PANDA Annual Report 2018

1

73 Institutes
Università Politecnica delle Marche, Ancona
University Basel
Institute of High Energy Physics (IHEP), Beijing
Ruhr-University Bochum
Abant Izzet Baysal University Golkoy, Bolu
Rheinische Fridrich-Wilhelms-University Bonn
Università degli Studi di Brescia
AGH University of Science and Technology,
Cracow
IFJ PAN, Cracow
Jagiellonian University, Cracow
Cracow University of Technology
FAIR, Darmstadt
GSI Helmholtzcentre for Heavy Ion Research,
Darmstadt
Joint Institute for Nuclear Research (JINR),
Dubna
Edinburgh University
Friedrich-Alexander-Universität ErlangenNürnberg
Northwestern University, Evanston
University & INFN Ferrara
Frankfurt Institute of Advanced Studies (FIAS)
Goethe-University Frankfurt
Laboratori Nazionali di Frascati (LNF)
University & INFN Genova
Justus Liebig-University Giessen
Glasgow University
BITS Pilani K K Birla, Goa
KVI-CART, Groningen
Sadar Patel University, Gujart
Gauhati University, Guwahati
USTC Hefei
URZ Heidelberg
Fachhochschule Südwestfalen, Iserlohn
Doğuş University, Istanbul
Forschungszentrum Jülich
Institute of Modern Physics (IMP), Lanzhou
Laboratori Nazionali di Legnaro (LNL)
Lund University

Helmholtz-Institute Mainz
Gutenberg-University Mainz
Horia Hulubei National Institute for R&D in
Physics and Nuclear Engineering (IFIN-HH),
Magurele
Institute for Nuclear Problems (INP), Minsk
ITEP Moscow
Moscow Power Engineering Institute
Bhabha Research Center (BARC), Mumbai
Westfälische Wilhelms-Universität Münster
Suranaree University of Technology (SUT),
Nakhon Ratchisma
Budker Institue for Nuclear Physics, Novosibirsk
Novosibirsk State University (NSU)
INP Orsay
University of Wisconsin, Oshkosh
University Pavia
Petersburg Nuclear Physics Institute
West Bohemian University, Pilzen
Charles University, Prague
Czech Technical University, Prague
Institute of High Energy Physics (IHEP), Protvino
IRFU CEA-Saclay
University of Sidney
KTH Stockholm
Stockholm University
Sardar Vallabhbhai National Institute of
Technology (SVNIT), Surat
Veer Narmad South Gujarat University, Surat
Florida State University Tallahassee
Nankai University, Tianjin
University & INFN Torino
Politecnico di Torino
University Trieste
Uppsala University
University Valencia
Stefan Meyer-Institute (SMI), Vienna
Siksha-Bhavana, Visva-Bharati and
National Center for Nuclear Research (NCBJ),
Warsaw

from 20 Countries

2

PANDA Annual Report 2018

Preface
In 2018 the consolidation and re-organization of the
collaboration has mostly been finished and PANDA is
now well prepared to accomplish the ambitious goal to
deliver a financed fore-front universal detector system
in 2024 for physics runs on Day-1 thanks to everybody
in this vibrant and active collaboration.
A major task was the definition of a Day-1 setup using
secured funding which will allow for excellent physics
on the first day of beam. It is important to note that all
physics groups will make important unique
measurements right from the start. You will find more on this later in this document.
The Phase-0 projects have been defined already until 2017 and are now in active preparation
using PANDA Hardware. These projects include (apart from shared hardware) also fruitful
cooperation in data analysis and analysis methods.
Towards the end of the year a lot of work went into the preparation for the FAIR Project and
Cost review which takes places in Spring 2019. In order to shape the science case and to explain
the uniqueness and scientific competition, a few documents have been created to explain the
respective aspects. Excerpts of these documents are part of this annual report.
Construction is well under way for many most parts or are about to start with respective
tendering taking place. Regular visits, production readiness reviews and other project steering
process are in place to ensure efficient and minimal error-prone construction.
Recognition is an important piece of creative scientific
work and in order to honor the achievements, PANDA
awarded for the first time a prize for the best theoretical
PhD work in the field of PANDA physics. Moreover,
retired senior members of the collaboration are awarded
honorary lifetime memberships as a distinct honor.
In three well attended and fully packed Collaboration
Meetings (CM) in 2018 (two at GSI/Darmstadt/Germany,
one at KTH Stockholm/Sweden) we discussed the
technical and scientific progress of the experiment. We honestly reviewed the status and
funding to pave the way for the immediate construction of the Day-1 configuration of our
experiment.
The excellent progress of PANDA was very much appreciated by the Joint Scientific Council of
GSI/FAIR in November 2018 and we will take this as a motivation to improve even further to
reach our ambitious goals for 2019, which are
•
•
•
•
•
•

Finalize Construction MoU
Complete remaining TDRs for Phase-1
Further enlarging the Collaboration
Continue on sophisticated Phase-1 simulations
More publications
Commissioning with protons
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PANDA Management Team in 2018
Spokesperson ...................................................... Klaus Peters/GSI & U Frankfurt/Germany
Deputy Spokesperson ................................................... Tord Johansson/U Uppsala/Sweden
Collaboration Board Chair .............................. Kai-Thomas Brinkmann/U Giessen/Germany
Deputy Collaboration Board Chair ....................... Andrey Ryazantsev/IHEP Protvino/Russia
Technical Coordinator ............................................................................... Lars Schmitt/FAIR
Deputy Technical Coordinator .............................................Anastasios Belias/GSI/Germany
Finance Coordinator .................................................................................. Ralph Böhm/FAIR
Physics Coordinator .............. Johan Messchendorp/KVI-CART Groningen/The Netherlands
Deputy Physics Coordinator ........................................ Karin Schönning/U Uppsala/Sweden
Computing Coordinator ........................................... Tobias Stockmanns/FZ Jülich/Germany
Deputy Computing Coordinator ........................................... Ralf Kliemt/HI Mainz/Germany
Contact Person ....................................................................Frank Maas/HI Mainz/Germany
complemented by Diego Bettoni, LNL/Italy, Alexander Vasiliev/IHEP Protvino/Russia, and
Ulrich Wiedner/U Bochum/Germany as additional members from the PANDA Strategy
Board,
Miriam Fritsch/U Bochum/Germany and Daniela Calvo/INFN Torino/Italy (until 08/18) and
Bernd Krusche/U Basel/Switzerland (since 09/18) as chairs of the Speakers Committee and
Membership Committee of PANDA respectively. In the course of the year also Alfons
Khoukaz joined the team as chair of the ad hoc Governance Rule Writing Group (since
07/18).
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PANDA Overview
The whole is more than the sum of its parts. This is sometime said and for the proton, this
expression is literally true. The sum of the masses of its valence quarks accounts for less than
2% of the proton’s total mass, with the rest resulting from the kinetic and binding energies
among quarks due to dynamics of the strong interaction. Quantum Chromodynamics (QCD) is
the accepted theory of the strong interaction and describes the properties of quarks and their
interactions through gluons, the force mediator of the strong interaction. Despite the success of
QCD in predicting processes at high energies, at low energies, the theory becomes strongly
coupled as αs becomes large. In this non-perturbative regime, it is still hard to make predictions
from first principles.
The complexity of the strongly coupled many-body system in non-perturbative QCD gives
rise to many questions: What are the effective degrees of freedom which systematically
describe resonances and bound states? Where are the exotic resonances and bound states
predicted by QCD? How do bound quark systems interact? What is the residual structure of the
hadronic systems? Thus, the central goal of the PANDA experiment is the elementary
understanding of hadrons using the power of an antiproton beam on hydrogen or nuclear
targets. This very process, the annihilation of nucleons, creates a rich variety of hadrons with
respect to other experimental probes with the additional advantage of a well-defined and
flavor-blind initial state. High precision mass scanning complements this and underlines the
uniqueness of the project. All this has been proven in the past to be a universal tool for carrying
out the necessary investigations and in order to utilize antiprotons for hadron physics the
PANDA (antiProton ANnihilation in DArmstadt) collaboration has been formed and is today a
cooperation of almost 500 scientists from 20 countries.
The experiment will be located at the Facility for Antiproton and Ion Research (FAIR), an
accelerator facility leading the European research in nuclear and hadron physics in the coming
decade. It builds on the experience and technological developments from the existing GSI
facility, and incorporates new technological concepts, such as rapidly cycling super-conducting
magnets. It will e.g. address a wide range of physics topics in the fields of nuclear structure,
nuclear matter, atomic and plasma physics.

Figure 1: High Energy Storage Ring at FAIR. The PANDA detector is located in one of the straight sections
where the antiproton beam interacts with a fixed target. Koala is a precision scattering experiment for
systematic luminosity studies.
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An important feature of the new antiproton facility is the combination of dense internal
targets and phase-space cooled beams in the High Energy Storage Ring (HESR) which hosts
PANDA as an in-beam experiment. It will allow two operation modes: a high-resolution mode
with a momentum spread down to a few times 10−5 and beam intensities up to 1010 using a
powerful stochastic cooling system, and a high-luminosity mode with beam intensities up to
1011 in a later stage. The HESR is filled by the Collector Ring (CR) which accumulates by stacking
the antiprotons every 10 seconds from the collision of 2.5x1013 protons of 29 GeV in a 50 ns
bunch on the production target.
The HESR lattice is designed as a racetrack shaped ring, consisting of two 180° arc sections
connected by two long straight sections. One straight section will host the installation of the
PANDA experiment with an internal target as well as RF cavities, injection kickers, and septa
(see Fig. 1). The other section will mainly be occupied by an electron cooler at a later stage and
will host smaller experiments for nuclear and atomic physics with ion beams. For stochastic
cooling, pickup and kicker tanks are located in the straight sections, opposite to each other. The
momentum of the antiprotons ranges from 1.5 to 15 GeV/c, allowing for a wide variety of
physics channels (see Fig. 2).

Figure 2: Some of the many accessible hadron species with PANDA and HESR.

The PANDA experiment belongs to a new generation of hadron physics experiments, hereby
building on the experiences and successes of previous generations. It features a modern
multipurpose detector (see Fig. 3). The combination of a high-quality antiproton beam at the
HESR, an unprecedented annihilation rate, and a sophisticated event filtering, is an ideal
experimental infrastructure to address important questions to all aspects of this field by
collecting large statistics and high-quality exclusive data to test QCD in the non-perturbative
regime. In the following, we will outline a few of the physics aspects that will be addressed
using this facility (see Ref [1,2] for more details).
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Figure 3: CAD drawing of the full PANDA Detector. The Day-1 configuration (described later) is currently
under construction and will be completed and commissioned in 2024.

PANDA will copiously produce anti-hyperon-hyperon pairs through the reaction p̅ p ➞ YYv.
The energy scale is given by the mass of the strange quark (ms~100 MeV/c2), which is below,
but near the strong coupling scale ΛQCD. This corresponds to the confinement domain, where
our knowledge of the strong interaction is scarce. Therefore, the relevant degrees of freedom –
quarks and gluons or hadrons – remain unclear. Spin observables have been proven to be very
sensitive to the underlying degrees of freedom of the model describing the interaction. The
high cross section for hyperon pair production using antiproton interactions will provide the
necessary high statistics to access spin observables with sufficient precision. In addition, so far
unmeasured multi-strange hyperons are accessible with PANDA. In particular, seven
polarization parameters of the spin 3/2 Ω-hyperon can be extracted for the first time.
This large production cross section will also enable several innovative studies of systems
containing two or even more units of (anti-)strangeness in antiproton-nucleus collisions at the
PANDA experiment. The interaction of antibaryons in nuclei provides a unique opportunity to
elucidate strong in-medium effects in baryonic systems. Quantitative information on the antihyperon potentials will be obtained for the first time via exclusive anti-hyperon-hyperon pair
production close to its production threshold in antiproton-nucleus interactions. After
pioneering studies of the Λ potential during the first phase of PANDA, the Ξ and even the Ω
potential can be explored once the full luminosity is available. Baryons with strangeness
embedded in the nuclear environment, hypernuclei or hyper-atoms, are the only available tool
to approach the many-body aspect of the three-flavor strong interaction. A new key
measurement will be high resolution γ-spectroscopy of excited states in several doubly strange
ΛΛ-hypernuclei. Hypernuclear studies would result also in valuable insights to astrophysics as
well, such as the Hyperon-puzzle of neutron stars and mechanisms of core-collapse
supernovae.
The field of charmonium spectroscopy is an exciting field with many discoveries in the past
15 years. Many predicted states have not been observed and, on the other hand, masses,
widths, and decay rates of many unexpected states (XYZ states) have been measured. Until
today, a coherent picture cannot be drawn from what is available experimentally. PANDA will
contribute to this field in two unique ways: a) in explorative studies in many-body experiments
PANDA Annual Report 2018
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to search for high-spin and spin-exotic states and b) by a precision measurement of the mass
and width (or more generally the line-shapes) of any neutral charmonium-like state. The very
small momentum spread of the antiproton beam allows a determination of the width, for
example of the X(3872), with an accuracy of 50 keV. Such an accuracy will provide a decisive
measurement on the nature of the narrow X(3872). This technique can also be used to
investigate excitation curves of open-charm final states, like e.g. DsDs0*(2317) to measure the
width of the respective Ds0*(2317).
Furthermore, antiproton annihilations allow for the study of a rich variety of nucleon
structure observables in large (partly) unexplored areas such as the kinematical regime that
corresponds to the time-like (positive, s-channel) momentum transfer of the virtual photon.
The electromagnetic form factors of the proton, Transition Distribution Amplitudes (TDA), Wide
Angle Compton Scattering (WACS), and Drell-Yan processes for accessing Transition
Momentum-Dependent Parton-Distribution Functions (TMD-PDF) are examples of those
variables. Fig. 4 shows how crossing symmetry e.g. connects space- and time-like regions.

Figure 4: Crossed channel diagrams that relate electromagnetic scattering off the proton to
lepton/photon pair production from antiproton-proton annihilations (elm FF=electromagnetic formfactor, GPD=Generalized Parton Distribution, GDA=Generalized Distribution Amplitudes, Mh=hard process
amplitude, DA=Distribution Amplitude, see Ref [1,3] for more details).

