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MAVEN

ﬂtmosphmum e Evolution Mission

MAVEN

* The goal of the mission is to obtain a comprehensive
picture of the current state of the Mars upper
atmosphere and ionosphere and the processes that
control atmospheric escape.

- What is the current state of the upper atmosphere
and ionosphere, and what processes control it?

- What are the rates of escape of atmospheric gases to
space today and how do they relate to the underlying
processes that control the upper atmosphere?

- What has been the total atmosphere loss to space
through time?
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JUVS Objectives
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Table 1 TUVS Science Traceability Matrix
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Measurement Requirements

Global-Scale Composition and
Structure

Instrument and Spacecraft Requirg

Science Results

Imaging Ultra-Violet Observational Approach Derived Physical Quantities

Scientific Products

Vertical profiles and column
abundances of H, C, N, O, CO,
N», and CO, from the
homopause up to two scale
heights (~ 1500 km for
coronal H and O, ~24 km for
CO,) above the exobase with a
vertical resolution of one scale
height for each species and

25 % precision

Vertical profiles and column
abundances of C*™ and CO3
from the ionospheric main
peak up to the nominal
ionopause with one CO; scale
height vertical resolution and
25 % precision

D/H ratio above the

homopause with sufficient
precision (~30 %) to captu
spatial/temporal vanations
(factor of 2) and compare with
measured D/H in bulk
atmosphere

Spectroscopy

115-330 nm wavelength range} | Limb viewing to measure Column densities and vertical

/A ~ 200 nominal spectral species column densities vs. profiles of H, C, N, O, CO, N3,

resolution altitude CO,,C* and CO;

6 km vertical altitude Planet mapping from high Scale heights, temperatures,

resolution on the limb altitude each orbit and altitudes of the exobase
and of the airglow layer peaks

200 km horizontal at disk Coronal scans to measure the D/H ratio

center from apoapsis vertical distribution of atoms

in the exosphere

Bi-monthly stellar occultation
observation campaigns for low
altitude composition and
structure

Spatial maps and vertical profiles
of the atomic, molecular, and ion

properties of the upper atmosphere
and ionosphere, including the D/H
ratio in the upper atmosphere

Measurements of the neutral
composition and structure of the
corona
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IUVS spectrum
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Other potentially observable features include the N, V-K band system, CO*(B-X), and the 131.7nm feature of CO(A-X).
Spectral regions marked in grey are blended emissions and will not by used in pipeline processing.

Fig. 1 Predicted Mars FUV-MUYV spectrum and flow down to retrieved quantities
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Emission mechanlsm
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Fig. 2 Schemes of the different mechanisms leading to the dayglow. A, A; and A, are the wavelength of the
incident or emitted photons. X and Y are atoms, and e~ is an electron; X TorYtisfora positive ion, and
X*, Y* XY*, or XT* is an atom/molecule/ion in an excited state. From Leblanc et al. (2006)
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Instr. Requirements

Parameter Requirement
Wavelength Coverage
Composition and Structure 120-330 nm
Deuterium-to-Hydrogen 121.1-122.1 nm
Stellar Occultation 125-310 nm

Spectral Resolution
Composition and Structure

0.6 nm (115-190 nm) and 1.2 nm (180-330 nm)
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/—xIE—RTHT+LE0HREE
SPICAM & [FIf#2E(0.5nm)

Deuterium-to-Hydrogen

0.009 nm (R ~ 13,000)

Stellar Occultation
Spatial Coverage
Altitude Range (Limb Scans)

2.5 nm (115-190 nm) and 5.0 nm (180-330 nm)

90 km-220 km during periapsis passes

Spatial Resolution
Thermosphere (Limb Scans)

12 km below 750 km altitude (CO, scale height)

Corona (Vertical Scans)
Horizontal (Disk Maps)
Stellar Occultation

750 km above 750 km altitude (H and O)
170 km x 170 km pixel footprint (3° aerocentric pixel)
4 km vertical resolution

