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Correlation between SQUID and -
magnetometer data-sets for geomagnetic sterms
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Validation of the Hermanus SQUID as a
Space Weather instrument

Technical issues of the Hermanus SQUID
Space weather as a driver for geomagnetic storms

First study: geomagnetic storms
LSBB and surrounding Magnetic Observatories

Second study: geomagnetic storms
Hermanus SQUID verified against observatory data

Future study:
|dentification of other frequency sources in SQUID data
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% The HTS SQUID at Hermanus

Located at Hermanus, ZA, - INTERMAGNET observatory
Magnetically clean environment - observatory standards

Low geomagnetic field, 10 uT horisontal and 23 uT vertical

High Temperature — cooled in liquid Nitrogen

Completely unshielded in local Earth’s field

Only X and Z axes

Aligned as best possible with X and Z axes of observatory fluxgate
Evaporation rate 0.8 cm/day

Refill 34 litres once per month
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%sansa Space Weather:

A Impact of Solar Activity on Technology
Space weather: influence of the sun and solar wind on the near-space
environment in a manner that affects performance and reliability of various
technological systems (GPS, HF communications, internet)
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%ansa Factors influencing Space-Earth environment
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» Coronal mass ejections (CME'’s), Solar flares etc
» Trapped particles in field give rise to radiation (Van Allen) belts

« Spiralling, bouncing and drifting motions across field lines gives rise to
ring current

* Magnetic sensing for Space weather prediction (IMF) & solar wind-
magnetosphere dynamics

Trajectory of
trapped particle

‘ Fluxgate — vector magnetometer
" - ¢ Used at most observatories

Micror (__+ Sampling at 1s averaged to
5 + 60s (16.7 mHz) on
. e ﬁg INTERMAGNET

XINP=
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%3"55 Geomagnetic Storms
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* lonospheric currents give rise to S, variation — unique to latitude

« (Geomagnetic storm — strong perturbation of the geomagnetic
field

* Ring current increases due to injection of plasma into
magnetosphere — reconnection (southward IMF-B,)

« Sudden decrease in H-component (or X~-component) due to
Increase in ring current energy in the magnetosphere

Quiet day variation at - 29 Jan 2011 Storm-time magnetic variation - 26 Sep 2011
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%ansa Correlation between SQUID and Fluxgate
sraceAciNeY Magnetometer Data for Geomagnetic Storms (2011)

T. J. Phiri
| “BelgiumC0'29"  Germany

Fluxgate data: H“‘Jaujffmg <
* Chambon la Forét (CLF 48.0°N 2.3°E) "i

France b fmgch vj.ff,
« Ebro (EBR 47.1°N 0.5°E) Spain ) France :::i:’j’“}%‘/ﬂk(
+ Fiirstenfeldenbruck (FUR 48.2°N e R e

11.3°E) Germany U, | e ,
+ Hermanus (HER 34.4°S 19.2°E) South W s

Africa S e 2 AL e
* Hartebeesthoek (HBK 25.9°S 27.7°E) el

South Africa
SQUID data:

* Low-Tc 3-axis SQUID (xyz)
e Laboratoire Souterrain a Bas Bruit
(LSBB 43.92°N 5.48°E)



%ansa Magnetic indices
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Kp index

* measure of overall variability of geomagnetic field at mid-latitudes
* 3 hour intervals

« Ranging from 0 (geomagnetically quiet) to 9 (most active)

» Useful for identification of magnetically active days Kp => 5

Dst (Disturbed storm time) index — classification of geomagnetic storms

« computed using measurements of the geomagnetic surface field observed
at middle and low latitude geomagnetic observatories, compared to
average deviation of H-component on quiet day along equator

« Dst<-100 nT — Intense storm

« -50 nT > Dst>-100 nT — Moderate storm

« -30 nT > Dst>-50 nT — Minor storm

« Dst>-30 nT — Quiet day

» Useful to describe extent of magnetic variability
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SPACE AGENCY Magnetically quiet day 29 Jan 2011

Kp Index Profile for Jan 2011

Days 29 and 30 of .
January 2011 had Kp S ;
values less than 0.5 2t
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%EHSE  INTERMAGNET data averaged over 60 seconds, thus Nyquist
SRACEAEENLY frequency of fluxgate data is 8.3 mHz
* Frequencies below 1 mHz excluded due to high 1/f noise
* Fluxgate and SQUID datasets compared over frequency range 1 — 8 mHz
« SQUID noise density spectra also inspected for frequencies 10 mHz to 10 Hz

» low frequency 1/f noise driven by environmental effects, not sensor performance

o Noise density plot for SQUID signals on a quiet day - 29 Jan 2011 0’ Noise density plot for a quiet day at CLF - 29 Jan 2011
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Case 2 — Moderate Storm, 6 April
Kp=5,Dst=-70 nT

Geomagnetic field variation at LSBB, CLF, EBR and FUR on 6 Apr 2011
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Choice of magnetic storms 2011

Case 1 — Moderate Storm, 1 March
Kp=5.4,Dst=-80nT

Case 3 — Moderate Storm, 28 May
Kp=6.4, Dst =-95 nT

Case 4 — Intense Storm, 6 August
Kp=7.8,Dst=-110 nT

Case 5 —
Kp =6.3, Dst =-100 nT

Dst Index Profile for 6 Apr 2011
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sansa Frequency Analysis of SQUID and Fluxgate Data
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Wiener-Khintchine theorem used to reduce noise

frequency [mHz)

frequency [mHz]

