Mk 75 7 22 AL
B E A OBCE AN, 50— AT B0 A SRR
M) “Be i (Optimal ) e it &, BN E i JE B4,
332 SWarp& fm 77 %

Bk TZOGYZMITIEZ AL, A TAEIE R XA
[F] A& B A B ) 7 iR AT T & . 2R TLSST
(Rubin Observatory Legacy Survey of Space and
Time)fHSC (Hyper Suprime-Cam ) {5 b B £&
(Pipeline) 1 (1) & i 8 #% *° AT I K i3k 47 PSF4
1E, DUS AT RE Ok B IS b g 95 8 R S5 1 (S 5.
{H5LSST/HSCHE £+ B A 2 A F 1) 2, HHE
B INTTEAT B B BR 2 E KR R B R R
(Outlier) ¥ § Wi % /)N | BG40 22 #Li7F (Satellite
trail). 5 £k (Cosmic ray)%. IF H, FATH H
SWarp® {1 247 2 I, A2 BR R X 30 B i PR
i, AT RLOR B AR A KB 2 R X, A AT KR
KT SEFE G5 M (R o i T5 B R B &, A T RANE
I 220 40 55 1 UG AT 2o, O\ ) BB R AT
T IA Ak, R A G E B 2[R — =¥
333 EmuEhi

AT IR PRS0 AT TR, DL

=N

MEZ

5ht‘cps://github.Com/quatrope/Properlmage
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FZM631 g B EAG ], P9FRE 0 7 45 B 45
FaralmE 2 ()M (b) . f£&MEHE H, 3RAN
K BEAZNT pixel. o N1.5 pixelff) & #4746
FRS-HE, DAl /D e P 2 v {5 i B, DA T 5 37 AT 3 ¥
NG S AE R 25 1. R, AT &5 5 Chonis
SR M63 1 B R B g Bt AT T R, HA
FIMDO (McDonald Observatory)f0.8 mI14%
5% MBI B AR B BUE AT T ¥ E B (WL
T E2). ATULE B2 (a) T AELE — BB, X
tH T ZOGY J7 i 484 B4 5 H PSFIL e 3 % i 22
AT BRI, SEEGKER A CRES
A ) P AR R, BIPRAR 208 (Ringing effect),
TP IG 220 U e, 5340, BT R AL
A7 B, FlE R bR AL BE IR R
FAET S ME G, JF B EZSE a0 BME T g
AFAE B TR B B 7 v B 34T 411 Bk (B A B AH o<
1%). HLLZOGY J5 1%, I FHSWarpH {8 & N1 £ 1
B 7 AR AR, BRI M HL B 21 2 &
MR R BEBR AR 25 4 Je Hoph PR 54, 4208 T
ChonisZ Pt i I B Ings . A 4h, FATRH 1
ZTFAE gfl vife B A [ B B 47 5 AR i AL 7 B
(Seeing) 7> AT B AL, BN G A BB KV R 4E
Ji& 45 K 52 i N G PSFAR AL 1 52 e 35 /N . 2% B BT
&, FATH BT A FEA R R B I8 H SWarpik
AT R EZ .
3.4 FLEMARREEFR

FLAR W Y A2 48 X0 T — M A B 45 ) H AR IR,
I — 2 RSFWALE, gt zfLE ol m pr e &
1) ADUH FF 8 25 %78 B N 1 R 61 5uE, 15 21
ZIRMFADUE, B 51T B2 255, T B
TAAXER:

Mie = Z ooy — 2.51g(Sum — Area x Sky), (1)
Hodr M, AR RS, AL N mag; Zu., N H E X
HII 6 2R &, BA Nmag, BEN0; Sum A fLAE
WAL B AR 2 AE S A B4 N ADU; Area il 6
LN S SRR E; Sky AFLEE NIRRT


https://github.com/quatrope/ProperImage
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RIEHFHE, A NADU.

et ()

g‘_b’f}ndk o g ; g"b?nd” SRR

M2 5 RM6E3EIMEMRE:, BRARERER, B EIG
HEAT TP DLIE T BoR RS S AT R 5, MR R/N N3T.8" x 34.9
(a) ZTF gk, ZOGY&MER, SIFErfA216.3 h; (b) ZTFH
g B, SWarpH{HZ MEMR, SMIEERRZ6.3 h.
B ey iy oL, A SRR,

