Results: The Wiener filter, shown in Fig. 2, provided the most promising result with an ambient noise attenuation of 22 dB and no marked increase in electronic noise. The second best approach was the adaptive filter (16 dB), however it had poor performance with large amplitude noise sources (4 dB). The coherent noise suppression method gave 8 dB noise attenuation. The shielding enclose was able to attenuate noise by 24 dB, and results are summarised in Fig. 3.

Figure 3 Comparison of noise attenuation achieved by investigated methods. The noisy signal recorded by the detector (broken-blue line) was best de-noised using the Wiener filter method. A reduction of 22 dB was achieved, which is close to the 24 dB attained via the shielding enclosure (broken-red line). The adaptive filter (pink) and the coherent noise suppression (green) methods led to 16 dB and 8 dB attenuation, respectively. Discussion/Conclusion: Software gradiometry can achieve an attenuation comparable to our high permeability magnetic shielding enclosure. Software gradiometry has the advantage that the volume required by the sample coil is smaller than its equivalent hardware gradiometer, which can increase the SNR through a better coil distribution. In future work we will analyse the benefits of increasing the number of background coils and any gains to be had using machine learning for noise suppression. Our inexpensive signal detector paves the way towards a truly portable ultra-low field NMR system. 1 References:

1 Matlachov, Andrei N., et al.,''SQUID detected NMR in microtesla magnetic fields.'' Journal of Magnetic Resonance 170.1 (2004): 1-7. 2 Freire, N. L., and S. C. Douglas, ''Adaptive cancellation of geomagnetic background noise using a sign-error normalized LMS algorithm. '' Acoustics, Speech, and Signal Processing, 1993. ICASSP-93., 1993 IEEE International Conference on. Vol. 3. IEEE, 1993. 3 The polarization state modulation is analyzed then converted into an analog signal (proportional to the E-field) by means of a fast photodiode. Figure 1 presents the setup of the experiments performed in two different MR scanners (the used sequences and RF coils are described in Table 1).

Figure 1 Schematic of the experimental setup for E-field measurements. The emitted and reflected lasers were transmitted through the same optical fiber. The signal processing unit contains optoelectronics components to analyze the polarization state modulation of the laser. A fast photodiode was used to ensure the optical-to-electrical conversion of the signal. A spectrum analyzer provides directly the temporal evolution of the RMS value corresponding to the E-field component. The probe was calibrated outside the MRI using a loaded transverse electromagnetic cell to determine the proportionality factor between the measured signal and the electrical field. Results: MR images of an orange (fruit) were acquired with and without insertion of the optical probe (figure 2). The slight difference between the images was due to the mechanical insertion of the probe and not due to some possible perturbations of the probe. Table 1 summarizes results of the local SAR for different samples and experimental conditions at the center of the MRI. The presence of a
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resonant circuit near a liquid-filled phantom caused an increase of the SAR by a factor of 7.76. Inside an orange, SAR values were 10.76 W/ kg and 3.98 W/kg at 4.7-T and 3-T, respectively. Finally, the calibration of the probe shows that the relative E-field amplitude uncertainty does not exceed 1 dB.

Figure 2 a) MR images of an orange with and without the insertion of the optical probe and the difference between the two images. The orange was located in the center of the body coil of a 3T clinical MR scanner.

Table 1 The characteristics of the samples used in the experiments, the measured amplitude of the radial component of the electrical field and the local SAR calculated from electrical conductivity, mass density and the measured electric field values inside (1) a liquid phantom filled with a solution of 1.25 g NiSO4 9 6H2O + 5 g NaCl per liter of distilled water to mimic the patient, (2) a resonant circuit was put at 2 cm from the liquid-filled phantom, (3) an orange and ( 4 

