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Space exploration at a glance

“HeEiRan on o % T atary probe
1 (Armstro 1 success (Mariner 2, Venus)

first orbital probe of the outer first one ton rover
solar system (Galileo, Jupiter) outside the Earth system



Why sending space probes to

explore other worlds ?

Remote sensing by spectroscopy is the primary tool for
exploring the solar system BUT

1. Limited to observable environments

e



Main goals of in situ exploration

“Plangis”

“Dwarf
Plannis”

&

- _ rriuLv

> Uit o "1 s specific = :
il A, =N Neptune
e

Hmﬂ HHHHF - i & Copyright Calvin J. Hamilton
il



Mass spectrometry in space . what for ?

Two applications :

1. Air monitoring (VOCS) in inhabited spacecrafts and stations
(Apollo, MIR, ISS)

(- ion mode
for 2nd rum)

I L : - .'.'.;‘::::'.._ .
4 Tw
60m | IMS detector | LT i
Concentrato l
GC Co Iurn L_(# ion mode) - ¥l
1 - F \
. i g

Calibrant Gas

co [ 60om lnl)r'p ola [ IMS detectol
GC Column |_| mao d)

ror 2 ld ft.l'ﬂ]

2. Exploré ystem environments : chemical
and count various neutrals and ions)



Challenges for in situ mass spectrometry

Weight ~kg 10-100 kg
Power - ~10-50 W 100-1000 W
Size <50 cm

Robustnhess

|Isothermal conditions

ta ‘max.  No limitation

Cleaning/Sterilization



The Viking mission to Mars (1976) :
first safe landing on another planet

Mars & 1st picture of its surface
returned by Mariner 9 probe

Interest of Mars :
1. Not too far from Earth
2. Telluric planet
3. Believed to host life

O S T

Viking probe & objectives :

1. Lander (~700 kg)

2. Atmosphere and surface
composition |

3. Search for life

M

aan

Pict re :of :a:\:llkimazlander: renic :|'t ( S



The Viking mission to Mars (1976) .
first (GC-)MS in an alien world to seek the first aliens

The GC-MS experiment : all in one !
1. Atmosphere analysis (direct MS)

2. Soil analysis (GC-MS)
3. Label Realeased experime

ain specifications :
Double sector (E/B)
8 ~22 kg

y v “Volume : ~20 cm3
T T
S > SRR Power : 140 W

4 SPECTROMETER

m/z range : 12-250
Sensitivity .  ppbv-ppmv (soil)



The Viking mission to Mars (1976) .
good atmospheric measurement...

First complete atmospheric compaosition:

Fig. 1. Mass spectra of enriched samples of the martian at-
mosphere in the region of krypton and xenon. The spectra
are averages of nine scans, the lower lines are averages of
three background scans. The vertical scale is linear; it has
been increased by a factor of|2 for xenon.

2%

A
I
i 11
\ h
L Y N N

127 129 131 133

TABLE 1. Composition of the Lower Atmosphere

Gas Proportion

Carbon diexide (CO,) 95.32% _ o \ - = I TABLE 2. Isotope Ratios in Atmospheric Gases
Nitrogen (Ng)* 2.7% .

Argon (Ar)* 1.6% 5 ‘ 4 S

Oxygen (O) 0.13% o 1 . EARTH e 89 90
Carbon monoxide (CO) 0.07% ‘ e . 10 /10 499 500

Ratio Earth Mars

« Y L) 18
Water vapor (H,0) 0.03%t = - NS n e

Neon (Ne)* 2.5 ppm B o] N 17X ¢/ 19X e 0.97 25
Krypton (Kr)* 0.3 ppm -
Xenon (Xe) 0.08 ppm Uncertainties in the Mars values are presently +10% except for Ar

Ozone (Oy) 0.03 ppmt . ~ -~ | and Xe (see text),

* Discovered by Viking experiments.
T Variable.

1 FE—

) ol Bl

ATOMIC MASS

(Owen et al., 1978 & 1980)



The Viking mission to Mars (1976) .
...but no alien (?)

No organic detected=no life (but...

