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ABSTRACT. A technical description of NEXT-MM and its commissioningdafirst performance
is reported. Having an active volume of35 cm drift x 28 cm diameter, it constitutes the largest
Micromegas-read TPC operated in Xenon ever constructederbg a sectorial arrangement of
the 4 largest single wafers manufactured with the Microlethnique to date. It is equipped with
a suitably pixelized readout and with a sufficiently largesséive volume £231) so as to con-
tain long (~20 cm) electron tracks. First results obtained at 1 bar faroxeand Trymethylamine
(Xe-(2%)TMA) mixture are presented. The TPC can accuraetpnstruct extended background
tracks. An encouraging full-width half-maximum of 11.6 %smabtained for~ 29 keV gammas
without resorting to any data post-processing.

KEYWORDS Time projection chambers; Particle tracking detectorasgdus detectors); Double-
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1 Introduction

NEXT-100 will search for the neutrinoless double beta dg@mBB) of 136Xe with a high pres-
sure Time Projection Chamber (TPQ), [2]. Its technological baseline relies on the detection
of secondary light multiplication, namely electroluminesce, allowing for near-intrinsic energy
resolution (lower than 1% FWHM at@(mﬁx e) as required for the NEXT experiment). The con-
cept has been proven in several technological demonsr@i&XT-DEMO, NEXT-DBDM) [3-5].
During the R&D phase a third prototype, NEXT-MM, was builttest an alternative option based
on charge readout with high-pixelized micro-pattern gascstires (Micromegas).

NEXT-MM is a TPC with~35 cm drift length and 28 cm diameter231), large enough to
contain few cm electron tracks. The TPC readout uses highaginro-pattern gaseous detectors
(MPGDs). It is made by a sectorial arrangement of the 4 largesdate) single wafers micro-
processed via the novel Microbulk technig@e{]. It is the largest Micromegas-read TPC operated
with Xenon ever constructed.

NEXT-MM currently serves as a general-purpose platfornesb movel gas mixtures related to
possible NEXT-100 upgrades. The potential of Xenon-Trytyleimine (TMA) mixtures has been



presented in§-10] and is actively pursued by the NEXT collaboratiof1[12]. The anticipated
Penning effect has been identified 8], while the low-diffusion characteristics have been relyen
addressed inl2] for the first time.

This paper describes the commissioning of NEXT-MM and it firerformance, obtained at
lbar for a Xe-(2%)TMA mixture. The structure of the papersdalows: the main elements of
the setup, like the gas system, field cage, feedthroughdpue@nd data acquisition electronics,
are described in sectigh The operational tests developed and first data taken iR¥HC4H1o t0
test the different types of Micromegas detectors used asepted in sectioB. First results with
a Xe-(2%)TMA mixture, including examples of the registetextks, are summarized in sectién
Finally, prospects and conclusions are presented in ss&iand6, respectively.

2 Description of the experimental setup

The elements of NEXT-MM have been designed to work at higlsqunee and having low out-
gassing rates to keep the gas as pure as possible. Matenaldben selected taking into account
radiopurity criteria {4, 15]. Note that Micromegas detectors are a radiopure solutmnpared
with other sensors, as noted itf].

21 Vess

All the detector elements are held in an 73-liter vessel ntddes1S 304-L Stainless Steel welded

using conventional TIG welding. It is composed by a cyliodficentral body of 5 mm thickness

with 396 mm diameter and 590 mm length as internal dimensiand two flat caps. Both, the

vessel body and the caps, have several feedthroughs ofediffsizes for the installation of the

required equipment for the detector operation, like gastiahd outlet, high voltage supply and
detector readout (see figureand?2). All these feedthroughs, as well as the assembling of thse ca
to the vessel body, have been done by resorting to standaiféd flaéliges and copper gaskets in
order to assure the required vacuum and high pressure imoredit

2.2 Internal components

2.2.1 Field cage

The field cage is composed of 34 copper rings with an interiaaheter of 280 mm plus one copper
disk of the same diameter as cathode that can hold a catibratiurce (figure-left). All these
elements are assembled together using 4 bars of PEEK withrLOfhseparation between them,
having a cylindrical field cage of 280 mm diameter and 340 mift iéngth. The readout plane
is mechanically attached to the bottom cap through PEEMrgilwhile the field cage is hanging
from PEEK bars screwed to the top cap. The voltage degradalimg the copper rings is obtained
using 10 M2 resistors between each of them. The lowest ring is connégtad external variable
resistor that allows voltage tuning in order to have a homegas electric field depending on the
voltage applied to the cathode and to the Micromegas meshupper two thirds of the field cage
have been surrounded by a Cirlex screen as insulator, agofhssible sparks between the rings
and the vessel body (figueright).
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Figure 1. Designs of the NEXT-MM pressure vessel and some of its malecomponents: XY cut view
(left) and 3D view (right). Field cage, HV feedthrough andckdimegas plane can be seen inside the vessel,
while valves system connecting the prototype to the vacuwstem are shown in the upper part.

