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Figure 8.45: The histogram shows the relative yield of charged hadrons from Pythia simu-
lations for 18 ⇥ 275 GeV ep collisions as a function of momenta and pseudorapidity, h. The
contours indicate the 3s separation region of the different ePIC PID subsystems for p/K (a),
K/p (b), and e/p (c), respectively.

• Additional low-momentum PID in the forward region is achieved by an AC-LGAD based2455

ToF that also provides an additional layer of tracking points.2456

• A large radius high-performance DIRC (hpDIRC) in the barrel, which adds focusing to the2457

original DIRC design.2458

• The hpDIRC is complemented by an AC-LGAD ToF detector at smaller radius. The AC-2459

LGAD layer provides PID information for low momentum particles that do not reach the2460

hpDIRC or are too slow to leave Cherenkov signal in it.2461

PID:  
Cherenkov based detector systems 
(Incremental Preliminary Design and Safety Review in April -2025)

AC-LGAD based ToF detector systems
+

Caution 
Few Minor details might be updated



Recall the Requirements

The YR asks for 3  separation of  in 

• backward (e-going):  10 GeV/c 

• barrel/mid-rapidity:  6 GeV/c 

• forward (p/A-going): 50 GeV/c
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Note that there was a shortcoming
in not discussing the low-  requirement.
This is still under discussion.
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Reflection on a Definition
Say we look at the  separation power. We typically think of 
this in terms of . But how is this defined? 

• Many use the difference between the two Gaussians, 
divided by the average Gaussian  to define the separation 
power
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• However 
‣ this  is not the quantity people are used to in 

statistics.  The true  is  always smaller than the  
obtained from the definition we are using. This way 
one is overselling the performance. In short when we 
say , this is not the 99.73% one is used to. 

‣ Difference , so  is really ~  or 95.45% 
‣ OK in most cased since PID systems are too 

complex to be reflected by just one number.
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Backward Region: pfRICH
• After several iterations the solution is a proximity focusing RICH detector (aka pfRICH) 
• Basic idea 
‣ no mirror like in “real” RICH detectors but thin radiator, here aerogel 
‣ aerogel sits between liquids and gases radiators providing just the right “n” to cover the 

required p range.

5
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Proximity Focusing RICH (pfRICH)

6

• Aerogel 
‣ Three radial bands; Opaque dividers 
‣ 2.5 cm thick, 42 tiles total 

• Vessel 
‣ Honeycomb carbon fiber sandwich 
‣ Filled with nitrogen 

• HRPPD photosensors with timing 
capability 
‣ 12 x 12 cm size 
‣ 68 sensors total 
‣ Coverage:  -3.5 < η < -1.5 
‣ timing resolution ~20 ps 

• High reflectivity mirrors to improve the 
acceptance of the RICH detector



The Story with the Photosensors
• Typically the number of Cherenkov 

photons in RICH detectors is moderate 
(~10) ➟ every photon counts 

• Need high efficiency in capturing the 
photons & high pixelization 

• ePIC also need low material budget 
• Huge impact: Radiation & magnetic field 

• Good old photomultiplier tubes (PMT) do 
not work in ePIC field and are too massive 

• Everything using CsI is cumbersome and 
not robust on long term (O2, H2O 
sensitivity, aging, maintenance) 

• SiPM have issues with radiation hardness 
• Way out are multichannel-plate PMTs or 

LAPPDs/HRPPs
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Figure 8.47: (a) Estimates of the 1-MeV neutron equivalent fluence in cm − 2/fb − 1 and (b)
the sum of electromagnetic and charged-hadron doses in rads/fb − 1 integrated in 1 fb − 1

equivalent Pythia events for 10 × 275 GeV ep collisions. The values shown are averaged
over the azimuthal angle.
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Photosensors: LAPPD & HRPPDs
• LAPPD/HRPPD potential solution for EIC 
‣ Photon detector + O(10) ps ToF detector at the same time 

• Large-Area Picosecond PhotoDetector (LAPPD) 
‣Microchannel plate (MCP) based large area picosecond photodetector 

(20cm x 20 cm) 

