Black Hole Explorer (BHEX) Mission
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Event Horizon Telescope (EHT)
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EHT Collaboration 2019
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Black Hole Explorer (BHEX) Mission

BHEX will achieve the highest angular resolution in history and would reveal a black hole’s “photon ring” for the first time

- First direct measurement of a black hole’s spin / \ / \
- Opportunity to study dozens of black holes

- Leverages billions of dollars of ground infrastructure / \
A
- Explosion of community interest in the photon ring

- Targeting a 2025 SMEX proposal

/- \ J

Ground + Space

Science Goals
> Discover a black hole’s photon ring

> Make direct measurements of a black
hole’s mass and spin

>  Reveal the shadows of dozens of
supermassive black holes

Necessary Parameters for Space-VLBI
> High radio frequencies (>100 GHz)
> Orbits of at least ~30,000 km

"Photon ring
>  High-speed (~100 Gb/s) downlink | Sharp circular feature created

Orbiting Light by light orbiting a black hole
Direct Light

Credit: Michael Johnson, Center for Astrophysics | Harvard & Smithsonian
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Universal interferometric signatures of a black hole’s
photon ring

L

SCIENCE ADVANCES

¥ 6085 99 113

Abstract

The Event Horizon Telescope image of the supermassive black hole in the galaxy
NTRODUCTION M87 is dominated by a bright, unresolved ring. General relativity predicts that em-
. : e bedded within this image lies a thin “photon ring,” which is composed of an infi-
G nite sequence of self-similar subrings that are indexed by the number of photon

° . orbits around the black hole. The subrings approach the edge of the black hole
Michael : Alexandru

“shadow,” becoming exponentially narrower but weaker with increasing orbit
J h s L e rentary number, with seemingly negligible contributions from high-order subrings. Here,
o nson w upsasca we show that these subrings produce strong and universal signatures on long in-
terferometric baselines. These signatures offer the possibility of precise measure-

. " ments of black hole mass and spin, as well as tests of general relativity, using only
. ‘ . a sparse interferometric array.

Breakthrough Foundation



th an Interferometer

ings wi

Seeing Photon Subr

Photon—Ring Dominated

> Y | I \\_L\WJI
~
P ——
L <& . ="
ol £ 7T ==
=g / -
W B ~h
) S I”ll
S 4 -
[ ==
o™ T e
\D ~
— ~ N
| e lll"
< = D i, ]
| > -

-;m .....................................
L S . g

1) —

J ~

) -

e, —=====

K2 e .
12 E - H
\ +.‘.‘__‘_.‘._..._.‘ Ligia | o g e _
= o O o e
() (GRS (e —
LO i

(L) opngrpdury AYIqISIA

100

Baseline (GA)

Johnson & Lupsasca et al. 2020

Subrings are negligible for images but give a strong signal for an interferometer

Slide: M. Johnson

A single long baseline can measure the subring properties



Photon—Ring Dominated
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Baseline (GA)
Subrings are negligible for images but give a strong signal for an interferometer

Slide: M. Johnson

A single long baseline can measure the subring properties



Seeing Photon Subrings with an Interferometer

Black Hole Spin
U
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Subrings are negligible for images but give a strong signal for an interferometer

A single long baseline can measure the subring properties Slide: M. Johnson



Seeing Photon Subrings with an Interferometer

Y

Gralla, Lupsasca, & Marrone 2020
Subrings are negligible for images but give a strong signal for an interferometer

A single long baseline can measure the subring properties



Black Hole Photon Ring: A New Research Area in 2020s

| Publications mentioning “Black Hole” & “Photon Ring”
250 | J

| First EHT M87* Results Q
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Crucial Enabling Technology

Increasing signal bandwidth has been essential to the EHT
BHEX will transmit 750x more data than RadioAstron

RadioAstron: 128 Mb/s
(64MHz bandwidth, 1bit)

EHT in 2008: 4 Gb/s (X6 sensitivity]
(1 GHz, 2bit)

EHT in 2017: 32 Gb/s [x16 sensitivity]
(2x4 GHz, 2bit)

