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KFEENDHEIL, 3x10*s FLE TR D4
TSIy BREEREE A H/Pd HRICE T &,
gFMEE B FRICHIS 2 Z L 3bh oz, “Thm

IKFERDOH ) E £
f—% c& ,k@ﬁc?féiﬁfi? j ; ;‘%z)x B4.1-7 PAIROFEFRMER.
7.
BT, B =A% 100 um (IR L, X 4.1-7 D A-D TRIHOKEREZRE LT
FERAX 4.1-8 (b) THDH. £FEED, BELE10° s TRIFFHIKEEN 6%BEL, =
NI o FICHYS 2. Z0% A-D OIET, HHEFICAIISKEEN/EAL, B
\CHHERRE 95 2 E b o Tz, 4.1-8(a) TR ZTZMEERROEAIE, BT LR
RHEA IV THEB LIZREREB A bND.

(a) (b)

] I 1 ] 1 1 1 1 1 1 {— 1
1400 ﬁﬂ%B—phase----- "__I_

1200 | il =

1000 L

&
|

~ - [
-
-
A step-like structures

8

Relative y-ray yield [cnts]
2
(=]
Relatice yield [y-ray cnts/RBS cnts]

200 & - i I i
e " a-phase - 1 B e el L
P / = L

T T T T T T — T T T L T

0 5 10 15 20 25 30 35 0 5 10 15 3 20 25 30
x103 x10

Time [sec]

Time [sec]

4.1-8 #RIGiETREL-PAEDFRE200nmith R DKFEDRHEZE L.

(1)-4-2 Pd F /7T AZ—DKFEWIL

ERET IV TR =TT HE, vl TR D KB WA E A R T e RS
WFZER TN TN, KFEWREOFHEL, ZHET PCT HIfREFHINDIE 2SR
HeT 52>, X BRIEFTT Pd O EEBERE T HIETEMEST D0, OFIETITOIL, &
B OIKFE A BB F137e . 5 FEIBRF LI KSRBEREL -HWT, BEE LI
B L= Pd F /) 7 5 A X —|{ZOWT, KEOERSHHZZHEILT-. 4.1-9 (a)ix
KEOELEZEN SR L EOERIET a7 7 AV ThD. LB LF—Zdu
WCHERFRRTEIRZ L CRB Y, ZiUIPd 7 T AX—REmE 7 T AL —NEL & NTKFEN
FETDHIEERLTWD., KEOENZNSED L, RERDIILELET 7 T
A B —NERORRS BN T 25BN A OND. FW\WT, Yu—T7T5ERIZRER
L OWEBICEE L, ZDOHETTOKFEBOIRERITIEZRE LR K 4.1-9 (b)
THD. REMITIE 360K T, NELORLSTIE 270K THEEST 5 Z L 3o 7=. K 4.1-9
), BEEFEHEZT7T L=y 270y N LEKTH D, BERORE L g+ 5 &,
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7 T AZ—TIINE PRI L ENZ 72 > TND T EB LN oT-. A X3
INE N2 D KAWL H:O%%@Wﬂ:’&ﬁﬁﬂlL*‘@ﬁ‘b\f_&bk%x%hé. IhicZ
DY T AL =K TDRACKIAEDIBEEE 2 i ~, SAEERISIT Pd 7 T 2 2 — 2\%@
DKRFE %, KRFACSIGIE Pd NFIOKFEZ BT & LTS Z 2 Z L 2B LT
7o, ZTHET, BMEEHUS & ARFCBISIER CRISHHEZ R TV D k%zf’oﬂf
D, ZORRIZTLEOBREDNLY LI/ EERELTND.

- 0.
(a) depth[nm](a’i_75) (b) LI L L L =
- 2 0 2 4 6 8 200 = O SurfaceH ]
LN L y | ELELEL B F il ® Absorbed H 7
S a0 ]
¢) 2x10° Pa 3 ]
‘E -
5 ]
5] ]
S, 200 gﬁ -
S i
s ]
3 %?; ]
= 100 i
— I - ]
; » LT
\:‘ 0 [T I 111 I—rl 111 ,_I 1 I 1 I 111 I_| 111 1 1l I 111
*g 100 150 200 250 300 350 400 450
§ b) 6x10™ Pa (C) Temperature [K]
—_ I LI I LI | LB I LB I LI L
% 0.5 — g 3 i
2 [} []
>
[ 1.0+ |
15+
—_ =
5 b
& ot a
z 401 2
£ 51 3 5
3.0 —
3.5
I 1 11 11 1 | L1 1 1 11 1 1 I 11 1 | |
25 3.0 3.5 4.0 4.5 5.0
6.37 6.3815 6.39 6.40 6.41
N inn enernv IMe\/1 1T (1000/K)

4.1-9 PdF/UFRE—~DKERRIIZET RRICDAERER.

(1)-4-3 Si YR T SARREEA~DIKFE D2

P RSOMEIRAR T DKL, X TV TR R &G T D5 L FRICEAL TR
WM ENL ZTE AT DAL DD, BIE LT A AR Z ] S0 LT, #E51X
PALSEDE N DD, T AAAER T 2RI, KELKE WAL PSS k3
{b&W% W= E Ml DT80, KEOFERITLNR. ZHRETERRE SR
[ DK % FEMEE T BT D 2 FIEIR DT80, KED BT AT
DIRZE H72 Wb O L -T2, AR LIKEZBEMIES 2 FEOV a7 A A 1S
WISHL, KFEBLEEEOMBIZIALMNIC L.

— 80

41-10 FARY—F (2L 2
LTHWSMND SiN(GBmm)/ 3 8
SiOUnm)DFEHZ OV THE &
LR T a7 7 AV ORER &
Tib. No.l &3 ZREHERE € 5
—ERKUSIEELIZbO, No.2 2

BT =— L LIzbDT 0 Eaf® eee
HD. S0 BEIW 12nm ([2F M 4 0 4 8 12 16 20
EREDOKFEPBR S L TW Depth (nm) by NRA
2. ®4.1-10 Si,N,(8nm)/SiO,(Anm)DFEHT SV CHIE

B A A=A Z UM

- 13 -



SLIZKRRUCIRTE T HIETREOKFZ BN L, i DKEESENT TR
DIz, RO AT OFEFREA Y TE 2, Rl FIFBILENEICEES Si,N,0
DR EIND LK B IHES VT A REFED ) ISR 5 DIk LT, KABREZEICX
0 Si,N,O B ESNLE, KENREICEE L EX 2B EB 2L .

