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Abstract

A new type of the rotating anticathode X-ray generator has achieved the beam brilliance of 130 kW/mm? (at 2.3 kW),
in which the electron beam up to 60 keV & 38 mA irradiates the inner surface of a U-shaped Cu anticathode. Higher-
flux electron beam is expected from simulation by optimizing the geometry of the combined function instead of fringing
field of the bending magnet. In order to minimize the sizes of the X-ray source, the electron beam has been focused in a
short distance by the new combined function bending magnet, of which geometrical shape was determined by
simulation with the codes of Opera-3D, General Particle Tracer (GPT) and CST-STUDIO. The result of simulation
clearly shows that the role of combined functions in both of the bending and the steering magnets is important to focus
the beam in small sizes. FWHM sizes of the beam are predicted by simulation to be 0.45 mm (horizontal) and 0.05 mm
(vertical) for a beam of 120 keV and 75 mA, of which effective brilliance is about 500 kW/mm?. High power test has
just been started by using the high-voltage power supply of 120 kV & 75 mA instead of 60 kV & 100 mA for the X-ray
generator. The beam focus sizes on the target will be verified in the experiments.

REE X RAEAREERRABEG OB R

. FL®HI

@ﬁﬁﬁﬁ I % U T [al s et B 2 A VO 72
X MR EHOE TR, B — AERR ERAR

@Eﬁ%ﬁ%ﬁoﬂ\é“k O X BFEAELEIL. 1k
B [a] 5t B2 2 V72 X ﬁ%éﬁ%&@éw\
180° fRIMMEA 2 vy, BEMRMAERANmIZE - E— A
ZRET 5N AM L Tl BB e m
FRENR T I IRRE T ORI, BT ¥ —F v b
MolEIC L A EC WS E AT 5,
REBEEEZHAWEZRETIE., 2 FE T2 130
kW/mm® (& 2.3 kW) ZERL TP, kod
BEMEIX, 300 kW/mm? TH Y. ZDEEERT S 7=
DITIX, BAETE—20EEELLRLETH D,
Z 2 ¢, ERA LRERGG OfciE{t %2 Opera-3D°
General Particle Tracer (GPT)!!, CST-STUDIO™ % ]
VTS TWA, Y al—3ia UERTIE. RAE
WaEATT VT~ T 3y hOBMIEO IR % i
WbTH5ZEICkY, B—AHEITK 500 kW/mm’
(B—2ALT R )X — 120 keV, B —LEH : 75 mA)
WZEET D Z EDURS L, BUE, BIEEEE 60 kV
N5 120 kV HICETE L, ERICKAHBEZ B0 7-
LZIATHAS,

AEETIE, YIab—a KO, FRUCHES

* takeshi.sakai@kek.jp

wf%t_ﬂﬁ%WLt%ﬁﬁ%mwt%%F%

2. XHBREEHARBREBELATER

U FRUal Rk fa i 2 IV 72 X RRSE A sk B fE & 2
O X BHEROME A 11277, X RIEAEE T
DC & 785, HEHE, 180° RIAAED 3 DOk
varTHERIND, 180° 1RMAEAT & [alis Xt ke i
IFEZET v o X—WNIZH Y | [BEEREMRIT 6000 rpm
TE%éﬁ\@%%&QﬁK@3mn%@éﬁfw
%o X #RE. ¢10 pm @ Au B R—LZ@ L, (1]

/78

$HY—K(LaBy) ECESTS ‘"“Xﬁ -
. AFTULY I ’
T/—F N — —

X FIk 5 $10pm Exk—IL
D/ | D—D — 5 _ RAmEA
N|T =
ZI’ ﬁ‘_:“"_ U .
g RIRT A9 Sl #
LuX %
X1:U0 ?’*”IE%?TKJE X s AR R E & X BRI

