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Particle Induced X-ray Emission (PIXE)iEIL. &ED A 4 > Tkl &
HRL., TORICGAB L O RETHIREXBEEZSNATEHZEICED, HRBEAD
TTEMARE AN TE2HETH . E—ARDHIK L. PIXE AHridEiz~v s ok
ETORWICRENTWEN, ERMOTON M7 OE—-LEZHVWER
1 70 PIXE DWERHARIN. E— L2 BHRINICEEL T RTRE 2T
TET,. REOBRITEONMHZHBRE L THIET S ZENMREE 2o 7-, LD
LRSS WERETIIARASHLATICBITS Y 70 PIXE SWIZEREETH - /=,
F T XHEOEMIL. 1 um OERSBEETRKPIZE—LZEOEHL .
REFTOIRESMEITD ZENTRER, RAFHK FTHAOEBERETE S
WHENEERETHIIETH B, £-. JORE—LE2TO—TE—-LELT
RANWSHEMERELE, BRINEEBHWEBETTEOOWHTOBE HHETITS.

YA 710 PIXE D DEHIZIE, XBOIRINF— (E) LE—LDH
BER (X, Y) 2BESTTHET I F/INT A—F—FHH 2175 HER
H>B, TIT, Tar7s53I U0 ugERNN—VF)N a2 Ea—¥%— (PC) %
BICINTFNG A=Y —FBI AT LEEBE L, FT—5EWTRHAY 7D
I7ORREZETV. ZERFAZICREALTNS, EBRT—IOBITYV I U
TEAII—Zy FEBEL T, ERMICWDIEZEICORET S Z ENFHER
KT FTPH—N—DFAEEE L=,

KEHEC L B PIXE 813, & OFENH D0, B0 AT, &
BEE—LSA COELEZRTHABEBI LTI T, FZERELICLDE—
LBVYEINRO . TOERDBEVMEBRTEIIETH D, TITEILETHER S
. AT —LBREICH BB, B0 THAREBEZEME L. RE2E
BZOBEICHEOMT, BEHABOBRRBER/NMNITHIHEKRT, 1 um ODE—LA
RBEeRoEEETOI A0 LZ2REFOREHIBHRT ZRET 1 2
O PIXE i MZEREFE L. K&PT1 um BO1 F 2 E—LREAIREIC
BolDIIHAHITH 5,

CDREBEZRAWLISCHELT, ®%. EF - £9%F. #EREYE RER
FREH TORX EHEPRETHON TN S,

WESBF T, WEFOT7 v RBRELZESRE - Mo TOHFTE
LEMARENLEEN TS, PRKEETIIHREH D 7 v BOISEE 228, %
RISEZFR LT v RN ERRE L, £, EBANODICIIRS
BREBOUENAARTH 570, BREEHBZHENICHET 2HLWF X
ZRFE L. HEADOT v ZFMORAHEBIT. FEXROFRICE DEEOR R
ZIERECHIE . EEMITIC XD RE & BRI OR FREHH. ZORNS O
BEREDOREE LT, gEMNICHEiEN 5. AFEORET. KDEKRITGEN T
v ROEEFEFCHENTO T v RO RFHIENRED BIRAEET. J0AER T
v RBEMEORREICTFETE 5,
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270 PIXE i, E—ARICHYE T2 ERSHEE TREIPOL RO & B RRE
THMTED D, ZOBMICESFIAINTWS, LMrLANS, #ERET
BEZFTHITEToTWEED, RBZERICEBETINEND D, BB
BTOXLEOHME. ABEOELWVWER, Y —LRBEICKZHBHEERED
FEND -7z, FEBORRTRATHA T CTORENMELERY., IN5D
RIREZ BT, EAERNITEWIREZ RO EE THN TE B0 REENRIT 2,

BESBLOCUT ., HTEREZEVEITLEOHEREZEFICTHBIT 28T
3. MERBIELSFICBWTEERHAEREO—DTH S, ExHEld. EEHD
BHA - PBEOERIEMICREINDZ LICX 0BT T, WEEREIZTE.
G OMAEDLRICLVRENLD, Y170 PIXE T3 1 um DZERISHERET
MEBOTENFEBET D ZENTRETH S, Li=> T, A 70 PIXE % H
WTERE 2 EIBRIIC T T8 & T, INETH AR ZBHNWEZNVIHIE
WEBHROBEH SN D O ETLRODEEEZID THLEMNITSHZ &
NTES, '

RKEFOLT7 OV IVRITFIE, KBIL CEEEEICER L ASBREICX
DRTFEEREBREODONH S, iiE EBREOILEMRIIBHASNICRRD, B
BRUAEZ7 OV IR TFOMBRDHEERRSDZET. NBEOREEBHOEEEE
BHIENHKD, 170 PIXEETIE. /ERESEBERD., BRRTFOIER
BRI, BRZEZMAZENTESRED., KDFEMRBEZITD Z ENAIEEIC
25,

EEMIIANHR DAL T TR, SBELROBICHIERN LS
CEDHBTED, TESMICHATEET TR, K&F Tl um DEET
AF BRETADERZHIL L= 05, X, £EE-MIBICHEEICT
FUBHETOITINAFT Yy N ENADIEABEIRETH D . HRITERIR S
WWEBEYPNDEEE2 IV FEMIZHANDS Z ET. BEHBREYFENDOE#BRZ ST
HARWIZHIRF TIN5,



ABSTRACT

This thesis describes development of external ion microprobe
system for in-air micro-PIXE analysis and application of the system for
various studies. Micro-PIXE is a powerful tool for high sensitivity two-
dimensional elemental analysis with good spatial resolution. This method is
based on scanning nuclear microprobe technique. On the other hand,
external beam systems have been built in numerous ion beam facilities for
the analysis of precious art works or archaeological samples. External
beam has many advantages of requiring no special sample preparations
against vacuum environment, easier handling and observing the samples,
reducing damage by heating and charging. The combination of these two
techniques is expected to be more powerful for many research fields.
However, the spatial resolution of the extracted beam is limited to few tens
micron because of multiple scattering in a beam exit window which
separates samples from a high vacuum beam line.

The in-air micro-PIXE system consists of a multi-parameter data
acquisition system and scanning external proton microbeam.

The multi-parameter data acquisition system was developed to
perform two-dimensional elemental mapping. This system was built using
a personal computer (PC) and an analogue to digital converter (ADC).
When a signal from an X-ray or another detector triggers the ADC for
data acquisition, x-y beam scanning control signals that indicate the beam
position are also digitized in the same time. The multi-parameter data are
temporarily stored in the ADC buffer memory and then transferred to the
PC memory. The collected data is stored and handled in the PC memory,
so that fast data processing is possible. Elemental maps and energy spectra
are presented on a PC display in real time.

The scanning external proton microbeam system was developed for
in-air elemental analysis. A beam exit window is essentially required for
this system. Thin organic film, that is composed by light elements and has
good physical property, is adopted as the beam exit window. The foil also
plays a role of sample backing to minimize the distance between the
window and samples. The window is attached on each sample holder,
which is an annular disk made by acrylic resin. Samples are set on the
holders and can be irradiated in air. The final resolution of the extracted
proton beam can be kept 1 pm.

Since the in-air micro-PIXE system enables multi-elemental
mapping of samples in atmospheric environment with high spatial
resolution, various research programs, such as dental study, biomedical
research, environmental science and geology, have been started in recent



years.
In dental research, fluoride uptake and distribution in teeth are

noteworthy subjects, because fluoride ion exhibits cariostatic properties on
hydroxyapatite. However, small atomic number of the fluorine and its
strong chemical reactiveness prevent non-destructive quantitative chemical
analysis except ion beam analysis. A nuclear reaction analysis using the
nuclear microprobe is excellent technique to measure microstructure of
fluoride distribution.

Microprobe analysis is an important technique in the life sciences.
However, radiation damage caused by ion beam bombardment is serious
problem especially in biological application. High temperature brings
severe damage to most of biological specimens. Sample cooling is effective
method to reduce the damage. External beam technique can exploit the
thermal convection that is main source of cooling at atmospheric pressure.

Chemical property of single airborne particle has new and
important information to know air pollution sources. Micro-PIXE is one
of the ideal tools for the analysis. The elemental concentrations in each
particle reveal their birth and history.

External beam has another advantage for analysis of thick non-
conducting targets such as mineral samples. Ambient gas provides a path
for the charge leak away from the insulating samples, so charge build-up
on samples is suppressed. :

These developments and studies are accomplished in TIARA
facility of JAERI Takasaki. Other related techniques, such as energy
stabilization of an electrostatic accelerator, image processing methods, a
new beam current monitoring technique for quantitative analysis, data
sharing over the Internet, are also addressed.
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1. 1 PIXE &#riEEZOR#

Particle Induced X-ray Emission (PIXE){.IL. &SEDA 4 > Tkl
BHRL, TOBICEBI D RETHIREXRZHETHIETED., HABRD
TTEMERE DT EHETH S, XBOFEIL. H<IX1 8 8 54T Réntgen
WEEBEOMETICRALZHDOTH 20N, 14 HRIZXD., TELSITH
HAINED=Di31 97 04D Johansson 5ICKBWEF[1IN—DDEKIT
S TW3, TOEHHD—DELT, XBOIXNF—2E0HEE THIETE 3
YEEEANEIXNF-SBEXBRHEBOES . ZOFMEISRELTHL
5N5LZEHENHEE (Multi-Channel Analyzer, MCA ) DOBRENRZEIT SN
%, B, ZNEOMABEHET. BLEF1 keV 05 3 0 keV BEFETIZh
EBXBANRY MVe—E el 3 2 ENaREIc/ao ., 20D
TLHEMAREE DD OB T RBEOERBTHET S ZEATES LIITRD,
A BISRAMEICHRT 2 ENRREICR-> =, —fl&ELT M1 —1IEES
X OBEINZ YOV VKR FD PIXE AXRYT RMVERT, ZOL D12 PIXE
Eid. 2B OHEREERMTRERS O TEL 2 E0S, B2 #H%. &£
WisE, JKEEZE, B, HEREE, RERZE. ZhE. MERER E0FEEITE
JEWSBFTIEHRAINTNWS,

FHEXBERHT 2 LK OESTET OMOFELE L T,

1) EBFZ2HWVWSHE (BET0—TE—LAICHIK KomBEFE—LEZHAWVD

7=%. Electron Probe Micro Analysis, EPMA & HIEZi5)

2) XZE2HWSHE BEAXESI. X-ray Fluorescence, XRF )

MHbd, PKEEIZ. 1) izl EFF&ELT,

o HBKRIFELLT, BRBBEWKFETF (Proton, HT) ZHWTHETOH
KZ1840EDEENH B0, ARMTFEIANSRET I XROENKE
BRIZATRN, DD, Ny 7752 Rindia 2HU LEREIC 21T
5 ZENHKRS,

® BFITHNR, A FVITEERIZENSZD, BYUREBMEZEL, E—LA%ZK
[SPICBRO U CRBHCBA TS Z ENRETH B,

WD, —HEREL T,

o THRXBNEZRZEDLZDITIX. 1328 MeV BBEE TIZNET ZHE
NHBID, Ft+keV BETHUEFITHN, BERKDPNDITRS,

¢ ETE—AWR. Blum UTOXRA /7 070—~T2B5ICHMAT S &0
TE, MOEBOBHREZBDCEDARETH D0, B, 1T E—AIZHK
mm M5 1 cn BEORTHY. MAEBOFERITIELHON S,



MHd., £/22) LU TORKHE LTI

o XREBNEDIHZE. NWRETZEBET 2WHEHREIL. /HERTH2EEORE
TRELRD, EFEAFHBEELIVEVIEXBRIIEE LW, h. 13>
HLETIIAVEBETERNMERIIELZFBES, b, BuEMhoETEE
TORANWTTRERDORIKES T RIEETH 5, :

MH5, IBIT. AFE—LERAVWDEHELT.

o SH T+ — REHEHELSHHE (Rutherford Backscattering Spectroscopy,
RBS ) ®EKIGAHT ( Nuclear Reaction Analysis, NRA ) 72 & OB D4
WiEEERICHWS 2 EWHEETH 5,

EVNDFIRNH B,

1. 2 A4F>170E—=AEXA 20 PIXE i

ST Rz K DT, PIXE HEIZK 2 3D N DB N2 ZEF DN,
E—ABORHIKI L. FII 7 ORER TOLITIE SN TN, finay A—
F—IZE—ALZBL. E—ARZMEKD., BB L THRBHEZRVERET I LT,
LRICAMZTOFEDH 20, ERDFEE LT 57200 XA —5—0HEF
ZINELTBHE E—LABRIMEHICEHADLTLUE W, DWICETSEBNE
BEFIC RS, EVWIRBIEN DD, T, QU X—F —HEBTO#HELIY A —
Y — NSRBI ETE—LADNBE T OROREBIRET. EHEE—LAREL
THE um BEVRMTH 2.

ZTHUTK L. 10 um BUFO 28R4 HREE Tl 7 il 8% 2 B Ut 1%
PXE IETHHT5720, 197 0FRIIUDIZ. EE-Harwell BFFEFTD
Cookson HIiZX D[2], EFHBDAF A4 70— ARl ERHINE, &
UL, E—AL TR v N EBALUTERLEDLEEL., ZOXENS
DAF L E—LZNMEQMEMBURAL X EHNT, B EICHE N - #ET 3
HbOTHD. ZOHFEICKD, TORE—LAELTHAKI um BEDKE
IEBRTEDZENRIN., AT o170 E—L2HAWE, A4
O PIXE S WENRFBE I Nz, 1317 0E—LA1, BREENICE—LZE
BLTTRERHZITI ZENUHETH S, BlL, <1710 PIXE 2 TlE. 7T
BAMORITBIENTRETH 0., R OBRITHEOOMHZEZBR (image) &L
THRRTHIET,. TREOMHEZ—B THONITE I ENHES,

FOBAZ A7 O E—AFMIE, BE-F v 7 AT 3 — RAF[3]®
ZI—ARSUT-A)NRI O REA)2ET, BAIKHESN, #E€TIZ. 100
nm U FICETA T E—LEZERT B EHAEEICR > TWB[G, 6]. BERE
TR S EHZERR T, BREHEEERRARR7TIO—RBELT1 98 7TH X
D, AF2RA7OE—LEMOBRFEZITOTER, BE, HAT20080UE



DAF A7 OE—LARBEMEEIL THD, ERNTH2 0L EDEBENRE
INTWD, ¥/, BExA 7o/ o—THKESRCETIERSE
( International Conference on Nuclear Microprobe Technology and
Applications, ICNMTA) &L T. 1 9 8 7THIZE 1 RIPEEA v 7 X7+ —R
TITHNE8L 199 0FLR2EEICHEINTVS, 200 2EITIHEFRE
FHEFAERL T, E3EIXFNSETHESN. 1414 (BT 44,
EN6 74) OBMENRD o7/, 17 470 —AMIMMESROITES
TR, I THEAN LB D KR, A Y\ O IUER B8 O 72
E. L RBROSBFITEORANIER > TS,

1. 3 FUEOHREHME

~ 4 2 10 PIXE I3, /3R D PIXE £ & EPMA DK DEFR & G #F
DA, RRFHK T TOANSRETH o2, Z3d. 1 F 2 E—LZREAF
WCROHT 20T, BEEOE—ATAM 2 EARRZRT2BZBILENH
L, ZORZEBIDIEICED. 1 FE—LPHELL TE O@WZER L
REEVMRIEICIR 270 TH 5.,

RIFPTORIIZEL S, PIXE 747 TI3.

K3 ZEEAZHEB EERECKEDSITHAEETH 2.
AV DIBHIEEE T, R ICK 2B OBBEZIMZ 5 T L%k 5,
AREINENEREDOHETORE (Fr—7 v 7)) 2Bi< I Ltk s,
HERBITASBOWRERAB O BAIRETH 5.
B OBRCBPELE TH 5.
1BE. TORIRITIHELWN[9] ZERDBENEN D EICEHERBOEN R
DR EDIERIZR SN TNZ[10-12], ¥DMD T N —"T7 PIXE iD=
DORLQUBNA F 2170 E—-LADHREZITO TWBA, TOZERSHERED 1
Oum~20umBEVSEATSHS(13, 14], B - EMESBHLRETLFA
SINSHEMPORESIZL 0 om BETHD., ZOXIBREIOHBDIT
ROMEERICRIET 22D, Do EMNWE—LZES REND B, £z,
SRR ORIFE, KRP O OVIVKFREEZSTTHHEEICH. Eum
BEOZEMBRENEREIND, TIT, AHEOEHMNE. 1 um OZEMH R
BETRAPICE—LZRMO L. REPTOSHZITD ZENTRER. KEF
ST O ESEEETRITERZ AR T2 L THD, o, 1FE—
LAETO—TE—AELTHWIERZE L, BRBEEZERANWERTEDOH
M O BT S,

LIF. B2ETR. SR 2T > HER T AR EIRHZERR O +



CHREEHER (TTIARA) OBEL, 143271 70— A BREMICE
L <.

BMI3IETI, PXEEOEREEE, TROZKTAHERET 2 /10 PIXE i
ICHBRINFNG A=Y —F—FNEROBFE. BEXUVT—FHEBFT, 7—%
FEEHITEL T,

BAETIE, RKFTREOOMET S TOM 170 —LEKKT
WD HTEDDOHFRIZDNT,

WOBETIE, AEBEZAVWAISHEL THEDO 7 vELHEAIET D HEZEIN
e, ZORDICHERELUEERISEICL S 7 v ETICBET 2 HMEICEL T,
EOETIE, TOMORFIZBIZHHAELT. E% - A% #HERE2 B
BRFETORMAICEL T,

BWTET, APFEOEEDEREIZDNT.

