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Stella - Proposal submltted to ESA’s caII for M & F class mission

STELLA

Europe’s contribution to INErSIELLAT PROBE
Humanity's Journey to Interstellar Space

Call fm an M and an F launch ()})pm nmm 13 December 2021

§ Call for a Medium-size and a Fast mission
opportunity in ESA’s Science Programme

N 1. EXECUTIVE SUMMARY
'  February 2022 =" The Director of Science of the European Space Agency is soliciting the scientific
[ et | community in ESA’s Member States for proposals for both a “Fast” mission
; ) Prof. Stas Barabash = = . . . ~ . . .
eSOl Opportunity (to be launched in the 2030-2031 timeframe) and for a Medium mission
SN opportunity (to be launched around 2037). The programmatic context for the present

Science Lead

, Call is described in Section 2 and the boundary conditions are described in Section 3. B
Prof. Robert F. Wimmer-Schweingruber
Institute of Experimental and Applied Physics

nertal and Applied 8 The proposal submission process is based on a 2-phase approach as described in
niversity ol 1el, Germany " . . . . 3 . .
wimmer@physik.Uni-kiel de § Section 6 and according to the timeline indicated in Section 7.
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Boundary condltlons for M class mlssrons

3.6 Internahonl collaboratwns

ESA has 3 m|SS|on classes

L= Large : B M-class missions are a key vehicle for pursuing collaboration opportunities between
Cost: ~ 1500 MEUR I the ESA Science Programme and other space agencies. As such, any international
Next L-class mISSIOH S are: collaboration scheme can be considered for the implementation of M-class missions:

an M-class mission can be entirely European, or it can be European-led with junior
JUICE (Ll, Apm 2@23) : participation by international partners, or (part of) the budget allocation of an
Athena (L2 '2034) R M mission can be used to implement a junior European contribution to a mission led

LISA (L3, 2037) 3 s : by a partner agency. All these scenarios have been implemented in the Programme’s

M - Medlum X | L Pasgn 3 Ste W&S\p\oposed as M7. This
Decided: Solar Orblter (Ml 2020) EUC|IC| - caltwasthe only option to contrlbute
(M2, 2023) PLATO (M3; 2026) Ane‘l (M4, Yo toan |S|:>

2029), Envision (M5, 2031) ' , P |

Next M-class launch OprFtUﬂ'ty % 2037 [ L8 In Ime vvlth ISP S ast,ronomlcally

Cost: <550 MEUR" S s _'_ . constrdined raunch window in 2036-
: ;ff;?*, P B 031y -

B Fast/Flexi:

Comet Interceptor (Jo”m't Iaunchw Arlel) e Challenge Different ESA-NASA

S iR time scales (Voyage 2050 - decadal)
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) : : ESA MEdlum CuntrlhutlunstuIntEfnatlunaI M|55|un523
Voyage 2050 g ~ : .2.1  Contribution to a Mission to the lce Giants
A & g 2.2 Contributions to the NASA LUVOIR, Origins, HABEX, or Lynx Concepts...
' Contribution to NASA Interst

Final recommendations from
the Voyage 2050 Senior Committee

3.23 COmrlbunon to NASA In'(erstellar F'robe ::on::epts

§ The stellar-interstellar interaction remains largely unknown, even in our heliosphere, because the boundary
between these regions hosts a complex interaction wi ighly variable and turbulent mixture of plasmas,
neutrals, and dust with variable background radiation. The only missions to have probed this region in situ

are Voyoger 1 and Voyage entlh ] y. The boundary has also

: been probed remotely in energetic neutral atoms by the Interstellar Eounuur_v .E.\p.furer (IBEX) and Cassini.

A dedicated Interstellar Probe equipped with appropriate instruments would for the first time truly unveil
the properties of the interstellar medium and the nature of its interactions with the heliosphere, which
shapes our Solar System. The exploration of the interstellar medium with an Interstellar Probe travelling up
to ~ 200 AU represents a very compelling science case with a unigue in situ observatory and a high
potential for discoveries to answer unsolved questions on the local interstellar medium and more generally

on the formation of astrospheres.

possible and |d|=3||'n.r within 25-30years. The necessary power source for this challenging mission requires

ESA to cooperate with other agencies. An Interstellar Probe concept is under preparation to be proposed to

the next US Solar and Space Physics Decadal Survey for consideration. If this concept is selected, a

contribution from ESA bringing the European expertise in both remote and in situ observation is of
significance for the international space plasma community, as exemplified by the successful joint ESA-NASA

missions in solar and heliospheric physics: SOHO, Uysses and Solar Orbiter.
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Science case for Stella S, 0SS
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Big Questlons 3 %

