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Closest distance to the Sun

• HELIOS				 	 0.31	AU		 66	RS	above	photosphere	

• Solar	Orbiter	 0.28	AU		 59	RS	above	photosphere	

• Solar	Probe	Plus	 0.039	AU	 8.8	RS	above	photosphere 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Closest distance to the Sun

• HELIOS				 	 0.31	AU		 66	RS	above	photosphere	

• Solar	Orbiter	 0.28	AU		 59	RS	above	photosphere	

• Solar	Probe	Plus	 0.039	AU	 8.8	RS	above	photosphere 
 

• ICARUS	(project)		 0.0082	AU	 1	RS	above	photosphere

3
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Really close !

4

Solar	Probe	Plus	
Closest	Approach
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https://svs.gsfc.nasa.gov/3966
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Main motivation

• get	inside	the	Alfvén	criRcal	surface	!

6

The Solar Probe Plus Mission: Humanity’s First Visit to Our Star

Fig. 12 SPP will be the first mission to fly inside the solar wind source region and to sample directly the
critical region of the outer corona where solar energetic particles (SEPs) are generated. The Solar Orbiter
mission will also observe the Sun and the solar wind several 10s of degrees above the ecliptic and will
provide complementary measurements to those of SPP. Model profiles of solar wind speed U and Alfvén
wave speed VA versus helioradius. The vertical bar separates the source, or sub-Alfvénic, region of the wind
from the super-Alfvénic solar wind flow

The required measurements include magnetic and electric fields, plasma waves, quasi-
thermal noise and radio emissions, thermal ions and electrons, energetic electrons, protons
and heavy ions, and visible broadband images. The required observations are such that the 3
science objectives of the SPP mission and all of their underlying science questions (Sect. 2)
can be fully addressed. However, it is recognized that with the inclusion of models we can
still make sizable progress in answering these key questions with a reduced set of mea-
surements. The science can be addressed with different combinations of measurements and,
furthermore, there are multiple schemes of obtaining the measurements using different in-
strument combinations. Thus, the mission is robust against the failure of any instrument or
the loss of any given measurement after launch.

Table 1 illustrates the different types of measurements that can be combined in multiple
ways to address each of the SPP science objective questions. These combinations present
sufficient flexibility to provide outstanding science return even for the unlikely case of degra-
dation of the spacecraft and/or instruments, and provide multiple paths to successfully ad-
dress the SPP science questions. The instruments used to make the various measurement
types are described in the next section.

3.3 Science Investigations

The SPP instrument Science Investigations, selected by NASA in September 2010, are:
the Electromagnetic Fields Investigation (FIELDS); the Integrated Science Investigation of
the Sun, Energetic Particle Instruments (ISIS); the Solar Wind Electrons Alphas and Pro-
tons Investigation (SWEAP); and the Wide Field Imager for Solar Probe Plus (WISPR).
The institutions participating with the instrument science investigations are listed in Ta-
ble 2. In addition to the four instrument investigations, there is also a theory and modeling
investigation—Heliospheric origins with Solar Probe Plus (HeliOSPP). The HeliOSPP PI,



HELIOS workshop June 2016 - Köln

A looooong history

• 1958	NaRonal	Research	Council	Space	Science	Board	

• 1982	Solar	Probe	(JPL)	

• 1988	VULCAN	(ESA)	

• 1992	Solar	Corona	Probe	(E.	Marsh,	A.	Roux,	ESA)	

• 2003	Solar	Probe	recommended	by	NaRonal	Decadal	Survey	

• 2008	PHOIBOS	(M.	Maksimovic,	ESA)	

• 2008	Solar	Probe	Plus	science	and	definiRon	team	(JHUAPL)	

• July	2018			launch

7
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Solar Probe design evolution
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4 instrument suites

• Solar	Wind	Electrons	Alphas	and	Protons	(SWEAP)	InvesRgaRon	  
(J.	Kasper,	U.	Michigan)	

• Wide	field	Imager	for	Solar	Probe	(WISPR)	  
(R.	Howard,	NRL)	

• Electromagne<c	Fields	(FIELDS)	InvesRgaRon	  
(S.	Bale,	U.	Berkeley	)	

• Integrated	Science	Inves<ga<on	of	the	Sun	(IS⦿IS),	  
(D.	McComas,	SWRI)  

project	scien,st	N.	Fox	(APL)	

principal	inves,gator	M.	Velli	(JPL)