Fig. 2 Comparison of coadded images of M63, shown with
invert grey-scale. The images are smoothed with a Gaussian
filter to clearly show the faint extended structures. The field
of view is 37.8" x 34.9". (a) ZTF g-band image, coadded by
ZOGY method, with a total exposure time of about 6.3 h;
(b) ZTF g-band image, median coadded by SWarp, with a
total exposure time of about 6.3 h. North is up and
east to the left.
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W E I BB AN Ry S8 U8 A 2 TR) R 43 N 2H 55 5 JiE 28
FEAZAR 2 DX 380 AV 0 0 Aar N, s ¢ s U 45 1)
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fim (30 000) = —2.5lg< g Q) L7ZP, (2)

pix X
Hpix yEB B RS, B ATD; QN
MG 2= R SE R, AL AP, ZP N UK i &
T, A Nmag. IR b, FEIRRILAEE /I, @
107 x 107 K/ A R ST SR R AE S8 R U 1Y)
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B PR A B 5 B, BRATTAS 30 101 35 G IR 2 43
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Fig. 3 Histogram displaying the surface brightness limit
that our coadded images of sample galaxies reached in g-
and r-band. The histogram displays a mean value of 28.86
and a standard deviation of 0.27 in g-band, as well as a
mean value of 28.65 and a standard deviation of 0.27 in r-

band, both in unit of mag/(”)2~
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mag /(") HIE&, B HMOSHI 45 1 3 . AT 45
RFEH, NGC 5907 B R A7 4E — A 2K BN 220
kpcl 4 M 2, ZEREESESARN RN
L & R it (Sagittarius stream)ZE L. B J5, Miiller
2195 B 1.4 m 4% ¥ Milankovié 2 7t 45 % DT A1)
BUG 25 AT 7 BRI, UESE T BRIR 544
v193C 45 T 5 MosHr 45 B B A (0
E5), A1 B AR S MR R A E LS
MO8 &5 B Fr AR A EafgoR 7 A8 B i
FIFINGC 5907 1) g Mg A~ 5 B R 37 U, (R A:
HORIR H BIREE ). X P08 @ X 2 R G
(0 AIE 7, FRATT AT DASG IR N & B — s3] % &5
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KB V19 S 4 B . 1% PR 25 44 1 g BT o P
N27.52 mag/(")?, g—riH 4 8 0.34, 5 NGC
5907 A EE A AE 2.

: " ibands

K4 ATAEFEIRERANGC 5907THEZEE. (a) glB2NE
1%, BREZE$929.28 mag/(”)?; (b) rEBEMEL, WEEH29
mag/ ()2 PR EMGR F AR EL K B P R I P i T AT 1 T3,
FLBRATXH SR R O 4 B 8 SR AT T AR, DA S 5 A R
. BRI A 7 HE X R I b T B R R R AR, A sl Rk
TR RE, A B R ER20 kpe R, B 7 AmE L, miER%E.

Fig. 4 The deep images of NGC 5907 in our study. (a) g-
band coadded image, reaching depth of 29.28 mag/(")?;
(b) r-band coadded image, reaching depth of 29 mag/(")?.
The images are shown with grey-scale at the same level and
smoothed with a Gaussian filter. The center of the galaxy
and field stars are masked to show the faint extended
structures. The white square region denotes the stellar
stream structure located on the eastern side of the galaxy.
The white scale bar is 5', the grey scale bar is 20 kpc at the
distance of NGC 5907. North is up and east to the left.
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Fig. 5 g-band coadded image (left), r-band coadded image (middle) and g — r color index map (right) of all the 20 sample
galaxies with tidal structures reproduced. Among them, the galaxies M5la/M51b and M86/M84 are respectively located in the
same image. All galaxies are displayed in the order of name. Due to layout constraints, they are presented in three parts. The
g- and r-band coadded images of each galaxy are shown with invert grey-scale at the same level, and most of the galaxies share
the same level. All coadded images are smoothed with a Gaussian filter to clearly show the faint extended structures. The red

regions in g-band images denote the structures we found around target galaxies. The center of galaxies and field stars are mask-
ed in g — r color index map. The green scale bar is 5’, the red scale bar is 10 kpc at the distance of the galaxy. Among them, M110

is both too close and small in physical size, so the red scale bar in its image represents 5 kpc. North is up and east to the left.
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Fig. 6 (a) g-band surface brightness map; (b) r-band surface brightness map; (c) g — r color index map of the field around
NGC 4725. The bright part of the galaxies and field stars in the three maps are masked. The color bars are shown below, in
unit of mag/(”)?; (d) r-band coadded image of the field around NGC 4725, shown with invert grey-scale and smoothed with a

Gaussian filter. The newly discovered tidal structures are labeled with red regions. The green scale bar is 5’, the red scale bar is

10 kpc at the distance of NGC 4725. North is up and east to the left.

