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big credits to many EIC/ATHENA colleagues to build this presentation: S. Dalla Torre, E. Aschenauer, R. Preghenella, D. Elia, Y.
Furletova, V. Berndikov, M. Contalbrigo, L. Gonnella, T. Hemmick, ..

greatly indebted to the whole ATHENA (proto)-Collaboration



Outline
• a little bit of EIC generalities & physics with some emphasis on 

detector requirements

• ATHENA "status"

• where we are in the process toward a real experiment

• who we are: the (proto)-collaboration

• our design choices

• an overview of main sub-systems in ATHENA

"Link effort" through this presentation: not a comprehensive, but  it offers many links to people interested!

To start with, check last EICUG meeting (August 2021): 

https://indico.bnl.gov/event/11463/
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EIC: an Electron-Ion collider at BNL
Evolution of RHIC (pp/pA/AA) facility at BNL à electron ring (Ee = 5-18 GeV)

A high luminosity (1033 – 1034 cm-2s-1) polarized electron proton / ion collider 
with √sep = 28 – 140 GeV

EIC key points 

with respect to HERA:
• luminosity x 100 to 1000 higher 
• both (p, d, 3He) and e polarized 
• nuclear beams (d to U)

with respect to fixed target facilities
• more than 2 decades increase in kinematic coverage in x and Q2

IP6

IP8

Currently DOE supports EIC project for one detector and one IR, but 
the facility might support two detectors/IRs (IP6/IP8)
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EIC: physics reach & machine parameters
Machine Conceptual Design Report: 
https://www.bnl.gov/ec/files/EIC_CDR_Final.pdf

Params at maximum lumi

Hadron Storage Ring: 40 – 275 GeV
Electron Storage Ring: 5 – 18 GeV
25 mrad Crossing Angle

If DIS is a pair of glasses to look inside the nucleon,
EIC is definetely a new pair of glasses!
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Why new glasses? 

Hydrogen
Oxygen

Water

Proton
Neutron

Helium

d quark
u quark

Higgs mechanism:
Mass ≈ 1.78x10-26 g

QCD dynamics makes 99% of proton mass!
Mass ≈ 168x10-26 g

proton
(and baryonic matter... is just
5% of the Universe....)

The way matter sums up is still quite a mistery!
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And for spin too...

quark and gluon spin orbital angular momentum

• since late '80s we know DS is not the dominant term
• only 25% comes from quarks/anti-quarks – gluon contr. at 30%
• big uncertainties! à no data on DS and DG for x< 5 x 10-3

EIC will offer polarized beams in a largely unexplored x-Q2

region!

• the spin is the interplay between parton 
intrinsic properties & their interactions

• it is a dynamic not a static property!

EIC can really resolve the spin components of the nucleon

(space left for OAM!)
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EIC physics: a machine to study the nucleon "glue"
• How do the nucleonic properties such as mass and spin emerge from partons and their 

underlying interactions? 
• How are partons inside the nucleon distributed in both momentum and position space? 
• How do color-charged quarks and gluons, and jets, interact with a nuclear medium? 
• How do the confined hadronic states emerge from these quarks and gluons? 
• How do the nuclear binding emerge from quark-gluon interactions? 
• How does a dense nuclear environment affect the dynamics of quarks and gluons, their 

correlations, and their interactions? What happens to the gluon density in nuclei? Does it 
saturate at high energy, giving rise to gluonic matter or a gluonic phase with universal properties 
in all nuclei and even in nucleons? 
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DIS processes à physics

NC inclusive DIS
essential measurement: scattered electron

CC inclusive DIS
kinematics reconstructed via final state particles

Semi-Inclusive DIS
need to identify at least one hadron (+ HQ)

Exclusive DIS
full reconstruction à hermeticity

• detection of forward going proton scattered at small angle essential for several physics channel
(J/y – U photoprodution |t| dependence, generalized parton distribution functions)
• diffractive cross sections proportional to gluon density à nuclear dependency?

