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https://indico.cern.ch/event/1356619/contributions/5711717/attachments/2816470/4917885/20240311_L01_Basic.pdf
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https://indico.cern.ch/event/1347523/contributions/5956780/attachments/2889340/5073097/introAccelerators_summer_students_3.pdf
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http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/cyclot.htmlhttp://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/cyclot.html
https://en.wikipedia.org/wiki/Synchrotron
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Lncdhununtniu (incuwwnyneejwl, luminosity)
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CERN-h wpwagwgnrghsutph hwdwihp W UGS Jwunpnuwjhu Ynpwjntp (LHC)

Neutrino

Platform
I-HC 2013
2010 (27 km)
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LHC - Large Hadron Collider // SPS - Super Proton Synchrotron // PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear
Electron Accelerator for Research // AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator OnLine // REX/HIE-ISOLDE - Radioactive
EXperiment/High Intensity and Energy ISOLDE // MEDICIS // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator //
n_TOF - Neutrons Time Of Flight // HiRadMat - High-Radiation to Materials // Neutrino Platform



CERN-h wpwagwgnrghsutph hwdwihp bW UGS Iwnpnuwjhu Fwfiuhs (LHC)

The CERN accelerator complex

Complexe des accélérateurs du CERN Mpnunnlwhl thugkp
LINAC-4 (H-) 160 MeV
PSB: MpnunnuwjhU uhUppnunipnl pnLunbp 2 GeV
AieE PS: MpnunnUwjhU uhbuppnunpnlu 26 GeV
SPS: Qtphgnp wypnuinnuwjhu uhuppnupnu 450 GeV
= T AwAKE LHC: Uté wnpnuwjhl Pwfuhs 6.8 TeV
HiRadMat
2011 ] TT66
l\ i AD ELENA MIS
bl =tk Al I hnliwhl thUghin (22Pb, Z=82)
e gb ¥ / : REXHIE- i EastArea ’
n TOF P Wan==1
% ] ECR: bnUUtph (27+) wnpjnp 2.5keV/n
CLEAR LINAC-3 (27+ —54+) 4.2 MeV/n
=% LEIR: Swén Eutinghwih hnlwhl onwy (54+) 72.2 MeV/n
= PS:  MpnunnuwjhU uhUppnupnl (54+ —82+) 5.9 GeV/n
» H™ (hydrogen anions) P ions D RIBs (Radioactive lon Beams) ) n(neutrons) P p (antiprotons) P e (electrons) P p (muons) SPS qbnhqnn mnnanthU UhUEnnmnnU 177 GeV/n

LHC - Large Hadron Collider // SPS - Super Proton Synchrotron // PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear LHC: Ubé :%Lu I’m nU LUJ hU Llnl_LUJ I‘}bn (82+) 2 28 TeV/n

Electron Accelerator for Research // AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator OnLine // REX/HIE-ISOLDE - Radioactive
EXperiment/High Intensity and Energy ISOLDE // MEDICIS // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator //
n_TOF - Neutrons Time Of Flight // HiRadMat - High-Radiation to Materials // Neutrino Platform



LINAC 4 (2019)
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e OnLlgp wpwawgynid E Uhusl 160 MeV
o~ Olgh wwppbpnLeynlup” 1.2 4
e 86 U Gpywpnipncl
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Stripping toil

Injection bypass

PSB: Proton Synchrotron Booster (1972)
wnpnunnuwjhu uhuppnunpnu pnLuntp

e TMpnunulbph ELGpghwU® 160 MeV-hg Uhusl 2 GeV
e 4 onwl ogqunyned GU UnLju dwguhulbphg
e 3nLpwpwlgnLpp (gynwd £ wypninnuutpny LINAC-4-h H-
thughg pwgdwyh wwnnojunutph pupwgpnid ogunwgnpétiiny
"Lhgptph thnfuwlwydwl LUEpwpyned”
(charge exchange injection):
H- wugltind C phptnnd Ynpgunwd GU G tgunnpnulGpp— p*
e  OlUgh WwpptpnipnLtup® 1.2 4
le Cnowghén® 157 U