Material Quantity (temperatures
in degrees Celsius)

I. Inorganic

Carbon dioxide Some in all experiments (quantitation not yet

available)
Water Sample 1: at 200°, much lessthan 0.1%
at 500, 0.1t 1.0%
Sample 2: at 350°, 0.1 to 1.0%
at 500°, somewhat less than at 350°
II. Organic None detected (see Table 3 for detection
limits)
III. Terrestrial contaminants
Methyl chloride ~ 15 ppb
Fluoroethers 1 to 50 ppb

“J%?I' e T T T

JL\ i -
1%

Fig. 5. Typical mass spectrum of the freon-E contaminants. Peaks in the region below m/e 46 have been deleted to avoid
distortion of the plot due to contributions of Hy0 and CO,.

o

CRUISE DOVEN CHAR

. 1A V-

Mo

L
fo ' ado ao o | do | o | 4o | 4o |

" sho

GC-MS dry run in flight (blank)

Fig. 4. Mass chromatogram of m/e 50 from the 200° experiment of the first VL-1 sample. In this figure and in Figures 6
and 9 the effluent divider status is plotted underneath the graph (the horizontal line indicates the 1: 8000 level, and the step

function represents the effluent divider status),




Interest of Venus :

Everybody goes to Venus !

1.
2.
3.

Not too far from Earth |
Telluric planet
Very dense atmosphere

oy i ‘
- [ Vénus Vénus
= 4 (nuir) (jour) -

~

. Picture of Venus from the venus
express probe

Challenges :
1. Temperature
2. Pressure

‘r H,SO, (V)

s |

P (V) = 94 bars

e e T

. | | 1
100 200 300 500 600 700 800
P (M) =6 mb Température (K)



The Pibneer-Venus mission to Venus (1978) :
Atmosphere of Venus properties

Pioneer-Venus :
5 atmospheric probes,
2 onboarding a MS

‘main specifications :

st

~ Nature : Quadrupole
Byl \ass: ~4 kg
Volume : ~20 cm?
Power : 12 W

m/z range : 1-46
Sensitivity :  N/A

ilemann et al.. 1980)



The Pioneer-Venus mission to Venus (1978) :
Atmosphere of Venus properties

First composition of the thermosphere

"D:'.

X ) Tl
»
» -f\

E"’
w I
. i ||| |

Fig. 3. SIIIII.‘IIEI]' of the pulse counts measured at +1.2 min about periapsis for orbit 85 when the instrument was in the
unit mass peak stepping mode. Starting on the left of each 2.4-min time interval marked on the abscissa the altitude is 161
km on the ingoing leg. After passing through periapsis altitude at 141 km the interval ends at 160-km altitude on the cut-
going leg. The mass numbers are shown above each trace and some constituents are noted. Doubly charged ions, e.g.,
CO,** or Ca**, appear in the mass 22 and 20 trace. Na*, ¥K*, “K*, and Ca* are contaminants sputtered off the ion

mpellerytdhythecozﬂux.

(Nlemann et al., 1980)



The Pioneer-Venus mission to Venus (1978) :
Atmosphere of Venus properties

2. Lower atmospher'i‘c probe MS

T T T T Thass anaLyzen |

MASS ANALYZER

MS main specifications :

____________ S —12 kg
T | - Power : 14 W
SRS = TS m/z range :  1-208
- Sensitivity :  ppmv

S gt — — eSS iieh, SRR et pemm w——



The Pioneer-Venus mission to Venus (1978) :
Atmosphere of Venus properties

Venus was wet In the past (and a large amount of water Is
now In the atmosphere)

Altitude (km)
40 20 10 0

f — ——

L
-
.l

Fgna
Terrestrial ratio
#

40 80 120

Frame number

HDO/H,O0 ratio

Measurement of the
amount of H,O and
HDO during the

- . . L (Nlemann et al., 1982)



The Venera missions (1975-1978)

Venera :For each mission,
1 orbiter and 1 lander

Mass spectrometer L7 AR
onboard the landers 7 ™

nnnnnnnnnnnnn

- MS main specifications :
Monopole or Bennett RF

Nature :
Mass : ~9.5 kg
Volume : ~N/A
~ Power : 17 W
.~ m/zrange : 11-105
~ Sensitivity :  ~ ppmv

9 & 10 probes (up), and Venera 11 & 12 (down) (istomin et al., 1979 & 1980)



The Venera missions (1975-1978)
First complete atmospheric composition (with GC analysis):

“+ ' My ._

"’m—l l}l _
Ne

1

Y

cuz‘t"“mf ]
FIG. 3. A mass spectrum fragment in the 20-105 amm range, obtained by

Venera 11 in the high-sensitivity mode used for inert-gas analysis. Mass
! peaks for neon-20 and krypton-84 appear at the sensitivity limit.

