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Radiation damage of fusion reactor materials is caused by the
atomic collision processes in solids, The theoretical approach to this
phenomena has achieved a rapid progress by the recent advent of fast
computing machine. This report surveys the literatures which concern
the analyses of atomic collision processes with the use of melecular
dynamical simulation methods, and summarizes their results. The sur-
veyed items include, 1) interatomic potentials and their applicability,
2) dynamical simulation methods, 3) results of computer simulations
such as Frenkel pair production processes.

Many-body effects such as focussing replacement phenomenon and
anisotropic aspects of displacement energy threshold have beeen

realized by the computer simulations of atomic collision processes.
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1. ¥ i

itk F B 40 R ENFOBHEAZH CoAEEMES TE, BTRFORBCsHLIZELD,
B A — FEESEET R, TOROMEBICEHRO 7 Ly yvihiEUs &L bic, TR
Fo— BRI LD, ERMEOIIRY ) Y IREOEEENE S, INoDBEEZELT
MO BEHEIEASRE SN E C S0 b, - THEE T TOMEEELRT T SIERT L~
TOIWNROMER S AL, LrLEKS, ERBFO6L O, HREEARRTHLIC EICL
N HEI R RGO REIERIC R, . EBETHE, MESARETS A5G0, B
HORBETHEMEL S -TLTHIHEDAREEE S 50EbHAA, TOBNEE LR
4 B mikts o Lo, CHICH L, FE, ABFEEO Rk v, BRET T TORKMED
B LT BB ANE Y 2 Lb— r 52 EMERA DN, WIANL TS, R OIMRNEZAE
EHTRTEH D, BEOHERIEE» D L THERY 1 AZ0HRIES 545, 1XREIUSHURTS
(PKA : Primary Knock—on Atom) iz LAHERE QAUSHLART— NHER T
)RR, BEOHEAEESNATY S,

BRI B B % - FEERNACE N TOEMIC LD, 29 hoirbn T
% KHE® Brookhaven BB A D Vineyard @7 v —7ic kb, KEBEREKRFRTHRE
CRCIETORESE N, CAREDHERY S av— v a YOFAMAREINST EIKE -
£V e X ILA R~ K2t a Lo s v FEsBeeler % Robinson® HICx D
RAZ x4, bee BT & foc TR B AHESERE N/, COM BEABNROBRLA TEE
BEE L 7S, wilisick 0, HEDORMBERITOILHO Y {2l —Ya YIREEE LT

297 Chemy Ay s YEMLTE DRSS 5RTE, 1 DBETRIEF v
P THD . Mt HEBNICELEEERTSOSICHECKETEH S LTV A, L0 IA
THH, BELCOVTE, HEEEDAH S, AROBTFEELSEEBLCTLICERL T

L BUAIC R E e v OBARGO LD HOMBE L 5, HEOHER GO L THLED D 5t
B DA E XiE 2000~ 4000 AREDCETH»GIEL6DTH 5.

FERAT v e ViCBILTHE, /R BALNEOLOPREEINTN 5, HEROBE#ED
T AEDE R A Johnson Tk DIWESNFMUEERFIC 710 T4 Y7 LTRDLGET
5507 2o, SEEFHOMEIEEICELTRENET ¥ vy VERAL T 35865,
BT - B REAICEF v v v WEEI L LD EF 5 ab— initio B FEHELREIS
nTos

FRE FHE, B30 G - &, HEtick T AR REHEOBIRO BT, FTRERY 3
D=V YEGHICERTAC L, SHRAEEHETEBOYSRICK s TETE T HENITE -
T BEDEEL BB, R, ETLXVvoERE S LICTEOREL b - M B ORG
BiREIC i B LB E A, bbAHA, FORHMEE L THR LTI SIVANRN DA B
PDIIEETH S, BiC, BETMEEF Y v VOREFEC DV TR LD EALZNAEDD L Fkd
AR o Tl b,

AREECH EESAEFROL A bm Ve Y FRICOVTEB LSS, REHET

e VLT EEN S, RiBE, BAVRERKROHERREZE LD L.

_1__“



JAERI—M 85—-118

2. EEMEESIaL—3avFiE

BETHMEICE T ER Y a2 — v Y FERZTOANEE LEAZL SA TV S, §TE
OB E LTk, QOB TRESEETT, 2 REERRERE, B)7=—1 7888 «
KBlT 5 &R TE L, FELE LTERREGNAEEBERRIIECTTIONS, &4 DEA S
¥Hg Table 1 DX S EE D B 5.

Table 1 Computer simulation methods.

defect properties  defect production process annealing process

dynamical dynamical dynamical
Mente Carlo Monte Carle Monte Carlo
variational ———— -

WERM S E LTREPEE R EENE WEET b,

BT R AR E, T NTOBITOERE L TERSNLS, 4L, BTRIEDER,
T v SEROBITOANERE LT, BFHBETORMERE BTHEBEFEEAOCESS
GH, EREOBBT ALY~ BOIALE— HEOHBIPLELRLEY, ThoOHs
BRI MR TN CEITE 3, TOBIORICERRADA T, v —7, AL
HLWEFES FREDOHERRITGSE NG BTRAFEETOFEE L THARGL(BVS
nfw5®u@ﬁ$Mﬁ&féaocn@VmwmﬂB”ﬁ%mmmwfu%,%&ﬁ%ﬁ&ﬁ
A SN T B

TR LT PRKARKZBFETONICEHL 2RI THEY, &
FOLE — DA 2 EHZSEM A B 7 CASCADE /CLUSTER = — ¥ " MARLOWE
g T e g e B, (B 2 v¥ — PKAICH LTI GRAPE 2— ¥ CHTET O
FoEHUBHAERT A EPBTE S, FEL LTRPEINVHHENFEFEFRTH S,

FofczHUBRICE D BE LA AR THEEFL, £oRCBMEHERREICL DHEERIC
B LdHABENCEDS EBEGERT, 22, SKRKMory 728 —&FERL, kiiv- 7FE~
T4, COERBIEENREZSGOY, 7 HLvoEERGBEbATY: 3,
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3. BIHFNY I 2L —L avFiE

W TR OB IC L AHEHE ORI, EEETERN L T 2EFORHEH
ERAIGEG T AETIY Y 2w b — v s YARBT A LiCk RS (W L. T OBOFIE
LUTHEFEE CREERET v v VIGEE#ICOL ERT 2 2R IBLEONTO S 7
visw WHICE L TRBEICTHLT 5,

EEOHEE HEEPNICEL LA v RTTEITS NG, HEEME, EOORTE L0
HICE L TEHBICHE ¢ EATE 3ATOESTH b, AEOTMCIEL, HFELLOBRLE
PREE NG, AT, (NEBEREE QEARFCSNOEEFRET LAETHER
D2 D5 BB

