Nuclear Reactions

Shape, interaction, and excitation structures of nuclei «—— scattering expt.
cf. Experiment by Rutherford (o scatt.)
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Nuclear Reactions

Shape, interaction, and excitation structures of nuclei «—— scattering expt.
cf. Experiment by Rutherford (o scatt.)
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http://www.th.phys.titech.ac.jp/~muto/lectures/QMI111/QMII11_chap21.pdf
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v'elastic scattering
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A(a,b)B reaction

transfer reactions

v'transfer reaction
(pick-up reaction)
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hypernucleus production reactions 12C (n+,K*) 12, C reaction
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Cross sections

® O flux = the number of particles
® Crossing unit area
@ AW per unit time
incident beam ] =pp -0

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/

v



Cross sections

ABhLF FRRY il R

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: 1barn=102cm2=100fm?2 (1 mb=102b=20.1fm?




Cross sections (experiments)
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the number of target nucleus:

beam intensity: 7 = 5 - S
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Cross sections (theory)

A(a,b)B reaction
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center of mass frame
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Cross sections

v' laboratory frame
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Cross sections

v' laboratory frame },
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Born approximation

bi(r) = PiT/T
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V(r)
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(——V2 + V(r) — E) Y(r) =0

perturbation



Born approximation wf(r) — 6ipf'r/h

bi(r) = ePiT/h /

7-12
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perturbation

transition rate for elastic scattering

Wp = 2 [ P\ AVIeI28(Ey — B

prz /dQ‘V(q)‘

V(g) = / are!PPOTITy () = [ dre 4TV (r)



Born approximation wf(T) — 6ipf'r/h
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Electron scattering —) /
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cf. electron scattering off unstable nuclei (SCRIT)

I i h - 132 ® Exp. (Ee=151 MeV)
| ,u-“}.' P — 102F “Xe target ® Exp.(Ee=201 MeV)
> Storage Ring - a ¥ Exp. { Ee =301 MeV)
Electron FF 10" E 2-param. Fermi|
Spectrometer = = — —— Lapikas
= 10°F eseee Mel
g 107
K. Tsukada et al., g
PRL118, 262501 (2017) g
1
0.4 0.6

q, [fm™]



proton radius puzzle
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proton radius puzzle
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Distorted Wave Born approximation (DWBA)
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How to choose V(r)? : Optical model

Reaction processes \ /
»Elastic scatt. / '
»Inelastic scatt. :> j\

» Transfer reaction O
»>Compound nucleus
formation (fusion)

Loss of incident flux
(absorption)
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How to choose V(r)? : Optical model
Reaction processes \ /
»Elastic scatt. / '

»Inelastic scatt. :> j\

» Transfer reaction O
»Compound nucleus
formation (fusion)

Loss of incident flux
(absorption)
Optical potential

Vopt(r) =V (r) — W (r) (W > 0)




How to choose V(r)? : Optical model

Reaction processes
> Elastic scatt.

> Inelastic scatt. :>

> Transfer reaction
»>Compound nucleus
formation (fusion)

Optical potential

\.// jT

Loss of incident flux
(absorption)

Vopt(r) = V(1) — iW(r)

(W > 0)
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(note) Gauss’s theorem
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Appendix: DWBA in ocean acoustics
Fishfinder fEFIRANHE

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

one can know the number
of fish N5 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 c
pods Hote, Hassacusels J. Accoust. Soc. Am. 125 (‘09) 73
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Modeling of squid
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DWBA: Iocal Wave number —— Arms-folded numerical model (no fins)
inside a Squ id Analytical prolate spheroid model <— !

| Usable band in the experiment
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