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2. DECLARATION BY THE PROJECT COORDINATOR

I, Prof. Giuseppe laselli, as person in charge of the project (318922, EENP2), for the beneficiary(ies), hereby
confirm that:

- The attached periodic report represents an accurate description of the work carried out in this project for this
reporting period;
- The project:
(o) has fully achieved its abjectives and technical goals for the period;
(1) has achieved most of its objectives and technical goals for the period with relatively minor deviations;
() hasfailed to achieve critical objectives and/or is not at all on schedule.
- The project Website is up to date (if applicable);

- To my best knowledge, the financial statements which are being submitted as part of thisreport arein line
with the actual work carried out and are consistent with the report on the resources used for the project and if
applicable with the certificate on financial statement;

- The beneficiary(ies), in particular non-profit public bodies, secondary and higher education establishments,
and research organisations, have declared to have verified their legal status. Any changes have been reported
under section 3 (Project Management) in accordance with Article 11.2.f (Monobeneficiary) or with Article 11.3.f
(Multibeneficiary) of the Grant Agreement.
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3. SUMMARY OF THE SECONDMENT OF RESEARCHERSDURING THE REPORTING PERIOD

Beneficiary: ECOLE POLYTECHNIQUE

No. of
full-time
equivalent
EU months
3 Seconded - Total EU
WP First nameof Last name of : Seconded To Start date of End date of Contribution/ covered by o
n° the Researcher the Researcher i Tﬁgh;rt (Country)  secondment secondment fellow-month this Contzlégutlon
® secondment
during this
reporting
period
4 Daniel Denegri 01/07/1940 Male ER  AINSHAMS AINSHAM EG-Egypt  25/04/2014 02/05/2014 1900 0.26 494.00
(4-10 UNIVERSIT
years) Y
4 Ludwik Dobrzynsk  01/09/1939 Male MNGT AIN SHAMS AINSHAM EG-Egypt  25/04/2014 02/05/2014 1900 0.26 494.00
UNIVERSIT
Y
4 Ludwik Dobrzynsk  01/09/1939 Mae ER  AINSHAMS AINSHAM EG-Egypt  20/01/2014 24/01/2014 1900 0.16 304.00
(4-10 UNIVERSIT
years) Y
4 Philippe Mine 03/12/1947 Mae MNGT AIN SHAMS AINSHAM EG-Egypt  25/04/2014 02/05/2014 1900 0.26 494.00
UNIVERSIT
Y
4 Philippe Mine 03/12/1947 Mae MNGT AIN SHAMS AINSHAM EG-Egypt  20/01/2014 24/01/2014 1900 0.16 304.00
UNIVERSIT
Y
3 Igor Semeniouk  09/01/1965 Mae TeCH CAIROUNIV CAIRO EG-Egypt  25/04/2014 02/05/2014 1900 0.26 494.00
ERSIT Y
Total no. of full-time equivalent months covered by this secondment during this reporting period: 1.36
Total EU Contribution for this Beneficiary in euros (not including the contribution to third countries secondments): 2584.00
Beneficiary: POLITECNICO DI BARI
No. of
EU full-time
Seconded equivalent Total EU

Seconded To Start dateof End date of Contribution /
(Country)  secondment secondment fellow-month

WP First nameof Last name of

n° the Researcher the Researcher months  Contribution

Date of Birth Gender Type  Seconded To To(Short

Name) © covered by (3]
this
secondment
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during this

reporting
period
1 Nicola Defilippis  22/08/1975 Male ER  AINSHAMS AINSHAM EG-Egypt  25/04/2014 02/05/2014 1900 0.26 494.00
(4-10 UNIVERSIT
years) Y
1 Nicola Defilippis  22/08/1975 Male ER CAIROUNIV CAIRO EG-Egypt = 04/09/2014 10/09/2014 1900 0.23 437.00
(4-10 ERSIT Y
years)
1 Nicola Defilippis  22/08/1975 Male ER  AINSHAMS AINSHAM EG-Egypt  26/07/2013 31/07/2013 1900 0.19 361.00
(4-10 UNIVERSIT
years) Y
1 Nicola Defilippis  22/08/1975 Male ER  AINSHAMS AINSHAM EG-Egypt  20/01/2014 24/01/2014 1900 0.16 304.00
(4-10 UNIVERSIT
years) Y
4 giuseppe iaselli 08/03/1956 Male MNGT AIN SHAMS AINSHAM EG-Egypt  25/04/2014 02/05/2014 1900 0.26 494.00
UNIVERSIT
Y
4 giuseppe iaselli 08/03/1956 Male ER  AIN SHAMS AINSHAM EG-Egypt  20/01/2014 24/01/2014 1900 0.16 304.00
(4-10 UNIVERSIT
years) Y
4 giuseppe iaselli 08/03/1956 Male ER  CAIROUNIV CAIRO EG-Egypt  08/06/2013 14/06/2013 1900 0.23 437.00
(4-10 ERSIT Y
years)
4 giuseppe iaselli 08/03/1956 Male ER  CAIROUNIV CAIRO EG-Egypt  24/02/2013 01/03/2013 1900 0.21 399.00
(4-10 ERSIT Y
years)
Total no. of full-time equivalent months covered by this secondment during this reporting period: 1.70
Total EU Contribution for this Beneficiary in euros (not including the contribution to third countries secondments): 3230.00
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Partner: AIN SHAMSUNIVERSITY

