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Fast-beam experiment with the S800

15 m

Focal Plane detector system for heavy-ion PID
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Current Design of the S800 FP Detector System

Hodoscope
TKE, isomer tagging

Ionization Chamber
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Plastic Scintillator
TOF

CRDC
Tracking

Beam
Same basic design planned for the HRS

<1mmLow SNR
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Upgrade of the Tracking System 
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Goal 1: Upgrade the DC gas avalanche readout

CRDC MPGD-DC
GOAL  Implementation of a new readout based on a hybrid MPGD structure

New DAQ  replace the obsolete STAR front-end electronics with the GET system
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Position-sensitive Micromegas readout
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Multi-Layer THGEM (M-THGEM)
Manufactured by multi-layer PCB technique out of FR4/G-10/ceramic substrate
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Prototype: Beam Test @ the S800 focal plane 
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Settings: 78Kr36+ (150 MeV/u) beam & fragmentation beam cocktail (Z ~ 4 to 36) from 86Kr + Be (2.7 mm)

Waveform traces recorded for each “fired” pad

78Kr

X  charge distribution (center of the gravity)

Y  Arrival time (external trigger)

M. Cortesi et al., 2020 JINST 15 P03025

M. Cortesi et al., 2020 JINST 15 P03025

Position resolution = 0.25 mm (σ) 
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Simple (construction) and robust, expected lower aging problems

Better ions-backflow suppression 
• a few % compared to 60-70% of wire-based detector 

High detector gain @ low pressure (MM+THGEM)

High counting rate (up to 20-30 kHz)
• faster gas + faster electronics + Multi-hit capability

• expected DAQ busy time ≈ 20 μs compared to 150 μs (CRDC)

 -) Possibility for active pulse-mode gating (M-THGEM)
• suppressed non-correlated events

 -) High granularity (all pad are readout individually) 
• Measured position resolution < 0.6 mm (FWHM)

Summary performance of the new 
tracking system
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Upgrade of the Energy-Loss System 

This material is based upon work supported by the National Science Foundation under grant no. 2017986
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Goal: Upgrade of the dE/E Concept  ELOSS

Energy-Loss Optical Scintillation System

ELOSS

Optical readout

Charged particle

UV-light

Scintillating Xe

Operational principle:
-) Large volume filled with high-scintillation yield gas (Xe)

-) Excitation created along the track of a charged particle that 

crosses the volume

-) De-excitation with emission of intense, prompt scintillation light

*) Optionally: stimulated emission of electro-luminesce light

-) The light readout by array of photodetectors that surround the 

detector effective volume

-) dE/E based on Xe scintillation light detection
-) High scintillation yield  28 photons/keV - 70% of NaI(Tl)

-) Fast process  scintillation photons emitted within a few ten ns

-) Homogeneous medium, no radiation damage

-) Compact and flexible geometry

-) Increase resolution  stimulated electroluminescence

-) Scintillation light detection based on well-developed technology 

 single-electron sensitivity with 30% quantum efficiency

 time resolution < 200 ps

-) Easy purification and high efficiency gas recovery technique

-) Readout decoupled from the sensitive medium  high SNR

-) Optical readout configurations 
-) Array of Hamamatsu PMTs model R8520-406

-) Commercially-available DAQ
-) Based on MDPP-32 for PMT-based readout
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Geometry: array of Hamamatsu PMTs (model R8520-406)

Optical Readout: Hamamatsu R8520 PMT

33% @ 175 nm

Dimension 30mm x 30mm

Effec. Area 20.5mm x 20.5mm

Filling factor FF = 23.3%

Detector effective  length = 120 mm

QE x FF x Length = 8.4 mm

GXe

Beam

R8520120 PMTs R8520
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ELOSS prototype: performance evaluation

Ar/5%Xe (1 atm)



Slide 14

Particle & Nuclei International Conference - PANIC2021, 

5-10 September 2021, Online

Mechanical design: in progress
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Compared to conventional IC:

 A (“3 times”) better resolving power 

 Sensitivity to high-Z particles (above Z = 50)

 Larger dynamic range

-) optional: change the pressure of the filling gas

 Higher rate capability (up to a few hundred of KHz)

-) Xe emission is emitted within a few ten of ns

 Good time resolution (< 300 psec) – not possible with IC

 Localization capability (a few mm) – not possible with IC

Summary expected ELOSS performance 

Lise++ calculation

Present IC ELOSS

This material is based upon work supported by the National Science Foundation under grant no. 2017986


