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Abstract

A numerical simulation code which can deal the external laser chirping was developed to investigate the effect of the
chirping on Coherent Harmonic Generation Free Electron Laser (CHG-FEL). A result of the code agreed well with
previous experimental result. We investigated the effect of seed laser chirping on spectrum of CHG-FEL. As the results,
it was confirmed that the seed laser chirping made no significant widening or distortion of CHG-FEL spectrum at
unsaturated regime. On the contrary, at saturation regime, the numerical results predicted that the seed laser chirping
induced significant spectrum distortion, which was caused by amplitude modulation due to saturation and quadratic

phase modulation induced by seed laser chirping.

¥ HE 2 X 5 CHG-FEL O#f%E

1. [FL&®IC

Coherent Harmonic Generation Free Electron Laser
(CHG-FEL)[1-3)IZAH KRR E F £ — & & mgf e L —
PeDT oV ab—2 P TOMAEERZRIHAL, &
TP ERAEZIELHIETHY, VA WA
Zpab—Ly MEZEENLIRE L THRENED b
TW5, Bex OMZE7 V—T7TlE, B DLV —H ¢
KX AR v 72 ERIT 5B E— A
&% CHG-FEL #EEr4a175 &bz, Bl Shi-kkx
RBIG AT 54, B OB R o — FE2BH¥
LTW5,

CHG-FEL TlZ., ¥ — FL—H# DU =350\
Bl EFE S I T 5 (4], 2 Ok RN A kbt
TV E G L7280, v — Nb—F2F v —7
LTV AREEZMIZL, L—HFE— 7 BEL3HD5
LT AT 2E AR A L CEmaiEon
TNV AZF VX ) RIED L) FERE
bNb, L IZAN, ZThETO CHG-FEL #filqtH
TlE, = FL—FRT7—VZRRINVATHD L
LTCREMTONTETEY, L—FFyr—TRE
HEREETHLHICHEGT, ZOEEITFEL <M
LNTZRhrol,

AL TIL, > — RL—FOEEET v — 7D
BEFHMT 5720, HEETFT ¥ —SShizL—H%&E
HiaE L BHAEICEY AN-fHHE a2 — RE{ERk L.
DR AT LT,

TrVal—# syt T Y al—24
(= VX — 25 ) Clike St 78 76 1)
[EEmEEEEEEEREERES] [T

S Rl —# + [ ]

BEE—2 (CHG-FEL)

1 : CHG-FEL EBr %

* zen@ims.ac.jp

2. CHG-FEL

CHG-FEL OEBRZRZK 1 [ZRT, EFE—2b&
—RL—HT2EOT T2 L—F ORI HER
% Bl L7= Optical Klystron (OK) & FEIZIL 28 A
IR AR END, >—FL—ViX 1 5 HOT
YV alb—H (B a b —HF LIS TTE N ERS
RIS N, FICEY 2 —F Ty — RL—H
LETE—LOMAEERARAELD, ZOBE, v—F
U— O EEY CIERERICENT 2R F—
EBHRNEFE—LIZEL D,

IEERTIE, B = XX =% FFOBE T OITH
ENBRDFICLIY, TEVaL—F¥ThHEZbLNET
FNX—ERPEEER~ BRI, >— RL—
PEELULTO~A 7 a0 FRERIND,

<A 7 anNFLENTEEFE— 20T B
FXZOWENR~A 7 a0 FOESLY LEWE
ETCTaev—Vvr hiéins, v~ 7m0 FiX
L—HF 1 EEHICFET 28, THICEVae—1
VN OBERIZV—FEROBEEICR D, Fio,
2 BHOT vV ab—H(TT 4 =—H LIES)TO
Fi b O RERL LAY FUIEICEET 5,

3. EEFE

BRZE Lo BEF H o — R Tl #i8isfme LT
Bl DB & W & = R VX — DN B AR
L. BEBELICOVWTEY o L—XE. D8, <
T A T — X E DB Z NN CEE LTV 5,

