NMCC 23 2016

HhEK - IRBERFPHED=6HD PIXE D fTEIF

TR R 1 AT 20 MUIE 2, ZRiksE00 2, KR 28

L R B AFFETT A T XL — BN (4 2o ooty i)
020-0603 & F WL IR T B 25 £% 348-58

2HARTA Y b= RS A 7o bor b F—
020-0603 *& T IR FER T 234k 348-58

3 [E ST IR B 38 1B N PEZE RN e B HF 2T T 1 BB i TR ER B AP 22 0 P
305-8567 KIFIEHO IXHH 1-1-1

1IFZC&HIC

Afalx, CREEY A 7 brokrZ— (BUF NMCC) 128\ T, FEIZ PIXE OHIEK - B
BREDBE OISO DIATON I EMBEBRONEERIE L., B T56b0THDL, 4.
NMCC @ PIXE IZEZAMIEIC EIR 2 BV T 23, SEEFIH B ET I DU o 7578 ORI H & IR0
STE, EMmBFOR T, T - BREY - 0T 3% - SRBMET R EIk A ERIHADIR
DY Lo E & U CITHVE - S0 EOHERRIEOFRIH 2 Y0 12, KA - KR - HBEERBE
FOMEAYT BT B KET BT BT KRBT S b KESF. T
WL & %< ORFESBHCRIR SN D X 9127z, 2SO EICE T % RBHIE 0k
ENT A KA - PER N B2 2720 BEFRENEICB W T HIIE - fTIEICEB O T k2 2R H B
FNER XN,

T INOOZERSFEOT T, L OFABERENZENOEFONIE ) HEBRER RIS
bbb o T\ 5, BifE, HIBKIRIEL - BRVEN - VEHFEAERBR OMEE - A HECHEMTWEIC L DA
IRHTE Yl 2 ORIFESE A RENCIAE L, SHIT, BRHCHE - 7 U7 IcBW i, #Kick b
IR BRI - HER EO TR - YROKDIEGE « A > 7 TR 72 SRV E F OH T ~D
ANAEH7e & 2 RREMENGELA LD L > Tnd, ZNHWTHORBEIZX LT,
ZOIHZHHDE TER] Thd, BREMEZEZ 58 EE EETIE, EERAEDTZDDSHT
FIEDLABITHEZ 22N ENREN, B2 137 P TICBT A AETFEICET 5 BEREE R ERR O —B)
L7e B, CCOP (B - Hp 7 o7 kB 7B E R S) LW L, #ERR I+ 58
BEREARIE D 7= D DT 21T > T & 7=, HE CCOP %, NMCC % ME— D AR 72 /o Wk & 587E
LTW%, Fix OMERBULOEREEBEO R TH |, AEILHEIC L2 LTGRO BEIL T 7 7200
T 2 BEAOHFIIERE 2 LR BIEARIEE o TnDd, ZLTENLDOMEDZ L, K
FURL « /NBUSEE (L, SRILBESLZ2 EANEYLIR E 720 | Z DT D HIEREM PR e BB A~D 7 7'a —
FNRIREND T ENE, EIEROIEETAE - KRBUHEICBOTH, S HICKKAEEDE

194



NMCC 23 2016

PRI B W TS, HERBH RS ER S b,

BRESHE, B 2 1346 FoR I K DRI G 23 0 56 18 - WK - fE8 - BEY -
FrEE « fBbK - AR, TARBEOREOT-DIERNOERINDEE - JR - N - MK
728 MECRPHER O B o FE 2 OFELO G EAT O MER B D, LIL—FHTIiE, < 0%
MBS b W D LN S 5, et [E THIUT B 53T 2 5 OB C R D =
EHLHRETH AN, B EEOLBAZTNITIELNCAAETH D, [Z OMENHED IE2 ToORE
DOMFERNELIND] EWV) ., VWD “one-stop center” DIFENKD Hiv, FxldE X
W27 T IZHT % onestop center & HfF L CHINPIR Z A ENRTE -, Tx DX v v F 71
—ZAD 121F TFREEZBRELICRIVE, YN REZBELLET) 228, H—21F 4
TORBIOERDHTNFRETT ] ThHD,

