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1. Introduction

The next big project in particle physics after the LHC is supposed to be the International
Linear Collider (ILC). Besides the work on the accelerator, research and design program on four
different detector conceptsis ongoing.

The FLC-TPC group a DESY is involved in various topics of the R&D work for the
Large Detector Concept (LDC) [1]. This concept includes a Time Projection Chamber (TPC) as
the main particle tracker. The work in the group includes testing and studies of gas amplification
gructures like Gas Electron Multipliers (GEM), the construction of prototypes for the TPC field
cage, the development of recongtruction and analysis software aswel asthe congtruction and ted-
ing of the read-out eectronics.

A TPC consgsof alarge cylindrical gas volume, immersed in ahomogenous eectric field
generated by gpplying a high voltage between the cathode and the anode. A charged particle trav-
ersing the TPC gas volume ionizesthe gas and liberates electron-ion pairs. Under the action of the
homogeneous electric field the eectrons drift toward the anode, where atwo dimensional readout
is built. These electrons are then amplified using a Micro Pattern Gaseous Detector (MPGD), for
example Gas Electron Multipliers (GEM).

On the way to ILC TPC the Large Prototype TPC (LP TPC) is being built in the frame-
work of the EUDET project [2]. Also within this project, anew TPC readout dectronics based on
aTime-to-Digital Converter (TDC) is being designed. In order to perform gand-alonetestsof this
readout eectronics, a ample GEM detector — UNIMOCS [3] has been prepared. During the
preparaion of the UNIMOCS detector, tests with the existing eectronics were performed, which
arethe subject of this paper.



2. UNIMOCS
The detector has amodular

design and dlowsto tes different
components/configurations. In
the current configuration the de-
tector hasthe following festures

v/ drift length3cm

v'no fied cage

v triple GEM sgtup :

v pac-plane with 112 pads Figure 1. The UNIMOCS detector

of 5ze254mmx 14 mm
The absence of the field cage smplifies the design, but introduces dectric field inhomogeneities.
For the drift length of 3 cm these inhomogeneities are of no great importance. Other operaing
parangters cahode voltage: 3kV, gas Ar (93%) CH, (5%) CO,(2%).
The measurement of the Z-coordinate is performed by the measurement of the drift time of
the dectronsfrom primary ionization inthe gas
Z=Vyit ™ Ti ,

whereV 4t isthe drift velocity of the eectrons from primary ionization in the gas, Tyt iSthe drift
time of the electrons. The drift time is defined asatime interval between an externd trigger signal
and the time of arrival of the eectrons of the primary ionization at the pad-plane. With Vi =
3.5cm/us[4], the maximal drift time Tgi (max) is0.9us

3. Readout dectronicsbased on TDC
In order to performthetests 6 ASDQ
boards (see Fgure 2) were inddled a the
UNIMOCS. A sngle ASDQ board com-
prises 16 channdls of amplifier, shgper and
discriminator. The discriminator of the
ASDQ works as charge-to-time converter.
For more detalls on the ASDQ e [5] and
links herein.
With the help of arecalver (see later)
dgnas from ASDQ boards are trandated
into ECL level sgnasrequired by the TDC.

Figure 2. 16 channd Front-End Electronics
board based on ADQ
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Digitization of the signas in time is done with the help of a commercia 128 channel multi-hit
VME TDC v767. This TDC has 0.78 nstime bin size and 800 ps time measurement range. An
event buffer of 256 cells alows multiple signals to be recorded for every channdl. Both the front
and the rear edge of the Sgnal on the input of the TDC are recorded, thus making it possible to
recondruct the pulse width of signals from the ASDQ.

The multi-purpose TDC dlows data readout in different modes, for example using an ex-
terna trigger Sgnd (trigger mode) or data-driven readout (continuous gorage mode) [6], [7]. Daa
gored in the buffer of the TDC are trandferred to a VME CPU, which runs under the Real-Time
OSLynx.

4. Teg of the TPC readout dectronics
4.1. Teg of thedata acquigtion sysem

Before the test of the TDC-based readout dectronics, the data acquisition system has been
tesed with a pulse generator (see Figure 3). A single channdl of an ASDQ board was connected
to the pulse generator via a charge injector. A voltage step from the pulse generator is converted
tocharge (Q=C*U). Inthistes the dgnas from the ASDQ output were recorded with the help
of adigital oscilloscope. The trigger signal from the pulse generator waas used as atrigger signal
for the TDC. An ASDQ Service Module (ASDQsm) provides power (£3V) for the ASDQ
boards and trandates the trigger sgnd level to the one required by the TDC.
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Figure 3. Test of the data acquistion sygemwith a pulse generator
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Using the VME access library a smple program of was written. The program reads data
fromthe TDC (front and rear edges), correctly recongtructsthe pulse width and displaysthe result
on screen. It was found thet the pulse width isin agreement with the one measured by the oscillo-

soope.

