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4 MPG Max-Planck-Gesellschaft zur Förderung der Wissenschaften EV Germany
5 RWTH Rheinisch-Westfälische Technische Hochschule Aachen Germany
6 LIV The University of Liverpool United Kingdom
7 JAG Uniwersytet Jagielloński Poland
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1 Excellence

Executive summary

The PRESTOproject will lay the foundations for a novel scientific infrastructure, which aims to measure static
and oscillating Electric Dipole Moments (EDM) of fundamental charged particles with unprecedented sensi-
tivity. These measurements will be performed in a highly sophisticated and yet-to-be-designed storage ring
that – in order to achieve the sought precision level – needs to control systematic measurement uncertainties
to the highest possible scale. To design, build and operate such a device, many technological and metrolog-
ical challenges must be identified and handled. PRESTOwill achieve this by providing a Conceptual Design
Report (CDR) of such a Prototype Storage Ring (PSR) – as a pathfinder for the ultimate EDM-facility.

The scientific returns of measurements with a PRESTO -EDM ring will contribute to unresolved issues that
rank among the most important ones in elementary particle physics and cosmology, probably leading to new
insight and physics beyond the Standard Model (BSM). There will also be a huge technological leverage.

The scientific background of PRESTO , its experimental approach and the objective are schematically sum-
marized in Figure 1 – together with the challenges and impact, they will be detailed in the sections below.

Figure 1: Schematic summary of the PRESTO project: The unresolved issues of the Standard Model of Cosmology
(SMC), comprising the Standard Model of Elementary Particle Physics (SM) and the Theory of General Relativity
(GRT) – specifically the Baryon-Asymmetry of the Universe (BAU) and the Nature of Dark Matter (DM) – will be
investigated by measuring static and oscillating Electric Dipole Moments (EDM) of charged particles in a precision
storage ring. The experimental observable is the time development of the spin direction of a beam of stored polarized
particles. PRESTOwill provide the next step towards realisation, i.e. the design of the Prototype Storage Ring (PSR).

The PRESTOproject had been submitted in the previous call of Research Infrastructure Concept Development
in 2022 and is currently on the top position of the reserve list. The present application is based on the 2022
proposal with new results added and taking the ESR1 and the text outline of the new call into account.

1.1 Objectives and ambition

During the past century, mankind has made mind-blowing progress in the understanding of Nature, which
continues to this day and age with spectacular new discoveries, such as the observation of the Higgs boson
or the detection of gravitational waves. Nevertheless, there is a plethora of fundamental questions, which

1Effort Sharing Regulation of the European Commission
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wait to be answered – as will be illustrated below, some of them relate the largest scales (i.e., cosmology)
to the smallest ones (elementary particle physics).

Electric Dipole Moments (EDM) of elementary particles – the permanent separation of positive and negative
electric charge centroids – have an outstanding science case as they aim to solve two of the most pressing
problems in contemporary cosmology and particle physics:

1. Why is there so much more matter than antimatter in our Universe?
2. What is Dark Matter (DM) made of?

These items are deemed to provide physics beyond the Standard Model (BSM) and are thus highly rated in
ongoing strategic plans of, e.g., the European and US particle physics communities [1, 2].

The background of the interest in EDMs is, that they do not conserve discrete symmetries: they violate time-
reversal invariance (T ), parity (P ), and – if the combined charge-parity-time reversal (CPT ) symmetry holds
– also charge-parity (CP ). A brief introduction relevant in this context is given in the Box “Symmetries”.

Symmetries

Symmetries and conservation laws play a very important role in modern physics: via Noether´s
theorem, the invariance of a system subject to a continuous symmetry transformation (e.g., a time-
translation, a spatial translation or a rotation) leads to a conservation law (energy, momentum and
angular momentum, respectively). Besides continuous symmetries, there are discrete symmetries:
parity (P ) (reflection of space coordinates at the origin: (x, y, z) → (−x,−y,−z)), charge conjugation
(C) (change of the sign of the electric charge: (+) → (−)), and time reversal (T ) (change of the
direction of the time coordinate: (t) → (−t)), as well as combinations thereof: charge-parity (CP )
and charge-parity-time (CPT ).
Until around the middle of the 20th century, it was taken for granted that all discrete symmetries are
good ones, but then parity-violation and later CP -violation were discovered experimentally, implying
that Nature does distinguish between left and right, and between matter and antimatter. Today,
only the combined CPT -symmetry is assumed to be exact (by the so-called CPT theorem, which
is directly related to basic foundations of modern theory). As a consequence this means that CP -
violation implicates T -reversal violation and vice versa to preserve CPT .
The CP -violation, which has been found up to now and is implemented in the Standard Model (SM)
of particle physics (only in electroweak, none in strong interaction), falls short to explain the observed
matter-antimatter asymmetry by many orders of magnitude. New CP/T -violation is required.

No particle EDM has been found so far – only impressive experimental upper limits exist, e.g., for the electron
(indirectly deduced from atomic measurements) and for the neutron. It turns out that the well-established
SM CP - violation leads to very tiny EDMs, below the sensitivity of current experiments. The discovery of
a finite EDM value would signal the presence of additional CP -violation, required for an understanding of
the apparent matter-antimatter asymmetry of our Universe. A finite EDM could solve this puzzle.

A new symmetry (called “Peccei-Quinn”(PQ) after its inventors) has originally been suggested to account for
the smallness of CP -violation in the strong interaction (dubbed the “strong CP -problem”); one consequence
of PQ symmetry breaking is the existence of a new spin-0 (“scalar”) particle called “axion”. These particles
(or their generalisation, axion-like particles (ALPs)) are considered promising candidates for Dark Matter
(DM). No experimental indications for axions/ALPs have been found yet. Axions/ALPs (if they exist)
couple to gluons and induce oscillating EDMs, e.g., of nucleons (protons and neutrons). Observation of such
an EDM could thus clarify the Nature of DM.

A discovery of static (not changing with time) EDMs and/or time-dependent (oscillating) EDMs would
provide a breakthrough in the quest to understand the set-up and evolution of the Universe on a deeper,
more fundamental level. The current model of elementary particle physics – the so called Standard Model
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(SM), which is spectacularly successful in many other areas of fundamental particle physics – is not able to
explain both the BAU and DM. An experimental finding of any EDM will therefore inevitably also imply
an extension to physics beyond the SM (BSM).

It has been realised that charged particles, in particular the proton and the deuteron can be used to search
for EDMs with unprecedented sensitivity – improving current limits by orders of magnitude. For these
experiments, a dedicated – not-yet-existing – new type of precision storage ring is required, which will allow
to measure the corresponding observable, the time-development of the polarisation of a stored polarised
particle beam under investigation.

This Infrastructure Concept Development project “Pathfinder Facility for a New Class of Precision Storage
Rings” PRESTO aims to provide the requirements to build such an infrastructure by producing a design study
for the Prototype Storage Ring (PSR), which is the essential step towards the precision EDM storage ring:
the PSR will bridge the too wide gap between current storage ring and instrumentation technology and the
ultimate ring. At the same time, the PSR can be used for a first direct proton EDM measurement.

The following Box “Spin, magnetic and electric dipole moments” provides a generic background on the level
of the elementary particle.

Spin, magnetic and electric dipole moments

Sub-atomic particles with spin, like electron, neutron,
proton and deuteron have a magnetic dipole moment
(MDM, µ⃗), i.e., they act as a tiny dipole magnet. The
effect of the proton MDM, e.g., its precession in ex-
ternal magnetic fields, is routinely exploited in nuclear
magnetic resonance (NMR)/magnetic resonance imag-
ing (MRI).
An electric dipole moment (EDM, d⃗), which is caused
by the separation of the positive and the negative charge
(centres) by some finite distance, must also exist in the
SM. Both MDM µ⃗ and EDM d⃗ have to be aligned along
the spin vector s⃗ of the particle, as depicted in Figure 2.
The Hamiltonian for a particle at rest is given by

H = −d⃗ · E⃗ − µ⃗ · B⃗ .

~d

~s
~µ

~B, ~E~E

Figure 2: Spin precession in a magnetic (B⃗)

and electric (E⃗) field due to the MDM µ⃗ and

EDM d⃗ in a subatomic particle.

Under a parity transformation, the EDM the MDM and the magnetic field B⃗ remain unchanged
as axial vectors, whereas the electric field E⃗ flips its sign. This shows that the EDM part of the
Hamiltonian violates parity. This is also true for a time reversal, where d⃗, µ⃗ and B⃗ flip the sign but E⃗
remains unchanged. Note that the permanent EDM discussed here is different from induced EDMs
known from many molecules, where d⃗ is a polar vector.
Studying the spin precession will give access to both MDM and EDM of a particle (see text for
details), again with vastly different rates. An oscillating EDM induced by axions/ALP is related to
the axion mass ma by the Compton frequency:

ωaxion =
mac

2

h̄
,

For charged particles such as protons this oscillation of the EDM d⃗ can be studied in storage rings
making use of spin resonance effects.
A first result of such an experiment is given in Figure 4.
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In the following two sections the science case – matter-antimatter asymmetry and nature of Dark Matter –
is outlined in more detail.

The ambition to explain the matter-antimatter asymmetry

We live in a Universe that apparently contains an overwhelming amount of matter compared to antimatter.
Our Universe was created 13.8 billion years ago in a singular event known as the Big Bang. According to our
current understanding, it created matter and antimatter in equal amounts. However, in the Universe we live
in and investigate today, we only find matter2, from our immediate neighbourhood to the largest distances.
During the past decades, cosmology, assisted by nuclear and particle physics, advanced our understanding
of the evolution of the Universe tremendously. The fate of the antimatter in this evolution is one of the
biggest remaining mysteries. During the early evolution of the Universe, antimatter particles annihilated
with corresponding matter particles into photons and neutrinos, leaving behind only a tiny fraction of matter
– for reasons yet unknown. This tiny fraction constitutes the material foundation of today’s Universe and
of our very existence. The quest for understanding the formation of our matter-dominated Universe is one
of the driving forces behind the PRESTOproject.

In the 1960´s, the work of Andrei Sakharov [3] provided the following conditions for matter to partially
escape annihilation:

• Baryon number violation – a change in the difference between the number of baryons and antibaryons
at the particle level,

• Charge (C) and charge-parity (CP ) violation – a different behaviour of matter and antimatter, and
• Thermal non-equilibrium (i.e., effective during a phase transition of the Universe) – to prevent a
subsequent compensation of the asymmetry between matter and antimatter.

The Standard Model of cosmology meets these conditions qualitatively, but fail by many (8 to 9) orders of
magnitude at a quantitative description. The models predict an insufficient amount of matter that survived
the annihilation phase in the early Universe. It is generally believed that the failure arises from the second
condition, i.e., from yet undiscovered violations of fundamental symmetries between matter and antimatter
(particles and antiparticles), in particular additional CP -violation not-yet found.

Electric Dipole Moments (EDM): Subatomic particles with non-zero spin (regardless whether of ele-
mentary or composite nature) can only support a nonzero permanent EDM if both time-reversal (T ) and
parity (P ) symmetries are violated explicitly, while the charge symmetry (C) can be maintained. Assuming
the conservation of CPT symmetry, T -violation also implies CP -violation (see Box “Symmetries”).

The CP -violation generated by the Kobayashi-Maskawa mechanism of weak interactions contributes a very
small EDM that is several orders of magnitude below current experimental limits. However, many models
for physics beyond the Standard Model (BSM) predict EDM values near the current experimental limits.
Finding a non-zero EDM value of any subatomic particle would be a signal that there exists a new source
of CP violation, either induced by the strong CP violation via the ϑQCD angle or by a genuine BSM effect.
In fact, the best upper limit on ϑQCD follows from the experimental bound on the EDM of the neutron. As
indicated above, CP -violation beyond the SM is also essential for explaining the mystery of the observed
baryon-antibaryon asymmetry (BAU) of our Universe. A measurement of a single EDM, e.g., the neutron,
will not be sufficient to establish the sources of any new CP violation. Complementary observations of
EDMs in multiple systems will thus prove essential. Up to now measurements have focused on neutral
systems (neutron, atoms, molecules); Figure 3 gives a summary of the EDM upper limits – note that the
limit for the proton has been deduced from a 199Hg measurement and no limit for the deuteron exists.

In order to directly measure the EDM of charged particles in the framework of PRESTO , the design of a
dedicated precision storage ring will be developed. The goal is to provide optimal experimental conditions
to investigate the time evolution of the polarisation of stored polarised beams of protons and/or deuterons.

2Except for tiny amounts of antimatter created in pair-production by violent collisions in the Universe.
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The advantages of the storage ring method are:

• Direct observation of the EDM effect of the object (proton, deuteron, and possibly other light ions
like 3He), i.e., no need to extract the particle EDM from a measurement in a complex system;

• Virtually no limit to the number of particles used in the investigation, i.e., no limitation in the
achievable statistical accuracy;

• Internal consistency checks by investigations of proton and deuteron (and 3He): there are stringent
theoretical relations between EDMs for the three systems if a finite value of ϑQCD is causing the EDM;

• Control of systematic uncertainties by simultaneous measurement of other, well-know quantities (e.g.,
electric quadrupole moment of the deuteron).

On a more general level: there will be different systematic errors and fake effects compared to neutral
systems, and in the end - once EDMs for all of them have been obtained – they must all be internally
consistent within the theoretical interpretation (i.e. the different EDM sources - see Figure 5).

