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WILHEDOHIE NN AIRETE o7z, Al Si, P, S &2 @ E THIE T 272 D1id, AR 228 2N 4 3
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Proton beam

No.1 Det.

Fig 1. (a) Photograph of a cap attached at the tip of Detector No. 2.
(b) Irradiating and measuring conditions near a target of the two-detector measuring system in in-air PIXE.

3.2 5t - BIESEH
SHEREF/ NS A 7 v he X 5l & &7z 2.9 MeV OB —2A0%, 2 #1o =3# Q magnet,

steering magnet 72 K CIRE S, BEERGELEICEA SN D, BEEBEUMENIZa Y A —F R X —E N T
E— A0 ETEY kiT. £ Dk 45 D bending magnet (2 X Y FJ5 45 FEIZRIE S AL, 5mme D
7774 halA—FTEEINZ%, 7.5 um @ Kapton (Polyimid) foil #i# Y K& HiZg&H &
%, B —ADZELKF TO path 1X 10 mm, 3R S R4 Lz X% ERE 2 50 Si (L) B X 0 Al
ESND, FHHE—LEIRIL25nA ThoTo, RRKCEZEPIXE VAT LaxEFheb A7 U ME, 25X
k17 oK 1 2R Enzv, K&K PIXE IBWCE—AEfE EMICHIET D Z S 3g L v, B—
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Fex OBA%E U7 R ZRE OB E FikX, \LEDOREREmEIL L, Ny % 7R B0 < B
L PIXE CTHITEZIT O HIETH D, MHHEORE L& 10keV T OBHEE 1 & L, MxHRH 2= % IH
WRHTNL 89, KIETHIRIRERD 5 2 L IZNEE 725, PIXE (I8 W TR RS R B3G5 hh
X (NERAMERAE Yk « BEAE UYL & 6 (2) EREMAT N ATRE & 72 D, MHBIER KT 2L X —FEik T Si
Ak o K I EG<> . Au AR D M WG 722 ERFAE L, B2 i 3 M e IR B A~ 97, L LAt
e DIEAERIR 2 0 D FH LTI, IR R F—fEIORE SN 3 FUEE LBV Efe /8T 2
— & fitting N AAIEECTH -T2, RIEEZHWDLZ LICky | K XA X —fEETT— 2 K52 %< (K
DR X e XL X — S II2) BD Z LN TE D, Tablel (2, A EAEICHWIZALAEY & =R E 2
R, AR OTIZIE, - RE AR - AR IEER A FE&E Yy 7 0 7 L, Vortex X ¥
—TH AL LIEfR S DN 8Fdb 5 (Tablel @ FHIZREH),

Table 1. Measured targets for determining detection efficiencies.

Chemical KMn, Aly(SO,)s, KCI, CdCl,, Kil,
compounds BaS, BaCl,, ZnS, NiSO,,

XSTC-8, XSTC-13
Al+Cu, Mg+Sr, Na+As, NatFe,
Mg+Fe, Si+Cu, Fe+In, Cu+Zr

Standard
solutions

[l — = F =8 LEBOEZRED G ONTZL A3, TN 0O PHERHVLbRZ, £D X 5124
TR = UK LR DN ERIEZ AV, M RZIRET 55 ORI A=FDR/N"RT 4 T
4 LD Y RHEHB AR ES NS,

AR EER

A1 BRTREERLED-ODOEHRT Yy TOHE

Fig.2 12, F—ofWRAZ KK PIXE VA7 AHBRHEZRICEVAE LAY MLERT, EHFO
AR MVIZEBEWTIE Ar, Ca O — 27 DAMIFE B ST RWA, ZHUTEmx v v 7T L CHl
EEINTZLDOTHD, FHDOAXT MLidd v v 7HETHEINTZLOTHIN, v v 7ELTIE
L BHSNR2P>T2 P, SOE—7 PBHEICBHI SN TS, Zb 2D AT hLid Ca-Kat'—
N ETHEIEENTOWDD, BENKFICEES BT, KA D X 510k X RO EN
2 Mk E S, o CTSIN BB KIBICS®ESNT-Z LI2L D,

Fig.3 12 S/N He#E D 2 a2 R, v v 7L TiX, 10 mm @ air path 226343 5
HXMNETHHESNDAEERH IR, vy 7OMHAICEY., RO I EFED air DHRET D
XBOBPBREIND, IHICF Y v 7 OEHEN 3mm D729, air path 2 3 mm (& F TESIT D
TENTE, BRIZEDXMOWNEMAERELZLETH LN TX D,
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Fig 2. Effect of a cap at the tip of a detector on the spectra. X-ray peaks of light elements can be clearly seen.

