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Electromagnetic radiation

Propagating sets of oscillating vectors: = —
Electric & Magnetic fields El1lB

To properly describe it we need to add the 7\
geometrical orientation of the oscillations A\
(=polarization)

Normal (unpolarized) light: |
vectors vibrate in every direction \ )
NO preferred polarization

electric field only



Linearly polarized light:
the tip of the vectors traces a line
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unpolarized light

longitudinal vibrating light

linear polarizer




Circularly polarized light:
vectors trace a circle in the plane perpendicular to the
propagation direction

linearly polarized

absorbing axis

/,

unpolarized light circularly polarized

Y4 wave plate




Most general polarized light:
a mixture of linear and circular polarization = elliptical polarization

Need to know: 4y
o cllipticity e =a/b ---->¢p =arctan (1/e)
e dimension a

e azimuth Y X
e clockwise or counterclockwise

Y

X is the electric vector Position Angle EVPA

it has the symmetry x +~ 7 &+ X —— A inthe archive



Stokes parameters

IP=Q"+U*+V? |
() = cos2¢pcos2y
U = cos2¢sin2y

Y

V = sin2¢ qu;/

(ideal full polarized case)

e | is the total intensity (polarized + unpolarized)
e Q and U describe linear polarization
e \ gives the circular polarization



Physical mechanisms generating polarization @ mm

continuum

tadicwWaves g g g charged particle (proton or electron)
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Synchrotron emission - continuum

e Intrinsically polarized 1 B

radio waves g g g ST AIONS (N SN e From total intensity
0+1)/2 ,,—
» magnetic field Iy X N() B( )/ v @

B strength with assumptions

% (e.g. equipartition)

radio waves

% % e From polarization
angle --->

orientation of B in the

plane of the sky

fraction --->

uniformity of B




J2000 Declination

Synchrotron emission - continuum
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Synchrotron emission - continuum

EHT collaboration. 2021



Faraday rotation - continuum

Linearly polarized EM waves
through magnetized plasma
change the EVPA

Xobs = X0 T RM)\2
RM o [n.Bdl

magnetic field along the
line of sight



Faraday rotation - continuum
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Dust polarization - continuum

e Dust grains align minor axis with the
magnetic field

e Different \ sample different grain size

e Polarization determines the orientation of
the field in the sky plane

™
f /h Polarized Light
Y

Tra mrttd

//B[
YN

e Davis, 1951, Chandrasekar - Fermi 1953
A statistical method
B strenght

B x \/4mp (Wlos




Dust polarization - continuum
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Scattering - continuum

e Polarized (sub) mm wave
emission can be produced
partially or completely
by the self-scattering
of dust emission from
(sub) mm-sized grains




Scattering - continuum

3.1 mm (ALMA Band 3)
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Zeeman effect — spectral lines

e Magnetic fields split the levels of a

molecular line, and the distance
b between sublevels:

v, x LB




Zeeman effect — spectral lines
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Stokes o, 1T, g,

Y Tt

Magnetic fields split the levels of a
molecular line, and the distance
between sublevels:

v, x LB

Parallel to the field --->

only 2 ¢ components circularly
polarized

Perpendicular to B --->

3 components linearly polarized



Zeeman effect — spectral lines

‘2L 11544 Crutcheretal. 1999 -
=
o~ F a Typically only circular
P polarization is visible:
(VR e} .
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Zeeman effect — spectral lines

Possible Zeeman lines and Maser lines

Species  Frequency  ALMA Species Frequency ALMA

GHz Band GHz band

CN 113.5 3 SiO 86.24 3

226.3 6 129.363 4

172.481 5

CCH 87.4 3 215.596 6

258.707 6

SO 99 3 3 H20 83.310 3

138 4 325.153 7

159.0 4 439.151 8

220.0 §) HCN 89.0877 3

236.5 6 177.238 4

267.199 6

Perez-Sanchez & 354.461 7

Vlemmings 2013




Zeeman effect — spectral lines

Dec offset (arcsecond)
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Goldreich-Kylafis (G-K) effect — spectral lines

e Local anisotropy in line optical
depths or in radiation fields

e Population imbalance of the
7t and 0 transitions

e Linear polarization of spectral
lines, parallel or orthogonal to
magnetic fields

e Direction of B in the plane of
the sky



Goldreich-Kylafis (G-K) effect — spectral lines
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Questions?