9
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Instrument suites

10

Solar Probe Plus Instrument Selec/ons 

Solar Wind Electrons Alphas and Protons 

(SWEAP) Investigation (J. Kasper 
Smithsonian CFA 

Electromagnetic Fields (FIELDS) 

Investigation (S.  Bale, Berkeley ) 

- DC/LF Electric Fields 

- DC/LF Magnetic Fields 

-  Plasma Waves 
-  Spacecraft Floating Potential 

- Rapid Density Fluctuations 

- Electron Density and Temperature 

-  Solar/IP Radio Emissions 

-  Voltage Signatures of Dust Impacts 

Solar Probe Cup (SPC) – Faraday Cup faces 

the Sun, high cadence (up to 128 Hz) bulk 

ion and electron measurements 

Solar Probe ANalyzers (SPAN) – 

ElectrostaGc Analyzers behind the 

heat shield, detailed measurements 

of 3D ion and electron velocity 

distribuGon funcGons 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Instrument suites

11

Solar Probe Plus Instrument Selec/ons 

Wide field Imager for Solar Probe (WISPR) 

(R. Howard NRL) 

•  Wide‐Field Imager of the Heliosphere 

From 13.5º to 118º from the Sun 

•  Visible Light ObservaGons 

LE
T 

HE
T 

ELECTRO
NICS BOX 

PEDES
TAL 

Integrated Scinece Investigation of the Sun 

(ISIS), D. McComas SWRI 

EPI HI Measures energeGc 

parGcle spectra, composiGon, 

and angular distribuGons. 

Cover ~1 to >100 MeV/ nuc for 

protons and heavy elements and 

~0.5 to 6 MeV for electrons 

View direcGons covering 50% of 

the sky  

EPI LO energeGc electron (25‐500 keV) ion spectra 

(~0.02‐7 MeV protons and 0.02‐2 MeV/nuc heavier ions) 

Resolves all major heavy ion species and 3He and 4He 

over much of this energy range in mulGple direcGons 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FIELDS

The	FIELDS	instrument	suite	will	measure	directly 

• DC/Low	Frequency	Electric	Fields	

• DC/Low	Frequency	MagneRc	Fields	

• Plasma	wave	(E	and	B)	waveforms,	spectra,	and	cross-spectra	

• Spacecrac	floaRng	potenRal	

• Solar	and	interplanetary	radio	(e/m)	emissions  

…and	by	analysis  

• Perpendicular	electron	velocity	and	its	spectrum	

• Very	accurate	electron	density	and	temperature	

• Rapid	(~kHz)	density	fluctuaRons	and	spectrum	

• Voltage	signatures	of	interplanetary	dust

12
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FIELDS Plasma Environment

13
8

The FIELDS Instrument Suite for Solar Probe Plus

Table 2 Expected typical values for plasma parameters and other derived quantities to be measured by
FIELDS at different heliocentric distances. δBA and δEA are expectations for large Alfvénic fluctuations.
δEL is the expected level of wave electric field fluctuations given a scaling that assumes constant energy
density

