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Report on the Panel Discussion at the 

Discussion meeting on the upcoming 

Carbon Tuned Accelerator Mass Spectrometry Machine 
 

A meeting to discuss the upcoming Carbon Tuned Accelerator Mass Spectrometry Machine was 

held at the Department of Physics, University of Mumbai on April 9 and 10, 2013. The list of 

participants at the meeting along with the programme (and abstracts of talks) is given in 

Annexure 1 and 2 respectively. 

 

Purpose of the meeting: 

 

The Board for Research in Nuclear Science has approved the setting up of a 500 kV Carbon 

tuned Accelerator Mass Spectrometry Machine at Department of Physics, University of 

Mumbai, Kalina, Mumbai. The purpose of the machine is to provide a reliable high accuracy 

machine that can work on small samples. 

 

The machine will be installed and run by the Department of Physics and will have a resolution 

better than 0.5% and a sensitivity of 4x10
-18

 moles.  This machine should be good for use for a 

variety of purposes such as: 

 

1)  Archaeology where we hope to obtain an accuracy of + 50 years up to 75,000 years or so. 

2)  Biology where we hope to be able to trace the movement of as small a dose as 1 nano 

Sieverts of 14C through a biological system 

3)  Movement of equally small doses of 
14

C through a chemical reaction. 

4)  Study 11C in physical systems 

5)  Study δ13C in various geological samples of archaeologically interesting sites. 

 

The present meeting was called in order to initiate a dialogue between the potential users and 

scientists involved in setting up the facility. Participation was by invitation only. 

 

Summary of the points arose at the discussion session 

 

Before the session Professor Vahia summarised the expectations from the meeting. He wanted 

the meeting to ensure that we acquire the best configured machine. Though the present plan 

was to study isotopes of Carbon only, it may be good to consider keeping the option will 

remain open for future expansion. He pointed out that excellence will come only if we all force 

each other to excel, that is, the machine will have to be well calibrated and understood and 

equally importantly, the samples that come are convincingly important and well collected. In 

order to achieve this it was important to set up a mechanism for its use that can prioritise the 

samples. He also felt that to ensure that the machine is used responsibly, a small fee may be 

levied so that the facility does not receive frivolous sample nor does it discourage serious users. 

He also requested the potential users to be prepared so that the programme can address as 

wide a range of problems as possible. In turn, it was important for the archaeologists to ensure 

that enough high quality samples come otherwise other researchers can divert the machine. 

 

Panel discussion was moderated by Dr Surendran. He began the discussion by pointing out that 

while undertaking such a project, it was important that site selection should be done with care. 

While for the present it was decided to house the machine in the workshop shed of the Physics 
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Department, the shed itself needed extensive reworking and several clearances before it could 

be used for the facility. The host institution should also take care of creating a well-trained 

technical manpower. While installing and commissioning the machine, it should be done in a 

time bound manner with a careful merging of the accelerator, the front end system and the 

sample preparation laboratory. Care should be taken that the end users have minimum 

difficulties in using the machine, especially considering that the machine is very versatile and is 

likely to be used by a large variety users for a wide range of problems from physical sciences to 

archaeologists. 

 

Professor A P Jamkhedkar then addressed the participants. He suggested that since with the 

new facilities it was possible to be more specific about the kinds of plants used by ancient 

people, it would be interesting to work out programme in which literature about the 

domesticated plants is compared with the archaeological evidence as resolved by the Carbon 

AMS. He also excited by the fact that the machine can provide significant information on urban 

and post urban dietary practices from bones alone, even in the absence of original organic 

matter. He also felt that scientific archaeology should also include work on conservation 

archaeology.  

 

Professor Kothari then addressed the participants and began with expressing his gratitude to all 

the participants who had taken so much effort to participate in the programme. He then 

suggested that the programme could consider some outreach activities related to the various 

groups of people or cultures whose artefacts are being studied. He however emphasized that 

the most important point to remember was that the programme should remain nationally 

relevant and globally competitive in its choice of problems to attend. He also felt that the 

facility should address widest possible set of problems. AMS can be applied to many fields such 

as: archaeology, quaternary geology, art, ocean sciences, physics, atmospheric sciences, 

cryology, chemistry, hydrology, forensics, biology, environmental sciences, dating of religious 

artefacts, astronomy, medicine, nuclear reactors, food adulteration, weapons inspection, global 

carbon cycle, planetary science, sewer inspection, climate.   He also pointed out that the way 

the machine will be set up, it would be a research laboratory and not a facility where samples 

can be sent and results received. It will be important for the scientist interested in specific 

samples to also interact with the group at the centre. He also emphasized that the sample 

selection should be through peer reviewed. He also felt that it is important that the researchers 

who use the facility should make submissions before and after using the facility so that there is 

a feedback mechanism to how the results from the machine are being used. He also 

emphasized that there would be some in house research programmes also. As regards the 

machine, he felt that while it was useful to have a simple, automated, compact machine, such a 

machine was self-restricting and left little scope for innovation. He felt that the facility should 

therefore allow studies of other isotopes, should have two source lines and also a capacity to 

extract the accelerated beam before it entered the spectrograph for implantation and other 

studies. He also suggested that the possibility of upgrading the machine from 500 keV to 1 MeV 

should be considered since that would for possible inclusion of other experimental techniques 

such as PIXE, RBS, NRA. He also felt that the possibility of designing magnets to handle higher 

rigidity isotopes of magnesium and silicon would also make the machine more versatile. He 

also felt that an in-house on line or hard copy magazine would help. Professor Kothari also felt 

that emphasis should also be given to state-of-the-art instrumentation developments such as 

the coupling of liquid chromatography to AMS for high-end applications to biology and 

pharmaceuticals. The centre should also have plans to obtain related instruments such as X-ray 

fluorescence, XRD, FACS, TL etc so that the facility can provide a comprehensive access to a 
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range of tools for the users. He was particularly excited about extending the facilities for 

biological studies.  

