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1 The PANDA Experiment and its Tracking
Concept

The following sections contain a general introduc-
tion to the PANDA experiment and, in particular, a
short description of the implemented overall track-
ing concept. They belong to a common introduc-
tory part for the volumes of all individual tracking
systems.

1.1 The PANDA Experiment

The PANDA (AntiProton ANnihilation at
DArmstadt) experiment [1] is one of the key
projects at the future Facility for Antiproton and
Ion Research (FAIR) [2] [3], which is currently
under construction at GSI, Darmstadt. For this
new facility the present GSI accelerators will
be upgraded and further used as injectors. The
completed accelerator facility will feature a com-
plex structure of new accelerators and storage
rings. An overview of the FAIR facility is given
in figure 1.1. Further details of the accelerator
complex are described in [4]. The FAIR accelerators
will deliver primary proton and ion beams as well
as secondary beams of antiprotons or radioactive
ions, all with high energy, high intensity and high
quality. Experiments to be installed at the facility
will address a wide range of physics topics in the
fields of nuclear and hadron physics as well as in
atomic and plasma physics. An executive summary
of the main FAIR projects can be found in [2]
and [5].

The PANDA experiment will perform precise stud-
ies of antiproton-proton annihilations and reactions
of antiprotons with nucleons of heavier nuclear tar-
gets. It will benefit from antiproton beams with
unprecedented intensity and quality. The covered
centre-of-mass energy between 1 GeV and 5 GeV
allows for very accurate measurements, especially in
the charm quark sector. Based on a broad physics
program, studying the non-pertubative regime, it
will be possible to explore the nature of the strong
interaction and to obtain a significant progress
in our understanding of the QCD spectrum and
hadron structure.

Nowadays these studies are carried out mainly at
electron machines that o↵er the advantage of kine-
matically clean reactions but at the price of a re-

duced set of final states and reduced cross-sections.
Also the future experiments currently planned as
upgrade at existing high-energy physics facilities
will not deliver high-precision data over the full
charm spectrum. In this context, the PANDA ex-
periment will be a unique tool to improve both
statistics and precision of existing data and to fur-
ther explore the physics in the charm quark sec-
tor. Moreover, the PANDA collaboration is in the
ideal situation to be able to benefit from the ex-
pertise gained during the construction of the LHC
detectors and of the B-factory experiments, which
have determined a significant progress in the detec-
tor technology due to the performed optimisation
or the introduction of completely new concepts and
instruments.

In the first section of this chapter the scientific pro-
gram of PANDA will be summarised. It ranges from
charmonium spectroscopy to the search for exotic
hadrons and the study of nucleon structure, from
the study of in-medium modifications of hadron
masses to the physics of hypernuclei. Therefore,
antiproton beams in the momentum range from
1.5 GeV/c to 15 GeV/c will be provided by the high-
energy storage ring (HESR) to the experiment. An
overview of this accelerator and storage ring will be
given in the second section. To explore the broad
physics program, the PANDA collaboration wants

Figure 1.1: Overview of the future FAIR facility. The
upgraded accelerators of the existing GSI facility will
act as injectors. New accelerator and storage rings are
highlighted in red, experimental sites are indicated with
green letters.
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MicroVertex Detector


Red zone covered by pixels and green one by strips 

Simone Esch HK 2.1 3 



PAnda STrip Asic (PASTA)
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Requirements


¨  Rate/channel  ~ 40 kHz 

¨  ~ 4 mW per channel 
 

¨ Triggerless 

¨ Preserve the charge information 

¨ Only digital outputs 

5 



Standard Approach


Usually to obtain the charge information the front-end signal amplitude is 
measured. To obtain this information the classic structure is that is reported 
in figure. 

ü All signals have the same 
durations 

x  Complex to implement 
x  Limited range 6 



Time Over Threshold 
Technique


ü Easier to implement 
ü Larger dynamic range 
ü Measure charge and time stamp 

x  Pile-up problems  
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Timing
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Timing


TDC 1 TDC 2 
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Chip Architecture

M

itg
lie

d 
de

r H
el

m
ho

ltz
-G

em
ei

ns
ch

af
t

M
itg

lie
d 

de
r H

el
m

ho
ltz

-G
em

ei
ns

ch
af

t

data
register

1. Front-end 2. Analog TDC 3. TDC Control 4. Global Control

analog    digital

PreAmp
thrT

thrE

4x TACT TDC_CTRLT

TDC_CTRLE

hit-
valid.

data
register

4x TACE

ADCT

ADCE

data
register

output
buffer

CLK

config.

ch0

ch1

ch63

LVDS clock

LVDS confg

LVDS data

PreAmp
thrT

thrE

4x TACT TDC_CTRLT

TDC_CTRLE

hit-
valid.4x TACE

ADCT

ADCE

Components in the ASIC

4

1. Amplification & discrimination

2. Time interpolation, Wilkinson ADC

3. Control charging & initiate storing

4. Handling configuration & 

     channel data

Figure from André Goerres 9 



 TDC Implementation


¨  Accurate 

¨  Low Power 

¨  Compact 
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 TDC Implementation
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 TDC Implementation
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Channel Layout
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TDC Post-Layout Simulations(1)


13 



TDC Post-Layout Simulations(1)
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TDC Post-Layout Simulations(2)
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PASTA Layout
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Outlooks


¨  Perform the last simulations 

¨  Work on the readout system 
 

16 



Thank you for your attention

Alberto Riccardi            Alberto.Riccardi@exp2.physik.uni-giessen.de 



Wilkinson ADC




Nominal 0.408‰ 

FF 0.176‰ 

SS 1.360‰ 

Costant Current Source: I2 (2) 



Current error 

y = a+ bx = 508.257+1.724x Δy
< y >

=
b

< y >
= 0.00340 0.00340*0.4V = 0.00136 =1.36‰



TDC linearity(2) 

Linearity : 0.02% 



TDC linearity (3) 

T_hit (ns) Goodness(%
) 

99 0.021 

98 0.025 

97 0.030 

96 0.005 

95 0.008 

94 0.011 


