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1  APOMHI JGAERERIASEL
Table 1.  Parameters in the APOMHI optical model..
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j=8an 33 1 b1
®3 AR
Table 3. Experimental data used in this work.
e _— pasey il SRPETC F A

E;/MeV ik E; /MeV SCHik
1 ‘Be 7.0—21.0 [31]
2 B 22.0—63.0 [32]
3 B 21.0—65.0 [32]
4 BC 105.0 (33]
5 160 13.9—85.0 [34,35] 85.0 [36]
6 HMg 32.0—72.0 [37] 50.0 (38]
7 2TAl 28.0—72.0 [39,40]
8 281 34.0—72.0 [39]
9 #Ca 27.0—60.0 [41]
10 N1 35.0—64.0 [42,43] 35.1, 36.0, 37.1, 38.0, 46.0, 63.0 [44-46]
11 6ONi 40.0—63.0 [43] 34.5, 35.5, 37.1, 38.0, 63.0 [44,46]
12 64N 38.5—64.0 [43]
13 BCu 40.0—65.0 [47]
14 5Cu 40.0—65.0 [47]
15 64Zn 49.0 [48]
16 “Ge 37.0—61.0 [49]
17 NZr 90.0 [50]
18 92Mo 50.0—65.0 [51]
19 128 60.0 [52]
20 116Sn 67.0 (53]
21 148Nd 61.8—77.0 [54]
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Table 3 (continued). Experimental data used in this work
- - ey i) SRR 2 A
E; /MeV SCilik E; /MeV Sk

22 1508 65.0—125.0 [55,56]
23 17y 83.0 [57]
24 1850 80.0—140.0 58]
25 19205 79.0—124.0 [55,56]
26 194py 77.6—106.0 [59]
27 197 A 77.6—102.0 [60,61]
28 208p}, 75.0—102.0 [62]
29 Li 114 [63]
30 2C 15.0—216 [64-69] 66.2, 85.0, 100.0, 120.0, 216.0 [70,71]
31 120Sn 60.0, 66.7, 72.0 [46,52,53]
32 uc 105.0 [72]
33 61N 33.5—52.6 [73]

N, N, . R L )

=Y Wk, S We,  (30) 55 i DSBS, bR RN SR ow Fl 0w
k=1 rall.x?, #0) I3 BRI T EE RSB, Aoe IR
N, N, Py 2%,
Xe =Y Wixe > Wk (31)
k=1

=1(forall.x2, #0)

b, bR £ 70 e 235l F 7 G AR A R i A
OXAT, FARR KRR kB, W RN AL S

kA HERZREAE SO P SR, N, AR
XFTHS kAR, B S SRR R 2E X7

Xk = (wkafk + Wek X, k)/(wfk + wek)a

Hordr ) we, il wey, 73 s A% 5 5

(32)

kA W8 A il 4

JSSE B4 K AR TR R S5 RS A A1 BT o5 AR 3
S5 kA BRI A S P 5 AR B BRI S

1}%% Xf,k j‘j

NEgk
2 Ofth —
Xtk = E

i=1
BA% 55
B SRR 12, N

NEgg

Xk = Z X2 i/ Nek,

i=1

NEki
X2 _ Z Oeth —
N Ao, exp

Jj=1

Ofexp ) / N

e A AR 38 S I L BICS Af 0 A BY

) /N

(33)

(34)

i;% NEk j»ﬂ%i‘? '?’él% k/\ﬁlﬂﬁﬁjﬁ@fi HA S fiE

5 BN DL R i DA

i) ﬁ&éiiﬂ‘ﬂj FPEROR A FERCH 5 fds @ Fom

3.3 BOMEAMZMEENRFERESEH

T 2.1 WELE, RATF L APOMHI,
FIFH G T Mk A shiA SR AES BN ik, 3k
U B iR S A E e, Rl S R R A AR
FH. ARSCHIF APOMHI, LA 3 H 1—28 MZ
(S R 3, FRET 18O 1R A sz A 1S
SERAESRL, BRI 4.

N T HE, FATHIFH SOOPA, K AR [R] ity 52
SR A SRS ik, AR T R B S Y
PSR, S5 5.

