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After several studies by CERN civil 
engineering team, looking at options 
around both the ATLAS and CMS 
interaction points.
We quickly settled on the location 
shown. This is ~600m from the ATLAS 
IP (to the west), and is situated on 
CERN land in France.
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The Facility: Site Selection
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Baseline Layout
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Service cavern
(large cryo equipment,
electrical racks etc..)
10m long

84m deep shaft 
to surface

Total length 75m

Transverse dimensions
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Surface Works Design

The CE design, includes road access, car parking and 
two surface building for access and services.
These are based on the latest standard CERN
solutions which have been implemented several 
times for recent projects.



Technical Progress During 2023/4
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Study Status Conclusion

Excavation works during beam 
operation?

Sudy by CERN beam physics group. Complete Vibrations / tunnel-movement not expected to be an 
issue [1]

Access to cavern during beam 
operation?

Study by CERN Radioprotection group. Complete Can access cavern for people classified as radiation 
workers. [2]

Muons background flux Simulation study by CERN FLUKA team. Complete Expected muon flux O(1Hz/cm2) within 1m or LOS. 
Generally OK for experiments. [2]

Geological conditions Site investigation works carried out by CERN civil 
engineering group (with contractor GADZ SA). 
Complete.

Geological conditions look good for proposed works. 
[3]

Is one access point to facility OK 
for safety?

Study by CERN safety team. Complete. Addition of over pressure safety corridor along the 
facility length allows only 1 access point. [2]

Can we fit in (& transport to) 
technical infrastructure into 
cavern?

Study by CERN integration team for main large pieces. 
Complete.

Make cavern slightly longer/wider to allow 
everything to fit [4]

Preliminary facility costing First CE works costing updated based on site 
investigation and checked by external conractor 
(ARUP). Very preliminary costing of services by CERN 
groups. Complete.

CE costs for baseline facility 35.3 MCHF. (Class 4 
costing) [4].  Very preliminary costing of technical 
services: 8.4MCHF [2]
Total: 44MCHF

[1] – “Impact of vibration to HL-LHC performance during FPF facility construction”, https://cds.cern.ch/record/2901520
[2] – “Update on the FPF Facility technical studies”, https://cds.cern.ch/record/2851822/
[3] – “Forward Physics Facility: Geotechnical Report”, GADZ SA, https://edms.cern.ch/document/2910442/1
[4] - “Update on facility technical studies for FPF”, https://cds.cern.ch/record/2904086/

https://cds.cern.ch/record/2901520
https://cds.cern.ch/record/2851822
https://edms.cern.ch/document/2910442/1
https://cds.cern.ch/record/2904086/
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Documentation of technical studies

https://cds.cern.ch/record/2851822 https://cds.cern.ch/record/2904086https://cds.cern.ch/record/2901520

https://cds.cern.ch/record/2851822
https://cds.cern.ch/record/2904086/
https://cds.cern.ch/record/2901520


7Site investigation (single core sample drilled, down 100m at location of FPF shaft): March/April 2023

FPF Site Investigation Works



FPF Site Investigation Works
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• 20cm diameter core taken to 100m depth at
proposed FPF location

• Detailed Geological study of core carried out
• No showstoppers identified

• Area looks good for excavation
88
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Based on site investigation findings, and other factors (inflation), and a modest increase in the cavern size (following 
detailed integartion studies) an updated cost estimate for the facility was produced, and validated by an external experts. 
This led to the current class 4 cost estimate of 35MCHF for the CE works.



Civil Engineering Cost Estimate FPF // September 2024

Ref. Work Package Cost [CHF] Percentage of the CE Works

1. Underground Works 12,392,344.00    35%

1.1 Preliminary activities 1,845,000.00       5.2%

1.2 Access shaft 4,424,143.00       12.5%

1.3 Experimental Cavern 6,123,201.00       17.3%

2. Surface Works 6,727,231.00       19%

2.1 General items 720,776.00          2.0%

2.2 Topsoil and earthworks 702,227.00          2.0%

2.3 Roads and network 796,122.00          2.3%

2.4 Buildings 4,508,106.00       12.8%

2.4.1 Access building 2,224,786.00       6.3%

2.4.2 Cooling and ventilation building 1,497,350.00       4.2%

2.4.3 Electrical Building 563,689.00          1.6%

2.4.5 External platforms 222,281.00          0.6%

3. General items 11,815,899.00    33.4%

4. Miscellaneous 4,397,504.00       12.4%

TOTAL CE WORKS 35,332,978.00    100.0%

Assumptions
1. Services not included
2. Technical galleries not included 
3. Cranes not included
4.
5. CV Building as a reinforced concrete building, only one floor
6. Finished floor level at 450m ASL
7. Sectional doors not included
8.
9.

