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Figure 1 The quasi-elastic scattering angular distributions of the 'Be+'?C system at 18.8 MeV (a)!”! and 35 MeV (b)!'¥, and the quasi-elastic
scattering angular distributions of the "Be+?*’Al system at 10.0, 13.8, 15.2 and 15.4 MeV (c)!'”!
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Figure 2 (Color online) (a) Quasi-elastic scattering angular distribution for the "Be+>*Ni system!'”); (b) quasi-elastic scattering angular distributions
and optical model calculations for the "Be+**Pb system at 37.4, 40.5, and 42.2 MeV®; (c) full CDCC calculations (solid lines) and two-channel case

(dashed lines) for the "Be+**Pb system at the same energies'*®!

3254



A He+* Py, & B IS 4 0 He+* P (B X}
T Be SR I A 19 3/7) %o v Bfe 4 AR HCE R d G TR
E2(c) it /R T3 HE S CDCCIHR (BE ) LA K R
5 Be LB — A S (R, "TLIESIM
AT EAFTEM 225, DEITRE 24 SL 50 B 0 s Pk
SHELERI. i CDCCHA., Keeley%: AP 7EAHIT
DR FATE TLi+ 2P Be 2Pk 2. 455,
"Be+*"*PbiAk F BT B M /0 A 5 LI+ P A, {H
5L+ oAy S S A A A AL VEEINK, "Bel
EMFOLL, mARHBRELL, XA Eg ] G A
T Be HR A A B

BRI, BT R P Belb SE b Adn 4
b, I BRI A I AR I SR B, il
JERFAH LA S0 . LR BRI B Be+ Lif 2 (K R 7E
A 2 21 00 e s A, HAb R R 8
A IR RRARF HA . X T Be+ *Nifll'Be+*"*b
KR, WIS A FTAR: 5Nk R, 2R Lie#
IS BRES AR A R, 176 FHEPhrh, SLifd 4
JREEE RS HGE A E SR, HRTE A S — iR, 1t
AN, TBe U SR O R s S 1 P
CDCCH L B Be Ml 5% SL A R A X sk 3 Y
AP NI

1.2 "Bef AL IIR

PEJLHE, 2B RS A I C g 2.
TR, FNATE RN K HL I T T 22 68 XA A
T, JoH 2 TEGEImG R . 5482k n
AR, PTRE AR R 22 TG B3GR, RGN
AT RERG SR 22 T IG5 #Omm, AR 0 rh B AT BeE R
BIEA I — T TR, FERT XA K ZECTAE
i, RN R R G E G ORI T AL T RO &R
GLrJE N, QnEFAZ R R AT AT A, SR ERES
oty TR ET R T2 E e, TR Rl 55 R
TR A4, X Le s AR (I BE AR, AeAe
SRS G A FLE SO N R, A AR R
B ARG IR i W E T LA AZ S N AR A %
JRFR AL BN S FIRAIE, (R AR Y ()4 4 Ak A
J Iz B A, DA RT AT AN [ s R A . R
WEAEME T, AR RS R, TR AR SO S
5y, SRR SRR, CantodE APIBIAT
— R R Lk, RIS Wong X 4 A 1 1 114 3T 8L
1531

op) = Rég—gln‘l +ex

)

) (1

ol Ry Voo FhoSMHAH-& 10 | R EERINE.
T ARG R T , RHLL R A

E-V,
" The 2, )
_ 2F
FG) = o7l 3)
BB F(x)FBX N
F(x) = In[1 + exp(2mx)], 4)

kiR xR, FooBan £ 84 & R (uni-
versal fusion function, UFF).

H Al E A " Be 5 A [ i i ¥ A 4 4 A T ) 0]
SESR, AEER T AL A A A NG PO B
S0P, 2T ARSI R, R AR R A
PO R R R R A, e 2 T A 1 PR 2 A T
AR AR, FE, SRS S A (total
fusion, TE)#MHEAHXN. M ASBERE L0517, 19
121 MeVI, ARSI 533635476, 858+94
f1922+92 mb. S RIS A BEARAZ  Lifk 5 A 5E A
Eb, 55 R T AL 3.

FESNUFR RS b, iR AR, ST
MESHE. 7EF O REREE, ,=13.9, 15.0, 16.6. 17.4,
17.9F119.0 MeV I, 145 (85 G825 h26+£3 . 61
+7. 165432, 246+78. 292446401 395+116 mb. SLIG4S
iR, BMEfERR S S T CH 20T, KA
T3R5 T UFF K TR

FEPSURL R S5, TR TR A AR, (HiHI40
ANEEGRIN S AL R, 38 S R A R ) 6T
BIFF A SR A ERAE . ISR R B T 55
A5 R A S e Bk, il 5 RS R 4
154 (complete fusion, CF), JEIMifE i 5E e 46 &M oce.

