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Abstract (F7%

We have developed a compact X-ray source via inverse Compton scattering between an electron beam and a laser
pulse stacked in an optical super-cavity at Laser Undulator Compact X-ray (LUCX) accelerator in KEK. The
accelerator consists of a photo-cathode RF-gun and an S-band accelerating tube and now produces the multi-bunch
electron beam with 100 bunches, 0.4nC bunch charge and 30-40MeV beam energy. In the autumn of last year, we
have succeeded in taking X-ray images of fish bone and etc. However, it took two hours to get an X-ray image because
of low intensity of X-ray with the number of 10* photons/pulse. To get a clear image at shorter times, we are planning
to increase the intensity of X-ray to 450 times. To achieve this aim, the number of bunches of the electron beam is
extended to 1000 bunches and the stacked power in the laser cavity is increased to 15 times by expanding the laser size
on the mirror in order to avoid the mirror damage. Moreover, the collision angle is reduced to 6 degree. By doing so,
the expected number of X-ray is 1.7 X 10’photons/pulse. In this upgrade, a 3.6cell rf-gun, a 12cell booster and a
planner type four-mirror Cavity will be introduced. In this paper, the upgrade of this accelerator will be reported.

KEK /NMUEFIEERALUCX)T v 77 L— FEHEQ)

1. [XL®HIC

18 = AL — I SR SR (KEK)NIZ & 5 /i
B IEEE (LUCX) Tif, L—H—a 7 bk
fiL(Laser Compton Scattering: LCS)% FI|H L 7= X IR
DR ZEIT>TW5D, ZZTOXBRIFEDOMIEITET
E— LSRN BA R A E O —ETH Y | HEEE
/LD LCS R L= XMIROBZ., BLOS
FEREITAT O B ENNEER TO LCS 12 & 5 X#ARK
EBHIO- D OHMHEERY LD, 22Tk
L F Tl U —Y SRR 2 - XA T2 &
fToTC&ETCRBY, B —2aL L —P—DmZEHM
R, FOHOE=H—FE, X0 %
ToT& T, FEREFEETIE., I HITIEET
L—Y—HIEIRDOT v 77 L— REITV, FEE
IR T O XA A= T D78 O XHRIE O B &
Z1T9,

BAED/NEAIEZZL 7+ F Y —F RF &
B, IR, XBAERE B . 20 RF B
TERLIE~AVTFAUFEFE—LE, O TR
IEAE T 30~40MeV F THIE S v, XHRAERGETIC &
5 L= =R DO L —H— L 2 LREZE L,
LCSIZ L o> TXMAEAERT H(X 1 F),

* Work supported by a Quantum Beam Technology Program of
JST
* mfukuda@post.kek.jp

FEAERK, Z ONMEEERIZEB VT LCS 12 & D XA
A=V TRBREITV, IC RADE R ED XA
A=Y OB LR £ 72N A A — 2 O
T2 P T A ML A=V G TE T,
T XBRRE OV A XA NE - DO EO X ERDAE
BCTETWAHZEARLTND,

BAED BRI XA EZ I LT, 2 ORERRH %
BfETHZ L Thb, ZOHDOEROEY CIIEE
10° HOXBMEBE LB, 1 BOSLF AT
BT E— L L OEZETOXBAERED 10* 8 &K
726, HREAT 2 BERNE E o Tz, ER X 3K
LT Z LT, ZORFM AR L, &EIZIT1
B DEZET XA A=V EEND L HITTHDNAE
Thbd, E-XHEN/EI L2 TERLE /A4 X
DIS/N B KREL 2D | ) A ZAOENHE LT
D, SO EBRERD Z LN TE D EHHES
"5,

IOEDDOT v T T —RELTE—LTA D
., B IO LV IIRER OB A Z G LT\ 5,
DGEZHA Tl E 2o/ NMUYRIZ T 725 & LT,
HrL< 3.6cell RF &85, 12cell 7 — A X —Z%3EA
UIGEZSER 7y /N 2R A D, F7o, XHBRAERES
TIE, BIEFEHAL TS 2 M2 77— REE o[
POIT, Bzl 4 K2 7 —FmtER A E AT D,
NS DBEIC X0 AR XA 1000 {501 T
HTEEBEEL LT, WELMELETOXMBEA A —
DT DREODOXBROMFEE TEL TV D, A
T, ZO7 v 77 L— REEIZOW TG 2,

