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1 - General information

Topic ERC-ADG-2015 Type of action ERC-ADG

Call identifier ERC-2015-AdG

Acronym* |srEDM

Proposal title* |Search for electric dipole moments using storage rings

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

Duration in months* |60

Primary ERC Review Panel* |PE2 - Fundamental Constituents of Matter

Secondary ERC Review Panel (if applicable)

ERC Keyword 1* Fundamental interactions and fields

Please select, if applicable, the ERC keyword(s) that best characterise the subject of your proposal in order
of priority.

ERC Keyword 2 Particle physics

ERC Keyword 3 [Not applicable

ERC Keyword 4 |Not applicable

Free keywords |in addition, please enter free text keywords that you consider best characterise the scope of

your research proposal. The choice of keywords should take into account any multi-disciplinary
aspects of the proposal.
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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 20

In order to best review your application, do you agree that the above non-confidential proposal title

and abstract can be used, without disclosing your identity, when contacting potential reviewers? (@ Yes ("No

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
Please give the proposal reference or contract number.

653939
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Declarations

1) The Principal Investigator 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 Principal Investigator hereby declares that (please select one of the three options below):

- in case of multiple participants in the proposal, the coordinator has carried out the self-check of the financial capacity of the
organisation on http://ec.europa.eul/research/participants/portal/desktop/en/organisations/Ifv.html or to be covered by a
financial viability check in an EU project for the last closed financial year.Where the result was “weak” or “insufficient”, the C
Principal Investigator confirms being aware of the measures that may be imposed in accordance with the
H2020 Grants Manual (Chapter on Financial capacity check).

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

- in case of a sole participant in the proposal, the applicant is exempt from the financial capacity check. C

5) The Principal Investigator hereby declares that each applicant has confirmed to have the financial and operational
capacity to carry out the proposed action. Where the proposal is to be retained for EU funding, each beneficiary applicant X
will be required to present a formal declaration in this respect.

The Principal Investigator 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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List of participants

1 |FORSCHUNGSZENTRUM JULICH GMBH Germany
2 |RHEINISCH-WESTFAELISCHE TECHNISCHE HOCHSCHULE AACHEN Germany
3 |UNIVERSITA DEGLI STUDI DI FERRARA Italy
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Short name Jilich

Department(s) carrying out the proposed work

Department 1

Department name

Street

Town

Postcode

Country
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Principal Investigator

The following information of the Principal Investigator is used to personalise the communications to applicants and the
evaluation reports. Please make sure that your personal information is accurate and please inform the ERC in case your e-
mail address changes by using the call specific e-mail address:

For Advanced Grant Applicants: ERC-2015-AdG-applicants@ec.europa.eu

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

Researcher ID

Last Name*  STROEHER Last Name at Birth Stroeher

First Name(s)* Hans Gender* (¢ Male (C Female

Title Prof. Country of residence* [Germany

Nationality* Germany Country of Birth* Germany

Date of Birth* (DD/MM/YYYY)[21/08/1952 Place of Birth* Niederweidbach (Hesse, Germany)
Contact address Same as organisation address
Current organisation name FORSCHUNGSZENTRUM JUELICH GMBH

Current Department/Faculty/Institute/

Laboratory name Institut fir Kernphysik

Street WILHELM JOHNEN STRASSE

Postcode/Cedex 52428 Town* JULICH
Phone* +492461614408 Country* Germany
Phone2 / Mobile

E-mail* h.stroeher@fz-juelich.de

Qualifications

Earliest award (PhD, Doctorate) Date of award (DD/MM/YYYY) |30/06/1983
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Short name Julich

Contact address of the Host Institution and contact person

The name and e-mail of Host Institution contact persons are read-only in the administrative form, only additional
details can be edited here. To give access rights and contact details of Host Institution, please save and close this
form, then go back to Step 4 of the submission wizard and save the changes. Please note that the submission is
blocked without a contact person and e-mail address for the Host Institution.

Organisation Legal Name
First name*

E-Mail*

Position in org.

Department

Street
Town
Country

Phone

FORSCHUNGSZENTRUM JULICH GMBH

Anne

a.bosch@fz-juelich.de

Last name*

Bosch

Administrative Officer

Technologie Transfer

Same as organisation address

WILHELM JOHNEN STRASSE

JULICH

Postcode

52428

Germany

+492461614236

Phone2/Mobile

Other contact persons

First Name

Last Name

E-mail

Phone

Frank

Rathmann

f.rathmann@fz-juelich.de
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Proposal ID 694340 Acronym srEDM Short name RWTH AACHEN

Department(s) carrying out the proposed work

Department 1

Department name |lll. Physikalisches Institut B

[ ] Same as organisation address

Street |Otto-Blumenthal StralRe

Town |Aachen

Postcode (52074

Country |Germany
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Short name RWTH AACHEN

Contact address of the partner organisation and contact person

The name and e-mail of Partner Organisation contact persons are read-only in the administrative form, only
additional details can be edited here. To give access rights and contact details of Partner Organisation, please save
and close this form, then go back to Step 4 of the submission wizard and save the changes. The contact person
needs to be added as 'Main Contact' for the Partner Organisation.

Organisation Legal Name RHEINISCH-WESTFAELISCHE TECHNISCHE HOCHSCHULE AACHEN

First name* Jorg

E-Mail* pretz@physik.rwth-aachen.de

Last name*

Pretz

Position in org. |Professor

Department |lll. Physikalisches Institut B

Same as organisation address

Street | TEMPLERGRABEN 55

Town [AACHEN

Postcode (52062

Country [Germany

Phone |+492418027306
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Proposal ID 694340 Acronym srEDM Short name UNIFE

Department(s) carrying out the proposed work

Department 1

Department name |Dipartimento di Fisica e Scienze della Terra

[ ] Same as organisation address

Street |Via Saragat, 1

Town |Ferrara

Postcode (44122

Country |ltaly
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Proposal ID 694340 Acronym srEDM Short name UNIFE

Contact address of the partner organisation and contact person

The name and e-mail of Partner Organisation contact persons are read-only in the administrative form, only
additional details can be edited here. To give access rights and contact details of Partner Organisation, please save
and close this form, then go back to Step 4 of the submission wizard and save the changes. The contact person
needs to be added as 'Main Contact' for the Partner Organisation.

Organisation Legal Name UNIVERSITA DEGLI STUDI DI FERRARA

First name* Paolo Last name* Lenisa

E-Mail* lenisa@fe.infn.it

Position in org. |Professor

Department |Dipartimento di Fisica e Scienze della Terra

[[] Same as organisation address

Street |Via Saragat, 1

Town |(Ferrara Postcode (44122

Country |[ltaly

Phone |+390532974309 Phone2/Mobile [+393473642527
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4 - Ethics issues table

1. HUMAN EMBRYOS/FOETUSES Page
Does your research involve Human Embryonic Stem Cells (hESCs)? (" Yes (¢ No
Does your research involve the use of human embryos? (C"Yes (¢ No
Does your research involve the use of human foetal tissues / cells? (C"Yes (¢ No
2. HUMANS Page
Does your research involve human participants? ("Yes (¢No
Does your research involve physical interventions on the study participants? ("Yes (¢ No
3. HUMAN CELLS / TISSUES Page

Does your research involve human cells or tissues (other than from Human Embryos/ ("Yes (¢ No
Foetuses, i.e. section 1)?

4. PERSONAL DATA (ii) Page
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)?

5. ANIMALS (iii) Page
Does your research involve animals? (" Yes (¢ No
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6. THIRD COUNTRIES Page
Does your research involve non-EU countries? (" Yes (¢ No
Do you plan to use local resources (e.g. animal and/or human tissue samples, genetic
T . . . S (" Yes (¢ No
material, live animals, human remains, materials of historical value, endangered fauna or
flora samples, etc.)? (v)
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 |~vyes (& No
measures foreseen? (vii)
Could the situation in the country put the individuals taking part in the research at risk? (CYes (& No
7. ENVIRONMENT & HEALTH and SAFETY S0
See legal references at the end of the section. (vi) 9
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 (¢ 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.
8. DUAL USE (vii) Page
Does your research have the potential for military applications? C Yes (¢ No
9. MISUSE Page
Does your research have the potential for malevolent/criminal/terrorist abuse? (C Yes (¢ No
10. OTHER ETHICS ISSUES Page
Are there any other ethics issues that should be taken into consideration? Please specify |~ yes (& No
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| confirm that | have taken into account all ethics issues described above and that, if any ethics issues
X . s . [x]
apply, | will complete the ethics self-assessment and attach the required documents.

How to Complete your Ethics Self-Assessment
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5 - Call specific questions

| acknowledge that | am aware of the eligibility requirements for applying for this ERC call as specified in
the ERC Work Programme 2015, and certify that, to the best of my knowledge my application is in
compliance with all these requirements. | understand that my proposal may be declared ineligible at any

point during the evaluation or granting process if it is found not to be compliant with these eligibility
criteria.*

For communication purposes only, the ERC asks for your permission to publish your name, the proposal | ves ¢ No
title, the proposal acronym, the panel, and host institution, should your proposal be retained for funding.

Some national and regional public research funding authorities run schemes to fund ERC applicants that |® Yes  No
score highly in the ERC's evaluation but which can not be funded by the ERC due to its limited budget. In
case your proposal could not be selected for funding by the ERC do you consent to allow the ERC to
disclose the results of your evaluation (score and ranking range) together with your name, non-
confidential proposal title and abstract, proposal acronym, host institution and your contact details to such
authorities?

The ERC is sometimes contacted for lists of ERC funded researchers by institutions that are awarding ® Yes C No
prizes to excellent researchers. Do you consent to allow the ERC to disclose your name, non-confidential
proposal title and abstract, proposal acronym, host institution and your contact details to such
institutions?

The Scientific Council of the ERC has developed a monitoring and evaluation strategy in order to help it G
fulfil its obligations to establish the ERC's overall strategy and to monitor and quality control the
programme's implementation from the scientific perspective. As provided by section 3.10 of the ERC
Rules for Submission, a range of projects and studies may be initiated for purposes related to monitoring,
study and evaluating the implementation of ERC actions. Do you consent to allow the third parties
carrying out these projects and studies to process the content of your proposal including your personal
data and the respective evaluation data?

The privacy statement on grants (http://erc.europa.eu/document-library) explains further how your
personal data is secured.

Yes (C No

Excluded Reviewers

You can provide up to three names of persons that should not act as an evaluator in the evaluation of the proposal for
potential competitive reasons.

H2020-ERC-ADG.pdf - Ver 1.08 20150209 Page 22 of 22 Last saved 29/05/2015 06:18:32

This proposal version was submitted by Hans STROEHER on 30/05/2015 07:49:43 CET. Issued by the Participant Portal Submission Service.



Stroher Part B1 SrEDM

ERC Advanced Grant 2015
Resear ch proposal [Part B1]
(Part Bl isevaluated both in Step 1 and Step 2
Part B2 isevaluated in Step 2 only)

Electric Dipole Moment Search using Storage Rings

srEDM

Cover Page:

- Name of the Principal Investigator (PI) Prof. Dr. h.c. mult. Hans Stréher
- Name of the PI's host institution for the project Forschungszentrum Jalich, Germany
- Proposal duration in months 60

According to our present understanding, the earwélse contained the same amount of matter arid
matter and, if the Universe had behaved symmelyicd it developed, every particle would have b
annihilated by one of its antiparticles. One of great mysteries in the natural sciences is thexefdy

matter dominates over antimatter in the visiblevdrée. The breaking of the combined charge corjugat

and parity symmetries (CP-violation, CPV) in thar#tard Model of particle physics (SM) is insuffiti¢o
explain this and further sources of CPV must beggsburhese could manifest themselves in electpoléi

ant
een

moments (EDMs) of elementary particles, which oagben the centroids of positive and negative charge

are mutually and permanently displaced. An EDM olm@n would also be an indication for phys
beyond the SM.

