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# A i & 2 JF (supermassive black hole, SMBH)t [&] & b 1y 5 4. 45T, *f T 3 AR B9 SMBH(f 2w #8 & T 47 WA
FISMBH), * 7= 4 Sy ALE B wi 7 A& £, K WINEE AR H % K B AGN 4T 6% & 8 2 T 4 b 99 48 An i FE 1R, X
NHEFAIREERPALENBEER. ROABEAARKAAEE T HRAONAGNE T B F AR, NEBEZT WM
AGNH SR BRE A HERGH R, Ao TEBRERPEY THRERMRZE IR, J1034+39388 — M5t &,
T F &R E # 4 E R (narrow-line Seyfert 1, NLS1), /. QR 7 g £ — M8 & T MR AR BISMBH. K A1F| A
H K & 4 T W (Very Long Baseline Array, VLBA)*{J1034+39387202245 10 A 21 H #E4T LI B e WLl & I £ 5t =,
BT A BN — AN 18 T8 2920 mas(17 pe)f 40K /E A i 414, HIEERE X E 43.16£0.48 mly/beam, #f H % iR
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INAEAGN R E 2Rz —, Hg g rhO R
i 27 (supermassive black hole, SMBH) M Hifg + &2
Z LA, AR MR RE Al AGNA B,
AGN 5 HL e 3 SRR e SCh S i (— 8 C U B
BI'5 GHz) 5 7] WO (B-band 4400 AEEZ 1, H
R<108 N M2 B L T (radio-quiet, RQ), [z, NIA
S L (radio-loud, RL)?. HATHFFE 2 AGN %k
{0 15%~20% M AGNSF 2RI A {3 % A RL
AGNYRAFAEAXSTEPEME Y, LR A e S
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g s, s — A, REFRQ AGN
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SRR BT 515 3 R R EAER. ik
AGNWE i FERAEE R R B, 9] AR (R ol b
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Rl . SEGEARURRE], ALIRIZEHFERE & (narrow-
line Seyfert 1, NLS1)AHAL T HAWMIRITEHH 47 B R AR
1A, ELA AR B B (Mpp<10® Mo) R B2 T
i L (g D!, FIBEAEAEMSL. R, NLS13 % 2
RQIYI, T 1ol 55 A4 S ek 48 S R VR 7 2 R R 4L
21104, BRI IRAE T TRQ NLS1HYIHTHL
RSP, ZIIRQ AGNI ST HL R 5 n] -5 BATR 1 I AR
A, AU RS WS sl &8 sEA21 1
Z0204FAK, B A HER I EL A S T i (very-long-
baseline interferometry, VLBD)H; AXINLS 1 5T, 5515
T oy PR T 22 U B T B /AR NLS T X8 41 45 1)
FELELSO) R AR Sl A IR T (Very
Long Baseline Array, VLBA)TELJBiXF4 1 "NLS1#:47
THE, A HERIEMrk 335, T ZW  DERIE) 8
TR R, NLS 13— 2551 0 KA AR i A paa/ I
My 5 0] 7 555 R BT T8 B A 5 SMBH I BR AR &
AL TR B REAR.

KUG 1031+398(A& CFRZ MI1034+3938, 215
z=0.043, JRZ4R.A.=10:34:38.5983, Ji&iDec.
=39:38:28.1867)/&—"NLS1 /& &. Hi L EE— 8
T WA (Apa=3.15)" " HYSMBH,  Jfi 5 M;=2.38%107
Mo ML AT CFFIX ST I B L 22X 71034+3938 1
TR, A2t Hlog Lp=43.24 erg/s, XHT
LR Hlog Ly=42.53 erg/s. HJE, HAGAMIXTI1034
+3938 Ay S LRI TR T A PR, EER R (Very
Large Array, VLA)TEMLINATE 41.5 GHz A S SR
KLk (Jansky Very Large Array, JVLA)TEMLIMAG % Ky
5 GHz VR 7 52 00 14575 B 80 1 A ol Hoi e
M) R=12.18. VLBATEL.5 GHzJy st Wil 75 3] 4iE 2 f4
STEIREIR, A TS5 FERAR(DR=23, WA i it %
& S EUGME K- 2Z L), Tovk MG i e i 4h
F. T HE— 5T T1034+393 848 2 T M AR AL
PRF I RS Aok UR, FRATEH T 2 M E R R
X 5 (National Radio Astronomy Observatory, NRAO)F
VLBAX}I1034+3938 1 H Lo b 25 i RUBEAZ X I 7 5

