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TPOT :
MICROMEGAS
FOR SPHENIX

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



Year | Species snn | Cryo Physics Rec. Lum. Samp. Lum.

OUTER HCAL [GeV] | Weeks | Weeks |z] <10 cm |z] <10 cm

2023 | Aut+Au | 200 |24(28) | 9(13) 3.7(5.7)nb1 45 (6.9)nb~1

SC MAGNET 2024 | plpt | 200 |24(28)| 12(16) | 0.3(04)pb~![5kHz] | 45(62) pb~!

4.5 (6.2) pb~! [10%-str]

INNER HCAL

2024 | pl+Au | 200 | - 5 0.003 pb~" [5 kHz] 0.11 pb~!
EMCAL 0.01 pb_l [10%-str]

2025 | Aut+Au | 200 |24(28) | 20.5 (24.5) 13 (15) nb ™! 21 (25) nb~!
TPC
INTT Data taking at RHIC
MAPS 2000 2005 2010 2015 2020 2025 2030
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FLUX RETURN sl o 4 PTAR
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N TPC $1.3M

SPHENIX
Heavy physics with central tracker based on TPC “ll
* Operated in continuous mode without gating grid Start of Rng
* 1mdriftin Ar:CF4 60-40 Construction
e 50kHz collision rate in Au-Au 2022 Installation et commissioning

« Read-out quadruple GEM (upgrade ALICE)istri12 sectors 2023-25 Data taking

with 3 detector layers
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TOOLS TO RECONSTRUCT DISTORTIONS

1. Direct lasers — static distortions O(cm) during commissioning

2. Tracks — time-dependant distortions induced by the beam O(mm)
3. Diffuse laser system (and analog current reading) — event-by-event fluctuations (<100um)
Need to use all , to fully correct TPC distortions with the required precision
of 100um

MVTX

End Views:
INTT

Y (mm)

Side View:
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TPOT useful for the track extrapolation in the reconstruction of beam-induced distortions
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Pads on the TPC central membrane

=4
4

A 4

MPGD Conference 2022 — M.Vandenbroucke — The TPOT Detector

2019




CHARACTERISTICS OF TPOT

Size :
B to fit between ECAL and TPC
=> Micromegas amplification
m Covers most of a TPC sector

Environment :

= (1.5T): gas mixture to lower
Lorentz angle, thin drift gap => Ar/Iso 95/05
. => resistive layer (preliminary

simulation shown 100spark/s without protection)

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

Schedule :

m Compatible with fast production => standard
PCB, size

m Maximize production yield with no components
on readout => Independent HV boards

m Compatible with DREAM electronics for cosmic
rays and source characterization at Saclay

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

Performances :
m Efficiency above 90%
m Resolution of 200pum (Rphi) 300um (Z)

=> Micromegas detector natural choice

A 4

2019
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cez TPOT : MICROMEGAS DESIGN CHOICES,O

Drrift Electrod
f }I \.\ ri ectro eJ%WA
H . e P (d
1 TPOT mpdu_le is two 1D Micromegas layers (r® and 2) BT} e onversion/DHifE Gap & E Field
m Design is simple : ..\0 |
m 3mm drift : @ Micromesh
128 pm ; Amplification Gap IS

m No R&D on 2D resistive necessary

@=» Readout Strips

Resistive layer with strips — S w0pm 5

m Necessary with heavy ions environment
m Occupancy is high, strips limit cluster size

m Division in 4 HV sectors for reliability (no access after
installation)

Reuse of TPC services = 17 + 1 r® detector

m SAMPA FEE + cooling
s

/ ]
i
. RPHI : . = \ + g
Z Pitch is 2mm, r@® pitch is Imm - — L L |
]

m Each layeris read by 1 FEE
m Straight strips for simplicity and low capacitance

Each layer is read by 1 FEE

No Soldering design EUES_B‘:LZIIT T T T ] . Energy deposil by g4hits in single \ayersing\stulemil:sr::egas
m Mec8 connectors on side of PCB (1.6mm thickness) o A e e
m HV card with FSI connectors =t I NG e
m Drift connections through springs in frame E
3 E Discharge rafé‘estim_at_ipn (~100Hz
i . E per layer in sPhenix) .
Lorentz Angle simulafion U A
2019 b
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DE LA RECHERCHE A LINDUSTRIE

