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MTOF measurement principle

@ Mass Time of Flight
spectrometer

@ intention: high mass resolution
for the price of energy

information
Hyperbola

@ measure: solar wind ions (He <
.. ~ Fe) with energies
0.1keV /amu...5keV [amu

@ entrance system relies on same
principle as in CTOF but
switched to gather everything
mode

@ neutralize ions in C-foil,
afterwards mainly neutral or 2
singly charged.

@ time of flight: 7 ~ \/%

@ Parameters of the transmission
function: vsw, a, 8, E, charge
distribution

@ depends on auxiliary instrument
proton monitor (PM) measures
proton speed and ecliptic angle
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© Preliminiary ion densities
@ Preliminary ion densities and and their problems
@ Truth by reference



Uncorrected ion densities
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Uncorrected ion densities
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Uncorrected ion densities
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ACE/SWICS data as reference

10

A

n_ACE in cm”™(-3)
=
o

10 . . . .
125 126 127 128 129 130

DoY in 2008



Exploiting ACE/SWICS
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© MTOF data: pha vs matrix rates



Which data to use?

DoY 1-91 in 2008:

1200000

. . . : : 10
— mtl, mt2

— pha

| — (mtl, mt2)/pha

1000000

800000}

600000 110°

counts

400000

ratio matrix rates / pha data

200000

/s

500 1000 1500 2000 2500 3000 3500 4000 4501[5)
TOF channel

o



Which data to use?

DoY 91-181 in 2008:

700000

T T T T 10

| —  (mtl, mt2)/pha| — mtl, mt2
— pha

600000

500000

400000} /Vﬁ

3000001

10

counts
L

>
ratio matrix rates / pha data

2000001

100000

0 500 1000 1500 2000 2500 3000 3500 4000 4501(9
TOF channel



Which data to use?

DoY 181-271 on 2008:
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Which data to use?

DoY 271-361 in 2008:
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Which data to use?

DoY 271

=361 in 2008:
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@ TOF spectra
@ Overlapping peaks and background
@ Velocity dependent background effect
@ Fitting



Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)

140000
— 570.0
H W 44 (|
NE| B HRE B BE [ b
120000F Sz i e (B[S T 1
100000f H O i Lol |
[T ~ 32:£550ﬁ<w3:’\1<0ﬁ£ :Fg
Fl B B O ES B[R BEEERRD b
FEREE K
80000} |
= R
N R opoo)|
) B
60000 FEPP J
40000 |
20000} L UL L L.JL} |
1 N
|
LA i e N

500 1000 1500 2000 2500 3000 3500 4000
tof

Christian-Albrechts University Kiel, IEAP CELIAS mini Workshop 2014 11/23



Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)
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Mass resolution and background (2008)

1000 T
— 770.0
H - G LdlGA
N M O NteH K H [0
H H 3 e | A N
SH= ud AR (1D | e I3 £
800 1
T A e fagagigrgsdasiadpuss g sy
B B H O B B BB BRRRRBE | E
600 1
z HH b
N F opoR|
CEBRE
400 1
200 1
e
N J Fir A
0 ‘ o b ‘ Tt
500 1000 1500 2000 2500 3000 3500 4000

tof

Christian-Albrechts University Kiel, IEAP CELIAS mini Workshop 2014 11/23



Mass resolution and background (2008)
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Background peak

Hyperbola

@ ion hits hyperbola,
possibly changes its
charge and is reflected
down

9 very broad peak

2o

p
X
a \
sl p Particle entrance
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Background peak

Hyperbola

@ ion hits hyperbola,
possibly changes its
charge and is reflected
down

9 very broad peak

@ can be (mainly) solved
by velocity dependent
cross calibration with
ACE/SWICS

2o

p
X
a \
sl p Particle entrance
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Predicted TOF channel

alpha=0.79 rad beta=0.004 rad deltag=0 q=190 x0=0.1 cm




Predicted TOF channel

alpha=0.79 rad m=16amu v=400 km/s deltaq=0 q=1q0
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Fitting

vp = 522. km/s
@ peaks are asymmetric: 00
Gaussian/ kappa peaks observed

| model
1400 - [

@ fit background first, then fit
peaks (windowed)

@ use CMA-ES (Covariance
Matrix Adaptation
Evolution-Strategy) for
curve-fitting
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Hansen, Ostermeier: Completely Derandomized Self-Adaptation in Evolution Strategies. Evolut Comput
9(2), 2001



Fitting

vp = 522. km/s
@ peaks are asymmetric: 00
Gaussian/ kappa peaks parkarace]
1400 H
@ fit background first, then fit 1200 | ‘H‘
peaks (windowed) oo L ‘\ \
@ use CMA-ES (Covariance g 800 -
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Evolution-Strategy) for a0 - s‘\\
curve-fitting . / \ / \
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Fitting

vp = 492. km/s

@ peaks are asymmetric: se0
Gaussian/ kappa peaks 200 - mbs;g;g

@ fit background first, then fit 220 |- J i
peaks (windowed) 200 1 LW‘

180 {

@ use CMA-ES (Covariance g 1601 ! ]
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Fitting

vp = 462. km/s
@ peaks are asymmetric:
Gaussian/ kappa peaks :ZZ [ 7 ” obsered —
@ fit background first, then fit 450 i
peaks (windowed) 400 1 |
@ use CMA-ES (Covariance H ZZZ L r H‘H
Matrix Adaptation S a0t Wy o
Evolution-Strategy) for 200 W o] | ‘Urlﬂ
curve-fitting 150 o “u,mm_,\"%
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peak parameters Fe56+

