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7.  Beamline device (Faraday Cup, BLVs, Vacuum system controllers, etc.) installation and alignment is done 
and all the devices are connected with their device controllers. Cables with end connections and connection 
details are given to Remote Control group for the remote control of these devices. 

Installation and alignment of HCI HEBT beamline components, [from Achromat I (ACH-I) exit to Achromat IV 
(ACH-IV)], was started by vacuum lab after getting the responsibility for the same in around September 2022.  

4.  Marking of reference points on the floor and walls for creating new references for beamline axis from existing 
references required for ongoing and future installations.

  Critical Points and Achievements:

1.  Preparing of 3D layout of beamline components based on the beam optics/magnet/diagnostics layout given 
to us so as to evaluate the feasibility of placement, installation of components within the available space and 
finalize the exact position of each component.

3.1  SUPPORT LABORATORIES

              Chandra Pal, A. Kothari, P. Barua, S. Chopra

5.  First in any straight beamline the magnets, here Achromat magnet, are aligned and grouted, thereby freezing 
the beam axis. Then other alignment crucial components like BPM, Faraday Cup, Quadrupoles, etc. are 
installed (aligned and grouted). After those pumping sections along with pumps, gauges, valves, etc. are 
installed. 

3.1.1      HIGH VACUUM LABORATORY

3.   RESEARCH SUPPORT FACILITIES

HCI HEBT beamline components encompass beamline section from ACH –I in beamhall 3 up to ACH IV exit 
section in phase I zero-degree beamline. The installation was carried out in two phases. In first phase installation of 
components up to ACH- II exit was done and a 100% beam transmission through ACH-I and II confirmed the perfect 
alignment of the installed components. In second phase further installation of beamline components along with 
ACH-III and IV was completed and HCI beamline integrated by the installation of ACH-IV, which is aligned with 
both the HCI beamline and phase I zero-degree beamline in perpendicular configuration.  All the critical 
components like Achromats, Faraday Cup, Foil stripper, BPM, Electrostatic Quadrupole Triplets, Singlets, Spiral 
Buncher, etc. are aligned within an accuracy of ±0.5 mm of beam axis. Vacuum system consisting of turbo pumps, 
scroll pumps, vacuum gauges, vacuum valves, Ion Pumps, etc. mounted on a pumping chamber with necessary 
interlock for preventing vacuum accidents are installed and evenly spaced to achieve vacuum better than 1.0 E-09 
mbar. 

The sequence of steps followed for installation and alignment of beamline components is briefly summarized 
below:

Chandra Pal, A. Kothari, P. Barua, R. Ahuja, Sarvesh Kumar, R. Hariwal, P.S. Lakshmi, Kedar Mal , G.K. Chaudhari, S.K. Saini, 

Bishamber Kumar

3.  Design and fabrication of beam line valve controllers (2 nos.), faraday cup controllers (8 nos.), controller 
crate (2 nos.), an interfacing crate for these devices and vacuum interlock system for pumping systems. 

6.  After thorough leak testing the complete installed beamline, vacuum devices are switched on and vacuum is 
established in the system, followed by baking and post bake leak testing.

	

1.  Installation and alignment of Achromat Magnets: There are three achromats in this section namely ACH-
II, ACH-III and ACH-IV. Each achromat, consisting of two dipole magnets, two quadrupole triplets and a 
singlet in between the dipoles, is responsible for bending the ion beam by 90 degrees. Alignment of these 

High vacuum laboratory is primarily responsible for maintaining vacuum and vacuum systems in beamlines and 
experimental facilities. There are about 800 instruments (pumps, gauges, valves, diagnostic BPM, Faraday cups, 
device controllers, etc.) installed and running in different places. Faulty instruments are replaced with available 
spares to reduce downtime. Indigenously designed and fabricated instruments are repaired in house and others are 
maintained with available expertise in house and manufacturer's service support. Problems occurring in vacuum 
system and device (under our groups care) during experiment runs are attended on urgent basis. It provides support 
to different labs and users in vacuum related problems. 	

3.1.1.1 Installation, Alignment of High Current Injector (HCI) High Energy Beam Transport (HEBT) section and 

Integration with (Phase I zero-degree beamline)

2.  Design of pumping chamber, bellow assemblies, installation and alignment fixtures, drift tubes, beam line 
stands and finalizing the flange types for each component for proper assembly of components.
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4.  Angular and beam line height matching of HCI beamline with Phase – I GDA, GPSC and Zero-degree 
beamline: Height reference for starting the installation HCI was taken from phase-I vault Analyzer and 
Switching magnet and the directional axis was taken with reference to the beamhall-3 side wall. Now after 

Oinstallation the angular matching of HCI beamline with the phase-1 beamlines was perfect 60  with GDA, 
O O75  with Mat. Sc. And 90  deg. with Zero-degree beamline. Height of the HCI beam axis also matches well 

within ±0.5 mm of height references from phase-1 vault.

