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2

→ s = 29 − 100 GeV (  GeV upgradable)140

• Based on RHIC: 

• use exiting hadron storage ring


     energy: 41, 100–275 GeV

• add electron storage ring in RHIC tunnel


     energy: 5–10 GeV 

~ 70% polarisation

 ⃗e + ⃗p↑, ⃗He
↑

•  

• ℒ = 1033−34 cm−2 s−1

↔ ℒint = 10 − 100 fb−1/year

+ heavier, unpolarised ions, up to Uranium

Future: the electron-ion collider (EIC)
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2

→ s = 29 − 100 GeV (  GeV upgradable)140

• Based on RHIC: 

• use exiting hadron storage ring


     energy: 41, 100–275 GeV

• add electron storage ring in RHIC tunnel


     energy: 5–10 GeV 

~ 70% polarisation

 ⃗e + ⃗p↑, ⃗He
↑

•  

• ℒ = 1033−34 cm−2 s−1

↔ ℒint = 10 − 100 fb−1/year

+ heavier, unpolarised ions, up to Uranium

IP8

IP6

Future: the electron-ion collider (EIC)
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Luminosity and centre-of-mass energy: ep collisions

7

o 5 − 7 collisions luminosity vs center-of-mass energy
• achieves expected physics needs 

o 5 − : collisions luminosity is similar within a factor of ~2 to 3

The EIC Luminosity

Luminosity for eA similar within factor 2–3 4



The electron-proton/ion collider (ePIC) detector
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The electron-proton/ion collider (ePIC) detector

h e

9.5 m

5.3 m

hermetic coverage:

0o

 ≤ϕ≤360o
  


2o
 ≤θ≤178o

  ⟺ -4<η<4

e newly created 

particles

• Tracking 
• PID 
• Electromagnetic            

calorimeter 
• Hadronic                        

calorimeter
1.7 T magnet
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The electron-proton/ion collider (ePIC) detector

h e

9.5 m

5.3 m

hermetic coverage:

0o

 ≤ϕ≤360o
  


2o
 ≤θ≤178o

  ⟺ -4<η<4

e newly created 

particles

+ far backward

+ far forward

Data acquisition:

  no trigger

  all collision data is digitised 

  with strong zero-suppression at front-end electronics5



h e

Tracking system

1.7 T magnet
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Tracking system

10
M. Posik,  EINN Oct. 31st –Nov. 4th  , 2023, Paphos

ePIC Central Tracking Layout Overview

q ePIC tracking system is a hybrid of silicon and gaseous 
technologies

q MAPS Layers
§ Make up inner tracking volume
§ Highly granular and low mass layers to provide 

excellent momentum resolution and precision 
pointing resolution

q MPGD Layers
§ Large area detectors are instrumented in the outer 

tracking volume
§ Provide timing and pattern recognition
§ Planar detectors can provide impact point and 

direction for PID seeding

q AC-LGAD
§ Fast detector to provide low momentum PID.
§ Can provide an additional space point for pattern 

recognition/redundancy
microMegas

μRWELL
1.7 T magnet

• Monolithic Active Pixel Sensor (MAPS) Silicon vertex 
tracker 

• 3-layer inner barrel (IB) and 2-layer outer barrel (OB)

• IB X/X0  : 0.05%/layer 


OB X/X0 : 0.25%+0.55%

• End-cap disks: 5 electron and 5 hadron side

• X/X0: 0.25% per layer


• 20 m pitch

• Small material budget, with carbon-based structure

• Room temperature operation, with air cooling

μ

D

• Micro-pattern gaseous detectors: μRWELL and 
microMegas

• timing resolution: 10–20 ns 

• additional space-point for track reconstruction

D
• AC-LGAD based TOF:                             

• PID & additional tracking point

• 20-35 ps time resolution for ToF

7



Tracking resolution
ForwardCentralBackward

SVT tracking performance

23 July 2026 ePIC SVT - VERTEX 2026 - laura.gonella@cern.ch 5

Requirements on relative momentum resolution

• Met in the central region and mid-pseudo 
rapidity

• Fair agreement at large eta

• Challenging at very large eta (especially lepton 
endcap)