Parameters 10 Rs 55 Rs 1 AU

Magnetic Field |B0| ∼ δBA 2000 nT 70 nT 6 nT

Electric Field |Ec| ! vswδBA 100 mV/m 30 mV/m 3 mV/m

Density ne ∼ δn 7000 cm−3 120 cm−3 7 cm−3

Electron Temperature Te 85 eV 25 eV 8 eV

Solar Wind Speed vsw 210 km/s 400 km/s 450 km/s

Alfvén Speed vA 500 km/s 125 km/s 45 km/s

Plasma Frequency fpe 750 kHz 100 kHz 24 kHz

Electron Gyrofrequency fce 60 kHz 2 kHz 160 Hz

Proton Gyrofrequency fcp 32 Hz 1 Hz 0.1 Hz

Convected Debye Length vsw/λD 4 µs 8 µs 22 µs

Convected Electron Inertial Length vsw/(c/ωpe) 0.3 ms 1.2 ms 5.5 ms

Convected Proton Inertial Length vsw/(c/ωpi) 13 ms 50 ms 250 ms

Convected Proton Gyroscale vsw/ρp 3 ms 30 ms 200 ms

DC/LF Electric Fluctuations δEA ∼ vAδBA 1 V/m 10 mV/m 1 mV/m

Kinetic Electric Fluctuations δEL 1 V/m 70 mV/m 10 mV/m

ties. The latter are hourly variances of magnetic field and velocity fluctuations. However, the
‘one-hour’ scale does not mean much for the solar wind. Two particular scales that are char-
acteristic of solar wind turbulence are those associated with an observed breakpoint in the
turbulent fluctuation power spectrum: (i) the breakpoint between the large, energy injection
scales (characterized by a k−1 or f −1 power spectrum) and the inertial range scales (charac-
terized by a steeper, f −5/3 Kolmogorov-like spectrum), and (ii) the breakpoint between the
inertial range scales and the kinetic or dissipation scales (characterized with an even steeper,
∼ f −3 spectrum) where energy dissipation is believed to occur.

One way to proceed (which is what we have done here) is to determine how these break-
point scales or frequencies and their associated turbulence power vary with distance. He-
lios observations (e.g. Bavassano et al. 1982; Bruno and Carbone 2005) showed that the
breakpoint frequency between injection and inertial range scales shifts to higher frequencies
closer to the Sun. We re-analyzed Helios power spectra between 0.3 and 1 AU and we found
that the breakpoint frequency fi between the injection and inertial ranges scales as a power-
law with distance, fi (Hz) ∼ 4.9 r−1.66 (r in Rs ), and so is the turbulence power at those
same frequencies, δB2(nT2/Hz) ∼ 108.1 r−2. The scaling of the breakpoint frequency be-
tween inertial and dissipation range, fd , is determined assuming its occurrence for k ρi ∼ 1
(ρi being the proton Larmor radius), with Alfvénic fluctuations propagating with the Alfvén
speed vA, therefore taking into account the proper Doppler shift [2π fs/c ∼ k (vA + Vsw)],
which leads to fd ∼ fci (vA + Vsw)/vthi .

Combining these findings and assuming the above-mentioned scaling for the magnetic
field power spectra at injection, inertial and dissipation scales, we can determine the ex-
pected magnetic field spectra at 54, 20 and 9.5 Rs . This is illustrated in Fig. 2. Also shown
on this plot are the expected SPP fluxgate and search coil magnetometers noise floor. The
predictions of magnetic field levels associated with shocks, reconnection, strong whistlers
and z-modes (with Langmuir wave amplitude) are scaled from 1 AU observations based on
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FIELDS Magnetic Field Measurements

14
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FIELDS Level-1 Requirements

15

Measurement Dynamic	Range Slow	cadence High	cadence Bandwidth

B	waveforms 140dB 256	vectors/s 100k	vectors/s DC	-	50	kHz

E	waveforms 140dB 256	vectors/s 2M	vectors/s DC	-	1	MHz

E	/	B	spectra 140dB 1	spectrum/10s 1	spectrum/s 5Hz	-	1	MHz

QTN/Radio 100dB	for	QTN 
80dB	for	radio

1	spectrum/32s  
1	spectrum/32s

1	spectrum/4s	QTN 
1	spectrum/16s	
radio

10-2’500	kHz	QTN 
1-16	MHz	radio
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FIELDS Sensors

16

The FIELDS Instrument Suite for Solar Probe Plus

Fig. 4 FIELDS uses 5 voltage
and 3 magnetic sensors to
measure electric and magnetic
fields. The four V1–V4 sensors
are deployed into full sunlight
near the base of the SPP heat
shield (TPS). A search coil
magnetometer (SCM) is mounted
at the end of the instrument
boom. Two fluxgate
magnetometers (MAGi and
MAGo) and a simple voltage
sensor V5 are also mounted on
the boom

The FIELDS instrument is very sensitive to conducted and radiated noise sources from
other instruments and spacecraft subsystems; at high frequencies (∼MHz) the instrument
is sensitive at the level of nV/

