














Neutron Environment









Grandezze fondamentali in dosimetria

Dose equivalente (Sv)Dose assorbita D (Gy= J/Kg)
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volume elementare di massa 

dm

dm
dD ε  =

Dose efficace (Sv)

∑=
R

RTRT DwH ,

T = tessuto o organo
DT,R = dose assorbita 

dall’organo
wR = fattore di qualità della 

radiazione
R = tipo di radiazione

∑=
T

TT HwE HT = dose equivalente
wT = peso per il tessuto  
o organo

Présentateur
Commentaires de présentation
Le grandezze radioprotezionistiche sono scarsamente utilizzate ai fini pratici  pertanto l’ICRU ha definito un altro set di grandezze: operative (alle quali appartiene H*) che permettono di dare una stima conservativa di quantità radioprotezinistiche.
H*(10) è definita nella sfera ICRU a 10 cm per radiazioni penetranti.



Qualche dato…
Per ricevere una dose di 1 mSv

17 mesi a Parigi
6 mesi in luoghi a grande altitudine
7 voli andata e ritorno Parigi-Tokyo

13 voli andata e ritorno Parigi-New York sul Concorde
1 ½ giorni a bordo della MIR (400 km di altezza)

Per un dato volo, la dose totale della radiazione cosmica ricevuta è direttamente 
proporzionale alla durata dell’esposizione, e quindi alla durata del volo.

Occupazione Esposizione annua 
(mSv/anno)

Addetti centrali nucleari 4.76

Tecnici di radiografia industriale 3.34

Personale reparti medicina 
nucleare

1.22

Piloti e assistenti di volo 1-5

Dose alla popolazione     1 mSv/y           Dose professional exposure 5 mSv/y

Présentateur
Commentaires de présentation
ICRP: International Commission on Radiological Protection

NCRP: National Council on Radiation Protection and Measurement

The National Council on Radiation Protection and Measurement (NCRP) released a new publication (NCRP Report No. 132, December 2000) that provides radiation protection guidance and radiation exposure limit recommendations for astronauts working in low-earth orbit.

Gray equivalent (Gy-Eq): A dose weighted for relative biological effectiveness (RBE). In the NCRP Report No.132 (2000), dose limits for deterministic effects are expressed as the organ dose in gray multiplied by the relevant RBE for the specific organ and radiation.



Exposure in  Space Missions

Program Average 
altitude in km

Crew 
members

Dose-rate 
in mSv/day

Total dose 
in mSv

Gemini 454 (1370) 20 0.87 (4.7) 0.53 (4.7)

Apollo 33 1.3 (3.9) 12.2 (33)

Skylab 381 (435) 9 1.2 (2.1) 72 (170)

Mir 341(355) 4 0.72 (1.0) 100 (140)

ISS 360 (450) 280 0.5 (1.0) 80 (180)

Mars 4 (8) 1.5 (2.0) 400 (1200)

Livelli di radiazione stimata o misurata nelle missioni spaziali (in
parentesi sono riportati i valori massimi).
Ref.: M. Durante “Radiation protection in space”, La Rivista del
Nuovo Cimento, 25-4-8 (2002).
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Rem Counter 25 meV‐17 MeV

February
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SOPO (South Pole)  neutron monitor



Rem Counter 25 meV‐17 MeV SOPO (South Pole)  neutron monitor

April
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The neutron ambient dose equivalent is veri high 
Great anisotropy to respect to North Pole data

Conclusion

New investigations are required



• INFN Sez. Bologna
• LNF‐INFN  Frascati
• IASP‐INAF  Rome
• Politecnico di Milano
• Istituto Antartico Argentino

NEW PARTICIPANT ISTITUTIONS 

2015     CAMPAIGN

• More Istitutions

• More instruments

• Longer period

• Preliminary 
intercalibration
at Testa Grigia Lab 
3480 m  asl



Laboratorio della Testa Grigia
Cervinia, Italy

45° 56’ 03” North, 7° 42’ 28” East   3480 m a.s.l.

Instrument intercomparison at High Altitude Laboratory

CORA  Project        2015 Campaign

J.C. Terrazas1,  P.Diego2,  P.Morfino3,   A. Liberatore4,  A.Esposito5, M.Chiti5,  M.Caresana6, M.Laurenza2,  A.Zanini7



Neutron Spectrum at Plateau Rosa
Cervinia 3480 m asl 45° 56’ 03” North, 7° 42’ 28” East 

Publication: “COSMIC RAYS AT 
EARTH –Researcher’s Reference 
Manual  and Data Book” ELSEVIER 
SCIENCE   (2001).Studvick

Atomtex
(real time)

Thermo (real time)

Rem counter CR39

Bi209 stack
BD‐PNDBDT



1‐ Rem Counter Atomtex

(INFN Torino) 
Energy range — 0.025 eV ‐‐14 MeV

• AT1117M works with digital readout 
consisting of the processing unit (PU1 and/or 
PU2) with an internal Geiger‐Muller counter:

• Energy range: x & γ— from 20 keV up to 3 
MeV, ,

• α— 3–7 MeV, 

• β— from 155 keV up to 3,5 MeV.