2.2.2 Readout plane: Micromegas detectors

The data presented in this work were acquired with two difietypes of Micromegas detectors.
For tests presented in sectiBr, a Bulk Micromegas17] of 30 cm diameter with 128m ampli-
fication gap was used, covering all the sensitive surfacbefPC (figured-left). The anode of
this detector is segmented in 1152 independent pixels of@Bcnt distributed as shown in the
design presented in figue The energy of the event can be determined using the mesl silyat
can be also used to trigger the event, while the study of tire#s coming from the different pixels
allows the simultaneous reconstruction of the energy ofvanteand its topology.

The second detector used is based on the Microbulk techyw@&g]. For this type of Mi-
cromegas, 3 layers of Cu-coated Kapton are attached usoxy épne layer for the mesh and two
for the readout pixel construction). The readout pixelsyal as the mesh holes are produced by
a photochemical process, while the vias in the Kapton lagegsdone by etching. Four sectorial
detectors (with the shape of a quarter of a circle) were liest@lue to the current manufacturing
limitation to a maximum wafer size 0£25x25 cn? (figure 4-right). Each of these detectors, of
50 um gap, 35um holes diameter and 1Q0m pitch for the mesh, has a pixelized anode with 288
pixels of 0.8<0.8 cn?. It therefore totals 1152 pixels for the whole readout plasén the Bulk
case (figureb). Bulk Micromegas provide robust detector, but the fact acrobulk ones en-
sure higher field homogeneity and better energy resoluti@kes them a more suitable option for
NEXT-MM. Additionally, the used raw materials (a simple ddersided copper-clad Kapton sheet)
and the manufacturing process assure a better radiopontyat of the detector.



Figure 2. General view of the pressure vessel (left), external viethe upper cap (right top) and internal
view of the vessel body and lower cap (right bottom).

\
Figure 3. Detail of the field cage (left) and the field cage with the &irkcreen insulator and auxiliary
source holder (not used in the presented measurementsd)aedgtright).



Figure5. Design of the pixels layout and routing for the pixelizedde of the Bulk Micromegas (left) and
detail of the routing close to one of the four connectors areg for the signal readout (right). The routing
of the Microbulk Micromegas used and described in the tegtjisivalent to one quarter of the Bulk design.

2.2.3 Other components

1. High voltage cables. Made of a single copper wire as cdoduand Kapton as insulator
(which produces a radiopure and low outgassing elementgralecables are placed inside
the vessel to make the electrical connections between tfiesponding feedthroughs and
the cathode, the lowest ring of the field cage, and the mediedfticromegas detectors. To
avoid any soldering inside the vessel (which could incréhseutgassing rate inside it and
could contaminate the gas), different clamps have beentasedke the electric connections.

2. Pixels readout cables. In order to take out of the vessditinals coming from the pixels of
the Micromegas detectors, flexible flat cables made of coapérKapton with rigid heads
based on FR4 have been used. Each cable allows the routipg@fB00 signals without any
soldering, and the connection between the cable and thetdet® the signal feedthrough
is made by commercial 300-pin solderless connectors (figleé-top) by SAMTEC (GFZ
series) 18]. These cables are also used to route the signal outsideedselivto the data
acquisition system (DAQ).



Figure 6. Different internal components of the experimental sefilgxible read out cable for pixels sig-
nals and solderless connector (left top), feedthroughHethigh voltage supply of the cathode (right top),
commercial 4-SHV feedthrough for the mesh plane (left bojtand feedthrough for the pixel signal cables
(right bottom).

3. High voltage feedthrough. To apply the high voltage to ¢athode of the field cage, a
feedthrough made of copper and teflon has been developetftl-daige tests (sectioB.3)
show that it can comfortably stand 25 kV (figueight-top).

