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Opadeg Zwpatdiwyv

All particles =

the strong nuclear force
- the strong nucieariorce
Don’t feel the strong nuclear force

Are made up of quarks(u, d, s, ¢,

t,b)
i hadrons |

leptons =

) Decayinto protons
Don’t decayinto protons
€, Vs
W, v Consist of a quark +
T an anti-quark

Ty Ve

Consist of 3 quarks, or 3 antiquarks

mesons

baryons |

Mola cwpupatidia avixveUOUE;

e,e,p,n, W
PopTiouéva ZwuaTidla

0
n,m .V
OudéTepa ZwuaTidla v, 1 ’

+



‘Evag aviXVveUTAG KATAYPAPElI TNV TTAPOUCIO CWHATIOIWV.
|davikd, Ba £TTpeTTe va KataypAgel OAa Ta cwpaTidla TToU ToV dIATTEPVOUV, TIC

1I010TNTES TOUC KAI TN XPOVIKA OTIYUN QviXveuong UE akpipela.

-EppunTikd: KAAUWN OANG TNG OTEPEAC YWVIOC, XWPIC pWYMEC/KEVA

-MeTtpnoeig B€ong pe akpifeia: uwnAo Babuod KatdTunong

-M€tpnon opuNAG Kal EVEPYEIAG XWPIC OPAAua

-Avixveuaon, Kataypar) TeoxIAG Kal TAUTOTToINoN Twv owuaTtidiwy (pala, popTio)




NMwg avixveuovTtal Ta CWHATIOIA;
Ta owpatidia KaBwg datTepvouv TNV UAN a@rivouv Tnv UTToypa@r] Toug
 €0TW KATTOIO OTOIXEIO TNG TAUTOTNTAG TOUG. ..

Méow TNG AAANAETTIOPAONG TOUG HE TA ATOUA TOU UAIKOU TOU
AVIXVEUTH ONUIOUPYWVTAS NAEKTPIKO CHMA 1] PWG.

[TOI1EG 1010TNTEG TWV CWHPATIOIWY UTTOPOUME VA UETPIOOUE; PRRRESICOTIV G 4o
ol & TomecH T Sl Mo

e oppn P MI-\““‘J":I'
i ot desn | o8

° (po’pno 3“ 97

® EevVEpYEIQ —

® Xpovo Jwng

Me auTéG TIG TTANPOYOPIES YiIVETAI BUVATHA N TAUTOTTOINON TOU CWHATIOIOU. 2T CUVEXEIQ, YVWPICOVTAG TNV EVEPYEIX
KQI TNV OpMI UTTOPOUME Va UTTOAOYIOOUE Kal TN Mada.

» ] R
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Kupiec aAANAETTIOPACEIC CWHATIOIWY - UANC

HAekTpOpOAYVNTIKEG : AJpPOVIKEG :

% Nigyepon s AAMNAemOpAOEIg PE TOV TTUPVA
OnMIoUpyoUV DEUTEPOYEVI

% loviopog owaTidla

% 2kEdaon

% AxTIVOBOAia
[1€dnong
(Bremsstrahlung)

« Aidupun yéveon

< Cherenkov Radiation



ATTWAEIO EVEPYEIOC HETW IOVIOMOU Kal OIEYEPONG

‘Eva @opTIONEVO OWHATIOI0 AAANAETTIOPA KUPIWG PE Ta
NAEKTPOVIO TOU OTOPOU TOU AVIXVEUTIKOU UAIKOU.

AUO €idn ‘cuykpouonc’:

2KAnpn Zuykpouaon: MNMpokaAei IONIZMO Tou atéuou dAd éva
NAEKTPOVIO ATTOPOKPUVETAI ATTO TNV TTEPIOXT TOU NAEKTPIKOU TTEDIOU TOU
TTUPAVA. MEPIKES POPEC, TO NAEKTPOVIO QUTO €ival IKavO va TTPOKOAETEN TO D10
évav deuTepeUovTa IOVIOPO (O-ray).

