Research Activities 2013-2019

OUTLINE:
» Physics Analysis at CMS/LHC

» HDQM Tool for CMS Tracker

» HL-LHC : CBC2 Test Beams, Outer tracker sensor evaluation
» Radioactive source localization

» New UV sensor based on MWCNT

> Future Plans
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INTRODUCTION

» Final states in pp collisions with high-E; photons and significant E;™ss emerge
naturally from a variety of new physics scenaria, particularly in models of
supersymmetry (SUSY) broken via gauge mediation and including a stable, weakly
interacting lightest supersymmetric particle (LSP)

» Models with general gauge mediation (GGM) can have a wide range of
features, but typically entail a gravitino LSP and a next-to-lightest supersymmetric
particle (NLSP) commonly taken to be a neutralino or a stau.

» Signature : Characteristic events with jets, two photons and large E;™'s*
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Analysis Strategy

The first analysis for the T5gg channel used he data sample corresponds to an integrated
luminosity of 2.32 fb! of pp collisions at Vs = 13TeV collected with the CMS/LHC in
2015.

Primary analysis trigger(ECAL Barrel region used, |n| < 1.4442):

HLT Diphoton30_18 R9ld OR IsoCalold AND HE R9ld Mass95

R cMS Leadlng EffICIenCy 226m" N cMS Leadmg Efflclency 2‘.26&7'4 cMSs Total Trigger EffiCienCy 226"
g ; ; 2 r g L i i ] i i
‘S Une e . A AT ;3 1 T 8
osl { | _ b f N
o i {
M;..q.. A TR S S P |l .
G_Qlﬂ I4EJ ﬁlﬂ EIO‘ - iﬂ‘ I II‘ I Dﬂ_l \ QUJ I4iﬂl I ‘Siﬂ‘ I IBIJI ‘ I(‘)UI ‘ I1| — =
Leading]ghcton Er FC??V) Sub-Leading PLD“’” Ly (?&"V) 50 85 go g Dig:ﬂglon I]ﬂ%?ariant1 lUl)ass " H Ge‘]/iza

HLT efficiency is calculated by a tag and probe method and is 98.6% for photon

PT>40GeV
Trigger requires two photons passing the sub-leading filter and one photon passing
the leading filter, so that the total efficiency €, = €24 1ead X €lead,sub X Esub,sub
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Offline Selection

Photons Muons
o From PF photon Collection o Pr > 30GeV
o Pr > 40GeV o |n| < 1.4442
o |n| < 1.4442 @ Passes medium muon ID
o Passes medium photon ID o Passes loose muon isolation
@ Passes Pixel seed veto Electrons
Jets e From PF photon collection
o Pr > 30GeV o Pr>40GeV
o || <24 o || < 1.4442
o Passes PF Loose ID @ Passes medium photon ID

e Remove jets that overlap within o Fails pixel seed veto

AR < 0.4 of a muon, electron, ora @ Remove electrons that overlap within
photon AR < 0.4 of a muon

E.Miss > 100 GeV

Aristotelis Kyriakis INPP, 17/9/2019 5



Backgrounds

Quantum Chromodynamics (QCD) background:

» Most significant background due to huge QCD cross section

» Can have real photons in the final state or we can get electromagnetically-rich
jet fragmentation mimicking the response of a photon

» E Mss comes from mis-measured hadronic activity.

Electroweak (EWK) background:

» Includes W and W + jet events
» W - ev and the electron is misidentied as a photon
» W + jet events, one of the jets fakes a photon

» Genuine E™s from the neutrino

Other backgrounds-small and studied with Monte Carlo (MC):
» 7Yy >VVvyy

> Wyy = lvyy

> ttbaryy



Estimated background events and systematics

Table 8.6: Estimation of total QCD background for Eﬁﬂniss > 100 GeV Table 8.10: Systematic and Statistical Uncertainties from QCD Background
] Estimation
ET™ range (GeV) Background Prediction __ _ i
100 — 110 1852096 ER® bin (GeV) Sy_stematlc Uncrért.al-nty Valu§
110 — 120 .53 % 0.63 100 =110 e o
et multiplicity reweighting 1T
— 1 ! 2
120 — 140 0.97 + 0'6: Shape difference between ee and ff  18.18%
> 140 0.61+2.15 Statistical uncertainty of ee sample  30.81%
110 — 120 Di-EM pr reweighting 16.60%
Jet multiplicity reweighting 14.87%

Shape difference between ee and ff 12.07%

Statistical uncertainty of ee sample  33.33%

120 — 140 Di-EM pr reweighting 33.31%
Jet multiplicity reweighting 29.39%

Shape difference between ee and ff  14.40%

Statistical uncertainty of ee sample  41.75%

140 — Inf Di-EM pr reweighting 39.37%
Jet multiplicity reweighting 20.34%

Shape difference between ee and ff 150.36%

Statistical uncertainty of ee sample  70.98%

Table 8.11: Summary of svstematic uncertainties included in the determina-
tion of the expected exclusion contours.

Table 8.8: Estimation of the total EWK background for Er’fm&‘ > 100 GeV

Systematic Uncertainty [%)]
T range (GeV)  Expected Integrated luminosity 4.6
100 — 110 04l =010 Photon Data/MC scale factor 2.4
’ - Jet energy scale 0-23
liO — 120 0'26 = O'O? Finite MC statistics 0-16
120 _liéo ?8; i 8;‘: PDF error on cross section 13-22
= . LZD
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Estimated - Observed events for T5gg model at 2.3fb!

Table 8.9: Expected and observed events for Effm” > 100 GeV

EX= range (GeV)  Expected  Observed

100 — 110 2.26 £ 0.96 4
110 — 120 1.79 + 0.64 2
120 — 140 1.51 £0.64 2
> 140 1.64 £+ 2.16 1
- 103 CMS Preliminary 2317 (13 TeV)
S o m——
%10 ———EVS _
g0 o ety

T5gg, M = 1.6 TeV, Mi: =06 TeV
g 2

0 50 100 150 200 250 . 300
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Mass Limits for gluino using 2.9fb!

CMS Preliminary 231" (13 TeV

—_ " pp — gd, d — 9., 1, — 16
:(?} 1600__ MNLO + NLL e><:nt:Iu51ic-n1
0 - —— Obs. limit
=1400F " Qo it 10,
Tad L - Exp. limit + 1a,,
1200
1000

L. e
1000 1200 1400 1600 1800
M, (GeV)

95% CL Iimit%cin o (pb)

@ An expected exclusion reach for the

analysis was done using the modified
frequentist CLs methods

This is based on long-likelihood test
statistic that compares the likelihood of
the SM-only hypothesis to the
likelihood of the presence of signal in
addition to the SM conditions

The likelihood function are based on
the expected shape of the E7'*°
distribution for signal and background

in four separate bins.

For typical values of neutralino mass,
we expect to exclude gluino masses out
of 1.5 TeV, improving the reach of
previous searches performed at
center-of-mass energies of 8 TeV.

