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Abstract

It generates the coherence monochrome x-rays to be irradiated on the single crystal with the electron beams of high
energy. These x-rays can be focused by a special optical lens, and also demonstrate the contrast excellent in the penetration
image. These characteristic have suggested the possibility of new progress to cancer medical treatment and medical
diagnosis. However, in order to demonstrate the characteristic which was excellent in these x-rays, irradiation with
electron beams of 100MeV is the necessary condition. On the other hand, there is a policy objective of this project in
realizing the x-ray generating equipment which is a low radiation level without producing radioactivity. The model
equipment is examined based on energy recovery type cryogenic electron linear accelerator, and is under manufacture.
After a completion of the model equipment has tried the actual proof experiment by beam acceleration. This society
reports the outline of this project, performance specification, the progress situation that is a plan, etc.

1. [XCHIC

2R N ZERT X BRI O BRI B R &R
OB RISl (LEBRA) %Az
BLTHKZ, LEBRATIZ. 199 0FMR%EE,
Bl = L X — I 7oA (KEK) OB
L7=125Me VEFY =7 v 7 &2l EHiE
HHEE T L —V—O R 2D, ALK
W 7E e AL e S ORISR E Sz, 20
0 OFITIE, HKEHHBETLV—Y— (SFEL)
ERT AN w7 X (PXR) ZFE#hc [
T mE E IR O & R I o058 &
T T v T 0 THEEEZEIONEE LIRS
L, 20044, SFEL & PXR "2 oodtEF|
MG LT, 200 79, PXROEHIBRTIL,
P X R ANZERI T B X BY ©h 5 = & 2 EiE
L7z, XBRO/NEUEOBHZMTRICE T L, 22T
PRIE L X BRIE O BREME 275 9 2 10 R e 2 BRtA L
72 FT2. VAR - 7= XFUIERDAFETH Y,

ZTOFBXEEITa > b7 REN, AR
NS 2SR Ik 2 2, ZRHOFE
BUL, DATBRFECERZ NI HT 7= 2 B O aTeelt %
SRR 7 NS T i B XA O B8 A 5T
IE. BAKRY., B (KEK). B#EeEDseE -
B /m e LT, 200 94, EFEOMLRFE 1
VxZ FELTHEET A Z LT Tz,

ZE [T E XORR I T B RS B D TR IR 2 R A RS L
TRAESEDIN, LOLARRE, XHRoRM 2 38
THITIE, BHEFRTERLE—231 00Me Vik
ThdHIENMBELRLETHD, —J7, KfigD =2
R N XBRROFEBIIE, BN EIRREIC
ANTH, HEBEZEHE T, MR LR a
JU—hF -« =L RERELTAHAIZENT EBE
FLVW, T, A7y 7 MI, RERBE
OHEHEBLIET 57212, AFFIZE—AF 7 X
— A ERA L, 70, RERBEEOHEH %
BT D720, =xAF—EIA (ERL) 774
FEFV =T v B R L+ a8 NERT

-176 -



Proceedings of the 11th Annual Meeting of Particle Accelerator Society of Japan
August 9-11, 2014, Aomori, Japan

WX EEOEZRb R L, B (B hr~)
DS TEOTIC, a7 FXBIEET LD A
(K72 % e - BLUEZBIRA Lz, HEEO—EHITE 72
TERTH B0, TEEOREBTIIHIENTET L, 58K
b A 1 HPTICER U CHLANE T, B EZEOMRE
TANEERTTH D, SFEERE CITITEEFIE
EETIEHTETHD, £, BREEZEOT A |
TR, BT NVEBE KR —V ROH D Hixic
HE L CRAET A MEITW, s A LS E o 7]
HEE 2T, BE—2EEZ £ L, T7/VEBN K
SeEZEHET, Ho, KB L~ vich s 2 &
FHEFEL T, ABEEIIDENa Y — K —b
RIMARBETHDZ LR TDHTECTHD, LL,
BRI EAEERBF N R EE b, EilHE
BRERBE A R T TH D,