• High-Resolution Picosecond PhotoDetector (HRPPD) 
‣ Size 10 cm x 10 cm 
‣Novel multi-anode direct readout 
‣ Spatial resolution of ~1mm 
‣ Timing reference at the level of ~20 ps 
‣Have reasonable power dissipation in mW per channel 
‣ Allow for a compact solution to leave more space for the proximity gap 
‣ In development by manufacturer (INCOM) with PED support by EIC 

project 
‣Reduced gap spacing for improved timing resolution and B-Field 

tolerance, better tilability

8
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Figure 8.65: The proposed pfRICH detector. See the text for more details. (Figure documen-
tation)

Figure 8.66: HRPPD photosensor CAD model with a passive interface board. Compression
interposers between anode base plate and this PCB are not shown. (Figure documentation)

HRPPDs have a demonstrated single photon Transit Time Spread (TTS) of →20 ps or better3210

(right panel of Fig. 8.67). They have very low dark count rates (DCR), not exceeding few3211

hundred Hz per square centimeter at a gain of 106 (see [71], slide 10). HRPPDs are expected3212

to perform well in a 1.3 T magnetic field at the location of the pfRICH sensor plane in ePIC.3213

Direct measurements will be performed in 2025, however the recent studies of LAPPDs with3214

10 micron pore MCPs indicate that HRPPD gain in a 1.3 T field should be recoverable to at3215

least the level of 106 by increasing the MCP bias voltage [72].3216

ALD+ glass 
substrate  MCP: 
cross section



pfRICH - Looking Good

9
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Figure 8.67: Left: EIC HRPPD QE as a function of wavelength. Center: QE map in the full
active area at a wavelength of 365 nm. Right: Single photon timing resolution measured
using Elmo 780 femtosecond laser with a wavelength of 390 nm. (Figure documentation)

FEE: Each sensor will be equipped with four 256-channel EICROC ASICs [73], designed by3217

the OMEGA group [74], each serving one quadrant of the sensor. EICROC ASICs will be built3218

via a 130 nm technology process, with an expected power consumption of 1-3 mW/channel3219

[73]. They will provide a Time of Arrival (TOA) and an ADC measurement with a dynamic3220

range of 1 pC for each pixel, which should be sufficient for both single photon hits (both3221

imaging and timing) and multi-photon hits (timing only) at a moderate HRPPD gain of a3222

few times 105. The ASICs will be able to measure the TOA with a resolution better than 20 ps3223

per pixel assuming detector capacitance on the order of →10 pF, leading edge length of the3224

HRPPD signal below 500 ps, and collected charge of a few dozens fC achieved by tuning3225

the MCP gain [74]. These ballpark parameters seem to be easily within reach for pfRICH3226

HRPPD sensors.3227

The ASICs will be bump bonded to the readout PCB in a “flip-chip” fashion to minimize3228

the parasitic capacitance of the traces inside of the PCB stack. Preliminary estimates show3229

that in such a scheme, where four 16 x 16 primary pixel arrays with a pitch of 3.25 mm are3230

first “compressed” to a 2.0 mm pitch inside the HRPPD ceramic base plate and then further3231

reduced to a 500 µm pad size in the readout PCB stack in order to ultimately match the3232

EICROC ASIC pitch, the combined pad and trace capacitance should not exceed 10 pF. This3233

is well within the expected operating range of the ASICs.3234

Each ASIC will be connected via a dedicated copper link to its respective readout unit (RDO),3235

located on the outer circumference of the rear side of the pfRICH vessel. Each RDO will serve3236

16 EICROC ASICs, for a total of 17 RDOs. The RDOs will then be connected to a single Data3237

Aggregation Module (DAM). The DAM board is envisioned to be a FrontEnd LInk eXchange3238

