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Fig 1. Simultaneous measurements,0f'shock témperature and sound velocity of transparent minerals under shock
compression: (a) Schematic of the’experimental setup; (b) Schematic diagram of radiance thermometry, where the
spectral radiance signals are illustrative‘curves used to show the temperature measurement process; (¢) Schematic
of shock wave and rarefaction wave propagation
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Table 1. Experimental conditions and results for the 7y and Vp measurements of CaCO; under
shock compression

dp (mm) W (km/s) Py (GPa) Ty (K) & At (ns) Vp (km/s)

0.365(5) 5.685(30) 115.7(1.1) 3810(100)  0.34(0.03) 295(10) 9.32(24)
Note: Py NIKIERETIEIE W, 456 A SAM 00 C A0 Hugoniot 224, i FHPTICECIEME 1o s 48 TR
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Fig 3. Measured thermal radiation signal and its temperature fitting results: (a) Time-resolved spectral thermal
radiation signal; (b) Fitting result based on the gray-body radiation model. Temperature and emissivity were
treated as free parameters and determined by least-squares fitting of the thermal radiation intensity during the
steady plateau stage.
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Fig 4. High—pressure melting temperature of calcite: Red and blue circles represent shock temperature
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measurements from this study and previous work(“’l, respectively. Solid and open rectangles represent the solid
and liquid CaCO; in static experimentsi®Z, respectively. The orange curve is the high—pressure melting
temperatures calculated by first—principles molecular dynamic simulations(>?!
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Fig 5. Temporal evolution of temperature and emissivity within the stable signal plateau under shock melting
conditions of calcite. The orange and brown dashed curves represent the variation of temperature and emissivity
with time, respectively
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Table 2. Methods for sound velocity measurement under high pressure

*2 ABRSEFRERVESFELS

Technique Method P-T range Advantages Applicability to molten Limitations
PTMI21], 0-30 GPa Simple operation: Limited applicability due to ~ Severe signal decay at high
PEOI22], 300-1200 K stablepsi nr;l ali‘z strong signal P-T; restricted sample
uIes] ghat quaitty attenuation(?7-2-30] compatibility
BLSE4.70] 0-60'GPa High sensitivity to Applicable to transparent or Limited P-T; requires
3001200 K elastic properties low—turbidity melts(3'] transparent samples
Stati i iqui
ane il 0-160 GPa  Applicable to extreme App licable to .hquld.s Limited beam availability;
IXSlon711 . (derived from dispersion .
300-3000 K P-T conditions relations) ™2 complex data analysis
. . Complex configuration;
0-60 GPa Stable at high Rarely applicable to molten ) 2. ’
NRIXSF™ 3007500 K pressure, reliable data g disturbance sensitive; low
’ success rate
. . Limited accessible pressure
3 0-100 GPa Simple experimental Sulta}ble for solids that range; Strict sample
RITB3 . readily undergo shock . . .
300-2000 K configuration; ‘meltine integrity requirements
£ during acceleration
Applicable to very Complex experimental
0-500 GPa high pressures; . configuration; sensitive to
. [32] ’ [26] 5
Dynamic DIST 300-10*K minimal sample Suitable for molten disturbances; low success
property restrictions rate
STVM 0-300 GPa, Simultaneous 7 and Suitable for molten Limited to transparent
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(Zhou et 300-10*K Vp, stable signal materials
al.B3 and quality
This study)

Note: P THR/AMEFEEEREAMEEEE. 45: PTM Rk 4iiE (Pulse  Transmission
Method); PEO sk Bl E Sk (Pulse Echo Overlap Method); UI FRRi#EA T-#7% (Ultrasonic
Interferometry Method); BLS /A EIHHU % (Brillouin Light Scattering); IXS FnAEgHPE X G 28 H)
% (Inelastic X-ray Scattering); NRIXS F/RZIHARIEFAIERS (Nuclear Resonant Inelastic  X-ray
Scattering); RIT Fx < [Alfilfif#i%: (Reverse Impact Technique); DIST FR7RIE RIfiHE & [ % (Direct Impact
Step  Technique); STVM R NRE-FERR D= % (Simultaneous  Temperature-Velocity ~Measurement
Method) o

