 NOAA Goes to L1 with
DSCOVR

Douglas Biesecker (NOAA/NWS/SWPC)
~ and the NOAA, NASA, DOD, Harvard/SAO, U Michigan teams




Qutline

e DSCOVR the mission

e The Status of the Instruments & Data

* Magnetometer
. Fargday Cup

-« SWPC providing data and products
e Why DSCOVR is better than ACE
e DSCOVR Archive
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DSCOVR - replacing ACE for operations
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The first NOAA mission outside Earth’s atmosphere

Replaces NASA Advanced Composition Explorer for operations,
~ but not for science

15 — 60 minute warning of Coronal Mass Ejection (CME) arrival

Geomagnetic storm intensity gauge

 Allows SWPC to issue actionable geomag_n‘warnings \



Geomagnetic Storm Impacts . ©
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Manned Spaceflight

Increased radiation risk
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How we got here...

e Feb 11, 2015 Launch! : =
* Fuel to last until 2029 . — " s

e June 8§, 2015 In L1 Lissajous
Orbit

e October 2~8, 2015 NOAA takes
.command of DSCOVR

* S0, why no data yet?



But first, the magnetometer

Magnhetometer meets NOAA requirements

Requirement Value Performance
Range 0.1-100 nT  0.004-65,500 nT
Accuracy +/-1nT +/-(0.5-0.9) nT

Cadence 1 minute 50 Hz

Sept 3-5, 2015
SWPC will provide 1 second
and 1 minute averaged data

DSCOVR shown in color
ACE in black



The Faraday Cup wasn’t meeting
requirements
Oct 7/8 CIR/High Speed Stream _—

e G3 Geomagnetic Storm
e During low densities, data got noisy

e Optimization of the FC was needed

e Extensive recalibration performed
Feb 16-Mar 4

. SW P C I 4 p I Ricn e d reVi = d . TEMPERATURE
algorithms March 31 _

B/10/07 GOUT 15710707 1207

Ground
Performance

Velocity Range 200-1250 km/s 168-1340 km/s

Requirement Required Value

Density Range 1-100 cm™ 0.22-219 cm?3
Temperature Range 4x10%-2x10° K 3.9x10%-7.3x107 K
Cadence 0.0167 Hz 2 Hz




How Does a Faraday Cup Work?

* A voltage V, applied at the front of
the instrument rejects protons <V,

HV Waveform

and lets through everything > V,,. > 1000
 The protons >V, deposit a current on g
£ 1200
the collector plates e SN , |
G S 0 5 100
° Stepping up to a hlgher VOltage Vl A(Z'-C'i:::upledt;l‘—:;::s’
does the same | B~ . — | B
e The difference between what is 3
measured at V, and at V, tells us 5_ N 71 T | i 100

h oW Mmad ny p roto NS h a d ene rgy Collector plates (3x)
betwee N VO an d Vl : Figure 3.2: The Faraday Cup measurement concept




Faraday Cup Concept of Operations
| |

e First we have to find the solar
wind
e Full sweep (11.5 sec)

 Then we do high time sampling
peak scans (3.5 sec) for a while

e Until a timer runs out (4 hrs) or
e Until a fast shock comes through
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 Then we do another full sweep - - L
Solar Wind Speed (km/s)
 And then go back to peak scan : ; : :

mode Modulator Voltage (kV)

051015 20 25 30 35 40 45 50
Modulator Step




After the latest recalibration

Overall, signal to noise improved by a factor of 20x

* Longer integration times
e Peak scan was 1 sec, now 3.5 sec
e Full scan was 2.5 sec, now 11.5 sec
e Full sweeps stretched to maximum allowed interval (4
hours)
e SWPC provided data will be 12 second and 1 minute
averages

e However, two issues remain

* Hey, where did the solar wind go?
e Impacts speed, density, and temperature
e |dentified as a software bug
e Fix still needs to be implemented
e Full sweeps induce a temporary, variable background
current lasting ~5 minutes
* Impacts density and temperature
* Investigating removing this in ground processing

So this is why we have moved transition from ACE to
DSCOVR to Summer 2016

HOOUTT 60418 12:00UT16 /04 [l

Mognetic Field




SWPC Modernizes Our Web Architecture

SPACE WEATHER PREDICTION CENTER
NATICNAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

