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Role in transfer calculations

= Aim is to fit resonances in
(d,p) cross sections in a
region of the continuum.

= We see many wide and
narrow resonances, often
overlapping.

= \Want to find neutron pole
energies and partial widths, in
entrance channel for (n,y)
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Splitting the Transfer Matrix Element

= Define T, (a,b) & T

Mukhamedzhanov (rrc s4, 044616, 2011) Showed for any p:
T=Toost(0.0) + TounlP) + Tprior(p,w)
where Tsurf( ) = <f (I)n |[? ?]l O fg™> o)

= Evaluate:

a,b) with a <r’ < b limits

post( prior(

/ drf[T — T 1g(r)
r<R

1
N _2_5£ dS[e()V, F(r) — F(X)Veg(X)]
M Jr=R

1 0 0
:—2—R2/ [(r) f()_f()g(l’)]
H r=R

Choice of boundary p: see in Jutta’s talk
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Definition of Surface Operator
= Normal post-form source term:

SgDCC:pOSt (R/) B <¢B (T/)Yﬁ(R,, 72/)|Vpost‘¢l(]j][\)4@0(R, I‘)>
= To use Iin transfer exit-channel eqn:
[Hg(R') — Eglug(R) + SEM(R) =0 .

= Surface form of source term:
2 2 a ”I“/ )
= —Zupn qsg?g ) _ @3(7“/)%] <Y/3(Rlaf’)‘¢CDcc(Ra r)>
- depends on bound state and its derivative

onlyat r=p

r’'=p
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Calculation in a partial-wave basis

= |In a partial wave basis with channel a, the

derivative terms (wrt r’) are:
A h? p? 0 1

$h =5 00(p) (Vo(R.#1507~p)| 5 (R 710) - alr)ual )

= Need derivatives of spherical harmonics Y¢(t)

when r = pr’ +¢R’

0 4ml(20+1) 1

h pl . - )
%}/gm(r) = —? r-r ng(r) +p\/ 3

1
> Y EY ) (-1 m—X, 1A|fm)
A=—1

r

u SO %Yem(f‘)gpa(r) |S

r

1

™ al\T m—X\ 3 W MmNt . ol | o ¢
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Derivatives of products of 2 wfns

d 4 ~ 1 I 1 Mipmg:M
W(ﬁ"ﬂ@ﬁ Pa(r)ua(R) = "R Z Co
Mng
1
A Al (20+1 ~\ Pa
<YI{WL(R)ua(R)§{\/ ”6(3” ) 3" (-1 m-A, 1A|£m>Y'£”fIA(f)Y1A(r’)¢:r)
A=—1

Y@ - F )~ )] }

1

. nm%f)soa(r)%{\/ ATL@LAL) S (11 M- A A EME) ¥ Ry ) el
A=-1

LYMUR) R [u;(R) _ %uQ(R)] } ) ‘
r =pr’ + qR’

R = Pr' + QR’
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Source term complete for r,R wfns

12 p? s 1
£/ ! 1Y M)y M* ~ M7 mp: M m,

surf ( E FooLe LMy Y R/ Y £ oy ——
Sﬂa( ) 5 Ca < ( ) ( )‘ P,’,,R

[qbb(p) Y () Y'"(R)  @a(r) ua(R)

1

—(bﬂ(ﬂ)( { LD S~ (-1 men Im) Y @1 ) 2

A=-—1

LY E [sogx ) - 200 }

Y @)alr) {\/ ITECLAL) S~ (11 M- A 1AM YA Ry ) e
A=-—1

L+1

+YMR)R -1 {u;(R) — Tuc,(z;z)] } )] .

M m!:Mx —_—
The g CormeM are the channel-defining Clebsch-Gordon coefs.
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Racah-algebra or m-state evaluation?

Two methods:

1. Convert all R - v dot-products and all spherical-
harmonic products, to sums of single harmonics.

2. Evaluate m-sums directly in suitable coordinate
frame. Follow Tamura & Udagawa (1979):

Choose z-axis parallel to R,
and x-axis in plane with R and R’.
Then: r and r’ also in this plane.
Remaining numerical variable is cosf = R - R/
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Evaluation in Tamura frame

= |[ntegral operators, for given R’, r’ :

< ~ 8m2p
R/ / /— o
/ . / dr’ o(r'=p) 2abRR’

= No u integral needed.
All spherical harmonics in the x-z plane (¢ =0).

47
2L +1

r=+/(a’?R* + b’ R"? + 2abRR'u)
cos(Or/) = u
cos(0,) = (@’ R+VR'u)/r" from ' =dR + 'R
cos(6,) = (aR + bR'u)/r

R 1 =r/, =cos(6,).

u=(p?—a’?R?24+b?2R'?)/(2abRR’)

YI{WL (f{) : 5ML>0
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Implementation

= As R’ # R/, transfer couplings are still non-local

= With A, B, C as non-local operators, the transfer-
channel exit equation is

L,+1
[Hﬁ B Eﬁ]uﬁ T ¢/ﬁ(p) Aﬁaua + ¢B(p) B/Bauoz + ¢ﬁ(p) Cﬁa [u; —

R

ua] =0

= More complicated than standard transfers,
because of derivative u, (R)
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R-matrix continuum parameterisation

1 ¢(p; ep)
pd(pies) n 5

» Parameterization: R(e;) = - Vpe (N-pole case)
p— ©B

= Definition R(eg) =

p=1
» From R(eg), get S-matrix S(eg) and wf #3(p;es)
by usual theory, for every energy ez = Eiot — Ep

= Then exit channel eqgn, for continuous E; is

1
pRs(ep)

Lo+1
Agala + Bgala + Cga [u’a i + Ua] } =

|Hpg — Eglug + ¢s(p; ep) { 7

Note that A, B, C and u, are independent of exit energy EB'
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Exterior-Prior Contributions in R fits

= Jutta shows that these are often needed.

= Even in CDCC, because of energy dependence
of the neutron optical potential.

= If O is outside the neutron binding potential, then
the continuum win is just asymptotic form for
given S-matrices S(eg)

B3(1"; ¢5) = SIH ™ (kgr') — S(eg)H'™ (kgr')

= So, fortunately, these do depend just on the R
pole and reduced width parameters via S(ep)
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Interior-Post Contributions in R fit

= Jutta shows that these are often needed

= This contribution may be small sometimes,
but does depend on the interior neutron wfns.

= Hence depends on the Spectroscopic Factor
(the interior square norm of the win).

= Can imagine a method where ANC is main
observable, and the SF is subsidiary result with
larger uncertainties.
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Calculating the Interior-Post in R fits

= This depend on wfs w,(r’) that are
eigenfunctions of interior Hamiltonian
at the R-matrix pole energies €y,
and normalized to unity over radial interval [0, p].

= Given these, the scattering wf at any energy €z is
N

1 wp(p)
dg(r) = b &5 (p)w, (1’
g(r') ;QW%_% 5(p)wp(r)
2
= Note that 7 =1/5,~ () , so only shape of wy(r’)

Is needed, as long as normalized correctly, & ate),

Lawrence Livermore National Laboratory e sl



Role in transfer calculations

= Aim is to fit neutron pole
energies and partial widths to
(d,p) cross sections across a
resonance.

= \We see many wide and
narrow resonances, often o
overlapping. : |
| ‘/;'”‘, ‘. .
= Can be generalized to R

multichannel exit wfs ¢z (p;es) T o

EpiMev)

Data from Hewka et al, NP 88, 561 (1966)
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