PR T EHR IR FE AL RNGC 47251 4E 371 IEH% PHEAL, 52 B A SI WA GRS Jo) o B A
T 5T B P BOK (B R 0 CCDE 3 %, AEOER AT ), BATHAEE B2 R A

H 23X

6http://legacysurvey.org/

26-15


http://legacysurvey.org/

66 & N

3

s
=2

b4 3

Bl 5 T 555 1) 45 4. G R B s [ 45 M a7 NGC
4725 R A6, 7E gl B 5 BE P v blr B b B R
W, £ B ET 5NGC 474764 B 5 ; 45 /)bl
cfi FNGC 47250 A 0 F0 A< 7 ], AL T~ A2 AL 2
HhRE Ok I E D — AR I S5, KBl TNGC
5907 & [l i 4% T 2 R W1 PLRR TR i 3 48 =
RIEW B 9, RS KG R LB E R
471 BBl DX 33 ) R R BE e S 46 .

X T AR g, AT AT H gl B I B (PR
mag/(")?)Fl g — riB 53 7] A: 27.47 (a), 27.43,
0.70 (b), 27.60. 0.76 (c), HH &ityarh T 2 &
TS A R R BUD, AR AT B . B
t E&, NGC 4725160 (1) 71 & 5 NGC 474745 N
— 5, Bl GEFE7£0.4-0.6), i B H 8] () agh #4 m]
RERCYR T AN B R Z M IAH BLAE F, 72 il R
TEBTEROE 3. 5 T 25 bAle (BT i 0 B L
IS, Bl &R ZBOR, (UEANZSF), EATHINGC
47257 B M b = B B AH AR, 35 I 41 (8 L 7E
0.7-0.9). H AT BEHIRIFEA A — M ZENGC
472512 ) [ 9% Bk B R (R R BAE 2 ) B NGC
47255 J3MF 3R, KAE T MW IW#E, LN EINGC
47250 R IR P T sy BUE E  LIE T R
FENGC 4725014 7 £ SNGC 4747H B AE FH 1
ik R R RE H 2, 7R TR T 1 PR R Ak R B 51 )
WA I G R RIVLEH. T NGC 4725/ —
ML (g — rZIN08)KEZ TR E R, IX—
TE LA P RE AR AR, BT TGV MBS o0 il 2 b Al
4 FA T BE T N AT B B &R, FRATTE LA R W
TGS FE.

AN, FATIEFEE T NGC 47250 i 3% 1
Planck 857 GHziz 21 415, M A 3 K & B B 5
LT AN R SRR AR, HEBR T B 45 44 A2 ok B i 5t
HIET R AR 15 YL mT e 7R )5 28 AR, &AM
1 R S R A B0 (LE inWFST) 48 31 96 T 1X —
H b5 B8 A SE 1) 45 3, IR & o B2 10 2 0 Bk
P AZ XA LA R385 43 B B2 R B 43 B RFAE SR T
X g R ) B TR, B I AR RS R & R E
. FRATTIE T RIRE LI 45 B 5 R AR B ) 2E AL
SE AT LB, IR ORI SR T O AR

26-16

4.3 SRIARERITH

b o A R 5 B A B VR, TR
6 UG PR RE S B FRATT B IR N AR 2T 40
IR — S I G5 UR, HR AR AE T FRAT P A ) AR &R
SRS R R R 3R 25 R 5 e AT A T e . 2 O
S PSP XU T 2 B 435 4 O 7, DT B i
S8 KA TR WR ORI 5 5 5 A U1 I BT Ok e g 22 4R 1) 2R
B RN BRI R 4 = (Galactic cirrus)”, B T
ARG AR 2 A6, BTG 2 HIAE S AR A X
Fo 2 MR WCAR T R E R R 18 R AR I R, FE R Ak
F 22 B S i, I 41 40k B o (PR 2R 4%
Z I FE A, U AR A T 2L Ak ik B )P
Roman?% "] i1 SDSS Stripe 82X 1 [fjg. r. ifll
2 B O 2 H i X R R = Bt AT T
Fi, AR (1) = MR B AU A%
AR, 2100 pmipk B 56 5 BE 38 0 B A %5 i 1
KIS, Bt 2R84 (2)%8 = ML Bt
BT 2R A RAK B B C A B X, X T 45 E 1K g —
rle, GEMRIERr — 9, 1X— s m LU X 5
B 2 R A B R R T G 55 Ak iR 2 3 (3)1E
SDSS Stripe 824% 1% 7% 1 15 3] {1 42 152 i 4[] 4%
T T HARIROR 8T A [R]I8OR B 45 AR LR