Polarization capabilities offered over the cycles

From Cycle 2 to Cycle 12
12 m array 7 m array
Band 3,6,7,4,5, 1 Band 3,6,7,4,5, 1
On-axis continuum and spectral line On-axis continuum and spectral line
linear with 0.1% accuracy linear with 0.1% accuracy

circular with limited accuracy
Mosaics continuum linear

Mosaics continuum linear

Solar observations



Polarization data available in ALMA archive
(excluding VLBI projects)

ALMA Polarization projects per Cycle

mm Archival data

35 A
6% [ With >1 publications

Number

2%

11

ALMA Cycle updated June 2025




Polarization data available in ALMA archive
(excluding VLBI projects)
per scientific category

Stars and stellar evolution
Solar system

Local Universe

Galaxy evolution

Sun

Cosmology

76.1 %

ISM and star formation

Disks and planet formation

Active galaxies updated June 2025



What does ALMA measure?

every polarized wave can be decomposed
using two orthogonal polarizers registering
linear or circular polarization.

ALMA has linear feeds:

two orthogonal dipoles registering
coherently two orthogonal
polarization states




What does ALMA measure?

ALMA has linear feeds

Advantages:
- antennas polarizers are natively
linear
- extra component needed to make it
circular hurts performances and are
of narrower bandwidth
- phase shifter not available at mm

Disadvantages:
- calibration is much simpler with
circular feeds :-)

,(l

a




Interferometric polarization observations

R\R;

X

Y

BT

Antenna

Polarizer
(XY or RL)

Signal Transm.

Complex
correlators

Output

dual mode: only XX and YY are
registered — Stokes | only

full polarization mode the four
correlations
XX YY YX XY are saved



Interferometric polarization observations

Antenna .
_—_— In an ideal world we would get

(XY or RL)

~!” i Signal Transm.

Complx e total intensity ---> Stokes |

correlators

e circular polarization ---> Stokes V

Q=Li(xx-YY) e linear polarization Pl = \/ QZ + U?

U=5(XY +YX)
e EVPA
V = %i(XY — Y X)




Interferometric polarization observations

v Antenna
Polarizer
RSLE (XYorRL)

~!” i Signal Transm.

Complex
correlators

U=5(XY +YX)
1
V= 3(XY - YX)

In the real world
Instrumental effects corrupt
cross-hands visibilities XY and YX:
e feeds imperfections

e beam polarization



Polarization data reduction concepts

Ideal Visibilities: Vtrve

Vix= 17+ Q

Viy = U+ 1V

Vixy="U-1V

Viy=7-Q Stokes visibilities
| = vxx+v /2
Q= V /2
U= V +V /2
V=V -V /2|

slide from G. Moellenbrock XY "YX



Cross-hands visibilities

Tmag vs. Real

true

0.5 [} 0.05

slide from G. Moellenbrock
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For alt-az telescopes
the axis of the feeds rotates in the sky while tracking the source.
Parallactic angle variation



Parallactic Angle, P

» Sky orientation rotates in the field of view of
an alt-az telescope:

l//(t) _ cos b sin H(t)

sin b cos 6 - cos b sin 6 cos H(t)

b = latitude; H(t) = Hour Angle; 6 = declination

plin — cosy siny ) )
-siny  cosy

* At =0 (meridian: H = 0), mechanical feed position angle may
be offset (linear basis)
slide from G. Moellenbrock



Parallactic Angle: P Vtrue

Vi = 7+ (Q cos2vy + ‘Ul sin21)) =75,
Viey (-Qsin2y + U cos2y) + 1V = U, + 1V
Viy (-Qsin2y + Ucos2y) -1V = U, - iV
Viy = 7—(Q cos2y + U/ sin21)) =1,

slide from G. Moellenbrock



Cross-hands visibilities

Tmag vs. Real

true

0.5 [} 0.05

slide from G. Moellenbrock



Cross-hands visibilities

Tmag vs. Real

PV

true

Imag vs. Real

T
ol 0.05 o 0.05
Real

slide from G. Moellenbrock



Instrumental Polarization, D

e Each polarized receptor sees some of the other

polarization:
D= 1 dyv)
d,(v) 1

— General matrix
— Notation: “d,” is “the fraction of g polarization sensed by p”
* Origins:
— Finite impurities in polarizers
— Reflections that return in opposite polarization: standing waves
— Asymmetry in optics

slide from G. Moellenbrock



D in the Linear Basis

V =D P Vtree;