2. DISAFXEFI=TYY

R EME A BRI (2 0K) ([CARIT S L.
FARIC B 2 BRI T~ 075 0 112+
DT HEY (M1 2BHR) %57,

fiSA LB OB EREN
1.00E-01
,/
1.00E-02 >
1.00E-03 7
E 7
o]
3 1.00E-04 :
=2 &
_;H_‘Q fi RRR-30 ]
el —RRR-100
1.00E-05 — RRR-300 F°
7l —RRR-1000 ||
.// —RRR-3000 ||
1.00E-06 . —RRR-10000 ==
— RRR-30000 [
1.00E-07
1 10 100 1000
BE(K)

B 1 fli et O R R (BLRHEHT) .
RRR-30 : FiRHHT & AR F PO LR
L2NL722 235  Nb 72 & OB {8 THINE L 72 2271
D REBAKIE & AR (Q E) & mflEEsks CHilfE
Lic~A 7 migEEg T A b ZEROBIKE Q 15 % Lt
32 & 1R O E B R BRI 7o G RAE L
FELLSH>TWWe, TOJRKD, &EK CIXERN
SRERPE RSN T, BEELNEL R, SR
FIETHEE L TN DME (EEE . & ERKER
NFEE B Ve | T HHRS (FEOBES )
X, SADOBREHE u, LR p CEEF o= 1/p). JEK

PASJ2014-MOOLO01

BAH) 5L, o=(p/fu)*ThHzZ5n, @A
WM DO, REORS §IWitkf LT k=
HY) MR 725 2 ELISMNT, BT, REDES (4L
B OAREE T O HBHITRE /NS 225 JEH
B (~A 7 oisEEk) Tk, BEREERS
HOIRFEHL L, E U A I B UM e A
RTZEIIHDEEZLN TV,

UL, M E SR 7 s B A 2 Nz
%l KR OEIRTURRENE LSBT D52 &
DEHLZRY | (BEEIZS R ERH D) 2
NWETCOEMEHM CTHIE LT~ A 7 v @A T
A 22l O AGAR IR  JE B RE P AME L W ERH O 1 D
W HIERF OIS NEADEBEL TWDHOTIEE X7,
— 7. BIRIRIC BT DO BRI E IR O & 5
IR T 5, & ZC, MEMEHFS (RRR-6000:7N
YA TC A REAET A N2 (2a=13.5mm,
t=2.5mm, 3 Z&{li) oML EREL, RS ELY S
PRVEES (BEHGER) TR Ze iR M AL T (B
B 1220, ®iE»5HIKE 10K (c/mH LT, K
TIN5 @ B R 2 5 L7,

2\
o

HHE1:
— R,
ZOFER X 2 1R K 9 A Em B R QL DIRE
REHERE LR, BHo, BZERALEN- T,
—J7 . QUERMET — Z & Al 5 T C R I 2 K
(29 72 : &2F~60cm) % SRR ChEfE L 7= kg
Mg (LYo FU 7B M 3BR) oFF L
ZREL, 20K OEEICHEAKZIZ, VWU R v
S H R EREN L CEBERE D 2B L
22.5MW @ RF BN RIESE, AFHNLETE
—LEAF L CEFREIZR-T2BEE2HEL, &
DOREDE 1 — AAMITKT 2 MEGEE O RF &
HEBEBF =D XX —OFE "WEFHE L,
ZTOREREK 4R T, K41, Quid 3.5x104FRE
DNNEZEIR TR S D IEE L, = %L F —[E]Y
WY =7 v 7 2 EBATHAEEEH T L%
R LTV,

MBS CREL C SR 213 E

-177 -



Proceedings of the 11th Annual Meeting of Particle Accelerator Society of Japan
August 9-11, 2014, Aomori, Japan

PASJ2014-MOOLO1

TAFERQ OBEKREFLE
40000

35000

[—al]

30000

25000

20000

FARERDQ L

15000

10000

5000

0

10 100 1000
B (K)

B 2:C /Ry K7 A NZER QL DR

TR Vasxrx NS
i3 R
90 ISR A _, lﬁ%i&%ﬁ
i
5 —"‘ij:’:\‘ = B
ﬁﬁ%ﬂ&%ﬂ_ | : —
(- E—A
AR - A
1MTTTYI 1T
LLLLLLY LLLLLELE
piIb =2 BFE—L g
X 3: EHBEEERERMSES AT L5DOET )L,

20KICHR B ERBERLY AT L(22.5MW)