NarvERIALET SARELT, RO 7+ N A4 —R3d 5. ITE, ZOFR AN
BT R E—DBEB TG L THRE AR ST HPAL, 1EAZED TWED, Fhe
WRDSEIZ 2> Tz, X 41111, EEEOX AF —REHZ W TRIE L 72K 3R
DS HTHD. fARIE, EEEICHWRHIROBEETHY, MHERIE ¢ 3mm ThHD.
ABFO —BIZE R 21TV, BB OR R EARBRGHE (F U4 TEEOSRIEZTT
o7z X 4.1-11(@) D _EEOREAXNIE, FEOOBIEIES H M TOHEEZRLIZH DO THS.
pt EMRELZE T LT E TR IR AC LK FE ' T AL o, pETOK
FREZRDDHE, BRI 0.062+0.006% TH-o7=HDHY 0.047+0.005% LT
HZENHIA LT, RICE T ARIBFHZ 0B L LT3R 2 7 = — VLR L 7= &2 it Rz X
4.1-11NRT . T=—/ /WKW BEEITOKFB BN EIE L, ZERIRFIR HasReEd JTic
RHZEZERNE L. ERD I Si HoKBIZZ TV IR R/ 5. VR
BITIIF 7V TR REf&ER L TN 2K EDS, BRI LR & UM S UL
T 5720, mHERER LI LTb ol bns. — F 7 =— VALEIZ I KR ZENRFH O
o7V 7R R s U N AR RIS BE S 7 SRR T 5.

@) (b)
. 100 g T T
+ o E
5 4“ | Sip E | ::2% | F - non-annealed
: o — : T ! e —©— —O— annealed
g _g_ 1o 3
< 03 R
& 8 5
£ ++ Ll | |'=1 g
2 0.2 L 'FeTea 1 2
= . ] +'i° Ot o2
= | L RCRLAE B
= 0.1—+ & 'H" EINRT Pt (ARRY I -
- ey ‘o4 ol )
- 0.0 2-"%&&#‘% . ) .
0.0 0.4 0.8 1.2 16 %
h
Depth (um) pepih(um

X4.1-11 EFRICEDLEEFRBIUTZ—ILIZKBEIERTIEDS] APDIZD
WCHIIE LT K B DOIRE A .

(1)-5 MLDOHFZEFIEL D g

<A/ — MME S ED N RREIIE — LB CIREY . K 30 pm Thb, KEEM
T HIEE LT BRIER S 5. F il AL SRR 18 115 (ERCS) TIiE, At —2A
ELTIIVH L ADRNE — 2R3 G5NET b & A0S, NS 1 um 23
ENTWD. UL UIRS O RRER L35 &, ARIFSE TR LI RIE T 10nm THD
DIz LT, BRCS TiX 10 um FEEEE2 . L EDII22 T, OO FIEITHMNESE
BH, FEITEOBR G A S DI SOSEN L CD, ITE, KB A 4O EHBE
FETIEARETHRUEIDITHEE 100 nm RO A LAV DND, 2D L9578
ABHZH L CORE RS ED @ RS S REE NS A E B B L 70 D,

OBFFERR R DA R IFF SN DR R
AF = LOFHECTBERID Oy T 71, B AU CIX S PR 7R FNGS & B R 73 4%
BTHD. DT, ARFBHWBOIEEAT > TEToARTF — LA /= LILFBFFEED
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BT, SEZFRRAEA~DIGHIZERL22®H 5. fFkmicix, JILHAMEOHLRE R
MrEL TS EHIET, SHITSHABERDERRIS LS.

KRFIE TN F— LB B M T LA B 2405 . KRR, BEHE L, Yot 7o
EIRFBEMEI OB 5 HMEITEZL<, ZNOHOBSIIHBITHME SO eI/ ale A
=X LEIICEBRCEDEE 2T,
KFITE-FHLFZOS BB DTS PO R E 2 e HE THY, WE LR
o TWD., FHALFRIGOZUXFHERE CRIDZZENMONTEY, FilRiks
FERETHEIL, WEOLFEALZR T M ThIL22oHY, ZhoD i FIChE
BRCEDEB X TS,

L2 EAITRRY: R V—T7

(DFFE S hE N2 B OVl S
ARG N—T ORI, S DEFZAA L E —25(6.4MeV D PN B — L) ZUL RS
EAEDDF TV —%BAFRTHILETHS.

(D-1 HFAFFEZU—BA%E

BT AT —S—=RITIN L L7y BTV —1%, RO A A B — AT LT R Zh FL 08
HAZERHONTNWA. FYE T — ADIZBITA A4 — A E (ions/cm?) 1% 5H
A COEEDERK T L ERTH. YT N—T DO ETOMIEIZLY, 2
MeV F2E D He B — A ZxF L ClE, BORET-23 10°-104 12725 Z E B> T A, K
WFFECIE, 6.4MeV DN A4 N DX v BTV —DOFHl A TV, HiEOF v T —4
O EIT-T-.
HTAX R ETNZONTIL, K 4.2-1@IR T EITIMNEL TEI -8R 7L TR A OFEIR
DFA TV —ZAFR LTz, B —ZTRHR, BloRVRE, WIAME 22 ST, ADfE
0.5-2mm, HAFE 1—500um OF ¥ 7 UV —2AFa L7, #RIZR2AY OB LA
DOIFHMBEEEL K 4.2-1OIRT. FYETV—MELL UL, AL I AEHEIC
DWCRIE-BJEEIToTe. ALY I ATITHE A4 OFIRZNIE FTRE TH 5. X 4.2-2 137
—8— N 0.4-9.2° OXFYETV—DONFEHMBUE THD. F-, AHITFENEm N0,
KEWEZFENFRETHLN, (ERTEXLHRITHKI DN HY, B — ARICITE S22 &
Wbinot-, BEMa— b, ABEMICED2BEBRDREZRIZDHERDREITRD S
WA NSV

(a)
Heat and Pull
Heat
— AN

Borosilicate glass
(Si0,:80.9 %, B,05:12.7 %, Al,05:2.3%)

(b)
Bemrn il et

Erzam
ortlat ‘
’ 4L
A

&

inner dia.: ¢ 0.5-2 mm outer dia.: ¢ 1-500 pm

M4.2-1 ASAFYES)—ERHOBRAREERLI-FVYES)—DEM
- 15 -



K4.2-2 T—I—ADELELEZHSRAFrES)—DIEMEE.

