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Accelerator Mass Spectrometer (AMS) facility at PRL 
(Ravi Bhushan, M.G. Yadava, Manan S. Shah, Ankur J. Dabhi, A. Shivam, Harsh Raj, Upasana S. Banerji, Chinmay Shah) 

 

Accelerators, initially used by nuclear physicists, have found a great application in form of 

accelerator mass spectrometry. Accelerator Mass Spectrometry (AMS) is a highly sensitive 

technique developed about four decades ago primarily for the measurements of cosmogenic 

radionuclides with half-lives exceeding a few hundred to thousands of years.  The advent of 

AMS revolutionised the measurement of cosmogenic radionuclides such as. 14C, 10Be, 26Al, 
36Cl, 41Ca, 129I, 239,240Pu and 236U with very low natural abundances (10-12 to 10-16). The greatest 

advantage of the AMS technique is that it is several orders of magnitude more sensitive than 

decay counting and is far less labour intensive and time consuming. AMS allows faster analyses 

of very small fraction of samples, thereby providing new avenues of research in various field 

of sciences. During the last decade, small and compact AMS were developed with terminal voltages of 1 MV or less, 

which require less space and are easier to maintain and operate and can provide competitive performance similar to 

large AMS. 

PRL has procured 1MV AMS, which has been successfully 

tuned for the measurement of 14C, 10Be and 26Al. The PRL 

AMS facility has been acronymed as AURiS (Accelerator 

Unit for Radioisotope Studies). The AMS facility at PRL 

comprises ion source, low energy bouncer-injector (BI) 

magnet, tandetron accelerator, high energy magnet, 

electrostatic analyser, rare isotope magnet, and gas ionisation 

detector. The facility has been successfully tested and put in 

routine operation and has demonstrated performance to 

accomplish high precision measurements with low 

background levels. 

 

One of the areas of research which has been largely 

benefitted with the introduction of AMS is geosciences. 

Measurement of long-lived isotopes in varied samples with 

AMS provides information about rate, transport and 

chronology of natural events. Ventilation rates of deep ocean 

water masses, air-sea exchange rates, carbon budget of CO2 

and penetration of bomb 14C on ocean wide scale are areas of 

research still wide open. AMS can provide large number of 

measurements on specific chemical species such as dissolved 

organic carbon, bomb pulse radioisotopes which can help in 

understanding of processes, which happened during the last 

50kyrs. Groundwater dating of confined aquifers, process of 

soil erosion, sedimentation, peat bog dating, coral and marine 

nodule growth are fields of research which can be facilitated 

using AMS as earlier techniques required large sample size. 
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Figure Caption: Plots depicting the values of the international 

calibration standards as obtained by using the PRL 1MV 

Accelerator Mass Spectrometer.  

 



 

 
 

Geochronology, a technique of assigning age to events or determining time scale for various processes till date has 

remained a matter of uttermost need for the Indian scientific community. AMS is one such technique which can 

provide solution and answer to many such unexplored areas of research. 

  

The applications of cosmogenic isotopes such as 10Be can be exploited to study earth surface processes to study 

terrestrial ages of meteorites. Temporal variations in 10Be distribution in oceanic sediments can help understand impact 

of climate, productivity and magnetic field variations. 10Be distribution in soil profiles can lead to information on 

chronology and erosion time scales. Geomorphologic application of in-situ produced 10Be can used to determine 

exposure history of rock surfaces. AMS measurement of cosmogenic nuclides in extra-terrestrial material can help in 

reconstruction of its exposure history. AMS measurement of cosmogenic nuclide content of meteorite that falls to 

earth helps in estimating the time elapsed since its arrival. The intensity of the cosmic ray flux incident on earth 

controls the production of cosmogenic radionuclides. Thus, by measuring the concentration of cosmogenic 

radionuclides in atmospheric and earth surface samples (eg. Radiocarbon in tree rings) can provide information about 

cosmic ray flux as a function of time.  Measurement of 14C and 10Be in successive layers of ice cores taken from 

Greenland and Antarctica provides information about the past variation in its production and hence cosmic ray flux. 

