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Atacama Millimeter/sulb-
millimeter Large Array (ALMA)

B ALMA is the largest mm/sub-mm wave interferometer in the world.

m ALMA is located at the Chilean Atacama desert (Chajnator). The
altitude of the antenna site is 5000 m for observing sub-mm wave.

m ALMA is constructed from 54 12m-antennas and 12 7m-antennas.

US 12m Japan 12m Europe 12 m Japan 7m(ACA)
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Spatial Resolution, FoV &
Shortest Integration Time

m The spatial resolution of interferometer depends on the observing
frequency & the longest baseline.

s FWHM of synthesized beam [] =76 / max. baseline [km] / Freq. [GHZ]
B Maximum of the longest baseline :16 km
m FWHM of synthesized beam : 0.06"@85GHz - 0.005"@950GHz
m |n solar observations, the spatial resolution is not possible.

m Basically, the size of FoV is depend on the diameter of the antenna
& the obs. frequency.

m FoV: 62"@100GHz, 18"@300GHz, 7"@950GHz
m The large FoV is possible by MOSAIC, but the time resolution is down.

m Shortest Infegration Time : 32 msec

®m The value is not “time resolution”. The time resolution of synthesized
iImages strongly depends on a target. We need to verify the time

resolution for solar observations in the CSV activities.
ALMA Solar WS@Tokyo 2012.9.4



ALMA'’s Field of View [Band 3]
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An X class flare observed with NoRH, RHESSI and Hinode. Green Contours: NoRH 34 GHz,
Blue Contours: RHESSI 35-100keV, Color Scale: Hinode Ca Il H band.



Spatial Resolution, FoV &
Shortest Integration Time

m The spatial resolution of interferometer depends on the observing
frequency & the longest baseline.

s FWHM of synthesized beam [] =76 / max. baseline [km] / Freq. [GHZ]
B Maximum of the longest baseline :16 km
m FWHM of synthesized beam : 0.06"@85GHz - 0.005"@950GHz
m |n solar observations, the spatial resolution is not possible.

m Basically, the size of FoV is depend on the diameter of the antenna
& the obs. frequency.

m FoV: 62"@100GHz, 18"@300GHz, 7"@950GHz
m The large FoV is possible by MOSAIC, but the time resolution is down.

m Shortest Infegration Time : 32 msec [TDM]

®m The value is not “time resolution”. The time resolution of synthesized
iImages strongly depends on a target. We need to verify the time

resolution for solar observations in the CSV activities.
ALMA Solar WS@Tokyo 2012.9.4



Observing frequencies
of ALMA

m ALMA will have 7 observing bands when the full operation is started
in 2013.

= Band 3: 84-116 GHz * (3.6 -2.6 mm)
® Band 4: 125 - 163 GHz *
= Band é: 211-275GHz *
= Band 7: 274 - 373 GHz

*

Circular Polarization

= Band 8: 385 - 500 GHz ¥ Ex. Nobeyama Radioheliograph
- Bdnd 9: 602 _ 720 GHZ 17 GHz (] .7cm) & 34GHz (88mm)
= Band 10: /87 — 950 GHz (0.4 -0.3 mm)

m Asterisks indicate that the receiver (band) can observe 4 frequency
ranges in the band (Width of each range is 2 GHz ) simultaneously. Band
9 /10 can observe 2 frequency ranges simultaneously.

m A few mins is needed for changing the band.

ALMA Solar WS@Tokyo 2012.9.4



Setting of Obs. Frequency
For Confinuum (TDM)
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Basn3: 92-108 GHz
= Time Domain Mode (TDM : XD TE)
m 256 channels / N polarizations / one Baseband (bb) [2GHZIE]

® Frequency Domain Mode (FDM)
n O EIREGEEE N BT EE.



Solar Filter
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Target Region

N IDL 33

~

s NOAA 11216
= 19 May, 2011 13:00UT

m ALMA observed the spot using 8
12m-antennas.

m Number of baselines (number of
data point in u-v plane) : 28

® |ntegration Time : 1 sec

s SDO/AIA
m 1700 band (UV continuum)
m Time resolution : 24 sec
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Disadvantage of solar observations

= During solar observations, we can not use “Water Vapor
Radiometer (WVR)"” of ALMA.

m During observations, WVR always observes the absorption line that is
caused by water vapor in the earth’s atmosphere, and monitors the
gross volume of the water vapor in the line of sight in realtime.

