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The KLOE experiment at the DBNE e"e~ collider of the Frascati Laboratories of INFN is
going to start a second data-taking campaign (KLOE-2). Téteaor has been upgraded with
small angle electron taggers; the insertion near the iatierapoint of an inner tracker and a
couple of calorimeters at low angle (QCALT and CCALT) is pled for the next year. The
interaction region of DAPNE has been modified using a crabbed waist scheme, which leas be
successfully tested during year 2008. An improvement initasity of about a factor of 3 is
expected. The KLOE-2 scientific program aims to further iowerthe experimental studies on
kaon and low energy hadron physics, e.g. CKM unitarity angtbe universality, CPT symmetry
and quantum mechanics, low energy QCD, gamma-gamma plegsitthe contribution of the
hadron vacuum polarization to the muon anomalous magnetinent.
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Introduction

The KLOE experiment has collectecbZb~? of data at thep(1020) meson peak and 250 pb
off-peak (/s= 1 GeV) at DAPNE, thee" e~ collider of INFN Laboratori Nazionali di Frascati dur-
ing the 2001-2006 data-taking campaign. Many importantlteave been obtained in kaon and
hadron physics: the measurement of all branching ratidéspK; andK*, the study of scalar
and pseudoscalar mesons, the measuremesitedf — 171 (y) cross section from which most
of the dipion hadronic contribution to the muon anomaly camlérived. During 2008 a new inter-
action scheme for DRNE has been implemented and tested, allowing to reach a peakdsity
of 45x 1032 cm~2 s 1, a factor of 3 larger than the previous achievement. The o&eme has a
larger crossing angle, a reduced beam size at the intemgotimt (IP) and the presence of a pair
of crab-waist sextupoles. With this new configuratiers fo~! /y can be delivered thus offering a
powerful tool for the proposed new physics program.

The KLOE-2 program includes not only improvements on KLOEm@ements but also new
physics topics as [1]: study ofy-physics based on sample tagged by new detectors, the $earch
particles from “hidden sectors” that might explain dark t@gtand a precise measurements of the
hadronic cross section near tia-threshold.

Detector | mprovements

KLOE is a general purpose detector, mainly consisting ofrgelaylindrical drift chamber
with 2 m radius, surrounded by a lead-scintillating fiberclemagnetic calorimeter. Both sub-
detectors are immersed in the 0.52 T axial magnetic field ofpgrEonducting coil. The detector
was optimized foCP andCPT studies in the neutral kaon system, produced ingliecay almost
at rest. For the forthcoming data-taking, upgrades of theatler are foreseen. In a first phase,
referred to as STEP-0, two new detectors, the Low Energy drafid=T) and the High Energy
Tagger (HET), will be installed along the beam line to detbetscattered leptons fropy interac-
tion. In a second phase, named STEP-1, a light-materiat inaeker (IT) will be installed in the
region between the beam pipe and the drift chamber in ordengoove the vertex reconstruction
from charged tracks and to increase the acceptance of tvétkéow-p;. A new tile calorimeter
(QCALT) will surround the focusing quadrupoles near thedPthe detection of photons coming
from K. decays in the drift chamber. A crystal calorimeter (CCALT) wover the low@ region,
attempting at increasing acceptance for very forward legfthotons down to°8 The expected
integrated luminosity for the two phases is 5¥and 20 fbo ! respectively.

STEP-0 upgrades

The STEP-0 phase will start new data taking with the presat®K detector and the new
tagging system for the electrons and positrons from theirae'e™ — efe y*y* — ete X, giv-
ing the opportunity to investigatgy-physics [1] at DAPNE. A detailed description of the beam
optics was necessary to track the leptons and choose whetad® the taggers. The results of
our simulation with the BDSIM toolkit show two different rems on both sides of IP for the new
detectors: the Low Energy Tagger (LET) region, inside KL@MBere we can detect leptons with
energies between 50 and 450 MeV; and the High Energy Tagd€r)kegion,~ 11 m away from
IP, where we will detect the leptons having an energy grehtar 420 MeV. In the LET region
there is no energy-position correlation for electronsitpmss; for this reason the adopted solution
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for the LET is a calorimeter. The HET detector is located rniexhe first bending dipole acting

like a spectrometer, spreading the trajectories in theifodigal plane. In this region leptons show
a clear correlation between energy and deviation from nahuirbit. Therefore a position detector
was chosen.

TheHigh Energy Tagger

The HET detector [4] will provide a measurement of the
displacement of the scattered leptons with respect to tine- no
inal orbit. Therefore this detector is inserted inside tha-m 4
chine lattice as close as possible to the beam orbit. The ch
sen access point is located after the dipole placed 11 m fro:i
the IP. The detector requirements can be summarized as: goad
time resolution to disentangle each bunch coming with a pe-
riod of 2.715 ns; capability to acquire data at 368 MHz in
order to reconstruct the event sincronously with KLOE; +adi
ation hardness in order to be positioned at 30 mm from the
beam; small size to allow the installation with the mechani-
cal support inside the vacuum chamber. The final tagger d
tector consists of two rows of 15 BJ228 fast scintillators of
3x 5x 6 mn? arranged as shown in Fig. 1 top. This config-
uration provides a spatial resolution of 5 mm correspondong
2.5 MeV momentum resolution. The output light is collected
by light guides coupled with HAMAMATSU R9880U-110 high
quantum efficiency photomultiplier sensors. To minimize th Figure 1: The HET (left) and
interference with the DANE vacuum system, the detector is LET (fight) detectors, for the
installed inside a steel sleeve shaped box open to air on oAgpton tagging system.
side.

