Nuclear Reactions

Shape, interaction, and excitation structures of nuclel «— scattering expt.
cf. Experiment by Rutherford (o scatt.)
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v'elastic scattering
a/
a a
> I >
Ags - Ags

fundamental interaction
between a and A

Ay iR

A->B

v'inelastic scattering

e
Ay > A*

excitation spectrum
of a nucleus A

E

a



v'transfer reaction
(below: an example
of pick-up reaction)
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v (K-, ") reaction
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v (e,e’K™) reaction
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Cross sections

O flux = the number of particles
® crossing unit area
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event rate (the number of event per unit time per target nucleus)
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Cross sections

ABRLF FRRY iR

event rate (the number of event per unit time per target nucleus)
. proportional to the incident flux

, Cross section
R = N7 @U/

differential cross sections (angular distribution)

do | B do
dR(6,¢p) = N .dQ'J. o = de—Q

units: 1 barn=1024cm?2=100fm? (1 mb=1023b=0.1fm?)




Cross sections (experiments)
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Cross sections (theory)

A(a,b)B reaction
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Cross sections
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Born approximation wf(T) — 6ipf'r/h
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Born approximation wf(T) — eipf"r/h
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Electron scattering
/ p(r’)
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cf. electron scattering off unstable nuclei (SCRIT)

DWBA code : DREPHA

Spectrometer

T. Suda et al.,
PTEP 2012, 03C008 (2012)
PRL102, 102501 (2009)

Scattering Angle (deg.)



Distorted Wave Born approximation (DWBA)
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Optical model

Reaction processes
> Elastic scatt.

»Inelastic scatt. :>
> Transfer reaction
»Compound nucleus

formation (fusion)

i

Loss of incident flux

(absorption)
Optical potential
Vopt(r) =V (r) — W (r) (W > 0)
: 2
—— > V.J:...:_i |¢|2

(note) Gauss’s law
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Appendix: DWBA in ocean acoustics
Fishfinder

(backward) scattering of
(ultra-)sonic waves due
to fish etc.
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https://www.furuno.co.jp/technology/about/fishfinderl.htmi

one can know the number
of fish N+ if one knows the
differential cross sections



Use of the distorted wave Born approximation to predict

scattering by inhomogeneous objects: Application to
squid

Benjamin A. Jones,* Andone C. Lavery, and Timothy K. Stanton
Department of Applied Ocean Physics and Engineering, Woods Hole Oceanographic Institution,

Woods Hole, Massachusetts 02543-1053
J. Accoust. Soc. Am. 125 (‘09) 73
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Modeling of squid
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88 Usable band in the experiment
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Absorption cross sections

Reaction processes \ /
>Elastic scatt. / /\'

» Inelastic scatt. :>

» Transfer reaction O
»Compound nucleus
formation (fusion)

Loss of incident flux
(absorption)

reaction cross sections
total scattering cross section - elastic cross section

OR — Otot — O¢l

e fusion
e Inelastic
e transfer



Interaction cross sections and halo nuclel

ULj something else interaction cross section o;
= cross section for the change
of Z a/o N in the incident nucleus

target nuclel

transmission method




Interaction cross sections and halo nuclel
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Discovery of halo nuclei

35 T T 4 ,

R, (fm)
R, (fm)

|. Tanihata, T. Kobayashi, O. Hashimoto
et al., PRL55(°85)2676; PLB206(‘88)592




Reaction cross sections

Glauber theory (optical limit approximation: OLA)
op ~ 27’(‘/0 bdb [1 — exp (—ONN/dzspggz)(s)pgpz)(S — b))]

»straight-line trajectory (high energy scattering)
»adiabatic approximation

»simplified treatment for multiple scattering: (1 — )N 5 e~ NE



R, (fm)

op ~ 27 /OOO bdb [1 — exp (—O'NN/dQSpEgZ)(S)pr_(I—?)(S — b))]
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Density distribution which explains

the experimental o,

Density (fm™ )

r{fm)

M. Fukuda et al., PLB268(“91)339



