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MINEFIELDS AHEAD

High-resolution spectra come with unintuitive challenges, caused by
sparsity, detectability, and background

. (RT Cru) Weak lines in high backgrouna

. (UV Cet AB) Disentangling overlapping lines from contaminating
coOmMpanions




. WEAK LINES IN HIGH BACKGROUND
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. WEAK LINES IN HIGH BACKGROUND

RT Cru Is a symbiotic system at 2.5
<pc, with a high mass WD (1.3 Mo)

accreting from a Mol giant

ource counts spectrum
model+background

-xhibits aperiodic flickering, with

counts/0.0125 A

neavily absorbed hard power-law
5. 10 15 20 25

component, strong lines from Fe XXV, .
WAVELENGTH [A]

e XXVI, and FeKa, and possibly an

absorbed soft thermal component

ource counts distribution
model+background

Observed with Chandra HRC-S/LETG

in Nov 2015 for =/9 ks explicitly to
search for lines at longer wavelengths

frequency

Where are the soft thermal lines?




. HOW WELL DO YOU KNOW YOUR BACKGROUNDY

Alger1 2020, PhysRevD, 101, 015003; Zhang et al. 2023, MNRAS, 521, 969

|
Suppose you have a model for the background, FO)| —
o(\), but the actual background is f(A)

Trivially, {(N) = g(A) - [f(MN)/g(N)]

3

the ratio of densities can be expressed In quantile

form, a comparison density } =
d(u; EG) = {(G1(u))/g(G1(u)), u:=G(A) € [0,1] 1

the skew-G density model, a non-parametrically
designed parametric modeling of d(u), with W
orthonormal basis functions, e.g., shifted Legendre

polynomials
)

number of terms set via a model comparison @(2) Fip)
statistic like BIC
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. HOW WELL DO YOU KNOW YOUR BACKGROUNDY
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Suppose you have a model for the background, 22 S U

o(\), but the actual background is f(A) S

Trivially, fA) = g(\) - [fA\)/g(N)] ko > o
Rpes s d(w)

(¢)

the ratio of densities can be expressed in quantile
2 13
form, a comparison density .

d(u; EG) = {(G1(u))/g(G1(u)), u:=G(\N) € [0,1]

0
>
=y

the skew-G density model, a non-parametrically Why do it this way?
designed parametric modeling of d(u), with

orthonormal basis functions, e.g., shifted Legendre | | AU |
. 2.Increase power by discarding information about
polynomials

normalization, work with cumulative distributions

|.data-driven measure of complexity In background

number of terms set via a model comparison |
ST 3.easlly transferable from background to source data
statistic like BIC

4.general detection method for arbitrary features
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. DISAMBIGUATE OVERLAP OF UV CET A & B
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Lxpeak = 2:10%7 erg s71 = X1000

Lxmin = 1027 erg s71=200x% 1ncrease
(Audard et al. 2003)

EBASCS (Jones et al. 2015, Meyer et al. 2023)
works on photon events lists

{X,y,t,E} (whichever is available)

Finite Mixture model where each event 1s
assumed to arise from one of several sources
with the mixture weights representing
proportion of photons from that source.

Each event is assigned a probability of
belonging to each source and sifted, and the
the sources are probabilistically separated.
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1. DISAMBIGUATE OVERLAP OF UV CET A & B OVII TRIPLET
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. EBASCS ON DISPERSED OVII TRIPLE T
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SUMMARY

. Weak lines in high background

4 New method to discern deviations in backeround model and detect presence of weak source features,

accounting for multiple tests

4 Applied to look for soft lines in RT Cru — none of the usual suspects are detectable with current
instrumentation, set upper limrits on line fluxes

4 What is that line at 1693 A7

. Disentangling overlapping lines from contaminating companions
4 Probabilistically sift photons in overlapping sources using spatial, spectral, and temporal differences
4 Applied to UV Cet O VIl density sensitive lines, demonstrates rapid increase of density during flare

4 Developed for grating spectroscopy, will also work for calorimeter detectors



. DISAMBIGUATE OVERLAP OF UV CET A & B
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'DIGRESSION] UPPER LIMITS: A RANT

|. An Upper Limit i1s not the upper bound of the uncertainty interval of a flux estimate

a. An uncertainty interval i1s not unique — a 68% uncertainty interval on flux can be anything
between [0,g63] to [g32,0], even [qi6,984]

2. An upper limit 1s how bright a source could be before it will be definitely detected, or how
faint should 1t be for it to be definitely not detected (Kashyap et al. 2010, Ap] /719, 900)

3. You set an upper limit based on the process of detection, not based on how many counts are
observed for the source, because then you have an estimate of the flux

4. It requires a measure of the False Negative, or Statistical Power

fbee ()
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