√
Hz (cf. Sect. 2.2.4). To accommodate this, a spacecraft

level electromagnetic cleanliness (EMC) program has been established. A fundamental
requirement of the SPP EMC program is that all DC–DC power converters be operated
at fixed frequencies in 50 kHz intervals, beginning at 150 kHz (i.e. 150 kHz, 200 kHz,
250 kHz, etc.) and that these chopping frequencies be crystal-controlled. This picket-fence
approach concentrates power-supply noise and harmonics into well known and narrow fre-
quency bands providing ‘clean’ regions of spectral density in which to make sensitive mea-
surements (see Sect. 2.2.4 and Fig. 16). Further, the FIELDS instrument team made the
decision to synchronize its internal sampling clocks to multiples of 150,000 Hz with its
master clock operating at 150,000 Hz × 256 = 38.4 MHz. To accommodate digital sig-
nal processing algorithms, which prefer power-of-two data blocks, FIELDS uses a rescaled
timebase that we call a ‘New York second’ (NY sec) and define 1 NYsec as a convenient
power-of-two number of clock cycles (217) of the standard 150 kHz power supply chop-
ping frequency. Thus 1 NYsec is defined as being 217/150,000 ≈ 0.873813 . . . sec. While
the FIELDS DFB ‘burst mode’ operates in sync at 150,000 Sa/s (samples/second), which is
217 samples/NYsec, the lower cadence data is sampled at rates that are 150,000 Sa/s divided
by further powers-of-two. For example, the fluxgate magnetometers operate in synchroniza-
tion at 150,000/29 ≈ 292.969 Sa/s, which is exactly 256 Sa/NYsec. This allows FIELDS to
sample in synchronization with the EMC prescribed frequency of 150 kHz avoiding large
noise signals from power converters and to maintain the power-of-two data format desired
by Fast Fourier Transform (FFT) algorithms. Note that the FIELDS and SWEAP (Kasper
et al. 2016) instruments use a master/slave clock configuration over a dedicated interface:
SWEAP uses the FIELDS clock signal when available. This will maintain phase coherence
between the FIELDS and SWEAP measurements, enabling both accurate high cadence data
processing and the removal of deterministic noise signals.

2.1 Sensor and Preamp Design

The FIELDS suite uses five voltage probes and three magnetometers to make measure-
ments over 20 MHz of bandwidth and 140 dB of dynamic range. The ‘V1–V4’ voltage
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Fig. 5 The FIELDS suite block diagram. Boom-mounted sensors are diagrammed in the upper left dotted box; these sensors are fixed to the boom and deploy with it. The four
TPS-plane electric field/voltage sensors are deployed by actuation from the spacecraft. The Main Electronics Package (MEP) at the bottom is mounted within the spacecraft body
and consists of two sides—FIELDS_1 and FIELDS_2—providing some redundancy in the case of power supply or computer failure. FIELDS also has a dedicated interface to
the SWEAP instrument. Color-coding indicates institutional responsibility of each hardware component

Block diagram
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MAG fluxgate

• Built	at	GSFC	(lead	CoI:	R.	McDowall)	

• Bandwidth		140	Hz	(sampled	at	32-100	Hz)	

• Max	amplitude	65536	nT	(4	ranges),	16	bits

18

The FIELDS Instrument Suite for Solar Probe Plus

Fig. 8 A simplified schematic of the V1–V4 electric preamplifier circuit. A signal from the antenna whip is
fed into 3 separate channels that feed the DFB, TDS, and RFS receivers. The LF side using a floating voltage
system to accommodate the large expected plasma voltage variations. The grey box in the upper left represents
the plasma voltage signal and sheath impedance, and some estimated values of the sheath resistance are shown
in the table within the figure

Fig. 9 CAD drawing of a SPP
MAG sensor, showing the
composite structure supporting
the two bobbins and electronics
board (green) inside the
composite cover. Also seen are
two of the three kinetic mounts
supporting the sensor on the
composite 4-hole mounting plate,
the alignment cube, and the
pigtail harness that connects to
the spacecraft harness

to the study of the coronal processes that lead to heating of the solar corona, and exploring
the roles of shocks, reconnection, and turbulence in accelerating energetic particles.

The sensor design for the SPP MAGs (Fig. 9) will provide maximum thermal isolation
from the boom, which will undergo considerable temperature variation, depending on its
location in the umbra or in sunlight. Kinematic mounts limit the heat transfer across the feet
of the sensor. The heritage of the kinematic mounts derives from the Juno magnetometers,
where they were used to ensure that the sensor temperature variation was limited. Heater
power is provided by a proportional AC heater to reduce the temperature variations of the
sensors and to provide survival heating. The heater is synchronized to a frequency provided
by the MEP. The sensor mass requirements have lead to use of a lightweight composite base.

