) 32 % 3R Acta Phys. Sin. Vol. 74, No. 9 (2025) 094701

FIF Aardvark F2 il HIAF FEiRES TR
RIS EEREYRIRE
ZEED  BEA&ASY0 BAVIVT FEEI FEEUY ¢ AR
EEAD ALY AERD REION A0

1) (h ERFEBET U ER ST, 2291 730000)
2) (ALK Az, MY SEARPTE TG, LT 100871)
3) (PEFBEBERE, dbaT 100049)
4) (JeiltRelRRF SEARTRAE L E, 20 516000)
5) (LI R Y3 5l TREAEBE, 22 730070)
6) (TP AmBEYBREIITEBEA FRA ], BRI 518000)
(2024 4F 11 H 4 Hig#); 2025 4 2 A 18 HULEHEEH)

i L B 1 SRR B AR ) e RE R B ) SR A AR RS I A PRI RN R AR AR B R, e
PIBRBTSEARAE TR AR FE R, FRIE - T MU A B AR U R 2 T R B (HIAF) QA B, o o g 7
AR EN ) R BE R B Y B IR DT S B R A9 S50 & SR A HLIE. ARSI T HIAF b T JOR S AT, A
A BV B — 4R SR A TR Aardvark #E4T 1 BUERBE TR, S0 1428 R 5 BV RAR AR R Rl AR )
BOIRAS. Z5 IR s 1 E S TR AR A R v, S R 7 B Y AR ORI R | TSR A B Y e A
KGR, LASEEY U AL 7 AR B ICT AR Y 2 DX BIF5 2 SR T B 7 O iR B2 BB A 4R T, B B TR SRS 2
BRI AL A a3, UM BN RIE S | A T bl . AT TSI T B S R S 2 R SO AR
PR R BOIR S S B . ARG A HIAF b o B K Sl 1) 5 e 1 25 B2 40 BRSC B I 50 R $i
PLEEA TSR T, 1 HOATR AR S e B P o)) 2 | S SRR PSSR A T OGN B S0 X TAR
R 0 L A 5 B R 3 1 e s P A B AU ) 5 T A e P A

KB SRV A T, SRR LY, WS, Aardvark BEIY, G0 I B TOIH R
PACS: 47.10.-g, 47.11.Mn, 52.27.Gr, 52.65.-y DOI: 10.7498/aps.74.20241553
CSTR: 32037.14.aps.74.20241553

oS5 R 1 Mbar (1 Mbar = 10" Pa) f—

B PR, X FR S PO TR L K
FUFT R N L R R R, A TAT

FRER W USSR B R T 101 0/m? R R AR SR R A T B A R 2

*EGE AR TR (S 2022YFA1602500). [EI5K A SAFRE A (LS 12120101005, U2430208) . H i & #h 5 £ 55 A [
R IR T A4 (EES: E339121S) e liyifE.

t BfE1E#H. E-mail: chengrui@impcas.ac.cn

T BEE1EH. E-mail: kangwei@pku.edu.cn

1 WE1E#E . E-mail: chenlw@impcas.ac.cn

© 2025 FEYIEFS Chinese Physical Society http://wulixb.iphy.ac.cn

094701-1


http://doi.org/10.7498/aps.74.20241553
https://cstr.cn/32037.14.aps.74.20241553
mailto:chengrui@impcas.ac.cn
mailto:chengrui@impcas.ac.cn
mailto:kangwei@pku.edu.cn
mailto:kangwei@pku.edu.cn
mailto:chenlw@impcas.ac.cn
mailto:chenlw@impcas.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 9 (2025) 094701

