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1 - General information

Topic INFRADEV-1-2014 Type of action RIA

Call identifier H2020-INFRADEV-1-2014-1 Acronym |EDM

Proposal title* |Novel precision storage rings for Electric Dipole Moment searches

Note that for technical reasons, the following characters are not accepted in the Proposal Title and will be removed: <
>"&

Duration in months |42

Fixed keyword 1 | NATURAL SCIENCES Add

Fixed keyword 2 |  ENGINEERING AND TECHNOLOGY [ Add || Remove

PACS: 29.27.Hj Polarized beam in particle accelerators, 24.70.+s Polarization in nuclear reactions,

Free keywords 29.20.db Storage rings, 11.30.Er CP invariance, 24.80.+y Nuclear tests of Symmetry,

Abstract

One of the great mysteries in the natural sciences is the dominance of matter over antimatter in the universe. According to
our present understanding, the early universe contained the same amount of matter and antimatter. If the universe had
behaved symmetrically as it developed, every particle would have been annihilated by one of its antiparticles. We therefore
owe our very existence to mechanisms that have led to a world where something that we call matter remains. We propose to
study such mechanisms by searching for electric dipole moments (EDMs) of charged hadrons in a new class of precision
storage rings. Our project will lay the foundations for a new European flagship research infrastructure.

The breaking of the combined charge conjugation and parity symmetries (CP-violation) in the Standard Model is not strong
enough to explain the observed excess of matter and further sources of CP-violation must be sought. These sources could
manifest themselves in Electric Dipole Moments of elementary particles, which occur when the centroids of positive and
negative charges are mutually and permanently displaced. The observation of an electric dipole moment will elucidate the
mechanisms which led to the matter that dominates the universe.

Although the measurement principle, the time development of the polarization vector subject to a perpendicular electric field,
is simple, the smallness of the effect makes this an enormously challenging project. This can only be mastered through the
common effort of an international team of accelerator and particle physicists, working closely with engineers. The proponents
of this design study and the research environment at the Forschungszentrum Jilich (Germany), including the conventional
storage ring COSY, provide the optimal basis for one of the most spectacular possibilities in modern science: finding an
EDM as a signal for new physics beyond the Standard Model and perhaps explaining the puzzle of our existence.

Remaining characters 18

Has this proposal (or a very similar one) been submitted in the past 2 years in response to a call for
proposals under the 7th Framework Programme, Horizon 2020 or any other EU programme(s)? (" Yes (¢No
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Declarations

1) The coordinator declares to have the explicit consent of all applicants on their participation and on the content
of this proposal.

2) The information contained in this proposal is correct and complete. X

3) This proposal complies with ethical principles (including the highest standards of research integrity — as set
out, for instance, in the European Code of Conduct for Research Integrity — and including, in particular,
avoiding fabrication, falsification, plagiarism or other research misconduct).

4) The coordinator confirms:

- to have carried out the self-check of the financial capacity of the organisation on https://ec.europa.eu/research/
participants/portal4/desktop/en/organisations/Ifv.html. Where the result was “weak” or “insufficient”, the
coordinator confirms being aware of the measures that may be imposed in accordance with the H2020 Grants
Manual (Chapter on Financial capacity check); or

- is exempt from the financial capacity check being a public body including international organisations, higher or
secondary education establishment or a legal entity, whose viability is guaranteed by a Member State or
associated country, as defined in the H2020 Grants Manual (Chapter on Financial capacity check); or

- as sole participant in the proposal is exempt from the financial capacity check. []

5) The coordinator hereby declares that each applicant has confirmed:

- they are fully eligible in accordance with the criteria set out in the specific call for proposals; and

- they have the financial and operational capacity to carry out the proposed action.

The coordinator is only responsible for the correctness of the information relating to his/her own organisation. Each applicant
remains responsible for the correctness of the information related to him and declared above. Where the proposal to be
retained for EU funding, the coordinator and each beneficiary applicant will be required to present a formal declaration in this
respect.

According to Article 131 of the Financial Regulation of 25 October 2012 on the financial rules applicable to the general budget of the Union
(Official Journal L 298 of 26.10.2012, p. 1) and Article 145 of its Rules of Application (Official Journal L 362, 31.12.2012, p.1) applicants
found guilty of misrepresentation may be subject to administrative and financial penalties under certain conditions.

Personal data protection

Your reply to the grant application will involve the recording and processing of personal data (such as your name, address and CV), which
will be processed pursuant to Regulation (EC) No 45/2001 on the protection of individuals with regard to the processing of personal data by
the Community institutions and bodies and on the free movement of such data. Unless indicated otherwise, your replies to the questions in
this form and any personal data requested are required to assess your grant application in accordance with the specifications of the call for
proposals and will be processed solely for that purpose. Details concerning the processing of your personal data are available on the
privacy statement. Applicants may lodge a complaint about the processing of their personal data with the European Data Protection
Supervisor at any time.

Your personal data may be registered in the Early Warning System (EWS) only or both in the EWS and Central Exclusion Database (CED)
by the Accounting Officer of the Commission, should you be in one of the situations mentioned in:

-the Commission Decision 2008/969 of 16.12.2008 on the Early Warning System (for more information see the Privacy Statement), or

-the Commission Regulation 2008/1302 of 17.12.2008 on the Central Exclusion Database (for more information see the Privacy Statement) .
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Department(s) carrying out the proposed work

Department 1

Department name

Street

Town
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Country

Institut fir Kernphysik

WILHELM JOHNEN STRASSE
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Germany

Dependencies with other proposal participants
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Person in charge of the proposal

The name and e-mail of contact persons are read-only in the administrative form, only additional details can be edited here. To give access
rights and basic contact details of contact persons, please go back to Step 4 of the submission wizard and save the changes.

Title

First name

E-Mail

Position in org.

Prof.

Hans

h.stroeher@fz-juelich.de

Sex (¢ Male ( Female

Last name Stroeher

Director

Department |Institut fir Kernphysik
Street |WILHELM JOHNEN STRASSE Same as organisation
address
Town [JUELICH Post code (52428
Country |Germany
Website |http://www.fz-juelich.de/ikp/EN/Home/home_node.html
Phone [+492461614408 Phone 2 Fax +492461613930
Other contact persons
First Name Last Name E-mail Phone
Frank Rathmann f.rathmann@fz-juelich.de +491757801444
Anne Bosch a.bosch@fz-juelich.de
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Person in charge of the proposal

The name and e-mail of contact persons are read-only in the administrative form, only additional details can be edited here. To give access
rights and basic contact details of contact persons, please go back to Step 4 of the submission wizard and save the changes.

Title

First name

E-Mail

Position in org.

Department

Street

Town

Country

Website

Phone

Prof.

Achim

stahl@physik.rwth-aachen.de

Sex

(¢ Male ( Female

Last name Stahl

Chair of Institute

I1l. Physikalisches Institut B
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Department 1

Department name

Street

Town

Postcode

Country

Dipartimento di Fisica e Scienze della Terra

via Saragat, 1

Ferrara

44122

Italy

Dependencies with other proposal participants
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Character of dependence Participant
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Person in charge of the proposal

The name and e-mail of contact persons are read-only in the administrative form, only additional details can be edited here. To give access
rights and basic contact details of contact persons, please go back to Step 4 of the submission wizard and save the changes.

Title |Prof. Sex (¢ Male (" Female
First name Paolo Last name Lenisa
E-Mail lenisa@fe.infn.it
Position in org. |Researcher
Department |Dipartimento di Fisica e Scienze della Terra
Street |via Saragat, 1 [] ::ji(rjrr]gsis SRR
Town |Ferrara Post code (44122
Country |[ltaly
Website
Phone |+390532974309 Phone 2 |+393473642527 Fax +390532974343
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Department(s) carrying out the proposed work

Department 1

Department name

Street

Town

Postcode

Country

High Energy Physics Institute of Thilisi State University

University 9

Thilisi

0186

Georgia

Dependencies with other proposal participants

O

Same as organisation
address

Character of dependence Participant
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Person in charge of the proposal

The name and e-mail of contact persons are read-only in the administrative form, only additional details can be edited here. To give access
rights and basic contact details of contact persons, please go back to Step 4 of the submission wizard and save the changes.

Title

First name

E-Mail

Position in org.

Department

Street

Town

Country

Website

Phone

H2020-CP.pdf -

Prof.

Mikheil

m.nioradze@hepi.edu.ge

Sex (¢ Male ( Female

Last name Nioradze

Director

High Energy Physics Institute of Thilisi State University

. . Same as organisation
University 9 address
Thilisi Post code [0186
Georgia

http://hepi.edu.ge/ge/index.shtml

+995322188907

Verl.88 20140729
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+995322187317 Fax +995322189852
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Department 1

Department name

Street

Town

Postcode

Country

Faculty of Physics, Astronomy and Applied Computer Science

Reymonta 4

Krakow

30-059

Poland

Dependencies with other proposal participants

O
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Character of dependence Participant
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Acronym

EDM

Person in charge of the proposal

The name and e-mail of contact persons are read-only in the administrative form, only additional details can be edited here. To give access
rights and basic contact details of contact persons, please go back to Step 4 of the submission wizard and save the changes.

Title

First name

E-Mail

Position in org.

Department

Street

Town

Country

Website

Phone

Prof.

Andrzej

andrzej.magiera@uj.edu.pl

Sex (¢ Male ( Female

Last name Magiera

Professor

Department of Physics, Astronomy and Applied Computer Science

Same as organisation
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Reymonta 4 [] address
Krakow Post code [30-059

Poland

www.fais.uj.edu.pl/en_GB/start-en
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Department 1

Department name

Street

Town

Postcode

Country

Péle Accélérateurs et Sources d’lons

53 rue des Martyrs

Grenoble

38026

France

Dependencies with other proposal participants

O

Same as organisation
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Character of dependence Participant
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Person in charge of the proposal

The name and e-mail of contact persons are read-only in the administrative form, only additional details can be edited here. To give access
rights and basic contact details of contact persons, please go back to Step 4 of the submission wizard and save the changes.

Title

First name

E-Mail

Position in org.

Department

Street

Town

Country

Website

Phone

Prof.

Jean-Marie

deconto@lpsc.in2p3.fr

Sex

(¢ Male ( Female

Last name Deconto

Professor (Joseph Fourier University)

u Same as organisation
address
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3 - Budget for the proposal

FORSCHUNGSZEN| DE 1138 800 34 000 0 0 0 293 200 0 1 466 000 100 1 466 000 1466 000

RWTH AACHEN DE 489 250 33 000 0 0 0 130 563 0 652 813 100 652 813 652 813

UNIFE IT 172 000 15 000 0 0 0 46 750 0 233 750 100 233 750 233750

High Energy Physics] GE 40 200 18 000 0 0 0 14 550 0 72 750 100 72 750 72 750

UNIWERSYTET JAG PL 55 800 14 000 0 0 0 17 450 0 87 250 100 87 250 87 250

CNRS FR 223195 16 000 0 0 0 59 799 0 298 994 100 298 994 298 994

Total 2119 245 130 000 0 0 0 562 312 0 2 811 557 2811 557 2 811 557
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4 - Ethics issues table

Does your research involve Human Embryonic Stem Cells (hESCs)? (" Yes (¢ No
Does your research involve the use of human embryos? (C"Yes (¢ No
(C'Yes (¢ No

Does your research involve the use of human foetal tissues / cells?

Does your research involve human participants? (" Yes (¢ No
Does your research involve physical interventions on the study participants? ("Yes (¢ No
(CYes (@ No

Does it involve invasive techniques?

Does your research involve human cells or tissues (other than from Human Embryos/ ("Yes (¢ No

Foetuses, i.e. section 1)?

Does your research involve personal data collection and/or processing? CYes (¢ No

Does your research involve further processing of previously collected personal data CYes (¢ No
(secondary use)?

Does your research involve animals? (C'Yes (¢ No
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Does your research involve non-EU countries? @ Yes (C No

53

Georgia (Country Associated to HORIZON 2020)

Do you plan to use local resources (e.g. animal and/or human tissue samples, genetic
material, live animals, human remains, materials of historical value, endangered fauna or
flora samples, etc.)? (v)

(C Yes (¢ No

Do you plan to import any material from non-EU countries into the EU? CYes (& No
For data imports, please fill in also section 4.
For imports concerning human cells or tissues, fill in also section 3.

Do you plan to export any material from the EU to non-EU countries? ("Yes (¢ No
For data exports, please fill in also section 4.
For exports concerning human cells or tissues, fill in also section 3.

If your research involves low and/or lower middle income countries, are benefits-sharing | ves (" No
measures foreseen? (vii)

Could the situation in the country put the individuals taking part in the research at risk? CYes (@ No

Does your research involve the use of elements that may cause harm to the ("Yes (¢ No
environment, to animals or plants?
For research involving animal experiments, please fill in also section 5.

Does your research deal with endangered fauna and/or flora and/or protected areas? (" Yes (o No

Does your research involve the use of elements that may cause harm to humans,|~ ves (e No
including research staff?
For research involving human participants, please fill in also section 2.

Does your research have the potential for military applications? C Yes (¢ No

Does your research have the potential for malevolent/criminal/terrorist abuse? (C Yes (¢ No
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Are there any other ethics issues that should be taken into consideration? Please specify |~ yes (& No

I confirm that | have taken into account all ethics issues described above and that, if any ethics issues X
apply, | will complete the ethics self-assessment and attach the required documents.
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5 - Call specific questions

Open Research Data Pilot in Horizon 2020

If selected, all applicants have the possibility to participate in the Pilot on Open Research Data in Horizon 2020*, which aims

to improve and maximise access to and re-use of research data generated by actions. Participating in the Pilot does not
necessarily mean opening up all research data. Actions participating in the Pilot will be invited to formulate a Data
Management Plan in which they will determine and explain which of the research data they generate will be made open.

We wish to participate in the Pilot on Open Research Data in Horizon 2020 on a voluntary basis (¢ Yes ("' No

Participation in this Pilot does not constitute part of the evaluation process. Proposals will not be evaluated favourably
because they are part of the Pilot and will not be penalised for not participating.

1
According to article 43.2 of Regulation (EU) No 1290/2013 of the European Parliament and of the Council, of 11 December 2013, laying down the rules for participation and
dissemination in "Horizon 2020 - the Framework Programme for Research and Innovation (2014-2020)" and repealing Regulation (EC) No 1906/2006.

Data management activities

The use of a Data Management Plan (DMP) is required for projects participating in
the Open Research Data Pilot in Horizon 2020, in the form of a deliverable in the first 6 months of the project.

All other projects may deliver a DMP on a voluntary basis, if relevant for their research.

Are data management activities relevant for your proposed project? (® Yes C No

A Data Management Plan will be delivered

(Please note: Projects participating in the Open Research Data Pilot must include a Data Management Plan as a X
deliverable in the first 6 months of the project).

Data Management is part of a Work Package. []
Data Management will be integrated in another way. []
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Novel precision storage rings
for Electric Dipole Moment searches

(Sections 1 - 3)

List of participants

Participant No Participant organisation name Countty

1 (Coordinator) Julich Forschungszentrum Julich &mb Germany

2 Aachen RWTH Aachen Germany
3 Ferrara Universita degli Studi di Ferrara Italy

4 Thilisi Ivane Javakhishvili Thilisi State Unissty Georgia

5 Krakow Uniwersytet Jagiellonski w Krakowie Poland
6 Grenoble Centre National de la Recherche Scignéf France
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Excellence

Objectives

A new class of hitherto not existing precision age rings is required to search for electric
dipole moments (EDM) of charged particles with wgedented sensitivity. This encom-
passes the complete chain from design and buildirgperation of the storage ring and in-
cludes instrumentation for control/feedback of bleam(s) and its polarization — it is the aim
of this proposal to provide the design of sudieyond state-of-the-art facility.

Symmetries and symmetry violations (“breaking”)ypka very important role in physics.
Permanent EDMs of particles violate both time reak(T) (see figure: the resulting state
after the T-operation is different from the oridimme!) and parity (P) invariance. Via the
CPT theorem (which is based on very general assongpand is therefore generally be-
lieved to be an exact symmetry) EDMs are also @ating (the combination of charge (C)
conjugation and parity exchange) to compensatériaking of T.