Resistive foil pressed on PCB

Printing resistive strips at Saclay

Specifications

FIRST PROTOTYPE

HV card side view

First test process HV card with HV filter on FSI contact connector

3D printed frame Frist carbon drift Frist carbon drift + happy Cyril

2019

A 4
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DE LA RECHERCHE A LINDUSTRIE

PROTOTYPE RESULTS
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Test with cosmic rays

Performances of prototype
m Efficiency 80% (?7?)
m Resolution ~¥1 mm (?7?) with cluster size 1.2
m But only Z layer (2mm)

| Specifications | | Proto. Prod.
2019 07/2021 * >
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CZa GREEN LIGHT TO PRODUCTION

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

+> Supply chain issue and PCB production
m Prices went x5 in a few months
m 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)

[
[
[
m Delivery date set for June ...

| Specifications | | Proto. Prod. | | Proto. Test |
2019 T T T : .
04/2021 07/2021
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Ca Z (2mMM) RESOLUTION ISSUE

TPOT Z prototypes (10/2021) : e_-J_
m Copper strip of 2mm with resistive strips of 2mm pitch 1mm wide 1
m Reconstructed position of the resistive strip and not the particle )

m Readout design also done with zigzag and ordered

Pisten \ +> Prototype to test resistive layer :

m Efficiency OK 98%

m Zigzag strips too high in resistivity
m Resolution pitch dependent : ~650um for 0.5mm res. pitch

0,07

£ 05¢
50_45; —+— No Zigzag
2 0.4F —+— ZigZag, Period=40, Scretch=20
S F T
8035 : pitch/V12
o8 € oaf :
0.25) oo —
02;_ ““““““ '."’ “““““““ // B S
0.A5E o f ///
0L e
0.05F
%05 1 15 2 25 3 35 4
Pitch [mm]
Prototype with 3 different resistive zone 77 R&D from LDRD program “Zigzag”

| Specifications | | Proto. Prod. | | Proto. Test | | Green light |
2019 e — —a —~ .
04/2021 07/2021
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TPOT ZZZ and double pitch resistive
=>2mm:620pm, 0.5mm:470pum

02/2022 : New TPOT Z Zigzag (2Z2) 1:

- Zigzag from LDRD program

—> Resolution ~650um

Residuals ZZZ, Chi2<0.1,

100

50

470V D200V

(23]

Mean -383.6
RMS 1.077
i %2 [ ndf 308.4 /143
+...| Constant 233+45

Entries 7291

Mean -383.7+£0.0
Sigma  0.6446 +0.0083

“a80 At 76
X [mm]

ZZ strips

=> 470um resolution is good enough for the TPOT project

since integration time can compensate resolution
=> Noise level are ok with SAMPA

| Specifications | | Proto. Prod. | | Proto. Test | | Green light |
04/2021 0712021 MPGD Conference 2022 — M.Vandenbroucke — The TPOT Detector

12



cea PROCESS PRODUCTION - YIELD

Improvement to fix the poor yield :
m Systematic long HV test
Debulking
Resistive layer removal
Pressing on good press at CERN (thx Rui !)
Missing pillars on design fixed during production =

10

TPOT Detectors ok

25

20

Accumulés

Yield

1.2
1 L L o o ewe

HV station with 48 HV
channels + monitoring
developed for NSW

08 L] L]
0.6

L] L 2] L] [ ] { ] [ ]
0.4

0.2
0 L g L 2 L &
30-Mar  09-Apr 19-Apr 29-Apr  09-May 19-May 29-May 08-Jun

18-Jun  28-Jun 08-Jul

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

Proto. Prod. | | Proto. Test | | Green light | | Debugging |

—~— o~ @

04/2021 07/2021 MPGD Conference 2022 — M.Vandenbroucke — The TPOT Detector
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.;200 F
1000
800
600

400 |

108 6 4 2 0 im:.x:ﬁ(:lm;u 02 4 6 8 10 I(; ;;61(:;;3)
Module 1 2 3 4 5 6 7 8 9
RPHI eff 98 % 98 % 99 % 99 % 98 % 99 % 99 % 99 %
Z eff 98 % 98 % 98 % 99 % 98 % 98 % 98 % 98 %

