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208Pb(%2Ni,1n)?°Ds 3.34 pb 2 6+2° pb Bi("Zn,1n)?"*113 25.4 fb 31 fb
208pp (54N, 1n)*"'Ds 14.50 pb 1577 pb

ENNEEEN EEEEEEN |
2 L I L I L I L I L I L I L
“Fe¥Fe " ]
101 B *'Fe “Fe
1 204 207\ F 5
NN :--EEEEEe || 10° P o e “ore
L] [ [ [ [ ]] || LE Fe SFe o
T T et eyt
10-2 1 l 1 l 1 l 1 l 1 l 1 l 1
2262 264 266 268 264 266 268 270
a} 10 L] I L] I l64 I L I I L I L I L I L
JE H 10" N NL4',Gg _ ONji SNi w Ni
g . 3 . .61Ni m m Ni Ni . . ] .62. _.64Ni n
c = Q_lO oni ™ 2ph N.I siniNi
g | Sorar o ST
a B () (d)
= o10° Ny PEIN gy
[ 10264 266 268 270 272 266 268 270 272 274
o [ u 10 T T 71
103 [ur] e . 101 68—, 70 (e
102 : . 0 Z.n Zn
10 .. H . . . 10-1 167_zn_ _ l7oz_n _
100 [r] BR TR s EEEEEEEEEEEEEEEEEEN N 107 Booyy #pp
%lllmwmm“ T T T T T T 2
os [0 2 B2 5 2 Y R AR EEEn N 1oL
149 150 151 152 163 154 155 156 157 158 15 160 161 162 160 164 165 166 167 168 169 170 171 172 173 174 5 176 177 178 173 190 181 162 193 184 195 186 272 274 276 278
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HRITL  BERN

RNB reaction o4n(pb) osp(pb)  o"(pb)  ohax(L)(pb) W (/s)

2Np(**Na,xn) 1.68 x 10° 2.27 x 10° 227 x 10> 1.55 x 10° 1.6x10%
*Pyu(**Na,xn) 5.68 x 10° 6.02 x 10° 6.02 x 10° 3.63 x 10° 1.6x 10"
22Cf(*10,xn)  7.74 x 10* 3.58 x 10> 3.58 x 10° 2.50 x 10° 1.6x 10
*8Cm(**Na,xn) 1.04 x 10° 8.06 x 10> 1.04 x 10° 3.20 x 10° 1.6x10"3
29Bk(**Na,xn)  3.40 x 10* 2.30 x 10° 3.40 x 10> 1.20 x 10° 1.6x10%
22Cf(**Na,xn) 132 x 10 2.16 x 10®> 2.16 x 10> 2.00 x 10®> 1.6x10%
23Es(**Na,xn)  3.46 x 10* 3.60 x 10° 3.60 x 10> 2.75 x 10° 1.6x10%
>3U(*?K,xn) 7.86 8.11 8.11 5.2 4.0x10%
2Np(*K,xn) 5.95 0.54 5.95 0.6 2.8x10%2
24Py(*?K,xn) 7.59 2.76 7.59 1.7 4.0x10"2
28Cm(*°Ar,xn) 6.59 6.61 6.61 740 4.0x10°
28Cm(*°K xn) 4.63 8.20 8.20 91 3.6x 10!
249BK(*3K ,xn) 21.00 1.53 21.00 1.9 2.8x10%
222Cf(*°K xn) 0.99 2.08 2.08 22 3.6x 10!
2>3Es(*°K xn) 0.20 0.24 0.24 2 3.6x10M

268Sg,268Bh,268HS(34S—|—238U),271Mt,272DS,275Rg,276cn,283]_13
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il ®ca+**Pu y
107 F "o =42 MeY | ;
s *  exp. ]
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140
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0.08 |
0.06 b 02 _ (\ f\ nj‘-. Boa+*pu ]
:;: 004 - 10° _ f \ fi .pm.\-\_:_:ﬂ_
0.02 | ~ [ \/ ]
:E: 107 ¢ .
0.00
0 107 F \} 3
[ B o 4+2py ] 10° _/ 3
10" E*_ =42 MeV | /
102 : —:—E:F o ZIU I 4ID I ()'IO I BIU I 160 I léD I 1;10
2| . A
" ‘e :
< fewene | ROPFMRFABERRETER
> T ERIUERT T 5 A SCIE
4 B, AR BB ERE
1o EER