3R R AL B IE A R #3 s, R B
FEPSURICEBE ISR . iZE BoR B3 R G B
B (o) (PPU N R B i o) BA BRI —20bE, 15
PR I R KR 2 B (AR 2.5), O HAERS & T
PARRER T WAL S, B, 4x=0.350F,
SRR P20 1.5, X505 18 T Be+Ni("Be+**U)
ZEHHE 711 MeV(1.8 MeV). XEHITL KL
TR ) FEALEI T AE 5 Bet A% A 5, TS ICE.
T 22 FN 22T e X IS A BT 1Y 5 AT e AR R R Bl

3255



M4 EF LB O205F57TH F70% L2008

100

2
B

F s ("Be+2387))
0 1 (Be+2580)
op (Be+™™Ni)
o ("Be+?'Al)
—— UFF

20E/hoR

4« OB O

0.1F

0.01

(E-Vplho

Bl 3 (FZMUE @) Be+(TAl Ni, *Pb, ZSU)MLYL B A,
IR Bt U 56 2ot & K e, [l Hhsiegt yUFF

Figure 3 (Color online) Reduced total fusion cross sections for "Be
+(*7Al, *Ni, 2%pb, 23%U). In the case of the 2U target, respective CF
data are also shown. The solid curve is the UFF
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Figure 4 (Color online) Experimental array design for "Be+'2°Sn (a) and "Be+*Bi (b), with blue lines indicating the beam line
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Table 1 Optical model fitting parameter

L Vo(MeV) rov(fm) ay(fm) Wy(MeV) row(fm) aw(MeV)
"Be+'2°Sn(48.5 MeV) 39.57 1.14 0.77 49.00 1.06 0.83
"Be+**Bi(42.0 MeV) 34.32 1.21 0.62 28.21 1.24 0.7
"Be+*"Bi(50.5 MeV) 19.16 1.21 0.62 40.32 1.24 0.7
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Figure 5 (Color online) Quasi-elastic scattering angle distributions of
the "Be+*"Bi system at 42.0 MeV(a) and 50.5 MeV(b) energies. (c)
Quasi-elastic scattering angle distributions of the "Be+'*’Sn system at
the 48.05 MeV energy. In the figure, the solid lines represent the CDCC
calculation, the dashed lines represent the optical model fit, and the
experimental results are indicated by yellow points
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reaction mechanism of proton drip-line nucleus "Be in the
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In the past three decades, the structural properties and reaction mechanisms of weakly bound nuclei have been one of the
hot topics in nuclear physics research. Experimental data on neutron-rich weakly bound nuclei near the barrier energy
region, such as °He and ''Be, have shown significant Coulomb suppression effects, and the total fusion cross sections have
exhibited certain systematic regularities consistent with the trend of universal fusion functions. However, there is a lack of
experimental data on proton-rich weakly bound nuclei near the barrier energy region, leading to inconsistent experimental
conclusions. For example, the ®*B+?*Si system shows an enhanced trend at the barrier, while the *B+°*Ni system exhibits a
suppression trend at the barrier, and the '"F+***Pb system shows a normal trend, demonstrating different reaction
characteristics.

This review focuses on the proton drip-line nucleus 'Be, and summarizes the experimental results of the "Be+'Li, °Be,
12C, ?7Al, **Ni, and 2®*Pb systems from the perspective of elastic scattering. Currently, there are no abnormal threshold
anomalies in the optical potential of 'Be, and no strong Coulomb suppression effects have been observed. In terms of fusion
reactions, comparing different systems using universal fusion functions shows good consistency at the barrier, but there is a
trend of enhanced cross sections in the near-barrier and sub-barrier energy regions, indicating that the enhancement
mechanism in the near-barrier and sub-barrier regions may be related to the "Be projectile nucleus, rather than the target
nucleus. For breakup reactions, there is a lack of relevant experimental data, and existing measurements show few
correlated events and low breakup cross sections, with direct o transfer considered as the main mechanism leading to the
observed *He yield. Currently, there is still a lack of reaction data for ‘Be with medium-heavy target nuclei, where both
Coulomb interaction and nuclear interaction play important roles, allowing for the study of coherent effects between the
two.

We conducted experiments with two sets of large solid-angle silicon detector arrays at the RIBLL1 facility of the Institute
of Modern Physics, Chinese Academy of Sciences, studying the interactions of 'Be projectile nuclei with '*°Sn and **’Bi
target nuclei. The experimental results showed that the Coulomb suppression effects in the angular distributions of quasi-
elastic scattering for both systems were not significant, and the coupling of "Be breakup continuum states had little impact
on quasi-elastic scattering. The continuum discretized coupled-channels (CDCC) method could effectively describe the
experimental data, validating the effectiveness of the *He+’He structure. These experimental results provide a
comprehensive dataset for the reactions of 'Be with medium-heavy target nuclei.

energy near the Coulomb barrier, weakly bound nucleus, radioactive nuclear beam, elastic scattering, fusion
reactions, breakup reactions
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