| ‘SO%LQ 4M S GAGE | |

v Harvard-Smikthsonian CEREETEE ophusics ||

-
3 Draee, 0. quem = ALvaradcw
olov, 'D. Borovikoy, I, n--

C&-armffo, '
sahe&h

= Webumar, & Sep whes 01‘8’- Bo-!?'cw\'

-~

UNIVERSITY OF
_ MICHIGAN

) NA's
- 4’K lllustration: NASA/JPL-Caltech




@Mohva%mm Sc;)i.m* <= As&rapkjsws

o Solar/Stellar maqgnetic fields &
&&Rvi&j Cvdﬁts

@ Heliosphere . Astrospheres

oSolar & Extrasolar Space Weather

3 Fulture Observakions

@ Take away message



Total
confirmed

exoplanets
= 3,567

Total

Kepler
= 2,525

Exoplanet Discoveries

Before Kepler ® Others, since Kepler
20+
10
B
2
© Jupiter
&
4 .
- N
L
8 eptune
2
-
)
K]
o
L8 . [ad
v ° Earth
®
1 10 100 1000

Orbital Period (Days)
As of December 14, 2017

Credit: NASA/Ames Research Centé-“"‘r‘f/Jessie‘ Dotson and Wendy Stenzel



Il Formulation
Il Implementation
I Primary Ops
RHESS| M Extended Ops

STEREO (2) ,(%“"e—

&/

SOHO-ESA /

Cluster—ESA (4)

ACE/

ICON o
GOLD " Q%Alm g
9 o
I &
/7’; ! @ e Van Allen Probes (2)
yo W R g
Solar Probe CINDI ”‘f
W ) \ / }/\5
& » TIMED iy
: .‘\Yoyager (2) ’ _ \\\ < » - TWINS (2)
. "’ @ y THEMIS (3)
| Hinode—-JAXA [
Solar Orbiter-ESA &
[ Geotail-J
WIND |
[ 2 g ﬁ?
l..ng ). (ARTEMIS () MM (4
~ SET1 | g

IRIS v NASA

Morgan-Keenan spectral classification

70% of The Sun is
stars i the , ¢r—class

Galaxy are skar
m-dwarss

Wikipedia



Solar Probe

Solar Orbiter-ESA

70% of
sktars in the
Ga\ta\xv are

m-dwarss

SOHO-ESA /

~SEEIN

Il Formulation
Il Implementation
I Primary Ops
RHESSI M Extended Ops

STEREO (2) X%“’s

&/

Cluster—ESA (4)

GOLD N & i
i A’ i
‘fp N @ IBEX
w ;
Vo @jﬁ s Van Allen Probes (2)
CINDI &
. \ : v
> TIMED o :‘@
\\\ R = TWINS (2)
L@ THEMIS (3)

Hinode—JAXA [

Geotail-J

ARTEMIS (2) MMS (4)

IRIS v NASA

The Sul is
a G-class

|

Creneralized?

Wik

ipe

Morgan-Keenan spectral classification

dia



STEREO (2) (%"s

Il Formulation
[ Implementation
Il Primary Ops

% RHESS| [l Extended Ops
SOHO-£SA 7 i ;
@ Cluster—ESA (4)
{7/
< / v
ACE > i
g~
SD0 * goup ICON @ “AIm :
3 E o3
‘.{Q ' 5 IBEX
& |
al
P /”"f,_,» = ‘*‘ Van Allen Probes (2)
Solar Probe 9"‘“" e = »ﬁi ‘
: : e ™ @
.‘\\Voyager (2) \\\ R B TWINS (2)
A & o y THEMIS (3)
| ’ Hinode-JAXA j

Solar Orbiter-ESA

[

~ S

70% of The Sun is
stars i the , ¢r—class

Galaxy are skar

m-dwarss

Geot\;ﬁxm

MMS (4)

- NASA

3 i 4

——

Creneralized?

