
Progress of the BECQUEREL project and its Progress of the BECQUEREL project and its 
continuation in 2012continuation in 2012––20142014
D. A. Artemenkov, V. Bradnova, A. I. Malakhov, N. K. KondratievaD. A. Artemenkov, V. Bradnova, A. I. Malakhov, N. K. Kondratieva, N. K. Kornegrutsa, D. O. Krivenkov, , N. K. Kornegrutsa, D. O. Krivenkov, 
P. A. Rukoyatkin, V. V. Rusakova, P. A. Rukoyatkin, V. V. Rusakova, P. I. ZarubinP. I. Zarubin (Project Leader), I. G.  Zarubina(Project Leader), I. G.  Zarubina
V. I. Veksler and A. M. Baldin Laboratory of High Energy PhysicsV. I. Veksler and A. M. Baldin Laboratory of High Energy Physics
Joint Institute for Nuclear Research, Dubna, RussiaJoint Institute for Nuclear Research, Dubna, Russia
M. M. Chernyavsky, V. A. Dronov, V. N. Fetisov, S. P. Kharlamov,M. M. Chernyavsky, V. A. Dronov, V. N. Fetisov, S. P. Kharlamov, S. G. Gerasimov, L. A. Goncharova, S. G. Gerasimov, L. A. Goncharova, 
A. S. Rusetsky, N. G. Peresadko, N. G. Polukhina, N. I. StarkovA. S. Rusetsky, N. G. Peresadko, N. G. Polukhina, N. I. Starkov
P. N. Lebedev Physical Institute RAS, Moscow, RussiaP. N. Lebedev Physical Institute RAS, Moscow, Russia
ММ. Haiduc, A. Neagu, E. Firu. Haiduc, A. Neagu, E. Firu
Institute of Space Sciences, BucharestInstitute of Space Sciences, Bucharest--Magurele, RomaniaMagurele, Romania
A. A. Moiseenko, V. R. Sarkisyan, G. G. TorosyanA. A. Moiseenko, V. R. Sarkisyan, G. G. Torosyan
Erevan Physical Institute, Erevan, ArmeniaErevan Physical Institute, Erevan, Armenia
R. StanoevaR. Stanoeva
SouthSouth--West University, Blagoevgrad, BulgariaWest University, Blagoevgrad, Bulgaria
R. R. Kattabekov, K. OlimovR. R. Kattabekov, K. Olimov
Institute of Physics and Technology UAS, Tashkent, UzbekistanInstitute of Physics and Technology UAS, Tashkent, Uzbekistan
S. S. Alikulov, R. N. Bekmirzaev, K. Z. Mamatkulov S. S. Alikulov, R. N. Bekmirzaev, K. Z. Mamatkulov 
Dzhizak State Pedagogical Institute, Dzhizak, UzbekistanDzhizak State Pedagogical Institute, Dzhizak, Uzbekistan



6Li 7.5% 7Li 92.5%

9Be 100%

10B 19.8% 11B 80.2%

12C 99%

7Be 53 d

8B 0.8 s
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12N 11 ms
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2A GeV/2A GeV/cc 99Be Be →→ 22αα ““whitewhite”” starstar



2.2.2.999ААА GeVGeVGeV ///ccc 141414N N N →→→ 3He+ H 3He+ H 3He+ H “““whitewhitewhite””” starstarstar
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88B B →→ 77Be + pBe + p





33He (He (hh) ) –– helionhelion
2233He (He (22hh) ) –– diheliondihelion?!...?!...

L = 0L = 0













COCO22 laserlaser







The BECQUEREL Project at the JINR Nuclotron is devoted systematiThe BECQUEREL Project at the JINR Nuclotron is devoted systematic exploration of c exploration of 
clustering features of light stable and radioactive nuclei. A nuclustering features of light stable and radioactive nuclei. A nuclear track emulsion is used to explore clear track emulsion is used to explore 
the fragmentation of the relativistic nuclei down to the most pethe fragmentation of the relativistic nuclei down to the most peripheral interactions ripheral interactions -- nuclear "white" nuclear "white" 
stars. This technique provides a record spatial resolution and astars. This technique provides a record spatial resolution and allows one to observe the 3D images of llows one to observe the 3D images of 
peripheral collisions. The analysis of the relativistic fragmentperipheral collisions. The analysis of the relativistic fragmentation of neutronation of neutron--deficient isotopes has deficient isotopes has 
particular advantages owing to a larger fraction of observable nparticular advantages owing to a larger fraction of observable nucleons. ucleons. 

The features of dissociation of The features of dissociation of 99Be, Be, 9,109,10C, and C, and 1212N nuclei of 1.2A GeV in nuclear track N nuclei of 1.2A GeV in nuclear track 
emulsion energy are presented. The data presented for the nucleuemulsion energy are presented. The data presented for the nucleus s 99Be can be considered as evidence Be can be considered as evidence 
that there is a core in its structure in the form of 0that there is a core in its structure in the form of 0++ and 2and 2+ + states of the states of the 88Be nucleus having roughly Be nucleus having roughly 
equal weights. Events of coherent dissociation equal weights. Events of coherent dissociation 99C C →→ 3333He associated with the rearrangement of the He associated with the rearrangement of the 
nucleons outside the nucleons outside the αα--clustering are identified. The charge fragment topology in the dclustering are identified. The charge fragment topology in the dissociation of issociation of 
1010C and C and 1212N nuclei is obtained. Contribution of the unbound nucleus decaysN nuclei is obtained. Contribution of the unbound nucleus decays to the cascade process to the cascade process 1010C C 
→→ 99B B →→ 88Be is identified.Be is identified.

