#1 

Dissociation of relativistic nuclei in a nuclear track emulsion is a well-established phenomenon. As impressive examples of longwise exposures you can see photos of emulsion pellicles of half millimeter thickness glued on a two millimeter glass. Upper one was exposed to Krypton nuclei of energy of 1 GeV per nucleon at GSI. Even single tracks can be resolved. The second one was exposed by two bunches of 160 GeV per nucleon Lead at CERN. (You can see them both.) both in 90th
 An image of lead dissociation is shown in the sequence of shots where 1 is a primary track, 2 – interaction vertex, 4th  - secondary star, 6 – the tracks are resolved after 3 centimeters. The granularity of the image is about half of micron.
#2 Resolution of emulsion can be estimated in the superposed shots of interaction of relativistic sulfur nucleus and a hair of 60 micron thickness. Both images are obtained under identical conditions using a microscope and a digital camera. 
So far, emulsion gives the best projection of events that occurred on the microcosm scale. 
Staying unbeatable in sensitivity and angular resolution the emulsion technique remains the only source of observations and measurements in the fragmentation cone.
#3 The application of relativistic fragmentation for the study of complex ensembles of lightest nuclei is a mission of the BECQUEREL project at the JINR Nuclotron. 
Systematic exposures to light isotopes, including radioactive ones were proposed in 2002 when the extracted Nuclotron beams became available. In the same way, it is possible to study individual features of light nuclei in the fragmentation cone. The distribution over the channels of fragmentation is a kind of autograph of a particular nucleus. An example of the dissociation of a radioactive C-10 nucleus is shown for a channel with a probability  of  80%. You see two helium and two hydrogen tracks.
The measurement methods were laid down in the early studies of cosmic rays and then developed when beams of relativistic nuclei became available in Dubna and Berkeley. In our project , three most precise microscopes KSM-1 are used. They were made by Carl Zeiss (Jena) about half a century ago and still function successfully.
4
The acronym of our project coincides with the name of the famous scientist BECQUEREL and points out its main tasks - – Beryllium (Boron) Clustering Quest in Relativistic Fragmentation . A. H. Becquerel discovered the phenomenon of radioactivity at the same time became the founder of the photographic method of its detection. A historical photograph of 1896 testifies to the appearance of nuclear photography. The uranium salt was placed over the Maltese cross, which lay on a photographic plate made by the Lumiere brothers. Since then, the search for new phenomena in microphysics has generated interest in the use of nuclear photographs. 
#5 
Photographs of fragmentation of the cosmic nuclei, observed in the 1940s, are presented in the classic book of K. H. Powell, P. H. Fowler and D. H. Perkins.

Over time, the observation of such beautiful images began to be considered ordinary. They can serve as a model of clarity and quality in our time. Our researches support this tradition with the help of modern video shooting of new images.
#6 Since the beam is parallel to the pellicles, the tracks of all relativistic fragments can stay long enough in a single pellicle for 3-dimensional reconstruction. Let me show typical examples taken with digital camera mounted on a traditional microscope. Shots are taken one by one and, then, glued in continuous video. Now the possibilities of continuous recording are being mastered. However, step-by-step photography provides the highest quality.
#7 
This is the dissociation of oxygen16 nuclei, taken from our heritage of emulsion stacks exposed at Syncrophasotron thirty years ago. The quality is still impressive. Movement in the direction of the jet of fragments allows us to distinguish four fragments of helium. The intense middle track on the bottom photo splits into a pair with an opening angle of about 2 milliradians. The pair corresponds to the decay of the 8Be nucleus . Such narrow decays are often observed. Less just does not happen!  They testify to the completeness of the observations

#8 More complicated case is magnesium-24 (charge 12) to six helium tracks. It looks like superposition of carbon twelve dissociation and beryllium-eight. 
A more complicated case is the dissociation of magnesium-24 (charge 12) into six helium tracks. This looks like a superposition of carbon twelve dissociation and beryllium-eight .
#9
 The next case from the last run of Synchrophasotron. The beam was tuned for the  separation of tritons. A singly-charged beam track converts in doubly charged one. This is charge exchange of a triton to a helium-3 nucleus. Fission of heavy nucleus of emulsion composition is clearly visible  (pair of black particles
#10 
The beam extraction system of the Nuclotron was put into operation in 2002. Beryllium-9 was used to identify unstable Beryllium-8 in most favorable conditions. Beryllium is a toxic element, which makes immediate acceleration of 9Be nuclei impossible. A secondary beam of relativistic 9Be nuclei was obtained in the fragmentation reaction 10B.
#11 
Radioactive 8B nuclei produced in fragmentation of primary 10B nuclei were separated for the exposure. The main conclusion is that: the dissociation of 8B to 7Be + p is the leading one.
#12
Despite the capabilities of emulsion technique , its history seemed to have been completed in the early 2000s. However, since 2012, the company "Slavich" (Pereslavl Zalessky, Russia) has resumed the production of emulsion layers with a thickness of 50 to 200 μm on a glass base. NTE samples were tested in the last five years in modern experiments. On the basis of microscopic photography, the experience of computer recognition of short  nuclear tracks in NTE was obtained.

Let me introduce our recent expositions in low-energy physics, performed in a framework of  the project BECQUEREL 

Emulsion Samples enriched with boron (boric acid and borax) were irradiated for 30 minutes at the thermal neutron channel of the IBR-2 reactor at JINR. The left sample does not contain boron.