• di-hadron correlation for saturation studies
• transverse momentum distribution (TMD)

Deeply Virtual Compton Scattering (DVCS)
and Deeply Virtual Meson Scattering
à GPD 

Multi-dimensional imaging of the nucleon

EIC extra-bonus: DIS in nuclei
- nPDF modifications
- gluon saturation (and its scale 

dependency from A) [jets]
- hadronisation in cold nuclear matter
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Detector requirements (I)
EM calorimetry requirements

Excellent PID up to 50 GeV for p/K/p
in the forward region, up to 10 GeV in barrel region

• asymmetric beams à asymmetric detector
• hermetic detector
• moderate radiation hardness (w.r.t. to LHC)
• rapidity coverage for electrons and jets |h|<4
• large acceptance for diffraction

forwardbackward

backward

central

critical for low x measurement à PDF mapping à spin

critical for SIDIS measurement à transverse 
momentum distribution à 3D-imaging 

momentum resolution:
central  

All this quantified by the community in the Yellow Report
effort during 2020 (a collective pandemic remote effort)

!

!

good hadronic resolution in the forward region 

!
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A baseline detector for EIC (as per Yellow Report)

https://arxiv.org/abs/2103.05419

hadronic calorimeters

e/m calorimeters

PID: Tof, RICH and DIRC detectors

silicon tracker

MPG tracker

Note need of larger acceptance for diffraction,
neutron tagging for nuclear breakup, forward 
proton measurement at small angles:
ZDC, Roman-Pots, low-Q2 tagger

magnet
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Detector requirements (II)

https://arxiv.org/abs/2103.05419

-
Following release of Yellow Report, issued a call for detector proposals
https://www.bnl.gov/eic/CFC.php

deadline 1st/December/2021
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EIC timeline and experiment selection

1/Dec/2021: Detector proposals
(proto-collaborations)

• 1/Mar/2022 report from Advisory Panel
• we expect Jan-Jun 2022 intense period 

toward detector & final collaborations 
definition! 
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ATHENA status: when all started...

key points from the beginning:
- 3T magnet
- @IP6
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ATHENA key points
• We want to cover the whole EIC physics program

• Build a proposal inspired by YR and CDR: use YR 
studies as starting point (and evaluate variants to 
"baseline detector" if useful/possible)

• Design the detector with a new 3 T solenoid magnet 
to better exploit EIC potential

• IP6 choice due to the advantages of the larger 
experimental hall
• new solenoid with large bore diameter maximise IP6 potentialities
• in July it was confirmed IP6 has 0.5 m extra space (very useful for 

forward region!)
• New detector components to exploit state-of-the art 

technology
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and ATHENA challenges (partly common to many proto-collaborations)

• No solenoid specifications fixed à we contribute to its design (but it takes 
time and additional resources)
• Choice of promoting new future-oriented simulation and reconstruction 

framework (investment for the Technical Design phase)
• Several technologies options proposed for different sub-systems in the YR 
à a selection will be needed
• Build the community 

(currently largely diversified!)
• https://athena-eic.org
• bi-weekly meetings (15 meetings so far)
• structure, charter, working groups etc.
under COVID-19 restrictions
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Toward detector design (and simulation effort)

YR baseline detector
ATHENA in DD4Hep

Integrated simulation tool selected within DD4hep framework
(full suite includes DD4hep (geom/G4 interface), Gaudi (data-
algorithm), ACTS (tracking/reco), Podio (output format)

joint effort with ECCE toward unified(= fast/full) Simulation Toolkit: eAST

https://dd4hep.web.cern.ch/dd4hep/

https://gaudi-framework.readthedocs.io/en/latest/index.html

https://acts.readthedocs.io/en/latest/#
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the choice and design of a 3T solenoid

• key gain on momentum resolution, as expected, and below PWG requirements
• low field devoted runs might be operated to collect low pT data
• a large bore diameter (1.6 m) for the 3T solenoid brings additional space for central detectors

Different field 
configuration being tested
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ATHENA tracking (I)
all-silicon hybrid

Same silicon and GEM technologies in both concepts, micromegas barrel layers in the hybrid concept; different layout 
configurations under test 

GEM GEM

Micromegas

Si barrel and disks

• ALICE ITS3-derived Silicon Vertex and Tracking detector:
10 um pixel pitch everywhere
0.05% X/X0 vertex layers à 2 (3) vertex layers for all-silicon (hybrid)
0.55% X/X0 barrel layers à 4 (2) barrel layers for all-silicon (hybrid)
0.24% X/X0 disks à 5 + 5 disks for both configuration

• micromegas (hybrid baseline):
ümicromegas barrel layers to complement silicon tracking at 
central rapidity
ü150 um both in z and rphi
ü0.4% X/X0 per layer à 6 barrel layers (hybrid)

more information: L. Gonnella https://indico.bnl.gov/event/11463/contributions/52587/attachments/36366/59762/20210804-ATHENA-tracking.pdf 18
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ATHENA tracking
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fallback solution on existing technology at 180 nm (ALICE ALPIDE)

resolutions & material budget evaluated for
different configurations

all-siliconL. Gonnella @ EICUG meeting



ATHENA calorimeters (I)

central detector: backward 

• ECAL: hybrid: lead tungstate crystal (PbWO4) insert and SciGlass outer ring

• HCAL: Iron/Scint sandwich + WLS fiber

central detector: forward 

• ECAL: W-powder/SciFi: very compact with good EM resolution (+ sPHENIX exp.)