- 1318 -



2MES

AR

—S IR

3m S-band accelerator Chicane
”’“‘”‘“"/ﬂ’:ﬁ“""l.ﬁ . by wgpem
Q 1.6cell
e beam
rf-gun

= d

W
_al® B
,&&ﬁv Q ARIS5—

B 1 : KEK /MUEFINHER(LUCX)D B — LT A

2. HE—LSAY

HE—AhF A4 Tl 36cell RF BETFHB IO
12cell 7—AH —~DOKH, = LT RF E1H~D
L—H—= ARDIZDDU A DY AL EFTU,

IEEZRER T DY A X EBLED 5.7m 2>5 2.9m £ T~
CHRPESITNIET A, OB — AT A 1T 3.6¢cell

7% MHY—TF RF BFE. 12cell 7—AZ—TH§
REIL. EDO RO XBEREIZ 4 2 7—Fmxt
HIRIMARET D (K1 F) ., 20D RF B TE
FE—AZARK L 10MeV £ TR, ZD#% D 12cell
T—=AHZ—TEHIT 30MeV FTIET 5, LT,
FHIRIENDO L —F— LR L BT B — A A HE S
BT LCS I2& Y XfpaEEmRT D, 20 X #HEET
B — DT O B Tl S iu, XBRo %
m@%@bfkm¢ ZHUY T,

ZOE—LTA U BIETOEEEHSIL RF B
BXOIEEDORH, 74 OB L, 4 #=2
T —FENIEEROEATH D, ZI0bIEIns
BT OWTHEBH LTV, ok, Hri——k
HIREICONWTIEBIZB RO Z &,

2.1 3.6cell 7+ FA1Y— N RF & FHt

1.6cell 76 EAEZHIRC L7= 3.6¢cell RF & 1-#5*
FEATAHAZ LTI, E—AZ X LF—% 5MeV
M 10MeV £THI & FF 5, ZICED FHRED
12¢cell 77— A X —D TR VX —FETH 5 20MeV &
ALY THETHD 30MeV O —LEERT 5,
LCS THRMT 2 XMTBETFE—LDT R /LF— LW
FLTHBY., BED 15keV O XBREAERKT DI
30MeV DE T E—ANNEL 725,

B2 L3128 3.6¢cell 74 b Y — R RF EFHHED
Wi LT DRI A =2 THD, ZZiRMTEANIC
L.6cell DHD LR U TGN 2 —7 THERINT

WAz X e — Fa v 7 R L0 AR ATRE 72
Mo Y — RZHEELTWE, ZOHY— FEITIE
Cs,Te ZZELTBY ., HYV— R L —HF—X

QEEBERA B:RAEMA

=b:zzzﬁwt#ﬁémmim
Q 3.6c¢ell
rf-gun

FEAHRS

12cell booster

E1ma

VAR 266nm) A 2 2 L CETE—L%
T 5, ZOBEFHTIE 10MeV £ TETFE—2A
g5,

# 1 :3.6cell rf-gun D/XT A — &
Frequency ( 7 -mode) 2856 MHz
Qvalue 15000
Coupling B 0.99
R/Q 3950
Mode seperation (n-27/3) 2.8 MHz

RF Input
Waveguide

(266nm) S , \ ?,,.

ao/j ' X
100mm - ‘ =
< 2 : 3.6¢cell RF &1

3.6cell RF B85l 1.6cell DH D L HARTT A
UZRE/NINEL L, RFE A vy hAR—MEIEFTH
Bo TAUAFHIZAMKANC 300um Hl->TEY, =
nic kv E— FEE4% 2.8MHz £ THAF 72, 3.6¢cell
TREETAE— RBP4 -7 ThHD, F
7. REA VT v hAR—MILV—RA T v 7 ME L
TEY., BHIHSZ 1.36mm I LUREETAHZ &
T, By 7TV 7 BE1IZLTND,

Z D 3.6cell EBFEHE~DRZHIL, XA A—D
TR T HRITHAT L Tz, FEERICA VA
=L, BIEL—LREBREZITo TS, ZNET
IZ 9.6MeV OEFE—IERICHEILTEBY, 20