X v 7 U —DREAR AT 5720, E— A8k L TALE - AED 4 hERRE A be
IRFERERENSERE A PIRE L, IR REY T AN~ A 70— AT A IRE L
7. ZNEHWT, F¥ 7 U —DURK 1B LU B — A0 RV F—554 DOFE
fZ4T > 72,

ALy 7 A2 5 Y —|2ONT, 6.4MeV EHFEA F L DIUERFZ2RE LI L
ZALT THAHZENDONY, BAFT L OEED X ) REVEITRERNZ &N
Mmolz. [K4.2-3 1%, B — A ARAZEEIETEEZOE — LFB RO E R E LT
BTHDH. FILM E1.5mrad DIEEZEFSZENbI -T2, —JF, BRE — LD T R/L¥ —
AR IERIELEEZA, BT VM ORI TIE= R — JAR0ITR N2 E030h
ST FEE—ADIERNAEFHELT=EZA, BB — LD IENRD AN Ip>TNHD
ENVHIBALT:.
PLEICXY, o9 2AF¥ T ) —|3%HE
AF KL THNL 5D T A RhE
EETHLOO, HE T "N B — A
%9 UK K+ 2MEVME L VR S 7200
TG~ A 7 v e — A0k idE
SN Z ENbhotz, ¥ BT Y —|Z
LB —AIKE, ¥ 7Y —HNEET
DHEIZ L DRSO & SRR/
BELCER LTS 22 bh Tk, ;
WEEZ B LR Ta— b3 50, £720348 oo oot 0000y
BEXxyETY —73§1/E§g(»gﬂ¢fm§g¢§575§ -60 -40 -20 0.0 20 40 6.0
DREORMERIR, T XY maan #Ewﬁigiﬂmwn%m
FU—%2Uy hELTHIATZ L, © B423 A5AXYESU—DRRER -
CLEEOR LTS 2 Aol T hPERE

BEFFOZ LIS,

()

o

o
o

Normalized yield
o o
EN o

o
[N

|
|
|
|
|
|
|
__'__
|
|
|
|
|
1.

(-2 &EXYEZU—BA%

HTAXXE TV —ORMERIL, TTAOHEMICHE THD Si & O MAFE —LTHSH N L[
BREOERETHHZL, T RKEIRE — 22 A TDEH0T AN 22 BfRT 5720,
IR ERADHDHZETHS. ZOMBARETERT 5720, SBROF LT —HREE
11-7-.

EZeHTOLBIXYE T —DRIEIE. Al, Cu, AulZ DWW TR, WAL s ks
DINSWTEDIZH FAD IHNZNIATH T TITHEBIL CLEW, B)TE TE7en o7z, B
RUIEVRE (A —20 7)1k »TAL Cu, Au DF v IV Z2REL, RIELT-FvET
V— %R AL B L BB KO NI O 1B b2 T -T2 K 4.2- 413X AP EVRUAT — Y —
THYETV—2 YL EORMEBIE LT FER ThHDH.6min Thied FHHIZRHZED D)
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oz RIELI=F v T —%, F7° 150-400keV O H BEOYN A4 CIRE 1 OFF iz
1772 FDfER, 150keV & 400keV O HAZXI T DYKE FIEENZEi 4 £ 9.2, N A4
T DU F-13 4.2 £ 7.3 THHZED D) -T2, SHIZ 6.4MeV D N AANTHKLT
IWHR 7 ZHI L7225, Wb 1 THLHI LR DTz,

EBF YTV —IXNEEDO R 1 VL N EE 2 7o DI+ IR UR N RA G DI > T
7200,

X4.2-4 BEETHEELE-EBEFYES)—REOIVFUIIZLDEL.
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MR DA B S NDN T

LStk HITAXYE T —INAN &R 2 T A 2L TR R L, I K]+
m EaX5, F2, BN E ML TEBXvET)—DOREZ LT A meTd
LT ETHD,

XY SV —D IS AFRIZH R BICIER L > o558, 2T/ NEFROBRAF L F- 13K
TARNF—AF L THY KFFEO LS 72 KEGE Tra T RX —DEAA AT 720, &
DEM AL A DT T 2D, 2B, FYE TV —2 A4 B — A%, 1A
DT —3—f (< 0.1° ) TLOIENLT, BT I v X A RIS ® 1R
Fio, ZORIIMDOL U X272 Fr R T I L > TTEERa A= 22 K-+ 2
Ll s,

AT AAF R — BT MEHEAT 53 B 72T T U BRIR IR e L IR S R EZ A LT
WD, R E T E K CEAED R E N ML 2D, A EOX T —Hifi 23 # 5
HIAEE LU CEMICRAZER RS ND, FFIC, YT —2foZbici s TAA e —
LERGIETPEITE I Mg DR ENERIE B,

.3 SEET mRIA—T

(DATFFE b N 2 M OVl SR
AT N —7Tlx, A2 EEFI A U ERGE O /ERLE K 32 5% 18 2 O35 E D=
DOFEIRNZ — D% G- HUE, SOICRLEHS CONKFRHEMEORELH YL L.

(D=1 FERZ — - BRENEAE O R L BUE

KFBWIE A AT T M R IF RO BTl B KFEZ RN T DR IE
ZALRF I MatE N R XML 72 5. KRENREETITE R T HEEOZF DB
ROONTEIZ, 22T, AWFFE TR INDKBHMIEE, EEOEBEMENFE DL
A RER RNV Z — DR R B EAR T T2

XTIV —2 M ST AA T OFNCIE, K 4.3-1 1R EHE D% & - 8 EEZ T 72, Z
DB TR FFBBEIIKFE BRI DIREICB T, KEBE 3 Koozt OHgE
HITTRER B AT —Th D, KFEIXK 4.3-1 OENOHICKELZBRSES, LELE
—H—CEOHIFIL . EERICH SN EEMU LRI RMEEZ BT D, B AT —U1F,
EOX v TV —IZh-> T, EARE AL CHEIISES, AT —URRIIEEEE L
TENMNTZV—IZL, pA A—FEMH ST, FIURERT—RICHEN DB A I TES LD
WZRXEHLTZ,

g

ELET &

By )
X4.3-1 KEBBZDSAERA VL7 YTDERXE.
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FrETVE T FREETREUEFHIZITOH 6 OEHE O FHO EAN I ZIXRARTZN,
LI O RICIERZH O SRGET 21T 7, OFHAREEE A _Eo720  FHAURB O KA (R
R ICBRSNTWDIESZ TE LT 528, @QBomE oAz sl 45720 XY A
TN T TEDRY T IRt e 528, @Pd AUEBHIKFER IS IOk
THIEEEEDS RO R T 272 SUBtOMS 2 IS AN AT D120 | ZO RIS TE
SIERLIREET DL,

