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' ' Overview qu

¢ Generation of a cometary tail

*¢ Plasma regions around a comet

** lon species determination from
magnetometer data

*» X-ray emission from
cometary comas

** Rosetta Mission
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¢ Heating of the
comet after
entering
Jupiter's orbit

** Volatiles start
to be emitted
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Emission of Volatiles Gure

¢ Sufficient solar heating of
cometary surface

** Sublimation of volatiles on
surface

%* Pressure build-up below the
surface

¢ Geysirs of gas

Comet 67P[Churyumov-Gerasimenko

Outgassing observed by Rosetta
(0SIRIS)
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** Interaction between solar
radiation and molecules
** lonization of volatiles

** Creation of freeions and
electrons

hv+H,0 > H,0* +¢







** Interaction between solar
radiation and molecules

** lonization of volatiles

** Creation of freieions and
electrons

hv+H,0 > H,0* +¢

** Dissociation:
¢ Change of the molecular
structure

** Twoions: OH and H*
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** There are two tails:
** Dust Tail

** Gasllon Tail

__5._____*-.._______3‘.

Tails get longer the \
closer a comet gets

Tails are always directed away
from Sun. Gas (ion) tail points
straight away from Sun. Dust &

tail curves toward orbital path, /
__/"’I“'.

Orbit of comet ___ @

Generation of a Cometary Tail

to the Sun. .)-'

GWE

* The escaping dust is blown
away by the solar wind and
curves around the orbit of the
comet

** Theions connect with the solar
wind magnetic field and are
carried out radially from the
Sun direction



) Hannes Alfvén‘s Model (1957) (¢
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On the Theory of Comet Tails

By H. ALFVEN. The Royal Institute of Technology, Stockholm

ory o
n betwee h bm:dhhd Eh
Eldwluhd the hp fh IThhgh
imaybd electromagnetic forces,

Biermann assumed that the

pressure of the solar wind Only after Hannes Alfvén
particles ,.corpuscular published his plasma theory
radiation” would collimatethe , MHD" could the creation of
escaping ions the ion tail be explained



2 ~ Alfvén in his own words
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Hannes O. G. Alfvén
1908 - 1995
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—— ( Gasllon Layers around a Comet (e

¢ Outgassing Cometary Nucleu

** Rarifying Gas Layer S

** lonized Layer



- w/ Gas Layer and Magnetic Field C@F

/" WithSolar Wind Velocity!
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i 1"/ lonized Layer and MagﬂetiC Field C|xF

/" WithSolar Wind Velocity!

e

The magnetic
field gets hung up
in the ionized
layer




On the Theory of Comet Tails

By H. ALFVEN. The Royal Institute of Technology, Stockholm

(Manuscript received June 22, 1956)

Abstract

According to Biermann's theory the repulsive foree in comet tails is due to a cor
t 15 shown that some of the dithculties of this theory can
be overcome if the asumed radiation consists of beams with a frozen-in magnetic ficld
of the same type as required in (‘he elm.mc r(eld theory of magnetic storms and aurorae
ol the comet produces an ampli-
fied magnetlc field which dctcrmmcs the shapc of the rail. The high accelerations, which
have been observed in the tails may be due to electromagnetic forces.




_ The Origin of a Cometary lon Tail ¢\
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On the Theory of Comet Tails

By H. ALFVEN. The Royal Institute of Technology, Stockholm

(Manuscript received June 22, 1956)

Abstract

According to Biermann’s theory the repulsive force in comet tails is due to a corpus-
cular radiation from the sun, It is shown that some of the difficulties of this theory can
be overcome if the asumed radiation consists of beams with a frozen-in magnetic ficld
of the same type as required in the clectric field theory of magnetic storms and aurorae.

The interaction between such a beam and the head of the comet produces an ampli-
fied magnetic field which determines the shape of the tail. The high accelerations, which
have been observed in the tails may be due to electromagnetic forces.

