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EEREFHICE >THRESN B EL S Y LEFWHF

HPRMAR HBRBEMFEK
By X, Mg BiE

2011 EFEICRELE-BERESBH T, MFAEELIVLZEZRETELMAF (radiocesium-
bearing microparticle : CsSMP) H\&5 L1z[RFIFEMN SIREFITRE L 7z, CSMP D & 5 HHMALIFIE
BEDERBHRTHLIMEFI G, TORKERATLROZFETH >z, BRIIEFEMBLEAL
T CsMP ZMICSAR . ZOEANEBIEHNSATHS I L EHLMIZ LTz, Ffz CSMP % 600 °C
LUEDEERETMETIE, ZIITEFNIMEE LD VLANAS AN REAFICHE SN E Z LN

Hhhot=e LI=zBA2T. CSMP 28 HEEME+

Z\ =18
77 [=1/m

SEEANALIE U =156 . CsMP B{KIT K ST AE

ERSTEMNTREEIN, 512, BRAEARP T CsMP DAfEEEREITI> &, CSMP X2 1 Al
BEUCHSRELELUDARBEEFZ R L=, BETIX. 25 L3R EEZFIEL TIRERTO CsMP
DHEAEECEBODTMEHTET 5-HDOFEERAEL TS,

[FLC&HIZ
20114 3 HIZH A AR RIESRIfE- THRAE LA
ERFBEMIZ L - T, KREOBIHMEYE DR T
STz, Z2OHTH B1Cs [T HEEINK
30 F LR, MOBHINIZENZ WD, BUE
D JLFE JE L O i O ZE IR R O B & 72 > T
D, FHEFFIZHRA L LTHHENTEEZEZLND
HEEE T MR E & bIc E~E T L, -
B OHMIIRAE - BESNZEEZELLN TN D,
TREERNS, B Y AR EBRETEAR L
ToEERRYE T T Ao 34845 U 7o R 47 N CTAE AR
SH. BEP A ST, 2Ok 11X CsMP
(radiocesium-bearing microparticle) & FEIEAL.
FHFFICO TR TSN 22T vy T o
B —n 2013 RO TR S 1172[1], CsMP
DAERMBFRITTERITITMHEH STV RNA, £<
W 7 a L LUTOKIE Th 5 72 OKAE D b il
L CAER L7=rlREMED &V, CsMP XA X3/
SSRAFEFFELLT WD, B Z 5 DA
PRI T AL Lz[2], CsMP @ X 9 2R EERRIE
T APRLA1E 2 AL E T ORI FHTIIHAE 5123 72

1.

12

L TBY D AR—IV] EVI MR CTEREAT 4T
THRMOMKL & LTI Bifohni, ZiE
TH & 1L CsMP OFACHNEEEIZ N, £ D8R
BEEhRE I BT 2 BRSOV IR R MR O W B L
BB 20, 2 < OFRZEG BT, A% T,
Z DORE & BERY A TV D HFZERR-E 2 T
5o

CsMP O A X3 7 a LU R EFEFIT/HE
W2 BIEIZITETEMEN WAL 2D, NP
ITAEEE T HMEE (SEM) CEIEATEEZ S, N
HEIE 2 SRR D 7211 & BIC M fERE D
BB E TG (TEM) 048565 E 7
$i (STEM) #HW 2O MENRH D, 7272 L TEM X
STEM THHr &4 % 7= DIk 2 B 12 %8 n]
BERERIZIN T A2MERH Y, ZHITITHEED
JRIPTEIRN © EIEER 2 AF 45 Z LR TE L4
A A E—2n3E (FIB) #H0v=, Z5LKk
Tl 2 DA S MEAT FIEZBE T 5 2 & T,
CsMP O ERDH 5T ST,



2. CsMP M#RL & NEREE

la 1Z#AIA 72 CsMP @ SEM 4 CTh 5, =
5 LT- BRIk 705 FIB Ciifsathl 2 /ERL L,
TEM CT#lg L7z (X 1b), Z O BB 1 ET
WA= ZRR/T5EK 1e DEHICTr— R
N —R_E—URELI, ZOWENELETH
DT ENDND, EHIZERLXF—4E X R
g (EDS) TrH#EmHr&aiTo & 8i & O MERK
7 TCHY (K 1d). CsMP NEERIET 7 A ThH D
T LZ[8], £/, EEeFE L LT Na, Cl,
K, Fe, Zn, Rb, Sn, Cs & FN TW7=23[3,4].,
INHDOILFETTHRRAWICE 254 LT
DT TIERD-7206,6], FbBFIIARY—7225
iz mdT DI Cs T, %< D CsMP 2B\ Thi+
FKEFHEORENE <. AMNE SRy (K 2),
CsMP [F5FH M %Iiﬁfﬁ L CARL L 72 ATREMEAS E
EEZEZLILTND D, MR CEEFAME AV M A
AT ﬁxﬁmcs#%@#%ww /N PG
HFanizet®Ezx5E Cs ORE—pAAnaH] T
Do ZDEIITHBENAY =T MT DH CsMP T

HoTHRTFHNTOREARIIHA THY | o
T RTOITLRERNE—
L7cido T, HMFRFO RN OFRH &
—MERBH ST HL O EHEI SN D,

LA

s f|

Ll { \ Cs .
VAR L o N se e A e \ M
AL V.SV, NSNS WA AL

EE'

CsMP o SEM f4(a), TEM #%(b),

1.
Er/ <% — 2 (c), EDS 227 K~ (d)[3],

(249 % CsMP b FET 5,

13

TEM <° STEM Ti%, CsMP oWz T/ ki1
AEINTHWHONLIELIZBEEEND, &b
BEICR 6N DT /RiFIE, Cr X Fe 22 TefiRfk
WThHsd (K 3) [6l, —MizA A PRI/
Bl D Cr3t Ly U I H T AT & A EREE L 72
mkb‘_®i9@Mm%@f/ﬁ%kaﬁm
L7eeZRXbNLD, MWK IT 7 2 b8k
(FeztCr204) & LTERE LD, —ERED Fe2tiX
n 2, Crld Fe3tiZ ko TS, HEx 7k
DOF JRIABREIESINTWD, BEOBLIETLE
PR 72 3 T H8kD Fe2t & L TH ENT
WHZ EEBEZDE, CsMP B S 7z Y IED
iﬁ?\ﬂi&)éﬁ%&*ﬁﬁﬁ@@%’i?‘io e EHERI S
o BRAELISMZIL, CursS, Ag2S, MoSz &1 o
f_ﬁ;nﬂﬂﬁ%’% AgsTe W5 72T WAL H R RS
nTng (IK3) [8,6l, Zivbdi#Ed Cr &Rk
\ZEERRIE T T A~ DEIRE DR =D ITHT HH L 72
LEZLND,

