The first space mission designed to orbit the planet closest to the Sun
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The Key to Terrestrial Planet Evolution
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Measures E/q, Time-of-
flight (TOF) and incident
angle for plasma ions

E/qrange: 0.5 - 13 keV/e
m/q range: 1-60+ amu/e
Time resolution down to 8s

Nearly hemispherical
Instantaneous field of view
(1.4 = steradian)

Designed and built at
University of Michigan

Primary role: Heavy ion
composition

FIPS

Mass: 1.41 kg Power: 1.9(ave)/2.1(max) W
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FIPS Field of View and Limitations

MESSENGER Top View

FIPS looks out to the side of
MESSSENGER, tilted down and toward
front.

FIPS FOV is blocked within 12 degrees of

radial direction. _
Looking out

through FIPS
aperture
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Issue:

Cutoff distributions complicate
Interpretation of FIPS measurements.

Solution:

Develop forward model recovery
method which includes cutoff effects
self-consistently.



Presenter
Presentation Notes
Three representative 2D velocity distributions, all isotropic but with different v/vth ratios (Mach numbers).  The dashed lines are FIPS FOV in velocity space.  Velocities in km/s.  Note:  Big grey box appears as an animation on keypress.

Main points:
 Plasma mantle:  A  hot distribution convecting toward FIPS from the front is observed but moments are difficult to determine because core is not observed.
 Solar wind:  A cold (high Mach) distribution convecting toward FIPS from the front is often only barely observed.
 Plasma sheet:  A hot, very slowly convecting distribution is observed well.  Moments can be reconstructed because core is observed.
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FIPS Instrument Model

* Input: Plasma state and
distribution function.

* QOperation:

1) Extract time-dependent frame Nt
transformation matrices for
MESSENGER position and

attitude.

2) Raster scan over E/q values and
FIPS FOV doing for each
— FIPS frame - Input frame

— Find phase space density from
distribution function

— Calculate counts

* Qutput: FIPS-like E/q spectrum
and incident angle histogram

Normalized Cnts/s
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Forward Recovery Method

e Assume:

— 3D Maxwellian velocity distribution.

— Very low sonic Mach number
Vih == Vpuik

* Run model for range of densities and thermal speeds
— thermal speed: 100-540 km/s, 20 km/s increments
— density: 5-30 cm3, .5 cm3 increments

* Two stage recovery — find best fit model E/g spectrum
— Stage 1. thermal speed
— Stage 2. density
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Stage 1: thermal speed

Minimize mean squared e I I -
error:

101 ’

model
counts

I:\)sum — Z(CI o I\/Ii)2 Rom

Actual

counts
Sum over E/q 1k . -

spectrum 100 200 300 400 500

Recovered thermal speed: 220.0 km/s

22 November 2010 8
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Stage 2: Density Recovery

G 12

2 4 6 B
E/Q (kev/e)

Recovered density:

6.5 cm3

* Repeat procedure with
single vth and range of
densities

* No amplitude scaling this
time.
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Flyby Geometry

Y MSO [R,]
Z MSO [R,,]

X MSO [R,,] Y MSO [R,]

Mercury Flybys: M1 (14 Jan 2008), M2 (6 Oct 2008), M3 (29 Sep 2009).




Bowshock MP CA MP

T B T T e T e e e R T oty e sh o T Flyby 1

7|14 an 2008

"Plasma : NBL
CTTUTTTTSheet YR

b
- aw)
e

-20
-60

60
20

-20
-60
150
100

B, (nT)

By (nT)

'IIIIII]III Ilé

Northward
IMF

B, (nT)

50

180
90

I T ﬂ'lTlIIITIIIIIII III|III|IITIIIII

¢ (deg)

_180_ . - , . , M - , .

UTC 18:05 18:25 18:45 19:05
MSO X -4.51 341 227 -0.88
MSOY 783 5.10 231 -0.63
MSOZ 037 0.22 0.06 -0.09 - =X,

ALT 805 5.13 2.24 0.08 % 0

Y MSO [R,]



Presenter
Presentation Notes
Walk-through FIPS data during M1, adding only limited interpretation.  MSO XYZ and ALT are in Mercury radii.
Main points
 Counts are very low before crossing the bowshock due to obstruction of the solar direction by the sunshade. 
 Inbound magnetosheath (18:08-18:43):  
 Counts increase/decrease in sync with partial rotations about YMSGR for MASCS.  
 Shows FOV orientation effect clearly for high Mach number flows
 (Phi is the clock angle between the FIPS boresight vector (projected onto the YMSO – ZMSO plane) and the –YMSO axis .)
 Plasma sheet (18:43-18:57):
 Plasma spreads out in energy indicating hotter temperature (than sheath) as expected.
 Correlation with S/C orientation is broken since plasma sheet is a very low Mach number plasma
 Nightside boundary layer (19:00-19:01) (the lines on both sides of the ‘B’ in ‘NBL’)
 Identified by magnetic field signature described later.
 Just past closest approach counts decrease substantially but recover quickly.
 Dayside boundary layer (19:10-19:14)
 Outbound magnetosheath (19:14-19:19)
 Counts jump up dramatically 
 Highest level of counts due to best alignment of flow direction and FIPS FOV.
 Northward IMF Bz produced a quiet magnetosphere (Slavin 2008)



Bowshock
2 TR IO M LR

[a—
= =
< o

i ...; .

—_—— T T T T
. - . - - O ) v o™ e . . . g wa - -
R T R T T S . 1 S Ll ot T
o A, : [ 3 . h Lo
A

]
)
=
)

—_—

<
o <
o O

counts _E (keV/e) |

Flyby 2
06 Oct 2008

100

F

=

~ 0

o

150

F

£ 50

=

R 50

— 150

F

£ 100 .

