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Astronomy: study of starlight

Three measure ble quantities:
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Astronomy: study of starlight

~ Three measurable quantities:
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Polarization creation
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Examples - Military




Examples - Astronomy

Scattering polarization:
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Examples: degree of polarization
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Polarimetry Measurement principles

The basics
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Polarimetry Measurement principles

Stokes vectar




(Q,U) to plane of the sky

In the case of linear polarization (V=0):

p_NQ+U’

_1 U
0= 2arctan[Q]

U=Psin26

N-S is+Q
U
V 45° is+U
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Polarimetry Measurement principles

d

E; =ajcos(2mvt — k-1 +¢1), By = agcos(2mvt — K -1 + @3) avec ¢ = @ — @1 [
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a? — a3 = I cos(2x) cos(2¢)
2a1a9 cos(p) = I cos(2x) sin(27)
2a1a9 sin(yp) = I sin(2v)
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Polarimetry Measurement principles

Multidimensional data

General case: X Y, )
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Polarimetry Measurement principles

Multidimensional data
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Polarimetry Measurement principles

Multidimensional data

General case: (X, Y,

A (A)
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Polarimetry Measurement principles

General polarimeter set-up
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Light Passing Through Crossed Polarizers

Polarizer 1 Polarizer 2
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Polarimetry Measurement principles
|

Polarizers

|:.- pnlaruzalmn

unpolarzed
input beam
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within any given 3 The dichroic

special :

p pnlanzahnn : : . Y :
state i 4 ,
unpolarized |
input o~ A
@ NS | ia. 300
E /| s polarization , ing the simple ; :
8 Etata = : - o
o, : Un cristal de calcite (le coin non saillant est en bas). Les axes de trans-

mission des deux polariseurs sont paralléles a leurs petits cotés. La ou
I'image est double, celle du bas, non défléchie, est limage ordinaire.
Regarder attentlvement cette |mage || ya beaucoup a voir (Photo E.H.)




Polarimetry IVieas

Polarizers

urement principles

Savart plate

cylinder lens

calcite block

M2 plate

calcite block







E; =ajcos(2mvt — k-t + 1), By = agcos(2mvt — k- T + p2) avec p = w2 — @1




Polarimetry Measurement principles

Retarders




Liquid Crystal Variable Retarders (LCVRs)  Ferroelectric Liquid Crystals (FLCs)
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Polarimetry Measurement principles

Retarders — PEMs
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Polarimetry Measurement principles

Modulation
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Polarimetry Measurement principles

Spatial modulation
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Polarimetry Measurement principles

Temporal modulation
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Polarimetry Measurement principles

Temporal modulation

Detector
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Polarimetry Measurement principles

Temporal modulation

2 LCVRs + polarizer * also 4-fold modulation scheme

LCVR1  LCVR2

'II\ '

]
ﬁ "\;-..'
[

~'“’t ¥
ﬂg‘;-'-

R 1 § e
LCVRZ olarlzer

gartay **f _4|||| N
‘- Wé %' ‘ll N\ ’3‘ 4

TN,
e iR 3/4 188 .
el S AN

Fo



Instrumental polarization

* Every reflectio 'polarizes...
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Instrumental Ipolarization

Polarization cross-talk
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Other issues

 photon noise (fundamental: S* a /)
* read (electronics) noise

* seeing
= gwdlng errors. :
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Spectro Polarimetry with Narval

L

~ Narval is ajspectrograph...
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Spectro Polarimetry with Narval
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Spectro Polarimetry with Narval










Narval is a spectrograph...

Copy of the echellel spectrograph FEROS: {4 | |
controled enclosurie, optical bench, stable (~§

Slicer = high res.




Narval is a spectrograph...

Copy of the echelle spectrograph FEROS: tempe
controled enclosur!a, optical bench, stable (~40 m
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Narval is a spectrograph...

Copy of the echelle spectrograph FEROS: temperature J

controled enclosur#a, optical bench, stable (~40 m/s in a ESes

Diffraction grating (blaze)
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Narval is a spectrograph...

