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What | will do in this talk:

* Introduce myself, Los Alamos, and my teammates

 Dive into three ongoing statistical projects at LANL

1. Hypothesis testing for shapes in neutron images
2. On-orbit calibration for ionospheric plasma monitoring
3. Statistical emulation for cosmic discovery

» Give a(n incomplete, statistician-minded) introduction to each of the
applications, then move on to some statistical methods work

* Close with some plugs
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LANL Statistics Group (CAI-4)

‘ °2R2',,’3“¥05‘ Then: make uncertainty
I/ MAIN GATE l\ computable.

Now: make complex scientific
conclusions defensible.

CMU alums: Kary Myers,
Natalie Klein, Thea Sukianto




Inertial
Confinement
Fusion




Highlighted team members: Ky Potter, Susan Glenn, and Chris Danly

“Bayesian Reconstruction of
lon Temperature and
Amplitude Profiles in
Inertial Confinement Fusion
using Gaussian Processes”

— Ky Potter et al.

“Boots

Hypothesis Test of 2D

Contours using Elastic

Shape Analysis”

— Susan Glenn et al. 9190026 7




Confinement: how do you hold a 400,000,000°F plasma?
(and why?)

Lawson Criterion for net energy production

Inertial confinement:
short time (~ nanosecond),
very high density

nre > 1.5 - 1020
m3

Magnetic confinement:
long time (~ minutes), low density

Gravitational confinement:
Very long time (billions yr)
High density, “Low” T
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Implode a small capsule at very high velocity —
takes time to “bounce” and start expanding again

()
Lawson Criterion for net energy production Key scales:
0y S Implosion velocity ~ 300 km/s
ntg > 1.5- 107 — Nuclear burn ~100 ps =101

3
m Burn region ~ 100 pum
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= Key scales:
Real Iy b Ig Iasers Implosion velocity ~ 300 km/s
~ — 1010
National Ignition Facility Nuclear burn 120 ps=10""s
2.2 MJ laser facility (largest in the world) Burn region ~ 100 um
192 beams impinge on a ~ 1mm target

¢:§ Los Alamos
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Not as simple as that

\ -

S

Kooy o
¢

We need:

High enough density
- Symmetric, correct adiabat, velocity
High enough temperature

- low carbon mix 100pum

Time step: 100ps (10-%s)

~
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Statistical Issue: We didn’t have ways to formally ask
whether a source is of a given shape

Pinhole Aperture

Source Detection Plate -

Noisy Images Y™

Being able to formally test the shape of the source
unlocks diagnoses and comparison to simulation.
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Data Generating and Image Reconstruction Process

Data Sij * Kijin = Iin Yin~Pois(I;n)
Generating — —_—
Process

Blurry Images I™ Noisy Images Y™

True Source S
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Data Generating and Image Reconstruction Process

Noisy Images Y™

Reconstruction
Process

Sij = EM(Yy)

<

>

. Estimated Source S . R
%@ Los Alamos Estimated Images S™
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Data Generating and Image Reconstruction Process

Yin~Pois(Iin)
—
Blurry Images I™

Noisy Images Y™
. Sij =
Reconstruction &=
Process

. Estimated Source S
%@ Los Alamos
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Data Sij * Kijan = Iin
Generating —
Process

True Source S

Sij = EM(Yy)

<

|
M=
2_|cu§’

Estimated Images S™



Characterizing Shape in Diagnostic Images:
What’s Currently Done

Get the 17th percent contour c;; and apply a Legendre polynomial decomposition
to create a basis representation of that shape.

250 P0 =45 250 P0 =45

P2/P0 = -54% P2/P0 = -54%
P3/P0 = 4% P3/P0 = -4%
P4/P0 = 6% P4/P0 = 5%
P5/P0 = 3% P5/P0 = 3%
200 P6/P0 = 6% 200 P6/P0 = 7%
4150 4150
100
4100 4100
50 50
0
20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200
x[l x[]
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Characterizing Shape in Diagnostic Images:
A Simple Question

Question: Could our observed contour c? have plausibly
come from this shape?

from ?

Ho: () generated c?
Hu: () did not generate c?
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Characterizing Shape in Diagnostic Images:
A Simple Question

Question: Could our observed contour c? have plausibly
come from this shape?

from ?

