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Abstract

A test accelerator for the terahertz source project has been under development at Tohoku University, in which
generation of intense coherent terahertz radiation from the very short electron bunch less than 100 fs will be
demonstrated. We will supply broad-band coherent radiation from bending magnets in a ring where isochronous
optics is going to be applied to preserve the short bunch length. In addition, narrow-band coherent terahertz
radiation from undulator has been considered. At the moment we intend to construct an undulator employing
pure-permanent magnet system consists with 25 periods of 100 mm period length. The undulator is designed so
as to generate the radiation with the wavelength region from 360 to 180 wm (0.8 to 1.7 THz) for the gap variation
from 54 to 68 mm corresponding to the undulator parameter K = 3.7 ~ 2.4. A terahertz free electron laser in
free-space is also undertaken by employing large gap. We present the design of the undulator and expected
performance of radiation.

WAERZFICBIT 52— NTHz BESAERD 72D O ICTRINERS O B %

KEWE ¥ v 7K LTH, K= 3.7-24 551

SHCRFBRIFC I, BHET L — L MO it g g g 7 THA @ TH
&M= THz XIROBIREMFIEEIT> Tl 0, BIfE '

X, 100 7= AN FPLLTFOMBE SV AET E— A %1
R L C B B S = L O

1. [FLHIC

=LA ET UV 2 L —ZDEARNRT A —H
Electron Beam

Z BAR L7 BRI g O @ik el 2 i T p Beam E E 17 MeV
BAVABTE—AE, TAY/0F2Y 71 cam Bherey Y s, 50 MV
BOCESRT E— 1 b THz oo IR Bunch i {ax. S0 MeV)
SHAMh, E=FLF—F—F (Eb<20 MeV) T unch Charge Q 20p
BT oY al— 5’75>%0)§35ﬂ?ﬂ‘2:11:>—1/‘/]\7ﬁz§ﬂ“ BunchLength(rms) o, 100 fs
DA RSFIZIZT Y AoF B FELY ~oOFH S 2 Norm. Emittance €, <10 ® mm mrad
BENCHY, EE 300 um BIEO THz HOHOE Macropulse Length &, ~3 s
Ak B LTT oy Vol — 2 OB EEDTH Rep. Rate (max) — frep 25 pps
L. LLTFICEREIOME &, W5 S 5 B o ket Undulator
WZOWTHET 5. .
Period Length Av  0.1lm
. Number of Periods N, 25

2. THz A7 v a1 —# Gap ¢ 54~68mm

F1WZT o Valb—FLELE—LDHANT ( max. 44 ~100)
A—AE R L. 7oroyab—ZZFE#ME 100 Peak Magnetic Field B, 0.39~0.26T
mm ¢ Halbach # A 7T, E—AfiE X & OFH Undulator Parameter K 37~24
EER LT, BGIEIAKREFMCEETHLOICE Field Integral <100 G cm
ZTW5%. £7-HHZEME— FTO FEL ~OF|H Wavelength Range A 360 ~ 180 pum

MNAEEAR L DIz, EIRICHWA X v v 7HHIT 54
~ 68 mm & L7-. L2 LSRR HIEELY RiAA
T%@®EEF%%%T%6£O Z, FEEEoA[HE)

ﬂﬂ}qﬁ@ﬁb‘¥@ﬁ”7 YV ab—2IZxT 5 M
R E LT, MEATHE (SR EL 7R N T O SR W R

H#iPHIL 44 ~ 100 mm ZAHEL TW5. RADIAM % HOIFEN BT i, FEL DA A e LI 5
ﬂ%b‘f:ﬂkﬁﬁfz%%%@ffﬁ% EX 50 mm f2E, NHD., TNEEBETHIEDIID Yy 7+ —H A
PRy Br ~ 13 T OBAZAWAHZ LT, Z0 B HRRFT O R L0, HEECTEENEHEIC

' E-mail: hinode@]ns.tohoku.ac.jp

335



Proceedings of Particle Accelerator Society Meeting 2009, JAEA, Tokai, Naka-gun, Ibaraki, Japan

L2 LmbaR MRRRBEIC I VA LR o7z,

TV ab—2 148 HT-0 OEFRIE, BT
nEkricEzbnsnb,
—t=k-l=—3(£B)) 2, (1)

INEV TV L—FIREMBZY OEFRE
thin lens CUT{EL L 724584780 & Fl W T — & B %
M LR A 1IICR LTZ, ERicH B2E D4
MEMRADBIE, Toryal—FFn—XH
Ba /NS RO X D ITR DT,

Beta [m]

X1 :7vryalb—%F0 B

TroVal—XFMEZEZELTNDLHDOT, B—
A DOREATHLOE LN ESERANICH D, AKFEFH ()
KOERNEZ T TS, KEHFBEOEFRD LI
IO N E— 2 Om@EICHEEE T DHI1EETIE
72, FrEMO4mBERAORIIL, EbHIT 1
Tm AT E@RIER, Tor¥ab—H DOtk
1%, E—2A AR - B0 HLHAORIAER A & i E
THZEEEZT 1 m BEOERZHTZN, K
FEENIZIX FEL D720 O X ILIRIZORER 72 E 2k
BlEZ e L7 BT, RAEBEa COERNILE
DI ZIT ) TETH 5.