4. Mesh signal feedthrough. Commercial 4-SHV connectagdtfeoughs have been installed
to apply the operating voltage and to extract the signal filoendetector mesh, as well as to
make any other necessary connections (figdieft-bottom).

5. Pixels signal feedthrough. Specially designed to fit tenectors of the flexible cables to
them. They have been produced machining a commercial CRpbdld a PCB board with
the same profile and footprint as the connector. The conrseate fixed to the feedthrough
by two screws glued to the PCB board assuring their tight(fegse 6-right-bottom).

6. There are some other small pieces that have been instalfedthe internal components to
the vessel based on PEEK, copper, Cirlex and Kapton, agsiokinoutgassing rates

23 DAQ

The DAQ of NEXT-MM can be divided into two main parts, correading to the treatment of

the mesh and pixels signals, respectively. For the mesksidginal is handled in a first stage by a
preamplifier 2004 Canberra (PA) which also supplies theagaltto the detector. Signal was subse-
qguently amplified by a 2022 Canberra amplifier (Amp) that pies a measurement of the energy
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Figure 7. Conceptual sketch of the acquisition system of NEXT-MMpatdd to four mesh signals as in the
case of the Microbulk Micromegas. For the case of the Bulkdet, only one mesh signal has to be taken.
If mesh signals have to be registered to obtain an energyrspeche amplified signals are processed by a
Multi-Channel Analyzer (see text for components desaripti

of the event but could also be used to trigger the acquisdfahe signals registered at the pixels
plane. The pixels are independently digitized using the T&Q, based on the AFTER chid ).

Figure7 presents a drawing of the DAQ system. As said, pixel sigrralpecessed through 4
flexible flat cables (based on 300-pixel SAMTEC connectdra) are interfaced to the first stage of
the T2K electronics (different front-end concentratotseled as FEC) with special cable-boards.
The FECs are connected to a front-end mezzanine (FEM) thdsgbe signals to a data concen-
trator card (DCC),which is connected to the computer wheeeYAQ software runs and data are
stored. The trigger is provided by a logic OR of the amplifiegsimsignals, after passing a thresh-
old fixed by a low threshold discriminator module (LTD). Atidhal trigger conditions provided by
external detectors are incorporated in some of data taléngteported. The digitalization window
width can vary depending on the running conditions (gasspiresand drift field).

2.4 Gasand vacuum system

The gas system of the experimental setup has been desanilfEg].i Its purpose is the recircula-
tion and purification of the gas, and can be divided into s#v&rbsystems, as seen in the sketch
of figure8.

The high pressure system is composed of elements that c&redvoressures up to 12 bar and
includes the recirculation, purification and recovery ysbams. Prior to any data-taking campaign,
this system is pumped down to vacuum. The vacuum subsystesist®on a turbomolecular pump
and is isolated from the high pressure part of the system bybmsecutive valves, a vacuum valve
and an all-metal one. After that procedure, the gas entersytstem either from a bottle storage or
through a gas mixer, filtered by an Oxisorb purifier.
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Figure 8. Sketch of the gas system used in the measurements, fepthevacuum and the high pressure
subsystems and the different purification, recirculatiod @ecovery components inside the latter one.

The system counts with a membrane pump for the recirculaifdhe gas, which takes the
gas from the exit valve of the vessel and forces it througtpthdication line, before it enters the
chamber again. This purification subsystem can use twolgedsters, an Oxisorb and a FaciliTorr
filter by SAES, but it can be also bypassed when the whole my&deing pumped to vacuum.
The composition of the gas in the system is periodically kbdavith a mass spectrometer.

At the end of the data-taking, the gas can be reclaimed intmialess steel bottle, cryo-
pumping it using liquid Nitrogen. This recovery branch isalsed to insert the gas back into
the system. For the data here described a pre-mixed mixtasealways used, coming from the
recovery subsystem in the case of Xe-TMA.

3 Commissioning tests

Before the data taking, several tests were developed irr ¢todeheck the good performance of
the system as well as to safely reach the optimal conditiegsired to operate the Micromegas
detectors regarding gas pressure, outgassing levels ghddltage supply.

3.1 High pressure

A pressure test using pure Argon was carried out in order tibyvié the vessel itself, but also if
the different valves and feedthroughs, and the gas systestriled in sectio.4) can sustain up
to 10-15 bar (that correspond to the nominal operation pressf NEXT).