Unit costs are based on a combination of Hi-Lumi (2018), Faser (2018), SPS Tunnel eye enlargement
Inflation figures have been taken dating from 2017-T4, with 2021 as the benchmark year

Access building as a conventional steel portal frame structure with cladding, only one floor
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Costing
Item Details Cost 

(MCHF)

Electrical Installation 2MVA electrical power 1.5

Ventillation Fresh air supply
Presurization
Ar / Smoke extraction

2.5

Access / Safety 
Systems

Access system
Oxygen deficiency Hazard
Fire safety
Evacuation

2.5

Transport/Handling 
Infrastructure

Shaft crane (25t)
Cavern crane (25t)
Lift

1.9

Total 8.4
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Simplified Transport studies
Simplified transport study carried out to demonstrate 
that largest pieces that need to be transported as a 
single piece can be transported into the cavern, and 
to their final location.
Everything considered works, except LAr storage tank 
that is too big. Could be transported before stairs are 
installed in shaft, or smaller options could be 
considered.

Example: transporting TB-unit down shaft into cavern



Study on CE works during HL-LHC operation
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• Detailed study carried out, on the possible effect of FPF CE works on HL-LHC operations
• Benefit from significant work done on this for HL-LHC underground works at IP1/5

• FPF is much further from interaction point
• About 4x more attenuation compared to HL-LHC works

• FPF is closer to LHC tunnel
• Up to 4x less attenuation compared to HL-LHC works

• Net impact expected to be  similar or smaller effect on beam operations from vibrations
• a few punctual drops in luminosity at the 1% level
• very low risk of beam dump from ground motion

• Previous studies show that compatification of spoil on surface is one of the most problematic operations
• For FPF spoil will be taken off site before compatification
• Compacting for road building / surface-works can try to be scheduled when LHC is not running

• Effect og static tunnel movements due to nearby excavation also considered using historical CERN data
• Possible movement at level of <1mm possible, which could be mitigated by beam corrector magnets or accelerator components local re-

alignment

Example simulated and
observed movements
from 2018 when point-1
HL-LHC works ongoing.



Muon background fluence
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• A key consideration for the FPF experiments is the rate of background particles
• With 200m shielding of rock from the IP, the only interacting particles that get to the FPF are high energy 

muons
• Detailed FLUKA simulations carried out to assess the muon flux at the FPF for the HL-LHC scenario

• Estimated rate O(1 Hz/cm2) close to the LOS for a luminosity of 5e34cm-2s-1

• FLUKA estimate of Run 3 LHC muon flux on LOS, validated by FASER data within 25%
• Many parts of the LHC will change for HL-LHC, so not a direct validation of the FPF setup

• Expected muon rate OK for the proposed FPF experiments. However, would be beneficial to reduce this (e.g. to 
reduce emulsion cost for FASERν2
• Studies ongoing on possible sweeper magnet in LHC tunnel, or use of LHC corrector magnets to reduce the muon rate 

FLUKA muon flux at start of 
FPF (617m from IP1). 
Baseline HL-LHC crossing 
angle of 250urad would push 
the LOS ~16cm to +ve x in 
these plots.
(LHC tunnel would be at at -
1300cm on these plots scale)



Access to the FPF during HL-LHC operations
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The  CERN Radiation-Protection group has completed a detailed FLUKA study to see if people can access the FPF cavern 
during HL-LHC operations. They have studied radiation from:
- Accidental beam loss close in the LHC or SPS close to the FPF, 
- Radiation from beam-gas interactions in the LHC,
- Radiation dose from the prompt muons passing through the FPF
For the ultimate HL-LHC performance (L=7.5e34cm-2s-1) only the last of these is seen to be close to the limit.
Assuming people spend <20% of their time there, and with possible restrictions for local hotspots in the cavern, access 
will be possible during operations (dosimeter will be required).

Important result for feasibility of FPF implementation as will allow experiments to be installed/commissioned/upgraded during 
beam operations.

Front Middle Back

Instantaneous dose rate (assuming 7.5e34cm-2s-1 lumi for full year). 
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Summary on Facility
• Several technical studies carried out on design and feasibility of implementing the FPF Facility

• Lots of progress
• No showstoppers identified

• CERN has lots of experience of realizing similar projects, and FPF studies greatly benefit from previous 
work and can often use standard solutions

• Site investigation showed the geographic conditions are good for the proposed excavation works
• Additional important positive results related to:

• Construction of facility during beam operation
• Expected muon background rate
• Access to cavern during beam operations (in terms of RP)

• Have gone through an iteration on the facility design, to allow sufficient space for the needed technical 
infrastructure(including transport requirements)

