D5 —I15/

BU7E E3IM
20004 9 §

B TF#%EET Vol. 17, No. 3

Muclear Physivs Review

Sep. » 2000

T ERE . 1007— 4627 (2000)03-0146-06

REBFSIENEEETAR

% R
e BB AR , AT 254 730000)

19078
057033

B = —’lk%#ﬁ&'ﬁtﬁ%%%ﬁ'ri??%#ﬁh ERAENEELY, AERTRENIRNE

T ey B 2B R T 2

MRETRALZEEARELEHGRIAE, BELETHEANERHR

.o — %ﬂ.ﬂlﬁﬁ%%?%ﬁﬁ%ﬂﬁii%%ﬁtk%ﬁﬁiﬁ%ﬁﬁ&??%E?iﬁ‘ HmEHZEHX
H. EEBTARANN AL ZE, SR TETRIRNERB TN AR, RHLER. THH
EPEARFHLE, RE A THAGHENH L HA

XER ANRUGBED T, o FRBEE, FRANS; BHRG: ETER

mERE: 0571, 33 SCHARIRTE: A

1982 %F, S. Klauminzer FAEWRIERES
& PdySinF) B R RV BRABERATETE
SIRMEAEEERS. EREMESETH R
¥ —FEEIR B TR B S E R e BT
TREARMETRABNKE MRS THE
TEERFHRTFRRAEIIERTFAEMEFEW
&, MTTSIA T A FREM G BT 2 W A B it
METRWR, FHEFT —RAEEMLER. HHl
EFr L2 I 28 1 7E AR X S AY AR, E R
HWRME SHATIE. SHIM (Swift Heavy Ion in
Matter ) EF-S 0GR BT B FREMM M H THE &1L,
GIFERF—N. EEEFERRET. M98 FE
EAHBLERAATARE. FLMEFRME4TEEAS
ERGAOH L, FTRERBAFRARMETN T
& . AR AR HUR AEBE T e

1 BHEERAKRHLTA

F—ENEESIROBUHEEALMRE
MR- T S Klaumunzerf§+.
LA e H B2 A 25—250 MeV 7 O, Ar. Kr
BFTES0—~ 140 KRR T BEER S E PduSin,
ATELBHERET B RERERA I EE S 100K
¥R AT R, BEEREFEY. B O M Ar BT HRME
B EEmA Y 5%, H Kr BT /BT 5

¥R E Y. 2000 - 05 - 05

#¥%s WELAE
fER TSR EEE N, HERARET G
R AEASEF AR R SR, W2
i FHE S A IR B T BRI B, mE AT s
A i BH SR I 52 2 g AR LT RO AT U R R &
HRGEWANEE, Kr B FREENELKEMR
EXHH 0ME N, IMRFRART RN, EF
HEENEE Cubﬂzruﬂﬁ CugeZrsfy Kr ¥ TR
B R T B AR AT ER B S, HEERE®
PLE AR A BEFEAF. £ X —F K, S. Klaumunger
FUMETH MR, BRIEESHPERETE
Ak M A A PdySin T CunZr, 0, HERT A
AR & 1E LAY SR B B . FF H B R R E Y
Wi, EEFEFRAEMELETREMER,
i FrFeEFRTRAEREEEE, ERMRE
FHEEEREAT BETFRIENERT S
PduSifll CuseZrs, BHERTHER, FELIF 3 177
A2 R & A AT AT
(D HITANMEN, EREEERA -T2
FRIE W, MRS R ERRBH#R
ﬁi WA AR EM AR ST 2B TR R B
HHLFZA, RNFH AR T E T XFENHER.
() ERET RN TIRNEREESHE
FUEMETHEO T RROEMEN T A, T
—®MEF, EREGE PduSinl CugpnZrg 2B

+ BRWA. BXEARFEEHITE 19775058 s REEE "AS " BAOWH (h1952-51-423)
{ENE . R (1940— ), BOUE), BRI FEA, BP0, Mo E S0, Wi mRE e F e Ml 3 | il R B R 9.



http://www.cqvip.com

R

HHIR, MEN T RN TS - 147 -

BUAE () 5 ) R AR R T IR E AT

(3) MR EMIFEAFHRE, SHHLE
MRTHAEEHEMAEORTHET 2 M=
BOC BER X AR ARIEE F AR, H
—fREE R AL R LT R E AL AR
M, X—&i 550 WEE. SRATWSIA
o RS TR P T RO B VR TR TR T S
FRBZH. CHRRZN Ry, B ARE RS
KBEUFEEFFAE. EELmE. S EA
SR, SMEETIEMRE. ERTERS
B R T E B EANE, Wl Emdk
A E AU BB FE B S UF ST A Tk 4n
I3[R B & RIE R — N FR A .