L Cs L

2. CsMP @ TEM # & STEM-EDS (2 L »
THfS L=k~ v 7[5],



¥ 3. (a) CsMP & STEM 4., (b) &F1b /515
BTz AgeTe OE AT/ % — 2 () KHlc D
S LN 7 0 A OEF R AZ — ., ()
STEM-EDS |2 & » TH(fF L7z eF~ v 76,

3. CsMP OPELZEMHE

LLED XL 512 CsMP O FERITEERIE Y 7 A Th
HZENHGMNE RSN, OB LIS
T 2MALELNTE TS, 22 TIX
CsMP DEVRrME & BIRFFEIC DWW TR~ D,
BRYLVESESIC K > TA U BRI I,

—TEDCsMPRNEFENTWVWDZ RTINS,

29 LTEBEEMITA L 2 B I BERIL B S 5
N, ZFZIZEEND CsMP MIMEA S 7B D 26 8)
IR THoTe, £ THXIL CsMP # kx4 72l
FETMEAT 5 Z LI2 kY, ZOMARCHEEDZEL
ZAIAT[7], HEEL 72 CsMP % K& H TINEVT %

14

(2]

Intensity (arb. unit)

Energy (keV)
X 4. JnEEI(a) & 900 °C THME# (b) D CsMP
SEM 14, (c) MG CTHAF L= EDS 227 K
(71,

& 600 °C LL LD TN BRI Ligd |
1000 °C F CTMEAT 2 SITIFWHA LT, InEET%
@ CsMP # i3 % & | JRIRRH A R13ZE b3 e
WboD, TAH ) eE#E (K, Rb, Cs) & Cl
2 CsMP Bk LTz (K 4), $72bh, N
BUC X ity v A G 2N b DOTLHEN
CsMP OB L7 2 LIk, Z OREHED
DPLlebDEEZLND, S HIZ CsMP 23 1L
EBITMA SN HA 1L, CsMP 2 Gl L 725
SHEE 0 MTEBO HIEICBAT LT, YRR
RS GG ST BETEM D BEAF IC B\ T4y
B T SN HE . CsMP @ X 9 72 AL RS
W2 OBEREREVIEIL 28, £ZIEH
FNTW ' > T MIRE E 7213 E O
THICBAT T2 Z Enbholz,

RIZ, CsMP DHEMRFFHEIZ DWW THEIT T 5,
CsMP % #]sb CIAl7E L 7= Adachi et al. (2013) Dk
& T, CsMP ZKIZER L THZDIBIZEL
Nigholzlzd, 5 < CsMP 1% I'RiEtt] ok
Bife LTS Cc&zl1]l, LaL, CsMP ®
FERITERE T 7 A Th 5720, BHIZ LT
T2 RN ETIX T CH H, CsMP 1385 T
B2 TR D KIEIRIC S D S D A[REMEDS & 5 72
D, Z ORI 2 Z &3 CsMP D5RIE
BEE THIT D -DICEEETHDL, £ THRA
ITBRBE P HERER L 72 CsMP &4 & 721 Dk
FIALARICEEL., ORI BEOEA NG
CsMP O ¥ fil il FE SOWR 2 35 1T D IE ML= v



X—ZHE L72[8]l, ZDfEHE, CsMP DKt T
DR ETHK T (EBRIZIZRE T O CO2 2%
T 57055 M) ICH_T 1IMHREREZ N &
Dbhhoto, LIXUIRBIE SN P4 1 pm BRE
@ CsMP 73 13 °C (& & i O FHIRIR) ORI
RSN RNEHET D & 10 FLRIZERIC
VIR D AlREMEDS R S V7o, MK R YRR N
W HHE ML, WAKD pH (8.3) MK LD EW
Lo, WAKTOBGEA A NTLDEERET S
b, S OICEHMER T T CsMP O A H
NI EbbroTEYI[9]. CsMP 1%
UBZEL T T A L FROEFEIZRT LB %
BiILD, MKF CTHEMELT-#% O CsMP (X4 4 A
INEL T2 72T T TR HES
TRIRDN AR 21T L T2 (M Ba), 72K AT
I3 Fe X° Sn O3Bz s, b DrFEid
VRIREE MR 72 DB BIHTH L CsMP R fic ik
HLTEEEBEZLND, FeX° Sn Of{bWinFmiz
WA L7z CsMP IZBREF N S Ao0->Tnd =
EMBI10]l, 29 Lo EMRITBRER T T % EERICE
ZoTWbETREND, —F. MWKPCTHEEL
7= CsMP &4, FMlZ Mg X° Fe (28 Lok o
ZIRGE) THERL S AV TER L S L TR Y . £ D
B DWNETH T A DRI HET LTz (X 5b),

(a)

(b)

5.

. Sn|

ﬁﬁ@%iokz@ﬁ@r%ﬁ
CsMP ® STEM # & = o~ » 78],

% D

IZEEL TR,
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4. BEREHD CsMP DHHI
CsMP B A 7 % & To b o Mtk . 2 ik L
L&z bns M2l BT CsMP OFEEE
BRI AR OIS H R T ETH D, D
HAOOESE LT, BERABHORI 7 vl
T CsMP #5ET 200 REETH D Z &S
bIVD, ZDTD [ A IR 1) & LToMk
BHEFHL A= NI VAT T 7 4 —%HNT
CsMP z¥|54 5 Z &N — XM T2 bt T b
23, X U7 L O IR RISt >~
U LEWRE LTSRN S BICEET D, 29
L7z8iki 1 & CsMP Z X579 572012, Fex i
WIREEVEDE N EZFIH L2 HBIE 2R L T D
[9], ERLOD X 5 1Thk & 72 T D CsMP D i
HEN AR TEZN, ZOEMEROBRRITIB W
TEATEAIE T D CsMP OIEFRITIEF (BN Z &
Moo T&E T, —h., kv Bk L7 RER:
%) TIIHEEEC D ARZORBICWELTE
O BRI CHA R E DR D 2 & THUH
P D LAREGIER T EE2 NS, 22
TR (2 2 TIEARHAM) % 90 °C @ 1 mM
HilglZ 24 RFFTZBE L, iV T 90 °C @ 100 mM
R 24 ReRRE L7, = L CBE I 2 O ARk
fitA A=Y 77—k (IP) &) BYGIRIC
BAE ST, THUC K BEERL T TEET B 5
iR & LCidakcx 5 (X 6), BRI ITHE
ﬁ®ﬁ5ﬂ kI D L bIT, RREARICEY T
Wy T IP OBENRR ST,
nmaﬁ%@ﬁ%m@é%%&@%@&<&@\
IERBHI AT LT SRR 7 & i &
CULNER Lz BT E S, AU
100 mM HEFERALERE I X TITFRD . 25 Lok
WUBR T HRAF T DRI % CsMP & Hrd 5 2 &
TX 3, &5IT, Hr~imbsss v iR
ﬂ@é%%*’*?é%MP@#@%%iTéﬁ
EHIREL TV D, Y 2R IR DR I
ﬁ%ﬁﬂ%&@b*m%ﬁﬂ (T RE 2 HIE T 5
&L REMINIEEICHE B L, £ D%