Investigations on different systems are requireditodown CPV sources and this proposal aims tdHay

foundations for the study of new CPV mechanismségrching for EDMs o€harged hadronsn a new
class of precision storage rings. It will develtye key technologies and achieve a first directlyasoeed
EDM limit for protons and deuterons and thus previtie basis for a new European flagship rese
infrastructure.

The EDM measurement principle, the time developroétite polarization vector subject to a perpenidic
electric field, is simple, but the smallness of #feect makes this an enormously challenging ptojac
stepwise approach, from R&D for key-technologiewands the holy grail of a double-beam precis
storage ring with counter-rotating beams, is needé® research environment of the Forschungszen
Jilich (Germany), including COSY, provides the optm basis for one of the most spectacular podssil
in modern science: finding an EDM as a signal fewrmphysics beyond the SM and perhaps explaining
puzzle of our existence.
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Section a: Extended Synopsis of the scientific proposal (max. 5 pages)

Introduction: Motivation and Objectives

A new class of precision storage rings is requttedearch for electric dipole moments (EDMs) of
charged particles with unprecedented sensitivitis the aim of this proposal to take a decisiep $bwards
the design and construction of such a facility btablishing the required key technologies and tvelethe
first directly measured EDMs for both the protordahe deuteron using the existing cooler storagg ri
COSY at the Forschungszentrum Jilich (FZJ) in Bil@&ermany).

Permanent EDMs of patrticles violate both time reake(T) and parity (P) invariance and, on the
basis of the CPT theorem, they also violate theldoed symmetry CP (CPV). Such a symmetry brealdng i
thought to be responsible for the different behawiof particles and antiparticles, leading, e.g. the
apparent matter-antimatter asymmetry in the Unexe@PV is found in the electroweak part of the Stad
Model of particle physics (SM) but, since SM-CPVnmich too weak to explain the matter-antimatter
asymmetry, other sources must be sought. An obwbsesrvable to investigate is an EDM since no EDM o
a fundamental particle has yet been observed. ignaifinite EDM would very probably also indicatewn
physics, i.e., that not contained in the SM. Evitera possible positive EDM observation, differepstems
would have to be investigated in order to identiify CPV-source.

EDMs are very small — the best current limit foe theutron is 1€ e@m — and the aim for charged
particles is at least ¥ e@m. Although the measurement principle — the tinsvetbpment of the
polarization vector subject to a perpendicular teledield — is simple, this represents an enornous
challenging project due to the smallness of theeetqul effect. It will only be mastered through tleenmon
effort of an experienced international team of smedor and spin-physics scientists, supplemented b
mechanical and electrical engineers.

It should be noted that, whereas charged partigtegsntially offer the highest sensitivity with
discovery potential, up to now no EDM measuremémtprotons and deuterons in a storage ring haea be
performed. However, an upper limit of 0e@m was obtained for muons as a side activity ofntieasure-
ment of the anomalous magnetic moment ((J-®)a storage ring experiment.

Given the history of neutron EDM searches over phst 50 years or so, it is evident that a
corresponding level of sensitivity cannot be oledim one giant leap — a stepwise approach, inwtiie
next generation measurement is based on the esgarid technological know-how gained in the prexedi
one, is compulsory. The steps towards the holy gfa charged particle EDM search, using a dobiglam
precision storage ring with counter-rotating beacasyprise:

1. Research and development of all the key technigtian existing conventional single-beam storage
ring. COSY, the cooler synchrotron and storage ahthe Forschungszentrum Jilich, is the ideal
place for these investigations, which involve spiference time optimization, precision
polarimetry development, beam tracking measuremetis

2. Precision spin-tracking simulations: an essenéiglirement for an assessment of the capabilities of
the final precision ring is to provide realisticmsilations, e.g., for benchmarking EDM test
installations in COSY;

3. A proof-of-principle experiment: this measuremenill wuse COSY-Julich without major
transformations except for improvements of the bgasition monitor (BPM) system and the
assembly of a radiofrequency (rf) Wien-filter whi@h an ideal storage ring) would induce spin
rotation if an EDM exists;

4. A first direct EDM measurement (for the proton d@hd deuteron), again exploiting COSY-Jdlich,
but here upgraded with a short electrostatic defteinside the ring. The beam chicane could be
inserted in one of the straight sections of COSNiswould test one of the key techniques of the
final ring and should lead to an EDM upper limitthe order 18* e@m. It would also provide a
reality check on further key items, e.g., the smherence time and polarimetry;

5. Conceptual design report (CDR) and technical desegoort (TDR) for the final dedicated storage
ring, including cost estimates for building and igbieg the facility;

6. Construction and commissioning of the new facifity EDM searches, once funding has been
secured.

The current proposal addresses items 1) — 4). Toelexator scientists and experimental physicists
(hadron and spin physics) at the Institut fur Kéaygk (IKP) at FZJ [JUELICH], the research enviramh
at center (e.g., mechanical and electronics wopshe- including the cooler storage ring COSY for
polarized proton and deuteron beams as a unique asas well as the close connections with RWTH
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Aachen University [RWTH] (high energy physics, evegrs) via the Jilich-Aachen Research Alliance
(JARA, section FAME (Forces and Matter Experiments)d the long-term successful cooperation with
University of Ferrara and INFN Ferrara (Italy) [UMH] provide the optimal basis for one of the most
spectacular possibilities in modern science: figdam EDM as a signal for new physics beyond thea®il
perhaps explaining the puzzle of our existence.

Science Case

Symmetries and symmetry violation (“breaking”) plaery important role in physics. Permanent
EDMs of particles violate both time reversal (Tdaparity (P) invariance. Via the CPT theorem (whigh
based on very general assumptions and is thergémerally believed to be an exact symmetry), EDMs a
violate CP (the combination of charge (C) conjumatand parity exchange), which compensates for the
breaking of T.

The underlying scientific case, i.e., the quesfutedamentally understand the difference between
matter and antimatter that has led to our mattemidated universe, is one of the grand challenges in
contemporary physical sciences. This has been yatnowledged, e.qg., in the recently publishedtsgy
reports of the European and the US high-energyiphg®mmunities.

Up to now measurements of electric dipole momeat® ltoncentrated areutral systems (neutron,
atoms, and molecules) and, no direct measuremgistisfer chargedhadrons. This is due to the fact that
charged particles are accelerated in electricdialad so cannot be kept in small volumes like tr&psrage
rings have to be used to perform these kinds oemxnts. It must be emphasized that charged sgstem
(specifically proton, deuteron and possifiie) are not only complementary and potentially mezesitive,
but they are also required to disentangle the plesgiifferent) EDM source(s).

If an EDM is measured, e.g., for the neutron, apdrtant question remains: is it causedskpng
CP violation within the Strong Interaction sectéitltee Standard Model of elementary particle physibe
so-called@-term) or from physics beyond the Standard Mod&NB? It is conceivable that a single EDM
measurement may be interpreted (fitted) by anyefsources considered, so that at least two measote
are needed to say something about the origin oCteriolation. Experimental data on the EDMs oftig
nuclei might resolve these ambiguities.

In order to determine which systems are the mosemfming, several calculations have been
performed in recent years for EDMs of the nucleagufron, proton) and several light nuclei, usinglera
effective-field-theory techniques. These show thatd-term could be identified with good accuracy once
EDM measurements of the neutron, proton and deuteawe been performed. If this is indeed the squrce
the EDMs of these systems are all expected to timeafame order of magnitude, but the precise gatwne
relations between the individual EDMs are a cleadjtion of thed-term. In this way, the existence of
strong CP violation could be convincingly deterntinpotentially solving a puzzle that has been addion
almost fifty years.

On the other hand, the size of the deuteron EDNh waspect to the EDM of proton and neutron, is
an excellent probe for physics beyond the Staniferdel (BSM). As mentioned above, tifeterm leads to
EDMs of a similar size for the nucleon and the deari, while certain BSM sources predict the deutero
EDM to be significantly larger, by up to an orddrnoagnitude. Such a signal, obtained in the ennesib
storage ring experiment, would be a “smoking gutr’BSM physics.

In summary, it is necessary to determine electipold moments of different systems in order to
disentangle the different CPV source(s) by compggtfire various model predictions. The deuteron ER¢ h
an especially important discriminating power duégpin-1 — isospin-0 properties. While leptoglettron,
muon) EDMs are directly related to the underlyinpndamental theory, the hadronic results are more
complex, but also much more interesting.

Concept for Charged-Hadron EDM Sear ches

EDMs are very small — the best current upper lfmitthe neutronis 10%° elém — and the goal for
charged particlesn the ultimate project is 18 eldm or even better. In spite of the simplicity oé tmeas-
urement principle — following the time developmaftthe polarization vector of particles subjectao
perpendicular electric field — the smallness of ¢flect provides exceptional challenges, e.g.deniify
and/or avoid any fake signal.
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The spin precession (i.e., the motion of the poddion vector of a particle beam) in a storage isng
governed by the so-called Thomas-Bargmann-Mich&gdt (Thomas BMT) equation. The main challenge
is that in general the spin precession due tontagnetic dipole momeriMDM) is many orders of mag-
nitude larger than the spin precession expected &0 EDM. The aim is thus to find electromagneitddf
configurations where the contribution due to theMBanishes, i.e., where the spin vector does netgss
and always points along the momentum vector inatteence of an EDM. This technique is called “frozen
spin”.

For protons, with their positive anomalous magnetiement, this can be achieved withrely
electric fieldsfor a “magic” beam momentum pf= 700.74 MeV¢. For particles with a negative anomalous
magnetic moment (like deuterons alte), acombination of electric and magnetic fieldas to be used. In
either case, a non-vanishing EDM results in a bufdf a vertical polarization component for a bethat
was initially polarized in the horizontal plane. gurely electric ring for proton EDM measurements is
proposed [http://www.bnl.gov/edm/Proposal.asp] bgallaboration at Brookhaven National Laboratory
(BNL, USA). A radial electric field of about 17 MRY between field plates approximately 2 cm apanltes
in a ring with a bending radius of about 50 m.

An alternative is to use a combined machine, withlradial electric and vertical magnetic fields.
By suitable combinations of the E- and B-fieldsing with a bending radius between 10 and 30 mcd:bel
used for protons, deuterons aftde nuclei (“all-in-one” ring). Such a ring is sugied by the JEDI-
collaboration [http://collaborations.fz-juelich.dgi/jedi/] at COSY.

For both options, the use of clockwise (CW) andnteu clockwise (CCW) beams is mandatory.
This is because the main systematic error will corom an unwanted spin precession due to the MDM in
radial magnetic fields which will be indistinguidha from the EDM signal. However, a radial magnetic
field causes forces in different directions for teams in opposite directions and thus it can inéraibed to
a very high accuracy.