2 EMFTHMEARME

ATHEAPREHAETFT -TFIEONE, Tkl
EWMLFESFHBET XENLERAREMT. HET
—ENEEHE. HTREETEESESEFE
FHEM S RRHMNEEETR TR2EMTE A
¥ -FREMSIEMNEL B R ER TR T,

(1) XR—TEWT LA EREAER. 4k
T SRR BT R T I T R O AR
FERERI, WP TR T F AR RTINS,
BROEFILPREAT. TR~ MEMRtaE
. MHEEWATRHMED. TR~ PRATEY.
EEETEAGER A

@) FE—THERNE ERANEN TR
KEPRBER E M EREE, LEHERRPEL
EFAFGOEHET, ERASFATLEEE. FFLA
FIHE R RFR R AN BT BEHE AR, 8k
FELFE L TR A (dE /d XD, B3 INTT R .

(3) KA L, B4 K RS 0 ) &
o, EEERFHHEMEGRANDTS. &
LAEHEE AT 380 MoV fi Xe S FEBAERT S 2
CozSiisBoE| 5. 3% 10" juns fem® §Y 7 B I 2k
BRI g ik 77. 3% 0], IR S
FH-FPWEEREERAN. B L RTFT 260
MeV Xe B FEHFREZRE-ZBRESS SN
SEWESBEEMEH R

) ERFEEWIB KB TREET. BHE
B, AR, IR R o

BEBRASSERE 2). XRPVHEFIN R EH
KAOARMFERBRE"OFENEN,  ERAMNEY

7
T< 50K
apk Ty Tig |
~
s 1 /A
>~ 15F CuyFeZr, 7
T -’
S1e A

5 10 15 20 25
G102 » em™2)

41 360 MeV Xe BFEHTNSR-2RBIELSLMEY
B SRR R e R

1. Op=——- —-\ e
0.8F
L
0. 6 Sio;
0. 4f PduSiy \
L4

.z} \ \.‘ .

0 11 _j.L 1
10 50 100

T/K

Bl 2 JFE Sio: PduuSiauM%&ﬁ$—gﬁﬂamm%§[ﬂ
T A RN Ana =0, 8X 107 em® (R Si02)A Apax=5.5
% 1072 em® A PdwoSize Y-

TIE. IR R TERHESESTER.

(5) R—HF B MKMTEMEE. T4
THSERTHRTD SHBHHRFHARE
- HEHAECHICE AR ERLET,
EEERHENPERTHE, NeREeE. BEM
RoWER. Bt Al EEFRS e amx
RAE R R AR 1T R, KRR TR
SREE. BEETERARERNE S EdlL2)

(6) BEMSAREEE FRSIEYN, TAR
HEERHEREFEIIRY. T—SERTHRAA

A/ Ay

N
S00 1 000



http://www.cqvip.com

. 148 RFEDAEFE®

L LR ]

HANERZRFIERS. B3F 20K T 2.8
GeV Xe B THIMIER Fe-B (A AERESH
FOMB A2 R RN A 0 IR R AR

=35

g 457}

IIIIIIIIIILIII]—T

Fe=65"

]lIlII

_D‘Dz L1 1 1 | I A | I
0 104

P/em™?

