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Abstract. The KLOE-2 experiment at the Frascati National Laboratory of the INFN is undergoing commis-

sioning, together with the e*e~ collider DAONE.

The KLOE apparatus, consisting of a huge Drift Chamber and an Electromagnetic Colorimeter working in a
0.5 T axial magnetic field, has been upgraded with the insertion of an Inner Tracker, two low-angle calorimeters
(CCALT and QCALT) and low-angle taggers (LET and HET) for yy—physics.

Cosmic-ray muon and collision data are being acquired in order to optimize the sub-detectors operation in view
of the new data taking campaign. The first results from the ongoing commissioning of the KLOE-2 detector

will be shown.

1 Introduction

The KLOE-2 experiment at the Frascati National Labo-
ratory (LNF) of the INFN is undergoing commissioning,
together with the e*e™ collider DA®NE. The KLOE-2
project aims at improving the successful and fruitful re-
sults achieved by the KLOE Collaboration [1] and extend-
ing its physics program to yy—physics, searches of hidden-
sector dark matter particles, neutral-kaon interferometry,
CPT and Quantum Mechanics tests, rare kaon decays,
CKM matrix elements constraints and lepton flavor viola-
tion, light hadron spectroscopy and hadron cross-section at
low energy. The KLOE-2 physics program [2] will be per-
formed thanks to the recent DA®NE collider and KLOE
detector upgrades.

DA®NE is the e*e™ collider of the Frascati Laboratory,
working at a centre-of-mass energy equal to the ¢—meson
mass. DA®NE delivered 2.5 fb~! on-peak and 250 pb~!
off-peak integrated luminosity to the KLOE experiment.

The KLOE experiment consists of a huge Drift
Chamber (DC) [3], providing high-momentum resolu-
tion (o7p/p = 0.4%) on reconstructed tracks, and a Pb-
scintillating fibers calorimeter (EMC) [4], with excellent
time ( o, = 54 ps/ VE(GeV) @ 140 ps) and good energy
(og/E = 5.7%/ VE(GeV)) resolutions, both working in a
0.5 T axial magnetic field. In fig. 1 a vertical cross-section
of the KLOE apparatus along the beam line is showed.
The DC provides a 3-dimensional reconstruction of tracks
exploiting its stereo-geometry and fills almost uniformly
the whole detector volume. The EMC has barrel and end-
cap modules which allow to cover 98% of a solid angle. A
superconductive coil provides the 0.5 T magnetic field.

DAO®NE is currently providing collisions, with back-
ground rates < 400 kHz. The machine operation parame-
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Figure 1. Vertical cross-section of the KLOE detector along the
beam line.

ters are being optimized to further reduce the background
level.

Along with the Drift Chamber and the Electromagnetic
Calorimeter, new calorimeters and a tracking device have
been installed inside the KLOE detector to improve detec-
tion and reconstruction performance of particles produced
very close to the interaction region.

The KLOE apparatus has been upgraded with the in-
sertion of an Inner Tracker, two low-angle calorimeters
(CCALT and QCALT) and low-angle taggers (LET and
HET) for yy—physics. The Inner Tracker has been in-
stalled between the interaction region and the Drift Cham-
ber inner wall in order to improve vertex reconstruction
and small-angle coverage. The tracking device consists
of four co-axial and cylindrical triple-GEM layers, which
allow us to keep the material budget below 2% of the radi-
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ation length (Xy), as required in order to minimize mul-
tiple scattering of low-momentum tracks and to reduce
low-energy photons conversion. The LET is a calorimeter
made up of LYSO crystals read out by SiPMs. It has been
installed inside the KLOE interaction region. The HET is
a plastic-scintillator-based calorimeter read out by scintil-
lating fibers. It has been installed along the beam pipe.
The CCALT is a calorimeter composed of LYSO crystals
read out by APDs; it has been inserted around the interac-
tion region together with the Inner Tracker. The QCALT is
a calorimeter made up of plastic-scintillator tiles and ab-
sorbing material sandwiches, whose light is collected by
wavelength shifters and read out by SiPMs. This detec-
tor has been installed on the permanent quadrupoles of the
DAO®NE collider. All the sub-detectors are being commis-
sioned using cosmic-ray muons and collision data.

In the following sections the KLOE-2 sub-detectors
will be described and their status reported.

