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EXPERIMENTALFACILITIES IN BEAM HALL

SCATTERING CHAMBERAND NEUTRON ARRAY
N. Saneesh, K. S. Golda, Mohit Kumar, A. Jhingan and P. Sugathan

Maintenance and servicing activities of GPSC (with technical / engineering support from the Vacuum
Laboratory)

Low flux irradiation facility in the General Purpose Scattering Chamber (GPSC) was used by the ISRO group
for pre-launch radiation hardness testing of electronic devices. A couple of such experiments were carried out
by ISRO laboratories and one nuclear physics experiment was performed using the GPSC facility in the last
year.

The signal processing electronics and data acquisition system for the GPSC experiments had been installed in
the Data Room which was quite far away from the experimental hall. With ageing and contamination in the
contacts, the quality of signals transmitted to the signal processing electronics deteriorated over time. It was
noticed that the time and energy resolutions were being compromised in long distance transmission using the
existing system. A new data acquisition system was recently commissioned locally in the GDA cabin. All the
co-axial cables used for signal transmission were re-routed and tested for this purpose. Even though the
cables were old, the length became much shorter for the local data acquisition system which effectively
improved the signal quality.

Maintenance and servicing activities of NAND (with technical / engineering support from Vacuum,
Beam Transport and Electronics Laboratories)

The Photo-Multiplier Tubes (PMTs) coupled to the neutron detectors are biased by both imported and home-
made multi-channel high voltage power supplies. The power supplies are kept near the detectors in the beam
hall which has an ambience of high dust level. Therefore, cleaning and servicing of the power supplies are
carried out at regular intervals for ensuring smooth functioning of the same. Individual power supplies were
tested with appropriate input load to ensure their satisfactory performance before using them for biasing the
PMTs. The zero-offset values for individual supplies were brought to zero or close to zero after completing
the servicing.

The home-made signal processing electronics units including the Pulse Shape Discriminator (PSD) were also
subjected to routine cleaning and maintenance. In order to ensure the best performance of the signal
processing electronics, all the NIM bins, cooling fans etc. were also thoroughly cleaned with compressed air
after dismantling them form their respective spaces. All the input and output signal connections of the
electronic modules were restored after the maintenance.

The NAND target chamber requires two turbo-molecular pumps connected at the beam entrance and the exit
ports to get the required vacuum with large area MWPCs in operation. The pump connected at the beam
entrance side of the chamber was replaced by a newly procured turbo-molecular pump (pumping speed ~700
Ips). The complete vacuum testing of the chamber was carried out after its installation. An ultimate pressure
of ~3 X 10° mbar was achieved after pumping the chamber overnight.

Experiments using GPSC and NAND

The following experiments were carried out in GPSC using the Pelletron beam during last one year.

User / Affiliation Experiment Beam No of shifts

Mr. Harun Al Rashid, | Investigation of multi-nucleon transfer reactions “B, ‘O 20
Gauhati University, |and neutron-proton correlation: Effects of
Assam. nuclear deformation and orientation.

Dr. Harishanker Gupta | Single Event ¥Si, “C, *Ti, *Ni, "Ag, ""Au 6
ISRO, Balgalore

Dr. B. K. Sapra Irradiation of passive dosimeters to Ion beams Li 9
ISRO, Balgalore for Gaganyaan pre-mission studies

4.1.4

Installation of local Data Acquisition System for GPSC (with technical / engineering support from the
Data Support Laboratory)

A dedicated VME-based data acquisition (DAQ) system was installed for the GPSC facility in the GDA
cabin. The existing signal cables from the GPSC-GDA beam lines were re-routed accordingly. The new data
acquisition system consisted of home-made VME crate controller with commercial modules like ADC, TDC
and QDC.
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4.1.5

A thorough testing of the newly procured 16-channel multi event Charge to Digital Converter (QDC),
V792N of CAEN, was carried out by making necessary modifications in the crate controller. A Time of Flight
(ToF) consisting of two BaF, detectors was used for this purpose. A sealed “’Co g-source was used in this set-
up. One of the detectors was placed close to the source and the other at a distance of 30 cm on the opposite side
of the source. The dynode signal from the detector placed close to the source was routed through a charge-
sensitive pre-amplifier to a shaping amplifier with 0.5 ms shaping time. The amplifier output was digitized by
an ADC to get the energy information. The anode signal from the close detector was split into two signals
through a fast amplifier. One of the outputs of the fast-amplifier was fed to a CFD for generating a logic
output. One of this logical output was delayed and used as the stop to the TDC and another output was
delayed and stretched to a width of 500 ns to use as the gate for the QDC. The second output from the fast-
amplifier was fed to the QDC for integrating the charge to get the energy information. The anode signal from
the detector kept at a distance from the source was fed through a CFD to generate a logical output which was
used as the master strobe for the DAQ, as well as the common start for the TDC. ATDC range of 200 ns was
employed for this measurement. Figure 4.1.1 compares the energy of g-rays emitted by “Co recorded
through conventional method of using spectroscopy amplifier output being digitized through an ADC and the
integration of the charge through a QDC.
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Fig. 4.1.1: The energy of g-rays emitted by “Co recorded through the conventional method
compared with the charge integration method.

