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Abstract The optical radiation of sapphire during shock compression process is closely related to its transparency
and structural phase transition under high pressure. This study investigates the optical radiation characteristics of
sapphire above megabar pressure (namely, 100 GPa) on the loading platform of two-stage light-gas gun using the
target structure of direct contact between dense metal and sapphire window. A typical optical radiation signal
containing metal-interface radiation is obtained using a multi-channel radiation pyrometer. The radiation through
sapphire is determined using the radiative transfer model. Results show that the change in radiation temperature of

sapphire in the shock-compression region under the pressure above megabar is found to show a significant turning

and the shock-induced structural phase transition of sapphire occurs under the pressure near to 87 GPa.

Key words  spectroscopy; shock spectra; megabar pressure; sapphire; luminescence characteristics; structural

phase transition
OCIS codes 300.2140; 300.6170; 160.4670

15 F

W T A0 BA ST N T7 AR S5 A WS Y B
R0 0 JEE | A L e BRI G B R DL R E Y
Ao R T, 2 A A 8 A A A% S T T

B A2 S AR T B A B 4 TR e R AR A R B
JRar W FE il JE SR T B F 5 AR L AR R b
IS b R EOULIN AR W A & R i
il R 0 8 AR T 50 CRIJR ) JR g LB AR
WS R B AR DL B A R X)L i A 1 H B

KRB 2019-03-27; fEEI HHE: 2019-04-11; A BHI: 2019-05-05
EE£TA . HEAREBERESE (11574254 BEVEE B A A HESE R — 35 B 808 290 H (2019KJXX-034) Bk 7E 4 B
JT 5 S0 %381 (2019GY-075,2018GY-044,2017ZDXM-GY-114, 2017GY-085) ; BE T 44 H 2R Bl 2% %L 4 (2018]Q1L042) . PG 4 i

Bl R 3 5 4 (201805031 YDICG15-1)

“ E-mail: ningchaozhang@163.com; “* E-mail: 13519178303@139.com

0730002-1



Es i

oA E R R — R R A E A, T B
32 51 ofr o I S 406 £ 5 S DX 0 2 ) T T ) A A
W HOR SEER . R AE DB AN LSRR
o e TNk S5 s v 1) 0 S 45 SR T N g 25 AR A 1 S o
AR 15 BOE R OG5 00 i vb i B Bl T
TRE S O R N R, B E A
A2 21 43 S A AR M 02 1 E A R L T R
JE 7 X 0] A J2: T b 8 g ok 45 R A AR 25 5 A R R
DX 35k, 3 3 AR T WA A S AR 2R BT L S A
FEZE B SCI56 % TN TR b BR P 30 45 M 1 A Ak BoAS
TR, FEW T AR OIS XL R B e
FIF5E 7 T Urtiew %57 3 £ A AL E 0 &
a5 R R YW= A TR 58] 129 GPa Y,
P2 A 010 5 B o0 S R S R L AT 4
T W ST B T Y S AR B R B S AR
SR o 7E — L0 S 56 v, 30 28 00k 1) 3100 I 45 B ROxf 7
FTR PR IR, an 2R 5 0 % i B 3 5 L AR v BBk B
T HHR L. Zhang S EXHIR L L R
X [H] 5 5 A 1 &G IR BHE AT 8 RE MR G &
B 5 A0 1 6T G B 2% B B I ] £k 5 1
TIE  {HL 2 i 5 30k B 20 0 A B 2 e 0 3 R & AR R
284k, AR EIR LR S L b A A R
B 4 S st SEAS RIS B A S 4 T T B 7 1 A R
McQueen 2557 F1 JE i B Z2000 fl BIF 9% g 3 R A =2,
R &G e R & M, e B G 4 2l B0 1) &
D3 B i s 1) £ A8 Ak AR AE L T A R R A T
200 GPa il K71 F AR 7 R 4P 093 Wk i s
F K B IAE 100 GPa L L b IR 1 FAE7E W B
PR Y G 3 5 RIS B R T R 4, IR 4 i AR fe AT fig
S R WA A . il F R 3h i R AR
e R AR N W A ) R 4 R AR A R AT SE R AT
TE 3l 5 2 AR BIF 98 T . Cao 2601 R 0OE T
WH AR E 5~210 GPa JE4 X 0] R A 0F 95 T i
TG TR b AR R O A R A A S
B 45 SRR WY L 8 52 A B 3T 59 R R ) AR A BUR, AR 4k
g g w2 AR R R I R 5 AL A AR % D) AH G
TE 92 GPa 1 166 GPa J& 1 F &L T WA~ = & AH 34
F . EAh, Mashimo i 58 T i 52 f1 #hili Hugoniot
L ZEEA, KB, b J1ik 3] 79 GPa B,
%547 09 i Hugoniot £ H B & i 353 4, 3 L
U T 12 FE 7 A 5 A 10 R R AR AR X))
P R AR TR SR AR, Weir SV R B,
MRSk #) 124 GPa B, B SR BT B, IEIAN
R T R S5 A A A R TR, E e R W A

