SM35C-1769

NAIRAS Model Updates and Improvements to the Prediction of the
lonizing Radiation Environment from the Earth’s Surface to Geospace

Christopher J. Mertens?t, Guillaume P. Gronoff4, Yihua Zheng3, Janessa Buhler?,

Emily Willis®, Maksym Petrenko®, Daniel Phoenix?, Insoo Jun®, and Joseph Minow?

INASA Langley Research Center, Hampton, VA, USA; 2SSAI, Hampton, VA, USA; 3NASA Goddard Space Flight Center, Greenbelt, MD, USA; *NASA
Kennedy Space Center, FL, USA; °NASA Marshall Space Flight Center, Huntsville, AL, USA; ®Jet Propulsion Laboratory, Pasadena, CA, USA

1.0 NAIRAS Model Description 3.0 Run-on-Request (RoR) @ CCMC 3.4 RoR US Corporate Aircraft

Availability: Spring 2023 KBDL-KTUS EINN-KBDL

« Nowecast of Aerospace lonizing RAdiation System e |
Absorbed Dose in Silicon for Flight 07008 20220914140000

(NAIRAS) Model @ Community Coordinated Modeling Center Absorbed Dose in Silicon for Flight 07008_20220816174100 2691 S0 S2san i sen
. . . : ; -72.68 W -85.67 W -100.11 W -110.94 W —~ ~ ~ ~ - 15
- R-unnlng In real_tl me On LaRC Computel: Cluster About - Models - Simulation Services - Validation - Community Support - Space Weather - Tools 5 | | I —— NAIRAS IV3 > !ﬂ : EQL:{:SS V3
since 2011, results hosted on Space Environment O T hhns [T Atitug
Technologies server/website .. . GALAXY . | ij s N
— Running in real-time at CCMC since 2020 S, - el | 10 z j g Y‘ o
6. | - - -|= _ 33 L o e o o e E
° Key MOdeI Featu reS ou must agree to t lectio areement in ord ‘;3 VM § § | E
— Global ionizing radiation environment model L s | :E 5 | :
— Physics-based HZETRN (High Charge (Z) and o o 7 5 i
Energy TRaNsport) code e Table: RoR Capability Summary and Description . 1
— Real-time inclusion of solar energetic particle - AU Dl S Qs User Input N f
SEP d t < 4 Absorbed dose in silicon, absorbed dose in tissue, 01 L0 | | | | | 0
( ) Fadlation \ \ Global Dosimetric dose equivalent, ambient dose equivalent, effective | Start/End Date-Time 08/17/2022 08/17/2022 08/17/2022 08/17/2022 02/18/2022 03/14/2022 03/13/2022 03122022 09 25022
- - \ dose 05:41:10 07:21:10 Date/Time (UTC) 09:01:10 10:41:10 e B Date:/Tir;'\e (UTC) S 2
— Real-time solar-magnetospheric effects on -
radiation (cutoff model by Kress et al. [2004 > Posimetric & FluxFluence Tralectory fil
! ISS (date/time/lat/lon/alt)

2010]) s 4.1 SEP Events: Improved Modeling

* New/Current Model Development calculations

— Improved SEP dose nowcast and forecast Flight Trajectory calcuations * New Approach SEP Proton Spectral Flux: January 2005 (01/20 07:05 UT)

dto | h orbi - niegra o Fit spectrum to GOES integral proton flux rather 10° Fitting Technique: Ellison-Ramaty 100
— Extend to low-Earth orbit (LEO) environment ATMOSPHERE. FludFluence | GCRLET Lower LETienergy bounds o than differential flux measurements o  GOES Differential Flux
— SlﬂgIE'Event EffeCtS (SEE) I‘adla'[lon “Sk e  SEPproton integral quantity 104 % GOES Integral Flux

- . TRP proton . .
assessment quantities Benefits
Differential N/A (full model differential spectra 102
— Run-on-Request (RoR) @ CCMC ggpfgn written to output) O |.mDpl}_(f)V€C: rO?US-'[HEi;SOES - - |
LS ifficulty fitting ifferential channels at L0,

event onset and for weak-to-moderate events
= Extrapolation beyond highest differential energy

2.1 Real-Time Aviation Radiation Dose 3.1 RoR LEO (ISS-like) Dose channel (500 MeV) requires ntroducing

arbitrary and subjective criteria
Availability: CCMC Integrated Space Weather Analysis System (ISWA)

Differential Flux (MeV—* cm~2 s~ 1 sr71)
Integral Flux (cm=2 st sr 1)

= 50% or more of SEP effective dose at large
material depths (aviation altitudes) comes from >