  Status: Integration of HCI with phase-1 beamlines (GDA, Mat. Sc. And Zero degree) has been completed 
and all the open sections of phase-1 beamlines made ready prior to scheduled Pelletron  beam run. All the 
Achromats, quadrupoles and diagnostic devices have been installed. Fabrication and installation of device 
controllers and installation of few components is under progress and shall be completed soon.  

magnets is very important for accurate beam transportation. There are three axes in each Achromat, which are 
required to be aligned for its installation. Each dipole has two axes for alignment, one axis of both the dipoles 

ndare required to be aligned along the two perpendicular beamline directions and their 2  axis are aligned with 
each other for their mutual alignment of the two dipoles.  Two theodolites had to be used simultaneously for 
its alignment so that correct distance between the two magnets, alignment of each dipole with their axis and 
alignment of the dipole with each other is achieved correctly.

2.  Zero-degree beamline modification for integration of HCI ACH-IV with Phase-I: One dipole of ACH-
IV installs and aligns with HCI beamline and the other dipole with zero-degree beamline. To place ACH-IV in 
zero-degree beamline the existing quadrupole had to be shifted upstream with concurrence from beam optics 
group. Zero-degree beamline components up to Super-buncher entry had to be dismantled and beamline 
modified for doing this work. One theodolite was set-up in the vault and the other one near ACH-III. 
Installation of ACH-IV with perfect alignment with the two beam axes was critical in this section because 
both the axes were fixed and the achromat had to be installed with respect to the two fixed axes. Ach-IV 
alignment with the beam axes was achieved successfully. 

  GPSC, GDA mat science-made operational as many things dismantled for HCI installation GPSC controllers 
shifting and cable extension and testing, log amp testing. 

3.  Floor Sinking Problem in Phase-1 beamhall near vault-1 side: The phase-1 beamhall area adjacent to 
vault-1 wall has sunk down by about 40 mm. The HIRA beamline and GDA beamline have already been 
raised few years back to correct the alignment issue due to this issue. Exact height issue in the beamline 
components in the area was taken and required packing plates were inserted under Quadrupoles and 
Achromat-IV magnet stands to correct the same. Alignment of all the BPM of zero-degree beamline were 
corrected wherever required.  

3.1.1.2 Maintenance of Vacuum System and Diagnostic Devices work in beamlines and experimental facilities

 (a) Maintenance Work in Pelletron (with Pelletron group): Venting of high voltage terminal inside Pelletron 
tank for foil loading and leak check and vacuum restoration after foil loading was done. 

 (b) Extended NAND beamline remote control provision for FC 09-2, BPM 09-2 and BLV 09-2:

 (c)  Replacement of Faulty Vacuum Devices in different beamlines and facilities: Due to continuous and 
non-stop operation of vacuum devices, few get bad and after the fault is established faulty components are 
replaced from available spares for not stop operations. A list of replaced vacuum and diagnostic devices is 
given below:

 3)  Re-installation of DTL 2 Turbo pump (1600 lps) to replace leaking rubber gasket.

 5)  HiPace 2300 lps turbo-Pump in LINAC III was frequently shutting down. It was replaced with TPU 2301-P 
turbo pump.

3 7)  Rotary pump (20 m /h) as backing pump for Ion source turbo pumps TP 01_2.

 10) Penning Gauge IKR 251 in GDA experimental facility.

3 6)  Rotary pump (20 m /h) as backing pump for Ion source turbo pumps TP 01_1.

 9)  Rotary pump replacement in HIRA during experiment.

 2)  xDS 35i in HCI Fast Faraday Cup Turbo Pump backing.

 8)  Rotary pump DUO 10 as backing pump for GPSC beamline turbo pump.

   Long pending requirement for extended beamline regarding separate remote control for FC 09-2, BPM 09-2 
and BLV09-2 has been implemented.  For this a new fabrication and assembling of a new FC controller and 
BLV controller has been made and required cables from the respective device to spark protection crate is done 
and connected.   

 1)      xDS35i Scroll pump in LINAC II Turbo Pump backing.

 4)  1600 lps turbo pump in Drift Tube LINAC 6 cavity to replace failed turbo pump.
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 12) DCU 300 in Test cryostat (STC) turbo pump TMU 521.