TA7 5 Lin 5000 4 WA % TG 45 A X 52k 47 5
IR I TE R J1 R 96 GPa &R 1200 K 9 45 1F
T EA M « #HEEAS R Rh, O, (ID A, Ono 4
I 4 WA Fe gl B R $ v T R e R SE R R R ) b
FR, I & B LEE S 130 GPa & A 1500~2000 K
M4 . % 54 M Rh, O (1D M %% 78 g CalrO,
Ao bR T AR BAR R AN R S0 00 F Bl o8 T 5 A
(14 1o i 465 KA AR AE X T [R) I 2 5 o T g B 4 o
KRR B Hom R S, B BRI R e
IV A 78 L 3R A5 i TR A 8 T T F B 5 v S AR R
A AR A A B S A A RO P AT T
FE R T A R P S A MR AR T A ST
(A8 5 I T — AR 2450 i IR O AR TR E Sk A R
Je P G T AR DX 1) 45 Ak A AR L X 2 8 Oy B AR AR R
FA M EEAGR R T 2% o o R
T2k B 5 4 kL Y v R T I T — R i A
AR SCOBE AE F A 5T AR X 5 A R S R OB HLEL Y
FEmh B AEIRE KDL R KA R
G & R e o 2 B B R L S 2 ke
15 5 FEAT 16 BT R IF 5% 3 3 A0 1 o o & G R I N
JEAAE

- A
2 £ C 4

7 Wb R — 2 4 e B IR R R X AT I 0k
WOtk 2 i W BT, 4 K 2 80 TE R IR R R T B R AT
S VIR UL/ DT (e U L S B N Rl S A U K
TR Ay 8 B4 T S Ak T R IR S TR B Bl 45 A R 5 20
Mo S R . 3 WA R R e U B TR O A T
B, b A B 2 S O 4 A RE A8 3 i U AT
A0 B G- PR Sk AR B 3 TR AR E A, 5 o
JCEF BT RS 2 0 8 S5 B L ) R A e R
Xt W 5 AT S AR S 5 2R AT O L B 4 O SR R I
MR TICSE . WE 1 FOR, R YOR % S 4 R 5
T VR, A S B AR R A R S R A
el AR VR A S A R AT T, S v AR
FH &R AR W 4 8 M, AR @40 mm X
2 mm, OG5 A TG S A9 2 TDRLRE /N T 20 nm.,
WA S A 10 P TR W 1) A BR R HORR A R
Nt @20 mm X 8 mm, 7 M M B £ E /N T
10 nmH TARUES &8 /8 O 3¢ 1 3k 2 50 A RS %5 10 32
ik B VR S AR 22 SR 2~ 3 GPa S X 3 ARt
TT¥ 5] s L WA o 11 5 4 @ T 22 (8] 1 4 i 34
T L DT i PR) B /N T 1 permy o [0 B R 8L PR 3408 47
B A AR, R 8 lH BT R R ZOLE S,