e S o ———————————— g * NAIRAS Total Trajectory Effective November 02 16:00 UT — November 03 16:00 UT 500 MeV protons 10700 10 102 10° 10t
| Dose (per day) LEO Trajectory: Inclination 51.6-deg, 450 km o Preliminary simulations using neutron monitor data eneray (Mev)
o GCR: 215 uSv = [ GICR | i Suggest flttlng to GOES _in_tegl‘al prOton ﬂU_X may SEP proton Spectrum (b|ack |ine) fit to
o Trapped proton (TRP): 163 uSv = Troppes frotons : t();eitér represent the relativistic protons during GOES integral flux and comparison to
o Total: 378 uSv > : N > oaral flux fitt H orovid GOES differential proton flux. Horizontal
_ _ &) ] o New integral flux fitting approach provides a S
. Internatlonz_;ll Space Station (1SS) 2 15k f | n ] pathway to develop a SEP proton spectrum forecast E[arllue Ir:nfd'?dlcfigsu OVAA/S,[W PfCI: SEP event
Total Effective Dose (pel‘ day) v q “ n p | { " V ’ l ” p: (See AMS 2023 Tﬂlk') resno or eV proton Tiux.
o GCR: 233 uSv (Wu et al., 1996) ;E o | ‘ | ‘ AL
0 TRP: 166 uSv (Wu et al., 1996) 4.2 SEP Events: ISS Radiation
o Total: 438 uSv (Cucinotta, 2008) g, U " i “ -
0 ? e A Al “L December 13 00:00 UT — December 17 00:00 UT
0 | ‘ | - ] IS5 Trajectory: December 13—16&, 2006 (50 g/cm® Al—Eq Depth) :EE
Q 500 1000 1200 60 I N | | L A D | x IS5 Trajectory: December 13-16
Trajectory Point # (1—min intervals) - _?F?PH : e~ 1.2 [ L
Al Shielding: 50 g/cm? g 20 E -fr% Lol -
R . i 40 | g [
3.2 ROR LEO (ISS-like) LET Flux/Fluence - ol :
. - 30 -
- 3 ~ o6l
2.2 Near Real-Time International SpaCe November 02 16:00 UT — November 03 16:00 UT S =)
- . 5 _ - 2 20 =
Station (ISS) Effective Dose s Ty v s\ ot e S B e
2000 = M o 010 -
: el . . [ " (11 L | | |l L i £ 0.2
Avallab.|I|tyT Under Development E sl n n ll" " 'F“ L 1 | 1o O \\H“Im\\\W'N“IH'HM“IHW“HI# i
Trajectory with dose equivalent at depth 4.0 gcm?2 . é : i , I I 5 12/13 12/14 155;5 12/16 12/17 f 1-2/1%) L 1'2/'14 Lt 1'2}15 — 1'2/'1{'5 : 1'2/1?
7 0_151 n l | I F - qg A Date
. S 107 Al Shielding: 50 g/cm? Al Shielding: 4 g/cm?
- 500 & o0 1 L
E 0.05 _—u J u H u ﬁ “ " | u J " ‘ d “ “ “ “ u I “ d ﬂ “ ﬂ u “ J l: % 107" ’{—%‘ e _— |5|5 ITII’?IJ'E:T“JEOFI}I:I Ililﬁﬁtlzl;elmberlfl1lﬁl—ll16,l %{?F'I‘?‘Hl - ~ ot | I|5‘:§; -Emj.ec.mr.y: IDelcelmI::erl 13|—|16,| 2|DG.6 o
< l% I i g f_j 10% = o 0 g/cm® Al—Eq Depth -
] = I O s - 107 o e E
= O-OOO T o o iswo o — AL E - T sowe
: Trajectory Point # (1—min intervals) o 118_:.'. (Mev—cmz/m;;lo 1000 § 102 L _; Ig 107 E =
g i r Al Shielding: 4 g/cm? E 10' £ AEq Deptn — S 10 E
i e | 2 ok oo i 5
— Y — A - . ut = 3 w10 E
3.3 RoR High-Altitude Balloon Dose ] ¢
T 2l i g 107 E
o 1078 ER
NASA Radiation Dosimetry Experiment (RaD-X) Balloon Flight £l 1 E o
; A RaD—¥% Balloon TEPC Flight Data: September 25—26, 2015 - Rab—x Blﬂll?oq TEPC Flligbt Pﬁﬁuilsﬁpt?mw 2I5—|26; 2015 0 10_45 T O T TS V1 T S YR S S Y1 MR & 1073
- - L L - TEFC Dase Rate 5 hverage ol 0.01 0.10 1.00 10.00 160,00 1000.00 10000.0
2.3 Near Real-Time NASA Artemis 1 Dose - L . i o s : nergy (MeV) 2As e /s i2te 2/
i =3 el NAIRAS Dose Rate - — ol e _
Absorbed dose in Silicon, depth =50.0 gcm2 % H;“‘“ :
= /\ —on, o 30 5.0 Summ al'y
§ o —— TRP, total = 128.04Gy = T sk
3 P L — Al < T ] « Major NAIRAS Code Deliverables to CCMC
B == - s 1 |'| N [T : o NAIRAS Real-Time Global Dosimetric Quantities (Publicly Available Now)
/\ — 5L =T | to ' i o NAIRAS RoR Capability (Publicly Accessible in Spring 2023)
L e——— = ‘;; ;E 51_ o NAIRAS Improved SEP Proton Spectral Fitting Algorithm (Operational in early 2023)
oo /\ Em gor I « Significant Improvements and Extensions to NAIRAS Model
o ol ol * NAIRAS predictions now include both dosimetric quantities to assess human radiation
" mblent Dose Eau ogm 15 o (0T 15 our (UT) exposure and differential/flux quantities to assess SEEs in avionic system
S oo /\ — e _ _ « NAIRAS dose comparisons to measurement data: < 30% for all dosimetric quantities at
I L U Region A: 21 km < Z <27 km; Region B: Z> 32.5 km altitudes from 0-40 km (RaD-X data and ARMAS aircraft data)
: /\ T —mmee « SEP Dose Forecast Development: see AMS 2023 talk!
POC: Christopher.J.Mertens@nasa.gov