Performance evaluation of Pulse Shape Discrimination module with modified TOF circuit
(with technical / engineering support from the Electronics Laboratory)

In the earlier electronic design of the Pulse Shape Discrimination (PSD) module, the delayed CFD signal
(called as ToF output) generation was contaminated due to high time jitter. Therefore, in any ToF
measurement with respect to a reference detector, the time resolution was found to be inferior, ~ 2.8 ns, if ToF
output was used as the stop signal. Whereas the measurements using prompt CFD output yielded ~1.0 ns time
resolution. In the neutron ToF experiments, the time resolution is desired to be as minimum as possible since
itis used for deriving the energy of neutrons. In order to minimize the time jitter, the ToF circuit was modified.
The modified modules were tested first with a pulse generator and then with standard radioactive sources. The
measurement set-up consisted of a BaF, detector as the reference and four BC501A detectors of the NAND
array for ToF measurements. The path length for the ToF measurement was ~ 80 cm. A radioactive source,
“Co, which emits minimum two g-rays per event was placed close to the BaF, detector. Commercial modules,
Phillips Scientific 715 and Gate and Delay Generator (GDG) were used for processing the signal from the
BaF, detector. The BC501A detector signals were processed using the modified PSD modules. A VME-based
data acquisition system was used for recording the processed signals which included a light output signal, a
zero-cross signal and a ToF signal from each neutron detector (total 12 parameters). The TDC range was set to
be 200 ns and the corresponding channel resolution was 0.0494 ns/channel. The test results showed that the
modification improved the time resolution to ~ 1 ns when ToF output had been used for the measurements.
During the measurements, an unusual tailing was observed in some of the spectra. These errors were fixed
and the modules were tested again for the stability in performance. The histogram showing the width
obtained when ~ 50 modules were tested is given in Figure 4.1.2.
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Fig. 4.1.2: Histogram shows the width obtained when ~ 50 modules were tested.
Energy measurement of neutrons from Am-Be source

A. T. Fathima Shirin Shana', Divya Arora’ and NAND group

'Department of Physics, Government Arts and Science College, Calicut 673018, Kerala, India
*Inter-University Accelerator Centre, Aruna Asaf Ali Marg, New Delhi 110067, India

Energy of neutrons from Am-Be source was re-measured using g-tagged ToF method at very low detection
threshold of 0.3 MeV [1]. **Am-"Be source emits neutrons of energy up to 11 MeV through a+’Be — “C —
"C*+n reaction induced by a-particles emitted by *'Am. Energy of the emitted neutrons depends on the
excited state of the “C formed with major contribution from the first excited state which has an energy of 4.44
MeV. Therefore, g-tagging provides an easy method to measure the energy of neutrons emitted from Am-Be
source with good accuracy up to an energy of about 6.5 MeV. Neutrons emitted from the ground state of °C
cannot be measured using this technique.

Neutrons were detected using a BC501A liquid scintillator detector and the associated g-rays were detected in a
fast timing BaF, detector. The measurement was carried out in the NAND set up by keeping the source at the
target position inside the spherical-shell scattering chamber. A g-detector was placed very close to the source at
a distance of 3 cm and one of the BC 501A liquid scintillators in the horizontal plane of the NAND array was
used to detect neutrons. The long flight path (175 cm) available in the NAND set up was an added advantage for
measuring the neutron energy distribution with high resolution. The ToF distribution obtained between the g and
neutron detector was used to produce the energy distribution of detected neutrons. Pulse shape discrimination
based on zero-cross technique was employed to separate g events recorded by the liquid scintillator. In order to
evaluate the effect of g-gating in the neutron energy measurement, total light output information from the liquid
scintillator was also collected from the scintillator detector with and without g-tagging. The un-tagged light
output has high energy neutron component as expected and can be clearly visualized in Figure 4.1.3. The
experimental neutron energy spectrum was corrected for intrinsic detection efficiency of the detector, which was
simulated using FLUKA [2]. The neutron energy distribution, thus obtained, was compared with that of the ISO
8529-2 standard neutron reference spectrum. Good agreement with measured data was observed in the
overlapping energy range as shown in Figure 4.1.4. The present measurement extended lower energy range up to
0.3 MeV in comparison with the previous measurements using the same technique.
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Fig. 4.1.3: Zero-cross vs. light output plots for g-untagged and g-tagged conditions. The figure is adapted from Ref. [1].
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Fig. 4.1.4: Measured neutron energy distribution is compared with ISO standard [3] and earlier measurement
by Scherzinger et al. [4]. The figure is adapted from Ref. [1].
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GAMMADETECTORARRAYS: GDA and INGA
Yashraj, Indu Bala, R. Kumar, R. P. Singh and S. Muralithar
MADC testing