Requirements on pointing resolution

• Met in the central region and mid-pseudo 
rapidity

• Good agreement at large eta

• Fair agreement at very large eta 

Single pions (0.5–15 GeV) generated at the nominal collision vertex and propagated 
through a preliminary detector design (geometry, material, and point resolutions), and 
processing recorded detector hits using the ACTS combinatorial Kalman filter
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Tracking resolution

complemented with 

electromagnetic calorimeter

ForwardCentralBackward

SVT tracking performance
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Particle identification

1.7 T magnet

9



Particle identification

detectors based on  
Cherenkov radiation          
for 1 GeV/c<p<50 GeV/c


3DUWLFOH�LGHQWLILFDWLRQ�a�SDUWLFOH�YHORFLW\

�

SDUWLFOH�YHORFLW\���PRPHQWXP��IURP�WUDFNLQJ��RU�HQHUJ\��IURP�FDOR�� �3,'

Ɣ YHORFLW\�PHDVXUHPHQW�\LHOGV�PDVV
ż S� �P�ȕȖ
ż (� �P�Ȗ

Ɣ GLUHFW�YHORFLW\�PHDVXUHPHQW
ż WLPH�RI�IOLJKW

Ŷ UHFRUG�WLPH�VLJQDO�DW�PXOWLSOH�ORFDWLRQV��ǻW� �WVWRS���WVWDUW
Ŷ PHDVXUH�WUDMHFWRU\�OHQJWK�DQG�FDOFXODWH��ȕF� �/���ǻW

Ɣ YHORFLW\�GHSHQGHQW�LQWHUDFWLRQV
ż VSHFLILF�HQHUJ\�ORVV
ż &KHUHQNRY�UDGLDWLRQ

Ŷ ș&�PHDVXUHG�ZUW��WUDFN�GLUHFWLRQ
Ŷ SHUIRUPDQFH�DOVR�GHSHQGV�RQ�WUDFNLQJ

Ɣ RWKHU�WHFKQLTXHV�IRU�H�,'
ż %UHKPVVWUDOXQJ
ż WUDQVLWLRQ�UDGLDWLRQ
ż FDORULPHWU\��(���S θc

θc

cos θc ∝
1
v

1.7 T magnet
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Particle identification

detectors based on  
Cherenkov radiation          
for 1 GeV/c<p<50 GeV/c
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Ɣ RWKHU�WHFKQLTXHV�IRU�H�,'
ż %UHKPVVWUDOXQJ
ż WUDQVLWLRQ�UDGLDWLRQ
ż FDORULPHWU\��(���S θc
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cos θc ∝
1
v

AC-LGAD based TOF, for p < 0.5 – 3 GeV/c 

v =
L

tstop − tstart
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๏ π/K/p  of 3σ separation up 
to 7 GeV/c 
๏ Utilizes long proximity gap 
(~30 cm) with 1.04 refractive 
index aerogel 
๏ High-Rate Picosecond 
Photon Detectors (HRPPD) 
as photosensor with single 
photon timing resolution of 
~30-40 ps      

Backward RICH (pfRICH) Barrel DIRC (hpDIRC)

๏ π/K/p of 3σ separation up to 
6 GeV/c 
๏ Quartz bars as radiators 
๏ Saphire lens as focusing 
optics 
๏ Compact Solid fused silica 
prism as expansion volume 
๏ MCP-PMT as photosensors. 

Barrel TOF

๏  π/K of 3σ 
separation 
between 0.2-1.2 
GeV/c  
๏ AC-LGAD strip 
sensors with timing 
resolution of ~ 35 
ps. 

๏ π/K of 3σ separation  
between 3 and 50 GeV/
c.  ๏ Aerogel (n = 1.026) and 
C2F6  gas as two 
different radiators. ๏ Focusing mirror ๏ SiPM as Photosensors

๏  π/K of 3σ 
separation between 
0.2 to 2.3 GeV 
๏ AC-LGAD pixel 
sensors with timing 
resolution of ~ 20 
ps 

Forward TOF Forward RICH

Particle Identification at ePIC
dual RICH

• radiators: C2F6 gas and aerogel

• SiPMs as photosensors
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Figure 8.64: simulation of 1/b as a function of particle momentum for BTOF and FTOF
performance.