AtraAn Zuykpouaon: MNMpokaAei AIEFEPZH tou atopou dAd £va
NAEKTPOVIO PETABAiVEl ATTO Pia TPOXIA XAUNAAG EVEPYEIOG OE WUIa GAAN TPOXIA
uwnAoTeEPNG evépyelag. Ta dieyeppéva states gival aotabry. To arouo Ba
ETTIOTPEYEI TNV APXIKI TOU KATAOTAON PE TNV ATTOdIEYEPON TOU NAEKTPOVIOU.
Katd tnv atrodiéyepon Tou aTOUOoU eKTTENTTETAI QWTOVIO. OTav auTo gival 0TO
opaTd ACHA, TO OVOUAloUUE OTTIVONPICHO.

Excited Riate

Orourd Biale



[TapadeiyuaTa

Proton with « delta ray »
(electrons)
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[TapadeiyuaTa

Avixveutég loviouou:

0
L X4

Geiger-Mdller counter
MultiWire Proportional Chamber
Time Projection Chamber

Silicon detectors

lonized gas atom

lonizing radiation

e\

Beam pip
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2TTIVONPIOTEC, PWTOTTOAAATTAQCIAOTEG, KUPATOONYOI

light guide

10

10



ATTWAEIO EVEPYEIAC HECW OKTIVOBOAIOC TTEdNONG

(Bremsstrahlung)

% 2KEOOON POPTIOUEVOU OwaTIdioU ATTO TOV
TTUPAVA TOU ATOUOU KOl CUVETTWG aAAay)
EMTAXUVONG TOU

s [lpokaAsiTal atTwAEIa EVEPYEIQG
OUVOOEUBHEVN OTTO EKTTOUTTH] PWTOVIioU
EVEPYEIQG iONG ME QUTH TTOU £XA0E TO
owMaTidlo.

Bremsstrahlung
(Roentgen quantum)

Electron lower
M in energy

-
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PuBuoc amrwAciag evépyeiag ava Jovada JUrKoug

O
L. %4

7
L X4

O
%

7
L X4

["evIKA, MIKPR OTTWAEIO EVEPYEIAG ava oUYKpouan aAAd
TTOAANEG OUYKPOUCEIG OTA TTUKVA UAIKA.

> XpRAoiun moooétnta: MEXH AMNMQAEIA
ENEPI'EIAZ Tou cwpuaTidiou avd povada

MAKOUG.

H paBnuaTiKA TTEPIYPAPN TNG ATTWAEIAG EVEPYEIAG EXEI
yivel ye TToAU KaAr akpiBela atro Tnv oxéon Bethe-Bloch
yia dIdpopa UAIKG Kal ocwuaTidla.

H amrwAsia evépyelag eSapTaral atrd To UAIKO aAAd Kal
a1rd TNV eVEPYEIA KAl TO £iOG TOU CWHATISIOU.

H atrwAgia evEpyelag KaTa pnkog g d1adpoung evog
QOPTIOCUEVOU OWHATIOIOU JETABAAAETAI ONUAVTIKA Kal
yiveTal upnAr oTIG MIKPOTEPEG EVEPYEIEG.

dE [dx (MeV g 'em?)

8 e
6 E H, liquid
4 —
3f-

] I N\ i) Lo e,
0.1 1.0 10 100 1000 10000
By = p/Mc

0.1 1.0 10 100 1000
Muon momentum (GeV/e)
0.1 1.0 10 100 1000
Pion momentum (GeV/e)
0.1 1.0 10 100 1000 10000

Proton momentum (GeV/e)
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PuBuoc attwAeglag eveépyeiag ava yovada JrKoug:

% AOYW 10VIOPOU KAl JIEYEPTEWV OE XAUNAEG EVEPYEIES
% Aoyw akTIvoBoAiag Médnong (Bremsstrahlung) oe uwnAég evépyeleg (a@opd Kupiwg e+-)

.~ Bremsstrahlung

lonisation

Energy



‘Eva rapadeiyua: AdpovobBeparreia & Bragg peak

AOYyw Twv d1adIKacIwV AANAETTIOpaong Ta cwaTidla XAvouv evépyeia oTnv UAN Kal TEAIKG 6a oTauaTACOUV.

