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Function, PSF)[ 4 &, nb < 3R /RIHIIEAT 2 WE
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cc_flags = ORI REW LI B, VR HEAT )6 B I &= Bl A7
B %A 2 3 O RO 52 0 T PR 2
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U B T S B MR A R AR N LT, B
PN EE.
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Fig. 1 (a) The long-term light curve of the BLSyl galaxy SDSS J000115.884+051902.0 in the W1 band. (b) The long-term light
curve of the NLSy1l galaxy SDSS J144619.294-005317.9 in the W1 band.
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A, 22745 (9 o, = 0, 15 11.20%, H
18028 ME [ o, AN NO. o, = 07] BE 38 B X LL 7 1)
HARIR /N, 24 B 45 BLSy1FINLSy1 2 & ) 0,, &
FUBEZ 40 4. M 29 7T LLE 2IBLSy 12 & 1K 1]
AN IR K TNLSylLE &, 5 HHE T A
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o, 1 °F ¥ 18 25 0.088 mag, NLSyl1/£ % i 4 0.086
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mag. MAMETHE T MR R o, R R
R ZE, B FIBLSylE R HEM ENREN
0.074709°% mag, NLSyl/E & 1 50.06975052 mag.
Mo, [ 1] LLUE H BLSy U2 & (1K B v 20 4k
FABNEE K FNLSyLE R, A TS HiEeflz
8] ) 2 9, % BLSylfl NLSyl&2 % 1 o,, it K-S
(Kolmogorov-Smirnov) i 36 1 #k F1 (Mann-Whi-
tney) R 4. K-SEr4e 45 19 DA ~0.057, SRR
PIEH4.262x 107, AR IE 45 I U G it E N
5.198 x 10°%, fHR M % P19 2.384 x 107°°. D1H
TR FEAR R MR B i K E %, PEE
ANAE JFEAR A B LT, L% B 2 i B B
W B MR, U G v 27 W9 2H 25080 Rk A ) 22
FRERE. MWK-SKr 4 1) DAE 7] LA HHBLSy12 &1
KA LA 6 AR R K FNLSy LR &R, M ZAR 560 1)
P LA HBLSylLRINLSy1 2 & 0, 5 #i & %
ANTR]. AR FAAS B0 Hh ASE K 1 U A AN /N ) P AR AR AIE 55
PR AR W o, B B E AR A BRI 7E WL
WBBLSy 12 R KK HDGAZ IR 2 LENLSy LE & K,
5576 5 A0 ROk 2% I B i) L e 4 SR I, 481 SC
#k[35-38, 60)].
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KT LA AR ) SRR 43 77 R B
Fig. 2 The CPDF (Cumulative Probability Distribution
Function) of the long-term mid-infrared variability
amplitude for 47665 BLSy1 (blue) galaxies and 20302
NLSyl (red) galaxies
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FIBLSy1RINLSy1 2 R L= oA LA R K ZE
SO TFRANEOWLIEBOCE A, gAMaHA
K F,[Jy] = F,g x 100 mveea/29 4147665 BLSy1/£
Z 1203024~ NLSy1/2 & 1 BT A Wl ot £ 3 2 1)
WL B R S o %, K F, o RARTE S
— YR BT N AR AL IR R, Lo NORE R E
B HL309.54 Ty, Myeea N LB % R G (Vega
magnitude system)H YLl £ 1) B 55, #2545 @ i P
YIS B I E DR 2%, RE TR
WL B &% 2 Br A W & A~ 38 ok 3%
N, Ba M AR Ly, = 4rd? FEHE AR
PIW LI B, LR RARAE R i P K Ak 1 58 5
Jeuk R, Horb B0 8 S80S SOk 47— B
4, RTHIER R, MK, Fy =Foo5, kit
LR,