-776-



Proceedings of the 7th Annual Meeting of Particle Accelerator Society of Japan (August 4-6, 2010, Himeji, Japan)

3 EValL—FE
EVa L—HETIL, —W&ot FEL HREX[5])% i
T, EBEValL—HFICTCY—FRL—HICLVE
— A2 oNE R VF—ERHERKD D, VI
DAELTHATLEFOI L, j HEHOEFD FEL
FHEERIT

d¥;(v)
e () (1)

dt

= Re[ia(Cj ;n)exp{¥; (T)}] )

& FENDH(CHG-FEL TIET v ¥ = L—& E#HEN
il BYFE—LOE— 7 EBRND/NPNINE, L—
%%ﬁ%iﬂﬁbt)‘uU(m®Wiﬁ%®uw
W IXEFOMERICTRNLF— a [T —PFOMEK
ﬁfiVND~fwﬁﬁ%Mﬁ%\gﬁﬁ&ﬁ
fETHD, THNEN,

w, (1) = 4nv, LT 3)

r

a(gj’r):4neaw}“ [ O(E.a)z JI(E.;)] W E(C.; ,L,)elq)]_(g, T)(4

Yemoc

)
ct z;(t)—ct

= , Co=rt 5

T N ¢, N (5)
T,
Ay, (1+a2)
—K/\/_ = Wyf R . A s 24
== 2(1+a2)y? ! AL 2

THY, Nyu by KIZZNENT V2 L—FDJF

EUE- H%E Kﬁo%ijéam 51 DRV
X— 1 FHB TR LF— e (TEXERE. m 13E
%@%tgi\ci%ﬁ\ﬂgﬂiv W
OGN T L —PNAH, MIFL—VIERTH D,

Alal, BRI L —WFIC 52 AR ET vy —7 &2 EL

ERICE D AT, L—F B %
E(t,2)e " = B exp[—b, (t -/ ¢)*]x )
explib, (t—z/c)*]
2
21n2 Ao’ (2In2
bh=——, by = 2 _[_2j (©)
A‘Ep 4Arp A‘Ep
ELT#%%HOKO::TEbit 7B, A,

L —HF L2 E . Aw= 2reAMA 1T L —HF D
KigCTdHbd, £z, V—VHREIZT 21 —FHFT
—ETHDLERELTND,

32 S
SEETCIE, FEFOZ IV —DOEILITEL |
NEFH D T 73

N
AY, =—u, - 21N, (5)
N

w

WZHE> TEALT 5 L RHRE LT2[6]. Ny 1353 8GH 23]
WESOBIELZE T E— A2 D50 %ET,
33 IT7 4 =—H

TT 4= —XETIE, B - L—Y 5L
@mﬁﬁmﬁﬁﬁﬁf\%%#gwm%@$%ﬁ@
A%%ﬁbtﬁum&ﬁﬁ%ﬁOKOA%m
DX 22)DERIC ?%41%&$TE%&Mﬁﬁ
ZZ T BB, X 200 LT2RRIT § BISRY 72 it
%E%%Kﬁ?kﬁUL F7T 4 =—X AATDE
oA E TR - FERIEBESE CERGDLE LS
T ESZFHE LT,

NANNANNNN
b)‘\/ \/‘\/l\/ v \/‘\/l\/

N

N

| | | z
B 2: 77 4 = — X ORI L
1 FESEM
Electron Beam
Beam Energy 600 MeV
Energy Spread (RMS) 3.4 x10™
Optical Klystron
9 (modulator)
Number of Periods N
9 (radiator)
Number of Equivalent Periods in 45
Dispersive Section Ny
K value 6.18
Seed Laser
Central Wavelength 800 nm
Spectrum Width (FWHM) 11 nm
Transform Limit (87 fs),
Pulse Duration (FWHM)
Chirped 872.7 fs