Ho: 7 generated c?
H: (7 did not generate c?
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Updating the Framework: Elastic Shape Analysis (ESA)

* Motivation: We want to be able to compare two shapes without assuming some rigid
basis structure underlying them.
* Geometry tells us information about an object independent of shape-preserving

transformations (position, scale, and orientation)
Data aligned data registration

A

L SV N | aTE Tl @(\C‘}/ - 7(
LR v \Qi ‘\f\\ |

* We’'ll use the Elastic Shape Distance (ESD) between two objects, which measures
“intrinsic” shape difference between curves transformed into their square root

velocity functions.

1% Los Alamos

AAAAAAAAAAAAAAAAAA



Bootstrap Procedure for Shapes

100

y, Hm

-50+

®

501

-100 -50 0 50

Los Alamos
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« We're building a test statistic for comparing
an observed and proposed contour.

- We approximate d(c,, é,), the distance
between ¢, and our mean contour ¢,, with
bootstrapped distance d(é,, ¢;). Note ¢,
can be any shape we wish to test.

» The distribution of d(¢é,, é;) can give us a

test statistic for asking whether ¢, could
have plausibly produced our image.



Hypothesis Test for an ICF Shot
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Planned Work

» Doing hypothesis testing for multiple quantiles simultaneously

QOOQ ()

» Building discrepancy maps (asking “where/how are theSé shapes different?”) to
describe both geometric (bending, stretching) and topological (splitting,
merging) shape differences between pairs of images

VS VS

» We are focusing on two key questions in ICF image analysis:

|.  how confident are we that a shape feature of interest is “real” or an artifact due to
uncertainty?

II. do shapes in ICF experimental images agree with 2-D hydrodynamic simulations?

1% Los Alamos
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California lonosphere
\  ~400km T -
2 above Earth

NIF

Livermore, California

Pacific
Ocean el
Pacific Ocean

Schematic. ISS size, atmospheric thickness and locator boxes are exaggerated for visibility.

‘@ Los Alamos 9/19/2026
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lonospheric Plasma Monitoring
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4 Personnel (>30 scientists involved)

» Large percentage of early career staff
« Staff from four Divisions at LANL: ISR, CAI, T, & AOT
« Team members across four institutions: United States Air Force Academy,

\_ Colorado State University, Space Test Program, & LANL

1% Los Alamos
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The lonosphere

A layer of Earth’s upper atmosphere (~60-400+ km) filled with
charged particles (ions and electrons) that responds to sunlight.

High solar activity
(solar maximum)

¢ More high-energy photons
e Increased ionization
e Stronger, expanded ionosphere

Low solar activity
(solar minimum)
* Fewer high-energy photons

* Lower ionization
e Weaker, thinner ionosphere

Altitude

Altitude
(km) \ (km)
Iy 'ss 7 1ss
400 - "7t (~400 km) 400 T (~400 km)
F region I L Ve W ‘ F region
(x200-400+ km) (=200-40
300 - -

| Eregion
200— g \

=9_ -200

D region

(=60-90,

- ¢ ”

e SRR N,

R
Impacts Technology " . - VAl . Solar activity varies on multiple timescales
¢ Affects radio communication and GPS The |onosphere IS dynam'c = : « *® 1ll-year solar cycle
* Drives satellite drag it changes with the Sun. O\ + * Solar flares (hours-days)
¢ Influences space weather ’ e Coronal mass ejections (days)




Image from SpaceX Crew Dragon flyaround of ISS on
November 8, 2021

&
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S — =
Aps HH B L —— ..'. .
2023-03-20 2024-04-21
EPEE e
~ 7 hours
y
FPMU I i
2021
2026-05
AIMSS

I T T | >
2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

Year

1% Los Alamos

NATIONAL LABORATORY



Energy bin
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Moments and plasma parameters

(—( Spacecraft Potential (®) j

=
Measured Energy Spectrum
- peak at u
% |
g |
|
I
;
u EeV) energy (eV)
At peak current (u):
Measured Energy = @ + KE,
= @ +448eV

Therefore: [@ =M -448 eVJ

where 4.48¢V is the kinetic
energy of atomic oxygen at

the ISS velocity

=/

(@ # A .
L Plasma Temperature (T) ) ™\ /& L Plasma Density (n)
Higher density
Measured Energy Spectrum B Measured Energy Spectrum
Higher y — data o - larger current 1
temperature - = Gaussian fit Colder plasma
=¥ lroadar - narrower peak ) < = asilk
energy & «n
distribution e

current

(due to larger
thermal spread
of velocities)

Hotter plasma
> - broader peak

[}
l
;,L energy (eV)

current

Lower density
-> smaller current

i
|
|
|
I~
I
!
/,IL energy (eV)

The width of the Gaussian fit (o) is related to
the plasma temperature:

where m is the ion mass
(e.g., atomic oxygen) and
kg is Boltzmann's constant

mo?