25
5 7
s
2 % AN AN W S—ry
N E
—P-04
g 15 E-0.4
% \/ —P-0.8
q —E-0.6
3 10 /4 —P-0.8
s / \/ —E-038
R 5 —P-1.0
3 —E-1.0
£ ==
L]
0
0 20 40 60 80 100 120
MEEDES(cm)

X 4: EBEKRERY AT LOEEIREBIZNT 58
B — AR D B R A
AL P02, E-02 X — AARERI. 0.2A D

i 0 & JE I B T TR(P) & B — A IE = R L —(E)D
FREEERT D,

Sed. Ny NZERT I XBREEE O B MG
kA F 1 o< IZTED T, KIZ, SOMW 7 T A A
fer 1 ARKE2HWT 75MeV OINET RV X —01N 5
S, Hoo Mg S RE 2 JEH 7, AR AR
LUV CEEIT 5 a0 87 Mo gL — I
(ERL)C N R TAFEB LYV =T v 7 NFEBT D

NS, HANHIRRET - B E L7e S b BARRG & ik
O,

%=1 W?ﬁxﬁﬁ@ﬁﬁi EfEER

X R A 3k BT B — L H R A
B L 00 IR 2

AT L X —#iH (keV) 5~50
e R A EL ~10! ¢!

X521, 2B E LT, SRKRKEY AT A
DO FIITIAT DA B — LAWK D INE0E R
DA ERT, EIR T, M@ﬁ®mﬂ&*ﬁ@%m
KREWTZOIZ, BEEE T BRI & E ﬁﬂﬁ
DU, JEEE IS 5 %t I DN A5y
HHZ EERLTWVA,

B4 nBHBNREHIC, =X —EIR Y Z
A FEF) =T v 7 Tit., E—DLNBEREBEBR D KEZ N
&& VA Sl N = I N Y £ o=y /S W i X -V [

WD ENRNDND, —H., 75MeV O R /L ¥
— 5L K3 VAT LE3I Yy NLELER D,
T, AR OB E AT 72D, IEE
DESZEELIZLYF U FI U IR 1 By hé
S50MW 7 A4 Ay I RTHRIILD 75MeV 7
FAFTEBTYV =T v 7 DT A—F—E MG
L7,

HBICRITAEREERLY R T L (22.5MW)

25
N

2 2 VAN —p-02
* —E-0.2
¥ /\\ P-0.4
% 45 N E-0.4
a y —P-06
B —E-08
:_\j\ 10 —P-0.8
2 { |=——E-0.8
2 / I - |—p-10
R \ |—E-1.0
w5

# ///

" N

0 20 40 60 80 100 120
MEEDEE(cm)

M5: CAURIZIAXETV =7 v 7 OFIRIC
FUT 2 DNk e

— 7. IEE 2 A% E— AN & v — AJEOE] }r%é
RV M) T HEREBRATDHZ LI

-178 -



Proceedings of the 11th Annual Meeting of Particle Accelerator Society of Japan
August 9-11, 2014, Aomori, Japan

D, 7I9A4FEBTF) =T v 7 ONEIT) » TIIRT
HDHN, B — AEERIIIEE ICHEM 1 ABETH
D\%%@¢?®H~Aﬁ%ﬂm%éﬁfmiéi

IR ENTE, TR, VIAFEFV =T
/7$ﬁ§i 3EBETR, T a vX—, TR TF
T NUFr— 1.2mIEEE 2 REWNELTZ 2
TAFAH v b, 0 ERMERKA4E, PV T Ly
NMEFREBEMAO 5 B, &7v/b$KﬁME4mfﬁ
BEAL, SOMW 7 Z A4 A hwa v SMAREIE, 20K 4
B 4B, SOK Mg 1 B, X7 A MU v 7 XHR3E
A U0 2 S e ARG E XX 6 DX HEKIC 2
F DR AEX TR T,

B0k W
DPIAATB =7

/ﬂ!'ﬁjEﬁkﬁ
A Fe—

Fayrh- BFH

ﬁR(mm}‘om

25420 m%iﬁ o

X 6:75MeV 7 T A AE TV =T v 7 EZEMWTHX
RIEATEE OBLE X,

AAEEE
B — AT

X 7: ERLH 2> %7 habv—L o b XEFELKERSE

2 11 (B

F2120%, ETFTAVCA U NI TGAFEFV =T >
7 DIEARMFRRE RT,

T IAFTBFIV =T v 7 Tk, ZTOHERELZXSIZ
BT LY, 794 A o hEEKE
50MW Z 5 RS 28T SMW & 45MW 12455 L,
SMW T AEHERIZ, 45MW 1ZIEEE I E nEaka
T 5,