Laser Beam Size (FWHM) 5 mm




Proceedings of the 7th Annual Meeting of Particle Accelerator Society of Japan (August 4-6, 2010, Himeji, Japan)

4. FEEH

#IEHREMEZ AT, FHHESMIEL UVSOR 28
WTHThH TV 5% CHG-FEL O EBRZME[5]& 1RIE[F
—Tdh b, stEICIE 210" D~ 7 aki+% A,
IREfE 7 M DGR EIEIT S ps & L7z, W1 E LT
VR TN S ps DR F . =R VX —J 0
IZIEE 1 IORTZRLF =R T Ly R EERE S
THHU AN &5 20,

Flo, BEMSRLE L TE LN D ESIRIT
S LTEZ bR %, 50N ES &5
fEFHH Y 7 b Origin[7]/3— = > 8 @ FFT f#Hr %
HANWT7 =) 2B AEITO, EREAXT M2,

5. FEER

18 5 D FEERAFE R & D ik
FT. ARIBA% LI BEE R = — ROz Y425
i %7280, 2% CERBIC THE S - RS R &
DO EIT -T2, BELHEB]TIE, ¥ — RL—¥%
F ¥ —7LT1ps £ T/UVAREEMIT L., BAF0REEL
WZBWTH A R RRBHIEH TV D,

=N —HONVARE Lps ICEEL, L—%
D FEART MR, ©— T NT =% 27286,
EERFER & —FT D AT MASH DS LN D SR
BBELIELEZA, AT FVEE 7 nm, B— 27 X
7 —900 MW DOFMIZEWTK 3b)II Rt X 51T,
FBR G (X 3(a)® FEL) & BV —E A 157-,

ZOFERNS, R LEHEa— FZBWN T —
KL—H%2F ¥ —7F LERENELLHAERMRETH
DENPHEND BT,

5.1

o

3 nm
<+

— : TS sk () 3 nm

4+ FEL a E

= 000 f 1 =24

S ™~ s

5 2000 F SE x 5 Aln E %3-

E‘-_'1000 Y % I

[ o4t

[+ s

g olmee . o . . .

a 25 260 265 270 215 255 260 265 270 275

Wavelength [nm] Wavelength [nm]

B 3 0 BE KBS THE S - ERAEE & o e,
(@ FEBRFR, Z2ELIRBIL V50, D) A~7 b
TE 7 nm, t°— 27 /37—900 MW T Bk E,

5.2 FERIFNREHIK COEEET ¥ — 7 DR

V=R —¥EF vy —FLBIC, AT hLby
DS EDREIZEALT D00, A E THEMA I
1Thh ., HwmAsMNATEZ, 22Tk, JEAFHE
WCTOF ¥ —TOEBEMT LD, v —Nb—
PO —27 80 —% 100 MW ITRELTF ¥ —TDOFH
T AT NVGAR OB TR~ Tz, FHRE S,
R VITRTFMEEZHW,

X 4 (ZFHRIC X 0 15 S - R sE IR O B &
R M AOIC R LN DERIC, 2V AL TOEY
WX TF ¥y —7OFRIKSLTH—CThodN, X
4@ L S INIRIT SV AENRIL 5,

WIZE 512 3 R, 5 REFRABE AT MLERT

(Frv—7HOMEIZ 105D 1 ENTWD), Bk
Fr—ICED NV RAEE 10 FICEX LTI L
. BEHZVOBENK 10 FI2EML T\ 5,
T, FX—TOFWTARY MUVIBIZIEKE 70
AECZNEY sy eVt

¥ 6 |= CHG B (M 4)D 3 Wi FE Rk sy D %
i U, 23U —35 X ONAH O WERE 2840 & R FAl L 72 7%
RET7T, I, KV AERELS D LAY
MVIEIISELS 722D L EZ BB BEN, FHEERT
IV ZEREL oI b, A7 hLUIE
RS b hahol, T, Y—FRL—¥D
Fx¥—7ICL Y, CHG EHIZHIK 6(b)DFRIZ 2 KR
DONFIEFRAE KT v+ — )P EFEEL TN DHETH
HEEZBND,