TEFRATM S B BTk B IR E B, B
6 RO B, AT B RE R T 29 18.4%
(14/76) /1 B R Z BN &5 = 15 %, a3
R AN AEAE B W 45 1 (MB81. M8&2MINGC
0147), X B 45 H 2 ZRMSLW R B AL H T
ZTFYt %O # L | FPlanck HFT (High Frequency
Instrument)FHHLIH$E 1857 GHz (350 pom )izt £1 4h
BEUZ RIS LG, an 7R, WA AT UE ) 48 R (1)
Gl 7R R, HILAE G T
ZLAN UG A A S () EAR G () B, A2 BAIE 521X
— &1 IR ZTFEE 7 #F % 29 4 Planck
HFTE % (19 1501% (Planck N5/, ZTFZ) N 2"), fEF
MH E R S IEE S, B R G =KW N
P — SR A 2R G5 1. AT 45 R, &
= RS RA Mgl B w2 FE IS 126 mag/(”)2 B A
BAFWIE, HEO )L F—3 (g — r£J0.41), HE L
TANE R (L), 1IX—4518 5Ducs Y AIRoméan



A AR T KR R S T BT

R

K7 BRAMSIZERGIRER. (a) MSLEEZMhEES A
B (KHg. t#10.5(g+) KB EEREM), BEKAN A8 x 527;
(b)#F¥ HPlanck TEHFIAHNAH#KS57 GHz (350 pm) ElfZ.
By oL, A AR,
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The Search for Tidal Structures around Nearby Large Galaxies

HUANG Song-1i'? FANG Min!? LIU Wen-hao'? ZHENG Xian-zhong!?
PAN Zhi-zheng!? LIU Bin-yang!'? YANG Chao'?
CHANG Jiang?  WANG Lei'?

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)
(2 School of Astronomy and Space Science, University of Science and Technology of China, Hefei 230026)

AgstracT In the hierarchical model of galaxy formation and evolution, interactions and mergers
between galaxies play a pivotal role in their mass growth. These processes lead to the formation of low
surface brightness tidal structures around galaxies, which are inherently faint. To capture these
structures effectively, a combination of long telescope exposure time and specific image processing
techniques is necessary. To search for tidal structures around nearby galaxies, the authors selected 76
large galaxy samples from catalogs in the literature and performed image coaddition using g-band and r-
band data from ZTF (the Zwicky Transient ”Facilit,y) time-domain survey. T,I,ley achieved an average
depth (surface brightness limit) of (30,107 x 107) = (28.86 £0.27) mag/(" )*, p.(30,10° x 10°) =
(28.65 £ 0.27) mag/ (”)2 (0 is the standard deviation of sky background noise) for the deep images,
comparable to the depth of most international deep imaging surveys. Among the 76 sample galaxies,
tidal structures were known to exist around 22 galaxies, and the authors successfully detected the
structures around 20 galaxies using their image processing methods. What’s more, they first discovered
tidal structures around one of the sample galaxies. They specifically analysed the morphology of the
tidal stream around NGC 5907. The comparison with previous studies well proved the existence of a
single circular stream structure. Secondly, they analysed the three newly discovered faint tidal
structures around NGC 4725. The structure in the northeast exhibits a blue color (the magnitude
difference g — r ~ 0.4-0.6), similar to the companion galaxy NGC 4747 in the same direction, likely
resulting from their interaction. The two structures on the east and southeast sides correspond to an
overall ring structure both in location and morphology, displaying a reddish color (g —r ~ 0.7-0.9)
akin to the eastern outer halo of NGC 4725. These structures may originate from the tidal disruption of
an old dwarf spheroid galaxy or the torn-off disk components of NGC 4725 during interaction with
NGC 4747. Future work will necessitate further verification of the tidal structures using higher-
resolution and deeper WFST (Wide Field Survey Telescope) images, along with data in other
wavebands. Besides, numerical simulations will help gain a better understanding of galaxy interaction
processes. Finally, in some sample galaxy images, they identified diffuse foreground Galactic cirrus
contamination, characterized by rather low surface brightness (fainter than p, = 26 mag/(”)*) and a
bluer color (g —r ~ 0.41) compared to extragalactic sources, facilitating their differentiation. The
results show that the light reflected by these cirrus affects the detection and analysis of faint tidal
structures around galaxies, but is easy to identify.

Key words galaxies: evolution, galaxies: interactions, techniques: image processing, techniques:
photometric, methods: observational
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