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ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Validation of Modelling the Radiation Exposure due to Solar Particle Events at Aircraft Altitudes [START_REF]EC Council Directive 96/29[END_REF] Peter Beck, [START_REF] Lindborg | Cosmic Radiation Exposure of Aircraft Crew. Compilation of Measured and Calculated Data[END_REF] David T. Bartlett,[START_REF] Bartlett | Investigation of Radiation Doses at Aircraft Altitudes during a Complete Solar Cycle[END_REF] Pawel Bilski, [START_REF] Spurný | Measurements in an Aircraft during an Intense Solar Flare, Ground Level Event 60, on the 15th[END_REF] Clive Dyer, [START_REF] Beck | TEPC reference measurements at aircraft altitudes during a solar storm[END_REF] Erwin Flückiger, [START_REF] Lantos | Radiation doses potentially received on-board aeroplanes during recent solar particle events[END_REF] Nicolas Fuller, [START_REF] Lantos | Radiation doses potentially received on-board aeroplanes during recent solar particle events[END_REF] Pierre Lantos, [START_REF] Lei | An atmospheric radiation model based on response matrices generated by detailed Monte Carlo simulations of cosmic ray interactions[END_REF] Günther Reitz, 8 Werner Rühm, 9 Frantisek Spurny, 10 Graeme Taylor, 11 Francois Trompier, 12 Frank Wissmann regulations [START_REF]EC Council Directive 96/29[END_REF] . The radiation exposure due to solar particle events is still a matter of scientific research [START_REF] Lindborg | Cosmic Radiation Exposure of Aircraft Crew. Compilation of Measured and Calculated Data[END_REF] . Several in-flight measurements were performed during solar storm conditions. First models to estimate the exposure due to solar particle events have been 

Conclusions

A EURADOS working group co-ordinates current research on effects of solar energetic particles at aircraft altitudes. Calculated values of the radiation exposure due to ground level events (GLEs) range up to a total dose of some 5mSv per route on-board supersonic flights and up to some 1mSv on board subsonic flights crossing the Polar region. The occurrence of GLEs is on average one event per year with a route dose a few tens of µSv, one event per decade with a route dose of a few hundred µSv, and perhaps one event per century with a route dose of the order of mSv. GLEs are most probable during the solar maximum, with an increased likelihood before and after the maximum of Sun's activity of the eleven year solar cycle. Several in-flight measurements have been performed during solar storm periods. Calculation methods of radiation exposure due to GLEs are at present under validation.

ACREM in-flight measurement of GLE 60 during Frankfurt -Dallas / Fort Worth (USA) flight and comparison with neutron monitor data from the ground station at Moscow [START_REF] Bartlett | Investigation of Radiation Doses at Aircraft Altitudes during a Complete Solar Cycle[END_REF] . LIULIN measurements of GLE 60 during Prague -New York flight [START_REF] Spurný | Measurements in an Aircraft during an Intense Solar Flare, Ground Level Event 60, on the 15th[END_REF] .

PRG-JFK

Measurements On-Board Aircraft

TEPC measurements during the Halloween storms between October and November 2003. GLE65, GLE66 and GLE67 occurred during these time period [START_REF] Beck | TEPC reference measurements at aircraft altitudes during a solar storm[END_REF] .

Observation of about 40% increase and 30% decreases of the radiation exposure at Munich -Chicago flights at 12 km due to GLE 65 and the following Forbush decrease [START_REF] Beck | TEPC reference measurements at aircraft altitudes during a solar storm[END_REF] .

Worst case calculation for 31 GLEs for flights between Paris and New York with Concorde (1st and 2nd bar) and Paris to San Francisco with subsonic aircraft (3rd and 4th bar). GLE contribution (black bar), total dose (white bar). The GLEs taken into account are those significant in terms of radiation dose.

Calculation of GLE Exposure

World dose map calculated for the conditions during GLE 69 on 20 January 2005 based on SiGLE model [START_REF] Lantos | Radiation doses potentially received on-board aeroplanes during recent solar particle events[END_REF] .

Calculated time profile dose rate data during GLE 60 on 15 April 2001 on a flight from FRA to DFW. Radiation data were calculated by the QARM model [START_REF] Lei | An atmospheric radiation model based on response matrices generated by detailed Monte Carlo simulations of cosmic ray interactions[END_REF] . 
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