FUR 2R 243 5l 51 %6 T BLSy1#INLSy 12 £
EREEMEN o, WHRBOGE. 53] 784
TRIWLSE B e, W B 208 X R W1 Bt
B X 18] 19 K 7 43 3l 290.002F0 0.01 erg - s, H
47665 BLSy1/E % 120302 NLSy1 & % £ 41 # -
WL B OGRS i N AT Sl AL AT, 45 2119323
BLSyl1/2 & A19323 " NLSy1 2 & TFEA, UL 5 E
ATTAE 20 #-W LIk B FE ST T PN 1) 23 A i P 3 7w
K36 & N IL AL J5 BLSy 1MINLSy 12 & B 208 43
i, A BN WL BOG B 43 A, X BLSy 1A#INLSy 142
RINLLFE . WL BOGE 7310 i — 4 K-St 5015 2
D1E 50.00091, {5288 2% P{E 1, 1X 3£ B BLSyl
MINLSy1 2 R FREARMIARK . WL BOLE 94
R TE L L

T 93234 BLSy1/2 % 119323/ NLSyl
BRI PO BATHE T EMNMo,,. K4
NIX EeBLSy1MNLSy 1A % 1] 0, 8 B HE R 0 i,
HAP 4 7o, = 017331 BLSyl& % 11068
NLSyl1 & &, 55 (57.86%F111.46%. M 4] L
2 G B BLSy 1 & & MK W o 20 b AR e K T
NLSyl/# % . #% % it 8 7 BLSyl# NLSyl & %
o, F ¥ {E, BLSylE & 0,11 °F ¥ {f >4 0.090
mag, NLSy1/2 R 1°40.083 mag. WAMNETHE T
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1.322 x 1072, FRAfa S04 tH U SiHE 9 4.849 x
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T4 1) T 2R I H B KR B I R 2 AR AR B DR
A FHW LI Bk S 5 #Ok 2t 57 476654
BLSy15 % 1203024 NLSy12 % [ W1 B R 1%
75 25 R 7%, BLSy 1 FINLSy 18 2 [ #0 B $f
W3k B T SCHER[AT)EE R B H 3, Sk [47)8
Loy = 9.26 X AL, (5100 A)(erg - s4) 3K v 5 #
J& (Bolometric Luminosity), #4465 A RAETE T A
WK b AR OG5 A SR FRATTE S B
BLSyl1&2 R MWL B A% 8 o K7 P35 E N
0.462, NLSy1& % ) 50.526. BLSy1/E & HI W1k
B 5 KT 1 E 90.32910370 ) NLSy 12 &
1) 750.35110454 . AP35 E A B R B, NLSy1A
RIIWLH BB E f 7 K TBLSylE &. X ™
ANFEAS YW LI B 2 15 78 6 IR (K- S ARG 56 A Ak A
o6, K-S 5045 1 DAE ~0.055, MR8 HE 2% P1E
H2.067 x 107°7, BRI IR 4 H M UG i E N
4.546 x 108, P 1.005 x 1072, iX P§ AN K 560 1)
45 BRI BLSy1MINLSy L2 R W1 B AR 1278 o
A7 i 2 AN R 1 23 A

* 1 BLSylZRZHAFNEIRELER
Table 1 The BLSyl galaxies sample and the results of variability amplitude

SDSS Name RA DEC Z lg[ALsigo/ (erg = s7')]  No 0, /mag  1g[Lw,/ (erg - s7')]
(1) (2) ®3) (4) (5) (6) (M (8)
J000000.15+353104.2  0.001  35.518  0.845 44.943 22 0.108 45.177
J000001.01+080422.5  0.004 8.073  0.857 44.389 22 0.012 44.873
J000001.33+112029.8  0.006  11.342  0.538 42.864 21 0.128 44.018
J000001.95+052108.7  0.008 5.352  0.404 43.861 22 0.072 44.212
J000002.50+021818.9  0.010 2.305  0.788 43.872 22 0.000 44.592
J000003.24+113119.1 0.014  11.522  0.482 43.367 22 0.105 44.117
J000005.49+310527.6  0.023  31.091  0.286 44.033 22 0.134 44.239
J000010.974-005653.3  0.046 0.948 0.653 43.333 18 0.186 44.240
J000011.96+000225.2  0.050 0.040 0.480 44.572 22 0.053 45.072
J000016.49+022715.1 0.069 2.454 0.885 44.406 22 0.144 45.027

Notes: (1) source name; (2) right ascension; (3) declination; (4) redshift; (5) continuum luminosity at 5100 A on

logarithmic scale; (6) the number of observation epochs for each source; (7) the variability amplitude in the W1

band; (8) W1 band luminosity on logarithmic scale. The complete Table 1 can be accessed by https://paperdata.