(FELIX) board [75] installed in the DAQ. The RDO will be connected to the DAM via a high3239

speed optical link capable of at least 5 Gb/s throughput. The RDOs will follow the same3240

design used by the ePIC pixelated AC-LGAD detectors. These boards will utilize lpGBT for3241

aggregation of ASIC data and VTRX+ to provide the fiber interfaces. The RDO should deliver3242

timing signals synchronized to the beam crossings with jitter < 5ps.3243

Other components: In addition to the vessel structure and sensors described above, two other3244

components will be critical to the pfRICH: the aerogel radiators and mirrors. The pfRICH3245

will be equipped with aerogel tiles produced by Chiba Aerogel Factory Co., Ltd. [76] with3246

a nominal refractive index, n → 1.040 and a thickness of 2.5 cm. The aerogel will be cut3247

using a water jet technique into trapezoidal tiles providing a required radial and azimuthal3248

segmentation with minimal dead area. This type of aerogel will replicate the performance of3249

the material used in the Belle II experiment [77], and in particular, will be very transparent3250

in the near UV range, with an absorption length and Rayleigh scattering length in excess3251

of 5 mm down to →275-300 nm. The aerogel tiles will be installed in segmented containers3252

(slots) with →500 µm thick walls and held in place with a thin filament. The container walls3253

EIC HRPPD QE as a function of wavelength QE map in the full active area at a 
wavelength of 365 nm

Single photon timing resolution 
measured using femtosecond laser
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Figure 8.68: (Left) The reconstructed Cherenkov angle for electrons, pions, kaons, and pro-
tons as a function of momentum. (Middle) Nσ separation between the electron and pion
hypotheses as a function of momentum. (Right) Same as the middle panel, for pion and
kaon hypotheses. (Figure documentation)

separation for p < 2 GeV/c and decreasing separation power for momenta up to → 5 GeV/c3301

as seen in the left panel of Fig. 8.69. The pfRICH detector therefore plays an important role3302

in the ePIC detector, allowing identification of the scattered electrons in kinematic region not3303

accessible by other detectors.3304
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Figure 8.69: (left) Yield ratio of π↑/escat before (open black squares) and after (black full
squares) pfRICH veto on π↑ in PYTHIA 6 e+p collisions at 18↓275 GeV for ↑3.0 < ε < ↑2.5.
(right) Kaon candidates identified using the pfRICH (full markers) in MC DIS e+p collisions
at 18 ↓ 275 GeV in PYTHIA 8. The open markers show contributions from correctly identi-
fied kaons and other hadrons misidentified as kaons. (Figure documentation)

Another important utilization of the pfRICH is hadron identification in the backward region3305

in SIDIS studies. For that reason, the ability to separate π, K, and p hadrons was studied3306

using simulation of e+p collisions at 18 ↓ 275 GeV in PYTHIA 8. Specifically, the expected3307

purity of leading K↑ mesons was evaluated and was shown to be close to 100% up to hadron3308

momenta of p < 6 GeV/c, as shown in the right panel of Fig. 8.69. This means that pfRICH3309

will play an important role in SIDIS studies as it can efficiently distinguish various hadron3310

species in a wide momentum range.3311

Timing performance: A primary use of the excellent HRPPD timing resolution is providing3312

an independent t0 reference to the barrel and forward endcap Time of Flight subsystems.3313

However, one can make use of the t0 →20 ps reference provided by the accelerator, and ap-3314

ply Time of Flight techniques to the pfRICH as a standalone subsystem. This functionality is3315

e
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Forward Region: dualRICH (dRICH)
• Forward region has the most challenging 

requirements 
‣ Provide continuous hadron identification from∼3 

GeV/c to∼50 GeV/c, 
‣ Supplement electron and positron identification 

from a few hundred MeV/c up to about 15 GeV/c.  
‣ Work in a high B field ~ 0.5T (field lines!) 
‣ Fit in limited space (for a gas RICH)

10

➠ dual radiator

➠ SiPM photosensors
➠ curved detector

proximity focusing

imaging with mirror

➠ dual radiator



ePIC Requirements

Essential for semi-inclusive physics due to  
absence of kinematics constraints at event-level

2

Main challenges:

Cover wide momentum range  3 - 50 GeV/c    -> dual radiator
Work in high (~ 1T) magnetic field                    -> SiPM
Fit in a quite limited (for a gas RICH) space     -> curved detector

Acceptance in oseudo-rapidity defined by barrel and beam pipe

ePIC Meeting -  Lehigh University - 25th July 2024

dRICH Overview

• Aerogel n ~ 1.026 
• Gas C2F6 (hexafluoroethane) n=1.0008 
• Spherical mirror with R ~ 220 cm 
• Build with Carbon Fiber Reinforced Polymer (CFRP). It's 

a composite material made by combining carbon fibers + 
polymer resin (like epoxy). 