SRR A IR, L 2R B A ] B ) B
Mf a2 — V2 Qa7 S = AT A%
PIBOIRAS R AT 45 SEGERI9E) . WIS R PR
AT s e B T, e T U I 1Y)
SERZIIE AN [P S e T W ot Bt i R 7
FE SR SO . Z 4 (Z-pinch) | AL A2 L
PSEL T - R ) B W AN TR S AN - i
T 0 2 ) SR I T S R Bl 7 A 1 1 B R
VI HA LUT 58 HRetE: BEMIARRUR 25 [ 0 A 1y
5] MBI IS 2R | SCI0 R B M 5 SRR S
I O ORI SRR, NG R R S
PRSI R 45 5 RIS E ) 7 =K, E RIS
Has 18] NI JRAR GBS, WA R b T S IR 5%
MRE IR TE S RGN, TR RE i w EE Y B B o
LR AN 22 i R sl OB & SR,
BOARRE R R R AR I A B ) TR 07,

T B b 356 T R TR o 3 48 2 R S TR
UK h 1w e Y P A B SR LA R A 92
LBNL () NDCX-II, %} ITEP ) TWAC Fl
EE GSIH FAIR %5, FE “1 — H7 iR & KR
¢ BE Al 152 it 5 O S R A5 26 (high inten-
sity heavy-ion acelerator facility, HIAF) i H [7,
P2 T IR R A T S T AR Bl U R
SEEOE e R Y ERMESY TAE, U5 A
A3k 10" ppp (particle per pulse) [ U B3, H.
BT RER A 0.5—1 GeV/u, K N 50—
200 ns, WEER R 1 mm K. WK 1 AR B IE7E
HIAF |00 A A 15 vy A 1 2% 3 ) B S 0 F 58 19
Lviig, KIE T MRS H A S2WHE AR, HF;
Sk [ 1) 5 B R R W BRI S TR GBI IG . 6 1
XTEE T FAIR & HEE T IEAFIEZK (HIHEX)
FAR B DL} HIAF 2368 0] 20 51 7= A B 8 B R 1
R SEL . HIAF 25 B AN REMS At o 5 L fof 2
5 R R R Y S R, R B TR K TE L g
[ = =375 N il T SR = v s S N ACI WD S35 S
A R i B BOIR S B T B =X J B AR
1k, FAIR 3 H #F AR 5 2212 , 1 HIAF %< & 76 ]
TV IR oA e — B a] K A ] L P — R 1] i
Tt 0 RE T B T AR O 31 A R R R % R ) I Y S
REH, TFR RGN 5 K o R R SR
PRI TAE. Gl S0 2 1T, & e Fn A it A
AR, 50 HIAF FRYR S S

P SEB0 T R BEERAU T3 AT, JF S T g
RERH Y B EALT N, REHPES RN
WU, $B 7R B AR 2 A | R AZ Ry PR 5 (] A5G
WA, EL AT A S SO L. 1203 AR
REXTARA Y FR B SR AR O 1 275 45 R S i
WEPERYEOAR TS .

\ SECR
TER
i =
2 iLinac

Pl 1 HIAF 238 A J5) 5 BE de 2 B ) 252 0 24 3 )
Fig. 1. Schematic of HIAF and a high-energy-density phy-

sics experiment terminal is equipped!).
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Table 1.  Comparison of parameters of heavy ion accele-

rator device.

HIHEX@FAIR  HEDP@HIAF
Ton U2s+ U9+
E/AGeV 2 0.8—1
Intensity /ppp 2 x 1012 (0.1—2) x 1012
Pulse length/ns 50 50—100
AE/E +£1% +£0.5%
Beam spot size/mm 1 0.5—1
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Fig. 2. Schematic diagram of the design scheme based on
the interaction of the uranium ion beam and the lead tar-
get on the HIAF: (a) Schematic diagram of the energy de-
position of the ion beam target; (b) schematic diagram of
the interaction of the uranium ion beam with a cylindrical
lead target. The red dotted line area indicates the location

where the energy is deposited the most, the Bragg peak.
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Fig. 3. Variation of the beam parameters with radius at different beam energy levels, with a beam intensity of 1 x 10" ppp and a

length of 100 ns: (a) Specific energy deposition; (b) T,; (c) density; (d) P.
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Fig. 4. Matter state parameters when the beam energy is 500 MeV /u: (a), (¢), (e), (g) The comparison of matter state parameters
under different beam intensities (1 x 10'%, 1 x 10! ppp), with a bunch length of 100 ns; (b), (d), (f), (h) the evolution of matter

