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Opadeg ZwpHaTIdiwy

All particles
Feel the strong nuclear force

Don’t feel the strW \ Are made up of quarks (u, d, s, ¢, t, b)
hadrons

leptons ,
" " Decay into protons
Don’t decay into protons
€, Ve
- Consist of k+
K Vu on5|s' e Consist of 3 quarks, or 3 antiquarks
an anti-quark
iV

mesons baryons
pions proton (uud), and anti-proton
kaons neutron (udd), and anti-neutron

Moia cwuaTidia aviXvEUOUUE;
+ - * *
dopTiopéva TwHaTidia e,e,p, T ,u

0
OudéTepa 2Zwuariola Y, n,TT ,V



‘Evag aviXVEUTAG KATAYPAPEI TNV TTOPOUCIO CWHATIOIWV.
|davikd, Ba ETTPETTE va KaTtaypa@el OAa Ta CWHATIOIA TTOU TOV JIATTEPVOUV, TIG

I0I0TNTEG TOUG KAl TN XPOVIKI OTIYUNA aviXveuong Ue akpifela.

-EpunTIKG: KAAUWN 6ANG TNG OTEPEAG YWVIAG, XWPIC pWYHEG/KEVA

-Metpnoeigc B€ong pe akpifeia: uwnAo Pabud KatarTunong

-M€tpnon opuNG Kal EVEPYEIAG XWPIC OPAAUQ

-Avixveuarn, Kkataypa®r TPOXIAG Kal TAUTOTToiNON TwV CWHATIdiwY (uadla, popTio)

™




NMwg avixvevovTal Ta cWHATIOIA;
Ta cwparidia kabBwg diatrepvouv TNV UAN a@rivouv TNV Uttoypa@n Toug
N £0TW KATTOIO OTOIXEIO TNG TAUTOTNTAG TOUG. ..

Méow TNG AAANAETTIOPACAS TOUG HE TO ATOHMO TOU UAIKOU TOU
QVIXVEUTI) ONMIOUPYWVTAG NAEKTPIKO CAMA 1| PWIG.

nome is Juk

[1OIEG 1D10TNTEG TWV CWHATIOIWY PITTOPOUUE VA UETPIOOUUE; FappLacoit 7 yo-

Cad 8 Somect S& M
5o [ oreRnding w

1 opl‘lﬂ’ r'j"" dosn ity
e (@opTio Sokky,

e Egvépyela

e Xpovo Jwng

Me auTég TIG TTANPOYOPIEG YivETAI DUVATH N TAUTOTTOINCTN TOU CWPATIOIOU. 2T OUVEXEIA, YVWPIOVTAG TNV EVEPYEIQ
KAl TNV OpUN UTTOPOUE va UTToAoyioouuE Kail Tn pada.

B2 —13202
2

E’=m’-c*+p°c> =2 m=



KUplieC aAANAETTIOPACEIC CWHATIOIWY - UANC

HAekTpopayvnTIKEG : ADPOVIKEG :

% Aléyepon % ANnAemdpdaocig ye Tov TTUpRVa
dnuIoupyouv deuTEPOYEV CWHATIOI
% loviouog

R/
%

2KEdAON

R/
%

AkTIvOBoAia MNédnong
(Bremsstrahlung)

R/
%

Aidupn yéveon

< Cherenkov Radiation



ATTWAEIQ EVEPYEIOC MECW IOVIOUOU Kal O1EYyEPONC

‘Eva @opTIoONEVO owHAaTIOIo AAANAETTIOPA KUPIWG HE TA
NAEKTPOVIO TOU OTOUOU TOU AVIXVEUTIKOU UAIKOU.

AuUo €idn ‘ouykpouong’:

2kAnpn Zuykpouon: MNMpokaAei IONIZMO Tou atépou OAd £va nAeKTPOVIO
QATTOPAKPUVETAI ATTO TNV TTEPIOXH TOU NAEKTPIKOU TTEdiou Tou TTUprva. Mepikég
POPEG, TO NAEKTPOVIO AUTO €ival IKAVO va TTPOKAAETEN TO id10 Evav deuTePEUOVTA

lovIOuO (O-ray).