This work is part of lasonas Topsis-Giotis’s thesis successfully defended in 2017
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Analysis for both T5gg and Teégg model with full 2016 data set

Simplified Models:

* strong production via gluinos/squarks

* T5gg model: gluino decays to a quark and a neutralino
* T6gg model: squark decays to a quark and a neutralino

In both cases we assume 100% branching fraction for
neutralino decaying to a gravitino and a photon.

35.9 fb' (13 TeV
> CMS : +Obse(rved ) * background estimation for QCD, EWK and Zyy
O 100k [ Jelely
2 B EWK )
S 102 W Zyy » Compare predicted number of events to
L Syst + stat uncert

.+ T5gg 1700, 1000 observed in the six signal bins
—+— T5gg 2000, 1000

« signal region : pI*$>100 GeV
* observe an excess in the last bin

: taking all signal bins into account we observe a
. R 2.4 standard deviation excess

Obs/Bkgd
N
1
L ]

T DT T P B Pl e e
G() 50 100 15 200 250 30 350
p;-mSS(GeV)
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Ar

Estimated - Observed events for T5gg model at 35.9fb™!

359 b7 (13 TeV)

Sys

—+— Data
B Cco
H EWK
B GG

TEgg 1700, 1000
—— TEgg 2000, 1000

+ stat uncert

Stack plot with QCD , EWK
and Z~~ background
estimates

vy EM=s distribution in signal
region (ET"™")

@ in the final bin we observe an
10° 1.910 excess.
25 ‘ ‘ @ rest of the bins are consistent
2 2 . -
g, 5 with MC predictions
oS0 100 150 200 280 '322;“'@ 3?0
EPs (GeV) | Exp QCD | Exp EWK /7~y Total Observed
100 — 115 | 99.07337 | 13.7+4.2 | 1.34+0.6 | 113.9735% 105
115—130 | 328759 | 904+27 | 1.1+06 | 42. 9+§53 39
130 — 150 188754 | 74423 | 1.1+06 | 27.3735 21
150 — 185 9 gtg-f, 6.1+19 | 1.34+07 | 17. 4+*‘3; 21
185 — 250 3.1719 58418 | 1.34+06 | 10.273% 11
stotelis=Ry R0 1.0%5% 3.3 &b dbopols1 £06 | 54775 12




Mass Limits for gluino using 2.9fb!
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Concluwsiorns

@ Full analysis is presented on 13 TeW using 2016 data

vwe improved our sensitivity compared to 2015 analysis

@ with 35.9 1

@ an excess of 1.9+ is observed in the final bin with respect to the standard model

expectation
@ exclude gluino mMmasses below 1.86 TeV and squark masses below 1.59 TeW
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This work is part of Garifallia Paspalaki’s thesis in progress

Documentation

Search for general gauge mediated supersymmetry in Search for supersymmetry in final states with photons and

events with photons, jets, and missing transverse missing transverse energy in pp collisions at 13 TeV using
momentum the CMS detector
skew!, ins Ie, eth?, A Kyriakis, T MeCs 2L =spalaki’ .
A Askew!, A Reinsvold HallE, M. Hildreth®, A Eyriakis’, T McCauley®, and G, Paspalaki The CMS Collaboration
® Flarida Stabe University
T University of Mitre Dame
T Mational Cerder for Scienlilic Hesearch Demaokiibo
Abstract
Abstract FBesults are reported for a search for supersymmetry [SUSY) in final states with pho-
tons and missing transverse energy in proton-probon collisions at the CMS detector
A . " 1

The results of a seanch for pew physics in final stales with ons aned missing trares- in 2016 The data Bample ar"ﬂpml'l?.m n inbgrites) I|.r!n|nw|t_v “.359"' col
U, n‘.“pnrh.\.i.p;hl'i.n.' study isbased ana Ialﬂ‘; Mpnlhm-p\m:f‘nml.u- Rectied b a cenber-af-mass energy of 13TV, The results ane inberpretid in the contest
sions colkoctod ol i cotv-ol-mags enargy F = 13 ToV with the TS dotactor in TH6 of modals of supersymmetry with general gaige mediation (GGM). Limits are set an
The issligralid bumdnceity of the saenphe & 3592 ). Many models ol new physics, ghiing pair production and squark pair production in the GGM SUSY framework
mukably supesymimetny BUSYY with werwral gauge ko M, Twlit.'l e Cluirar magses below 1860 TA and squark masses bedow 159 TV are exclisded at a

production of everds with phators and significant missing transverse momenbum 5% confidence level.,
The data are used to search for GOM signatures in final staies with two photans.

CADI
e SUS-17-011
e AN-17-131
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Historic Data Quality Monitor(HDQM)

Daniel Dugganl, Francesco Fiori’, Hassan Jalil®, Tomas Hreus*, Aristotelis I(yriakisS,
Dimitrios Loukas®, Alkis Papadopoulas5, Alessandro Rosi®, and Uridah Sami Ahmed?
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2 National Taiwan University (TW)
? National University of Sciences and Technology (PK)
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Historic Data Quality Monitor(HDQM) (1)

»The Historic Data Quality Monitor (HDQM) of the CMS experiment is a framework
developed by the Tracker group of the CMS collaboration that permits a web-based
monitoring of the time evolution of interesting quantities (i.e. signal to noise ratio,
cluster size) in the Tracker Silicon micro-strip and pixel.

3 Tier Structure

[

N

\
N B E
Y }\) Client
Application Clients Web Pages Tier "
A 4
‘ Mlddle
Logic ¢
Tier
Python Scripts JSON Data p
A 4
— Database
; =\ Tier S —
ROOT Data Objects

Aristotelis Kyriakis
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GUI Web Interface in HTML +
Javascript to display to extracted
information

Python Scripts that extract the
information from the Root files and
save it to JSON type files

Data Base Tier: Root Events files
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Python Scripts

* The python scripts that retrieve data from the
official DQM and store them to JSON files:

— dcsonlyjson_all.py = Checks the RR for

Collision or Cosmic Good runs and provides a JSON File Info
list of these runs .

— Read_DCSONLY_JSON.py = produces a map “"‘F‘“:,'."”'S“’Nfo‘w’r‘lHBJ”‘”"“’[
between the run number and the LHCFill s 209313
number that the run belongs to. w10,

. L “htitle”: “S/N (mpv)”,

— Get_Run_RunDuration_LHCFill_info.py =2 “VErr”: 0.0032,

. “vTitle”: “S/N (mpv)”
produces a map between the run and its ’ e A
duration in seconds e
— treadPlots_ROOTfile.py = accesses the DQM ;

root files and retrieves the trend data

Aristotelis Kyriakis INPP, 17/9/2019



WEB Interface

2017 v StreamExpress C DECO Strips

Filter Rurs Latest- | 180 = Go to Correlation Plois

L Show errors Show fills Show run duration Show regression lines
Charts per page: | 6.5 Submit

Short Halp Instruetions

clusterStoN_ONTK_TIB_L1_mpv clusterStoN_ONTk_TEC_PLUS_W1_mpv 3 clusterStoN_ONTk_TID_MINUS_mpv  E4 T[OBY..] GainsAAG_woG1G2_mpy

clusterStoN ONTKk TOB L1 mpv clusterStoN_ONTK_TID PLUS R1_mpv clusterStoN ONTK TCB mpw MAddressErr APV eount

clusterStoN_ONTk_TEC_MINUS_R1_mpv [ clusterStoN_ONTK_TID_MINUS_R1_mpv 2 T[OB/..| GainsAAG_mpy NAddressErr_APV_mean

clusterStoN_ONTK TEC MINUS W1_mpv & clusterStoN ONTK TEC MINUS mpv TOB...] GainsAAG_WoG1_mpv Mean NShot Vs Run

clusterStoNl_ONTk_TEC_PLUS Ri_mpy clusterSioN_ONTk_TIB mpy TIOB..] GainsAAG woG2_mpy Main_Diagonal_Position
|

Fig. 3. Main page of the HDQM Web Interface with a possible user selection related to the CMS
Silicon Strip Tracker Detector.