state parameters with a bunch length of 150 ns and a beam intensity of 4 x 10'! ppp.
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Table 3. Maximum values of the state parameters of target materials at the axis as ion beam intensity changes.
Target In;‘;‘ity p/(gem™3) P/GPa T./K  E/(kl-g~') || Target In;;r;ity p/(gem=3) P/GPa T./K E/(K-g~1)
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FE AU [ AASE (Pb, Al Au Al LiF) AH T4 89 %X
(ERLBIE 5. HA AU S HOR - B 7 A bk it 18] Sy
100 ns., AR BE AN 1 mm, B FHRAER N
500 MeV /u. % 3 5 T IEA [ & AR T,
SRR O X IR (E RS SEL (IR W R

094701-7

Si AR TR I RERETORY). LAY (Pb) i, HoAh
O DR BEETE AR TR 107 ppp B, B4 0T A IR
i THAE T (600.6 K), 5B 5 M A A5 22 0
B X —HARBGRY], RS AR E A X B AR Y
HRRE T RIVR] A A oy e At A, AT 2 e HE R A


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 74, No. 9 (2025)

094701

JESR. M RHE LR 6 L2 M T AR AR S R
AR — LA R, B RAES (Au, B8
1337 K) HaR g g 21 25 5l cs 5B 2 3T 6 B
AR 5 P L T3 R O e B A HE T IR R T
%, XSE LRI EOmR AT, MR IE AT T
Shy Xt LA S5 R 1) i DT RRURIR SR AR AL HL B LY
M. AR TAE Ry 5 B8 R S HE Y AH EAE R Y £
OB AR T OGS S 7%, JUHOh HIAF 68
AR Y E S0 R B A B T H S
HEf).

4 % b

ASCHIH Aardvark 27, £F % HIAF 25 8 A
FOL SIS A2 (0], SR T Al S TR 5 2 A
(A AR A R, a5 80 R 0 A, B0 UE T
TR T TR TN 5 RE 1 2% ) B R A 5 vp g
PR, T, TEANIC SR T R 5 ) B S
PIREE TR IR E | 2% AN s RS S0 1 i
FEEMG, FEEEST T AN RIS B 2, S PR
S v e B BOIRAS AR a AR TR
BLRHNE S H. B B AR B ARG, FEY)
P, AT 5 A T AR A A e i 7 A
LG RS RERN, EHEE IS AT,
A 1 e RE T 2% B ) B A 1 O A AT IR 28
(B AR 24150 A AR 2 ot X 38, B S T T L
BRI H ZTAEMARTE HIAF 28 IR
AR L RGPENY R RE L B B e e AR T
E A HNE R

S 0k

[1] Zhao Y T, Zhang Z M, Cheng R, Hoffmann D, Ma B B,
Wang Y N, Wang Y Y, Wang X, Deng Z G, Ren J R, Liu W,
QIW,QiX,SuYW,DuYC, LiFL,LiJY, Yang J, Yang
J C, Yang L, Xiao G Q, Wu D, He B, Song Y H, Zhang X A,
Zhang S Z, Zhang L, Zhang Y, Zhang Y N, Chen B Z, Chen
Y H, Zhou Z, Zhou X M, Zhou W M, Zhao H W, Zhao Q T,
Zhao Z Q, Zhao X Y, Hu Z H, Wan F, Li J X, Xu Z F, Gao
F, Tang C X, Huang W H, Cao S C, Cao L F, Sheng L N,
Kang W, Lei Y, Zhan W L 2020 Seci. Sin.-Phys. Mech.
Astron. 50 112004 (in Chinese) [#X 7k ¥, ik 7 R, # 8,
Hoffmann Dieter, D51, FA4E, FHit, F2%, &R, &
B, XUER, F546, 508, AR, AN, 2R, 2R, AR,
R, Y, HEE, R0, R, R, kN, skilts, 5k
H, TRHE, ST, BRASIE, BRIELT, JAME, %], RZER, &a
T, A, BoRE, BIER, WIRER, Tk, SO, IR0,
K, FEAERE, 0y, BRI, AR, SRR, B, R, A
2020 HERRE: PBEAE i R 50 112004)

