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“sandglass”

FARNRICG RO A BE TR TR= 21238 F
(Morte a Venezia) ; ® Blh, 2 A/ Gustav von
Aschenbach 73, IEFHZOWLTORVWHEZRXD X 912
o TWwE L7,

“I remember...we once had one of those...in my father’s
house. The aperture through which the sand runs is so
tiny that, at first, it seems as if the level in the upper
glass...never changes. To our eyes, it appears that the sand
runs out only...only at the end. And until it does, it’s not
worth thinking about. Till the last moment...when there’s
no more time...when there’s no more time left to think
about it.”

FRff vz L ZiTiE, KT TICES, BidffdiE-
T —Aw) boid, HEO ekl
TP DE X (the level in the upper glass) % 1D Z
Bwu—Ind (FfEE L ToD) AHDmOARENEREE
BOTL k). TR, ERZEENZZEBNGFEICOR
T, E9RDTL &9, HRantha, il -zn
5 BBl TEa, IWEBET 201, &L
EOTHRBRIMNTH Y FL £ 9. 2D DG,
DRRREIE, —REALDLDTLE). ZOWDL L
X, RIEEOAALDOTL L), 2027200
TN () %, ZITEATAHALVDTT

“paradigm”

FIRBENO I DEEZR, WikAfEo 1 2L L TE
D HIFTHET. ThomasS. Kuhn (54E1%, ot
100 F4ETT) 2R L 2o, HoBEKT %
ET AR L CGRBLL TIERMR S 1, 34 - B

Does this sound like gibberish?

Keisuke Asar* (Department of Applied Chemistry, Graduate
School of Engineering, Tohoku University),

T980-8579 IR A HHEREXFLETH I 6-6
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SNPETCTEE LA, 252D Kuhn i, Tk, Mo
THRENZ AR Lol s L TEZE—T L5 TAl
Wy —L7oTd, ZITiE, #EHE Kuhn 12 X 25
FLiimIcl>TEZATAEL £ 9. KuhnlZ kg,
paradigm & (%, "RPEEEMOKEEILEL TV
D, Lad, EREELZTPIEELTR5H 0,
TY. T, TENMANO R TIRMERAAT L D
D 2B PEHEERE LTV 5D 1, ko@D
paradigm % b > T\ 2% Z & D TY, KuhnlF, B4
BEVHZ L LHI, BELZRL LTI o2
LTwEd, 2o s, 22Tl Tparadigm i, &
MDA k> Tl L TR 257, lif,
T2y 7l EORBIMREZ R, Lv)—X &
WY EWFCEBE XS, 20D paradigm 1Z "FEERH D
BHEORRIVFELEE  (hermeneutic basis) | Z8l& L, Z
@ LT, BUTIHARUZERT O MY & —HE o EEE
R%E, HHED UL, O THAL £9. Kuhn i,
paradigm DFEEES I 5 ITEE IS L, TS0 —
f{t. (symbolic generalization) j, "paradigm DT 1Y
oy, 70, FRIGREDE T VICKT HHERE, Tl
fii;, Z L C "l (exemplars) | @D 4 O SRS 1
% (paradigm D EFANE & L T?D) “disciplinary matrix”
ZRRNLELL, Z2LC oW E%2H-T,
BHEEEMD SO context DFTOAEELRDL D%
wam L k9 & LD TY, 51T, T disciplinary
matrix O WNEZ WML T 2 72 D12, T HEME
(incommensurability) y &\ 9 HEEZE D AL,
Fd 2 Bl BRI TO paradigm DRI, D &
DM DOHIRI 2 incommensurability % 4:$r—Z D D
AT gOMETHS— LFERLELL, il D
12, 2z d i WEMAF LRI D raison détre 1,
FICHELVWEWVL) T EICARLTLET.

I THEA Y2 E—IF, Kuhn OFEICH -
7z paradigm %, hermeneutic basis %, disciplinary matrix

Z, #ELTWBTL & 9, ol - s & O
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T incommensurability Z RFF LFT W2 TL & 9 0,
DL BAX—LT, FRO TiDWkEE OIRE -
B2 R L3725, KM TcE20TL &9
2, 22TYH, SBAOERENE, WA ICHEELRRZ S
AT NE L) TY,

“muddling through”

18 HALDA XV ATEENLIDFEIE, THEHLD
FLE L 2300wt d, BRI IS 2 1 o R EE 7
Lo, Z2EYD R TREREEICORIT S
DZEZBEWL T, MR ZWIRILT, 881 - Al
HORH 2R LT, KEICEIL 72888429 7, [k
GBI L DD, 207 v AHKZMLDICDH
RZORLALETEZ—F X7y ra - 7YX
It RIEMHEOBWI 2R BT 20Ty, 2o 7o
L 2 FRICIERZ T CRRIE ) 23, IR 2D 2 RDL%2
BZEBLLEDICAARE L) ZEHEDTL LY. TR
BlE 702 A ZHFET 5, O THNUE, muddling
through—JB IC R Z Lo N3 o R EETHER—ICE
VT, HIBLWITEEEAEDPEBELRINTHDT
Li9). EIEFA, OTHRHEELE V) DITFITIEVD
T, HIRIMT R, 2RELE(SINEIEHHD
FLxI. RAHAANZL —MBIcInzZIEFICAHT
ELTOET YL TEL I, ZOFOEAIZ, A
I DAERRIC X > TR E 4, Z DZ DRFD context
WKEkoTHAF Iy 7 IcEBEZHKI bDTT, C
DR T 2 UL, 243 context ([T T 5 TR
o icko Tl ioTwEd, ThzHFIcT 3
L, BADL) LARBEZERE T2 E—DF

