Double Shock Compression in Polystyrene to ~8 MBar
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We observe doubly shocked states in polystyrene (CH) up to pressures of ~8 Mbar and

temperatures of 3 eV Um
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» Double shocks allow us to explore off-Hugoniot states of materials pertinent to planetary and ICF
physics
» Our doubly shocked CH data shows cooler, less dense, and less reflective states than those on

the principal Hugoniot for similar pressures

» Using a Drude Model we infer that the reduced reflectivity is a result of the lower ionization in the

cooler and denser double-shock states and compare these data to similar experiments on CH
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Double Shock Compression allows us to probe states off a material’s Principal Hugoniot g
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« Recent studies have observed diamond formation in doubly shocked polystyrene, an important result for
the study of ice giant interiors

 This result has important implications for ICF where it is thought that formation of diamond in CH ablators
lends itself to RT instability growth
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Technique

VISAR traces the motion of reflective surfaces while SOP records shock self-emission
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VISAR is able to detect the single, double, and coalesced shocks in our experiment UR
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Data & Analysis

Shock velocity and reflectivity are obtained from VISAR UR
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Data & Analysis

Shock velocity and reflectivity are obtained from VISAR UR
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Data & Analysis

We use SOP to infer temperature UR
LLE
Coalesced Shock Sop. 55708:
40 - : . : : —  State
35 600
3.0 . 4000
; ] 500 —
v 257 ' 3000
v ] : 400
= B v «
‘é & . E 2000
a 15 - : a 300
§ . 1000
10 - i
: o 200
0.5 1 :
0.0 ; -1000 100
6 8 10 12 14 16 I | . . |
Time (ns) 0 2 4 6 8 10 12 14 16

Time (ns)

Double Shock State

“:@(‘Eﬁ;- RUN!VERS[TYnf




We observe double shocked states with densities of ~4.0 g/cc up to ~4.7 g/cc UR
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We observe double shocked states with densities of 4.0 g/cc up to 4.7 g/cc
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We observe double shocked states with densities of 4.0 g/cc up to 4.7 g/cc
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We observe double shocked states with densities of 4.0 g/cc up to 4.7 g/cc
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We observe temperatures around 3 eV for the double shocked states and 4 eV for coalesced

states UR
LLE
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Reflectivity of states on Principal Hugoniot saturates at ~40% while for double shocked states we
observe reflectivity at ~30% UR

LLE

0.6 1

0.5 1

0.4 1

» Double shock reflectivity is significantly lower that
0.3 | —— that of single shock CH

Reflectance

0.2 -
—— Weighted Hill Function

@& Barrios et al.
0.1 - 4 Coalesced Shock Data (This Work)
% Double Shock (This Work)
00 T T T T
2 4 6 8

Pressure (Mbar)

B9 ROCHESTE




Using a Drude Model we infer the ionization Z in our singly shocked and double shocked

states UR
LLE
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Summary/Conclusions

We observe doubly shocked states in polystyrene (CH) at pressures of ~8 Mbar and

temperatures of 3 eV Um
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» Double shocks allow us to explore off-Hugoniot states of materials pertinent to planetary and ICF
physics

» Our doubly shocked CH data shows cooler, less dense, and less reflective states than those on
the principal Hugoniot

» Using a Drude Model we infer that the reduced reflectivity is a result of the lower ionization in the
cooler and denser double-shock states and compare these data to similar experiments in the

literature
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Guarguaglini Self-impedance Match
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Guarguaglini Self-impedance Match
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Preliminary Data
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Semiclassical Drude Model
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Using the Drude Model, we can express the dc
conductivity as a function of ng, the carrier
density, as follows:

The complex conductivity is given below:
0o
(1 —iwt)

Assuming that the shock fronts can be taken
as Fresnel reflectors, i.e.

o(w) =

ng — i ()|’
ng+n(w)

R(n,) = |
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Taking advantage of the following equivalence, the
ionization Z, (and equivalently the electron density ng =
Zn; ), can be obtained self-consistently by fitting the
reflectivity and subsequently the dc conductivity:

Wy (Ne)? i\ 1 .
n(w)? = g, — p((oze (1 + wlre) =1+io0(w)/sw
2 — nee” T, =2 (Ioffe-Regel limit)
(Up(ne) _mego € vy

The parameter Z is varied until model R(532) matches
observed reflectivity
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The observed reflectivity of the double shocked
states fall significantly below the saturated
reflectivity of ~40% observed in the literature

This, coupled with the lower density and cooler
temperatures observed, give insight into the
interesting carbon/hydrogen chemistry in these
regimes
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