ATV TIX, FrICHIER - RERFZICHB T 2 2MOREI 2 EE - BERHET 572012
NMCC (2B W THRENMThI-flx OTFEICONT, LD THEIM LIZ,

2 PIXE QR L4354
2.1 PIXE DR

Z 2Tk T PIXE OJFELZ DWW T HICfitiu 7=, PIXE 1% X ## spectrometry (2 & Y st
IINTEAT O FIEO—D>THY | b O OFRIT -G LS, £ SILDDOBHSICA S &
TANRKEV, PIXE [3E F#EE O EPMA X° X #iahiEl 0ot X #oth & 138720 | Nkt
ZAEUSELHRIEE LTHBFRREDA A E—0 & HND & ZAITHMND D, ZDI=h A
v 77T 0y R e D X BROWEPIMLO FIEE T 2K BEDREFIZENEND
EFiid 5, PIXE Z#]0OIZ482"E L7201 1970 4 Lund K% (Sweden) @ Sven Johansson! T
HHNFETH RKILRFOHRH, L TERTFOTIEENFER2RITE21T > T, Fig. 112,
A F =M K DB e R ONRERE & Z e < FiE X o, 2okt E col&
X% RT,

Atom in the sample
N-shell
O

a) Incident proton

Coulomb interaction

Si(Li) Detector

Electron transition

Fig.1 The basic principle of PIXE. a) Inner-shell ionization b) X-ray emission and detection.
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Fig. 2 Typical result of peak fitting and background subtraction with SAPIX program.
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Figs. 3 a) Experimentally determined relative efficiencies for detector No.1. Solid line
indicates the estimated efficiency curve calculated from the values given in
the specifications.
b) Estimated efficiency curve obtained by fitting of five parameters (thicknesses of a
Si dead layer, an ice layer on the surface of the gold electrode, a depression layer, a
Be window and a gold electrode) to the experimental values.
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Figs. 4-a. Procedure of measuring a transmission curve through a Cr foil. The curve can be
obtained by dividing a spectrum obtained with a Cr absorber by the spectrum
obtained without absorber.

b. Measured absorption curve can be determined by fitting to the spectrum obtained
in Fig. 4-a. Transmission values are calculated at the energies corresponding .to
characteristic X-rays and are automatically written into a data file.
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LTHWS Z LT TO L fiinid 5, O KD 4 um BLFIZHi>TH Y, 10 pm LU T
DORIEDOREE OBFIEN B BHIH) LN THE, @ BETH Y, RE L 01N TF
IR TE D, @ —RICPAdBREENLIRENIFHTH Y . T2 PA-LX HIE ArK OAL#E 2 H
DIz, AT NVEENT FFR BRI 72 B2, @ PA-C i, /N7 T T ANEEY% T 5%IZ7HH
SINTEY, REOENDRWVGE THNEEEOR &L LRI IEMEIC TR ) 2 &N TE D,

Pd-C % MWW o By RN EEYETE D 7= 60 OFBRENED HHIE, fETE TOFIREZLLFICRT,
Fum LN ICHAB SN2 ATH, BE@RE L2 2 < 0% A IR E D OFE X o B
WIS RIEIZ 72 5, T OMIEEORRE HITOIL N, 2R b &), BN ORIE, irE To
FlEZ DL FICidk 35, F72 Fig. 512, Fitlll~[3]F ToREFAR 0@ 2 85X TR,

[1] &tz 2 7 THskF THOITHRILT 5, Sia D L O REWVEREIOSGIE, Fajlc 77 AF
v TR AN D D AN~ —7p ETRE . HDORREMO ORI FIZ LTztk, IR TE BITH
KT Do 10 pm LA EORE BRI ZNGE . BRINEIERE & O — (LA +picTE 20
BENHDHOT, TEDHETH—I0kiE O RICTRI T 2,

[2] Palladium 7% 10 mg/g (T E1272% L 9 Pd-C ZEHIM A, * / Uik F TIRET 5, &
BFORIFED 10 pm LA FIZHi> TWAHA, BOWE—WR7079< (1 2N Fohd,
W RNEBEEAE L OREE - BEMEIISE L 38 O THREIN TS, B0 RGN
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TemE I DE, PAd-C DENMBREOTZ0, AP ORI OB THRT 5 LN TE D,

[38] &% 10 ug Ok 2 FEE B HLY H L, backing D FIZFEH, =% / — /LT 10%IZH R
S#7z collodion ¥EZ T L, T 7O TR FRENERD EDLRNE S HE AT T
backing & _EIZ[EET 5,