china-vo.org/MLS/NLS1.rar.
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% 2 NLSylZ2RHAFALRELR
Table 2 The NLSy1 galaxies sample and the results of variability amplitude

SDSS Name RA DEC A Ig[ALsioo/ (erg = s7")] Ny 0,,/mag  1g[Lw:./ (erg - s71)]
(1) () (3) (4) (5) (6) (7) (8)
J000000.47-002703.9 0.002 -0.451 0.250 42.964 22 0.067 43.318
J000002.06+192417.7  0.009  19.405 0.847 44.117 21 0.137 44.542
J000011.414145545.6 0.048 14.929  0.460 44.241 22 0.176 44.612
J000016.294+-263337.4  0.068  26.560  0.895 44.019 22 0.019 44.782
J000016.44+215610.7 0.069 21.936  0.395 43.604 21 0.069 43.905
J000018.784-231257.5  0.078  23.216  0.658 43.760 22 0.000 44.240
J000019.50+303741.3  0.081  30.628  0.675 43.732 21 0.247 44.280
J000023.25+192732.2  0.097 19.459 0.841 43.696 22 0.052 44.847
J000026.274+022140.8  0.109 2.361  0.770 43.649 22 0.127 44.472
J000027.12+354823.6 0.113 35.807  0.443 43.154 22 0.093 43.875

Notes: (1) source name; (2) right ascension; (3) declination; (4) redshift; (5) continuum luminosity at 5100 A on

logarithmic scale; (6) the number of observation epochs for each source; (7) the variability amplitude in the W1

band; (8) W1 band luminosity on logarithmic scale. The complete Table 2 can be accessed by https://paperdata.

china-vo.org/MLS/NLS1.rar.
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Fig. 3 The scatter distribution of redshift and W1 band
luminosity of 9323 BLSy1 (blue) galaxies and 9323 NLSy1
(red) galaxies. The yellow and black solid lines represent the
density contour maps of BLSyl and NLSy1 galaxies,
respectively. From the outer to the inner contour, the
density levels correspond to 25%, 50%, 75%, and 95%. The
figure also shows the histogram distribution of redshift (top)
and W1 band luminosity (right).
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R 3 ATEE (0, SREDNERRESHIIXER
Table 3 Correlation of amplitude of variability (o, ) with different AGN parameters

Sample Sizel 1g[A L5100/ (erg - 571)] lg(Mpu/Ms) lg Rpaa
(1) (2) (3) (4) (5)
BLSyl 44606 —0.20 (= 0) —0.06 (2.78 x 10~%) —0.17 (1.39 x 10~2™)
NLSy1 18028 —0.19 (1.52 x 10-4) —0.09 (5.25 x 107%1) —0.20 (1.08 x 10-%)
Total 62634 -0.19 (~0) —0.03 (9.98 x 10~'*) —0.15 (2.97 x 1073%%)
lg[FWHMp,/(km - s71)] g Rysmo Size2 lg Rso07
(6) (7) (8) (9)
0.03 (1.81 x 107°) —0.13 (5.28 x 1071%%) 42433 0.04 (1.31 x 10~**)
0.00 (8.16 x 1071) —0.19 (6.60 x 10~'44) 16919 0.10 (3.67 x 10%°)
0.03 (3.56 x 107%) —0.14 (1.30 x 1072%7) 59352 0.06 (1.53 x 1077)

Notes: (1) sample; (2) the sample size of the first five parameters; columns (3)-(7) note the Spearman correlation

coefficient (Chance probability P-value) for 5100 A luminosity, Black hole mass, Eddington ratio, FWHM of the

H 3 emission line, Fell emission line intensity; (8) the size of the sample for [OIII]A5007 emission line intensity;

(9) the Spearman correlation coefficient (Chance probability P-value) for [OIII]A5007 emission line intensity.
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Fig. 5 Panels (a) and (b) display the relationship between the long-term mid-infrared variability amplitude and the 5100 A

luminosity, black hole mass for BLSyl galaxies, NLSyl galaxies, and all samples, respectively. Panels (a) and

(b) both show the density contour lines of two types of galaxies. From the outer to the inner contour,
the density levels correspond to 25%, 50%, 75%, and 95%.
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Fig. 6 Panels (a) and (b) display the relationship between the long-term mid-infrared variability amplitude and the Eddington

ratio, FWHM of HB3 emission line for BLSy1 galaxies, NLSyl galaxies, and all samples, respectively. Panels (a) and

(b) both show the density contour lines of two types of galaxies. From the outer to the inner contour,
the density levels correspond to 25%, 50%, 75%, and 95%.