Main developer: Alkis Papadopoulos
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Trend Plots (Strip Tracker)

Silicon Strip Tracker related plot example

clusterStoN_OMNTE_TOB_L1_mpy

chusterStol_ONTE_TIE_L1_mpv
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Figure 4: Example of two plots displaying the Signal over Noise of the Tracker Inner Barrel
layers (left plot) and Tracker Outer Barrel layers (right plot). The white and grey zones of the
runs that belong to the same LHC Fill number and the Run Duration in the right vertical axis
are displayed. The pop up box with all the relevant information for a specific point of the graph
is also shown.
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Trend Plots (Pixel Tracker)
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Figure 6: Example of two plots from Pixel Phasel detector displaying a 2D plot of the Total

Number of Clusters in Silicon Strip Tracker versus the Total Number of Clusters in Pixel (left

plot) and Cluster Charge in Pixel Barrel (right plot). The white and grey zones of the runs

that belong to the same LHC Fill number and the Run Duration in the right vertical axis are

displayed.
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CMS Internal Note and CHEP2018 presentation

» The tool run smoothly during 2018 data taking period and was documented as an
internal note and also presented in CHEP2018, Sofia Bulgaria

Available on CMS information server CMS IN -2018/004 To b e p u b I is h e d S 0 O n i n t h e
EPJ Web of Conferences

CM S I nte rn al NOte Available on CMS information server CMS CR -2018/285

The content of this note is intended for CMS internal use and distribution only

The Compact Muon Solenoid Experiment

Conference Report (*

[ Mailing address: CMS CERN, CH-1211 GENEVA 23, Switzerland

CNTS,
>

14 December 2017 (v5, 23 May 2018)

__—

Historic Data Quality Monitor (HDQM) Tool for the
CMS Tracker 17 October 2018 (v3, 29 October 2018)

Daniel Duggan®, Francesco Fiori®, Hassan Halil®, Tomas Hreus”, Aristotelis Kyriakis®, Dimitrios Loukas®, Alkis
Papadopoulos’, Alessandro Rossi’, Uridah Sami Ahmed®

“ Fermi National Accelarator Laboratory (USA), b National Taiwan University (TW), © National University of A H i Stori C Data Qu al ity Mo n i tor ( H DO M ) t00| for

Sciences and Technology (PK), d Universitaet Zuerich (CH), © Nat. Cent. for Sci. Res. Demokritos (GR), /

Cniverta ¢ INEN, Perueia (1) the CMS Tracker Detector

Abstract
Aristotelis Kyriakis for the CMS Collaboration
Monitoring the time evolution of sensitive quantities is fundamental to LHC experiments. It permits
keeping control on data quality during LHC running and also effectively checking the influence on data
of any detector calibration performed during the year. The Historic Data Quality Monitor (HDQM)

of the CMS experiment is a framework developed by the Tracker group of the CMS collaboration Ahstract

that permits a web-based monitoring of the evolution of measurements ( S/N ratio, cluster size) in the

Tmf’{ 5";:0“(1'“'“0'5’“13 ““dfP”“?l de“l’cmlz'ﬁne fm‘(‘j‘e“"”k Pm,‘"de;? Wayhm b#{"]d and :‘;’l;fﬁ’ Monitoring the time evolution of data related observables is important for the successful operation
trend plots based on two steps of actions. In the firststep data are retrieved from the offtine DQM data of the LHC experiments. It permits keeping control on data quality during LHC running and also

base periodically via a cron scheduled job and a list of datasets is produced. In the second step, the
web interface dynamically and interactively produces the trend plots from the datasets. The overall
organization of the tool will be presented along with its internal structure and representative examples.

effectively checking the influence on data of any detector calibration performed during the year. The
Historic Data Quality Monitor (HDQM) of the CMS experiment is a framework developed by the

Finally the skeleton for the flexible implementation of the HDQM in the other sub-detectors of the Tracker group of the CMS collaboration that permits a web-based monitoring of the time evolution
CMS experiments will be described. of interesting quantities (Le. signal to noise ratio, cluster size) in the Tracker Silicon micro-strip and
pixel.
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CMS Tracker Upgrade for HL-LHC
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HL-LHC is on its way...

LHC HL-LHC

14TeV 14 TeV
energy
5t07x

13 TeV

Solcs sonnolitt INJECTOR UPGRADE Sode)
mit .
7TeV _8 Tev button collimators TR Mo acn (LA luminosity
R2E project 117 dipole & collimator regions installation
Civil Eng. P1-P =

2025 | 202 H M 2038

200 | 2021 | 2022 | 2008 | 202

2016 2017 2018 2019

a1 | 212 | 2010 | 201 | 201
ATLAS - CMS radiation
experiment upgrade phase 1 damage ATLAS - CMS
beam pipes 2 nom, luminosty 25 x nominal iminosty upgrade phase 2
19 nominal luminosity ] ALICE - LHCb o mngy x
upgrade
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E 300 1b" | 3000 " [T

22
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HL-LHC : CMS Tracker Total Tracker Replacement

Operating cold (-20°C)
+50% margin in Outer Tracker
Inner tracker can be extracted

Radiation tolerance
up to fL.dt =3000 fb-1

i Increase granularit

Occupancy < % 9 y
Longer latency — 12.5 ps Larger front-end buffers
Higher L1A rate - > 750 kHz Bandwidth!

Improve two-track separation

to resolve tracks in high pT jets Increase granularity

Improve resolution at low pt

Reduce secondary interactions Reduce amount of material

Increase Forward acceptance Mostly through pixel layout

Real-time efficient tracking

Contribute to L1-trigger 40 MHz output for L1
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HL-LHC : CMS Tracker Upgrade ...

Current HL-LHC
~200 m* Silicon surface ~190 m?

