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Table 1.  Four experimental approaches’ physics mechanisms and typical applications.
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Table 2.  Inertial confinement fusion driver types.
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Fig. 1. Schematic illustration of an experimental setup for generating nuclear reactions via the inertial confinement fusion approach/).

* 3 AR ESH

Table 3. Typical inertial confinement fusion parameters.
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Fig. 2. Schematic diagram of the Coulomb explosion method for nuclear reaction experiments!”.
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Fig. 3. Schematic diagram of the experimental setup for

nuclear reactions generated by dual-channel lasers®.
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Fig. 5. Results of neutron calibration using the 2>Cf fission sourcel'sl.

4 T HERUVREAE PR RN LR I SR A AN R
Table 4.  Gated fission method exhibits lower calibration uncertainties on both detectors.
IR M/ V FFA/ (ns-V) BB AZ% ) (ns-V) IHERVRE /(ns-V)
EJ301 -1600 0.88 (o = 350%) 1.08 (o = 64%) 0.93 (o = 46%)
BC420 ~1300 Ak 0.58 (o = 76%) 0.65 (o = 50%)
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Fiber

(d) Scintillator

Light coupling
cone

Quartz window Al foil

6 GFD J5HE  (a) GFD BB ; (b)—(d) A 2 8RR 2 4 1] 22
Fig. 6. Schematic diagram of GFD: (a) The overall view of the GFD; (b)—(d) the magnified structure diagrams of different parts re-

spectively!22l,

it ROOT #AF it A7T AR, SRS
HER LTS HOTPERER W5 5. 9T R B, 44
KN 6 mm, NA = 0.5 i, SCUESCR LS 5
. SEEIUELE XG-1IT O e Bt T, 4 100 J
) R A O R ER A A SE R R, GFD AR
Ty SEELT X AR i L R VK A B A, 355 B B R
BB TR PR 55, (S L
PEE. WA BAT = KRR MR Bk, Hhik
e FEL B K v R P ol EG B A % e N 48 TGk TAE Y
WL AR E BT, R, ZYRE B HEH T[]
st SR 30 H - | R R AIGE SR y 2R B, AR
TR 25 F(E F 5 HABERM AR (0 AE-EWR) 455,
BE— R TR TR BIRE 7. X e 5 (il HAE 1 24
SRR AR RO A5 B - A A i 51 5 A SR LA
I R A

2.3  CR-39 2R M A

CR-39 & —Fh A AR A0 &, )iz HI T
R (ANBT T, o ki) I, BE TRk T
TER AW b HE A AR, 308 3~ ok 22 TR AR 3
J&, AT AR T WA FN AT, CR-39 PRIH: R R A

JE A5 R BE 4 HE R TG T H P18 5% B
PR AZPTEL | RN RO A5 B AR S g )
BT H.

T AR BAL S = AN G IR B, Al s
F a5 R R G b F 28 CR-39 BAW
Bh2e 7= A v B R A, T8 BRI, i 3 5 Ak 2
%) (@ % i F 6—7 mol/L ) NaOH & W, 70—
80 °C 4k FALER 1—6 h), A 451405 X AR S Ji ok
TEBUHEIE s ZIYT, feJm DG B fss kA sl 4
RGBTt i LT RRAE 2 3tk P28 | BE iR
FE 2505 B T CR-39 78 B4 b A Usk, il
IR R, T (51 MeV) 85
A e B, FAerh - U)5E B L BR10B A
o ki F.

CR-~39 R £ 15 HABARM B A B XF LA B
%5 gl X R ZE AR B B E R, R
BRI BE A7 L e 5 AP L R T PR LA ke V-
GeV 1Y Te B i B Y L. 78 pf6-TT S0 8 b
fii H CR-39 M8 H] D-D KW =1 3 MeV
i, HIGUE TR . tAk, 72 i
MEEMNE, ERREHR T, EHHTHR RS R

%5  CR-39 HRMG 5 HADRIME A HXT H

Table 5.  Comparison of CR-39 detectors with other detection techniques.