Figure 3: Current status of static EDM searches (95% upper limits) of molecules, atoms and particles: the full-colour
bars represent direct measurements, while the shaded bars are deduced results for these systems (see also Figure 5).
In particular, the proton result has been obtained indirectly from the experimental EDM limit for 199Hg. The most
impressive EDM limit for the electron comes from a Hafnium-Fluoride ion (HfF+) measurement – it is more than 10
orders of magnitude larger than the SM-prediction. It generally holds that the contribution from the SM (not shown)
is negligible at the sensitivity level accessible with current experimental techniques. For the deuteron (d), for which
neither a direct nor an indirect limit is known, an exploratory EDM measurement at COSY has been performed, which
is currently being analysed. The expected sensitivity is comparable to the limits for the muon (µ) and tau (τ) (see [4]).
The goal of proton EDM (p) of the final ring is to reach a sensitivity limit of 10−29 e cm, and the goal for PRESTO is
to reach 10−26 e cm.

Due to the smallness of the effect, the measurements will need an excessive sensitivity and this poses
technological and metrological challenges, which will be discussed below in the section 1.2.

The intent to understand the nature of Dark Matter

Since the earliest times of mankind, people have looked at the night sky with awe, wondering what these
tiny luminous objects in heaven might be. Today – though few of us have had a chance to see even our
own galaxy (Milky Way) in full glory – it is known to most people that we are only able to see a small
fraction of the Milky Way and an even tinier part of the vast visible Universe, as, e.g., observed through
electromagnetic radiation, ranging from radio waves to visible light and beyond. It may come as no surprise
that astronomical observations over the past almost 100 years have accumulated more and more evidence

7



Pathfinder Facility for a new Class of Precision Physics Storage Rings PRESTOPathfinder Facility for a new Class of Precision Physics Storage Rings PRESTO

that this luminous part (stars, galaxies and clusters) only constitutes a portion of the mass in our Universe:
in fact only about one-fifth of the matter is made of fundamental particles that we know and understand;
the majority of the matter is not visible and thus dubbed “Dark Matter” (DM) [5, 6].

Dark matter has been postulated by the need for much more mass than actually seen in rotating galaxies
in order to bind them by the gravitational force, compensating the centrifugal force. There are further
compelling observations indicating the existence of DM, e.g., via gravitational lensing and its role in the
evolution of structure in the Universe.

However, what DM actually is, remains a mystery. It is important to note that none of the known building
blocks of the (otherwise remarkably successful) Standard Model (SM) of elementary particle physics can
serve as DM. This implies that the SM is incomplete and that a discovery of DM particles would be conclusive
evidence for physics beyond the SM (BSM). There is mounting evidence for the need of DM and the search
is ongoing by a suite of dedicated experiments, but no DM particle(s) has(have) been observed to date,
although there have been claims. The allowed DM-parameters of mass and coupling to SM particles spans
a huge range, which requires very different techniques for discovery.

The following principle search strategies for DM are currently exploited:

1. Direct production of DM particles at accelerators,
2. Detection of galactic DM particles through interactions with SM matter, and
3. Detection of DM as coherently oscillating waves.

EDM-related DM search will exploit the 3rd option, observing dark matter particles via their manifestation
as oscillating electric dipole moments (oEDM) in nucleons and nuclei and their resulting effect on the spin
motion of an ensemble of particles (a beam) in a storage ring. An oscillation-frequency resonance-scan would
correspond to an axion mass-range covering many orders-of-magnitude.

Figure 4: Limits on axion/ALP neutron coupling from the Particle Data Group [7], containing the recent result from
the JEDI collaboration(vertical bar “JEDI”) obtained at the magnetic storage ring COSY [8].
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A first exploratory measurement has been successfully conducted by the JEDI3 collaboration at COSY, using
a stored polarized deuteron beam. In order to test the principle, the beam momentum was continuously
changed to scan a small mass range for axions/ALP, looking for a resonant vertical polarisation, which could
either be caused by an oscillating EDM or the so called axion-wind effect sensitive to the axion-nucleon
coupling. Exclusion limits for this coupling are shown in Figure 4.

To summarise the scientific motivation of PRESTO : New physics may be identified at the so called “precision
frontier” by searching for static and oscillating EDMs of charged particles in storage rings in order to find
(i) new sources of CP -violation and (ii) non-SM particles. The science case for EDMs has been written up
elaborately, e.g., in Refs. [9–12].

1.2 Methodology

Introduction

EDMs can be searched for in elementary particles such as leptons (electrons, muons, tauons), composite par-
ticles (e.g., neutrons and protons) and – indirectly – in complex systems, for example atoms and molecules.
At first, two important remarks seem to be indicated:

1. The connection between any finite experimental EDM result and its sources is less complex for simpler
systems – this is schematically shown in Figure 5.

2. EDM results from different systems will be needed to pin down the (set of) EDM sources.

Figure 5: Schematic connection between experiment and a fundamental theory as the ultimate goal of EDM inves-
tigations. There are two major paths to experimentally search for EDMs: direct measurements, which study a sole
particle species, and indirect measurements, which use atoms or molecules (or even bulk matter). Although indirect
experiments have resulted in impressive upper limits, direct investigations are preferable, since their interpretation
involves less complex theoretical assumptions and calculations.

The basis for observing an EDM is its interaction with an electric field. The possible observables are given
by the fact that the EDM vector (which can be thought of as connecting the positive and the negative
electric charge that forms the EDM) and the intrinsic angular momentum (“spin”) vector are parallel to
each other. Thus, one way to detect an EDM is to observe the impact it has on the spin of a particle (in
practice: an ensemble of particles with spins oriented in a preferred direction, a polarised beam). In the
following, we focus on charged particles (proton, deuteron), which need to be confined in a trap – in this
case a storage ring - since otherwise they would be accelerated out-of-sight by the electric field.

In order to introduce the basic principle of an EDM measurement of polarised charged particles in a storage
ring, it is reasonable to start by describing what is happening to them as they go around the ring, when no

3Jülich Electric Dipole moment Investigations, see website at https://collaborations.fz-juelich.de/ikp/jedi
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EDM of the particles existed; to simplify the situation further, it is assumed that at the beginning the spins
are pointing in the direction of motion (i.e., parallel to the particle´s momentum vector):

• Since the spin s⃗ of a particle is linked to a magnetic dipole moment µ⃗ (= (G + 1) q
m s⃗, where G is

the magnetic anomaly4, q the charge, and m mass), the particles will precess in the electric and/or
magnetic field of the storage ring, which are necessary to keep them on a closed orbit. The total
angular precession frequency of the spin is given by ds⃗

dt = Ω⃗s × s⃗ (see Box “Thomas-BMT Equation”
on page 11).

• For any particle and energy, the electric and magnetic fields bending the beam can be chosen such
that the angular rotation of the spin vector s⃗ from turn to turn vanishes, the spin is then said to be
“frozen”, and, e.g., an initial longitudinal polarisation of the particle beam is maintained.

• For particles with G > 0, such as protons, the above frozen-spin condition can be fulfilled with electric
fields only by operating the ring at a specific energy, the so-called “magic” energy.

Now consider that the particles possess also an EDM d⃗ = ds⃗ (parallel to the spin s⃗) and are exposed to a
radial electric field E⃗:

• The interaction between electric field and EDM will produce a torque d⃗× E⃗ that rotates the spin out
of the ring plane, as schematically shown in Figure 6.

Figure 6: Basic principle of an EDM measurement. For
clarity, only a single particle is shown and the magnetic
moment precession is neglected. The particle is kept on its
orbit by the transverse electric field E⃗, generated by the elec-
trostatic deflector plates that are depicted in red. Initially,
all particle spins s⃗ in the beam point along the direction of
motion. An electric dipole moment d⃗ = ds⃗ tilts the spin s⃗
out of the horizontal plane due to the torque ds⃗ × E⃗. This
effect is experimentally observable, because the vertical po-
larisation component of the beam can be detected in a po-
larimeter as a left-right asymmetry.

As a result, the principle for searching/observing EDMs of charged particles is as follows:

1. Inject a polarised charged particle beam with its spin vectors pointing in the direction of the momentum
vector into a storage ring fulfilling the “frozen spin” condition. If the particles possess only an MDM,
the beam remains polarised in longitudinal direction.

2. The particles experience an electric field that couples to the possible EDM.
3. Observe the rotation of the beam polarisation out of the storage ring plane due to a non-zero EDM

as a function of time. This can be done with a dedicated detector system inside the ring, called a
polarimeter.

At this point, it is important to note that the MDM of the particle completely dominates the spin motion if
no special provisions are taken. In order to maximise the sensitivity to EDM, the MDM contributions must
vanish. For protons (particles with G > 0), this can be achieved by the following measures:

• Switch off the external magnetic field: B = 0 (i.e., use an all-electric storage ring and shield all external
magnetic fields);

• Arrange that bunches are polarised in longitudinal direction during the duration of the measurement
by choosing a “magic momentum” (for the proton: p = 700.7MeV/c corresponding to a kinetic energy
of 232.8MeV).

For particles with G < 0 (such as the deuteron), an all-electric solution is not possible and one needs to
use a combination of radial electric and vertical magnetic fields to make the spin “frozen” along the particle
momentum. Though this measurement procedure sounds straightforward and simple, a closer look indicates

4G is commonly referred to as the “anomalous magnetic moment” in the literature.
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a lot of intricacy. In order to discuss this, it is appropriate to exploit the so-called Thomas-BMT equation,
which describes the temporal behaviour of the spin of a particle with a magnetic dipole moment and an
electric dipole moment in the presence of electric (E) and magnetic (B) fields. This is elucidated in the Box
“Thomas-BMT Equation”.

Thomas BMT Equation

A quantitative analysis of the spin motion in electric and magnetic fields requires the use of the
Thomas-Bargmann-Michel-Telegdi (Thomas-BMT) equation [13–15], extended to take the effects due
to a finite EDM into account. This equation describes the time evolution of the direction of the
particle spin represented by a unit vector s⃗ by an angular frequency:

ds⃗

dt
= Ω⃗s × s⃗ = (Ω⃗MDM + Ω⃗EDM)× s⃗ (1)

with

Ω⃗MDM = − q

m

[(
G+

1

γ

)
B⃗⊥ + (G+ 1) B⃗∥ −

(
G+

1

γ + 1

)
β⃗ × E⃗

c

]
and (2)

Ω⃗EDM = − q

m

η

2

[
E⃗⊥
c

+
1

γ

E⃗∥

c
+ β⃗ × B⃗

]
(3)

where and q and m are the particle charge and mass, G the magnetic anomaly, γ the relativistic
Lorentz factor, β⃗ the particle velocity divided by the velocity of light c, B⃗⊥ and B⃗|| the magnetic field
components perpendicular and parallel to the particle motion, η the parameter describing the EDM
and E⃗|| and E⃗⊥ the electric field components perpendicular and parallel to the particle motion. The
spin rotation of a particle with only MDM on the reference orbit is described by

Ω⃗MDM = − q

m

[(
G+

1

γ

)
By −

(
G+

1

1 + γ

)
βEx

c

]
e⃗y , (4)

which has only a vertical component. The rotation of the direction of motion can be described by
the angular frequency

Ω⃗p =
βc

ρ
e⃗y = − q

γm

(
Ex

βc
−By

)
e⃗y (5)

with ρ the bending radius. The frozen spin condition (Ω⃗s = Ω⃗p) leads to the relation

By = −1− (βγ)2G

Gγ2
Ex

βc
. (6)

Thus, for any particle and energy, the spin can be frozen by an appropriate choice of the electric and
magnetic field bending the beam. A special case, possible only for particles as protons with G > 0 is
operation with electric fields only at the “magic energy”. Setting By = 0 in the frozen spin condition
leads to βmγm =

√
G, where the index m refers to the magic energy. The magic (kinetic) energy is

given by E =
(√

1 + 1
G − 1

)
mc2. For protons with G = 1.79285, one finds Em = 232.79MeV.

To give an indication about the size of the effect: a finite EDM of d = 10−26 e cm (η ≈ 1.9 × 10−12)
– corresponding to the current experimental limit for the neutron – manifests itself by a rotation of
the spin around the radial axis with an angular frequency of

Ω⃗EDM = − qη

2m

Ex

c
e⃗x = 1.6 µrad s−1. (7)
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Below, challenges will be discussed which come along with the vastly different magnitude of response of a
particle´s spin to electric (via an EDM) and magnetic (via its MDM) fields. In order to set a benchmark,
it may suffice to mention that the minuscule (radial) magnetic field of 10−17T (≈10−13 of BEarth) mimics
the effect of an EDM of 10−29 e cm – the sensitivity goal for the final EDM ring.

It has been shown ([16, 17]; see also Box “Statistical Sensitivity”) that with reasonable assumptions for
beam intensity, beam polarisation, measurement time, applied electric field and polarimetry, a statistical
accuracy of up to about d = 10−28 e cm can be achieved in one year of measurement time; the task therefore
is to conceive and realise a research infrastructure which allows to bring the systematic uncertainty to a
similar level. This implies to identify all sources of false effects to be able to obliterate all of them or to
mitigate their effects to the highest possible level.

Statistical Sensitivity of EDM Measurements

According to [17], the statistical uncertainty using a single fill of the ring can be expressed via

σ1 fill
EDM =

√
24 s h̄√

Nf r AP Eeff Tcyc
. (8)

Based on the numerical values of the parameters listed in the table below, one finds a statistical error
for a single fill of σ1 fill

EDM ≈ 1.3× 10−26 e cm. Assuming 10.000 fills per year, this results in a statistical
sensitivity of 1.3× 10−28 e cm per year of running.

