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Introduction

• An ESA Ariane 5 rocket launched the James Webb Space Telescope (JWST) at 
12:20 UTC on 25 December 2021 from Kourou, French Guiana

• JWST is an infrared astronomy space telescope designed for observations of the 
first galaxies, formation of stars and planets, and investigations of exoplanet 
atmospheres 

– Partners:  NASA, ESA, CSA
– High value program (~$10B at time of launch)
– Largest space telescope launched to date

• Spacecraft is designed for a 12-year mission in a halo orbit about the Sun-Earth 
L2 Lagrange point, ~1.51x106 km (237 RE) from Earth
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JWST Spacecraft

• Science instruments
– Near Infrared Camera (NIRCam)
– Near Infrared Spectrograph (NIRSpec)
– Mid-Infrared Instrument (MIRI)
– Fine Guidance Sensor and Near Infrared Imager 

and Slitless Spectrograph)  FGS/NIRISS

• Astronomical instrumentation conducting infrared observations of faint, 
distant objects must be cold in order to maintain a minimal background of 
infrared light:

– A 5-layer sunshield structure divides the spacecraft into a “warm” 
side facing the Sun and “cold” side facing deep space

– Warm side:   ~300 K (27° C) 
o Spacecraft bus including power, communications, and 

guidance systems
– Cold side <50 K (-223.2° C)  

o Telescope mirrors and support structures, astronomical 
instruments and detector systems

• Spacecraft is very large!!
– Sunshield:  21.2 m x 14.2 m
– Primary mirror:  6.5 m
– Hubble mirror:  2.4 m
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JWST Space Weather (SWx) Launch Constraints

• NASA Engineering and Safety Center (NESC) independent assessment TI-15-01079, 
JWST Space Environment Launch Constraints (completed 06/2019) recommended 
the JWST Program should utilize space environment constraints to avoid exposing 
spacecraft to severe space environment during initial operations following launch:

• Implement a solar proton launch constraint developed by JWST Program 
prime contractor (Northrop Grumman)

• Implement an NESC developed surface charging constraint 
• Implement an NESC developed internal charging constraint

• Goal:  protect spacecraft from extreme space environments during initial flight 
operations and radiation belt transit in hours following launch:
• Single event effects (SEE) in mission critical electronics from protons and 

heavy ions in solar particle event (SPE) during initial critical flight operations 
(Launch + 18 hr)

• Electrostatic discharge (ESD) damage from surface and internal charging 
during transit of the Earth’s radiation belts (Launch + 4 hr)

• Constraints are for JWST spacecraft, the Ariane 5 launch vehicle does not utilize 
space weather launch constraints

• Risk reduction technique only!! JWST is designed to operate during and after 
exposure to the ionizing radiation and spacecraft charging environments during 
transit from Earth to L2 and during mission operations in orbit about L2
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JWST Launch Operations SWx Constraint Team

GSFC/JWST Program
• Mike Menzel JWST Program, Mission Systems Engineer, launch console
• Bob Meloy EMC/EMI and charging SME, SWx team POC for console personnel

LaRC/NASA Engineering and Safety Center
• Linda Parker Space environments SME
• Joe Minow Space environments SME

Northrop Grumman
• Mike Bodeau Space environment test SME

GSFC/Moon to Mars Space Weather Office
• Yari Collado-Vega M2M Director, space weather analyst
• Michelangelo Romano M2M space weather analyst
• Carina Alden M2M space weather analyst
• Robert Loper M2M space weather analyst
• Anna Chulaki M2M space weather analyst
• Mary Aronne M2M space weather analyst
• Mattie Anastopulos M2M space weather analyst
• Chris Stubenrauch M2M space weather analyst
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Space Weather Launch Commit Criteria (LCC)

• Protons (single event upsets from SPE protons, heavy ions)

From L-12 hours to L-10 minutes, NO-GO if 

– There is an active SPACE WEATHER ADVISORY WARNING or 
EXTENDED WARNING issued by the NOAA Space Weather 
Prediction Center for a proton event of >100 MeV integral flux 
>1 pfu expected, or,

– Any time the >50 MeV integral proton flux exceeds 5 pfu*

• >2 MeV Electrons (electrostatic discharge from internal charging)

From L-5 hours to L-10 minutes, NO-GO if  

– >2 MeV flux >4.98x10^4 pfu* measured at GOES West (GOES 17)

• Kp (electrostatic discharge from surface charging)

From L-1 hours to L-10 minutes, NO-GO if 

– Kp ≥ 4

*pfu = particle flux unit (particles/cm2-sec-sr)

Data Sources
NOAA SWPC e-mail subscription products:
• https://www.swpc.noaa.gov/products/alerts-watches-and-warnings
• https://www.swpc.noaa.gov/content/subscription-services
NOAA SWPC GOES real-time proton flux:
• https://www.swpc.noaa.gov/products/goes-proton-flux

NOAA SWPC  GOES real-time electron flux:
• https://www.swpc.noaa.gov/products/goes-electron-flux

NOAA SWPC  GOES real-time planetary k index:
• https://services.swpc.noaa.gov/json/planetary_k_index_1m.json
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www.SolarMonitor.org

Situational awareness only…
…not used for launch constraints!

