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2. Scientific case and project organization

List of abbreviations

UCN - ultracold neutrons

VCN - very cold neutrons

PNA — pulsed neutron accumulation

JINR — Joint Institute for Nuclear Research
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EDM - electric dipole moment

PNPI — Petersburg Nuclear Physics Institute of B. P. Konstantinov
ND — nonstationary diffraction

AME — accelerating matter effect

EP — equivalence principle

AE — acceleration effect

WEP — weak equivalence principle

LDD - local decelerating device

SP — source-prototype

2.1. Abstract

The objective of the project is to develop a conception of a world level ultracold neutron (UCN)
source at the IBR-2 pulsed reactor. The conceptual design of the source will be based on a number of
engineering proposals with no analogues in the world practice. For the first time, the principle of pulsed
neutron accumulation (PNA) is planned to be implemented that allows obtaining a significant gain in
the neutron gas density in the material trap. The authors proposed an original solution to the issue of
preserving the pulsed structure of the neutron flux during their transportation has been found that is
absolute must for implementation of the PNA principle. A new approach to this issue consists of
obtaining UCNSs right near the trap by decelerating faster neutrons in a superconducting magnetic
resonance system. The occurrence of a strong magnetic field near the trap allows finding a new approach
to the issue of a pulsed valve at the trap entrance. The expected density of neutrons accumulated in the
trap is 250 n/cm?.

The scientific program on the future source will be based on development of the results obtained in
the previous years by JINR physicists in cooperation with other scientific centers. The priority areas are
expected to be the precise verification of the weak equivalence principle by gravitational quantum

spectrometry and the study of the universal Acceleration Effect in the quantum sector. During the



implementation of the project, a prototype source will be created, the construction of which will make it
possible to verify the correctness of the technical solutions taken to create the projected source, as well
as to conduct experimental studies necessary to create a complete conception of the projected Source.
2.2. Scientific justification (purpose, relevance and scientific novelty, methods and approaches,
methodologies, expected results, risks)
2.2.1. Relevance of developing an UCN source in JINR and the research program
2.2.1.1.Investigations of fundamental problems of neutron optics in FLNP JINR
It is known that the honor of discovering ultracold neutrons belongs to the group headed by F. L. Shapiro,
FLNP JINR [1]. The primary motivation for the use of ultracold neutrons was the capability of long-
term storage of such neutrons in the trap [2] that should have significantly increased the accuracy of
experiments to search for the electric dipole moment (EDM) of the neutron [3]. Summing up the results
of the first stage of the investigations with UCNs [4], F. L. Shapiro outlined the possible applications of
ultracold neutrons, making the investigation of the properties of the neutron as an elementary particle a
priority. Moreover, besides the experiments on the search for the EDM and the measurement of the
neutron decay constant, implying the possible long-term storage of neutrons in the trap, he also named
the experiments in which containment in the trap is not required. In particular, these experiments
included the ones aimed at searching for the electric charge of the neutron and work on development of
a neutron microscope. Thereby, at the initial stage of the investigations with UCNSs, there were two
significantly different tendencies in the approaches to experiments with UCNs.

Today as well, there is such division of experiments with UCNSs into two groups. The greatest efforts
and resources are currently used in the search for the EDM of the neutron [5] and the investigation of its
decay [6-9] in experiments on the storage of UCNSs in material or magnetic traps. However, at the same
time, there was the second tendency based on the unique properties of UCNSs. In particular, in the late
1980s and the early 1990s of the last centuries, considerable efforts were focused on the development of
neutron microscopy with UCNs [10, 11]. Obviously, the neutron microscope based on the possibilities
of applied neutron optics requires high brilliance of the radiation source but does not assume the
possibility of neutron storage in the trap. Along with the discovery of UCNSs, the capability of using
neutrons of very low energies resulted in the possible implementation of quantum experiments with
UCNs [12, 13] that also do not imply long-term neutron storage but as a rule, require a significant neutron
flux density. Such experiments were of particular significance in the number of investigations with
UCNS carried out in FLNP JINR.

