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18 GHzHTS ECRIon Source & Low Energy Beam Transport Section
P S Lakshmy, Kedar Mal, Sarvesh Kumar, R K Gujjar, Mukesh Kumar, Yaduvansh Mathur, G Rodrigues
Performance of 18 GHz HTS ECR ion source and related maintenance activities

In the last academic year, the ion source was operated mainly for extracting different metal beams. Gaseous beams
of neon and nitrogen were tuned for beam tests for the newly installed achromat 2 (HEBT section of HCI) and for
beam bunching tests. Heating was observed in one of the flexible waveguide sections that led to breaking of the
outer insulation of the flexible waveguide during high RF power ~1.3 kW operation of the source for metal beam
development. The transmission line was re-routed and all the flexible waveguides were replaced with rigid lines.
Helium pressure drop was observed in the extraction side cryocooler during source operation. The low pressure
dropped to 35 psi in running condition. Helium pressure was monitored in OFF condition before recharging helium.
There was no further pressure drop observed in OFF condition. Cryocooler was recharged using helium gas of
purity 99.9999% to the recommended value of static pressure of 220 psi using a vacuum manifold connected as
shown in figure 1. The operation of the extraction cryocooler was restored to normal working conditions.

Figure 1: View of the vacuum manifold connected to extraction side cyocooler.
Metal beam development

Micro-oven was installed at the injection side of the source after successfully extracting copper beam using the
sputtering technique in the last academic year. A 60 V, SA power supply was installed on the 30 kV platform and
powered by a 3 kV isolation transformer to operate the sputtering unit. The remote control operation of the micro-
oven was also tested. Temperature calibration of the micro-oven was carried out before applying voltage to the
loaded material. Efforts were put forth to extract Al beam by using the micro-oven. Al wire of thickness 1 mm was
used and the oven voltage was increased up to 5.5 V which corresponds to a temperature higher than the melting
point of aluminium. However, no signature of aluminium beam was observed, most probably due to low vapour
pressure available at that temperature. Ag and Pb beams have been developed successfully using micro-oven. A wire
of diameter 2 mm and length 30 mm was placed inside the micro oven. A U-shaped molybdenum wire was inserted
at the front end of the oven to lock the crucible inside the oven and to prevent it from falling out in the chamber.

Various charge states of Ag were tuned using O, as mixing gas. Figure 2(b) shows the beam profiles of Ag isotopes.
In Figure 3(a), a charge state distribution (CSD) spectrum of Ag plasma with O, as the mixing gas is shown after
optimizing for '”Ag'" and successfully extracting more than 5 epA of a beam of A/q < 6. The spectrum clearly shows
two isotopes of Ag, i.e. "Agand ""Ag, getting populated. Similarly, the tuning of various charge states of Pb was
also carried out with O, as mixing gas. Figure 3(b) shows a CSD of Pb plasma with O, after optimization of ion
source parameters for Pb”’. The maximum intensity of Pb™" was only ~ 400 enA which has an A/q ratio higher than
6. Due to the low beam intensities of Pb beams, the image slits were opened 10 mm wide during the Pb beam run and
the isotopes of Pb (204, 206, 207, and 208) could not be separated due to this reason. The nitrogen gas present in the
ion source, which is also seen in the CSD, may be the cause of the low beam intensities of Pb beams. Later, a leak was
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found in the gas line itself and the same was corrected. Pb beam development will be continued aiming to achieve
higher intensities of beams of A/q < 6.

100,004

Figure 2 : (a) Micro-oven coupled at the injection side of the ECR source (b) Beam profile

depicting the isotopes of Ag.
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Figure 3: Charge state distribution spectra of (a) Ag and (b) Pb using O, as mixing gas.

Preliminary bremsstrahlung measurements

A multi-channel analyser based data acquisition system for measuring Bremsstrahlung spectrum from ECR plasma
was installed in the high voltage area and tested (figure 4.). A Nal scintillation detector having an in-built
preamplifier was used for recording the spectra. An indigenously developed spectroscopy amplifier was used to
amplify the preamplifier signal. A voltage of 800V from a 3 kV NIM based power supply was used to bias the
detector. The detector was placed at the 0° port of the analyser magnet of the LEBT section. The energy calibration
was carried out using "“Eu and “Ba sources in the range of 121 keV to 1.1 MeV. The bremsstrahlung spectra were
recorded from Ag plasma with O, as supporting gas, for different mirror ratios and bias voltages and by keeping all
other source parameters constant during the measurement. The mirror ratios were calculated for different coil
current settings during the tuning, using POISSON/SUPERFISH codes.
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Figure 4. (Left) View of the Nal detector mounted close to the 0° port of analysing magnet and
(Right) data acquisition system installed close to the 200 kV high voltage platform.

Beam Tests

HCI beam test was carried out in the newly installed HEBT section up to the 2" achromat. N°" (A/q = 2.33) beam of
initial energy 8 keV/u and intensity of 6.5 epA was accelerated through the RFQ and all the 6 DTL cavities. The
initial energy was gained only through the source extraction voltage. High voltage platform was not floated during
this beam test. The beam was bunched using MHB and spiral buncher. The optimized bunch width measured at the
Fast Faraday Cup was around 4.8 ns and corresponds to a maximum transmission through RFQ. The final energy of
the beam after acceleration through RFQ and the DTL cavities was measured to be 1.8 MeV/u. Beam through RFQ
and each DTL cavity was analysed in sequence using first achromatic magnet to achieve the correct energy.
Longitudinal and transverse tuning were done in iteration for each of the cavities for optimising maximum
transmission. Beam was transported successfully up to the Faraday cup installed after the second achromat magnet.
A beam intensity of 280 enA was achieved at the last Faraday cup of the HEBT section. Beam transmission from
achromat 1 to achromat 2 was 100 %.

Preventive Maintenance Schedule & Breakdown Maintenance of High Voltage Power Supplies

The group performs yearly scheduled preventive maintenance of every instrument to preserve its life, performance
and to ensure breakdown-free operation during the year-long continuous operation of the system.

e Inion source area, all high voltage power supplies (HVPS), deck HVPS (200kV), extractor & focus HVPS
were cleaned. All the loose connections were checked and the supplies were operated through remote control.
Besides these, all bleeder resistor networks were cleaned and covered with acrylic sheet.

e All power supplies were operated in local and remote modes, with and without load. Finally, all high voltage
power supplies were made in working order.

e Installation of oven power supply (60 V/5 A) and the signals in the fiber optical communication system related
to the oven power supply were changed.

e  Repair of HCI Deck HVPS (200 kV/ 5 mA) :

Deck HVPS was not working due to faulty remote module. This power supply was checked in the lab with an
alternate extension cable (the cable was made in the lab). Some signals were not coming from PWM and op-
amp ICs. Finally, the faulty ICs were changed. The deck HVPS is working fine.

e  Repair of Oven Power Supply (60 V/5A) :

Oven power supply was faulty due to shorting of the ion source. The power supply was found in shutdown mode and some
electronic components were also found faulty. The faulty components were changed and the oven power supply is working

fine.

2.1.2

RFQ & DTLAccelerators

C P Safvan, Sugam Kumar, Rajeev Ahuja, VVV Satyanarayana, Yaduvansh Mathur, Ashok Kothari, S
Venkataramanan & R Mehta

Beam acceleration test has been carried out by injecting an N beam of energy 8 keV/u into the RFQ as well as
through all six DTL cavities. To maximize the beam intensities just after the DTL cavities, the phase and amplitude
ofall cavities (MHB, RFQ, SB and DTL's) were optimized. With an input beam intensity of 6.5 epA at the entrance
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