H attwAcia evépyelag péow dE/dx (atrwAeia 1oviopoU) egapTaTtal armd TNy TaxuTnTa Kal ETTOPEVWG YIa Eva
0edouEVO CwPaTidlo ECAPTATAI ATTO TO PNKOG dIEicduoNG OTO PECO.

R R
L X X4

« KautruAn Bragg: atmrwAeia evépyeiag - | 860 aKTIVOBOAIOG HECW EVATTOTIOEPEVNG EVEPYEING - WG
ouvapTnon Tou pikoug diadpopng (BaBog x) oto péco

$83\ Proton Therapy

__________ X-ray Treatment

14
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2 Kedaon: MH ENIOYMHTH AANA ANAMODEYKTH

% 'Eva @opTIohévo owHATIO 0T OIEAEUCT] TOU ATTO TOV AVIXVEUTH UQIOTATAI TTOAAEG YWVIOKEG
ATTOKAICEIG TNG TPOXIAG TOU AOYW TWV NAEKTPOUAYVNTIKWY AAANAETTIOPACEWY E TOUG
TTUPAVEG TOU UAIKOU.

% TlBavotnTa okEdaong o€ ywvia B PJeTd atrd ammdoTacn X 0TO UAIKO €XEI YKAOUOIAVT HOPPN
Kal EaPTATAI ATTO TO PKOG AKTIVOBOAIaG

/ 15



Cherenkov radiation: MOAE ®QX

< Av €va QopTIONEVO CWHATIOIO KIVEITAI O £€va UNIKO JE TaxXuTnTa

MEYOAUTEPN ATTO AUTH) TOU PWTOC OTO UNIKO TOTE E€XOUME

akTivoBoAia Cherenkov.
s Me xprion avixveutwv avayvwpiCouhe TO CWUATIOI0 aTTo TV akTiva

TWV KUKAWV

Pressure waves of air flowing off an airplane

aetogel n <n

photon detectors
Cherenkov photons

16



AMDNAETTIOpaACN PWTOVIWY PE TNV UAN

>  PWTONAEKTPIKO QPAIVOHUEVO: » TkéSaon Compton: > Aidupnyéveon: ’
H mrpooTritrTouca dWTEVIO UAKOUS KUPATOC A Av E(pfmoviou UWEPBGNEI TO 5|1T)\G(,5 10
NAEKTPOMAYVNTIKF OKTIVOBOAIG oTa OKedAZETAI KAl EVA VEO GWTOVIO me pa(gg npepiag Tou NAEKTpOViou
apIoTepd £€Ayel NAeKTPOVIO OTTO MKOUG KUPATOG A,’ pevyel we ywvia 0 TO QWTOVIO slf,a(pay(eml' KAl TN
TNV ETIPAVEIN TOU JETAAAOU Be€Id. WG TTPOg TNV €uBkeial TTOU OpideIN B€on Tou Taipvel Eva Ceuyog
XpNOIPOTIOIE Tl OTOUG apxIkn §I€U9UVGH me ] r])\E'KTpOViOU - TTO{ITPOVioU.
PUTOGVIXVEUTEC. TTPOCTITITOUCAC SETUNG PUITOVIWV. Xpraiun yia évapén HM shower.

Mn emOuPNTH AAAG avoTTOQEUKTN.

\ f e
X

I y +atom > et +e
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EM showers vs Hadron cascades

Y

Hadron cascades
copiously produce Tt° ‘s,

which generate VY pairs,
originating EM showers

EM showers
contain essentially

e*andY’s

19



2.uvoyn

&AW O avIXVEUTNC

% A va aMnAeTIOpaoel EAGXIOTA HE TO CWHATIOI0 WOTE VO MOU DWOEI £VA OAPG XWPIC va JETABAAAE! TIC
IOIOTNTEG TOU OTTOTE XPEIACETAI TTOAU EAQQPIA UAIKG

< A va aMnAeTIOpECEl EVTOVA PE TO CWUATIOIO KOI VO TO OTAPOTACE! KAl VO METPHOEI TNV EVEPYEIQ TOU OTTOTE
XPEIACETAI TTUKVA UNIKQ

To ofpa pou TeAIKA Oa gival TTAvTa NAEKTPIKO.