Each MAG sensor has a corresponding electronics board in the SPP FIELDS MEP. For
enhanced reliability, the outer MAG board is controlled by the DCB, and the inner MAG
board by the TDS. The control component on each board is the rad-hard Aeroflex FPGA that
contains all of the MAG logic functions and on-board SRAM. These functions include com-
mand handling, telemetry packet formatting, ADC readout, auto-ranging algorithm, DRIVE
clock generation, and housekeeping readout. MAG produces a data product at the required
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SCM Search-coil

• Built	at	LPC2E	(lead	CoI:	T.	Dudok	de	Wit)	

• Bandwidth	:	10	Hz	-	50	kHz	(x	3),	1	kHz	-	1	MHz	(x	1)	

• Dynamic	range			160	dB

19

The FIELDS Instrument Suite for Solar Probe Plus

Fig. 11 Engineering model of
the search-coil magnetometer
(SCM) for SPP

Fig. 12 Measured sensitivity (in red) and frequency response (in blue) of SCM. The curves on the left are
for the ELV/VLF antenna and the curves on the right for the LF/MF one. The highest measurable levels are
3000 nT in the ELF/VLF range, and 100 nT in the LF/MF range

large transients near the Sun. Peak values, as scaled from observations made by Helios at
distances from the Sun down to 0.29 AU, may reach 3000 nT in the ELF/VLF range. Thanks
to a careful design, the dynamic range of the instrument has been increased from past models
by several tens of dB, now reaching 160 dB in the ELF/VLF range, and 130 dB in the LF/MF
range. SCM will be located in the shade of the spacecraft, at the end of the magnetometer
boom, and thus needs a heater to keep it above deep space temperatures. To mitigate thermal
losses, the instrument will be wrapped in an insulating MLI layer, with very compact design.
The SCM design is very compact; in particular, the preamplifier has been miniaturized by
3D Plus, and will be located inside the foot of the instrument.

The sensitivity and instrument response of the SCM are illustrated in Fig. 12. The sensi-
tivity is sufficient to observe small-amplitude solar wind turbulence in the inner heliosphere,
and properly distinguish Elsässer variables, while also capturing large transients (hence the
low gain −50 dBV/nT in the ELF/VLF range). The analog signals in the ELF/VLF range
will be processed by the Digital Fields Board (DFB), which will deliver either spectra or
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Science operations

• Perihelion	invesRgaRon	below	23	RS	:	3	days		

• Storage	memory	:	32	GB	

• Recoverable	:	9	GB
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Fig. 18 FIELDS orbit sequence
showing data acquisition and
playback intervals

Absolute Time Sequence (ATS) covering an entire perihelion pass, instrument software will
use Spacecraft Time and determine the preferred instrument configuration for any point in
the orbit. Much of the instrument commanding is facilitated by up to 64 ground-loaded non-
volatile Relative Time Sequences (RTS) that accomplish different instrument configurations.
For example, an RTS might set the MAG1 and SCM sampling to the same rate for the
purpose of cross-calibration, hold for a period and return the rates to nominal values.

As shown in Fig. 18, FIELDS operational concept contains a number of steps during the
nearly 90 day orbit.

1. As SPP descends toward perihelion (e.g. ∼8 days prior), FIELDS is set into Calibration
mode, with a low 2 kbps output rate to the spacecraft. After Calibration, Antenna bias
sweeps will measure properties of the sensors (pre-encounter). Ground operators verify
that the ATS is loaded and operating. A z-axis slew is required for FIELDS calibration
once per orbit at solar distance >0.25 AU and <0.82 AU. It involves 2 complete 360
degree rotations about the s/c z-axis at the max rotation rate available with the s/c wheels.
The rotations can be executed in +/− direction for wheel momentum balance.

2. At about 6 days to perihelion, FIELDS will enter High Rate Science mode, in which it
will send about 20 kbps of prioritized Survey data to the spacecraft SSR in real-time,
while it stores about 100 kbps of High Rate Science data to the internal 32 GB solid state
recorder.

3. After the encounter, FIELDS is commanded into Calibration mode followed by post-
encounter Antenna bias sweeps. FIELDS will return to low rate Survey mode and can be
turned off if needed.