Experiments accessing the region of positive momentum transfer squared complement the
studies of the nucleon structure from the lepton scattering experiments (negative q2). They
provide experimental support to the non-perturbative approaches used to describe the high
energy electromagnetic processes in different regimes. Fig. 4 shows crossed channel diagrams
that allow to extract the same functions, like for the case of TDAs and TMD PDFs, or to extend
their measurements like for the case of form factors and GDAs, in/to different kinematical
regimes (space- and time-like regions).
support to the non-perturbative approaches used to describe the high energy
electromagnetic processes in different regimes. Figure 4 shows crossed channel diagrams that
allow to extract the same functions, like for the case of TDAs and TMD PDFs, or to extend their
measurements like for the case of form factors and GDAs, in/to different kinematical regimes
(space- and time-like regions)The main objectives of the design of the PANDA experiment are to
achieve almost 4π acceptance, high resolution for tracking, particle identification and
calorimetry, high-rate capabilities and a versatile readout and event selection. To obtain a good
momentum resolution, the detector will be composed of two magnetic spectrometers: the
Target Spectrometer (TS), based on a superconducting solenoid magnet surrounding the
interaction point, for particle tracks at large angles and the Forward Spectrometer (FS), based
on a dipole magnet, for small angle tracks. In both spectrometer parts, tracking, chargedparticle identification, electromagnetic calorimetry and muon identification will be available to
allow to detect the complete spectrum of final states relevant for the PANDA physics
objectives.
8
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The TS has a typical onion-like structure, very much like the detectors used for the BFactories Babar and Belle: A cluster jet or pellet target system will be used to provide either a
cluster beam of a target gas or frozen hydrogen pellets. Thin foils or noble gasses will be used
for antiproton-nucleus studies. The interaction point is surrounded by the Micro Vertex
Detector (MVD) which has a vertex resolution of about 50 μm in transverse and 100 μm along
the beam direction. Surrounding the MVD, the Straw Tube Tracker and Gas Electron Multiplier
(GEM) stations will be used for tracking charged particles (∆pT/pT = 1.2%) in the magnetic field.
Photons and the energy of electrons will be reconstructed with the Electromagnetic
Calorimeter (EMC). The EMC consists of a barrel (azimuthal angle 22° to 140°), a forward
endcap (down to the opening for the FS) and backward endcap (145° to 170°) and consists of
about 16,000 PbWO4 crystals providing an energy resolution of 1.5%/√E, whereby E is given in
units of GeV. Particle identification of pions, kaons and protons will utilize information from a
Time-of-Flight system (ToF), a cylindrical DIRC (Detection of Internally Reflected Cherenkov
light), and a forward Disc DIRC detector. The ToF will use scintillating tiles with Silicon
Photomultiplier readout. The cylindrical DIRC is a bar-type DIRC with quartz-prisms, while the
Disc DIRC uses large quartz plates. The solenoid magnet will provide a homogeneous magnetic
field up to 2 T in the beam direction. The segmented yoke is instrumented with chambers for
muon identification.
The FS covers polar angles below 10° horizontally and 5° vertically. Charged particles will be
detected using the Forward Tracking System, which consists of multiple straw tube layers, in
conjunction with a dipole magnet with variable field depending on the incident antiproton
momentum. The momentum resolution for tracks above 1 GeV/c is better than 1%. A Forward
Time-of-Flight and an aerogel-based Ring Imaging Cherenkov Counter detector will provide
particle identification. A Shashlyk-type Calorimeter with an energy resolution of 3%/√E is
followed by the Muon Range System for muon detection. At the forward end, the Luminosity
Detector uses elastic scattering of antiprotons on protons to determine the interaction rate
measuring antiprotons deflected at low angles. A detailed description of the PANDA detector
and its components can be found at [4].
As the detector response of background events is very similar to that of the decay of the
exotic states, the use of a conventional triggered readout scheme, where a limited number of
subdetectors generates a trigger signal that engages the readout of the complete detector, is
not practical. Therefore, a new type of intelligent readout is being developed, where
kinematical constraints are imposed online on reconstructed events. This technique is dubbed
as “triggerless readout” and allows adjusting the data selection to numerous physics channels.
A data reduction factor of up to ~103 is expected to be achieved by employing this technique
for the whole detector, resulting in a data rate of ~104 events/s (or, equivalently, 200 MB/s)
that will then be sent to storage for offline processing and analysis.
References and further reading
[1] M.F.M. Lutz et al., Physics Performance Report for PANDA: Strong Interaction Studies
with Antiprotons, arXiv:0903.3905 (2009)
[2] M.F.M. Lutz et al., Resonances in QCD, Nucl.Phys. A948 (2016) 93,
https://doi.org/10.1016/j.nuclphysa.2016.01.070
[3] R.A. Briceno et al., Issues and Opportunities in Exotic Hadrons, Chin.Phys. C40 (2016)
no.4, 042001, see also INT-PUB-15-066, JLAB-THY-15-2174, FERMILAB-PUB-15-652-T
[4] U. Wiedner, Future Prospects for Hadron Physics at PANDA, Prog.Part.Nucl.Phys. 66
(2011) 477-518, 10.1016/j.ppnp.2011.04.001
[5] https://panda.gsi.de
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Day-1 Science
MSV0-3 plans of PANDA (Phase-1 and -2)
Already in the first two phases of PANDA several different scientific topics within subatomic
physics will be addressed. These two, referred to as Phase-1 and Phase-2, both occur during the
period without the RESR that comes with Phase-3. In the transition from Phase-1 to Phase-2
additional detector components will be installed to have the full setup of PANDA available,
mainly for a better coverage for particle identification. Phase-3 corresponds to the full design
luminosity, which is possible with the additional storage ring available beyond MSV0-3
(∫L > 10 fb-1). Thus for our considerations, the luminosity will be limited in Phase-1 and Phase-2
to L = 2・1031 cm-2s-1. During Phase-1 and -2, we aim to collect data corresponding to an
integrated luminosity of about ∫L = 0.5 fb-1 each, using the so-called Start-setup of PANDA
described below. The period leading up to the very first antiproton runs of PANDA is referred to
as Day-1. During this period, we will perform the first necessary steps towards the realization of
Phase-1 and -2. In the text we quote how much of the program can be accomplished in these
phases with the sum Phase-1 plus -2 defined as 100%. We have used the amount of required
data to quantify the fraction of accomplishment.
Below, we briefly discuss the present goals of the physics pillars for the first two phases
(including comments on the respective competition), followed by a discussion of the activities
at Day-1 with quantitative statements. However, we are prepared that new discoveries may
alter these plans.
Hadron spectroscopy
The first pillar is devoted to providing precision data for hadron spectroscopy with light to
charm constituent quarks, and gluons. Concerning the light-quark and gluon sector, we plan to
map out the glueball spectrum and to search for exotic forms of hybrids and meson-like or
molecular states.
Final states best suited for that include one or multiple 𝜙, ω, η, J/ψ as well as D and Ds
mesons since their production is OZI suppressed due to the large flavor component, and thus
those channels have reduced conventional matter content.
The data we foresee to harvest are complementary to studies conducted at BESIII,
COMPASS, GlueX, and Clas12 due to various reasons like the probe, the analysis technique and
the accessible quantum numbers. The LEAR facility has demonstrated the strong advantage of
using antiprotons for gluon-rich matter such as various scalar states that were first discovered
using antiproton annihilations including the candidate for the glueball ground state, i.e. the
f0(1500). PANDA will extend these measurements by probing a sufficiently larger energy range
(Ecms = 2-5.5 GeV) and with a detector capable to perform a fully exclusive study of practically
all final states. As demonstrated by LEAR, the cross sections are spectacularly high in contrast to
reactions with electromagnetic probes. Already with lower luminosities, this gives excellent
prospects for the search for massive glueballs with JPC = 2++ and 0-+, hybrid states with gluonic
degrees of freedom and exotic quantum numbers as well as meson-like states with light and
strange quarks. The analysis technique at PANDA is based on PWA of exclusive final states and
constraints on the initial state for the ease of reliable quantum number assignments that are
crucial for the interpretation of the data. This is superior to scattering experiment in terms of
systematics and backgrounds and can systematically be extended to the hidden and opencharm sector. This will e.g. shed new light on the recently discovered charmonium-like XYZspectrum with precision line-shape scans (with a resolution of about 50 keV/c2 per point). In
particular, it will allow for searches in the high spin segment (up to J = 6) or at larger mass (up
10
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to 5.5 GeV/c2) to complement the existing findings such as X(3872), Zc(3900) and Zc(4020) (to
name a few) for which most of the decay channels are not found yet and counter parts for an
understanding of the spectrum are missing. In Phase-1, we expect to complete 75% and 25% of
our light-(include strange-)quark-exotics and charm-exotics programs, respectively.
Hyperon Physics
The second physics pillar of PANDA is the pairwise production of mesons and baryons with
open-strangeness and charmness in 𝑝̅ 𝑝 annihilations. This is truly unique in the world and will
provide insight in the underlying mechanisms that play a role in the creation of strange and
charm quark pairs. For the Phase-1 and Phase-2 programs of PANDA, we foresee to exploit the
pair production of |S|=1, 2, and 3 and |C|=1 baryons and mesons near their production
thresholds. It delivers a rigorous test for the validity of few-body models at various mass and
energy scales. The self-analyzing feature of weakly-decaying hyperons gives experimental
access to spin observables such as polarization and spin correlations, which are sensitive to the
production mechanism. A multidimensional analysis of the particle-antiparticle symmetric final
state provides a model-independent test of CP violation in baryon decays. This has to be seen in
the context of the long-standing puzzle of the matter-antimatter asymmetry of the Universe.
We expect to complete in Phase-1 100%, 90%, 10%, and 10% of the hyperon spin program
for |S|=1, 2, 3, and |C|=1, respectively on the basis of 7M , 4M, 90k, and 100 reconstructed
&, ΛΣ), ΞΞ), ΩΩ
& near threshold in Phase-1 respectively.
events per day for 𝑝̅ 𝑝 → ΛΛ
The associated production also will provide the opportunity to extensively investigate the
spectrum of the charm and strange sector. This allows for a tagging method, an ideal tool for
spectroscopy purposes near production thresholds where the missing-mass resolution is
optimal and the background is small. Limitations in the luminosity are compensated by the
huge cross sections (up to microbarns) that can be expected because of past experience, in
particular for |S|=1, 2 hyperons. In general, the production cross sections of |S|=2 states with
antiprotons are two- or three-orders in magnitude larger than that of photons. PANDA will be
able to study the |S|=3 sector, where only very few experiments can contribute measurements.
Furthermore, the antiproton probe makes PANDA sensitive to states that do not couple to
photons or kaons. We expect to complete in Phase-1 70%, 40%, but 0% of our programs for
|S|=2, 3, and |C|=1, respectively.
Proton structure

R

Proton structure experiments with electromagnetic final-states in antiproton-proton
collisions are the third physics pillar of PANDA. In the first phases of PANDA, we want to
measure the electric and magnetic form factors, |GE|
2.5
and |GM|, and their ratios at various q2 values
BaBar
Figure 5
- .
LEAR
in 𝑝̅ 𝑝 → 𝑙 𝑙 . These time-like electromagnetic
2
FENICE+DM2
form-factor studies are a necessary complement to
CMD-3
E835
the space-like counterpart in lepton-scattering
1.5
BESIII
experiments. The foreseen PANDA measurements
will extend the time-like data of electron-positron
1
annihilation experiments, such as the ones
conducted at BESIII, substantially in terms of energy
0.5
range as well as accuracy. PANDA will collect data
Phase Pha
0 BESIII
that are sensitive to probe the unphysical regime,
4
6
8
10
12
14
4me2 < q2 < 4mp2 by exploiting a final-state with an
2
2
seq -[(GeV/c) ]
additional pion that brings the (anti)proton offshell.
The present-day accuracy will be improved from 20% at low q2 values to 3%. Combining3data
from BESIII (yet unpublished) and PANDA, the analytical nature of the form factors can be
studied. Besides these unique measurements, PANDA will be the first experiment capable to
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measure the proton time-like form factors in both e+e- and μ+μ- final states. It might offer new
insights in the proton radius puzzle by testing the lepton universality in these reactions.
Recent Monte Carlo (MC) studies have been performed for the Phase-1 setup as well as for
the full setup at Phase-3. They have demonstrated that the PANDA start setup has the
capability of successfully suppressing the huge background from the di-pion channel provided
that satisfactory knowledge is obtained on the background dynamics. PANDA can provide data
for detailed studies of multi-pion production in antiproton-proton annihilations. These data will
serve as input to QCD calculations. Fig. 10 shows a comparison of existing data on 𝑅 =
|𝐺3 |/|𝐺5 |, the size of the errors of the so-far unpublished BESIII measurement (red-shaded
area for comparison) and the error forecast for PANDA Phase-1+Phase-2 (green-shaded area).
50% of this program will be completed during Phase-1. The pink-shaded area indicates the error
that we will achieve at Phase-3 with a factor of ten higher beam intensity.
Strange Hadrons in nuclei
The fourth pillar of the Phase-1/2 program is dedicated to study the properties of hadrons in
a nuclear medium. Firstly, we propose studies of the antihyperon-nucleus potential, accessible
via the associated production of hyperon pairs close to the production threshold, which cannot
be studied at any other laboratory in the world. It offers essential information for the
interpretation of data from heavy-ion collision experiments. Furthermore, the foreseen
program includes measurements of the basic (mass, width) parameters of hidden-charm states
at nuclear densities. This might give complementary information that helps to shed light on the
formation of hadrons and measures signatures that could point to the (partial) restoration of
chiral symmetry. Also, in the context of color transparency we can deliver significant
contributions that exceed those of other experiments, e.g. access to other final states due to
the 𝑝̅ 𝑁 entrance channel. We expect to complete 70% of this program in Phase-1.
Furthermore, antiprotons can be used to implant hyperon pairs into a nucleus as a Phase-2
program. PANDA offers also the unique possibility to search for X-ray transitions from very
heavy hyperatoms as e.g. Ξ-208Pb which is not possible at other labs. This will complement
experiments at J-PARC which attempt to measure X-rays in medium-heavy nuclei. The
measurement at PANDA will for the first time allow to constrain the interaction of Ξ--hyperons
in the neutron skin. In a later stage, PANDA will extend the studies on double hypernuclei by
performing for the first-time high resolution γ-spectroscopy of these nuclei. Thus, PANDA
complements measurements of ground state masses of double hypernuclei in emulsions at JPARC by the E07 Collaboration or the production of excited resonant states in heavy ion
reactions which may for example be performed in future by the CBM Collaboration. Both
studies are unique and cannot be done elsewhere. In Phase-3 we are planning to study charm
in nuclei as well.

