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Let explore the radioactivity: outdoor! 



Uranium in the Earth 

Effective Effective 

Emax (MeV) Signal  E(MeV) 
Relative 

Intensity 

238U 

234mPa 2.27 31 % 1.00 0.8 % 

214Bi 3.27 48 % 0.61 45.5 % 

232Th 

212Bi 2.25 20 % 0.73  6.6 % 

228Ac 2.07 1 % 0.91 26.2 % 



Type of decays 
T1/2 

[Gyr] 

εν 

[kg-1s-1] 

Q  

[MeV]   

εH 

[µW/kg] 

238U α, β, βγ 4.5 7.46 x 107 51.7 95  

232Th  α, β, βγ 14.0 1.62 x 107 42.7 27 

40K βγ (89%) 1.3 2.32 x 108 1.3 22 

The terrestrial radioactivity, due mainly to the presence of 238U, 232Th and 40K, 

can be considered a probe to study the Earth.  

• A fraction of electron antineutrinos produced in β 

decays along the 238U and 232Th decay chains, i.e. 

geoneutrinos, can be revealed. 

• 40K and some daughter nuclides of 
238U and 232Th emit γ- rays having 

energy ~ MeV which can be easily 

detected.  



… in situ … in lab … airborne 

~ 0.1 m ~ 100 m ~ 10 m 

Where do we work? 



Gamma spectroscopy outdoor 

Terrestrial Cosmic 

40K 214Bi 208Tl 



* Compiled by Sally Barritt, 2005 - Radioelement Mapping, IAEA. 

Global gamma-ray spectrometry and total count coverage 



Uranium distribution in north America 



? 



 flight lines
 line spacing

 field of view

 height

 speed ~ 100 km/h 

~ 100 m 

~ 0.5 km 

We adopted the recommendations of IAEA*: it permits a 

comparison between different international experiences.  

The aircraft has to follow the morphology of the territory. 

* International Atomic Energy Agency. Guidelines for radioelement mapping using gamma-ray spectrometry data. IAEA-TECDOC-1363, Vienna; 2003. 

Airborne Gamma-Ray Spectrometry 
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4 NaI(Tl) detector 4 Lit. (102 x 102 x 406 mm) 

1 NaI(Tl) detector 1 Lit. (102 x 102 x 102 mm) 

Energetic resolution 8.5% at 662 keV (137Cs) 

Channels 1024 (512, 256) 

Real-time feedback notebook (smartphone & tablet) 

Power autonomy 3 hours (without external batteries) 

Dimensions L 75 cm x W 45 cm x H 50 cm 

Weight (total) ~ 115 kg 

Output List mode events (individual & composite spectra) 

Spectrum analysis (off-line) FSA with NNLS constrain (stripping ratio method) 

Auxiliary sensors GPS, Pressure & Temperature 

AGRS_16: our equipment 





Total activity 

(Bq/kg) 

2700 ± 52 

Total activity 

(Bq/kg) 

38 ± 6 

Total activity 

(Bq/kg) 

186 ± 14 

Total activity 

(Bq/kg) 

1080 ± 33 

Radioactivity measured in rock samples 



Map of U distribution 

E. Guastaldi  et al. 

A multivariate spatial interpolation of airborne γ-ray data using the geological constraints.  

Journal of Remote Sensing of Environment (2013). 



Map of Th distribution 



Map of K distribution 



• Surface of Tuscany + Veneto:  ~ 42000 km2 

• Number of soil + rocks samples: ~ 3000 

V. Strati et al.  

Total natural radioactivity, Veneto (Italy).  

Journal of Maps (2014). 

I. Callegari et al.  

Total natural radioactivity map of Tuscany (Italy).  

Journal of Maps (2013). 



