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Detector Requirements

• Detection of scattered electron
OR

• Detection of all scattered hadrons 

Inclusive Measurements • The larger the electron-beam energy,  the more 
forward electron-scattering angles (strong Q2 and 
Ee dependence): needed suppression of photons and 
hadrons by 102 - 104, depending on kinematics

• Electron ID needed in 4π: p (tracking) and E 
(calorimetry)

• Excellent energy/momentum and angular resolution 
for scattered electron. 
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Electron Ion Collider: Detector Requirements and R&D Handbook (A. Kiselev and Th. Ullrich, Eds.), in preparation 



Detector Requirements
• Detection of scattered electron and at 

least one scattered hadron
- excellent π/Κ/p separation in a wide 

momentum range
- excellent vertex resolution (charm, 

bottom)

Semi-Inclusive Measurements
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§ 10 GeV e on 100 GeV p is a common 

BNL/JLab accelerator energy setting

§ The maximum energy at BNL (and for 

stage II at JLab) is 20 x 250 GeV.

§ In the endcaps, the maximum hadron 

energy is close that of the e/ion beam

§ In the barrel, the high-p distribution is 

suppressed by the cross section (p ~ pT)

5

0 2 4 6 8 1210 0 2 4 6 8 1210 0 20 1008040 60
p (GeV/c) p (GeV/c) p (GeV/c)

1

10

102

103

1

10

102

103

1
10

102

103

104

0°<θh<20° 20°<θh<140° 140°<θh<180°

10 × 100 GeV SIDIS Hadron Kinematics
p/A beame- beam



proton momentum (GeV/c)
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Figure 6.5: The scattered proton momentum vs. scattering angle in the laboratory frames for
DVCS events with di↵erent beam energy combinations. The following cuts have been applied:
1 GeV2 < Q2 < 100 GeV2, 0.00001 < x < 0.7 and 0 < t < 2 GeV2. The angle of the recoiling
hadronic system is directly and inversely correlated with the proton energy. It thus decreases
with increasing proton energy.

6.2.4 Luminosity Measurement

The Bethe-Heitler bremsstrahlung pro-
cess ep �! ep� was successfully used to mea-
sure luminosity by the experiments at the
HERA e+p collider. It has a large cross-
section, allowing rapid measurements with
negligible statistical uncertainty. The cross
section of this process can be calculated en-
tirely within QED, and is known to a preci-
sion of ⇠ 0.2%. The luminosity measurement
was typically carried out by detecting the
final state photons; the final state electron
was also measured in some cases for exper-
imental cross checks. Limitations in deter-
mining the geometric acceptance of the very-
forward photons resulted in a systematic un-

certainty of 1-2% on the HERA luminosity
measurements. For a polarized e+p collider,
the bremsstrahlung cross-section has a de-
pendence on the beam polarizations, which
may be expressed as � = �

0

(1 + aP
e

P
p

).
Preliminary estimates indicate that the co-
e�cient a is small, but detailed studies are
currently underway to understand the size
of a relative to the magnitude of the dou-
ble spin asymmetries A

LL

at small x
B

. The
theoretical uncertainty on a, and the exper-
imental uncertainties on the measured beam
polarizations P

e

and P
p

, will limit the preci-
sion of the absolute and relative luminosity
measurements.
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Detector Requirements
• Detection of all scattered particles
- hermeticity
- large kinematic coverage
- forward baryon detection capabilities
- excellent π/Κ/p separation in a wide 

momentum range
- photon detection (EM calorimetry required 

over a wide rapidity range)
- high momentum and angular resolutions

Exclusive Measurements
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Electron Ion Collider: The Next QCD Frontier, arXiv:1212.1701 (2014) 
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The EIC Detector: Overview

-Close to 4π acceptance: central detector, ion endcap, electron endcap, small-
angle detectors on both sides

-Central Solenoid Field: 1.5 - 3 T
- Tracking momentum resolution: few %
-Good electron ID 
-Hadron PID 
-Vertex resolution: < 20 μm 

Electron Ion Collider: Detector Requirements and R&D Handbook (A. Kiselev and Th. Ullrich, Eds.), in preparation 
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The EIC Generic R&D Program 
(2011 - present) 

https://wiki.bnl.gov/conferences/index.php/EIC_R%25D

Peer-reviewed program to:
• develop detector concepts and technologies of importance in the EIC environment

- new concepts and technologies
- adaptation of existing technologies
- new design and simulation tools
- new computing/analysis techniques

• help ensure that the techniques and resources to implement these technologies are 
well established within the EIC user community