 

Dr Kailas could not attend the discussion but sent his views by mail which is reproduced below: 

 

I have afew thoughts about our proposed facility. While the focus should be on carbon specific 

aims, we should be a bit flexible about future taking into account the interest of the users. I 

think we must try to opt for the configuration Xcams with the possibility to introduce a second 

Ion source later. We may do it indigenously as mycolleague has already commissioned one at 

TIFRpelletron.The injection magnet should have a higher rigidity – similar to Xcams. 

 

We should some idea about transmission as a function of Terminal voltage. This will be helpful 

if we want to use this for Ion implantation or any other application. We should have some idea 

about the transmission for protons - it will be useful to do PIXE with 1 MeV protons though this 

may not be the optimum energy. 

 

Some provision for Ion beam analysis/ implantation should be provided so that we can do this 

in future. This flexibility should be planned now when we get it from NEC. The expansion can be 

done by us or with NEC help. We may buy a multi-cathode with 134 or so samples. We must 

know the beam optics/transmission for different injector voltages/ terminal voltages and for 

different beams like protons, carbon, and silicon.  

 

We must know the intensities we will get for the above beams at different conditions 

mentioned above. If we can take the beam out through a straight section (to be made 

available) in the analysis magnet (high energy end), then we can add a tube and suitable focus 

element for Ion beam applications. This I feel can be done by us later. But provision should be 

made. 

 

Now we must think about forming a technical committee to finalise the specifications and also 

deal with the purchase.There must be also an apex body to steer the whole project including 

thecivil etc. 

 

Thereafter Dr.Prabhakar expressed his views. He opined that the machine seems to hold a lot 

of promise with its ability to address a whole range of problems and given India’s eco-diversity 

and historicity, such a machine would be very precious. He felt that special efforts should be 

made to sensitizes archaeologists across the country about the facility. He felt that holding 

periodic regional conferences should be an integral part of the programme. He also 

emphasized that the procedure for sample selection should be transparent and the format for 

sample submission should be specified in advance. 

 

Thereafter, Michel Danino spoke about the importance of good calibration and interaction 

between archaeologists and scientists would be crucial to the success of the programme and 

special care should be taken in sensitising both the groups and creating a good environment. 

He also wanted to ensure that the sample selection committee had a good representation from 

archaeologists also so that human interest aspects were properly addressed. He particularly 

cautioned the committee to set up norms on privacy of data, collaboration protocol and 

settlement of matters regarding intellectual property right to prevent plagiarism.  

 

Dr VarshaKelkar Mane spoke thereafter and emphasized the need for workshops on sample 

selection, preparation and other sensitive issues so that the samples received from the users 
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are unambiguous. She also felt that issues relating to ethics would arise in case animal tissues 

are used and this should be thought through.  She mentioned that research related to human and 

animal tissues may require ethical clearances.  
 

Dr Gregory Norton who represented the manufacturers of such machine, then expressed his 

pleasure at having attended the meeting and was pleased to note the range of problems the 

users were keen on handling. He however pointed out that there were so many problems in 

biology and archaeology that could be addressed by such a machine that many institutions 

have acquired separate machines for archaeology and biology. He felt that otherwise, due to 

urgency of the biological studies, they would monopolise the machine usage at the cost of 

other problems. He felt that the currently available machines were quite reliable and stand 

alone and did not require too much of oversight. As regards sample preparation he warned 

that there were no ‘standard’ methods and each lab had to develop its own method and 

considerable skill was required in acquiring the expertise needed for graphitisation and sample 

preparation. He also promised that the range of problems that can be addressed would keep 

researchers excited even if the machine itself was fully automated. He even suggested that the 

graphitisation process can be de-centralised so that institutions may send readily graphitised 

samples for quicker processing. This was being done in some European laboratories. As regards 

expandability, he felt that adding capabilities for Be to Al would not need too many 

modifications but it was important that the original order itself should specify plans for future 

expansion. So was the case of keeping the option of ion beam and ion implantation studies. He 

also felt that going to 1 MV could also be done with relatively small increase in cost. However, 

he felt that a single machine would not be able to handle so much of workload. He pointed out 

that more than 80% of Carbon AMS machines were being used for biological and 

pharmaceutical industries and the results were invariable either classified or for monitoring 

purposes. Subsequent to the discussion Dr Gregory Norton sent the detailed pricing for 

different configurations. His e mail is reproduced in Annexure 3. 

 

Dr Bhagwat then addressed the audience. He felt that a good versatile machine that can allow 

studies of Chlorine and Beryllium would certainly be good but it may be better to coordinate 

with IUAC that is acquiring a similar machine so that the two become complementary to each 

other. He particularly emphasised the safety and security issues. Firstly, safety norms would 

have to be set up on design basis report and such clearances would needed from Nuclear 

Safety Committee. Similarly radiation clearance would also be required at the facility. Similarly 

fire safety norms would also have to be implemented. All this would take a lot of time and the 

process should be initiated as quickly as possible. He also felt that the machine should be taken 

on a turnkey basis and time and energy should not be spent on the machine itself. While is felt 

that the proposed site was good, issues regarding floor strength, power and environment 

control needed to be addressed. A 10,000 class clean room would also be needed. He also 

offered his whole hearted support and assistance in setting up the facility.  

 

Dr Chauhan spoke thereafter expressing his enthusiasm at the proposed programme and he 

felt that the facility should be extensively publicised and extensive training programmes should 

be organised. He would also like to see ASI participate in the programme as a major user.  

 

Thereafter, Dr Nauriyalspoke about the rate at which excavations were being done and it was 

important that archaeologists were involved in selection of samples in a proper manner and 

prioritising them. He felt that there were issues of context of importance of samples and this 

could only be done by archaeologists. 

 



5 

 

Dr Sathe was the next speaker who was also enthused by the facility and felt that it would be 

an excellent instrument to excite young researchers to undertake more precise and well-

focused problems in future. He also emphasized the need for developing expertise on sample 

preparation. He advocated that small topical meetings should be held regularly to keep track of 

the work being done by different researchers. 