2l

(10]

(11]

(12]
(13]

(14]

[15]

[16]

(17]

(18]

(19]

20]

(21]

094701-8

Cheng R, Zhang S, Shen G D, Chen Y H, Zhang Y S, Chen L
W, Zhang Z M, Zhao Q T, Yang J C, Wang Y Y, Lei Y, Lin
P, Yang J, Yang L, Ma X W, Xiao G Q, Zhao H W, Zhan W
L 2020 Sci. Sin.-Phys. Mech. Astron. 50 112011 (in Chinese)
(R4, 5Kk, WA, BRIELL, SKAEIW, BRRSC, skF R, @4,
W, EME, B, HOF, B, B4, S HET, 8
B, B30k 2020 HERRE: PERA: Iyt R0 50 112011]
Ren J R, Wang J L, Chen B Z, Xu H, Zhang Y N, Wei W Q,
Xu X, Ma B B, Hu Z M, Yin S, Feng J H, Song S S, Zhang S
Z, Hoffmann D, Zhao Y 2021 High Power Laser and Particle
Beams 33 012005 (in Chinese) [fE3f4h, TR, BRARIE, #Ri,
T, BOCE, A, DA, SR D, IR RIS,
ikt B, Hoffmann Dieter, 87k ¥ 2021 5% #5875 33
012005]

Ren J R, Zhao Y T, Cheng R, Xu Z F, Xiao G Q 2017 Nucl.
Instrum. Methods Phys. Res., Sect. B 406 703

Zhao H W 2024 Mod. Phys. 36 42 (in Chinese) [BX£L 1. 2024
AR HLSIIN 36 42]

Sharkov B Y, Hoffmann D H, Golubev A A, Zhao Y T 2016
Matter Radiat. FExtremes 1 28

Zhao H W, Xu H S, Xiao G Q, Xia J W, Yang J C, Zhou X
H, Xu N, He Y, Ma X W, Yang L, Chen X R, Tang X D,
Zhao Y T, Sun Z Y, Wang Z G, Hu Z G, Zhang J H, Ma L Z,
Yuan Y J, Zhan W L 2020 Sci. Sin.-Phys. Mech. Astron. 50
112006 (in Chinese) [RX£1 T, #RI3, & EH, HHESC, HEAL,
JRNEL, VA%, R, ShSC, R, RIBOR, REIREAR, K I, P
HT, EdOL, HIER, SRR, Bk, A, B30E 2020 1
[ERbF: PRy Jy2 R 50 112006

Hoffmann D H H, Fortov V E, Lomonosov I V, Mintsev V,
Tahir N A, Varentsov D, Wieser J 2002 Phys. Plasmas 9 3651
Liao L R, Liu H, Yang Y L, Mo C J, Chen L W, Zhang S,
Cheng R, Zhang P, Kang W 2024 Chin. J. Comput. Phys. 41
1 (in Chinese) [BIMHE, XU, BUKIR, B, BRR L, KA,
B, T, Bk 2024 154 B 41 1)

Peng H M 2008 Radiation Transport in Plasma and
Radiation Hydrodynamics (Beijing: National Defense Industry
Press) pp243-253 (in Chinese) [ # R 2008 &5 & 1M b 4
Hris ARSI (Ao EBE Tk AR 55 243—253 1)
Atzeni S, Meyer-ter Vehn J 2004 The Physics of Inertial
Fusion: Beam Plasma Interaction, Hydrodynamics, Hot Dense
Matter (Vol. 125) (Oxford: OUP) pp371-408

Mihalas D, Weibel-Mihalas B 1985 Foundations of Radiation
Hydrodynamics ( Oxford: OUP) pp235-258

Wang Y N, Ma T C 2020 Chin. J. Comput. Phys. T 235 (in
Chinese) [EAAF, BiEA 2020 T3 7 235)

Zhang Z M, Qi W, Cui B, Zhang B, Hong W, Zhou W M
2023 Chin. J. Comput. Phys. 40 210 (in Chinese) [J%& &, 5%
Hi, AR, TR, B, RI4ER 2023 TR 40 210]