—

Q -

é 9.3 M Strips 42.0 M

= - MacroPixels 173 M

—

i:_’ 15148 Modules 13296

© 100 kHz readout rate 750 kHz /40 MHz
b ~1 m2 Silicon surface 4.9 m’
Az

S 66 M Pixels 2.0G

—

= 1440 Modules 4352

=

k= 100 kHz readout rate 750 kHz

Aristotelis Kyriakis
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HL-LHC: CMS Tracker Layout
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2 types of Outer Tracker: 2 types of Inner Tracker modules
2S (Strip-Strip sensor modules) * 2x2 Pixel Chip modules
PS (macro-Pixel Strip sensor modules) « 2x1 Pixel Chip modules
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HL-LHC : CMS Tracker 2S Module

sansors

1ybrid support and
oling contacts

GBT &
opto connectar

Sensor colilg and
support bridges

« CMS Bnary Chip
* nandies signais from

concentrator both sensor

Figure 9.4: Strip - Strip (2S) module for the Outer Tracker in compact (left)

CMS Binary Chip(CBC)
contains the STUB logic

and exploded view (right).

Top wire bond
pads

Top silicon sensor

4
1.8 mm spacing Foldable flex
y

Bottom silicon sensor Bottom wire

bond pads

Figure 9.5: Fold over and carbon fiber stiffeners of the Front - End hybrid in
the Strip - Strip (25) modules.
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HL-LHC : CBC Test in Beam Tests

- Full module on the rotation stage \

DutT
po pi p2 p3 :5-14 pd p5

)

J
;‘,_A_V_I\_V_M_V_A_V_l\ v

12cm 19 41 35 85 12

Figure 9.10: EU Telescope geometry and position of the Device Under Test
(DUT) during November Beam-Test (BT).

HV filter/grounding
‘service’ board

strips direction
8CBC2 transition cords {top to bottom)

Figure 9.6: SCBC2 flexible prototype and its folded wirebond pads.

Aristotelis Kyriakis INPP, 17/9/2019 27



HL-LHC : CBC Block Diagram & Calibration
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cor ook oﬂsgt adjust hysteresis
115k &-bit value select

(per channel)

Figure 9.7: CBC2 analog path block diagram.

100 T T 1 I I 1

—— before tuning _
— after tuning | c=4.23

[10mV)

80+

401

no. of events

130 140 ‘ 180 180 200 210 140 150 160 170 180 -19.0

VCTH [12C register setting]

Figure 9.8: CBC2 S-curves calibration procedure plots.
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Thanks to
CMS 3.8 T ™

magnetic field!

Figure 9.14

Aristotelis Kyriakis

Even Sensor Hitmap

HL-LHC : CBC STUB logic

Same electronics
reads two sensors
A

low pr track

1.6-4.0 mm

Odd Sensor Hitmap

~hitprafic:

oedSensoe_hilpeafie:

T T

: Raw hits on the sensors during November 2015 BT. Left, even
sensors raw hits. Right, odd sensors raw hits. The upper half planes do not
have many hits due to the beam not hitting in the center of the DUT.

.| Entries 492120
{Meanx 4148
- Meany 0.03571
mnzg

1856

| Entries 486601
‘| Msanx 4083
Meany 0.03894
183
1935

Outer layer
CWD outputs

Inner layer
CWD outputs

a)
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HL-LHC : CBC STUB Production Rate vs rotation angle

One of the first results proving that the
STUB logic of the CBC chip is working

| Stub
1

[iF)
Lom
80—

Stub Production Rate (%4

20—

Production Rate vs DUT angle |

Runig: 388 - 282

= Window: 4 Birips

"
Loy ¥y

1
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ol
12z

1
13

1% 15

18

DUT Angle(0-=Normal Incidence)

Stub Production Rate (2

=
=

Rate =

L Rung: F15 - 245

= Window: § Siips

Stub Pr_ndun'lim I‘-ttln 'u'a DuT ?ngu . | -

1
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'l ol 1
14 15 18 17 18

19

DUT Angle(0-=Normal Incidence)

number of stubs

number of events
Stub Pmdur:lim I‘-ttln 'u'a I:IIJTI unglu |
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m
o - -
‘E B Window- & Sirips
E B0 - .
8
n_ & —_
o
=
&
b —
a -l!lI - I1I5I ! ”1'5I = Iil?l - I1I8” ! I1|5|I ! ”"I]I - I2I1I = IZ‘EI “-

DUT Angle(0-=Normal Incidence)

Figure 9.15: Stubs production rate versus the DUT angle, for four different
allowance windows for the stub definition. Left, 4-strip window. Middle, 5-
strip window. Right, 6-strip window.
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HL-LHC : CBC STUB Production Rate at different CBSs

Check the STUB Production rate in different CBCs by moving the
whole detector left — right of the beam direction

g

2

£ o
= - - -
m_
g wf gk
§ F 5 mf
s %
g g oF
- B0
i E
; of || sim stub
a0k =
o [
of oF -+ cae stub
2‘:".‘: 10_—
1] e SR DR DR SR SRR gl L B e e S el |
o6 a8 1 1.2 1.4 1.6 [ 08 b3 1 1.1 1.2 13 1.4 1.5 1.6
 Posilon * Posilon

Figure 9.16: Stub production rate as a function of the x-position for the
two sensor columns. Left for Column-0 and right for Column-1. Column-1
misbehaves possibly as a result of a FPGA readout board Firmware (GLIB)
problem.

Aristotelis Kyriakis INPP, 17/9/2019

31



HL-LHC : CBC — Telescope Track matched efficiency

E 1: LI w |'r T e’ ® 7 bl._'-‘l l.l l:
oo . "o -
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x> 04 =
— C .
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- . * Y=3.76 1
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X

Figure 9.20: AIDA Telescope Track Efficiency.
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CMS DIN-17-032

HL-LHC : CBC Beam Test Note  amveis, _ smssearissom

MAorchive Tag: trunk

Performance of Prototype Silicon Detectors for the Outer
Tracker for the Phase II Upgrade of CMS

Jeremy Andreal, Georg Auzinger®, Rajarshi Bhattacharya®, Anadi Canepa?®, Wicolas Pierre
Chanon?®, Viadimir Cherep.anovl, MNikkie Deelen?, Martin Delcourt®, Alexander Dierlamm™,
Suchandra Dutta®, Thomas Eichhorn!?!, Tomasz Gadek?, Yuri Gershtein!?, Geoffrey Hall?,
My kyta Haranko!'!, Siew Yan Hoh?*, Alan Honma?, Mark Kowvacs®, Stefano Mersi®, Alan
Prosser?, MNabin Poudwyall?, Robert Harr!?, Ryan Rivera®*, Alessandro Rossil®, Suvankar Row
Chow dhury>, Subir Sarkar?, Sarah Seif El MNasrl?, Basil Schneider?, Jarne Theo De Clercqgl?,
Jelena Luetic!®, Lorenzo Up]_egger"l', Giowvanni Zewvi Della Portal®, Panagiotis Assiouras1”,
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1 Urniversit de Strasbourg
2 CERMN
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5 Univw. de TLyron
& Ui, Catholigue de Louwvain
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AAbstract

A mevww TS Tracker is will be installed for the operation at the High Luminosity phase
of LHC (HL-LHC). The detector modules and the readout electronics are specially de-
signed to select high pr( = 2 GeWV) track candidates and reduce the data volume be-
fore data transmission to the first level trigger. The inclusion of tracking information
in the trigger decision is essential to select events of interest efficiently: A customized
front-end readout chip (CBC), has been designed for this purpose, containing logic
to correlate hits in pairs of microstrip sensors. The performance of such prototype
modules put to test using beam is presented.