I mplementation

As already stressed, the principle of such measem&sns quite simple: if an electric dipole moment
exists, the spin vector, which is oriented paraltelthe EDM direction, will experience a torque an
external electric field, resulting in a changehe briginal spin direction. This minuscule spiratan (about
1 prad/s for an EDM of 1€ edm) can be determined with the help of a polarimgtaletector to determine
the spin direction). Alternatively, it might be ilde to measure the tiny change of the spin psiaes
frequency due to an EDM by comparing results wiffecent electric field strengths. As emphasizetbbe
the smallness of the expected effect, as well asiple background and fake contributions, will regu
paramount precision and utmost care. Even withdicdted new LEDM storage ring, it will be difficuti
improve the current limit ~I8 edém for the muon to better than about®4@dm, due to the short muon
lifetime. This restriction is not relevant for thadrons considered here.

In view of the necessary requirements, the existogler storage ring COSY at the For-
schungszentrum Julich, with its capability to pd®vipolarized protons and deuterons with momentsoup
3.7 GeVt, is an ideal starting point for a research ancetimment programme and a first direct charged-
particle EDM measurement. For an ultimate precigimasurement, however, a new class of dedicated
storage rings is required, and these do not yet.e&t this point, COSY might be used as an injetto
prepare the beams for the EDM ring. Searches faioprand deuteron EDMs have the potential to re@ach
sensitivity of 10 e@m per year of running, which is at least one oadenagnitude better than that which is
aimed for in future neutron EDM searches.

One of the aims of the current proposal is to distalthe required key technologies for precision
EDM storage rings for protons and deuterons. Beémeroaching the concept and design of the fimay, ri
the toolbox of major hardware components needetddveloped and scrutinized in test measuremants. |
addition, a proof-of-principle test measurement arfést direct EDM measurement will be conductéd.
be successful, the project needs expertise in rdidfgrent fields, ranging from accelerator and edatary
particle (spin-) physics to mechanical and eleatrangineering. To ensure this, the project is atdbd in
the recently founded JEDI collaboration at COSYmpasing more than 100 collaborators from France,
Georgia, Germany, Italy, Poland, Russia, USA, atimrocountries, and the US-based storage ring EDM
collaboration.
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Expected | mpact

Arguably the most important impact of this projagli be the first-ever direct measurement of an
EDM for charged hadrons in a storage ring, sineglitdetermine the directions of R&D and pave thay
for the (new class of) precision storage ring(stheffuture.

Accelerators are the tools for discovery and intiowa not only in the fields of elementary particle
hadron and nuclear physics, but also, e.g., in ca¢@ind industrial applications. This is why alvd®ped
countries, and in particular Europe, put a lot mipbasis into the further development of accelesatoom
high-energy colliders and synchrotron radiatiorilitées to spallation neutron sources.

The physics case of the EDM project ultimately iegpithe design of a completely new and innova-
tive storage ring. In order to reduce systematiorerand to identify/control fake effects, counterating
beams must be used. In the case of an “all-eléaing (for protons at the magic momentum), the two
beams can be stored in one common vacuum chambée, for an “all-in-one” machine, with combined
electric and magnetic fields (which can be usedpfoitons, deuterons arile and for different energies),
two separate beam tubes are needed. Togetherheitrequirement of ultimate precision, these reprtese
significant challenges. By overcoming these chaken many innovations are to be expected, fronacerf
treatment of electrostatic deflectors (to providghbst electric fields), shielding techniques (afeenal
electric and magnetic fields), beam position anthgmation measurement, to simulation techniques on
supercomputers.

Already in the course of the initial steps — R&Mplementation of hardware into COSY, test and
first EDM measurements with single beam — the cemipl of the project will be a constant driver of
innovation in accelerator, detection, and simutat@Echniques:

» Optimization of the spin coherence time (SCT) @&f litngitudinally polarized stored COSY beam by
accelerator (sextupole) settings;

» Design, construction, and implementation and opmrain COSY of a new_beam polarimeter,
capable of continuous spin tracking with the reggiisensitivity and stability;

» Design, construction and implementation in COSYweH as their use, of new high-precision beam-
position monitors;

» Design, construction and implementation in COSYawnfrf Wien-filter to be used for the proof-of-
principle demonstration measurement;

» Design, construction and implementation in COSYanfelectrostatic deflector for the first direct
EDM measurement;

» Spin-tracking_simulations to benchmark experimemtaéstigations and make predictions for new
hardware.

While physicists and engineers (from research esrdand universities) have to collaborate during
the design phase, the later construction of sugbregision storage ring will inevitably also involve
technologically oriented institutes such as, etlge Central Institute for Engineering, Electroniasd
Analytics (ZEA) of Forschungszentrum Jilich, andhhtech companies, e.g., for building combined E-B
deflectors.

An important extra impact will be the training aeducation of students and young researchers in a
wide range of activities, simulations, hardware elepment, and data analysis. In addition, the iegst
collaborations at different levels between the d¢esn partners will be further developed and infets
The project will also foster interactions withiretivorldwide community.

Feasibility

The Cooler Synchrotron COSY at the Institut fur ijeysik (IKP) of Forschungszentrum Juilich has
been mentioned repeatedly as the test and devehtpnahine for the current proposal. COSY is thges
of-the-art storage ring for polarized proton andtdeon beams. After more than twenty years of djmra
for hadron physics, it has essentially all of ta@ipment and techniques needed for spin-manipulsitrath
stored polarized beams, including a so-called ‘1&apeSnake”, necessary for longitudinally polaritehms
that will be delivered during 2015. Therefore, COBYthe only machine in the world where most of the
necessary tests for the storage ring EDM projectbmperformed, including a first direct measuretnén
proton and/or deuteron EDMSs, once the planned CG®)ades are completed.

The accelerator scientists at IKP have a long-stanexperience with the acceleration and storage
of polarized beams in COSY. The new head of thgé-&cale Nuclear Physics Equipment Institute (IKP-4
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Professor Mei Bai, who arrived from Brookhaven Na#l Lab in 2014, has committed herself, together
with a significant part of IKP-4, to the srEDM pec.

The PI's group at IKP performed hadron physics exmnts with polarized beams at COSY for
about 15 years, using internal detector systemsKBNPAX and WASA). With the phasing out of the
COSY hadron-physics programme at the end of 201&t of IKP-2 scientists are now fully focused on
srEDM. The central engineering institutes of FZEAZL (mechanics), ZEA-2 (electronics)) are IKP-2
partners in the new project.

Within the institutional cooperation between therdeébungszentrum Julich and RWTH Aachen
University called JARA (Julich-Aachen Research &idiie), the recently founded section FAME (Forcebs an
Matter Experiments) is concerned with “The Faté\ofimatter”, which provides the scientific basistbe
project. JARA-FAME brings together hadron (spinRysics of IKP with the high energy physics as vesl|
the engineering institutes of RWTH. Within JARA,awommon W2-professorships have been established
and filled by Andreas Lehrach (accelerator physas)l Jorg Pretz (experimental physics). The Pl is a
founding member of JARA-FAME.

The long-term and extremely successful cooperaltietween the University and INFN Ferrara
(Italy), and IKP-2, e.g., for the PAX polarized-gmbton project, has led to a substantial involvetrad the
group of Professor Paolo Lenisa (Ferrara) in tieD8 project, in particular in the spin coherenaadi
investigations and polarimetry.

In conclusion it can be stated that all the requeets for a successful planning, implementatiod, an
execution of the proposed studies, including, élg,necessary hardware (COSY) and experiencedyhigh
motivated personnel, are fulfilled. With a succaksfpplication, we will provide the basis for a ]
avenue to probe new physics beyond the Standar&Mdaelementary particle physics through a seéoch
charged-particle EDMs with unprecedented sensttivit

Additional supportive information; refer ences

1. F.J.M. Farley et al.
A new method of measuring electric dipole momengsarage rings
Physical Review Letters 93, 052001 (2004)
This paper introduces the storage ring methoddde@M search of charged particles; the new ideas
are to “freeze” the spin at a magic momentum faitgms, and the use of clockwise and counter-
clockwise beams.
2. Yuri F. Orlov et al.
Resonance Method for Electric-Dipole-Moment Measuets in Storage Rings
Physical Review Letters 96, 214802 (2006)
This paper proposes a different storage ring EDMhow which is based on using forced
oscillations of the particles’ velocities in resana with the spin precession.
3. Jonathan Engel, Michael J. Ramsey-Musolf, and d.Kalck
Electric Dipole Moments of Nucleons, Nuclei andwg¢oThe Standard Model and Beyond
Progress in Particle and Nuclear PhysicsZ21(2013)
This recent review discusses the theoretical backgt and challenges to obtain the most robust
framework for interpreting the results of EDM sdes and delineating their implications. The
importance of EDM searches of charged hadronsonageé rings is emphasized.
4. J.de Vries, E. Mereghetti, R. G. E. Timmermansl, @nvan Kolck
P and T Violating Form Factors of the Deuteron
Physical Review Letters 107, 091804 (2011)
This paper shows in the framework of two-flavorrehperturbation theory that in combination with
the nucleon electric dipole moment the deuteron emamwould allow an identification of the
dominant EDM source(s).
5. D. Eversmann et al. (JEDI-Collaboration)
New method for a continuous determination of thie $pne in storage rings and implications for
precision experiments
arXiv:1504.00635 [physics.acc-ph]
This paper by the JEDI-Collaboration summarizes pbthe R&D activities at COSY with a newly
developed time-stamping method, which representmgiortant recent accomplishment towards
SrEDM.
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Section b: Curriculum vitae (max. 2 pages)

PERSONAL INFORMATION

Family name, First name: Stroher, Hans
Nationality: German
Date of birth: August 21, 1952

« EDUCATION

1990 Habilitation in Experimental Physics
Fakultat fir Physik, Justus Liebig Universitat &ien, Giessen, Germany
1983 PhD in Physics (summa cum laude)

II. Physikalisches Institut, Justus Liebig UnivgisGiessen, Giessen, Germany
1980 Diploma in Physics
Institut fir Kernphysik, Justus Liebig Universitatessen, Giessen, Germany

« CURRENT POSITION(S)

1998 —today Director of Institut fur Kernphysikxperimental Hadron Dynamics)
IKP-2, Forschungszentrum Jilich GmbH, Jilich, Gann

1998 —today Full Professor (Experimental Physics)
Institut fur Kernphysik, Universitat zu Kdln, Cgoe, Germany

* PREVIOUS POSITIONS

1995 - 1998 Professor (C3) (Experimental Physics)
Institut fur Kernphysik, Johannes Gutenberg Ursitdt Mainz, Mainz, Germany
1990 — 1995  Scientific Staff
II. Physikalisches Institut, Justus Liebig UnivgisGiessen, Giessen, Germany
1987 — 1990 Scientific Assistant to the Directon&ml of GSI
Gesellschaft fur Schwerionenforschung, Darms@dtmany
1983 - 1987 Post-Doc at Il. Physikalisches Insfitidtus Liebig Universitat Giessen
Short-term stays in JINR (Russia), LBL (USA) &idL (USA)

* FELLOWSHIPS AND AWARDS

1983 PhD Award, Justus Liebig Universitat Giessgiessen, Germany

2010 ERC Advanced Grant POLPBAR

2010 Honorary Doctor from Ivane Javakishvili Thil&tate University, Thilisi, Georgia
2014 Honorary Doctor from Georgian Technical Unsigy, Thilisi, Georgia

« SUPERVISION OF GRADUATE STUDENTSAND POSTDOCTORAL FELLOW

2001 — 2015 2 Habilitations, 14 Postdocs, 17 Rhberous Diploma- and Master-students
IKP-2, Forschungszentrum Julich GmbH, Jilich, Gerynand
Institut fur Kernphysik, Universitéat zu Koéln, Colog, Germany

» TEACHING ACTIVITIES
1998 — 2015 Full Professor at Universitat zu Ké&ologne, Germany
Introductory Course in Experimental Physics
Special Courses: “Elementary Particle Physicggdis for Particle Physics”