EIC Detector R&D Advisory Committee
• January meeting: evaluation of progress of ongoing projects
• July meeting: merit review of new proposals and funding recommendations

Administered by Brookhaven National Lab, Program Manager: Thomas Ullrich (BNL)

Call for proposals: 
Spring of each year
Open to everyone

https://wiki.bnl.gov/conferences/index.php/EIC_R%25D
https://wiki.bnl.gov/conferences/index.php/EIC_R%25D


https://wiki.bnl.gov/conferences/index.php/EIC_R%25D

Current and recently completed projects
• eRD1: Calorimeter Development 
• eRD2: Magnetic-Field Cloaking Device 
• eRD3: Fast and Lightweight Forward Tracking 
• eRD6: The EIC Tracking and PID Consortium
• eRD12: Polarimeter, Luminosity Monitor and Low Q2-Tagger for Electron Beam 
• eRD14: An Integrated Program for Particle Identification for an EIC Detector
• eRD15: R&D for a Compton Electron Detector
• eRD16: Forward Silicon Tracking
• eRD18: Precision Central Silicon Tracking and Vertexing for the EIC
• eRD17: BEAGLE: A tool to Refine Detector Requirements for eA Collisions
• eRD20: Developing Simulation and Analysis Tools for the EIC
• eRD21: EIC Background Studies and Impact on the IR and Detector design
• eRD22: GEM based Transition radiation detector and tracker

The EIC Generic R&D Program 
(2011 - present) 

Generic detector technologies that could be applied both at JLab and BNL

https://wiki.bnl.gov/conferences/index.php/EIC_R%25D
https://wiki.bnl.gov/conferences/index.php/EIC_R%25D


Tracking Detectors
eRD3: Fast and Lightweight EIC Integrated Tracking System

Franck Sabatie, Maxence Vanderbroucke, Bernd Surrow, Matt Posik
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Outline

EIC R&D Committee Meeting
Upton, NY January 18th 2018

o Introduction

o R&D	Program	Status

• Forward	GEM	tracking

• Barrel	MM	tracking

o R&D	Program	Plans

• Forward	GEM	tracking

• Barrel	MM	tracking

o Summary

Matt Posik, Maxence Vandenbroucke,
Bernd Surrow (PI), and Frank Sabatie (PI) 

Satisfies the requirement for a very low material budget: < 5% of r.l. 

• Barrel tracking system: Micromega 
detectors in the form of cylindrical 
shell elements (similar to CLAS12), 
100-μm position resolution

• Rear/Forward Tracking System: 
Triple GEM detectors in the form of 
planar segments

M. Posik



Tracking Detectors
eRD6: Tracking Consortium



Calorimeters
eRD1: Calorimeter Development

ERD1 Report, EIC R&D Advisory Committee Meeting, January 2018 



Calorimeters
eRD1: Calorimeter Development

ERD1 Report, EIC R&D Advisory Committee Meeting, January 2018 
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 PID requirements in the ion endcap primarily driven by exclusive processes, 
e.g., DVCS ( vs. photons from 0 decay) and to detect excitation in recoil baryons 

 PID requirements in the electron endcap primarily driven by nearly real photo-
production and semi-inclusive and exclusive processes

Detection at very small angle is needed

High resolution calorimetry for endcaps

Example: 
JLEIC 
detector

Emcal (Sci-Fi or PbWO4)

BarrelBackward Forward

Electron Endcap: 
High Resolution Inner Calorimeter:  
Outer Calorimeter: 

2% E
10% E

Hadron Endcap and Barrel: 
 10 −12% E



Calorimeters
eRD1: Calorimeter Development

ERD1 Report, EIC R&D Advisory Committee Meeting, January 2018 

Various technologies explored
• Compact W-powder/Scintillating Fiber EM calorimeter

- good energy/timing resolution:                        achieved in a beam test 
with an sPHENIX prototype  

• High-resolution Shashlyk Calorimeter 
- goal resolution of 

• High-Resolution Endcap EM Calorimeters

- goal resolution:               

- timing resolution: <  2 ns

- small-angle detection (at least 1 deg)

