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CERN: Beam Dump Experiment
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CERN is the home of the LHC
Strong interest in general in BSM physics in particular for Long-Lived particles

Since 2 years CERN is also investigating how to use it’s accelerator park 
for searches to BSM physics in the low mass-low coupling sector.

Some of these projects make use of a beam dump set-up.
A study was launched in 2016 to prepare for the European Strategy Meeting

The best known of these proposals for new experiments is SHIP



Physics Beyond Colliders
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The European Strategy:







CERN: Intensity Frontier



Physics Beyond Collider Events 
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Next Meeting: November 5-6 2019 CERN

Many slides 
borrowed from
this workshop,
especially from 
Gaia Lanfranchi
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Physics Beyond Colliders



More than 20
proposed 
projects



New Possible Experiments 

From the beyond collider study document:  arXiv:1902.00260 

Beam dump 
Experiments:

SHIP
NA62
TauFV



Proposed Experiments
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Proposals for New Experiments @LHC
MilliQan: searches for 
millicharged particles
MAPP: Same from MoEDAL

CODEX-b: searches for long lived
weakly interacting neutral particles 

MATHUSLA: searches for long lived
weakly interacting neutral particles 

FASER: searches for long lived
dark photons-like particles

New: AL3X (‘ALICE’ for LLP arXiv.1810.03636)… 



Sensitivity Summaries 

Search for dark photons (visible mode) Search for millicharges

Search for dark scalars Search for heavy neutral leptons



PBC Physics Goals
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PBC: Physics Goals

15



PBC: Physics Goals
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Experiment Proposals

17



18

Experiment Proposals



PBC BSM Experiments Timeline

19



Physics Targets
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Details on the Portals



Dark Photons
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Dark Photons
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Dark Photons
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Dark Scalars



Example Scenario

-The lightest singlet N1 (mass ≈ KeV): good dark matter candidate. 
-N2, N3 (mass in 100 MeV - GeV region): 

- Mechanism to give masses to neutrinos 
- Explain baryon asymmetry 

Neutrino portal: νMSM (Neutrino Minimal Standard Model) 
Minimal extension of the SM fermion sector by three Right Handed
(Majorana) Heavy Neutral Leptons (HNL): N1, N2, N3. 

D.Gorbunov, M.Shaposhnikov JHEP 0710 (2007) 015 
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Heavy Neutral Leptons



Axions and ALPs
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Millicharged Searches
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Project Status
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Beamp Dump Experiments TauFV
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NA62 Beam Dump 
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Experiment designed
for detecting very rare
Kaon decays



The SHiP Experiment

SHiP is a proposal for a new faciility at 
the CERN SPS accelerator:
- Hidden Sector search detector
- Facility for ντ physics

240 experimentalist from 46 institutes 
and 15 countries + CERN (2017)

Technical proposal submitted in April 
2015 (arXiv:1504.04956)
Physics proposal signed by 85 
theorists (arXiv:1504.0855)

SPSC gave a positive recommendation 
in January 2016 for continuing study.
A comprehensive design study 
requested by 2019. Approval decision 
in 2019/2020.

Physics in 2026???  



SHiP Beam Dump Experiment Proposal
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arXiv:1504.04956

arXiv:1811.00930
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Neutrino Detector & Program

Note: anti-ντ has never been 

observed

SHiP neutrino program
~8k expected ντ and ~4k 
anti-ντ interactions in the 

target

• First observation of anti-ντ
• Sufficient statistics to 

perform ντ and anti-ντ cross 

section measurement.
• First measurement of 

structure function F4 and 
F5 entering in DIS 
neutrino-nucleon cross 
section

Follows the OPERA concept

Neutrino interactions
for 5 year running



Beam Dump Experiments

High intensity frontier for low mass particles with very weak couplings
->upcoming neutrino experiments (SBL, LBL) foresee very high intensity beams   

These experiments can
perform searches for low 
mass New Physics particles eg
-HNL/sterile neutrinos
-dark photons 
-ALPs
-mini/millicharges
…

<- Example for millicharges
FerMINI @FNAL?

Near Detector:
few 100m away
from the dump

> 1021 POT/Year

arXiv:1806.03310

https://indico.fnal.gov/event/18430/



SHiP Versus Neutrino Beam Dump

38

- SHiP: 400 GeV protons with 4e19 POT/year 
- DUNE: 80/120 GeV protons with 1-2e21 POT/year
- Optimized acceptance for SHiP
- For the NDs the HNL search is not their main program
- Example HNLs via heavy flavor decays: cross sections strongly energy

dependent

arXiv:1902.07598T2K recent results 



Status of the Various LHC Projects
Simon Knapen FNAL seminar fall 2018

Similar timelines for 
MATHUSLA, MilliQan
CODEX-b, FASER



FASER Approval
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Breaking news: the FASER experiment (phase-I) has been approved March 5th



FASER @LHC
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Physics Beyond Colliders

arXiv:1901.09966



PBC Summary
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BACKUP


