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p-n correlation measurements from reaction 2H(9Li,p)10Li using RIB from fragment separator ACCULINNA-2
A significant part of experiments dedicated to the investigation of the structure of light exotic nuclei is based on the detection of charged particles - nuclear interaction products. The experimental difficulty of detection of neutrons from reactions is caused by comparatively low (in comparison with charged particles) detection efficiency of neutron detectors. However, neutron measurements can considerably enrich nuclear physics with information on nuclear structure especially near the neutron drip line, where neutron decay is the dominant process. The fragment separator ACCULINNA-2 was commissioned at FLNR, JINR in 2017. One of the first experiments was measurements of 2H(9Li,p)10Li reaction. Radioactive ion beam of 9Li with an average energy of 25 MeV/A was used to bombard CD2 target. The aim of the work was to investigate the
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results ofmeasurements as a tool to study the structure of light nuclei near neutron drip line. In the report, preliminary results of p-n correlation measurements are presented. 
Измерения p-n корреляций из реакции 2H(9Li,p)10Li на радиоактивном пучке фрагмент-сепаратора АКУЛИНА-2
A. Bondarchenko
Production of intense metal ion beams at the DC-60 cyclotron
The paper is devoted to the description of research conducted in 2017-2018 at the accelerator complex DC-60 of the Astana branch of INP, on production and acceleration of intense ion beams of solids.

Boron and iron ions were produced from the ECR ion source using volatile compounds (Metallic Ions from Volatile Compounds – MIVOC).

Lithium, magnesium, phosphorus and calcium ions were produced by evaporation from a micro-oven. Accelerated beams of iron ions (56Fe10+, energy 1.75 MeV / nucleon), boron (11B2+, energy 1.5 MeV / nucleon) were obtained as a result of the performed work, and acceleration modes were optimized.

Accelerated beams of 7Li, 24Mg, 31P and 40Ca ions were also produced, and their acceleration modes were optimized to for the energy of 1.75 MeV / nucleon. 

Получение интенсивных пучков ионов металлов на циклотроне ДЦ-60
A.V. Gorshkov, S.G. Belogurov, A.A. Bezbakh, W. Beekman, V. Chudoba, A.S. Fomichev, M.S. Golovkov, E.M. Gazeeva, L.V. Grigorenko, G. Kaminski, S.A. Krupko, I.A. Muzalevsky, E.Yu. Nikolskii, Yu.L. Parfenova, S.I. Sidorchuk, R.S. Slepnev, P.G. Sharov, G.M. Ter-Akopian, B. Zalewski
The status of new fragment separator ACCULINNA-2
The new fragment separator ACCULINNA-2 was newly built in FLNR JINR [http://aculina.jinr.ru/acc-2.php]. The capacity of this set-up to grant the projected high transmission and purification level of radioactive ion beams (RIBs) have been confirmed experimentally for a number of RIBs in last two years. This report shows a status of the project and provides an overview of the developing monitoring, detection and control systems necessary for many precision experiments with RIBs [1]. The distributed data acquisition system constructed in the VME standard and significantly upgraded than the previous one [2] is foreseen. This fast operating system allows to readout data from the monitoring and detection systems, which can be located at a distance of 100 meters from each other and carried out in the VME, and in any other popular standards. The modern automated control system and detection systems based on multi-wire proportional chambers, position-sensitive silicon detectors and thin scintillators are reported too.
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Статус нового фрагмент-сепаратора Акулина-2
A.E. Bondarchenko, S. L. Bogomolov, K.I. Kuzmenkov, V.N. Loginov, A.A. Efremov, A.N. Lebedev, V.E. Mironov, V.V. Bekhterev, N.Yu.Yazvitsky
ECR ion source decris-pm for DC-280 cyclotron

The paper presents the design of the DECRIS-PM ECR ion source which was developed for the DC-280 cyclotron which is under construction in FLNR JINR. The results of the tests of the source are presented. During the tests the intense beams of gaseous ions (900 eµA of Ar8+, 550 eµA of Ar9+, 160 eµA of Kr15+ etc.) and ions of solids (450 eµA of Mg5+, 220 eµA of Ca9+, 90 eµA of Ti9+ etc.) were produced. 
For the time being the source is assembled at the high voltage platform of the cyclotron axial injection system. The main engineering systems of the injector are assembled, and commissioning work is in progress. 