" New Horizons.. .-

What argiwe madeof? - T Qi Rl e ey
* Where are we golng’? SN m ISP s main goal s 1o understand our habltable astrosphere
= and its home in the galaxy. Stella contributes to achieving
‘the ISP goal by answering five Stella-specific science
‘questions:
e Y N Q1: What is the composition of the local interstellar
TQ1: How is our heliosphere upheld by the physical | medium?
processes from the Sun to the VLISM? S Q2: How is our dynamical heliosphere upheld and how
TQ2: How do the Sun’s activity as well as the interstel- [ | doeSI it change from the Sun to the local interstellar
lar medium and its possible inhomogeneity influence [ : : medium?
| the dynamics and evolution of the global heliosphere? | ERESSES o Vs Q3: What is the origin and role of galactic cosmic rays
. olN in the solar system and beyond?

Influence of ISM on solar system’7

History and f_utu_re of S-Q|ar systen 9

TQ3: How do the current VLISM properties inform our T -
understanding of the evolutionary path of the helio- [FESEESSES ~ Q4: How does the local interstellar medium become

sphere? | ) structured when it meets the heliosphere?
N S < © « (Q5: Are there any deviations from the 1/r? gravity law
- s, - on the interstellar scale? | |
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the neutral component

e IBEX & IMAP measu(-ré
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How is the hellosphere Upheld and how dees |t change from Sun
toVLISM? .- - .
Plasma Science System (PSS) N

Birth & evolutlon of mterstettar& |nner source PUIs _
Acceleration processes and*pressure balz '_ces |n solar
wind and at the heliospheric boupdaries AT
Establish nature zand structure of hellopa

VLISM

goy. stk aaasr . ol -l Orbiter (Owen et
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Origin and role of GCRs in solar system and beyond

Cosmic Ray Spectrometer (CRS)

Understand nature and detalled ergln of GCRs S o :
Establlsh exact nature of hellospherlc sh|eld|ng agalnst GCRs o

-Abundance of Ll Be B
Pitch-angle dlstrlbutlons _
AHEPaM as deme modei '

. }'-:‘-'.HET-EPT ‘on Solar Orbiter
| . ° <« (Rodriguez-Pacheco et .
al., 2020)
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Origin and role of GCRs in solar system ancl beyond cont’d
' Solar ‘Orbiter. HET values: -

Cosmic Ray Spectrometer (CRS) ——————————————————————
L . 5 __;_.: Cases Geometrical factor (mm? sr)

» Geometry factor>2em?sr o c i

e 7-8kg, AW £ 2 & Sam s TR AB2 79.36

* Composition H to- Sn Am/m’< 10% I|kely e Al |

not sufficient to separate reIevant |sotopes '
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1-10 MeV _e1ectrgr35‘,.“__
Cadence: Weekly *

2022-03-30 E sstella




. G o

Origin and role of GCRS in solar system and beyond cont’d
| Solar Orblter HET values: -

Cosmic Ray Spectro_me’ter (CRS): ootV e
AR . =  Cases Geometrical factor (mm? sr)
o S 2 BERS e S ALABI 27.11
Geometry faCtF’r 2.cm ____sr Gty i | '_ A1ABIACAB2AA2 4.43
° 7-8 kg, MV £ B BIACAB2 79.36
e Composition H 10-Sn; Am/m '< 10% Ilkely \ g AlinBI 1.25

not sufficient to Separate relevans |sotopes
e 10 MeV/nuc — 1 GeV/nuc forions - .
e 1—10 MeV e1ectrons R & &
e Cadence: Weekly P

all PHAs

0.95 = min(Al,B1)/min(A2,B2) < 1.05 |} 2
(aka only '"MIPS')

._.
e,
min(Al1,B1) / min(A2,B2)

%)
=
=
=1
=3
()
=<
€I
o
—
o
H#
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hehosphere” |
Lyman-o spectrometer (LyS)

* Properties of hydrogen populatrone
. Velocrty drstrrbution of hydrogen

" *McClintock et al ., Space Sci. Rev.,
1195, 75-124, (2015)
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Are there dewatlons from the grawty Iaw on an mterstellar scale?

