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Wed 30/11Tue 29/11


Online and in-person participation was almost equal

Sessions
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Evgeny Shulga, Stony Brook University 


2.1 m

1.6 m

Central HV Membrane

400 V/cm

400 V/cm

Readout plane

sPHENIX TPC
Time Projection Chamber (TPC)

Compact: 20 < r [cm] < 78 (active (>30cm)

Gas: Ne/CF4⟹ Ar/CF4
Nominal drift field E = 400 V/cm and magnetic field B = 1.4 T 

along z

Required spatial resolution: < 150 μm

Charge collection via GEMs → ALICE SAMPA

Gateless and continuous readout (GEMs for IBF suppression)

R2 Readout plane

Zig-zag pad structure
4E Shulga

Gain & IBF measurements

13E Shulga
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IBF currents

- All modules are scanned for Gain & 
IBF characterization

- IBF is correlated with gain
- Gain is uniform
- 0.3 % IBF is measured for all 

modules
- The scans are used for IBF values 

estimation for the digital currents

TPC assembly

17E Shulga

Quad-GEM

7E Shulga

• Planned gas after 2019 test beam: Ne/CF4 (50:50)
• GEM 3 & 4 are adjusted to achieve a total effective gain of  2000
• GEM 1 & 2 provide effective gain of  1 and used to stop IBF

"drift = 400 V/cm

1

2

3

4

GEM foil U [V] #V [V]
Edrift

[V/cm]
G4 b 600 - -
G4 t 1098 498 -
G3 b 1128 30 95
G3 t 1578 450 -
G2 b 2778 1200 3750
G2 t 3110 332 -
G1 b 4310 1200 3750
G1 t 4578 267 -

• sPHENIX TPC is instrumented and 
awaiting its turn to be installed @ BNL 


•
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GEMs

Operator

Power 
Supply

Capacitive 
Pickup ADC

FPGA

FPGA to 
Ethernet 
Adapter

Overview

Amplification

In this presentation we will discuss:

● The apparatus for characterizing 
sparks

● The results of the characterization
● The choice of  pickoff circuitry
● Testing of amplifier designs

3

Julian Driebeek, Stony Brook University 


Successful Performance of Integrated Absolute Value

After Delay Line

13

Sparks were larger and faster than expected, but a pre-amp sufficient for digitizing signals at 10 MHz has been demonstrated  



5

Sourav Tarafdar, Vanderbilt University 
 Energy Resolution  

11/29/22, CPAD-2022 workshop Sourav Tarafdar 8
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Ref: NIMA, 1042(2022), 167460

Ion Back Flow and Energy Resolution  

• Ion Back Flow (IBF)     
!"#$ %&&'('#) %* *+, -%*+".,

/0,-*&"#$ %&&'('#) %* *+, %#".,

In the presentation   IBF   = 
1!"#$%
1&'(!)

• Energy resolution  
23456 78 4692236: 83; ;7 <:<=4> 2?<@;=6 8=75 57:7@A=756;3@ 279=@<

B<6: 78 4692236: 83;
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• Contributes to space charge
density in drift volume.

• Lower IBF desirable for low space
charge density for better tracking.

Good energy resolution for better Particle Identification 

Ref: NIMA, 1042(2022), 167460 


Ion Back Flow Suppression and energy resolution  dependence on Transfer Gap, Drift Field 
and GEM voltages were also discussed.
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Audrey Francisco                                                             The TPOT detector                                                            CPAD WORKSHOP 2022

OUTER TRACKER FOR THE TPC

5

TPOT

TPC

INTT

MVTX

Partial TPC coverage 
• Full z dependance 
• φ dependance

Track extrapolation with an additional space point outside the TPC
TPOT = TPc Outer Tracker 

Audrey Francisco, Saclay


Audrey Francisco                                                             The TPOT detector                                                            CPAD WORKSHOP 2022