Figure9-left shows the evolution of the pressure along 10 days éfieg the vessel with 11
bar of pure Argon. The observed oscillations corresponddwariations of the environmental tem-
perature (see figur@-left). From a linear fit to the temperature-corrected press(P/TX Tmean
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Figure9. Time evolution of the monitored temperature and pressuiEXT-MM during the high pressure
test (left), and evolution of the ratio P/T normalized by thean temperature of the test. The measured leak
rate is below 5.% 10~*mbarx|xs™1, limited by the accuracy of the high pressure manometehtyig

system leaks are estimated to be smaller tharx 509% mbarx|xs™t, that satisfies the opera-
tion requirements.

3.2 Vacuum and outgassing

The filling of the vessel with gas must be performed in gooduuat conditions. In addition,
the release of trapped air or other impurities from the maematerials could also degrade the
quality of the gas, so it is necessary to minimize the outggssate of the whole system. One
way to improve sequentially this outgassing rate is theiza@bn of bake-out cycles to facilitate
the release of impurities while the system is pumped. Inraimevaluate the contribution of each
internal element to the total outgassing rate, a bake-atle ayas performed after the installation
of a component. Elements with higher thermal resistance \wstalled first allowing the heating
of the system at higher temperatures.

To get a reference vacuum value, initially, the system wasgmd without any bake-out cycle.
After 95 hours of pumping, a pressure 08% 10~/ mbar was reached, which is in good agreement
with the specifications provided by the manufacturer.

The first bake-out cycle was performed with the vessel emphe vessel was heated up to
180°C while it was pumped for almost 140 hours. After that, thetingasystem was switched off
and the pumping continued till the vessel reached the emviemtal temperature. The pressure
obtained was @ x 10~/ mbar, improving the reference value. After the pumping aystvas
switched off, the outgassing was measured to.Be4.0~" mbarx|xs™1.

Table1 summarizes the parameters of the bake-out process domed{irg the first one al-
ready described): the time that the system is simultangdesited and pumped (heating time), the
heating temperature, and the time the system is pumpedthétdreating system is switched off
(pumping time) giving an initial pressure value of the sgstabeled a$.

The obtained results do not reveal the existence of any coemtowith an abnormal high
outgassing rate, showing that when longer the bake-outitrfee the common components (like
the vessel or the field cage) better outgassing rates armedtal herefore, regular bake-out cycles
could be necessary to keep or even improve the outgassegyredched in the prototype.



Table 1. Summary of the bake-out cycles carried out for NEXT-MM (g&ding the components inside the
vessel, see text for a description of the full setup) and treesponding outgassing rate measured for each
case. Errors in the measurement gfad outgassing are negligible.

Heating Heating  Pumping Po Outgassing
Components Time(h) Temp.(°C) Time(h) (mbar) (mbar x Ixs™)
Vessel 140 180 26 7.410°7 4.7x10°7
Field Cage 100 155 17 3.810°7 3.4x10°7
F. Cage + Resistory 113 140 6 9.810°8 5.9x10°8
F.C + Rs + BulkuM 94 150 144 6.¥10°8 3.2x10°8
Full setup 112 150 11 7.610°7 451077

The outgassing rate of the full setup (composed by the defabe field cage with the resistors
and the Cirlex protection, all the necessary internal cabiel the required feedthroughs described
in section2.2) was 45 x 10" mbarx|xs™t, enough to keep the contamination of operation gas
under acceptable levels.

3.3 High voltage

Micromegas HV is supplied by a commercial SHV feedthroudlowang to supply up to 3.5kV,
being well above the typical operational voltage for Micemas (few hundreds of volts). The
field cage cathode could be eventually biased up to 35 kV te letactric fields of the order of
1kV cm~1 with gas pressures that could go up to 10 bars.

The electric current passing through the field cage was mr@uitwhile the high voltage was
increased. The breakdown point is defined as the voltageeathercurrent begins to be higher
than the expected linear behavior (based on the total aesistof the field cage) which indicates
that some current leak to ground (defined by the vessel) isggiace.

Figure10-left shows the evolution of the current, while figur@-right summarizes the evolu-
tion of the breakdown point for different pressures. Forepfirgon an operating pressure of.2
bar is needed to reach the 35kV, white82 kV could be reached for 10 bar. Assuming that the
breakdown value for Xenon is approximately 2 times highantfor Argon, Xenon could hold
fields greater than 1 kV cnt for pressures above 6 bar. The extrapolation of this data to Xenon
mixtures, as the one used in sectiris not so straight forward and studies are ongoing to measur
the breakdown point for different pressures for Xe-TMA mes.

