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For elements with no stable isotopes, the mass number of the isotope with the longest half-life is in
parentheses.
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Periodic Table of
Elements
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Name yerogen a Alpha decay B | Beta decay Selected He

Mass  3.01604927767 2

inding Energy ~ 2.827266 p | Proton emission B+ | Beta+ decay 5 6 7 8 9 10
Abundance 0% . = B C N O F Ne

Malf-Life 1232y '.r.l.| Neutron emission .E(E. Electron capture ) 3 3 3 2 3
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Na Mg Al Si P S ClI Ar
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9 Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
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87 88 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
7 Fr Ra |®*'"3] Rf Db Sg Bh Hs Mt Ds Rg Cn Uut FI Uup Lv Uus Uuo
3 4 1 1 1 2 2 1 1 1 1 1 1 1 1 1 1

For elements with no stable isotopes, the mass number of the isotope with the longest half-life is in
parentheses.
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27.2.2. Stopping power at intermediate energies : Muon momentum

The mean rate of energy loss by moderately relativistic charged heavy particles,
M /éx, is well-described by the “Bethe” equation,

_<d_E> KZ2Z 1 [1 22 327 Tnax

2
- g2 A2 27.
o IV In iz 16 (27.3)

- N

MeV / (g / cm2) P \dx

MBS 1 ey 2 2M2 =M



FRIEEE (ZXRILF—EKR. RIRILF—F5)

Stopping power  En

[ #R(p) / iR/ E

ergy Loss Linear Ene

MEF#R(n) : Bp&r

rgy Transfer : LET

SRR | = LET IETHR

ADGF 2T E L

S W LET 252 %,

BT (B)#R : 1K LET

PR

DT,

JEF(XHR, YIR) - WEFOEFEHEHT,
HBE2WIEEIRIF—TIIXEFHEFIZTERT D,

B DBEREIC I (T EMRS A0

m

{EE LN LET,
BH=PEIERE 1
MeV / (g / cm2) P

dx 02 Muv22

dE> N 2 ?M/2

X M
T



ﬂ%ﬁ Range

(o F iR (p)/ iR/ E

PHIERED

UL
5*"%%? %_L\I\ﬂ-\.$.EEO

ABBHERICKT LT, ERISIE S

bmF %

MEF#R(n) -

—

B

B=FH1EEE
MeV / (g / cm2)

EFEHELE
&
xr“\Lf*frEb\/J\é Ly (
BUWRE, KREF2Z2ELYE TEM.

BTFPB)IR p o, E

. Ljfd\kl\@—( < ckT%\.lgi\o

FIE—UCTHET 5D ZFELERDT

B A TFHRICEENT

IDFESEAVNE W)

R 5 DRIZ

B WD TEELES NP IV (FBFEEF)

B DBEREIC I (T EMRS A0

| dE> o 2
P \dx 02

72 M/?2 M
oC




MFE  Range FEIEBED W ZIED
affFIbEHd BIRZFLEDSE v, XIEZLEHSE PEFEZILEDHS

TILT7 (a) # @ \

R — A2 (B’ o [>
H Y < (r) & AP RPN AN
ITvH R (X)E rNW Q’Q%>
e O >

4 TILEZOLED

VSRR SROELEDIR Kpars)—+k

B=PHI1EEE 1 dE> L2 _M2 22M
MeV / (g / cm?) P \dx vz Mv?Z/2 T



BF(p). & BHFRIEFRENSHI>TWVND,
ET@)FBE S NPT <. T2 ERERGEE) THZ L ESDENKE L,
HEF(n). BT Y) ERISATERNCES 210, ISHERIREE T 3,

ARRTRIXILE—IE%
. KFBBOBR
A — T ()
— 4
e | — thit i3
4 _ ji— 5
50 MR (n
R
_ (BT (p) {
= -}
%) L . \
BEH TR (C) \|
i 3 10 15
e rFEFOFEEHLIEDEE( cmn)




Bragg
peak

50

B % X &

(%)

HEFHR (n)

I

(TR (p) =
 EBRTE (O k\
5 10 15

hoOEFREM OFES ( Cmn)

= BhFIR (RE)
ol Gl

- P

— T




BERER : DAia

# Gy =EH[D

X #R E

Bt A

500w
350y

El - B0Gy (30Cy=2)
—

i
TR ‘@n

27> SV AN

: r
eep T L

B PRSI  h, TR M R D S L
FE AR bR AL AR O R
THRET O o S 4HINEE

ficld @ H~NF+1 7,
53R, /N1 HEF

R - kBT

ERmEn

SRR (KRBT A V)

-0

¥

F &
_/&/ ;ﬁ\_ﬂ-

21 MEsIRsRE S Y ERLE LSRRG R

B AAMEG S RTRESRA < ENEERER R, 7D

TGP TS Lol e R

51 KERERGEEMLCRICSHE TRE TS SN OMEN

! --‘--H-\-HH"

5 10 15
e OB OFRS ( cm)

— EHFE (HE)
18718

— iR

— BFE




BEREYE EDHEEER




\Y V&

.
\\ ib

THE LIGHT MAP

*(E. BARICWDOBHEFEELTUVT,

EMNIULEED. FMPERELET,

fEonzv1o 0K,

ABDEGREBRZERXRZATVERYT, ABENSDKF, HBKE(C
BEZS5UL. BYDEERODIRILF—ERDET, EHAT
PIYTRIEEDETFTERZBELET, L —RBHK

SYAPTLEPERBEDESEEZIBIR. BFLYIT
BRSDOPE %ﬁfﬂﬂ%&l;ﬁﬁb\éf%‘ﬁ\
BEEFPREEAD HDEMR. LY ST VYERICALDXIRP.
RFBROEE(CRETDriRBEINT, KDBHETT,
ZOXRYTF KDBRRPILEEDEFDOPTEDLS
225N, EDELSICEDNTVNIHZEREDIEHDTY,

50 BIEMDEN. DR

DTHEIEET

& RFOPICHZEFELRICB<KDTHANERNE T, TOREFMRTI . KL=

RFOBOZLZ2EFHRIOHEICE DL (BFEB).

