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Introduccion



El CERN : - Lo B Aceleradores de particulas

- o Orateur: Paula Desire Valdor (CER!
Orateur: Isabel Bejar Alonso (CER!

El modelo estandar y la fisica fundamental

Speaker: Miguel Escudero Abenza (CERN

Detectores

Speaker: Sergi Rodriguez (CER!

b ASLS

‘ DetectoresHibridos

ael Ballabriga

e T

Computacion en el CERN

Speaker: Xavier Espinal (CERN

Para estudiar la estructura de la materia a la escalattt@inetro (10'8m), utilizamos
aceleradores dearticulas, detectores mfraestructurapara el analiside datos.




Imaging in High Energy Physics (HEP)

Losdetectoressoncomo” camaras
25 m dedidmetro, 64 m de largo, 700neladas 100millonesde canales
electronicos 40millonesR Sfota@se por segundo
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Imaging in High Energy Physics (HEP)

[ ANs CMS Expernment at the LHC, CERN
p Data recorded: 2018-0Oc¢t-03 01:19:17.320393 H
8 8 Run/Event/LS: 323940 / 44997009 / 65

Challenge: interesting events are rare! (e.g.
candidate Higgs event in ¥&ollisions i.e.
one every 3 hours)

En la Fisica de AltBmergiaslosobjetosafotografiare  a Zigferatcciodesentre lasparticulasgque
colisionan y que generanotras particulas

*E.H.M. Heijne et al., The Silicon Micropattern Detector: A Dreldot®, Instrum Meth. A 273 (1988) 615.



Detectoresdetrazas

id  lron return yoke interspersed

with Muon chambers
4m 5m 6

Charged Hadron (e.g. Pion)

Especificaciones de los detectores de trazas (tracking detector):

A Procesado individual de la sefal depositada en el sensor para cada partﬂcula
A Asignacion de las particulas al instante de la colision (25ns/40MHz)
A Resolucion espacial del orden de decenas de micrometros

A Masa minima

A Bajo consumo de potencia

A Resistencia a la radiacion

Actualmente solamente la tecnologia de pixeles hibridos cumple con estas
especificaciones




Aplicacionesonrequisitossimilares

\ " = 7 7 — - 3% [ ‘; ’
/High Energy Physics = Security & Safety

Tracking Detectors Jl e Non-destructive Testing, Radiation Monitoring

Space Analytical Instrumentation
Cryo-EM, Mass Spectrometry Space Weather Observation, Radiation Monitoring Matﬁgrlals Analysis, Neutron Imaging, Art Analysis
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https://www.freepik.com/vectors/detective
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Los detectores hibridos

Sensor

Substrato silicio

resistivo (dopado n)

Silicia (donads i) Capa de aluminio

Conexiones
(estafno)

---------

-
-
-
-

Electronica de

lectura Pixel




Los detectores hibridos

“Sensor

Electronicade lectura



Moore’s Law — The number of transistors on integrated circuit chips (1971-2018)

Moore's law describes the empirieal regularity that the number of transistors on integrated cirenits doubles approximately every two years.

Our World

in Data

This advancement is important as other aspects of technological progress — such as processing specd or the price ot clectronic products — arc
linked to Moore's law.

50,000,000,000

10,000,000,000
5,000,000,000

1.000,000,000
500,000,000

100,000,000
50,000,000

10,000,000
5,000,000

Transistor count

1,000,000
500,000

100,000
50,000

10,000
5,000

1,000

i 2 Badson By

Iearium & kakn

Pl A Moriwoes
.1--\.
Ferium 4 W lametta g -&J# $arton

Festive Il Mocike Dixon
D KT 3 dpPartum I Coppermina

AL B

Borsham Prg,  Be
Pant unb ,a'.‘$|q5

5-1. 11
e E% %Ill:l

32-hil
-ILS rll.lzllﬂu l..h|'|.|¢

a0
I:t...l CIEERIEF Y Inl-Ei'ﬂ' QA 2
Moo s SETD o ﬁP_.L R
-m:ug::r'ﬂei dﬁh&#ar‘
B lLal B DG
b BG4 Indal EOHE

wigharala
TME1000 Sleg 260 9

Fb:-:I". '-qr-e .ILE. ﬂ"\ﬁ_i
byl AL rried BOA0

“813'%33 FJS%ETQ:WQQ o

"

4 b g
*ﬂ-ﬂM B BFM &

KA

ersgf i

.I'| i
[

Irrbes IIJ—
4% b o A ad
R AMI A

Deata saurce: Wikl pecia httpssan wikipedia, crgdwiki Transistor_count)

The data visualization is avsilable at QurtiordinData.org. Thees you find more wisgalizations and reseamh an this topic.
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Energy and time measurements with cosmic particles

Integral frame ~ 72h Heavy ionizing particle

ﬂ' '_-" with short range &)

Fast particles highfm e) -

. " r_‘___c:,,-

800 A____---""'-Ij
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250 ..,' s .,,'_ i -:: " o

150

100 FECH Rt '.E'j.: & —600 Heavy ionizing particle (protons, ions)
50 g
6 5 100 150 200

Timepixchip: matrix of 256x256 pixels
Different particles present a different signature in their interaction with the pixelated semiconductor detecto



Informaciéndel hazde particulas

AE|l nimero de particulas depositadas durante un tiempo de
exposicion determinado (modo de conteo/camara)

ALa energia depositada por una particula
AEI tiempo de la interaccion
AEI tipo de particula



Informaciondel hazde particulas

— Photons i -
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I
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The high segmentation diimepix(55um pixels) and its capability |

to measure energy allowed to (1) identify different particles and ~270m
(2) their deposited energy in the sensor