HRAE 3.2 5 2 IR T vk, DAER 3 thalm
B M SR 25 S ZlKjCiJr%TWWMﬁi”TEE
WSS R 5 S0 1 & T 22, ELARSE S L& 6.
Hor x2S A A G S S A 22 x? Shy s
BU A RIS SR A IR 22, X2 MR 2E. &
&K H, APOMHI M45 20T SOOPA 2554,

3.4 IBAEHEERSH

AR 2.1 50 2.2 5 i BRIS LA K€ 4 Al
5 WG YES, ol LA BN BT A5 R, 16
A A A 5 0 LR A R LR 1—1&] 4, Forp
SRRSO, SL4 R APOMHI Y FR ST
gEL LR SOOPA WHMESTTA LR, W6
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F 4 BOMEN AT N APOMHI BA T S s fdp 24
Table 4.  The APOMHI optimal OMP parameters for '*O projectiles incidence on different target nuclei.

FFs ZH Bl s e Hife

1 Vo 451.00000000 22 ARSOBO 0.06584537
2 Vi 15.30000000 23 a1S0A 0.48015487
3 Vo 0.48000000 24 A1SOBO 0.01976280
4 VB 0.00000000 25 TeA 1.03999996
5 Va4 18.73192978 26 TcB 1.04000000
6 Wso 30.00000000 27 TSA 1.84839511
7 W1 -0.99000000 28 T'SB 1.46500000
8 Wsp 0.00000000 29 TVA 1.93000000
9 Wso 0.00000000 30 TVB 1.47000000
10 Wvo 10.00000000 31 TRSOA 1.04999995
11 Wi 13.00000000 32 TRSOB 1.55366528
12 Wya -0.01200000 33 TISOA 1.05001342
13 Vso 80.00000000 34 TISOB 1.75388050
14 Wso 25.00000000 35 TCA 1.25000000
15 acA 0.85000000 36 TCB 1.25000000
16 acBoO 0.08229566 37 acB1 0.24493097
17 asa 0.35107821 38 asB1 0.35000000
18 asBo 0.34775448 39 avB1 0.09000000
19 ava 0.39626881 40 ARSOB1 0.11783799
20 avBo 0.38336781 41 ajsoB1 0.07000000
21 ARSOA 0.79141617

5 SO RN RIIZIY SOOPA AT E g B E S5
Table 5. The SOOPA optimal OMP parameters for 80 projectiles incidence on different target nuclei.

5 248 YCIER A 2R Bl

1 Vo 1300.00000000 18 avo 0.64614904
2 Vi 9.32954121 19 asoo 0.55000001
3 Va ~0.03310557 20 TRO 1.20000005
4 V3 45.00000000 21 TS0 1.24034297
5 Vi 34.97342682 22 VO 1.20000005
6 Wso 27.79658127 23 TS00 1.25000000
7 Ws1 ~0.87972260 24 rc 1.25000000
8 Wso 1.87557280 25 3 0.11376333
9 Wss 1.07613444 26 ar1 0.02999442
10 Wvo 65.99987030 27 asi 0.02947382
11 Wi 5.40153790 28 avi 0.03926823
12 Wya 0.08881600 29 aso1 0.00000000
13 Wys ~5.09999990 30 TR1 ~0.00313194
14 Vsoo 10.00000000 31 Ts1 0.18612149
15 Wsoo 1.00000000 32 V1 0.01397228
16 aro 0.52152246 33 Ts01 0.00000000
17 aso 0.34999999
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%6 APOMHI 5 SOOPA FURMEAL T HEiE 15 5280 i 2 LA
Table 6. Deviation of theoretical results and experimental data with APOMHI and SOOPA model respectively.
APOMI SPOOA
o X¢ X X X¢ X2 X2
‘Be 1.39 1.39 2.33 2.33
B 2.17 2.17 2.89 2.89
1B 4.02 4.02 4.51 4.51
BC 286.27 286.27 467.75 467.75
160 21.00 162.44 91.72 32.16 147.74 89.95
HMg 3.11 9.74 6.43 0.38 97.82 49.10
2TAl 17.60 17.60 16.52 16.52
Si 15.43 15.43 7.72 7.72
HCa 12.05 12.05 6.10 6.10
8Ni 88.30 646.73 367.51 97.93 2046.43 1072.18
60N 21.25 1404.33 712.79 35.38 3194.35 1614.86
64N1i 43.28 43.28 42.01 42.01
8Cu 5.06 5.06 4.42 4.42
%Cu 3.90 3.90 5.24 5.24
6Zn 120.98 120.98 579.60 579.60
“Ge 2165.57 2165.57 2468.20 2468.20
NZr 498.31 498.31 69.48 69.48
92Mo 10.45 10.45 8.45 8.45
128 74.11 74.11 88.79 88.79
1165 403.03 403.03 1026.08 1026.08
H8Nd 42.07 42.07 21.85 21.85
150Sm 9.20 9.20 5.31 5.31
1"Yh 12.57 12.57 9.34 9.34
1880s 80.49 80.49 1422.2 1422.20
19205 13.57 13.57 3.84 3.84
194py 26.65 26.65 30.66 30.66
197Au 32.45 32.45 15.85 15.85
208Ph 33.29 33.29 14.77 14.77
MU EZEEE) 120.56 361.85 181.87 193.12 772.73 326.79
Li 166.49 166.49 85.95 85.95
2c 42.23 32018.88 16030.55 42.54 6563.20 3302.87
120Sp 229.43 229.43 354.57 354.57
uc 21.35 21.35 30.14 30.14
6INi 14.08 14.08 137.80 137.80

