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The BECQUEREL Project (The BECQUEREL Project (BeBeryllium (Boron) ryllium (Boron) CClustering lustering 
QueQuest in st in RelRelativistic Multifragmentation) at the JINR Nuclotron is ativistic Multifragmentation) at the JINR Nuclotron is 
devoted systematic exploration of nucleonic clustering of light devoted systematic exploration of nucleonic clustering of light stable stable 
and radioactive nuclei. Among all variety of the nuclear interacand radioactive nuclei. Among all variety of the nuclear interactions tions 
the peripheral dissociation bears uniquely complete information the peripheral dissociation bears uniquely complete information 
about multiple cluster states.about multiple cluster states.

A nuclear track emulsion is used to explore the fragmentation A nuclear track emulsion is used to explore the fragmentation 
of the relativistic nuclei down to the most peripheral interactiof the relativistic nuclei down to the most peripheral interactions ons --
nuclear "white" stars. This technique provides a record spatial nuclear "white" stars. This technique provides a record spatial 
resolution and allows one to observe the 3D images of peripheralresolution and allows one to observe the 3D images of peripheral
collisions.Thecollisions.The analysis of the relativistic fragmentation of neutronanalysis of the relativistic fragmentation of neutron--
deficient isotopes has special advantages owing to a larger fracdeficient isotopes has special advantages owing to a larger fraction of tion of 
observable nucleons.observable nucleons.
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370 events 370 events 1.2 A GeV1.2 A GeV
99BeBe→→2He2He

39 stars with heavy fragment of target nucleus (b-particle)

144 “white” stars

27 stars with target proton like recoil (g-particle)

+1.7 MeV



14N→8Be(0+)+He+X→3He+X, р0(14N)= 2.86А GeV/с
9Ве→8Be(0+) +X→2He, р0(9Ве)= 1.95 А GeV/с

<Θ(14N→8Ве+X)> = (2.96±0.18) mrad;
<Θ(9Be→8Ве+X)>= (4.43±0.14) mrad;

<Q2α(14N→8Ве+X)> = (67.8±14.1) keV;
<Q2α(9Be→8Ве+X)> = (77.8±13.9) keV.
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Nearer approach of the nuclei with an impact parameter (a), Nearer approach of the nuclei with an impact parameter (a), 
absorption of absorption of quasirealquasireal photon by photon by 88B nucleus (b), B nucleus (b), 88B B 
dissociation on fragment pair dissociation on fragment pair -- p and p and 77Be (c).Be (c).

Diagram of peripheral dissociation of relativistic Diagram of peripheral dissociation of relativistic 88B B 
nucleus in EM field of Ag nucleusnucleus in EM field of Ag nucleus



8В (1.2 A GeV) → 7Ве + p



88B: Total PB: Total PTT ((77Be+p)Be+p)

EMD EMD ““whitewhite””starsstars

nnhh≠≠00



8В (1.2A GeV) → 2Не + Н
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99СС exposureexposure



Suggested Suggested 1100CC ExposureExposure



1.0 A GeV 1.0 A GeV 1010BB→→2233НеНе++44НеНе



Suggested Suggested 1111CC ExposureExposure



NUCLOTRON:1.2A GeV NUCLOTRON:1.2A GeV 1111BB



2.0 A GeV 2.0 A GeV 1111BB→→44НеНе++77BeBe



Zpr/Apr = 5/12 12C → 12N



(Charge Exchange)(Charge Exchange)22



6He 807 ms 8He 119 ms

12Be 23 ms

12B 20 ms

10Be 1510000 y
11Be 13.8 s

8Li 838 ms

9Li 178 ms

11Li  8.5 ms0+ 0+



2.86A GeV 2.86A GeV 2.86A GeV 666Li SPTLi SPTLi SPT’’’99 Z/A=1/399 Z/A=1/399 Z/A=1/3

1+ 0+



2.76A 2.76A 2.76A ГэВГэВГэВ 666HeHeHe





Multiply mirrored states?Multiply mirrored states?
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SPS: 158 A GeV/c PbSPS: 158 A GeV/c Pb