N 4× 1010 particles per fill

2× 1010 CW, 2× 1010 CCW

E 7MV/m electric field

B 0.0327T magnetic field

Eeff E + cβB = 10MV/m static and motional electric field

Tcyc 1000 s cycle length ≈ spin-coherence time (SCT τ)

P 0.8 polarisation

A 0.2 analysing power

f 0.005 detection efficiency

r 0.55 fraction of ring containing electric/magnetic bending field

s 1⁄2 spin quantum number

h̄ = h
2π 1.054571817... × 10−34J s reduced Planck constant

Storage ring options

There are three general possibilities for building a storage ring for a charged particle EDM measurement:

1. All-magnetic (magnetic deflection and focusing): Because of the overwhelming effects of the
magnetic dipole moment (MDM) on the particle’s spin and the possible fake EDM effects due to
the magnetic fields, such a solution will offer the lowest sensitivity. On the other hand, magnetic
storage rings are mature and one such ring (COSY) has been extensively exploited for R&D and first
(low-sensitivity) EDM measurements.

2. Combined magnetic-electric: Since in this case, there are still magnetic fields present in the ring,
effects due to the MDM persist. If one wants to exploit clockwise (CW) and counter-clockwise (CCW)
beams, this can be accomplished only by employing subsequent measurement cycles, because the
polarity of the magnetic field needs to be reversed. However, the frozen-spin condition for some charged
particle species (e.g., deuterons, 3He) can only be achieved with such rings. A further advantage is
the possible (much) smaller ring size.

3. All-electric: The “gold standard” for a precision storage ring will be all-electric, i.e., without any
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magnetic fields. For particles with positive magnetic anomaly (G > 0), such as the proton (also:
electron), the frozen-spin condition can be achieved for a magic momentum (see Box “Thomas-BMT
Equation”). A further advantage of such a ring will be the simultaneous operation with CW and CCW
beams. This, however, is accompanied by the many challenges listed above for all-electric rings.

As a result of these alternatives and boundary conditions, the following conclusions are appropriate:

1. The leap from the existing all-magnetic storage rings like COSY to a high-precision all-electric storage
ring running at the magic momentum is too big/risky at the current point in time.

2. The strategy towards this high-precision final ring should be to design (and later build) a prototype
storage ring (PSR), which should be able to run:
(a) In all-electric mode to verify the possibility of simultaneous CW-CCW operation.
(b) In combined electric-magnetic field mode for operation with frozen-spin.

The corresponding picture with PRESTO as the next inevitable step is shown in Figure 8 below.

The relations of parameters for the EDM storage ring – beam momentum, electric and magnetic field
strengths and the corresponding ring radius – are given in Figure 7. Besides the all-electric ring (B = 0T,
magic momentum p = 700.7MeV/c), B- and E-field combinations are also given with one example for the
PSR (momentum p = 300MeV/c and bending radius of 9m).
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Figure 7: Proton momentum and bending ra-
dius for frozen-spin condition as function of elec-
tric and magnetic field. The green lines indicate
lines of constant bending radius of the ring for
the given vertical magnetic By and radial electric
field Er. The blue lines indicate lines of constant
proton momentum. The red star marks a possi-
ble field combination under discussion for a PSR
ring in PRESTO . Here, the bending radius is about
9m and the momentum 300MeV/c. This corre-
sponds to a kinetic energy of Ekin = 47MeV. The
red dot shows a possible choice for a pure electric
ring with p = 700.7MeV/c (Ekin = 232.8MeV).
Please note that for the configurations shown, the
frozen spin condition is always fulfilled. A similar
figure for the deuteron can be found in [17].

Strategy

The required research infrastructure – an all-electric precision storage ring for polarised proton beams of
232.8MeV – is in many fundamental aspects a blank area; many questions will have to be answered and
technological solutions will need to be scrutinised before one can start to realise the facility. This comprises:

• Beam characteristics: storage time of the intensive beams; spin coherence time of the beam polar-
isation and beam emittance; need of phase space cooling.

• Hardware: electric bends; storage ring vacuum; need of cryogenics; instrumentation for beam and
spin manipulation, monitoring and control; polarimetry/polarimeter; injection scheme into the storage
ring; short- and long-term stability of instrumentation, e.g., power supplies.

• Other: alignment; metrology of ring elements; systematics investigations and tracking simulations.

R&D has been vigorously advanced by the international JEDI collaboration at the Cooler Synchrotron
storage ring COSY of Forschungszentrum Jülich (Germany), which until its decommissioning in late 2023
was the only facility worldwide, where such research could be conducted. Since COSY was a magnetic
storage ring, many issues listed above could not be investigated there. Before starting the construction of
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the final ring (“Stage 3” in Figure 8), which is supposed to have a circumference of the order of 500m for a
purely electric ring [16]) or even larger for a hybrid machine [18], and thus constitutes a major investment,
members of the JEDI and the CPEDM (Charged Particle EDM) collaboration have concluded that an
intermediate step of a prototype storage ring (PSR) is required – this is the technological motivation for
PRESTO .

Figure 8: Strategy towards the final charged-particle EDM storage ring. Step 1: Successfully completed R&D and a
precursor deuteron EDM experiment at the magnetic storage ring COSY (Jülich, Germany). Step 2: Prototype ring
(PSR) to provide all key technologies for the final ring and to perform a first proton EDM measurement – design of the
PSR is the objective of the PRESTO application. Step 3: Final all-electric high-precision storage ring for proton EDM
search with unprecedented sensitivity [16], based on the findings in step 2. Recently, for step 3, a symmetric hybrid-ring,
using electrostatic deflector elements and magnetic quadrupole focussing, has been proposed with a circumference of
≈ 800m [18] – see comment below.

At this point, a brief remark about the different strategy of the US community5 seems to be appropriate,
which aims at an imminent realisation of a hybrid EDM storage ring [18]. As stated in their recently released
strategy report [2], the “science case for HEP to enter this area needs to mature, especially relative to the
cost of such a program”. This can be viewed as strong support for the PRESTO project, which aims to achieve
maturity for storage ring EDM searches by the design of a prototype ring PSR.

Challenges

The Prototype Storage Ring (PSR), depicted in Figure 9, as it is currently foreseen, will serve two funda-
mental purposes:

(i) Demonstrate the ability to have simultaneously a clockwise (CW) and a counter-clockwise (CCW)
orbiting beam stored in an all-electric ring for sufficiently long time (see challenges, item 2 “Beam
storage time” and item 3 “Spin-coherence time” below).

(ii) In a second step, after adding a vertical magnetic deflecting field to the ring to achieve the frozen-spin
condition at the non-magic energy, perform a first direct proton EDM precision measurement.

In the following itemisation, details of the objects of investigation are given. The unanswered questions and
challenges foreshadow the work packages of the PRESTO project:

1. Ring Design: The present baseline structure of the PSR has been obtained from the full-scale ring
design, described in [16], by downscaling to 30 or 45MeV. In both ring designs, the focusing is
accomplished by separate-function electrical quadrupoles for flexibility, with additional (very weak)
alternating gradient focusing via a combined-function electrode shape.
Since in the case of combined electric and magnetic fields, CW and CCW operation has to be performed
subsequently, the achievable EDM sensitivity will be inferior to that of ultimate all-electric ring. One

5see: https://www.bnl.gov/edm/index.html
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Figure 9: Tentative layout of the Prototype Storage Ring
(PSR), which is also shown on the front page of this ap-
plication. The PRESTO project aims to work out a detailed
Conceptual Design Report (CDR) for the PSR.

of the major challenges will be to design an injection technique for bunches with different polarisation
states in CW and CCW direction. Sophisticated beam and spin-tracking codes need to be developed
to optimise storage and spin-coherence times (see items 2 and 3) of the beams in the PSR. The overall
challenge is to provide a conceptual design that ensures the expected performance of the ring.

2. Beam storage time: While in magnetic storage rings, intensive particle beams can be stored for
arbitrary long time, it is not at all clear for how long this is possible in all-electric rings.
In general, in a storage ring the beam lifetime is strongly influenced by the pressure and composition
of the residual gas (see also item 7). The main process for uncooled beams in the relevant energy
range is determined by the process of multiple Coulomb scattering. The diffusion motion of ions by
small-angle scattering and, in particular, the influence of the storage ring acceptance has been treated
by theory [19] and was successfully applied to determine the lifetime of 21MeV protons and other ion
species at the “Test-Speicherring” (TSR) [20], operated at the “Max-Planck-Institut für Kernphysik”
(MPI-K of the Max-Planck Gesellschaft (MPG)) in Heidelberg.
If the emittance growth is compensated by phase-space cooling, the losses due to multiple Coulomb
scattering can be neglected, but then the single-scattering process off the residual gas by an angle
larger than the ring acceptance angle has to be taken into account. For proton beams with TSR-like
energies of several MeV, the loss process by electron capture in the residual gas does not matter. If
electron cooling is used, an additional capture process occurs by recombination with free electrons
through radiative recombination, which depends on the density and transverse temperature of the
electron beam as well as on the ratio of the electron-proton interaction length relative to the ring
circumference. For the TSR, i.e., protons at 21MeV, an increase of the beam lifetime by about a
factor of 7 was calculated for an electron-cooled beam (40 hours, experimentally: 36 hours) compared
to the uncooled situation (7 hours).
However, experience with the electrostatic “Cryogenic Storage Ring” (CSR) [21] at MPI-K shows that
such lifetimes may not be feasible for an uncooled proton beam due to the increase of longitudinal and
transverse beam size caused by high-frequency ripples of the deflector voltage. Beam cooling should
compensate this diffusion process, but electron cooling will have to be replaced by stochastic cooling
(see item 5), because the former would require a magnetic guiding field.
According to such calculations, for a proton EDM ring operating at 232.8MeV, lifetimes of several
days may be achievable, but this has to be determined and scrutinised in detail for the PSR design.

3. Spin-coherence time: Spin coherence is a measure or quality of preservation of polarisation in
an initially fully polarised beam [22]. Spin decoherence refers to the depolarisation caused by the
difference in the beam particles’ spin precession frequencies. This is due to the difference in the
particles’ orbit lengths, and hence their equilibrium energy levels. One way in which spin decoherence
can be suppressed is by utilisation of sextupole fields (for further details, see [23, 24]).
The spin-coherence time (SCT) constitutes one of the most important parameters of the experiment,
since it is directly related to the the statistical accuracy (see Box “Statistical sensitivity”), because
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it characterises the measurement interval during which an EDM effect can be observed. Long spin-
coherence times (> 1000 s) have so far been demonstrated for deuterons with the magnetic COSY
ring [25], through a combination of beam bunching, electron cooling, sextupole field corrections, and
the suppression of collective effects through beam current limits. One of the main motivations for the
PSR is to establish long spin-coherence times for proton EDM experiments in a primarily electric ring.

4. Understanding and mitigation of systematic effects: Various systematic effects as, e.g., de-
scribed in [26], occurring in a real charged particle EDM measurement ring with unavoidable imper-
fections, such as finite alignment tolerances of elements, lead to rotations of the spin around the radial
axis from the longitudinal into the vertical direction even in the absence of an EDM. Such effects may
be misinterpreted as the signature of a finite EDM and thus limit the sensitivity of the experiment.
In order to mitigate this systematic effect, it is foreseen to operate the facility with counter-rotating
beams, each composed of bunches with different polarisation. In the sum of the spin rotations from
the two rotating beams many of these effects cancel. One important exception is a radial magnetic
field. One way to assess this average radial magnetic field is the observation of the resulting separation
between the counter-rotating beams, which is enhanced by choosing a small vertical tune.
Gravity generates as well spin rotations around the radial axis from the longitudinal into the vertical
direction. However, these spin rotations caused by gravity can be precisely predicted and disentangled
by combining observations made with the two counter-rotating beams. Thus, gravity is not a concern
for proposed magic energy EDM ring.
Many systematic effects require a combination of two or more machine imperfections to generate spin
rotations, which could be misinterpreted as the signature of a finite EDM. Even though the resulting
spin rotations are in general slower than the ones caused by an average radial magnetic field, they
can still limit the sensitivity of the experiment. Mitigation strategies comprise paying particular
attention to precision alignment, beam-based corrections to improve the alignment, operation with
counter-rotating beams and exploitation of bunches with polarisation in radial direction. The PSR
will allow investigations on the positioning accuracy achievable with beam-based procedures and on the
machine reproducibility needed for the mitigation by feed-forward procedures. Together with analytic
approaches as given in [26, 27], intensive beam and spin-tracking simulation will be employed.

5. Stochastic cooling: To achieve the desired spin-coherence times of more than 1000 s and to ade-
quately control the beam emittance and momentum spread, phase-space cooling of the beam in all
dimensions of the transverse and longitudinal directions is required, as shown in COSY experiments
with polarised beams. Due to the presence of strong magnetic fields of electron coolers, which cause
undesired spin rotations, electron cooling can only be used for beam pre-cooling after injection and
must be completely switched off during EDM data acquisition. Stochastic cooling is therefore the only
way to provide beam cooling concurrently with the EDM experiments. At this stage, however, it is
not yet clear whether this will work, as stochastic cooling might also cause unwanted spin rotations
that have an adverse effect on the EDM measurements. As soon as the PSR is physically available,
this question will be investigated experimentally. The task in the framework of PRESTO is to design a
suitable stochastic cooling system for the PSR.

6. Electric bends and high electric fields: High electric fields are required for the EDM ring operating
at the magic momentum in order to limit the size of the ring (see Figure 6). They are also needed
to maximise the vertical polarisation build-up. On the other hand, stable and reliable operation is
mandatory. The PSR will allow to gain experience in the operation of a sizeable electrostatic ring
with high fields.