0730002-2



L,
¥

b

i

ne
¥

DG ET SR v A BR ) FLAR A A0 D7 1S R i N RO
TET AR P ORI 0 BT 3B B 1 JFG At 14 2% BB 2E AR O
2 iR A T T L AT S 0 F T T AR

air gap vacuum valve fiber bundle

flyer

baseplate sapphiire metal cavity

S R i 4 R b T R A I
LR 6 46 0L R, Plank 96 0K it o1
L1 AR AL T

multi-wavelength
pyrometer

computer

w,rl,
—

T il i R G a5 M R A

Fig. 1 Schematic of light emitting spectrum measurement system

3 LR 518
3.1 BRIk D4

FL IR R 5 A R AR T R 0 vp s SE S P, B
T 7 iR A ) 2 1% G RN 8] R AL (4 R HOG 2
Xof 1 11 A A 7 A T T R e R AR AR 0 vh
RO R H A B — S AT ORI A il R AR
AT 5 38 3k X & Bt AR 1% G SR AR 3% 1w R AT Ak
Qb B, R Kol WA ) 2 TS TS AT ek kL AR R LR
RARAR T R R AR Y S AR, G 2 B
7R TE s R J18 100 GPa F . 3H 3848 8 AN [ i i
(18 B 558 e 3 A Al 2 A [ D 1 B A T s = B
H—sm s, |2 g, e w20 EE R 2 B bk
QU B i S L 4 R T IR F 1T, BT Ab
(] BRAEAE (Y i 25 ™ AR B AR ) . R T AR 5L 56 ™
A T T % TRD B, g A S B BLARL 2 M R Ot
[ B A 2 AR PR K, T il 1) 4 S 4 06 ik o
75 . BlJG &SR BE A v 0 £ AT 4R
K, H ) ¢, B 2052 B )R 52 w10 & A A B . AR
SRV IE K 5 B U R A B T R B L R R L H 45
hy 4 ) B AR AR R G Y DTk
3.2 EHEEIEERSHN

SIS X e T v SR 2 R G S AR 2 et
JEJTIRBIR B L B, >R [RGB R Y A O A
(] B 7 A= 1 AR S s A R Dy — T R A
BRI, 5HE S g — il ok, BAR R B AR =R
AR H A 1 KOGk b TE B ARk [ 4 T8 2 0 1Y BR AR R

ST AT AR GF 5 2B AR 7 A B A R Bk
BE A il P AE T AR L I 045 S 47 DL LA
WK, ARSI 4 SR ST ARSI P 4 R A O BT
HEBR B 3L Atl 22 b m] DA S 1045 R 2 6 18 1 ) X iE
FAE MR SR SE R EINKAE T A
T vl R AR T A VR R A A AN T AR R
DL Kz 4 Ja B4 T Ak A% R S 0 o AR . S, AR SO
7T el TR WE A AL R AR P R S RE R R as )
PRRL . SO R WL, I 5 A0 AR vh o P 4
T AR o R R AR AR AR 1 5 40 A B e i 2 BT
I T i 17 5 0 5 A R A ORI T R AR
SR BT DA B FR A AR B bl B AE R O
BB ARG L IR BT U AR B 2 5 R Gt iz g A
R AT BT 7 A S 1R A R SR AT R S G AR 0
A, T E B A b T R R AR SR R AT
X A A (B 5 8 B vw A AU G s B R AR A A
T Tk R Y i ST N () B I Bl S B L s e R
34y T PR S o 0 AR A U vl A B
] b B B RO R IR R o KSR B
o S5 IR AR S RT Y 45 b O R 5 g
R EG

dl e (A, T 1)

dx

P L N RIS OCIE AR ST a8 B2 N T o
R SRS O ) U B 5 ¢ Ry A S R S Y I T 5 T, ok S 5
T2 8 G T R S R 5 T, Ay e R AR 5 4% 3 T A
SR B ) B B L

PNER=N

He B

—a, lyA) +ed, A, TH, (1)

