Chapter 2

ACCELERATOR AUGMENTATION
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This academic year witnessed a notable milestone in the High Current Injector (HCI) project with the
acceleration of the HCI beam by the Superconducting Linac. The outcome of the test was partially successful
with a Ne™ beam accelerated through the initial 12 QWRs (quarter wave resonators) of the Linac. Due to a
significantly large energy spread in the beam, which resulted in a large temporal spread, further acceleration
was deemed unfeasible. Currently efforts are focused on identifying the underlying causes for this large
energy spread. To reduce it, we are planning to operate Achromat-4 in energy dispersion mode and utilize
a slit at its image plane to allow beam of the acceptable energy spread. Plans are also underway to conduct
beam tests with higher A/q values, showcasing the facility’s adaptability and to expand its operational
capabilities. Fig. shows the HCI facility.

Figure 2.1: High current injector facility.

2.1.1 ECR ion source
2.1.1.1 Performance of 18 GHz HTS ECR ion source and maintenance activities

The last academic year saw the operation of the source with oxygen beams for stability tests and neon
beams for bunching tests, along with beam tests of the newly installed HEBT section of HCI up to the
zero-degree beamline (that goes to the Superconducting Linac), all at an energy of 1.8 MeV /u. While minor
maintenance tasks were swiftly handled, we encountered several significant maintenance challenges. These
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included cleaning of the ion source, resolving vacuum issues post-maintenance, addressing the failure of the
extraction side cryocooler, cleaning of the GP tube column, and managing the failure of the Klystron

1. Maintenance of ion source: The ion source cavity had not been cleaned since the installation of

the source in beam hall-3. The system was shut down for scheduled maintenance following the August
beam acceleration test. Fig. a) shows the dismantled parts of the ion source. After cleaning the
ion source cavity and sandblasting the insulators, the Einzel assembly, injection side pumps, and ion
source parts were reinstalled in reverse order, as shown in Fig. b). Two blank-offs were fabricated
for separate leak-testing of the ion source and Einzel assembly.
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Figure 2.2: (a) View of the ion source parts before cleaning, (b) View of reinstalled parts of the ion
source after cleaning.

During leak testing, a vacuum leak was found towards the extraction side of the source. However, the
exact location of the leak could not be pinpointed due to numerous joints and O-rings. To prepare the
ion source for the upcoming beam acceleration test, it was closed with a leak rate of 5x10~" mbar 1/s
with full helium spray and achieved as low as 10~? mbar 1/s without helium spray. Fig. illustrates
the vacuum status of the ion source after maintenance for nearly 4 days, with both injection and
extraction pressures fluctuating between 10~7 to 10~ Torr.
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Figure 2.3: Vacuum fluctuations of ion source.

After inspecting the source drawings, both the injection and extraction sides of the ion source were
reopened to replace the O-rings, as pole plug-2 had not been removed during the initial cleaning of the
ion source cavity. The O-rings, specially the DC bias adaptor and pole plug-2, were found flattened,
which were subsequently replaced with new ones. Following the replacement, no leaks were observed,
and the ultimate leak rate improved to 3x10~% mbar 1/s with full helium spray. As depicted in Fig.
which illustrates the vacuum history of the ion source over nearly 3 days, the vacuum fluctuation
issues were completely resolved.
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Figure 2.4: Vacuum of ion source without any fluctuations after replacements of O-rings

2. Failure of extraction side cryocooler: After completing the maintenance of the ion source, we
observed a deterioration in the vacuum of cryostat 2 (CS2). While tracing the issue, the extraction
side cryocooler (CC2) was found in stopped condition displaying a ‘Stall Warning’ as shown in Fig.

Ea).

(a) (b)

Figure 2.5: (a) CC2 display showing Stall Warning, (b) Damaged cold head motor of CS2.

Both cryocoolers (CC1 and CC2) have been in continuous operation since the installation of the ion
source in beam hall-3. While diagnosing the issue, the cold head motor of cryostat 2 was found damaged
as shown in Fig. b). The damaged motor was subsequently removed and replaced with a spare
motor. CC2 was recharged using Helium gas of purity 99.9999% to the recommended value of static
pressure of 220 PSI using a vacuum manifold connected. Subsequently, the operation of the extraction
side cryocooler was restored.

3. Failure of Klystron: Following the December beam acceleration test, a setback occurred when the
Klystron failed to operate. Remarkably, the Klystron had been running continuously without any
major breakdowns for the past few years. Upon diagnosing the issue, it was discovered that a Servo
Stabilizer had gone bad. In Fig. the Klystron can be seen alongside the faulty Servo Stabilizer. This
unexpected failure prompted immediate attention to rectify the issue to ensure the smooth operation
of the accelerator system

4. Cleaning of GP tube column: During the facility breakdown, we noticed deterioration in the
GP tube column, particularly towards the resistor chain, although the inner section was clean. This
deterioration likely occurred due to the improper arrangement of the resistor chain. To ensure stable
voltages, the GP tube column was removed for sandblasting. Fig. a) shows the sandblasting
process of the deteriorated GP tube column.

Prior to cleaning, the resistance per gap was less than 2 G2, but after sandblasting it increased to
approximately 100 GQ2 at 10kV. Fig. b) shows the resistance measurement using a Megger.
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Figure 2.7: (a) sandblasting and (b) resistance measurement of GP tube column using a Megger.

