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Introduction (1)
A search for ion cyclotron waves signatures

• To provide additional acceleration to the fast solar wind, a lot of models 
use ion cyclotron waves (Tu et Marsch, 1997, Cranmer et al., 1999, Hu et al., 
1999,  Hu et al., 2000, Isenberg et al., 2001…)

• Two kinds of observational signatures :

® Anisotropies of temperature T^ /T¤¤

® Preferential heating of the ions with a lower charge-to-mass ratio

Solar Radii

UVCS

Polar coronal hole 
(spectroscopy)

HELIOS

Solar wind 
(in-situ)

SUMER : Can we observe preferential heating in the low 
solar corona, above the coronal holes ?
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Introduction (1)
Ion cyclotron Resonance and

Preferential heating

• Preferential heating induced by the 
charge-to-mass ratio dependance :

� low q/m are always heated first

• Ion cyclotron pulsation :

wwwwc = = = = B ´́́́ q/m

• Cyclotron resonance :

w w w w = wwwwc - kv//

(parallel wave propagation)

Resonance
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Introduction (2)
Deducing the ion temperature  from the linewidth : the 

problem of the non-thermal velocity

• Previous investigations of preferential heating using linewidths for solar 
wind acceleration : Tu et al. 98, Cranmer et al. 99

• Also interesting to constrain the power in the high frequencies 
(turbulente cascade)

• Drawback : « non-thermal » velocity (x) is included in the linewidth.
Lots of off-limb observations with SUMER : variation of line width with
the altitude attributed to the variation of x
• Some of those observations (Hassler et al. 90, Banerjee et al. 98, Doyle 

et al. 99) : increase then decrease of linewidth, or plateau, near 1.2 Rs
� Alfvén wave amplitude increasing (flux conservation), then 

decreasing (damping � energy deposition !) 
Pekünlü et al. 02 : MHD calculations

• Observations with CDS : Harrison et al. 02, O’Shea et al. 03
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Spectroscopic observations

Deducing the ion temperature  from the linewidth

• EUV Spectrometer SoHO/SUMER 
• May 2002, Medoc Campaign #9 (not 

solar minimum…) : all lines observed 
the same day 

• North polar coronal hole

• Stray light : SUMER is not optimized 
for off-limb observations � dazzled 
by the solar  disc

� We have developped a method to
correct the profiles before the 
gaussian fit

EIT 195 Å
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Spectroscopic observations

Correction from the stray light profile

Observed spectrum = real coronal spectrum + stray light spectrum

(dominated by photospheric and chromospheric lines)

Ly bbbb

O I

Fe X
O VI

O VI

C I I
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Spectroscopic observations

Correction from the stray light profile

Fe X

O I

O I

Observed spectrum = real coronal spectrum + stray light spectrum

(dominated by photospheric and chromospheric lines)
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Spectroscopic observations

Examples of the effect of the stray light correction

Mg X

Fe X

(corrected)

• Si VIII 1445 : suspected blending above 150 arcsec 

• Fe X : Subtraction of stray light spectrum also reduces the influence of the 
neighbouring line on the fit

Si VI I I

O I
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Spectroscopic observations

The line width : a mix of 2 informations 

Instrumental 
widthGaussian width : 

(optically thin)
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Spectroscopic observations

The line width : a mix of 2 informations 

• Temperature : thermal Doppler effect in one volume element

Instrumental 
widthGaussian width : 

(optically thin)

Thermal Doppler  effect 
(one volume element) :
f (v)

vf
v

Vth
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Spectroscopic observations

The line width : a mix of 2 informations 

• « non-thermal velocity », or « unresolved velocity » : results from the integration 
over a lot of volume elements driven by fluid velocity fluctuations : 

® on the line of sight 

® on spatial and temporal scales smaller than the resolution scale

Source of velocity fluctuations : Alfvén waves, turbulence ? 

• Temperature : thermal Doppler effect in one volume element

Instrumental 
widthGaussian width : 

(optically thin)

Thermal Doppler  effect 
(one volume element) :
f (v)

vf
v

Vth

<ddddv2>-1/2

« non-thermal » velocity  
(integration effect)
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Spectroscopic observations

How to « deconvolve» the linewidth ? 

• Strong hypotheses needed to set one value and deduce the other one, e.g. :
® set T to deduce xxxx : 

• T=T ionization of each ion : irrelevant in off-limb observations ; many 
arguments, e.g. collision times :

• Electron-proton » 120 s � possible decoupling ( suggested by Tu et al.
98, Doyle et al., etc.)

• Ion-proton » 500 cyclotron times
� Ionization equilibr ium is questionable

® set x= xx= xx= xx= x0 0 0 0 (same for  every ion), and deduce T : too sensitive to the value 
of xxxx (Dolla et al. 2003, Soho 13 Proc.)

• « Preferential heating » : directly compute the difference of temperature with 
the altitude 
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How to « deconvolve » the linewidth ?