D, THREFRED context > LMV IR TE S Z, W
YD 2385 %) H—I2 &> TIRED
T, context IZ)OU THZBL&ET 25812, 4
DBEZ L TELZ T2 29 ED0TT R, L&
i, 4 (DAELT, HAA—#) OWHHTH
% “negative capability”?—F % @ (character TlE 7 \»)
personality TH H, ZRIFHDOHI—FIIC T£FbHD
WEEZ T CHO Z2ERIE TR —%2iED
L C, fiEE L C muddling through L TW<{ LR WT
L9, 2990l fTEE kpnElthdn, 22
i, MAKE—~ANOEDICESTHBLEZLE RS
TL&I. bLIDFZF, BBICKWTHA LK
DTHIUL, BRI BZERTOEZE V) bDZGHE
WIS % TKirwille (BU&M9 X 7213 /FA S &
)y ICHBERECASEYRELBAL T, Bullo
T, "Wesenwille (AREMNEE) ) 1ICHD EHENHEA
IZ & % Gemeinschaft (WEGREICARIETLE ) F
bl EL, 205G, HS ZhHBEHZIES
HBHEVEIICTZIEBHETT2 -, TR
X, STk roThiuE, HFLoEz LD
DEHTRERY)EKZ 2R E L TOREZ R L0
DTY,

(& & X W0

1) hod BB, REERIEETT 2D, PHP WIZEHT,
1998.

2) R e, BAJI B, HAANZIMZETCTELD
7, FiEESHE, 2011
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Prior to the generation of life on the Earth, bioorganic com-
pounds such as amino acids should have been prebiotically
synthesized. There have been proposed several possible
sites for the abiotic formation of organic compounds in-
cluding primitive Earth atmosphere and ice mantles of in-
terstellar dust particles in molecular clouds. In these en-
vironments, galactic cosmic rays and other radiation could
be important energies for prebiotic synthesis. In addition,
enantiomeric excesses of amino acids could have been in-
duced by some asymmetric radiation (e.g., circularly po-
larized light and spin-polarized particles). In the present
paper, I introduce prebiotic synthesis experiments utiliz-

ing radiation, and also describe future perspectives.

Keywords: origins of life, radiation, amino acids, enan-

tiomeric excesses, cosmic rays
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I T IE AR W E D S M R G~ D
fLic ko TitAEL 72, 32 MU EEIRSL %583k
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Roles of Radiation in Origins of Life
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hCAIUREZTo 7, 77 2 aDEDKEZI) HL
T LEEZATVS Y, PI92viEDT I/
WERLTWSE I Ebholk), Xy i Lol
BOTOREICKIEZRIET LI TT I /L V)
EMICERS T 2 EO TER Lz w) Z L, 1k
EEAEBNEIFTES EWWH) T ERRT., ZOWX
Zath 2% L ORFEEDEMGORIEIIRICS A L 7.
AR B VT, Bl vz 2 s i,
FRo7 2 /8% EDEEREEY ORI, 73/ #k
EDOARFES T DI U <R BEh# T 2
DEFMNIAEHL, ZOEEMEESHBDOEHIZONT
DU

2 Miller DFEER LD HERN T F U A

Miller O FEBIX, EIGHIER KR COE %2 FEEL 72
bOTH2, FH (UE) ITX>o TRATDITITIFE
BEPIE, S oIIEEIE &, ZNDBBL\IKG
THIEWEWH TP ERT S, 22T, fho
Bl 72 b I3 E R B IcHFET 2o 2L X —%
Hou7EBEL o7, 28, WMy o7 v
Eo7 M0, Miller DIFEHETH -7 H.
Urey DREICH STV bDTH o7,

Table 1 (%, JRHER ECfons 21X —L 2D
T7I9 I ABFEDLLDTH B, UREBS, K
B & DEEANERD Db KE L, ZHUTEHERKILED,
FEA B 2 DTS 7 EH3Fid . 2N FROT L
X—% XYV - TUVEZTREVIRARRICE A TE
B Tbin, TRXRTHOIRILF —%2 w7 B C4
DT I BOERIHE SN, 2L, RIS
DA, MEMEZRINL T wiifbkEEs =y v
ZMATVS, TXRTCTT I/ BOEEBHHE L)
e, HEZRVLF =TT 7T ADREVCLD, D
F 0 ENRCHEMUEEN D 2 FHE LR LX —
ThH, HIRBEHROFTF LG X ZNFZETH VLI LI
%5,

Miller & 1%, KIGMEEBEZMTEL, EDX Il
TT7 I BBERTZ2002HRL) L, HE
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Table 1. Energy sources for chemical evolu-
tion on the primitive Earth. (Cited from Ref.47
with modification)

Energy source Estimated flux / eV m™2 yr~!

Miller & Urey? Other references

Solar radiation

Total 6.8 x 107

A <200 nm 2.2 x10%

A< 150 nm 9.1 x 107

A< 110 nm 42x 10 Ref.14
Electric discharge 1.0 x 10%* 1.8 x 10> Ref.48
Volcanic heat 3.4 x 10%
Radioactivity* 2 x 10%
Cosmic ray 3.9 x10% 1.8 x 103! Ref.14
Meteor impacts 1 x 10%

*0-1.0 km deep of Earth crust

25 L, FT7kFE (HCN) L7 LT
(RCHO; R VKEDHAIZ ANV LATILTE R) DO
WERTZ, LIEST25E, 200 DRIEDIHITS
WD, TS BORENLEATE. O Eh6,
TTICHBLETR S N TwE TA Ly A —A ¢

HCN + RCHO + NH3 — NH,CHRCN
NH,CHRCN + 2H,0 — NH;CHRCOOH + NHj;

kb, 7 BBERLZDOTIEE Miller 5 13%#
279 S%bh, 73 /=1FY) NH,CHRCN %5 T
BRfA ) £ LCARE N, TNDMKRGREL TP S
NH,CHRCOOH 3 TE 2 Lt Wi Tth 3. X512,
72 BEELFEROM, 7 ALKERE T/ T )
FL ¥ (CH=CCN) 7 EhoigEiEE (7 7=r%y
FovkE) EERT2ER, 7/ BEORITTR
7'F R &A%