AtraAni 2uykpouon: MNpokaAei AIETEPZH tou arouou dAd €va nAeKTPOVIO
METaBaivel atrd pia TpoxIa XapnANG evépyelag o€ pia GAAN TpoxIA uwnAOTEPNG
evépyelac. Ta dieyepuéva states gival aoTtadry. To atouo Ba TICTPEWYEI OTNV
APXIKN TOU KATAoTAON ME TNV ATTOdIEYEPON TOU NAEKTPOViou. KaTd Tnv
aTTOdIEYEPON TOU ATOMOU EKTTEUTTETAI WTOVIO. OTav autd cival 0To opaTd
@Aoua, To OVOUAJOUNE OTTIVONPICHG.

Excited State

Ground State



[MapadeiyuaTa
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electrons or muons

Proton with « delta ray »
(electrons)

.




[MapadeiyuaTa

; lonizing radiation
lonized gas atom \

AVIXVEUTEG loviouou:

s  Geiger-Muller counter

< MultiWire Proportional Chamber

s Time Projection Chamber

<  Silicon detectors

holes

electrons
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2TTIVONPIOTEG, PWTOTTOAAATTAQCIAOTEG, KUMATOONYOI
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ATTWAEIO EVEPYEIOC HEOW AKTIVOBOAIOQC TTEdNONG

(Bremsstrahlung)

2KEDAON QOPTIONEVOU CwaTIdioU aTTd ToOV
TTUPAVA TOU ATOUOU KAl CUVETTWG aAAayn
ETTITAXUVONG TOU

[MpokaAgiTal atTwAgIa eVEPYEIQG
OUVOOEUOBUEVN ATTO EKTTOUTTH) QUWTOVIOU
EVEPYEIQG IONG PE QUTH TTOU €XAOE TO
owuaTidlo.

Bremsstrahlung
(Roentgen quantum)

\ Electron lower
\ in energy

-
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PuBuoc ammwAeglag eveépyelag ava povada JNKoug

0
0‘0

Y/
L X4

R/
L 44

["eVvIKA, HIKPR ATTWAEIA EVEPYEIAG ava OUYKPOUan aAAG
TTOAEG OUYKPOUCOEIC OTA TTUKVA UAIKA.

> XpnRoiun moodérnta: MEZH AMNQAEIA
ENEPIEIAZ Tou cwpaTtidiou avd povada

MAKOUG.

H paBnuartikr) repypa@r) TnG aTTWAEIOG EVEPYEIQG EXEI YIVEI
ME TTOAU KaAR akpiBela atrd Tnv oxéon Bethe-Bloch yia
O1a@opa UAIKA Kal cwuaTidla.

H atrwAcia evépyelag e€aptdaral atrd 1o UAIKO aAAd Kal
a1rd TNV EVEPYEIA Kal TO £i00G TOU CWHATIOIOU.

H attwAcia evépyelag Katd pnkog TnG d1adpoung evog
POPTIOUEVOU OCWHATIOIOU JETABAAAETAI GNUAVTIKA KAl
YIVETAI UWPNAN OTIG HIKPOTEPEG EVEPYEIEG.

dE/dx (MeV g~tem?)
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ot o
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100
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Proton momentum (GeV/e)

10000
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PuBuoc atmwAeglac evépyeiag ava yovada JrKoug:
% AOYW I0VIOUOU Kal DIEYEPOEWY O€ XAUNAEG EVEPYEIES
% AOyw akTivoBoAiag NMédnong (Bremsstrahlung) o€ uwnA£g evépyeleg (AQOpPa KUPIWG e+-)

dE A
dX

-~ Bremsstrahlung

...........