442 o, 5R5 %5 H0HE KK

A AW TBLSyl&2 & . NLSyl& & fl 4
A K 204 AR IR B S H BRI 2k 5 o =
FIFWHM. Fell’& & £ 58 J& F1 [OIII| A5007 % 5+
2R 5 PE I R &L TR SR B, A HA KR £k A [OI)
ABOOT RS 8k H 2 2R X, FEH BRI Le FIFellR T
LRATLKX. K6 (b)4hiHK3IKMBLSyLE R\
NLSylE R MG IF AN 0, 5 FWHM, % A B
BAHSEHE. BT NBLSyl. NLSyl/2 & flFT A FEA
o, 5 Fellk it £k 5% £ Al [OII A\5007 & 5t £k 5% 5
MR ZE. EET (a) P& RIBFEAM o, HFellk
S5F 2 5 F5E SR IO L A S ) AROME O IX — & SR
R 2H KRB BT (b4 & &3k
NLSyl £ & K0, 5 [OMI A5007 & 5t £& 58 & 77 1F &
# IE# 2%, BLSyl1 2 & Ml & # Bt A 1) 0, 55 [OII1]
AB007 K T 45 58 5 ¥ A BH R AH M. SR [45) & 1
TNLSy1 &2 & MK 248 B 5 R ysq0 1R
= PUR . SCHR 35, 37)k BLTE 5 A ok 2 Y B
BLSy1/ % . NLSyl& &G FEFE A 16 22 e B
HHB R H & MFWHMRK & 3 1EH K, 5 Rysr0
22 UM O, SCRR [35]7E 48 A1 R 22 0 B R B IX
PR A (1K G AR M FE #5 Rioor 3 TE AR K.
DAL S 7 Ff 21 A0 38 B 1 6 A I B 5 X Ll R S e S
HU R G 5 58 R0 2 i B A DM — B (1

51-10

BT LA B AR DS PR 55 T R A R
443 VEE Z %S H O BLSyl f2NLSyl £ % K
PO RTNEE Z RN

W 4 M TBLSylMI NLSy1& & 0, 5
6F WG B B RA% S WA CME. MR GRS R
KE, FNRE RN o, %R RS ERNAF
T AH RN E R 5 A A S E A RIS AN AE.
SEG MR RS o A AT ROR A G &
o, FRE RN o, MERATREEE 5% T
Hﬂ*ﬂRszong(/J\ﬁ?\é. [A] b %5 92 T i e ) R /)N 3t
T3, TR R R 0,5 Rasro WA M, &
ZR Rysro BEAT IR, TR E R0, 5% T 1
PR S e adh R B 461 R o, 550 2 &R
S HINIKFR. NRAT T DUE B [E % T Witk 5,
BLSy1E £ 0,, 5 Rysr K UAH AL 55, NLSy1 A2
20,5 Rusno M A RAK IR B35 . [ 5E T Rasro
J&, BLSylMINLSyl/£ & o,, 5% T il bk # & I
N GO DG, EAN AT LU B [ 5 R ysq0 fa PR
B RMOCARNE B 5 52 T 0 b A ¢ RECK T [
% T b fE R R AR R B S 2T b ) A
KEH. UL REBRHPRERWERIRE ZER
Al RE R T L R A SR



66 & BIEMGSE: TS A LRI IR 1R R K P 2SO L 5

-1.0 T T —1.0 -
BLSyl BLSyl
NLSyl NLSyl
—1.5¢ — BLSyl —1.5 } — BLSyl
— NLSyl — NLSyl

— Total — Total

lg (,/mag)
lg (0,/mag)
N
W

0 (@) 40 (b)
"0 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 T-15 10 05 0 05 1.0 1.5 20
Ig Rys2o 1g Rsp7

K 7 KE(a)fi(b)sAlE/RTBLSyl2 &, NLSylE RZMFTA AN P L AMNCRIRRE 5 Fel IR 4 2658 A1 [OIII A5007 K LR R R, K
(a) 1 (b) AR T PIFP 2 RIVE BESE 2R, AN 225% 50% 75% 95% % S5 miLk.

