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Abstract

The electromagnetic calorimeter of the HERA-B experiment employs the ‘‘shashlik’’ technology of sampled
scintillator/tungsten(lead) sandwiches readout by photomultipliers. In this paper, we present a general overview of the

system and the present results on energy and spatial resolution. The performances of the fast electron pre-trigger system
are quoted as well. # 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

HERA-B [1] is a fixed target experiment formed
by a large acceptance forward spectrometer work-
ing on the HERA machine at the DESY labora-
tory. The aim of this detector is to study many hot
topics of B physics, like CP violation in the
‘‘golden’’ decay B ! J=cK0

S, b lifetimes, B0
s � %B

0

s

mixing. The electromagnetic (em) calorimeter
(ECAL) of this experiment has the main purposes
to provide electron candidates to the First Level

Trigger (FLT) [2] system and to perform pion/
electron identification.

ECAL can be considered as an important and
challenging detector in the high energy physics
calorimetry for several reasons. First of all the
request of the HERA-B experiment are quite
demanding especially for granularity (flux of
particles close to the interaction vertex
� 30MHz=r2, being r the distance from the beam
line in cm) and radiation hardness (annual dose
� 5Mrad at ECAL shower-max position).

As a second point, it has to be mentioned that
the requests to the ECAL readout [3] and pre-
trigger [4] electronics are quite demanding too,
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these systems being asked to work at the HERA
machine clock frequency (BX) of 10:4MHz. The
sensitivity of the readout Analog to Digital
Converters (ADC) is 50 fC/ADC count and the
ECAL pre-trigger system processes the candidates
for the FLT with a latency of 2 ms (20 BX).

Finally, it is worth mentioning that the future
LHCb experiment at CERN [5] plans to adopt an
ECAL that both in the detector design and in the
Level 0 trigger [6] requests is similar to theHERA-B
one. As a direct consequence the HERA-B ECAL
is already giving valuable inputs for future
developments in calorimetry.

In Section 2, we present an overview of the
ECAL system in the HERA-B Data Acquisition
(DAQ) scheme, while in Section 3 the measured
performances of the system are quoted.

2. ECAL system overview

The HERA-B ECAL [1] is built as a matrix of
5956 ‘‘shashlik’’ [7]-type calorimeter cells placed at
about 1350 cm from the interaction target. The
cells are squares having different side sizes in order
to match the granularity requirements. This leads
to identify three different regions: Inner, Middle
and Outer. The main parameters of the calori-
meter are summarized in Table 1. In Fig. 1 is
shown a block scheme presenting an overview of
the ECAL DAQ scheme; in the remaining part of

this section we will refer to this picture for the
ECAL system overview.

The HERA-B experiment is foreseen to handle
up to four proton–nucleon interactions per BX,
and as a consequence an interaction rate up to
40MHz. A photon/electron having energy E
releases an energy E 0 in the calorimeter towers.
Typically, an em shower develops in a 3� 3 matrix
of readout cells. The energy E0 produces a
scintillation light L that is transformed in an
electrical current i by the photomultiplier (PMT)
readout tubes. In front of each calorimeter cell a
Light Emitting Diode (LED) has been placed that,
properly pulsed, injects a fixed amount of light in
the optical fibers of a readout cell and allows to
test the readout cell stability of response with time.

The produced electrical signal travels in 40m
long coaxial cables and is fed into the input
channel of a readout board. The initial energy E is
proportional to the charge q of the signal. The
electrical current is shaped by means of a polo-
zero compensation (to recover coaxial cable losses)
and of a fast charge integrator (60 ns of integration
time, 36 ns for capacitor discharge) and is con-
verted to a digital information by a 12-bit ADC
sampling at the HERA clock frequency. The
converted signals are stored in logic pipelines
having 128 BX depth.

An absolute energy value by means of look up
tables (LUT) is obtained from the converted
signals: the 12-bit original data is compressed in
7-bit and 1 further bit is used to flag a single cell

Table 1

Parameters of the HERA-B calorimeter

Inner section Middle section Outer section

Outer size 156 cm�89 cm 446 cm�245 cm 624 cm�468 cm

Type Shashlik Shashlik Shashlik

Number of channels 2100 2128 1728

Number of cells per module 25 4 1

Absorber Tungsten Lead Lead

Volume ratio Absorb : Sc=2 : 1 Pb : Sc=3 : 6 Pb : Sc=3 : 6

Moliere radius 1.42 cm 4.15 cm 4.15 cm

Cell size 2.24 cm�2.24 cm 5.59 cm�5.59 cm 11.18 cm�11.18 cm

Depth 13 cm (23X0) 34 cm (20X0) 34 cm (20X0)