Amplitude density plot for SQUID signals on 6 Apr 2011 Amplitude density plot for signals at CLF on 6 Apr 2011
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Summary of Results

2.70

Case 1 Case 2 Case 3 Case 4 Case 5
Frequency (Hz) Frequency (Hz) Frequency (Hz) Frequency (Hz) Frequency (Hz)

X |[NS|Y [EW| X [NS| Y [EW| X | NS| Y |EW| X | NS | Y |EW| X [ NS | Y | EW
11811121118 |1 224 | 1.30 | 1.74 | 1.31 | 1.37 | 1.03 [ 1.27 [ 1.03 [ 1.28 | 1.26 [ 1.26 | 1.28 | 1.29 | 1.23 | 1.25 | 1.48 | 1.52
146 | 142|146 | 259 | 1.74 210|139 | 1.58 | 1.28 [ 1.70 | 1.33 [ 1.33 | 1.67 [ 1.65 | 1.44 | 213 | 1.58 | 1.59 [ 2.34 | 3.55
1.78 | 1.74 | 1751 283 | 191 2.61 | 153 | 1.94 | 1.70 [ 1.91 [ 1.71 [ 1.70 | 2.48 [ 2.50 | 2.00 | 2.50 | 2.09 | 3.06 | 3.51

2.21 2.25 | 1.86 212

2.46

75%

60%

86%

67%

83%

75% 50%

60% 67%

73%

75%

63%

64%

* Frequencies recurring on x- and y-components of fluxgate data: Xand Y

* SQUID components coinciding within 5% of the fluxgate values: NS and EW
e Overall, at least 59% agreement between the fluxgate and SQUID data

* Fewer frequency peaks identified on a storm day than quiet day, suggesting

energy increase across selected frequency bands
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%gﬂﬁaCorrelation between SQUID and Fluxgate
data-sets for Geomagnetic storms:
Hermanus (2013)

Fluxgate data: T. K. Matladi
 Hermanus (HER) — South Africa

» Hartebeesthoek (HBK) — South Africa
 Tsumeb — (TSU) — Namibia

SQUID data:
* High-Tc 2-axis SQUID (xz)
e Hermanus

|dentified storms in 2013
using Dst and Kp indices
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Geomagnetic storms during May 2013 Geomagnetic storms during July 2013
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Sarsa (Correlation in time-domain: Storm 2
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Magnetic field [nT]

Magnetic field [nT]

1.2

0.8

0.6

0.4

Geomagnetic field variation at Hermanus on 25 May 2013 Geomagnetic field variation on the 25th of May 2013
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ASD [nTHHz)

ASD [nTHHz]

ASD [nTHHz)

ASD [nThHZ)

Amplitude density plot for SQUID and Fluxgate [HER] signals on 01 May 2013
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Amplitude density plot for SQUID and Fluxgate [HER] signals on 08 July 2013
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Amplitude density plot for SQUID and Fluxgate [HER] signals on 25 May 2013
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Amplitude density plot for SQUID and Fluxgate [HER] signals on 10 July 2013
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Correlation in frequency domain

Continued...

Amplitude density plot for SQUID and Fluxgate [HER] signals on 14 July 2013
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Amplitude density plot for SQUID and Fluxgate [HER] signals on 11 July 2013
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Angglitude density plot for SQUID and Fluxgate [HER] signals on 02 October 2013
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%EHSE Simultaneous Enhancement of the
T power of the 21 Schumann Resonance
observed at HERMANUS-South Africa

and LSBB-France SQUID Systems

C. Kwisanga

Schumann Resonances are natural electromagnetic standing waves in the Earth
— lonosphere waveguide, created by thunderstorm activity

Resonance Parameters;

 Peak frequencies - 8, 14, 20, 26, 33, etc

« Power range (Horizontal Magnetic component) - ~1 pT4/Hz at 8 Hz
 Bandwidth ~2Hz at 8Hz

The parameters depend strongly on
v" worldwide thunderstorm activity
v lower ionosphere properties

v' properties of medium of propagation —
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HERMANUS
i I S

.| I power density [dB/Hz2]
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Time [Hr]

LSBB
60 -40 -20 0 20
[ B { L

power density [dBHz]

o

0

Frequency [Hz]

Time [Hr]

SansSa Dynamic Spectra of SQUID Horizontal Magnetic Variation

Measurements from 09/04/2013
at 14:00 UTC for 3 days

Simultaneous enhancement in the
power of the 15 Hz band

Corresponds to the 2" Schumann
resonance

3 SR bands observed at LSBB
before cutoff at 40Hz, around 15
Hz, 20 Hz and 25 Hz

Only one band ~14 Hz observed
at HERMANUS

Higher noise level at HERMANUS:
~1pT?/Hz at HER vs ~102pT?/Hz at
LSBB

H
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« Measured from 09/04 to 12/04/2013
« Power density and peak frequency variation of 2" SR at 8:00, 14:00, 20:00
« Corresponds to maximum of Asian, African and American thunderstorm activity

I | SBB 14:00)
I HER 14:00
T T T

 Maximum power observed on
11/04

« Peak frequencies variations
more pronounced at
Hermanus than at LSBB
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%ansa The way forward

Confirmation of new 3-axis SQUID operation

Correlation of LSBB and HERMANUS SQUID data for
geomagnetic storms 2014

Investigate other effects on SQUID:
« Lightning

* Rain

« Wind

« Tidal motions

* Piand Pc Pulsations

Measure possible man-made magnetic disturbances at SQUID
hut with higher frequency observatory grade fluxgate

Seismograph on site at HERMANUS -
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