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A FULL SCALE VOYAGER MODEL // JET PROPULSION LABORATORY (JPL), CA., USA




HAIAKOS ANEMOS // MPosomoIQsH |

‘HAlAKOz ANEMOS
TAXYTHTA  : 1,5 ekat. XAu/wpa
©OEPMOKPAZIA: 1 ekat. °C



ANOSTOAES VOYAGER // A6 XPONIA TAZIAI STHN HAIOZMAIPA

Krimigis & Decker+[2015]
Dialynas+[2022]

Voyager 1: 1977.7-2020.3
lovta: 140-220 keV & >70 MeV

MMapatnpeital o cNUOVTIKN UE(WON TWV
POWV KATO TNV xpovikn nepiodo 1995-2000
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AITPOI®AIPEZ // NAPATHPHZE
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pUYYO0C, Kal ouvnBwg
oxnuatiouv pa
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TNV avtiBetn
katevBuvon.
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/ Davis Jr., [1955] \ OEQPHTIKE: NMPOBAEWEIZ A TO 2XHMA THZ HAIOZ®AIPAS
1955 — 1974 (ADpAPTED FROM GRUNTMAN ET AL, [2009])

Parker+[1961]
N

: i T
Fra, 1. A pessible dispoiltion of a selar magnetic field inside the b
cavity in the galactic field, The nrrows represent the solar corpis-

Quﬂil:im / =
——

Fic. I.—The strexmlines of the ssbsonic, nearly incompressible, hydrodynamic flow of a stellar wind Fio 3 —The shock transition r = R, shown by the concentric circles, and the outer boundary of the
bevand the shock trassition (r « &) in the pm;’m dozmw ;,.)m.(.iu, wind carrylng no sgnifi-  stellar-wind reglon in the presence of a hrae-mlve interstellar magnetic field, for various values of the
cant magoetic ek, stagnation pressure at infinity.

: Axford+[1963] REVIEWS OF Baranov+[1971] |
GEOPHYSICS

( Yu, [1974] \

_&. REGION B VOLUME 3 FERRLUAEY 14967 NUMEER 1
~
~
\ '
f ) Solar Wind and Interplanciary Mugnetic Field 510
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Fiew ['arienily, Moorfan, Tz

First major review

-
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Dessler, [1967]

JOHNS HOPKINS AKAAHMIA @ AOHNAN 19 AekeuBpiov,2024 | 10
APPLIED PHYSICS LABORATORY



OEQPHTIKEZ MPOBAEWEIZ 1A TO 2XHMA THZ HAIOI®DAIPAS (1961) // ParkeRr, E.

-

Parker, 1961

2. K B I

MOVTENO TUTIOU HAyVNTOOQALPOC LECO OE £VOL UTTONXNTLKO,
\u&po&uvauu«') TIPOTUTIO YLA TO LECOOOTPLKO QEPLO. )

N

-

YioBetOnke amo to 1961 €wg TouAdxLotov To
2009, xwplc Opwg TNV UTtapPén SESOUEVWVY TTIOU  PLECOAOTPLKO LOYVNTLKO Ttedlo avapévovtay va
elval aoBevec kal va aAAnAemdpa e eva
e€loovu aoBevec payvntiko nedio armo tov NALo

va urtootnpilouv

AKAAHMIA {ﬁ AOHNAN
s

Parker, 1961

Ti=l 375

‘Eva povtélo ywpic nAtooupca, umo TNV emnidpaon

\ EVOC LEYAANG KALpaKAC payvntikou mediov.

