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Perspectives of measuring the proton electromagneticfactors in the time-like region at FAIR
with the PANDA detector are presented. A number of simulations \WiNDAroot framework
on the signalpp — ete™ efficiency as well as backgroungp— "~ rejection have been
performed. Preliminary results of the simulation show thatform factors cab be measured with
an unprecedented precision.
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1. Introduction

The electricGg and magneti&y, form factors (FFs) were introduced[1] as a linear combina-
tions of Dirac’s and Pauli's FFs. They are expressed in texhis andF, as:

Ge =F1— TP, Gu=F1+Fo, T= —0?/4M?, (1.1)

whereM is the proton mass. The electromagnetic FFs of the protgmfflide fundamental infor-
mation on the hadron structure and internal dynamics. Afldata have been accumulated in the
space-like region using elastic electron scattering. Atthme time only few experiments worked
in the time-like region and the obtained data do not providh wnough statistics for precision
measurements. Fig. 1 summarizes world data on proton digecand time-like form factors.
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Figure 1: Left side: world data obtained for the space-Ili@ant factors by various experiments.
Right side: the measure@®g /Gy | mass dependence. Filled circles depict BABAR[3] data. Open
circles show PS170[4] data.

2. The PANDA experiment

The PANDA[5] experiment at FAIR[6] offers a possibility to insBgate the proton time-like
form factors with an unprecedented precision and in an eekinematical region. THRRANDA
detector covers almostr#of a solid angle. It will have good tracking and particle itication
(PID) capabilities. All together it should provide an eféint event selection and a background
suppression.

The analysis presented in this work is based on the partigetification (PID) algorithms
which make use of physical quantities given by differenedtrs and kinematic constraints.

3. Feasibility of measuring the proton form factors with pp — ete~

The differential cross section fap— ete [7] is, in the one photon exchange approximation,

do _ ___ma 2 [Ge ;-
dCOS@_SMZT\/mHGW (1+cog ) + —( cog )], (3.1)
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wheret = q2/4m%. Form factors can be determined by measuring the angulaibdison of
the one of charged leptons by means of Rosenbluth separationinosity is a critical parameter
as its precise measurement will allow for an independemaetion ofGg andGy, otherwise only
the ratioGg /Gy can be measured.

The main difficulty is the hadron background, especiglb/— 7" m~ whose total cross section
is estimated to be of the order ofélmes higher then the cross section of the signal [8-12]. In
addition it contains the same number of particles with tleeseharges as the signal channel. Thus,
a suppression factor of @ needed in order to ensure that the background contamimnistbelow
1%.

Similar feasibility study was performed[13] and this workna to improve its results by using
an official simulatiorPANDAroot framework. The advantage of it are the more detbiind real-
istic detector description as well as better particle idieation algorithms. The simulation consist
of two step. The first one is the generation of a chosen fintd stad propagation of the particles
through the detector. The second step is a reconstructiphysfical quantities given by different
detectors comprising tHRANDA experiment.

The event generators for both the signal charmel— e"e~ and the background channel
pp— " were developed in Mainz. The event generator for the sigilalis the cross section
(Eq. 3.1) and includes radiative corrections provided kg HTHOTOS[14] package. The back-
ground event generator uses parameterization based onre&ptal data or on the theory predic-
tion depending on the energy range.

3.1 Background suppression and signal efficiency

In order to prove that the background can be successfullgregped a set of simulations were
performed. Three beam momentz [§) = 1.7, 3.3, 6.4GeV/c) were chosen and $Gvents were
generated for each of them. Using information such as mamewf a particle, energy deposit,
vertex position, etc., given by detectors a selection piomewas developed. In addition, a set of
kinematic cuts were applied, e.g. a requirement of the fiteae garticles to fly in the opposite
directions in the CM frame.

To study the signal efficiency another set of simulationgygipp — e"e~ event generator,
were performed. The same selection algorithm as for thedsaokd suppression were applied.
Table 1 shows a percentage of events that satisfy seleattmegure for the lepton signal and the
pion background. It is shown that the criteria presented@lpoovide the background suppression
factor of at least @+ 10~8 (CL = 95%) what leads to the level of the background contamination
below 1%.

3.2 Extraction of the proton form factors

The cross sectioo of the signal channel and the number of evéxitwere calculated using
Eqg. 3.1 and taking the value of the expected integrated lositin of .~ = 2fbt. |Gy| was
parameterized by the Eq. 3.2[15]. As the parameterizatszuraes thalGeg /Gy | = 1 the same
hypothesis was taken in this work.

Gul = 225
M 1 2/0702(1+ 2/36)

(3.2)



Proton time-like electromagnetic form factors with #ANDA experiment Dmitry Khaneft

PreanlGeV/C] | ?[GeV/c? | Eff(ete”) | mim
17 5.4 319% 0.0%
2.78 7.27 32.8% —
3.3 8.21 314% 0.0%
4.9 110 26.2% —
5.9 129 231% —
6.4 138 21.7% 0.0%
7.9 16.7 17.8% —

Table 1: Percentage of events that satisfy selection puveeir the lepton signal and the pion
background

Prean{GeV/c] | ?[GeV/c]> | o [pb] | N
1.7 5.4 5310 | 1.1-10°
2.78 7.27 721 | 1.4-10°
33 8.21 324 | 6.4-10°
4.9 110 43 [91-10°
5.9 129 15 |32-10°
6.4 138 097 | 2-10°
7.9 16.7 0.29 580

Table 2. Cross sectioo and number of eventsl expected from Eq. 3.1 corresponding to an
integrated luminosity ofZ = 2fb1, for different values of the momentum transfer squaree s
and of the antiproton momenturp,

Table 2 shows the results of calculations for different galaf the momentum transfer squared
¢? = sand of the antiproton momentum,

The form factors were extracted from the angular distrdoutf electrons frone™ e~ pairs as
a function of co$6cwm). Fig. 2 shows an example of such a distribution?at 8.21 (GeV/c)? with
the generated, reconstructed, and efficiency correctadsgteawn. The efficiency corrected events
were fitted using Eq. 3.1 witksg and Gy as a free fit parameters. The reconstruction efficiency
coefficients were determined from an independent simulaffit results for different values of
are shown in Fig. 3.
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Figure 2: Angular distribution of electrons frogfe~ pairs as a function of c¢cy) atg? = 8.21
(GeV/c)? distribution in the CM frame of the generated (red dots)pnstructed (cyan dots), and
efficiency corrected events (blue dots).
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Figure 3: Extracted values @ andGy (dots) plotted over their theoretically predicted values
(lines).
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