0 mlnu 2nlnn aolnn 4nlnn 5000 0 5000 10000 15000 20000 Module eff 97 % 97 % 97 % 97 % 96 % 97 % 97 % 97 %

Max. Amp (adc) Amp (adc)

Module 7 monitoring plots

Gas leak  0.03L/h (detection limit of the setup)

+> Shipping to BNL in two batches in August 2022

Operating points for testing:
Ar/iC4H10 95/5

Drift HV: -200V
Amplification HV: +420V

| Specifications | | Proto. Prod. | | Proto. Test | | Green light | | Debugging | | Production |
2019 T T —a — — — >
04/2021 0772021 MPGD Conference 2022 — M.Vandenbroucke — The TPOT Detector
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http://132.166.30.28:8080/SPHENIX/220708_145519/eff_vs_HT_Z_RPHI_with_the_other.png

Co2 FIRST MEASUREMENTS AT BNL wiTH SAMPA

Assembled boards 1 FEE per detector (2/module)
512 channels per module

=m 4€ > 1

e SErsEr Eme =

ey peeae fheeEw Smesm

250 0 50 100 150 200 250 300 350
Channel # time

TPOT team at BNILX
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DE LA RECHERCHE A L'INDUSTRIE

Ced INSTALLATION ON LADDER — CABLING

Blk( Patch panel connections Central ladder assembled
e : 3 e i '

4 %

07/2021
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C2a OuUTLOOK

The TPC Outer Tracker :
m Give a reference point outside of the TPC

m 8 Micromegas modules to cover 3 sectors
m 3 ladders (2-4-2)

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

Many challenges :

Supply chain crises

Covid still around

Understanding the resistive layer

Urgdlelgstanding the cooking procedure to make
abu

m Test with DREAM but SAMPA used

m Installed in SPHENIX since 9/12
m Cabling and test before TPC installation
m Data taking before the summer

Next : Micromegas EIC

m R&D for good 2D resistive Micromegas
m High R full resistive layer
m Different 2D readout
m Test beam at MAMI in June
| Specifications | | Proto. Prod. | | Proto. Test | | Green light | | Debugging | | Production | | shipping | | assembly |
04/2021 0712021 MPGD Conference 2022 — M.Vandenbroucke — The TPOT Detector 08/2022 10/2022 17




TPOT :
MICROMEGAS
POUR SPHENIX

ALGHMENT

NG HOLE~__ .
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2 SPARES

Detector performances with cosmic test bench @ Saclay zigzag pattern
using DREAM electronics compensates the
pitch difference

e Residuals Phi Cluster Size Phi
Hit map L Ll i s s e
(R S {1 T s pitah R RAld VR KoL) BEdY ks R ks L Pl ALy B REkd Rt P ER) |
§ Entries L -
- |Meanx 1600
* |Meany
RMS x 1400 -
: | RMS
e 1200 :
1000 4
800 4
600 | 4
400 b
L 4 F
200 ') TTOPY PO PN POV P01 L POVT PPOA |
[P PO WS o I TPY O T P | 7 IPL AP IS P PP PIPPL Y PO PPN | 0 2 4 6 8 10 12 14 16 18
108 6 4-20 2 4 6 8 10 0 2 4 6 8 10 12 14 16 18 Cl size (strips)
XpayXper(mm) Cl size (strips) -

TPOT Z3 COSMIC RAYS EFFICIENCY

600
x(mm)

Efficiency plateau with cosmic rays Efficiency curve with 55Fe
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DE LA RECHERCHE & LINDUSTRIE

Cea

1) Tests HT au labo bulk
> Micromegas a 900V dans l'air
> Continuité avec dérive
2) Etanchéité Gaz
> Test dérive sur plexiglas (sous 0.1L/h de fuite)

= -
> Layer puis module assemblé (sous 0.2L/h de fuite) s Homogene'ty map *
3) Test Gain avec source Fe55 (Lecture par DREAM) 200:—

4) Test Cosmique (DREAM avec parameétres type SAMPA)
= Plateau d’efficacité
> Résolution spatiale
5) Meétrologie avant envoi
= Mesure de la position des inserts venant accueillir les billes pour mét  °

‘L Lt 0.9
= E
ﬁ%},,( "
-l. a_..__,
u-.,{;'t"" Sy~ |

“ 1»1:'.#-:‘3'7 i
a1 S

™4

100

[ T T Tl
.