In addition to the internationally recognized priority in the discovery of UCNSs, the contribution of
JINR researchers to development of the experimental basis of UCN physics that is reflected in the
corresponding monographs [14, 15] is of great significance. The FLNP group, in collaboration with the

PNPI group, carried out an experiment to measure the neutron decay constant [16] that served as the



beginning of a new stage of precision measurements of this fundamental quantity that continues to the
present time. The investigations of the FLNP researches of the so-called anomaly in the storage of UCNs
and of the processes of small energy transfers during their storage [17-19] in traps are widely known.

In addition, research in the field of fundamental neutron optics and experimental quantum
mechanics has been carried out in the Laboratory for many years. The goal of this research has been
both to develop new experimental techniques based on the use of quantum phenomena and to study
fundamental problems involving the investigation of neutron wave propagation in matter.

The precision spectrometry of UCNs based on the quantum analog of the Fabry-Perot optical
interferometer [20, 21] was developed and became the methodological basis for a series of investigations
on UCN optics. Among them is the research of the dispersion law of neutron waves in matter [22-24]
initiated by previous work [25]. Unique is the experiment [26] to study the specificities of neutron wave
propagation in gadolinium films. The results of the experiment confirmed the validity of the theory of
optics of highly absorbing medium.

A vivid demonstration of the possible observing of nonstationary quantum phenomena in
experiments with UCNSs was the first observation of nonstationary diffraction (ND) of UCNs on moving
periodic structures and demonstration of neutron acceleration and deceleration using high-frequency
phase modulation of the neutron wave [27]. For the first time, the capability of neutron focusing in time
based on ND was shown [28]. Later, the phenomenon of nonstationary UCN diffraction allowed
implementing a new type of gravitational experiment and verifying the equivalence principle for the
neutron with an accuracy of about 107 [29].

The major result was the registration of the neutron energy change in the experiment with UCNs
that pass through a refracting sample moving with acceleration. The spectrometric accuracy of the
experiments was a record for that time of about 10%eV [30].

2.2.1.2.Current fundamental problems of neutron optics

Addressing the current fundamental problems of neutron optics, one should first of all focus on the
relatively poor knowledge of the fundamental problem of the type of the dispersion law of neutron waves
in matter. The fact is that the analysis of most neutron optical phenomena is based on the concept of the
effective potential attributed to the medium or of the so-called potential dispersion law. It is on this semi-
qualitative theory that the calculations of the neutron reflection coefficient from matter, so relevant for
estimating the storage time of UCNSs in traps are based.

There are, however, experiments, the results of which greatly differ from the results of such
calculations [31]. Moreover, theoretical arguments have been found in favor of the complete

inapplicability of the efficient potential for neutrons with much lower energies than UCNs [32, 33]. If it



is true, then there may be small corrections to the current theory for UCNs as well. However, the current
experiments [23, 25] do not provide a definite answer about the validity of such an assumption.

As for cold neutrons, the theory definitely predicts that there are corrections to the potential
dispersion law for them [34, 35], yet there are no experiments confirming or refuting these predictions.
Thus, the issue of the dispersion law of neutron waves in matter requires a thorough theoretical and
experimental study.

The second fundamental problem of scientific interest arose due to the observation of the energy
change of neutrons when passing through a sample that moved with acceleration [30]. It is known that
in addition to the prediction of this effect for neutron waves [36], a similar effect was previously
predicted, although not observed for light [37]. Reporting on a more detailed study of the previously
discovered phenomenon, the authors of [38] concluded that it is a very general physical effect, valid for
waves of any origin and called the Accelerated Matter Effect (AME) by them. At the same time, AME
directly follows from the equivalence principle (EP). This perception of the close interaction between
the AME and the EP allowed eventually coming to the formulation of the universal Acceleration Effect
(AE) [39], that is to say, any object scattering a wave or transmitting a signal shifts the frequency if the
object itself moves with acceleration. In other words, it was about an effect as general as the Doppler
effect but unlike the latter, it differs in that the frequency shift is defined not by the velocity of the object
but by its acceleration.

