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3C 273 Optical



Mysterious quasars

Marteen Schmidt

"3C 273: a starlike object
with a large redshift”

Nature 197, 1040 (1963)

3C 273

COMPARISON f2




3C 273
Comparison f,i |
. | |
(no redshift) 4000 A H3  Hy HB 5000 A 6000 A

(b: A. Filippenko and R. J. Foley, UC Berkeley) Maarten Schmidt/Palomar Observatory/Caltech photograph

negative of spectra of 3C 273



Big surprise - starlike object
at z = 0.158 lli

L ~ 1014 L@ |l



Centaurus A

®© 1980 Anglo-Australian Observatory



Centaurus A




Centaurus A HST + infrared



Core of Galaxy NGC 426l
Hubble Space Telescope

Wide Field / Planetary Camera

Ground-Based Optical/Radio Image HST Image of a Gas and Dust Disk

™
380 Arc Seconds * 17 Arc Seconds
88,000 LIGHTYEARS 400 LIGHTYEARS







B This later Hubble image of M87’s nucleus and jet also shows (enlarged) an unusual spiral disk in the galaxy’s center.

Holland Ford, STScl/Johns Hopkins U.; Richard Harms, Applied Research Corp.; Zlatan Tsvetanov, Arthur Davidsen, and Gerard Kriss, Johns Hopkins U.; Ralph Bohlin and
George Hartig, STScl; Linda Dressel and Ajay K. Kochar, Applied Research Corp.; and Bruce Margon, STScl; NASA/ESA/STScl




Approaching

Apparent brightness

Receding

>
Wavelength

Holland Ford, STScl/Johns Hopkins U.; Richard Harms, Applied Research Corp.; Zlatan Tsvetanov, Arthur Davidsen, and Gerard Kriss, Johns Hopkins U_; Ralph Bohlin and
George Hartig, STScl; Linda Dressel and Ajay K. Kochar, applied Research Corp.; and Bruce Margon, STScl; NASA/ESA/STScl

Spectra of the regions shown on the image of the center of M87, taken with the Faint Object Spectrograph aboard
the Hubble Space Telescope, reveal Doppler shifts of the gas. (The single emission line appears at different
wavelengths.) The orbital speed of 550 km/sec at this distance of 60 light-years from the nucleus allows
astronomers to calculate how much mass must be inside those locations to keep the gas in orbit. The result is about
3 billion solar masses !!!, after various effects like the inclination of the disk are taken into account.



Accretion onto a BH

_GMM  GMM

R 2gh 08 M

Recall: R,,, = 2GM | ¢* L

This gives radiation efficiency (fraction of rest mass E converted to radiation):
L

Mc?

e= ~0.5

cf: p-p fusion: 0.007

—> Gas accretion is extremely efficient, producing high L



The Eddington luminosity

GmpM _ orL
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where o7 - Thomson cross section
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(S. Warren, P. Hewett, and P. Osmer, 1994 Astrophys. J.)

The number density of quasars (number per billion cubic parsecs) is plotted versus
cosmic time, for an assumed Universe age of 14 billion years. There was a bright,
spectacular era of quasars billions of years ago, and essentially none now remain.



Redshift

The Sloan Digital Sky Survey and the 2dF Quasar Survey (2dF

stands for “2 degree field”) have confirmed and extended earlier

results. The new surveys measured many more quasars at high

redshift, in particular. Here we see the quasars mapped in the 2dF

Quasar Survey.

2dFQSO Redshift Survey (2Qz) Collaboration



Formation of extragalactic jets
from black hole accretion disk
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Observer sees blazar

Observer sees
radio loud quaser
< = Observer sees
radio galaxy
Gas clouds in narrow k,
line region 5
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M 87 black hole of mass = 6.5 - 10° Lg
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LOOKING BACK IN TIME
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Itis commonly believed that there are only two types of particle exchange statistics

in quantum mechanics, fermions and bosons, with the exception of anyons in two
dimensions'™. In principle, a second exception known as parastatistics, which extends
outside two dimensions, has been considered® but was believed to be physically
equivalent to fermions and bosons’ . Here we show that non-trivial parastatistics
inequivalent to either fermions or bosons can exist in physical systems. These new
types of identical particle obey generalized exclusion principles, leading to exotic
free-particle thermodynamics distinct from any system of free fermions and bosons.
We formulate our theory by developing a second quantization of paraparticles that
naturally includes exactly solvable non-interacting theories and incorporates
physical constraints such as locality. We then construct a family of exactly solvable
quantum spin models in one and two dimensions, in which free paraparticles emerge
as quasiparticle excitations, and their exchange statistics can be physically observed
and are notably distinct from fermions and bosons. This demonstrates the possibility
of anew type of quasiparticle in condensed matter systems and—more speculatively—
the potential for previously unconsidered types of elementary particle.



The modern Hubble
diagram

* |n the past 100 years we have
measured the distance and
velocity of many more objects,
not just Cepheid stars but also
exploding stars called
Supernovae.

