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Abstract

We have performed tests of Micromegas detector prototygieg the heavy-ion beams from the SIS synchrotron of GSIrDar
stadt, Germany). The beams varied fré#@%* to 1"°’AuP> and from 250 to 1000 MeV per nucleon. We have tested two amplifi
cation technologies, conventional and resistive Microasegnd two construction concepts, bulk-Micromegas andoatieshes
screwed on the PCB. The obtained position resolution bel@@,2n for 5 mm wide strips implies, that the bulk resistive Mi-
cromegas technology might meet the requirements of thediR3B TPC project. We also developed a fast and very low noise
front-end electronics connected directly to the Printad @i Board (PCB) of the detector itself. This concept hassshvery good
performances and robustness.
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1. Introduction (see Fig. 1) to cover the final-state phase space of both small
and large rigidity fragments. Each module will be composed
Within the international FAIR project, the R3B collabora- of a central, horizontal cathode and two Micromegas detecto

tion (Reaction studies with Radioactive Relativistic bepmill ~ ©ON OPPOsite sides. Utilization of a TPC guarantees minimum
be in charge of the physics program with secondary beams @mount of material on the way of the beam, minimizing multi-
energy between 200 and 1500 MeV per nucleon. Central tgle scattering ﬁects.a}nd para3|t!c mtgractlon with the detector.
the R3B set-up will be a large-aperture superconducting-magThe necessary position resolution aimed at to reconstroet m
net under construction at CEA-Saclay. A European collaborgM€nta at the 16 level anq angles at the reaction point with an
tion has been formed to work on the design of a large time&ccuracy of 1 mr (RMS) is: 200um.
projection chamber (TPC) to be installed behind this matmet
cover the full phase-space of the charged fragments praduce
in the target. Within this collaboration, we have performed
tests of detector prototypes with the heavy-ions beams &t GS
Darmstadt. These prototypes were equipped with a gasecus Mi
cromegas [1] detector. We have tested two amplification-tech
nologies, either conventional or resistive Micromegasda{l
two construction concepts, bulk-Micromegas or micro-nessh Figure 1: Design layout of the future R3B TPC
screwed on the PCB. The resistive Micromegas exhibit a ma-
jor interesting feature for our application: a large traarsal This TPC can be seen as a large dimension gas enclosure
and in-time spread of the heavy-ion signals, making possibl (8 m long and 2.4 m diameter, see Fig. 1) with a thin window
linear amplification and collection of huge signals. as the physics requires a very low opacity to particked %o).

The future R3B TPC will have to provide particle identifica- Moreover, other constraints like maintenance, accegyild
tion and kinematics reconstruction for the detected clthrge  the detectors and to the electronics, modularity (to redoses)
action products. The charge identification has to be dorma fro have to be taken into account for the design of such a large de-
protons (£1) to uraniums (Z92) by integration of the energy vice. To avoid handling large entrance and exit windowsroyri
loss along the track inside the active volume of the detectothe maintenance, we preferred to design a gas enclosure with
On an event by event basis and for each fragment, it will als@ flexible and foldable envelope. In the case of a rigid enclo-
provide the tracking information (position in three dimiems).  sure, sealing around the Micromegas detectors is achieited w
This detector will have a modular design and should be 8 mlongn O-ring that rests on ties. A flexible enclosure made with
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PET allows to withdraw such ties and stays easily collapsibl

It can be folded and stored in the extremities of the encksur
away from the particle tracks. This solution allows alsoée r
duce the risk of leakage since we will use very few seals (only
at both ends). Moreover designing detection modules uedeal
will make possible to work with cheaper technologies.
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2. Beam tests Figure 3: Response of three 5 mm wide strips in resistiveaaaigchnology.

For the beam tests we have built six small prototypes of rig 3 shows the response of three neighbouring strips in re-
TPCs in order to test their tracking performance. All proto-g;gtive readout technology. The similarity of the left afght
types consisted of plastic boxes with thin entrance anderit  peighhours indicates that the track was crossing the chambe
dows. Four chambers were equipped with 48 “narrow” stripSgyactly above the middle of the central strip. The resporise o
40 (length)x 0.835 (width) mnf and 65um spacing. Three s strip is very sharp while the responses of the neigleare
of these prototypes were equipped with standard reados} pady,,ch proader and much smaller (note thadent scales). The
for measurement of the direct charge deposit, and one of theﬁ}nplitudes of the neighbours amount to about 2% of the ampli-
was built utilizing the new resistive Micromegas technola§ e of the middle strip, while their integrals amount to @bo
lowing for charge dispersive readout. The two other chamber) 7o5 This was the reason why we decided to use integrals as
were equipped with 7 “wide” strips of 5 mm width and 160 \\eights to calculate the weighted hit positions in case afich
pitch, both based on the resistive Micromegas technology.  pers with wide resistive pads. Thus, resistive readoutalio