11
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Figure 8.97: (Left) dRICH detector model with highlighted the major components. (Right)
dRICH inside the ePIC services lines at the barrel HCAL end point.

Device concept and technological choice: The dRICH is a ring-shaped detector, with a length4325

of 1.27 m and a diameter of 3.6 m, fitting inside the ePIC forward endcap, see Figure 8.97 . The4326

essential components are a layer of aerogel radiator, a volume of gas radiator, and an array of4327

mirrors focalising the Cherenkov light into compact areas instrumented with photo-sensors. The4328

detector is designed in a modular way, with 6 sectors around the beam line of equivalent mirror set4329

and detection area.4330

The aerogel radiator is a amorphous solid network of SiO2 nanocrystals whose density regulates4331

the refractive index and chromaticity [3]. The use of silica aerogel for RICH detectors is well estab-4332

lished. It is available with refractive indices in the range 1.006–1.08 in between gases and liquids.4333

The current manufacturing methods succeeded in improving the attenuation length Λ (λ = 4004334

nm) from 20 mm (aerogel used in HERMES) to 50 mm (aerogel for CLAS12 and BELLE-II). The4335

selected aerogel radiator has refractive index n = 1.026 at λ = 400 nm. The chromatic dispersion4336

has been measured during the R&D phase to be dn/dλ = 6 · 10→6 nm→1 at 400 nm wavelength.4337

Aerogel is typically produced in tiles of few cm thickness: in order to minimize edge effect, the4338

dRICH tile side should be greater than 18 cm, approaching the word record value of 20 cm. The4339

shape and surface flatness of the tiles are important parameters to consider for ensuring optimal4340

PID performance. Typically, due to the fabrication process, aerogel tiles exhibit a slight meniscus4341

shape. Measurements taken during the R&D phase on aerogel samples provided by Aerogel Fac-4342

tory Co. Ltd (Chiba, JP) revealed deviations from the ideal parallelepiped shape by a few tenths of4343

a millimeter, along with a thickness variation between the center and the edges of a similar mag-4344

nitude. Based on the measurements conducted so far, this deviation from the ideal shape does not4345

impact PID performance. Additionally, the manufacturer has confirmed that improvements in both4346

flatness and thickness uniformity are feasible.4347

The selected reference gas radiator is hexafluoroethane (C2F6), which matches the requirements4348

being characterized by refractive index n = 1.00086 at STP and excellent chromatic dispersion4349

dn/dλ = 0.2 · 10→6 nm→1 at light wavelength λ = 350 nm [87].4350

The selected refractive indexes dictates a minimum thickness of 4 cm for the aerogel and O(1) m4351

for the gas in order to ensure enough photon yield. Mirror focalisation is necessary to minimise4352

the consequent uncertainty on the Cherenkov photon emission point. Being inside the detector4353

acceptance, the mirror structure is made of carbon fiber reinforced polymer (CFRP) to ensure the4354

necessary stiffness while being light. In order to preserve the Cherenkov angle information the mir-4355

ror surface should have excellent optical quality, i.e. few nm roughness and better than 0.2 mrad4356
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Dual Radiator RICH (dRICH) Overview

29DIS2025, Cape Town, 24-28 March 2025                                                                  Silvia DALLA TORRE

PID IN ePIC CDPID IN ePIC CD
Dual radiator RICH (dRICH);
Areogel  and gas 

The long proximity gap (~ 35 cm) 
enhances the resolution

Cherenkov imaging PID in 
backward endcap:

proximity focusing RICH 
(pfRICH)

High performance DIRC (hpDIRC)