• Preliminary costing (class 4 estimate for CE works, more preliminary for technical infrastructure/services)
• 35.3MCHF for CE works, 8.4MCHF for services



FASERν2
• FASERν2 is a tungsten/emulsion detector

• 20 tonne target mass
• 40cm x 40cm x 8.5m long
• Detector cooled to prolong emulsion performance
• Muons from neutrino interactions in tungsten can be 

reconstructed (charge / momentum) in FASER2 spectrometer
• Requires scintillator veto system and interface trackers 

• Dealing with high detector occupancy from muon 
background (~1Hz/cm2) is the main challenge
• Investigating sweeper magnet to reduce muon flux
• Investigating improved emulsion reconstruction to cope with 

higher occupancy
• FASERν2 effort drivin by Japanese community with strong 

expertise in emulsion detectors (Nagoya, Kyushu, Chiba)
• Core cost of experiment for 10 years (assuming 1 emulsion 

set/year) is 16MCHF
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• Emulsion has incredible position resolution 
• Only detector technology proven to be able to directly detect tau neutrinos
• Can identify muons as long tracks, and measure their momentum using multiple 

coloumb scattering 
• ~30% resolution at 200GeV validated in testbeam

• Can identify EM showers from electrons, and measure their energy from the profile 
at the shower maximum 
• ~30% resolution at 200GeV validated in testbeam

17

FASERν2: Benefits of emulsion

300GeV Muons testbeam
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FASERν2: Benefits of emulsion



FASERν2 – recent studies
• Long term stability test of emulsion film ongoing

• Test noise-hit (fog) rate and  track efficiency after long 
exposure (as would be the case in the FASERν2)

• Test using films exposed to test beam in Aug 2023 
• Films kept in different temperatures and for different 

lengths of time, and then developed to study 
performance

• Test of using 2mm thick tungsten plates between 
films (cf 1mm plates in FASERν)
• Reconstruct FASERν data skipping every other emulsion 

film
• Compare neutrino candidates with default and modified 

reconstruction
• Results looks encouraging 
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FASERν2 – recent studies
• Detector structure development
• Design structure to allow assembly of emulsion detector (after exchange of emulsion) on 

site
• Need system to apply sufficient pressure (1atm) on tungsten/emulsion to ensure good 

alignment
• Small prototype developed to test proof of concept for FASERν2 structure: 

• 20 single-film packs with 20 iron plates, assembled under light and pressurized by compressed air
• Sucesfully tested in 2024 testbeam
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FASER2
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FASER2 is a scaled-up version of FASER:
- Transverse area 300cm2 => 3m2

- Decay volume: 1.5m => 10m 
- Luminosity at HL-LHC 10x LHC

=> Big increase in physics potential.
Especially for new particles from heavy flavour decay which are more spread out around the LOS (like Dark 
Higgs).
FASER2 spectrometer also used to measure momentum and charge of muons from neutrino interactions in
upstream detectors.

• Due to big scaling-up in size, can not use same technology as FASER, especially for the 
magnet.
• Needs large apperture super conducting magnet. Since this drives the cost and the dimensions, studying 

different magnet options has been a focus of the FASER2 efforts.
• In addition, many simulation studies to define spectrometer requirements for example:

• transverse size, magnet bending power, tracker hit resolution, alignment tolerances, material budget, 
number of tracking layers…



FASER2: Baseline layout
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10m long decay volume

FASER2 effort led by UK insitutes, but with also Japanese, Swiss, US, and Serbian participation.
Core cost of the baseline detector: 13MCHF



FASER2 magnet - baseline
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FASER2 spectrometer has a large apperture magnet. Options discussed with Toshiba, Japan and TESLA, UK.
Baseline design is a superconducting dipole magnet based on the SAMURAI magnet (manufactured by Toshiba).
- 2Tm bending power
- 3m x 1m (gap) apperture (also studying a square apperture 1.7m x 1.7m)
- 4m wide x 3m high outer dimensions
- Peripheral equipment:

- Cryogenics based on 4 cryo coolers 
- Other equipment (Vacuum pump unit, Water cooled compressor, Power source)
- 36kW maximum power usage

Rough costing from Toshiba of 4.3MCHF (without transportation), and 3-4 year lead time.
Study of transporting super conducting coils into cavern carried out.

SAMURAI 
magnet at 
Riken in Japan

Opera 3D magnetic field simulation



FASER2 magnet - alternative
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FASER2 spectrometer has a large apperture magnet. Options discussed with Toshiba, Japan and TESLA, UK.
A possibility is to use an off-the-shelf ‘crystal-puller’ magnet available from both companies. 
Specifications:
- Central field 0.4 – 0.5T

- Can be chained together to provide more bending power e.g. 3 magnets can give 1.8 Tm 
- Aperture 1.6m diameter (possibly up to 2m diameter)
- Advantages: Off the shelf, no R&D needed (shorter lead time, less risk), cryo system integrated into unit, cheaper
- Units would need to be rotated, seems doable

Transport into cavern checked.



