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Background for gamma ray spectroscopy

• In the deep underground the secondary cosmic ray flux is significantly
lower compare to that on the Earth surface.

• Theoretically it is possible to measure ultra-low level gamma
radiation/radioactivity inside a laboratory underground.

• Joint Research Centre (JRC) under European Commission operates a
laboratory for ultralow-level radioactivity measurements inside the
225 m deep underground laboratory HADES, located at the premises
of the Belgian Nuclear Research Centre (Belgium).





Challenges
• All materials contain traces of radioactive nuclides.

• To bring down the intrinsic background of the detector set-up.

• To achieve low level background shielding materials have to be purer.
• Old lead bricks (210Pb has a half life of 22 years), fresh copper for shielding.

• Ultra-Low Background (ULB) Coaxial High purity Ge detectors. ULB
HPGe detectors can reach sensitivities on the order of 10 − 100 μBq
/kg (1 becquerel = 1 radioactive decay per second = 2.703x10-11 Ci.)



Science goals

• Non-linear processes (vacuum polarization effects) of QED

• Geological studies of Radon activity

• Radioactive waste management

• Rare nuclear/particle decays

• Effects of radiations on living cells and their mutations



Studies of non-linear processes of Quantum
Electrodynamics
• QED admits nonlinear processes like scattering of photons by photons

• The root of the non-classical nonlinear effects in QED is vacuum
polarization, a consequence of QED

• Non-linear processes - Scattering of light by light, Delbruck scattering,
photon splitting, Coalescence of photons, Multiphoton Compton
scattering, Unruh effect etc.







• NSF sponsored project (2003?)

• Award # 9631330 - U.S.-India Collaborative Research: Elastic Scattering and
Pair Production of 1.115 MeV photons
• Delbruck contribution in the elastic scattering of 1.115-MeV photons, PRA 71, 032724,

2005,

• Delbruck scattering of 1.115 MeV photons, Rad Phys. and Chem. 75, 2252-2257, 2006

• Examining the scaling behavior of Delbruck scattering in experimental data, Phys. Rev. C
84, 034614 (2011)

• Astrophysical applications of Delbr¨uck scattering:Dust scattered gamma radiation from
gamma ray bursts, Radiation Physics and Chemistry 95 (2014) 326–328

• Prof. Indranil Mazumdar (TIFR)



Geological Study on Radon activity

• Lung cancer is one of the commonest cancers and cause of cancer
related deaths all over the world. It accounts for 13 (6.9) per cent of
all new cancer cases and 19 (9.3) per cent of cancer related deaths
worldwide (India). (Indian J Med Res 141, January 2015, pp 5-7,
Editorial)

• The time trends of lung cancer show a significant rise in Delhi,
Chennai and Bengaluru in both sexes.

• Radon is the number one cause of lung cancer among non-smokers.



Radon

• It is a radioactive gas arising from the uranium (238U) decay series

• a colorless, odorless, and tasteless, not detectable by human senses 
alone.

• Where did uranium come from?
• The Earth's uranium had been thought to be produced in one or more 

supernovae over 6 billion years ago. Some uranium may be formed in the 
merger of neutron stars.

• Later, Uranium became enriched in the continental crust.





There is no known safe level of exposure to radon 

EPA (US) recommends homes be fixed if the radon level is 150 Bq/m^3 or more., 





Radioactive waste management.

• Characterizing very low level radioactive waste

• High-level and intermediate-level radioactive waste
• High-level radioactive waste can remain radioactive from thousands to

hundreds of thousands of years. The internationally accepted solution for its
safe and secure long term management is geological disposal in a facility
several hundred meters underground.

• Monitoring from different depth level, characterizing rocks etc.



Exploring for rare nuclear decays.

• Low background offers to observe rare nuclear decay processes not
visible on the Earth surface based laboratories.

• The background spectrum in deep underground itself can be
interesting

• Passive (low cost) solid-state nuclear track detectors (transparent
sheet of overhead projector) may be installed to search for rare
decays



Understanding the effects of radiations on living 
cells and their mutations etc.

• All living organisms are daily exposed to radiation.

• Ionizing radiation can affect cells through direct and indirect action, causing
DNA damage as well as mutations.

• The effects of high radiation as a biological extreme have historically been, 
and continue to be, extensively researched in the fields of radiation biology 
and astrobiology (Frontiers: doi: 10.3389/fspas.2020.00050)

• High doses of ionizing radiation produce clinically detectable harm in an 
exposed individual (for instance Prise et al Radiat. Res. 156, 572–576 
(2001).



• the absence of radiation as an extreme has received relatively limited 
attention

• its effects on life remaining unclear

• The currently accepted model of the radiation dose-damage 
relationship for organisms is the linear no-threshold (LNT) model
• a positive linear correlation between dose and damage

• Hormesis model -damage at high doses but beneficial stimulation of 
growth at low doses.

• Experiments to date have not yet been able to conclusively validate or 
dismiss either of these models.



1 Sv (Sievert) = 1 joule/kg



• The genetic effects of radiation are expressed in their immediate or
remote offspring

• The genetic effects of radiation are monitored through the study of
certain endpoints
• visible chromosome abnormalities, 

• proteins with altered conformations,  

• congenital malformations, 

• premature death etc.



• Ionizing radiation could have affected the evolution of life on Earth
(Astropart. Phys. 53, 186 (2014)

• Understanding the role of background radiation is important for improving
our knowledge about life evolution on Earth and about the health effects
of low dose ionizing radiation exposure.

• Mutations induced from natural background radiation

• Exploration of changes in living organisms exposed to ultra-low
radioactivity



• Life on Earth extends into deep subsurface and extreme
environments.

• the influence of deepunderground conditions on life have been
derived from experiments carried out in underground laboratories
(ULs).

• More studies are needed for any conclusive understanding.





• “investigation in DULs can help to understand the molecular
mechanisms underlying biological effects observed at very low
radiation dose/dose-rate (e.g., adaptive response and bystander
effect), their interrelationship, their dependence on radiation type,
total dose and dose rate and, even more importantly, their possible
role in human health risks.”



Conclusion

• The ultra-low level radioactive environment inside deep underground
laboratories can be extremely interesting from basic and applied
science.



ICAL + others

RPC detector carpet



• Interest shown by members of our group/collaborators

• Dr. Kabita Sarkar, SVIST, Kolkata

• Dr. T. Sarkar, NBU



Thank you