High performance thanks to focalization 
and fine photosensor pizelization 

Pixels Strips

ToF by AC-LGADs 
Goals for the application in ePIC:

• 30 µm space resolution
• 25-35 ps time resolution

Goals: 
๏ Hadron 3s-separation between 3 - 50 GeV/c  

๏Complement electron ID below 15 GeV/c 

๏ Cover forward pseudorapidity 1.5 - 3.5  

dRICH Features:  
๏ Extended 3-50 GeV/c momentum range --> 

Dual radiator 

๏ Single-photon detection in high Bfield --> 
SiPM 

๏ Limited space --> Compact optics with curved 
detector 



The Challenge: SiPM Sensors
• Need to cover 3 m2 

• 3x3 mm2 pixel 
• Pros 
‣ single photon detection 
‣ high efficiency 
‣ excellent timing resolution 
‣ insensitive to magnetic fields 

• Cons 
‣ not radiation tolerant 
‣ large dark current rate ~50kHz/mm2 

@ T = 24 C∘
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Photo-Sensors

๏ Pros: 

๏ single-photon detection 

๏ high efficiency 

๏ excellent time resolution 

๏ insensitive to magnetic field 

๏ Cons 

๏ large dark count rates 

๏ not radiation tolerant
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Ageing model

model input from R&D measurements (up to 2022)
● DCR increase: 500 kHz/109 neq
● residual DCR (online annealing): 50 kHz/109 neq
● residual DCR (oven annealing): 15 kHz/109 neq

1-MeV neq fluence from background group
● 1.75 107 neq / fb

-1

● add an extra 2x safety factor

Hamamatsu S13360-3050 @ Vover = 4 V, T = -30 C

300 kHz

300 fb-1

max acceptable DCR for 
Physics performance

~ 10 noise hits / sector within 500 ps

in-situ annealing 
significantly extends 

SiPM lifetime

these predictions are according to 
present knowledge / tested solutions
there are more handles to 
further mitigate DCR
lower Vover, 3V
lover T operation -40 C or below

up to 300 fb-1 without need 
of touching/replacing SiPM
 working on optimisation of 
annealing protocol, maybe one 
could reach beyond that

the "possible operation" 
scenario shown here has 44 
soft-annealing cycles and 3 

hard-annealing cycles
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A Tour de Force - SiPM in dRICH
Mitigation Strategies 

• reduce DCR at low T 
‣ operation at T = -30 C 

• recover radiation damage  
‣ in-situ high-T annealing 

• exploit timing capabilities with ALCOR 
front end chip 

• Test shows it works but T ~ 150 C 
seems limit (see yellow chip)

∘

∘
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Detailed studies of SiPM online self-annealing

66

after many hours of online annealing
we noticed alterations on the SiPM windows

in particular in one board that underwent
500 hours of online annealing at T = 175 C
the sensors appear "yellowish" when compared to new

T = 175 C

T = 150 C

new

detailed studies are ongoing, preliminary results indicate efficiency loss after 100 hours of 
annealing at T = 175 C. lower temperatures unaffected up to 150 hours

175 C
150 C
125 C
100 C ratio wrt. new sensor
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dRICH Evolution

14
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2023
electronics v2

2024
electronics v2.1

2025
electronics v3

final prototype

towards construction

2022
electronics v1

slide inspired by Pietro Antonioli



dRICH Performance

Simulations of 
performance is 
looking good!
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dRICH & Global Warming
• Radiator gases for EIC RICH detectors are  

fluorocarbons that exhibit extremely high Global 
Warming Power: GWP(C2F6) ~ (10k), GWP(CO2) = 1 

• Increasingly prohibited across the world  
• Where used 
‣ complex and expensive close circulation systems needed 
‣ increasing procurement issues expected  

• RICH performance is preserved when fluorocarbons at 
atmospheric pressure are replaced with argon 
pressurized at a few bar  

• The challenge is to design vessel that allows  
‣ safe high-pressure operation  
‣minimizing its impact on the overall detector material 

budget. 
‣ engineering in progress - R&D ongoing

𝒪
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Barrel-Region: high performance DIRC
• There is not much room in the 

barrel for PID between the tracking 
layers and the EM calorimeter 

• Need to cover up to p = 6 GeV/c 
• There’s no way around RICH 

detectors but need a short radiator 
plus readout?

