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Abstract

A test accelerator as a coherent terahertz source (t-ACTS) has been under development at Tohoku University [1], in
which a generation of intense coherent terahertz (THz) radiation via an extremely short electron bunch. Velocity bunching
scheme in a traveling accelerating structure is employed to generate the extremely short electron bunch and a sub-
picosecond electron bunch generation was demonstrated. A long-period undulator, which has 25 periods with a period
length of 10 cm and a peak magnetic field of 0.41 T, has been also developed and installed to provide intense coherent
THz radiation. Matching condition of beam injection to the undulator was derived from the undulator parameters.
Numerical studies were performed about a coherent THz radiation from the undulator. Electric field and the spectrum of
undulator radiation for single electron and Gaussian shape of electron bunch in longitudinal direction were calculated. By
optimizing the bunch length, it was found that it is possible to generate a perfectly coherent THz light. The angular
distributions of undulator radiation for the fundamental mode also derived from the undulator parameters. The results of
this study for the undurator radiation is described in this paper.
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Table 1: THz Undulator Parameters

Undulator type Halbach planer type

110x65%25 mm?®

Size of magnets

Material and coating Nd-Fe-B + TiN
Period length and number 100 mm - 25
periods
Undulator length 2.532m
Peak magnetic strength 0.41 T (g=>54 mm)
K value 3.82 (max)
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Figure 1: Measured magnetic field of the THz undulator
with gap = 54 mm.
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Figure 2: Expected beam trajectories derived from
measured magnetic field with before and after tuning.
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Figure 4: Electric field of undulator radiation at observation
position.
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Figure 5: Spectrum of undulator radiation with K = 3.8.
Electron energy is 19 MeV single electron.
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Figure 6: Electric fields of undulator radiation from
Gaussian bunch with 6,= 50 fs (up) and 200 fs (down).
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Figure 7: Spectrum of undulator radiation for Gaussian
bunch with bunch length 6= 50 fs (up) and 200 fs (down).
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Figure 8: 3D-plot of the angular distribution of undulator
radiation for fundamental mode.

FESAT 2 BRI LV Rz,

TV al— A ~DEFE—LDAHIT. T
Vab—HDOHKRERDINBRKENTZDITKET [ D
BEA%tZ 1m UL FICT AMENRHD Z LN hoiz,

HILT B E LT Y 2 L—Z o
ﬁ%fixgﬁﬁwﬁﬁﬂnmm®ﬁ\ﬂ/%ﬁ%

=200fs |95 &Emfte EEEERViENa e —
V/b&m%(ﬁm%)%%aﬂé MWDo,
CORERERSOLDOT vV 2 L—HEEIE, =
t—L Y Mo FitEE WD Z LI i@ﬁtﬁ
WAETREICT S, BAE, ZOBRELZENL 2 BOAL
XHT oV ab—4 (ENFTHKER. EER
L7 a384) &y 7 # — % H =Rt
@ THz B AR Z 5B LTV 5,

T, TV b—HEFEOAESHITONTY
BAERH R 21TV, BRSO A FEYEA D 23 210 mrad LA
EHBZERhoT, BUE, TV a L —X T
T L TV D IR EM AR ER A DO — A4
7 FRIF20mm BRETHDH DT, FEPRIZ THz 384 3FE
BRAAT72 9 BRI%. WUMEERG A O R 7 2o A i
@%k/7ﬂﬁ%ﬁ%@ WCEETHMNENRNDH D, £

« BUEEHEIC L D RO TS O A LA Y (X THz
t @uﬁ(t%%%\§4%%yF%@@@R
&&)@%E&%ﬁ B EEZD,

ASEIOBMHEHEMREEZ B LIZ, TorYalb—F~
DEBFE—LDOARBIOVFROE—LT A4 35
THz AT AT ARG ZITV, TE 570
BHloae—L oy b7 oY a L— 2SR A % E
8.

it
ARAFGED—ERIL ISPS BHiffr FARAFSE(S) 20226003,
FEARIIFSE(B) 25286084 DAL %5 1) 72 & DT,

S5 3

[1] H. Hama et al., Energy Procedia 9 (2011) 391-397.

[2] Proc. of LINAC2014 (Geneva, Switzerland, 2014), pp.1178-
1181.

[3] Jackson, J. D. (1998) [1962]. Classical Electrodynamics (3rd
ed.). New York: John Wiley & Sons.

[4] K.-J. Kim, "Characteristics of Synchrotron Radiation," AIP
Conference Proceedings, 184, 565 (AIP, 1989).

[5] G. Isoyama, Rev. Sci. Instrum. 60 (1989) 1826.

[6] K.-J. Kim, Nucl. Instr. And Meth.A246 (1986) 67-70.

-910 -