 13) MKS gauge controller replacement in EQT in HCI high voltage platform.

 11) DCU 700 and TC 750 in target lab turbo pump.

3 14) Rotary pump (20 m /h) in HIRA.

 16) Turbo pump 500 lps in test cryostat (STC).

 15) Maxi gauge controller in HYRA.

 17) Turbo Pump 300 lps in Spiral Buncher ( HCI beamhall 3)

 8)  Getter Pump (GP) Overhaul and new cartridge installation in GP 03-2, GP 04, GP 05-1, GP L5-1 and GP L5-
2.

 18) New Turbo pump 700 lps installation in NAND chamber.

 20) DCU 600 (turbo controller) in Ion Source room turbo pump TP 01_2.

 5)  Testing and Calibration of 16 nos. of faulty Pirani Gauges, now working.

 (e)  Miscellaneous Vacuum Maintenance Problems attended and resolved

 3)  Lubrication oil Kit replacement in Pfeiffer Turbo Pumps located in INGA Chamber, Phase II Atomic physics 
chamber, Phase II Raman Chamber and High vacuum Chamber, NAND Beamline and Test Cryostat (STC) 
and Pumping Chamber at Achromat 4 (HCI) entry.

 Leak detective and resolving issues: helping others in resolving critical leak detection problems 

 2)  Lubricant Oil change in 1600 lps Ions source turbo pump TP 01_2.

 Vacuum Problems: Gauge problem, pump off due to power failure, huge outgassing due to target, leak from joints, 
pump electronics problem, pump failure, user mistake, vacuum accidents, etc. Problems are identified and 
resolved, user is advised for leak testing and proper sequence of operation to be followed.

 10) Cleaning, Oil change and testing of Alcatel rotary pump for HIRA facility.

 4)  Repairing of 5 numbers of faulty Edwards rotary pumps through OEM service engineer (purchase order for 
servicing along with spares was placed to OEM).

 6)  Cleaning, repairing and testing of 10 Cold Cathode gauges.

 BLV / FC are not closing - opening: caused by compressed air failure, problem in pneumatic drives, CAMAC 
problems, radiation interlock problems, solenoid valves problems, Reset not done, vacuum pump off / gauge 
problems, etc. We identify the cause and resolve the issue or convey to other groups if it's in their scope. 

 Venting/ Vacuum Pumping: in beamlines / HCI area upon users request.

 9)  Cleaning, seal kit replacement and testing of xDS35i Edwards make scroll pumps: 5 nos. 

 19) Pirani Gauge in Negative Ion Implanter beamline vacuum system.

 22) MKS Gauge Controller in Diagnostic Box 1 at LINAC entry area.

 7)  13 nos. of faulty MKS Gauge controller model PDR 900-1 were evaluated thoroughly. The working 
components from these faulty controllers were tested and useful modules were taken out from these and 
assembled to make three Gauge controllers working.

 21) MKS Gauge Controller in LINAC I.

 11) Repairing of Beam line valve controller BLV09-3.

 There were about 100 calls related to vacuum problems that were attended in different beamlines and experimental 
facilities.  Some common calls are listed below:

 (d) Testing, Repairing and Servicing of Vacuum equipment

 1)  Lubrication Oil Change in 1600 lps turbo pump in LINAC II.

 12) Five faulty Ion Pump controllers (Gamma Vacuum & Physical Electronics) repaired by changing high 
voltage module / microprocessor module / power supply module from available spares.
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Fig. 3.1.2.1  Various components of the compressor and the GMS of the heliuum refrigerator .

  A multi-institutional project on the development of a whole-body 1.5T superconducting MRI scanner funded 
by the Ministry of Electronics and Information Technology (MeitY) is going on at IUAC under the 

  Soumen Kar, Ajit Nandawadekar, Bhavana Avasthi, Farukh Khan, Rajesh Kumar, S. K Saini, Rajesh Nirdoshi, Manoj 

Kumar, Suresh Babu, Joby Antony, and R.G. Sharma

3.1.2.4   WHOLE-BODY 1.5T SUPERCONDUCTING MRI MAGNET SYSTEM (MeitY Project)

3.1.2    CRYOGENICS AND APPLIED SUPERCONDUCTIVITY  

3.1.2.1   Introduction

3.1.2.2   Helium refrigerator

 During this academic year, the helium refrigerator (Model- LR280, LINDE Kryotecnik) having a capacity of 
750W@ 4.2 K was operated five times for the total duration of ~1322 hours. First LINAC cryomodule (LC-
1) was cooled to 4.2K twice to verify the removal of the blockage in the valve box 1 (VB1). All the beam line 
cryomodules were cooled to 4.2 K and made them ready for the beam acceleration.  Prior to the beam 
acceleration, there was a power blackout which resulted evaporation of a large quantity of the helium gas due 
to the non-functioning of the UPS backup. In this academic year, 10 number of cold tests were performed in 
simple test cryostat (STC) for testing of the superconducting cavities. In addition, there were 14 more cold 
tests for testing various components of the MRI magnet. The total usage of the LN  for the academic year was 2

~ 3.2 lakh liters.  