) !
L
r

o0 ]

L |

E 1

s 1

_180 :. , , H \ P 1 .

UTC 07:20 07:40 08:00 08:20 08:40 09|
MSO X -6.98 -5.55 -4.10 -2.59 -0.78 1
MSOY 8.42 6.20 3.97 1.65 -0.75 -2
MSO Z 0.23 0.16 0.08 0.01 -0.06 -0

ALT 9.94 7.32 4.71 2.07 0.08 2

Y MSO [Ry]

o
I'LQ """"""""""
u\&-“?‘v 3
-5 o
® " ‘%fs
N
X
q?;o
of P
.30
O
A
5F :00
a®
1 20 1
5 0 -5 -10
X MSO [Ry]


Presenter
Presentation Notes
Brief walk through of FIPS M2 measurements, just highlighting differences with M1.

Main points:
 Passed through a tail lobe rather than the plasma sheet – counts were very low.
 Similar signature in the NBL.
 Outbound magnetosheath still shows large increase. 
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* Density spans the 1 cm3
reported from Mariner 10.
(Ogilvie et al. 1977)

 Density range is consistent
with Earth, given 1/r?
scaling law: ~10x Earth
plasma sheet density is
expected and observed.
(Ogilvie et al. 1977,
Baumjohann and
Paschmann 1989)

« Plasma 3 within range
reported at Earth.
(Baumjohann and
Paschmann 1989)

 Proton pressure increased
~2x with approach to
planet, consistent with
observations at Earth.
(Shiokawa, et al., 1997)
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Presentation Notes
Extra info:


Temperature is lower than average values reported by Baumjohann and Paschman (1989), but increases in plasma sheet density and reductions in temperature have been reported (Terasawa et al., 1997) at Earth for periods of steady Northward IMF Bz.
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Boundary Layer Detalil

200

150

nT 100

Energy (keV)

Counts

nT

50

-180 ': :

1
0.1

} .-.'al?.—.!..:-... Lo =y o

P B R R T Lo L1
N T z T
LFIPS: H' B AP

CFIPS HY

Caution: FIPS relative PSD are
normalized separately for M1 and M2

1855 1900  19.05  19:10
UTC 2008:014

L B N
19:15 19:20

150

nT 100

Energy (keV)

0.1
1000

Counts

100

10F, .,
0
45E
g  90f
(40:_
180 L+
180

T T T T T

10

nT 1
0.1

08:30 (IJS:SIS — 68:46 — 0845 - 68:56 = 68:55
UTC 2008:280 14.




Dayside Boundary Layer

Nightside Boundary Layer

Flyby: M1 M2 M1 M2
<n>[cm] 16 8 4.3 5.2
<T> [K] 8.7 x 105 4.7 x 108 2.4 x 106 4.1 x 108
<P, > [nPa] 19 51 0.14 0.28
<P,, > [nPa] 1.9 3.01 3.1 2.7
< B> 0.1 0.2 0.5 0.1
<|B|> [nT] 69.1 91.2 88.4 81.4

Strong differences are observed in proton densities,
temperatures and pressures for Northward IMF M1 vs.
Southward IMF M2.
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- Dayside Boundary Layer Comparison

Flyby: M1 M2
<n> [cmI] 16 8
<T> [K] .87 x 10° 4.7 x 10°
<Pp> [nPa] 19 51
<P,,> [nPa] 1.9 (2.53) 3.01 (4.62)
P, drop [nPa] -1.63 -1.61
< B> 0.1 0.2
<|B|> [nT] 69.1 91.2

P\, drop is the difference in magnetic pressure upon entry into the dayside
boundary layer, calculated from 20 s averages of the field on each side.

Proton pressure in depressions is not sufficient to balance decreased magnetic
pressure.
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Presentation Notes
For southward Bz and lots of reconnection (M2) the BL is not as dense (8 vs 16) and hotter by a factor of 5.
Biggest result is the proton pressure is very low relative to the magnetic pressure in the BL….so where is the “missing pressure” to support the large decrease in magnetic pressure when the BL is entered (was it aobut 1 nPa than needs to be made up by plasma ions)

For M1, PM averaged for 20s before entry into the dayside boundary layer is 2.53 nPa.  Upon entry into the boundary layer, the pressure drops to 1.9 nPa, resulting in a pressure drop (PM drop) of -1.63 nPa.
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Where is the missing pressure?

* Flyby showed a peak in Na* ions in the dayside boundary layer region
(Zurbuchen 2008).

* |ons picked-up near dayside boundary layer would not yet be
thermalized (non-Maxwellian, ring velocity distribution).

* Estimate:
— Assume: Thermal speed = convection speed = 300 km/s
— = Temperature of ~108 K
— =» Density of ~ 1 cm-2 Na* ions required to make up the missing pressure.

e Cannot calculate density of Na* ions observed by FIPS (yet!)
* Observed flux not likely to account for that high of a density

* However, substantial Na* could have gone undetected during flybys
— Small solid angle
— Tail-ward convection

Orbit data required to answer these questions.

22 November 2010
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Key Results/Discussion

Key Results

* Plasma sheet parameters within expected ranges, as compared
to Earth.

e Strong differences are observed in proton densities,
temperatures and pressures for Northward IMF M1 vs.
Southward IMF M2.

* Proton pressure in diamagnetic depressions is not sufficient to
balance decreased magnetic pressure.

Discussion

* FIPS measurement geometry presents significant challenges for
bulk plasma moments.

* We have developed a method to recover density and
temperature via a software instrument model and can be applied
In various areas.

* Next steps: Increase applicability by using full 3D info
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