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Outline

e Overview: Kawai-Kerman-McVoy (KKM)
statistical theory of nuclear reactions

e Numerical verification of KKM results
e Extension of KKM to Doorways

e Accomplishments, the remaining tasks, and
plans for the next year
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Energy structures in cross sections
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F1G. 6. Photocapture of protons by Al?” to the ground state of Si?%. The data is presented
for various stages of resolution. From ref. 26.
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Physical picture
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KKM Introduction

Projection operators:

P — continuum space projection operator
Q — compound space projection operator

_____________________________________________

(E-Hg)P¥ = HoQ¥
(E—Hoo)QY = Hg, PP

Two-potential formula: Hpp, Hp
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KKM Introduction
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Matrix size limited by the eigensolver:
1 CPU < 104,
in parallel < 109
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KKM Summary

e KKM Two-pot. T-matrix: Kawai, Kerman, and McVoy
P Ann. of Phys. 75, 156 (1973)

— Optical (“opt”), Hort
— Fluctuating (“fI"), Vpq

(E-HX)PY = Ve QY Two-potential formula: Ho™, Voo (Hpo, 1)
(E—Hoo)QW =V . P¥
(E . H Opt)LIJOPt

T T +<q,opt ’\/PQ 1 1 VQP‘LPopt>
E—Hoo —Vor E_H® Veq

T :Topt _I_TﬂUC'[
Topt :<T >| — <-I-f|uc’t>I zO
OAK

This simplifies cross section: (o), ~ (T |*), ERIDGE
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KKM Summary

Kawai, Kerman, and McVoy
Ann. of Phys. 75, 156 (1973)

e Two-potential T-matrix: e KKM Two-pot. T-matrix:
— Direct (“P") — Optical (“opt”)
— Resonant (“Q") — Fluctuating (“fI”)

ch' :Tc(ii'r +Tcrce:8 J ch:"'r <¢c ’VPP‘LPC'>’ Tc[:e's = Ziz gcq =
T g

1 <« 9¢9c
T opt fluct opt opt fluct _ cqgIc'q
ch' _ch' +ch' ’ ch' S >’ ch' — Z

gV

<-|- fluct>
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Numerical Test of (T& )T << 1
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Computation parameters:

* 400 equidistant Q-levels
* 40 channels

In the spirit of:
Dagdeviren and Kerman,
Ann. of Phys. 163 (1985) 199

* 20 equidistant radial points where Hpq set to a Gaussian-

distributed random
interaction
s E =20 MeV

* 100 E' points for Lorentzian averaging between 18 and
«I=05MeV
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Cont'd. (1,600 Q-levels)

(T} T2} =0.0024




KKM Flowchart in matrix notation

ran ()

i

——=>  ¥(E) = 1(E) Hpq

=

i
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KKM Flowchart cont’'d

----------------------------------------------------------------------------------------------------------------------------

L TEeTEr T, <T(E,
g=(2n)*yZ :> y'(E)=Aly+(2n)* g L(EAI) MT]

I

g'= (2047

V l

TH(E, g, A) : TH(E, g, A)
<TWE, g, A)>, <TYE, g’, 4)> — 0

TYE, g A)=(27)"gL(EAODg

<TWE, g, A)> =/ F(E-E) TVE g, A) dE’,

F.(x)= ( I/7)/(x?+]2)
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KKM extended to intermediate structure

Feshbach, Kerman, and Lemmer
Ann. of Phys. 41, 230 (1967)

e T-matrix has three components: Q
— Direct (“P")
— Doorway (*d”) P d R q |

— Resonant (“q”)

|. |

dir d res — “intermediate” structure
T + T + <T > l — Finer than “gross”, but

(T,

int Int coarser than “fine” structure
int fl .
T=T +Td This is a novel formal result,
that will be tested by our
parallel code.

<T>| _Tint — <Tﬂ>| ~

int int
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KKM extended to intermediate structure

Feshbach, Kerman, and Lemmer
Ann. of Phys. 41, 230 (1967)

e T-matrix has three components: Q
— Direct (“P")
— Doorway (*d”) P d R q |

— Resonant (“q”)

T :-I-int_l_-l-dfluct |
Tcicn't _ <¢C |V int \Pclnt>, (E H |nt \{Jmt 0

0¢q9 Jea Yo
-I-fluct__ cq cq — cd ~dq
Ocq ZE—ed

: OAK
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KKM Summary Il

e From the Fluctuating T-matrix, KKM derived an energy
averaged cross section in terms of optical potential
transmission coefficients = modified Hauser-Feshbach

— Energy averaging interval = I, s.p. state width, 0.5 MeV
— “gross” structure

<G(]:Ic'>| - chxc'c' T xcc'xc'c ch' = <gcqg:'q>|

(o), ~ P.P. +P.P.+.

1
S PP+

—_

P.=(01-SS ), =X_Tr(X)+(X?).
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General computational issues

e Finding Eigenvalues/vectors of large
complex symmetric matrices

— May be relevant to Gamow Shell Model
e Matrix product of large matrices

e User friendly parallelization of the above
using K. Roche programming interface
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Intermediate structure transmission coeff.’s

e From the Fluctuating T-matrix, an “intermediate” energy
averaged cross section in terms of intermediate
transmission coefficients

— Energy averaging interval = I, < doorway state width, 0.1 MeV
— “Iintermediate” structure

fl int \/ int int \/ int int int . Iint*
<(ch'>lint ch Xc‘c' + ch' ch' ch' o <gcq gc‘q >|_t
In

1 o o
fl int yint int yint
(o, ~ Sem fpipity pinpinc
c"c"
—int—int™

Pcicn't — (1_ S S )cc' — Xclzthr(X int) + (X intx int)cc'

e The above can be generalized to even finer energy
structures, as long as many compound levels (“q”) are
contained in the energy averaging interval.
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2009 Accomplishments

e The KKM algorithm was rewritten following the M.
Schwartz B.Sc. Thesis (1972, Prof. Kerman)

— More efficient matrix operations
— Alternative implementation of the Green’s function

e Implemented the KKM algorithm in parallel in C:
— parallelized complex-symmetric eigensolver
— parallelized matrix multiplication
— Much larger density of compound states accessible

o Extended the KKM theory beyond optical model:
— doorway states, hallway states ...
— Not yet implemented numerically
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Remaining tasks for this year

e Benchmark parallel KKM runs
— Explore the limits of the matrix size

e Implement the KKM formalism for doorway states

— Attempt to reproduce the intermediate structure c.s. of
medium mass nuclei.
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Plan for the next year

e Make the code robust

e Extend the parallel code to explore the
approximations in the KKM cross section,
and its offshoots (as many as possible):

— Kerman-McVoy two-step reactions
— Feshbach-Kerman-Koonin multistep reactions
— Kerman-Sevgen statisical relations

e Feshbach-Kerman-Lemmer doorway states
— In conjuction with the above
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