ЭЦР источник ионов decris-pm для циклотрона ДЦ-280
A. Kuznetsova, A. Yeremin, A. Lopes-Martens, K. Hauschild, A. Popeko, O. Malyshev, V. Chepigin, A. Svirikhin, A. Isaev, Yu. Popov, M. Chelnokov, M. Tezekbaeva, O. Dorvaux, B. Gall, Z. Asdfari, J. Piot, S. Hofmann, S. Antalic
Spectroscopy of the isotopes of transfermium elements in Dubna: present status and perspectives
Important information on the structure of Super Heavy Elements (SHE) can come from the study of lighter deformed transfermium (Z ~ 100 – 106) elements. The cross-section for the formation of these nuclei is many orders of magnitude higher than for Z ≥ 110 so that detailed spectroscopy becomes possible. 

The opportunity to have high intensity (> 1 pμA) accelerated beams with A ≤ 50 together with the use of exotic targets provide the possibility to study many aspects of heavy ion induced reactions exploiting new generation of high efficiency, high resolution experimental setups. 

In recent years α-, β- and γ- spectroscopy of heavy nuclei at the focal plane of recoil separators (“decay spectroscopy”) has been very intensively developed. The mixing of α decay with γ and β decay spectroscopy allows to investigate single particle states behavior as well as the structure of little known elements in the Z = 100-104 and N = 152-162 region.

In the years 2004 – 2016 using the GABRIELA (Gamma Alpha Beta Recoil Investigations with the ELectromagnetic Analyser) set-up the experiments aimed to the gamma and electron spectroscopy of the Fm – Db isotopes, formed at the complete fusion reactions with heavy ions 48Ca and 50Ti were performed at FLNR JINR.

At the year 2017 we performed experiments using method of high resolution alpha spectroscopy and gamma quanta detection to study decay properties of 254,255Rf in the reactions 50Ti + 206,207Pb → 256,357Rf*. 

These experiments will help us to prepare full scale spectroscopy experiment aimed to the study of decay properties of the isotopes in the decay chain of 288115 formed in the complete fusion reaction 48Сa + 243Am → 288115 + 3n.
Спектроскопия изотопов трансфермиевых элементов в Дубне: состояние на данный момент и перспективы на будущее
A. Madumarov, N. Aksenov, G. Bozhikov
Production of Auger emitter 195mPt: nuclear data and physicochemical separation techniques
Auger electron-emitting radionuclides are known to be effective for clinical application. Auger electrons selectively damage nearby located cells not affecting more distant ones thus allowing treating small and disseminated malignances.

195mPt is an example of a radionuclide, characterized by multiple generation of Auger electrons and due to chemical and nuclear properties meets the requirements for use in nuclear medicine. This radionuclide is one of the candidates for the comparative studies of platinum and its homologue - superheavy element Ds.

There were many pathways for 195mPt production to have been studied. Although previous endeavors to produce it with high specific activity, sufficient yield, and at a reasonable price have been unsuccessful.

In this work, two promising production routes have been studied. One of the methods concerned platinum radionuclide production by irradiation of natural platinum with bremsstrahlung at MT-25 in Dubna according to the following nuclear reactions: 196Pt(γ, n)195mPt, 195Pt(γ, γ’)195mPt. This method is characterized by the yield of ≥ 1 MBq/mg Pt and high radiochemical purity of the final sample. Czillard-Chalmers technique allowed to achieve higher specific activities by using the complexed target composed of cisplatin and cryptomelane to collect recoil nuclei.

A new approach for 195mPt production has been proposed by Knapp et al [1] by double neutron capture of enriched iridium according to the reaction 193Ir(n,γ)194Ir(n,γ)195mIr β-→195mPt. However, 2 crucial cross section values have remained unknown to make a conclusion about real capabilities of this method.

To calculate unknown cross sections irradiation of enriched iridium 193Ir (98.4 %) by neutrons at the reactor IBR-2 in Dubna has been performed. Irradiated Ir target has been dissolved electrolytically in hydrochloric solution by means of graphite electrodes. Isolation of 195mPt has been done by extraction chromatography with TEVA resin in hydrochlorid acid solutions as eluent with the different concentrations.