BB, EEIT IS, BB, BB,
180° fﬁﬁ&%ﬁ*ﬁf%ﬁkéhf“éo [ o 5% e i &
WA I EZET v S —NIZH D,

-1125-



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

HL et & — 47y MCk LT 6° OfETH~EY
HLTWS, MO LE XBREEEA 7 U —i2y
TTHRE S, IR h=27 28E /7 7 v A CCD
AT C5985 ZHWTIBIRE A XZH|EL TWD
O B —aBiEToX—4y NERRELX, =
HA7 bo=y 2l — X T ZORIBERH AT A
2 BHAWVWT, B AMREHE L RENLENS
230° [A#E L7-E4y @ 2 2z fliE LT\ 5,
EFEIL. EGUNM 2 HWi=v I 21— 3 10T
EoEF LM, B0 7) v Rix, =3 v 4
VALE—ACKBHEEEEEL, Avially
RCiER<, 7X—Fx—7 Uy REHHAL., 7
U REEIE, 3 kV TRELLTWS, Y —FRIZ
X ¢2mm D LaBg ZfEH L TV 5,

EHRIIL, ~ T 2T 4 v I LR, Q 7%y b,

ATTV U T=7 3Ry PTHEERLTEY, w7 %
TAY T L RE QI Fy NTE—LH A X%
L, AT T VT ~7 %y T 180° RIABLA ~
DA fAEFHEL TS, BFE—AL, 180° R
M O B — A ASH OIS Z v B Rk
TOHER LR EIT> TWD, #£ 112 U FA A%
P X s AR BRI E O Ak A R,

1 X AR E OARR

TN A 120 keV, 75 mA

[ e ¢ 100 mm . Cu
Fatmlfiz 2 v — K 6000 rpm

B — KA R LaBs. ¢2mm

TV REALT THR—=Fx—27VU R
7 Uy NEE 3kV

3. YIalb—YarvéE—LIZKBREEE
3.1 R SR AT O R A

WIAEAA OB %2 Opera-3D TITVY, £ Dfi
Wr—Z%ZMHNT GPT ICLAE—LBLEDY I o
L—yar&frol, X 2 IZSBETDF\EA T
REORT I 2L —a VR AT, RS,
B — LT R LF—60 keV., B —LEHR 38 mA TH Y,
ZEREM IR EZBE L CHELTWS, K3 ice—
LEMENMZIER RO X RO —AT7 07 7 A V&
RY, VIab—va URERIINEDRES, B—
LRI L, EREREZISCHHEL WD LW D,
WEATOmABEATE, X 1 IR Lz X 91T,
DAFEICAHELEZ DT TEY ., ZOMBRIZHEAET
IR D, BOEBECERIE TS, L
N, B 2-b)bbnd ko, E—aRREEH
WREICAD &, E—AIERDZZ T 6NT, F
ORI . ZORES, B 2-)TREND L HIT,
H—ry N ETOE—=AT 107 7 A VITINZED
TEANTHR TS, Z0Z b, RAA T
NEDZBEL /NS LT 572012, WEDD IR
BWA~DERENLETHDL Z N DhoT,

0010

(a)

000 002 0.04 0.08 008 010 012 014 016 018 020
£ z[m]
oo t t

0oce

0000

00

-0ms

0020

0.0 0.0 [sloe)] [sloer]

-0014

005
—2a—4 (-4 Z2e— 44
Sty scat_y [m]

X 2 RiEARAIORERN R E—LEY I 2
L—ya UfER, B — AL 60 keV, 38 mA, ZE
MEMIEZEEBL TS, (@) ME»d Rz e—
LHE, (b) E@NS R —A8uE, () ¥—7 v
NEToHOovr—bT7ur 7 A,

—da—4

X 3: B —2A5M460keV, 38mAED XHT a7 7
ANDIEA, WFEIZIHAEERRON, I a2l —
VarfEREILS B LTV,

-1126-



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

3.2 HReRE AR A ~ D R

LTl HIT, EATO X #FEAEREREE T
X, E— AR T O — A EROIRBICEL & 5
ZEmbnots, FITC, RAREA O R (R
O, E—AREAFTHHFICERTEE—L 5
ZHNDEITT DT, HEEERS AR MR A~
DRF T -T2, Flo, ZhICH LY, RABA D
AFHERNZHEHLTCWS, A7 7V 7~y b
WimOAELERICA TH L Z Enbroliz
O, FOwE b A TRE LT,