Couillaud C, Deicas R, Nardin P, Beuve M A, Guihaumé J
M, Renaud M, Cukier M, Deutsch C, Maynard G 1994 Phys.
Rev. E 49 1545

Blochl P E, Parrinello M 1992 Phys. Rev. B 45 9413

Zhang S, Wang H W, Kang W, Zhang P, He X T 2016 Phys.
Plasmas 23 042707

Cheng R, Lei Y, Zhou X M, Wang Y Y, Chen Y H, Zhao Y
T, Ren J R, Sheng LL N, Yang J C, Zhang Z M, Du Y C, Gai
W, Ma X W, Xiao G Q 2018 Matter Radiat. Extremes 3 85
Fortov V, Goel B S, Munz C D, Ni A L, Shutov A, Vorobiev
O'Y 1996 Nucl. Sci. Eng. 123 169

Tahir N A, Hoffmann D H H, Kozyreva A, Shutov A,
Maruhn J A, Neuner U, Tauschwitz A, Spiller P, Bock R
2000 Phys. Rev. E 61 1975

Tahir N A, Lomonosov I V, Borm B, Piriz A R, Shutov A,


https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0275
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.1360/SSPMA-2020-0265
https://doi.org/10.11884/HPLPB202133.200339
https://doi.org/10.11884/HPLPB202133.200339
https://doi.org/10.11884/HPLPB202133.200339
https://doi.org/10.11884/HPLPB202133.200339
https://doi.org/10.11884/HPLPB202133.200339
https://doi.org/10.11884/HPLPB202133.200339
https://doi.org/10.11884/HPLPB202133.200339
https://doi.org/10.11884/HPLPB202133.200339
https://doi.org/10.11884/HPLPB202133.200339
https://doi.org/10.11884/HPLPB202133.200339
https://doi.org/10.11884/HPLPB202133.200339
https://doi.org/10.11884/HPLPB202133.200339
https://doi.org/10.11884/HPLPB202133.200339
https://doi.org/10.11884/HPLPB202133.200339
https://doi.org/10.11884/HPLPB202133.200339
https://doi.org/10.1016/j.nimb.2017.03.018
https://doi.org/10.1016/j.nimb.2017.03.018
https://doi.org/10.1016/j.nimb.2017.03.018
https://doi.org/10.1016/j.nimb.2017.03.018
https://doi.org/10.1016/j.nimb.2017.03.018
https://doi.org/10.1016/j.nimb.2017.03.018
https://doi.org/10.1016/j.nimb.2017.03.018
https://doi.org/10.1016/j.nimb.2017.03.018
http://mp.ihep.ac.cn/cn/article/id/f1cb5d49-f6a7-474e-b25d-2e96c7e52102
http://mp.ihep.ac.cn/cn/article/id/f1cb5d49-f6a7-474e-b25d-2e96c7e52102
http://mp.ihep.ac.cn/cn/article/id/f1cb5d49-f6a7-474e-b25d-2e96c7e52102
http://mp.ihep.ac.cn/cn/article/id/f1cb5d49-f6a7-474e-b25d-2e96c7e52102
http://mp.ihep.ac.cn/cn/article/id/f1cb5d49-f6a7-474e-b25d-2e96c7e52102
http://mp.ihep.ac.cn/cn/article/id/f1cb5d49-f6a7-474e-b25d-2e96c7e52102
http://mp.ihep.ac.cn/cn/article/id/f1cb5d49-f6a7-474e-b25d-2e96c7e52102
http://mp.ihep.ac.cn/cn/article/id/f1cb5d49-f6a7-474e-b25d-2e96c7e52102
http://mp.ihep.ac.cn/cn/article/id/f1cb5d49-f6a7-474e-b25d-2e96c7e52102
http://mp.ihep.ac.cn/cn/article/id/f1cb5d49-f6a7-474e-b25d-2e96c7e52102
http://mp.ihep.ac.cn/cn/article/id/f1cb5d49-f6a7-474e-b25d-2e96c7e52102
http://mp.ihep.ac.cn/cn/article/id/f1cb5d49-f6a7-474e-b25d-2e96c7e52102
http://mp.ihep.ac.cn/cn/article/id/f1cb5d49-f6a7-474e-b25d-2e96c7e52102
https://doi.org/10.1016/j.mre.2016.01.002
https://doi.org/10.1016/j.mre.2016.01.002
https://doi.org/10.1016/j.mre.2016.01.002
https://doi.org/10.1016/j.mre.2016.01.002
https://doi.org/10.1016/j.mre.2016.01.002
https://doi.org/10.1016/j.mre.2016.01.002
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1360/SSPMA-2020-0248
https://doi.org/10.1063/1.1498260
https://doi.org/10.1063/1.1498260
https://doi.org/10.1063/1.1498260
https://doi.org/10.1063/1.1498260
https://doi.org/10.1063/1.1498260
https://doi.org/10.1063/1.1498260
https://doi.org/10.1063/1.1498260
https://link.cnki.net/urlid/11.2011.O4.20241219.1013.002
https://link.cnki.net/urlid/11.2011.O4.20241219.1013.002
https://link.cnki.net/urlid/11.2011.O4.20241219.1013.002
https://link.cnki.net/urlid/11.2011.O4.20241219.1013.002
https://link.cnki.net/urlid/11.2011.O4.20241219.1013.002
https://link.cnki.net/urlid/11.2011.O4.20241219.1013.002