It should be emphasized that from the assumption of universality of AE directly follows the
conclusion about its validity in the quantum sector. The calculation based on the numerical solution of
the Schrodinger equation has shown that in the case UCNs pass through a number of simplest quantum
objects moving with acceleration, the energy actually changes [40] and this result is to be experimentally
confirmed. A major consequence of the validity of the acceleration law in the quantum sector is the
prediction of inelastic and non-isotropic nature of neutron scattering on an atomic nucleus moving with
acceleration. It follows that the propagation of a neutron wave in an accelerating medium should be
different from the case of a medium in an inertial system [41], since the idea of the isotropic and elastic
nature of neutron-nuclear scattering is fundamental for neutron optics. Thus, the validity of the
assumption made almost 20 years ago in [30] has obtained serious arguments in its favor. However, in
need of reliable scientific confirmation, this hypothesis is a serious challenge for both theorists and
experimentalists.

Among the topical fundamental problems of neutron optics is the issue of precision measurement
of the free-fall acceleration for the neutron gn. The equality of this value to the local value of the free-
fall acceleration of macroscopic bodies is a proof of the validity of the so-called weak equivalence
principle (WEP). Note, in this regard, a recent experiment [42]. Its methodological basis is the effect of

quantization of the vertical movement of neutrons during their storage on a horizontal mirror, predicted



in 1978 [43] and first observed almost a quarter of a century later [44]. This phenomenon served as a
basis for the development of a new approach to UCN spectroscopy and allowed achieving an
experimental sensitivity of an order of 10" eV [45, 46]. However, the discrepancy with the classically
measured value of g is four times higher than the statistical error that probably indicates unaccounted
methodological errors. Accordingly, the issue of precision measurement of the neutron free-fall

acceleration aimed at verifying the weak equivalence principle is still very relevant.

2.2.1.3.Basic areas of research with future UCN source of JINR

The future UCN source research program of JINR is aimed at studying the fundamental problems
of neutron optics mentioned above and is development of the scientific results obtained in the previous
years by the FLNP group of JINR in cooperation with colleagues from other scientific centers. Today,
two basic areas of future research can apparently be defined.

First, it is a systematic investigation of neutron wave propagation in matter for establishing the
true dispersion law, that is, dependence of the wave number in the medium on the neutron energy. It is
assumed that this kind of research will be carried out both for the samples at rest and for the samples
moving with acceleration.

The methodological basis for these investigations will be the neutron resonance interferometry
technique, the theoretical background of which was founded by [47,48] and the capability of practical
implementation of which was presented in [49-51]. There is no experience in the implementation of this
technique for very cold and ultracold neutrons.

The second area, methodologically closely related to the first one, will be the verification of the
theoretical prediction [40] about the validity of the concept of the Acceleration Effect in the quantum
sector. The observed effect value will be in this case two orders smaller than the observed one in the
experiments [30, 38] that is an extremely challenging task.

It should be emphasized that in both mentioned cases, an experiment does not imply long neutron
confinement in the device and the measurements will be carried out with a neutron beam the energy of
which is in a narrow energy range.

The goal of the third research area will be development of a new approach to gravitational resonance
spectroscopy. In contrast to the current technique [44-46] of studying the quantum states of neutrons
stored on a material mirror, this approach will be based on the measurement of the transition frequency
between the quantum levels of neutrons in a quantum well formed by the joint action of gravity and the
inhomogeneous magnetic field of the mirror. In this case, neutrons that are in a kind of gravitomagnetic
trap [52] will not be in contact with the material of the magnetic mirror. Prospects of this approach refer
to a greater sensitivity of the spectrum of states to the value of the free-fall acceleration than that of the

current technique. Therefore, one can hope that development of the gravitomagnetic spectroscopy



technique will allow increasing the sensitivity of experiments to test the weak equivalence principle for
the neutron.
2.2.2. Project content

2.2.2.1.Project objective

The objective of this project is to develop a conception of JINR UCN source with parameters

corresponding to the current world level.

2.2.2.2.Special feature of the future UCN source of the IBR-2 reactor

The IBR-2 reactor with a rated power of 2 MW operates in the pulse mode with a pulse repetition
rate of 5 Hz and a pulse duration of about 250 pus. As will be shown below, such reactor parameters
make it rather difficult to develop an UCN source with satisfactory performance.

