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An Inner Tracker is under construction for the KLOE-2 exparnt at the DAPNE collider. The
tracker, based on GEM technology, will improve the vertesotetion near the interaction point,
thanks to the good position resolution and the low matetidget. Here follows a description of
the detector and some measurements performed.
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1. The KLOE-2 experiment

The KLOE experiment [1] has collected an integrated lumityasf [.Zdt = 2.5fb~ at the
Frascatip—factory DA®NE, anee™ collider operating at the center-of-mass energy of 1020 MeV
The experiment achieved several important results in kadrhadronic physics. The collider has
been upgraded with the aim of increasing the luminosity ofuéla factor 3 up to 510°2 cnfs 1.
The KLOE collaboration has therefore planned a new dataggbériod and an upgraded detector.
The physics program [2] will focus on neutral kaon interfagtdry, study of the decays &k, n and
n’ and searches for exotics. In the present KLOE apparatusiatieng is provided by a huge and
transparent Drift Chamber [3], filled with He:y810 90:10. The chamber has a full stereo geome-
try, with a spatial resolution af;y ~ 150 um, o, ~ 2 mm and a vertex resolution ef 6 mm. The
resolution on transverse momentasis /p, ~ 0.4%. The chamber is 4 m long, with a 2 m outer
radius and 25 cm inner radius. Itis surronded by an electgoeti calorimeter [4], covering 98%
of the solid angle. The calorimeter is composed by leadtiflaiing fiber and it provides an energy
resolution ofog /E = 5.7%//E(GeV) and a time resolution of; = 54 ps/E(GeV) & 100 ps.
The whole apparatus is embedded in a superconductive mabiudt provides a B2 T axial mag-
netic field. In order to improve the resolution on the vegioecuring within few cm from the IP, a
new tracking subdetector will be installed in the free spae®veen the Drift Chamber inner wall
and the beam pipe, in this way reducing the present trackgod@tion length. The Inner Tracker
(IT) contribution to the overall material budget has to bestaly taken into account in order to
minimize multiple scattering contribution to the track memtum resolution and the probability
of the photon conversions before the DC volume. The requrgsnfor the Inner Tracker can be
summarized as:

- Ory ~ 200 um anda; ~ 500 um spatial resolution
- 5 kHz/cn? rate capability
- < 2%Xy material budget

The adopted solution is the Cylindrical-GEM (CGEM), a teiftEM detector composed by con-
centric cylindrical electrodes: cathode, 3 GEM foils anddey acting also as the readout circuit.

2. The Inner Tracker of KLOE-2

The IT of KLOE-2 will be composed by four layers of cylindridaiple-GEM 700 mm long,
each of them equipped with a two-dimensional readout. Tdiesaof the layers will range between
13 cm and 23 cm, being limited by the beam pipe and the DC inadlr Whe minimum value is
chosen in order to preserve the quantum interference régienKs: expressing the interference
term as a function of th&g lifetime units (s~ 0.6 cm at ag—factory), it can be shown [5]
that the smallest radius for the IT should be larger thaR0 175 ~ 12 cm. Including the carbon
fibers support, the detector has a material budget b6%X,. According to simulations, the Inner
Tracker will improve of a factor 3 the spatial resolution beKs — mrTvertex (presently- 6 mm).
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Figure 1: Steps of the construction of the CGEM prototype