Vige = (1+Q,) + (U, #iV)dy* + Ay U, -1V ) + dyi(1-Q, )dly*
Vi = (1+QuJ)d* + (U, +1V) + dy(U -1V )d,* + df1-Q,)
Vix = dy(T+Q,) + (U, +1V)dy* + (U, -1V ) + (1-Q,)dy*
Viy = dy(T+Q)dy* + dyf U, +1V) + (U,-1V )dy* + (1-Q,)

We assume second order terms are negligible

slide from G. Moellenbrock



D in the Linear Basis V= DPV'"¢:

e Linearized, sorted:

Vix = (7+Q,) + (U +1V)dy ™ + dy(U,,-1V )
Viy = ( fZ/q,+1’W +( 7+Qw)dyj* + dyf 7'Qw)
Vix = (U,-1V) +dy(7+Q,) + (7-Q )dy;*
Vyy = (7-Q,) + dy( U, +1V) + (U,,-1V )d,;*

We assume Stokes V=0

slide from G. Moellenbrock



D in the Linear Basis V= DPV'™“¢:

* Linearized, sorted, dV ™~ 0, regrouped Stokes
Vix = (7+Q,) + U, (dy;*+dy;)

Viy = (fZ/q_,+1’W + 7(dyj*+dxl.) - th; (de*-dX,)

Vi = (U,-1V) + 7 (dytdy*) + Q, (dy-dy*)

Vyy = (7-Q,) + U (dy+dy*)

slide from G. Moellenbrock



D in the Linear Basis V= DPV'™“¢:

* Linearized, sorted, d1V ™~ 0, regrouped Stokes
Vix = (7+Q,) + U, (dy;*+dy,)

Viy = (‘Zlq‘_,+[w +d{d,. *td,) ¥ Q, (dy;*-dy;)

Vix = (U,-1V) + 1 (dytdy ™) + Q (dy-dy™)

Vyy = (7-Q,) + U, (dy+d\*)

In the cross-hands complex offset proportional to | constant in time

slide from G. Moellenbrock



D in the Linear Basis V= DPV'"¢:

* Linearized, sorted, d1V ™~ 0, regrouped Stokes

VXX = (7+Qq,) + 715:,(dX!-*+dx/)
Viy = (U, #1V) + 7 (d,;*+d) + Q,, (dy;*-dy)

Vi = (U -1V) + 1 (dytd*) + Q, (dydy*)
Viy = (7-Q,) + fUﬁ}( dy+d Y] ¥)

In the cross-hands comelex offset Erogortional to | constant in time

In all correlations a d-scaled time-dependent source linear polarization

slide from G. Moellenbrock



Cross-hands visibilities

Tmag vs. Real ‘
Tmag vs. Real D F V
o1

‘ true

F » ] Imag vs. Real

-----

slide from G. Moellenbrock s




XY-phase
An artifact of gain calibration refant

We don't measure absolute G and B

We fix to zero in both polarizations the phases of a reference antenna.
Differences among antennas in each polarization are preserved

---> no effect on parallel-hand calibration

But the refant's cross-hand bandpass phase remains
undetected and uncorrected.

We need to correct for it in order to be able to combine the cross and
parallel hands to extract the correct Stokes.



Cross-hands visibilities

- ‘ B'G'DPV

true
o5 -| ‘ ‘ I Imag vs. Real
Rt Q //
| . g
: V/4'd T—
X H
//‘
L ONRER
N
o ™
slide from G. Moellenbrock R



Polarization calibration

The calibration of the polarization dependent terms
is defined as a module to be added to the parallel-hand calibration.

Vobs=@@ D" XF P \/tue

nnnnnnnnn

4 Standard Calibrations

T~ 4.1 Bandpass z

k! il 4.2 Flux Scaling

4.3 Gain Calibration

4.4 Apply Calibrations for Inspection

5 Polarization Calibration



Calibration of instrumental likeages

J1229+0203
20 ® 197.5GHz
15 1 233.0 GHz
N W' 1 343.4 GHz
"- B "“‘h’

P 97.5 GHz
calibrators properties Z - e sy N"QM

P 233.0 GHz
are highly variable i
especially @ mm EvPA si24 o1t
wavelengths.