J

OewpnOnke pn PeAALOTLKO, KUPLWE SLOTL TO
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THE CASSINI-HUYGENS MissioN // 1997-2017
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D. G. Mitchell, C. P. Paranicas,
T P. Armstrong, J. F. Carbary, I. J. Dandouras,
D. C. Hamilton, W.-H. Ip, N. Krupp, A. Lagg,
S. Livi, B. H. Mauk, H. Reme, E. C. Roelof, J.-
A. Sauvaud, M. Andriopoulou, S. Bolton, P
Brandt, K. Dialynas, P. Garnier, G. Jones, P.
Kollmann, A. Kotova, J. Manweiler,
E. Roussos, A. Rymer, J. Saur, N. Sergis, H. T.
Smith, J. Westlake.
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AKAAHMIA @ AGHNAN
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THE CASSINI-HUYGENS MissioN // 1997-2017

Magnetospheric Imaging Instrument
JHU/APL

D. G. Mitchell, C. P. Paranicas,
T P. Armstrong, J. F. Carbary, |. J. Dandouras,
D. C. Hamilton, W.-H. Ip, N. Krupp, A. Lagg,
S. Livi, B. H. Mauk, H. Reme, E. C. Roelof, J.-
A. Sauvaud, M. Andriopoulou, S. Bolton, P
Brandt, K. Dialynas, P. Garnier, G. Jones, P.
Kollmann, A. Kotova, J. Manweiler,

E. Roussos, A. Rymer, J. Saur, N. Sergis, H. T.
Smith, J. Westlake.

]OHNS HOPKINS AKAAHMIA @ AGHNAN
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[TAPATHPHZEIZ THZ HAIOZMAIPAZ (2009) // AnostonH CAssiNi, KAMEPA INCA

Krimigis+[Science, 2009]

Galactic
Equator

Dialynas+[2013]

Belt: PelepBoudp nAektpoviwv Kat WOvVTwy mou
ouvBEtouv TNV HALLOAKN.

Basins: Neploxéc eAdxtotwy powv twv ENA.

0.0 5.5 1.0
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[TAPATHPHZEIZ THZ HAIOZMAIPAZ (2009) // AnostonH CAssiNi, KAMEPA INCA

“Hot” 0.2 keV — 4 Mev
heliosheath proton
pressure Py ~ 0.31 pPa
distends ISMF

Heliopause: Force balance
grad (Py) =J x B
Primary interaction: Py ~ Pg
produces belt (B-N = 0)

IS flow ram “Belt”
pressure = p /2 B-N=0

Krimigis+[Science, 2009]

Entavanpoodloploav tnv aAAnAentidpaon tou
NALotkoU aVELLOU PE TO HLAOTPLKO UETO,
Bewpwvtoc mwc N aAAnAenidpaon
TIPOYLOATOTIOLELTOL OTNV NALOTIOLLVON KoL
odeilletal KUplwe oTNV Mieon MPpwWTOViwWV TTou
avVTLoTOLYOUV TIEPLTTIOU OTLC EVEPYELEC TWV ENA.

ISMF B ~ 0.25 nT

Pressure = B?/2,

Py ~ 0.11 pPa
bUt PV < PB/2
and P, < P4/3
4
V4
(LISM flow interaction is .
secondary but breaks strict
azimuthal symmetry)
Supersonic

Termination solar wind
shock

Pg ~ 0.25 pPa

]OHNS HOPKINS AKAAHMIA @ AGHNAN
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VOYAGER 1 & VOYAGER 2 // AlEsxysAN THN HAIOOHKH KAI MEPASAN THN HAIOMAYsH

221 VOYAGER 2
2.0+
KOZMIKEZ AKTINEZ
g 15
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= = 25+
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1549
5_
| 1 i I | I I I 1 1
4/2018 6/2018 8/2018 10/2018 12/2018
a) Mayvntiko Nedio V1 ~0.5nT, V2 ~0.68 nT (Burlaga+[2013; 2019])
b) Nieon Mayvntikov MNediov  B2?/8m ~0.1-0.184 pPa (Krimigis+2010; Dialynas+2020)
c) Mieon HALOAKNG P.:~ 0.230 - 0.267 pPa (Krimigis+2010; Rankin+2019; Dialynas+2020).
d) Mukvotnta Yépoyovou n,>0.09-0.12 cm3 (Gurnett+2013;2015, Kurth & Gurnett+2020, Dialynas+2019;2020, Swaczyna+2020)
e) Bta mAdopatog B > 10 on average (Dialynas+2019;2020)
f) Nieon pecoaotpikov aepiov Pg,,. =pV?/2 ~ 0.056 pPa, Py o = NKT ~0.010 pPa & Py ~0.007 pPa  (Krimigis+2010; Dialynas+2020)
g) Bisme/Ps > 2 as opposed to the expected ~0.28-0.5