T=kB

The area under the Gaussian fit is proportional
to the plasma density:

where I(E) is the measured
current, and C depends on the
instrument collection area,
geometry, and efficiency

1
== /I(E)dE

J
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A single “moment” in time

Anode current (Amps)

®
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Instrument baseline is fit
using a 2-parameter model
over 6-hour windows using
the low-signal times.

From the remaining signal
we learn the Gaussian fit
parameters, which are
proportional to the plasma
moments.

Info is shared across time
slices via a random walk
prior over each parameter.




On-orbit calibration (or: an aside on collaboration)

3000000000000

2000000000000 4

1000000000000

FPMU Electron Density (Ng)

O..

0.000000000  0.000000005  0.000000010  0.000000015  0.000000020
EPEE scaled AUC (ao)

Let £, = log,¢(v) for variable v.

Then:

'gNe =a-+ bfAUC + C‘B”,
20 implying
10 NeFPMU = 10a AUCb ‘l.lc.

Here 10¢ scales the amplitude to the
magnitude of the density, b is the slope of the
relationship between log AUC and log density,
and c is the elasticity due to potential.



Ongoing and future work

Laminated
Collimator and ESA

XDL/MCP
Imaging Anode

; i & “l‘ / d
24 &
8 i p o
Magnetic
Analyzer Section

Storm and sub-storm survey using
historic instruments

Mass calibration of new instrument

Algorithm development for anomaly

detection

Software package for Heteroskedastic
Normalized Vecchia Gaussian Process

Apply developed distributional emulator
method to plasma simulations

9/19/2026
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] The large-scale Universe
Earth + ISS The Milky Way Galaxies, filaments and voids
NerEart space (NO m) - Our galaxy (schematic) (~10%° m)

The Solar Syste
Our planetary neighborhood
(~1013m)

Smaller scales
(higher energies)

Larger scales
(bigger questions)

Many orders of magnitude

1% Los Alamos
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% Dark Matter

...  Cosmology
" 7. Emulators

- ool RS
T
8

Gas Temperature

9/19/2026 34



Highlighted team members: Earl Lawrence, Katrin Heitmann (Pl),
Nesar Ramachandra, Dave Higdon, Jared Clark

Virginia Tech

Argonne National Lab

e
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Possible Models of the Expanding Universe

The Universe:

r Decelerating Universes n Coasting Universe Accelerating Universe

e N

R

C°. e, R AR >

What we know

Ro %5 ° 2@ 50

K

A decelerating universe reaches its current size in the least amount
of time. The universe could eventually contract and collapse into a
"big crunch" or expand indefinitely. A coasting universe (center) is
older than a decelerating universe because it takes more time to
reach its present size, and expands forever. An accelerating universe
(right) is older still. The rate of expansion actually increases because
of a repulsive force that pushes galaxies apart.

1% Los Alamos
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The Universe: Mostly not regular ol’ matter

Visible
natter

5%
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Frontier-E Simulation: A really really big simulation!

e Largest astrophysical simulation of the Universe ever conducted

e CRK-HACC ran on 9,000 nodes of OLCF’s Frontier machine for ~one week (compared
to one year on a CPU machine)

e Unprecedented statistics for a range of cosmological investigations

e Developed Al assistant to sort through the data

Cosmological Hydrodynamics at Exascale:
A Trillion-Particle Leap in Capability

X\
O\ : ;
\\ ?\(\ Nicholas Frontiere*, J.D. Emberson*, Michael Buehlmann*, Esteban M. Rangel®,
60('\ Be Salman Habib*!, Katrin Heitmann', Patricia Larsen*, Vitali Morozov!, Adrian Pope®,
GOof Claude-André Faucher-Giguere®, Antigoni Georgiadou¥, Damien Lebrun-Grandié!l, Andrey Prokopenko!
*Computational Science Division, Argonne National Laboratory
'High Energy Physics Division, Argonne National Laboratory
tArgonne Leadership Computing Facility, Argonne National Laboratory
$Department of Physics and Astronomy, Northwestern University
9National Center for Computational Sciences, Oak Ridge National Laboratory
l|Computalional Sciences and Engineering Division, Oak Ridge National Laboratory