The fact is that at present there are two basic approaches to the issue of developing intense UCN
sources. They differ in the choice of converter material, in which thermal or cold neutrons are converted
into ultracold ones. In the first case, such a substance is superfluid helium at a temperature of about 1K
or below, in the second case, it is solid orthodeuterium at a temperature of about 5K. In all cases, it is
either a stationary thermal neutron flux [53-54] or quasi-stationary thermal neutron flux [55] when the
converter is irradiated using the neutron flux for a relatively short time sufficient to produce UCNSs that
fill the trap; the time interval between pulses may be of the order of the storage time of the UCNs in the
trap.

In the case of a superfluid helium converter, the production volume of UCNSs is usually based on
the extracted cold neutron beam and is outside the basic neutron source shielding. Obviously, the flux
of such neutrons falling on the converter is by several orders of magnitude lower than in the main
moderator of the source. Therefore, this approach is efficient only in the case of reactors with high
average flux [53] which IBR-2 does not belong to. Apparently, the relatively low average flux of cold
neutrons on the beam withdrawn from the IBR-2 reactor does not allow considering the possible use of
a superfluid helium source.

In the case of a solid deuterium converter, the latter is positioned at the site with the highest possible
neutron flux that at one time means a significant thermal load on structural components from the
concomitant radiation. At the same time, the experimental facility is usually positioned at some,
sometimes considerable distance from the UCN production site that requires an UCN transport neutron
guide.

As arule, the volume of solid deuterium far exceeds the volume which ultracold neutrons can escape
from into the neutron guide. It allows deuterium to be used as an extra moderator that increases the yield
of UCNs. In addition to the significant cryogenic power required to cool a significant mass of substance

to low temperatures, an extra radiation shielding is required. The potential explosion risk of deuterium



requires special safety measures. The construction of such a source at the IBR-2 reactor is considerably
more difficult than in the case of a pool-type reactor [54] or of a spallation target [55]. This is due to
both the inevitable proximity of the UCN converter to the core that significantly increases the thermal
load on the converter and that the IBR-2 reactor is tens of times more sensitive to geometry changes than
stationary reactors. It considerably increases the potential explosion risk of the converter with solid
deuterium. Therefore, the variant of an UCN source at the IBR-2 reactor based on the use of such a
converter was rejected.

An alternative to the approach using a high-efficiency converter and a time-averaged neutron flux
is an attempt of using the circumstance in which the IBR-2 reactor is characterized by a record high
value of the pulse density at a relatively moderate value of the average neutron flux density. The idea
behind such an approach is to fill the UCN trap only during the pulse and to efficiently isolate it the rest
of the time [4]. In the case of relatively small losses, the equilibrium flux of UCNs in the trap can
significantly exceed the time-averaged flux at its entrance. Thus, we are talking about a high-brilliant
source at a relatively moderate production rate of UCNSs.

The practical implementation of this idea is hindered by the fact that due to the biological shielding,
the trap is distant from the moderator in which UCNs are produced. In this case, at least ten meters-long
transport neutron guide is required to supply the trap. Positioning an isolating valve near the moderator-
converter - the UCN source, causes the neutron guide to become a part of the trap that greatly reduces
the storage time of the UCNSs in the trap-neutron guide system and significantly reduces the density of
neutrons accumulated in the trap. Positioning a valve at the entrance to the trap is useless since the
variation of UCN time of flight from the source to the trap results in a loss of the pulse structure of the
beam.

Consequently, to develop an UCN source with pulse accumulation in the trap, the conditions of
small duration of neutron bunches entering the trap remote from the neutron production site should be

ensured in one way or another. At present, there is no practical experience in meeting this task.

2.2.2.3.New engineering proposals that defined approaches to the conception of Source

Possible approaches to the UCN source design with pulsed accumulation in the trap were
analyzed in [56-58]. The following factors were considered when selecting them: the expected UCN
density in the trap, the complexity of implementation and current engineering proposals that give reason
to hope for the project feasibility. As a result, the choice was made in favor of a previously unused
variant, the key feature of which is a two-stage approach to the production and transport of UCNs from
the moderator to the trap.