 

Several sediment cores collected from the northern Indian Ocean as part of paleoclimatic research programme have 

been radiocarbon dated with AURiS for estimating sedimentation rates either using foraminifera or organic carbon 

fraction. Radiocarbon dating of foraminifera from a marine sediment core (SK/304B-18 12Á35.022ǋN; 93Á52.127ǋE, 

core length ~2 m) collected from the Northern Andaman sea was done at PRL AURiS facility. Sedimentation rates 

determined using a linear interpolation ageïdepth model of the clam software was found to vary between 11 and 39 

cm/kyr. Low sedimentation rate was attributed to reduced 

detrital influx due to weakened monsoonal activities and high 

sedimentation rate to monsoon intensification triggering high 

terrestrial flux in the region. This period of high sedimentation 

is known for warm climate and has been termed as Holocene 

megathermal maxima (HMM). 

 

While AMS radiocarbon dating of archaeological and 

geological samples was once envisaged as the primary 

application of the method, studies of global change 

(atmospheric-oceanic-climatological changes in the past), 

with potentially important applications in providing inputs to 

predicative models on carbon dynamics through earth surface 

reservoirs is a major current research interest. Application of 

AMS encompasses wide range of research disciplines. AURiS 

would thus contribute towards various studies involving use 

of cosmogonic radionuclides in earth, planetary, 

oceanographic, atmospheric and biological sciences. PRL 

AMS facility which is fully operational, would open avenues 

for several new applications in various research areas.  

 

References: 

https://doi.org/10.1016/j.nimb.2018.12.003 

https://www.currentscience.ac.in/Volumes/116/03/0361.pdf

Science Highlights 2 

Figure Caption: PRL 1MV AMS featured on the 

cover page of Current Science, February 2019 issue. 

https://doi.org/10.1016/j.nimb.2018.12.003
https://www.currentscience.ac.in/Volumes/116/03/0361.pdf


 

 

 

A new explanation to cosmic ray neutrino flux cutoff 

(Subhendra Mohanty, Ashish Narang, Soumya Sadhukhan) 
 

The IceCube Neutrino Observatory is the first detector of its kind, designed to observe the 

cosmos from deep within the South Pole ice. Encompassing a cubic kilometer of ice, IceCube 

searches for nearly massless subatomic particles called neutrinos. These high-energy 

astronomical messengers provide information to probe the most violent astrophysical sources: 

events like exploding stars, gamma-ray bursts, and cataclysmic phenomena involving black 

holes and neutron stars. 

  

The flux of these high-energy neutrino is observed to have a power law nature. A power law 

flux predicts the presence of a Glashow resonance (GR) at energy 6.3 PeV, and inturn a dramatic 

increase in the number of events is expected.  Till date, no GR, i.e., an excess of events at 6.3 PeV has been observed 

at IceCube.  

 

A new scenario of cosmic ray neutrino (CRɜ) absorption by the cosmic neutrino background (CɜB) is used to explain 

this long standing problem of the absence of GR at IceCube. We use ɜ2HDM model which allows us to have a t-

channel process (see figure) in which a CRɜ interacts with the CɜB neutrino through a O(10) MeV scalar mediator, 

producing two right handed neutrinos. As a result of this process, dips occur in cosmic ray neutrino flux, of which the 

lowest energy one happens to cover 5ï10 PeV bins. The occurrence of a dip also depends on the mass (mR) of the 

right handed neutrino being produced and the depth of the dip depends on the mediator mass (mh) and the coupling y. 

Fixing mR, mh and y to the values mR = 15 MeV, mh = 10 MeV and y = 1, the energy of the dip in the flux is fixed at 

the place of GR. This results in the depletion of events at IceCube around 6.3 PeV. 

https://doi.org/10.1088/1475-7516/2019/03/041 

 

                                                               

 

  

 

 Sources and characteristics of fine organic aerosol over Ahmedabad    
(Atinderpal Singh, Rangu Satish, and Neeraj Rastogi) 
 

We present the first highly time-resolved measurements of non-refractory submicron particulate 

matter (NR-PM1) over a big urban city (Ahmedabad, 23.0ÜN, 72.6ÜE, 49 m amsl) of western 

India using a high-resolution time-of-flight aerosol mass spectrometer (HR-ToF-AMS) during 

the post-monsoon season. All the components of NR-PM1 [i.e., organic aerosol (OA),  3/, 
./, .( and #Ì] showed strong diurnal variation with the overall dominance of OA (58%) 
in NR-PM1. A strong diurnal variation in O/C caused a large variability in OA/OC ratio (ranging 

from 1.2 to 2.3) during the study period, which suggests that a constant conversion factor for 

OA estimation (from OC) can be a source of large uncertainty in their load assessment over the 

study region. Three distinct sources of OA [i.e., primary OA (POA), semi-volatile oxygenated 

OA (SV-OOA), and low volatility OOA (LV-OOA)] were identified via positive matrix factorization (PMF) analysis. 