BT, B VAT A NHOETICo T, 2O VBINE & MEE L S HRL,
SN OES ARERA B CREAT AT EICED, 6N LOUBEMPTERTON ¥V =
g A B, HEE LETOREGES LTRE, BORE EHEESEORE) 2& 58
s BTG EEE & AIBANH B, BCEAIKEA BT BB I REFOME &%
Maxwell 2T ICHE S & 510810 4T 5, EHHRAOKERE R 3 ke LTHE, Loz
Sk (2)FBuler— Cauchy & (SIFEI T —#ETFHE W Nordsieck B EMEDNE, hilzE
D Gibson T SAEVFC EbHN, TORKARING - FORENML, T OF0HES
EAEB LTS, Rahman 18)@?)?20)7”3 55 pizi3ld)od Nordsieck A BT 5, Beeler
4 DTSR SR E LT 0B UL, a0 I+ A3
LB EVSATHELELN T B, UT, SHEFRICDWTERIZE LD TE

31 FEFE

) dubEzask
iR ~EHRAZETOE/REN L5 L 3NBOETE#RS HEATHD, MAEE x; (1),
WEE v it), BEF) (i=1 -, 3N) &95%<&

Vilt) =F; [xft),  xgyit) s v it/ m (1)

55, FATMREETOLERTCHD, F m BSMEE LS, Gibson SOH W HuLIENE
i, BPTEECSOTHBRESRF v 7 Jt OBREEOSE LD, ERICO>0TE 4t OF
BHEOSE & B COERDED HE Figl AT, SHART » 7TCORMRE ) &
v (t—dt/2) THb, Bt TEFIKERTLAF NG, Bt TOSFFOEIMIE
IR EE NS, TLEEZ alt) = Ft )V mTRH N5, i s, SEOEREIEER

v, (t+4t72)=v {t—4t/2)+a;({t) 4t (3)

x; (t+dt)=xlt)+v,(t +4t72) 4t 4)
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B2 7 o 7 4t OFOEEEN v, 13
4y, = {(F;{t)/m) 4t . (b)
1AL, CORHETREBAT v 7 4t ORE—EOMEZERE N THEE LTAEI LTS,

x(t - at) x{t) x{t + &)
) ) et
~ 0 h'd ' ~

1 ] 1

1 I |

1 [ I

] t |

N t A

Nt ' S

vit - at/2) | vit + At/2)
I
I
t
t
0]
aft)
Fig.l Central difference method for one dimension.

(9) Euler —Cauchy &

COHETHELEEEIT OO TNHT 2 THIRLITEEZTS. BRAOBEARHER 7 v 7 4t
DEHEDETHES N xt) Evt) Th 2, 1AIHDFHETx (t+4t)&v (t+ 4t ) i
mDEDHICEZ o B,

L+ a0 =x(t) F Vi) 4+ alt) (48772 (6)

WUt +at)=vit)+ alt) 4t (7)
nblHOBORLUHETRRO K505,

Al +at)=F (x"V(t+4t)3 /m (8)

Wt 140 = vt + (4t.72) Lalti+a” (1 +41)) (©)

g = xlt)+ (a072) Tute) v+ ae)) 50

3 FT ELETE
A5 Rahman e & D BAICEDN, x, ()& v, (N EFRETHD, xlt)& v i
EIEETH 5, BARE v Ex (t— ) THB. | BEDERDELHETHE

xp (t+d)=x (4t —4t2+2 4t vit) an
) (t+41)=F [x, (1+46)) /m a2
Wt At = vit) +(41.72) Ca, (t+41) +alt)) 0
S+ at) = xit) + (4t/2) (v, (t +41) +vit)) 04
L0, n MBORDERLUHETEIROLHITE S,
Dt ap=F (x0T e+ 4D /m a8
W g = vit) £ (41/2) (an (t+4t) + alt)) a9
ﬁ%t+aw:xuﬁ%duﬂ>EQRt+AD+v&H i
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(4) Nordsieck ik
A F 1% Nordsieck 1t kW RBS AL LD THE, x (1) EFEFOBELE L, 0 5 5

RO L SIERDT,

u, = (dx/dt) 4t (18a)
u, = (1L72) (d7x/dt?) (4t)° (18H)
uy = (176 (d°x/7dt?) (41 (18¢)
g, = (1728 (d'xsde?) (40) (184)
ws = (17120 (d°x/dt®) (4t (18¢)

X & u, KT BFREE KD LD ITEA B,
x (t+dt)=x () +u;+upy+us+tus+us (19a)
u, (t+4t)=u,(t)+ 2u, (t>+3uy(t)+4u, (t)+5u; (t) (19b)

ug(t+dt)=u2(U‘F3u;(t)+6u4(t%%6u4(t)%Wus(t)(wc)

Uy (t+dty=u,(t)+ duy {t)+10u; (t) {19d)
u, (t+dty=u,(t)+ 5us(t) (19e)
ug (t+dt)y=u;(t) (194)

Fiotox (t+4t) #HCTAF (L +4t) Z38EL, ROBEEERT 5.

¢=(1/2) (F/m) (4t)" —uz (t +4t) (20)
th s, x Eu, DEFEERXKDELSICEONS,
i+ dt)=x (t+4t)+{(37168) ¢ (21a)
uj (t+d4t)=u, (t+4t)+(251,7360) ¢ (21)
uy (t+4t)=u, (t+4t)+ ¢ (21c)
us (t+dt)=u, (t+4t)+ 0117189 21d)
u (t+dt)=u, (t+4t)+(1/ 600 (2le)
usCt+at)=us (t+4t)+ (178004 (21f)

FRIZHE PN TVAEDERIEEROA— - TOFECHEAELLOTHD, ot -4 —
T TEET L EEIE R T A,

3.2 BOTEESE

eSO T RGO HEEE A RO 5 FEABEICE L D5, ThidH SREICE L TR
DOEEB LA LEF—AFBEPICE LT L LCEDETENL, HERV SN T HAERNE ZH
AE LB,

(1) HEF)S)5 R %
IOFETRERSGOEH T 2 L E—Hr— 7 liE L 5E TRESRHIENE—FTEHEY
EHOND, 2EHIALE A —EC- JEIGET S LLORATERTPOSEFOME IR
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St F, BETOREERBICE, VT5, TO% BUSSEIENASTEEROEL, B
FUFHEE 4279, COBERRVIET L LY, EROLFH - r v F—FFICLEELTH
(o RWIKEBATOMEIBNFEHIUCELE (. IORFERANITRLIZOEFg2TH
4. ABEIGEY, Gibson bick VARSI NIy R7 Y vy VEDPTHRE LT AR T T
BRI A VE -PEBEARENLLENE T VY MBNEIRL R EERIGE LT VAT ENFEFEORE
PLETL - T B,

QUASIH-DYNAMIC METHOD
>
o
@x
Wt
-4
ul
o
b
w
z
x
TIME
Fig.2 Total kinetic energy versus time in a guasidynamical method.