2R B,
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B2E AF XA DOE— LRSI

AL, BARRFHAWEMEIRWEFR O 4 BRI REE. TI1A
R A (Takasaki Ion Accelerators for Advanced Radiation Application ) [15]
TiTbz, TOETIE. HROBME EAHRICEFRTDS 7V Rin#®
BIZEALUTHBAL, 132717 0E—AEBKREMIZDONWTIRARS,

2. 1 AFREPIFEER (TIARA) HBE

BIGPIZEANIS, BRI OMEREO P EINREL T i3 8 4
4 AICERIEN., INETIA/NV L 6 0-7 RBRERCHELNEBETFMERNS
D, T#R X BETHRZFALT BRTFOI/S 7 NEE., EEABEREOR
B, v A1 EDF1ED. FROREL. HETOREMEREK. BREOKSH
FRE N BE RN DS R DB FE & B SR IRET BN O BRI A Z 17> TE 2,
INODEBERBREZEE AT, M4 X E—L2 B WHSERS ER R
B E > 27, COREIE. KNI RV F—#HE Ofk& oA F 2 BHFICEK -
T EBYBEENCALE - EWFEESTT. RV HOWERE ITHZREF N
IRFREZRHTDHIIELEZHNELALBDOTHD, ZOMFEEHED PEHERE L
T. TIARADESR - BIEEMNG6 3ENSFER SFITHZo TITbN/z,
TIARAWRSA 70O INEREZDE—LT 1 2[16]. KU 3 B DEEN
HERETDE—LTA L ERRRES A ITOND, 3BORBEIMEZRIZ. 3MV
& T AMEEE. SMVI 2 FIVTY RiN#E#R,. 4 00k VAT D EABTH
V. ZDE—LTT BEESE—LREBRZERL THO[17], TnETnom
HENSDE —LZRFFC—DORBICRF TSI EBARETH S, 25 4
BOMEEE T, Bt keV NOEE MeV TR, ZREOA F 2 E— LR AW
RETH O, MERE NS ZEAN. WBNBREE,. 5S4 74V b—THERR
EOMEICFASINT NS, 4 50MEHZDOHETEZER2 - 112, TIARAD
AFMEEREEZTDE—LTT 2R 2 ~ 1ITRT,

#®2—1 TIARAAFIMEBEDHET

JniE2e L IX)F— (MeV)
AVFH1srobnr H, He, Ar, Kr, Au i 5~1030
3SMV % 27 AhnEEs H, C, Ni, Au fis 0.8~21
MV 7)) T RinEss H,D,He, e 0.4~ 3
400k VAAAEAL H, Ar, Fe, W, Ag ftt 0.03~0.4



2. 2 YIUIVIYRHNEER |

3 MV 2>/ )Ty K (BHN1R)LF—2, NC-3000B) i
1um UFOEAF2YA7O0E—LZBKT 50, FERICRNWBELTE
DERZWHTLIICHE TN, K2 -2 ITNEBOEEEZRT. RERR
IR EERRUEERO B THINT AR 2 27 )VEIEEZFALTW
5. FESE MEELRERICEE L TRESNTWS, ¥—I FIEEOH
Eid. REES—I TN omBEERN (BEREEN 2BDoTT—AK
HNZEREMETHILCEoTHO>THY, TOMEREMEUET S T
ko T, MEBEDT 4 — RNy VHEET> TWa. Fz. FEEKR
HWOFAF— FOBEEZRESES I LTk, F—IFIZ2ABETHET
ZEHARTHO. EFMERTS T EAMRKD, «F I, RFUEH%
& —IFIVERCHEBRLTH . MEMEDR T, k%R (HY) , BAK (DY),
AUTL (He") . BF (e”) ThH5.

2. 2. 1 NSPRAMY x4V ERER

o IVEREIKIE, 19 194 Schenkel &> TERERINL
(18], K2 — 3z > )VERERE. kEOEDIzay /a7~ T >
EREREZRT.,. F1ERBEEAMBERICEE TH S0, 2EBUBE OERER O
AT =N, BETIIEEERRRRICEINCHESL TS DIZX L. #i
Z T3, RFRBRBEEITHESLTWS, 20D, Y27 )VEEEEK T
WFaFou—iz, BERICHAILZB WHENER N, HFicEKEOa> T
=3 —IFNEBMNMERUMENLETHS, ZOLShEMECI LT
CH—EERTOEMMEEEINS, P oV BREKEISEOREINT
WMo 72, BRBEZEODIO0F — IV RENEBEDBME ORI DFESE %
FIH L4193 b0 (Radiation Dynamics, Inc) 23BIFEE#[19]. EAIZ
fftxNBs L DiIThRo7,

P VEREBBOFRELT, ¥y—IFIINBEOREEIIKRELSE
EZ2RFTEEY oy a7 k- UM BEREIKICE LT, AT
ZEMRETFeEND, avyrOT7 bk TN BEREREES O IVEREE O
BEBEELFEHREBICELDY v TIVEEID.

Jyro7k-7)b b CEREROBE.
— — 1 3 2
V. =2nV, 5 C(8n +9n +n) (2. 1)

1
Vippie = Z—f—C-’n(n +1) (2. 2)



S T VEBREROEE.

1

w:zma—z%@n—n (2. 3)
1

‘Qme=§?5 (2. 4)

T, BZA5N3[20], 27ZL. #ZEERE ClIa r Hv—0FE. 1I3A
WER. V, & fIIRMANTORIBEBERTH S, A6, avrarh-T)
NOBEBRREE TIE. Uy TVERIREEREOZFRICHAL TRELIRZDIZ
HLUT, o 2T VEBRER TR, REBRBICIEREELRZY. BTBROREE
BOKBEREBEANOHTEIZEAL TR, 2T IVEBREBRDFEN) v TIVE
JEEBICERTH S, LL., P2 F)VEFRERE T, RFEBOXRKEY
WERT2FFEEE ) TIBRET D, COFEEY Y TIII2 DOMILL 7~
D )VERREREMEM U TEEL., BMNMET2 DORFEBOEAEEN
SUATWMAB ZETOBHTIENHES. ZOFRE. NS AR 227
JVEERREIE & WEN. 2 D OEBEVMIIGEMHETRIEEZIT SO THREY v
TIVE (2. 4) RO¥HDITB, £lxo NI AR 2 7 )VEBOEHE
JEIGERENCRTE Z 51 5([21].

Ny N, 1 (2. 5)
K KCf ™~ 4AfC,

V;:

ZELU. NIZREERE. C,REBEY—IFIOHEBAE. K IIKE
FREEIFEN. RFEBES IV REBTERINIBEFTEC &5 14—R
EBEOBERE C TREINS (K=1+4C/C) .

PERRZEBICED, TIARAIMVI I Z)VI > RiN#ESE T,
BEQY Y TNER/NCT B2, NS ABY = 2 ) VEREREEZRAL T
W3, ZOERKER2 —4I1TR7. AEERIS TERTET2HORFER &
CHICHMNT D ETFS5 7RO — IV REMEEES S5 TRIOBITRIANSEBR X
NTNnD, ZOXDITHHBITRET S & T, BER IR ORI B O E I 5
U, WEWNRXEDEADHEMEDEL WEM LD -D, FOE TOHEITIT
BIHIND, ERICIE., BREORESLIELOBRR O WL E THREBMIT
0IZi5d., Uy INVEBEIHEMIOVDAZREEZDD., INEWMETH
DREIAINDORBNCA D F 75 XRERDY » LIV A )VNRIT S
NTW3[21], 2OV FNRABIAINVICED, BEBRRBAOIANDA 5
D AEEREBTROTRTCOBEY ET—AMOALT 5 AMEKS.
HIRGBDA O F I F L AERBL T, L FORFEBMOBEZ/INT VA ® S,



CDXIBKHERT, 14 2MELEWVEARIREICBWT, FFEEFE3IMV
WXL TU TIVEEIp-p6 O VURIZINED, +1 X1 0 50BELEE
ZER L7,

2. 2. 2 IXINF—H%K

MEAMIKETIE, EBCENWEBEREEZD DI UV RINEERT
HBM, A F VRERITL THTFOMEZITD & ERIIMESNEATE
— A3, BEVU Y INTRAZNBZ U Lo XNV F—EEZHD, T, 17
CHBREVBIEHEINZ A A COIRIF—IBIZMZ. E—LIRICEKDARE
FNEL. BELTEENEBLLL TNWDEEDHEEZILSNS, £ TIYI/0E—
LR ZIT D BICIE. BRAICLDRATERES TZITWV., T OREHFAH
ERNCT2HENDHD, ZOEDIEREORALFE O 0° RABHAMNE
BINTWS, ZOERADOHSG ORIEIIEES LS ( Nuclear Magnetic
Resonance, NMR ) 7O—7Z2HNWTHIEHENTVWS, X2 -212. ZOR
MBRADHEITLERT.

1 um BB FICE—AZERTS720I1213. E—LERIZBITSBNED
BEEPELTDHREDIC, TRNVF—OREBHINEITEHIENEE LN,
26. 5° OFRAHHEI 0° FMTIL., HERERD 2 MEONME IR ITH Y
L. BEBEICL 2083, BEEAHSITHR2HEREL DD T[22]. EHEEE
DRMIRAEETH D, 0. 25 um LLFICE—LZERTHZDIZIE. E—A
IXNF—OEEAE/E=11X1 0 5EERTILENSHD[23]. ZDfEE
ERT 572D, REAMBIZBWTHOWAY Y NOBZEZ0. 2 mm BT
KIBRENDD, TIT. CORZTWEZERICHBATESZHINAY Y M2 8
fEL T, BELEIZERE L= [24],

#£2-2 90° RAILXINF—HWNEBREADHET

mEA (B 90
AHSA () 26. 5
AR (mm) 32
XS (Gauss) 6660
HZEEE (mm) 1500
fREEES (amu-MeV) 4 8
Mg (mm ) 100
WL e (6B/Bh) +1X10"5BF
RHAR EEKG
il 5 = N M R il
HE (kg) 4700



2. 2. 3 — X FINVBRELZEL

3 MV 27Ny gL BERAIEERICENSEREHETS
ZEIZEDST, MEBED 74— RNy ZHlllZIT> TWE2, ZOBEHE
EHROHRBORER LR EICLVEETHE, MEEFEOBREELE EEBOEE
EDORNITNNEL S, T, ZOBREIES A 2 ITHWR A4 XERND 5
E. MEEBEDOR) 7 hOARLEEMORERERS, BIROXDIC, ¥ 70K
— LRI ICHVWETI RN F = 2iT o TS0, IEEED
ZEEL, TRXNVNF—PORREFBETELIE—LABROBICEZELTBD. &
B ETOE— ABROFRE, LIRS THNS, ZOLIBALEERT. €&
URHETHBYA 70 PXKE SIICHENTIE, FICHEERS,

ZTTHBMIZY - FNEEOHBEZITD. AUV NI —RNv D
BIEDOBEFEZEZ T o, CNIEEBNAREZDDIXINF—SWFDOAV v FOD
BIRNF—[E BRI RN F—RITRNSERDE N SHEUEF 2R L T,
Y—IFNEEOHBZTO>HDDTHS, M2 -5 T NVF—HNREEBE
HHROERKERT, BIXNF—AEEIILF—AOR) v FERIZ.
EEEESE (ART7>2>F, CA3140) RKEXVBEEBICER., TOELEE
IBLTO~1 0 VORIEEBIZIERT 2, V7NV I RMEROREEED
HHENI., 4~20 mA OBRIEBFOANTHEZIT > TWHEREREO0~1
OVOEETY—IFINEED]L 0O P BEOMRABREITOBERBRTITONT
Ws, AUy NMERODEBEESZREABRRICANTSEIETY —IFIERE
OFIEZIT > 7= ERLERBROMIAESIE, B BEREEIITHRNSER
ENSHREND., AUy M 74— BN ZHIBZTIH8EIE. BEER
428 (Keithley. model 263) NS OEEBRZH W, ZHIIBEOHITH R
M2 REIT/R0., HIHI AT LALEKE U TEENRREICRDDEHL<S/2D T
HB, M2 —-6I1CAYY NERDREBS EIRINF—OWRBEBREEZDT 7
STF—hy T TRELEZE—LABHREF ORI —-TTHRAILZERERT,
100 msec BOBEBEZLBNIAY Y b 74— RN IH#NIZED, MR ENT
WBDNROMNB[24]. 72720 FNK D ERMICBEWEENIF E B ORRISE
oD, 2y MlEHZETO THH RIS BN oz, o, BHTELSE S I
EARHIICENRY 7 NOXSRBREEEMNBE ENL, £Z T, ZOEH
HMOBELE 2 <70, AUy VERORERFE 2oL, —HITHEEE K
0. 16HzOO—NAXAT74)VF—2EALT. REDEKE KRS DH»% E
&, JTOBE LMEL THIEEBS 2RI 2EBEHZTAmML . K2 -7
WHBLZHEREZ, M2 -8 IKHIHET2A 0 A - THAILZER %
RY. Elz, FRALAEAO-NAT74 VI —DEEHEZTOEERFEZR 2 ~
9ITRT., ZOREHIBROREEFTOREEZR2 — 1 0ITRT. HERATITHAN

10



T, BEZEHIITHO—LDLFizky., 1 0B EOERBICHOESTEED
BEWMZHETSD I ENHERTER[25],

2. 3 AF A7 0E—LER

ZIZTIE 3 MV 2 7NVIr RIERRIC L > TR S N=dm LRIV F
—AF 2 E—L%1um UTORIIROAD 200, EE. FE, FRIIDW
TUTFIZRRS,

2. 3. 1 BAFOIA7O0E—LAFEKREE

A F 2 E—LEMKBOIAS, BERMICHZDHEITBNTHEERNIC
REHCHRE T 5720, L DODITENE—LTL I NTNVS, E—ALT 1
CHEEBRBIUHBREDREODELERBIT. BRI LAZRAWE—KREOES Lk
WWEREBINTBD. Bk E0SBBMIRBIA G 5DENWTWS, £/,
BIEWIED) S BAE T HRBEECAMNRLERIE ICL 0 E— L HEN R X
NBZDEH 2D, E—AT1 2R IIBBEED I 2 —AY ) E2EE, A
PHREKENERL TS, ISXEROBILICEK2 BN TRHE EE—L DAL
BERNLEH THOEBES 2D, E—LTF1 > &EE—NTEN. WD
ALK EEL TS, M2 -1 1R — 2B M EBOBE(FT Y10
— LEREBDODEE %R,

REROBEA F VRBF T, WBHLEORFTENHEET S0, BH
HFOERAAND ABITMHHREE LIFE L <AV, ZT0kD. TR TOHERITH
HENSEBTERIET 5 Z EMAERIZAR > TS,

2. 3. 2 XAV DE—LEROFH

ERAE TN F—AF o1 70E—ALIX. E—LF1 2 EITHEAL
XAy hoBE, RV XEANWTEB LI/ THRBTZDHDT
Hb, WRL > XELTE, ENHRL X TH2UNEMERLE AN, KT
HZDEE keV~FK MeV OIZRX)NF—2FOBIRXNF -1 E—LEE
RI22DI1I21F, EFE—LPEIRNF—AFT O E—LRETHOWENTWY
ZABEOMBEL > XWX > THES NDHE / BEBETIIR VRVWNS T
H5, MEMBHFAIZ, MEICH L T—ETIZEDRLV > XELU TERALR W
728, BT B LEOEASEHOETHNWSNS,

BB E—-LAREZRETHIEREL TS, 14 EOEESIERED
BEREEREITHIKETLIN, E—L51 EBRELUTEGRT 2D,
1) AMREREL T,
o RV IRE)

11



o NEBOEELSG

o ALHTLZEEYWDIHE - Bk

2) LARBEEOWNEELT,

e & (Chromatic aberration)

® IRMINZE (Spherical aberration )

3) LOXRDEENELLT.

® A H (Excitation fluctuation )

® RENERZE (Misalignment)

RENEZS5NS[26].

1) AWSERICELTE. 2. 3. 1§ TEOREE RN,

2) OBJNEICELTIE. 2. 2. 2ETEXREZEBD, LOARIZAHTT S
AFE—LDIXNF—EBEAE/E=+1X1 0 5EIZ. FLE—LD
BREHAZ0. 18mr adiZHBLTEY. ZOLHTIIRNEDEEID.
0. 1um UTFTHB2D., FEHK2EBTH (23], /. KEINEIZE
LT, VO ARICARTAE—-LDOEHADO=ZRICHH T ZH, BibkDEMG
T3, ERLREECRSRWERETH S, |

3) ORBESHIZEALTIE. REEOEVWER (A1 /1<x1X10°%) %
BRTHIET. B/MEL Tn5, RERBERZICIE, E—LAF.00E S#S
HOOREEEE L o XM EERAEREND S, fiFEld. BBEORIEZEZ D L.
FUTHENWE — LA ARy FBEIT S OTEBICH BN E, MEBORAED
BRRSTH 50, BEL. Ekd 2 NEMKA O REEBENERICKEL T
W NEDIZ, KEB L IZEBEEFMEL SNOERICEAL TKREREZEE L
ZABHEDTH D, HEEZZ T TWDHMEZERT 2 WMEMEA DR % HE5 R
WA, FORNMNREZRANDZEZI>TOHA, FEAEREDOEEL A
HZENHES, ZDD. BiRAORBIIIERITFRILNNS,

DEMS, EAEBNE—LARIIRDEZEEZEZ DD, REBERE
THO., FiTL > A EEAERENEEICRD D25, Ok, BAT >
A7 OE—LAFRER TS, #HL (Alignment) BESR. BRORHHE
fi7s—# ( Doublet ) DMEMEBHRAZHERAL > ARICEALTWS[23], K
2—121T. BAF A 70— LABREBICEAL TWAREE_#EIUEMR
MAaDEEZERT.

UFTE, MERERAZAWCIA 7 DE-LRRIZBEAL T, PuEME
WZT I HIERITDNWTIER S,

E—LRZITBNT, RFOEHNZOFLEEICH L TRE TN
WIBEIE. EEEERY LS, ZRULOBRR D ZEETE 5. COHE

12



Y — A OEERBITICIL. #8275 ( Transfer matrix ) Z2HWS EEFTH S
[27] 4. /KEHFOLLE x,, KEFEOBAMEFH B2 0 DELE x," DRLTF A,
HEHNFEREB DT, KEHFDME x,, KESROEAMFEM S0 OEE

x, DREITE T ET B &
x) (a by x,
(-G o) @0

t%ﬁ?%‘ﬁﬂﬁ 3%1#52«@%%ﬁﬂ&?60ﬁ?@ﬁ%%@%ﬁ
EEDH NG, FOTARI3 1 &2 5,

B OB ERTINE. MEHRVWEHAZEMZHE TS (diift ) DT
HO., TOREZ | £LTBE.

