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Experimental background Korean nuclear physics groups 
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CMS, ALICE PHENIX, sPHENIX, RHICf

JLab J-PARC

https://hypernews.cern.ch/HyperNews/CMS/get/HIN-18-008/59.html
https://docs.google.com/document/d/1F80DrXVbmtbjDv-s6DrcV_VROmX8FHzhHOveiumW2BA/edit?usp=sharing
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Ongoing hardware works for international collaboration 

RPC gap production
• A longstanding hardware activity from 1990s  

for CMS muon chamber
• Korea Univ. 

GEM foil
• R&D since 2014 for CMS phase-2 upgrade
• Ko-CMS groups: Univ. of Seoul, Seoul Natl’ 

Univ.

MAPS upgrade for ALICE ITS
• R&D for Pixel chip design and beam test
• Ko-ALICE groups: Inha Univ., Yonsei Univ., 

Pusan Natl. Univ.
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Participation in ECCE consortium

• EIC Comprehensive Chromodynamics Experiment ecce-eic.org 
• 15 faculties from 10 Korean institutes submitted EoI to ECCE
• BusanNU, ChonnamNU, InhaU, JeonbukNU, KoreaU,     

KyungpookNU, SejongU, SeoulNU, USeoul, YonseiU,

http://ecce-eic.org
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Potential contribution from Korea

1. RWELL micro pattern gas detector (MGPD)μ

• Part of forward trackers
• Operating principle is combination of GEM and RPC, both of which are the 

expertise of Korean groups
• Given infrastructure of KCMS provides a great opportunity for mass 

production of MGPD -> great interest by ECCE consortium 
• Seoul National University, University of Seoul
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Potential contribution from Korea

2. Silicon vertex tracker

• MAPS based silicon used for STAR HFT, ALICE ITS2, sPHENIX MVTX
• InhaU, PusanNU, YonseiU, JeonbukNU, SungkyunkwanU (Ko-ALICE)
• Mass chip & wafer probing test, and readout module assembly are availlable
• Wafer thinning/dicing process, chip pick-and-place, and wire bonding are 

carried out by local companies (FUREX and MEMSPACK) 
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Potential contribution from Korea
3. Daul Reaout Calorimeter

5

EM energy resolution

70th Tower Electron 20GeV

Calculated 6 different energy of e- beams

 5, 20, 50, 70, 90, 110 GeV

FCC IDEA vs EIC ECCE

Stochastic Constant Total, 

(at 20GeV)

2.5m 
(IDEA) 0.116 0.002 2.8%

1.25m 

(ECCE) 0.101 0.007 3%

Cerenkov ch.

Scintillation ch.

Dual-readout corrected

1%

• Combines Cherenkov and scintillation fibers in HCal
• R&D initiated by CERN RD52 for CEPC and FCC-ee 
• Proposed for the upgrade plan of ECCE
• Kyungpook Nat’l,, Pusan Nat’l, Sejong, Yonsei University  

CEPC
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Potential contribution from Korea

4. FEMC:Hadron End-Cap Electro-magnetic Calorimeter

(Ref.) ALICE FoCal

• Measure longitudinal profile of EM shower to 
enhance e/ /  separation in forward region
•  = 37 cm, 20 < r < 183 cm, 

• Similar technique with ALICE FoCal 
• Korea Univ., Sejong Univ.
• Seeking for collaboration with EIC-Japan groups

γ π0

Δz 1.24 < |η | < 3.5

Hcal module (~180 cm long)
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FEMC (Hadron End-cap EMCal)

4M Tower
Composite

(Inner)

4M Tower
Composite

(Outer)

4M Tower

8M Tower
Composite

(Inner)

8M Tower

8M Tower
Composite

(Outer)

16mm thungsten plates

4 mm scin�llator �les

16mm steel plates

7x 10 �bers
read-out by SiPM

4 mm scin�llator �les
1.6mm Pb sheets 

8M tower conposit module (inner) - 20 cm x 10 cm x 2 m
- 8 5 cm x 5 cm LFHCal towers
- 200 1 cm x 1 cm FEMC towers

120 cm

20 cm

37.5 cm

wavelength shi�ing �bers

Figure 13: Design pictures of the forward calorimeter assembly (left), stacking concept
(middle top), 8-tower module design (middle bottom) and single scintillator plate for 8 tower
module with embedded wavelength shifting fibers and steel absorber plate (right).