15.6% / E + 4.3%

10% / E

1−1.5% E + 0.5%



Particle Identification

eRD14: An Integrated Program for Particle Identification for an EIC Detector

M. Alfred, L. Allison, M. Awadi, B. Azmoun, F. Barbosa, M. Boer, W. Brooks, 
T. Cao, M. Chiu, E. Cisbani, M.Contalbrigo, S. Danagoulian, A. Datta, 
A. Del Dotto, M. Demarteau, A. Denisov, J.M. Durham, A. Durum, 
R. Dzhygadlo, D. Fields, Y. Furletova, C. Gleason, M. Grosse-Perdekamp, 
J. Harris, X. He, H. van Hecke, T. Horn, J. Huang, C. Hyde, Y. Ilieva, 
G. Kalicy, A. Kebede, B. Kim, E. Kistenev, Y. Kulinich, M. Liu, R. Majka, 
J. McKisson, R. Mendez, P. Nadel-Turonski, K. Park, K. Peters, T. Rao, 
R. Pisani, P. Rossi, M. Sarsour, C. Schwarz, J. Schwiening, C.L. da Silva, 
N. Smirnov, J. Stevens, A. Sukhanov, S. Syed, J. Toh, R. Towell, T. Tsang, 
G. Varner, R. Wagner, C. Woody, C.P. Wong, W. Xi, J. Xie, Z.W. Zhao, 
B. Zihlmann, C. Zorn



Particle Identification

eRD14: An Integrated Program for Particle Identification for an EIC Detector

A PID solution for the EIC - implementation

e-endcap

h-endcap

barrel

10x100 GeV
Q2 > 1 GeV2

DIRC
Aerogel RICH

Dual-radiator 
RICH

p/Ae

GeV

rapidity

§ h-endcap: A RICH with two radiators 
(gas + aerogel) is needed for
p/K/p separation up to ~50 GeV/c

§ e-endcap: A compact aerogel RICH 
which can be projective 
p/K/p separation up to ~10 GeV/c

§ barrel: A high-performance DIRC 
provides a compact and cost-
effective way to cover the area.
p/K/p separation up to ~6-7 GeV/c

§ TOF (and/or dE/dx in TPC): can 
cover lower momenta.

§ Photosensors and electronics: 
need to match the requirements of 
the new generation devices being 
developed – both for the final system 
and during the R&D phase
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P. Nadel-Turonski

Hadron PID

• electron endcap: compact aerogel 
modular RICH (mRICH)
π/K/p separation: up to 10 GeV/c

• barrel: high-performance DIRC
π/K/p separation: up to 6 - 7  
GeV/c

• ion endcap: dual-radiator RICH 
(gas and aerogel)
π/K/p separation: up to 50 GeV/c

• TOF: coverage at lower momenta



eRD14: Dual-Radiator RICH
Alessio Del Dotto (USC, INFN-Rome) 
Evaristo Cisbani (INFN-Rome)
Pawel Nadel-Turonski (Stony Brook University) 
Zhiwen Zhao (Duke Uni)

window due to internal reflection. The hits generated by these photoelectrons will be ​concentric                                         
with the Cherenkov hits originated from CF​4​. The coverage and amplitude of such a background                                            
signal depend on the window thickness. A 2 mm window typically generates about 10                                         
photoelectrons with a spread of 5 mm. With a 2-­dimensional readout, these signals from glass                                            
window can be removed by applying geometric cuts. Nevertheless, thinner windows will clearly                                      
help suppress this kind of background. Both concepts shown here are still in a very preliminary                                               
stage. More effort will definitely be needed to identify the best option with optimal optical design                                               
and  an  appropriate  combination  of  radiators.  These  efforts  are  part  of  this  proposed  project.  
  

  
Figure 3.1.3: A mirror-­based design, with compact readout outside of the radiator volume. The detector                                            
plane  (green)  can  be  placed  such  that  it  is  shadowed  by  the  barrel  calorimeter.  
  
In the third concept, mirror-­based designs will also be explored. An LHCb-­style layout, with the                                            
readout placed to the sides, can be adapted to fit into an EIC detector, such as shown in Figure                                                        
3.1.3. The readout area in such a design can be more compact, and can be placed in the                                                     
shadow of a barrel calorimeter. Since the readout is placed outside the radiator acceptance, the                                            
total  thickness  of  this  arrangement  can  be  very  small.    
  