 

Thereafter Dr Nautiyal spoke about the importance to have local calibration particularly for 

marine sample studies. He felt that for broad studies, the assumption that over a period of a 

few years the assumption that 14C was homogenised was not a bad one.  

 

Thereafter, Dr Yadava spoke about the need to perfect the graphitisation laboratory and 

focusing on the science aspects of the programme.  

 

Dr Tandel felt that it was important to realise that there would be no shortage of users with 

good problem if the facility is of international standards. It was therefore important for the 

facility to define thrust areas that would receive priority treatment so that the selecting 

committee will have proper guidelines while selecting the samples. Dr Hemalatha also 

emphasized the need to give archaeologists an important role in selecting the sample. 

 

Prof Vahia then summarised the various points that had arisen from the discussions. These 

were: 

1) There is significant interest amongst the potential users of the facility and a large 

number of exciting problems awaited the setting up of the facility.  

2) A world class facility therefore was urgently needed.  

3) The number possible samples expected will be far in access of the capability of a single 

machine to handle. 

4) Special emphasis should be laid on defining the protocol for sample collection in 

advance and in detail so that the users take appropriate care while collecting the 

samples. 

5) Issues of ethics should also be taken care of in case of animal tissue studies. 

6) It was important for the centre to define its main areas of interest. 

7) Within this it was important that a committee with a large representation from the user 

community should select the samples. 

8) Potential issues of intellectual conflict should be addressed. 

9) Sample preparation was the most critical part of the programme and great care should 

be taken in developing the expertise on this count. The possibility of creating multiple 

labs that can undertake graphitisation process should be considered. 

10) User meetings should be held to  

a. make them aware of the capabilities and limitations of the facility,  

b. sensitise and train them in sample collection  

c. to address issues regarding the kind of problems that are of interest in different 

regions and  

d. to make researchers aware of the latest results. 

11) The machine should be designed to be as versatile as possible. It is therefore important 

that a technical committee should be set up at the earliest to define the machine 

parameters. 

12) The necessary safety and security issues regarding radiation etc. should be addressed 

and necessary documentation work should begin soon.  



6 

 

Annexure 1 

List of participants  
  Name Address Inst. Spl 

1 AYYUBPushan Senior Professor, TIFR TIFR Phy 

2 ABBAS Riza Centre for Numismatic Studies CNS Arch 

3 BHAGWATPramod Scientific Officer – OS; BARC BARC Tech 

4 CHAUHAN M.S.  Superintending Archaeologist, Archaeological Survey 

of India, Mumbai Circle 

ASI Arch 

5 CHAUHANParth Research Associate, Stone Age Institute, Gosport, USA MSU Arch 

6 CHITRE S M  CBS, Mumbai CBS Phy 

7 DANINO Michel  Visiting Faculty, IITGandhinagar IITGn Arch 

8 HARIKRISHNA 

Surya  

Assistant Professor, Centre for Molecular & Atomic 

Physics – CAMP Manipal University 

Manipal Tech 

9 HEMALATHA M.  Assistant Professor, UM-DAE Centre for Excellence in 

Basic Sciences 

CBS Phy 

10 JAMKHEDKARA.P.  EX-Director , State Archaeology & Museums, 

Maharashtra 

MU Arch 

11 JANAWLEKARShrika

nt 

Scientific Officer, TIFR TIFR Tech 

12 KAILAS S. BARC BARC Phy 

13 KELKAR-MANE 

Varsha 

Head, Department of Biotechnology, University of 

Mumbai 

MU Bio 

14 KOTHARI Dushyant Professor & Head, Department of Physics, University of 

Mumbai 

MU Phy 

15 KRISHNAN K M S Univ, Vadodara MSU Arch 

16 MANOHARANSund

ar 

MU Centre for Nano Sciences MU Tech 

17 MATHUR Deepak  Distinguished Professor, TIFR TIFR Phy 

18 NAURIYAL K. Western regional in charge, ASI ASI Arch 

19 NAUTIYALC.M. Scientist, BirbalSahni Institute of Paleobotany, 

Lucknow 

BSIP Tech 

20 NORTON G NEC, USA NEC Tech 

21 PRABHAKARV.N. Superintending Archaeologist, Underwater 

Archaeology Wing, Archaeological Survey of India, 

New Delhi 

ASI Arch 

22 ROY Amit Director, Inter-University Centre for Accelerator 

Physics, New Delhi 

IUAC Tech 

23 SANTOSH C.  Professor & Head, Centre for Molecular &Atomic 

Phyiscs – CAMP, Manipal University 

ManipalUn

iv 

Tech 

24 SATHE Vijay  Reader, Archaeological Chemistry, Deccan College, 

Pune 

Deccan Arch 

25 SHINDEVasant Jt. Director, Deccan College, Pune Deccan Arch 

26 SINHAPrakash Reader, Department of Ancient History, University of 

Allahabad 

Allahabad His 

27 SRIVASTAVAA.K. Head, Department of Chemistry, University of Mumbai MU Chem 

28 SURENDRAN P. BARC, Mumbai BARC Instr. 

29 TANDELSujit Reader, UM-DAE Centre for Excellence in Basic 

Sciences , Mumbai 

CBS Phy 

30 VAHIA Mayank Professor, Department of Astronomy & Astrophysics, 

TIFR 

TIFR Phy 

31 YADAVNisha Scientific Officer, TIFR TIFR Phy 

32 YADAV Professor, Department of Physics, University of 

Mumbai 

MU Phy 

33 YADAVA M G PRL, Ahmedabad PRL Physics 
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Annexure 2 

DISCUSSION MEETING ON PROPOSED  

CARBON TUNED ACCELERATOR MASS SPECTROMETRY 

FACILITY 
 

April 9 and 10, 2013 
 

Venue: Seminar Room, Department of Physics, University of Mumbai 

Vidyanagari Campus, Mumbai 400098 

 