• HCAL: Iron/Scint sandwich + WLS fiber

ongoing detector optimization (including total depth,  layer thickness and granularity) 
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• sensors: SiPM 
• production & cost
issue for PWO crystals

ATHENA calorimeters (II)
innovative ATHENA
design for EMCAL (central):

• Absorber(W)/ScFiber calorimeter in combination with a Si-based 
tracking calorimeter 

• Monolithic silicon sensor (AstroPix from NASA)
[https://arxiv.org/abs/2101.02665]

EMCAL backward

EMCAL barrel

Provide better e/π 
separation at low 
energy! 

LGAD to help PID
optimization on-going!
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ATHENA: PID (I)

additional LGAD-based TOF and/or cluster-counting dE/dx under discussion

dual-Radiator Ring Imaging Cherenkov (dRICH)

YR report baseline

mRICH

DIRC

dRICH
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ATHENA PID (II) & photosensors
the common challenges of photosensors' choice for PID detectors

MCP-PMTs: commercially available (Photonis/Planacom)
costs & sensitive to B-field

LAPPD: Argonne + Incom www.incomusa.com
R&D effort to evaluate B-sensitivity

SIPM: "mature" technology – no sensitive to B field
BUT: radiation hardness

single-photon detection for RICH

aerogel 

gas

dRICH effective solution (YR baseline) 
Radiators: aerogel, (n~1.02) and gas (nC2F6~1.0008)
Sensors outside acceptance
on-going careful geometry optimization
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ATHENA far-forward detectors

more: https://indico.bnl.gov/event/11463/contributions/52680/attachments/36353/59727/EICUG_ATHENA_FarForward_v4.pdf

B0: charged particle reconstruction and photon tagging. 
• Precise tracking -> need smaller pixels (20-50um) than for the RP
• Four tracking layers + silicon preshower with Pb converter for photon 

tagging. 

current design with AC-LGAD sensors
500 um square pixel / 30 ps timing
pot-less design

Based on ALICE FOCAL design
veto+PbW04 EMCAL
+ HCAL (PbSci)

Off-momentum protons have different magnetic rigidity
Two stations allows more protons to be tagged before going 
through beam pipe material. 
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Other sub-systems (not discussed here)
• far-backward detectors (luminometers, 

zerodegrees photon, low-Q2 tagging)
• polarimeters (joint EICUG effort)
• DAQ (triggerless streaming) in line with current 

trend (LHCb, ALICE, ...) and as per YR baseline à
evaluation of system needs (& cost) based on 
ATHENA detectors 

7/9/2021 / Sar WorS 2021 P. Antonioli  - ATHENA status 25



Summary & outlook
• ATHENA effort well on track through EIC timeline: from a baseline YR detector to an ATHENA-baseline
• building blocks: new 3T magnet with large bore diameter, state of the art detectors, modern software
• on-going MC production effort à performance evaluation during coming weeks!
• on-going progresses towards new magnet
• Starting from the YR with optimizations and novel elements 

• Full Si or hybrid tracking 
• A novel approach considered for Calorimetry in the barrel 
• Grid-pix miniTPC proposed for PID & tracking
• Important steps forward to establish SiPMs as sensors for Cherenkov imaging techniques 

• Large integration of activities within the whole EIC community  (Si consortium, Calorimeters, Far-fwd/far-bwd detectors, 
Polarimetry)

Sociological – scientific final comment:
• detector design / collaboration building is somehow a chaotic, lively and very 

intellectually stimulating environment in the life-cycle of an experiment 
à big opportunities

• COVID is making all this even more challenging, but what built in last two years (YR + 
proto-collaborations really remarkable!)

contact us if interested!

7/9/2021 / Sar WorS 2021 P. Antonioli  - ATHENA status 26



277/9/2021 / Sar WorS 2021 P. Antonioli  - ATHENA status