~
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The path to a “hero” run involves a lot of stats

1. Design a simulation suite

2. Statistically emulate the simulator

3. Calibrate your simulator to observables
4. Refine, iterate if needed

5. Pick “best” parameter settings

~
1% Los Alamos



Some of our previous work on gravity or hydrodynamics

Cluster gas fraction

l- Qv
: E

Gravity only example: i
The CosmicEmu (on GitHub). @ i
Hydro example: - 2
Sensitivity of CGF = s

%) Los Alamos (Paper in preparation). ™ “<FTEETLIE
<
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Our current work focuses on cosmo and hydro

Los Alamos

NATIONAL LABORATORY

110 sims

Vary 5 hydro
and 2 cosmo
parameters

& b b LN

0.5
0.4
0.3
0.2
0.1
0.0

Halo Mass Function

1 12 13 14

Cosmic Star Formation Rate

SV N I AR

Galaxy Stellar Mass Function




Sobol components across outcomes
Open circles mark repeated-fit means above the method- and observable-specific 95th-percentile maximum-null threshold.
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Do the interaction terms actually matter?

Difference in mean LOO RMSE for full versus reduced emulators
Negative values favor the emulator including cosmo-hydro features

1.0

method

- PC-Quad

F PC-BASS
E Functional BASS

-1.0

Mean LOO standardized RMSE difference

. Qo @ o
Qé\c\ (3,{“\ & & 6\\0 8 ,\@(\‘
%Ga ¥ ‘(\rb‘ O \\)Q 1\00 Q@G
o & ol & Ed <°
& S 0\ & & )
& & & S & & s
G @ X
C)\Q cgb'ro 0\\5 (,é\ r;@\\ \Z\(b‘ -;@\
e & A 2
%3 Los Alam & & &
‘59 0S AldMos 9 P
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Where does the

interaction

matter?

Cosmic star formation rate

o 5
L
0
(@] A
e Fa
0 \
N \
e
©
©
c
8
) 0
0.25
(=
#® Los Alamos

0.75

1.00

0.6

0.2

0.0
0.6

14
>

o o °
o o n

Sobol index as a function of output bin
°
F'S

i
N

0.0
0.6

0.2

0.0

Top Sobol curves: Cosmic star formation rate

a

—— PC-Quad — PC-BASS —— Functional BASS

main effect cosmo-hydro interaction
ew | Ogxew
| é& |
og | OgXKw
K
v | 0gxMseeq
L
Wm X K
Mseed | m W
| .
0.25 0.50 0.75 1.00 0.25 0.50 0.75 1.00

rank 1

rank 2

rank 3

rank 4



=)

Ongoing and future work

L 5

1. Calibration with uncertainty in "x" and "y"
direction in 'complicated' regimes

2. Novel approaches for 'longies and shorties'

(i.e., outputs available at different scales)

3. Visualization of ensembles of
hydrodynamic simulations

4
S
¥ »
»
3
L
-
"%

-

4. The big goal: accounting for uncertainty
about hydrodynamics when learning
cosmology parameters from observation

~
1% Los Alamos



Plug 1: I’'m looking for collaborations

* I'll be a visiting professor at CMU this academic year, and would love to help
bolster the LANL/CMU pipeline.

* I'm also in particular need of students with anomaly detection or shape expertise!
* My email: krmoran@lanl.gov

Plug 2: CAI-4 Is Looking for Summer

Students . | bc:'w/' o
 Work with a statistical mentor on 67‘27;57(’(““"‘ L5 Heaf
one or more cool science
o P ‘O(QY
applications with domain experts )/ 1 ﬁ

ih eJerypomne s
Do ckyurd

* Email your CV to me or to cai4-
summer-students@Ilanl.gov if
interested.

Q@ Los Alamos 919/2026 47
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Backup Slides (ICF)
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Bootstrap Simulation

®

Means: ¢
Bootstrap: ¢~
— Truth: ¢

—— Estimate: C.

Means: €
Bootstrap: ¢”
— Truth: ¢

—— Estimate: C.

(a) €o.6,Chg for N =200

Los Alamos

NATIONAL LABORATORY

(b) 50_6,56_6 for N = 5000

If the red and blue
distributions are very
different, we should

worry.

Distribution Type
mmm True: dg([9], [q])
 Bootstrap: ds([§"1,[4.])

|

p—

300 500 1000 6000
Number of points

10000

(¢) Violin plots ESD

9/19/2026
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More ESA details

» We use the Riemannian metric which measures distance between nearby points in
curved spaces (manifolds).