CP Violation by EDMs

Electric Dipole Moments violate P- and T-invariance

Original illustration by: physicsworld.com

Via CPT theorem, T-violation corresponds to CP-violation

The breaking of CP-symmetry (CPV) is thought tadésponsible for the different behavior
of particles and antiparticles, leading, e.g.,it® apparent matter-antimatter asymmetry in
the Universe (see figure below). Only because isf¢thsmic asymmetry, our Universe (in-
cluding ourselves) exists. CPV is found in the eageak part of the Standard Model (SM),
but since SM-CPV is much too weak to explain thecatled baryon asymmetry, other
sources are sought for — with the most obvious legiag EDMs. Finding a finite EDM
would be a major discovery, which most probablyl wiso indicatenew physics, not con-
tained in the SM. Inevitably such an EDM searchunesg to investigate different systems
(leptons, atoms, nucleons and light nuclei) — hetleast to identify the CPV source after a
possible EDM observation.

[EDM] 3
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Science Case

The matter-antimatter asymmetry of the universe:

What we should see: What we actually see:
equal amount of predominantly matter
matter and antimatter almost no antimatter

This is one of the big unsolved problems in physics !

EDMs are very small — the best current upper liimitthe neutron is 10%° edm — and the
aim for charged particles (i.e., our project) is 1€ edm or even better. Although the meas-
urement principle — following the time developmeitthe polarization vector of particles
subject to a perpendicular electric field — is denphe smallness of the effect makes this an
enormously challenging project, which can only kestared in the common effort of a most
experienced team of accelerator and spin-physientssts, together with mechanical and
electrical engineers.

The proponents of the EDM project will proceeddokie these challenges by primarily fo-
cusing on:

Design of the precision storage ringThis is the objective of the current Design Study
with the Conceptual Design Report (CDR) as the majoand final deliverable.

Concurrently to the Design Study, research andldpueent exploiting the existing infra-
structures will be pursued. This comprises two efs§pg systematic studies and tests meas-
urements at the Cooler Synchrotron COSY and dewsop of large-scale simulations on
the supercomputers of Forschungszentrum Jilick;ithan ongoing activity by the JEDI
(“Julich Electric Dipole Moment Investigations”) liaboration and will continue during the
coming years. The second aspect relateg toprecursor experiment at COSY with the aim
to provide a proof-of-principle measurement for ERB®harches of charged particles (and a
first direct measurement of EDM limits for protons and deutsyon storage rings. Prepa-
rations for such a measurement have been startethanrmeasurements will be conducted
after the necessary COSY upgrades are accomplished.

[EDM] 4
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1.2 Relation to the work programme

The outcome of the proposed Design Study will eedbnceptual design of a new acceler-
ator facility — a precision storage ring for pota light ions (p, d, antHe), very probably
with two counter-rotating beams — which, if reatlzzibsequently, will unquestionably be a
new world-class research infrastructure with a itude of new technical features. The sci-
entific case, i.e. the quest to fundamentally usiderd the difference between matter and
anti-matter, which has led to our matter-dominatidverse, belongs to the grand chal-
lenges in contemporary physical sciences — thisbes®h acknowledged, e.g., in recently
published strategy reports of the European andU8ehigh-energy physics community.
From the technical point-of-view, the many-fold bages will be best met by a transna-
tional European initiative (as will be true for ltger realization), in which experts of differ-
ent fields are joining forces — potentially exteddeto a world-wide collaboration. Benefits
to society of the project are manifold: from neve@sion simulation codes and techniques
on supercomputers, novel surface treatment measordsghest electric field deflectors,
highly effective magnetic shielding for accelerat@nd support components and new tar-
get/detector systems for precision polarimetrydwah operation, measurement and analysis
schemes. Our proposed project “Novel precisionagi@irings for Electric Dipole Moment
searches” (EDM) is thus very well suited for thé# tdFRADEV 1-2014: Design Studies.

1.3 Concept and approach

Up to now measurements of electric dipole momeoteentrated omeutral systems (neu-
tron, atoms, and molecules) — finarged hadrons, no direct measurements exist. This is due
to the fact that charged particles are accelenatetectric fields and thus cannot be kept in
small volumes like traps. Storage rings have tauded to perform these kinds of experi-
ments. However, those charged systems (specifipadiyon, deuteron artHe) are not only
complimentary and more sensitive, but they areirequo disentangle the possible (differ-
ent) EDM source(s) (see subsection c) below).

Principle of EDM Search

Particle spin alignment along momentum (frozen spin)

Radial E-field: torque on spin — rotation out of ring plane

As mentioned, the principle of such measurementgiie simple (see figure above): if an
electric dipole moment exists, the spin vector,olihis oriented parallel to the EDM direc-
tion, will experience a torque in an external eledield, resulting in a change of the origi-
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nal spin direction. This minuscule spin rotatiom dze determined with the help of a so
called polarimeter (a detector to determine the sigiection). Alternatively, one can search
for a tiny change of the spin precession frequeheyto an EDM.

In view of the necessary requirements, the existiogler storage ring COSY at the For-
schungszentrum Julich with its capability to pravigblarized protons and deuterons up to
momenta of 3.7 GeV/c is an ideal starting pointdaesearch and development program and
a first direct charged-particle EDM measurement. &w ultimate precision measurement,
however, a new class of dedicated storage ring=gisired, which does not yet exist. At this
stage, COSY might be used as injector to prepad#ams for the EDM ring. As already
mentioned, searches for proton and deuteron EDMs the potential to reach a sensitivity
of 10%° el@m per year of running, which is at least one oodfenagnitude better than what is
aimed at in future neutron EDM searches.

In spite of the simplicity of the measurement pipte, the smallness of the expected effect
as well as possible background and fake contribatimake this a very challenging experi-
ment, which will require paramount precision. Umtaw it has only been possible to obtain
a very moderate limit of ~18 eldm for the muon (u, a leptp@sby-product in the “(9-3)-
experiment”. The newly founded JEDI collaboratidogether with the US-based storage
ring EDM (srEDM) collaboration, is pursuing resdaand development to cover all scien-
tific and technological challenges and to come ih woncepts for precision EDM storage
rings for protons, deuterons afide.

a)  Concepts for EDM storage rings

The spin precession in a storage ring is goveriyeithdo famous Thomas-Bargmann-
Michel-Telegdi (Thomas BMT) equation. The main éfade is that in general the
spin precession due to the magnetic dipole monmbiM) is many orders of mag-
nitude larger than the spin precession expected &0 EDM. The aim is thus to find
electro-magnetic field configurations where thetobntion due to the MDM van-
ishes, i.e., where the spin vector does not preaedsalways points along the mo-
mentum vector in the absence of an EDM. This teplis called "frozen spin”.

Frozen Spin Technique

Left: a polarized charged particle (beam) in a storage ring

— Spin // —.\

Momentum

Right: fixing the horizontal spin along the momentum direction
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For protons with their positive anomalous magnetmment, this can be achieved
with purely electric fields for a “magic” beam momentum pf= 700.74 MeV/c. For
particles with negative anomalous magnetic moméke (deuterons andHe) a
combination of electric and magnetic fields has to be used. In either case a non-van-
ishing EDM results in a build-up of a vertical pagation component for a beam that
was initially polarized in the horizontal plane.plirely electric ring for protons is
proposed by the srEDM collaboration at Brookhaveatidthal Laboratory (BNL,
USA) [http://www.bnl.gov/edm/Proposal.asp]. A rddeectric field of about 17
MV/m between field plates approximately 2 cm apesults in a ring with a bending
radius of about 30 m.

One alternative is to use a combined electric-mtgmeachine with radial electric
and vertical magnetic fields. By suitable combioas of the E- and B-fields, a ring
with a radius between 10 and 30 m could be usegrfiions, deuterons aride nu-
clei (“all-in-one” ring).

For both options the use of clock-wise (CW) andnteu clock-wise (CCW) beams
is mandatory for the following reason: The maintsysatic error will come from an
unwanted spin precession due to the MDM in radiagnetic fields which will be
indistinguishable from the EDM signal. A radial magc field, however, causes
forces in different directions for the beams in ogife directions and thus it can be
controlled to a very high accuracy.

b) Advantages of the proposed approach comparedstate-of-the-art
neutron EDM studies

The principal observable of every electric dipolement measurement is the angle
of precession of the spin in an electric field, $ime of which depends on the product
of the electric field times the precession (obskowd time. In the neutron beam
magnetic resonance technique, a restriction comugs the short time of flight of
neutrons through the magnet. Stored ultra-coldroeat(UCN) allow one to increase
the precession time by about four orders in mageitiHowever, ultimately the pre-
cession time is bound from above by the neutratitife (about 880 s). Furthermore,
considering the typical size of the UCN storagé g€ loses in the strength of the
applied electric field. Thus important virtues addicated proton (or ¢He) EDM
storage rings experiments are:

i.  The large number of stored particles'(t010™).

ii.  The envisioned use of electric fields, which wi# Bn order of magnitude
larger than those in UCN experiments (STfEDM expents: >10 MV/mvs.
typically 1 MV/m in UCN experiments).

iii.  Since contrary to neutrons, protons do not dedsyathievable observation
(precession) times (also fdr *He) are potentially much longer than the neu-
tron lifetime. Therefore, it is of critical imporae to ascertain that large spin
coherence times (SCT) — one of the highest riskofadn all proposals of
storage ring EDM searches — can be achieved ircaiedi pure electric (E)
and conventional magnetic(B) (as well as combinel) EStorage rings. It
should be noted that a SCT on the order of hundsédsconds have already
been achieved with the conventional magnetic seoragy COSY, and fur-
ther improvements are expected.
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[EDM]

The ultimate EDM experiment, capable of surpassiegsensitivity of the neutron
EDM experiments and aiming %,&1029 eldm per year, is within reach for the ap-
proach of frozen longitudinal spins in a dedicaséalrage ring. In order to achieve
the aspired goals, many of the basic storage-efajed experimental and theoretical
concepts need to be developed beyond the preseetadtart.

Need for charged particle EDMs

If an EDM is measured, e.g., for the neutron, apdrtant question remains: is it
caused bystrong CP violation within the Strong Interaction sectdrthe Standard
Model of elementary particle physics (the so cabdérm) or from physics beyond
the Standard Model (BSM)? Experimental data or&D#&1s of light nuclei can pro-
vide an answer to this question. First of allsitclear that a single EDM measure-
ment can be interpreted (fitted) by any sourcehso at least two measurements are
needed to say something about the origin of theiGl&tion.

In order to determine which systems are most progyisn recent years several cal-
culations have been performed for EDMs of the muctlgheutron, proton) and sev-
eral light nuclei, using modern effective-theorgheiques: it has been shown that
the &term could be identified with good accuracy, oM measurements of the
neutron, proton and deuteron have been performedits source the EDMs of
these systems are all expected to be of the satlee of magnitude, but the precise
guantitative relations between the individual EDMs a clear prediction of th&
term. In this way, the existence of strong CP tiolacan be convincingly deter-
mined, potentially solving a puzzle which has basyund for almost fifty years.

Source(s) of EDMs

Multiple experimental input is required ...

€
Neutron, ] _)[ quark EDM I—
Proton e, T
oo
=
" .y g y
Nuclei: S S quark chromo-EDM
2H,3H,?He 1 =< =
= > =
3 S
Diamagnetic — - I=}
atoms: > E _)[ gluon chromo-EDM ]—) =
e [=]
Hg, Xe, Ra Pl T
: 2 -
Paramagnetic £ f k I
atomns: J o our-quark operators =
w
Tl, Cs g s
- <
© ( a
Molecules: > 3 ‘*l lepton-quark operators ]—) =
YbF, ThO, HFF* e =
Leptons: l J— lepton EDM ]—)
’l Ne—

muon

.. to disentangle the fundamental source(s) of EDMs
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On the other hand, the size of the deuteron EDNh véispect to the EDM of proton
and neutron, is an excellent probe for physics bdybe Standard Model (BSM): as
mentioned, the#term expects similar size EDMs for the nucleon #reldeuteron,
while certain BSM sources predict the deuteron EioMe significantly larger, up to
an order of magnitude. Such a signal, obtainech@dnvisioned storage ring ex-
periment, would be a “smoking gun” for BSM physics.

In summary, it is necessary to determine electipold moments of different sys-
tems in order to disentangle the source(s) by idnscating between the different
model predictions. Especially the deuteron EDM &darge discriminating power
due to its unique spin-(S1) — isospin-(E0) properties.

The figure above gives a schematic general overoiethe experimental input and
its relation to the potential EDM sources, leadiog basic understanding in a fun-
damental theory: while leptons are directly relatdek hadronic results are more
complex, but also much more interesting.

Status and approach of charged particle EDM sd@es

The charged particle EDM project is at an earlgstiut — as outlined above — it has
most promising perspectives:

i.  The idea for the measurement is simple and matured.

ii.  The unprecedented sensitivity aimed at will congras huge discovery
potential.

iii.  The ongoing R&D at an existing (conventional) magnestorage ring
(COSY at Forschungszentrum Julich, Germany) hasadir contributed sig-
nificantly to the progress for feasibility studiesor example by showing that
the required precision for the beam polarimetry barachieved, and the an-
ticipated measuring time of 1000 s per cycle isegxch.

iv.  Simulations with the “COSY-Infinity” code on superaputers have ad-
vanced to a level of quantitative benchmarkingheféxperimental results.

However, for the final precision storage ring, avraesign (with two counter-rotat-
ing beams) will be necessary to reduce systematertainties and get rid of fake
signals. For this ring, only ideas exist up to newhich are more advanced for the
“all-electric” ring (applicable only for protons rfd charged leptons)) than for the
“all-in-one” ring (forp, d andHe).

The overall strategy of the JEDI collaboration tosga precision storage ring for
charged particle EDM searches is as follows (gpedi below):

i.  There is an ongoing R&D effort — laboratory testsl #est measurements at
COSY - in order to demonstrate feasibility whereiwes possible with the
best storage ring facility currently available falarized beams.

ii.  There is an ongoing project to exploit COSY forpmetursor” experiment,
not aiming at the highest sensitivity, but demaatstg the proof-of-principle
(and obtaining invaluable experience for the prenising).
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iii.  There is ongoing work for the design of the finegégsion ring, which will
be very much advanced with this Design Study. Thele/project is embed-
ded in the international community, encompassimgdbrresponding theory
groups, enforced by international collaborationisp avith the aim of appli-
cations, e.g., for accelerators and measuremetiotieiogy.

Charged Particle EDM Searches

Applications

Design Study
for the
Precision Storage Ring
(<102 e cm)

R&D; tests at COSY (Julich)

International Cooperations

EDMs — The tool for non-Standard Model CP-violation!

Currently two groups are working towards a chargadicle storage ring EDM pro-
ject:

i. The US-based “srEDM” collaboration (Brookhaven Natil Laboratory
(BNL), more recently including Fermilab (FNAL)).

ii.  The (mostly) European “JEDI” collaboration, centigdForschungszentrum
Jalich.

It should be emphasized that both collaboratiomsvasrking together in common
R&D efforts and in particular in the test measurataet COSY (Julich). Dedicated
two-beam tests, e.g., for beam-position monitoray miso be performed at BNL's
(Brookhaven National Laboratory) RHIC (Relativistiteavy lon Collider) in the

future.

Besides the Design Study core team, scientists tranfollowing groups/research
centres are involved in the storage ring EDM projec

i.  Collider Accelerator Department of Brookhaven NasibLaboratory (BNL)
(Upton, NY; USA) (contact person T. Roser)

ii.  Physics Department of Brookhaven National LabayatBNL) (Upton, NY;
USA) (contact person W. Morse)
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iii.  Department of Physics of Indiana University (Bloagton, IN; USA) (con-
tact person E. Stephenson)

iv.  Department of Physics and Astronomy, Michigan Stiiesersity (East Lan-
sing, MI; USA) (contact person: M. Berz)

v. Budker Institute of Nuclear Physics (BINP) (Novossk, Russia) (contact
person |. Koop)

Vi. Korea Advanced Institute of Science and Technolgg)ST) (DaejeonRe-
public of Korea) (contact person Y. Semertzidis)

Physical sciences in Europe, and in particular @nn@any, are still male-dominated — which
is also reflected in the list of leading scientifis this project. On the other hand, For-
schungszentrum Julich, RWTH Aachen and the otrsditiions are committed to increase
the female-to-male ratio by imposing target-seingAs one example: we have recently
succeeded to replace the retired head of the Jatichlerator institute by a female scientist
— see section 4.1 a).) For the EDM Design Studywaestrive to hire at least as many

female as male scientists.