 
   In this academic year, scheduled maintenance work was undertaken after 25000 hrs. of compressor operation 

(last scheduled maintenance was done after 16000 hrs. of operation in 2017).  In this maintenance work main 
coupling of the motor of the helium compressor was changed. The oil filter and the three number of oil 
separator cartridge inside the compressor module was replaced. Various minor maintenance work has also 
been performed in the GMS unit of the helium refrigerator. Fresh activated charcoal of 300kg was filled into 
the GMS after taking out the old charcoal. The oil filters of the GMS have been replaced. The compressor has 
been operated successfully after the maintenance work of the compressor and GMS unit of the helium 
refrigerator. Fig.3.1.2.1 shows photographs of various components of the helium compressor and the GMS 
unit of the refrigerator during the scheduled maintenance period. 

  S R Nirdoshi, M Kumar, S Babu, J Antony, S Kar & A K Choudhury 

. 
3.1.2.3   Maintenance of the helium refrigerator 

In this academic year, the LINAC cryogenic system consisting of beam-line cryostats, helium refrigerator, 
and liquid helium and liquid distribution network, was operated for the beam acceleration through the RF-
Superconducting LINAC. The helium refrigerator was also operated for off-line testing of cavities in the 
simple test cryostat, and testing of a few components of the 1.5T MRI magnet system. A major maintenance 
work has been 
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  The winding of all eight solenoidal coils and the external interference screening (EIS) coils of the 1.5T MRI 
magnet was completed as per the EM design of the magnet. After completion of the winding on a metallic 
bobbin structure, the superconducting wires of the magnet coils and EIS coils were routed onto the bobbin as 
per the predefined electrical scheme. A large number of the critical components including superconducting 
switches, cold diode assembly, current leads assembly, dump resistors, current limiting resistor, cryogenic 
temperature sensor, level sensor, etc. were mounted onto the magnet and made the necessary electrical 
connection through numerous resistive joining or superconducting joining. The fourteen inter-coil 
superconducting joining of the magnet coils and EIS coils were made in-situ onto the magnet using a versatile 
mobile joint-making station following the proprietary indigenous technology.  Before making the inter-coils 
joining of the magnet, a low amplitude magnetic test was performed on each coil. The leads of the quench 
propagation heaters and the emergency run-down heaters fixed inside the winding of the respective coils 
were electrically connected. The electrical insulation test was performed on the various critical components 
at different stages during their integration with the magnet. The internal electrical scheme of the MRI magnet 
was verified at several stages of the final integration. The integrated bobbin structure was transported to a 
factory in Gujarat for its integration with the zero-boil-off MRI cryostat using a versatile rail-guided, spider-
based assembly station. 

coordination of SAMEER-Mumbai (nodal agency). IUAC is primarily responsible for the development of a 
1.5T superconducting magnet and zero-boil-off (ZBO) cryostat for the MRI scanner. 

Fig. 3.1.2.2   The integration of the 1.5T superconducting MRI magnet.

  At the factory site, the magnet was precisely positioned inside the helium vessel using a laser-guided 
alignment system. The helium leak test, pressure test, and deformation tests were performed once the magnet 
was completely concealed by the helium vessel. The thermal radiation shield and the outer vacuum shell 
were sequentially integrated with the magnet vessel with precise alignment using the assembly station 
following the predefined assembly steps. The pre-tensioning of the magnet suspension system was 
performed using a complex mechanical process to make the system self-centering and to withstand the shock 
load during surface transportation. A large number of multi-layer insulation (MLI) was used on the thermal 
radiation shield and the helium vessel to minimize the radiation heat inleak. The cryocooler port and the 
service turret port were fixed at the top of the cryostat. Fig. 3.1.2.2 shows the integration of the 1.5T 
superconducting magnet system. The alignment of the current lead and the liquid filling port have been 
verified physically by engaging the removable current lead and the liquid transfer tube through the service 
turret. All the leads for the voltage taps, temperature sensors, and level sensors were taken out through the 
service turret using the hermetic connectors. The global leak testing of the helium vessel and the vacuum 
vessel have been performed for the entire MRI cryostat. After the successful completion of the factory 
acceptance test, the MRI cryostat was brought to IUAC for the testing of the magnet prior to its 
commissioning at SAMEER-Mumbai. A versatile fail-proof emergency rundown unit (ERDU) was 
indigenously developed to energize emergency rundown heaters. An eight-channel high-voltage signal 
isolator was developed to tap the high-voltage quench signals to the magnet data acquisition system (mDAS) 
for the analysis of the quench. The NI_CRIO based mDAS was developed in-house for the fast acquisition of 
the real-time data analysis 
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  1.  Yearly Scheduled Preventive Maintenance (YSPM) activities:

                           

	  The condition of every BTS instrument is assessed before implementing maintenance procedure; the 
condition of each instrument is recorded in the “Test Report Performa” to determine a maintenance plan, 
tailored for each individual instrument. The main steps of the preventive and predictive maintenance are 
cleaning, physical inspection, changing the corroded/degraded parts, stability and calibration tests, mock-
test to certify safety interlocks and performance certification tests at full power.                 

 2.  Cooling water-related corrosions:   

	  A large number of beam transport system-associated instruments which include magnets, magnet power 
supplies, remote control modules, magnetic field measuring instruments and beam-line selection systems are 
in round-the-clock operation. All these instruments are serviced and calibrated during the “Yearly Scheduled 
Preventive Maintenance (YSPM)” time-slot to ensure required performance specifications and to minimize 
the breakdowns and the aging effect.

	  To ensure the required current stability and current-setting resolution, specific tests are conducted only for the 
bending magnets (Injector, Analyser and Switcher).  While current testing stability of the switching magnet-
II, output current drifts were observed and the reason was the deposition of copper oxide in the cooling water 
supply hoses of the magnet, resulting in leakage current to the ground. The restored and measured stability of 
all the bending magnets are maintained and recorded within 3-4 ppm for 8hours.   

 4. Redundant power supply installation: 

	  In-situ repairing/changing of the punctured water-cooled heat sinks is time-consuming, resulting in a huge 
beam-time loss. In addition, even if the heat sink is changed, sometimes it is not possible to operate the power 
supply due to water spillage inside the power supply; it needs dry-up time. In such situations to reduce the 
downtime, it is decided to replace the power supplies where ever possible, but replacing the bulky power 
supply is a task involving time and manpower. Considering this, two power supplies with input/output cable 
extenders are kept ready on specially designed trolleys for fast transportation to and incorporation at the site.

	  Beam Transport System (BTS) Group is an Accelerator Support Central Group (AcSCG), primarily 
responsible for the design, fabrication, installation and maintenance of magnet power supplies and other 
BTS-associated instruments for all the accelerators and experimental facilities at IUAC. Additionally, the 
group takes care of the design, development and repair of different types of detector bias HV power supplies. 
Besides, power supply-related activities, the group is actively involved in the development of some key 
technologies and equipment for non-BTS technology development projects at IUAC. 

  Prem Kumar Verma, S. K. Suman, Rajesh Kumar, N. Madhavan

3.1.3   BEAM TRANSPORT SYSTEM (BTS)

3.1.3.1   Beam Transport System maintenance and upkeep:

 3.  Corrosion in magnet power supplies due to environmental parameters:

                Frequent exposure of the beam-hall to the outside environment due to beam-line installations and up-
gradation activities has resulted in uncontrolled humidity and temperature. This has caused condensation in 
the water-cooled magnet power supplies installed there. The dust and H S contamination along with the 2

condensation resulted in corrosion of the transistors mounted on the water-cooled heat sinks. The corrosion 
of transistors result in poor heat dissipation and sometimes in inconsistent behaviour of the power supplies 
due to current leaks through corrosion tracks. Changing all these transistors is a huge exercise; the 
refurbishing will be taken up next year.

	  This year, an increase in cooling water-related corrosion is observed, resulting in more frequent failure of 
water-cooled heat sinks in magnet power supplies and partial blockage of magnet coils due to oxide 
deposition. Even some of the new heat sinks in power supplies have got punctured within a year's time. There 
are increased incidents of magnet coil heating due to reduced cooling water flow caused by oxide deposition.  
To restore the required cooling water flow rate the magnet coils are cleaned by circulating mild sulphamic 
acid. 
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 5. Repair of faulty electronic modules of Magnet Power Supplies:

 1) For the system 8000 type power supplies, 02nos. of regulation modules, 03 nos. of auxiliary power supplies, 
and 01 no. of the control board

 2)  For system 9100 type power supplies, 08 nos. of auxiliary power supply cards and 01 rectifier-filter module

  The repairing skills for the system 9100 type are presently limited, the group is self-learning to improve the 
repair skills of such power supplies. The spares for the in-house made power supplies are also fabricated in-
house and the repair skills are 100%.

