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I η(i, Epost): Relative ToF delay due to energy deposition
and angular scattering in the carbon foil
→ derived from TRIM simulations.

I Problem: no conversion from ch in ns given!
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I η(i, Epost): Relative ToF delay due to energy deposition
and angular scattering in the carbon foil
→ derived from TRIM simulations.

I Problem: no conversion from ch in ns given!

I Criterion: linear ToF conversion.
→ Minimize deviation of linear fit of ToF positions (in
ch) vs. model ToF!

I Adapt model to in-flight data by optimizing Up and foil
thickness d.
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In-Flight Calibration - Result
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Pickup Ions

I What are Pickup Ions?
I Not of (direct) solar origin
I Embedded in the solar wind

I How can we identifiy Pickup Ions?
I We can measure mion, qion, and vion
I We can not measure the source!
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Interstellar Neutral Gas



Interstellar Pickup Ions



Interstellar Pickup Ions

ACE/SWICS



Inner Source Pickup Ions



Inner Source - Velocity distributions
three periods. Periods B and C are very similar in terms of

illustrated in the top two parts of Figure 1. The choice of
these periods allows us to remove any latitudinal or helio-
centric distance effects as well as differences in solar wind.

periods during high-latitude scans of Ulysses. The distribu-

2 AU) by SWICS. A distribution function of
PUIs generated upstream of and close to the spacecraft

Geiss et al.

[1996]. The difference might be due to the fact that their
values were calculated for near the ecliptic and ours are for

from Allegrini et al. 2005



Inner Source - Composition

Table 2. Element Abundance Ratios of the Inner Source PUIs

Compared With Previous Results and to Solar Wind Abundancesa

M/q (Element)

Inner Source Solar Wind
[von Steiger et
al., 2000]This Work Gloeckler et al. [2000]

m/q = 12 (C+) 1.01 ± 0.12 1.46 ± 0.12 0.683 ± 0.040
m/q = 14 (N+) 0.42 ± 0.07 0.40 ± 0.05 0.111 ± 0.022
m/q = 16 (O+) 1.00 ± 0.10 1.00 ± 0.06 1 ± 0
m/q = 20 (Ne+) 0.14 ± 0.03 0.32 ± 0.05 0.082 ± 0.013

aThe inner source PUIs show a composition similar to solar wind
composition.

from Allegrini et al. 2005



Inner Source - Extended Source

from Allegrini et al. 2005
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Inner-source production scenarios

Table 3. Summary Table Listing the Proposed Mechanisms and Their Relation to the Five Constraints

Scenario One,
Solar Wind
Recycling

Scenario Two,
Solar Wind

Neutralization

Scenario Three,
Products of

Sungrazing Comets

Scenario Four,
Dust-Dust
Collisions

Solar wind composition Possiblya Yesb Noc Noc

Peak near the Sun (10–30 RS) Yes Yes Possibly Possibly
Large pickup ion flux Unlikelyd Possibly Possibly Possibly
Randomly distributed source Yes Yes Unlikely Yese

Stability over solar cycle Yes Unlikelyf Yes Possibly
aSuccess of this scenario requires a very low sputtering yield.
bGrains act as carbon foils to neutralize the solar wind.
cDepleted in Ne, rich in C, Si, Mg, Fe.
dGrains efficiently scatter light and would yield a cross section 2 decades higher than observed from zodiacal light.
eHowever, peaks at low latitude.
fSuccess of this scenario requires that CMEs do not trap nanometer-sized grains.

A05105 ALLEGRINI ET AL.: BRIEF REPORT A05105



Heavy Pickup Ions - CTOF Observations



CTOF - m/q Spectra



CTOF - m/q Spectra
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Inner Source Pickup Ions - CTOF

34.7

28.4

23.2

19.0

15.5

12.7

10.4

8.5

6.9

5.7

E
/Q

[K
e
V
/e
]

All Counts

C+ O+

1
2

1
4

1
6

1
8

2
0

2
2

2
4

2
6

2
8

M/Q [amu/e]

34.7

28.4

23.2

19.0

15.5

12.7

10.4

8.5

6.9

5.7

E
/Q

[K
e
V
/e
]

wC+ ≥ 1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

C
o
u
n
ts
/M

a
x
(C
o
u
n
ts
(E
/Q

S
t)
)

20

40

60

80

100

120

140

160

C
o
u
n
ts

[(
M
/Q
)−
1

b
in
]

0.8<wC+ <1.0

All Counts

C+ Counts

20

40

60

80

100

120

140

160

C
o
u
n
ts

[(
M
/Q
)−
1

b
in
]

1.<wC+

All Counts

C+ Counts

10 12 14 16 18 20 22 24 26 28 30
M/Q [amu/e]

0

20

40

60

80

100

120

140

160

C
o
u
n
ts

[(
M
/
Q
)−
1

b
in
]

0.8<wO+

All Counts

O+ Counts

20

40

60

80

100

120

140

160

180

C
o
u
n
ts

[w
−
1

b
in
]

C+

10

20

30

40

50

60

70

80

90

100

C
o
u
n
ts

[w
−
1

b
in
]