A%m=(é 0 (2. 7

@J:j \—na ff%%
Kz, MEML > ADOBET. BHEICKOER - BEMLERD, X
DEX %1, WHERIE (Magnetic rigidity) 2B o (BRBEREE. o3k F

DHIREE) | MEBRAORBLAEZGCET D L,

| B
EROBE M, = cos msmC (2. 8)
—JTKTSinC cos
( he 1 inh¢
cos ——sin
RBOBE M, = JIK (2. 9)
MSinhC cosh{
Vil N K_ . ¢=1 K] THB,
&, FiR T%%

ZT. RAJDE—LBROFEZEZX D, HEREXMA ) v &
L. %@ﬁﬁEODKé‘é%FDﬁ%X Uy "5 DRF, BEDAY Y FTE
DHEHADERVFRINT, —HOMUEML > X TEFRIN. B L THE
95, COBEEWETHZANWTERRTS L, UTFoRITR S,

13



AKEH AT,

X x
(le)szrifG'Md?..MdrlﬁQ'Mf]'Mdriﬂl'(xllj (2. 1 O)
2 1
ERRICEE AT,
J,
(;2.)=Mdrm3'M_/2 My My - M, -(;],) (2. 11)
2 1

IRV My, Myp, My J3Z80, MR )y SR OMNE
WL XET, YIBOL O AOSEEDL > XET, BEOL > AN SiEEE
TOR) 7 b2 28ETH. M, My, M, M, 3ZThehn. kL%
BOMEMR L > X2k d 28X fT5ITH 5,

(2. 10). (2. 11) AZMIZET, APLTOE-LDKRE
IETDEREFETES., M2 -1 3IEBOBRICEDWTHELZE —
LHEZERT . Fh £2 —3RKEAF VA7 0E—LABRICETSEER
NG A—EF —%RT,

Fz2—-3 BAFT A 0E—AERIZBITBET

Y RigEBE (mm) 8100
EENEERE (mm ) 200
WEBHAEEE (mm) 80
WEBEARER (mm) 55
WEBEAR—T7& (mm) 10
MEERAES SR —# (doublet)
fEa/NR OKEHM) 1/12

#a/hE (FEEHW) 1/60
BERATREA A > H*. D*, He*
E—AfmiAEA =R FHEL

14



2. 3. 3 A0 E—LEAFIE

AF L E—LZ HNBERRAGICELD. BB ETE—LARNR/NIZS
KOEKT DR, —HEHONEBEAGOMEERZ L ICHET 2L E
MHO, WRABRICIZ1 0 B TEREFABITILEN DD, ZOLI MM
IR EIT D DIid. BREROEITHED E— L OHIREE KM THAIT
ZRERD D, BEMNRFEELT, BAKICE—LENT, HFEMETEH
BT 2HEND DN, BAERSEFEOBIZFEDED, E—L01F VR
KDDL THET D20, E—LEWNELLBIFE, EBRE
REBERTZOIFE LW, MBNRFHEELTL. Cordo1r70E—L
2EL, L IBHETAYEMICREM LT, EEL ANSEBHTH L TRN 2
79, TOBRICHRBIOBREINEZRETHRELZ E—-LEERFBICABL T
ST B Z &Ik, ZRETHREED ZENHK S, Z0KIS. EERET
SHMEE L. HERIHOBEZ I RBLTWS EEZX5N5, MIDIE -
ZFOLESEEOKRTFRERZANS L, ZRkBTHBRELTHEEIZOIRNTA B
DENENE SN, RV CAXOMBREROABEAERITT D T &ENHBRS,
TRETOREIL. ZECESESBREINLETIAF VIO FL—F—&
HBTREETITY. N2 - 14 E—LARBAOHMOKTOEEREL., T0
BAIZTF R 0E—LEEERRL THRONEZREFRETRT,
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(a)

Load

| |

Vo sin ot

QQQ0Q0QQQ]
[000000000]

A
i

Jyzna7 b - 7)) b BRERE

Vits

Load

- -

Yo sin wt

00QQ00QQQ
(000000000]

~O)

i

T o VEREIEE

K2-3 awrzorzb ) EREREE S 7IVERERE
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90° {RAS A
(p=1.5m)

IV ZE#ER

3MV NI RiNERS

AUy bk

AFE—A

BENTER |
N Y
sonx l@—| TERBREE |
BEE
PME | RS

M2—5 IU7IT RINESROTXIVF—0i% & BEMERELIK
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Stopped 3 29-JUL-1999 21 18
Hi=5V CHa=H0nY Hidms/d
DC Pl BEESEE1 2!

AT: -1 188sl 1/4T:347 4nHar |

=MES VvVVVM“JMW?KMMwaWUV

ERETR
T SO?mset:/div
(a) AU bLRTZa4—BENwIRRL
stopped g 79-JUL-1999 21:.12
CH1=Y Ha= Homy SHEme /d
DG P} +06 Pxi
AT: -1l 188s| 1/AT:347 4mH

500msec/div

(b) RUYRFIA4—KNYZHD

M2—-6 AUy b EROREESLIFINF—HHRBEROE—LER

21



IMV 27Ty RINERR

F—-/"' r————“:>"“—
A1F2E—-A
.« —
Uy bk B
90° WHAHTHE HN :
(p=1.5m) :
s meR (@— TERARERS |
BEE | o prmEm:
---------- , | HlEE s
: HEER
Q
SR I E 2R
AUy b @ | %}m&xiﬁ. B2-88R

1F2E-A

O—/1A7 4 )v¥—EMNBEERE

B2—-7 DO—NAT4)vF—ITX3EEBIEEERZ 0 U 7= 8 EH#E R

2002
e

it

O

—

BREhES

ERBRRSEHRIBELIES

AUy bPOEBHES

2 seconds/division

X2-8 AUy bERREES SEFBRS 286 L -EEH#EES
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Gain (dB)

TMQ 1TMQ
SAVAYAVIAVAVAV:
1uF 0.1uF
F cutotf = 0.16 Hz
(a) DO—NZX74)V¥—[EKEN
0 i ) T ¥ L) L T Ll T 'l'll‘
-10 & ]
O .
- (@)
20 : & -
-30 | ]
-40 o
-50 | & :
-60 | :
-70 i ;
80 L oy p— T L - .
0.01 0.1 1 10 100
Frequency (Hz)
(b) DO—NRAT4IVY—EBEERE

K2—-9 O—NZAT74)IY—EZ0RBEERME
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(a) BAAIA70E—LBREE (REMNRAT)

(b) BAAIA7DE—LBREE (REMRE)

M2—-11 BAAI170E—-LBREBEDEE
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X-PLANE

Y-PLANE

M2—-12 AF 470 —LRRARE ENERBRAODEER

E
£
S
©

| mEEL>X || |

ﬁ //\
i . M
WE RESIRR Y v b &

B2-13 ®AF42<470E—LPEREH
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(a) SHAMBTONFEHEAMFER

(b) WBETOKRETH

K2-14 E—LWBRAERKTETOZXRETHR
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¥3E <10 PIXE SHEm

3. 1 AT HERIZLOIARBEECRHEXBEOREE

AF L ERTOHREICBNWT, FTFONREFNAA D7 —10 4
BYERZBL T, TOBTFOMEIRNF LD RERIINF —%F AR F
CINEBZENBEEBHIND., BEER. CORITIIEANED., ZOZEALE
XRBBORBRATHINZANROBEFNED LT, TORT > v VI X
NF—DEICHYTHXBENHHEINS, ZOXEMFEXBREMEEINDD O
T, K. L& MROEANEDS NABIIRETEIXHEEZ., TNTNK —
X, L—XB. M—XBLEER, IhsOREXKRIZ, TEBELZEBEL X
NDOEZEDHEEMKET 2720, TRICEFOBRARY MEHD, Tk,
XBBBOWMEOKEZWEIZ, —8&iZa. B. v+ + - &AM TFENTNVS,
—F. NBRETFN., FEXBORETIIRL, MOARETIZZEDRPBI F
NF—2E5Z, NROZEALEEDIBEND S, I —2 2B EEITN,
ZTDEZEITRHEEINDEFEA - 2EBFERR, AT 2B T HNE
( Auger Electron Spectroscopy, AES) &, ZO0OF—I 2BTFEHHTBZ
EZ& D, ABEREOITHEMRCALEREZNTTEIFETH S, 5. PIXE
RIIFEXBE20XT 5720, SBRAZIT TR, 13 2OREITR> TH
BINE T X R RINAER K 2 HIBRE TOFEOTTHEERZRE TS, M3 —
LICABE OB W ZFEIITRT.

3. 1. 1 PURERNERESFLENE

N EREOHEIL., RN TFINEA T EEAA D OHES TR DM,
CITHEHBRAFTUICEDBEEDAREEZD, T, BHRUTORETESZ Z,.
ZTDOHEIZ v, BEHNRERFOREFESZ Z,. BUENEZ LT 5,

BB TOILRINF-DT45E<. ENICK2EHREOINEHE
56, b

2
ZlZ_Qe << ] (3. 1)
hv,

EWRT %A, BN FETER &L TRV M TR EEEHE S

DIEmE PRI >R ( Plane Wave Born Approximation, PWBA ) 23R D YLD,
ZOBE. KREMWERE (0, ) XA THRINS[28],

28



2
c =§‘_.£_.fk.a02 (3. 2)

U, Z 3B OENER. a3 R —THE, n 3ERATOT
FNF—TREDEME. f13Z, &0 0BKTH .

—7% ., BERFMEIRIIF—DFEITIE. BN TFOI -0 E0Z
S2ERLURTNTRST, BHAMEM ( Semi-Classical Approximation,
SCA ) ME<AWsN5[29]. #EHMARTILITIE, RN FAHHEAZEEIC
o TEHT 2HDEL T, ENETF EHEETE OBRICKE T SHEEA
WELTEHGRZERATZ I EICE> T, BHEREZ RO THERZELT 3,

£z, WREFOREZHL2EELS LD LEHETFOEME L Th
BIL. HBATEOERE ST 74— FEELE U TR D Z6FEHZ=AR ( Binary
Encounter Approximation, BEA) TI3[30]. BHBK TFELETEOEERILA.

METOREIXINF—UZHANT,

iz_d ) (3. 3)

DRAr—1 > ﬁElJfﬁﬁJZi“L?‘ %, ZOELTHE, ERNFEFONROBRICKS T
TRTONREREICEFTE 2,

L EDORNREBEE EEDOFEHIEIL. EHRIRER 75_"@‘% EEZITIZER
THDN, XOFEMBITETOBRICIE —0mRAzIR. BEI1x)IVF—3%
B, TRIVFBEDE. RO RBREEEBEIZAN ECPSSR ( Energy
loss, the Coulomb deflection, Perturbation of atomic Stationary State and
Relativistic effects ) BFG[S1IPHAWS N, ERAMBEBTERELEBRERLED
ZENHER INTWNB[32, 331,

NREBREBT L, HFIEI RN F—OEIBIZBNT, AFRITOHEE
DN E KT B, TOEENS, PIXE HHICBWTIIERA 4o 70 b
CHBRbEL<HVWSENS, FERA—IZRNF—IZBWNWT, RN BT BHE1EEE

( Stopping power ) &, HED/NIWTO R 0B H/NEL, HBOEE:
RMRICMZ 5 Z E0HkS,

1A BRI IVOREET S XHFORIL, LELOWNRERNEMEIC 20

AN KRB THE BEE, WHNREHISDEELOTHS, Hb. K,
X8 K,-XBORELWERIL. KR TEA5NS,

29



Ka=611<'wk (3‘ 4)

GX
K
1+-2
a K 1
0, =6y -0, L — (3. 5)
[o4 1_|____B_

a

ZZT. wipld, KRBRICHT28ANE, K/ K ld. K, X#&
KX BOEELZRT,
KEIZX T 28N EIL. Bambynek Sk > TEEDHSNTNWS[34]), FEk
WWL-X BMORELWEEERDD ZENTETH B, =720, LR EISEI
AT 57280, EANEBIZENENORFRIIHE T2 lEEFEHLRITNIER S
BV Wi Won w3®. TNENL v L, L ROFENNEETSHE.

GxLazax'l3'I;Ea (3. 6)
3
T T, Iy
O_XLﬂ=5Xh3___Ij-Tﬁ+5XhZ. ]:: +6]L| -wl--rl—lﬂ (3. 7)
I T,
GXL7=6X112_FL27’+6IL1.(01.1_+:’ (3 8)
O.Xuzaxh.?.% . (3 9)
3
o =g (3. 10)
I,
=lZ L.
O.XhZE(auqﬁz_f_ale).wz (3 1 1)
th35(51 ’(f13+ﬁ2f23)+511n_fzs+5lls)'w3 (3. 12)

ZZTy 8y 8y 8, ZNETNL . L, L, BROBHKEETS
%, fld, AAF—r0—=vt (Coster-Kronig) B%HREEMPIINZHD
T, FREBROZEANRARICBLEEERT. T'id. L @NOERFEBIRE.
F3o Il sBEANDXBEEBR O T o RICHBET 2 EHESIE TH 5[35].

3. 1. 2 NI ROHEE

PIXE HHHCBIT BN 7 7S50 ROFEER, KELZDIIpITFENS,
—Di. ARAF D EEMEFREEOBRBETRET S r . ERENTO
N2 T5 2 Ry XigrtEnRTEcas o gELZREIL. TOIXRI
F—D—FRXBARY MVCHEFERO N 7 7S5 RELTHEN . BIEICE
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LT, BENFICBAF O 2ANE EESICHEE 20, AN ZXIVF—2
3 MeV UTTHBEEIL, SIFERELRKN, I —DIL, 14 HRBIZEKD
PP TR E S HEHE ( Bremsstrahlung ) TH 5. HlIEBREHTIZLAT D4
BEHDEVHSNTNS[36, 37

1) ¥#EABFHEHEES (Quasi-Free Electron Bremsstrahlung, QFEB )

BRI TOEENNREFORERELDDENE, NREBFIIHERHTIC
HLUTEHHBETFELTRESES, LAENST. BRATFO/—OFIZL- T,
NRBFIIHEBREEZBRETS, ZOEEXBRARY MIVOBRRKIRIVF—
3. EmEBATL V\]ﬂ*{ﬁ?c‘:o)*ﬁﬁl?)l/%’— E/AT®H%. BEKNTN E =3
MeV @71 k> D 1. 6 3keVETIINvI TS REEKT 5(38]
2) :Kﬁﬁ?ﬁ%@bﬁk% ( Secondary Electron Bremsstrahlung, SEB )

AF UEHBIIIVEMNRTFLIOZRETFVRHEEIN., ZOZREBFNE
FREOV—0 HICLBmMEZT. fERNEEZRHTS2DDTHS, ZOD
BEFREXBAXRYT MIVOBRKIFINF—IX. 4 E/ATHD, HEKTNE =
MeV O7OR>0BE. 6. 53keVETIINY TS REWET S[38].
3) E7HIENS (Atomic Bremsstrahlung, AB)

HRRNTFO/—0BITX0., BENEFORBETIN oz AELIREE
IR E N, TORBFNTTOHMBEICRSEIC, HBAFIVZITR>ZI X
NWF—2XBELTHHET2HDTHB, ZOBEBICEXD., HHINSXED
IRNVF =T, FiIZFITERELXIF—HE THEZ5I<,

4) FEFEHIEHS (Nuclear Bremsstrahlung, NB)

HRRTFORFEEENEFORTFEEOHIBNC X D2BH T, 8T
DAF IR F—ITETEDANRY FIVISTEN B0, 5EEL. iR =F Tt
R, FEHLDOTHEN,

3. 1. 3 EESW

PIXE i Tid. XBARY MIVOREXBOE—I T > MERS,
AMEINDOILEDOEZ EBHICHANS ZENHEERS., EOESE tid+7#<., i
BHNTOARAFT S OIRINF—HREXBEORNZERTEL LT5L, &
BIP DT a DR EXBD AT > b Y, 13 14 > DT AR ZE Z BihmICE

5 &,

Y

dq
Ya "_'E eﬁ[( phoron Q J.n o, projecule) dz (3 .1 3)

22T (B )3 TRNF—E,,, O XBROBRHENE, QIIRHE
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W n, TR aDREEDT. 0, (Eyppene) ATERTFOLINE—E, . 1
B B7H a DBHEXIRO LT AEWTHTH 5.

THZ515(38, 39].

ULnURS ., RHBOINEACKREZIERRLZEDS AT LB E IERICFHE S
BZOIEL L. BEOH > TWAEERE OB T, MRETEZILRDORE
ZRDDZDIMN—REITH D, T T, BONDOBEDORZHIZEEFBZHNWT
BREBZERLT, TOMELETE LTS, REBOBEIEEEN—E &
RETE2HE. EERBOEI 2T,

K=KQL? (3. 14)

§

ZZT, BEaDBEERABORFEXBROAT > M2 Y, TOREDIRS
BREZ Q. APHIHT2RNEBEHWERITQ TH D,
¥z, (3. 4) ~ (3. 10) X2HAMALT, FLBRIHLTOERBRANZ
B55 I ENHFD,

eﬁ(EplloluITa) Qa ! O-“X(EP’UjeC’ile) . Msma (3. 15)

X
ejf (E photon, ) QS té‘ Gs (E projectile ) Mﬂ my

<=

ZZT. M, MIIPEMRSRDILHE EFERBORRRDOETE. m, m,
BRIERROITTHE EEERBOETH 5.

BE O PIXE 287 Tl 3BHCBTAIOREDITLERZMZ ., NEMFELT5HED
E<HWSRNTWSN, EEYMENHABNT—RICHMT S LIERSaWD,
<A 2710 PIXE K#ICERT % Z &idHRRN,

—. BN EHRAFORELD BENEEIE. XEREMEEORIE
BEBABRE, BELZFEEXBROKBATORCRINEZEBIZANSLEN
H5., ERABEBREOEE. REBREOAE 2172720, AR E
WWHEEAERETDIRELT, RBOHEEH<EEDICRNERFBORIEZ T
SHRENRHSH, Zhuzdl. 5. 3. 2EHTHLIBRDMN, FHWITE— A
FavbEs 2 JETOIIETRNEWEZBEICEHEAIL T, EESHZTD
FIREHZITHFE L,

3. 2 FHEX&oD - FHE
XBODHIER INZRHEEL T, BREROEEZAVIEERSH
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BB EFEAEZRAL LX) F—HEREEND 5. BEEIBEX R
BHIERE, TRINF—omeEnEEIcE< (AE/E<0. 2%) . THROLFIR
RBEHZZEDURETHD. LMALARNS, XA RTEIFEAFICERLEZX
BIZVTERIT2hD, 2XRICHT 2REREL <EW., . Zx)VF—
SBEXHBRHEETIE, ZRVF-—2FEIRRETH 5. 9 keV OXBRITHL
T120eVEE (AE/E~2%) THDH., 1keVN530keVIEEEXTOD
XBZFRFFICRIET S I ENMRTDH 5.