4] Birbe—2%, ¥—47 v hOFR (45°), E (135°) O 2 HmNSHE L, WHE IR LNEHE
WEICESE LRIBEE AR T 2,

[5] BILHEIZH L CIEZ —4 v N B EWI O RIS TAZE T H T SRS 0 J7 MR i
T, KLRIREOEMBHIC L AMEICHT 2R MBHROLZHA L, Thz b LIk
DIINES ZRFES 5, ZHUIMSHIWIAHIEZTT S & ZITHW LA,

[6] BOWIZIRIZ, B2 FTCHESFHBIOHEMKIC LIV EASRS, L LRk LD EHE
BEETH WO RICLVEELZZ T CBYMEITA CEAEOBERICH D, ZDDIC
self-consistent 72l #H ORERNE LI DH E T, MEOHEEZMY KT, ETHELNTRRIC
sEU, FIHME & U CilmWLARR & b D FEHERE 2 E O e R 2 E L, £ DOIILRIEE %
BIHHE & U CF RIS DT — %2 40 Z v, H OO IEAE1T 9, H ORI O 51,

% T 1%L EOETRICRE L Tt b, (1 EHBERLTOILHED, HOWINIZE 2%
FHIXZFEATES,)

[7] Wiz, Filcd oz nRRE L b LT Brimfd a2 AT 3 QBRI OMIEZ FFOYTV,
WHI 72 LRI DRERE 1T 5,

(8] Z DV K LEHRITICRIRE OFRERBIURT 2 £ Tirbivd, %, 3~4 [ £ O iteration
TH RS 2SO NEHE IR T 5 729, FHHEFR 3@ % © Windows # T 2~3 #1Z
EThb,

[9] INHRBOITRBE A S ILHEOSHTEE LTERAT 5,

Sample Internal standard
#350mg
% H @ 10% collodion
# # o < o
S o Mol o
1
Weighing Homogenization Target preparation

Fig. 5. Procedure of target preparation based on the powdered-internal-standard method.

Fig. 6-a, b 12, HE#EREITH 5 GBW-Tibet Soil % ¥y RINFEHEHELEIZ FESUWTHOMT L7 fE R %
AT, WTENOILHE S, RAHEICKHT 2 TRENRENTWD, ZOX—57 v MI, RifF+:
MHERY EDRNE D BICHESHR STV 523, Fig. 6-a OFERTOFERIZ, Na 225 Ti
WCELHET 1RFNOECRINDORENTEIZA LN TWD,  pm ORFETH-TH, 2D
Lo 7em Z M OKFDOYE . BCRINOEENERMMICRESHET L L nD, Lo
FETHIEZIT S TR EZ X 6-b 1T, 0% Na, Mg IZHiEmFIOMHR R bid b 00,
ALY EDOIERICH L CRIZIERIMEZ FHR L, BOVENMTON I L 2R LTS,
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NIST Tibet Soil NIST Tibet Soil (after correction)
4 a
BABNNS el
‘ j—— N e I A &= - O, - %’, ==
! | b |
s I
0.2- t 0.2
Na Mg Al Si K Ca Ti Mn Na Mg Al Si K Ca Ti Mn Fe
Elements Elements

Fig. 6-a. Results of quantitative analysis for GBW-Tibet soil by means of the powdered
internal standard method. Concentration of each element is given as a ratio to
the certified or noncertified value.

b. Same as figure 5-a but correction of self-absorption was carried out by estimating
the effective thickness.

AR N T HER R 2B A < VW B D, AEILEIC L D IARTEY O - TIE,
GO & 72 D584 - JEIE D & L0 | FLL-CREST L O 15 F8E L 7% O tailing (JBHE)
R ENRELE LTEL T END N, T 6 OREHI S TARETHE M ThbN T D, I HITAK
BIXAEYBENC LIS &, IWIREHRE RO THRIL L, Mslel 4, v hoBERE
LRVIZHENTHD ZERHERINTND, ZOWGE, ERO 2802 —4 > FORIEETT S
MR E S N1 7 U HRILR D ERNAIRE & 72 5, RED R FUTM AR « —(CIZKEE & 55 1530
MHZETHY, REEZ X7 U —IRICL T, AN TIRIANEIEEZ N2 B — (kT 5 HiES
BRFE ST D 43,

4.1.3 S EREEE

NMCC T 9 BELOIR T, B—ALBAATREZR & OIX 0 Tiddew, EIR, & A, ik L
e OMWROEDONRH Y | Fx 1 TZFDORTITR LEESHTIEDRIBEEZIT> TE e, ZOHF THHT
FBHEOZNDIE, 74 NE—O RS- Tay L, ¥A L, BEWrEORETH D,