(a) (b)

Fig 3. (a) Connectional graphic view of detection of continuous X-rays originating from air. All the
continuous X-rays originating from 1 cm air path are detected under the condition without the cap.
(b) Owing to the effect of the cap, only the small portion of the continuous X-rays is detected.

4.2 BRI EMBORE

AT OB R R O FZRE I3 L ISR ZRET D 5 DD /3T A —H (X D /A E fitting
BNithiiz, TOEE, T A =X OYPIMEIZTHEZEOMEZ V., Be ZDOE X1 freeze S 7=, Au Eb
ESIORNEEESICELTE, IS LTENTN 140A, 1 um OERH VL, (2 b O
VFIFAEHER 72 SI(LD) B AR HHERORIZE S b DO TH 5, ) Fig.d ICKEH R HEF (Detector 1: PGT
LS10129) Zxf9 D ikEH %13, Fig.d-a 1T FEBRML & RIS < MR 2~ L. 4-b |21 fitting
WX B ISR E SN To R E by CORT, (R b, RE IR EDE = L F
—BEI T RIEIER N2 & OFH O —-21%, air path (X 2RISR IA TN TV D H
Tbhsb,
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Fig.4 Detection efficiency of No. 1 Si(Li) detector.
(a) Solid line shows the efficiency curve calculated from the values in the specifications where
experimental values are also shown in the figure. Error bars indicate standard deviations of the
results obtained for the same energy.
(b) Solid line over the experimental values indicates the newly determined efficiency curve as a result
of least squares fitting to the experimental values.

2—y N ERHSBEOEREZFIC BRSO LIRS THY . ZomtizhEiiEzH\5 Z &Iz
XU X#O air path IZ X DWILH R ERFFICHIET S Z ENAREE o7, —J7, fitting I &
DFESNDANEEORE ST 0.08 pm & 27 W EEVE E 72 V) | T4 O 8RR H R IR E 23327
FELRVWEESONDOIFEEZREMITIMERE ST, T, AL —[OBRHDRITIRIMEELID b
K<, PHESNDHEZEOE L 2.63mm & fEEEFEIZHE X6 TWD 3.5 mm KV &2 & 235570
Do LD THILEICHT DEEITOCELS 2D,

ZnZEho K, L-X o3 —I2x3 2=, 55EK=— F EFF o THBIMICEHE S
N, EEMNT 70 77 AKEIY [ERA SN T — 2 X—AOHICHEIWICEETAEND, ZOT—HF X
— AL, AREE X BRI T 2 X AT AE. 12 FO WA D FER R & E B RICLER T
A—ZR, 5 BEORHIFBOMEZFEL L HITEZIRAENLTND,

Fig.5 12i%. Fig.d LFEARICIRE ST KXIAMHE (Detector 2 : PGT LS10138HT) (2%~ 5 # it
ZhEREEBRE R SN TS, T ORISR U ISR MRS 23 AE S Tniend 12 AN
R R — kT 2 EE M D7D DS v v 7 &S LT RECoRM 2R iR 238 72 I HE S
Ao, el OEAED 3 mm (272 5 72 72 DRBHI T #2 C & 2RI X 2 WU A Le—F, Edd 1.5 um
JED Mylar BEO WL D43 T Eh R 2 WD S TWD, L LBRET 5 L. BENTHIE LK R L%
—EI OB MR LR Ty v TOREFIZLY RpEEINTWD, 1.5 um JED Mylar EIZ L 5%
E, 25 1.7mm UL RIS T 2720, 7Tmm EE0 air path DD 5% 2 THREEREITH S
Thb, TOMOERE LT, ki, #E X HOBICE D SIN O KIER: EROZD, K= R L¥—
FIIC BT A OEENE L WFEINLHMERLE LTINS,
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Fig. 5 Same as Fig. 4 but for the old Si(Li) detector with a cap.
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TR INTZIREETAY PARELNTWD, #EHZIZ, Palladium-Carbon ¥y (/X7 V7 A=
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Fig. 6 Spectra of a soil sample containing mould obtained with the two-detector measuring system in in-air PIXE.
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Fig. 7 (I3 EHESUEE GBW Tibet soil 2 R&UGHT R H#F THIE L7c A~7 b ek B2 PIXE TH LI
2Ly h L E W LR, KA PIXE 3 25 A2 Tl 300 pm Mylar WA, B2¢ PIXE (213 500
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Fig. 7 Spectra of a standard sample (Tibet soil) obtained with in-air and in-vacuum PIXE.