1995 -1998 C3-Professor Johannes Gutenberg WitéelMainz, Mainz, Germany
Introductory Course in Experimental Physics
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* ORGANISATION OF SCIENTIFIC MEETINGS

2005 Chairman “STORI'05", GSI, Bonn, Germany

2010 Chairman “SPIN2010", Forschungszentrum Julélich, Germany

2011 Co-Chairman “ECT* Workshop on Electric Dip8@ments”, Trento, Italy
2012 Co-Chairman “MESON2012", Jagiellonean Uniitgr&£racow, Poland
2014 Co-Chairman “MESON2014", Jagiellonean Uniugr<Cracow, Poland

* INSTITUTIONAL RESPONSIBILITIES

1998 —today Faculty member, Universitat zu K&ologne, Germany

2002 — 2004 Chairman “Komitee fir Hadronen- undripdrysik” (KHuK), Germany

2004 — 2007 Member “Komitee fir Hadronen- und Kéygik” (KHuK), Germany

2003 —today Member of “Nuclear Physics EuropealtaBoration Committee” (NUPECC)

2004 —today Managing Director (twice) at Instifiit Kernphysik, Forschungszentrum Jilich, Germany

2012 —today Deputy chairman/Chairman of the Sifiefftechnical Committee (WTR) of
Forschungszentrum Jilich, Jalich, Germany

2013 —today Founding member of the “Jilich-AacResearch Alliance” (JARA) section “FAME”
(Forces and Matter Experiments) between RWTH Aadbheinersity and FZ Jilich

2014 —today Deputy chairman of the Scientific irdcal Committee Assembly (WTR-V) of the
Helmholtz Association of German Research Centr€3K), Germany

* COMMISSIONSOF TRUST

2000 — 2006  Member Program Advisory Commi(e&C), KVI Groningen, The Netherlands

2000 — 2006 BMBF Gutachterausschuss “Hadronad Kernphysik”, Germany

2004 — 2011 Co-Editor “Nuclear Physics News Int&omeal”

2007 — 2010 Member Program Advisory Committee (PACab, Newport News, USA

2008 — 2014 Member/Chair of the PhD Committee igsRis at the University of Ferrara, Italy
2009 — 2012 Member International Advisory CommitfgeC) of CSR and HIRFL, Lanzhou, China
2013 —today Co-Editor “European Physical Jourrial A

* MEMBERSHIPS OF SCIENTIFIC SOCIETIES

1980 —today Member “Deutsche Physikalische Gadwlft’, Germany

2010 —today Member “International Spin Physics Guttree” (ISPC)

2012 —today Member of “European Mediterranean &oadof Arts and Sciences” (EMAAS)
2014 —today Member of “Academia Europaea” (AE)

* MAJOR COLLABORATIONS

ANKE at COSY Jilich; general responsibility for tiseientific program; spokesperson Andro
Kacharava, Forschungszentrum Julich; data takitig AMNKE stopped in 2014
JEDI at COSY Julich; chairman executive board (Ef)okespersons Andreas Lehrach, Frank

Rathmann, Forschungszentrum Jilich, and Jorg HR®¥Y¥A,H Aachen University
JEDI is embedded in JARA|Fame, the cooperatiowdsst Forschungszentrum Jilich and
RWTH Aachen University (Germany), which is concerméth “The Fate of Antimatter”
LEGS “Laser Electron Gamma Source” at the Nati@yaichrotron Light Source (NSLS);
Spokesperson Andrew Sandorfi, BNL, USA
Data taking with LEGS stopped many years ago, eitcboperation around the polarized
hydrogen/deuterium ice target continues at JLab
PAX at COSY Julich (and CERN/AD); spokespersonsldaenisa, INFN, Ferrara, Italy and
Frank Rathmann, Forschungszentrum Jilich, Germany
The collaboration is strongly tied to the ERC ABGLPBAR
WASA at COSY Julich; spokesperson Magnus Wolke,dapgpUniversity (Sweden)
Data taking with WASA stopped in 2014
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Appendix: All ongoing and submitted grants and funding of the Pl (Funding I D)
Mandatory information (does not count towards pagets)

On-going Grants

Project Funding sourct Amount Period Role of the PI Relation to current
Title (Euros) ERC proposal
POLPBAR | ERC AdG 2.500.000 Since 2010 Pl of thegran| None

Section c: Ten yearstrack-record (max. 2 pages)
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Most important scientific achievements:

» Leading the scientific exploitation of the ANKE nmeagic spectrometer at COSY (Julich): this
experiment has taken data for 15 years until 20idl was a most successful detector system for
unpolarized and polarized internal experiments: ragnits major achievements were precision data
for proton-proton and proton-neutron elastic seetteat forward and backward angles and the mass
of then-meson as well as pion production data to testaCRierturbation Theory.

* Initiating the transfer of WASA from CELSIUS (Uppaato COSY to install it into COSY: this was
a decisive step in order to add photon detectipaluidity to the detector systems operated at COSY:
it was operated until 2014; the main research goaee studies of symmetries and symmetry
breaking in hadronic reactions and in meson decas;additional achievement was the observation
of a new resonance in double-pionic fusion reastiarhich is interpreted as a di-baryon state.

» Initiating the PAX program for polarized antiprotoas a possible upgrade option for the antiproton
project at FAIR/HESR (Darmstadlt).

» Leading the spin-flip and spin-filtering experimemith protons at COSY - for this project, an
ERC-AdG “POLPBAR” was awarded in 2010: as a magauit it was shown that only spin-filtering
is a viable method to produce an intense beam lafriped antiprotons for use in hadron physics
experiments.

» Initiating the JEDI project with the final aim tearch for Electric Dipole Moments (EDM) of
charged particles in storage rings: this most a@mistproject must be divided into a series of steps
ranging from R&D at COSY to the concept, the designd the construction and exploitation of a
new high precision storage ring.

Most important publications:

1. C. Weidemann et al. (PAX)
Toward polarized antiprotons: Machine developmentpin-filtering experiments
Phys. Rev. ST-AB 18, 020101 (2015)
O citations
2. W. Augustyniak et al. (PAX)
Polarization of a stored beam by spin filtering
Physics Letters B 718 (2012) 64-69
20 citations
3. P. Adlarson et al. (WASA)
Abashian-Booth-Crowe Effect in Basic Double-Pidrision: A New Resonance?
Phys. Rev Lett 106, 242302 (2011)
34 citations
4. P. Goslawski et al. (ANKE)
High precision beam momentum determination in &isgotron using a spin-resonance method
Phys. Rev. ST-AB 13, 022803 (2010)
9 citations
5. D. Oellers et al. (PAX)
Polarizing a stored proton beam by spin-flip?
Phys. Lett. B 674 (2009) 269-275
20 citations
6. |. Zychor et al. (ANKE)
Lineshape of the Lambda (1405) hyperon measuredigir its Sigma0-piO decay
Phys. Lett. B 660 (2008) 167
67 citations
7. T.Mersmann et al. (ANKE)
Precision Study of the eta-3He System Using the*@be eta Reaction
Phys. Rev. Lett. 98, 242301 (2007)
90 citations
8. F. Rathmann et al. (PAX precursor)
A Method to Polarize Stored Antiprotons to a Higégibee
Phys. Rev. Lett. 94, 014801 (2005)
57 citations

10

This proposal version was submitted by Hans STROEHER on 30/05/2015 07:49:43 CET. Issued by the Participant Portal Submission Service.



Stroher Part B1 SrEDM

Invited presentationsat inter national confer ences/schools:

1.

International Conference on New Frontiers in Prg/§iCNPF 2013)

JEDI — the Julich Electric Dipole Moment Investigats

Kolymbari, Crete, Greece, 30.08. 05.09.2013

International Workshop on non-perturbative PhenariarHadron and Particle
Physics (Many manifestations of non-perturbaive CD

The next step — polarized antiprotons for FAIR/HESR

Caratuatatuba, Sao Paolo, Brazil, 30.04.- 05.02201

The 8th International Workshop on the Physics dafited Nucleon§NSTAR 2011)
N*ews from COSY

Newport News, Virginia, USA, 17. — 20.5.2011

8" International Conference on Nuclear Physics ate§®Rings (STORI"11)
The Road towards Polarized Antiprotons

Frascati, Italy, October 9-14, 2011

Lepton Moments 2010 Symposium

Prospects for a storage ring EDM-facility at COSY

Cape Cod, Centerville, USA, 19.-22.06.2010

International Conference on the Structure of Basy@ARYONS 2010)
Physics at COSY-Jilich

Osaka, Japan, 07.-11.12.2010

The 7th International Workshop on the Physics dfitexd NucleongNSTAR 2009)
The N* Program at COSY-Julich

Beijing, China, 19.-22.4.2009

Organisation of international conferences:

1
2.
3.
4

Chairman “8' International Conference on Nuclear Physics atag®Rings” (STORI05) in Bonn
Chairman “189' International Spin Physics Symposium” (SPIN2010)iilich, Germany
Co-Chairman “ECT* Workshop on EDM Searches at fermdings”, 2012, Trento, Italy
Co-Chairman “12 and 13' International Workshop on Meson Production, Progerand
Interaction” (MESON2012, MESON2014) in Cracow, Pala

Member ships of steering/organisation committees of inter national conferences:

1.
2.
3.
4.

Local Organising Committee (LOC), e.g.: MESON20BRKSON2008, MESON2010

Local Organizing Committee of bi-annual “Georgiaer@an School and Workshop in Hadron
Physics/Basic Science” (GGSWHP) since 2004

International Spin Physics Committee (ISPC), eog[X-SPIN2015, SPIN2014,

International Advisory Committee (IAC), e.g.: SSR2ONSTAR2015, STORI 14, BARYONS2013

Academy member ships:

1.
2.

Euro Mediterranean Academy of Arts and Sciencex¢s?2012)
Academia Europaea (since 2014)

Contributionsto early careers of excellent researchers:

1.
2.

3.

IKP-2 staff member Magnus Wolke received a Lectém@fessorship at Uppsala University in 2008
PhD Student Alexandra Wronska received an Assi®anfiessorship at the Jagiellonian University
Cracow in 2010

Co-worker _Izabella Zychor finished her habilitatiah the National Center for Nuclear Research
(NCNR), Swierk, Poland, in 2013, based on the C@$M¥E experiments

IKP-2 staff member Markus Buscher received a W2Zdasorship at University Dusseldorf in 2013
Livia Ludhova (INFN Milano, Italy) will receive anKP-2 staff position combined with a W2-
Professorship at RWTH Aachen University within threcruiting initiative” of the Helmholtz-
Association (HGF)
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ERC Advanced Grant 2015
Research proposal [Part B2]
(not evaluated in Step 1)

Part B2: The scientific proposal (max. 15 pages)

Section a. State-of-the-art and objectives

Science case: WHY? — Explore the reason for the b@n-asymmetry of the Universe;
uncover the reason for our existence!

The search for permanent Electric Dipole Momen@NE: in non-degenerate systems was initiated
by Edward Purcell and Norman Ramsey more than &@sy&go for the neutron. Since then a long sefies o
searches with ever increasing sensitivity on nestratoms and molecules has been conducted, Hirtiteo
EDM has yet been found. Nevertheless, the expetaharpper limits have already had a significant
influence on theories of elementary particle phydike, e.g., for supersymmetric models. New getieana
of experiments are under way or are being planwhith may have the potential to find an EDM — ity an
case with additional far-reaching theoretical irogtions.