Energy
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‘Eva mrapadeiypa: adpovobeparreia & Bragg peak

AGYW TWV d1adIKACIWV AAANAETTIOPAONG TO CWHPATIOIO XAVOUV EVEPYEIQ OTNV UAN Kal TEAIKG Ba oTauATAOOUV.
H atrwAcia evépyelag péow dE/dx (atrwAeia 1oviopou) eEapTatal atrod TRV TaxXUTNTA KOl ETTOPEVWG YIa Eva
0edONEVO CWHATIOIO CaPTATAI ATTO TO PNKOG digioduong OTo PECO.

KapTroAn Bragg: atmrwAeia evépyelag - | 860n akTivoBoAiag HEOW EVATTOTIOEPNEVNG EVEPYEING - WG
ouvapTnon Tou pnkoug d1adpoung (Badog x) oto péco

Tumor

€43\ Proton Therapy

50

(%) 350p UoREIpRI 3NIERY

%]
]

------------ X-ray Treatment
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2. KEOAOoN: MH EMNIOGYMHTH AAAA ANAMODEYKTH

‘Eva @opTIopEVO OWHATIO 0TN JIEAEUTT) TOU ATTO TOV AVIXVEUTH UQIOTATAI TTOAAEG YWVIOKEG
QATTOKAIOEIG TNG TPOXIAG TOU AOYW TWV NAEKTPOHAYVNTIKWY OGAANAETTIOPACEWY PE TOUG
TTUPAVEG TOU UAIKOU.

K/
L 44

MBavoTnTa okEdAONG O€ ywvia B PETA aTTO ATTO0TACN X OTO UAIKO £XEI YKAoUaIav Jopo®n
Kal ECaPTATAI ATTO TO WAKOG AKTIVOBOAIQG

R/
L 44

A 15



Cherenkov radiation: MINAE ©Q>

Y/
0’0

Av €va QOpPTIOPEVO OCWHATIOIO KIVEITAI O€ £va UAIKO PE TaxUuTnTa
MEYOAUTEPN ATTO AUTA TOU QWTOG OTO UAIKO TOTE EXOUME
akTivoBoAia Cherenkov.

Me xprion aviXveutwyv avayvwpifoupe To owuaTidlo atrd TNV akTiva
TWV KUKAWV

O
%

Pressure waves of air flowing off an airplane

aerogel n <n,

photon detectors

Cherenkov photons

charged pa’rticle

16



AANNNAETTIOPOON QWTOVIWV JE TNV UAN

DPWTONAEKTPIKO PAIVOMEVO: » 2kédaon Compton: »  Aidupn yéveon: ] '

H mpooTmimTouca ®wTéVIo Prikoug KUATOG A Av Ewmviou UWEPBGWH 10 5|1T)\G<,7 1o
NAEKTPOUAYVNTIKA aKTIVOBOAia oTa okedAdeTal Kal Eva VEO PWTOVIO me IJG§9€ neeyiag TOU NAEKTPOVioU
aploTepd €Ayl NAEKTPOVIA ATTO pAKoUG KUpartog A’ @elyel e ywvia 8 TO’ PwWTOVIO sﬁmpay@sml’ml ™

TNV ETTIPAVEIA TOU PETAAAOU BEEIA. Wg TTPOG TV euBeia TTou opiCei N B¢on Tou Taipver Eva Geuyog
XpnolyoTrolsiTal GTOUG (210 5I€U9U\{0 n Mg TPOCTIITITOUCAg I’])\e’KTpOVIOU - TTo{ITPOVIOU.
PWTOAVIXVEUTEC. SLOHISGuTOViWY. Xproipn yia évapgn HM shower.

Mn emOupunTr aAA& avaTToQEUKTN.

