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Outline

* Ulysses mission overview and final end of
tracking

* A selection of scientific highlights

 Third orbit observations and the extended solar
minimum
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Solar cycle context...
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End of Ulysses tracking

« X-band transmitter failed in January 2008

e Mission continued to operate at reduced data
rate on low gain S-band transmitter

* \Was keeping a crucial part of fuel system warm
but ingenious ops gave 1.5 years further data

 Increasing distance led to pointlessly low data
return by end of June 2009

e But we had an extremely successful 18 years
and 9 months of operations!



Ulysses mission overview...

18 years + 9 months of almost continuous data

B| (nT)

—

Sunspot No.

V] (km/s)
N B (o]
(¥]] o (o] o
o o o o
e 1 1
=< —_—

(93] (o]
o o
| |
[~ e
[ e
Z

T T T T T T T T |
10

AN )

h HCS Tilt

Sunspot No.
0 1 1 1 1 Al
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
Year

Yellow regions mark polar passes and fast latitude scans

1
[2)]
(]

-]

1
B
o

°

1
)
Qo

-]




Results from first solar orbit
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Formation of the heliospheric current sheet

Smith (1997)



Ulysses first orbit discoveries

e Confirmation of continuous fast solar wind at
high latitudes from polar coronal holes

o Latitude independence of B,

o Ubiquitous large amplitude Alfvén waves
present in fast solar wind

« Composition signatures of the fast and slow
wind

e Determination of the 3D structure of Corotating
Interaction Regions



Dependence of Field Strength on Latitude

® Assuming that the magnetic field is radial at the ‘source surface’, the radial
component of the magnetic field can be used to infer the field strength near
the Sun since r?B, is a constant.

® Ulysses observations showed that r?B, had no dependence on latitude.

® This implies that the latitudinal magnetic pressure gradient associated with
strong photospheric polar fields must have relaxed by the outer corona.
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Ulysses first orbit discoveries

e Confirmation of continuous fast solar wind at
high latitudes from polar coronal holes

o Latitude independence of B,

o Ubiquitous large amplitude Alfvén waves
present in fast solar wind

« Composition signatures of the fast and slow
wind

e Determination of the 3D structure of Corotating
Interaction Regions



Solar wind composition
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Ulysses first orbit discoveries

e Confirmation of continuous fast solar wind at
high latitudes from polar coronal holes

o Latitude independence of B,

o Ubiquitous large amplitude Alfvén waves
present in fast solar wind

« Composition signatures of the fast and slow
wind

e Determination of the 3D structure of Corotating
Interaction Regions



Corotating Interaction Regions
® Interaction regions form wherever mssm
fast solar wind ‘catches up’ with /‘/ —

slower wind ahead of it. SOLAR WIND /‘ ).
® A compression region forms where /

the magnetic field lines and plasma
‘pile up’. The resulting pressure
waves can steepen into shocks.

® \When a fast solar wind stream \

originates from a stable coronal \ FST / Q

. . Q Ky AMBIENT
hole persisting over many solar 59 %, SOLAR WIND
rotations, the resulting interaction @ \
region pattern corotates with the
Sun.

Pizzo (1985)



® Ulysses discovered north-south flow deflections associated with
interaction regions implying that the forward waves/shocks propagate
equatorwards while reverse waves/shocks propagate polewards.
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TILTED-DIPOLE FLOW GEOMETRY
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Ulysses first orbit discoveries

* |dentification of over-expanding ICMEs
embedded in the fast solar wind

» Energetic particles at high latitudes

« Cosmic ray latitude gradients

 Radio and plasma waves, dust, neutral atoms,...



How do energetic particles reach high latitudes?
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Ulysses first orbit discoveries

* |dentification of over-expanding ICMEs
embedded in the fast solar wind

» Energetic particles at high latitudes

« Cosmic ray latitude gradients

 Radio and plasma waves, dust, neutral atoms,...



Second fast latitude scan
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Solar cycle evolution of the coronal magnetic field
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Second fast latitude scan
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Magnetic field polarity reversal
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Comparison of three Ulysses orbits
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HCS tilt greater in 2007 than in 1995...
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~22% reduction in solar wind dynamic pressure
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11-18-1990 00:00:00 to 04-05-2008 23:59:59

A global
effect
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~33% reduction in polar magnetic flux
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Photospheric field also reduced
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Heliolatitude
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North — south asymmetry ?

oppositely-
directed
radial fields

HCS
Smith et al (2000) (conical)



Role of time variations...?
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Composition signatures...
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Reduced magnetic field wave power

Latitude adjusted power
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Discussion

* Weaker photospheric fields and less open flux
are consistent with smaller polar coronal holes.

 Recent models powering the solar wind through
emerging magnetic flux predict that the solar
wind power should be proportional to the
magnetic flux of the open field.

* Less heating is consistent with lower coronal
temperatures.

e Lower dynamic pressure implies that the size of
the heliosphere is smaller this solar minimum.



Ulysses mission overview...

18 years + 9 months of almost continuous data

B| (nT)

—

Sunspot No.

V] (km/s)
N B (o]
(¥]] o (o] o
o o o o
e 1 1
=< —_—

(93] (o]
o o
| |
[~ e
[ e
Z

T T T T T T T T |
10

AN )

h HCS Tilt

Sunspot No.
0 1 1 1 1 Al
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
Year

Yellow regions mark polar passes and fast latitude scans

1
[2)]
(]

-]

1
B
o

°

1
)
Qo

-]




Summary

 The Ulysses mission has provided a unique 18+
year dataset characterising the 3D structure and
solar cycle evolution of the heliosphere

e Comparisons of the solar minima of cycles 22
and 23 reveal weaker polar magnetic fields both
at the photosphere and in the heliosphere

e Solar wind density, temperature and dynamic
pressure are all significantly reduced this solar
minimum

« Comparison with in-ecliptic observations show
that these are global effects.






Heliospheric Imager synoptic maps
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EUVI 195B: 1 Rs (Central Meridian) + mapped-back Ulysses solar wind speed
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