2x10%

3 20K HET 2.8 GeV Xe HFLFRIMAMA 0 BHEIE
#h Fe-B ST FR I B &5 SRR R Ay e RO

() BHEENESEEFRTRERFREF
PEMBRETFHE. FE— MRKETH ST
FEHEERMEGE/AX).", EXPMREL E, Bk
HEE(dE/AX), SR, WA EEL T,
T 2 B (dE/AX). W/ T ST B 4 30 kb
0B R ). B, BEXTFEENUE
ABEARE. B TFRRABEMTERSE PdwSiy
#1826 keV/nm, MAEFREL W 2.5 keV /nm.
BEEAFKTIIMABEERNFERNNE A
X, TMARENERERE THREN TR
B, i FRIENBUHETENEERSTHEMNH S

120 PdpSip
T<BIK /

80

of /

40+

24 /(P

¢ 10 20 30 40
(5c0/(keV » mm™')

B 4 ESOK T Xe BFETERSE PduSinfH— 1k
TR 24/ (P ) HRTFRESORRE

(8) AERLBUHBENRERT, &, EE
LB P 2R i B 5 LT B AR AH L R AR AN . dE &
Co7s8i15B10s FeyNiyBuHl NinSi,B RIBE . SR
o B AR T B R M B T 1 %0
At 2. 8 MeV /u Xe BB AIE R PduSis, EER
TAAFFREEREA B RENTEENRBR
FEEEK IEFREZERTRIEHEREE
EEAATREZERAERBETEREA MK,

(9) #5708 K ST b B A B AR P Y B 3
AREHS, EEH 20X AHES S B, BHEE
2= AT RSB

3 BMEEMEINSE

3.1 EREBEXEHEMNZEINR

XERMRARSHITE, KSHBHRTBEN
FARSE W T EROFEC-00 g, RS
ERICHEE YR, REHDAFZEAERR, B
WERHEW. FYUREEN YL, RBEEELH
B XATENRNAREEEW, ER4ET -3
TFRREERONE, TETUIHNBRARENRE
“AHEENRAE. ETERNRAGENBRES —E
MRER, FIZNREIEBAEARNBRERK,
DFE BN FES EELE.

3.2 {KiE T M E L NE

RANERRAFANERNSBER, EER
BREREAGRE. AR KRR (0mm, B
Imm, BE+Lum, BGEXRREIAHTRE. R
ERTREMEREN S NS ®8E
£ (D|UFTEEFHAFGBEE , W3E: (D8
HREESITRGREYE. ATHREENDF
%, WE K Rk AR A T R

%’ﬂi=9pn£— (1— 3sin29)% :
He, X BFTTFRAETHEHNRE. 2XFE8R
SEEERMAREROERAZ R

3.3 WICHHER A BET S

HFFATENEN RS EE MR
R EFHZIE M EIMB R, Garrido FOPIERET
—THORIBEUNFE. EXBERTHEAR



http://www.cqvip.com

wam

FEMH . HERTIEMEREEALR - 149 -

#: (D) WRY RE L B ERZEM IF &R
— AWM FEN, X RNRSNERE AN
BERT 5 R— THTHEARGMNRESR.
(2) A EEE R AN E T TR Ba R
L. ERERSARRKERE LMARR
EEAER MNABMIFERFERNE—RR
AEERESREEZEHANENARTHT —&
Ny, HARERERFE WE/LAID, FEM SR
HHAERK, FURER/ MESZEAEEEFE
FESEKE TR FREFN=EHRTBEHETSE
BATETREF IV REBERRE: H e ES.

Garrido HP YR TR MW E ~LRBTRBRE
RIS, L 600 keV Bi BT AJEM NiB {EH
RN, B AR EAF TR L o-NiyB/
Au/o-NisB 8700 S5 4E B FTRE M. AR ICH Au
BHE & 20, 100 8f 500 nm. XPER T H
500 MeV IRt Zig W E| 3 5 10" jons fem? B |
B, B5H 215 3.6 MeV )'He BETH A EHEY
B e R B R RIMET 3 4
HEER. (O ERHEROMERRHA. WE/MAX),
BHIEBRFRE;: () HHHEF b R KE
Eyfl Av FIEYHE FoMBERTREE Y, XS FR
HEHSTE—RKEHRNE T T TFEFRTH
HaSERHYRE: ) EANRE LEaMEES
EMFEAME L. MREEEREETH &
MR BTN EETT.