Electron

Photon /
-_
>
Positron

v+e—s7y +e

Nucleus

] Yy +atom > e*+e

17
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EM showers vs Hadron cascades

Y

Hadron cascades

EM showers copiously produce Tt° ‘s,

contain essentially

which generate airs,
e*andY’s - e

originating EM showers

19



2.uvoyn

@EAW O AVIXVEUTAG
< A va aAnAemdpdoel EAGXIOTA PE TO CWHATIOI0 WOTE VA HOU SWOEl £Va OANO XWPIC VO HETARAAAE TIC
I010TNTEG TOU OTTOTE XPEIAleTAl TTOAU EAA®PIA UAIKA

D

** 1] va aAANAETTIOPACEl EVTOVA JE TO CWHATIOIO KAl VO TO OTAUATACEI KAl VO JETPROEI TNV EVEPYEIQ TOU OTTOTE

XPEIACETAl TTUKVA UAIKA

To oQua pou TEAIKG Oa gival TTAVTA NAEKTPIKO.

Eite £EpxeTan atd 1oviopo, Bremsstrahlung, Aiduun yéveon oTToTE TO ApPXIKO Crua €ival NAEKTPIKO

Eite Epxetal atmd ewg atrd otivenpioud, Cherenkov To OTT0I0 avIXVEUETAI ATTO QUWTOAVIXVEUTEC TTOU OTO TEAOG
TTAPAYOUV KI QUTOI £€va NAEKTPIKO Oa.

20
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Tpoyoypapot/ Iyvnidteg

O&Am eEMI)LOTO VMKO

> y10 VoL UnV TPOKOA®M GKESAGT) KO VOL LNV
aAALAL® TNV TOPELD TOL COUATIOOV

> Y100 Vo AToOUY® T OMNUIOVPYIL OEVTEPEVOVTOV
oOUATIOIOV.

O&Am va elpot Kovtd 6Tto onueio GUYKPOLGTG Kot VoL
elpon o Tpdtog mov Ha det TaL copaTOW (TPLY apyLoEL
TO VAMKO GAL®V GUGTNUAT®V Vo, GAANAETIOPA poli
TOV)

> llpénervo avtéyel oty oKkTIvofoiia

[Ipéner va Exm

> oML OVI(VEVTIKA GTOLYELO UE TOAD PIKPO
néyedog yo va aviyvevo pe akpifeta ) 0€on
am’ OTOV TEPOGE TO COUATION0

>  TOAMG GTPORATE OGTE VO LTOPD VO
OVOKOTOGKELAC® TNV TPOYLA

[Tapovoio poyvntikod mediov yio optio Kot Oppn

_ﬁ&l\g
S

™

Multiple thin layers of, for example, silicon

sensors

21



Xp1omn HoyvnTikov meEdiov Yo LETPMNGT OPUNC KOl POPTIOV

- Lorentz force

22
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Koalopipetpa

OEA® VO GTOUOTICM TO COUATIOW KO VO LETPNICM® TNV EVEPYELNL TOVC.
O cvvoikdg aptBpudc Levydv NAEKTPOVIOV-BETIKOV 1OVIOV 1] QOTOVI®OV Log OIVEL TNV EVEPYELL TOV COUATIOIO0V.

— HAextpopayvntikd — yio evepyelokés LETPNGEIS COUOTIOUDY TOV AAANAETIOPOVY NAEKTPpOLOYVNTIKE (e+, e-,
POTOVIO)
— AJpOVIKG — LETPOVV TNV EVEPYELD TV aOPOVIOV (P, TOVia, Kaovia, jets, KTA).

0 £G KaAopl
HOYEVES KOAOP HETPO , AELYLOATOANTITIKO KOAOPIPETPO
-TLOPAYEL O OAO TO VALKO , , . .
, -€VEPYO VALKO IOV TIapdyeL onpa
XuvnOwg HM. . , ; ;
-TIaBN TIKO VALKO TIOU AELTOVPYEL WG ATIOPPOPENG
ZuvnOws adpoviko. 25






Let us have a look at interaction of different particles with the same high
energy (here 300 GeV) in a big block of iron:

electron

muon

pion (or another
hadron)

are almost comple-
tely absorbed in
the sufficiently
large iron block.