OUTER TRACKER FOR THE TPC

6

• Size: 
– Thin detectors to fit between ECAL and TPC  
→ Micromegas amplification

• Environment:
– Magnetic field (1.4T): gas mixture to lower Lorentz angle, thin  

drift gap → Ar/Iso 95/05
– Heavy ions physics → resistive layer  

• No access to detector:
– Max reliability with segmentation → 4 HV sectors per module
– No risk in detector design → 1D Micromegas 

• Re-use of TPC services: SAMPA FEE and cooling 

• (very compressed) schedule:
– Compatible with fast production → standard PCB from industry, size compatible with Saclay MPGD lab
– Compatible with DREAM electronics for cosmic rays and source characterisation at Saclay

→Micromegas = natural choice

Lorentz Angle simulation

Detector 
design

Green light from DOE

Prototypes 
validation

Production (serigraphy, bulk, assembly, metrology, validation) @ Saclay 
Mechanics for support structure @ LANL 
Transportation and lifting @ MIT/Bates 
Services (Cooling, Gas systems, slow controls) @ BNL

All detectors 
@ BNL

Assembly into sub-
system and testing

Integration 
in sPHENIX

2021

Nov 21

March 22

Spring 22

Aug 22 Fall 22

Dec 22

Audrey Francisco                                                             The TPOT detector                                                            CPAD WORKSHOP 2022

DETECTOR PRODUCTION @SACLAY

9

Resistive 
layers 
pressed 
on the 
PCB

Z

rΦ

Resistive layer 
(straight strips) 

Zigzag 
strips + 
serigraphySerigraphy process

Collaboration with CERN for pressing the kapton layer on the PCB



Audrey Francisco 

•
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Matt Posik Temple University 
 1

Overview of ongoing MPGD Development 
for the ePIC Detector

Matt Posik
Temple University
On behalf of eRD108

ePIC Reference Detector 

CPAD Workshop: November 29th - December 2nd 2022 4

Si

Planar MPGD

DIRC

Cylindrical MPGD

dRICH

AC-LGAD ToFs

p/A beam e beam

ePIC Reference Detector 


Cylindrical MPGDs: Micromegas

10

Motivation

o Build a full (no acceptance gaps) light-weight modular Micromegas barrel tracker to complement the silicon vertex detector

o Take the existing 1D MM technology from CLAS12 and upgrade it to be 2D readout

Objectives

o Optimization of the 2D readout to reach resolutions of ~150um with the fewest possible number of channels on small prototypes

o Design and construction of several small prototypes with different r/o patterns and different resistivity values

Main activities

● Finite difference element  simulation of the resistive layer
coupled with Garfield++ output

● This tool will be calibrated with prototype results

●First CAD design of the whole Micromegas tracker 

for the ATHENA proposal (50 c! x 70 c! tiles)

●Being used also as starting point for ePIC

Example of the charge density on the resistive surface 2µs after injection

Cylindrical MPGDs: !RWELL

CPAD Workshop: November 29th - December 2nd 2022 12

Design of mechanical structure for the cylindrical !RWELL prototype with 3mm drift gap

o Prototype consists of 2 half cylinder chambers with different readout structures

• CapaSh-!RWELL: "RWELL /readout foil with U-V capacitive-sharing readout

• Zigzag-!RWELL: "RWELL /readout foil with U-V zigzag readout

o Set of three support frames per half-cylinder (main frame + 2 clamps)

26 cm

40 cm

Outer clamp

Cathode drift foil

Main frame

Prepreg base
(0.2-1mm thick)

Inner clamp

Support for FE card

CapaSh-"RWELL
(w/ FE connectors)

Zigzag-"RWELL
(w/ FE connectors)

Cylindrical MPGDs: 𝜇RWELL  

Cylindrical MPGDs: !RWELL Readout Structures

CPAD Workshop: November 29th - December 2nd 2022 14

1.35 mmpitch 1.3
5 m

m
pit

ch

U-strip

V-strip

U-V zigzag readout concept (BNL)

capacitive-sharing readout concept (JLab)