The interest in EDMs originates from the fact thsy violate parity (P-) and time-reversal (T-)
invariance — for the latter this is schematicalhown in the figure below, where application of the
operation results in a different state. By meanthefCPT-theorem, T-violation corresponds to thaation
of the combined charge (C-)-parity symmetry CPhaitgh the discovery of CP-violation (CPV) by James
Cronin and Val Fitch (and others) in 1964 came asraplete surprise, it is nowadays a well-studigéece
in the quark sector of the weak interaction anduithed in the Standard Model (SM) of elementaryiplrt
physics via the so called CKM mechanism. Givenkihewledge of SM-CPV, the predicted size for EDMs
of elementary particles is unmeasurably smallleasdt with current experimental techniques.

CP Violation by EDMs

Electric Dipole Moments violate P- and T-invariance

[

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

Original illustration by: physicsworld.com

There may be, however, additional sources of SM-GRY., in the leptonic sector. It is intended to
search for these in neutrino oscillations — butdbgesponding projects are still in its infandycdould as
well be possible that new CPV sources are lurkm@lectric dipole moments. The existing experimenta
EDM limits for the neutron (dircctly measured to-+#E)?® elém) and the proton (~Fdelém — deduced from
atomic EDM limits) indicate two things: (i) EDMsewery small compared to magnetic dipole moments
(MDMs) and (ii) their smallness is not at all ursteod theoretically — via the so called Quantum
Chromodynamics (QCD§—term it establishes tistrong CP puzzlewvhich is waiting to be be solved.

The strongest motivation for new CPV is obtainednfrthe fact that apparently our Universe
contains essentially only matter and almost nonaattier (see figure below) — one might call this poezle
of our existendeThere are strong arguments for this assertioredas) the Big Bang Nucleosynthesis
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(abundance of the lightest nuclei), the Cosmicrbi@ave Background Radiation and on Supernovae,
although relic antimatter is also searched for,, evith the “Alpha Magnetic Spectrometer” (AMS) tme
“International Space Station” (ISS) — as of todaghaut success.

Briefly after the Big Bang, matter was created frenergy in the form of particle-antiparticle pairs.
Why didn’t these pairs annihilate again into punergy, leaving no matter behind? For yet unknown
reasons, at some point in time, the part which alensatter has had a slight plus over antimattafter the
annihilation phase ended this surplus of matteabdished the Universe we live in (notwithstandiigatk
Matter” and “Dark Energy”). This process is calledryogenesisNote that the electroweak CPV of the
Standard Model would have left over much less mdttading to a Universe largley devoid of galaxies

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
®)

(. ) Matter

®
Anti-

D
\  Matter
(o)

This is one of the big unsolved problems in physics !

In 1967, Andrei Sakharov determined which propsert¢ Nature are required for baryogenesis,
regardless of the exact mechanism. His three kaynastions — now known &akharov conditions are:
» At least one baryon-number (B-) violating procdasasforming the original B = 0 universe into the
universe with a very high B-number ;
* Processes, which violate charge (C-) and charge/d@P-) invariance;
* Interactions outside of thermal equilibrium.

These conditions are necessary but not sufficiemte-still needs to determine the specific mechanis
through which baryogenesis happens. Here, howaem@re only concerned with the CPV prerequisite: it
exists (see above), but it is too small by manyemdf magnitude — additional new sources are redui
which most probably will also imply New Physics (NP

Permanent Electric Dipole Moments (EDM) of elementaarticles can be a door towards NP: in
fact, some theories like supersymmetry (SUSY);rigftit symmetry and multi-Higgs scenarios, sugdlest
EDMs may be much larger than the SM predictionsadbe within experimental reach.

EDMs are searched for worldwide in the neutromatmms, molecules, and solids, steadily pushing
the upper limits further for the neutron (nEDM)gtiproton (pEDM) and the electron (eEDM). Future
upgrades will continue to improve these limits, boitne general limitations seem to be inevitable:

* Free neutrons are unstable, and thus the measur¢imenwill be principally limited; ultracold
neutrons (UCN) cannot be produced and stored inlaege quantities — the future goal for nEDM is
~107 elém);

* In complex systems like atoms, molecules or evdiissothe EDMs of constituents need to be
deduced indirectly with the help of sophisticateadeils.

A new idea to extend the direct measurements togystems and with the potential to push limits
even further is to search faharged particleEDMs in dedicated storage rings (srEDM). This is th
background and motivation for the present proposal.
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Science case: WHAT? — Search fatharged-particle Electric Dipole Moments in storage rings
(srEDM)!

Searching for a non-zero proton and/or deuteron EDMA dedicated storage ring represents an
experimental opportunity to improve the currentsivity towards 1G° eidm, which corresponds to:

* nearly 5 orders of magnitude compared to the icty@btained pEDM limit;
* roughly 3 orders of magnitude compared to the cum&DM limit, and
» at least an order of magnitude in comparison t@tbgected future nEDM figure.

For the deuteron, it will establish a first-everaserement.

If achieved, these limits will provide a signifitaadvancement towards the discovery of a finite
permanent EDM in a non-degenerate system.

In addition to the sensitivity potential, it has@lbecome evident in recent years that — after the
observation of a finite EDM — it will be required investigate different systems to elucidate thel&umental
source(s): thus, besides the neutron, at leagirtiten but preferably also the deuteron must bedtigated.

A more complete picture, including atoms, molecaled leptons, is shown in the following figureisitseen
that for leptons, there is a direct link betweepa¥xment and the fundamental theory, while for badr(and
more complex systems — nuclei, atoms, molecules) dbnnection becomes more sophisticated by
intermediate theoretical steps, e.g., QCD. On ttheerohand, the possible fundamental insight in® th
underlying physics is much richer.

Source(s) of EDMs

Multiple experimental input is required ...

E
Neutron, ] l quark EDM ]_
Proton @ \
oo
=
. z 2
Nuclei: 8 2 ——)[ quark chromo-EDM ]_,
2H, *H,*He g1 = c
- =
H o
Diamagnetic ' % 8
atoms: . E _,[ gluon chromo-EDM ]—) 2
N c e
Hg, Xe, Ra = g
: 8 =
Paramagnetic rF &'
atoms: ; four-quark operators 5
w
Tl, Cs E s
- <
o l [=]
Molecules: l lepton-quark operators ]—) 5
| =

YbF, ThO, HfF*

Leptons: J lepton EDM ]—)
muon 1

.. to disentangle the fundamental source(s) of EDMs

After the discovery of an EDM, e.g., for the nentrone of the most important questions to be
answered will be, whether it is caused by strongvloRition or whether it originates from physicsybed
the Standard Model (BSM). The SM-Lagrangian comgtairsecond source of CPV, the QCD vacuum angle
(@-term), whose value is already strongly constraibgdexperimental neutron EDM limits. The extreme
smallness off] is a long-standing puzzle of the Standard MoBgperimental data on the EDMs of light
ions (proton, deuteron) can provide an answer.t/hile a single EDM measurement can be interpreted
(fitted) by any source, two measurements, e.gtraewand proton, will allow conclusions about thigyim of
the CP violation. As a check of the theory, theultefor the bound neutron-proton system (deuteshuld
as well be available. In recent years several tations have been performed for EDMs of the nucleod
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several light nuclei, using modern effective-fieheory techniques, in order to determine how theary be
best constrained: it has been shown thatitierm could be identified with good accuracy, onesults for
EDMs of the neutron, proton and deuteron have loé¢ained. For this source the EDMs of these systems
are all expected to be of the same order of magmjtbut the precise quantitative relations betwiben
individual EDMs are a clear prediction of ti&eterm. In this way, the existence/smallness ofrgir@€P
violation — a puzzle which has been around for alfifty years — can potentially be solved.

The size of the deuteron EDM, with respect to tBdvVEof proton and neutron, is an excellent probe
for BSM physics: as mentioned, for tl#eterm one expects similar size EDMs for the nucleod the
deuteron, while certain BSM sources predict the ME® be significantly larger, up to an order of
magnitude. Thus, it can be expected that dEDM hasarticularly large discriminating power due to its
unigque spin-isospin properties.

The calculations are complicated because the maadel$ormulated at very high energy and then
need to be evolved down to the scales where expatsntake place. Using a cascade of effective field
theories such calculations become possible ancEiEs can be expressed in terms of the parameters
appearing in the high-energy models. Preliminasgults confirm that different classes of models ted
different hierarchies of EDMs and thus can be desggled once experimental results will be available

Technique: HOW? — Observation of EDM effect on spirmotion

The principle of storage-ring EDM measurementshairged particles is simple: if an electric dipole
moment exists, the spin vector, which is orientachbel to the EDM direction, will experience adae in
an external electric field, resulting in a chandettee original spin direction (see figure below)hig
minuscule spin rotation can be determined withhbkp of a so called polarimeter (a detector to rdeitee
the spin direction). Alternatively, one can sedha tiny change of the spin precession frequeheyto an
EDM.

Principle of EDM Search

Particle spin alignment along momentum (,,frozen spin*)

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

The spin motion (precession) of a particle, whiosgesses both a magnetic dipole moment (MDM)
and an electric dipole moment (EDM), in electrig ébd magnetic (B) fields of a storage ring is goee
by the Thomas-Bargmann-Michel-Telegdi (Thomas BMagyation:

i . - B}
i S x (Qumpm + QepMm)s

- NG /s = 1 x E
05~ 153 (38) - (0-7) &

— nq - ¥ 5/ 5 o - -
lepmy = — | B — —— . )
Sepm 2me {E v+ 15 <5 E) +efx B}

Xy

3 q
Qupy = —
m

(B, y are the Lorentz factor; is the magnetic anomaly, amgparametrizes the size of the EDKf, g
represent mass and charge, and the velocity of light). Here the angular veloes Q) are defined with
respect to the momentum vector of the particle.
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The main challenge is that in general the spingsgion due to the MDM is many orders of mag-
nitude larger than the spin precession expectad & EDM. The aim is thus to find electro-magnéttd
configurations where the contribution due to the MiBanishes, i.e., where the spin vector does retgss
and always points along the momentum vector inathence of an EDM. This technique is called "frozen
spin” (see figure below).

For protons with their positive anomalous magnetmment, this condition can be achieved with
purely electric fieldsfor a “magic” beam momentum qf = 700.74 MeV/c. For particles with negative
anomalous magnetic moment (like deuteronepmbination of electric and magnetic fieldas to be used.
In either case a non-vanishing EDM results in dobup of a vertical polarization component for aivethat
was initially polarized in the horizontal plane

.Frozen Spin“ Technique

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

Momentum

Right: fixing the horizontal spin along the momentum direction

Scholarly aspects HOW? — Employ a new class of storage rings for chged-particle EDM
searches!

For the final high-precision ring with a EDM sensty goal of 10%° edm or even better, both
options require the use of clockwise (CW) and cewntockwise (CCW) beams to remedy, e.g., the
following systematic errors:

» Radial magnetic fields;

* Non-radial electric fields;

» Vertical quadrupole misalignments;

» rf cavity misalignments and unwanted field compdaen

The main systematic error will come from an unwedrgpin precession due to the MDM in radial
magnetic fields which will be indistinguishable rinothe EDM signal. A radial magnetic field, however,
causes forces in different directions for the be&imgpposite directions and thus it can be cordrblio a
very high accuracy. In addition there will be sigrant further experimental and technological afradjes,
for example shielding of external magnetic fieldslow 1 nT everywhere), beam position monitorimgtie
order of nm) and polarimetryiad/1000 s for 1& eldm).
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Concept Precision EDM Storage Ring

Double ring with polarized
clockwise and counter-clockwise beams

Purely electric deflection (pEDM only)
- two separated beams simultaneously

Combined electric/magnetic deflection (pEDM and dEDM ...)
- two separated beams simultaneously
or one beam at a time and B-field reversal

Such a dual-ring does not yet exist. The challetyesly sketched above are basically due to the
transition from the ideal physics case to its medion in a piece of equipment — two conclusionsinne
inferred:

» It will not be possible to reach the projected &erity goal in one step, essentially starting from
scratch to design build and operate the dual-be@tigion storage ring. Since such a facility
also represents a significant investment it mu$t be made after a very careful assessment of
all the risk factors has been performed and orldeegtechnologies are provided.