Electrons and pions
with their “children”

1m

The energetic electron radiates photons
which convert to electron-positron pairs
which again radiate photons

which ... This is the electromagnetic shower.

The energetic muon causes mostly just the
ionization ...

The strongly interacting pion collides with an iron nucleus,
creates several new particles which interact again with iron
nuclei, create some new particles ...

This is the hadronic shower.

You can also see some muons from hadronic decays.

27




>

2XNUOTO GE EVAV AVIYVEVLTN...

y : Aidupn yéveon

e*: 2fua otov Tracker, 10vVIOUOI,
Bremsstrahlung

M*: loviopoi, dlatTepvA TOV avIXVEUTH, orua
OTOUG ETTINEPOUG AVIXVEUTEG

T, K*, p*: 2iua otov Tracker, shower,
OTAUATNUA OTO AdPOVIKO KAAOPIMETPO

K° n : ZAua uévo oto adpoVvikd KaAAOPIUETPO

NeTpiva : Kapia aAAnAeTTidpaon, diatripnon
OPMNG Kal EVEPYEIQG

KaAopipetpa
Muon
Tracker HM ASPOVIKO detector
Y C

+
e
+
IJ

Tri; Ki’ pi /Z_T

KO n

NeTpiva

28



TI KAvoupe 1O CNUQ;

< To nAeKTPIKO ONua

YVVYY

INCIDENT
RADIATION

EvioxUeTal

Mop@ponolgiTal

Wnoionoleital

AnoBnkevetal npoowpiva (buffered)
ANOOTEAAETAI OTO UMNOAOYIOTIKO
oUoTNMa JECA O €va NAKETO
0edOHEVWV

SENSOR PREAMPLIFIER PULSE ANALOG TO DIGITAL
CONVERSION

N\

SHAPING DIGITAL DATA BUS

29



7/
L. 44

MeTprioeic oNUATOG

AIQQPOPEC HETPNOEIC €ival OUVATEC

HME Eva NAEKTPIKO ONpa.

> Auadiko onua: MNavw/Katw
ano 1o katw@Al (threshold)

> XpOvoC Navw ano KatweAl
(time over threshold ToT)

> OAokANpwa onuaTog
(popTio)

> Xpovog agIgng

KAl MOAAEC AAAEC...

threshold .2t 1

/
)

Vin ‘
0i—
Outp esponds to A .
'
i

ToT Output —

30



Overall view of the LHC experiments.

S=m i w YL L U
---Tm‘-qdwn“..-d&." = g
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ATLAS

Puon Dessctons Dectramagastic Calesmenses

Forward Calormetens

Suwennl

e Torowd Ireer Datector Shiekding
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Argentina Morocc&"»fjf
Armenia Netherlands <
Australia Norway
Austria Poland
Azerbaijan Portugal
Belarus ° Romania
Brazil Russia
Canada Serbia

Chile Slovakia
China Slovenia
Colombia Spain

Czech Republic Sweden
Denmark Switzerland

Taiwan sl & 167 instituts
Juckey, \ 2100 scientifiques
Les données sont distribuées

partout dans le monde

nsemble, nous explorons la physique pour répondre aux questions




CMS - g v ooleboraion

550 million Swiss Francs.

CMS stands for Compact Muon
Solenoid: compactbecauseitis “small”
for its enormous weight, muon for one of
the particles it detects, and solenoid for
the coil that forms the basis of its huge
superconducting magnet.

>> CMS is a collaboration of more than 2,800 scientists,
including around 970 students.

>> CMS involves the work of people in 191 institutes in
43 countries.

34



|

35



YREQAVWYIHO SWANVOEIDES EM Kadopuistae.

