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Distance measurements hold the key
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Abstract Jeremy Mould

Indications from Gaia data release 2 are that the tip of the red giant branch (a population II standard candle related to the helium flash in
low mass stars) is close to —4 in absolute I magnitude in the Cousins photometric system. Our sample is high-latitude southern stars from
the thick disk and inner halo, and our result is consistent with longstanding findings from globular clusters, whose distances were calibrated
with RR Lyrae stars. As the Gaia mission proceeds, there is every reason to think an accurate Galactic geometric calibration of tip of the red
giant branch will be a significant outcome for the extragalactic distance scale.

The goal of 1% accuracy in galaxy distances is now driven more H,=50-100 km/s/Mpc >
7248 km/s/Mpc
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N JWST Observations Reject Unrecognized Crowding of Cepheid Photometry as an
—_— Explanation for the Hubble Tension at 8o Confidence
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= Adam G. Riess'?®, Gagandeep S. Anand' ®, Wenlong Yuan®®, Stefano Casertano', Andrew DolphinS, Lucas M. Macri*®,
Louise Breuval®®, Dan Scolnic’ @, Marshall Perrin' @, and Richard I. Anderson®
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“*Hubble tension” calls for new cosmic probes
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A parallax distance to 3C 273 through
spectroastrometry and reverberation mapping

Jian-Min Wang ©'23* Yu-Yang Songsheng'?4, Yan-Rong Li', Pu Du' and Zhi-Xiang Zhang®
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Spectroastrometry and Reverberation Mapping of Active Galactic Nuclei. II. Measuring

Geometric Distances and Black Hole Masses of Four Nearby Quasars

Yan-Rong Li'®, Jinyi Shanggu.':lnz’3 ', Jian-Min \?Vangl‘zl‘5 . Ric Davies® @, Daryl J. D. Santos> @, Frank Eisenhauer’,
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Quasars: accreting supermassive black holes

® First discovered in 1963 by M. ® The most luminous, long-lived objects on
Schmidt
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Quasars: accreting supermassive black holes

%row Line Rm/é(NLR) /

SMBH

Broad
Line Region
(BLR) Accretlon
disk

« Accretion disk: ~103Rg

* Broad-line region: ~10 — 100light-
day

 Torus: ~pc

at 1Gpc (z=0.35)
100light day— — 20micro-arcsec
1pc— —200micro-arcsec

JWST 6m: ~0.1arcsec

ELT 39m: ~bmilli-arcsec



Quasars: accreting supermassive black holes

Quasar angular size: >108times smaller!

a small stone (2cm) vs. the moon

(1.7 x 108cm)



Quasars: accreting supermassive black holes

After 1963, an epic history of looking for quasars as a cosmic probe; most approaches
iIneffective

« Sandage (1965) LU/ P
« Hoyle & Burbidge (1966) g/ R

» Longair (1967)

« Schmidt (1968)

« Weinberg (1972)

« Bahcall & Hills (1973)
« Baldwin (1977)

» Elvis & Karovska (2022)
« Watson+(2012)
 Wang+(2013)

* Yoshii+(2014)

» La Francis+(2014)

* Honig+(2015)

« Cao+(2017)

» Risaliti & Lusso(2019)




Breakthrough in 2017: infrared interferometry with VLTI

Laser guide stars for all telescopes

State-of-the-art AO
Vibration control |

.82 oFb|taI pkecessio

Wide-field off-axis fringe tracking

Grism upgrade

GRAVITY/VLTI, 4*8m, baseline ~100m

~10pas with spectroastrometry

Nobel physics prize in 2020



Breakthrough in 2017: infrared interferometry with VLTI

angular size: 46 pas, precision: 10 pas

LETTER

https://doi.org/10.1038/s41586-018-0731-9

Spatially resolved rotation of the broad-line region
of a quasar at sub-parsec scale

GRAVITY Collaboration#
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Breakthrough in 2017: infrared interferometry with VLTI

« Spectroastrometry with interferometry: angular
size
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SARM approach: SpectroAstrometry + Reveberation
Mapping

geometric

distance:
AR?




