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Figure 1 Phase diagram of high-energy-density matter that can be
achieved using different drive methods.
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Figure 2 Homogenous high-entropy-state generated by direct intense heavy ion beam shooting (left), and WDM state created by means of cohesive
compression with hollow beam (middle) or spray compression with circular beam (right).
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Figure 3 When heating Pb target with high-energy U beams, (a)
single ion energy loss and (b) transverse beam distribution as functions
of the incident depth. The energy loss of single ion in the plateau region
(area in front of Bragg peak) almost stays the same and the widening of
beam spot caused by plateau region scattering can be ignored.
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Figure 4 Dependence of the effective heating time #, of the ion beams
on the number of ions in one pulse N and the full width at half maxium
(FWHM) of the beam spot.
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Table 1 Parameters of U-beam at GSI, FAIR and HIAF and the corresponding energy density that can be reached when heating lead with U-beam
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GSI 0.4 4x10" 1 0.6 300 2 GW 2x10"
FAIR 1 4x10" 1 15 100 0.15 TW 2x10"
HIAF ~1.3 5x10" 0.7 25 100 0.25 TW 5%10"
HIAF-U” ~4.4 2x10" 0.7 300 30 10 TW 2x10"

a) FEH T SR A ] 25 G IR 0 0 St v 2
b) HIAF T} 2524 & (HIAF-U) [ 2 B35 4%.

THBNEERE (Jmd)

1010 1011 1012 1013 1014 1015
1000 T : : : .
100
N
o
% 10
08
oy
0.1

10° 101 10M 1012 1013 1014
BIOPESEZEN/r2 (N/mm?)

Bl 6 SEbRFAZEeHREEMLIL, HIAF AT BT
LA 25 SRV A R R RS

Figure 6 Comparing with the other typical advanced accelerators in
the world, HIAF and its upgraded device could generate a wider range
of high-energy-density states.
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Figure 9 Key scientific and technological issues of HEDP driven by ion beam.
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compression [20].
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Figure 18 Proton beam density evolutions in plasams. The initial
profiles of proton beam are Gaussian distribution (a)—(c) and flat
uniform distribution (d)—(f) [92].

R E S5 B TR TR SO RS 2 Pl e M FEL AN R E T,
X B IR . RELREVR - EEEN R
M, JH R — A K R LR B AN R M il 2 U A Fat
EME, BLFEYN R L B RO A FR e MR ) b R BURAS
FoE e, NN ISE TR, BIRGIARRE MR
SRAFRE M) & S MA. T IR S B TR,
) b SR AR I & SR, XA E
P2 BT IR A S B E M B Re e A S5 S AR F iR
B i R AN e MR 2 T S B A P R R T
INTEFHRIEEZ NS S TARN, HEKEIEL TSR
TR T8 B BT A B, AR AL 2 gk 2
WREE TR TRERE TR ER. FEEAN
FROE MR, R IR g m, SR
ARG FEYN A L7 A 5 B O ) R

PATRF = 4E 05 ok TR AR P 7 T RS
R 72 MR B 5 7 SRR 1) O™ AN rh S Tk
B REBER2x10 m”, IR BE R4 eV, WG
B N1.5x10"7 m™, RS0, BEER

112004-14



BAKESE, REER P JitE RICF 2020 4F 55 50 B B 11 H

B N330 keV, YAl ENESER, 2l —BL IR B S,
JBR T 5 P AN P 1O . PR o 5 TSR Azl £ A 3
NS, Wz IE 7 AR MR DA B AT
SR B I J5 7 D S A ) ) 300 e B o

WIS T B TR A I AT DLE B
T RENBISE b, T RAESE TR
FEE R R, tnE20() iR, IXFR G R
W37 B o I TR HEAT R A AL R 45, 07550 T o %
J3E L JE B 0 R /N kX R £ 5
T BE I IOR TSR A 1 7 (B20(b) R (c)),
BRAEFFR, 5 0T R A ) R I O SR k.
BT R AR 5B TR R DL R 4
B TR A e, B TR, BT L R B
5 BFRIEFESHEFRE
R
51 SHRBETFESHRE

AR H AT AR ST AR HOR E 2 R T £
AU, E T SRR R, XS R i 5 B
FEA TR, BIASTEEEE . YIR % B4y R IR
at AR AT, e 1 S 4 J A R 25 1 4% (A ) 7
T TCiELE N . EREE TR T E B 1) A
Py b BA R K SRR, AT BLSEBLR AR A i 12
W, RIS B T SRR S AR B R R B A TE . AR
G283 . B 5 B R 7T 2% 2 B R 5 2 b R 1
BoRESRS AT EMN. I H T35 7Rk
FA e m U, 7528 2 AT AR R R 33
MIMIFETE. &5 AT Bt 5 JR Ak A R UG F R,
2R B A R v R % B AR AT IR, M
ARTEAT )RR, X ERA RN 7L % 7] 25 %
FERE RIS RS HEA R B A EERE X, [
I LA T B ) I T

FRATRI I T CSR 3| H ) 5 BERK 35 T30 A
(¥ H AR HEAT T 55T AR IR 5E, A B T o G A oK o
JRAGIESRAS T 2 FhRE BB B R AR 4 . R S 2
%mamﬁﬁw,ﬁmxaumﬂT%wmmwﬁg
TR AR G455, 2105 FEEE 1A F150 pm, [H)
I FRAT TR A ) R R v, O AN A N S B TR
B, O AR S AR S B AT A T X, B T4
STEMEI TR, ELARMLGER] TR i A B — e ik A

YIRS 12

10 g4 32 0O

Bl 19 T B A I = 4EPICKLLAE AL, I rp o 7 A
Al 1E Ty AR
Figure 19 Beam density distribution from 3D PIC simulation. In the

figure, the proton beam propagates along the positive z-axis direction
[93].
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Figure 20 Longitudinal electric field distributions in plasma at
different times [93].
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Figure 21 Radiation imaging of IMP markers and watches by CSR high-energy carbon ions [94].
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High-energy-density physics based on HIAF
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High-energy-density physics (HEDP) deals with the study of matter under extreme conditions with an energy density
higher than 10" J/m’, corresponding to a pressure of 100 GPa. Such matter exists in abundance in deep interiors of the
planets and stars. It also exists for a short duration during nuclear explosion and the loading of high-power-pulsed
machines. HEDP is the international frontier of national security, astrophysics and fusion science, and it is also one of the
main scientific goals of the high-power laser-facilities, Z-machines and heavy-ion-accelerators. Herein, the HEDP
research based on High Intensity heavy-ion Accelerator Facility (HIAF), which is the “12th Five-Year Plan” national
major science and technology infrastructure, will be introduced. The HIAF is advocated to provide the world with a
heavy-ion beam with utmost high power. The energy and power of one beam pulse is about 100 J and several TW,
respectively. With such a high-power heavy-ion beam, heating a solid-state lead sample, for example, could generate
homogenous high-energy-density matter with a spatial scale from mm to cm and a temperature of 10 eV, near-solid
density, and energy density of 10" J/m®. Thus, through the HIAF, the generation, properties and evolution of high-
energy-density matter can be investigated. This paper also reports the state of the art in the field of HEDP based on HIAF,
including the generation and development of high-energy-density matter driven by a high-intensity heavy-ion beam,
micro mechanism of interaction between the ion beam and dense matter or plasma, and key diagnostics of the high-
energy-density matter driven by a hevy-ion beam.

high-energy-density physics, High Intensity heavy-ion Accelerator Facility, ion beam and plasma interaction,
wakefield modulation, high energy electron radiography
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