3.4 DAQ and readout

Based on previous experiencd3d, in order to perform a fast and reliable test of the
DAQ system and the readout planes, a first data taking waseatbwvith 1 bar of premixed
Ar-(2%)iC4H1o mixture.

For the Bulk Micromegas descirbed in sect®1.2 222Rn coming from &2%Ra source was
diffused in the gas, registering the amplified mesh sign#t wiMulti-Channel analyzer to obtain
the energy spectrum at different drift field conditions. Urigl 1-left shows the three expected alpha
emissions of thé??Rn decay, with energies of 5.5, 6.0 and 7.7 MeV, together withil at lower
energies, corresponding to not fully contained eventséarstimsitive volume. The evolution of the
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Figure 11. 2??Rn energy spectrum obtained from the mesh signal of a Bulkdviiegas operated at 1

bar of premixed Ar-(2%)iGH1o mixture (left). Time evolution of the detection rate of tfféRn 5.5 MeV
alpha (right).

5.5MeV peak area (fitting it to a Gaussian distribution ovélagbackground), is compatible with
an exponential decay with the half live of tf#Rn as showed in figurg1-right.

Different data takings have been carried out keeping coh#ta amplification field and vary-
ing the drift field from 85 to 228 V/cm/bar obtaining spectguizalent to the one shown in fig-
ure 11-left. The total gain of the TPC depending on the drift fieldsvestimated from the position
of the 5.5MeV emission peak. Variations of the gain will icaie the presence of attachment or
recombinations effects in the gas. Observed variation keafew %-level for Ar-(2%)iGH1 at
1bar and in the range 80-240 V/cm (figur®.

Together with the outgassing values presented in se8ti@rihis test reveals that the level of
impurities inside the sensitive volume is low enough to heageod quality of data. Further studies
using different Xenon mixtures and high pressures are oiggoi

A second commissioning test was carried out with the Micloldetectors presented in sec-
tion 2.2.2 An ?*?Am was placed at 8 cm distance from the center of each readeadrant. The
position of the sources, with an alpha particle of 5.5 MeV asmemission, together with the use

of Ar-(2%)iC4H10 gas, assure the detection of fully contained events fohallietectors with low
values of drift and amplification fields.
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The mesh signal was used as trigger and the energy spectahtained by adding the charge
of the pixels that passed a certain threshold (by integraach pulse over the digitization window).
The energy spectrum obtained at 1 bar for Ar-(2%M&, is presented in figuré3 for one of the
tested detectors as well as an example of pixel pulses angaities reconstructed of a 5.5 MeV
alpha event. The spectrum shows the main peak of the 5.5 Massem with a continuous tail
at lower charge (lower energy) corresponding to alphagestithat have lost some energy before
interacting in the sensitive volume or that have not beely tdntained in the sensitive surface
of the Micromegas detectors. The obtained energy resalusccompatible with the expected
value for these detectors operat@d][ nevertheless a small degradation was observed due to the
connectivity of the pixels lines to the DAQ. The loss of sonfithese signals due to this problem,
prevented the full detection of the energy for some eventhiding the resolution degradation.

A dedicated study of the pixel connectivity was performele Tevel of connectivity achieved
in the feedthrough is nearly 100 %, but the tighter mechacmastraints imposed by the very thin
50 um-thick copper-clad Microbulk Micromegas foils causedatignments between the footprint
and the connector, together with loss of parallelism. Swyate capacitive measurements per-
formed with an LCR-meter in the 1kHz range, provided a mapooftonnectivity regions, al-
lowing the detection of the problem. After sorad hocsolutions, the level of connectivity at the
Micromegas footprint reached 95%.

