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Abstract

Solar Orbiter is an ESA/NASA mission that will provide an unprecedented opportunity to discover the fundamental connections
between the rapidly varying solar atmosphere and the solar wind. The Solar Wind Analyzer (SWA) plasma package shall provide
comprehensive in situ measurements of the solar wind. In particular, the Proton-Alpha Sensor (PAS) will determine the high
time resolution properties solar wind ion populations through the measurement of the 3D distribution function, density, bulk
velocity, temperature and heat Vux. The closest approach of Solar Orbiter to the Sun is 0.28 AU. At this distance the solar
wind Vow, solar UV, and solar infrared Vuxes increase by a factor 13 compared to near-Earth space. The PAS instrument
will provide high cadence 3D distribution function measurements (up to 13 per second) all the way from closest approach to 1
AU. The extreme UV and thermal conditions at closest approach precluded the use of standard ion optics schemes. We thus
developed a new ion sensor optic design combined with conventional robust channeltron detectors. This paper describes the
PAS measurement scheme adopted for varying solar wind conditions and our approach to the fast sampling of 3D distribution

functions. We also highlight the expected scienti:c return of the instrument.
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ESA Solar Orbiter:

*Mission to sample inner heliosphere inside 60 RS

*Equipped with enhanced remote-sensing and in-situ instruments.

*Orbit design to co-rotate with Sun and remain in a single solar wind outflow for
periods of several days
Proton-Alpha ion spectrometer PAS:

Is designed, developed, manufactured, tested, calibrated, and managed by IRAP, Toulouse, France
It Is a part of Solar Wind Analyzer (SWA) plasma package

PAS Scientific Requirements o cowtperpiels (ryplone)

PAS shall determine the SW ion properties both at =
kinetic f(v,W,Q) and fluid (n,V,T) levels up to time
cadence ~ 0.1 s.
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To measure the full distribution function at all %_ T 1 3
distances from Sun PAS field-of-view shall be of 45° % s s o -
in elevation and 66° in azimuth, and its energy : b owacoue S’?Z‘?JT -
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PAS resolutions shall be 0.08 eV/eV in energy and
6° in elevation/azimuth

- PAS sensor head is comprised of the

PAS DESIQn electrostatic analyzer and an array of
conventional channel electron multipliers
(CEM) used to detect the solar wind ions.
Since the instrument line-of-sight points to the
20 Top Deflector o) Sun, the main driver of the sensor design was
M o 107 430" to provide reasonable defence against direct
(S - 2 sunlight and heat radiation. In order to protect
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Analyzer W, the solar light path through the sensor. This
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= | <5 The rear of the PAS analyzer head is open to
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s Lf% SHELSED (e ol (ine [l SieTs Uiy o The 3D cut of the full SWA-PAS instrument. You can Flight model of the PAS unit in the vacuum chamber

mechanical sections of PAS: the titanium

Cut-away representation of the PAS analyser head. multi-layer heatshield, the sensor head, and S€€ three main elements of SWA-PAS design: 1) The auring St SRCe e IR NG SIS

mounted on the top of the electronics box. Both are

The yellow triangles represent the direct solar light and  the electronics analyser %ﬁenég\ﬂ (I;l]etad)t. 2)HVThe electrodnlcs DOX  |ocated behind the PAS-specific heatshield. The
the blue curves show the extreme ion trajectories. The  box. The CEM detectors are located inside Containing the =y 1Y SOLITES 2l _ upper right insert show the PAS installed on the
right insert shows the top view of the CEMs array the electronics box. other electronics boards. 3) The the front thermal shield.  spacecraft. PAS looks toward Sun through a specific

feedthrough with a stepping profile helping to reduce

detector and its angular range. the stray light.

- - A complete 3D measurement of an ion distribution function is a matrix of (96, G225
PAS Measurement Pr|n0|ple 9, 11) elements (energy, elevation, azimuth). Each bin of this matrix
One Full sampling ; corresponds to the counts measured during a defined elementary time period
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. OneElevationbin of 1 ms by a specific channeltron, for a given energy and elevation angle
i (counters open, acquisition) : . . . " -

.~ =~ Transition bin. PAS accumulates counts in all azimuth bins simultaneously, but to cover
. W \ | 5 all elevation and energy bins, PAS performs elevation sweeping and energy .75 !
stepping. For a given energy, PAS makes a continuous sweep over the
elevation range. The width of the instant elevation response is 3°. To fill one -+25-. ||
bin PAS opens the corresponding counter when the elevation scan enters the
corresponding elevation bin, and stops the counter when the scan leaves the 25— ||~
bin. As soon as one elevation sweep is completed, PAS transfers to another s 11
energy step. The duration the full 3D sampling consisting of (96, 9, 11) 75;5@'&
elements is exactly 1 sec.

The PAS design allows for the reduction of the number of energy steps and

elevation angles, and also the use of 7 rather than 11. Reduced distribution
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Transition EOne En@,,gyb.nE functions are then obtained: for example, samples of (48, 9, 7) or (24, 3, 7),
lI | I I I “ ’ etc. If the duration of the reduced sampling factor is less than the full =225 "Xpac
EOP
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sampling duration, PAS can perform several samplings
per second. This fundamental advantage of the PAS

Facketheaders . _ burst mode allows taking of short-duration high-cadence snapshots.
PAS Energy - Elevation sampling waveform

PAS detector angular bins defined by the sensor geometry for the azimuth bins (left
panel) and by deflector sweep for the elevation bins (right panel)

Counters reading
and data transmission
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Schematic illustration of the PAS cyclogram for data capture. For the very fast measurements PAS puts several 40 20 i e dentified with the first -l
reduced samplings in one sec. (left panel). To find the right position of the reduced window we do the maximal e A ——— — Was ldentified wi ENIIrst ftimerica
sampling before the fast cadence. The normal PAS operation consists in large sampling every 4 sec and a short : simulation. The elevation range is slightly
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