Ambition

COSY s the state-of-the-art storage ring for pe&d proton and deuteron beams on a
world-wide scale: after more than 20 years of ogpandor hadron physics, it has all but a so
called “Siberian Snake” necessary to perform evequired spin-manipulation with polar-
ized stored beams — the snake will be deliverethbyend of 2014. Therefore, COSY is the
only machine in the world where most of the neagstssts for the storage ring EDM pro-
ject can be performed — including the precursoreexrpent once the planned COSY up-
grades are completed.

However, it will not be possible to convert COSYoirthe precision storage ring with two

counter-rotating beams, which is required for thiemate precision EDM search: a newly

designed ring is required. Such simultaneously trumtating beams are used in colliders
but here its position and spin direction needsdcastabilized and tracked with the highest
possible precision. Therefore, it must be equipp#ti beam position sensors and polar-
imeters of highest sensitivity, which continuousignitor both beams and provide feedback
signals. The whole ring must be exceedingly shikldgainst unwanted external magnetic
fields. The effects of beam-beam and beam-wallacteons have to be investigated as well
as, e.g., the possible impact of gravitation.

It can be shown that with reasonable assumptionstaieam intensity (0™ particles per
fill), polarization of the beam (80%), electriclfis (10 MV/m), spin coherence time (1000
s) and polarimetry (analysing power 60%, accura®4), a statistical accuracy of 10
eldm can be achieved after one year of measurenmepasising, we mention that — given the
proton would have the size of the earth — the sdjoar of the charge centroids would be
less than a micro-meter!

One of the aims of the ongoing R&D is to improviesttistically relevant parameters of the
EDM machine. At the same time, the Design Study allibw us to specify how far beyond
the present state-of-the-art one has to go in dalenatch statistical and systematic sensi-
tivity at the 10° eldm level. This is very challenging, becausesgitematic errors have to
be brought to the same level. In detail, this ireslto provide beyond state-of-the-art

I measurement of the relative beam-position of theedaunter-rotating beams,

ii.  shielding of the machine against external magriiids,
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iii.  alignment for all optical elements in the machine,
iv. electric fields of the electrostatic deflector etts beyond 10 MV/m, and
V. beam polarimetry on the ppm (parts per millionklev

The goal is to come to solid conclusions about fawbeyond the present technological
state-of-the-art one has to go in order to reaehambitious sensitivity limit, potentially
leading to the discovery of new physics.

Impact

Expected impacts

Accelerators are the tools for discovery and intiova not only in the fields of elementary
particle, hadron and nuclear physics, but alsa, éxgmedical and industrial applications.
This is why all developed countries, and in pattcieurope, put a lot of emphasis into the
further development of accelerators, from high-ggpesolliders and synchrotron radiation
facilities to spallation neutron sources.

The physics case behind the current project regjtime design of a completely new innova-
tive storage ring: in order to reduce systematic errors and to ifldobntrol fake effects,
counter-rotating beams must be used. In the caae tdll-electric” ring (for protons at the
magic momentum only), the two beams can be stareone common vacuum chamber,
while for an “all-in-one” machine with combined elec and magnetic fields (which can be
used for protons, deuterons afide and for different energies), two separate beaipes
must be used. Together with the requirement omaité precision, these represent signifi-
cant challenges. By mastering these, many innavaitiwe expected: from surface treatment
of electrostatic deflectors (to provide highesttie fields), shielding techniques (of exter-
nal electric and magnetic fields), beam positiod palarization measurement to simulation
techniques on supercomputers.

While for the design phase, physicists and engsm@erym research centres and universities)
have to collaborate, the later construction of saginecision storage ring will inevitably also
involve technologically oriented institutes likege the Central Institute for Engineering,
Electronics and Analytics (ZEA) of Forschungszemtradlich, and high-tech companies,
e.g., for building combined E-B deflectors.

An important extra impact will be the capacity deyenent, i.e., the training and education
of students and young researchers in a wide rahgetigities: simulations, hardware devel-
opment and data analysis.

In addition, already existing collaborations atfelént levels between the core-team
participants will be further developed and inteiesif It will also foster interactions within
the worldwide community.
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Project impact

EDM searches are must-do experiments

Physics 1 Technology
- Search for new physics - New storage ring design
- Matter/antimatter puzzle - Beyond state-of-the-art
- Complementary to LHC equipment
Society

- Capacity development (training, education)
- International scientific cooperation
- Cooperation with high-tech industry

The EDM Storage Ring will be a European flagship project !

The precision EDM storage ring will be a uniguew world-class European flagship re-
search infrastructure, which, when realised, wandchbine advanced accelerator technolo-
gies with basic research in the natural scien¢esoullld serve as an example for other dedi-
cated research infrastructures within the “preasimntier” to complement the “energy
frontier” (e.g., LHC) in its quest for discoveries.

2.2 Measures to maximise impact

a)

b)

[EDM]

Dissemination and exploitation of results

The major deliverable of the project is a concelptiesign report (CDR) of the ring
layout of a precision storage ring with countemtity light-ion beams (p, dHe),
which — after being built — will allow to searchrfelectric dipole moments with un-
precedented sensitivity: the CDR will be made pulals soon as its contents has
been agreed upon by the Design-Study collabordsusject, e.g., to possible pa-
tents pending).

The CDR will form the basis for a review by an mi&ional committee to scrutinize
the design and this in turn should be the basigripiementing the project in future
national (e.g., Helmholtz Association) and intelol (e.g., ESFRI: European
Strategy Forum on Research Infrastructures) roadrf@pnew scientific infrastruc-
tures. It has not yet been decided who would takéhis next step, but it seems ob-
vious that the proponents of this Design Study Wl deeply involved. The subse-
guent step will then be a discussion and/or detikmy and where to build the ring,
with Forschungszentrum Jilich being an excellest hestitution.

Communication activities
We have already started to promote the storagebidig project on various levels:
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i. In 2011 it was included into the “Helmholtz-Roadnfap Future Research
Infrastructures” (of the German Helmholtz Assoaajias “EDM@COSY”.
It is planned to adjust it in the forthcoming nevadmap next year.

ii.  In 2011, an international “WE Heraeus Seminar” &edrch for Electric Di-
pole Moments (EDM) at Storage Rings” was conducitdBad Honnef
(Germany) with major involvement (Chairman) of psapnts of this Design
Study.

iii.  In 2012, an international workshop on “EDM SearcateStorage Rings” was
conducted at ECT* in Trento (Italy) with major invement (Chairman) of
proponents of this Design Study.

iv. In 2013 it was proposed as the future facility ofgsehungszentrum Jilich in
the “Programme oriented Funding” of the resear@idfi“Matter”, pro-
gramme “Cosmic Matter in the Laboratory”) of theltdboltz Association
(which received highest scientific grades).

v. In 2014, it was included into the “Struktur- undt&itklungplan” (STEP) of
Forschungszentrum Julich. In 2012, a new sectiath@fitooperation of For-
schungszentrum Jilich and RWTH Aachen UniversidARA-Fame”) was
founded in a public ceremony including the Nobelrsate Samuel Ting.

vi.  From autumn 2014 on, we are planning to conductaied technical work-
shops on selected items of the project, like, elggtrostatic deflectors, po-
larimeter, and simulations, including a broaderienck of interested scien-
tists.

The international JEDI-collaboration (“Julich Elect Dipole Moment Investiga-
tions”) with more than 100 members has been founded well (see:
http://collaborations.fz-juelich.de/ikp/jedi/). Trezience case has already been pre-
sented at various national and international cemfegs, workshops and in seminars
at universities.

After a successful application, we will not only kkdhard to achieve the goals of our
project, but we will also intensify our communicatiactivities:

i.  Advertisement of the positions of the project itemational journals (e.g.,
CERN Courier).

ii.  Set-up of a dedicated web-site, providing all neags background and the
obtained achievements (“green” open access).

iii.  Outreach articles in scientific newspapers, suctPlagsik Journal, CERN
Courier, Nuclear Physics News International etc.

iv.  Publications of scientific results in the arXiv ¢ig” open access) and in the
appropriate refereed journals.

v. We will continue and intensify the presentationtloé project at topical na-
tional and international workshops and conferences.

vi.  We will apply to host the next “Symposium on Symnest in Subatomic
Physics” in 2017 in Jalich with (at least one @& thairmen from the project
core team.

vii.  The CDR will be presented to the public in an dffievent.

All activities are aimed to further promote the jed as well as to attract additional
collaborators from within Europe and beyond, dJ$A, South Korea, and China.
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3. Implementation
3.1 Work plan — Work packages, deliverables and milests

The overall structure of the Design Study is shamwthe following diagram, indicating the
relations between the 6 work packages of the projge main aim is the design (concept
and technical realization) of the layout of the neigh-precision storage ring with counter-
rotating beams (WP6). In order to lay the experitaleand technical foundations, WP3
(Electrostatic deflectors), WP4 (Beam instrumentgtiand WP5 (Beam polarimetry) need
to be worked out: this does, however, not implyt iV&6 can only be started after WPs3-5
have been finalized; on the contrary, all of theaméhto be addressed in parallel and in an it-
erative and interrelated procedure. WP2 (Dissenainaif results) will assure that all of the
results obtained in WPs3-6 will be documented a&pdrted in a timely fashion. WPs2-3 are
embedded in WP1 (Consortium management), whichstakee of all organizational and
managerial issues which are encountered. WP1 lsdl lze responsible for a cost estimate of
the facility.

Design Study

WP6: Ring Layout

WP3: WP4: WP5:
Electrostatic Beam Beam
Deflectors Instrumentation  Polarimetry

WP2: Dissemination of results

WP1: Consortium Management

The following chart shows the contemplated time lof the Design Study: we will start
with a project kick-off meeting and so called t@imeetings for WPs3-6 in order to review
the current status; over the project time of 42 thenregular meetings of the management
board (MB) and the project will be scheduled, amal (intermediate) results will be continu-
ously disseminated. Concurrent with WP6, the figdim WPs3-5 will be used as input, fi-
nally leading to the Conceptual Design Report atehd of the project. Milestones as given
in the lower part of the figure are distributedragjahe time line to scrutinize the project’s
progress.
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The experimental and technical resources requesutcessfully complete the proposed
Design Study have already been secured throughait&unding. Therefore in the present
application no funds for investment are requiradelguipment.

Table 3.1a: Work package description

a)  Consortium Management

Work package number 1 | Start Date or Starting Event Month 1
Work package title Consortium Management
Participant number

1 2 3 4 5 6
Short name of participant Julich | Aachen| Ferrara| Thilisi | Krakow | Grenoble
Person/months per participant:

18 1 1 1 1 1

Objectives

WP1 (Consortium management) will assure the efficend effective collaboration between the
participants, e.g., by organizing regular Managan®oard (MB) meetings as well as project
meetings for WPs3-6 to follow the progress, thénbiof personnel, the control of money flow, gnd
the timely completion of scientific and financi&lports to the EU-Commission. WP1 will also set up
the CDR writing committee and produce a cost esénfar the facility outlined in the CDR. In ordgr
to do so, a managerial structure (see figure itiged.2 (Management structure and procedures))
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will be implemented.

Description of work

Consortium Management

Lead participant Julich

1. Management Board (MB) meetings

Over the course of the project (42 months), a “latkmeeting” right after the start of the Desi
Study, 2 annual meetings (possibly at the diffeganticipant locations), including a mid-tef

meeting and a “conclusion meeting” will be orgadize
2. Topical and project meetings

For each one of the work packages WPs3-6, a topiesting shortly after (or in conjunctig
with) the kick-off meeting will be organized. Pddgiin conjunction with each of the WB meg¢
ings, but at least once a year, a common projeetingewill take place to follow the progress

the project.
3. Preparation of scientific and financial reports

m

N
pt-

of

All scientific progress reports and financial regsaof the Design Study consortium will be orga-

nized in order to assure a coherent and timelygvegjon.
4. Cost estimate

An estimation of the cost of the storage ring facior different scenarios will be provided.
In addition to regular (weekly) electronic contadfsnecessary, short-term telephone and/or vi

conferences will be scheduled at any time in betwee

deo

Deliverables

D-WP1.1 Kick-off meeting, topical meetings Month 1
D-WP1.2 ' MB meeting Month 7

D-WP1.3 7Y MB meeting, and £ project meeting Month 13
D-WP1.4 39 MB meeting, project mid-term meeting Month 19
D-WP1.5 4" MB meeting, and 2° project meeting Month 25
D-WP1.6 5" MB Meeting Month 31

D-WP1.7 6" MB meeting, and 3 project meeting Month 37
D-WP1.8 Cost estimates for different machine optias Month 40
D-WP1.9 7" MB meeting, and project conclusion meeting Month 2
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b) Dissemination of Results

Work package number 2 Start Date or Starting Event Month 1
Work package title Dissemination of results
Participant number
1 2 3 4 5 6
Short name of participant | Julich | Aachen| Ferrara | Thilisi | Krakow Grenoble
Person/months per
participant: 12 0 0 36 0 0

Objectives
WP2 (Dissemination of results) will assure thatodithe results, including intermediate steps, il

documented and reported in a timely fashion, emgthe web-site, in conferences and in refereed sci

entific journals; best care and attention will b&en that results as well as the project itself gl

presented to the broader scientific community anithé public.

Description of work

Dissemination of results Lead participant Thilisi

1. Implementation and maintenance of web-site (Lead participant Tbii)

As soon as the project is accepted, a project welwdll be installed in which the project will Qe
described and all relevant material will be stof@dinternal and (partial) external access. A|re-
stricted part (only for the project members) of e, which, e.g., contains internal reports and
preliminary results not ready for public releasél e password-protected.

2. Scientific internal and external reporting (Lead participant Thilisi)

All internal reports, (seminar- and conferencelxgaconference reports and scientific publica-
tions will be attended and documented, the latiér the help of a publication committee, which
also decides on the public release of data.

3. Data management (Leeparticipant Jalich)
Great care will be taken to assure that all theeerpental (and technical) data will be saved in
such a way that they will be easily accessibldenfuture.

4. Patent management (Leqdrticipant Julich)

If technical developments are made that may leadgatent, the project participants will strive to
file a patent with the help the corresponding de&pent, e.g., of Forschungszentrum Julich.

Deliverables

D-WP2.1 Consortium website Month 6

D-WpP2.2 Data management plan Month 6

D-WP2.3 Conceptual Design Report (CDR) Month 42
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C) Electrostatic Deflectors

Work package number 3 Start Date or Starting Event Month 1
Work package title Electrostatic Deflectors
Participant number
1 2 3 4 5 6
Short hame of Julich | Aachen| Ferrara | Tbilisi | Krakow Grenoble
participant
Person/months per
participant: 12 60 18 0 0 24
Objectives

Since the effect of an electric dipole moment delgemn its interaction with an electric field (B)jd9
of utmost importance to operate the precision g@ring with as high E-fields as possible. WP}

aiming to determine the technologically possilbheitiifor stable operation.

S

Description of work

Development of electrostatic kements for electric storage rings Lead participant Julich

1. Development of new surfaces and their treatment (Lead participant Aachen)
This development aims at reaching much higher rdefaelds than the ~6 MV/m provided by the

Tevatron deflector elements. To this end, a lalboya¢nvironment has been set up at Aachen to

study the HV capacity with small scale prototypEse development will address new materi

als,

new surface coatings and their surface treatmeut tlzeir characterization in terms of the spark

rate and HV capabilities.
. Study development and manufacturing techniques (Lead participant Aachen)

Based on the electrostatic elements that were tigcerceived from Fermilab (previously em-

ployed in the Tevatron) will allow us to carry dests with real-size deflector elements towards
high electric field beyond 10 MV/m. In a secondpsteew materials will allow us to replace the

FNAL stainless steel deflectors and to test thena ilaboratory environment which provid
shielding of the X-rays produced upon sparking.

. Testing of large-scale deflector elements at COSY Léad participant Jilich)

One of the FNAL deflector elements could be teste@OSY to study modification of the spin
tune as a method to determine the electric fieldtrdnutions to the Thomas-BMT equatign.
Thereby, it will become possible to determine thiegral electric field directly, which is othar-

wise not possible experimentally.
. Develop precise monitoring system for the electroatic elements (Lead participant Ferrara)

[es

Monitoring the electric field of each electrostatiiement in the final machine shall be accom-

plished by Fabry-Perot interferometry. This is ploissbecause the electric field is defined by
surface potential and the geometry; and the gegmoéthe surface itself will be monitored onli
while the EDM experiment is running.

