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ABSTRACT. New facilities like FAIR at GSI or SPIRAL2 at GANIL, will praide radioactive ion
beams at low energies (less than 10 MeV/n). Such beams haeealjg a large emittance, which
requires the use of beam tracking detectors to reconstiaogxact trajectories of the nuclei. To
avoid the angular and energy straggling that classical liesoking detectors would generate in the
beam due to their thickness, we propose the use of SED (SagoBtbctron Detectors). It consists
of a low pressure gaseous detector placed outside the beapfedato an emissive foil in the
beam. Since 2008, different low pressure gaseous detduetiveschambers and micromegas) have
been constructed and tested. The performances achieudble pressure are similar to or even
better than the ones at atmospheric pressure. The fastecbaligction leads to excellent timing
properties as well as high counting rate capabilities. dwaicromegas at low pressure were
tested in the laboratory demonstrating a good time reswiptl 30+ 30 ps, which is compatible
with the results obtained with wire chambers.

KEYWORDS. Micropattern gaseous detectors (MSGC, GEM, THGEM, RETNGEHSP, MI-
CROPIC, MICROMEGAS, InGrid, etc); Particle tracking ddtes (Gaseous detectors)
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1 Introduction

FAIR at GSI (Darmstadt, Germany) and SPIRALZ2 at GANIL (Cdemnce) are new accelerators
in construction. These new facilities will be able to proglutdgh intensity, up to 1pps/cnt,
and low energy, less than 10 MeV/n, Radioactive lon BeamBgRI Due to the characteristics
of these ions beams, they normally have large emittances necessary to use Beam Tracking
Detectors (BTD) to reconstruct the exact trajectories afeiun order to know for example, the
kinematics of the nuclear reactions and to study the streiatiexotic nuclei. BTD that are cur-
rently used in GANIL, such as CATS (Chambre a Trajectoir&delay) [L] are not suitable for the
new RIBs because of their thickness §00ug/cn?). They induce too much energy and angular
straggling on low energy beams. With the aim of minimizing thaterial thickness in the beam
and to improve the counting rate capabilities of BTD, a stbhdged on SED (Secondary Electron
Detectors) 2], was initiated by IRFU (CEA-Saclay}]. It consists of a thin foil £ 180ug/cn? at
45°) of aluminized mylar in the beam coupled to a low pressuregas detector outside the beam.

Since 2008, different prototypes of low pressure gaseotesties (wire chambers and for the
first time, one micromegas at low pressure) have been catetiand tested in the laboratoi§] [
with a fission fragment sourcé>Cf). These prototypes were tested in the be&dr(-1°ion beam
at 1.7 MeV/n) at GANIL in 20104]. The results obtained in terms of time and spatial resofuti
and counting rate capabilities were promising of coursettierwire chambers but also for the
micromegas at low pressure. Following these promisingteesand having in mind the objective of
reaching a counting rate of 4pps without degrading the good time resolution obtainedipusly
in the beam (17530 ps), we have decided to perform a complete study usingrdiift geometries
for the micromegas at low pressure. Several micromegasdiffdirent amplification gaps have
been constructed.

In this article, the different micromegas prototypes arsecdbed and the set-up used for time
resolution measurements in the laboratory is presenteaddition, we show the study performed
in terms of gain capabilities and time resolution dependinghe geometry of the micromegas.
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Figure 1. Schematic of the SED principle.

2 SED principle

The principle of operation of the Secondary Electron Detesctt low pressure is described in
details in P] and shown on figurd. A thin emissive foil, made out of 0@m thick aluminized
mylar is placed in the beam at 4@ith respect to the beam line. A voltage ofL0KkV is applied
on it and a grounded grid is positioned at 10 mm from the foiheWthe beam passes through the
emissive foil some electrons are ejected from the surfadkeofoil. Typically, fission fragments
at 1 MeV/n will create 100 to 200 secondary electrons. Thaokke electric field resulting from
the high voltage applied on the foil, these electrons arelacated, with a mean energy of 10 keV,
towards the entrance window of the SED. This detector iseplanutside the beam at several
centimeters from the emissive foil. Due to the distance betwthe emissive foil and the SED, a
magnetic field is necessary if a good spatial resolutiondgsired. The secondary electrons ($e
have a transverse velocity component leading to deviatidrseveral millimeters between their
emission point on the emissive foil and the entrance windidiveodetector. Thanks to the magnetic
field, they travel in spirals and get focusé]. [After crossing the entrance window of the detector
with 70% efficiency, they ionize the gas. The gas usually agéalwv pressure is pure isobutane for
its low ionization energy and its high quenching power. Thergy deposit per electron is about
100eV in 2mm of isobutane at 4torr which gives around 4 idivpaelectrons per secondary
electron. The ionization electrons are then multiplied hyasalanche process generally in wire
chambers. The signal generated is fast since the electiforalocity is higher than 10 crpfs for

