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Baggrund

Min rejse til CERN

Mechanical Technical

Bachelorpraktik Engineer ved CERN
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Maskinmesterpraktikant pa CERN

- Vandring

- Klatring

- SKki

- Genéve

- Ly6n

- CERN-venner



Coming up

- Acceleratorer ved CERN

- LHC’en

- Magnet — hvorfor bruger vi dem

- Superledende vs. Normalledende magneter
- Magnet design

- Hilumi

- Large Magnet Facility — Bygning 180

WHEN YOU LEARN ABOUT GERN
AND WHAT THE LARGE
/. HADRON GOLLIDER DOES
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LHC - Large Hadron Collider // SPS - Super Proton Synchrotron // PS - Proton Synchrotran // 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
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LHC facts

Quantity Number

Circumference 26 659 m

Dipole operating temperature 19K (-271.3°C)

Number of magnets 9593

Number of main dipoles 1232

Number of main quadrupoles 392

Number of RF cavities 8 per beam

Nominal energy, protons 6.5 TeV

Nominal energy, ions 2.56 TeV/u (energy per nucleon)

Nominal energy, protons collisions 13 TeV

No. of bunches per proton beam 2808 \ !
No. of protons per bunch (at start) 1l2x 10 ] /v"”"fl"xl_ilo_Tln'Aﬂm“ -9 F
Number of turns per second 11245

Number of collisions per second 1 billion




Electro-magnetic field accelerates particles
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Mag netVi den F=ek I\ﬂagnetic field steers the

F=-eVxB

Brug hgjre hand
How do we keep the particles in a cycle? MAGNETS!
- Dipole magnets provide a constant field, to be increased with time

to follow the particle acceleration, steering (bends) the particles in =
circular orbit

- Quadrupole magnets keep the particles in the orbit, providing a
linear force that keep them focused acting as a spring. They provide
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Magnetviden B
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Magneter

(Alem’)

critical J-H-T
surfa

- Superledende magneter
- Normalledende magneter
- Permanente magneter

temperature

g podnell feid SPS main bending.
> Critical surface for Nb-Ti and Nb;Sn 2 O T 5 8 kA
. ) D

i Non-superconductive

Metal -..\

LHC main bending.
8.3T,12 kA, 1.9K

~ghm= Sperconductor

Resistance

Te Temperature



Magnetviden

- Der er 1232 Dipoles magneter i LHC

- Der er 476 Quadropoles magneter i LHC
- Dipolerne er ~15 m.

- Dipolerne har et Sagitta pa 9,143 mm.

- Magneterne kgles ned til 1,9K =-271,3°C
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Large Magnet Facility

Hvad laver LMF?
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Hvad laver vi nu - HiLumi

Udskifter triplet magneter

LHe SS
Vessel

Iron Yoke

Iron Pad Al Shell
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POINT 4

POINT3

30 large aperture and more powerful
quadrupoles around ATLAS and CMS to
decrease the beam size and increase the
integrated luminosity by a factor 10 -—
Construction of pre-series and series
magnets on-going, joint effort between

CERN and US-AUP
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POINT 6

JOINT 7

4 pairs of shorter and more
powerful dipole bending magnets
to free up space for the new
collimators (2x5.5 m length 11 T
LHCb dipoles to replace 14.3-m-long
LHC MB dipole)
Initially planned for 2020, now
delayed




HiLumi

Det er et globalt samarbejde
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H o o Strand made from twisted filaments in a stabilizing’
I Lu m I matrix (stability, protection, field quality)
Cable 1s insulated (dicle
. strength, mechanica
Nye materialer giver nye udfordringer robustness)

- Nb-Ti
- Nb3Sn

Cable made from twisted wires
(stability, protection, field quality)
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HiLumi

Typical operational conditions (0.85 mm diameter strand)

Cu Nb-T1i Nb3SIl by P. Ferracin

J.~ 5 A/mm? ], ~ 600-700 A/mm? ], ~ 600-700 A/mm?
I~3A 1~ 300-400 A I~ 300-400 A
B=89T B=12-13T




HiLumi

Typical operational conditions (0.85 mm diameter strand)

Cu Nb-T1i Nb3SIl by P. Ferracin

J. ~ 5 A/mm? J, ~ 600-700 A/mm? J. ~ 600-700 A/mm?
I~3A I~300-400 A I~ 300-400 A
B=89T B=12-13T




HiLumi

MQXFB/S magneter
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Vi ses i bygning 180 -
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Aka : Temporary cold mass = Final cold

The Large Magnet Facility
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