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Solar wind Alfvénic fluctuations appear to dominate
magnetospheric response to high speed streams (HSSs)

We show
response to HSSs

m [hese factors are rooted, not in HSSs, but in streamer structures

m Consider the flow regimes surrounding CIRs and the stream interface
- will use ‘CIR-HSS’ to describe overall disturbance in the flow

We characterize the response from:
m Specific structures at the sun and their extension into solar wind
m Geomagnetically-sensitive observations

Analyze 66 solstice CIR-HSS events spanning 2002-2008
Validate with 211 equinox CIR-HSSs in the same interval
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High speed stream (HSS) emanates

from coronal hole
// e
Overtakes ambient slow speed and

AMBIENT
SOLAR WIND

forms compression region corotating
with sun (corotating interaction region -
CIR)

Flow regimes surrounding CIR + CIR
itself = CIR-HSS

Sharp, but usually moderate,
geomagnetic activity enhancement

$
<o N
Source: Gosling and Pizzo, 2009 \
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Recurrent HSSs 3 seasonal variation in

neutral density —son
* Internal to thermosphere /‘/ cc&

External to thermosphere AMBIENT
Analyze SC 23 decline/minimum SOLAR WIND

Classify CIR-HSS according to:
« Coronal/solar wind structuring
and Russell-McPherron effect

Trace the activity
« from specific solar structures,

* into the solar wind, K
« through geomagnetically- N\
sensitive observations
Propose neutral density effects of CIR-

HSSs can be anticipated days in
advance of Earth arrival

11/3/14 CIR-HSS Impact on Thermospheric 6




A=

Indice and Neutral Density Response (i researcn

CCAR to CIRs and High Speed Streams Souoe Coorads

Courtesy Paul Tenfjord

-150—T—

initial
phase

phase _ recovery phase

several ng/mJ

@ 400 km

11/3/14

CME-Driven Neutral Density Profile

-y,
~~---
—
-
-
s

L
L.
-~
ey,

CIR-HSS Impact on Thermospheric 7



A= Colorado Center for
Astrodynamics Research

CCAR Solstice: One Level of Effect versty of Coloras

Boulder, Colorado

Season: Solstice

Helmet Streamers
« Separate opposite-polarity
coronal holes
« ‘Smooth’ structure causes
heliospheric current sheet
(HCS) crossing

Pseudo-Streamers

« Separate like-polarity

coronal holes
 More structured; no HCS
« Smaller-scale ‘web-like’

structures of slow flow

> More interaction with Source: Riley and Luhmann, 2012
previous stream?
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Solar Wind Data: HS-solstice, PS-solstice Solar/GEO Indices: HS, PS
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Strong evidence that NO is damping driver = Despite early enhanced energy

Mlynczak ‘thermostat effect’ in SABER data deposition the pseudo-streamer
density response is damped
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Season: Solstice - Equinox

Two organizing aspects:
1. Coronal Streamer Structures (helmet and pseudo)
2. Russell-McPherron Effect (R-M Effect)
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Season: Equinox
Ecliptic Plane

Further evidence of the
counterintuitive result in
much larger data base
Coronal Streamer Structure Effect (HS

vs PS) is amplified by
Russell-McPherron Effect

Spring

GSEQ By- projects into GSM
coorgllnates W|th a negative Bz View from north
causing magnetic reconnection ecliptic pole

ngeA

Fall

GSEQ By+ projegts into GS_M Toward
coordinates with a negative Bz
causing magnetic reconnection

General rule: ‘Spring-toward, Fall- Y
p g égse &

J
away B
Source: McPherrron et al., 2009
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Season: Equinox
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Solar Wind Data: HS-IE, HS-EI
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General Neutral Density Response g5 wind Alfvénic fluctuations

Low speed flow  High speed flow appear to dominate magnetospheric
response to high speed streams
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Statistical Link between Solar Streamer Structure
and Thermosphere Neutral Density Response