ZARICE U WEIETIXEWLWH R

Field of View
Limb Scans
Disk Maps
Deuterium-to-Hydrogen
Stellar Occultation
Field of Regard
Limb Scans
Disk Maps
Radiometric Sensitivity

Composition and Structure

Deuterium-to-Hydrogen
Stellar Occultation

0.176° (3 mrad) x 11.25° (8 spatial elements)
1.4° x 11.25° (10 spatial elements)

0.057° (1 mrad) x 1.7° (1 spatial element)
=().6° square

24 x 10 Degrees
60 x 10 Degrees

(CO]), [CO; ] 25 % precision, He, H

| periapsis pass

oy

Measure D intensity to 30 % precision

T—=I\1 b%Z+7TFES

FEFEICHDOWVEEZAT-WDIT

TIE7ER LY

SPICAM(<10km for limb, 1km

for occ.)

15 % precision in

JEE ICHF LB

Top of Atmosphere SNR = 30 for Tint = 2 sec for the brightest stars
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Observation Types

MAVEN UV - ﬂpuaPSIS Images
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Orbit and Obs. Seq.

MAVEN Periapsis
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Limb-Scan at Periapsii@====
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SIMULATED IUVS LIMB PROFILE
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Nadir-Scan at Apoaps ,_QUEII

BROIAERT

c) 130.4nm

d) Mapping Strategy e) Color Composite f) Derived Ozone Absorption

Fig. 6 IUVS disk maps. (d) IUVS uses a combination of spacecraft and scan mirror motion to construct
global maps of the Mars atmosphere. Images at specific wavelengths are diagnostic of the surface and atmo-
sphere. (a) Surface features are evident at 310 nm. (b) Attenuation from ozone absorption obscures the polar
cap at 255 nm. (¢) Atomic oxygen in the upper atmosphere can be seen at 130 nm. (e) A color composite
using the images above combines all these phenomena. (f) A ratio of the 255 nm/310 nm images maps ozone
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Data Processing | JUAYEN

TF—HEEL—MIEHLET, EME - IRRAMAICE
— 9 %(ZMRAMIC8-20bin).

- DNs(data numbers)h SEEER, FHIEI VY =,
AR EDEREFZRELT, RIEZMNICRayleighs/
nmM(X A7 x b 2 E)ICEHA

- “L0: packets, L1A: raw data in DN, L1B: data
calibrated in physical units & cleaned, L1C:

spectrally and spatially processed data™
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Instrument Desi

Telescope
Aperture 13.3 x 20.0 mm
Focal length 100 mm
Field of Regard
Lamb 12,57 x 24°
Nadir 12.5°% x o

Ultraviolet Spectrograph—Normal [ncidence Mode

Focal leagth

SO0 mm

Grating
Ruling Densaty
Projected Aperture
Dispersion
FUV detector
MUYV detector
Spectral resolution
FUV detector
MUYV detector
Wavelength range
FUV detector
MUYV detector
Field of View
Atmosphere
Occultation 1
Occultation 2

286 groove/mm—blazed at 280 nm'!
66.0 x 100.0 mm

3.64 nv'mm (2nd order)
1.27 nov'mm (18t order)

0.6 nn
1.2 nm

110-190 nm
180340 nm

0.06% x 11.37(0.1 x 19.8 mm shit)

ER M2 EFEEE12km T

RES

Ty laaliceEb

0.297 x 047 (0.5 x 0.7 mm aperture)
0.697 x 0.9° (1.2 x 1.6 mm aperture)

(1) The graung vendor specification = 276 grooves/mm. The as-delivered = 286 grooves/mm
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Instrument Design2

Ultraviolet Spectrograph—Echelle Mode

Focal length SO0 mm
Grating
Ruling Densaty 4441 groove/mm—Dblazed at 69.85°
Projected Aperture 44.6 x 100.0 mm
Cross Disperser MgF; prism—apex angle = 7.5°
Echelle Dispersion 0.031 nm/mm (346th order)
Spectral resolution 14,500
Wavelength range 116-131 nm (362nd order-321s2 order)
Field of view 0.06% x 1.77 (0.1 x 3.0 mm slit)