3. 7roal—4st

VE O FE 7> O R R EE D3 AR 1L, B A+
MTEWES, TFoRIckvEons®.
d*w _ rcmcco2

«2 —i t,+£
dodQ 47 _ﬁx[;xﬁ]e | C]dt’

TV ab—ZBHOYE, OB EILND
<<l & Kiy<<l IZx LT, QRO HIT vt
VB E W TEIITICRD D Z LN TE, 55
N7z K =37 O&EOREARWO2RIE 180 O K5y
xR 2R L. Toya b—& oA
DALV IE, JFAEE N>>1 O5GAI2E

1 1+K?*/2

Oup ® — | ———— 3)
UR ¥ N

WZEDEZ25N5, K=3.7~24 12X LTI DM
ElX, owr=12 ~8 mrad BETH D=8, MHIZ
REBRNFEZFZHNDZ L RLEmETDHZ LN

2

@

336

AREL B TND.

X2 7 Yo L—& SO M55
(LA, K=3.7 DEA)

UNERT T O O£ BE Sy A OIVEIE 2R % 785
FELLT, 0, =20,5%E25. ZOLXIHOE TN 0,
THRE D HSENIC TS L AR O = %L X —(T,
SI iR TIXLL T X H kw507,

2 2
e%uﬂé[ﬂ (4)

&yC
2T, [N =T —0(E), =K/ (4+2KD) THY,
SN2 RIEIE AMA~IN, THD. ZhEHNTT v
Va2l —HAXy v FE54~68 mmEE - BEEITK
JET 5 UEOE I & B AR O = x L ¥ —i3,
Wo=12~23E-23] L RiEL b7,

N EOEFMNSRDNTF RT3
F— W) 1E, UTFToksich5Eizbns.

W (@) =Wo@|N, + NV, ~DF@f ] )
ZIT, Wyo) @K TE 25N E T 1EO S
TRF—, Fo)f 1T/ FNOE DRSS h
7=V BB TCHELNLIBIRETFTHD.
SNV FE o,= 100 fs O T A5H & E LT
BAEDIRKET-&, SPECTRA® 2k viGbhi-%E
FUEHICE DT oY 2 L — 2 I OB E 2R L
2. NUFRE 6,=100 fs DEE, 3L EOETE
TIHBREF2/NEL, ab—L v IS
TEXRWZENSND. £K412ix, $)Xz2H
WTRES -72 20 pC DEBEA /N FIT & D EAR
Dat—Lr MFHZRLVF—%R LT, o= 100
fs DL X, FEE 360 um 2% LT, Wegr = 144
nJ/miropulse T 5. WENEL 72 DI TR
HFN/NEL 2512000 o T T Rr X —
MRELRDOE, @R L0 2=
EOWEIZHHI L TWHTZDTH D, N T Ehr
2820 pC &7z LD, =¥ —IT,
/7> T ERLPY THE SN TV (~ 10 u
@200pC) X0 H/IEZ VR, AV v _X=TZ LY i
W v 2 (NMe= 15~30ps) 7= TOE—Z
B R —1% 5~8 kW &, L—HP—_X—2D YR

Wy(@,) =



Proceedings of Particle Accelerator Society Meeting 2009, JAEA, Tokai, Naka-gun, Ibaraki, Japan

ICHRTEWE =2 RU—2 /LTS, BLTBLERDD. YEohgte: LTiX, &
THCXASEY I a2l —a v B LTAVTE
T RETPRTLZENEEL BEbnb.

