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1. ACCELERATOR
1.1 15UD PELLETRONACCELERATOR
G Raturi, J Singh, Pranav Singh, S Kumar, S Mohan, N S Panwar, M P Singh, R Kumar, J Prasad, V P Patel, R P
Sharma, Deeksha, G Umapathy, Rajveer, P Baghel, K Devarani, M Sota, Ambuj Mishra, Abhilash, A Kothari, P
Barua, Chandrapal, D Kabiraj, S Ojha, S Gargari and S Chopra
1.1.1  Operational Summery
The 15 UD Pelletron accelerator was in regular operation during May 2022 to March 2023. The accelerator was
under maintenance during the month of April 2022. A total of 548 shifts of beamtime were delivered to 68 users from
46 different Universities/Colleges/Institutes. Maximum terminal potential at which the beams were delivered was
13.52 MV and maximum terminal potential attained during conditioning (without beam) was around 14.2 MV.
Figure 1 shows the voltage distribution graph of Terminal Potential used for Beam runs for the mentioned period.
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Figure 1: Voltage distribution graph in Hours.

'H,Li, "B, "B, “C, "N, "0, "F, *Si, *’Si, S, *Cl, *Ti, *Ni, '""Ag, ' Au beams were delivered to the users for their
experiments. The operational summary of the accelerator from May 2022 to March 2023 is shown below.

Total Chain Hours = 6882 Hours
Total Beam utilization = 4380 Hours
Breakdown during operation =~ = 246 Hours

2282 Hours

Accelerator Conditioning

Out 0of 4380 operational hours, 2900 hours were utilized by the users of nuclear physics facilities, 1200 hours were
utilized by users of materials science, rest were utilized by users from the fields of atomic physics, radiation biology
and accelerator groups. Figure 2 shows the distribution of beamtime with respect to different experimental fields.
For various nuclear physics experiments, 'Li, "B, ‘N, O, “F, *Si, *’Si and *’S beams were pulsed for different time
periods ranging from 250 ns to 4 us and provided to the users for their experiment.
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1.1.2

1.1.3

Experimental Field Utilization in Hours
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Figure 2: Experimental field wise breakup of delivered beamtime.

For accelerating proton beam, the existing facility had limitation of beam current. AERB had permitted to accelerate
only 50 nA current through the Pelletron accelerator. It was noticed that for other elements also, the permission was
granted for very less beam currents. An application was submitted to AERB seeking permission to enhance the beam
currents of not only proton beam, but also other elements ranging from lithium to gold. The beam tests of the
requested elements were performed and the radiation levels were monitored at different locations in the accelerator
and beamlines. The test reports were submitted to AERB which in turn provided us the necessary permission to
operate the Pelletron facility with high beam current ratings.

There were no breakdowns in the Pelletron accelerator facility. Intermittently the beam times were stopped for
various other reasons like HCI related work, pulsing system check-up, AC plant upgradation works etc. In all, a total
of 6 weeks of beamtime was affected due to all these works. Around the middle of the academic year, it was noticed
that one of the foil stripper assemblies inside the accelerator tank stopped functioning but that didn't affect the routine
operation of the accelerator.

Maintenance

The academic year started with the maintenance which lasted up to end of April 2022. The accelerator was opened
after one year of successful operation. Routine maintenance, like loading of foil strippers, charging system
maintenance and inspection and repairing of accelerating tubes & column support posts, rotating shaft
maintenance were carried out.

Safety advisory Council comprising of academic and technical staff from BARC and IUAC visited the accelerator
facility during the maintenance and pointed out their observations for safe and secure maintenance and operation
procedure. Most of the recommendations have been implemented.

The Pelletron accelerator was once again opened for maintenance in the month of March 2023 after routine
operation of 10 months. The maintenance has been taken up pre-maturely to accommodate HCI installation work
and other important projects of the institution. The maintenance is underway till the writing of this report.