Za—J VRT 7 4 NVH =T ELABERD FIZZBREWE], 25 WITRIEF OEY % 7 A
B L — X —7p ETCWE3 5 & negative feedback 237000 . KIF23EE F o 72 UTIE 2R SK A
WM IR D72 IRT RN — 2k L 72 b, BRICH—ThhuE, e—22Z20oHo L
ZWEDX D BTN Lz E LTH, EEMICITENR 2, RERY—Th D LIE
THZ LR, DNEEREE] DAEDREERSTIEL 8D 4, ETBERO L9 IR BRI
SNz 7a Y EENTIE, 7 4 v — Bl spot RIS NT=H Db H D, FD X 9 72 spot
REBHZ X L Tix, B—RMEOJANWE—ATHIEZ L, R U< spot IROWHEERE & D iz T
TLEOMK EE AL H ZENTE S, TNHLOFIEEK 7I12R7,

V)=t chiid, FUKH—ETREMOE S OFEHER L OXH L CERNAIRBE D, £
DOFE, X R AEREAE, SR, WIAOFZRELZET H0LENRH D, HAE nglem? TH
S ENRENIZE S BT LK, & 5 WITIAR P OREICHIE T 2 LN TE 5 4
T2 13 1996 MBI EIE AL L, 2R 2 TIZh ED 7 4 v & — RIS vz alk o
T FNEIZEE S E T TE o, BUIFEICREABRETFICB T 2 =7 v Y LilEt O 5347 23 4K
Pol=h, REEEZICEBWTHIFEOR SRR & b L, Bico 7 ey vae~ 27 ail
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BIT 57217 Tlid7e <, impactor 12 & W RIRBNCERELL ., K VML SNT=BER 7o s &
N> TE T, TOHE . KRIZ L > TEIH IR B EICEHRIE D REHIIN A, AR > b
W GRR) ICBRIR SN DREOE &SN 21T O MBEMENAE U, FxlxARy MRICERIES
AEHZR L, R U< ARy MIROINBIERED TR R & 21T 9 Z 212 XLV | JeHRIRE &t
B CHIE T DAMNEIE L A B % Lo, Fig. T2 T AR v MBI OB A B — 412 Q-magnet
ThEVRKOLTRESHITETS, slit THIETHZ LIk Y, —EFKTH—RMEDE— A
DHBTFEOLND, TD LD IR —LDE)— 7o T3 B2 I 2 & B AT CHRGT 9L, 308
DGR AT © THMBEENE & O E R AN FREIC 72 5, (7272 L, X #RO B OIS0 AL
K7D energy loss WM CX 2 OEBHIEHNRE S D,) —HFB—ER LA, B—
LDFRESAAINIESIKTFE LW, EZICED XL D BRMESAA DO B — 2% MG L THFE Uk
ENFEH, ZOEEREERMEOREMO DB EFFO,

Spotted sample Uniform sample
Beam  _, Eljwm i
Target —» 5 ' :
External ! i i é
Standard : ; ; i
> e S——

Fig.7 Principle of the external-standard method for uniform and spot-like samples.

4.2 £YEMIHT HEFER

NMCC T BEIZB% SN EEEDO T T, i b ZHOFEHIEA STV D 003 [EEHREL |
ThbH, WL - SMBEAELE O, S OMRSBICKRE 2l E 5 25, FRCERED M O
A, WEABROMELEEL <, ZIIUTAA O WIEEOEIL I DITH L\ 2D, R TELL
DHFEADT=DIIFTHAL TS 10 mg LLEDORE D 2T T2 5720, £ 72 NEMEAEEIC TR O
Y —VE, T80 NERIEHED S E 7 — AR O B, BEIOMERIZ L » THEENBARIES L
TREREELZHEOLELHVED, 612, Kb & OB OWRRIZHAE, 3B 5 O FF
ETLROPH - FHECRE O 2 o Z I PORMEER G RAET 5, Frlo, HERKIICE Y e
FUEDRES & MO THEDO AR L TLEIZ LB HY . IO BEMIC L > TIIRE A
fEE & 2D,

