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A virtual tour of the
LHC Magnets Tests Facility (SM18)

Cristiano Alpigiani



The CERN accelerator complex
Complexe des accélérateurs du CERN
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LHC - Large Hadron Collider // SPS - Super Proton Synchrotron // PS - Proton Synchrotron // AD - Antiproton Decelerator / CLEAR - CERN Linear
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EXperiment/High Intensity and Energy ISOLDE // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator // n-ToF - Neutrons Time Of Flight //
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LHC quadrupole cross section

~ Alignement Fixture

Beam Screen ~ Heat exchanger Pipe
Cold Bore B Cold Mass Assembly
Superconducting Coils. Radiation Screen

Superinsulation

Stainless steel Collars

Iron Yoke Laminationsx,,,,-f"""f ~—____ Thermal Shield

nertiature He Il Vessel ~__ Vaccum Vessel

Bus Bars ~___ Support Post

CERN AC - SQ1 - 12/97









1326 - 1473
1031 - 1178
0884

1621 - 1.768
1473 - 1621

5
3

.
2
5

|Biod| (T)




LHC Pagel Fill: 7494 E: 450 Z GeV t(SB): 00:00:00 03-12-18 04:40:09

MACHINE DEVELOPMENT: BEAM DUMP
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Comments (03-Dec-2018 04:38:24) Link Status of Beam Permits
This was the last dump of Run2 ! Global Beam Permit

. . Setup Beam
Going to access today, estimate 2 years

Beam Presence
Moveable Devices Allowed In

Stable Beams

AFS: 75_150ns_733Pb_733_702_468_42bpi_20inj PM Status B1 ENABLED  [JUISI& {TIN ¥ ENABLED




2019 2020 2021 2022 2023 2024 2025 2026

MAM|J[J|AIS|IONID{J|FIMAMJ|]|A|S|ON|DjJ |[FMAM ] [J|A|S|ONID{] [FIMAMJ|J|AIS|OIN|Dj ] [FMAIM ] |J |A|S|ONID{ ] |FIMAM|J |JJAIS|OINID}J [FIMAM] | J |A[S|OINIDY ] [FIMAM|J [J |A[S|OIN[D{ ]

" Long Shutdown 2 (L52) Run3 " Long Shutdown 3 (LS3)

Shutdown/Technical stop

Protons physics

Ions

Commissioning with beam

Hardware commissioning/magnet training
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A voltage generator induces an electric field
inside the RF cavity. its voltage oscillates
with a radio frecuency of 400 MHz.

Protons in LHC

1o}

Protons never feel a force
in the backward direction.

Protons always
feel a force in the *  Each cavity delivers 2MV

forward direction. * Accelerating field of 5 MV/m @ 400 MHz

*  Cavities operate @ 4.5 K

* Every proton passing through the RF cavities is affected for

_— 2-8MV =16 MV

so it receives an extra energy of 16 MV.

* Since every proton goes around 11245 laps per second the total energy
received per second is:

(16 MeV/lap) - (11245 laps/s) = 1.8 - 105 MeV/s = 0.18 TeV/s

* From SPS every proton enters LHC with 0.45 TeV, so the amount of energy that cavities
has to provide is

7—0.45=6.55TeV
* The length of time required to accelerate the beam to full energy is

6.55/0.18 =36.4s

* The right results is about 20 minutes, this is due to the fact the proton is not fully affected
by the total voltage of the cavity. It is also important to keep bunches compact to
increase the chance of collision.

* The RF frequency must always be an integer multiple of the revolution frequency
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~ SUPERCONDUCTING CAVITY WITH ITS CRYOSTAT
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19 Sept 2008
LHC incident







The LHC repairs in detail

54 electrical interconnections

14 quadrupole magnets 39 dipole magnets fully repaired. 150 more Over 4 km of vacuum
replaced replaced needing only partial repairs beam tube cleaned
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A new longitudinal Nearly 900 new helium pressure 6500 new detectors are being

restraining system is being fitted release ports are being installed added to the magnet protection

to 50 quadrupole magnets around the machine system, requiring 250 km of cables
to be laid






Lake Geneva

180 km tunnel’
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«Pre-Feasibility Study for an 80-km tunnel at CERN»

John Osborne and Caroline Waaijer,
CERN, ARUP & GADZ, submitted to ESPG

F. Zimmermann

“Lakeside”
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Very Unexpected Problems: Moon

Precise determination of the LEP beam energy (10~ relative accuracy, ~ 1 MeV)
Precise measurement of the Z mass and width

Axis of earth rotation
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Noise on the Beam Energy
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Very Unexpected Problem

AND now the fast train.........




TGV induces current in LEP vacuum chamber
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First time we measured many weeks before the signal was noise
T free; Train workers were on strike that week!!!
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Some really unexpected events

Could not get the beam to circulate more than 15 turns even with large bumps
all around the ring. Use single turn orbit system and normalised the

measurement.

ARC RAS: 0,333 0,313 0,318 8,519 9,491 0.4% 0.488 9.d6d
Vertical phase sdvance 76122344 %
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Zoom in on Quadrupole

VPIF

Heineken beer bottle




10 metres to the right
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Unsociable sabotage: both bottles were empty!!
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1996: Heineken Beam Stopper

UK advertising at the time:
Heineken; the beer that gets to places no other beer can!