Ion Source activities

The 40 cathode MC SNICS source was operational throughout the year. Cathode loading was performed 6 times in
the academic year to provide various beams to the users. There were many pulsing runs with repetition rates of
pulsed beam ranging from 250 ns to 4 us for which source had to be operated at extreme conditions. High voltage
conditioning of the source deck was performed and it has been observed that the -320 kV is easily achieved. Source
maintenance was carried out in the month of May 2022 after which source operated very smoothly and there were
no breakdowns.
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1.1.3.1

Ion Source Maintenance (May 2022)

Routine source maintenance was not carried out for a long time. Cesium was last loaded in the source in 2019.
Therefore it was decided to go for maintenance of the 40 cathode MC SNICS. The whole ion source was
disassembled. The source body, ionizer, immersion lens and Einzel lens looked very dirty. Gaps in the Einzel lens
were showing very low resistance. It was cleaned by dipping in alcohol for 24 hours, dried and baked with an air
gun. The gap resistance improved after the cleaning. The lens was aligned and replaced back.

While cleaning the source body, the ionizer broke down. It had lasted for 16 months. Continuous operation at
extreme conditions due to various pulsing beam runs can be one of the probable reasons. A new ionizer was
installed, the source was aligned and installed back and fresh cesium was loaded. The source has been operating
smoothly post the maintenance.
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1.2 LINAC AND SRF ACTIVITIES

Ashutosh Pandey, Abhishek Rai, R.N. Dutt, D.S. Mathuria, K.K. Mistri, P.N. Patra, G.K. Chaudhari, Joydeep
Karmakar, Bappa Karmakar, S.S.K. Sonti and P.N. Prakash

1.2.1 Superconducting Linac

In the previous Linac operation that concluded in December '2021, it was observed that the average accelerating gradient
achieved by the resonators in the 3 Linac Cryomodule (LC-3) was below par. It was therefore decided to take down the
underperforming cavities from the cryomodule after the operation got over, and give them appropriate surface treatment to
improve their performance. Following this decision, LC-3 was opened in March '2022 and the three under-performing
cavities, namely R32 (QWR #1-05), R35 (prototype QWR ANL) and R36 (QWR #1-09) were uninstalled from the cryostat.
Based on the detailed study that we had conducted a few years ago, appropriate processing recipe for an individual cavity
according to its performance history was applied. This is described in the following sub-sections.

R36 (QWR # I-09): The resonator and its accessories were given high pressure rinse (HPR) using high purity deionized
water. After drying and dressing it in a class-100 clean room, the cavity was loaded in the test cryostat. In the performance test
at 4K, it showed a dramatic improvement in the achievable accelerating gradient (figure 1) reaching 4.4 MV/m @ 4W RF
input power and 5.1 MV/m @ 6W input power. This was in stark comparison to 1.3 MV/m @ 4W RF input power and 1.7
MV/m @ 6W input power that the cavity had achieved in the December 2021 Linac run.
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Figure 1: Quality factor Q as a function of accelerating gradient E, at 4.2K for R36 (QWR # [-09).

R35 (prototype QWR from ANL): Figure 2 shows the performance history of this QWR in the offline tests conducted in 2015;
magenta dots - immediately after cooldown, green dots - after deliberately warming up the cavity to 100K and holding it there
for 12 hours before cooling it back to 4K for the Q measurements, which clearly showed that the cavity suffered from Q-
disease. The performance of this cavity in the Linac run (orange dots) indicated that the cooldown rate in the cryomodule is
not fast enough to avoid the Q-disease completely. So, it was decided to give the cavity a 550 °C heat treatment for 12 hours in
the high vacuum furnace, followed by HPR. In the offline performance test at 4K (red dots), the cavity achieved the
accelerating gradient of 3.53 MV/m @ 4W RF input power and 3.99 MV/m @ 6W input power. In order to test whether the
cavity was cured of the Q-disease, it was warmed up to 120K and held there for 12 hours before cooling it back down to 4K for
the Q-measurements (black dots). This time the cavity achieved the accelerating gradient of 3.72 MV/m @ 4W RF input
power and 4.14 MV/m @ 6W input power, clearly indicating that it is now free from Q-disease.