(2) PN
BT v e VEBEO T TRIERE AT - TV AR T L TRABEFEEL T, STINEEOHS
20)

MBI 5, MEANREET FTOEREEFIB LD TH S, &F Evans KL DEAINI,
Fig 3IKALFEOHRL B LAEFTRORELRT, 4 NS PELECE ST 5 &EE

oway : toward : away ' toward |
L. v X ! ! '
\\ | !
N '
. !
v '
i !
v |
\
"\
\ R
) 1y
AN
|
0 \___|/ ~ o
|
f
v ond o hove j L v ond o hove
some sign diffarent signs
x(position) vivelocity } olecceieration)
Fig.3 Microconvergence damping method. When an oscillating particle

passes through the equilibrium position, the acceleration
changes sign,



JAERT-M 85— 118

BAEA & 205, IEERBIGE SO TITS TS 4AE 5 EREPET 5. IERLEEO
Bazibd, FHAKESCHTCIETH LY, PHEAZBELLAEALL, ZDIEbD,
AN TR FONSE & BEOREEEE s — L, ZORSBE,RIZELLIL
ERTOREATRICEy FT 5, JONEBRNTO x, v, 2 OFERSBICMILICERT %,
B SRR EC I ERORN S VT ENSORFRIRE L T0 2 FEIC3IIEESE (D
THE A B B, ik, BORTOLERET 2010, EORTRY- (DRBT ST
it LD AEEHx v E - BAEAHFORFICE - THEDS VY VORERBLS Y
THh b, CHKL T, BEYINEETRELEOL HRIBEIE LT LA SIEREE LS.

33 HAEH

ARBE T ORETIZFHE %T’i%@ﬂiﬁrﬁOD@@TﬁE’miﬁ@J%ﬂf)’Cln%O HFIFER Y 3
alb—va YOES COERBECORBOUEE L DANSLHICETOIMRES LT
S F L EDNE L EESSAAHENEL G TV S, BEHN Debye @B LI LD HR&ICE,
Einstein € F WCESO THSIKEELRET 5, COTFvTR, PHABP oDEM U, T
D& EDHEEvIRRODESIICHEAL OGN G,

u=4d (sin(wgt+¢)) (22)
v=dwylcos (wpt+@)] (23)
@y = (K /m) " (24)

2 Z T, wy ik Einstein EHE, ky 3RVOLFER, olkFEFOREE d ZEAELD
Kx&THA, Chell and Zucker HERKERDTO 3 WILMHEER AICHIE H AT v 2 v b
THANFE-DEEIP BROLSKEDENDH L EERLIS

AP = AP, + 4Pz + 4Py + e (25

4P, =(1/2) k, (Z, /L) d? (28)

WAL E NI EORTAL OFGERLTHEY, 2, REnEERTOEME, k, 374 E

% L RdkoEThds, BTREEF e v Vil EEbT & RO EHICED

4P, =(d%/6)Z, (V'+ 2Vt ) (27)
TV, V@ aEF v » VEERO r KT A 1R, 2IRMHTH S, i, 1,35 nliER
T TOEET T, Inh b, B IEREE HIEORTICOLTH

y = V2V (28)
;= (V'+ 2V, (29)
k= (L/3)(Z 1k +2Z, k) (30)
EHAGNS
Ui BARICIEIREER 52 B AR, £7, SEFOPEUEORD ORI SRR
FHEEOPTE 7y FLitFHELTVEET 2, 758, At TOEMu LEE v (ka)

£ OB RBILEPTE S
u=d {sin (27w r)] =ad 30
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v =dwy (cos (27 7)) = f3d (32)
FRAT, 712 (0 1) OBESLEL T VILACRBAERTH 5, BAEMdEKRATEL LN
5o 1%
d = (6ky T ky) (33)
T ZT kg iZ Boltzmann € TH 5. ZM LFHEOZEEH~DORHIIH MR (a, b, )%
PROF VS LITERT LITED,

uy =au, u,=bu, u, =cu (34)

Ve=av, v,=Dbv, Vv, =cCV (35)
EGABCESTE R, LEOFRSICED, EFOFEHR A v -0 T3 kT 2525
CEBTE, o, EBT A AE LT VY LI G LE —DEICENEHIKITY B,
FEREOLHDEETICHPRELSZ -hE, BN e—- FTRTE2ED T EERERTO
ATERENEE I ND, (OLERRTHONIEE T, RUBCEALBRE TLRAFLE
—H L7, '

T, =2<KE>/3 kg (36)
ERT<KE > @G EHx 3 v¥F - DFHEALART. i, @FAVLFET Ve VBV ()
IR L L > TV A0 TH L, BHICEF Ve VI ALVFE -DEEH<PE> & <KE>
DE<KE>/<PE> & 1 &N 5,
Ll bk o, @EEEDA, A0 EYBTEOA AP FEHICE-THE, B
NERE- FTET 28 L ORRNCATEHERELEHT 2AHEGH 5. TOHETIREDN
HHOLEREE A EHT 2 DO BRI O EICE<TRE S,

34 FEEEEE

HELANTD7 by vt BEOE TR, EBESERE TRAESHAETNLSICLTS
B BRI O, CORY, BRATORERTESE,ZEANIARESE0, RICHTEHER
HEm L, FoEBHFERXRIKROLSICEDbIN 5,

m (d%u,/dt?) —ku—R (du/dt) =10 37
FRT mER, k BAER R EHETHCH D, 20 LD NEBRTIER = (Amk)
DE XFJLGBRINCHET 5, BFFEROFT LT, B, 2ABEREOHRECH FEF
OFEE) HRACHSEE R (du/dt) 202 THEx ¥ 5,
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4, HAr— FEHE

EEEFAFEHELTOABRTFORUSH LT 1F —BAEVIBAITBEOE /JENIET
IEPEEERN, HE e VO S THERRTEEL D, (D, 2ERETHEROS EFEL I
S — RERERS i, CONEICEBIBEER" K LB bOBRNTH 5. COIHEE
Ge DT ELT7 7 ARZRICHDVTITONALSDTH S, Fig. 41T10keV DA RS —FICDNTD
STEERE T,

Fig.4 Vacancies (dots) and interstitials(open circles) produced by a
10 keV collision cascade in an amorphous moedel of germanium(

Ref.1)).
4),22)

SRS A A S RET O 2 FHZREL TOF R Beeler and Besco I & DT i
o v EEAE O BOHI [ A4 v EKI4A 4 vEITBAALEEEDH X r— FEtBEE L
T3, Fig 5Cit 9keV ®@Be PKA 0L B H X — FREEDBFHRENT 5. KITE
G keV PKAWBEERE L/ F5 Y27 F)DBILALTSH S, Beeler T D&, bee Fe, Cu,
WIZBEd B 2 R/ — FEBAEML T Be

