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Table 1. Enhancement of the critical current dens-
ity of REBCO by different ions, energies, and flu-

ence.

BT Rel W ER/

M2 /MeV  /nA  (ions-cm™) e ik
Au 18 120 610" 125 21K@3T
He 25 200 3x101 118 10K@7T
Ar 2.5 120 5x10U 122 10K@7T
Ta 1900 — 5x 10! 144 10K@7T
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2 YBCO # & # # 85 SRIM # #l &
i b
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UNEEIE R e S e e S| RSN
deposition, MOD) il %5 S 4 12 mm, FrifERTH
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Fig. 1. Structure of high-temperature superconducting tape.
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6.3 g/cm?, JiF % B2 R 7.40x10% atoms/cm?.
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YBCO )2 (HAE Ag )2 RIS RZ A 36 pm, U
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Fig. 2. Range of H in Ag and YBCO.
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Fig. 3. Simulated displacement damage by H* ion irradi-

ation at five different doses.
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AR IR R G0, TF R SR A b I S e 4 g
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AI3A 1000 nAlS. 32253t F B A5 RBR T, SEPR
FO R B T BEAEAE/INIR B Bl SRR R T S
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i GR YEFRAE 800—1000 nA. 7 2 A R AL
A S0 25 A SRR A T T — RIS
LR B R AR SR SR 2 A — /AR A iER%
PN ) S5 25 P A it 2 03 o B BB W 1)/
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Table 2.  Irradiation fluence of superconducting tape.

BT FE fEf/MeV ik /nA R/ (p-om 2)

1x10%
5% 101
H AT 3 1000 1x10'6
51016

8x10'6
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Fig. 4. 4.5 MV electrostatic acceleratorl?.

K5 WM (a) NEAFER I (b) W
X

Fig. 5. Irradiation experiment of superconducting tape:
(a) Octagonal rotating target; (b) beam integrator.
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Fig. 6. Superconducting transition temperature curve of

YBCO high temperature superconducting tapes at different

doses.
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Fig. 7. Variation of the critical current density of superconducting tapes with magnetic fields under different temperature zones and

magnetic fields.
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Fig. 8. (a)—(c) Enhancement factor of superconducting tapes with different flux levels under magnetic fields at different temperat-

ures; (d) enhancement factor of superconducting tapes at different temperatures with the magnetic field at a flux of 8 x 10'° p/cm?.
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Abstract

This research adopts an innovative method, i.e. proton irradiation technology, for realizing defect control in
practical engineering yttrium barium copper oxide (YBCO) tapes, in order to improve the critical current
density of YBCO high-temperature superconducting tapes in high magnetic fields. Based on the material
irradiation terminal of the 4.5 MV electrostatic accelerator at Peking University, systematic irradiation
experiments are conducted using 3 MeV proton beams on YBCO superconducting tapes at different fluence
rates, successfully constructing high-density, low-dimensional controllable artificial pinning centers in the high
superconducting tapes. This defect engineering significantly suppresses the flux creep phenomenon and enhances
the pinning effect by creating low-energy pinning sites for flux lines, thereby significantly weakening the
inhibitory effect of external magnetic fields on critical current (I,). Comparative analysis of superconducting
tapes before and after irradiation is conducted, including superconducting transition temperature,
superconducting critical performance, and dependence of critical current density on magnetic field. As the
irradiation dose increases, high-density point defects (vacancies, interstitial atoms, etc.) and a small number of
vacancy clusters are implanted inside the superconducting tape, resulting in a corresponding decrease in the
superconducting phase. Therefore, as the dose increases, the orderliness of the superconducting phase in the
superconducting tape decreases sharply, leading to a gradual widening of the superconducting transition
temperature zone. By measuring the hysteresis loops of samples irradiated with different doses of protons and
calculating the critical current density J. based on the Bean model, the experimental data show that under
irradiation conditions with a fluence rate of 8x10' p/cm?, the critical current of the sample under extreme
operating conditions of 4.2 K and 6.5 T achieves an 8-fold breakthrough improvement. Meanwhile, the
maximum improvement factors in critical current density at 20 K and 5 T and 30 K and 4 T are also 5.5 times

and 4.8 times, respectively. The logarithmic curve is fitted using the J, o« B © power exponent model, with the
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power parameter « values of 0.276, 0.361, and 0.397 for the variation of critical current density with magnetic
field in three temperature ranges of 4.2 K, 20 K, and 30 K, respectively. This indicates that the superconducting
tape irradiated with protons will form more effective strong pinning centers at lower temperatures, reducing the
dependence of the critical current density of the superconducting tape on the magnetic field. This performance
breakthrough significantly enhances the application potential of high superconducting tapes in low-temperature
and high magnetic fields environments, especially in frontier fields such as particle accelerators and fusion
reactors, where there is an urgent demand for high-performance superconducting magnets. This work confirms
that the proton irradiation technology can efficiently optimize critical performance through defect engineering
without changing the existing preparation process of YBCO tapes, thereby providing a highly feasible and

process-compatible technical path for realizing the practical performance control of superconducting materials.
Keywords: YBCO, proton irradiation, pinning centers, critical current density
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