The idea is that to the source initially come VCNs with a relatively wide velocity spectrum, the flux

of which near the production site has a pulsed structure. Their velocities are much higher than the



velocity of UCNSs. Using a mirror neutron guide, such neutrons are transported to a local decelerator that
slows down neutrons to the UCN energy and supplies the trap with a pulsed gate at the entrance. A key
feature of this device is that the energy of all neutrons decreases by a fixed value E, much larger than
the UCN energy. The velocity spread of neutrons that can be trapped after energy release meets the ratio
AVIV ~ U[2E «'1, where U is the UCN energy. At the same time, the time of flight spread At/t = AV/V
from the pulse source to the decelerator and accordingly, to the trap, is much smaller for such neutrons
not only than the time of flight, but also than the repetition period of reactor pulses. Therefore, the flux
of VCNs that are converted into UCNSs after deceleration, has a pulsed structure [59]. A nonstationary
gradient spin flipper [60, 61] with a strong magnetic field can serve as a local decelerating device (LDD).

Although the range of velocities of “useful” VCNs is relatively narrow, it still has a finite quantity.
It results in some spatial and time spreading of “useful” neutron bunch during transport. In addition, the
deceleration time of neutrons in the magnetic field of the flipper also depends on the velocity at the
entrance. Thus, without special measures, the deceleration time spread is added to the transport time
spread that increases the duration of the UCN bunch at the entrance to the trap.

An essential engineering proposal is installing a time lens with weak focusing at the entrance to the
LDD [58]. Such a lens changes the velocities of neutrons entering into it in such a way that neutrons
with the lowest velocities enter the flipper first and those with the highest velocities - last. Since the
deceleration time depends on the neutron velocity at the entrance to the flipper, the time of flight spread
during transport can be fully or partially compensated by the deceleration time spread. It can radically

reduce the duration of the bunch.

2.2.2.4.Source design
2.2.2.4.1. Justification of the projected Source scheme

Shielding Storage trap

Time Lense

Reflector

Moderator Flipper-valve

Convertor )
Neutron guide

Decelerator

Fig.1. Schematic of the projected UCN source at the IBR-2 reactor



The design of the projected source is schematically represented in Figure 1. Very cold neutrons are
produced using the moderator-converter. To increase the thermal neutron flux, the converter is
surrounded by a cylindrical water reflector.

Of the wide range of VCNs produced using the converter, neutrons with velocities in the range of
20.9 = 0.2 m/s are usable. Using a mirror weakly curved neutron guide, neutrons are transported to the
decelerator while passing through a single or two time lenses that transform the neutron velocity.

The energy changes in flipper-decelerator due to the nonstationary spin flip in the strong magnetic
field. The proximity of the magnetic system of the flipper to the trap allows its field to be used as a
barrier to the neutrons in the trap. This magnetic barrier, together with an extra pulse flipper positioned
near the declining field of the main flipper-decelerator will serve as a pulse valve locking the trap.

The function of the time lens is briefly described in the previous section.

The picture of the evolution of the “useful” neutron bunch on the phase plane (z-zo, Vs-V20) is
presented in Figure 2, zo(t) is the position of the bunch center at t time and Vo is the average value of the

bunch velocity.
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Fig.2. Phase portrait of the neutron bunch propagating along the neutron guide with no
compensating lens (a) and in the case of exact compensation of time of flight spread by the deceleration

time spread (b). The numbering corresponds to the following positions of the bunch: 1 - at the exit from

the converter, 2 and 5 - at the entrance to the trap, 3 and 4 - before and after the passage of the lens.

2.2.2.4.2. Positioning of the source and its basic components

The source will be positioned on beamline 3 of the IBR-2 reactor, initially intended for this goal in

the reactor design. All components of the source will be positioned on a movable platform that will allow



moving the source to the operating position when the beamline end and the converter are positioned in
close proximity to the reactor core or moving it several meters away from the core that will allow closing

the standard gate of the beamline.