0730002-3



ot Es Es (i
b
0 0k o ()
. 0.1
L — .
g
°
=
-0.2 2=809 nm
-0.3 - - : L : -0.3 L - :
0 02 04 06 08 0 02 04 06 08
Time /us Time /us
d
0 0 (D
E—O.l . E —o1l
= 2
2 S
-02 2702 nm -0.2
03 . . . . ~0.3 Lo . . . .
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
Time /us Time /us
0
% -0.1+ |
g
E =589 nm
-0.2
-0.3

0 0.2 0.4 0.6
Time /us

A=509 nm

-0.3 - -

0 0.2 0.4 0.6
Time /us

0.8 0 0.2 0.4 0.6 0.8
Time /us

(® ()

Z

5]

g

°

=

A=488 nm
-0.3
L _04 L 1 1 1 A
0.8 0 0.2 0.4 0.6 0.8
Time /us

2 100 GPa iy J 73w il v 00 A5 A6 5 S 20 32 iy 2

Fig. 2 Radiation intensity curves measured frompyrometer under 100 GPa shock pressure

dov

&3 it He 4 25 0 T 33 B RE ) 0% 8 S 4 0 A5 Y
Fig. 3 Radiation transport model of transparent

materials under shock compression

12 (1) 2 6] B A RE— i A 7 [8) F R 25T /Y
e.=1—expl(—a,(D—w )], Y 5 W) &
fiff s T LAAS 3040 5 S 1A SRR O RSORE BB AR S
BRI FE

I..QA.T,t)=—1I,Mexp[(—a,(D—udt)]+
{1 —expl(—a,(D—w) ]} 1,1, T) (2)
D Sy b e e B T A A R0 S T 5 o Sy IR T I

KL B A% R
(2) 206 2 0 5 A b PR TE b s R 4 Gl AR

0730002-4



Es i

B AR o R GE 28 ok W R R ST S A AR — T
—I, (M expl(—a,(D—w)t) 1FRAFTE WL E
271X 38 W W SR R A R 4y A A e A {1 —
expl(—a,(D—w)O PN, QA TOFRRNEFTAHAH™
A 2 Y YT 0 R SR . AR v B b TR 4
FREG AT DL (D —w) e Rz, S50 v 0L I 381 1) 8 5 oik
R Bt o R 2 1 G R A R BRI AR I A
ROCTLRRE R AR, WAL T S A6 4 S B
W 55 B ROCR . T b e S R R BT A2 4L Y
I (2) A Z0m% T 4 A Y s SR T A AR A
i 7 TR S I 4 R AT BB LA B A R
P4 JiR . L 2 =809 nm il 38 4 1, B (E 84 )5 nl
DAAS 3] 4 s 2 T 5% A A S8 R R S A0 R O Y AR R
5 o [ AP A5 380 X N R R B SRR SR T, A
AT B G I R EL a. .

[=]

|
—
T

|
[\
T

|
[SV)
T

Radiance /(102 W.m™.sr ")

|
RS

0 01 02 03 04 05 06
Time /us
B4 RO E SRR S 4R LR

Fig. 4 Comparison between fitting curves and experimental

|
=
—

results of sapphire radiance

LG S5 SR v AR A A I 1 A Bk A A
JEXTRE I, Horfr a 42 S0 Mt 25 51 Bl A 5 15
N o L& vhili R B & 0 A BRSO
B Mgk 2 A im B8 A i Rl W e v Y e R, AR
P Stz 7 AR (2O Kk ¢ FIth & d mfR e
Sh4 ROk A9 B oo FE 4 R B b, RO00 R S 0 T B
P [R) (1% 75 £k il 22 1 A58 R 00 5 SR il 2k oL oK H 5
R o HRESE nT 0 B R UL G 2 SR AR G Hh S B T
JRELE ) T 5 A SE 56 A o o BOBARIE . A IZ
R A3 S 6 FLA 7 AN K 0 4R M5 S AT LA R
BT HEFAEIRE R T TR LG EE,
XF 8 AU A A 5 g sk R R S B K A S A TR
LG 158 5478 100 GPa whili 5 5 T Ry F AR
SHRE T,=4416 K, GFWRIN R ¢, =1.2 cm ™',
33 EHEESSELEMET