Copy of the echelle spectrograph FEROS: temperature
controled enclosur!a, optical bench, stable (~40 m/s in a night)

Grating
° @ [N N




Narval is a spectrograph...

Copy of the echelle spectrograph FEROS: temperature
controled enclosur!a, optical bench, stable (~40 % &
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Grating [ o
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Narval is a spectrograph 17
Copy of the echelle spectrograph FEROS: tem
controled enclosure, optical bench, stable (~4( ﬂ%
Grating
@ B 42
&
Prism s
3 Camera Lens
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Narval is a spectrograph

controled enclosur
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NARVAL vs ESPaDOnS
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E; =ajcos(2mvt —k-r + 1), Ey = azcos(2mvt — k - T + ©2) avec @ = w2 — 1

a? + a,%
a? — a2 = I cos(2x) cos(21))
2a1a3 cos(p) = I cos(2x) sin(2¢) |
2a1a9sin(p) = I'sin(29))

I = Q24U+ V2

o i
!

ithin any given sl The dichroic

special

-
F

Tableau 8.1 Indices de réfraction de quelques
5 crlstaux uniaxes biréfringents (\o = 589,3 nm)

T{}urmallne
- Calcite

# Quartz : : Un cristal de calcite (le coin non saillant est en bas). Les axes de trans- ®

#Nitrate de sodium , mission des deux polariseurs sont paralléles a leurs petits cotés. La oU «

i Olace limage est double, celle du bas, non défléchie, est I'image ordinaire. |
" _Rutile (TiO,) .

Regarder attentwement cette image : il y a beaucoup a voir. (Photo E H.)
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... and a Polarimeter




... and a Polarimeter
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and a Polarimeter
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... and a Polarimeter

tmospheric Dispersion
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... and a Polarimeter

Atmospheric Dispersion
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... and a Polarimeter

Atmospheric Dispersion
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How to measure polarisation

'
Measure of light polarisation (usually on the optical axis Cassegrain!):

A- Classical Method : spatial ancE temporal modulation

A filter must be introduced on tl'iia post-focal beam -> extract
polarisation in a given direction |

Filter: series of movable polarisifig optical components and a
Birefringent plate (e.g. Calcite GaCO3) to separate orthogonal
polarisation channels.

- Astrophysical ¢
i Drfferentlal e

e
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bject polarisafjon-is -small (~1 %) ->




Fresnel rhomboedra (half-wave)

- S Figure 8.41 Rhomboédre de Fresnel.
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Polarisation parametrized through the Stokes
parameters (E Field pola.):
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seeing 1.25 arcaec
seeing 3.0 arcsec

4x900=

4x120s




Operations with TBL/Narval

TBL is run in Queue service observing:

End-to-end data prpcessing:
- call for proposals (next deadline 2016A — 10 oct 15) -
http://northstar bagn obs-mip.fr:8080/ .
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reduced "r"j- | -_;rl' err) rmahz_e' ' :

[

oY sﬁfﬁ

.~l.'-"’:l.

‘gﬁr I ;_@r |ty spectligh2
cdfnpllant with®V/ O spe_ WS

WWW. scmps esa.igl
W 7



Register as new user

Password forgotten? | | Send Questions/Problems
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Help
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Night Rise Nautical [20,05.00.86¢ (UT) <<07n38>>  Night SetNautical  [g3u:50.904] (UT) Nult en Préparation [ 5015 05.00)