Using the difference in width with the altitude

• Two extreme cases : 

® Case 1 : DxDxDxDx = 0 or xxxx = 0 : only a variation of temperature
� absolutely independant of T or x !

® Case 2 : DDDDT = 0 : only a variation of the nonthermal velocity 
� we have to set x
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Interpreting the difference in width 
between 1.06 and 1.1 Rs 

Case 1 : Dx=0 Case 2 : DT=0

���� Preferential heating by ion 
cyclotron waves ?

� increasing xxxx with the altitude ?

• Dx =Dx =Dx =Dx = f(xxxx) � Dx = 4 km.s-1 if x=25 km.s-1 : 
compatible with increasing Alfvén wave 
amplitude with ne µ 1/r2 

• Possibility to measure Si VIII line ratio to 
estimate the density variation
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An attempt to discriminate beetween both effects 
(Preliminary results)

v2 = 
O VI

Mg IX

Na IX

Mg X (q/m =0.37)

Fe XI I  
(q/m=0.2)

1242 Å : blending 
with Si X ?

Fe X     
(q/m =0.16)

•Moving average, 
summing over  40 
pixels (+ smoothing 
over  10 pixels)

• v2 increase for  all 
lines, except O VI  
(?)

• Fe X « takes » off 
at a lower altitude 
than Mg X

• Na IX disturbing : 
takes off very ear ly, 
while q/m ~ 0.35 
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Conclusions

• Multi-ion studies are necessary to separate non-thermal and thermal 
velocity in the linewidth 

• Observed decrease or  plateau for  the linewidth, in other  works, may be due 
to the effect of stray light

• Both interpretations are consistent with the data :

– preferential heating induced by ion cyclotron waves

– non-thermal velocity increasing with the altitude : compatible with 
undamped Alfvén waves only for large wave amplitude

BUT : preliminary results tend to favour preferential heating

• All results strongly depend on the stray light correction : need for a 
spectrometer with :

• New data sets : presence of different structures along the slit

Available for  a post-doc position
… by June 2005…

– small instrumental width !

– less stray light (off-limb observations)
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« Preferential heating » : Can differences of 
temperature develop among ion species ?

4 ´ 10-3 s2 sFe X (q/m= 0.16)

2 ´ 10-3 s1 sMg X (q/m= 0.37)

6 ´ 10-4 s3 sprotons (q/m= 1)

120 selectrons

Cyclotron time
Collision time
with protons

Coronal Holes :

B= 1 Gauss

np = ne = 1014 m-3

Tp = Te = 106 K

• protons behave as a thermostat for the minor heavy ions 

• tcollision » 500 tcyclotron

� In case of cyclotron resonance, collisions cannot maintain 
thermodynamic equilibrium 
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Spectroscopic observations

1) How to interpret the coronal line widths ?

• Thermal Doppler  broadening is dominant in 
the corona

� the line profile  reflects the velocity 
distribution function in one single 
elementary volume

• Integration over  the observed solid 
angle and dur ing the exposure time :

f (v)

v
vf

Vth

0

0 ±±±± <ddddv2>-1/2

Vth

ÖÖÖÖ(vth2 + <ddddv2>)
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Spectroscopic observations

2) origin of the  <dv2>-1/2

• Possiblesource of velocity 
fluctuations : fluid turbulence 
or Alfvén waves 

Above a polar coronal hole :

Open magnetic 
field line

( Velocity field of the 
Alfvén wave)
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Open magnetic 
field line

Spectroscopic observations

2) origin of the  <dv2>-1/2

• Possiblesource of velocity 
fluctuations : fluid turbulence 
or Alfvén waves 

• Integration over :

® scales smaller than the 
resolution scale

Velocity fluctuation 
(projected onto the LOS)

Resolution scale

Above a polar coronal hole :
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• Possiblesource of velocity 
fluctuations : fluid turbulence 
or Alfvén waves 

• Integration over :

® scales smaller than the 
resolution scales

® line of sight

Spectroscopic observations

2) origin of the  <dv2>-1/2

Above a polar coronal hole :

LOS depth

Resolution scale
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Spectroscopic observations

2) origin of the  <dv2>-1/2

• Possiblesource of velocity 
fluctuations : fluid turbulence 
or Alfvén waves 

• Integration over :

® scales smaller than the 
resolution scales

® line of sight

® exposure time

���� The observed line 
appears broader

Above a polar coronal hole :

Resolution scale

LOS depth
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Are low q/m ions hotter than the others ?

� The value for   xxxx is very cr itical in determining temperature…

Assuming x=0 km.s-1 Hypothesis x=25 km.s-1

Temperatures ~ 1.06 Rs above the coronal hole
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Difference in temperature from 1.06 and 1.18 Rs
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Difference in non-thermal velocity
from 1.06 and 1.18 Rs
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Spectroscopic observations

Correction from the stray light profile

Ni II C I

Fe X

Fe XI

C I
C I

C I, Ni II

Observed spectrum = real coronal spectrum + stray light spectrum

(dominated by photospheric and chromospheric lines)
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Blending of Si VIII above 150 arcsec ?


