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3C 273: A STAR-LIKE OBJECT WITH LARGE RED-SHIFT
By Dr. M. SCHMIDT

Mount Wilson and Palomar Observatories, Carnegie Insticution of Washingten, Califernia Institute of Technology, Pasadena

HE only objects seen on a 200.in. plate near the

positions of the components of the radio source
30 273 reported by Hazard, Mackey and Shimmins
i the procoding article are a star of about thirteenth
magnitude and a faint wisp or jet. The jet has a width
of 1"-2" and extends away from the star in position
angls 43°. It is not visible within 117 from the star and
onds abruptly at 207 from the star. The position of the
star, kindly furnished by Dr. T. A. Matthews, is R.A.
12h 26m 33-358 £ 0-0ds, Decl. +2° 19" 42:0° + 0-5" (1850),
or 17 east of component B of the radio source. The end
of the jet is 1" cast of component 4. The close correla-
tion between the radio structure and the star with the jet
18 suggestive and intriguing.

Bpecira of the star wers taken with the prime-focus
spectrograph at the 200-in. telescope with dispersions of
400 and 190 A per mm. They show a number of broad
emission features on a rather blue continuum. The most
prominent features, which have widths around 50 A,
are, in_order of strength, at 5632, 2230, 5702, 5032 A,
These and other weaker emission bands are listed in the first
colurmn of Tahle 1. For three faint bands with widths of
100-200 A the total range of wave-length is indicated.

The only explanation found for the speetrum invelves
a considerable red-shift. A red-shift Alfk, of 0-158
allows idendification of four emission bands as Balmer
lines, as indieated in Table 1. Their relative strengths are
in agreement with this explanation. Other identifications
basad on the above red-shift involve the Mg 11 lines around
2708 A, thus far only found in emission in the solar ehromo-
sphere, and a forbidden line of [O ITI] at 5007 A. On
this basis another [0 I11] line is expected at 4059 A with
a strength one-third of that of the line at 5007 A. Its
detectability in the spectrum would be marginal. A weal
emission band suspected at 5705 A, or 4927 A reduced for
rod-shift, does not fit the wave-length. No explanation is
offered for the three very wide emission bands.

It thus appears that six emission bands with widths
around 50 A can be explained with a red-shift of 0-158.
The differences between the observed and the expected
wave-lengths amount to 6 A at the most and can be entirely
understood in terms of the uncertainty of the measured
wave-lengthe. The present explanation is supported by
observations of the infra-red spectrum communicated by

Table 1. WAVE-LENGTHS AND IDENTIFICATIONS
A Af1-158 A
9240 2707 2TaR Mg 11
4605 BHG8 3970 He
4753 4104 4102 Hd
BOBE 4345 4340 Hy
HE00-5415 44004675
BO3S 4884 4361 HE
bT02 SO02 G007 [0 ILI]
GODS—B130 51586-5345
A400-6510 5527-5622

Oke in & following article, and by the spectrum of another
star-like object associated with the radio source 3¢ 4%
digeusszed by Greenstein and Matthews in another com-
IMUILCAtIon.

The unprecedented identifiecation of the spectrum of an
apparently stellar object in terms of a large red-shift
suggeats either of the two following explanations.

(1) The stellar object is a star with a large gravitational
red-shift. Tts radius would then be of the order of 10 lm.
Preliminary considerations show that it would be extremely
difficult, if not impossible, to aecount for the oceurrencs -
of permitted lines and a forbidden line with the same red-
ghift, and with widths of only 1 or 2 per cent of the wave-
length. ’

(2} The stellar object iz the nuclear region of a galaxy
with a cosmological red-shifi of (-158, corresponding to an
apparent velocity of 47,400 km/sec. The distance would
be around 500 mogaparsecs, and the diameter of the
nuclear region would have to be less than 1 kiloparsee.
This nuclear region would be about 100 times brighter
optically than tho lwminous galaxies which have been
identified with radio sources thus far. If tho optical jet
and component A of the radio source are associated with
the galaxy, they would be at a distance of 50 kiloparsces,
mplying & time-seale in exeess of 10° vears, The total
energy radiated in the optical range at constant luminesity
would be of the order of 10%* ergs.

Only the detection of an irrefutable proper motion or
parallax would definitively establish 3C' 273 as an object
within our Galaxy. At the present time, howewver, the
explanation in terms of an extragalactic origin seems most
direct and least objectionabla,

I thank Dr. T, A, Matthews, who directed my attention
to the radic source, and Drs. Greonstein and Oke for
valuable discussions.
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Active Galactic Nuclel

* Radio Quiet
* ~90%
* No Jet

 Radio Loud N\, 1 mumme

e ~10%
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AGN Jet Heber Curtis (1918)

Exceedingly bright; the sharp nucleus shows well in 5m exposure. The brighter
central portion is about 05 in diameter, and the total diameter about 2’;
nearly round. No spiral structure is discernible. A curious straight ray
lies in a gap in the nebulosity in p.a. 20°, apparently connected with the
nucleus by a thin line of matter. The ray is brightest at its inner end, which
is 11” from the nucleus. 20 sn.