Eite épxetal atmrd 1oviopd, Bremsstrahlung, didupn yéveon - OTTOTE TO APXIKO Orfpa €ival NAEKTPIKO.

Eite épxetal ammd wg amd omvonpioud, Cherenkov To OTT0I0 AvVIXVEUETAI ATTO GUTOAVIXVEUTEG TTOU OTO TEAOG
TTAPAYOUV KI QUTOI £va NAEKTPIKO Orjua.

20



O/
L X4

0

L X4

O
L. %4

0
L X4

Tpoxloypdpot/ IxvnAdteg

O&Aw eEAAYLOTO VALKO
> yLo VoL UMV TIPOKOA®W OKESAGT KOL VO NV
MGG TNV TIOPEIX TOV CWHATLEL0Y
>yl va amo@Uyw ™ dnutovpyla
OEVTEPEVOVTWV CWUATISIWV.

OéAw va elpal KOVTd 0To onpeio cUYKPOUGTG Kl
va glpat o mpwtog mov Ba Sl Ta cwpatidia (TTpLy
QPXLOEL TO VALKO QAAWV CUGTIUATWY VO
oc)\)\nksmSpa eedt TOU)

> [IpémeL va avTEXEL TNV AKTIVO BOAlX

[Ipémel va éxw
> noMa awxvsvruca o‘tmxawc IE TTOAV
p.ucpo p.sysﬁoq yua vat avixveLw LE akpiBela
™ Beon am’ omov MEpace To cwpatisio
> TOoAQ otpwuara WOTE VA PTIOPW VAL
QAVAKATAOKEVACW TNV TPOXLA

[Tapovoia payvntikov edlov yLa opTio Kol opun

N

Mulriple thin lavers of, for example, silicon sensors

21



Xpnon HayvnTikov mediov yia HETPT O OPUTIC KAL (POPTLOV

qg<o0

22
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L aVLYVEUTEC TTUpLTLOU
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YBpLdiko
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Katopipetpa

OEL® VO, CTAUOTOM TO COUATIO KoL VoL LETPT|CM TNV EVEPYELO TOVG.

O ouVVOAIKOG aplBUOS CeLYWV NAEKTPOVIWV-BETIKWV LOVTWY 1] @WTOVIWV HaG SIVEL TNV EVEPYELA TOV
ocwpatidiov.

— HAEKTPOUAYVI TIKA — V1O EVEPYELAKEG LETPNOELG CWUATISLWY IOV AAANAETIE pOUV NAEKTPOUAYVNTIKG (e+, e-
, WTOVLA)
— ASpPOVIKG — HETPOUV TNV EVEPYELA TWV adpOVIiwV (P, TILOVIXKXOVLA, jets, KTA).

Opoyeveg KaAopileTpo

-TIAPAYEL OGN OAO TO VALKO AELYMO(,TOM“,T 1o KO(}\O[,)LLLETpIO
, -eVEPYO VALKO TIOU TIAPAYEL OT|LOL
XuvnOwe¢ HM. . , , ’
-TTaBNTLIKO VALKO IOV AELTOVPYEL WG ATIOPPOPENS
Zuvn 6wg 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 iri)n:
m

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

electron which again radiate photons
which ... This is the electromagnetic shower.
The energetic muon causes mostly just the
ionization ...
muon

pion (or another
hadron)

Electrons and pions
with their “children’

are almost corpple- The strongly interacting pion collides with an iron nucleus,
tely abs.ot'bed n creates several new particles which interact again with iron
the sqfﬁcuently nuclei, create some new particles ...
large iron block. This is the hadronic shower.

_You can also see some muons from hadronic decays.