https://link.cnki.net/urlid/11.2011.O4.20241219.1013.002
https://link.cnki.net/urlid/11.2011.O4.20241219.1013.002
https://link.cnki.net/urlid/11.2011.O4.20241219.1013.002
https://link.cnki.net/urlid/11.2011.O4.20241219.1013.002
https://link.cnki.net/urlid/11.2011.O4.20241219.1013.002
https://link.cnki.net/urlid/11.2011.O4.20241219.1013.002
https://link.cnki.net/urlid/11.2011.O4.20241219.1013.002
https://doi.org/10.19596/j.cnki.1001-246x.1990.02.014
https://doi.org/10.19596/j.cnki.1001-246x.1990.02.014
https://doi.org/10.19596/j.cnki.1001-246x.1990.02.014
https://doi.org/10.19596/j.cnki.1001-246x.1990.02.014
https://doi.org/10.19596/j.cnki.1001-246x.1990.02.014
https://doi.org/10.19596/j.cnki.1001-246x.1990.02.014
https://doi.org/10.19596/j.cnki.1001-246x.1990.02.014
https://doi.org/10.19596/j.cnki.1001-246x.1990.02.014
https://doi.org/10.19596/j.cnki.1001-246x.1990.02.014
https://doi.org/10.19596/j.cnki.1001-246x.1990.02.014
https://doi.org/10.19596/j.cnki.1001-246x.1990.02.014
https://doi.org/10.19596/j.cnki.1001-246x.1990.02.014
https://doi.org/10.19596/j.cnki.1001-246x.1990.02.014
https://doi.org/10.19596/j.cnki.1001-246x.1990.02.014
https://doi.org/10.19596/j.cnki.1001-246x.1990.02.014
https://doi.org/10.19596/j.cnki.1001-246x.8609
https://doi.org/10.19596/j.cnki.1001-246x.8609
https://doi.org/10.19596/j.cnki.1001-246x.8609
https://doi.org/10.19596/j.cnki.1001-246x.8609
https://doi.org/10.19596/j.cnki.1001-246x.8609
https://doi.org/10.19596/j.cnki.1001-246x.8609
https://doi.org/10.19596/j.cnki.1001-246x.8609
https://doi.org/10.19596/j.cnki.1001-246x.8609
https://doi.org/10.19596/j.cnki.1001-246x.8609
https://doi.org/10.19596/j.cnki.1001-246x.8609
https://doi.org/10.19596/j.cnki.1001-246x.8609
https://doi.org/10.19596/j.cnki.1001-246x.8609
https://doi.org/10.19596/j.cnki.1001-246x.8609
https://doi.org/10.19596/j.cnki.1001-246x.8609
https://doi.org/10.19596/j.cnki.1001-246x.8609
https://doi.org/10.1103/PhysRevE.49.1545
https://doi.org/10.1103/PhysRevE.49.1545
https://doi.org/10.1103/PhysRevE.49.1545
https://doi.org/10.1103/PhysRevE.49.1545
https://doi.org/10.1103/PhysRevE.49.1545
https://doi.org/10.1103/PhysRevE.49.1545
https://doi.org/10.1103/PhysRevE.49.1545
https://doi.org/10.1103/PhysRevE.49.1545
https://doi.org/10.1103/PhysRevB.45.9413
https://doi.org/10.1103/PhysRevB.45.9413
https://doi.org/10.1103/PhysRevB.45.9413
https://doi.org/10.1103/PhysRevB.45.9413
https://doi.org/10.1103/PhysRevB.45.9413
https://doi.org/10.1103/PhysRevB.45.9413
https://doi.org/10.1103/PhysRevB.45.9413
https://doi.org/10.1063/1.4947212
https://doi.org/10.1063/1.4947212
https://doi.org/10.1063/1.4947212
https://doi.org/10.1063/1.4947212
https://doi.org/10.1063/1.4947212
https://doi.org/10.1063/1.4947212
https://doi.org/10.1063/1.4947212
https://doi.org/10.1063/1.4947212
https://doi.org/10.1016/j.mre.2017.11.001
https://doi.org/10.1016/j.mre.2017.11.001
https://doi.org/10.1016/j.mre.2017.11.001
https://doi.org/10.1016/j.mre.2017.11.001
https://doi.org/10.1016/j.mre.2017.11.001
https://doi.org/10.1016/j.mre.2017.11.001
https://doi.org/10.1016/j.mre.2017.11.001
https://doi.org/10.13182/NSE96-A24181
https://doi.org/10.13182/NSE96-A24181
https://doi.org/10.13182/NSE96-A24181
https://doi.org/10.13182/NSE96-A24181
https://doi.org/10.13182/NSE96-A24181
https://doi.org/10.13182/NSE96-A24181
https://doi.org/10.13182/NSE96-A24181
https://doi.org/10.1103/PhysRevE.61.1975
https://doi.org/10.1103/PhysRevE.61.1975
https://doi.org/10.1103/PhysRevE.61.1975
https://doi.org/10.1103/PhysRevE.61.1975
https://doi.org/10.1103/PhysRevE.61.1975
https://doi.org/10.1103/PhysRevE.61.1975
https://doi.org/10.1103/PhysRevE.61.1975
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol.

