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Present theories provide valuable information on angular momenta
...but have serious limitations in resonance cases

Example: 2°0(d,p)?'O inverse-kinematics
experiment - Intepreted the traditional way

* Problem: present theories rely heavily on one- 100 i _
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« Calculations converge very slowly % " 3 - _
* Not appropriate for describing reactions g
involving wide resonances S [ ]
» Desired resonance properties (energies and - R
widths) cannot be reliably obtained p resonance K\
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Transition matrix element —- DWBA and CDCC approximations

Transition matrix element M:
* Connects initial to final wave function
« Cross section o ~ M2

M(post) = < q)f(-) | Ava | 1pi(+) >

—

DWBA

< @ Xpr | AV | @@ Xl >

< A" %o | AV | @g %t >

‘Pi(+) : exact d+A scattering function
D) = @ Xp,:(') exit channel function
|,F = < @u| @ > one-body overlap

3-body

< QO X | AV e | @4 W3BM) >

< AT ope) | AV | 3B >

cDce
< A" %pr) | AV | WP >

M(prior) = < lpf(-) | AV 0 | q)i(+) >
AVgp=Voa + Vop — Uga




Surface formalism for DWBA

MBS = < ) | AV, | W) >

Transition matrix element M:
e Cross section o ~ M2

l * Is split into interior and exterior parts
DWBA Interior + exterior
<1\Fy O | AV, ¢ | (+) > Mukhamed- M(post) = M(Post) (0 g) + M(Post)(g, )
A XpF Vor | Py Xda Zharov, , :
PRC 2011

A" = < @al O > =147 (rn)

One-body overlap function of A and A+1 systems

3-body system
A

|
| ) |
Mgu(@) +MPrion(a, )

l

Surface formulation
M= M(post)(o,a) + Msurf(a) + M(prior)(a,oo)
\ ] | J

! Y )
model dependence asymptotic quantities

Msurf(a) = f(a’ CAF’ BnA)

B, = log derivative of |, at surface radius a

ANC: C,F defined through: I,F (r,x) D CAF W(kr,,)
related to reduced width amplitude C,F ~ y,a




Internal, surface, external contributions — °°Zr(d,p) at E;=11 MeV

M = M(Post)(Q a) + \|\/| (s rf)(a) + M(prior)(a,oo)}
J

\

\

model deIoendence

as ymptotic' quantities

Observations

Surface term dominant at 6-8 fm
Small interior contributions
Small exterior contributions

Surface term does not produce the
whole cross section

The surface term is dominant, but
contributions from the interior and
exterior terms remain.

Peak cross section relative to full calculation
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The surface contribution — °°Zr(d,p) at E;=11 MeV

Angular cross section — Surface term only Peak cross section relative to full calculation
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* The surface term is dominant, but corrections remain




Numerical tests of the formalism (DWBA) — 48Ca(d,p) at E;=13, 19.3, 56 MeV

Anaular cross section — Surface term only Peak cross section relative to full calculation
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Surface formalism for DWBA - resonance states

d+A = p + (n+A) _ |
‘L MOVEI(P Kkyp) = (X57 Wpp | AV pr|@a@axgy ). (94)
b+B
Surface formulation f(r12, [A1], 1,F):

contribution hopefully small

M = M(post)(0,a)
b+B=n+A

+Msurf(a) _<b+B#n+A

+ M (prior)(g, ) b+B=n+A
_< b+B#n+A

Total post matrix element for b + B # n + A example:

MDW(post)( P, de) =2

Z il (smglmy| T Mg) (s"mgl'mp | Jp Mp)(JuMp JaMg|s'my) (Ja My M| JsMy)
Wmgmpmy Mg
N
. . B _ .
x e~ u Yy (—kpg) Y [Tovsstsr(Eos)] (A" ]ur [(x;r’l,f,,,.,,.|Av,,r|<odx;:’)

v.r=I

Upekep .

Faa%Req

2#11,4 (=) Oﬁ(knA, rnA) RnA - 7 (+) RnA
; Y} AV :
T\ Ryp VoAt (X"’ Tan Oflhan, Ropy 1o 0| BVaA[QaXak'f| [, Yenasts
- ) 3a(Tpm) s (Ya4)
x f drprx e (Tpr) f dnmYpm,.(ru)[wr,,,)x{j)(m)(B,A—1)—RM = :‘ :
n raa=Raa

Eq. (117) from

Analogously for CDCC resonance case Mukhamedzhanon




The oxygen case - 2°0 at E ;=21 MeV

Angular cross section — Surface term only Peak cross section relative to full calculation
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Resonances — %Zr at E ;=11 MeV

Angular cross section — Surface term only

Peak cross section relative to full calculation
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* Results similar to bound-state cases
» Surface term dominant at larger radii
* [nterior/exterior terms still contribute
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The surface formalism: can we save it?
200 at E,=21 MeV

Angular cross section at smaller radius Angular cross section at peak radius
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Concluding Notes

Surface formalism for studying resonances with (d,p):

Uses successful R-matrix ideas to emphasize asymptotic
properties of the wave function

Separation into interior and exterior leads to a surface term
which can be expressed in terms of familiar R-matrix
parameters, thus providing meaningful spectrosopic
information

Our studies within a DWBA implementation show that the
surface term is dominant; dependence on model for nuclear
interior is reduced.

The surface term alone is not sufficient to describe transfer
reactions, corrections are required

Remains to be seen whether a CDCC implementation (which
includes breakup effects) will give the required improvements.
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