 

 

PROGRAMME AND ABSTRACTS  
 

 

 

 

 

Organised by  

Department of Physics, University of Mumbai, VidyanagariKalina, Mumbai 

In collaboration with 

Centre for Excellence in Basic Science, VidyanagariKalina, Mumbai  

Board for Research in Nuclear Science, BARC, Mumbai  
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Annexure 2 

PROGRAMME 
Tuesday, April 9, 2013 

From To Details: Speaker/title 

Inauguration 

0930   1000  Welcome by D C Kothari 

Address by RajanWelukar, Vice Chancellor, UoM 

Address by MustansirBarma, TIFR, Mumbai  

Address by R.V. Hosur, Director, CBS 

Vote of thanks Mayank Vahia 

1000   1030   Tea break  

 

Session 1: Chair – Deepak Mathur 

1030   1115   M. N. Vahia: Possible use of the proposed Carbon MAS 
1115   1200   S. Kailas: Mass Spectrometry with Accelerators  

1200   1245   D. Kothari: Accelerator Culture at Mumbai University  

1245   1330   Lunch break  

 

Session 2: Chair – PramodBhagwat 

1330   1415   Greg Norton, NEC: Technical complexities of setting up an AMS 

1415   1500   Amit Roy: Aims and objectives of CMAS in Delhi  

1500   1530   Tea Break 

 

Session 3: Chair – A P Jamkhedkar 

1530   1615   VasantShinde: Carbon in Archaeology  

1615   1700   Michel Danino: Plans for a Centre for Archaeological Sciences at IIT, Gandhinagar 

1700   1830   Visit to MUDP and Nano Centre, UoM 

 

Wednesday, April 10, 2013 

From  To  Details: Speaker/title  

Session 4: Chair – Uma Ladiwala 

0930   1015   VarshaKelkar-Mane: Carbon and Life  

1015   1100   Vijay Sathe:Recent perspectives in Archaeological Chemistry in India  

1100   1130   Tea Break  

 

Session 5: Chair – SujitTandel 

1130   1215   C. M. Nautiyal: Carbon dating work at BirbalSahni Institute  

1215  1300   Surya Harikrishna: Instruments from Physical Sciences that can be used for Archaeology  

1300   1400   Lunch break  

 

Session 6: Chair – PushanAyyub 

1400   1445   C. Santhosh: Experimental facilities for archaeology at Manipal 

1445   1530   M. Hemalatha: Archaeology with Pelletron 

1530   1615   Tea Break  

 

Session 7: Chair – P. Surendran 

1615   1800   Panel Discussion  
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Possible use of the proposed Carbon MAS 

Mayank Vahia 

Tata Institute of Fundamental Research 

E mail: vahia@tifr.res.in 

 

We will discuss the physics and chemistry of the isotopes of Carbon in relation to biology that 

makes Carbon such an important marker for a variety of studies. We then discuss various 

examples of how Carbon isotopes can be used for studies in a large number of fields of science 

from palaeontology, archaeology, geology, biology, medicine, chemistry, physics and 

astronomy and show that the proposed Carbon based accelerator mass Spectrometry machine 

will be able to make significant impact in these fields in the hands of skilled experimentalists. 

We hope that this will spur researchers to think of variety of ways in which the machine may be 

used by a large variety of users. 

 

Mass Spectrometry using Accelerators 

S. Kailas 

Bhabha Atomic Research Centre, Mumbai 400 085 

E mail: kailas@barc.gov.in 

 

Accelerator as a powerful tool for ultra-sensitive mass spectrometry has been in vogue for 

more than three decades. Accelerator based Mass Spectrometry (AMS) has been employed in 

multidisciplinary areas covering archaeology, geology, hydrology, nuclear and astrophysics, 

material science and bio-sciences. The AMS technique is perhaps the only efficient analytical 

tool available when dealing with samples of very long half-lives (more than thousands of years) 

and available in small quantities (mg). Currently there are more than 75 AMS facilities 

operational in the world. While 14C continues to be the most important in terms of interest of 

the community, the othercosmogenic nuclei like 10Be, 26Al, 36Cl, 41Ca and 129I are also employed 

in various applications. In the early days, some of the existing accelerators used for nuclear 

physics experiments were modified to extend the usage for the AMS. In the later years, 

dedicated accelerators came up for the AMS measurements. In the last five years or so, one has 

witnessed a growth of small voltage and compact accelerators (less than 1 MV) for the AMS 

programme. In this talk, a brief overview of Mass Spectrometry using Accelerators will be 

provided, bringing out the need for AMS, the salient features of AMS and the multidisciplinary 

areas where this technique is successfully employed.  

 

  



10 

 

Accelerator culture at Mumbai University 
D. C. Kothari 

University of Mumbai 

E mail: kothari.physics@gmail.com 

 

 Accelerator culture in the department of physics, University of Mumbai was cultivated 

and nurtured by Late Professor M. C. Joshi.  He brought an Isotope separator from TIFR in early 

seventies (1972-73), which was originally designed and developed by BARC.  It took almost one 

year to transfer, install, get the vacuum and finally get an ion beam from it.  By making a small 

modification in the target chamber it was ready to be used as an Ion Implanter.  Being an 

isotope separator, it was better than commercial ion implanters available during that period, in 

terms of ion beam current, versatility and resolving power.  It had a ribbon type of beam of 

dimensions 0.2×5 cm, giving currents of the order of 100s of micro-amperes.  The ion source 

could produce any ion beam from hydrogen to uranium.  The analyser magnet could give a high 

resolving power (1 in 500), capable of separating U
238

 and U
235

.  Professor Joshi saw an 

opportunity and used it for high dose implantation studies.  The first paper came out in 1976 

[1] on fabricating thin insulating layer of silicone dioxide for application to MOS devices.  Since 

then the Ion Implanter has produced many PhDs and research papers.  Until, recently it has 

served the department community; and the last paper published was in 2005, on “defect 

engineering” of nano-particles to form thin surface layers of nano-composite glass with 

possible applications in optical switching devices [2].  The ion implanter has seen many 

“avataars” and modifications.  Liquid nitrogen trap around the target was developed to get 

hydrocarbon-free vacuum near the target.  Booster pump was introduced to get the vacuum 

faster.  A new target chamber with turbo pump was developed to get better vacuum near the 

target. Solid state High voltage was developed replacing the old valve-based power supply. 