PASJ2014-MOOLO01

R2CNRURITAFEF) =T v 7 OFAMAAE

A%iﬁ
EHELE (kV) ~100
w3 M) 7V RHIAEEARE TR
JE % (GHz) 5.712
REEANIES (MW) ~5
ETE— LV AL AT IF g v —F
TLNRFp— 221
NFr— (13 Z=0) 2a=12mm. 2b=43.8mm
pIBE S
s 5 = HEFT I SR BR A
IEE WS ENEE (k) ~20
JIIBE=R S F A7 AT — =R T I
I JE % (GHz) 5.712
IEE— K 2n/3
ik A& 22 31 24 75
GRS O2E (mm) 1300

16.000~13.225
74200~73500

JEGEE 7 A 7 738 (mm)
IR 25 D Q o (at 10~20K)

BR A FIRER (ns) 250
ERER =R (al) 0.06
AN EJEET) (MW) 45
2V AEEIINE (uS) ~3.5
BRI SEAEE S (MW) 135
BRI SEAEE L (MW) 14
AR I LE (Hz) ~30
Ta—/LBK (W) ~700
MET R — (MeV) ~75
FOVAGBAEE — AER (A) ~1.0
sV AE—AIE (uS) ~2
P e —AE R (pA) ~50
RUBGLLERLD V™™ -
RYATHOWES o e
S _,_I_ waE :|_
LTt Ry _
SEMMERE | |~ — 2:}742:7’;? TN
/G T
|ﬁﬁél___lfﬁﬁ____
If‘—b&“ﬂi .
HHAE /

L

st |

SO RS

X 8:75MeV 7 7 A AEF V=T v 7 OREBEREAL.
7?42bm/ﬂ6&ﬁéﬂémﬂ&ﬁﬁ%MW
AR ARAEN L TLY F o MU U7
BN, V/%/FJ/7®$mmﬂ&ﬁ%®Ew
R7 > ZEEME. K 9IRT L oic, HrtEREA 2
DFEGFEITRAT L \FAfﬂﬁ%Wikigﬁﬂ
REMIX RV, BRIEEERESI NS 25, 22

-179 -



Proceedings of the 11th Annual Meeting of Particle Accelerator Society of Japan
August 9-11, 2014, Aomori, Japan

PASJ2014-MOOLO1

T, CL10 XA MMERSE AR ORE G ED 10%% EWRT 5,
B B ED ifﬁz{)lu%ﬂ&'ﬂai}%@ 2 LB L,
u#fimﬂ&*ﬁﬁ%f3%?mbfkb X9
WZHEBMTRLTHD, H8IZTRWT, LY F
7SR AR O RE RO, 7 T4 A bR
Vﬂ%%ﬁ&ﬁﬁ%ﬁﬁfé& LYY s
A N = Vi T AVAIRE - V/%/F)/?@mﬂ
WEIXX 9 D% é%ﬁ WBoTixb Ens, Vv
7‘L 135MW 75>HIEW%>B%E (T, AFE SV 7
IEE 2 BT B — A%A%L U 7o E
/EZEE M—TIZRD L. AFEFE— Aaﬁ{;m%
%Méﬁék\lﬁﬁ%t L DNNEE T R )L —
— B2 D,

—C10
C4E — 5

------- e . || .

