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ATLAS The ATLAS Group - 2018/2019

EXPERIMENT

e October 2017: NCSR Demokritos full member of ATLAS

Researchers
Georgios Fanourakis
Theodoros Geralis
Georgios Stavropoulos
Vasiliki Kouskoura (new member)
Doctoral Students
Maria-Myrto Prapa
Olga Zormpa
Master Thesis
Kostas Damanakis
Diploma
Vasilis Blanas
Technician (Electronics)
Yiannis Kiskiras
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Practical work (2018)

Stamatis Tzanos (NTUA)

Vasilis Blanas (NTUA)

Stathis Logothetis (NTUA)

Eva Eleftheriou (Univ. Patras)
Despina Stasinou (Univ. Patras)
Athanasia Papaioannou (Univ. Patras)



ATLAS

EXPERIMENT

EPEYNHTIKEX APAXTHPIOTHTEX

1) TO HIEIPAMA ATLAS XTO LHC

ANABAOGMIXH TOY ATLAS (2020 — 2021): Mvoviko X006TH0 AVIYVEVTOV
Aviyveutég Mikpouéyog ko STGC (NSW: New Small Wheel)

ANAKATAYKEYH TPOXIQN MIONIQN - ANAAYXH ®YXIKHX
.. DVOIKN pE TO VEO AVIYVEVLTN

2) EPEYNA KAIT ANAIITYEZEH XE ANIXNEYTIKA XYXTHMATA
a) Mikpouéyag teyvoroyiag Microbulk mpaypatikov x-y
B) Avtictatikolt Mikpouéyag yio vWniés poES cOUATIOIOV
0) Teyvoroyia Mikpopéyog pe ypfon Ypo@eviov
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O METAAOX AAPONIKOZX EITITAXYNTHX — LARGE HADRON COLLIDER (LHC)

Erttaxuvtig LHC: Zuykpouoelgp — p, Pb - Pb, p - Pb
Ecm(p-p) = 13 TeV
Ytoxol: MeA€tn tou Kablepwpévou Mpotumou — Evdelexnc peAétn tou Higgs
Epeuva yla Yriepouppetpia (MpoBAnua tepapxioc - MeydAn evonoinon — kotewvn YAn)
Epeuva yla Zkotewvn YAn
EmtutA€ov Slaotaoelg
Mn npoBAentopeva poavopeva

=
~

-z -
)

ATI;I.\St{/:;‘

28/1/2020 ©. MépaAng 4



To weipopa ATAAX ko n AvapaOuion Tov
 ATLAS - Ileipapa I'evikov otdy0L
(0eg Tpomnyov eV GEAON)

¢ Miovikd pacuatoéuetpo: Small
wheels (between end-cap calorimeter
and end-cap toroid)

* Albpetpog 10 m

e Amoteleiton amd aviyveLTEC:

* Cathode Strip Chambers (CSC)
* Thin Gap Chambers (TGC)

| /  Monitor Drift Tube (MDT)

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

NEW SMALL WHEELS

o %Nv . A .
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Operation principle MMs and sTGC (NSW Technologies)

g Wheel New Small Wheels (NSW)
| | « Work at high rates 20kHz/cm?

« Will provide online high angle resolution (0 g~1mrad)
| | IP pointing segments

_ * Spatial resolution at 100 ym
: _—A + Significant reduction of fake triggers
— - °
— Pad /
— sTGC detector
____________________________ ‘Mdei:A_mv P

ector
5 mm V/em ]8 mm

Resistive

7 Cathode
= Insulator (0.1 mm)
Y Strip (pitch 3.2 mm)

X

sTGC - 331,744 channels

@ Copper readout strips

@ Resistive Strips

Micromegas — 2,097,152 channels + sTGC wires/strips for tracking, strips/pads for
MM strips for tracking, first hit for trigger trigger
-Strip pitch: 450 ¢ m, Readout -Wires: 50 4 m, pitch 1.8 mm
Strips: 300 um -Strips: pitch 3.2 mm
-Data rates: Up to 8 Gbps/plane -Data rates: up to 1.77 Gbps/plane
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ELEA past Activities

‘Manufacturing and testing the CAST
Micromegas detectors (2001 - 2005)

*Built VME DAQ for Micromegas (LabView
and C++ parallel threads) - CAST, SPS
test beams (2003, 2012)

‘Design and built the Global Trigger
Processor Emulator (GTPe) for CMS
(2005 - 2010) - 10 complete systems

*Build the first RD51 telescope with
Micromegas, for the SPS test beam
(2010)

*Build Micromegas TPC for fission studies
FIDIAS project (2012)