[ Diaz-Torres(2001), Adamian(2003), Feng(2009)
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dP(Zy1, Ny, By, B, E1, t
( dt ) - Z W217N1,51,ﬁ2;2{,N1,51,62(t)X (3)
Z

[z, ny. 51,8, P(Z15 N, B, Bay t) — dzr g 6,6, P(Z1, Ni, B, Ba, t)]

T Z WZlJVLﬁLﬁz;ZLN{,ﬁlﬁz(t) X
Ny

[dzy ny. 31,8, P(Z1, Ny, B, Bay t) — dzy e gy, P(Z1, Ni, Br, Ba, t)]

max gmax
B B

+ Z Z WNl,Zl,ﬁl,ﬁz:Nl,Zl,ﬁi,ﬁé(t)[dZLNl,ﬁLﬂzP(Zla Ny, 517 Béa t)

00
—dz, wy.8,5,P(Z1, Na, Br, B2, £)|p(B1) p(B2) ABLAS,
_/\qf(Zla N17 517 62)P(Zla N17 617 627 t))

S.Ayik et al ZPA 277(1976)299,Huang, CPL25,1243, Feng, PRC80,057601
X. J. Bao, S. Q. Guo, H. F. Zhang, and J. Q. Li, PRC, 024617(2018)
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e R I D A

max nmax
Tint 61 62

Yzl,/vl(Ec.m.,J):/O > N2, Ny, By, Bo) X (4)
0 0

P(217 N17 517 527 t)p(ﬁl)p(BQ)AﬁlAﬁzdt

10" L LA L BN L B I I '|'|'|'|'b|
il il ' )3
l r\!'('.’{.‘r J : ((?r(;(ffjr““ .
ég&&\ L%‘rﬁéﬂ M Hﬁ\é&’\@é &Sk(% :
10°F 1 e 50 - '
e oS E
> [ Ve i
10° E |
—— Cal E
o Exp i ®ea+28Cm :
ot Lo 1 1 1] 10-4.|.|.|.|. R Sl B A
40 80 120 160 200 240 40 80 120160200240 80 120 160 200 240

fragment mass fragment mass

ZRINFINRRAIEE LE TR EBINERT 5 Ry SE30N =

[ E. M. Kozulin, G. N. Knyazheva, |. M. Itkis et al. Phys. Rev. C 90, 054608 (2014).
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AHEFFTATOESAT

UZl Nl( § Ucap cmaJ)YZl Nl(Ecmaj)Wsur(Ec.m.aj)
UER( E Ucap cm:J)'DCN(Ecm7J)Wsur(Ec.m.7J)
100l|ll|ll|ll|ll| llllllllllllll 102||||l|l|l|l| ll llllllllll
1B (@) (o)) ®ca+**Pu
10 10
10° /
1 Bl = /
10 | [
3 01 /\10_2 ] I
= S 10°F a1 1A INFI 1
vqo-oj- ) l | L l | L l L L) l | L l ) l L L l L L l L L l L L l % 1 (C)
= (d) 0" 20
N 10 -3p -4p o !
° This work 10 K i
is wor AT
1 . B 10_2 ,
0.1 103 |
10 [ A
oopCotle oty vt b vty v VR by Nyl 2530354045505560
54 60 66 72 78 54 60 66 72 78 (MeV)
Mass number
@ L Corradi(2009),°*Ni+**U %},:Eﬁj:]jj QQF_FBﬁ'ﬂEE,m Tl R EH

@ X.J.Bao, S. Q. Guo, H. F. Zhang, and J. Q. Li, PRC, 024617(2018)
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EFEH-FE

pr/ (
Zl Ny
oz,.n (Ee.
llllllllllllll lllllllllllll
10°
o Bea42%80m (@)

10*
10°
0
= 10
£ 107

0192 204 216 228 240 192 204 216 228 240

94
Ge

Z—Hlo 7|6|.I "'I"I" L
- N"'107 M’J—
o

© 102 78Ni {‘/
10
10" jr ®Ni /' Ni /
10°192 204 216 228 240 192 204 216 228 240 10012

E__ (MeV)

@ X.J.Bao, S. Q. Guo, H. F. Zhang, and J. Q. Li, PRC, 024617(2018)

B/7ME  (Hunan Normal University) BERSEDRTFE

Zacap c.m.; J) Yzl,Nl(Ecm 3 J)

