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Studies in US and EU

In US

— Far-IR Community Workshops in 2014 and 2015
— Single Dish or Interferometry ?

— Origins Space Telescope

In EU

— ESPRIT, FIRI

— FP7-FISICA (Far-IR Space Interferometer Critical Assessment)
— HEterodyne Receiver for Origins (HERO)
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BETTII (Balloon Experimental Twin Telescope for
Infrared Interferometry)
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ESA Voyage 2050 White Papers

Atmospheric characterization of terrestrial exoplanets 1n the
Mid-infrared: biosignatures, habitability & diversity

— Nulling interferometer, four 2.5 m telescopes, 170 m baseline
- CH,, O;, N,0O, CO,, H,O

Bringing high spatial resolution to the Far-infrared — A
giant leap for astrophysics

— Heterodyne interferometer, five 4 m telescopes, 1 km baseline

— or Deployable single dish telescope 20 m diameter

— H,0, atomic lines, HD112um



ESA Voyage 2050 White Papers

TeraHertz Exploration and Zooming 1in for Astrophysics
(THEZA)

— Event Horizon Imager with two 4.4 m telescope VLBI

— Less than 10 parcsec resolution

The Far-Infrared Spectroscopic Surveyor (FIRSS)

— Heterodyne Receivers on 1-2 m Single Dish; atomic lines

Origins Space Telescope: From First Light to Life (OST)

— Far-Infrared Cryogenic Telescope; H,O, atomic lines, HD112um

— Background limited observation (+ Heterodyne receivers ?)
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MuFT

Multi-Fourier Transform
Interferometer

High Dynamic Range

Imaging Spectrometer

Polarizing beam combiner

Ohta et al. Appl. Opt. 45, 2576 (2006)
Ohta et al. Appl. Opt. 46, 2881 (2007)
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The Most Transparent Atmosphere from Dome A
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Windows for [NII], [Olll] and

lce Feature

— 3.393 THz
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Can we observe [Olll] 88 um
at 3.393 THz ?

120
daiy

in July - August, 2010

Matsuo et al., Advances in Polar Science 30, 76 (2019)
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Narrabri Stellar Intensity Interferometer

Fig. 11.5. Correlation as a function of baseline for Sirius A (2 C Ma). The points
show the observed results; the full line shows the theoretical curve for a maodel
atmosphere (T =10000 K, logg=4, A=450 nm). Resulits for three long
baselines are shown on an expanded scale together with their r.m.s, uncertain-
ties. (Total exposure 203 hours,)
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Fluctuation of thermal radiation

1

An=\/n+n2 , Where n =

n : photon occupation number

AQ = 12

NEP = /2P -(hv +kT5) [W/Hz]

References  A. Einstein (1909) | /
J. Mather (1984) AT=Tz/NB7
J.M. Lamarre (1986) Photon bunchlng

J. Zmuidzinas (2003)



THz photon fluctuation

NEP = [2P-(hv + kT, ) [W/+/Hz]

B .
TH[NEP hvjxl K]

2P k

de Bernardis and Masi (1982)

Freguency [Hz]

B =100 GHz




Antarctic THz Intensity
Interferometry

Two 30-cm THz telescopes

Recorder Recorder
B >1GHz B>1GHz

Calculate correlation and delay



Photon Bunches for
delay time measurements

Photon bunch can be a measure of delay time.
— Complex visibility can be obtained.
Large number of THz photon is expected.

100 M photons/sec from Stars and AGNs

1 Jy at 1 THz (B=100 GHz), using ¢10 m telescope
At =101 sec in 100 sec is expected. 1

At =
NN -1
[ (((] G0 dC0 ¢ ¢« o ot w photon rate

THz Photons are bunched ! T integration time




Nobeyema Radioheliograph at 17 GHz
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Background limited observation with
Space Far-IR Intensity Interferometry

Quantum noise of heterodyne receivers
~ Tq=hv/k[K] =150 K @ 3THz
— n=KkT, B/hv =B [photons/s] \ l JU \WU U

Background limit of direct detectors \;|L/' Quantum Limi
_ NEP = 10" W/Hz%5, B =100 GHz |
— Tpyx = NEP / (2k B®%) = 10 mK

— Background vs. Quantum limit
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Requirements to Detectors

Sensitive to THz photons

— Photon energy ~10-2! Joule e
Fast response

— B =1 GHz for 100 M photons/s
NEP(Noise Equivalent Power)

= 102! x (1 GHz)%5

~ 1017 W/HZ0>
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Long Baseline Intensity ‘, &
Interferometry & i

« Cryogenics - AKARI, SPICA, Astro-H
« VLBI technology - HALCA, Astro-G
« Superconducting detectors - SMILES

Recorder Recorder
B > 1GHz B >1GHz

Calculate correlation and delay
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— 5-10 m, Cryogenic telescopes
— Origins, Millimetron
R
— 10 um — 300 um, Far-IR, THz
— Photon counting detectors
EiRE
— 100 m — 100 km, VLBI technology
AE D EERE

— 1 marcsec — 10 parcsec, imaging stars and planets
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