Day-1 PANDA Detector setup
The Day-1 setup of PANDA accounts for the available funding and production schedules and
the needs of the early physics program.
Core systems of the Day-1 setup are the cluster-jet target, the solenoid magnet with the
muon system, the micro vertex detector, the straw tube tracker, the barrel DIRC and barrel ToF,
the forward and backward endcaps of the EMC, 12 slices (out of 16) of the barrel EMC, 2
stations (out of 3) of the GEM detector and 4 (out of 6) stations of the forward tracker, the
forward ToF, the forward calorimeter and the luminosity detector. There are advanced
investigations to cover the place of the largest forward tracking stations after the dipole
magnet by existing chambers from LHCb. The setup of Phase-1 differs to the one for Day-1 by
completing all detectors in the Day-1 list.
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This whole setup includes the necessary infrastructure, detector controls and common DAQ
hardware which shall be mostly funded via a common construction fund. The online-computing
will be provided by FAIR with operation-funds of the experiment1.
The Day-1 setup will have on average a 20% relative lower signal sensitivity with some
variations depending upon the channel. This loss is mainly due to the incomplete EMC and it
has been estimated based on MC studies of a few benchmark channels representing the
different physics pillars.

The Day-1 case
Under the assumption that the starting luminosity at Day-1 could be significantly below
design, the goal is to primarily concentrate on channels with large cross sections (μb) and
relatively simple event topologies. We expect to collect in the order of 5 pb-1 of data, which will
be roughly 1% of the total Phase-1 integrated luminosity. Thus, one has to differentiate
between two aspects. There is the Day-1 setup, which seamlessly evolves to the Phase-1 setup
as more components get ready, and the initial Day-1 luminosity, which is expected to increase
quickly to the desired Phase-1/2 beam intensity to eventually allow for the full MSV0-3
program. Given these preconditions of Day-1, we have identified i) flagship experiments with a
guaranteed physics outcome, ii) feasibility studies with a high discovery potential, and iii)
development activities to realize the full physics program. These three categories of
experiments will provide data for all pillars of PANDA. The focus will, to a large extent, be on
studying the various production mechanisms of strange and partly charm-rich hadrons. In
addition, we will map out the elastic 𝑝̅ 𝑝 cross section for the ease of luminosity calibration.
Below, we briefly illustrate a few typical cases of each of the three categories as indicators of
the Day-1 capabilities of PANDA.
Flagship studies
As a typical flagship study for Day-1 within the light-meson and gluonic matter spectroscopy
program of PANDA, we consider relatively simple two-body final-state reactions that are easily
identifiable and, preferably, are flavor-blind in order to be sensitive to gluon-rich matter (like
massive glueballs). A key example is 𝑝̅ 𝑝 → 𝜙𝜙 which has been first observed by Jetset in the
late 1990’s and which has a huge cross section in the order of a few μb at threshold, about
100 times larger than expected from the OZI rule. This has been interpreted as an indication of
a strong tensor glueball contribution. We would be able to study this reaction at energies
beyond what has been achieved at LEAR and being extendable with additional mesons, e.g. π0.
This would also be an excellent case to benchmark the partial-wave analysis tools1.
We expect to achieve a significant physics output by studying the production of
antihyperon-hyperon pairs for both |S|=1 (i.e. 𝑝̅ 𝑝 → 𝛬̅𝛬) and |S|=2 (i.e. 𝑝̅ 𝑝 → 𝛯)𝛯) systems
near their corresponding production thresholds at ~1.64 GeV/c and ~4 GeV/c, respectively.
Differential cross sections and polarization observables can be measured within a few days,
whereby the systematic uncertainty will be the limiting factor. The study of the 𝑝̅ 𝑝 → 𝛬̅𝛬
channel at 1.64 GeV/c will be benchmarked using published data from LEAR as a reference. At 4
GeV/c, both |S|=1 and |S|=2 systems will be unique and new measurements.
The hyperon-antihyperon production studies at threshold energies can be extended using
nuclear targets. We then would have access to the relative asymmetry between the transverse
and longitudinal momentum of the two hyperons. These observables are of particular interest
since they are sensitive to the antihyperon-nucleus potential. Their measurements can be
conducted with sufficient data samples in only one week of data collection at a luminosity of
about 1030 cm-2s-1 and would not only be exclusive in the world, but also very valuable for the
heavy-ion physics community.
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Feasibility studies with discovery potential
The cross sections in the μb range (Fig. 6) and the promising perspective of associated
hyperon production provides a basis for baryon spectroscopy measurements with strangeness
degrees-of-freedom. Even with a limited setup at Day-1, excited baryons with strangeness
contents can be studied
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The hidden-charm sector above the open-charm threshold is one of the mysteries since
many unconventional charmonium states have been discovered in the past decades. For the
Day-1 program, it is intriguing to open up a new territory with the use of 𝑝̅ 𝑝 or 𝑝̅𝑛 reactions to
search for yet unobserved charged Z-states. Such discoveries would be complementary to the
spectrum of recently discovered JP = 1+ Z-states in e+e- collision experiments (BESIII, CLEO-c,
BELLE2). The 𝑝̅ 𝑛 reaction can be used to produce these charged states without a recoil particle.
These states are easily identifiable via their decay into a J/ψ. The final state will therefore be
composed of a few charged pions and a lepton pair from the J/ψ, for which the Day-1 setup will
have sufficient efficiency and acceptance. With the available energy at PANDA, we can study
heavier Z-states than BESIII and/or states with a spin that exceeds JP = 1+.
Development of novel techniques
One of the features of PANDA is the usage of stochastically cooled antiprotons with an
excellent momentum resolution. Such a beam allows to perform an energy/mass scan of
various narrow states with hidden-charm and a variety of spin and parity. One of the Phase-1
goals is a scan of the mysterious X(3872). The measurement of the width, or the line shape in
general, of this very narrow resonance could conclude its nature. However, the prospects of
this study at Day-1 are not very promising since the production cross section is less than 50 nb.
Instead, we will develop and validate the line-scan method by applying it on one of the wellknown conventional charmonium states below the open-charm threshold. The vector
charmonium states would be the best candidates because of their relatively large coupling to
𝑝̅𝑝.
The electromagnetic form factor studies require good knowledge on the multi-pion
background channels. We plan to measure extensively differential cross sections of these
channels that will be used as input to QCD models in order to develop accurate event
generators. Since the cross sections of these background channels are large and the event
topology fairly simple, it will be ideally suited as a Day-1 development study. The goal would be
to validate the simulation result with experimental data that the background can be suppressed
sufficiently enough to be able to identify 𝑝̅ 𝑝 → 𝜇- 𝜇. /(𝜋 = )𝑒 - 𝑒 . .
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Worldwide Scientific Competition
Introduction
Hadron physics and the question of the generation of hadron masses (e.g. the proton mass)
from QCD as well as the confinement of quarks and gluons are long-standing issues and
addressed by many experiments worldwide.
PANDA utilizes the annihilation of antiprotons on protons and nuclei to study strong QCD.
This has the advantage that the available energy creates mass rather than momentum. The
mass region spans from the light-quark sector up to charm regime. With its recoil as well as
recoil-free physics, zero net quark content and gluon-rich environment, PANDA delivers the
most diverse hadron physics program ever in a single setup.
This report is an addendum to the Day-1 and Phase-1 paper to the FAIR JSC. It summarizes
the major competition in the main PANDA physics areas. The matrix in the figure gives a
pictorial overview for all flagship studies of PANDA and how other experiments compare to it. It
should be considered a simplified guide, summarizing the details of this document.
Not explicitly assessed are experiments at ELSA, MAMI, LNF, VEPP, NICA, a.o.m., where we
do not see a relevant overlap with planned PANDA measurements.
For double hypernuclei studies marginal competition from experiments at RHIC and J-PARC
which create some hypernuclei (mainly single hypernuclei) exists, but the unique feature of
PANDA is the ability not only to produce double hypernuclei in substantial numbers, but also to
do X-ray spectroscopy of the bound state utilizing a Ge detector array.

