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2001: Micromegas is introduced for a first time in GREECE in Demokritos
(George Fanourakis)

2001 - 2018 : Work on many R&D projects (see next pages)
Diffusion of Micromegas activity: NTUA, NKUA, AUTH, Univ. Patras

2009 Organize the “15t International Conference on Micro Pattern
Gaseous Detectors — MPGD2009, Kolympari, Crete, Greece

MPGD is the most recognized Conference on Micro Pattern Gas Detectors

MPGD2009 (Kolympari, Greece) :
G. Fanourakis, T. Geralis (Members of the Organizing Committee)
T. Geralis (Editor with refereed proceedings — JINST)
MPGD2011(Kobe, Japan), MPGD2013 (Zaragoza, Spain),
MPGD2015 (Trieste,Italy), MPGD2017(Philadelphia, USA)
T. Geralis (Member of the International Organizing Committee),

G. Fanourakis (Member of the International Advisory Committee)
15/11/2015 Theo Geralis 1



From Multi-Wire Proportional Chambers to Micro Pattern Gaseous Detectors

MSGC: Oed 1988 GEM:Sauli 1997

RD51
Collaboration:
#S’ém RD51 86 Institutions

2003 2008
500 Scientists
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RD51 Collaboration

Detector Physics and
Performance
RD51 Common Projects

Technological Aspects
New Detector Structures

Modeling of Physics
Processes
Software Tools

Electronics

Applications, Training
b il and Dissemination
e N
= ﬁ\
Production and
Industrialization

Common Test Facilities



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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INPP/NCSR Demokritos
ELEA personnel (2015 - 2017)

Permanent Staff

(Researchers) Students/year
1) Fanourakis Georgios 1 — 2 Master Thesis
2) Geralis Theodoros 1 — 2 Diplomas
3) Stavropoulos Georgios 2 _ 4 Practical work

Master Thesis: Chara Giakoumogiannaki

Diploma: Georgios Papadopoulos
Costas Moustakas

Practical work: Georgios Chaidas
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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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ELEA recent projects
Real x-y Segmented Mesh Microbulk Micromegas

A1m of the project >  To develop microbulk Micromegas detectors

with segmented mesh
1) Real x-y structure
(old topology = systematic bias in x, y)
2) Mass minimization
3) Production Simplification

" Dz
X-strips _ 4) Large surface detectors
Y-strips

RD51 Common fund project
RD51 Common Fund Project Budget: 32.5 kCHF

Collaborating groups

102020

‘NCSR Demokritos (Leading Institute) Se 8 o 8 o

T. Geralis, A. Kalamaris, 0 0.0
C.Giakoumogiannaki Excellent Energy resolution

Fe55 energy spectrum

Design, mounting, tests, readout ¢
‘IRFU Saclay
First characterization, inspection -
Univ. of Zaragoza - AE/E =11.0%
FE Electronics design wf FWHM @ 5.9 keV
‘CERN
Manufacturing, tests Rl e AN
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Applications

1) Rare searches (axion, dark matter)
Microbulk background: ~ 106 cnts/keV/cm?/s
The segmented microbulk background - ~ 107 cnts/keV/cm?/s

2) Neutron Beam profiler (nTOF)

Very adequate due to very low material
Budget: 5 tm + 5 ym of Cu only

The thinest ever neutron detector worldwide

.

Presentation in TIPP2014 Conference, 2 — 6 June 2014, Amsterdam :
T. Geralis et al., “A real x-y Microbulk Micromegas with segmented mesh”

Published in PoS (TIPP2014)055.

15/11/2015 Theo Geralis 8



ELEA recent projects

Resistive Bulk Micromegas for High Rate applications

Collaboration
- INPP

. LAPP Annecy IRFU Saclay
G. Fanourakis . .
. M. Chefdeville M. Titov
T. Geralis .
. I. Karyotakis
A. Kalamaris 5 Enei
D. Nikas ngineers
Ch. Vassou

Future Resistive Micromegas applications

1) At future linear colliders
HCAL with 1x1 cm?2 pads, high granularity for PF both in transverse
and longitudinal direction, small sensitive area thickness (< 1cm)
=>Removes spark protection diodes from pcb, more cost effective

2) At HL-LHC (ATLAS upgrade)

Muon High-Eta Tagger (rates up to 10 MHz/cm?)

