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Particle accelerators
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Particle accelerators

Instrument that produces beams of high-energy charged particles.

Source Accelerating Section
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LA Ciemat
entro de Investigaciones
UNIVERSIDAD AUTONOMA Energéticas, Medioambientales
DE MADRID y Tecnolégicas

2010-2011 Interuniversitary Master in Nuclear Physics csic
u‘g\ %’ 0 W @ Frortid
- Center for Micro-Analysis of Materials (CMAM, UAM, Spain) s
A Tandem CONTEXT: Measurement of cross sections of
ION ACCELERATOR 1 A 5 MV nuclear reactions for an IAEA Coordinated

A Cockeroft-Walton Research Project: (p,p2) for “Li and 19F

1) New setup: HPGe & LaBr, detectors for gamma emission analysis

2) Energy calibration of the accelerator
(using resonances of nuclear reactions).

3) Preparation of | J
LiF thin films by g
sputtering & :

D. Bachiller-Perea et al., New Energy Calibration of the CMAM 5MV Tandem Accelerator, Energy Procedia, 41 (2013) 57-63.
D. Bachiller-Perea et al., Measurement of gamma-ray production X-sections in Li and F induced by protons from 810 keV to 3700
keV. Nucl. Instr. and Meth. B 406A (2017) 161-166.
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2012-2016 PhD Degree !

PhD under international joint supervision (2 PhD Diplomas):

PhD in Advance Materials and Nanotechnologies - Spain
PhD in Accelerator Physics - France

Bourse d’Excellence Eiffel, Ministére de ’Europe et des Affaires Etrangeres

“lon-irradiation-induced damage in nuclear materials

Light v-Rays
_ ° 2 ] il ]
Case study of a-SiO, and MgO Backscatered IBIL; §pm
[IRN g §
RBS
\ Nuclear
- Using Particle Accelerators o "\ g Reaction
[on Beam Q,\'w \
- Jon Beam Analysis (IBA) Techniques e P Target \ \
s Target ALOIIIEA \O Particles
PIXE @ ¥
ERDA NRA
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UNIVERSIDAD AUTONOMA

PhD Advisors
David Jiménez Rey
Angel Mufioz Martin

2012-2016 PhD Degree !

2012 - 2014 Universidad Auténoma de Madrid
Center for Micro-Analysis of Materials (CMAM)

( lmp/anmnon

UH\ Internal
External / Surfaces u-beam

|
s& W/ b Developed
s L during my PhD

D. Jiménez-Rey, M. Benedicto, A. Munoz-
Martin, D. Bachiller-Perea, et al. First tests of
the ion irradiation and implantation beamline
at the CMAM, NIM B 331, 2014, 196-203.
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LA

T 2012-2016 PhD Degree

2012 - 2014 Universidad Auténoma de Madrid

Study of the Ion Beam Induced Luminescence in Amorphous Silica

Luminescence emission of the materials when
they are exposed to ion irradiation
(Ion Beam Induced Luminescence)

Conduction Band

: @t T+ @ E,
Be am :§ Excitation
/ E,

Energy
Light

Valence Band

{ MgO

Spectro-
photometer
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LA

[UNIVERSIDAD AUTONOMA
| DE MADRID |

2012-2016 PhD Degree

2012 - 2014 Universidad Auténoma de Madrid

Study of the Ion Beam Induced Luminescence in Amorphous Silica

Study of the defect creation in silica (material used in fusion reactors)
under different irradiation conditions.

Efm I\ Experimental Spectrum
E A Gaussian Fit
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LAY

[UNIVERSIDAD AUTONOMA
| DE MADRID |

Yield (Counts-pnA™"-MeV™"-s™)

T To To To T

Study of the Ion Beam Induced Luminescence in Amorphous Silica

Comparison of different types of silica [[2 kU1 260 |

Study with light & heavy ions

o
1

Electronic vs. nuclear contribution

t:(:mnls-pmﬁ(1 ‘MeV s

Study with different temperatures

Models to explain the defect creation 2]

He" 4 MeV

Br'* 18 MeV

L 14
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With IBIL we can follow in situ the structural changes
on materials as a function of the irradiation fluence.
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D. Bachiller-Perea et al. Ion beam induced luminescence in amorphous silica: Role of the silanol

1 1 group content and the ion stopping power. Journal of Non-Crystalline Solids, 428 (2015) 36-41.
; — — - — D. Bachiller-Perea et al. Exciton mechanisms and modeling of the ionoluminescence in silica.
0 s Boad o Journal of Physics D: Applied Physics, 49 (2016) 08550.
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cENEm 2012-2016 PhD Degree
2014 - 2016 CSNSM, CNRS, Université Paris-Sud, Paris-Saclay

