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Summary



Our team was established in 2001 when Prof. Pierre
Darriulat came to Vietnam with detectors.

A bit of history
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Measurement of cosmic muon flux in Hanoi
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We immediately joined the
Pierre Auger Observatory

The Auger Observatory is the first large hybrid detector ever built:
it combines the strengths of
Surface Detector Array & Air Fluorescence Detectors

THE PHYSICS OF ULTRA HIGH ENERGY COSMIC RAYS

*Accurate measurement of the high end of the energy spectrum
- Identification of possible sources
- Nature of the primaries
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Correlation of the Highest-Energy Cosmic Rays with
Nearby Extragalactic Objects

The Pierre Auger Collaboration, et al.

Science 318, 938 (2007);

AYAAAS DOI: 10.1126/science.1151124
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A radio telescope at home

Radio astronomy

Collaboration with French institutes

High energy cosmic rays
nmp
Using 2.6 m radio telescope at home

Collaboration with the Pierre Auger
Observatory in Argentina

Radio astronomy is at the forefront of
current research; observations made from
major international observatories.

For training students at home, it is much
better adapted to the Vietnamese tropical
sky than optical astronomy, for which
observations are rarely possible.

For now five years or so, we work exclusively in radio astronomy.



The radio telescope and its performance

e Operated at frequencies between 1400 to ¢

e Mobile parabolic dish, 2.6 m in diameter =1 ‘_H
1440 MHz (21 c¢m of neutral hydrogen TTmetees -

atoms or HI line) F=0 A i
- . R | ;in-_"‘“ipw o
e Pointing accuracy of 0.22° in axcos(h) &S i C+
and 0.11°1n A (a: azimuth, A: elevation) BT T i

* The angular aperture of the main lobe
(the “beam”) 1s well described by a
Gaussian having a ¢ of 2.3°

 Antenna efficiency factor 1s 63%
meaning a conversion factor of
1.25+0.09 K/kly.

* The sensitivity of the instrument has
been evaluated at the level 300 Jy.




Galaxies such as ours contain many HI clouds and the 21 cm
signal of the disk of the Milky Way is particularly strong. On the
contrary, the Sun emits exclusively in the continuum.
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Velocity (km/s)

HI in the Milky Way
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The Sun

We observed the Sun to study flares and oscillations in comparison
with similar observations made in Australia (Learmonth Observatory).

mHz oscillations (T~6 minutes) were observed simultaneously in both
observatories with correlated periods, which was not understood
originally.
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Polarization of Solar Flares
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Antenna Temperature (K)

Measurement of the Moon’s temperature

Detection of the Moon (drift scans)
Black body temperature 207+40 K
Limit sensitivity ~300 Jy
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Our telescope has produced 2 master theses and 7
publications (2 in ISI journals and 5 in Communications in
Physics/Viet Nam).

It 1s now 1nstalled on top of a university (USTH) building
for the training of undergraduate and master students.




We use observations made with : Plateau de Bure
(6 antennas), VLA (27 antennas) and ALMA (66 antennas).




Atacama Large Mm/sub-mm Array (ALMA)
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ALMA (66 antennas), $1.3 billion, detector temperature 4 K, surface
precision 20 micrometers, no significant rainfall between 1570 and 197
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Data analysis

adjustin X? minimization of the fit
to the Doppler velocity
distribution in each pixel

Construct models

(morphology and kinematics) parameters
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High redshift galaxies: a typical example, RX J0911

RX J0911: the host galaxy of a gravitationally lensed high redshift
quasar (z~2.8, look back 11.3 Gyr). Detection of the CO(7-6) line by
Plateau de Bure measures its gas content; and of the continuum
underneath by ALMA, its dust content.

Cleaned

distorted light-rays

Gravitational lensing effect RXJO911 22



Lensing is complicated by the fact that the extended
source overlaps the lens caustic. We studied this peculiar
situation in detail.
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RX JO911: Gas properties

The results show that the gas source has a radius of 850+120 pc
on the line (~7 s.d.) and provide evidence for ellipticity and for a
significant velocity gradient (molecular outflow and/or rotation).