. Development of electrostatic multipole elements (Lead participant Grenoble)

the
he

Besides electrostatic dipole elements, the dedicaigchine needs to flexible electrostatic mylti-

pole elements (quadrupoles, sextupoles, etc.) wéiiehnecessary to focus the beam in the

ma-
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chine, to adjust the working point, etc.

Deliverables

D-WP3.1 Small scale model deflector element Month8l]
D-WP3.2 Proposal to study electrostatic deflectorlements at COSY Month 36
D-WP3.3 Monitoring System for electrostatic elemerst Month 36
D-WP3.4 Design of electrostatic multipole elements Month 36

d) Beam Instrumentation

Work package number 4 Start Date or Starting Event Month 1
Work package title Beam Instrumentation
Participant number

1 2 3 4 5 6
Short name of participant Jilich | Aachen| Ferrara | Thilisi | Krakow | Grenoble
Person/months per participant:

30 30 0 0 0 0

Objectives

The EDM measurement requires a precise monitorihghe beam properties to understand

systematic effects. The main objective of this wq&ckage is the construction of a SQU

ID

(Superconducting QUantum Interference Device) baseain position monitor system to be tested in

the COSY ring. Connected to this beam current aednb phase space measurements wil
addressed.

The main systematic error of an EDM measuremestijpposed to come from radial magnetic fig
which will, via the interaction with the magnetioment of the particle, mimic an EDM effect.

A radial magnetic field is of the order of 10T would correspond to an EDM of Tdeldm. Such 2
small field cannot be measured directly. The coheepwould like to follow is to make use of tv
counter rotating beams in the ring. A radial magnigld will lead to a vertical separation of ttveo

be

ds

0]

beams which leads to a non-vanishing magnetic fidglath could be measured with SQUIDs. A first

estimate shows that one needs sensitivity of tderoof 1fTAHz. The SQUID sensitivity was dis-
cussed by D. Kawall at the 485. Heraeus Seminat,HBannef (2011): SQUIDs with this sensitivity

are available but were never tested in an acceleeavironment. SQUIDs were used as a beam

cur-

rent monitor but never as a beam position monitoene a new 4-fold coil setup to measure up-dpwn

and left-right positions will be used. This will laeldressed in this work package. Note that only
relative positions of the two beams have to be oreals This method only works if the beam currg
and phase space of the two beams are the same det@rmined very precisely. This issue and

the
nts
the

guestion how many BPM are needed in the ring \slb e addressed in this WP together with WP6

(ring layout).
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Description of work

Design of a SQUID based BPM system Lead participant Aacher]

An engineer experienced in the construction ofitigdelium cooled devices will design a SQUID

prototype setup to be used first in the laborat8iseady at the design stage it will be guarantined
this setup can later be inserted in the COSY riit wnly minor modifications.

1. Prototype built in work shop (Lead participantilich)
According to the design the prototype will be builthe workshops at Julich.
2. Measurement in the laboratory (Lead participants Julich and Aache)

The two counter rotating beams will be mimickedtip wires which can be set to differgnt

currents and at different positions. The test mesmsants in the laboratory shall prove that the

required accuracy can be reached.

3. Test measurements at COSY (Lead parpant Julich)
After a successful test in the laboratory the prgte will be installed in COSY and tested in

a

real accelerator environment. The second beamrasgpt in COSY will be substituted by a wife.

Deliverables
D-WP4.1 | Design Report of a SQUID based beam positianonitor system Month 12
D-WP4.2 | Construction of a prototype and tests in tb laboratory at COSY Month 24

e) Polarimetry

Work package number 5 Start Date or Starting Event Month 1
Work package title Polarimetry
Participant number

1 2 3 4 5 6
Short name of participant Jilich | Aachen| Ferrara | Thilisi | Krakow | Grenoble
Person/months per participant:

24 12 24 30 30 0

Objectives

The polarimeter for the EDM Storage Ring must ofgecantinuously with high efficiency and hig
polarization sensitivity (analyzing power) so tpatarization rotations of the beam as small asaal
may be detected if they happen within a time ofudad®00 s. There also needs to be control of
systematic errors in detecting this change to aairevel of precision. The conditions of highieff

h

the

ciency (1%) and analyzing power (~0.6) are fulélli®r medium energy protons and deuterons when

using a thick (few cm) carbon block onto which theam particles are directed continuously duri

ng

the experiment. Elastic scattering of the beamiglast from the atomic nuclei in the carbon target

will be observed in a series of detectors instatledind the target.

Feasibility studies conducted at COSY have alraigonstrated this level of performance and grror

suppression for a carbon block mounted at the @dgbe circulating beam. In an experiment
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which the polarization direction is periodicallywegsed, first-order errors arising from beam poai
or angle errors, or rate-induced acceptance changeé® detector system, may be cancelled u
combinations of the elastic scattering rates fdiecent azimuthal angles. Higher-order system
effects related to the shape of the beam profilg beacorrected based on the information from g
construction of individual scattering events if #t@bon target is supplemented with a hydrogen
jet (or frozen pellet beam) that crosses the b&umpart of the polarimeter detector will be a tragK
system that allows tracing each particle backd@dint or origin, and another outside the firstt{
identifies particles that have scattered elasiicdlhe hydrogen target will also give rise to Conlo
scattered (with spin independence) particles tlsatllate about the beam centre line and strike
thick carbon blocks on subsequent trips aroundtbiage ring.

The goal of the WP would be the design, constractind testing of a prototype polarimeter for
in the first EDM storage ring experiment. This vadmprise the following steps:

* Development of a broad-band database for p-C a@iddattering;

» Detector characterization;

»  Polarimeter modelling and Monte Carlo simulations;

« Realization and test of a prototype.

In parallel to the presented development, we wilestigate the option to observe the EDM-indu
vertical component of polarization by detecting tlew precession of the vertical polarizati
(f=10° s1). This assignment requires performing highestisieitg frequency measurements. In sy
ergy with the development of WP4 we will investg#ite potential to accomplish the task offereg
the use of SQUID detectors.

Description of work

Design and construction of a prototype polarimeter Lead participant Ferrara

1. Acquisition of a database for proton and deuteron nduced reactions on carbon
(Lead participant Krakow)

i
s5ing
atic
re-
gas
h

the

Lse

ced
on

by

Generally, the literature contains insufficientamhation for the design of a polarimeter since

most nuclear physics experiments at medium enetggs been narrowly focused on one @
small set of reaction channels studied to answsgreaific question about nuclear structure or

ra
re-

action dynamics. For the purpose of polarimetergies set of data showing all reaction channels

is needed with excitation energies extended wétl the continuum. Analyzing power is need
along with the differential cross section, and deuterons both tensor and vector analyzing p
ers become important.

One way to provide these data would be to buillia ¢arbon target for the WASAr4detector
system presently installed at COSY. This systemah&srward detector cone (out to 17°) w|

good tracking and energy resolution. Data recordimg) analysis software systems already exist.

2. Detector characterization (Lead participants Ferrara anddachen)
There are a number of detector technologies tlapatential candidates for use in the polarimg

particularly for the tracking part. These includesn strip, gas electron multiplier, drift chambe

straw tube, and micromegas designs. The JESSIC# tiaa at COSY is a suitable place to 1
small sample detectors near a thick carbon targetder to observe the characteristics of sign
especially at high rates.

3. Polarimeter modelling (Leeparticipant Thilisi)

Data on reaction cross sections and spin dependdahdee combined with information about how

ed
ow-

(d

ter,

1%

un
als,

detectors respond to light nuclei and other assatitypes of radiation to construct a model of
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response of various EDM polarimeter designs. Thiislead to a choice of the best technology
the EDM experiment and a design for the polarimeter

. Build and test prototype (Labparticipant Julich)

Once a suitable design concept has been verifiesirbylation, this can be turned into a speg
design. The design must meet the installation stasdfor COSY. The prototype design will
optimized in Ferrara, while its realization will becomplished in the Workshop of FZJ. The §
ergy between the two groups has been already ¢gglmi the past (PAX-project).

COSY beam times will be used to complete a calibmadf the spin-sensitivity and efficiency
the instruments, and to assess its ability to pi@wtable information with correction for syste
atic errors.

. Investigation about a new polarimeter concept basedn SQUID frequency measurements

(Leeparticipants Aachen, Julich)
We will investigate the option of using a SQUID etgtbr discussed in WP4 also as a polarimé
The small magnetic moment of the proton (with respe the electron for example) makes
task extremely difficult, but the method offers tin@jor advantage of constituting a non-invas
polarization measurement.

for

ific
be
yn-

Of
m_

bter.
the
ive

Deliverables
D-WP5.1 | Data base on polarized proton-carbon and deuteadyen scattering Month 30
D-WP5.2 | Polarimeter prototype constructed and tested Month 36
D-WP5.3 | Feasibility study for a SQUID polarimeter Month 36
f) Ring Layout

Work package number 6 Start Date or Starting Event Month 1
Work package title Ring Layout
Participant number

1 2 3 4 5 6
Short name of participant Jilich | Aachen| Ferrara | Thilisi | Krakow | Grenoble
Person/months per participant:

60 0 0 0 0 24

Objectives

Design of lattice with electric and magnetic fieldleflectors for CW-CCW beams.

The main focus of lattice design is to ensure #gability to reach long spin coherence time and
supress systematic rotations induced by the magnaiment. An optimised pole shape of elecjro-
magnetic deflector elements, appropriate multipaderections, efficient magnetic shielding and
strong beam cooling systems are essential tastke déittice design. Different concepts of dedicated
frozen-spin EDM machines will be investigated anthpared.
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Description of work

Ring layout \ Lead participant Jilich

1. Lattice design for a dedicated frozen-spin EDM macime (Lead participant Jilich)
The following requirements have to be takeén account for the EDM ring layout:

* Polarization “frozen” (relative to the beam velggitvith very high accuracy and extreme
long spin coherence time (>°1)
* Optimize lattice optics to improve the precisiorveftical beam separation determination of
CW-CCW beams
» Ultra-high current- and emittance matched count®utating beams to be able to measure
differences of vertical polarizations and beam sspzn for systematic correction
« About 10° particles stored in multiple, low emittance, lomeegy spread, highly polarized
bunches for roughly one hour

With accessible electric field gradients in the MWWange, the spin will be tipped by a minus-
cule angle 10°-10* rad per single pass and the build-up of an obbéevgolarization in the
tenth-of-percent range demands a spin coherendegdl@-10' revolutions (roughly 1%-10*
s) of the stored beam and strong suppression ofntaad field components. False spin rotations
as a function of beam properties, focussing stractfield and alignment errors of deflectors

will be studied and minimized. A multipole corrextischeme to further optimize the ring lay-

out will be developed.

2. Optimization of electric pole shape to maximize spicoherence time and minimize field er-
rors (Lead participant Grenoble)

The spin coherence time has to be larger than $8006nds to reach the anticipated statistical
sensitivity of the experiment. During this time kamarticle performs about 1furns in the stort
age ring moving on different trajectories throubh optics elements at different beam momenta.

The spin tune spread in the ring elements duefterdint types of space and time dependent non-

linearities plays a crucial role. The resultingnspine spread leads to a reduced spin coherence
time. Time-dependent spin tune spreads are retatelifferent times of flight in focusing and
deflecting elements. The space-dependent spingpreads are associated with differences of
focusing and deflecting fields on the trajectorypafticles. Recent simulations indicate that|the
optimization of the pole shape of the electrostdafiector elements can significantly increase

the spin coherence time. In a second approachsibban shown, that an alternating change of
pole shape can further increase the spin coher@mee This study has been performed with a
generic lattice. The aim of this task is to utiltbe final lattice developed in this Design Study

and to verify these preliminary results. In additibe influence of the pole shape on systematic
vertical spin rotations has to be studied.

3. Development of high-precision spin-tracking codesral its benchmarking for super-
computers (Lead participant Jilich)

Full spin-tracking simulations of the entire expegnt are absolutely crucial to explore the fea-
sibility of the planned storage ring EDM experineand to investigate systematic limitations.
The COSY Infinity simulation program and its updatge used to simulate beam and spin mo-
tion in storage rings. To study subtle effects ammaulate the particle and spin dynamics duting
the storage and build-up of the EDM signal, onedeemustom-tailored fast trackers capable of
following up to 100 billion turns for samples of tp 1@ particles. Given the complexity of the
tasks, particle and spin dynamics simulations peréal with the “COSY Infinity” code must be
benchmarked with other simulation programs and exyats performed at COSY to ensure the
required accuracy of the obtained simulation result

<
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4. Development of magnetic shielding based on mu-metahd SC tubes
(Lead patrticipant Julich)

The whole ring needs to be shielded from unwantddreal magnetic fields: e.g., the earth
magnetic field has to be reduced by a factor o183 Being common to all of EDM projects,
this problem can be addressed with a coordinatémitedmong the different collaborations.
Dedicated experience in magnetic shielding exises@, at PTB in Berlin, where high-sensitive
magnetometers are adopted to measure the magiedtis ériginated by patients inner organs
(i.e., heart, brain, etc.). In that environment shelding is realized by means of an active outer
shield, and a passive inner shield. The schemetadlop the proton EDM project foresees,| i
addition, the introduction of an inner active stlielhich could not be used in the medical aprli-

n

cation.
Deliverables
D-WP6.1 | Comparison of physics potential and systematic linations for different Month 12
methods
D-WP6.2 | First ring layout including investigation of required beam properties Month 24
D-WP6.3 | Full beam simulation and optimization of final ring layout Month 36

The following Table 3.1b shows the proposed distidn of resources in person-months for the
different work packages (WPs1-6). All of them watart during the first month of the project and
will be conducted for 36 (WPs3-5) and 42 (WPs1n@ &) months, respectively (see also the “Pro-
ject time line” on page 16). It is expected thatimly the last half year of the project, the resolts
WPs3-5 will be consolidated and, together withabst estimate of WP1, be included in the CDR.

Table 3.1b: List of work packages

Work Work Package Title Lead Lead Person- | Start End

package Participant Participant Months | Month | month
No No Short Name
1 Consortium 1 Jilich 23 1 42
Management
2 Dissemination 4 Thilisi 48 1 42
3 Electrostatic Deflectors 2 Aachen 114 1 36
4 Beam Instrumentation 2 Aachen 60 1 36
5 Polarimetry 3 Ferrara 120 1 36
6 Ring Layout 1 Jilich 84 1 42
449
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The following Table 3.1.c summarizes the delivesalirdered according to their delivery date and
the work package. The dissemination level is pybkc fully open (“PU”) or confidential (“CO”) —

it is our understanding that the CO-disseminatiowegy full access to all members of the Design
Study, e.g., via the website, but is password-ptetk against the outside world. This will assure
that internal information or preliminary result® aonfined within the core team until it is relehse
by the Dissemination Committee. As also mentionsdwehere the Conceptual Design Report as
the final deliverable will be published and thugpo the public.