m Because of the realtime water-vapor monitoring, ALMA can use long
(over a few km) baselines.

m During solar observations, WVR can not detect the line because the
background level (= solar emission) is very high.

m For solar observations, the baselines that is shorter than a few
km may be available.
m Synthesized beam [*] =76 / max. baseline [km] / Freq. [GHZ]

m 0.38"@100GHz, 0.126"@300GHz, 0.04"@950GHz [2 km] “Excellence”

ALMA Solar WS@Tokyo 2012.9.4
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ATACAMA LARGE MILLIMETER ARRAY

www.almaobservatory.org

The Atacama Large Millimeter/submilimeter Array (ALMA), an international astronomy facility, is a partnership among Europe,
North America and East Asia in cooperation with the Republic of Chile. ALMA is funded in Europe by the European
Organization for Astronomical Research in the Southern Hemisphere (ESO), in North America by the U.S. National Science
Foundation (NSF) in cooperation with the National Research Council of Canada (NRC) and the National Science Council of
Taiwan (NSC) and in Japan by the National Institutes of Natural Sciences (NINS) in cooperation with the Academia Sinica (AS)
in Taiwan. ALMA construction and operations are led on behalf of Europe by ESO, on behalf of North America by the
National Radio Astronomy Observatory (NRAO), which is managed by Associated Universities, Inc. (AUI) and on behalf of East
Asia by the National Astronomical Observatory of Japan (NAQOJ). The Joint ALMA Observatory (JAO) provides the unified
leadership and management of the consfruction, commissioning and operation of ALMA..
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Where Is the mm/subb-mm
emission layer except flares ?

B The mm/sub-mm emission from non-flare sun is thermal continuum
from around [T = 1] layer = lower chromosphere.

WRIXON & HOGG (I1971)

\ C%wromosphere Photosphere
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Large Area Scanning by JCMT
(Single-Dish) in mm/subb-mm
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® They found the limb brightening
in the wave range.
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Interferometic observations
of quiet sun by BIMA

Original e e | ] | Convolved

by 12" Gaussian Beam

BIMA

Synthesized
beam : 12"

m White et al. 2006, Loukicheva et al. 2009
m They observe the quiet sun using 10 BIMA antennas.
aaBIAAAKBY GHz images are very similar to UV/chromospheric images



Chromospheric oscillation
IN MM-wave data

Time Series AMS=122K Power Spectrum Wavelet spectrum
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m White et al. 2006 shows the signature of 3 & S5mins oscillation in mm data.
ALMA Saiar BIRTRIRMA does not resolve the structures in lower chromosphere. 2012.9.4
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m Predicted Emission Lines

m From Chromosphere
® Hydrogen Lines [na transition with high-n]

m  The theoretical ratio of the line intensity to continuum is < 1 % with n>20
from the disk (Hoang-Binh 1982) = undetected

®m H42a -> 85GHz(Band 3), H29a->270GHz(Band 6:0.15%)

. . -Bi
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Observation of Hydrogen recombination
ine (N=22-21: 662.4GHz) @ |limb
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ATACAMA LARGE MILLIMETER ARRAY

www.almaobservatory.org

The Atacama Large Millimeter/submilimeter Array (ALMA), an international astronomy facility, is a partnership among Europe,
North America and East Asia in cooperation with the Republic of Chile. ALMA is funded in Europe by the European
Organization for Astronomical Research in the Southern Hemisphere (ESO), in North America by the U.S. National Science
Foundation (NSF) in cooperation with the National Research Council of Canada (NRC) and the National Science Council of
Taiwan (NSC) and in Japan by the National Institutes of Natural Sciences (NINS) in cooperation with the Academia Sinica (AS)
in Taiwan. ALMA construction and operations are led on behalf of Europe by ESO, on behalf of North America by the
National Radio Astronomy Observatory (NRAO), which is managed by Associated Universities, Inc. (AUI) and on behalf of East
Asia by the National Astronomical Observatory of Japan (NAQOJ). The Joint ALMA Observatory (JAO) provides the unified
leadership and management of the consfruction, commissioning and operation of ALMA..
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cm/mm-wave

from a solar flares

®m The energy release in a flare makes high-energy charged particles.
®m The electrons are accelerated to ~30% of light speed (~MeV) in a flare.

m The accelerated electrons emitted cm/mm-waves.

= The emission mechanism is “gyro-synchrotron” emission, not “synchrofron”,
because the accelerated electron is mildly relativistic (not relativistic).