17



Detection of Internally Reflected Cherenkov Light

• Light is captured by total internal reflection inside the solid radiator  

• With glass/quartz there are many (100) photons even for thin bars 
• Reaches the light sensors at the detector perimeter 
• Precise rectangular cross section of the radiator preserving the angular 

information of the Cherenkov light cone.  
• One example is the DIRC of the BaBar experiment at SLAC

𝒪
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charged
particle

Cherenkov
effect

photon
propagation imaging

photon
sensing

photons

Concept:



hpDIRC Overview
• Bars: 
‣ Barrel radius: 762 mm, 12 sectors, 10 long bars per sector 
‣ Reuse bars from decommissioned BABAR DIRC, 

supplemented by new bars/plates 
• Lenses: 
‣ Novel 3-layer spherical focusing lens essential for achieving the 

PID performance ePIC requires.  
‣ Lens design avoids the dramatic photon loss caused by air gap 

transitions in standard lens systems.  
• Prisms: 
‣ Prism expansion volume is made of synthetic fused silica. D 
‣ Detector plane of each prism is covered by an array of 24 

sensors  
• Sensors: 
‣ In the baseline design of the hpDIRC, commercial microchannel 

plate photomultiplier tubes (MCP-PMTs) with a pore size of 10 
µm or smaller were assumed with pixel size of 3.2 mm 

‣ HRPPDs (pfRICH) are an alternative
19
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Figure 8.89: a) Schematic of the side view of one hpDIRC section and an exploded view of
the 3-layer lens. b) Photo of prototypes of the 3-layer spherical lenses. c) Photec AuraTek
MAPMT253.

serves as an expansion volume.3903

Bars:3904

The baseline ePIC hpDIRC design envisions that the 120 long bars needed will be composed3905

of three repurposed BaBar DIRC bars and one shorter new bar manufactured by industry.3906

The number of bar boxes and bars per box has been optimized to the width of the BaBar DIRC3907

bars while maximizing the azimuthal acceptance of the hpDIRC. This approach assumes that3908

the BaBar bars can be safely extracted from the Babar boxes without compromising their3909

optical and mechanical integrity. The disassembly and evaluation of the BaBar bar boxes are3910

currently underway. Final information on the availability of Baber bars for ePIC is expected3911

by Spring 2025.3912

Lenses:3913

The 3-layer spherical focusing lens is a novel component of the hpDIRC and is essential for3914

achieving the PID performance ePIC requires. The lens design, shown in Fig.8.89, avoids the3915

dramatic photon loss caused by air gap transitions in standard lens systems. It does this by3916

focusing Cherenkov light through refraction at the interface between synthetic fused silica3917

and a high-refractive-index material, such as sapphire or lanthanum crown glass. A thin3918

layer of the high-refractive-index material is sandwiched between two layers of synthetic3919

fused silica, with carefully optimized radii of curvature on all spherical surfaces. This design3920

combines defocussing and focusing transitions to form a flat detector plane that accommo-3921

dates a wide range of photon angles, matching the layout of the sensor array on the expan-3922

sion volume prism. Several prototypes using different materials for the middle layer have3923

been produced by the optical industry, and examples of these three prototypes are shown in3924

Fig.8.89b.3925

Prisms:3926

The prism expansion volume is made of synthetic fused silica, has a 32→ opening angle, and3927

dimensions of 237 mm ↑ 350 mm ↑ 300 mm. The detector plane of each prism is covered by3928

an array of 24 sensors shown in red in Fig. 8.88.3929

Sensors:3930

The photosensors attached to the rear of the prism record the positions and arrival times3931

of the Cherenkov photons. In the baseline design of the hpDIRC, commercial microchan-3932

nel plate photomultiplier tubes (MCP-PMTs) with a pore size of 10 µm or smaller were as-3933