  
  
  
  

page  3.4  

• Mirror-based focusing system.
• Compact read-out area.



eRD14: Dual-Radiator RICH

JLab EIC central detector showing PID integration

Dual-
radiator 

RICH

gas

TOF

Modular 
aerogel RICH DIRC 

camera
§ All eRD14 

systems (DIRC, 
mRICH, dRICH, 
and TOF) are 
part of the 
baseline JLab
detector concept. 
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Ongoing activity

● Tessellation of the 
photo-detector planes:

  tiles 5 x 5 cm2 

● Adaptive surface:

for optimizing emission 
error for the gas

reduse the emission error 
for the gas

potential improvement of 
quantum eAciency by 
tilting each tile by the 
proper angle

● A synergy to test the 
dRICH principle in the 
ePHENIX and BeAST EIC 
con6gurations has 
started and will continue 
to be pursued in FY18

4. Conclusions and future directions

Simulations and analysis for mRICH and dRICH are still in progress.
For mRICH a systematic study of the aerogel and Fresnel lens to optimize
the ring image on the sensor plane is underway together with the analysis
of the beam test data. The dRICH development will focus on the selection
of the photon-detector baseline as well as its detailed digitization in the
simulation: these aspects are critical due to the presence of the magnetic
field. The outlined work will be preparatory for a first dRICH and a second
mRICH prototype and test beam.

Acknowledgement

this material is based upon work supported by the U.S. Department
of Energy, Office of Science, Office of Nuclear Physics under contract
DE-AC05-06OR23177.
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Fig. 2. Uncertainty of single photon measurement (upper panel), and separation power
(lower panel) from simulation with infinitely small pixel size.

Fig. 3. The GEMC based simulation of the dRICH. In transparent red is the aerogel
radiator, in transparent green is the gas radiator volume; the mirrors sectors are in gray
and the photo-detector surfaces (spherical shape) of about 8500 cm2 per sector in dark-
yellow. A pion event of momentum 10 GeV/c is simulated. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this
article.)

Fig. 4. (Upper two plots) dRICH single p.e. angular error sources, for a 30 GeV/c pion,
assuming a pixel size of 3 mm: the detector surface has been chosen to minimize the
emission uncertainty for central polar angles, namely the detector surface is nearest to
the focal surface for central polar angles. (Lower plot) Particle separation power (in terms
of number of sigma) for tracks with 15 polar angle.

A. Del Dotto et al. Nuclear Instruments and Methods in Physics Research A xxx (xxxx) xxx–xxx

3

p π
= 10 GeV/c

θ π
= 12.5

°

• 6-sector layout, polar-angle acceptance: 5° - 25°
• Aerogel (n=1.02, 4-cm thickness) and C2F6 gas tank (n=1.00082, 

160-cm length)
• Outward reflecting mirrors (R = 2.9 m) - sensors away from 

beam; no scattering in aerogel
• 3D focusing - reduced sensor area
• Acrylic filter in front of aerogel: minimization of Rayleigh 

scattering



eRD14: Dual-Radiator RICH

Continuous coverage
• up to ∼50 GeV/c for π/K and K/p
• up to ∼15 GeV/c for e/π

12

Particle identi+cation power

n=1.02 allow pi/K separation
beyond 10 GeV/c at 3 sigma

The indirect ray 
tracing algorithm 
developed and used 
for the dual RICH of 
the HERMES 
experiment have 

been implemented 

“Design and R&D of RICH detectors for EIC experiments”  A. DD, C-P Wong et al. published in NIM A



eRD14: Modular RICH

Herbert van Hecke (Los Alamos National Lab)
Xiaochun He, Cheuk-Ping Wong (Georgia State Uni)

• Space constraint in detector systems.
• Compact modular design.
• Easy maintenance: modules can be taken out individually.

Simulation"of"
mRICH Detector"System"(mRICH wall)

7/21/17 CheukAPing"Wong"(GSU) 41
mRICH detectors$in$JLEIC$detector$design Design$of$sPHENIX with$mRICH detectors

Easy5maintenance
You"can"plug"in/out"
individual"module

mRICH detector"system"has"been"implemented"
in"both"JLEIC"and"sPHENIX detector"system



eRD14: Modular RICH

• Aerogel block (3.3-cm thick)
• Acrylic Fresnel Lens (focusing, UV filter)
• Pixelated photon sensor plane (4 square sensitive areas), readout electronics
• Gap lens-image plane is bounded by 4 flat mirrors, L = fLens = 7.6 cm
• Geant 4 Simulation: transmission, Rayleigh scattering, index of refraction for each 

component is implemented

JLab EIC central detector showing PID integration

Dual-
radiator 

RICH

gas

TOF

Modular 
aerogel RICH DIRC 

camera
§ All eRD14 

systems (DIRC, 
mRICH, dRICH, 
and TOF) are 
part of the 
baseline JLab
detector concept. 
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C.P. Wong et al. Nuclear Inst. and Methods in Physics Research, A 871 (2017) 13–19

Fig. 2. (left) mRICH detector and its components; (right) an event display of a single 9 GeV/c pion traveling toward the center of the mRICH detector.