Competition by Science Fields
Light, Strange- & Strangeonium Exotics
Signals of exotics, e.g. non-𝑞𝑞) states like glueballs, hybrids, and multiquarks, have been
observed at previous antiproton experiments with cross sections similar to conventional
mesons. The large production cross sections enable huge data samples already in Phase-1. The
state-of-the-art detector devices as well as the near 4π acceptance will provide the high data
quality required for partial wave analyses (PWA) of final states with neutral and charged
particles. This is necessary in order to separate the broad, overlapping mass states that
characterize this region.
Major competition arises from BESIII (e+e- annihilation and J/ψ decays), the large JLab
experiments GlueX and CLAS (12 GeV e- beam) and COMPASS at CERN (190 GeV hadron). Some
limited potential exists for the LHCb, Belle2 and J-PARC experiments and RHIC experiments.
BESIII (as will SuperTCF) collects large samples of light-quark systems from decays of J/ψ and
ψ(2S). This introduces some ambiguities in the analysis and limits the available phase-space and
quantum numbers of the states produced as compared to PANDA. COMPASS has access to JPCexotics in diffractive dissociation and glueballs in central production. In the COMPASS energy
domain, it is however difficult to separate single diffractive dissociation from central production
and background. Furthermore, the extraction of partial waves at this energy is extremely
difficult and as a consequence, systematics is difficult to control. In contrast, the analysis of
GlueX and CLAS12 data will be much more straight-forward. However, the focus is on hybrids
rather than glueballs and its production yield for exotics in a photo-production environment is
uncertain. The hadron physics community regards the trifold approach of
e-γ/e+e-/and hadronic production of exotics as indispensable for the classification and
understanding of potential observations.
PANDA Annual Report 2018
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The hadron beams of J-PARC have much lower energy compared to COMPASS. In this
energy region, baryon resonances will dominate the pp reactions which makes new discoveries
in the light meson sector very unlikely. Furthermore, no photon detector is foreseen and the
coverage for charged particles is limited. Detection of light systems at Belle2 is possible from
production in decays of charm/bottom mesons or via ISR processes. However, this
introduces limitations for the quantum numbers of accessible states. This is also the case in
LHCb, where light hadron analysis is mainly based on initial bottom hadrons. Experiments at
RHIC or EIC are not tailored for light hadron physics, although there is a niche for glueball
searches in double-pomeron exchange processes with low multiplicity final states e.g. at STAR.
The CMS/Totem setup can in principle detect centrally produced hadrons. Some data were
collected, but the sample size is limited and no results have been published to judge the
potential of the measurement.
In principle, the aforementioned limitations apply to all light objects below charm. Open
and hidden strangeness are more complicated at GlueX, CLAS12 and COMPASS compared to
light quark states due to the limitations in particle identification for kaons and/or the missing
advantage of associated flavor production to reduce pion feedthrough. In the case of J-PARC,
the low-energy kaon beam cannot produce K* resonances above the well-known K*(1430) and
can therefore not contribute to any of the imminent questions of exotics.
Multi-strange Baryons & Hyperon Spin Physics
Hyperon pair production cross section are among the largest in antiproton-proton
annihilation which has been shown by LEAR experiments. In addition, baryons and antibaryons
will be produced in equal amount, which allows for unparalleled consistency checks. Although
there is no direct competitor to PANDA due to its enormous production yield and the variety of
accessible JPC combination and spin observables, many experiments can and will contribute to
individual questions in the field. These will be summarized in the following.
LHCb has already accumulated a large number of ground state Ξ/Ω baryons, however the
perspective to study the excitation spectrum is limited due to the large combinatorial
background from light hadrons. The rates are only high in inclusive production, i.e. when no
constraints on the initial state is set. For these data, quantum numbers such as spin and parity
cannot be determined. For the spin and parity, the initial state needs to be known which can be
achieved by e.g. only consider decays from bottom hyperons. This, on the other hand, implies
much lower production rates of Ξ* and Ω*. The focus of LHCb is on charged final states, i.e. the
perspective to study neutral decay modes is limited. In Belle2, ϒ states or B mesons can decay
into Ξ* and Ω*. The branching fraction is however small and as a consequence, the rates will
not be competitive compared to direct production in antiproton-proton annihilations. In BESIII
and the future SuperTCF, Ξ* states can be populated in charmonium decays. However, also
here the branching fractions are small and in addition, the kinematic range only allows access
to the low-lying states in the Ξ excitation spectrum. At JLab, the Ξ* production in e-p reactions
is three orders of magnitude smaller than in proton-antiproton annihilation. In addition,
previous experiments indicate that the suppression of higher-lying Ξ states as compared to
ground-state Ξ production is much larger than in the case of PANDA. The J-PARC kaon beam can
directly form Ξ* states in double-strangeness exchange. However, the J-PARC community has
always put the focus detecting the recoil kaon rather than the produced hyperon, relying on the
missing-mass method for indirect identification of the hyperon. This means that a PWA of the
produced final state is not possible. In addition, the triple-strange Ω states require the
production of a recoil kaon which would make a PWA complicated even if all final state
particles would be measured.
Ultra-relativistic heavy-ion collisions at RHIC may populate specific Ξ* states but these
inclusive measurements imply large combinatorial background. RHIC is therefore not suited for
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a dedicated Ξ*/Ω* spectroscopy program. At the EIC, the cross sections are small as compared
to direct population in PANDA and the inclusive character of the EIC measurements will make a
competitive spectroscopy program impossible although some measurements may be pursued.
Excited hyperons can also be produced in diffractive dissociation of proton beam projectiles.
COMPASS has performed some preliminary baryon spectroscopy studies. This gives access to
non-strange and single-strange baryon states. The mixture of different production processes
however makes a PWA difficult, and the production of Ξ/Ω would require a high-energy
hyperon beam.
Tests of CP violation in hyperon decays is an excellent probe of physics beyond the Standard
Model. The LHCb and Belle2 experiments covers the bottom and possibly the charm region, but
in principle, only exclusive measurements in the strange sector provides a clean and modelindependent CP test. The BESIII experiment has developed a successful framework for this
purpose, but the data samples that can be achieved in BESIII will not be able to reach SM
precision. The SuperTCF could provide a leap forward but still not compatible with PANDA
Phase-3.
Charmonium Exotics
The HESR energy range was optimized for the charmonium region (up to 5.5 GeV/c2), thus
unique high precision measurements (<100 keV/c2 resolution) in direct formation of all heavy
non-exotic JPC states will be possible only with PANDA. This resolution allows for a precise lineshape determination which is essential for the interpretation of the states. Another unique
feature of proton-antiproton annihilation is the intra-experiment comparison of production and
formation experiments compared to all other high statistics competitors. In addition, there is
the unique strong population of higher spin states (|J|>1) as well as the possibility for definite
|I|=1 formation study for complementary Zc studies.
Belle2 is optimized for the ϒ region but charmonium-like hadrons are being produced via
virtual photons (in e+e-), in B-decays or via radiative return (ISR with significantly reduced
statistics). These production processes all favor low-spin states. In Belle and Babar, many new
states have been reported in the previous decade. However, due to the same limitations as in
the Belle2 case, the nature of these states, as well as the existence and the properties of their
spectral counterparts (like e.g. radial excitations) is still an unsolved puzzle requiring
complementary information that only PANDA can provide. The competition by LHCb on the
field is limited to the observation of narrow states and without efficient detection of neutral
particles. So far, only states originating from bottom hadron decays are reasonably extractable
Therefore, also LHCb is probably limited mostly to low-spin spectroscopy, like Belle, Belle2 and
BaBar.
At BESIII and the SuperTCF, charmonium-like hadrons are produced via virtual photons up to
4.9 GeV/c2 or in subsequent decays. Line-shape scans are only possible for JPC = 1-- states and
high-spin states are heavily suppressed due to the production process. BESIII has made most of
the important discoveries in this field during the last decade and has inspired and shaped the
current PANDA heavy exotics program.
JLab, COMPASS and J-PARC do not have access to excited charmonia. E.g. COMPASS has
searched for the Zc without success and concluded it is suppressed in the production processes
available in COMPASS. Processes at RHIC and EIC may create heavy charmonium, but there is
no dedicated program due to the low expected rates and high background levels.
Open-Charm Physics
The production cross sections of open charm in antiproton-proton annihilations are so far
unknown. However, according to model predictions, measurements are only feasible in Phase-3
while BESIII and Belle2 have or will have enormous datasets well before PANDA starts data
PANDA Annual Report 2018
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taking. Also, LHCb will be able to do excellent open charm physics. The SuperTCF may build on
this foundation with even larger data samples than BESIII. The advantage of PANDA is (i) the
access of high-spin states complementary to potential previous low-spin findings in the Dsector and (ii) to validate and/or complement any prospective peculiar open-charm finding
from the other experiments in a different production reaction.
Hadrons in Nuclei
Already with the reduced luminosity at Day-1, competitive measurements can be performed
on the antihyperon potential, color transparency, short-range correlations and non-nucleonic
components. These measurements can be extended in Phase-1/2. The J/ψ dissociation process
however must wait for Phase-3.
Only JLab and RHIC experiments have limited access to questions addressed by the foreseen
antiproton-A campaigns of PANDA. At JLab, nuclear targets are available, but electromagnetic
showering limits the energy deposit. The large momenta of the produced hadrons confine the
study of the nuclear potential even further and the antihyperon potential is completely
inaccessible. Relativistic nucleus-nucleus and proton-nucleus collisions may provide indirect
access to some of the observables of interest, but the interpretation is highly model-dependent
and therefore of limited value.
It is worth mentioning that although the study of nuclear effects is the subject of EIC, they
address physics at a much higher energy regime. Thus, there is no overlap with the PANDA
program. Due to the very large EIC momenta and the absence of respective observables, there
is no sensitivity to nuclear potentials of hadrons. Color transparency will certainly be present,
but the interesting question of its on-set at intermediate energies is not accessible.
Electromagnetic Physics
Proton electromagnetic form factors have been measured in space-like region since more
than 60 years with increasing accuracy. In the time-like region, the precision of the proton form
factor measurements at the e+e− colliders and from antiproton-proton annihilation experiments
has been limited by the statistics.
The moduli of the individual form factors of the proton will be measured at BESIII using the
data collected at different values of the momentum transfer squared q2 between 4.0 and 9.5
(GeV/c)2. An improved statistical precision on the form factor ratio (|GE|/|GM|) between 9 %
and 35 % is expected.
In PANDA Phase-1 proton form factors can be precisely measured in the low energy region
(~4 % at q2=5.1 (GeV/c)2). In addition, the first measurement of the time-like form factors using
the muon pair final state will be possible up to q2=5.1 (GeV/c)2 with an uncertainty comparable
to the existing results. Moreover, the unphysical region below the kinematical threshold of the
proton antiproton production can be accessed at PANDA through the measurement of the
antiproton-proton annihilation into an electron pair plus a neutral pion. This region has never
been experimentally accessed. Estimates show that unique and precise measurements of
proton form factors at different q2 values in the unphysical region can be performed in Phase-1.
Other important aspects of electromagnetic physics in PANDA are mostly complementary to
studies by the well-known major players in that field like BESIII, COMPASS, JLab experiments
and EIC in the future. PANDA will perform measurements on GDAs which are not accessible by
scattering experiments already in Phase-1 and contributes in Phase-3 to TMDs and TDAs.
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Phase-0 Progress Report
PANDA@Hades
Straw Tracking Stations
Straw Tracking Station will be used to allow for better forward tracking capabilities of the
Hades detector at GSI. The Straw Tracking Station 1 (STS1) consists of 704 straws arranged in
four planar double-layers with vertical and horizontal orientations. The series production of all
straws has been completed and the assembly of the 20 modules in the mechanical holding
frame is ongoing. The Straw Tracking Station 2 (STS2) consist of 1024 straws (32 modules)
arranged in four planar double-layers similar like STS1, but in vertical, horizontal, diagonal and
counter-diagonal orientations respectively. Production of 80% of all modules has been
completed, and the remaining will be finished before end of April 2019. Pre-commissioning of
the detectors including eight STS2 modules arranged in the tracking geometry compatible with
the PANDA Forward Tracker relative distances and inclinations will be performed in the COSY
test in February 2019. The electronic readout system for the STS1 and STS2 has about 2,000
channels, consisting of the front-end mounted boards with the PASTTREC-ASIC, which is
readout and controlled by the TRB3 boards. Automatic procedures for base-line and threshold
settings of the front-end have been developed and tested with detector modules. Components
of the gas supply system with two separate, pressure-controlled gas supply lines for STS1 and
STS2 have been ordered and the system assembly is ongoing. The installation of the STS1 in the
HADES spectrometer is scheduled for the second half of 2019.
Electromagnetic decay of excited hyperons at HADES
The study of real and virtual electromagnetic decay channels of excited hyperons will have
significant impact on the understanding of the structure of the strange resonances in the region
of small 𝑞2. Simulations of channels involving real photon decays have been studied on example
of the reaction 𝑝(4.5𝐺𝑒𝑉)𝑝 → 𝐾 - 𝑝𝛴(1385)= → 𝐾 - 𝑝𝛬𝛾 → 𝐾 - 𝑝𝑝𝜋 . 𝛾 have. Neural networks
have been trained to distinguish among different particle species. Photons are measured by the
Electromagnetic calorimeter (ECAL). The 𝛬 reconstruction significantly benefits from the
Forward Detector, which is includes the new STS detectors and RPCs for time-of-flight
measurements.
The virtual photon decay channels have been studied for the three hyperon excited states
using reactions of the type 𝑝(4.5𝐺𝑒𝑉)𝑝 → 𝑝𝐾 - 𝑌 ∗ → 𝑝𝐾 - 𝛬𝛾 ∗ → 𝑝𝐾 - 𝑝𝜋 . 𝑒 - 𝑒 . (hyperon Dalitz
decay 𝑌 ∗ → 𝛬𝛾 ∗ → 𝛬𝑒 - 𝑒 . with 𝛬 → 𝑝𝜋 . ) where 𝑌 ∗ are 𝛴(1385)= , 𝛬(1405) and 𝛬(1520).
The signal channels were studied together with the accompanying background channels
including various sources of hyperons, dileptons and hadronic final states. Full scale simulations
including realistic detector response and data analysis chain as used for experimental data have
been performed and shows good signal to background ratio. The study combines hadron
identification in the HADES using tracking and META detectors together with the dilepton
identification in the RICH detector.
Cascade production and decay
Study of 𝛯 cascade in the elementary reaction are mandatory prerequisite for the
understanding of the puzzling results of HADES for p+A and A+A collisions. An enhancement of
𝛯 production with respect to existing theoretical models has been reported. The production
channel 𝑝(4.5𝐺𝑒𝑉)𝑝 → 𝑝𝛯. 𝐾 - 𝐾 - → 𝑝𝛬𝜋 . 𝐾 - 𝐾 - → 𝑝𝑝𝜋 . 𝜋 . 𝐾 - 𝐾 - has been analyzed also
together with various background channels. Forward Detector allows for about 90% of all
reconstructed 𝛯s at this energy, hence plays the main role in the reconstruction.
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PANDA@MAMI

Figure 7: Primakoff-contribution to the π0 electro-production (left), cross section dependence on the pion
emission angle relative to the momentum transfer from the electron (right). The incoming electron energy
is 1.5 GeV.

Within the Phase-0 project at the MAMI electron accelerator, the PANDA backward end-cap
calorimeter is foreseen to be used as an upgrade of the A1 electron scattering facility. Among
the proposed experiments, quoted in previous reports, the measurement of the
π0 electromagnetic transition form factor (TFF) in the so-called Primakoff kinematical regime
has crystallized as the most promising channel, both in the sense of feasibility and of scientific
outcome. The aforementioned transition form factor enters as phenomenological quantity into
the so-called light-by-light scattering contribution to the hadronic corrections to the anomalous
magnetic moment of the muon. Improving the experimental constraints on this form factor,
reduces the theoretical uncertainty of the hadronic corrections and might provide useful
information for the muon g–2 puzzle. This measurement will be therefore the main focus of the
Phase-0 efforts in Mainz for the next years.
The π0 TFF parametrizes the effective π0γγ vertex. Until now, it has been measured only
within photoproduction data [1], which is equivalent to measuring the decay time of the pion.
Using pion electroproduction, the dependency of the TFF on the virtuality of one of the photons
in the vertex can be studied, giving more input for calculating light-by-light scattering
amplitudes.
The TFF appears in the contribution to the pion production amplitude coming from the
interaction of the electron with the Coulomb field of a nucleus (Primakoff effect). This
contribution becomes relevant when the momentum transferred to the target nucleus is small
and the energy lost by the electron is almost completely transferred to the pion. This happens
when both the electron scattering angle and the pion production angle with respect to the
beam direction are small (Fig. 7). In order to separate this electromagnetic contribution from
the strong interaction background, the peak in the pion angular distribution shown in Fig. 6
needs to be observed. This means that an angular resolution of at least 0.25° is needed. The
detector alignment needs thus also to have the same level of accuracy.
Considered the limited time available for the experiment, a first open issue in assessing the
feasibility of the measurement is whether the detector can run at sufficiently high luminosity
for recording enough statistics, in view of the fact that it has to be placed at very forward
angles, where the total particle flux is considerably high. To clarify this point, beam tests have
been performed in the A1 facility using the existing prototype of the backward calorimeter.
Measured hit rates are shown in Fig. 8. At a beam current of 100 nA, corresponding to a
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luminosity of 5.55 (µb)–1/s, some hundred kHz are seen at small energies. These rates are in
principle too high for the readout electronics of the PANDA backward EMC, since the
probability of having pile-up hits overlapped to the signal pulses becomes relevant.
Nevertheless, it is still possible to measure with these hit rates, provided some degradation of
the energy resolution is acceptable. More studies are ongoing in order to find an optimal
compromise in this sense. Starting with the results in ref. [1], a rough estimation of the
expected cross section to be measured was obtained. On the basis of this calculation, we
consider the experiment feasible with the luminosity quoted above.

Figure 8: Total hit rate (left) in one crystal for different beam currents and a beam energy of 1.5 GeV. The
electron beam was scattered on a Ta target and the prototype calorimeter covered the polar angle range
between ca. 6.5° to 10.9°. Energy spectrum (right) measured with the prototype calorimeter. The peak
corresponding to the quasi-elastic scattering is clearly visible.

Within the same test experiments, energy spectra have been recorded with the prototype.
One example is shown in Fig. 7.
Another achievement was the detection of e-p elastic scattering events (with a plastic
target) with the prototype EMC read out in coincidence with one of the A1 magnetic
spectrometers. The spectrometer was used to detect the recoil proton while the scattered
electron was recorded in the prototype. Although the position reconstruction in the EMC needs
some improvement, the correlation between the proton and electron angle was clearly visible
and matched the expectations from kinematics. Such coincidence measurements offer the
possibility to align the calorimeter with a sufficient accuracy, because the absolute angular
resolution of the spectrometers is better than 3 mrad.
In order to define the details of the setup to be built and to have estimations of the
background to be expected, detailed Monte Carlo studies are ongoing.
As for the detector construction, the series production of the calorimeter submodules is
planned to start later in 2019. Another major task is the integration in the A1 hall. In this sense
a new vacuum target chamber will be needed, because the calorimeter will have a full
azimuthal angle coverage, at variance with the existing detectors. For this reason, the existing
vacuum chambers do not have appropriate windows for assuring a minimal material budget
over the full EMC acceptance. For designing the geometry of the new chamber, Monte Carlo
studies are also ongoing.
[1] I. Larin et. al. (PrimEx Collaboration), Phys. Rev. Lett. 106 (2011) 162303
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KOALA
The third PANDA Phase-0 project is KOALA@COSY, which will later be installed in the HESR
as KOALA@HESR. In both cases it will measure the differential cross section of elastic scattering
at very low 4-momentum transfer, which is needed to absolutly normalize the PANDA
luminosity measurements. KOALA@COSY will collect high precision data into the Coulomb
dominated region, which has never been measured before and will allow to both benchmark
the respective hardware for FAIR and thus to enable a comparison between pp and p̅ p.
Background suppression is achieved by coincidence measurements of both tracks originating
from the PANDA Cluster-Jet target, the recoil track in KOALA and the forward track in the LMD
prototype.

Figure 9: KOALA setup in the COSY ring.

Figure 10: Cooling test of the LMD with copper
sensor modules and heating resistors.

