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 A(d,p)B reactions probe the overlap function of final nucleus
« angular distributions provide angular momentum of final state
« different beam energies probe different regions of space

Probe (MeV/nucleon)
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The overlap function for ?’C — n+'"C in arbitrary units. The
radial sensitivity of the *C(d,p)"?C cross section is represented
by the colored bars for different beam energies.
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Doubly magic shell game

K. Jones et al, Nature 465 (2010) 454, PRC 64

What is the error bar from the reaction model?




1) benchmarking reaction theories
2) Faddeev AGS including Coulomb without screening
3) non-locality in reactions




ADWA:
« only one Jacobi component

« elastic and breakup fully coupled (no rearrangement)
« adiabatic approximation for breakup

« only applicable to obtain transfer cross sections _ _ _
* runs on desktop — practical 3 Jacobi coordinate sets

Johnson and Tandy NP (1974)

(1) (2 (3)

CDCC:

* only one Jacobi component

» elastic and breakup fully coupled (no rearrangement)

« computationally expensive  Austern, Kamimura, Rawistcher, Yahiro etc, Prog. Theo. Phys (1986

Faddeev AGS:EXACT

« all three Jacobi components are included

» elastic, breakup and rearrangement
channels are fully coupled

« computationally expensive
Deltuva and Fonseca, Phys. Rev. C79, 014606 (2009).
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No comparison with Faddeev possible!
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Coulomb effects on transfer can be very large...
New method needs to accurately include Coulomb!
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1) benchmarking reaction theories
2) Faddeev AGS including Coulomb without screening
3) non-locality in reactions




Faddeev AGS with screened Coulomb Deltuva et al., PRC71, 054004
* equations written in the plane wave basis

* screening radius increases with increasing Z target

* larger number of partial waves needed for convergence

* integral equation solvers break down

Faddeev AGS including unscreened Coulomb
Mukhamedzhanov et al., PRC86, 034001

 equations written in the momentum space Coulomb distorted basis
* NO screening of interactions

« assumes interactions are separable

» challenge to calculate the Coulomb distorted nuclear form factors



TORUS collaboration

1) Determine separable form for the interactions (optical potentials!)
2) Compute the Coulomb distorted nuclear form factors
3) Solve the corresponding AGS equations
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The Coulomb distorted basis: nuclear form factor
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TORUS collaboration
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The treatment of the pole is critical
Regularization procedure developed by Gel'fand and Shilov



1) benchmarking reaction theories
2) Faddeev AGS including Coulomb without screening
3) non-locality in reactions




» Phenomenological optical potentials are usually made local

« microscopically derived optical potentials are non-local
« Does non-locality make a difference in the reaction?
« Can we constrain non-locality with reactions?
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Solve the single channel scattering problem with non-local optical potential
Solve the single channel bound state problem with non-local mean field
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Perey and Buck type non-locality
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FIG. 5: Angular distributions for **Ca(p, d)**Ca at 50.0 MeV:
inclusion of non-locality in both the proton distorted wave and
the neutron bound state (solid line), using LEP, then apply-
ing the correction factor to both the scattering and bound
states (crosses), using the LEP without applying any correc-
tions (dashed line); including non-locality only to the proton
distorted wave (dotted line), and including non-locality in the
neutron bound state only (dot-dashed line).
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FIG. 7: Angular distributions for '*?Sn(p,d)'*?Sn at 20.0
MeV (descriptions of each line is given in the caption of Fig.5).



Corrected Non-Local

E.o = 20 MeV |Relative to Local |Relative to Local
'70(1ds2)(p, d) 7.1% 18.8%
'70(251/2)(p, d) 20.1% 26.5%
L Ca(p, d) 11.4% 21.9%
YCa(p,d) 10.4% 17.3%
127Sn(p, d) 17.5% 17.3%
1338n(p, d) 18.2% 24.4%
209Ph(p, d) 19.4% 20.8%

Eiap = 50 MeV

Corrected
Relative to Local

Non-Local

Relative to Local

'70(1d52) (p, d) 17.0% 35.4%
'70(251/2)(p, d) 0.2% 12.7%
1 Ca(p, d) 2.9% 5.8%
Y (Ca(p,d) —16.0% —17.1%
127Sn(p, d) 10.1% 4.5%
1338n(p, d) —6.7% —16.9%
209Ph(p, d) 8.6% 8.6%




» Comparisons CDCC and ADWA versus Faddeev
« strong disagreement for transfer and breakup
« current implementation of Faddeev AGS limited to Z ~ 20
 need better approach

» Faddeev AGS in the Coulomb distorted basis
 separable forms for optical potentials was developed
» Coulomb distorted nuclear form factors are now implemented
» next: implement the corresponding AGS equations

« Impact of non-locality in nuclear reactions
« DWBA tests using Perey and Buck show strong sensitivity
to non-locality (up to 30% change in cross section)
 need to upgrade best reaction theories to handle non-local
interactions

 use state-of-the-art ab-initio methods with correlations to derive
non-local optical potentials



Collaborators:

Collaborators from TORUS:

Neelam Upadhyay (MSU, now at LSU)

Charlotte Elster, Linda Hlophe, Vasily Eremenko (Ohio),
Ian Thompson and Jutta Escher (LLNL)

Goran Arbanas (ORNL)

Arnas Deltuva (Lisbon)
Luke Titus (MSU)

Kate Jones and Kyle Schmitt (Univ. Tennessee)






Faddeev Formalism

CDCC Formalism
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Label Upa Una nA-bound

FAGS FEg3/2 Eq/2 no
FAGS1 Ed/2 Ed/Q yes
FAGS2 E, FEg/2 yes

TABLE III: Types of Faddeev-AGS calculations being per-
formed, the labels used, the energies at which the associated
interactions were determined and whether a neutron-nucleus
potential supports a bound state.



At low energies, L dependence of NN interaction important
At high energies, spin-orbit in optical potential important
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FIG. 1: (Color online) Angular distributions for: (a)

HAr(p.d)*?Ar(gs.) B, = 33 MeV, (b) *Ar(p.d)*Ar(gs.) o o,

5 G2 Y i Angular distributions for: (e
E, = 33 MeV and (c) Ar(p.d)®Ar(gs) Ep = 33 MeV. ) (Color online) Angular distributions for: (a)
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1l three-body Faddeev calculations (FADD) with the finite
1ge adiabatic model (ADWA-FR). More detail in the text.
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CDCC is reliable at higher energy
Very poor description ~10MeV/u
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12C(d,pn)12C @ 12 MeV 48Ca(d,pn)*Ca @ 56 MeV
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 Contribution of np partial waves to breakup

« CDCC convergence is very slow at low energy
(No predictions for low energy breakup on %8Ca, 132Sn, 208pb)