SCANS TO0—T7 E—LAOBRVBEEHNDE LS, BROTEOK
THMBEEEBNETEY A 70 PXE SIS NICTREDCHT VB L TW
B, TITE. TFRNF—BBEXBRESFITXI D XBRAEICEAL TERS,

3. 2. 1 IRVFE—HHEXERTEE

AR 22 XERBICAWS HDT, 196 0ERICZDERENK
A, WE. LEEIAENEFTHSInE, HLIZELTHSp A
DELLNDOMEESD. WERTZE A THAIL R EERHEIT, pB &
nEOFIT =L (Ge) HHEAEEEE LR D nBER YA 4 — RICHHEO
NA T ABEZNML CEABICEL 2EZBEERESELTHALEZS D
TH B[40], BEEKHBROASICED ., ZZBHNTEROET — EFILUNZOR
B o TERIND, - OBRICIE. SIS ERCET - Fildz 4
KT BBEE RANCHEE LB IR N —B TN BHEEZ T RERREO M
BFREEND. LHLERS, —HOBF—FILHE &/E2 DICL BERBRT X
NE—T, ARBESEOBECI XN F—ITIF LA SKELR WD, RIHE
ELTHAT 25481, MHEIREROERERNICER2ICELETIEORL
EEERTHIEL N, Ok, BBEOHIETFHEOXBENRIRHET S
DI, EEENOEBEEEAE L (BR) TA0RENRDD, 22T, B
£ (Si) HiIcUFIL (L) 1F 2888, pBEOS %2 Li14 2 THiB
UCEMEEEAOHE R8T, EPNREREREEL T3 HEIERE X
N7zl41], XEDFEORHBEE LT, EiC SRS E U TERESED 5
N, HEEMEBEREROYBEREEETARAIL T, BT EERT 3 HIEIR
0. TRV F—HBEORBOR SR SNE, 2. KETHRNZEFT
SR OES T, AT MVEHIANERE - BT S 2 LRI,
197 04EDIFE, HMAXBEOBMEXBROONIEL RSN DE ik,
EETIE. BMED SI 2 Ge RE AW B L EARERLIEL ARSI
T3, £/, REEROMRDDICEBEBHEEES T2 /57 M X8R H
RbERILINTNSB[42],

BEXBRERT 52 EICE B EREMITBNTIE. ZROTENS
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DREXBOE—I DEEZDELITEHREDIZ. HEZETBTWIRNF—52
RRETRIET B ENEENS, %@t@ﬁ&%ﬁ%@ MEREZ TR, A
BN S OBKRH - ML M EE2RNRICTILEND B, ﬁ%ﬁﬁ&@ <
RSN EEE 52 LN, TORICEALTIE, BIERICBWTTY—2A
W—TNEC20%8 T, BEII—REMZRET S5 IETRETSHZENY
X5, £, BRECBTICLZEAROMENHELRLIENHD. TDH
3. BRHEED OEBARE DBRCRE, BEROBRELRENLELRS,
PIXE H¥iE OREE LT, #BAFEELRL FOBRHEICANT 5 &, ERBER
JNIVAINFRE L., HEREDOHIECARERRMOEBRNELSIENHD, TNz
B <—BEB 2 HFEIL. B RIVF—XBICHT 2 REIERICARS). R
SEEOREICHELR T2 LD 2 RINEZES ZETH S, BRIEDOHME L L T,
T D DIz WEEEN X <fFbhsd. TOFEIX. BELKTFORINZT T
X, T4 —ELTHHFAEAINS, A1, ABHNOFEEITLEN S OMOREE
X#BOE—2 %, ZTOEREITHRWEKIGZ S DWE THK S 115 TRIA TR 55
T, BRHNOMEBITLR O ZIT D DITHNENS[43],

3. 2. 2 AR BMIIVBIE - BB

BEARRHBICXENAF T2 & RHBOFEREHNICAFNXEOT
INF—ICHFLZET - EARMNERSND, TN OBEMEARIL. BRHEES
WEIMLUAZEEBECL > TEUAZRFEFICLDEBITPEIN., ®HZBDH
ﬂk%mAwZ&bTMﬁéhéoLwﬁﬁﬂwxéiﬁrﬁmﬁé’&t&
D, ARXBOIRNF—ICHBILEZBEEE/SNIVAEHEZENHES.,
DEEBE/NINVAIL. ZEFEESITES TEHAIINS ., ZEHEES R TE. &
FEEESZE2T7 IO/ -T2 )V EHEE (Analog to Digital Converter, ADC) T
ANV AEBITHET D T OV INEIERT S, LT, TOEZAEY —
LOF X R INELUTHRN, FX oRIVBIZEDA N MEFETS, &K
Fv oXINVEIZADCODRBEEE AT Y —RBIKFET SN, BHEO-10V
DEBANIZHLT, 1024~4096F %>R INTHBI ENLN, TR
NWE—=ZARY MUIE, &F v RNV OEESH (Histogram ) & U THERIN
%, K3 — 2IXBMHDREEREZRT,

PIXE ARZ MV, EXFRDOEBEEEMNITHMT 5 AT MVFER
V7 b7 ELTIE, TTPIXAN[44]. GUPIX[45]. SPEX[46]. SAPIX[47]
BREVBEFEINTHD., —BIIEHITREEINTNS[47, 48], T OFITFEL
LT N2 752 ROEBRXBARY MVOFIKRE. Gaussian & U T
INBEEXBOY - BIREEREDE., Gauss-Newton #£72 & DIERE &

THREMLO)EFIB LTI 4 T4 2T ZITD DML N,
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FDMh, PIXE ARY MVOBHZITOBRICEBE LTI S/
ELUT, KEBELE. MBORE, 2 AU LDOXBENFREBICEHRI SNAYALE
— 7 DFEE, REBORBEMEIKETDIIAT—TE—IORE, REND
%0

3. 3 <A/ n0PIXERH

2. 3. 3HTRRELIIC. 1FE—LZHEIL > A2XD, &k
ETE—LBNB/NIREXDIERTSZ, ZOMF A0 E—LZ2EW
SENZEE L BN SRBIC R L TRE 2175, E—LADMNEBIL. £EETHFEZ
BELBREIOYABRDELT, TOXABDRITEELT 5, BIKD
HETHXBOIXINF—&, TOEEOE—LDNBEBEREBEED T
GTHED., XBERHLEZEEZ—DDAXNFEL, TEONTA—F—EL
T XBOIRNF— (E) LE-LONMNEEHR (X, Y) OD3IDEEELDTH
DAB, AR FEOUVARTF—FELTRET S, DD, —RITDANR
7 MNVEHRIZ TS S ERE O E TR, RO A—F—2HEDIT T
ERFICEHE - LS5 Z & WATRER IV TFINT A—F—5HI A T LDEREH
WCHEBETHD, M3 3171 70PXE SOERAKNZRT.

BELEZEVART—F2IRXNF—DAHIDEHREL T, EEDHITTS
EIRNF—ARY MVIEENE, o, TXNVF—AXRT MIVET., #HiE
XBOY—7 YT @ISO EE. (Region of Interest, ROI) Z &% E L.
ZRITEE LT ROI NOEBICHYTAERE L TERRTS E. TEOTRIT
DHNBRTREND, R34 ATy ET— Y UEOHESX
#RT,

<4 2710 PIXE 2 TlE. BERONTA—F—ZROEKD=H, a2E
a—F—FRVWEEENEZTD EERTH S, 19 7 0FERICTA 70 PIXE
ERBEREINZYYE. 7Ol E—AERERSEF ORI —-T DK
- EmEEOEEEES LAY, XBREEE2 BULBEEZRELEZY >
TIWF¥ 2R NTFIAYT—ICAAL., TOHAEESREL T yoXxa—7
LZHERTBZEICED T, HROHHE/BTHWE[2], ZOH., A2 Ea—%
—ZHAWTT VDI INNCT —F 242 2 ER—REIZR o 258 ST,
A2E2—5—OREBEFENEST. (X MNMEOURA N —¥ 2HRET—
WREL. E—LBFEBICNE LT - 2EEUEL T, YD TR M %
B2 Z ENHERE, BETIE, 503 ¥a—5F—HKiltOBERESRICLD,
SREAE, WEEESHICKRERICIMELZEZD., TXRTOEBIT—F 252
FAH UMAIEE/Z AE Y — (Random Access Memory, RAM ) ETUEL.,
ERFEI T EL AR EOHERBRES D Z EAAIEEIZ /L - 72[50].
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3. 4 RIVFNIA—F—FIBI AT LDRFAE :
RIVFINS A—F—EHEIL, BaRT—IUBEFTOILERD DD,
Tarys I NNV FINaEa—4~— (PC) 2RITEEINS
Z EMEWNW[5E1], ¥ 710 PIXE HWD~ED., XEOILRILF— (E) EE—A
DOIEFHR (X, Y) EEEDTTERRAT 572012,
® E—LFEBEDHIHEXBEEZRUP CTHW. AR MEOE—AMED
BHRIEP CANERTREEDIT %,
o E—AFEEINOMILLZZHERTTOMN, E—ALIEBICHT2ERE X
DIRIVF—1EHR & FFRFIC P CARDIAL,
D2DDHENDBD, PATFLELTIE, —REFEOHFNEMTHIH, XiE
DOERIBICEL T, BMSEELHEEZT EE—LAEBITEENEL 1 HE
(Pixel) H7ZDICHEZDE—LORNEBRBICERENELUTLE DI ZH, I
ZHETIRERENRMAMTILEND D, £ T, BHEOE—LEEEIR
M U727 — Y INERTEHEIZITO ZEICL, PCADT— OEDAHITIL,
ZF ¥ ORIV ANDERERERIREZA VWS ZE T, RIVFINTA—y—EHl %
O ATLEEBEL,

3. 4. 1 7rul-FoINE#HE (ADC)
ADCOofEEES. BE 2ERO—HiTHSb i t (Binary digit) #
AnWTEEIN3, A5, 12-bi tThIUL, 2'2=4096. 16-bit
ThiUL, 216=6553 6 DORENHD I EEEBRT S, BHBRFHEITK
SHEHLHNBZADCOEHE R EL TR, DaIbF 2V R EBRILEEINS 5
[49, 52], M3 - 5ICHFDA/ DEHOEARZRT . U4 )VF 2 PRI,
BEANERIC—EDEETHEMT 55> 7EFE (Ramp voltage ) & FHAE X
B, SUOTEBENAINNNAOBRKEFIETSHE TORMEEZE LWIEEZRFD
F—=R IV RAEERT D, BB, 205 — ROV ARBAHIVZ QBT 6
LERREZFD, 205 —MNYUVADEEZ 0y JEETHAIL T, 7)o
JEEETIINMEICER TS, LWERNBEHIZER TEWRBENESN B,
FTONBEIZHFIL T, EWEHRKRZ2ET S, —F. BRIERI, ¥R
FEEDFICEPBBAIFEDOHEELTWS, BHl. ANV RR., BRALE
RO 1/ 2IZFE L WEEEF EREZTY, ZOEXDB/NINWHEEITIE
LMD i1 tIT0EANS, £, KEWEEITIZ. BBEMDb i tiZ1ZAN.
ANBEXD COREEF@EEZELSE, ROLEKERITS, DK, Rk S
4. 1/8 -« « - OEHEFBEL)IRITHBEL TIT< I ET, TIFIEIREHR T
5HDTHD, ZOHETHE, n-bi t OPMBEEIZH L T, HEMEEE E DL
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EnEILMTORN, b, BRICETSERIIEEnICHAIL. SEEDX
BTHENTSETTHA720. BEZA/DEBNIRETH D, LHLLENS,
EHEOEBREIST 4 NVF 2V BN HRSE EH B,
BEDOANWNAREREF v > FRINADCIZIE. 1F v O RIVEIIIHIIL
ZADCZFDOHDE, FETINS VPRI —2FALEINVF T LI HY—
( Multiplexer ) ZHAWEHONH B2, IIF Lo —8I3, o7+ O
TBEANZ ZOAA Y FRFTUOEX, JBRT I IWVEIIEHRLTITLH
DTHBD, ZD=H. BEDADCOEBEELEINDG, £ ANZYOEZ S
BRORAA wF D THEREFO—7 BRAEEND 520, EHBRIZE DK
BEmVL EICETHBELZEEE2ERTIDICANSNS, BESCETHERM O
BT, HSNCHIEVNERITH 20, EROMY LZAD CHNERED,
ANF v o ZINVENEINT 5 EHWRBNICEMIC/R S, PIXE SiCEREINS
XBOIRNF DRI L ~2%IBETHD. ZORBTIE, HHEEEEN
BOAINF T VIS —BTHITRERTES, £, IIIVFIL I —RBD%E
F¥ >RIVAHADCIE, FROEBR TEREBREEFHAL TWE I ENEN,

3. 4. 2 THPRERAN—RULT

EATLI, PCZREILUTHAEZT /2. H4¥id. NEC&PC -~
982 1HZ AL THWENBL.ZDRI BM—PC/ATEHRBICEEL -
(63, AL TWB0SId, WindowsNTy TH3., LEDIVART—F% A
T —LTHIEDH., 256Mbyte (1lbyte=8bit) DRAM%Z
B LTS, EET—FINELIFRIC. FHABZANOT—FUE ORI, &
LT =Y DEERE, BROY AT Z/NEHTIRTED, 2HDCPU%
BEL TWa,

ZF ¥ >XIWAHADCIE, TIFSL 79 —8 ( CONTEC, AD12-
16U(PCD-EH) T, MfEEE12bi t. A1 6 F v > x). A/ DEHIE
E1usec/chs N 77—AFEU256kword(lword=12bit)
THD, PCOI /0ROy ks (PCINRA) THATAZIETHHATES,
¥k, AT T ET3200Y > T IViE—)) R ( CONTEC,
ATSS-16) ZfmMLTW3b, AHWELTIERSF ¥ RNV Z2FEALTBD, &%
3—1ICFOREERT, Z0ED, ADCLETIZ1IARNEZ8/NTA—F
—&ELTHD. BRINZT—FIRBR. Ny 77— ATV IREINTITL,

PCADT—HnEld. AMERSTRYD. HONUHRELZANY
NG GEE. BTAXRCRN) ANy Ty — AR —ITBE S ERETITON S,
ZDRRIZIE, F1IFO (Fast-inFast-out) R, IBEICADINZT—%
MOEGEIN D, oy T—FDEZEEA/DEBIIMIIITD TENNEET
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HB, ADCODEREIZ1 2b i t TH37D, ADCLETIE. BhTF—FH
MTHB1wordidl2bi tTHBH., PCLOBNF—FEA, 1by
teld8bi tTH2ED, PCETHINGA—F¥—%22by ted:LTH
W, B4ty MIFERALZEZW, PCOATY—LETIE, 11X E2XBD
IxNVF— (E) &, E—LDHEAMIE (X, Y) O3NFA—F—ELTH
BEL. TOMDINT A—F —i3, —BHICRE - MEBLABHEETS, 2ok
., PCETIZ, 14X FHEDO6Dby teDRENVHEELSD, BAEHA
BJEEA N N EODREMEIZ. 6 00FAXVFT, 36Mbyt e DBEEER
%5, I3—-6IZTF5—dREDOT Oy I/ KE, H3 - TZEAT—FYNERDEE
ERT,

BATLIZFHALTWBAD CIIILARTH 578, AT MIVEHE]
WHERY— 7R —) REEIZABINTWRWN, ZDk, EIEERNS D
BWERTEYANIITLITNF Y X INVTF I Y — (Timing SCA. Ortec
551) ITAALT. A/DEHBBONIH—EER2ERTS. £/, A
SDODEBMDIY AI T ERZBELTHED., BRERSIZ. "IVAZXAMLyF v
— (Pulse stretcher, Ortec 54 2) I2&0, E—V 82 ¥HICEELTA
DCIZANT B, M3 —8IiT. FRICEEINEZXBERHEEEE NI H—ES
DI ZERT .

