
The HADES-at-FAIR project

K. Lapidus8,12,* , G. Agakishiev6, A. Balanda3, R. Bassini11, C. Behnke7, A. Belyaev6,

A. Blanco2, M. B�ohmer9, P. Cabanelas17, N. Carolino2, J. C. Chen8, S. Chernenko6,

J. D��az18, A. Dybczak3, E. Epple8, L. Fabbietti8, O. Fateev6, P. Finocchiaro1,

P. Fonte2,b, J. Friese9, I. Fr�ohlich7, T. Galatyuk7,c, J. A. Garz�on17, R. Gernh�auser9,

A. Gil18, K. G�obel7, M. Golubeva12, D. Gonz�alez-D��az4,d, F. Guber12, M. Gumberidze15,

S. Harabasz3, K. Heidel5, T. Heinz4, T. Hennino15, R. Holzmann4, P. Huck9, J. Hutsch5,

A. Ierusalimov6, I. Iori11,f , A. Ivashkin12, M. Jurkovic9, B. K�ampfer5,e, M. Kajetanowicz3,

T. Karavicheva12, I. Koenig4, W. Koenig4, B. W. Kolb4, G. Korcyl3, G. Kornakov17,

R. Kotte5, A. Kozuch3,g, E. Krebs7, R. Kr�ucken9, H. Kuc3,15, W. K�uhn10, A. Kugler16,

A. Kurepin12, A. Kurilkin6, P. Kurilkin6, V. Ladygin6, R. Lalik8, J. S. Lange10, M. Liu10,

T. Liu15, L. Lopes2, M. Lorenz7, G. Lykasov6, L. Maier9, A. Malakhov6, A. Mangiarotti2,

J. Markert7, V. Metag10, B. Michalska3, J. Michel7, C. M�untz7, R. M�unzer8, L. Naumann5,

M. Palka7, Y. Parpottas14, V. Pechenov4, O. Pechenova7, A. Pereira2, J. Pietraszko7,

W. Przygoda3, B. Ramstein15, C. Rehnisch7, A. Reshetin12, P. Rosier15, A. Rustamov4,

A. Sadovsky12, P. Salabura3, T. Scheib7, A. Schmah8,a, H. Schuldes7, E. Schwab4,

J. Siebenson8, V. Smolyankin13, M. Sobiella5, Yu. G. Sobolev16, S. Spataro10,h, B. Spruck10,

H. Str�obele7, J. Stroth7,4, C. Sturm4, A. Tarantola7, K. Teilab7, V. Ti�ov12, P. Tlusty16,

M. Traxler4, R. Trebacz3, A. Troyan6, H. Tsertos14, E. Usenko12, T. Vasiliev6, S. Visotski13,

V. Wagner16, M. Weber9, C. Wendisch5, J. W�ustenfeld5, S. Yurevich4, Y. Zanevsky6

(HADES collaboration)

1Istituto Nazionale di Fisica Nucleare - Laboratori Nazionali del Sud, Catania, Italy

2LIP-Laborat�orio de Instrumenta�c�ao e F��sica Experimental de Part��culas, Coimbra, Portugal

3Smoluchowski Institute of Physics, Jagiellonian University of Cracow, Krak�ow, Poland

4GSI Helmholtzzentrum f�ur Schwerionenforschung GmbH, Darmstadt, Germany

5Institut f�ur Strahlenphysik, Forschungszentrum Dresden-Rossendorf, Dresden, Germany

6Joint Institute of Nuclear Research, Dubna, Russia

7Institut f�ur Kernphysik, Goethe-Universit�at, Frankfurt, Germany

* kirill.lapidus@ph.tum.de



2

8Excellence Cluster 'Origin and Structure of the Universe', Garching, Germany

9Physik Department E12, Technische Universit�at M�unchen, Garching, Germany

10II.Physikalisches Institut, Justus Liebig Universit�at Giessen, Giessen, Germany

