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Abstract. An experiment to investigate the 1 H(d,pp)n breakup reaction using a deuteron
beam of 340, 380 and 400 MeV and the WASA detector has been performed at the Cooler
Synchrotron COSY-Jülich. The studied energy region, below but close to a pion production threshold, may provide information on various aspects of nuclear interactions, in
particular on relativistic eﬀects and their interplay with the three nucleon force (3NF).
The almost 4π geometry of the WASA detector gives an unique possibility to study the
diﬀerent aspects of nucleon-nucleon dynamics in the three nucleon system. The main
steps of the analysis, including energy calibration, PID and studied of eﬃciency, and
their impact on ﬁnal accuracy of the result, will be discussed.

1 Introduction
Few-nucleon system is an ideal laboratory to study nuclear forces. The system composed of three
nucleons (3N) is the simplest nontrivial environment, in which various models of the nucleon-nucleon
(NN) interaction can be tested. Three-nucleon system dynamics can be investigated quantitatively by
comparing observables calculated with the use of Faddeev equations with precise measurements. The
breakup observables can be calculated using modern realistic pairwise nucleon-nucleon NN interactions, combined with model of 3N forces [1]. Moreover, the two- and three-nucleon interactions
can be modeled within the coupled-channel (CC) framework by an explicit treatment of the Δ-isobar
[2]. Alternatively, the dynamics is generated by the chiral eﬀective ﬁeld theory (χEFT), so far at the
next-to-next-to-leading order with all relevant NN and 3N contributions taken into account [3]. The
new, improved version of ChPT is currently being developed [4]. The modern theoretical calculations include diﬀerent pieces of nucleon-nucleon dynamics like the above mentioned three nucleon
force but also the long-range Coulomb interaction or relativistic eﬀects. In recent years the relativistic
treatment of the breakup reaction in the 3N system has been developed using the NN potential [5]
and this approach has also been extended for calculations including 3NF [6]. It was shown that in
some particular regions of the breakup phase space, relativistic eﬀects can increase or decrease the
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calculated breakup cross sections by up to 60%. At the same time the eﬀects of 3NF may change
certain observables by a similar factor. The relativistic eﬀects and their interplay with 3NF become
more important with increasing available energy in the three nucleon system. Therefore the energy
range of interest is possibly close to pion production threshold (400 MeV for dp breakup reaction).
We measured the diﬀerential cross section of the 1 H(d,pp)n breakup reaction at beam energies of 340,
380 and 400 MeV. The investigations will enable to study the evolution of the relativistic and 3NF
eﬀects in this energy, possibly setting constraints on the theoretical calculations.

2 Experiment
 pp)n breakup reaction at 340 MeV, 380 MeV and 400 MeV
The experiment using the 1 H(d,
deuteron beam energy has been performed in January 2013 at the Cooler Synchrotron COSY-Jülich
with the WASA-at-COSY detector [7], [8]. The WASA (Wide Angle Shower Apparatus) detector,
covering almost full solid angle, gives a unique possibility of complex studies of the dp breakup reaction and the eﬀects beyond non-relativistic NN-interactions, which appear in diﬀerent phase-space
regions. The WASA detector consists of four main components: Central Detector (CD), Forward Detector (FD), Pellet Target Device and the Scattering Chamber.

3 Data Analysis
Currently, the data analysis is focused on the proton-proton coincidences registered in the Forward
Detector. It aims to determine the diﬀerential cross sections on dense angular grid of kinematical
conﬁgurations deﬁned by the emission angles of the two outgoing protons: two polar angles θ1 and θ2
(in t he range between 4o and 18o ) and the relative azimuthal angle φ12 .
The ﬁrst step of data analysis is the identiﬁcation of events of interest, i.e. two protons from the
breakup process and deuteron-proton pairs from elastic scattering channel in the Forward Detector.
The particle identiﬁcation is based on the ΔE-E technique .
The luminosity is determined on the basis of the number of the elastically scattered deuterons at
a given θ angle and on the known cross section for elastic scattering at the studied energy [10]. After
selection of deuterons registered in the Forward Detector and energy calibration, the correct energy
vs angle relation for elastically scattered deuterons was obtained, see Fig. 1.

Figure 1. Selection of deuterons registered in FD. Solid curve
corresponds to kinematics of elastically scattered deuterons.

After selection of the proton-proton coincidences and having performed the energy calibration,
the diﬀerential cross section of the breakup reaction can be determined for a chosen kinematic conﬁguration. The conﬁguration is deﬁned by the emission angles of the two outgoing protons: two polar
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angles θ1 and θ2 and the relative azimuthal angle φ12 , with deﬁned integration limits: Δθ1 =Δθ2 =1o and
Δφ12 =5o . The kinematical spectra E1 vs E2 are produced for each analyzed conﬁguration.
Events belonging to the chosen conﬁguration of interest are projected onto a kinematical curve in
order to obtain the distribution as a function of the arc-length S measured along the kinematics. An
example of the breakup event rate obtained for the chosen kinematical conﬁgurations is presented in
Fig. 2. The normalization is preliminary: the analysis is ongoing to determine systematic uncertainties
related to detection eﬃciency and to luminosity value obtained on the basis of existing data. It is clear
that a very good control over data normalization is indispensable to conclude about relativistic eﬀects.

Figure 2. An example of the diﬀerential cross section of breakup reaction obtained for chosen kinematical conﬁguration as a function of the S value. Magenta band represents calculations based on realistic potentials: 2N
complemented with the TM99 3NF and the realistic AV18 potential combined with the Urbana IX. The calculations within the coupled-channel approach with the CD Bonn+ Δ potential without and with the Coulomb
force included are represented by blue solid line and green dashed line, respectively. Violet and brown solid lines
present theoretical calculations with CD Bonn potential in norelativistic and relativistic regime, respectively.

In this ﬁgure the theoretical calculations [1] [9] are also shown. The calculations in relativistic
regime have recently been performed for the 1 H(d,pp)n breakup reaction at the beam energies of 340,
380 and 400 MeV [11], clearly indicating of relativistic description at these energies.

4 Summary and outlook

The analysis is continued with the aim to determine the diﬀerential cross sections for the the
deuteron breakup process in the d+p system at energies of 340, 380 and 400 MeV, performed for a
large set of kinematical conﬁgurations covering a signiﬁcant part pf the reaction phase space. The data
will be compared to the theoretical predictions for three nucleon systems with the aim to investigate
relativistic eﬀects. Currently, the analysis is focused on precise determination of eﬃciency of the detection system and its impact on ﬁnal accuracy of the result, as well as on deterimination of systematic
uncertainty of luminosity.
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