   	 There were 22 occasions when failures in BTS magnets and magnet power supplies disrupted the accelerator 
operation and resulted in a total beam time loss of approximately 24 hrs. Out of 24 hrs, the major loos of time 
of 19 hrs. was due to the breakdowns caused by leaks in water-cooled heat sinks of magnet power supplies. 
All the breakdowns are immediately attended to and rectified to minimize the BTS downtime. The BTS 
systems are performing with the required stability specifications, and do not need any immediate up-
gradation.

 6.  BTS uptime and operational status:

 7.  Fabrication of the in-house designed Power supplies: 

  The fabrication and assembly of the in-house designed power supplies are done in-house only. This year 25 
nos. of Low Current Power Supplies (LCPS) were assembled for the steerer and low-power quadrupole 
magnets of the HCI and FEL facility. The Low Current Power Supplies, are designed with flexible 
arrangements for output currents and voltages to power the entire load and function (unipolar or bipolar) 
variations within 500 W using a single type of power supply. The modular and configurable design is adopted 
to minimize the type of power supplies for easy manpower training and to minimize the inventory of spare 
parts. 

	  Broadly, there are three categories of magnet power supplies used for BTS magnets; 1) Danfysik-make 
system 8000; 2) Danfysik-make system 9100; 3) IUAC-make, in-house developed power supplies. In-house 
developed power supplies constitute 50 % of the total magnet power supplies. To reduce the import cost of 
spare parts, component-level repairs of the faulty electronic cards of all types of BTS magnet power supplies 
are carried out by BTS group members. Last year, the following electronic modules were repaired.

 8.  Beam Transport System magnet power supply installation activities:

  The installation of beam lines of the High Current Injector (HCI) facility and the Free Electron Laser (FEL) 
facility are going on. The BTS group installed the magnet power supplies for the beam transport magnets of 
these beam lines. At the HCI facility, 47 nos. of magnet power supplies are installed out of which 12 nos. are 
made in-house; at the FEL facility, 10 nos. of magnet power supplies are installed out of which 07 nos. are 
made in-house. The power supply installation activity involves installing power supplies in power supply 
racks, layout design of cable trays, cooling water distribution, low impedance ground distribution, AC / DC 
cable routing /termination, and cooling water connection. Six more LCPS are installed at LINAC and LEIBF 
facilities to replace the old power supplies of the same power rating and functionality.

 3) 72 nos. of 2 kV/5 mA Neutron Detector Bias HVPS out of which 01 no. is repaired.

 	 BTS group has been providing extensive instrument repair services for a different types of power supplies 
used at different labs of IUAC. A thyristor-based 500 A/10 Vac filament power supply of a vacuum deposition 
unit of the Target Development Laboratory (TDL) was repaired. 

  Every year, the BTS group performs the preventive maintenance of all types of Detector Bias -High Voltage 
Power Supplies (DB-HVPS) used in the Indian National Gamma Array (INGA) and National Array of 
Neutron Detectors (NAND) experimental facilities. The types of DB-HVPS in use are as follows: 

 1) 35 nos. of 3 kV/10 mA /ACS Detector Bias HVPS of which 08 nos. are repaired to fix different functional and 
performance problems.

 2) 45 nos. of  5 kV/0.1 mA Germanium Detector Bias HVPS of which 06 nos. are repaired.

 9.  Preventive maintenance of Detector Bias -High Voltage Power supplies (DB-HVPS):

 1.  Repair of instruments (non-BTS)

3.1.3.2   Support activities other than Beam Transport System: 
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 	 A sliding tuner plate is installed between the vane posts of the HCI-RFQ to tune the resonance frequency.  
While fabricating such a plate the objective is to have a sliding contact with minimum thermal and electrical 
resistance to minimize the contact-heating at high power operation of RFQ. Beryllium-copper finger-stack 
connectors are used to fabricate the new tuner plate.  Special solder paste and a high-temperature oven are 
used to solder the solder contacts onto the opposite surfaces of the 205x250x30 mm, 5 kg copper plate. The 
new plate is installed at the HCI-RFQ and is working satisfactorily. With the older plate, the RFQ was only 
able to take 25 kW power, and above 25 kW the previously used finger-stacks were burning due to excessive 
heating. However, with the new tuner plate, the HCI-RFQ is able to operate even above 40 kW.  