S8 CR-39 PRI 25 RPN &5
R Lt AR el | w7 B k<X Al 1
BEH AT PER H(Z10%) & (>20%) i (<1%)
BrHE T (R T) ZE(FESTHKR) T (75 B
AL H keV—GeV keV—MeV keV—MeV
Kt sk 2 B R (W2 5550 SEHHE S b SLHE T A
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AR AT X B2k CCD, Wil P X R AN A5 B 1A
ARAS; = JRAEAL N I £ 5 T, 38 2 1 SR
CR-39 4 % 43 A AL 7= HE W BT F L o B RETE.
fian, 7e55 1e A 96 5 R [F 5 92 5 % (LLNL). i
24 2 1 W BF 434 (UCSD) 8 A a0t
(tn HERCULES) ;= A4 B 28 b+ U, 38 2 7% fb ik

Probe laser
50 mJ, 70 ps

Plastic scintillator detector
shielded in lead bricks

Main lasers
8%x250 J, 1 ns

Chamber \

(I Cu(n, ) JRE) AR 510 2 -3

W[ p5 SRR S IR A (CLF). i FOL Ik & B
(LVLY) R FH 8 fin 8 Jo - B2 385 4 5 11k 4, 5@
i Rutherford Ui I 1 55 25 1A% B (40 CLF 1Y
VULCAN $¢8) #4757 A2 Wi, 3 o ) i 45 5
FAT B FIREE (I LMJ 19 XUV 6B 155 %
e 5 J e ik oL AR W P R4 HE R A AT T R
HRTE TG AL AT X — 2 M7 I i ARy v o, (]
B 45 5 1 WPV R BB R S5 S Tk iR
JE R i S A SR 20, R W R e i B
I 38 P B 5% i 7R 380 5 B TR S G 1) B
PERE, it CR-39 SRR A& RS, i
SEPL T AHEOCEREN D(d, n)3He S =8 (AS A2
U 27281 RG] I ] 7 R 2 D)3 e L v T RO i
Jiti, A1) 3 b 1) 6 i 5 F SR M % "Li(p, n)
"Be N, Z54 BFg 1E I HECRS SE B H T P-4 O kG
Ff g 29,

3 LR FEEER
3.1 EAHE

3.1.1 - RETFER

SEUGAE R E OG- BOESE B Bk T, SEROR
BEEE 7 R B O (BREE 2 2 kJ, UK

Cu(CDy)

} »

CCD1

Liquid Nomarski
scintillator Interferometer

Bl 7 sEERde EOR R PURBOERETE BARI—M, 3 S DU R AR AE H AR A 5 — . RIS SO M DI T ALC R T
S5 BT VR B . P DR ORI 45 AN [ B 2 1 o 1R S R AT T SR AE BY

Fig. 7. Schematic diagram of the experimental setup. Four laser beams are focused on one side of the target, and the other four are

focused on the other side. The density of the plasma was recorded using a probe laser and a Nomarski interferometer. Neutron sig-

nals at different distances were characterized using scintillation detectors’.
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1 351 nm, JK%E 1 ns) X FR ARG XL R GE. #B R
FAPIRRE T GRS AL FIF-1H B A . R 1
R 24220 9K 5—10 pum A1 200—500 nm, 1&J2
FATARKE, TR TSk 98%. -1 HLAE 1 A X A
T e =R i 22 5% ¥EM R P Rh &SR 64 T
XFHAFSE: — PR M, DU LI, RiH TR
# 200—500 pm JE IR SRR LS, 94
KK FE 5—10 pm, 48 200—500 nm; —SEF1H
FOME, 2540 5 9K B A AH ], (R 3R T3 i U
2, FF X RS . v -SR0S FH VAR A R R I 25
(EJ301) FHEEAEL SRR INZS (BC420) id & HF 7~
i, lit TOF %508 2.45 MeV T 555, W
& 8 frs B, 258 R i2 W8 i3 Nomarski +#4L
FIBA R AR B A, I ik 25 25 1A 2 3 R 13 0T
SCEGIR R GEANTA ARRGAR L] -1 i AN 5

EJ301 (4.8 m) signal

0 M E%Q;HS

_9t
> Neutron
Py
& —4r
<
=
o
> —6r
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Trigger
—10 L L L L L
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Time/ns
8 M) TOF SGikk AR HAR 4.8 m MR AN Hk
PRI 25 20

Fig. 8. Typical TOF spectrum from a liquid scintillation de-
tector 4.8 m away from the targetl.