100 mM
HCI

80 *C
24 h

2
6 . Ao IP Wit (a—c) & EEEM (D), (2) BR
LERFIT, (b) 1 mM HEERALERE, (c,d) 100 mM &
FRALER 14 (9],

RN T 5 (7). R O S e 8
Gy DSEERL - R O JERETH 0 | FRATF L7 i
REAS CsMP HIKTH 2 LIl cx 5, A%k~
RGP D BRI E NG Y BHI A FEE VW 5
Z LT, BREEPTO CsMP OIFERELZEM A 724y
O SHL, CsMP 12 K A5 %D FEREERE
DEREEEREDMAN IR S D,

5. YIS

ZNE TOHFEIC & > T CsMP O£ KT H R
HITATHDLZ LB S, £ ONEEEIZE
T 5% OMANT LTz, A%EEF OB TR
BT 7 U OWY L EZ0aHi o, 5L
TR TFIF N OFEM 7RI B2 5725 9,
U, SRR ORESS CsMP DA RLIZE
THERGEONDZ ENTRHEEIND, L,
CsMP OB H CTOEEEIZ OV TORRIZE 72D
720, BB & iz CsMP BBIE L Z I

16

100
80

WM\D\D
' 1mM 60°C

' (single CsMP)

80

70
60
50

1mM
60°C

1mM 90°C
1?Un‘t|l"u"| QU:C i
600

40

Residual radioactivity (%)

30

300
Immersion time (h)

X 7. MEEERIERFFIC T 5 A0 (O,A) B &
OHEE L 7= CsMP (00) @ 137Cs JRHTBEDFEAFHR
[9l.

900

EDLSBWFHEL, A% ED X D @z "4 0
D, ML L TR TWOIDZRIT IR b 22V ilE
Th D,

T2 THRI LTEFER R D 2 < 1T - RhE
TR APFERE O L D AT & o L FERFSE
Lo bDTT, Z2ofh, £ < OILFEF
FEANAHAIL L L1FEJ, TEM X STEM 12 X%
B TIT, MEEOHERFCHTH OFEHE YR 1k
DIZDITIRIRER 2 M L E Lz, KIEREHFTE
U= OEROLEMRE OB TER A
EHLHZENTEELL, TIITEHOEELEL
F7. AFRO—EIL, SGRRFEE /77 /.
=7y b7 4 — b FEOWMEIERT
Ty N7 —LDOXREZ T TEMEINE LT,

SE 30k
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1 2HNEY ZHEH L TREEREZRIET S#1E

REPEGREARHEME 7704470/ 00—FRtU 54— RERLIZFHRE
E FH

BET 5 LNATELGMENIHR L GEBRTHARNSDR FLRICHBRLAEZTTWVS, EREE
PREERELGLEF. EMFRLGR FLAORRMGH TH S, EYIIHHIEEZE HEYMRILE
VDTN REVHBESTFTIVHEE LTHAL. NBITERT 2 -OICRIDEEEMEE L DH%RA
FZRRBMEELEET D, PTHETIRVEFERBEICEVWTEEZELGREZRLTELEONZLY
ZEPHMBENTLVND, ARAETIE. A RO Y REVBEREEREFELTEARETIGEERTF
RERJ1 (Rice Early Responsive to Jasmonate 1) A%, £/ TILTRVDEYRS THS ) FB—)L
DEEZFHBEL TSI LEZRE Lz, RERIL A4 REFIZHT HEEFR FLRIZK > THH U
NICRBRFEL. TREGTFORBRZFHEIT 5, TORKICKY U FTO—IILOEENEELLLEDS

ETIIAMVIZLHERBECEERRE DR

1 R2DFYENLEBHEHEBCENT, DYy XEVEBYIFILTRT—@

RERJ1 DBZEIMNFERHY & o1=,

ZL®HIZ

M O—HIT O BIEE D D2 FxIEU
WoHE, =0 ) ex~T) ORBEIZEE YD
LI b, FEEREWEHEMIIER-T. MmN
VR ITHR RV, Wb B R L— 72,
Ebbi, MR OERZH LT, &
FafHF 5, BRRTIEL, ZO/MPAHIEIZE ST
DL, WYAREREE (R LK ES) PEE S TR
T, —HEOEBZET L LE2 D, AT

—HRAET ot R Aﬁék%ﬁ@im%&w
M, S BT FEFRITREOHFTICR 2 k-
THEL, 80 L5 1CBET 2F b HkARW,
Z DT, FEWIIAE < 7o R RIS & Bl L -CH SR

1.

