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VTRA=16] 154 (5] B () 388 4tk B3O 0 0 A O A5 R B iy
BB B RO UT R AIHI I G RN, S SRS
TETHE (CDCC) B, A 23 2 25 0 5 M U 110 s e 5
AEE . TR, SBYER H AT S A7 B2 1
ZugE o, 1 8B+04zall2 £ 208ppl1 71 & CDCC B it it
BAE RN, kBT AL OB B N B R S
Liang 25 187201 75 & b i e Xont TF+298Pb 4 R &
BT T NS RT 7E . S B A 160 AR
THIFEA UL B2, 4 B3] T 100-JR T 4 (ex-
clusive) #1160 #1.% (inclusive) i 2L [ S 43 AR o 16— 45
IR S AT R B, B0 T HIL 2 (stripping) /2 3 22 % R
MU &G R BTTH, AT FER X8RN
Aguilera 2 21 75 8B+38Ni 14 2 vh K L &2 |- R [X 77 7E 5
(ks A R R IR s (H2 BB+28Sil22 A 40A 2] 4 21
U2 B LR o A AR T A 22 - RE X MRl B . % T 1F,
H T R A7 TTF+208Pb — ANk 2 [0 45 45 s 7 Siz B 4 5 124,
H 55 160-+208pb Ji & A5 1T 10 28 bt S AR H AL, R W
VTE B 57 T 8 M A 425 B i R 26 T W B S

AL, AR DX 5 R A i 1 s REMLA, JEH R
Tl ST T I IS FRY 52 1 R 2 7 ) R 2R B0 0 AT A ik
R EE . A, RATET HARREKZEE 77
fift 55 FR0 ) CRIB(Center for Nuclear Study Radioactive Ion
Beam Separator) 4 i JT J& 1 8B+1208n[25] A1 17E-+58N;[26]
R TEAIBE IR, BIERANIEMIR T &R
2R IX I SN BN )5

1 3B+120gy A ZUM FIFF 5T

SEIG 7 CRIB 3 JF J& o 8B IR 1 11.2 MeV/
nucleon 1] OLi 4 2% o 25 o7 ¥ UK ) SHe AR BE 7 A4
2t CRIBAILE , BRI #RLI N 1044 /s, 4l
29920%, Fr BTN "Be M1 He. JEIT Al Al
BEH, 153322 (V, 2938 MeV) AEIX AN BE & (11 8B O,
43 51K (38.7+0.5) Fl (46.140.6) MeV(120Sn .0 g ).
12090 $10y B S RIAE 240, U2 97%, JRIE N
2.7 mg/em?.  HEFTHCE B FATRS #1408 (PPAC),
T ERRGAL, et B R SALE. RN
T 3o e B 5 5 R U 7% B %)) STARE(Silicon Telescope Ar-
ray for Reactions induced by Exotic nuclei) i 17 #li & [27],
ZREAR B EME TN . ZFES) 10 2H ik 2w s
T . RIS 3 ERERI S : 2B — 2 AR
R 2% (DSSD), JEJE N 40~60 pm, $RAE S B =4 1)
ArEMAEEEE: EHMEANSERNEE (QSD), &
FE 4359 300 A1 1 500 pm, F TSR S N =4 . A
PRI R TC B HE L0070 mm, Z58 Kk, AR AL

Pl 1 STARE fERM AR P57 =
W51 10 27 SR TE 40 0 T AL AL . AL BT A 3 SR REAR I 28
TR, AR RIS — R R 4
B T (~40% 4m), CLSEILE ORI G E. ET
AE-E RE & 4EIE R RAT IS ] (TOF), AT LA5E 4 % A
1 8B LUK "Be T 145 S 4 1291,

38.7 MeV fg T 1 8B+120Sn 14 & i 3t v 850 A1 40
AU 2(a) FT7R . SEEG 45 BRI R H B 21 AT
PeAmbI IR . SR A I CDCC 545 i v sz 2k
Fi, ] WA AT H I SE6 45 5 . CDCC 4
YT WLOCHR [25]. BRI T AF RIESLSIE
N RIE AR SR W, ESS RIS RN R
P — s R CULIHII R, (H5 th TRk R 45 SR A
Eb, ZRNIFAEE. 46.1 MeV e & T 45 BE I H
HHIH B 4518