Participate in the MAMMA collaboration for
The ATLAS New Small Wheel upgrade (2010)
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ELEA aim at:

1) Innovative R&D on Micro Pattern Gaseous Detectors - MPGDs
2) Development of MPGD related electronics and DAQ systems
3) Dedicated detectors for HEP, Nuclear Physics and applications

INFRASTRUCTURE
*THREE FULLY EQUIPPED TEST BENCHES FOR STUDYING MPGDs -y |
*Electronics Rack, Gas distribution, Workstation, Osciloscope /&4& <

*GAS MIXER and distribution of premixed gases

*ELECTRONICS AND DAQ SYSTEMS

*VME Data Acquisition (CAEN controller, optical fiber connection
CRAMS, sequencer, ADC unit, Gate generator, etc)

*SRS - Scalable Readout System (APV FE, 2000 channels readout)

*FEMINOS readout for TPC mode

*Electronics: Racks (1 VME and 4 NIM crates), NIM units
(Multifunction NIM modules, Amplifiers, Discrim., HV PS, LV PS,
Pulse generators, NIM/TTL/NIM conv, etc), MCAs (2), Preamps

*Faraday cage

*‘DESIGN PACKAGES
*Electronics design (Europractice packages)
*Finite Element Analysis (COMSOL, ANSYS)
*DAQ software (Labview version, C++ version)
*FPGA (Altera, Xilinx) design workstations
*FPGA Design platforms
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New Small Wheel (NSW) Layout 8 MM + 8 sTGC layers per NSW sector

* Two technologies: Both Micromegas & sTGC
detectors will provide tracking and trigger data

* 16 Sectors per Wheel (8 large, 8 small)

2 Multilayers (Modules) per Sector for Micromegas &

3 Multilayers (Modules) per Sector for sTGC

* 8 Micromegas Layers & 8 sTGC Layers per Multilayer

micfomegas mi romegas sTGC

Tec Disk Shieldng

IP side

1720 mm Small Sector
Plug

Large Sector
1124mm

Conical
Shielding

9285 mm

§720mm

Alignment
Bar

JD Shielding

MDT chamber

Foot with Air Pads

Detector Wheel

sTGC (mainly for triggering) & Micromegas (mainly for tracking) detectors, both providing tracking and
triggering information, combined into a fully redundant NSW system!
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Testing the L1DDC boards (NTUA/BNL)

¢
miniSAS-FMC

DDR3 SODIMM
2x 64-bit each

USB-to-UART

miniSASx9 \

1' :

| P
1’ =
|

USBJTAG
Interface

gt

O NTUATHENS EHEP

Fibre

: = ‘ .-
L1DDC oo R
SFP/SFP+ % — 2N
Cages (4x GTH) ~H ! .
\ /) F | {
7 . -
& £ .} — g [ veiii
% oF L opmd
SMA GTH

* Use an evaluation VC709 board and GBT-FPGA firmware to
validate the L1DDC boards e R A
«  Evaluation board runs GBT-FPGA firmware along with E-Links
« Data are generated in VC709 with respect to that clock
and send to L1DDC via E-links and then through fiber
back to the evaluation board

Test setup at Demokritos

[ -
i\ -l s
\ 2 . - B
MM-L1DDC sTGC- ; 2 \ 10
L1DDC




NCSR Demokritos group responsibilities

B) The sTGC Repeaters Boards design, construction, commissioning
and Integration. (Current major Project, Sept. 2018 - today)

« Repeaters design

 Construction and testing

- Commissioning and integration

Problem addressed
1) High rate signals are attenuated at long transfers (~6.5m)

2) We need repeater cards to boost the signals to the receiving
end. Critical for Trigger path.

g Serial repeater
Up to 8 FEs 4.8Gb/s
L . sTGC-OnNSWrim |
———— e —— Tt LVDS repeater
1/FEB o\ 640Mb/s
Only for g rm

|

| & Il

| .

| 4l f Rduter * é Trigger Path
— e —/3LFER ~ |

P

Frequency (GHz) 0.50 1.0 2.0 5.0 J10.0 j15.0 20.0
Tin Plating (dB/m) 090 -14 22 -40]| 75 [109 -146
Silver Plating (dB/m) -0.85 -1.2 -1.7 -3.2 -4.9 -6.8 -8.8

difference -0.05 02 -05 -08§) -26 |41 58
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LVDG6R Repeaters — LVD6R: EAnvikég Etapeieg
(Prisma: kataokegvn niektpovik@v, Rentron: Kimpoi Faraday