#3—1 ZF v RIWVADCANIZBIBZEEFTORRE

chl: E—LFavEas P JES
ch2: “REBFRERFH
ch3: TRIINF—EE
ch4: XBMILRINF—EF
chb5: E— LM iE (X)
ché6: E—LofiE (V)
ch7: E—LiEdhE (X)
chs8: E—LiEdhrE (Y)
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3. 4. 3 E—LEERO%KE

BAFTRA70E—LAOEBEFEIHERAETH S, UM, E—A
EBEHEHOP COhSIRERRES VOEEHEEBEZ2E5EEMIEEST100
FITBEL T, FHTERBEBICEEZEIMT S &2k, E—LEEZTT
2 TWz[54]. EEHEEEIIRMLEZRERDO / aFUETH D, KEFH D
EERAMIZEAROL 2 8FTH3, 1EOEREICETIHMIIBLIE6R
THs, FEHBEEPLZI 25813, PCTEEHHEESOREE A 7y FE
EEREETEHETITS,. COEEHHEESZ2E—LOMNEREREL T, 7—%
INERTIIFHAAATEY . EEHEOEEORIZIE. HSMLUDEDEFEIC
MHETHEE T -V INERICBREL., TORKNEEZILRTEHLIICLT. #
NEANDEHBEZEOLETHRAADLERH -, LMLLREBNS., ADCOA
HEFIZ0O—-10VT,. FEiEN12bi t THBDT.EFIbi t (Least
Significant Bit, LSB) IZHHET2EFEIL. 2. 4mVTHO. ZOHEIZEE
EHEHOKEI 22BN TEEEED 1, /321CLT, 128X12 8EHEOHE
TUHTHEEO—HEES LELWN, G, BRE#HFEZEDEES. 1HES
IS IT2EBERNS. ADCOLSBERABEICR DD, A EALOHE
Z, COGHT—HRIERZEETHL W, COREZBRT DD, ERICE
BEEMBICHMT2BEZHBETZEE L. E—LMNEBOBREL TF—FINE
FDOAD CRRHARVBEBEZINRMETHIT THATEZ&ICLZ, ADC
WCHARAD ML BERICEAL TId, IS5 I —LDEILE & MR mAEEiFE N
TOE—LOHEILED 2 RFETHAT 5,

+ 5 VOEERBEBEOANITH LT, pla DHIEBE T3 ZEDES
ZHATHE—LRIMIBERERIKZHELZ, I3 -9 XZTOHEEKEER
ZRT, ZOEPKIT. EICEHBEREETERB T L2005 KL, T
EHTEBRINTED, E—LRFEEHEHIL 6 ERETHEENOLEEXTRE
95, E—L2RBREOMEIL. IEEN T 7ty NEEZEGMICELLIHE.
EHBIBERICXSMERR TEEEFICNEL THAT S, EFEEMICEIMT
LEEZHETIESIL. SEEREBEROANTORKHBEATHZ L1 0VOH
THRAHBACBAMNBICSE U TIETHD, E—LDHEMIBZIERT BEF
3. BRECHEEZEZXTH, 72y VBES V., EIELXS5 VTRERETH
V. ADCOANEHETHS0—10 VIEEBBEILL TW3, E—LDKIHIE
ZHERIDEFIE. 0—-1 0VOHHENT. BHEHMECHBEIS CTEDRIE
F Tty MERE(T B, £ E-LAEBHEAOPCTIE. V7MY
THICEBRBEBZERL TWSD, EEOBROEBIER E T, Z2IZAHOH
S ERITIR SIRWEEE Do -, DD, HIHESORERELT2 %
MOHAZ2 S DOEBRBREES (LX I JEKRE 7oy, WF1946)
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ERAWSZ &I Uz, EXAEEEBESOBRICEEZEERL. EBEEI=AUK
TIFDZER L., KEFR EEEAFRMOEERBPORIZ2 56/ LT, &V
MM EBZITOREIC LR,

ZOHBIZED, RRKRHFHEIIMERDO4EZIT20. 2. 6 MeV O
ORAZRHLT, 740 umX 85 0 umO&EHHETREMNITZ B[55]. £k, K
HTRRB LSz, RERFZE2T> CTWAEBIISBEAfEE 2RI YA >
RMICEICEBRITEREIN. BRENEEZEE T 55813, AR E2HE
T BT, EOEBICRICIREET 2 Z EANR[REIZR o T,

3. 4. 4 FANERVIIIIY

YT RNIITZEBADCTRELET—F%, PCOAEY — LITHR#
LTTF—Y0BEITIDDTHS, EREIEE LT, X/ rBDART M)
FRE, TESHFOERETS. PCORNEMIZIZ. ADCODREEFEL 1
2bi t TEEZERS> TSR, TXNVF— (E)IZBELTIE, 10bit (2
024) ., MEFBHR (X, V) TELTRE7bit (128) &LT. 5—%
AR - BEERRZIT Do

DYV T M7 OBERIE. Microsoft Visual Basicry TfTo TW 5,
IRNF—ARI MV ETORO I ORERE. Windowsy DT T 7 4 F1)bL
—H—A > & —TJ 11X (Graphical User Interface, GUI ) IZEDOWTHD,
FEAEDBIERYTIATITD ZENAETH S,

K3—10IF5—4NERAYVI NI LT OBEHEZRY . UTFIZ&ETAT >
R OBREZ R RS,
1) A 42002 RY

M L7BRHEBN SOOI RINF—EEE 2 ARY MVRKICERT 3
ZEMHEKSE, TERNVF—ART MV ERZHRETESRO 1T, FHKFIC4DE
THRETH D, £z, T—FREDORE /B, T—FDRERE, T—FIX
EDIDDEERBIEEITD. T—F OHRBFEINTS FTU—EBXTN—RFFT 1 A
7. LRy NY—=2 a3 ¥a—%—LiZfThbh b,
2) LESHETA Y

IRINF—=ART MV EDENENORO LIZHIR LIz > MEZE.
BILRDZRIDHE LU TRKFRT %, E8IT1 28 X128 DEEKTE
K9 B, Flow TOZRIEDHETFAMNEATRETE S, ZOHH%E3)
DE—LEETIA ROy SO 2 0K, KRS HOM
BziARsD, SUADEIUY I TA4DITXRTORESHAIA > FTDIE
CALBICH—V I ERRT DI ENRTES,
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3) E—ALFEETA Y

BE. E—L2BEMTONTWSEH 2 ERHNTREEZ RT <Yy TN
WERMTERRT %, FLE-LEBHBEORESOMNEZREL Tum HEL
THERYT B, BIRDOED. HSMHUORBNEZITOZHBENOILELMEZRED fF
FB ZENEREIR DT, BNOAALERE L TS DN E—H THATE S,
4) STIM/IBICOA1>KRY

STIM** ! /1BIC*3 2/3& Bl 4> —EDOIFINE—A
F—ENSEE L BREBEO T RITHN 2 BKFERT D,
5) aJgouA Ry

BIEZRITORHNBECA RN h2RE&EHFKIZ, TS EITERIITERRT
%5, MAENNEBZRETH I EbHFKD, ARV FTFAMEREL T
{R¥EFIRE,
6) RT—&NIEF—TARD

F—4y NEORMBAT—URHMBO T +— I A, £LBRESEHC
BHELEAD - ZGP -1 BA ¥ —T 21 AZBLTITO22DD
REZTO. WUV —%2ERTAI L TREEFBOEIIEH THAAEN
5o
7) ZREFHBIA D

MRV AD T+ —HARBETD EEICHEAT 3., E—LBHICTKD
RELUEZZREFEOZRILANMERIKRTERT D, £ I—VIED S
A>T T 7AIVHKE - BEENCH U TERT S, Gaussian iZ&B 7 4 51
U TE—ALAT7TOT7 7 I)VOFEIBAIETH D, TTESMERU <. ZKRTH
HE2TFANERTRETES, 2O RIZEK3 -1 11T5R7,

FOMOMREE LT, FORELULERIBRBT. BlEbPnr—4 288
BMIZ77A4INVELTN—RKF 4 A7 % F TP (File Transfer Protocol ) 3 —/\
—ICIRIFT BHEEN D B,

ST IM*3-1 Scanning Transmission Ion Microscopy D& T, :# %3558 L
A F @ —FEOIR) F—EEE ZRTHFHRT 5, BREEFEMEDE
E L S (Electron Energy Loss Spectroscopy ) % T 5, BIEHEELT
1. RBORAICEKEEEAOLERRHBRLEEZEE, TOREEBEZEHAAD
ZETITD. BREOEIDEEARRBREDBERER D Z ENHKD,

I BIC*3-2 Jon Beam Induced Current OBE T, 1 7 > —@ERERIF TE
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HLEBEWMEEZ RITERRT S, EFE—ALATITHDNSEBI C ( Electron
Beam Induced Current ) 2N T 5, @%FLEMRRAENIA 4 2 2 —E—FEH
T, TORICHEEANICBEREINI2EWELFERRHE EF U FHUZ TR E
THIETH LGNS, EREBIROREE TSR HIEOFMA EICFAI N
%o

3. 5 TF—¥EWYINIILT

AV MNDITIE. AR —YNERO T DTS LANET—F I
HICETAMBEEIORE . BRART —IBITETOWEZEMLEZDDTH
%3, T—AWNERHDO IO S LERKE Windowsyy, ETEMETS, TH5D
BV 7 b7, 470 PXKEFIAZFICEKRL TR, BT 5LDICF
TPIXEB 7y A NVEZEEFALT, 12—y b2RBULTS Y O0—-RT
% Z EMAJRETH B[531.

M3—-12WHEHY 7 MNIITOEEERT. U1 RUDOHEEE T
— SN RIEME N2 EE S LT,
1) A1>U10 2R

IRINF—=ARY MV E—DEIFHRRT S, £/ZRO I DFEIL. [FE
W3DETHRETH B, T —FDHAPAARBREDEEZBEERITD. WL &
#HIFECEAIRERE,. BHERBREDODBERERRT D, Ty TXINVF—ARY
MVOTF—5%T7F A MR THRETS I EAMHERS,
2) LELSMIA 2 RD

F—HINERY 7 hULY LA ERXRORITNHEBRERT S,
FORMEKESE/ BEARIRE TSI ENHEEKS, TOKRIT. 5) O
—RITHDFT A > R REND, /2. ZRTHHILX3) d2D—- 1D
AR RLUTHOMNTBZENTES, RS HZTFAMNERTH
BETE, OB MEEL2128X128, 64X64, 32X320DH
MERINT B Z kS,
3) 2D—-1DUA1 >R

2) DAERDHEMB2HEORZEITERT D, MMOTLELHTEERS
DODETERL., BLROMBEZ R A L THKRTLZIEBAETHS. o
AOERREDUEBHITR S, HEDEEBEHEELT. TOBLOIRIF
— AR MVEHEL T, 1) OIRNF—ART MVRIZERTE S,
4) EANTSLTAL R

3) D2D—1DIA R EOHHmENDT > MAIZHT ZERKEL
TEEDMMEHRRT D, BEBBEEZRETSIET. 3) OnHE_MELT

p—

LENEAERTHD, £oo ZEELAEZSHIHLT, BROMEZTO LN
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Hks, £k, 5. 3. 4HTHRRZEFOBHHEL, TORFTEDINT
BoNsd Koz, 5) KERTDIENHKSD,
5) —RIETAMIA R
2) MEOREINZ—RKITHHL. 4) DO DOFIESE NZ—RILHTm
BERT D, DHRTFAMNERTRET 2SI ENHERS,
6) B TIA4T 4TI 1 2R
IEXNF—ART MV ETOE—=D T4 v bREZITTD ZEMNTARET
H %, Gauss-Newton EZFIH L= IERER/N _RIEICE DR T 4 v T4 >
FTHD, BERBLEE—V ORBEEITD ZEMNHEK S, £, BRIEXBHEOE —
7 DREIER. TOERIXBNWTXEXRNGEZZRT 228G (EBE) BERR
T B, ‘

3. 6 A%y hikBT—FHA

F—FIERDP Cid. FilN LAN (Local Area Network ) IZH#Ht S
NTHY, BIEL=5—F3T<IIHOP CTHITT A EMNTEB[53]. £/,
HlET— Y3 HoNUDRELZBHERBTF TP Y —N—ITKEXT5EDHA]
BETHY, BlgT—F% 17—y 2B UTHEITZHNTE (53], 16,
REETHPOERICPBNT, ERMBICWSRHABETHI OV —F v M X B
FTEXUL., BEUTNVIY A LATHERRZANSZ ENTES, M3 -1312
A2 =%y hEAULTEAELTWSE T—FDHIERT, INS5DT—FIT.
WWW (World Wide Web) 79OUHYSFTPYSA47 M7 LY TS
Bz oo — RT3 LMK, TOTVATLIZKD, EREOBENTHE
I, BER - BRNLRFRMZ2EE T TR, BERHMICWSIHEERLNRE U
MBZHBELUZLETHERT DI ENAREIZRO 20, KOEHICERZ X
793 ENH#kS,

TF2UT 4 ICEALTEHRERBHETH DD, 12— - ATLD
A DMIT, FEMICIBBEREUND T —FI DT 7L A ZIEHET DD,
ERT—YICIITOINERTICIDAIS TNV ERL., BTORDIZIIER
7547 R T MIEBTA—RELRBEETEIEDBRIFTLTNS,
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48 JOb YA 7O0E—LORKEDHL

KEWREIZE S PIXE 94713, 1. 3ETHERNREEBD, Ex OR[N
HBH, BRKOELIT, BHME2EAT LI > TEEHEL TE—LEMIND,
ZOREMDREENWARTZ L THS., BT, BWEM MRz FO> ok >
A4 7OE—LAERWEZTA 7 0PIXE 2HICENT, AN EETH . B
MELUTHEREICHEHN, 0. 1uom EOZIESR (SN,) ZHWT, 10 um
BEOEROMEEEZER L TWBIE /I —T(13, 1415524, 1 ~2 umiE
DD REENERINDHFEITITFAE TERW, BELICXL 2 EM o fFREDSH L
PER/ARICIHAT, 1 um OABETAREFORICHLTToN w1 O
E—LAREZTO ZEMNRRIZRNE. BES - EYMREADET D4R
IR LT, ERICERFERERVESD, ZOETIE. Jobhrvf1r o
E—AZKREFPICEROHTERIC, BMICK2LEHELOEEZR/NEIZTS 2
DIZT o HFRIIDNWTIER D,

4. 1 BMOEE

EEEMBRIIAT D Z2—ETOYUTSD, Vo1 T BEER
(56l T A F oA 70 E—LADERICOAY A— M HRZEAL TWE729D,
E—ALASA 2 DEZEZEFTHIORREBHIZITN., BMERLTAIF 2 2Z2RK
HFIZERD T, LM LAENS, 1280 PIXE SHICHWSEE O YA D
OE—ADFE. BEFIEERE@BISEEPRES END EEHuem AL E)
ZEMERINDG, FEEVEBHIN LTI, XBEOBRHIZE— LA S
TOZENKETHD, 20D, ZEHIKHFRIEATEY. YohE-
LERGHPIZHOBETZDHIZIE. BEZEOE—LT A U ERIMMORPZ/E T
DEVMHETH S, ZOBMITIL, 2EBEICEZ E—LQEN D EMZ S 7
DBAENZ ENEEND I, RKAEELEZEDE 1 [JUEITH A 5315 B8 RY
IBEEEE, SMEE T O E—LDER BT S 115 2050 it S 1.
ENw I TS RXBOREER/NBIZT2-DBTTETERIN. MOE
H3METH B ENERIND, LELOFRFEEZRHAETMEEL TEH FA
BENGHEMICBTONS, M4 — 1 ITRBN2ED TFEOm BEHERME 2 =
T[57]. FT T, HICHRWHBFEZEDORY A I RIE (CyuH,ON, . R4
Kaptonmy) 2. U#HRATHILICLE, BT &L T, mRTHEICAFET
x57. 5umBERERLE,

4. 2 ¥—LrBHEWARR
BEOmMAKIL. BHAF 0B IRV F—(E5 ( Linear Energy
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Transfer, LET ) . E—LARHEGHIBRAETEICEKGE TSI 05N TN
5, EEEMELTHBBEZFERALEZES. TORFICEIZBHEDOANZX A
ELTIE. BEICIVEDOMRAIEZ D, RIIIKRKEICHMIAENTHITS &
EZ5NTWVWB[E8], LMLAans, EEEOTO MY/ 70— AREIZE
LTEFHTH 272D T, TNEHARIMAERABRZT o2, HEIEZ2 mm &
DFIVIZULIRICA mmo DREHF. TOMMAIC7. 5um EORUA 2
REZES /N ORKIUECN EEERBICANTE—LBHEfTo 2. BH
&, 2Mevo7ob, E—AB1umo,. E—LEBH150pATH 3.
M4 -2 CRBOERANERT, TOHKR. —HICEPLTEEITBHE, 20
nC/um? BETEORMEMIZ S > RIVKROANES T &8, ilih.

EEOS/FIES EERBHOBESIE. 20umX20um ORKNEET, 7n
C/umEEENTTH., BEBMNNEANZIZLXOHENS Z &8N o72[59]. Z
NEDOHERNS ., BRFEFHFANE T 1m BEOHKWGEHDOH ST, TOHAITH
MBRK[UED HEIFTEDHEL,. DO THNE. THRCEHEIWMAZS Z
EMTE, —DDRBOYA 70 PIXE HMICETIEEOE— LR TIE, &
IR NS ENRER T EZ[59].

4. 3 KERBHEE
DLEDOKHRZEZREZ T, RABHNEBOREEZIToL. HETOE#HEL
Tid.
o REECBMORBOEEMZEZR/NIT S0, BREDNYF > 7 EBMEHE
29 %, ¥, BRIV —IEEZEEREOA T 2EEICTH I &,
o HHEXHOFMEEL LD, EROREZ2 —EICRETE, BRI TE
5 &,
o HEHHABDLEDDAFHMBEBOMRICTRAET S v BE2HET5HMHEZ
RETEDI &,
o ENHHBOAH DD, XEREEIIE—LAAHNHR (EZf) ITHRET S
Z &,
EHEELRE,
BRI DT BRIV —13AE2 5 mmo DB O IR THLMIT
I mmoDE—LEOHLDIBKKMITHEANTED, EZEANZL130° 0
ETT—N—RIZB>THED. BENSDOXBELENWAETRAYDDIDICL
oo WY —DMEIL. N2 TS50 ROXBREZNE 2D, 727 UNEEE
( Acrylic resin, C,HO,) B TH 3., ZDHRINY—DRGMIZEMTH 5H K
B2 TRF S ROBEEBERTHOMT, ToLICEBZEH TS, AERNVY—%
WOMTBEAF—VIREERERE L, 6 DORE A2 FRICERD i 5 2 &M B
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I35 T3, BBV —EFHB AT —POKBITIINA > 0-U > T %
AL, ABAF—PLEERBOKBICET LY =NV EHNVWTNS, BB
BIIABA T — 2RI /2 L TITY, FIHENSERTHRET S EN
BEETH 3., FLE—LANO-—DNEEREZNEHOSREICHEZD., KREHRXEN
RETHOEH D, BEAT—YOEZEMICIE, 100 sm EORUIF
L>5 1L 7#%L—hk ( Polyethylene terephthalate, C,;HsO, . &4
Mylarpy) BEZRNEED L TH 2., EEFHRITIE. E—LETHFANOEREEZ 1 4
0° OAETED ICF70 R—r2 6 DFRBL THD, TO—DIXXEKRHEE
( ORTEC, IGLET-X, ZFE%IEE 100mm?) ZRE L THD[55]. RHFEF
DRBHIHTBINAEAIT0. 2 sr THD, XBERHEBOZEBEICEBLT. BmAA
BEHROMZDREAZE . BEERES EITEEE ICXDEKNITER. — K
BHAERMETSZ&ICED, 5. 9keV OXBIIHLTL 58 eV OLRIVF
—FREEEER L TS, REZOARNY U DT LA (Be) BOEZIZ25um TH
D, ISHIEFORIEIIC. 6 0 um BEORY OB L VE ( Polypropylene,
CsHg) ZWRINAEE L TEEL T, BABER FOABREBRICARNTIOZ/NT
W3, £z, TNERBINTEFHELRL FERET 5 720 ORI R B kR
HEEPe, TREBTFREBNIOR-MNIRELTH D, ZRETFREBII< A
7OE—AEREITOBICHEKL v X OMMERZRET DD 0EEHK T
DZRETHBEHEDIOICHATZB4]). ABZ2ERT 5720 OXFEHEM S
(KEYENCE, VH-6300) (3ERERE A 5 —JIC#EE. BOE#RAITHREL
2. EEREE 25—, HBAT— LK BB THRIET S ZEWHIGET
HO. BEP THEMBOESZ2EOEDZENMETH S, BEHEORY L
CADREIICE., E—AFTHO100um BORIIFLOFLIFL —
MEBERDAFITENTNWS, ZOREOERMIIKRFENESZEINTHY., &
REHET S ZENAREIZR> TS, BEEBERIIERESSHIALIN, B
MBFICHYTENVAEIT Y —TsHH. ZOHY > MNMEZE GP-IB A %
— 7z AZBLT, BEITT—YINEI AT LAICRORAD I EMNREETH 5,

M4 — 3IEBRIY—HIREZ, K4 - 41T KRGEROHBLUEROKERZ.
ZLTH4 - 5 TARRBHNEBOEREZRY,

BB, BMTHA2EHEELTIE, HH7. 5 umBERYA I REZRE
ALTWER, 4um BORVIFLOFL I L—MNETH, +HREHT T
A5NBDTEMNHBAL 0. BERBERIZIESZERAL TWB[55],

4. 4 E—LBRAIERR

BHEZBL TE—LZARPIZRODHBL 25610, LERELICLD E
DREY — LAINZERANCIEN 20 ERMT 20 END D, LEHIELOBHK T
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W HELA DO FEIGER.