(D)-2 FEAFFHOT=D DA AR IEZE DAL RS

WK BT L F a2 OB ROL TRAICE D, SHICRNAZ R E D52 DXL,
FEKFEAPLIET D701, i H I RE/R B AKE OIS OB E, Ul G351
A AR IR OHAR DR 24T 572, SOGEL T 2d(Li, v )°Be 23, $RVFEIE 52
STWAZENDIY, B CED A EEMEDRH T, FEMICRET D&k
Wi A DS NS 7R EE DIV N EAVHIBH LTz, £2C, HEIEIEN 500keV FEEEL
MEDIEND—He S na WA ZE TR T 228 E LT, ZOLE, RS- TSNS
B DT RNX—% AT T D2 & TERS I RIIIE D FTRBIZ 2 5 & AR o 7c.

(1)-3 KB LD ERK

AMFGE%E Tl T DB W DIRS I LOHE N0 e R H O FUEHOC IR OB AL - it
VIR N —TTHEE L=, [K4.3-212, (ERILIZHEDIALY & BRI IO, HDIALE:
B2 — L ORBOMARE T, OO RBI A KEFHKITEZEL, R LI kE
PAMSIECARBOZEM S ELT-EZA, [X4.3-2 TY OERINCD I KBNS T
WAZEMMIABEI RS T-. ZOFEZEFI AL C, mN D fRREFM 21T 7=, Zhbidd
T AT VR L, Ar A4 2 ZEEIZ > TUERE L=,

o Pd: 10nm
Y :100nm
wopm PO 5 pm ‘
r \\ \ / 1 o e i I
el s g || 200 nm e
Y —\ﬂ_F Ll ] D—’: 15mm W0 Boon Ganm S|§*&
gaes | e
4.3-2 KFRBEHET A ' — S ey
@T:&)(:{’F@LT:*EQ@EK 2004 IIS

*40)$Eit . AELTASOHE M INCRTRL

(-4 KREE T TOFLMMED 3 WIT/KFEEEFHA

(DTIRART=FIET, KB FEEMELOKFE LA O ZE ML=, Pd 5% 0.1mm &
TAKENBZBBL TODE 2L 3mm ¢ THD, K 4.3-30)1F, ZZE L THW TS
Pd/CaO/Pd D% JEL Pd fED/KFHBIMIRAETD, KFE DWWy Hi % il z R LT K]
Thd, KEENIT 0.5 KJJE, IAE 37CT 3h BEZHESE-HOT —XThHd,

Pd/CaO/Pd JEDYA | fx R D Pd B CTOKFIRER 74kt H/Pd THRIDAMEL, Pd
BRI R > TWDZEAHIBALTZ,

4.3-3(b)i%, FWREMAY 1h & 19h OFRFO R ML OKFIRE S HAZRE LK THS.
KRBT 1 QL REIL 3T CThD, AKFEZH 1h #ITiE, REfTUTICKERSEOK
TMASNDDIZH LT, 19h BITITH 72K BIREIZ/RDIEN DI -T2, Pd HARED
FERTIT 3 RERIRR L O R TR AT O 0 AR IXIFIE E F T/ TV s,

Pd/CaO/Pd EDHFE . EHITET DD DN IV EMLETHAIENHLN -
7.

SHICA %, BmmReE], ), IREEOERFEMEE X T-WEEZITV, CaO BEEIED K
BB T THEL, EFREBICELIETOMFEZERL TVKMLERDD,
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()-5 /K& BHE ) RE D7 A Jo
7k$&$j‘*4’ L: ng—é ﬁ:ﬁ%&j) j:*/[/_%\i 184 PalCa0% NTE
— BB RIS T 5. = ] |

BT DA A T o7, BRI B R IEIT g 1o

H/Pd

B0 Rk H DB R DT 2 © 08

SHICIAA Z D T2 0:4- e 7 —+— 1h permeation Pd/Ca0

OB IP B R E DK FE WAL AT, o2 v 1oh permeation Pe/CaO

@DLC (Diamond Like Carbon)H1/KF%E %9, 2000 P 9500
};ﬂjﬁj\%ﬁ§+/ﬁu, @%%%{4??/\4%%@7%5% N Energy(keV)

S KRB Loy AT, @K 3R i 4 @ D

KFEMALFEAR THD, @IZONTIE, =

TIZARMIE T — LN TH-E KRB R ¥ 12) —+— Pd/CaO/Pd % B
LU THIRAED BN TS, DIZD 4 appl——

WL, B4 G 2RRB TN G 3Bl
21TV, PN EAIS > 25 5.
DIcHWTIE, IO AE R o —H &0
AEIOHIL, BT 2 A REMEIC OV TR oef
AHTHS. @D DLC &, hoARrY— )]
PERES I < . o D S0 | R R

2B, TEAOIEARHANYTHPETAR oo wo sa w0 n o o s
MRS IS b TRY, ah 1 5Kk%E N Eneray (V)

DR S e F4.3-3 ZEETTALLI TS SEERPI
PoTLEILVIMMADS. Ay B433 ZRETTALLOATLSSRIERPI
HOTRITES, B G PRI B3, 1[ETTOKRBBZDIGEHADHKER.

LB LTz,

Pd(40nm) Pd/CaO(90nm) Pd(120nm)

250nm

OB R DA BRIFFS DR R

BURD~ 2 2 ZALFLSy ENDIRBLUTES T, R To LS ITEBICHIE TEHH
NHEFHIMIAES 25 . EOIZHEBEOREHR I Z D5 THNr 2 H R3S, FERITIE
NSOGB FTREZR N &S AT AOBRFEL AN T, THUTIVELITISHSEITRESIR
PHERDND, T, A4 E—=DIRE T HPEF0I20 A L R Nd gz UL T
B — AETEDSEEL, N TBE) AT RERINRA~DOEEIImEV > oHD. ZhbD 53
EDEHEIZ IO INE R BT OBAFE 3t A, TEIG TOTDOGHIENFEH T HTL25<

e,

L4 HECRY: R v—7

(DAFZE FhE N o OV R

RIOTxJNTHEELRD, 6.4MeV @ PN v A7t — A K R, 500keV D *He B — A% 7]
BEZRME D RIREE « E R CRAST DD DNNEERY AT LOFEZE N, KT )NV—T D
BThS.