» An approach, in which these key-technologies aveldped and demonstrated, combined with a
series of experiments in which the EDM-sensitivigyincreased step-by-step, based on the
experience gained on the way, is compulsory.

The current proposal (“Electric Dipole Moment Séausing Storage Rings”) suggests such a step-
wise approach: starting with existing equipment, particular the cooler storage ring COSY at
Forschungszentrum Jalich (COSY-Jillich, see belowd, objectives will be pursued (WP-x refers to the
work packages, described in more detail below):

» Develop the tool-box, comprising:
0 Beam position monitors (BPM), beam current tramefms (BCT) [cf. WP-1and WP-4]
0 Electrostatic deflector and combined E-B “bendef’ WP-1 and WP-4]
0 Accelerator feedback system [cf. WP-1 and WP-4]
o0 Beam polarimeter [cf. WP-2 and WP-4]
0 Spin tracking simulation codes [cf. WP-3]
* Perform EDM measurements with COSY:
0 Proof-of-principle for deuterons, using rf-elemeff@ien filter”) [WP-5]
o First direct measurements for protons and deutermisg static E/B elements [WP-5]

The acquired know-how will be integrated in a dassgudy (outside of the current sTfEDM project
proposal) with the aim to provide a Conceptual BedrReport (CDR) or even a Technical Design Report
(TDR) for the final facility, which is a longer-ter (>10 years) project.

Section b. Methodology

The srEDM project is a complex high-risk high-impaenture, which needs careful planning and
execution. The following sections outline the stuwe of the necessary experienced team, the require
(mostly available) hardware and the work packageduding the deliverables/intermediate milestonas)
the way.

In order to keep track of progress (and possibtdlpms which might lead to re-adjustments), it is
planned to document and report all of the resultsiitimely fashion, e.g., on the srEDM-website, in
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conferences and in refereed scientific journalst bare and attention will be taken that resulteelfas the
project itself will be presented to the broadeestific community and to the public. The dissemimmatof
the results will be the responsibility of the PHaromprises:

* Implementation and maintenance of a website;

» Scientific internal and external reporting;

» Data and patent management (e.g., storage andsagfoegperimental and technical data);
» Organization of topical internal and external rewi@eetings.

Strategy: HOW? — Structure of the team; partners

Although the Institut fur Kernphysik of Forschumgatrum Jilich [JUELICH] — comprising the PI's
institute (IKP-2) and the accelerator departmelP(4) as well as the central engineering instit#sA-1
(mechanics) and ZEA-2 (electronics)) — provideseay\solid basis for the proposed srEDM project, the
diversity and complexity requires additional conmpémtary expertise, which can be implemented wiéh th
following two partner institutions:

 The Physics Institute (Il B) of RWTH Aachen Uniggy [RWTH] has internationally

acknowledged expertise in design and constructipe.g., LHC detector components as well as
complex data analyses, which will be extremely futlfor the new polarimeter. In cooperation
with engineering departments, they have recenéstesd to build and test mock-up models for
the electrostatic deflectors. Prof. J. Pretz hasnlzemember of the BNL (g;2¢ollaboration, the
only previous precision storage ring experimemaly, the university provides access to well-
prepared PhD students for the project.

 The group at the University of Ferrara and INFNr(&e, Italy) [UNIFE], led by Prof. P.

Lenisa, is a long-term collaborator, e.g., in PAMIarized antiprotons) and has acquired unique
expertise in polarized sources, targets and podrnmwhich will be invaluable for the success
of the beam polarimetry work package and for althaf experimental investigations at COSY.
Also Ferrara will be a source of well-trained Phbdents.

srEDM Team Structure

[ — 1
RWTH JULICH UNIFE
i
ZEA’s — IKP-2 — [KP-4

COSY

Forschungszentrum Jilich and RWTH Aachen Univerfitynded an institutional cooperation
called JARA (Julich Aachen Research Alliance) vatie section FAME (Forces and Matter Experiments),
which aims to answer the question about the fat@n@atter: all involved Julich and Aachen ingtdos
are members of JARA-Fame. The JEDI-collaboratioilidd Electric Dipole Moment Investigations)
encompasses all partners (see figure).

Strategy: HOW? — Exploit COSY-Jilich as R&D and EDM-demonstrator facility

The COoler_SYnchrotron (COSY) is a conventionagrbeam storage ring with a circumference
of 184 m at the Institut fir Kernphysik (IKP) of isshungszentrum Juilich (FZJ) (see figure); it eshladron
storage ring worldwide which has most of the charéstics required for the charged particle EDMjgcb
and it can be employed for the first EDM measuremenhthis proposal, although it was never conatiae
a precision storage ring for this purpose.
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COSY stores and accelerates polarized proton anted® beams from the injector cyclotron
JULIC to momenta between 0.3 GeV/c (value at inp@dtand 3.7 GeV/c. To preserve polarization during
acceleration for polarized protons, well-establismethods are employed: a fast tune-jumping system,
consisting of two pulse air core quadrupoles, hasnbdeveloped to overcome intrinsic resonances;
polarization across imperfection resonances isepves by the excitation of a vertical orbit bumpngs
correcting dipoles to induce total spin flips. Tpelarization of the circulating beam in COSY can be
monitored during acceleration with the internal EDBetector. This unique tool simplifies the procedlof
adjusting the accelerator for polarized beams. &diéeved polarization for protons is higher thafl7aip to
the final momentum. Vector and tensor polarizedtelenms are also routinely accelerated in COSY with
polarizations up to 60%. COSY also provides phasee cooled beams over the whole momentum range by
means of two electron coolers (low energy: up t6 k8V, high energy: up to 2.5 MeV) and a stochastic
cooling system.

COoler SYnchrotron

—“—FHTH'I—-ﬂ}ULN HAH

e-Ci uulc.r @

\\" BB cavity, BCT
4 Wien filter

i Stochastic (f()o]'lnk -
& Fast quadrupole ) V e-Cooler

COSY has been operated for hadron physics expeténi@nmore than 15 years. At the end of 2014
the hadron physics experiments have been stoppkdhaninternal detector facilities (ANKE, WASA and
PAX) will be decommissioned in future. For abou® df the time (i.e. about 2000 hrs per year) COSY i
now exploited for R&D in conjunction with the EDMrgject by the JEDI-collaboration. This fraction of
beam time will increase once COSY is used as EDMaiestrator facility (proof-of-principle, first
measurements).

Strategy: HOW? — Work packages

The following figurepresents the overview of the work packages forefaethe srEDM-
project with the two major deliverables — key tealogies and EDM measurements — details are
described below:

Work packages

Key technologies Storage ring EDM

for srEDM measurements
WP-1 WP-2 WP-3 WP-4 WP-5
Accelerator Beam Beam Feasibility Proof- First EDM

developments polarimetry simulations studies at COSY of-principle measurement

Deflectors Data base for Beam Spin coherence time RF-Wien filter COSY upgrade
|electrosiatic, E/B) proton, douteron orbit tracking [SCT), spin tune test, installation program
Instrumentation Detector Beam Accelerator Daouleron Proton, deutaron

(BCT, BPM) characterization spin tracking feedback systam experiment maasuremant

Accolerator Detector, target New hardware fests
feedback system prototyping (deflect., polarimitr.)

Jouck RNl oucH [REEHI uniFe JoucH  JOucH [ uniFe JouicH [N uniFe
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WP-1: Accelerator developments:
Electrostatic and combined E-B bending elements, gtrumentation of the storage ring

To carry out this kind of precision experimentgtifield electrostatic and combined E-B
bending elements have to be developed and optimEdhe ultimate sensitivity goal of ¥be-cm
of a proton EDM experiment the development of Highd purely electrostatic bending elements are
essential. Combined electrostatic - magnetic bendlements have to be developed for an “all-in-
one” lattice design to perform a deuteron experimenuch a ring can also be used for protons as
well as other light ions, e.g®He. For an EDM storage ring of radiuss 30 m transverse electric
fields of 17 MV/m with a magnetic field up to 1.Glare required.

The EDM measurement also requires a precise maomgtasf the beam properties to
understand systematic effects. The main systereattce of an EDM measurement is supposed to
come from radial magnetic fields which will, viaetlinteraction with the magnetic moment of the
particle, mimic an EDM effect.

Objectives

An electrostatic deflector from Fermi National Arator Laboratory (FNAL) has been
transferred to Jilich to gain experience with dlitigh electrostatic fields. In cooperation with
RWTH a clean room and test bench was set-up talteghscaled electrostatic deflector models. To
handle systematic contributions by the two apestafean “all-in-one” machine, the field polarity of
the magnetic field has to be changed with very higbcision while keeping the electric field
completely constant. This will allow for consecetiuns of CW and CCW beams in the different
apertures of the combined electrostatic - magieiding elements.

Major development steps for the final bending eletmage the optimization of the shape of
electrostatic field plates with suitable magnetdfieonfigurations utilizing electromagnetic field
simulation programs, electrical and mechanical ldyof bending elements and R&D work on
surface treatments that can yield ultra-high eledteld gradients. Thus, the following steps are
required:

1. Test and optimization of bending elements on tkeliench:
» Test and optimization of downscaled electrostagicding elements;
* Preparation of test bench and clean room at Jtditest full-scale bending elements;
» Refurbishing and performance optimization of FNAdfldctor;
» Development and of surface treatment utilizing tRRAL deflector to increase its
performance;
* Adding magnetic field coils and study field polgrithange with very high precision.

2. Development of the final bending elements:
* Optimization of the shape of electrostatic fieldatps with suitable magnet field
configurations, using electromagnetic field simiaiatprograms;
» Electrical and mechanical layout of bending elersient
» Construction of bending element, optimization efdiconfiguration and strength;
» Performance test and optimization on test bench.

One way of controlling systematic effects is the w$ high precision BPMs. The idea is
based on the exploitation of magnetic pick-ups Rogowski coitonfiguration (an electrical device
for measuring alternating currents, which congidta helical coil of wire). The main advantage of
this coil design is the response to the particlechurequency and the compactness of the coif.itsel
In a first step the BPMs will be benchmarked inahdratory test system. In the next step the
calibrated BPMs will be installed and tested atdbeventional storage ring COSY. In a further step
an extension of the BPMs to measure the relativatipa of two counter-rotating particle beams
must be foreseen.

3. Rogowskcoil development:
* Benchmarking in a laboratory test system;
* Installation and performance testing at COSY.

A radial magnetic field will lead to a vertical seption of the two beams which leads to a
non-vanishing magnetic field which could be meadumth SQUIDs (superconducting quantum
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WP-2:

interference device, consists of two supercondacteparated by thin insulating layers to form two
parallel Josephson junctions; they may be confijure a magnetometer to detect very small
magnetic fields). A first estimate shows that oreds sensitivity of the order of 1fHz. SQUIDs
with this sensitivity are available but were netested in an accelerator environment. SQUIDs were
used as a beam current monitor but never as a peaition monitor where a new 4-fold coil setup
to measure up-down and left-right positions will bged. This will be addressed in this work
package. Note that only the relative positionshaf two beams have to be measured. This method
only works if the beam currents and phase spadheotwo beams are the same or are determined
very precisely.

