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Overview

* Basic properties of the large-scale heliosphere at, and around solar
minimum (<1992)

* Insight from missions and models:
* Ulysses (1992 - 2008)
PSP (2018 — present)

* Characterizing different Solar Minima
* Planetary responses to the quiescent Sun
 Summary and Future Opportunities



STREAM INTERACTION SCHEMATIC

Before U‘ySSeS: (INERTIAL FRAME)
The 2-D Heliosphere

e 2-D picture of the global
heliosphere

AMBIENT

SOLAR WIND
Orientations of CIRs and their F/R

shocks
Development of shocks L

Detailed analysis of stream
interfaces

General properties of the
heliospheric current sheet

Modeling by Pizzo (late ‘70’s and
early ‘80’s) foretold 3-D structure
that Ulysses would observe

Gx\\FAST/ S ‘/’—\_'\AMBIENT
&V "\ % SOLAR WIND
(suy ~\

Pizzo (1978)



ses/SWOOPS Density = RZ |
After Ulysses: L Speed [k

The 3-D Heliosphere

Ulysses/MAG o1 \aX

Imperial College Y | ik EIT (NASA/ESA)

e Outward IMI Mauna Loa MK3 (HAO)
LASCO C2 (NASA/ESA)

McComas et al. (1998; 2003)




800 F Shock R Shock
ZOO 180 T T T T T T T T T T
500 150 F - L 4
2.0
1.5 120 4 L i
1.0
0.5 90 1
8 60 _
g N 30 &1 .
g . % OF .
? P (x107'% Pa) : -30F .
20 -60r .
10
0 -90Ff 4
-10
1g "‘120 B 7
0E -150F .- : -
=5 \I —-180 PRAN I L ! 1

280 281 282 283 284 285 286 287 -90 -60 -30 0 30 60 90-90 -60 -30 0 30 60 90
Time (Day of 1992) : 6(°) 9( )

Meridional Plane 6 AU 90
el 23,456 AU 60 -
e 1 2 2 30 ;
L™ : SR N 11511 BT |
et b 100 3G o
—30 i
e : | : _60 :':.: |

Azimuth Plane 0 —10 —20 =30 -40
Riley et al. (1996) Heliographic Latitude (°)



vr (km/s)

300 400 500 600 700

Br (nT)
| - H

-06 -04 -0.2 -0.0 0.2 0.4 0.6

L
]

vt (km/s)
B = -

-40 -20 0 20 40

R e
-
-

oW el 1l .

Lt R T s

L
P R
i“,'.‘a'r-v!
> "i‘-' s

ah i bduteY T,
e

P

Whole Sun Month (CR 1913)
Np (cm'3) | P (nPa)

0 2 R 6 8 0.00 0.01 0.02 0.03 0.04




Il.lll.l.lll.l.llllll ]Illllll.llll.llll Ill]llllllllllll l.l]ll.llll]lll.l.ll
0.0 0.2 0.4 06 0.8 1.0 0.0 0.2 0.4 06 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
R (AU) R (AU) R (AU) R (AU)

0.00 0.01 0.02 0.03 0.04 0.05 0.06




vr (km/s)
HEE -

300 400 500 600 700

9"% -
W )
oS i e

e oo,

Whole Heliosphere Interval (CR 2068)

Br (nT) Np (cm™) P (nPa)

| - HEE HEE B

06 -04 -02 -00 0.2 04 06 0 2 - 6 8 000 0.01 0.02 0.03 0.04




a

Magnetic Axig | giaton Axis

Rotation Axis
+ Magnetic Axis

Cc Rotation Axis d Rotation Axis

[Fast [Z Compression
[ Islow .9 Rarefaction




(a) MHD: Equatorial View (b) MHD: North-Pole View

The PSP View

11/15/2018

Riley et al. (2019)
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Comparing Solar Minima: Sunspot Number
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Comparing Solar Minima: Polar Field Strength
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Histograms of Modeled Solar Wind Properties
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Planetary responses
to the quiescent Sun: ¢
The role of the solar |
winc

Masters (2018) T W W
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Dayside

reconnection X-line

Dungey (Reconnection) Model

Nightside
reconnection X-line

Axford and Hines (Viscous interaction) Model

Bour;dary layer

Arridge (2020)
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* Models confirm evolution of stream

structure

* F/R shocks form bounding compression
* Stream amplitudes are strongly damped

Gosling et al. (2007)
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Planetary responses to the quiescent Sun: The role of the planet
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Summary

* Model results provide a global context for interpreting in-situ
measurements
e 3-D structure and properties captured by models

* Comparing Solar Minima:

 Solar indices (SSN and Polar Field Strength) suggest a continual slide into
deeper minimum conditions, but:

* Statistical properties of the solar wind during most recent minimum (24/25)
are midway between the 22/23 (1996) and 23/24 (2008) minima.

 Structurally, the 2008 and 2019 minima are different from 1996 minimum
(e.g., pseudo-streamers, equatorial CHs).
* Planetary response to solar wind depends on:
* Properties of solar wind (location of planet)
* Properties of the planet



Future Opportunities / Questions

* New Missions:

* Coupling SolO’s unique dataset with global MHD models
* Adding PHI magnetograms into modeling pipeline

e Old Missions:

* We can still learn from STEREO, Ulysses, Helios datasets

* How does the large-scale structure of the heliosphere respond to
secular changes in the structure of the solar corona?
 Larger/smaller solar cycle?
* Grand minimum?
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