2\ NDZI?-Z22e4 1 omax 4 1
(%) 22(rp) og o (4. 1)

ZEUs N3l cm3 P DOEFOELEK. DIIYMEDESX (cm) . plid
ASHFOEHE. 6, ~7. Gmin:(hsz)/(aop)'C‘EEE)o
TEZ5NB60), (4. 1) X5, 2MeV 7OR D7, 5 umBERYA
I RIEERIC L D2 MELA DR EHTHRL. (0°)=2. 1mr adiifbii.
ZOETHNE, BB ZEEOFRSIES (~100pum) IEFE. 1 umBE
DZEMDREEER R T2 EEBEZ1TS T ENAEERITT TH 5.

FIT, CORBOBREENDD-HDEREITo -, ERFGEID.
E— LAREEHAOHFHE DT ( 1000mesh/inch ) 23RV 1 I RIEOEZEAN
EoebDERKBICESZHDERBELTITo 2. £9. EZAICES 2
AMEBHZE—LAZRBHE L. ZRETHREXBRAEICE 2HOTES AERIEL .
E—LABROEMET o, KICKEANHE T 23RS HaBHIRBE LT, XBH
FICED., FHOTESMOBIEZITH., CNSOBEZILEKTZZEITES T,
SEHILOXZEORMET /7. TOEED_KRBTFH. WOTLELHEX 4
—BIZRT, RUA I FEBBEHOE—LTAXIZL. 8umX1. 0um

( FWHM ) . U1 I REEBBOE—LATA X131, 9umX1l. 3um
(FWHM ) , RUA 2 RIEERBOKRTFOERHEZ100um &95&, E—
LDORHELAITZ. 2 mrad BETH V., RENTIIERMEEAWETH - 7=2[59].

BHE. ¥170PXE ICANWTWSIF 2 E—AIL. 2. 6 MeV
7O kTHO, BMELTL. EFZ4um BORNIIFLFLI7FL —
MNEZERALTWS, ZCORYIFL TV I L — MNEEBIZXZEEAID.
2 MeV O7a k27, 5 um BEORYA I REZEBT DEOBELITHER
T, BLZ3FEETHD. HEXRKPICHOHLE, FE1 em OO b
CE—LEBTNWS, TOE—LRE., RETIKERINZR/NDORZARSH
E—A[13, 141D D—LLFTH 5. ROy F UM EE— LB H
LBEMZLRBIZTAIETHEZEMICEEFELTRETE, L2EHELICED E
—LBEOEMER/NMNIT S ZET. EXEFEFEREOE—LAR TREPDHR
BHZ RSS2 Z ENRIREIC /R o 7=,

4. 5 EE

ARIEOT O R <A 7 nE— AR T DAL, £ OEETH
SRS, FIZAE. BIZFHNWR) oL VE TR E—H R EREERIC
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BEMEED ., BHORN THAREWE, RUVIFLFL 75 L —MEE.
BITHRWNRY 4 I REIZHL, 2MeVOTB R 2 E—LEBHR3IODAT. 6
2 umX6 9 um OEICERRN L ZEZLEHEMEEHETRIABEMETHE
RLKE61], TOHER, RUIFL>FL 77— METIZ, BEEAIXEZEH
ZAZH BEELELZ>TWE, —F. RUA 2 RETIE. BEHLIISEE
WWERL, FOERMOTIIZIHWL TWED, REIZIZIZEAERILN o7z,
2 MeV 07O ROEHERTOIRNF—HEEKIZ, 5um BEORJILFL
>FL I L —RETIZE110keV, 7. 5umBOHRYAIRETIZ165
keV Th s, BANEEDZODOEERTIE. TNENT7 7 mWcm?2, 11
6 m W,/ cm2Thd, BHIEDOM A BEICKDEEICEL T, EENR
BB EZTNICBIEHEL BRAOYRNEZSNS W, BHERBEOREWN
TarRA 7 OE-LBHE T, BOFZENE—ZWITKENVWERDN S,
F/., STIMT. BHEHEMICBIZEBAA ORI F—HEEZHEL =
LA, WFEEDITIRIF—EEN. KRBEEMICHEREDSL ThE, @E
DEBRT. BHEMENCEBAS A7 0E—LA2RBHELAEESIZIE. BHic X
DKREBEHATZENBETEZENHSTNB[62], 2D ENS, BE I N/ZE
MOEBED. BROTOBREICIVBAILTNEZ EHRING, E—LR
FHo L B REITHBOBH L E TER TE 22%, BEEICKDRIIRL ICHES
Hix3n., BEPERMICEIESIE. TOHER2EETINLENRD S,
R IN5D1F URFICLBPRIETHBHCH L THEKROZEZ 5
%%, BEHEN100 om EAFUTORWERZOTT 2B, B0 R
HEBITEEZILOSVLENRD S, BT, BHIZTEW) EAGREHCE 500 B
RBEE. BB RCEEORLE IR - BTHET R EETN., RBEHE
BEONRZ IEREIZCFMET 2HEND 3, '
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Polyimide (Kapton)

Epoxy resin
{Aromatic-type cunng agent;

Polyethylensterapbthalate (Mylar
Phenoic resin

Polystyrena

Polyvinyichioride (PVC)
Polyethylene (PE!
Polypropylene (PP)

Polyamde (Nyfon!
Polymethylmethacrylate (PMMA)
Polytetrafiuorosthylene (Teflon)
Polyurethane rubber (PUR)
Ethylene-propylene rubber
Styrene-butadiene rnubber (SBR)
Acrylontrile rubber

Silicone rubber (SIR;

Unility

Nearly always usable

M4—1

EPR)

T 1
10° 10°

Gamma dosa, Gy

Ofen satistactory - Not recommended

REH @D T O BRI
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7.5 um Kapton film
Vacuum chamber

Small capsule
filled with air

Current meter
P10 pA

2 MeV prn
microbeam

Vacuum gauge |

8

Pen-recorder

K4—2 70brvA27oOE—LRFITHT2HEEEOMBEHRERBRAX
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Vacuum Air

file—— Vacuum seals

Revolving stage

&1 Annular sample holder
(Acrylic resin)

X-ray detector (HP-Ge) \Beam exit window
el (4um Mylar)

To @ rotation stage

Sample

_} ( | Optical microscope

\Beam dump

He flow| (Carbon-coated Mylar)

Proton microbeam

A ) Current meter

M4—4 7Obk23A70E—AKKED H UEEHRX
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5% WL

5. 1 WY&
7vEHE (F) 13, HEOWMEEOMEREIEND B ZENMoNT

B, 205 8NFERIRZRALZT7 vEEEOEBEICEDFIZENHRE 1

TW3, iz, BERBASNEE T TR EIHE S Quality of Life *5 -1 2EE

L7BRED SMTEHOBE NS, DBMICEBLAZEORE - HEREELED

WHOBMOEREFHOHEFEL TERNIC 7y RERB S T2 ER T EABIHF

INTWS, L1L., 7vREEEL TVUAHENS. EORE DT v RN,

EOXIDITHBICHDATNIUIIWON, S 5I2FNNEDRRE S dhilE) Iz

PREZFRETINL, L<H>TWEREWL, ZORHO—HEES . HEND 7

v RERIE OWRIL. RRE DL <EEINTEM[63]. RERDHIEHEIX

MBI OBIEE ES{LEMRIEEMFZEAETH o720, 7TvERBAE DRI

WOFRBIIHEELTLED ., TOREE. HEAOR EACHIE RS OREN

FEHET. BN T7VvREBELE mm M5, TNEVEE um OJEWEED

P THo7z, BFE—LITE D EPMA EEHWE, BLERIDMREED BT

HIEEFANSNTETNSED[64], BEORTTHEIREAT. BlErELsH

[AFTHIR DN DB OERE N, S SICHBREAD SRR ENE

MHER =D ATHERNGREHI IR IND, £, FEOBIITIER ICTBUK

THO., REORBITIIHODOBEBMLELEINDRE, REELEANL N,

ZRUTHL. 1 F 747 OE—AZHWEBERINEIZ LS9 T,

LFDO LS RBEN R ZERF D,

® KIRHFTHIETEDZD, EEMNIGEVIRE TONETS ZENHEETH D,
FABOMOBLNDBEE TH S,

® T vwREBEOHEREIIEKIGETITD N BERISIIFEED LRI F—THIBIZ
KOMEBENEART S, 20D, ZOHRBOIRILF—IDb+oHAEA
IRINF—TAFTA T E2HBNATEADIE, RE LD BRFBTORENK
BCEYIZIR D, SBRE DOBENIC KD FENS Z{EB TE. KVEREDOHH
INEREE 725,

o NEBIIREDAAERFETIE, TOERSTHDANITIL (Ca) H
SEHEXEMBHENS . COXBERETE IEITED., HEOWBRE
IEFECEHRIT 2EAARETH Y WEFO T v RBEZHERIR & ERICHE
O THIET B ENTES,

75 EDMDFEITIZ R NWFIEAD B,

INSORMEEMNLT. HERO T EDORBENGE. 0D EiNE

T DEEEFMICRFNT 220, HETOT vREBELZERE - 525
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DRETHNT TED AT LAOREZ Tz, AR, KIRRFHEFHNE
kT « REFTEFHIFER & DR EMEDRRTH %,

Quality of Life *5-1  [HEDHE) LREIN, BRERITALHREL L TE
RINTETWS, BB, mIEBETEELL, EHTENELL., £T5FX
FNS., BEOHEY., NS SICEMNRKEZ TESETE KDL
T, ABISUAEEDIEZBRLED ETEEZN.

5. 2 BRIEIZEDT7 9RO

ToEOBEXBOIRINF—I36 80 eV EEL., E-EEOERSD
TH3YIRA (Apatite ) FOHINIT LR > (P) 25 OREXEEHIE
WIZHRW20, TRNVF—2HE O XEREEEZHANWE PKEETIE, 7vHRD
SHETD T EIESRETH S, 2NICHL. BRSZFIALTHESEER D
Ty ROTBRITONG6S) N o TS50 RN BRETTIVREDITE
5 EMREINz. BRIGE, EFERMORFOBERICK > TNz 0.
HEORETEZIIEDDHEKTHD. ATHICIZ1 9 1 94 Rutherford 2% a kI
FTCERZBRBICEBR IV ZONRAITH 3,

HRAFICTON D Z2ANT, 7yRERHETSOITEL 2R,
HWHBELIC LR FEREYF (p, p7r) “F &, BEEWHZ#EDS °F (p,
ar) BOTH3., FiBEORINTRET D rBOIINF—I1Z110keV &1
97 keV ThH», fiF, BEORKTIE. 6130keV, 6916 keV., 7
177 keV EFRBRXEBNWIRXINF—DrBNRRETSB[66], TI T, 7vHENVR
BN TRIENDZEEEZEBTHILENRL. NI 752 Rodlan, BHF
D YF (p, ar) YORBENHTAZEICLE,

5. 3 ®HEANOT7YEROVAAZBOEEI
WEPOTYERRBENHEZRET DD, BRISICE D v B &
PXE I L2 XBOERREZITW., HEORET v ROBESHEZEED T
LRENRD B, £, ERIEOZDICIHERERE & OB & BEBHEDEHAL
HEMENS HEAD T Y BROWMOABHZFHMT 2 2DI2I3, FOBREZE
BICHRT2HRENRD D, ZZTR. INSOBEMHICEL TUTIRRNS,

5. 3. 1 7r#HoOHEE ‘

BIEMRETD r BOIXNF =BV, ZOEBTENY TS
> RN, BMHBOI RN F—0HEEIISEVBEICIZR SR, I T,
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BRBICXORBELE yBE2HRISKERETZEDIZIE, KBOS >FL—¥
g RRHEREEZRBOHRS FTANICENTHRIET 2 ZENEX LW, Z0RED
DOREZRE LT, BAENICEEL<HBOERAICRETES, 41 >F Nal
BREBRZEALE, REGBZRETZL2DIT. AFEEMBEEZEEREIZA T —
MEWDIZT LT, TORODICERBHAT—T LICRB L., BRHE
FOBEICIIRHEZRAB L 0EST. BEZTBRICIKRER 2REHcTE
BLEGFIEDT 5. ZHUTL D, FEBICKERUMAEH Crsrr) THEAZED
ZENHRETH B0 K5 — 1T FL—a  BRHBERELZREDE
HZERT,

EE0MICBEL T, XERIEERER. Nal BRHEBONAEFHELEE N
S5DESZETEEERE. THEERTHRVEEDEE/VAIRESH LT, §ikd
TIVFINGA—F—FBIT AT LA TXBOEEEIIMINICFHEZITO. v A
R MV EIZBWT, ¥F (p, a7r) SORIETHELZTHIZRO I Z25%E
TBHIET, JVRDTZRITAMEEDI I ENEKRD, ZOB. Nuos 75>
RRD7snzD. vBOEXRBE—V EFTRLAC TN RO ETZ2ED S
ZEMARETH D, oo XERHBE rBBBREOA X2 MI, F—YNERN
TIE, FNFNMIE LT —F ELUTHRDN. 77 1IVBRILICREINS,

5. 3. 2 E—LREEOHE

HEREHIRHR FORELIDDEL ., EBHETHD, ZORDHEREE
—LEBRZHEL T, BREFEEZIMT 2 LMK, 22T, E—A
EFEHMICFavEs U T, BEEWEZMEMICHIETZ2HLWEEZ
R LU2[67], TOHERL. BESRLOTHEICEOAMAIT~Z2 0 om B0
DERIZE— LZ2EHNICEE, oK -XBE2HIELTIDh T > Mz
HEWEBIIKRIET S, E—AFavEs JORMEMRIE. 3 0EIC3 B
ThHd, M5 -2RkRE—LFavty VX BHEHBHEBAE OEXN%Z &
ER

T—=FINERTIE, FavbEs T LEBEOAR NERSMTZEZDIT,
FavbEq o VEHETZEEEELRAMKICHARAD. JOEVPEREBULT
HIUT, FavBs TEOA RN ERBLTUEREZTI. KEFROEE
EERTBTF—FICIR. FHLTWAWEM4D 1 tRAD1bi tZ2F5b i
tELTHERATAIERRLT, FavEs 2 JARMNEBEDAR I ER
BIB, FavbEs TARMNI ToARNERDOIFRNF—ART MV E
TIIEBDARY MVTERIN, ROIDAT Y FEBHRIEERRINS,
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5. 3. 3 iBELEH

AMEHIE FMEEATETH O, FOMAMICHEBRBIREREEZBNTVHRD
BRZER L. BROKZIIE, AROCHARISK 2 mm., HEAFRENSKH L.
5mm OEMRET, #X0. 5mm~1. 5mm TH3, ZOBEMTvER
TR T v BRBEMBZFICIUEZ2BEL, 37° COEBAE/KRPIZ—»
ARMREL CTH. BROPRTHEESGEICEYL., YE2 7 v ZREREE
L5555, R5—3IoicAVWERBOBEEZRT,

BN ZT DD OREEFR NI, KEY > IKA ( Hydroxyapatite,
Ca,((POY(OH),) &7 wFHE »IKA (Fluoroapatite, Ca,o(PO)F,) DIEEY
T, oYU VIRGOEEMN, 0%, 10%, 50%, 1L00%04fETHK
BROERZToR, M5 —41270 s VBEICK 2ZBEABN S D r BAR
7 MVE, K5 —5ICREBOFIZRT,

YF (p, ar) BORMKIZ. ARTOMOIZRNF—IZHLT, 1.
36 MeV IZHBNHD, 30 0mb &KEMEFENKELKED[66]. T TH
BRTELT. 1. TMeVOTOR ZE2RW:EZ, E—ABHKRELTIE,. 88 L
THEpABET. BEDY( /7O PIXE BRE D HEELVWERZREL TV
5. CODMEHETIE. 100 ppmBEOTYERZBRHTZZ ENHHETH
5, XERHBIL, BN SEIEH DO & O PIXE ERICHBITBEAD
BAO—EBEICLT, §EOFEFRSTHAIANT LRI S OZBOEH
X T, SNl NnESIcLTNWS, 5—6ICHIEFDOE—LEE
1> RIERT,

5. 3. 4 BEBENICE SR BEONE

Bt X OHAN 5B 5N A7 ADOBHIL. B8 OIRE EREC
REELTWB EEZO5ND, TITHEAND T vERVAARIT. 0N %
HUETHMET 2 21275, LALARNS, HEMENSEEAD T vEDE
BENIBRTHURTSEDICIE. 7yRBEZ—RITTHETILEND B,
ZTIT, B LEHMMBOERZEEREL., ZORERNS OESEORK &
LT, 7vEOREZRD. TOBITEZEENIZHEMT S, 20D, Hl
SUNLDITRITDFEE B EL TR, TOYIEBBHERZHBELT. &
BEEHBMEOEREZHBTSHZEIZLEB5]. ZODIZHWEEIRELLFIZ
KRG,
1) ZRITAH LETERILEZTY., DHORENRIISDEZ/NELT S,

ZRITTOERIZHT HERLED, BEMIEX7Fary 74 V5 —TH 5
O—/NNAT7 4 NI —=I2&2BRAEHZTORELLTEZONS, £S5 - 1ICF
BILICER L ZELBEE THOER TRY, £/-, M5 — 712 ERLEFiRD
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S EZTDEBAHMZRT.