5 R35 (Pratotype OWR) 4K Tests
10 r L & 8T Testactar 35670 T ¢ (IWT -,4:\'38-"4.!22‘ T
12.0
7 E
8 115 @
£ 0%t £
o, F =
Z i 110 &
© ;
=
o >
105
107 R L N T FaEs 4 0)
0 1 2 3 4 5
E_(MV/m)
a

Figure 2: Quality factor Q as a function of accelerating gradient E, at 4.2K for R35 (prototype QWR from ANL).
4
NI




ANNUAL REPORT 2022-2023

R32 (QWR #1-05): There was an indication of Q-disease in this cavity also, as observed during the last Linac run. Therefore
it was also given a 550 °C heat treatment for 12 hours in the high vacuum furnace, followed by HPR. In the offline
performance test at 4K, the cavity showed a significant improvement by reaching the accelerating gradient of 3.38 MV/m @
4W RF input power and 3.93 MV/m @ 6W power, whereas in the Linac run in '2021, it could achieve only 2.3 MV/m @ 4W
RF input power and 2.7 MV/m @ 6 W power (figure 3).

R322 (QWR-105) 4K Test Results
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Figure 3: Quality factor Q as a function of accelerating gradient E, at 4.2K for R32 (QWR # [-05).

With the improvement in the field gradients in the three QWRs, it is expected that the average accelerating gradient in LC-3
will increase by more than 25%. This implies that the energy gain from the third cryomodule will also increase by a similar
amount. The three cavities were reinstalled and aligned in Linac Cryomodule-3. Since we want to use the solenoid magnet in
this cryomodule for transverse focusing of the beam in the next linac run, it was also aligned with the beam axis with a greater
accuracy. The cryostat was closed, evacuated and the cavities were baked at 70 °C for a week in preparation of the
forthcoming Linac operation.

1.2.2  Linac Operation

The Linac operation was scheduled to begin from the last week of January '2023, for which extensive preparations were
carried out. These include servicing of all the RF power amplifiers and piezo controllers, power line calibrations for all the
cavities, installation of gold foils in the diagnostic box, installation of a single slit before the switching magnet, remote testing
of the target ladder movement, RF coupler movement and RF test of all the cavities, testing of the gas-based slow tuners in
cryomodule #1, etc. After the cryomodules were cooled-down, multipacting conditioning of the resonators was started.
However, due to the failure of the UPS that fed electrical power to the liquid helium refrigerator, the linac run had to be
abruptly stopped. It has since been postponed to July in order to accommodate the testing of the superconducting magnet for
the IMRI project.

1.2.3  SRFActivities
1.2.3.1 Fabrication of Spare QWRs for Linac

Significant progress has been made in this project in the last academic year (figure 4). The present status of the
project s as follows.

° All the six bare niobium QWRs have been successfully completed. Three of them have been Electropolished
and heat treated.

° Electropolishing and Heat Treatment of the fourth cavity is under process.

. Machining and Electron Beam Welding of the Open End Flanges for the three heat treated bare niobium
resonators is underway in parallel, and two flanges have been welded to their corresponding resonators. They
are now ready for the final SS jacketing.

. Fabrication and EBW of 13 Niobium Slow Tuner bellows has been completed. The Slow Tuner flanges (Nb-
Cu) are ready for welding to the bellows for completing the assemblies.
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. "V
Figure 4: (L to R) a QWR setup for electropolishing, setup showing the EBW of open end flange to niobium outer housing, slow tuner
bellows along with their Nb-Cu flanges ready for the final assembly, setup showing the EBW of a niobium central conductor to top flange.