Species | Concentration ratio

(Istomin et al., 1980)
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First cometary exploration (1986) :
first step of EU in space exploration

Interest of comets :

1. Solar system/ISM link

2. Early history of the solar -
system

_-Comet Halley
2 nucleus

Comet P/Hale-Bopp

© Rendewouswith B
-t

~ Two space missions
devoted to study

the Halley comet :
1. Giotto ESA probe
2. Vega russian probe

ssssssssssss

A program



First cometary exploration (1986) :

first step of EU in space exploration
2 MS for the analysis of the neutral (NMS/DFMS) and

lonized (IMS/Sector (B)) cometary atmosphere (not detailed
here) onboard Giotto

MS for dust composmon analy__s onboard:GiﬁOtto (PI1A)
:mialn specifications :
Nature:  Time of Flight (TOF)
Mass : ~9.5 kg
Volume : ~N/A
Power : 17 W

m/z range : 11-105
Sensitivity :  ~ ppmv

Fig. 1 The time-of-flight mass spectrometer analysing the ions
released during the lmpact of dust parti I

Seheme of the PLIMA MS (Kissel et al., 1986)



First cometary exploration (1986) :
first step of EU In space exploration

Comets are really rich in organic materials !

....... I _-«.\4 _'_ir...----,:.:' %
s, . e
. HG-CH ™™ . "W w !
H_C=C-CC-C-NH o—— HN-C- E-C-NH ) -
_ c =y

1
..............

(Kissel et al., 1986)




Exploration of the Jupiter system
with the Galileo mission (1995)

Interest of Jupiter :

1. Biggest gaseous giant

2. Solar system origin R
3. System of satellites S8 -
4. Slmllarlty_wilzt:h__ej;)j(bjplzanets

il i Picture of Jupiter

i __ | . Galileo probe & objectives :

1. Atmospheric probe (340 kg)
- 2. Composition of the upper

~ atmosphere

3. Dynamics

D€ :descent




Exploration of the Jupiter system
with the Galileo mission (1995)

The GPMS experiment
for the atmospheric
composition analysis

Pictures. of

g;;MS main spec:lflcatlons :
= ) . Quadrupole
= < Mass: ~12 kg
‘Volume : ~ 3000 cm?
Power : 26 W

==/ N7 B m/zrange: 2-150
Sensitivity :  N/A

§.P. MASS FILTER-

SEC. ELECT. MULT=

(Niemann et al., 1992)



Exploration of the Jupiter system

with the Galileo mission (1995)
A view of the composition of the upper atmosphere

0% H.‘!' 10% He and 150 ppm of Ne, Ar, Kr, and Xe
a.

¥ett AFTER ENRICHMENT \
Kr BEFORE EMRIGHMEMT

1

»

YRR |

T a & W T
MASS NUMBER {am.u

90% H2 , 10% He and 150 ppm Hydrecarbons

AFTER EMRIGHMENT,
BEFORE ENRICHMENT % CgHg

d) step 2760, enrichment cell 1 ssquence (BC1)

Counts/Period

Measurements during the descent
(Niemann et al., 1998)



Exploration of the Jupiter system
with the Galileo mission (1995)

Table 1. Measurced Mixing Ratios or Isotope Ratios

Species or Ratio

‘He
*He/'He
D H

PH, (=16 bar)
a

Mixing Ratio f or
Isotope Ratio Muole Fraction g Ratio to Solar

0.157 = 0.030 0.136 = 0.026

9 x =41 % 107*
=(56 +25) x 107 ( =(.033
=(6 = 3) x 107 -_-'(s 22, tn} X 10~ =035
%11%32 uﬁ-ﬁ;“ (181 = 0.34) x 1073

0.0108 = 0.

=23 x107?

<10 ®

Tx 107"

(77 05) =107
=6 % 107"
detected

Cylindrical Maps of Jupiter: 30S —12°N

Extrapolated from 1995 Oct 5 to Dec 7
Using Eastward Wind Speed = 103 m/s

NASA Infrared Telescope Facility,
NSFCAM, 1995 Oct 5, 4.85 um

10

L L 1 1 1

NASA Hubble Space Telescope,
WF/PC2, 1995 Oct 5, 953 nm

But measurement not
representative of the main
atmospheric component

Planetocentric Latitude (°N)

50 40 30 20 10 O 350 340 330 320
System-lll Longitude (°W)

(Niemann et al.,

1998)



Exploration of the Saturn system with the Cassini-
Huygens mission (2005)
Interest of Saturn : .