3.1.3.3   Electronic Instrumentation Development activities:

 2.  Signal Conditioning, Isolation, and measurement (SCIM) instrumentation: 

 	 In the available time after completing the maintenance, installation, repairs, fabrication, and operation 
related to the Beam transport system the group members were involved in the following electronic 
instrumentation activities.

 2.  Fabrication of Frequency Tuner plate for HCI-Radio Frequency Quadrupole (HCI-RFQ):

  Indigenous MRI magnet is being developed at IUAC. The MRI magnet consists of eight coils connected in 
series; the diagnostics of the magnet's main coils are carried out using the coil voltage taps. Series- connected 
magnet coils makes a high voltage cascade network, generating very high voltages during the quench.  To 
monitor the individual coil voltage during ramp-up/down and quench, eight channel front-end signal 
conditioning & isolation electronics have been designed to isolate magnet coils from the coil voltage monitor 
instrumentation.  Each voltage tap will have an individual isolation amplifier, a low pass filter for noise 
filtering, and galvanic isolation to avoid grounding problems. The instrument provides 2.5kV isolation 
between channel to channel and to the ground.

 1.  High stability (10 ppm) power supplies for the dipole magnet of FEL Facility:

 3.  The Emergency Run Down Unit (ERDU): 

 	 The DC current requirement for the FEL magnet is 10 A with 10 ppm stability. In general, the commercially 
available power supplies of the 10 ppm class are of 100 A rating, which is overrated for the requirement and is 
very costly. Hence, considering the high import cost, the design and fabrication of 03 nos. of 20 A /20 V, 
10ppm power supplies have been started. In the year 2006, while developing power supplies for the HYbrid 
Recoil mass Analyser (HYRA) experimental facility magnet power supplies, common control electronics for 
all rating power supplies was designed with the goal to simplify maintenance, and personnel training and to 
reduce the types of spares. The same control electronics is used in these power supplies too. The power 
section is based on linear series pass technique. 

 	 The ERDU facilitates the MRI operating staff to rapidly discharge the magnet inc case of an emergency. The 
equipment has been designed according to the medical safety standards. To achieve consistent and fail-safe 
operation, product engineering considerations have been emphasized in both the mechanical and electrical 
design. The instrument has been developed, tested in the laboratory and installed with the MRI magnet.
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Fig.1: 
Rhombicuboctahedron 

structure with 4 detectors 
on each face.

Fig.2: Plastic structure for 
mounting CsI detectors.

Fig.3: Four channel CSPA 
card. CsI detectors are 

plugged on the other side.

Fig.4: CsI detectors with 
CSPA units mounted 

inside scattering chamber.

The detectors are placed in a rhombicuboctahedron geometry (fig.1) around the target. The mounting frame 
is made out of plastic (fig.2). As shown, each face will have four CsI crystals. There is a provision to mount 
triangular crystal of each side 30 mm on the 8 corners of this structure. The target to detector distance is ~ 65 
mm. The photo-diodes are read by conventional charge sensitive pre-amplifiers (CSPA). A preamp card 
developed in-house has four CSPA units arranged in a square 2x2 matrix compatible with the arrangement of 
CsI detectors. Each CSPA unit has a gain of 2 V/pC (Si equi.) with a power consumption of 30 mW. This 
preamp has been realized in the form of a hybrid (fig.3), with SMD components with a dimension of 55 mm x 
55 mm. Photo-diodes with CsI crystals are plugged on the other side of the CSPA card. Fig.4 shows the 
detector structure mounted inside the scattering chamber. CSPA signals are extracted through a custom 
designed feed-through flange via 100 twisted pair cable. These signals are fed to an in-house designed 16-
channel NIM module (fig.5) which has an active differential receiver followed by differential driver circuit. 
The differential analog signals are driven via shielded twisted pair cables (from Amphenol) to Mesytec 
spectroscopy amplifiers. Particle identification has been realized using ballistic deficit (BD) technique using 
short (0.5 μs) and long shaping time (3 μs). 

Fig.5: Assembled differential 
receiver cum driver module.

Fig.6: Scattering chamber with 
CPDA mounted inside INGA.

Fig.7: Particle identification plot 
of long (x-axis) against short (y-

axis) shaping times.

  Detector Lab, INGA group, Mechanical workshop group IUAC

  Mohit Kumar, Akhil Jhingan

3.1.4      DETECTOR LABORATORY

 Detector Laboratory at IUAC provides experimental support to various users in setting up charged particle 
detectors and readout electronics.  New detectors and electronics have been designed and developed, and are 
used in various user experiments in GPSC and NAND. 

