~ Auxiliary
Telescope

Status on atmospheric parameter inference on last six months of
Auxtel spectroscopic observations

S. Dagoret-Campagne, J. Chevalier, L. Le Guillou, M. Moniez, J. Neveu, M. Rodriguez-Monroy
+ Observing team (Patrick, Merlin, Tiago, Craig, Erik, loana, Alysha & others)
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AuxTel spectrograph mission:

measure the atmospheric transmission to derive the
expected fluxes for each object under standard
atmospheric conditions

Estimate colour corrections, as functions of the atmospheric conditions
and of the object UGRIZY in every LSST field

Example below
- Constant airmass, constant O, and O,. No cloud
- Change only : H,0 (PWV), Aerosols

Transmission vs wavelength at LSST site I A T I t t
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Our spectrograph is slitless equiped Ao G
with an Holographic Optical Element

Collimator

Spectrum

Slitless allows
- fast positioning
- spectrophotometry

Limits: sky+stellar background
low resolution (seeing limited) [

Phase hologram (dispersion+focus functionalities)
- Excellent focus for all A with convergent beam -> nominal resolution
- More light -> better s/n
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Data available (started in Feb. 2021)
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With various
- CALSPEC standards (alt,az)

- Airmasses
- Atmospheric conditions
Reconstruction software

- Spectractorv2.4

- Order2 subtraction



Atmospheric parameters

1eEitpObs Spectr from HD185975 at AUXTEL/Rubin Obs (2023-03-16) psf2dffm

* Data

Spectractor V2.4, 1D spectrum (order 1) + cov
matrix

“\‘Model

e SED (CALSPEC), smoothed

* Throughput

* Atmosphere

libradtran at observed airmass

* Atm. parameter to fit: PWV, OZ, grey att.

Day by day fitted PWV vs time

(polar CALSPEC)
- Relatively stable during a single night

- Varies from 1mm to 7mm between nights

= fit(350-1000nm) (chi2/Ndeg = 33 ): pwv = 5.36 +/- 0.10 mm, ozone = 323.3 +/- 9.1, grey-fact = 1.02 +/- 0.00
= fit(850-1000nm) (chi2/Ndeg = 16 ): pwv = 5.24 +/- 0.11 mm, grey-fact = 1.01 +/- 0.00
3.0 fit(800-850nm) (chi2/Ndeg = 9 ): pwv = 6.14 +/- 0.28 mm, grey-fact = 1.02 +/- 0.00
fit(700-750nm) (chi2/Ndeg = 4 ): pwv = 5.89 +/- 0.19 mm, grey-fact = 1.03 +/- 0.00
HD185975(681) : z = 1.92
e Fit 1 is global fit
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1eEityObs Spectr from HD185975 at AUXTEL/Rubin Obs (2022-12-08) psf2dffm

= fit(350-1000nm) (chi2/Ndeg = 43 ): pwv = 1.71 +/- 0.08 mm, ozone = 304.3 +/- 12.1, grey-fact = 0.99 +/- 0.00
m— fit(850-1000nm) (chi2/Ndeg = 16 ): pwv = 1.66 +/- 0.07 mm, grey-fact = 0.98 +/- 0.00

fit(800-850nm) (chi2/Ndeg = 12 ): pwv = 2.06 +/- 0.24 mm, grey-fact = 0.99 +/- 0.00

fit(700-750nm) (chi2/Ndeg = 8 ): pwv = 2.04 +/- 0.23 mm, grey-fact = 0.99 +/- 0.00

HD185975(190) : z = 2.01
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High PWV in sept 22

1eFitpObs Spectr from HD185975 at AUXTEL/Rubin Obs (2022-09-27) psf2dffm

= fit(350-1000nm) (chi2/Ndeg = 9 ): pwv = 6.38 +/- 0.09 mm, ozone = 337.4 +/- 6.3, grey-fact = 0.63 +/- 0.00
= fit(850-1000nm) (chi2/Ndeg = 4 ): pwv = 6.17 +/- 0.09 mm, grey-fact = 0.63 +/- 0.00

fit(800-850nm) (chi2/Ndeg = 3 ): pwv = 7.47 +/- 0.32 mm, grey-fact = 0.63 +/- 0.00

fit(700-750nm) (chi2/Ndeg = 3 ): pwv = 7.20 +/- 0.29 mm, grey-fact = 0.64 +/- 0.00

HD185975(734) : z = 2.05
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PS: pour le plaisir des yeux : 2023051000213
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Selection of two typical nights low / medium PWV
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Comparison of PWV estimation with MERRA2 =