(1)-1 6.4MeV D&M BN <= A7t — A%

(A ARIZEBITD, A4 FBIEHLOERh=RE]

AF U BIEHLOEBRT, SEEY — A AOFRAEIZERET5H. 2T TORAMNE, AN
VR =T R RIBIT oY L (Cs) A4 DEFLEAA AL ROM ETHD,

BN B —ADFAEDT-, A4 AARIZBIT DX —7 v hELTE TiPN & C #iRE LIz BERD
V—RZH-. Cs A0 ZI28D, CONAA U AFRAESYE, 20T MNEER O B ISl
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BIZEY, BNZEET-. AA L IRELT, Fi7-I1 K [E NEC 48> MC-SNICS [EARA A4
WA AL, ZOVAT AT, MBS Cs U — 3—10) Cs RGN IAEL, INEAL
12T AFF AP =R TAA AL Cs'e72D. TAA T AW —&&—7 »  RIEITITEN
ENRITTHY, 2k Cs v s, ¥ —7 Y R 2235, E2EoEE
BT E =y Nk, =7y hREEROML, Cs EFHAMEHTHZEICL->THA
AZ AT 5.

Cs KREWE\ T AT AP — LS T 57200, Cs T A7 2—W —%fifiz, Cs DAA
AbDEhERMN A L LT TAA T AP — DRI, HEROa— U BNSERE R~ T 5
ZEIZES T, CsSAA LV DEFLEED, X—7 Yy DAF AL BB IO A AL RN
Z KM EE LTz, Cs' A4 DI HWDL o R DS AR K O, B RERL Atk
BL7-.

B —RRT ¥/ ELT, —6kV ZIBIRUT-. /2, #—4F v, N lmm O 7 VIME
WIS, B RETL AU TIER T 5. X 4.4-1 1ISAF 2 T —RET AT FT AP — DR
M%ZRd. ZORIZBITHZ—4 Y NEO T VI E O 5O BEEE (Tube length) 2254k
I TAF U RAEDEREIT-72L25, Tube length % 1mm LA FERAFIZL ST, 44
{EBh RN KR EH-TAZENBRISN. X 4.4-2 OFOFERETRT. ZORRIL, #
— 7y RO MBNZERNIC, CS AU BNEFRL, 7IX<E2 R TH28128-TC, &
AF L OB EHUBBINNCSET DN THLEHERISID D, ZOFEMR AT =X LD

16% graphite=100-_, * I
. Tube length 14% I
Target material 19% !
- |
2 10%
3
8%
e &
\ 8%
/ 4% =
Pl % "o graphite=50
asma 0%

. 0 05 1 135 2 25
H4.4-1 HREAFVEACSTAFF1H—&

HU—R (5—7yb) DEXE. depth [mm]
K4.4-2 47 E3hEDTube length{ik7F 4.

ZOBAAF L, CsENMESBT-BALZETLY, W AIIEES, S5 FRMlox=y
AT HZ =23, BlEHEND. RBFFETIL, Cs RRDHEL, TAHF AP —EMmD
TR, =Y RT b, Cs AT DER L ADOF L, SSICE B RAA %
R D00, AF L PREIREL TDAL T F U AZOW TR LTZ, A4 T 4 —
VU ADRHEL T, I IT7 AN NIED, R — A AF A T 7.

DI gs T v — 7 D2 EAl]

HWRRZEA T DINESIFIE IR (MALT) (2B AIEER 1, Ly hF=— L Eh
B, ZEDAT VAR NET ZU NV L0725 = — R OREEIRICE R 2§,
ZDF=2—r%T =)= EoTIT IV REZ—IF LT —RICES, £—F—|C
FoTELT LS TTF =0 T EITH. ZNENDORXL Y IADTF v — T3 A
H R —LIXNDE S CHRE B M A ERSETIT)Y. AL X7 X —~DERDOUGIE, K
REBEGRERE WS, AT, AL—RRAEEEEAT-0, T —)—DT T A
ey hA~D TV — A BAT T2, A F I —~DBEIREL T, eIV AT —
(RERAVPERNDLD) DHLDOERE L. £T2, A/ S—7 D712, IEEEZ 7
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T DA NN—7 BB vy MLE A it LTz, SHIZ, AR—JIRFIZIE, Ao X 74—
TBIENSA L H IS —~DEIRTA Y EEL CEFIZ— U™ NI A, EREE TS
FENEZXLZEND ST, VAVOMEEZRES U, BRI, EEEOPNZ D3
HEZATOR DD, NREEOL EEE TG L 7.

[vA/aE — b3 — ADEE]

~A/BE — AT — A% @ TR — RO RT A TGRS, BimEiE N TT I A
FaeATo7z. FRREL T, B =2 AL—RIA A R 7 2 BEREL, SHICHAE A
2 CTH =Ry AR T HZFHIEL, 10 Pa OJENERERLLUTZ. 2250972 7T AGADSINE
BESFHIZ0, 2 BRDOMW LT AR E L. B ARSI ERER A A 2 B, BE—LA
HWEAE — L7077 A )VE=F—% 2 WFTICHEL, E— LAYV AXDE=F—%1To7.
FIEFHFRY O — AN EONDLZ MR LT, B4 G, B G LE#EZ 2N,
FERRICE — L5, Bl s ARE, AUy N ER R E L.

DIndgss A7 Wil A 2 52— 7 = — A DB 5]

IS AT AR Z 5 AccelNET 327 A (HIfH 7 275 L) 2T+ 5221250,
HE A AR B 7 a s T, A RO R E T 0r T LB LT, £, IS
DOIRBEZ [0 LEEDT-00, BEfar T a= 7 7alI0xEK L. Zhbn7as
FTIE, 1BA G BIOYER G OIERTH7 0l I LM ELT-.