sensor and ASIC. Some sensor characteristics can be estimated based on accumulated knowledge,3032

which might allow certain designs to be completed simultaneously.3033

The second full-size sensor prototype will be the last, but we will make another prototype as a3034

backup and make final adjustments for mass production. Depending on the budget, additional3035

sensor and ASIC prototypes may be ordered.3036

During the development phase, assembly was carried out as soon as the other components became3037

available. However, there will be a time lag between the arrival of components and the start of as-3038

sembly in the preproduction and production phases. This is because additional time is required for3039

quality assurance (QA) and quality control (QC) procedures before the components can be shipped3040

to the dedicated assembly sites. As a result, the preproduction and production phases will begin3041

two months later than other phases.3042

particle identification Figure 8.64 shows an example of a single-particle response simulation of3043

1/b as a function of particle momentum for BTOF and FTOF performance.3044

8.3.4.2 The proximity focusing RICH3045

Requirements3046

Requirements from physics: Particle identification capabilities in the electron going endcap3047

region of the ePIC detector (�3.5  h  �1.5) will be provided by a proximity focusing ring3048

imaging Cherenkov detector (pfRICH). Driven primarily by the requirements from SIDIS measure-3049

ments, the pfRICH will need to provide 3s separation or better between pions, kaons, and protons3050

for momenta p < 7 GeV/c. The pfRICH will also play a critical role in electron-hadron separation3051

for momenta below roughly 3 GeV/c, where hadron distributions are at their maximum and the3052
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Figure 8.48: Geometries of BTOF with strip sensors and FTOF with pixel sensors.

range in a nearly 4p acceptance, which is crucial to achieving the goals of the EIC physics program.2502

Besides precise timing resolution, AC-LGAD sensors can also provide precise spatial resolution,2503

thus aiding track reconstruction and momentum determination. The timing and spatial resolu-2504

tion requirements and the material budget requirements are evaluated in the ePIC MC simulation2505

framework to find the optimal configuration. The BTOF and FTOF layouts are shown in Fig. 8.48.2506

Table 8.16 summarizes the current specifications of the timing and spatial resolutions, material2507

budgets, spatial coverage, channel counts, and dimensions. Figure 8.49 shows the performance of2508

the TOF detector in the form of 1/b as a function of particle momentum p for ep DIS events from2509

PYTHIA+GEANT4 simulation. The TOF detector, combined with the other ePIC PID detectors, is2510

crucial to demonstrate that ePIC’s PID performance can meet the requirements.2511

Subsystem Area
(m2)

dimension
(mm2)

channel
count

timing
st (ps)

spatial
sx (µm)

material
budget
(X/X0)

Barrel TOF 12 0.5*10 2.4M 35 30 (r · f) 3%
Forward TOF 1.1 0.5*0.5 3.2M 25 30 (x, y) 5%

Table 8.16: Required performance for physics and proposed configurations for the TOF de-
tector system. The Barrel TOF consists of strip sensors with a pitch of 0.5 mm in the az-
imuthal direction and a length of 1 cm along the beam direction, while the Forward TOF
consists of pixel sensors with a pitch of 0.5 mm.

Requirements from Radiation Hardness: The radiation fluence and dose at ePIC are signifi-2512

cantly less than in the LHC experiments. The maximum fluence foreseen for the lifetime of the TOF2513

detectors will be < 5 ⇥ 1012 neq/cm2, as seen in Fig. 8.50 and Tab. 8.17. Here, the highest fluence2514

between raw and 1 MeV neq/cm2 fluence was considered, as the standard NIEL correction is not2515

30 µm space resolution

25-35 ps time resolution

Time of flight

11
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Detector	Requirement	@	EIC	
• ~4π	hermetic	(wide	kinematic	coverage)	
• Good	momentum	resolution	
• Excellent	to	good	energy	resolution	
• Excellent	PID	for	π/K/p	separation	over	

a	wide	momentum	range	
• Excellent	PID	for	e-hadron	separation

Hybrid	Detector	System	@IP6	(ePIC)	
• Compact	(~9	m)	cylindrical	barrel	detector	

• 26	sub-systems	over	 	40	m	
• ~	2T	superconducting	magnet	
• High-precision	tracking	system	(Si,	MPGD)	
• EM	Calorimeters	(forward/backward)	
• Hadron	Calorimeters	(Forward/Barrel)	
• Extended	far-forward,	backward	detectors	
• PID	detectors:		
✴ dRICH,	pfRICH,	TOF,	hpDIRC

±
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Relative	yield	of	hadrons

ePIC:	Large	(&	growing)	collaboration
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• Backward EMCAL:                                        
high-precision PbWO4 + Si sensors