Aristotelis Kyriakis INPP, 17/9/2019
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HL-LHC : 8"’ wafer with 2S Sensors

Diode:2.

Diode:1.25

FZ 240um width p-type wafer

Aristotelis Kyriakis INPP, 17/9/2019 34



HL-LHC : CV MOS measurements V<V <Y<Y %<y

\

nMOS: Meﬁal-(?xide-S emiconductor # ¢

MOS standard, CV (AC
pulse: 10 kHz,0.25V ), é@
VPX28441, chip 14, A=4x >

Va

[BACK CONTACT

p-type substrate X

4 mm?

| I ACCUMULATION DEPLETION INVERSION
E

Capacitance vs Voltage

g 000 C
‘o 900 - Accumulation VPX28442: 14_MOSAndDiode(l—10kHz)
E L —a— MOS{A=dxdmm’): 2018
o ) — B MOS{A=4x4mm’): 2019
g 800 :_ 'I‘ V| —— MOS(A=4xdmnt): 2020
a C i “ H —¥— MOS{A=dxdmn): 2021
3] C | — o MOS{A=4xdmnm?): 2022
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500(— ,
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300:_ Inversion
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D E | | 1 | | | | | | | | | | | | | 1 | | | | | |

-6 -4 -2 0 2 4
Gate Voltage [V]

Non radiated MOS CV curve

Aristotelis Kyriakis

Cacc cinv 'VFB NA [1012
[pF] [pF] [Vl cm3]

2018  847.1 210.7 0.652 1.64 6.04

2019 821.3 210.7 0.672 1.61 5.89
2020 847.1 202.5 0.652 1.69 6.51
2021 847.1 210.7 0.652 1.63 6.04
2022 809.7 202.5 0.682 1.52 5.91
2023 826.7 202.5 0.668 1.59 5.85

2026  818.2 208.2 0.675 1.37 7.18

Our Measurements Compatible with other LAB

INPP, 17/9/2019 35



HL-LHC : CV MOS measurements — Other Parameters

Example of other interesting quantities that can be extracted:
» Extrinsic Debye Length (A;) = 0.000161914 [cm] = 1.61 [um]
» C_Debey =1021.94 [pF]

» Flatband Capacitance (C ) = 462.662 [pF]

» Bulk Potential (¢g) =-0.154246 [V]

» Metal - Semiconductor Work Function (W,,s) = -0.764246 [V]

» Threshold Voltage (V) =-1.06483 [V]

Aristotelis Kyriakis INPP, 17/9/2019 36



HL-LHC : Irradiation Procedure

Total Dose Expected at R = 60cm around 100KGy after 10 years at HL-LHC

Irradiation
Chamber " | T P

1 Control panel

2 Sample chamber in up: position §

3 Limit Switch

4 External Cabinet ;_&__7_

d for the source -
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(1) Source ok e §
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\
2 _ . 60
@ Source pencil holder .:..‘- . XXX 9 Hand crank CO
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ERRLRIGZARRK s
- 11 Wire rope i : i o u rce
12 Mounting Structure
13 Concrete Pit le)
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= I)O(j
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Back Scatter Peak at 214.4 keV 2-10-13, Anti-Proton.com
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HL-LHC : Irradiation facility
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HL-LHC : PMMA Dosimeters

http://www.harwell-dosimeters.co.uk/harwell-red-4034/

1) Use Optospectometer to
measure the absorbance of

PMMAs at A = 640nm
2) Use the curve below to estimate
the Radiation Dose

Harwell PMMA Red 4034 ND Perspex Dosimeter

[
w
o

Absorbance [mm]

e
[
0

PMMA dimensions:
30mm x 10mm x 3mm

_ Absorbanoelmm"]]

In(1

0.0394332

Dose[kGy] = - 0.412073

Maximum Accepted Dose : 5 - 50kGy

0 1 1 | 1 ‘ | 1 | | | | 1 | 1 | 1 1 1 1 | | 1 | 1 | | 1
40 50
Radiation Dose [kGy]
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HL-LHC : Dose Measurement

Position 1: MOS&Diode ID 2020 -> 3.17kGy/day
Position 1: MOS&Diode ID 2021 -> 2.82kGy/day
Position 1: MOS&Diode ID 2022 -> 2.67kGy/day
Position 1: MOS&Diode ID 2023 -> 2.58kGy/day
Position 1: MOS&Diode ID 2019 -> 2.85kGy/day

Aristotelis Kyriakis

Total Dose [kGy]

INPP, 17/9/2019

]
(o)

)
(=]

10

Total Dose vs Time (Co60 Source)

N

7

_| %2/ ndf 0.6393/2 | +/ nat 875/2 [ ¥¥/ndf 00672272

- | Prob 0.7264 | Prob 0.866 | Prob 0.9669

: pQ 1.318 £0.8597 | PO 0.8597 | pO 1.523 + 0.8597

— pi 317 £0.1865 )1 0.1865 | p1 2.637 £ 0.1865

L ]

L Wt 0.09784/ 2

f Prob 09523 /
yd

| PO 1.529 + 0.8597 /

| pi 2.579 + 0.1865 /

7

Ve

y

/

7

- PMMA Red 4034 ND: 1
- PMMA Red 4034 ND: 2
- PMMA Red 4034 ND: 3
- PMMA Red 4024 ND: 4

ﬂ PMMA Red 4034 ND: 5

1 2 3 4

5 6

7 8

[rradiation Time [days]

40



HL-LHC : CV MOS measurements(After Irradiation in ©°Co)

nMOS: Mq\ﬁal-(?xide-S emiconductor

MOS standard, CV (AC
pulse: 10 kHz,0.25V ), é@
VPX28441, chip 14, A=4x -
4 mm?

p-type substrate X
v,

Vo <V Vo< <Y Vi <Y

VPX28442: 14_MOSAndDiode(f=10kHz):Capacitance vs Voltage
Accumulation # ¢
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100/
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HL-LHC : IV Diode measurements — Irradiation

* Since we had to share the Irradiation Facility
we were not able to follow a specific
annealing protocol

Irradiation Accumulated Irradiation Annealing Time at room
time[days] time [days] temperature [days]

2 2 13
2 4 2
4 8 2

> 1(20°C) = I(T) * (293/T)? * exp[-1.21/kg *(1/293 — 1/T)], RD50 TN 2011-01
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HL-LHC : IV measurements Irradiated Half Diode
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HL-LHC : IV measurements Irradiated Quarter Diode
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Radioactive Source Localization

G. Fragos?, C. Karafasoulis?, A. Kyriakis3, C. Potiriadis?, |. Topsis-Giotis3

IHellenic Army General Staff R&IT Directorate
’Hellenic Army Academy
3Institute of Nuclear and Particle Physics, NCSR “Demokritos”
4Greek Atomic Energy Commission

Funded by NATO, Sfp-984705, 400KEuros
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Introduction - Main ldea

 Radiation Source Localization is a vey hot
research topic and the project aims to
develop core technologies of distributed
sensor networks for the localization and
isotope identification of radioactive sources
with purpose to build a solution applicable to
the diverse problems which one confronts
when dealing with difficult to detect (either
shielded or in a large crowd) sources in spaces
without specific entrance and exit points.