AT R LR IR B O E ST RIRE & TS RIRE A BT 2 515 L 1T ARIC R e v | 3B
HARDOHFIAFAET DRI ED DI S Dk X SONEEZ KL V| FErE0EREE
G5 HETHD, TOWHOBIIILL FTOLEBY TH5, O PIXE O R /LX—fEEKICHB T
BN B AT D HilE S X S 3 FRSE (R 1B 5 SEB. #iE B 1 EE 1l Eh 5 5. QFEB,
JR-HIEhES : AB36) THDEMB, INHITWTNLREFOEFLIEL, TOIETE—

204



NMCC 23 2016

I CE— ABKNEFOBEFHICEAT S, QF -, WETOETEEITIZOWEOEBEEIC
T D, @ —FH., KIiHED D ORE X BT N OREE DIt O & X B A W7
B LREAT D, @ FO7=DRE X BINED, 2k X BRINEICHT 52, ik
FETRERD NRE] 2T HRTA—2L725,

L2 UEBZIE, R VXF—fE8I b 2k X INEZS 5 Z &1 FRTER 2L ¥—
TIHIZHBWT) AARETH D . FREDTEIR DI E TRE SR ITIUL R 52, Lo L X
RO XX —5AITRFA TR OFICRRAFF S ML RESERD720 36, FRisr K
DRI HFBHI R LR U EE 2 E T 5 2 LI TP R OMEFICHEENLIRX b0
Thb, £lo, FLENFE X BROBRHEDREERIFEDORITHE T, TOFOMETLEND DOFF
PEXBREFED E WO SERR VAR TH D720, IRITIEEVARENIR SN D, Hig X RO
FRAENRESROETLE CTHLIGE (WHE - 5% - TRk L), SEERIIE O
EHIZHMA Y . EAPEEER D LD,

fEfmuey: (Standard-free method) #ENZ. O FNELZ FHLEZIZTDHELUTOEY TH LN,
AEIEED 72 Fig. 8 bR Iz,

O x5 L3248 (FIZIXEE, WK - REOKIK, /s L) OF T, FIZEE L THF
E3 2% MEiECHE] 2HEET 5, (Fig. 8 OMIFEHERCIHFEIOSHG1T K. BEHE O
BlL Zn NEETCHE LR D)

@ Backing 5® blank spectrum % Il 7€ L (Fig. 8-a-[2]) . &R EfE CTHIEAL L raw spectrum

(B 7»BELEIK Z ik, BB DOHLFEAT D XHRIZ L D net spectrum ([7[3])
155, PBHEE D7 9IZ collodion ¥R & T L7z%& 1%, 4L & T blank OHIE
EATH, BEZ, JN 45 B 140 P 46 7o DIk L CH EEEEIIEB SN TW DR, £ b
self-support THUH 217 5 Bt OSHE 21T, ZOFIEIZE T 5,

@ Net spectrum (Zxf L, &% & 2 X SRIER A RET 5 (IIEREIOLAR 8¢ DFHR
7). BERRE—7E2EET . ZOIREBEC pileup 72 E OB AT, MICEREX
FROTEIR % IKWeT 5 ik 2 T & B 721 A <BRA,

@ FEENOETOE—7 O fitting 217\ (Fig. 8-b), fEKAND total yield 7> 54 & — 7 I
DEGHEFZLBIC ZEI2L Y, i X #UE Yex #7152 (Fig. 8-¢),

® Yex IR HECROE— 7 IR Y1 O, Ri&RD D, TR ICHEOREIZ3HET
DINTG AR LD,

® [Fl—3UBHCR LN EEZ A L, e R 1OIRE C1a R, Ki=Ci/Ri &b ko1

[EWHR S K 2 RET 5, BHufet, OofEEik, @ouk X it e blo, x5
& T LB OFRE IR E S D,

@ [FkR7e ERY ZFFO MG ChIUL, FEE iR E— 2 OULE Y, 8 X #ROUE Yex 2
5. Ri=Y1/Yex . Ci=KiXxRiOXAEH W, EEICHRE CIE2HGL 2 LN TE D,

® ORI, TR ENTIERETLR & A2 L, 3.1 TR LR E W ClEE ONETE
UYL L RRRICIS BN D,

HREEEOBMAIC LY . B FEEIMZ 0B (B2, N, l#ds. SRR, PER D), %l
D1 pg L TFTOBMOEAEDRE, S OICEEEEEOEMREIOTEESIT DRI/ D L,
PIXE %54 B 1 EE AN KEEIZ AT Bz, NMCC I2H1T 5 T2 ToOREI O ERBSHTATRE] O
AT, Z OEAEAELEOBRICK D & ZANRKE N, BEREHFTEORE O FIZIE, Y - £
REZRELH Y, TNOICHEIEREE AT 2 2 E8 B D08, FHEIXEICENREREE O 729
DFEEZ, K, MEEEHT 72 EICEH ST 5,
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Fig. 8-a) [1] An X-ray spectrum of a
human serum, [2] a normalized
spectrum of a 4 pm-thick poly-
propylene, and [3] a net spectrum
after subtracting [2] from [1].