3) At the Future Circular Collider (FCC)
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R&D on Resistive Micromegas for High Rate Calorimetry

Resistive layers prevent streamers to develop to sparks by quenching it at an early stage

R: Resistance to ground

C: Capacitance between resistive coating and ground
f(cascade (~100 um), dielectric)

Relaxation RC: gives typical time of the charge evacuation

High charge deposition deforms locally the E field 2 lower Gain
- Quench spark = loss of linearity
T : time of cascade development ~ 10 ns

RC >t - Spark quenching

RC~t -> Spark develops

Optimization: Response linearity vs Discharge rate.
Low R High R
Vary RC (effectively vary R) and specify working point

Charge evacuation:
> Sideways, horizontal: not adequate for large surfaces and high rates (steady state charge)

> Individual surface resistivity for every pad with buried resistor to ground ( Rui De Oliveira)

Resistive pad

Microvia
Mi .
crovia 40um kapton
1kV breakdown
voltage
er pad
15/11/2015 Buried resistor: variable IEhEPnGergH?p P 10
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Linearity tests: Resistive Micromegas High rate tests with X-rays

X-ray Gun tests at the RDS1 lab: Cu 8 keV at very high rates R=1 MQ
z L L L L L B ]
Measure the Mesh current as a function of the X-ray tube current T g Resitvepuem E
g r A Gain = 4200
3 7 O Gain=1400
Intermediate R: excellent linearity up to rates 1 MHz/ mm? 2 L o Gan=500
25% lower gain for rates 10 MHz/ mm? = o
e ’ ."'7_ | e r— 4;
S - /A ' ‘*‘“"‘&"M—'?',‘:, & li—
] - I L J~I‘JKII‘II‘II“IIJZ
0 4 6 8 10 12
X-ray Gun tests at Demokritos: Rh 3 keV at very high rates Xray converer unit area (MHz/mm?)

Energy Resolution not very good = should improve homogeneity
Test linearity and measure the discharge rate and the Mesh
Voltage drop spectrum (rates up to 11 MHz/cm?)

%2/ ndf 11.75/13

% R =1.6 MOhm po -3.599+ 0.2848

p1 35.44+ 0.04486

Imesh(nA)
W
a
Q

300

THANKS to Andeas Karydas and Viki Kantarellou
For providing the X-Ray gun and their know how. g

150
Linearity test at

Rates: 0 - 0.1 MHz/mm?

100

50

1 l 1 1 1 l 1 1
10
Rate (MHz/cn?)

2

Or 0 - 10 MHz/cm?
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Aim: Build Micromegas

Micromegas R&D ,,.»'-{;?/ Using microfabrication
> AN = ;
Microfabrication é«{ Techniques and Graphene
‘l;}-,' ~
Graphene e
* Collaboration (is within Demokritos Institutes):
JINPP: T. Geralis (Researcher), Ch. Vassou (Master)

‘WMicroelectronics: A. Tserepi (Researcher), M. Vlachopoulou (PhD)
aterial Science: A. Dimoulas (Researcher), Jose Marquez Velasco
(PostDoc), S. Giamini (Post Doc)

THIS IS WHAT WE DREAM !

Drift

gas 1 Conversion Graphene

L

30um holes

PDMS l/
membrane | e — ;
micromesh
| . .

Pillars Cu layer with holes (mesh)

strips

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
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Deposition of graphene monolayer

4) 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) Measure electron transparency with and without Graphene

2) Investigate for defects
3) Measure gas diffusion through Graphene

4) Possibly lay double or triple layers
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For 5°-20°
scattering a

SOLID EDGE
L33 B bu Semey

15/11/2015

connectors

Theo Gerali

== Readout routing to Panasonic R and phi strips
nimves Wy

Two r-phi prototype octants have been ordered and constructed in the electronics lab of
CERN. One with a 10 MOhm/sq and one with a 100MOhm/sq resistivity of the resistive
layer, to test the behavior in various beam density situations (fast or less fast operation).