HBFECTEENDDTLLSD KF (TALY) |
PYTFTOPTEFHIE EABVERBDKETHD

REEORRBENIELET . DFORBIES VY ATIDT,

DFIRED AR

K[DBEHLS
\HY DN (RAME) (FBEEDNK
KMEET . CNHRBBOSNARKLTY . RFOARDEFHIEB T DL X BNEINET,

<BBBEC

DFDHES

RARIRRR DN
(RE[CHE)

DIREER > TEBK ZE[CX > TEENK T,
HET, ERORFHSBRENTNSZDFOPTRFINEWVWCE (HFIRE)
KAFHNRLL<LBZEDD, BFHHCH<

31 FRAR BAIRBDADNEX T,

ANUDLRAYL—T—(632.8) ®

Gl Ty iz
PELTDH ity

REIES 1 HRIDIREDEE (

TY, REEERDOHFE
R PIRRICEFRER—ET

REE) (CBEIBITRILF—

FLE s msE BFL VY (2.45 GHz) ® YAG L—%— (1.06um) o Wikl —t— (650 nm)
} 90 ~220MHz : 73-0% VHF (0.8-2 GHz) KBFEYAHORTES 2 L—Y—hT & BHABL—F—#T. ® WKL —H— (1.3~ 1.6 um) YBEEL —H— (785 nm) @ HUT Y L—Y— (647 nm) @ PUNIVAAIL—H
470~770MHz : it ERFI D)L 42 LAN T Lk THA LS, D o SEMREN, BET B, HEPES ——
73 0% UHF (2.4GH2) EECEFLYYRYAY SyoR ASROMIHTES, L—H—33—T
0 x—7 (microwave), L—H—7T. [FLB-YSh= ZHAEDET, :
FM BoX E<BPYIORBERZBRPA@REL - —T BETELT 2.
80.2 MHz : FM802 BS 0% (12GHz) | | 272 - BBRE SBIE DEFH L—H—pE i, FH O DRECRRRSNABNEDNZR D,
81.3 MHz : J-WAVE RMRE—5— ]VW\ EEBEHL - —% BRRSEE
: % 10um T 27°C. ZBLCERICT— L—t— = EE R D BRHE
AM HHE HEEETE D, 1.06 ym TYyhH—
1008 kHz : ABC 534 Z - 755 nm
954 kHz :TBS SY# FLEYYRSA | 694 nm
¥ 10.6 um gy 1&155m>§\, 1.06 um m5;>\\ yL—- LEe—L—H—
| I o I O A I Y L L1111 | I |
33Z%
55 30 kHz 300 kHz 300 MHz 3001 (?anj ]3 C;I'H; o KM \ : 1 um 900 nm 800 nm 700 nm
©  10km  1km Tm PUOKES e 30 THz ‘N 300 THz 375 THz e &
=3
ERBH (BREH) RIRNSE pIRANS RN R
PYVTFTERE {EER D BTG DFIRED - I8 FIRE). BEOFHRZDMEE | MELBEIER LAV, YEINERLREES CHRE[CEDND) AEDBICRZ 3. HRBEFEBIT
1S ICh—F L—5— ERE FSNILYR BN FOIERGEE EB/NAXS (FAhEY3Y) MBROKREEFIANETOEYDE, HEE @ @ . @ ’ (
' IC ERZERS LT BR K Imm | | @RLBYEESBL, PRI F ORBEARE, R EFRSEERE U, | | BIREERESA THOHBHRE, «
REGEERRE U P55 lcm @ | XBICHENTARNOR BEATFO " GRS " IEENS., L) 7 XS TRAT B, | | BRCTEESEVEICERS, i S A OB S
RTHOBEE BRERETS | | EHOBULO. XIC = L\ BEEZABVEER| | K 800 nm TANHDBIRIRE , 5&1\5} \'{fm#s@&r.:@@e
WL D, a3 2358, 8 74< RoO2RERERIME L = DT, BETHEF| | N5, ERAKEE > THh®RER \; W' znzhot®
g5 Rz00650 | |BRPEE s CEFALFE | | TEESNTNS. ﬁ).. CEMDNEL, BEESAT S ENTES, L . Z BEOBED L
T G- Eﬁijua—5°“ m %fﬁﬁﬁﬂ?ﬁ(: § 2 BIEDEH. SEM i 5 PYRYPY HOF/AK 200740 W/ W23,
W 2T )L RERRHE 53, BENESCENE[HR —BiLRE (C=0 ) e CHbAVSN3, M RICBBDE, BFEROHIOOT 1)
% Ei\,: K = RS RN BEDSDBAREEERNTS, % > 7“/]‘_”/ O-H =) 59 M = M RfESNTHOT /1 ROEE(C, s ML AH TR () 2
WHEBRER D | | BERERD BRRRIE T 5% (o ) S \ = & 2o, PYRYPYHD<BnT [ EETTATEERE S
THOPERDD | | & L= —ORE| | g o k4t % NS 2ot BV — - FIMRES (IrDA) 850 800 750 2E(m) W #EEED D, HRELT, ESH, /HOYRSY
[CRE 2, VaN Mz 3, BRRET N o BER7P 1L, R HOLSF—;
=R & DR SRS *300nm e f @ N Aoty —%», FLE f— N 5 N n . '\{’T:ﬁEEB'y—EI
HB(CEH. == * § N WJ“‘ PRFLADYED V. 3RTF /T ﬁﬁ%l\)b? J'G_I:IEJZ'C‘(E‘K\ 20024)L& < & EOAYRSA
== é’; 500 nm ‘1&0‘ m §.6“ h“LWVO ER (um) S8 Y DBE I BIER 4 t_g_foiﬁ);:%—c& ;D\?'Eéjﬂg\”%‘z 6;9‘ 790‘2{“ IS, -ﬂ %125523%\ >
- - " AN == i / oM - 5
i \ Y ' ZBLRROBIRAN I ML ARDEDNS. J 5o mn s 0 || SEEREER § 5 *? [CEmEns
] = : "4 100nm D% h\br?ﬁﬂ:m*&r - :‘ A _
X /\ JE22ER MFEEAIE, REMREES YA D ILR 165 8 ym 0 jibﬂl&%fﬁgo BT 3. e =0 ARBHEEICRRZ
kL) = 1,000 mm z T INDABICHS | | ODFORBITRILE—DSERS | | BABRTSRF v o OEEE ’ (&, 500nm f¢ 5L
J%—kJL) =10°m=0001 m e BEOARKE | | (A4 B, REEFOUTIEE | | AANEHOBIRANY MU | [ gpan e EARFRY - = REBEI D18, 3
{£8%—kJL) = 10 m = 0.000001 m =1/1000 mm MEBZORECEU TR G LiEg, Uk | | EBRCUBZENTES, DRDSEIL V1IN | S UL~ M08 | | e seveoaparsparosn o RE(3#1 6,000C
/X—JL) =10 m = 0.000000001 m = 1/10075 mm §§§§§?$35°“®ﬁ%% - _‘ﬂb¢fﬂt® 93, WICEK LT, MBI S SETSBTE
3%—HJL) = 107 m = 0000000000001 m = 1/10 {8 mm i et 12 Ex s | P e—— NI, #HT 3. "'H” | RS DT ~
- ARX—HJL) = 1075 m = 1/1,000 pm ERD. B &82m®§%ﬁ@@§ FABDREREN 5. T || e CT 'Lﬁ#_ I DRFILYITUY,
-X—HJL) = 10 m =1/1,000,000 pm BBEF L —H— (FEL) B BEENELET, ROPOERRE LI BER - BRI LB TaNERTS, | | WEBEALHSTE )y
EADSHRATTOLER TRRZBBISERL TRALGKZE = ADFKBTRRA 10um, ELTESY 3, ‘ NSV R FEBNEE THS, FHI B, (]
tfﬁ)i _— D<K 3, BROBHEFERSICE > TRITSETRELEY Y ]ﬁo%f%%tﬁi@@ ) A
V) =1 BRI B 50 ROVEEHNS L —F—#igED < B. BN TEARAR. pm fHE (KS0R) : m - . T -
-OALY) = 109 Hz = 1,000 Hz = 1 BEIZ 1000 EIEE FREBRARHE LB Do SHMEN BB BAT (2,500°C) v ; i+ ;@(ﬁﬂ’i}?m?;j?ﬁ} Eﬁ; °55’L~;§
XAAILY) = 106 Hz = 1,000,000 Hz = 1 15[ 100 FEIEE WRBEEENT 3, DRABHOC—IE 1 | x 2 n@Eo P& L2 : A TEE L ° i
L iy L e 6~ 7 um (KDIRIR) v—fdaj4 5. b (3,500°C) @ gng@@ %;ﬁi@ghi o
) = 10 e Ny T FELERE, ERILRET 63 KERNL KBRS OHHEEAT 3. g BoroBEDSRE 3 R 58 8 Z 1 L% — N
*5AJLY) =107 Hz = 1,000,000,000,000 Hz = 1 #R( 1 JKEHRE) BETAY YV EKEBD. AR CEEID RSN EQET 3, KENH % ' . WROHOL — || KOIRILF e LT
IAILY) =10% Hz = o i ity 800 nm . | | r—iLEe—h || THU-VEE, s
Nt FHOBDRICHENNNBAS | ? f“ AR . HBZD " = IR c oo
“OHPAILY) = 10" Hz = 1,000,000 THz &l N3, RS A Do Bz i > REOER CRT O