an electric field higher than 1 kV/cm.

3 Themicromegas prototype

Micromegas detectors have been invented in 1996 and themoavewidely used in particle or
nuclear physicsqg, 7]. The advantages compared to wire chambers have been deatedseveral
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Figure 2. Schematic of the micromegas detector.

times but more at normal pressure than at low pressure. Thmogel of this study is to check
the functioning of this detector at low pressure (severd) tand to compare its performances to
classical wire chambers. Wire chambers are known to wornkwell at low pressured].

Micromegas detectors are composed of two zones separatadriigromesh, a drift gap of
several millimeters with a weak electric field and an amiiimn gap of several tens of microns
with a strong electric field. When a charged particle passesigh the gaseous detector, ionization
electrons are created mainly in the drift gap. They driftdodé the micromesh, and are transferred
to the amplification gap where they get multiplied by an avelfee process. A signal can thus be
observed either on the micromesh or on some strips facingntsh on the opposite side of the
amplification gap. However, the working points are différanlow pressure.

The reduced critical electric fiele,/P in V-cm~-torr—! is a characteristic value of the gas
at which an avalanche begins (between 40 and -@@W*-torr—* for most gases)d]. A field of
only 400 V/cm is enough to initiate the avalanche processlatvgoressure of 4torr. It is easy
for example to induce amplification in the drift gap. Howewlre mean free path of the ion-
ization electrons under the electric field is high at low ptee (up to several tens of microns).
The amplification gaps of 1Q0m usually used in micromegas detectors are hence too small to
get enough signal. There are then two ways to do amplificatfing a micromegas detector at
these pressures. It is possible either to use a large arafilificgap L0] (more than 500 microns)
or to do a pre-amplification in the drift gap keeping a smallphfication gap. The first solu-
tion is preferable to keep high count-rate capabilitiesiboteans the amplification gap has to be
increased.

Three new prototypes of micromegas detectors have beeltrectesl, one with a 128m
thick amplification gap, one with 256n and the last detector with 512n (see figure2). All of
them consist of a 1D strip plane of2Z mm strip pitch and 4 4 cn? area on which some pil-
lars are deposited by a bulk procedd][ The size of the amplification gap is changed thanks
to the numbers of photoresist layers laminated onto the sglane. A Sum thick nickel mi-
cromesh is then deposited on the pillars. The drift gap.3s7#m high, minus the amplification
gap. The entry mylar foil of @um thickness is also the drift electrode. The homogeneity of
the drift gap is ensured by putting a strong back on the emiiitd avoid any deformation due
to the gas pressure. These detectors have been tested sndksignal amplitude and also time
resolution.
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Figure 3. Experimental set-up for the time resolution measuremaritee laboratory.

4  Timeresolution measurements

The time resolution is an important issue for these detectbhis measurement is generally per-
formed using &°°Cf source. The figur@ shows the experimental set up used in the laboratory to
measure the time resolution. The source is placedairdm a square emissive foil (070 mn?)
polarized at-10 kV with a grounded extraction grid on each side. Thesesgard used to extract
the secondary electrons created by the fission fragmentaldwto give them enough energy to
pass the entry foil of the SED. A silicon detector is placedramt of the source on the other
side from the emissive foil. It is used to trigger the acdigai system on the fission fragments,
preferentially on the light fission fragments since theytaeefastest. The micromegas detectors
have been tested one by one in front of the emissive foil iridheard direction of the fission frag-
ments (on the silicon detector side). A second detectdnged second low pressure detector or a
fast plastic scintillator equipped with a photomultip)iés placed in front of the emissive foil but
backward in order to have three detectors in the system. ddugisition system consists mainly of
a matacq cardl]2] permitting to register the signal of each detector. Thdyaimis done off-line