366.4 mm

366.4 
m

m

560. mm

400 
m

m

Panasonic connectors to the 
A

PV
25-SRS FE electronics

V-strips

U-st
rip

s

common U-V readout template design

Design of !RWELL readout composite foil structures

o Single foil design, same "RWELL amplification, two different U-V readout structures

• 2D zigzag readout (BNL)

• Capacitive-sharing straight strip (JLab)

o Common readout template design

• Strip pitch: 1.35 mm à 768 strips / half cylinder

• Target: Nominal space point resolution better than 100 "m for perpendicular tracks

https://doi.org/10.1016/j.nima.2022.167782

Cylindrical MPGDs: MICROMEGAS

MPGD Tracking Layers for PID Detectors

18

Spatial resolution v.s. track angle for 
various drift gaps

q Motivation

o Major contributor to PID separation performance is the determination of Cerenkov 

angle resolution 

o Improve the measurement of direction and impact position of charged particles that 

hit the PID detectors by measuring a high precision hit (< 100  "#) after the particle 

has traversed all materials in the tracker and PID detector. 

Thomas Hemmick, FCC workshop 2020

Long ionization trail
Short ionization trail

q Prototype Design

o MPGD layer needs to cover a large angular acceptance, but resolution degrades with 

angle à General EIC issue, not just for ePIC

o Thin-gap MPGDs/ hybrid-MPGDs could provide a solution

§ Proposal submitted to generic EIC R&D program (proposal #23) 
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Sourav Tarafdar, Vanderbilt University 


GEM based Transition Radiation Detector/Tracker

11/29/22, CPAD Workshop Sourav Tarafdar 7

• First prototype based on triple GEM 
assembled at UVA.

• Drift gap was chosen as ~ 2.0 cm based on 
standalone Geant4 simulation. 
ü Drift gap > 2 cm do not provide 

additional advantage in terms of TR 
yield 

• Fleece Radiator length of 10 cm
was used. 

• Xenon gas was chosen.

• Two individual HVPS channels were
used for biasing triple GEM via 
voltage divider and for independent
biasing of drift cathode 

GEM foils
Energy deposition (dE/dx+TR) vs drift gap

drift gap [mm]

GEM-TRD prototype 
Geant4 model

TR photons with radiator length

e-/" @ 3GeV

GEM based Transition Radiation Detector/Tracker

11/29/22, CPAD Workshop Sourav Tarafdar 6

Why GEMs /MPGD ? 
• High resolution tracker.
• Good energy resolution and high rate

capability.
• Less affected by space charge 

accumulation

Convert GEM/MPGD tracker to TRD 
• Increase drift gap (~2-3 cm)
• Use heavier gas mixture (Xe or Kr)
• Implement radiator at entrance (~5-15 

cm, depending on multi layered thin 
TRDs or single layer thick TRD)

• Implementing suitable readout 
electronics

Amplification 

11/29/22, CPAD Workshop Sourav Tarafdar 15

Hybrid GEM+MicroMegas based TRD 

Drift gap ~ 21.3 mm

Transfer gap  ~ 2. mm

Induction gap ~ 2.0 mm 

Mesh cathode

GEM 1

GEM 2

Micromesh 

Mylar window ~ 10x10 cm2

Strip readout

~1. mm
• Intended to move towards single amplification unit
• Signal profiles from MMG and GEMs are different , ions 

contribute a long tail (~100 ns) in MMG signal 
• GEM layers were used mostly for spreading of electron charge.
• Most of the gain was provided by MMG layer
• Compare detection of TR yield from triple GEM and hybrid 

MPGD based TRD

• Tested during winter 2021 JLab Hall-D  
3 GeV e- test beam along with new 
triple GEM TRD prototype.

