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Three Nucleon (3N) System

— > Prediction of the nucleon-nucleon (NN) potentials:
108 MeV/nucleon

% 10 L * Very well describe of the experimental data for the 2N system;
E, : * Do notreproduce even the binding energy of the 3H and 3He and heavier system:;
% * Fail to reproduce the minimum of the d(N,N)d elastic scattering cross section;
T
: » Introducing the Three-Nucleon Force (3NF) solves these problems;
»In ChEFT, the 3NF naturally appears in the NNLO;
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Three Nucleon (3N) System

> Prediction of the nucleon-nucleon (NN) potentials:

* Very well describe of the experimental data for the 2N system;

* Do notreproduce even the binding energy of the 3H and 3He and heavier system;
* Fail to reproduce the minimum of the d(N,N)d elastic scattering cross section;
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» Introducing the Three-Nucleon Force (3NF) solves these problems;
»In ChEFT, the 3NF naturally appears in the NNLO;
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Motivation

\ 108 MeV/nudidon
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» p-d elastic scattering shows significant sensitivity to 3NF effects;
» calculations based only on 2N interactions do not reproduce experimental data at backward angles (6cm=140° );

»deuteron breakup reaction - the final state of three bodies rich in kinematic configurations demonstrating different
sensitivity to specific effect;
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Studies of 3N System with BINA@CCB

BINA - Big Instrument for Nuclear-Polarization Analysis

» Experimental program:

*  Measurement of 2H(p,pd) elastic
scattering at 108, 135 and 160 MeV;

*  Measurement of 2H(p,pp)n breakup
reaction at 108 and 160 MeV for
over 200 kinematic configurations;

» The aim:
Studies of 3NF;

* Verification of predicted Coulomb
and relativistic effects;

* Testsof upcoming ChEFT
calculations;
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Experimental setup

* The forward part of detector (Wall):

1. Multi-Wire Proportional Chamber (MWPC):

>3 anode wire plane allowing recontruct the exact information about
emission angle of the outgoing charged particles

2. AE-E hodoscopes:

» Two layers of plastic scintillators: 24 vertically-placed thin transmission-
AE strips and 10 horizonally-placed thick stopping-E bars

* The backward part of detector (Ball):
» System of 149 phoswitch

» The target system located inside the Ball:
1) LD, target
2) Altarget with a thin ZnS layer (callibration runs)
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The measurement of the “H(p,pp)n at 108 MeV

* Results of the first experimental run; = 450
* Particle Identification procedure is based on the AE-E technique; § 40\ . — 120
Q350
» Perpendicular arrangment allows to build two-dimmensional spectra where 2 : 100
protons and deuterons distribution can be well distinguished; Y S00Hg Gl "
> The gates are wide enough to avoid a significant loss of particles -> the slight = - Deuterons
overlap of them is allowed; 200 = 60
* The excellent efficiency of the Wall detectors; 122 , 40
* The events identified as proton-proton coincidences were analyzed event-by- /- ¥—_Gu— 20
event and sorted according to angular configurations; b

0

E [ADC chanel]

91 = 150, 92 = 190, P12 = 160°

90

—50

120 ey

80

E, [MeV]

SR e
e e 0t = 110
L] L CD

70

60

\Iil'illllll‘l\l\l\llll\l\l

50

0[°]

40

30

293() —20

O_\III‘\III‘\\Ill\lllll\llll\\lll\\Ill\\

—
O

E,[MeV]



°H(p,pp)n breakup cross section

» Normalization procedure:
» Based on deuterons from elastic scattering;
* Ermisch et al., Phys. Rev. C 71, 064004 (2005) - data with the systematic
uncertainty between 4.4% - 6.5%

» Corrections: hadronic interactions, Wall efficiency, Edge events,
configurational efficiency;
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The impact on breakup

Sources of errors cross section | %] 4o;— = AF — 12 id 0°
Statistical uncertainties 2.3-11.1% 20— ~ E -g C
Total systematic error 3.9-8.3% L ‘* | mta“l E 1 1:_
1. Normalization 3.50 %720 30 60 80 100 120 140 160 180 200 > -
2. Particle identification 1% ¢, [ded] a3 10 -
3. Configurational efficiency 0.01-6.8% — = B
o . 82 1001 £ 9
4. Energy calibration T I S 7:&\ = -
+ angle reconstruction 80— - 8:
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Results and comparison with theory

- ® [ 2
NHE 12 L Adding A-isobar spoil the agreement ¢ » The gIObal X red results strongly
B between data and theory. o depend on the theoretical model;
10— . .
~ . » Calculations performed by Witata
i gl @ have the worst agreement;
< -
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ok » Theimpact of the x° .4 by adding
. 3NF in UIX form improves the A-isobar is very low and even
the X?,.q value. i th .
i 4 spoil the agreement;
B Calculations using Coulomb's force
2 show the best agreement.
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Results and comparison with theory
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Summary and outlook

» Theinvestigated region of the phase space is characterized by significant variation in the differential cross-section values:
* Regions with the lower cross-section reveal greater sensitivity to the dynamic effects.
* In almost the entire studied phase space, the Coulomb effects are present.

A\

The Coulomb interaction has to be necessarily included in the theoretical description (also, in the context of future
comparisons of the data with the intensively developed calculations within the ChEFT).

3NF effects are moderate and manifest themselves locally.
For the most sensitive configurations, we observe larger effects of the TM99 and UrbanalX forces.

In the kinematical region where the cross sections are smallest, all the theories significantly overestimate the data.

YV V VYV V

3N forces (TM99 and UIX) lower the calculated cross section, thus improving the description of the data but by far not
enough to eliminate the discrepancy.

» In the future, the results will be extended by analyzing data from the subsequent experimental run covering a wider
angular range. Configurations close to the so-called neutron-proton final state interaction are kinematically similar to
the elastic scattering and can reveal stronger sensitivity to 3NF.

A. Lobejko, Caen 2025 12



Thank you for your attention!
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