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Theory White Paper

The MATHUSLA (MAssive Timing Hodoscope for Ultra-Stable
NeutraL PArticles) detector is proposed to be built on the surface
at CERN above ATLAS or CMS to search for ultra-long-lived
particles at the HL-LHC.

Collaboration
of 70+ theorists

Long-lived particles are generic
to many BSM models, including
Neutral Naturalness, Hidden Valleys, various SUSY theories, models of
dark matter, explanations for matter- antimatter asymmetry, and
models that generate
neutrino mass.
MATHUSLA would search for long-lived particles
in an extremely low-background environment.

To be published
June 2018

Letter of Intent
We are undertaking design and simulation studies with
the aim of preparing a Letter of Intent (LOI) to be ready
in late July 2018. Furthermore, we will be working with
the Physics Beyond Colliders (PBC) CERN
Working Group (http://pbc.web.cern.ch/) to evaluate
the physics reach for low-mass LLP models in
comparison with SHiP, as well as other external LHC
detector proposals like Codex-b, FASER and milliQan.
This PBC report will be released in late 2018.

Demonstrating proof-of-concept: MATHUSLA test-stand
59 scintillators borrowed from D0 experiment used to form top and
bottom layers of structure: used for triggering
12 RPCs borrowed from ARGO experiment used to form middle 3
layers with 4 RPCs per layer, 10 pads per RPC, and 8 strips per pad:
used for tracking
4 triggers:
Upwards going particle
Downwards going particle
Prescaled signal from top layer
Prescaled signal from bottom layer
Signal from top (bottom) layer is logical OR of all scintillators in top
(bottom) layer
Tests performed with cosmic rays at P1 and the H8 beamline

Size 2.5 m x 2.5 m x 6.5 m
DAQ includes:
TDC and ADC information
for scintillators
TDC and pad/strip ID for
RPCs
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Scintillator timing calibration performed
by plotting timing difference distribution
between a top (bottom) reference
scintillator and all bottom (top)
scintillators, with distance corrections and
finding deviation of peak from zero
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Performance and Data Analysis

Simulation
Ongoing work on simulating signal and
background for MATHUSLA
• MadGraph/Pythia for generating signal
events and incoming muons from LHC
collisions
• GENIE for simulating neutrino scattering
• CORSIKA for cosmic ray simulation
• Simulating detector response in Geant4

Particles originating from IP travel
through O(100 m) of rock (CaCO3,
Clay, Quartz) to surface detector

Optimal RPC voltage settings found by scanning high voltage from 9.4 kV to
10 kV and low voltage (voltage of discriminator on pads) from 2.8 V to 3.4
V, then finding the plateau in hits per run (excluding noise) and average
number of hits per event

Figure 1 shows a track
for a downwardstraveling particle with
hits in 4 RPC layers

Figure 1: Preliminary tracking in the RPC layers
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