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Foc i radioactivitat: una mescla interessant

Per poder operar el CERN amb seguretat és necessari estudiar i controlar tota mena de riscos. Els
YSa RS mannlyY RQFOOSt SNIYR2NA A It SNASE &adzo (S
j dzS O2 YL NISY dzy NRAAO RQAYOSYRA jdzS OFf fAYA
Ffa I OOSt SN R2NAX If3dzya RQIFIdzSada YFOGSNALIF T &
addicional.

En aquesta xerrada, descobrirem la ciencia del foc aplicada al CERN i veurem alguns detalls del
LIN2PO6f SYIF RQlF2dzydl NJ R2a& LISNAftta | LINA2NR RATFSI
radioactivitat.

Dr. Oriol Rios, CERN
Dimecres 20 Maig, 16h

https://cern.zoom.us/meeting/reqister/tJArcuiurTwgHtO0o2u80Q100b3ZJ0h7h Rf



https://cern.zoom.us/meeting/register/tJArcuiurTwqHtOo2u8Q10ob3ZJ0h7b_Rf-f

Consideraciongrevies

AEsdificil fer unapresentaciésense feedback.disculpessiel ritme
no fosl'adient.

AElresumpot semblarsimilar al quevaigpresentaral genera
la reunio del projecte Admira Comavuihi ha presentgue no varen
assistirlavors hi haalgunegransparenciesepetides pero he
Intentat afegirmaterialnow/ complementarigue crecque valla
pena inclusper la gent queraassistirhi.
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ADMIRA

Activitats amb Detectors Medipix per Investigar la Radiacid a 'Aula

ADMIRAAActivitats amb DetectorsMedipix per Investigarla Radiacida I'Aula
Objectiu(Aproparcentres derecerca universitatsi escole3
Crearunaxarxad'escolegjue comparteixendosdispositiusTimepixper fer mesuregcortesiade lasecciode
microelectronicadel CERN)
Elsprofessorscomparteixendispositius experiencies
Oferintunesformacionsde qualitat
Promourelesactivitatsdel CERN@SchdiRIS petal que elsestudiantsde Batxilleratparticipinen
projectescientifics
PrimerasessidlO Gener.. Malauradamentl sistemade préstecsno hacomencatdegut alconfinament..
Equip:
A Lluis Casas, Rosa Maria Gitastitut Ciéncieslef Q9 RdaB) OA 5
A Eugeni Graugés, Marta Martin, Surinye Olarte, Ed¥adiaréqInstitut de Ciencieslel Cosmos UB)
A Daniel Parcerisa$SagraddamiliaSchoolGava
A Rafael Ballabriga (CERN)

1 e Q@

Projecte ADMIRA

https://serviparticules.ub.edu/projectes/projectadmira



https://serviparticules.ub.edu/projectes/projecte-admira

CERN



CERN: Centiteuropeuwer laRecercdNuclear

ALaboratoride fisica devarticulesmésgran delmén, aGinebra

APersonal:
A~2600 Staff
A~840 Fellows
A~550Estudiants
A~14000Usuaris

A~1000 MCHpressuposannual



Missiodel CERN

AAprofundiren el coneixemenie
I'estructurade lamateria

WA O ADesenvolupanovestecnologiesper
acceleradorsdetectors tecnologiesde
la informacidi lescomunicacions
medecinadiagnostid terapieg

AFormacidde cientificsi enginyers

AReunirgent dediferentspaisosd cultures
ambun objectiucomu




Vista aeria del CERN 1 del complex d'accelera
delLHQLargeHadronCollider)
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The LHC accelerator




7x10'2ev  Energia dels protons
10% cm2 s Lluminositat

2835 Nombre de paquets

10" Nombre protons/pagquet

'fiwmI =
<
~ CMm

O 40 milions de col:lisions per segon
© _
’

~20-40 interaccions/encreuament dels feixos
‘J ~1000 x 108 esdeveniments/s

.

_ New Particle Production U 1000 senyals en el detector a 40MHz

(Higgs, SUSY, ....) U 1 col-lisi6 interessant de cada 1012



Energy in beam
Total beam energy at top energy, nominal beam, 362 MJ

2808 bunches * 1.15 #0protons @ 7TeVeach. = 2808*1.15*16*7+10121.602*10"° Joules = 362 MJ >

per beam

EnergiaBR Qdzy ¢ D+ onnn G2ySas mpnil YkKO

sol/2mw=0.5 *m*v2



Perveureobjectes de lamidad'un micrometre(10°m), utilitzem un microscopi
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LHCng
27 km ctrcumference

LHG27%kni-
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AT

Perestudiarl'estructurade lamateriaa
I'escalade I'attometre (1018m), utilitzem
acceleradorsle particules detectors

| infraestructuraper l'analiside dades

Acceleradors Detectors 4Analiside dades
=Attoscopi(1018m)
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Detectors