Fig. 3. Comparison of the ring image characteristics between a proximity-focusing RICH (top, based on the BELLE-2 ARICH detector design) and the mRICH (bottom). The ray diagrams
on the left (not to scale, for illustration purposes only) show the optical properties without (top) and with focusing lens (bottom). The ring images are generated with the GEMC simulation
from 100 pions of 9 GeV/c traveling in parallel to the principal axis of the lens. The distance from the first aerogel surface to the sensor plane of the proximity RICH is 23 cm. The
total thickness of the composite aerogel block is 4 cm. The focal length of the mRICH Fresnel lens is 7.6 cm and the mRICH aerogel block thickness is 3.3 cm. The blank regions in the
lower right X–Y hits scatter plot are the physical separations between the photon sensor modules that is only relevant to the mRICH. The orange line in the ray diagram is to indicate the
location of the focused ring image produced by the incident particle at a given momentum.

15

pπ
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15
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m

15.4 cm
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Acrylic Box

C.P. Wong et al., Modular focusing ring imaging Cherenkov Detector for Electron-Ion Collider Experiments, Nucl. Instr. and Methods A871, 13 (2017).



Modular RICH: Focusing

C.P. Wong et al. Nuclear Inst. and Methods in Physics Research, A 871 (2017) 13–19

Fig. 2. (left) mRICH detector and its components; (right) an event display of a single 9 GeV/c pion traveling toward the center of the mRICH detector.

Fig. 3. Comparison of the ring image characteristics between a proximity-focusing RICH (top, based on the BELLE-2 ARICH detector design) and the mRICH (bottom). The ray diagrams
on the left (not to scale, for illustration purposes only) show the optical properties without (top) and with focusing lens (bottom). The ring images are generated with the GEMC simulation
from 100 pions of 9 GeV/c traveling in parallel to the principal axis of the lens. The distance from the first aerogel surface to the sensor plane of the proximity RICH is 23 cm. The
total thickness of the composite aerogel block is 4 cm. The focal length of the mRICH Fresnel lens is 7.6 cm and the mRICH aerogel block thickness is 3.3 cm. The blank regions in the
lower right X–Y hits scatter plot are the physical separations between the photon sensor modules that is only relevant to the mRICH. The orange line in the ray diagram is to indicate the
location of the focused ring image produced by the incident particle at a given momentum.

15

C.P. Wong et al. Nuclear Inst. and Methods in Physics Research, A 871 (2017) 13–19

Fig. 4. Comparison of the ring image location on the sensor plane between a proximity-focusing RICH (top, based on the BELLE-2 ARICH detector design) and the mRICH (bottom). The
ray diagrams on the left (not to scale, for illustration purposes only) show the optical properties without (top) and with focusing lens (bottom). The ring images are generated with the
GEMC simulation from 100 pions of 9 GeV/c traveling in parallel to but off the principal axis of the lens. See Fig. 3 caption for the dimensions of the proximity-focusing RICH and the
mRICH.

spread of the beam depends on the beam tune and is ±3%. The beam
spot size is also dependent on the beam energy and tuning and ranges
from Ì6 mm to several centimeters. Given the short time period, the
mRICH detector was tested mainly with the 120 GeV/c primary proton
beam at the minimum spot size and parallel to the mRICH axis. The
limited data with secondary pion beam at 4 and 8 GeV/c and with light
reflected by the lateral mirrors will be the subject of a future publication.

The mRICH prototype detector was mounted at the center of a test
stand made from extruded aluminum. Two sets of hodoscopes (each
consisting of 4 channels of horizontal 1 cm wide finger scintillator rods
and 4 channels of vertical rods) were mounted to the test stand in front
and in the back to define the incident particle position. The whole test
assembly was put on a X–Y table for aligning the detector with the
particle beam. A beam event was triggered using a pair of 7 cm-wide
plastic scintillator paddles as shown in Fig. 6.

4. Data analysis and results

Since themain goal of this prototype study is to test the working prin-
ciples of the detector design and its performance, the analysis focused
on the 120 GeV primary proton beam test data set, because of its small

beam size, in order to clearly identify the saturated ring image formed
on the sensor plane. Fig. 7 shows the accumulated photon hits generated
from the 120 GeV proton beam incident at the center of the mRICH (left
panel) and the hit displays from the Geant4 simulation (right panel) for
one thousand events. The simulation matches reasonably well the data
on the rings, but not the noise hits observed in the data.

