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• Space Charge correction for the 
SPHENIX TPC

• First Prototype

• Green Light and start of production

• Production Challenges

• Characterization with cosmic rays

• Installation at BNL

• Status of the TPOT detector

TPOT : 

MICROMEGAS 

FOR SPHENIX
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THE SPHENIX DETECTOR AT RHIC

Total Cost $35M

TPC            $1.3M

2016 Start of R&D 
2019-2021 Construction
2022           Installation et commissioning
2023 - 25 Data taking
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Data taking at RHIC

Heavy physics with central tracker based on TPC 
• Operated in continuous mode without gating grid 
• 1m drift in Ar:CF4 60-40
• 50kHz collision rate in Au-Au
• Read-out quadruple GEM (upgrade ALICE) 12 sectors 

with 3 detector layers



MPGD Conference 2022 – M.Vandenbroucke – The TPOT Detector 5
2019

TPOT



MPGD Conference 2022 – M.Vandenbroucke – The TPOT Detector

CHARACTERISTICS OF TPOT
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Size : 
Thin detectors to fit between ECAL and TPC 
=> Micromegas amplification
Covers most of a TPC sector

Environment :
Magnetic field (1.5T): gas mixture to lower 
Lorentz angle, thin drift gap => Ar/Iso 95/05
Heavy ions physics => resistive layer (preliminary 
simulation shown 100spark/s without protection)

No access to detector :
Max reliability with segmentation => 4 HV 
sectors per module
No risk in detector design => 1D micromegas

Schedule :
Compatible with fast production => standard 
PCB, size compatible with Saclay MPGD lab
Maximize production yield with no components 
on readout => Independent HV boards
Compatible with DREAM electronics for cosmic 
rays and source characterization at Saclay

Sampa readout :
Minimum work for DAQ integration 
=> TPC FEE
FEE compatible => 256 strips per layer

Performances :
Efficiency above 90%
Resolution of 200μm (Rphi) 300μm (Z)

=> Micromegas detector natural choice

Specifications

Start of 2021

2019
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1 TPOT module is two 1D Micromegas layers (rΦ and Z)
Design is simple
3mm drift
No R&D on 2D resistive necessary 

Resistive layer with strips
Necessary with heavy ions environment
Occupancy is high, strips limit cluster size
Division in 4 HV sectors for reliability (no access after 
installation)

Reuse of TPC services
SAMPA FEE + cooling

Z Pitch is 2mm, rΦ pitch is 1mm
Each layer is read by 1 FEE 
Straight strips for simplicity and low capacitance

No soldering design
Mec8 connectors on side of PCB (1.6mm thickness)
HV card with FSI connectors
Drift connections through springs in frame

TPOT : MICROMEGAS DESIGN CHOICES
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pillar

3mm

-1000V

B=1.4T

Lorentz Angle simulation

Discharge rate estimation (~100Hz 
per layer in sPhenix)

Specifications

06/2021

2019
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FIRST PROTOTYPE
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3D printed frame

First test process

Resistive foil pressed on PCBPCB at Saclay

Frist carbon drift 
Printing resistive strips at Saclay

Frist carbon drift + happy Cyril 

Specifications

2019

Prototype Prod 

Aug. 2021

HV card side view

HV card with HV filter on FSI contact connector
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Happy Cyril + Drift

1mm pitch 

Test with 55Fe First cosmic rays signals with DREAM on TPOT

Test with cosmic rays

PROTOTYPE RESULTS
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Performances of prototype
Efficiency 80% (??)
Resolution ~1 mm (??) with cluster size 1.2
But only Z layer (2mm) +> Detector performances are not critical for TPOT

+> Green Light for 10 modules production for mid 
2022Specifications

2019

Prototype tests

Nov. 2021
Proto. Prod.

04/2021 07/2021
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GREEN LIGHT TO PRODUCTION
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End of 2021 : Go for 10 modules production for June 2022
Great news we have a contract and we’ll go into sPHENIX if we deliver
Few modifications on the readout side but design mostly final
3mm drift made in carbon works great
But : RPHI layer not tested, Sampa not tested with mm, contracts take time

+> Supply chain issue and PCB production
Prices went x5 in a few months 
Delivery time went from 2 weeks to months

+> And also :
Performance of prototype are not ok
Production Engineer leaves for another project
Production yield is very low (detectors are not stable)
Delivery date set for June …

Specifications

2019

Green Light

Dec. 2021
Proto. Prod.

