SPHENIX and EIC tracker development

Maxence Revolle,
PhD student at CEA-Saclay, IRFU/DEDIP

RD51 collaboration meeting 15 of June 2021




CQa Qutline

EIC introduction

Development to lower radiation length X of micromegas

Zigzag readout R&D for MPGD

TPOT : sPHENIX TPC Outer Tracker monitoring with
Micromegas



CQa Electron lon Collider (EIC)

Brookhaven National Laboratory, NY,

USA ’1' i . - - Elelron
Two polarized beams: oy ' Gy
* Electron beam: 5-20 GeV ' ol Sl 7,

* lon beam : 40-250 GeV
* e+p center-of-mass : 20-140 GeV
* Luminosity : 10*-10% cm2s™!
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* Nucleon structure, QCD, hadronization, spin physics...

ectron -
Injector (RCS)

Two experiments located at IP8/IP6
Construction in 2025, expected first beam 2030
Today: CD-1 stage — targeting R&D starting now oo Benten



CQa EIC : Proposal of a Micromegas tracker

Cylindrical tracker at CLAS12 (JLAB)
* 6 cylindrical Micromegas layers
e ~4m?, 24k channels readout
* Low momentum proton
- 0.4% of X per layer

cLadi barrel and 5 tiles-inthe‘bé?:rgﬂql:@d:

EIC - low momentum electrons
Require X/X, < 5% overall, 3% max for 6 layers MPGD

Micromegas as Barrel
Barrel baseline: 5 Silicon layers + 6 Micromegas lavers
Required 2D readout (diamond like from zigzag |

EIC detector : Si+MPGD at IP6
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CQa R&D on low X0 : Sail Tracker

Sail tracker . L ~——— Mesh

500mm - Resisti
- IStiv t
Drift foil esistive paste

Gas enclosure (Mylar)

<
<

Carbon support
«10mm ,

Kapton

Aluminium strips (by vaporization)

Manufacturing using Saclay MPGD workshop

Micromegas+readout

Barrel Micromegas Tracker (BMT)

Full simulation design
Stretch bulked Kapton demonstrator

Challenging goal: Factor 10 from CLAS12 2021
(0.4% - 0.04% XO0)

* Aluminium based strips
Thin aluminium mesh manufactured with laser ablation

2022 Design of cylindrical Micromegas tracker structure within
EIC detector
2023 Prototype of ultralight Micromegas construction

Cylindrical 2D readout Micromegas construction
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CQa R&D : 1D zigzag readout R&D highlight

2. 10x10cm? detectors with 3. 40x40cm? full size zigzag
~100 different patterns (2019) Micromegas (2021, test beam
ongoing). Big Zigzag (BIZ).

/ *Big Zigzag” Micromegas

This work was supported by the U.S. Department of Energy under Prime Contract No. DE ACO2-98CH10886




R&D LDRD : 1D zigzag readout results (test beam 2019) for

Micromegas
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> FNAL test beam 20109:
» 10x10cm? active area
> 100 different zigzag patterns
> Ar:lso(9505)
> Amplification E field of 31kV/cm
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A Comparative Study of Straight-Strip and Zigzag-Interleaved Anode Patterns for MPGD Readouts
C. Perez-Lara(SUNY, Stony Brook),et al. (Jan 28, 2021)
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Zoom on zigzag strips

Charge sharing improved
for zigzag pattern
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Max charge per total charge of cluster, along the strips

Spatial resolution less dependant wrt the pitch
Improvement for large pitch : 150pm with 2mm pitch


https://inspirehep.net/literature/1843168
https://inspirehep.net/authors/1054533
https://inspirehep.net/institutions/903237
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CQa BIZ characterisation

40x40cm BIZ detectors — capactiance test

PRELIMINARY
RESULTS

Much larger capacitance
than straight strips
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Detector map (in Cosmic lab referential)
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CQa R&D LDRD : 2D patterns (u,v) readout

4-GEM tested with X-ray gun at BNL

1x1cm?2 patterns on 10x10cm? e
-strip

detector

Laser etched

Different settings (angle, pitch...)
Currently tested with proton
beam at Fermilab

V-strip

* Residuals ~75um
* Pitch of 1.5mm

Presented at TIPP 2021 by Alexander
Kiselev

Zoom on diamond strips b
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Cea Sphenix : collaboration with BNL for monitoring

> Study the QGP in 200 GeV Au-Au collisions at RHIC Influence of Micromegas resolution on
» Central tracking with TPC extrapolated position resolution in the TPC
> Distortions in TPC due to space charge 54 0°
> Laser and digital current correction £ L A R RS R REEE
» Monitoring with micromegas layer outside of the TPC = - Ng=20k, 0Q"=40 pm _
> 4 micromegas along drift coordinate = 10F © Ne=10k g§T=110 pm R
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Resolution of tracks for different micromegas resolution (simulation)
- less than 500um resolution requiered 12




DE LA RECHERCHE & LINDUSTRIE

CZ2A TPOT : estimation of potential sparks in micromegas

Energy deposit limit as a function of gain (spark limit)

overcharge/s as a function of gain
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* Origin and simulation of sparks in MPGD, S. Procureur et al, 2012, **SAMPA Chip: the New 32 Channels ASIC for the ALICE
JINST 7 C06009 TPC and MCH Upgrades,J. Adolfsson and al. 13



Sphenix : TPC Outer Tracker (TPOT) prototype

i > 512x256mm active area with 2 readout plane X/Y
% . - (1D)
. > Strips of 1 and 2mm pitch
> 512 channels/detectors
> Expected resolution < 300pum

> » Radiation length < 10% X
o » 50kHz collision rate — resistive micromegas (next
slide)

Front End Units
(sampa)
Prototype of TPOT tile

PCB delivered few days ago for prototype — Log58 '.-__'.T-:P. .'d-T':.gig Sembly



Conclusion

EIC:

= CLASlZ, expertise for cylindrical Micromegas tracker

—~ Low X, detector with Kapton-based support

- 2D readout based on zigzag (diamond)

Zigzag readout:

- 150um spatial resolution for 2mm pitch

— 2D being tested on small detectors
- full-size 1D detectors being tested

- next step: analysis of test beam and
construction of full-size 2D

SPHENIX:
- TPOT, a monitoring tracker

- Prototypes to be soon assembled and
tested

- possible 52 resistive Micromegas
detectors at CEA-Saclay MPGD workshop
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Limits as a function of gain

Raether limit Charge density limit
Raether limit = 2.107 e Density limit = 2.10° e/mm?
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Energy deposit limit as a function of gain (spark limif) Energy deposit limit as a function of gain (spark limit)
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Electron lon Collider (EIC) : 2 program

LDRD zigzag Tracker focus
2016-2021 2020 - now

On readout pattern geometry (zigzag) - R&D on lowering X,

Higher pitch without degrading performance » Zigzag resistive strip in micromegas

Include Micromegas, GEM and yRWell
Pronton Beam test at Fermilab
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