Beeler and Besco (275 2 7 — FEEITX CASCADE 3 — %, ML ARKEOE
PiIEDTEI > TiE CLUSTER 2 — F AR KBEOATESEE L/ 70K, 2203
— K13 CASCADE, CLUSTER iz & oh, FEOMYAMIKELZETE 549 ICKE
< -, Lekkerker 51 CASCADE 7 — K4 & &1z SIC EBHENS 7 — FALERL T o
CASCADE/CLUSTER, SIC & &iICBMHEDAEEHL Th 0, FFWAHRDOHRIELEY

gi
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PRIMARY

DAMAGED
REGION

9 ke BERYLLIUM PRIMARY
KNOCK- QN ATOM DAMAGE
REGION IN BERYLLIUM OX-
IDE GiVEN BY COMPUTER
EXPERIMENTS

70 80 90 100 A [A4)

Fig.5 Trajectory map for a 9 keV collision cascade in a crystalline
model of Be0O., The initiating PRA was a Be atom( Ref.28)).

T,

% Robinson and Torrens i MARLOWE 7 — FABE% L C\» A0 & RUIZEIFD
CASCADE/CLUSTER izt~ W { 2hDRRAETT-» T35, BRFjICE, FEMEHELEE
BTE 5550 Filsoy & FAA A LT &0 SEHEBRORGFENRE L ERETH
%, Beeler i, A —27+4 ML= vy vESIC, MeVEEROBRCO A A v 2RE Lo s S
DiglEx 7 ov# - AEHET 5 BEGT COLLIDE EiEh 39— KAMELTOE, Coz— K
TT7TELT 7 RO Y — 4y P EBNTNE, —RRIC 2EEEEMO ARy — FEHRER 1) 7
W7 7 AEFZRCHEB T EMTIES, 2) HRETEL-TH ARRTHEL S5E, @289
R HRE, 1) TRIBOFRESECIHDOY -7y P LBFZLL DXL, 2) THEH?Z
A AV YT EDT R IO S EBREDLHT, BHOY -y N AR EET ST
LATES,

I 2R LIC K A A — FEHEO—MBEEHEM AT &0 5, 27, HFMOEYE
5w v WBABRRE L, BS@Eic IRIASRMELE T v ARV A, BFPEBFA, o UEi
ENEHEILOYER, HERICE > T EDEEROBET A vy — By IKLDRD L, AR
BTFOEEEZEOIFLVE -4 E,, HESHABETHSIWM - aiv¥-%E,&754L, RO
4D DIBEGMEL LD,

1) E,<E,»DE,<E;: #HELLpILsd LEEcT, ARHBETREERTHRT &35,
2) E,>E,»2E,<E;: HEahLEFRICEHIAT, ARBEFIHEILENS,
%) E,<Ey»2E,>E, HEISHWKEFLEARRFPANED, BESOLFEFMIC
EH SN D,
4 E\=Eym2E, >Ey v WESNARFEARREFLGICHBET L L TEHESH LB
LT,
PDIEOBEZREHL, BHLTVAETO IR vF-HEH5—EEE, L Fith-~o2nETF
AL xdE, FORFICOVTOHERIT LY,
fAT— K 1K TIC LD 1t 2 g PKADS, TOBFEDE -EOI 7 0¥ ~ %k
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S TE AT I LNt E R, O PRADRMD ASK T &0, -5 v b LIXLHE TR
TEEETSH, L, FEAoSEEMEIATOIUL, BEOREFELBEL, oldcr s
R TSRO LA L B £ OB BRI U 0N Fig 6 TH B,
HT, "0 3OHePKAGLSHUERES, 17 3B 10E0HEEEEZ R, R 1EHD
o2 i g = 1 ICHIEY B, B2 HHARUEEZE T 27 "2 ol LTRRICEHASHE
g, HEESLc 3L, E(c, DRI ivF-—BAEVHDEE, E (c, 2)ITHE
INEDH DT R v - AT Do B lc) dEEBETOREE - 5 v F—RREERD LT
WA, ARA— FEETE, 1T SOEERE LARL E0oY, SEEEETIHEL LI
LamUETOBE, 3 S UME, BUSHUETOEE~7 by, @R L Tes LB
BB, COEMNRr— FETEOBOREHMEELD,

CASGADE BRANCHING

Schematic diagram of branching collision chain for a binary
collision model.

Fig.6
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Fig 743, fec 8t 200eV #245 — FBEOFITHE, AFTHE, E. = 2BeVEL-STH
B TY&— 54 vEMLEBEREHEERR TS, E95ICH LT 5HEEd A vF—ET
Hbe

g— 4, NEFEBRTAHECOONTERCHN G, §-7y FETR, AFRNFPEILE
Ban LA, AR, ERE Fhutsy -4y FEMEOBOEEERLILRIDIRD L. ¥
oy, MRETEINE S LT, 1) VRS 2) Y s ViED 2 0k B, ETIE, AH
HZoE It FABTE E b, BHRFEGLEEGEROBFE, &5V 3k FRRFAECOHIGY
Bo 4y MEFRIOE VEEE N RIT L TR 5o B = VEETR, ASHITICHL
TELAECERCEABTEFOENOE L, F2EBESCHIFFETXTY AT » 7L,
FDhhn s — 47y b EERT 5, '

7.13
61.38
7 19.91
76.05 55.49
Cf// 6 ™Sz.00 g 2.66
BB. 27 o 57 <25
L] 11.43 n
101.87 32.19 Cij;—'
3 N n 12
186.72 <25
(PXR) (5i‘ 2 22.62
.00
200.0 ) 83.37
< s 27.98

' 5
0 =~ 80.04
8 5.67

J6.66
l;:(:j <28
30.5?((._.
13
TS
Primary Radfiation
Particle
O Vacancy @ Split Interstitial
Fig.7 Schematic diagram of a 200 eV collision cascade in fce iron.