Radio SC|ence (RS)

® EXplore graV|tat|0n at Scale Of & How well do we know gravity at various scales 7
SOlar Sytem A 2N 5 poorly reasonably well well no precise data poorly

* Are there deviations from 1/r22

e Never tested beyOnd 50 au 0 Theories that predict deviations from General Relativity

e Determine acceleration of S/C JEEE- TR Chameleon MOND DaIk snergy.iis-Thooied

' Extra Extra dimen- dark energy TeVes, gravity, f(R) gravity,

o Measure two- Way range to an& dim. sions = STVG braneel_s_tnngs and

accuracy of 20 cm at mtegratle

times of 100s: Of seconds* e ) Exgerimental Approach

. GraV|tat|onaI S|gnals from TNOS’?

[ abaratory
expenmenis

-~

Space-based experiments Astronomy  Astrophysics  Cosmology

e No HW needed use radlo s,lgnalI

Techniques available to explore gravity

0 ? e clocks, = Ongoing space Precision spectroscopy C0smology missions
LN R N iy B interferometers, LLR. GPS exploration missions Galaxy surveys, gﬁ‘a_tﬁl;“’e}"?- o
S T . pendula pulsars ravitational waves

clocks, time links, accelerometers

Fig. 1.7.2. Gravity at all length scales (RFP, 2010).
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Model Stella payload (| e., potentlal Europea'n payload prowsmn)

Tab. 3 1.1. Stella science payload and the key performance
Instrument Key Measurements Key performance
Neutral gas mass spectrometer (NGMS) | Composition and isotope composition = m/Am > 100, species H - Fe
of the interstellar gas.
Plasma Science System (PSS) lon and electron 3D velocity distribution = Energy range 0.1 eV - 20 keV
functions and plasma moments Dynamical range in fluxes up to 10"
Cosmic Ray Spectrometer (CRS) Composition and isotope composition = Am ~0.1 amu, H - Sn
of energetic particles. G-factor > 2 cm? sr
Lyman-o. spectrometer (LyS) Lyman-o. line profile and hydrogen R > 15000, <20 km/s Doppler resolution
distribution (req.), 10 km/s (goal)
Radio Science (RS) Two -way range measurements 20 cm for 100 1000 s integration tlme

A Tab 3.1.2. Stella instrument resource budgets
" Instr.  Mass (kg)/ Power (W) /
€, CSR Allocation CSR Allocation
S NGMS | 9.8/10.0 11711
B8& PSS-A | 6.2/n/a, partial contribution | 10/

S PSS-F | 3.0/ n/a, partial contribution | 5/
B CRS 75/80 717
§ LyS 1257125 12 /12
PSS-A: Plasma Analyzer; PSS-F: Faraday cup
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Critical ESA COntI‘ibU-tIOnS"- BN Tab.3.2.1. ESA-provided ISP communication system

@ Parameter NASA ISP Value (CSR, 2021)

ESA's contributions are “from mdustrlaT Frequency 8.4 GHz (X-band)
partners. We propes_.ed three large : Range 350 au (50-years mission)
contributions: S e | Transmitter antenna@  5m
e Communication system e \ Transmit power 52 W

- 5m.dish on ISP with radio system B Min data rate 200 bps (to 4x35-m @ 350 au)
* European deep Space communlcatlon - S

facility: | > s

- flexible, scalable DSN aug _ent_”.'___-‘

e Contribution 10 JSP operations: .
- operations of Eurapegnapaylbgd

- increase ISP science r

- operate radJo scnenceexperl'ment / P
S & - 3
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European deep space communlcatlon facrllty

mtex antenna technology (GER) is the soJe Tab. 3.3.1. Optlons forELnopean deep space communica-

prime to develop a production-ready design tion facility (all numbers are preliminary, X-band)
and produce a prototype 18m antenna for Parameter 35-m Opt. ~18-m Opt.
the US National Radio Astronomy B Antennas array 4x35-m 16x18-m
Observatory (N RAO) Very Large Array Effective aperture, m2 3846 3629

(ngVLA) faCIllty i ,- Gain (dBi) 75.1 74.9
g System noise temp (K) 49 49

Hautmont (ESP) are mvolved in th-'__*
development of the new 35m DSA_. "5
antenna. \ T "y

. Apollocomplex@ - - Artistic view of the
SR T Goldstone DSCC 35m"  NRAO ngVLA of 18m
£ © antennae . dishes

B EaO N . https://public.nrao.edu
2022-03-30 sstella - 15



https://public.nrao.edu/
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Required technology tevelopments

1)Develop quallflcatlon
procedures for mlssmns W|th

50 year Ilfetlmel == Nina ' inuzstigative Report

2)Studies of usrng mtegrated X/Ka T“H":"’,.m

band deep space transponders B ADMINISTRATION
Such will be. flown on NASAs * TN
VERITAS mission ta Venus, = '\ g JUSTICE
developed by Italian Space .
Agency. AIready at hlgh TRL. = — WSS

match in sports

3)Studies of a European Spac WLt

communication: facrlrty .
‘architecture. This would_ Iso | e
needed for mlssr@ns to the icy
giants and outer solar system