MHEDARNVRE ) ESDPDLRBBAZTTND,

—MZ AR LR EE5TH, iﬁf)’%x“féx
b U ARk A T, OB, R, B R 5E
EL VWb LIRBERMEDLDDA L AL B
HIZNAEBNED | JREEICEE LY . D
PERE 2R Bl 22 B D9 B 5y LIS DA s b DK
LA NV ANRD D, BIE ZIFEMTFRIA LA

(ZFHLBBZIELBELNICHE 2=, DK,
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BIICHIR LHET S

BBEEEMFOA N L AL T, EHIIMDE Xt
Gi& LTIZM R E2IT> CWD 0B, Shb o Z A b H#)
W B B OBIES - BIE Zhf A, EAENE Y
L BB ORRIEIZE BT 20582 m < R dH 5,
AKHFGE 7 — R TlX, EE DO TH LT -
TE7z, W ERRBIOWEEE OFDEE50
DOHT W HES LRI LT 5 T D ofilfE]
(2 K D RIS IS W TR 5,

2. HEYOBHEELELE D vy AEVBROBR

MR LVE L, BT RV ES B S DA EA
HzZary ha—A3 570 MA L THAIES+F
fbEMmTHY | BEBIGTHLZFIHEA TN D
A4 EZAHTIE, MHOMEMREZ 7T ZIZHIH
THORLY VB, LT RUDAEFEIZHND

nicy, FHLROBREREST 2T —F
VHAFIHENTZY LTWS, —, A TERE
725 DI, PHEIGE CEEREH & R TR R
NELDY X AEVBETHD, BRENRY ¥ A



EUBROEPERE & LT, MW ORR & T i balE
Trt R GEFOME. G TRE M, 7
0 a7 LDSRISEED D DR, B
KO E) T Z N ETF b0, BE
R EDMBBIIR A N L AR, EWFHIIRA R LA
ThoARE (HE) LCERRENDDOKEEL,
T2 DIHRET D bbb T[],
FEFIIA 20 FRANRBER O (LHRAFN e A D
H & T, A X ORERFUEFRBEE ORI & 9 |
B PR AEEICE R LI LD, £
FREF L7208 R D BRI IS BB e e )
BROLEND V¥ AE VDA FTBIT D ES
B EREREIC DWW T ThH o7z, 4 RITBWT, Uy
AEUBROAEFEITA N LU AFFE A S TP F D
HEABO LN (K1), FIIE, A ROEEZN
PRI ETYWT L L 30~120 HRICIEY ¥ A
EUBOERENIRKERD, TO%, Ay LD
T 5, EBRIZIL. B bFEE L R ORNENEY
BN EN THEEL < D L) Z L2V
YMOMRNTEE CTWD, £, BlESniyy
AEUVRRIL, T BEAERL LTS YRS
DM ENTZECEOIEWR & LTE Lo i2hk
HDOT, Py AT UEBROEFERYE T, TEMERLS T
BAEETDEDOWEE S 25,

400

80

JA-lle

300 60 F

FW

—O— WT
—@— osjar1-2 A

40

ngg’

100 - 20

Time (h)

Time (h)

1. HEA RNV AEZZIT A XESZTOY v
ZE VR (JADOER, XY AEVEBEOA VR
A VB AERA R EE D En T OB L B
A R Z T f#HT, @D osjarl-2 ZEHiK
TEY Y AEVBOEEBOOBHAM LD b
2V, A Y aA Y UBEARPER IR,
BENHE 30 p CTY XY AEVEZDA VB
AV UARDBE R ERE B RN D,

19

Ty AT VBOEEEEZWET HBIE, KK
BENUAELRD, RERLIE, V¥ AEVEBEO
A BGEE TRET B G E T L o THRIFIZH
BFFE A O T, TORR, B (23R L)
TYY AEVBOENEET L5006 THY, FER
FERICRELSHELTLEY, TNEHSTDI
X, REMIRLER - IO BRI L HEER A K
JEOMEWT, Ml - A O Y ¥ 2 E U EEOBE O
MIERKPERNDOTHD, A XDOEZY)Y o
THU TV T LB, AN R Z 0T 5
FRxFEAPEND, VY AEUVREED T 1
7z ¥afuE, 10 BRLURNIZH U 7L
TR A T L 7o IR R I TR X < BT 5 8%
NBEZFFODTE, ZOERIEFEIT, EHORIKE
FaBEME L T NARIRRI AR 2 —0
MO LCEARARETHHZLITE I ETHME
<V R L R A,

DX, HEA NV ARAEZT A R, B
KRIC Y ¥ AEVIRERARIEL, —EREH LT
TR THDL Y vy AT VOA Y aA v U EHAER
D, B CHERE T D BB T DI BLA A T
LY FTNGFE LTHRET S LT, M
Bz 7B 2 BREY L. BREE A b L RIZAT R
WS TR AR - MEFFT D Z LdTE B 2),

3. JA HEMESEREF RERIL OFREE?
ARIBITDV Yy AT VBY 7T AOEEEE
BET 572010, VY 2AEVBO TR TEX, A«
KA B ERPIME A M 57 DR OB E1T o 7,
BINL ) Fong TV a_X=RE LT 77
VXNAT Y == TGS, A XD~ A
s a7y LA BMERFRIC AR, Vv 2AE VB
BBEDO T A7 VT =AW, T x
A VRO ZEFEBREOFN L b T K - OB
BERPBODHENRNIZA) Z L2 HEL, <
A7 a7 VAT TR, FF o4 THEZ0B L
ToA RIS 2 MRS LT, U 30 D
24 FEfE CORKERE & 572, RNA D729



DY T Y 7T, B OE D 0 7 K
R CTHIEARE L7, MRTORER, kx e ¥ A€
VIRISEMBR T REDN DR ER TR, BT,
Ty A VIR 30 3 ORFECIEF TR
HIGEME 2 79 bDHLH B O #5513 B SEOAF(E
ThHholzlm®,
Jasmonate 1 (RERJ1) & 41T, & OFEREMAT %
#H7= (4 2),

RERJ1 13V ¥ A EVBRISEMEDOIEINT- & L
T, BEEMLEEA R L, BICRET D2 &%
o8], HEFEEPEICEE T 2 X TS —E/ S~
FHH =B EDOHIEIZEHI > TWD D TIEZR
Wy E TR L2, RERJT ORI &2 MHl L7
RNAi ¥ROENTTlX, #—7 > b & 722 0 ERR
PR T PRE R R T = A ORFEICEDL T,
RERJ1 O A FIZF1T HE&ENIRED F F | IROPEH
$eBFETH LERRASDEEONERH 57,

Rice Early Responsive to

4., RERILICHIHZZITH L ¥ 10K
A FOHEMEZ AN ERRD, 7R TO
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L. ENRFE AR B BGIZ KD AT D, M
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7Bl T4 LIEB X200 TH
DB, £bZEH, A RORFRIIEEZIET S
Te DI, A MEKRE BRI HED 570 Ed D 1572
W EESIAAT, Tosl7 L b b T ARV v
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WricEF LTz, BREOESICH LT, AFHET
2O RN THEEZINA, BERFRICIRIRESR 2
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NMREICE ZBIRRTF FOMBEASER A h =X LDIEE
REREZRHER SHPEILEHR=E
MR 8