No. of
full-time
equivalent
EU months
] Seconded e Total EU
WP Firstnameof Last name of : Seconded To Start dateof End date of Contribution/ covered by i
n° the Researcher the Researcher BacaiBumin (Cemoen Siypel) Soecuiceriio Tﬁ(Short (Country)  secondment secondment fellow-month this Contrg)utlon
i) € secondment )
during this
reporting
period
3 Ola Aboamer 31/10/1987 Femae ESR (<4 POLITECNIC POLIBA IT-Italy 16/10/2014 15/12/2014 1900 2.00 3800.00
years) O DI BARI
1 Abmed Sayed Ali 26/03/1986 Mae ESR (<4 POLITECNIC POLIBA IT-ltaly 16/10/2014 15/12/2014 1900 2.00 3800.00
years) ODI BARI
1 Abhmed Sayed Ali 26/03/1986 Mae ESR (<4 POLITECNIC POLIBA IT-ltaly 19/09/2013 16/12/2013 1900 2.92 5548.00
years) ODI BARI
1 Sherif Elgamma  11/10/1975 Male ER ECOLEPOLY ECOLE FR-France  24/07/2014 24/08/2014 1900 1.03 1957.00
(4-10 TECHN IQUE
years)
1 Sherif Elgamma  11/10/1975 Mae ER ECOLEPOLY ECOLE FR-France  24/06/2014 23/07/2014 1900 0.98 1862.00
(4-10 TECHN IQUE
years)
1 Sherif Elgamma  11/10/1975 Mae ER ECOLEPOLY ECOLE FR-France  25/09/2013 24/10/2013 1900 0.97 1843.00
(4-10 TECHN IQUE
years)
2 Tamer Elkafrawy ~ 09/10/1977 Male ER ECOLEPOLY ECOLE FR-France  01/02/2014 30/04/2014 1900 3.00 5700.00
(4-10 TECHN IQUE
years)
1 Mai Elsawy 27/06/1985 Female ESR (<4 ECOLE POLY ECOLE FR-France  25/07/2014 25/08/2014 1900 1.03 1957.00
years) TECHN IQUE
4 Salama Elsayed 15/01/1973 Male ER ECOLEPOLY ECOLE FR-France = 22/08/2014 20/09/2014 1900 0.99 1881.00
(4-10 TECHN IQUE
years)
1 Moustfa Eshra 30/09/1987 Mae ESR (<4 ECOLEPOLY ECOLE EG-Egypt = 15/08/2013 14/11/2013 1900 3.02 5738.00
years) TECHN IQUE
4 Amr Radi 02/11/1965 Male ER ECOLEPOLY ECOLE FR-France  27/08/2013 11/10/2013 1900 152 2888.00
(4-10 TECHN IQUE
years)
2 Amr Radi 02/11/1965 Male ER ECOLEPOLY ECOLE FR-France  01/06/2014 31/08/2014 1900 3.00 5700.00
(4-10 TECHN IQUE
years)
Total no. of full-time equivalent months covered by this secondment during this reporting period: 22.46
Total EU contribution for this partner. It will be distributed among the hosting beneficiaries: 42674.00
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Partner: CAIRO UNIVERSITY

No. of
full-time
equivalent
EU months
] Seconded e Total EU
WP Firstnameof Last name of : Seconded To Start dateof End date of Contribution/ covered by i
n° the Researcher the Researcher DEIE! | GEEE ) MRS | EEEinzi e Ve EL (Country)  secondment secondment fellow-month this CarHlTy
Name) ©
€ secondment
during this
reporting
period
3 Antonious Elkomous  11/10/1986 Mae ESR (<4 ECOLE POLY ECOLE FR-France  10/03/2014 10/04/2014 1900 1.04 1976.00
years) TECHN IQUE
3 Mohamed S Elshamy 21/03/1986 Male ER ECOLEPOLY ECOLE FR-France  10/03/2014 10/04/2014 1900 1.04 1976.00
ayed (4-10 TECHN IQUE
years)
3  Mohamed Sa Elshamy 21/03/1986 Male ER ECOLEPOLY ECOLE FR-France  11/09/2013 10/10/2013 1900 0.99 1881.00
yed (4-10 TECHN IQUE
years)
3 Mohamed S Elshamy 21/03/1986 Male ER POLITECNIC POLIBA IT-Italy 11/10/2013 10/11/2013 1900 1.01 1919.00
ayed (4-10 O DI BARI
years)
3 Hamed Kamel Elsayed 25/12/1966 Male ER POLITECNIC POLIBA IT-Italy 05/07/2014 30/10/2014 1900 3.84 7296.00
(4-10 ODIBARI
years)
3 Ashraf Kasem 03/02/1990 Male ESR (<4 ECOLE POLY ECOLE FR-France  11/09/2013 10/10/2013 1900 0.99 1881.00
years) TECHN IQUE
3 Ashrat Kasem 03/02/1990 Male ESR (<4 POLITECNIC POLIBA IT-ltaly 11/10/2013 10/11/2013 1900 1.01 1919.00
years) O DI BARI
1 Ahmed Qamesh 28/08/1987 Mae ESR (<4 POLITECNIC POLIBA IT-ltaly 01/07/2014 30/07/2014 1900 0.97 1843.00
years) ODI BARI
3 Rabie Ramadan EI  01/06/1971 Male ER POLITECNIC POLIBA IT-ltaly 05/07/2014 30/10/2014 1900 3.84 7296.00
hanash (4-10 ODIBARI
years)
Total no. of full-time equivalent months covered by this secondment during this reporting period: 14.73
Total EU contribution for this partner. It will be distributed among the hosting beneficiaries: 27987.00
Partner: HELWAN UNIVERSITY
EU No. of
3 Seconded Tonrcs full-time Total EU
WP First nameof Last name of ; Seconded To Start date of End date of Contribution / " —
n° the Researcher the Researcher e B I ez (Country)  secondment secondment fellow-month e
Name) © months €
covered by
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this