NH, CHR 1 COOH+NH2CHR2COOH
—> NH2 CHR 1 CO—NHCHRQCOOH

72 ED31960-70 SERIC L BATHO N2, by
X TRT LD TELRIBTH LD, AT, oD
X9 fbgtEfy U A% TR R Y A LR
N el

¥, FEII Miller DFEEE X D b Jaic B okdio s
BRI Z2 e DT Tz, 1951 4E, AV 7 3L =
7 KD W. M. Garrison 5 13 ~F&{LixE & 8 D) A 4
VERIBP LKL, YA 7abaryhrsnNY LA
FrvE—LZWE L, 2R HEARTISIE T 7 O

Wfin o D o fi 2B L 2EBRTH Y, LEPhics
VLTIV E R E XS HCOOH 3k & dr®, g
YD HDHEFMED & 2 O A DA L 72 &
IEELREBTH oD, EBRMLEVBEENTES
T, TIBOERIIED Lo, ZDD, D
FE Miller DEBROEICFENTL o7,

3 BRERTEKRIDS DT I/ ERERMIGARED

JEERHIBR K S B IS > TE 5 T, ZOMBIEA
HTh 2., I TREROMDORED KK %I
RHIER KRR DHEE 23T T & 72, 1950 4R IX, K
B-tEBERGRZETNVELL, XYY - TVEZT%
% et T2 HEIARAE, L KR - &EKRA
RETNE L, ZWMUKHE - BEEFELT S TR
JEHRERAGE ) MITimdrasiiv Tz, 22— — 3Hi#H
DEEDHLAYITH o 72, IBEILHALD 6 1E7 S
S EDEEDBNEETH B 2 oo, etk
I FICHE T KRLATICHE DD T IThbL S, 2 L%
»olz,

1980 FUEH D & WM E LD 5. KbaRREIIHK
EOHEAHRICEE W THEA L, FIHKEIE I DRD
ERMBIC X D NH» ST AL TELDD LT B
DI EBS1D. Zos, TRETERAE) 13H
D27k, TbRE, EErFE L, —HbK
FhEOBELEEZET2REEETEL X ) 2 T59E
LIRS Tho gk E e E 510,

A URTVESTEEEROVREAPODT I H
BRIFETIRIRENTH 5 2 & DEFERD 5 bhro
7 =05, AT ERVRBETE R Ly,
TIWBD K ) R EGBFRABMOELIZED I, D
%0, FIRHBRKRG D 5137 2 B ERHWEE? -
T2ERBRIND X Il TD=®, BB T 3 X
A DOMBIDSER A SR SN VW) EALD
EADH L 72,

T, AMICFHEICM KRGS T S /B EDE
JRIZTELRVDTHA ), 2T, ZNETHED
FEHLEALRINEDPSLI IV —2HEL THS,
FTRFHMRTH D, FHMROZFLX—T7 Ty 7 A
1% Table 1 Tldfid TRV EINTED, LT
LD 77y 7 ADEVELREEHARTELEL S % L
INTEXR2D, 7272, Table 1 O Miller & Urey IZ & %
FHARE T T v 7 2D OBIUIAHTSH 3.

FA7- B 1%, TERICAIRA ICTFHIRRDIAS L 72 R0
S % R U 7- B R 528k (Fig. 1) Z2fr-o7%. %
FUE MBI - BFE - KOBEA KK DB T HEIES
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Figure 1.

Proton irradiation to simulated prim-

itive atmosphere. A gas mixture containing

carbon monoxide and nitrogen was irradiated
with 2.5 MeV proton from a tandem accelera-
tor (Tokyo Institute of Technology).

Zfiol L 2A, MADT I 7B PHMBEROO L
DTHDBT TN I EOLRDMERTE . KB
BOLGE, KFEWZ —BIRFEICTELET I BD
RIS 2 2%, it o861 — Bk FEz
HurGao 7)o v o Gl (RN L X — 100 eV
W ) DRI TH) 13 0.02 EELZ RLX —ICRE
ML7, o, MET20B ROV —2EZ
720, NUTLMPERUEZTH D GHEIPED
50T EBHERL - (Fig.2) 9, ZfbkEE T L
L, —fbRFZEZERD E L RESENDIHE T
TIBY YT 0 OAIZHEETH - 7.
CNFETICHl R FER I, S FHEE BE L
72D ThHol., ZO7 7 v 7 AZHELEAT &,
460 I m2yrl2n ! W Lo, T, LIRS E
DIFNFX—=7 7y 7 ALDEDEIENDDTIEH
20, DT FZNX—TIZ7 I VBOERNH £ h
RETERVd, FRHRKLAP o7 I/ BEKE
EZBA, BHTER VLI LIk S, FRERAR
DR ZMRIZCO, :CO: Ny =15:1:4 L LD Y
Vv D G1ElZ 0.0065 TH- D DT, ZOfEEE
e, FEE 2KV UBERTE I LIk S,

4 HWIRNTOT I/ BOER

HWERICRK S 25 h 20 & X8 BRItz
DIBERITC, KEZEHCALLDNHY, RFH
AVEIAPEEN TV, REEIVFT74 MiE

F 114 5 (2022)
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5 ,
6>‘ , 1 7 /\ 400 MeV electron
10 L @ 2.3-4 MeV proton
// O 40 MeV proton
A [] 65 MeV heliumion
10 R bt —
102 1021 1022 102
Energy Deposited / eV

Figure 2. Energy dependence of glycine for-
mation on the total energy deposited in the
gases, where a mixture of carbon monox-
ide (280 Torr), nitrogen (280 Torr) and water
(20 Torr—50 Torr) was irradiated. (Cited from
Ref. 47 with modification)

