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To Start: Some Quick Background, since this work combines elements of 
heliophysics, exodisk astronomy, and x-ray astronomy. 

Stars have Coronae, or Ultra Hot (~MK), Thin Atmospheres above their Optical 
Surfaces that create Hot, Diffuse Wind Outflows AND emit “Coronal” x-ray 
radiation, dominated by a thermal x-ray continuum.

Great 08-Apr-2024 
North American Solar 
Eclipse Directly 
Revealed the Actinic 
Light from Our Sun’s 
~1.3 MK Corona.

Steckloff 2024



Stars also have Astrospheres, 
bubbles blown out of the Galaxy 
by the pressure of a star’s stellar 
wind (SW). Their boundaries are 
defined where the pressure of the 
instreaming galactic material (due 
to the star’s orbital motion 
through the galaxy) equals the 
pressure of the outflowing SW. 
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In order to understand what our own heliosphere is like, understanding other 
system’s astrospheres & astroshocks is very important - but none of the O, B, or 
AGB star systems with known resolved astrospheres are anything like G2V Sol. 

Detecting Astrospheres Around Mid-Life, Main Sequence Stars Like the Sun is 
Hard, even for nearby Local Bubble systems!  

VSun

So Far All Resolved Astrospheres have 
been found around OB, AGB, or PMS stars.

BABY STARS,
~1 Myr OLD

BUT WHAT ABOUT 
“NORMAL MID-
LIFE STARS LIKE 
OUR G2V SUN?

OB-STARS AGB-STARS

Sun



Modern Day : Very Different Models for Our Heliosphere’s Morphology Still Exist

Solar System 
with Weak SW 
vs VLISM 
pressure + mag 
field

Heliosphere with very 
strong solar wind

In 1960 using pressure balance nSW * vSW
2 = nISM * vISM

2 + BISM
2/4p + PISM,thermal, Parker 

found, with cavity radius ~102 AU, two limiting heliospheric morphological solutions:

Boston Group Moscow Group Voyager Team



Enter HD61005 (aka “The MOTH”). A 
known ROSAT x-ray system harboring a 
Circumstellar Dust Disk with marked 
structure due to ISM-Disk Interactions.  

HST IR Imagery 
(G9V, 50 – 150 Myr)

ISM Interaction Model Debes 2009 
vISM~30 km/sec
nISM~ 25/cm3 wind

2007

NICMOS MODEL



HD 61005 is located  ~110 ly (36 pc) away, on the Other Side of the 
Local Bubble, in Puppis (close to the sky directions of Sirius and 
Epsilon Canis Majoris), and close to the galactic plane. 

HD61005:  G9V
Mass = ~0.9 Msun
Luminosity = 0.7 Lsun
Radius = 0.86 Rsun
Teff = 5480 K (0.95Tsun)
Age = 50 - 100 Myr old
Prot ~ 5 days
d = 36 pc distant

No known planets (yet)



“Sun in Time” study of G-star 
behavior by Guinan+ 2002, 2007 : 

We can expect ~100 Myr old Sun-
like stars (e.g. EK Dra, HD61005) 
should have hot coronae with 102-
103 times more XUV flux & SW than 
the Sun 

HD61005 (5.1 days)

Sun

HD61005

Sun (~28 days)



X-ray spectra for HD61005, Tau Ceti and Beta Hyi after correction for total on-target 
integration time, distance, and ACIS-S Effective Collecting Area. 
 

Our new Chandra ACIS-S observations of HD61005 in Feb 2021 show that  
~0.1 Gyrs old HD61005 is 2-3 orders of magnitude more luminous in the X-ray 
than 6-8 Gyrs old Beta Hyi & Tau Ceti (as predicted by Guinan+ 2005, 2007)

(keV)

Lisse et al. 2025, ApJ (submitted)



HD61005 is clearly  extended in our new Chandra ACIS-S imagery vs. 
archival Chandra images of other Sun-like G-stars. 