Comsol calculation of the T distribution — Cooling
Master Thesis by K. Damanakis

lm___lﬂglv%; ;
|| =l

Chiller connected: Start water flow
Surface: Temperature (degC) o 40
Max/Min Volume: Temperature (degC)
Max/Min Volume: Temperature (degC) 35 FESTMP
. min: 20.1 :-:-:f-:“"-\'-z:""‘:’v
TR PRI

30 - Channel 1

R Mk et Lot o]
o] *Channel 2

| =
|

= Not Used Channel 3
20 ¢ FEASTMP_CLP
Channel 4
8° b Channel 5
10 Start water flow. T=23°C Not Used
5 Channel 6
Effectiveness of cooling "0 w0 aw w0 s im0 Tmels)

TonoBétnon povadwv
2to NSW/ATLAS
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1) Real x-y structure
2) Mass minimization
3) Production Simplification

Ideal for:

1) Rare searches (axion, dark matter)
Y-strips Background > ~ 107 cnts/keV/cm?/s
2) Neutron Beam profiler (nTOF)

Very low material Budget:

X-strips

Large detector
7cm x 7cm Current activity (2018 - 2019):

Real x-y microbulk with strip pitch 700 um
Operation in TPC mode for tracking

Feb5 energy spectrum

- Excellent Energy resolution
C Segmented, d=45um [t
L Gas: Ar+5%Iso
200_— .

w- AEJE = 11.0%
" FWHM @ 5.9 keV

2D pulse energy_fermi

Counts
N
a
S

poaa 1 |
500 1000 1500 2000 2500 3000 3500
adc value

200 250 300 350

crame Strip wave form = x,y,z coordinates Landau distribution from Cosmic muons

yAI I R
150

M. Diakaki et al., ““Development of a novel segmented mesh MicroMegas
detector for neutron beam profiling”, NIMA 903(2018) 46-55.
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R&D on Double gas Phase Micromegas

Drift

Gasl Conversion

PDMS Graphene
membrane .
30um holes 1* '~ micromesh
Gas2 amplification Cu layer with holes (mesh)

Pillars

strips

Our ambition:

1) Two-gas phase detector separated by a Graphene layer

2) Exploit differences in gas properties to improve performance
3) Should have high electron transparency (test to be performed)
4) It may be used to eliminate ion backflow

28/1/2020 0. FépoaAng 14



Work by the Practical students: Stamatis Tzanos, Vasilis Blanas

Build 2 Gas Flow Controllers

Excellent work
Done from A-Z

¢ m strip pitch

Working in the

Clean Room Preparing the Cloud Chamber

For Researcher’s Night

15



AL OoKTOPLKEC ALaTpLBEC

1) EAévn Ntouapn, «Epeguva yla Ynepouppetpio pe to meipapo CMS o€ TEAIKEC KATAOTAOELCG
dwToviwy, MEAKWV Kol eykapoLac EANEITOUCOC EVEPYELAC KOL AVATITUEN opyavoAoyiag
yla ta metpapata tov LHC», ohokAnpwOnke tov lavouadplo 2013, SEMOE, EMIN.

2) ABnva KoupkoupéAn-Xapahopumidn, «Evdeielc yia Utapén UMEPOUUUETPLOC LEAETWVTOC
YEYOVOTA UE 3 AETTTOVLO KOl LEYAAN EYKAPOLO XOLLEVN EVEPYELA OTO Tielpapa ATLAS tou
CERN», 2015 Maverm. Awyaiou

Master Thesis

1) MNavaywwtng N’kouvtouung, «2xedlaon KwoIKA o€ YAwWooa MPOoYypAUUATIOHOU C++ yla Th
ouAAoyn 6ebopévwy amo Tov avixveutr) micromegas», NKUA, 2011

2) Fepaotipog Bavéwpog, «MeAetn aviyveuti Micromegas TPC kal TplodLaototn avoKaToUoKEUN
TWwV Tpo)LlwV Tapoucio Mayvntikou ediouy, lovviog 2013, ZEMOE, EMIT.

3) ABavaoloc Kahapdapng, « MeAetn avixveutiy Mkpopgyag, texvoloyioc Microbulk,

UE ULKPOTIAEYHA XWPLOUEVO o€ Awpidec», Maptiog 2014, ZEMOE, EMI

4) Xapa MNnoakovpoylavvakn, « MeAétn avixveutn Microbulk Mecromegas pe Stapéplon tou
LULKPOTIAEYOTOG, e Xprion Kaptac Feminos», NTUA, 2018

5) Kwotag Aapavakng, «Development and construction of a gas mixing system for studying the
performance of MicroMeGas detector», NTUA, louviog 2019

6) OAya Zopumad, «Avamtuén AvixveutikoU Zuotrnpotoc Koopkwy AKTivwy yia tn MeA€tn
Avixyveutn Micromegas», (NTUA), loUviog 2019.