-

4"
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bnUwjhU thugh wwwnpwuwnnwd: LINAC3 —LEIR

e ECR, Electron cyclotron resonance source (E{Gywnpnultiph ghyininpnuwjhl ntgnuwluh)
hnuutph wnpjnLp:
o Qninp2hwgywé Pb winndubpp Jwulwyhnptlu gpyynid Gu ElGYwnpnuubphg
(Uhugl +27 [hgp) ElGUwnpnUuwihUb wiwqdwjh hGun thnfuwgnbgniejwl wpnyniupned
o ~0.5 g Jwwuwn E oqunugnpéyncd Gpyne 2wpwpnid
e LINAC 3: bnultipp wpwquwgynwd GU UhlUgl 4.2 MeV/U,
GLehU qnuynLd GU ElGYnpnUltphg™ (UhUgl +54 |hgp)
e LEIR, Low-Energy lon Ring (Swén Eutpnghwjh bnuwjhu Onwy)
o ECR-hg dwnwé Gpywn thnLugp pwdwuncd £ 4 thugh b
wpwagwguncd Uhugl 72 MeV/u

o Pb thugh «uwntgnidu» £ npw Edhinwlup bJwgbgubin
(hdwnruutpp nwpdut; wytih hwdwutn) Uwywnwyny

ECR +INAC 3

_—

m Pb thnilgp Jhwgynid £ Ungju Gpluwjuwlywl wpwagniejwdp
dnunfupndwuwnhy £ GYwnpnuwjhl thughl __
m Pb hnUltpp hptug (wjlwywUu hdwniup thnfuwlgnud GU «uwnp» EGYUPN e-_‘f
Unnuh gndwu Uhgngny b




PS: Proton Synchrotron (1959)
wpnunnbwjhu uhuppnunpnu
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PS-p uwhdwunwd E Gupw-thugtnu htlnwqw wpwqwgdwu thne Gpnud
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SPS: Super Proton Synchrotron (1976)
QGnhgnp wypnuinnUuwjhlu uhuppnupnl

" g \(X

r-1 o (. by e

A )i.m/" : .
//_

,;.

¥e 'Unpwquwglnid £ ypnunnlubpp Uhlusl 450 GeV
e UhUsl ~5x10" wypnwinnl UGy ghyned
e 1981-1991 pywywultphu thnthnfudwé SPS-n w2fuwwnncd Ep ypnuninU-hwywwpninnu pwiuhsh nGdhdny”™ SppS, npwntn
UA1 b UA2 GpuwtphdGuwnltpp hwynuwptptghu W W Z pngnultipp (1984 LUnpbywl Upgwlwl)
¥ o Cpswghén' 6.9 YU
e Uwuwwywpwnned E (UnLju cwdwlwly)
o “nulnwn wpunwhwuynn” (slow extraction) thnLug nGwh CERN-i 3jnLuhuwht Gnuinnt $hpuywé phpwiuny
GpuwtphdtGuwnutph hwdwn (NAxx : North Area)
o “wpwq wnpunwhwluynn Lhnth” nl:th LHC

T 1B i S 15



LHC: Large Hadron Collider
nnnuwjhl pwfuhg

—




LHC" thwuwnbp...

