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Ct. [Bostedt et a/, Rev, Mod. Phys, 88, 015007 (2016)]
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FHe 2= - Uk e AT d9e 74“1@
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1~ 100 eV, 1 ~ 10 g/cm?), hot dense matter (HDM, )
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2. Warm Dense Matter / Hot Dense Matter2| 44-d
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olof mj=k AEIEE 7}&7] A9 Linac Coherent
Light Source(LCLS) 7} &3 4 dhuto] o3t 527}
4 (isochoric heating) Aglo] AP} [ 2]o ALt

O8 2, (AF) XIeXXt oM H&S S8t warm (hot) dense matter?] A4
S2 0|&5t0] ZITHELD} (REZR) ToUX|UEol MEQ| HIMYECQ! X-M Fot
£ HEStCt, [Vinko et al. Nature 482, 59 (2012); Cho et al, Phys. Rev. Lett, (2

Cho, et al, Phys. Rev. Lett, in press (2017)]
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= 9] At W& E T (x-ray emission spectroscopy,
3 XFELS] %7 o|uiAje] whet
Bk Ka AMER] o RAE Amnlio] 27]
ZQ2.7 g/e)E FARE A= 2L 2,000,000 KO AR
AL EE 7= hot dense matter AR 2 S&71Y F 9L
Qltt. [Vinko et al, Nature 482, 59 (2012)]
2} o 2| 7F K- o] Adtol| L] 2| (1560 eV)H.Th
S5 ool A= XFELY oy A%t st
a Aol HZH U, ol 1s HAto] gk 234
Fol2et7h obd, o2 o] X-A FAF T At
ALAoR F4H & 1s - 2p I Afo]o T2
3 K-&o] YAE= fEE o3 B HolE
ZAi}lo] 7| = &}t}, [Cho et al, Phys. Rev, Lett. 109,
245003 (2012)]

flo &
*fﬁ %

o 2 o rlr AL ot
=

-

X-A B AHEY 9 o]

2 9 o3t o] ot el
T2 340 FAMY F ASAAUES SR ool
o] Zo|(Debye length)7} 23| &obA, A4 9l
3 (potential landscape)E &t SIA THE1 AAE9]
0] 23} o] x| 9] A 3d}(ionization potential depression)
5 S w3t AL Hs Wi}, [Ciricosta et al. Phys,
Rev, Lett, 109, 065002 (2012)] o] A= 1960 ©]
T de wolzolA|aL QY 7]E9] o] 23} oy nY
[Ecker and Kroll, Phys. Fluids 6, 62 (1963); Stewart
and Pyatt, Astrophys. J. 144, 1203 (1966)]°] th3t #j
AE 9 HHFoF A9 H&= o]ojA]aL Qlt}, [Crowl
ey, High Energy Density Phys, 13, 84 (2014); Son et al,
Phys. Rev. X 4, 031004 (2014)] 0|9} 7+ Toux| U=
Fefoll A2 ol g A el gl o] 23t o] HMato] thgh A
o A5 SR At A EAEE, R
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2.2. X-A vAY F5 / £
=0 A7]9] FEL HA9 BEale 23S E5) X-49
ol A= o Al7]of uhet Fs W Fileo] B4y
@.Ei Holohs dAEE RaEIY 470 K-&
S YFo)A 107 W/em? o/Fe] AI71E 2= d XA

P o] Ealgo] Z7)5l= L3} S (Saturable absorption)
4ol WG, ol X-Aol o2 k-] Yol

3}-2-(photo—ionization rate)o] L—AZEE Q] QA 714

S(Auger decay rate)S S713o 2R 75 R Aol
[Rackstraw, et al, Phys. Rev, Lett, 114, 015003 (2015)]
A E SACLAOJA 7 X—-A1& 10 W/ecm? o]A+9] A|7|=2
Aol R &7t AdofA = K-FoT FHoA vtk 23}
T4 dAro| BHAE QT [Yoneda et al, Nat, Comm, 5,
5080 (2014)] o]2h= w2 A u]H2] K-F4t ot
A A X=A8] AI7I7E S7EgRel wER(10 ~ 101 W/em?)
glo] BE2 st Feert Sk o 23 &5
(Reverse saturable absorption) &A= H 1% %Ittt [Cho,
et al, Phys, Rev. Lett, in press (2017)] o]¢} Z-& &7 9]

FAEL 7Jesl XFELRE AALS HYsto] o] g A
olo] Mol5 M= 4= Sl FEit wRlo] glow, A
AR 2ritsS 2Hste] HES AoUA L ez
Fegtth X-A9 HAgAY &/ B @S F
S FEL F29 ¥z 3dd X-A9 94 24, g
X-A o) N 5, XA FgolAe thefet £EY

=]
O|HE o] &3 Hx - Z2H AFE oA ePHal
=]

%1
t} 8.9 keV, 60 fsQ 7 X-A HA = 7}dy & dhgf
of tiste], HEZ oA E o] &3 A7t - ¥t =3l
A 2A-E o] gYF o BT AL Kol

on, ol AgAIAR HolAof ofsf ddF =70
[¢) A

warm dense Ag7} AAAE S AT 4= ql= AFo]



otk [Levy et al, Phys, Plasmas 22, 030703 (2015)] -1
ghof = chofst F7o] MET XFEL 20| diste] HE
% dojA 9] §hAkg, FIhgo] wisks 53 Fhy Aw
% (optical conductivity)?] H3}E ZA3}a o] Eaf A
APLz0] HEE B2} chokal BAL o]t ual sh=
A7t gka] [ Folt,