% 8B+120Sn 14 R CEI B, 1567 B E STARE
BB B 208 R Gl B R . AR TAERE T CDCC /Y
FAEM T B dodQyp dEopdQ,, & A D IRRL R EE SRS R
BHIRE, M2 4 H0% 8] RS SRR T Be
(11 BE B Eqpe R A FEE O, DA KT T 10 1 55 23 18] 1 6, F @,
PR TBe U (K o A1 & I RIVE S L T, MR AR A 0
J TR R~ R RN 2l B~y 1 B T A3 3 R TR AR R E,
A O TT 15 3 AN LR TBe Ml p I S8 48 B 2415 B
FEE AR 23551 STARE [f) LA, RITAT 75 3045 & &
A . 1E38.7 MeV A S RER T 19 "Be ff1 23 4 11 I 2(b)
B, o, BIEAZETE 5 A3 R A0 A s s ) &
sae gt B AR R ZEVO N, P4 SEI B A —
B WA T SEIRIEAE R W R T B 1 TBe 7 A
BLHIZ AR R o, TR b, X i
(1) CDCC i1 5745 R A R fE R 2(b) H, WIsEZRFTR o
A WL CDCC A& % B2 4 4t A se i K4, 6 9 8B+1208n 14
ROV FEE DL RN F . 46.1 MeVRER T
(28 B B A R 450 . 1% 45 B 5 8B+%4znl 12 Fi
208ppl 171 2 g 48 TR — B, BRAR DA M R
ARSI S5 B, {H CDCC #B AL U 5 IF 1 I "Be 14>
M. WEFRE, WX ERX, R BHE
BSOS ML #R A CASR A R R R
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8B-+1205n 14 Z 7E 38.7 MeV NSt ik & N A 241 1
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8B I MR B - A (LR A i e A ) 9E T R AR A
., Erpseg T CDCC W TL4E i # i 45 & STARE
JUAAT A3 3 (A 45 SR o AT JLASEFOL Bt % 5 e b 2 0L S 5 5
i UERA TSR A BRI T SR . [, SRR EL
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ZERANE 3(a) FEL TR, AT, USRS TR D,
W5 TBe M 4% KA . 1E 46.1 MeV g & T 1145 5
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F. 3B+120Sn 1k R 1E 38.7 MeV A S RS & N IR 2L 1
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S S PR I B L TESXRRE LR, OB MBI
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8B+120gn 1A 22 72 T 425 P A R A5 PRI 4 2 7 48 T
mE 4 BER. A TET SAREREATILE, L
36 #4% 4% 8 UFF(Universal fusion function) 77 281 3k 4T
T4k, T, fE4 BREX, 8B+1208n & 8B+28sil22) 4
RINGE R 8, IR%a R BN ik 2 op il
SRS A BRI R . AR EIT 281X,
SB+120gn 1A 22 I WL 22 B 5 & 4T A Pl ok . %45 S
SBH38NI 4 S — 5. SB IR RIE AT AE &2 N e X K8
A DL R Js - A T 38 o R ) B 5 DR i 75 gk — P B 52

o'} i
O BN
_ A SBHES
= % $B+¥Sn
- —— UFF
LT 1 2 3 4 5

X
B4 SBARZR MG A RSIEOR B
00 75 TR = 48 T 43 B4 2 SBHSNI(HK | 32k [217) A 8B+28si
(BUCE SCHR [22]) HOS2Be g . BT 8B+1208n & R il 45 2 .
S22k UFF #i2%.

2 VR+33Ni R RE#LBIARF SR

SEUG R AESE T AR 50 K24 1) CRIB & i JF J# o SE46 K
1 6.6 MeV/u 'O AHI ok, VTR 2 D, KD
PR . RELAE SN R 1.0 mg/em?, i A AR
JE JE B B RE B DA S U D, SRR i, SRR AR 4 R
RE R VR IR . (43.60.7), (47.5+0.7), (55.7+0.8) I
(63.1£0.9) MeV. #3758 & A1 4l J& 73 51 % 5 (6~10)x10°