BIRRTF FIZZ0—EAMBERNTHEET S 0., Hi-LBIEESF T4 ELTIEZ2ED
TW3, LAHL. Z0MBEEAEZFAT I LIEIRETHY . BBKEBOEENLZEBENRD S
NLTLVS, cyclorasin 9A5 & 9A54 (&, HIREEB R TF K (CPP) ¥DEF— 7% &K TS 1l-mer
DR Ras AEXRTF FTHSHH.9A5 DA HIfaZEEL T MIBICH T 5BNGEEETT,
ABAETIE, 9A5 & 9A54 DELZ SR ZEFH EIABEICEDETHOMNIT S0HIZ, 9A5 &
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TRAIBREX YT 0 L LTEHEED TV DRI
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BIRXTF REII LD E TR T OK S
B REA L, HIRRN & o R - B X AR AR
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T272A . RO BRIRANT T NI M % 7
L. AERENIZIWT PPI A FHLET 2 Z & A6 4L
TV, LinL, ZOX D RERTTF ROl

WA HET D0 TR, ZEAEH LT
&w

Cyclorasin 9A5 1% 11 FEE DMl FEE B K A~
7F RTHY . in vitro T Ras-Raf ¥ > /X7 EHH
HAEMA % 120 nM @ ICs0 fECHET 5, X HIZ
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—7%. 9A54 (%, B

ARIRIZ BN T . BRI Ras (R1FEMES
TFIAREER D S L2 ERmbh T 52l
F£72. In vitro DHE-TEVEFARES (SAR) HFJEIC K
V. 9A5 XV &5 )72 PPI BHEEME L R T
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EEZONDHEEERKL (Trp-1) & MM

(Arg-4) HIEHEL TS (K1, THHB) ., Ll
2B, 9A4 T A W T v A T, 9A5
L0 HELTEEMEV, ZHE 9A54 S
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MCiX 8 207 2 VBEHSH Y (X 1, KF).
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Zi1 Tle-2, dVal-3, Fepa-9 ICEH I LTS (2
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L4-Invtualdz=)V7 =0 LA —vy ) —n
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HYAFNANEFT R (DMSO) HTO =&t
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Cyclorasin 9A54
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CPP-like motif
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F10D 9AS D F — AFIER THEYI L, BV AAE
HALTWD (K4), 9A54 Ti, 9A5 Ll LT,
3 EOBIMDAFIVIENZ OEFITEASIND
(X 4 KED) . ZDZ LA 9AB4 ITBWTIZMIEHD
M C AR EZ I T2, 9A5 LR LU X —
VIEEE TR T D LN TERY, ZDLIIT,
CPP BRE T — 7 DIMNT BT DREERREV DS, 8
BEOHIEHZN LT, 2 DOBRTF FORA
LB EIEE A R E LTS EB X Bid,
Z3VE TIT in vitro {EME & MR EO R 2 5 17
FEEH D cyclorasin 7 v 7 3G ST 5[2],
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Position Cell permeability factor (cell free/cell based ICsg)
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Large Tle dval L 9ATE
Tle dAla 9A54 /. 9A1S
' T dLeu 9Ad4d ' arld
The  dVal 9A5
Small The o dAls o o o doun
-
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X 5. Cyclorasin {31} 2 RIHDOEE < L
et D i FE RS

ZOHT, 14 filE, CPPHRETF —7 25 9A5,
9A54 L FFIRI 7R R A oA LT\ 5, ABFSE T
R LIZET ML, RTF REROHEEN) TR M2
WETD 2, 3FEBOT I BRSO I,
cyclorasin EDME R L EFKRT H L TEET
HHELTWVWD, bLEITHDLDIE, ftho
cyclorasin BRI L CH RIEROMEM DI H 51
TThD,

EEE, 2, 3FEEBOT IV BAHOEm I &
cyclorasin 7 1 7 Ol fal it 15 4 D B £k &
2y NLTHDE, ENODORIZHHEBENA LI
7= (M5), koT, MIEDOIRWEREE T CRigli:
Wz & 5 2 L 2R SR MDY eyclorasin
DM ZE BT AT R IR KF T D Z L A<
RSN,

BORANTF RO EHOMELIIL, RO
EOEZE L CllladiiEtE e 2 st 5, K
PRI L0 | MIBHOEH S BRI T F N Ok
WEIZFRRDO DR Z KIT L, RO ER K
PEAZAT LT, ARG v S B 2 RT3 2 &
RENT MIHOERL, 2 < O5GE, FHOME
BWELY KL T, DOZRTHD720H, AWF5E
DRRIL, BIRAAT T RIS IS T2 53
LI2ODF LWFEERET I D LEZLND,
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IRIRR e v & — L DR

AHFFED NMR HIE TlE, M4HFFE=ED Avance
800 (Bruker £t W58 18.7 T) % F\ 7o, A%k
B OMEBEIREOMERNCIE, 2 BEEIC 100 L @
RIEANY O LAOFHZ LI LT 5, fthoo NMR %
BCHEHT 50608 T, Y% E TIRER
3,000 L ##8 2 DI~ Y 7 L&A LTS, L
=085 T, AEFRA L & 95 ke <, KRR
FHFIEY B — DD RBEOWIEANY 7 L& RED
DETHARNTZ TN T WD Z L THERETEXTE
0., ZTTIWCHESEHB L EFD2 b0 TH D,

SE X

[1] Takeuchi K, Misaki I, Tokunaga Y, Fujisaki
M, Kamoshida H, Takizawa T, Hanzawa H,
Shimada I. Angew. Chem. Int. Ed. 60:6567—
6572 (2021).