Z Ucap c.m.; J) Y21 Nl(Ec m.s J) Wsur(Ec.m.7 J)
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JA T i B AL 98.64T0N{4208Ph (N /Z)

1000 T T I T T I T T I T T T T I T T I T T I T T 1000 ) ) I ) ) I ) ) I 1 1 1 1 I 1 1 I 1 1 I 1 1
(@) (b)
100 @ -1p) | (b (-2p) 100 E,, =256.80 MeV
10 10 LT 58Ni+208Pb
1 - . 1 - n
—~ 0.1 - n " = 0.1 "
v c (-1p)
§/001 LI I LR B LN B LN LI B L B B B B BB VHOO:L LONELENN DL DL DL L LI LI IR B l-| T 1
Z'100f (©) “Ni+*Pb (-3p) [ (d) (-4p) Z 100 §© () - 'IE'les.work
N _ _ o
o 10 Ec.m. 2.67.64 MeV - Egswork 10 e
1 wns A " 1 [ A u
0.1 . /\/A\/\_\ 0.1p ™ " (-3p) = (-4p)
001 ' | ' | 4 T | ' 0.01 1 | T ) W 'Y ' | '
24 30 36 42 48 30 36 42 48 24 30 36 42 48 30 36 42 48
Neutron number Neutron number

W. Krélas(2003), L Corradi(2009)
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J e 2 sz . 9804 TONj+208Ph (N /Z)

1000 T T I T ] I T T I T T T T I T T I T T I T T 1000 1 1 I 1 1 I 1 1 I 1 1 1 1 I 1 1 I 1 1 I 1 1
a) (b)
100 f- @ (-1p) | ® (-2p) 100 - E,, =256.80 MeV
10 10 LLL 58Ni+208Pb
1 . (] AN
~ 0.1 " " o 01 " "
Qo = (-1p)
éOOl LI B I B B I B B B T T [ T T [ T 7T [T ¢ VHOO:L LONELENN DL DL DL L LI 'd' | | I'|:h'l ! |I(
— . IS wor
Z100f () “Nie™Pb (3p) | (@) (4p)q Z100f @ T
= hi K
) 10 Ec.m. 267.64 MeV - Exswor 10 .“.
1 ..I. 1
0.1 . /\/A\/\\ 0lp " (-3p) = (-4p)
001 | 4 ' ' | ' 0.01 1 | IR ) W ' P | ' I
24 30 36 42 48 30 36 42 48 24 30 36 42 48 30 36 42 48
Neutron number Neutron number

W. Krélas(2003), L Corradi(2009)

-6 B N
10 24 28 32 36 40 44 48 28 32 36 40 44 48

2 X. J. Bao NPA 986, 60(2019) Neutron number
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@ J.S. Barrett et al.(2015); 13°Xe+2%8Pb

@ X.J.Bao, S. Q. Guo, H. F. Zhang, and J. Q. Li, PLB 785, 221(2018)
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132 138

XfEE AN [E] AR BT EE BY tB 58 (B0Xe
(N/Z = 1.51)5%Ni (N/Z = 1.28)) F*
SR BRNEE, S5 REREE
EMBEFTEREFTFEX,

@ J.S. Barrett(2015); W. Krdlas(2003)
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X2 5% o T~ 3 T Fr 2 4K T B9 =2 H
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Neutron number
@ J.S. Barrett(2015); W. Krdlas(2003)

@ X.J.Bao, S. Q. Guo, H. F. Zhang, and J. Q. Li, PLB 785, 221(2018)
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@ ETHEXRBATEETHENNZRAZIEE, fixTEEZNE RS
w EEMNFRLTHNITEBERERIEINEI, ZEENNEFERLTEIRRITEZRL
FIREHEFFAEXLIENEE,
ww EELIWHIED T RIANIZRE se BIFRR A B E % E R AE S HLH.
w R A FREHEHRNKB TR FoEEMATAL25E(BERESHMLE).
w RAMSTHZZENR T ERBEZFENLR, FREARLAFIHABE &R E RSB
TEBEXFELME.
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iR =