secondment
during this
reporting
period
1 Ahmed Ali Abdelalim  20/01/2019 Male ER POLITECNIC POLIBA IT-1taly 28/06/2014 28/08/2014 1900 2.00 3800.00
(410 ODI BARI
years)
1 Ahmed Ali Abdelaim  20/01/2019 Male ER POLITECNIC POLIBA IT-1taly 03/09/2013 31/10/2013 1900 1.93 3667.00
(410 ODIBARI
years)
2 Shereen Aly 09/10/1987 Femae ESR (<4 POLITECNIC POLIBA IT-Italy 16/04/2014 13/07/2014 1900 292 5548.00
years) ODI BARI
1 Reham Aly 05/08/1988 Female ESR (<4 POLITECNIC POLIBA IT-1taly 28/06/2014 28/08/2014 1900 2.00 3800.00
years) O DI BARI
1 Reham Aly 05/08/1988 Female ESR (<4 POLITECNIC POLIBA IT-ltaly 03/09/2013 15/12/2013 1900 3.42 6498.00
years) ODI BARI
2 Shereen Aly 09/10/1987 Female ESR (<4 POLITECNIC POLIBA IT-ltaly 03/09/2013 03/03/2014 1900 6.03 11457.00
years) O DI BARI
1 Asmaa Hassan 08/08/1988 Mae ESR (<4 POLITECNIC POLIBA IT-ltaly 28/06/2014 28/08/2014 1900 2.00 3800.00
years) ODI BARI
2 Ahmed Ibrahim 08/11/1987 Mae ESR (<4 POLITECNIC POLIBA IT-1taly 03/09/2013 03/03/2014 1900 6.03 11457.00
years) ODI BARI
2 Sawa Mohamed  03/11/1987 Femae ESR (<4 ECOLE POLY ECOLE FR-France  15/08/2014 15/11/2014 1900 3.05 5795.00
years) TECHN IQUE
Total no. of full-time equivalent months covered by this secondment during this reporting period: 29.38
Total EU contribution for this partner. It will be distributed among the hosting beneficiaries: 55822.00
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Totals per beneficiary (to be encoded in FORMs C):

Beneficiary(short name) Total EU Contribution Total no. of full-time equivalent months
covered by this secondment during this
reporting period
ECOLE POLY TECHNIQUE 45619 24.01
POLITECNICO DI BARI 86678 45.62
Totals: 132297.00 69.63

Totals per partner (for information only):

Partner(short name) Total EU Contribution Total no. of full-time equivalent months
covered by this secondment during this
reporting period
AIN SHAMSUNIVERSITY 42674.00 22.46
CAIRO UNIVERSITY 27987.00 14.73
HELWAN UNIVERSITY 55822.00 29.38
Totals: 126483.00 66.57

4. PUBLISHABLE SUMMARY
Publishable summary:

EENP2 is an international Research Staff Exchange program under the Seventh Framework
Programme “Marie Curie Action” to enhance scientific collaboration in the framework of particle
physics between EU member states institutions and a network of Egyptian Universities. The project
started on January 2013 and it is foreseen to have a duration of 48 months. The scientific objectiveis
focused on the study of new particles production at the CERN CM S experiment in operation at Large
Hadron Collider (LHC), the development of frontier particle detector technologies and the
implementation of up-to-date GRID computing infrastructures. Besides its scientific scopes, EENP2
has the objectives to train young Egyptian scientists, to disseminate particle physics concepts and
technologies, to reinforce the Europe-Egypt scientific collaboration. Ultimate objective isthe
development of an Egyptian scientific network of expertise to consolidate locally basic science
research infrastructures and related technological applications.

The following table lists the institutes participating to the project:

Country  Institution Department

Italy Politecnico di Bari Physics Department

France Ecole Polytechnique Laboratoire Leprince-Ringuet (LLR)
Egypt Helwan University Physics Department

Egypt Cairo University Computing Eng. Department

Egypt Ain Shams University Physics Department

Relevant information on the project organization and running, as well as links to documents and
reports, can be found at the web address: eenp2.ba.infn.it.

EENP2 studies cover awide range of fields, spanning from phenomenological particle physics
investigation to detector and computing technologies. It is organised through different work packages
(WPs).

WP1 on new particles search.

The objective isto perform reconstruction, analysis and simulation of collision events produced in
CMS. The research work has been concentrated so far on the discovery of the Higgs boson. It will
now also attach the study of its propriety aswell as the investigation of Super Symmetric extensions
of the Standard Model.

WP2 on detector development.

The objective is the study of innovate particle detectors to cope with future high background
experiments. Both gaseous and silicon technologies are addressed. Emphasis has been given so far to
the production of Gas Electron Multiplier (GEM) detectors and the development of anew generation
of Resistive Plate Chamber (RPC) instruments. Silicon technologies will be more focused in the
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second part of the programme. The establishment of a gas detector laboratory in Helwan isin
progress and some instrumentation have been commissioned.

WP3 on GRID computer application.

The objectiveis the setting up of a Mediterranean distributed computing infrastructure with
connected manpower expertise to fulfil the requirement of several scientific communities. The
training of expertise in Europe has allowed the start-up and the consolidation of GRID computing
centres in each Egyptian university by proper installation of hardware and software resources.
Preliminary computer infrastructure have been commissioned and are now running under the
Egyptian supervision.

WP4 on training and dissemination.

The objective isthe training of young Egyptian researchers on advanced data analysis, computing
and detector technol ogies through their secondments to Europe and their participation to international
collaborations. Dissemination of the knowledge has been pursed through proper regular meetings,
general workshops and one large international school on high-energy physics.