Reverberation Mapping

Energy

Direct sound
Early reflections

Late reflections

arrow Line Reglion (NLR)
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Reverberation Mapping
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THE ASTROPHYSICAL JOURNAL, 255:419-439, 1982 April 15
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REVERBERATION MAPPING OF THE EMISSION LINE REGIONS

® reverberation mapping of brad-line OF SEYFERT GALAXIES AND QUASARS

reg lons R. D. BLANDFORD
Theoretical Astrophysics, California Institute of Technology

Blandford & McKee (1982) AND

CHRISTOPHER F. MCKEE

THE ASTROPHYSICAL JOURNAL, 943:36 (21pp), 2023 January 20 https://doi.org /10.3847 /1538-4357 /aca66d
2023. The Author(s). Published by the American Astronomical Society.

® reverberation mapping of spectroastrometryzywss

Spectroastrometric Reverberation Mapping of Broad-line Regions
LYR & Wang (2023) Yan-Rong Li'® and Jian-Min Wangl’z’3
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SARM: SpectroAstrometry+Reverberation Mapping

4 )
» SA: BLR structure perpendicular to LOS

» RM: BLR structure perpendicular to iso-delay
\_ surface )
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spectoastrometry reverberation mapping
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Yan-Rong Li' @, Jian-Min Wang'*?
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astronomy LETTERS

https:/doi.org/10.1038/541550-019-0879-5

A parallax distance to 3C 273 through
spectroastrometry and reverberation mapping

Jian-Min Wang©'23*, Yu-Yang Songsheng'*, Yan-Rong Li", Pu Du' and Zhi-Xiang Zhang®

THE ASTROPHYSICAL JOURNAL, 979:126 (13pp), 2025 February 1
© 2025. The Author(s). Published by the American A:

hups://doi.org/10.3847 /1538-4357 /ad9fee
v Astronomical Society
OPEN ACCESS
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Radial-dependent Responsivity of Broad-line Regions in Active Galactic Nuclei:
Observational Consequences for Reverberation Mapping and Black Hole Mass
Measurements

Yan-Rong Li'© and Jian-Min W:mg"l'J

THE ASTROPHYSICAL JOURNAL, 943:36 (21pp), 2023 January 20
© 2023, The Author(s). Published by the American Astronomical Society.
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OPEN ACCESS
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Spectroastrometric Reverberation Mapping of Broad-line Regions

Yan-Rong Li'® and Jian-Min Wangl‘z‘3

THE ASTROPHYSICAL JOURNAL, 927:58 (21pp), 2022 March 1
© 2022. The Author(s). Published by the American Astronomical Society
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Spectroastrometry and Reverberation Mapping: The Mass and Geometric Distance of
the Supermassive Black Hole in the Quasar 3C 273

, Yu-Yang Songsheng' @, Zhi-Xiang Zhang®, Pu Du' @, Chen Hu', and Ming Xiao'
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SARM: SpectroAstrometry+Reverberation Mapping

® Basic equation (LYR & Wang 2023)

B v, t W(v, t
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SARM: SpectroAstrometry+Reverberation Mapping

® Basic equation (LYR & Wang 2023)
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A1 SARM
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SARM: SpectroAstrometry+Reverberation Mapping
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SARM: SpectroAstrometry+Reverberation Mapping
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Application to NGC 3783

A&A 654, A85 (2021)
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A geometric distance to the supermassive black Hole of NGC 3783
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Application to more quasars

® SARM analysis on four quasars in collaboration with GRAVITY team
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Future Perspectives

® GRAVITY+ by 2025: sensitivity X 15; 300-500 quasars observable

The Very Large Telescope in 2030
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Considerations for the Future of Optical Interferometry at the VLT

Credit: ESO, Huedepohl
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e Quasar as a cosmic probe

Geometric Distances of Quasars Measured by Spectroastrometry and Reverberation
Mapping: Monte Carlo Simulations
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® 100-200 quasars, Hubble constant with a precision ~1%
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Quasar spectral monitoring campaign

® 2-3m class telescope ® since 2012 ® more than 150 quasars







Ten—Kilometer Baselines
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From GRAVITY(+) Towards a Kilometers Baseline,
Large Telescope Interferometer
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Future SA observations

GRAVITY+ 4*8m, by 2025 CHARA: 122m, by MROI: 10*1.4m, by

The Very Large Telescope in 2030
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Quasars, galaxies and cosmology

Quasars coevolve with Quasar rulers for cosmos

Correlation 3etween Black Hole Mass
and Bulge Mass
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