Convertor

The convertor is used for producing neutrons with an energy of 2 ueV. The basic and alternative
variants of the converter are considered. The basic variant assumes that the converter will be a thin
chamber with liquid hydrogen cooled using gaseous helium, which there is appropriate cryogenic
infrastructure at the 3@ beamline of the IBR-2 reactor for. The mass of hydrogen used will be less than
10 g that gives reason to hope that the safety issue will be met.

Flipper-decelerator

The flipper-decelerator is not only the basic, but the most complex component of the source that
allows making a two-stage approach to production of UCNSs. It is aimed at reducing the energy of all
neutrons by the same value. A nonstationary gradient spin-flipper will serve as a device to meet this
task. Spin flipping in such a device occurs under the high-frequency magnetic field directed
perpendicular to a permanent but coordinate-dependent magnetic field. The energy change AE =/®
during spin flipping occurs due to the exchange of neutron energy with the electromagnetic field

quantum with the frequency o= 2uB/% . Neutrons with a single spin projection value are slowed down

to the energy of UCNs and can be trapped. Such a technique of neutron slowing down was proposed
many years ago [62]. The very fact of neutron energy change at resonance spin flip was shown in the
experiment [63]. The possibility of neutron acceleration and deceleration based on the resonance flip of
the neutron spin has been experimentally used in the research devoted to time focusing of UCNs [64,
65].

Although the gradient or adiabatic spin flipper is widely used in the practice of neutron experiments
(see for example [66]), development of a flipper moderator with the parameters required for these goals
is a rather difficult task. In order to slow down neutrons with an energy of 2 ueV to an energy of 100
neV that are typical for UCNSs, spin flip should occur in a magnetic field hundreds of times higher than
the values usual for such devices. There is no experience of developing a neutron spin flipper with such
parameters in the world practice. The preliminary design of the flipper was developed by the project
participants in close cooperation with SuperOx. The magnetic field with a maximum strength of 18 T of
the required configuration may be produced using a superconducting solenoid with a room temperature
bore of 150 mm in diameter that allows positioning a neutron guide and a cylindrical birdcage-type
resonator in it. The resonator will produce a magnetic field with a strength of about 0.5 mT rotating in a
plane perpendicular to a stationary field with a frequency of about 520 MHz. A large volume of

implemented model calculations testifies to the high efficiency of such a flipper [69].
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Fig. 3. Magnetic system of the flipper-decelerator. Left: layout of the structure and cryostat,
right: winding configuration and magnetic field strength map

Neutron guide

The S-shaped neutron guide is 13-15 meters long and is designed for the transport of very cold
neutrons at velocities of about 20 m/sec. It will have two curved sections with a radius of curvature of
about 20 meters that will significantly reduce the background of neutrons with velocities higher than 50
m/s. The quality of its inner surface is subject to rather high requirements. The small micro-roughnesses
should ensure transmittance at the level of tens of percent and the permissible level of shape defects
(waviness) should ensure equality of monochromatic neutron time of flight at the level of 2-3 ms at its
best. The choice of material and design of the neutron guide will be done during the implementation of

this project.

Time lens

The current approaches to development of neutron time lenses are analyzed in [58]. A variant of a
magnetic lens was selected to be a time lens for mutual compensation of the transport time and
deceleration time spread, the functional principle of which is based on the magnetic variation in a certain
space region during the neutron time of flight in this region [70].

The energy transferred by the lens AE = + uAB (u is the magnetic moment of the neutron) is

estimated by the variation value of the magnetic field AB during the residence time of the neutron.
Probably, it is hardly possible to both accelerate and to decelerate neutrons using a single lens, the
source is expected to have two such lenses operating at two consecutive time intervals. One of them will
be decelerating and the other - accelerating. The maximum value of energy transferred by the lens will
be 90-95 neV. It means that the magnetic field should vary by about 1.5 T. In this case, the magnetic
field variation should be for a time of about 7 ms. Development of such a lens is a rather complex

technical task, the solution to which is to be found during the next stage of work on the source.
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2.2.2.5.Project sophistication level

The work on the justification of the project was carried out within the framework of the Activity
“Development of the conceptual design of the ultracold neutron (UCN) source at the pulsed reactor” that
is an integral part of the project 03-4-1146-3-2024/2028 of the JINR Topical Plan.

