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Introduction
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• First rough design of facility, including CE and technical 
services/infrastructure and very rough costing carried out for 
FPF white paper released in March 2022
• Following that several updates and new studies carried out

• Some of these presented at the last FPF workshop and PBC workshop 
(both ~6 months ago)

• The updates have been documented in a public PBC note:
• https://cds.cern.ch/record/2851822 (CERN-PBC-Notes-2023-002)

• In this talk I will summarize these updates (not related to CE), 
and some next steps…
• The work shown here is supported by the CERN PBC

• Many thanks!

https://cds.cern.ch/record/2851822


Ventillation System
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More detailed study on ventillation carried out by CERN 
cooling/ventilation group  (EN-CV), after discussion with CERN safety 
(HSE). Design based on solution for HL-LHC underground area at 
point-1.
Assumes shaft will not be covered (confirmed as very likely possible 
by RP), and includes separate system for:
- Fresh air (10000 m3/h)
- Pressurization
- Smoke extraction (25000 m3/h)
- LAr evacuation included, but details need to be further discussed 

with safety.

G. Peon, R. Bozzi – EN-CV
EDMS: 2801032

Original cost estimate 7MCHF



Technical Services
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Based on previous similar projects at CERN the main cost drivers for services, with very approximate costing are 
as follows (this costing is from the FPF White paper, so done by March 2022):

Round up to 10MCHF.

EN-EL, EN-CV, EN-AA, EN-HE groups

2.5

8.4

Open questions:
- Is 2MVA electrical power sufficient?
- Is 25t crane capacity sufficient?



Background Muon Rate
FLUKA simulations. Two steps:
- Simulate up to 350m from IP
- Simulate remaining 250m -> FPF (616m)
Efficient way to simulate and allows to test possible sweeper magnets at ~350m from IP

F. Cerutti, M. Sabate-Gilarte
SY-STI
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Background Muon Rate

FLUKA model updates to include full magnetic field map (including field in yoke) in all relevant magents (e.g. including Q4 and D2).
Leads to almost factor of 2 reduction of muon fluence at FPF, down to 0.6 Hz cm-2 for L=5e34cm-2s-1 (0.45 mu- / 0.15 mu+).
For 20x20cm2 area on the LOS.

F. Cerutti, M. Sabate-Gilarte
SY-STI
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Background Muon Rate
mu+

mu-

Fluence in x/z plane in FPF location.
(20cm from LOS in vertical plane).
Clear hotspots at ~2m from LOS in
horizontal.

F. Cerutti, M. Sabate-Gilarte
SY-STI
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Placing a sweeper magnet on the LOS can deflect these muons and 
reduce the background. 
Best place for such a magnet would be between where LOS leaves LHC 
magnets and where it leaves the LHC tunnel (200m lever-arm for 
deflected muons). 
Based on quick integration study required (will likely require some small 
local modifications to cryogenic infrastructure in the tunnel).

FPF

IP1

Muon Background:    
Sweeper Magnet

FLUKA:
Muon energy spectra



Sweeper Magnet F. Cerutti, M. Sabate-Gilarte
SY-STI

Investigated sweeper magnet to reduce muon flux using FLUKA.
Design tested found not to be effective, due to multiple scattering in 
200m of rock, re-populating depleted region.

No sweeper magnet No sweeper magnet – no MCS
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Neutron Dose at FPF

40% in thermal peak

FLUKA simulations used to look at neutron dose level in FPF (relevant 
for radiation to electronics and radiation damage).
Neutron dose ~0.2Hz/cm2 at L=5e34.

Also shown:
1MeV n equiv fluence (relevant for silicon radiation damage)
High energy hadron fluence (relevant for SEU in electronics)
Both shown for 1 year at L=7.5e34 (ultimate HL-LHC lumi)
HEH fluence <3e16cm-2y-1 (LHC threshold for radiation for electronics). 

F. Cerutti, M. Sabate-Gilarte
SY-STI
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Radio Protection Studies
RP studies based on FLUKA 
simulations of dose from muons in 
FPF. (Other potential sources of 
radiadition considered, but found to 
be negligiable).
Higher dose when muons go through 
or close to material (rock) – due to 
short lived hadron production. 

A. Infantino, L. Elie - RP 
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Conclusions: Radio Protection Studies
• Direct contribution from muons from IP1/LSS1 can limit the accessibility to the cavern during LHC operation

• > 6 mSv/year may be achieved locally; 
• Classification of the cavern as Simple Controlled/Supervised Radiation Area 

• low occupancy, i.e. < 20% working time seems possible; 
• Access to the cavern during LHC beam operation will be limited to Radiation Workers 

• Also relevant for external personnel involved in the excavation (of the cavern and the lower part of the 
shaft) if done during beam operation 

• No permanent control rooms are foreseen underground. 
• During installation and commissioning there may be people in the cavern for an extended period: this time shall be 

quantified to finalize the RP risk assessment; 
• Final study to be done considering a full integration model, i.e. including detectors, service equipment, …