Test Bed Setup

CZT
Sensors

137CS
Radioactive
Source -

Radioactive Source Motion in 3 Dimentions

Horizontal Steps : 0 @ GoLeft () GoRight | X-Home

Vertical Steps : 0| @GoUp O GoDown | YHome

Depth Steps : 0| ® GoForwd () GoBack 7 Home

v WAITING... CONNECT

Motion Control GUI

Aristotelis Kyriakis 47
INPP, 17/9/2019



System Response for an unshielded
137Cs Source

Energy Sp aher Backg Sensor Id: 2

Source Location: X=-84, ¥=-84, 2=120 [em]

—— Cs- 137 Source

Source Activity :
6.7MBQq~180uCi

1
Energy [kav]

Energy [uel]

y-ray : 662keV

X-ray : 32keV
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Localization Based on Analytical
Calculations

: qx_r_f_Az_(xT+Sx)2+D§
A, : Total events recorded by ! s A x?+ D2
Sy H
sensor i o B Ay (S.—x)%+D?
l 2T 4 x? + D?
Ot— 5% ——»0« sx > O
1 2 Dx 3 <. = Sx(q){_q}é)
To2(qf+qgd) -4
Sy S(xr.yr.zr)
{ qY:r—‘r’:ﬁ:(yr—i_Sy)z—i_D;
o’ Yord A yi +D2

y_rE_A2_(Sy_Yr)2+D3%

2
r2 A y¢ + D2

MVA : NN and BDT also
used, Results are similar

Sy (9 — q%)
1 _ 12 2 =
Zy =+ Dg — ¥ Ir 2(q]+q3) —4
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SFP-384705

ROEVE  Meacurement Sessions

Source: Cs-137 y
Repetitions: = 9

Acquisition

e 20secs

TANDEMCs- 137, RITEC(2,5,7.89), X=-104.5¢m, Y=-54cm, Z=120cm. RUN=spectra 205, 9

Session Details | Tools

RITEC
RITEC
RITEC
RITEC
RITEC

Source Longitude:

Source Latitude:

Source Altitude:

-1045

-540

1200

DAQ Server GUI
$< N( R A @ Data Acquisition (DAQ) and Analysis Framework

StepMotors

Type

Sensor X:

Sensor Y:

Sensor Z:

Repetitions 58 jntersalbrathn = 13, On The Fy Localzation-Record with Camdtugi

Comments:

Aristotelis Kyriakis

250

140

0

Registered sensors
P
100.1234
100.1234
100.1234
100.1234
100.1234

Bewween 20 keV and 2000 kEv

Localization Aleorit
Select background measurement

6002
6005

288

Latest response
100REPETITION3OF 9
100REPETITION30F 9
100REPETITION3OF 9
100REPETITION 30F 9
100REPETITION 30F 9

/ Horizontal and Vertical Sensor Distance

857 RITEC{Positions 2.5,7. 8,9) Cross Topology - Background{20sec x9rep)- 22/11/2018 - Sensor On The Fly Localization- Server 4.2 - Start

4secs X Y z

Actugl  -1045 -540 1200
Estimated -97.98 -4028 11969
Diff 652 1372 031

Logalization Algorithim log

INPP, 17/9/2019
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Experimental Results of unshielded 13/Cs

Exposure time: 1 min, Localization
Source Activity: 180uCi

Horizontal source position resolution Vertical source position resolution
=100 = . 00 [fres._s
1 ELS Sensors Cross Topology E r mtw.: E I 5 Sensors Cross Topology § E....W
Em:_ Experimental Data L Moan w2 E‘m:- Experimengal Data Ery. doan 1017
8 uf =t e roa|  Bf E e
o : B =f
T hptilng, jé =+
= i ' : f
_m- N APPTITPLITTI 1Y rarSPRITY [ PR PORT PP IO, _ME G-...
True Horizontal Coordinate [cm] Horizontal Accuracy [cm)]
Depth source position resolution
P Zres_combi
qc_‘ 18l Entries 110
& L 5 Sensors Cross Topology Mean  44.86 5
18 = Experimental Data StdDev  44.16
i3 Poor Depth ol .
)3 localization roof
B S 5 Sensaﬂ‘ﬁ—oss Topologw -
_;; o l l L When at : Experirmental Data
s " Depth Accuracy [em] e d ge s e ;2:0:0—:;“1510 mmtm Il:l:;ﬂsa[:rnafn
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Experimental Results of light
shielded 13/Cs Localization

1cm Pb shield around an 137Cs Both Horizontal and Vertical Resolution < 20cm

source of activity 180uCi in 40sec offexposure

Horizontal Resglution vs Exposure Time

LIS

E o
=] o

Source Horizontal Resolution [em)

Soure Vertical Resolution [em]

L) - -] o o =)
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Open Field Results in Sofia, Bulgaria(l)

=~ Cs_ 137 Source

X =-65cm

= 56 cn %, «, £ - : . Enargy Spoctrum aiter Baskground Subtastion Senscr id: 2

Found Sewnn At Xe 65, Yakt, 275 o]

A y-ray : 662keV

- 8 5 8 8 3 8 E & B

Erorgy bev]

Enery Spectrum after Backgrourd Subtraction Sensor Id: B Enargy Specium alte Baskground Sublrasiion Senser d: 8 Enargy Specrum alta Backgraund Sublrastion Senger id: 7

Not Known Surface gL
Contamination of $~__ X-ray : 32keV i.
137Cs type )
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Open Field Results in Sofia, Bulgaria(ll)

Scattered 5 NOt. Known

Spectrum Buried
Contaminat
ion of 137Cs
type

e .
Cs_137 Source
X =:26¢cm
Y =38 cm

T ON nenn

Enargy Specinum alte Baskground Subaciion Senser id: 7

Enery Spackum afler Backgrourd Sublraction Sensot |d: 0

§
f.

)

2 e T T
Eroy Dot

Enargy Specinum alte Bakground Subtaciion Senser id: §
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215t International Workshop on Radiation Imaging Detectors
July 7 —12, 2019

Orthodox Academy of Crete, Chania, Crete, Greece

A 2-D localization of a lightly shielded radiation source using a network of small form factor
CZT sensors
G. Fragkos?, K. Karafasoulis®, A. Kyriakisc, C. Potiriadis?

aHellenic Army General Staff R&IT Directorate (HAGS/R&IT Dir), "Hellenic Army Academy, Vari, Attiki, 16673 it of 1 and Physi
NCSR “DEMOKRITOS” Agia Paraskevi- Attiki, 15341 4Greek .El‘lefﬂv Ce Agia P Attiki, 15341 Greec
Email : i i qr

Figure 3: Spectrum
response for 137Cs
light shielded source.