The KOALA recoil detector was commissioned at COSY, showing that it can precisely
measure elastic recoil protons down to T=600 keV. For even lower kinetic energies, the
background from pions emitted near a polar angle of 90° must be suppressed by demanding a
coincidence with the forward detector. To determine the reduced threshold, a fast plastic
scintillator detector is currently being installed in the forward chamber near the beam axis at
COSY. Fig. 9 shows this together with the recoil detector and the hydrogen cluster-jet target,
which has a slit collimator to ensure that the target material has a maximum extent of only
1 mm along the beam axis.
The LMD prototype is in preparation e.g. the vacuum and cooling procedure is tested in the
laboratory (Fig. 10). Tests of the MuPix8 sensors (first large-sized HV-MAPS prototypes) show
that the sensors fulfill the specifications to be used at KOALA@COSY. Additional parameters will
be investigated and optimized in the upcoming beam tests at COSY. Also, the development of
the DAQ system is ongoing. The goal is to serve the 16 sensors of the LMD prototype and then
to require the coincidence with the recoil detector. In parallel, simulation studies are
performed in order to setup the analysis tools for the extraction of the differential elastic cross
section.

22

PANDA Annual Report 2018

Progress in 2018
General Project Management
To visualize the status of the experiment in a concise way, an overview graph called
progress scorecard was developed inside FAIR. The graph shows the TDR status, the funding
status and the progress of the construction. The progress (as a single number) is calculated by a
series of key performance indicators (e.g. design milestones, number of produced planes or
modules, completion of work packages etc.) which was defined by the respective system
manager and finally approved in early 2018.
A task force for the machine installation took up its work. The installation strategy,
requirements on logistics and resources and work description are addressed by this group. To
collect the required input PANDA holds a series of installation workshops reported below.
At the beginning of 2018 a risk register for the top risks of the experiment was compiled and
included in reports to the AFC and FAIR Council in spring 2018. During the year the risk registers
were collected from all systems in this new format.

Integration
Collision checks with the available 3D plans of ventilation services and electrical distribution
lines in the PANDA hall on one side and the PANDA services on the other were done and
documented. Further checks involving cooling water circuits are still to come. A new envelope
contour was created to alleviate further planning of technical infrastructure in the vicinity of
PANDA equipment.
Input for a dynamic load simulation of the ground plate during the movement of the
solenoid was prepared. Further work was done studying the possibilities of the rail and
movement systems for the two PANDA spectrometer parts. The final checks for the tender
documents for shell construction took place in May 2018.
Current topics in discussion with FAIR Site & Buildings are the floor quality in the hall and
how to achieve the requirements for the movement system of PANDA as well as the mobile
shielding, ventilation and cooling details and the current planning schedule. Data for the
network planning in the hall was collected as a tender for the cabling in the building is in
preparation.
Design work for the beam-pipe and vacuum system in PANDA has started in 2018.
Specifications of the pipe along the beam axis, positioning of vacuum pumps and interfaces
with detectors and target systems were discussed. First design studies and hardware
prototypes are under way.
The general installation concept for PANDA was detailed in 2018. In particular the sequence
of events was detailed starting with the magnets and support structures in the first installation
window and the following steps of the assembly of the target spectrometer. In future the
concept of sharply defined installation windows needs to be replaced by a more parallel Lean
Construction Management (LCM) with on-site management of daily, weekly and monthly work
going on in parallel in the hall to maximize available concurrent installation time.
An open item are details of the Barrel EMC installation and a strategy for its completion
after the partial installation for Day-1. In particular the installation strategy presented by the
Barrel DIRC gives rise to a tighter common mechanical integration of the inner sub-detectors,
which allows easier maintenance of sub-components and also could facilitate the dismantling
and reinstallation needed for the upgrade of the Barrel EMC. Further issues, such as space
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requirements, locations of patch panels and the placement of the installation platforms were
discussed. Follow-up workshops are scheduled for 2019.

Magnets
Early in 2018 the current status of the
design of the cryostat, the cold mass and
the control dewar along with the
cryogenics concept was discussed in the
presence of colleagues from the CERN
ATLAS magnet group and the FAIR cryo
group followed by a design review
meeting for the power supply and the
energy extraction soon after with the BINP
team and with participation from the
FAIR/GSI electric power systems group.
Figure 11: First yoke of the solenoid in Novosibirsk.

A cooperation of BINP for the R&D of the manufacturing of the PANDA super-conductor
with two Russian institutes, VNIIKP (Podolsk) and VNIINM (Bochvar), has been established. This
was necessary since the originally foreseen provider Furukawa presently cannot do Aluminum
co-extrusion anymore. First tests of the extrusion method were successful. In a meeting at
CERN the details of the manufacturing were discussed with the ATLAS magnet team. A
cooperation agreement between BINP, GSI and FAIR in support of the development was signed
in end of 2018.
In Aug 2018 a major milestone was achieved, and the first octant of the iron yoke was
completed and inspected by the PANDA Lead Engineer and the Technical Coordinator. Until the
end of 2018, half of the octants were ready. All octants will be completed in spring 2019 and a
control assembly will be performed. The yoke assembly procedure and the door mechanism
have been reviewed. Drawings for the cryostat and the cold mass were completed and are in
the stage of final design review. A design revision of the proximity cryogenics is ongoing. The
design of the coil winding is advancing as well as the design of the cryostat and proximity
cryogenics.
A design contract for the development of the dipole magnet, which is an integral part of the
ion optic layout of HESR, was signed by BINP and FAIR. The contract with a duration of one year
will cover all work necessary prior to actual construction of the magnet. The assignment of the
magnet construction needs was decided by the FAIR Management. A follow-up contract for the
construction of the magnet by BINP is in preparation for 2019.

Targets
The cluster jet target including the beam dump is fully in operation in close to PANDA
geometry at COSY. Stable target beams with thicknesses >1015 atoms/cm2 are achieved. New
diagnostic tools are developed and installed. A Mie scattering device is currently set up and will
allow for measurements of cluster mass distributions. New cluster nozzles with similar
performance as the former CERN nozzles are in preparation. Studies on the vacuum situation at
PANDA were started. The work on the slow control for the Cluster Jet Target has started at
NCBJ Warsaw.
During 2018 the PANDA cluster target has been transferred from Münster to the FZ Jülich
and installed at the COSY accelerator. Immediately after installation, the target was successfully
set into operation and a first beam time on beam-target interaction studies took place. In this
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pilot beam time, a broad experimental
program was started with focus on, e.g., beam
life time studies with and without high
frequency or barrier bucket, energy loss of the
beam caused by the target and its
compensation, vacuum situation at the
interaction point, ion beam-induced cluster
evaporation and its contribution to the
vacuum situation, etc. Directly after that a
second beam time for stochastic cooling tests
was performed using also very successfully
the PANDA cluster target.
Figure 12: The source of the cluster-jet target in its
testing position in the COSY storage ring at FZ Jülich.

For the pellet target a slow control system for the local tests of the prototype at ITEP is in
progress. An illumination system for the droplets is set up. An adjustment system for the triple
point chamber of the prototype was developed. First studies on droplet beams using the optical
monitoring were performed. Vacuum components and pumps of the former Jülich-Moscow
pellet target were transported to ITEP. These components are essential for the setup of the
prototype. The TDR will be finished after the end of these R&D studies.

Luminosity Detector (LMD)
The design of the Luminosity Detector (LMD) was updated. Due to a change in the size of
the MuPix chip each detector will now contain 2x4 sensors (instead of 2x5) still covering the full
acceptance, but with smaller overlap. A new, larger vacuum vessel was constructed allowing for
better access and stability. For signal routing the design of flex-print cables is being optimized.
Walk corrections with MuPix6 were studied. Tests with the new version MuPix8 with 2x1 cm2
size are ongoing and an updated CAD model of the LMD has been produced by the LMD group.
A new version of the TDR of the LMD was submitted to the ECE reviewers along with a
detailed risks document, an up-to-date costs document and answers to the questions of the
reviewers received in 2017.
The delay in preparing the revision and the answers is due to efforts to provide answers
from the last measurements which were missing. Unfortunately, it did not work out to get
dummy sensors up to today in order to perform first gluing test. Experiences in other groups
provided however the necessary
answers. In addition, the first
characterization results of the first
large-sized sensors arrived later than
anticipated.
The TDR is currently still in review at
FAIR ECE after the revised version and
detailed answers to the questions of
the reviewers had been submitted in
September 2018. An approval
procedure in writing is possible to
receive the recommendations of ECE
before the next meeting.
Figure 13: Prototype of the Luminosity Detector.
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Tracking
After the internal review of the Forward Tracker (FT) TDR with internal and external experts
in fall 2017 the revision of the TDR was completed and submitted to FAIR. The FAIR
Management approved the TDR in Oct 2018 on the basis of a strong recommendation by FAIR
ECE and the FT work package was approved by the Polish shareholder at the end of 2018 and
will be assigned soon by the FAIR Council for a timely construction.
Controls software for the FT, specifically for the LV, HV modules and the gas system (flow
meter, pressure gauges) has been accepted by our colleagues at SLRI, Thailand. The final
ratifications will be completed in 2019.
In March and April 2018 two blocks of test beam time at COSY have successfully been
concluded for the Straw Tube Tracker (STT). An important goal was to test the two readout
options of the STT, and together with other criteria to finally arrive to a decision which one to
choose for the STT readout. It was possible to test 64 channels of the newly received ADC
system allowing to characterize the readout as such. Further tests with more channels to
perform track reconstruction and energy loss determination still have to follow either with
cosmic rays or a further beamtime.
Following the approval of the Forward Tracker TDR and the urge to file the component as
Polish in-kind contribution to FAIR also the coverage of the readout of the FT and the STT has to
be assigned to Poland according to previously agreed funding allocations. The PASTTREC ASIC
developed in Cracow coupled to the TRB would cover now the Day-1 configuration of the straw
trackers, STT and FT1-4. In a later phase the ASIC/TRB equipment of the central STT can be
moved to FT5/6 that will be constructed later and the STT can be completed with readout
electronics better suited to achieve the full PID capabilities specified in the STT TDR after Day-1
(development will continue accordingly). The FAIR Council assigned the work package for Straw
Electronics to Poland under the leadership of AGH in its Dec 2018 meeting.
The possible use of the LHCb Outer Tracker Planes in place of FT5&6 has been brought up in
the TEC forum in March 2018. Informal discussions with LHCb members closely involved with
different aspects of the Tracker Planes took place. Meanwhile we have received CAD models
(step files) and further info on their performance. A viable possibility seems to be to use parts
of the tracker planes rather than the full planes.
During a beam-stop day at LHC, PANDA representatives visited the LHCb experiment and
the following main conclusions were drawn:
•
•
•

The small modules (2.5 m long) can be separated for further use in PANDA.
Mechanical aspects of frames, suspension, rails, pose no problems, however a new
careful design for PANDA is required.
Details of the electronics need to be addressed with designers to clarify interfaces with
PANDA readout.

Already available spare straw-tube modules of the LHCb outer tracker are being prepared
for transport to GSI. The goal is to characterize the detectors within PANDA to assess their
operation and quality. In addition to the modules, tools for mechanical handling and some
readout electronics will also be shipped in spring 2019.
The related work package for the design and construction of the mechanical frames for
these modules has been discussed and accepted by our colleagues at SLRI, Thailand. The final
ratifications will be completed in the beginning of 2019.
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A new ASIC version for the readout of the silicon strips of the Micro Vertex Detector (MVD)
is in development, a first VHDL design is done. The module controller circuit for strips is in
progress. Mechanical design of strip staves is ongoing.
Top priority for the MVD group remains the completion and testing the ToAST ASIC for
strips readout. Interest in this ASIC has been expressed by the COMPASS group in Torino. This
will be followed up to gain from common efforts on testing the ASIC.
The Pixels part is on-hold, and in its absence for the Day-1 set up, some ideas to study
temporary or alternative options were discussed. The possibilities and challenges if HV-MAPS
devices were to be employed in the MVD pixels region for the Day-1 setup were touched.
Before embarking on such a study, the technical feasibility must get scrutinized and all relevant
assumptions and prototype tests need to be checked thoroughly by the current system
managers of the MVD and the LMD, where this technology is already employed.
At FZ Jülich the work will continue on the mechanics. All groups agreed that lack of
manpower remains a great issue and must be addressed by the MVD group and PANDA overall
The Central Tracker Mechanics has been under revision with additional constraints coming
from the beampipe and the MVD with the focus on the inner tracking detectors. In an iterative
procedure until the end of 2019 all required changes to the existing design of the Central Space
Frame (CSF) shall be compiled. The movement system based on rails on top and bottom will be
fully integrated into the Barrel DIRC mechanics. The steps to follow are the detailed design
concept, then FEM calculations on the stability and deformation in various load cases. Apart
from the already considered support of STT and MVD additional loads come from the STT
electronics and moreover from the MVD services placed around the beampipe just upstream of
the interaction point loading it with more than 150 kg with a strong lever arm.
A rough representation of the CSF shall be implemented in PandaRoot to study the different
effect of Aluminum compared to Carbon composite materials both based on a honeycomb
structure covered between sheets. The material density will be averaged across the
constructive material. It is worth mentioning that the allocation of engineering manpower is
crucial and has to be achieved by pooling resources in an optimized way respecting the
available competences.
Figure 14: 2D Demonstrator GEM Prototype.

Reasonable readout ASIC options for the
Gas Electron Multiplier (GEM) are currently
either the STS-xyter developed for CBM’s silicon
strip and MUCH readout or the HitDetection
ASIC from the GSI electronics department which
could also be an option for the Super-FRS GEM
assembly. As soon as a working detector is
available both ASICs are planned to be
connected to the detector and tested.
All materials for the construction of the
demonstrator for the GEM Tracker design were
received in 2018 and the detector is in
construction to be tested in 2019. From these
tests crucial input for the compilation of the GEM Tracker TDR is expected.
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Electromagnetic Calorimeter (EMC)
Figure 15: Forward Endcap
EMC holding structure.