Underscored numbers 0,1,2, etc., are collision numbers. Numbers
not underscored are knock-on. atom energies in eV, In the model
selected for this simulation, an interstitial was formed when
the energies of the projectile and target atoms after
collision were less than 25 eV.
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5. BFfRET>rriv

SHBEFROBEN Y I ab—¥a Y TROGEELBRLIOIEI T THEL, EFHMHEESF
HEF e VTH D, CADELHNERE, FREEOERICHHHLI LKL, —H, &
EELHE DI A S, BTV Ve VEROBEREHEME GEE L, BRI 2 RETRHEGREE c
BOBKLE LTEhaND, HERMPD, BFENY 2 b- v v OFLHREL L TE D
FEH L OEERLAT Y Ve VOB OV THIRE#ED T 5, KETH, SEOF
e WERDEAEEEE S, BRIC, HADY I 2 L—va Y TEDATOBHRT V¥ +
wE Y A NT T T he

51 EBMAFVLvIL

(1) Johnson Bl F vy b

SWERH R T Vv e VTR EOEREBEICT 4 v T4 VI THESRDLNL, HH, €
DML EFIESE r oK oETRREs NG, ZORENLSEO L LT, FELIEDN
T Ao Johnson BEFEENEH F v v » L TH B, %%, Johnson i LD, bccﬁfﬁg)c‘:
fee 4B KMt & HET 3 BROTH S0, $#DBAICE Johnson— 1 (bee) |
Johnson— 2 (fec) £F ¥ v WEFFATV B,

o - $DELD Johnson— 1 £ v ¥y VTR, 5 1EH &5 2 AHREE 2 & 5 RFROMEE
ER DA % EE T 5, WEEHC, &, & 1R, B 2R, TORT Vv
Vel o1 B#es V' & 2BMS V' Lo RO X S EEGRBIFEL T 5o

2 /6 ., s 3
Cy—Cp= STZ(}‘]V1+3V2+}—2V2) (3Ba)
2 ” 2 ! 3 ’
- Vi v =)
C44 3 ry ( 1 r, 1+ I, 2 (38b)
. 2 2 ’ ” 2 ’
S R e o @se)
B 3 T's ( ! 'y ! z | g

tiT, ViV v B s o b r, TOWSEARLTV S, BREEHARRTH S, o
POEERMP D, £F Ve VD IKRATT 4 v T ¥ 7T 5, ZOE, EHESTZEUSH
LﬂﬁKE@mﬂwﬁﬁbﬁﬁnyfWﬂK%ﬁ?%iﬁﬁb,%2ﬂﬁﬁﬁ&%3ﬁ%ﬁ%
DR TR A — R ICEICH L) ICFERAES, BANERFARERICEI LD S, O Johnson
R U VTREBEIRALE—ILENDT v F 4 YIEREIN T RIS prD 5T,
AR R VF - EREREICEVEEREFA T 5.

Johnson—2 T ¥ ¥ v Mid§ —$kAICE X fi, ABEERER] FHEOAFEZ T A,
2D & EDEMTEE &EORFRRIIRD LD IKT S,
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; r 1
Vl.:" zﬁ[cufg(cn_clz):l (39a)
p r, [ 3
V] = 2\/]—2-L7C44_?(C11 _C]2 )] . (Sgb)
b
382 9C44 75‘(C”7C12) (SQC)

Boff-EFrye VG T 4 / UOMBEREBRHET S,
| Johnson and Wilson iz Wedepohl @ FFEICE-3T, V, Mo, W, Ta, Fe 715D bee
SEOHENR£T ¥ v VARE LT 5y Wedepohl 0 Ak B FRIOBE HT 2 v ¥ —
%, BEROR D RIS L BTEE o) 2BV TERT 2 b0 TETORREE
FEHR&E®L T 610) Johnson and Witson (ZREFOEMDAE & b4 7HEFr S L7z V (o)
&V (r,) % Wedepohl @HETHRY, MDA » b 7HFEr, THEHV(r )=V (re) =0
A LOICFEMABRDT VD, i, (Ba—c) RICED 1, & 1, TDV V' 250 1FHE]
ECREETHB, ERRDONBRFEREDLS L DT B,

Vicb=a,r* +a,r*+a,r’+a,r+a, ' r,<r <r, {40a)
Vie) =ber®+byr' +byr®+ byr’+br+by Irp<r<r,  (40b)

rpidr, &r, DBFEICE SN, reidr, &8 3 TEERHE OPERAICERELTHS, TOH
ETR, 1, DEDFCREENESD L, r, FELSE TV ORPUD o BEEZE B K
T, T, FRB T DL, RAEETE, Tofl, TAEEKTF LE-~D7 4 v 7 Y7 EiT-T0
AH, OV, Mo, W, Ta, Fe Mg ~NTHDNT 1.8eV L 3EERHTLA, IOAIRHEESES
OENHTTL 20k Aid 5, Dl Fil~<7# Johnson and Wilson O3 FEH 3 ERO X
5T %,

a) Vi, V), V) V{338 & niriE,

b)) WAy FATZEE L, TOV(r,), V' (r,) % Wedepohl i & 0 ikiE.

¢) AMEH » b A T PR, BB 2 L EEEEHOREIC LD, V(i) =V (r)=0&9%,

d) IR 4 L4~ By OEREEH Ey =—(4V, +3V,) OBBERE:-T5,

e) WO RDEDCFHEARET S, BL, rdr, &r, odfilE L, re THEIRERLET

5 WEiELEH),

PlRie knRe snff 7 v+ LOFIRE Fig. 8 ILTRT,

feo B D OBTRETEMICEE L T Johnson and Wilson ixdEdn i £27 v &+ W {ERL
ST LTSS 20T

v(r) = alr)+ Bir)f @, ¢ (4D
4 4 4
£, g)=" +§Q+Z —% 42)

THD, VL OPOHRHDATO Bo COEIUHLTIRT ¥ e VERC SERIR, £
DI, foo RIBTRE LR OBIER LRI L 2REERDY « v 7 1 ¥ /5585
MLV, E0HTLICH B, HiC, MEEADD CERE L LT EEF ¥y v LHEHR A
— RTINS, LV SREANTTC B,
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0 20
Ta-1a
W-W
Mo-Ma Au-Au
o5+ v-v fonhe
FR4N o
> Fe-Fe
»
= > Cu-Cy
- b
=t
0
D
-n5
-08 |
I 1 1 } 1 1 i 1 1 A
22 25 ip A U 38 15 20 2t 28 32 15 LD
' rih) —=
B.C.C. potentials .
P F.C.C. potentials.
Fig.8 Interatomic potentials for bcc and fcc lattice atoms.