KOG 2 LB FE2AEL TSI EDD,
D FEFME 1% Je o 72 B & 0 SIRIEIT, FHHR
BROEREZHERFLTWR EEZSNT WS, TED

HAD/NEKEEREI v ay TRPRE, NEeRnd
25 TRib e o IR El O hT e &, BRI/ INEE IR
THDZEPHS DI,

REEaY 7L PhIcEEN268P D% 1L
BB T e ANAETEA Y (insoluble organic matter,
IOM) Tdh 2525, BukTithd % L7 3 7 Bokit s
N3 EPHSNT W, LaL, ZOHBRICHE
LCERRBINEBE LD E ) 2B ARHTH - 72,
1969 fEICA—A b7V T D2 —FV UFIZHET L
AT CIchIE R, 79—y — LN THEREL
SHTE N, ZOFE, ZoBEATICIEFHERED 7
SBBEGEND T EDMERI NI, FHENR & A
Wil 72tk F, Y V0BT I BBEEEN
TWw3 Ik, ZLTHELDT I/ BB IEkTH-
72 EThHB, BEICOVTIIBRTHERT 2.

RO ORJEE SN A/NREICB L TE, 39532
Db oY 27 7 OB RIS TEO T 2
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GCR-induced UV

Ice mantle made of
GCR \ H,O, CO, CH;OH, NH,
(LTl

N

«— Small carbon particles
L \ Silicate core

ll“ . i
||| ||||]|||u-....nl .
\ Organic refractory

New organic layer

A

05un1}

Figure 3. Formation of organic compounds in

an ice mantle of an interstellar dust particle in
molecular clouds (Modified Greenberg model).

PEET S 2 L2022 FFICME I N0, £/, #H
BHICHO LR AERYDPEET 22 Lo TE

D, 7I/7BICBHL TIREBAY —F A M2k D
TN ME2EEL SRR i s D Y v v
DD &, BEEEo Yy Ik ) F a2 aEeT7 oS
Ty AV ABERFETO ) v v ORI 3 S
NTns3,

BOLREICHoNE27I /BIIEITEDLIIC
LCHEBLZDES 5, ZHUTIZW L D03 dH
D, BHEEBEIMfThNTE, 22 TROTEIH LN
RENFTFHZ D DTS,

5y T 2213 R [ T S BE O B B 3 PR A v S5 T
T, ZD1OEDPODNEZED-DICTEHIAZS
(Fig. 3). Z O Ix Mo TR (~10K) TH D,
EED £ I HyO DOfs, CO, CO,, CH3;0H, NH; %% &
DHFBHYE, TP 4 RV Fby ZIEL TV
%, ZHUCFHEBEPTEHMRIC X 0 AU IR EH
LG, XMLy TERT 2 2 LIRS N %2
bbb, 774 F A%y FHT 10 K20 K 12 H]
L 7234512 CO, NH3, H,O0 2R EfHFTKZER L,
AU ER D & DB TRk % G L 72 (Fig. 4). 2K
LoEEERD B L, BRI L 2BICaiT %
&, T2 BOERDHERTE LM, X 512 CH;0H,
NH;, H,0 DAY ZREEF P THE L 206, K
SRR AR e T (Bl B 7Rl r Bt Za b s bR &
TAf - RAEEREY R RREAAEZET) @ HIMAC %25
D 290 MeV/u DR FEFR%Z BHT 2 HER BTV, 73/
FEHTEL R (MKRIC X D 7 2 7 BIC kR 2WE) D
HENLD, Beko 7V —T71%, kKIS

Van de Graaff accelerator

Pressure Gas mixer Control
gauge  needlevalve valve
/

ol |

NH;
H,O
Thermal

Waterbath mass-flowmeter

Havar foil

Cryostat (10 K)

Quadrupole
Mass spectrometer

Turbo-molecular pump

Figure 4. Schematic diagram of a proton irra-
diation to simulated interstellar dust ice mantles
in molecular clouds.

2T, 727 BEEAIER L7 2 E2ME LT
W32 s DEEDS, STETORMEY A
Ay FVEREETT &/ BRRIBKIARDSAERR T 5 2 & 2Vl

SR Iz,

DTEROEPCH APENNEC L VES Y, FiR
KEGZDER L7z L Ens, ZOR, KBz ebh L
P CIEAS 10 km FEOMERENSSEER L, 20
5OWESHRICEY, RENERLLEINS, FHA
BB Z I ho e RIBDVNEESLERE LR D TR
Pa/hNRAiE ) ELT7AT704 FRILVEDRIZYy DT —
A e HANR=)L b2 EICEEFERGF L T0 D, Kb
5 & % BEREN 72 /NR Kk H 213 H,O, HCHO, NHj 7%
EDRTIKE L THEL TR, ZDXKINERE
HFICE N2 A1 2 EORGHEZIC X 280 X bl
TRk E R D, ZoRTE X ERLEKGDE E
fEan, Bahic% {EET 5 IOM b 2 DRFICA
L 7 BEYED D 528, Kebukawa 529 1%, 2D k9
RIS OMEIZ X D, 1IOM DAtz 7 3 /7 FERTERA & &
T2 ZERRWELE, 20X BMIGE, —N
I 2SS X 2 MEADE L EZ 51TV 503, )
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L-Amino Acid (Left-handed) D-Amino Acid(Right-handed)

Figure 5. Enantiomers (optical isomers) of a-amino acids.
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Magnetic field effects on photochemical reactions initiated
by UV light and ionising radiation are discussed in terms
When

photochemical reactions are initiated by radiation, spin

of spin dynamics in radical pair intermidiates.

quantum coherence in radical pairs is maintained during
chemical reactions. In the case of UV excitation, on
ther other hand, spin quantum coherence is quenched
before recombination reactions due to a long lifetime of
radical pairs. This difference gives an opposite magnetic
field effect under low magnetic fields only for reactions

initiated by radiation.