The results of the work on the project include:

1) Simulation of time parameters of transport of VCNSs in a mirror neutron guide was carried out.
The key requirements to the quality of its surface, providing satisfactory time parameters were
formulated.

2) A technical specification for the design of a superconducting magnetic system of a flipper-
decelerator with a magnetic field of 20T was formulated.

3) In close cooperation with SuperOx, a draft design of the superconducting magnetic system of
the flipper-decelerator was offered and a thorough calculation of the magnetic field was carried
out.

4) Preliminary calculation of the RF resonator was implemented.

5) The investigation of physical properties of the magnetic system with design parameters was
carried out using computer simulation techniques.

During the work on the project, 5 articles were prepared for scientific journals, three of which

were published [56, 59, 71], one was accepted for publication [58], and one is under review [63].

Also, all these articles were published as electronic preprints.

A master's thesis and 3 bachelor's theses were defended by the team members.

2.2.2.6.Tasks to be solved during the Project implementation

At present, the principal scheme of the projected source has been defined. The authors will have
to address a significant number of rather complex scientific and technical problems during the project

implementation. The list of the most important ones is presented below.



1) Construction design and selection of materials for the head section of the beamline with the
converter. The safety problem concerning the proposed use of a cryogenic, a small volume liquid-
hydrogen converter.

2) Construction design and selection of materials of the neutron guide providing the required time
responses of transport of VCNE.

3) Design of the engineering infrastructure of the source on beamline 3, providing the possible
moving of the source from the operating to the standby position with a closed shutter.

4) Designing radiation shielding of the head of the beamline in the standby position.

It is planned to construct a source-prototype (SP) at the place where the projected source is planned.
It will differ from the projected source in that it will not have LDD and will use a cryogenic converter
based on mesitylene, which does not require complex safety measures. Additionally, the inner surface
of the neutron guide will not need to meet as strict requirements as the neutron guide in the planned
source. At the same time, in main features, the design of the SP will have many similarities with the
design of the projected source.

During the process of creating SP, it will be necessary to address the tasks listed in paragraphs 1-4,
except for issues related to the use of liquid hydrogen. Since many engineering challenges are common
to both sources, creating SP will allow us to verify the correctness of many technical decisions accepted
for the projected source.

It is expected to obtain at the SP a moderate flux of VCN and UCN that will allow carrying out
a large number of physical experiments to test the elements of the future source. SP will be equipped
with a monochromator and a chopper for time-of-flight investigations. It is planned to carry out with
him a series of research to investigate possible distortions of the velocity spectrum of VCNs caused by
surface defects. It is also important that the creation of a source-prototype will play a significant
pedagogical role, as it will provide the first practical experience of VCNs and UCNSs for an essential part

of the newly established group.

2.2.2.7.Expected results

1. The key result of the project will be development of a conception of world level UCN source. It
is expected that, in a trap with a volume of about 50 liters, it will be possible to accumulate
neutron gas with a density of about 250 n/cm?, which exceeds the levels of current sources.

2. During the implementation of the project, a prototype of the source will be created, the
construction of which will make it possible to verify the correctness of the technical solutions
accepted to create the projected source, as well as to conduct experimental investigations

necessary to create a complete conception of the projected Source.



SWOT analysis

The project will be implemented mainly by the staff of DNP FLNP that has extensive experience
in both fundamental and applied research with UCNs and by a number of staff members that have
experience in designing UCN sources. The staff consists of both a great number of young (under 35
years old, 8 people) and more experienced (15 people) employees. Many of them have PhDs and
doctorates.

Development of a prototype of UCN source operating at an average reactor flux density
scheduled under the project will allow carrying out most of investigations on beamline 3 of the IBR-2

reactor required for successful implementation of the project that should result in minimization of risks.
2.3. Estimated completion date

Project completion date: 2026 — 2027

2.4. Participating JINR laboratories
2.4.1. MICC resource requirements

Distribution by year

Computing resources

1% year 2" year 3 year 4" year 5 year

Data storage (TB)
- EOS
- Ribbons

Tier 1 (core-hour)

Tier 2 (core-hour)
SC Talker (core-hour)
- CPU
- GPU
Clouds (CPU cores)

2.5. Participating countries, scientific and educational organizations

Country or City Institute or .
international laboratory Participants Status
organization

2.6. Co-executing organisations (those collaborating organisations/partners without whose financial,
infrastructural participation the implementation of the research programme is impossible. An
example is JINR's participation in the LHC experiments at CERN).