et N B AR SR T S 0 v A A e s T

FEIREE B 5801 Rt i T v R A4S O AR R R R AR AR Y
T B TR R R B A AT B B R LA
EEMN . AT e A Y R B
¢ by FE 4R N %28 VR b RE 09 45 F AR S L XA TR
BRI GS MM e L, opih R AR R T 4 IR 4
TE AR L TE R R} R AR AR ) S0 0 5 b AR M B AR
ARk ik o Ak 2 B R AIE L A A T T R
R PR R S S B TR 1 58 A R vh i 4
PR A v R AR T R B S N -0 AR 1o R
FA AR, oA THRE MR R SRR T g
WA B HA H R b o 0 A 8 38 5 o o D 5 5 1Y
RE L T R 4R ) AR AR T 2 IR ORI L. Ik
PR i i s fb RBBAE — W R ) X (R SE B, SE AR
b W T EAR T AR X T D — o 48 AR A
FE KA IE AL RO GR TR L BEIS bt R RE A B
R A 1 5 s B L o =2 -3 A A R - A AR 2
QA — , HE— 2 VR T R k52 56 0 A R P O
WFSE I R . A AT 48— 1) B A5 FRORS 1 4 A
[ A A g T 8 A T 32 B 1 ) B R A A L AR
i T S 00 ST T — S AR I DX TR AR Y 2 22
-2 PR 1k 7 B EUEE g Hs g X T AR 1 e Ak R
ORI AN TC 1k S, AR BT I A 5 R 0L FE AR T
100 GPa W JE J X 1], #5 52 A 4 v o R 46 ™ 1 56 5
LR W E (R kg i e R - RIS C T E R
SR I i T b iy Hugoniot W BE . H 3238 v i 1%
AR B 33 Sk ) o o B A T S B A R
ISR AR BE T 0T RE , R B 5T A 1 YA AR B Rt
— RS IR AR

54 H M BT T A5 e, K BE R A 7E 40 ~
120 GPalk 77 DX [a] 1) 8 5 B2 55 3L w8 He A P 24T LG
B, WES FrR EART IR IR T X ], AR
TR HEA R F T, B S #m RS g
WU —, S R ETFREE L B
DX B S5 30 32 43 A B O 3 e T B T TR B0 L
B R 7 W AR AL R BA S . 3 e 5 4 A X TR R R R
S A BN Y W T A R A TR R A AR i R AT
BU A T LA B, e S B B R T R A i S 1 X SR A7
T EA Corundum Z5# ] Rh, Oy (1D 4544 54 748 1)
DI, A8 T3 W M A R A b s U R 4R R
25 5 TEA 4 A B Ak 7= A e 89 U, 1 8 R 1
AY GRS DR e IR B O IX ), AR
Wa A7 B G I R B R T B R R A AR A, B
BH 0 B T T E S A AR TR A A R R T X R R
ST B 3 B v IR SRR AE L S R AT AR BE A

0730002-5



Es i

e 24t 0 B V)T I Ak el R R R . 3 B AR R
W5 AR 5 HORE 7 22 [0] Ak 27 i 14 5 B %5 D) AH G, Lin
AL TR 4 WA A S 50 B A UE WD T A
Corundum #5 Rh, O, (1D #H %7+ 8] i 1k 2 58 A 4
], B % A0 5 ) R0 K, W= A AR N ALO
SE GRS SR o o TR 4R O R S 2 AR A R R
/N B I A, 2 o 08 A5 8 5 A #F AR, O, (ID
i, fb 2 5 45 e AR AR KRR BE A B T % 0l R AR 2 WL
LRI BT Y] 105 . P LY A AR AR 4
PRI, o 1 I BE (B S i 2 S SRR AR B %2 . (H 2
Rh, Oy (1D M 25 ¥4t 52 0 T 5 558 L 3 Bl R 77 28 b 1
B B B I A B R 7 A B8 i o e 2R3 X
& 178 A R 1 R