MPAKTLKEC

1) Afuntpa Avépéou, Okt. 2013 — Aek. 2013, « MeA€Tn avixveutry MKPOUEYOC LE ULKPOTIAEY QL
XWPLOHEVO o€ Awpidec», ZEMOE, EMM

2) Xapa Kitodkn, Okt. — Aek. 2014, « MeA£tn avixveutr) MIKpouEyac, tpooopoiwon ne GEANT»,
JEMOE, EMIT.

3) NMwpyog Xaidag , Kahokaipt 2017, «MeAEtn avixveutn MiKpopEyaC Kl AKTLVOBOANCELC e
TINYVEC Ko akTiveg X», ZEM®OE, EMI.

4) 3topadtng Tlavocg, «Segmented mesh Microbulk Micromegas” (NTUA)

5) BaoiAng MmAavag «Segmented mesh Microbulk Micromegas” (NTUA)

6) Stathis Logothetis, Cosmic Stand (NTUA)

7) Eva Eleftheriou, Gas Mixer (Univ. Patras)

8) Despina Stasinou, Cosmic Stand (Univ. Patras)

9) Athanasia Papaioannou, Gas Mixer (Univ. Patras)

AumAwpatikég (KUplog emiBAEnwv)

1) Aonuiva KoPou, « MeA€tn avixveutwv MIKPOUEYAC LE QVTLOTATIKA ETLKAAUYN YL
Kodopipetpa», Nogp. 2016, Mavemn. lwavvivwy.

2) F'ewpylog MNamadomnouvlog, « MeAEtn avixveutwv Micromegas L€ OVTLOTATLK ETKAAUVYINY,
loUALloc 2017, ZEMOE, EMI.

3) Kwv/voc Mouotakac, « MeAETN avixVeEUTWV MLKPOUEYAC LE AVTLOTATLKI ETUKAALPN Y,
Oktwpplog 2017, Quoko Tunua, EKNA.

4) BaoiAng MmAdavag, « MEAETN KOOULKWY MLOVIWV PE aVIXVEUTEC MIKPOUEYAC XPNOLLOTIOLWVTOLG
Cosmic Stand”, NTUA



Ofnata Yo ekmovnon Master Thesis

1) Aqyn Kot avaivoon ogoopuévav pe to vEo Aviyvevtiy Mioviov New Small Wheel Tov
nelpdpotog ATAAX
- Epyacia oto X0otnua Aqyng Aedouévav (Data Acquisition)
- ANyn 0€Q0UEVOV LE KOGUIKEC KTIVEC
- Mehétn g andooong TV aviyveunt®v Tov NSW e KOGUIKA [iovia

2) Meiétn Aviyvevti) Mikpouéyag tov New Small Wheel ywo 1o weipopo ATAAX
TOPOVGLH VETPOVI®V

- AMfyn oedopévmv pe aviyvevtéc Mikpouéyog tomov NSW e avtiotatikn
EMIKAALY

- Mehétn Mikpouéyac e KOGUIKA (iovia

- Aviyvevon Koouikaov Moviov ypneiponotwvtog Cosmic Stand (Veto
onwvOnpiot®Vv) Tapovacia peydAnc pong vetpoviov péoa otnv Tandem.
H pon verpovimv 0o puBuictel va eivon idwa pe tic poég oto LHC.
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Deposition of graphene monolayer

Transport Graphene on PDMS ﬂ
B === Graphene
PORS mEnbragg PDMS substrate
i) Produce Graphene on Cu foil Cu Mesh
ii) Cover it with PMMA
. Raman spectroscopy was
iii) Dissolve Cu used to confirm the
iv) Place PMMA+Graphene on PDMS graphene transfer
. uniformly on the PDMS
v) Dissolve PMMA membrane

PDMS

Graphene (D, G, 2D)

We have placed a graphene surface of 1 x 1 cm?
on to of the PDMS substrate

Intensity (a.u.)
®
e~ U

T T T T T T T T T T
1200 1600 2000 2400 2800 3200
-1
Wavenumber (cm™)

Future plans

1) Optimize technique for the Graphene - PDMS - mesh membrane
2) Add GEM foil and test electron transparency

3) Measure gas diffusion through Graphene

4) Possibly lay double or triple layers

28/1/2020 0. FépoaAng 20



SCREAM: Sampling Calorimetry with Resistive Anode MPGDs
Resistive Bulk Micromegas for High Rate applications