3. The cylindrical GEM prototype

In order to validate the idea of the cylindrical GEM, a fullage radial prototype (300 mm
diameter and 352 mm active length) was built at LNF. The reduactive length of the detector
was due to the unavailability, at that time, of large GEMdoiTThe detector is composed by five
coaxial cylindrical electrodes, all made of kapton: thehode, the three GEM stages and the
anode readout. Each cylindrical electrode is realizedhgltinree identical foils, applying epoxy
on a 3 mm wide region. The large foil is then wrapped on an atiunm mould coated with a very
precisely machined 40f2m thick Teflon film. In order to keep the electrode on the mouid a
during the curing cycle of the epoxy, a vacuum bag systemeis tised to obtain the cylindrical
shape. Two fiberglass annular rings are glued on the edgé® @leéctrodes working as spacers
and mechanical support for the detector. Then the cyliatifail can be extracted from the mould
thanks to the low friction Teflon surface. Once realized,gratotype was tested at CERN-PS T9
area [7], [8] with a 10 GeV pions beam. The detector, fillechwit:CO, 70:30 gas mixture at 1 bar
pressure, was operating at a gain ol@*. The readout was formed by axial strips, 5 pitch,
and it was equipped with a FEE dedicated chip: GASTONE (see&e The detection efficiency
was measured as a function of the impact parameter of thiest(fig. 2 (left)). In fig. 2 (right)
the residuals of the cluster position with respect to theksaeconstructed by two external drift
tube (DT) stations are shown. The CGEM spatial resolutioobisined by theopt and thed;es

using ogem = 1/ 04— 031 A value of~ 200 um arises, in agreement with what expected from
a 650um pitch readout with digital FEE.

4. The final X-V readout and the FEE

The cylindrical shape of the detector requires a dedicatgolit, since all the strips must be
read out on the edges of the detector so that the X-Y orthdginps are not compatible. The
final IT readout is performed with an X-V pattern of strips (fig) engraved on a polymide foll
substrate. The X strips with 650m pitch will provide ther — @ coordinate while the V strips are
realized with pads, connected through internal vias to sthp second coordinate. The Front-End
Electronics of the IT is based on the GASTONE ASIC [9], a 64rutels chip featured by a low
input equivalent noise and a low power consuptien200 W for 30000 channels), composed by
four different stages: a charge preamplifier with 20 ff¥ sensitivity, a shaper, a leading-edge
discriminator with a programmable threshold and a mondsstsietcher of the digital signal, to
synchronize with the KLOE Levell trigger.
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Figure 2: Detection efficiency (left) and residuals distributiorgrf) measured by the CGEM prototype at
CERN-T9 are test beam
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Figure 3: Detail of the orientation of the strips and pads in the finatd@dout.

5. Operation in magnetic field

In order to simulate the working conditions in KLOE, five sh(d0 x 10 cn?) planar triple-

GEM chambers were tested in magnetic field [11] at H4 bean(@&RN-SPS), a semi-permanent
RD51 facility [10]. Four chambers were equipped with orthiogl strips (X-Y readout) and used
as external trackers, while for the fifth chamber the X-V m#advas adopted (angle between the
strips of the two directions- 40°, fig. 3). The magnetic field was provided by GOLIATH dipole
and it could be set up to8 T in a 3x 3x 1 m? volume. All the chambers were filled with Ar:GO
70:30 at 1 bar, operating at a gain oft®*. They were placed in such a way that the magnetic field
was orthogonal to the electric fields inside the chambers4jigproducing two effects in the GEM:
a systematic displacement of the electrons with respebettrécks position and a larger spread of
the electronic cloud with respect to the no-field case. Teetein shift was measured reversing the
X-V chamber with respect to the others: the shift is mirroaed the distance bewteen the spare
hit and the reconstructed track is twice the displacemepeeed in a chamber. This quantity
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Figure 4: Layout of the chambers in the test beam at H4 area.

was measured as a function of the magnetic field (fig. 5), feeader electric fields set up to
1.5/2.5/2.5/4 kV/cm. The detection efficiency as a function of the magnetial feeid of the
working point of the GEM was measured and is shown in fig. 5. imbeease of the magnetic field,
inducing a spread of the charge on the readout, results iffiaieecy drop that can be recovered
with higher gain. The informations on the spatial resolutedong two directions (X and Y) are
also shown in fig. 5.