Meshes of Micromegas detector are realized at CERN [3linprove the position resolution, but on the other hand, when
They are made of a 100m copper-plated Kapton foil, with  |5oking at the duration of the neighboring pulsed2 us), this
5 um of copper (see Fig. 2). Spacers of 108 heightrealize 5y pe a limitation in case of a real experiment, in high track
the amplification gap of the Micromegas. density regions. In this case, i.e. in the presence of multi-
hits, the information from neighbouring pads may be ofdittl
value. The gas used for the test beam was P10 (90% argon,
10% methane).

In order to read each channel of the detectors, we developed
a special front-end module called Antioche [4], see Fig.&chE
strip on the mother board of the detector is fed by an Antioche
The size of each module is 22 20 mn¥.

Figure 2: A picture of 10@um gap mesh.

Another way to make a Micromegas detector is to realize a
“bulk”. In this case the mesh can be seen as additional layers
of the PCB. It is obtained by lamination of a woven grid on an
anode with a photo-imageable film. Itis a ready-to-use swiut
with no frame anymore and no mounting operations required.
Moreover, this technology allows to produce meshes of large Figure 4: Antioche preamplifier card.
area. This will be the preferred solution for the final R3B TPC

For the R3B TPC project, and for large detectors in gen- Each Antioche houses a spark protection and a double stage
eral, it is essential to reduce as much as possible the numbef a very fast and low noise voltage preamplifier. The noise
of electronics channels in order to reduce the price, i.eudik  measured at the output of the preamplifier is lower thand00
with strips or pads as wide as possible. In the resistiventeleh RMS. Each channel was read out by a 14 bit 40/8/SADC,
ogy, by adding a resistive foil on the strips, we can spread thwhich allowed to store the whole waveforms for th@&-line
charge over several strips which improves the reconstmicti analysis. The mother board houses the strips of the detector
of the track position. The signal on the neighbouring stigps power supplies and the preamplifier cards, thus the elettric
larger due to the RC dispersion. Furthermore, such a spsead architecture is simple and at the end leads to a very low noise
favourable, in principle, to reduce the probability of diacge  in running conditions. It is important to notice that thesend
on the micro-mesh. crosstalk between channels on the Printed Circuit. Figovsh




an example waveform provided by the Antioche preamplifier.

The pulse consists of a fast10 ns wide) and a slow~80 ns 12001
wide) component. Unfortunately, such fine structures caold L €835 —
be viewed using 40 MS digitizers. 1000
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Figure 7: Event display with a reconstructed track. The bgaes from bottom
to top.C andRlabel the Classical and Resistive readout chambers, rasggc

Figure 5: Micromegas signal readout by Antioche after 20 ax@ cable. L o
Small misalignments of individual chambers have been cor-

rected df-line using a double least square approach. One least
square allowed to get the optimal parameters of each inavid
3. Results track, while the other was applied to obtain thisets mini-
mizing the sums of squared distances between the hit positio
The beam test of April 2009 was carried out in the test area o&ind the track for each chamber, using the whole statisties. T
Cave C at GSI-Darmstadt. The setup is presented in Fig. 6. Sixack parameters were obtained from the other chambers, ex-
prototype chambers were placed between two pairs of daintil cluding the one of interest. This routine reduced to sohdng
tors (paddles of 1& 10 cn? active areas or “fingers”: 10 cm  set of six linear equations with the constraint that two @ th
long and 1x 1 cn? wide), which were used to provide the chambers have fixed positions. Thésets thus obtained were
DACQ trigger. The beam wasu®®" (not fully stripped) at smaller than 2.3 mm. Fig. 8 shows the distribution of residu-
250 MeV per nucleon. als (distances between the estimated hit position and thd fit
track) before and after the software alignment.
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Figure 8: Distribution of residuals before and after sofevalignment.