Keywords: photo-chemical reactions, magnetic Field,

radicals, electron spins
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Figure 1. (a) Reaction scheme for photochem-
ical reactions initiated by UV light. (b) Reaction
scheme for photochemical reactions initiated by
ionising radiation. S, S*, and T* denote singlet
ground state, excited singlet state, and excited
triplet state, respectively. S®¥ and TR? represent

singlet and triplet radical pairs, respectively.
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Figure 2. (a) Magnetic field effects on the
yield of a photochemical reaction initiated by
UV light (Calculations with a two-state model).
(b) Magnetic field effects on the yield of a pho-
tochemical reaction initiated by ionising radia-

tion (Calculations with a three-state model).
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Figure 3. Scheme for spin state mixing in a

radical pair based on the two-state model. The
left arrow indicates the spin in a radical without
hyperfine interactions while the arrows in right
box denote the spin in a radical with hyperfine
interactions. B and Q represent an external mag-
netic field and a magnetic field created by hyper-

fine interactions, respectively.

DD, —HRIEOEA IS T2 50 % & 7%
3. MRS AT 2 &, AAOARNE AL IF
WA T AL S 4, z Eilic o U2
I 2kIIchsd, 20700, filc—FHE - =&HIH
“@#t’%&(&% AV S AR FL 7R &

Do REGE ZICE, ZLDDAYE REDNHR X
Nz, —HEDI S HILNOEED100 % &7

3. BEGHINE &b, —~HEOEAHRLICHEML,
Fig. 2(a) D & 9 WG HR B EoNE. LrL, 20
2REBE T VTR, BERBIEOGAICR NS K9
T AERES T DAY DINE DI 1FFHIATE 720,

5 MHARMETHEASNIWSUR  SKREETI

HIRIZ, DDA EYZLDO7 AL NDRAE Y
NIV TV RFEICBIRT 5 &, A E RER O
(J:Iﬁl:l ﬁl SRP TRP i 7», SRP_TRP ii’%’@“@y SRP TRP
TRY £ 7213 SRE-TRPTRP 0 3 REEDIRG E k> TWw 3
ZE0bh 510 3REEATIE, SKTR RAVH
WL 7%, Figure 412, SRE-TRP IRAOBAKZ R T,
Figure 3 L [FERIC D DRHIE, 7T AN 2T
3 ODFAMNBETAC Y EZRL WD, —HIHIZ, &
DHED 6 HTH o@xtzﬁ‘bﬂ%ﬁéhh%

Lo TWwd, —H, TR L, #MEAF1ADAE v EsY
iﬂ%ﬁéhfmé#,&ﬁﬁ A VIR RO =

15



Ktk KBt

o B / /
Singlet (SRP) Triplet(TRP)

Figure 4. Spins in S® and T" states. Spins
rotate along the quantization axis.In S, two
unpaired spins are completely cancelled and the
state have no magnetization. In Ty, longitudi-
nal spin components are cancelled whereas the
state have a transvers magnetization. In the case

that the rotation speeds for the two spins are dif-

SRP

ferent, is converted to Tx'.

HIERETHZ, L, “DODAE YD iR D
AEF OBILI D HUE, SR TR I Ty 28 SRP
I I NG,

W37 WEET3RERDAE NI V=T
vEMELT S E, ZOoDEHRED )L oDk
BB FALCZALE—Z2F>Tw5 Lw) RN
Bonsd, MLZAALX—%2F>TWw5 ZODIREE
iZ, Ebob S L TR 2o Tws, Zol
S, WS TR Fig. 4 ISR T DD AR
WAL V23 Ul E A LT\ 2 LR
RINb, ThabL, WHSROSEETSTY B X
O TRPSRP ZEfia i3 il S T\, 2D A K VIREE
FaDIENE, H T2 W% AN L 2B — > ok
ISR VLY —ZPEUMRI NG, ZORR, K
5T SRETRY B8 L OV TR -SRP ZtfansieitE S i, B
DNBDBR BRI N D, ORI, —HoDFY
AND gHEDENIC X DBEGFE (Ag BERE) 1—
FLLL T 3A, REMNICIZELHoMETH 2. o
D, SRPTE B KOV TER-SRP Ao it 1, SRP-TRY %
7o1% SRPTRP ZSp il L A L TR D, mikE Tk
SRP_TRP & 7 (3 SRPUTRP Z5ia YNl 5B EA & 72 2 72 ),
BRI 2B O E OB M BB S s, kD
X 912, Fig.2 DE@ES oL 0B, 590
WA DAE VIREBIZE T 2 3 REIESICLVFHAS
ns,

16

6 HNAXMETERASNIBIZMRICEWT 3IREE
ETFILAER S N WRE

STANRNDAE Y NIV =7 vblE, 3REE
BATETANLRINS, 2hTld, E/DMRICE
WT, 3REBRGET VLS PRI N LS TOE
B o I DA MM S e WRA I 72 5 9
? Bl X9, 3REREAICEWTIE, AAE
T AE Y DIFEREDMR -T2 RHEEDH 5. A
WETAE Y O Z, RO 2 EBE)c X
DEBIEAT B, AR T O A IR DA % B
H$ 2 72diClE, AXET A E Y Ok 23 FH
WEICIDZEL TL ) HNcHfSE RIS % 2
EDNHE T2 B, URERBIER ORGSR HEMIE I B W» T
i, BEOEWHDEEES LIZ LIS S, d0%
B DRGSR AN E T UL RS O RO EE A3 <, B
HHAHAAEH D EHE OGS T X D —HIKRE W03
BT L GRIZND 2 NS\, ZORE, AE
TAE VDR AARESHFHOFEIC L DL L TL £
I BB ASHE T L, KIS T O BB O WL D Jg A
DEMITE L. T k) BWEGMIEPBIMSN DL Z L
1, HOBH OB FIE IC B VLTI, 7Y AR
DA YDRTIAE—L VAR INTHE I L%
%7 5,