@ BETHEKRBATEZTHEMNIIZRFEER, MR TEEXNE BRG]
ww ZEMNFEENNITBEZERYLEIREM, EEINDFETEHBICITEZRX
R REHE TR S SSIENE(E,
w5 S SLINHIE D T RARZIR B g B F IR B E & BB S HLH
= RAEFREIERNKG TP FoEgMATNL2eE(BERESHNE).
w RAMSTHEZENR T ERBEZFEAER, FRAFLIF RS EZRE K ER
SEEZBFIEAMNE.
@ AERTHTEFHIE, MRTHEESEREBEELIE
w EEHFRTNNAEN, RXFEE LNE TIEISITTEX L EN S ESTT =
70 Bk ge
= jJTAEEiMm_kmmr‘ HEMNRER (BE53HT) , MEEHEXN N sERE
s inE iR E N B F20 .
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@ BETHEKMALZEEHFENNRARER, AR TEEXNSHILE
w FEHNFRENNISBESRSRIFNEN, TEINFEERFIERITERL
R R EE BRI A SN EE.
G SKIHAE D T RN E GBI R HIR B EA% S VIR B HLH]
w ZRAFREE BN T P T O EEMRENLEE(BERESHIE).
w RABSTESRERR T S RBEZNFENE, RIATT LA RBS RS RED
PBEXBFRIME.
@ ARTHNEEERE, MRTHEESETEHEATE
w ZEMNDFRTRNIFN, RAERE LNE THRTEX S ENERERTE™
B mRHIREE ST
w AT REHEREENEGREY (FE5RE) , MR HEX AR
R IR E U B R o

B K !
WA iE R
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AR SR PR RE IR
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RAZAELAL

©® 2 WAL T M— M ETFHEEBEI B — 1 ET 4.
v PEIRIIRER % T TR AR AR 2 BIREE SRR LT 2 R ER T T IE
o B — B R
= BREAH

© SEBMMEABATRERS, BEBIELHT. SHEBRTRES
5t v SHEERME R RRE BT,

© R RISEIRISAEL FIREE:

O'(Ec.m) — Z O'C(Ec.ma J)PCN(Ec.ma J) Wsur(Ec.ma J) (5)
J
@ ZENENYIEEN
g (Ecm, J)RINEIREHE : FRWIERTIRE SN ZETERIIZESRLE.

5 Poy(Ecm, J)RTIEERILER: MZEBIEBZTERESHILE,
5 Weur(Eem, J)RAFEBILER: EEXBURMIREFE BIRHHILE,
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Fusion probability

@ The evolution of the distribution function P(Aq, E1, t) for nucleons A; with
excitation energy E; in fragment 1 is given by the master equation:
dP(Al, El, t)

S =D Waalda, P(AL B ) — dy P(Ar, By, 1) (6)
Ay

where W)y, 4 is the mean transition probability from channel (Ay, E1) to (A7, E7)
da, denotes the microscopic dimension corresponding to the macroscopic state

(Ar, Er).
S.Ayik et al ZPA 277(1996)299

@ The single-particle Hamiltonian to describe the nucleon's motion in dinuclear
model reads:

H(t) = Ho(t) + V(1) (7)
Z stk (£)au, (1) (8)
Z Z Hoy, Bk’ )aﬁk/( ) (9)

k k' ey Bk/
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Fusion probability

@ The single-particle matrix elements are parameterized:

1 <Csozk(t) — & /(t)
u t) = U p(t) exp{—= LEMEA E ) 10
Qk:ﬁk/( ) kgk( ) p{ 2 Ak)k/(t) ] Qk?ﬁk/} ( )
The strength parameters are determined by the single-particle matrix elements for
exciting or transferring a nucleon.

@ The strength parameters read:

11
8185 1
Ue = 7+

1 1

g +8g gigy

X 2 (11)

where gx = Ax/12, and the reduced strength parameters 7, = 3.
@ The transition probability

Tint (A1, E1; AL, E{
h2dA1 dAll

WAl,All — ) Z ‘ < All? 1/7 I/| V‘Ala Elvi > ‘2 (12)

B/ME  (Hunan Normal University) BEZSFEhFi 2019.06.23 32 /39



Fusion probability

Lt FRE

@ The transition probability can be written

W(Ay, Ei; AL E)) =

where

wik' (A1, E1; E]) =

@ The reaction process

®/ME (Hunan Normal University)

7_/nt(Al; El A17 E,)

II’A’

dAldAll

{wll(Al, Eq: E,) + CUQQ(Al, Eq: El)(SAl A(13)