L 4

Biggest gaseous giant
Solar system origin
System of satellites
System of rings
Similarity with exoplanets

Ol OO DD b

A view of the Saturn system

Interest of Titan :

1. Dense atmosphere

2. Organic chemistry

3. Liquid areas at the surface

Titan as seen by the Voyager and Cassini probes



Exploration of the Saturn system with the Cassini-
Huygens mission (2005)

“W i

Cassini Saturn probe :
Orbital probe

Saturn system exploration
Titan fly-bys

Saturn environment

characterisation the cassini spacecraft | | 10

s el ed

Huygens Titan probe :

1. Atmospheric probe

2. Atmospheric properties
3. Surface characterisation

Picture of the Titan’s surface

Artist view of the Huygens by the Huygens probe

landina



The Cassini-Huygens mission (2005)
Unveiling Titan

The GCMS experiment onboard the Huygens probe :

MS main specifications :
Nature : Quadrupole

~17 kg
“Volume: | ~20 cm @x47 cm H
salllpomans AW
zrange : 2-141

,,,,,,,,, | The GCMS experlment coupled W|th the ACP
e exneriment in the Huvaens nrohe



The Cassini-Huygens mission (2005)
Unveiling Titan
A new idea of the Huygens atmosphere and surface :

=
=
o

o
B

10,000,000
m Transfer signal

m Background signal
1,000,000

100,000

Mol fraction

=
R

10,000

(=]
(=]
_—y -]

MS response (counts s~)

1,000

100 L

5 7 9 11131517 19 21 23 25 27 28 31 33 35 37 29 41 43 45 47 49
miz

Aerosols pyrolysates (from ACP) analysis

NH

<" Small fraction of
Condensates

CH, (counts per second)

(Niemann et al., 2005; Israel et al., 2005)




The Cassini-Huygens mission (2005) :
What is there in the Saturn suburbs ?

The INMS experiment onboard the Cassini probe :

CLOSED ION SOURCE
ANTECHAMBER TRA%’)‘:EHTUBE X

ENTRANCE CLOSED ION SOURCE

MS main specifications :
Y (e Nature : Quadrupole
Elfmggougcg Y i SWITCHING LENS MaSS - ~11 kg

Volume : =30 L

Power : 23 W
m/z range : 1-99
Sensitivity :  N/A

SECONDARY

’ Electron
ELECTRON . L _\kﬁun :

MULTIPLIER hamber ¢ ~ R
DETECTORS z = Transfer Tube

]W lons _ .
ION SOURCE - (W (/715}19&;:?
INMS experiment schemes

GROUND
PLANE

een rotatec
of the Fields
Platform

(Waite et al., 1998)



The Cassini-Huygens mission (2005)
What iIs there in the Saturn suburbs ?

My system IS rich !

Titan's lonospheric Density
altitude region 1100 - 1300 km

Density [cm™]

0 10 20 30 40 50 60 70 80 90 100
Mass [Daltons]

INMS analysis done in the Titan
upper atmosphere

w
O
c
- Sl
5 2 F(
a ©) %
() © >‘<t
= e D c
s =L
(0] @) ©
Lels . el ©,. O "
10 40 50

Mass (in Daltons)

INMS analysis done in the Enceladus plumes

(Waite et al., 2005)



Return to Mars : The Phoenix Mars polar probe and
the search for water and minerals (2007)

Phoenix probe & objectives :
Lander ()

Water at the pole
Mineralogy
Environment

SSOOERY 1

1l mnmu 1l oot |
MMW AL

i \Wu\mmhmuhum\HHHHHH\\HHH\H\HHHHNHWM\ \\W\ WMM“ |



The Phoenix mission and the search for
water and mineralogy

The TEGA experiment to e e
analyse the atmosphere S
and the content of the sail T s
(calorimeter+evolved gas i o
analyzer)

» L - —
Picture of TEGA on Phoenix

MS main specifications :

Nature : Sector (B)

Mass : ~6 kg
2 W Picture and scheme of the Volume 20 cm
S5 TEGA mass spectrometer Power : 13 W

m/z range : 1-140
Sensitivity :  10-100 ppbv



The Phoenix mission and the search for
water and mineralogy

TEGA found CO, in the atmosphere and limestone in the soll
| [

—— Channel 3
— Channel 4

=]

=]

=]

=]
|

Wicked Witch

—e— Mass 44 rate (Sol 068)
+ Mass 44 rate (Sol 070)

—&— Rate difference

- = Owen temperature

|

Peak Rate (counts/sec)

|

Count rate (counts/sec)

1.20E-02

O Viking
< Earth-based Spect.