BERL B b, BT E AR O s
EGBMEN-ERTFRELHRBRES T AR
BIF AT

1 B ERBERIRE

MR TEEA S EEiEL TEMMLFmE
HEBEWHRECHEE: () 58, BT
ERH. AN FEEREZSHRT, SIERETF
M BENLE. (2 £RE, HBREXSH. A
HETESEEZ AR ERERE EHHE, JH
AR EERFHAIE, A BT REBHE Y
B W THERCHRBIF T SRHEIH
EE AR A E R . BBEMAAT
BORTES, EWRTRHN . EHAAEFHEL
F.BTRESS LTI EANBEFRE
R R A i B e SR IR T E A

28 HRfEEONHENAR2BE. AN
MEWALBRUABOER, FUEMBERR
S R edBElEEYRER.

EACDHAERAKFRMER T HRE &
M FRERGIIENFERARY. EEREPFETFHR
B ERTEHAIAEERE— 4 AR ReHE
B BFRARDECRRERmE—MRENaE
FEMERMYE FSE. IHE—BIAUHRDNE
N bR E s R E A o
RZMG B TREAERMTH LK R TFENN.
BHEl. SIS rREDAH RN ER
MEREEFEET ECERERE MG,

TR G, BEANETHRBEMNEREE
HHEF-BETFHEIEAREFEERFRENML, &
ERABRF-FFHEIEAERTRASHEERS
BIRWAELE, RPEHMEEER, DERTERLHE
HEE S, BEMERUAERTES 107K/ B
BRI ENERE.

EECHEESLY, REEANETFREESTE
FFREEmRE. YRFERESKE, ANE
FHFEH LM EERNERTERE 1B
ARENESYEEE. ABENRREELSHE
HTHRERE, B EFNETFRAYSERATHE
W R FhEAMEEFEREZEA BT F
WEIHER, MERBETREMNSEER. X 4R
SR TRREEE B SEATEE, 53X
FRIRFES S AERBN N, MM EEEH
GBEAmEE ITREHELIERSE—MEE
W E, ARSI B —MRF AR,

BYEREERERBEATZSE: (D —1T8Y
FAMPEEESES D ) WHNENTFE, &
BERFESE WHEEMERSETERRTE
HERKLE. MAEEEEFTEENE. WKL
WL m AT E FSEENTERB AN BEH
HENGEEERENIUENMEERENEZRS RS
P, MATEER R RRERHE.

WIEERAE Fe-B I Ni-BHANETRER,
Audouard HFUR M — MR ERRE R RFE
R ERTAE TIEERE. SR FES
—PREHEFDET s, FE—TREK, B
AT ERAF vy BN EFES TG E R
i, EFRGKIEAFBEMNKERIE, BHE



http://www.cqvip.com

~ 150+ RFHEYEF®

R

FURE s, ERABBEEWF . XEHEE
R EZ| % ik, Lh T e KM AHETH
FRRE. E—RAIMRBRRZT, ARETRAS
3 AR S A e B B S R AT AR,

AR _ 1 —exp[— (8 + §,3&]
e s o A A

r,{l —exp[— (§,®)] —

)
srsll —eol— Gut spelli+

ﬂma;@_l—mﬂ—wrumﬂ},
Sy + S, S, + 8,

HeA, g=n(l—sin’g) .
BREFEET 5 PMHIMEWre Sio oy S
70 MEREHMEANSEURBIESHASY
REFERME. ERHRFEMAT 6 E R T
ApMBmEIBLEN 3 ME, HREWHHNY
BEY, D=rS, ABWAELTHEE, G =88,/
Sat+SHUBRBEFLERKEE, 0.=1/0(5,+5 )4t F
HANE XTUESLBERINMRT Gev &
g%ﬁﬂﬁiﬁﬂl%ﬁ FeasBls;ﬁl Ni?sstﬁﬁ@JE{]ﬁﬁ'
B Trinkaus BRI 2 B AR RBBE N
0 BREDR M B T AR AR R BT R
&) FEERER FREPREEDRATYES
E 3 T R 70 B SR v 2D A (B 55 R 3R A R R R
2 EXTRIT. REHFRERAENEEER

£ F x HB.