13 DIBNDT

BNSEH> T BANERZRDES & BT
HED1EDFPHEDULET, Y P RYEP
SUBENCRBICRATIN Chi3EORBE
LD TFHITIHDE5TY, UFERTHD
(19715H/—NIE ) B XDOFHZEE>T

%m:t—b/r(7$,)fﬁétmmi?°
Je—LY R aETEETT,

—RIC1

K<y

C S )
ROTSA

HFRdEaM

http://stw.mext.go.jp

22D B DIEL

HKDNSIRHALF (DF) (D EHEALET, BROEL
HEFRVEROXED IKEELLET, ZHABTVOEIEEFH
FRVDEHXDEEDHR T,

HEDHDSRATNTEELT DHH
HDET, FTVHIEWLWL, DFP
BRORBTRILF—DHKFICRLE
(BIEH) SNBHICELET, 2D
BOTNESAL T, FEFBRORM A
POFOBREDIMT DEIMDH DT ZoeEHILanLENL

% 1hR$1T : 2008 £F3 H 31 H
BRH - ERHEM  HERTPE. KX INAX #%e

RUE - FF - XEBFEY

oLtk i

ADNELRMNSKPHSRICADE BHADET,
CORRZEFBINEVWVWE T, BINREHXDER
(8) C&E>TEBRVET, ABESIHDERT
BRRBRI21—kYETU X LEE> TRBOKIC
[FRARFHIRE > TVWBDZEERKRBUE U
MDD DEEHBICII AR Z 2 D(FERR[P DIAEN

TUXLAE UL TARBHREDHT DNS5TT, RFE
IROARIRICE. BOREFEOYE (FHECHK
LN D) ZATHIC DL DHARIEATNET,

g D HE B (RII{TBUEABILEIMZRAR)
=1t Impress Watch, JRIZITBUEAFEMZAFHAREERE (JAXA). RARE—.

y ARG Ty

HDEBCIREEMEEL . KISEENORAICH
EDRAATEL > TVWERY, HLEIREDIB5E
LTBLARICHZBLTEH, T<EAN>TLRVET,

KOO ZEFBLTHERIRT D ENTERT,
WEOVEBEEECHERHT 2. ThEnofsT T
B LTSy
REANEEBICRZZDIE.