-100—

TPOT 23 COSMIC RAYS EFFICIENCY

Delta Fe55

v

kIIIIIIII| \\‘\\\\‘II ‘\\\\‘\\\‘III 0
-100 -50 0 50 100 150 200
x[mm]
*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 >°Fe

MPGD Conference 2022 — M.Vandenbroucke — The TPOT Detector 20



DE LA RECHERCHE & LINDUSTRIE

ced THANKS ALL FOLKS'!

MPGD Conference 2022 — M.Vandenbroucke — The TPOT Detector 21



Historique TPOT a I'lrfu

e R&D on lon Back Flow correction for the sPhenix TPC N\
e 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

AL

e 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 39kS$ from BNL is awarded to IRFU to start design

A\

* 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 sSPHENIX 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
> |nstallation 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

AN

* 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 )

MPGD Conference 2022 — M.Vandenbroucke — The TPOT Detector 22



ced ADDATIONAL POINT ON TRAY

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

MPGD Conference 2022 — M.Vandenbroucke — The TPOT Detector 23



DE LA RECHERCHE & LINDUSTRIE

%% METROLOGY — OPTICAL + 3D

7 RO T S

07 AR Zigaganais
W apowz iz % o W

Drill bush on detector Detector + the 2 target Target on detector

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

.

PCBs visible only from back A
[ jZANENEEREES HEHHEAREA
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~07 INSTALLATION ON LADDER — COOLING 7@
cea i

Tube connection + lock installation :

MPGD Conference 2022 — M.Vandenbroucke — The TPOT Detector 25



DETECTOR PREPARATION

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.

MPGD Conference 2022 — M.Vandenbroucke — The TPOT Detector 26



: . ™ .
- Serigraphie PSS GO
* Serigraphie §
* Pressage @Saclay ) « Test resist
* Test Resist ) A * Poncage et restart )
) » Bulk )
* Bulk * Test HT §
e Test HT B’ * Re-Bulk
y » Test HT long )
. ) )
* Integration avec . .
Deri * Integration avec Derive
erive .
« Banc cosmique C, * Banc cosmique
J

+ Changement masque plots
+ Procedures Ecrites
+ Test HT long




FRAME MOUNTING HOLE,

T

FRAMEMOUNTNG HOLES_

1<) 1)

FRAME MOUNTING HOLE

267.00

267.00

|~ FRAME MOUNTING HOLE

s

" FRAME MOUNTING HOLE

/ L 119.00
#4.00 AUGNMENT POST HOLE"

" FRAME MOUNTING HOLE

UNLESS OTHERWISE SPECIFIED,
DIMENSIONS ARE IN MILLIMETERS.

MATERIAL

SEE PARTS LIST

SURFACE
i

NeRor: broken Jini

SURTACES

13

oo C, Vidal

oranm
DATE:

2/22/2022

P
APPROVAL

EGINEERING
bare

At o
E2

ROICT




Quel Gaz pour Outer tracker ?

Angle de Lorentz
vpnB

tan(f,) = wr =

Coordonnées Detecteur
A
X

Donc B selon Xdet Angle R_Phi =2Y Angle Z =ZX
=> Lorentz angle selon Ydet | =~ polarité de la particule | | =~ coté de la TPC

angle in z plane for a sing le micromegas tile

angle relative to the micromegas tile

2z fom]
°
=
T

(13 E N
\

o4f E \
oz} 1 E 3 \\\

E } 4 d A
ot f‘ ; CC /\
04 ’5 A 3 — Ve \

& L L L
-1 05 05

Lhbbd bbb |

T

s 8 & &8 g8 g8 2

LU ALEI LERAY LEALE LARIN LRI A

5 § 8 B B 8 8 &

Lkl b |

1
xfem] 2 3
angle in z plane [pi*rad]

Effect of Lorentz angle along Y

=> On cherche un gaz qui a une Vitesse de derive basse a haut champ electrique .