HLWEATERZ W -V AT ATOY I 2 L—
va ik, JefE E[AERIC, Opera-3D & GPT # HW»
TiFo1, X 4 12, E—ATF/LF—120 keV.,

[sly;1s}
(a)
[81085)

omnnunnul-nm--ﬂ”_\Y

£ 006

E

Rslulel

0015

o] 0x (ole2 0% (ule:} Q10 i1z 014 016 018 020
2 z[m]

)

oless

Qo

E 00

*

peisle

-0ms

Q020
=00 0ch 0o 002

e ylrm]
001

-omz

-0
—2e—4 Oe—4 2e—4 4e—4
B scat_y [m]

B 4:RAlEAa, AT7T7 VI~ 732y NBHED
E—AEY I 2 b— g URER, B A%
120 keV, 75 mA, ZEFIEMRIREZEZRE L T2, (a)
M6 Rl e —AfuE, (b) IE@E2D /- E—24
i, ) #—# v b EToE—07077 A1,
IWEIZ X DEBNNEL R HoERENTND
ZENBTIND

—Ae—4

B — A 75 mA, ZEMEMIREZBE LIV I 2
L—va ViR ERT, K 4-b) D, B — AR
HYHFICERDEZITTCRBY, #—4 v b L THEKR
SNTWDLZ B D, —F >y M ETOE—LA
DOEEIX, K 4-() D, HUAGHERET D &
MEREZ, 045 mm(x:7KFEF ), 0.05 mm(y:
B ERE D B — DB IR 500 kW/mm*(F5
B CHIIE) TH > 7z,

VIal—ya RN EPTRABG DR
FHUEZ T2V B — A% W 2 EHUIREE O R
%, ATT VT~ Ty ML L, BIEZMRD
Too BB CITEBRBAMAIE L D72, 60 keV, 3 mA,
7V RERE 3 kV O — A5 ME TRREIT o7,
X 5-(a)lZ B — AT 1L F—60 keV, EE 3 mA FFD
X#Ta 77 A NEmRT, HEOTD, K 5-(b)ilk
BREIOE AT —H (B — 254 60keV, 12mA) O
X W\7a 77y A NVERT, £ERIELZE—LN
U =3RS, BBOWRIZE YD B — HIGEITH S
NS Lo TNBZ EMbNnd,

e

(B #&

(b)eX B HII

4 5 (@QAUBRED X 7077 A /(B —h5%
ff 60 keV, 3 mA), (b) LERTOIE AT —KED X ##
Tu 77 AN (E— L5 60 keV, 12 mA), KN
U — XN ST X D AN/ NSV BB ITIE
BRGNS,

4, SHROFE

MRk 2 B35 2 & TERIEUINZEDFEN Y |
B AT E LS, 2R NORES,
SRR L TWRWOERRICEAL T, &S
NTWRWESNEEE-STWS, FRIZK 6, 7 12
RTEIIT, AT TV T=T %y MEIARR—ZD
e, BEHERERE L TR, LB L7 5 R
PDISMCIRNBESE N AL TWD, BE—=ALT A i

-1127-



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

E—AFETTHDIN, TNE TOERIKRIEIZHAR,
WEDFBEN/NE LS o TWAHZ Lo Tz,
Otk HEOTEAZED, 120 keV, 75 mA £ T
DEE IR X 2 EAREOMREZIT ) TETH
b, Fl-, BE—LERZ IO EIED DI,
BN L—Fy P ETERE LB ITT