2‐ Extended  FHT 762 Thermo       
(LNF Roma)
Energy Range : 0.025eV ‐ 5GeV 

• Linearity:  ±20%

• (Angular dependence: ±20% in all directions) 

• Sensitivity:  Sensitivity: 0.84 
cps/(µSv/h) Cf‐252

• Gamma sensitivity:  1 to 5µSv/h at 
100 mSv/h, 662keV 

• Temperature 
(Metric) Operating      ‐30° to +50°C 

• Pressure: 500 to 1500 hPa

• Relative Humidity:      up to 90%, 

1‐ Rem Counter Atomtex 2‐ Rem Counter Extended  FHT 762 Thermo



3- Dual-detector spherical rem-counter    
Politecnico di Milano      

Energy Range : 0.025eV ‐ 5GeV 

• Based on a polythene sphere with lead and cadmium insets, 
designed to host at its centre either an active (3 detector). 
Its sensitivity ranges from thermal energies up to 1 GeV.

• The rem counter has been calibrated with a PueBe source. 
• The instrument have proved to be capable of measuring the 

cosmic neutron back- ground.
• The instrument was inter-calibrated with a WENDI FHT672 

(in turn calibrated in a secondary standard field), in the 
neutron field generated by a 5 Ci Pu-Be source at the 
Politecnico di Milano.

• The calibration factor determined for the passive rem 
counter is 6.91 ±0.45 tracks/(cm2 -µSv), while for the active 
version it is 33 ±16 pSv per count.

3- Dual-detector 
spherical rem-counter 

Response function of the passive rem counter, compared to the curve of ambient dose 
equivalent, H*(10).ICRP 60



4‐ Portable Neutron Monitor  ‐ INAF Roma

Neutron Monitor
Connections of the NMD

3 NM‐64 He3  Portable Neutron Monitor:
The  Modular Neutron Monitor (Figure 5) is employed to measure the 
primary cosmic ray flow variability ; each component  of this device  was designed
in a modular way, so fitting together adifferent number of elements and using 
different counters it is possible the assembly of a detector with a length
varying from 80 cm to 210 cm. Such innovative system allows the realization 
of a detector equipped with a helium counter type LND 25382 (65 cm) as well as one utilizing
a LND 25373 (191 cm) just using a different amount of modules. 
Functional and comparative tests of the  mobile neutron monitor have been performed at
SVIRCO Observatory & TPL in Rome. The modular unit  unit has been  calibrated against the  
standard 20NM‐64 detector of the Observatory. 



Instruments   inside   Testa Grigia  Laboratory
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Novembre 2014
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Cervinia    Confronto Thermo vs.     Atomtex
Agosto‐Dicembre 2014

Mese Atomtex
H* (μSv/h)

Thermo
H* (μSv/h)

Agosto I
Agosto II

0.051       0.001
0.050       0.001

0.075    0.003
0.073    0.002

Settembre 0.050       0.003 0.079     0.023

Ottobre 0.048       0.004 0.078    0.023

Novembre 0.049        0.01 0.075 0.002

Dicembre 0.047        0.001 0.075   0.002
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Comparison Cervinia Chakaltaya



Comparison Cervinia Chakaltaya

H* μSv/h

Plateau Rosa, Cervinia 
3600 m asl 1998

Studvick
(0.025 eV< En<20 MeV)

Linus (0.025 eV< En<400 
MeV)



Instrument exposure at Argentine Antarctic Marambio Base
74° 13’  S   54° 43’  W

CORA  Project        2015   Campaign
J.C. Terrazas1,  P.Diego2,  P.Morfino3,   A. Liberatore4,  A.Esposito5, M.Chiti5,  M.Caresana6, M.Laurenza2,  A.Zanini7

1° of March 2015  ‐ November 2015









• Detector                        Application        Energy Range                 Institution 

ACTIVE DETECTORS
• 1‐ Atomtex  Neutrons            25 meV‐14MeV INFN Torino 
• 2‐ Studvick 222          Neutrons             (25 meV‐17MeV        INFN Torino 
• 3‐Thermo                    Neutrons 25 meV‐ 5 GeV LNF Frascati 
• 4 ‐Liulin 4                 Low LET radiation    all energies INFN Torino

