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Particle colliders
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LINAC2 - 50 MeV Proton Synchroton (PS) = 25 GeV
Booster - 1.4 GeV Super Proton Synchrotron (SPS) - 450 GeV
Large Hadron Collider (LHC)—> 7 TeV
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Beam accelleration

dipole
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Luminosidade

* Aluminosidade instantanea mede a taxa de colisoes

* Se colidirmos dois “pacotes” de protdes com dimensodes o,
e o, (rms) contendo n; e n, protdes, temos a luminosidade:

@ f nina
4o 0y
* A taxa de colisdes N que resultam num certo
processo é dada pela luminosidade integrada e //"
pela seccdo eficaz o -7
R
—



Energia do feixe:
2802 bunches de 1.15x10%! protdes

7TeV / protdo (2015) = 7x10% x
1.602x101° )

Da 362 MJ por feixe...

lgual a energia cinética de um
porta-avioes de 20,000t a viajar a
11,7 nds (21.7 km/h)

ATLAS Run Query 2012-09-23 21:58:35

a— ] O O | I L l L l L L l LI | L | | R | I

. . g . — Intensity Beam-1 — Intensity Beam-2 12

* Tudo contido num feixe 85001 Boam energy — o Bewith siablobeanss
de =16um = [ 14

. 2000

* Runstipicosduramcerca 2z ~
s & — |3

de 8 hf)ras - §sooF .

* Intensidade diminui E ]
. © o 2

devido a perdas adooo— ]
e Depois voltamos a cooF- 1,

injectar novos feixes - =
o_.... :ﬂlo

100 200 300 400 500 600 700 800
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Collider experiments
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Muon Spectrometer: |n| < 2.7 EM calorimeter: |n| <2.5(3.2)
Air-core toroid + gas-based muon chambers Pb-LAr accordion sampling
o/p;=2% @ 50GeV to 10% @ 1TeV (ID+MS) o/E = 10%/VE ® 0.7%

Hadronic calorimeter:
) Solenoid: B=2T Fe/scintillator / Cu/W-LAr

Inner Tracker: |n| < 2.5 O/Ejet= 50%/VE @ 3%
Si pixels/strips and Trans. Rad. Det.

o/p; = 0.05% p; (GeV) @ 1%
Ricardo Gonc¢alo nstr.Det.Rad. 2/2/2022
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Detector Integration

Most particle physics experiments rely on multiple detectors (and
detector types) to reconstruct events

Event information is obtained from correlating information from
different detectors

Examples from the LHC experiments:

» Muons are reconstructed from a combined track in the inner
detector and the muon spectrometer

» Electrons reconstructed from a track in the inner detector and an
electromagnetic energy deposit in the calorimeter

How to design the experiment? How to choose what technologies to use?
What resolutions etc should we aim for?

» Requirements come from the physics!
» Redundancy is important! (e.g. ATLAS and CMS)

Ricardo Gongalo Instr.Det.Rad. 2/2/2022 12



Design choices: ATLAS and CMS

Maximum LHC beam energy: 7 TeV

—> Maximum possible particle energy would be 7 TeV
But highly suppressed by PDFs!

—> Magic energy is 1 TeV
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In practice:
» To absorb 1 TeV e or v = use ~ 30X (i.e. ~ 18 cm of lead)
» To absorb 1 TeV hadrons = use ~ 11\, (i.e. ~2m cm of iron)

» To measure 1 TeV muons — use |§| =1—4"T and long lever

- Ap ~ 1
arm L since - ~ B

Physics analyses require excellent identification of:
» Electrons: easy to measure; hard to separate from huge background
> Photons: similar to electrons, but harder (no charged track)
» Muons: easy to identify but hard to measure at high momenta

» Taus: quite hard to identify — both leptonic and hadronic decays (1-
or 3-prong, like thin jets)

» Hadrons: ~all particles in LHC collisions — hard to identify types
» Quarks and gluons: lead to jets of hadrons — complex objects

» Vertex: which is the relevant collision??

