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A High Acceptance DiElectron Spectrometer (HADES) has been proposed at the
SIS accelerator of GST in order to measure ete~ pairs produced in central nucleus-

8er purposes and for measuring the charged particle multiplicity. The detector
features have been investigated in detailed simulations. Results for the expected
dielectron yield and the combinatorial background are presented as a function of
the pair mass.

1. Introduction

Investigate the properties of hot, compressed nuclear matter. The goal is to derive the
nuclear equation of state (EOS). At bombarding energies of about 1-2 GeV/nucleon,
baryon densities of 2-3 po and temperatures up to 100 MeV can be reached during the
collision phase. Here, p, denotes the nuclear ground state density of 0.17/fm3. Due
to the high density of this phase new particles are produced in multiple baryon-baryon
collisions.
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SIS energy regime the dominant dielectron-production mechanisms are Uprg-aoom%m )

(X = Netem, X 7 ete™) and two body decays (X — ete™) of hadrons ag well
as ::.o_mo:-zcimoz vamammiwzzzm. Dielectrons originate from the compressed phase if
ﬁ.rm time scale of the corresponding production processes is on the order of the durs,
tion of the high density phase of about 10 fm/c. This is the case for ::n?o:-z:o_o.oh
ngmmﬂSr_:mm and for the A and ¢ resonances with life times of the free particles of
about 1.5 fm/c. The Dalitz decays of 7 and 7° occur outside the dense phase due to
the _oz.m life times. Since 7 and #° suffer absorption and subsequent reemission ip the
mxvmcm:.v: Phase their dielectrons carry no direct density informatiop. They contribute
to the m_m_oo?o: Mass spectrum up to their rest mass of 135 Mev/c? and 549 MeVv/c?
wmmtwniéc\. For heavy systems such as Au+Au the spectrum below 500 MeV/c? s
dominated by 7, with additional contributions from vz&nmammimw?:m and A decay
Above 500 MeV/c? dominant contributions from the two body decays of the <m20~.
mesons p(770 MeV/c?), w(783 MeV/c?) and ¢(1020 MeV/c?) are expected [1[2)(3].
The two body decays of the vector mesons are of special interest since width and

In a dense and hot hadronic environment. Boson exchange models [21[4](5] anticipate an
Increase of the resonance width with density, while the mass is predicted not to change.
5. contrast, results from QCD inspired calculations [6][7] predict significant mass shifts
.é;r Increasing density. These medium modifications should lead to significant effect
in the experimentally observed dilepton spectrum [1]{2](8]. d

2. Experimental Considerations

U:mlno the weak electromagnetic coupling the dieletron decay channel of vector
Inesons is suppressed by a factor of &z 1079 ag compared to the hadronic decay chan-
nel. Together with the smal] subthreshold production cross sections the total yield of
dielectrons from vector mesons is only of the order of 10-6 per central Au+Au collision

gime has been pioneered by the
The two arm spectrometer DLS
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uses large aperture dipole magnets together with drift chambers for momentum mea-
surement and gas threshold Cerenkov counters in front and behind for redundant elec-
tron identification.

For light systems (p+p, p+d, p+Be) the DLS measurements led to an identification
of the basic processes of dilepton production in this energy regime. Moreover, an
indication of the vector meson contribution to these dielectron mass spectra was found.

The heaviest systems measured with DLS were heavy ion reactions of Ca+Ca and
Nb+Nb. Within the current statistics of these data, a clear vector-meson signal can
not be established. Due to the high hadron multiplicity DLS could not handle heavier
systems such as Au+Au. However, the dielectron production rate in this heavy system
is more than an order of magnitude larger than in the Ca+Ca system resulting in higher
dielectron statistics per measuring period. Moreover, the mass resolution of the DLS
spectrometer in the p/w /¢ region is not sufficient to resolve w ([ypee = 8.5 MeV/c?)
and ¢ (Tyree = 4.4 MeV/c?) from the p distribution (T',.. = 150 MeV/c?). Therefore,
a new detector HADES has been proposed to study in-medium modifications of vector

mesons [12][13].

3. Design of the Spectrometer

Studying small dielectron production probabilities of the order of 10-6 per central col-
lision requires maximum acceptance over the whole kinematical range and the ability
of operating at high luminosities (108 collisions/s). In the presence of 3 strong hadronic
background excellent background rejection capabilities are required. The proposed de-
vice is a rotationally symmetric, large acceptance spectrometer oriented along the beam
axis. With this geometry complete azimuthal coverage is achieved. The design values
for the angular and momentum acceptance were chosen according to the two body de-
cay kinematics at SIS energles assuming thermal emission from a midrapidity zone.
These dielectrons are emitted over the whole polar angular range with a maximum in-
tensity at about 40°. HADES will cover polar angles from 18° to 85°. For masses up
to 1.5 GeV/c? and transverse momenta, up to 1.5 GeV/c this geometry results in a flat
acceptance. The efficiency of ~40% represents an improvement by a factor of 100 as
compared to the DLS.