A. Infantino, L. Elie - RP 
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Vibrations etc…
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Study on effect of excavation work on HL-LHC (& SPS) operations in terms of 
vibrations and possible tunnel movements.
Preliminary results presented at IPAC conference in May and public document 
available.
Relevant parameters….

https://www.ipac23.org/preproc/pdf/THPA039.pdf
D. Gamba - CERN BE-ABP, M. Guinchard – CERN EN-MME 

https://www.ipac23.org/preproc/pdf/THPA039.pdf


Vibrations etc…
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https://www.ipac23.org/preproc/pdf/THPA039.pdf
D. Gamba - CERN BE-ABP, M. Guinchard – CERN EN-MME 

Vertical rms ground motion measured at IP1 (green)
Amplified by triplet magnet transfer functions (blue = LHC, orange HL-LHC)

HL-LHC works

https://www.ipac23.org/preproc/pdf/THPA039.pdf
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https://www.ipac23.org/preproc/pdf/THPA039.pdf
D. Gamba - CERN BE-ABP, M. Guinchard – CERN EN-MME Vibrations etc…

SPS

LHC

Rock breakers

Road headers

https://www.ipac23.org/preproc/pdf/THPA039.pdf
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https://www.ipac23.org/preproc/pdf/THPA039.pdf
D. Gamba - CERN BE-ABP, M. Guinchard – CERN EN-MME Vibrations etc…

LHC

Road headers

Based on HL-LHC works experience, a static movement of up to 1mm of the LHC or SPS tunnels could be possible.
This can be dealt with with the available corrector strength and for the relevant appeture and beam emmitances.

Observed movement of LHC tunnel from HL-LHC works in Aug 2019

https://www.ipac23.org/preproc/pdf/THPA039.pdf
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Positive conclusions:

As reported by Kincso – no issue seen 
during site investigation works.

https://www.ipac23.org/preproc/pdf/THPA039.pdf
D. Gamba - CERN BE-ABP, M. Guinchard – CERN EN-MME 

Road headers

Rock breakersVibrations etc…

Possible effect of long term slow 
movement of the tunnel still be evaluated.

https://www.ipac23.org/preproc/pdf/THPA039.pdf


Next Steps
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• Need to clarify technical infrastructure and services requirements of experiments 
and build this into design:
• e.g. requirements on total electrical power, cranes, cooling, .. needs

• Progress on experiment footprint and location in cavern
• Discussion later

• Background muons
• Want to continue to pursue possible sweeper magnet options to reduce muon fluence on LOS

• Need new ideas to look at
• FASER experiment working on benchmarking FLUKA and BDSIM simulations of muon fluence 

up to 1.5m away from LOS for Run 3 LHC setup using dedicated emulsion measurements 
• Muon fluence on LOS validated by FASER/SND@LHC at the ~30% level



Summary
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• Updates to technical studies related to the facility documented in public 
PBC note released in March
• Updated ventilation design (2.5MCHF rather than 7MCHF)
• Detailed FLUKA muon flux estimate (~0.6Hz/cm2 on LOS)
• Sweeper magnet design studied not effective – new ideas needed
• Neutron flux in cavern should not be a problem for experiments
• RP studies show access to cavern during beam operation should be OK for RP 

classified works, with some local restrictions and partial occupancy 
• Relevant for excavation workers if during beam operation

• Study of effect of excavation on beam operation documented in IPAC paper
• Generally positive

• Some useful material available on FPF eos space:
• FLUKA muon spectra
• BDSIM muon spectra
/eos/experiment/fpf-sim/
• The 3D model of the FPF cavern is also available



Backup…
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Muon fluence measurements at FASER 
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19 small emulsion detectors installed around FASER to measure the 
muon flux. Installed in LHC tunnel 26/7 - 14/8, exposure to 10/fb of 
collision data. The emulsion films have been developed and are 
undergoing scanning/analysis. First results should become available 
soon.
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Placing a sweeper magnet on the LOS can deflect these muons and 
reduce the background. 
Best place for such a magnet would be between where LOS leaves LHC 
magnets and where it leaves the LHC tunnel (200m lever-arm for 
deflected muons). FLUKA study ongoing to assess possible benefit of such 
a magnet, and best location. Based on this integration study required (will 
likely require some small local modifications to cryogenic infrastructure in 
the tunnel).

FPF

IP1

Muon Background:    
Sweeper Magnet

FLUKA:
Muon energy spectra
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Cost breakdown compared to HL-LHC works

Infrastructures [% of WP17] % for FPF costing

Civil engineering 67 25/40 = 62.5

Electrical distribution 13 1.5/40 = 3.8

Cooling & ventilation 12 7./40 = 17.5

Alarm & access system 2.4 2.5/40 = 6.3

Handling equipment 2.2 1.5/40 = 3.8

Operational safety 1.6

Logistics & storage 1.4

Technical monitoring 0.6
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Rough comparison of cost breakdown with HL-LHC works (assuming FPF total cost is 40MCHF).
Clear that CV is more expensive and EL is less expensive than corresponding HL-LHC works fraction.

This is based on 25MCHF for pure CE, and 15MCHF for services


