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THE NEW STANDARD BANDS FOR UV PHOTOMETRY

Ana | Gdmez de Castro on behalf of the IAU UV Astronomy WG



MOTIVATION

Ultraviolet (UV) astronomy was born in the late 60’s with the advent of space astronomy. Though UV
observatories have been scarce, photometric standards are well defined and carried over from mission to

mission.

HOWEVER this scenario is going to change during the next decade because:

* Access to UV data is fundamental in many areas of astrophysical research.

* The planning of the main space agencies does not include any UV observatory (with the only
exception of the Spectrum-UV (WSO-UV) observatory from the Russian space science program).

* The cubesat technology is cheap, accessible, fast and becoming widely spread.

As aresult, it is expected that plenty of small or cubesat type missions will be flown to run well defined
experiments, including survey type probes. ———
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In this context, it is necessary to define some common grounds to facilitate comparing and contrasting data

from different UV missions.

The charter of the “UV astronomy working group” (UVA WG) for the period 2018-2020 was to set the grounds
for the definition of a UV photometric system suitable to be implemented in small missions and that grows on

the scientific challenges addressed by using UV astronomical observations.

It is a community decision to adopt standards that will allow easy data fusion from different missions.
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UVIT Survey

UVIT survey footprint in filter FLSW

GALEX survey footprint in filter NUV

GALEX AIS NUV
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SELECTED BANDS

UV PHOTOMETRIC SYSTEM
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https://www.nuva.eu/uv-photometry/
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GENERIC CONSIDERATIONS FOR THE PHOTOMETRIC SYSTEM:

1. The quantum efficiency of the photosensitive substrates used in the MCP detectors is blind to
longer wavelengths, which is a desired feature for many astrophysical applications. However, not all
detectors are solar blind.

2. The <100 nm observation/detection technology change (SiC) and bands crossing this frontier are not

easy to implement

Usual coatings are made of MgF2 with cut-off ~115 nm

Avoidance of the main geocoronal lines since most missions will go to low Earth orbit.

The UV bump must be taken into account for ISM studies

The GALEX FUV and NUV bands should be easily integrated in the system

An extension to the atmospheric cut-off reaching 350nm is highly desirable.

4 1071%
EUV S-FUV S-MUV  S-NUV

et

) WW’” '

= Photosphere only ‘ w

Low Chromospherg
—— High Chromospp‘ere
A~

Yo s w

EUV S-FUV S-MUV  S-NUV

(cm?2)

10-16

1077 vy

1078

— 0,
co,
10" | —— NH,4
SO,
— 0OCS
0
—— H,0

Log F,(erg/s/cm/cm?)

SPARCS cubesat UV photometric bands

|

10720

Photodissociation Cross-Section

50 100 150 200 250 300 350 50 100 150 200 250 300
Wavelength (nm) Wavelength (nm)

October 26th, 2021 eNUVA Workshop 2021 6



CYCLE FOR THE IAU RECOMMENDATION

In 2016 Division B creates In May-June 2019 the draft proposal for the UV bands

WG on UV Astronomy

ﬁ was circulated to the UV community, at large

In March 2020 the group circulates to
the NUVA the draft proposal for evaluation

At 1AU GA 2018 - Vienna
a specialized group is created
to define the Photometric System

At I1AU GA 2021
The recommendation is discussed and

voted by the IAU members Resolution is

In May 2020, th ised draft i
approved as an IAU n vay e revised draft is

approved by the UV Astronomy WG

recommendation
Sept. 2021

Division B SC approves the final
Document and submits it to the IAU SC In July 2020, the revised draft is approved

& by Division B (Facilities, Technologies & Data Science)

In October 2020, NUVA NUVA stands for the
approves the final document & In September 2020, Division B circulates Network for UV
the draft to the IAU community at large Astronomy



ISSUES RAISED DURING THE IAU-Slack DISCUSSION:
Bands selection - astronomy:

““The single most significant feature in the UV has to be Lyman-alpha, which is right at the edge of one proposed band”
LEO cubesats will avoid Ly-alpha because of pollution with geocoronal emission (additional, weaker pollution will
be produced at 130 nm and 247 nm by Oxygen)

“For practical purposes, FUSE covered 91.2 nm (Lyman limit), not 90 nm, and extended up to 118.7 nm (not stopping at

110.)”
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“Just to point out some naturally occurring breakpoints:

Lyman limit at 91.2 nm

Lyman-Werner molecular hydrogen band head at 110.7 nm
Lyman alpha at 121.6 nm

LiF 2 cutoff at 100 nm

MgF 2 cutoff at 115 nm

UV absorption edge for nitrogen at 199.1 nm

Ozone edge in the 290-310 nm range

Bands breakpoints in the text of the resolution are just to
outline their spectral coverage. The detailed description of the
bands is in the reference document; it cannot be in the rather
formal text of the resolution:

The bands have been selected from the contents in the data
bases and its use by astronomers (only UV1-UV2 breakpoint is
technological).

Filters UV2, UV3, UV6 and UV7 already in use by the community.

UV4,UV5 to enable galactic extinction studies.
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UV filters used in Astronomy*
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ISSUES RAISED DURING THE IAU-Slack DISCUSSION:
Bands selection - technology:

“As with other photometric systems, the bands in the UV should be based upon instrument engineering,...”