Large helmet streamer 9%
structures P Pre-CIR
Strongly damp pre-CIR =)
solar wind Alfven (SWA) =
fluctuations in pre-CIR flow 2 £
Damped SWA fluctuations £ o
diminishes auroral c 7
response during pre-CIR ®° &
regime 5 g
Diminishes nitric oxide 3
cooling (thermostat) during &
pre-CIR regime o

Promotes enhanced neutral
density response in post
CIR/HHS regime

|

Post-
CIR

Aisiway) o

Small pseudo streamer
structures

Weakly damp pre-CIR solar
wind Alfven (SWA)
fluctuations in pre-CIR flow

Normal SWA fluctuations
maintain auroral response
during pre-CIR regime

Enhances nitric oxide
cooling (thermostat) during
pre-CIR regime

Promotes damped neutral
density response in post
CIR/HHS regime
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A= Colorado Center for
Astrodynamics Research

CCAR Owens et al. 2013 SB/HCS types versty of Coorads

Boulder, Colorado

pitch angle

Suprathermal

B angle (4,)

In-ccl M

Figure 1. Sketches of possible HMF configurations and the resulting magnetic field and suprathermal
clectron signatures in near-Earth space. Red (black) arrows show the thermal clectron strahl (magnetic
field polarity), while gray crosses show the position of magnetic reconnection. (a) A typical sector
boundary/HCS crossing. (b) A sector boundary accompanied by closed HMF loops, likely part of an
interplanetary coronal mass ¢jection (ICME). (¢) A sector boundary/HCS crossing containing an inverted
HMF interval at time 2. (d) An inverted HMF interval at ime 2 embedded within a unipolar region.
(¢) A sector boundary with mismatched electron and magnetic signatures. The dashed lines show portions
of the inverted HMF structure which are out of the ecliptic plane and not encountered by the observing
spacecraft [after Crooker et al., 2004b).
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Colorado Center for
Astrodynamics Research

Owens et al. 2013 SB/HCS types

Boulder, Colorado

(a) (b) (c) (d) (e)

pitch angle

Suprathermal

In=ccliptic

B angle (4,)

' ‘ SB and HCS not coincident (reversal of electron
IRl strahl pitch angle and change in IMF from (315/135) to (135/315)

;;lflti‘fggljiﬁ’i‘;‘ﬁ,,‘f not collocated) — these probably related to interchange reconnection
boundary/HCS crossingl(ga[e](= dynamlc — ‘blobs’ of HPS)

interplanetary coronal mass ¢jection (IC :) A'seclor boundary/ CTOSSINE containing an inverte
HMF interval at time 2. (d) An mwrlcd HMF interval at time 2 embedded within a unipolar region.
(¢) A sector boundary with mismatched electron and magnetic signatures. The dashed lines show portions
of the inverted HMF structure which are out of the ecliptic plane and not encountered by the observing
spacecraft [after Crooker et al., 2004b].
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Web-like Structure of Pseudo-

Colorado Center for

Astrodynamics Research
streamers Bouder Eolorads
Streamer map [DS - black, PS - red]
1 -l 1 1 1 1
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¢ [degrees] Streamer coverage [%]
Source: Owens et al., 2014
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Distinction/Ambiguity of PS and HS Rotodynamics Rosearch
structures Bouder Eolorads

CCAR

We find approximately 65% of the 172 equinoctial CIR-HSSs
from 2002-2008 are HS events (1.8:1 HS:PS ratio)

m Borovsky and Denton [2013] give ~7:1 HS:PS ratio from 1995-2007
(equinox and solstice events)

*» We place ill-defined sector crossings in PS category

s Owens et al. [2014] showed PS events were unusually high during
SC23

Within each category, ‘E’ and ‘I' are easily classified

|IDing sector structure boundaries from potential field source
surface solutions (such as that in [Owens et al., 2014])
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Colorado Center for
Astrodynamics Research

