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NThe local Interstellar Medium is characterized by its 
very low density

α Cen
1.3 pc

the Local Bubble:~100 pc cavity
hot, low density gas
T~106 K nHI ~0.005 cm-3

(soft X-ray background)

𝛽 CMa
151 pc

In all directions, the UV spectrum of any star
shows at least one absorption component 
of warm diffuse gas 
(N(H) = a few 1017 – a few 1018 cm-2)

LIC 
(cloud 

encompassing 
the Sun)



Over the years the spectra of nearby sight-lines 
have been studied kinematically to describe the 
interstellar environment of the Sun.
In particular Seth Redfield & Jeff Linsky have 
collected an important collection of UV spectra 
and came up with a model of  15 different 
"clouds" in the first 15 pc (Redfield & Linsky 2008, 
Malamut 2014). 

In their picture, the sun is at the edge of the LIC 
because of the introduction of the G cloud 
(Lallement & Bertin 1992), to account for a 
velocity discrepancy of 2 km/s 
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Homogeneous data base, with consistent 
velocity accuracy and sensitivity
Only MgII and FeII , observed with HST GHRS 
& STIS   R~100 000 (!V~3km/s) 

V (km/s), N (at cm -2), b - value (km/s)
total of 59 lines of sight length 1.3 to 100 pc

111 velocity components

Ed Jenkins and I had a few reservations about this model:

- Clouds  are not rigid bodies  (turbulence,  shocks,  interactions, expansions É)
 - Clouds must be subject to rotation 
- Not a unique solution
- e.g.LIC and G predict the same velocities in several directions
- Main clouds have similar velocity vectors 
- Main clouds seem to complement each other
- No line of sight with no absorption

Question: 
To what extent can we identify a single, 
continuous, cloud  which envelopes the Sun in all 
directions ?
We re -examined the UV -absorption database for 
the LISM from Redfield & Linsky (2002 ):



Step 1 : Select in every line of sight the component closest in velocity to  
the projection of the interstellar flow measured inside the heliosphere by
IBEX or Ulysses

Component 1

Interstellar flow into the heliosphere (McComas et al, 2012)
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i.e. the component that is most 
likely to originate in the cloud 
surrounding the sun

We called it ÇComponent 1È.



Step 3 : Examine the velocity deviations of measured Components 1  
from the best - fit velocity vector projections 
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Vm

Ñ > clear trend 
with ! m

- Deceleration in the direction of 
motion , 
- Acceleration in perpendicular 
directions

indicating a 
fundamental 
dynamical effect

Step 2: Derive the mean velocity vector that best fit all Components 1. 
(least squares fitting) 
l m = 185.84 ¡ ± 0.83  b m ="12.79 ¡ ± 0.67     Vm = 25.53 ± 0.26 km/s

Quite close to the Ulysses or IBEX velocity vectors



This shows the e xistence of a unique IS cloud  that 
surrounds the Sun in all  directions and is coherently moving, 
although not completely rigid

- It is responsible for  the largest absorption component in any 
sight - line

- It accounts for 70 % of the column density in the first 50 pc
- It includes most components previously identified as part of the 

LIC, G, NGP, Blue, Leo, Aur, Cet, Eri, Gem "clouds" in RL2008

1) Questions the existence of the "G cloud" and of 
many of the 15 "clouds" in Redfield & Linsky 
(2008)

2) Unique opportunity to study a diffuse cloud
from within.
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Simple, idealized model:   a spherical 
volume is differentially decelerated.
To maintain its volume Ðand internal 
pressure - it is deformed into an oblate 
ellipsoid "R( ! d)

minor axis = deformation axis

! d

The velocity perturbations !V( ! d) from a solid -body motion 
are proportional to "R( ! d), expressed in function of ! d, the angle 
away from the minor axis of the ellipsoid 

2 - Cloud dynamics I: 
deformation 

Velocity residuals showed:
- compression in the direction of motion, 
- expansion in perpendicular directions 
like a squashed ballon
which may result from the interaction 
of the cloud with a magnetic field or
an external medium. hot gas
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HI columns from Wood et al. (2005)
MgII , FeII from Redfield & Linsky 
(2002)

3 - Abundance gradient within the cloud
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- Significant depletion in the cloud head  
- Lower depletion in the rear —> this part has probably undergone a 
grain destruction process in the past



