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

ENERGY RANG EXPANSION OF LASER COMPTON GAMMA-RAY
AT NewSUBARU

Sho Amano', Shuji Miyamoto, Ken Horikawa, Takayasu Mochizuki
Laboratory of Advanced Science and Technology for Industry (LASTI), University of Hyogo
3-1-2 Koto, Kamigori, Ako, Hyogo 678-1205

Abstract

Energy range expansion of laser Compton gamma-ray at NewSUBARU is progressing. At first, Gamma rays of 17-
36MeV were successfully generated by using a Nd:YVO, laser with wavelengths of 1.06mm and 0.53mm. The
luminosity of 6000photons/W/mA/sec and the flux of 5x10° photon/sec were achieved with a laser power of 4W and a
beam current of 200mA. In a next step, a CO, laser with a wavelength of 10.6mm was also installed to expand the
energy range of generating gamma ray. The gamma ray energies of 1-4MeV have been obtained. The luminosity of the
gamma rays was 7300photons/mA/W/sec and the flux of 5.6x10° photon/sec was also achieved with 4W and 200mA.
These performances were good agreement with the calculations. At present, we are planning to add a Tm fiber laser
with a wavelength of 2mm, which will cover to generate gamma rays with energies of 4-21MeV. The laser focusing
design was considered to generate high flux as much as possible, and its luminosity was calculated to be 6400
photons/W/mA/sec. In addition to Nd and CO, laser, Tm fiber laser also has been developed for high-power operation
and these lasers can generate kW class output power. Though the present maximum flux was limited only by the power
of the lasers, a flux of up to ~10° photon/s will be expected using a 1 kW these lasers with 200mA. Several ~ a few
dozen MeV gamma ray sources at NewSUBARU are capable of generating such high power.

Za— AN )N —HF—a P N H B0 RIVF—IRIEK

1. [FCHIC BLEALEL—F—Thb ., kWL EDFEH <
_ L U—NERENTWE, L—HF—arFro o~
(SETACVETERY S TEBT LV o5 ) 2 LR T I D
YT DAL BDEFINFE—IIRICOVTHRE gy - g L —F— M S B~
72 MO ML EATREICT 5, Al 1—40MeV O & H

Fox 1L44), HE1.064 4 mE0.532 1 mONA:YVO, Py g L LT
L —HF—Z AN T17T—36MeVD H > v — A FE A4 Qﬁg?‘%& LT, SV LTINS £
&:Eijjj 1/71:—0 Z @ﬁ/?%%%ﬁﬁb\‘(%%ﬂ&:ﬁébf\im Dz'g*f:fo"c\&i Eﬂ;&i( ,-/EI %hfb\ 5NdYVO k
7, BBESEMIEENOTE Y Tho, L0, 00 g 1 L % 5 o v BT 1 o e A
B, FHEDET —2 EPe, T, B dJuml —HF—DEAR— k (EHR) ORE L AR
%/ﬁm’\@mﬁﬁﬁﬂ%@&)fb‘éo A A= T 75w 7 AR HONWTHET S
L— hE WD <A A= T HINOBR L °
FFoTwal, SRk ED S LT, AT = . S g = g
GO IR E N, 2T, gy 2 PYYRE—LTAL BLT)
£106 u mDCO, L —F—%EA L T, 1—4MeVEIK HEFTCILEHIn-r—Y—ar 7> s Ho~
DH <A EK -T2, ZTOZFRLX— fJZ@y’J/ MR AEEREE (K1) (oW THHT 5,

< RRIx. R IR AL IR (NRF) (2 AT = a—ZVERY U ITEAE1ImOR M T,
HY. ZhEANHEEEYE OIRRERT SO 14mD 2 KO RERE N H D, ZOND 1 OEIEIE
ABEEENTHEM, BIZH & LCTRHW, ZZi2®n5s e —LA7 A BLI

X 5T, Nd&YVO, & CO L —H—lc kD~ ZHNTH U ROBEBLWSHERZIT> TV
TRNAFXF—DME I NN—FT 50l BHEFEE2um 25, EBRA—1 _nx%éht%tﬁﬁﬁ Lo
L—P—DEAERF LTS, BR2umb—F —  NdYVO,&CO,L—H—ik, I 7 — Tz LLW‘]F
DEAIZELY, Ho<wHT R XN 1—40MeV > FAN~ENN, ]\/i‘r\/lxlj\j@;%% Ly R &S
FCHEHFBEALTOIAN—-TE D, ER2umfo L — THZE && A &SNS, L—H—HidE = &&
PRI OEME LT, TMmR—7 774 "—L—  +FHOITF—THFoNn, BEFEHY V7 OEF
P—nFTFond, TEFEREICEB LR B— A&Eﬁ@k’i’?‘é K1 TiE—FRFEL2FL
Eh, KWHAL~ARERSHEZL—HF—ThH 5P, TRV, EEEIZIINGYVO, & COo, L —H — I
—EEIZ, NdL—H—HCOo L —F—b@mtifkic ZRENMN L O —A TV AR— FRbD f:so