Figure 6: View of the test setup. Projectiles come out of tharb pipe visible The residuals showed also some systematic dependence
at the top right corner, behind the scintillator cross. along the pad plane (see Fig. 9 - left panel). We have codecte
for these &fsets using similar method as described in [5]. The

Fig. 7 shows an event display with a reconstructed track imight panel of Fig. 9 shows the remaining bias after coroecti

the frame where represents the beam directionjs the pad  The distortions were found to increase with the HV applied to

tracking direction ang (not shown) is the drift direction. The the mesh and might be possibly related to the lack of the field

gray boxes represent the active strips (pads), while thersup  collimator.

posed histograms (“hits”) represent the amplitudes (forava Fig. 10 shows the pad response functions, PRF, for individ-

strips) or integrals (for wide strips) of the registeredisean  ual strips of three chambers. The plots represent relatndia

particular, the chamber (pad row) marked with “R 835" showstudes of individual strips as a function of their distancesf

the dfect of resistive readout, causing a wider range of strips tahe track. The PRFs for the 838n strip standard readout

respond to the passing projectile. For the standard reathisit chamber (top) are narrower than those of resistive Micraseg

range is limited by the width of the electron cloud. The drift chambers. In the case of narrow strip chambers one can ob-

distance was typically about 4-5 cm. serve the evolution from symmetric shapes in the middle to
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Figure 9: Pad response corrections.

more asymmetric ones further away from the center (edge ef-

fects responsible for the deviations from Fig. 9). Singhgpst

hits are excluded from the plot. Note that the PRFs widen as

including the chamber of interest in the track fit are ovérest
mated due to autocorrelations, and those obtained by exclud
ing it are underestimated. A compromise proposed by [6, 7]
is a geometric-mean recipe. Resolutions obtained this wety a
\VTinoex = 105£6 um for a narrow strip chamber with classical
readout, and 1897 um for a wide strip chamber and resistive
readout. Hereagj, andoex are obtained by computing the track
resolution by including, respectively excluding the chamabf
interest from the track fit. More representative and medning
are resolutions obtained for the whole chamber, i.e. inolyd
all strips:
CHAMBER | +0in0ex

835um Standard 159+3 um

835um Resistive| 154+3 um
5000um Resistive| 1805 um

the HV is increased in the mesh, which is linked to an increase The results demonstrate that, using wider pads with resisti

of the average multiplicity of fired pads.
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Figure 10: Pad response functions for individual stripsasfow strip classical
(top), narrow strip resistive (middle) and wide strip réges(bottom) chambers.

readout, one can still measure positions with a resolution-c
parable to that obtained using 5 times narrower strips aamsd cl
sical readout. Another interesting observation is thasties
readout applied to narrow strips does not significantly iorpr

the resolution. Notice that these results agree well wigvipr

ous measurements on conventional MicroMegas we performed
with a'?C at 1 GeV per nucleon and wiffiNi?®* at 600 MeV

per nucleon, i.e. with smaller primary ionisation signals.

4. Conclusion

It appears after our beam tests that a TPC equipped with a
Micromegas detector could be the answer for tracking and par
ticle identification in heavy-ion collisions. As a matterfatt
taking into account the transport properties of the magnét a
the multiple scattering from the target point to the detedt®
position reconstruction in this TPC has to be performed waith
resolution of 20Qum. With strips of 5 mm width we obtained

In order to measure the position resolution of the chambera space resolution of better than 20®. Moreover, this test
we have selected a set of tracks with a drift distance of abouwvas performed successfully with a particle flux which is much

5+0.5 cm and with small angle® (< 0.7°). Fig. 11 shows
the single-strip resolutions, i.e. the resolutions for keced
strip with maximum statistics, provided that this strip tthd
maximum amplitude.
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Figure 11: Single strip resolution for narrow strip stambezadout chamber
(top) and wide strip resistive readout chamber (bottom)t &ed right panels
show the results farri, andoex (See text).

higher than that we will have in the final detector, where the
track density will be rather low, what permits the use of eath
wide pads.

The new resistive Micromegas technology seems to fit very
well in our application allowing the reduction of the numioér
electronics channels which is very important for such a leig d
tector. Nevertheless beam tests have to be performed irefutu
for testing the energy resolution, position resolution &sre-
tion of the drift length and mainly the charge resolutiontie t
real experiment with the target. Furthermore, in order tluoe
as much as possible the number of channels in the final detecto
we will have to test 10 mm and 20 mm wide pads.
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