Commissariat a I'énergie atomique et aux énergies alternatives Auteur 21 mars 2022 _
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Choix du Gaz

ArCh4 9010
& T T
E —— ArChd4_9505
Vite 2 35 ‘| —— ArCh4_g703 1tz
- ArCo2lso 871003
g0 - ------ ArCoZlso_920503 ; e
2 r ArCh4_901 & Ariso. QD10 . -
\E' (| —— Archa_osc & 30 i 50_ ]
; - ArChé4_97¢ 3 i £, ¢
‘S 5 | ArCo2lso_! ]
% L | =momee- ArCo2lso_! P E : — =7
‘>-. - Arlso_901( 2‘5 B ..... Lt e .......... — .
E [ — Arlso_gso¢ te i _ -
A "L | —— Arlso_g70: ]
- : 20 G
T ]
- 151~ - .
AT C . -
5 10} = £
- ] ] ik
- sF- _ | -J
0— - 1 1 i [ i i [ B
50 1° 2 %10 Ix10’ =10’ Skl 100 2x10°
E [Vicm] E [V/cm]
Commissariat a I'énergie atomique et aux énergies alternatives Auteur 21 mars 2022
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Results

Distribution depuis les simu sphenix + fit pour MC:

Ty UTpUS Wy Y

anmiunoyas we

g g Q ”§””§””§””§” -g

T -0.2 E I I = 5 6 7 ; mm'
s o ey S
o3 ;— —i ‘angl in 2 plane [pi'rad]
Elcas  [condition | | stdDevum) |
E = Ar/CH490/10 B=1.4T, E=1kV X/Y 400/300
-0.45 A —;
: misromesh | ¢ 1mm drift X/Y 300/300
-055 f— —E
b | , ; L Angle = 90deg X/Y 200/300
: 0.4 -0.2 0 02 04
trab( xfeml
B=0T X/Y 400/300
= With right gas, B effect small, dominated by angle B=OT Angle=90 X/Y 180/180
= ~400/300um diffusion at readout level
Ar/lso 90/10 X/Y 8320/2550
FO2ETT T T T T2 T T T
%—o.zsi— 3 %43.25— — i T 11 Twf T gy
] |22 ==l 1 £ ‘ =
] 1 | ijl
_u.ssé— B=0T 4 -nss— B=1.4T E ! I 1 1 r’ ‘
B e T TR e T B TR T bt e e e
¥ fem] ¥ [em] oo v oziam) otine
Commissariat a I'énergie atomique et aux énergies alternatives Auteur
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OUTILS DE RECONSTRUCTION DES DISTORTIONS

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
(<100m)

Nécessité d’utiliser

dans TPC avec la précision requise de 100um

, pour complétement corriger les distortions

Side View: End Views:

Laser

The phi coverage of one laser for theta in
[0°,85°]

AL B L R )
-600 -400 -200 0 200 400 600

X (mm)
Pads métalliques de la membrane centrale

Trajectoires des lasers directs
Extrapolation des traces jusqu’ala TPC

TPOT pertinent pour l'utilisation des traces dans la reconstruction des distorsions induites par le faisceau

MPGD Conference 2022 — M.Vandenbroucke — The TPOT Detector
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~o0> |[BACK-UP] MAGNITUDE DES DISTORTIONS g
Cea e

Static distortions due to E and B fields
inhomogeneities and misalignment
Are present also without beam
Measured during commissioning
Time scale: 1y data taking

Length scale: O(1cm)

Beam-induced distortions due to ions
(primary << IBF)

Vary slowly with beam intensity/conditions
Time scale: 1/2h

Length scale: O(1mm)

Event-by-event, due to particle
multiplicity fluctuations

Time scale: O(10ms)

Length scale: < 100um

12

Magnitudes des distortions attendues :
e jusqu’a 3mm selon ®

e jusqu’a 1.2 mmselonr

e jusqu’a 200 pm selon z

MPGD Conference 2022 — M.Vandenbroucke — The TPOT Detector
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DE LA RECHERCHE A LINDUSTRIE

Cea

PROGRAMME DE PHYSIQUE SPHENIX

e Etude des
e Programme de

..........................