Ricardo Gongalo Instr.Det.Rad. 2/2/2022 14



Particle identification

Muon
Spectrometer
Hadronic
Calorimeter
£ The dashed tracks
are invisible to
the detector
Electromagnetic
Calorimeter . _
1 1P s 34
Solenoid magnet I3 * o’ 48237 sesse!
Transition 33 ¥

Radiation SR e
Tracking € Tracker ¥ ATI- A
Pixel/SCT

EXPERIMENT
Ricardo Gongalo detect 2/2/2022 15

hnp.//uilus.ch



CMS experiment

I | | | | 1 1 1
Om m 2m im 4m 5m 6m /m
Key:
Muon
Electron

Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)
----- Photon

Silicon
Tracker

' Electromagnetic
)‘Il ll Calorimeter

Hadron Superconducting
Calorimeter Solenoid

Iron return yoke interspersed
with Muon chambers

Transverse slice

through CMS

Ricardo Goncalo Instr.Det.Rad. 2/2/2022 16
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Electrons/positrons:
» Reconstruct a track matching an EM-like energy deposit in the
calorimeter
» PID information using Transition Radiation Detector
» Bremsstrahlung photons detected near the track entry point in
calorimeter — correct using ¢ strip of cells

third layer hadronic calorimeter

second layer
AnxAg=0.025x0.0245

electromagnetic ,-*
calorimeter .-

first layer (strips)
AnxAp=0.0031x0.098

presampler

TRT (72 layers)

SCT

beam spot

\
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LHC Upgrade
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Run: 338220
Event: 2718372349
2017-10-15 00:50:49 CEST
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LHC Upgrades

Desenvolvimento de nova
geracao de imanes

supercondutores (Nb,Sn): N
13.5 Tem vez de 8 T (LHC, NbTi)™<
Desenvolvimento de “crab

cavities”
Aumentam eficiéncia das colisoes

Colimadores, conectores, eng.
civil, etc

() CIVIL ENGINEERING “CRAB” CAVITIES
2 new 300-metre service tunnels and 16 superconducting ,crab“ [
2 shafts near to ATLAS and CMS. cavities for each of the ATLAS
and CMS experiments to tilt the

beams before collisions.

FOCUSING MAGNETS
12 more powerful quadrupole magnets
for each of the ATLAS and CMS
experiments, designed to increase the
concentration of the beams before
collisions.

SUPERCONDUCTING LINKS BENDING MAGNETS
Electrical transmission lines based on a COLLIMATORS 4 pairs of shorter and more
high-temperature superconductor to carry 15 to 20 new collimators and 60 replacement powerful dipole bending magnets
current to the magnets from the new service collimators to reinforce machine protection. to free up space for the new
tunnels near ATLAS and CMS. collimators.

Ricarde-Goncalo Instr.Det.Rad. 2/2/2022 21



Leveling by beam offset
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E 1400-ATLAS Simulation
o
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Novo MIP Timing Detector
(Barrel & Endcap)
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LHC / HL-LHC Plan

2011 2012

75%
nominal
luminosity

PAVK]

2014

experiment
beam pipes

"~

2015 2016

nominal luminosity

2017

2018

2019 2020 2021

LHC .
Run 1 | Run 2 | | Run 3
LS1 EYETS 14 TeV
13-14 TeV "
splice consolidation injector upgrade fimit
7Tey ST | bt e pirs

regions

2022

radiation
damage
2 x nominal luminosity 1
experiment upgrade | |——— 1
phase 1

High
LHC

HL=LHC installation

2024 2025

experiment upgrade
phase 2

Luminosity

14 TeV

energy

5t07x
nominal
luminosity

l_

Melhoramentos das experiéncias cruciais para funcionar no ambiente do HL-LHC

Alguns em construcao, muitos em fase de R&D

Vao permitir acumular dados unicos na fronteira da alta energia durante 10 anos

Ricardo Gongalo
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Beyond LHC
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Future acellerators?

Damping Rings IR & detectors compressor

International Linear Collider (ILC)
* 0.5 TeV machine; 31 km nch

wurnlESSOr positron 2km
main linac .
11 km
central region
5km
electron
main linac
11 km
.2km ~
Future Circular Collider: 100 km
: e+e- (350 GeV) e mais tarde p-p (100 TeV)
: Schematic of an
) = Lo 819 klystrons 819 klystrons
s long tunnel MW, 142 | || ;i'fumferences | | | 1smwa2ps
drive beam accelerator c;f 2;030,5, 73m drive beam accelerator
CR2439m

2.5km 2.5km
delay loop > < delay loop
Drnve Beam
decelerator, 24 sectors of 878 m
£ DS sy 60S o viiivi
2.75 km' 2.75km
TA e~ main linac, 12 GHz, 100 MV/m, 21 km P e* main linac 1A

Compact Linear Collider (CLIC) g conners YA

DR dampingring .
PDR predamping ring booster linac
H BC bunch compressor 2.86t0 9 GeV
« 3 TeV collider -50 km BDS bearm deivery system
IP  interaction point
W dump

e* injector,
2.86 GeV

e~ injector,
2.86 GeV
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That 's All

Ricardo Gongalo (UC/LIP) Qualquer duvida: jgoncalo@lip.pt



Bonus slides
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