ABOUT SPACE WEATHI /

FORECASTS

27-Day Outlook of 10.7 cm Radio Flux and
Geomagnetic Indices

J-Day Forecast

J-Day Geomagnetic Forecast

Forecast Discussion

Predicted Sunspot Numbers and Radio Flux

Report and Forecast of Solar and Geophy sical
Activity

Solar Cycle Progression

Space Weather Advisory Outlook

USAF 45-Day Ap and F10.7cm Flux Forecast

Weekly Highlights and 27-Day Forecast

SUMMARIES

Solar & Geophysical Activity Summary
Solar Region Summary

Summary of Space Weather Observations

PRODUCTS AND DATA

DAS 1BOARDS

REPORTS

Forecast Verification

Geoalert - Alerts, Analysis and Forecast Codes

Geophysical Alert
Solar and Geophysical Event Reports
USAF Magnetometer Analysis Report

ALERTS, WATCHES AND WARNINGS
Alerts, Watches and Warnings
MNotifications Timeline

MEDIA AND RESOURCES

SUBSCRIBE

MODELS

ANNUAL MEETING

Monday, April 25, 2016 22:35:44 UTC

FEEDBACK

OBSERVATIONS

Aurora - 30 Minute Forecasl

ACE Real-Time Solar Wind

STORM Time Empirical lonospheric Correction

.5, Total Electron Content
WSA-Enlil Solar Wind Prediction
Wing Kp

D Region Absorption Predictions (D-RAP)
Relativistic Electron Forecast Model

Boulder Magnetometer
GOES Electron Flux
GOES Magnetometer
GOES Proton Flux

GOES Solar X-ray Imager
GOES X-ray Flux

LASCO Coronagraph
Planetary K-index

Real Time Solar Wind

EXPERIMENTAL

Aurora - 3 Day Forecast

CTIPe Total Electron Content Forecast
Predicted Solar Wind at Earth

Solar Wind Transit Time

Satellite Environment
Solar Synoptic Map
Space Weather Overview
Station K and A Indices

DATA ACCESS




Try it yourself and give us feedback
No, that’s ACE data

e Default displays available
e 2 hoursto 7 days
e Mag only, FC only, or subset of both

 Mouse over display of values

e Zoom to highest available resolution

e Download current display to PNG format
 Download displayed data in ascii data format

* Mobile device compatible
 Not so great on phones

e Data also available via JSON format files
http://services.swpc.noaa.gov/products/solar-wind/

If you start using the JSON’s now, when we switch from
ACE to DSCOVR, it will be transparent to you.



Robust Averaging of Data

e Data are noisy and outliers will
occur

* Real-time operations -> manual
screening not possible

 Use modern, robust statistics, KT AR SN
designed to ignore small - SR TN
departures from model 3 . | LMedS-Ortho

assumptions
e e.g. normally distributed data

e Breakdown point

* Proportion of incorrect observations
an estimator can handle before giving
an incorrect result

e Theoretical limitis 50%
* Mean has limit of O (zero).




Magnetometer (50 Hz data)

e Hodges-Lehmann Estimator (1963)
e Breakdown point 29%

 Form independent pairs, including the
pair of each item taken twice

* n(n+1)/2 pairs
* Find the median of each pair
* Find median of the medians

Faraday Cup

e Huber M-Estimator (Huber 1963) Boxcar

e Breakdown point of 50%
e l|terative scheme
e Preferred for averages with fewer data points .

e Maximum likelihood type of estimator
* Huber influence function




DSCOVR Improves over ACE

DSCOVR will work better than ACE for G4 and
G5 storms

e 44 Geomagnetic Storms Reached G4 (Severe)
or greater (G5-Extreme) from 1998-2012

e ACE SWEPAM failed to provide solar wind data
for 10 of the events (23%)

e Due to proton storm contamination

e DSCOVR FC would have provided data for all but
2 of the events (5%)

Severe (G4) and Extreme (G5) Storms
Since 1998
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Estimate switch from ACE to
DSCOVR Summer, 2016

At that time, or shortly thereafter,
We W|” FE|eaSE a” data, |nCIUd|ng A Overview i visualize Data 4 Download Data
high time resolution data

Select Data: Results:
Data W| | | be ava | | d b I e fro m N CEl Begin Date End Date Download all files using a wget command
(nee NGDC) at: s | [ma2ee0ts

http://www.ngdc.noaa.gov/dscovr/ S Individual files by date

One Minute Averages




summary

DSCOVR is on orbit and has fuel to spare
Magnetometer is performing extremely well

Faraday cup has required extra work
e Improved signal to noise 20x

* We need more time to implement a few more fixes
 We only identified the latest issues in the last few weeks
* We are confident these can be fixed and/or mitigated

SWPC web architecture has been modernized
DSCOVR will be an improvement
.Data averaging has been modernized as well

Data from
e http://services.swpc.noaa.gov/products/solar-wind/
e http://www.swpc.noaa.gov/products/real-time-solar-wind
e http://www.ngdc.noaa.gov/dscovr/ :
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