74, No. 9 (2025) 094701

[22]
(23]

24]

[25]

(26]

Neumayer P, Bagnoud V, Piriz S A 2017 ApJS 232 1

Tahir N A, Shutov A, Lomonosov I V, Piriz A R, Neumayer
P, Bagnoud V, Piriz S A 2018 Ap.JS 238 27

Tahir N A, Shutov A, Neumayer P, Bagnoud V, Piriz A R,
Deutsch C 2022 Eur. Phys. J. Plus 137 273

Tahir N A, Shutov A, Lomonosov I V, Piriz A R, Wouchuk
G, Deutsch C, Hoffmann D, Fortov V 2006 High Energy
Density Phys. 2 21

Tahir N A, Stohlker T, Shutov A, Lomonosov I V, Fortov V
E, French M, Nettelmann N, Redmer R, Piriz A R, Deutsch
C, Zhao Y, Zhang P, Xu H, Xiao G, Zhan W 2010 New J.
Phys. 12 073022

Tahir N A, Deutsch C, Fortov V E, Gryaznov V, Hoffmann
D H H, Kulish M, Lomonosov I V, Mintsev V, Ni P, Nikolaev

(27]
28]

[29]

[30]

D, Piriz A R, Shilkin N, Spiller P, Shutov A, Temporal M,
Ternovoi V, Udrea S, Varentsov D 2005 Phys. Rev. Lett. 95
035001