Table 3.1c: List of Deliverables

Deliverable | Deliverable Work Shor}er:ia(ljme of Tvpe | Dissemination D%Ig{[(;ry
(number) name E\i(r:rll(ggr? participant yP level
1 D-WP1.1 1 Jiillich R CcO 1
2 D-WpP2.1 2 Thilisi DEC PU 6
3 D-WpP2.2 2 Thilisi R PU 6
4 D-WP1.2 1 Julich R fe) ’
5 D-WP4.1 4 Aachen R PU 12
6 D-WP6.1 6 Jlich R PU 12
7 D-WP1.3 1 Jiilich R CcO 13
8 D-WP1.4 1 Jilich R CcO 19
9 D-WP4.2 4 Aachen DEM PU 24
10 D-WP6.2 6 Jilich R PU 24
11 D-WP1.5 1 Jilich R CcO 25
12 D-WP5.1 5 Ferrara R PU 30
13 D-WP1.6 1 Jilich R CcO 31
14 D-WP3.1 3 Aachen DEM PU 36
15 D-WP3.2 3 Julich R PU 36
16 D-WP3.3 3 Ferrara R PU 36
17 D-WP3.4 3 Grenoble R PU 36
18 D-WP5.2 5 Ferrara DEM PU 36
19 D-WP5.3 5 Ferrara R PU 36
20 D-WP6.3 6 Jlich R PU 36
21 D-WP1.7 1 Jiilich R CcO 37
22 D-WP1.8 1 Jilich R CcO 40
23 D-WP1.9 1 Jilich R cO 42
24 D-WP2.3 2 Thilisi R PU 42
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3.2

Management structure and procedures

The organizational interaction of the Design Stpdyject participants in terms of their indi-
vidual contributions to the different work packagegiven in the diagram below: it demon-
strates the strongly interwoven structure in wheeleh institution is directly connected with
at least three participants. The addition of WP1l wroduce a symmetric interaction

between all participants.
Cooperation

Julich
WP 2,3,4,5,6
\

Aachen / \ Ferrara
WP 3,4,5 WP 3,5

\

Grenoble
WP 3,6 Cracow

WP 5
—

Thilisi
WP 2,5

The envisioned management structure of the pragesketched in the diagram below: the
primary decision making body is the Management BqdB), which consists of the re-
sponsible person of each of the work packages VBPafted one representative of each
participant institution — with the consortium maaagWP1) acting as its chairman. A
deputy chairman will be elected by the MB on itskkoff meeting. The MB discusses at its
meeting all relevant project-items and makes decsst if possible on mutual agreement; if
consent cannot be achieved, a decision will be nhgdeoting with all MB members having
one vote.

The consortium manager is at the same time the@rgoordinator who is closely working
with the Management Team (MT), comprising admiaisirs of the host institution (For-
schungszentrum Julich) and the participants; iessary there is the possibility for mutual
contact between members of the MT and the EU-Cosiams Usually, however, these

[EDM] 27

This proposal version was submitted by Hans Stroeher on 01/09/2014 14:40:13 CET. Issued by the Participant Portal Submission Service.



contacts are with the project coordinator — if eseey including the MT-member of the host
institution. The Coordinator supervises the Dissation Committee (DC) and reports to
the MB on their meetings. It is, however, also gassfor the DC and the MT to directly

contact the MB.

Managerial Structure

..~ EU-Commission

Management Coordinat Dissemination
Team (MT) oordinator Committee (DC)
"-..|Management | ..~
Board (MB)
Partners Work Packages
Cracow wp2 | [wp3
Ferrara Grenoble WP4 WP5 WP8
Jiilich | | Thilisi

All milestones listed in the table below correspomdtey deliverables of WPs, ordered with respect
to the date of delivery.

Table 3.2a: List of milestones
Milestone Milestone Related work Estimated date Means of
number name package(s) verification
1 D-WP2.1 2 6 DEC
2 D-WP6.1 6 12 R
3 D-WP3.1 3 18 DEM
4 D-WP4.2 4 24 DEM
5 D-WP5.1 5 30 R
6 D-WP5.2 5 36 DEM
7 D-WP6.3 6 36 R
8 D-WP1.9 1 40 R
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Table 3.2b lists critical risks as they are ideetifat the time of this writing. During the
course of the project, additional critical itemsynag@pear which will be reported to the MB
and addressed by a risk assessment task force.

Table 3.2b: Critical risks for implementation

Description of risk

Work package(s) Proposed risk-mitigation

does not reach required level.

involved measures
Beam instrumentation does not Lower systematic sensitivity will
) : o 4 and 6
achieve the required sensitivity. be reached.
Electric field gradients beyond 10 Ring design has to allow for a
3 .
MV/m are not reached. larger diameter.
Spin coherence time >1000 s is not 6 Measurement time to achieve sen-
reached. sitivity goal needs to be increased.
Passive shielding of magnetic fields 6 Development of an active shield}

ing scheme.

We are aware that this Design Study constitutesigha-fiisk high-impact endeavour;
therefore we are prepared to face unforeseen dgaiéethroughout the project.

3.3 Consortium as a whole

The consortium consists of 6 members, many of whane already collaborated in other
projects like, e.g., COSY hadron physics experiméANKE and WASA collaboration) and

in the ERC-supported PAX activity (POLPBAR). Theoperation between Jilich (Institute
for Nuclear Physics of Forschungszentrum Jilicll) Aachen (different institutes of RWTH

Aachen University) is particularly strong via th@idh-Aachen Research Alliance (JARA)
through the newly founded section JARA-Fame (Formed Matter Experiments), which
aims to investigate “The Fate of Antimatter”. Trenparticipant is CNRF Grenoble, which
brings in additional expertise in accelerator scgen

3.4 Resources to be committed

Table 3.4a: Summary of staff effort

[EDM]

WP1|WP2|WP3 | WP4|WP5|WP6 Total Person/
Months per Participant

1 Julich 18 12 12 30 24 60 156
2 Aachen 1 0 60 30 12 0 103
3 Ferrara 1 0 18 0 24 0 43
4 Thilisi 1 36 0 0 30 0 67
5 Krakow 1 0 0 0 30 0 31
6 Grenoble 1 0 24 0 0 24 49
Total Person/Months

23 48 114 60 120 84 449

29

This proposal version was submitted by Hans Stroeher on 01/09/2014 14:40:13 CET. Issued by the Participant Portal Submission Service.



We have taken the same ansatz for all participaitsrespect to travel costs, i.e., one travela(at
cost of 1000 € per travel) for every 6 person-msrdbplied for. Because of the low wages in
Poland and Georgia, however, in the case of thecjpents from Krakow and Thilisi the ratio of
‘other direct cost’ over ‘personnel costs’ exce#l%o, as indicated in the tables below.

Table 3.4b: ‘Other direct cost’ items (travel, equpment, other goods and services, large
research infrastructure)

Participant 4 Cost Justification
Thilisi ()

Travel | 14000 | Required in order for Thilisi to effectivatyanage WP2 as lead
participant and the tasks involved in WP5.

Equipment | O
Other goods and| 4000 Allocated cost for the organization of meetiag Thilisi, invited
services speakers, rent for conference rooms, etc.
Total | 18000
Participant 5 Cost Justification
Krakow (€)

Travel | 10000 | Required in order for Krakow to effectivelpmage the tasks
involved in WP5.

Equipment | O
Other goods and| 4000 Allocated cost for the organization of meetiagKrakow, invited
services speakers, rent for conference rooms, etc.
Total | 14000

None of the participants would like to declare sasftlarge research infrastructure.
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4, Members of the consortium
4.1. Participants (applicants)

a)  Jilich

Forschungszentrum Jilich (FZJ, Julich)is one of Europe’s largest interdiscipli-
nary research centers, which was founded in 1986carrently has a staff of more
than 5500, including close to 2000 scientists.chiik aiming to identify comprehen-
sive solutions to the grand challenges facing $pciResearch comprises the fields
of health, energy and environment, and informatemtnology with a strong basis in
the physical sciences — here in particular thectaire of matter. World-class tools
such as accelerators, supercomputers, analyticapragnt and imaging instrumen-
tation are employed to generate results with dipectefits for society.

Within the program “Structure of Matter”, Julichpaits its equipment and experi-
ence, e.g., by taking on a leading role in hadtioysjes at FAIR (construction of the
High Energy Storage Ring (HESR) and contributiom$?ANDA). Julich operates
and develops the cooler synchrotron (COSY) andyasrplans for advanced accel
erator-based future research infrastructures, imgjldn the experience with this stor-
age ring for more than 20 years of operation irrtwaghhysics with polarized beams.
In this context, the direct access and close cabjoer with the Jilich Supercomputer
Center (JSC) and with the Central Institute for ilBagring, Electronics and Analyt-
ics (ZEA) is an invaluable asset.

Julich has close scientific contacts (common apgpuents of professors) with many
of the surrounding universities in Germany (AachHgo¢chum, Bonn, Cologne, Dus-
seldorf, Essen, Erlangen-Nurnberg, Munster, Wupfeand abroad (e.g., Leuven,
Belgium) and cooperates with major laboratorieslawaide. Together with RWTH
Aachen University it has founded the “Julich-AacHeesearch Alliance” (JARA),
comprising 5 sections, one of which is “JARA-Fan{ebrces and Matter Experi-
ments), which aims to investigate the “Fate of Awtiter”.

Hans Stroher (male, 21.08.1952): Curriculum Vitae

- Current Position: Director of the Institut fur Kernphysik (IKP-2) of
Forschungszentrum Jilich (since 1998), and
Full Professor (C4) at Institute for Nuclear Phgsic
at the University of Cologne, Germany (since 1998)

- Scientific Degrees:

- Diploma in physics, University of Giessen, Germé&bh§380)

- PhD in physics, University of Giessen, Germany @)98

- Habilitation in physics, University of Giessen, &any (1990)
- Previous Positions:

- Post Doc, University of Giessen; short-term stay3INR (Dubna,
Russia), LBL (Berkeley, USA) and BNL (BrookhavenSA)
(1983 — 1987)

- Scientific assistant, GSI Darmstadt, Germany (1:98890)
- Scientific staff, University of Giessen, German990 — 1995)
- Professor (C3), University of Mainz, Germany (1995998)
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Scientific interests: hadron physics with electrgmetic and hadronic probes; sym-
metries and symmetry violation; spin physics. Remgian ERC Advanced Grant
(“POLPBAR?”) in 2010. Co-author of more than 200esttific papers and more than
70 invited talks at international conferences. 8dren many program advisory and
review committees and wasl/is (co-)chairman of almemof international scientific
conferences. Member of the “International Spin Rtsy€ommittee” (ISPC) since
2010 and of JARA-Fame since 2012. Has been awdrdedrary doctors at Thilisi
State University (TSU) in 2010 and Georgian Tecainigniversity (GTU) in 2014.

Publications relevant for the proposed research:

1. C. Weidemann et al. (PAX collaboratiofjpward polarized antiprotons: Ma-
chine development for spin-filtering experiments @OSY ,arXiv: 1407.6724v1
(24 July2014), submitted to Phys. Rev. STAB,;

2. P. Adlarson et al. (WASA collaboratiortvidence for a new resonance from
polarized neutron-proton scatterind?Ol: 10.1103/PhysRevlLett.112.202201;

3. P. Goslawski et al. (ANKE collaboratiortjigh precision beam momentum de-
termi-nation in a synchrotron using a spin resonaac method DOI:
10.1103/PhysRevSTAB.13.022803, 2010;

4. W. Augustyniak et al. (PAX collaborationffolarization of a stored beam by
spin-filtering Phys. LettB 718(2012) 64;

5. D. Oellers et al. (PAX collaborationiolarizing a stored beam by spin flip?,
Phys. Lett.B 674 (2009) 269. See also: D. Oellers et al. (PAX duilation),
New experimental upper limit of the electron-protospin-flip cross section,
Nucl. Instr. Meth. in Phys. ReA.759 (2014) 6.

[EDM]

Mei Bai (female, March 1968): Curriculum Vitae

- Current Position: Scientist (tenured) @ Brookhaven National Labora-
tory, New York, USA

Incoming new Director of the Institut fur Kern-
physik (IKP-4), anticipated starting date Dec. 2014

Scientific Degrees:

- M.S. in physics, University of Science and Techggldefei,
China (1992)

- PhD in physics, Indiana University, Bloomington, (MSA)
(1999)
Previous Positions:
- Scientist, RHIC Accelerator Group, BNL (2005 — 2p14
- Associate Scientist, RHIC Accelerator Group, BNDE2 -2004)
- Research Associate, RHIC Accelerator Group, BNL9€19 2001)

Awards:

- International Particle Accelerator Conference'l@dlerator Prize
for an individual, in the early part of his or leareer, having made
a recent significant, original contribution to thecelerator field,
2010
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- Beam Dynamics Outstanding Doctoral Thesis Award(@0
- McCormick Science Grant, Indiana University (1998)

Her expertise is in accelerating polarized beants spin manipulation. She earned
her Ph. D by demonstrating a novel technique ofamraing strong intrinsic spin

resonances using an RF dipole. Over the past deshdanade significant contribu-
tions to the spin physics program at Relativisteakly lon Collider (RHIC), and es-
tablished polarized proton operation at RHIC. Idiadn to spin dynamics, she also
has the expertise in beam manipulations, and casdesearch in both linear and
non-linear beam dynamics.

Publications relevant for the proposed research:

1. Bai, M., et al, Overcoming Intrinsic Spin Resonances with an rf @ife. Phys.
Rev. Lett.80, 4673 (1998), http://prola.aps.org/pdf/PRL/V80/E673 1;

2. Bai, M., Brown, K. A., Fischer, W., Roser, T., Teais, N., and van Zeijts, J.
Adiabatic excitation of longitudinal bunch shape odlations, Phys. Rev. ST
Accel. Beams3, 064001 (2000),
http://prst-ab.aps.org/pdf/PRSTAB/v3/i6/e064001;

3. Bai, M., et al.,Observation of a Hybrid Spin Resonanceéhys. Rev. Lett84,
1184 (2000),_http://prola.aps.org/pdf/PRL/v84/I6IB4 1,

4. Bai, M., MacKay, W.W., Roser, TComment on “spin manipulation of 1.94
GeV/c polarized protons stored in the COSY coolarchrotron, Phys. Revi. ST
Accel. Beams, 099001, (2005),
http://prst-ab.aps.org/pdf/PRSTAB/v8/i9/e099001;

5. Bai, M., Roser, T.Full Spin Flipping in the Presence of Full Siberiarsnakes
Phys. Rev. Lett96, 174801 (2006).

Ralf Gebel (male, 12.12.1961): Curriculum Vitae

- Current Position: Scientist at the Nuclear Physics Institute IKR#4
Forschungszentrum  Jilich (since 1995)
CERN research associate

- Scientific Degrees:

- Diploma in Physics, University of Bonn at ISKP (298
- PhD in physics, University of Bonn at ISKP (1994)

- Previous Positions:
- Scientist, University Bonn, ISKP (1990 - 1995)

He is experienced in the field of experimental lbadphysics, accelerator physics,
polarized ion and atomic beam sources, detectorpdiarized beams, cyclotron ap-
plications, and the development of accelerator aorepts. He has worked on ex-
periments with polarized beams at Bonn, PSI and Y;@8 the polarized ion source
for COSY, sources and LEBT for the COSY SC Linac ojgut
Cyclotron vacuum, RF and extraction upgrades, tigadicker systems for HESR
at FAIR, and the ion source development for ELENRBRIN and future accelerators.
He is presently member of the International Orgatnin Committee of Cyclotrons
and their applications, and the Scientific Commaitbé European Cyclotron Progress
Meeting.
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Publications relevant for the proposed research:

1. P. Benati et al.Synchrotron oscillation effects on an rf-solenoichis reso-
nance DOI:10.1103/PhysRevSTAB.15.124202 (2012);

2. P. Goslawski et al.High precision beam momentum determination in a
synchrotron using a spin resonance method DOI:
10.1103/PhysRevSTAB.13.022803 (2010);

3. D. Chiladze et al.petermination of Deuteron Beam Polarizations at C®S
DOI:10.1103/PhysRevSTAB.9.050101 (2007);

4. P.D. Eversheim et alRrecise position- and angle-control of a proton lmea
DOI:10.1016/0168-9002(95)01008-4

5. P.D. Eversheim, et alRarity violation in proton-proton scattering at 18.MeV,
Phys. Lett. B DOI:10.1016/0370-2693(91)90209-9

Andro Kacharava (male, 22.08.1959) Curriculum Vitae

A - Current Position: Scientist at Institut fir Kernphysik at Julichinge
¢ | 2008)
L= a_ - Scientific Degrees:

- Diploma in physics, Joint Institute for Nuclear Rasch, Dubna
Russia (1989)

- PhD in physics, Thilisi State University, Thilisseorgia (1994)
- Previous Positions:

[EDM]

- PostDoc at the Laboratory of Nuclear Problems BiRJIDubna
(1994 — 2000)

- Visiting professor (COE) of the Research CenteNaclear Phys-
ics, Osaka University, Japan (2000 — 2001)

- Research assistant at the Physikalisches Instifutyniversitat
Erlangen-Nurnberg, Erlangen, Germany (2002 — 2007)

Since 2005, he is the spokesperson of the ANKEabohation at COSY. He has
been scientific coordinator for the Georgian gradpligh Energy Physics Institute

of Thilisi State University for 3 approved projectdated to spin physics and sup-
ported by SRNSF (Shota Rustavelli National Scidhaendation) including the on-

going project - "Julich Electric Dipole Moment Irstegjations” (D1/19/6-200/11).