2 The KLOE-2 detector

A Low Energy Tagger (LET) [5] and a High Energy Tag-
ger (HET) [6] have been installed with the aim of de-
tecting electrons and positrons originating from e*e™ —
ete"y*y* — e*e” X reactions. A Quadrupole Calorimeter
with Tiles (QCALT) [7] has been installed on the DA®NE
permanent quadrupoles to ensure coverage for K; decays.
A Crystal Calorimeter with Timing (CCALT) [8] has been
installed very close to the interaction point (IP), in order
to increase the acceptance for photons coming from the IP.
An innovative fully-cylindrical GEM detector — the Inner
Tracker (IT) [9] — has been installed around the IP in or-
der to achieve better vertex reconstruction performance for
low-momentum tracks coming from the IP.

A more detailed description of all the new sub-
detectors will be found in the following paragraphs.

2.1 The yy taggers

The new tagging stations of the KLOE-2 apparatus will be
used to detect electrons/positrons scattered in y7y interac-
tions. Most of the scattered e*e™ are emitted in the for-
ward directions and, since their energy is below 510 MeV,
they deviate from the equilibrium orbit during the propa-
gation along the machine lattice. Therefore a tagging sys-
tem must consists of more than one detector located in well
identified regions along the beam line, aimed to determine
the energy of the scattered electrons either directly or from
the measurement of their displacement from the main or-
bit.

Two identical low-energy tagging calorimeters have
been placed symmetrically at 1 m at both sides of the IP
(fig. 2), in order to tag electrons/positrons with energy 160
< E <400 MeV and a mean angle of 11° with respect to
the beam axis. This inner detector is referred to as LET.
It exploits a 20 Cerium doped Lutetium Yttrium Orthosil-
icate (LYSO) crystal-scintillator 6 x 7.5 x 12 cm’® matrix,
singly readout by Silicon Photomultipliers (SiPM) pho-
todetectors. The energy resolution is og/E < 10% for

Figure 2. HET and LET positions along the beam line. The LET
calorimeters are placed at both sides of the interaction point and
are enclosed in the KLOE apparatus volume. The HET calorime-
ters are placed at both sides of the interaction point, but outside
the KLOE volume.
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Figure 3. Left: Red boxes represent the two LET stations fired by
cosmic-ray muon tracks, displayed as solid blue lines. Tracks are
selected by requiring two energy depositions in the barrel EMC
with E > 5 GeV and at least one LET crystal fired, z, y axes are
reported (dashed arrows). Right: Positions of the let stations in
the x — z plane as measured by using selected muon tracks.

electrons/positrons of energy E > 150 MeV, while the time
resolution is o; ~ 1 ns.New front-end electronic boards
and ADCs have been produced for the LET detectors to
improve rate capability. High-energy cosmic-ray muons
crossing the LET are being used to equalize the detector
response, calibrating position and energy measurements.
In fig. 3 reconstructed positions of the LET stations in the
x — z plane are displayed (right), together with the experi-
mental setup used for calibration (left).

Detection of scattered electrons/positrons with energy
in the range 400-500 MeV is provided by another tagging
station, the HET. Two identical calorimeters have been
placed at both side of the IP, at 11 m along the beam line
(fig. 2). The HET stations consist of 30 small 3x3x5 mm?
plastic scintillator, whose light is brought by light guides
to readout Photomultipliers (PMT). The plastic scintilla-
tor arrangement provides a 2.5 MeV energy and a 200
ps time resolutions. New front-end electronic boards have
been exploited to make possible HET operation in low-
noise conditions. The HET calorimeters are clearly able
to solve the ~ 2.7 ns bunch-spacing time-structure when
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Figure 4. Bunch structure in TDC counts as seen by one HET
station. The detector time resolution is good enough to disen-
tangle the bunch spacing. This is a measurement performed by
illuminating the HET station with an electron beam at the Fras-
cati Beam Test Facility.

electrons circulate in DA®NE as shown in fig. 4, in which
a measurement performed by illuminating the HET station
with an electron beam at the Frascati Beam Test Facility is
reported.

2.2 The tile and crystal calorimeters

Two new tile calorimeters, QCALT, have been installed
around the DA®NE quadrupoles, at both sides of the IP,
with the goal of improving the reconstruction of pho-
tons originating from K neutral decays and hitting the
quadrupoles. Each calorimeter consists in a dodecagonal
structure (fig. 5), 1 m long, surrounding the quadrupoles.
The structure is arranged as a sampling of 5 layers of 5
mm-thick scintillator plates alternated with 3.5 mm-thick
tungsten plates, for a total ~ 5 X, . The active part of each
plane is divided into 20 tiles of 5 x 5 cm ? area with 1
mm diameter wavelength shifter fibers embedded in cir-
cular grooves. Each fiber is then optically connected to a
SiPM, for a total of 2400 channels. The QCALT is char-
acterized by a o, ~ 2mm resolution on the z-coordinate
(along the beam axis) and a o, ~ 1ns time resolution.
A multi-engine cooling system has been recently used to
reduce front-end electronics temperature. Both QCALT
modules have been switched on and equalized. Some oc-
cupancy plots for one module are reported in fig. 6 as ex-
ample.