MR, LAKHE R P55

Z A T 1 GHz 5 Se R seie #h T
RATHTEE, 45 AT 12 T8 (222C1) Kk, 5
A S N E LR 46%(EJ301) A1 50%
(BC420).

Nomarski T-#4%: SRH 70 ps SEH O (B K
526 nm) FEN} il I Abel Sz 4 AR 5 S5 B
TARHL T B3, AniEl 9 fros B

BH % BAR: 0 45 B 1A O I I G R (8.4.x
10° m/s), XN FBIHELY 10 keV, B w5 4% K14
PrFE G Gamow RERTA I (10—30 keV).

3.1.2 A-EETEH

S AR AEAOE-TT HOEHE & kAT, 4nlEl 10
JIe7s BU. A RO XS BR BRI 4> TLID $E4F, 4R
Xof F8 A B TR R0 e 9 DA R R
(BC400) icsg b7 RATI )3, DX o3 AN[m] B iz i v
Fhef ("Li(D, n) FFHELE. 13.4 MeV(*Be 4).
10.7 MeV (5 — I & 25 ) 1 2.5 MeV(D-D J ).
B FIRIZWIF A Nomarski T #50F1 Abel J2 i
PR 25 B 1A B A Rl S VL.

DT R A5 B 5 RS E MO S B 3 Y
MR, E R T RERE AT B S i B SR BA
YRSt T —FhBE Y A A HE 7 (self-calibration
method for nuclear reaction in plasma, SCM-
NRP). % J7 ¥ 38 1 ) 2 [F] — 55 5 7R 3R 55 vp LA
(D, n)*Be 1 D(D, n)*He Pl 5 i i 1 F 7= 4 L,
FIRIR (D) FER ("Lig,) BEfar b (m/q) FHIT 4R
P, #ESH TLi(D, n)%Be KWK S KT

00 pm g 5.0
45
4.0
3.5
3.0
25
2.0
15
1.0
0.5

Electron density/(10' cm)

B9 (a) YRSB4 8 TR (ST k) BRI THI BT 95 18 (b) 12 DX S00F 7 9 R 4 B2 201 T8 R A o 6

HEFRIE, i Abel g 7k G i B

Fig. 9. (a) A typical Nomarski interferogram of the plasma flow (green arrow) calculated from a single emission; (b) the electron

density distribution corresponding to this region is marked with the yellow box of the interferogram and derived by the Abel inver-

sion method?l,
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50 mJ, 70 ps

Chamber

Plastic scintillator detector
shielded in lead bricks

Main lasers
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Cu(LiD)

Nomarski
interferometer

10 HOE-T0#OESE e B R DYoL I R & T HARE— 00, 53 50 USRR AT B ARAY 55 — 0. R0 BO6 A0 & 26 T
WAIE 45 B T A 85 BE . 6 () B B AR IR IR DN 45 AL Th 75 5 B

Fig. 10. Diagram of the Shenguang-II laser experimental setup. Four laser beams are tuned and focused on one side of the target,

while the other four are focused on the other side. The density of the plasma was recorded using a detection laser and a Nomarsky

interferometer. Neutron signals were characterized at different distances using scintillation detectors/.
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Fig. 11. Velocity and density distributions of the ions in the plasma, as well as the evolution of the plasma over time, have a signi-
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ficant impact on the numerical calculation of nuclear reaction yields/®.