Tahir N A, Shutov A, Neumayer P, Bagnoud V, Piriz A R,
Lomonosov I V, Piriz S A 2021 Phys. Plasmas 28 032712
Tahir N, Lomonosov I, Borm B, Piriz A, Neumayer P, Shutov
A, Bagnoud V, Piriz S 2017 Contrib. Plasma Phys. 57 493
Tahir N A, Adonin A, Deutsch C, Fortov V E, Grandjouan
N, Geil B, Grayaznov V, Hoffmann D H H, Kulish M,
Lomonosov I V 2005 Nucl. Instrum. Methods Phys. Res. A
544 16

Tahir N A, Neumayer P, Lomonosov I V, Shutov A, Bagnoud
V, Piriz A R, Piriz S A, Deutsch C 2020 Phys. Rev. E 101
023202

Aardvark program predicted high-energy density matter
induced by intense heavy ion beams at HIAF"

WU Xiaoxia!) LIAO Lingrui??®
WANG Zhao1)3) SHI Lulin V%
ZHOU Zexian V%)

CHENG Rui D34t
WANG Guodong V3
CHEN Liangwen D41

KANG Wei 2)#
CHEN Yanhong !
YANG Jie V34

1) (Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

2) (Center for Applied Physics and Technology, College of Engineering, Peking University, Beijing 100871, China)

3) (University of Chinese Academy of Sciences, Beijing 100049, China)

4) (Advanced Energy Science and Technology Guangdong Laboratory, Huizhou 516000, China)

5) (College of Physics and Electronic Engineering, Northwest Normal University, Lanzhou 730070, China)

6) (PetroChina Shenzhen New Energy Research Institute Co., Ltd., Shenzhen 518000, China)

( Received 4 November 2024; revised manuscript received 18 February 2025 )

Abstract

The unique properties of heavy-ion beam-driven high-energy density matter (HEDM), characterized by

macroscale uniformity, extended volumetric dimension, and material diversity, present novel opportunities for

advancing high-energy density physics (HEDP). The High-Intensity Heavy-Ion Accelerator Facility (HIAF), a

cornerstone project which is initiated during China’s 12th Five-Year Plan, is currently being accelerated in

construction. After completion, it will become a primary platform for experimental research on the HEDP

phenomenon induced by intense heavy-ion beams.

In this work, a self-developed 1D radiation hydrodynamics code, Aardvark, is used to simulate the

interaction dynamics between uranium ion beams and cylindrical targets under HIAF-relevant beam

parameters. The results show time-evolution images of specific energy deposition, temperature, pressure, and

density of the target material in the radial direction during heavy-ion beam energy loading. By comparing the
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state of matter produced by the ion beam hitting the target at different beam energy and intensity, a
interesting phenomenon is observed, i.e. a plateau region of temperature and pressure are formed near the axis
center. This result indicates that under the action of the heavy-ion beam, a substantially homogeneous region is
formed in the axis center the target material, further elucidating the salient characteristics of the heavy-ion
beam-driven high energy density material, i.e. homogeneous state. The state parameters of the target matter
undergo significant changes in the process, for a beam duration of 150 ns and a beam intensity of 4 x 10" ppp
(particle per pulse) and beam energy of 500 MeV/u. A sharp discontinuity in pressure and density occurs,
forming a phenomenon known as a shock wave. Thereby, systematic modulation of heavy ion beam parameters
enables investigation into the generation and propagation dynamics of shock waves.

This study further constructs a systematic database that meticulously records the state parameters of
target materials when uranium ion beams interact with various types of targets. The relevant simulation data
provide important theoretical guidance for planning heavy-ion beam-driven high-energy density physics
experiments at HIAF and crucial theoretical support for in-depth research on the generation, evolution, and
properties of high-energy density matter. These advances in calculation position HIAF as a transformative
platform for detecting extreme-state substances, with is of direct implications in studying inertial confinement

fusion and modeling astrophysical plasma.

Keywords: intense heavy ion beam, high energy density matter, fluid dynamics, Aardvark program, high

intensity heavy-ion accelerator facility
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