The proposed strategy for the measurement of dielectrons - (1) electron identifica-
tion, (2) momentum determination, (3) electron trigger - is similar to the DLS but the
HADES concept fulfills the requirements of a large acceptance spectrometer (Fig. 1.):

L Individual electron identification over the full acceptance is done by a RICH (ring
imaging Cerenkov counter) with gas radiator surrounding the target in the forward
hemisphere.

2. Momentum analysis is achieved by trajectory reconstruction in the magnetic field
section. A toroidal field geometry (6 coils) is the optimal choice for the following
reasons: First, while covering the large forward solid angle, a field free region
mo~ the RICH can be accommodated inside the toroid. This ensures undisturbed
Cerenkov rings. Second, the field geometry is well matched to the dielectron
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1. Azimuthal cross section of the HADES setup. The RICH consists of radiator gas,

carbon fiber :.::.oa and the tilted UV detector segments. The target is positioned in the
center A,um the radiator. Two sets of mini-drift chambers (MDCs) in front and behind the
magnetic field produced by superconducting coils measure the trajectory. A time of flight wall

(TOF) is foreseen as a first level trigger and for second electron identification. At polar angles -

<45°
wall.

electron identification is achieved with a shower detector in combination with the TOF

kinematics since the radial 1/r dependence of the field compensates for the fact
that the mean momentum increases for decreasing polar angles. The coils are
superconducting and iron-free in order to minimize the size of the spectrometer

and to reduce secondary background. Mini-drifi chambers (MDCs) are positioned ;

in front and behind the field region for tracking purposes.
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3. As a first level trigger on central events and for fast electron triggering META
(Multiplicity and Electron Trigger Array), a scintillator wall combined with a
shower detector, surrounds the outer MDCs.

The performance of the spectrometer was studied by detailed simulations using
GEANT and including the complete geometry of the setup as well as realistic detector
responses. A 3-dimensional magnetic field map based on the toroidal coil geometry
was used for tracking. As a worst case scenario 1 AGeV central Au+Au collisions were

investigated.

4. The RICH Detector

The RICH is the main component for electron identification. It consists of a gas
radiator surrounding the target in the forward hemisphere (Fig. 2.). The Cerenkov
light from electrons emitted in a cone is reflected by a spherical carbon fiber mirror
(radius 90 cm, thickness 0.2 cm) and focused onto a position sensitive UV detector.

The UV detector is a MWPC with a solid photocathode of evaporated Csl. It is
separated from the radiator volume by a 8 mm CaF, window. The solid photocathode
is divided into square pads of 6 mm and has a distance of Imm to the anode wires. The
average quantum efficiency increases with shorter wavelengths and reaches 45% at the
radiator transmission cutoff of 140 nm. The expected single photoelectron detection
efficiency is about 90%. Each of the 5800 pads per sector will be read out separately.

The ring quality is mainly determined by the focusing properties of the mirror due
to an extended and curved focusing area (spherical aberration) (Fig. 2.). For large
lepton emission angles the focal points for parallel Cerenkov rays propagating in the
plane shown or in a perpendicular plane (azimuthal) differ significantly. This results in
elliptically deformed ring images. The 20° tilt angle of the six azimuthal UV detector
segments is matched to this focal area.

A radiator gas mixture of 50% C4F,5 and 50% CHy is proposed for the following
reasons:

L. The threshold value v,,=22 yields a sufficient number of Cerenkov photons. Nev-
ertheless, hadron blindness for the given momentum range is achieved. All protons
and practically all pions have velocities below the radiator threshold (P~ 20 GeV/c,
Pfp~ 3.1 GeV/c). For electrons the threshold amounts to pf,~ 11.1 MeV /c which
is well below the HADES momentum rangc.

2. The high UV transmission with a cutofl below 145 nm results in a high Cerenkov
photon yield per unit path length. The radiator can therefore be built in a compact,
way.

3. From scintillation light measurements for C4F19 and CH, [13] only a small number
of scintillation photo electrons of <30/collision is estimated (single hits in Fig. 3.).

4. The choice of this gas mixture compared to pure C4F;q has the advantage of a
reduction of the radiation length by a factor of 2 while the photon yield is only
reduced by 30%. This results in a smaller amount of external pair conversion
(EPC) of v rays from high energy 7°.