by applying a software CFD (Constant Fraction Discrimingato the signals to get the start time
of each detectord]. The detector to be tested is connected to a fast amplifir {ime below 2 ns
and amplification factor of 200). The mean amplitudes thahasee measured with the different
micromegas detectors were usually higher than 200 mV withigerof about 20 mV peak to peak,
a mean total rise time below 10 ns and an overall time lengt®0afs. The time difference dis-
tributions of each couple of detectors permit to estimagetitne resolution of the three detectors.
When the fast plastic scintillator is used and since it hasma tesolution close to 30 ps, the time
difference between the plastic scintillator and the fodhBED detector gives directly the time res-
olution of the forward detector. Although this method gieesupper limit of the time resolution of
the micromegas detector, it is independent of the velodgiridution of the fission fragments and
is more accurate with low error bars.
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Figure 4. Mean amplitude of the signals at 4 torr for the three prgiesnersus the electric field in the drift
gap for different amplification voltages.

The figure4 shows the mean amplitude signals at 4 torr of the three miegas detectors
versus the electric field in the drift gap for different vglés in the amplification gap. The first
conclusion is the very good signal over noise ratio of theramtegas compared to a classical wire
chamber used as SED or to the previous micromegas we hazke:f]. The mean amplitude can
go up to 2500 mV at 200 V/mm, which is at least a factor of 10 éighan with a wire chamber in
the same conditions (same pressure and maximum voltagoutd permit to lower the threshold
of detection and to improve the detection efficiency of bywarticles passing through the emissive
foil. The use of the entry foil as the drift electrode permdgather much more of the secondary
electrons and hence to improve the signal amplitude. Thisdiglso shows that the signal increases
with the size of the amplification gap, although the amplifaraelectric field decreases. Since the
townsend coefficientd) gets saturated at high electric field and low press8felie gain is more
important only thanks to the increase of the gap. It confilnas dur detector works correctly in
micromegas mode at low pressure. The fact that the signalitanig remains the same for two
different amplification voltages in the micromegas with #um amplification gap, is another
indication of the saturation afi. It is not the case for the detector with the 3i# gap where
the amplification electric field becomes smaller @anik not constant anymore. Unfortunately, it
was not possible to increase the amplification voltage whiecasing the amplification gap. The
sparking limit was the same (arourdlO0 V) whatever was the amplification gap but this problem
is not fully understood yet.

The figure5 shows the time resolution at 4 torr of the three micromegé#sctlas versus the
electric field in the drift gap for different voltages in theaglification gap. The resolution has been
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Figure 5. Time resolution at 4torr for the three prototypes versusadtectric field in the drift gap for
different amplification voltages.

improved largely compared to the last pap@rfith a result close to 130 ps. We are approaching
the time resolution of our wire chambers which is about 12@{p200 V/mm (electric field far
from the wires in the so-called PPAC region). Thanks to the design, the amplification and
the drift gaps are more homogeneous in thickness. The féa\ve increased the signal amplitude
is also responsible for this time resolution improvemertie Error bars quoted in the case of the
detector having a 532m amplification gap, are smaller since the plastic scimdiflavas used for
these measurements. This figure seems to indicate thatrtbadsolution does not depend on the
amplification gap but more on the drift field, like in a parbfiate chamber. The time resolution
is hence more influenced by the electrons created in the ghjft A high drift field and as a
consequence a pre-amplification in the drift gap is necgs$sayet a good time resolution. The fast
amplifier permits to follow the time evolution of the sign@ince the ionization electrons have been
created mainly in the drift gap, they begin to drift and to bdtiplied. The signal is observed as
soon as the electrons have crossed the micromesh and thadenis high enough to have a good
signal over noise ratio. It means that the beginning of tgaai which corresponds to low CFD
values, is induced by the electrons that have been creatid drift gap closer to the micromesh. It
is hence not necessary to walit for all the electrons drifitirpe 2 mm height drift gap before to see
a signal and to get a good time information. The time reswmiutif the detector having a 2h6n
amplification gap, is interesting since it depends less emdtift field than for the detector with
the 128um amplification gap. The micromegas with the %4 amplification gap has a strange
behavior probably due to the low micromesh sparking linté.blehavior should look more like the



detector that has a 2%6n amplification gap. This low sparking limit does not allovistdetector

to be operated with less pre-amplification in the drift gapiol was the purpose of using this high
amplification gap micromegas (5fu#n) for high count-rate applications. However, these result
demonstrate that a high drift field is necessary to achietie d@ood signal over noise ratio and
the best time resolution.