Deteccidcde particules

Podemreconeixeresparticulesper les petjades quedeixen

guestegetjadesindiquen deguintipus de particulaestracta, laseva
energig lacarregaelectricg elpunt on es va crear i laevatrajectoria

Lespetjadesdepenenno nomesdeltipus de particulasindtambe del material
del detector
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Un detector eslissenyadepenentdel tipus de particulague volemdetectar



Interaccionsen elDetector

Baixadensitat [  Altadensitat
(materials)

Altaprecisic [  Menor precisio

Alta granularitat h  Menor granularitat

Tracking Electromagnetic Hadron Muan
chamber calonmeter calorimater detector
photons 3 é{
. _ neutrinos...
electiron sitron  mme- ‘/<¢<': —
pos '\w
muons o=+

pions proton - <z<

electromagnetic hadronic
shower

Measurement of interaction points (vertices) Energymeasurement Identification of muons and
measurement of momentum

and charged particlemomentum (curvature in (particles are stopped) _ ) _
the magnetic field) (Higher density, lower granularity)
(Low density, high granularity)
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Key:

- Muon
= Electron
Charged Hadron (e.g. Pion)
- = = - Neutral Hadron (e.g. Neutron)
°°°°° Photon

Silicon
Tracker
Electromagneti |
)”“ (ca::m(:r“ ‘ }
Hadron Superconducting | i
Calorimeter Solenoid | 2
Iron return yoke interspersed Uit 3
Transverse slice with Muon chambers | 2
through CMS ko
Identification of muons and
measurement Identification of muons and measurement
of momentum Energy measurement of momentum
(Higher density, lower (Higher density, lower granularity)

granularity)
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Elsdetectors al CERddNcameresde fotos gegantsamb centenesle milionsde canalscapaces
d'enregistrar4d0 milionsde fotos persegon



Detectors de traces

Especificaciondelsdetectors de traces (tracking detector):

A Processaindividual delsenyaldepositaten el sensor pecadaparticula
A Assignacidle lesparticulesat QA yd& kadolyisio(25ns/40MHz)

A Resoluci®ent QS delJQ 2 delddsdhesie micrometres

A Feblemassa

A Baixconsumde poténcia

A Resisténcia laradiacio

Actualmentnomeésla tecnologiade pixelshibridscompleixambaquestesespecificacions



Introduccioalsdetectors depixels
hibrids



MCNC-RDI x1.00k

Elsdetectorshibrids

hibrid ca

adj. Format peelementsde
diferent origen

ELECTRON Dit daplarell circuit,
etc., que conté components de
diferenttecnologia

Elsensores potoptimitzar per la
aplicacio

Electronicade lectura



ImatgeambraigsXR Q diz€dur (GaAS5mm/500mm)

0.6

LTI TTLTTNY )

PP

o T T T T

SEELARRRRRRTRRRRII

ARLARLARARAEA])
w o B 1

T T T LT Y

: LU EEEEECELAALLLLLL
< "

————

-3.7

S Procz FMFFreiburg and BHamann KIT/ANKA

- :v':-,
s frEm 0 - = -..“l
-

’/

L L L L LT T |

UNI

FREIBURG



Dissenyde xips



Electronicésenyalsanalogicys digital

E  Unsenyalanalogicéscontinuen el temps

E  Unsenyaldigital estadiscretitzat(homéspot prendre
un conjuntfinit de valorg

Elspixelsde Medipixcontenenelectronica
el analogicad digital
Elsenyald'entradaésamplificat
Elresultatde I'amplificacidescomparaamb
un nivellllindari escomptenel nombrede
particulesdurantel tempsen que
I'obturador estaobert.

T=34s



ChipTimepixambsensor ~306m silici
256x256 pixels

1 pixel 55x56m ~2000 transistors
Xip~1 10 transistors



Elsblocsa Q A Y LI Snflsraghsistors
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@)
PORTA
DRENADOR SORTIDOR
o \4 ®

»

Current (e'S

El transistor

El transistorésun interruptor

A Potcommutarrapidament(commeéspetit, millor)

A 15\ oecdeu sermolt gran

A 1 -deuserel méspetit possible (peevitar consumestatic)

A 1,y €sel mésgran possible (petarregarcapacitats.e.
commutarrapidamen)

A Hade poderencendre'sambel senyala I'entradael méspetit
possible inimitzarpotencig

A Hadetenir el sesucomponentcomplementari(sino elconsum
de potenciaestaticpot sermolt gran)

A Hade tenir terminalsindependents

A Hade poder-sefabricaren gransnombres(>1® en un cr?)