EENP2 managed to achieve important results in terms of people exchange and training, infrastructure
developments, enhancement of research capabilities of the partner institutions. In the period 2013-
2014, 20 Egyptian scientists had the possibility to visit Europe and collaborate with the POLIBA and
ECOLE groups on advanced research fields for atotal of about 65 months. They joined advanced
scientific collaborations, developing skills on data analysis, GRID technologies and detector
technologies. Those Egyptian scientists are now the seeds for further dissemination of knowledge
and expertise in the country among, above al, young Ph.D and Post Doc researchers. Based on their
experience, the setting up of data analysis centres, computer centres and detector laboratories was
originated at the Egyptian partner institutions. In particular, HELWAN University isinstrumenting a
detector |aborator, while the ASRT in Cairo is setting up a TIER2 computing GRID center. Other
university, as AINSHAMS University and Zewail City are also instrumenting small TIER3 centers
connected to the ASRT node..

EENP2 was also active in promoting at management lever the collaboration among different
Egyptian institutions toward alocal integrated scientific organization, as well astheir interface with
high level European Institutions and research collaborations. Relevant is the organization of a
network for high-energy physics coordinated by the Academy for Scientific Research and
Technology (ASRT). Collaboration agreements with the European Organization for Nuclear
Research (CERN), the Istituto Nazionale di Fisica Nucleare (INFN), the Institut National de
Physique Nucléaire et de Physique des Particules (IN2P3) and the GRID computing collaboration
ReCaS were also possible thanks to the support of EENP2 in establish scientists contacts.

For the following two years, EENP2 intends to further pursue these targets, by continuing the
training program, finalize the mentioned infrastructures in Egypt, and support the organization of
relevant dissemination events. Now is under discussion the organisation of a Data AnalysiSGRID
computing school in spring 2015 and the second edition of high-energy school in November 2015.

The next run of the LHC, starting in the spring of 2015, will set about answering some important
guestions. Its higher energy will enable the CM S experiment to probe more deeply for deviations
from the Standard Model predictions, and to search for heavier Higgs bosons. It will be possible to
measure directly this Higgs boson's coupling to the top quark, and to box in its possible coupling to
the muon.

From the point of view of the scientific objectives for the term 2015-2016, EENP2 intends to attach
the study of new Super Symmetry theories, for which alarge variety of models exists. Investigating
the phenomenology of some of them, which predict either new heavy particles or observable
deviation from the Standard Model and comparing to the available data, is one objective of the future
work.

On long term, LHC plan to increase significantly the instantaneous luminosity up to 5 x10"34 cm™-2
sh-1 and to deliver an integrated luminosity of about 3000 fb*-1. The full CM S detector will require
significant upgrade programs to maintain its excellent performance under these challenging
conditions.
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While the study of gaseous detectors will continue with testsin presence of high irradiation at the
CERN Gamma lrradiation Facility (GIF), large emphasis will be given to the devel opment of silicon
detectors. Many test structures, each other different in substrate type and geometry, will be
electrically characterized, before and after irradiation with neutron and protons, in terms of
capacitance and resistance.

5. GENERAL PROGRESS OF THE PROJECT

Qualitative indicators of progressand successin line with workplan and milestones (description
of progresstowar ds milestones and deliver ables)

EENP2 successfully achieved the goal of attracting Egyptian scientists to Europe to work on relevant
international research fields. In the period 2013- 2014, 20 Egyptian scientists were seconded to
POLIBA and ECOLE for atotal of about 65 months, out of which 28 months were used in 2013 and
37 months were used in 2014. The resources were allocated almost equally among the three research
work packages (24 months to WP1, 24 months to WP2, 16 months to WP3) showing a good balance
of activities. One additional month was allocated to WP4 activities.

Those numbers are in quite good agreement with the expectation of the Gantt table reported in the
work document for the years 2013-2014.

EENP2 successfully met all the milestones as listed in the work document. A detailed description of
the project achievement will be given in the next section. Here we schematically go through the
milestones and briefly comment on their completion.

1) Completion of training phase for GRID technologies
The training phase was completed. See detail in the “Project Achievement” paragraph related to
WPS3;

2) First small size MRPC and GEM prototypes validated

GEM prototype validated. MRPC are still in the design phase, due to some difficultiesin the
procurement of the glass electrodes. However, emphasis has been given to standard RPC with
innovative performances. See details in the “Project Achievement* paragraph related to WP2.
Relevant publications are listed in the attached publication list;

3) Sensitivity resultsfor SM Higgs decaying into four leptons
Study has been concluded on LHC RUN1 data sample. See details in the “ Project Achievement*
paragraph related to WP1. Relevant publications are listed in the attached publication list;

4) First “High Energy Physics School” in Egypt”
The school was held at Ain Shams University, 26 April to 1st May 2014
(http://eenp2.ba.infn.it/?p=94);

5) Completion of high statistics analysis for SM Higgsin four lepton

Study is amost concluded on LHC RUN1 data sample. See details in the “ Project Achievement”
paragraph related to WP1. The final paper on the subject is under submission to international
journals;

6) Advancement for GRID infrastructure in Egypt

A TIER2 center isin development at the CAIRO Academy ASRT. Zewail City University and Ain
Shams University areinstalling TIER3 centers. See detailsin the “Project Achievement® paragraph
related to WP3;

7) Advancement on infrastructure preparation for the gas lab at HELWAN
Equipment and software have been installed at Helwan University. Commissioning under way. See
detailsin the “ Project Achievement” paragraph related to WP2;

8) “Middle Term” workshop and status report
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The“Middle Term” workshop was held at Zewail City on 13-14 November 2014. See documentation
at https://indico.cern.ch/event/351888/.

The status of deliverablesis asfollow:
D 1.1 (Mass spectrum of ZZ* decaying into four leptons)
Delivered;

* D 1.2 (Mass spectrum of electron pairs at high mass (above the Z)
Delivered;

* D 1.3 (CMS center for data analysis operational in Egypt)
The data center is ready at the AINSHAMS University. A CMS analysis schoal is planned to take
placein April 2015 to start the operation and review all the protocols;

* D 2.1 (Assembly and test of MRPC/GEM detectors)

GEM detector were delivered according to the planning. MRPC are still in the design phase, due to
some difficulties in the procurement of the glass electrodes. However, emphasis has been given to
standard RPC with innovative performances. Test are under way at the Gamma Irradiation Facility;

* D 2.2 (Characterization of high radiation tolerant silicon detectors.)
This study will be pursued in the second part of the project and the delivery is foreseen for end 2016.