5 Conclusion

A strong improvement has been achieved in terms of timeugsalwith micromegas detectors at
low pressure (around 4torr). A resolution of 1:B@0 ps has been measured for several detector
geometries which is quite comparable to the resolution ofra shamber of equivalent gap. It
opens the possibility to use this detector at low pressurddam tracking applications with low
energy ions (from 2 to 10 A.MeV). However, the performancéshese detectors have still to
be measured in the beam and to be compared to a wire chambesw Aletector of large size
(20 x 15 cn? area) will be constructed in 2012 to realize spatial resmumeasurements and tests
in the beam.

Acknowledgments

We would like to thank the people at CEA-Saclay from IRFU/$BENho work in the bulk lab-
oratory, for constructing the micromegas bulk detectorhis ork is supported by the Spanish
Research Project FPA2009-08848.

References
[1] S. Ottini-Hustache et alCATS, a low pressure multiwire proportional chamber forasetary beam
tracking at GANIL Nucl. Instrum. MethA 431 (1999) 476

[2] A. Drouart et al.,Very large emissive foil detectors for the tracking of lomegyy heavy ions
Nucl. Instrum. MethA 579 (2007) 1090

[3] J. Pancin et al.Secondary electrons detectors for beam tracking: micrasemd wire chamber
2009JINST4 P12012

[4] M.A.G. Alvarez et al. Results of the in-beam tests of secondary electrons deteantcCIME at
GANIL, GANIL Internal Report/STR26 (2010).

[5] O.H. Odland et al.A fast position sensitive microchannel plate detector &y-tracing of charged
particles Nucl. Instrum. MethA 378 (1996) 149

[6] I. Giomataris,Development and prospect of the new gaseous detector “kliegas’,
Nucl. Instrum. MethA 419 (1998) 239

[7] J. Derré and |. GiomatariRecent experimental results with MICROMEGAS
Nucl. Instrum. MethA 477 (2002) 23

[8] A. Breskin, R. Chechik and N. Zwangieavy ion timing with very low pressure MWRCs
Nucl. Instrum. Meth165 (1979) 125


http://dx.doi.org/10.1016/S0168-9002(99)00380-0
http://dx.doi.org/10.1016/j.nima.2007.05.202
http://dx.doi.org/10.1088/1748-0221/4/12/P12012
http://dx.doi.org/10.1016/0168-9002(96)00441-X
http://dx.doi.org/10.1016/S0168-9002(98)00865-1
http://dx.doi.org/10.1016/S0168-9002(01)01933-7
http://dx.doi.org/10.1016/0029-554X(79)90316-1

[9] Yu.l. Davydov,On the first Townsend coefficient at high electric field
IEEE Trans. Nucl. Scb3 (2006) 2931 physics/0409156].

[10] M. Nakhostin,Performance of a low-pressure Micromegas-like gaseousotiat
Nucl. Instrum. MethA 598 (2009) 496

[11] I. Giomataris et al.Micromegas in a bulkNucl. Instrum. MethA 560 (2006) 405
[physics/0501003].

[12] D. Breton, E. Delagnes and M. Houlery high dynamic range and high sampling rate VME
digitizing boards for physics experimentS8EE Trans. Nucl. Scb2 (2005) 2853


http://dx.doi.org/10.1109/TNS.2006.881543
http://arxiv.org/abs/physics/0409156
http://dx.doi.org/10.1016/j.nima.2008.09.025
http://dx.doi.org/10.1016/j.nima.2005.12.222
http://arxiv.org/abs/physics/0501003
http://dx.doi.org/10.1109/TNS.2005.860165

	Introduction
	SED principle
	The micromegas prototype
	Time resolution measurements
	Conclusion