(a) (b)

f i o
”‘/‘" : ; ‘.ﬁf{ﬁ#‘
KEK O)%%ﬂﬁﬂfb S[E{\ jj;:. EE%ZL\EEG:@ Opera\

;Enmté

X 6:() AT7TT IV I~r 32y NONEKX, ~7
Xy FREAR=ZADOENCEHERTBRTH D,
(b) CST-STUDIO T#tH L7 Dkk+, %EE 72

CST-STUDIO
FrIEERITIE, FAEREE RO > —L RSP HlE
ROYR—F2 L TWEEEE L,

Wz
fbZtED L TFETH D,

L— g v &{TH 2 & T, LM RE

WBELTYR—FL W& X LT,

U777 =

N = N S
BRMIMLN D & — ABH LTI BES A LT o oy 1oV IR L CoRms S L
WHZ ENDND - - - °
& X Ek
RTFTIY / ) o )
RHvh TR 777.,. 195 FS—F [1] T. Sakai et al., "Optimization of the Bending Magnet for a
ﬁﬂ?ﬁ’///, | 7”1"’:\ Highly Bright X-ray Generator", Proceedings of Particle
"ié h Tj | Accelerator Society Meeting 2009, JAEA, Tokai, Naka-gun,
@ I g Ibaraki, Japan, pp.900-902. (In Japanese)
| ] | [2] N. Sakabe, (1995). US Patent No. 6 229 871 BI.
e )z, 4 'L W [3] N. Sakabe et al., "Highly bright X-ray generator using heat
L . [I] HY—F of fusion with a specially designed rotating anticathode", J.
A 4? : T _ Synchrotron Rad. (2008), 15, pp.231—234
mEsm  A—Hvk T s | [4] S. Ohsawa, (2004), JP Application No. 2004-241301; US

7 CST-STDIO | EFHRNEH—F >y NET
.jJr %T/V@Lﬁﬁ. l: 2120 keV., 75 mA,
TV REBIE3IKVIEOS I 2 L—3 3 L,

S ORISR LT B D, oA~ |
BERKIEFLTWD, iU, R —/V REELI D, |
AR IIROBA(C ¥4 THE)y~EBEsHm2 b7 8K |
MRVETHD, FEERROEKE I R—F RO
MRk ENW ELMETH Y, Rk d 252
LT, a7 FTHOEIZBWERRRE %Wé_
CRARETHDL EEZLND, FI T, IHIZ

Aﬁﬁ%iﬁétbmﬁ\ibﬁ£WQVSnv~
Ta VBTG H Y . CST-STUDIO % vy, X712
AT EOMREBFHEN X —F vy PETORKEEL

T, FMCHENRE—L Y I 2L —2 3 %2 LT,
—fEL CHRELTED2 2T ETH2TETH D,
5. F£&H

Vialb—var EERBERNG. HBREICKT
% {1 B wak%ﬁﬁ@ﬁﬁﬁ%%gﬂ L. fm
WA EATT VT ~T Ry O ORI %t
BRL7, ZOREE, ©—AERIFOERMEINZEDY |
B AENEMNT A E NI, BE—LA X
JLE—120 keV. B 75 mA OLMETIE, BE— o8
FEIEK 500 kW/mm? IZETH &N I 2Lb— g
YTCRENTZ, RIABAIZOW T, B Ok B
& ZDORERITHOWT LT A (IPAC2010) L 72, it
2T TV TIZONTHY I ab— g URERICH
SRR Z W R L, B —AERRABRE BT,
HRLI-DIZ, XL F—60 keV, 3 mA D

-1128-

Patent Application No. 11/204967; EP Application No.
05018063.7

S. Ohsawa et al., "Development of a New Highly Bright X-
ray Generator", Proceedings of LINACOS8, Victoria, BC,
Canada, (2008), pp.539-541

http://www.vectorfields.com/

http://www.pulsar.nl/

http://www.cst.com/

M. Ikeda et al., "Precise measurement of small sized beam
from electron-gun using characteristic X-rays", (2005)
Proceedings of the 2nd Annual Meeting of Particle
Accelerator Society of Japan, Tosu, July 20-22, 2005,
pp.723-725. (In Japanese).

[10]Herrmansfeldt, W. B. (1988). SLAC Report 331. SLAC,

CA, USA.

[11]T. Sugimura, et al., "Performance of an electron gun for a

high-brightness X-ray generator",
(2008), 15, pp.258-261

J. Synchrotron Rad.

[12]T. Sakai et al., "Development of the Focusing System for a

Highly Bright X-ray Generator", (2010) Proceedings of
IPAC’10, Kyoto, Japan, pp.199-201.