* D 2.3: Detector laboratory infrastructure at Helwan
Equipment and software installed at Helwan University. Commissioning under way. Full delivery
expected by end 2016;

» D 3.1: Transfer advanced GRID concepts and technologies to Egyptian researchers
Delivered;

* D 3.2: Release of a production level GRID job monitoring system and data access system
The monitoring system has been implemented and installed on new TIER2/TIER2 sites by using the
ZABBIX toal.

* D 3.3: Egyptian Sitesin production
A TIER2 center is partialy in operation at the CAIRO Academy ASRT. Zewail City University and
Ain Shams University are installing TIERS centers. Full delivery expected by end 2016;

* D 4.1: Collaboration meetings
Workshops and meetings were delivered according to planning;

» D 4.2: Academic lectures and specialized courses

A school on “High Energy Physics and related technologies’ was held in 2014. Many seminars and
lectures have been given. Egyptian scientists have joined international schools and conferencesin
Europe;

* D 4.3: Publications and conference reports
Many publications were delivered. The full list is attached to this report.
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6. PROJECT ACHIEVEMENTS

Scientific highlights and resear ch achievements:

Scientific highlights and research achievements in new particles search

The highlight of the first run of the Large Hadron Collider (LHC) was undoubtedly the discovery of
anew elementary particle of atype never seen before. All the properties of this particle measured so
far are consistent with those predicted for the Higgs boson of the Standard Maodel. It has zero spin
(angular momentum), and it couples with other particles proportionaly to their masses according to
the expectations. In view of this discovery, the 2013 Nobel Physics Prize was awarded to Francois
Englert and Peter Higgs for their prediction 60 years ago of the existence of this particle.

The POLIBA and ECOLE groups, reinforced by the Egyptian colleagues employed through the
EENP2 project, were largely involved in the Higgs study. The activity was primarily concentrated on
the analysis of the most sensible channel for the Higgs study, the Higgs decay to four leptons
(electrons or muons) through the ZZ* production. All the data collected by the CM S experiment at a
collision energy of 7 TeV in 2011 and 8 TeV in 2012 have been used for the analysis. The work was
primarily devoted to the identification and reconstruction of four leptons and suppression of the
backgrounds, among which the continuum ZZ* production is the most important. A significant
excess was found around a four-lepton invariant mass of about 126 GeV. The results have been
interpreted in terms of exclusion limit and significance of discovery by using a statistical approach.
Once the discovery was established, the group focussed on the measurements of the mass of the new
particle and tested different spin hypotheses; all the measurements showed consistency with the
Standard Model prediction of a Higgs boson, responsible of the mechanism to give masses to the
other particles.

The 2011 and 2012 data collected by CM S have been a so interpreted in the context of a new model,
the EWK singlet model where a new boson is predicted, in addition to the Standard model one, with
amass larger than 200 GeV and coupled to the Standard model Higgs. The analysis team made a
relevant effort to reweight the Standard Model Higgs simulated samplesin terms of the features of
the new signal, No excess of events compatible with the observation of a new boson was observed.
Results have been interpreted in terms of an exclusion limit on the mass of the new boson as a
function of the additional parameters of the EWK single model. Results have reported in an analysis
note and submitted to a scientific journa asa CMS paper.

In addition to this mainstream activity, the groups has also been involved in the search for heavy new
particles, such as for example the Z' boson, expected in new models which extend the Standard
Model predictions, and the Randall-Sundrum graviton. Final state with two opposite charge electrons
and muons have been studied looking for peaks in the electron and positron pair invariant mass
spectrum over a continuous background, at masses around the TeV. In this channel, the energies of
the leptons range from several tens of GeV to more than 2 TeV. Specific methods of calibration,
selection and reconstruction are needed with those very large transverse momentum/energy leptons.
The analysis has been compl eted successfully, together with the implementation of a new method to
correct saturation effect in the calorimeter. The background is predicted to be quite low but, due to
the small number of expected events, it was estimated from data.

No excess was found by using 2011 and 2012 data and exclusion limit on the mass of the Z' was set
tomorethan 2 TeV at 95% C.L. for several theoretica models predicting its existence.

The activity at POLIBA was mainly focussed on the study of theH > ZZ > 4l and Z' > mu mu decay
channels with the contribution of four Egyptian physicists visiting Bari for few months. The study
was pursued in paralel on the two main channels, sharing however a detailed study of the trigger,
reconstruction and identification of the leptons. The group was involved in the implementation of the
analysis code for the cut selection, the preparation of plots for the statistical interpretation of the
results and the simulation of the Monte Carlo samples for the Higgs signal production and the
background. A completely new code has been developed to handle the Z' > mu mu analysis and
results have been presented several times at the official meetings of the collaboration. The activity is
now focussed on the preparation of the Run 2 analysis; a paper in preparation for half 2015, once the
first bunch of datawill be collected by CM S at a center of mass energy of 13 TeV.

The POLIBA team has been able to compete with groups from other institutes and attract other
Italian colleagues to join the effort. Recently CM S acknowledged this effort and decided to hold the
CMS Analysis School (CMSDAS) in Bari.
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The work in ECOLE concerned different aspects of the analysis of datarecorded inthe CMS
experiment during years 2011-2012 and the preparation of the data taking starting in 2015, especially
those related to the Electromagnetic Calorimeter (ECAL).

Two Egyptian physicists seconded to ECOL E continued a study they already started in Cairo, in the
High Energy Electron Positron Pairs (HEEP) international team of CMS. Their work profited from
many discussions and help with experts working in the French |aboratory.