The OA mass was dominated by POA (42%), followed by LV-OOA (33%) and SV-OOA (25%). Diurnal variations in 

PMF factors suggest that OOA (SV-OOA + LV-OOA) were high during early morning and afternoon hours; whereas, 

POA was most abundant during traffic rush hours. Observations also revealed that the high OA loading events were 

dominated by POA during the study period. This study provides new insights on the atmospheric aging of OA, for the 

first time, over western India, which would be helpful in understanding the formation mechanism of secondary OA 

over this region. 

 

https://doi.org/10.1016/j.atmosenv.2019.04.009  
  

Science Highlights 

Ashish Narang 

Figure Caption: Left panel shows the t-channel Feynman 

diagram for the CRɜ absorption by CɜB. Right Panel shows 

the effect of the CRɜ absorption on IceCube event spectrum. 
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National Science Day at Udaipur and Journey of Science Express 

 
National science day was celebrated at Udaipur on 25 March 2019. On the occasion, the PRLˈjointly with the Vidya 

Bhawan Society, Udaipurˈorganized a stimulating public lecture by Dr. Anil Bhardwaj, Director PRL. The lecture, 

entitled ñIndian Planetary Missionsò highlighted the achievements and discoveries by Indian space missions and was 

highly appreciated by the audience which mainly comprised of students from a wide range of socio-economic 

background. The science demonstration was planned and executed by the USO students and post-doctoral fellows 

along with the members of the science express team of PRL. The total number of audiences was well over 500. In 

addition, a press meet was organized where Dr. Bhardwaj interacted with the media. There was an active participation 

from the students from different academic institutions of Vidya Bhawan Society, showcasing their ingenious 

knowledge and interest in space sciences by presenting posters. The best ten posters were rewarded by Dr. Bhardwaj. 

The program also comprised an open session with the audience where interactions were focused on diverse aspects 

of science ranging from its societal to everyday impact. 

 

So far, the Science Express has covered six places in Gujarat and Rajasthan namely Dhrol, Jamnagar, Rajkot, Kapason, 

Udaipur, Bhavnagar, Una and received stupendous views from teachers, students as well as general public with an 

estimated total number of attendees more than 6000.  During the above event, it continued to mark its own impression 

on the young motivated students and common public. A group of nine volunteers from PRL, including Ph.D. students, 

scientists and project staff demonstrated nine innovative experiments in two phases with three hoursô duration in each 

phase.  

 

  
 

 

 

 

 

 

 

 

 

 

 

   4 Events & Activities 



 

Scientific tour to Jaisalmer and Pokhran 
 

Staff Welfare Committee (SWC) of USO, PRL organized a scientific tour to Jaisalmer and Pokhran during Feb 22 

ï 24, 2019. A total of 30 members including USO staff and their families participated in the tour. The SWC 

conducted guided tour to historical places including the fort and several Havelies of Jaisalmer and learned about 

the rich cultural heritage of the city. Interestingly, Jaisalmer fort is unique in India since this is the only fort where 

people still reside. The members visited sand dunes of Thar Desert and were acquainted with the structure and 

morphology of the region. Tours to Kuldhara (an archaeological village) and Pokhran were also conducted. 

First aid Firefighting Lecture and Demo 

A Fire Service Week was organized by CISF SAC/PRL Unit, commencing from 10/04/2019 to 15/04/2019 at 

SAC/PRL, Ahmedabad. As a part of awareness drive, there was a Lecture on First aid and fire-fighting by the Assistant 

Commandant, Fire Wing of CISF. This was followed by a demonstration on handling of various types of fire 

extinguishers. PRL staff members took hands on experience on how to handle fire extinguishers in the time of need 
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