11Istituto Nazionale di Fisica Nucleare, Sezione di Milano, Milano, Italy

12Institute for Nuclear Research, Russian Academy of Science, Moscow, Russia

13Institute of Theoretical and Experimental Physics, Moscow, Russia

14Department of Physics, University of Cyprus, Nicosia, Cyprus

15Institut de Physique Nucl�eaire (UMR 8608), CNRS/IN2P3 - Universit�e Paris Sud, France

16Nuclear Physics Institute, Academy of Sciences of Czech Republic, Rez, Czech Republic

17Departamento de F��sica de Part��culas, Univ. de Santiago de Compostela,

Santiago de Compostela, Spain

18Instituto de F��sica Corpuscular, Universidad de Valencia-CSIC, Valencia, Spain

a also at Lawrence Berkeley National Laboratory, Berkeley, USA

b also at ISEC Coimbra, Coimbra, Portugal

c also at ExtreMe Matter Institute EMMI, Darmstadt, Germany

d also at Technische Universit�at Darmstadt, Darmstadt, Germany

e also at Technische Universit�at Dresden, Dresden, Germany

f also at Dipartimento di Fisica, Universit�a di Milano, Milano, Italy

g also at Panstwowa Wyzsza Szkola Zawodowa, Nowy Sacz, Poland

h also at Dipartimento di Fisica Generale, Universit�a di Torino, Torino, Italy

After the completion of the experimental program at the SIS18 the HADES setup

will migrate to FAIR, where it will deliver high quality data for heavy ion collisions in

an unexplored energy range of up to 8 AGeV. In this contribution, we brie�y present

the physics case, relevant detector characteristics and discuss the recently completed

upgrade of HADES.

1. INTRODUCTION

The High Acceptance Di-Electron Spectrometer (HADES) is a modern multi-purpose

detector currently operating at the SIS18 heavy ion synchrotron in the region of kinetic
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beam energies of up to 2 AGeV for nucleus-nucleus collisions [1]. The main components

of the experimental setup are a superconducting magnet, four planes of Multiwire Drift

Chambers used for the tracking of charged particles, a Time-of-Flight wall and a hadron

blind RICH detector.

At SIS18, HADES has accomplished a number of successful experimental campaigns.

Among them are systematic investigations of the di-electron production in light colliding

systems at 1�2 AGeV [2, 3] and in nucleon-nucleon reactions [4].

Primarily constructed for the electron-positron pair spectroscopy, HADES is proven to

be perfectly suited for hadron measurements, including strangeness production in nucleus-

nucleus [6�8] and in proton-proton collisions [9].

The experimental program at SIS18 is not �nished � in 2011�2012 HADES will investigate

heavy colliding systems: AuAu and AgAg at bombarding energies of 1.25 and 1.65 AGeV,

respectively. Measurements of di-electron and hadron production in pion-induced reactions

are also foreseen.

2. HADES AT SIS100

In heavy ion collisions at beam energies delivered by the heavy-ion synchrotron SIS100

within the Facility for Antiproton and Ion Research (FAIR), the nuclear compression is

expected to be signi�cantly higher as compared to SIS18. The increase of the beam energy

will furthermore cause a transition from the below-threshold to above-threshold production

of the light vector mesons (ρ, ω, ϕ). On the basis of thermal models one expects two orders

of magnitude higher vector meson yields at SIS100 as compared with SIS18 [10]. Since the

key point of the HADES program is the investigation of the vector meson spectral functions

at high baryonic densities, these conditions are perfectly suited for the desired goal. Thus, a

migration to the SIS100 will be a natural continuation of the HADES experimental program.

The HADES detector ensemble possesses a set of unique features for the measurements at

SIS100. It is a running experiment with a well understood performance, which can deliver

high quality data shortly after installation in the cave. Moreover, the detector and the

analysis software will be further tested and tuned with upcoming heavy ion runs at SIS18.