[1] Klauminzer S, Schumacher G, Remzsch § ef ¢l Severc Redi-
gtion Damage by Heavy lans in Glassy PdwSiz[)]. Acta Met-
allurgica. 1982, 30; 1 493—1 502

(2] Klauminzer S, Schumacher G. Dramatic Growth of Glassy
PdguSizo during Heavy lons Irradiation [J]. Phys Rew Lett,
1983, 51 1 987—1 990,

{3] Klaumiinzer 8, Schumacher G, Hou Ming-dong ef vlf. Radi-
atlon-induced Growth of Metalllc Glasses[C]. In Progeedings
af the 5th International Conference on Rapidiy Quenched Met-
als, Wurzburg, Germany. 1984. edited by Steeb S, War-
limont H. MNorth-Holland « Amsterdam. 1985, I, 895—H#98.

{4] Houw Ming-dong . Klsuminzer S, Schumacher G. Inclustic De-
formaticn of Metallic Glasses-induced by the Electronic Encrgy
Loss of Fast lons [J]. MNucl Instr and Meth, 1987, B19/20,
16—20.

f5] Klaumunzer$, Hou Ming-dong, Schumacher G. lon-beam-in-
duced Plastic Deformatien of Amarphous Murerials [J]. Mat
Res Sac Symp Proc. 1987. 93; 21—26.

NP RZDBREYINR, ERERPE—TENE
RER TOERESE—D R A TR AR B &Y B
R, EHEZEHMRAERLERRRNEBE
T RAMEMERFRERR—TAFFWNIH
ERBan & FERGHROGEMRRHRAR
e, FFFHAMARSREEYEEEERENRE
B R %L

R 30 B DL SR R T i) Eshelby Hig
HE, 2—RAKES, REBEATHRIEEHE
TRIERER 4 fRFAP,

4 L 161+ s,
T e (5-dn)pC

Hef:e=2.71, pREAEER, c BEAUTEN
B, v & Poisson L, « REMBERKRAYN, s
BT RS AL B A M. XD IR e
TERSHEMNBERSE, aFEdaFHEIER.
BT EEAREMHERXER.

EREENR, FULREZAG—FREE
BERHLXEE, LR Klauminzer ¥ AFEIER
PAd-Si PREMNBHFIELHNENIEREE, £R
Audouard % AZEE S Fe-B o HLFH S & BT 18 3 9 1
s, MERBEAEAETECBETRATHE,
e A& T REMEA T HRMFHHE Bk,
B FEFEFLEANETRBHESTIHIAME L.

(6] Audouurd A, Ralanza E. Jousse J C b al. Atomic Displace-
ments and Atomic Motion Induced by Electronic Exceitetion in
Hearvy-ion Irradizted Amarphous Metullic Alloys[J]. I Phys,
Condens Matter, 1993, 5. 995—1 018.

[7] Hou Ming-dong, Klaumunzer S, Schumeacher G. Dimensional
Chenges of Metullic Glasscs during Bombardment with Fest
Heavy lons [J]. Poys Rev, 1990, B41, 1 144—1 157,

[8] Benyagoub A, Klauminzer S. Swift Heavy lon Induced Pleatic
Deformation[J]. Radiat Eff Defects in Solids, 1993, 126, 105
—110.

{9] Garrido F. Benyagoub A, Chambered A ef ai. Giant Deforma-
tion of Solids Irradialed with Swift Heavy Ions: Behavior of
Amorphious /Crystalline Multilayers [J]. Nucl Instr and Meth .
1996, BINS, 430—4349.

. [10] Klaumiinzer §. Hou Ming-dong. Sehumacher G. Coulomb Ex-

plosions in a Metallic Glass due to the Passage of Fast Heavy



http://www.cqvip.com

®I4 IR . ERETFIHENEEEERS <151 -

Tona? {¥). Phys Rev Lett. 1986, 57. 850—853. tate [J]. Phys Rev, 1996, B54. 15 690—15 694.