]OHNS HOPKINS AKAAHMIA @ AOHNAN 19 AekepPpiov,2024 | 16
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To MAAIO MIONTEAO THE HAIOZ®AIPAS // EQTASE $TO TEAOS TOY
Dialynas, Krimigis+[Nature Astronomy, 2017]

— * Termination Shock

Heliopause ....... A\ N Ny ‘ >~ . = - ' \ H HAléod)alpa". daivetal va
: | o= Hofioshenth ™ glvoil Lot OXESOV GUMMETPLK
«puoaAidba» MAACHATOC TTOU
- gpdaviel «dlapayvnTikn»
oupnepLpopd: To MAACHUO TNG
»  nNABNKNC aAAnAeTidpd dpeoa pe
TO LOXUPO LECOAOTPLKO HOYVNTLKO
1iedLlo, TTIOU € GUUTILECEL» TNV
EUPAVLION OUPAC OE LEPLKEC
EKOTOVTAOEC LOTPOVOLLLKEC
povadec, avti yia ~20,000.

IS FLOW -

Interstellar Flow

To pecoaoTPLKO MAGOUL...
| B ) nePLtuAiyetatl yupw ano
. ) N . :5_ ' S | v nAwonavon, Aiyo €w¢

’ : g oAU, OTwC To VEPO pEEL
yUpw armo eva Botoalo oe
£va «apyO» TOTALL.

AlaBthE': https://www.nasa.gov/feature/goddard/2017/nasa-s-cassini
-voyager-missions-suggest-new-picture-of-sun-s-interaction-with-galaxy




Opher+[2020]
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H I'n ekteOelnevn
2TO LECOOOTPLKO OLEPLO TIPLV
2-3Myr ko 6-7Myr

Wallner+[2016; 2020; 2021], Knie+[1999,2004]
Fitoussi+[2008], Fiminani+[2016], Ludwig+[2016]
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TO IXHMA THE HAIOS®DAIPAS (1961-2020) // SXEAON EYMMETPIKH AIAMATNHTIKH DYZAAIAA, « KPOYAZANY

Dialynas+[2017] (INCA & Voyager data)

-

Boschini+[2019; 2020]
aAaélakéc Koouikég AKTiveg otnv

IBEX-Lo Data (Galli+[2016; 2017]) HAw6opatpa (HetMob).

[...] typical thickness of HS in downwind
~(220+£110) AU.

150

IBEX-Hi Data (Reisenfeld+[2016])
N. pole L,,s~210 AU [ ] S. pole L,,s~160 AU

IBEX-Hi Data (Reisenfeld+[2021])
\[ | heliosphere extends at least ~350 AU tailward

N f
stellag Magnetic Field e Termination Shock -
Heliopause ... AN\ e N By Ny ' \\. lJ/
Heliosheath \Q H I E L n
ISM
merstellar Fow -_—
300 au
— |
300 au

Opher+[2020] MHD modeling

~

Czechowski+[2020]

n & Bzo i
elov+[2015; | -

~ ~20,000 AU
HAtooupda

L8 AOHNAN

JOHNS HOPKINS
APPLIED PHYSICS LABORATORY
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H HAIOS®AIPA // Hxol ANO TO MESOASTPIKO AIASTHMA

Heliopause atV1
(1216 AU)
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Gurnett+[2013; 2015]
133 AU % W
To onpa aro to Voyager 1, mou taéldevel pe tnv -
ToxuTNTO Tou dwWToC (300.000 YAp/beut.), xpetaletat
22 wpec Kat 59 Aentta yua va OdceL otn Mn, Krimigis+[Nature Astronomy, 2019]

i antootacon 24,87 dwo. xAp (>166 AU) Heliopause at V2

(119AU)




Heliopause atV1
(1216 AU)

-

Heliosheath
\".
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Interstellar Plasma Flow
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Krimigis+[Nature Astronomy, 2019]

Heliopause atV2
(11I9AU)
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