1.2.3.2 Five-Cell 650 MHz Low Beta Cavity (=0.6)

This is a collaborative project between IUAC and VECC, Kolkata for the development of two 5-Cell 650 MHz niobium low
beta cavity (LBC) under the Indian Institutions and Fermilab Collaboration (IIFC). IUAC is sharing its infrastructure,
especially its electron beam welding facility, and SRF expertise in the work. EBW of the cavity components and its sub-
assemblies is going-on in [UAC. Presently, eight Niobium half cells have been EB wended at the iris to make four dumbbells.
Two dummy dumbbells have also been EB welded for the weld parameter development of the stiffener ring. In addition, five
Niobium Beam Pipes and three Niobium Branch Pipes, have been EB welded (figure 5).

Figure 5: EBW setups showing (L to R): welding of a beam pipe, inside welding of the iris joint, stiffener ring attached to a dumbbell and
outside welding of the iris joint.
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1.3

1.3.2

1.3.2.1

1.3.2.2

5 SDH-2 (1.7 MV) TANDEM ACCELERATOR BASED ION BEAM ANALYSIS
FACILITY

G. R. Umapathy, Jaswant Singh, Pranav Singh, Suraj Kumar, Mohan Nishal, N. S. Panwar, Jagdish Prasad, Vijay
Patel, Mukesh Sota, Sunil Ojha, S. Gargari and Sundeep Chopra

Operation

The 1.7 MV Tandem accelerator for lon Beam Analysis Techniques: Rutherford Backscattering Spectrometry
(RBS), RBS-Channeling, Resonance-RBS, and Elastic Recoil Detection Analysis (ERDA) measurements for
hydrogen, is in continuous operation. In this academic year 1540 measurements of 67 users from 37 Universities,
colleges and institutes were performed. The facility was operational throughout the year. The Operation during this
period was smooth and stable.

Maintenance
Ion Source Maintenance

The RF charge exchange ion source maintenance was performed twice during this period, first in the month of April-
May, 2022 and then in the month of August-September 2022. In mid-March 2022, it was observed that the coolant
level was gradually going down. The LOBS (Low Odor Base Solution) cooling is an essential part of the charge
exchange cell to keep Rubidium (Rb) within the chamber and drain to the reservoir in contact with the chamber wall.
Seepage in the coolant flow pump was observed. The pump is special seal-less centrifugal magnetic drive pump
ideal for chemical recirculation. It was replaced by the MC-SNICS coolant unit. The plasma formation issue was
observed in the 1st week of April and ion source was opened for maintenance.

The source and the facility started functioning back after successful Rb loading. The charge exchange cell was
cleaned and reassembled with new beam exit bore and insulator canal. Smooth operation was noticed till August.
Once again, current production from the ion source was noticed. This time there was no chocking, but the operation
stopped due to probe current saturation. The source was opened for maintenance, residual Rubidium was disposed-
offproperly and two ampules (5gm each) of fresh Rb was loaded. The stable He-beam extraction was possible with a
few hours of source conditioning.

SSDH-2 Pelletron Accelerator and End-station Maintenance

The SF6 leak detection was performed and a leak was identified at column current feedthrough. The Pelletron
accelerator tank was refilled to 72 psi with storage of 20 psi. At this pressure, the terminal could hold 1.47 MV.

The Rotary pumps in the high energy section and at experimental end station were serviced with the help of vacuum
lab personnel but vacuum system of end station kept on tripping at low vacuum (~107 Torr). In February 2023 the
experiments were called off as vacuum system did not start. The turbo controller TCP 380 was found to be faulty and
it was replaced. The interlock signal from the control system to the TCP 380 controller was not recognized as it was
through an external attachment. The rotary and turbo were performing fine in the 'bypass' mode operation. At
present the vacuum pumping is in bypass mode and is not controlled through control software RC43.
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1.4.1

1.4.1.1.