F 1 BFREI1034+39389TLMIAE B
Table 1 Observations of target source J1034+3938
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AR SCE Fe A 2 W DL AN BCE A B i, G
WIMZESRE, Bl X RIRA ST, 5 e 45 25 F R
3, ZIKjC%FHﬁ?YEACDMi'Eﬁidﬁﬂ, Hy=71 km 57!
Mpe™!, Q,=0.73, Q,=0.27. Xt TFAICFEM BRI
J1034-+393 8L, 1 masXif L (1 )R £4°40.836 pe.

1O B b AL

L1 SRAuAE

FA1T20224F10 A 21 HFHVLBATELYE BL (0>
i %61.548 GHz)%FI1034+3938HE4T T 555 Ht LI (U] 53
HAES: BY 175). WL AR i, 38 1440
i (intermediate frequency, IF), #/NF7 %6 64 MHz,
Horp 457256033 (channel).  HEis I EHE 10 R
92048 Mb/s, 833 A A AH K AR (distributed FX,
DiFX) ¥ 508 dE A7 A S b 3120 iy T B4R (1034
+3938) 5 545, IR A T M 2 . R
ZZ YA MNI1033+3935(4%2=1.095, HFHZLR.A.
=10:33:22.0610, #F%iDec.=+39:35:51.0830), H:.5 H#bx
J5I1034+393 814 ] E 40.25°. IZWLIIHEAT T 25% H AR
TERFRAL SRR A, BB AR 54 min
1) BARIEAN minfAHA S5 PRI ], B2 HARIR IR
S B 25100 min. AN, FATILHE A T VLAK
1.5 GHz i 803 . IVLARYS GHz M5 S 508, DA %
VLBAI#1.5 GHzJy 52 et (L AU (5 B 02 1), HT
TRAFRTTI1034-+39387E A [R] Asf 10 K AR 114 5 Pl s 55
PR AEAL. VLA 1.5 GHz) 7 52 80¥i 5% E Faint
Images of the Radio Sky at Twenty centimeters(FIRST)
TiH, 75128 MHz, HAREM MM 475 min'>,
JVLA 5 GHzf 7 254 U5 7201 54E AT VLA/15A-283
WH, WINEES R ARES, 7982048 MHz, HARIEM
I A10 min®Y. VLBA 1.5 GHzf#¥ 5 S 848 5 T
20134 fmJIVE-20m(Jy Imaging VLBA Exploration at
20 cm)I H, WL 1.5 GHz, #9864 MHz, Hin

S5 2% PR (GHz) HFE(MHz) SIS} (min) I H AR/ R H) S H
VLA 1.5 128 75 1990/03/21 FIRSTE"
JVLA 5 2048 10 2015/08/29 15A-28321
VLBA 15 64 15 2013/03/05 mJIVE-20%
VLBA 1.5 256 100 2022/10/21 BY175
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1.2 Hhiibrp

FATR HINRAOHRHE Y K SC RIS AL P 5 55 (Astro-
nomical Image Processing System package, AIPS) > i i
B AR XS 11034439381 W] W FE il b AT M. Hdls
K B KRR 2 (TECOR) . B F RiRE
(CLCOR)FIY #81% 2% (APCAL . FRING)HWIRHE, #KifE
TR FH T AR VY RF N AU Los Alamos (LA)SEiEifE NS
R, HRMBRAIMT. (1) RRRZEEHEEZE
RGN IR 2% Rk 2s, A2 BR0E N
Z4:(Global Position System, GPS) T3 WL 2L AL
BT & & (total electron content, TEC)ZrAf#tf A HE
(TECOR). (2) Z% ZUREALFEI2E A BRE 11 S 5L
(earth orientation parameter, EOP). {25 Ay il i
AT UL EE B 0 LRI AR ., 7E R 28 S TH R R A 7 e i
AVT BE WL J5 [ (CLCOR).  EOP M € [ 42K 3 5k
PEEARBOTH TALHE(CLCOR). (3) ANARIR 22045 I
TR AR . d b IR 7 DU o i) R e 4 th 4k
ARG BT IR B IR 22 HE(APCAL). @K
HEJR3C 286 AT 480U A, FBRok AL AU A REIR
(FRING). )i, XM 2% 5I1033+39358F 14 Jm) 5%
oA (globe fringe fitting) ARG T 2 A0 £ 803K
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i AR 5 S 990 A N AR, S5 IRR 4SS
RILE (), Bon T HBzEm S mastg, Hik K g
Bna=13.1 mas. fliB,;,=4.85 mas, EIGMEF KK
0.18 mJy/beam, WE{H I i % B 4266 mJy/beam, &l il it
22 R5420 mly.