• Initial study showed clear distinction 
between yield with and without 
radiator => Different signal profile of 
MMG and GEM seems to be not an 
issue

• Charge collection efficiency at par with 
GEM based TRD
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GEM+ MMG 
based  prototype

With Radiator

11/29/22, CPAD Workshop Sourav Tarafdar 17

Plans for the future
• Study of various R/O pattern with larger pitch to reduce electronics channel  and hence reduce the 

electronics cost.
1. Capacitive sharing R/O ( Developed at Jlab)
2. 2D zigzag (Developed at BNL).

• Use single amplification unit as MMG and "Rwell with the above two different R/O patterns.
• Test these different prototypes in Fermilab pion beam to test the e/# rejection under same experimental 

condition.
ü Previously this has been tested @ different locations (e- beam @ Jlab hallD pair spectrometer and 

mainly hadrons in Glue-X set up
• Recently submitted EIC-generic R& D proposal got accepted 

GEMs & 
GEM + MicroMegas Based TRD 
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Sebastian White R&D@CERN:    2)PICOSEC in RD51

DDAD (cont)-early use of AC coupling)


• MicroMegas mesh solved remaining time vs. 
position non-uniformity in the HFS sensors


• with Capacitive readout->timing on induced Q on 
a conducting mesh from charge motion in Si


• effective reduction also in CD


• many interactions w Saclay/Orsay where SAMPIC 
developed (Delagnes, Breton)


• Giomataris and co. provided the mesh but also 
ideas to bring picosecond timing to gas detectors


• World record holder (Microchannel Plate PMT) 
many  parallels w PICOSEC. see following   

8

              

        

         

isochronous

photoelectron


production

16

So far.. resistive multipad-> ~ 25 picosec

The Easy Part: Near pad centers with 20 GSa/s waveforms

Below: from recent AUTH analysis. Early results with SAMPIC (~6.4GSa/s) or charge sharing ~ 20 picosecond resolution.

17

PICOSEC Future (2) Data from 2022 Testbeam runs -CERN North Area 
(Manuscript submitted to NDIP 2022 proceedings)

Observe 20.2 —>17 picosecond rms resolution with  preamp gap reduction (220->180 micron)

In the multipad PICOSEC, also encouraging results w DLC and resistive MM

Scope for more digitizing schemes to sharpen the performance
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Ilaria Vai on behalf of the CMS Muon Group GE1/1 project GE1/1 commissioning First performance results

CMS Muon System Ugrade
HL-LHC → New muon stations to:
I Improve the redundancy in the

high η region
I Handle a rate of 10’s of kHz/cm2

I Survive to an intense background
rate

Gaseous detectors technologies
I Drift Tubes (DT)
I Cathode Strip Chambers (CSC)
I Resistive Plate Chambers (RPC)
I Triple-Gas Electron Multiplier

(GEM)

Ilaria Vai on behalf of the CMS Muon Group CPAD 2022 Workshop November 30th 2022 3 / 16

GE1/1 project GE1/1 commissioning First performance results

GE1/1 in CMS

GE1/1 project
I 144 Trapezoidal Chambers → coupled in 72

superchambers (36 per endcap), each spans ∼10°
I Long and Short superchambers alternate to maximize

the η coverage

Installation in CMS
I Negative Endcap: completed in Oct. 2019
I Positive Endcap: completed in Sept. 2020

Ilaria Vai on behalf of the CMS Muon Group CPAD 2022 Workshop November 30th 2022 7 / 16
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GE1/1 project GE1/1 commissioning First performance results

Summary

I Triple-GEM is the new detection technology adopted for the CMS muon stations GE1/1, GE2/1
and ME0.

I GE1/1 station was installed in during the Long Shutdown 2.
I Currently under commissioning:

I Operational experience of large size Triple-GEM detectors in magnetic field;
I High granularity efficiency measured, fine tuning of the working point ongoing;
I Track-based alignment ongoing, mandatory for triggering on muon.

I GE2/1 and ME0 stations will be installed during the Long Shutdown 3.