WLS fiber type Kuraray Y-11 BCF-91a BCF-91a

PM type HAM R5600+FEU-68 FEU-84-3 FEU-84-3
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energy release above a preset position dependent
threshold. This 8-bit information for each readout
channel is delivered via twisted pair cables to the
corresponding channel of a pre-trigger board at a
rate of 10 Mbyte/s per channel (600Gbit/s for the
whole calorimeter). The pre-trigger card performs
an evaluation of all the relevant quantities for the
FLT based on a 3� 3 matrix of ECAL cells. The
calculated quantities are the total energy of an em
cluster and the center of gravity of the em cluster
corrected for the detector cell lateral non-unifor-
mity of response. In order to improve the efficiency
of the ECAL pre-trigger the logic implemented on
the boards is also capable to perform a recovery of
the energy radiated by bremsstrahlung by an
electron before the kick of the HERA-B magnet
(see sketch in Fig. 1). A cut depending on the
spatial position is then applied on the total energy
and the remaining em clusters are the candidates
for the FLT. The results of the calculation for

these clusters is coded in 80-bit messages that are
transmitted into the FLT processing units.

The candidates are processed by the FLT logic
by means of a back tracking toward the interac-
tion vertex using four layers of the HERA-B
tracking system placed downstream the magnet.
The algorithm used is a Kalman filter [8] based
one. The maximal FLT output rate is 50 kHz and
the triggers are distributed to all the detectors by
the HERA-B timing system.

The triggered events are extracted by the read-
out pipelines and fed into the Second Level
Processors (SLP) farm; this farm is formed by
SHARC [9] DSP processors (40 for ECAL) and a
farm of 100 CPU (Intel PentiumIII/500MHz).Test
pulses at low rate (50Hz) are mixed to the
triggered events for slow control monitor of the
detectors.

The events passing the Second Level Trigger
(SLT) cuts performed in the SLP farm are

Fig. 1. Block scheme of the ECAL DAQ system with description of the main hardware components. For a description of the relevant

symbols refer to the text.

G. Avoni et al. / Nuclear Instruments and Methods in Physics Research A 461 (2001) 332–336334



completely reconstructed in the 4th Level Trigger
(4LT) farm (90 CPUs Intel PentiumIII/500MHz)
and then stored on disk.

A special on-line calibration and monitor node
is foreseen for the ECAL data flow in the SLP
farm. In this node physical quantities related to
ECAL are monitored such as cell occupancies,
pedestal values, readout channels status; an on-
line calibration using p0 signals is also performed
[10] at this level.

A further monitor and data quality control on
ECAL performances on completely reconstructed
events is performed at the 4LT farm.

The ECAL pre-trigger cards provide the input
to another slow control monitor on occupancies,
momentum distributions and boards status via
their VME interface.

3. Performances

The commissioning of the whole ECAL with the
associated readout and pre-trigger system has been
completed in the year 2000.

The techniques to calibrate ECAL in stand
alone mode are reported in Refs. [10,11].By means
of these techniques it has been possible to calibrate
all the ECAL channels, reaching a 2% precision in
the zones where a suitable statistics was available
and the electron background by gammas conver-
sions was tolerable, and anyway best of the 10% in
the remaining parts.The calibration has proven to
be stable at 2% level over a typical period of one
month by monitoring the reconstructed p0 and Z
particles mass peak positions, or, independently,
the peak positions of the LED amplitudes.

In Table 2 are reported the measured quantities
for the energy and spatial resolution in the Inner
section and their comparison with the design
values [1]. The analysis has been performed on a
sample of reconstructed p0 signals in the Inner
section by means of a fit using the em clusters
position and energy measured by ECAL and the
p0 mass as constraint; the obtained values are close
to the design ones [1].

The ECAL pre-trigger system run in a stable
way since the beginning of the year 2000 providing
the main source of J/c trigger to the experiment.

The efficiency of the pre-trigger system has been
measured as well, by comparing the cluster energy
and position evaluated by the pre-trigger with the
ones reconstructed offline. For this purpose data
were taken in special single cluster trigger runs
where the ECAL pre-trigger information was or-ed
to the SLT one. We measured an intrinsic pre-
trigger efficiency on single cluster of about 97%.
The FLT measured spatial resolution in the
bending plane is 0.36 cm, slightly worse than the one
quoted for the offline reconstruction in Table 2,
but still well below the design requirements. This
worsening is due mainly to a FLT computational
effect.

4. Conclusions

The HERA-B ECAL installation and commis-
sioning has been completed. The performances of
the detector and of its pre-trigger system are close
to the design ones. A further improvement of the
performances is expected during the HERA
machine luminosity upgrade.
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Measured energy and spatial resolution for the ECAL Inner
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requested by the FLT

Inner section Inner section

design values

Energy resolution 22:5%
ffiffiffi

E
p � 1:7% 17%

ffiffiffi

E
p � 1:6%

Spatial resolution (cm) 0.2 0.6
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