Counts/Channel

2 4 6 8 10 12 14 16
X-ray Energy in keV

Fig. 8-b) Peak fitting to all peaks in the X-ray energy region between 3 and 15 keV and a
spectrum of continuous X-rays after subtracting all peak functions.
¢) Shadowed portion of this figure corresponds to the total yields of continuous
X-rays (Ycx). By taking a ratio of the peak yield of potassium Ko (Yk) to Ycx,
potassium concentration Ck can be obtained from the conversion coefficient.

4.3 AIFE - BEERHICHEITHHAH
4.3.1 FIRIRURAR

ik (8.1) XL oIT, —MRICEICHEDFDIRE S X R AEREM b m 72D, BRIEZ Hv
RIFITEERO KIS 2R R F—fE 0 X SR ENTLEY, | - BB oflEN
WEEZ 72 5, bR OREHT matrix (F5) 28 C, H, O, N 2 EDOBTHTHY, %
DOEENTT T AT > ZWRIUERD X 9 7ot 2 Fr- 2 WIRIK TR 72 h B2 L, 20 X #
FERME B ITRKO HILDH, L LHIERE P REERC LR 032 S, Ml IRE O &
WRFEDEITTREETe Z ENEV, EOFROBEOSHTITIE, TDRH LI —7 DIFED T2
WCHHEEORLEZ EXJZNIEL L, S HIZERE—7 @ pileup X° escape B — 7 OB T DK
BICRIEEORE - HENPE LB T D20V REI RS, Bk, FEDOEITRIEEN X
Bl 722 3lBHI Xt L, @R IcE0OWIURZFIH LERE—7 ONEE 2 #fHEER L, e X
R —ERIC D 5 — RN B AT DD DT T AF v 7, & HICENITZET D B R—
Vi B a I DR T MR WIUAR 2 %G - BE L7z 8834, 200 TRRBRIRIDUA ) 1%, ®HRES A,
e m, RE. ¥R e PR - REREROBEHIEICHW SN TN D,

Fig. 912 Bk WIUABE 5 O FIEZ 7777, slBHI Fe I2 2 Mn b 2 &2 & HEERICH Y |
BHE ORESRME (plastic WIVIA) TlE Fe A EOBETTLEDREN A ARETH - 7=, Fig. 9-a 134
Wiz V% 300 pm-thick Mylar BEWINAZ W Z O HEEEREL O G 21T 72 b O Th
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. Mn-Ka, KB, Fe-Ka, KB O£ t™—7 [H® sum peaks, £7-ZF1 5 & X #O pileup (2
K DAY FURNIK K0 @ r L X — {25220 L, ExRORME X< kR
SNTLEIRMTH -T2, ZOREHZXT L, Mn, Fe % Ti ®WUIGERZ L 0 RTINS 5
Ti B2V (2 H1E E ORI ESH D), £7- pinhole Z#Z81) 5 Z &12 & 0 K= /L ¥ —5ElK
O X MBI L, RN X —FIRIZIE D X IRE O Z M > 72 b DA Fig. 9-b IC
RTRIATH D, mTF /L F—wEIZ BT, #H72iZ Cu, Zn, £ LT Sr OB —7 23R S
. D70 OFEOWENHER TE D, IHICFNITINZ K~Fe OFEIZ K & 22N Eh R % b
7259 500 um Mylar plate Z /12, & HIZZEAUTHIRIIR E 2L (2 mm¢) =T 570, &
FEIRIC 72 D X O b E & 52D 726 ON Fig. 9-¢ ISR SN D RRIATH 5,
Al D Zr IZED ETEL OILFEDOE— 7 B ICHER S, FrZ | = 3L X —Hilc B8 1) 5k

NMCC

EOUETEHI TH -7,
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10° v 5 T T r T r T
éw r ifé Pinhole: ~200 pum 109 um Mylar C)

10* 5+ § & J_/ﬁ
g X
c
@ 500 pm Mylar Hole: ~2 mm¢
<= I /1) o 0 O B e B v e v R 0 P 0 1 1
O 107 [fihg ¥'x o S
B Z35e R 5520 pg/cm” Ti Foil x 2
3 S8, 53° 80
§ 1w e | TR e A A

£ " g
10"
100 I 1 f
0 160 320 480 640 800 960

Channel Number

Fig.9-a. X-ray spectrum of a soil sample obtained with a conventional 300 pm-Mylar
absorber.

b. Same as Fig. 9-a) but with an absorber whose structure is illustrated in the figure.
c. Same as Fig. 9-a) but with a specialized absorber whose construction is given in the
figure.