Resistive layer HV

Drift layer HV

Connectors

Mesh HV

14



The Picosecond Micromegas
G. Fanourakis

Timing detectors at High Luminosity Colliders

Challenges at future colliders:

e High luminosity (200 pile up events within e Precision timing of ~25 ps can reduce

150 ps RMS predicted for HL-LHC) pile up effects by improving vertex
e High radiation environment reconstruction with TOF information
2 LHC BUnC‘h CrOSSIng . CMS Simulation <u> = 200 :; a w ‘ Hxlx, ‘ (\5
~msClip . = [ | oo |
e a :j:::xt nnnnnn d Vertices # 3
0.4[ . * N .
r gl il ]
o2 A DY
tEp b - f N‘;"’* *."'.‘4 L 1 ]
150 PsRMiﬁf {*"J” 4{; :"'#M f?ﬂ i ‘-5* 4 1,;.:‘ =
BAIN | I W . .4;5%_‘;.,*, 3
C T # & ‘4 ]
70'47_ PR | 2T ais .' *RE R ai 135 1 4
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+————5 cm RMS ————> z (cm)

Cherenkov radiator

200 pm
LLLL AL AR LA AL LRl Rl Rl 0l R R0 Rl lRdld Rl R0 R dRRRldRlldl]])) IIIIII}{IIIIIIIIII

amplification
PRt 1100 pm

\ / readout
Theo Ce.uiis e
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ATLAS Demokritos membership
in ATLAS

National Center for Scientific Research Demokritos - NCSR Demokritos

 CB February 2017: Associate Institute of ATLAS (affiliated with NTU
Athens)

* June 2017: Expression of Interest to join ATLAS as full member

« CB June 2017: The CB was asked to take note and vote in the next CB

 CB October 2017: NCSR Demokritos was accepted as full member of the

ATLAS Collaboration
 November 2017: Member of the ATLAS Muon Project

Team representative: Theo Geralis (Dir. Research)

Additional group members: Georgios Fanourakis (Dir. Research) and
Georgios Stavropoulos (Sen. Researcher),
PhD student + Engineer

Theo Geralis 16




Muon Detector Upgrade: New Small Wheel
Two technologies selected: Micromegas and sTGC

- - MDT FE™
RPC triggei~ \.and ROelx,/ MR
ok Y <and RO elx. / A T T~ [EOs
2 — i - e Y
- T
™ TGCs
'd TGC trigg;r-->
and RO elx._
G e
2 3 475 6 7o 'BEE mmmm |
| | 4 —
4 10 1 14 16 18 20

SHigh-iy

STGCs

% tagger ;
"«‘”.m”‘__,.»‘
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NSW muon end cap detector will provide:
1) Tracking at a difficult B field region

2) Triggering capability

3) Operation at high rates (20 kHz/cm?2)
4) Radiation tolerance

Theo Geralis

Very active participation

Of the Greek groups

1) NTUA, NKUA, TEI Piraeus,
Demokritos: Electronics

2) AUTH: Construction center

Demokritos has participated
In the MAMMA group, i.e. the
R&D phase of the resistive
Micromegas studies

17



Full Micromegas Development Time-Plan

non-resistive MM, SPS/CERN, resistive MM, SPS/CERN, Demokritos-GR, resistive MM, DESY II/DESY,

Demokritos-GR ‘ Ciarchin 9-G LNF-IT, CEA-FR

2008 2009 2010 2011 2012 2013
y :n‘-—_"-' — R
developed new MM %l J approved by ATLAS TDR
technology T
ATLAS
(etter f Intent /A}VT"'; “Ahesel
module-0 production Full-production of Full commissioning Full installation in cavern
& qualification chambers and electronics on surface

Running...