The construction of the Forward Endcap EMC (FWE-EMC) is
very advanced and the pre-assembly of the full FWE-EMC at FZ
Jülich is in preparation. Support structures and a robotic assembly
device are prepared.
New VPTT submodules were built according to new photodetector-preamp-crystal matching. A first series of shaper frontend equipped SADCs was produced by U Uppsala.
The next major task is the preparation of the assembly of APD
submodules. APDs from a first complete wafer have been
irradiated and measured at PSL/GSI for QE and Capacitance
screening. Mass-screening itself is set up in Bochum, with
irradiation and annealing realized in Giessen, where the entire
logistics chain will be the responsibility of the group in Bochum.
The Mainz group had a very successful beam test at the Mainz
electron accelerator MAMI with the Proto16 calorimeter prototype
of the Backward Endcap EMC (BWE-EMC) in June 2018 for the
Mainz Phase-0 experiment with various targets and in coincidence
with the magnetic
spectrometer setup of the
A1 collaboration. Systematic measurements of the
experimental background from inelastic and quasi-elastic
scattering could be done. In addition, coincidences
between the spectrometer and the calorimeter could
isolate elastic scattering channels. The analysis of the
data is under progress.
Figure 16: Proto16 Calorimeter at Mainz

For the Barrel EMC eighteen universal devices for high precision gluing of alveoles in packs
and assembling of modules with crystals, previously produced at IHEP Protvino and sent out to
Giessen, were returned to IHEP after a successful assembling of the Pre-series slice in Giessen.
Everything is ready now at IHEP for the mass production of alveoli packs of eighteen different
types for the whole barrel, and more than 50% of the packs were produced in 2018.
The mass production of rear inserts and
intermediate plates for the whole barrel
calorimeter was started soon after the
assembling and completed in 2018. All the
components were delivered to IHEP, and the
quality acceptance procedure with the use of
a control-and-measurement machine
confirmed their accordance to the technical
specification.
Figure 17: First of series: one of 16 barrel slices for
the PANDA EMC.
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After the assembly of the first slice of the Barrel EMC documents for the mostly approved
mechanical parts were compiled. Some components received only conditional approval
depending on the final outcome of the implementation of the cooling circuit.
Studies of a staged assembly of the Barrel EMC revealed that the available space is not
sufficient for the implementation of rails to move individual slices. Instead a subset of
completed slices will be mounted at the latest moment compatible with the overall detector
installation with mechanical supports providing the necessary stability where slices are missing.
After a successful R&D phase in 2016/17 a first batch of new crystals has been produced at
the company Crytur (Czech Republic) in 2018 with excellent quality matching the crystals
previously produced at BCTP in Russia. Production shall continue throughout the coming years
until all slices of the barrel are complete.
A revised design of the HitDetection ASIC prototype was submitted to the foundry in the
summer 2018. Mainly the digital logic was synthesized with a corrected timing model of the
ADC. In addition, some minor changes were done, mainly bug fixes of the VHDL code. The ASIC
arrived end of 2018 and tests will start 2019. In the meantime, the performance of feature
extraction algorithms is tested and optimized with data from behavioral simulations of the
ASIC. All SADCs for the forward EMC have been produced. Final testing is going on. Also, the
design of the data concentrator is finished.

PID Detectors

Figure 18: Barrel DIRC (center) and Endcap DISC DIRC (EDD, right) in the test-beam area at CERN in 2018.

The Barrel DIRC prototype was successfully evaluated with a mixed hadron beam in the T9
beam line at the CERN PS in July/August 2018 during a joint beam test campaign with the
Endcap Disc DIRC prototype and a SciTil prototype. During 18 days of beam time, the Barrel
DIRC team from Erlangen, Frankfurt, and GSI recorded some 640 M triggers for a range of
momenta and angles corresponding to the expected final state phase space of pions and kaons
in PANDA.
A key result was the measurement of the PID performance of a cost-saving sensor
arrangement with 8 instead of 11 Microchannel-Plate PMTs per sector. The preliminary analysis
shows that the number of sensors can be reduced by 25 % without a significant deterioration in
the performance or robustness of the design. Further analysis of data is ongoing. The lens
system is currently being optimized.
The in-kind contract for the Barrel DIRC was signed in August 2018. A simulation effort is
underway to help decide if some of the fabrication tolerances on the fused silica bars and MCP-
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PMTs can be relaxed to further save costs. Tenders for radiators and PMTs were started in 2018
with the goal of signing the first contracts early in 2019.
The DIRICH FEE will replace the PADIWA/TRB readout chain, avoiding the use of analog
signal transmission cables, since the sensor signals are transmitted via the backplane PCB traces
to the FPGA boards. DIRICH backplanes are now available to the Barrel DIRC group. First tests
have started at GSI.
A TDR for the Endcap Disc DIRC was prepared with the aim to obtain approval and funding
to build a first-of-series version of a full-size quadrant of this new detector concept. The TDR
has been sent off to FAIR in summer 2018 for review by ECE. The group focused thereafter on
the preparation of the upcoming test-beam at CERN in July/Aug 2018 as well as the readout
system of the Cosmic Test Stand. The test stand has a mechanical frame to hold a lead absorber
to provide an energy threshold of 750 MeV for cosmic muons on a surface of 50x50 cm2.
An updated version of a 50x50 cm2 Disc DIRC prototype was tested at the T9 beam line at
CERN in a joint test-beam with the Barrel DIRC (see above). The prototype was equipped with
final quartz focusing elements and used an updated version of the TOFPET ASIC readout
electronics. Analysis is ongoing. First results show that the readout was working and the
Cherenkov light of protons and pions shows the expected patterns.
The first boards of the new TOFPET 2 system (EDD readout) have arrived and are being
tested. The company PETsys agreed to do the design of a readout board for the TOFPET ASIC
and another beam-time in 2019 at CERN together with the Barrel DIRC is in preparation.
The conceptual design for the Forward RICH is based on a multilayer focusing aerogel
radiator, flat mirrors and MA PMTs for photon detection and DIRICH readout cards. The current
design was implemented in PandaRoot including optical simulations.
A prototype with 4 PMTs and few aerogel samples was tested at an electron beam at VEPP
4M at BINP in spring 2018. The DAQ of the test setup will be further optimized. A new optical
lab at NSU allowing more detailed prototyping work has been set up. Students perform
measurements of mirror reflectivity there. The TDR will be delayed beyond 2019.
FAIR has approved the Barrel ToF (B-TOF) TDR in 2018 and a funding application in Austria is
under preparation. Tests with scintillators of different thicknesses and surface treatment are
being analyzed. Results confirm the original selection from the TDR. Developments of the large
readout routing boards are ongoing.
The Forward ToF (F-TOF) TDR has been approved by FAIR end of 2018. The system is part of
the additional Russian contributions to FAIR. Meanwhile a light-pulse attenuation measurement
in long plastic scintillators is underway using fast laser and FPGA electronics. Further work on
the readout electronics, a laser calibration system and simulations are ongoing.

Detector Controls Systems (DCS)
The DCS core group management has changed and contacts have been established with
other DCS experts at CBM/HADES and outside of FAIR. In addition, a Joint CBM/PANDA DCS
workshop brought together DCS experts from different experiments (ALICE, BELLE2, PANDA and
HADES) to present and exchange experiences and discuss issues and impacts of choices in
control systems design and operations. It was agreed to further exchange experiences and
expertise through a common user base, i.e. email lists, and activities such as EPICS hands-on
sessions, among FAIR experiments and the accelerators and to identify the common support
provided by a host-lab typically.
The hardware of the DCS system will be divided into layers; a field, a control and a
supervisory layer that should be easily scalable. The software will be based on Experimental
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Physics and Industrial Control System (EPICS) using Channel Access protocol. The user interface
will be based on Control System Studio and will be a joint development with CBM and Hades
and eventually NuStar. As input to the TDR, a larger DCS test-bed at Mainz is in preparation.
The goal is to have a TDR ready the first half of 2019. The requirements of the detector system
will be compiled as input for the full DCS system.

Data Acquisition (DAQ)
The DAQ should be scalable starting from the Day-1 requirements. The triggerless system
architecture will be based on Data Concentrators for the data collection with subsequent FPGA
based Compute Nodes. The event synchronization will be based on SODANET. Input from the
subsystems for the PANDA Phase-1 setup is required for further progress.
The DAQ working group agreed on the benchmark channels and the simulation strategy,
physics and backgrounds for the TDR, considering the Day-1 setup of PANDA. The chapters on
technical designs of the various DAQ levels, Data Concentrator, Burst Building, Compute Nodes
and SODANET were planned. First simulation results were produced. While many parts of the
content for the TDR are also available and have been reported in meetings, the actual writing of
the TDR still needs some more time but is conducted with highest priority.

Progress in Computing and Software: PandaRoot Developments
One essential part for a successful PANDA experiment is the simulation and reconstruction
framework PandaRoot. Before the start of the experiment it is used to simulate the
performance of the detector design, it determines the operation parameters of the different
sub-detectors of the experiment and it is used to develop reconstruction and analysis strategies
to be used once real data is available. After the start of PANDA it will be the central software of
the experiment which does the reconstruction of the detector data and performs the analysis
stages to produce the results of the experiment. The development of the software is a huge
enterprise which includes many different development steps.
An important step on the way to a realistic simulation of the detector is the improvement of
the geometry description of various different sub-detectors. For the Straw Tube Tracker (STT),
the Barrel Electro-Magnetic Calorimeter (Barrel EMC) and the Luminosity Detector (LMD) new
geometries have been created including not only the active materials but also most of the
passive components such as the support and holding structures.

Figure 19: New geometries of the STT (left), Barrel EMC (middle) and LMD (right)

Tracking is one of the central parts of the reconstruction software. The track fitting
procedure employs the Kalman Filter technique under consideration of the geometry, materials
and the magnetic field, improving the fits greatly. When describing the effects to a particle
passing through matter inside a fit, the particle type and mass play an important role. How the
fit results change when fitting a particle under a false particle hypothesis were discussed at the
PID and Tracking workshops in spring and autumn 2018. Especially when the particle masses
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differ a lot not only the resolution worsens, but more severely a bias in the reconstructed
momentum is introduced (see Fig. 20). In order to accommodate for this, an approach has been
chosen in which the track fitting as well as the correlation of tracks with other detector
measurements for PID will be performed for each final state particle type: Electron, muon, pion,
kaon and proton. In turn this means one of the most time-consuming parts of the
reconstruction has to be executed five times. The approach also has been integrated with the
Analysis tools, ensuring the correct track fits for the particle candidates.

Figure 20: Left) Reconstructed momentum of kaons with five different particle hypotheses (electron, muon,
pion, kaon, proton). Right) Reconstructed momentum of electron, muon, pion, kaon and proton with the correct
particle hypothesis.

The quality of the track fitting strongly depends on the precision of the measured track
points by the various sub-detectors inside PANDA. This precision is determined on one hand on
the intrinsic resolution of the detector given by e.g. sensor dimensions, energy or time
resolutions and on the other hand it depends on the precise knowledge about the position of
an individual sensor element inside the detector. This position usually varies from the designed
position due to production and positioning tolerances during the construction of the detector
and might also depend on operation parameters such as the temperature. These uncertainties
in the positioning of the sensors usually do not strongly vary with time, which makes it possible
to correct for them by using measured particle tracks through the detector. To simulate such a
wrong positioning of the detectors and to develop so-called alignment procedures it is
important that the simulation framework can handle different position information, a real one
where the sensors are and an assumed one, where the sensor positions have been estimated.
Such a scheme, to have two positioning information for one sensor, has been implemented in
the software and due to its importance also for other experiments it was incorporated into
FairRoot, the base framework of all FAIR experiments including PANDA.
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Figure 21: General work flow of a track reconstruction based on the Geometry Model and the different
possibilities for Misalignment Matrices.

Fig. 21 shows the work flow for the sensor alignment and the track reconstruction in the
experiment. There exist two different geometries, the ideal geometry from the CAD drawings of
the detector or positioning survey of the sensors. This geometry differs from the actual
geometry of the detectors. With the collected sensor data an alignment of the sensor positions
is done which is reflected in the alignment matrices which change the ideal geometry more into
the actual geometry in the geometry model. This geometry model is then used for the track
reconstruction. For the MC simulation exist two possibilities for the misalignment of the
detector. Either one simulates directly the detector with misaligned sensors and uses the ideal
matrices for the reconstruction or one simulates the sensor with the ideal geometry and uses
misaligned matrices for the reconstruction. Both ways are possible with the new
implementation in FairRoot.
In PANDA various different detectors for PID are used. Each of these systems have different
range of operation where they work best. For example, a dE/dx or flight-time measurement
only works for low momentum particles while Cherenkov detectors can only discriminate high
momentum particles. The challenge is to combine the different PID detectors with each other
to come up with a common decision of the particle type. The classical approach in PandaRoot is
that each sub-detector calculates a probability for each of the 5-particle species (e, µ, π, K, p).
They are than multiplied by each other based on a Bayesian approach.
𝑃QRQ,S =

T 𝑃UVQVWQRX,S 𝑖 ∈ (𝑒, 𝜇, 𝜋, 𝐾, 𝑝)
UVQVWQRX

Another way of combining the PID information is achieved by using a multivariate method.
Two methods have been implemented into PandaRoot in the last year, one based on a Boosted
Decision Tree (BDT) and another one based on an Artificial Neural Network (ANN). As a first
step toward understanding the performance of both methods, data is generated using two
different Monte Carlo event generators, the box generator and EvtGen. The generated data are
passed through Geant for full simulation of the PANDA detector, and then different particle
species are matched to their Monte Carlo truth information to obtain a clean sample for
training. 37 variables/observables from all PID systems are used to train both BDT and ANN.
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A single Decision Tree (DT) consists of a hierarchy of “if-else” questions, leading finally to a
decision. A BDT is an ensemble method i.e. a collection of DTs. The key concept behind
boosting is to focus on training samples that are hard to classify. XGBoost, an open-source
software library, has been used to train two BDTs as multi-class classifier, one trained on box
generator data, the other on EvtGen data. Several performance metrics were evaluated, of
particular interest is the PID output probabilities. An Artificial Neural Network is an
interconnected group of nodes arranged in layers. The basic layout consists of an input layer,
one or more hidden layers, and an output layer. All inputs are modified by weights and
summed, and an activation function controls the amplitude of the output. Similar to the BDT,
two classifiers were trained but using the Keras package [https://keras.io].