We cannot assume

their properties
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Calibration of instrumental likeages

Parallactic angle
angle between the axis of the antenna mount and the source

While tracking the source the axis
of the feeds is tied to the Earth,

ParAngle vs. Time

w &=
but it rotates on the sky ---> 2 =
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Calibration of instrumental likeages

the parallactic angle variation of the polarized signal allows us to disentangle
instrumental from the intrinsic polarization of the calibrator

Gain Amp POLN Ratio vs. Time

ParAngle vs. Time S
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-
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Calibration of instrumental likeages

From this variation in the data
we solve forQ ,U
y' oy
and D-terms

G table: 3¢286_SV.ms.G1
T T

- | Vi = (7#Q,) + U (dy *+dly)

! ! E - Viy = (U, #1V) + 7 (dy*+dy;) + Q,, (dy;*-dy)

I || V= (U1 + 1 (dydy*) + Q, (dyrdy*)
Vyy = (7-Q,) + U, (dy+dy¥)




Calibration of instrumental likeages

Current calibration scheme (Nagai et al. 2016) and
https:/Icasaguides.nrao.edu/index.php?title=3C286_Polarization

e No assumptions on the linear polarization of the calibrator
e StokesV=0

e Need a long observation (the OT assumes 3 hours)
to cover > 60 deg in parallactic angle


https://casaguides.nrao.edu/index.php?title=3C286_Polarization

Calibration of instrumental likeages

Current calibration scheme (Nagai et al. 2016) and
https:/Icasaguides.nrao.edu/index.php?title=3C286_Polarization

Instrumental polarization — D terms for each antenna ~ few % (<< 10 %)
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https://casaguides.nrao.edu/index.php?title=3C286_Polarization

J2000 Declination

J2000 Declination

Calibration of instrumental likeages

Comparison with and without leakage calibration applied
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Calibration’s accuracy

Linear polarization 0.1% of Stokes |
Circular polarization 1.8% of Stokes |
Limited due to
e the assumption of Stokes V=0 for the calibrator

e errors on X-Y phase calibration



Instrumental beam polarization

Stokes Qand U

due to the offset

between receiver feeds

and the reflector
off-axis errors appear
in linear polarization

within the ¥z FOV
Pfrac error < 0.1%
PA error < 1 deg
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Instrumental beam polarization

Stokes V beam shape
(beam squint)

when dual polarization
receivers are offset, the
response to left and right
circular polarization are
displaced from one another
—> double lobed

beam pattern

Squint profile at all bands
is very compact!
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Hull et al.

2020

Az offset (")

Az offset (")

band 7

-15 -1 -5 0 5 10 15

0.015

0.010

0.005

0.000

~0.005

-0.010

—0.015

0.020
0.015
0.010
0.005
0.000
~0.005
—0.010
—0.015

-0.020

Stokes V squint (Vg /Ion. Band 5)

Stokes V squint (Vg /Iy, Band 7)



Beam polarization —>
Consequences on actual observations

To correct for beam polarization

We would need to know the antenna pattern for each Stokes.
We don't have these Stokes PB corrections at the moment.

Single pointing polarization observations are limited to

F gV for linear and FOV for circular
10




Mosaicking
mitigates off-axis errors

JAYAVAYAVARA
'AVA\VA\VA\VA\VA"

NAAANANDY,
KRS

OO0 OO
QO OO OO | nghighted in black
O-H-P-P-B D

Overlapping regions
outside the inner
1/3 FWHM
Hull et al. 2020

Nyquist mosaic
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Mosaicing mitigates the off-axis errors due to overlapping pointings

- Differences between 4"
[ measured in

[ ,=. .o} Mosaics vs single point
o] | | inthe and in
: i 1 | the outer ring
5 “a i 1  In the central pointing

F - off-axis error are
o REE N WP AN AN I R miti g ated

16.0° 140°
Right Ascension (J2000)

18.0°

Hull et al. 2020



ALMA nominal accuracies

e Linear polarization:
Single pointing (1/3 of PB)
accuracy on polarization ratio: 0.1% of Stokes |
on polarization angle: 1 deg

Mosaicking: upper limits on the error outside the 1/3 PB

polarization ratio 0.5% of Stokes |
polarization angle 4 deg

e Circular polarization:

