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Narrabri Stellar Intensity Interferometer

Reflec@nrs Baseline Catenaries (Signal & power cables) Hanbury-Brown et al. (1974)

| Control
Building

RECORDER

relat f of bas I e for Sin A ( (. ‘\.I } lh poir
h h I \ | |' ||| ! WS } h e for dcl
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s-

Fig. 11. (

5.
h



58 I TS 5T D 11

FIAHDE LT (Z5RLN

- REELEDZELEZ (I,
EiEmtEmhERADS

_ ZEMEFMHE (T > hvik) DEHIRE AL,
REMNEN?

— FRIME TIEIREFBI A TR,

E{E SR TELLN

— RFNOFHSEEERATOND,

yuy




Recorder Recorder
B > 1GHz B > 1GHz

Calculate correlation and delay
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where f(x + iy) = u(x,y) + iv(x,y)
FiEQ HF/INTFIZLBHELERRAIE
— Bose-Einsteinffi 5T I KA F/\F
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CTA as Intensity Interferometer

Phase recovery

— Cauchy-Riemann equation
(amplitude and phase relation)

Angular resolution
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1
An :\/n+n2 , Where n= TV (E/HZ)

n : Y+ 5 A%k (photon occupation number)
A-Q=)°
NEP = /2P -(hv +KTg ) [W/+/Hz]

References A. Einstein (1909)
J. Mather (1984)
J. Zmuidzinas (2003)
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NEP,; .. =+/2P-(hv + kT, ) [W/+Hz]

B = 100 GHz Fregquency [Hz]

Matsuo (2009) L) —XBRDKXE 16& [FERKNEF] 555



Nobeyama Radioheliograph (NoRH)

o Interferometer exclusively observing the Sun
» 84 antennas of 80 cm diameter

+ 17 GHzR+L /34 GHz

_ « Fundamental Spatifig'1.528 m

fz:;\

Utilized: -
17 GHz (17 mTHz) R+L
Central 16 elements aligned East-West




Amp. Corr.

Int. Corr.

Nobeyema Radioheliograph at 17 GHz

Cross correlation between 2 nearby

antennas (t,, = 50 msec) Delay measurement during daytime
04 [ A T It (Ij T T T T T . r - - r- 11 T
- Amplitude - g
| ) M
>2 1 Correlation - W=
0 — £, -
> Of =
0.2 | g i
-04 | | . g Delay by Earth Rotation
C T T ] - B
02 | Intensity . e e e e ]
- Correlation 1 F :
01 E _ s < [ -|_-H_;'.|.+ o, ]
- Correlation amplitude > 0 [ il Y Y eghy -
] ) B b
[ ] a i ]
0t 1 -0.05 | . Resigual less Ithan 10 |olsec(rms)I .
T — o T — og" 10" 12h 14h 16"

r [ns] JST Time [hrs]

Ezawa, Matsuo et al. (2015)



Complex Visibility for
Aperture Synthesis Imaging

Real Part
— Sqrt of Intensity Correlation

Imaginary Part
- Ap=21mVvAt
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Antenna Temperature T , [K]
System Temperature T, [K]

Frequency v [HZ]
Bandwidth Av [HZ]

T
At = sys 1

1
——1s

Ap = 2rvAt[rad]




Ly

BE BTG

%%E’l’éﬂi?/'}f‘ﬁ
TINIVIEFL—LDRIELY
— 100 M photons/sec

100 Jy source, v=10 THz, B=1 THz with 1 m telescope
1 Jy source, v=1 THz, B=100 GHz with 10 m telescope

1 SUE 5 ] /»IIJ:EF:E
— At=1/100M /(100M-T)%> = 1013 sec (T=100 sec)
ERFED N FETE R 2
— S 9fEEE 1 nsec T 10 THz F&F1{E £,
NEP =2 x 10-16 W/HZz%>

THz Photons are bunched !




Betelgeuse

Photospheric radius

N
— 22.5 mas ) !
Temperature 5 o
_ 3600 K

Flux Density 1@

~ 3lyatlTHz AT
- T, = 0.13 K (10 m dish) o

- AT =500 K /(10 GHZ)O'5 Lim et al. Nature (1998)

— At=4 psec/ (t,,)°> = 0.2 psec (t;, =10 min)



KF£300um 1 THz THO =2l — 3> (BL=6km)

Amplitude Intensity
Av =10 GHz, t=60 sec Av =100 GHz, t=600 sec
Phase error 50 um Phase error 50 um

® . . .
Amplitude Intensity
Av =10 GHz, t=60 sec Av =100 GHz, t=600 sec
Phase error 100 um Phase error 100 um
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B AL (3THz vs. 100GHz)

sys

= NEP / (2k B05) = 10 mK

- ETHE vs. BRBGIHE 4-5M

— ™

'Y

= 15 g (1 THz / 1 GHz)%5 = 1.5#7
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HL Taurl e

ALMA (ESO/NAOJ/NRAO)



Structure of a protoplanetary disk

ALMA

Direct imaging (HST or 8-meter ground-based)

Near-IR interferometry

Mid-IR interferometry

Magnetospheric
accretion

|I M' Planet-fo Outer disk
D MR gas disk "]ll |!|i||i=|| Iﬂ (mass reservoir)

0.1..1AU

UV continuum,
H-recombination lines

Near-IR continuum
(origin unclear so far) dust continuun dust continut
+ atomic lines (Br-y) + molecular lines + molecular rot-lines
+ occasional molecular (H,0, €0;; i)
lines (H,0, CO, OH)

Scales are for Taurus and Auriga region




Terahertz and far-infrared windows from Dome A

0THz 3 THz 6 THz 9 THz 12THz
1r 25%
Q
8 Annual 50%
© 75%
=
g 0————% B i st o B, A i __ - N N1 _ — — ]
- .
E 25% ' o T
- ! | Winter = 50% . T . '.I '
< 75% T T
c
N
O____ A WA il __ A A D N R A
o .7 s T TTTC BT~ - ———— . °___ L 12 15
@ 05 r 259
8 Annual === 50%
..*cg 75%
E — WMWM
(7))
c R R S = < =
E 1 M 1 L L
= 051+ 4 o o, T o 25%
= (W8] [} T = & L
< I Il ) Winter I 50%
e !
% / \/ 75%
N B a1
NPAV RNV ( | | I
. 1THz 2 THz 3 THz
Shi et al.

Nature Astronomy 1, 0001 (2016)



Interferometry from Antarctica

Atlantic Ocean Indian Ocean

- South Pole

¥

Dome C

USGS image

4000




TAO Intensity Interferometer




Technologies for
Space THz Interferometry

e Cryogenics - AKARI, SPICA, Astro-
 VLBI technology - HALCA, Astro-G
e Superconducting detectors - SMILE:

Formation
Flight

Photon Counters Photon Counters
Atomic clock Atomic clock
Recorder Recorder




A Concept of
ISpace Terahertz Interferometer
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