P. Upadhyaya, Z. Qian, N. G. Selner, S. R.
Clippinger, Z. Wu, R. Briesewitz, D. Pei,
Angew. Chem. Int. Ed. 54, 7602-7606
(2015).
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EREBZHONRE LGS LM MRI BT OREILIZH T T
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MIOREBEERGD. REEZRLT LTEHET 5L MRI BT OELICE T -HRRAFEICHELT
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3. MRI D%
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WA OEVABND, KNP BELRTZESD
EWZ ARG RERRROE W) S EERICER L
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1. Introduction

Among many topological materials, a-Sn stands
out as the only elemental material that shows multiple
topological phases, which can be controlled by various
means such as applying strain, varying the thickness,
incorporating magnetism and applying electric
fields?l, Bulk «-Sn is a so-called zero-gap
semiconductor, where there is an inverted band order
between the s-derived I~ band and p-derived Iyt
bands, which consist of an inverted light hole (iLH)
band and a heavy-hole (HH) band, as indicated by the
calculated band structure shown in the center panel of
Fig la. This inverted band order hosts a topological
surface state (TSS) that is superimposed by the HH
band®I¥l, Under an in-plane compressive strain, the HH
band (iLH band) shifts up (down), which results in the
emergence of two stable 3D Dirac cones at the band
crossing point +kp = (0,0, +kp) protected by a 4-
fold rotational symmetry, as shown in the right panel of
Fig la. Since the Z, invariant v, defined onthe k; =0
plane is unity, the compressively strained a-Sn (001)
has long been expected to be a topological Dirac
semimetal (TDS)BL. In contrast, an in-plane tensile
strain opens a gap at the " point and transforms o-Sn
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into a strong 3D-TIMEI (left panel of Fig 1a). All of
these rich topological phases can be realized on a simple
elemental material platform that is compatible with
conventional 111-V semiconductors such as InSh. Thus,
a-Sn is immune to material control problems such as
disorder or deviation from stoichiometry, unlike other
compound topological materialstIel,

However, thus far, only a few studies have
accurately captured the nontrivial features of a-Sn,
especially its quantum transport propertiest®I[LOILHIL210L3]
The main reason for this lack of study is the insufficient
crystal quality because a-Sn can easily transform into
the more stable trivial B-Sn phase or because the
nontrivial features of a.-Sn are impaired by the interface
roughness when grown on substrates. In previous
studies, a-Sn was grown directly on an ion-milled InSh
substrate surface, which deteriorates the interface and
bulk qualityIEICIMIN2 1y another work, Bi or Te was
deposited as a surfactant during o-Sn growth, which
unwantedly voided the advantage of the elemental
topological material a-Snt*4l. High-quality and well-
controlled a-Sn is thus urgently required to realize its
full potential.

56 ML-thick a-Sn
s-orbital (bitiy ‘
p-orbital (bulk)
Surface'state

Fig. 1. a) Band structure of a-
Sn.  Under an in-plane
compressive (tensile) strain,
the system is driven into a
TDS (3D-TI) phase. b)
Calculated band structure of
56 ML-thick o-Sn under an

/",{,:

in-plane compressive strain of
-0.76%. c¢),d),e) STEM
lattice image and TED pattern
in the [110] direction and top-
view AFM image of the
56 ML-thick a-Sn film.[Z]

-110] A
,

1x1 um2
rms=0.17 nm |



2. Research purpose

In this work, our goal is to demonstrate epitaxial
growth of high-quality a-Sn thin films on InSb (001)
substrates using molecular beam epitaxy (MBE).
Utilizing these high-crystal-quality samples, we aim to
accurately characterize the nontrivial band structures of
a-Sn and show that these a-Sn thin films are indeed in
the TDS phase, using analysis based on Shubnikov — de
Haas oscillations and first-principles calculations.

3. Epitaxial growth of a-Sn thin films

We grow an a-Sn thin film (9.2 nm, 56 monolayers
(MLs)) on an InSb (001) substrate at low temperature
(~-5°C) using MBE. Prior to the growth of a-Sn, a
200 nm-thick InSb buffer layer is grown to obtain an
atomically flat interface, which is terminated by an In-
stabilized topmost surface. A cross-sectional scanning
transmission electron microscopy (STEM) lattice image
clearly indicates a high-quality diamond-type crystal
structure of a-Sn and a perfectly flat interface with the
InSh buffer layer, as shown in Fig. 1c. The transmission
electron diffraction (TED) pattern of the a-Sn layer also
confirms a diamond structure without any other
precipitates, such as tetragonal B-Sn (Fig. 1d).
Moreover, the average roughness estimated by atomic
force microscopy (AFM) is 0.17 nm, indicating an

atomically flat a-Sn surface (Fig. 1e). From the TED
data, we estimate the in-plane and perpendicular-to-the-
plane lattice constants of the «-Sn thin film, which
indicate that a strong in-plane epitaxial compressive
strain of —0.76% is applied in the a-Sn layer. This strong
compressive strain is expected to drive the system into
a TDS phase, as indicated by our first-principles
calculations shown in Fig. 1b.

4. Characterization of a-Sn band structure by

quantum transport measurements

We first characterize the 56 ML-thick o.-Sn sample
using magneto-transport measurements. As shown in
Fig 2a, the longitudinal resistance Rxx exhibits strong
and clear Shubnikov-de Haas (SdH) oscillations, which
appear at a magnetic field B as small as 0.3 T at 2 K and
persist up to 20 K, manifesting the high sample quality.
The first derivative of the longitudinal conductance
dG,,/dB (Fig. 2b) and Fourier transformations of the
oscillatory part AGx« (Figs 2c,f) reveal three
components in the SdH oscillations: Two oscillations
with close frequencies (F1 =13.4 and F, =15.1 T) form
a beat pattern at a low magnetic field (B2 > 0.45 TY),
and the other oscillation with a relatively high frequency
(Fs = 37.2T) starts at a high magnetic field (B <
0.2 T'Y). The i component of AGx can be fitted based

b - - -
3 00 T _10f Fig 2. SdH oscillations of
—4K —13K ; e 56 ML-thick a-Sn under a
B00F "R oK , 0.5
— — — / G -
€ o = perpendicular B. a) R - B
s 0
o o0 : h curves and b) dGu/dB - B
o = B //[001] =05 curves at various
00 25 50 "g.s_l_)m.o 125 15.0 02 04 06 O.E?B_1 (;_.10) 12 14 186 temperatures. c),d) FT
C 20— —F A - spectra at various
& 3K € 1
Gusf 4k *31\&% ~ 00t tem_peré:ltures and  SdH
2 ol 7 2o Peay & oscillations at 2K at a low
3 TK | o magnetic field range (B! >
=05 <1-0.01 {1, = 24,900 cmiVs 1
=24, _
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on the Lifshitz-Kosevich (LK) theory, expressed by 1!