- 1319 -



LEDh Y — R EOENEEIL 96MV/m (278> TV
e EFMEHERE WD, =— 0 2T
NHE— Anﬂﬁk%ﬂ*ofb\%)o

2.2 12cell 7 —A X —

3m OEITHEA S-band JIEEE 5 82ecm D IELERE
A 12cell 7 —A X —WAZZia U a5y A& /N
ft45, 2ZTEIFE—2D0=F VX —F#HIX
20MeV TH Y, AFHE—LAIT I0MeV THD DT,
I 30MeV DB — AL &7 5,

X 35 12¢cell 7—AX—THVY, F2NVBZTD/NT
A =2 Tohb, ZHOHEEILS ETOHENOEREE
JEICLTHEY ., 3.6¢cell RF EFELIZIERE T H DI
o TG, HIES @twﬁ%mﬂ&%ﬂﬁb

ZERNICTE SN TW D EEEESGICEVEE—
A%M@#éoww®ﬁﬁ“ﬁ®ﬁﬂﬁ%ﬁ<ﬁé
72, BIHEBEWVWATIR—NIFXTNLT 0 — RIZ
TpoTUNA,

#2: 12l 7—AZ—DTHFA L RT X=X
Frequency ( 7 -mode) 2856 MHz
Qvalue 19000
Coupling B 1.0
Mode seperation (n-10m/11) 1 MHz

RF Input
Waveguide

X3 :

12cell 7—A X —,

DT —AZ—DZEIT 12¢cell HH -, 12 @D
E—FBHY, MEZFEHT L E— FEfthoe—

RDOZEHEINT H71-0, 3.6¢cell LV SBITREEHIY

TA Y AHOERENS, B2 ELTW5, 2
99 % Z & T Mode separation % AT TV 5, 2 KIC
RS R H 2 — R Superfish® CHE L-FT—
ROEBEEIIH 4 EO X HIZHR>TEY, nE—NF
LD 107/11 EDFEIT IMHz &72>TWVW5, =
T — == 5 3dB TN o 72 JH et & R
LTEY., ZOEEEETRDEEN TS DRG0
Do

DT —AZ =T 7 AIZFEMLE—ALT A ~EHA
LTW5, Biff. RFE =— 0 7 2Bt L2 2 A
Thbd, M3 OEETEANINT 12cell 7T—RAX—
Thb, 5%IF RFE =—2 0 7 &ED THIZIZE—
Aﬁ%%ﬁé%mf@éo

2856.5

2856 -

28555 -

§ 2855
=2

10n/11 mode

nmode

2856 MHz  ~

Tl Vo Dot S Cliaion Tocs S Wgher Sy Siedow .

328545 -
2
5

3
g 2854

28535

2853 | 9n/11mode

28525 B
8.5 9

95 10 105 11 115
= o

mode (pi/11) =
2856.024MHz

12¢cell 7 — A X —DF— FOEWE, £z
TE il Feo

X 4 :
B, A AN

23 VEHFAVOBRVAL
RF ET#H~D VL —Y—AFHI 7 —%lET 57
OOV A U ETRVERE, AX—RADEEB LU=
\/&/X®mk%léo_hiRF BN O D
V— RN L — V=2 EEN (Y — NIk
ELOAF T D7D T bivien, AX—2 %
HIE, FEINCEDIZI v X U ADERPAS
htt&b\ IhERYASTZ LT,
WEWERS L —F— D ASTERE 28T L,

B— A74’/0),\IEF' IREEDIT—%REL,
AE» S AF LIz L —YP—HE &L, Y —F~
1T OAETANTS, EFE—AFXIDOIT—
DRE@ET S, Zhicky . B y—RcBEsH
L L —YF—HORRITAE TN DT NIAN D Z
LI BN, ZOEBITITEHATELLEZL T
Do

24 HE—ALTA L TOBFE—LDONNT A—X

Strategic Accelerator Design(SAD)!®Z X ¥ & — A
7/( Y TCOEFE—LDONFREFR L, H2ERA
BEIE—LEKD, BE—bu A&z E—2A
74/£¢f®t LY A X% 3mm PAFIZHIZ S
LA HBICERE L, PIIED Twiss /N7 A —%
I% General Particle Tracer(GPT)' T3 L7=H D % ff
ALTWb, E L TW5 Emittance (X 57 mm
mrad CE— AT R /LF—[X30MeV TH D,
B 5 WEELIEATT 4 7 ATHY | HEATO
BrE—AY A X10)X 3Bum & TN5E, £