A study was performed to recover the saturated crystalsin the ECAL affected by “spikes’
background. Those signals are due to ionization by the products of neutrons interactions of the light
detectors (avalanche photodiodes). In the future datataking at 14 TeV, they may be even more
disturbing, both in the acquisition trigger and in the off line selection.

Multi Variables Applicators (MVA) technique, already used by the ECOLE group for the Higgs
boson discovery, was used to disentangle “spikes’ from good signals. Promising results were
obtained, showing arecovery of saturation at the 1.2%, better than the 5% obtained by a previous
method. A CMS analysis note isin preparation.

A simulation study was also performed to understand the magnitude of this effect, especialy for
HEEP, during the new datataking at 14 TeV. A tuning of the “spikekiller” algorithm at the "Level
One" was performed. An analysis note isin preparation.

The understanding of ECAL performance is crucia for the selection of high energetic electron pairs,
which can lead to the discovery of new physics beyond the Standard Model. In particular, new gauge
bosons (Z' and W’) form Grand Unified Theories (GUT) or extra spatial dimensions (Kaluza-Klein
excitations of the graviton). A discovery should manifest itself first as abump in the invariant mass
plot of the electron pair known from Standard Model physics. The spin determination can then be
utilized to separate the different hypothesis on the nature of this new particle. A simulation study of
the angular distribution using MV A was performed for the future data taking in 2015. Thiswork is
continuing with frequent remote video meeting between ECOLE, Egyptian universities and other
CMS collaboratorsinvolved in this research subject.

Besides these studies, an important scope of EENP2 has been the establishment in Egypt of a center
for CMS data analysis at the Ain Shams University. In parallel with the training of young scientists,
an effort was initiated to develop alocal data center for analysis with up-to-date software
environment. The data analysisfacility is currently in operation providing local resources for
analysis activities and offering an autonomous research context and new opportunities to students.
The Egyptian, who had the opportunity to join the ECOLE and POLIBA teams, are currently
initiating new local scientists to the data analysis technologies and tools.

Scientific highlights and research achievements in detector technologies

The CM S experiments implements different detectors technologies to ensure redundancy and rapid
muons identification for the selection of interesting events. Among them, Restive Plate Chambers
play acrucial role in determining with “nanosecond” accuracy the passage of charge particles
produced in the proton-proton interactions. The POLIBA Bari group has relevant responsibility for
the production and operation of the forward chambers, which have been installed recently in the
experiment. The EENP2 project has allowed young Egyptian researchers to join this effort through
the Bari group and to develop important skills and knowledge on particle identification and gaseous
detector. The effort of the seconded Egyptian scientists has been focused on three different research
lines:

1. Construction, test and installation of the new 4th RPC CM S Endcap station. During the first long
LHC shutdown period in 2012-2013, the 4th muon station has been instrumented in both positive and
negative Endcap. The Egyptian researchers were involved in all steps of the production and quality
control procedure at the RPC CERN laboratory. They were involved on the commissioning of some
chambers by means of the cosmic ray telescope installed at CERN. The detector performance were
studied using a dedicated offline software for the cosmic muon track reconstruction. The Egyptians
scientists were introduced to the tests and operation methodol ogies for the gaseous detector tests and
certification;

2. Development of an improved RPC detector for the forward region of CMS. In the last two-muon
stations, improved RPC will provide the needed redundancy at modest cost, with benefits for neutron
induced background reduction in the trigger and offline reconstruction. The POLIBA group has
started an intense R& D activity to develop a new generation of detector that can handle the high
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particle hit rates of about 1 kHz/cm”"2 expected at maximum LHC luminosity in this region. The
activity isfocused on the tuning of few major parameters that can improve the RPC rate capability:
the resistivity of the electrodes, a new detector configuration with thinner electrodes and thinner gas
gaps. In addition, the new read-out electronics issue is addressed;

3. Development of Gaseous Electron Multipliers (GEM) detectors for the forward part of CMS. In
the first two muon stations, where the muon bending angles are large and thus a precise momentum
determination is most effective, GEM will be employed. The POLIBA group isinvolved in the
construction and test of this new technology of gaseous detector.

Under the advice and help of researchers from POLIBA, the HELWAN University isbuilding up an
important infrastructure intended to boost the R& D activity in thisfield and serve as attraction point
for training of young scientists and dissemination of knowledge in the field. The seconded scientists
in Europe have been involved in the early preparation of |aboratory tools and related software, by
learning and duplicating systemsin use at POLIBA and ECOLE. In particular, emphasis was given
to the setup of a Data Acquisition System, using VME technology, the preparation of the power and
gas distribution services, the development of the related control software. In parallel, the Egyptians
scientist were introduced to the detector test and operation methodol ogies, by visiting the CERN
RPC laboratory and by joining the cosmic raystest facility for chamber validation and the CMS RPC
system operation during the Large Hadron collider proton-proton runs.

Those efforts have successfully |ead to the completion of all the basic infrastructures for the start-up
of the HELWAN laboratory. Next steps are the improvement of the gas system (at present running
with only one gas) and optimization of the software for the offline analysis. Two spare CMS RPC
Endcap chambers will be send soon to Helwan. The chamber performance will be studied with the
local cosmic muon set up and the results will be compared with what obtained at CERN on the same
chambers. Thiswill allow the validation of the hardware and software in HELWAN. Finally, some
improved RPC prototypes, build by POLIBA Bari group, will be tested with the Egyptian cosmic
muons.

Scientific highlights and research achievementsin GRID computer technologies

EENP2 aims at the installation in Egypt of GRID infrastructure in compliance with the Worldwide
LHC Computing Grid (WLCG) standards to enhance the CM S analysis local capability, but also to
be beneficial towards alarger scientific community (i.e. biomedical and computational chemistry)
that would profit of robust and efficient computing facilities.

