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| lfswiss Muon Source (SuS & CHRISP)

Target M (mince) — 5mm graphite

designed for m production (low rate)
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MIXE at beamline 7E1

we—-r-" ¢ Highintensity m beamline at target E
e — cloud p~ from - decay

«® ® 1 * All past MIXE campaigns hosted at mE1.2

— non-permanent installation

— approx. 3 weeks beam time per year
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N o Momentum acceptance
& F ; — selectable via FSH52 slit pair

Target E 15 20 25 30 35 40 45 —Ap/p=1-8%FWHM
| Momentum (MeVic) * Typical u~energies: 15-50 MeV/c
* Rates from 10° up to 10° 1/s on target

< — close to ideal sampling rate (CW beam!)
ﬁ ‘/ — For the “average” sample, we collect
und"

enough statistics within ~1 hour
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. The GIANT Setup - Hardware Design

Max 4 HPGe
per arm Top view
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Continuous -60° to +60° &4 \
Min Step 30° Continuous 0° - 340°
Min Step 35°

Germanlum Array for Non-destructive Testing




. The GIANT Setup Hardware Reality

* (Nearly) complete setup

— 8 freely rotating arms (currently 5)

— 4 BigMac HPGe per arm

— up to 30 HPGe detectors

— currently ~12 detectors

— shared between multiple experiments
* Reproducible positions and angles
* Setup time approximately 6 hours
* Supervised semi-automatic LN2 refill
e Sample station twin in control room

— Roughly 5 min sample change

— represents approx. 5-10% of the time

an “average” sample is measured




. Application to non-destructive elemental anaIyS|s

e Goal: automate elemental analysis of
samples scanned with Muon beams,
with application to GIANT detector at
PSI

e Procedure:

= (Obtain muonic X-ray spectra = ST (22 : z =
c 10000 N2 o |anpE 2 S < m
from the GIANT detector = e fee @ S\E 2 8 2
) -~ £ <h & ML 3 i Y %
= Assume systematic errors model % 1000 g MM g 2o
. -~ 3 oL
(peak spread, count noise level, 2 \ ;‘ o oo o0 ,\ e S DN S
‘;,’ a § Energy(ke\/) 8 j
background level) S 100 MM \w; J zk‘ Vé
. e 4. o W’
= Use X-ray energies prediction O (c) | . : .L‘WWNMH
from Mudirac for every element/ 1200 1400 1600 1800 2000 * 2200
Isotope Alloy Name Element wt% v‘:'tf_;fx_ at% ‘%f’x_ Inorm X 10% i’x_ l’X,e,caE,br
mFit the spectra with a model « « < L
= |dentify el t i Brass  31XB18K Cu 59.37 4 0.05 6041 % 0.06 64.6+ 03
€Nty elements presen Zn 39414004 06638+£00008 38974004 0645 0.001 433403 0670+0005 064+ 008
= Estimate their proportions inside Pb 1.018 £0.005 0017154000008 031840001 000526000002 030003 0.0047 £ 0.0004
h 270 =+ 0.002 300 + 0002
the sample others  0.270 + 0.00 0300 =+ 0.00
_ _ 31XB22F Cu 8247 £ 0.06 8283 +0.10 89.8 + 0.4
* Recent example: analysis of antique Zn 15924£007 01930400008 15544007 01876400008 17.1+02 0190+£0003  0.18 +0.02
knob bow fibula (Bugelknopffibel) others  1.599 4 0.008 1628 + 0.008

from KalseraugSt/CH by S. Biswas et Biswas, S., Megatli-Niebel, I., Raselli, L. et al., https://doi.org/10.1186/s40494-023-00880-0



- The Group-Sparse LASSO method

- We start with a simulated “measured” spectrum

« Assume some peak spread, X-ray counts (for noise model), all of this assumed known

+ Background is assumed known and divided out

* We have ~20 previously studied samples from standards, batteries, and cultural artifacts
 X-ray peaks heights assumed known

« Example simulated “measured” spectrum below

- Goal: fit a model to the spectrum with a wide range of elements, and perform element selection simultaneously

1.0

T — e e e L e e

scaled counts
o
o)}

0 1000 2000 3000 4000 5000 6000
energy [keV]

Simulation of BCR-691-C Copper alloy
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. Group Sparsity for Modelling of Spectra

G

. 2

min || X[ — +a

- To identify the elements in the sample out of the >0 ” ﬂ y”2 ”ﬂg”Z
periodic table, we need to solve a feature g=1
selection problem.

The spectra and features are binned into / bins at energies e; . Then:
* This warrants the use of generalised linear

. : y : measured binned spectrum y € R’ with elements
problems with sparsity.

y =y, ...y1", typically I ~ 2000.

