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Institute of Statistical Mathematics (ISM)

'Unique institute focused on Statistical Science

+ Founded in 1944

« Located in Tachikawa, Tokyo

« On of the 22 Inter-University Research Institutes

« 49 faculty, 80 visitors, 70 pari-time, 29 grad. Students.

Theory and Myethodology

« Inforrnation Criterion

+ Time series analysis “Bayesian modeling

+ Survey methodology *MCMC, particle filter

+ Quantification theory *Ensemble machine

« Multivariate analysis Sparse modeling
*Kernel method
*Meta-analysis
+Data assimilation

Promote the development of human
resources capable of decision making oo
based on data —
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Atacama Large Millimeter/
0 submilimeter Array
\ 'CHAJNANTOR PLATEAU, CHILE

Atacama Pathfinder EXperiment
CHAJNANTOR PLATEAU, CHILE

IRAM 30-M Telescope < w ‘
PICO VELETA, SPAIN | ‘P N\
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s James Clerk Maxwell Telescope
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Large Millimeter Telescope
SIERRA NEGRA, MEXICO
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Submillimeter Array
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s Submillimeter Telescope:
@ MOUNT GRAHAM, ARIZONA

= South Pole Telescope:
& SOUTH POLE STATION
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New Twaging Metheds e ERL T

Maximum Entropy Method (MEM) Sparse Modeling
Chael et al. 2016, Fish et al. 2014, Akiyama et al. 2017a, 2017b
Lu et al. 2014, 2016 lkeda et al. 2016, Honma et al. 2014
Model (Original) Model (Convolved) EHT 2017 0.7
Model Smooth Model 2016 2017

0.6

cc 8« Bk e 3

Fractional Polarization

P
e
T

Counter Jet Model

Two New Imaging Libraries

eht-imaging (Chael+2016,2018) : https://github.com/achael/eht-imaging
SMILI (Akiyama+2017a,b) : https://github.com/astrosmili/smili
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https://github.com/achael/eht-imaging
https://github.com/astrosmili/smili

Correlated Flux Density (Jy)
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Bascline (GX) Baseline (GX)
EHT Collaboration 2019¢, ApJL, 875, L3 EHT Collaboration 2019a, ApJL, 875, L1

EHT M87Paper IV, Fig.2
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Americas

US & Chile
(SAQ, U. Arizona, U. Conception)

Leader: K. Bouman & A. Chael

Team 4

Team 2

East Asians

Korea, Japan & Taiwan
(ASIAA, KASI, NAOJ)

Leader: S. Koyama

Team 3

Global

US, Japan, Netherland
(MIT, NAQJ, Hiroshima U., Radboud U.)

Leader: K. Akiyama & S. Issaoun

Cross Atlantic

US, Spain, Germany, Finland
(Boston U, MPIfR, IAA, Aalto)

Leader: A. Marscher
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3u1,«1 2018 &4 vesudts

April 11 \pril 11

East Asians

Korea, Japan & Taiwan
(ASIAA, KASI, NAOJ)

| eader: S. Koyama

Cross Atlantic

US, Spain, Germany, Finland
(Boston U, MPIfR, IAA, Aalto)

Leader: T. Krichibaum & A. Marscher
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Traditional Method
CLEAN
DIFMAP (shepherd-97. 98, 03

_ Twogivg methods used for M8 ipages

New Imaging Methods
Regularized Maximum Likelihood (RML)

eht-imaging chaet+16.19

SMILI iiyama-+172. b

Model

General Pixelated Images
Residual Calibration Gains

Model
General Pixelated Images

Model

General Pixelated Images
Residual Calibration Gains

Hyper Parameters

Sparse reconstruction

Compact flux
Size

Hyper Parameters

Sparse
Smooth
Maximum Entropy

Compact flux
Size

Hyper Parameters
Sparse
Smooth

Compact flux
Size
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Training Images
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Observations

@}. Event Horizon Telescope

Synthetic
Data Sets
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Real M87 Data

50 k

Parameter
sets

3 Imaging
Pipelines

Fidelity |
check

Optimal
Parameters

V

3 Imaging
Pipelines

+ chisq cut off

)

Reconstructed
Images

Fiducial M87
Images




\(€§ MC@AA (

CGN\ WG g g wathed s o\ig’vlwgwisk 'H«QS,Q?,

Truth Images

eht-imaging

OO |9+«
O

oNNONE BE*

olol®l.

EHT M87 Paper IV

@}3 Event Horizon Telescope

3 March 2023, ISC02023@0IST



eht-imaging

87 Paper IV
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Time variability

Simulation: EHT Collaboration et al. 2022, Sgr A* Paper V

Credit: Abhishek Joshi, University of lllinois at Urbana-Champaign Slide by Kazu Akiyama@MIT
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On-Sky Image = Angular-broadened Image <4  Refractive Substructure

Intrinsic Image Scattering Kernel

(

Refractive substructures appear as Gaussian noises in the Fourier domain

Johnson & Gwinn 2014, Johnson & Narayan 2016, Johnson et al. 2018, Psaltis et al. 2018
Credit: Kazu Akiyama@MIT
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Traditional Method New Imaging Methods

CLEAN Regularized Maximum Likelihood (RML) Bayesian Imaging

DIFMAP (shepherd-97. 98, 03)

eht-imaging chaet+16. 19

SMILI iyama+172. b
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Model

General Pixelated Images
Residual Calibration Gains

Model
General Pixelated Images

Model

General Pixelated Images
Residual Calibration Gains

Hyper Parameters

Image Assumptions

Scattering Parameters

Variability Parameters

Hyper Parameters

Image Assumptions

Scattering Parameters

Variability Parameters

Hyper Parameters

Image Assumptions

Scattering Parameters

Variability Parameters

More Restrictive Model

Low-resolution Pixel Images
Residual Calibration Gains
Scattering Parameters
Variability Parameters
Field of View / Grid
Orientations
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Number of Image Pixels
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BLACK HOLES

THE EDGE
OF ALL
WE KNOW

Black Holes | The Edge of All We

N

2021 | | 1h39m | US Movies
Follow scientists on their quest to understand and c e first image of a
black hole while exploring the limits of our knoy universe.
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