HD61005,
Chandra ACIS-S

HD61005, G9V, 40-130 Myr, 35 pc 18 Sco, G2V, 4900 Myr, 14 pc

Beta Hyi, G2IV, 6700 Myr, 7.5 pc Tau Ceti, G8V, 5800 Myr, 3.7 pc

Lisse et al. 2024, ApJ



Chandra ACIS-S images of Beta Hyi and Tau Ceti vs HD61005. Stellar coronal vs astrosphere components. 

Tau Ceti

r < 3 pixels

HD61005

3 < r < 6 pixels

Chandra ACIS-S background-corrected 
radial aperture photometry. Two 
components are clearly seen: 

- A Point-source (Stellar Corona), 
dominating inside r = 2 pix 

- A 1/r Extended Source (Halo), which 
dominates at r > 3 pixels.

(N.B.: the log scale required to emphasize 
the halo skirt.) 

Beta Hyi

Chandra X-ray Event 
Scatter Plots

Lisse et al. 2024, ApJ



Si XIII

Mg XI

HD61005 Core Flux: 

Dominant Hot 6.5 MK 
Continuum Thermal 
Source  

+ Normal Coronal Lines  
O VIII

Na X

Lisse et al. 2024, ApJ



Ne IX

O VIII

O VII

Ne X

HD61005 Halo:
CXE line dominated, 
similar to those seen in 
SW-Comet interactions.
Very Different Than 
CORE SPECTRUM. 

O VIII

Mg XI

Lisse et al. 2024, ApJ 



Noteworthy is the spherical symmetry of the x-ray emission, denoting an astrosphere 
morphology dominated by the strong stellar wind of the ~ 100 Myr old host G8V star; the 
~100 au radial extent of the extended x-ray emission and the beginning of the NICMOS dust 
“wings” (for scale, Voyager 1 has found the heliopause in our Lx ~ 1027.5 system at ~120 AU), 
and the roots of the Wings at ~ the astropause distance.

HST/STIS

Chandra ACIS-S

Overlay of the new Chandra imaging of HD61005 on HST/NICMOS near-infrared imagery (left) and 
Debes+ 2009 model of the system’s dust structure (right) produced by invoking ISM wind ram 
pressure perturbations of circumstellar dust orbits. 



Simple Toy Model for HD61005 
SW – VLISM Interaction: 
2 Equations, 2 Unknowns

• Given Pressure Balance nSW * vSW
2 = nVLISM * 

vVLISM
2    (ignoring ISM magnetic and thermal 

pressures)

• And assuming nsw~ 1/rh
2, vISM = 25 km/sec (Debes 2009), (nminor/nH) ~ 10-3, and Vsw~ 

1200 km/sec for an ~0.1 Gyr old G9-star

• Including constraints from our new Chandra observations:  Rastrosphere~ 100 au and 
LX,CXE ~ 1.3 x 1029 erg/sec 

• =>   We find nVLISM = 100 – 300/cm3 (~1000x nVLISM, Sun) and nSW ~ 2000/cm3 at 1 AU 
from host star (~300x solar) 

•  Given LX,CXE ~ sCXE * nVLISM * nsw (nminor/nH) * 
vsw * Volumeinteraction* <Ephoton> 



Conclusions from new Chandra ACIS-S Imaging of HD61005 

-  The stellar XUV activity and wind for HD61005 should be hot & high, about that observed by 
Guinan et al. for EK Dra, as HD61005 has an ~5 day stellar rotation rate. => We find an ~7 MK 
corona > 200x more XUV active than the ~1 MK. ~4.5 Gyr old Sun or 6-7 Gyr G8V Tau Ceti. 

-  X-ray emission is extended out to ~100 au, with a pronounced ”Halo” not found in other point-
source G-star observations. The halo’s x-ray spectrum is CXE line dominated, like our heliosphere’s.