7

fINeLSICRZXS
FE - - -

U, BELCL->TESBARAEY, CO» DVD O
SEHREY OFINEIEFE LT D

TY, IVLAYPFIVDOR, BRE. RACABHEENH>TEE

TUXLTREITL
TepiEnick

e AE BB, BERS. R B

%A :
KBRS, £RA%E. JIBRE, HBRREFv vy, 28

RICTH XYY http://stw.mext.go.jp/

CRAEY, COXSCEMTRENZEDI EZIEEBEVNET,

NPOEAZOYF 47
ABEEAREMELY 5 — EIRXA.

tRISHZSCODRE

cTFIYIIAY,

Y-y MICDIRET

KHMEDERE TBITPRE. BELT DL

Malc

ABHHBDET, HKOBHFEE 4 0 0FFICFS

SnfcELWbNTWET, KNZEDT TS5—REE

A\

(F5=2) ORNFMVWDBARBERIRCDVZDZE

T KBEDSOXDENADEBWLEEEZ R UL,
274 =TV« Fa1—5RIEODBHETRFEZHAT S
FKifizFBL/ —NIVEBEREUX U S F/AGRIC
“ﬁ'é?l:l"f‘y RO TERT . JAXA PP X
— AL FEBEARL TVET,

EE TR
UNTREERICY—

AHEFR
JAREL—ARVEEARA,

RE AR TR —
KARKMT IRV RTRE, KAV, K3

S
E

PRUNT
HTEDS

SEW : "B


http://stw.mext.go.jp
http://stw.mext.go.jp

XIEAHZE (K. M. G. ¥y—F)\—>)
VTR VHROER (A.H. VT hY)
SYVHROHER (C.V.53V)
SFHPORIE (W. K. N\1EIYRILY)
X#g. BFROFIC L ZDFHEEDHE
(P.J.W. FI\1) (b5E
NBEEHIRORSE (F.YTIL=Y)
SRR OMEHHIERRDIRIE (M. TRILY)
RFZRISE rIRICRET 2% (W. R—F)
FILYITHROHKR
(P.A.FTLYID, .M. 75V,

I.E. 91)

1961 &
1964 F

rIROFIBIRINE X /IO TP—HROHER (R. L. XR/I\DF7—)
X—t— L—H—0DH8A (C.H ¥HVX NG /I\VI, A M
Z0—-k02)

XIROITEIC L DERME DD FRESDIAR

(D. M. RYFY) (k28

BFEBWHE EBXIR—EB. J. Y291V H— R P. 771YTY)
KRV EVTKRIC K BRFORIE (A HRL)
ROTS 71 —DFEB (D. HRT)

BRRIF(CHTDERIHAE (M. 51)L)

1979 % X#RCT(G. N. \DYX D1 —)LR.A M. 3= v ) (&Y EFE)
1981 & L—H—9%% (N. T)I—L/=FY, A L. ¥Y3—-0-)

1081 £ SHMBEEHABFHNE (K- M. Y—=5)(=Y)

L—H—0—U VKO

(8. Fa2—. C.O—IVHX—IJ, W.D. 74UvTR)
TTLRMEE (A H. XDTA)L) (k38

BR/ HEFRAMD = HDHEANT OIS DFIR

(Z.1. 7I23—02, H.oL—%—)
FEZa2—kJ/RYE R FT—ER Jr.. IEER)
IYNRODL——AAVLE (. B. 7TV, Bhif—) (bFE
RHESIREGRILE (P. 599—/\— P.IYRT71—ILR) (49 -
E¥E

HIE—LYROBFER (R J. I52/(-)

FEREER D LA & L— — R8I EDRFE (. L R—)L.
T.W.AYY2)

% DR EUTEDDET, 03K @R 0ZRERBERD. X
SETHEEERT BAEICBIS BB ESRE UTRET 3 BRIR T,
BT Hz). RER ) BIRET 3R ICHEPELOEH BEE m) | 1001 &
KD —WRICEDER, DEDREERLET. HRPOXORER. | 10074

o 1908 4
1909 4
19144
1915 &
1918 &
1921 &
1923 &

IS5 ) — IV

XBOFER (W. LY ~TY)
FHStDERENHZDIARE (A 91 TILYY)
KOFHEFBURABER (G Uy IIY)
EIHEE (G. WILI—=. C.F.7'5%Y)
B&RICELD XA (M. 74> - 5DI)

X {HESRBRT W. H. 75 w5, W. L. 7S5 v?)
IRILF—8 (M. K. E.L.75vD)
HEBHNRORWDHEE (A PAYY151Y)

y ROHHR (R.A.SUHY)

1964 &

1965 &
1966 £
1971 &
1974 &

WIIBLCHELR>TLDE, DKL THDIIENRIATEERT,
ERF (DA KRY) EVWWET, KEXFORLH TS SAEFEST
M "BF " OFNDEFEDT, K" KDF " DEXRDBELSIC,
ETREDET, XF—D—2(3F. XDBE. DEDHER (HDWIE
RO TWETD,

\UDANDRIOLL—T— (441.6 nm) @
® AUDARAY L —T— (543.5nm)

& NUDLAARIVALAL—Y— (325 nm)

CE— T2 | —H—
® YKL —14— (405 nm) XFEL(X iRBEBBFL—T—)

SPring-8 [CBBBFL —T—DHIRBFEER L.