200
H. Neumann et aj

carbon fiber
mirror

rodial

focal plane electron

_—

segmented target beam

mwwnawoswn”““w Hms oM.m segment of the HADES Ring Imaging Cerenkov Counter {RICH):

¢ radiator produce Cerenkov photons, which .

fiber mirror and focused toward radinl) Tocal plose oy i cazbon
. 8 the UV detector. The (radial) focal p]

in the plane s % ; ial) focal plane for parallel rays

n glven by the dashed curve The dotted curve shows 1

: . . the azimuthal focal

M@:M for Cerenkov photons emitted perpendicular to this plane. Tilt angle and position o%.mﬁ

etector are adapted to the shape of the focal area

: ; .
he number of single background fings amounts to ~ 0.5/central collision. Further

rejection methods have ¢ i i i i !
Dality ant o wmm“\m o be applied (see below) since combinatorial background from

results in an opening angle distribution sim;
body doeey At et B g 1on similar to that of the two

Fig. 3. sh
collisions. The two Cerenkov

HADLYS - A High Acceptaiice Diklectron Spectrometer. .. ZUt

Fig. 3. RICH hit pattern for 1 AGeV Au+Au collisions containing one e*e™ pair from w. The
Cerenkov rings produced by the electrons are marked with circles. The clusters originate from
ionisation of charged particles and from Cerenkov light produced in the CaF, window. Single
hits are due to scintillation light and electronic noise.

The first step of the RICH analysis is a transformation of the elliptical images
into circles. Afterwards, a two step ring to center transformation allows an efficient
identification of circles in the presence of background. The rings are subsequently fitted
by a least squares procedure. The track angle is calculated from the ring center. The
efficiency to detect and reconstruct rings from e*e™ pairs of w amounts to 95%.

5. The Magnetic Spectrometer

The required momentum range covers ~ 200 MeV/c to ~ 1.5 GeV/c. For the two
body decay at beam energies of 1-2 AGeV the mean electron momentum varies from
800 MeV /c at a polar angle of 20° to 300 MeV/c at 85°. A mass resolution of the order
of the w-width requires a momentum resolution of Ap/p < 1.5% (o). This specification
can be obtained with a momentum kick of 50 to 100 MeV/c and a spatial resolution of
each module of < 100 pm (o) for the geometry chosen.

The toroidally shaped magnetic field (B,,.=3.8 T) will be generated by 6 supercon-
ducting coils with individual but interconnected vacuum vessels. A slim construction of
each coil unit minimizes solid angle losses. A low-mass design and use of low-Z materials
I8 necessary to minimize secondary particle production.

Tracking is done outside of the torus with mini-drift chambers, two before and two
after the magnetic field region. In order to minimize multiple scattering the volumes in
between the MDCs - in particular the magnetic field region - are filled with Helium.
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The unambiguous reconstruction of tracks by the drift chambers is demanding dye to
the large primary charged particle multiplicity per collision. The multiplicity measureqd

along the polar coordinate and integrated over the perpendicular direction withip one

wire spacing a double hjt probability of less than 0.3 per wire is achieved. The wire tilt
angles in the 6 MDC planes vary from -40° to +40° in 20° steps. The wire positiong
of the 3rd and 4th plane with 0° tijt angle differ by half a pitch. The choice of these *.
tilt angles ensures an optimal polar angle resolution which is most relevant for a good
momentum resolution.

For the reconstructed hitpoints the momentum vector and the vertex of the trajec-
tory are obtained by a global fit. The resulting invariant mass resolution in the plw
region amounts to Jess than 1% (), which is comparable to the intrinsic width of the
« meson (Fig. 5b). For the given field the resolution at large momenta is limited by
the spatial resolution of the tracking detectors whereas at low momenta it is limited

than an order of magnitude as compared to the DLS spectrometer. Within the geo-
metrical acceptance the reconstruction efliciency of e+e- pairs from p/w amounts to

52%, including matching conditions and additional background rejection methods (see
below).