CIR-HSS Occurrences

University of Colorado
Boulder, Colorado

Data Set Total Solar Decline Solar Min
. PS-EE 26 17 9
se streamers (Ur ar .
Pseudo-streamers (Unipolar) PSII a4 12 91
All Pseudo 28.5 % 60 30 30
e 4me. 2+ HS-EI 55 22 33
Helmet streamers (Bipolar) HSIE £~ 0% 39
All Helmet 53.0 % 112 47 65
Uncategorized 18.5 % 39 12 27
All Equinox 211 89 122
June-July Solstice 35 15 20
December-January Solstice 31 17 14
All Solstice 66 32 34

Earth clearly crosses through HCS in association with an
equinoctial CIR ~65% of the time, and ~53% of all CIRs.
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Colorado Center for
Astrodynamics Research

C I R - H SS Occu rre n ces University of Colorado

Boulder, Colorado

Data Set Total |Solar Declinef Solar Min
. PS-EE 26 7 9
Pseudo-streamers (Unipolar) PSII a4 91
All Pseudo 28.5 % 60 :
e 4me. 2+ HS-EI 55
Helmet streamers (Bipolar) HSIE -
All Helmet 53.0 % 112
Uncategorized 18.5 9% 39
All Equinox 211
June-July Solstice 35
December-January Solstice 31
All Solstice 66

Earth clearly crosses through HCS in association with an
equinoctial CIR ~65% of the time, and ~53% of all CIRs.
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Colorado Center for

CIR-HSS Occurrences srodmamics fesear

University of Colorado
Boulder, Colorado

Data Set Total Solar Decline Solar Min
PS-EE 26 17 0
se streamers (Unipolar '
Pseudo-streamers (Unipolar) PSII a4 13 91
All Pseudo 28.5 % 60 30 30
o1 HS-EI 55 22 33
Helmet streamers (Bipolar) HSIE &7 0% 39
All Helmet 53.0 % 112 47 65
. : : : 12 27
89 122
15 20
17 14
32 34

Earth clearly crosses through HCS in association with an
equinoctial CIR ~65% of the time, and ~53% of all CIRs.
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Colorado Center for
Astrodynamics Research

C I R - H SS Occu rre n ces University of Colorado

Boulder, Colorado

Data Set Total Solar Decline Solar Min
. PS-EE 26 17 0
Pseudo-streamers (Unipolar) o, ‘ o

All Equinox . 211 89 122
June-July Solstice 35 15 20
December-January Solstice 31 17 14

All Solstice 66 32 34

Earth clearly crosses through HCS in association with an
equinoctial CIR ~65% of the time, and ~53% of all CIRs.
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Slow to high N No p
speed transition? © enhancement
CIR-HSS Observed Yes
Abs. Density
Enhancement
Equinox? No TBD
Yes
Helmet Pseudo
Streamer? Streamer?
Yes Yes
E-l I-E E-E -]
Small abs p Strong abs p abs p Small abs p
enhancement enhancement enhancement enhancement
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University of Colorado
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Slow to high N No p
speed transition? ° enhancement
CIR-HSS Observed Yes
Rel. Density
Enhancement
Equinox? No TBD
Yes
Helmet Pseudo
Streamer? Streamer?
Yes Yes
E-l I-E E-E -]
Small rel p Strong rel p Smallrel p rel p
enhancement enhancement enhancement enhancement
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Colorado Center for
Astrodynamics Research

University of Colorado
Boulder, Colorado

CIR-HSS Observed
Rel. Density

Enhancement
Helmet
Streamer?
Yes
E-l I-E
Small rel p Strong rel p

enhancement enhancement

11/3/14 CIR-HSS Impact on Thermospheric 43




11/3/14

Slow to high
speed transition?

Yes

Equinox?

CIR-HSS Impact on Thermospheric

No

No

Colorado Center for

Astrodynamics Research
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