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AD Initio approaches

[ Structure of light nuclei can now be studied ab initio
< No Core Shell Model
v Green’s Function Monte Carlo
v Coupled Clusters
v Effective Field Theory (EFT)
W Lattice EFT
[ Various observables, such as excitation energies,
ANCs, widths, scattering phase shifts can be
calculated ab initio and verified experimentally
M Coupling to the continuum is a challenge
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Part 0. Introduction to Scattering




Elements of scattering theory

Outgoing spherical wave ~ ekR/R

Incoming plane wave ~elkz




Cross section
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j; = v;|A|? - incident flux
jr = R%j; = vs|AI?|f(0)|* - outgoing angular flux




Cross section
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Part |. Elastic scattering




Nucleon decay threshold
Pttt

Transfer reactions

Resonance
scatteri

“Optical model region”

A.Bonaccorso, R.J. Charity,
Phys. Rev. C 89 (2014) 024619.
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Optical model

Differential cross sections for
proton elastic scattering
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Phenomenological OM
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OM from first principles

Single folded potential:
) = /dﬁVNN(F— Tt

Double folded potential:

/th/dTpVNN

—2 Sr

Varay () = 7999° o ~ _9135° S — 2520(r)

_M - contains real and imaginary components,
nergy and density dependent
P. Jeukenne, et al., Phys. Rev. C 16 (1977) 80] ATQI




OM from first

Effective Field Theory
chiral interactions

5

principles

KD Global
— Chiral Fit T ,
Chiral Data .

- KD Global 1
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" ___ KD Global
___ Chiral Fit T

T.R. Whitehead, et al.,
Phys. Rev. C 100, 014601 (2019)
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Measuring elastic scattering

Target,
stable element

HW1: How important is
energy resolution in such
measurements?

Timing Filter
Amplifier (TFA)
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Measuring elastic scattering
HW?2: How long does
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E. Khan, et al., Phys. Lett. B 490 (1) (2000) 45-52
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180(p,p) elast

scattering at -

300

with a 5 mm (radius) |
detector, beam
current 1nA and
target thickness of

Radioactive beam
experiment
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Measuring elastic scattering

HW?2: How long does it take to measure
180(p,p) elastic scattering at 1300 with statistics
1000 counts, using a 2 mm (radius) Si detector
at a distance of 30 cm away from the target.
Proton beam current is 1 nA and target
thickness is 1 micron of AloOs




Measuring elastic scattering

H+20 => "H+2°0  2°0('H, 'H)*0; Reaction atthe "middle” of the target
Projectile Energy atthe reaction place: 43.00 MeV/iu Grazing angle in CMS ['H+*°C] = 2.26 deg
Q reaction : 0.00 MeV {Excitatons 0.0+0.0=>0.0+0.0); Plotted Energy option is "after reaction”

Direct kinematics

ight beam,
heavy recoll

20 100
Angle [Lab-deg]

200+ "H=> H + 20 TH(2%0, THRYO; Reaction at the "middle” of the target M U S | 2

Projectile Energy at the reaction place: 43.00 MeV/u Grazing angle in CMS [20+ 'H] = 2.26 deq
Q reaction : 0.00 MeV (Excitations 0.0+0.0=>0.0+0.0); Plotted Energy option is "after reaction”

 Inverse kinematics

New approach: highly
~ heavy beam,| segmented, large solid angle
I ight recoll SIi-Csl(Tl) arrays

50
Anale [Lab-deal




Measuring elastic scattering

HW3: Estimate the minimum 220 beam intensity
required to measure the 220+p elastic scattering
at 600




Modern electronics for nuclear
experiments

‘Standard”, commercially available modules:
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Waveform digitizers .




Modern electronics for nuclear

experiments
ASIC Chip -> Chip board -> Motherboard
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GET - General Electronics for TPCs




More on scattering theory

1V — EJU(R.0) = 0 Partial wave expansion
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Elastic scattering. 4He(°He,%He)

Elastic 190 MeY
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209Bj(6He,6He)

6He

di-neutron
configuration

It was found that
reaction cross
section is strongly
enhance,
iIndicating that
neutron wave
function is radially
extended

E.F. Aguilera, et al., Phys. Rev. Lett. 84 (2000)
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Elastic scatterinag. 2
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M. Cubero et al., Phys. Rev. Lett. 109, 262701 (2012).
J. Kolata, et al., Eur. Phys. J. A (2016) 52: 123 AIIM