10° F(a) 0w ©
. —10 107 F
101 h
= w —20 % .
| 100 F
g 102 § _s0 E
50 © ©
< = —40 g 10°F
= 103 = 2
+] ~
g > —50 g
£ 104 = S 10t
a 2 —60 g
o =
10-5 (] 10¥f =
—80
10-6 L . . A . . . A A 102 L .
0.98 0.99 1.00 1.01 1.02 0.98 0.99 1.00 1.01 1.02 0.98 0.99 1. 00 1. 01 .0
X-axis/cm X-axis/cm X-axis/cm
0 —
100 b(d) (e) .
~ 1071 X
; g g
S 102k 5 0 B
©o —
< S w0 g
i) 1073 F = g
z 2z 2
T 10-4F g —80F g
A ] &
o 103 F
10-5 | > —100 %\ g
10-6 102
0.90 0.94 0.98 1.02 0.90 0.94 0.98 1.02 0.94 0.98
X-axis/cm X-axis/cm X-axis/cm
B 12 7E 0.1 ns ((a)—(c)) M 1.0 ns ((d)—(f)) T, GIRLIL LT - 1f7 58 A9 2 B L 3 2 R i B2 23 A 1)

Fig. 12. Compares the density, velocity and temperature distributions of nanowire targets and planar targets at 0.1 ns ((a)—(c)) and

1.0 ns ((d)—(£)1.
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.

Fig. 13. (a) Diameter of protons with an energy of 3 MeV and the depth of their incidence in CR-39 under the conditions of etch-

ing time of 6 hours, bulk etching rate of 4 pm/s, and incident angle of 90°; (b) the proton tracks in the etched CR-39.

i, BRI AR R FrER. % 6 JBR T ARRSE
AR Z R T R r=8, R rednze
8.2x 106, Hidr4+0.9 FrRy - i nyins.

%6 ARIFRBOER KM T4

Table 6. Proton yield measured at different laser firing

times.
Y. 2/8 B Y. 2/9 BT

1 (2.3 + 0.5) x 106 10 (2.2 + 0.9) x 10°
2 (5.1 +0.9) x 10° 11 (1.2 + 0.2) x 108
3 (8 £ 1.5) x 10° 14 (9.1 + 2.8) x 10°
4 (4.4 + 1.5) x 106 15 (1.7 + 0.2) x 108
5 (6.1 + 0.8) x 106 16 (1.3 + 0.5) x 108
6 (4.2 £ 1.1) x 10° 17 (1.1 + 0.3) x 108
7 (5.9 + 1.9) x 106 18 (1.2 + 0.3) x 108
8 (5.1 + 0.8) x 106 19 (2.1 + 0.4) x 108
9 (8.2 4+ 0.9) x 108
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Abstract

The study of nuclear reactions in plasma environments plays a crucial role in nuclear physics, fusion
energy, and astrophysics. The core challenge lies in developing methods and technologies for measuring nuclear
reactions in complex plasma environments to accurately obtain relevant nuclear reaction data. This review
presents key innovations by the China Institute of Atomic Energy in laser-driven nuclear reaction diagnostics.
To overcome EMP interference, a gated 22Cf fission source calibration method was developed, utilizing intrinsic
¥-n correlations to achieve direct in-situ calibration of the neutron detector. This technique reduced calibration
uncertainty to 46%—50% and improved the signal-to-noise ratio tenfold on the Shenguang-II facility. For
plasma instability, a self-calibration method based on plasma-jet collisions was established. By measuring the
neutron yield ratio Yip/Ypp = 0.074+0.01 from "LiD targets, the astrophysical S-factor for "Li(D,n) was
determined as (24+8) MeV-barn—the first such measurement in a full plasma environment. Results align with
cold-target data, indicating negligible electron screening in this regime, suggesting alternative mechanisms for
the cosmological lithium problem. D-D experiments yielded 10° neutrons/shot with plasma flow velocities of
8.4x10° m/s matching Gamow window conditions. Proton yields were measured at 8.2x10° per shot using CR-
39 diagnostics. These innovations establish quantitative standards for EMP-resistant neutron diagnostics and
provide crucial nuclear data for astrophysical models, advancing extreme-condition plasma physics. The original
oscilloscope waveform data, measured by the scintillation detector in the target room of the Shanghai
Shenguang Facility during each laser shot from August 6 to August 14, 2019, are openly available at
https://doi.org/10.57760/sciencedb.j00213.00185.

Keywords: laser nuclear physics, plasma environment, measurement of nuclear reaction data, fusion reaction
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