ALY TNRAORS ZE FFIRSTHI H AImJIVE-
2035 H FhI1034+3938/41.5 GHZE R I HEA TR L, 248K
ZERANF 2N, IFIRSTIN H rR AR M i G A%
i A4 (Flexible Image Transport System, FITS)%¥#,
Al BT RE PTAAL R, anlE2(a) iR, MmIIVE-
20551 H HRR B R R HERG T UL EE RS, AR L
IR AR T TS, tnE2(b)FR.

AP

TAIEE] T AL S B PET1033+3935F1 H br IH
J1034+393811 = 25 [l i FER G ARG S8, WE L, 2
2. AR R VR A W 5 U o %8 B ) LM
Speak/StotfF BN N = Spear/Sio>0.95 K B 1,
0.95>8cai/Sto>0.75 9 HAF Y, SR GFRLER SR H —4>
P TR IX I Spea/Sior<0.75 A EJERY, 3 H BEE
SR FR B —HA G5 R e X, Anm i som
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Figure 1 VLBA phase reference source 1033+3935 radio image (0,,,,=0.18) (a) and target source J1034+3938 circular Gaussian model fitting image
(0:ms=0.071) (b) at 1.5 GHz in 2022. The contour lines in the image are 4.56,ms, 90ms, 180mss 360mss 720mms, 14401ms, 28805 from smallest to largest.

oms 18 the noise level of the image
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2 BERRIREI1034+3938KE B S5

Table 2 Image parameters of target source J1034+3938

ML 15 £ W HBI(AE/H/H) By (mas) By (mas)  Bpa (deg)  Oms (mJy/beam)  Spea (mly/beam) Sy (mJy) DR
VLA 1990/03/21 1650 1430 +145.5 0.15 24.0 25.9 160
JVLA 2015/08/29 560 450 +52.83 0.01 7.13+0.01 8.15+0.10 713
VLBA 2013/03/05 14.4 5.44 +4.411 0.17 3.90+0.84 12.60.58 23
VLBA 2022/10/21 12.9 4.70 -3.038 0.07 3.16+£0.48 6.55+0.16 44

a b
@) 200 () |
39°39'30"
17.5 3
00" EE——— 15.0% . 20 ’E‘
[} ©
o © 20
o 3830" 8 253 E s
() E v =
.. 100= & E
00 X a 15
75 I —20§ =
37'30" %
» 20§ i
00" E NN 25 VR
10"34M445  40° : i ‘ ‘
40 20 0 —20  —-40
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RS R e i/ DB R IR 4,56 s, 90 ims 1801ms

Figure 2 J1034+3938 radio image reconstructed from 1.5 GHz JVLA observations in 1990 (a) and J1034+3938 radio image reconstructed from
1.5 GHz VLBA observations in 2013 (b). The contour lines in the image are 4.56,ms, 90ms, and 180, from smallest to largest