ACTIVE DETECTORS
• 5‐CR39 SSNTD  Neutrons 25 meV‐ 1 GeV PoliMi
• 6 ‐Bi209 Stack  Neutrons  50 MeV‐ 100 GeV INFN Torino 
• 7‐ CR39                        Neutrons 10 keV‐20MeV LNF Frascati
• 8 ‐BDT ( Bubble)           Neutrons  25 meV‐ 4 eV INFN Torino 
• 9 ‐ BD‐PND  Neutrons            100 keV ‐ 20 MeV) INFN Torino
• 10‐BDKG – 04 x+ γ radiation 15 keV‐3 MeV) INFN Torino 

Instruments   Marambio 2015 Campaign



Marambio base    ‐Neutron dosimetry‐2015 campaign

From left to right    1 ‐THERMO, 
2‐ ATOMTEX, 
3‐ REM COUNTER CR39

3

1

2

5
4

4

Active Detectors

7
66 7

7

Passive  Detectors

4‐Bi209 stack 5‐ CR39

6‐ BDT             7‐BDPND



Paolo Morfino and Helios Fernadez at Marambio Laboratory testing the instrumentation



Media  0,0232  Media  0,0446 
Dev.Standard 0,0006  Dev.Standard 0,007 

Media  0,0242  Media 0,044 
Dev.Standard0,002  Dev.Standard 0,0015 

2° March

3° March

Comparison THERMO vs.     ATOMTEX



Atomtex μSV/h           Thermo μSV/h
0.024                                0.044

Comparison THERMO vs.     ATOMTEX



Neutron Ambient Dose Equivalent
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Media 0,0241 Media 0,044

Dev.Standard 0,0022 Dev.Standard 0,001

BDT           BDPND         Tot

0.008         0.022         0.030
0.002         0.006            0.01

Comparison THERMO vs.     ATOMTEX       vs.  Bubble detectors



• Marambio H* (μSv/h) Energy Range Detector
64° 13’ S  56°43’W                         0.043 25 meV <En< 1   GeV Thermo

• Spitzbergen 0.008 7 +‐ 0.0006 μSv/h           25 meV <En< 1 GeV Bonner Spheres
64° 13’ S  56°43’W

Comparison South Pole     vs. North Pole



South Pole  Deplacement





1‐Environmental Exposure
• Antarctic locations closer to magnetic South Pole  are exposed at higher environmental radiation
• The bases on the Antarctic Plateau ( Dome C, Mc Murdo, Scott Amundsen) at 3000 m asl could overcome the 

admitted exposure limits (1 mSv/y)
• Further investigations are required, to evaluate if the working people have to be considered professionally

exposed ( as pilots or astronauts)
• New campaignes are planned at Belgrano ( Argentine) and at DomeC ( French‐Italian) 
• The antropomorphic phantom Jimmy will be employed, to evaluate the neutron dose to human body

2‐South –North anisotropy
• The values of H* measured at North Pole are very lower thn the measured at Marambio base
• Further investigations are required to understand this anisotropy ( excluding instruments failure)
• Possible variation in geomagnetic and solar magnetic fields?

3‐ Correlation between solar activity and netron ambient dose equivalent
• It is possible to correlate  solar activity and neutron ambient dose equivalent? 
• A portable neutron monitor (IASP‐INAF) will be installed at Marambio base to compare  primary cosmica 

rays variability with neutron dose collanboration will be established with CONAE  to install neutron
detectors on board of Aquario satellite.

Open Questions and Future Work



Con il Direttore del   CONAE _ 
Comision National   de Actividad Spatial Ing Varotto

Con il Direttore del  IAA   
Istituto Antartico Argentino
Ing Coria

ACCORDO DI COLLABORAZIONE 
SCIENTIFICA 

tra  le  seguenti Istituzioni  Italiane e 
Argentine

L’ISTITUTO NAZIONALE DI FISICA 
NUCLEARE
INFN Sezione di Torino (Italia)
INFN Sezione di  Bologna (Italia)
LNF‐Laboratori Nazionali di Frascati  
(Italia)

L’ ISTITUTO DI ASTROFISICA SPAZIALE E 
PLANETOLOGIA    

IASP‐INAF  (Italia)

L’UNIVERSITA’ NAZIONALE DI LA PLATA   
UNLP    (Argentina)

L’ISTITUTO ANTARTICO ARGENTINO     
IAA    (Argentina)









Biological Study
Space Medicine Department Università di La Plata



Thank you for your attention
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