(1)-2 500keV @ °He B — 1384

ARG, BA G LW 1L THERRORRET - IR EZATVY, 500kV 2o 7 Vv R s as 4
AL, HAALA L EZFIFA LT 500keV @ *He B —ADFAZIT-7-. [RHE FFHE
s, WORERMAT, IRV B OG- B & T 7.

b HAEREE EARTN—T

(DBFTE I N S OVl

A7aYxy FTE, BRSEFH LEKZOREEZBE L TWD. BRUGIZEE
STHIBEND v, aff, phiFZ2hR I MHT 2R EMET L08RV
— 7 OREITHD. WRIEE L LT, RHERORRE, EFUEROHBE, Ny 77
T ROEERH 5.

(D-1 FrHZRORHZE

[y #AR AR DB ]

BKFRRH D72 ORGTIL 4. 4MeV O y B S 5. Z 0y BEBET 5%
Hgs & LT, MWNERA BaF, oo F L— X HER OB 21T > 7=, BaF, % v #ROW
ULAREL s Y DIFRRIR A 72 BTN TV 5. BEYRRIZIE, 10 R BaF, v > F L —#
BB, @O NEHEEE 28 H L, 2R LORRISEDT A & 772,
WS, BRIET5 4.4 MeV OF o ~HITK L TRV AR 2 &5
TZLEWER LT, LOLARNG, EEOE—L%HAWTHON, ay) %C S H Dy
FEHZATYY, RRRZ ANy 7 757 v RBEOFMMi 21T o7& 2 A, PRI HEWN
Ny 7T RINMEETDZENAHA L, ZOREKNEZFHZE Z A, BaF, v F
L—XIZEEN TV D HIRITHEE 2Ra 70O DGR CTH 5 Z L A3V | BaF, #i H#s
EEOFEFHEAT DI LIXEMEREFNCITIAREY TH D &R L,

BaF, IZ#b by v FL—%—L& LT, BiGeO o FL—F &Lz, #BREYIC 3
AFVrFL—HEEAL, N7 770 FBIOMEFICHT D&l 21T -
77. X 4.5-1 12 BCO Mg A7 M aRT. (a) NEFZEEL—L 2 AFH LTV
Nk E, O)PKBEGUDHBHIERZ L — L2 AH LI LEDOAXT ML THS.
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mwmwmo%y*wmB~Al%%ﬁ®&ﬁwén5%%ﬁﬁ%h”:nﬁ&ﬁm
[P TR SN D 4. AMeV y BRCHIIET 5. BaF, ICHB L TRy 7 75 Fid 1/10
FRETHY, MmHzh=E T L&l L.

S5, EWHOSE TR SN D KA BSO v F L—Z DOMRET A N E{To 72,
H o~ BIRE M L CONMREIL. 662 keV H o < H#RIZ% LT 16. 6%, 1.33 MeV 1%t
LCiE12.9% &, AR BGO M Hes & RIFREDEEZ /R L, Ny 7 77 v R [ERET
bHHZENbhoT.

104:(é)' o zdsfleei hAeV - 'Ilf gtkb) - ; o T
5 i A 1 ft
g1 V\K_, E ;
a10% . - . § l; " ‘ I%_J_ v I
g 0 r El' 40K 1.47 Mevl F#‘[] Hl'kﬂﬁlﬂl Tri E | | ﬁ HT “ ”[f ”’ ‘ '
1 1 A IA ﬂH” il H”‘.m

0 2000 4000 6000 BOOG 100001200014000160000 2000 4000 6000 8000 10000 12000 14000 16000
channe channe

X4.5-1 yHERARIMILOBIELER.

FOMOEMHIBEMICERE L, K7ay -7 FTIE B Vo FL—XEHN5 D
L, AAVTF 2B, 3AVTF2BEDY U FL—FEEALT-.

Lo A Hige oD BR¥E ]
BOKFZBOMEIGTIE, o Ens. Zoofizti 2t s LT, Hic
AESEZFHIT A2, SHICHTAFHKF TRHHTL2Z 288, T=a27
— RN EHURTY o AR OB 21T o 72, £ TSRS OMRERE Z1T\V) . kK
2 Si BB O B =R 2 H L 7o, 27 ¢ o RV R FHRNE] B SR OB A &
1TV, 77 7 #REZ RO THRERBREZEm L. 16 Frv o xAf 12 Fry
X, B<EDORNART MLERLTWDR, D 4 F ¥ o XTI —7 DT —
IV DR E S SERICEMEED I N TN RN L2372,
FEVNT,  FRERHYE OELEE  7K S8 25 BH & C o HH 23 RRE 7 HH 7 TR O FR T &2 B 4h
L7, TOEME LT, YAP:Ce (Ce R—7? YALO,) Yo FL—HEREL, TD
TIEERL I T D U AR ZAOVEREREM 2 52 L7z, ""Am #RIR> 5 D 5.5 MeV o I
FDARYT hLZ YAP:Ce v F L —HDIREZRTA—H L LT, KELI VT
L— 3 R OPERRE 2B E LT, TImrosliilas 5 Cid, YAP:Ce 1%, IR 20°CH»
5 180 CHOIRFIPHIZ D= DI & A EBL L2 WEREZ /R L, T5E O & W EERL T O ok
FEHAA D B —E LCH G 72D Z Lo Tz,
KFBFEHG T CTOREEZFL, FimpErER (Au B S102 (P AY) /NAL Si FEk) &
A A EABL(ORTEC U 2 U —X) @ 2 FFEDOMHERICEI LT, KFEHTOHLET
A b U7z, BHERICETE DA 7 AEE 20T, 3EMIChZ 0 1 KRIEDKFEAT A
CRRE L7z, FiPEsemiig HasicB L Cd, oo 1EBIZY —27 BHR O30
RN R TN, DRREORE 2B iFBlll SN oTc, L LR, 2
Haukot@ﬂ% U — 7 EIROBAEZ LRV RO, TN A ZEJFRIC
HEREENHERT D EAVEH L. —, A A EARBREZT, 3EML
L 272 B o A3l & T, KEFEKH CTHLEE L ED L TICH A
RETHD LWL,

(1) -2 {E LB DB 3
BEROGHR ORI EE I, a0 KA SR TIRE S, SR AaERELST
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L1, bEalkoi@ o HEOMRESREFRETHI L L Lic. ZHIUCKIST 515 5Lt
RO EIT-T-.
X 4.5-2 X4 HB5DBG > FL—&