27



ZNUATO OE EVAV AVLXVEVTH...

y : Aiduun yéveon

e*: 2nua otov Tracker, 10vIO oI,
Bremsstrahlung

ME: loviopoi, dIaTTEPVA TOV AVIXVEUTH), A
OTOUG ETTINEPOUG QVIXVEUTEG

T, K#, p*: 2iua oTtov Tracker, shower,
OTAPATNUO OTO AdPOVIKO KAAOPIMETPO

KO n : ZANa JOvo oTo adpoVvIKO KAAOPIMETPO

Netpiva : Kapia aAAnAeTtidpaon, diatripnon
OPMNG KaIl EVEPYEIAG

KaAopipetpa
Muon
H/M
Tracker - detector
Y Aupuw
<3
ei
g N~
”i
T, K#, p*
KO, n
Netpiva
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T1 KAvouue TO ONUQ;

% To nNAeKTpIKO OonNua

> EvioxUeTal

> Mop@onolsiTal

> WnoelonoleiTal

> AnoOnkeueral npoowpiva (buffered)

> ANOOTEAAETAI OTO UMOAOYIOTIKO
oUoTNMa JEoA O€ €va NAKETO
O0€dOHEVWV

INCIDENT SENSOR FPREAMFLIFIER PULSE ANALOG TO DIGITAL
RADIATION SHAPING DAGITAL DATA BLUIS
CONVERSION

I~~~/
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MeTpnoEIC ONUATOC

<% AIQQPOpPEC YETPNOEIC €ival dUVATEC

HE Eva NAEKTPIKO Onua.

> Auadiko onua: Navw/Katw
ano 1o katwpAl (threshold)

> XpOvoG navw anod KaTw@Al
(time over threshold ToT)

> OAoOKANpWHA oNUAaTog
(poprTio)

> Xpovog aigng

Kal MOAAEC AAAEC...

Shaper Output

threshold ... . \

D

c

0 o L - S —

ToT Cutput
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Mepikd XapaKTnpLoOTIKA OVLXVEVTWV

AvaAuon (Resolution): xpovog, Béon, evépyeia, opur] (OUCIOOTIKA £CapTATal ATTO TO CPAAPA TNG HETPNONG)
EvaioBnoia (Sensitivity): diatour avixveutr)/euaiocbnrn em@aveia, segmentation
ATtrokpion (Response) : oxua oAUaTog (TTAATOG, XPOVIONOG)

Deadtime: TT000 KpATAEI TO OHPA KAl N ETTECEPYATiIa TOU, KaBopilel TN duvaTOTNTA AVIXVEUONG ONUATOG
uynAou pubuou

EvaioBnoia oto 86pufo kai IkavoTnTa KataoToAng background
Aldpkeia {wnRg: Avroxr oTnv akTivoBoAia, oToug BEPUIKOUG KUKAOUG, GTOUG KUKAOUG 1I0XUOC K

EuvaioOnoia oto payvnTtiké medio
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Monte carlo epyaieia mpooopoiwong (Geant4/FLUKA)

CMS Proton Collisions 7TeV per beam

CMS Prefisunary Sinisson 1MeV n.eq in Si at 300.0 ")
160 1e+16
140
120 10415
-
100 €
- s
-
S 80 1e+14
-4
60 &
40 1o+13
20
Te+12
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[Ipoypaupata memepaocuevwy otolxelwv: H/M, unyavikn

Wants §Cal | [Wrsamind phonn shgt L4 14l

T Be (0t Yes (e Awnsten {ptoms fedse b N
wwiag 9C BLR FEAMN Tissawn Oistem  L)roams
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View Optioon
M 40
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ero0r UpLorm
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Teot pe S€¢oun yia HEAETT TNG ATTOKPLOTG

PS East Hall Beams
PS East Hall in 2006:

RD42, AMS

MICE-TPG
ATLAS/BPM GLAST
CLOUD Si-TRD
T (136 GeVig) LHCL-RICH
ALICE-TRD
ALICE CMS-RP(

T10 (1.7 GeVie) TP (1-15 GeVig)

ﬂ‘ﬂ

Irrad]
Saut ~

e '.
p from PS

LHC lrrad
Primary 24 GeVic p beam

&y

OFERA
T7(1-10 GeVie)

EAST AREA LAYOUT
(2006 Situation)

Test Beams at CERN Christoph Rembaer, IDTEN7, Jan- 172007

Test Beams at CERN

CERN accelerator chain (operating and approved projects)

SPS Test Be'-1?<_cmg_ ‘\
LHC

DIRAC

T8 (primary) * '
I 1 - -
v.l“ ‘:.7 ‘-)>:’
" . " L
o //7—7“ ’\ I
e v & _E’l;-_'/] »
4 } o .\
PS Test Beams
Page s

