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Multipixel x ray detection integrated at the end of a narrow multicore fiber

   

The need for novel tools able to detect ionizing radiations 4 within tiny recesses and/or extreme environments (of high pres- an individual fiber [10]. The multi-pixel probe was sufficiently 33 compact to be inserted within a catheter for brachytherapy ap-34 plications [11,12]. However, since the luminescence spectra 35 of the three different scintillators used as detection pixels no-36 ticeably overlap, the detector suffers from inter-pixel cross-talk.

37

The development of an array of detection pixels at the tip of an 38 individual optical fiber has so far never been reported.

39

In this paper, we demonstrate a seven-pixel X-ray detector 40 engineered at the tip of an individual fiber. Our detector is 41 achieved by coupling seven metal-coated scintillating micro-tips 42 to a multicore fiber, each microtip being coupled to one of the 43 fiber cores. The resulting seven parallel detection channels are 44 shown to be totally independent from each other, thus holding 45 promise for a high contrast real-time imaging in hard-to-reach en-46 vironment. Demonstration is realized both with monochromatic 47 and polychromatic X-rays. Multicore fibers have recently demon-48 strated new prospects for sensing applications [START_REF] Zhao | Advances in multicore fiber grating 252 sensors[END_REF]14] and lab-49 on-fiber technology [15,16]. We here extend the multicore-fiber-50 based technology to the analysis and imaging from ionizing 51 radiations.

52

Our fiber-integrated multipixel detection system is fabricated 53 using a photopolymerization process at one endface of a mul- The response of our fiber-integrated multipixel detector in 139 terms of dose linearity and repeatability is reported in Fig. 3.

140

The measurement repeatability (Fig. 3 Outside the fiber core coupled to the pixel under exposure, the 177 detected intensity is at the level of the dark signal of the camera: 178 inter-pixel cross-talk is therefore negligible. 

5 sure, 11 Fiber

 511 temperature or radioactivity) is seen to rapidly grow in 6 many scientific, medical and industrial domains. Being com-7 pact, robust and flexible, optical fibers are widely considered 8 as a promising optical tool for addressing this demand, as they 9 allow a direct control on light encoded information collected 10 from hard-to-reach locations. probes based on the integration of a scintillating el-12 ement onto the tip of the optical fiber have been widely ex-13 plored for the local and real-time dosimetry of ionizing radia-14 tions. Given their inert, passive, and possibly biocompatible 15 nature, such devices are particularly appealing in a variety of 16 applications and techniques ranging from in-vivo dosimetry in 17 cancer therapies to in situ dosimetry within harsh environments 18 such as a nuclear reactor [1-8]. 19 Most of these studies have been realized with single pixel de-20 tectors obtained by coupling a scintillating cell to an individual 21 fiber. Bringing multi-pixel X-ray detectors within hard-to-reach 22 environments would enable new opportunities in radiation anal-23 ysis, opening the prospect of in vivo or in situ real-time imaging. 24 However, integrating a pixel array in a compact fiber-integrated 25 architecture remains a challenge. Optical fibers being typically 26 larger than 90 µm, the parallel implementation of a single pixel 27 fiber probe in a fiber bundle represents limits in terms of com-28 pactness and image sampling [9]. 29 Compactness and resolution issues can be alleviated by imple-30 menting multiple pixels onto the same optical fiber. Therriault 31 et al. developed a three-pixel detector integrated at the end of 32
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 11 Fig. 1. (a) SEM image of a fiber-integrated multi-pixel detection array on top of a seven-core optical fiber. Each pixel is in direct optical coupling with one of the fiber core. (b) Scheme of the experimental set-up for the detector demonstration.
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Figure 2 (

 2 Figure 2(a) shows an image of the output endface of the multi-
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  (a)) is determined over 141 ten exposures of ten seconds each. For the ten exposures at a 142 near-constant radiation flux, the light intensities accumulated 143 by each detection pixel show standard deviation from signal 144 average spanning from 0.4 % and 1.29 %. Note that these er-145 rors are mainly due to slight variations of the X-ray intensity 146 at the synchrotron beamline. The X-ray flux in a synchrotron 147 is known to be a decaying function of time due to the lifetime 148 limitations of the electrons within the storage ring. To overcome 149 the problem, electrons are periodically injected into the storage 150 ring to compensate beam losses and keep a constant photon flux 151 at beamlines (cf. "top-up" operation"). Since our measurements 152 are realized between two successive "top-up", we numerically 153 compensated the X-ray intensity decay in our data acquisition 154 from a linear regression calculation. A linear regression being a 155 first approximation of the real time-varying decay of the X-ray 156 beam, residual intensity fluctuations are preserved and explain 157 the harmonic fluctuations of the data points visible in Fig. 3(a)).

158Fig. 2 .

 2 Fig. 2. (a) Optical image of the fiber output face when the pixel array is exposed to a 1x1 mm 2 radiation field (see inset of (b)). (b) Intensity plots along the three white lines of (a).
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179

  Our fiber detector can operate under polychromatic X-ray 180 radiations as well. This has been verified by testing the fiber 181 system with a polychromatic radiation from a Cu-target source 182 (20 kV, 40 µA / Bruker D8 DISCOVERY diffractometer).

Figure
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5Fig. 3 .Fig. 4 .

 34 Fig. 3. (a) Repeatability of the multipixel detection system over ten successive exposures. (b) Linearity of the detector versus the exposure duration (i.e., accumulated dose).

Fig. 5 .

 5 Fig. 5. Readout signal from the seven detection pixels upon a 110 s exposure to polychromatic X-rays from a Cu-target source. During the first and last 40 s of the acquisition, the source shutter is closed to assess the background (dark) signal of the system. When the radiation is activated, the SNR ranges from 30 and 42.
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linearity factor R across the pixel array exceeds 0.999.

165

To evidence potential spurious inter-pixel cross-talk in the 166 overall detection process, the X-ray radiation is narrowed until 167 exposing only one of the seven pixels of the fiber probe. To this 168 end, the diaphragm diameter is decreased down to 35 µm and 169 the resulting pinhole is centered with respect to a single pixel 170 at the fiber detector. Fig. 4(a) reports an optical image of the output endface of the fiber when the tight X-ray pencil selectively 172 irradiate the pixel at the center of the detection array. We see that only the exposed pixel delivers light to the camera via 174 the multicore fiber, the neighboring detection channels remain Disclosures. The authors declare no conflicts of interest. paper are not publicly available at this time but may be obtained from 224 the authors upon reasonable request.