» A planar curves is a continuous function with maps the parameter (time, arc
length) to a 2D plane: 8 : D — R?

» The square root velocity function is q(t) = ﬂ optimizes over

il U y q( ). e
reparameterizations to align curves for fair comparison.

» The elastic shape of 8: [q] = {O0(q,7)|0 € SO(2),v €T,||q||f. =1} € S where
S is the unit Hilbert sphere in the space of SRVF, modulo rotation (SO(2)), scale
(|lg||f. = 1), and reparameterization (I).

Data aligned data registration

rrrrrrrrrrrrrrrrrrrrrrrr Scaled & m:j:t-niun/uvm Ygfonn ) 141 J ) ‘74{'
£ ok '} f{) =
a1 (N — N\ )G e "N A i =
k-4 AT ¥ W [/ u g ¥ sz(&/ [/\é\ h
> 1N K N 4 1
1% Los Alamos Ly & Q. {
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More ESD details

» The Elastic Shape Distance (ESD) between curves 81 and 2 which have the
SRVF transform is defined as:

ds([q], [g2]) = minﬁercos_l (/8 <q1(t), Oqz(v(t))ﬁ>)

0€50(2)

» Fix one curve gi(t) and search through all possible rotations x
re-parameterizations of the second curve and select the one that is “closest” to

the first curve (Og2(7(t))V7)-

[q2]
[q:] % %g
[ ]

% ﬁ- [q1]
[ ]
[q4] ® %J
m‘ [gs]

1% Los Alamos
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How can we get two curves?

~
1% Los Alamos

We can get three contours form the
source S for different percentiles
p = {p1, p2, p3} denoted cp,, Cp,, Cps.
We can get corresponding three

contours form the estimated source S
for different percentiles

p = {p1, p2, p3} denoted &p,, Cp,, Cp,-

Then for fixed p we get look at the
ESD d(cp, 6p).
Small distances — we can 'trust’ our

estimate more. Large distances — we
can't 'trust’ our estimate more.



Distribution of Distances

P
A
O

\ B We want to approximate
@ 5 the distribution of Elastic

% \ g distances between the

(] d(c,.2,) source contour and the

2 /J data contours d(cp, &p)

@ i e e with the bootstrap

, & _}& samples and the data
24 A Ak
i — @ (. ).

1% Los Alamos
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Confidence Intervals and Hypothesis Test

1. Make null hypothesis:
> Ho : cg € C, the null hypothesis is if ¢ is a likely source.
> Ha: ¢y ¢ Cq the alternative hypothesis is if ¢J is not a likely source.

2. Generate confidence interval C, = {¢,|d(cp, &) < dn} which we calcu-
late using d(&p, €;) to get an estimated d,, (1 — « percentile in distribution
of distances).

3. See if test statistic Tops = d(cg, ¢p) is in confidence interval:
> reject null if d(cy, &) > d

> fail to reject null if d(c3, &) < da.

1% Los Alamos
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Simulations Circle Example

> The gray distributions are d(¢p, ¢;) for
percentiles p = {85t", 90th, 95t}
> the red line is the test statistic d(cp, &5).

True Source with Percentile Contours Data Reconstructed Source with Percentile Contours

> the dotted blue line is the 95t percentile of
the distribution of distances d, where

Co = [0, da].

85th Percentile 90th Percentile 95th Percentile

1% Los Alamos
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Deep Dive Issue 2: We couldn’t observe spatially

resolved ion temperature

Fill tube-induced jet Simulation
introduces cold 50

material into hotspot \

Observation

(5-225)

neutrons

z (pm)
o

40

=50

r(um)

Figs: B. Haines et al., Nature Comm 11, 544

(2020) and Phys. Plasmas 27, 102701 (2020 1 €IMperature measurement could diagnose reaction rates,
1% Los Alamos plasma performance, asymmetries, instabilities, etc.
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The effect of temperature

foets

Aperture Scintillator Streak Camera

Streak Image Pixel Spectra Temperature Profile

A

1A B
H—

14.1 MeV

Space

Time
~
¢t9 Los Alamos w1926 57
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APS and EPEE data products

