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 Final states in pp collisions with high-ET photons and significant ET
miss 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.

INTRODUCTION

 Signature : Characteristic events with jets, two photons and large ET
miss
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The first analysis for the T5gg channel used he data sample corresponds to an integrated
luminosity of 2.32 fb-1 of pp collisions at √s = 13TeV collected with the CMS/LHC in
2015.

Analysis Strategy

Primary analysis trigger(ECAL Barrel region used, |η| < 1.4442):
HLT_Diphoton30_18_R9Id_OR_IsoCaloId_AND_HE_R9Id_Mass95

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 εtot = εlead,lead x εlead,sub x εsub,sub
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Offline Selection

ET
miss > 100 GeV



Aristotelis  Kyriakis INPP, 17/9/2019 6

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
 ET

miss comes from mis-measured hadronic activity.

Electroweak (EWK) background:
 Includes W and W + jet events

 W → eν and the electron is misidentied as a photon
 W + jet events, one of the jets fakes a photon

 Genuine Et
miss from the neutrino

Other backgrounds-small and studied with Monte Carlo (MC):
 Z γγ →ννγγ
 Wγγ → lνγγ
 ttbarγγ

Backgrounds
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Estimated background events and systematics
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Estimated  - Observed events  for T5gg model at 2.3fb-1
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Mass Limits for gluino using 2.9fb-1

This work is part of Iasonas Topsis-Giotis’s thesis successfully defended in  2017
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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.

Analysis for both T5gg and T6gg model  with full 2016 data set 



Estimated  - Observed events  for T5gg model at 35.9fb-1
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Mass Limits for gluino using 2.9fb-1
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This work is part of Garifallia Paspalaki’s thesis in progress
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Historic Data Quality Monitor(HDQM)



Historic Data Quality Monitor(HDQM) (I)

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.

Data Base Tier: Root Events files 

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

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

3 Tier Structure
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• The python scripts that retrieve data from the 
official DQM and  store them to JSON files:

– dcsonlyjson_all.pyChecks the RR for 
Collision or Cosmic Good runs and provides a 
list of these runs

– Read_DCSONLY_JSON.py produces a map 
between the run number and the LHCFill
number that the run belongs to.

– Get_Run_RunDuration_LHCFill_info.py
produces a map between the run and its 
duration in seconds

– treadPlots_ROOTfile.py accesses the DQM 
root files and retrieves the trend data

Python Scripts

JSON File Info
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WEB Interface

Main developer: Alkis Papadopoulos
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Silicon Strip Tracker related plot example

Trend Plots (Strip Tracker)
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Trend Plots (Pixel Tracker)
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The tool run smoothly during 2018 data taking period and was documented as an 
internal note and also presented in CHEP2018, Sofia Bulgaria

CMS Internal Note and CHEP2018 presentation

To be published soon in the 
EPJ Web of Conferences

https://www.epj-conferences.org/


CMS Tracker Upgrade for HL-LHC
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HL-LHC is on its way…
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HL-LHC : CMS Tracker Total Tracker Replacement
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HL-LHC : CMS Tracker Upgrade …
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HL-LHC: CMS Tracker Layout
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HL-LHC : CMS Tracker 2S Module

CMS Binary Chip(CBC) 
contains the STUB logic
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HL-LHC : CBC Test in Beam Tests
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HL-LHC : CBC Block Diagram & Calibration
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HL-LHC : CBC STUB logic
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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
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Check the STUB Production rate in different CBCs by moving the 
whole detector left – right of the beam direction

HL-LHC : CBC STUB Production Rate at different CBSs
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HL-LHC : CBC – Telescope Track matched efficiency
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HL-LHC : CBC Beam Test Note 
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MOS

Diode:2.5x2.5 mm2

Diode:1.25x1.25 mm2

2S Sensor

2S Sensor

HL-LHC : 8’’ wafer with 2S Sensors  

FZ 240μm width p-type wafer
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MOS 
Id

Cacc

[pF] 
Cinv

[pF] 
dox

[μm] 
-VFB 

[V]
NA [1012  

cm-3]

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

MOS standard, CV (AC 
pulse: 10 kHz,0.25V ),  
VPX28441, chip 14,  A = 4 x 
4 mm2