7. Storage ring vacuum: The requirement for the vacuum system of the PSR is mainly given by the
minimum required beam lifetime of about 1000 s. Emittance growth caused by multiple scattering from
the residual gas in the ring needs to be less than 5×10−3mmmrad/s. With an initial beam emittance
assumed to be 1mmmrad, the beam emittance increases to 5mmmrad within 1000 s. This requires
partial pressures of less than ≈ 10−12mbar for N2 and of about 5× 10−11mbar for H2. Consequently,
the cooling rate for stochastic cooling should be better than 5× 10−3mmmrad/s.
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For such an ultrahigh vacuum, either cryogenic or NEG pumping systems may be employed. In
addition, bake-out must be foreseen for either cryogenic or NEG systems. NEG systems, however,
may introduce some further issues:

• NEG material tends to saturate after several pump-downs.
• NEG material ages and may become brittle, leaving dust particles in the vacuum vessel, which
may adversely affect the high-voltage operation of the electrostatic bending elements.

A cryogenic vacuum system may also be considered for the PSR. The beam pipe would be composed
of a system of three concentric pipes. The inner shell would operate at liquid helium temperatures.
Next, in the outwards direction, is the 70K pipe, while the outer shell would be at room temperatures
and house superinsulation and cooling devices. However, for the PSR to avoid these complications
and expenses, a NEG-based vacuum system, based on NEG cartouches [28] may be appropriate.

8. Beam diagnostics and instrumentation: Various instruments in the PSR are needed to control
basic parameters during its operation. It should be noted that not all of these tools have to be operated
simultaneously. Beam position monitors (BPMs) are required to determine the beam positions along
the machine orbit. A new type of position-sensitive pickup has been developed at COSY, which shall
provide a larger number of measurement points than allowed by conventional BPMs. The occupation
of the phase-space for clock-wise and counter-clockwise beams shall be provided, which entails the
inclusion of a beam-profile monitor based on restgas detection. The challenge here is to design a
device that during operation does not lead to alterations of the spin tune, an effect we have observed
at COSY. In order to make bunched beam operation possible, an RF cavity is needed, the design of
which at this point appears straightforward. As discussed in item 5, stochastic cooling appears to be
the only known approach that can be employed in an EDM search using a storage ring to counteract
emittance growth during the beam storage (see also item 7). As the the effect on the spin motion due
to the MDM of a particle is by at least about 14 orders of magnitude larger than any anticipated effect
due to the EDM, magnetic shielding of the beam tube is required to avoid unwanted spin rotations
due to the MDM. Such systems have been developed for neutron EDM experiments and extensive
expertise is available for use at storage rings. Special attention must be paid to the alignment and
metrology of ring elements. Here a dedicated design effort is needed to be able to control and maintain
the position of the various beam guiding elements in the ring, in order to allow for optimum EDM
sensitivity of the PSR.

9. Polarimetry: The EDM effect – the slow development and temporal increase of a vertical polarisation
component of the beam particles – will be detected by a polarimeter, which measures the resulting
left-right asymmetry in an analyser reaction.

Figure 10: Schematic drawing of the polarime-
try concept: When interacting with a pellet tar-
get, part of the incoming beam loses energy, re-
sulting in a stronger deflection by the PSR bend-
ing element. These particles interact with a sec-
ond target and their polarisation is analysed by
a polarimeter detector.

Up to now, for example in the (deuteron) experiments conducted at COSY, the technique of measure-
ment is to exploit a hadronic reaction, more specifically elastic deuteron-carbon scattering, which has
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a high polarisation sensitivity (in technical language a large analysing power) in the relevant energy
range. For protons, the reaction-of-choice is elastic proton-carbon scattering. However, using this
technique inevitably consumes part of the circulating beam intensity. Since the beam particles have
to be steered onto a carbon target to initiate the reaction, which by itself is not desirable, it is also
insensitive to the polarisation profile of the beam. This in turn may lead to uncertainties for the
determination of the EDM observable.
The aim of beyond state-of-the-art polarimetry will be to provide a sensitive, efficient and stable
method to scan the complete polarised beam profile, as illustrated in Figure 10. Ideas, how this can
be achieved, will have to be further developed and scrutinised – and finally be tested in the prototype
ring (for details see Appendix K of [17]).

10. Beam injection and spin manipulation techniques: Different procedures are proposed to gen-
erate the bunch structure required for magic energy proton EDM measurement requiring bunches
polarised in longitudinal direction (parallel and antiparallel to the velocity), and for some schemes as
well bunches with transverse polarisation. Spin manipulation techniques pioneered with the magnetic
COSY ring are essential and have to be demonstrated and refined in an electrostatic ring and for frozen
spin. Part of the initial beam and polarisation and spin preparation may be delegated to the injector
ring. New spin manipulation capabilities, such as the manipulation of individual stored bunches, have
recently been established at COSY [29] and – as they may greatly reduce the systematic uncertainties
of EDM measurements in storage rings – need to be demonstrated for the PSR as well.

11. Site of the PSR: The most important issue for the realisation of the PSR is the question of the host
institution. This not only concerns the available infrastructure, but it also includes the experience of
scientists, engineers and technicians to build and operate such a facility. Since PRESTO is a Concept
Development, the outcome of the project in form of a Conceptual Design Report (CDR) is intentionally
planned to be site-independent: in particular, the project should not rely on existing infrastructure,
such as, e.g., the use of COSY-Jülich as injector. Nonetheless, it is obvious that the choice of site will
have a major impact on the overall cost of the PSR: a “green field” option would require investments
into buildings and additional equipment (such as polarised sources and pre-accelerator, including
phase-space cooling).

PSR Site Options

Pre-prepared 
Lab

Fully-receptive
 Lab

  Moderate additional
investment cost

 Minimal investment 
cost

 Shortest lead time
 Available expertise

Buildings to house the EDM
facility available; accelerator 

expertise available;
no polarization experience yet

Buildings to house the EDM
facility available; storage ring 

expertise and polarization 
experience available

 Possible compromises 
due to existing boun-
dary conditions 

 Some additional invest-
ments (e.g., polarized 
source …) required

Since Europe is leading this effort since many years (JEDI, CPEDM), 
a European laboratory should host the PSR 

Green Field 
Lab

 Optimal facility planning
from scratch

No buildings available to house 
the EDM facility; no previous 

accelerator expertise;  no experience
 with polarization measurements

 Infrastructure (building)
& facility costs largest

  Longest lead time 
 Missing experience to 

build/run facility 

No likely possibility;
baseline option

Figure 11: Different site options for the prototype storage ring. Distinguished here are the two realistic options to
set up the new facility at a “Pre-prepared Lab” and at a “Fully-receptive Lab”. The main difference between these two
options is the amount of additional investment costs needed. The “Green Field Lab” option is shown for completeness.

Very generally speaking, the cost of PSR alone, roughly estimated in Ref. [17] to be about 20Me, will
increase significantly for a completely new facility (see Figure 11). One important work package of
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PRESTOwill thus be to evaluate the cost reliably for different opportunities, including the development
of a strategy for the allocation of funds (e.g., regional, national and EU) to realise the PSR.

Further issues

Advanced computational techniques: Recent years have seen a surge of breakthroughs in “machine
learning” and “artificial intelligence” applications in various fields of science. An accelerator with thousands
of tuning parameters to optimise the beam settings and feedback loops will be an obvious field for the
application of machine learning. For the optimisation of the injection beam line from the cyclotron pre-
accelerator to the COSY, this was already successfully applied by members of the PRESTO team [30]. We
intend to exploit these advancements for PRESTO in various areas like the studies of options for beam injection
and design of the PSR.

Research Data Management and Management of research outputs: A Data Management Plan
(DMP) that covers the issues of making data findable, accessible, interoperable and re-usable and intellectual
property protection measures will have to be created as the project starts and needs to be finalised 4 months
after the start of the project (see deliverable D1.2). Following the experience of the JEDI collaboration, a
repository for software, raw and pre-processed experimental data, digital data and figures for illustrations
in publications will be created and shared with the community. Each dataset receives a unique, permanent
and citable Digital Object Identifier (DOI) upon publication. According to the DMP, the aim is to make all
publications, data collected and public deliverables available (gold open access, OA) and accessible from the
project web site. The Consortium Agreement will define the procedures for publication and the Management
Board will monitor and validate publication requests by project partners.

Gender considerations: Gender equality needs to be and vigorously will be promoted and implemented by
the PRESTO consortium in the selection process of students and postdocs. Equal opportunities will be given
to all applicants, regardless of their gender, religion, nationality, etc. Job advertisements will be formulated
gender-neutral, the composition of recruitment committees will be balanced in order to avoid bias, and
equal opportunities for professional development (access to conferences, trainings, etc.) will be created. The
policy will be communicated to all WP managers by the Project Coordinator and its application will be
monitored throughout the entire duration of the contract by the Management Board.

Interdisciplinarity: The task of the PRESTOproject to design a completely new storage ring will frequently
lead into uncharted territory. Building on the experience of the JEDI collaboration, physicists, engineers,
technicians and IT specialists will be needed to cope with the multiple challenges. In addition, project and
account managers (for budgeting in the different institutions), PR managers and science popularizers will
be involved in the project. Because of many past and ongoing projects, such know-how is widely spread
among the partner institutions.

Knowledge transfer: The diverse international partners of the PRESTO project have been brought together
because of their different and complementary expertise in order to master the project challenges, including
beyond state-of-the-art developments. In cooperating, there will inevitable be internal knowledge transfer -
in particular for the partner from a developing country (Georgia). In cooperations with industry, PRESTOwill
be open to common R&D and protection of results by filing patents according to guidelines of the EPO
(European Patent Office).

Sustainability: All scientists of PRESTO are aware of the limitations of our planet, and that there is an urgent
need to preserve resources and to conserve the environment. Thus, wherever applicable, the Management
Board of PRESTOwill rigorously strive for the achievement of maximal sustainability. As examples, the (air-)
travel of the international partners to common meetings will be minimised by exploiting frequent video-
conferencing. All documentation exclusively in electronic form will be mandatory. Most importantly, it will
be assumed that saving and re-use of energy will be a major criterion for the approval of the PSR.
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2 Impact

2.1 Project´s pathway towards impact

A visualisation of the anticipated impact of PRESTO is given in Figure 12. More details are given in the
sections below.

Figure 12: Schematic overview of the major im-
pact issues of PRESTO with its three basic pillars:
progress in science and technology as well as its so-
cietal role in education and knowledge transfer.

Fundamental science

The advancement of science in general and of elementary particle physics in particular has been a spectacular
success in the past decades. For the latter, the progress culminated in the discovery of the Higgs-boson at
the CERN Large Hadron Collider (LHC) in 2012, completing the fundamental constituents of the underlying
theory, the Standard Model (SM) of elementary particle physics. Although no SM failure has been found
up to now, it is generally assumed that it is not the final word but only a “low-energy” effective theory, and
a multitude of experiments are being conducted or considered with the goal to find “physics beyond the
Standard Model” (BSM). The searches for static and oscillating Electric Dipole Moments (EDM) stand out
in these efforts: observing a finite EDM for elementary particles, in particular neutron, proton and deuteron,
will be a “smoking gun” for BSM:

• The “SM background” (i.e., the contribution of the SM) is immeasurably small, at least with current
experimental techniques.

• If EDMs of all three particles are determined, an unambiguous answer to the question whether they
originate in the strong interaction (inside the SM via ϑQCD) or via a new kind of CP-violation (outside
the SM) can be given.

• If oscillating EDMs induced by axions or axion-like particles (ALPs) will be found, these will constitute
a new particle species not included in the SM.

Finding a BSM phenomenon will help to understand Nature at a deeper level and be a decisive breakthrough.

Measurements at the prototype ring PSR will produce science results for the proton and the deuteron at the
sensitivity level of the neutron EDM, which will already be an important cross-check for theoretical models.

Accelerator science

The quest to find EDMs of charged particles, motivated by the anticipated unique search sensitivity, requires
a new class of precision storage rings. The challenges to engineer such rings are abound and in fact necessitate
a step-wise approach with a demonstrator ring as key-performance enabler for the final ring.

Hardware equipment will be designed and scrutinised for later construction and implementation in the PSR.
Foremost, it will be important to develop all-electric and combined electric-magnetic deflector elements,
considering questions of maximum field-strength, field homogeneity and stability. Focusing elements and
phase-space cooling to keep or improve beam emittances will be required beyond state-of-the-art. Novel
beam-orbit control as well as spin manipulation and control instrumentation will be needed.
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Given the extremely small anticipated values of the EDMs of the charged particles, down to 10−29 e cm,
the control of systematic effects in the ring is of paramount importance. High-precision monitoring and
control of the beam positions along the orbit in the machine constitutes one of the great challenges for
experiments making use of precision storage rings. In order to improve the knowledge about the absolute
beam orbit, the elements in the machine typically can be aligned to a precision of about 0.5mm, or 0.5mrad,
respectively. Absolute beam-offset parameters for each of the installed BPMs can be obtained, e.g., from
dedicated beam-based alignment efforts, as recently applied at COSY [31].

Beam position monitors (BPMs) are located all around the ring. A BPM is placed at the entrance and the
exit of each bending unit. Additionally, one BPM will be placed in close connection to the quadrupoles in
the straight sections. Conventional BPMs very often are capacitive measuring devices [32]. The position of
the beam is determined based on the induced charge imbalance on opposing capacitor plates. The typical
insertion length of such a device, providing horizontal (x) and vertical (y) positions, amounts to about
500mm. However, these capacitive BPMs appear unattractive because their length limits the number of
points at which the beam position can be determined. A new type of BPM using a Rogowski coil design
has been developed at the IKP of FZJ [33, 34]. These pick-ups shall be adopted for the use in the PSR,
taking into account the beam tube diameter, the revolution frequency, and the number of stored bunches.
The position resolution is measured to be 10 µm in a 1 s time interval over an area with a diameter of about
90mm. These BPMs require only a short beam insertion length of 60mm and provide an offset-bias free
response tocirculating beams. The PSR and (more so) the final ring will require to survey the position of
the storage ring elements, to monitor their changes during measurements and to re-adjust them frequently.