DX P71 —A i e YR R 40 R L o A R S
WY, T S BER LI T B2 Bon H T 2045
PG, AW s X . X R R RS R
Speak " AESI T, PR EALE Tk H X85 H 1 & 4,
T AE 5 3 RO BB A SRS B M DU B S e, R
AT DA A U5 B AS [R5 43 508 A & TR — A3 47,
Speak T BEZXFRAK. RIS, X1 7T B8 SB0m 43 BRI Hh
Stod PHI EEAE FRAR. FHIZ, K53 HERILN W] BB 200 24 &
FIXHIRAE—E, FES MW EER . 20224F
VLBAMLIEEEG H, HARIRI1034+3938 4k i 7 i}
LR (Speat/Sior=0.48), "B FYLELTL 2 2 A1 M 6.55+0.16
mly, VBB 25 B4 3.16+0.48 mly/beam, FILENATE
FEI A DR=44, [a] 75 ZE{H1 2420 mas(17 pe)it 40K i IR
4EFy. E2(a)B/n T VLATEL.S GHzZWMEE R #1034
+39381 L. Al LAF H, 7EVLAKE . J1034+3938
BB 0 B AL PR (Spear/ S10=0.93), S
JE425.9 mly, WE(EVRE R N24.0 mly/beam. Jirveld
4 NPT T 20154EJVLATES GHz W45 5, B
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PR N8.1540.10 mly, WS E%EN7T.13
+0.01 mJy/beam; JVLATES GHzAIWLI K%, 11034
+393 8K Ay 1] SRS HL U (S pear/ Sio=0.87), TEATIIR S
WEER. FATHE—X T 20134 VLBATEL.S GHz
AL, S AR AN K 2(b) TR, R R
12.6+0.58 mly, WE{HV % B 43.940.84 mJy/beam. FH
F15 min A% W K F164 MHzEYZE 47 58, 20134F
VLBA S} EUL BN ASEH AL IR(DR=23), & & BLA 1w
Sl PEAG Ty ) A A g R A, (EL R H B B S v B R
g5H4.

J T FE—EFFE20224EVLBATE LS GHzIRUR HE
FLER, T A1 FIDIFMAPAL H () model fithe /5 X 7]
DL REBE AT B S AR . s AR 22 50
T A T 158 2 FH 45 B R A T 143 B4 T i % B AN
PEESL 7103443938 BURIEL A A 43 Ak T Hi 25 17 8.25
£0.20 mly. RIS M E AR/ INE E 1(b) R
ST [ P, H [ e AR AR 2 R 4 B (full
width at half maximum, FWHM)>410.99 mas.



TR A A B0 ) S e e TR, R SRR
AN 22 AR
v d 2
Cizmas) K M
Hrp, 22208, S (mIy)BAEUINA Ry (GHz) T AL
RGO BB, d (mas) /N i o il e
KA A FERE. 145 11 71034+393 811 |5 /=5 ML 78 41 4
AR Te=5.65 x 107 K.

Ty=18x 109(1+z)1fﬂ—‘m;(

3 e
3.1 GRSt

J1034+3938 9 S FEL R S AR X455 . i L H4F
B, JVLATESAFM B3R T A1 1034+3938 5 A%
KANLI RS kpe. FTAA XEEM A U BT — B0
(AT FRR, B BRI BN I AE B Z548:  White %
NBUHIVLATEL.S GHzLAW fA 043 B UL 2171034
+3938 i B 7S, =25.9 mly; BertonZs A\U'HIIVLATE
5 GHz VI A AD 503 UL 31 71034+393 87 1 25 4 S
=8.15+0.10 mly. TMH S HERT, J1034+3938%F
1.5 GHzI EUE B M ol o3 f s, HLAT e 4544 1) v
b 77 I fEfR E #a e Dellers APYHIVLBATEL.S GHz
DLSZE A RD A B UL 3 1 1034+3938 i 1 25 IS, =12.6
+0.58 mly. A1t —4HVLBATELS GHzLIV Z 7S
O3 BERIFAEA I B SEA T X, 45 21]71034+393 87
T S,0=6.55+0.16 mly, AL G B P4 Y 4
Kt B R 2546, X 112013~20224EVLBATE .5 GHzHY
WL, FERIRELS GHZIRAR L e W Z MR T, H
SFPEL AR 2 B[R] 52 T PR B

% B FN T logRI) B —FRUEMIRL/RQ /L4 B
Al SRR, Xiao%s N PhE WL as - S ik
P T E bR F 4 logR=1.37+0.02 L) K logLy=
—2.7logR+44.3. J1034+3938%5 I HylogR=1.09<
1.37. RBOGIEE o 45 cuy=0.7, FAFCULBL T
P MR BN 2.48+0.06 mly, X 9CIHE B log
Lr=38.00 erg/s, AbTF4r AT, [HIt, J1034+39387F
M FRE T ##5r 2 HRQ AGN.