42.1. Tes of TPC readout dectronicswith the UNIM OCS detector.

In this test the UNIMOCS is used on a cosmic ray setup: two scintillation counters were
indalled below and above the detector. The high voltage of the counters was stup in such away,
that the counting rates were gpproximately equa. The coincidence signa from both counters is
the trigger Sgndl for the data acquisition sysem. The high voltage of the GEM’ s resgtor divider
[3] was st to 2560V. The cathode voltage was 3000V. The threshold on the ASDQ boards was
= t00.27V.

A new data acquistion program was written. The program sets up the parameters of the
TDC (reset, mode of operdtion, readout of front & rear edges, disable noisy channels (64, 79, 80,
95)), reads out dataand writesit to afile Together with the data, the trigger Sgndl is digitized by
the TDC and writtento the samefile.

A ready-mede event digplay program [4] is used to digplay data from the file, see example
of an event on Figure 4. The program shows hits' (black dots) and thetrigger signal (red bars).

Upper
Pad-plane Scintillator

Y,cm

UNIMOCS

45 40 5 0 5 10 15

Lower
Scintillator

Figure4. Exanmple of a cosmicray event

! A sngetimerecord from achannd iscaled ahit. Only front edgesare considered.,
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During datataking (4 days), the operaion of the GEM setup was found to be stable enough - 7
trips of the GEM voltage were observed. A full track recongtruction will be done on the next sage
of thetes [3].

In addition, an increased number of noise signals was observed on the Side columns (outer
pads on the left and right) of the pad-plane, Figure 4. This fact is taken into account in the new
design (“Barcelona’) of the pad-plane.

4.2.2. Tes of asoftware selection of track-candidates(trigger lessdata readout)

A new method of data readout was tested. This time, the TDC mode was st to “continu-
ous gorage’, where the readout is initiated by the incoming dataitself and not by the coincidence
sgna from counters. The coincidence signal from the countersis il recorded and can beused in
adata analyss, if desred. In this mode the definition of event logt its old meaning. Continuous
data gream from the detector contains informeation on tracks having passed both counters (and
therefore a data record on coincidence Sgndl is present inthe TDC data stream) and those which
did not crossthe counters. Thustrack-candidetes have to be chosen in software.

A section agorithm has been developed and the event display program was modified.
The dgorithmworksin the following way:

v" The fird hit is used to st a search window in time. The time window equals the
maximal drift time (0.9u9)
v All following hits form a“track-candidate’ .
Two sdlected track-candidates are shown on Figure 5a and 5b. The full dataset contains many
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Figure 5a. Example of a track-candidate Figure 5b. Example of a track-candidate which did
which passthe counters not pass the counters
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noisy track-candidates. Good tracks can be selected with the help of a track recongtruction pro-
gram. The track-candidate on Figure 5a has if arecords on coincidence sgnd (indicated by black
color of the counters), but one can see that the track would cross both counters. This can be be-
cause of an inefficiency of the coincidence unit circuit. The track-candidate on Figure 5b does not
cross both counters and would be missed in the case if TPC readout dectronicswork inthetrigger
mode. However, Snce time informetion from the coincidence sgnd is missing, absolute meas-
urement of the arrival time (and S0 z-coordinate) is not available. Therefore, in the continuous
gorage mode of the TDC-based readout ectronics, one can collect alarger number of tracks.

5. Concluson

Tedsof the readout ectronics were performed with the UNIMOCS detector. A good per-
formance of the UNIMOCS GEM sstup was observed: within 4 days of operation only 7 trips of
the GEM voltage occurred. A new data acquigition program was used and an advanced method
of datareadout wastesed. Complete dataanadysswill be done later [3].

Ore of the improvements of the method of track-candidate sdection can require the mini-
mum number of hits equal 4, in order to diminish the influence of noise and speed up the recon-
gruction of good track-candidates. Complementary, in the new design of the pad-plane additional
dummy pads on the outer edges have been implemented. In future, new TPC readout electronics
(under development) will be tested again with the UNIMOCS detector.
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