4. While off, FIELDS sensors will be kept warm using spacecraft-provided heater power.
As downlink opportunities approach, Spacecraft will transmit prioritized Survey data
from the S/C SSR to the ground.

5. FIELDS SOC processes and performs preliminary analyses on the Prioritized Survey
data, including Quick Look plots, and distributing to the team.

6. At aphelion, the FIELDS team will convene to examine the playback data and determine
periods of special interest from the preceding perihelion. Command sequences will be
generated to select this special data for playback as SPP approaches the next perihelion.
In addition, the team may prepare modes of operation for the next encounter; and identify
configuration or software changes needed.

7. Following event selection, commands are sent to playback sections of the FIELDS inter-
nal solid state recorder to the Spacecraft SSR, and the Spacecraft will forward these data



HELIOS workshop June 2016 - Köln

Orbits
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N.J. Fox et al.

Fig. 13 SPP trajectory viewed
from above the ecliptic plane
with launch date on July 31,
2018. The seven Venus gravity
assists (i.e., Venus Flybys [VF];
green dots) with the
corresponding dates are also
shown as well as first perihelion
and the first minimum perihelion

Fig. 14 SPP-Sun distance through the mission, showing walkdown to minimum perihelion. Venus flybys are
indicated by the circular brown icons

encounter phase, that part of the orbit where the spacecraft is closer than 0.25 AU, and a
downlink/cruise phase outside the solar encounter region. The bulk of the science opera-
tions take place during the solar encounter; during this time, instruments collect data and
store measurements of interest on the spacecraft and instrument suite solid-state recorders.
Communications are limited during these close approaches to the Sun, so science collection
is autonomous and only limited health and safety telemetry are downlinked. Table 3 gives
a breakdown of the time spent in various regions near the Sun. Outside the solar encounter
period, the downlink/cruise phase is where all other activities needed to operate the mission
take place, including science and housekeeping data downlinks, navigation contacts, trajec-
tory correction maneuvers, and command uploads for autonomous activities. SPP will make
science measurements during the downlink/cruise phase as power is available and when
other activities are not in progress.

The SPP trajectory requires high launch energy, with maximum C3 over the launch pe-
riod of 154 km2 s−2. To meet these requirements, SPP will launch on a Delta IV Heavy class
launch vehicle and an upper stage based on the STAR-48B solid rocket motor. Launch will
take place from Kennedy Space Center/Cape Canaveral Air Force Station. A backup launch
period is planned in May 2019, in the unlikely event that the mission cannot launch during
the primary period. If the backup launch is used, the trajectory of the mission will require
an additional Venus gravity assist and two phasing orbits to insert SPP into an orbit similar

Fox et al. (2016)



Why we are interested in 
Helios B field data
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Short time scales

• FIELDS	will	explore	processes	
on	much	shorter	<me	scales	
and	with	larger	amplitudes	
than	before
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What B(t) should we expect ?

• What	is	the	magneRc	field	fluctuaRon	level	at	9.5	RS	?
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Fig. 1 Radial evolution of (a) magnetic field intensity, (b) solar wind velocity, (c) proton density, and (d) pro-
ton temperature. Diamonds represent data from Helios 1 binned in distance, and the error bars are the stan-
dard deviation for each bin. Model extrapolations are shown in each panel

(1998) (red curve, which gives the lowest estimate at 10 Rs ). Compared to the equatorial
density, the proton temperature measured by Helios shows a stronger variability. The best
power-law (Tp ∼ T0 r−α) fit to the data (green curve) is a power law with an index α ∼ 0.67.
The red curve is a power-law with an index α = 0.6 and a temperature of 9 eV at 1 AU.

Table 2 shows the estimates of the typical slow solar wind parameters at different helio-
centric distances over the SPP orbit: at 1 AU (215 Rs ), at 55 Rs , and at the final perihelion
(∼10 Rs ). These estimates are based on extrapolation and modeling inward of the Helios
results for the magnetic field strength (using the Parker spiral field), and the proton and
electron temperature, as discussed above. We used the Sittler-Guhathakurta model for the
density and the empirical Sheeley-like model for the solar wind speed. At the bottom of the
table are estimates of the electric and magnetic fields associated with shocks and current
sheets δB/B0 ∼ 1 and δE/δB ∼ vA and those of kinetic and dissipative processes at smaller
scales (whistlers, Langmuir waves, etc.). These values were then used to estimate spatial
scales, frequencies, and convected timescales shown in Table 2, which in turn determine the
required performance of the FIELDS instrument.