B ° LBHEBIEB(E, %0 REE FRREF. ARIR RSN K ) 55 1 — KO X B BRI X .
WS N3 L —H— T, BBHREFEEEHBELET, [l TRILE—DBLVES BRI N (5 > TLBIKICER | | KORRHAL BT OB C & 2B AR L, ELub=Es O S 3 e
2 ch (TR #E U2 0. HBEF VT PR/ (RILOESE(C R fEDNZ, THFYT— EEED ZRERDOUVIS || BR. ®BA/CY— VP RPREERE

: ROEBVNRIMTT, ELiEEz R L—Y—%{E> CREERR 2 1 — i KDEZLEBD BB, BFEBICBLTS
v BB EEEH<BETE D, ey ey SHHOMB, YTSH0VOEET TN DOBRR EROXBREES, 9VIN0E 0
BEIC—ROBER FEY D AEORE (RS X 15, W0 AFOUBBEEHND TN
ZEXCRIBET 3. T3,
365 nm 308 nm \ 248 nm
KRS VT | 1BIE 2vit
15 Xty \PUTRY
436 nm (XeCl) 193 nm 193 pm 154 pm 70 pm
KRSV g iR Y 2vib7ILT Y (ArF) Y 13.5 nm 2.3 ~4.4nnm # (Fe) Y Y i (Cu) Y EUTFY (Mo)
I I I IR T T T T A
100 nm 10nm 4 1 nm 100pm
400 nm 300 nm 200 nm SBEOEE ”.‘v,g;; N OTLRORES 0. HFORES ﬁ?o)xp?sa 10pm Tpm
7 = E % 750 THz 3 PHz 5 30 PHz 300 PHz 3 EHz 30 EHz 300 EHz
AY — 2\
BN MXIR (BEENZED) X#R Y ¥R
RILF— BIEBZABLE, NREFBEBIRILF— RRBEFBBIRILF —. KIS RW NRBFEBIRILF— RF¥ - RAUFDOBEBIRILE—
0 || FERE BN A FROT ™ SIS BREN L——FSIVHR LY P YUEE PET (7RY FOVHEE)
: LTERTE3, YEORHEY 4 BR%E3E YMEEFPSE. 53 v | | 200 nm~10 nm D% BHADL—H—HEI—F v NCEUTTHRETZ TSV HSEMEFTRZS. X 8h BEMEAFEY—D—(C L
2= || BRI, HAERKODHED E(C 1 ; ¥ BX oy DR, FSRFYOREDES. | | RASODPEEDSEL, DERXIELT . FROIBAIENR, BBLICKWBREERST # LW AR Bl
BREEDL 3. HTOREBPEN YyaysT _,/_’\ WECEMRERES, ABEH 5 DEEHEIMRIL "3, BERBEEFINUDLA &
(o || BrERRT 2EBEL B 3. K4 T BT 3. WEETIELR L, % X 1STEMEE XEOLYZ GEgAl) ZRT.
ES MSERADEVEREEDKDS N HAREE e ] MMNIREDRBA 7)‘ KD, EEZ(E. B X 180 X BOEETlE. HS52R EEOFEIMRED X 1R
Ebns, RO #HESZTIC, K B BTSN TLBHTEA ZEHRETENRY | | CRBOEAENEE 1.0 T &Ko
= EXDBEERET 3, RERENDR. EEESLEEHERT | | BEMBLAN,
0 || B08 [ [EENOBE TSwHSVS =2 | | EVAEORHT X fROETIE X#RCT (DY E1—YHEREY Y —2 ~
7. || CE2enrsseens | SYNFOTRBEEN | | 0ORT2EAREB | | AVYVE eV ) RXBEXTEBEAL | | ZEATRET 3, BABRKET X %R ABRNAD S o
3y || B —ntnh. 7 [N HSERBDOKET, AR | | CRZABLS BOD (TLZROVRILR) fﬂgg%\f‘aﬂ'\ %@ ALY —58 U TRIE L B RRED »oT<B3REAE ‘o
v, || NBEABHKDINSYR CERABVEDEREY | | WEERLSE S, . HKOTRILE—ERT ERZPICE < 5. JYEa1—S@iflc REQERGR ‘
. r@%ggs&m& Agaﬁ i 823, N‘JV BHI(C eV 2B B, BE R &> THIBEREIRET 30 AU .
69 | | (. 550nm DEEE. & ¥ = - . 1um D3k 1.24eV (2 /
BEHZ<BUS. ; f i\ R R /%W BET 3, KORRE 1
— : £ " R o IRILF—(EREHI L. V—YFL—hTXEEBFLT
D v\—zzqé N e . . _i 'i & 100nm @ X (& EHXIT2HELHD. XIZRRXBFET L BUNREHS
P 15743 (%?) THROEDFHE Egtfﬁ %Qtf’i . 12.4eV. & Inm T LRI =T L— X BIZASETRER o ; BAL X @D r REAKCREOBEES
& HEERLTOD, — IR E (AN (S 00 35 3 541 (& 1.24 keV(1240 eV) A SNB10. BEE ) BT
d ) cE 3 N re o \ £ 5 2 : CH9,
- BEE-TIND &L REDREVNEESL {@\ AN ERHBULEEGE%E s M&
’ R7YRIS2ADEEFEMOETHO, XMEIC |75 AVAVEDUT I ’ ° IRILF—ZHD, u‘ FEFTRELTEY € N LS :
== | RE LB, SEHF /X —LONSE ) (10,000C) ® & _ . 3. \{ﬁs@ | | memem B
P || CrBER<BTL, prREsEZZ2 78| i ! ) - —— 7R —H— REHC(EF Mo/Si ¥ Cr/Sc %2 2V . BUBEHREEZ (SN AMBIERETE 3,
O TIRD SEFAECEHELT B, |84l 4 EEEOC-sE || RERE SOEERRLT, || 7HD ) DEEEAANSND,
O hp o= 5 eapie, Do : 300nm fi if . %45 2% | | 7 M (atto) (3 0.000000000000000001 # (0 £ 18 8)s e - -
B0 LI BE<8x3. BoBnE | | TAB—BUNESENULRL—— XPS(X RABFHK) | *®F rRAE
DABECARSE L 7/ 08, 7/ BisRIciEhn . D RT3, ZOL—H—%FEZ (L. BFHILE->TEZ S, X SERRCNTTES BLrikg 5ERBER
— 1007 R TEIE>TZ 272 30 nm UHNESDIRL, HKBFHNS. ¥EHKD xi BEDRBICHHER D,
. mEBER || BESOR E—Jl - BOMREER BT IES HEEINROR X ROHKTD< 5N B, BRTRVPETRES Lo \dOFEFHLE
BEE 3 &0 || BRAARRED PR e, PIPYF— i CH r BERHT 3.
e RFO||cerLELR R E B EMLY BESRE
e Tl B ens, BLAVES ZIRIR L. 8 - EFESIERBCHIARDMIEHER. X BHOSFMRETEVERER | | RRPOPFENBRLTIAVE
R RBE ic & & L. ERARD S .. W RREBEONED<Z. AR 1.4kn OTHUVTEEENINE | | REL, BROSBERET 3.
Ve £D<B, 6@6 BEDOL F3. = CBFEEUAD, HREETRUEBF NS0T -0ROVEHET
5% =<, S X 55185,

