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What Reactions are we interested in?
SHe(d,p)*He
S,

1405n(d p)1415n

Heovy Nuclei
g ?

Reactions: Elastic Scattering, Breakup,
Transfer
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Reduce Many-Body to Few-Body Problem

Task: » Isolate important degrees of freedom in a reaction

» Keep track of important channels
 Connect back to the many-body problem

Hamiltonian for effective few-body poblem:
H =HO-I-Vnp.I-VnA-I-VpA

\ J
| r

np interaction Optical potentials p+A and n+A

Thwee-Body Problem
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(d,p) Reactions as three-body problem

e?\@ — J)‘ Deltuva and Fonseca, Phys. Rev. C79, 014606 (2009).

Elastic, breakup, rearrangement channels are included and fully coupled
(compared to e.g. CDCC calculations)
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:? A.M. Mukhamedzhanov, V.Eremenko and A.l. Sattarov,
;é?' Phys.Rev. C86 (2012) 034001

Solve Faddeev equations in Coulomb basis (no screening)

m=) [mplies integrals
like

2T

- B dpl 12 ’ o ,
ZZ (p,pa) = Ul(pap )wl apa(p)

It Ui(p. 1) Zuu ) (M), 5w (p)

Integral contains smooth function u,; (p’) and b (1)
Coulomb wave function in momentum space and pw decomposition
Very nasty!  “pole” at p,=p’

Suggestion is new &
needs to be tested
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First Test in Two-Body System

Calculate two-body Coulomb distorted nuclear matrix element

Separable nuclear Optical Potential

w (P Pa) = D ui(Ph) [Miij wj(pa)
]
u;(pa) is the nuclear potential form factor.

Compute: Coulomb distorted nuclear form factor

1
I 9.2

U (pa) =

/dpp w(p) VS (p)

lb}% ;(p) is the Coulomb scattering wave function
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Challenges:

A Ny +pa)2]"
S (p) = —Ze ™/2D(1 4 in)e’™ [(p - ]
P 4dpp.,

. o + 10 —1+n — Dy 2
% Im e—’&Od,'g (p+p +3.)1 : QFl (—l,—l—zn,l—zn, (p p ) )]
(p — Pa + 30) il p

N = Z1Z2€*11/Pa.

» Compute special functions of complex arguments

> ,-F4 (a,b;c,z) requires two different representations for pole
and non-pole regions

» “oscillatory” singularity at p = p,

» Gel’fand-Shilov regularization

» Reduce integrand around pole by subtracting 2 terms
of the Taylor series
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Gel’fand-Shilov Regularization:
Generalization of Principal value regularization
Idea: reduce value of integrand near singularity
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I. M. Gel’fand and G. E. Shilov. “Generalized Functions”. Vol. 1.

Academic Press. New York and Londoen. 1964. |
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With Yamaguchi-type test form factor
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First calculation of
Coulomb distorted
208Pp formfactor in
momentum space !
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Reduce Many-Body to Few-Body Problem

Task: » Isolate important degrees of freedom in a reaction

» Keep track of important channels
 Connect back to the many-body problem

Hamiltonian for effective few-body poblem:
H =HO-I-Vnp.I-VnA-I-VpA

\ J
| r

np interaction Optical potentials p+A and n+A

Thwee-Body Problem
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Separable Representation of Optical Potentials

Starting point: Woods-Saxon Representation
Method of Ernst-Shakin-Thaler

BUT: Needs to-be generaliged for complex potentials

So that KUK ! = Uf K is the time-reversal operator.

U= @) e M) (07 |
1,7

Sie = 3 (UMW O a7y = ST (@7 [ 0 (05 |09 7).

J J

Definition with In/Out-states necessary to fulfill reciprocity theorem
t-matrix: H(E) = ) ul¥i)m; (BN, |u
ij

Zﬂj(E) i‘lfg_)[u — 'HQQ(E)H|'1-‘££+]> T Sife .
f" Y

Compute and solve yystem of
linear equations
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n +4Ca and n + 208Pb : |=0 Chapel-Hill Optical Potential
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Summary & Outlook

Faddeev-AGS framework in Coulomb basis passed first test!

» Momentum space nuclear form factors obtained in a Coulomb distorted
basis for high charges for the first time.
» “Oscillatory singularity” of i,bpaf(p) at p = p, successfully regularized.

» Algorithms to compute wpmf(p) and the overlap integral successfully
implemented

INn Progress:

Calculations with separable p+A optical potentials
(generalized EST scheme)

Near Future:

Implementation of Faddeev-AGS equationsint
Coulomb basis to obtain (d,p) observables ;

physics + astronomy

UNIVERSITY



TORUS: Theory of Reactions for Ustable iSotopes

i Nuclear py,
'l

: : ot s
A Topical Collaboration for Nuclear Theory 0
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http://wwuw.reactiontheory.org/
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Some insights for
momentum space Coulomb wave functions:
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Some insights on momentum space Coulomb wave functions:
There are two representations for pole and non-pole regions
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Code will eventually be published
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