Single pointing (1/10 of PB)
accuracy on polarization ratio: 1.8% of Stokes |

NO mosaic



Pipeline polarization calibration and imaging
additional tasks in the weblog

A Home By Topic By Task

11. hif_setmod:
12. hifa_bandpassflag 12}
13. hifa_bandpas
14. hifa_spwphaseup Session
15. hifa_gfluxscaleflag Semion 1
16. hifa_polcalflag
17. hifa_session_refant
18. hifa_lc far
19. hifa_bandpas
20. hifa_spwphaseup
21. hifa_gfluxscale o
22. hifa_timegaincal 2]
23. hifa_renorm
= Field
25. hifa_polcal o
i (REGCAL)
7.t keimlist (cals/pol
28. hif_makeimages (cals/pol
2. hif_makeimages (checksr
33. hifa_imageprecheck
34. hif_checkproductsize
35. hifa_exj
36. hif_mstransform data type
37. hifa_flagtargets
stokes

if_makeimlist (mf

_AD02_X133789a_X4b24 uid_

Image Details

J0006-0623 (POLARIZATION)

Polarization Calibrator Fit Results

Spw

X127/X63462536/X1765%#X1898839461#AL

MA_RB_01#BB_4#SW-01#FULL_RES

ther QA i

REGCAL_CONTLINE_ALL

A002_X133789a_X4e97,uid,

Virtual
Field SPW

A002_X133789a_X550d  JO006- 21,23,25,27

0623

21,23,25,271

X127/X63462536/X17624X1898839461#AL

REGCAL_CONTLINE_ALL

Q

Polarization

Fraction Angle

6.27 +/- 0.00% 37.73 +/-0.01 S

Polarization

deg

21,23,25,27/

QAimage

REGCAL_CONTLINE_ALL

Polarization Intensity Plot

X127/X63462536/X1762#X1898839461#AL

Polarization Angle Plot

21,23,25,27/
X127/X63462536/X1762#X18988394614AL

REGCAL_CONTLINE_ALL

v



Pipeline polarization calibration and imaging

mfs, continuum and cube full polarization images

A Home By Topic By Task

\\\
ALMA
27. hif_makeimlist (cals/pol)
28. hif_makeimages (cals/pol) )
29. hif_makeimlist (pol Image Details
30. hif_makeimages (pol) Field
31. hif_makeimlist (che

34. hif_checkproduct:
35. hifa_exportdata
36. hif_mstransform
37. hifa_flagtargets
38. hif_makeimlist (mfs)
39. hif_findcont
40. hif_uvcontsub
41. hif_makeimages (mfs)
data type
stokes
A5 hif: makeimages, (cont) centre frequency of image
46. hif_makeimlist (cont_fullpol)
47. hif_makeimages (cont_fullpol, o beam
48. hif_r beam p.a.
49. hif_makeimages (cube) o
final theoretical sensitivity
50. hif_makeimlist (cube_fullpol)
51. hif_makeimages (cube_fullpol) (] cleaning threshold
52. hif_makeimlist (repBW)
53. hif s (cube_repBW)
hif bBW fullpol) total number of major cycles

Spw

21/

X127/X63462536/X1762#X1898839461#AL

View other QA image

REGCAL_CONTLINE_SCIENCE

37.5609GHz (LSRK)

1.85 x 1.54 arcsec

50.6deg

9.3 uJy/beam

1.7 mJy/beam
Dirty DR: 1.4e+04

DR correction: 2.5

2

21/

X127/X63462536/X1762#X1898839461#AL

View other QA images

REGCAL_CONTLINE_SCIENCE

Q

37.5609GHz (LSRK)

1.85 x 1.54 arcsec

50.6deg

9.3 uJy/beam

1.7 mJy/beam
Dirty DR: 1.4e+04

DR correction: 2.5

21/

X127/X63462536/X1762#X1898839461#AL

View other QA image

REGCAL_CONTLINE_SCIENCE

37.5609GHz (LSRK)

1.85 x 1.54 arcsec

50.6deg

9.3 uJy/beam

1.7 mJy/beam
Dirty DR: 1.4e+04

DR correction: 2.5

m The DR correction adopted is a function of the dirty dynamic range (abbreviated as "Dirty DR"), which is defined as the peak intensity divided by the theoretical rms sensitivity delivered by the visibilities.