6. 1st and 2nd Level Trigger

A fast trigger is crucial to reduce the interaction rate of 10%/s - the m:nonmo:on
length of the target is 1% - to a tape event rate of 102-103/s. A Multiplicity /Electron
Trigger Array (META) positioned behind the outer MDCs js designed to provide a
first level trigger on centrality of the collisions as well as a second level electron trigger
In conjunction with the RICH. A time of flight wall consisting of scintillator paddles
Measures the charged particle multiplicity. This allows a selection of central events due
to the impact parameter dependence of the particle multiplicity (Fig. 4.) and leads to
a reduction of the Primary event rate to 10%/s. The detector segmentation is chosen to
limit the multiple hit probability to values smaller than 0.2. =

Using the time of flight information (At ~ 400 ps (FWHM)) for polar angles > 45°
a second electron identification is achieved with an efficiency of 96%. At polar angles
< 45% 5 separation of electrons from pions by time of flight is not possible due to
the higher momenta, Here, the electron identification is done with a shower detector
positioned behind the scintillator paddels. This shower detector consists of a stack of
3 gas detectors and (wo Pb-layers (two radiation lengths each) in between. Its single
lepton efficiency ranges from 80% at an electron momentum of 300 MeV/c to about
90% at 700 MeV/c. Misidentification of background by META results in ~ 12 electron:
candidates per collision H
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Fig. 4. Charged particle multiplicity distribution on META for &mm.mmi ms,v.wnp parameters. A
__maamu of central events (b < 2-3fm) by multiplicity reduces the interaction rate by a factor
sele

of 10.

A fast pattern recognition system allows an om::m Em.zamnmios of rings in _&M
RICH. These rings are combined with the .o_mns,o: m_m.zm_m given by EGH> to a ano.m”r
level trigger requiring the  and ¢ correlation om.. physical tracks. Selecting even M wi b
at least two of these candidates reduces the online o<mma H.mao to the mvo<m. men %:m&
tape rate. This second level triggering has to be done é;._:: mvo.i 100 ps In pipe :Mm
steps of 10 us; the data remain in the read-out buffers until the trigger decision is made.

7. Signal and Background

After track reconstruction the remaining background consists of uncorrelated e+ .MEQ
e” tracks originating from Dalitz decay processes (7% — yete v.on mxama.:m_ A.uo:<m_~m_osm
(v — e*e™). These tracks originate most often m.noE a m_Omm pair resulting in _o: y o:wm
RICH ring. Both tracks of the pair are detected in the inner MDCs but mostly o:mmo_
the electrons gets lost by the strong deflection in _U.rm m&.& region. Therefore, a _uouzmﬂ %

rejection method consists in a search for the typical hitpattern of close tracks :.M Qm
inner MDCs, Rejecting close tracks reduces the background by an order of magnitude

in Fig. 5a. o

° ﬁ%w% MWMMHM:MM%%U&WO% nm the reconstructed invariant mass mwmoﬂwcs._z Fig. m.m
are taken from theoretical models[1][2]. The cross mmoawzm are consistent i;v.ox.mxwzx
mental data [9]. For the ¢ meson the cross m.mnamvu 1s estimated based on a Em.r:ﬂ:mpmw
calculation [3]. Above 600 MeV /c? the contributions ww pyw m:m. ¢ clearly &oﬂm_.:w e tl M
Spectrum. Below 500 MeV /c? the dielectron mass region is dominated by com :Eﬁom._m
gorm~occa. Fig.5b shows the reconstructed mcwm:m:m. mass wﬁm.QEB after m:.EHMoSo:
of combinatorial background derived from like sign pairs. Hro.m_.msm_ from Dalitz /m\owwm
of A’ ang 7’s as well as from pn-bremsstrahlung _m‘o_m@l% Sm:u_o. below 500 MeV /c2.
The dotted line shows the residual background resulting from the different spectrometer

acceptance for like and unlike sign pairs.




FAVE
H. Neumann et a)

counts/centrol event /3 5Meve

2l

.z

counts/central event/3.5MeVc

Fig. m.. .Fﬂ:_wi mass spectrum for the main ete— sources for 1 AGeV Au-tAu collisions
(a) M:%Em:& contributions to the total dielectron mass vield. Dalitg mmnm% of  and A pzm
Mmzm._mmmwmmimwr?:m are the main contributing sources below 0.5 GeV/c®. Above 0.5 GeV/c?
o arm_ anmw Hﬁzmu vaz.m ¢ Emmozm. moi.m:m:m mrm spectrum. (b) Same as (a) after subtraction
e g ; o Ezmm from like sign pairs. The remaining background contribution is
eparately (dotted r_mgm:ﬁ:v. Note the different scale for masses >0.6 GeV /c2.

8. Conclusions and Prospects

With a high count rate capability and a high geometrical acceptance HADES is mim

FO .
_ao Bw.mmcnm ete pairs for the heaviest systems at the highest SIS energies. With an
nvartant mass resolution of better than 1%(c) a clear separation of w and ¢ from p
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can be achieved. The reduction of combinatorial background by rejecting close tracks

results in a signal to background ratio of 10:1 in the p/w region.
An additional option is the combination of HADES with the photon spectrometer

TAPS. This would allow direct measurements of Daliiz decays, in particular of the n

meson.
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