17
Timepixdata, 55m pixels



Informaciondel hazde particulas

AElangulode incidenciade laparticulacargadaentrante sepuedemedirbasandosen la
diferenciaen el tiempo de llegadade lacargaen losdiferentespixeles
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Las colaboracionddedipix



Medipix2 collaboration

Albert-Ludwig Universitat Freiburg (Germany), CEA (France), CERN (Switzerland), Czech Academy of Sciences (Czech Repahtie), ERRFCzech
Technical University (Czech Republic), IFAE (Spain), Mid Sweden University (SwedeNBNMIR@bridge (UK), NIKHEF (The Neitas), University of

California (USA), Universitat Erlangearnberg (Germany), University of Glasgow (UK), University of Houston (USA), UnirdrBitifld Section of Cagliari
(Italy), University and INFN Section of Pisa (Italy), University and INFN Section of Napoli (Italy)



Medipix3 collaboration

Albert-Ludwig Universitat Freiburg (Germany), AMOLF (The Netherlands), Brazilian Light Source (Brazil), CEA (Franceze@&ii), (Sa@Mamburg (Germany
Diamond Light Source (UK), ESRF (France), IEAP, Czech Technical University (Czech Republiéoischangsaentrurdarlsrune (Germany), Mid Sweden
University (Sweden), NIKHEF (The Netherlands), Universidad Aledes (Colombia), University of Bonn (Germany), University of California (USA), Universit

Canterbury (New Zealand), Universitat Erlanfjemnberg (Germany), University of Glasgow (UK), University of Houston (USAjsitynof Leiden (The
Netherlands), Technical University of Munich (Germany), VTT Information Technology (Finland)



Medipix4 collaboration

CEA (France), CERN (Switzerland), DESY (Germany), Diamond Light Source (UK), Czech Academy of Sciences (CzeclCiepuichniEARJniversity
(Czech Republic), IFAE (Spain), JINR (Russian Federation), NIKHEF (The Netherlands), University of California (Y 8AJ;dutevbrsly (New Zealand),
University of Geneva (Switzerland), University of Glasgow (UK), University of Houston (USA), University of Maastriche([Emel®yeUniversity of Oxford
(UK), INEN (ltaly), LNLS (Brazil), CSNS (China), PNRI (Philippines), University of Tennessee (USA)



LascolaboracioneMedipix

ASe crearon para desarrollar detectores de pixeles hibridos y sus aplicacio

A ChipsMedipix procesado rapido de la informacion en el pixel
AChipsTimepiy¥ LINP OSfAAX \RI€ a@¥HFa AYF2NXYIF OAsy LI
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Lascolaboracionededipix

AiSciencealriven
ALos chips estan disefiados en (o liderados por) la seccion de microelectronica del CEJ

ALos colaboradores desarrollan sistemas de lectura e instalan los sistemas de detector
sus aplicaciones

ACuando los sistemas estan bien caracterizados se pueden dar licencias de comerciali
(e.g Medipix3: 2 licencias de exclusividad, 5 de no exclusividad)

AEjemplo de transferencia desde y hacia la fisica de altas energias




ASICs developed by the Medipix Collaboratior

CillElngE ASICS Ehies Main Characteristics
Members Technology

Medipix2

Medipix3

Medipix4

Medipix2
(2002)
17 Timepix1
[10 countries] (2007)
Timepix2
(2016)
Medipix3

2011
D (2011)

[12 countries] Timepix3
(2013)

Timepix4
20 (2019)

[15 countries] Medipx4
(2023)

250nm

250nm

130nm

130nm

130nm

65nm

130nm

HpcEHpc pp>Y LK2G§2y O2dzyiAy3a
efficiency

Based on Medipix2, adds modes for measuring particle arrival time
and energy

Improved time resolution and lower power consumption compared
Timepix1

Up to 4 simultaneous energy measurement per pixel with charge
sharing compensation

Eventby-event data in both timeof-arrival and energy deposition
modes
1.56 ns time binning, faster data readout

10x Particle flux Timepix3, 512x448 arragidebuttable and 200ps
time binning

oHnEoHAn tppsimiEaneouslenergyneasurement per pixel
with charge sharing compensation angidlebuttable



+10 Medipix/Timepix licencees
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AplicacionesRadiografia



Detector
(Sensor de Imagen)

Anodo de |

Tungsteno ' = HAZ DE RAYOS X POLICROMATICO
Girgtorio ‘ (MULTICOLOR)

Filamento
Catodo

Ventana S —
de Salida Detector

A ESPECTRO DE ENERGIA DE LOS RAYOS X EMITIDOS

_Picos Caracteristicos K-alfa,
K-beta de Tungsteno

74

Radiacion Bremsstrahlung

Rayos X Policromaticos
(Varios keV/Colores)

INTENSIDAD

= = ENERGIA DE FOTON (keV)




INTENSIDAD
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Courtesy: SProczet al. 30
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BBC Click on Fake ArnsightART'3-ray colour imaging of art
https://youtu.be/1xUD0OBUzgtQ

Signed 0%
Vincent van Gogh#

LaCrauwith Montmajour
in thebackgroud

~1888



https://youtu.be/1xUD0BUzgtQ

InsightArt scanning setup

TR

A Collaborating robots

A Lightweight source and detecter scanner can be taken to the object, museum or warehouse

A Low energy scaqreduces need for shielding W
A Any geometry can be scanned

INSIGHTART



BBC Click on Fake ArnsightART'3-ray colour imaging of art
https://youtu.be/1xUD0OBUzgtQ

Signed
Vincent van Gog

LaCrauwith
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backgroud
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https://youtu.be/1xUD0BUzgtQ