& RBS H SSD Z B9~ 2 PR D5 4L

3 S S S NA — D FI/FO
HEAT T T LTHD. ] //il; 'BG01pNT, [p-Amp] JAmp i fSCFH B
Z—OHhENEILTY— MaB%
#p L, ADC ODH MCA TAAZ b ‘BGOZP'A”“’HA"“’ ADC2
NATAFT D £ 5 IHESE L7, CAVAC \BG03P-AmPHAmp ADC3|
DY AT LEMALTEY, A7 [Bco4PMTH|p-Amp|HAmp) ADC4
]\II/E&?%@V7 ]\ lji7‘—6\j: Linux ‘ SSD }—{p-AmpHAmp} @l
BlTHER L7z, ARG e LT,
NRER ST A= Zflil1T 2 7 b o

. BRESR | ——

U7 B L OREI D /8T 2 — & i m@m
Wysy 7 ozT L, @EVAT Linux2 S| i1 ST

LEFALTHE L, BEROGNEHZ
—ILMICIZITCE DL Y 7 N T &
SEREH T

B4.5-2 FEENERELVAEYILII7—DOBMEH.

(1)-3 N7 7T RO

X 4.5-1(@IZ/RTEHIZ, B —2L off DFFIZH 4.

AMeV IZfZ BDBISNG. U3 _yr T C eww
MEETHY, ZORENUERIELIDS. L | o
N7 7T RORIFRIZOW TR EFT > 725
R, B RVX—FHEBREI=UA Y, 2 Wy #1,
R RIF— y BOSAIVT T, DORREMEN
HHZERDIoT-. FEHBI2 A TR A
EHEWMLCHENERTHIENMONTND. 2
DIz, K 4.5-3 \TRTIoICrFL—F 1k
HIZHD 1 BOTIFAT I F L —HEkE
L, RIEELTH L, BBOSBIRDE SR mass wrysuremorsorsFars s
REEHIS L2V DIZH LT, FHMRI2 YA YRAAEORAR.

EIROE FIXFRIRFEHIE A Z L2 b, [FIH

G REHERLTIZETA, NI T T RBBL%ES

0%ALIENDHZEN DT,

2 Wy BEET R — y BRO AT 71X, FHIFHATIXEBORSZENTERN. &
DIz, o FL—BEy — VR THIE TR I T TR ORI E X)o7, 880 v B
W DWINARE A B EL, 100mm OFR CTEST2EZA, 55% D\ 77T NIRRT AL
7=,

(-4 A 534 ORGT

AT DEST %0 OBEAEEZRBL, TNENOEOAE LV EXY F ¢
%,

BN (1/2 =) +H (1/2 +) — 0 (2 -) — 2C(2 +) + a (0 +)

Thod. ACCOBRMEDTD, ISEBRY TH D abi i3kt aEs 2> &
DEEFEND. HOAE VAMEML TWAEAIS, AN S IRE 2 80+ 5
AREMEIC O W THGRIE R 2 T o712 & 25, B LI EEN S LRV &2
ML, BAG EH I L TAE URMKZICET IHEEZED D Z LE2EZ TV
7203, ZOFBETII IThRWI EE LT
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4.6 FPERT BAGINV—T
), FEA G D CREST BHEB# T - 7~
BASE A3, B KICHERH T2 2 L2k, #i
RS 7 v —7 L LCTHFgEIC S5 2 &
Lol BIEHERA G &) L TKEH
IEDOBREEITHY & & B, BBY T ALK
TR A RO ERY, B2 S 2
XTI W7+ — FEFHEGELFHINC X 5 K vacuum
ARELOFR T 70 &Y LTz,

/ H, atmosphere

=5 mm

7

+5mm
/l

(DBFFEFEHE N T OVl

(1)-1 B —2AIR DT80 DI DOfRAT & B %
Wl R U7 K BBEMBE O O e SN
G LB IIL CE — LT A R OBLER AR
SOOIy F U RKATEAT Y, U E R A
DFERNT ¢ 2 mm DT /8—Fpy—%4F AL TER

A ZEZANHIL, £ 30 um OB — AR &R L

7. M4.6-1 ARHPBEKAERHZLBE

HEOEAR.

\ Mg-Ni sample
ball

(D-2 FEERERE R OB 7

T AF R T ORI EZITORE, A= EW@W“ AR
FAT ATHACLD =N — B KEZTD. N 2 —
AR OKFE S EELHEIET DI, B
ADEFBNEI—TENR2DHED, SIN FEEER
B 1 O M O FEEEZ <0 DB 12K D
FTIZ—ENZTDIENRDLIND. B AHaEE
2. [ N 2 TR D720 N 7 16 TRk
ZENLT- L& SIN LR i O REEE S A
IEL72 W BB B OB B 21T o 7. X
4.6-1 ICEOBERKEZ RS, —MAFBICEEL
7= 3 DOXRTY T R—)LVTREVR LA —%
XL, SIN AR L — O 721 O F TR
DEDLIINTo>TND, ZOREREIZLY SN &
ERBFHR I O BEEEA PR B L 0.1 mm (2RO
ZENTEDINNT Tz,

(1)-3 &8 FATEWIHE D 3 YR IEKZE A0 E
EJEH T AT @ ER B L LT bRk
ENTWD, JEIHEEMIRAME &\ 5 R
BN B 5. FERREICIIAEREE LT
EEDINTWAR, ZFOEBEOERIFMIL
V. F 2T, ZrsyCugAl o Pd; 38X T8 Zrs,CuyAly,
D 2 FHED GBI TARE (2 h Pd A
B L OPd MEFEHE L8 12D T, S il '
7 ifG D K 4y A 2 A AT o7 BT R e k. B4.6-2 ERASAMMIEDORKRIEIC
%4 BB ZE T ORI L o AR 1 78, FRKRIREAIERR.

DThHA.