2 5 &2 £ &
T T[T L L i

&

it = mfy - M(G) = aX, - 5C

£

* Now the Hubble diagram, i.e. a
diagram of velocity over distance :
IS much more precise and we will i i UAR AR PRRRLF
see later led to a second S ——
revolution in cosmology in 1998 ‘




CMB with Planck

Balkenhol et al. (2021), Planck 2018+SPT+ACT : 67.49 £ 0.53
Pogosian et al. {2020), eBOSS+Planck Q,,H?: 69.6 + 1.8
Aghanim et al. (2020), Planck 2018: 67.27 % 0.60

Aghanim et al. (2020), Planck 2018+CMB lensing: 67.36 + 0.54
Ade et al. (2016), Planck 2015, Hy = 67.27 + 0.66

CMB without Planck

Dutcher et al. (2021), SPT: 68.8+ 1.5

Ajola et al. (2020), ACT: 67.9+ 1.5

Alola et al. (2020), WMAP9+ACT: 67.6 1.1
Zhang, Huang (2019), WMAP9+BAO: 68.36+3%3
Fiinshaw et al. (2013), WMAP9: 70.0 2.3

No CMB, with BBN

D'Amico et al. {2020), BOSS DR12+BBN: 68.5+ 2.2
Colas et al. (2020), BOSS DR12+BBN: 68.7 = 1.5
Philcox et al. (2020), P+BAO+BBN: 68.6 = 1.1
Ivanov et al. (2020), BOSS+BBN: 67.9 + 1.1

Alam et al. (2020), BOSS+eBOSS+BBN: 67.35 + 0.97

Pi(k) + CMB lensing
Philcox et al. (2020), Pi(k)+CMB lensing: 70.6237

Cepheids — SNia

Riess et al. (2020), R20: 73.2£1.3

Breuval et al. (2020): 72.8 2.7

Riess et al. (2019), R19: 74.0 = 1.4

Camarena, Marra (2019): 75.4+1.7

Burns et al. (2018): 73.2+ 2.3

Dhawan, Jha, Leibundgut (2017), NIR: 72.8 £ 3.1
Follin, Knox (2017): 73.3£1.7

Feeney, Mortlock, Dalmasso (2017): 73.2+1.8
Riess et al. (2016), R16: 73.2+1.7

Cardona, Kunz, Pettorino (2016), HPs: 73.8 +2.1
Freedman et al. (2012): 74.3+2.1

TRGB - SNla

Soltis, Casertano, Riess (2020): 72.1 2.0
Freedman et al. (2020): 69.6 = 1.9

Reid, Pesce, Riess (2019), SHOES: 71.1+1.9
Freedman et al. (2019): 69.8 = 1.9

Yuan et al. (2019): 72.4 £2.0

Jang, Lee (2017): 71.2£2.5

Miras — SNla
Huang et al. (2019): 73.3+4.0

Masers
Pesce et al. (2020): 73.9£3.0

Tully - Fisher Relation (TFR)
Kourkchi et al. (2020): 76.0 +2.6
Schombert, McGaugh, Lelli (2020): 75.1 £2.8

Surface Brightness Fluctuations
Blakeslee et al. (2021) IR-SBF w/ HST: 73.3%2.5
Khetan et al. (2020) w/ LMC DEB: 71.1+4.1

SNII
de Jaeger et al. (2020): 75.8*33

HIl galaxies
Fernandez Arenas et al. (2018): 71.0+ 3.5

Lensing related, mass model — dependent
Denzel et al. (2021): 71.. a'i‘i
Birrer et al. (2020), TDCOSMO+SLACS: 67.4*41, TDCOSMO 74,558
Yang, Birrer, Hu (2020 7355_ 2
Millon &t al. (3020), TOCOSMO: 7.5 = 178
Baxter et al. (2020): 73 S +5.3
Qi et al. (2020): 73.6:12
Liao et al. (2020): 72.8%}
Liao et al. (2019): 72.2 £ 2.1
Shajib et al. (2019), STRIDES: 74. 2*55
Wong et al. (2019), HOLICOW 2019: 73. ‘”
Birrer et al, (2018), HOLICOW 2018: 72. 5‘zﬂ
Bonvin et al. (2016), HOLICOW 2016: 71.9%%3

Optimistic average

Di Valentino (2021): 72.94 +0.75
Ultra — conservative, no Cepheids, no lensin
Di Valentino (2021! 72.7%1.

GW related

Gayathri et al. (2020), GW190521+GW170817: 73. 4*;;}

Mukherjee et al. (2020), GW170817+ZTF: 67.6233

Mukherjee et al. (2019), GW170817+VLBI: 68.33%
Abbott et al. (2017), GW170817: 70.041%
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Direct

Hubble constant
tension



23

arXiv:2308.0228 vl [astro-ph.CO] 4 Aug 20

Frueranan woss oo e JCA

Joint cosmological and
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Big unsolved problems:
Nature of Dark Matter particles
Nature of Dark Energy

The value of the Hubble constant