26.7 Yd uppwlwghé 50-175 J funpnipwl Ypw

UhlUgu 2808 wypnunnuwjhl Gupw-thniLug (bunch)’
(gncpwpwUgjnipned ~1.2x10" p) ud 1248 uwwwph
hnUuwjhu Gupw-thnLug (nLpwpwlgjnpned ~7x107 hnuny)
25 bwunjwjplyjwl pwdwudwU hGnwynpnipjwdp W
11245 Hz ywnwndwU hwdwfuncpjwdp:

Pwhudwl Eubpghw® Uhusl 13.6 TeV p-p, 5.36 TeV Pb-Pb
Fwiudwl hwwfuwywunwinynlu®

Uhusl 600 MHz p-p, 50 kHz Pb-Pb

Lncdhununinil: dhugl 2x1034 ud-? ' wpnuninu-wpnunnd,
6x10%" ud2 | Pb-Pb

8 UnLwinph U thugbinh hwwndwl YGwnkn® 4 inGrubuhyuywl

U 4-p npintn intnwywyywé Gu GpuwtphdGuwnutpp
ALICE, CMS, LHCb, ATLAS

LHC-h gnpénnnipjwl dwdwlwy (Jwjhu-nGhYntdptn)
CERN-p oquwgnpénid £ ~200 MW ElGYywnpwEutpghw
(dulh Eutpghwjh UGy Gppnpnp):

adtnw wJdhultphu® ~80 MW::

IP6

Dump
Beam dumping

(—=|

Instrumentation

IP3
Momentum
Cleaning

Cleaning
System

P7

Betatron
Cleaning

Cleaning
System

17


https://arxiv.org/abs/1608.03113




LHC-h hhduwluwUu pwnwnnphsubn

e Qtiphwnnpnwywl Uwguhultp®
o O®lugtpp wwhynid Bl 26.7 Yd onwyadl Swlwwwnhh ynpw 1232
gtphwnnpnwywu nhwn Jwquhultpny (14.3 U, ~8 Stujw)
o RJwnpniwyn| JwqUhultpp oguinwgnpéyncd Gu thugh $nynLuwgduwi
hwdwn

e Uphngbuhy Iwdwywng
2GnnLy hGhnwdh 2ngwliwnnipjwdp Jwgbhultpp uwnbgynud Gu

gtphwnnpnwywuncpjwl hwdwn wwhwugynn 1.9 K (-271°C)
stpdwuwnhdwuhlu
e OUgh unnnwyubp b Ywyninidwihb Iwdwlywnpg
o Uwulhyutpp 2wpdynid U gbppwnén 107 Mwulwy (1072 Up) U uwnp
5 K Jwyntnd nLutignn funnnjwyutpnud” thugh onh htin
thnfuwgntgnipe nLtultpp Uytqbgubine hwwp

o Onfuwgntgnipjwl Yanbph wnhpnyyenud Juwynenedp hwulned £ 107°
MNuwuywih, swihndubph wndnyp udtgbgubne hwdwnp

e UnUhwinphugh U hGunwnwnéd ywwh hwdwhwpgbn
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LHC-h hhduwluwUu pwnwnnphsubn

A voltage generator ind an electric field Protons always
in_side the.RF cavity. Its voltage oscillates feel a fort.:e in.the
e NwnhnhwdwhuwhU funnnsutip (RF cavities) ith & radio frecuency of 400 iz S

o 8 gliphwnnpnhg 400 MHz 2 MV funnng wdtUu thugh hwdwp:
o RF-hgnpnip)ntl GU Jwwnwlwpwnnod thughl Uhtsu wnwybiwagneyu

Eutpghwjh wpwgwgdwu pupwgpnid
(~20 pnwt):
o Uwwhnyntd &U 2808 (GUpw-)thugbnp fuhwn thugwdnpnidp pwiudwl — [erstens in e .
YGwnbpnLd pwpén gnLdhununienit wwwhnybine bywwnwyny: i {he Reckmord direction-
T e
w20
/// - 1\\\<—u»-mm
s L At

uhUppnuwjhb Jwulhy® (RF 0 E[. nw2wnh $wquh htwn)

UytLh wpwq uwd nwlnwn Jwubhyutpp yunGuluGlu hwdwwwwnwufuwl
wpagbiwynn Ywd wpwgwglnn E). nwpuwn.