' E-mail: sho@lasti.u-hyogo.ac.jp
149



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

Z ZTN&YVO, L — ¥ —HEZNAK— k., CO, L —
P—HEZCHR— N LM T D, YAR— b, CHR— X
B EOENOMIZ, BEL——E—ALET
B— A&@@‘E‘Mt&ﬁ)@@wﬁﬁé
o2l 7 a Bl sd, TwissBEE L v
AHELZETE - (BEFEZE) &, Thoxtis
THL—H—b— A% (1/64: ) BT, WE
1.064 1 mDONA:YVO, L —F —|ZRBIFT BYR— MESK
F T, Eﬁ%#%mxﬁ@%mmﬁﬁ WZORT 5
*ﬁ LnXu‘I‘éj/Lf\_o h i%ﬁff‘%pﬁ%%ov—:ﬂ—X/\
DR EEN L, ﬁ%&t%@@kﬁﬁ%mk
TAHRHTHY, ARTESFE—LLIZ C1DOKR
XX THETDH, —FH. COL—H— @ﬁA\&E

ﬁmv—%—@m%5<ﬂﬁ%%ﬁk%w@fAﬁ

ISR, FDT-OCKR— FTld, HES%
L—HP = ARBICEWFRIOBEICERT L, 1
THLRYPOX 7 METHIRS L, BETOL —HF—
B AT 2mmE . BT E— ARO2FIZEE S
ni,

YR—hF, CR—=FZHE->T, FNENDEZER
TEIFE—LEMELEL—F— tiﬁ/vﬁkb
THELES LD, FHITETF v — 2 EIT HmAEIH I
DOHEF L, BE—ALv v v ¥ —%0 L TMEZIGH
F/%W%%®ﬁ/7ﬁ/~wbﬂ/?~@@m3
Nad, ZOT—N RNy FNTH < BREENE %
1To7=,

\ Shield tunnel
v/l I

2 fw/

e Shield
hatch
A colhmator
. | . ]
v [ L4 | | 4
ens I
= — = =——igmW
BL-1 Laser
<« 14m >
detector
% 1 = 2 — ANV REBE L BLUC R T D ERECE X
B
E 1.0 . .
g 0.8 ox =0.3mm gy =0.18m
v}
S 06
5
s 04
: y
w02 . A . B
£ -10 -5 0 5 10
T T ~ T
S | (% _-'j:_?§ - N \ _
g 8 ~.|CO,
£ ¢ Nd N
Ke] 4 T~ N ]
= o=1.2mm N
7] 2 I ~——— HE— - ~ \i
5 . — ,  ©=0.6mm™
0 -
-10 -5 0 5 10
K2 : 22— A NVVEEMBRBICKST S ETFE—L% (F) £ L—VF—0bE—2%8 (F)

3. L—H¥—ar T oAU

\Z & B H v~ R
X, HE1.064 1 mTHR K4W,

3.1 Nd:YVO L —H—
BERANTWED

150

0.532 u mCLSWD 8K L —H —JhiENd: YVO, L —
H—Thb, EE1.064u mOK, BFE—LT R
¥ — % 976MeV . 1460MeV & L . 0.532 u m @ B
976MeV & L C, ZTDHRA LT v ~ox K=
FINF—ERIESNT-Getg I LV RIE LT, £
DFER ZHEN16.7, 323, 36.6MeV & HIE ST,



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

77 v 7 ZPEIXGSOM Hgw & VY, 17MeV I v~
B AEITB W T, L J ¥ T 4126000 photon
/WimA/sec TH o7-, > T., L—HF—awW, FEii
200mA T, ok K7 T v 7 A IF5x10°
photon/sec & ZFHH H Tz,

32 COyL—H—IZ X% H o~ e

CO, L —H —1T &K H 120W, fit~ /v FE—FK
L—H—T, BIREE10.52-1058 u mOMP A& H L
TWb, EEFTR/LX =974, 1220, 1460MeV D
i, BT ~MORKRZXLFEF—1X, ThEh
1.72, 272, 391IMeVTH B HMN, GetrH I L v H|
EFEX3N (®3) , Vv v T qidNalbrHH 2% A
VYT 7300 photon/W/mA/sec & K Lz, H i~
7T w7 A, FOMNONEREE T T ATy v
FL—HXTHERL, TOMEL—F—4W, Bl
200mADHE . BHohImHE KT T v 7 A1L58x10°
photon/sec & RIS bilc, A A=V 7T L— 1%
HAWT, To=e—oRtE (ON%—2 8 —
0.5mrad) %M L. FWBERITE HIT2->TW5D,

