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Abstract: The Forward Spectrometer (FS) designed for the PANDA detector will consist of many different 
detector systems allowing for precise track reconstruction and particle identification. A feasibility studies for FS 
done by means of specific reactions will be presented. In the first part results of simulations will be shown with 
the focus on studies of particle occupancies of the tracking stations. In next importance of the Forward tracker 
for the reconstruction of the DDbar decays will be shown on example of the reconstruction of Ψ(4040) state. 
Finally, results from tests of the prototype straw-tube tracking chambers, obtained at Forschungzentrum Juelich 
will be discussed. 

I. Introduction 

FAIR is a new international accelerator facility for the research with antiprotons and ions, under construction 
near Darmstadt, Germany. The central part of FAIR will be a synchrotron complex providing intense ion beams 
(from p to U) with energies up to 30/10 GeV for protons/ions, respectively. The antiprotons will be available on 
the High Energy Storage Ring (HESR), an accelerator with a single interaction point inside the PANDA 
detector. The goal of PANDA will be investigation of QCD excitation spectra in the charmonium mass range, 
and other aspects of particle and nuclear physics via anti proton, proton and anti-proton nucleus annihilations [1]. 
PANDA will be a fixed target experiment consisting of Target Spectrometer, surrounding the interaction point, 
and a Forward Spectrometer (FS), covering the acceptance of the system at low angles.  
 

 
 
Fig 1. Drawing showing the future setup of the PANDA detector [1]. The proposed detector is subdivided into 
the target spectrometer (TS) consisting of a solenoid around the interaction region and a forward spectrometer 
(FS) based on a dipole to momentum-analyze the forward-going particles. The combination of two spectrometers 



allows a full angular coverage, it takes into account the wide range of energies and it still has sufficient 
flexibility, so that individual components can be exchanged or added for specific experiments [1]. 
 
 
 

II. The Forward Tracking system 

The role of the Forward Tracker (FT) is to do momentum analysis of charged particles deflected in the field of 
the PANDA dipole magnet. The FT covers angular acceptance equal to ±10° horizontally and ±5° vertically with 
respect to the beam. The system consists of three pairs of tracking stations (see Fig. 2): one pair (FT1, FT2) is 
placed in front, the second (FT5, FT6) behind the dipole magnet and, the third pair (FT3, FT4) is placed inside 
the magnet gap to track low momentum particles. 

  

Fig 2. Layout of the three pairs of tracking stations the main part of the FTS.[2] 

The tracking stations will be exposed to high local particle fluxes in the order of 104 cm-2s-1 close to the beam 
pipe as well as a high total counting rate of 2·107 s-1 expected in the high luminosity mode with the number of 
antiproton-proton interactions of 2·107 per second. The average track multiplicity in the FT is assumed 1 per 
event. The FT is based on straw tube tubes with 10mm diameter oriented at vertical and stereo angles w.r.t 
horizontal plane. The straw tubes are made of 30 µm aluminized Mylar foil. 20 µm gold plated tungsten wires 
make anodes. The gas pressure inside the straws is equal to 2 bars. In order to minimize the aging effects, usage 
of 90% Ar + 10% CO2 gas mixture is considered. 

III. Simulation of the PANDA detector 

A simulation was performed using the PANDA root software [3], the first simulation was done for pbar-p@15 
GeV/c (using Dual Parton Model) and pbar-N@15 GeV/c (using urQMD) reactions.  The goal was to calculate 
expected counting rates for selected tracking stations, considering the full PANDA detector setup. The results are 
presented in Fig 3. One can see a significant increase of the rate in the downstream counters for tubes close to 
the beam pipe (up to 1.4 MHz per tube), mainly due to secondary particles produced on the beam pipe elements. 
This is a challenge for the detector as for the readout electronics, which has to cope with such high counting 
rates. 
 



	  

Fig	  3.	  	  Calculated	  count	  rates	  per	  straw	  in	  FT1	  (before	  dipole	  magnet),	  FT3	  (inside	  of	  the	  dipole	  magnet)	  and	  
FT5	  (after	  the	  dipole	  magnet)	  

The second point was to simulate selected physics channels to benchmark the detector setup. A simulation was 
performed for the psi (4040) decay going to D*+ D*- with momentum of anti-proton beam set to 7.71 GeV/c.  