Ellipticity: 3.3 s.d. Evidence for velocity gradient
away from circular at 4.5 s.d.
0.4t ot. 2 No veIocity
o | gradient
o1r - Pot. 1 /
0.0 /
—0.2 0.0 0.2 —Ill.O —CIP.S —0I.6 —(I).4 —(I).2 0.0
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RXJO911: Dust component

The dust component is found much more compact than the gas
component, ~3.4+0.4 times less extended and too small to allow for
an ellipticity measurement.
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This measurement makes RX JO911 one of the few high-z galaxies for
which the dust and gas are resolved with dimensions being measured.



Remote galaxies: HE 1104-1805

We propose to observe and measure the CO(3-2), CO(7-6) and associated
continuum emissions of the gravitationally lensed host galaxy of QSO HE
1104-1805 using ALMA.

The main astrophysical interest is to measure the morphology and
kinematics of the gas and dust volumes of a high redshift (z=2.32) galaxy,
at the epoch of maximal SFR and AGN activity, hosting a supermassive
black hole in its centre (2.4 10° solar masses) and being in an early stage
of its evolution (SFR of 220 solar masses/yr).

The relative positions, morphologies and kinematics of the gas and dust
volumes will be measured with sub-kpc resolution in the source plane.
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Star formation

Credit: Fearson Education

Stellar Physics

Similarities between the two processes are
many: dust plays a very important role;
importance of symmetries; the importance of
periodic oscillations, taking the form of pulsed

accretion in protostars and of thermal pulses in
AGB stars.

Evolved star

Average
Star

Red Giant Planetary Nebula




Partly in collaboration with French astronomers and partly on our
own, we studied evolved stars and protostars using high
resolution CO emission lines. The former often feature a bipolar
molecular outflow, the latter the formation of a disc.

ERAAr Aql GG Tau
M Gru
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Example 1: an evolved star, the Red Rectangle

The Red Rectangle is a Post-AGB source, having its axis
perpendicular to the line of sight. It displays a polar biconal
outflow surrounded by a rotating equatorial gas volume. We
studied CO(6-5) and (3-2) emissions measured by ALMA.
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The East-West Doppler velocity asymmetry reveals a
very clear rotation of the equatorial region about the star
axis.

CO(6-5)/CO(3-2) intensity map: evidence for a
temperature distribution dominated by the biconical
structure down to low distances from the star.
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Gas kinematics

Polar regions: parabolic meridian trajectories joining smoothly
between the equatorial torus and the star axis with a constant
wind velocity.

Equator region: spiraling trajectories with rotation and expansion.
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We tind V, ~—1.0 km/s, V., ~1.6 km/s

The fit is surprisingly good in view of the crudeness of the model.
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The gas morphology is reconstructed in space (here shown in
the meridian plane). Sharp separation between the equatorial
and polar regions.

33



Example 2: 49 Ceti, a debris disc

. . . . intensity (muJy beam™)
49 Ceti, a bright debris disc, seen 0 Yoz 0.4 0.6

_ [ m—
close to edge on at a distance of
59 pc

y (arcsec)

Age: in 49 Myr range

Dust: dusty, ~0.3 Earth masses 4 3 2 1 0 -1 -2-3 -4

x [arcsec)

(S E D) integrated Intensity (Jy beam™ km s™)

0 0.5 1 1.5 2
CO: 2x10% Earth masses '

We studied its 350 GHz
continuum and 2CO(3-2)
emissions measured by ALMA.
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integrated intensity (Jy km ™ arcase™)

15 |

Continuum and 2C0O(3-2): main features
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Continuum (black)
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Gas kinematics
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Model of CO(3-2) emission

Morphology: rotation
invariance about the disc axis
+ symmetry about the disc
mid-plane + flaring disc + flat
disc mid-plane (no warping)

Important constrain: along the line of sight p/[CO] < 5x10'? cm~>

F:'{IE?J :] fl':.t" y-[‘ }d;;z — F{I,y]:ff(I,y,II}}ﬂ’;:fp(.’tf,y._,?.’}d,?:

Flaring disc: H_lexp{—éh.if&ﬁ] with A, = R

R = y/sin(i) — h/tan(i) :radius in disc plane

Kinematics: | V=V,r" Alz) =1- s frp(——ff “/AZ)

AV.) =1— Av exp(— /&V)

Parameters to be adjusted: i, k, h, V, and n.
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CO(3-2) emission : fit results
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g (arbitrary unit)