1.4.1.2

AMS AND GEOCHRONOLOGY FACILITIES

Accelerator Mass Spectrometry

Deeksha Khandelwal, Leema Saikia, Pavitra V. Kumar, Mahadev, Prem Chand Kisku, Anit Dawar, Gaurav Raturi,
Jaswant Singh, N S Panwar, Vijay Patel, Mukesh Sota, Prem Verma, S K Suman, Rajesh Kumar, Rajveer Sharma,
Pankaj Kumar, S. Ojha, S. Gargari and S. Chopra

An Accelerator Mass Spectrometry facility for the measurement of “C, "“Be and *’Al, based on a dedicated 500kV
ion accelerator (Pelletron) is in operation since March 2015. Carbon sample processing and graphitization are
performed in a dedicated comprehensive graphitization laboratory while "Be and *’Al samples are processed in a
clean chemistry laboratory.

Graphitization Laboratory

Graphitization laboratory is equipped with three Automated Graphitization Equipment (AGE) which are coupled
with three elemental analyzers for the graphitization of organic samples and one carbonate handling system (CHS)
for the graphitization of carbonate samples. The graphitization laboratory is routinely utilized for the sample pre-
treatment and graphitization of charcoal, wood, macrofossils, plant remains, sediment, bones, textile and carbonate
samples (shells, foraminifera). During April 2022-March 2023, 1348 samples have been pre-treated and graphitized
by 74 users from different universities and institutes for their research work.

10

Clean Chemistry lab for "Be and *Al Sample Preparation

Sample preparation is a very important part in the measurement of cosmogenic radionuclides (CRN's) using AMS.
In particular for "Be and *Al, chemical pre-treatment is a long process and needs specifically designed work area.
For this, a clean AMS chemistry lab had been developed in ITUAC and being used for pre-concentration of Be and Al
This includes extraction of Be/Al from geological samples and their conversion to oxide form to be measured using
AMS.

In last one year (2022-2023), 255 samples ("Be-150 and *’Al-105 samples) belonging to 11 users from 7 institutes
were processed for AMS measurements. Along with the samples, 20 process blanks and 12 standard samples were
prepared. Along with regular samples, quality checks were also carried out to test the validity of sample processing
protocol and to identify the background contamination sources, if any present in lab. To keep the background
contamination at the minimal level, cleaning and maintenance of lab is done at regular intervals. This year, the
HEPA (high efficiency particulate absorbing) filters of fume hoods and AHU were changed/repaired. Also, the
maintenance of fume hoods and wooden furniture was carried out. After the required maintenance the background
contamination levels of clean lab were found lower.

Figure 1: Chemistry lab for Be and Al pre-concentration.
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1.4.1.3 XCAMS facility
1.4.1.3.1 AMS Measurements

The compact "“C Accelerator Mass Spectrometer eXtended for "Be and Al (XCAMS) is routinely utilized for the

Al Total 1684 samples of “C, ""Be and *’Al have been measured this academic year.

measurement of “C, "Be and
77 users from different institutes have utilized this facility for their research work. We have measured Al at 380kV
terminal potential this year at this system in place of earlier used 500kV terminal potential. All the secondary
standard and background sample ratios were close to their nominal values and background sample ratio was also in
the acceptable range at this potential. Total 16 research paper / book chapters are published using AMS facility of

IUAC.

1.4.1.3.2 Maintenance activities of XCAMS
Following maintenance activities were carried out in this facility.

. Both the ion sources (40 and 134 cathode MC SNICS) were opened for maintenances in June and August
2022. The sources were cleaned, re-assembled and brought back to operation. Fresh Cs was also loaded in the
source S1 (40 Cathode) in June 2022.

il. Cooling water headers (supply and drain) in XCAMS were choked. They were replaced with new headers by
water system group. Water system group provided a 48 cm long header with six ports. It was cut in two pieces
oflength 24 cm and three ports and installed in the XCAMS.

iii.  Analyser magnet (BM 03) power supply of XCAMS was fluctuating randomly. Due to these fluctuations,
performing measurements was becoming difficult. Beam transport system (BTS) group installed a 200 A
magnet power supply in place of it to keep XCAMS operational.