The Egyptians experts seconded to Europe have been involved in relevant GRID and computer
activities at POLIBA and ECOLE. Emphasis has been given to gain experience for an autonomous
TIER2/TIERS installation in Egypt. Focusing on these needs, they were trained on the following
main items:

- installation and configuration of PhEDEX; this is fundamental tool used to move the data among
different sites;

- Installation and configuration of ZABBIX; thisis an application used in the management of a
computing centre.

A provisional installation was successfully implemented on the GRID centre at POLIBA, by
attaching and understanding all the important steps. In addition, experience and knowledge on how to
interact with the CM S collaboration to configure a new site was gained.

The installation and configuration of ZABBIX was performed both on server side and client side, and
attention was given to the following developments:

- theuse of the native sensors of ZABBIX;

- the creation of custom sensors based on BASH/PY THON;

- the configuration and authentication of the ZABBIX frontend,;

- the use of SNMP tool of ZABBIX to monitor the network infrastructure;

- the use of passive/active/auto registration of ZABBIX agent;

- the configuration of aZABBIX proxy, useful in anational context for the development of a
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hierarchical monitoring infrastructure.

More recently additional work was done on provisioning an operating system via network
installation, using both the classic DHCP/TFTP/PXE/KickStart pattern and Foreman approach. In
this last case, the creation of new template and the customization of existing ones were achieved, in
order to automate the installation of specific host profiles.

Finally some work on the implementation of the classic grid services (like WMS, BDI|I, sBDII, SE,
CE, WN, ARGUS) was done, together with the development of batch system; also, atypical
interactive cluster machine to be used as "frontend" to the farm services, was developed. The
installations of the frontend and the ARGUS server were performed successfully at the POLIBA site
and then reiterated at the Egyptian ones.

A TIER2 center is now in development at the CAIRO Academy ASRT to serve as relevant national
computer facility and GRID main open access to other Egyptian universities and research institutes.
Already three racks are installed hosting 66 CPUs. Additional 80 servers with 90 Tb storage and 1
Gb/s shared internet connection, will be installed soon. The installation of the harware and the
operation of this center is steered, in the framerwork of EENP2, by European experts toghether with
local experts who have been trained in Europe.

With the guidance of EENP2 experts, Zewail City University and Ain Shams University are also
installing TIERS centersthat provide local facilities to access and use the ASRT TIER2. The
Egyptian researchers are gaining experience in installing, configuring and managing atypical GRID
site supporting CM S Virtual Organization, including the services needed to deal with official data
transfers. They are al'so managing several tools needed to transfer data, submit jobs etc., in order to
be able to become the first line of support for their local users. The astonishing progress that has been
registered in thisfield in the last few monthsiis certainly due to the effectiveness and the proper
management of the resources made available through the FP7 programme.

Transfer of knowledge and Training activities (wor kshops):

Through the secondment possibilities granted by EENP2, several Egyptian researches have already
spent a considerable fraction of time in Italy and France joining the research activitiesin one of the
field of interest described above. During the visit to Europe, they were ableto join the CMS
collaboration meetings and other general conferences and workshops. By visiting European
laboratories, they also have gained important expertise in the field of experimental physics, particle
detector systems, software tools for data analysis and GRID concepts.

Some of the physicists joining the secondment program also had the opportunity through Italian
INFN and France IN2P3 funds to travel to CERN and participate in the experimental activity on the
CMS detector and data analysis. They were active in the construction and operation of the fourth
layers of the RPC endcap detectors, finally installed in the experiment in the autumn 2014, in the

R& D for the development of new GEM detectors, in the development of data acquisition systems
and in the genera running and operation of CMS. Asresults of this training and knowledge transfer
phase, important infrastructures for GRID computing and gaseous detector R&D are now in
preparation in Egypt and have been partially commissioned as described previoudly.

Recently, thanks to the EENP2 support, six Egyptian researchers could join the CMS Data Analysis
School (CMSDAS, 19-23 January 2015) in Bari. CMSDAS is the official school that CM S organizes
every year in US, in Europe and in Asiato train Ph.D. and young post-docs to the physics analysis. It
consists of practical sessions on physics objects reconstruction, identification, and physics analysis
preparation for the data taking at LHC. The school was afundamental step for training new scientists
and create an excellence network for high-energy physics. Participation to the school has provides
opportunities for involvementsin CM S working groups. To further target this objective, we are
planning an Egyptian edition of the CMSDA anlysis school for spring 2015.

Asfar as GRID technologies are concerned, it is relevant to remind the Collaboration of Agreement
between EENP2 and ReCaS, a project founded by the Italian Ministry for Scientific Research with
the scope of building a distributed GRID computing infrastructure in Southern Italy. This agreement
has allowed training staged of Egyptian scientistsin the Bari ReCaS site and the participation of
ReCaS experts to the setup of local GRID/CLOUD infrastructures. In this contest, EENP2 is now
discussing with ReCasS the possibility of organizing a dedicated school on GRID/CLOUD
technologies in Egypt next spring.
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As part of the training program, several seminars, lessons and tutorials have been given in Egypt by
European scientists involved in EENP2 to make available new knowledge and new technologies at a
large group of students and young researchers. European experts and technical staff have spent short
visiting period in the Egyptian University to train local staff and help in setting up the hardware and
software infrastructures.

EENP2 has organized annual workshops to summarize the research activity. It has been decided to
hold these events in Egypt to allow the largest participation. Very often, Egyptian researchers gave
the reports, as evidence of their deep involvement on the research field. Those events have been
widely broadcasted through internet using virtual meeting technologies and all the related document
are available for consultation on the EENP2 INDICO data base (see
http://indico.cern.ch/category/4907/ at the web site eenp2.ba.infn.it).