AG;(B, T, F;, m, 73, v:) =
exp (— wZn) cos <2T[ (% — yi))
@

Here, Goi is the proportionality coefficient, 7 is the Dirac
constant, kg is the Boltzmann constant, ; isa quantum
relaxation time, m; is the cyclotron mass, w.; = qB/m;
is the cyclotron angular frequency, where q is the
elementary charge, and y; is a phase shift determined
by the band topology. Here, we use LK theory for the
case of 2D transport because all three band components
are quantized in the growth direction, as shown later.
Note that y; = 0,1 is expected for massless Dirac
fermions with a linear dispersion, whereas y; = 1/2 is
expected for massive fermions in trivial band
components. By fitting this expression to the
temperature dependence of the Fourier-transformed
(FT) intensities, we estimate the three cyclotron masses
to be my = 0.035 mg, mz = 0.035 mg, and mz = 0.113 mo,
as shown in the insets of Figs 2c,f. Using these mass

2m%kpT /hwei
0% sinh(2m2kpT /hwep)

values, we fit equation (1) to the AGx measured at T =
2 K in the low magnetic field range (B! > 0.45 T'Y),
where only components F1 and F are superimposed, by
taking a sum of the two oscillations expressed by
equation (1) with Ggyq,T1,¥1, Goz2,To, ¥, as the fitting
parameters (Fig 2d). The following values are obtained:
T, =495+ 11 fs and y1 = 0.5256 + 0.0009 for F; and
T, =611 £ 20 fs and y. = 0.810 + 0.001 for F; (here,
error bars are the standard errors of the fitting process).
The quantum mobilities u; = qt;/m; are then
estimated to be u, = 24947 + 569 cm?/Vs and pu, =
30000 + 1000 cm?/Vs for the two components F; and Fa,
respectively. Additionally, we fit equation (1) to AGx in
a high magnetic field range (B! < 0.2 T1), where
component F; dominates, as shown in Fig 2f,g. Here, to
enhance the fitting accuracy, we separately estimate 7
=116 £ 23 fs and y3 = 0.71 + 0.06 using a Dingle plot
and a fan plot. This reveals a relatively high quantum
mobility u; = 1808 + 36 cm?/Vs for this heavy carrier
component. We note that these estimated quantum
mobilities are consistent with the critical magnetic field
B.; where the corresponding SdH oscillations begin

39

(i.e., they satisfy u;B.;~1), which supports the validity
of our analysis of the SdH oscillations.

By combining them with first-principles
calculations, these estimated parameters reveal essential
details of the band structure of 56 ML-thick a-Sn. Our
calculated band structure in Fig 1b clearly shows a
linear dispersion in the surface states (green data points)
with a Dirac point (DP) at Epp, derived from the topmost
Sn ML, which is the TSS, and a quantized bulk band
(blue points), which opens a small gap of 30 meV
(yellow square) at the bulk Dirac point at zero energy.
Among the three components derived from quantum
transport, remarkably, oscillation F» has a nontrivial
phase shift y, = 0.81, a light cyclotron mass m; = 0.035
mo and a very high quantum mobility of 30000 cm?/Vs.
We thus attribute this component to the TSS of a-Sn.
The quantum mobility of the TSS is experimentally
estimated for the first time and is one order of
magnitude higher than the mobility (~ 3000 cm?/Vs)
estimated by the Hall measurements (namely, Hall
mobility) reported in all previous works®M2M 131 The
results described above have been achieved because of
the high crystal quality and atomically flat interface of
our a-Sn/InSh heterostructure (note that for the same
sample, the quantum mobility is usually much smaller
than the Hall mobility). Meanwhile, the F3 component
with a relatively heavy cyclotron mass (mz = 0.11 mo)
can be attributed to the HH band of a-Sn because there
are no other carriers in a-Sn and InSb that have such a
heavy cyclotron masst*”l. The high quantum mobility of
1808 cm?/Vs of the HH band allows us, for the first time,
to elucidate the detailed properties of the bulk Dirac
cones in a-Sn via the SdH oscillations. The nontrivial
phase shift (y3 = ~0.71) of the HH band indicates that
the TDS phase is achieved as expected. This phase shift
of the HH band deviates from the ideal phase shift of
unity, possibly because of the gap opening due to the
quantum confinement effect. We note that this phase
shift of the HH band does not originate from
hybridization with the TSS because such hybridization
is in principle prohibited by their different wavefunction
symmetriesPIl8l. Additionally, we attribute component
F1, which has a trivial phase shift and a light cyclotron
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Fig 4. Angular dependence of SdH oscillations. a) B-
direction dependence of Ryx vs. B in 56 ML-thick a-Sn.
The magnetic field B is rotated from the [001] direction
(BLI, 8 = 0°) to the [110] direction (B//I, 8 = 90°).
6 is defined as shown in the inset. b) Angular
dependence of the frequencies F1, F2, and F3 (black,
blue, and red circles) in the SdH oscillations.
Experimental data are fitted by 1/cos @ (blue and red
curves). These results indicate the 2D characteristics of
the TSS (F2) and HH (Fs3) bands.*!

mass, to the conduction band of InSh, where parallel
conduction occurs.

Our calculated result in Fig 1b indicates that the
56 ML-thick o-Sn is in a quantized TDS phase. The
angular dependence of the SdH oscillations, which is
shown in Fig 3, confirms this description of the a-Sn
band structure. We rotate the magnetic field B from the
perpendicular [001] direction, where BLI, to the in-
plane [110] direction, where B//I. Here, 6 is defined
as the angle of B with respect to the [001] direction. The
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B dependence of Ry changes from positive to negative
when B is rotated from the BLI to B//I configuration, as
Fig3a. The origin of this negative
magnetoresistance for B//l may be attributed to the
chiral anomaly, a characteristic feature of the TDS
phaselHII20121I221 - Fyrthermore, the frequencies of the
TSS (F2) and HH (F3) bands vary as 1/cos8 over a
wide range of 6 up to 60° (Figure 3b), which confirms
the 2D nature of these bands. The F, component is the
TSS, which is of course a 2D band. Interestingly, the
HH band (F3) also shows 2D behavior in our sample,
which is consistent with the long coherence length
l; (= vpt3 = 40 nm) compared with the thickness of

seen in

the a-Sn layer (9.2 nm).