2015 2016 o r¢panne 2017




ATLAS Demokritos group projects

Collaboration

VMM ASIC irradiation studies (2013 - 2017)

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

g| NUCIEAT 1 Energy Range Range  [[0.1,0.5] MeV&

o| Reaction uasimonoenergetic up to ~2.5

5 (MeV) Mev) | getic upto "2

< MeV

: "Li(p,n)'Be 19t0 8.4 0.1t0 6.7 | **Quasimonoenergetic neutror

% 2H(d,n)*He 08t0o8.4 39t011.5" |upto~7.5MeV

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

[16.4,22] MeV

Tritium target (10 ci): T e m

~106 neutrons/cm?s of 18-22 MeV S [ — e |, <
. ' TARGET [ o z

Jesting, RRpke 19NV i

2 days @ E, = 5.5 MeV, VMMs @ 26,36 mm

3 days @ E, =4 MeV, VMMs @ 12,21 mm - 19




Irradiate VMM1 with high energy neutrons (~ 20 MeV)
Use Tritiated solid target 3H(d,n)*He

SEU cross Section

%2/ naf 17.16/10
pO 0.4141+0.06327

d
[

o
IIW‘I\I\l\l\!‘l\l\l!l!\‘l!l

o (x10™)

EI @5.5MeV, 26 & 35 mm distance
El @ 4 MoV, 12 & 21 mm distanco
= essuev, 12821 mmistance

| [1+
HEERE

——

o ———

10
# of 4h slots

RECENT TESTS: May 2017
and soon new test beam

15/11/2015

Instantaneous flux(max): 1.8 x 10’ n/cm?/s
Total flux: 3.1 x 10!! n/cm?
SEU Cross section = (4.1 +-0.7) x 10-14 cm?/bit

Conclusion: SEU occurrences non tolerable ,
provision for auto-correction in new VMM2,
VMMS3 versions.

Work published in JINST

DAY | Distance (em) | Fluence (nfem’s) | Time (s) | Neutrons (n/em?)
1-2 208 5.26E+03 53280 3.36E+0R
3 14.5 2.22E+(4 39540 8.78E+08
4 16.7 1.67TE+(4 36180 6.04E+08
5 144 1.32E+05 8940 1.1SE+09
Total 173220 4,99E+05

Distance, fluence, time and flux

Setup at Demokritos




Overall readout and trigger Scheme

FE card
ctor Off-detector
Up to 8 FEs
i : sTGC - On NSW rim il
— Trigger
pad |— Pad - 1
8 1/FEB 08 J 52 trigger [N processor i
8} 7 L1DDC Possible duplicate i Sector |
Q - W removal : logic
+ STGC strip ——% Router Trigger
Qv TDS 8 -
% processor i
()] /3/FEB TEECETErr et
4 \
(%) [ [ Event
' g TTC ROD
gb 1 ART cB™x : / monitor
Q VMM MM [ sce)| | SCA | i i T -
c QL L come || FELIX *Qetwork
N\ i i
e m,':v;ms A= ROC \ e 9" apDC | / _— T
STGC: strips 5,6 or 7 g
— STGC wire 1 monitor
E GBTX / B
SCA | +====+ Bidirectional fiber «—» E-links i
Front end board L1DDC i One way fiber ~ — Differential pair|
26/09/2017 NSW ADDC/L1DDC FDR, FEBs IDR

Trigger stream Data stream

Demokritos commitmens
A) Qualification
1) QA/QC of 300 L1DDC cards
2) QA/QC of 150 ADDC cards
B) Commissioning
Presence at cern for commissioning
and integration of the NSW
C) Involvement in DAQ + Detector develop.
D) Involvement in Physics (at a later stage)

15/11/2015 Theo Geralis

NSW MM FE Electronics - Placement

Need for:

Personnel

-PhDs

-PostDocs

-Technician

Infrastructure (minimal for
qualification to start with)

Mobility (2018 - 2019):