Morgan-Keenan spectral classification

Wik

ipe

dia



Solar ‘kasi;c:s:

. Cons

Continuous high-resolution high-
cadence observations
Mulki-wavelength observations
In-situ observations of the
am&erﬁtame&arj environment
rained models

Information only about one star



Stellar Astrophysics:
1. Statistical information on many stars
2. Dabta on different spectral &?pes

3. Data own stellar evolubion ot each
Evpe

4, Recenkt exopta%e&arv svs%em
discoveries

5. Limited information of specific
parameters, e.q. stellar winds and
interplanetary environments

6. Unconstrained models
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Stellar Dynamos

high-mass star

dio ( convective fu,i.i.j
raciative ehvelope avwetope conveckive
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- Stellar Maqguetic Fields

Zeemwman-Doppler Imaging
Upsala Universit \(hsics.uu.se)

Schrijver &
Title, 2001

‘Doppi;@.r
Inmaqging
+ Leeman
Broadening +
Folarizaktion

flux
%ramspar&
model s
Scaling solar
maqgnetic field

Kochukhov et al.

Donati et al., 2008
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stellar Magnetic Fields

Sun ‘ Obervahamy (Z"DI)

g Zeemwman-Doppler Imaging
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Scaling solar
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Donati et al., 2008
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 Dynamo simulations |

Proxima Centaurt (M dwarf)

Radial velocity

Yadav et al, 2016, ApIL.
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Dynamo models & Activity cycles

Proxima Centauri, ¥ & ¥o d

9 year c;'cle (7y ot;serva’rions')

Latitude

Rotations
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Yadav et al, 2016, ApJL



| Heliosphere and
| Astrospheres |
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Astrosphe
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7 X-ray activity wvs. rotation: Proxy for stellar dyhamo
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150 Myrs

Skumanich, 1972

500 Myrs

1.0
B-V Color
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Stellar spindown

Open Cluster Observakions

150 Myrs

51 Skumanich. 1972 RS
Spacia ek al. (2011), Reiners & Mohav\&j 012, CGrallet & Bouvier 2013,
Barnes (2010), Barnes & Kim (2010), Matt et al. (2012, 2015),
Sadeqghi Ardestani et al. (2017); Pantolmos & Matt (2017), Brown (2014)




150 Myrs

5] Skumanich. 1972 .
Spada ek al. (2011), Reiners & Mohanty 2012, Gallet &% Bouvier 2013,

Barnes (2010), Barnes & Kim (2010), Matt et al. (2012, 2015),
Sadeghi Ardestani et al. (2017); Pantolmos & Matt (2017), Brown (2014)
N Ny | | - " Garraffo et al., ApJL 2015 /é\
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Stellar environments affected by

- Wind

- CMES

- flares

-£Ps

- High enerqgy radiation



Follow the energy




E-flare scenario

Kownkar etk al., PRL, 2017

coronal HXEs| |turbulence

fast electrons

radio emission

‘HXR footpoints‘ by




 Solar flares & CMEs |
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e.9. Yashiro & Gopalswamy
(2009), Aarnic ek al (2o11),
Drake et al (013)

Distribution of flares

per unit enerqy
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Inferred Mass and Energy Lloss rates
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Dralkee et al, 2013



CME mass loss rate (M,,/yr)
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Inferred Mass and Energy loss rates

What amount of energy

con the dvmamc exkract
{VOM Lbot?

