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Abstract – The Electron String Ion Source (ESIS) is type of electron beam ion source working in a reflex mode under specific conditions [1]. The operation is based on step-by-step ionization of the ions by hitting with electrons of an electron string. ESIS is a complex facility and ion trap control system is its important part. It affects ion beam formation process and transfer to NICA HILAC. The version, which is under operation now is based on resistance divider. The new system is based on independent modules and could make operation process more flexible. The paper describes development of the ESIS ion trap control system electronics, its modifications and operation process.
INTRODUCTION

The Electron String Ion Source (ESIS) was developed, designed, produced and put into operation in the Laboratory of High Energy Physics of Joint Institute for Nuclear Research ESIS KRION-6T is currently designed at LHEP JINR in order to produce heavy ions. KRION-6T operation is based on step-by-step ionization of the ions by electron string [2]. In the 55th Nuclotron run the C6+, Ar16+ and Kr26+ ion beams were produced, accelerated and used for physics experiments [3]. In April 2022 KRION-6T ESIS was installed on a HV platform of a new HILAC injector which is a part of a NICA/MPD [4] assembly at VBLHEP, JINR. During the preparation of physics experiments with the ion source KRION-6T, it is necessary to apply special potential distribution for particle ionization and complex signal for beam extraction.

ESIS ION TRAP
Globally, electron string ion sources electronic systems and control systems can be classified into several parts – slow control system, electron gun supply electronics, ion motion and extraction control system and electron and ion beam diagnostics. 
Ions injection, holding and extraction control system, which is under operation now, is based on resistive divider [5]. The extraction potential has a smooth decline along the entire length of the source structure (Figure 1).
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FIGURE 1. KRION-6T drift structure potentials distribution.

The new ion trap and extraction system includes a new drift structure (Figure 2). The new shape of the drift tube will accelerate ions along its entire length, and not only in the gaps between the tubes. Using an independent power supply will allows to make a free form of potential created by combining voltage (ΔU) and pulse-time (Δt) for each section (Figure 3). This will lead to a decrease in a beam duration for further multiple injection to Nuclotron. The beam obtained using the existing ion trap has a duration about 8 us. Using the new ion trap configuration will make the duration about 4 us.
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FIGURE 2. New drift tube shape.
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FIGURE 3. KRION-6T new ion trap and extraction potentials.

ION TRAP ELECTRONICS
The ESIS ion trap and extraction system consists of 25 high-voltage modules (one for each drift structure section), external trigger, local trigger for each HV-module, electrical isolation, power supply and Ethernet to optic converter for isolated PC connection (Figure 4). All drift structure electronics are under potential to ensure the process of ion extraction. The maximum voltage generated by one HV-module is +3 kV and maximum load current is 8 mA. Data transfer is carried out via Modbus RTU protocol and isolated by a media converter to the operator PC. The minimum time step of synchronization system is 25 ns.
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FIGURE 4. The new ion trap and extraction system scheme.

All the electronics are designed as an assembly using Cabeus 19’ case (Figure 5). It has two areas: one with zero-ground level and another one with potential-ground up to +3 kV. In addition, there is a space for equipment used in different tasks.
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FIGURE 5. The ion trap and extraction system assembly.
CoNCLUSION

The new ESIS ions injection, holding and extraction control system will make it possible to reduce the beam duration for further multiple injection to Booster/Nuclotron synchrotrons. In addition, with the development of a new ion trap system, a new source structure is created. The difference is that due to the new shape of the drift tube, the acceleration of ions occurs along its entire length, and not just in the gaps between the tubes. New capabilities of the system imply an increase in the efficiency of the ion source.
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