In frame of the project - "Georgian-German ScieBddge" - he has been supervisor
for 4 doctoral and 6 diploma theses based on thdtseobtained in Julich using the
COSY facilities. He is author more than 140 pultim@s in international journals.
Recently (July 2014), he has been awarded witheviavakishvili medal of Thilisi
State University. Presently he is the head of thiglipation committee of the JEDI
collaboration.

Publications relevant for the proposed research:

1. C. Weidemann et al. (PAX collaboratiofjpward polarized antiprotons: Ma-
chine development for spin-filtering experiments @OSY ,arXiv: 1407.6724v1
(24 July2014), submitted to Phys. Rev. STAB;

2. P. Goslawski et al. (ANKE collaboratiorbljgh precision beam momentum de-
termi-nation in a synchrotron using a spin resonaac method
DOI:10.1103/PhysRevSTAB.13.022803, 2010;
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3.  W. Augustyniak et al. (PAX collaborationffolarization of a stored beam by
spin-filtering Phys. LettB 718(2012) 64;

4. Z.Bagdasarian, et aMeasuring the Polarization of a Rapidly Precessibgu-
teron, Phys. Rev. ST — Accel. Bearhg, 052803 (2014);

5. A. Kacharava and C. Wilkin (ANKE collaboratioriResults from the spin pro-
gramme at COSY-ANKE Nuclear Physics News (NUPECC) Vol. 23, No.2
(2013).

Volker Hejny (male, 26.11.1967): Curriculum Vitae

- Current Position: Scientist at the Nuclear Physics Institute IKH-at-
schungszentrum Jilich (since 2002)

Scientific Degrees:
- Diploma in Physics, University of Giel3en (1993)
- PhD in physics, University of Giel3en (1998)
Previous Positions:
- PostDoc, Forschungszentrum Julich, IKP (1999 - 2002

He has a longtime experience in experimental hagrorsics with electromagnetic
and hadronic probes, development and operationadicfe detectors at storage
rings, data acquisition systems and data analysis.has worked on experiments
with TAPS at MAMI and GSI as well as with the ANKdhd WASA detector sys-

tems at COSY. The main physics interests are ptamuand decays of light mesons
and symmetries and symmetry breaking in hadrorstesys.

Publications relevant for the proposed research:

1. Z. Bagdasarian, et aMeasuring the Polarization of a Rapidly Precessibgu-
teron, Phys. Rev. ST — Accel. Bearhg, 052803 (2014);

2. P. Benati et al.Synchrotron oscillation effects on an rf-solenoicpis reso-
nance Phys. Rev ST — Accel. Beart§, 124202 (2012);

3. D. Chiladze et al.Determination of Deuteron Beam Polarizations at C®S
DOI:10.1103/PhysRevSTAB.9.050101, 2007,

Irakli Keshelashvili (male, 23.12.1978): CurriculumVitae

- Current Position: Scientist at Institut fur Kernphysik at Julich
(since 2014)
- Scientific Degrees:
- MS. in Physics, Thilisi State University, Georgk(2)
- PhD in physics, Thilisi State University, Georgk®(6)

- Previous Positions:
- PostDoc, Institut fir Kernphysik at Julich (2002608)
- PostDoc, University of Basel (2008 - 2014)
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He has experience of preparing and performing éxyeits in particle physics. In
different times, he worked with electromagnetic &adironic probes, as well as the
development and operation of particle detectoraguphoton and hadronic beams.
He has worked for different experiments like, Cay8all/TAPS at MAMI (Mainz),
Crystal Barrel/TAPS at ELSA (Bonn) as well, as ANKRd WASA detectors at the
COSY storage ring. The main physics interests aderstanding of the structure of
nucleons and the nature of strong interaction. [gweg of new instrumentation or
the optimization of the existing detectors werertren goal of his work. He was su-
pervising Master's and co-supervising of Ph.D. wetlk has experiences of lecturing
of detector and nuclear reactor physics courses.

Publications relevant for the proposed research:

. H. J. Stein at al.Petermination of target thickness and luminositydim beam energy

lossesPhys. Rev. ST Accel. Bearh4, 052801;

. M. Gottschall et al.First Measurement of the Helicity Asymmetry fop—pz° in the Reso-

nance RegionPhys. Rev. Lettl12, 012003;

. J. Hartmann et alN(1520) 3/2- Helicity Amplitudes from an Energy-lmendent Multi-

pole Analysis Based on New Polarization Data on Rtproduction of Neutral Pions
Phys. Rev. Lett113 062001;

. M. H. Sikora et al.Measurement of the H(? p Jz° Reaction Using a Novel Nucleon Spin

Polarimeter, Phys. Rev. Lettl12 022501:

. D. Hornidge et al.Accurate Test of Chiral Dynamics in thg”p—z°p Reaction Phys. Reuv.

Lett. 111, 062004.

[EDM]

Bernd Lorentz (male, 03.11.1965): Curriculum Vitae

- Current Position: Scientist at Institut fir Kernphysik at Julichin(e
1999)
- Scientific Degrees:
- Diploma in physics, Ruprecht-Karls Universitat Helgerg (1993)

- Master of Science in Physics, University of Wisaons Madison
(1996)

- PhD in Physics, University of Wisconsin — Madisa948)
- Previous Positions:

- MPI fur Kernphysik, Heidelberg (1991 — 1993)

- University of Wisconsin — Madison (1993 — 1999)

He has longtime experience with operation of stenaggs with polarized beams and
targets. Since 1999 he works on beam polarimetiyb@am dynamics for many dif-
ferent hadron physics experiments carried out @atGboler Synchrotron COSY of
the Forschungszentrum Jilich. He is part of theldidngagement in the collabora-
tion designing and building the High Energy Stor&peg (HESR) for antiprotons at
the future Facility for Antiproton and lon ReseafEIR) at Darmstadt.

Publications relevant for the proposed research:
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1. H. O. Meyer et al.Polarization lifetime near an intrinsic depolarizig reso-
nance Phys. RevE.59, 3578 (1997);

2. B. Lorentz et al. Angular distribution of the longitudinal pp spin cwelation
parameter Azz at 197.4 MeWhys. RevC.51, 054002 (2000);

3. D. Chiladze et al.petermination of Deuteron Beam Polarizations at C®S
Phys. Rev. STAB, 050101 (2007);

4. V. S. Morozov et al.Experimental Verification of Predicted Beam-Polagftion
Oscillations near a Spin ResonancBhys. Rev. Lettl00, 054801 (2008);

5. P. Goslawski et al.High precision beam momentum determination in a
synchrotron using a spin resonance metho®hys. Rev. STAB13 022803
(2010);

Hans-Joachim Krause (male, 12.12.1963): Curriculunvitae

- Current Position: Scientist at Peter Grinberg Institute at Julich
(since 1997)
Scientific Degrees:
- Diploma in Physics, RWTH Aachen (1990)
- PhD in Physics, RWTH Aachen (1993)
Previous Positions:
- Visiting professor, Université Pierre et Marie @urdParis (2011)

- Post-doctoral researcher at Institut fur Schichd lonentechnik at
Jilich (1993-1997)
Expertise in development and applications of magtietid sensors and their

readout electronics, on SQUID magnetometry and miaghiosensing, on magnetic
nanoparticle actuation and detection, and on leWd fnuclear magnetic resonance.

Publications relevant for the proposed research:

1. J. Zhao, Y. Zhang, Y.-H. Lee, H.-J. Krause, In\gstion and optimization of
low-frequency noise performance in readout eleatsnf dc superconducting
guantum interference device, Review of Scientifistituments85, 054707
(2014).

2. J.Zeng, Y. Zhang, M. Muck, H.-J. Krause, A.l. Bregki, X. Kong, X. Xie, A.
Offenhausser, Mianheng Jiang, High intrinsic n@ed absence of hysteresis in
superconducting quantum interference devices vdthgel Steward-McCumber
parameter, Appl. Phys. Left03 042601 (2013).

3. C. Liu, Y. Zhang, M. Muck, H.-J. Krause, A.l. Bragki, X. Xie, A. Of-
fenhausser, M. Jiang, An insight into voltage-biasaperconducting quantum
interference devices, Appl. Phys. Ldi01, 222602 (2012).

4. Y. Zhang, G. Zhang, H. Wang, Y. Wang, H. Dong, Xe XM. Muck, H.-J.
Krause, A.l. Braginski, A. Offenhausser, M. Jia@gmparison of noise perfor-
mance of the dc SQUID bootstrap circuit with thathe standard flux modula-
tion dc SQUID readout scheme, IEEE Trans. Appl. ésapnd.21, 501-504
(2011).
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Andreas Lehrach (male, 16.09.1965): Curriculum Vita

- Current Position: Interim Director, Institut fir Kernphysik (IKP-4),
Forschungszentrum Julich, Germany (since March
2014), Professor for physics of particle accelegto
at RWTH Aachen University (since July 2013)

- Scientific Degrees:
- Diploma in Physics, Rheinische Friedrich-Wilhelmaiersitat
Bonn (1994)

- PhD in Physics, Rheinische Friedrich-Wilhelms-Umnsigt Bonn
(2997)
- Habilitation in Physics, Rheinische Friedrich-Wilms-Universitat
Bonn (2008)
- Previous Positions:
- PhD student, Institut fir Kernphysik, Forschungszen Julich,
(1995 - 1997)
- Postdoc, Institut fur Kernphysik, Forschungszenttiich (1998)
- Postdoc, Collider-Accelerator Department, BrookmaMational
Laboratory (1999 — 2000)
- Staff scientist, Institut fur Kernphysik, Forsclyszentrum Julich
(2001 — 2013)
Longtime expertise in beam- and spin dynamics ¢dnpeed hadron beams in circu-
lar accelerators. He developed the concept and ¢ssroned polarized proton and
deuteron beam acceleration in the Cooler Synchrot@OSY of the For-
schungszentrum Julich and is responsible for beanardics and lattice design of

the High-Energy Storage Ring (HESR) for antiprotahthe future Facility for Anti-
proton and lon Research (FAIR) at Darmstadt.

Co-spokesperson of the JEDI collaboration (httplldborations.fz-juel-
ich.delikp/jedi), aiming at electric dipole momemeasurements of protons and
deuterons.

Publications relevant for the proposed research:

1. A. Lehrach et al.Matching Intrinsic Spin Harmonics at COSYNucl. Instrum.
Meth. A439:26 (2000);

2. |. Alekseev et al.Polarized Proton Collider at RHIC Nucl. Instrum.
Meth. A499:392 (2003)

3. F. Rathmann et alA Method to Polarize Stored Antiprotons to a High
Degree Phys. Rev. Lett. 94:014801 (2005)

4. V.S. Morozov et al Spin manipulating stored 1.85 GeV/c vector amt
sor polarized spin-1 boson$hys. Rev. ST Accel. and Beams 8:061001
(2005)

5. P. Goslawski et al High precision beam momentum determination in a
synchrotron using a spin resonance methdehys. Rev. ST Accel. Beams
13:022803 (2010
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Frank Rathmann (male, 05.10.1961): Curriculum Vitae

. - Current Position: Scientist at Institut fur Kernphysik at Julich nse
‘ \ 2000)

vw - Scientific Degrees:
i - 1% State Examination in Physics and Physical Educat®hilipps-

" . University Marburg (1989)
M - 2" State Examination in Physics and Physical Edusatio
Studienseminar Bensheim (1991)
- PhD in Physics, Philipps-University Marburg (1994)
- Habilitation, Friedrich-Alexander Universitat Erigen (2000)
- Previous Positions:
- University of Wisconsin-Madison, USA (1994 — 1997)

- Friedrich-Alexander Universitat Erlangen (1997 60Q)

- Awards:

- Feodor Lynen Fellowship of the Alexander von Hunab®lounda-
tion at Madison, WI, USA (1994 — 1997)

Expertise with polarized probes in storage ringegkpents, few nucleon physics,
and antiproton polarization. He is Co-spokespersbnthe PAX collaboration

(http://collaborations.fz-juelich.de/ikp/pax), amgi at the production of a stored
beam of polarized antiprotons. He is Co-spokesperdothe JEDI collaboration

(http://collaborations.fz-juelich.de/ikp/jedi), aing at electric dipole moment
measurements of protons and deuterons.

He served as an elected member on the Internat@pial Physics Committee (2003
to 2010), and as a member of the Scientific andhiiieal Council of For-
schungszentrum Jilich (2007 to 2008). He has mahfmethe PAX collaboration
the Joint Research Activity POLANTIP inside the fAework Programme 7 (as part
of Hadron Physics - Study of strongly interacting Matter).

Publications relevant for the proposed research:

1. F. Rathmann, C. Montag, D. Fick et &llew method to polarize protons
in a storage ring andimplications to polarized antiprotonsPhys. Rev. Lett.
71(1993) 1379;

2. D. Oellers, et al.Polarizing a stored beam by spin-flipPhys. Lett.B 674
(2009) 269;

3.  W. Augustyniak, et alPolarization of a stored beam by spin-filteringPhysics
Lett. B 718(2012) 64;

4. P. Benati, et al.Synchrotron oscillation effects on an rf-solenoicoie reso-
nance Phys. Rev. ST Accel. Beart§ (2012) 124202;

5. C. Weidemann et al. (PAX collaboratiojpward polarized antiprotons: Ma-
chine development for spin-filtering experiments @0OSY ,arXiv: 1407.6724v1
(24 July 2014), submitted to Phys. Rev. STAB.
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Helmut Soltner (male, 12.12.1961): Curriculum Vitae

- Current Position: Scientist at the Central Institute of Engineering,
Electronics and Analytics (ZEA-1) Julich (since
2001)
- Scientific Degrees:
- Diploma in physics, RWTH Aachen University (1989)
- PhD in physics, RWTH Aachen University (1994)

He studied physics at the RWTH Aachen University] & specialized in solid state
physics and in thin film high-temperature supereaiity. As a post-doc at For-

schungszentrum Julich, he investigated topics éanfignetism and non-destructive
evaluation based on SQUID sensors from high-tenyperasuperconductors. In

2001, he joined the staff of the European Spata8ource project. His current posi-
tion in Julich involves the design of magnetic dewi like e.g., superconducting
high-field magnets, permanent magnet assembliesjagnetically shielded enclo-
sures for particle beam lines and experiments.

Publications relevant for the proposed research:

1. Y. Zhang, W. Zander, J. Schubert, F. Réders, Htn8gl M. Banzet, ... & A.l
Braginski, Operation of high-sensitivity radio frequency sumemducting
guantum interference device magnetometers with swepeducting coplanar
resonators at 77 KAppl. Phys. Lett. 71(5), (1997) 704,

2. M.L. Lucia, R. Hohmann, H. Soltner, H.J. Krause, Wolf, H. Bousack, A.
Binneberg,Operation of HTS SQUIDs with a portable cryostat: 3QUID sys-
tem in conjunction with eddy current technique feron-destructive evaluation
Applied Superconductivity, IEEE Transactions orR)7(1997) 2878.

3. H. Soltner, U. Pabst, R. Téll&)agnetic-field calculations of the superconduct-
ing dipole magnets for the High-Energy Storage Riag FAIR,. Particle Accel-
erator Conference, 2007. PAC |IEEE (2007) pp. 194,

4. C. R. Davidson, R. H. Griffin, K. J. Best, L. Malfiw. Wolf, Y. Zhang, ..., H.
Soltner, Design of a Magnetically Shielded Room for Develogmh of HTS
SQUID Systems for MagnetocardiographyBiomag 96 Springer New York
(2000) 35.

5. H. Soltner, U. Pabst, M. Butzek, M. Ohl, T. Kozigkki, M. Monkenbusch, ...
,and D. FugateDesign, construction, and performance of a magnellg
shielded room for a neutron spin echo spectrometiiucl. Instr. Meth. Phys.
Res.A644, (2011) 40.

b)  Aachen

RWTH Aachen University, established in 1870, is one of 11 elite univagsiin

Germany. It is divided into 9 faculties, includinge medical faculty. Currently
around 40,375 students are enrolled in over 13Beam& programs. The number of
foreign students (6,395) substantiates the uniyéssinternational orientation. Every
year, more than 5,800 graduates and 750 doctadligtes leave the university. Ap-
proximately 512 professors as well as 4675 acadamic 2443 non-academic col-
leagues work at RWTH Aachen University. The unitgrbudget amounts to 884
million Euros, of which nearly 445 million Euroseaiunded by third parties. Moreo-
ver, special field research, 27 graduate collegespng them 15 founded by the
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German Research Foundation, 16 affiliated insstutgh strong industrial alignment
illustrate the university’s considerable reseatenmtial.