D2 )T

A& 600 5~1,000 FEZH#HINTEDESINTVLEIH. BOP
[CIE, TR #& BOEYT—UHBOERRA (R, HE28, RF4E).
ZDEIY—[CABDHDNSYRTRERHBLUTVET, ZEXE, 7K’
EROAHEFCBICADERERIC, INTOBHIRIDEBKRIET,
ZO3BEFHADIFEBEVW, TLEEDRBICEDNET,

IBDEPAVOEHERIRUTEZDDERT, ROKBDEFREUN
DOHZERINL. KREOKEFERFFLET, Y7V (Cyan). YEVH
(Magenta)., & (Yellow) @ 3 & (B0 3EE) ZEX(EHKL
BRBEDLBIENTE, HRIMIEZNICREBHEDETOIDET,

KLk

KEDEF, EBHINBRBICRZIET, KBOREMET
FREUKRLABEBOXIRES>TNEIHNSTT, LMULBDE.
BOADDOKBEFRBZIET, BHIME EHXDN KT ZBDEHN
B2 RRONDF UPKEICEELS N TBOVRLRZIH ST,

B&0iE. —BRIEIFRDNSIRBICRZIZZENHDET, 41—
752 EWENDIRRTY, ABHNTLR(THALZERR. HhIRD
AKGSBOT VLR TABHDBITU. FEOHEFHBLT
RBZFET, ZRMNBATHFROKERNBZDIGZFATENIC
BZ3ZUWRKTY,

YEDME X

BHRPTIMWHIC30H kme Thid1 HRICHIKE 7EA¥LED N TEDRSTY,
BETIE .3 KFBETE8 .3DHDDET, HKDERST 1 FEHDDEERZ 1 EE LW
F9. ABHSREAVVER(F4 . 2KFDIERCHD., IRITROBEREE 0HHETT, RE
CIEHZKDENRZFIN. COXEAELA+ELEICEZBATT, BRPOKD
RE(E BEEHAFRAEXIRERILUTY, Fio.COREEBZ DI EFROTFEESNTVET,

ULH\L. REZEBLTDIERBTEEXRT, BINEOSVWTSRAFYIPHSIROPTD
KDORS(F, BZBPCHARTT 330D 1, 1.59D1 (CRDET, &AF. 74+b=v7EER
VPISAEVTNAZ (RBHEE) T, RENETEHERBVWAO—T74F0E2DDET
AEHHEATNEXT,

y AEY 33

KBPEEORE. REBOEDREOTRINT S
& BHENRFBICEERABICENTVDHED
FLRFFEN, KOENDFEICRONECET,
INEREEVNET,

RBHT 1LY —(F. BEDABICEND KT Z
DY RUET, BEXHARPHOXSDI 1LY —IC
FEONET, TLEPNYIVDRSET 1 2TLA
JRAEFIABUERTEBTT . BETRBED D
BEEZ3A. KOBBZERAFMDLET .

BHS EHKE

RAXARBEBEEB

D
[SESIREDAD

2\
4
“FFEPD

s RET 12T LA BRH

ZRRLTERERR J=vI5yva

M7, B3R (BREE. 1976 F)

RONF (BFEPNFES WEESY—X 38), THIE 2 (RRiEkRE>5—. 2002 F).
SHAFT I =Xy R BRABFHRRARE. MRS LOM @ERRERN. RERE BRTERRRt, TEER KSR, BREA. BRREALIHERD — RERS WOKP, KERE 7Y 5 AKERRRE, ety 70—y, BIECEHRR. R4l —< v 2 X DOD/USN,

KIC 1 JEX Y http:l/stw.mext.go.jp/

TL—H—N\Y KTy, L—F—2R2R L2 (F—Lit. 2005 F).
James Owen. Microbiology Bytes. NASA. The Planetary Society. Robert Merlino



http://stw.mext.go.jp
http://stw.mext.go.jp

— (325 nm)

G X FEL(X RB8mEFL—Y—)