Fig.8 |Z1Z[Al U Tibet soil FE#EFE DKL= R L F—l A7 RV &ERT, Fig. FIZiL, K& - BEZEZ
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DTT 774 balA—=2R310 KKPIXEIZBWTIZ ERDOIERES v v TBNHNLN TS, BHIZ
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Fig.8 Same as Fig. 7 but for light elements. The spectrum for in-air PIXE was obtained with a cap.

213



NMCC 19 2012
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Fig.9 Results of analyses of the light elements in practical soil and ash samples obtained with in-air and in-vacuum system.

Fig.10 IZX R i & A aEHc st LT3, K, Fish-1 13 Fig. 2 [T TR AT L &R L
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Fig.10 Same as Fig. 8 but for two fish samples.
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Fig.11 121E, ARK 2 BHZHHIE > A7 22 L5 GBW Z#HEREL Tibet soil DT R4 PRAEME &
g LR, Ca 28 0ENL EOJRTH SO LHEITMIEEE 1 THIEZITV, AI~K £TO 3 jtH#EiL
ISR 2 IC XV HE ST, Figrband X918, ARR 2 MHER T AT AT X HFERF. REEE &
FIE LTV,
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Fig.11 Results of analysis of Tibet soil sample, where the present results are shown in open circles and the certified
values are indicated in closed circles.

Fig. 12 245, Fig.6 1< A7 L% Lz BRURHRIZ S L, B% PIXE ¥ A7 A+ K4 2 RHEIIE &
AT LOWEHE TON AT o e R i L TRd, Al Si 25 0#ekENno Sr R EDEITHEE T, A
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Fig.12 Results of analyses of 13 elements in practical soil sample whose spectrum is shown in Fig. 3 obtained with

both in-air and in-vacuum PIXE.
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5 &

RAPIXE IZB W TRILHERRE T O DD 2 FasFRE S AT AEEET L5 2 LITRFERD L
NTWkEZ e Tholend, BHEMAEMIEEE BICBW T AHOBRHEBEZEA L, FKRE > A
TAEWMEST D ENTER, L LKRKPIXE 0BG, WIIEZI L TRIEZITo72HATHIRT X
VX — I BT D REE T L SEL . ZOMBERERSNRVIRY . KA 2 BEERFRRE > 27 A
DOEFEITFEENICEROSH L LD LIXE X R Te. AFRIZEB VT, Fig.l CRENDEHMF v v 7
OBRFIC L Y ZOMBIXIZIEME S, TRR 2 RHESFERE AT A BDEEHREREZFFOL D
27277,

K& PIXE O EZE PIXE (25t 2850, FFESITR AL S 2 MTh oD, LinLHLRBREDX A
— VI E— ARSI RO ERICK VT B72D, He TAOREMIFICIBDHBE R EOTIELHRD
EHIREEND, TDOBAZELKHD energy loss ITE S, S HARLEEOM EAMHFIND, M
MOL A EFEORBHCELCTIE, E—2BFICL57 A M= 2A0FHICMHES & B 521G
ODEALBNBP S D 1010, ZOdELREHOREEToh, BELBHOREEITH 2 EITITE
e, 2R EHOBRODITIEFAKFICETOREDOE{LEBRNTAILELNH D, RIEOBFKIC L
V. ALY EORITLRENRED RIRFBIENATRE & 72 o T2,

Flo . REBEICL VAL T RREMEITIHEEL +2ICEmW I &R R I, FERE T Fig.9. 10,
12 [ZRENDEHIC, BHZ PIXE LRAESOREXHFT LI LRI, EEREOHIEIZBNTE
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Quantitative analysis with a two-detector measuring system
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Abstract

A two-detector measuring system in in-air PIXE system composed of two Si(Li) detectors has
been developed for simultaneous measurement from low- to high-Z elements. In order to
improve detection sensitivity at the low energy region, a new device which is attached at the tip
of the detector has been designed. As a result, it exhibited a miraculous effect in improving
detection sensitivity at low energies and it became possible to detect K-X rays of aluminium. In
order to perform quantitative analysis in in-air system, we have measured detection efficiencies
for the two Si(Li) detectors including the effect of X-ray absorption in air on the basis of the
method that we developed. Concerning the beam energy at the target and corresponding X-ray
production cross sections, the same values as were reported in the previous paper could be used
since the same conditions in the irradiating system was employed. It was confirmed that the
present method allows us to quantitatively analyze all the elements heavier than aluminum and
almost the same results as those obtained by in-vacuum PIXE were obtained for various kinds of
samples. It is also confirmed that the present method gives accurate results from light to heavy
elements in the analyses of a standard material.
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