ECAL
Siirellia ASpoVvIKO KaAopLUET!
PbWO4 crystals Plastic scintillator/brass

sandwich

Pixels

N

'S

QAU HIQVIRIV

l &
Total weight : 13,000t .. N ‘ \
Overall diameter : 15 m gy ¥ %
Overall length : 21.6 m : \
Magnetic field : 4(3.8) Tesla QaAQHOL HLOVIWY ’
Drift Tube Resistive Plate Cathode Strip Chambers and

Chambers Chambers Resistive Plate Chambers

22 m
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Silicon
Tracker

Electromagnetic
Calorimeter

Hadron

Calorimeter Superconducting
Solenoid

Om Tm 2m 3m
l ] ] 1

Iron return yoke interspersed

with Muon chambers

4m 5m 6m
] ] ]

Key:
Muon Electron

Neutral Hadron (e.g. Neutron)

Charged Hadron (e.g. Pion)
Photon
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Silicon7//77}7
Tracker

Electromagnetic
Calorimeter

Hadron

Calorimeter Superconducting
Solenoid

Om Tm 2m 3m
l ] ] 1

Iron return yoke interspersed

with Muon chambers

4m 5m 6m
] ] ]

Key:
Muon Electron

Neutral Hadron (e.g. Neutron)

Charged Hadron (e.g. Pion)
Photon




Silicon

Tracker
Electromagnetic
Calorimeter

Hadron

Calorimeter Superconducting
Solenoid Iron return yoke interspersed

with Muon chambers
Om Tm 2m 3 {n 4 :n 5m 6m

Key:
Muon Electron Charged Hadron (e.g. Pion)

Neutral Hadron (e.g. Neutron) Photon




Silicon
Tracker

Electromagnetic
Calorimeter

Hadron

Calorimeter Superconducting
Solenoid

Om Tm 2m 3m
l ] ] 1

Iron return yoke interspersed

with Muon chambers

4m 5m 6m
] ] ]

Key:
Muon Electron

Neutral Hadron (e.g. Neutron)

Charged Hadron (e.g. Pion)
Photon




Silicon
Tracker

Electromagnetic
Calorimeter

Hadron

Calorimeter Superconducting
Solenoid

Om Tm 2m 3m
l ] ] 1

Iron return yoke interspersed

with Muon chambers

4m 5m 6m
] ] ]

Key:
Muon Electron

Neutral Hadron (e.g. Neutron)

Charged Hadron (e.g. Pion)
Photon




ﬁimﬁ
Silicon ‘ I‘P‘%lfl'
Tracker

Electromagnetic
Calorimeter

Hadron

Calorimeter Superconducting
Solenoid Iron return yoke interspersed

with Muon chambers

Om Tm 2m 3m 4m 5m 6m
l ] 1 1 ] ] 1

Key:

Muon Electron Charged Hadron (e.g. Pion)

Neutral Hadron (e.g. Neutron) Photon




200TNUa 2KavOaAIguouU

210 CMS, TTpwtovia cuykpouovTtal KaBe 25ns (40M @opeg 1o
OEUTEPOAETTTO)

Kd&Be ouykpouon rapayel ~1 Mbyte dedopévwy
To ouoTnua okavdaAiopou «trigger» atropaailel ypriyopa eav n
ouyKpouaon TTapiyaye KATI EVOIQPEPOV:

% NAI, 10 «yeyovog» KaTaypa@eTal

% OXI, To «yeyovocy TIeTIETAI

Ta evdlagépovTa yeyovoTa Trapdyovrtal he ouxvornta 1:10M

AKONN Kal JE AUTOUG TOUG TTEPIOPIOUOUG, T KATAYPAPOUEVA
dedopéva EetTepvouyv KaBe xpovo Ta 10000000 GBytes (1 PByte)

P R RS ey S
- T e it e s
40 MHz --IL.‘ T J-I-

COLLISIONS .
- i ]

B

Clusiers  Segments
100 kHz LEVEL-1
TRIGGER

1 Terabit/s _
READOUT |
50,000 data links |

1 Terabit/s
SWITCH
NETWORK

100 Hz
FILTERED EVENT |,

(Blgubnl/’\
SERVICE LAN

43



AVOKATOOKEUN ONMATOC  TI.X. TPOXIAG
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Pile-up: 0Ao Kai 1TI0 OUGKOAOG O OIaXWPICHOC