+wi2(Ar, Ei; E1/)5A’1,A1—1 + wor(A1, E; E1/)5A’1,A1+1}

Z| < A17E171|ka’|A1,E1,I > |2 dAl < ka/\/k/ > (14)
r:} ‘\\ 7~ [__?__
Uk 7/l
’/// 7/
;éi*?;zﬁqz%ﬁ | - B 2019.06.23 33 /39
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Fusion probability

@ The valence space: Acy = \/45’;/gk,82 — s}i%,wheree’; is the local excitation
energy of the DNS. The local excitation energy can be written as

5* = Edis — U(Al, A2) (15)

@ Ny (Nk = gi/Ack) denotes valence states and my(mx = Nk /2) denotes valence
nucleon in the valence space Acy.

d(ml, m2) = (Nl, ml)(NQ, m2) (16)

@ Statistical Spectroscopy method:
R(W', W) = |W'[O|W? (17)

Up(W) =D R(W', W)(W')? =< W|OTHPO|W > (18)
WI
1 1 _
< ka/ V/jk’ >= Zulgk’gkgk’Akk’AgkAgk’ X [A%(k’ + —(Agi + Aéf%(/)] 1/2 (19)

6
J.P.Draayer et al Ann of Phys 106(1977)472
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Deformation relaxation in HIC

@ The shape relaxation in HIC :

dP(Br, fort) o~ O P
= — i , B, —(D; P( : 20
" > P B2 )+ 3 S0P o) (20
@ The driving potential of the system reads:

(517 527 ) (A17 Zl) 61) + M(A27 Z27 62) + U/V + UC (21)
U — Z1Zre o 9 )1/2212262 22: R?B:P5(cos 0;) (22)

¢ r 207 rPo= e '

3 ZiZse’ o~ ,

—|_(77T) r3 Z Ri (BiP2(COS ‘9/)

=1

0 r Z Rint
L.Yu,PLB et al 730(2014)105
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© EFIEP, Wy oz i 920m o100 N (21, N, B, Bo) IR DAL FR S
R B A RE. Wiz RS EHITE % RE -

e = E — [U(Ny, Zy, No, 25, R, 31, B2, J) — U(Np, Zp, N7, Z7, R, 10, B20, J)].

@ N. Wang, M. Liu, and X. Wu, Phys. Rev. C 81, 044322 (2010)
@ RiT/LERTA:
o 7-mem(Zla Nl? E17 517 62; Zl? N{, E{? 617 62)

1,/V1,M1,P2 15 1> 1,92

X Z | < 217 N{) Ella 617 527 Il‘ V(t)‘zla Nla E17 617 527 1> |

11

7-mem(Zla Nl) E17 517 62; Zl? N{? E1/7 617 62) (25)

= W2r{< V3(t) >n 2 .m0 + < V) >z 2

@ éﬁi‘l’ﬁ%ﬁiﬁ J.P.Draayer et al Ann of Phys 106(1977)472

1 1 —1/2
<ka/ V/jk/> :Z U/%k/gkgk/Akk/AgkAgk/ X A/2<k/ + 6(A8/2< + Ac‘f%{/)i| (26)
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RERERIN : 1BEILE(Py)

@ BRiTJLERTA:

Ny, Ey: NI, E
W (N, E: N, E]) = Tint (N, Bai Ny, Ey)

ledNi
+ wia(M, Ex; Eq)opr yy—1 + wor (N, Es; Ell)(sN{,Nﬁl} (27)

>
wik' (N1, E1; E7) = Z ‘</V17 Er, ilViw|Ny, EL, i) = diy, 2, Vi V,jk/> (28)

{Wll(Nlp Eq; E{) + wao(MN, Ex; E)on, v

ii’N{
@ gﬁi‘l’ﬁ%ﬁiﬁ J.P.Draayer et al Ann of Phys 106(1977)472
1 1 —1/2
<ka/ V/jk/> :_Ulgk/gkgk/Akk/AgkAgk/ X |:A/2<k/ —+ E(Agi —+ Agi/)i| (29)

@ FEHEEEL,  SHEIERFEHAE MR RBUERBE.  L1.Q PRC 27 590(1983)
AO(T) =7 — 6; — 65 — 6()

db t hl(t)
ANG(] dt— = dt
()= / dt /0 Ler(t)
Eclfis =Ecm — E;
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[ Adamian(2012),Moller(1995)

2 X.J.Bao,5.Q.Guo,J.Q.Li,H.F.Zhang JPG44,045105(2017) *° Ti+>*Bk (119), *°Ti+*'Cf (120)
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