il
5

3T T

I Hi R AR (VD

X9: LYo MU TESFOENRT v TR
L MY it E EE
D 135MW &E W EHBERIT HREEICRT S, &

T B — LB MERICXT 5 U v IEGEE OB

EBREEENRE E— b3 X —DMBEEZFHE L

ERAZML 0IRT, ZOMEY AT A TIE, ME

FIX1A DB E— L %4 7T0MeV JIE L, JE % 1X

IADEBEFE— A#%@MW@mﬂﬁﬁﬁ%Eﬂb

FEFE— LD FRLX—IH 70MeV BOE S,

EAHRFOIRREIC R S, m%ﬂ&ﬁﬁl%MWﬁ

1ETHENCY > 7 TR 3SMW &+ 528, Z Dl

BEEARENI T4 A b rpbitihiansg, K

1O0MBHLNRE I, BWIEEKEID—ED

BE. E—LABROMEIC L - T, I#ET RLF—

BT B, 0o T LY MY AW TR

E~AME1*»%~%—EK?6Km\amﬁH

WEHNNENVRT v 7T 5IRET, BFE—2EM

EHEMSE 20BN D, Alh, BRIEEEEE DO

PR REIC XS TE 2B E— 2 OEFHIEZ1T O

VENRH D, FRlZ, BE—AEO@RF e — A8k

L7aWE 22T DL, BRI EE I O i 4

T &R PEB SRR T X Dl E T v — LB

RN RO EE L 2D,

/) 45MWO) 3%

Energy gain, Power Flow & Beam Gurrent (N type)

R

éﬁ
WL
!

|

Power [Flow :P

8
=]
ik

E(MeV) £ P{MW)
i

=

&
B
\
\ /
W
N rd
N
A /]
) /
N
RS I I )
/
/

Beam Endrgy

i} 20 0 60 80 100 120 140
Cawvity (Mo)

X10: V/ﬂ”/}\)/7 B E—AERANWE
PE o 7oA D INIEGEE Hh O BRI & B B EE i
LEfE— Azzw% DFHEE.

—J. B AEORF T — AREKT DR
(=R iﬁlJLEﬂ@T?t75’/7\J:DE AT I AR
MRKENZLIZLAR, BFE—LDOT=I v XL AT
%@i*ll/?_’\ﬁ"k IRELKNFT D, BTV =T
I TR - & — A D= F )L F— 3 E %/

ST A, ANUFEREWVES E— B INEENT
FHOPMNIASF T2 L TH D, ¥FlC. RAENA
SEFERADE %éhfwé?%%fi el %

?—/\%ﬁﬁ>ﬁ%b\<‘:77t7 B ADINS WG,
B E—AFEFELET S, ZOFELEITHIC
1T, AR AV TFENEL ., Bo. =R VX —20Hk

PDINSWARE—L AR THZLITH D,

3 ASHEOE—LNL—R

X6~ 87T &k Hiz, -100kV ERENR, 3 WiE

EBFEE, X TNF g vX—, TR Fy—, RN
Fr—, LRI, inV/FEﬁﬁwﬁmﬁ
RCEREH SN, T AV Fr— N TFp—
BEICHITEE A TMA STV 5,

K7 Tz MIRTHAFROKRENL, EFE
— ADTR)LF—73 ﬁ@»é<\ﬂoxﬂ/%ﬁ®
HWE—AEERTDHZ LD, 0D

BFHENOHRIINE I N DB FE— 2%, l: JA
F a v X—DEREG T —AOMHITH R & T®E
THEAT S BT S B 5 &EA VT — A DT IESHIRIE
DR L, KEByOEFE— ATHuE FICFE S
7oAy NMCEZET D, AU v N O IRIE % i
L7izE e —AHEBRICEE SN, FRKROE
FE—2%, BIZ, Fa v/ —0DERE CIE T ER
%53 %ﬂ%ﬁbf%ék [N N N §
KITEET B D, FERRICEIE S L7 7 B — AT,
NF TV AT KNS . 7)A/%# @
T8 B Y CHEAT T NS B IR B & 5- 2 S5
S, HOEREEETT AL, BTE— Ail%h

- 180 -



Proceedings of the 11th Annual Meeting of Particle Accelerator Society of Japan
August 9-11, 2014, Aomori, Japan