LUCX

VB VB, (Jm)

TixeTly (M)
o =i mLhhiNONO M 8 O 5
T T T

~

GOy (mm)

BTS2 FSs g
GBS 6 Hon 2

5:T7 v T L—
T4 T A

- 1320 -



OMOLEFTTH B — 2% A XL 3mm PUNIZ72 > T
WDDRGHND,

FEXBEHERKOD, BFE—L20ONF K
%E%%ﬁ@umﬂx%ﬁ%1m0A/%mﬁ%¢

IIMEBREZEDL EBE OV AMEZ 4us

if@i?%%ﬂkw\ammRF %ﬁ@ﬁiﬁ
EZDEDDT— 0 TREDTND, £ 312
T — REODBFE—LD/NNT A — &%T?

#3 B FE—LDINTA—H
Energy 30MeV
Intensity 0.4nC/bunch
Number of bunch 1000

Beam size at the collision 33um X33um

point (1 0)
Bunch length 10ps
Bunch spacing 2.8ns

T4 L—HP—DRT RA—H

Energy 1.17eV(1064nm)

Intensity 6ml/pulse
Waist size(2 o) 109 um X50um

Pulse length 7ps

3. FEHES5HR

ASEOT v 77— T X% ai R ZER RO
450 fFICTHIEEZHEL LTS, ETE—L2%
1000 NUFITTHZ LT 10 5, L—PF iR
ICERET DT T 15 5, ®EAKE 60 ~
L IEHE RIS 5 2 & T 3 50 X#E s hn %
RIAATWD, PRXMBEILER 3. £ 4 IZHTWD
BEIFE—ABLI R =P =0T X=X ZHW TG
BLTWA, 7Ty 77— REOTEXBL. A
A=Yy 77 HOBBHRIZTANDHT 17X
10"photons/train & 72%, Z DFFD XHRO T F /L F—
1% 15keV, TFR/LX—IEIL 10%FWHM)E 725, B

TE—LD#VIRLE 125Hz 35 &, 21X
10%photons/sec * 10%BW & 725, Z O XK z2h

X 10 ¥ =2 v b OBRECiR & [F UEE AR D X
T D, XBEAHERT 52 LT, LA
BalfEL, £ L THREMICIE L a2y P TIRE T
XAHZELEHELLTWA,

B, s L O —H — R 7 v 7 7
L— FME¥(ZITHo TV, v — AEEFRITRKIC
HFETH D, 3.6¢cell RF BEFEITEEIZA A b—
LEN., WERNICE—LRBREZITo TS, 57%
1000 RN F DO LF AN FE—ERE BT,
F72. 12cell 7—A2Z—3 7 AIZ5EK L RF =—
YIHTh D, £ LT 4Tl IIRSRTE
EREF CH D, TNENKITITEROHED TE

Thh, HFre—L 74 0 ~DOWERIZ, ©—LiEHR
BIOXPA A=V T EREITH)> TETHD, H
BED Xz X, L0 BRI FRBED &\ O R
HES b CTE D L0127 b 720, FERIHEA 22
BEGDZENHRD EHIfF SN D,

S5 3R

[1] K.Watanabe, et al., “Beam commissioning of STF
accelerator at KEK”, in this meeting.

[2] K. Sakaue, et al., “Refraction Contrast Imaging via Laser-
Compton X-Ray Using Optical Storage Cavity”, Proc of
IPAC12, New Orleans, LS, USA, (2012).

[3] K.Sakaue, et al., “Upgrade plan of Laser Undulator
Compact X-ray source (LUCX)(2)”, in this meeting.

[4] T. Aoki, et al., “Development of an S-band Multi-cell
Accelerating Cavity for RF Gun and Booster Linac”, Proc
of IPAC11, San Sebastian, Spain, (2011).

[5S] J.H.Billen, L. M. Young, “POISSON/SUPERFISH”,.
LA-UR-96-1834.

[6] K. Hirata (CERN Report No. 88-04, 1988), SAD:
http://acc-physics.kek.jp/SAD/.

[71 M.J. de Loos, S.B. van der Geer, Proceedings of EPAC
1996, p. 1241, GPT: http://www.pulsar.nl/gpt/index.html

- 1321 -