Typical noise sources include photons from Rayleigh scattering
inside the aerogel block, Cherenkov photons from the Fresnel lens and
from the sensor glass windows, and possibly from the back-scattered
particles from the sensor electronics produced by the incident beam
particle. The noise hits from the Rayleigh scattering inside the aerogel
block and the Cherenkov photons from the Fresnel lens generate random
and uniform hits on the sensor plane. Cherenkov photons generated
inside the PMT glass window and the noise hits from the back-scattered
particles tend to be close to the spot where the beam particles hit because
of the short distance among these components. Except for the noise
hits from the back-scattered particles, we have implemented these noise
sources in the simulation.

In order to quantify the test results, a ring finding algorithm, using
a circular Hough transform [17], was developed for determining the
radius of the Cherenkov ring image and the number of the Cherenkov

16

Ring image is centered on the 
sensor plane for both, tracks  on 
and off the central axis.

Le ss act ive photon sensor 
coverage is needed compared to 
other RICH designs.

π/K separation at 10 GeV/c with:
n = 1.03
f = 6”
pixel size: 2 mm



eRD14: High-Performance DIRC

• Radially compact detector (2-cm 
thick).

• Narrow synthetic fused silica bars 
arranged in 16 barboxes, coupled to 
solid prisms with custom made 3-
layer lens, read out  by arrays of 
MCP-PMTs.

• EIC R&D is pushing performance far 
beyond state-of-the-art (3σ at 4 
GeV/c for π/K in BaBar) to 4σ at 6 
GeV/c for the EIC)
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Surface 

Solid 
Radiator 

Particle 
Track 

Cherenkov  
Photon Trajectories 

Focusing 
Optics 

Mirror 

High performance DIRC in Geant 4 

Spherical 3-layer lens prototype 

Greg Kalicy, Marie Boer (CUA)
Roman Dzhyga d lo, Car sten 
Schwartz, Joe Schwiening (GSI)



eRD14: High-Performance DIRC
• Design and performance validation with Geant4 simulation:
π/K separation up to 6 GeV/c; e/π separation up to 1.8 GeV/c, p/K separation up 
to 10 GeV/c

• Development of new algorithms for 3D imaging (spacial coordinates at focal 
plane and time)

• Hardware development: lens characterization, PID performance validation in 
beam (collaboration with PANDA DIRC)

4.3σ π/K separation at 6 GeV/c
using 3D (x,y,t) reconstruction

Geant4 
Simulation

High-performance DIRC

Advanced optics

High-performance EIC DIRC in Geant4

PANDA DIRC prototype at GSI

§ Novel, very compact detector (2 cm thick)

§ EIC R&D is pushing performance far beyond 
state-of-the-art (3σ at 4 GeV/c for pi/K in BaBar
to 4σ at 6 GeV/c for the EIC)

§ Advances include new optical system for 
focusing and readout, fast photosensors, and 
new algorithms for 3D imaging (spatial 
coordinates on focal plane + time)

§ Close collaboration with GSI (Germany) may 
result in large (up to $0.5M) in-kind contribution 
(PANDA prototype) to the US EIC R&D program.

Greg Kalicy, August 8th, 2017 50

High-performance DIRC Prototype	3-component	lens

• Polar angle of beam to bar:
Ø 20°-160° range with 5° step
Ø Several fine scans for better resolution

evaluation

• Different focusing lenses:
Ø Air gap spherical and cylindrical lens
Ø Spherical and cylindrical 2-component lens
Ø Spherical 3-component lens

• Different radiator:
Ø Narrow bar
Ø Wide plate

• Momentum scans
Ø 2-10 GeV/c scans.
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PANDA	
  DIRC	
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  GSI



Summary

• The basic requirements for an EIC detector are well understood.
- hermeticity
- excellent tracking resolution and PID over a broad momentum range and 

particle spieces

• Active generic detector R&D Program since 2011 to adapt existing technology 
and push the state-of-the art for the needs of the EIC.

- EM calorimetry: W-powder/scintillating fibers, crystal EM, Shashlyk 
- various technologies explored for PID: dRICH, mRICH, DIRC
- Tracking: micromegas, GEMs, TPC, Drift Chambers
- Much more: polarimetry, forward tagging, software, background studies, 

vertexing, etc.
• Topical Workshops and EIC User Group Meetings
• Electron Ion Collider: Detector Requirements and R&D Handbook (A. Kiselev 

and Th. Ullrich, Eds.), in preparation



The END