2) ho 2 MENERROEHOMET, BURBEEZRELC. HigE
3 5.

EENT LTI, ZO5HMN, HEOH DB ERVWEFTICHEY T2
DDA R NS0, BBICHEZRETES. ZOMEZBEICLT. 21
EEHIBOMEICERT S,

3) BENRHUTL, ZfEE LAEGICH L TEHROMEIZITV. BEREEH 5
5,

MEORENEBTELDTBE, ZEANEYIITONT, ERREY
HREXRNFETZHEENRD D, I T, TOEHEZEDSDICHBEIZITY .
¥z, BHEE SRR OB AR EH TS0, ZEb LA ZKITH/m D
MWAZRAN, TRTCEBETHEESTWELZHEEEL T, HEDOHFEHICHDE
BN EEE BRI 5,

X5~ 8z, 7vHERBEIEEEMEIZFE L ZHERHIBITS. HL
SULET RO, TOBEREERNSOERBICHTEIHIN I TLET Y
EDBEZ—KITHHTRT . Tz, LEBEOZDIZKS — 9ICRUEDOHHE =
BHZ B2 7 v ROBIERRERT,

£5—-1 HEHROHBCITERL ZEABEK

0.0014 0.0041 0.0082 0.0096 0.0082 0.0041 0.0014
0.0041 0.0123 0.0247 0.0288 0.0247 0.0123 0.0041
0.0082 0.0247 0.0494 0.0576 0.0494 0.0247 0.0082
0.0096 0.0288 0.0576 0.0672 0.0576 0.0288 0.0096
0.0082 0.0247 0.0494 0.0576 0.0494 0.0247 0.0082
0.0041 0.0123 0.0247 0.0288 0.0247 0.0123 0.0041
0.0014 0.0041 0.0082 0.0096 0.0082 0.0041 0.0014 )

5. 4 RBEZTOESRE
RFETIEREIORRZEB D, BlESEE TE. oMo 0LE %
FOTAREFITBNWTIV OERTO 7y ENHFDOEBAIE 2 IEMETITA S
ZEM, WREERBDIRERFEYRTHS, 0D, TFANEIOKS D
BFHERDNE L, SETHENE#ETH o -RFE TD T vHELDHBEMRITIH

70



WRREBEZR R - FF. BRIETHETES LD 7, EEICHREINE
KETOT7 Yy REFEERMEHOT7 v RSMOWE & FEFICEENRETH D .
ERAENS WEADT v ZOBTR EEMAMICEEITE, X DBRIGEN
T EOBEMEPHOKROICKEZEBEDNS, 35127 v RIREEERME D5
& BU#EE 2EMIchZ DERIERRERD. BN TO T v RORERAE)
BOLEERAREERY. K0EDR T vEEEMEIORRICHEFETE 3,

WA TR yROMEITEL 2 STHONTVRBIZTHENIND ST, Sl
FRICERNR 7 v ROEEBMRT Y IEHEMICESNTRRVONEETHD .,
Evidence Based Medicine * 5 -2 E Wb BHES, F—FICHEITWET v ED
BR TOREFHIZ, COREEOHMIIKRERBERND 5.

BE. BEHEHE S AAEREMRKIIHAL T, 80T 2080 (
HADEEIZ 28 K05 32 4K) B TWBH I E2HEE L. 8020 E& 28
BALTW3A, 199 9EEOREAY BHEGEFRBEEREREICLINE 70~74
BTIE 12~13 B DOH LR T, BREERDIEETH S 8020 FEEE
RDF=DITIE. R KEED—DTHBIMIITS. XD RBBTFiE
DOHELNEENTNS, AFHKIL, wEPOT R Z2BAT 2 H 0B 224t
THDHDTHO., IBERAOERMBIOBERL T TR <., fFRICBNTHEHIZHE
FEATLAMBIR, 7y ROBEENHRICODAND I ENTEDEEZLSN
%, PIZIET7 vHRSEEERCHROA B2 WIIKEKRKAND T v RERMOF R %
72 EDFEMIZTDONT D, HIEIX DMFT 850+ ° ~ 3 2HEEICFHMEI N TN B A8,
ZDOEZOHBETO7YHRERAMEOHEIFAHATH D, ZOREEZAHNWTS
W THESINAZETOT vRES/AOREZFATIUL. 7yFROF D MR
DFBRIZEHELS TE, RN TFHEORREZT D Z ERJREILR 5,

Evidence Based Medicine * 5 ~ 2 EHRT S & MEMICE DS ERE) 1IT/25
M, BEEBLT (EBM) EHEbLNS, BEEIT IR, BRLBEKIOZH
BEFHIIH LT, APRBREZT TR, Z4U%, EEHEOR WIRRL
(Evidence)ZLI2U T, TNMRLEL WO E M LUANSERZEDZ L, 1
98 0EFERNEELNTHEY., BOARIDIIBRFEHTENEWITRVWEB T
HBEM, BoEVEHEILLIZDDTIRRRN,

DMFT $5%(*5-3 KAH ORI ERTIFET,. EFICBIT KA HFY
DHREITHD > TWBIREZHDTZDITHANS NS £F— AT DMF i &
BMC. D,M,F, Tid. =NZh.

D: Decayed teeth, {BEL TWRWHEDH
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M: Missing teeth, S#iTikth TNz

F: Filling teeth, IBEL TH 5%

T: permanent Tooth, 7KAE

DOEZERT. D,M, FIZHHTA2HDOZEZITL. TO () Z2EH. #%
Z42EB0D DMF #HOAEZ2HBRERTRLUAZDD, B, AEITIZ/NCFVRRN
S53dmf F2id def (e 3RS HERH S8 ; extraction) HdNWEdf 2 &
ELUTERHEEINS,

72



(a) 44 FNalRiiBZRELZRE -

(b)  NalkkHigszEHIE DV 7R

M5—~1 BRIEANZTI RO FlL—a REBEZRELZRE
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X# (Cu)

Jaokr=40E—-~A

K5—2 E—AFavEqrPicksBiRNEO”RK
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(a) WEEBOHHEE

(b)  HEFMEIEHEIERE R

B5—3 Yy LELEERHAROER
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Counts/nC
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E—ARSHIE (547
X p—pREHE (FavEsr))

CaEREEs

L

Hmin Kmax Width
558 694 138
Ymin Ymax Height
290 427 137
Erase — '
Re-calibrate Clear | " Trace
: : | Whole |
4 )
1 16 32

M5—6 WHEANPOE—LEETYA > RUHEM
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Elemetal Map to Spectrum

EA 0 micron ¥l 0 micron
w2 0 micron Ye 0 micron
Width 0 micron Height 1 micron
Number of Pixels 0
MNet Counts 0
i
5 16 5’

Hiztogram

16
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(b) FEEgg
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(a) AT LDHTH (b)  T7yvROS
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Counts( Ca)
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BOE TOMOIHA

COETIR. Y17 0PXESHOBAFIEL T, EZELUADOHEFETO
SRR ZENT D, B - EYELBTORRARFILRZLEFERKE,
R FE LB T BA BT OB . RIERES B K
L DHFEAEDHRRETH S,

6. 1 EZ-EY¥nH

ERICBITDHEEIRE BT, TOEKFNEINTHIAIICIRDAEN
TNBENED NMIEELRBELEETH 5. £, 48 - AARERICK /R
NRHREMDO R FEN L2 BEROGEREZTHETE2012, /ERED, %
JESRMEEIC L A EROMUNERNALTE (Radioactive Isotope, R 1) Z B\
F—rIPOFTIT 4 —EMN FHAINTERE68]. LMLLAENS, RiFICH
WTIE, T BEOREDS BHNAREIC X 3BAND T RMEE L COBEN H
%, EBETIE. MH T2 BBOIRNF—IMENW=8/KFE (Tritium, * H)
ZRNWTS, TOEMAFREIIK mBETHD., ISR IZHEATEZ0D.
B ORI OOEEZEL., EEHRFEEZFEHATIZOO MR - EE2E
DOREIENRH D, ZHUTHL., 1F1M70E—LAZANSHER, E—L&
AN T MR CHBFOIERLSHFEZEEI T 272D, RERICERD
TLREEEMOHEE - BRETHONMTERNEND 5, EEREHT, KE. K
F (C) . 8% (N) . BBE (O) BEDODHFHMMNERDTHBN, Thd5D
BITRN S OREXRII T RN F —2ME L B HE O PIXE 2B W TIIREN
FEAERN, 2O EEZHIT, FETRNSDNY I TS5 2 RXgNDIL,
ERNOHEREBLES ZHRETHIDOICEL TNWBI EICED., EEKR
BLOZIICBNTIR AHTON ORI F =04 MeV UL ETIZZNS58]&T
BREOBERRICED T BORBENBETERIRS, 20D, 3 MeV BED
IR F =N PIXE S H71ICIdE S T H 5 ([38].

EBE. <170 PXE HIZAEGRHABOSITIC K SFAIN TN S[69],
ULNLIERS, ERETIIEEFTRFEZT> Tk, B 2RI R
THIRENH O, ERBE TOTROEE. e 150D OXIITKRYIKR
BIREDEL WER., REDOEEND o=, 4B, KKFEHEKT TOREMNT]
BTz itk D, ZTNS5ORBREZEET. ERNIGAVWIREZ R E
THMTEDAEEENTRIT 2, REBZHANWT. MIRANOEFOIDIALE E
BRVICIEZ 2 2 &0, ERAOHSHR B TMICE B Mto B8 RHHRET H
57 RN — AMBOMRHE BN E LIZEZiTo T3,

82



6. 1. 1 HEEHHHEE

HRE A ORI O VAR 2 HENIZFHEYT 5729, #Hx OMENOTTE
DI EEENICAIET D0 N EHILTA2HENRD D, TOEDIT. ML
DB B T BDNASBICHIEZIGERMICIROAENS JOETFF F
27 2> (Bromo-deoxyuridine, BrdU ) #3353 L /= 4= O KEVIR I E PN B2 A
fa ( Bovine Aortic Endothelial Cells, BAECs ) ICEDAER. Hthzfroz
[70-72), ®6 — 112 BrdU O#EERZRT .

EBREHZOENSBOHUZKREREZYI O H L. NEMEE E» S
X, MAEEEZTVREBELE, K6 —21ICEEL-MEE XEEME T
BRLUEZBEEZRY. NEMBISHESRZET TR, BEEEEZ—BIKES LD
WCHHET 5D T, 4 OMBROITEASHZRAET 2HSITEHERIN, 7R
HE OB BWMRE OB AR M ERIL 2 4TS 2, MITROH &
WiEZ. DNAOEHZ T >H2FED. ZoHITBNT BrdU 2NHBIREITEA
CHRDRAEND, DA WERE TIE, BrdU #5217 D Z3EMNME 2 2 4 B/
ELT, BELETXRTOMKEIZ BrdU BV AEND X DL, £-HiE
DOEEIL, EERVIFLFLIFL—MERZITOERLE, ZORDM
IS ZE L THEEIN S, ZOBE2EEE—L2TOHLOBMELTHW
B ENEEER=0. ZERELICL D E—ARDIENDIZ, ZEAEEBETE,
B REEDORIENAIREE 2D, HMITANTNS 2. 6 MeVOT7O D
RIBITEEN, ffREHNI T IcENE BT 52D, R (3. 13) iTH#ETW
T, RORABBOEEFMZEZITD T E0HHKD, BrdU IZREE (Br) 2800
T REOZGANSEOWMDRAHZFMT B EAAHEKS, K6 —3iIcv1 7
O PIXE HBICE DMBBNOTR A ZRE L ERREZ R T MIEMNICBIT2RE
OFEXBO AT MENS, REORDAHEZ ML 2. X DIAH DM
B, —DOMilEd D 2~9X1 0713 gBETHO[71,72). ZDLDITM
MBRITEORVAAZTL /71O PIXE HICK o THIEST S Z ENRIEEIZ/R -
7o ZORBEBEAT, BHEBORNFREEICEIT2ERNANRZES2D
DA ZBBELE, BB ELT. 5~10GCy OXERHE E ~NBOfHEHA
FAORERAEILLEZRA VO PXEEXETAWL T. 7R = AANEZ BEZER
U7z, TO/EER., MO AN U LATRERMEMT 2 FEEDHIT. THRE—
AV oM THRE N8 (Fe ) mRENERTIHTEUODTEHAIL &
[73].

REHFITBWT 1 1 mODZERSD #ERE THEYMBRN Ok 58 ENE
BHUEZEITELD, Mg~ OFEFISERYE OB D AA & O BRAH E DB
fRoMIfEN - MIREOBREEVEOHZ ZFMNDEEMIZIE XS Z &0 0]
feLlzok. ZHUTKD., MHEHEBHFMICEE R 7R b— 3 X OHMEREN
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EICENBBHRNBES Z ENHKZ73]. £z, IR AKIOZRELHRADOME
OHOARS ERBFHEFEDEBERAND =D, NBHZRE L EEHEBY A
OO EDITo>TBU[74). B -EMFENFICBITI2RBICREEMRTE
HBHDEHFINTNS,

6. 2 HuERR}FS A

BESBCYVI Y (U) . FHERLEZ2EVDETEOMEREERICBIT
HITIE. HIRBIZEDBFICPWTCEERHAEREO—DOTHD, EEFOETT
ROBITETFRTS720I121d. ZORITHEEZHIATILEND S, BRI,
EEHROAR - DEOBRIEMIIKE INBIEICLOBITTE . RERLE
13LER. Y OHAESHOLEICEIDER S, LN T, EXLRITIEG - TEIZ
B—Zo M 2O TR, BFEEMITEE - BEINTNRDZ EN%N, F
BIEBDOHEMCLOEBRINTVWS 2D, TOH O EDIWITERAICE T
FENPRETHNEOINE. BEERBETH S, CNETOMETIT, (LT
DEBIABEBFHRERNTHHRLUEER - TEREMSOFEITLE OMEER Z
TV, BEBREMHSINLETRREDNS, EXKROBRBEBEEHEL T
7o FlEh - TBPOETLFOEBEZp  pmMEBETHD, BEFE—LZHN
7= EPMA 3 #T TSR 72 E DG EMICIBEOE WESLENGEET 2RE 2R E
BRENEL W, —F., Y70 PXE ki3, 1 um OEMHMEEETD pmBD
BEOITEASGERET 2 ENERERFETH B, LzNo T, 170
PIXE 52 AW TRB 2 IEBEMITOITT 2 2 & T 20E THHE R 2 A
NIV BIFEIZ XHHEROE Z2H SN N > ZEILE ONE#EEZ WD THS »
T B ENTES, |

FERBEREOBRITBNTS., (L2H - YENEEN S EXLRIIE
HENTRY., TORERREHATHILBEETH S, XX, AEYWE
ERRNICRFTEDHBEEEMEZERTEND. BEBREEETIZ LN
AlEEIC/2 D, SOWNEESBOHNEBERE QIS 2T D BEEYUERIZ S
WTh, ZOXIaEreEMEIRER LI NINUL, BAMREITHHETES
TR, AR—DOEROBICOEEMENRBEIIRBEINDIDOEHE, TE
HRICEALC 293 Z ENaJREIC/L 5,

T4 27 10 PIXE HISGABANDOE TR OH M DMHEBEZBHE SN TE S0,
BEROREZ O T 2DICENBONFRERETZIENTES, 3B
EEATEHCT 2 REL T TR, HIREICXZHE (As) OERB[751°ME
YVIZEBEILROBEMRBEOHRE[T6IREITHFIHIN TV S,

6. 2. 1 DUIVHADHH
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HRBEICBITSYS D OBTEHERARDZDIZ, T—AFSUT -
27 >335 (Koongarra) U VR THEM LD S VGOSN ET 272, 7
SHIGEERIZPBWT, T 3—RIERNSHTKRITK - THR S NBEULERY)
ThHHSGEYIRETRBEL TR EZEKRL TWS. a0 (Pb) OF
FEZITICE T, TOBTIEAL TOERENLZBRNMESN. KK T
B S UBMREINTHS., BILEREHEEEOEFEAMNEBRL TWbEE X
5NB[77, 78] BAMIZHWZREHI, KRR ERAINSEMENZZT S5
A TH B[79].