Figure 14 illustrates the experimental procedure of the capacitiemsurements for one of
the sectors. The capacitance was measured with respea tgrabnd line, yielding a ‘pad ca-
pacitance’ in the 50-60 pF range (figuré-up), that includes the expected contribution of the pad
capacitance to the mesh plane3Q pF, highly coupled to ground), the parasitic couplinghte t
support copper plate~25 pF, separated by additional 10t Kapton foil) with deviations from
this number stemming from different trace routing. Foursgack halved by design, and they can
be clearly identified in figurd4-up. The remainder of the signal line down to the front-erat-€l
tronics includes the flat cables and the feedthrough, andesthgome dispersion in its coupling to
ground, being centered around 110 pF (figldemiddle). Overall, the two contributions (flat cable
+ pad) represent fairly faithfully the total capacitancet signal line, and hence a bad connection
could be clearly identified after assembly as that showinglaevof—1 in the representation of
figure 14-down, indicating a ‘missing pad’.
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Figure 13. 2**Am energy spectrum obtained from the pixel signals of MiclaMicromegas operated at
1 bar of a premixed Ar-(2%)igH 1o mixture (top) and example of-@5.5 MeV event: pulses in the activated
pixels (bottom left) and 2D projection of the track in the XYape, indicating (in ADC charge units) the
total charge of the pixel with the color scale (bottom right)

4  First resultswith Xe-(2%)TMA

To study the response of the Microbulk Micromegas to Xe-(ERb\ gas mixture, the detectors
were installed inside the vessel with Xe-(2%)TMA at 1 balinmdated through a SAES purifier
at a rate of 121In/h. This mixture presents a lower diffusioant pure Xenon. It has been proven
that the addition of small fractions of TMA in Xenon increaghe gain of the detector and helps
to improve the energy resolution at high pressuds}. [ It could also reduce the Fano factor in
Xenon-based chambers, as suggestedGh [

An 24'Am calibration source was placed at the center of the catfmetke figure3-left). The
source was coupled to a Si detector to detect the alpha emigsat will be used as trigger.
59.5 keV gamma events that accompanies one third of the timesmission of the alpha particle,
were triggered with the coincidence of a signal in the Siseaad the mesh avoiding the detection
of random coincidences. The Si also provides the strat tirtteecevent (). The source was placed
at 38 cm from the Microbulk detectors (3 out of 4 where insteated for these measurements).

The operation voltage of all the Micromegas was 270V (c@oading to an amplification
field of ~54 kV/cm). The results here shown were taken at a drift field5 V/cm (that corre-
sponds to an applied voltage to the cathode of 5.7 kV).
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The energy and the tracks of each event are determined feohtrge collected on the pixels,
which simplifies the DAQ in terms of synchronization to asstg one event the signals coming
form the mesh and the pixels (independently obtained). Aamgpte of a background electron
which crosses three detectors can be seen in figliré’ulses from the electronics are shown on
the left, while the 2D projection of the event on the Micrormgglane is shown on the right. The
3D reconstruction shown in the lower graph is done with tHatike time of each pixel. After
tuning and measuring the delays introduced in the triggaingithe time distribution of the events
allows the identification of the drift time from the cathodethe anode plane between 46 and
150us (figurel6).

The energy spectrum is obtained adding the charge of aletwrded pixels that pass a 1 keV
threshold (based on previous calibrations), obtained ftoenpulse integral. In figurd?, the
59.5 keV peak of thé*'Am gammas can be seen along with the9 keV escape peaks corre-
sponding to the Xenon characteristic X-rays,(Kt 29.7 keV and Ig at 33.6 keV). These escape
peaks overlap with the other main gamma emission of the e@ir26.4 keV. The selection criteria
of the events are: a) no saturated events; b) events withptizity (number of pixels fired) higher
than 12 are rejected as they would not belong to the sourcengapand c) events only within the
expected drift region (between 4@ and 15Qs based on the observation presented in fig@e
are considered. In order to avoid border effects, an arederttzan the sensitive one, correspond-
ing to the detector surface, is considered. Two regions of 9@nd 7x 5 pixels respectively have
been selected, rejecting the most external pixels and tkkgagpe ones that have been fired more
times to have as much events as possible (fig@yeAfter applying the described selection criteria
in the events confined in these two regions, the spectra shofigure 18-left for the 10x 9 pixels
region, and in figurd.8-right for the 7x 5 pixels region are obtained.