A Hade podercommutarfiablementde I'ordre de 10° vegades
(10anysd'operaciq



PORTA __:4[:

El transistor

DRENADOR

SORTIDOR

e- current

Esquematic

SiO,

| | 1
source (n+)" ~/channel \ndrain (n+)

substrate (p)

5

poly

SiO, ‘//

source (n+) / “channel \ drain (n+)

Ips
substrate (p)

Model 3D

V> Viy

IDS>O



El transistor

1.2V
DRENADOR ": My
1 IN ouT
PORTA ——1| - 1 |
'— SORTIDOR _":
. MO
e- current oV

Esquematic Circuit



Connexions

2V

1

N

ov

ircu

C

IBM, 180 nm



Aplicacionglel transistor



El transistorAplicacionganalogig¢

é 2 Vppa

2 Vour

A —[

o Vssa

Amplificador(unaminoriadelstransistors) queesfabriguen



011001001

ADC Processatligital

L

SiO,
O A | i O )
source (n+) channel drain (n+)
substrate (p)




El transistorAplicaciongmemories

suTeeeE L

WL

BL

1T

M,
Cg

1

Memories (DRAM)

—

Interpoly .
Dielectric

Control gate

Floating gate |

Tunnel Oxide
Source

~__ Drain

p-substrate
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Lalleide Moore



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

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

OurWorld

in Data

This advancement is important as other aspects of technological progress — such as processing speed or the price of electronic products — are
linked to Moore's law.
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10,000,000,000
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5,000,000

Transistor count
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IBM z13 Storage Controller
18-core Xeon Haswell-E5

Xbox One main SoCx, \
61-core Xeon Phi
12-core POWER -'
8-core Xeon Nehalem-EX~
Six-core Xeon 7400,

Dual-core Itanium ° 4

Pentium D Presler

72-core Xeon Phl Centriq 2400 ©GC2IPU

SPARC M ’32 core AMD Epyc
_-Apple A12X Bionic

Tegra Xavier SoC
8 Qualcomm Snapdragon 8cx/SCX8180
\Hlsmcon Kirin 980 + Apple A12 Bionic
HiSilicon Kirin 710

10 core Core i7 Broadwell-E
‘ ‘ ualcomm Snapdragon 835

© oDuaI core + GPU Iris Core i7 Broadwell-U
% ° ’ Quad-core + GPU GT2 Core i7 Skylake K

Ouad -core + GPU Core i7 Haswell

OWER6
A Itanium 2 with Apple A7 (dual-core ARM64 “mobile SoC")
9 Mo cache®) M%ore“l)? (uQaL&a c)ore 2M L3
Itanium 2 Madison 6M€) P TE
X Pentium D Smnhfleld\ Sore Duo Conroe
Itanium 2 McKinle: Core 2 Duo Wolfdale 3M
Pentium 4 Prescott 2M° €©Core 2 Duo Allendale
Pentium 4 Cedar Mill
A AMD K8 @ °F’ermum 4 Prescott
Pentium 4 Northwoo
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Pentium 4 Willamette € 0d° e QAtom
< Pentium IIl Tualatin
X Pentium Il Mobile Dixon. QARM Cortex-A9
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AMD K6
8 Bt RS
Pentium Proo Pe Il
Klamath
F’entlumo AMD K5
SA-110
Intel 80486,
0 %o
Tl Explorer's 32-bit,
Li sppmachlne ch|p° AR&OO
Intel 80386, Intel
ntel Yo @ARMS
Motorola 68020 ¢
° e
gtor %ao Intel 80286 sﬁ%"fn !
@ Iintel 80186
Intel 80864p €Y Intel 8088 Py QARM 2 AF& 6
°ARM 1
! Motorola 65C816 i
TMS 1000  ZiogZag 6809 W§C N6
RCA1802 Qcigoss 002
Intel 80080 Intel 8080
MOS Technology
© M3 6502
Intel 4004
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Data source: Wikipedia (https://en.wikipedia.org/wiki/Transistor_count)
The data visualization is available at OurWorldinData.org. There you find more visualizations and research on this topic.

Licensed under CC-BY-SA by the author Max Roser.



El transistor: |del de Moore




El transistor: |del de Moore

Quants quilos d'arros es necessiten per omplir totes les caselles del
taulell?

A. ~1
B. ~10
C. ~100

D. Cap de les anteriors




El transistor: |del de Moore

Casella Grans Quilos
8 128 0.0025¢
16 3276¢ 0.6553¢
24 838860¢ 167.7721¢
32 214748364  42949.6729
40 5.49756E+1  10995116.2
48 1.40737E+1 281474976
56 3.60288E+1  7.20576E+1
64 9.22337E+1 1.84467E+{ RN .
263vegadeda producciomundial!!

1kg 50000grans
Producciémundialanual 700 16 tones

ler transistor: 1959 (Casella 1)
Lleyde Moore 1965 (~1000ansistorgxip) (casellall)
Avui>10 000 10transistors(casella33l)
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