—J7, IO OMENFEE T, Bt B
FRLEE o R[] 43 A RE 2 5 D i P IR E 3 b v 5 2
ED% s, T, EIERINDS T Y AL DI & EEE
BHITE L) =R F TN ETETHI2D06THS, %
7o, WEOHES 1% OGT FICHWESS, 798
VR DFMBEET /B~ 7ulbTh s
BICRKERWGIRPEI S N2, @EINIC X 2 i
BhHHlE T, HIE LT A RIS A B A
DIFPHDOEEIC L D > EELI N, W DRED R4
Tk, 2070, FEIOGEIC X 2 HIE TR
5T ERPIIE DA FHB Bl S ik vw E B 2
505, F/ EERIPGIE CHNI NS 7P AL T
3, ACYOREFabt—L Y RAFLEPHREZN TV
W, RIS & SRR D GG A R A I B
LA, Lo L, BT 2 KRR o AR I
DRI ERERECDBNTLE Y,

7 FED

AFETIE, BEHREIE & 8GR BN X B8
(VB DREEAI R O WTEE U 72, TR &
HEHE 2 A bE s I LIckD, STALMNICE

ma R AL F



FALZPRICDHIZINR © SIS RN N Z L > 135G C IR EE > 1o

SEDHEZEICDOWT

WTAEVETFIE—L VAR RER, ik
BEEYDOINEZ T F 7y b ELTEHHEITE S, 2
DI EIE, FPHANNDAEyZHWERTT/NA A
DREEITARETIE R wh E RS E 5, FEFI, 7978
WRDAE Y DIREER AN EERCBNTE 5 2
EPREIN TR, ), BFAEYORTFEAE
&, v A 7P VAT 2 E-RINTH Y, Bl
Wz oEcEr  BhrolitF / BorroTL &
I, FPHANNDAE Y ZHWEBRTFF A ZEEIC
BAEVEEZ I —L Vv ADMREENS ¥ aET
192 LN ETH 2, EafhToRE VIERITH
—DODSEIL, AEVEEZ A 7 aTiEi L Al
HTfr) TETH D, AEDETORAE VIR, RAYE
VB R TS 2 itk D, Eabt—
F—TrH) T EWTEDZLEEZLNEY, Larl, Z
DG A Y Y —WHEM BB A E VNS 5] E i
ZLTLEIdD, BHNZIZA 2 TLEPHBEER S,
COREDI S B FRICHIFFL TWw 5,

(& & X W0

1) U. E. Steiner, T. Ulrich, Chem. Rev., 89 (1989) 51.

2) T. Yago, K. Ishikawa, R. Katoh, M. Wakasa, J. Phys.
Chem. C, 120 (2016) 27858.

3) T. Ikoma, T. Ogiwara, Y. Takahashi, K. Akiyama, S.
Tero-Kubota, Y. Takahashi, T. Suzuki, Y. Wakikawa,
Synthetic. Met., 160 (2010) 285.

4) J. Xu, L. E. Jarocha, T. Zollitsch, M. Konowalczyk, K.
B. Henbest, S. Richert, M. J. Golesworthy, J. Schmidt,
V. Déjean, D. J. C. Sowood, M. Bassetto, J. Luo, J. R.
Walton, J. Fleming, Y. Wei, T. L. Pitcher, G. Moise,
M. Herrmann, H. Yin, H. Wu, R. Bartoelke, S. J. Kae-

F 114 5 (2022)

sehagen, S. Horst, G. Dautaj, P. D. F. Murton, A. S.
Gehrckens, Y. Chelliah, J. S. Takahashi, K.-W. Koch,
S. Weber, 1. A. Solov’yov, C. Xie, S. R. Mackenzie,
C. R. Timmel, H. Mouritsen, P J. Hore, Nature, 594
(2021) 535.

5) O. A. Anisimov, V. M. Grigoryants, S. V. Kiyanov, K.
M. Salikhov, S. As. Sukhenko, Yu. N. Molin, Theor.
Exp. Chem., 18 (1983) 256.

6) D. V. Stass, N. N. Lukuzen., B. M. Tadjikov, Yu. N.
Molin, Chem. Phys. Lett., 233 (1995) 444.

7) V. O. Saik, A. E. Ostafin, S. Lipsky, J. Chem. Phys.,
103 (1995) 7347.

8) E. V. Kalneus, A. A. Kipriyanov Jr., P. A. Purtov, D.
V. Stass, Yu. N. Molin, Appl. Magn. Reson., 30 (2006)
549.

9) T. I. Pichugina, D. V. Stass, Appl. Magn. Reson., 38
(2010) 179.

10) T. R. Timmel, U. Till, B. Brocklehurst, K. A.
McLauchlan, P. J. Hore, Mol. Phys., 95 (1998) 71.

11) D. Mims, J. Herpich, N. H. Lukzen, U. E. Steiner, C.
Lambert, Science, 374 (2021) 1470.

12) S. Bar-Ad, I. Bar-Joseph, Phys. Rev. Lett., 66 (1991)
2491.

& & KB

Kk RBE: BEHE - ALK (LM — FEU) - FA
Y 754 TV RE (Kothe WF) — PERSHE (i —
o —7) - EmER (B, &Mook, R
v LAz,

17



18

ma R AL F



o| |
(}jﬂ< =

THIAVT A AVE—LFEANICL DY AT EY RRAAD Multiple-NV >~
5 — DR & &R

BERKFEARZ
ETRIPRKINT SRR
YME - MR TS

FIRKRE

A RN, 0E 5, 7ER 2
NEFHE R, IWHE =N, KE R
Fib 182

A NIE—

A Nitrogen Vacancy (NV) center in diamond is known as
a solid-state spin qubit at room temperature, and, espe-
cially, multiple-NV centers coupled by dipole-dipole inter-
action has a potential to realize quantum registers. Organic
compound ion implantation is attracting attention as tech-
nique for creating multiple-NV centers because of its abil-
ity to implant nitrogen atoms as close as possible. This pa-
per reported the results of implantation of phthalocyanine
ion, which contains eight nitrogen atoms, into diamond,
and observation of NV centers by Confocal Fluorescence
Microscopy (CFM) and Optical Detected Magnetic Res-
onance (ODMR) method. Photon counting by CFM and
ODMR spectra revealed that four NV centers were suc-
cessfully created in one fluorescent spot.