—

Fig. 2. A beam with a frozen-in magnetic field H approaches the head of a comet (23). The field is deformed
(2 b and z ¢). Final state when the beam has passed (z d). Viewed perpendicular to the field of the beam.

The magnetic field lines, frozen
into the solar wind (MHD) are
draped around the cometary
nucleus.



Determination of lon Species Qe

i without measuring actual particles?

Yectron/l’hoton

H,0*

lonisation

e

H,0*

Magnetic
deflection

Cyclotron Waves
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MAGNETIC FIELD LINES

Spiralling around

the magnetic field
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lons gyrate around the
magnetic field lines

The frequency is dependent

on the mass and charge of

theion and the field

“f=qB/27m

Generation of waves in the

magnetic field

** Water (m=18m,q="1¢)and
B=20nT

% T=f1=59seconds

Cyclotron Waves in Magnetometer Data C@F

Glafimeier & Neubauer [1993]
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Figure 5a: Magnetic field observations in the upstream region proper at p/Grigg-
Skjellerup. Field values are given in nanotesla.

Magnetic field data from Giotto

at Comet 27P/Grigg-Skiellerup,
hice waves at the water cyclotron
period
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Magnetic Bottles e

Not always cyclotron waves
E.G. at Comet 1P/Halley

Mirror-mode-waves

Particle pressure
perpendicular to B-field

Creation of magnetic bottles

0.02 0.04 0.06 0.08 0.1 012 0.14 0.16 018 0.2

The size of the bottles is about 1-2 gyro radii



Comet Lulin (C/2007 N3)

" Swift Observations

A trio of recent comets
seen by NASA’s Swift

Swift imaged Lulin on Jan. 28, 2009, in ultraviolet
and visible light (blue, green) and X rays (red).

37

Comet 8P/Tuttle

Swift imaged 8P/Tuttle on March 4, 2008, in ultra-
violet (blue) and visible light (green and red).

GWE

Comet 73?/Schwassmann-Wachmann 3

Swift imaged this fragmenting comet May 2, 2006,
in ultraviolet (blue) and visible light (green and red).

Credits: Lulin: NASA/Swift/Univ. of Leicester/Bodewits et al.; Tuttle,
Sch Wach 3: NASA/Swift/Bodewits & Immler




Chandra X-ray Image the CUImEt'S
of Comet LINEAR }UC BusS
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A surprise when X-ray satellites
observed comets

Cometary X-rays
» y A-ray

GWE

FIRST X-RAY IMAGE OF A COMET

Comet Hyakutake - C/1996 B2 ROSAT HRI

March 27, 1996

10 arcmin

55000 km

C. Lisse, M. Mumma, NASA GSFC
K. Dennerl, J. Schmitt, J. Englhauser, MPE

Low-energetic X-rays
(< 1keV)



Wherefore? Gure

oo Simply reflected solar radiation?
** No!

Comet's

atmospnere @
Xray ¢

< { )
! ¥ Neéutral cometary
. ' gas atom :
; Spacecraft '
detector

i ** Solar wind ion collides

~ / ‘ with a cometary molecule
" % AP+ B A% 4 Blap)
* An example:

% 0% +CH,> 0" +CH,*
% 07" > 07* + Xray

** Laboratory Experiments




And soit ends GWE
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The interaction of an outgassing
comet with the solar wind :

** Creates a coma andionand
dust tail;

** lontail is created by hung-up

[ ()
IMF magnetic field
i His NE‘XJB : ss.pmav :HEMA, q ) sw 1 MILES AAY, 5 NP. _:
7 ] ] ] THE BALL OF “COLD FIRE” SURROUNDING THE B WONDERMAN'S BODY TURNS TO ANOTHER -
0’0 Freshly |0n|zed 5P66|65 _COMET'S E.. | INCREDIBLE ENERGY i-

create various wave modes

*¢* Neutrals interact with SW
ions to create X-rays
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67P[Churyumov-Gerasimenko