Ilaria Vai on behalf of the CMS Muon Group CPAD 2022 Workshop November 30th 2022 16 / 16
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Ilaria BALOSSINO, INFN-IHEP Fellow  


  DESIGN

5

Cylindrical              

Triple GEM        

High Rate

       High Radiation Hardness

    93% Solid Angle Coverage

Low Material Budget <1.5% X
0

Triple GEM

      X-V Anode Segmentation

            Time and Charge Analogue Readout

High Gain

      Low discharge Probability

           Improved spatial resolution

                      σ
z
 ~350μm

                             σ
xy

 ~130mm

                                     σ
pt

 ~0.5% @1 GeV/c

Inner Tracker

www.mdpi.com/2073-8994/14/5/905

  BESIII

3

@Institute of High Energy Physics, Beijing

doi.org/10.1007/s41365-022-01133-8

@BEPCII

     e+e- collider 

   ⇥-charm factory

  E
cm

 = 2 – 4.95  GeV

 L = 1033 /cm2s

MDC 0.5% at 1 GeV/c

      CsI(Tl) calorimeter 2.5% @ 1 GeV

              BTOF 70 ps 

ETOF 60 ps

                    dE/dx 6% e- from Bhabha scattering

We have 
collected 

10B of J/⌅ !

The world 
largest 

data sample

  RESULTS

12

Grounding scheme and data buHering 
improvements are being upgraded to 

try to solve this eSciency losses 

CHARGE 
CENTROID

EFFICIENCY

At θ = 0° about 60 μm
µ-TPC analysis in progress to 
improve resolution at large angles

doi.org/10.22323/1.414.0331

  RESULTS

12

Grounding scheme and data buHering 
improvements are being upgraded to 

try to solve this eSciency losses 

CHARGE 
CENTROID

EFFICIENCY

At θ = 0° about 60 μm
µ-TPC analysis in progress to 
improve resolution at large angles

doi.org/10.22323/1.414.0331



12

Tanaz Mohayai, Fermilab

4
T. A. Mohayai

DUNE Near Detectors

An elaborate near detector complex:
ND-LAr a liquid Argon time projection chamber, LArTPC
ND-GAr, a gaseous argon-based time projection chamber
SAND, system for on-axis neutrino detection

 

movable system, 
enables the 
DUNE-PRISM 
program

DUNE-PRISM

ND-LAr

ND-GAr

SAND

in the early running, a simpler downstream detector, 
the muon spectrometer, TMS will be used (Phase I) 

T. A. Mohayai
5

ECAL

ND-GAr Near Detector Concept

0.5 T Magnet

A magnetized High Pressure Gas Argon TPC 
(HPgTPC) surrounded by ECAL and m-tagger:

Reference design repurposes ALICE multi-

wire chambers 

Other designs under consideration, e.g. GEMs

Key design capabilities:

Excellent PID, tracking efficiency, momentum 

resolution

4p coverage

 

 

HPgTPC

ALICE engineering drawing

Low threshold

Magnet Yoke, 
could be 

instrumented with 
m-tagger

13
T. A. Mohayai

Pressure vessel housing an IROC, aimed at calibrating the gain at various 
pressure set-points and amplification (anode) wire HV values

Charge Readout Test Stand – MWPC

Fermilab, Colorado Boulder, Pittsburg 

17
T. A. Mohayai

Test beam run goals (led by N. Khan, P. Dunne at Imperial):
Demonstrate long-term operation of readout chamber and electronics
Reconstruct tracks with full electronics and readout software
Collect hadronic interactions on argon
Measure proton and pion scattering on argon
And many more...

Stay tuned!