In order to increase acceptance for photons coming
from n—meson and rare Ky decays down to 11°, few crys-
tals have been installed between the IP and the focaliz-
ing quadrupoles. The CCALT detectors, placed at both
sides of the IP, are made up of 2 x 2 x 13 cm? special-
shaped LYSO crystals (fig. 7), arranged in a dodecagonal
structure, readout by Avalanche Photodiodes (APD). The
LYSO crystals well match the request of high efficiency
to low energy photons and excellent time resolution for
the CCALT, which will help in rejecting machine back-
ground events in the low-energy region. A og/E = 5%

Figure 5. Left: QCALT dodecagonal structure with the LET
housing in evidence. Right: QCALT structure with front-end
cables in evidence.
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Figure 6. Occupancy plots for one module of the QCALT
calorimeter. All the module channels are on and equalized as

showed.
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Figure 7. Some special-shaped CCALT LYSO crystals in their
housing structure.

at E = 500 MeV energy resolution and a o, ~ 49 ps at
E = 100 MeV time resolution have been measured for
CCALT crystals with tests performed at the Frascati Beam
Test Facility. The time resolution measured with E = q00
MeV electrons is reported in fig. 8.

2.3 The Inner Tracker

The Inner Tracker detector is composed of 4 cylindrical
triple-GEM coaxial layers, each equipped with a double-
view XV-strips/pads readout circuit. A picture of the
tracker before its installation around the KLOE interac-
tion region is reported in fig. 9. The dimension of the
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Figure 8. Time resolution measurement performed illuminating
the CCALT crystals with 100 MeV electrons at the Frascati Beam
Test Facility.

Figure 9. A picture of the Inner Tracker before its installation
inside the KLOE interaction region.

active area (~ 700 x 300 mm?) required the GEM de-
liverer (CERN TE-MPE-EM workshop), in collaboration
with INFN-LNF groups, to proceed with a new manufac-
turing technique [10], while the assembly procedure has
been totally developed at LNF.

The Inner Tracker has been installed between the beam
pipe and the DC inner wall. The high-rate capability of
GEM detectors made possible to place the IT very close
to the interaction point, thus improving the resolution of
K decay points located within a few cm from the IP. An
accurate study showed that an improvement on this resolu-
tion of a factor ~ 3 could be reached. The overall material
budget of the IT is only ~ 0.2% of Xy. This is impor-
tant because multiple-scattering contribution to track reso-
lution and photon conversion before the DC volume must
be minimized.

Although each layer has been tested in a dedicated
area at LNF, before their integration in the IT, new tests
with the detector in its final position are required. In-
ner Tracker must be aligned and calibrated in order to get
the best tracking performance. Efficiency extraction must
also be performed in order to optimize the tracker working
point. Optimization of operational conditions is ongoing
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Figure 10. Inner Tracker efficiency as a function of the p—angle
in the bending plane for one of the IT layers.

and tools to monitor the detector and measure its efficiency
have been developed, together with alibration and align-
ment procedures exploiting cosmic-ray muon and Bhabha-
scattering events. Fig. 10 shows the present efficiency
measured for one IT layer. Efficiency is evaluated by se-
lecting tracks reconstructed by the DC and crossing the IT
at two points. After evaluating the expected crossing posi-
tions, measured clusters on the IT are reconstructed. Then,
the efficiency is computed as the ratio between measured
and expected position distributions, as a function of the
p—angle in the bending plane. The low efficiency values
in some of the ¢—regions are correlated to the presence of
dead and/or noisy strips.

3 Conclusions

The KLOE experiment has been upgraded and all sub-
detectors are undergoing commissioning together with the
DAO®NE collider. A data-taking period has started and
data are being acquired with all detectors included. Drift
Chamber and Electromagnetic Calorimeter have been cal-
ibrated as well as HET and LET calorimeters. For the new
sub-detectors the optimization of operational parameters
together with their calibration is going to be concluded.
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