HL-LHC : CV MOS measurements

Accumulation

Inversion

Our Measurements Compatible with other LAB
Non radiated MOS CV curve

Depletion
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Example of other interesting quantities that can be extracted:  

Extrinsic Debye Length (λD) = 0.000161914 [cm] = 1.61 [μm]

 C_Debey = 1021.94 [pF]

 Flatband Capacitance (CFB ) = 462.662 [pF]

 Bulk Potential (φΒ) = -0.154246 [V]

 Metal - Semiconductor Work Function (WMS) = -0.764246 [V]

 Threshold Voltage  (VTH ) = -1.06483 [V]

HL-LHC : CV MOS measurements – Other Parameters
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HL-LHC :  Irradiation Procedure

Irradiation 
Chamber

48 rods 

60Co 
Source 

Total Dose Expected at R = 60cm around 100KGy after 10 years at HL-LHC
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14-MOS 
&Diodes, 
Half 
Diodes 
and 
Quarter 
Diodes

Dosimeters -
PMMA

HL-LHC : Irradiation facility
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http://www.harwell-dosimeters.co.uk/harwell-red-4034/

1) Use Optospectometer to 
measure the absorbance of 
PMMAs at λ = 640nm

2) Use the curve below to estimate 
the Radiation Dose 

PMMA dimensions: 
30mm x 10mm x 3mm

Maximum Accepted Dose : 5 - 50kGy

HL-LHC :  PMMA Dosimeters
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1

4 2

3

5

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

HL-LHC :  Dose Measurement
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MOS standard, CV (AC 
pulse: 10 kHz,0.25V ),  
VPX28441, chip 14,  A = 4 x 
4 mm2

HL-LHC : CV MOS measurements(After Irradiation in  60Co)

Accumulation

Inversion

Irradiated MOS CV curve

MOS Id Dose [KGy] Cacc [pF] Cinv [pF] dox [μm] -VFB [V] NA [1013 cm-3]

2019 82.9 846.6 157.5 0.652 35.6 2.65

2022 81.3 789.2 158.1 0.700 37.2 2.69

2023 79.5 798.8 175.5 0.691 35.1 2.56

Positive Charge 
injected to the 
oxide

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

Irradiation 
time[days]

Accumulated Irradiation 
time [days]

Annealing Time at room 
temperature [days]

2 2 13

2 4 2

4 8 2

 I( 200C) = I(T) * (293/T)2 * exp[-1.21/kB *(1/293 – 1/T)], RD50 TN 2011-01 

HL-LHC : IV Diode measurements – Irradiation
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2020

HL-LHC : IV measurements  Irradiated Half Diode 

Half Diodes 
dimensions:
2.5mm x 
2.5mm x 
0.24 mm
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HL-LHC : IV measurements  Irradiated Quarter Diode 

Quarter 
Diodes 
dimensions:
1.25mm x 
1.25mm x 0.24 
mm

2020



Radioactive Source Localization
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G. Fragos1, C. Karafasoulis2, A. Kyriakis3, C. Potiriadis4, I. Topsis-Giotis3

Funded by NATO, Sfp-984705, 400KEuros

1Hellenic Army General Staff R&IT Directorate 
2Hellenic Army Academy 

3Institute of Nuclear and Particle Physics, NCSR “Demokritos”
4Greek Atomic Energy Commission



Introduction - Main Idea
• 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.
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Test Bed Setup

Aristotelis  Kyriakis
INPP, 17/9/2019

47

137Cs 
Radioactive 
Source

CZT 
Sensors

Motion Control GUI



System Response for an unshielded  
137Cs Source
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γ-ray : 662keV

Χ-ray : 32keV

Source Activity : 
6.7MBq~180μCi



Localization Based on Analytical 
Calculations
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Ai : Total events recorded by 
sensor i

MVA : NN and BDT also 
used, Results are similar 



DAQ Server GUI
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Horizontal and Vertical Sensor Distance