3.2 WiImMIERK

WEE 1T RTIR, BRI ) BRAL AT SR AS AT 7,
{H— A TR 5 W B R AR . B2 RUE |, &
245 171034+39387F 1.5 GHzE{& i 75 19 21

KMEE R A, s B R0 &l LR, 153
TSRS Te=5.65%10" K. M ¥EPanessaZs \ BB
BB, A R S SRR (Te>107 KR, 8
ST R S R YR R 22 B ROBE W AR X e M i R

TE LWL HER, AR B 1T T K
EFIEHSE. nBlandford-Znajekid £, A Wi JE
i 3 R 1 4 SRR f e RE RO IR B A9 POY, AR
Blandford-Payneid #2, TA MBI 2 8 12 #4 37 H BOW AR
SRR RE R R IK SR CY, Rt I T — sl X
T FRSMBH A I I I B T B BE A, R
W% P R IR FATTRET1034+3938 51 4%
) e W RRU R B 2R A 7 bl i 5 0 PR TR A X R LU
Z5t(X-ray binary, XRB)H L3I H W FURNME 3L %) 20
%, X 5AGNHIE R SMBHsAT M 430 AH, (H
BN, S R X RBsiE i RS AP AR I, 1
IREHEAFFEEA B BRI A, IRl R 24
s L maeiE g, UHR X B R
TAXRBH, Ao Wi A e 5 I B I XS 4 A (1A
A)AHOCI, I S R A v G B X R A5 (R /4K
By g, e ERREBORAEE &, X5 SR
KA HPL i AGN FR BRI TRL ELAG 2 T i ALK
A, TERQHFZE TR A T Wi sl il 15 5 5 XRB
HRBEFROC LB, R, % 1831071034+3938 %%
Tk, RQH. &2 T AGN AT RE 2 I XRBTE &/
BRSO RRAS. E— 2 TE A 43 S R 2L 3R W R
RIS, T5ELLs A S AT 1 B A R A
AR B 4 B E DY,

4 5

A SCHFSE T 20224EVLBATEL.5 GHZ WL Y RQ
NLS1 £J1034+3938. VLBAWLIM K BoR T —N 1)
PHAEMH20 mas(17 po) ML, SefERE S kT, =
5.65x107 K. sX T FE IR T i I BURAYRQ NLS 14 B
FO2EE REBOR 0], VLBAWLIN 3] 13 & 235 5 5
JVLAJT; S W 2] f1 S R e S5 9 2 28 3 O 3R — 3K
PEZREH, J1034+393 81 559 H i i F2 22 ¢y v s fb 25 R
AR G DTER, O HLF S F R S B A TR 8 AR 55
2013~20224EVLBAFY 1.5 GHZ W45 5 s, Hob i
) e AT B S AR Ak, BB R R I AR
ST EL G R S e ) R A ORI B AR UE T, BB AR
I 2NRQ AGN. BXAFANLS TR RS 55 H HA
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AR W PRARAE, v RESE th AR B R E I . IR
(A FF AR FH LA B B3I S BBl 6 4 o sl A A8 A 45 3 30
TE R R BUR AGN ISR ARE Y & B, 85 & Tl kb
DX 3l g W FR - R G B L — 2P A 2B

FE R mT HEAT DR I B3 1) 2 R BB 1) 22 0 B X
W, DIFRFEA FR ARSI, S — PR X 454
DL AZ AT, 451 40 SRR B2 (8.4 GHz) VL AN 22
K BE(43 . 86 GHZ) ALMAWLIN; I H 47 M Fa b 3]
R HERN 2 R AR, AT R R B0 X
PRI B 254, 1 ingh & VL ARG G 7 22 50 5 B Ik

