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Appendix A

DWBA and CC calculations

For the DWBA and CC calculations performed with the codes DWUCK4 [54] and CHUCK3
[55], respectively, we used proton optical-model potentials derived from the global optical
model potentials (OMPs) given by Ref. [56]. In the followingwe will follow the defini-
tions given by Koning and Delaroche [56]. The phenomenological OMP for proton-nucleus
scattering is defined as [56]:
U(r, E) = −VV (r, E) − iWV (r, E) − iWD(r, E) + VSO(r, E)

−→
l · −→σ

+ iWSO(r, E)
−→
l · −→σ + VC(r),

whereVV , VSO, WV , WD, WSO are the real and imaginary components of the volume-
central (V ), surface central (D) and spin-orbit (SO) potentials, respectively.E is the labo-
ratory energy of the incident particle in MeV. The various terms are given by

VV (r, E) = VV (E)f(r, RV , aV ),
WV (r, E) = WV (E)f(r, RV , aV ),
WD(r, E) = −4aDWD(E) d

drf(r, RD, aD),

VSO(r, E) = VSO(E)
(

ℏ

mπc

)2
1
r

d
drf(r, RSO, aSO),

WSO(r, E) = WSO(E)
(

ℏ

mπc

)2
1
r

d
drf(r, RSO, aSO),

where the form factorf(r, Ri, ai) has a Woods-Saxon shape:
f(r, Ri, ai) = (1 + exp[(r − Ri)/ai])

−1,
and where:
A is the atomic mass number,
Ri = riA

1/3 is the radius,
ai is the diffuseness,
VC = Zze2

2RC

(

3 − r2

R2
C

)

is the Coulomb term forr 6 RC ,

VC = Zze2

r is the Coulomb term forr > RC ,
Z andz are the elementary charges of target and projectile, respectively.
RC = rCA1/3 is the Coulomb radius.

The potential depth parameters and Fermi energy for the global OMP are taken from
Ref. [56] and have been calculated for24Mg and28Si separately when these parameters
are dependent onA andZ. These are listed in Table A.1.
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Table A.1: Potential depth parameters and Fermi energy for the proton optical model potentials; see
Ref. [56].

proton OMP 24Mg 28Si unit
vp
1 = 59.30 + 21.0(N − Z)/A − 0.024A 5.87×10+1 5.86×10+1 (MeV)

vp
2 = 0.007067 + 4.23 × 10−6A 7.17×10−3 7.19×10−3 (MeV−1)

vp
3 = 1.729 × 10−5 + 1.136 × 10−8A 1.76×10−5 1.76×10−5 (MeV−2)

vp
4 = 7 × 10−9 7.00×10−9 7.00×10−9 (MeV−3)

wp
1 = 14.667 + 0.009629A 1.49×10+1 1.49×10+1 (MeV)

wp
2 = 73.55 + 0.0795A 7.55×10+1 7.58×10+1 (MeV)

dp
1 = 16.0 + 16.0(N − Z)/A 1.60×10+1 1.60×10+1 (MeV)

dp
2 = 0.0180 + 0.003802/(1 + exp((A − 156)/8)) 2.18×10−2 2.18×10−2 (MeV−1)

dp
3 = 11.5 1.15×10+1 1.15×10+1 (MeV)

vp
so1 = 5.922 + 0.0030A 5.99×10+0 6.01×10+0 (MeV)

vp
so2 = 0.0040 4.00×10−3 4.00×10−3 (MeV−1)

wp
so1 = −3.1 -3.10×10+0 -3.10×10+0 (MeV)

wp
so2 = 160 1.60×10+2 1.60×10+2 (MeV)

Ep
f = −8.4075 + 0.01378A -8.08×10+0 -8.02×10+0 (MeV

VC = 1.73ZA−1/3/rC 5.34×10+0 6.02×10+0 (MeV)

The parameters of the global proton OMP are given by:
VV (E) = vp

1 [1 − vp
2(E − Ep

f ) + vp
3(E − Ep

f )2 − vp
4(E − Ep

f )3]

+ VC · vp
1 [vp

2 − 2vp
3(E − Ep

f ) + 3vp
4(E − Ep

f )2],

WV (E) = wp
1

(E−Ep
f )2

(E−Ep
f )2+(wp

2
)2

,

rV = 1.3039− 0.4054A−1/3,
aV = 0.6778− 1.487× 10−4A,

WD(E) = dp
1

(E−Ep
f )2

(E−Ep
f
)2+(dp

3
)2

exp[−dp
2(E − Ep

f )],

rD = 1.3424− 0.01585A1/3,
aD = 0.5187 + 5.205 × 10−4A,
VSO(E) = vp

so1exp[−vp
so2(E − Ep

f )],

WSO(E) = wp
so1

(E−Ep
f )2

(E−Ep
f )2+(wp

so2
)2

,

rSO = 1.1854− 0.647A−1/3,
aSO = 0.59,
rC = 1.198 + 0.697A−2/3 + 12.944A−5/3,

The calculated phenomenological OMPs for24Mg and28Si at a proton bombarding en-
ergy of 98.7 MeV, using the global proton OMP parameters given above and the parameters
given in Table A.1, are listed in Table A.2.

For the outgoing channel the parameterization of Ref. [57] was used which is based on
the analysis of the26Mg(3He,t)26Al reaction and the parameters listed in Table A.3.
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Table A.2: The global proton OMPs for24Mg and28Si.

24Mg 28Si unit
Vv 26.1810 26.2236 (MeV)
Wv 9.9359 9.9302 (MeV)
rV 1.1634 1.1704 (fm)
aV 0.6742 0.6736 (fm)
WD 1.5421 1.5439 (MeV)
rD 1.2967 1.2943 (fm)
aD 0.5312 0.5333 (fm)
VSO 3.9105 3.9192 (MeV)
WSO -0.9552 -0.9545 (MeV)
rSO 0.9611 0.9723 (fm)
aSO 0.5900 0.5900 (fm)
rC 1.3468 1.3239 (fm)

Table A.3: Triton optical-model parameters of26Al are used for22Mg and26Si.

26Al
Vv 98.2 (MeV)
Wv 16.5 (MeV)
WD -
rv 1.14 (fm)
rw 1.60 (fm)
av 0.85 (fm)
aw 0.83 (fm)
rC 1.25 (fm)

In both DWBA and CC calculations a finite-range correction parameter for the (p,t)
reaction of 0.69 was used. An r.m.s. radius of 1.70 fm was usedfor the triton. In the
CC calculations the followingβ2-values of the quadrupole deformation parameters were
used for28Si, 26Si, 24Mg, 22Mg: -0.398, -0.434, 0.478, 0.475, respectively. These were
determined from the transition rates and quadrupole moments compiled in the Nuclear Data
sheets by using the implicit folding model procedure [76].