Z D& R, FEEDTER M U TIHET 2Bk, FRCI . THE o
WEITCREDIB I 2R L TV D, L LIEKR, 20 & 9 722G 2 RS WU oD 5 it
AR D Z LIRS . EESITICTHWD Z LIXTE R o7, 31 IR I NIk %
FOBFHT 07T 5 ABS2IZXD, 2O MRS 2R OUIURICH LTH, BHITH
JER R 3 5 55 K OIS0 Rk IS & R O IR DS E BT IS ATRE & 72 o 72,
Fig. 9 (R WRIUAIT, HIERELER0RE « TR 0RHT 2N D Tl #k2 2 < ShaaEe= T
1YL« ZZRRER E L MOBZES BT DREHIEIC IR b TN D,

4.3.2 KK PIXE [ZH 1T 5%

H72 PIXE #HWIUTEDOESWOHTRERDIE 6D, Ly LEZERGEAEIZAINLD 2 & BAH
LB H Y . TR OITEROFED X 9 e KEWBEFHEE, Eilidh, B oHfaaE,
FANF L THEE MR ETH D, NMCC O KE PIXE v AT AL 1997 FEITERE ShT- 47,
BEORR 2 Bitigs v A7 LD layout & GE %2 E1 Fig. 10-a, 10-b ([Z/R7,

Fig. 10-a) MDA 7 1 k1% e PIXE S|ICHEA S5 2.9 MeV 1 B — A0,
PIXE v A7 AOBERE 280 T, S HICHEEORELZ 22X 1T, bending magnet |
¥ 45 FEITAR I S 4v, 7.5 um @ Kapton foil Zi# 0 K&HIZEA I D, (B —AF50EH
EH A EOHENSIRE END,) Z—47 v b BIEA L XHRE, 2 B0 SIS v
FRFICHIE S D, BE— L% HIC L THROR R (XTI ER) TR cEEHTH Y (In-air
Si(Li)-2), JeiiiciEd 2828 v v 7 48 L L LWL D, A (KTIETH) © SiLi)
WHEILEHTHY (In-air Si(Li)-1) fEix O XA L EHICHOND, 20 [RA 2 B
FRAE S AT K 12X 0| Si L EORTROWBFEFFZARETH H, Zhd 2 5O SiL)D~
v N, B—A LI B 45 EOAENOREIZTHEE TH D720, A A N7 BRI DR
BEG BRS - JENATRETH B,

s

o
nF
L
X

h

N

X
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a-) [—]--=—Z=-Z=:= |
— 1 I
In-Air Si(Li)-2 - Vacuum Si(Li)-1 -
'=:== (-

In-Air Si(Li)-1-

™

f I

Bending Magnet . : ——————————
1

Fig. 10. Layout (a) and photograph (b) of our in-air and in-vacuum PIXE Systems.

Fig. 11 (T In-air Si(Li)-2 |Z2E5E5 T 2 e v v Y OEEEZ R T, ZEICHK 30 (K#HSUEE) @
Fig. TIZA BN D L 21T, ¥ v v 7 ORYE - HHEIC K BEOWFEITWE THY . ZiixzE
KD O X BOHER~DAFR, ¥ v S LD KIEICHERNTWAHTEDTHD, Z0D
Fx v TOEFCLY  HEHZ Lo TX AL Si £ TORTRERODHNATEE & e o7z, 24,
B LA SR SDD O KK PIXE ~OJGH b iA b T=28, £ 054613 Mg £ TOREN
AIRETdH D Z & DR ST (REROUEE 30),

