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Abstract 
The Brazilian Synchrotron Light Laboratory (LNLS) is building Sirius [1], a 4th generation synchrotron light source scheduled to start 
operating still in 2018. New generation synchrotrons are characterized by smaller emittance and higher coherence of the photon 
beams, which can be translated into novel scientific and industrial opportunities. Properly handling the photon beam means 
collimating, filtering and focalizing it to a sample without degrading the source properties. To the optical components, such as 
monochromators and mirrors, the challenges involve mechanical stability levels in the order of single nanometers and nanoradians, 
and high thermal loads, reaching hundreds to thousands of Watts, in an environment of ultra-high vacuum and high radiation 
levels. To the samples, ever faster and more precise positioning mechanisms are required to achieve resolutions in the range of 
nanometers and allow for experiment times in the millisecond range, while the samples are submitted to a wide range of 
experimental conditions, such as extreme temperatures, magnetic fields and high pressures, to name a few. To meet these 
requirements, high precision metrology is a fundamental aspect. This work presents a first round of qualitative and quantitative 
results of synchrotron X-ray radiation damage in fiber optics interferometers. The main objectives are evaluating operational risks 
and lifetime reduction, as well as accuracy limitations, and eventually working on upgrades, so that these instruments may be 
confidently implemented and used in synchrotron instrumentation, or applications with similar conditions. The analyses are based 
on intensity and quality signals, and 2D images,  aquired in situ at LNLS X-ray imaging beamline (IMX).

Damage, Fiber, Interferometry, X-ray 

1. Introduction  

Repeatable and accurate motion systems are an ever-
increasing demand at synchrotron facilities. In high-brilliance 
light sources they are essential for time-resolved and high-
resolution experiments. Consequently, reliable metrology is a 
fundamental design target to achieve positioning 
requirements. Recent developments in the synchrotron 
community, such as X-ray nanoprobes and a high-dynamic 
monochromator [2], rely on interferometric systems for 
distance measurement, amongst other uses, due to its high 
resolution and fast response time. At synchrotron beamlines, 
they often have to be compatible with ultra-high vacuum, as 
well as to withstand significant scattered X-ray radiation. The 
latter is particularly important to drive lifetime estimates and 
guide alternative design strategies. 

The optical components of many interferometric system (i.e. 
optical fibers, mirrors, or beam-splitters) may show 
degradation limits in the order of 107 Gy [3], which might be 
reached in less than one year in a typical beamline. Thus, their 
performance under radiation exposure must be further 
investigated. Especially for optical fibers, effects of Radiation 
Induced Attenuation (RIA) and their recovery are found in 
literature [4], including synchrotron facilities [5]. Materials that 
commonly compose mirrors and beam-splitters of 
interferometric systems, such as N-BK7, were also investigated 
[6]. However, there is lack of literature available on the damage 
caused by radiation in the 5 to 30 keV rage, considered the 
most degrading due to the high absorption coefficients of these 
materials.  

The goal of this work is to evaluate the influence of radiation 
dose in commercial interferometric system components. 

Indeed, preventing damage and preserving these systems 
lifetime in such a harsh environment is a key aspect to prove 
their usefulness in synchrotron radiation applications. The 
following sessions present the samples, experimental methods 
and results that, not only propose practical  improvements, but 
also pave the way to further investigations. 

2. Samples and Methods

A set of samples of separate parts of the interferometric 
system, namely: different types of optical fibers, beam 
splitters, and a proposed shielded fiber assembly, was exposed 
to X-ray radiation. The experimental damage was caused by 
irradiating the samples with polychromatic X-ray beam at the 
imaging beamline (IMX), a bending magnet experimental 
station at the Brazilian Synchrotron Light Laboratory (LNLS) 
operational Ultra-Violet and X-ray storage ring (UVX). In 
addition to standard X-ray absorption measurements, auxiliary 
instrumentation, including fiber-optics powermeters, and infra-
red sources and detectors, were used to probe the optical 
properties of the samples. Finally, a SmarAct PicoScale 
interferometric system was preliminarily tested. The dose 
absorbed by the samples was estimated using analythical 
methods aided by simulations and transmission data available 
for the materials of each sample. 