1000 —
—:— Solar Max ‘\\ \
---- Solar Min N \-\
)
% %
AT °
800 - 5%
\ x
% K
\\ \.
h) N,
N N
~ 600 - N \.\
E ‘\ '\
5 b3 ~N
S @ ISS Altitude M i 8
w— T \\ N\
w 3 N
= TR |
S 400 - % 1
.
hmF2 )’
e
} _“-,-_f--—-"_——
200 ———Tt
.-—-n-n.--ﬂl-".'“-"‘;“_ -
— NmF
0 T T T T T T
107 108 10° 101° 10! 102 1013

O* Density (m~3)

1% Los Alamos

NATIONAL LABORATORY

9/19/2026

59



Sharing information across time slices

N2
Gaussian model: yt(a:) = O exXp (W) + St(:c), Et(:c) ~ N(O, ngs)
Oy
Smooth drift: Zy = (logo:t, i, log Jt): Zy — 241 N(O dlag(T 7'2 7'2))
T 0_2
Penalized fit: IIllIlZ yt $z - (35'@: Zt)]2 + Z(Zt - Zt—l)TW(Zt - Zt—l)a W = diag ;gs
t=2 J

2.0e-10

hecl
s

1.56-10 S  ‘oBaseline + Gaussian

Fitting process: ;éz : 1%0 W@wm%@&w@%%%
¢ Independent Gaussian fits initialize zt « T Sl

¢ Alternating (Gauss-Seidel) updates over t § siwir| F

e Converges when maxt||Azt|l<e . Gaussian it

e Empirical Bayes estimation of penalty weights 2

0 50 100 150

¢'Q Los Alamos Energy (eV)

NATIONAL LABORATORY
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Cross Calibration Snapshot

Signal
Extract

EPEE/FP
MU Cali
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light
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Model performance against FPMU data

3e+12 4
FPMU

Z
> 2e+12 A
(%)
e
)
)
S 1e+12-

0e+00 - -
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Equatorial lonization Anomaly (EIA) Crest Dynamics E

* Geomagnetic storms and auroral substorms modify the EIA crest
* Prompt penetration electric field drives the dynamics
* Cold ion heating, EIA crest spreading, instability (equatorial plasma bubble!)

—T 10
lon Number Density
2024-03-04 16:00:00 to 2024-03-05 00:00:00 (UTC)

ro.s

0.6

1012 m~3?

0.4

0.2

== |IGRF Magnetic Equator (2024-03-04) M}___.ég:g
e

0.0
LOUS AIUITIVUS

K
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23 April 2023 Geomagnetic Storm (Example)

Top two panels show extreme ring
current enhancements and
ionospheric electrojet currents at
high latitudes, respectively

(=~
£
[-4
"

Geomagnetic Indices and ISS Plasma Parameters

0

-100

—200

2000
0 MWW

lon density enhancements

SMU/SML (nT)

* Possibly from uplift of lower altitude
ions

* Possibly from enhanced ionization

|Latitude| (deg)

* Enhancements in spacecraft
potential from frame charging 2

s 1 e i . | .
g f | J i / \.‘l
<10 At ) [kl i ;1\ il il

A im iy ‘.q'"hl.m"fli|i||u.,",

* Substantial ion temperature
enhancements

* Possible that mid-latitude g
enhancements are resulting from
substorm activity in the sub-
auroral regions

o R N

dN;/dt (m—3 s71)
|

|
N

2023-04-25 2023-04-27  2023-04-29  2023-05-01 2023-05-03  2023-05-05
Date

2023-04-21  2023-04-23

’:Q LOUS AIUITIVUS
-
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Anomaly detection — demonstrated on storms

Event
detect.

Using EPEE Ion Densi’t\/ Observations

) EPEE DENSITY
TIME SERIES

2) RoLLING BASELINE 3) FEATURES

TIME-DOMAIN FEATURES

i Ao

Residual (x- baseline)

SPECTRAL FEATURES

T Band powers in

L TRME frequency bands
P TORM Spectral centroid,
i AN Bonduidth, Entropy
QUIET-TIME STORM-TIME
e Power spreads
o) to higher
frequencies
FREQUENCY FREQUENCY (bv‘oadenma)

mean, std, RMS

RoLLING
E BASELINE | Derivative (ldx/dtl)
2 - '/ mean, std
8 1

\5, > Variability (std, MAD) >

g == 2RSS Skewness, Kurtosis
H 7% ~{~ N

4) DETECTORS

- )
STATISTICAL
RESIDUALS

_ -
SPECTRAL

Z VYV~ FEATURES

L J

' =

23 * TSoLATION

,' - FOREST

L

(- p

M AUTOENCODER

F@/& (GOAL: detect deviations from baseline behavior, then merge flags into events.