AEZHN3I 0O um BOYKFICMTLT, 2. 6 MeVOSO M E—A
THRHEZITW, Y170 PIXE 2WZfTo/k. E—LERIZ1I 0 pABRETH S,
FTORREN 6 —41ZRT. ATV VIREOREBIZ, UI BBELTWY
LZONHEERTE, TOWEIZHLTA b (XTRITLTSZIIV) VEER.
Mg(UO,),(POp,nH,O ) ThHBEZEZENS, iz, FHUEEIZE EPMA 7347
BITOKREZNG6 — 5ITRT, MAFOHBRICEID., TTRLOWMITBITZZER L
fERE. BUE &S DTV 7/ 0 PIXE OFNHSNTEN TN S DOPRER TE 5([79],
B2 > OR/mMITHBNT, EPMA TR KGR EY LT A NADY 2D
BEORDTINRDNBZVDIZHLUT. YA 70 PIXE ST TIBELXI NS
ARELTRERSZEDHENTWS, ZOLDIT, HERAISE - HHEFOSEFIZHE W
TH. ¥~ 7 0PKE EIZIENROMERTH S,

6. 2. 2 HREEMEMEAEIOBETE

EEEBCLOBARESBREZEUREENNEIRNICHEEL TS, £
SDESEBIIEBHEDICEETHD, THITHE L EREORSE - BIESNN L4
BEThD, ZOED., BECHERETLREBINNICEET 2MAEEMB & L
T FERBNa4 A N1 LY CRAZERNWEREREMOBEFEZT> T
5, ZOBREMIT. AN SU T O/ TEEEE T ARICRETHEENIC
BENIBHMEMETHS 5T L (Ra) CHRBHEOFTEESRTHD AR
ZOUA (CA) BREZRET DI ENHEES, Na—4 71 HTERERIYDO—
ETREDESRBA T MU TEREITEVWREHIENSH S [80,81]. Na-4 <
AHIEROERBELRFFD, E2BA A Z2BRMICACADTEEYT 3. =
2o U VIRBISEHEEDY DBAN ILASENT. BRELEESBIZY DA
F o E RS E R T B(82]. NS ORBIOESLBREMEIE L TOR
BHMRZES &L ROESEOBEMANOREREEBZHLNMNITEHI L2 H
MWELT. Y1 270PXE&EZHALENa4 A4 A ED VIRAGDRESRIZEHIT
ZELSBONEEH ORI Z2ITo> TS,

Na4 XA HhEY VIRADOHMEKRARZ., SOULEEEITHZNY T A
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(Ba) &AW RZULZBORRICHIERMEMS %, gz TL, HBo0
A0 PXE #rzEftok. TOHRZEXG6 — 61TRT . Na—4 71 HDOEIK
WBEEEOHM., Y VIRADOEBREB AN ITLADHHANSEE TED, T
SOEREBRERRTHD NV TILEN RZDALAD S OMBEN—B THE T
E, BHNES LR TORTRDOREEHZHRNDZEITHEL TNWB[83].

IR AR 2R T D LT, SVULREO Y S UBREY).
RETLRICL DFERTER EITHT2RABRERE - BEZROERLN
W TED,

Na-4 <1 Jj*6-1 B RER O—H T Na,ALSiMgeO,F o nH,O QLR % #5
D, RAROEFNEBREBIAELTHITAL (K) ZRELTHRDDIZRL
T Na4 1M ATEFMITA (Na) ZREL TS, Na4 I 1THIE, Z
DF NIV TLAF ORI K> THOT M aEEEERT., £ ZOF MU
TLAFRERBETHD, STUTLARHRIULRE, KOBEINRENLIT
RICE-oTBERDLENS, ZOXIBMHEIEL. EREFTIELETIERZD
DEREREROANERNERDVEGDODIICITNTNEEDELS EEZSNT
W3,

6. 3 RERZEGCH -

KEFOTTY I IVRITFIE. KL TEBERIIEOHEH A 5 Ok
FREEEFHER L ABBRBRECLZHTE, BEUR0ER CHAREREO
DB D, HiEEBREOTHEMKIZHSNCER D, BB LT 70YV)VH
FORRDHERNRDZET. NEOEEFRHOHRZEELLTHATSZENT
E30. URINS LSO EINTER[B4]. TDDDHAED—D E LT,
PIXE #ENREBLWSENTWS, 70V NVERNBINCERUZ 7 4 VY =21
FE—LERFTEIEICKD. ERMTEEROAEZEENITHNTE S
ZDTHD, LrLANSE, BoNDT—FI3HE INELEROMTFREICH
THEHETHY., Br2OLT7 OV I)IVRFIETERIIKDNDS, 20D,
K OIS 21T D 2 0IiTid. BB OKFOFETD T ENEENS,

BEEIIPNWT, T7O0VIVKFIRIARKOEFEBER DBN -BS&d
FHECEAEL T, RECKIKITKELREZEEL S5 X 2 BENCHIRBEICE T
DHBRBEIZHBRESBEEL TR ENGSND XDITRD, KEkFEE2Z
EDTWS, ERETOMBREFBREEOALS T, MERBERREICHL T
RELT OV OEEZFHMIRET T 272D1213. BB Ficxd 2 HE) -
LFENBEE Z2EALNRAZRILEDNDD. BRE - BEMIMRETHD <
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A 70 PIXE #¥iEI. BB FOTEMRCREZIS ZENTES D,
INSOMERRICKERBMIIF TE S, £oo RKFHEK T THONZ T
ABTEMNS, SETITD ZEMWRLBN LT OV IVRLFH ORI 7
DHMITHFIATEDRENEN DD, £ I T R P OEFIK T OENEEAZEA 2
ARDD,. FHMRERERIRIVF —RFEAER EHFT, BW2R 00,
WHSEOH R B OZBKRB/REDTA 7 0O PIXE K2 AWz &{To T
%(85-88],

6. 3. 1 HEHWBOLW

75, DRICKVPEIEFOERELNFEEZBEZ, BECHAZED K
WHEICETET S, ZORKH,. BAOMIIEWZEATWS D EBEIEZAL
T3, ZORRPIEHRM. E707 EARKTFEOREL(LICEERFEL 5
ATE&E, EROMETIE. INSOEWPCENELZSFALERAKET O
SGILT, FHELTORXRRRBEZRE. FMziToTE k. TOBR. EK
MIPETHERLUZELEFUTHZ . FENS ARISEIN BT, A%
ERICE 2HE (S) EXR (Cl) BEORIWMIEL TWIONERINT
W LBLULARNS, ABBEBREORS OBEPRIFOBEICZEI> TERZDMN
ESMRERH->TESY . 70V )VOBRESL K KO IEHE 2 & 2312
AT 5D DBERDO—DER> T, ZDD, BEIKRTICHT 35 H
=<1 0PXE ZRHWTiTo /=,

B, BOBICARTHERINZYTH 3., BRI TOHHIZIZ.
5. 3. 4HiTRNZEGENTHEMPIBHATES, A6, RF2BEITRFL.
B2 DRFNEDXBARY MVDOHEHMBL T, @IFEITO T ENMRETDH
5[55]. M6 — 7LD FEE, Be L7 OV IVETFNSDXBARYT
NWERYT, EORTFIE. &, AT A, BEELQEVERIN, PELSDOE
WThdLEEZOND. —H. TOK T, ERPNPERTHDIENS. 1
KNS DETH B EHREINS, AFXITEIINDLIT, WHEOR FIZITIALE
BRICHRET 2 EEBDNS, MEMIBEL TWSONHRTE 3,

ZDEIITVA VO PXEEIZE > T, B DR TORREBEEZHS
ZEMTREL 2D, RAT T 0V )KL FOEREMRIAICAE < BT 2 Z &0V
BHTE>D,
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HOCH,—_©

HO

K6—1 7O0ETAFIoY T2 (Bromo-deoxyuridine, BrdU) DR

100, 008 Lo med i

M6 —2 HELIGFORBINRMEANEMIOEEHEBEET R
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(a) AUYDLDRAA (b) VDA

High

>
20pum

(c) BRFEOHH

Low

M6 —3 <A77 DOPXEREIZKSHMBNDITRSHRR
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<
20um 20um

(a) HIVIILDF (b) Y>D4A

(c) 9UTDORTH

M6—4 <A27DOPXEREICKDY T 8ADIHRER
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< e
20um 20um

(a) HANVIILDHTR (b) Y>OHf

<——
20um

(c) DI04

K6—5 EPMARICKDY S VIaDIHTRIR

91



(b) NUDA(Ba) (c) VU >KA(Ca)

(d) Na-4 <1 A1) (e) ARZTUALCD)  (f) U ZKACa)

K6—6 <A%2OPXEREIZKBELEEEFXEOMTRER

92



AN v LAXIdO X2 MEOEIFEEMZ AFUREU(OLT L -9

(A®) ABlaus Aei-x

jsaueg)
0008 000 0009 000S 000Y 000E 0002 000L O
T :.-.:q.a_: l _,Qmaé aejodiaau] m BlE(] YSep BARS
1 Tu_asvo,saw _msoﬁmzws
[ _. _ » _ (SYUN0Q) ploysaiy| Jaysi
3 EN gy | (Swme) prouseay o)
T Nm
] 5 i
] g % 9L I
9 u L ) . L B I I A R R 1] . . 1
. ] 2 ; 572791 3}
: . : 1
3 3 o1 el S
ey ——
1 Py 01 e e G VA= PIANARORM? A8k
ZA w76 o
A uoom gy X
: ] _ i _ ~§.3
e o ol PR | ol o P | L s Lo o o b o o o a3 OOOP
Em..uo.&:
(A®) ABisus Aes-x T«a A e _ _ s i
0008 0004 0009 000S 000t 000t 0002 0001 Q 4 91 4
e r ’ e F L A ) ' il . 1 Ll . \_ . . L
— :
0821 SUNog JoN
102 sj@xtg 4o sequiny
. woKIW Gy WERH UMW G P
s wow gy zA  Uoow Zg Y
E 4oL ORI GOZ  JA  uaom gy ¢
oy e —
Q
[e]
=%
2
” w
3 3 oot
1 i al o1 1 L 1 1 A -’m 80—

AN GNVEIXdOETRAADLTO ¥}

93



ETE FTLOLEE

TaRRA7OE—LAEANERKISEK THAEESRETE D
WHEHMOBREZIT O ED,. ZEO/NT A—F—Z2REICHEITE 2T NVFINT
A= =B AT LETO NI 7 OE—LDORKBMOHEL FEEMEY L
2o ZHUTKD., HBZRGHRICBWEEEL um OZEMOBETETED S
HEERETHOWNTH ENAREICR o7z, BEE TICMDOWE T I —TIZ
LT, BRAWEZT TWa, TORASEFIIESE. EBE - £9%. #HiER
B2 RIBERER ELEIZHE D L BREN LN - TWB([50, 53, 55, 59, 67,
70-79, 83, 85-91], MAE TAKSZHA T TOOMMPTASED, BFE—L
ZRHW/ZE PMAETRRE#ESARIIBAHINTNS, HICKEKPT1 um
DZERIDREEIIHAR/NTH S, £/, PXKEETROWMOHEL W T vEEEK
INETHWT 2HE#L L. SEF O 7 v RBEZEGHENZ AW TEER
BT 25 L WEREBZBEE L,

YA 0PIXE S IOKRERBERE LT, MABEDOIWARERD A
2HRL7ODICIERMOBIEEZETSRE. TOREDITERT % ik O RE 18
Bbd, €I T, BHETXHRZFRTE S RIEAXGRHE AT LD
HETOTNB[92], ZOBBI AT A4 5 FTOMIN L - LEEBRHENS
BRI, TNTNORTFHMEINCXBELZEEL T, —FFHZ 0 ORRER
ER/NITD, DD, BHHEL T 0 EBICETFICANT2RBETHE
MRTXBEBRETED, ABHIHT 2REESOIEAIT. 45 FTF0RE &
LTlsrTh, HEFALTWLIHRHEBO S BEEORBHI RO L& R
RAAUTND, iz, BRICKDBBOBEEZITE2DITIE. 4. 5HTHEN
ZEUREOBHNESEBbNDS, TI T, WA ERZ2HEBICREM TN
S50 ET D HiEREBBRELTWAS,

<A 710 PIXE H41iZid. A7 2 IEEE 2 S O ER K E 72 sk DB
THD, TOERIZIIHERD S, LOLEBNS, BFEOBEN LI 2 —
=2 NI —UBBEOREBIZEDA =%y N ENLET— Y HEI A §E
iZxo7z. BIER, FTPY—N—RXLBERT—IOHFEDOATHDN, ¥
FENZIE, FIAFTRB 2 E2MTBETT, DRHEIZI Y-y hE2EL
TRDIEMHRD LD RBBREEEZTDH I EDRENBRER>TETNS,

WMOEBDOTTELFERETHHLWFEELT, BEERI 700
O RS Z AR & T B8 X BNk ( Synchrotron Radiation XRF,
SRXRF) HERALENTETNS, TOHETIE. XEERITL DK IEE
1 um BLFICETROAS, FETI T ENAIEETH D, SRXRFIETIE. &
WWEIITERICHT HHRHEEN PIXE X0 HE[69). T1 4 EHBITHGR
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B OEERD N, (LFERESITORIRER E, BRIREERED, E2EHIfFRE
TETLEDOHNZITZA5FEEL T EPMA. PIXE. SRXRF #H#LU-ER%E
RT7T—1IZRT, 170 PIXE &id. RHRESCEBOEM L E THlHE D FRH
RIS B2 DN BREEEHAT I ETREDRTEEZEBRETHN T
HZ Z LA EPMA % SRXRF #EICIIABWHETH S, £, X177 0E
— A3, E—LABHEEEETDHIENHERWZD, FTTRERORILHA 2 HIE
FREEITNT. BB T TR B2 BB SN ERNDH D, TD/
», —EOBEEIIINRD ORBEMKETH D, ZUHL., 14311
F—Ald,. 7O0—TF—LBEZ2EEICEETTSRZ ENTHeLRZD,. FRL
WLZZWERZRDITAZEMNARETH S, I, 1 U 1 PIXE %id EPMA
FEDOBEVWBFORIT, EXROARSTEITLED BRBE TOH TE DR,
RKERFBEBTHDHEERD. 5%, BIETRRBETROBEEZBESCIT LT,
SSRLERVHIFTE S,

R7—1 TEHSWFEELT. EPMA. PIXE., SRXRF O H#g

EPMA PIXE SRXRF
AR R X
K& st
LIRS HT
HE SRS
SR R
BITRD
BB OEM

OD> D> P> D> X
> O Db D> D> D> D
X > X O O 0O O

BRSEERAWEETROOWE L TIE. T7 0V IV FHROREDSD
W EERBEBRNOFRTE (B) OOMBRFHZRBHE L TBICREINTNWS,
I7VIKFOXERARD=ZSDO—L EREEY THELEDNTBD,
DOHFTHRICKEIL, HREBLICE<EEL TS EEZEZ SN TVS, LM
L6, ZT7aVVERR FICBIT 28 TEOSITNIRETH D, TOHEA
Bk<H@msnTwian, REDODWIZIZ. AT A2 icEKFE ( Deuteron,
2H) ZRWEERBICL 501 (Deuteron Induced Gamma-ray Emission,
DIGE ) WA TH 2 Z EBHMSNTNS[93], BE/KREREICK D EZRNRR
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2w NOBEHME. BNV I TS5 Ry BOREREOREIZH %08, DIGE
EISRBICE ST, R, BEZEBUDETHIBITROONICTENIRFERTD
%, £z, EFREBANOF IEOSWICEL T, EEKER O BEED—D
ELT. &ahtEFRNICKSFHEFHIEEZE ( Boron Neutron Capture
Therapy, BNCT) [941IZ K BEEENNER N TS, BNCTIid, RmUEDHE
MNAETHZ!°BE2ZUEFZEEICHRG LU TERBICRVAZE, | 0 BA#AFH
FIZELDTRKEVHEET, '°B (n, o) "LIRIGEEITZEZRAL.
CORIGDBICHEBINS ohiFCEEZERNICBETSREETH S, &
EREMEZE DT B EREEZBRETHIIENAETHD., BEOD
Quality of Life ZEZE L EEENARETHEEEZNTNDS, ZDHREET
13, 1B Z2EUEAVERICHEBICRDAEINTNEINEINEZHMET S &
MEBICEETHS, 0D, TobBHEICEB1'B (p, a) 8 Be ik
ZRRAL T, MBEAOFRYERREZBET D HEPHATLINTNS[95]. ZDK
BT, BYULEFNORMOAASBZIMTENL., KVREHEZITO I EMN
AJREIZ/R D,

FHX T, Tohovrsr70E—-Az2 0z RAFHA T EES
RETROWHEIMORRE L ZOEME HNTEBRIZITODN TWASIGHIZDNT
B, BEBRIITON THRIEAMRZ T TR, BRI OHENIE. %4
ISR IS HIERNILN 5 ZENFTE S, TRANMITBIT BFAZT T
<, REHB Tl um OBETAI A RFZTAIEINEMIL LI ENS,
Bz, EELHBICHEEICATCRBEZITI TN AT 2By MEMTES,
IINDIGABAEETH V. MHEBERHICE2EW~\DOFEZE L DFEMRICHAND
ZET, BHEBEMFEANOEBRBE IO RNICHIFTE 5,
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A EE

FENFRNEEEDBITHED, KABYREEE L HEEEZBOEL
7o RIRRZESIIVATAY h=TREL Y — WWAZEHFITEEHOE
ERLET, Tk, FHXICHTIHEOREBFAREZBOEL 2. RKIRKFE
¥R BUBRERE. IT¥EWERETIXINF—TEER HKESIT
BF. THEMERNETFHIIZER BB ABRICLIVE#HEHL LITET,

AFMBAR EZORAMRELFETIT> TEL, TiEOHRFEMESE O
BRICESBEHHEZHL LITET,
LH XD, ¥ o 0OPIXE MmO 2R T > TE k. RILKRFEKFER
ITHMERMEFIXNF—TE2ER GHEEHRREIMAZEOE I A.
BRNEICE 2EERO 7 vy ROMENOBREXETITo 2. RERXZEXKE
e 2rge Rl BEETIEVR#EUIR. R AERb IWWAETFIEER M. &)
ERBEBIXNF—HEL Y — ZHRBNPEE.
RENZDE TORAZITo TS, HEKEXER TRV F R 20 ER
MESRHEABZETEZOHE I AL
HEREL LB TORAAE 21To TS, FAINOEHmERHEY >y —EBELHE
AN FaId—mwEsTIN—7 KEBEYTY—F—,
BILROREEREZToTWVS, BENPHATREEMNRAES VT BHE
RS EXERTEH-R

FUTAWEZT L. B4 0EEE LM AhE2BVELE, RROET
5 HARREFHHEFTRIGHEFTRAREERNRE Y — BAEEEE 5 —E.
NERFERRE., RINXE—ABNBEREE, BEINC T MRBEERE.
MEBAFER WA EREEREMEEZEEZIIUD. MEROERERZH
WL TWBAT A UMEBEEROE I ALLE BB E—LFRV—2 3 o0&
BOEI AU, E-LBINBRREOEIAICESEHEZHRL LITET,

BFEIL, CNSOHLEZZICEZRLT I EDOHKARNEL DENS
OHIRELHBATERLEZDDTH Y. TIRHEEDTLE D DOHEILE H
LEFET,
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