Water circulation at high voltage was introduced for cooling the ion source.   Magnetic beam-

sweeping using triangular wave generator was developed.  Extractor geometry was modified to 

get smaller-width beam-ribbon.  Researchers worked on all kinds of materials, initially on 

semiconductors, and then on metals to insulators.  MOS structures, silicides, doped-amorphous 

semiconductors, Diamond-like structures, quasi-crystals, nano-composite materials are some of 

materials developed using the ion implanter.  With work on such a verity of research areas and 

experience of working with low energy ion accelerators the Department now is poised to take a 

bold step forward in establishing a national facility focused on the applications of Low Energy 

Ion Accelerator Centre.  

 

[1]  J. Dylewski, M.C. Joshi, Thin Solid Films, Volume 37, Issue 2, 1 September 1976, Pages 

241-248  

[2] M. K. Patel, B. J. Nagare, D. M. Bagul, S. K. Haram, D.C. Kothari Surface and Coatings 

Technology, Volume 196, Issues 1–3, 22 June 2005, Pages 96-99  
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Aims and Objectives of CMAS at IUAC 
Amit Roy 

Inter-University Accelerator Centre, New Delhi 

roy@iuac.ernet.in 

 

Accelerator Mass Spectrometry (AMS) facility based on 15UD Pelletron Accelerator at Inter-

University Accelerator Centre (IUAC) is in operation to carry out 10Be (T1/2=1.387Ma) 

measurements. Measurements of 
26

Al (T1/2 = 0.71Ma) have also been performed recently with 

the standard samples. IUACAMS facility has been utilised by various user groups to carry out 

the studies in geological sciences. A clean chemistry laboratory has been recently developed for 

sample processing. The laboratory is metal free and equipped with all modern instruments. 

Due to the requirements from a large user community, it was decided to set-up a 
14

C (T1/2 = 

5730y) measurement facility at IUAC with funding from the Ministry of Earth Sciences, 

Government of India. As smaller machines have been shown to be better for 
14

C giving higher 

accuracy in the measurement and they are easy to operate, it was decided to opt for a 500 keV 

terminal voltage tandem. This choice would allow us to operate the system for 10Be and 26Al 

also. This system would be fully dedicated for AMS measurements and open to all users from 

the universities, colleges and research institutions across the country.  

 

Carbon in Archaeology 
VastantShinde 

Deccan College Postgraduate and Research Institute, Pune 

E mail: vshinde.dc@gmail.com 

 

The evidence from different parts of the world suggest that fire was invented some 40,000-

50,000 years ago accidentally during the Upper Palaeolithic period and since then it is being 

used till date for various purposes as domestic, religious, industrial, etc. The archaeological site 

is a major source of primary data for reconstruction of past life ways and artefacts and ecofacts 

from such a site is collected in proper context. In a dry-humid country like India, the 

preservation of organic matter, particularly botanical remains, takes place only if they are 

charred. Some are charred accidentally and some intentionally. In the event of the formation of 

a site, due to natural and cultural factors, different levels are formed during different time 

period and under different conditions. At times, because of internal disturbances there is a 

displacement of artefacts as well as ecofoacts within the site. The artefacts and various levels 

within the site are usually dated on the basis of Carbon found associated with them. The 

excavators usually collect those samples which are in situ and without any disturbances. This 

presentation will explain the procedure of formation of an archaeological site, nature of data 

available within it, various factors responsible for their displacement and precautions to be 

taken for the collection of Carbon.  

 

A Proposed Archaeological Sciences Centre at IIT-Gandhinagar 

Michel Danino 

Indian Institute of Technology, Gandhinagar 

Email: micheldanino@gmail.com 

 

Indian Institute of Technology, Gandhinagar has made it part of its vision to build bridges 

between humanities and sciences. Among such natural bridges are archaeology and its allied 

disciplines. But archaeology has also made increasing use of scientific disciplines, which have 
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enormously multiplied the potential to be extracted from archaeological data. Among them 

are: archaeobotany (or palaeobotany); archaeogeology (including archaeoseismology); 

archaeometallurgy; archaeozoology; chemistry; climatology (including hydrology, 

oceanography, glaciology etc.); palaeoanthropology; biology and genetics (including DNA 

analysis); dating techniques (now a vast field in itself, with many sophisticated isotope 

techniques); ceramic petrology; materials science & structural engineering (for conservation in 

particular); surveying techniques, including magnetic and geophysical surveys; various 

archaeometric techniques (electron microscopy, spectroscopy, etc.); software, including 

documentation, modelling and simulations. 

 

Some of the objectives of a proposed Archaeological Sciences Centre at IITGandhinagar would 

be: 

 

• to operate state-of-the-art equipment in some of the above scientific fields and make it 

available to archaeologists and other scholars all over India; for this purpose, 

archaeologists could be hosted on visits of flexible duration for collaborative 

interdisciplinary research between them and IIT faculty members; 

• to offer training to archaeologists on specific scientific disciplines and the use of high-

end scientific techniques or equipment; 

• to host a few post-doctoral archaeology students on specific research projects;  

• to organize a multi-module graduate course by archaeologists and epigraphists (such a 

course would be offered to outside students too); 

• to sensitize the public as well as scholars about the need to conserve heritage structures 

in Gujarat, and find ways to harness the expertise of civil engineering experts at 

IITGandhinagar to offer and implement solutions; 

• ultimately, to create a think-tank where archaeologists, historians and scientists can 

meet and discuss issues connecting their fields. 