The UV range is not like the visual or the IR ranges where the transmittance of the optical system is mainly defined
by the filter transmittance (UBVRI Johnson, Stromgren, JHKLM...)

The technology is rapidly evolving with ALD technologies and the investigation on UV detectors (indeed, many of
the small UV scientific missions probably will be technological probes).

We propose these bands for the missions to provide synthetic photometry in them (in those feasible for the
missions, obviously) to compile a large data base that enables:
e To reproduce the observations

* To exchange information between researchers and prevents that a significant fraction of the UV data may get
misused or lost for the astronomical community, at large
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FINAL TEXT OF THE RECOMMENDATION

»that the following photometric bands (see the precise definition in [1]) are used as reference
for data exchange in UV photometry:

» UV1from 91 nm to 110 nm.

» UV2 from 125 nm to 140 nm (alike [Csl photocathode + F125LP (CaF2)] —[ Csl photocathode +F140LP
(BaF2)]in HST/ACS).

» UV3 from 140 nm to 180 nm (similar to the FUV band implemented in the UV mission Galaxy Evolution
Explorer - GALEX-).

» UV4 from 180 nm to 210 nm.
» UV5 from 210 nm to 230 nm.

» UV6 from 230 nm to 280 nm (similar to F250W filter implemented in the Advanced Camera System on
board the Hubble Space Telescope).

» UV7 from 280 nm to 350 nm (similar to F330W filter implemented in the Advanced Camera System on
board the Hubble Space Telescope).

»that the UV spectrophotometric standards defined in the Vega system by the HST are used
for the photometric calibration

»that spectrophotometric UV data or photometric UV data obtained in other bands are post
processed to provide synthetic photometry in the abovementioned bands.
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v" The HST system constitute the baseline for UV photometry and flux calibration.
v" The standards can be accessed through CALSPEC and their main characteristics are in Bohlin et al. 2014.
[The conversion of the IUE spectra on the white dwarf primary spectrophotometric scale (Bohlin et al. 1995) is described by Bohlin (1994, 1996)].

Magnitudes
® v<s
® 6<V<l0
® 1W0<V<15
e V>15

Spectral types A N B

o 0

0o A

vV B

8 G

# DA/DB/DO -60°
sdB/sdO

October 26th, 2021 eNUVA Workshop 2021 12



uve-uv7

08

06
04

0.2

-0.2

06

-0.8

L
-0.8

L
-0.6

-0.4

L
-0.2

o
UV5-Uve

L
0.2

UV4-UV5

1 L L
0.4 0.6 0.8 1

Uv3-uv4

©

T2 1.5 -1 0.5 o

0.5
uUv2-uv3

25

05 T T T T

04

03

02

0.1

05L@ Il 1 1 1

-1 -0.5 o 0.5 1

@ white dwarfs

October 26th, 2021

1.5

UV3-uV.

Color-color diagrams for the UV spectrophotometric standards

0.6 T T T T T T T T T
X X
04 -1
. *k 5 %
02 HKT * -
2 = @
s OF o 3 .
5 e X ¥
[ J
0.2 [ J -
® X
0.4} .
>
0.6 1 1 L 1 1 1 1 1 1
-0.5 -0.4 -0.3 -0.2 -0.1 4] 0.1 0.2 0.3 0.4 0.5
uUv4-uvs
08 T T T T T T T T T
x
06 -
X
% K
Sk
04 ” )( % 1
e
02} v K -
5 * P
3 o * |
3 *
-0.2 @ -1
o®x
04} ' 4
@
06 ® g
-0.8 L L 1 1 1 1 1 1 L
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
UVvs5-uve

%k A-type stars

eNUVA Workshop 2021

X Other types



Further actions:

 Implementation of similar filters in the new missions (when possible).
* Creation of high quality data products from the missions in these bands.

* Creation of a Data Base of UV photometry from the information available in
the archives.

Anybody interested in joining in & contributing?

Email: jcuva-sec@ucm.es
JcUVa+
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PRI v ULTRASAT « Archive of Science News
ULTRASAT is a mini satellite developed by the lsrael Space Agency

(ISA) and NASA. This project was proposed in 2010 by the

Weizmann Institut..,

v Hubble Space Telescope Cycle 28
Call for Proposals

We are pleased to announce the release of
the Cycle 28 Call for Proposals for Hubble v LUVOR
UV Groups & Centers

The Large UV/Optical/IR Surveyor (LUVOIR) is a concept for a
highly capable, multi-wavelength observatory with ambitious

Space Telescope (HST) Observations and
funding for Arch.,,

 HST ULLYSES live science goals....
The STScl webpage for the UV Legacy v HabEx

Library of Young Stars as Essential Standards : o y
i i i J i [he Habitable Exoplanet Imaging Mission (HabEx) is a concept for a
(ULLYSES) Director s Discretionary program b ; ‘ e
v : mission to directly image planetary systems around Sun-like stars.
is now live. In...
HabEX ...

v CETUS
CETUS is a probe-class mission concept proposed for study to Job Offers
NASA in November 20186. Its overarching objective is to provide
access to the ul...
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