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
(9.) aunesedway uano

o

|||||:i|||||||||||||||||||||||||||||||||||||||||||||||||| # Cal. Gas (Laboratory)

7 8 9 10 11 12x10° © Cal Gas on Mars
TEGA Time (sec) 1 15E02 A Mars Atm (Phoenix)

Fig. 2. Plot of Mass 44 (CO,) count rate and temperature versus run time. The first peak is o

atmospheric CO, that diffuses into the oven and plumbing overnight; the second may be due to

carbonates with a low decomposition temperature (e.g., FeCO5 or MgCOs). The high temperature

peak is due to decomposition of CaCOs.

Detection of carbonates by following the CO,
outgassing during the pyrolysis (goynton et al., 2009)

. *

1.05E-02
2.00E-0 2.05E-03 2.10E-03 2.15E-03

A new measurement of the CO, /10

ISOtO IC ra.tl OS I n th e atm OS h er o Fig. 2. Corrected and calibrated results of martian atmospheric CO, measurement plotted next to results
p p — from Viking lander (28, 29), Earth-based spectroscopy (2), and measurements of calibration gas on Earth
and Mars. The result for calibration gas on Mars is the uncalibrated value to show the magnitude of the

(Niles etal., 2010) calibration correction. Error bars on TEGA measurements are 2o SE.




Assessing the Mars habitability with the Mars

Science Laboratory mission (2012 NOW !!
Curiosity : a monster rover in an ancient wet crater




The Mars Science Laboratory mission (2012 NOW !!)
The Sample Analysis at Mars (SAM) experlment or the
Curiosity “swiss knife” : WSS aslne SAN__ FH
1. Atmosphere (CH4) Q”;i’;‘?;’if;li“ _

2. Mineralogy (EGA)
3. Organics in the soll

Nature : Quadrupole
Mass : ~30 kg
Volume : ~45 L
Power : o0 W
m/zrange: 2-450
Sensitivity . 1 ppbv

s of SAM and the quadrupolar filter



The Mars Science Laboratory mission (2012 NOW !!)
How SAM will assess the Mars habitability ?

iy

magnesite (MgCO3) - : siderite (FeCO3) * 3.7

>

TCD intensity
counts/(sec mg)

200 400 _ 600
degrees centigrade

mM/z=40+41+42+43

M H=0

Epsomite SOz x 100

QMS sum of counts

counts/(sec mg)

T T T
200 300 400 500

time (s) since injection trap flash 200 <400 600 800 1000
degrees centigrade

| | | 0.8
| 145=169: =

=
=
£o.e
=

|
1 A 0.2

| M M udﬂ f MHM HMM M} —-

600

counts/second

200 400
i\f degrees centigrade

|

T T T T T T T T T T
100 110 120 130 140 150 160 170 180 190 200
m/z

JEiE: |
: ﬂ”lﬂ ﬂ|ﬁﬂ 4 Look for organics in the atmosphere and in the soill
‘ ‘ é é m/];O 1‘2 14 1I6 1I

Mineralogical measurements (Manaffy et al., in press)

counts/second

A (Mahaffy et al., in press)




AND TOMORROW ?




The Rosetta mission to a comet (2014):
Tomorrow is today !
Objectives :
1. Properties of a cometary nucleus
2. Evolution of the cometary environment with time




Mass spectrometry in Rosetta
4 experiments based on mass spectrometry

2 in the orbiter 2 in Philae
COSIMA : composition of dust grainsj | MODULUS : isotopic composition of
In the coma the nucleus solid material

ROSINA : composition of neutral COSAC : molecular composition of
and ion species in the coma the nucleus solid material

i
- g o




Mass spectrometry in Rosetta

MS Sample | MS | Mass (kg) | Power m/z Resolution
name nature | Type | Size (mm) | (W) range
COSIMA |Grainsin| TOF 20 1-1300 | 2000 / 50%
the coma - e -
ROSINA Gasin |DEMS| 16&5_.=18 3000/ 1%
| ——trtrvoF 147 1-350 >500 / 1%
S 1-1500 | 350/50%

1| 460x80x80

= 0.5 =50 12-150

= (= = - | 80x100x55




AND THE DAYS AFTER ?