O+

0.8 1.0 1.2 1.4 1.6 1.8 2.0
w=vion/vsw

0.0

0.5

1.0

1.5

2.0

2.5

3.0

O
+
/C

+

B
a
c
k
g
ro
u
n
d

In
n
e
r-
S
o
u
rc
e

In
te
rs
te
ll
a
r

from Berger et al. 2013



Correlation of Inner-Source and Solar-Wind flux?

from Allegrini et al. 2005



CTOF - Observations
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CTOF - Statistics
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Variability
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Correlations

100 50 0 50 100 150
H+

100

50

0

50

100

150

O
+

100 50 0 50 100 150
O6 +

100

50

0

50

100

150

O
+

100 50 0 50 100 150
H+

100

50

0

50

100

150
C

+
Va

ri
ab

ili
ty

 [
%

]

100 50 0 50 100 150
O6 +

100

50

0

50

100

150

C
+

100 50 0 50 100 150
H+

100

50

0

50

100

150

O
6

+

Variability [%]

100 50 0 50 100 150
C+

100

50

0

50

100

150
O

+



Correlations - Cadence
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Correlations - Periods

T1 T2

H+ O6+ H+ O6+

O+ 0.61 ± 0.04 0.76 ± 0.04 0.65 ± 0.05 0.86 ± 0.02

C+ 0.64 ± 0.03 0.74 ± 0.04 0.66 ± 0.05 0.86 ± 0.02

He+ 0.70 ± 0.07 0.26 ± 0.12 0.63 ± 0.07 0.23 ± 0.14

O6+ 0.53 ± 0.07 - 0.63 ± 0.04 -

O+ T1 O+ T2

C+ 0.95 ± 0.04 0.94 ± 0.05

Table 1. Mean correlation coe cients r
ion2 (ion2 line , ion1 column)
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Inner-source PUI composition

I M/Q resolution and large geometry factor should be
sufficient to derive C+, N+, O+, Ne+, Mg+, Mg2+, and
Si+ abundance ratios.

I Inner-source PUIs dominate in 0.8 ≤ w ≤ 1.2.

I Statistical assignment of counts!



Inner-source PUI composition

I Sort counts by wC+ .

I Fit M/Q histograms, take efficiency into account.

I Compose total flux by accumulating over the w-range.



Peak shape model
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I Derived ratios for σl, σr, and κr between all ion species
from TRIM simulations.
→ κr fixed; one parameter for σl and σr to describe all
ion distributions!

I Fit of the M/Q histograms with resampling using Poisson
noise.
→ Functions σl(Epost) and σr(Epost).



M/Q Fits
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Results

Ion M/Q/amu
e

Ion
C+

Solar Wind
(von Steiger et al. 2000)

C+ 12 ≡ 1 ≡ 1
N+ 14 0.22± 0.03 0.13± 0.04
O+ 16 0.57± 0.04 1.49± 0.19
Ne+ 20 0.19± 0.01 0.16± 0.04
Mg+ 24 0.30± 0.01

0.21± 0.09
Mg2+ 12 0.07± 0.01
Si+ 28 0.21± 0.02 0.20± 0.07



Simulation

I Production rates due to ion-dust interaction Pi, P
+
i , and

P++
i ; cross-section σ ∝ r−2

I Photo-ionisation rates ν and ν+.



Simulation

Ion M/Q/amu
e

Ion
C+ Simulation

C+ 12 ≡ 1 ≡ 1
N+ 14 0.22± 0.03 0.07± 0.03
O+ 16 0.57± 0.04 0.59± 0.08
Ne+ 20 0.19± 0.01 0.05± 0.02
Mg+ 24 0.30± 0.01 0.28± 0.11
Mg2+ 12 0.07± 0.01 0.05± 0.02
Si+ 28 0.21± 0.02 0.43± 0.09
Si2+ 14 - 0.05± 0.01



Simulation

Ion M/Q/amu
e

Ion
C+ Simulation

C+ 12 ≡ 1 ≡ 1

(N+ + Si2+)* 14 0.14± 0.03 0.12± 0.04
O+ 16 0.57± 0.04 0.59± 0.08
Ne+ 20 0.19± 0.01 0.05± 0.02
Mg+ 24 0.30± 0.01 0.28± 0.11
Mg2+ 12 0.07± 0.01 0.05± 0.02
Si+ 28 0.21± 0.02 0.43± 0.09

*50% of counts N+, 50% of counts Si2+



Results

100 120 140 160 180 200 220
Time/DoY

300
350
400
450
500
550
600
650
700

v s
w
/k

m s

Solar wind speed/km
s

O+

C+

≤ 350 0.52± 0.04
350− 400 0.57± 0.07
400− 450 0.66± 0.07
450− 500 0.87± 0.10
500− 537 0.96± 0.17



Possible reasons

I Production rates depend on solar wind speed in the solar
wind neutralization scenario.



Possible reasons

I Production rates depend on solar wind speed in the solar
wind neutralization scenario.

I Different charge-exchange ionisation cross-sections and/or
differential streaming.

I Solar wind elemental composition changes with solar wind
speed?

I Instrumental effects?



Summary

CTOF heavy PUI observations:

I The inner-source heavy PUI flux is correlated with the
solar wind heavy ion flux.

I The measured inner-source heavy PUI composition can be
explained with the solar wind neutralization production
scenario.

I The O+/C+ abundance ratio increases systematically with
increasing solar wind speed.
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