—— TL pulse — Chirped

——TL pulse — Chirped

= 10F - 10

= 8r = 8

c =

D 6f D 6

g 4 g4

< 2r < 2

© 0 o 0

Q@ 2r 2 2r

w w

o4 o

5 o 56

© -8f o -8

w_qof i W-top A . . ]
15 -10 -05 00 05 10 15 -0010 -0.005 0000  0.005  0.01C

Time [ps] Time [ps]

X 4 : FEFLFNEED CHG-FEL HH)EHEREE, (a)
7V AR, (b) SV AL AR,

1=}
S
S

o —TL
(b) — Chirpx 0.1

— Chirp x 0.1 1

(@)

@

S

=]
a
=]

=3
S
=]

=]

3

IS
=)
=]

N

=1

=]
o
S

n 0 ) s
268 270 272 158 159 160 161 162
Wavelength [nm]

Radiation Power [Arb. Units]

Radiation Power [Arb. Units]

o

264 266
Wavelength [nm]

5: AR OIETFT ¥ — T, F ¥ —THREOH T
AT Fb, (a)3rd Harmonics, (b)5th Harmonics,

v

10

IS
=)
IS

—
D
-~
o

w
)

o o
Radiation Power [Arb. Units]
N
F—
Phase [r rad]

Radiation Power [Arb. Units]
~
©Phase [ rad]

15

-15
-8.10 -0.05 0.00 0.05 0.10 0.15 0.20 -

Time [ps]

B 6 : 3WmahiK/NY — & ALF o R Ak,
(a)TL pulse. (b)chirped 872.7 fs pulse,

o

5 -1.0 05 00 05 10 15
Time [ps]

53 EWAIRIfER COREET v — 7 O R
WIZ, 5 WK THRROM ISV AT RV F—R
Bonby— RL—%E—27,30—=300 MW TOE
BRERERT,
BelZhonsd ko, EBREorrXn—>7
ILFEARIRE L B2 ) | WU A AR TIER Y, ZHUE
U— R U —WEREN T X 5K (FFZ] 0 f731) T,
fafINAECTVWBEBTHD, F72. TR LT
AT MV F ¥ —7 L TR0 K@) Tl A
7 MVIEIEE] 5 1T THIK 2o TV DD, F v —

-778-



Proceedings of the 7th Annual Meeting of Particle Accelerator Society of Japan (August 4-6, 2010, Himeji, Japan)

TLTWBHEOGNIK 5 12X TRL 2D, HoM
AL o CWb, Fiz, ZORhFIT 3 ®IELED
b 5RO T NBEETH D,

— TL pulse — Chirped

(a)

— TL pulse — Chirped

(b)

N
=3
N
=3

=)
=)

o
o

=
o

Electric Field [Arb. Units]
Electric Field [Arb. Units]

-20, -20
15 -10 -05 00 05 -0.010

Time [ps]

6 : WIS To CHG-FEL H/1EY, (a)/t
VAL (b)H OO ARIER,

10 15 -0.005 0.000

Time [ps]

0.005 0.010

@
=3
=3
S

)
a
=]
S

—— TL pulse
—— Chirped x 0.1 {

—— TL pulse
— Chirped x 0.1 |

t (b)

]
=1
S
S

(@)

N 3
S =3
=1 =3
=] S

=) a

S S

S S

N
=3
=3
S

a

=]

S

Radiation Power [Arb. Units]
Radiation Power [Arb. Units]

159

=)