SR N2FE, APOMHI it A48 0 BT SOOPA
PITTRZESR. R, AFR 6 e MAZ I x 2 FTEl 1—
Kl 4 a7, WA —H A% SOOPA THE(E 558
EAE AT SRR L APOMHI B — 8%,

H5 5 A TED 2 A O A 5 A A Al A e R R
BN A RV IR, AEAZ RN, A R A
T de E R WL, HABW G FE (R e

BB AT 7 F735) BOBERER, ol A2 AT
1, 3T HH R A SO IN , FATTRD  AR
(oaps )T R IE BT (o ). IXFEMBUN H ATET
AT AN i e, (EAHS AL S 0 ) Ak B B
fift, E B AEWT I MBS SN HE R, AT LASE
HOGTE A AL, $2 it SR M Zs R i n]
R (7,
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10t F
Q Q
g 10°F g
S 3
= — =
¢ 1070 5
10-2F
10-3F , = H. A. Roth 1980 » R. M. Anjos 1994
/ —— APOMHI — APOMHI
10-4F ---SOOPA ---SOOPA
105 . . . 102, . . . .
5 10 15 20 20 30 40 50 60 70
Elab/MeV Elah/MeV
14 104
12 18O 4+11B ___,-i 1804160
103
. 8F 102
,Jé
R 2wl
= "y
S af & 10°F
) lo-1f . e J. Thomas 1986
= R. M. Anjos 1994 L’ = J. Thomas 1985
{ — APOMHI 02l & —— APOMHI
N --- SOOPA 1 X --- SOOPA
. . . 10-3 . . .
20 40 60 15 20 25 30
Elab/MeV El;,b/MeV

1 9Be, 1B, B il 160 1 A R B KE A T BS 5 SE K LR (SRR AR R UE A H. AL Roth 1980BU, R. M. Anjos 199482 J.
Thomas 19854, J. Thomas 1986°7)

Fig. 1. Comparison between theoretical results and experimental data of fusion cross section for ‘Be, 'B, "B and 6O target. The
experimental data come from H. A. Roth 1980, R. M. Anjos 199452, J. Thomas 1985, J. Thomas 1986/,

Ufus/ mb

14 180+24Mg 180+27A1 - 15 180+288i
P angi -
12 i 108 F s 12 arfisi
= 10 2 of
E g ) =
= 6¢f =t N 6t
E ° . * R. Rascher 1979 E
S = S. L. Tabor 1978 e Y. Eisen 1977 © = R. Rascher 1979
4r — APOMHI ‘ — APOMHI — APOMHI
’ --- SOOPA 10%f ---SOOPA sl ---SOOPA
30 40 50 60 70 80 25 30 35 40 45 50 55 60 65 70 7 30 35 40 45 50 55 60 65 70 75
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103 | 180+44Ca 103 L 180+58Ni ______ . 103 L 180+60Ni _=
2 b 2 b 2 L
10 A 10 N 10
g » g8
5 5
10t & 10'f £ 10'F
K ® = A. M. Borges 1992 ®
L] » E. Bozek 1986 e C. P. Silva 1997 » C. P. Silva 1997
100F & — APOMHI 100/ — APOMHI 100 — APOMHI
---SOOPA ---SOOPA ---SOOPA
25 30 35 40 45 50 55 6 40 45 50 55 60 65 40 45 50 55 60 65
Eyap/MeV Eap/MeV Ean/MeV

Bl 2 2Mg, 27Al, 2Si, “Ca, *Ni F1ONi 15 Jy #UAZ 59 16 & #0218 5 9088 He g (IR B HE kU K2 S. L. Tabor 1978587, R. Rascher
197991 Y. Eisen 197714 E. Bozek 1986/, A. M. Borges 1992122 C. P. Silva 199714