34






Ot Aviyveutec/MNepapata tou LHC

Large Hadron Collider
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Argentina Morocco 78
Armenia Netherlands %,
Australia Norway

Austria Poland
Azerbaijan Portugal
Belarus Romania
Brazil Russia
Canada Serbia
Chile Slovakia
China Slovenia ‘
Colombia Spain

Czech Republic Sweden 37 pays

rosisim 167 instituts
2100 scientifiques
Les données sont distribuées
partout dans le monde

nsemble, nous explorons la physique pour répondre aux questions




CMS

CMS stands for Compact Muon
Solenoid: compact becauseitis “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.

............

>> The materials cost of the CMS detector was
550 million Swiss Francs.

>> 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.
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EM K 100
YRSQAVWVALO SwANVOSISES EC‘:LM“W
Scintillating Adpoviko KaAopuuet
PbWO4 crystals Plastic scintillator/brass
— sandwich

«ZNNQS» G\
15m
IRQXIQVLR AP
Silicon Migcrostrips
Pixels
Total weight : 13,000t .. QarauoL MOV
Overall diameter: 15 m
Overall length: 21.6 m -
Magnetic field : 4(3.8) Tesla QANRHOL RIQVIWY
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 Iron return yoke interspersed

with Muon chambers

Om Tm 2m 3m 4m 5m 6m
| 1 1 1 1 1 1

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

Neutral Hadron (e.g. Neutron) Photon
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200TNUa 2ZKavoaAlouou

210 CMS, mTpwtdvia cuykpouovTal KABe 25ns (40M @opec TO
OEUTEPOAETTTO)

KaBe ouykpouon trapayel ~1 Mbyte dedouévwv
To ouoTnua okavoaAiopou «trigger» atroQaciCel ypriyopa €av n
ouykpouaon Trapriyaye KAt evOlapEPoV:

s NAI, T0 «yeyovoc» Karaypa@eTal

% OXI, T0 «yeyovoc» TTETIETAI

Ta evdla@EpovTa yeyovoTa TTapdayovtal he ouxvornta 1:10M

AKOUN Kal JE auTOUG TOUG TTEPIOPIOHOUG, TA KATAYPAPOUEVA
dedopéva EeTrepvolv KABe xpovo Ta 10000000 GBytes (1 PByte)

40 MHz -

COLLISIONSs

100 kHz LEVEL-1
TRIGGER

1 Terabit/s
READOUT
50,000 data links

1 Terabit/s
SWITCH
NETWORK

100 Hz
FILTERED EVENT

Gigabiv/s
SERVICE LAN

)
NS
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AVOKATOOKEUN OAMATOG  TT.X. TPOXIAG
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~ NN R

CMS Experiment & the'tHC, CERN

Data recorded: QNO:NOV 1M 18 3744420271 Gr\.T'FNS 37:44 C
Run / Event 161076 ﬂ1405’388 <




Pile-up: 6Ao Kai 1110 QUOKOAOC 0 JIaXWPICUOC

Event taken at random
(filled) bunch crossings




CATLAS

A EXPERIMENT

Z->uu candidate with 25
reconstructed vertices
24 pile-up collisions
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CMS cavern




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

61



Lowering CMS Underground
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Lowering CMS Underground
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Eykatdotaon tpoxloypd@ou
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Eykatdotaon KaAopLUETPWV
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Gas Electron Multipliers (GEMS)




CMS Completed!
August 25, 2008 - 16 years after its Letter of Intent
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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 us 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 (p;>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
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Evxaplotw ylo tnv mTpocoxn oog

stella.orfanelli@cern.ch

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

- diameter = 6 m (20 ft)

12.5m - Largest one ever built

- stores 2.7 GJ of energy

HEP Detector Superconducting Solenoids
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Silicon Detector

Reverse Bias
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Silicon Detector

AV EVWOOUE TIG ETTAPES P KaI N TOTE €XOUE MIa diodo

2. TNV TTEPIOXN TNG £VWOoNG Ta NAEKTPAOVIA KAl O1 OTTEG
€COUDETEPWIVOVTAI UETAEU TOUG

2. TNV TTEPIOXN TTou TTAéoV OEV UTTAPYOUV charge carriers, €va
QOPTIOUEVO CWHATIOIO EICEPXETAI KAl dnNUIoUpYEi (EUYOG OTTAG —
NAEKTPOVIOU Kal dpa orjua