Instrument EZIS’(“‘*%ZB*LU\:\EE * %jj
Mass c.f. SPICAM/MEX=9.0kg, 13W

IUVS 22.1 kg
DPU+Hamess 4.7 kg
Average power
IUVS<RSDPU 2854 W
Dimensions
[UVS 61.7 x 54.1 x 23.1 em?
RSDPU 25.0 x 32.0 x 9.9 cm?

- SRR PREEBLE, BRERERIIHRERTHEINEHD TG
TSR ENR—RICHEREICGER. EUHSTTERE I TWeE 2 BEES B/ R E
ZHEICLTWB T, ChETARERNDETIIED > feE D EREEZ ZERK.
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HiZs at -20°C

Instrument

Fig. 9 IUVS optical schematic
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Predicted Performance

MAVEN Limb Emission Resolution = 0.55nm MAVEN Limb Emission Resclution = 1.1 nm
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Fig. 14 Simulated normal-mode FUV (left) and MUYV (right) spectra of the Mars airglow as observed during

a periapsis limb observation. Emission lines from the major atomic species (H, O, C and N) and from the CO;
are shown in red. Black and blue lines show the 4th positive and Cameron band systems of CO, respectively,
as well as the Fox-Duffenback-Barker system of CO? . The observed spectrum is the sum of the atomic and
molecular components

SPICAMICEENT ETHRWKRE ZZERK.
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echelle image
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Detection

gain: 10~4x10/74 (output photon/incident photon)

Photocathode— MCP—fiber-CMOS—AD

quantum efficiency: 0.1~ 0.01 50% loss 0.04DN/electron

(UV photons to photoelectrons)
0.45 electrons/photon

DN py,
SNR =
\/GADC - Gpet* E-DNpy + Gapc - DNpark +2 - Gapc - DN%,.; +2 - Gapc - DN% -
%)
MCP high V (e X 700V). IUVS Responsivily ot Moximum Detector Gain (V=900)
n n - 25] T r r .

15-20% uncertainty

|

. ]
2~ [DNpy/Gapc * Gper - E1/* =[N - Qep, - Aty /E]'? ~ (should be fixed by star obs.) ]
|

!

!

As for Echelle Mode

#TotalDN(Echelle)/TotalDN(Normal) = 0.096 ; .| | |
#The etendue and optical throughput are Y, | |
6.6 and 10 times less than normal mode. 0o 1so 200 280 | 30 380

Wovelength (nm)

Responsivily (DN/Photon)
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Spectroscopy

incident/diffraction angles grating space FWHM
d - cos(B) - cos d - cos(B) - cos Aw
pp o8B cosy) p d-cos(B)-cosly) Aw @
. n n f
resolution order number focal length

0. 1Tmmx20mm slit

0.0309nm at n=346, =76.25°
Aw=13pixels=0.305mm or R=12,900

0. 1Tmmx3mm slit
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Point Spread Function ¢

50% larger than expected
but still resolve D/H

Dispersion
vvvvvvvvv IvvvrvvvvavavvvvaIvrvaVvvv 4xi «
1.21" Red = Goussian | : Ovder 351 a) o . \ ' ' b)
+ Blue = Voigt 1 R 1.0
1.0f b) ] ' |

PSF

>or l M l\ |

— Fig. 28 The left panel is a line plot of orders 350 and 351 produced by summing rows 300400 of the image
-20 -10 0 in the left panel of Fig. 25. The right plot shows Gaussian (green) and Voigt (blue) fits to the profile centered

Pixel ) near pixel 650

KE2RVATLEEDINT A=V AZ2 3.
N TRES B 8E(0.6nm in FUV and 1.2nm in MUV, 0.006nm with echelle) * Z=E[&

DEEEEDNRE S.
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