Contribution of three nucleon force investigated in deuteron-
proton breakup reaction
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Abstract. The elastic scattering and deuteron breakup data werectmdlén the experi-

ment performed at KVI (Groningen) with use of unpolarizedtdeon beam with energy
of 80 MeV per nucleon, impinging on hydrogen target. The pdure applied to deter-
mine total integrated luminosity is presented. The resillthe used for normalization

of the differential cross section for the deuteron-proton breakugticea

1 Introduction

3NF, Coulomb interactions [1] or relativistic componerit [2Il e ffects reveal in dferent parts of the
phase space with fierent magnitude what can be noticed in the observables.

Investigation of three-nucleon system dynamics providessofor understanding interaction be-
tween nucleons, going also beyond simple pairwise nucteaeon (NN) forces. Such additional
dynamics is called three-nucleon force (3NF). It ariseh@&rheson exchange picture as an interme-
diate excitation of a nucleon to/sisobar or it appears in a certain order of expansion fronraChi
Effective Field Theory [1]. Modern models of 3NF, like Tucsorellslburn 99 [2] or Urbana IX [3], are
combined with the adequate realistic NN potential. Alt¢iuedy, theA-isobar can be included explic-
itly in the coupled channel framework [4]. Precise measenainof observables like the cross-section
in three-nucleon system is the way to validate these models.

2 Experimental set-up

The experiment was performed with the use of the deuterombmavided by AGOR cyclotron
at Kernfysisch Versneller Instituut in Groningen (the Nathnds). Unpolarized deuteron beam of
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160 MeV energy impinged on 3.3 mm thick liquid hydrogen tar@harged products of the reaction
were detected by the BINA detection system (Big InstrumenNuclear Analysis). BINA apparatus
has been specially designed to investigate few-nucledemgsin the range of intermediate energies.
It covers almost # geometry and is composed of two main parts: forward Wall 13°- 40°) and
backward Ball ¢: 40°-165’). In the forward Wall particles are registered in three dietes. At
first, they are detected in the multi-wire proportional ct@m(for reconstruction of angles of the
scattered charged particles), next — in one of 12 vertigalglastic scintillators (stripes) and finally,
in the hodoscope made of 10 horizontal thick plastic s¢attk (slabs). The plastic stripes and slabs
form 240 telescopes for theE-E method of particle identification. Ball is made up of 148rigular
detector elements working in a phoswich mode. The Ball atsdrae time plays the role of the
reaction chamber as well as the detector. Detailed deruript the detector can be found in [5].

3 Data analysis

The analysis presented in this report focuses on the pestitiattered forward from the reaction point
and being detected in the WALL part of the detector. The tetdithe most basic steps of the data
analysis including energy calibration, particle idenéfion (PID) and detectorfigciency calculation
were described in previous publications [6—9]. To perfoetrable PID the linearization method was
applied. TheAE-E spectra were transformed to the new energy dependéatbheeas described in [7].
Differential cross-section distributions for the deuteromku reaction has been calculated as:

Npp (31, 92, ©12, S)

(% (017 192» $12, S) = LAQlAQZAseﬂlﬂztplz (1)
where:Npp (91, 92, ¢1,2, S) is the number of proton—proton pairs, registered withimedbil® for polar
angles 01, 9,), of 10 for relative azimuthal anglesf,) and of 8 MeV for theS variable standing
for length along the corresponding kinematical curteis the total integrated luminosity’172#12
represents the detectioffieiency for a proton pair emitted at these angheQ; , - the corresponding
solid angles. The normalization factbris obtained on the basis of elastic scattering data analyzed
for eachA® = 1° bin in the range (29 29°). The final luminosity is taken as an average value of:

N ()

L(ﬁp) = ¢ (0p)AQ(l9p)Eﬂp"pp (2)

Hereo® (9p) is cross-section for proton—deuteron elastic scattetifig» represents theficiency of
registering of a proton antQ(d,) is the solid angle.Ne'(ﬁp) is the number of elastically scattered
protons registered at th&, angle, after subtracting the background component (seelfig is
obtained by fitting the gaussian function and integratinthini+30. Since there is no experimental
data for the cross-section for the elastic scattering at 89/, o (%) was obtained from the inter-
polation between all the data measured at energies in witgerad0-190 MeYA. For each energy,
polynomial was fitted to angular distribution of the datalie tenter of mass frame¢™). Then,
for each value off“™ the polynomial was fitted to the energy distribution (see Blg Finally, the
transformation of the interpolated values for 80 MAYo laboratory frame was done. The systematic
uncertainty connected to particle identification procedunentioned earlier, is illustrated in Fig. 2.
Since diferent particles tend to group around well defined partictel Ispecific values, one may
use gaussian distribution to control the quality of pagtigipe assignment. The systematical error
was calculated as fllerence between values of luminosities obtained by acagpimges of two and
threeo- around the proton peak in PID method. The error due to thigzaatestimated to be about 7%.
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Figurel. Left panel: Energy distribution of protons registered with the minimbras trigger in chosett, = 23
bin. Straight red line represents the background mdsight panel: Energy distribution of protons from elastic
scattering channel obtained after the background suliract
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Figure 2. Left panel: Polynomial fit to the elastic scattering cross-section dafanction of the beam energy
example fo¥®™ = 132 . Right panel: Integrated luminosity obtained for each of the studigdngle. Horizontal
lines represent weighted averages of the data points.
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