The RWTH Aachen University is one of the leadinghtacal universities in Ger-
many with a strong focus in engineering and natscances. It provides an ideal
environment for the most challenging technologi=elopments. Embedded in the
department of physics is the Ill. Physikalischetitas with its focus on basic re-
search in particle physics and spin-off into radiatherapy. The institute is involved
in the CMS experiment at CERN, neutrino physicgquts IceCube, DoubleChooz,
T2K, LENA, and JUNO and in the search for EDMsoperates a computer station
in the World Wide LHC Computing Grid, has extenslaboratories and excellent
support from mechanical and electronics engineegiogps.

Relevant for the Design Study is the JARA (JulicheAen Research Alliance) sec-
tion “Fame”, (Forces and Matter Experiments), whatims to investigate the “Fate
of Antimatter.

Achim Stahl (male, 1962) Curriculum Vitae

[EDM]

- Current Position: Full professor and head of the Ill. Physikalisches
Institut B at the RWTH Aachen University (since
2004)

- Scientific Degrees:
- Diploma in physics, University Tubingen (1988)
- PhD in Physics with distinction , University of tdeiberg (1992)
- Habilitation, Universitat Bonn (1999)
- Previous Positions:
- Postdoc, Universitat Bonn (1992 — 2001)

- leading scientist at the Deutsches Elektronensystram DESY
(2001 — 2004)

- Awards:
- Feodor-Lynen fellowship (1996 — 1998)
- 'Distinguished professor' at RWTH Aachen Univer§2913)
- Scientific Associate Ship, CERN (2014)

He worked on & colliders in the experiments ALEPH, OPAL, SLD, BaBand
TESLA and on the accelerator development E166 &CSlHe is a member of the
neutrino physics experiments Double Chooz and JUd@, of the JEDI collabora-
tion. His speciality is the physics of tau lept@r neutrino oscillations. He has a
very broad experience in detector development.niifor projects were the ALEPH
trigger, the barrel part of the BaBar calorimetbg positron polarimeter of the E166
experiment, the silicon tracker end caps of the GM&&ctor, and the trigger system
of Double Chooz. Currently he is working on thentrend electronics of the JUNO
detector and on the electrostatic deflectors fer DM ring. He is director of the
Julich Aachen Research Alliance, section FAME, oral representative of the
German groups in the CMS collaboration and spoksespeof the BMBF research
focus "Particle Physics with the CMS experimentttgi#www.fsp102-cms.de/).
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Both mandates for CMS will end in June 2015. Hal$® national representative in
the JUNO collaboration.

Publications relevant for the proposed research:
A. Stahl,Physics with tau leptonsSpringer Tracts Mod. Phys.160 (2000) 1;

S. Chatrchyan et al. [CMS Collaboratio@jpservation of a new boson at a mass
of 125 GeV with the CMS experiment at the LEHHTHEP 06 (2013) 081;

K. Abe et al. [T2K Collaboration)ndication of Electron Neutrino Appearance
from an Accelerator produced Off-axis Muon NeutrinBeam Phys. Rev. Lett.
107 (2011) 041801;

Y. Abe et al. [DoubleChooz Collaboratiomhdication for the disappearance of
reactor electron antineutrinos in the Double Choexzperiment Phys. Rev. Lett.
108 (2012) 131801;

J. Beringer et al. [Particle Data Groufeview of Particle Physi¢hys. Rev.
D86 (2012) 010001.

1.
2.

[EDM]

Jorg Pretz (male, 01.06.1966): Curriculum Vitae

Current Position: Professor of physics at RWTH Aachen University
(since 2012)

Scientific Degrees:
- Maitrise de Physique, University de Provence Mées¢1990)
- Diploma in Physics, Mainz University (1992)
- PhD in Physics, Mainz University (1997)

- Habilitation and Privatdozent, Bonn University (Z002008)
Previous Positions:

- Yale University (1998- 2000)

- University Bonn (2006- 2011)

- CERN Scientific Associate (Oct 2064Aug. 2005)

He has experience in hadron physics, studyingpirestructure of the nucleon at the
COMPASS experiment at CERN and in precision physicging on the muon g-2
experiment at Brookhaven National Laboratory. Fothbexperiment he worked as
analysis coordinator and was deputy technical goatdr for the COMPASS ex-
periment. Currently he is co-spokesperson of tHel &llaboration.

Publications relevant for the proposed research:

1.

Z. Bagdasarian, et aMeasuring the Polarization of a Rapidly Precessibgu-
teron Beam Phys. Rev. ST — Accel. Beams 17, 052803 (2014);

J. PretzMeasurement of Permanent Electric Dipole Moments@harged Had-
rons in Storage RingsHyperfine Interact. 214 (2013) 1-3, 111;

J. PretzComparison of methods to extract an asymmetry paesen from data
Nucl. Instrum. Meth. A659 (2011) 456;

J. Bieling et al.Jmplementation of mean-timing and subsequent logimctions
on an FPGA Nucl. Instrum. Meth. A 672 (2012) 13;

14

This proposal version was submitted by Hans Stroeher on 01/09/2014 14:40:13 CET. Issued by the Participant Portal Submission Service.



5. H. Brown et al. [Muon g-2 Collaboratiorfrecise measurement of the positive
muon anomalous magnetic momerRhys. Rev. Lett. 86 (2001) 2227.

C) Ferrara

The Ferrara group at the Dipartimento di Fisicacet&e della Terra of thdniver-
sity of Ferrara possesses expertise in:

- Experiments in (polarized) physics with both electagnetic (HERMES,
JLAB) and hadronic probes (LEAR, E835, PAX).

- Polarized targets. The group was responsible ferrtimning of the Internal
Polarized Target and of the Polarimeter of the HESVexperiment. A la-
boratory for the development of high-intensity ped sources is equipped
in Ferrara.

- Storage cells. The mechanical workshop has be@omstble for the design
and production of the storage cells of the HERMB&YMPUS and PAX
experiment.

- Detector design. The group is presently responsiiolthe design and realiza-
tion of the beam polarimeter of the PAX experiment.

- Analysis of polarized data (HERMES, JLAB, PAX).

- DAQ. The electronic workshop has worked to the glesind realization of
the DAQs system for different high-energy physicperiments (NA48,
NA62 and LHCb— CERN, E835-Fermilab, and Babar-SLAC)

- Superconductivity. Prototype construction, changza¢ion, and precise map-
ping.

- Coordination activities in international collabocais (HERMES, PAX).

Paolo Lenisa (male, 17.06.1965): Curriculum Vitae
- Current Position: Associated professor at University of Ferrara (3014

- Scientific Degrees:
- Degree in Nuclear Engineering, Politecnico di Mdgi992)
- PhD in Physics, University of Ferrara (1997)

- Habilitation for full and associated professor xpErimental Phys-
ics of Fundamental Interactions (MIUR-2014)

Previous Positions:
- MPI - Heidelberg (1997-1998)
- Researcher at University of Ferrara (1998-2014)

Trained in atomic physics, in 1998 he got involwedpin-physics as member of the
HERMES collaboration (deep inelastic scattering ezxpent at HERA-DESY,
Hamburg), where from 2000 to 2005 he was coordimaitthe international group of
researchers running the polarized target. Sincel,2B0 is co-spokesperson of the
PAX Collaboration (Polarized Antiproton eXperiméntsle has been scientific co-
ordinator for the University of Ferrara for 3 praije approved by the MIUR (PRIN
2003, 2006, 2008) devoted to the study of transtyeos the nucleon and of 4 ap-
proved European projects devoted to polarized attips. Since 2011, he is mem-
ber of the International Committee for the spin by. Since 2012 he is member of
the INFN — Scientific Commission 3. He is authomadre than 150 publications in
international journals, tutor of 7 doctoral thesesl 8 diploma theses in physics.
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Since 1999 he is lecturer of the courses of Gerighgikics at the University of Fer-
rara.

Publications relevant for the proposed research:

1. Z Bagdasarian, et al., Measuring the Polarization of a Rapidly Precessibgu-
teron Beam Phys. Rev. ST — Accel. Bearhg (2014) 052803;

2. D. Oellers, et al.Polarizing a stored beam by spin-flipPhys. Lett.B 674
(2009) 269;

3.  W. Augustyniak, et alPolarization of a stored beam by spin-filteringhysics
Lett. B 718(2012) 64;

4. P. Benati, et al.Synchrotron oscillation effects on an rf-solenoicois reso-
nance Phys. Rev. ST Accel. Bearth§ (2012) 124202;

5. C. Baumgarten et alAn atomic beam polarimeter to measure the nuclear
polarization in the HERMES gaseous polarized hydesgand deuterium tar-
get, Nucl. Instrum. MethA 482 (2002) 606.

Greta Guidoboni (female, 13.04.1984): Curriculum \iae
- Current Position: Postdoc at the Ferrara University (since 2013)
- Scientific Degrees:

- Bachelor Degree in Physics, Ferrara University @00

- Master Degree in Physics, Ferrara University (2009)

- PhD in Physics, Ferrara University (2013)

She has experience in hadron physics, studyingpire structure of the nucleon at
the PAX experiment at COSY (COoler SYnchrotron)Jiiich, and in precision
physics working for the EDM (Electric Dipole Momégrexperiment at COSY. For
the PAX experiment she developed an interlock sysie guarantee safe working
condition of the detection system, based on a Fle@#rol. Currently she is part of
the JEDI collaboration which aims to measure thévViEbld charge particles using a
storage ring. Her research activity is focusedhendata analysis of a polarized deu-
teron beam through the development of a no-lattioelel, which represent a simple
tool to interpret the experimental results.

Publications relevant for the proposed research:

1. Z. Bagdasarian, €t al., Measuring the Polarization of a Rapidly Precessigpu-
teron Beam Phys. Rev. ST — Accel. Bearhd (2014) 052803;

2. W. Augustyniak, et al.Polarization of a stored beam by spin-filterindPhysics
Lett. B718(2012) 64,

3. P. Benati, et al.Synchrotron oscillation effects on an rf-solenoigis resonance
Phys. Rev. Special Topics Accelerators and BeEn{2012) 124202;

4. D. Oellers et al.Updated experimental limit on electron-proton spilip cross
sectionNucl. Instr. and Meth. A59(2014) 6:

5. S. Dymov, et al.Measurement of spin observables in the quasifree—gpsr
reaction at 353 MeVPhys. Lett. Br12, (2012) 375.
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Guido Zavattini (male, 17.04.1963): Curriculum Vitee

- Current Position: Professor of physics at University of Ferrara sin
2009)

- Scientific Degrees:
- Laurea in physics at Pisa University (1989)
- PhD in Physics, Bologna University (1993)

- Habilitation for Full Professorship (2014)
- Previous Positions:
- Post-Doc for INFN - Trieste (19931994)
- Researcher at University Ferrara (1992009)

- Senior Research Scientist at University of Calif@rbavis, CA,
USA (Aug 2002- Aug. 2003)

He has experience in both precision optics studthegstructure of QED vacuum by
measuring vacuum magnetic birefringence with th& K% apparatus (non linear ef-

fect connected to light-light scattering) and positsensitive x-ray detectors for ap-
plications in Positron Emission Tomography and Birighoton Emission Tomogra-

phy. In both activities he has contributed to albects of the experiments (design,
electronics, acquisition, analysis). He has alsenbgroup leader in both activities.

For the PVLAS experiment he is spokesperson sifo8.2

Publications relevant for the proposed research:

1. G. Zavattini et al.On measuring birefringences and dichroisms using Ibrg-
Perot cavitiesApp. Phys. B33 (2006) 571,

2. M. Bregant et alFrequency locking to a high-finesse Fabry-Perot ¢gvof a fre-
quency doubled Nd:YAG laser used as the optical gghanodulatorRev. Sci. In-
strum. 73(2002) 4142.

d)  Thilisi

The High Energy Physics Institute miane Javakhishvili Thilisi State University
(HEPI TSU) is founded in 1980 on a base of the BarcPhysics Problem Labora-
tory. Scientific research is mainly carried outhinta framework of the international
collaboration with such research centers such @sléimt Institute for Nuclear Re-
search (Dubna, Russia), European Center for Nudtemearch (Geneva, CERN),
Research Center Jilich (Germany), and Japan PAatoglerator Research Complex
(J-PARC, Tokai, Japan).

The Institute has three scientific departments:eerpental physics, theoretical
physics and information technology.

Experimental researches are conducting in followaemgas: hadron physics (spin
structure of nucleon-nucleon interaction, top quamte decays via FCNC, electric
dipole moment search of charged particles, leptorof violating muon decays), and
relativistic ion physics (collective leakage phemmra in nucleus-nucleus collisions).

Theoretical investigations are carrying out in daling spheres: quark structure of
hadrons, spin physics (deep inelastic processespaladization phenomena), and
physics beyond Standard Model (flavor changing naéatrrents).
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In the Information & Technology Department scidotiechnical works are per-
forming in following direction: GRID technology @ation of GRID infra-structure
in Georgia and applications in field of high enengyysics) and development of
computer network.

High Energy Physics Institute closely co-operatéh the Faculty of Exact and Nat-
ural Sciences of TSU.

Mikheil Nioradze (male, 06.12.1941): Curriculum Viae

Current Position: since 2004 Director of High Energy Physics Insét
of Thilisi State University, Thilisi, Georgia

—
‘../

- Scientific Degrees:
- Candidate of Phys.-Math. Sciences, JINR, Dubnasi@y3975)
- Doctor of Phys.- Math. Sciences, JINR, Dubna, Rugk991)
- Professor of Thilisi State University (since 1993)

- Previous Positions:
- Researcher Fellow of High Energy Physics Instiafté&bilisi State
University (1965 — 1975)
- Senior Researcher of High Energy Physics Instivfif€bilisi State
University (1976 — 1980)
- Head of Laboratory of Hydrogen Bubble Chamber, Higiergy
Physics Institute of Thilisi State University (19811991)
- Head of Nuclear Physics Department, High Energysklyinsti-
tute of Thilisi State University (1992 — 2004)
- Awards:
- Georgian National Award (2009)
- The Second Prize of the Joint Institute for NucRasearch (1998)
- American Physical Society (1993)

M. Nioradze has extensive experience in the intemaof light nuclei with the hy-
drogen target. From 1971 — 1990 he participatezkperiments at synchrophasotron
of the Joint Institute for Nuclear Research (JINIRipna, Russia) by means of the
hydrogen bubble chamber. This was one of the éxgteriments in the relativistic
nuclear physics, which was carried out in the fraoré of an international collabo-
ration. Since 1992 Nioradze with his group fromo@ga (High Energy Physics In-
stitute of Thilisi State University) participated experiments at the synchrotron
COSY (Research Center Julich, Germany) in the frafrtbe international collabo-
ration ANKE. New proposal on the experimental stefliyhe spin structure of am-
plitude of the elementary nppn charge-exchange process was suggested, prepared
and carried out by Georgian group under leadershigioradze. New type of Che-
renkov detectors of total internal reflection farticle identification was also pro-
posed and produced by this Georgian group. In ZWB, Nioradze collaborated
with the Elementary Particle Physics Institute bé tMontreal University in the
frame of project (“Nuclear and radiation safetynoiclear plants”) financed by the
International Science and Technology Center. WighGeorgian team he now par-
ticipates in preparatory works for experiment oa search for electric dipole mo-
ment of charged patrticles in the frame of the JE@Maboration. In parallel he coor-
dinates the preparatory works for COMET (COherenbhtElectron Transition) ex-
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[EDM]

periment which is planned at the J-PARC (JapanoRréiccelerator Research Com-
plex) in 2016.