4.6-2 O@)()ITFEIR IO FBIEE B EA/RL TRBY, ENEhOREHI I DK
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Wr DI FE ST D AV AR TREN TS, HWERITEBICE N E Ty s
AT ST T D, WSSO FITIE 3 DO RRHIES (~2.5 nm, ~8 nm, ~20
nm) \ZIUF DEE SEC L DK B IREDOFEREZRL Th D, IBHROMEE 4.6-200)E0%
Rl W DIaEST-fHIR A & D CHOFEIRID KBIRE D @I EN 303D, 2 DO
BHEOBHEZENE LT IRMEEMER RTINS, Pd A ENClI i3 1 T A i iE
WO EKRFRENBIEES L, £ FCIEBIMRO/RN B LRSI I TRV KR &3 8]
XN TS, —J7 Pd RN CIIE DRSS TH — B L TR I T A iy KB IR LA
BN TS, INHDOFERFEREZ EDOIDNTHHA T H0MIE 7R OFRETHD, LLK
FMEMEIZ BT 2 BHI DN T T 2 A= ML DRSS FRHE TR ESA DF BE AR L
T=DIIARFFEDIED TTHY | Milb B OBBRICOWTAZOERSHIFFSN
Do

(D4 KFBWEE S EREDOL LA =X LT D58

AT N —T DH RIS . B RZEMALT TO NRA BHFE LT T, B RS 1
MV ZoF ha iliEgsa W=7 7 +— R 1% 05 808l (RBS) J6 OV OBk 1 75
(ERDA) DRI A D TX7=, ZNDIF7—a B BFr v & AWT-h T O ELB LUK
BEZ WA AA B — L0 HED—FETHY . ERDA IXIES 3 FRBEIZ DS NRA EAH AT
TRIKB T FIETH D, RIEFFZA~DIEHAZIOATHEM Ea—Ray/ F ol —%
B EZEER OB E LTI L. 2O E TKBWRA SR B 75 TR
WIEEATV, ZOFEHI DWW OKBBEMEBEIC LD EIT 7.

Mg-Ni &4a3KEWR A SLEL THIGI, IoH ESEERMEIEL TS ED BT
W5, FTKRFESNDEBEI L7200 BKFLTHEERBIETUTRDEVHIHEE LI
FT—LLCOISHANYIEESNDM B CTHD. LinL, KEOHL AN ZMIK & TH B
PENEALTHZENREREER> TS, Lo, FOLLAT =X NI ARMEA TH-
72, T, LALHIE O E LK BRIV E I D2 THILAN =R LD R ETT
Sz BEHITENAN T 7 AT —R Y FIZA Sy ZEELT- Mg Ni (t = 40 nm)|Zfiltiitfg &1 T
Pd (t = 5 nm)Z#H LD TH D, ¥ 4.6-3 1IZZDOREHZHOWTHIEL7ZRBSEERDA®D
ARG IVERT . BACRTZ ELEGD, KOV - it 24K 28T Mg,Ni EWVHé g
LA DTS, SRFID Mg 23T HIL T Pd Al fE 0 T2 2287 MgO &R T5
ZENF ol MgO 23K FEDYEEE F LI T 2ZENHILDHEIK EE 2 Hib,

(a) ERDA

%00+ e IEW
old

200 - /

s

400 500 600 700 800 900 1000
Channel

H concentration in Mg 3NiHx

Relative yield [y-ray cnts / RBS cnts]

RBS 6.40 6.45 6.50 6.55 6.60
Beam energy [MeV]

T T T T T T T T T T T

Gounts

Ni 4.6-3 MgNisZEERHDKRRBE K
5% 1ERT#2 121 LT1=(a)ERDA,(b)RBS®D
A BIEHER. OBEEOFEBIZTOVTAIEL

20 W0 40 S0 60 700 EBRIGEICEDKRDRSH M.

Channel
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— 7. ¥ 4.6-3@MOICALNDEHIT, ERDA [2X0H L% OREHFITIZREDKEMN
GENTNDZEN -T2, Lol ERDA O BITRI)Z2 RS i#HEIZ <100 nm THDHT=0D .
R 40 nm OFREHDOE IR FEDNFTIET DODNII DBV, KFEBRMEIZL K E
DS A ZRNE LT R RZK 4.6-3( IR T. ZORERNG, Pd g OE T O
TR FIRE DB KR DFAET DI LDV LTZ. ZOZEIFHT LT Mg J&8 12 MgH, 2352
RENTWAZEEERL TS, MgH, & MgO ERIBEICZERME THY  KFEDOILEAE
HHILTWDEEZLND.

(1)-5 KFBWEM DK FE IR DOSHIE

WA, KB A % B IR OB T HEIEIC T D28 T, KO i TR EE oWk & A3 ]
I CEDAIREMEAM RIS, 1 H AL D TS, SRR ENE I K K BRI B T =
B —F LRSI TNDAY, WK FE B BRI TR T2 Al =X BRI
WIZEERIN RSN TS, T, ZOB X AILICRESYE, W RO B2 2 )=
R B A A BB, 1 PN O 7K SRR 0 A 2 8 3 AU, SRS Eaid 1okt
LRHEN O S OFEFCBUAI AT REIC /2%, ARIFZE T, I4EE E 28D 5 MgNiks L UM
gTiIRKRFEWIERA BN OWNT, ERERS TS 2 ERL, ZOKEWIPGRIRDZ DFE]
WEAT-7=.

4.6-4 (24 EERIL 7230t o 27”5, Ni
10 mm OEXOEIROER BTt MO cm— !
25 Mg @ 100 %, H9 {125 Ni 1 100 %DHLAL A
Lo TEY, ZOMITER I Mg & Ni DA
BT, BRI E ST 72030 Mg & Ni %
R HIZ 125 [FIRIELIZ 2 EIEE 22> TD, &
J&DH - EHEUNERSYIE 0.6 nm TdHD, X 4.6-5
[ZZ OB % 100 hPa D/KEIE, SRR CHlE  H4.6-4 MgNitEEIREHMORAK.
L7zl Ramd,

R CHIEL7ZRBSH R, R ORE BT 6 s, SRR C/AREREZBIZ L, H
ENLEZ T HL TV E Mg:Ni OF B HIZEARANCEA LT 5 — T, G4 D Mg DR
HHBMEABADEK B ITAITEINL TV, A4 DK EW TS L
RIS TSIANE S SN/ SN Ay

100 : . ' | | 30
Ni 2 MgNiE
- : S 251 P S S N _
% 80— 0 Au 3 .
- w° 8 20l HZjJX |
) o5 -
0 60— Y - £ PR
> o, 2
g 5 5 15+ |
"
o 40~ EXE RS
2 o | B 10 |
2 Pd I e
K =
© R oo =
e 2r ?:,'; B> oo ] g 05 i
55 5|2 e
Py i S - g(.‘_ N .:>., “= 00 \ | e
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Channel number Energy (MeV)
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RBSARINLEKFRBEMIEIZEHKRFSDMAERR.
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