#13
 In the JINR IBR-2 reactor boron-enriched samples were exposed to thermal neutrons for 30 minutes. The intensity was about 10 to 6 neutrons per second. The enrichment allows us to observe reactions: neutron + 10B to 7Li + 4He of the 2.8 MeV energy release.
#14 
Emulsion was exposed to 14.1 MeV neutrons produced in  a low energy reaction deuteron + triton to neutron and alpha-particle.  It allows one to study 3-alpha-particle break-ups of carbon nuclei of NTE composition. The exposure was performed on one of devices DVIN. The NTE stack was placed on a top cover of the device DVIN about 10 cm above a tritium target. A neutron generator of the device provided a flow of 10 to 6 neutrons per second per the plate area.
Number of measured alpha-triples reached 400 in a short time. It made possible to create data file useful for a comparison with 12C models. Measurements of 3 alpha reactions and videos of these events are available on the BECQUEREL project website.
# 15

The addition of boron makes it possible to determine beam profiles and flow of thermal neutrons. Counting of the tracks is obtained due to scanning at the automated microscope HSP-1000. Reconstruction of Li and He tracks by the ImageJ Program allowed one to find, up to 16000 tracks along of the scanned area of the 25 mm length and 1 mm width. On the basis of these events the profile of the thermal beam was restored
#16 
There is a possibility to study alpha-particle decays of radioactive nuclei by implanting them. Directions and ranges of  slow nuclei can be measured. Exposure of strongly inclined NTE layers to 60 MeV 8He nuclei  is performed at the fragment separator ACCULINNA in the  Flerov Laboratory of Nuclear Reactions, JINR.
 8He decay is shown in this Figure. After the 8He nucleus is stopped it can be neutralized before first decay. The formed 8He atom remains chemically unbound (noble gas) and can drift. The 8He half-life is about 0.1 second.  It undergoes beta-decay to the 8Li. The 8Li with half-life about 1 second undergoes beta-decay to the 8Be 3 MeV level. And 8Be decays to the α particle pair.
About 1400 “no broken” and 1100 “broken” events were found. The “broken” events are explained as a drift of thermalized 8He atoms. Video records of the typical decays made with a microscope and a camera are collected on the BECQUEREL site.
In the broken events, the distances between the stop points of the He8 ions and the decay vertices were measured. And also the angles Theta between the directions of the primary tracks and the directions from the stop points to the decay vertices were measured. The uniform angular distribution confirms a thermal drift of the atoms 8He
#17 
NTE samples were exposed in the Flerov Laboratory of Nuclear Reactions, JINR at the IC-100 cyclotron, to 1.2 A MeV 86Kr+17 and 132Xe+26  ions. The exposures were performed under vacuum conditions of the accelerators and without a light protective paper. 

Fixing of the samples in the exposure chamber was performed at a red light. 

Track densities reached about million per square cm for a few second. This exposure was a beginning of calibrations for the nuclear fission studies.
#18 
The experience of a computer analysis of heavy ion tracks in NTE is obtained using the ImageJ program. The microscope HSP-1000 with a lens 20 was used to scan a large area of NTE exposed to heavy ions. The program has allowed to determine ranges and planar angles of ions. The angle values are divided into two groups, as a probable result of an electron pick-up in the residual magnetic field of the cyclotron

#19
 For space research and to reduce sensitivity the emulsion was diluted. Degree of dilution of emulsion 1.5, 2,3,4,6.  3 seems to be optimal for heavy ions.
#20 
Surface exposures of emulsion samples were performed by manually or automated moving of 252Cf source. Mostly, the 252Cf isotope decays by emission of 5 to 6 MeV alpha-particles. Their tracks populate exposed samples. Besides, this isotope also undergoes a spontaneous fission to a pair of fragments with probabilities of 3%, and triple of fragments with probabilities of about 0.1%.
#21
The remarkable fact consist in the observation of the fragments triples. For such a full observation of triples their vertices should be dipped not less than a typical track thickness. Figure shows the distribution of the ternary fission vertices over the depth. Perhaps this effect is due to Cf atom drift.
#22
Of course, all these exposures and much more deserve to be used in nuclear education. On the photo one can see our 3-week student from Pretoria, South Africa.
[image: image1.jpg]In spite of the fact that half a century passed since the NTE development it retains
the status of an universal and inexpensive detector. With an unsurpassed spatial resolution
(about 0.5 pm) NTE of the BR-2 type provides a complete observation of tracks starting
from fission fragments and down to relativistic particles. NTE deserve a further use in
fundamental and applied research in state-of-art accelerators and reactors, as well as with
sources of radioactivity, including natural ones. Application of NTE is especially justified

in those pioneering experiments in which nuclear particle tracks can not be reconstructed
with the help of electronic detectors.

The NTE technique is based on intelligence, vision and performance of researchers
using traditional microscopes. Despite widespread interest, its labor consumption causes
limited samplings of hundreds of measured tracks which present as a rule only tiny
fractions of the available statistics. Implementation of computerized and fully automated
microscopes in the NTE analysis allows one to bridge this gap. These are complicated and
expensive devices of collective or even remote usage allow one to describe unprecedented
statistics of short nuclear tracks. To make such a development purposeful it is necessary to
focus on such a topical e of nuclear physics the solution of which can be reduced to
simple tasks of recognition and measurement of tracks in NTE to be solved with the aid of
already developed or custom programs.
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