Curiosity

Traces des roues
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How can we improve MS for space exploration ?

1. MS resolution :

Very high resolution to help the species identification
%, Orbitrap or FTICR in space ?

2. Improve the vacuum : Orbitrap core |

More efficient pumping systems (HRMS, hyphenated
techniques...)

3. lonisation sources :
Less resources (mass, power) consuming sources
% nanotips ion sources... ?

lon source of the Ptolemy experiment

4. Sensitivity :
Improve the sensitivity

% Integration processes, detectors... ?
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ROSINA

Rosetta Orbiter Spectrometer for lon and Neutral Analysis

H. Balsiger, Univ. Bern, Sw.




ROSINA
General description

3 instruments in 1 experiment : DFMS (double focusing
magnetic mass spectrometer) RTOF (reflectron TOF), COPS
(pressure sensor)

ESh’sumption 49 W



ROSINA Mass spectrometers
DFMS

Detector

Recloseable
Cover - = i Detector

lon Flange

= lon

Source 4l ¢4 4 ‘: "8 " Electrostatic ey
o B S Source @i

- 2 ‘i

His

)

' Zoom

' ; ‘% Optics

Electrostatic

Analyzer Sector [
Magnet =%

- lon source=e- provnd;
filaments (E(e-)=10-90 eV)
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ROSINA Mass spectrometers
DFEMS

Type : DEMS




ROSINA Mass spectrometers
DFMS

DFME backgimund sipectruri'n, July ?005, Ioin.r resolu:Jtion
500 | | 1 1 |

100000

e
=)
=

= E=3

current (a.u.)

—
)
o

(0]
9
©
i
=
=]
Q
o

e ¥ 4 111 £ V1) A

16.99 17.00 17.01 17.02 17.03
atomic mass units ; mass}charge

U. Langer 2002

i Example of LR mass spectrum
,,,,, | DEMS at the lab recorded in flight with DFMS




ROSINA Mass spectrometers

RTOE

(a)

Integrated Reflectron lon Flight Tube Support
Bracket with HV Insulation

Electronics Box
_ Gas Calibration Unit

_Storage Source Extraction Pulser

lon Attraction Grid

jon Flight Tube/ Sl f(1 /4
-EE ' .. 8
Sensor Head - '

] [ *’& :
ATOF without High ﬂ"‘-i."“-:._ %}% -

Vicltage Probecion Fol Orthogonal Source .~ , Storage Source




ROSINA Mass spectrometers
RIOE

: \\_Drift Potential
\\_Hard Mirror Lens

\_Retarding Region

ROSINA/RTOF principle scheme

fieldfree driftpath gridfree reflectron
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ROSINA Mass spectrometers
RTIOE

Type : Reflectron Time of Flight (RTOF)




ROSINA Mass spectrometers
RIOE

relative abundance

mass [amu] 100000 RTOF FS, GCU spectrum, 22. March 2005

cO,* Kr*

lon current (a.u.

40 60
mass / charge (amu/e)

Example of mass spectrum recorded
in flight with the calibration gas




Counts

10° |-
104}
103}

102 |-

ROSINA Mass spectrometers
RIOE

RTOF Calibrations

spectrum of residual gas in vacuum chamber

':I L i i -m..ﬂ]..midd_'lla..‘_;

ﬁ 50 100 150 200 250 300 350
Mass [amu] (single reflection)

| |
10000 20000 30000 40000 50000
TOF [ns]




COSIMA

COmetary Secondary lon Mass Analyzer

M. Hilchenbach, MPS, Ger.




COSIMA
Principle of SIMS

‘ Principle of SIMS \

excitation: O analytical signal
. primary ion beam: O secondary ions:
O Art, O, Cs? XX, XY XY

0

nhot used:
heutrals,

000000008 0000 excitedialom
ooooooﬁd; 00000
00000p? ©®000000
00000 0P000000

'\ collision cascade, mixing




COSIMA
General description

4 main parts : a dust collector, a microscope, an ion
source, a mass spectrometer




COSIMA
Operations

Tungsten Needle Indium

Target [on Optics \ [on Source
Target  (Camera Pos.)