Relatively high values of cross sections resulted in a positive conclusion about perspectives of a reactor method.
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Получение Оже-эмиттера 195mPt: ядерные данные и физико-химические методы выделения
A.S. Novoselov, A.M. Rodin, E.V. Chernysheva, S.N. Dmitriev, A.V. Gulyaev, A.B. Komarov, Yu.Ts. Oganessian, A.V. Podshibyakin. V.S. Salamatin, S.V. Stepantsov, V.Yu. Vedeneev, S.A. Yukhimchuk, L. Krupa, J. Kliman, D. Kamas, A. Opíchal
Control and data acquisition systems of the MASHA setup
The mass separator of super heavy elements also known as MASHA setup from the automation systems point of view is described. The setup uses ISOL (Isotope Separation On-Line) method and represents the modular online mass spectrometer where masses of new elements from helium up to mass A=450 are measured directly in the course of their synthesis with accelerated heavy-ion beams. During the last years the control, the data acquisition and the beam diagnostics systems were modified. The modernization was in changing the platforms to the modern one from the CAMAC to the NI PXI and from the SmartBOX to the Wago PLC and the NI CompactRIO. The new systems were integrated and tested on the beam experiments with heavy ions at the U-400M cyclotron. The future experimental program of the MASHA setup for study of the physical and chemical properties of superheavy elements at the SHE factory is discussed.
V. V. Saiko, A. V. Karpov
Orientation of statically deformed heavy nuclei in in multinucleon transfer reactions
Dynamics of collisions of heavy nuclei deformed at their ground states is considered within a multidimensional dynamical approach based on Langevin equations. The orientation effects were investigated on the 160Gd + 186W, 154Sm + 154Sm, 238U + 238U/248Cm reactions. Initial mutual orientations of colliding nuclei influence the distributions of reaction products at near-barrier energies. Particularly, the orientation effects should be taken into account when such combinations are used for production of new nuclei in multinucleon transfer reactions. 

Ориентация статически деформированных ядер в реакциях многонуклонных передач
M.V. Shumeiko, V.K. Utyonkov, N.T. Brewer, Yu.Ts. Oganessian, K.P. Rykaczewski, F.Sh. Abdullin, S.N. Dmitriev, R.K. Grzywacz, M.G. Itkis, K. Miernik, A.N. Polyakov, J.B. Roberto, R.N. Sagaidak, I.V. Shirokovsky, Yu.S. Tsyganov, A.A. Voinov, V.G. Subbotin, A.M. Sukhov, A.V. Karpov, A.G. Popeko, A.V. Sabelnikov, A.I. Svirikhin, G.K. Vostokin, J.H. Hamilton, N.D. Kovrizhnykh, L. Schlattauer, M.A. Stoyer, Z. Gan, W.X. Huang, L. Ma
Study of neutron-deficient nuclei in the 239,240Pu+48Ca reactions
Three new decay chains of 285Fl were observed in the 3n-evaporation channel of the 240Pu + 48Ca reaction. The irradiation was performed at the Dubna Gas Filled Recoil Separator (DGFRS) and using 250-MeV 48Ca beam accelerated at the U400 cyclotron of the Flerov Laboratory of Nuclear Reactions, JINR during December 2016 and January-February 2017. The decay properties of the observed nuclei are mostly in agreement with a chain identified at the BGS in the 242Pu(48Ca,5n) reaction and three chain previously observed at the DGFRS in the same 240Pu(48Ca,3n) reaction at lower energy of 245 MeV. The lifetime of 269Sg observed in one chain exceeds that derived from other five decays by a factor of 33, which might indicate the observation of transitions through different levels in 285Fl and descendants. The cross section of the reaction was measured to be 0.58 pb, which is lower by a factor of 4-5 than the value measured at 245-MeV 48Ca and is in agreement with expectations for the 3n-evaporation channel. The assignment of SF events observed during the irradiation is presented and discussed. 

Исследование нейтронно-дефицитных ядер в реакции 239,240Pu+48Ca
A.O. Strekalovsky, D.V. Kamanin, Yu.V. Pyatkov, A.A. Alexandrov, I.A. Alexandrova, Z.I. Goryainova, V. Malaza, E.A. Kuznetsova, O.V. Strekalovsky, V.E. Zhuchko
Manifestation of cluster degrees of freedom in fission fragments at crossing of metal foils
In our previous publications [1–3] we discussed new original effect appeared at crossing of the metal foils by fission fragments (FFs). We have observed significant mass deficit in the total mass Ms of the FFs detected in coincidence with the ions knocked out from the foil. In the series of recent, more detailed experiments, we have compared the mass of the FF before (Mtt) and after (Mte) it passes the foil event by event. In the light of the obtained results, a FF from conventional binary fission is supposed to be born in the shape isomer state which looks like a di-nuclear system consisting of the a magic core and lighter cluster. Comparison of the correlation mass distributions Mtt-Mte for different metal foils is presented aimed at testing possible models of the effect. 