	  

Fig 4.  Plot showing the distribution of theta vs momentum for pions and kaons, reconstruction efficiency is at 
80%.                                                                                 

The D* mesons decay into D0, pion pair and subsequent D0->kaon, pion decay was investigated. Due to the low 
Q-value of the decay a significant part of the kaons coming from D0 decays  (below 10 degree) enter the FTS. 
This situation is even more enhanced for pions from D* decay, as one cans see from Fig.4 (right)(small spot at 
low angles). However, due to FTS one can still reconstruct the D* meson with a good efficiency (see Fig 5 -right) 



	  

Fig	  5.	  Reconstructed	  invariant	  mass	  of	  the	  D0	  and	  D*	  meson.	  

,	  which is not the case for the spectrometer configuration without FS (red line). Although importance of the 
Forward Tracking System has been demonstrated here for this specific reaction, one can in general conclude that 
such situation will also occur for other channels with small reaction Q value. 

Fig 6. Shows fully reconstructed invariant the phi (4040) meson with a total reconstruction efficiency of 18% 
and resolution of 2.3 MeV/c2. 

	  

	  

Fig 6. Completely reconstructed invariant mass of the psi (4040) meson. 

	  

IV. Prototype	  test	  

Straw Tube Tracker prototype (referred as STT) was performed at Forshungzentrum Juelich using collimated 
proton beam with momentum of 0.9 GeV/c coming from COSY@IKP (Cooler Synchrotron). The prototype 
consisted of 32 straw tubes and two scintillators acting as trigger detectors, situated in front and behind the 
detector (see Fig 7). The straw tubes were arranged in two layers, each layer had 16 straws. 



 

Fig. 7 Drawing showing the experimental setup. The 32 straw chamber prototype detector, trigger arrangement 
and the red-out chain. 

To read the signals coming from the detector specialized front-end boards were designed and developed. 
Specialized ASIC chip, developed by AGH Cracow (Fig. 8) [5] , allowing for baseline stabilization and tail 
cancellation, especially important for high rate application has been successfully tested. Furthermore, the chip 
provides also the time and Time over Threshold (ToT) information (related to the signal amplitude) and allows 
for energy loss measurement. Signals from ASIC board are processed by Trigger and Readout Board [4] working 
as a 256 channel TDC.  

 

Fig. 8 Schematics of the ASIC chip, three stages of signal processing 1st tail cancelation, 2nd pole- zero 
cancelation, 3rd discriminator and ToT information. 

For each channel an electron drift time spectrum was obtained to preform the drift radius vs. time calibration 
using uniform irradiation method [6]. A track reconstruction was performed on event-by-event basis with the 
main goal to calculate the spatial and time resolution of the detector. For this purpose only tracks, which passed 
at least 10 straw tubes, were considered in the analysis. Obtained residual distribution (difference between the 
experimental point and the calculated track of the proton) is presented in Fig. 9 and shows resolution of 150 
micrometer. 

 

Fig. 9 Obtained residual distribution fitted with a Gaussian function                                                             
calculated sigma is the measured spatial resolution of the detector.  



This resolution meets the requirements of the future PANDA experiment [5].  

Next step of the analysis was extraction of the energy loss in straw tubes by means of the ToT measurement.  

 

 

Fig. 10 Left: Mean ToT [measured in ns] distributions for selected tracks passing through 10 straws together 
with a fit using Gaussian distribution, Right: a similar distribution but divided by the length of the track 
(dx)(arbitrary units), fitted with Landau function. 

Presented distributions show promising results, obtained TOT resolution gives 5.5% (Sigma/Mean), the ToT/dx, 
including total track length calculated from the tracking, follows expected Landau resolution. The measurements 
demonstrate a potential of the ToT method to measure energy loss. 

V.     Conclusions 

Obtained results form simulation and prototype test show that: 

• The FTS will be exposed to high particle flux (up to 2 MHz), especially near the beam pipe.  
• Selected physics channel simulations show the importance of the FTS in reconstruction of the states 

above the open charm threshold. 
• Results coming form STT prototype tests show good performance of a newly developed  FEE, however 

further tests are needed to evaluate in details ToT technique for the energy loss measurement and spatial 
resolution of the detector 
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