Keywords: diamond, NV centers, ion implantation
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Figure 1. Overview of implantation experiments. (a) Schematic image of 284 keV C;NgH,g ion

implantation. (b) Trajectories of nitrogen ions with energy of 7.7 keV simulated by SRIM. (c) The

histogram of implanted nitrogen ions depth.
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(a) Schematic illustration of CEM. Some devices have been omitted for the sake of simplic-

ity. (b) Example of a surface CFM map of phthalocyanine-implanted area.
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Figure 5. CFM maps of fluorescent spots with different photon counts and photon count distributions.
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Figure 6. Normalized histogram of photon counts observed by CFM. The solid

lines indicate Gaussian fits. The inset shows a magnified figure in the range of
50 keps—90 keps. This figure is reprinted from Ref. 23.
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figure is reprinted from Ref. 23.
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Alanine dosimeter is useful for measuring high doses,
and the alanine radical signal generated after irradiation is
measured using an electron spin resonance spectrometer.
Radiation chemical yield, which is the amount of material
produced, destroyed, or changed per unit of energy, is
defined for the chemical dosimeters but the reported
uncertainty of the radiation chemical yield for alanine rad-
icals is more than 10 %. Recently, an effective magnetic
moment method was developed to measure the amount
of radical atoms and molecules with high precision. In
this paper, we report measurement results of the absolute
amount of alanine radicals using the effective magnetic
moment method with a superconducting quantum inter-
ference device to determine the radiation chemical yield

with smaller uncertainty.

Keywords: alanine dosimeter, radiation chemical yield,
SQUID, magnetic moment, ESR
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Measurement of radiation chemical yield of alanine radicals us-
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Figure 1.

Magnetic property measurement
system used in this study.
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Figure 2. Results of repeated magnetic mo-
ment measurements of alanine radicals using
SQUID magnetometer. (a) Results of 11 ¢ de-
pendent measurements. (b) Maximum, mini-
mum, and averaged values in the ¢ dependent
measurements of (a).
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nine and the measured value per mass by

SQUID and ESR, respectively.
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Figure 4. Temperature dependence of mag-
netic moment measured by SQUID. (a) Mag-
netic moment plotted against the temperature.
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aluminum holder (Al) and 101 kGy irradiated
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The corrosion database, which includes the corrosion data
(corrosion rate and corrosion potential) under irradiation
and the radiolysis data relating to corrosion, was created
for the evaluation of the corrosive environment in the
contaminated water in primary containment vessels at
Fukushima Daiichi Nuclear Power Station (1F). This
database enabled the analytical estimation of the effects
of impurities in the contaminated water on the generation
behavior of oxidative species produced by water radioly-
sis, such as hydrogen peroxide (H,O;). The relationship
between concentrations of these oxidants and corrosion
rate or corrosion potential under irradiation was also
described.

Keywords: database, corrosion, irradiation, radiolysis
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Figure 1. An example of radiolysis simulation (a result of [HCOj ]-dependency)?.

Table 1.
which may exist in PCVsin 1F.

Radiolysis dataset for impurities,

Impurities Radiolysis dataset
Cl, Br-, SO~ Ref. 5)
HCO3 Ref. 6)
Iron (Fe*, Fe?*) Ref. 7)
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Figure 2. A chain reaction for decomposition
of H,O, and H, in water radiolysis.
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Table 2. The range of 199 data of corrosion rate obtained by corrosion tests under irradiation.

Item

Types or data range

Test specimen (material)

Pure iron, SA738B, SGV480,
SS400, SM400B, SQV2A,

X65, ACM sensor (carbon steel-Ag)

Atmosphere Ar, N, air
Artificial seawater (10-times concentration—20,000-times dilution),
ground water, NaCl (1 x 10~ mol/L—5 mol/L),
Solution NaCl + HCI, NaCl + NaOH, NaCl + H3;BOs,
NaCl + Na,SOy4, NaCl + Ca(OH),,
gas phase (relative humidity: 60 %—100 %)

pH 2.67-11.82

[H202] (ppm) 0-2.75

Temperature (°C)

Room temperature, 25, 40, 50, 80

Absorbed dose rate (kGy/h)

Unirradiated (0), irradiated (0.001-45)

Condition of immersion

Full-immersed, half-immersed, gas phase,

put on a wet paper towel with distilled water

Immersion time (h)

25-2160

Irradiation time (h)

Unirradiated (0), irradiated (72-2160)

Corrosion rate (mm/year)

0.001-1.664
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Figure 3. A relationship between absorbed
dose rate and corrosion rate of carbon steels im-
mersed in solutions at nearly neutral pH".
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JE R, WHEHEEITNZ, 2 DKRBEZIEDS LR
INTn3,

Table 3. The range of 62 data of corrosion potential obtained by immersion tests under irradiation.