"q LOUS AIUITIVUS

NATIONAL LABORATORY

J

5) ANOMALY FLAGS
— SToRM-TIME
DENSITY MODIFICATIONS

ANOMALY FLAGS (1= ANomALY)

LT

TIME



Novel methods 1: HetNV

HetNV contributions
Separates signal from
instrument noise

A
HetNV Fitted Current Surface 1(t, b) Fits a smooth current surface while

learning where APS noise changes over
time and energy

Turning instrument spectrograms into reliable signal picks

N
)]

N
o

It b) Adds local uncertainty to

peak detection
Peak picks are retained only when the
local predictive interval indicates the signal
is distinguishable from noise

oy
é)]

Energy bin
IS

é)]

0 Scales to operational data
07:57 10:43 13:30
UTC time volumes

Vecchia nearest-neighbor conditioning
Example window: fitted current surface with candidate peak locations keeps GP-style uncertainty feasible for

dense APS windows

gy LOUS AIUITIOUS
"%
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Dist.

Novel methods 2: Distributional emulation

Expensive

compufer simulation

In Pu+
( Parame'l'er) —

6

Output is a Accurate, but
—> DISTRIBUTION costly (slow)
(not a Poinf)

Run at a few
careFtu chosen O

[}
I
|
|
|
'
]
v

Input Distributional Emulated output is a = aluan’ri\cie d
(Pamme‘fer) R S+&+IS+ICQ' emula‘l’og B DISTRIBUTION unce)r*-a;"*y ol
learns mapping from . .
6 o (with uncerfam*l’y) the whole distribution

to output distribution)

L >
~s
Use for: QExplore many 6 Uncertainty . Decision
cheaply I quanﬁficaﬁon 7 makin3
RS T TR R R N TR SRR . TN T S e T T MR T e TR S T eR e eeo e S - N
{ Distributional emulation learns to predict the entire output distribution p(yl8), not just the mean. :
SR = et DE . N D ety W R e BN Be e S St B S J

gy LOUS AIUITIOUS
"%
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Data Pipeline — legacy and AIMSS (with ISR-3)

SOURCE ( Lo } = 11 w il L2 j " L3 E OuTPuTS
) Ty
on=boand Raw Calibrated & Calibrated & Science Products ot
: rchive
dctrostalis Annotated Derived @ (CDAWeb /
analyzer [‘ & i @ @ \(') /\ / internal)
> L L—» > - S
7 ® . Iscovel
e Unprocessed Tt hlg.s ey * Calibrations applied o Gridded maps N metada'za
instrument data . LLlA'. GCI‘P::;M‘ * Counts — sensor units o Time series
Full resoluti e * Baskiround mosel APLs /
o Full resolution +; Calibration i ¢ Summary products @ s
o As received coefficients i i « Quality flags LM Downloads
(not yet applied) o Derived variables ) 3
(e.g., density, temp) * Analysis-ready

TR st § & % _J

TWO WAYS TO USE THE PIPELINE
2) AIMSS: Streaming & Continuous Processing

1) EPEE: Release Static Data Products

.' ‘.

I | |

I ! |

—> | L [ L } < E : ég @ i Built to pull am.;illary 5
0 1 [ L2 J [ L3 ] : Y —> @ ! data.(LLA, eclipse, :

I l '

I ' '

: I |

| ! |

I | I

velocity, etc.) and
support both historic

releases and real-time

Process full historic dataset through LO-L3

— release static data products

Ingest in near real-time —> auto process LO-L3 —

keep pipeline running, update products continuously
operations.

"q LOUS AIUITIVUS
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Backup Slides (Cosmo)
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SCIDAC-5: COSMIC DISCOVERIES IN THE EXASCALE ERA

The Path to a “Hero” Run: Design

O Random Samples

X LHS Samples

O 1.

e}

o
00

X

X

Comparison of random and Latin hypercube sampling examples in two dimensions (every row and column is

sampled with LHS).

WA EEPARTMENT OF  Arconns

ENERG

Mational Laboralony i &
W5, Department of Energy laboraiony
s i by LCRAC g Arpoane. LLE

Preece, R, and Jovica V. M.. "Efficient estimation of the probability of small-disturbance instability of large uncertain power systems."




