Preparing the CERN Ion Injector
Chain for an LHC Oxygen Run
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Brief introduction about the history of ions at CERN
The ion accelerator complex
Oxygen charge and beam intensities across the complex
Overview of what has been done and what remains to be done
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Partially stripped ions

Pb Ion source
Small sliver of solid and
isotopically pure 208Pb is
placed in a ceramic crucible
that sits in an "oven"

The metal is heated to around 800°C and
ionized to become plasma. Ions are then
extracted from the plasma and accelerated
up to 2.5 keV/nucleon Pb29+.

The source can also be set up to deliver
other species… Ar, Xe, etc and O

Oxygen is a support gas for Pb!
So we get if for free

LINAC3

Oxygen won’t be stripped
Stripping foil Pb29+ è Pb54+
Stripping Efficiency is 20%

Interdigital-H (IH) linac
4.2 MeV/nucleon

Pb29+ 2.5 keV/nucleon

RFQ

Adjusting the Ln3 settings we can select
the Oxygen beam instead Lead and
accelerate it

Low Energy Ion Ring (LEIR)
LEIR accumulates and cools down the 200
µs pulses from Linac3
Electron Cooling is used to achieve the
required brightness
After injection, the e-cooler is switched off
and the RF system is switched on to capture
the DC beam in two bunches.
Acceleration to 72 MeV/nucleon before
transfer to the PS
LEIR NOMINAL Cycle for LHC is 3.6 s
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Beam intensities across the injector chain

In 2020 BE/ABP studied the Oxygen space charge across injectors and concluded that injection into SPS of 4 1010 charges
per bunch might not be possible. Though we will do Oxygen test in SPS to check experimentally the space charge limit, we
have a solution: inject two bunches of 2 1010 charges, i.e. double splitting in PS.

Overview of what has been done and what remains to be
done
• Preliminary feasibility study and ad hoc working group was stablished in 2019
• No show-stoppers were identified
O
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Overview of what has been done and what remains to be
done
• 27 tasks were identified to be done between 2019 and 2023 for the ion run to take place in the
injector complex
• 11 tasks in 2019-2020
• all done
• allowed a preliminary budget estimation to be done and was presented in Feb 2020 at the
IEFC and reported to the MTP
• 6 tasks to be done in 2021
• 25-29 of May 2021 LN3 Oxygen test:
• asses the radiological impact in LN3 with experimental measurements to reduce the
theoretical uncertainties
• according to the results, re-evaluate the risk and mitigations
• finally, re-evaluate budget for LN3 fencing, beam stoppers and access system interlock
• 5 tasks to be done in 2022 and another 5 in 2023
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Schedule proposal
•
•
•
•
•
•
•

Start up ion complex up to PS with Pb
Week 20 switch to Oxygen
Week 22 beam to LEIR
Week 23 beam to PS
Week 24 beam to SPS
Week 26 beam to LHC
Week 27 Pb back to the complex

Pb

• 6 weeks of Oxygen commissioning
• 1 week of LHC pilot run
Pb

Very ambitious
schedule
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NA61 & LHC ions runs

RADIOLOGICAL IMPACT
Preliminary simulations have been done concerning the radiological impact of Oxygen beams in
the complex since the neutron production is much more important than for Pb.
Due to the uncertainty in the simulations, we need to asses the impact experimentally
25-29 of May 2021 LN3 Oxygen test
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Radiological impact in PS
Constraints:
1.

Access chicane between PS Booster and PS (scenario 1, 2)
Mitigation: PS Booster to be made inaccessible during ion
operation

1.

PS switchyard access system to be interlocked with
Linac 3 beam stopper in ITF “for oxygen operation
only”: in case of access in PS Switchyard, the beam
will be stopped in ITF, i.e. inside the L3 hall.
2. Booster access system to be interlocked with a beam
stopper in ITH (just before the magnet LT.BHZ30) “for
oxygen operation only”: in case of access in Booster
this will prevent the beam going straight to the
Booster, but allowed the beam to go to LEIR.
3. Potential activation at stripping foil (scenario 3) to be
studied, no relevant impact expected
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CONCLUSIONS
• The study has been very well organized and conducted with limited resources
• Important conclusions were firmly achieved such we do not have to repeat the
feasibility study again if the preparation of the run is postponed for some years
• Thoroughly documented in slides and minutes of each meeting
• Though the study was put on hold from budget allocation point of view, we went on
working on the identified tasks that don’t need budget or additional resources
• Space charge simulations (BE/ABP)
• Simplification of the safety logic for Booster and PS (BE/ICS) è substantial budget
reduction
• Oxygen beam tests May 2021 (BE/ABP & HSE/RP)
• However, all the activities requiring budget (e.g. integration studies) were cancelled
• The ”project” resources were addressed pre-covid, i.e. pre-delays. If we resume the
project, first we need to re-asses the availability of the groups to continue.
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• First machine experiments to accelerate deuterons in Linac 1
• The success of the experiment encouraged the Intersection
Storage Ring (ISR) user community to request the first
deuterons and later on alpha particles.
• This development allowed to demonstrate that, without major
difficulties, Linac 1 and the downstream machines were able to
accelerate fully stripped ions up to calcium. A detailed study
was, therefore, launched at the beginning of the 80’s to accelerate
heavier ions than in the past.
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• 1st upgrade of the ion injector complex:
• Electron Cyclotron Resonance(ECR) source
capable of producing oxygen16O6+
• Radio Frequency Quadrupole (RFQ)
• 33% increase of the Linac1 RF accelerating and
focusing fields
• PS complex was able to alternate operation between
oxygen ions from Linac1 and deuterons from Linac2

• In 1987: new 14 GHz Geller source è higher oxygen intensities + large amount of sulphur 32S12
• Converted to 32S16+ after the stripping foil at the end of Linac1
• PS accelerated 16O8+ and 32S16+ up to transition energy and was then able to continue selectively with
the sulphur beam
• The ion complex reached its limits at this point

1990’s
• Start a collaboration between different laboratories and CERN to build the first CERN Heavy Ion Facility,
also called the Lead-Ion Accelerating Facility, to serve the fixed target experiments community è Linac3
was born

First physics runs in 1994
• The new ion complex unable to satisfy the LHC luminosity requirements by three orders of magnitud

1993
• In December 1993 the first LHC ion program was proposed to the CERN Council as part of the Large Hadron
Collider, LHC Project Proposal.
• 1996 è LHC Conceptual Design Report
èlead ion collisions with a centre-of-mass energy per
nucleon of 5.52 TeV/n è7 Z TeV beam energy, and a
luminosity of 1.95·1027cm−2s−1
• Low Energy Ion Ring (LEIR) was born from the conversion in situ of the Low Energy Antiproton Ring (LEAR)