04/2021 07/2021

Proto. Test



MPGD Conference 2022 – M.Vandenbroucke – The TPOT Detector

Résistif et grand pitchTPOT Z prototypes (10/2021) :
Copper strip of 2mm with resistive strips of 2mm pitch 1mm wide
Reconstructed position of the resistive strip and not the particle 
Readout design also done with zigzag and ordered

Piste resistive trop fine

+> Prototype to test resistive layer :
Efficiency OK 98%
Zigzag strips too high in resistivity
Resolution pitch dependent : ~650um for 0.5mm res. pitch

1mm0.5 mm 2mm zigzags
=> Not ok

2 mm

Prototype with 3 different resistive zone 

Z (2MM) RESOLUTION ISSUE
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ZZ R&D from LDRD program “Zigzag”

Specifications

2019

March. 2022
Proto. Prod.

04/2021 07/2021

Proto. Test Green light
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Pre-série ZZZ

Large resistive strips over zigzag strips

02/2022 : New TPOT Z Zigzag (ZZZ) 
- Zigzag from LDRD program
Efficiency OK 98%
Resolution ~650μm

PRELIMINARY

TPOT ZZZ and double pitch resistive
=> 2mm:620μm, 0.5mm:470μm

Residuals on TPOT ZZZ 650μm

=> 470um resolution is good enough for the TPOT project 
since integration time can compensate resolution
=> Noise level are ok with SAMPA

ZZ strips
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Z (2MM) : ZIGZAGS TO THE RESCUE

Specifications

2019

March. 2022
Proto. Prod.

04/2021 07/2021

Proto. Test Green light
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PROCESS PRODUCTION - YIELD
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Improvement to fix the poor yield :
Systematic long HV test 
Debulking
Resistive layer removal
Pressing on good press at CERN (thx Rui !)
Missing pillars on design fixed during production

HV station with 48 HV 
channels + monitoring 
developed for NSW

+> at the end we had ~90% success on the first try

DebuggingSpecifications

2019

April - June 2022
Proto. Prod.

04/2021 07/2021

Proto. Test Green light
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PRODUCTION MODULE QC WITH COSMIC RAYS
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+> Shipping to BNL in two batches in August 2022

Module 7 monitoring plots

ProductionDebuggingSpecifications

2019

June - Aug 2022
Proto. Prod.

04/2021 07/2021

Proto. Test Green light

http://132.166.30.28:8080/SPHENIX/220708_145519/eff_vs_HT_Z_RPHI_with_the_other.png
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FIRST MEASUREMENTS AT BNL WITH SAMPA
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TPOT team at BNL
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INSTALLATION ON LADDER – CABLING
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Patch panels :

Central ladder assembledPatch panel connections

ProductionDebuggingSpecifications

2019

Oct. 2022
Proto. Prod.

04/2021 07/2021

Proto. Test Green light shipping

08/2022
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OUTLOOK
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The TPC Outer Tracker :
Give a reference point outside of the TPC
8 Micromegas modules to cover 3 sectors 
3 ladders (2-4-2)

Micromegas detectors :
Design, production, and test at Saclay
PCB from the industry, Kapton base from CERN
3.5 months of production with debug

Many challenges :
Supply chain crises
Covid still around
Understanding the resistive layer
Understanding the cooking procedure to make 
a bulk
Test with DREAM but SAMPA used

Now :
Installed in sPHENIX since 9/12
Cabling and test before TPC installation
Data taking before the summer

Next : Micromegas EIC 
R&D for good 2D resistive Micromegas
High R full resistive layer
Different 2D readout
Test beam at MAMI in June

ProductionDebuggingSpecifications

2019
Now

Proto. Prod.

04/2021 07/2021

Proto. Test Green light shipping

08/2022

assembly

10/2022



TPOT : 

MICROMEGAS 

POUR SPHENIX
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SPARES
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1) Tests HT au labo bulk
➢ Micromegas à 900V dans l’air
➢ Continuité avec dérive

2) Étanchéité Gaz
➢ Test dérive sur plexiglas (sous 0.1L/h de fuite)
➢ Layer puis module assemblé (sous 0.2L/h de fuite)

3) Test Gain avec source Fe55 (Lecture par DREAM)
4) Test Cosmique (DREAM avec paramètres type SAMPA)

➢ Plateau d’efficacité
➢ Résolution spatiale

5) Métrologie avant envoi
➢ Mesure de la position des inserts venant accueillir les billes pour métrologie dans sPHENIX
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Homogeneity map *

*homogeneity map is the efficiency 
map with very drastic cuts on track 
quality to see the details of the 
detectors