Item

Types or data range

Test specimen (material)

Pure iron, carbon steel, PCV-A, PCV-B,
PCV-C, SA738B, SS400, Stellite-6,
A516 Gr. 70, 316LSS, 600 alloy, platinum

Atmosphere Ar, air
. Artificial seawater (1.0-20,000-times dilution),
Solution
NaCl (1 x 1073), sodium borate, NaCl + Na,B,O
pH 5.9-12.9
[H>O] (ppm) 0-16.44

Temperature (°C)

Room temperature,50

Absorbed dose rate (kGy/h)

Unirradiated (0), irradiated (0.42-36)

Condition of immersion

Full-immersed

Immersion time (h)

11.4-2160

Irradiation time (h)

Unirradiated (0), irradiated (10.1-2160)

Corrosion potential (V)

—-0.551-+0.86, —0.99—+0.05 vs. Ir
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The radiotherapy performed at ultra-high dose rate over
40 Gy/s, so called FLASH radiotherapy, has attracted great
interests due to its therapeutic advantage. The killing effect
to tumors is maintained while the damage to surrounding
normal tissues is minimized as compared to the conven-
tional dose rate of < 0.1 Gy/s. The specific point is that
the ultra high dose rate irradiation spares healthy tissues.
The FLASH effect has been actively investigated in radio-
biological studies with electrons, protons and heavy ions.
One of key points for the mechanism is in the chemical
reactions occurred in tissues. The sparing effect is related
to yields of water radiolysis products, which contributes
to the indirect action onto the DNA strand break. In this
review, we introduce our experimental verification of ultra
high dose rate irradiation effect in water by proton and car-
bon ion irradiation.

Keywords: FLASH, dose rate effect, radiolysis, radical
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Experimental verification of ultra high dose rate irradiation ef-
fect
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Figure 2. Irradiated dose dependency of molar
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Conventional polymer material development relies on
inefficient trial-and-error experiments based on the ex-
Therefore, the

development of new polymer materials requires an

perience and intuition of researchers.
enormous amount of time and high costs. Furthermore,
conventional polymer material development has problems
such as the difficulty of responding immediately to
increasingly sophisticated and diverse social demands.
As a solution to these problems, the use of materials
informatics (MI), which incorporates data science such as
artificial intelligence (AI) and machine learning into the
traditional empirical experimental science, has recently
become a promising approach. This article reports on the
development of an Al model that can instantly predict the
grafting yields based solely on the chemical and physical
features of the monomers used in the radiation-induced
graft polymerization, as an example of polymer material
development utilizing machine learning.

Keywords:  radiation-induced graft polymerization,

machine learning, grafting yield, prediction
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Prediction of radiation-induced graft polymerization yield using
machine learning.
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Figure 2. Simple analytical flow chart from
data collection to the evaluation of predictive
modeling and testing of the predictive model.
(Reprinted some modifications from Ref. 16,
with the permission of Elsevier publishing.)
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Figure 3. Atomic positions and FT-IR vibra-

tional parameters for the methacrylate ester
monomers. (Reprinted from Ref. 16, with the

permission of Elsevier publishing.)
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Table 1. Selection methods and results for explanatory variables.

Selection method of Original  Highly correlated AIC BIC LASSO
explanatory variable pair processing

Total parameters of 49 28 24 18 26
explanatory variables

Basic property 11 3 3 3 3
® Molecular weight v

@ Enowmo v

® ELumo v

@ Dipole moment v v v v v
® Molecular surface area v

® Molecular volume v

@ Ovality v

Log P value v

© Polarizability v v v v v
© Electronegativity v

@ Hardness v v v v v
Atomic charge 11 6 3 6
@ C1 NBO charge v

@ C2 NBO charge v

@ C3 NBO charge v v v v
@ C4 NBO charge v v v v v
@ H1 NBO charge v

@ H2 NBO charge v v v
@ H3 NBO charge v

@ H4 NBO charge v

@ H5 NBO charge v v v v v
@ O1 NBO charge v v v
@ 02 NBO charge v v v v v
Atomic NMR shift 11 6 6 5 5
@ C1 NMR shift v

@ C2 NMR shift v v v v v
@ C3 NMR shift v v v v
@ C4 NMR shift v v v v v
@ H1 NMR shift v v v v

@ H2 NMR shift v

@ H3 NMR shift v

G0 H4 NMR shift v

@) H5 NMR shift v

@ O1 NMR shift v v v v v
@ 02 NMR shift v v v v v
FT-IR frequency and intensity 16 13 11 7 12
@ vei=cas. v v v v v
® ici=castr. v v v
® vea-cas. v v v v
@ ico-case. v v v v v
® vea-ol st v

& ic4=o1,4r. v v v v v
© ves-onstr. v v v v v
@ ics-oosir v v v v
@ Vii-Cl-Hsym. sir. v v v v v
B ig1-c1-H2sym. sir. v

@ vii-ci-H2.asym. sir. v v v v
® ig1-C1-H2asym. str. v

@® vii-c1-H2ben. v v

@ ini-c1-Haben. v v v v v
@ Vii-Cl-H2wag. v v v v v
® ig1-C1-H2.wag. v v v v
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(A) Multiple linear regression
(Explanatory variable: 28 parameters)
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Training data : R2 = 0.8331, RMSE = 51.97
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(C) Multiple linear regression/ BIC
(Explanatory variable: 18 parameters )
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(B) Multiple linear regression / AIC
(Explanatory variable: 24 parameters)
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(D) Multiple linear regression/ LASSO
(Explanatory variable: 26 parameters)
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Figure 4. Comparison of explanatory variable selection criteria in multiple linear regression. (A) Mul-

tiple linear regression without explanatory variable selection criteria. (B) Multiple linear regression with
AIC. (C) Multiple linear regression with BIC. (D) Multiple linear regression with LASSO. (Reprinted
from Ref. 16, with the permission of Elsevier publishing.)
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(A) Decision tree
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(B) Random forest

(C) Extreme gradient boosting
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Figure 5. Predicted versus observed grafting yields plot; (A) decision tree, (B) random forest, and (C)
extreme gradient boosting. (Reprinted some modifications from Ref. 16, with the permission of Elsevier

publishing.)
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Figure 6. The top 10 most important explana-
tory variables in the predictive Extreme gradient
boosting model. (Reprinted some modifications
from Ref. 16, with the permission of Elsevier
publishing.)
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Figure 1.

Building of East Japan Heavy Ion
Center, Faculty of Medicine, Yamagata Univer-
sity including a bridge connected to University
hospital.
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