50 cts

If Stella is selected these studles should be krcked off in-
2023/2014 to ensure compietron by end of phase 0/A

2022-03-30 E stella ' | : L
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Sustalnablllty of mterstellar research |n Europe

Europe has demonstrated experlence Wlth : 46 Management of knowledge transfr
Iong Iastlng missions: - s BN The very long duration of the mission necessitates the

SN Droad involvement of young and mid-career scientists as
SOHO, Cluster, Ulysses, XMM Newton PR well as encouraging scientists who were not necessarily

Integral, Ga|a |\/|aI’S EXpI‘ESS EtC involved in the hardware phase to join the mission. We

S envision that Pls will change for the different phases of the

Propose Jomt ESA/NASA smence/payload 7_5_ mission.

in charge of important subsystems or projects.
Junior scientists who lead individual ISP science inves-

reviews every 10 years _ _ R, For each 10-year segment of the mission, all project
: AT s R and instrument teams will be requested to include three
Qa% K o ( categories of their team members:
Transfer of knOWIBdge fr Om gene 10N, '[O * Senior members with extensive experience. These
generation by networklng e'x18t|ng & would typically be mentors of mid-career and junior
programs into a virtual Interstellar Probe » o scientists and potential Pls.
Institute (|P|) followmg the ISSI model . _' & © Mid-career scientists who lead smaller teams and are

tigations.

Through the course of the mission, scientists will flow
through these categories to ensure knowledge transfer
and succession. ISP as the anchor will enable an entire
half-century of scientists to gain mission experience.

2022-03-30 | sstella
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Schedule leading up to launch is/could be realistic 4

|22 |23 |24 |25 |26 [27 |28 [ 29 [30 [31 [32 [33 [34 [35]36
ESA M-class Mission Schedule (M-class mission call)
Phase-1 selection Apr
Selection of Missions for Study Nov
Phase 0 and A
Mission selection
Definition phase (B1)
Mission adoption (TRL 5-6)
Implementation phase

Launch by 2037
NASA ISP Schedule (CSR)
Solar and Space Physics Decadal Kick-off

Solar and Space Physics Decadal Completed
PPBE *

Phase A (SRR, MDR)

Phase B (FDR)

Phase C (CRD, SIR)

Phase D (orR. PER, PSR, MRR, LRD)
Launch, Aug. 2036

2022-03-30
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Stella near- term schedule conS|derat|0ns

G N S

Stella: proposal for ESA’s M7 | g

If selected forfurther stUdies G o

* More detailed proposal due 2022 07- 151 Release of Call for an M and an F mission
* Phase 0 'p_re-sth_ies Would start in '2.023_ ‘
e M7 mission selectlon in 2026 '
e M7 mission adoptlon |n 2028 .

e Stella definition: phase: starts 202_=_-‘we1|
aligned with NASAs PPBE process ln
2027. :

* Phase Awould start |n 2028
e Launch in 2036/2'037 (Constralned by

JG AM CO nste |1 atl On)' | Selection of missions for study

End-April 2022 (exact date TBD)

Proposal evaluation and scientific ranking July — October 2022
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Stella - summary & conclusrons

e Stellais a possmle European contrlbutlon to a NASA Ied Interstellar Probe

° Proposed to ESA as an M class mlssmn cOst cap 550 I\/lEUR (cost to ESA)

* Two optlons proposed % e - TS o
- core} instruments & ISP communlcatljo"_: '_te-m'_fl::l:nclj; 5m HGA e / =
- full: Augmentatlon of ESA's déep spacet{c'?”’-' tlon fa - 'llty with 35m or 18m dishes

J Instrument contrlbutlons funde',

e Strong role of ESA needéd to ens‘ure'_'50+g

® Unique challenges also for science teams! Wr | .requwe
rethinking of how we: handle successlons/ ' :

o§d jnstrurnent placeholders! ==
p ra_ti'on‘ot-\‘i-r]Struments.
| sl -
e Programmatic difficulties remain, especially the cr|t|caI gap - g ?}!ﬂ_‘#ﬂ
between ESA & NASA schedules Ao S s Wb & t -‘rﬂ,.#-l; 3
* In the mean t|me Stella at Cospar IAC, AGU etc s el i E‘i #ﬂl
TR B ' o J
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