Continuation of the BECQUEREL project for the years 2012Continuation of the BECQUEREL project for the years 2012--14 will be mostly devoted to 14 will be mostly devoted to 
observational study of peripheral fragmentation of observational study of peripheral fragmentation of 1010C and C and 1212N nuclei in exposed emulsion. Production N nuclei in exposed emulsion. Production 
of unbound nuclei of unbound nuclei 66Be, Be, 77B, B, 88C and C and 1111N formed in the fragmentation of N formed in the fragmentation of 77Be, Be, 88B, B, 99C and C and 1212N nuclei will N nuclei will 
be explored in the exposed emulsion. The investigation of the clbe explored in the exposed emulsion. The investigation of the cluster degrees of freedom in the uster degrees of freedom in the 77Be and Be and 
10,1110,11B nuclei will be extended to a new level of statistics and detaiB nuclei will be extended to a new level of statistics and detailed descriptions. led descriptions. 

It is suggested to expose emulsion in It is suggested to expose emulsion in a secondary a secondary 1111СС beam prepared via a selection of beam prepared via a selection of 
products of charge exchange reaction products of charge exchange reaction 1111B B →→ 1111C. The project will support beam tests with heavy nuclei C. The project will support beam tests with heavy nuclei 
at the Nuclotron as  well as other accelerators.at the Nuclotron as  well as other accelerators.



ConclusionsConclusions
The presented observations serve as an illustration of prospectsThe presented observations serve as an illustration of prospects of the of the 
Nuclotron for nuclear physics and astrophysics researchesNuclotron for nuclear physics and astrophysics researches. . The relativistic The relativistic 
energy scale does not impede investigations of nuclear interactienergy scale does not impede investigations of nuclear interactions down to ons down to 
energy scale relevant for nuclear astrophysics, but on the contrenergy scale relevant for nuclear astrophysics, but on the contrary gives ary gives 
advantages for investigation of multiadvantages for investigation of multi--particle systems. particle systems. 

Due to a record space resolution the emulsion technique providesDue to a record space resolution the emulsion technique provides
unique entirety in studying of light nuclei, especially, neutronunique entirety in studying of light nuclei, especially, neutron--deficient ones. deficient ones. 
Providing the 3D observation of narrow dissociation vertices thiProviding the 3D observation of narrow dissociation vertices this classical s classical 
technique gives novel possibilities of moving toward more and motechnique gives novel possibilities of moving toward more and more re 
complicated nuclear systems. complicated nuclear systems. 

The results of the light nucleus study lead to the conclusion thThe results of the light nucleus study lead to the conclusion that their at their 
structure dominates in very peripheral dissociations while some structure dominates in very peripheral dissociations while some unknown unknown 
features are clearly observed features are clearly observed 

The investigations with light nuclei provide a basis for challenThe investigations with light nuclei provide a basis for challenging ging 
studies of increasinglystudies of increasingly complicated systems complicated systems He He –– H H -- n n produced via complete produced via complete 
fragmentation of heaviest relativistic nuclei. fragmentation of heaviest relativistic nuclei. 

Long and bright road is ahead for nuclear structure studies usinLong and bright road is ahead for nuclear structure studies using g 
HEP techniques. Nuclear imaging continues to inspire our imaginaHEP techniques. Nuclear imaging continues to inspire our imagination.tion.
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88Be produced inBe produced in
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Предложения лабораторий по распределению
финансирования и ресурсовНаименование узлов и систем установки, ресурсов, источников

финансирования

Стоимость узлов
(тыс.долл.) установки.
Потребности в
ресурсах 1 г. 2 г. 3 г. 4 г. 5 г.

Основные узлы и оборудование 1.Датчики для микроскопов и
эмульсия 1.20 тыс. дол.

35 тыс. 
долл.

25 тыс. 
долл.

20 тыс. 
долл.

нормо

ОП ОИЯИ – механические
работы

– электроника КБ
ЛАБОРАТОРИЯ

ООЭП

час
Ускоритель (Нуклотрон)
Реактор
ЭВМ (тип)

100 100 100

Эксплуатационные расходы

бюджет Затраты из бюджета, в том числе
инвалюные средства 20 тыс. долл. 10 тыс. 

долл.
5 тыс. 
долл.

5 тыс. 
долл.

внебюджетные

Вклады коллаборантов Средства
по грантам Вклады спонсоров
Средства по договорам Другие
источники и т.д.

Источники
финансирования

Необходимые
ресурсы









Грант ПП СР – 4500 $ в год
Грант ПП ЧР – 3000 $ в год
+1 ПК





pβc for beam 3He nuclei, H fragments of the "white" stars ∑Zfr = 5 + 1 and
4 + 1 + 1, He fragments of the "white" stars 3He and from the 33He event

δ -electrons density for beam particles  and relativistic fragments
with charges Zfr > 2 from "white" stars ∑Zfr = 5 + 1 and 4 + 1 + 1

Polar angles θ for doubly charged fragments in the "white" stars C → 3He Opening angles Θ2Не between fragments in the "white" stars C → 3He