One of the primary objectives for FIELDS is to measure waves and turbulence in the
innermost heliosphere. Of specific interest are very high-time resolution measurements of
the fluctuating electromagnetic fields over a wide range of scales, as well as the very large
amplitude fields associated with perturbations such as shocks, reconnection magnetic fields,
strong whistlers, Langmuir waves, etc.

Some turbulence-driven solar wind models (i.e. Cranmer and van Ballegooijen 2005;
Cranmer et al. 2009; Verdini and Velli 2007; Verdini et al. 2010) provide predictions of the
radial evolution of solar wind plasma parameters, as well as important fluctuating quanti-
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Merge fluxgate and search-coil in single 
composite

• A	merged	magneRc	field	dataset	will	be	provided	
rouRnely	(0-256	Hz)

25T. Dudok de Wit FIELDS meeting 12/12/2015

Objective

2

MAG 
sampled at 32 s/s

SCM 
sampled at 256 s/s

composite 
sampled at 256 s/s

1 s/s = 1 spnys



HELIOS workshop June 2016 - Köln

Issues

• Near	the	Sun	:	too	much	heat,	not	enough	power	

• Large	electric	field	potenRal	=	important	wake

26

The FIELDS Instrument Suite for Solar Probe Plus

Fig. 3 The electric potential
surrounding a simple model of
the SPP spacecraft near
perihelion [see Ergun et al. 2010
for details on the simulation].
The X-direction is toward the
sun. The Y-direction is the orbital
track of the spacecraft. Color
represents potential in volts. The
thick black lines depict the
electric field antennas. The
plasma density is 7000 cm−3, the
electron temperature is 85 eV and
the ion temperature is 85 eV. The
solar wind speed is 200 km/s and
the spacecraft orbital speed is
180 km/s. The plot is in the frame
of the spacecraft

The above discussion is oversimplified as it neglects effects such as secondary electron
emission, wakes, etc. (Whipple 1981). It is also oversimplified because it neglects geometric
effects that may be important in the SPP mission, as next discussed. Near perihelion, the
photoelectron density near the surface of the flat heat shield is large because of the intense
sunlight, so the photoelectron Debye length is small compared to the dimensions of the heat
shield. These conditions can create an electrostatic barrier near the heat shield through which
newly created photoelectrons do not have sufficient energy to escape but incoming plasma
electrons, being much more energetic, can penetrate to the surface of the heat shield. As a
result the heat shield and the spacecraft may charge to large negative voltages even if the
electrostatic cleanliness specification is satisfied (Ergun et al. 2010; Guillemant et al. 2012;
Donegan et al. 2014). Under these conditions the bias current to the electric field sensors
will need to change. A flight software algorithm is implemented to make such changes.

Even with electrostatic cleanliness and bias current control, further errors in the mea-
surement may occur due to wake effects. At almost all regions and times along the SPP
orbit, the solar wind speed relative to the spacecraft exceeds the ion thermal speed, creating
a high Mach flow relative to ions. On the other hand, electron thermal speeds almost always
exceed the solar wind speed. As a result, an ion cavity is formed on the downstream side
of the spacecraft, which is partially filled by the electrons creating a negative potential in
the spacecraft wake. The potential in the wake (Vwake) can be a significant fraction of the
electron temperature (kBTe) or higher.

An example of the spacecraft wake is displayed in Fig. 3. This figure shows a slice of the
expected wake in the SPP orbital plane. The image is in the frame of the spacecraft under
representative conditions at perihelion (roughly 10 RS ). The sun is at the top (X-direction)
and the spacecraft orbit is along the Y-direction. The spacecraft velocity of 180 km/s is
nearly the same as that of the solar wind, so the wake is at rough 45◦ from the sun. The
wake has a minimum potential of ∼−60 V, about 70 % of kBTe .

The ion wake has two unwanted effects on the electric field measurement. It creates
an electric field in the X–Y plane, which can and should be detected by the electric field
instrument. Near the wake, the unwanted wake electric field can exceed that of the solar
wind making it difficult to isolate the naturally occurring electric field. Wake formation
provided the primary motivation to locate the FIELDS electric field antennas as far forward

Ergun et al. (2010)
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The FIELDS Instrument Team
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