Depletion
Region

e 0@ @
FLee  +
o ° N =
e e o
i e ¢® ®
1]
o Electron
+ Positive 1on from removal of
electron in n-type mpunty
- Negatwe on from filling n
p-type vacancy
e Hole
Carrier
ens ity 2
: Electrons
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Dopping

P Aoyw UTTapEns TTOAAWY (EUYWYV OTTWV — NAEKTPOVIWV OTO TTUPITIO O€
Beppokpacia dwuaTtiou , yia TN XPoN TOU WG AVIXVEUTH XPNOIMOTTOIOUE TN
MEBODO TWV TTPOCHIEEWV

» [1pdouIgn TOU TTUPITIOU PE APOEVIKO (TTEVTACOEVEG) — aywyog TUTTOU N, dnAadr
TTEPIEXEI TTEPIOTOTEPA NAEKTPOVIA

» [lpdouign Tou TTUpITIOU PE BOPIO (TPIOBEVEC) — aywyog TUTTOU p, ONAAdK TTEPIEXEI
ANyOTEPA NAEKTPOVIO




Electromagnetic Interactions

Z, electrons, q=-¢,

M, g=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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Particle

Detection method

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

HCAL or muon chambers

Charged hadron (e.z. p', 7, K.,

y

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

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

Mo 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.

X
4

hadrons

7% 7%

X
y

Y | ' j e

Tracker: Not much material, Electromagnetic calorimeter: Muon detector:

finely segmented detectors of fers 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. 5
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CMS event display of a candidate Higgs
boson decaying into two photons, one of
the two decay channels that were key to
the discovery of the patrticle.
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Alokvudvoels otnv AtwAsia Evepyelag

‘Evag TpayhaTiKOS aviXVEUTAS (TTEPIOPIoHEVNG

KaTATUNONG) BEV UTTOPEI va PETPOEI TNV
ATTWAEIQ EVEPYEING Wi QOopa PE akKpieia

>  Metpd TnVv evépyela E Tou evatroTiBeTal o€
OTPWHATA TTETTEPACTHUEVOU TTAXOUG X.

> EmavolapBavopeveg HETPAOEIS
delypyaTtoAnyia atrd pia Katavoun
ATTWAEIAG EVEPYEING

[Na AETTTA oTpWPATA UAIKOU ] UAIKA XOPNANG
TTUKVOTNTAG, N KATAVOUNA TNG OTTWAEIOG EVEPYEING
TTAPOUOCIAlel HEYAAEG DIOKUPAVOEIG TTIPOG UPNAEG
ATTWAEIEG, TIG AeyOpueveG oupéG Landau.

Mo TTaxid oTpwHATA KAl UAIKA UWnAng
TTUKVOTNTAG, N KATAVOUN TNG ATTWAEIAG EVEPYEING
O€iXVEl JIO KATAVOUN] TTOU POIALEl TTEPICOOTEPO HE
Gauss (TTOAEG OUYKPOUTEIG, KEVTPIKO OPIaKO
Bewpnua)
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CERN Test Beam Lines

(general purpose)
» PS East Hall (Meyrin site, Switzerland)
—4 test beam lines
(77,79, T10, TIN E,,,, - E.ox = 1- (10,15, 7, 3.6) GeV/c
» SPS North Area (Prevessin site, France)
— 4 test beam lines
(H2, H4, H6, HB) E,,, - E, ... = 10 (2) - 400 (450) GeV/c
L+ Irradiation facilities
- — Gamma Irradiation Facility (6IF), former SPS West Area
+ Cs'7 source, 662 keV photons, <7206Bq
(2007: last year of GIF operation (?), new facility under discussion)
—Proton/Neutron irradiation facilities, PS East Hall

+ 24 GeV/c primary protons from PS, 2*2cm? beam spot,
2.5*10" protons/spill

* neutrons from beam dump, spectrum similar to LHC environment
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