Young Sun |

CME mass loss rate (M,,/yr)
CME kinetic energy loss rate (L)

10% 10% 10 10% 10%
X-ray Luminosity (erg/s) X-ray Luminosity (erg/s)

Dralee eb al, 2013

Aarinio et al, 2012, T-Taurl stars



Enerqetic Particles
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Protoplanetary

Aisks |

ALMA

Weak*i.v lonized gas <«

Direct imaging (HST or 8-meter ground-based)

= non-ideal MHD B
Iownizakion: X-*ra\j Vs, EPs
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v o

:)f_: Pure gas disk
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UV continuum, Near-IR dust 1050
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F:rﬁ S @hé&&i e& QL ” - Direct imaging (HST or 8-meter ground-based)
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Stellar Winds

9



Garraffo et al. 2017, ApIL



| Wind from Trappist-1 |
’ BATS-R-US/ » | — Alfvén sufae :
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Wind conditions at planetary orbiks;

Alfvén surface
Crossings

o'.4 o'.6
Orbital Phase

Garraffo et al. 2017, ApdL
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icles from
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Turbulence: o2 = (OB/Bo)?

Ey, = 1GeV, 6= 1.0, R = 10 R., TRAPPIST-1b

Fraschelti et al. 201% (in prep)



icles from Trapfois&wl

Exin = 1 GeV, 6° = 1.0, R = 10 R., TRAPPIST-1b E = 10 GeV, o* = 0.01, R, = 10 R., TRAPPIST-1b
Z(R.) Y'Y hf:fL’.krl‘l'.f L.Y Y.I'IYYTLYYYY'
o I

Latitude + 90 (/)

Azimuth (@)
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Azimuth (¢)

Fraschebti et al, 201% (in W@P}
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Stellar flares
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- What can we do for |
| stellar CMES? |
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Stellar CME Observations

Velocity shift (km/s)
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Stellar CME Observations

1. Doppler shifts
2. X-ray absorp&i;om
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 Monster CME obscuring Demon Star flare

Algol (aka Demown Star)

Confidence band for expansion model

— Fit
Cl (0.95)
¥ + Ny data

CME expahsion

N ~.I'-2

CME cone model

Moschou et al,, Apd, ¥60, 191, 2017
"A Mownster CME Obscuring a Demon Star Flare”



Stellar CME-flare relation

Preliminar:
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Stellar CME

1. Doppler shifts
2. X-ray &bsorp&i;om
3. Type-1I radioc bursks

Observations
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Stellar CME Observations

5

£ 101

Doppler shifts

X-ray absorp&om
Type-1I radic bursts
E0V Dimming

~»

COR2 FOV

NS [solar radii]

EW [solar radii

Aschwanden et al., ApJ, 2009; Mason et al., ApJ 2014



Stellar CME Observations

T

Doppler shifts
X-ray &bsorp&an

Type-1I radic bursts
4, UV Dimming

=»

wUR2 W

Excess mass -

EW [solar radii

Aschwanden et al., ApJ, 2009; Mason et al., ApJ 2014



v Bejomd the T-based “habitable zone”
v Extrasolar space weather (CMEs+flares)

vV Mownster stellar CMEs expec:&ed from solar
extrapolations associated with superwftam@.s«

vV Stellar CME-flare observational d&sarepam::v
(Moschou et al. 201%, U prep)

v Observational bias or fundamental process?

v More/hew observations + modeling needed



CME suppression: theoretical threshold |
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Computational experiment

Strong Large-scale BﬁiOdG‘

Increasing Poloidal Flux avitabte
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Alvarado-Gomez ek al., Apd, ¥62, 93, 201%
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CME suppression: computational threshol
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Fubture Observational
Ca P&bntphes



SunRISE
6 spacecraft-
Interferometer

.....
o
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Next Generation Very Large Array



Star & planet observations

HST

LYNX

X-ray surveyor



@ Sun & fully convective stars bokh

have magv\@.&cattv driven winds
3 Ex%rapa—taﬁams are the 1st sEeFv

@ Need to consider stellar evolution

for different stellar types

@ Account for new regimes, e.q. sub-

Alfvénic, intense activity ones



@ Increasing interest for exoplanetary

environment characterizabkion

@ Solar physics is a greab tool +

detailed fundamental processes

@ Exciting times for solar-stellar

research: Emﬁemsbfv dialoque
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