L7L 2007 £ T, KX PIXE v A7
LITEESHTIZOIEH S ERE L5
Z LT E R o T, Bl e SR
B & Ot TRE B A 15 5 T iEOwE 2
NEETH Y WHERIELZIT O LERNH D
IR E DT DI LB ERED 5 B gD
R 2 R TRD D Z & NKNEETZ -
T2z THD, TDORDRKKR Y AT AL, :
LI 10 R, HZ2TORE DRI 2B Fig 11. Photograph of cap attached at the tip of
(X B BT O A STz, the Detector No. 2

4 1% 2007 FEIZRKR T AT MR T D ERSITIEZHENL LT 49, W ERIEO LML 72 5
BRI T O LY ICHETE S, T - O3 B E TO air path ZEEL, 2=
& & Kapton foil 1 energy loss % Bethe’s equation 7> H R 35, T OFER, 2.9 MeV D5
FE—LNEIF =57y MIET 245 MeV & 725, RO ICPER 7'u 2/ Z A 22|21 1 2.45 MeV
7 B — 2k A EEET AR Y K 3%, L B ORIERIC O W THZICE I S vz, Seeg

(fluorescence yield) . Coster-Kronig rates, radiative widths 73 & X3 ARG 25 < 72
DO A —%1% W. Bambynek et al.2¢ & J. H. Scofield et al25. 26 O XCERMHEIH L, X
BAAEWREED R D bz, (KBZOGAITEIEDEFROALEBETIT LD, LiZkogGaid<
O A WV X SRR AR OFHE 3 Thhb,)

WA D ZE i AR 1T EZE PIXE [2B\WTC LD 55 36 THL Z N TX 5728, RMEORHRH
ZhER R ORNE DA D, FRieEH O Si(Li) (In-air-2) T~y KRBT 27 —IZx LTF
7 45 FEIZED R o TR D . BERELIE IS AGAR, B O ZIET 2 2 & IR
Thod, TOZORMEANEEZEE L. ZRI2LD X OIS BHZRO FICH A Z T
THED Tz, EEEEIL, %< OEERBIORIEE & Ok, F 784 O Z 298
BHI k9 2 E22 PIXE CTORIEE & OHEIZ K0 MR S 4L7z 8049, KRHSCHEICH, [RUHIET

o
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SDD # g0k R ih#r 2 KD, BE W 30 PO 10 IR L TWAD T, ThEANWEE
EONTRE L & bICBRINT-0,

X HIZKA PIXE v A7 DMZRBWTCUIBEZEHI AT 2 AL 1| B2 CTOREN TE /7
WA VRN e 2 TR HE L 50 | F 7o AR & T RREN k9 D IR HE E BT 15,16 D3 FRIK
WTBRS Sic, EAR EOBRELREIZIEHIECON T2 FELEBETTH L, SHITRLA
e~ B A DDOPTEIORE ST 21T 9 12D, [E22 - K% PIXE RIFFAIE S AT L 51 4
B S, B L KRR THIOREL ZFRIFFHCHET D2 & bAEEL 25> TV 5,

5 8bHYIc

NMCC ([ZB\W\ T, % 25 Fl2biz 0 £ 27 5 PIXE OILEF AT T&E 7z,
WINIEZRORHANETH > 7203, LRI 2 ER D ISEAFHGEILIAN > TV E | BTEIX
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Abstract

Nishina Memorial Cyclotron Center (NMCC) was established by Japan Radioisotope
Association in 1990 and has been opened for any researcher in Japan as a
nationwide-common-usage facility of Positron Emission Tomography (PET) and Particle
Induced X-ray Emission (PIXE) since 1993. After solving some basic problems coming
from the machine size, a three-detector measuring system for the vacuum PIXE and a
two-detector-measuring system for the in-air PIXE were established. We also developed
computer programs to derive quantitative elemental concentration. These programs are
designed to be operational for the data handling and analysis such as programs for X-ray
spectrum analysis; for determining efficiency curves of semi-conductor detectors; for
evaluating a X-ray transmission curve through X-ray absorbers; and for calculating
theoretical ionization cross sections. Moreover, a standard-free method of quantitative
analysis was developed and applied to various kinds of biological samples. The method
makes it possible to perform quantitative analyses of untreated samples, samples of
extremely small quantities (nearly 1 pg), and living biological specimens. Furthermore,
two original methods were developed mainly for geological materials. One is “powdered
-internal-standard method”, which allows us to perform quantitative analysis of
inorganic powdered samples such as soils, sediments and crushed rocks. The other is
“specially designed absorbers” which enable us to carry out highly sensitive analyses for
rock/ore samples that contain distinguished quantity of specific elements such as Fe and
Zn.
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