Baskes and Melius 4 fce €@ Ni, Au, Ag, Pt, Pd, Cu, ALt TRIEEEFR 7
Vv DR A T %?) T4y F v I TAERIE, FELx ¥ -, BEBRMTAE
—, IR A vF - THICERERTH L,

Q) 7&/ YARZ PVDPLIRET SRBHE T Y Ve v

Brosens et al.g,Z)Cornelis et al?g) ZF#uic Van Heugten et al%“ﬂi, TS SRARRT R
i SIETRMEIER R T v v v VAR FHEERBEL TS, 74/ YOGHARRDO LS
ELe

V,(I’j)

j

N ”
Mg = 3 Ay + By, V() ) (43)

]
coT, NEBEETH A, By, BEME LRETOUET, CEAETSHERTSE. Lz
Hoszrickd, Vir), Vi) OBEMOSELNG. IN0DRy FPSRT Ve
DIARET 4 97 4 ¥ 7 TRD B

5.2 FEBRHMHRT/vI

RFv e VOBBERSALNTED, £20HO T 4 — 5 AERECE SO TRET 555
& CRAEEEBHET Y vy L ERRS, VINSRERERTORETRA 7V vrtd b L,
CHIFIROENERE LT RET SE0,

a) H—dV,dr ixEATEA, A TR FATHRTEE SRV - TH AR

r=r, T Vir) BfMEZ %,

— 15 J—
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b) Vir@r k0340 RRE LEFARESEL, CARBEL A v ¥ 0FRTH5
T ECH T B,

¢) INTOMBEEHC,, BETH S,

d) Cy—Cup=>0

TR D OREERT AT Y v v VI Mot se I E TFIEN DL

Vie) =V, lexp (=2 (r—ry))—2exp (& {r—r¢)l] (44

a, Vy, AEHTHD, EBEIC 7 + v FEH 5, ro d2ETRIOFHEERETH S, Cotterill
and Doyama {32 ® Morse 7 v+ vl Tice £2BPDEMDORFEET Y I 2 b —
b LY PMorse 7 vy v AL ERBOMEEEER - T B2 ETHY, Ok,
BT % - AEEEASEA L FTEEICREE S 5, Morse®® 7T V¢ LD % 1 JHHIT Born—Mayer
BF vy e VIEHIEG LTV b, Born—Mayer & Van der Waals# s S 7-bDE
Buckingham £ 7 v v + LV EFEIN 5,

Lennard— Jones # 7 ¥ ¥ v VANE), QUADE 2 £ LT VEREHET B OICEDR £ D
BWTREYIab—Yas YICEHVoNTH A,

Vh)—%l(qu—ZC%Y] (45)

S| 2B NETRIOHEHBERARD L T3,
53 FoHOETFIvIL

Wi TICE EBi AT v v r VIERERBRII G LEERMICFIRE RS B D TH - 1
chickt U, BTHROTLIER S, EFEAOHMEARNERD L5 ETERABOLOBEINT
Wh, A BEEFEOHERR 50 3ETERIAHEET v VOEBELED 5 E
T, CDEIRNTTo-FHREERLERLTLEEEZZONE, AHTRO 20O T 70 —F
AREHICE LB THC,

) BUEF e ik

BT v v VEOBANEL F L, BETHREOEG T L — £E{LS 0L I,
EFOasT CFELTVWABEARF vy b2 b LR T Y vy WITEXBZ AT LITH
27 s k., BEBTRD RO HSEREE L ARIENE LS, COFFREEELTTAAY
SEEEOETRAT v vy LORITCERS ML TV 55 OV e L, Erems L
D d—HERSBEEENTL B3 ERFETRIRRA L,

Dagens et al™ #2102 Lam et al® BRAREDEZ A TEHETHREOMAEHR T
vos LEERL, BFEETELORY, £&r3 vE—UNELFEL T 5, Fig 9, 10

HEOIHE T Y+ WERT,
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Fig.9 Interatomic potentials for interactions between the elements
in Al-Cu alloys.
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Fig.1l0 Interatomic potentials for interactions between the elements
in Al-Ag alloys.
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(2) s#s&uTfl ( Tight binding #)

d—#EZFE->EBR&E L, Cyrot —Lackmann and Ducastelle” " i & NHREXHT
AT LESERENTO S, Masuda et alt © ZZOHEEAOT bee £EHD
SIS SRATHONA TAR TH0E— 237 L4 v ¥ EFML T 5. EHDTH
IHiC ik Born—Mayer 7 vy LEBHNTH A,

(3) ab—initio £F ¥+

ChiL ERKEIFENERT v or VERTTELOT, BRGICT v 1T 5BES
B, BEDYRRE TST DA -5y FEHE R AETRD 5N 5, Williams &
ASWik (augmented spherical wave method) £RESH# T 5. ¢ i APW 7,
linear ~ muffin— tin PLlkEZA HFO LTHEL D TH S, ASWETI [ B TIREED K
BB & G T 5 L ¥ — RS 5 S AT B, A% AR T De Hosson et al.
[ZCusNiZn N FRESBSIBEI A LVFE-ZHE LT 5,

5. 4 BEBEOBIICEhNIEHRF vl

RECERRNIRT v oy vEF LB B, RICERESZ 51888, £hid Vie) = Ar® +Br?
+Cr+D EEHRSND, Bfr 1A, VD ideVORMTHSATL 5.

(1} Johnson #F ¥ ¥+ o (beg)

bee AT Johnson MER L&D TH B, T DFEHAE Table 21T 5,

Table 2
Johnson's iron potential for bec lattice.

-r A B C D
0 <r<2.4 -2.195973 20.40878 -60.52057 57.85164
2.4 <r <3.0 -(.639230 5.975194 -18.1397¢9 17.75493
3.0 <r < 3.44 -1.115032 10.25744 -30.98654 30.60164
3.44 < r 0.9 0.0 0.0 0.0

(2} Erginsoy —Vineyard— Johnson #7 ¥ ¥ + &

Beeler #% Johnson #7 » i+ % Brginsoy — Vineyard £ 7 » ¥ » LD MicEER L2 6
OTHD, 100V UFDOPRKAICLE 7Ly vHEROFEIE - T5, DFREE
Table 3 % &: 5,
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Table 3
Coefficients for the Erginsoy-Vineyard-Johnson composite pair potential
for iron.

r A B C - D
0 <y < 1.50 -543.2727 2358.87& -3489.483 1759.117
1,50 < r < 1.816 -40.85643 248.1472 -506.5398 348.3079
1.816 < r < 2.40 -2.1959734 20.403783 -60.520569 57.851639
2.40 <r < 3.0 -0.63922983 5.975134 -18.139786 17.754929
3.0 <r <344 -1.1150322 10.25744 -30.986542 30.601639
344 <r 0.0 . 0.0 6.0 0.0

B) #—REEF Vv
Johnson et al IKEDIFHSNIcbDTboc BARE, FEE Table 4189, £7 ¥
v VA& Fig 11 ITRLTH 5,

Table 4.
Johnson et al. iron-carbon potential.

r A B C 1}
0 e < 2,527 -3.365 22.57213% -49 58591 35.462239
2.527 <r .0 0.0 0.0 0.0
0.3
Matoliold - Maial Watol-Melal
Intsroction Interociion
02 N
ol}- ]
2
5 o
10
=]
T -0
&
...0_2 -
..03 -
- 2 e~ -0 354V
—04 ! } L 1 1 ! ! ] 1
1.5 7 19 2. 23 25 2T 29 3t 33 15