T D BEEE T B — A N T v — I THRE L
EEEITER OS> FERD) ke L7ens & & 8 B
THATHENCIE ST, B E— 20O E & HE
FIZEDT AL, BTE—LDONNUFIREITHEE S
N5, ZZTiE. %Aént7vﬂ/%v~m /R
Ty =R EFHECHET —# (5 A 7 & 2a,
ZENEE - 2b, T AZKE D, QofE. ¥ v hA
VE—H VR 1, BERE  Vglo) BB, Fa v
N DHRER RT T ODE—A N L — A EIT 57,
ZORREZXT 1. X1 2, K1 3, XK1 412577,
ML BAHIZIZ—100kV ZHINL ., 0.2A OEFE
LERE B— A%E/A—VZTA WZEEL, 7
Vﬂ/fﬂ”ﬂ/ﬂ/?k 21X, 10KW, SMW D5
AW E OB EREL TWD, £, T LAV F
FT—OHAEANF ¥y —DAVADRY 7 h AL—
A1 100mm, /N> Fr—DOH O EIEE DAY 1 F
THORY 7 FZL—2Z1F 400mm & L THREL TV
Do
E— AT g v X—TlX, B L7V REE
B LTV BHIRHEEQR). (3). (4)D 4 DD/ — AT
(1) MBIREF B — A
(2) HBRETFE—2A
() HERE T — 24 ®EEAEAE60 £
@) W E T — 24 @A AL30
DETE—LEREIE L TWD,
BIE—LDONCTF T ORFEZE—L R L—2A
L7201 1~ 1 4 sl s s i o 1R (hr
FA 21 ~—n) EREUEIC LB — AP X K
IIEITTDEFE—DDOMNEEZEFNEIRL TN D,

Pl FE  DRIFT BUNCHER DRIFT

m B
L
s E LA A £180 B
o B AL AR A £120 FE

-Fl

X11: fRke—20E—AFL—X,

2 32iF. AFHOT 2 v =R a2 md, #£3
TFa v =D E—AE5&MFIz, K11, K1
2. K13, M14D#BIZNTIEEFE—LDT

VX =g & N TR E R, T RAX
AE 3R RTZFNF—(E mo) E DT XL F— (B
min) D72, N FIRIIAEA AR THAE L L TV D,

PASJ2014-MOOLO01

P FE  DRIFT BUNCHER DRIFT

M12 £120 EOHERE—LDE—L ML —2R

Pl FB DRIFT BUNCHER DRIFT

X13: 260 EOHERIKE—LDE—L KL —2X

FI FE _ DRIFT BUNCHER DRIFT

.

N~

14: 30 EOERRE—2DE—L FL—2A

3 AHEOF 3 v R—5h R

A\ in E max E min AE W out
Degree (MeV) (MeV) (MeV) Degree
360 2.909 0 ? ?
240 2914  2.090 0.824 59.7
120 2.726  2.649 0.077 17.3
60 2.671  2.658 0.013 8.0

SOE—A =R T3 v S HRERT T

- 181 -



Proceedings of the 11th Annual Meeting of Particle Accelerator Society of Japan
August 9-11, 2014, Aomori, Japan

PASJ2014-MOOLO1

OOTFELARNL—2 a0 ThY), E—bF a3 v
— O E— LD R X Fa oL & E AL (0
) DFYEIZ LTV D, o T, U N Fy— (it
W o EEE e, N F v —ICHE T B A RN
BANARIR EDIRT A —=H =52 HEAE R W ou
DEEFNERY—F TEXDHEEH LA TEL,

4. BbHYIC

RRR-6000 #HY4 OHFATHIWEL 7= C /N KT A |
22 O ER & YEEE A TR CTHLANL T, I 1B A%
bR L7 EIR I AT 2 B R RHE Quid, =
WE TITHINRIZARATRE & bz = L ¥ —[a][Y
Wy FAFETV =T vr b BEREEER LW
B R L~V OB N R FEHLE — RS\ T 2
EERRERL, XU, I ETIZEA Lo
Wk LS~ T L H o7, F 2. PXR ISR
Hab—Ll v hXBORFAEZ, HEMBICARKTS
il %= DFEA D 7 = — 7 5 & HiE R O JE IS S 5
EHHAEAICL2ESEO Ky 7T — 7 MIHEK
T 508, TR FESI OB EN A4 — 2 —T
HY . THEG R DD IR K D BREE 2 B
FNF =B KT D EDNEMICE X, PXR
DEEZEOLIERTHDL EEZTVD,

— . EE T AR T, U BENEHE L,
H AR O ERERTHY . kPRI K E 2tk
ZMETH D, FrlT, HVWERO T BEITETH
B, HUoEEAZBRZICREL, BIRTEDLHEY
fENE L 72 i i 7e & 70\, ZBF LA XRRIC X
DH AR BRI OB SITEE - 72100 TH Y
R, B BE, EmBY, R S1cfkb Db
2L OMRELHMEDO N EMEEL, I BIRE
T HHMMEE TR KT 52 ENEETH D,