Collaboration

INPP LAPP Annecy IRFU Saclay
G. Fanourakis M. Chefdeville M. Titov

T. Geralis I. Karyotakis

2 Engineers

Future Resistive Micromegas applications within ATLAS
1) At HL-LHC (ATLAS upgrade) Muon High-Eta Tagger
2) At the Future Circular Collider (FCC)

Resistive pad

Microvia

Microvia
1 sowmkapton 1) T. Geralis et al., ‘Development of resistive

voltage anode Micromegas for sampling

calorimetry’, Proceedings of the
Buried resistor: variable length | PP Pad MPGD2015 conference in EPJ Web of Conf.,

and shape-> variable value 174, 01017 (2018)
Optimization of Resistivity 9 2) Publication in preparation (to be submitted
Excellent linearity at Rates: to NIM ). Test beam data in Nov. 2018

0 - 10 MHz/cm?
No discharges

28/1/2020 0. FépoaAng 21



Shielding and Cooling

Copper box is designed as shielding and passive cooling at the same time

Isosurface: Temperature (degC) o
Max/Min Volume: Temperature (degC)

Metallic lock

Insert
Extra [
lock

miniSAS connector

Twinax cable

Copper Shielding
Box (cooling)

miniSAS metallic envelop

Dielectric pcb

components

Temperature contour calculated
using COMSOL with realistic power
Dissipation and geometry

(See talk by K. Damanakis)

Temperature was monitored and agrees
With the COMSOL calculation

Shielding Box with the Serial Repeater
Assembled. Label with bar code produced
from the database

28/1/2020 ©. MépaAng 22



VMM ASIC irradiation studies (2013 - 2018)

Collaboration

INPP: A. Kourkoumeli (PhD), G. Fanourakis, T. Geralis
NTUA: T. Alexopoulos, M. Kokkoris, G. Tsipolitis
Aegean Univ.: K. Papageorgiou, I. Gialas

VMM will be used at the s-LHC= Should test radiation tolerance and SEU ASIC
specifications: 130 nm Technology, 64 channels, BNL design

VMM will be used by ATLAS muon Micromegas group and also as the SRS FE chip
Irradiation took place at the Tandem Accelerator

o| NUCal - Epergy Range Range  |[[0.1,0.5]MeV&

% Reaction (MeV) (MeV) quasimonoenergetic up to ~2.5
< MeV

- Li(p,n)'Be 19t08.4 0.1t0 6.7 | ** Quasimonoenergetic neutrons
'§ 2H(d,n)*He 08t08.4 39to11.5" |upto"7.5MeV

S 3H(d,n)4He 0.8 to 8.4 16.4t0 25.7 || *** Monoenergetic neutrons

[16.4,22] MeV

Tritium target (10 ci):

~10° neutrons/cm?s of 18-22 MeV
2 days @ E, = 5.5 MeV, VMMs @ 26,36 mmges
3 days @ E, =4 MeV, VMMs @ 12,21 mm




NCSR Demokritos group responsibilities

D) Reconstruction software for the Muon and the NSW system
(July 2019 - today) -- see George Stavropoulos talk
 Development of the NSW reconstruction software and porting of the
whole Muon Reconstruction software in multithreading.

E) R&D on Micromegas operation (ongoing)

SRS readout system -- see talk by Vassilis Blanas
« Cosmic Stand system -- see talk by Olga Zormpa

« Cosmic muon detection under neutron irradiation

F) sTGC Trigger Chain and the Chiller system (Oct. 2019 - Dec. 2019)
* Build autonomous station of Front End cards + Trigger boards +

+ Felix
* Build the cooling system for the sTGC commissiong site

G) Irradiation tests in Tandem



CONCLUSIONS

INPP/ATLAS Group has undertaken important responsibilities within the NSW project:
- QA/QC of 200 L1DDC cards (1/4 of the total) and 600 ADDC cards (full production)

- Full responsibility of the Serial (SRL1R) and LVDS (LVD6R) Repeaters
- Finalized design, Completed preproduction, Laboratory and on detector testing
- Completing Final Production of SRL1R and half of the LVD6R production

- Plays major role on the Muon System and the NSW Reconstruction software
- Porting of the Muon software to Multithreading mode
- New code for NSW in Multithreading

- Plays important role in the commissioning of the sTGC
- Cooling systems manufacturing, testing, electronics, Trigger system

Plans:
- Commissioning and Integration of the Repeaters on the NSW
- Participation in the Commissioning of the sTGCs and the Micromegas
- Development within the Trigger and DAQ system in NSW

R&Ds ongoing with lower priority in ELEA:
1) Real x-y microbulk, 2) Resistive uM for High rates 3) Picosecond Micromegas
4) Double phase Micromegas with Graphene