&1 M(enhanced Multi Element Remotely Linked
Interferometer Network, eMERLIN)¥&Z ] R 4544
DI K A BR 2 KK FEZR 51 (The Global mm-VLBI Ar-
ray, GMVA)EEIE A0 PR (~50 pas) I35 L7/
u—vig 5. FiE VLB AR LR, AR 523 (7] 73
PR | RS E R, A AR ORI EE A I8 B A
WS, BN g S VLB, SRR H G 1 7S
(] VLB K FEZA5 20 = () 25 [B) 4y HE. [RIR, 7E82
TR, AR S — 20X A B = A
URQ NLS1A RFEAS AR X HEA T I

i RMFERFRLERALE Y LR FALEVIBIKEREREL R REHH Y, BAFERFRLBRXERYY
URAMELFREZMRERNAR ARG THERGCEAREL, X P RNVLA, VLBAZKER B XEEXMFEE 4
XEEXHEAXE.
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VLBI observations of the super-Eddington accretion active
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Active galactic nuclei (AGNs) are known to influence the co-evolution of central supermassive black holes (SMBHs) and
their host galaxies, with AGN jets playing a pivotal role in this feedback process. This study presents new insights into the
radio-quiet (RQ) narrow-line Seyfert 1 (NLS1) galaxy J1034+3938, which features a SMBH with a mass of 2.38x10’ Mg
and an Eddington ratio of 3.15, indicative of super Eddington accretion. Despite previous observations with the Very Large
Array (VLA) and the Jansky VLA (JVLA) revealing only compact, unresolved radio sources, our high-resolution radio
imaging observations using the Very Long Baseline Array (VLBA) at 1.5 GHz have uncovered a parsec-scale jet extending
approximately 20 mas (17 pc) to the west, with a significant brightness temperature of 5.65x10” K. The detection of this jet
in J1034+3938, a galaxy historically classified as radio-quiet, challenges existing paradigms and provides a unique
opportunity to study jet formation and its relation to SMBH accretion processes at high Eddington ratios. Our VLBA
observations, conducted on October 21, 2022, as part of project BY 175, utilized a dual circular polarization mode with four
intermediate frequencies, each with a bandwidth of 64 MHz, to achieve a data recording rate of 2048 Mb/s. The
observations were carried out using a phase-referencing technique with a nearby source J1033+3935, allowing for the
mitigation of atmospheric and instrumental effects. The data processing involved several steps, including calibration for
atmospheric errors using total electron content (TEC) from Global Positioning System (GPS) satellites, correction for
reference frame errors such as parallax and earth orientation parameters (EOP), and instrumental errors through amplitude
and phase calibration using antenna gain curves and system temperature information. The visibility data were then imaged
using the DIFMAP software package, revealing a complex radio morphology that was further analyzed using a circular
Gaussian model fitting approach. Our findings indicate that the radio emission from J1034+3938 not only is compact but
also exhibits an extended structure, which is indicative of a jet. The extended nature of the radio emission, with a S,eu/Siot
ratio of 0.48, classifies J1034+3938 as an extended source, contrasting with previous observations that suggested a compact
morphology. The high brightness temperature of the jet component suggests that the radio emission is likely due to non-
thermal processes associated with relativistic electrons within the jet, supporting the idea that the emission is jet-driven.
The comparison of our VLBA observations with historical data from the VLA and JVLA shows a decline in the total flux
density of J1034+3938 over time, from 25.9 mJy in 1990 to 6.55 mJy in 2022. J1034+3938 is well classified as a RQ AGN
under the double standard of combining radio luminosity and radio loudness. The variability in radio emission and the
presence of a jet in a RQ NLSI1 galaxy like J1034+3938 provide valuable insights into the accretion-jet coupling
mechanism, particularly in the context of high Eddington ratios. In conclusion, our study of the RQ NLS1 galaxy J1034
+3938 has revealed the presence of a parsec-scale jet, a finding that expands our understanding of AGN feedback
mechanisms and the role of jets in the evolution of galaxies. The detection of this jet in a high-accretion rate environment
offers a new perspective on the conditions under which jets form and evolve. Future multi-frequency and multi-scale
observations will be crucial for unraveling the complex interplay between accretion processes and jet formation in AGNs,
particularly in the context of high Eddington ratios.
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