The energy resolution for the Micromegas region ofx19 pixels (that corresponds to 32%
of the detector area) is 13.9% FWHM for the 29 keV peak and%Ifar 59.5 keV. Notice that
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Figure 16. Time distribution of the events registered in one MicroagegThe anode plane starts aty#)
according to the trigger delay, and the cathode extends LHags, where the maximum of the distribution
is situated.
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Figure 18. Energy spectra after the application of the selectioregatfor two different areas of the Mi-
cromegas. Left: an area of @ pixels corresponding te-32% of the detector surface was selected. An
energy resolution of 11.7% FWHM is obtained for the 59.5keddlp At~29keV the peak is a sum of
the escape peaks from the characteristic X-rays of Xenontefd’Am gamma at 26.4 keV. Two gaussian
fits are used and the energy resolution obtained for 29 ke'8.8% FWHM. Right: when a more restricted
region is studied (%5 pixels, i.e., 12% of the sector’s surface), the obtaineditgion is 11.6% and 9.9%
FWHM for 29 and 59.5 keV respectively. This indicates th&tiirpixel gain variations are important.

the 26.4 keV of thé**Am peak superimposed on thg;lescape peak starts to be discernible over
the main K, escape. For the smaller region ok® pixels (12% of the detector surface), the
results improve to 11.6% FWHM and 9.9% FWHM for the 29 and &8\ peaks respectively.
This behaviour indicates the existence of gain differermetsveen pixels. An inter-pixel gain
calibration is ongoing.

Figure20shows, for illustration, events of 29 and 59.5 keV respetyifor one of the installed
Micromegas. The performance of the other detectors isa&imil
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5 Outlook and prospects

The results obtained up to date demonstrate that NEXT-Mlgddy to perform measurements with
different gas conditions using Micromegas detectors tegig) simultaneously the energy and the
topology of the event. The Microbulk technology is expedtedhow better detection features than
the Bulk one 7.

First data-taking has helped to understand the differeletctie properties and their behaviour.
Recirculation of the gas through a SAES purifier or testinthefpixels connectivity have proven to
be very useful to improve the data quality. Further plantihe data taken with Xe-TMA mixtures
at different pressures up to 10 bars. Study of differentmpatars of the Xe-TMA mixture, like the
diffusion coefficient and the drift velocity, together witeir evolution with the pressure, will be
carried out. Campaigns with other mixtures and pure Xeneri@eseen.

In parallel to the detector operation and routine datanpka deeper development of the anal-
ysis tools will be carried out. The first results presenteck e promising, but pixel-to-pixel
calibration for the Micromegas detectors will improve timelgyy resolution

6 Conclusions

This work presents a detailed technical description, canioining and first data taken with a
general purpose TPC instrumented with Micromegas tecggolNEXT-MM). Its readout plane

is made by a sectorial arrangement of 4 single wafers matuuéatwith the Microbulk technique.

It contains a total of 1152 pixels in a8x 0.8 cn? square pattern, that are read out with standard
TPC electronics based on the AFTER chip. NEXT-MM is curnemthvisaged for the study of
optimized Xenon-based gas mixtures foydB3 searches.

Functional tests have been summarized, validating thefgions of the detector in terms of
resistance to vacuum and high pressure conditions as weilkaassociated bake-out cycles, high
voltage insulation, leak tightness, outgassing rates amdath gas quality. The prototype imple-
ments some original technical solutions intrinsicallyiogpdire apart from the Micromegas detectors
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Figure 20. Examples of events attributed to tHéAm source, in the upper part a 29 keV event, in the lower
part a 59.5keV event with two clusters (as result of the siandous detection of two 29 keV events or a
connectivity problem of one of the pixels). Pulses in thévatéd pixels are shown on the left, while the 2D
projections of the tracks in the XY plane, indicating (in ARRBarge units) the total charge of the pixel with
the color scale, are shown on the right.

themselves; most notably: a coaxial copper rod/teflon Hdflerough (tested up to 25 kV), as well
as the high-density solder-less signal feedthroughs.

The commissioning runs included a readout based both ona@hdikMicrobulk Micromegas,
with the TPC operated in a standard Ar-(2%)Go benchmark mixture. Subsequently, first data
with Microbulk Micromegas in Xe-(2%)TMA have been presehtBata include long background
electron tracks and alphas fronfZ&Rn source, illustrating the tracking capabilities of theteyn.
Low energy electron tracks from4*Am source (26 keV, 59.5 keV) were reconstructed at 1 bar
with a raw energy resolution (FWHM) around 11.6% at 29 keV.

In summary, NEXT-MM has been successfully commissioned fast results corroborate the
stability of operation of Micromegas-read with Xe-(2%)TMaA 1 bar. Work with the detector is
actively going on. Next steps include to carry out longerstuaking data at higher pressures and
using a higher energy photon peak, study event topologissdifferent gas conditions, and extract
information on gas parameters (drift velocity, diffusiarefficients, etc).
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