NMHCTUTYT ®UN3NKA
BbICOKUX OABNEHUI
nm. J1.®.BEPELLLATMHA

Poccumnckom
AKagemumn Hayk

XV KoHdepeHuus (LLUkona) monoabix y4eHbIxX
NPOB/IEMbl ®U3UKU TBEPOOIO TENA U BbICOKUX AAB/IEHUI

naHcuoHat MI'Y "bypesecTHuk" (Couun, BuiHeBka)

da3oBble nepexoabl pnona-donona
NpuY BbICOKNX TemnepaTypax

CautoB .M., HopmaH [.3.

OE'bE.UMHEHHbII/I
19 ceHTAbpPSA

2016




Outline
1. APPROACH

2. VALIDATION OF THE APPROACH

2.1. Reflectivity from sharp wave front
2.2. Reflectivity from broadened shock wave front
2.3. Brewster angle
2.4. Conductivity
2.5. Plasma frequency

3. APPLICATION TO PHASE TRANSITIONS

3.1. Conductivity
3.2. Density of electronic states
3.3. Plasma frequency
3.4. Pair correlation function
3.5. Specific volume
3.6. Metastable states



1. APPROACH



@flectivity with shock wave frcD

Reflectivity X |

Plasma _<:
frequency

Dielectric function
ZL7T2(32 ZEE: ;2\A4< '[: f ( EEn’k ) - f ( EEnk ):]
30°Q = E. - E.— h(a)+ i77)
X ‘<l//n'k ‘va‘l//nk>
Non-Local o - '
= h) |V
otentials V=p/m+(i/n)|V(r,r)r]
Longitudinal expression
: )= f(E
EL((O,Rl):l—4ﬂ-e2 lim 12 2w, |:f(EJ,k) (E"l_“q)]x
Q @ogf 5% Eiy —ZEj,k—h(a)Hn)
exp(iqr)“{’j,k>‘

& (oR))=1-

i,k+e,q

Pair distribution
function

x K\P
{}

DFT Kohn-Sham + Molecular Dynamics

m

)

Electron density of states

X ‘ Brewster
angle

AConductivity

- Ea () (V) 0= KM

Equation
of state




< Reflectivity with shock wave front_
Brewster
angle

Reflectivity

e =&Y +i-g?
Longitudinal expression
[Kramers — Kronig transformation

DFT
@ Non-Local potentials %
Plasma
frequency Conductivity

\

Electronic density of states




2. VALIDATION
OF THE APPROACH



2.1. Reflectivity from
sharp shock wave front
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Reflectivity from sharp shock wave front
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Calculation parameters

A =1064 nm A =694, 532 nm
p, g/cm? T K p, g/cm? T K

0.51 30050 0.53 32900
0.97 29570 1.1 33100
1.46 30260 1.6 33120
1.98 29810 2.2 32090
2.7 29250 2.8 32020
3.84 28810 3.4 31040




Motivation: shocked xenon plasma reflectivity
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2.2 Polarized reflectivity
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2.2. Reflectivity
from broadened
shock wave front
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Reflectivity from broadened shock wave front
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Normal reflectivity from broadened shock wave front
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Normal reflectivity from broadened shock wave front
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Polarized reflectivity
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Polarized reflectivity
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2.3. Brewster angle
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2.4. Conductivity
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2.4. Conductivity
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2.5. Plasma frequency



e =&Y +i-g?

Longitudinal expression
[Kramers — Kronig transformation

DFT

@ Non-Local potentials

Plasma
frequency




2.5. Plasma frequency
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BbiBoAbI |.
B pamkax Teopun doyHKUMOHaNa NfOTHOCTU NpeanoXeH noaxon

[Nl CaMOCOrNacoBaHHOIO OMUCAHUSA OMNTUYECKUX N INEKTPOHHbIX
CBOWCTB pa3orpeToro nioTHOro BELLLEeCTBa

1. NpnmMeHeHne BbipaXkeHua Ans npoaoribHOro TeH3opa
OU3NEKTPUYECKOM NPOHNULAEMOCTM B paMKax Teopumn oyHKUMoHana
NSIOTHOCTU 3aMETHO Yry4dLlaeT cornacme ¢ 9KCnepuMeHTOM.

