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• Long-Lived particles 
(LLPs) predicted  in 
most of the BSMs to 
explain Hierarchy 
Problem, Dark 
Matter, Baryogenesis, 
neutrino mass, etc.

• Neutral, LLPs could 
escape the standard 
detectors before 
decaying. 

• Several search 
proposals for HL-LHC 
are under study.
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Long-Lived Particles at the energy
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• A large-scale LLP detector for the HL-LHC

• A big empty box  on CERN-owned land 
near CMS. LLPs that decay inside will be 
reconstructed as displaced vertices.

• Stringent geometrical + timing LLP 
reconstruction criteria

• ~ 100 m of rock shielding: near-zero 
background environment.

MATHUSLA
Massive Timinig   Hodoscope  for Ultra-Stable NeutraL Particles

DETECTOR CONCEPT AND LAYOUT

100 m x 100 m x  25 m

Displacement 
from IP:  
70m horizontally, 
60m verticallyMATHUSLA
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• 100 modules, 9 m x 9 m area base, 1 m gap

• Tracker technology is based on extruded 
scintillators: 

• From one layer to the other, long dimension 
of the bar is rotated 900

MATHUSLA Modular Detector  Design

4 m

25 m

5 m

9 m

4.5 m long x 4.5 cm width x  2 cm thick 
Central wavelength shifting fiber, 
readout by SiPM.
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Scintillator tower module



MATHUSLA aparatus as a  Cosmic Ray detector 

MATHUSLA with 9 tracking 
scintillator planes  is an excellent 
option for studying EAS in the 
knee region via detection of 
charged particles.

Full efficiency:  E=1014 -1017 eV

PDG 2019
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MATHUSLA aparatus as a  Cosmic Ray detector 

Adding an RPC* plane to current MATHUSLA 
detector layout would provide data on spatial-
time distribution of charged particles.

MATHUSLA detector would significantly 
enhance EAS detection and reconstruction.

RPC Saturation

Scintillator
Saturation

106 part/m2

4 part/m2

*Proof of Principle: ARGO-YBJ 6
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EAS  RECONSTRUCTION: CORE LOCATION, ARRIVAL DIRECTION
MC VERTICAL SHOWER

EAS Core reconstruction EAS Direction  reconstruction

Hit scin bars, big pads

fits with a plane to arrival times of EAS 
front after time curvature corrections.

Exponential fit to X (Y)
projected hit bars/induced charge
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EAS  RECONSTRUCTION: Charge density, Lateral charge density
RPC MC data (Vertical Shower)

A: Amplitud distribution Energy Scale
s: Shower age parameter Composition dependent parameter

9
r0 : Molière radius, at sea level

Nishimura-Kamara-Greisen (NKG) function:



MC EAS Analysis 

Vertical showers, nhit > 100

Expected EAS rate/year

108/year

106/year

104/year

Trigger reconstruction efficiency

θ =[00, 900]
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MC EAS Analysis 

Vertical showers:   Core resolution

Scintillator layers: For E> 1015 eV, quality of 
EAS reconstruction  decreases 

With RPC, core resolution improves  for E> 1015 eV 
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MC EAS Analysis 

Charge density Lateral distribution (LD)
Amplitud of lateral distribution (A) , Shower age (s) 

Shower age (slope of LD) vs Amplitud (A)

Linear dependence

Sensible to chemical 
Primary composition

RPC layer allows to extend CR energy and composition studies above E = 1015 eV.
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EAS Analysis

Inclined EAS showers θ = [70o, 80o] nhit > 50

Scintillators: Can be used for arrival direction, core position, tracking.

RPC: measure particle density in detector elements 
with multiplicity hits > 1
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MATHUSLA aparatus as a  Cosmic Ray detector 

Comparison with other experiments 

MATHUSLA (Scintilator+RPC) detector advantages:

• Full coverage (81%). No other running CR detector has 
such capabilities.
• Detail measurements of the temporal and spatial
structure of the EAS.
• Muon data from very inclined EAS at PeV energies.

MATHUSLA Physics potential contributions:
- E = [1014 eV, 1017 eV]
- Cosmic ray spectrum and composition.
- Anisotropies in the arrival direction of cosmic rays.
- Study the structure of the EAS front.
- Tests of hadronic interaction models.
- Muon bundles (CMS+MATHUSLA)
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Summary
• MATHUSLA: An excellent tool for searching LLPs at the HL-LHC.

• Its  volume and tracking capabilities permits using this detector as a cosmic ray 
observatory.

• With an extra RPC layer, MATHUSLA could become a new kind of instrument to
• Study the spatial and temporal structure of extensive air showers,
• Test the predictions of hadronic interaction models, muon bundles,
• Perform research on some open issues of the physics of PeV cosmic rays.

• Immediate plans: Technical Design Report by early 2022, followed by prototype 
module and full detector for HL-LHC.

We welcome more participation from the cosmic ray physics community.
Please contact me if you would like to join the MATHUSLA cosmic ray physics team.

Arturo.Fernandez.Tellez@cern.ch
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Nuclear Inst. and Methods in Physics Research, A 985 (2021) 164661
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G. Di Sciascio, Frascati Workshop 2015, Mondello May 28, 2015

The ARGO-YBJ experiment (2007-2015)
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Longitude: 90º 31’ 50’’ East
Latitude: 30º 06’ 38’’ North
4300 m above sea level   ∾ 600 g/cm2

90 km North from Lhasa (Tibet)

HH
V

Light component spectrum 
(3 TeV- 5 PeV) 



arXiV:2001.04750
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