4. SQUID BPM development:
« Design and layout of a SQUID BPM;
« Installation and performance tested at COSY.

For stabilization of COSY (and any future precisteMD storage ring), signals of as many
ring and beam parameters as possible (magnetgstdrs, spin and betatron tune, closed orbit,
chromaticity etc.) need to be monitored and pub iatfeedback system. Such systems will be
developed and then tested in COSY (WP-4).

Deliverables

The list of items given in the subsections 1.- Bowe comprises the tasks that need to be
worked off in this work package. As the final gadlthis WP, a technical report will be delivered
after month 48. Intermediate steps will be toparad review meetings.

Contributions by the partners

The institute where most of the accelerator know-tHor storage rings resides, IKP-4 of
Forschungszentrum Julich, will take over the lardexction of the workload of the work package.
The IKP-4 director Prof. M. Bai is committed to dethis WP. IKP-2 with its experience in polarized
beams will also contribute under leadership of BerRathmann (one of the JEDI-spokespersons).
ZEA-1 of FZJ will be strongly involved in all tecblogical developments. RWTH will be
responsible for the downscaled electrostatic bendiaments. For these tasks, one PostDoc position
at FZJ and one at RWTH will be foreseen from thigert (see figure below).

For the SQUID-BPM development, cooperation with ofieche world experts of SQUIDs
(Dr. H.J. Krause, PGI-8 of FZJ) has been started.

Polarimetry

The polarimeter for the EDM Storage Ring must ofgecantinuously with high efficiency
and high polarization sensitivity (analyzing powsp that polarization rotations of the beam as
small as awrad may be detected if they happen within a timahbafut 1000 s. There also needs to be
control of the systematic errors in detecting thigange to a similar level of precision. The
conditions of high efficiency (1%) and analyzingwss (~0.6) are fulfilled for medium energy
protons and deuterons when using a thick (few am)an block onto which the beam particles are
directed continuously during the experiment. Etastiattering of the beam particles from the atomic
nuclei in the carbon target will be observed irraes of detectors installed behind the target.

Feasibility studies conducted at COSY have alratadyionstrated this level of performance
and error suppression for a carbon block mounteth@tedge of the circulating beam. In an
experiment in which the polarization direction eripdically reversed, first-order errors arisingrr
beam position or angle errors, or rate-induced @aeoee changes in the detector system, may be
cancelled using combinations of the elastic sdatierates for different azimuthal angles. Higher-
order systematic effects related to the shape @fb#mam profile may be corrected based on the
information from a reconstruction of individual seaing events if the carbon target is supplemented
with a hydrogen gas jet (or frozen pellet beam} ttrasses the beam. So part of the polarimeter
detector will be a tracking system that allows ittgoeach particle back to its point or origin, and
another outside the first that identifies partidlest have scattered elastically. The hydrogenretarg
will also give rise to Coulomb scattered (with spidependence) particles that oscillate about the
beam center line and strike the thick carbon blacksubsequent trips around the storage ring.
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WP-3:

Objectives

The goal of the WP will be the design, constructmm testing of a prototype polarimeter
for use in the first EDM storage ring experimerttistwill comprise the following steps:

» Development of a broad-band database for p-C aiddattering;
« Detector characterization;

* Polarimeter modelling and Monte Carlo simulations;

* Realization and test of a prototype.

One exciting novel project which has recently bstanted, is to shoot small diamond pellets
(size 1-100 um) through the beam as target insdéasing a bulk carbon block — this has many
attractive features, like, e.g., instantly switghthe target on/off and obtaining a beam profild, ib
requires a new development.

A dedicated target-station in COSY for the dateelragasurements will be provided at the
WASA place (see figuref COSY above); test experiments for detectorsatan use the extracted
COSY beam.

Deliverables

The data base on polarized proton-carbon and aeuterbon scattering will be provided in
month 30 (after the start of the project); a pofater prototype will be constructed and tested afte
36 months, and the feasibility study for the nexgea system will also be finalized after 3 years.

Contributions by the partners

Forschungszentrum Jilich (the group of the PI iP)Ikwill develop the polarimeter
prototype and work on the new diamond pellet tagystem; for this purpose a new IKP-2 staff
member (Irakli Keshelashvili) has been hired relgemnd a cooperation with ZEA-1 (mechanical
engineering of FZJ) has been started.

RWTH Aachen will perform detector modelling and Minulations: under the supervision
of Prof. J. Pretz, students will work off this task

Ferrara will be responsible for the data base. AtPoc with experience in polarized
hadronic reactions will be hired for the group @df? P. Lenisa in order to provide the required
precision polarization data (analysing power, cragstion) from literature and from new
measurements at COSY.

Beam simulations

Spin tracking simulations of the complete experitrage crucial to explore the feasibility of
the planned storage ring EDM searches and to iigadstthe systematic limitations. For a detailed
study during particle storage and build-up of anMEBignal, a large sample of particles must be
tracked for billions of turns. The “COSY INFINITYénd “MODE” simulation programs are utilized
for this purpose, both based on map generationgudifferential algebra and the subsequent
calculation of the spin-orbital motion for an arbiy particle. An MPI version is running on the
Jalich supercomputer cluster. Given the complexifythe tasks, particle and spin dynamics
simulation programs must also be benchmarked bypaomg simulation results and experimental
data from measurements at the Cooler Synchrotrd®YCO

Objectives

Spin tracking simulations to support the first direneasurements and quantify systematic
errors have to be performed. In order to identiiy best approach using numerical simulation codes,
meetings of the world-leading experts will be oigad — recently a kick-off meeting was held
during the International Particle Accelerator Coafece (IPAC15) in Richmond, Virginia (USA). In
addition to “COSY INFINITY” and “MODE”", integratingprograms also have to be used for
benchmarking. These simulation programs are seitablstudy effects that occur on short time
scales.

Deliverables

The goal of the WP will be to deduce the systematiitations of the resonant method (RF
Wien filter; see WP-5 below) with the simulationograms and perform lattice design and spin
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tracking for the design work of a dedicated EDMrag@ ring. In a first step the development and
implementation of time-dependent transfer maps elsag the EDM extension to spin motion need
to be tested and used to investigate the resonetitoch and its systematic limitations with COSY
INFINITY and MODE. Main sources of systematic egdior the resonance method are the
alignment of the RF Wien filter, the opening angiespin ensemble, field quality (fringe fields)eth
relative frequency slip of the RF Wien filter arfietclosed orbit deviation of the beam due to
misalignments and field errors of ring magnetsoider to improve the systematic EDM limit for
this method the closed orbit correction system GfS§ has to be improved significantly. For this
task detailed beam and spin tracking simulationeasential. The results will be the bases to specif
the required COSY upgrade (orbit correction systesam-position monitors (BPMs), power supply
stability, magnet alignment and ring impedances).

For the design study of a dedicated EDM storagg, tattice design and spin tracking will
be the major task in the upcoming years to ideritity systematic EDM limit of the experimental
methods in conjunction with the design of all aecafor elements.

The WP needs to be dealt with over the full peabdhe srEDM project, but some parts
have to be finalized after about 2 years, sinceli®are needed for the measurements of WP-5.

Contributions by the partners

The simulations within this project will be perfoechin the IKP accelerator division (Prof.
M. Bai) of FZJ with PhD students under the leadergli Prof. A. Lehrach (FZ Jilich / RWTH
Aachen). The upgrade of COSY INFINITY will be sugised by Prof. M. Berz (MSU, USA), who
is the principal developer of the presently avddabkersion and who is a member of the JEDI
collaboration.

Feasibility studies at COSY

COSY with its polarized proton and deuteron bearffer® unique possibilities for test
measurements, benchmarking orbit and spin trackaugs (cf. WP-3) and testing new equipment:
deflectors, beam position monitors and feedbackeays (cf. WP-1) and, e.g., the polarimeter (cf.
WP-2). In addition to these tasks, preparatory mmegsents for EDM experiments will be
performed — in the following they are describedniore detail.

One of the prerequisites for an EDM measuremestarmage rings is the provision of long
spin coherence times (SCT — the equivalent of theel@xation time in NMR). Recently, SCT of
several hundred seconds were obtained for a p eM/cGdeuteron beam. Such a large SCT made it
possible to measure the spin tune of the beam withunprecedented precision of'i0n a
measurement time of 100 s (the corresponding gageibeen submitted to PRL; see Ref. 5 in part
B1 of this project). In a pure magnetic ring thengpine, defined as the number of spin revolutions
per particle turn, is given by the product of neigtic gamma-factor and the anomalous magnetic
moment:vs=y G. With this measurement the spin tune has be@blested as a tool to investigate
systematic effects. One observation of the measemenvas that the spin tune varies within one
cycle as well as from cycle to cycle by abouf.1lh a perfectly stable machine there should be no
such variations. It is planned to investigate whitsese changes come from (temperature effects,
magnetic field instabilities, etc.). Understandithgse systematic effects is one objective of this
work package. A second one is to provide long S&3a@ for protons.

Objectives
The goal of the WP will be to exploit COSY for fdakty investigations in connection with
EDM storage ring experiments. These comprise theviong items:
» Investigations to understand systematic effectssfoin tune measurements;
* Benchmarking of simulation tools for orbit and spicking;
» Provision of large spin coherence times for protons
* Implementation and test of the feedback systems.
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Deliverables

A comprehensive report on systematic errors for ERBasurement will be provided after
42 months. It is planned to publish the SCT reduoltgrotons in a refereed journal subsequently.

Contributions by the partners

The studies of WP-4 are a task where all threenpestcontribute (see figure below); a
PostDoc for RWTH (4 years) and another one for UBN(E years) are foreseen.

WP-5: Proof-of-principle and First EDM measurementsusing COSY

A storage ring charged hadron EDM-search has resen conducted (except for the muon
(see above) which represents a very special casdadils weak decay), and, given the potential
impact of such measurements, a demonstration ofnéitbod, i.e., the storage of a polarized beam
with large spin coherence time and the applicatioan ExB field such that no Lorentz-force acts on
the particles (“Magic rf Wien filter”), must be cducted as a first step.

During last year (2014), a prototype rf ExB dipbks been successfully commissioned and
tested at COSY. The force due to a radial magriefid is cancelled by a vertical electric one. In
this configuration, the dipole fields form a Widldr that directly rotates the particles’ polatipa
vector. It was verified that the device can be usedontinuously flip the vertical polarization af
970 MeV/c deuteron beam without exciting any coherfgeam oscillations. For a first EDM-
experiment the rf ExB dipole in Wien-filter modelMde rotated by 90° around the beam axis. This
configuration will be used for systematic investigas of sources for false EDM signals.

The magic rf Wien filter will allow us to perform polarization build-up experiment (see
figure below). Since we are using a magnetic magttime direction of the spin of the particles is no
frozen. In order for this technique to work, thequency of the rf Wien filter must be locked to the
spin motion. This will be accomplished by dedicadtellback systems (see WP-1 and WP-4).

Non-frozen Spin

V precession
plane of spin

The reach in EDM sensitivity using an rf Wien filis, however, limited by the fact that any
magnetic imperfection present in the machine wdl dmplified by the rf device. Therefore, the
machine performance must be controlled to high raost) and this will required moderate upgrades.
Using the rf ExB Wien filter, we are aiming at estimeasurement of the deuteron EDM, which will
serve as proof-of-principle measurement for theag@ ring EDM technique.