@ peaks are asymmetric:
Gaussian/ kappa peaks o

-
o

@ fit background first, then fit
peaks (windowed)

@ use CMA-ES (Covariance
Matrix Adaptation
Evolution-Strategy) for
curve-fitting

peak parameter

@ background peak also

(slightly) distorts the peak 380 400 420 440 460 480 500
form (?) Vg in ks
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Hansen, Ostermeier: Completely Derandomized Self-Adaptation in Evolution Strategies. Evolut Comput
9(2), 2001



MTOF over the years
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MTOF over the years
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MTOF over the years
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© The MTOF transmission function
@ Main players in transmission function
@ Small transmission for interesting irons
@ New TRIM simulations
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@ initial charge states should have
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@ ion energy/ velocity could have
been provided by CTOF, now
model based on proton
measurements
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@ ecliptic angle



Influences on transmission function

@ initial charge states should have
been provided by CTOF, now
(not very good) model or taken

from ACE £ 200 ]
e 200 ]
[*]

ion energy/ velocity could have o T T ", ST —TY
been provided by CTOF, now
model based on proton
measurements

w
1=}

@ angle and offset at C-foil
unknown, composite can be
estimated from position on MCP
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@ ecliptic angle taken from proton
measurement , angle less
variable for heavier ions?
Maybe answered by PLASTIC
soon
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Transmission for the WAVE system

Comparison of calibration data with WAVE softwares
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Transmission for the WAVE system

Comparlson of oahbratlon data with WAVE softwares
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Transmission for the TOF detector
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Transmission for the TOF detector
SOHO/CELIAS/MTOF V MASS Transmlssmn Functlon
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Transmission for the TOF detector
SOHO/CELIAS/MTOF V MASS Transmlssmn Functlon
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Transmission for the TOF detector
SOHO/CELIAS/MTOF V MASS Transmlssmn Functlon

0.0025 T T T T "o T
- Z 45.00. ,S’SW - 000 Ca, 10* + 0.6D0
i V.hem. = 10.0 km/s o *Ca cal. (DCR/FSR)
[ Ve = —1100 Vv ]
0.0020 - Vere = 20.70 kv ) 7
I C—foil = 2.10 pg/cm il
I Qo = 1 7
C L .
.
2 00015 .
£ L i
n E |
S
o F il
- [ s
S 0.0010F £
° r —£
© S
[ T
0.0005 — 7%
l b
[ E
0.0000 | | | . P
0 200 400 600 800 1000

Vsu [km/s]



Transmission for the TOF detector

alpha=45, beta=0
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Transmission for the TOF detector

alpha=45, beta=0

0.01
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c
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S 1le-08
c
=
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S
38 le-12
£
é le-14
T 1e1s
le-18
1e_20 1 1 1 1 1 1 1
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vsw in km/s
Question: Does more calibration data exist after all? Spare flight-model?



Post-acceleration

@ Entrance system in MTOF not used for E/q selection.
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Post-acceleration

@ Entrance system in MTOF not used for E/q selection.
@ MTOF modus operandi, typical example:
9 12 steps with:

Vp inkV 0 0.98 0 0 0.98 0 0 0.98 0 0 0.98 ov

VWAVE inkV 11.2 11.2 5.8 11.2 11.2 5.8 11.2 11.2 5.8 11.2 11.2 5.8

@ Cross calibration with CTOF shows that transmission particularly
inaccurate for Vy # 0.

Question: What is the exact geometry of MTOF? In particular, how exactly
is the Vee gridded and the Hyperbola finned?



TRIM (Tracking and Range of Ions in Matter), energy loss

and alpha “bending”
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TRIM (Tracking and Range of Ions in Matter), energy loss

9

and alpha “bending’
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TRIM (Tracking and Range of Ions in Matter), energy loss
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Energy loss was underestimated, in particular for low mass ions.
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TRIM (Tracking and Range of Ions in Matter), energy loss

and alpha “bending”

40 . .
alpha=25 +
alpha = 35
30 alpha=45 «x i
e
2 20| 0007000000 odiigdel, Alpha =45
Q
OEO) o
(_B 107 *
o
% % K ¥ ko x x x K ox x X x x x K x x x x x x K ¥ K x
o 0 F x i
@
=l
2
& -10f ) N
20 + |
+ + o+ + o+ o+ F 4+ 4+ + + F + 4+ + o+t F + + o+ +
.30 L= I I L L L
0 5 10 15 20 25 30
Z

“Bending” at carbon foil slightly overestimated.
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Summary and question highlights

@ MTOF data leaves a lot of room for improvement (e.g. by
comprehensive TRIM simulations), exceptions are “boring” quiet times
and CMEs

@ new, more accurate TRIM simulations leads to (hopefully) improved
transmission function

o in-flight calibration with ACE/SWICS instead of CTOF
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? How exactly are the matrix rates obtained?
? More calibration data?

? What is the exact geometry of MTOF? In particular, how exactly is the
Vee gridded and the Hyperbola finned?

? How is decided how many PHA words are written out? Is there a
prioritizing scheme?

? Which problems happened to MTOF in its operation time ?
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Questions?

Thank you for your attention!
y y Answers?