7000 @ this work .
v melt line from Shen and Lazor’ s .
6000 -9 boundary of the phase from Mashimo’s!'*
¥¢ boundary of the phase from Ono’s!'%!
2 5000 ¢ :
o E : ¥
£ 4000 - ; :
<
g
: 3000 : :
r  Rh,O,(II) :
Qo L L - CalrO,
& 2000 Corundum : s‘,‘&? !
1000 f *
1 : 1

0 20 40 60 80 100 120 140 160
Pressure /GPa

K5 W50 R S a5 AR R G R A
Fig. 5 Relationship between radiation temperature and

structural phase transition of sapphire

48 i

FEIR L R BB TR T X Te) 5 A R A R
AR T S 5 Y BT 1L W O B OGRS
W SR 5 TR <5 T S N A A0 1Y LS L R g R 2
PO B . IR TR ) DX 2 T b ) T K A
P AR 1 e P DXCTR] o AR SO 8 5 0 B0 19 ol 5
TR RRVEAE N — R BRI L R GRS . S
S FE IR B R LA B g DX 3 e R o I T
AN AL A BE L A AR S B B T S
AT AR E B . R 3 AR RO
S 7 WA R AL T S s A A
FHASE 0 %ok 552 38 45 SR AT 40045 SR A, & BRI BR T 42
i B T Xk e WL S B TR, DA BRAE b E BAS B0
FEJ77F W F A B A i R L R W AR B kB
W AT LA & BRAG AN 325 W B R i o 3l 52 00 o O 22 42
PR e — R A R S 5 A R g X (] L 7
AR B R il e FROIR 25 77 AR A 5 e B AT A R

Bl . RIS, 3T 5 A 56 3 & PLIE o b T 4%
SRR BE K T R R T AR XA A b A AR L o e
T B2 5 W A0 T T AR DG B, 7E AN [ 1 R 435 4 A
X A5 B B R [F] o3 A0 RR AR . A6 & A vhiks S5 4 AH AR
B R 77 B ST % B 52 A B oo e I R E R AR Ak
IR BT P 4T , ik 3% B 445 A 4H A8 X R R A fk 2k
pESEA U R, HAE 87 GPa J& J1 My ik & 8L
WEA NG EAME P XA Corundum A8 A
Rh, O; AD A = A0 gL 7. S8 A3 U e
PEM Bl R I AL B B s B8 48 T —Fh i 42, i o8 3
T b Py S5 A A T

& £ x W

[1] Knudson M D, Desjarlais M P, Dolan D H. Shock-
wave exploration of the high-pressure phases of
carbon[J]. Science, 2008, 322(5909): 1822-1825.

[2] Huang HJ, Fei Y W, Cai L. C, et al. Evidence for
an oxygen-depleted liquid outer core of the Earth[J].
Nature, 2011, 479(7374): 513-516.

[3] Schmitt D R, Ahrens T J. Temperatures of shock-
induced shear instabilities and their relationship to
fusion curves [ J]. Geophysical Research Letters,
1983, 10(11): 1077-1080.

[4] Yoo CS, Holmes N C, See E. Shock-induced optical
changes in Al, O3 at 200 GPa; implications for shock
temperature measurements in metals [ C] /) Proceedings
of the American Physical Society Topical Conference,
June 17-20, 1991, Williamsburg.
Netherlands: Elsevier, 1992: 733-736.

[5] Barker L M, Hollenbach R E. Shock-wave studies of
PMMA, fused silica, and sapphire[J]. Journal of
Applied Physics, 1970, 41(10): 4208-4226.

[6] Wang F, Peng X S, Liu S Y, et al. Ionization effect

in the transparent window for shock-wave diagnosis

Amsterdam,

under indirect drive[J]. Acta Optica Sinica, 2011,
31(3): 0312002.
EUg, I, XU, S SR SHIK S A 4T vk Dk
W HEWE OB RO 1], JhsEsalk, 2011,
31(3): 0312002.

[7] Urtiew P A, Grover R. Temperature deposition
caused by shock interactions with material interfaces[J] .
Journal of Applied Physics, 1974, 45(1): 140-145.