Charge Readout Test Stand – MWPC
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Jaydeep Datta, CFNS, 
Stony Brook 
 μ-RWell for tracker 

• High gain (~ 104)

• Good spatial resolution (<100 mum)

• Good time resolution (~ 5.7 ns)

• High rate capability (~ 1 MHz/cm2)

• Ease of deployment

Preliminary idea for 
cylindrical tracker, 
inner radius ~ 3 cm, 
outer radius ~ 4 cm, 
length ~ 20 cm

Detailed view of μ-RWell (not according to scale)
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Material 
budget for 
proposed 
tracker

Energy deposition in detector

• The three panels show the energy deposition pattern in the detector in cases of no 
tracker, one layer of tracker and two layers of tracker.

• Calorimeter does not cover the whole range of theta.
• Presence of tracker improves particle detection and energy reconstruction

Energy deposition pattern 
without any tracker

Energy deposition pattern 
with one layer tracker

Energy deposition pattern 
with two layers tracker
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Detector geometry

Conceptual design for the PIONEER experiment. 

Ref: arXiv:2111.05375

Simple schematic of the PIONEER experiment, with 

Liquid Xenon (LXe) calorimeter, Low Gain Avalanche 

Detector (LGAD) as Active TARget (ATAR) and 

cylindrical Tracker. (Ref: arXiv:2203.01981) 
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Active TARget 11
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• Low Gain Avalanche 
Detector based detector 
used as Active TARget
(ATAR).

• Dimensions: 2 cm x 2 cm 
transverse to beam, 6 mm in 
beam direction, each strip 
120 μm thick

• 50 layers of silicon strip 
detectors, placed in 
orthogonal direction in 
consecutive layers

• 200 μm pitch for strips, ~ 5000 
channel to readATAR schematic and proposed electronics

Ref: PIONEER proposal, arXiv: 
2203.01981

A Tracker for PIONEER
Jaydeep Datta (For PIONEER Collaboration)

CFNS, Physics and Astronomy Department, Stony Brook University, NY, USA

PIONEER Collaboration
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Majd Ghrear, Jeff Schueler, Sven Vahsen,

University of Hawaii

Background  

2
Directional Recoil Detection https://doi.org/10.1146/annurev-nucl-020821-035016
Compact, directional neutron detectors capable of high-resolution nuclear recoil imaging https://doi.org/10.1016/j.nima.2019.06.037

DM, n
 , v

DM, n , v

BEAST TPC

● 70:30 mixture of He:CO2 at STP

● Cathode

● Field cage rings (~450 V/cm drift field => 

220 μm / 25ns-time bin drift speed)

● Double GEM amplification capable of 

gains up to O(50,000)

● ATLAS FE-I4 pixel ASIC readout

●  80 x 336 grid of (250 x 50) μm2 pixels

● 4-bit TOT charge quantization

● Noise floor ~100 electrons

● Single electron efficiency at ~20k gain

Background ● 3D reconstruction of electron recoils widely applicable 

○ Characterization of the Migdal effect

○ X-ray polarimetry

○ Neutrino detection

● Low charge densities and non-trivial topologies, 

requiring highly segmented and sensitive MPGD charge 

readouts

● We focus on a method for estimating and optimizing 

the accuracy with which we can determine the initial 

direction (i.e. the angular resolution)

○ Goal 1: validate with existing small pixel TPCs 

○ Goal 2: use method to optimize design of future 

detectors

3

3D reconstruction of ~40 keV electron recoil in He : CO2 using 
BEAST TPC

Compact, directional neutron detectors capable of high-resolution 
nuclear recoil imaging, NIMA 2019. 
https://doi.org/10.1016/j.nima.2019.06.037

v

v

3D reconstruction of low-energy electron recoils 

Improved the multiple scattering treatment, 
included leading detector effects
angular resolution of electron recoils in gas TPCs  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Summary

๏ MPGDs are deployable in a wide rage of experiments. 

๏ MPGDs as a fast timing devices (e.g. PicoSec) can open many other avenues for its                 
  application  

๏ There is vibrant EIC R&D consortium pursuing MPGD related activities.   

๏ Many ongoing R&D can benefit communities across different branches. 