SCIDAC-5: COSMIC DISCOVERIES IN THE EXASCALE ERA

The Path to a “Hero” Run: Emulate

An emulator is a statistical approximation of computational model
or simulator.

- _ - (" Flexible surface )
> Simulator: ysim = 1(0). modeling procedures are
: _ ' usually used here: e.g.
> Emulator: yemy = ( ) Gaussian processes,
> Hopefully: 77(9) ~ ﬁ(g) kneuralcr;leatg,spgtlznomlalj

Emulators are helpful when the simulators are too slow for our
needs. Parameter inference is an important example. Which 6
make 7(f) close to the y measured in an experiment?

oral Laboratory is
EHERG '\1 I'm- 1Ir\'|'||'1'l ol Engrgy laboral
f ragind by LIChAC g ﬁ-;r.\-"

oy
<

NATORAL L ABDEEITE
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SCIDAC-5: COSMIC DISCOVERIES IN THE EXASCALE ERA

The Path to a “Hero” Run: Emulate

Unconditional GP Draws

2L .
1 1 1 1 1 1 1 1 1
i} 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Observations
2t ——
oF——— e
R .
oL
1 1 1 1 L L 1 1 1
0 0.1 0.2 0.3 0.4 05 06 0.7 0.8 0.9 1

Conditional GP Draws

Wi EFARTEENT OF ﬁ.lz-m'\-! NaSional Laboralony i a
L5 D

ENERGY -.loimimmaie




SCIDAC-5: COSMIC DISCOVERIES IN THE EXASCALE ERA

The Path to a “Hero” Run: Emulate

Center, scale, project onto an orthogonal basis (e.g. principal components).

Standardized spectra Orthogonal basis Basis weights
i 3
g
- 3 I .
- -
i : ’
i 8 "
[ B[ .

Model each weight vector independently with a GP.
PC1 PC 2

vi- Bl FARTHENT OF Hrggary

(@ ENERGY (Esermispiie Argonne &



SCIDAC-5: COSMIC DISCOVERIES IN THE EXASCALE ERA

The Path to a “Hero” Run: Calibrate

The data is a noisy version of the model at the “correct” input.

-
¢ Recall simulation
is approximated
— lat
y 77(6’) 1€ L by the emulator

€ ~ N(@,Zy)
(@) = 1,0€C

p(fly) o< exp {%(y —n(0))'L, (v — 77(9))}

;ﬂ"'\n BEFARTRENT 0F _ frgonns Mational Labanatony i a a
UEJENERGY il e Argonne

NATORAL L ABDEEITE



log P(k)

SCIDAC-5: COSMIC DISCOVERIES IN THE EXASCALE ERA

The Path to a “Hero” Run: Calibrate

large scale structure data & simulations

O —
To J
il
B *H Jf++++
++++
%
™ - +H
[V
| | | | | |
-3.0 -2.5 -2.0 -15 -1.0 -0.5

wavenumber (log10 k)

vi- Bl FARTHENT OF Hrggary

anal Laboraton
EHERGY 5. Dn‘\-;ulrvﬂh'l of Ensrgy Im Aty
----- 2008 by LIChicags Argonne, LLC.

02 04 06

) | it

14 | O 2

1.2 ' \

1 '—ﬁ | —

gz!—'> -_— -® &=

9 uC()M
‘ '/————-’ e

012' Y 1
. '
|
‘ 1
00—1 . 1
00?

1 12 14 0603'121610

Simple 6-parameter gravity only example:
Higdon, Lawrence, Heitmann, Habib (2012).



SCIDAC-5: COSMIC DISCOVERIES IN THE EXASCALE ERA

Current Work: Understand Interactions Between Cosmology and Hydrodynamics

Osub min(fsyp) max(Osup)

Kw 2 4

Ew 0.2 1

Mgeeqa 0.6 x 109 1.2 x 109

Vkin 0.1 x 104 1.2 x 104

€kin 0.02 x 10! 1.2 x 101
Five hydro parameters

_f-"'\-ui BEFARTRENT 0F _ frgonns Mational Labanatony i a
? - ERGY W5, Depatmant of Enangy laboraiony
WS maragid by LChacags Aegoane. LS

012 < wy <0.155,
0.0215 < wp <0.0235,
0.7< og <0.9,
055< h <0.85,
085 ng <1.05,
-1.3< wyg <-0.,
-1.73 < wg < 1.28,

00< wy <0.01,

Two cosmology parameters

NATORAL L ABDEEITE
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