Exceedingly bright; the sharp nucleus shows well in 5m exposure. The brighter
central portion is about 0I5 in diameter, and the total diameter about 2’;
nearly round. No spiral strueture is disecernible. A curious straight ray
lies in a gap in the nebulosity in p.a. 20°, apparently connected with the
nucleus by a thin line of matter. The ray is brightest at its inner end, which
is 11” from the nucleus. 20 s.n.

Kuhn Telescope M87 Galaxy Jet
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Orange County Astronomer's Observator
M87 Galaxy - Virgo




: AGN Jet Heber Curtis (1918)

Exceedingly bright; the sharp nucleus shows well in 5m exposure. The brighter
central portion is about 0I5 in diameter, and the total diameter about 2’;
nearly round. No spiral strueture is disecernible. A curious straight ray
lies in a gap in the nebulosity in p.a. 20°, apparently connected with the
nucleus by a thin line of matter. The ray is brightest at its inner end, which
is 11” from the nucleus. 20 sn.

Kuhn Telescope M87 Galaxy Jet
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* Various astrophysical
systems

* Jet process Is universal
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* Large size (c 236)
z=0.1

M, ~ 3x10°M.
D =2.3 Mpc = 10" R,

* Superluminal motion

velocity reaches V,,, > 50c

N

* Polarization
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jetSi prob\emS

* Jet launching, acceleration and collimation

* Jet propagation, energy dissipation and radiative processes



* From observations

* From theoretical arguments




* Jet launching
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from black hole accretion disk
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" Magnetic driven
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Black hole spin/accretion
Magnetic field rotating
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s relativistic jet driven by black hole?
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Tchekhovskoy et al. 2011
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* Jet power > accretion power g '
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*=Black hole accretion

* Magnetically Arrested Disk (MAD)
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Observational test:
* Radio = magnetic flux
* Optical = accretion
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Lu et al. 2023
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Black hole driven? direct measure? S-=——B,B,

The EHT collaboration 2021
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Jet production

* X-ray dip relate to knot production
* Jet base — corona?

* Similar to microquasar: GRS1915+105
Mirabel & Rodriguez 1998
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* Magnetic driven

* Accepted model

{

* Almost no

competition
models

- Validity?

need observational check
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Asada et al. 2002 )
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Jet structure: helical motion

* Periodic variability




Jet structure: helical motion

* Periodic variability

monthly
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The velocity difference
between spine and layer
amplify the photon
energy density =2
Increase inverse
Compton luminosity

Ghisellinie et al. 2005
Chen 2017
Gaur, Chen, et al. 2017
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* Limb brighten

Relative Declination (mas)

(~ 10 jets)
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Gamma-ray AGNSs

* Ajello et al. 2022, The Fourth Catalog of Active Galactic
Nuclel Detected by the Fermi Large Area Telescope: Data

Release 3
Table 2
Census of 4LAC-DR3 Sources GeV
High-latitude Clean Low-latitude
AGN Type Sample Sample® Sample TeV
All 3407 28906 407
FSRQ 755 640 37 O PLoa
...LSP 672 581 35 ok A
TleCont MapCortrd ook ([
...ISP 20 18 0 P - . Wi i i
> i~ \ W PWN, TeV Halo, PWN/TeV

...HSP 4 4 0 § - Halo, TeV Halo Candidate
...no SED classification 59 37 2 g~ A - ‘ - : S
BL Lac Object 1379 1261 79 T B ' AGH (srknown pe), R, Bl
...LSP 353 332 20 a 3
ses ISP 347 3{)9 8 - R 3 Ee WA o gy M Qt:’
...HSP 425 394 29 un
...no SED classification 254 226 22 e SN
Blazar of 1208 045 285 SNR.