6. The Large Area GEM

The outermost layer of the IT requires a 144800 mn? GEM foil which is obtained splicing
three 480« 700 mn# foils. The request for large GEM foils led to a change of theaiacturing
procedure by CERN TS-DEM-PMT laboratory, switching frore tlouble-mask (requiring a very
fine alignement of the two masks) to single-mask etching.[T2 holes of the new GEMs have
qguasi-cylindrical shape and for this reason a new chataat&m was necessary. A triple-GEM
was realized with the new large foils and tested with*4Cs source (660 keV photons). The
measured current was normalized to the one obtained bya 0&n? double-mask manufactured
triple-GEM. The measurement (fig. 6) shows that the gaintfermtew hole shape is 20% lower
than in the double-mask case at a fixed HV. The large area18{M was then tested at CERN-PS
T9 area, using the same external tracking of the previotibtssn (see sec. 5). The chamber was
equipped with the final X-V readout. The test beam allowedaiidate the final DAQ and FEE
chain, composed by the GASTONEG64 chip, interface boardsefaéIntermediate Boards and the
Software Interface. The detection efficiency as a functibtine voltage applied to the GEM foils
is shown in fig. 7 (right).

7. Construction

The construction philosophy and the toolings of the CGEMtaycomposing the IT are the
same used for the prototype. The main construction stepbe&anmmarized as follows:
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Figure 5: Electron displacement as a function of the magnetic field I@gé). Spatial resolution along the X
direction at 0 T (top right). Detection efficiency as a funatof the magnetic field for different gain of the
X-V chamber (bottom left). Spatial resolution along thesditon orthogonal to X at 0 T (bottom right).
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Figure 6: Setup for the measurement with th&Cs on the large planar triple-GEM and comparison of
the gain measured with a double-mask and a single-mask metotéd GEM as a function of the applied
voltage.
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Figure 7: Setup of the Large Area GEM test beam (left) and detectiogieffcy as a function of the
sum of the voltage applied to the GEM foils of a triple-GEMyfrf). The blue points are obtained by the
double-mask manufactured GEMs while the black ones refiretGGEM realized with the new single-mask
technique. The fit is obtained by Fermi-Dirac functions.

1. three GEM, as well as the anode (fig. 8 (left)) and cathodiés &re preliminary glued
together in order to obtain a single large foil needed toizea cylindrical electrode. For
this operation we exploit a precise Alcoa plane and the vaichag technique.

2. the large foil is then rolled on a very precise aluminumirgyiical mould (fig. 8 (center))
covered with a @ mm machined Teflon film for easy and safe extraction of thmdsital
electrode. The mould is then enveloped with the vacuum badyyacuum is applied for the
glue curing time (about 12 hours).

3. The final assembling of a CGEM layer is performed by meartseo¥Vertical Insertion Sys-
tem (VIS), a tool that allows a smooth and safe insertion efdyindrical electrodes one
after the others (fig. 8 (right)). The system is designed tonfiea very precise alignement
(0.1 mm on 1 m global length) of the cylindrical electrodes aldimgjr vertical axis. The
bottom electrodes is fixed on its mould, while the top one dsvst moved downwards by
a computer controlled step-motor, coupled with a reducgiear system. The operation is
performed with the help of a web-camera, thus allowing theitoang of the radial distance
between the electrodes {23 mm typically). The up-down rotation of the assembly tool
allows an easy sealing of the detector on both sides.

8. Conclusions

The construction, operation and extensive test of an alfutistize CGEM prototype demon-
strated the feasibility of such a novel light and dead-zivee-tracker. The final readout configura-
tion was validated with the test of small planar prototyppsrating in magnetic field. The results
match the final IT requirements. A large planar GEM prototwaes realized with the new single-
mask technique: a characterization with X-rays revealatittie gain is~ 20% lower than using



G. Morello

Figure 8: Planar gluing of the three anode foils (left). A CylindriGaEM (center). Insertion of a CGEM
into the anode (right).

the double-mask technique. The large GEM was then testédhétfinal DAQ and FEE chain that
includes the GASTONE 64-channels release. The construbtse started and it will be completed
at the end of summer 2012.
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