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ABSTRACT

X-ray Free Electron Laser (X-FEL), which is one of the next generation light source, provides us
a high-intensity and coherent X-ray. The X-FEL is expected to be applied to many advanced
technologies such as analyzing protein structure, biological nano-machines. However, the X-FEL
is now available only in a few big laboratories such as SPring-8 in Japan, LCLS in USA, EuroFEL
and SwissFEL in Europe, since the X-FEL machine is a very large and expensive system.
Accordingly, it is necessary to develop a compact size X- FEL for applying this technology more
widely. For downsizing the X-FEL, it is necessary to achieve a short period and high-intensity
magnetic field unculator. For this propose, it is considered to use the bulk high-Tc superconductivity
magnets (bulk HTS magnets). For example, a staggered array undulator (SAU) and pure-type HTS
undulator are proposed by the Kyoto University and RIKEN, respectively. It is known that very
uniformvertical sinusoidal magnetic field has to be created at the undulator for normal operation of
the FEL. However, it is impossible to adjust the size or position of the bulk HTS magnets after they
change to a superconducting state inside a cryostat. Therefore, a numerical simulation of the
magnetization process plays a very important role for determining a suitable size and alignment of
the bulk HTS magnets in the design stage of an X-FEL.

In this thesis, we have been working on development of a numerical code for the magnetization
process of the HTS undulator based on the current vector potential method (T-method) combining
with the critical state and the power-law macro-models for the shielding current in the bulk HTS
magnets. It is confirmed that a sufficiently good agreement between the simulation results and its
measurement data of magnetic field distribution for three magnets Pure-type HTS undulator is
obtained. Then, the much larger scale simulation than three magnets is required for the practical use
of the developed code to the real X-FEL, because the X-FEL machine is a very large system which
consists of more than two hundred bulk HTS magnets. We also discussed appropriate calculation
method of the interaction between the bulk HTS magnets and optimal parameters of HTS macro
model for speeding up the calculation, and confirmed that the calculation time can be sufficiently

reduced by using these modifications. In addition, the developed code is applied for a large-scale



simulation of the magnetization process of HTS undulator and the magnetization process of SAU.

MEERARDER

A, WHEROBS R E LTCXBEEREFL—FRERLIN, RTFOofE
WG OB, X7 EOWEMNT 72 Sk % 7 e B R E A B CRIA B B E
DObL. LinLlensb, 20—F57T, BE, XHRABEFL—FITHRATHEEL
DEBHLTWRNENIRIELHY, KA ELEED S L, [FEEEZ KEIC/N
ftcE s FRoMELITObRL TS, LT, TONUXBAHRESL —FHED
BC KB RGO T vV a b — 4 2ERT I FRE L CHBBEY
KT o ab—XORENMIbAL TS, —fRIZ, 7oy Lb—XEH T, HA
BFL—TFORELLERBBEOZDICHEFTIC R BERZIEMSG AN TEREND
ZENEREINDD, MRERMAET Va2 b—ZICHWAGE, VA AX
v MR TTHEM SN BT OB ARLE ZBTRET S 2 LT R oD, BB
T 72— M E R DX R mERBGEARDOS A XM EEDH SN T DR
DTEBLMERNDHD. Z0), BIRBEEEBEAOKIHIBWTIE, 05T
B ALEDMBESMOERNRCENSLETHY, TORD, HKEYI 2L —
YavORFERT UV a b — XA ORF CEEREE LT,

AR TIE, ZOESRBEEERTY V2L —20ORFE2LET L, GERBGEE
K7 Y ab—2OEWHT 2 — FOREELIT> TWD. 23— FEFEIZEE L T,
F9, BN CTRIESENZPure—type@mABREAT Vol —4
DOEBEHEDAOFHI Y I 21— a itk Va—FoOZY 2R LTS, £
Wb, BOHESRXOXBERE L —FOT Va2 b—HFHEFITELLD
BAaNOHERIND D, TNZEmEBBEERTHERLEZGAOHBEY I 21—
3 VIFERRFAERREE 2250, Ha— KT, ZEBEHEEREZH W -EA - W
NV, GRBEEEADO 7 0BT VOKER /AT A — X OB, K
MrAX—LZRBEL, FHNRHERKRMTEM Y nEAD Y Ial—va i i1z
HT7NIYALERBEL TS, Z LT, HELER=a— K2RV, oo
ERABIRERT Y a L— 2 OFEHE, — kR 7 vV a L= A E RS0
ERBRERO Y f AR E L EROICFMCEL22LE2RLE. SHIZ, Zhb
BohlT7ryalb—2BGICEW T PRI ErE—2fuExiHEL, E1F
— AN E G RIEATEBIPLE & D KO RGO MOREL BITo TS, 2D XD
2, RimXiE, BEXETFTLRHRICHFEG T EARKELLELOZEMICET 2D L
W4 5.