= Olugh Jwulhyutpp nmwwnwlyned GU hGwn nL wnwg uhuppnuwjhl
onphwnh 2nLpg” uhbfupnunpnuwihb twwnwlnidutn:
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®dugh nnLpuptpdwl hwdwlwng

e QUuwjwé JnLpwpwls nep thugh punhwuncp Yphrp Unin 0.5 Lwungnwd £ (Upgjntuhg 2x10% wuqwd phipl), npw
Eutipghwu 360 UR £ < 150 Yd/d wpwagnejwdp 400 nnUUuw quwgph Eubpghwjh:

e OUgh nnLpuptpdwl hwdwywngp wwwhnynd U JwulhyutGph
wuywnwlg hGnwgnudp wuhpwdtunnipjwl ntwpncd
Unupwguwé thnibgp "dwnbind” Ywd wpunwywng hpwyhdwyuGpnd®
nLnntGny thnitugp hwwnnuy Ywuhg (beam dump)

o Muwhwlgynn wywhhu hwwnnty dwguhuwjhu hwpdwéhsp
(kicker magnet) thnLugp hpned E nGwh wdtih hgnp dwqlhu,
npp wjl ptpnud £ nGwh thugh Ywuhs

o LHC-h opphwnh Uh Jwup pnnuyncd £ wnwug 1 gwd

GUpw-thugtph® pnL| tnwnt hwdt
np hwnpywdéhg dwguhup
/ particle free
abort gap of 3us
kicker i
strength

CERN-HOMEWEB-PHO-2022-116
LHC PR811

Septum magnet
MSD V-deflection

H-V kickers Beam Dump
MKB for dilution Elock TDE

Kicker /’ Fast kicker Mg e e
magnets magnet MKD ~ : -
constant angle H-deflection

Beam dump
block

hwulUh hwpywdhp nwawnhlu
t=0ns t= 3000 ns

Time

lllustration of kicker risetime

LHC PR 1160 21


https://cds.cern.ch/record/1124316/files/LHC-PROJECT-REPORT-1160.pdf
https://cds.cern.ch/record/841092/files/lhc-project-report-811.pdf
http://cds.cern.ch/record/2811681?ln=en

LHC-h wzfuwwnwuph ghyy

e Fwfuntdubpp wntnh Gu ntuGund Jhwjl Yuwyniu thugh (stable beam) dwdwuwlywhwunydwénid (UhUgl 30 dwd):
e Epp thugh huinbuuhynipjnitup puyuncd £ npn2 26Uhg gwén, wjl nnupu £ pGpdned (dump) W Unp thgpwdnpdwl (fill) ghyy E

uyuyned:
UwjnLl thugtiph Uhol™ ~2 dwid:

Stable beam

'S

l Physics I I Beam dumpl 14000 1

Prepare
physics

| Physics

Ramp down I FSWI

7
@ Interaction
f P

4 Relative beam sizes around IP1 (Atlas) in collision

Preinjection
plateau

B (T)

MB current

TO 7'"1

-3000 -2000 -1000 0 1000 2000 3000

nhwnih JwqUuhuwyuwl nwawn
n

Time (s)
Protection of the CERN Large Hadron Collider
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https://iopscience.iop.org/article/10.1088/1367-2630/8/11/290

https://op-webtools.web.cern.ch/vistar

LHC Pagel Fill: 10348 E: 6799 Z GeV t{(SB): 02:56:43 11-11-24 01:30:06

ION PHYSICS: STABLE BEAMS

Energy: 6799 GeV 1. B1; 1.14e+13 | B2: 1.13e+13
Beta* IP1: [JJEEREN Bete* P2: JEERE Bete* 1P5: [JEERE Bete* IPs:

Inst. Lumi [(b.s)"-1] IP1: 1984.24 IP2: 2330.90 IP5: 2063.56 IP8: 528.19

FBCT Intensity and Beam Energy Updated: 01:30:05 flinstantaneous Luminosity Updated:

2E13 7000 =

r-' & 60001
£ 5000+
\ S 9 4000+
L
> 3000
=
8 2000
c c
£ 4 [
E 1000
-
A‘ ‘

>
&
(2]
c
7
o
c

04:00 07:00 10:00 13:00 16:00 19:00 22:00 01:00

05:00 09:00 13:00 17:00 21:00 01:00 — ATLAS — ALICE — CMS — LHCb

BIS status and SMP flags B2
Comments (11-Nov-2024 01:21:48) Link Status of Beam Permits | true |
1240b fill for physics Global Beam Permit | true |

Setup Beam
Beam Presence true
Moveable Devices Allowed In true

Stable Beams | true |
BLED

AFS: 50ns_1240b_1032_1032_557_56bpi_PbPb NI ENABLED T

plan to dump at ~3:30am
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https://op-webtools.web.cern.ch/vistar/

LHC-h Jté GpuwbphdGuwnltnp




ALICE

A Large lon Collider Experiment




ALICE

ALICE

CERN-h hhduwywu éwup hnuutph EpwtphdGuwnu E, pwjg ncuncduwuhpnud £ Uwl ypnunnuubph pwfuncdutp:

G fuwdnp Lywwnwyp 2Jwnpy-Synntwght Mwgqdwih (QGP) npnunwdU £ Uyniph wyu yhdwyp, npp gnjnue)nil £ ntltkgh
Uté MwjpjnLuhg ~107° ujnljwl wlg:

1. ITS 6. EMCAL
2.V0and TO 7. PHOS
3. TPC 8. Muons

e ITS: Utpphl tptYGRh 7 Si whpubiw)hl 2kpntn b P
e TPC: 90 U® swywiny dwdwluwyh Mnpnjthyghwjh lughy
(w2fuwphnud wdtLuwdtén)
e TRD: 6 Uugntdwjhu Bwnwqujpdwl 2tnpwn
TOF: 1 26pwn pnrhsph dwdwlwyh swihdwl nGwnGywnnn
e EMCAL, PHOS: tpynt ElG4wnpwdwguhuwywl YwinphdtGunn
e MS/MD: Unwgwjhu Ujnunuwjhb UwtywnpndGunp

26



Ywwwp-Ywwwn Eunpnuwywlu (@wywwnwihl) pwiuncd,
Unwn 6000 JGpwlywlqluwé wnpky

ALICE
Run 3 Pb-Pb
\SNN = 5.36 TeV
6th Nov 2024
13:16:46 CET




ATLAS

EXPERIMENT

ATLAS
A Toroidal LHC Apparatus

; - e
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EXPERIMENT

e CERN-h wJtlwUts Epuwytphdbuwnl £
e CUnhwuncp Lpwlwynipjwlu nGwnGywnnp, hwjnup £ (CMS-h htwn hwdwuwnbn) 3pqup pngnup hwjnuwptpnudny
o H-pngnup ywwwufuwlwwnnt £ Unwunwpwn Unnbh Jwulbhyutph ng-gpn quugywéutph
U enyy b ElGYunpuwdwgbhuwywl nudtph nwpwlgwwndwl hwdwn:
e bpwywlwgluncd E Unwunwnpwu Unnbh wpwdtunptGph 62gphin swithnedubp W thunpned £ wyn Unntinyd suwpwagpynn
wgnwlwultp:

o 5 glwlwabL yhputbjwjhu U 4 Jhypnupnhw 26pntnp UGpphu ::
wnptyhugh hwdwywpgnwd™ gGphwnnpnhs T '
2 T un|Gunhn dwquhwnnwd