ANs F185%. MIELT SBIRR, VFikRIE RN
FER0, FEEKE; JFHbTRETL2M2THEX
HEAT IR, PR EEMC. ik, (KAEEN 100 &1e
FEPRIN B8 P A0 e B, T DGR P ek SR B S
VIRITRL T 4800 . TEXMIEBL T, R A Rl AR
BAENE — B AEFEIE . B3t VR R P Wi ix s
e, BETE T T S = AR EE ) MITA(Multilay-

er Tonization-chamber Telescope Array) [ %1 [29],

Z B A H 10 AN Aoz R B L, A T
(1) 285 46 7~ = B W 1 S(a) BT s o FL A ARG 7 I i Y
B (C) LG 2L 3 B RETRM AR 55— 2 WUH i %
(5 FZ 2 40~60 um), Ji5 1 P )= 9 J5- 1) DY 23 ek 4 00 2%
JEFE 43 510 9 300 11 500 wmee 4530 B 5T DLEE Ay rhots
FRICE s BN BT 0 0 A FE 43 il +22.8°, +56.4°,
+£00°, +123.6° Fl £157.2°, 74K ffi F 55 #2 1 8% 4m.
T sk TC AT Ak 2% 2 BT R A T S I R T
Wil s R ORI I 3 2 R PR I 2% S B4
b, 3T MITA 7T sz B VR8N ik & 76 T 2 R X %
N7 ) I [R] B 480

S A3 B 1 4 A B 5 A S B M AR Bl 6
T TR . BT R AER, SLu Tk % VF
PR B —WOR A (E,=0.49 MeV, J™=1/2") {30
e, BULFT B M AR R R, 5 8B+120Sn 1k R 4
AL, VTSN ) 3 3 A th A R B
B A W 3 4 IR . CDCC FIAS % [8 3 22 25 385 1)
No-CC it 5l 6 AL &M & s . v W& %
SRR, I H AR R AT 2SI R e SR A A, R
HH il 2 A X S B IR S R A R . ex-
clusive Al inclusive f% 2 £ 7 7 40 & 6 (1) &2 7 il s
BT~ N7 3t VF OB 8 b il et 78,

5 MITA RS 551

MITA BEF 1 10 ML BT AR (a) FA BTSN EE, HERETTH I R E % 10) LRGS0 3 R AN, 2h D1, D2FID3

Fos (b) A MITA FESUR SR o I Sk [29]
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K6 TEH8Ni ik R I A 4h R

FELTTT . BIEASZOE 5 BACRAESEEUR . exclusive Al inclusive % 24 /1 43 4ii -
BURL (No-CC) ITHEEAE R o K AR AN MR 225371 9 CDCC A TAV BAL 1T HEE A5 R,

FIFRLSZ R, SR RAZE (TBU) i fE . 45 FEE SCHk [26].

I CDCC %} % i 24 (elastic breakup, EBU) £ 43 #i it
1T VP&, xS 238 2 (none-elasitc breakup, NEB)
F oA, MR T IAV AR B0 48 505 54 P 6 Al
RORIZ R 4 Brs o 2 1 23S #2 (total breakup,
TBU) ART & 2 A, il 6 okl se gk frow, B XS B2
inclusive il 2L 1 25 5 o v DUR I, X T 6 0 & A
2% 0 5 1 S I £, d ik B T 5 EBU AT TBU 1]
DA o LB . SR H, ERTMREREN, £
SRR B FE BRI R

FJTIH, X TR E AT, AT Do A A A
R p Rl a kAREL, 5RME 7 Fiw, H5 190+8Nill
A R BE G IR BRECHAT T AL N T AT AN A
ZIAI L, S HE H UFF 7k 28Tt 4T 7 291k, A
B, T4 BaeX, VFRN100 [oRifk 7 204k 4 3
e AR —5. RMERTRIX, HET %0, 7F
2 SR A R 7 3G 7 X — I
%, FIFH CDCC 4 T TF+58Ni 1k 2 (s b A il . 78
THE R, S SR R I 5 N AR B R R ok 3K
8. 1% & # %K F Woods-Saxon JE R, *f T 1°0+°8Ni
Hp+HSNI, S FE 4> 512 100 F1 50 MeV, 246124
BN0.7A10.5 fm, SRECSECN 0.1 fm, DAHH ORI JEFE
PhL T HEC 2 A . 008N 1 82 8 35 S 4o 1T
%A R G 2R BUE S p+8Ni sg K
FIKDO02 #4522 3 2], st g, 2 FREX

S, HE 22 I CDCC A% B 2 S AR &
I3 BN R MR 2L (EBU) A2 M %4 (NEB). i 2

VT S5 A0 THT 1 8 9 0 R 2 B o I 05 (A 4 0
FE, JF HEEEREMC, MEHRIEHES TR
% 12601, ok 5 1TR+208ppl24 i & 1 25 AR — 3.
Xt T 7F+208pp 15 19p+208ph 1 76 2 1 R IX A A s & ik
HHEAHIE: SRTI7ES2 FAREX, AALLF PF+20%pb, 7R+
208pb U B T A A FEAR IR . R, TR IA R
AR SR A AE FE AR P AR 58 RN 7 B B