264 272 160 161

Wavelength [nm]

s s 0
266 268 270 158

Wavelength [nm]
7 ORISR CTOIET ¥ — T, F v — Tl

DI A~ kv, (a)3rd Harmonics. (b)Sth
Harmonics,

162

X 8 12 3 R aHEE D /3T —35 X ORLAR O B[R
Zd, K 8Ga). (b)& R~ &, T —DRFHE
FIXZF DV AEDN 10 fFIZ72 727207 T, 2L A
R & b A 5HN Bk, BIRICEAT
W5, B 8b)TlEy— RL—H&2F ¥ —F L2 %R
W&, 3 wERAEEHNICY 2 RONAELH, BH
BT v — 7 HNECTWS, ZOR, 7L AFT
BRI R SBRIBICZBL L TR Y, fafiic kv AL
I OREEENZDFE FIHE AT MVICFEE /2
B3, BEAXT MASAADREFIZ Tz 3 2
bhd, —H. K 8(a)TlE. HIEDIRIEZLEE) 2 FF>
LoD, BEREEEOZLITELS | ERARY F LI
B L7ZBRCi, FEfafrEc R b NG AR 0 o A5y
HOBELY BFWEANT MRS ool B X
HiLh,

N}
S
5

)
=3

o

o
o

=)

=)
=)

&
Phase [r rad]
Radiation Power [Arb. Units]

Phase [z rad]

o
2

5

Radiation Power [Arb. Units]

o

5 0 -15
-15 -10 -05 00 0.5 1.0 1.5

Time [ps]

\ A ) \ P
10 005 000 005 0410 0.5 0.20
Time [ps]

O

Bl 8 :3 Wmalil NV — &L F D FRFZ Ak,
(a)TL pulse, (b)chirped 872.7 fs pulse,

X 912 5 W DR T —3 K ONIAR O KR
oy, X8 O3 WEFABORER LT, T —
ORI E EITHIL, 2> Tnd, @k
WA DI ERFfIC X DA — =R F T
BRI 0 . TOFEN 3 L bEEEIC AT —
OIFERBIZENL TS, R 7IZ8WT3WEEk
T, Ty —FLEBRICHER AT MVIEOEEMRN
TEEETS S B IZNT — ORI 3 RIEL Y b
FIZRELS T T AGH NP LEEN, B o> TWD
HlELEZBND,

n
S}
N
S

=)

o
=)

o

5

Phase [r rad]
Radiation Power [Arb. Units]
5

~
Phase [r rad]

N
o o
N &
o o

—

&
&

Radiation Power [Arb. Units]

0 0

15 40 -05 00 05 10 15
Time [ps]

10

So

) A \ ) \ Rl
10 -005 0.00 005 010 015 0.20
Time [ps]

B 9 :5 Wik U — & ALFE oK 2 Ak,
(a)TL pulse. (b)chirped 872.7 fs pulse,

FEH

V=R —VOAEHKT v —7 2 ELL BV EZ
% CHG-FEL #flftH a— R&EHRE L=, 9. M
LT a— RCHEEEEREERER AL,
FHETFHEORUMEETMM LI 2 A, TNTEREL
—H L., FEOZYMENREINT, KRITHEE K
F v —T OB EM LT, FORER., FEALFIREL
TIEH I A T MG~ DB TS T, —
¥ BOEARIFEEL CIXTF ¥ — T IRFIC AT b UG
DHTEIRIC 720 | AT RVIRHE R T 23 RN I
BTz, TOMBRITEEEITR DIV, B IS
LENGIMoT, THUX, BRI 51EE
ML DA — RN —= RN F U IR
CHG-FEL Hi /175 )V AR DEA N KEL 0D
7o LR LT,

SE Xk

[1] L. H. Yu et al., Phys. Rev. A 44, 5178 (1991).

[2] G.D. Ninno et al., Phys. Rev. Lett. 101, 053902 (2008).

[3] M. Labat et al., Phys. Rev. Lett. 102, 014801 (2009).

[4] T. Tanikawa et al., Proc. of IPAC10, pp.2206-2208 (2010).

[5] C.A. Brau, Free-Electron Lasers, Academic Press Inc. pp.
87-89 (1990).

[6] Q.Jia, PR-ST AB, 8, 060701 (2005).

[7] OriginLab, http://www.originlab.com/

6.

-779-