Publications relevant for the proposed research:

1. D. Mchedlishvili et al.,The neutron-proton charge exchange amplitudes meas-
ured in the dp-ppn reaction Eur. J. of Physics A 49 (2013) 49;

2. S. Dymov et al.Measurement of spin observables in the quasi-frag_{pp}/’
reaction at 353 MeYPhys. Rev. C 88 (2013) 014001,

3. D. Mchedlishvili et al. Excitation of the A(1232) isobar in deuteron charge ex-
change on hydrogen at 1.6, 1.8 and 2.3 G&Whys. Lett. B 726 (2013) 145;

4. V. Shmakova et alFirst measurement of spin correlations in the npd7f reac-
tion, Phys. Lett. B 726 (2013) 634;

5. D. Tsirkov et al., Differential cross section and analysing power ohet
pp—{pp}7* reaction at 353 MeyPhys. Lett. B 712 (2012) 370;

Krakow

The Jagiellonian University has an ongoing tradition of research in natur@nees.
One of the leading science faculties is the Facoit{?hysics, Astronomy and Ap-
plied Computer Science, whiaonsists of the Astronomical Observatory, Institute
of Physics, and Department of Applied Computer i&me The facultylays an im-
portant and active role in international and laeVelopments in research, education
and in application-related projects. Physics reseer concentrated in the Institute of
Physics and is run in 14 experimental physics departs (Nuclear Physics being
the largest one) and in 9 theoretical physics departs. In total in the Institute of
Physics there are 52 professors employed, 34 assdqgirofessors and a number of
post-docs.

In the current project the physicists from the MaclPhysics Department will be
strongly involved. They have a large experiencexperimental nuclear physics of
low and high energies. Up to now they have perfarmamerous experiments in
collaboration with Forschungszentrum Julich, GSirbstadt, ETH ZUrich, KVI
Groningen, and INFN Catania. The performed investigs cover a broad spectrum
of nuclear physics problems for various beams angkts in the beam energy range
from several MeV up to several GeV.

In the Nuclear Physics Department there is a gadyghysicists involved for a long
time in experiments using polarized proton and eleut beams. Extensive experi-
ence in measurements of the polarization obsersajéned in those experiments
will be extremely beneficial in the present projethis group have performed de-
tailed investigations of the vector and tensor ysiay powers in proton-deuteron
elastic scattering and proton induced deuteronkbupareactions. The experiments
were performed at KVI Groningen and Forschungsmemtdilich using proton and
deuteron vector and tensor polarized beams withrggneof around 100
MeV/nucleon. At higher deuteron beam energy of aldotl5 GeV this group has
also measured the tensor polarization observahlessiigating specific eta-meson
production reaction, using polarized deuteron fribba COSY accelerator at For-
schungszentrum Jlich.
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Andrzej Magiera (male, 18.11.1955): Curriculum Vitae

- Current Position: Professor of physics at the Jagiellonian Universit
Krakow (since 2004)

- Scientific Degrees:
- Diploma in Physics, Jagiellonian University, Krak¢©79)

- PhD in Physics, Jagiellonian University, Krakow §59
- Habilitation, Jagiellonian University, Krakow (1997

- Previous Positions:
- Ph.D. fellowship in Kernforschungsanlage Jtilich§2-9985)
- Jagiellonian University, Krakow (19852004)

- visiting scientist, Forschungszentrum Jilich (1998000)

He has experience in low and high energy nuclegsipt and in hadron physics. He
investigated various nuclear and hadron reactiomit, special emphasis on deter-
mining polarization observables. He was activelykia in GEM, MOMO, PISA,
HIRES and WASA collaborations at COSY acceleraltte.was a spokesperson of
several experiments in GEM and WASA-at-COSY coltations, especially those
dedicated to studies of low cross section, forbiddearge symmetry breaking reac-
tions. In WASA-at-COSY collaboration he is a membé&iPublication Committee.
He was a member of Program Advisory Committee aS¥@ccelerator (2006-
2011). Presently he is a co-spokesperson of then@a@CB experiment in Cyclo-
tron Centre Bronowice, aiming at development of meethods of dose deposition
imaging during hadron therapy.The results of thaesestigations were published in
numerous papers.

Publications relevant for the proposed research:

1. A. Budzanowski, et alCross section and tensor analysing power of the-dgix
reaction near thresholgdNucl. PhysA 821 (2009) 193;

. E. Stephan, et alThree-nucleon interaction dynamics studied via tdeuteron-
proton break-up Int. J. Mod. PhysA 24 (2009) 515;

. |. Ciepat, et al.Vector analyzing powers of deuteron-proton elassicattering
and breakup at 130 MeWhys. RevC 85(2012) 017001,

4. B. Klos, et al.,Systematic studies of the three-nucleon system dyica in the
deuteron-proton breakup reactigricta. Phys. PoB 44 (2013) 345;

. I. Ciepal, et al.,Investigations of Few-Nucleon System Dynamics in ditem
Energy Domain Few-Body Syst54 (2013) 1301.
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Aleksandra Wronska (female, 14.08.1976): Curriculum Vitae

- Current Position: Assistant Professor at the Jagiellonian Universit
(since 2010)

- Scientific Degrees:
- Diploma in Physics, Jagiellonian University Krak(2000)
- Ph.D. In Physics, Jagiellonian University Krakovo@3)
Previous Positions:

- Post-doc in the Institute of Physics, Jagielloniamiversity
Krakéw (2005-2010)

- Researcher, Forschungszentrum Julich (2001-2004)

Hadron physicist, from the beginning her scientd&reer has developed in connec-
tion with the Forschungszentrum Jilich. She haskedrat various experiments
there,inter alia in GEM and WASA-at-COSY, in the projects addreggime issue of
charge- and isospin symmetry breaking, and in ANWEere she lead a project in-
vestigating the possibility of existance of eta-roesiclei. In 2005-2008 member of
the software development group in the PANDA experitrat FAIR. In 2011 she has
become active in the Few Body Experiment group)ystig the three-body effects in
strong nuclear interaction (precision experimegthce 2013 she is a co-spokesper-
son of the Gamma-CCB experiment in Cyclotron CeBir@nowice, aiming at de-
velopment of new methods in medical imaging.Thailtesof these investigations
were published in numerous papers.

Publications relevant for the proposed research:

1. D. Chiladze et al.Determination of deuteron beam polarizations at CQSPhys. Rev.
ST Accel.Beams9 (2006) 050101;

2. T. Mersmann et alPrecision study of they *He system using the dp®*He 7 reaction
Phys. Rev. Lett98 (2007) 242301,

3. I. Ciepat et al.,Vector analyzing powers of deuteron-proton elasscattering and
breakup at 130 MeYPhys.RevC 85(2012) 017001,

4. P. Adlarson et allnvestigation of the dds*He n 7 reaction with the FZ Jiilich WASA-
at-COSY facility Phys. RevC 88(2013) 1, 014004.

f) Grenoble

Centre National de la Recherche Scientifique (CNRS)
The Centre National de la Recherche Scientifiquetidal Centre for Scientific Re-
search) is a government-funded research organmzatioder the administrative au-
thority of France's Ministry of Research. The CN&®rates thanks to a structure
more than 1100 research unities, with 33,000 engasyand a global 2014 budget of
3.4 billion euros. As the largest fundamental redearganization in Europe, CNRS
carried out research in many fields of knowledbegugh its research departments:

- Institut des sciences biologiques (INSB)

- Institut de chimie (INC)

- Institut écologie et environnement (INEE)

- Institut des sciences humaines et sociales (INSHS)

- Institut des sciences de l'information et de léntesractions (INS2I)

- Institut des sciences de I'ingénierie et des syste(iNSIS)

- Institut national des sciences mathématiques ks interactions (INSMI)
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- Institut de physique (INP)
- Institut national de physique nucléaire et physides particules (IN2P3)
- Institut national des sciences de l'univers (INSU)

The Pble Accélérateurs et Sources d’longl5 persons) is part of the LPSC (Labor-
atory for Subatomic Physics and Cosmology, UMR 582tLup by CNRS and by
Université Joseph Fourier), a 220 person laboratoid2P3. The pole is involved in
the SPIRAL2 program (RF power couplers, ions s@)ideCR ion source develop-
ment, Accelerator Driven System programs like GIMERE and MYRRHA. It
develops and operates neutrons generators basetéarostatic accelerators. The
pole has a general expertise on beam dynamics @adlesator design (general de-
sign, magnetic and RF design). In the pole, thelacator group activities (present
or recent) are:

- the design, construction and operation of the GHNEP and 3 electrostatic
accelerators. The last one is now coupled to thBlW& reactor in Mol (Bel-
gium), within the GUINEVERE program. GENEPI2 is dder neutron irradi-
ation programs (electronic components for example);

- the design and production of the RF power coupfersthe SPIRAL2
superconducting linac;

- the study (models and simulation) of the spin dyieanfor the SUPERB pro-
ject; and

- the construction of LINAC4 RF power amplifiers (RHN)

Jean-Marie De Conto (male, 10.12.1960): CurriculurVitae

Professor of Physics, Joseph Fourier University
(since 2005)

- Current Position:
vt
T? - {({‘M - Scientific Degrees:
' - Master of mathematics (1981)

Y{ - Engineering degree (Ecole Supérieure d’Electridigg3)
! - Habilitation in Physics (2003)
J " - Previous Positions:

- Engineer (Thomson CSF, 1983-1985)

Engineer (Hewlett-Packard, 1985-1989)
Research engineer (CNRS, 1989-2005)
Awards:

Cristal du CNRS (2003)

After a 6 year experience in industry (Thomson, K#&wPackard), Pr De Conto
joined CNRS at LPSC in 1989. He got the Habilitatéo Diriger des Recherches in
Physics in 2003 (Joseph Fourier University). Hismativity is accelerator design.
He has been Project leader for the French hadmapheroject ETOILE, member of
the Comité National du CNRS (2008-2011), coordinatiothe HIPPI/WP4 work-
package (CARE FP6 program) and of the networkirtvinc ACCNET/RFTECH
(EUCARD FP7 program) and member of the EUCARD Gowey Board.
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Maud Baylac (female, 9.3.1973): Curriculum Vitae

- Current Position: Group leader of the Accelerator Group at LPSC
Grenoble (since 2006)

- Scientific Degrees:
- PhD in physics, University Claude Bernard (Lyo20@0)
- Previous Positions:
- Thomas Jefferson National Accelerator Facility (2@D05)
- Awards:
- Southern Universities Research Association (SURBBEF thesis
prize (2000)
- Cristal du CNRS (2012)

After a 4-year experience on beam-based Comptaripwtry, Dr Baylac joined the
LPSC in 2005. Her main activity is to lead the elepment, construction and oper-
ation of the GENEPI-3C accelerator for the GUINEVEERrogram at SCKeCEN.
She also participates in European programs of eatelr R&D.

Publications relevant for the proposed research (Maud Baylat Jean-Marie De
Conto):

1. A. Billebaud et al. (M. Baylac, D. Bondoux, J. Baaty S. Chabod, J.-M. De
Conto, A. Nuttin), Guinevere collaboratio@onstruction of a Zero-Power Pb
ADS at Mol Proc. a paraitre (IAEA Proceedings Serids)ernational Topical
Meeting on Nuclear Research Applications and Utilan of Accelerators Ac-
cApp’09, Satellite Meeting European Fast NeutroanBmutation Reactor Projects
(MYRRHA/Xt-ADS), Vienna, Austria, May 4 — 8, 2009.

2. P. Baeten et al. (M. Baylac, A. Nuttin, A. BillelthuD. Bondoux, J. Bouvier, S.
Chabod, J.-M. De ContoJ,he Guinevere project at the VENUS-F facilityroc.
on line ENC 2010 Transactions ISBN 978929506409@&®5popean Nuclear Con-
ference (ENC 2010), Barcelona, Spain, May 30 — 2,2910.

3. M. Baylac et al.( A. Billebaud, D. Bondoux, J. Beary S. Chabod, J.-M. de Conto,
E. Froidefond, A. Nuttin), Guinevere collaboratiddome highlights of experi-
mental ADS programs in Europel® International Workshop on Accelerator-
Driven Sub-critical Systems & Thorium UltilizatioBlacksburg, Virginia, USA,
September 27 — 29, 2010.

4. R. Ferdinand et al. (Y. Gomez Martine8tatus and challenges of Spiral2 SRF
Linac, Proc. on line Jacow (SRF13) 11-17 MOIOAQB" International Confer-
ence on RF Superconductivity (SRF2013), Paris,dea8eptember 23 — 27, 2013

5. Y. Gomez Martinez, T. Cabanel, J. Giraud, R. MicoMd Migliore, J. Morfin, F.
Vezzu et al.,Power couplers for Spiral 2 Proc on line Jacow SRF2011
FRIOAO4 947-95015" International Conference on RF SuperconductivB#R
2011), Chicago, USA, July 25 — 29, 2011.
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1.2. Third parties involved in the project (including @sof third party resources)

As mentioned above at the bottom of section 1.3amecollaborating with other institutes
from the US, Russia and South Korea. The JEDI botkaion comprises more than 100
members from 11 countries and is supported by BBM collaboration, working towards
the same goal. A close cooperation between thecolNaborations exists — a humber of sci-
entists have signed in for both.

For the participants in the Design Study frahalich, Aachen, Ferrara, Thilisi, and
Krakow , there areno third parties involved

For Grenoble, the involvement of third parties is describecohel

Does the participant plan to subcontract certakda(please note that core N
tasks of the project should not be sub-contracted)
Does the participant envisage that part of its wenerformed by linked Y
third parties
In Grenoble, the activity will be done in the LP&Doratory, involving CNRS personngel
but also Pr Jean-Marie De Conto, professor at JoBeprier University.
Hence Université Joseph Fourier will be a thirdtypdinked to the beneficiary CNRS, as
employer of Prof J.M. De Conto, and as partneitutgin of LPSC, Joint Research Unit
(UMR 5821).

Université Joseph Fourier will be active via thetipgpation of Pr Jean-Marie De Conto
who will perform the tasks.

Does the participant envisage the use of contobstin kind provided by Y
third parties (Articles 11 and 12 of the GeneralddioGrant Agreement)

Université Joseph Fourier, employer of Prof J.M.@mto.
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5. Ethics and Security

5.1 Ethics

The comment with respect to item 6 of Part A regaydethics concerns the inclusion of
Georgia as a member of our Design Study. Accortbnifpe EU rules, Georgia is a country
associated to HORIZON 2020. We are collaboratinth wseorgia — the High Energy
Physics Institute of Thilisi State University (TSdhd the Georgian Technical University
(GTU) — since more than 20 years in different pgeat COSY (ANKE, PAX, and JEDI).
Our collaborators have proven to be reliable pastmath outstanding expertise in various
fields: this will also greatly help for the EDM Ogs Study. It will, likewise, also help our
Georgian patrticipants in many ways:access to world-class research infrastructures for
their researchers and studeniscapacity building within an international cooperat and

iii) help to develop the country after returning to (Gen

5.2 Security
Please indicate if your project will involve:

 activities or results raising security issué$O{

» 'EU-classified information' as background or resuftlO)

[EDM] 25

This proposal version was submitted by Hans Stroeher on 01/09/2014 14:40:13 CET. Issued by the Participant Portal Submission Service.



» - H‘:r' -\-\-L

e T N

/7 RESEﬁkg?CH N
/ Ab _
*’**** J’ I_!l' '[NNDI‘UIP‘TI'DN \i. '!-
* . {1 PAR TICIPANT 1i
ok \ Ipt'?‘,r.frﬁil[-f =£1
European \\ E-RECEI /_,—’/

Commission s v

Digitally signed by sealingservice.grants.ec.europa.eu
Date: 2014.09.01 14:40:28 CEST
Reason: Acknowledgment of Receipt

This electronic receipt is a digitally signed version of the document submitted by your
organisation. Both the content of the document and a set of metadata have been digitally
sealed.

This digital signature mechanism, using a public-private key pair mechanism, uniquely
binds this eReceipt to the modules of the Participant Portal of the European
Commission, to the transaction for which it was generated and ensures its full integrity.
Therefore a complete digitally signed trail of the transaction is available both for your
organisation and for the issuer of the eReceipt.

Any attempt to modify the content will lead to a break of the integrity of the electronic
signature, which can be verified at any time by clicking on the eReceipt validation
symbol.

More info about eReceipts can be found in the FAQ page of the Participant Portal.
(http://ec.europa.eu/research/participants/portal/page/faq)

Commission européenne/Europese Commissie, 1049 Bruxelles/Brussel, BELGIQUE/BELGIE - Tel. +32 22991111



		DIGIT-EFP7-SUPPORT@ec.europa.eu
	2014-09-01T14:40:28+0200
	Acknowledgment of Receipt