Radgyro: our flying laboratory 



Camera RGB  

Camera IR 

MTi-G-700 
GPS/INS IMU 

PMT 

NaI (Tl) 16 L 

Smartmicro® Micro 
Radar Altimeter 

3 GNSS single freq. EVK-6 u-blox + 
GPS ANN-MS act. antenna 

Toradex Oak USB Sensor 
Atmospheric Pressure 

Some equipments on board 



Atmospheric radon 
exhaled from rocks 

and soils 

25 cm 

Topography and height 
correction 

Vegetation 

Aircraft radiation due to K, U and Th in 
the equipment 

Soil water content 

Cosmic radiation due to the 
interactions of secondaries Ƴ 
with the air and equipment 

Challenges in outdoor realtime gamma spectroscopy 





~ 5 hours of total data acquisition within 
altitude range of 35 - 3066 m collecting  
~17.6 103 gamma spectra 

Calibration surveys over the sea 



• The data acquired are 

time-aligned respect to 

the common time 

reference given by the PC-

time stamp 

• Post-processing GNSS: 

code and phase double 

differences (with ground 

station) 183 

188 

193 

198 

203 

208 

213 

218 

223 

228 

250 260 270 280 290 300 310 320 330 
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Time[s] 

GPSA 

GPSB 

GPSC 

GPSIMU 

PT 

PTIMU 

ALT 

Altitude recorded by 7 altimeters 

1.96 ± 0.01 m  



Height 
interval [m] 

Estimated uncertainty on 
the height [m]  

Relative uncertainty on the radionuclide 
ground abundances [%] 

 40K 214Bi 208Tl 

Low altitude 35 – 66 3.9 4.8 4.4 3.8 

Mid altitude 79 – 340 1.6 1.7 1.5 1.3 

High altitude 340 – 2194 1.5 1.6 1.4 1.2 

Distribution of standard deviation of heights 

Summary of uncertainties of the flight altitude on AGRS measurements 





Cosmic Background and Minimum Equivalent Abundances (MEA) 

TEWTE CEE WWW T
bn na 

Linear relation breakdown  

BEWBE CEE WWW B
bn na 

Aside from the cosmic stripping ratio (b) and the constant background count 

rate due to the aircraft radioactivity (a) we calculated the K, U and Th MEA 

Energy Window  (a ± da) [cps] (b ± db) [cps/cps in CEW]  MEA 

KEW (potassium) 3.7 ± 0.4 0.20 ± 0.01 0.05·10-2 g/g 

BEW (bismuth) 2.0 ± 0.4 0.16 ± 0.01 0.4 µg/g  

TEW (tallium) 1.58 ± 0.04 0.179 ± 0.002 0.8 µg/g 



BEW
h

RnBEW BEW
n (h)n(h) A e B


  

• In presence of atmospheric radon, the 

CR in BEW comprises an altitude 

dependent component coming from 

atmospheric 214Bi (Rn): 

• Recent studies of 222Rn vertical profile 

applied to climate, air quality and 

pollution showed a diurnal mixing layer 

at ~ 1-2 km 

• We aimed to develop a real-time 

method for recognizing the 222Rn 

boundary layer with AGRS 

measurements, taking into account 2.3 

mean free path (r ~ 400 m) of 214Bi 

unscattered photon 

A new model for the count rate 
in the Bismuth Energy Window 



Model ABEW ± dABEW [cps] μBEW ± dμBEW [m-1] BBEW ± dBBEW [cps] s ± ds [m] C ± dC [cps] Reduced χ2 

Standard model 0.39 ± 0.07 (2.01 ± 0.1)·10-3 5.5 ± 0.3 / / 5.0 

New model 8.2 ± 0.2 (2.54 ± 0.06)·10-4 -4.9 ± 0.2 1318 ± 22 0.68 ± 0.05 2.1 

• The new model, accounting for the a homogeneous 222Rn layer, provides a better fit 

compared to the 222Rn free standard model 

• The mean 222Rn concentration aRn = (0.96± 0.07) Bq/m3 and mixing layer depth  

s = (1322 ± 22) m are in agreement with the literature 

BEW
BEW BEWh

AIRCRAFT COSMIC
n(h) A e B




  AIRCRAFT COSMIC Rn

n (s,C,h)n(h) n(h)


 

Full reconstruction of the BEW count rate altitude profile 



Soil water content at an agricultural site 
with proximal gamma ray spectroscopy 

AGRS for investigating  
atmospheric radon vertical profile 

Cosmic and aircraft background 
radiation in AGRS surveys 

Implications of the accuracy of flight 
altitude on AGRS measurements 
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