3. Results

3.1. Optical fiber shielding implementation
Figure 1 (a) and (b) show a set with: a commercial fiber 

covered by a proposed silver plated copper mesh (1), the mesh 
alone (2), a  Polytetrafluoroethylene (PTFE) sleeve of this fiber 
(3), and a bare fiber (4), before and after exposure, 



respectively. In (c) this assembly at the beamline is shown. In 
(d) another sample of a bare (B) and a protected sleeve (P) is 
seen after exposure. The first becomes brittle, whereas the 
latter is satisfactorily protected by the mesh. In (e) a 2D X-ray 
image of a sample containing bare (B) and protected (P) fibers 
is shown, from where the X-ray shielding effect provided by the 
mesh is clear. Thus, while allowing reasonable bending 
flexibility for the fiber, the added mesh proved to preserve the 
the sleeve, which is mechanically important for robustness. 

Figure 1: Set of: commercial fiber covered by mesh (1), mesh (2), 
commercial fiber PTFE sleeve (3) and bare fiber (4), before (a) and after 
(b) beam exposure at IMX beamline (c); (d) Set of exposed bare (B) and 
protected (P) PTFE sleeves, showing the effects of radiation in (B); (e) 
2D X-ray image of bare (B) and (P) protected commercial fibers. 

3.2.Radiation Induced Attenuation 
Anritsu CMA5/P100-C powermeters were used to investigate 

the X-ray induced attenuation of a 1530 nm infrared beam 
through two optical fibers: a bare fiber and a shielded fiber. 
Figure 1 shows the attenuation during a 12.5-hour exposure of 
synchrotron beam with an average dose rate of 4.15 kGy/s, as 
well as the recovery effect. The attenuation is clear for the bare 
fiber, but significantly reduced for the shielded one. For 
comparison, typical losses in connector intefaces are in the 
order of 0.2 dB [7] for the standard FC/APC connectors. Next, a 
Novae Mini-Coverage infrared source and a Thorlabs PDA10D-
EC detector were used to probe a N-BK7 beam-splitter. 
Although Figure 2 clearly shows some extent of damage in the 
visible light range after a dose of about 20 MGy, no effects 
above noise levels could be seen in the infrared range, 
suggesting that performance is preserved. 

Figure 1: Attenuation measurement and cumulative dose of bare and 
shielded optical fibers probed with infrared powermeters. 

Figure 2: N-BK7 beam splitter before exposure (a), and top (b) and 
front-view (c) marks in the visible light range after about 20 MGy 
exposure. 

3.3.Smaract PicoScale Interferometers 
Figure 4 shows the in situ setup with a SmarAct PicoScale 

system. To evaluate the effects of radiation on beam signal 
quality and angular tolerances, these parameters were 
evaluated, firstly while the fiber (rolled up to a reel of 30mm 
diameter) was directly exposed to the X-ray beam, and then 
while the full interferometer head was irradiated. The results, 
however, were not conclusive, due to experimental mechanical 
and thermal instabilities. A new round of characterizations is 
planned, in which effects in accuracy are also of interest. 

Figure 4: In-situ interferometry measurement at IMX beamline.

4. Conclusion

By characterizing radiation effects in mechanical and optical 
properties of interferometry systems parts, more knowledge in 
terms of performance limitations and lifetime became 
available. After investigating fibers and PTFE sleeves a simple 
shielding upgrade is proposed, suggesting that an ordinary 
metal mesh may be sufficient to protect them, while keeping 
enough mechanical compliance. Since more compliance may 
allow for improved dynamic performance in motion systems, 
this is a significant advantage when compared to commercially-
available bellows-type fiber protections, for instance. Finally, in 
radiation environments it could be generally suggested that 
radiation sensitive materials, such as PTFE, be replaced by well-
known radiation resistant materials, such as Kapton. 
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