Nuclear Reactions

Shape, interaction, and excitation structures of nuclel «— scattering expt.
cf. Experiment by Rutherford (o scatt.)
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v'transfer reaction
(below: an example
of pick-up reaction)

17()/

160 160
208Pbgs 9 207Pb

level schem of 297Pb

LR iR

A->B

v'transfer reaction
(below: an example
of stripping reaction)

lGC)/

— —
208|2)bgS 9 209Pb

level schem of 29°Pb

v'fusion reaction

a+A

) (@+A)

— | -
Ay > X

e Interaction between
aand A
e structure of a and A



v (K-, ") reaction
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12C (n+K™*) 12, C 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
@ AW per unit time

incident beam ] =pp v
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event rate (the number of event per unit time per target nucleus)
. proportional to the incident flux

, Cross section
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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

v" laboratory frame },
° eIab
— —> o
a A B
v' center of mass frame },
— — —) e
d A
B
O transformation <— energy and momentum conservations
SiN Bcm 1 4 v cosfc
tanfap, = ,  dpp = |2 ul 373
v+ COS fcm (1 4+ ~v4 4 2ycosbcm)
Eem = 4 p MaMp  Ecm

- labs =
Ma + My ! MaMpEem + Q

dS2cm



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)
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Distorted Wave Born approximation (DWBA)
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v'inelastic scattering
v'transfer reactions



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)
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(note) Gauss’s law
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Impulse approximation
example: AZ(K-, )" ,Z reaction

v" high energy
v single scattering approximation

v" (other nucleons: spectator)

o (ool o
J

effective K-n interaction
(including multiple scattering)




Impulse approximation

example: AZ(K-,m)”,Z reaction ﬁ\ -
® - o )
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 Plane wave impulse approximation (PWIA)
 Distorted wave impulse approximation (DWIA)
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relation between g and Al
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K- / ® Aa v ‘b (impact parameter)
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