: portail vers I'EIC

avec des sondes dures

- Jet Structure E Open Heavy Flavors Upsilon Spetroscopy Cold QCD ;
16002‘ o ol ' o i YHE 3 1-2— ‘v SPHENIX Projection Au+Au, Years 1-3 'Xé 1; P‘HYENII; P‘ l. i . ! o‘ T ' e ;
i . Y(1S) 62 pb::lrig_ ptp 0.9? s. Siie ojection g;gf‘::;‘/;\'lgzars 1-3 o
A1400 ] N . = Y(2S) 21 nb™ rec. Au+Au 0.8F = v(25) B van Aa Al =
S SPHENIX Simulation 1 ' *..._ Strickland,Bazow, N.P. A879 (2012) 25 F E
S 1200 0-10% Au+Au Vs = 200 GeV —| oal= 0.7 =
g 24 billion events A — 0.6 E E
i o(1s) = 100 MeV okt TS~ T S I I + :
) 800" = E 0.6/~ 0.5 —
o H pp line shap r E ]
€ 600} normalized to- il 0'45_ g
> r "1s i L 0.3 -
W 400 E E
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PROGRAMME DE PHYSIQUE SPHENIX

e Etude des avec des sondes dures
e Programme de : portail vers I'EIC

Jet Structure E Open Heavy Flavors Upsilon Spetroscopy Cold QCD ;
: p” ! i :
LV 4/ ilg  chamm i f’ﬂs
: ‘P12 : : ‘ 4
' $ ! ‘ b b b b b b : '
i i1/ | uds \ « \J
i A/ : Y(3s) Y(zs) Y(1s) | i ‘ S i
W/ 5 bottom - "G :
' Vary momentum & ! Vary mass & ; : '
| angular scale of probe | momentum of probe Vary size of probe . VaryQtégp:raat:::e of |

____________________________________________________

— TRACKING

Nécessite une calibration robuste et efficace des détecteurs

en particulier de la TPC
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DE LA RECHERCHE A LINDUSTRIE

cea [BACK-UP] OccupAncy TPOT

Hits in TPC and TPOT
* Realistic description of the bare detector in SPHENIX GEANT4 simulation P

* Complete integration in sSPHENIX tracking
 First algorithm in place to estimate and correct for time-averaged distortions

Spacial resolution Mean occupancy Centrality dependence
e ——
g5 ® layer 80F ’ ' ' ' ' ] R S R T
70F o layer ] 8 35F & ibo
< > = 159 g z (e
s6t ] ok occupancy> = 15% §30 F e _%0_100 %4
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3 ——
100 30 1 Cust .
20 E 10} ——
50 1 —
" 9 ] 5¢ e
0\ < L 1 1 % 1 1 il 1 ol PN ETEE PRTI RTER] FUTTE FETE FRTT FTTTY P
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* RMS = 115pum probably too optimistic expect rather 200pm in ® and 300pum in z
» High occupancy should not be a problem for the detector nor FEE, tracking can handle it
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DE LA RECHERCHE A LINDUSTRIE

Ce TAUX D’OCCUPATION
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Capacitance Simulation : Detector modeling

« Cadence signal integrity tools are used to extract
— Strip capacitances and inter-strip cross-coupling
— Under validation with measurements

* Includes readout strip to connector lines

Mesh |
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» Assess charge collection and cross-talk

— Includes relevant details of Sampa’s VFE
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» Straight strips are advantageous compared to a particular ZZ topology studied
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cen TPC/TPOT READOUT

FPGA: Xilinx Artix-7 —>

Initial setup

> Slow control /testing TTAG I
SAMPA e Clock/trigger :
I Clock/trigger

32ch/chip | edink

/slow control

e
-

>
Ledlink > FPGA From DAM
SAMPA ¢ Slow control Rx SFP h

52D |©Clocktigger ]
e-lin ) E"_)
|8 SAMPA's (on one side) To DAM
' PG FEE

*+, 32 fhannels

Figure 6.4: Schematic of the SAMPA ASIC for the GEM TPC readout, showing the main building blocks.
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