Yashraj, M. Jain, E. T. Subramaniam, R. P. Singh and S. Muralithar

Nine MADC-32 (4-INGA/GDA, 3-DSL and 2-HIRA/HYRA), procured from Mesytec, Germany were
tested (Fig. 4.2.1) using a pulsar signal and HPGe Clover detector signal with "Eu source.

Fig. 4.2.1: Setup used for testing of MADCs
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4.2.2

4.2.3

4.2.4

4.2.5

Biasing power supplies manteinance (5kV, 3kV and pre-amplifier)
S. K. Suman, Rajesh Kumar, Yashraj and Indu Bala

The Clover detector (SkV- 24 nos), ACS (3kV-18 nos) and pre-amplifier (8 nos) power supplies were
removed from the two 197 racks placed in the INGA beamline. Then the racks as well as power supplies were
cleaned using dry air. The faulty power supplies were serviced and after proper testing of all the supplies,
NIM bins etc. the power supplies were placed back in the racks for smooth operation.

Annealing and evacuation
Yashraj, Indu Bala, R. Kumar, R. P. Singh and S. Muralithar

Eight Clover detectors were evacuated up to a pressure ~10” mbar and annealed up to about 98 °C for
improving their resolution.

Charged Particle Detector Array
A. Jhingan, M. Kumar, R. P. Singh, S. K. Saini, R. Ahuja, Yashraj, R. Kumar, Indu Bala and S. Muralithar

A newly-developed Charged Particle Detector Array (CPDA) consisting of 32 Csl detectors (16 backward +
16 forward) with home-made pre-amplifiers was integrated with the INGA array. After the successful beam-
test, two user experiments were carried out. Clear identification of light charged particles like alpha and
proton was achieved (Fig. 4.2.2), based on pulse shape discrimination.

Fig. 4.2.2: Two-dimensional spectra obtained by plotting signals from Csl detector (long vs short shaping time).

Re-installation of Perturbed Angular Distribution facility in Phase-II

R. Kumar, U. S. Ghosh, G. K. Chaudhari, P. Barua, Chandra Pal, Indu Bala, Yashraj, T. Varughese, D. K.
Prabhakar and D. K. Swami

The Perturbed Angular Distribution (PAD) facility was re-installed in the Phase-1I atomic physics beamline
to perform pending thesis experiments. The whole setup was uplifted from Beam Hall I with the help of the
mechanical group and the beamline was redesigned to accomplish the set-up in Beam Hall II. The design
consisted of an angular correlation table, a target chamber and a C-type electromagnet (to provide a
maximum 1.8 T magnetic field between the 17 pole gap). Both types of detectors, scintillators and
semiconductors, could be mounted in the plane perpendicular to the magnetic field. The setup is shown in
Fig. 4.2.3. The aim was to systematically investigate the nuclear structure (configuration and the quadrupole
deformation) and the decay mechanism of the K-isomers.

Fig. 4.2.3: PAD setup in Phase-1I atomic physics beam line.
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4.2.6

4.2.7

4.2.8

4.2.9

Enhancer module testing
A. Gupta, Yashraj, R. P. Singh, E. T. Subramaniam and S. Venkatramanan

One enhancer module was made and tested for long-term stability and time performance. This module
enables collection of Compton-suppressed time signal from each crystal of the Clover detectors. Test results
of peak-to-total and time performance were reported in the DAE Nuclear Physics Symposium.