Horizontal Resolution va Exposure Time

s
s
=8
.

s

|This work was financially supported by NATO SfP-984705 |
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Conclusions for Radioactive
Source Localization

* Results to localize both unshielded and light
shielded Radioactive sources using Analytic
and MVA algorithms are very promising.

* The full system was developed and can be
used also in outdoor measurements.

* The gained knowhow is significant.

Aristotelis Kyriakis INPP, 17/9/2019
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Carbon Nanotube Schottky type UV Sensor

Solid State Electronics 151 (2019) 27-35

Contents lists available st ScienceDirect <
SOLID-STATE
ELECTROMICS

Solid State Electronics

journal homepage: www.alsevier.com/locate/sse —

Carbon nanotube Schottky type photodetectors for UV applications

Chich for
Ly
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Introduction-Main ldea

« Many types of Ultra Violet (UV) detectors are
used up to now.

« UV spectrum is of particular interest not only
In particle physics where Cherenkov light
and scintillators emit in this region but also In
other fields like agriculture, food industry or
medicine.

 The main idea Is to build low cost and low
operating voltage UV, sensors based on
arrays of well-aligned Carbon Nano Tubes
(CNT) In the form of Multi Wall CNT
(MWCNT)
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CNT Development Facility

» A mixture of 2g of Camphor with 0.1g of Ferrocene as a catalyst .
»Preheating phase at T = 200 °C and main high temperature oven at T = 850 °C.
»The whole process lasts about 40min.

»Achieved to control the length in the CNT array below 40um.
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CNTs

Sensor Fabrication

> n-type Si (450um width) of 100 orientation and p = 10Q.cm.

»The back plain of the Si is covered with a thin layer (30um) of gold (Au)
to serve as Ohmic contact.

»140um Si;N, layer is deposited on the top plain to serve as a diffusion
barrier (i.e. Fe from Ferrocene during CNT development) as well as a dark

current reducer.
»The CNTs were deposited using CVD process at 850 °C
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Sensor Performance

» Effective Quantum Efficiency (EQE) of the
fabricated sensor for 9V bias voltage.
»Good performance in UV (200um —

400um).

»Peak EQE in IR (750um).

» Responsivity /EQE as
a function of the bias
voltage and irradiation
power from a LED
emitting at A =275nm

Now funded by HFRI and GSRT program No 157446/12/21-9-2018, 200kEuro
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Summary: Multiple Wall Carbon Manotubes (MWCNT) present advantages for optoelectronic applications such as the large
effective photo-collector surface as well as the possibility to tune their band gap and absorbance through the growth
parameters[1]. In this work, we demonstrate a hybrid MWCNT /Si;N,/n-5Si photodetector based on ordered MWCNTs and
evaluate its performance in the UV, visual and near IR spectrum (200-1000nm). Depending on the application the absorbing
nanotube layer can be made thick enocugh (e.g. several millimetres) to enhance radiation absorption and electron-hole pair
generation. The best result obtained so far as a UV detector is a 90% Equivalent Quantum Efficiency ®@275nm for a 20pm

CNT layer thickness[2].
Device Fabrication

The device structure is presented in figure 1. Fabrication
starts with a n-type (100) Si wafer (450pm thickness) of
p = 10 Q*cm. The back plain of the Si is covered with a thin
(100nm) of gold (Au) electrode, while a 150pm Si;N, layer is
deposited via Chemical Vapor Deposition (CVD) to serve as
an anti-reflecting coating as well as a dark current reducer.
This is followed by the development of the Carbon
NManotubes (CHNT) layer wvia Catalytic CVvD and the thermal
evaporation of an aluminum (Al) thin {(100nm) electrode.

CNT s
SiaMNa

Figure 1: Device Structure

The reactor used for the CNT development is displayed in
figure 2. A mixture of 2g of Camphore with 0.1g of Ferrocene
as a catalyst was injected into the deposition chamber with
the use of N, gas flow (0.6l/min), after preheating at 200°C.
The mixture gas travels through the main high temperature
oven, which is kept at 8 = 850°C and MWCNTs are formed on
the “cold” substrate. The whole process lasts about 40min
and produces well-ordered MWCHNTs (Figure 3).
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Operation

When used as a photodetector, the dewvice is biased in the
inverse direction (n-Si substrate positive) and behaves as a
Schottky diode with an intermediate dielectric barrier layer.
Figure 4 shows the band scheme of the device. The Si M,
layer acts as a wave guide for UV photons and as a diffusion
barrier for the Fe ions introduced during MWCNT fabrication
(Figure 5)

Figure 4: The MWCNT/ SizN /57
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{0.54eV barrier) with an
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Performance
The device has excellent performance in the UV and the
visual part of the spectrum. Responsivity and EQE exceed
100mMA/W and 50% for a selected operation bias. The UV
response is shown in figure 6.
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Conclusions for CNT UV Sensors
*\We developed CNT sensors that can operate:

» In a wide range of the UV spectrum(200nm — 400nm)
» Have large responsivity ~200mA/W for UVC band

» They can operate in low voltage < 10V.

» The development process and production is cheap.

» They are promising UV radiation sensors
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» “FCNC top decays in CMS/LHC”, Grigoris Vermisoglou, Athens
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» “aTGC Studies in Zy channel in CM/LHC”, Eleni Petrakou,
Athens 2011, http://hdl.handle.net/10442/hedi/27701, DOI:
10.12681/eadd/27701

» “Search for New Physics in final states with photons and missing
transverse energy, with the CMS experiment, at CERN”, lasonas
Topsis-Giotis, Athens 2017, http://hdl.handle.net/10442/hedi/41402

» “Search for SUSY in T5gg and T6gg Models in CMS/LHC”,
Garifallia Paspalaki, in progress
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Conferences Organization

ERDIT 2016, Athens, https://indico.cern.ch/event/464127/

ERDIT in Athens

11-12 April 2016 sSaarch Jo)
Demokritos, ATHENS

Europe/Athens imezone

e Meeting directions:http://www.demokritos.gr/Contents.aspx?Catld=28
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Timetable

This is the 6th meeting of the European Radiation Detectors and Imaging Technology Network, ERDIT
(www.erdit.eu). The meeting will discuss the latest European funding progress on radiation detectors and imaging
technology with particular attention to future openings. The meeting will start with a short course on radiation
My Contributions detectors for students and young researchers on Monday morning.

Contribution List

My Conference

Registration
2 A discussion on "How to write a successful grant proposal for H2020" will also be part of the programme together

Participant List with a presentation on the latest developments of ATTRACT, a new, open, pan-EU initiative t0 accelerate the
development of high-performance detector and imaging technologies for market - through a process of co-
innovation among European research institutes, small and medium enterprises (SMEs), companies and universities.
(http://vww.attract-eu.org/).