N o
oY /

Ee

MERRA-2 - Global Modeling and Assimilation Office -

2023-03-15 M
10 PWV in MERRA2 vs PWV in AuxTel HD185975_star _
FREEIMINAR * Full earth atmosphere modelling from many
heterogeneous data all over the world
8 * Calculations in large size cells, at sea level
20230301 * Just a rough qualitative comparison
= 2022-12-08 2022409-29
E 6 Fitted pwv with polar star HD185975
~ 2023-02-78 22%223--01_-1
£ —+
= - ‘ Yo
% 1 2022-10:;,7"' ... :’ d
" -Similar trend : : -
2 -Merra2 > Auxtel as N i ; o
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No known other local measurements to

check 10


https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/
https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/

Comparison of Polar star / All standards PWYV fit

Red : Polar star (airmass~2), one throughput fitted per night,
remove bad spectra (by visual inspection)
Blue : all standards, global throughput, all fits

Fitted pwv

T vIY
f PWV with all stars, global throughput
--o - PWV with Polar star, throughput nightly
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Consistency between measurements in different spectrum wavelength regions

- pWV_]_ . gIObaI flt Precipitable water vapor fitted : 1 global, 2~950nm , 3~720nm , 4~820nm
- pwv_2 : fit in 850-1000 nm 10 10 ¥ 10 |++*
- PWV_3 : fit in 800-850 nm 3 at 8 Hj 3 }
- PWV_4 :fitin 700-750 nm ~ 6 m 6 < 6

> > >

2 4 2 a1y t g a4y

. ¢

Quality criteria : chi2/NDF <100 2] 21 21

0 - - . 0 . . - 0 , - .
0.0 25 50 7.5 10.0 0.0 25 50 7.5 10.0 0.0 25 50 7.5 10.0
pwv_1 (mm) pwv_1 (mm) pwv_1 (mm)

Fit 2 contribution is dominant in global fit, fit 3 and 4 give somewhat higher pwv values
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Repeatability for PWV estimation

o N B O o

PWV difference in pairs

pe

fit:
H=0.041 mm
0=0.378 mm |

2 -1 0 1
diff in pwv (mm)

* All spectra are observed twice
within 45 s

-> |deal to test repeatability

* This histogram shows the
differences of estimated pwv
(from the global fit) in pairs of
successive spectra

* repeatability ~ 0.4 mm
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Comparison of Ozone estimation with MERRA2
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Trend to overestimate Ozone compared to MERRA2




Repeatability for Ozone estimation

5 . o * All spectra are observed twice
zone difference in pairs e
— within 45 s
121 {u= -o0. i il
ﬁ:zf)lz?o%u) L -> |deal to test repeatability
10+ '
8-
61 * This histogram shows the
" differences of estimated Ozone
(from the global fit) in pairs of
21 successive spectra
T 5 = 160 * repeatability ~ 20 DU

diff in oz (DU)
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flux (erg/sec/m2/nm)

10-11

10-12

10-13

10724

Example of spectra measured cloudy / clean night

polar star) -> grey absorption

Quasi Photometric nights 17/01 and 18/01 2023

Selected Spectra observed at AUXTEL,

/Rubin Obs (2023-01-18)

0,(B) 02 IH,®1,0
HB185875
"
s
500 600 700 800 900 1000

A (nm)

z = 2.06(248)
z = 2.06(249)
z=2.07(287)
z=2.07(288)
z=2.11(374)
z=2.12(375)
z =2.13(407)
z = 2.13(408)
z=2.13(431)
z=2.13(432)
z = 2.14(539)
z = 2.14(540)
z = 2.14(590)
z =2.14(591)
z=2.13(644)
z =2.13(645)
z =2.11(698)
z=2.11(699)
z =2.09(753)
z =2.09(754)

flux (erg/sec/m?/nm)

10°11

10-12

10-13 /i

Cloudy nights 10/05 2023

Selected Spectra observed at AUXTEL/Rubin Obs (2023-05-10)

airmass

2z =2.14(61)

z = 2.14(66)

2 = 2.14(69)

2 =2.13(86)

2 =2.12(96)

=2.11(102)
=2.11(107)
=2.11(110)
=2.11(114)
=2.11(119)
=2.11(123)
=2.11(127)
=2.11(132)
=2.10(135)
=2.10(139)
=2.10(144)
=2.08(181)
=2.08(184)
= 2.06(229)
=2.06(234)
=2.06(237)
=2.03(302)
=2.03(307)
=2.03(310)
=2.01(344)
=2.01(349)
=2.01(352)
=1.98(391)
= 1.98(396)
=1.98(399)
= 1.96(448)
= 1.96(453)
= 1.95(456)
=1.94(474)
= 1.94(478)
=1.94(481)
=1.91(539)
= 1.91(544)
= 1.91(547)
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Fit of Grey optical depth
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TODO see during parallel sessions

Technlcal improvements :

Atmospherlc Science

* Compare results between various CALSPEC sources
* Variation of PWV with the direction, with time ?