Event taken at random
(filled) bunch crossings
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Transporting and constructing the CMS solenoid
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“Swivelling the CMS solenoid”

Coil is constructed
vertically but needs to be
horizontal!
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Inserting the CMS solenoid into the yoke
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ing CMS Underground

Lower
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Lowering CMS Underground

i »
| d I
-
{

ﬂ
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Eykatdotoon tpoyloypaeov
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Eyxotdotaon KaAoplUETpOV
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OdAopol Hovimy

M— . R
: ~ ke
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Gas Electron Multiplieré (GEMSs) {" :




CMS Completed!
August 25, 2008 - 16 years after its Letter of Intent

Nu\"!\\ § - : >>_‘
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Phase-2 Upgrade: that was fun! let’s do it again!

Trigger/HLT/DAQ Barrel ECAL/HCAL

* Track information in L1-Trigger  Replace FE/BE electronics
 L1-Trigger: 12.5 pus latency — output 750 kHz * Lower ECAL operating temp. (8 °C)
* HLT output 7.5 kHz

Muon Systems

* Replace DT & CSC FE/BE
Electronics

* Complete Muon coverage

in region 1.5<n<2.4

New Endcap Calorimeters
* High granularity
* 3D capable

New Tracker

* Rad. tolerant — high granularity — significant less material

* 40 MHz selective readout (pr>2 GeV) in Outer Tracker for
L1 -Trigger

* Extended coverage to n=4

New Precision Timing Detector

* Barrel: Crystal +SiPM

* Endcap: Low Gain Avalanche
Diodes




Evyopioto yio Ty T1pocoyn cog

stella.orfanelli@cern.ch

Material from talks from: A. Tsirou, E. Gazis, A. Kerezis, T. Alexopoulos, D.Barney
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Solenoid

e diameter = 6 m (20 ft)
- Largest one ever built

- stores 2.7 GJ of energy

HEP Detector Superconducting Solenoids
E 14 ll : Sclailil)
: i : e OMS
a b : ' SiDe °© Tesa
2 10 i = SmF‘\’CXO :
3 : : !  ® oms3s
§ S i el eme
S 6 ' coE —+ '
= T e i ® Aleph H
£ Do 5 ° i 1
i 4 » + Babar +
b~ Venus @ Cleoll - H e OBEM
B 2 - g o :
- 0 ISR Zeus ol i) ;
1 10 100 1000 10000
PG Stored Energy [MJ]
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Silicon Detector

Reverse Bias
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Silicon Detector

AV EVWOOUE TIG ETTAPES P KAI N TOTE EXOUME HIa diodo

2TNV TTEPIOXN TNG £VWONG Ta NAEKTPOVIA KAl O1 OTTEG
eCoudeTepwvovTal HETAEU TOUG

2TV TTEPIOXN TTou TTAE0V OEV UTTAPYOUV charge carriers, €va
QOPTIONEVO OWHATIOIO EI0€PXETAI Kal ONPIoUpyYEi (eUYOG OTING —
NAEKTPOVIOU Kal dpa orua

Depletion

o Electron

+ Positive 1on from removal of
electron in n-type impunty

= Negatwve 1on from filling in
p-type vacancy

e Hole




Dopping

—

NASyw 0TTap¢ng TTOAAWY CEUYWV OTTWV — NAEKTPOVIWV OTO TTUPITIO O€
BepuoKpaTia dwuaTiou , yia Trn XPAoN TOU WG AVIXVEUTH XPNOILMOTTIOIOUUE TN
MEBODO TWV TTPOCHIEEWV

[MpoouIEN TOU TTUPITIOU PE APOEVIKO (TTEVTAOOEVEG) — aywyog TUTTOU n, dNAAdI)
TTEPIEXEI TTEPIOTOTEPA NAEKTPOVIA

Mpoouign Tou TTUpITioUu PE BOpPIo (TPIOBEVEG) — aywyog TUTTOU p, ONAAD TTEPIEXE]
AlyOTEPQ NAEKTPOVIO