49 Ceti: dust emission
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Summary: best fit results

CO(3-2)
Description Name Value
Intensity morphology
Inclination i (degrees) 11.1+£0.9
Flaring angle N (rad) 0.0417:8:3:{3
Radial dependence k 0291%‘_3% D.TUJ:H:;;
Rotation velocity
Velocity at r=1 arcsec Vo (km 5_1) 5.1+0.1
Power index n —0.46“:3:33

Attenuation at small |V z| or small |z| values

Amplitude A 0.66L0.15 | 0.6040.12

2.355 Ay (kms— 1)

FWHM in V, or = or 2.355 A, (an)

1.5£0.5 4917

x~ per degree of freedom 0.76 0.80

Dust emission

i=11.1-%1.4° and n,=0.1010.06




[Line width effects

Subtracting in quadrature the
observed line widths from model
values (3.2, 1.8 and 0.9 kms-!
FWHM) gives upper limits to the
intrinsic line widths: 1.4+0.3,

1.2+0.2 and 0.8+0.1 kms~'FWHM.

Thermal broadening ~T (0.29
kms~! FWHM at 50 K), spectral
resolution 0.11 kms~!

— other effects contribute
important broadening

intensity (Jy)
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Model (red)

Data (black)
i ’ <
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velocity (km s™)



Results: 49 ceti

1) both CO and dust discs share a same position angle and a same
inclination but the gas disc 1s more homogeneous, more central and
thinner than the dust disc;

11) evidence 1s obtained for a significant deficit of observed CO(3-2)
emission at Doppler velocities differing from the star systemic
velocity by less than 1 km s~!;

111) the source brightness i1s measured to correspond to a CO mass of
3x10~* Earth masses and the continuum flux density is in good
agreement with current SED estimates;

1v) gas velocities are accurately measured and found Keplerian over
a broad range of disc radii;

v) the observed CO(3-2) line width 1s dominated by Keplerian shear
and upper limits are obtained to the intrinsic line width



Summary

A number of evolved stars and protostars have been studied. The

next challenge, which the high resolution and sensivity
observations becoming available, in particular from ALMA, is to
understand the precise symmetry breaking mechanism at the
beginning of the expansion and initial conditions for planet
formation in protoplanetary dics.

We have also contributed to the study of high red-shift galaxies,
in particular with the detailed study of a quasar host at z=2.8.

In the near future, we shall actively pursue both lines of research.
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Summary

e \We are making extensive use of the open data policy of the ALMA
collaboration. This generous policy is an invaluable asset to teams
such as ours, working in developing countries having otherwise no
direct access to frontier astrophysics. We are immensely indebted
and grateful to the ALMA partnership.

* In the past 2.5 years, we have published 15 articles in international
journals, of which 8 with our team as only author.

e Astrophysics, one of the most dynamic branches of modern physics
matches well the needs of a team such as ours. In particular, it does
not require joining very large collaborations in which it would be
difficult for us to preserve our identity.
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Introduction

The aim of the Department of AstroPhysics (DAP) is to establish in Hanoi a team of
researchers of international stature having the ambition to promote in the country teaching and
research in fundamental sciences, and in particular in astrophysics. It i1s installed in the
premises of the Vietnam National Satellite Center (VNSC), Vietnam Academy of Science and
Technology (VAST) in Hanoi. It publishes a Newsletter and maintains a web site where useful
information can be found: h ion_htm

The staff includes Pr. Pierre Darriulat, Drs Pham Tuan Anh, Pham Ngoc Diep, Pham Thi Tuyet
Nhung, Nguyen Thi Thao, a PhD student Do Thi Hoai and a master student Nguyen Thi
Phuong. Research interests are radio astronomy. Much of it is made in collaboration with other
institutes, using data collected by major research installations abroad. In particular most PhD
theses are made under an agreement of joint supenvision with prestigious foreign universities.

The laboratory is equipped with instruments that are used for training and for domestic
research. We receive support from the VNSC/NVAST (running expenses), from the Ministry of
Scnence and '1'n?z-::hm:ult:n!;;'_«,-r (following a budget request made through NAFOSTED) and from
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https://dap.vnsc.org.vn

Thank you for you attention!