Inlergiomic Distance, Angstroms

Fig.ll Johnson's iron potential (metal-metal interaction) and iron-
carbon potential (metalloid-metal interaction).
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by k-~ VI aEFY e

Wilson and Johnson it L QERS Nz b D, T OFEKAE Table b ICRg, 7 Wilson
and Bisson i EOESRESHi~Y T A —~) T A EF e LDEH S Table 6 10md, &
NooET vy vl Fig 12 IKRT,

Table 5 Wilson-Johnson iron-helium potential.

r A B C D
0<r< Z2.04 -3,113823 21.179646 -48,31856 38.38337
2.0 < r < 3.0 -0.6303052 ) 5.384065 -15.47143 15.00647
3.0 <«r < 3.44 -0.1048980 1.081429 - 3.748736 4,376126
J.44 < r Nn.0 0.9 0.0 0.0
Table 6 Wilson-Bisson helium potential,
r A B C D
0 <r <1.6 -9.N6632 43,90215 -72.6815 41,3882
1.6 < r <« 2.7 -0.5012284 3.718BE9 - 9.20855 7.61840%8
2.7 <r 0.0 0.0 0.0 0.0
K3 T T T T T T
Falm3)- Hei{ml)
Fe{m)]-Falm) ]
ha - Ha (] -Halen)
[ n
10} a
ova |- 7]
%
0.6 |- E 7
]
o4} g n
02 Fa{m3)-Helml)
-
-0.2 |- 1
Saporation Distance, Angatroms
04 1 i l ] 1 1
0 05 1.0 1.9 2.0 2.5 30 15

Fig.1l2 Interatomic potentials for He-He and He-Fe interactions.
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M TEESLEOMAFREARHLTRF v e VTH L, O TEL D RSV ITHE LIA
({arge impurity atom) OEBEE, HOES SIA (small impurity atom ) K20 TR
ERTW 5, IRD Table 7, 8Tt d£b0 3,

Table 7

Interatomic potentials for (a) iron-LIA pair, and (b) LIA-LIA pair in
bcec iron. LIA is an acronym for large impurity atom., LIA is a 10 %
oversize impurity in beec iron.

{a) Tron{m)-L1A(m)

r A i C D
0 c¢cr < 2.53 -2.195973 21.26520 -65.93820 66.069056
2.53 < r < 3.13 -0.639230 62.24450 -19,72574 20.21538
313 < r < 3,57 -1.115032 10.69230 -33.71001 34.80560
3.57 <r 0.0 0.0 0.0 0.0
{b) LIA(m)-LIA(m)
r A B C D
J<r < 2.66 -2.195973 22.12163 -71.57848 75,90523
2.66 < r < 1,28 -0.633230 h.473792 -21.37651 2¢.88631
3.26 < v < 3,70 -1.115032 11.12717 -36.54652 39.37105
3,70 < r 0.0 © 0.0 0.0 3.0
Table 8

Interatomic potentials for {(a) iron-SIA pair, and (b) SIA-SIA pair in
bece iron. SIA is an acronym for small impurity atom. SIA is a 10 %
undersize impurity in bec iron.

{a} fron{m}-SIA(m)

r A B C D
0<r < 2.27 -2.195973 19.55235 -h5,32559 50.32416
2.2 < r < Z2.87 -0.639230 5.725094 -16.61862 15.49631
2.87 < r ¢ 3.31 -1.115032 9.822576 -28.37611 26,74422
3.31 < r n.0 0.0 0.0 0.0
{b} SIA(m)-StA{m)
r A B C D
0 <r < Z2.14 -2.195973 18.69592 -50.35333 43,45735
2.14 < r < 2.74 -0.639230 5.476594 -15.16232 13.43117
2.7 < r < 3.18 -1.115032 9.387712 -25.87878 23.21886
3.18 < r 0.0 0.0 0.0 0.0
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B) Gibson #F ¥+
7L R R ELDNTE D ROEE S0,
Vir) = (22563 x 10*) exp (—5.0961) eV (46)
(7) Erginsoy —Vineyard £5F ¥ ¥ % /&
bee 8k 7 L r W ERGTRIC DA, KT Y v VBERO K S EEE L S,
Vir) = (8573,/1) exp (—4.58291)eV for r < ljgx,
Vir) = (8573.0) exp (~45828r)eV  forl<r< 1934,

Vir) =(04174) exp [ —27770 (r—2845)) (an
—9exp (13885 (r—2.845)) eV for 1.93 < r < 3575 A
Vir) = 0.0 for 3.575 A< T.

(8) Besco—Beeler EF i 4 L |
y v TRy ymh R — FHERAKEGH L, KOFE b0,
Vir) =(24500.0-1) exp (—455r) eV for rgljo%,
Vir) =(24500.0) exp (~4551) eV  for 1A <r.
(9 Johnson—Wilson #F & ¥ i
RIEICHA LR Ty v v THD, TOREXE29) KT EHONTV S, {HL, Fe &Ta
OV TRFERSBR- TV 2D THELET S, § VAT VORIV TRRDE I ITEA
5 5,

(48)

V=ar'+a;r*+ar+a,eV for 1.72 < r < 2948320 &,
V=b,r®+b,r* +b,r® +b,r¢+b,r +b, eV
for 2.948320 <t r < 3.814457 A,

(49)

LT
a, = 1373968 b, = 5078514
a, =— 158 4247 b, =— 8506017
a,= 6588136 b, = 566.3906
a, =—1321.530 b, =— 1873.738
a, = 9564773 b, = 3079.346
b, =— 2011.494

iy Moliere £7 2+ L
ZNiEMARLOWE, COLLIDE 72 &@ 2 (F#sEa LD A 2y — FHBICELR T 5,

Vir) =(14.399107Z,Z,) Fir) eV

Fir) =(035exp (—03r,2) +0.55exp (—1.2r a)+010exp (—6r.7a)} (50)
04683237,/ (Z¥* 4 27V

It

a
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6. 7V NAAERYI2ZV— 3

Uy LSRRI EET AR THET L EAOUN LB - T 56D TH), BETD
MG TEMS N 2RLBEMNEFRBOMETH L, ZOBREE, LEOBFRFAEICEN
ENTFOHETCEAEREL, BLEHRINICEFIBRFRIFEFLEE 6D THS, TO7 L
v A v B R DR R ERIC & - TIRGERNLFHEICE L, kb oitEEY 3
alb—Yayit LDEL2OERUEEEELNTVE, KETRINLSOFERICIDVLTEED S,

6.1 $RHICHITEIL LR BE

COIHBEIENEMNY I 2 v — v YVIIET AESUNFAETH S Gibson 6@7 - FIT K
DREANCE SN COREITED, BB S aL— v v ORMS—REESAD L2
oo dr, HOMEEIZS5eV RITD PKAICES 7 Ly oy v R £K - T 5,

(1) i

EEEAS RS UCHIARERIC & 5 B EslE4 £ A TH B Figl3 o & ) MRANKRO fr7hRRE
TIREHELITERS

{
u'}| S | __j K
1\___ __l/ \1\ Bz //
o ——

Fig.13 Hard sphere collision chain(Ref. 2)).