| [Premees

' Tom

|

' oy Nummiss Objet Rank | Mode Obs Alpha Delta Magh Exec Time

] test L121Ng8 RIGEL A POL3 Fast 0514 32.27210 | 0812058881 | 0.12 03h55m00s ﬁ ~
‘SUNbyMOON L121Ng8 MOON c POL3 Fast 09 00 00.00 +110000.00 200 00h47m20s ‘
GJ410 L121NO7 GJ410 A POL3 Normal 110238.34171 | +215801.7008 | 9.57 00h33m40s ‘
R_VIR L121NO5S RVIR B POL3 Normal 12382993417 +065819.0306 777 02h31m00s ‘
DelOph L121N0C8 DELOPH B POL3 Fast 1614 2073853 -034130.5612 | 2.74 00h52m00s ﬁ
AlpLyn L121N08 ALPLYN B POL3 Fast 082103.30074 | +342333.2245  3.16 01h13m20s «
Delvir L121NOB DELVIR B POL3 Fast 12 5536.20861 +0323508832 338 01h13m20s ‘
‘GamSge L121N0C8 GAMSGE B POL3 Fast 19584542863 +1920931.7281 | 3.53 01h13m20s ﬁ
EKBOO L121N08 EKBOO c POL3 Normal 14 46 05.84566 = +1507 54.4332 | 5.88 01h21m20s ‘
HIP088533 L121NO3 HIPOBB533 A SPECE Normal = 1804 4318833 +400503.0574 6.53 00h12m40s ‘
HIP088799 L121N03 HIPOBB799 A SPECE Normal | 1807 36.64343 +5B 58324757 843 00h12m40s ﬁ
HIPQ20179 L121N03 HIP090178 A SPECE Normal | 1824 08.50378 +791321.7113 653 00h12m40s ﬁ

'. HIP080275 L121N03 HIP080275 A ‘SPECE Normal | 182511.84366 +485152.3266  7.17 00h12m40s .
HIP030902 L121N03 HIP0S0802 A SPECE Normal = 18323021169 +6B3651.1092 758 00h12m40s ‘
HIP091606 L121N03 HIP091608 A ‘SPECE Normal | 184056.40853 +62 44 58.0690 | 6.10 00h12m40s ﬁ
HIP083746 L121N03 HIP093746 A ‘SPEC6E Normal | 190520.77341 +255514.3787 7.8 00h12m40s ‘
NEP54 L121N03 T4209-00146-1 A SPECE Normal | 18 10 31.80 +65 22 50.26501; 784 00h0SmM40s ‘

| NEPS5 L121N03 T4213-00521-1 A ‘SPECE Normal | 18 07 47.78 +B7 24 58.43300« 7.85 00h0Sm40s ﬁ

| NEP56 L121N03 T4213-01098-1 | A ‘SPECE Normal | 18 07 00.84 +65 53 16.62000( 7.98 00h08m40s «

F NEPS7 L121NO3 T4213-01344-1 A SPECE Normal | 18 0123.27 +65 56 55.06800( 8.01 00h08mM40s ‘ 5
NEP58 L121N03 T4429-01467-1 | A ‘SPECE Normal | 18 08 55.67 +B7 59 17.58898: 8.04 00h0Sm40s ﬁ 1

1121803 A SPECA Narmal +RR 2R 20 740001 A NQ NNhNAmANe F 1

TA213-N143A1

0

1R 13 4R A4
F T

s

4 006_Hebe_Ref L121N03 | 02mayi2 | 006_HEBE | 1{11 600}

Qos_dev - Mozilla Firefox

Fichier Edition Affichage Historique Marque-pages ScrapBook Outils Aide

P _L| Observing Blocks
v/’,a
Iél OLOQINOl (TBL-PNPS048) Targets Intrumental Configurations
Name Name | Parameters N.Times | Rank | T.Time
YTargets
o Instrumental Conf A TAR L] e FOEVEEEem 1 3 : SRl
X BFORI A POLV00Mormal 1 1
U S EKBOO o POLV/B00Mommal 1 )

& Scenes

& Summary
Eignt Logs
& Mission Info

2 Help

Comment |

IcParameters
0B-1 BFORI 2(POLVI1160/normal) 9280
0B-2 EKBOO 8(POLVAO0Mommal) 3200
1(POLV/1160Mmormal)

El Nignt Logs

Mission || 121N03 El Night |02mayl12 B Object |+ El Status |~ El
0OG Name Nummiss| Night Object Data Results ModTime @ Status Comment