It is planned that HADES will be installed in a common cave with the CBM experiment,

performing measurements at beam energies of up to 8 AGeV. Therefore, it will provide a
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bridge to higher energies (up to 40 AGeV) to be explored by the CBM experiment.

3. ACCEPTANCE AND OCCUPANCY CONSIDERATIONS

As a �rst assessment of the HADES performance at SIS100, the detector acceptance and

occupancy were studied by Monte-Carlo simulations.

3.1. Di-electron acceptance

In order to understand the acceptance for di-electrons in heavy ion collisions at a kinetic

beam energy of 8 AGeV, the pairs originating from the direct e+e− decay of ω-mesons using

the Monte-Carlo generator PLUTO [11] were studied. Individual leptons were propagated

through the HADES acceptance �lter and the pairs with laboratory opening angles less

than 9 degrees were rejected. Fig. 1 illustrates in transverse momentum versus rapidity

coordinates the distributions of di-electrons in the full phase space (upper row) and in the

HADES acceptance (lower row). 21% of the di-electrons, coming from ω-mesons produced

in CC collisions at 8 AGeV, are in the HADES acceptance. This number has to be compared

with 33% for the same system at 2 AGeV. From the distributions shown in Fig. 1 it also

follows that the acceptance of HADES with its present geometrical con�guration still covers

the mid-rapidity region at 8 AGeV. Taking into account the much larger yields of vector

mesons anticipated at the higher energy one can expect signi�cantly higher di-electron rates

in the corresponding region of invariant masses for 8 AGeV (SIS100) as compared to 2 AGeV

(SIS18), compensating by far the slight decrease in acceptance.

3.2. Hadron acceptance

The acceptance of the HADES detector for charged hadrons was studied in a similar way.

As an input, hadron events generated with the UrQMD transport code were used. The

detector acceptance for the charged hadrons produced in CC collisions at a kinetic beam

energy of 8 AGeV is illustrated on Fig. 2. At this energy, 50% of π+, 52% of π−, and 15%

of protons are inside the HADES acceptance.

Thus, the detector that was originally designed to study symmetric systems at bombard-

ing energies close to 2 AGeV, where the acceptance of light particles is symmetric around
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midrapidity, provides an adequate acceptance for di-electrons and hadrons also at 8 AGeV.

3.3. Occupancy of the detector

The transition to higher energies will be accompanied by the increase of the charged

particle multiplicity in the forward part of the spectrometer. The maximum system size,

possible to be studied at SIS100, was evaluated. The performed simulations have shown that

the charged particle multiplicity grows by a factor of 14 when going from CC collisions at

2 AGeV to AuAu collisions at 1.5 AGeV. Already in the latter case one expects a 20% double

hit probability in the RPC detector (described below) that limits the tracking performance.

According to our estimates, the hit occupancy in AuAu collisions at 1.5 AGeV corresponds

to the NiNi colliding system at 8 AGeV bombarding energy.

4. THE UPGRADE OF THE APPARATUS

For the measurements at SIS100, HADES will bene�t from the upgrade, performed in

2009�2010 with the aim to make the detector capable of measurements with really heavy

ions at SIS18. The requirements for the upgrade were that the detector is able to cope with

high charged particle multiplicities, typical for central collisions of gold nuclei, and accept a

minimum trigger rate of 20 kHz even for heavy ion collisions.

A Forward Wall detector consisting of 280 individual scintillators was installed, extend-

ing the HADES acceptance to the region of low polar angles (0.33◦ < θ < 7.17◦). This

detector was already used in 2007 for the spectator proton detection in a dp experiment [12].

It is essential for the upcoming heavy ion runs at SIS18 and SIS100, since it allows the

reconstruction of the reaction plane, necessary, e.g., for the analysis of particle �ow.