[11] Kleuminzer 8, Li Chang-Lin. Loffler § ef al. Plustic Flow of (18] Benyagoub A, Klanmunzer §, Thome L # pf. lon Beam In-
Vitreous Silica and Pyrex during Bombardment[J]. Nuoel lnste duced Plastic Deformation {n Amorphious Mater{als Investigat-
and Metn, 1989, B398 665—664, ed by Marker Implantetion and BBS[F]. Mucl Instr and Meth,

{121 Benyagoub A, Loffler S, Remmensee M ef al. Plustic Defor- 1992, BE4, 684 —686.
mation in Si0z Induced by Heavy Ton Lrrediation [J]. Nuoel lo- [20] Garrido F, Benyagoub A, Chiamberod A ef ol. New Insight on
sir and Meth, 1992, B6b,; 228—231. the lon Besm-indoced Plastic Deformetion in Amorphous Al-

[13] Audouard A, Balanzat E, Jousset J C #f al. Anisotropy of the loys by Merket Experiments [J]. Radist ESf Defects in Solids +
Atomic Movements Induced in Amorphouy Metalle Alloys by 18493, 126, 125—132
Swift Heavy lon Irradiation 1], Rediat Eff Defeets in Solids, [21] Audavard A, Mamy R, Toulemonde M ¢f ai. ¥izualization by
1943, 126. 93—3a6. Near-field Microscopy of the Impacts of Swift Heavy lons in

[14] Klaumibnzer 8. Plastic Flow of Amorphous Muterials Induced Amarphous Metallic Alloys [J]. Nucl Instr and Meth, 1998,
by Swilt Heavy lons [J] Materials Science Forum, 1992, 87 R146, 217 —221.

—Q4, §23—630. [22] Lesueur D, Dunlop A. Damage Creation via Elesironic Excfta-

[15] Hou Ming-dong, Kloumunzer §. The Accutate Measurement tions in Metallic Targets. Part 0 : A theoretical model[J]-
of the Density for Lrradistion Sumples [J]. Institute of Muod- Radiat Eff Defecty n Solids, 1983, 126, 163—172.
ern Physics Annual Report, 1986, 96—27. [23] Audoward A, Bulanzat E, Bauﬂanli 5 ef al. Structural Modffi-

[16] Klaumibnzer S, Guizmann A. Effects of High-encrgy Heavy cations of Crystalline end Amorfous NizB Lrradisted with High
lons on Amorphous Materialy [J]. Nukleonika, 1994, 39: Enetgy Heavy lons[J]. Nucl Insur and Meth, 1991, BS3/60,

126—140. 414—417.

[17] Audounrd A, Toulemonde M. Szenes G ef al. Sometning New [24] Trinkaus H. Dynamics of Viscoelastic Flow in lon Tracks;
about the Giant Deformation of Amorphous Alloys lrradizted Origin of plastic deformalionofamorphaus@]. Nucl Instr and
with Ge¥ lons [J]. Nucl lnstr pnd Meth, 1988, B146; 233 — Metn, 1995, R146. 2042086,

237. [25] Hemyagaub A, Klauminzet S, Toulemonde M. Radiation-in-

[18] Audouard A, Dural 1+ Toulemonde M ef ai- Growih Phe- duced Compaction end Plastic Flow of Vitresus SilicalJ]. Nu-
nomenon in Amotphous Solids Irradiated with GeV Heavy cl Instr and Meth, 1998, B146. 443—454.

lon; Electronic energy loss dependence of the initial growth

Plastic Deformation of Amorphous Materials
Induced by Swift Heavy Ion’

HOU Ming-dong
(Institutle of Modern Physws, the Chinese Academy of Sciences, Lanzhou 730000, Clhina)

Abstract: A very peculiar effect cccurring when an amorphous material 15 irradiated with swift heavy
ion is the giant plastic deformation phenomenon discovered in the eighties by Klaumunzer et al. It is macro-
scopically visible atomic rearrangements induced by electronic energy loss- This effeet occurs only in truly
amorphous solids and can not accur in a crystalline material. This phenomenon gives rise to a wide-ranging
and lasting research in the field of the interaction of swift heavy fon with solids. Firstly, history of discov-
ering plastic deformation phenomenon was reviewed. The main results obtained in this fieldwere summa-
rized and the new progress in experimental method and technique was introduced. Finally. physical mecha-

nism and phenomenological model were discussed.

Key words : anisoiropic plastic deformation; electronic energy loss effect; amorphous material: radia-

tion damage; ion wrradiation
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