%‘ = [¢) =
of 4 v o]0 WS e TUE BAL AHT 4 9)
o} olu Wst Skl uet BE] LR 3 4

[Kalantar et al, Phys. Rev. Lett. 95, 075502 (2005)],
H & & (strain rate)[Remington et al, Mat, Sci, Tech,
22, 474 (2006)] W &-§(melting)[Ping et al. Phys. Rev,
Lett, 111, 065501 (2013)150] djat A2 Fa] 19 A}
9 93 Aol et WS STl o ol
(e}
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SH= 49 X4 8] 4157} oFsj Al ¥A|R ) HED
SN 7120 XA UG olgat A / A AT
Lo Aoz ofRoia bl gigleh, 2t
o 222, oA dlo] A2} XFELS 7] 28T
Sl AR EAEo] AUEUA FAYES FH|7] 9
3 A7} ol 2ojxat gk

T~ 4] I AUAIE 2= oA Haof oeff 1
stz SAR] o8 AEEL = Ao HiF HEX
A3 HED oA A% whe-5 AlZake 4
Fout. 2l AAEL 73 GPa2| e o]
—3—717}11 e zo] A4 & L Roz
= , O1F o] sfjats oA SekaE |
Fapgo] wete = Ao] WHE T, [Milathianaki et al,
342, 220 (2013)] T, 1ol 9 Aolo] Tet AT
o]FojZ 1L gl=d|, del2 FAuol &Jsf 14 GPa o9

el o R St A A HEZ (body—centered cubic, bee)
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HFA
=

V AR o] = Ul A WA Z Ao &
A% %t [Gorman et al, Phys, Rev, Lett,

115, 095701 (2015)] ©]2}= HHHZ 18 GPa o]A4te] &g o
A BIAA o] ABHEA (fused silica)o A= 4= %9

AA HAYA (nucleation) W AE]LH}O] E(stishovite) A4

AAo] =7 5t [Gleason et al, Nat, Comm, 6,
8191, 2015];‘]'%74]01]/‘4 oje} 2 =

X
ATl 5% A EHQ} e et Bl A A
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"] A (x—ray phase contrast imaging)< E3| 3ah=
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T Lo
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X-A41 $14F ] ojul g

AGAAL Fo|AE o] & X—A 94} tju] o]

S

1%

a3 4. MEsl X-M 14 ] ojoly AYel e (9l). U=x #
Ao Aol <la ¢
(LEZ offf)ol M SAme| ol wat Y=ot Helshs Ao| L2

A,

=&l CHOjok=E (21F ofzh) of Mepd / MY

[Schropp, et al, Sci. Rep. 5, 11089 (2015), Beckwith, et al,

Rev. Sci, Instrumn, 88, 053501 (2017)]

2 EEES 1uA e ME YR dr wals 2%
T4 Qe HRE AE I Qo AE YRl A9 4
uto] 2]l w2 EA Y & o|¢h, Ei= Flo]A o] ¢
3 7tdE B4 yRe dE wstE A JER: 9
Uien g o] Bl oz AZgtste Aol [17 4]
A 2304 XA 91 div) ojud Ao e s Hol
F1 9t} tho] WiEE AR 2 o] &5t =4 ~
s Yool o] 37|82 48 XFEL ¥l HE2 4%
H(point source) 22 g E|o]  ofof] FALE thojobEE

AbsHE /A ME YRA FFTH Hatg od]
J @ 5 ASS BT} [Schropp, et al, Sci. Rep.
5, 11089 (2015); Beckwith, et al, Rev, Sci, Instr, 88,
053501 (2017)]
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A A, HAF FEZ(electronic structure) Z A=A} oF
712] A A (short-range order)2] H3}of tff

& 2 9lth A X-A ol A P31 SASE BAL o]
o5 B 1Y AT oF 20049 ATUE ol§
3] WDM AMeo] ZelHd L-g4te] WHals ddshe=

Aol 7ottt A BoFU}. [Gaudin et al, Sci,
Rep. 4, 2724 (2014)] 3F¥H 130 GPal & =HE= A
K-Fott ofl% 2uEdel 248 $9) SuzuTz
(hexagonal—closed—packed, hcp)o| 4] 3d — 4p HI=9] 5}
olHe|=3lo] of5f it MatE ARSI o9k &
o g 2uEde) Hae A9 BN FRUL
(Hugoniot) H412 whel MHAISHE 913 3T, olF 1}
2o = ohd A (adiabatic release) A oA HAYS=
L] AFE U (density of state)2] W3}l T = o] Q)
o, TuYQ ZAE ot oA oF 260 GPa, 5680 K
o|Aro Al &-§H2S AJAFSHCE [Raji and Scandolo, High
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Pressure Res. 34, 250 (2014)] So] &4 JEET 9= Zo|th, Y o= E3TFET
AT AR ol Aot HEZ Fol A AIAFS &

4, w3 &sto] WA} 7Hed AR o dHTh 53] PAL-
& FojAe AR I AE o] &3 AoUAUE  XFELY| FUI AXHE7ISE 5, 5713HE 214 =4
=5ke] T AFEol tis) AmuEgit) dof|AE €M (extreme ultraviolet, EUV) 3¢ ¢ 53Hd A4
= SHEE, S A-dAlEe, 1t 0] FF Aoy g AFoA AFHor §g
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