2. [lpMeHeHbl nonpaBkM K pacyeTy KoadoduumeHTa oTpaxKeHus,
yyYnTbiBalOLLME HEOOHOPOAHOCTbL NPOdUA NSIOTHOCTU Ha
rpaHuLe pas3orpeToro nNinoTHOro BeLLEeCTBa.

3. IpoBeaeH pacyeT KoadhPULMEHTa OTPaXKEHUS Kak angd
HOpMAanbHOro NageHns nasepHoOro U3nydYeHunsa, Tak u ons cryyvyas
nageHuns nog yrrom.

4. NpepnoXxeH MeToa pacyeTta nna3MmeHHOW YacToTbl NPU BbICOKMX
TemMnepaTtypax ¢ MCnosib3oBaHMeM npasuna cymm. ogxon
NO3BONAET HANPAMYIO CBA3aTb pe3ynbraThl pacyeTa nna3smeHHou
4ACTOTbl U KOIMAULIMEHTA OTPaAXKEHMUS.



3. APPLICATION
TO PHASE
TRANSITIONS
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3.1. Conductivity
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3.2 Electronic density of states

Semiconductor- metal transition [7] in liquid Se
Gap formation investigation

“./
NG
20 A
fE—Ef,eV
° T o 1 3

Hydrogen

50

40

30

20

10+

19(0),ev™ ol
o
T =1000K
£, g/cm?]

5,0 5,5 6,0

2.5+

2.0

1.5

1.0+

0.5

0.0+

g(0),ev™ N
A
A
YAN
NN p. g/ cm’]

0.70 0.75~0.80 0.85 0.90



e =&Y +i-g?

Longitudinal expression
[Kramers — Kronig transformation

DFT

@ Non-Local potentials

Plasma
frequency




3.3. Plasma frequency
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3.4. Pair correlation function
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3.5. Drop of the specific volume
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3.6 Metastable states
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BbiBOAbI.
da30Bble Nepexobl NEPBOro poada B XUOKOM CENeHe U BoOopoae

paccMaTpmMBalTCa B pamMKkax CaMOCOrnacoBaHHOro noaxoaa Ans
OMNMUCaHNA ONTUYECKUX U INEKTPOHHBIX CBOMUCTB. OOHapyKeHbI:

1) cka4yku aneKTponpoBOAHOCTU U NIIa3MEHHOM YacToThbl B
NNOTHOM pas3orpeTomM Bogopoe B obnacTtu ¢as3oBoro nepexoaa.

2) 3aKpbITME LWENN MeXay CBA3aHHbIMU U CBOOOAHbLIMU
COCTOSAHUSIMU B Y3KOM AnanasoHe MioTHOCTEN
B )KMKOM CeneHe 1 BOAopoJe.

3) 3aMeTHOEe U3MeHeHMe CTPYKTYpPbl B Bogopoae; npu dasosom
nepexoge nponucxoanT MoOHU3aUms

H,=H,"+ e

4) cka4yoK NAOTHOCTU 1 obrnacTn metactaburibHOCTU
Ha nsotepmax 1000 n 1500K B Bogopoae.

PaboTa nogaepxana rpaHtom PH® 14-19-01295
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Convergence (summary)
INn number of k-points in the Brillouin zone
IN number of particles in the supercell
In frequency range

INn number of ionic configurations

Relative error is ~ 5% - 30%
depending on density



Dependence of reflectivity
of shocked xenon on density
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Dependence of reflectivity
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Calculation parameters

A =1064 nm A =694, 532 nm
P, g/ct TK P, g9/ct TK
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Plasma frequency of liquid
selenium at p=5g/cm?3
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Dependence of plasma frequency
on density In the liquid selenium
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Dependence of charge density in plasma of shocked
Xxenon on concentration of neutral atoms
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