During EDM experiments, simultaneous (in case of an all-electric ring) or subsequent clockwise (CW) and
counter-clockwise (CCW) beams must be provided as well as a multi-beam bunch approach for in-situ
co-magnetometry. A decisive step in this direction has recently been achieved at COSY [29].

Results of these developments will be a significant benefit for other future storage rings. While for the
design phase, physicists and engineers (from research centres and universities) will collaborate for PRESTO ,
the later construction of such a precision storage ring will inevitably also involve technologically oriented
institutes and high-tech companies, e.g., for building combined E-B deflectors.

In addition, the successful conception of the PSR as a milestone on the way to a future European flag-
ship facility is of great benefit for possible further steps, such as ERIC (European Research Infrastructure
Consortium) and ESFRI (European Strategy Forum on Research Infrastructures) applications (see below).

Metrology

Polarimetry, the tool to observe the slow development of a vertical beam polarisation component due to
an EDM, is the essential capability to be developed and optimised for an EDM measurement. Up to now,
for example in the precursor deuteron EDM experiments at COSY, polarimetry is performed by exploiting
a hadronic reaction - more specifically elastic deuteron-carbon scattering [35], utilising and thus taking off
part of circulating beam intensity.

The aim of beyond-state-of-the-art polarimetry will be to provide a sensitive, efficient and stable method
to scan the complete polarised beam profile in a non-destructive way. Ideas, how this can be achieved (see
Figure 10 above), will have to be further developed and scrutinised – and finally tested in the PSR. It is
obvious that such a technology will be a breakthrough for many other experiments with polarised beams.

The precise alignment of ring elements and the subsequent monitoring is mandatory to control systematic
effects in the PSR. Building on experience and developments of other projects, a suitable alignment system
will be conceived, which will also be used in the final ring and possible further accelerators/storage rings.

Technology

External magnetic fields couple to the particle MDM and will be a source of background and/or fake EDM
effects as mentioned frequently in the preceding text. If not necessary (e.g., in the second step for the PSR
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project in order to investigate the frozen spin condition), they must be avoided or reduced to a minimum.

Magnetic shielding, e.g., of the earth magnetic field, is of course well-known in other science fields and
projects: for example, the Physikalisch-Technische Bundesanstalt (PTB) in Germany operates a room with
a shielding factor of more than 107, a remaining field of less than 500 pT, and a gradient of 1.2 pT/mm. For
storage ring EDM, the challenge is to provide low magnetic-field conditions at a large scale: the PSR will
have a circumference of about 100m and the final ring 500m. While for the PSR, no extreme shielding is
foreseen, it will be an excellent test facility for a cost-efficient and effective technology. For the latter one,
such high-grade shielding will be essential.

Most important is, however, that the PRESTO project will provide otherwise not obtainable insight for the
design and development as well as the operation of the final precision EDM storage ring (see Figure 8).

Society

It is crucial to keep in mind the potential impact of PRESTO on society and the environment. Energy
efficiency considerations are taken into account as much as possible in the design so that the production
of the equipment for the PSR and its subsequent operation during the EDM measurements minimise the
potential environmental impact. In this context, it is worth noting that a storage ring with electrostatic
bending elements is more energy efficient in operation (by a factor of about 10) than conventional machines
with magnetic deflection fields. If the PSR could be planned (and built) using already existing infrastructures
(e.g., buildings), this would help to save resources. Such framework conditions are being considered in the
corresponding WP7 “Cost estimate”.

An important extra impact will be the capacity development, i.e., the training and education of students
and young researchers in a wide range of activities, including simulations, conceptual design of hardware,
measurement technologies and data analysis. Working in an international collaboration comprising members
of different fields – high energy and hadron physics, accelerator scientists, engineers – will provide the younger
collaborators with a unique experience.

Finally, outreach to explain the exciting scientific background and the thrill to overcome the technological
and metrological challenges of the project to the interested general public will have a very prominent
significance.

Research infrastructures in Europe

Since its establishment 20 years ago, the ESFRI (European Strategy Forum on Research Infrastructures) has
selected and supported a wealth of research infrastructures, both in societal and scientific fields, including
Particle and Nuclear Physics. An infrastructure which will allow to measure charged particle EDMs will
be a worldwide unique facility – a new type of storage ring for precision measurements – whose realisation
has never been attempted before, and thus it will provide an extremely valuable addition to the list of
projects and landmarks (see also community support in Sec. 3.2). Therefore, after successful completion of
the PRESTO project, the consortium aims to explore the feasibility of an ESFRI application.

The European Commission has established the European Research Infrastructure Consortium (ERIC), which
facilitates the operation of infrastructures on a European and even world-wide scale. After the project
conclusion, the consortium will also consider whether to apply for the ERIC status.

2.2 Measures to maximise impact - Dissemination, exploitation and communication

To ensure that the implications of this work are effectively shared for the benefit of the scientific community
and society at large, we foresee a series of dissemination and communication activities tailored to these
target groups: scientific community (including students), industrial stakeholders, funding agencies and policy
makers, High Schools and general public. The main communication channels will be the project website
and social media. The project website will play a central role and will be structured in sections devoted to
each of these audiences. These measures will be carried out in close collaboration with all the WPs.
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Strategy for management and protection of intellectual property

The principles for dissemination, access and use of results generated through the project will fully comply
with the rules for participation and dissemination in Horizon Europe. General principles regarding access to
results, background and ownership will follow from the Grant Agreement with the European Commission.
Its implementation will be arranged in the Consortium Agreement (CA). In the CA, each beneficiary will
identify and agree on the requirements to carry out the project, including those for other beneficiaries.
Access rights to background or to results of PRESTO beyond the project duration will be granted on a fair
and reasonable basis as agreed upon in the CA.

The PRESTO consortium will implement an efficient management of Intellectual Property Rights (IPR) of the
project, protecting the interests of institutes and companies that have produced these results – with help of
the Technology Transfer Offices of the different beneficiaries. PRESTOwill publish results as fast as possible,
complying with the CA procedures on Open Science and taking the potential for commercial exploitation
and/or the need for protection of IPR into account.

Dissemination, exploitation and communication

The dissemination of the project results will be achieved, according to the Data Management Plan (DMP),
through the publication in open-access peer-reviewed journals, participation at and organisation of work-
shops and conferences (two self-organised symposia, focusing on the project-relevant topics, cyclic interna-
tional conferences like SPIN, PANIC, IPAC, Physics Beyond Colliders and national Spring Meetings of the
Physics Societies), periodic newsletters, and public seminars. In managing scientific data and disseminating
and using the results, our DMP takes into account the FAIR (Findable, Accessible, Interoperable, Reusable)
data principles and includes communication activities. It is divided into three phases, which are described
below:

Phase 1: Planning and implementation (Year 1)

• Establish the visual identity of the PRESTO project
• Set up the project website and social media accounts, e.g., X, YouTube and Facebook
• Publication of promotional products (leaflets, posters, videos, interviews)
• Organisation of a kick-off meeting
• Participation in public engagement initiatives
• Establishment of a focus group to evaluate dissemination and communication activities

Phase 2: Implementation and monitoring (Year 2 – 3)

• Yearly bulletins summarising achievements and progress of the project
• Sharing code developments via online repository
• Public speaking course for the PRESTO community
• Participation in public engagement initiatives
• Organisation of two topical symposia
• Organisation of 1st International School for young researchers (including course on public speaking)

Phase 3: Sustainability (Year 4, and beyond)

• Organisation of 2nd International School for young researchers (including course on public speaking)
• Publication of results, i.e., Conceptual Design Report (CDR)
• Realisation of the PSR: Based on the CDR, a strategy will be developed to provide a Technical Design
Report (TDR) on the engineering level, and to secure the resources necessary to realise the facility.

Within the first year of the project the goal is to raise awareness towards the PRESTOproject, the importance
of pursuing new physics and the possible applications of research and technology-based outcomes in everyday
life. Towards this aim, a website and social media accounts will be created at the start of the project, which
will present the physics issues, the most relevant findings and, as soon as feasible, all relevant results. The
contents will be constantly updated, and periodical status reports will be produced. Online resources such

23



Pathfinder Facility for a new Class of Precision Physics Storage Rings PRESTOPathfinder Facility for a new Class of Precision Physics Storage Rings PRESTO

as leaflets, research materials and infographics will also be available in different languages in order to share
and deepen the physics case study of the project.

Communication measures for the different target groups will be organised as follows:

Scientific community

At the beginning of the project, a kick-off meeting is planned to integrate the project team and give visibility
to the new initiative on the scientific scene. Dissemination towards the scientific community will be carried
out through publications and conference presentations. Moreover, lectures to involve and recruit under-
graduate and graduate students will be also scheduled. International schools addressed to PhD students,
Postdocs and Early-Stage Researchers will be organised by the PRESTO partners. To improve communica-
tion skills, a dedicated public speaking training course for the personnel of PRESTOwill be organised. It is
assumed that the future generation of scientists for the project will be generated by these efforts.

The ultimate goal of the project, i.e., the Conceptual Design Report, will be published in open access. With
a well-defined research case, optimised design, risk and budget analysis as well as pursued technological
developments, this report will be a well-elaborated and thus a significant offer to the scientific community
on directions for the further development of hadron/particle physics in Europe. By that time, an interested
international user community should be established.

Industrial stakeholders

Members of the PRESTOproject will participate in specific events showcasing the potential of the technologi-
cal outcomes to industrial stakeholders, and will organise guided tours at the partner laboratories. Relevant
companies will be invited to participate in dedicated sessions about technological aspects at symposia
organised by the PRESTO community. Video-trailers, involving the staff, will be realised with the aim to
present possible applications in medical and industrial areas.

Funding agencies and policy makers

Funding agencies and science policy makers will be very important for the subsequent step of PRESTO , i.e.
the realisation of the PSR. Therefore, it is deemed extremely relevant to involve them early on by providing
promotional material and organise institutional visits to the partners’ sites and facilities.

High-Schools and general public

Specific materials for High School students and teachers will be made available to be exploited in the class-
room context to support learning/teaching of modern physics. For the lay public, webinars about the science
behind the project available on the YouTube channel, together with video-animations illustrating the ex-
perimental setup and interviews involving researchers will be realised. We will participate in events such
as open days at the participating institutes and local science festivals. Focus groups, involving the scien-
tific community and stakeholders, will be planned to evaluate dissemination and communication activities
covering the whole duration of the project.

2.3 Summary

Key elements of the impact section

Specific needs

• PRESTO addresses two of the most intriguing and yet unsolved issues of contemporary physics: the
dominance of Matter over Antimatter in the visible Universe and the Nature of Dark Matter.
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• PRESTO ’s approach is highly innovative and has never been attempted before: it exploits the mea-
surement of static and oscillating Electric Dipole Moments of the proton by observing the spin of
a polarised beam in a storage ring. Storage Rings combine long storage times with high-intensity
beams and promise to overcome the present indirect limit for the proton and the direct neutron
EDM result by orders of magnitude.

• To accomplish this task, PRESTO will pave the way to a new class of precision storage rings. While
many aspects of beam and polarisation manipulation and control in a storage ring have reached
maturity in the recent past (in particular at COSY), PRESTO will be essential to address the multiple
challenges for many different components that still have to be developed beyond the present technical
state-of-the-art.

Dissemination, exploitation and communication measures

• Besides a website and social media, publication in open-access peer-reviewed journals and partici-
pation in conferences, public seminars will be organised by the participating institutions.

• The PRESTO consortium will also organise two international schools for PhD students and two inter-
national workshops.

• A YouTube channel will be established where videos and animations will illustrate the aim and
development of the project to the general public.

Expected results

• PRESTOwill provide a Conceptual Design Report (CDR) for a novel research infrastructure for Eu-
rope, currently with no competitors worldwide.

• PRESTOwill provide publications in open-access peer-reviewed journals.
• Several PhD students will be trained in the sectors of physics, engineering and computational science.

Target groups

• The physics goals of PRESTO address different communities of researchers:
– Fundamental particles and nuclear physics,
– Cosmology and astroparticle physics, and
– Accelerator physics.

• PRESTOwill promote important exchange of competences and experience among different sectors,
perfectly fitting the expectations of the JENAA initiative, which aims to create synergies between
the ECFA, NuPECC and ApPEC communities.

• PRESTOwill target university students and involve them in state-of-the-art science and technology
concepts and projects.

• In the project development for a storage ring of highest precision, PRESTOwill involve the competence
of high-tech companies as concerns:

– Material development for highest electric fields in vacuum,
– Magnetic field insulation at the highest level, and
– Power supply control beyond the present state-of-the-art

• The ring design will be validated by a full simulation of the ring performance, which will require the
development and use of beam- and spin tracking codes. The final goal is the capability of tracking
one billion particles for one billion turns in the ring. The accomplishment of this task requires
Big-Data handling and possibly the access to supercomputers.
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• Controlling the operating conditions of the storage ring requires online data collection and processing
of the ring’s operating parameters at an unprecedented level. This might require the inclusion of
data science techniques already in the project phase.

Outcomes

• Increased level of interactions and synergies among different sectors of research, e.g., nuclear/particle
physics, cosmology, accelerator and data science.

• PRESTO aims at the full integration of the participating European research institutions (West, East,
Caucasus), the expansion and consolidation of the research and technology network, and the inter-
nationalisation of the education and qualification processes through the exchange of students.

• The successful design of a PSR will be a milestone towards a novel European flagship facility paving
the way to the next steps, such as ERIC and ESFRI applications.

Impacts

• Novel class of accelerators for fundamental research with high-discovery potential and low/moderate
investments.