Figure 22: PID confusion matrices for BDT (left) and ANN (right)

A separate dataset was generated using the DPM event generator for the measuring the
performance. The BDT outperforms the conventional method for electrons and pions for both
classifiers. This is mainly attributed to the high importance of the E/p observable used as
feature for training. For other particles the predictions of both methods are quite comparable.
The results of the ANN are quite similar to the BDT (see Fig. 4), except for muons where it is
still unclear why the ANN is unable to classify them correctly. For that reason, the BDT
predictions are considered more stable and robust than the ANN. Currently the calculation of
the PID probabilities is done in a python environment which contains all the libraries to train
the BDT and the ANN. This makes the usage of the multivariate approaches in the standard
simulation work flow a bit more difficult. Currently work is ongoing to simplify the usage of
these methods.
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From physics at day-one to phase-one
The physics working groups have sharpened and identified the most opportune physics
channels that are possible to perform at phase-one of PANDA. For this, various feasibility
studies based on Monte Carlo method and using PandaROOT are being performed. The results
that will be used in the so-called “Phase-1 paper” have been finished in 2018 and the paper
draft is currently in the editorial phase. In 2018, various analysis memos, as part of the phaseone program, were internally reviewed. These include activities by the hyperon,
electromagnetic form factor, and charmonium(like) and exotics working groups. The hyperon
working group has successfully studied the performance of carrying out the spin analysis in the
𝛬̅𝛬 and 𝛯)𝛯 channels and conducted feasibility studies in the hyperon|S|=2 spectroscopy
sector. The electromagnetic form factor group studied the feasibility of identifying the di-muon
channel in antiproton-proton collisions and extracting the ratio |GE|/|GM|. Moreover, they
incorporated a detailed framework to account for radiative corrections and started looking into
extracting form factors in the unphysical regime. The charmonium, exotics, and light-meson
working group published recently their work on the line-scan studies of the X(3872) as a
benchmark study demonstrating the resonance-scanning technique that is unique for PANDA.
Various analyses in the XYZ sector are ongoing and a start has been made in simulating the 𝜙𝜙
final-state in 𝑝̅𝑝 in the search for gluon-rich matter using a partial-wave analysis.
In the context of the FAIR review and discussions with the joint-scientific council, a so-called
“day-one” program of PANDA has been formulated. We envisage that for the very first runs of
PANDA using antiprotons, PANDA will make the first and necessary steps towards realizing their
phase-one and two programs. Since it is foreseen that the starting luminosity at day-one will
be limited, PANDA will primarily concentrate on channels with large cross sections (microbarns)
and relatively simple event topologies with only a few final-state products, preferably charged,
that are being detected. Given these preconditions, PANDA has identified for day-one flagship
experiments with a guaranteed physics outcome, feasibility studies with a discovery potential,
and various development activities in view of realizing the full program; see Fig. 1. These three
categories of experiments will provide data that are beneficial for all the pillars of PANDA.
Below, a short summary is given of the outcome of various discussions within PANDA on what
can be done more explicitly at Day-1.
As a typical flagship study for day-one within the light-meson and gluonic matter
spectroscopy program of PANDA is the process 𝑝̅ 𝑝 → 𝜙𝜙, which has been first observed by
Jetset in the late 90’s. This channel has a huge cross section in the order of a few microbarns, a
factor 100 times larger than expected from the OZI rule, which might hint towards a strong
tensor glueball contribution. PANDA would be able to study this reaction at energies that go
beyond that what has been achieved at LEAR. This study can easily be extended by, for
instance, studying the same final state with an additional π0. The latter would allow to scan a
larger phase space, and, it would also be an excellent case to benchmark the partial-wave
analysis tools. Another flagship for day-one lies in studying the production of antihyperonhyperon pairs for both |S|=1 and |S|=2 systems near their corresponding production
thresholds. Differential cross sections and polarization observables can be measured within a
few days whereby the systematic uncertainty will be the limiting factor. These hyperonantihyperon production studies can be extended using a nuclear target. This would allow us to
measure the relative asymmetry between the transverse and longitudinal momentum of the
two hyperons. These observables are of particular interest since they are sensitive to the
antihyperon-nucleus potential. Also, these measurements can be conducted with sufficient
statistics in only one week of running at the foreseen luminosity at day-one and would not only
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be unique in the world, but also very valuable for the heavy-ion physics community, including
the ones at GSI/FAIR.
Given the microbarn cross sections and the, thereby, promising perspectives of associated
hyperon production, it would provide, as well the basis mechanism to perform baryon
spectroscopy with strange-quark degrees-of-freedom. Even with the limited setup at Day-1,
one is still able to, as a first step, apply the missing-mass technique to study excited baryons
with strangeness contents by tagging on the ground-state counterpart. In particular, the excited
spectrum of |S|=2 baryons would be an interesting feasibility case to pursuit. Moreover,
feasibility spectroscopy studies can be performed in the hidden-charm sector above the opencharm threshold. Here, many unconventional charmonium states have been discovered in the
past decades, and, likely, by the time PANDA becomes operational, there will be various
questions left and/or new questions arising. For the day-one program, it would be intriguing to
open up a new territory with the use of antiproton-proton or neutron (e.g. deuteron)
annihilations in the search for yet unobserved electrically-charged Z states.

Figure 23: The sensitivity of PANDA to probe the planned physics aspects at the various phases
from day-one (D1) to phase-three (P3).

For the development activities at day-one, we consider two physics-driven cases. One of the
key aspects of PANDA is the usage of stochastically cooled antiprotons with an excellent
momentum resolution. With such a beam, it will be possible to perform a line scan study of
various narrow states with hidden-charm and with a variety of spin-parities. An interesting case
study would be to perform a scan of the mysterious X(3872). It will not be opportune to study
this particular state at day-one since its production cross section is less than 50 nb. However, as
a proof-of-principle, it would be advantageous to study the line-scan method by applying it on
one of the conventional charmonium states below the open-charm threshold. The vector
charmonium states would be the best candidates because of their relatively large coupling to
𝑝̅𝑝. Another key development activity for Day-1 relates to PANDA’s ambition to measure
electromagnetic form factors of the proton in the time-like region (𝑝̅𝑝 → ℓ- ℓ. (𝜋 = )). These
studies require sufficient knowledge on the multi-pion background channels. We foresee to
measure extensively differential cross sections of these channels that will be used as input to
QCD models in order to develop accurate event generators. Since the cross sections of these
background channels are horrendous and the event topology is fairly simple, it will be ideally
suited as a day-one development study. The goal would be to demonstrate that the
background can be suppressed sufficiently enough to be able to identify the channels of
interest.
36

PANDA Annual Report 2018

Some Highlights 2018
Progress in production of the Barrel EMC mechanical structure at IHEP
The National Research Center “Kurchatov
Institute” - Institute for High Energy Physics
(hereinafter referred IHEP), Protvino, is
responsible for the production of the
mechanical structure for the barrel of the
central electromagnetic calorimeter for the
PANDA experiment. This mechanical
structure comprises the carbon-fiber alveolar
for 11,360 PWO crystals as well as front and
rear inserts, and the support structures
including the mechanical components and
fixings.
(Photo: IHEP/Protvino)

The barrel-part of the central electromagnetic calorimeter will be assembled of 16 similar
slices. Each slice will consist of 18 modules of different geometry holding crystals of 22 sizes.
Each crystal must be optically isolated from the neighboring ones and contained in one carbon
fiber alveoli in order to avoid any load transfer. Specialists from IHEP got a patent for invention
of a method of manufacturing a thin-walled cellular structure with flat surfaces of carbon
fabric. They designed device which allowed fabrication of supporting cellular structures with a
wall thickness of 200 μm, an accuracy of manufacturing each cell of 20 μm and a flatness of 10
μm. Individual devices of ultimate precision for all 18 modules were produced, and about 90
alveoli units with 4×2 cells of each type were manufactured over preceding years using the
patented technology.
Also, individual tools for high precision gluing of alveoli units in packs with 4×10 cells and
assembling of modules with crystals were designed and manufactured. They were successfully
used, first, for production of alveoli packs of 18 types for the pre-series slice at IHEP, and then during slice assembling at Giessen University.
The successful assembly of the first slice proved the design correctness of all the
components composing the mechanical structure for crystals placement as well as devices
which are necessary to perform assembling in accordance with the suggested scenario.
Therefore, the mass production of rear inserts and intermediate plates for the whole barrel
calorimeter was started soon after and was completed in October 2018. All the components
were delivered to IHEP, and quality acceptance procedure with the use of a control-andmeasurement machine confirmed their correspondence to the technical specification.
Mass production of alveoli packs was started in summer after returning of the assembling
devices from Giessen and a special training of personnel. The designed technology of precise
gluing alveoli units allows producing three packs of different types per one working day by two
highly qualified technicians. The barrel EMC consists of 288 modules, so about 5 months are
necessary to complete this work. More than 50% of the total packs number is ready by now.
The study of a staged approach of EMC integration into the PANDA solenoid was finished. A
comprehensive investigation and the accurate strength calculations were made. The obtained
results showed that mounting of slices one by one into the cryostat is not practically feasible.
Results were reported at the Collaboration meeting. Only scenario of integration described in
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the EMC TDR is possible in the current setup environment, and the work on its detailed
development is in progress at the IHEP Design Department.

Production of the Forward Endcap electromagnetic calorimeter (EMC) crystal
submodules with vacuum photo tetrode (VPTT) readout
The Forward Endcap EMC of the PANDA target spectrometer is the target calorimeter part
covering the spatial range of 5 up to 24 degrees theta in forward direction. For this PANDA
detector component an important milestone was reached in fall 2018: All crystal submodules of
the very inner part of the Forward Endcap target calorimeter with VPTT readout have been
assembled, tested, and precalibrated at Bochum and Bonn University, respectively.
(Photo: RU Bochum)

Previously all VPTTs and
corresponding preamplifiers had to be
screened, connected, shielded and
sealed, and glued to the crystals.
Ultra-thin temperature sensors had to
be produced, tested, and calibrated at
Bochum University. The position of
each crystal and its readout unit (VPTT
plus preamp) in the Forward Endcap
was determined by use of an
optimization algorithm implemented
at Bonn University considering crystal
radiation hardness and light yield on one side and VPTT and preamp gain on the other side in
order to obtain equally responding detector channels. During the production phase running
from August to October 2018 the submodules were produced and tested with a constant rate
of five submodules per week, resulting in a total number of 54 submodules - 42 16-crystal and
12 8-crystal units - that is a total of 768 crystals or 20 percent of the Forward Endcap channels.
After manufacturing and testing the units with a light-pulser system in Bochum using the
dedicated Forward Endcap readout comprising the specifically designed SADCs from Uppsala
University the submodules underwent a cosmics pre-calibration at Bonn University. The
successfully tested submodules are temporarily stored in Bonn and will be shipped to FZ Jülich
for mounting to the Forward Endcap backplate early in 2019. Currently the production of the
remaining crystal submodules equipped with avalanche photo diode (APD) readout is in
preparation. Another 6200 preamplifiers from Basel University need to be cabled and tested,
crystals again need to be sorted by radiation hardness while APDs are in the process of being
screened. In this context an irradiation and annealing of the APDs is carried out at Giessen
University.
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Career Development and Completed PhDs in 2018
(Photo: Udo Kurilla/GSI)

(Photo: Mustafa Schmidt/JLU)

Dr. Mustafa Schmidt has
received the Panda PhD
Prize 2018 for his doctoral
thesis “Particle Identification
with the Endcap Disc DIRC
for PANDA” at GSI, FAIR, and
the Justus Liebig University
in Giessen. Physicist Mustafa
Schmidt, 33, who worked
also for a couple of years in
industry before his PhD,
received the prize of €200
and a certificate for his. His doctoral advisor was Prof. Dr. Michael Düren from the Justus Liebig
University in Giessen.
The Panda Collaboration has awarded the PhD Prize once per year since 2013 in order to
honor the best dissertation written in connection with the Panda Experiment. and specifically
honor students’ contributions to the Panda project.
(Photo: U Kurilla, GSI)

The Theory PhD Prize 2018 was
awarded to Dr. Antje Peters, U
Frankfurt (now U Wuppertal) for her
theses titled “Investigation of heavylight four-quark systems by means of
Lattice QCD”. Her doctoral advisor
was JProf. Dr. Marc Wagner from the
Goethe University in Frankfurt. She
received the prize of €200 and a
certificate.
The Panda Collaboration has
awarded the Theory PhD Prize for
the first time in order to honor the
best theory dissertation written in
connection with the Panda
Experiment and its science program.

