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Important role of the 3NF
iIn Few-Nucleon systems
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Important role of the 3NF
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THREE-NUCLEON FORCES IN DEUTERON BREAKUP REA

itute of Nuclear Ph;

Motivation

+ Understanding the exact nature of the nuclear forces s one of the long-standing question in
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nuclear physics. high quality nucl

or more nucleons.

leon (NN) ials exist, such as Ar-

gonne ver.18 (AV18) , CD Bonn, CD Bonn+A (CDB+A), Nijmegen I, II. They reproduce
the NN scattering observables with very high precision expressed by x* = 1. However, all
of the NN potentials alone fail to describe the observables in systems composed of three

* One of the missing in the i

is the th it force (3NF). The

existence of 3NF is due to the fact that the nucleons have an internal structure as they
are made of quarks and gluons. In last two decades various theoretical models of 3NFs
have been developed. Some of them, like Tucson-Melbourne [1] or Urbana-IX [2] are

1. The most

Worth ioning is also the coupled-ch:

approach stems from Chiral Perturbation

Theory (ChPT). The three-nucleon interaction appears at N°LO of the chiral expansion [3].

(SSA) [5].

1 approach with explicitly included A isobar

degree of freedom [4]. Currently, observables for four-nucleon systems are calculated only
within the coupled-channel approach, in the so-called Single Scattering Approximation

« To test these models, precise experimental data are needed. The ideal laboratories to study
the 3NF effects are the ones composed of three and four nucleons and the deuteron breakup
reactions (dp, pd, dd) at intermediate energies. Such systems offer variety of exit channels
with opportunity to study different aspects of few-nucleon dynamics. Besides 3NF, also the
coulomb interaction or the relativistic effects can be studied.
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H(d,dp)n reaction

@160 MeV

The three-body breakup reaction in 4N
systems.  Cross sections are calculated
based on the Single Scattering Approxi-
mation [5].

Left panel: A schemaic view of the breakup reacion with the angles
(polar 0, imuthal ¢ and relative azimuthal AG) depncml which are

euaonaleffieney of BINA rpresein he kst o vets e o
the detector acceptance (partices hitting the same detector element).
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‘Exampls of the dd-»dpn differential cross section at various angu-
ar conligurations. The experimental point are compred to caleul-
tions based on the AV1S and CDB+A potentals in the SSA regime.
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“The quality of the description of the cross secton data, expressed as
function of the (unobserved) neutron energy. Theoretical predictions
are only vald i the quasi-free scatring region, where the spectator
enerey (neutron) is low cnough.

2H(d,’He)n reaction
@160 MeV

Proton transfer reaction in 4N systems.
There are no theoretical predictions at
this energy range.

Lef panel: Example of the E-AE identification spectrum druwn
for one sclected telescope.  Proton and. deuteron. branches
are clearly visible while *He ions arc seen in the upper side
of the figwe.  Right panel: Percentage of the particles losses
due 1o the hadronic intersctions inside the detector material.
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“The differetial cross section of the proton transfer reaction in dd
collsions measured at various deuteron beam momenta. The data
from the BINA experiment are shown as red poins.

References

1.S. A. Coon and H. K. Han, Few-Body Syst. 30, 131 2001).
2.B.S. Pudliner et al., Phys. Rev. C, 56, 1720 (1997)

3.P. Reinert, H. Krebs, E. Epelbaum, EPJ A, 54, 86, (2018).
4. A. Deltuva, etal., Phys. Lett. B 660, 471 (2008),

5. A. Deltuva etal., Phys. Rev. C 93, 044001 (2016).

6.1. Ciepal et al., Phys. Rev. C, 99, 014620, (2019).
7.1, Ciepal et al., Phys. Rev. C, 100, 024003, (2019).

8.B. Wloch ctal., Acta Phys. Pol. B, 49, 445, (2018).

9. H. Witala etal. Phys. Rev., 83:044001, (2011).

10,7, Lukasik et al. Nucl. Instr. and Meth. A709, 120, (2013),

The three-body breakup reaction with the neutron measured instead of the proton. Having
determined the 'H(d,pn)p differential cross section one can compare it with the 'H(d,pp)n
cross sections at the same kinematic conditions. This can give additional insight into the
coulomb interaction.
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Examples of the dp breakup diferential cross section, in which the proton and neutron are detected.  Experimental data are presented together with the
SSA predictions. Blue line represents the calculations based on the CD Bonn potential, while magenta line represents the D Bonn combined with the
Tucson-Melbourned9 3NF caleulatons.

Outlook

*A dedicated experiment aimed at studying the relativistic effects in_the pd breakup
reaction is now under preparation at Cyclotrone Center Bronowice (CCB) in Krakéw,
Poland. The experiment will use the array of the KRATTA detectors [10]. The
modules will be placed at specific angular configurations, where the 3NF effects are
expected to be negligible while the relativistic effects are predicted to be large [9].

Tvo AR enicaon spec of e KRATTA detca, Lt ponl: Fintphotliod (PD0) v secondane (PDI) Coker par: PDI . s
photodiod (PD2). Rightpanel: The layoutof the single module. This

- There is ongoing analysis of *H(d,t)p neutron transfer channel. The analysis intend to use
machine learning technique like the Artificial Neural Network for the particle identification
and background subtraction.
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