2.1.1.2 Beam stability test

In the previous year, the beam stability data was recorded using an O%" beam for more than 8 hours at
various beam parameters and system conditions as described in Table The fluctuations in the beam
intensity for all cases were only 100 nA at an input beam current of 7 pA. The stability of the beam, having
an energy of 180 keV/u at the RFQ exit, can be seen in Fig. when the input beam current was 6 pA.

2.1.1.3 Study of beam transmission through LEBT

The beam transmission through low energy beam transport (LEBT) section was studied using O%* beam at
various input beam energies with the deck OFF. To measure the transmission through the LEBT, the beam
intensity was recorded at two Faraday cups: just after the analyser dipole magnet (FC_0-1) and just after
the MHB (FC_02-1).

The beam intensities at both cups and the transmission through the LEBT at various input energies are
shown in Fig. The maximum transmission was found to be approximately 40% through the LEBT at

Table 2.1: The various beam parameters and system conditions for beam stability tests.

Beam Energy Extractor Deck MHB RFQ

DC 6 keV/u 16.33 kV OFF OFF OFF
DC 8 keV/u 21.33 kV OFF OFF OFF
DC 8 keV/u 16.33 kV 5 kV OFF OFF
Pulse 8 keV/u 16.33 kV 5 kV ON OFF
Pulse 180 keV/u  16.33 kV 5 kV ON ON
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Figure 2.8: Beam stability of Ot at the exit of RFQ over a period of 16 hours.
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Figure 2.9: Variation of beam intensities and transmission through LEBT as a function of input
energy.

an input energy of 8 keV/u, and with optimized parameters of the LEBT it could not be maximized beyond
60%. To determine the cause of beam loss, the LEBT section was opened from the location of the GP tube
column during the breakdown of the facility. It was found that the beam was cutting at two places: at the
25 mm aperture of the Faraday cup (FC_0-2, just before the MHB) and at the MHB grids.

2.1.2 Multi-harmonic buncher

The Multi Harmonic Buncher (MHB) system has been designed to deliver bunched beams to the RFQ
whenever necessary. In August 2023, Ne’™ beam was successfully extracted, bunched, and accelerated
through all the cavities to reach the target energy of 1.8 MeV /u. This was achieved with a current of 350
nA and a bunch width of 24 ns, all without using Spiral Buncher 2 and 3.

In December 2023, further progress was made as the same Ne’t beam was tuned, resulting in the
acceleration of the 36 MeV beam through the first 12 cavities of the Linac to an energy of 77.1 MeV (41.1 MeV
gain from Linac), albeit with a low current of few nA. Beam could not be accelerated further due to reasons
as described in section [2.1.6.5] below. Throughout these tests the MHB system underwent numerous tuning
iterations to enhance beam transmission through the RF cavities. Challenges arose with the pickup problem
observed in the Fast Faraday Cup (FFC), primarily traced back to the high voltage suppressor power supply.
Efforts are underway to mitigate this issue by enclosing the suppressor power supply within a Faraday Cage,
reducing pickup signals significantly. Additionally, plans include replacing RF cables with 100% shielded
high-quality ones and minimizing RF connectors to improve signal integrity. During testing of HCI beam
with the Superconducting Linac, synchronization with a common clock was employed, necessitating slight
adjustments in the MHB electronics controller to ensure seamless beam delivery from HCI to the Linac.
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2.1.3 Radio-frequency quadrupole

In RFQ, one of the key challenges encountered was the burning of the RF contacts on the frequency tuning
plates within the RFQ cavity, occurring at high power levels of around 40 kW.

Figure 2.10: Photographs of burnt RF contacts of the RFQ frequency tuning plates.

This limitation hindered the conditioning of the cavity at the full power of 90 kW required for accelerating
a beam of A/q=6. To address this issue, various solutions were explored, including the soldering of double
Be-Cu finger strips as shown in Fig. but it did not prove successful beyond 30 kW. In response to the
excessive heat generated across the RF contacts, a decision was made to manufacture water-cooled tuning
plates with direct water cooling of the entire RF contact line. A water-cooled tuning plate was machined
and installed in the RFQ section as shown in Fig. |2.11} This solution aimed to effectively extract the excess
heat and prevent the burning of the RF contacts. The implementation of water-cooled tuning plates is a
significant step toward overcoming the issue of RF contact. Presently, the conditioning process of the cavity
with the new tuning plate is going on. The machining of two more tuning plates is under process.
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Figure 2.11: Schematic of the water-cooled frequency tuning of the RFQ.

2.1.4 Spiral buncher

Last year, the fabrication of Spiral Bunchers no. 2 and 3 was completed. To ensure their optimal performance,
low-power RF measurements were conducted to verify the cavities’ resonance frequency and quality factor.
Following this, Spiral Bunchers 2 and 3 were installed in beam halls 3 and 1, respectively, positioned after
achromats 1 and 3, as shown in Fig. Currently, we are performing the RF power conditioning of these
cavities.

2.1.5 Drift tube linac

During the operation of the DTL cavities, two major issues were encountered, prompting necessary mainte-
nance.
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