leading to 7 samples per tower. The towers are constructed in units of 8-,4-, 2- and 1-tower
modules to ease the construction and to reduce the dead space between the towers. Similar
as for the FEMC, the scintillator tiles in the larger modules are made out of one piece
and then separated by a gaps refilled with epoxy and Titanium oxide to reduce light
cross-talk among the different readout towers. For the same purpose, the wavelength
shifting fibers running on the sides of the towers are grouped early on according to their
readout unit and separated by thin plastic pieces over the full length. The corresponding
fiber bundles are indicated in Figure 13 by different colors. They terminate in one common
light collector, which is directly attached to a SiPM with an effective photosensitive area of
9-16 mm2 (ie. Hamamatsu S14160-3050HS). These 7 SiPMs per tower are then read out by a
common readout board which will be designed for use with nearly all ECCE calorimeters.
Alternatively, the a common readout design between the FEMC and LFHCAL could be
pursued also basing the LFHCAL readout on the CMS HGCROC chips. The entire detector
will consist out of 63280 readout channels grouped in 9040 read-out towers and will
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parameter value

FEMC inner radius (envelope) 17 cm
outer radius (envelope) 170 cm
h acceptance 1.3 < h < 3.5

tower information
x, y (R < 0.8 m /R > 0.8 m) 1 cm/ 1.65 cm
z (active depth) 37.5 cm
z read-out 5 cm
# scintillor plates (0.4 cm) 66
# Pb sheets (0.16 cm) 66
weight ⇠ 6.4 kg
# towers (inner/outer) 19 200/ 34 416
# read-out channels/ SiPM 53 616
radiation lengths X/X0 18.5
Molière radius RM 5.2 cm
Sampling fraction f 0.220

LFHCAL inner radius (envelope) 17 cm
outer radius (envelope) 270 cm
h acceptance 1.2 < h < 3.5

tower information
x, y 5 cm
z (active depth) 140 cm
z readout 20 cm
# scintillor plates (0.4 cm) 70
# steel plates (1.6 cm) 60
# thungsten plates (1.6 cm) 10
weight ⇠ 30.6 kg
# towers 9040
# read-out channels/ SiPM 7 x 9040 = 63 280
interaction lengths l/l0 6.9
Molière radius RM for p± 21.1 cm
Sampling fraction f 0.040

Assembly Modules

8 LFHCAL towers (8M) total 1091
no FEMC towers LFHCAL only 538
200 FEMC towers LFHCAL+FEMC (inner) 87
72 FEMC towers LFHCAL+FEMC (outer) 466

4 LFHCAL towers (4M) total 76
no FEMC towers LFHCAL only 36
100 FEMC towers LFHCAL+FEMC (inner) 16
36 FEMC towers LFHCAL+FEMC (outer) 24

2 LFHCAL/ 50 FEMC towers (2M) LFHCAL+FEMC (inner) 2
1 LFHCAL/ 25 FEMC towers (1M) LFHCAL+FEMC (inner) 4

Table 5: Calorimeter design properties for the FEMC and LFHCAL and their number of
assembly modules.
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steel support frame

stacking design for 
LHFCAL 8M modules

pins
LFHCAL 8M module

0.5 mm steel protec�ve covers
for �ber channels

LFHCAL 8M 
module

LFHCAL 4M 
module

Figure 14: Design pictures of the forward calorimeter assembly (left), stacking concept (right
middle/top), 8-tower module design (right bottom) with its steel cover plate for the fiber
channels.

provide a measurement of the energy of hadronic particles created in the collision in the
hadron-going (forward) direction.
The majority of the calorimeter will be built out of 8-tower modules (⇠1091) which are
stacked in the support frame using a lego-like system for alignment and internal stability,
as can be seen in Figure 14. The remaining module sizes are necessary to fill the gaps at
the edges and around the beam pipe to allow for maximum coverage. The absorber plates
in the modules are held to their frame by 4 screws each. To leave space for the read-out
fibers ,the steel and scintillator plates are not entirely square but equipped with 1.25 mm
notches, creating the fiber channels on the sides, as can be seen in Figure 12. In order to
protect the fragile fibers, the notched fiber channels are covered by 0.5mm thin steel plates
after module installation and testing, see Figure 14. For internal alignment we rely on the
usage of 1-2 cm steel pins in the LFHCAL part which are directly anchored to the steel or
tungsten absorber plates. Afterwards, the modules will be self-supporting within the outer
support frame. The support frame for the half disks is arranged on rails which allows the
HCal and ECal to slide out to the sides and gives access to the inner detectors, as seen in
Figure 11. At the same point the steel in the LFHCAL serves as flux return for the central
1.5T BABAR magnet, thus a significant force is exerted on the calorimeter, which needs to
be compensated for by the frame and internal support structure.
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Summary
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• The Korean nuclear physics society has great interest in EIC 
experiment


• Four subgroups submitted LoI to ECCE

• Longitudinally segmented forward EMCal (FEMC) for hadronic-going side.

• Silicon pixel tracker


• RWELL micro pattern gas detector 

• Dual readout calorimetry (upgrade plan)


• To realize the EoI, we seek for substantial funding for a long-term R&D

• In particular, for FEMC development, KoreaU and SejongU are want to  

coordinate with RHICf and other Japanese groups

• Common tasks for FEMC and Focal-E?

μ



BACKUP
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Participation in ECCE consortium