5. Topological phase transition of o-Sn when

varying the thickness

With decreasing a-Sn thickness, we expect a
crossover froma TDS to a 2D-TI and eventually a phase
transition to a normal insulator (NI) due to the strong
quantum confinement!*. This is clearly indicated in our
different  «-Sn
thicknesses, which are shown in Fig 4a. The energy gap

first-principles  calculations at
at the T point of a-Sn, shown in the bottom panel of
Fig 4b, first increases with decreasing thickness from
100 MLs, which indicates the crossover between the
quantized TDS and 2D-TI phases in this region (40 ~
100 MLs). Then, when the a-Sn thickness is decreased

Fig. 3 a) Calculated band structure of
© a-Sn with different thicknesses from
- 20 to 100 MLs. Red (blue) points
correspond to s-(p-)derived bands. A

s band inversion occurs between 20
ﬁ:ggﬂﬁlﬁ = and 28 MLs. b) (Bottom panel)
foﬁsﬁ e~ gg gt Calculated direct energy gap Eq at the
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. Experiment invariant (white squares) deduced
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to 20 ~ 28 MLs, we observe a quick decrease, closing,
and reopening of the energy gap, reflecting the
topological phase transition from a nontrivial (2D-TI) to
a trivial insulator (NI), associated with a change in the
Z, invariant (top panel of Figure 4b). We clearly
observe such a phase transition in the SdH oscillations
measured in a series of a-Sn samples with different
thicknesses. The development of the SdH frequencies of
all three components TSS (F2), HH (Fs), and InSb (F1)
is shown in Fig 4c, which clearly indicates that the TSS
component disappears with decreasing thickness of a.-
Sn below a critical thickness between 30 and 40 MLs.
This behavior is consistent with the calculated band
structures in Fig 4a. This may be caused by the surface
hybridization of the top and bottom surface states and
the strong compressive strain. The decrease in F, and F3
may also be related to a change in the Er position with
deceasing thickness. Notably, the phase shift of the HH
band is always nontrivial within the error bar (see top
panel of Figure 4c) regardless of whether the TSS exists,
which supports the conclusion that the nontrivial phase
shift of the HH band originates from the bulk DP rather
than from hybridization with the TSS. These results
demonstrate that o-Sn is indeed an elemental TDS,
which can be a fundamental platform for investigating
various novel topological phases.

6. Summary

In summary, an elemental TDS phase is confirmed in
o-Sn (001) under in-plane compressive strain for the
first time by our quantum transport studies and first-
principles calculations. The high-quality o-Sn thin film
with very high quantum mobilities of the TSS
(30000 cm?/Vs) and HH state (1808 cm?/Vs) enables an
unprecedentedly accurate description of the nontrivial
band structure of a-Sn. A crossover from a TDS to a 2D-
Tl and a subsequent phase transition to a trivial insulator
are also demonstrated by varying the thickness of a.-Sn.
Our results prove that high-quality crystal growth of a-
Sn is the key to unlocking its rich potential for
topological physics and device applications.
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Fig. 1. Schematic band diagrams and density of states
(DOS) of a GaMnAs-based magnetic tunnel junction at
low (a) and high (b,c) bias voltages V. When the bias
voltage is low, holes in the impurity band (IB) of GaMnAs
are injected into the 1B of the other GaMnAs electrode.
When the bias voltage is high, holes in the IB of GaMnAs
are injected into the valence band (VB) of the other
GaMnAs electrode. (c) When applying V in the opposite
direction, the source and drain sides are reversed. [Terada
et al., Appl. Phys. Express. 15, 033001 (2022). Copyright
(2022) The Japan Society of Applied Physics.]
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Fig. 2. (@) Schematic illustration of the GaMnAs-based
magnetic tunnel junction (MTJ) examined in this study. (b)
Valence band (VB) diagram of the MTJ. The black solid
line and red dash-dotted line are the VB top Ev and the
Fermi level Eg, respectively. The gray region is the band
gap. (c) Definitions of angles ¢ of H (magnetic field) and
6 of M (magnetization) in the (001) film plane. (d)
Magnetoresistance (MR) characteristics of the MTJ at
various ¢ when V = 5 mV at 3.8 K. (), (ff MR
characteristics of the MTJ at ¢ = 135° (H // [110]) at 3.8
K when V <0 (e) and V > 0 (f). The graphs are shifted so
that the MR ratios at £1.25 kOe are zero. [Terada et al.,
Appl. Phys. Express. 15, 033001 (2022). Copyright (2022)
The Japan Society of Applied Physics.]
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Fig. 3. (a)—(c) Color contour plots of the ¢ dependence of
the experimentally obtained MR ratio measured for the
MTJ shown in Fig. 2(a) for V =-5 mV (a), -100 mV (b),
and V = 100 mV (c). (d)-(f) Color contour plots of the
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parameters used in the calculations are summarized in
Table I. [Terada et al., Appl. Phys. Express. 15, 033001
(2022). Copyright (2022) The Japan Society of Applied
Physics.]
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TABLE I.

Fitting parameters used in the calculation for Figs. 3(d) — 3(f). Here, we show the product of spin

polarization P1P,, and the biaxial anisotropy field Hg along <100>, uniaxial anisotropy field Hy,0) along
[110], domain wall nucleation/propagation energy &/M, and coefficients caj and cgi (i = 1, 2). [Terada et al., Appl.
Phys. Express. 15, 033001 (2022). Copyright (2022) The Japan Society of Applied Physics.]
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Top GaMnAs (Impurity band)
Bottom GaMnAs (Valence band)

P\P, 7.84 x 1072 9.0 x 107 9.0 x 107
Top GaMnAs layer Hyg (kOe) 0.09 0.09 0.09
Hyjtioy (kOe) 0.18 0.18 0.18
e/M (kOe) 0.3 0.3 0.3
Cal 0 0 0.003
CB1 0 -0.002 0
Bottom GaMnAs layer Hyg (kOe) 0.1 0.1 0.1
Hugtio) (kOe) 0.42 0.42 0.42
e/M (kOe) 0.5 0.5 0.5
A 0 ~0.01 0
CBo 0 0 ~0.002
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Fig. 4. Schematic valence band (VB) and impurity band
(IB) picture of GaMnAs suggested in our study. The
black solid curves are the density of states (DOS) in
GaMnAs as a function of the electron energy. The
orange region is the DOS of the IB. The black dashed
curve corresponds to the DOS of the IB under a strong
external magnetic field H. The H dependence of the
DOS varies with the Eg position. For example, the DOS
increases with H when Er = E,, while it decreases with
H when Er = Ey. [Terada et al., Appl. Phys. Express. 15,
033001 (2022). Copyright (2022) The Japan Society of
Applied Physics.]
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