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Terahertz Gyrotron Used for Dynamic Nuclear-Polarization-Enhanced

Nuclear Magnetic Resonance
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Abstract  The technology of terahertz wave-driven dynamic nuclear-polarization-enhanced nuclear magnetic
resonance (DNP-NMR) spectroscopy can improve signal sensitivity by several orders of magnitude. The terahertz
gyrotron can realize a high power output and has a certain frequency-tunable range, which meets the terahertz
radiation source requirements of a NMR spectroscopic system. Herein, the development of a frequency-tunable
terahertz gyrotron used for the DNP-NMR spectroscopic system was introduced. The structure of a multi-section
gyrotron cavity and the variation of the electron beam quality in the frequency-tunable terahertz gyrotron with the
operating voltage and the operating magnetic field were also investigated. The results show that the multi-section
cavity is better than the conventional three-section cavity when the terahertz frequency-tunable gyrotron used for the
DNP-NMR is operating. In the design of a frequency-tunable terahertz gyrotron, not only the variation of the
velocity pitch factor but also the variation of the velocity spread and the guiding center radius spread of the electron
beam related to the operating voltage or the operating magnetic field should be taken into account.
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Table 1 Experimental research progress on THz gyrotron used for DNP-NMR system
DNP
Institute f /GHz Cavity mode Harmonic order Voltage /kV Power /W Current /mA
frequency /MHz
MIT 140 TE,.; 1 12.3 14 25 211
250 TEs., 1 9.82 >10 137 380
330 TE_,; 2 10.1 18 190 500
460 TEn .. 2 13 16 100 700
527 TE 5 2 <15 >20 <190 800
CPI 263 TE, .5 1 13.4 >75 70 400
395 TE.; 2 14.3-15.8 5-07 160 600
527 TE:s.; 2 18.4 40 180 800
593 - - 17.6-18.8 1-50 158-214 900
Bridgel2 198 TE,.. 1 2-3 >5 30 300
395 TE,.5 2 15 >20 200 600
FU 394.6 TEo.s 2 12 10-50 250 600
393-396 - - - 50-100 - 600
203.7/395 - - - 200/50 - 300/600
131/139 - - - 5-60 - 200
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amplitude of cold cavity field
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Table 2 Parameters of 500 GHz frequency-tunable gyrotron

Frequency /GHz  Operation mode L, /mm 6, /("

L;/mm L;/mm 0,/

Cavity radius /mm

500 TEs.5., 5 5

25 20 1.5 2.345
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