BaBar DIRC Bar Reuse
• Successful transport of 8 DIRC bar boxes in 

April 2024 
‣ Low attitude road from SLAC, CA to JLab, VA 
‣ Shocks absorbing foam 
‣ Hydraulic shocks 
‣ Air shocks 
‣ Shock absorbing donuts 
‣ Air-ride, temperature control trucks 
‣ Goal: Keep shocks on Bar box below 1g

20



Bars are Safe (Sigh!)
• Bar boxes disassembled into 

individual bars at JLab  
‣ Aluminum covers will need to be ”

opened”, glue joints between bars 
decoupled 

• Optical quality of bars after 
disassembly will be evaluated in QA 
DIRC lab 

• QA Lab will consist of: 
• Cleaning/inspection station 
• Darkroom with laser setup to measure 

quality of DIRC bars 
• Storage (long and short-term) 
• Reflection coefficient measurement to 

evaluate surface quality
21
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hpDIRC Performance

• Simulations show promising performances.  
• Critical at the end is the quality of the pointing accuracy of the track into the 

bar which is needed to reconstruct the crossing and PID 

22
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Figure 8.90: The expected performance of the hpDIRC as a function of the particle’s polar
angle in terms of photon yield (a) for pions and π/K separation power (b). These results are
based on a standalone Geant4 simulation of 6 GeV/c particles.

sumed. A pixel size of 3.2 mm was chosen based on Geant4 simulations as a balance be-3934

tween cost, performance, and expected availability as the sensor technology for the hpDIRC.3935

Lifetime-enhanced 2” MCP-PMT tubes are commercially available from Photonis and Photek3936

with suitable DC-coupled anode configurations. The simulation utilized Photonis Planacon3937

XP85122 MCP-PMTs, incorporating realistic sensor characteristics including photon timing,3938

collection efficiency, and quantum efficiency. With the termination of the production of the3939

Photonis PMTs, the Photek MAPMT 253 sensors shown in Fig. 8.89 are now the leading can-3940

didates for the hpDIRC. These share the same footprint and are expected to exhibit similar3941

properties to the Photonis tubes.3942

FEE: Fast ASIC-based readout systems are being developed by the EIC project to meet the3943

demands of various ePIC detector systems. For the hpDIRC, the readout electronics must be3944

capable of detecting small signals (on the order of a few millivolts) from MCP-PMTs while3945

maintaining excellent single-photon timing resolution. Additionally, the electronics need to3946

match the channel density and sensor footprint, as they will be directly coupled to the back3947

of the sensor to minimize distance and achieve optimal timing precision. The two leading3948

candidates for hpDIRC readout are EICROC and FCFD, which are discussed in detail in3949

Section XXX.3950

Performance Figure 8.90 presents the expected performance based on standalone Geant4 sim-3951

ulation studies. The plots illustrate particles that are fired over a range of polar angles but with3952

an azimuthal angle fixed at zero degrees (so perpendicular to one of the middle bars). The black3953

points represent the photon yield and separation power for 6 GeV/c charged pions and kaons as a3954

function of polar angle with the magnetic field enabled, while the red points display the same data3955

with the magnetic field disabled.3956

The number of detected Cherenkov photons per particle (plot a) ranges from 40 to 150, depending3957

on the polar angle. The sharp increase in photon yield at steeper forward and backward angles is3958

due to the longer track lengths in the fused silica bars, with an asymmetry in forward/backward3959

yields resulting from photon loss along longer propagation paths at smaller polar angles. The peak3960

in the photon yield near a polar angle of 90→ occurs because a larger fraction of the photons satisfy3961

the total internal reflection criterion near perpendicular incidence, compared to slightly larger or3962

smaller angles.3963

The “separation power” for both particle hypotheses (plot b) is obtained from Gaussian fits to the3964

log-likelihood differences between pairs of particle hypotheses. It is calculated as the difference3965

between the means of the two Gaussians divided by the arithmetic average of the two widths. The3966



Time-of-Flight - What, Where, When?
• Early detectors had no ToF systems included 
• The Yellow Report did not investigate the relevance of low-p  
• Potential use: 
‣ Extending measurement of , ,   

• Originally ToF was proposed in  but had to eliminated in the backward (e-going 
direction) since to’s heat dissipation and material thickness would have jeopardized 
the high precision EM calorimeter. 