Now:

%)CLab CSNSM

Iréne Joliot-Curie

st (Centre de Sciences Nucléaires et de
Sciences de la Matiere, Orsay, France)

Ton Implantor
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PhD Advisor:
Aurélien Debelle
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Study of the Ion-Irradiation Damage in MgO

1s%) Irradiation of the MgO (material for Gen IV reactors) samples
with Au™ ions at different fluences and temperatures (573 K-1073 K).
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Study of the Ion-Irradiation Damage in MgO

1s%) Irradiation of the MgO (material for Gen IV reactors) samples
with Au™ ions at different fluences and temperatures (573 K-1073 K).

2nd) Analysis of the irradiation damage on the samples using two techniques

Aplicaciones e intrumentaciéon de aceleradores de particulas - Oct 21, 2024 - Diana Bachiller Perea

13



Study of the Ion-Irradiation Damage in MgO

1s%) Irradiation of the MgO (material for Gen IV reactors) samples
with Au™ ions at different fluences and temperatures (573 K-1073 K).

2nd) Analysis of the irradiation damage on the samples using two techniques
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Study of the Ion-Irradiation Damage in MgO

1s%) Irradiation of the MgO (material for Gen IV reactors) samples
with Au™ ions at different fluences and temperatures (573 K-1073 K).

2nd) Analysis of the irradiation damage on the samples using two techniques

b) Rutherford Backscattering Spectrometry in Channeling Configuration (RBS/C)
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Yield

Damage Fraction (f)

Study of the Ion-Irradiation Damage in MgO

RBS/C measurements: 1.4 MeV He*, Room Temperature.
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Yield

Damage Fraction (f)

Study of the Ion-Irradiation Damage in MgO
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RBS/C measurements: 1.4 MeV Het,

Room Temperature.
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Maximum Damage Fraction

Irradiation damage
process in two steps:
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(4 Publications)
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2012-2016 PhD Degree

3 months stay at
JANNuS Laboratory
CEA Saclay (2013)

1 month stay at
Ion Beam Materials Laboratory
Knoxville (2015)

JANNuS-Saclay

(Joint Accelerators for Nano-
science and Nuclear
Simulation, CEA, Saclay,

France)

Three Coupled Ion
Accelerators

!

Simultaneous Triple-Beam
Irradiations vs Sequential
Irradiations

1 Publication
(Journal of Materials Research, 2015)

IBML

(Ion Beam Materials

Tennessee & Oak Ridge
National Laboratory,
Knoxville, USA)

e Tandem
*3 MV
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O o R dIPN
2016-2017 Accelerator and Cryogenics Systems

R&D on Particle Accelerators

Collaboration with the Institut de Physique Nucléaire d’Orsay (IPNO) (Now IJCLab)

oL ITTTTTTTTT S == |
prmrs || Directly with
SCK - CEN

MYRRHA Project (ADS)
(SCK - CEN, Belgium)
& With
IPN-Orsay

European project MYRTE

Reactor
« subcritical mode (50-100 MWith)
« critical mode (~100 MWith)

Accelerator
(600 MeV — < 4 mA proton)

..

Multipurpose:
flexible Fast
irradiation peLon
source

facility Lead-Bismuth
coolant

(1 Publication)

S

I decided to continue my scientific career...
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¢
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SGLEIL 2017-2019 Postdoc at the Detector Group ;gém
(SOLEIL Synchrotron)

29 lignes de
lumiere

+ Groups
de support
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SJ‘LEIL 2017-2019 Postdoc at the Detector Group
(SOLEIL Synchrotron)

Development and Tests of a New Hybrid Pixel Detector at SOLEIL
(P.I. Arkadiusz Dawiec)

Si SENSOR

N /N /N N

| ASIC

Two thresholds Bump-bonded
& (In, ~ 20 pm)

Two counters

T Pixel

32768 pixels >
75 em
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SQLEIL New Hybrid Pixel Detector @2

SYNCHROTRON

Two-Chip Camera

>65000 pixels

VHDCLFMC My main contributions:
mezzanine

board

Development of
the detector

~2 cm

Tests and Experiments

TTL 1/O

(Sygieniation) [Hyl)rid Pixel Modulc]

in 6 Beamlines

T smLen . Code for data analysis
Avnet — o
PicoZed
SOM

TDP/IP (control Some examples. .o

& monitoring)

3x 1 Gb UDP/IP
(detector data
streaming to the
server)
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SOLEIL

Example 1 — Tests in Lab @;%

Characterization of the Detectors

Sy
] 88

DAC value — Energy calibration (Threshold Scans),
offset correction, gain correction, threshold dispersion,
bad pixels (dead & noisy), correction of the gap pixels...
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SOLElL Example 2 — ODE Beamline
X-ray Absorption Spectroscopy
Goal: verify the performance of the detector compared

to the cameras available at the beamline.