3 FTE months at cern/year

21



L1DDC Testing ADDC Testing

1) Send data through 9 miniSAS connectors
and receive Output via fiber
2) Test bench consists of
i) VC709 evaluation boards
i) FMC card with 9 miniSAS
iii) Fibers and miniSAS cables
iv) PC workstation

1) Closed loop with
mezzanine and VC707
2) Test bench consists of
i) VC707 board
i) FMC card
iii) Fibers/miniSAS cables
iv) PC workstation

L1DDC setup
at Demokritos
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SUMMARY
Important contribution of Demokritos in Micromegas R&D

Promote Micro Pattern Gas Detector technology in Greece
1. Training: Practical work (~4 every year)
2. Education: Diploma (~2 every year), Master (~ 1 year), PhD
3. Provide access to other Institutes researchers in our Lab

Important contribution to international projects (Graphene,
Picosec Micromegas, Real x-y microbulk, Resistive Micromegas
For high rates etc )

From R&D to physics applications
Resistive Micromegas > Muon ATLAS Upgrade
Real x-y —->Neutron detector

Contribution to electronics (irradiations, testing)

Future projects: High eta muon tagger (Resistive Micromegas
For high rates )
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[poypappata yLa
Mpomtuylakouc Pottntegkal NTtuxlouXouC

‘Mpoypappa Atbaktopikwv Pottntwv: Edappoopévn Ouoikr), Mnxavikn, YIOAOYLOTEC
6 — 36 HAVEC yLa ekrtovnon Abaktoplkng AlatptBnig
*Mpoypappa “Apdacelc Marie Curie”: e ouvepyaoia pe tnv Evpwnaikn Evwon
yla ekmovnon Awdaktopiknc Atatppnc (36 pnvec)
*Mpoypappa Texvikwyv Znovdaoctwv: [Mpaktikr) otouc idlouc topeic (4 — 12 pARveg)
yLOl TTPOTITUXLAKOUG
*Mpoypappa Zrtovdaotwv Awoiknong: Mpaktik oXeTIKN He Atoiknon (2 — 12 pnveg)
yLOL T(POTITUXLOKOUG
*Npoypappa Kahokatpivou ZxoAeiov: KaAokatlptvo ZxoAeio ( ~ 3 HAVEC) yLo TTPOTTTUXLAKOUG
Amo EAAGSa 7 doltntég/xpovo
*Mpoypappa Avolktou epyaoctnpiov (openlab) tou CERN: 2 privec to kadokaipt amaoxoAnon
O€ OUYKEKPLUEVO project

MNpoypappa yia AtmAwpatouxoug TEXVOAGYOUG NXOVIKOUG

Npaktikn Eknaidevon Texvikwv: Epyacia o texvikad Bpata os dtadopa project
(24 prveq)

Meplooodtepec mAnpodoplec : http://jobs.web.cern.ch/




Mpoypappata yio ALOOKTOPEC

‘Mpoypappa Yrnotpopwwv: Iwpatidiakn Quokn n Epappoopévec emotiped (24 pnvec)
Epyaoia og neipapa  mpoypappa tov CERN

*Npoypappa “Apacelg Marie Curie”: e ouvepyaoia pe tnv Evpwnaikn Evwon
Q¢ EUMELPOC EPEVVNTNG

AAAa tpoypappatTa
(avadépovrtal yia mAnpotnta)
MNnoa epyalopevouc Epeuvntég o€ XWPEC LEAN
*Scientific Associates: [la Epeuvntéc og xwpeg LEAN (12 pnveg)
Epyaoia os neipapa i mpoypappa tou CERN

*Corresponding Associate: o Epsuvntéc og xwpeg HEAN (we 6 HAVEQ)
Epyoaoia os neipapa i mpoypappa tov CERN