A=80,760,=5D—1 Gy
HABEBEARTT 5, SIEEHNORFHER DREFOERTH S, L <0, THHER
TAEBE -COARICLELNTERERET LEAONS, EBOEFTHEERIKE 7 L5
BTN T LAY 7MFEBRELTELLLEHB YV, BTFHE#T v+ & L T Born—Mayer &l
b BEVir)=Aexp (/b)) THY, TOADFEE L TEAMEHST & vF—BH 70w
v VT F X WL AL LTTERTEENTES, §5&

D. =b £og (2A/E) (52)
L5Z LMD, BEEENEL LDIIIPEESA=1RUTFTHEIhEN S ORS, BRE
TiEDe =S "2ThHb, CNICHLTAERELZRD L F v+ - E( i

E,=2V{(S,72)=2Aexp (-5.72b) . (53)
LMD, COZF AT —FEEHRL FVE - ATV S, ZALTOT 5 vf —THREHK
BT ZElEEHS S L.
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TAWF —345eV EFDOHREGTA 5, COX AL 2TV THEFETRORECZ L

BICHOhTCEHTET, ¥ 1albmva VICkESEBEEHED, EVHRTESE LA

bo
2- T T T T 1 T T T T 1 T T T T
(110) FOCUSING PARAMETER °
15t
O = — — = e T e =
° & " MODIFIED HARD SPHERE
APPROXIMATION
° o
o5t .
(8] 1 1 1 i i L 1 1 1 L L L i t
0 50 ‘ 10 150
ENERGY, eV
Fig.14 Focussing parameter A=8/0 for ¢ 110> chains in copper (Ref.2)).
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ENERGY,eV
Fig.l5 Focussing parameter / =3 /f for < 100> chains in copper (Ref.2)).
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ST ERBEDEREFFEE - FEU-T 5,



JAER[--M 85 —118

1
\
- . . ‘l - . [ L]
. A 1'-' -
™~
. ——— i - . . .
3
. . i ‘ . .
r
» . - " — . . .
\ i
- ] ‘ . -
N
. —_— - . . .
£
i
. 7 a) ’ . .
L] - - 3: — N . .
. h (' ~ . .
* ¢ hamd :' - hd - )
- ”~ ) - . -
. ’ - I — . - -
- ’ P A \ R .
- - . - ’ . - .

Fig.ls Trajectories in a (100) plane in copper, caused by a 100 eV
PRA starting at A, initially directed 1° away from the z—axis.
This <100rcollision chain shows pronounced defocussing(
Ref.2)).
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Fig.17 4z versus time for the chain axis atoms in a] 011] chain in
copper. The PKA was started at time zero with 25 eV kinetic
gpergy directed along [ 011] . The time unit is 3.27410
s(Ref.2)).
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Fig.18 Az versus time for the chain axis atoms in a {011} chain in
copper. The PKA was started at time zero with 100 eV Eigetic
energy directed along { 011}. The time unit is 3.27X10

s(Ref.2)).
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Fig.20
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Atom trajectories in a 40 eV cascade in copper. The PKA was
ejected from site A in the x=3 plane along a line 15° above
the -y axis. Large circles represent atom sites in the x=3
plane; dots represent atom sites in the x=2,4 planes. A
vacancy was produced at A and a split interstitial at
D(Ref.2)).

Atom trajectories in a 40 eV cascade in copper. The PKA was
ejected from site A in the x=7 plane along a line 22.5 above
the y-axis. Large circles represent atom sites in the x=7
plane; dots represent atom sites in the x=6,8 planes. A
vacancy was formed at A and a split interstitial at C(Ref.2}).
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Fig.21 Contours of constant displacement energy threshold in bce
iron. The polar and azimuthal angles £ and ¢ define the PKA
ejection direction. The energy contours are expressed in
eV(Ref.3)).
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Fig.22 Integrated displacement probability Pg(E) for a PKA of energy
E and random direction in bec iron. Contributions of three
low-index directions are shown separately. Note the complexity
caused by the directional dependence of displacement energy
threshold. The staircase function of Lucasson and Walker,
which gave a good fit to their electron irradiated bec iron
data is shown for comparison(Ref.3)).
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o YL LT ST B,

Fig.23 A [110] direction replacement colllslon chain in bcc iron is
not stable. A 100 eV PKA ejected at 1° to 1110] initiates a
[110] chain which defocusses and converts to a [ 010 ]
chain(Ref.3)).
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Fig. 24 & Fig. 2513, << 100 >#hic i LT 265° OMETHE L/ PKAOEFRERETL T
%o Fig 2412 (001) EHMNT (100) HRAlexf LT 25° @ PKA, Fig 2503 (110) AT
(001 2 LT 26" DEETHII Lz PKADEATH B, MECBACEHRT - v id
[010) #h&H-T b, BEOBSCEEROFREF » — VEREL T 5,

Fig.24 Example of how unstable replacement chains close to a (100 )
plane tend to defocuss and become < 100> chains in becec iron. In
this instance, a 60 eV PKA was ejected from site O in a
direction 25°from[100] in a (001) plane. The initial
trajectory line converts to a[0l0]replacement chain(Ref.3)).

S /g ©
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wn

3 7 8 3 10
nory ——
Fig.25 Conversion of an unstable chain to a [ 111] chain in bfc iron,
A 65 eV PKA is ejected from site O along a line at 25 to

LOOl] in the (110) plane. A[111] replacement collision chain
results as a rebound phenomenon(Ref.3)).
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Fig.26 Directional regions of equal displacement energy threshold in
foce iron(Ref.54)).
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CCPPER

-24 ¥D

Fig.27 Directional regions of equal displacement energy threshold for
copper and platinum as given by the electron irradiation
experiments (Ref.55}).
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Fig.28 Number of collision chains excited in fcc iron by a PKA
ejected with kinetic energy egqual to the displacement energy
threshold for the direction concerned. A single chain was
excited for PKA ejection directions near to {100] ; [llOJ and
1111) (Ref.54)).
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Fig,.29 Threshold energy profiles for the scans indicated on the unit
triangle shown in inset at right. The inset at left
corresponds to the scan through the interior of unit triangle.
Both the simulations and results from analyses of experiments
of King et al. based on two different values of are
shown (Ref.59)).
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Fig.30 Number of Frenkel pairs produced as a function of energy for
directions indicated in the unit triangle at top. Plots A and
B correspond to complex directions and C-F to simple
directions (Ref.59)}.
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