βγ or βγδ magnetic complexity 
required for significant solar activity 8



UAH MAG4 Pre-launch X-ray Flare, CME, and SPE Probability

• Mag4 solar x-ray flare, CME, and SPE forecast tool 
based on computation of the magnetic free energy 
available for generating solar disturbances capable of 
producing x-ray flares, CMEs, and SPEs

• Near Real Time Forecast:  Free Energy + Flares

• Team monitored 24-hour event rates for
– M&X flare potential SPE
– CME, FCME potential geomagnetic storm
– X flare         potential SPE
– SPE potential SPE

Situational awareness only…
…not used for launch constraints!
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M2M SWx Briefings and Reports

• NASA’s Moon to Mars Space Weather Analysis 
Office (GSFC) provided daily space weather 
briefings and written reports to the JWST 
Program and SWx launch constraint team 
personnel (the example here is the final 25 
December report)

• Situational awareness insight into:

– Solar activity, x-ray flares, CMEs, CH/HSS, 
and other solar wind disturbances at 1 AU 
that could be a factor during launch 
operations

– Current state of constraint values

– Forecast of constraint values for launch 
operations

• Very helpful to team in preparation for 
monitoring constraint values during launch 
operations
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Launch Operations Support

• Launch initially scheduled for 16 December 2021, but delayed multiple 
times due to issues unrelated to space weather

– Team started monitoring state of space weather at this time for 
situational awareness

– Planned to notify JWST should any serious concerns appear

• Final launch window opened 12:20 UTC on 25 December 2021

• SWx team provided real-time support to launch operations starting at L-12 
hours

• Space weather input timeline started 12 hours before launch:

– L-12 hrs to L–10 min solar proton monitoring

– L-6 hrs solar proton for LV fueling poll

– L-5 hrs to L-10 min >2 MeV electrons

– L-1 hr to L-10 min Kp

– L-10 min all-inclusive Go/No-Go for launch
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GOES Protons:  SPE LCC

• Solar Proton LCC (No Go):   

J(>50 MeV) proton flux > 5 pfu

• >50 MeV protons remained at background 
levels during launch ops period

• >50 MeV protons no constraint for launch

LCC

Launch 12:20 
UTC

https://www.swpc.noaa.gov/
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GOES X-Ray Flux:  situational awareness

• Team monitored GOES x-ray flux to watch for 
potential flare, CME activity that could 
generate SPE, geomagnetic activity

• M, X class flares are correlated with flare, 
CME, and SPE activity, provides an advanced 
warning since x-ray protons travel at light 
speed (~8 minutes from Sun) while solar 
protons and CMEs travel slower

• Data not used in SWx LCC

• Only C-class flare activity during launch ops, 
no M or X flares

Launch 12:20 
UTC

https://www.swpc.noaa.gov/
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GOES >2 MeV Electrons:  Internal Charging LCC

• GOES >2 MeV LCC (No-Go):

J(>2 MeV) electrons >4.98x10^4 pfu

• Electron flux exceeded the NOAA SWPC 
alert levels during the launch ops but 
never exceeded the LCC constraint level

• >2 MeV electrons no constraint for launch

https://www.swpc.noaa.gov/

Launch 12:20 
UTC

LCC
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Kp Index:  Surface Charging LCC

• Kp LCC (No-Go):   Kp ≥ 4

• Kp reached levels of Kp = 4 due to minor geomagnetic storm in 
days preceding launch ops on 20-21 December, but activity 
decreased to levels below Kp=4 by the time the launch 
operations started on 24 December

• Planetary Kp Index never exceeded 3 during launch ops period

• Real time Kp from NOAA SWPC reached a maximum value of 3 
during launch ops but never reached or exceed the constraint 
value of 4

• Kp no constraint for launch

https://www.swpc.noaa.gov/

https://www.swpc.noaa.gov/

Launch 12:20 
UTC

LCC

LCC
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Summary

• JWST used SWx LCCs as a risk reduction technique to protect JWST 
spacecraft from detrimental effects of severe space weather 
environments in the 4 to 18 hours following launch:

o >50 MeV solar protons

Single event effects in avionics

o >2 MeV electrons

Electrostatic discharge damage from internal charging

o Kp ≥ 4

Electrostatic discharge damage from surface charging

• All SWx LCC parameters remained at levels acceptable for launch 
during the launch operations period

• JWST launched successfully by Ariane 5 at 12:20 UTC on 25 December 
2021 (at the opening of the launch window)

– Space weather had no impact on launch operations

• Initial flight operations, satellite structural deployment, and transit 
from Earth to L2 was successful.  JWST is now conducting science 
operations in orbit about Sun-Earth L2!
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