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High Precision X-ray Measurements, 16-20 June 2025
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Introduction: X-ray imaging on ECR plasmas

Single-photon-counting technique on CCD detectors

Energy calibration by XRF test-bench

ECR plasma imaging at Atomki laboratory:
Space and time resolved application
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The X-ray diagnostics is an insightful technique to monitor the self-emission of
magnetically confined plasmas.

High emissivity in the soft X-ray energy range (0.5 - 30 keV): J~ 10" cm3s"’
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Laboratory plasma can become an environment for
Nuclear Astrophysics research (3 decay investigation)

*

From a laboratory
ECRplasma to...

- : . <
Plasmas for . - i y
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Nuclear X gl =
Decay : in hot plasmas!!
Observation and
Radiation for
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X-ray imaging of ECR (electron cyclotron resonance) plasma:

v' Plasma confinement investigation and optimization

v" Non-invasive measurement of thermodynamic parameters

v" Monitoring of plasma stability during long measurements
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Energy-resolved imaging by X-ray CCD detectors ] INFN
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E. Naselli et al., Condens. Matter 7, 5 (2022)
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P Back-illuminated CCD sensors with >95% QE
(~5 eV to 30 keV range)

P 2k x 2k formats; 13.5 micron pixels
» High frame rates with up to 4-port readout

» Cooling down to -90°C using liquid or air
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Energy-resolved imaging by X-ray CCD detectors ] INEN
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Energy-resolved imaging by X-ray CCD detectors INEN
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E. Naselli et al., Condens. Matter 7, 5 (2022)
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The SPhC algorithm identifies the
connected regions above threshold,
extracting relevant geometrical features.

The noise-threshold value trades-off
unwanted multi-event connection with a
partial loss of energy information.

Pile-up events are recognized and
discarded.

Energy

integration

Eccentricity, Major and minor axis of a fitting ellipse

Number of local maxima

Space and time-resolved X-ray spectroscopy technique by CCD pinhole camera
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Detector characterization by XRF test bench ] INFN
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Detector characterization by XRF test bench ] INEN
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The sample emission induced by the X-ray source has been
measured with both the CCD and the SDD detector as a
reference, in the same optical conditions

f

Multielemental sample
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Detector characterization by XRF test bench ] INEN
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The sample emission induced by the X-ray source has been
measured with both the CCD and the SDD detector as a
reference, in the same optical conditions

Fluorescence emission table

Element Koy Koy KB, La; Loy LS, LS, LK
22 Ti [4510.84] 450486 493181 4522 4522 458.4
26 Fe 6,403.84  6,390.84  7,057.98  705.0 705.0 718.5
29 Cu [8,047.78] 802783 890529 9297 929.7 949.8

47 Ag 22,162.92  21,990.3 24,9424  |12,98431 2,978.21 3,150.94 3,347.81  3,519.59
50 Sn 25271.3  25,044.0 28,486.0 |3,443.98 3,435.42 3,662.80  3,904.86 4,131.12

SDD spectrum
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The CCD energy calibration is challenging!

Cluster-size vs Sum

i 2D histogram
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e N T TIMENIS 22 Ti [451084] 450486 493181 4522 4522 458.4
26 Fe 6,403.84  6,390.84 7,057.98 705.0 705.0 718.5
29 Cu [804778] 802783 890529 _ 929.7 929.7 949.8
47 Ag 22,162.92 21,9903 249424 [298431 297821  3,150.94 334781 3,519.59
50 Sn 252713 250440 284860 |3,44398 343542  3,662.80  3904.86 4,131.12

3 A charge collection artifact is observed in the reconstruction of the

The fluorescence is still resolved on a parametric 2D histogram.
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: Detector characterization by XRF test bench INEN
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26 Fe 6,403.84  6,390.84 7,057.98 705.0 705.0 718.5
29 Cu 8,047.78| 8,027.83 8,905.29 929.7 929.7 949.8

47 Ag 22,162.92  21,990.3 249424 1298431 297821 3,150.94 3,347.81  3,519.59
50 Sn 252713  25,044.0 28,486.0 13,443.98 3,435.42 3,662.80  3,904.86 4,131.12

The CCD energy calibration is challenging!
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Detector characterization by XRF test bench ] INEN
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Detector characterization by XRF test bench
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Detector characterization by XRF test bench ] INEN
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The energy calibration of the two classes is performed in

different ways.

Small clusters - linear energy calibration

Calibration fit
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The energy calibration of the two classes is performed in
different ways.

Small clusters - linear energy calibration
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Itis possible to define the effective efficiency
of the SPhC algorithm, intended as the
probability P(E) for a detected eventto be
recognized and classified.

Moreover, such definition can be extended to
the subsamples having specific features
(namely, big and small cluster size).
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[ Quantum efficiency calibration ] INEN
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Space and time resolved application ] INEN
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. EECR plasma imaging at Atomki laboratory: J
Space and time resolved application

Experimental campaign /{\%L
November 3-16, 2024 /a baiis> /
at Atomki, Debrecen N )

Space and time-resolved X-ray spectroscopy technique by CCD pinhole camera G. Finocchiaro - INFN - LNS



High Precision X-ray Measurements, 16-20 June 2025

ECR plasma physics investigation: gas mixing effects ] INEN

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali del Sud

Plasmas for
Astrophysics
Nuclear

Decay
Observation and
Radiation for
Archaeometry

'

( d | nmk")

PHYSICAL REVIEW ACCELERATORS AND BEAMS 20, 013402 (2017)

Numerical simulations of gas mixing effect in electron cyclotron
resonance ion sources

V. Mironov,” S. Bogomolov, A. Bondarchenko, A. Efremov, and V. Loginov Mixing two gases in an electron cyclotron resonance ion
Joint Institute for Nuclear Research, Flerov Laboratory of Nuclear Reactions, source (EC RlS) isacommon tec hnique to increase currents
Dubna, M Region 141980, Russi . H
ubna, Moscow Region 141980, Russia of the highest charge states of a heavier element.
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Plasma imaging at Atomki lab: gas mixing
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