21/
X127/X63462536/X1762#X1898839461#AL

REGCAL_CONTLINE_SCIENCE

v

37.5609GHz (LSRK)

1.85 x 1.54 arcsec

50.6deg

9.3 uJy/beam

1.7 mJy/beam
Dirty DR: 1.4e+04

DR correction: 2.5



In the ALMA archive

) G Member OUS uid://A001/X133d/X2fda o
» SBNGC_253_a_04_TM1
@ _l‘ readme member.uid ___A001_X133d_X2fda.README.txt

v @ _‘: product 2018.1.01358.S_uid___A001_X133d_X2fda 001 of 001.tar
QO _“ product member.uid____A001_X133d_X2fda.J0006-0623_polleak.spw0_1_2_3.mfs.IQUV.manual.mask.tgz
=N proleolarization angle A I member.uid____A001_X133d_X2fda.J0006-0623_polleak.spw13_15_17_19.mfs.A.manual.fits I
O _" product member.uid____A001_X133d_X2fda.J0006-0623_polleak.spwl3_15_17_19.mfs.IQUV.manual.pb.fits.gz
O _L product |QUV images member.uid___A001_X133d_X2fda.J0006-0623_polleak.spwl3_15_17_19.mfs.IQUV.manual.pbcor.fits
=N productPolarized intensity member.uid X133d_X2fda.J0006-0623_polleak.spwl3 15 _17_19.mfs.P.manual.fits
O _L product member.uid____A001_X133d_X2fda.NGC_253_sci.spw0_1_2_3.mfs.IQUV.manual. mask.tgz
O [Y product | member.uid___A001_X133d_X2fda.NGC_253_sci.spwl3_15_17_19.mfs.A manualfits |
) _L product member.uid____A001_X133d_X2fda.NGC_253_sci.spwl3_15_17_ 19.mfs.IQUV.manual.pb.fits.gz
) _L product I memberuid__A001_ X133d_X2fda.NGC_253_sci.spwl3 15 17 19.mfs.IQUV.manual.pbcor.fits I
O _“ product member.uid____A001_X133d_X2fda.NGC_253_sci.spwl3_15 17 19.mfs.IQUV.manualtest.mask.tgz
O _L product I member.uid____A001_X133d_X2fda.NGC_253_sci.spwl3_15_17_19.mfs.P.manual.fits I
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Number

Many polarization projects have been observed
but not yet published

ALMA Polarization projects per Cycle

mm Archival data

351
6% e with >1 publications

9 10 11

updated June 2025

ALMA Cycle

In the tutorial we are going to
have a first look in CARTA to

full polarization images



Archival dataset for the hands-on

Stephens et al. 2020
https://ui.adsabs.harvard.edu/link_gateway/2020ApJ...901...71S/d0i:10.3847/1538-4357/abaef7

ALMA Band 6 observations of two protoplanetary disks

both continuum and spectral lines (CO(2-1), *CO(2-1), C'®0(2-1))
e full polarization

HD 142527 IM Lup

linear P

Continuum emission -- Origin still unclear: possibly dust scattering


https://ui.adsabs.harvard.edu/link_gateway/2020ApJ...901...71S/doi:10.3847/1538-4357/abaef7

Stephens et al. 2020
https://ui.adsabs.harvard.edu/link_gateway/2020ApJ...901...71S/d0i:10.3847/1538-4357/abaef7

HD 142527 IM Lup
Int: ted FI b ki
mfegrared FI (mg%// egmmonzéss)lso Stokes 1/80 Integrated Fluzx (mjt_,)(l)/b(-_;z;n;OI(OTZ/?ism7 Stokes 1/80
| ; Stok'es 1/80 I ' I I ; Stoke;s u —
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Line emission
e 13C0O(2-1) and C180(2-1) expected to be optimal to probe G-K effect ---> NO detections
e CO(2-1) polarization marginal signal for Stokes Q ---> peculiar result


https://ui.adsabs.harvard.edu/link_gateway/2020ApJ...901...71S/doi:10.3847/1538-4357/abaef7

Thank you!

Rosita Paladino
rosita.paladino@eso.org

Tz et I 0 e KN KNS e

<

UEe@aA

@ESOastronomy
@ESOastronomy
@ESOastronomy
european-southern-observatory
@eso.org

@ESOastronomy
@ESOobservatory

Data Classification: ESO CONFIDENTIALINTERNALPUBLIC, ESO-XOOXXXX v.X (doe nr, version)