  Becker, W., et al., ''First experiences with a multichannel software gradiometer recording normal and tangential components of MEG.'' Physiological measurement 14.4A (1993): A45. 58 Towards optical-based real-time evaluation of the local SAR: RF electrical field in biological sample I. Saniour 1 , G. Gaborit 2 , L. Duvillaret 3 , R. Sablong 1 , A.-L. Perrier 2 , O. Beuf 1 1 CREATIS, Univ. Lyon; CNRS UMR 5220; INSERM U1206; INSA-Lyon; UJM-Saint Etienne; Universite ´Lyon1, Villeurbanne/FRANCE, 2 IMEP-LAHC, Univ. Savoie-Mont-Blanc, Le Bourget-du-Lac/ FRANCE, 3 kapteos, Kapteos, Sainte-He ´le `ne-du-Lac/FRANCE Purpose/Introduction: The specific absorption rate (SAR) above regulation levels is considered a significant risk in MRI scanners 1 . Indeed, the strength of the static magnetic field (B 0 ) and the radiofrequency (RF) electromagnetic field can lead to local heating of tissues. To ensure patient safety, it is therefore important to estimate the local SAR in addition to the global SAR. Various methods are used to assess the local SAR: dipole probes 2 that measure electrical field (E), or thermal sensors 3 . This work presents an optical probe based on Pockels effect and developed to measure precisely the E-field. Previous works 4,5 have demonstrated the ability of this probe to perform E-field measurements in an unloaded birdcage coil. Here, in vitro E-field measurements are presented at different B 0 -fields strengths and RF coil geometries. Subjects and Methods: The electro-optical effect was used to develop the optical-based probe consisting of an isotropic crystal illuminated by a laser. When the E-field is applied, the refractive indices of the crystal and the polarization state of the laser change.

  ) a veal muscle. Discussion/Conclusion: This study exhibits the SAR-values for different samples by measuring directly the E-field using an opticalbased probe. The E-field values depend strongly on the dielectric proprieties of the sample to be imaged and our measurements have shown the sensitivity of the optical probe to this variation. Finally, we have demonstrated that this probe could be used for different B 0 -field strengths and different coil geometries with very low disturbance to the EM field. References: 1. FDA, Criteria for Significant Risk Investigations of Magnetic Resonance Diagnostic Devices-Guidance for Industry and Food and Drug Administration Staff, 2014. 2. Taylor H C, Burl M and Hand J W 1997 Experimental verification of numerically predicted electric field distributions produced by a radiofrequency coil Phys. Med. Biol. 42 1395-1402 3. Kawamura T, Saito K, Kikuchi S, Takahashi M and Ito K 2009 Specific absorption rate measurement of birdcage coil for 3.0-T magnetic resonance imaging system employing thermographic method IEEE Trans. Microw. Theory Techn. 57 2508-14 4. Saniour I, Gaborit G, Duvillaret L, Perrier A L and Beuf O 2007 Optical-based probe for real time assessment of RF electrical field during MRI exam Proc. Intl. Soc. Mag. Reson. Med. 25 p 0002. 5. Saniour I, Gaborit G, Duvillaret L, Perrier A L and Beuf O 2007 Experimental and simulated distribution of the RF electrical field inside a birdcage coil Proc. Intl. Soc. Mag. Reson. Med. 25 p 2625. 6. Sevugan S and Sastry S K 1991 Electrical conductivity of selected juices : influences of temperature, solids content, applied voltage, and particle size J. Food Process Eng. 14 247-260. 7. Gabriel C, Gabriel S and Corthout E 1996 The dielectric properties of biological tissues: I. Literature Survey Phys. Med. Biol. 41 2231-2249.
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Subjects and Methods:

We used an open-source MATLAB toolbox based on the spatial domain method [3,4] to design small-and largetip-angle pTx pulses for a generic 8-channel head coil [5] (Fig. 1a). FDTD electromagnetic simulation (XFdtd 7.4, Remcom, State College, PA, USA) and circuit co-simulation (ADS, Agilent, Santa Clara, USA) were used to determine the complex coil transmit sensitivities (Fig. 1bc) in the central transverse plane of the phantom. 2-dimensional target patterns (Fig. 1def) were defined on a 64 x 64 grid (22 x 22 cm 2 ).