Ch@lTliStl’)/ Station) — Camera (\ (\\)\\\
(\\) Primary Ion Beam

o vV Secondary Ion Beam

Cometary Dust
-

(Collect Position)

Drift Tube
Target Store [on Reflector
[on Detector

Robotic Arm with Target

(Spectrometer Pos.) ROSETTA
Electronics

Spacecraft

cosima—func—en.fig




COSIMA

lon source

Primary lons Beam Source

Clean Channel

Targel in
Clean Position

Targel in

e TTETL TTT] dwe N
' [ LI

Huncher Chopper Lens LA [on Emuiller
A

- Between 10% and"O.l% of the desorbed material ionized;



COSIMA
Mass spectrometer

Mass=19.1 kg
Dimensions : 394x973><378 mm




COSAC
| I (0&' (4
Cometary Sampling and Composition

Taste comett

F. Goesmann, MPS, Ger.

characterize the nature and the amount of




COSAC

General description
3 main parts : sampling and gas distribution and

processing system, gas chromatograph, TOFMS

Gas tanks (He)

s

........
2 O S N T st s

MOt )



COSAC
Operations

- Step pyrolysis of solids (up to 600°C) | Exhaust
- Derivatisation (DMF-DMA) E

- Gas (direct or via Carbosieve) Omh

e iy i
and Ovens

- Direct M_S

‘Scheme of COSAC



COSAC
Mass spectrometer

lon source

Gas inlets



COSAC
Mass spectrometer

—

3
2] woes
H

f‘“ 1 -
”'ME{"““M ~ } )P
" 'U

I\

TN}/ TIT)

relative transmission

(L N B L B N 1 T T
13 5 7 9111315171927 232527293133

LI L L L L B L L L B B B
number of passes 1 3 5 7 8 113 16 17 18 A 2B 25
number of passes

Typical performan'cgs foral.2mlong MS

F
Principle of the multi-reflexion FOF
#




QD by, O
Mass spectrometer

Mass=4.5 kg |
Dimensions : 500x450x250 mm




MS response

TCD rasponse

204

MS respanse

COSAC : experimental results in lab

iS00, H.OH

4 4

MS response

MS response

ME response

o
&

204

304

204

10000

CH

1000

signal

100

10

CHOH

(ﬂ 500

MWW:WWM

30

2"'53135

350 4

CH}OH
isoC,H.OH

MWWM .

amu

MWWWWWlW

50

1D¢ 150 200 00 350 dﬂﬂ d5ﬂ 5ﬂﬂ 55D 600 650 o0
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MODULUS

Methods Of Determining and Understanding Light
elements from Unequivocal Stable isotope compositions

|.P. Wright, Open Univ., UK




MODULUS
General description

4 main parts : a sampling system, a gas distribution and
processing system, a gas chromatograph, ITMS

+Ar (100 ppm)

Helium tanks Electronics box
|

| N

small y Ak f - -
bore S el e 3 . Sample pipe:

-

reactors - | e . S e R -
¥ el ' y S 4 -

- - :.:. i o '-\._ g ._.---._ ‘lﬁ:‘i-:_l:. g :.. - = L .
Mats 3 " T T SR/ 4 ~ GC bobbin

spectrometer / : -
- g b b "" . r i’
Vent pipe -~ b T 4
- L e
L L F
- - ;

= = Hydrogen .~ E o *. Hamess to

""" and helium .y tapping

manfolds ,--‘"". station

Ehemistr}r manifolds and large bore reactors



MODULUS
Operations

b DIBTIIDUTI0N 0D PROCE SN SYSTEN GAS CHRONATOGRAPH LTS TIN

g

- Step pyrolysis (up 800°C) - Direct MS
GC-MS (1 channel for the general composition, 1
hannel for CO,, CO, CH, & N, with converion of
(reledsetiptian i CH, and CO into CO,, 1 channel for H,O with a
1| L . conversion into H, and CO)

- Fluorination of




MODULUS
Mass spectrometer

Sample Gas In

Electron source Electron gating lens
mounting ring RF Generator Electronics -8
Electron
BNy J Source
End-cap R ] (Nanotips)
electrode : S | v

lon Count Electronics —

1 <4 | " L
» b & -l n ™ o
4 = - 4
“lon Trap c

B~ Gate and Detector Electronics

lon Detector -

Ring End-cap
elecirode electrode




MODULUS
Mass spectrometer

Mass=4.5 kg
Dimensions : 250x330x110 mm




MODULUS
Mass spectrometer




MASS SPECTROMETRY IN ROSETTA

Synthesis
MS Sample Type | Mass (kg) | Range | Resolution
L Size (mm) (Da)
COSIMA | Grains in the TOF | ¥ =il 1-1300 | 2000 / 50%
coma