Electromagnetic Interactions

Z,electrons, q=-¢,

M, q=Z, e,

Interaction with atomic
electrons — ionization
and excitation —
produces measurable
signals

Interaction with
atomic nucleus —
bremstrahlung —
shower production

If particle velocity is
high enough (greater
than speed of light in
the medium)
cherenkov radiation
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3

Particle

Detection method

Photon No signal in tracker; signal in ECAL; no signal
in HCAL or muon chambers
Electron/positron Signal in tracker; signal in ECAL; no signal in

HCAL or muon chambers

Charged hadron (e.g. p, ©,K"...)

Signal in tracker; essentially no signal in ECAL;
signal in HCAL; no signal in muon chambers

Neutral hadron (e.g. n...)

No signal in tracker; no signal in ECAL; signal
in HCAL; no signal in muon chambers

Muon

Signal in tracker; no signal in ECAL or HCAL;
signal in muon chambers

Neutrinos, SUSY particles....

No signal in any sub-detector; presence inferred
from missing energy
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Here is the general strategy of a current detector to catch almost all particles:

Magnetic field bends the tracks and

helps to measure the momenta of particles.
electron
Hadronic calorimeter:
offers a material for
hadronic shower and
measures the deposited energy.
muon ) e o
Neutrinos escape without detection
' ¢
hadrons
< u S _‘:x\ltV - X
Tracker: Not much material, Electromagnetic calorimeter: Muon detector:
finely segmented detectors offers a material for electro- does not care about
measure precise positions magnetic shower and measures muon absorption and
of points on tracks. the deposited energy. records muon tracks. c
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CMS Experiment at the LHC, CERN
“W8 Data recorded: 2012-May-13 20:08:14.621490 GMT

Run/Event: 194108 / 564224000

> 10000 — v ¥ J i v —
8 C ATLAS .
= e  Data2011+2012 _
; L M Higgs boson mH:126A8 GeV (fit) _]
z L e sesdshiee Bkg (4th order polynomial) "
@ 6000 —]
w L ey, H-yy i
4000/— ]
CMS event display of a candidate Higgs T \s=7Tev .[Ldt:4.8fb'1 ]
2000 — o
boson decaying into two photons, one of C 1s=8TeV JLdt=2o.7 o' ]
the two decay channels that were key to 2
. . o}
the discovery of the particle. T
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Awokvuaveelg otnv Anoisio Evépyeiog

°0

90

L)

7
%

‘Evag TTpayuaTikog avixveuTng (TTEPIOPIoPEVNG

KATATUNONG) OEV WTTOPEI va PJETPAOEI TNV
ATTWAEIN EVEPYEIQG i QOPA PE akpiBela

> MeTpd TnVv evépyela E TTou evatroTiBeTal o€
OTPWUATA TTETTEPACHUEVOU TTAXOUG X.

> EmavaAapBavoueveg UETPAOEIG
OclyaTOANWIa aTrd PIa KATAVOWI)
ATTWAEIOG EVEPYEIQG

MNa AeTrTd oTpwPATa UAIKOU R UAIKG XauNARG
TTUKVOTNTAG, N KATAVOWN TNG OTTWAEING EVEPYEIQG
TTAPOUCIALEl HEYAAES DIAKUNAVOEIC TTPOG UWNAEG
ATTWAEIEG, TIG AeyOuEVEG OUupég Landau.

MNa Tayid oTpwPaTa Kal UAIKG uwnAng
TTUKVOTNTAG, N KATAVOUN TNG ATTWAEING EVEPYEING
OEiXVEI JIA KATAVOWN TTOU POIALEl TTEPICTOTEPO HE
Gauss (TTOAEC OUYKPOUDEIG, KEVTPIKO OPIaKO
Bewpnpa)

€

it

<AE>

thin layer

Al
A

~ <AE>

thick layer

74
AE