* However, the Spars.it_y should be aF_’p“ed on the X : feature matrix created from theory energy levels X € IR]J\ZXI,
!tevel O.f an ellc_ement. It the eltergcinttl)s selected, all X =[x{,...,xy], each feature x, € R’is a spectrum
1S eMISSIOoN fines are expected to be hon-zero. x, = [X,,...,X,;]", which is a Dirac delta at X-ray emission
* This indicates a group-sparse approach, with the energy e,, smoothed with the instrument response (currently
simplest method for this task is GroupLASSO. Gaussian point spread function, assumed known)
x,; = Gl(e; : e, 0). Typically N ~ 200k for a large set of
elements.
f: Al feature weights # € RY, can be split into groups
Full templates Xgﬂg for each element: B=1B,....8L]". Each element group g contains multiple u
N, 16 lines

0 1000 2000 3000 4000 5000 6000



- Penalties: GroupLASSO vs LASSO vs Ridge

Group lasso

min R(3) + A Z v |87,

I= \
groups!
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The Solver

Solution: SKGLM scikit-learn replacement for sparse GLMs [3].
Requirements for the GLM fast solver:

_ » The code is still in alpha, needed to implement additional features. Actively
* Implemented group sparsity. contributing to the development of this package.

- Able to handle sparse X, as it can be big ~ 200k X 2k. » The optimisation engine for GroupLASSO uses block coordinate descent, and

» Include positive bound on feature weights # > O. converges in ~10 sec for large sparse X matrices [3,4].

» Fast optimisation with state-of-the-art techniques for sparse problems. > Adding penalty for features within a group, controlled by target Pearson
> Very fast results, ~ 1 second per fit correlation level p [5]. This should give the user an option to require

coefficients inside a single element group to vary together.

» Implemented GroupLasso with sparse feature matrices in the SKGLM, merge
request in progress.

» Sparsity prior may add biases to fitted weights: re-fit with linear regression using
selected elements

skglm

) ) — A fast and modular scikit-learn replacement for regularized GLMs —

A

Skglm 032dev skglm is a Python package that offers fast estimators for regularized Generalized Linear Models

documentation (GLMSs) that are 100% compatible with scikit-1learn. It is highly flexible and supports a wide range

. of GLMs. You get to choose from skglm's already-made estimators or customize your own by
combining the available datafits and penalties.
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Comparison to baseline

Group-sparse solution with :

G
min X§ - yI3 + OAAR
> g

The spectra and features are binned into 7 bins at energies ¢; . Then:

y . measured binned spectrumy € R! , with elements
y=1y,.. .yI]T, typically 7 ~ 2000.

X : feature matrix created from theory energy levels X € R/,
X =[x, ...,xy], each feature x,, € Rlis a spectrum
x, = [x,,...,%,]", which is a Dirac delta at X-ray emission
energy e,, smoothed with the instrument response (currently
Gaussian point spread function, assumed known)
x,;, = G(e; : e,, 0). Typically N ~ 200k for a large set of
elements.

n’

P . All feature weights f# € [RN, can be split into groups
p = [ﬂlT, e E]T. Each element group g contains multiple
lines.

Baseline: single template per element

min || X/ - y|3
$20

The spectra and features are binned into / bins at energies ¢; . Then:

y:

X :

measured binned spectrum y € R! | with elements
y=1Iy,.. .yI]T, typically I ~ 2000.

feature matrix created from sum of all theory energy levels
X e RfXI,X =[x}, ..., x5], templates X, € R! are a spectra

Xy = Z r, - an, each of which is a sum of Dirac deltas at X-ray

nen,
emission energy ¢, for a given element g, multiplied by mudirac
rate r7,,, smoothed with the instrument response (currently
Gaussian point spread function, assumed known)
x,=Gl(e; : e, 0). Typically N ~ 50 for a large set of elements.

. All feature weights # € RY

@ sbsc



~— measured bkgsub
- model
— Na
——— Naall lines
- Na Kalpha
—— Mg
Mg all lines
~— Mg Kalpha
— K
K all lines
. Example: Cu alloy sample non-Ka line overlapps e
with Ka line from Mg, which is not present in the  Traee
—Cr

sample, which leads to false positive Mg detection e
during fitting with baseline method — Criaghe
Cu all lines

~— Cu Kalpha

+ Group-sparse LASSO solution avoids this 295 30 o
COnfUSIOn ~——— Znalllines

~— measured bkgsub
GrouplLasso ———

Mg all lines
~—— Mg Kalpha
— Cu

Cu all lines
~~ Cu Kalpha
—— As

As all lines
~— As Kalpha
— Se
——— Seall lines
—— Se Kalpha
—5Sn
—— Snall lines

=~ Sn Kalpha
—Pb

~——— Pball lines
- Pb Kalpha

* Problem: when fitting with a large range of
elements, there may be high lines (Ka) from trace
elements overlapping with low lines (not Ka), from
a major abundant element

295 300



* Problem: the “rates” for each transition are

currently not well known, which can affect the 25 - ® GroupLas-so Major+Minor
analysis —8— Lasso Major only
+ Experiment: create a spectrum simulation for a 20 -
sample using the current rates, and perturb them
with some scatter Preliminary
+ Currently using lognormal multiplicative noise 15 A

model: X = x - 5, s ~ lognorm(0,0)

* Run 32 random realizations and for each perform a

fit witha ~ 57 elements 10 -

* Measure the number of false positive element
detections as a function of o

Number of False Positives FP

 The true positive rate is usually 100%

* We can currently tolerate up to around 10% of 0 -
uncertainty on the rates, but results still stable for l

20%, still acceptable up to 50%! 0.0 0.1 0.2 0.3 0.4
sigma amplidude perturbation (lognormal)




Next steps

-Analyse multiple simulated samples

- Give estimates of the proportions of each element in the sample, with quality
estimate

- Test the application to rapid spectrum analysis during a live experiment
Publish the results and code package to the community