Fig. 2. Comparison between theoretical results and experimental data of fusion cross section for Mg, 2"Al, 2Si, *Ca, **Ni and “Ni
target. The experimental data come from S. L. Tabor 197837 R. Rascher 197959, Y. Eisen 19771, E. Bozek 1986, A. M. Borges
1992642 C. P. Silva 1997431,
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3 8Cu, ¥Ni, ®Cu, MGe, 22Mo Al “SNd 1E A $ 4% B 45 A 10 B8 55 5060 bh A (SER B0 >k I A : L. C. Chamon 199217, C. P.
Silva 1997131 H. M. Jia 20121*), M. Bonjelloun 19930, R. Broda 197504)
Fig. 3. Comparison between theoretical results and experimental data of fusion cross section for %Cu, %Ni, %Cu, ™Ge, Mo and

148N target. The experimental data come from L. C. Chamon 1992147, C. P. Silva 1997143, H. M. Jia 20121, M. Bonjelloun 19936,
R. Broda 197504,
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Fig. 4. Comparison between theoretical results and experimental data of fusion cross section for »Sm, 1%80s, 2Os, ‘Pt, ¥7"Au and
25Pb target. The experimental data come from D. J. Hinde 1986 (EVR)P, R. J. Charity 1986 (FF)®% R. J. Charity 1986 (EVR FF)P0l,

J. van der Plicht 1983P%, P. V. Laveen 2015 (EVR)™) P. V. Laveen 2015 (FF)P) R. Yanez 2013 (FF)%) S. Appannababu 2009
(FF)6U) E. Vulgaris 1986/02).
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Fig. 5. Comparison between theoretical results and experimental data of elastic scattering angular distribution for *C, 190, Mg
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Fig. 8. Fusion cross section and elastic scattering angular distribution for 7Li, '?C and '?Sn target with global optical parameters.
The experimental data come from B. Heusch 1982064, C. Beck 1985/%, D. G. Kovar 197956, P. Sperr 1976/67), T. K. Steinbach 2014(68],

Y. Eyal 1976/ A. T. Rudchik 2007163,
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Table 7. The x? results for "Li, 12C and 'Sn with individual parameter.
. APOMHI(#1.4%) SOOPA (¥#%)
e 2 2 2 2 2 2
Xf Xe X Xt Xe X
Li 5.79 5.79 5.86 5.86
2C 84.23 1437.90 761.07 109.70 2501.96 1305.83
120Sn 24.84 24.84 15.87 15.87
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Abstract

To describe the projectile-target interaction in heavy-ion collision, the traditional optical model is improved
and a corresponding optical model for heavy-ion collisions is established in this work The program APOMHI is
developed accordingly. In heavy-ion collisions, the mass of the projectile is comparable to the mass of target
nucleus. Therefore, the projectile and target nucleus must be treated equally. The potential field for their
relative motion must arise from an equivalent contribution of both nuclei, not just from the target nucleus.
Consequently, the angular momentum coupling scheme must adopt L-S coupling, instead of j-j coupling. The
projectile spin 4 and target spin I first couple to form the projectile-target system spin S (which varies between
|I —i| and i+ I). Then, the spin § of this system couples with the orbital angular momentum L of relative
motion, forming a total angular momentum J. Thus, the radial wave function Ug; (r) involves three quantum
numbers: [, §, and J, while traditional optical model only involves [ and j. Furthermore, since the mass of
projectile is similar the mass of target, the form of the optical model potential is symmetrical relative to the
projectile and target. The projectile nucleus and the target nucleus are still assumed to be spherical, and their
excited states are not considered. The projectile may be lighter or heavier than the target, but they cannot be
identical particles. By using this optical model program APOMHI, the elastic scattering angular distributions
and compound nucleus absorption cross sections for heavy-ion collisions can be calculated. Taking for example a
series of heavy-ion collision reactions with *0O as the projectile nucleus, a corresponding set of universal optical
potential parameters is obtained by fitting experimental data. The comparisons show that the theoretical
calculations generally accord well with the available experimental data. Here, the results for fusion cross-
sections and elastic scattering angular distributions using several representative target nuclei (lighter,
comparable in mass, heavier, and heavy compared to the projectile nucleus) are taken for example. Specifically,
the fusion cross-section results correspond to targets °Be, 2"Al, %Cu and '®°Sm, while the elastic scattering
angular distributions correspond to targets 60, 2*Mg, *Ni, and 2°Sn.

Keywords: optical model, heavy-ion collision, global, phenomenological
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