o Uugndwjht dwnwquwjpdwl wnptyhugh hwdwywng
ElGYunpnuutph UnyLwywugdwl hwdwn

o Rwnnpnuwjhu u ElGywnpwdwquhuwywl YuwinphdGunntn

o Udpnng hwdwlwnpgp wnmtnwnpdwé £ gGphwnnpnhs
wnnpnjhnw| dwaguhuh nwwunnud

o 2npwwwwnnywé £ Ununwjhu fughyutpny, oginwgnpétiny 5 N
LnLunpl]n mbl‘uUnanhLUUbn‘ LlLUI-ULI_LUé n.nl,uug von chambers Semiconductor tracker Figure ref.
inbnwywjndhg:

|

‘, L&l %\& 'hq,i

N

\
Toroid magnets
Solenoid magnet | Transition radiation tracker

: LAr hadronic end-cap and
forward calorimeters
Pixel detector

LAr electromagnetic calorimeters
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https://iopscience.iop.org/article/10.1088/1748-0221/11/06/P06008/pdf

ATLAS

EXPERIMENT

@ATLAS

EXPERIMENT
http://atlas.ch

Higgs —ZZ— 2=2p phlluwént

M(41) = 122.6 GeV/c? Run: 205113
Event: 12611816
Date: 2012-06-18
Time: 11:07:47 CEST



https://home.cern/resources/image/physics/higgs-collection-images-gallery

CMS
Compact Muon Solenoid

=~

! Eigure ref. ',//,’


https://home.cern/resources/image/experiments/cms-images-gallery

CMS

Enpypnpn wdtlwdtsé EpuwtphdbUuwnU £ ATLAS-h htwn yhunwd £ 3hquh pngnup hwjnbwpGpdwU hwdpwdp:
NruncdUwuhpned £ Ungu $hghywl, hug ATLAS-n, pw)jg wjp inGfubhywyny:

4 Stujw gbphwnnpnhg untunhn Jwquhu
e UhLhYynl tpwytnutip® 4 26pwn whpublutph
L 10 Uhypnupnphw glwlwydnp 26ninGn,

15 Eunyuwith 2Gpwintn
ElGywnpwdwqUhuwywu Yuinphdtunnpp
$nunultiph L ElGYIpNULEPD swithdwl
hwdwp (PbWO4 Ynphuwnwiutp):
Ruwnpnuwjhu uwinphdtwn:

e Ujnnlwjhl nGntywnnpubn:

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m Pixel (100x150 ym) ~1m? ~66M channels
Overall length :28.7m Microstrips (80x180 ym) ~200m? ~9.6M channels
Magnetic field  :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A.

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m* ~137,000 channels

|\ FORWARD CALORIMETER
' Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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https://cms.cern/detector
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Rhquh pngnuh $nuninultiph gnuygh tnpnhdwl pGYUwéNL 8 TeV p-ppwiudw

Figure ref.


https://cds.cern.ch/record/2736135




LG LHCb

Rhduwywuncd htwnwgnunned £ Uynph U hwywuingeh dhgb wuhdGinphwl (CP fuwfuwnnwd) “gtintghy”
pdwnytph (b-quarks) innnhnwdutph Uhgngny

NLuh ElGYupwenyl b pdwlinwjht ppndwnhlwdhywih (QCD) $hghlwh twju dpwghn, Ubpwnjuwy
éwup hnuutph pwhunwdutpned:

LHCb Detector :

e OnfuwgntgnLejwl quguwnh tnknnpn2hg % Wagt: 5600 orns gﬁgtg‘r’n’gﬁg‘e“c
(Vertex Locator)" Si whpubijwjhu Ywjwulutp, e
thughg 5 Jd htnwynpniuinjwl Jpw

e 2 2tptLynywu (RICH) nGinbywnnputnp® gwén
U pwpép hdwntuny wnptyGpph Vertex
untjuwywlwgdwl hwdwn (PID): Locator

e Spntytph dGpwywugudwu Si Jhypnuinphwtph,
uyhughpwuinnpwjht Jwupwptitph U ququyhu
nGwnGywnnputiph (straw tube) pwquwhy Ywjwuutp