Finished PhD Theses in 2018
•
•
•

Mustafa Schmidt, U Giessen, “Particle Identification with the Endcap Disc DIRC for
PANDA“
Alexandros Apostolou, KVI-CART/FZ Jülich, “Particle-identification capability of the STT
and feasibility studies for open-charm production with PANDA”
Patrick Musiol, RU Bochum, “Analyse der Kanäle Χc2 ➞ π+π-/K+K- in radiativen ψ(2S)Zerfällen bei BESIII und Entwicklung eines Monitorierungssystems für das
elektromagnetische Kalorimeter des PANDA-Experimentes”
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•
•
•

Stephan Leiber, RU Bochum, “Analyse der Kanäle J/ψ ➞ ωπ+π− bei BESIII und
Entwicklungen für das Kühlsystem und die thermische Isolierung des PANDA-EMC“
Dominik Steinschaden, SMI/TU Vienna, “Optimization Studies and Performance
Simulations for the Time-of-Flight System of PANDA”
Solmaz Vejdani, RU Groningen, “Particle-Identification Capability of the Straw Tube
Tracker and Feasibility Studies for the Charmed-Baryon Program with PANDA”

Honorary Lifetime Members
During almost 20 years of common work in the PANDA community, a number of
distinguished scientists have paved the successful way that we are following with the
construction and eventual completion of the PANDA detector. In order to recognize those
exceptional achievements, the PANDA Collaboration created the award “PANDA Honorary
Lifetime Membership”. It is a distinct honor signifying recognition by the PANDA Collaboration
for enduring outstanding service to the PANDA Collaboration and its goals.
Prof. Dr. Ulrich Lynen
(Photo: Gabi Otto, GSI)

Prof. Dr. Ulrich Lynen can be regarded
as one of the fathers of the future
antiproton facility as part of FAIR. Starting
with a kick-off meeting of the Hadron
Physics Study Group in early 1998 he
shaped the collaboration, the physics
cases and the general layout of the
detector which is now in construction for
eventual completion by 2023 and with
annihilation of the first antiprotons in
2025. Even after his retirement he served
for PANDA in the scrutiny process and
various detector committees to finalize the
TDR of sub-detectors. He is always
influential and critical, and PANDA owes
him very much.
In recognition of his engagement and achievement, the PANDA collaboration awarded to
him the “PANDA Honorary Lifetime Membership” for his “Outstanding Service to the PANDA
Collaboration and the Field of Hadron Physics” on April 10, 2018 at GSI, Darmstadt.
Prof. Dr. Volker Metag
Prof. Dr. Volker Metag can be regarded as one of the fathers of FAIR and of the future
antiproton facility as part of FAIR which we know now as HESR and PANDA for the storage ring
and the experiment respectively.
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As being the former Research Director of GSI, he started already in the middle of the 1990s
to shape the eventual future of GSI after SIS18 went in operation. He initiated a couple of
working groups, where one of them was dealing with hadron physics, a completely new field at
GSI. The first milestone was a “Letter of Intent for a Glue/Charm
Factory” in 1999, followed by a “Conceptional Design Report” for
the whole facility which was the basis for an evaluation in 2001 and
finally the decision in 2003 by the German Science Council
(Deutscher Wissenschaftsrat) to realize the project which later got
the name FAIR.
In recognition of his engagement and achievements, the PANDA
collaboration awarded to him the “PANDA Honorary Lifetime
Membership” for his “Outstanding Service to the PANDA
Collaboration and the Field of Hadron Physics” on May 28, 2018 at
the University Giessen.
(Photo: U Giessen)

Prof. Dr. Herbert Löhner
Prof. Dr. Herbert Löhner is active in PANDA since the early days and contributed in a
countless number of activities to bring the project forward.
(Photo: U Kurilla, GSI)

Born in 1947 in Rietberg, Germany,
he did his physics studies at the
University of Münster and he obtained
his PhD in 1978 from that University as
well. During his habilitation time he was
detached to Lawrence Berkeley National
Laboratory in the US where he worked in
the field of ultra-relativistic heavy-ion
reactions. In 1988, he started as an
associated professor at KVI in Groningen
and he became professor in 1993 with a
special interest in the field of hadron
physics, but also very active in other
fields of (applied) physics, such as
medical and astroparticle physics.
Herbert Löhner is a well-known expert and pusher of state-of-the-art technologies for largescale experiments. In PANDA, he is well known as one of key players behind the design and
readout of the forward end cap of the EMC, a subdetector of PANDA that will likely be the first
one completed.
He served in PANDA also in a variety of committees, boards, as well as in scrutiny and
review groups since today and was always focused to the timely realization of the project with
constructive and practical input.
In recognition of his engagement and achievements, the PANDA collaboration awarded to
him the “PANDA Honorary Lifetime Membership” for his “Outstanding Service to the PANDA
Collaboration and the Field of Hadron Physics” on June 6, 2018 in Stockholm.

PANDA Annual Report 2018

41

Prof. Dr. Helmut Koch
(Photos: Udo Kurilla/GSI)

Prof. Dr. Helmut Koch is active in PANDA since the early days
and contributed in a countless number of activities to bring the
project forward.
He is a driving force in spectroscopy with antiprotons
already before the LEAR (Low Energy Antiproton Ring) era when
the search for deeply bound proton-antiproton-states, the so
called baryonium, was his main field of activity. As the
spokesperson of Crystal Barrel at LEAR he led the construction
of the detector and shaped the collaboration with his smooth
but clear management style. When he moved to the RuhrUniversity Bochum, he made this institute the spearhead for
PANDA in Germany e.g.
by publishing the very first LOI that finally led to the
proposal for the FAIR facility as we know it – including
the antiproton facility and PANDA. He served in PANDA
also in a variety of committees, boards and was always
focused to the timely realization of the project with
constructive and practical input.
In recognition of his engagement and achievements,
the PANDA collaboration awarded to him the “PANDA
Honorary Lifetime Membership” for his “Outstanding
Service to the PANDA Collaboration and the Field of
Hadron Physics” on Nov 7, 2018 in Arheilgen.
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Publications in 2018
•
•
•

•
•
•
•

J. Schwiening et al. (PANDA Cherenkov Group), "The PANDA Barrel DIRC", Journal of
Instrumentation, 2018 JINST 13 C03004, doi:10.1088/1748-0221/13/03/C03004,
arXiv:1803.10642
J. Smyrski et al.., “Pressure stabilized straw tube modules for the PANDA Forward
Tracker”, JINST 13 (2018) no.06, P06009, DOI: 10.1088/1748-0221/13/06/P06009, 2018
A. Apostolou, J. Messchendorp, N. Kalantar-Nayestanaki, J. Ritman, P. Wintz,
“Performance of a prototype Straw Tube Tracker for the P• ANDA experiment”,
J. Phys. Conf. Ser. 1024 (2018) no.1, 012013, DOI: 10.1088/1742-6596/1024/1/012013,
Conference: C17-05-28 Proceedings, 2018
Q. Hu, Z. Bai, J. Ritman, J.-S. Wang, H.-G. Xu, G.-M. Yu, “Simulation of proton–proton
elastic scattering for the KOALA recoil detector”, Nucl. Instrum. Meth. A898 (2018) 133138, DOI: 10.1016/j.nima.2018.05.002, 2018
R. Dzhygadlo et al. (PANDA Cherenkov Group), “The Barrel DIRC Detector for the PANDA
Experiment at FAIR”, Springer Proceedings in Physics, vol 212. Springer, Singapore,
DOI:10.1007/978-981-13-1313-4_25
Boukharov A. and Vishnevskii E., “Using Monodisperse Targets to Solve the Problems of
Accelerating Equipment” Physics of particles and nuclei letters. Vol. 15, No. 7, 2018, pp.
843-849
G. Barucca et al., Precision resonance energy scans with the PANDA experiment at FAIR Sensitivity study for width and line-shape measurements of the X(3872), accepted for
publication by EPJ A, http://arxiv.org/abs/1812.05132

Talks at Workshops and Conferences in 2018
•
•
•
•
•
•
•
•

L. Schmitt, Talk at the p-Linac Workshop, Status of PANDA, GSI/Darmstadt/Germany,
January 29, 2018
B. Kopf, Talk at Excited QCD 2018 (eQCD), The PANDA Experiment at FAIR, Dinaric
Alps/Serbia, March 11-15, 2018
E. Tomasi-Gustafsson, Talk at LEAP 2018, The PANDA experiment at FAIR, Paris/France,
March 12-16, 2018
J. Pochodzalla, Talk at the International Workshop on the project for the extended
hadron experimental facility at J-PARC, Strangness Nuclear Physics at PANDA,
KEK/Tsukuba/Japan, March 26-28, 2018
W. Ikegami Andersson, Talk at the International Workshop on the project for the
extended hadron experimental facility at J-PARC, PANDA Experiment at FAIR,
KEK/Tsukuba/Japan, March 26-28, 2018
J. Ritman, Talk at WE-HERAEUS Seminar 2018 on Baryon form factors, Investigation of
the transition form factors of excited hyperons with HADES, Bad Honnef/Germany,
April 23-27, 2018
K. Schönning, Talk at WE-HERAEUS Seminar 2018 on Baryon form factors,
Electromagnetic Form Factors of hyperons - present and future, Bad Honnef/Germany,
April 23-27, 2018
I. Zimmermann, Talk at WE-HERAEUS Seminar 2018 on Baryon form factors, Feasibility
studies for the measurement of time-like, electromagnetic form factors of the proton at
PANDA-FAIR, Bad Honnef/Germany, April 23-27, 2018
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A. Bukharov, Joint scientific seminar of JINR at the Laboratory of High Energy Physics
and the Moscow Power Engineering Institute, Targets on the basis of monodisperse
streams cryogenic granules and granules of various metals, JINR/Dubna/Russia,
April 25, 2018
M. Moritz, Talk at CALOR 2018, The Electromagnetic Calorimeter for the PANDA Target
Spectrometer, Eugene/USA, May 21-25, 2018
T. Held, Talk at CALOR 2018, Construction of the Forward Endcap Calorimeter of the
PANDA Experiment at FAIR, Eugene/USA, May 21-25, 2018
J. Messchendorpp, Talk at Charm 2018, Prospects of Charm Physics at PANDA,
Novosibirsk/Russia, May 21-25, 2018
A. Hayrapetyan, Talk at Super-charm-tau factory satellite workshop, Particle
Identification at the PANDA/FAIR experiment using DIRC and RICH detectors,
Novosibirsk/Russia, May 26-27, 2018
J. Ritman, Talk at Super-charm-tau factory satellite workshop, Straw tube systems at FZ
Jülich and PANDA muon detectors at JINR, Novosibirsk/Russia, May 26-27, 2018
C. Schwarz, Poster at 14th Pisa Meeting on Adv. Detectors, The Barrel DIRC detector of
PANDA, Isola d’Elba/Italy, May 27-June 2, 2018
C. Hahn, Poster at 14th Pisa Meeting on Adv. Detectors, Front-End Electronics of the
Electromagnetic Barrel-Calorimeter for the PANDA Target Spectrometer, Isola
d’Elba/Italy, May 27-June 2, 2018
K. Föhl, Poster at 14th Pisa Meeting on Adv. Detectors, The Endcap Disc DIRC detector of
PANDA, Isola d’Elba/Italy, May 27-June 2, 2018
S. Zimmermann, Poster at 14th Pisa Meeting on Adv. Detectors, The PANDA Barrel TOF
Detector at FAIR, Isola d’Elba/Italy, May 27-June 2, 2018
A. Lehmann, Talk at International Conference on the Advancement of Silicon
Photomultipliers, Application of SiPMs and MCP-PMTs in the PANDA PID detectors,
Schwetzingen/Germany, June 11-15, 2018
S. Sun, Talk at 10th Academic Annual Meeting of High Energy Physics Branch of Chinese
Society of Physics, Status of PANDA experiment, Shanghai/China, June 20-24, 2018
A. Galoyan, Talk at 37th International Workshop on Nuclear Theory, Production of
strange particles in hadronic interaction, Rila Mountains/Bulgaria, June 24-30, 2018
M. Bölting, Poster at HYP 2018, Status of the hyperonic and hyperatom Setup at panda,
Norfolk/USA, June 25-29, 2018
J. Pochodzalla, Talk at HYP 2018, Introduction on neutral baryonic systems, Norfolk/USA,
June 25-29, 2018
M. Kavatsyuk, Talk at ICNFP 2018, The PANDA experiment at FAIR, Crete/Greece, July 412, 2018
K. Schönning, Talk at International Conference on Few-Body Problems in Physics,
Hyperon- and hypernuclear physics with PANDA at FAIR, Caen/France, July 9-13, 2018
M. Papenbrock, Talk at CHEP 2018, A framework for Dynamic Track and Event
Reconstruction, Sofia/Bulgaria, July 9-13, 2018
T. Stockmanns, Talk at CHEP 2018, Comparison of Track Reconstruction Methods of the
PANDA Experiment, Sofia/Bulgaria, July 9-13, 2018
A. Lehmann, Talk at RICH-2018, Recent Progress with Microchannel-Plate PMTs,
Moscow/Russia, July 29-Aug 4, 2018
J. Schwiening, Talk at RICH-2018, The PANDA DIRC Detectors, Moscow/Russia, July 29Aug 4, 2018
S. Kononov, Talk at RICH-2018, Development of the PANDA Forward RICH with aerogel
radiator, Moscow/Russia, July 29-Aug 4, 2018
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S. Zimmermann, Talk at RICH-2018, The Panda Barrel Time-of-Flight Detector,
Moscow/Russia, July 29-Aug 4, 2018
M. Albrecht, PWA-ATHOS 2018, Partial Wave Analyses for Antiproton-Proton Reactions,
Beijing/China, July 16-20, 2018
F. Nerling, 13th Quark Confinement and the Hadron Spectrum, Precision spectroscopy of
charmonium-like (exotic) XYZ states at PANDA/FAIR, Maynooth/Ireland, Aug 1-6, 2018
G. Schepers, Talk at EuNPC 2018, The innovative Design of the PANDA Barrel DIRC,
Bologna/Italy, Sept 2-7, 2018
G. Schepers, Poster at EuNPC 2018, Hadron Physics at PANDA, Bologna/Italy, Sept 2-7,
2018
M. Schmidt, Talk at EuNPC 2018, The Endcap Disc DIRC for PANDA at FAIR, Bologna/Italy,
Sept 2-7, 2018
K. Peters, Talk at LISHEP 2018, PANDA COLLABORATION Status & Highlights,
Salvador/Bahia/Brazil, Sept 9-14, 2018
A. Dbeyssi, Talk at BALDIN Seminar on HEP problems, Nucleon structure studies with the
PANDA experiment at FAIR, Moscow/Russia, Sept 17-22, 2018
A. Hayrapetyan, Talk at Correlations in Partonic and Hadronic Interactions 2018, Particle
Identification at the PANDA/FAIR experiment using DIRC and RICH detector,
Yerewan/Armenia, Sept 24-28, 2018
M. Moritz, ISMART 2018, The Electromagnetic Calorimeter for the PANDA Target
Spectrometer, Minsk/Belarus, Oct 9-12, 2018
J. Regina, Poster at ESC18 Computing School, Time based reconstruction of hyperons at
PANDA at FAIR, Bologna/Italy, Oct 22-27, 2018
A. Dbeyssi, EMMI workshop: Electromagnetic Structure of Strange Baryons, Feasibility
studies for the measurement of the time-like electromagnetic form factors of the proton
at PANDA, GSI/Darmstadt/Germany, Oct 22-25, 2018
R. Dzhygadlo, Talk at IEEE 2018 Nuclear Science Symposium and Medical Imaging
Conference, The PANDA Barrel DIRC Detector at FAIR, Sydney/Australia, Nov 10-17,
2018
K. Peters, Talk at KHuK Meeting 2018, Bad Honnef/Germany, PANDA Status overview,
Bad Honnef/Germany, Dec 7, 2018
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Frontpage:
In clockwise order, starting upper left:
1) Support structure for the Forward Endcap Electromagnetic Calorimeter (FEMC)
2) First of series: Octant of the Solenoid Yoke
3) Luminosity Detector (LMD) Prototype
4) Upper part of the Cluster-Jet Target at a beam test at COSY
5) First of series: Fully assembled Slice for the Barrel Electromagnetic Calorimeter (EMC)
6) Lab work on electronics for the Backward Endcap Electromagnetic Calorimeter (BEMC)
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