X#, y R, HYETHRR. BT8R, REBERLEITLD
TENL PR 2 HOO S R BB IR DN AU T, v T
A7, PAN—F AT, BWNITT T v E—7 Kk
IR LR 7 R e EAL IR I, EnE
NWRERDH Y, BELEET 2 2 L3 LV, B
NEBENEWT DR ZEEDITRN T, 2 XA ML EE
LU 7= BRARA 72 IOBHRRTB IR & 13, b D — R
WCEBCRFTT 2RISR TW A b s,

SEXH

[1]1Y. Hayakawa, et al., “First Lasing of LEBERA FEL in
Nihon University at a wavelength of 1.5um”,
Nucl. Instr. and Meth. P.R.A483(2002) 29-33

[2]1Y. Hayakawa, et al., “Parametric ~ X-ray radiation
generator composed of an electron linac and a
double-crystal system”
Nucl. Instr. and Meth. B227(2005) 32

[3]1 T. Kuwada, et al., “Phase Contrast Imaging of
Biological Materials Using LEBRA-PXR”, SRI2006
The Ninth Inter. Conf. on Synchrotron Radiation, May
28-June, (2006), Daegu, Korea..

[4]Y. Takahashi, et al., "Phase-contrast imaging with a
novel X-ray source”, AIP Conference Proceedings,
(2010) p119-123.

[5] L. Sato, et al., "Study for the Performance of Cancer
Medical Treatment using a Coherent Monochromatic
X-Ray" Proceeding of the Sth Annual Meeting of
Particle Accelerator Society of Japan And the 33th
Linear Accelerator Meeting in Japan (2008) p64-68.

[6] ek B, Tab—L NG XIROERIEA )

OHO12 “JINis g D FERE L BRI ~EIRDTZD D
] p1-28

[71Y. L. Wang, et al., "4 New Chopper System with low
emittance growth for PNC high power CW Linac”
Proceedings of the 18" Linear Accelerator Meeting in
Japan (1994) p145-147.

[8] I. Sato, et al., "Development of the compact source of
monochromatic coherent X-ray for cancer medical
treatment”, Proceeding of the 7th Annual Meeting of
Particle Accelerator Society of Japan (2010) p219-223.

[9] {RIE Tt i, TS IR TH Ty
71 A— 24 (19934F) 2 5,

[10] S. Inagaki, et al, "Thermal expansion and
microwave surface reactance of copper from the
normal to anomalous skin effect region”,
J.Appl.Phys.82 (11), (1997) pp 5401-5410. [10]

[11] C» b7 A NZEROHNE : KEK & & & ,

[12] C 3> KT A N 2230 O & JE B R 1 O IR AR AT

PEDOFHAI - KEK & FG7,

[13]Y. Wang and 1. Sato, “Study of characteristics of
traveling wave resonant ring for high power cw
electron linear accelerator”

Proceedings of the 17" Linear Accelerator Meeting in
Japan (1993) p100-105.

[14] 1. Sato, et al., “Cancer medical treatment and
diagnostics using the source of compact coherent
monochromatic x-rays ~ Proceeding of the 8th Annual
Meeting of Particle Accelerator Society of Japan
(2011).

[15]J. Hyun, et al., “Design of Transport at ERL
Coherent x-ray Source” Proceeding of the 11th Annual
Meeting of Particle Accelerator Society of Japan
(2014).

[16] Y. Hayakawa, et al., “Compact and Spatially
Coherent X-ray Source based on Cryogenic ERL :
Basic Design of the X-ray Radiator ” Proceeding of
the 11th Annual Meeting of Particle Accelerator
Society of Japan (2014).

[17] M .Yamamoto, et al., “Development of a C-band
Pre-buncher. 7 Proceeding of the 11th Annual
Meeting of Particle Accelerator Society of Japan
(2014).

[18] K. Kaneda, et al., “Development of Reliable C-band
Accelerator. ” Proceeding of the 11th Annual Meeting
of Particle Accelerator Society of Japan (2014).

- 182 -