No such centre exists in the country at present. For it to be viable and to generate 

sustained intellectual activity and output, a synergy between archaeologists and IIT faculty 

members will be essential. 

 

Carbon and life 
VarshaKelkar-Mane 

University of Mumbai 

E mail: varshakelkar@rediffmail.com 

 

Carbon is a versatile element found in a conspicuous proportion in all animate as well as 

inanimate forms on earth. This element is capable of forming long chains with itself as well as 

multiple bonds with an array of different molecules. Life on earth is sustained due to the 

presence of water as well as due to the micro on macro elements like Nitrogen, Phosphorous, 

Oxygen and Carbon.  

Life itself can be defined as an ability of self-propagation and metabolic autonomy. 

These life defining properties exhibit interplay of Carbon compounds. The proportion of Carbon 

in the environment is thus maintained in equilibrium by the cyclic sink and sources of Carbon.  
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Carbon from the atmosphere is trapped and reduced to sugars in the process of 

photosynthesis by photosynthetic organisms. These serve as primary sources of food for the 

non-photosynthetic life forms ranging from bacteria to higher multicellular eukaryotes. 

Sustenance of a life form thus exhibits a continuous exchange of C from the environment. 

Once trapped inside the cell, this Carbon undergoes transitions to various compounds like ATP, 

Nucleic acids, lipids, proteins, hormones, to structural compounds imparting rigidity to the cell 

like chitin, lignin, cellulose, lignocellulose etc. Regeneration of these cells would involve DNA 

replication, metabolic turnover and hence once again an exchange of Carbon from the 

atmosphere. The fate of a Carbon compound in a cell varies according to its internal as well as 

external environment. Understanding this fate could be the key to unravel the mysteries 

behind a number of metabolic pathways as well as genetic and life style linked disorders.  

 

 

Recent perspectives in Archaeological Chemistry in India 
Vijay Sathe 

Deccan College Postgraduate and Research Institute, Pune 

E mail: vijay19sathe@gmail.com 

 

The use of chemical methods in the study of antiquities can be fairly assigned to the eighteenth 

and beginning of nineteenth century, when eminent scientists like Humphry Davy, JönsJakob 

Berzelius, Michael Faraday and others began their study of ancient coins, glasses, pigments, 

pottery and other materials, primarily with the focus of its conservation. Identifying the 

chemical components of archaeological materials to trace their source or the provenance was 

the second major milestone unturned in the history of study of Archaeological chemistry, which 

continues to be a major goal of research today. There was a concomitant growth of the new 

laboratory setups, and post First World War initiative of conservation and preservation of 

antiquities damaged during the war saw the setting up of first ever leading laboratory in the 

British Museum as early as in 1920. Several new facilities emerged in universities in addition to 

the museum laboratories across Europe and North America,  and one of them viz. Research 

Laboratory for Archaeology and the History of Art at Oxford University, established nearly sixty 

years ago in 1955 marshalled a new beginning in the field of both conservation and analytical 

chemistry in archaeology. Active science departments within major museums and universities 

across the world is a known scenario today, where scientists and archaeologists are working in 

tandem to address the riddles of dating, provenance, ancient subsistence, migrations, ecology 

etc. by several instrumental methods for chemical analysis.   

 

 Establishment of Chemical Branch in ASI in 1917, followed by Indian Museum, Calcutta 

and Dehra Dun began addressing the issues of conservation, archaeometallurgy and ceramic 

analyses. Deccan College took the initiative in the year 1959 with the foresight of the late 

Professor H. D. Sankalia. Preliminary but important aims like chemical conservation of metallic 

objects, pH, CaCO3, organic carbon content of soils remained the main stay of research for a 

couple of decades until Professor R. V. Joshi and Dr AnupamaKshirgar's pioneering works on 

fluorine study of relative dating in Deccan College. In addition to the soil chemistry, its 

relevance to ancient habitational deposits, bone chemistry, palaeodiet and provenance study 

of clay minerals in ceramics received major impetus with induction of equipment like Atomic 

Absorption Mass Spectrophotometer and X-ray Diffractometer in the mid-80s. The dietary 

profile of the people of Chalcolithic site of Inamgaon, understanding ancient trade and 

correlation of contemporary sites with reference to clay mineralogy and trace elements of 
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ceramics have been most astounding research conclusions under the leadership of Professor 

VishwasGogte in Deccan College in the field of Archaeological chemistry in India.  

 

 The present paper reviews the research activities in Archaeological Chemistry in Deccan 

College and offers the results of some of the recently undertaken methodological issues that 

have far reaching implications in palaeodietary, palaeoecological and subsistence studies in 

Indian Archaeology today. 

 

 The analyses of organic and biomolecular archaeological materials in archaeology is 

relatively recent compared to the investigations of inorganic materials. There are a few 

welcome steps in Deccan College and thanks to the MOU with TIFR, Mumbai that analysing 

fossil and recent bone apatite and archaeological lipids has become possible. DNA analyses of 

the hair follicles from tails of several living equine species from India are under way at the 

University of Veterinary Medicine Sassari, Sardinia, Italy and results are awaited with reference 

to the taxonomic diversity of horse and donkey breeds in India. 

 

 Food is fundamental for all human society, not only for nutrition and health but also in 

economic, social, and ritual life. Information about prepared food is therefore critical for an 

understanding of ancient cultures but unfortunately examining the food of the past is 

extremely difficult. Food is normally consumed and leftovers usually decay. In this light the 

residue analyses of pots and potsherds from Harappan site of Kotada-Bhadli, DistBhuj, Gujarat 

have been recently undertaken at Biochemistry of TIFR under the supervision of its Head, 

Professor Mazumdar, which reveal the presence of fatty acids. The absence of odd chained 

fatty acids is clearly indicating that no fish was cooked in to these vessels. The higher 

abundance of saturated fatty acids with comparatively long chain fatty acid C20:0 and higher 

relative abundance of palmatic and stearic acid and absence of unsaturated fatty acids indicate 

probable animal origin of food and the presence of Oleic and Linoleic Acid (mono and 

polyunsaturated fatty acids) suggesting the probable presence of vegetable oil or animal fat. 

