Adiabatic fusion barriers from self-consistent
calculations

1. Motivation
2. Important problems:
A) Specification of the entrance channel

B) Continuous change of pairing between 2- and 1-piece
shape

C) Question of relative kinetic energy (!)

3. Examples of results& comparisons to data
A) Barriers

B) Landscapes

4. Conclusions



Our code assumes two symmetry planes, so we
can study tip- and

side collisions.

The HF (BCS) problem is solved on

a spatial mesh.

Static barrier:
V(R) = E[1+2](R)+B1+B2, (1)

where B1&B2 positive binding energies and E[1+2]
- negative HF(BCS) energy of the combined system.

We calculate V(R) for 1=0,

use Skyrme forces SkKM* nad SLy®6,

include no pairing, or delta-pairing with cut-off.

The latter ensures smooth transition of pairing from
2- to 1-piece shape.
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Various forces have specific prescriptions to correct for the
c.m. motion of the system:

-one-body part of PA2/2Am — amounts to 16.5-18.5 MeV (like SkM*)

-total P"2/2Am (with two body part) — amounts to 5-8 MeV (like SLy6)

To have V=0 at infinity, one has to replace: V by V-E rel. kin.,

where the relative kinetic energy at infinity is:
(A2*11+A1712)/(A1+A2),

with t1 & t2 c.m. kinetic energies of the fragments.

Example: for the merging fragments 48Ca and 208Pb one has with SLy6:
Ecm(48Ca)=8.2 MeV,
Ecm(208Pb)=5.9 MeV,
Ecm(256N0)=5.7 MeV,

so one has to subtract 8.4 MeV from (1).



This subtraction is clear for light fusing systems, with barriers
at nearly separated shapes.

For heavier systems the barriers correspond to some density
overlap, so the subtraction should be partial.

When two fragments merge into one, their relative kinetic energy
becomes a part of the potential energy.

No exact treatment of this problem is known.

Our choice:

-apply subtraction for all points of the fusion barrier,

- suppress it when presenting energy landscapes for one
system.

Results: - light projectile & target
- one of them heavy
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For these three reactions the results for SKM* and Sly6 are very similar.

Double points at the barrier region for two asymmetric reactions reflect

two ways of calculating them: 1) without (lower points) & 2) with the imposed constraint
on the charge partition (upper points).

For the symmetric reaction the way of calculation does not play a role.

The differences between energies amount to 1-1.5 MeV.

Which points should be chosen to determine the fusion barrier?

It helps to check the density distributions.

In the next slide they are shown for 70Se with the SLy6 force, for three distances, with &
without constraint on charge partition.

Density distributions suggest that the charge partition should be kept for the largest
distance, and released for the smallest one. At the middle distance the arbitrariness
remains: the value of V(R) has uncertainty of the order of 1-2 MeV.
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Calculated fusion & conditional fission barriers vs. data.

Fission barriers in parentheses: without rel. kinetic energy

correction.
System | B r,o(SKM*) By, (SLy6) By,cexp
BAr43?8 | 3897 39.13 :
BOa18Cal 5046 50.85 75 )
WTj4B(a| 5488 55.24 3

L M. Trotta et al., Phys. Rev. C 65, 011601(R) (2001)

|mportance of SFSEEIH Bfasfgl‘:hf*j Bfl*LBL}G) B_,l‘is’c?f{p
rel. kinetic 085e—%¥Ar4+38 | (49.8) 32.7 (49.3) 40.8 35.35
ener ,

corregc)iion for WZr—*Ca+*Ca| (56.9) 39.3 (51.5) 434 -
predicted BMo—Ti+#Ca| (57.5) 3.7 (53.6) 455 44.45°
fission

barriers

in light nuclei 2TS. Fan et al., Nucl. Phys. A 679, 121 (2000)

* K.X. Jing et al., Nucl. Phys. A 645, 203 (1999)
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256 SkM*, pairing
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V [MeV] 278 SkM*, pairing
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B fis(axial)=5.1 MeV



V [MeV] 292 SkM*, pairing
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System Q  Qiherr.  Bea Bipre Eon(ER) By,
0Ca+0Ca | 143 35 52 50.240.2 52.5
“INi+%Ni | 48.8 86.5  89.5+0.3 94.5
NZriCa | 573 5 92 92.740.6 97.7
Wk (ALl 6 85 87.540.3 96.6
WTELMTE ISTY 1 1735  ~175.85 181.0
0pq432s | 354 6  82.5(87.5) 804402 28.9
H0pq4 119pd| 199.7 199(220.5) = > 228 2283
182\ 1325 | 84.9 123(133.5) " > 124 1343
1549m+50Ni | 147.6 166.5(184.5) - > 182 1915
284180 | 383 5 T73.5(795) ~T1 82.9
1820 464N | 111.1 11 147 " > 143  155.7
1329413261 2608 * 25 254.5 : - 2574

Continued
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208Ph4-#Ca | 153.8 17 169 16942 176.1
208Ph4-54Ni | 225.1 229 - 235.3-238.2 241.3
208Ph4™7n (2449 * 240 - 257.2-259.1 256.3
2EPh+%2Ge |262.5 * 260.5 - : 268.8
238 4+43Ca |160.8 * 167.5(188) 18242 1922  193.8
““Pu+*Call630* 13 173(191.5) - 1945-202 197.3
248 +-48Cal169.3 * 179.5(195.5) - 199.7-205.1 201.0
OCEL R0 (1770 184(200.5) - - 2051

Calculated barriers: tip (side) collision

Q th err — errors in the calculated Q values

Threshold barriers data:K. Wilczynska&dJ. Wilczynski, Phys. Rev.C 64, 024611
C — from capture data

*- from extrapolations (Myers&Swiatecki)

Ecm(ER) — c.m. energies, at which evaporation residues were produced.



Conclusions:

3. B(fusion) seem to be better reproduced than masses or reaction Q values.

2. Relative kin. energy correction is important for the mean-field predictions for
barriers — also for fission barriers in light

nuclei.

3. Calculated V(R) compared to the data suggest fusion hindrance in tip collisions
for heavier systems.

4. Energy landscapes provide some hints for CN formation
hindrance.

5. (?) Superheavy CN formation may be easier in side-collisions on deformed
targets (projectiles).