20E-6 L i - 08 4. i&&)

i 2k — L b THZER A RBIN S CHEH 327
s I K e YV ab—=FORHETOTVD. ZHITETL,
I FEREICIZ T Y N F RFELICHAIHT 5 2 & 2%
DE-7 | e }\ 4 02 ZTW3A, H%Eﬁ)ﬁb\f; ﬂcébégﬁb\ﬁjﬁﬁ

w
&
m

H
&

N
J0JOB JULI0 ]

15E-8

Flux Density [photons/mrad’/0.1%BW]

a wfﬁ B— A@%L MEEZEL21ZET
3 ORI AN £ ﬁ§$£?/35x%m*w¥wm;w@@%%
(R q—mMS®ﬁ?xAﬁ®ﬁ%l% SOt — L IO D T < TR
iR K=3. TCOUEDETH D DN AE ) ThDH. HEHM AN F BRI DN T G BN
zm ‘ | | ] ToxThY, A%, BREEEDLNEEZTY

Target Wavelength Region 6 .

S5 3

[1] H. Hama et al., “Conceptual design of an isochronous ring
to generate coherent terahertz synchrotron radiation”,
New J. of Phys. 8 (2006) 292. URL:
“http://www.iop.org/EJ/abstract/1367-2630/8/11/292”

[2] H. Hama et al., “Development of accelerator-based THz
sources at Tohoku University”, Proceedings of Particle
Accelerator Conference PAC09, (2009)

0 0 [3] M. Yasuda et al., “Development of THz light source using

100E-6  150E-6  2008-6  250E-6  J00E-6  350E-6  400E-6 pre-bunched FEL”, Proceedings of FEL Conference
wavelength [m] FEL2008, (2008), 71-74,
4 I 70N ABHEYOEKEOar—1L URL:“http://accelconf.web.cern.ch/AccelConf/FEL2008/p
N s = oL — & TR E T apers/mopph041.pdf”

ey NN o > N 4] O. Chubar, P. Elleaume, J. Chavanne, “A 3D magneto-
\ . == - > + T % I/ — [ . ) 7. - . )
(St - N> T A= 20 pC T D Jt = 205 —, statics computer code for insetion devices”, J. Synchrotron

o
5]
k

Wesg [01]

10308, WO

GE . I N _
Bt JPARIK T, TNZAL 0= 100,200,300 fs 0 Rad. (1998). 5, 481-484. RADIA_URL:
BEIZOWTRLTHD. ) “http://www.esrf.fr/machine/support/ids/Public/Codes/soft
ware.html]”
ZOat—L R T7TVab— ot [5] H. Wiedemann, Particle Accelerator Physics 1. 2nd ed.
NeT v 2T E T ied icl 1 hysi d ed
MmN FZOFELELTHAMRLEELLN (1998)
TV AE x4 Zo,= 100, 200, 300 fs DEA Dk [6] C. Gerth, B. McNeil, “Generation of coherent far infra-red
R A NS L/7L” 2 ’ Ny FEEEHIC radiation utilising a planar undulator at the 4GLS
N . - N (. 5 — 2
R S A BB T 5 - L RS, =9 L prototype , NIM-A, 528 (2004) 125

[7] G. Geloni, et al., “A method for ultrashort electron pulse

‘T Trval - XY T & ’%"2 R CHARPL DA B shape-measurement using coherent synchrotron radiation”,

ﬁf%%b&ﬁ%%%%ﬁ%ﬂﬁ?é’kf Vi DESY-Report 03-031 (2003).

RHRFZRET HZ & NFREMIC BETHD. [8] T. Tanaka, H. Kitamura, “SPECTRA: a synchrotron radi-
ik, ThWETARNY—7 7‘J 7< 7 TILEH ation calculation code”, J. Synchrotron Rad. (2001). 8,

#-%T%Otﬁmﬁﬁf@ﬂ/% S D 1221-1228.

WREIC /2D L HIE X LD A, ERSIT IR 2 , URL: “http://radiant.harima.riken.go.jp/spectra”

St Ly b BRI ’Bf/ﬁéﬁmﬁ/ﬂ(.% [9] A Willner, et al., “Bupch diagnostics with coherent

infrared undulator radiation at FLASH”, Proceedings of

ERERSEDICE, BERBRE T % B/ EPACO8. (2008). 1320-1322.

TBLMERD D, ET\F0A0 0 iRkl ij/\\ URL:“http://accelconf.web.cern.ch/AccelConf/e08/papers/
W TCHE R % L 7L FH1F ¥ & Kramers-Kronig tupc110.pdf”

relation” 72 B X VR O LERH AN, NrTFH [10] R. Lai, A.J. Sievers, “On using the coherent far IR
T — T w7 24 }ﬁ'( X2z, B radiation produced by a chargedparticle bunch to
7R EE TORET — & Z24ET 52, %< determine its shape: I Analysis”, Nucl. Instr. Meth.
DTN B A D AR T . & b AI9T99T) 221

LB OEMERS, T oY a L — & Kk o gk
EE2BEZTZBORRT MO/ 8 EREICH

337



