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ABSTRACT 
A variety of X-ray–based techniques can be employed to analyze Cultural Heritage (CH) artefacts1,2. However, the chemical reactions triggered by ionizing radiation and the potential subsequent damage remain poorly understood. This damage is mostly related to the X-ray dose absorbed during the analysis3,4. Measuring the dose is however challenging and, even with known instrumental and radiation parameters, rough estimations are at best based on assumptions (unknown absorption of the irradiated target). 
We developed a simple radiochromic system to evaluate X-ray doses in CH artefacts. The indicator device consists of diacetylene molecules in a paper substrate. Upon X-ray exposure, the system undergoes a distinct and gradual colour change—from white to blue—, the kinetics of which depend on the diacetylene molecule used and its concentration. The quantitative evaluation of the absorbed dose correlates with the total colour difference (ΔEab). The dose–response was investigated across a wide dose range, relevant to CH studies, using both a large-area micro-X-ray fluorescence (MA-XRF) scanner and synchrotron radiation (PUMA beamline, SOLEIL). Two indicators, based on two different diacetylene molecules, were developed, for a dose interval coverage from 21 Gy to 37 kGy. The dependency of the response to X-ray energy, dose rate, beam accumulation, light and ambient air (temperature and humidity) was studied to determine the use conditions and give shelf-life recommendations. Associated with the calibrated colour scale, the indicators can be used as an early warning system during CH artefacts analysis and examination.
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