SPring-8 [CEBHEFL ——DHRiRBZEEKZ L

| | mmEEEs. sER BIREAI ) V55T 1« — KOB X IR B R BRI g o E”f’& el A CE50 7S
| [ClE. IRILF—DBVEN TRIRERAN S E > THEK(CETS | | KDIRIRARL RFORSICE2EHERNAL. - = °
¥rEDND, TFYV— EEEO ZREROUVIS || BE. BA/CY — Vo RPREgEE
L |v—r—zEocamERR 2 1 — 5o KPEZED B B0, RPERCAELTS
SEHOR, YTIVOVDOEET SR DR BEDXBEES, VOB
BT IC—MORER A D REOKE [CEZ3 X5, o AFOUBEELHNB 2N L
N\ | EATEHBES 2. TE 3,
%06 eV OeV 100eV |k eV 100 keV | MeV
193 193 pm 154 pm 70 pm
SoER LT (ArF) 13.5 nm 2.3~ 4.4 nm % (Fe) % (Cu) EUTFY (Mo) (124 keV)
| | TR N I N T Y T I
100 nm 10 nm 1 nm zb, I 100pm
200 nm SBEOES "y‘g YA LRADAES 0. HFORES @%wx%g 10pm 1pm
3 PHz %@ﬁ 30 PHz ® 300pH; & 3 EHz 30 EHz 300 EHz
yiv MXHR (BREENZSD) X #R Y R
. ’%?‘&%?EK%I*)L#‘— ARBFEBIRILF—. KICRIRSNEL AREFBBIRILF— [RF# - BRI FDBBEIRILF—
MRS =peb-2)N L—H—FSIIHR LY P YESR PET (/R ~OVEIEE)
BHERPEE. 53y | | 200 nm~10 nm DL BEADL—H—HEY—4 v NCETTRETZ TSIV PEEMEDTRZB. X RA* SR FEY—N—IC LT
2. TSRF v HEEORS. | | FASOPEEDSR, ME] X REE T, RRDFEHENENR, BBUICKWEBHEERST # LWD ARSI
5 (CERIMREES KBNS DE LIRS 3, BERZEXF/NUDA
WRETEHELL W, B X IS FEMGE XEenLy2 (E&H) =BT,
MR B0 T 73 & D i FA AY KO EERE B | | R X ROXROBEHTE, A5 ZEOFRAYIRES X #Ro
s 529, K B&. BESNTNSRIED D BETENRE | | DLBOBHEAFE 1.0 T R
= QREERET B BERENDE, EEXLEEHRRT | | bEHAGHLEL,
=3, EVBEORET X BOETHE X8 CT (AvE1—sWBiEY 8= 2
VB eV MXRERSEEFEAE EEZTENT D, BABABT X 5%8B5 KERHND S
(TL& ROVRILR) ED5BELOT, KE ot LY — 5B UTHE LB REBED P> T BRE
, KOIRILF—2RT | |EREPLES ] 5. 3V E1—9@Iflc RADREN
W‘JV B eV BB, R S &> THIBREUET 3. HY 2,
- e 1um ORI 1.24eV (2
\\/\Wi BET 3, XOREE I /
P - oI IRILF—FREH U, V—YFL—RTX®EBIRLT
s s B &£ 100nm @ ¥ (X ENXITDHEDHD, XBRXFET 2K 3B \ERETHE
: 12.4eV, i & 1nm T ILRILY—YTL— X BEASETRIR « BAOR X 8P r REAKCHONERES
R EDEMICEDB B R | | 13 1:24 kev(1240 eV) e SNBED. DEF g 6157,
- T<NB, Exq 7§Eb\iﬂb\(itﬁb\ © """"" %ﬁéﬁ LGB . N \
IRILF—ZEHD, FETRISLTERY < \‘s 0 MEHRE R
p— 7 = R&HCIE. Mo/Si ¥ Cr/Sc & j%“ \%@ FLBEHREEZ ENAMIRERETE %,
iR (&, EANERIRLC, | | PRRL—Y DZEEABLSNS
%552 | | 7MY (atto) [& 0.000000000000000001 # (01t 18 18). a °
BEQENnZE | | TAB—BRULIESBLWULRL—H—, XPS(X #RAEEBF D) RHEF Y #RBE
D g3, ZOL—P—%FEZE BFHNLEFESTRZS. —— X ERRCETTES BLrikg SERSER
o - 1007 MY TIFHRIF7 272 30 nm LSRN, HEFHS., XEED xi BEDABICDER D,
Ly EREINEPOR X ROKTDL 5N B, BRTELERRES CehWnbDFFHLE
ST Bo b rigERHT 3,
ring-8 HEBEIRE

FEREABRICHDIREDMA MR, X MOSHIMRE TELIRREEH

p ; THRESEBEDNKZD<S, AR 1.4 km OBBYVT L ENDEE
_;.- (CEFZRAUAD. SHRESETINRLEBFHSDYYIOROVERST

X %7?7&1?50

yYNZI0R v A1

ZRP DY \¥7<E§J\ﬁ¢ LT A%
HEELU, BEROFEZRET Do

B | (CDH 2T




WEAF (afR - BIRRE) DFE (TXRILF—IEXR)

ABENTIEIMEROETF =S N ULDD
HRRICIRIF—Z%FEK->TRET B,
B UL\RFIEZRIEDIF IR > TWLWB,

SR I D DT RILE— ik —(O0) B

|lLIJ|\
i

JEF (XitR - YiR) DBE (R53)

RFIFRFICBRES D, KEHERSNT
—RUCIRIF—ELS KA. MHEEFREY
REDIT2HDHE N, = XTFHOBHEBIRD

RICHETERE o (BAEHYEhORIbER:2522) NEE




JEF (Xi#R « YiR) D 5 HAEHA

=Sy LS A7 b 28TEL B XJ A RX cAIESVER)
XHR * YH#R

K
Tl

il

JRF1%h R Bk
.

RFHOET RIFOET

XHR « YR XHR « YR




JEEINR

RFIb Rk

N

RFHOBT

hv
XHR » YR

Yy R

A

lb—

10 mb —

(a) Carbon (Z = 6)

o - experimental Gy
JEERIR
Te = hv-1
K-edge, L-edge, ...

o x Z45 (hv)-7/2
(o 1 1 RFHH DRIGHTER)

X iR % $0C IR

T T

10 eV

1 MeV 1 GeV

Photon Energy

100 GeV



AV 7k aEL

XHR « YR

Cross section (barns/atom)

Y iR

1 Mb

o,
)
.‘;)

S

1) ‘

A} JJ '.