• Breakthroughs in nuclear/particle physics and cosmology.
• Complementary and independent methodology compared to the scientific approach of international
large-scale projects (e.g., FCC at CERN), as well as implicit support from the ”Physics-beyond-
Colliders” (PBC) initiative and the update of the ”European Strategy for Particle Physics” (ESPP).

• Synergy effects and cooperation between research and high-tech companies in materials science.

3 Quality and efficiency of implementation

3.1 Workplan and resources

The following tables and figures outline the approach of PRESTO in terms of work packages (WPs) to achieve
the final goal of a CDR for the PSR: Figure 13 shows the interrelations of the different WPs, Figure 14
summarises the corresponding timeline and milestones.

Table 3.1a: List of work packages

Work-
package No

Workpackage Title Lead Par-
ticipant No

Lead Part.
Short Name

Person
Months

Start
Month

End
Month

1 Project coordination 1 INFN 18 1 48

2 Ring design 3 CERN 48 1 42

3 Ring elements 5 RWTH 60 1 42

4 Beam diagnostics and in-
strumentation

2 GSI 24 1 42

5 Polarimetry and spin ma-
nipulation tools

6 LIV 84 1 42

6 Parameter control and ex-
pected performance

5 RWTH 90 1 42

7 Cost estimate 1 INFN 12 1 45

8 Dissemination and outreach 7 JAG 36 1 48

372
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Figure 13: Cooperation scheme among the work packages of PRESTO . Important to note is the feedback loop between
WP2 and WP6 to design the ring such that the expected performance is optimised; this certainly will also have impact
on WPs 3 to 5 and 7.

Figure 14: Timeline of the PRESTO project, showing the evolution of the different WPs. A table listing the individual
milestones, indicated here in red, is given on page 36. The outcome of PRESTO will culminate in a Conceptional Design
Report (CDR) for the Prototype Storage Ring (PSR).
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Table 3.1b: Work package description

Work package number 1 Lead participant INFN

Work package title Consortium management

Objectives

WP1 (Consortium Management) will assure the efficient and effective collaboration between the
participants, e.g., by organizing regular Management Board (MB) meetings as well as project meetings
for WPs 2 to 8 to follow the progress, the hiring of personnel, the control of money flow, and the
timely completion of scientific and financial reports to the EU-Commission. WP1 will also set up the
writing committee for the CDR. In order to accomplish these tasks, a managerial structure will be
implemented. Over the course of the project (48 months), a “kick-off meeting” right after the start
of the project, annual meetings (possibly at the different participant locations), including a mid-term
meeting and a “conclusion meeting” will be organised. Regular video meetings will be conducted.

Description of work

Task 1.1 Coordination of technical and scientific aspects: Coordination of the technical
and scientific aspects will comprise oversight of the work of the different WPs, monitoring of the
milestones, ensuring that the deliverables are produced on time, and reviewing the scientific content
of all the reports. It includes working with all WPs leader compiling progress reports, monitoring
project progress and strategy, supervising timely submission of deliverables and milestones, and finally
producing the Conceptual Design Report (CDR) at the end of the project. It also contains the
management and transfer of the knowledge generated by the Design Study. A topical meeting for
each WP will be organised timely relative to the kick-off meeting. Preferentially in conjunction with
each of the WP meetings, but at least once a year, a common project meeting will take place to follow
the progress of the project.
Task 1.2 Financial and administrative project management: Monitoring of the financial
expenditures in line with the Work Plan. Gathering and checking of financial and administrative
reports from the partners, compiling of the overall reports for submission to the EC, including the
final financial auditing when applicable.
Task 1.3 Coordination of legal issues and project risk management: Identification of critical
issues emerging in the activities of the various WP and taking appropriate mitigation steps to ensure
that the objectives of the project will be met and delivered within budget and on time.
Lead participant for all tasks: INFN

Work package number 2 Lead participant CERN

Work package title Ring design

Objectives

The basic design of a charged particle EDM prototype ring with the following two operational modes
will be provided:

• Fully electrostatic machine to explore operation of a large device with challenging electric fields
and for experimental investigations on features and techniques required for charged particle
measurements.

• Frozen spin machine with weak magnetic fields added to the electric ones for a first direct proton
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EDM measurement with reduced sensitivity.

Description of work

Task 2.1 Machine lattice: Proposal of a lattice with a circumference of about 100 m with all
features and equipment required to carry out tests necessary before a magic energy proton EDM ring
can be designed and proposed for construction.
Lead participant: MPG
Task 2.2 Beam transfer system: Study of a suitable injection scheme may be based on injection
of polarised bunches prepared in an injector synchrotron or on charge exchange injection into the
prototype ring followed by suitable spin manipulations.
Lead participant: CERN
Task 2.3 Component specification and communication with other work packages: Speci-
fication of basic parameters of hardware as required fields and field homogeneneities, RF parameters,
required rest gas pressure, positioning and alignment tolerances, stability of power converters and
spin manipulation tools.
This work package has to work in close collaboration with almost all other work packages to ensure
that hardware designed and the ring foreseen are consistent.
Lead participant: CERN

Work package number 3 Lead participant RWTH

Work package title Ring elements

Objectives

The hardware required to transport and circulate the beam comprises bending elements, quadrupoles
to focus the beam, correctors to steer the beam and higher order multipoles (sextupoles) to adjust the
chromaticity and achieve sufficient spin decoherence times. The bending elements and, probably, as
well some of the other equipment has to be designed as a superposition of electric and magnetic fields.
The design of a suitable vacuum system, capable to reach the low pressure required for a sufficient
beam life time at the given beam energy, is as as well part of this work package.

Description of work

Task 3.1 Electrostatic bends: The bending elements required for electrostatic bending will be
designed and parameterised in the framework of the project. The designed ring lattice requires
electric gradients in the range 5 to 10MV/m. This exceeds the typical values for most deflectors used
in accelerators. Assuming a distance between the plates of 60mm high voltage power supplies have
to be employed. They exhibit a residual ripple, which will lead to particle displacements in the order
of millimetres. Hence, a stability control aiming at decreasing the ripple needs to be developed in a
second step.
Lead participant: GSI
Task 3.2 Electrostatic multipole elements: A conceptual design of quadrupoles and higher order
multipoles (probably only sextupoles) will be provided. Expected challenges are to fulfill the field
quality requirements and to ensure that the foreseen field strengths can be reached.
Lead participant: CERN/MPG
Task 3.3 Magnetic bends: The required vertical flux density is small enough to envisage a solution
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with normal conducting, even air-cooled magnets. The magnets are designed according to the cos θ-
scheme to ensure a high level of homogeneity of the magnetic field. Moreover, the magnetic and
electrical stray fields will be matched globally in a first step and locally in a second step in order to
lower the EDM limit to the required values.
Lead participant: RWTH
Task 3.4 Injection hardware: A conceptual design of the hardware required for the injection will
be provided. Depending on the injection scheme chosen, a combination of an electrostatic septum
and a fast electric kicker is required for bunch to bucket transfer of a magnetic chicane and a stripper
foil is required for charge exchange injection.
Lead participant: CERN
Task 3.5 Vacuum system: Excellent vacuum conditions are an essential prerequisite for successful
operation as the beam life time is mostly defined by emittance growth caused by multiple scattering
from residual gas. The goal of this task is to define a vacuum system reaching pressures of partial
pressures of less than ≈ 10−12mbar for N2 and of about 5× 10−11mbar for H2. MPG will contribute
to this task with its experience from the Heidelberg Cryogenic Storage Ring [21].
Lead participant: INFN

Work package number 4 Lead participant GSI

Work package title Beam diagnostics and instrumentation

Objectives

Various instruments and diagnostics tools are needed to control basic parameters during the operation
of the PSR. Beam position monitors (BPMs) are required to determine the beam positions along the
machine orbit. The determination of the phase-space distribution for clock-wise and counter-clockwise
beams requires a beam-profile monitor. In order to make bunched beam operation possible, an RF
cavity is needed. A stochastic cooling system is required to counteract emittance growth caused by
the residual gas in the ring (see also Sec. 1.2, “Challenges” item 7). As the MDM of a particle is by
at least about 14 orders of magnitude larger than any anticipated EDM, magnetic shielding of the
beam tube is required to avoid unwanted spin rotations due to the MDM. Such systems have been
developed for neutron EDM experiments and their design appears to be straightforward. Special
attention must be paid to the alignment and metrology of the ring elements. Here a dedicated design
effort is needed to be able to control and maintain the position of the various beam guiding elements
in the ring, in order to allow for optimum EDM sensitivity of the PSR.

Description of work

Task 4.1 Beam position monitors: A new type of position-sensitive pickup has been developed,
which shall provide a larger number of measurement points along the ring circumference than allowed
by conventional BPMs for further details). The present design needs to be adapted to the requirements
of the PSR using detailed calculations.
Lead participant: GSI

Task 4.2 Beam-profile monitor: Such a system shall be designed to operate non-destructively by
detection of interactions with the restgas in the ring. Beam-profile monitors of this type are available
in accelerator physics, but the challenge here is to design a device that leads only to minimal alterations
of the spin tune, an effect that has been observed at COSY.
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Lead participant: GSI
Task 4.3 RF cavity: The RF system required will be a relatively low peak voltage system operated
at low frequencies. An important requirement is that no magnetic material as ferrites must be used to
adjust the frequency. The cavity should maintain the particle energy in the ring, so that frozen-spin
and quasifrozen-spin conditions are met for both beams. The aim of this task is to investigate the
feasibility of the required system based on the extrapolation of existing systems.
Lead participant: CERN

Task 4.4 Stochastic cooling: Electron cooling is not an option for the PSR because of the mag-
netic fields and the ferromagnetic material involved. For stochastic cooling (see Sec. 1.2, item 5),
experimental setups exist, e.g., at GSI and COSY, that operate at higher beam energies. The main
goal of this task is the design of a stochastic cooling system for the beam parameters of the PSR.
Lead participant: GSI

Task 4.5 Magnetic shielding: A magnetic shielding of the PSR has to be designed which achieves
the goal of reducing environmental magnetic fields to an acceptable level. Detailed calculations and
experiences from neutron EDM experiments shall be used.
Lead participant: GSI

Task 4.6 Alignment and metrology of elements: Precise alignment is mandatory to control
systematic effects both in the second phase of the prototype ring and for the final electrostatic magic
energy EDM ring. A state-of-the-art alignment system, based on developments for other projects
requiring very precise positioning of components, has to be conceived in the framework of this task.
Lead participant: CERN

Work package number 5 Lead participant LIV

Work package title Polarimetry and spin manipulation tools

Objectives

The main objectives of this work package are to provide the technologies for: (i) a highly sensitive
and extremely reliable method to determine the very slowly increasing vertical polarisation of beams
in the precision storage ring, and (ii) all relevant instrumentation in the chain of accelerators from
the source up to the PSR to adjust and manipulate the polarised beam(s) at will. The polarimeter
concept we are proposing is a highly innovative and ambitious and promises to provide a polarisation
profile of the beam. It is based on the following concept (see Sec. 1.2, “Challenges”, item 9): (i)
diamond pellet target sampling the beam and removing the scattered particle from the stable orbit,
(ii) electrostatic deflector, (iii) low energy polarimeter measuring the polarisation of the scattered
particle by pC (proton-Carbon) scattering. At the moment, we are still missing an estimation and a
complete simulation of the setup to validate the concept. This work package will grow on preliminary
work by the LIV group to study the capability of a silicon based polarimeter in a storage ring with
30 − 45MeV protons and investigations of the TSU group developing a pellet (diamond or carbon)
target concept.

Description of work

Task 5.1 Feasibility study of the polarimeter concept: A beam polarimeter that consists of
carbon targets and silicon detectors is proposed as the baseline solution. The silicon detectors would
use timing and tracking layers to provide sufficient energy, achieved through Time of Flight, and
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spatial resolution for the experiment. The timing and tracking layers would surround the beamline
and carbon targets in a cylindrical geometry. We will perform fine simulations of the overall system,
i.e. the carbon targets, silicon detectors and deflector, to assess the feasibility of the proposed base-
line solution. We will study crucial parameters, such as the sensitivity or analysing power, energy
resolution and material budget. We will use specialised simulation toolkits like Geant4. Aiming at
improving the efficiency, we will simulate and study an innovative polarimeter concept that samples
a secondary beam via a pellet target. We will consider alternative physics processes that could be
applicable for the polarimeter, such as proton-proton elastic scattering.
Lead participant: TSU

Task 5.2 Specification requirements for the silicon detector: The beam polarimeter would use
dual silicon technology. Timing layers with LGADs (Low-Gain Avalanche Diodes) and tracking layers
with HV-MAPS (High Voltage-Monolithic Active Pixel Sensors) provide sufficient energy resolution
and sufficient spatial resolution for the experiment, as suggested in the LIV preliminary work. We
will do further simulations to explore alternative silicon detector solutions, such as TimePix for the
timing and MAPS for the tracking. We will perform fine simulations, focusing especially on the effects
of the finite efficiency, to determine the specification requirements for a dual silicon technology beam
polarimeter (e.g., geometry, granularity, material budget, time resolution, etc.).
Lead participant: LIV

Task 5.3 RF solenoid: As a spin manipulator for the stored beam, an RF solenoid is foreseen to
rotate the vertical polarisation of the stored beam into the horizontal plane by its longitudinal field.
Such a device is in operation at COSY, using an RLC resonant circuit. The goal of this task is to
adopt the design taking into account the beam revolution frequencies at the PSR, its inner (beam
tube) diameter, and the CW and CCW beam operation.
Lead participant: GSI

Task 5.4 RF Wien filter: A waveguide RF Wien filter constitutes a non-resonant spin manipulator
for stored particles. It can be adjusted to minimize the Lorentz force the stored particles. Using a set
of fast RF switches, such a device has been used to manipulate the spins stored in individual bunches in
COSY. The goal of the task is to design compact RF Wien filters for EDM related spin-manipulation
investigations with stored CW and CCW beams in the PSR.
Lead participant: GSI

Work package number 6 Lead participant RWTH

Work package title Parameter control and expected performance

Objectives

It is clear that the statistical error of a storage ring EDM experiment can be well below the level
reached by neutron EDM experiment for example. The real challenge is to reach the same level
(≈ 10−26 e cm) of systematic accuracy. The key to the reduction of the systematic error is the
possibility to combine polarisation measurements from the clockwise and counter-clockwise running
beams. In the sum of these two observables many systematic contributions cancel.
The main objective of this work package is to oversee and control the parameter of the experiment like
the alignment precision, manufacturing tolerances, reachable electric fields and to establish a table
with systematic error contributions.
This includes intensive beam and spin tracking studies, where the challenge is to track a sufficient
number of particles to represent the whole phase for 109 revolutions in the storage ring but also others
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approaches (e.g., analytic methods, Bayesian optimisation, polynomial chaos expansion).
The work package also includes the data acquisition and management system.