Making glove box for servicing of HPGe Clover detectors
Yashraj, Indu Bala, Rakesh Kumar, S. K. Saini, R. P. Singh and S. Muralithar

A clean glove box (Fig. 4.2.4) with nitrogen environment for servicing HPGe Clover detectors was made.
Detectors requiring FET or pre-amplifier replacement could be serviced in this box. The size of the glove box
size is 100 x 98 x 120 cm’. Clover detectors can be put inside it through a door placed at one of the sides. Two
gloves are put on one side from where the engineer will operate on the detector. An electrical connection is
also provided inside the glove box to power lamps, soldering / de-soldering stations etc.

Fig. 4.2.4: Glove box for HPGe detector servicing.
Testing of amplifiers (MSCF-16) and ADC (MADC-32) received from Visva-Bharati

Indu Bala, R. P. Singh, S. Muralithar and Mamta Jain

Two amplifiers (MSCF-16), one ADC (MADC-32) and one TDC (MTDC-32) were received from Visva-
Bharati, which would be used for INGA experiments at [IUAC. We tested both the amplifiers and ADC with
416 pulse generator in the GDA beamline, with of 2 ms shaping time (maximum possible in these amplifiers).
The resolution was about 0.06%, as expected. The ADC (MADC-32), integrated in the DAQ, was tested with
"’Eu and “Co sources in the INGA beam line. A resolution of ~2.2 keV was obtained for 1408 keV g-
transition from '“Eu.

BGO multiplicity filter for INGA
InduBala, S. K. Saini and S. Muralithar

BGO multiplicity filter assembly (Fig. 4.2.5), consisting of 14 bismuth germanate hexagonal crystals, was
assembled for mounting in the INGA array in two groups (7 crystals in each), in 90° ring, at positions 11 and 15.
These detectors were tested with g-source. The resolution was within 16% at 662 keV g-transition from 'Cs.

Fig. 4.2.5: BGO multiplicity filter in INGA.
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The assembly was mounted in such a way that its distance from the glass tube could be adjusted as per the
requirement and it could come close to the glass tube. The geometrical efficiencies were 8%, 24% and 62% at
distances 14 cm, 8 cm and 5 cm, respectively. We kept a 2 mm thick SS plate in front of the crystals as a part of
the assembly, to cut down the intensity of low energy X-rays (below 50 keV). Old electronics, to be used for
this multiplicity filter, were tested with the pulser in the GDA beam line.

4.2.10 Re-routing of cables for LN, autofill system
R.N. Dutt, Yashraj, Indu Bala, R. Kumar and S. Muralithar
New sensors were mounted on the overflow valves and at the exit of Clover detectors. The new filling system
was tested. Some more sensors are to be mounted to complete the task. Cabling for solenoid valves, sensors
etc. were re-routed neatly through cable trays of the INGA beam line.
4.2.11 Setup for low activity civil-construction samples of IIT Roorkee
Yashraj and R. P. Singh
The low background studies for the samples (Phosphogypsum and flyash) from the Department of Civil
Engineering, IIT Roorkee were performed using a Clover detector and processing electronics (Fig. 4.2.6).
The data for 4 samples was collected for ~24 hours each. Analysis of data is under progress.
Fig. 4.2.6: Experimental setup used for data collection.
4.2.12 List of experiments performed in INGA/GDA facilities
S. No. Title PI Duration Institute Facility
1. CPDA facility test Dr. R.P. Singh 27/05/2022 to IUAC, New INGA
29/05/2022 Delhi
2. | PAD facility test Dr. R. Kumar 02/06/2022 to IUAC, New PAD/
04/06/2022 Delhi At. Phy
3. Study of K-Isomers and high Ms. Anupriya 17/06/2022 to | Himachal Pradesh INGA
spin states in A = 180 mass 24/06/2022 University, Shimla
region
4. |Nuclear structure studies of Mr. Anuj 11/07/2022 to Delhi University INGA
transitional nuclei in Mass A~ 16/07/2022
85 region
5. |Nuclear electromagnetic| Ms.Anu Rathi 22/07/2022 to | Panjab University | PAD/At. Phy
moment measurements in 28/07/2022
transitional nuclei near neutron
shell closer N=82
6. Static electromagnetic moment Ms. Ritu Rani 12/08/2022 to Panjab University | PAD/At. Phy
measurements in neutron (2 runs) 27/08/2022
deficient iodine nuclei
7. |Nuclear electromagnetic| Ms. Anu Rathi 28/08/2022 to | Panjab University | PAD/At. Phy
moment measurements in (2" run) 03/09/2022
transitional nuclei near neutron
shell closer N=82
8. Study of transitional nuclei in | Mr. Kaushik Katre | 08/09/2022 to IUAC, New INGA
A~100region 14/09/2022 Delhi
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