• Now forward (h-going) and in barrel

ρ → π+π− ϕ → K+K− Λ+
c → pK−π+

4π

23
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ToF Overview
BTOF 

• covers mid-rapidity  
• Strip-type AC-LGAD sensors are used 
‣ reduces material (less cooling needed) 

• Placed at R = 64 cm 
FTOF 

• covers  
• Strip-type AC-LGAD sensors are used

−1.33 < η < 1.74

1.84 < η < 3.61
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ToF with Si Sensors: LGAD 
• Low Gain Avalanche Diode Sensor (Hybrid) 
‣ Issues: fill factor, heat

25

AC LGAD for EIC

9/17/21 Zhenyu Ye @ UIC 2

• Large area LGAD detectors are being built 
by ATLAS (6.4 m2) and CMS (15.6 m2) for 
data taking starting in 2026.

• AC LGAD detectors proposed for EIC 
• Roman Pots and B0
• TOF for PID (and tracking) 

• Have common designs in sensor, ASIC etc. 
when possible, combine R&D efforts

LGAD

AC-LGAD

• How it works: 
‣ An e-h pair is produced at position z 
‣ The electron arrives at z=0 at time T=z/v1 
‣ The electron multiplies in high field in layer at z=0 
‣ The holes move back to z=d inducing the dominant part of the 

signal



Time ?
• Sensor measures some time  with good precision ~30ps 

• To determine the time of flight we need also a start time  

• Time of flight is   

• How to get ?  

‣ Bootstrapping when  coverage (think about how?)  
๏ works in ePIC HRPPDs in pfRICH provide excellent  as well 

‣ Use identified scattered electron (v = c plus path length) 
๏ works for dominant e’ regions (barrel/ToF and backward/HRPPD) 

‣ use beam crossing (clock, beam info, crab crossing) - tricky 
๏ works in simulations - real life? 

• Best precision  doesn’t help if  resolution is not great. 

‣ Expect at best  ~ 20ps

tmeasured
t0

Δt = tmeasured − t0
t0

4π
tmeasured

tmeasured t0
δt0
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TOF Performance

• Simulations show promising performances 
at low-p 

• Goof overlap with other PID systems 

27



Summary

If you only carry 3 lessons back home with you I succeeded: 
• ePIC covers an impressive range ( ) with PID detectors more than any collider 

experiment past or present 
• Dominant technology are Cherenkov detectors (pfRICH, dRICH, hpDIRC) using gas, aerogel, and 

glass.  
• They are augmented by fast Si sensors (AC-LGAD) in ToF detectors for low-p PID  
• They all provide key contribution to the EIC physics program

−3.5 < η < 3.5

28

η

M
om

en
tu

m
 (G

eV
/c

)

102

10

1 

103

104

105

106

107

10

1 

102

10−1

0 1 2 3 4 5−1−2−3−4−5

Pythia, e+p 18 x 275 GeV
Range of 3σ K-p separation

pfRICH
hpDIRC

dRICH (gas)

dRICH (aerogel)

ToF (HRPPD)
ToF

ToF

η

M
om

en
tu

m
 (G

eV
/c

)

102

10

1 

103

104

105

106

107

10

1 

102

10−1

0 1 2 3 4 5−1−2−3−4−5

Pythia, e+p 18 x 275 GeV
Range of 3σ e-π separation

pfRICH

hpDIRC

ToF ToF

dRICH (gas)

dRICH (aerogel)

 ToF
 (HRPPD)

η

M
om

en
tu

m
 (G

eV
/c

)

102

10

1 

103

104

105

106

107

10

1 

102

10−1

0 1 2 3 4 5−1−2−3−4−5

Pythia, e+p 18 x 275 GeV
Range of 3σ π-K separation

pfRICH
hpDIRC

ToF
ToF

ToF (HRPPD)

dRICH (gas)

dRICH (aerogel)