Description of work

Task 6.1 Development of a beam and spin tracking tool: Goal is to provide a full modelling of
the experiment including the storage ring and the polarimeter. Existing freely available software tool
(e.g. Bmad, Cosy Infinity, Geant) will be used. For the simulation, resources at the HPC-Facilities
within JARA (Jülich Aachen Research Alliance) is avaivlable. Here we will profit from experience
from previous simulation studies benchmarked with the accelerator COSY.
Lead participant: RWTH
Task 6.2 Systematic Error evaluation: Parallel to task 6.1 more analytic approaches will be
employed to estimate systematic error sources to the EDM measurement. The goal of this task is to
establish a table with all contributions of systematic errors. JAG will mainly contribute to analytic
approaches.
Lead participant: CERN
Task 6.3 Data acquisition and management & slow control: Develop a data management
concept with time stamping to correlate polarimeter data (e.g., kinematics of scattered protons) with
data from storage ring (e.g., orbit measurement, magnet settings). INFN will work on slow control.
Lead participant: TSU

Work package number 7 Lead participant INFN

Work package title Cost estimate

Objectives

The design estimate represents a preliminary costing phase where an approximate evaluation of the
project total cost is provided. The main objective, and challenge, is to maximise the accuracy of
the project cost estimate, considering two different options, illustrated in Figure 11, the Pre-prepared
Lab, and the Fully-receptive Lab.

Description of work

Task 7.1 Product costing: A general serial ”waterfall approach” will be applied, considering the
reference baseline design configuration with elements such as the injection system, electric and mag-
netic bends, diagnostics and vacuum components, polarimeter, monitoring and control systems, RF
components and beam cooling equipment. Other systems, e.g., B-field shielding will be integrated
with less detail. On this basis, a first version of the product breakdown structure (PBS) will be
deduced. The following step is the assignment of the expected value for individual components of
the entire machine, taking into account differences between a research facility and a civil infrastruc-
ture project: the former consists of a mixture of standard and high technology components, usually
designed and assembled by the project team itself. This requires a more precise definition of the
layout. At the same time, there may be no ”market prices” for elements available, so that estimates
are required based on the experience of the experts involved.
Task 7.2 Integration costing: The cost calculation for integration will follow a simple approach
given the early planning phase. An initial estimate of the need for primary facilities must be made by
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recording the consumption of the cost-driving elements. Based on this rough estimate, it is possible
to determine general costs for the primary installations. The secondary installations will be assessed
as far as possible. Based on the basic design, a concrete radiation protection bunker will be evaluated
with the corresponding costs. The two proposed options, Pre-prepared Lab and Fully-receptive Lab
(see Figure 11), will then be explored to determine the costs by assessing what is available and, on
this basis, make a final assessment of the costs of the facility and the necessary civil works.
Task 7.3 Resources for the realisation of the PSR: The next step on the way towards the
realisation of the facility is to develop a Technical Design Report (TDR) and to subsequently acquire
the necessary resources. The goal of the task is to develop a strategy how to successfully apply for
third-party funding from national and regional (i.e., structural) funds as well as additional EU funding
to accomplish this.
Task 7.4 Running cost of the facility: The final goal is to estimate the running cost involved in
the operation of the PSR, including the personnel necessary to operate a facility as intended.

Work package number 8 Lead participant JAG

Work package title Dissemination and Outreach

Objectives

In the project PRESTO , with its complexity and engagement of multiple institutions from the whole
world, particular attention needs to be paid to ensure a smooth and efficient exchange of information
on various levels. Thus, the tools and measures collected in WP8 have been foreseen to ensure that.
The goals of WP8 comprise:

1. Tools for intraconsortium communication, a key prerequisite of efficient collaborative work
2. Measures to maintain vivid relations with experts working in relevant fields, i.e., the scientific

community, to maximise the impact and tighten the collaboration with external groups, allowing
mutual benefits and faster progress

3. Channels of communication of results to broad, general public,
4. Ways to awaken the interest among the coming generation of researchers (students and PhD

students).

Description of work

Task 8.1 Tools for intraconsortium communication: While many software solutions are avail-
able on the market which could serve point 1 listed in the Objectives, a wiki-type web page as an
archiving- and information-exchange platform best meets the requirements. The wiki will be set up,
hosted and maintained at JAG right at the start of the project. Collaboration meetings will be organ-
ised as a forum of discussions, critical assessment of obtained results by all collaboration members,
and a market of innovative ideas.
Lead participant: JAG
Task 8.2 Communication with the scientific community and industrial partners: Results
obtained within the project need to be communicated to the scientific community efficiently. Several
standard ways will be exploited for this purpose: a public web page (hosted at JAG and maintained
jointly by JAG and INFN), articles in peer-reviewed scientific journals published in the open-access
mode, presentations at topical conferences (the last two will be managed by a Publication Committee).
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We propose to organise two symposia on the field of EDM and precision physics, with the participation
of experts from other groups in the world, aimed to stimulate and learn from each other. Those could
be organised jointly by JAG and INFN, hosted by JAG and CERN. Potential industrial partners will
be invited to a dedicated Technology Transfer Session.
Lead participant: JAG
Task 8.3 Outreach towards broad public: General public will be reached by dedicated social
media channels managed by INFN, articles in popular science magazines, popular lectures organised
by national physical societies and engagement of local educational institutions (high-schools and
universities), in which the researchers involved in the project will give presentations on the project-
related topics, stressing the importance of fundamental research. All participating institutions will be
involved here. For that purpose, a professional video animation, visualising the nuances of accelerator
and spin physics, will be prepared. Additionally, interviews with the involved researchers will be
recorded as short clips and posted in social media.
Lead participant: INFN
Task 8.4 Educating the coming generation: Two international schools for young researchers,
at the level graduate and PhD students, will be organised to educate young people in the spin and
accelerator physics and fish for new fry. The schools will comprise both lectures as well as project-type
group activities, the latter aimed to develop group-working skills of the participants. Half a day of
the school duration, planned in total for 6 days, will be devoted to a lecture and exercises on public
speaking to different audience types. The organisation will be managed by JAG and INFN, while the
school will be hosted by INFN and TSU.
Lead participant: INFN

Table 3.1c: List of deliverables

De-
liver-
able
No.

Deliverable name Lead
Part.
Short
Name

Type Dissem-
ination
Level

Delivery
date
(months)

D1.1 Kick-off meeting, topical meetings INFN R SEN 1
D8.1 Project web page as a tool of collaborative work JAG DEC PU, SEN 3
D8.2 Social media channels JAG DEC PU 3
D1.2 Data management plan with details on the data

storage and data open access rules
INFN DMP PU 4

D1.3 1st Management Board meeting INFN R SEN 7
D6.1 First version of simulation tool RWTH OTHER PU 12
D1.4 2nd MB meeting and 1st project meeting INFN R SEN 13
D8.3 Symposium on EDM and precision physics JAG R PU 13
D7.1 Report on Product Breakdown Structure, 1st ver-

sion
INFN R PU 18

D1.5 3rd MB meeting INFN R SEN 19
D5.2 Report on silicon detector specifications LIV R PU 24
D5.3 Report on RF solenoid LIV R PU 24
D8.4 Two schools for young researchers including a

workshop on public speaking
JAG R PU 24

D1.6 4th MB meeting and project mid-term meeting INFN R SEN 25
D1.7 5th MB meeting INFN R SEN 31
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D2.1 Report on machine lattice CERN R PU 36
D2.2 Report on beam transfer system CERN R PU 36
D4.1 Report on Design of beam-position monitors GSI R PU 36
D4.2 Report on Design of beam-profile monitor GSI R PU 36
D4.3 Report on Design of RF cavity GSI R PU 36
D4.4 Report on Design of stochastic cooling system GSI R PU 36
D8.5 Symposium on EDM and precision physics, includ-

ing outreach towards industrial partners
JAG R PU 36

D1.8 6th MB meeting and 3rd project meeting INFN R SEN 37
D2.3 Report on component specification CERN R PU 42
D3.1 Report on design of electrostatic bending system RWTH R PU 42
D3.2 Report on design of electrostatic multipole ele-

ments
RWTH R PU 42

D3.3 Report on design of magnetic bending system RWTH R PU 42
D3.4 Report on design of injection hardware RWTH R PU 42
D3.5 Report on design of vacuum system RWTH R PU 42
D4.5 Report on Design of magnetic shielding GSI R PU 42
D4.6 Report on the alignment and metrology of ele-

ments concept
GSI R PU 42

D5.1 Report on polarimeter concept feasibility LIV R PU 42
D5.4 Report on RF Wien filter LIV R PU 42
D6.2 Report on systematic errors and key parameters RWTH R PU 42
D6.3 Report on data acquisition and data management RWTH R PU 42
D1.9 7th MB meeting INFN R SEN 43
D7.2 Report on cost estimate of PSR INFN R SEN 45
D7.3 Report on integration costing INFN R SEN 45
D7.4 Report on strategy to acquire the resources to re-

alise the facility
INFN R SEN 45

D7.5 Report on running cost of the facility INFN R SEN 45
D1.10 8th MB meeting and project conclusion meeting INFN R SEN 47
D1.11 Conceptual Design Report (CDR) INFN R PU 48
D8.6 School for young researchers including a workshop

on public speaking
JAG R PU 48

PU: public, SEN: sensitive, R: report, DEC: dissemination, exploitation, communication, DMP: data man-
agement plan

Table 3.1d: List of milestones

Mile-
stone
No.

Milestone name Related
work-
package

Due
date
(month)

Means of verification

1 Management board implementation 1 3 Kick-off meeting

2 Initial ring design 2 15 Report

3 Initial ring performance 6 15 Report

4 Ring design frozen 2 42 Report

5 Ring elements fixed 3 42 Report

6 Instrumentation finalised 4 42 Report
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7 Polarimeter design fixed 5 42 Report

8 Final ring performance 6 42 Preliminary Design Review (PDR)

9 Final cost 7 45 Report

10 Conceptual design report (CDR) 1 - 8 48 Report

The contents of all reports will be scrutinised by the PRESTO consortium. The assessment of the Preliminary
Design Review (PDR) will involve external experts.

Table 3.1e: Critical risks for implementation

Description of risk
(colours indicate level of likelihood)

WPs
in-
volved

Proposed risk mitigation measures
(colours indicate level of severity)

Polarimeter concept fails 5, 2, 3, 7 Alternative, design split function polarime-
ter: 1st one for polarisation profile and 2nd

for polarisation buildup measurements.

Electrostatic deflectors fail to reach required
electric fields

3, 2, 7 Enlarge ring bending radius accordingly

Withdrawal of partner All Depending on role of partner and WP
involved: reallocate task(s) to other
PRESTOmember

Change in management personnel during life
time of project

1 Find suitable replacement inside
PRESTO consortium

NEG pumping not sufficient to reach required
vacuum

3 Investigate cryogenic option

Strategy for acquirement of resources for reali-
sation of facility not or only partially successful

1, 7 Shift beyond the PRESTO time span

Passive shielding of magnetic fields does not
reach required level

4 Develop an active shielding scheme

Envisaged circumference not sufficient to im-
plement all features and equipment

2, 3, 4,
5, 7

Enlarge ring radius

Power supplies of bending elements not suffi-
ciently stabilised

3, 4, 6 Improve voltage stabilisation until require-
ments are met

Required field quality of multipole elements not
reached

3, 6 Improve accuracy of electrode manufacturing

Alteration of spin tune by beam profile moni-
tors cannot be avoided

4, 6, 7 Employ dedicated beam cycles to determine
beam profiles

Feasibility of RF cavity for CW/CCW beams
cannot be shown

2, 3, 4,
6, 7

Use separate cavities, equipped with fast RF
switches, for CW and CCW beams

Stochastic cooling introduces unwanted spin
rotations

2, 4, 6 Apply operation mode with stochastic cool-
ing switched off during measurement

Alignment of elements in PSR not sufficient 2, 3, 4, 6 Apply procedures to identify and reduce mis-
alignments (elements survey, alignment cam-
paigns, beam-based alignment)

Development of tracking software delayed 2, 6 Shift resources from other WP to WP6

Colour code: High level Medium level Low level
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Table 3.1f: Summary of staff effort

Participant Num-
ber/Short Name

WP1 WP2 WP3 WP4 WP5 WP6 WP7 WP8 Total Person-Months
per Participant

1 INFN 18 6 12 12 12 60

2 GSI 12 12 12 36

3 CERN 24 18 12 6 60

4 MPG 24 12 36

5 RWTH 12 24 36

6 LIV 48 48

7 JAG 24 24 48

8 TSU 24 24 48

Total Person Months 18 48 60 24 84 90 12 36 372

Table 3.1h: Purchase costs items (travel & subsistence, equipment & other goods, works &
services)

We have taken the same ansatz for all Instituions with respect to travel costs i.e 2.5 trips/year (at a cost of
2000 e/trip). A professional video animation, visualising the nuances of accelerator and spin physics, will
be prepared by INFN. In addition, 2 Symposia on EDM and Precision Physics (hosted by JAG and CERN)
and 2 International Schools for young researches (hosted by INFN and TSU) will be organised. In the case
of the participants from INFN, JAG and TSU the ratio of ”other direct cost” over ”personnel costs” exceeds
15%, as indicated in the tables below.