1.4.2  National Geochronology facility

Deeksha Khandelwal, Leema Saikia, Anit Dawar, Pavitra V. Kumar, Mahadev, Prem Chand Kisku, Atul Kumar
Singh, Umapathy G, Rajveer Sharma, Madhav K. Murari, Pankaj Kumar, S. Ojha, S. Gargari, and S. Chopra

1.4.2.1 High Resolution Secondary Ilon Mass Spectrometer (HR-SIMS)

Large forward geometry High Resolution Secondary Ion Mass Spectrometer (HR-SIMS) (model: CAMECA IMS
1300-HR® (high Reproducibility, high spatial Resolution, high mass resolution) has been operational at IUAC since
its installation and commissioning in December 2021. This mass spectrometer is equipped with two ion sources: Cs
microbeam source and Hyperion RF source for the analysis of negative and positive secondary ions, respectively.
HR-SIMS facility has been routinely utilized for the U-Pb and oxygen isotope studies in zircon, depth profiling
studies in semiconductor materials and study of Al-Mg isotope systematics in Ca-Al-rich inclusion (CAls) in
meteorites. A total of 1866 measurements in samples from 6 users from 2 universities and 3 institutes have been
completed during this year.

Maintenance activities

° Problem with z-movement of the analysis chamber: It was seen that the Z-axis movement of the sample
stage stopped. It happened twice during the reporting year. One of the ICs in the Z-axis motor power board
was burnt. Both times, the board was replaced with newer one and the problem was solved.

e Problem of leakage in the oxygen flooding valve: Sensitivity of “*Pb is increased for U-Pb isotopic
measurements when analysis chamber is flooded with oxygen gas at pressure ~1 E-6 mbar. Flooding is
achieved with the help of oxygen flooding valve. This flooding valve started leaking and even after fully
closing the valve, the pressure of the analysis chamber was maintained at ~1 E-5 mbar. The valve was
blanked off with the help of vacuum group and the machine could be used with oxygen source (figure 2). The
valve will be replaced with a new one in the future. Currently the machine is being used for secondary

negative configuration.

° Replacement of Electron multiplier (EM): Electron multiplier of mono-collection detection
configuration (ETP make) came to its end of life. It was replaced with a new one and necessary changes in the
software were done.
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Figure 2: Oxygen Flooding valve and installed blankoff

° Replacement of Entrance slits and contrast apertures (CA): It was seen that the edges of the entrance slit
got eroded due to impact of the secondary beam and it was difficult to get a good flat top peak. Entrance slits
and CAs were replaced with new ones.

. Replacement of Primary Beam Mass Filter Aperture (PBMF-A): Due to the use of the primary beam in
Kohler illumination mode, PBMF-As 100 m were replaced with new ones.

Figure 3: Eroded contrast apertures (CAs)

1.4.2.2 Femto second Laser Ablated High Resolution Inductively Coupled Plasma Spectrometry (LA-HR-ICP-MS)

HR-ICP-MS (model: Thermo Scientific, Element XR) coupled with femto second Laser Ablation (model:
Teledyne) is now an extensively used instrument for U-Pb dating and REE measurements in different minerals. In
laser mode, the sample is exposed to laser which ablates it and converts it into acrosol. The sample is then fed to a
plasma using helium as a carrier gas. The advantage of HR-ICPMS over conventional ICP-MS is that it uses
magnetic sector Single-Collector (SC) Mass Spectrometer (MS) to measure isotopic ratios of elements. The primary
application of HR-ICPMS is to measure the isotopic ratios of elements used in geochronologic radiogenic isotopic
studies. The LA-HR-ICP-MS has significantly contributed to understand the crustal evolution of the Indian Craton
and the different stages of Himalayan orogeny.

In solution mode ~100 samples (unknown + standards) were measured. Samples were provided by BARC and
""Lu/"”Lu were measured. In laser mode, ~6000 grains were ablated for U-Pb dating of Zircons and REE analysis in
different minerals. Different projects from 12 users were undertaken during this year. These projects cover different
geological terrains from Ladakh in the North to Tamil Nadu in the South and Manipur in the East to Rajasthan in the

West.
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