Unknown Type S f— f ®0ARK, UNID, Other
...LSP 508 397 78 | : 2ol ;;ff;ffp'éﬁfa a——
A ISP l 35 l l 5 |2 o ] ,f'(p:r Black Export Wiste
...HSP 117 99 10 ‘

...no SED classification 448 334 185
Nonblazar AGN 65 50 6

...radio galaxies 42 32 4




AGN wind vs |et

* 16 RL Seyfert |

* \WWind inverse correlate with radio loudness
* Similar to microguasar GRS 1915+105
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AGN with ultrafast outflow =
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Cen A extended VHE emission

-42° 56’ 00.0” 1940

-0.35

H E S S 58’ 00.0”

-0.30

+0.25

-43° 00" 00.0”

0.20

dec. (J2000)

02’ 00.0”

Fig.1|Multiwavelengthimage of Centaurus A. The colour maprepresents 0.15

theradio surface brightness (21 cmwavelength) VLA map of Centaurus A*’,

after convolutionwith the H.E.S.S. PSF and an additional oversampling with a

radius of 0.05°. Contours of the unconvolved VLA map, with levels adjusted to 04’ 00.0”
highlight the core (corresponding to 4]y per beam) as well as the

kiloparsec-scalejet (0.5)y perbeam), aredrawninblack. The VHE y-ray

morphology of Centaurus Aisrepresented by a white dashed contour whichis

Radio surface brightness (a.u.)

0.10

0.05

derived fromthe Soexcess significance level of the H.E.S.S. sky map, also after 06’ 00.0” 0
oversampling witharadius of 0.05°. Theresult of the best fit of an elliptical 26 min 00.00s 48.00 s 36.00 s 24.00 s 12.00 s 13 h 25 min 00.00 s
Gaussiantothe H.E.S.S. measurementis shownin blue by its 1o contour, which RA (J2000)

corresponds to amodel containment fraction of 39%. The 1o statistical
uncertainties of the fitted position are drawn as black arrows, and the
estimated pointinguncertaintieswithared circle. Thedashed greenline
denotes the 68% containment contour of the H.E.S.S. PSF.
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On the origin

* Mini-jet

* Magnetosphere
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"Magnetic dominated?

* Emission region

* SED modeling
* Variability
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SED

* TwWO bumps
synchrotron
|C or hadronic?

* Blazar sequence
LSP, ISP, HSP
cooling?
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(Gamma-ray spectra

HESS deabs.
_10 | L A | LA
* A possible extra (3'9) component? &\ d
: : - -11 L\ |
» Simultaneous data, variability o _v i ]
o o | IR
* Origin? £ 12| , ]
im lem  100pm  1pym  0.1keV 10keV 1MeV 100MeV 10GeV 1TeV %D \ X\j
Loi2| NGC 4261 l SWK+S“14 %;_13;_ V ; | ]
b b R \‘ ]
— 104 ? ?* -4 | 4 ; \
- / ' [ 4 "1 1ES 0414+009
ok / T{ff :45“ / 2=0.287 q‘ R
‘%1040 » )| _15§ 1 - PPN SRR | S AP .
< ' 10 15 20 25
103° . Log v [Hz]
.. Costamante et al. 2018
1038 de Menezes et al. 2020

10° 10%° 101% 1024 10%° 101® 104° 104 10%¢ 104
v [Hz]


https://ui.adsabs.harvard.edu/search/q=author:%22de+Menezes%2C+Raniere%22&sort=date%20desc,%20bibcode%20desc

SED
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Counts

Log-normal distribution
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Power spectral density (PSD)
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EBL and IGMF: TeV and GeV

No Intergalactic Magnetic Field
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The maximum energy of extra-galactic photons

1997 Mkn 501
HEGRA CT SYSTEM

* @outburst
* Mrk 501: ~20TeV
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2
|

dN/E[ 10" em™ s Tev' |
|

- -1
4 ‘o -
3107 M87(HESS) = | L
i " -12
The H. E. S. S. Collaboration 2024  »10 2005 i
-t £ ‘ ' 0.1 3
10 310-11 / -
M87 .g .
‘ AN/E = B
_ o—— % 10"" 0.01 E 108107 (ETeV)™ exp-E62 TeV) em™s" Tev! |\ ¥ |
T -12 ! - \
“w 10 ° i
r|' 10“5 o aaal i 1 TN | L .L 1
g | 1 10
E 10"62 Energy [ TeV |
3107 .
o 10° | | -
PL low state - H.E.S.S. Collaboration (2023) 1 10 Aharonlan et al 1999
LPxEBL high state (0.3 - 10 TeV) Energy (TOV)
” LPxEBL high state (0.3 - 32 TeV)
10' ——— . ——————rp . r .
0 ! Aharonian et al. 2006

E (TeV)


https://ui.adsabs.harvard.edu/search/q=author:%22H.+E.+S.+S.+Collaboration%22&sort=date%20desc,%20bibcode%20desc

FBL constrain

* VERITAS

* PKS 1441+25
* z= 0.939

* ~200 GeV

EBL: near galaxy counts limit
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FBL constrain

* HE.S.S. & VERITAS
* blazar samples

* EBL: near galaxy counts limit
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Gamma-ray halo and IGMF
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