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A bit of history
Our team was established in 2001 when Prof. Pierre 

Darriulat came to Vietnam with detectors.



Instrumentation
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Measurement of cosmic muon flux in Hanoi



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 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

We immediately joined the 



Top ten physics 

event of APS

Three of us have made our 

PhD theses in this field. We 

made significant contributions 

to the very successful 

achievements of this program. 



A radio telescope at home

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.

High energy cosmic rays 

Collaboration with the Pierre Auger 

Observatory in Argentina

Radio  astronomy

Collaboration with French institutes

Using 2.6 m radio telescope at home

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



The radio telescope and its performance

• The angular aperture of the main lobe 

(the “beam”) is well described by a 

Gaussian having a σ of 2.3o

• Antenna efficiency factor is 65% 

meaning a conversion factor of 

1.25±0.09 K/kJy.

• The sensitivity of the instrument has 

been evaluated at the level 300 Jy.

• Mobile parabolic dish, 2.6 m in diameter

• Operated at frequencies between 1400 to 

1440 MHz (21 cm of neutral hydrogen 

atoms or HI line)

• Pointing accuracy of 0.22o in a×cos(h)

and 0.11o in h (a: azimuth, h: elevation)



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.

continuum



Spitzer Space Telescope 

HI in the Milky Way



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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Learmonth

& San Vitto

Dipole feeds
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70%

Circular

polarization
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Time bin [s]

Polarization of Solar Flares



TMoon

X.Z. Zhang et al. 

Full 

Moon

This work

Detection of the Moon (drift scans)

Black body temperature 207±40 K

Limit sensitivity ~300 Jy

40 min Time [day]

Measurement of the Moon’s temperature
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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 is now installed on top of a university (USTH) building 

for the training of undergraduate and master students.



Plateau de Bure (PdBI)

NOEMA (NOrthern Extended Millimeter Array) 18

We use observations made with radio interferometers: Plateau de Bure

(6 antennas), VLA (27 antennas) and ALMA (66 antennas).

The data



Atacama Large Mm/sub-mm Array (ALMA)

19

ALMA (66 antennas), $1.3 billion, detector temperature 4 K, surface 

precision 20 micrometers, no significant rainfall between 1570 and 1971.



The data
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CO(1-0)         RS Cnc CO(2-1)

adjusting 

parameters

Construct models
(morphology and kinematics)

χ2 minimization of the fit 

to the Doppler velocity 

distribution in each pixel

Data analysis
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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.

A3

A2

A1
G

G’

B

HST

High redshift galaxies: a typical example, RX J0911

Gravitational lensing effect RX J0911
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Lensing is complicated by the fact that the extended 

source overlaps the lens caustic. We studied this peculiar 

situation in detail.

~3”
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No velocity

gradient

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. 

away from circular

Pot. 1

Pot. 2

Evidence for velocity gradient 

at 4.5 s.d. 

arcsec

RX J0911: Gas properties
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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.

RXJ0911: Dust component

This measurement makes RX J0911 one of the few high-z galaxies for 

which the dust and gas are resolved with dimensions being measured.



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 (2.4 109 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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Remote galaxies: HE 1104-1805



Stellar Physics

Star formation

Evolved star

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.
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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.

EP Aqr

RS Cnc

Red Rectangle

GG Tau

L 1527

49 Ceti

Jets Disc

Π1 Gru

W Aql
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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.

(3-2)EW (6-5)EW (6-5)/(3-2)
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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.

Polar region Equatorial region



We find Vrot~−1.0 km/s, Vrad~1.6 km/s 

The fit is surprisingly good in view of the crudeness of the model.



33

Temperature                                             Density×r2

The gas morphology is reconstructed in space (here shown in 

the meridian plane). Sharp separation between the equatorial 

and polar regions.



Example 2: 49 Ceti, a debris disc

49 Ceti, a bright debris disc, seen 

close to edge on at a distance of 

59 pc

Age: in 49 Myr range

Dust: dusty, ~0.3 Earth masses 

(SED)

CO: 2×10−4 Earth masses

We studied its 350 GHz 

continuum and 12CO(3-2) 

emissions measured by ALMA.

0.56×0.43 arcsec2

0.50×0.38 arcsec2



Distribution of observed intensity

CO(3-2) (red)

Continuum (black)

Continuum and 12CO(3-2): main features



Gas kinematics

FWHM: 1.6 kms−1



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)

V=V0 r
nKinematics:

→

: radius in disc plane

Parameters to be adjusted: i, k, h, V0 and n.

Flaring disc:

Important constrain: along the line of sight ρρρρ[CO] ≤ 5×1012 cm−2



CO(3-2) emission : fit results



Two parameters to be 

adjusted:

i and ΔΔΔΔh=ηηηηhhhh RRRR

49 Ceti: dust emission



i=11.1◦±1.4◦ and ηh=0.10±0.06

CO(3-2)

Dust emission

Summary: best fit results



Subtracting in quadrature the 

observed line widths from model 

values (3.2, 1.8 and 0.9 kms−1

FWHM) gives upper limits to the 

intrinsic line widths: 1.4±0.3, 

1.2±0.2 and 0.8±0.1 kms−1FWHM.

Thermal broadening ~√T (0.29 
kms−1 FWHM at 50 K), spectral 

resolution  0.11 kms−1

→ other effects contribute 

important broadening

Line width effects

Vz−<Vz>

Model (red)

Data (black)



i) both CO and dust discs share a same position angle and a same

inclination but the gas disc is more homogeneous, more central and 

thinner than the dust disc; 

ii) evidence is 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−1; 

iii) the source brightness is measured to correspond to a CO mass of 

3×10−4 Earth masses and the continuum flux density is in good 

agreement with current SED estimates; 

iv) gas velocities are accurately measured and found Keplerian over 

a broad range of disc radii; 

v) the observed CO(3-2) line width is dominated by Keplerian shear 

and upper limits are obtained to the intrinsic line width

Results: 49 ceti
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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. 



• 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. 

• 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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Summary



Thank you for you attention!
https://dap.vnsc.org.vn


