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•XSEN  Experiment for 
neutrino physics at the LHC

•Summary & Outlook



One Month Ago…

2Up to date information by J. Feng, H. Lubatti, …



Are we leaving no stones unturned?
• No New Physics found yet at the LHC. The LHC BSM 

searches are indispensable and should be continued in the 
new energy regime and with increasing statistics (higher 
mass, lower couplings) 

• But are we looking at the right place and do we leave not 
stones unturned? ->  Recent focus on long lived particles

• Time for more effort in thinking of complementary searches:  
-> What could the LHC miss with the present detectors?

Are we looking at the right place? Leave no stone unturned!!



Proposals for New Experiments @LHC
MilliQan: searches for 

milli-charged 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

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



MATHUSLA
A proposal for a large area 
surface array to detect ultra
long-lived particles coming
from the pp collisions

Aim to cover the range 

~ BBN constrained inspired

arXiv:1811.00927
Physic case arXiv:1806.07396
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The Idea



7

MATHUSLA Physics Coverage



MATHUSLA

8

Recent developments

• Not on surface but make 5-10m
deep hole to put it in.

• Size to 100mx100m 
• Use scintillators instead of 

RPCs for the tracking stations

CMS area

MATHUSLA physics 
white paper
arXiv:1806.07396
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MATHUSLA: Backgrounds
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MATHUSLA Test stand

• Make technology choices early 2020
• Prepare full Technical Design Report by end 2020 



CODEX-b & AL3X Proposal
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An LLP detector in 
the LHCb area 

RPCs

EOI being prepared for LHCb
(Sept 2019?) 

So far just an idea



Physics Reach: Example

12For low masses: MATHUSLA, CODEX-b and AL3X have a leading edge

x

x

HL-LHC reach

arXiv:1810.03636
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FASER will search for light, extremely weakly-interacting particles at the LHC 



The Idea



FASER

FASER Location

~480m from the IP
XSEN
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The FASER Detector
Re-use spare ATLAS SCT silicon 
tracking modules and LHCb EM 
calorimeter modules 

“Tabletop” experiment for about 2M USD J
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FASER Timeline
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Dark Photon Detection
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Dark Photon Sensitivity Reach



FASER Phase 2
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For the HL-LHC run..

To open the acceptance for decays from Ds & Bs

Dark HiggsDark Photon Axion like particle

arXiv:1901.04468
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FASER Physics Goals Summary
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Neutrinos
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Neutrinos

arXiv:1908.02310
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Neutrinos
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Neutrino Experiments at LHC 
arXiv:1903.06564: a proposal for an emulsion neutrino experiment

The XSEN experiment

Emulsion detector
“OPERA” style
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Comparative Plots from PBC 
PCB = Physics Beyond Colliders study: arXiv:1901.09966       

Dark Photon Search (visible decay channel)
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Comparative Plots from PBC 
PCB = Physics Beyond Colliders study: arXiv:1901.09966       

Dark Scalar Search (simplest version)
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Comparative Plots from PBC 
PCB = Physics Beyond Colliders study: arXiv:1901.09966       
Heavy Neutral Lepton with strongest coupling to the muon flavor

Note: experiments have different NP identification capabilities 



• New ideas for additional new experiments at the LHC to increase 

the LHC coverage: MilliQan, MAPP, MATHUSLA, CODEX-b, 

FASER, AL3X… 

• MATHUSLA aims to search for ultra long-lived particles to cover 

lifetimes up to the BBN limit. It needs a huge volume detector. 

• FASER aims to search for low mass new particles in the forward 

direction of the LHC phase space. FASER1 is approved and 

funded (8th LHC experiment) and will start taking data in 2021

• FASER has a program to add an emulsion detector for the study 

of high energy neutrino interactions.

• A similar idea has been forwarded by XSEN (LOI under 

preparation): An emulsion detector for high energy neutrino 

interaction measurements at the LHC

• Among others, MATHUSLA and FASER (CODEX-b, AL3X) will 

hunt for Heavy Neutral Leptons in the ~ GeV range!

Summary 




