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Introduction

This is a very quick overview (very limited time to prepare)

Based on ATHENA proposal and responses to DPAP questions
Used information from the proposal submitted here:
[https://indico.bnl.gov/event/13614/]

Intended as a reference for the discussion
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ATHENA detector overview
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ATHENA subdetectors
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Table 1.1: Complete list of ATHENA subsystems in the main detector ordered from small to large radii (barrel) and increasing distance from the
interaction point (forward and backward regions). The PID range in momentum is quoted for 3ff separation.

Detector Purpose Technology Acceptance PID Range (GeV/c)
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Si-Tracker Disks Tracking 6 disks of MAPS 1:1 < ” < 3:75

Tracking Rings (MPGD) Tracking Planar GEMs with annular shape surrounding
the Si-disks

1:1 < ” < 2:0

dRICH PID Dual RICH with aerogel and gas 1:2 < ” < 3:7 3 < p < 60 (K=ı)
0:85 < p < 15 (e=ı)

MPGD Layer Tracking Planar —RWell disk 1:4 < ” < 3:75

pECal e/m Calorimetry W-Powder/SciFi calorimeter 1:2 < ” < 4:0

pHCal Hadron Calorimetry Fe/Sci sandwich 1 < ” < 4:0

B
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Si Vertex-Tracker Tracking and Vertexing 3-layer MAPS −2:2 < ” < 2:2

Si Barrel-Tracker Tracking 2-layer MAPS −1:05 < ” < 1:05

bToF PID and Tracking AC-LGAD −1:05 < ” < 1:05
pT > 0:23 GeV/c @ 3T

p < 1:3 (K=ı)
p < 0:4 (e=ı)

Barrel Tracker (MPGD) Tracking 4 (2+2) layer cylindrical Micromegas −1:05 < ” < 1:05

hpDIRC PID DIRC with focusing elements and fine pixel
readout

−1:64 < ” < 1:25
pT > 0:45 GeV/c @ 3T

p < 6:5 (K=ı)
p < 1:2 (e=ı)

bECal e/m Calorimetry & Tracking Hybrid with Astropix imaging layers alternated
with Pb/SciFi layers followed by a set of
Pb/SciFi layers

−1:5 < ” < 1:2

bHCal Hadron Calorimetry Fe/Sci sandwich −1:0 < ” < 1:0
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Si-Tracker Disks Tracking 5 disks of MAPS −1:1 > ” > −3:8

Tracking Rings (MPGD) Tracking Planar GEMs with annular shape surrounding
the Si-disks

−1:1 > ” > −1:8

pfRICH PID Proximity focusing RICH with aerogel −1:5 > ” > −3:8 3 < p < 11 (K=ı)
0:85 < p < 3 (e=ı)

Inner nECal e/m Calorimetry PbWO4 −2:3 > ” > −4:0

Outer nECal e/m Calorimetry SciGlass −1:5 > ” > −2:3

nHCal Hadron Calorimetry Fe/Sci sandwich −1 > ” > −4
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Tracker

Silicon sensors:
3 vertex and 2 barrel layers
MAPS sensors similar to ALICE ITS3 upgrade

4 Micromegas barrel trackers

GEM disks: 5 e-going (backward) and 6 p-going (forward)

Large forward 𝜇RWell detector
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Tracker performance
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Tracker performance vs. requirements
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BTOF

AC-coupled LGAD (low-gain avalanche diodes) TOF
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hpDIRC

high performance DIRC (detection of internally reflected cherenkov light)
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Barrel E-M Calorimeter

Hybrid Pb/SciFi design and imaging with monolithic silicon sensors (AstroPix)
6 layers of silicon sensors
5 layers of Pb/SciFi (1.59 cm) + thick layer of Pb/SciFi

Outer layer causes 70% of neutrons to shower, which helps identify neutral
hadrons

Hybrid+imaging calorimeter allows use of machine learning techniques for patter
recognition of showers in 3D

Enables muon identification
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Barrel E-M Calorimeter performance
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Barrel E-M Calorimeter performance

25.4.2022 L. Kosarzewski FNSPE CTU Prague 13



Negative E-M calorimeter (nECal)

Located in the negative e-going (backward) direction

Inner part: PbWo4 crystals

Outer part: SciGlass
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dRICH (forward)

Dual-radiator RICH at forward rapidity (p-going)

Good e/𝜋 separation
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Muon detection - barrel

Information from Barrel E-M and hadronic calorimeters allows to separate 𝜇/𝜋

Muons with p > 1.5GeV/c reach BHCal

For p < 1.5GeV/c they curl inside BECal

Better performance if other PID detectors included
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Muon detection - barrel

𝜇 leave MIP signal in BECal

𝜇 selection:
MIP signal in BECal (95% efficiency)
hits in each BHCal layers
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Muon detection - barrel

𝜇 leave MIP signal in BECal

𝜇 selection:
MIP signal in BECal (95% efficiency)
hits in each BHCal layers
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Muon detection - barrel with ML

Muon identification using information from imaging layers and Pb/SciFi of BECal
and machine learning

4 parameters for each hit: 𝜂, 𝜑, E ,R
3 layers convolutional neural network and 3 layers perceptron
95% efficiency
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Muon detection - forward (hadron endcap)

Muon selection possible with pECal and pHCal information
MIP-like signal in pECal
Number of hits along the tracks consistent with no shower

90% efficiency, only few % pion contamination
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Quarkonium reconstruction

Upsilon states well separated in the dielectron channel

Low bremsstrahlung tails thanks to low-mass trackers and beampipe
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Near-threshold Upsilon production

Needs measurement of electron and/or proton momentum

Projections both for 10 fb−1 and 100 fb−1
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Summary

Good performance for Upsilon states separation

Muon detection possible with ECal+HCal
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BACKUP
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Magnet

superconducting magnet

3T solenoidal magnetic field

lower settings possible
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Kinematic coverage
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Kinematic coverage
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BECal performance
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