Istituto Nazionale di Fisica Nucleare/INFN

Cost(e) Justification

Other goods, works and
services

40000 Allocated for Organization of a School for young researchers
at LNF (invited speakers, rent for conference rooms, etc,),
the realization of a professional video animation.

Travel and subsistence 20000 Required to manage the Consortium and participate to
meetings.

Total 60000

Jagiellonian University/JAG

Cost(e) Justification

Travel and subsistence 20000 Required to manage the tasks of WP6 and WP8 and partic-
ipate to meetings

Other goods, works and
services

22000 Allocated cost for the organisation of a Symposium on EDM
and Precision Physics at Krakow (invited speakers, rent for
conference rooms, etc.) and set-up and maintenance of a
public web page

Total 42000

Tbilisi State University/TSU

Cost(e) Justification

Travel and subsistence 20000 Required to manage the tasks of WP5 and WP6 and partic-
ipate to meetings

Other goods, works and
services

10000 Allocated cost for the organisation of a School for young
researchers at Tbilisi (invited speakers, rent for conference
rooms, etc.)

Total 30000
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3.2 Capacity of participants and consortium as a whole

The consortium consists of 8 members, already collaborating in the activity of the JEDI and CPEDM
initiatives. They all share many years of experience in precision experiments at accelerators and storage
rings, each of them with expertise in different areas essential for this projects. INFN, GSI and RWTH
have been successfully involved in two ERC Advanced Grant projects srEDM (GSI, RWTH, INFN) and
POLPBAR (GSI, INFN). The management structure of the consortium is shown in Figure 15.

Figure 15: Structure of the consortium. The project is coordinated by WP1 and a Management Board is set up with
representatives of all participating institutions. The workings groups report to the Management Board on a regular
basis. The leading institutions in each Working Package are marked in bold face.

Participant 1: Istituto Nazionale di Fisica Nucleare (INFN) - [Leader: Paolo Lenisa]

The National Institute for Nuclear Physics (INFN) is the Italian research agency, founded in 1951, conducting
research in the fields of subnuclear, nuclear and astroparticle physics using cutting-edge technology and
instruments developed by the INFN at its own laboratories and in collaboration with industries. Built in
1955, the Frascati National Laboratory (LNF) was the first Italian research facility for the study of nuclear
and subnuclear physics with accelerators. It provides all necessary research infrastructures for the design and
construction of high-technology accelerators and detectors. It also hosts the National Committee for Project
Management and the Education and Outreach Service, which provides its experience in communication
and dissemination. INFN Ferrara was founded in 1989 and has been contributing with its expertise in
accelerator and detector physics in numerous experiments world-wide. As a member of the JEDI and
CPEDM collaborations as well as the ERC Advanced Grant projects srEDM and POLPBAR, the institute
has many years of experience with high precession polarisation experiments.

⇒ As coordinator of this project, INFN is the leading institution inWP1 (Consortium Management),
WP3 (Ring Elements) and WP7 (Cost Estimate), and contributes to WP6 (Parameter Con-
trol and expected performance) and WP8 (Dissemination and Outreach).

Participant 2: GSI Helmholtzzentrum für Schwerionenforschung (GSI) - [Leader: Yury Litvi-
nov]

GSI Helmholtzzentrum für Schwerionenforschung, founded in 1969, is a national research institute with
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worldwide collaborations. With the international accelerator center FAIR (Facility for Antiproton and
Ion Research) currently being built on-site, researchers from all over the world will carry out cutting-edge
research for decades to come. IKP (Institute for Nuclear Physics, founded in 1961) is one of the research
institutes of Forschungszentrum Jülich (FZJ). Following a strategic decision of FZJ, IKP is currently in a
transfer process from FZJ to GSI/FAIR. IKP has been operating COSY, a unique facility on a world-wide
scale, providing phase-space cooled and polarised proton and deuteron beams with momenta up to 3.7GeV/c
to internal as well as external target stations. With COSY it was possible to make significant experimental
progress towards an EDM search at storage rings, culminating in a precursor experiment for the first direct
measurement of the EDM of the deuteron and a proof-of-principle experiment for an oscillating EDM search.
IKP is also member of the JEDI and CPEDM collaborations and was leading the ERC Advanced Grant
projects srEDM (2016 – 2022) and POLPBAR (2010 – 2016).

⇒ GSI will contribute with its experience in beam cooling, beam diagnostics, and spin manipulation,
including the technical developments for the EDM experiments as leading institution in WP4 (Beam
Diagnostics and Instrumentation) and as contributor to WP5 (Polarimetry and spin manip-
ulation tools).

Participant 3: Conseil Européen pour la Recherche Nucléaire (CERN) - [Leader: Christian
Carli]

CERN is one of the world’s largest particle physics centres and operates a large complex of particle accelera-
tors. The 65-year history of CERN is marked with successful design, construction and operation of powerful
linear and circular accelerators. Beside the LHC, largest and highest energy hadron collider worldwide,
CERN operates several facilities providing medium and low energy beams to users. Amongst them are in-
stallations similar in size to the proposed CPEDM prototype ring as, e.g., the ELENA ring. CERN’s Beams
and System departments will be involved in PRESTO . These departments form the Accelerator & Technology
Sector of the Organisation, with some 900 engineers, technicians and accelerator physicists with expertise
in the design and operation of accelerators and solid experience in various accelerator technologies, such as
accelerator and beam physics, construction of normal conducting and superconducting magnets, RF cavi-
ties, vacuum systems and surface materials, beam instrumentation and cryogenics. CERN has experience in
managing large accelerator infrastructures and the expertise in leading large-scale collaborations involving
institutes from all over the world. CERN has participated in more than 150 EU projects under FP6, FP7
and Horizon 2020, and coordinated more than 50 of these.

⇒ In this project, CERN is the leading institute in WP2 (Ring Design) and contributes to WP3
(Ring Elements), WP4 (Beam Diagnostics and Instrumentation) and WP6 (Parameter
Control and expected performance).

Participant 4: Max-Planck-Institut für Kernphysik Heidelberg (MPG) - [Leader: Klaus
Blaum]

The Max-Planck-Institute for Nuclear Physics in Heidelberg is one of the multitude of independent institutes
and facilities of the Max-Planck-Gesellschaft (MPG). It has five independent divisions, one of which is
the Stored and Cooled Ions Division working on precision experiments on stored and cooled ions, the
investigation of fundamental processes of molecular ions and the development of novel storage, cooling and
detection techniques for future experiments. They have constructed the heavy ion storage ring TSR as well
as the electrostatic cryogenic storage ring CSR, which is in operation since 2015. The group is newly joining
the hadron EDM activities and their experience in ring design, the development of ring elements and the
operation of these rings is an essential asset for this project.

⇒ The institute is contributing with their expertise to WP2 (Ring Design) and WP3 (Ring Ele-
ments).

Participant 5: Rheinisch-Westfälische Technische Hochschule Aachen (RWTH) - [Leader: Jörg
Pretz]
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Established in 1870, RWTH Aachen University is one of 11 German Universities of Excellence and is divided
into 9 faculties. It is one of the leading technical universities in Germany with a strong focus in engineering
and natural sciences. It provides an ideal environment for the most challenging technological developments.
Embedded in the department of physics is the III. Physikalische Institut with its focus on basic research in
particle physics including accelerator science. It operates a computer station in the World Wide LHC Com-
puting Grid, has extensive laboratories and excellent support from mechanical and electronics engineering
groups. Within JARA (Jülich Aachen Research Alliance) the institute has access to HPC (high perfor-
mance computing) infrastructure to perform spin and beam tracking. There is a close collaboration with
engineering institutes like the Institute for High Voltage Equipment and Grids, Digitalisation and Energy
Economics (IAEW) conducting research on a broad range of topics in the field of electrical energy supply.

⇒ The III. Physikalische Institut is the leading institution of WP6 (Parameter Control and expected
performance).

Participant 6: The Liverpool University (LIV) - [Leader: Eva Vilella]

Founded in 1881, the University of Liverpool has an impressive history of pioneering education and research.
The Department of Physics at Liverpool performs a rich variety of research including Particle Physics, Nu-
clear Physics, Condensed Matter Physics and Accelerator Science. It hosts the Liverpool Semiconductor
Detector Centre clean room complex, the Detector Fabrication Facility and the Advanced Materials Lab-
oratory, which are uniquely equipped with modern R&D and construction facilities. The group has built
substantial parts of the silicon detectors for the LHC experiments ATLAS and LHCb, their upgrades together
with that of ALICE, and the neutrino experiments T2K, SBND and proto-DUNE. They play a leading role
in the development of position-sensitive silicon sensors for charged particle tracking, essential for the success
of numerous experiments. Liverpool is a member of the JEDI and the CPEDM collaborations.

⇒ As leading institution of WP5 (Polarimetry and spin manipulation tools) their expertise in
silicon detectors will be of great importance in the design of the low-energy polarimeter within PRESTO .

Participant 7: Jagiellonian University (JAG) - [Leader: Aleksandra Wrońska]

The Jagiellonian University (JAG), founded in 1364 is one of the oldest universities in Central Europe
and leading research institution in Poland, JAG comprises 16 Faculties in the most notable fields (natural
and social sciences, humanities, medicine etc.). The Faculty of Physics, Astronomy and Applied Computer
Science is one of the largest at JAG. Its Marin Smoluchowski Institute of Physics comprises 12 experimental
physics departments including the Department of Hadron Physics involved in the proposed PRESTOproject.
The physicists working there have large experience in experimental nuclear physics at medium and high
energies, gained in numerous projects performed in international collaborations exploiting the infrastructure
of the European institutions, e.g., Forschungszentrum Jülich, GSI/FAIR Darmstadt, ETH Zürich, KVI
Groningen, and INFN Catania. Well settled in the international community, the academics have expertise
in detector development, Monte-Carlo simulations and feasibility studies, as well as in all phases in the life
cycle of high-precision experiments from preparation to dissemination, expertise that is of high value for
PRESTO .

⇒ JAG is the leading institution of WP8 (Dissemination and Outreach) and contributing to WP6
(Parameter Control and expected performance).

Participant 8: Ivane Javakhishvili Tbilisi State University (TSU) - [Leader: David Mchedlishvili]

The project leading department of TSU, the SMART|EDM Lab, was established in 2016 in the framework
of the Georgian-German Science Bridge (GGSB). The laboratory is dedicated to establish the contributions
for a search of Electric Dipole Moments (EDMs) of fundamental charged particles in storage rings. It has
been working within the JEDI and CPEDM collaborations primarily on one essential component for the
experiment, the polarimeter. It has built and operated the JEDI Polarimeter (JePo), which measures the
polarisation of the stored beam in COSY using proton-carbon scattering. For a dedicated ring, a new
polarimeter design must be developed that provides minimal beam distortion and allows access to the
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polarisation profile of the beam. The studies within the PRESTOproject will be based on initial studies that
have already been started at Jülich together with a detector design in collaboration with the Liverpool
group (LIV). The second participating department is the High Energy Physics Institute of TSU, founded
in 1980. Scientific research is mainly carried out in international collaborations with research centres such
as CERN (Geneva, Switzerland), FZJ (Jülich, Germany), and J-PARC (Tokai, Japan). Research activities
are focused on hadron physics and relativistic ion physics, the quark structure of hadrons, spin physics and
physics beyond the Standard Model. The use of computing power (multi-core servers and desktop PCs)
together with expertise in GEANT simulations and data analysis will play an essential role for PRESTO .

⇒ TSU is participating inWP5 (Polarimetry and spin manipulation tools) andWP6 (Parameter
Control and expected performance).

Further cooperations

Besides the partners mentioned above, PRESTOwill proactively approach institutions and individual scientists
worldwide to help and support the project. These comprise, e.g., the Institute for Nuclear Physics of the
University of Mainz (Germany), Paul Scherrer Institute (Switzerland), Laboratori Nazionali di Frascati
(Italy), Korea Advanced Institute of Science and Technology (South Korea) and Brookhaven National
Laboratory (USA).

Community support

In this subsection the support received for the PRESTO project from the scientific community is listed:

Joint ECFA-NuPECC-ApPEC Activities (JENAA): JENAA6 was established after a joint meeting
of ECFA, NuPECC and APPEC7 communities in 2019 with the goal to further explore topical synergies
between the different disciplines. A call for Expressions-of-Interest (EoI) of novel ideas was issued to trigger
discussions within the three communities: one of these is ”Storage Rings for the Search of Charged-Particle
Electric Dipole Moments (EDM)”. PRESTOwill frequently present its status at JENA seminars.

Test Infrastructure and Accelerator Research Area (TIARA): TIARA8 is a Consortium of Euro-
pean Research Institutions operating significant R&D Infrastructures in the European Particle Accelerator
Research Area. The charged-particle EDM project has been presented at their meetings, and PRESTOwill
continue to do so.

6http://www.nupecc.org/jenaa/
7ECFA: European Committee for Future Accelerators, NuPECC: Nuclear Physics European Collaboration Committee,

APPEC: Astroparticle Physics European Consortium
8www.eu-tiara.org
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