- Grey absorption variations
« clouds + aerosols + throughput

* Aerosols once throughput is validated

- Separate grey attenuation and aerosol component

Photometric corrections

- Color corrections procedure for LSST photometry

* Special flat-fielding for spectroscopy

* Update throughput with next Bouguer lines runs
* Increase software yield (Spectractor),

* Improve SED model taking into account PSF from Spectractor ?
+ Hardware :

N » collimator to mitigate impact of field stars on the spectrum
\ ' * Cylindrical lens for special flat-fielding

A(i-z) [mmag]
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=30

Flux [erg/s/cm?/nm]
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Merci beaucoup






Backup






Some facts about AuxTel

-D=1.20m, f/D =18, f=21.6m
- Depth of focus 1 arcsec (10 pixels) for 1.8mm change in distance (small aperture).

- Secondary mirror (M2) Obturation: 0.3m
- Total collection area : S= 1.06 m? (taking into account M2 obturation)

- Plate scale: 105um/arcsec -> about 10 pixels/arcsec.
- Field of view : 6.3 Arcmin.

- Distance entrance window-CCD : 63.85mm. Light beam diameter at this distance : 3.55mm
- Distance disperser-CCD: about 191.4mm (tilted). beam diameter at this distance : 10.6mm

- Distance filter-CCD : 229mm (tilted).

- Saturation (no filter, no disperser, assuming seeing of 1”’): Msat=13.35+2.5Loglo(Texp/3q§)



Data available (since 16 feb. 21)

XXX spectra for
- Commissioning

—Geometry
—Resotlution-study
T .
2"4/1rst order : finalization
- Bouguer lines: finalization for global
telescope throughput

- With various
- CALSPEC standards
- atmospheric conditions

- with/without blocking filters

- but not that many with good
quality

->The best nights up to now seem to be
30th june and end sept. 2022.

- We need to acquire data in the
largest domain of atmospheric
Conditions.

Spectrum extends from ~ 342nm to 1100nm
Dispersion: 2.73 pixels/nm
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Combining Sylvie/Jeremy/MERRA2

pwv (mm)

Fitted pwv
10 v T I e
' PWV with all stars, global throughput
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Pb Flats

PS: illustrer le soucis de flat dans la région de I'ozone :)

PPS: encore désolé pour mon absence en réunion, je vous envoie tous ces plots et on discutera une autre fois, sinon par email, 1a on file

le-12

—— model

2.2 4

2.1

2.0 A1

Flux [erg/s/cm?/nm]

1.9 4

1.8 1

[y

P
§
;.

l { (Data-Model)/Err

500 600 700
A [nm]



. . 2 methods :
Estimation of total throughput » Bouguer lines fits (airmass extinction wrt

wavelength)

Bouguer lines : measured Vs airmass, AA=30.0nm, 2023-01-18,AUXTEL/Rubin Obs

| — e  Fit a common median throughput over a whole

“ —izE . ]
/LW—::;:s:: night series

° curve_fit
2 234 — A=607£15mm
£25
g 681
£ 663 °
L
5547
2 E 23.2 30854 o 55
z 680
<)
23 £230 434, 5555§ Lo
slope =0.108
22 intercept = 22.961
22.8
n 0.0 0.5 1.0 15 2.0 25

airmass

airmass

Removing absorption lines

Bouguealgbeos : Relative Optical Throughput for empty~holo4 003 at AUXTEL (2023-January)

Bouguerbl'brbeé : Relative Optical Throughput for empty~holo4_003 at AUXTEL (2023-January)
— direct fit on polar 2023-01-17 ' —— direct fit on polar 2023-01-17
0.175 —— direct fit on polar 2023-01-18 0.175 —— direct fit on polar 2023-01-18
' ¥ Bouguer Lines hd38666 (jan 2023) . § Bouguer Lines hd38666 (jan 2023)
0.150 0.150 ——
still discrepancy between 2 methods
= 0.125 = 0.125
2 : 3
i £
©0.100 £0.100
IS e
5 0.075 5 0.075
0.050 0.050
0.025
Q023 (factor 2 lower due to rebin=2 mode )
0.000 0.000
400 500 600 700 800 900 1000 409 300 600 J90 600 900 100D

A (nm) A (nm)



Atmospheric parameters: units

Aerosols = [DU] (Dobson Units): PWV = [mm]:

The Dobson Unit is a way to describe how much ozone When measured in linear units (millimeters, mm), it is
there would be in the column if it were all squeezed into a the height (or depth) the water would occupy if the
single layer. The average amount of ozone in the vapor were condensed into liquid and spread evenly
atmosphere is roughly 300 Dobson Units, equivalent to a across the column.

layer 3 millimeters

Area Covered by
Column

All the Ozone over a certain
area is compressed down to
0°C and 1 atm pressure.

It forms aslab 3mm thick,
corresponding to 300 DU.