4 - Cloud dynamics II: Interaction of the 
cloud with its surroundings
Nature of the other velocity components

!"#$%&$'($)*+,#$-*./)0$
12$3'456$),%7$8#$-/8)#$%./$%#,/9$:%;<%./.#

! "#2nd component
! : 3rd component
! : 4th component
$ : 5th & 6th components

*&+,-./0$12.3/1$,3$/2&$4,/2&5$-,%6,(&(/17$5&+'/.8&$/,$/2&$!"#$-,%6,(&(/$

Consistency in the velocity shifts:
Half of the secondary components have  
# V = $7.2 km s !1  +/ - 1.5 km s !1 rms 
relative to the Local Cloud component

! V = "7.2  +/ -1.5 km s!1 



! Half of the secondary components have  
Δ V = −7.2 km s&'((+/- 1.5 km s&'(rms 
relative to the Local Cloud component

! half of all sight lines include such a 
component 

! These components cover half of the sky
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Possible signature of a 
shock progressing towards the cloud interior

Compatible with a shock driven by an enhancement of the external thermal 
pressure on one side of the Local Cloud (e.g. Local Cloud suddenly overtaken 
by a SN blast wave)

We call the ! Õs the Ç Cetus 
Ripple È components

Vs ~ 20 km/s      p2/k ~3000 cm!3 K
x2~1.4 compression     T2 ~ 8500 K

Post-shock (Cetus Ripple)
Velocity vobs= ! 7.2 km/s
relative to the main Local Cloud. 

Column density: log N(H I)=17.8
b-values:  2 to 4 km/s

Pre-shock gas (Local Cloud)
electron density n1 (e) = 0.10 cm!3

neutral hydrogen n1 (H I) = 0.05 cm!3

Temperature T1=6680 K
Pressurep1/k = 1770 cm!3 K
Magnetic field B1 = [2.2, 3.8] µG

field direction //shock front

hot
gas

106 K

4 - Cloud dynamics II: Interaction of 
the cloud with its surroundings
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- they are blueshifted relative to the Local Cloud 
for sight lines close to the direction of motion 
- redshifted for sight -lines away from it .
(30o < ! d < 115o)

5 - Cloud dynamics III: Nature of the remaining 
secondary   components : turbulence ?

The gas responsible for the 
other velocity components 
may be very nearby

The remaining secondary components
account for only 15% of the column density within 50 pc. 
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Are they :
- Gas escaping the cloud ?
- Secondary shocks ? 
- Small velocity waves induced by turbulent motions ?

We suggested that /';" '<)%1")+";$&(&(0/"='(*$+.
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5 - Cloud dynamics III: Nature of the remaining 
secondary   components : turbulence ?



2-This identifies a  single cloud  surrounding the sun, the LIC, 
extending irregularly to 9 +/ -  7 pc
3-  T = 6500 Ð 7000 K, n ~0.3 cm -3 ne =0.11 cm -3  B ~ 3 " G
It is partially ionized, with N(H + ) = 1/3 N( Htot ).

5-  It shows an  abundance gradient : metal depletion increases 
steadily from the rear of the cloud to the apex

7-  The cloud is in interaction with its surroundings:  evidence 
for a  shock progressing toward the cloud interior , covering half 
of the cloud

8-  The cloud includes other velocity components possibly due to 
turbulent motions. 
Simulations are underway
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1-UV absorption spectra of all lines of sight  contain a velocity 
component very close to the projection of the ISM flow in the 
heliosphere  l=185.84 ¡ +/ - 0.83 ¡ b=!12.79 ¡ +/ - 0.67 ¡ V= 25.53 +/ - 0.26 km/s

,%#$+8)
4-  The cloud undergoes a deformation , due to a decelaration 
in th e direction of motion and an expansion in directions 
perpendicular to the flow



THIS STUDY ILLUSTRATES THE IMPORTANCE OF 
HIGH SPECTRAL RESOLUTION 

AND HIGH VELOCITY ACCURACY
 IN THE UV FOR ISM STUDIES

High resolution (R ~ 100 000 km/s) needed: 
- to resolve velocity components: study the kinematics of a medium
- access to physical characteristics of individual components, not average 
- to get accurate velocity profiles 
- to relate kinematics and gas properties

High velocity accuracy (better then 1 km/s) needed:
- to identify the different velocity components: 

Far-UV needed: 
The far-UV gives access to a wealth of atomic and molecular lines, 

including key diagnostics of cold, warm, and hot gas. 