)
< R
) [—
. )
0 '4!).
D 5
JJ) ‘)‘,
‘).,
"2222))5)))) 9))))))20R.0.035

(a) Carbon (Z = 6)
o - experimental Gy —

AV 7~ VEREL -
hv=hv + T, _
Compton edge

O x /
1 BEF 510 O RISHERE)

T T

(o:

1 kb —

RFFROEF L

hv i

xﬁi o Yﬁi 10 mb —
10 eV

1 MeV 1 GeV

Photon Energy

100 GeV



B XTHE Rk A X IR Yy R

b Yy | | | | | | | |
% K-Edge (a) Carbon (Z = 6)
1 Mb |— ) O%Q o - experimental Oy —
|
: L by BYBETHER -
e+ 8 == ) Ly
S L e GEFIEFEFORNTF _
c (@]
g 88 E> 2 GeV
e— - 1 kb B _E‘é‘l =.‘ = T S ]
5 S B v —
sk Xl Y P ete, et > ety _
2 GRayl%'
S - =5 H &=
O ?Bﬁ %
l1b—
hv o
x:'%?i o Y;ﬁi 10 mb — | | | | | —]
10 eV 1 MeV 1 GeV 100 GeV

Photon Energy



_lgl:f_\b
EINER) AooX IR Y iR
(Bremsstrahlung) ﬁ't;?
) % | | | | | | | |
L“% K-Edge (a) Carbon (Z = 6) -
1 Mb |— N _ o - experimental Gy —
L %%I% %u:rJJ m%t.l.
AT B %Y HEETOMEEEZEC
S | ol kT (XL y8) EHH
UL RN
Sl Y _
s s % BR (BT Z
2| Ol § BACLEDTIEWIFIEWN
% - é@%lga é@%—
JRF1% b
*ﬁ‘jr 10 mb — _ —_
10 eV 1 MeV | | 1 éeV | 100 GeV

Photon Energy






e B LS8 i@.&d)ﬁnﬂﬂﬁ % DFRF

HORFIIERHM - RSN TIrAVvRIRRREFZ4
. IE E)JI*)I/:F ZXRITE > TcEFIFZREFEUT
L:%J@}g%%{: E:-I%Eo ﬁnu (== Hﬁ: I i_ J: DX$7§75\%EEO

B C F
ik
i

FhEe[RF
o FE 748 XHR

O O O \O ° . @\’\N\N

NG O 172> °©

=T o ° O
., Omua <>

O O

s O _ .. O ® Q

O 239N I)ue



& B SR XER IR 2

fe &R IE E {8

YA

R IR 1

&EE120kVpIREE
- 22 B R ~ 503 #)
X 5

v NT /(X%7§) =7

2 IEEREE 2 v ¥ — WIEEIIEEED A 7 4 F X D&

Emissionf A ' - Transmissionff

5 et 5 Jaek

ERE

NN

E2EN /7
(E%) &/ Kot
(HHRR)

KA DB R

EITAEX
P1, U1+ l2=8

s roans WA

P-4; U1+ L4=5




XRRERERH]
* S TEE Al nHk BRFES KRIUE

—NEEE MEEER | 53 33.16 keV
RENUDLHIEEERA Ba 56 37.41keV
32/ WA (R FECT) Xe 54  34.56 keV

?ﬁ;;ﬁ IJ NI <c::;)l];] PO B T BiR  Rh

* B E R H : : iR
SR ER BR REAR. CHEONTT oM
A= (BEpCT) LA 1SS =L

(FRi55)

& Al ( ): Z K = BERH K
E22Hl (1, Ba, Xe) : Z K = R={%R%
BV ERRER € v ¥ — WA DR 7 4 F XD EH
N
XiHRD F £ LH5E Xt sEEREE BMSEBEGRZEE
X-Ray CT: MRI: Magnetic
Computed Tomography Resonance Imaging

X#R D48 >4 3% B

SR SIN S S

* REDR  RBRW

- TR DOKR R (keV) :
H 0.0136, C 0.283, O 0.531

* 107 bURREL : JERPERREL

20 -lD EIJ auwr:-lzu 140
KFIRILE—(keV)

| LA A







REIRDFHIRL T SRR

AB “WW\W— AB* + e~ =it (A1)
AB -wWW— AB" ik
AB* + e~ =& AR’ HiES

AB*+ C - AB+ Ct E'ﬁﬁf’ 5]
ABT + CD — ACT + BD A4 A D FRI

TanII

e+ CD — CD- =T
AB* = A- + B- >IN )VER
AB® — AB + hv A I == b ) A

AB*+ CD — AB + CD* e % &l




KPR TOD R

H,O “WW— HyO'- + e

HO -wWwW— HO"  (ckoxon
svhn)  G(-OH) =127

H,O*: + H,O = H;O" + -OH

e (+ n HZO) — € aq (KFIEF) G(e aq) B 2.65
H,0* = H- + +OH G(H") =055
H3O" + e75q = H* + HO G(H2) = 0.45
(KRZIAHI) G(HZOZ) =07
H,O* + e~ = H,O"
*OH + e = OH- YiRBHRIC KD
H,O* = H,O MUEHHR{E 2 IR
He +H- — H2 (G"E)

‘OH + -OH — H;O,
H- + -OH — HO



ERYIES

(ERIEEESR)

He + Oy @ HO)* (eroRiLAFVILSIAIL)
O+ e O (R—/t—AFYR7=AY)

Oy + HHO 2 HOj* + OH-
HO; + H: = HyO, GBEzkkR)

BEY) OBEIRILE R

RH “WW— RH™ + e~

RH —vww— RH’

RH* + e~ = RH
RH* = R+ + H-

L eRBL EE
(7/ﬁw1ﬁm//v—)

SH=, S-S it
31 : /174/ IATTFPIY
(TRIFA)

G-SSH+ H: = G-§* + H
G-S:H + R* = G-S¢ + RH

G-S: + G-S° = G-S:5-G

RH+ H: = RH* / R + H»
RH+ -OH = RHOH:* / R + H,O
RH+ HO; =& R + HO»