FASER2 studies
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Ongoing studies related to:
- Segmentation of scintillator veto system
- If decay volume should be under vacum or light gas to reduce background from nerutrino interactions in air
- Trigger strategy: inclusive trigger like FASER would have a rate of O(250kHz)

Studying physics reach with different magnet and detector setups:
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https://cerncourier.com
/a/looking-forw

ard-at-the-lhc/

BACKUP…

https://cerncourier.com/a/looking-forward-at-the-lhc/


FASER2 Magnet: Custom SC Dipole

KEK experts have made rough conceptual design and checked several points with OPERA calculations 
(field, current density, iron return yoke etc..) 

Apperture 3.4m wide and 
88cm gap (2m diameter coil).
3T in centre.
Integrated field 7Tm.
Stored energy 27MJ.

Dimensions/field scaled down 
for FASER2 usecase: 
Apperture 3m wide and 1m gap 
(2.6m diameter coil).
0.75T in centre.
Integrated field 2Tm.
Stored energy 7MJ.
(current density <70 A/mm2)

With above parameters 
thickness of iron yoke can be 
reduced to 66cm on each side.
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Site Visits

Site visit of Alan Barr to TESLA in Sept.
(no photos allowed!)
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FASER𝜈 and FASER𝜈2: expected number of events

𝝂𝒆+𝝂𝒆
CC

𝝂𝝁+𝝂𝝁
CC

𝝂𝝉+𝝂𝝉
CC

𝝂𝒆+𝝂𝒆 CC 𝝂𝝁+𝝂𝝁
CC

𝝂𝝉+𝝂𝝉 CC

FASER𝛎
(1.1 tons, 150 fb-1)

𝛎 int. 0.9k 4.8k 15 3.5k 7.1k 97

𝜈 int. with charm ~0.1k ~0.5k ~2 ~0.4k ~0.7k ~10

𝜈 int. with beauty - ~0.05 - - ~0.1 -

FASER𝛎2
(20 tons, 3 ab-1)

𝛎 int. 178k 943k 2.3k 668k 1400k 20k

𝜈 int. with charm ~20k ~90k ~0.2k ~70k ~100k ~2k

𝜈 int. with beauty ~2 ~10 ~0.02 ~7 ~10 ~0.2

(𝜈 int. rate estimated using Sibyll 2.3d)                                              (DPMJET 3.2017)

lepton
𝜈̅

%𝐵
𝑋

𝜈
lepton

𝑋
𝐷

Based on “F. Kling and L.J. Nevay, Forward Neutrino Fluxes at the LHC, Phys. Rev. D 104, 113008”
and “J.L. Feng et al., The Forward Physics Facility at the High-Luminosity LHC, arxiv:2203.05090”

29

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.113008
https://arxiv.org/abs/2203.05090


Emulsion film
A minimal detector:
Silver bromide (AgBr) Cristal
• diameter = 200 nm
• detection eff. = 0.16/crystal
• noise rate = 0.5x10-4/crystal
• volume occupancy = 30%
1014 detection channels per cm3

Core
AgBrI

Shell AgBr (+Fe)

Core-shell structure

AgBr crystals of 
200 nm diameter

Emulsion gel = composite of AgBr 
crystals and gelatin 

Emulsion film has two layers of 65-
𝜇m-thick emulsion layer on both 
sides of 210-𝜇m plastic base

20 µm

10 GeV/c p+
Sensitivity 36 grains/100 µm

Residual of hits from fitted 
track s = 50 nm

200 nm

Microscope view

“Nuclear Emulsions”, 
https://link.springer.com/c
hapter/10.1007/978-3-
030-35318-6_9
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https://link.springer.com/chapter/10.1007/978-3-030-35318-6_9
https://link.springer.com/chapter/10.1007/978-3-030-35318-6_9
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FASERν2

15.9MCHF including 10 sets of emulsion film 
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FORMOSA

Possible changes in detector layout 
(to minimize distance from FLArE to FASER2, and to save space)
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FASER2 baseline magnet
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FASER2 baseline magnet
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FASER2 studies:
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FASER2 studies:
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Facility Optimization
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Integration updates: ventillation

Ventillation system:
- Fresh air supply
- Smoke extraction
- Pressurization
- Ar evacuation
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Integration updates: Cryogenics
Large cryo equipment in separate service cavern:
- Turbo-Brayton cooling unit
- Storage tanks (LAr, N2)

Small ‘promiximity’ cryo equipment close to FLArE cryostat
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Handling Equipment


