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Abstract In this work, a compact temperature-stable high temperature superconducting (HTS) cryo-system, keeping animal rectal temperature at
37.4 °C for more than 3 hours, was successfully implemented. The proton resonant frequency (PRF) method was used to monitor rat temperature
changes due to liquid nitrogen. The signal-to-noise ratio (SNR) of the HTS surface coil at 77 K is higher than that of a professionally-made
copper coil at 300 K with the same geometry by a 3.79 folds SNR gain.

Introduction The cryogenic HTSC system should be designed carefully due to its complexity of system setups[1] in that HTS RF coils were
usually placed closely to the ROI in vivo. Here we presented a new method to design the dewar that can hold temperature stable about 3 hours
and to obtain high-resolution (39x 109 um) rat brain images in 71 minutes.

Materials and Methods To reduce the coil resistance, a HTS tape material, Bi2223 tinned tape (Innova Superconductor Technology Co., Ltd.,

Beijing, China), was used to fabricate the coils. Single-loop HTS surface coil of diameter 40 mm was used as the receive coil and a copper

surface coil with the same size was used for comparison. For RF signal transmission and reception, as illustrated in Figure 1, inductive coupling
method was applied by using a pick-up coil (copper).[2] All the coils were tuned to 125.3 MHz and the frequency response was measured on a
vector network analyzer (HP8751A, USA). For maintaining the temperature at 77 K, LN, was filled in a thermal insulated dewar to cool the HTS
coil. The temperature-stable cryogenic system is difficult to design because it needs good thermal insulation.[3] The LN, container with a

vacuum layer was designed at the middle layer to provide a good thermal insulation. The

- i : Licuid nit _
pressure of vacuum was kept lower than 107 torr to keep the thermal insulation well. MieTIogen - Vacwum jacket

Results First the phantom experiment was performed without a external air blowing /
circulation system. This blowing circulation system blew fresh air through the gradient

coil and exchanged the fresh air from the other side. MR experiments were performed on HTS resonator
the Bruker Biospec 3 T system. Conventional gradient echo sequence with spoiled \g

gradient was employed to acquire the phase data and the scanning frequency was 1 scan Cab‘e\':” S
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per two minutes. Repetition time (TR)/echo time (TE) = 21.7/7 msec was set to provide
enough temporal resolution, the matrix = 128 x 128, and the temporal resolution = 2
sec/scan. A total of 90 scans were acquired to reconstruct the temporal temperature
change. Phase images were reconstructed to map the temperature change using the MR ——

PRF method. The phase image acquired at the beginning serves as the reference phase Figture 1 The 3T system setup of the rat

and the phase difference (AP) at each interval thereafter can be derived by subtracting the phase with the reference. The capacity of MR
thermometry in HTS experiments was evaluated by correlating with those from independent fiber-optic sensor temperature measurements.|3]
Fitting the correlation between temperature difference (AT) and AP, PRF thermal coefficient can be derived. The temperature on the surface of
the phantom decreased from 22°C to 19°C during a 3 hours measurement. The linear fitting curve was AP = yAT - 0.0013, and the PRF thermal
coefficient y was then determined as y = 0.03 rad/°C, as shown in Figure 2 (Black line). And these were derived from the measured data of AP
and AT. With this relationship, temperature variation can be derived by measuring the phase difference during the HTS experiment. Then, the
second experiment was performed with the blowing circulation system. The temperature on the surface of the sample was kept at 22°C during the
3 hour measurement, as shown in Figure 2 (Red line). The result reveals the stability of the cryo-system with the air blowing circulation system.
Images of rat brain were acquired by using the fast spin echo sequence with TR/TE = 3506/62 ms. The in-plane resolution was 234 um and the
slice thickness was 1.24 mm. The scan time is 1 minute and 36 seconds. The comparison of rat brain images from HTS tape and copper coils
were shown in Figure 3. Figure 3(a) represents the image acquired from HTS tape coil in 77 K and Figure 3(b) represents the image acquired
from the copper coil in the room temperature. The SNR of using the HTS tape coil was 46, 3.79 folds higher than that of using the copper coil,
which is 13 at 300 K. The difference of SNR, as shown in Figure 3 (c), which is mainly contributed from the noise reduction, while there is
almost no increase in signal intensity. Further experiment to test the capacity of HTS platform, the high resolution in-vivo rat brain experiment
was demonstrated in 71 minutes. The in-plane resolution was 39 x 109 um and the slice thickness was 1.24 mm. The results were presented in
Figure 4 (a), where the organized cerebral cortex structures, corpus callosum and the hippocampus were shown.

Conclusions The capability of this temperature-stable HTS cryo-system for in-vivo rat brain applications was demonstrated and higher
resolution rat brain image can be achieved. With the high-quality HTS coil, the signal-to-noise ratio can be improved, suggesting that HTS RF
coil is a potentially helpful diagnostic tool for MRI imaging in various applications. Further applications of a functional MRI and dynamic

contrast enhanced (DCE) MRI are under investigation to test the applicability of this HTS cryo-system in a 3T system.
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The relation of phase and time Figure 3 (a) The
image acquired from
HTS tape surface
coil at 77 K and (b)
the image acquired
from the copper
surface coil at 300 K.

° Cu@ 300K @HTS@ 77K

‘With the blowing cir culation system

After 3 Hour

(@)

008 With no the blowing " 11013 1 (c) The SNR of using

circulation system

the HTS tape surface
Horeoo® | coil was 46, 3.79
Afer 3 Hour 0283 folds higher than that

W HTS resonator@ )
00 03 07 10 13 17 20 23 27 30 7K of usimg the copper

Time (Hour) - e surface coil, which is

Figure 2 The difference of time-to-phase 13 at 300 K. B i i o .

curve under different condition Figure 4 (a)High resolution (39 x 109 um) In-vivo
rat brain (b) Enlarged rat brain image.
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