: RV_REF_HIPO7734f L121N03 | 02mayi2 | HIPO77348 | 1 {l1 300} 1217680 {128 8.79 -0.075} 20:53:40 | AGAIN | -
NEP11 L121N03 | 02mayi2 | T4212-0045-1 1 {11900} 1217740 {74 11.42 -0.205} 19:54:28 | VALID -
NEP15 L121N03 | 02mayi2 | T4212-01100; 1 {11900} 1217690 {56 11.83 -0.169} 19:54:28 | VALID -
NEP41 L121N03 | 02mayi2 | T4213-00622 1 {11900} 1217700 {50 11.77 -0.151} 19:54:26 | VALID -
NEP0S L121N03 | 02mayi2 | T4212-00116; 1 {11 600} 1217730 {74 10.96 -0.211} 19:54:10 | VALID -
NEPD4 L121N03 | 02mayi2 | T4212-00380; 1 {11600} 1217720 {96 10.61 -0.125} 19:54:08 | VALID - i
NEPO1 L121N03 | 02mayi2 | T4212-00891; 1 {11600} 1217710 {103 10.26 -0.163} 19:54:06 | VALID -

1217310 {53 11.54 -0.103} 16:3413 | AGAIN | -




Opérations with TBL/Narval

Télescope Bernard Lyot
Narval archive

L] Query on objects by name

Please enter the names of objects in the field below. For mulﬁll.n
objects to guery on, names must be COMMA-SEPARATED.

| File Edit
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Proposed Training sessions with TBL/Narval

Create an observing block through TBL/PH2

Start the observing niglht on TBL/narval
- Remote control of Narval
- Calibrations :
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SCIENCE WITH NARVAL
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—-0.050 dex/kpc (dashed)
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Science with TBL/Narval

In Spectroscopy:
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Sci_ence with TBL/Narval

In Spectroscopy:

- Planet studies: Mo

eclipses (Vidal-Madjar, Ferlet, Gronoff et al.), Venus (Lilensten ’




Science with TBL/Narval

In Spectroscopy/PoIarimetry:

- Planet studies: Mo ‘eclipses (Ferlet et al.), Venus (L|Iensten Gronoff_.,)
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Magnetic fields with TBL/Narval
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Zeeman effect

e e |
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o Lift hyperfin;*e structure of levels 21+1
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/‘iFffet Zeeman Inverse longitudinal et transversal
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Stellar magnetic fields

rrprrrryrrrrprrrrrrrpErrrrrrrrrrr e e e T

o WWWMW s ek Graal : B field 3D structure

0.541 2.753

0.588 2.800
0.636 2.847
0.683 2.894
0.730 4.408
S 7
0.777 4.453 %H. {“rﬁ' 2y
LS
0.824 4,497 e
0.871 4.541 4
0.918 4.584 5
"l‘.‘.

1.012 4.630 . :
2.469 4.674 :
2.516 4718

4.763

2.563 [ YY)
[WW 6.574
D B s b e i Lopp e | ik e | el iion el e i s g

=50 0 50 100 =50 0 50 100
Velocity (kn“}/s‘)_‘5 N Velocity (km/s)

2.611 | 4.807

2.658

o T N\
8
1

-

e
¥ .

- i ¥

2§ !



1.4

1.0

0.8
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Fig. 1. Mean LSD profiles of Pollux from all 91 spectra acquired with
ESPaDOnS and NARVAL in the September 2007-March 2009 period.
From top o bottom are Stokes V. oull polarsation N, and Stokes [

Vega, averaged LSD profile
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Fig.1. Average of the 257 normalized Stokes [ (blue/bottom) and
Stokes V (red/upper) LSD profiles of Vega, as a function of the radial
velocity. The green/middle curve is the “null” profile. The Stokes V
and null curves are shifted vertically and expanded by a factor of 500.
Dashed lines indicate the continuum level for Stokes [, and the zero



Stellar magnetic fields
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Stellar magnetic fields

A short summary on theory:
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high-mass star

very low mass star




Stellar magnetic field observations




A known case : The Sun

. Spots appear near poles at cycle beginning and

rd the equator near enel-ef Cy ﬁfaz-
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Le diagramme Magnétigue en Papillon
Intenszités moyennes des champs magnétiques a la surface du Soleil
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Other solar type stars and dwarfs

| to interpret the Sun as a star et
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clivity cycles in stars