EHT in 2018+: 64 Gb/s [x23 sensitivity]

(4x4 GHz, 2bit)

BHEX Target: 96 Gb/s [X36 sensitivity, multiband]

(2x8+4x8 GHz, 1bit)

VLBI recording rate over time

Z=» CENTER FOR

OIEZl ASTROPHYSICS

HARVARD & SMITHSONIAN

R2DBE, Mark 6

Bob, Mark 5b
0\\ RDBE, Mark 5b
\

7’

R X

2015

g ——
5y

]
|
]

[

B W AR B8 §up gun”
lorlgm UR

cl
1 R
s:l ?
b
e
. - ‘
I
-
N =
= =
Exy =
- .-
e B

|



LLCD ILLUMA-T | DSOC

Lunar Laser Integrated LCRD LEO User 0 Deep Space Optical

Soniia oy GEO-LEO-Ground Relay =SSl - Comist
MIT Demonstration .- QA , \

LINCOLN ISS/JAXA Kibou Terinal =

LABORATORY

ey

Laser Communications 200 GbpS Error Free Orion Artemis Il Optical
Relay Demonstration L Communications System
Space - Ground Transmission



BHEX RIZE

Secondary

Mission Parameters

Secondary

Support Tripod Heat

® 3.5m Antenna, 30um surface, shaded
@® Simultaneous dual-band observations (86 + 230/345 GHz)
® Operations synchronized with ground telescopes (“hybrid observatory”)
® Orbit: ~25,000 km altitude
Gimbaled @ | ifetime: 2+ years

Solar Panel

Antenna

SIS
w/cryocooler

Support Bus ® Telemetry: 100 Gbps using laser communications

109+
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Orbital Requirements

M87 SgrA*
v (V)

N -39S

Sgr A* orbital plane

’ . . .
» Anisotropic scattering
’

11 GA

Credit: Goddard EHE WS 2023
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Black Hole Explorer Team
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Black Hole Explorer Team
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Why is Japanese participation crutial?

Sumitomo

Heavy Industries, Ltd.
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These are all strategically developed in Japan




BHEX Japan Group

Exploring the Japanese Role in the Mission
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BHEX Japan Team
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Kazuhiro Hada Kotaro Niinuma Kazu Akiyama Mareki HONMA Akihiro Doi Yoshinori Uzawa
NAOJ Mizusawa Yamaguchi U. MIT Haystack / NAOJ NAOJ Mizusawa JAXA / ISAS NAOJ ATC
BHEX-J Co-lead . . . SIS Mixer
BHEX-J Co-lead BHEX-J Co-lead BHEX Leader Team Senior Advisor Program Advisor

Development

Shoko Koyama Yoshiaki Hagiwara Tomoaki Kawasima Ken Ohsuga Yuh Tsunetoe Aya Higuchi Hidetoshi Sano
Niigata U. Toyo U. U. Tokyo ICRR Tsukuba U. Harvard BHI Tokyo Denki U. Gifu U.

AGN SWG Leads GR / Accretion & Jet Launching SWG Leads Single Dish / Molecular SWG



Major Areas of the BHEX Japan Science

Gravitational Physics

Accretion and Jet Launching AGN Jet Studies

SSA-thick
ISCOring  photon ring

“dark crescent”

a, = 0.998 (i = 30°)

Next
I Generation
7/ Astrochemistry




MWL & MMS in 2030s

Orbiting Light
Direct Light

Ground Only Ground + Space

Photon ring

| Sharp circular feature created

by light orbiting a black hole
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BHEX Japan Workshop at NAOJ from June 24-25, 2024

BIIXxXxs

('
National Astronomical
Observatory of Japan

‘e Black Hole Explorer Japan Workshop

June 24-25, 2024 at the National Astronomical Observatory.of Japan, Tokyo, Japan

REGISTRATION LEARN ABOUT
& ABSTRACT SUBMISSION THE BLACK HOLE EXPLORER

Registration and abstract submission are open

Registration is now open! (4/15%#4])
Website: sites.mit.edu/bhex-japan-workshop-2024