® The waves from the accelerated electrons are circular polarized. (noft linear

polarization).
A

Optically Thick

Nobeyama

Intensity

Optically Thin

Radioheliograph (NoRH)

Banc;?\

Unknown Freq. Range K

Typical Radio Spectrum (>GHz) of Solar Flares @ Radio Peak Time

for Solar Flares O

o Red Line: Gyro-synchrotron emission
* from accelerated electrons
., Blue Line: Thermal emission
KX from hot plasma heated by a flare

~10GHz

~100GHz

> Frequency



ALMA'’s Field of View [Band 3]

Hinode/SOT-FG Ca Il H 13-Dec-2006 02:30:38.130 UT
-40 b GRS,

arcsecs)
o)
o

p—

-100

Y

-120

-140

300 350 400 450
X (arcsecs)

An X class flare observed with NoRH, RHESSI and Hinode. Green Contours: NoRH 34 GHz,
Blue Contours: RHESSI 35-100keV, Color Scale: Hinode Ca Il H band.



Numerous small flares occur
IN an “active” active region

Hinode/Solar Optical Telesc

Hinode/X-Ray Telescope

! 30 arcsec
=

30 arcsec Solar corona around a sunspot Lower chromosphere around a sunspoft



BIMA observed
a small flare (C3.5)

Soft X-ray (0.1~1 keV) Hard X-ray (13~22keV) BIMA 86GHz

"""""" @ g f Silva et al. 1996

86GHz time profile

L a)

20:46 20:48 20:50 2052

2o Ol e 20HE0 DT 1 SFU = 1x104 Jy

® BIMA made the 86 GHz images of C class flare.
m The size of the flare is 8" measured from the SXR image.
m Beam size of BIMA is 9"x 7" (-> the flare is not resolved in 86 GHz)

TherCERsss flare is not a large flare.



Flares occurred in an active region

X IDLO

GOES 14 X—Rays:

Soft X-ray Light Curve of the Sun

During the period, the “active” active region on the Sunis only NOAAT108]1

XRT Image 11-Jun—2010 18:13:43.996

v B class flares

00:00 12:00 00:00
Start Time (11-Jun-10 00:00:00)

= NOAAT1081 : 11-June-2010 ~ 14-June-2010
»  The active region appeared on 10 June, 2010.

= The active region occurred 7 C class flares during 3 days. (Ave. 2 event/day)



ATACAMA LARGE MILLIMETER ARRAY

www.almaobservatory.org

The Atacama Large Millimeter/submilimeter Array (ALMA), an international astronomy facility, is a partnership among Europe,
North America and East Asia in cooperation with the Republic of Chile. ALMA is funded in Europe by the European
Organization for Astronomical Research in the Southern Hemisphere (ESO), in North America by the U.S. National Science
Foundation (NSF) in cooperation with the National Research Council of Canada (NRC) and the National Science Council of
Taiwan (NSC) and in Japan by the National Institutes of Natural Sciences (NINS) in cooperation with the Academia Sinica (AS)
in Taiwan. ALMA construction and operations are led on behalf of Europe by ESO, on behalf of North America by the
National Radio Astronomy Observatory (NRAO), which is managed by Associated Universities, Inc. (AUI) and on behalf of East
Asia by the National Astronomical Observatory of Japan (NAQOJ). The Joint ALMA Observatory (JAO) provides the unified
leadership and management of the consfruction, commissioning and operation of ALMA..
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The Atacama Large Millimeter/submilimeter Array (ALMA), an international astronomy facility, is a partnership among Europe,
North America and East Asia in cooperation with the Republic of Chile. ALMA is funded in Europe by the European
Organization for Astronomical Research in the Southern Hemisphere (ESO), in North America by the U.S. National Science
Foundation (NSF) in cooperation with the National Research Council of Canada (NRC) and the National Science Council of
Taiwan (NSC) and in Japan by the National Institutes of Natural Sciences (NINS) in cooperation with the Academia Sinica (AS)
in Taiwan. ALMA construction and operations are led on behalf of Europe by ESO, on behalf of North America by the
National Radio Astronomy Observatory (NRAO), which is managed by Associated Universities, Inc. (AUI) and on behalf of East
Asia by the National Astronomical Observatory of Japan (NAQOJ). The Joint ALMA Observatory (JAO) provides the unified
leadership and management of the consfruction, commissioning and operation of ALMA..