ROSINA 3000/ 1%
>500/ 1%

350/ 50%

460x80x80

0.5
80x100x55




Exploration of the Saturn system with the Cassini-
Huygens mission (2005)

Possible ion Fossible ion
Mominal at this Mominal at this
MEES isobaric mass mass isobaric mass

H+ 26 C,H3
Hz, D~ 27 HCM*

HD*, *He* 28 M3, CO*, CH;
He* 29 Bco*, c'o*, *NN-
30
<)
3z
33
34 s5%, 0Mps
S MS main specifications :

a7

- B A, Tl Nature : Quadrupole

EI'.EI:-.Z'.EHJ jil . MaSS : ~4 kg

O N3 2 K Volume : ~20 cm?

Ne-, K- & oo, kcoc Power : 12 W

I;E Fpg :1:“; m/z range . 1-46
o Resolution :

Sensitivity :  N/A




SW/Plasma MS Timeline
d

rd

Mass Spectrometer’ 'rYear, Mission Resolution

lon Traps © 1959 Lunal. - R T

Faraday Cup 1961 EM_e_r!LQ' m'

Electrosialigi ISR -
vvlen_-'” +
f

_H84 Aipte
‘6 Wind .




Why Bother with Composition?

“Minor effegts/ of minor 1ons” said a colleague

* The Plasma Ecosystem.,
— Origins: tragek /

- trigger
acer' and differentiator
reveals E/qacceleratlon

alizations (IMAGE) Vs

rom Earth 7
i




SW Elemental Composition

Mass can separate

dewt_e M/Q

harge states give
coronal temperatures
t different altitudes.

Differentiate
Fast/Slow SW

Ascertain SW origins

MASS—PER-CHARGE

Vo



SW Isotopic Composition -

WIND/MASS Solar Wind |sotopes

12000 —

10000 —

= Counts

00 —

6000 —

b

]

Na

25

26

Si

1100

1

I
150

Mg mg
W

!
1200

TOF Channel Number

I
1250

 Isotopes can reveal
unique acceleration

iqgBAE*3He, 15N.

FTriple Mg isotopes
permit studies of
mass fractionation

- of Solar interior.

' Origins of proto-

“solar nebulae, age
of the sun. ,~

P



Origins of Solar System .

Oxygen Isotope Map of the Solar System

.

Primitive
Hi-Temp.
Materials

+ Genesis

o Lnc.

Genesis
2-o Unc.

b"‘ | | 1 1 I 1 1 | | I

S0 202 i
| T T T N T S T |

0.00190 0

00154 0.00198

1EDI1ED

0.00202 0.00206




The Rosetta mission
Timeline

tt!g‘l(e

03/2004 Launch

03/2005 Earth flyby

09/2008 21Lutet|a ﬂy-by

- 11/2009 Earth flyby

Lutetia

07/2010 2867Steins flyby

Mid 2014 Rendez-vous
with eéomet P67CG

11/2014 Philae release

06/2015 Perihelion passage

12/2015 End of the mission



The Rosetta mission
The orbiter

‘ ALICE
. VIRTIS

OSIRIS vis, near IR&UV camera

} UV, vis & IR spectroscopy

Microwave instrument

GIADA  Instrument for dynamic

and morphology of dust grains

MIDAS  AFM for dust grains
\ observations

RPC Plasma measurements
RSI Radio science (spacecraft)



The Rosetta mission
Philae : the lander

O instruments :

COSAC GCMS for molecules

- CONSERT sounding of the interior

surface
CIVA visible and IR micro cameras
ROLIS camera



Choice of techniques appropriate to space mass spectrometry

WETS

Range
Quadrupole <150
Magnetic <150

TOF

Mass Sensitivity Duty Complexity

Resolution - Cycle (sensor+ Readiness
FWHM electronics)

~150 High Low Low:: =t High

J2atmnEm Mediym e g e High High
100 vedium  High
High Medium

Technology Example

Cassini/
Huygens

Rosetta/
DFMS

Rosetta/
RTOF

Rosetta
lander

SwRI
MBTOF