After the experimental demonstration that storageg rEDM measurements can be
performed, experiments will be conducted to obtifirst directly measured EDM for the proton
and to deduce a first-ever measurement for theedamut As mentioned before, it must be understood
that in a magnetic storage ring like COSY, theraasirozen spin. Therefore, later on in WP5, we
will use a dedicated insertion composed of stdéctac and magnetic fields that decouples from the
magnetic imperfection of the machine. In such amaragement, the EDM signal will be solely
produced by the insertion itself. Such a systenh st as a miniature electrostatic storage ring,
located inside a magnetic machine. As such, it wdlve the way towards the new class of
electrostatic storage rings for EDM searches.
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Objectives

The goal of the WP is to provide a proof-of-prirleipneasurement of the deuteron EDM
using an rf ExB Wien filter. Once the dedicatedeition using a combination of electric and
magnetic fields is available, a first-ever measumetrof protons and deuterons using a magnetic
storage ring will be carried out. Such an insertisnrmandatory, as it will use the very same
techniques that are required for a dedicated elgettic machine.

Deliverables
* Proof-of-principle experiment with deuterons usihgxB Wien filter
» Design study of static insertion, including simidatstudies and error estimates
* Technical realization
* Proton and deuteron EDM measurements

All of the above-mentioned items will be schedulethe second half of the 5 year duration
of the srEDM project.

Contributions by the partners

The tasks of WP-5 will constitute a common effdral three partners. More than one third
of the requested personnel resources (one PostiodUELICH for 5 years, necessary for the
preparations, and another one for UNIFE for 3 yeails be attributed to this task.

As a summary the following figure shows the disttibn of resources of the srEDM project with
respect to the five work packages. A distinctionmade between resources requested from ERC and
additional resources which will be brought in frahe Pl’s institute and the partner institutionssHould
finally be mentioned that the investments will bplied by IKP of FZJ.

Month Month Month Month Month Sum
1-12 13-24 25-36 37-48 49-60
WP-1 JULicH 45
Accelerator F 42
Development UNIFE
WP-2 JULICH 0
Polarimetry RWTH I 0
UNIFE 30
WP-3 JULICH 0
Simulations ‘ ‘ ‘ v |
UNIFE
WP-4 | JOuicH 0
Feasibility F 48
Studies at COSY UNIFE 24
WP-5 JULICH 60
SrEDM RWTH | 0
Measurements UNIFE UNIFE 36
3: 285 105 90 90

X Contribution; request (this proposal) X Contribution; NO request

Strategy: WHY NOW? — The right time and the right place

The Institut fur Kernphysik of Forschungszentruiidich has recently changed the focus of the
scientific use of COSY: hadron physics experimdrase been completed and — during the next funding
period (2015 — 2020) and beyond — COSY will be prifg used to exploit the possibilities of charged
particle EDM searches. There is thus a unique tinmelow to demonstrate the principle and to develtbp
the tools for s'fEDM — inevitable preconditions Bomew dedicated precision (double-beam) storagg rin
which undoubtedly would be a European flagshiplitsci

The current srEDM proposal — if successful — withygde a major boost to this project!
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Section c. Resources (including project costs)

In the following table the cost for the sSTfEDM prcij@re specified according to the PI’s institutd an

the two partner institutions:

Cost Category Total in Euro
JULICH RWTH UNIFE Total
Pl 193456 193456
Senior Staff
Personnel | Postdocs 619060 447127, 376528 1442715
Students
Other
Dire | i. Total Direct costs for Personnel (in Euro) 812516| 447127 376528 1636171
ct Travel 30000, 30000 60000 120000
gOSt Equipment
Other (Ffokr;ﬁun;ables_ e 60000| 60000 60000 180000
goods ang | FU0IcSone (g Oper
Other: Audits 6000 6000 6000 18000
Other: Workshops 20000 20000
ii. Total Other Direct Costs (in Euro) 116000 96000 126000 338000
A — Total Direct Costs (i + ii)(in Euro) 928516 543127, 502528 1974171
Eu—rcl)r;dlrect Costs (overheads 25% of Direct Costs (in 232128| 135782 125632 493542
C1 - Subcontracting Costgno overheads) (in Euro) 0 0 0
C2 — Other Direct Costs with no overhead$in Euro) 0 0 0
Total Estimated Eligible Costs (A + B + C)in Euro) 1160644 678909 628160 2467713
Total Requested Grant(in Euro) 1160644 678909, 628160 2467713

For the above cost table, please indicate the % @forking time the PI dedicates to the 41,67 %
project over the period of the grant:

Remarks:

1) UNIFE has higher travel cost than JULICH and RWEkce they frequently have to travel to
Forschungszentrum Jilich for tests and COSY beaesti

2) The workshop costs comprise travel support fort@t/speakers as well as for students.

3) As mentioned previously no equipment cost is inethdsince the investments are covered by
IKP funds. The consumables comprise repair of egerg, spare parts and, e.g., detector gases.

15

This proposal version was submitted by Hans STROEHER on 30/05/2015 07:49:43 CET. Issued by the Participant Portal Submission Service.



79.01.001/07.14

Forschungszentrum Jilich GmbH -T-BA- 52425 Jolich

To whom it may concern

Commitment of the host institution for ERC Calls 2015" %3

The Forschungszentrum Jllich GmbH, which is the applicant legal entity,
confirms its intention to sign a supplementary agreement with

Prof. Dr. Hans Stréher in which the obligations listed below will be
addressed should the proposal entitled

srEDM: Electric Dipole Moment Search using Storage Rings
be retained.

Performance obligations of the applicant legal entity that will become
the beneficiary of the grant agreement, should the proposal be
retained and the preparation of the grant agreement be successfully
concluded:

The applicant legal entity commits itself to engage the principal
investigatof for the duration of the grant to:

a) ensure that the work will be performed under the scientific
guidance of the principal investigator who is expected to
devote:

- in the case of a Starting Grant at least 50% of her/his total
workihg time to the ERC-funded project and spend at least

' A scanned copy of the signed statement should be uploaded electronically via the
Participant Portal Submission Service in PDF format.

The statement of commitment of the host institution refers to most obligations of the host
institution, which are stated in the ERC grant agreement. The ERC modal grant agreement
is available on the ERC website at http:/ferc.europa.eu and via
htin lfec eurcpa.eu/research/participants/portal/desktopfenffunding/reference docs.himl.

his-staiement-{fondellerhead-paper-shallbe-signed-by-the-nstitulion's lega

representative and stating hisfer name, function, email address and stamp of the institution.

FORSCHUNGSZENTRUM

Inr Zeichen:

Ire Nachricht vom:

Unser Zeichen: E2216.01.15
Unsere Nachricht vom:

Ansprechpartner: Anne Bosch
Organisalionssinheil: T-DA

Telefon: 02461 61-4236
Telefax: 02461 61-2118

E-Mail: a.bosch@lz-juelich.de

Jolich, 12.06.2015

Forschungszentrum jilich GmbH
in der Helmholtz-Gemeinschaft
52425 Jilich

Telefon 02461 61-0
Tetefax 02461 61-8100

info@fz-juelich.de
v fz-juelich.de

Vorsitzender des Aufsichtsrais:
MinDir Dr. Karl Eugen Huthmacher

Geschaftsfiihrung:

Prof. Dr-Ing. Wolfgang Marquardt
{Vorsitzender)

Karsten Beneke

{Stellv. Vorsitzender)

Prof. Dr-Ing. Harald Boli

Prof. Dr. Sebastian M. Schmidt

Sitz der Gesellschaft: Jillich
Eingetragen im Handelsregister des
Amtsgerichts Diiren Nr. HRB 3498

Bankkonto:

Sparkasse Diiren

40030 (BLZ 395 501 10)

SWIFT SDUEDE33XXX

IBAN DE24 3955 0110 0C00 0400 30

Fracht-/Paketanschrift:
Leo-Brandt-StraBie
52428 Jilich
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50% of her/his total working time in an EU Member State or
associated country;

- in the case of a Consolidator Grant at Iéast 40% of het/his
total working time to the ERC-funded project and spend at

least 50% of her/his total working time in an EU Member State
or associated country;
- in the case of an Advanced Grant at least 30% of her/his
total working time to the ERC-funded project and spend at
least 50% of her/his total working time in an EU Member State
or associated country.

b) carry out the work to be performed, as it will be identified in
Annex 1 of the ERC Grant Agreement, taking into
consideration the specific role of the principal investigator;

c) -establish a supplementary agreement with the principal

invéstigator which specifies that the applicant legal entity

shall:

i) support the principal investigator in the management of
the team and provide reasonable administrative
assistance to the principal investigator, in particular as
regards:

a. the timeliness and clarity of financial information,

b. the general management and repotrting of finances,

¢. the advice on internal applicant legal entity
managément practices,

d. the organisation of project meetings as well as the
general logistics of the project.

ii) provide research support to the princi’pal investigator and
hisfher feam members throughout the duration of the
project in accordance with Annex 1 ERC Grant
Agreement, in particular as regards infrastructure,
equipment, products, access rights and other services as
necessary for the conduct of the research;

iii) ensure that the princfpal investigator and his/her team

memb ) alty-free basis, access fights to
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the background and the results needed for their activities
under the project as specified in Annex 1 ERC Grant
Agreement; '

iv) ensure that the principal investigaior enjoy adequate

contractual conditions, in particular as regards:
a. the provisions for annual, sickness and parental leave,
b. occupational health and safety standards,
¢. the general social security scheme, such as pension
rights.
v) guarantee the necessary scientific independence of the

principal investigator, in particular as regards:

a. the selection and supervision of other team members,
hosted and engaged by the applicant legal entity or
other. legal entities, in line with profiles needed to
conduct the research, including the appropriate
advertisement, and in accordance with the
beneficiary’s usual management practices;

b. the use of _the budget to achieve the scientific
objectives;

¢. the preparation of scientific reports to the ERC
Executive Agency; '

d. the authority to publish as senior author and invite as
co-authors only those who have contributed
substantially to the reported work.

vi) inform the principal investigator of any circumstances
affecting the implementation of the project or leading
potentially to a suspension or termination of the ERC
Grant Agreement;

vii) subject to the observance of applicable national law and
to the agreement of the ERC Executive Agency, the
transfer of the grant agreement as well as any pre-
financing of the grant not covered by an accepted cost

claim to a new legal entity, should the principal

nvestigator Yequest to transfer the entire project or part
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of it to this new legal entity. The applicant legal entity
shall submit a substantiated request for amendment or
notify the ERC Executive Agency in case of its objection

_ to the transfer.

For the host institution (applicant legal entity):
Forschungszentrum Julich GmbH

Date:  § 8 &z 9044

Name and Function:
Prof. Dr. W. Marqguardt, Chairman of the Board

4

Email and Signature of legal repre entthz/(jf
i
w.marquardt@fz-juelich.de; {7 IAY:

Name and Fungction:
Prof. Dr. S. Schmidt, Member of the Board

Email and Signature of legal representative o i 7 4
oL, s
‘f/ //‘}/;/ s

s.schmidt@fz-juelich.de;

Stamp of the host institution {applicant legal entity:)

Forschungszenirum Jilich GmbH

IMPORTANT NOTE In oaden to be comp[ete all the above mentioned items
are mazldatorv and shall be mcluded in the comlmtment of the host
mstltutlon SR S :
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