Figure ref: arXiv:1912.09161

e wnnnuwjht U E GHnpwdwquhuwywl YuwinphdGwnntn:
Tracking

e UntnUltph wphabpwhl Yuwjwlltn Station

(rEGLWhU udtpwutp, MWPC) Dipole
Magnet

Muon

Hadronic ~ Stations
Calorimeter

Tracking
Stations
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https://arxiv.org/pdf/1510.04466

LHCDb Experiment at CERN
Run | Event: 255622 / 300064
Data recorded: 2022-11-25 09.40'16 GMT

13.6 TeV_ wpnuinU-wpnwnl, 2022
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https://cds.cern.ch/record/2846486

Uwwqul ...

HiLumi

LARGE HADRON COLLIDER

LHC I HL-LHC

EYETS 13.6 Te\| LS3 13.6- 14 TeV

13 TeV P
Diodes Consolldation I
splice consolidation cryolimit LIU Installation ) ) 3
7 TeV 8 TeV button collimators inferaction . inner triplet < HL. LH(_:
—_— R2E project regions Civll Eng. P1-P5 pilot beam I radiation limit installation
Illllllﬁ
ATLAS - CMS | I/_—-—-——-—<
upgrade phase 1 o 51075
t;:[::lg:igls lIn A-I;.'LLAms)gm%?s X nominal Lumi
nominal Lumi =X romine i, ALICE - LHCb | 2 x nominal Lini :
75% nominal Lumi upgrade I

o | M 3000 fb
EXd 190 1o | 500 b R 0 1

HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY 4 PROTOTYPES CONSTRUCTION INSTALLATION & COMM. PHYSICS

HL-LHC CIVIL ENGINEERING: I

DEFINITION EXCAVATION BUILDINGS CORES

https://project-hl-Ihc-industry.web.cern.ch/content/project-schedule
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https://project-hl-lhc-industry.web.cern.ch/content/project-schedule

ALICE-p Run 4-nLd

LEpphU wptytnph wpnhwywlwgnd Unp ubpunh Yhuwgwluwaél Unungninhy uGuunpubpny

Fig.5.8 TDR ITS2 Fig.7 Eol ITS3
CERN-LHCC-2013-024 ALICE-PUBLIC-2018-013

Glindrical
Structurai Shell /000

ITS3:

curled and lightweight wafer-scaled
CMOS active silicon sensor

Active surface 0.12 m?

r,= 1.8 cm
r,=24cm
e 2. NEW keys ITS2 1B
Technology 180 nm
Chips 432 6
Pixel size 27 x 29 pm? ~ 20 x 20 pm?
Material /layer 0.35 % x/X° ~ 0.05 % x/X°
1. (= preserved) keys : r, 2.24-2.67 cm 1.80 cm
.|l < 2.2 Faeryliium pipe 1.82+0.08 cm 1.6+0.05 cm

« spatial resolution/layer ~ 5 pm
« time resolution < 2-5 s
+ Radiation hardness : NIEL: >3x10" 1-MeV n_.cm™ // TID: >0.3 Mrad

https://alice-collaboration.web.cern.ch/menu_proj_items/ITS-3 38


https://alice-collaboration.web.cern.ch/menu_proj_items/ITS-3

ATLAS-n U CMS-p Run 4-nwd

Uhugl 200 pwfuncd wdtu 25 bwundwnlywl wugned !

High Granularity Muon system

£
&I!TéNST Timing Detector (HGTD) %
W

MIP Timing Detector

Calorimeter Endcap

Muon system

Inner Tracker
(Pixels)

Outer Tracker
Inner Tracking (ITk) (Strips / macro-pixels)

Pixel detector
g‘;:’;;’tae‘i;':rg ULY https://cds.cern.chirecord/2776511/files/ipscp.34.010006%20(1).pdf

https://cds.cern.ch/record/2872435?In=en
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https://cds.cern.ch/record/2872435?ln=en
https://cds.cern.ch/record/2776511/files/jpscp.34.010006%20(1).pdf