Energy-Dispersive
X-ray Absorption Spectroscopy (EDXAS)

Foil
Incident Intensity (It) ~1.30m (W, Mo) 1.30m
| —
Transmitted Intensity (It) / Beam Beam Monochromator
S2Zzzzzzzzszasaffias me=s=sdofsIIIEEECCC -*—1 Jl
Amwmiy
Detector Plexiglass g — PX
A 41 | ‘
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SRLELL Example 2 — ODE Beamline “&%
X-ray Absorption Spectroscopy

2.5+ 4
[; mean (10 ms) Absorbance | N\ — urxos |
» E——— — ) L “ >0 Ly;; absorption edge of W i
— 5 atfg) o] | eew _
I, mean (100 ms) ' > 5’% Lo |
) . Better resolution
" i — iﬁm _ J with our detector.
0.0 ‘l

T T T T T T T T 1
10.1 10.2 10.3 10.4 10.5 10.6 10.7
Energy (keV)

D. Bachiller-Perea et al. Evaluation of a hybrid pizel detector prototype for time resolved
experiments at the ODE beamline of the SOLFEIL Synchrotron. NIM A: Accelerators,
Spectrometers, Detectors and Associated Equipment, 936 (2019) 547-548.

25
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SGLEIL Example 3 — CRISTAL Beamline

First Pump-Probe-Probe XRD Experiment

2D detector (b) (c)
(XPAD3.2 or UFXC32k) Thermal expansion — i
(ps timescale) t=1t A6
t=it, ¢ Laser excitation > For @ =60,+ A0
Laser pulse —-0—0 0 0 0 00— a 2
f < =
“., 800nm,25fs ty + At £ <
X-ray pulse —— 0000 @®— | Time é £
7.065 keV, 100 ps . g °
% © =
«'MN’ @ H_.._._‘_T & §
................................ 5 [ &
)9 Compressive strain Diffraction angle ©  pump-probe delay
Sample depth
+ * +* * +
X-ray pulses
(probe) i e v oo B =S n s
a # Va /a tin:e
Laser pulses
(pump) /A /L /L JL o
4 4 4 Y/ time
Sample’s N K
response , \ P ” 4 _
time
At LR
i At +500 ps e
Detector counting e 100-240ns
(Number of frames)
4 4 4 v/ time
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SOLEL Example 3 — CRISTAL Beamline 4{&%
First Pump-Probe-Probe XRD Experiment

UFXC32k XPAD3.2

ROI = 26x26 pixels = 1.95x1.95 mm? ROI = 15x15 pixels = 1.95x1.95 mm?

50 10

40

30

20

10

0
0 5 10 15 20 25 0.0 2.5 5.0 75 100 125

X-ray pulse
7 keV, 100 ps X-ray attenuation factor = 24.5 X-ray attenuation factor = 289.0
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SULEIL

SYNCHROTRON

Example 3 — CRISTAL Beamline

First Pump-Probe-Probe XRD Experiment
Better statistics that with

the previous detector

— XPAD - 222000 pulse statistics
T 15 ® ® UFXC - 2000 pulse statistics
2 A
E f
2 [\
5 [
Z 10 . \
= [ %
E |
o [
e ‘I R
2 05 \" ."!....‘"
| .. . hd
:u | * "'-"""."i’u;'
a
E
& 00 },!..'A.‘l_'!..._fc
02 0.0 02 0.4 06 0.8 1.0

Pump-probe delay (ns)

Technique that allows us to follow
the materials response with a time
resolution of hundreds of ps
correcting beam variations.

15 pump-probe-probe experiment at SOLEIL synchrotron

=
\
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First pump—probe—probe hard X-ray diffraction
experiments with a 2D hybrid pixel detector
developed at the SOLEIL synchrotron
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SOLElL Example 4 — PSICHE Beamline
Characterization of a new PILATUS detector

E =254keV

4

Sn Sample Beam Stopper .
(or CeO,)  (Cu+Pb) Diode

(not always)

Normalized Intensity

© © © © = = =
4 8 8 8 &8 8 B 3
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