• Barrel EMCAL: 

3D imaging with MAPS and sampling Pb/
scintillating fibres with Si sensors


• Forward EMCAL:

finely segmented W powder/scintillating fibres
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   steel/scintillator sandwich as tail catcher

• Barrel HCAL:                                                  

steel/scintillator sandwich: detection of neutrals 

• Backward HCAL: 

   steel/scintillator sandwich as tail catcher

• Barrel HCAL:                                                      

steel/scintillator sandwich: detection of neutrals

• Forward HCAL:                                                 

steel/scintillator sandwich longitudinally 
segmented, high granularity: good E resolution
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B0 system: trackers+electromagnetic 

calorimeters inside magnetic field

to detect protons and photons 

The electron-proton/ion collider (ePIC) detector
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e newly created 
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+ far backward
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Data acquisition:

  no trigger

  all collision data is digitised 

  with strong zero-suppression at front-end electronics
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• Hadronic                        
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Far backward/forward systems

15



ePIC Far-Forward/Far-Backward Detectors

31

p/A beam

e beam

Low-Q2 taggers: 

detect the lepton scattered 

under very small angles

Luminosity monitor

required absolute precision: 1% 

required relative precision: 0.01%

B0 system: trackers+electromagnetic 

calorimeters inside magnetic field

to detect protons and photons 

The electron-proton/ion collider (ePIC) detector

h e

27

9.5 m

5.3 m

hermetic coverage:

0o

 ≤ϕ≤360o
  


2o
 ≤θ≤178o

  ⟺ -4<η<4

e newly created 

particles

+ far backward

+ far forward

Data acquisition:

  no trigger

  all collision data is digitised 

  with strong zero-suppression at front-end electronics

• Tracking 
• PID 
• Electromagnetic            

calorimeter 
• Hadronic                        

calorimeter
1.7 T magnet

See talk from S. Kay on 
Tuesday at 3:40 PM

See talk from A. Jentsch 
on Tuesday at 4:05 PM

The electron-proton/ion collider (ePIC) detector

h e

27

9.5 m

5.3 m

hermetic coverage:

0o

 ≤ϕ≤360o
  


2o
 ≤θ≤178o

  ⟺ -4<η<4

e newly created 

particles

+ far backward

+ far forward

Data acquisition:

  no trigger

  all collision data is digitised 

  with strong zero-suppression at front-end electronics

• Tracking 
• PID 
• Electromagnetic            

calorimeter 
• Hadronic                        

calorimeter
1.7 T magnet

See talk from S. Kay on 
Tuesday at 3:40 PM

See talk from A. Jentsch 
on Tuesday at 4:05 PM

The electron-proton/ion collider (ePIC) detector

h e

27

9.5 m

5.3 m

hermetic coverage:

0o

 ≤ϕ≤360o
  


2o
 ≤θ≤178o

  ⟺ -4<η<4

e newly created 

particles

+ far backward

+ far forward

Data acquisition:

  no trigger

  all collision data is digitised 

  with strong zero-suppression at front-end electronics

• Tracking 
• PID 
• Electromagnetic            

calorimeter 
• Hadronic                        

calorimeter
1.7 T magnet

See talk from S. Kay on 
Tuesday at 3:40 PM

See talk from A. Jentsch 
on Tuesday at 4:05 PM

Roman pots and off-momentum detectors: 

reconstruct far-forward protons 

(and other charged particles+light ions)

Far backward/forward systems

15



ePIC Far-Forward/Far-Backward Detectors

31

p/A beam

e beam

Low-Q2 taggers: 

detect the lepton scattered 

under very small angles

Luminosity monitor

required absolute precision: 1% 

required relative precision: 0.01%

B0 system: trackers+electromagnetic 

calorimeters inside magnetic field

to detect protons and photons 

The electron-proton/ion collider (ePIC) detector

h e

27

9.5 m

5.3 m

hermetic coverage:

0o

 ≤ϕ≤360o
  


2o
 ≤θ≤178o

  ⟺ -4<η<4

e newly created 

particles

+ far backward

+ far forward

Data acquisition:

  no trigger

  all collision data is digitised 

  with strong zero-suppression at front-end electronics

• Tracking 
• PID 
• Electromagnetic            

calorimeter 
• Hadronic                        

calorimeter
1.7 T magnet

See talk from S. Kay on 
Tuesday at 3:40 PM

See talk from A. Jentsch 
on Tuesday at 4:05 PM

The electron-proton/ion collider (ePIC) detector

h e

27

9.5 m

5.3 m

hermetic coverage:

0o

 ≤ϕ≤360o
  


2o
 ≤θ≤178o

  ⟺ -4<η<4

e newly created 

particles

+ far backward

+ far forward

Data acquisition:

  no trigger

  all collision data is digitised 

  with strong zero-suppression at front-end electronics

• Tracking 
• PID 
• Electromagnetic            

calorimeter 
• Hadronic                        

calorimeter
1.7 T magnet

See talk from S. Kay on 
Tuesday at 3:40 PM

See talk from A. Jentsch 
on Tuesday at 4:05 PM

The electron-proton/ion collider (ePIC) detector

h e

27

9.5 m

5.3 m

hermetic coverage:

0o

 ≤ϕ≤360o
  


2o
 ≤θ≤178o

  ⟺ -4<η<4

e newly created 

particles

+ far backward

+ far forward

Data acquisition:

  no trigger

  all collision data is digitised 

  with strong zero-suppression at front-end electronics

• Tracking 
• PID 
• Electromagnetic            

calorimeter 
• Hadronic                        

calorimeter
1.7 T magnet

See talk from S. Kay on 
Tuesday at 3:40 PM

See talk from A. Jentsch 
on Tuesday at 4:05 PM

Roman pots and off-momentum detectors: 

reconstruct far-forward protons 

(and other charged particles+light ions)

The electron-proton/ion collider (ePIC) detector

h e

27

9.5 m

5.3 m

hermetic coverage:

0o

 ≤ϕ≤360o
  


2o
 ≤θ≤178o

  ⟺ -4<η<4

e newly created 

particles

+ far backward

+ far forward

Data acquisition:

  no trigger

  all collision data is digitised 

  with strong zero-suppression at front-end electronics

• Tracking 
• PID 
• Electromagnetic            

calorimeter 
• Hadronic                        

calorimeter
1.7 T magnet

See talk from S. Kay on 
Tuesday at 3:40 PM

See talk from A. Jentsch 
on Tuesday at 4:05 PM

Zero-degree calorimeters: 
detection of neutrons and  
photons

Far backward/forward systems
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Test-beam measurements
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The LFHCal is real!
Outlook
• Next steps: finish processing 2025 & 2026 test beam data, calculate energy resolution
• Final ePIC design review: September 2026
• Currently have ~340k SiPMs, will receive 650 8M modules starting end of 2026

 “The steel is real” –Oskar Hartbrich

2026 TB (SPS)

Tile assembly

Loading 8M 
modules

Building
a dark box

2026 TB (PS)

Tile QA at MSU

2023 TB (PS)

2025 TB

Forward HCAL

μRWELL-ECT ETAs
2025 CERN

TB (Glasgow)Low-Q2

Low-Q2 Tagger

Testbeams campaigns, R&D for Tracking detectors
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RWell BOT

SVT Inner Barrel
MicroMega ETAs 
(CEA) at CERN 

Test Beam Nov 2025

μRWELL-ECT ETAs (INFN) 
at CERN Test Beam 11/25

microMegas

r2025 CERN

Testbeams TOF detectors

• DESY, Germany (Dec. 15–21, 2025)
• Electron beam (up to 5.6 GeV)
• Position resolution measurement using the DESY telescope

• KEK PF-AR, Japan (Feb. 19–25, 2026)
• Electron beam (below 5 GeV)
• Timing resolution measurement using a reference timing detector

• RARiS, Tohoku University, Japan (Mar. 3–6, 2026)
• 1 GeV electron beam
• Timing resolution measurement using a reference timing detector
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-1.33<η<1.74

DESY campaign R.Seidl: EIC
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2025 DESY

2026 KEK

Optical test of 
refurbished DIRC

JLab

UCR

ZDC



Summary and outlook

• EIC with ePIC will address various open and key aspects of QCD via 


• high luminosity


• collisions of polarised electron and polarised proton/large variety of unpolarised ions


• Fully-instrumented detecrtor


• Efforts started 20 years ago, with continuously increasing activity


• Over the next decade building and commissioning of ePIC: very exciting times ahead!