[8] Zhang DY, LiuF S, Hao G Y, et al. Shock induced
emission from sapphire in high-pressure phase of
Rh, O, (II) structure[J]. Chinese Physics Letters,
2007, 24(8): 2341-2344.

[9] McQueen R G, Isaak D G. Characterizing windows
for shock wave radiation studies[J]. Journal of

Geophysical Research, 1990, 95(B13): 21753-21765.

0730002-6



ot %

ne
¥

i

[10]

[11]

(12]

[13]

[14]

[16]

Zhou X M, Cao X X, LiJ, er al. Shock-induced
optical extinction in LiF and sapphire crystals and its
significance in the radiant temperature determination
[J]. Journal of Atomic and Molecular Physics, 2012,
29(3): 481-487.

B, BFE, BE, 5. RS A R
HHOC R AR SR [J]. R F 54 F i
4R, 2012, 29(3): 481-487.

Cao X X, LiJ B, LiJ, et al. Refractive index of r-cut
sapphire under shock pressure range 5 to 65 GPal[]].
Journal of Applied Physics, 2014, 116(9): 093516.
Cao X X, Wang Y, Li X H, et al. Refractive index
and phase transformation of sapphire under shock
pressures up to 210 GPal[J].
Physics, 2017, 121(11): 115903.

Mashimo T, Tsumoto K, Nakamura K, ez al. High-

pressure phase transformation of corundum (o-Al; O;)

Journal of Applied

observed under shock compression [J]. Geophysical
Research Letters, 2000, 27(14): 2021-2024.

Weir S T, Mitchell A C, Nellis W J.
resistivity of single-crystal Al,O; shock-compressed in
the pressure range 91-220 GPa (0.91-2.20 Mbar) [J].
Journal of Applied Physics, 1996, 80(3): 1522-1525.

Lin J F, Degtyareva O, Prewitt C T, et al. Crystal

Electrical

structure of a high-pressure/high-temperature phase
of alumina by in situ X-ray diffraction[J]. Nature
Materials, 2004, 3(6): 389-393.

Ono S, Oganov A R, Koyama T, et al. Stability and
compressibility of the high-pressure phases of Al, O
up to 200 GPa: implications for the electrical
conductivity of the base of the lower mantle[]].

Earth and Planetary Science Letters, 2006, 246(3/4):

(17]

(18]

[19]

[20]

[21]

[22]

0730002-7

326-335.
Zhang N C, Ren J, Wang P,

spectral characteristics of sapphire under light-gas

et al. Radiation
gun impact loading[J]. Acta Optica Sinica, 2018,
38(5): 0530002.

TR, AR, £, & BRAUBINET #EE A0
SRR E L] . DB 2R, 2018, 38(5): 0530002.
Hare D E, Holmes N C, Webb D J. Shock-wave-
induced optical emission from sapphire in the stress
range 12 to 45 GPa: images and spectra[]]. Physical
Review B, 2002, 66: 014108.

Liu Q C, Zhou X M. Time-resolved light emission of a,
¢, and r-cut sapphires shock-compressed to 65 GPalJ].
Journal of Applied Physics, 2018, 123(13): 135902.
Shen G Y, Lazor P. Measurement of melting
temperatures of some minerals under lower mantle
pressures[J]. Journal of Geophysical Research: Solid
Earth, 1995, 100(B9): 17699-17713.

Liu'Y, Xu W D, Zhao C Q,

system of sapphire internal defects based on laser

et al. A detecting
light scattering tomography [J]. Chinese Journal of
Lasers, 2014, 41(9): 0902007.

XUV, BROCAR, BOBR, SF. R T EOLGEU R SRR
BT A N AR E A I R e (U], TP E B0, 2014,
41(9): 0902007.

Luo Z L, Xie X Z, Wei X, et al. Experimental study
on acoustic emission signal detection in process of
laser-induced backside wet etching of sapphire[J].
Chinese Journal of Lasers, 2017, 44(4): 0402003.
BER, BN, BT, S BOLE R R R 20
AR RS (], RO,
2017, 44(4): 0402003.