The meeting will be held in the National Center Of Scientific Research (N.C.S.R. “Demokritos” (
http://www.demokritos.gr/default.aspx?lang=en ) , located about 30 minutes by metro & Bus from Athens city
centre. Athens International Airport is located 20Km away - http://www.demokritos.gr/Contents.aspx?Catld=28
from the meeting venue. The Center Of Scientific Research (N.C.S.R.) “Demokritos” is the biggest Multi-disciplinary
Research Centre in Athens.
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21st International Workshop on Radiation Imaging
Detectors

Search...

Welcome to iWoRiIiD 2019 2

The Imternational Workshop on Radiation Imaging Detectors are held yearly and provide an international forum for discussing
current research and developments in the area of position sensitive detectors for radiation imaging, including semiconductor,
gas and scintillator-based detectors. Topics include processing and characterization of detector materials, hybridization and
interconnect technelogies, design of counting or inegrating electronics, readout and data acquisition systems, and
applications in various scientific and industrial fields. The workshop will have plenary sessions with invited and contributed
papers presented orally and in poster sessions. The invited talks will be chosen to review recent advances in different areas
covered in the workshop.

Thie year the Workshop will be arranged for the 271st time on July 7-12, 20719 in Kolympari, Chania, Crete, Greece,
Welcome!

ATTENTION: The Abstract Submission Deadline has been extended to the 16th of April 20719,
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Future Plans



CMS/LHC Analysis

ELIDEK Phase Il (Under Evaluation)

Title of proposal: Development of the Phase Il Silicon Tracker and Physics in the CMS Experiment at CERN
Acronym: DETRA
Scientific Area: Natural Sciences
Scientific field/s: Particles and Fields
Principal Investigator (Pl): Dimitrios LOUKAS
Host Organization: NCSR DEMOKRITOS
Proposal category: I/l a

» Search for general gauge mediated supersymmetry in
events with photons, jets, and missing transverse
momentum at 13 TeV center of mass energy in CMS/LHC

experiment
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CMS/HL-LHC

» Continue the IV, CV measurements of the structures (MOS, Diodes, Mini 2S )
contained into the 2S wafer and check their response after heavy irradiation
(up to 10Mrads = 100kGy) using %°Co found in NCSR “Demokritos”.

»Try to setup a radiation model in TCAD in collaboration with the INFN
Perugia.

» Contribute to all the work related to the main tasks of our lab (selected as
Process Quality Control — PQC center) for the Tracker HL-LHC project.

» Study of HVCMOS technology for the development of monolithic CMOS
sensors (work will be supported by ELIDEK program)

»Try to investigate new types of signal extraction for silicon sensors using
Mach-Zehnder interferometers in collaboration with CERN



HV — CMOS Technology

An evolution of the MAPS concept:

* integrate transistors into diode
(“smart diode”, full fill factor)

MAPS

* deep N-well shields low voltage devices
* HVrequired (based on HV-CMOS)
* fully or partially depleted sensor
* full CMOS
Main advantages:
* Epilayer fully depleted: charge collection by drift

* Collection time ~1 ns

HV-MAPS

[1] https://arxiv.org/abs/1811.07817
[2] https://arxiv.org/pdf/1611.02669
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Fast-timing HV-CMOS?

Add a boron layer similar to LGAD

bias
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The HV-CMOS structure could be in principle modified to
insert an avalanche layer to increase the timing
performance, as in the LGAD detectors.

Low Gain Avalanche Detectors (LGAD) = fast response down to 30psec
https://doi.org/10.1016/j.nima.2018.08.041
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CMS/HL-LHC — PHOTONICS

The issue:
« placing optical links on the detector crucial to reduce material
* not for Inner Tracker, because of lack of space and radiation tolerance of current technology

These limitations could be overcome by the use of Silicon Photonics, integrating the optical link directly
into the front-ends.

Principle:
* Silicon is transparentin 1.3 - 1.6 ym
*  Modulators can be built as reverse-biased pn junctions
*  Advantages:
- Radiation resistance potentially as good as Si-sensors and CMOS electronics
- Possibility of co-integration with readout electronics: less material in links
= Detector only modulates light, with the light source far from radiation: less power/material
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Combine our UV sensor to a SIPM

Very challenging since we have to combine standard lithographic technology
with MWCNT development process

Two ideas should be checked:

»  Develop MWCNT in one top surface of a very thin Si layer (~ 100-150
1um) and develop the SiPM on the back side.

»  Use MWCNT in solution instead and modify the process of SiPM by
adding an extra Si3N4 layer on top to host the MWCNT solution.

Also:

» Investigate the possibility to develop a camera using CNT pixels of 0.5 x 0.5
mm?2.We have already achieved CNT pixels of 1x1 mm?

KETEK GmbH (https://www.ketek.net/) has shown some interest to
collaborate



https://www.ketek.net/

Contribution to CORONA Horizon2020 project

CORONA

CORONA — EffeCtive uninterrupted safety inspectiOn of
boRdercrOssiNgcArgo

Topic: BES-02-2010 (Sub-ropic 4) — Technologies to enhance border and external security
(Detecting rhreats in the stream of commerce without disrupting business)

Participant organization name Acronyim Country Type

1 Institute of Comumunication and Computer Systems (Coordinator) ICCS GR RTO

2 Thales SA THA FR NI

3 EMC Information Systems International (DELL) DELL IR Ny

4 | Etralnvestigacion Y Desarrollo SA ETRA ES N>

5 SIVECO Romania S_A STV RO NI

8 | Maastnicht Umiversity MU NL ACA

9 University of Newcastle UNEW UK ACA
10 | Catalink Ltd CTL CY SME
11 | Up2Metric U2 GR SME
12 | IBATECH Technologia SL. IBA ES SME
13 | OQuantos Lux QUL Lo SME
14 | Admunistration of the State Border Guard Service of Ukraine ASBGS UA LEA'
15 | Ministry of Public Security - Israel National Police MOPS-INP IL. LEA'
16 | MinistarstvounutrasnjihposlovaRepublikeSrhbije MOT sSB LEA'
17 | InspectoratulTeritorial al Politie: de Frontiera Timisoara ITPF RO LEA'
18 | WValencia Local Police PLW ES LEA
19 | Walencia Port Foundation VPF ES End User
20 | Thessalonmiki Port Authority THPA GR End User
21 | Piraeus Port Authority PPA GR End User
22 | Tnieste Port Authority TPA IT End User
23 | SC TransferoviarGrup SA TFG RO End User
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Contribution to:
“EPEYNQ — AHMIOYPI'Q — KAINOTOMS® “ (B’ KvkAiog)

-2 Juunpatelc Emyeprnoswv pe Epsuvntikolc Opyaviopouc

Proposal Title:

Development of a smart system with artificial intelligence, safe bio-markers and
broadband sensors and infrared cameras for an efficient surgery process for
ovarian cancer.

> NCSR “DEMOKRITOS”, 4/5 Institutes
» “ALEXANDRA” Hospital
> MILTECK S.A.
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