Fig. 7 Panels (a) and (b) display the relationship between the long-term mid-infrared variability amplitude and the intensity
of the Fell emission line and [OIII]A5007 emission line for BLSy1 galaxies, NLSyl galaxies, and all samples, respectively.
Panels (a) and (b) both show the density contour lines of two types of galaxies. From the outer to

the inner contour, the density levels correspond to 25%, 50%, 75%, and 95%.
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Table 4 Correlation between o,, and AGN parameters under specific constraints

BLSyl
lg Rpaq < —1.35 ~1.35 < lg Rpaa < —1 —1 < lg Rypaq < —0.65 Ig Rpaq > —0.65
Size 11112 12886 12490 8118
R.(P) —0.08 (5.67 x 10~'7) —0.07(5.27 x 107'9) —0.07(1.05 x 107'%) —0.09 (6.56 x 107'¢)
lg Rys70 < 0.14 0.14 < IgRy570 < 0.24 0.24 <1g Ry570 < 0.34 lg Rys70 > 0.34
Size 11141 11135 10841 11489
R.(P) —0.13(5.24 x 10™*) —0.11 (3.97 x 1071) —0.11(1.41 x 107%) —0.16 (3.73 x 107%)
NLSy1
Ig Rgaa < —0.6 —0.6 <lg Rgqq < —0.34 —0.34 < lg Rgqq < —0.08 Ig Rgaqa > —0.08
Size 4698 4432 4696 4202
R.(P)  —0.11(7.16 x 10-%) —0.10(2.21 x 1011) ~0.10(6.02 x 10-11) —0.13(1.24 x 10-17)
lg Rys70 < 0.3 0.3 < 1g Rys70 < 0.47 0.47 < 1g Ry57 < 0.64 lg Rys70 > 0.64
Size 4276 4847 4472 4433
R.(P)  —0.11(8.11 x 10-%9) —0.12 (4.08 x 10~7) —0.12(7.97 x 10-17) —0.17(1.59 x 10-%)

Notes: Size is the number of sources; R,(P) represents the Spearman correlation coefficient (Chance probability

P-value.
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The Comparison of Long-term Mid-infrared Variability between
Broad-line and Narrow-line Seyfert 1 Galaxies

HU Zhi-peng MAO Li-sheng
(School of Physics and Electronic Information, Yunnan Normal University, Kunming 650500)

AsstracTt The long-term mid-infrared variability amplitude of Broad-line Seyfert 1 (BLSyl) galaxies
and Narrow-line Seyfert 1 (NLSyl) galaxies were compared using archival data from the Wide-field
Infrared Survey Explorer (WISE). Additionally, the correlation between the long-term mid-infrared
variability amplitude and common active galactic nucleus parameters was analyzed, using samples that
included BLSyl galaxies, NLSyl galaxies, and a combined sample of both BLSyl and NLSyl galaxies.
The main results are as follows: (1) The long-term mid-infrared variability amplitude of BLSyl galaxies
is greater than that of NLSyl galaxies possibly due to differences in the accretion disk structure
between BLSyl and NLSyl galaxies. Correlation analysis suggests that the larger long-term mid-
infrared variability amplitude in BLSy1 galaxies compared to NLSyl galaxies may be mainly attributed
to differences in Eddington ratio between the two types of galaxies. (2) The long-term mid-infrared
variability amplitudes of BLSyl galaxies, NLSyl galaxies, and the combined sample are significantly
negatively correlated with the 5100 A luminosity, Eddington ratio and Fell emission line strength. The
long-term mid-infrared variability amplitude of NLSyl galaxies is significantly positively correlated with
the [OIII] A5007 emission line strength.

Key words galaxies: Seyfert, infrared: variability, radiation mechanisms: thermal radiation, methods:
statistical
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