Meploootepeg mAnpodoples : http://jobs.web.cern.ch/




Epgvvnrika Ivetitovto Kol IpocomTIKO 6TV
2ORoTIOWK) Kot AcTpoo®uotioteky Puvoiki

EpgovinTiké mpoocomiké otnv Zopotioteki] Puouki

Havemotipo/Ivetitovto | ApastnproTnTta Epevvntég AWokTopiKoi Xvvoro
ooV TNTEG
Apiototého [oven. ATLAS-LHC, CAST 7 6 13
EMinviko Avowto IMaver. | ATLAS-LHC, KM3 7 1 8
[Moven. ABmvav CMS-LHC, ATLAS-LHC, ALICE-LHC, |19 10 29
KM3
EMII ATLAS-LHC, CAST, ASTRO 9 6 15
EKE®E Anpoxprrog CMS-LHC, CAST , KM3, pEDM 14 4 18
avern. Avyaiov ATLAS, KM3 2 1 3
Iaven. loavviveov CMS-LHC 1 8
Havern. [atpdv CAST, pEDM 1 2 3
Yovodo [Mepopatik®dv 63 31 94
Apiototéiero [avem. HEP Phenomenology, Cosmology 3 1 4
EKE®E Anpodkpirog Beyond SM, Cosmology, HEP 4 4 8
Phenomenology
MHaver. ABMvog Beyond SM, Cosmology 10 17
EMIIT Beyond SM, Cosmology 7 16
Haven. loavviveov Beyond SM, Cosmology 12 16
Haven. Kpfng Beyond SM, Cosmology 10 10
Haven. [atpag Beyond SM, Cosmology 8 5 13
2volo OcmpNTIKAOV 54 30 84
Xvolro 117 61 178




‘EAAnvec epyalopevol oto CERN (€wg 2013)

‘EAAnveg/ MNoocooto
Z0volo Eni cuvoAou
EﬂOl)édO‘Tég oé& 32/189 17% GR TECH: Applications vs. Selected
Teyvixa Osuora 40 -
Adaxtopixoi Portntég 10/164 6% 120
Metadioarxtopixoi 28/549 5% 1:
Moviuo npocwniko 27/2455 1.1% :: B 20
" w m omt K
Hpoownlkor PJAS 15/236 6% ® GR Applications = GR Selected
Ilpocwmiko SASS 4/50 8%
Greek Doctoral Students on 01.01
Xpijores 177/11129 | 1.6% o //‘4\ -
9
Etnoia Lvvopoun EAdoog 1.78% 6 /
va 1o 2013 " /'/5

v U

01.01.2007 01.01.2008 01.01.2009 01.01.2010 01.01.2011 01.01.2012 01.01.2013

O. Mépaing
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Greek Contribution vs Return
Ewgopég mg EALadag oto CERN 10 2018 @aivovral otov mwivaka 2.

Katmyopia 2018 2017

Emocw e1cpopa 10.62 MCHF 11.44 MCHF
M&O-A/B 00.35 MCHF 00.35 MCHF
ZYNOAO 10.97 MCH 11.79 MCH

Ta £é£o06a tov CERN ywa EAAnveg epevvntég oto CERN 10 2017 @aivovtat otov [Tivaxa-1

Katnyopia ApOpog 2016 Kootog 2016 ApiOpog2017 Kootog 2017
CERN FELLOWS 43 3.72 MCHF 53 4.59 MCHF
TECH. STUDENTS 36 1.53 MCHF 27 1.15 MCHF
PH.D STUDENTS 13 0.62 MCHF 15 0.71 MCHF
CERN STAFF 30 3.60 MCHF 38 4.56 MCHF
ZYNOAO 9.47 MCHF 11.01 MCHF

Katmyopia 2018

EAnvikn) ETiowa eicgopd kot M&O-A/B 10.97 MCH

Ewgopd CERN (vrmotpogieg, Micsbot) 11.01 MCH

Buopnyoavikn Emotpoen ané CERN 2.37 MCH

2YNOAO ané CERN npog EALGda 11.01+2.37=13.38 MCH

IMivaxag 3: H EAAnviki ewogopd oto CERN o ovykpion pe v enévovon tov CERN ce
EAANVIKO EMOTNUOVIKO TPOCOTKO, EKTiIOELOT) Kot frounyavia.

15/11/2015 Theo Geralis 29