Closest B star @40 pc
Two interstellar components 
with “typical” delta V=5.6 km/s

STIS spectra with 
R ~ 114 000
Copernicus spectra (Ar I and N II)
with R ~ 20 000

With Copernicus, the double 
structure of the absorption would 
be missed completely, even for 
Ar I, with higher atomic weight 
than Si II
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A real-life example of an intervening absorption feature in the 
spectrum of the quasar Mrk 205 that arises from a foreground galaxy 
NGC 4319

Tripp & Bowen 2003: HubbleÕs Science Legacy conf. proc. p. 407.
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A real-life example of an intervening absorption feature in the 
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Spectrum of a star recorded by the highest resolution mode of STIS:

Tripp & Bowen 2003: HubbleÕs Science Legacy conf. proc. p. 407.



High resolution in the far-UV allows for the 
first time to observe H2 and CO 
simultaneously ! ratio N(CO) / N(H2)

Need high resolution to resolve individual
lines from rotational excitation of molecules

Resolve CO with turbulence of 1.5 km/s !
FWHM=2.5 km/s! R=120 000
and H2 with T~50 K and turb of 1.5 km/s !
b=3.1 ! FWHM=2.9 ! R=103 000
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FUV coverage Δλ = 900 – 1700 A, minimum: 1020 – 1220 A
! H2 at high resoluion H2: 844 to 1155 A. (5 Lyman bands: 1030 to 1155 A) 
! Coupled with CO : 912 to 1455 A and C I: 945 to 1656 A
! Coupled with H I : Lyman lines 912 to 1215 A 
! Coupled with [CH, CH+, CN, OH, OH+,DIB]: visible (but can be done from ground)



ISM research is absolutely dependent on having  wavelength resolutions 
of order 100,000 or better for species residing in cold, dense clouds.

1. Unexpected narrow components within broader absorption complexes
2. Gas kinematics within absorbing systems
3. Differences between multiphase media or homogeneous mixtures of 

different species
4. In crowded systems, chance wavelength coincidences can lead to 

misidentifications and/or inseparable blends
5. Important atomic physics phenomena that produce features with small 

separations in λ, such as
1. Fine-structure excitation levels with small energy separations
2. Isotopic shifts
3. Rotational excitation of molecules

Conclusion (quotation from Ed Jenkins)

"There are no good reasons for limiting our 
expectations to a lower R"
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JenkinsÕs Law (from 2005)
Log (effective area x multiplexing factor x resolving power) 
increases linearly with time

>(?%
,4%
'?/

!"#$%&'()*&+,)-".)*/,)
0."1#2*) ! !"" "#"$ )&3)4$"#*)
56)+"'*/3

1

2

2020        2030       2040



2-This identifies a  single cloud  surrounding the sun, the LIC, 
extending irregularly to 9 +/ -  7 pc
3-  T = 6500 Ð 7000 K, n ~0.3 cm -3 ne =0.11 cm -3  B ~ 3 " G
It is partially ionized, with N(H + ) = 1/3 N( Htot ).

5-  It shows an  abundance gradient : metal depletion increases 
steadily from the rear of the cloud to the apex

6-  The cloud is in interaction with its surroundings:  evidence 
for a  shock progressing toward the cloud interior , covering half 
of the cloud

7-  The cloud includes other velocity components possibly due to 
turbulent motions. 
Simulations are underway
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1-UV absorption spectra of all lines of sight  contain a velocity 
component very close to the projection of the ISM flow in the 
heliosphere  l=185.84 ¡ +/ - 0.83 ¡ b=!12.79 ¡ +/ - 0.67 ¡ V= 25.53 +/ - 0.26 km/s

,%#$+8)4-  The cloud undergoes a deformation , due to a decelaration 
in th e direction of motion and an expansion in directions 
perpendicular to the flow

8-  This study illustrates the need for high spectral resolution
 R> 100 000  (3 km/s) and high velocity accuracy  better than 1 
km/s