However, the ratio between saturated and unsaturated fatty acids as well as compound 

specific isotopic analysis is required for the confirmation of the result.  

 

 Bioapatite crystallography, trace elements and isotopic study of egg shells, bones and 

tooth enamel of ostrich, emu and large mammals carried out at Deccan College, TIFR and in 

collaboration with Dr ProsunjitGhosh of Centre for Earth Sciences, IIS, Bangalore have provided 

clues to animal species identification and the diet and ecology of extinct ratites of India. 

 

 The on-going researches in Archaeological Chemistry in India and in Deccan College in 

particular amply show the need of a perennial access to recent technological advances of 21
st
 

century which will augment our existing knowledge of past biological environments, 

subsistence, ancient technology and trade and culture contact in a sound frame of chronology.  
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RadiocarbonDating Work at BSIP, Lucknow 
Chandra Mohan Nautiyal 

BirbalSahni Institute of Palaeobotany, Lucknow 

E mail: cmnautiyal@yahoo.co.uk 

  

The Radiocarbon Laboratory at BirbalSahni Institute of Palaeobotany (BSIP), Lucknow is among 

the oldest radiocarbon dating laboratories in India, established in the first half of 1970’s by Dr. 

G Rajagopalan and colleagues with considerable help from TIFR and PRL. The samples handled 

at the laboratory include wood, charcoal, sediment (containing organic Carbon), peat & shells 

(carbonate). The benzene prepared from the samples in an indigenous system is placed in a 

Liquid Scintillation Counter (Wallac 1220 Quantulus
TM

) after adding a measured quantity of a 

scintillator. The measurements are subject to various corrections like background, quench and 

calibration. About 125 dates are determined every year at BSIP laboratory which includes dates 

for a number of researchers in India as a national facility and some other countries. The results 

based on these measurements have led to many interesting publications involving group 

members also.  

  During the past few years in many collaborative studies involving us, interesting 

applications of radiocarbon dating in Palaeoclimate and Archaeology have emerged. The 

antiquity of custard apple to over 3500 years BP in India (Pokharia et al. 2009), double cropping 

in Kanmer around 2500 BC at Kuchchh, Gujarat (Pokharia et al. 2011), and desertion of regular 

habitat in Himalayan Frontal Thrust zone by people, resettlement after 550 years and another 

abandoning of the site about 350 years ago were  inferred (Thakur et al. 2010) applying 

radiocarbon dating. Palaeoclimate around Loktak Lake in Manipur (Nautiyal&Chuhan 2009), in 

Dzuko Valley at Manipur- Nagaland border (Bera et al. 2011), and based on Jalesar Tal sediment 

in Unnao (Trivedi et al. 2012) were also deciphered. Determining the time of domestication of 

rice in India at LahuraDewa in St. Kabirnagar (UP) to about 8 thousand years based on 

conventional and AMS dating rewrites the history of rice. Antiquity of Indian cultural sites 

(Nautiyal 2012) and dating of the tsunami (Rajendran et al. 2012) are some more examples.  

  Despite such successful studies using conventional radiocarbon dating, the need for 

AMS is acutely felt when dealing with organic Carbon-poor sediment samples such as high 

altitude sediment samples, coral with little organic Carbon and, in case of archaeological 

samples, very low charcoal pieces precluding meaningful measurement. The IUCA is already 

there but this radiocarbon –tuned AMS fully dedicated to radiocarbon dating, will also prove to 

be a very precious asset, especially to the Earth science and Archaeology community. 

 

Instruments from Physical Sciences for Archaeological Analyses 

Surya Harikrishnan 

Manipal University, Manipal, Karnataka 

Email ID: suryasurya01@gmail.com 

 

Archaeological study is chiefly conducted by the recovery and analyses of artefacts like coins, 

pottery, ornaments, bones, paintings, monuments and even bio facts. Archaeology, if 

supplemented by appropriate scientific methodology for the analysis of artefacts, can give way 

to a more objective and pellucid understanding of the story of human existence. Scientists 

employ a number of chemical and physical methods for attaining more details about 

archaeological specimens and this constitutes the discipline called archaeometry. With more 

efficient tools employed for this analysis, the consequent results and findings would be better. 

Many techniques of spectroscopy, with their wide range of applications and immense 
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potential, are helpful for structural and compositional analyses even up to the trace elemental 

level. The information thus obtained throws light on the kind of techniques employed in the 

making of these pieces which again becomes instrumental in establishing its age and 

provenance and possibly in revealing the unauthentic and forged items. This information is also 

crucial for adapting the best methods for conserving these precious pieces of the past. In 

addition to giving information on the structural and elemental composition, spectroscopic 

techniques can be used to quantify atomic and molecular species in complex species even at 

single molecule levels. Laser Induced Breakdown Spectroscopy, Raman Spectroscopy, Laser 

Induced Fluorescence, X-ray Fluorescence, and Particle Induced X-ray Emission are some of the 

prominent techniques used for this purpose and will be discussed here. 

 

Laser Spectroscopy facilities at Manipal University for 

Archaeophotonics 
C. SanthoshChidangil 

Manipal University, Manipal, Karnataka 

Email ID: santhosh.cls@manipal.edu 

 

Most of the structure of atoms and molecules come from studying their interaction with 

electromagnetic radiation (light). Different regions of the electromagnetic spectrum give 

different kinds of information as a result of such interactions. Extension of this information 

gathering by light-matter interaction gave birth to the technique called spectroscopy. Invention 

of laser has completely changed the conventional spectroscopy and is now called Laser 

spectroscopy. It has now become a very sensitive and efficient analytical technique routinely in 

use in many fields. Application of laser spectroscopy techniques in archaeology is getting 

popularity only recently.  Photonics enters the field of archaeology mainly through the 

applications of the popular spectroscopic techniques, such as Raman Spectroscopy, Laser 

Induced Fluorescence (LIF) Spectroscopy and Laser Induced Breakdown Spectroscopy (LIBS). 