Source Localization
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Experimental Results of unshielded 137Cs 
Localization 

c

c

Exposure time: 1 min, 
Source Activity: 180μCi

Poor  Depth 
localization 
when at 
edges

Vertical source position resolution Horizontal source position resolution 
c

Depth source position resolution 



Experimental Results of light 
shielded 137Cs Localization 
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1cm Pb shield around an 137Cs 
source of activity 180μCi

c

c

Both Horizontal and Vertical Resolution < 20cm 
in 40sec of exposure



Open Field Results in Sofia, Bulgaria(I)
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Χ-ray : 32keV

Not Known Surface 
Contamination of 
137Cs type 

γ-ray : 662keV

c



Open Field Results in Sofia, Bulgaria(II)
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Scattered 
Spectrum

Not Known 
Buried 
Contaminat
ion of 137Cs 
type 
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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.
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Carbon  Nanotube Schottky type  UV Sensor
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https://doi.org/10.1016/j.sse.2018.10.018

https://doi.org/10.1016/j.sse.2018.10.018


Solar Spectrum
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UV reduction caused by 
the ozon layer 20 and 40 
Km above earth’s surface.



Introduction-Main Idea

• 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
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A mixture of 2g of Camphor with 0.1g of Ferrocene as a catalyst .

Preheating phase at T = 200 0C and main high temperature oven  at T = 850 0C.

The whole process lasts about 40min.

Achieved to control the length in the CNT array below 40μm.

Aristotelis  Kyriakis



Sensor Fabrication
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 n-type Si (450μm width) of 100 orientation and ρ = 10Ω.cm.

The back plain of the Si is covered with a thin layer (30μm) of gold (Au) 

to serve as Ohmic contact.

140μm Si3N4 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 0C

Aristotelis  Kyriakis



Sensor Performance 
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Effective Quantum Efficiency (EQE) of the 

fabricated sensor for 9V  bias voltage.

Good performance in  UV (200μm –

400μm).

Peak EQE  in IR (750μm).

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

Now funded by HFRI and  GSRT program No 157446/12/21-9-2018, 200kEuro    
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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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Supervised Theses

 “FCNC top decays in CMS/LHC”, Grigoris Vermisoglou, Athens 

2007, http://hdl.handle.net/10442/hedi/20088

 “aTGC Studies in Zγ 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”, Iasonas

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

http://hdl.handle.net/10442/hedi/20088
http://hdl.handle.net/10442/hedi/27701
http://dx.doi.org/10.12681/eadd/27701
http://dx.doi.org/10.12681/eadd/27701
http://dx.doi.org/10.12681/eadd/27701
http://hdl.handle.net/10442/hedi/41402


Reviewer

IEEE Transactions on Nuclear Science 
(TNS)
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Conferences Organization
ERDIT 2016, Athens, https://indico.cern.ch/event/464127/ 
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iWoRiD 2019, Crete, https://indico.cern.ch/event/774201/ 
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iWoRiD 2019, Crete, https://indico.cern.ch/event/774201/ 



Future Plans
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CMS/LHC Analysis

ELIDEK Phase II (Under Evaluation)

Title of proposal: Development of the Phase II Silicon Tracker and Physics in the CMS Experiment at CERN
Acronym: DETRA

Scientific Area: Natural Sciences
Scientific field/s: Particles and Fields

Principal Investigator (PI):  Dimitrios LOUKAS
Host Organization: NCSR DEMOKRITOS

Proposal category: III a
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 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 60Co 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
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HV – CMOS Technology
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Low Gain Avalanche Detectors (LGAD)  fast response down to 30psec 

https://doi.org/10.1016/j.nima.2018.08.041

https://doi.org/10.1016/j.nima.2018.08.041
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CMS/HL-LHC – PHOTONICS
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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 
μm) 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 
mm2.We have already achieved  CNT pixels of 1x1 mm2

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

https://www.ketek.net/
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Contribution to CORONA Horizon2020 project 
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 Συμπράξεισ Επιχειρήςεων με Ερευνητικοφσ Οργανιςμοφσ

Contribution to:

“ΕΡΕΥΝΩ – ΔΗΜΙΟΥΡΓΩ – ΚΑΙΝΟΤΟΜΩ “ (B’ Κύκλος)

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.

Proposal Title: 

NCSR “DEMOKRITOS”, 4/5 Institutes
“ALEXANDRA” Hospital
MILTECK S.A.
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THANK   YOU