TN ERTHER SN T~ B, M
ERLS =KL, M6, Fx OFEICL - TREHE
DOT U ~<HEENRBROND E VI FETH D,

[}

8 400 - - -

% Ee =1220MeV

= Ee =974MeV Ee =1460MeV
< 300F .
=

g

S 2000 -
T

c

(}]

& 100F -
«©

£

=

[1+] 0 1 ammmnn T
© 0 1 2 3 4MeV

Gamma Energy [MeV]

K3 Hor<fpAr~s ki

4. BR2 umb—HY—EADKE

WIZZ DFESL S VTG RFIEEZE S T, 2uml—
P—DHENXRIZHOVWTHFT L TH D, 2umlb—H—
BAIZLY, 22— AR VEFZRXLEF—%207—
1.5GeVET 5 &, BEN <O 2L X —1ki14
—21MeVeE 720 BEDZE[EE I NN—T& 5, &
#H. NR—F&EfFE5T, ARTETFE—LFREL—
P—b— 2 RE I THEESE LD L LR, BT
HEDZO ZIIARARETH -T2, 22T, ODAK
TEFE—L280 2/ (1.2mm) THEZEXHE 250,
@CR— K TBRTEFE—2LFEUEL (0.6mm) T
FRIEDLIDO2r—2ARNEZ LN (K2) ., Z

T, ZD27—AZONTHELNDLLI ) VT 4
ZRIE L7=E Z A, D6400 photon/W/mA/sec 23500
photon/W/ mA/sec& ZNEN A S bz, Al G,
L—PF—E—ABNRKREL2oTH, HAEHAEN
B ENDARERDO N, @77 v 7 ALY
Nd, CO,L—H—LRBEDOLI ) T 4 B3 fF6N
DI o T,

5. &

—a—ZAN L L—WF—ar P N RIRICE
T 5. TR IRPER EBURMEREIZ OV THRIE L
7o BAEE T, Nd, CO2L—H—Z N T, ThZ
NG~ RLFE—17—36MeV. 1.7—3.9MeV T,
6000—7000photon /W/mA/secD/V X / T 4 % FERK
LTW%, BIERSTWDLIHR K77 v 7 AL, L—
P— 4 W, Eif200mA T—5x10° photon/sec T 5,
EHIZ, Tm7 7 A N— L —HF—D2um b — & — %
ATHET, 4—2IMeVO T R L X —Ik A H8— L |
NIV RREDIL I ) 2T 4 —6000photon/W/mA/
sec S HIAEN D,

Nd&CO,, L C2um L —H%—L L TTm”7 7 A
NRe=b =P —ZEE, 25T TNHkW L
NOEH LA EER L —F —Th D, —=a— AN
THE200mA, 1 kWL —HF—ZHnhiE, —10°
photon /secD & 7 T v 7 ANERTEDH, b,
Za—ALar T B2 HIEIE 1 —40MeV O
AT R LXF T, MO~ E 72D
25,

St

AMFFE D —ERITSCERBL A . BHE0F o0 A B 4
RERFFE C(19540419) K TNB(18340071) DBk 25 1} 7=
bOTHD, £, AFFETHNIZCO, L —H —id,
H AR s B MRS . 5B AN, B FEITK
EDOMEH T W TEA I N,

S& Xk

[1]  S.Miyamoto, Y.Asano, S.Amano, D.Li, K.Imasaki,
H.Kinugasa, Y.Shoji, T.Takagi, T.Mochizuki, Rad. Meas.,
41 (2007) S179-S185.

[2] T.Hayakawa, T.Shizuma, S.Miyamoto, S.Amano,
K.Horikawa, K.Ishihara, T.Mochizuki et al., Phys. Rev. C,
77 (2008),

[3] D.Li, K.Imasaki, S.Miyamoto, K.Horikawa, S.Amano,
T.Mochizuki, Appl.Phys.Lett. 94 (2009) 091112.

[4] R.Hajima, T.Hayakawa, N.Kikuzawa, E.Minehara,
J.Nucl.Sci.Tech. 45 (2008) 441.

[5] P.F.Moulton, et al., IEEE J. Sel. Topics in Quantum.Elect.
15 (2009) 85-92.

[6] K.Horikawa, S.Miyamoto, S.Amano, T.Mochizuki
submitted to Nucl. Instr. and Meth, A.
[71] S.Amano, K.Horikawa, K.Ishihara, S.Miyamoto,

T.Hayakawa, T.Shizuma, T.Mochizuki, Nucl. Instr. and
Meth, A 602 (2009) 337-341.

151