10" f
. 10°¢ .
= % F+Ni
= A 160+58N
—— UFF
10*] -
10 : : . :
-1 0 1 2 3 4
X
K7 V7R 100+58Ni 14 & 145 & I SE R BR 5K

ST = A T 43 5125 TR TSOSONG (0 40 B 2 0T 200 -
S SO [26]. SRS i i A IR UFF 1%, {F9E
B BHHRE
N T HE— B FOANER SE 55 R 2% TR [ RLES) 77 57
ZEGE, AR R 5 A S AT P LA W R A
RIR AR 8 B AT LAEMT R B, M b A
KB PRI . HRA@0E, FHrERSE
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SRR R PR S, EMFRBEREE T, F
JRF R AR L 7 AR R AR AR R . IR
TR T S50 WA S 2 T 2L X
T IS R—AAER . Bk, ARTHT2EZ, K
TG A BB R I B A o A RS 2 T P P
H2e. HEDTARE SRR, R lE S A% S HE
EEERZ, AT ERGM TG b2 5072
B BAR 2 2 TR IX ), il AN S ANER 18 Y 7 T T
L T

0.9
* SB4120Sn
v o ITF58Nj
v A 6He+209Bi
v llLi+208Pb
061 o Be+!’Au
bx & 1IBe+208Ph
< g
03}
N
00 1 ‘ 1
0.0 0.4 0.8 1.2
B W/ MeV

Bl 8 R 2R I R i S R A T 2 L 5 e SR i 0% R ]
Hop, LOMFSERFER TR, TOFSEREFTEH
HAH%, SHe+207Bi #ud ok 11 32k [33]: 'Li+208Pb Hud ok 19 3T
Wk [34): MBe+!"7Au B R H SCHR (35 'Be+208Pb #idE ok B
ik [36].

3 g

ICNEA

FF CRIB 23iti5em 1 i Pt SB+1208n Al 7F+8Ni
WAL 22X B FNE. FXA R R RN
FEVDRRE R T T AR RIS BE A, LRI R N
PRI e A A AT R MR . TR T A% SB+1208n,
BRI T W TBe MR T RIS BEI &, Il hE
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Progress of Studies on Reaction Dynamics Induced by Proton Drip-line
Nuclei at Energies Around the Coulomb Barrier

YIN Cheng, YANG Leil, LIN ChengjianT, MA Nanru, JIA Huiming, WEN Peiwei, YANG Feng, LUO Tianpeng,
CHANG Chang, HUANG Zhijie, DUAN Hairui, YANG Jionghe
(China Institute of Atomic Energy, Beijing 102413)

Abstract: Reaction dynamics, especially the breakup mechanisms, induced by proton drip-line nuclei at energies around the
Coulomb barrier, is one of the most popular topics in nuclear physics. In order to further investigate the reaction mechanisms
of proton drip-line nuclei, we performed the complete-kinematics measurements of 8B-+1205n and 'F+®Niat CRIB, Uni-
versity of Tokyo. This paper summarizes our research findings and unveils for the first time the fusion cross-section results in
the 8B+120Sn measurement. Two detector arrays, i.e., the silicon telescope array of STARE and the ionization chamber array
of MITA, were designed respectively for the measurements of ®B and !’F. Reaction products were completely identified with
the help of these two arrays. For the 8B+129sn system, the coincident measurement of the breakup fragments was achieved for
the first time. The correlations between the breakup fragments reveal that the prompt breakup occurring on the outgoing tra-
jectory dominates the breakup dynamics of 8B. For !7F+°8Ni, the complete reaction channel information, such as quasi-elastic
scattering, breakup and total fusion, was derived for the first time. An enhancement of the fusion cross section of Tp38Nj
was observed at the energy below the Coulomb barrier. Theoretical calculations indicate that this phenomenon is mainly due to
the coupling to the continuum states. Moreover, different direct reaction dynamics were found in 8B and '"F systems, suggest-
ing the influence of proton-halo structure on the reaction dynamics.

Key words: proton-drip line nuclei; energies around the Coulomb barrier; reaction dynamics
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