FES) e e S ge G\ A T ) v A AL A e m) Al AR A R O [ AlE A S A R
1250 o Jz Al A 2 SR R A PR R 6O e I B T ORPRE (R @ AL B ), I
SEEWOLT WIS AR (41 VISAR. DISAR. PDV) &R 5 /4 11 SR 738 B g 5,
NI S R N 7R S 176, 770, 1% 7 v W o IR, e BET TR PR AE B R4 T PR T
AT a2, HOEH SORBUE A S, R TR T S0 B i B ) Al £
Biglnd W B AN R R G BREa,  FFERES ST EC BB E ek, R A LE AN R
JELRE T I EE I ) fff e JE R LU 4, R SR AR A D 78 BRI & LB, %7V
BERR NI AL DL 11 AR B R R s I T (R 2 e AR « SZ D7V AT R s R
JEE CIRPRL Can =R bE B IAA A 0%, 180 e 20 S0 i 4 s W s i e B A A R )
bt g BITA I ] 00 8015 32 7y 7R ml SR AR il T PR FFIZ B B T OPRE Clan 5 A R S
FAD, GO T VMR B AW & T TR B 7 5 AR 8 R i Bk iz 08U )
filb4d & Bk BT SR s e DM &, (B SEIR S5 M B A%, ONME T B SR s, S i S A
FERHXTEOR, IF HAE ISR T 5 2 TS B FE A\ T A 3 DL B R BBORE i i T P 15
Bo MHZT, ME-FEE I E TR by A BB s b ds DR T, & T
R S DR S IR 5 P ) (R P SR ER, 72 [F) QPSS N B R G ) 5 5 S
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Gk WA S sy 8

TEIR R, WA - AEEDN S EFEE A T B REVIEE IR0 Wik &,
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T IRARFR SRR, AT CRARE PSR BT A2 2 8 0 (1) VR SRS 5, S A i o B2 i v 5 D 28
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A Method for Simultaneous Measurement of Shock Temperature and
Sound Velocity in Transparent Minerals

REN Lei!, GAN Bo!2, HUANG Yugian'!, HE Qing', ZHANG Youjun'?

(1. Institute of Atomic and Molecular Physics, Sichuan University, Chengdu 610065, Sichuan,
China;
2. State Key Laboratory of Intelligent Construction and Healthy Operation and Maintenance of
Deep Underground Engineering, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract: Dynamic compression techniques serve as a critical approach to’generate ultrahigh
pressure and high temperature conditions, with wide applications in high-engrgy<density physics,
geophysics, and defense—related research. Shock temperature and sound yelocitysare key physical
parameters for characterizing thermodynamic states and elastie, preperties. Nevertheless,
conventional shock experiments typically require separate measurements ‘of] sound velocity and
temperature, which increases experimental complexity and may intfoduce state mismatch between
different physical quantities. For transparent materials, previous studieSshave established a method
for the simultaneous measurement of shock temperature and longitadinal sound velocity. In this
method shock temperature is determined from thermal radiation emitted at the shock front, which
transmitted through the uncompressed region; while longitudinal sound velocity (Vp) is derived
from the temporal evolution of radiation signals. In this study, the experimental configuration and
signal acquisition scheme were optimized for tramsparent minerals, and the applicability of this
method under shock melting conditions was evaluated~Natural single-crystal calcite was selected
as a model material. At a shock pressure of, 1157/ GPa, the shock temperature and Vp were
determined to be 3810 K and 9.32 km/s, respectively. Combined with experimental observations
and previously reported phase diagrams, the tesulfs indicate that calcite underwent shock melting
under these conditions, validating the feasibility/0f.this method under shock melting conditions. Our
study provides a feasible approach for simultaneously measuring thermodynamic and elastic
properties of transparent minerals under extreme conditions, especially melting. The results also
provide important constraints forsunderstanding deep-Earth processes and evaluating the dynamic
response of transparent windewsmaterials under high-energy-density environments.

Keywords: shock tempgtature; Sound velocity; transparent minerals; simultaneous measurement;
shock melting
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