CONCLUDING REMARKSCONCLUDING REMARKS
The presented observations serve as an illustration of prospectsThe presented observations serve as an illustration of prospects of the Nuclotron for of the Nuclotron for 
nuclear physics and astrophysics researches. In spite of an extrnuclear physics and astrophysics researches. In spite of an extraordinarily large distinction aordinarily large distinction 
from the nuclear excitation energy the relativistic scale does nfrom the nuclear excitation energy the relativistic scale does not impede investigations of ot impede investigations of 
nuclear interactions down to energy scale typical for nuclear asnuclear interactions down to energy scale typical for nuclear astrophysics, but on the trophysics, but on the 
contrary gives advantages. The major one of them is the possibilcontrary gives advantages. The major one of them is the possibility of principle of observing ity of principle of observing 
and investigating multiand investigating multi--particle systems.particle systems.
The investigations with light nuclei provide a basis for challenThe investigations with light nuclei provide a basis for challenging studies of increasingly ging studies of increasingly 
complicated systems complicated systems He He –– H H -- n n produced via produced via multifragmentationmultifragmentation of heavier relativistic of heavier relativistic 
nuclei in the energy scale relevant for nuclear astrophysics. Innuclei in the energy scale relevant for nuclear astrophysics. In this respect, the motivated this respect, the motivated 
prospects are associated with a detailed analysis of the alreadyprospects are associated with a detailed analysis of the already observed fragment jets in observed fragment jets in 
the events of the events of EM&DiffractiveEM&Diffractive dissociation of dissociation of AuAu nuclei at nuclei at 10.6A 10.6A GeV and GeV and PbPb nuclei at nuclei at 160A160A
GeV.GeV.
Due to a record space resolution the emulsion technique providesDue to a record space resolution the emulsion technique provides unique entirety in unique entirety in 
studying of light nuclei, especially, neutronstudying of light nuclei, especially, neutron--deficient ones. Providing the 3D observation of deficient ones. Providing the 3D observation of 
narrow dissociation vertices this classical technique gives novenarrow dissociation vertices this classical technique gives novel possibilities of moving l possibilities of moving 
toward more and more complicated nuclear systems. Therefore thistoward more and more complicated nuclear systems. Therefore this technique deserves technique deserves 
upgrade, without changes in its detection basics, with the aim tupgrade, without changes in its detection basics, with the aim to speed up the microscope o speed up the microscope 
scanning for rather rare events of peripheral dissociation.scanning for rather rare events of peripheral dissociation.



ИЗМЕРЕНИЕ ФРАГМЕНТОВ ЯДЕР 8В

Распределения по числу δ-электронов на 1 мм
следов пучковых частии релятивистских фрагментов с зарядами Zfr > 2.



РаспределениеРаспределение одноодно-- ии двухзарядныхдвухзарядных фрагментовфрагментов ядраядра 1414NN попо
измереннымизмеренным значениямзначениям рβсрβс вв каналеканале диссоциациидиссоциации 33НеНе++НН..



ЗависимостьЗависимость квадратногоквадратного корнякорня среднегосреднего числачисла δδ--электроновэлектронов <N<Nδδ>> нана 100 100 мкммкм
длиныдлины следаследа отот величинывеличины предполагаемогопредполагаемого зарядазаряда фрагментафрагмента--спектатораспектатора ZZrfrf..



РаспределениеРаспределение однозарядныходнозарядных фрагментовфрагментов ядраядра 88BB попо измереннымизмеренным значениямзначениям ppββcc
вв каналахканалах диссоциациидиссоциации BeBe + + НН ии 22НеНе++НН) ) ЗаштрихованнаяЗаштрихованная частьчасть гистограммыгистограммы
относитсяотносится кк каналуканалу 22НеНе + + НН..



Распределение двухзарядных фрагментов ядра 8B по измеренным значениям pβc.



7Li → 4He + 3H <pT
*> = 108 ± 2 МэВ/c

7Be → 4He + 3He <pT
*> = 147 ± 5 МэВ/c

<T*>  ~  <pT
*> 2

Отношение ≈ 2, т. е. Кулон



Q’=(M*-M)/A



QQ22αα
1414NN→→33αα+X+X

0+, 8Be





1.2A GeV 9Be 3.22A GeV 22Ne    10.7A GeV 197Au


