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MOTIVATION

WHY BUILD A NEW DETECTOR?
Higgs discovery completes standard model, but open questions
remain.

So far, no signs of new physics. This is an attempt to help maximize
the physics reach of ATLAS in the arena of new physics.
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THE ADAM DETECTOR

Two scintillating panels (green), the top A layer would rest on the

ceiling of the ATLAS cavern, while the bottom B layer would straddle

the existing ATLAS infrastructure. This would allow us to resolve

upward vs downward travelling particles. 3
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ATLAS UX15 CAVERN

Schematic drawing of ATLAS and the UX15 Cavern. There is
approximately 10m of space above ATLAS. 4
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ATLAS UX15 CAVERN
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ATLAS - A TOP VIEW
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This picture shows of the top of ATLAS, red highlighted areas show
candidate zones for scintillating panels.
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THE ADAM DETECTOR - AN INDIVIDUAL CELL

CAD drawing of an individual scintillating unit. This unit is designed to
make a spatial measurements of a muon track and determine
whether it is upward or downward moving.
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THE ADAM DETECTOR - XY CHANNEL PATTERN

Close up of the X-Y patterned wavelength shifting fibres, which will
have a 1-5cm pitch and will be read out by silicon photomultipliers.
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THE ADAM DETECTOR - CLOSE UP

2 fibres are highlighted in blue to illustrate the fibres resting in
channels cut in the top and bottom of the scintillator panel. 10
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THE ADAM DETECTOR - AN ARRAY OF CELLS
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CAD Drawing of multiple cells joined forming a main detector panel.
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EXAMPLE PHYSICS USE CASES
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A diagram of potential new physics signatures [Credit: H Russell].
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DECAYS IN FLIGHT

A neutral particle (black) traverses ATLAS and the lower layer of

ADAM undetected, the decay products (red) then interact with the top
layer. The lower layer is used as a veto against charged particles

from the IP. 12
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Decays in Flight
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POSSIBLE SCENARIOS

Several BSM models
allow very long lived
neutral particles with
ct > 10m. For example:

* Supersymmetry -
Neutralino NLSP x9

» Dark sector B decays -
B = X — Xup

References:

J. High Energ. Phys. 2010, 67
(2010)

Phys. Rev. D 97, 015023, (2018)
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VERY LONG LIVED PARTICLES

Very long lived trapped charged particles that are stopped inside the
ATLAS detector (calorimetry), and then at some later time decay
(red/purple). 14
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TRAPPED LONG LIVED PARTICLES

POSSIBLE SCENARIOS

MSSM models can allow for very long lived particles, that range up
to over 10 years [1]. For example massive, ionizing, charged
sleptons which would come to rest and wait to decay.

Similarly, other SUSY models predict heavy gluinos or squarks that
hadronize to form R-Hadrons which could exhibit the same
behaviour [2].

ADAM could be used to detect the decay and measure the lifetime
of very long lived exotics while the LHC beam is off (during year end
shutdown and technical stops)

References:
[1] J. High Energ. Phys. 2015, 1-24 (2015)

[2] Phys. Rev. D, 88, 112003 (2013)
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Cosmic MuLTI-MUONS

UX15 = 35000 m”

Cosmic ray muons penetrate the ATLAS overburden and can enter
the detector.
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Ccosmic MuLTI-MUONS

ADAM can be used with ATLAS to study multi-muon events (muon
bundles).
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ATLAS AS cOMIC MUON
DETECTOR

High energy cosmic muons
penetrate the earth far
enough to reach ATLAS.

We are investigating the use
of ADAM together with
ATLAS to study cosmic
muons, at intermediate
depth.

This arrangement could be
used to study the
composition of the cosmic
ray spectrum at the "knee".
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A SIMILAR COSMIC MUON DETECTOR - ACORDE

The ACORDE detector is a scintillating cosmic muon detector

designed to study multi-muon events, but has a significantly smaller

area of muon chambers than the ADAM-ATLAS detector would.

ACORDE is placed above the ALICE magnet. 19
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GEOMODEL

GeoModelExplorer
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GeoModelExplorer: visualization software for GDML or SQlite
geometry files. Based on Athena software but has been ported out
and is "detector agnostic." (https://geomodel.web.cern.ch/home/) 20
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FULLSIMLIGHT

FullsimLight-Gur XX
Fie

Main Generator | MagneticField | Regions Sensitive Detectors | User Actions

Gaui Commands - Control | Event | Run | Tracking

Geometry input i AS-R3S-202 db Verbosity o Zle Ho Tl

Physics List Name  FTFP_BERT +
Number of Threads 16 g
Number of Events 10 B
4+ MAGNETIC FIELD SET FROM PLUGIN *++

HELLO fron Atlas Magnetic Field Plug

Wagnecic field nap file i sscii, WELL open /hane/nik/Geohodel/nstall/share/ FullSinLight/ATLAS bragatlas 08 fullAsyn20400.data
Inportcurrents() .

Initiglizing the field map (solenoidcurrent=7730 toroidCurrent=20400)

mapFile::: /home/mik/Geokodel/install/share/FullsinLight/ATLAS/bnagatas 09 fullAsyn2040.data

Reading field map fron /hone/njk/GeoModel/install/share/FullsinLight/ATLAS/bmagatlas_09_fullAsyn20400.data
Reading the map

Initialized the field map from /install/share/FullsinLight/ATLAS/bnagatlas_89_fullAsyn20400.data
Currents inported and map initialized successfully!
AtLasFioldsue: inakeField with m nagFieldsve ox5620de106740

New instance of AtlasField, setting m_magFieldsvc AtlasField: 6x562b4106740 to 0x562b4e106740
SODOBYE fron Atlas Hagnetic Field Plugin
Deltastep

hInelastic FTFP BERT : threshold between BERT and FTFP is over the interval
for pions : 3 to 6 GeV
for kaons : 3 to 6 GeV
for proton : 3 to 6 GV
for neutron : 3 to 6 GeV.

### Adding tracking cuts for neutron TimeCut(ns)= 10000 KinEnergyCut (eV)= 0

Clear | [save Configuration View Configuration

An image of the FullSimLight GUI. FullSimLight reads GDML or .db format geometry
files and imports the geometry to GEANT4. FSL can transport events from Pythia
directly and from HEPMC files. 21
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CONCLUSION

WE HOPE TO INVESTIGATE ADAM’S ABILITY TO EXPAND THE
PHYSICS REACH OF ATLAS
» 10m decay volume above ATLAS for neutral LLP decays
» Beam off detector for trapped, charged, VLLP decay detection
* Possibility to study cosmic muons? Muon bundles?
* Highly cost effective technology
* Investigate the use of timing

22
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