3. Staffing

3.1. Staffing needs in the first year of implementation (total number of participants)

NeNe Category employee Core staff Associated Personnel
n/a Amount of FTE Amount of FTE
1. research scientists 5.4
2. engineers 1.7
3. specialists 1.6
4, office workers 0
5. technicians 0
Total: 8.7

3.2. Human resources available
3.2.1. JINR core staff (total number of participants)

NQ/N-) Category of employees Division Position Amount of FTE
nl.a research scientists FLNP Head of Division 0.3
Head of Department | 0.1
1.1
Head of Sector
Head of Group 0.7
Chief 0.7
Researcher
1.2
Senior Researcher
Research Assistant 1.3
2. egeneers FLNP Leading Engineer 0.2
Senior Engineer 0.6
Engineer 0.9
3. specialists FLNP Senior Laboratory 0.2
Assistant
Laboratory Assistant | 1.4
4. technicians
Total: 8.7




3.2.2. JINR associated personnel

Category of personnel Partner organization Amount of FTE

research scientists

engineers

specialists

technicians

Total:

4. Financing

4.1. Total estimated cost of the project/LRIP subproject

The total cost estimate of the project (for the whole period, excluding salary).
The details are given in a separate table below.

640 thous. USD

4.2. Extra funding sources
Expected funding from partners/customers — a total estimate.

Project Leader / /

Project Leader / /

Date of submission of the project (LRIP subproject) to the Chief Scientific Secretary:
Date of decision of the Laboratory's STC: 17.04.2025 document number: _ Ne63
Year of the project (LRIP subproject) start:

(for extended projects) — Project start year:



Proposed schedule and resource request for the Project / LRIP subproject

CﬁSt g Cost/Resources,
: (thousands distribution by years
Expenditures, resources, of US - — — - -
funding sources dollars)/ ™2 3 4 S
Resource year | year | year | year | year
requirements
International cooperation
Materials 50 30 20
Eqw_pment, third-party company 90 40 -
services
Commissioning
R&D contracts_ WIFh other 240 140 | 100
research organizations
Software purchasing 10 10
Design/construction 250 100 | 150
Service costs (planned in case of
direct project affiliation)
© g =on Resources
— [ [ ™
293 23 1504 | 1504
§ g gg — the amount of FTE, 30086 3 3
HC_) (@)) "g
B.S =
S| A JINR budget (budget items) 640 320 | 320
35
O = xx
n pd
)
Project (LRIP subproject) Leader /
Project (LRIP subproject) Leader /
Head of the Logistics,
Accounting and Economic Issues Group / /




APPROVAL SHEET FOR PROJECT

NAME OF THE PROJECT Development of the concept of an ultracold neutron source at the IBR-2
pulse reactor

SHORT NAME OF THE PROJECT:

PROJECT CODE:

THEME CODE:

PROJECT LEADER (s) V.N. Shvetsov, G.V. Kulin

AGREED

JINR VICE-DIRECTOR

SIGNATURE NAME DATE
CHIEF SCIENTIFIC SECRETARY

SIGNATURE NAME DATE
CHIEF ENGINEER

SIGNATURE NAME DATE
LABORATORY DIRECTOR

SIGNATURE NAME DATE
CHIEF LABORATORY ENGINEER

SIGNATURE NAME DATE
LABORATORY SCIENTIFIC SECREATARY

SIGNATURE NAME DATE
THEME LEADER

SIGNATURE NAME DATE
THEME LEADER

SIGNATURE NAME DATE
THEME LEADER

SIGNATURE NAME DATE
PROJECT LEADER

SIGNATURE NAME DATE
PROJECT LEADER

SIGNATURE NAME DATE

APPROVED BY THE PAC

SIGNATURE NAME DATE