* A large range of cycle periods
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HD136202 (F8IVV) 23 yrs Sun (G2V) 10.0 yrs HD103095 (G8VI) 7.3yrs
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Radial magretic fisld
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Synoptic view on low-mass stars

Average Magnetic field

R mapping
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Massive stars

Expected




Large polar spots for HD12545

4800 K




Massive stars

The case of OB stars (BolJrret, Neiner, Alecian, Wade et al.)

Program Magnetism infMassive Stars (MiMeS): origins and evolution
of magnetic fields in hot stars, Herbig, OB "z
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Massive stars

57

The case of OB stars (Bourret, Neiner, Alecian, Wade et al.)
gﬁ evolution

Program Magnetism iniMassive Stars (MiMeS): or
of magnetic fields in hot stars, Herbig, OB
pr——
~ Complex field on Tau Sco (Jardine et al.)
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~ Massive stars

|
1

|
* ~10% show a magnetic field : Fossil 7

circumferential magnetic fields
{5 to 70 microgauss)
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Low Mass/Young Stars

+ Large convective enveloppe : Nurture expected
messy dynamo fields

st35gmO04nZE: Surface Intensity{11], time(  0.0)=30.263 YIS




BP Tau

Figure 15. Magnetospheric topology of BP Tau as derived from potential extrapolations of the Feb(6 surface magnetic field distribution (top panel of Fig. 14).
The magnetosphere is assumed to extend up to the inner disc radiuvs, equal to 3.5 and 7.5R, in the left- and right-hand panels, respectively. The complex
magnetic topology close to the surface of the star is very obvious. In both cases, the star is shown at rotational phase 0.0. The colour patches at the surface of

the star represent the radial component of the field (with red and blue corresponding to positive and negative polarities); open and closed field lines are shown
in blue and white, respectively.
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Velocity (km/s)

Fig.6. Unpolarised and circularly polarised profiles of the protostellar accretion disc FU Ori. Top
panel: observed Stokes [ profile (solid line) and model profiles assuming either a Keplerian disc
(dash-dot line) or a non-Keplerian disc (with 20% of the plasma rotating at strongly sub-Keplerian

velocities, dashed line). Bottom panel: observed Zeeman signature (top curve) split into its anti-

symmetric and symmetric components (middle and bottom curves, shifted by —4 and -8 x 10°%)

respectively characterising the vertical and azimuthal axisymmetric magnetic fields. The model
(dashed line) requires the slowly rotating disc plasma to host a 1 kG vertical field plus a 0.5 kG

azimuthal field (from
[ L



Evolved/Giant Stars

What is expected for Giants?

No magnetic flelds
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Evolved/Giant Stars

What is expected for Giants?
(Auriere, Konstantinova et al.)
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Fig. 8. Variations of the strength of the magnetic field
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Future

NeoNarval : contim[e the studies on stellar magnetism +
evalved exoplanetary systems -> improve Narval

- better stabilit RV (2m/s long range)
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\ Spemf'catmns from main science drivers

« spectral domain: 0.98-2.4um (w/ full coverage up to at least 2.3pm)
# spectral resolution >70,000 (goal 75,000) w/ 2 km/s sampling

« radial velocity precision < 1m/s
[ ]
-
[ ]

S/N=110 per 2 km/s pixel in 1hr @ J=12 & K=11
thermal background from instrument smaller than telescope emission @ 2.4um
all polarisation states accessible with <1% crosstalk over full spectral domain
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'CONCLUSIONS

TBL/Narval, CFHT/ESPADONS are still very unique instrument for the
Study of polarisation in;high-res spectra.

- ... Butalso PEPS], HPSPoI, etc.
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Proposed Training sessions with TBL/Narval

Create an observing block through TBL/PH2

Start the observing niglht on TBL/narval
- Remote control of Narval
- Calibrations -
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