An important milestone of this dissemination policy has been the organization of a“High Energy
Physics School” at the Ain Shams University from 26 April to 1st May 2014
(http://eenp2.ba.infn.it/?p=94), to introduce physics and technology to scientists and students coming
from the entire North Africaarea. An intense programme of lectures was accomplished spanning
from the most recent theoretical models (Standard Model and Super Symmetric models) to recent
experimental results from the Large Hadron Collider operation at CERN. Emphasis was also given to
experimental methods for data analysis, related technologies for particle detection, advanced GRID
computing. A survey of possible applications of particle physics methods and instruments for health
and environmental domains was finally discussed. In order to stimulate active participation, special
sessions were foreseen where students could present and discuss their work.

Dissemination of results (conferences, publications...):

The vast scientific activity correlated to EENP2 has led to several publications on international
journals and internal notes that are accessible world while through the WWW EENP2 page. Attached
to the present report, alist of relevant publication is available. Many Egyptians scientists have had
for the first time the possibility to sign as author important papers describing their contribution to the
high-energy field and related technologies. Some of them had a chance to join international
conferences and to present their work. An important conference, the “ X11 Workshop on Resistive
Plate Chamber and Related Detectors’ was held at the Beijing Tsinghua University (China) on
February 2014 (ref: http://hepd.ep.tsinghua.edu.cn/rpc2014/). Some of the recent achievements of the
EENP2 project have been presented at this conference.

In parallel, an important dissemination policy has been pursed through CM S Collaboration meetings
and EENP2 workshops. The possibility offered by virtual meeting technologiesto join CMS
collaboration meetings and workshops has been valuable to allow direct participation of Egyptian
scientists to the activity, both for presenting their work and to be updated on the collaboration
developments.

Moreover, some of the Egyptians seconded and trained in Europe have been invited to give several
talks at local scientific events.

EENP2 has organized two annual workshops for dissemination of the results. Those events have
been widely broadcasted through internet using virtual meeting technologies and the related
document are available for consultation on the EENP2 INDICO database (see
http://indico.cern.ch/category/4907/ at the web site eenp2.ba.infn.it).
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7. PROJECT MANAGEMENT

Overview of the activities carried out by the partnership; I dentification of problems
encountered and corrective action taken:

During the first two years, the EENP2 partners have always been proactive and collaborative toward
the accomplishment of the project milestones. Thanks to the small size of the consortium, the
management has been quite smooth through both official steering meetings, and frequent direct
contacts.

All the official meetings have been broadcasted through virtual meeting systems and the
documentation is available on the INDICO database of the project, together with the detailed minutes
(see http://indico.cern.ch/category/4907/ at the web site eenp2.ba.infn.it).

All thisinformation is also easily accessible from the EENP2 main web page (eenp2.ba.infn.it)

which has been recently improved. Other relevant work documents, as well as useful links are
accessible through this page.

As described in the previous sections, EENP2 has obtained important scientific highlights, which
will not be further discussed. Here we would like emphasize its role in enhancing the scientific
collaboration among the Egyptian ingtitutions, which under the umbrella of EENP2 have
significantly improved the local network capabilities with important outcome in term of global
scientific impact in the country.

The EENP2 management, by successfully interfacing with the leading scientific institution of the
country, the Academy for Science and Technology (ASRT), promoted the funding of new
infrastructures and a new organization of the research in the high-energy domain.

On the other hand, EENP2 also promoted the Egyptian research towards European institutions. Since
the European partners are deeply involved in the CM S collaboration, areinforced link was
established between CERN and the Egyptian network for high-energy physics with an important
boost of activitiesin thisfield and the creation of new opportunities for young scientists to
collaborate with the largest European |aboratory.

Relevant work was also done to reinforce the bilateral collaboration between Italy and Egypt. A
Memorandum of Collaboration has been signed by the EENP2 consortium and the Italian ReCaS
collaboration to enhance the transfer of knowledge in the field of GRID computing. This could
result, as first important event, in the organization of a GRID computing school in spring 2015 at the
ASRT to promote training of new expertise.

Moreover, thanks to the EENP2 auspices, a bilateral agreement of cooperation between Instituto
Nazionale di FisicaNuclare (INFN) and ASRT has been recently signed. In the framework of this
agreement, addition funds will be available by both partners for collaborations on nuclear and
high-energy physics.

Thanks to the communi cation network established through EENP2, some Egyptian institutions are
now applying for the “Erasmus+” call to promote students and teachers mobility toward POLIBA
and ECOLE.
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8. ADDITIONAL INFORMATION

Additional infor mation, which may be considered useful to assess the work done during the
reporting period:

Although EENP2 has significantly achieved important progress, in this section we would like to
address minor critical issues, which have been encounters during the consortium activity.

The years 2013-2014 have been denoted by some social and political instability in Egypt. This
situation has certainly affected the local capability to fully exploit the potential outcome of the
EENP2 programme. In few circumstances, scientific initiatives were slowed down due to complex
Egyptian dynamics. Also in this contest, the secondment of European scientists to Egypt has been
rescheduled, in view of travel warning emitted by Italian and France foreigner ministry authorities
time by time.

An additional problem isrelated to the heavy teaching load of the Egyptian researchers, that some
time has prevented them from taking longer secondments to Europe.

In spite of these difficulties, EENP2 has been proceeding quite smoothly thanksto areliable local
management. Of course, the results of FP7 (and future Horizon 2020) programs such as EENP2 also
depends from the local attitude to invest in research and technology and strengthen national
infrastructures. We acknowledge that, although the financia difficulties that heavily affect also the
south Mediterranean area, Egypt is making an incredible effort to potentiate its scientific an
technological capability and to invest in new generation training and education.

We believe the EENP2 has played its little role by helping local academiain gaining awareness of
the country capability.
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