References

1.  Yu.V. Pyatkov et al., Proceedings of the 22th International Seminar on Interaction of Neutrons with Nuclei, Dubna, Russia, 27–30 May 2014. Dubna 2015, p. 83.

2.  Yu.V. Pyatkov et al., International Symposium on Exotic Nuclei "EXON-2014", Kalaningrad, Russia, 08–13 September 2014. Conference proceedings, Editors: Yu. E. Penionzhkevich, and Yu. G. Sobolev. Published by World Scientific Publishing Co. Pte. Ltd., 2015. p. 383.

3.  Yu. V. Pyatkov et al., Int. Symposium on Exotic Nuclei "EXON-2016", Kazan, Russia, 04-10 September 2016. Conference proceedings, Editors: Yu. E. Penionzhkevich, and Yu. G. Sobolev. Published by World Scientific Publishing Co. Pte. Ltd., 2017. p. 284

Проявление кластерных степеней свободы в фрагментах деления при прохождении ими металлических фольг
V.A. Semin
Experimental testing of the resistance to damage from heating of the diagnostics and safety elements of DC-280.
The DC-280 will be basic accelerator of factory of super heavy elements. The project of DC-280 cyclotron include the getting high intense of the ion beam. The designed power of beam is up to 2.5 kW. It mean possible high thermal load on diagnostic and safety elements. For predicting the damage from hitting of the beam on elements, the tests of the prototypes using electron beam were provide. The tests were complete.in of the Faculty of Mechanical Engineering of the Brno University of Technology (FME UT) with using of electron gun. The following elements were tested: aperture diaphragm, cape of the Faraday gap and Protection head of the magnet channel. In the process of experiments the temperature in different point of the prototype were controlled. The visual monitoring of the beams hitting points was provided. We provide test of the normal work mode, the emergency modes: the hitting of the high intensity beam on the elements and work without the water cooling. The results were compared with model. The tests showed that elements able to work in project modes. Experimental results are agreed with the model. The critical time of work in emergency modes were identified. 

Экспериментальное исследование стойкости к разрушению от нагрева диагностических и защитных элементов циклотрона DC-280
I.M. Harca, E. Kozulin, I. Matea, E. Vardaci, A. Maj, C. Borcea, S. Brambilla, S. Calinescu, M. Ciemala, O. Dorvaux, I. Itkis, G. Knyazheva, N. Kozulina, I.V. Kolesov, K. Novikov, C. Petrone, E. Saveleva, C. Schmitt, O. Stezowski, W.H. Trzaska, J. Wilson
The fusion-fission and quasi-fission in the near barrier reaction of 32S + 197Au.
The near barrier reaction 32S(Elab= 166 MeV)+197Au was investigated in a multi-parametric experiment by measuring prompt γ-rays coincident with the binary reaction products following fission. While employing the double arm time-of-flight spectrometer for fission fragments CORSET [1] as a trigger, the high efficiency γ-ray spectrometer ORGAM [1] and the future PARIS [2] photon calorimeter measured the prompt emitted coincident γ-rays. 

The fission-like fragment mass A and total kinetic energy TKE were derived with a precision of 3amu and 5 MeV, respectively. The asymmetric contribution to the symmetric mass distribution as expected in the framework of the liquid drop model is seen to be approximately 10% of the total fission events. This contribution is further confirmed by higher values of the TKE of fragments in the most asymmetric mass split region. In near barrier collisions of heavy ions, both quasi-fission and the fusion-fission modes can manifest themselves similarly in (A, TKE) correlations. This clearly leaves some space for ambiguity in separating the two processes. 

As a step further, the coincident γ-rays emitted by the fission-like fragments may help in pin-pointing the nature of the asymmetric channel, since γ-rays carry away most of the spin attained in the collision. The correlated measurement allows sorting the fragment spin as a function of mass and TKE and different behavior is expected for the two different processes of fusion-fission and quasi-fission.
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