- HD61005’ local ISM must be very dense in order for a system with Lx ~ 102 FSW, Sun to have an 
astropause at only ~100 au. => rISM, HD61005 = 100 – 300/cm3 using simple pressure balance, densities 
found inside GMC’s like the Local Lynx Cloud (LLC). 

[The solar system system TODAY has rVLISM, Sun = 0.2/cm3 and heliopause at ~120 AU, but would have 
a heliopause at ~ 1000 au if the SW was 100x stronger]. 

- 1st ever spatially resolved G-star astrosphere: Due to its youth and its dense VLISM, HD61005’s 
CXE emission measure nsw* vsw * nISM  ~ 106 * nsw,Sun* vsw,Sun * nISM, Sun.

-  The resolved Halo does NOT appear to follow the well known disk + fan tail and appears 
spherical in nature. This argues that the stellar wind – VLISM interaction is Parker stellar wind 
dominated.

(G8.5V, 100 +/- 50 Myr) ISM Interaction Model
~30 km/sec, 2.5/cm3 wind
Debes 2009 

Chandra ACIS-S (same scale as (a) 

Solar System 
with Weak SW?

HD61005with  ~103 more SW, 
but very compressed bubble.



To Do & Open Questions:  Apply Current Heliosphere Models to HD61005 

Solar System Evolution: At r ~ 100 au, HD61005’s 
astrosphere is smaller than our own (r ~ 120)!  => 
When HD61005 moves into “normal” ISM space, 
its astrosphere will balloon up to r ~ 1000 au (& 
ours will shrink down to r ~ 2-5 au when we move 
into its cloud as we orbit the galactic center!) 
(Opher et al. 2023, 2024)

Search for Other Young G-star Astrospheres? 
Nearby, edge-on, young  G1V HD107146 and G2V 
HD202917 disk systems seem similarly promising. 

SOLAR 
SYSTEM

HD61005

Is There Hope for an Alpha Cen CXE 
Astrosphere Detection With NextGen X-
ray Telescopes? nsw*vsw*nvlism/d2 = 102 – 
103 in solar units for HD61005 & ~1 for 
Alpha Cen. So probably not…Procyon?

The “Wings” - are the “swept-back, fine 
particle” wings due to disk dust blowout, 
ISM sputtering of unprotected dust, or by 
exclusion of ISM neutrals? Are they 
coincident with the prongs of the 
croissant in the Boston groups models?

(6.5MK, 
Prot = 5 
days, 
1200 
km/s, 
300 nSW, 

Ram = polar) 

(1.3MK, 
Prot = 28 
days, 
400 
km/s, 
1.0  nSW, 
RAM = 

equatorial) 
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Some Calculations of the Scale of 
the SW

Pressure of the Heliosphere:
PV = nkT or P = (n/V) kT   and 
[760 torr = 1 atm = 1.01 x 105 Pa, => 1 torr = 133 Pa, 1 Pa = 1/133 torr]

So for  Density ~ 1 H/cm3 at 1million K Temperature, we have
P = (1 H/cm3 * 106 cm3/m3) *1.38x10-23*106 deg K = 1.4 x 10-11 Pa [or ~ 1x10-13 torr]

By comparison: Fluorescent light bulb Hg plasma pressure ~ 0.8 Pa = 6 x 10-3 torr
Good rough pump vacuum ~ 1 x 10-3  torr = 1.3 x 10-1 Pa
Good turbopump vacuum ~ 1 x 10-7  torr = 1.3 x 10-5 Pa= Pressure on Pluto’s surface, 10x Pressure in a Fusion Reactor
Ultra High Lab Vacuum = 1 x 10-10 to 1 x 10-11 torr = 1.3 x 10-8 Pa to 1.3 x 10-9 Pa

Mass of the Heliosphere:
4p/3 *<1 H/cm3 > * (1.67 x 10-24 g/H-atom) * (1.5 x 1013 cm)3 = 24 x 1015 g = 2.4e13 kg
2.4 x 1013 kg is the mass of a 2.3 km radius comet of 0.5 g/cm3 density