 

                   The multi-detector array has been designed and developed for the detection of light charge particles such as 
protons and -particles, generated in a heavy ion induced reaction, in coincidence with rays. The array 
currently consists of 32 CsI(TI) detectors coupled to photo-diode and has been developed to serve as an 
ancillary detector system for Indian National Gamma Array (INGA)[1].  Each crystal has a thickness of 3 mm 
with an active area of 20 mm x 20 mm, coupled to a 10 mm x 10 mm photo-diode via a 7 mm thick plexi-glass 
light guide. The assembled detector has been procured from Scionix, Netherland. The entire detector system 
is housed inside a hollow spherical aluminum scattering chamber with an outer diameter of 230 mm and wall 
thickness 5 mm.

3.1.4.1  CsI – photo-diode based CPDA for INGA
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Fig.8: CSPA unit (right) with PIN diode (left) 60Fig.9: Co  ?-rays from CsI-PIN diode combination.

  Sunil Devi*, R. Yatoo*, M. Kumar, C. P. Safvan, A. Jhingan

3.1.4.3   MCP based TOF system for GPSC

  * Thapar Institute of Engineering and Technology, Patiala

  Developmental activities were initiated for the 
micro-channel plate (MCP) based TOF system. 
This involves fabrication of transmission type 
secondary electron detector (SED). This will 
require development of an assembly consisting of 
a conversion foil, electrostatic mirror and an 
electron detector. The conversion foil emits 
electrons whenever heavy ions traverse through it. 
These electrons are than accelerated and focused 
on MCP detector (in Chevron configuration) by 
bending these electrons, at an angle by 90 degrees 
with the help of an electrostatic mirror. Extensive 
simulations work has been performed to trace the 
path of secondary electrons from the emissive foil 
to the MCP. This is required to check the position 
linearity and efficiency of electron detection by the 
MCP. The same is required to freeze the relative 
position of MCP and emissive, and the electric fields to be applied to the respective elements in the detection 
system. The simulations are being performed using SIMION software. Fig.10 shows the basic layout of the 

2proposed system. The active area of the MCP detector will be 60 x 40 mm . Position information will be extracted 
using the delay line technique. The fast timing amplifier circuits have also been designed. It is planned to fabricate 
the detector components in the coming months. MCP detectors have been procured. The electrostatic mirror will 
be prepared with stretched Cu-Be wires of diameter 50 �m. Once the design parameters of the electrostatic mirror 
are frozen, the fabrication of the same will be taken. This project is funded by DST-SERB via sanction order no. 
CRG/2020/005552.

Miniaturized CSPA units with very low power consumption have developed for PIN diode readouts. The units 
2have been developed as hybrids with a power consumption of 15 mW having a size of 15 x 13 mm  identical to 

Hamamatsu model S3590 series. They are intended to be used to extract signals from detector systems where 
array of pin diodes are involved. The PIN diodes can be directly plugged on these hybrids. Prototypes have been 

241tested with windowless PIN diodes using Am �- particle source. It has also been tested with CsI scintillators 
2 2coupled to photo-diodes of sizes 15 x 15 mm  and 20 x 20 mm . Performance identical to high power CSPA units 

developed earlier have been observed. For high capacitance detectors (large area), deterioration in performance 
has been observed. Modifications in design are being explored to correct the observed deficiencies. These hybrids 
do have applications in the field of imaging. More tests, including in-beam tests are planned in the future. Fig. 8 

2shows the assembled CSPA unit with a PIN diode. The PIN diode has an active area of 10 x 10 mm  while the 
2casing is 15 x 13 mm . The signals from CSPA adjacent to it is extracted with a 5 pin FRC header. Fig.6 shows the 

60 2 2spectrum of Co  gamma rays from a 15 x 15 mm  CsI crystal coupled to 10 x 10 mm  photo diode.

The scattering chamber was mounted inside INGA array (fig.6) for experiments with Pelletron. It has linear 
motion target ladder on which 3 targets can be mounted.  Off-line test of CsI detector was carried out using 

137 60 241 229radioactive sources Cs, Co, Am and Th. Energy resolution of 250 keV (for 8.37 MeV �-particles) and 70 
keV (1332 keV �- rays) were observed. The array was tested for light-charged particle – �- ray coincidence for 

12 28 11 165 12 128 16 94the systems C + Si, B + Ho, C + Te, O + Zr. Fig. 7 shows the plot between short and long shaping time 
for one of the crystals displaying separate contours of protons, �-particles and �- rays. 

3.1.4.2   Development of miniature low powered CSPA units 
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