Efficiency plateau with cosmic rays Efficiency curve with 55Fe

TPOT Test and Validation
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THANKS ALL FOLKS !
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Historique TPOT à l’Irfu

2019

• R&D on Ion Back Flow correction for the sPhenix TPC

• TPC readout with Micromegas + GEM

• External tracker for validation

➢ TPC readout “Alice” with GEMs

➢Meeting at CERN in July 2019 with ALICE IBF team

➢Task Force started to study IBF effects

2020

• Task Force simulation effort shows that would efficiently correctly TPC distortions

• Cost and Schedule meeting in December 2020 to decide the future of an external tracker

➢ External tracking point is seriously considered by the sPhenix community

➢ Prototype contract of 39k$ from BNL is awarded to IRFU to start design

2021

• Prototype contract is signed 23/03/2021 and detector design starts at Saclay

• June 2021 review of scientific merit in front of BNL NPP PAC

➢ PAC recommends that sPHENIX accepts the TPOT proposal and BNL to monitor plan for possible installation

• Cost and Schedule meeting in September 2021 

➢ TPOT is descoped to 8 modules to be installed before the TPC

➢ Installation after run 2 is too risky

➢Manpower for mechanical design and integration will help TPOT team 

➢Contract for hardware construction of 10 modules is awarded to IRFU in November

• First prototypes have produced at IRFU in October 2021 and tested

• Design and order of pre-serie end of 2021

2022

• Prototype TPOT Z send to BNL in January 2021

• Project review at BNL with DOE January 2021

➢Design (detector and mechanical structure) is validated by BNL/DOE

• Pre-serie detector produced in February 2021

• Contract is signed between IRFU and BNL for 10 modules in February

• All orders for serie detector are placed in early March 2021

• Project review at IRFU 22/03/2022

22
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With only 2 space points, not possible to reconstruct plane => new point on tray by 
glueing pin

ADDATIONAL POINT ON TRAY
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METROLOGY – OPTICAL + 3D 
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Drill bush on detector Target on detectorDetector + the 2 target

- We need to measure the 2 readout PCB positions wrt the 2 targets 

PCBs visible only from back
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INSTALLATION ON LADDER – COOLING
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Tube connection + lock installation :
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DETECTOR PREPARATION
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Support for the transition card :
Added a double taped 4mm shim to support and secure 

the SEAM connector plugged. To unplugged, first lift the transition 
card to un-glue it. 



Process Production

A

• Serigraphie

• Pressage @Saclay

• Test Resist

B
• Bulk

• Test HT

C

• Integration avec 
Derive

• Banc cosmique

A’

• Pressage @CERN

• Serigraphie

• Test resist

• Poncage et restart

B’

• Bulk

• Test HT

• Re-Bulk

• Test HT long

C’
• Integration avec Derive

• Banc cosmique
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1. Lasers directs pour reconstruire les distorsions statiques O(cm) lors du commissioning 
2. Traces pour reconstruire les distorsions spatio-temporelles induites par le faisceau O(mm)
3. Lasers diffus (et courants digitaux) pour monitorer les fluctuations événement par événement 

(<100μm) 
Nécessité d’utiliser toutes les méthodes en coopération, pour complètement  corriger les distortions 
dans TPC avec la précision requise de 100μm

OUTILS DE RECONSTRUCTION DES DISTORTIONS

Trajectoires des lasers directs

Extrapolation des traces jusqu’à la TPC

Pads métalliques de la membrane centrale

TPOT pertinent pour l’utilisation des traces dans la reconstruction des distorsions induites par le faisceau
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[BACK-UP] INSERTION SPHENIX
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[BACK-UP] MAGNITUDE DES DISTORTIONS

Magnitudes des distortions attendues : 
• jusqu’à 3mm selon Φ
• jusqu’à 1.2 mm selon r
• jusqu’à 200 μm selon z
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• Étude des propriétés microscopiques de la matière déconfinée avec des sondes dures

• Programme de QCD froide : portail vers l’EIC

PROGRAMME DE PHYSIQUE SPHENIX

→ TRACKING

Nécessite une calibration robuste et efficace des détecteurs

en particulier de la TPC
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• Étude des propriétés microscopiques de la matière déconfinée avec des sondes dures

• Programme de QCD froide : portail vers l’EIC

PROGRAMME DE PHYSIQUE SPHENIX

→ TRACKING

Nécessite une calibration robuste et efficace des détecteurs

en particulier de la TPC
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[BACK-UP] OCCUPANCY TPOT
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TAUX D’OCCUPATION
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TPC / TPOT READOUT
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