Mass Flux into the Heliosphere:
Sun loses ~2 x 10-14 MSun/yr =2 x 10-14/yr * 2 x 1030 kg * /(3.1 x 107sec/yr) = 1.3 x 109 kg/sec
4 H/cm3 at 1 AU * (1.67 x 10-27 kg/H atom) * 4p*(1.5 x 1013 cm/AU)3 * 450 x 105cm/sec = 1.3 x 109 kg/sec
1 x 109 kg is the mass of a large comet’s coma, or of an 100 m radius comet-like body, or 500 Olympic swimming pools

Sun masses 3.3 x 105 MEarth, so the Sun loses 7 x 10-8 MEarth/yr, 70% of Mearth in 10 Myrs, ~300 Mearth in 4.56 Gyr (at 
current rates;  the Sun’s stellar wind was hundreds of times stronger when it was first born). Stellar winds from of low-
mass stars likes the Sun do not strongly influence their evolution on THE MAIN SEQUENCE. (Pre- and Post-Main 
Sequence Stellar Winds CAN cause ~MSun mass losses in Myrs!)





Opher+[2020] MHD modelingDialynas+[2017] (INCA & Voyager data)

~20,000 AU 
Heliotail

SHAPE OF THE GLOBAL HELIOSPHERE (1961-2022) // A ROUGH DIAMAGNETIC BUBBLE; A JETS STRUCTURE; A COMET...

IBEX-Lo Data (Galli+[2016; 2017])
[…] typical thickness of HS in downwind 

~(220±110) AU. 

IBEX-Hi Data (Reisenfeld+[2016])
N. pole LHS~210 AU || S. pole LHS~160 AU

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

tailwards

Czechowski+[2020]
Schwadron & Bzowski+[2018]

Pogorelov+[2015; 2017]

Boschini+[2019; 2020] 
Transport of GCRs through the 

heliosphere (HELMOD).



THE GLOBAL HELIOSPHERE A DATA-DRIVEN VIEW

Krimigis+[2019]
Combined data from V1, 

V2 and Cassini/INCA

Kleimann+[2022]
The heliosphere from 
the perspective of the 

models and 
comparison of models 

with data!

Dialynas+[2022]
The heliosphere from 

the perspective of 
Cassini, HSTOF & 

Voyager measurements!

SSRv 2022
The Heliosphere in the 

Local Interstellar 
Medium Into the 

Unknown



HD 61005
(G8.5V, 50 – 150 Myr)

Archival HST/NICMOS near-infrared imagery of HD61005. (left) The swept-back wings of the outer disk can be clearly seen 
in contrast to the bright central flat disk running left-right in the center of the image. Debes+ 2009 model of the system’s dust 
structure produced by invoking ISM wind ram pressure perturbations of circumstellar dust orbits. (middle) Close up of 
HST/STIS (color) + ALMA imagery (contours) of HD61005 from MacGregor+ (2018), which suggest that there are two 
components to the disk populated by both small micron-sized grains (HST) and larger mm-sized grains (ALMA): (1) a confined 
planetesimal belt between 42 and 67 AU with a rising surface density gradient and (2) an extended outer halo. For scale, 
Voyager 1 has found the heliopause in our Lx ~ 1027.5 system at ~150 AU. (right) New Chandra HD61005 ACIS imagery is 
~6.5” pixels wide, or ~100 au in radius at 36 pc, and roughly axisymmetric.

ISM Interaction Model
~30 km/sec, 2.5/cm3 wind
Debes 2009 

Compendium of Archival Observations of the HD61005 system. 

Chandra ACIS-S (same scale & 
coord as ALMA + STIS)

Hubble

2MASS J          2MASS Ka              4ksec Chandra/HRC          GALEX 
The ~12” extent of the NICMOS NIR imagery easily fits within the HWHM of the shallow, off-axis Chandra/HRC. 



If you liked this talk…
look for our 2024 paper!!