One of the most important steps in the detector upgrade was the replacement of the

low granularity scintillator Time-of-Flight detector TOFino be the high-granularity timing

Resistive Plate Chambers (tRPCs) [13]. This detector o�ers a time resolution better than

100 ps with an e�ciency close to 100%. With 1200 individually shielded 4-gap tRPCs, the

RPC TOF wall enables HADES to handle multiplicities of up to 200 charged particles per

event and it further improves the lepton and charged hadron identi�cation.

Investigations of colliding systems with maximal nucleon numbers aiming at high statistics

data samples required also an upgrade of the HADES data acquisition (DAQ) system.
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The key component of the newly constructed system is a trigger and readout board (TRB)

being a multi-purpose electronic device with on-board DAQ functionality [14].

With the upgraded setup the HADES collaboration aims to collect high statistics data

samples that allow to perform multi-di�erential (as a function of collision centrality, trans-

verse momentum, invariant mass, etc.) studies of di-electron and hadron production.

5. AN ELECTROMAGNETIC CALORIMETER FOR HADES

Currently, another upgrade project is intensively investigated � the extension of the

HADES particle identi�cation capabilities by an electromagnetic calorimeter. The proposed

calorimeter will open the possibility for the neutral pseudoscalar meson (π0, η) reconstruction

via their decays into two photons. The π0 multiplicity is a natural choice for the absolute

normalization of the measured di-electron spectra. The measurement of the η meson yield

is of particular importance, since its Dalitz decay is a signi�cant source of the di-electrons

for the invariant masses above 140 MeV/c2. Whereas at beam energies of 1�2 AGeV the

measurements of the η yield in heavy ion collisions were performed by the TAPS collabora-

tion [15], at higher energies, in the SIS100 range, no data on the η production exist.

Another important function of the calorimeter is to improve the lepton-pion separation

at high values of the particle momentum (p > 0.5 GeV/c). For this purpose, a cut on the

ratio of the deposited energy in the calorimeter to the measured momentum in the HADES

tracking system will be employed.

We consider to build an electromagnetic calorimeter using lead-glass blocks from the

end-cap calorimeter of the former OPAL experiment [16]. In total, ∼900 modules will be

arranged in six sectors of the HADES setup. The calorimeter will substitute the existing

SHOWER detector and will be installed behind the tRPCs.

Dedicated in-beam tests of the lead-glass modules were already performed at CERN

(electron and pion beams) and MAMI (γ-beam), con�rming the expected energy resolution

of ≃ 5%/
√

E/GeV and demonstrating a good potential for the lepton-pion separation.

Recently, a calorimeter simulation software was developed, making use of the GEANT3

program [17] and an external Cherenkov photon transport code [18, 19]. The simulations

have shown the feasibility of the π0 and η reconstruction and the lepton/pion separation in

heavy-ion collisions.
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6. SUMMARY

In this contribution, plans of the HADES collaboration for the future investigations of

relativistic heavy ion collisions at SIS100 were outlined. The newly updated experimental

setup is ready to perform investigations of the compressed nuclear matter at FAIR exploiting

both lepton and hadron probes.
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Figure 1. Transverse momentum versus rapidity distributions (upper row) for electron-positron pairs

coming from the direct ω decays at beam kinetic energies of 2 AGeV (left column) and 8 AGeV (right

column) and the HADES acceptance (lower row)

Figure 2. Transverse momentum versus rapidity distributions (upper row) of charged hadrons (left: π+,

middle: π−, right: protons) produced in CC collisions at a beam kinetic energy of 8 AGeV and the HADES

acceptance (lower row)
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FIGURE CAPTIONS

Fig. 1: Transverse momentum versus rapidity distributions (upper row) for electron-positron

pairs coming from the direct ω decays at beam kinetic energies of 2 AGeV (left column)

and 8 AGeV (right column) and the HADES acceptance (lower row)

Fig. 2: Transverse momentum versus rapidity distributions (upper row) of charged hadrons

(left: π+, middle: π−, right: protons) produced in CC collisions at a beam kinetic

energy of 8 AGeV and the HADES acceptance (lower row)