These techniques have the potential for the fast, in situ identification /quantification of the 

chemical composition of a great variety of objects. My talk will be focused on familiarizing the 

above techniques available in the Centre for Atomic and Molecular Physics for potential 

applications in archaeometry/archaeophotonics.  

 

Archaeology with Pelletron 
M. Hemalatha 

UM-DAE Centre for Excellence in Basic Sciences,  

Mumbai 400098, India 

Contact email: hema@cbs.ac.in 

 

Study of human evolution, civilizations and art history contribute to a better understanding of 

our past. There is a need to apply scientific methods to determine the age and composition of 

sample accurately. Radiocarbon dating method combined with Accelerator Mass Spectrometry 

(AMS) and Ion Beam Analysis (IBA) techniques using Pelletron have become essential tools for 

archaeologists. The Pelletron accelerates heavy ions from an ion source to high energies, and 

electric and magnetic fields enable separation of the required radioisotope for measuring its 

fraction in a given sample, leading to a determination of the age of the sample.  

 

Accelerator mass spectrometry is an ultra-sensitive technique that enables the measurement 

of extremely small quantities of both radioactive and stable nuclides, with natural isotopic 
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abundances typically in the range between 10
-12

and 10
-15

. AMS allows fast analysis of very small 

samples (mg or even sub-mg size) compared to other techniques. A typical AMS facility is based 

around an electrostatic tandem accelerator (Pelletron). The most widely used isotope studied 

with AMS is 
14

C. Radiocarbon dating has been the focus of most AMS work. Studies, both in 

basic and applied research, using other radionuclides (e.g.
10

Be, 
26

Al, 
41

Ca, 
129

I, 
236

U) have also 

been carried out. 

 

Ion beam analysis utilizes accelerators, with projectiles penetrating and losing energy 

continuously at a well-known rate. Along their trajectories there is the chance for collisions 

with nuclei and with electrons. The products of these interactions are emitted from the sample, 

with probabilities determined by the respective interaction cross-sections, and are finally 

measured and collected as spectra carrying information on the chemical composition of the 

sample and the elemental depth distributions. IBA techniques such as Rutherford Back 

Scattering (RBS), Particle Induced X-ray Emission (PIXE), Nuclear Reaction Analysis (NRA) and 

Elastic Recoil Detection Analysis (ERDA) are non-destructive and cover a wide range of 

elements. These methods have been extensively used by archaeologists.  

 

There are several applications of AMS radiocarbon dating and IBA in many aspects of 

archaeology.  
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Annexure 3 

TO: Professor Bushyant C. Kothari <kothari.physics@gmail.com> 

CC: Professor Mayank Vahia <Vahia@tifr.res.in> 

SUBJECT: Follow Up to Questions from the AMS Discussion 

DATE: April 16, 2013 

E-MAIL No. 4-8093  

  

Dear Professor Kothari and Professor Vahia, 

  

Thank you very much for your hospitality and for the invitation to join the discussion group.  I 

had a very good time. 

  

This is in follow up the various questions raised during the discussion.  First, attached are layout 

drawings for the various AMS systems with the capability for carbon only, and other radio 

isotope measurements.  Below is a table describing the radio isotope measurements that can 

be done with each system and the budgetary price for each system.  Both the CAMS and 

XCAMS are based on the 500 kV tandemPelletron.  The UAMS system is based on a 1 MV 

tandem Pelletron.   

  

Model Radio Isotope Budgetary Price (See note) 

CAMS 14C US$1,850,000.00 

XCAMS 10 Be, 14C, 26Al US$2,126,000.00 

UAMS 10 Be, 14C, 26Al, 41Ca US$2,465,000.00 

  

Note: The price is for a complete system containing one (1) 40 sample MC-SNICS injector with 

all necessary hardware and software, Ex Works, Middleton, Wisconsin, USA. 

   

Also attached is a file, NEC99371.pdf, showing a system that combines AMS and Ion beam 

analysis.  It is equipped with the NEC RF charge exchange ion source injector and a switching 

magnet with a channelling beamline into the model RC43 analysis end station.  This system as 

shown with all necessary hardware and software for AMS and RBS has a budgetary price of 

about US$2,590,000.  If the RBS analysis end station, model RC43, is removed, the price is 

reduced by US$220,450.   

  

If a final 45 degree magnet is added to the AMS rare isotope beamline for high precision 

beryllium AMS, the price increases by US$278,400. 

  

As requested, attached are two files describing our automated system for taking samples from 

a liquid chromatograph to the AMS source.  These files describe our present progress in this 

area.   

  

During the discussions, the subject of a calibration curve for India was raised.  One of the most 

senior experts in the area of calibration curves is Professor Paula J. Reimer, Director of Centre 

for Climate, the Environment and Chronology (14Chrono) at the School of Geography, 

Archaeology and Palaeoecology at Queen's University, Belfast, email: p.j.reimer@qub.ac.uk .  I 

sent an email to her mentioning the workshop and the concerns about a calibration curve.  I 

believe you will find her to be a valuable resource in this subject area.   

  

During the discussion there were also concerns about the best way to handle samples and rules 

that would involve sample handling.  I recommend looking at the website, 
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www.radiocarbon.com.  This is the website for the company, Beta Analytic.  They provide AMS 

service to a worldwide market.  At this website, you will find tips for sample handling.   

  

I hope I have addressed all of the concerns.  Please let us know the configuration you prefer 

and we can send the detailed proposal.  In the meantime, as always, please let us know 

whenever we can be of assistance.    

  

Thank you again for a very interesting visit. 

  

Regards, 

Greg 
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Dual Source Standard CAMS 
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NEC 94191 
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NEC 99371 
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Standard XCAMS 
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Dual Source Standard XCAMS 
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The End 