The Low Energy Tagger

The LET detector [5] consists of a calorimeter detectingtedes and positrons with energy
between 160 and 230 MeV. ltis installed inside KLOE, 1.5 myfsam the IP. Due to its position,
radiation hard and magnetic field tolerant electronics éled. This detector has to provide us with
energy resolution better than 10%, a good time resoluti@ssociate the detected events with the
proper bunch crossing. To this purpose the LET detector isposed by 20 Lutetium Yttrium
Orthosilicate (LYSO) crystalXg ~ 1 cm) 15 x 1.5 x 13 cn? each, wrapped by TYVEK and cou-
pled to HAMAMATSU Silicon Photomultipliers with 14400 pileand 3x 3 cn? of active area. A
preliminary study gives a resolutiare /E = 2.4%//E( GeV) @ 6.5%@ 5 MeV(fixed) /E( GeV)

STEP-1 upgrades
Major detector upgrades are foreseen for the STEP-1 plaiondate 2011. All the details of

the three new detectors are reported in the following.

Thelnner Tracker
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The Inner Tracker (IT) detector will be installed [6]
between the beam pipe and the DC inner wall. Itis con- _ X Vs magnetic el |
ceived to obtain a fine vertex reconstruction in g f {
n andn’ decays and to improve thés — K, interfer- ’ { e
ence measurement. A crucial design parameter is the
resolution on the reconstruction of decay points occur- ¢ [ r T

ring within few cm from the IP. An accurate study on M; 1

quantum interferometry measurement shows thatan im- = .. . . . .
provement on this resolution of about a factor 3 with e
respect to the present value: 6 mm) is required [6]. Figure 2: Displacement on x-axis as
The IT contribution to the overall material budget hasa function of the magnetic field (green
to be taken into account in order to minimize multiple points) with the result from GARFIELD
scattering contribution to the track momentum resolutionSimulation a8 = 0.5 T (blue square).

and photon conversions before the DC volume. The re-

qguirements for this detector are: good space resolution

Orp ~ 200 um ando; ~ 500 um; total material budget below 2% of a radiation lengtg)( rate
capability 5 kHz/cmZ. The adopted solution is a Cylindrical-GEM (CGEM) detectbine IT will

be composed by 4 CGEM layers with radii from 13 to 23 cm fromIfh€lhe total active length
for all layers will be 70 cm and the read-out composed of X\pstpads with~ 40° stereo an-
gle. The radiation length in the active volume including tiaebon fiber support is only.8% Xp.

A full-scale CGEM prototype has been build and tested at CEFRENwith a 10 GeV pion beam.
The spatial resolution obtained from this preliminary iegr ~ 200 um and 99.6% efficiency. In
order to test the effect of the magnetic field on the readodf a 10 cn? planar GEM (PGEM)
with 650 um pitch XV strips has been realized and tested in magnet. fighe test has been per-
formed at the H4 permanent facility, setup at CERN-SPS witB@&GeV pion beam line, and with
the GOLIATH magnet providing a field adjustable up t6 I. The effect of the magnetic field is
twofold: a displacement and a spread of the charge over Huoue plane. In the test beam con-
figuration the magnetic field effect was mainly present onthéew. The displacement along the
direction sensitive to the magnetic field is reported in ig. 2. The resolution on the x-coordinate
as a function of the magnetic field ranges from 200 at B=0 T up to 380um at B=1.35T.

The QCALT

Particles coming from a secondary vertex inside the drifincber volume, can hit one of the
guadrupoles and not be detected. In order to recover thetielgm two calorimeters surround
the quadrupoles. An upgrade of this calorimeter (QCALT)Wil be installed in the STEP-1
with improved performance. Its time resolution will be lésan 1 ns, 10 times faster than the old
calorimeter. The QCALT will increase the detection efficdgm@nd its higher granularity will help
on reducing accidental losses. The measurement of somdeaeags, e.gK, — 11 will benefit
from the improved QCALT performance, rejecting the mostamant background sources from
K. — 3m°. The QCALT detector, shown in Fig. 3 top, will be composedved tile calorimeters,
a wavelength shifter and SiPM readout. It will have a dodenaystructure 1 m long made by
5 layers of tungsten 3.5 mm thick, tiles 5 mm thick and air gaft mm for a total of 4.75 cm
(5.5Xp); 20 cells/layer (100 SIPM/module) for a total of 2400 reatdchannels. The QCALT will
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be located just outside the Inner Tracker, it will have a gharity of 5x 5+ 5 x 7.7 cn? per tile.

TheCCALT

In order to increase the angular efficiency of the KLOE
electromagnetic calorimeter, an additional small deteutidl
be placed as shown in Fig. 3 bottom. The present EMC
covers down to 21 degrees; with CCALT the coverage will
go down to 8 degrees [8]. With such a detector we cal
for instance improve the measurement of the branching ra
tio of the reactionKs — yy [9]: the major background
for this process is the decalfls — m°m°® — 4y, with two
photons lost in the beam pipe or lost because of som
EMC inefficiency. The CCALT will be composed of 2
small barrels of 24 LYSO crystals each, with a length of
10-13 cm and transverse area fronb ¥ 1.5 cn? to 2 x Figure 3: The QCALT

2 cnt. calorimeter (top) and the
CCALT calorimeter (bottom).

Conclusion

The new interaction region has been installed and the KLOE
detector, after a successful roll-in, is now working prdypefhe magnetic field has been switched
on and the first calibrations of DC and EMC have been done. Hik detector is installed, the
HET mechanics has been installed and the detector has bestnuezied and is ready to be installed.
DA®NE commissioning just started.
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