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* DAONE upgrade
* KLOE detector and the upgrade to KLOE-2
* STEP-0: the 4 physics and taggers

* STEP-1: the Inner Tracker, tile and crystal forward

calorimeters

24/07/2010 F. Archilli - ICHEP 2010 2



luminosity/l=e2d

DAONE upgrade

Frascati ¢-factory: ete” collider @ /s ~

45000

Luminocsity ws Current Preduoct

40000 |

25000 -

0000

25000 -

L=45 1032 cm s

Al

1.02 GeV = My; 0peak ~ 3 pb

New interaction schema has been implemented
and tested with SIDDHARTA experiment in
2008/09:

* Larger beam crossing angle and crab-waist

P, RAB Optics sextupoles
) 4 [ 21/12/2008 Daly averac . ] .
20000 1 fﬁ B 21/12/2008 Best £il] * Luminosity increase a factor ~3
15000 | #ﬁ KLOE 200242005 . f I_dt ~1 pb—l/h
7 o T
10000 | ‘ﬁ-:?" | M‘M"ﬁ“"‘*m
R YL ‘ : i _ N ¥

o L7 b " L2/0ar2007 sinuce neek | With the new configuration ~5 fb!/y

o R s e be delivered

o et b e L L can beE deliverea.
o 0.5 0.5 0.8 1 LE 1.5 1.% 2 25 2.5

120%Amg /Nburc

24/07/2010 F. Archilli - ICHEP 2010 3



KLOE-2 physics program

KLOE has achieved precision results in kaon and hadron physics:

* Measurement of all BR's of Ks, KL and K*

* Study of scalar and pseudoscalar mesons

* Measurement of ee” — 77 () cross section and obtained most of the dipion hadronic

contribution to the muon anomaly

The KLOE-2 program includes improvements on many measurements and
prospects for new items: KLOE-2 Physics paper: arXiv:1003.3868 (to be published by EPJC)

* Study of 4y-physics based on sample tagged by new detectors for detecting
leptons from the process efe” — ete X.

* Search for particles from “hidden sectors” that might explain dark matter.

* Precise measurements of the hadronic cross section near wr-threshold.

HIGH ENERGY PROPQOSAL: upgrade in energy of the collider (from 1.02 GeV to 2.5 GeV)

Proposal for taking data with the KLOE-2 Detector at the DA®NE collider upgraded in energy, LNF-Note 10/17(P)
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The KLOE detector

Large cylindrical drift chamber:

* 4 m diameter — 3.7 m length

* Light structure: carbon-fiber & gas: 90%
He — 10% IsoCH

*o /p=0.4% (track with § > 45°)

eog ~3mm
vix

Superconducting coil:

During 2001-2006 KLOE has collected
~ 2.5 fb™! of data at ¢-peak and 250 pb!
off-peak (/s = 1 GeV).

Lead/scintillating-fiber calorimeter:
c0. /E=57% / E(GeV)
.0, = 54 ps / E(GeV) @ 100 ps

* 98% coverage of solid angle
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KLOE roll-in

On April 2010, the KLOE detector
has been moved back onto the
DA®NE beamline.

Detector maintenance on Drift
Chamber, Electromagnetic
Calorimeter have been now

completed.

Data Acquisition System updated.
Ready to take data.

B-field switched-on last week,

calibration with cosmic-ray.
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Status and the future...

DA®NE has begun commissioning. E— _ W‘_
f‘}

First collisions are foreseen in

September.

Upgrades of the KLOE detector:
STEP-0: Lepton tagging system for
~vy-physics LET and HET

STEP-1: 3 new detectors will be
inserted, QCALT, CCALT and the IT

(advanced status, insertion by fall
2011)
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STEP-
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vy - physics

A ~- reaction could be depicted as follows:

ete” s ete vy 5 efte X
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-7y scattering allows the study of final states X with 0 20 300 B R ey

JP¢ = 0*" not directly coupled to one photon (JF¢ =
KLOE has used the off-peak data to

search for the 4y-physics events.
See P. Gauzzi's talk (session 4)
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Electron tagger HET LET

In order to identify ete” — efey*~* events 2 pairs of
new detector are installed.

They will measure the off-energy e* and e~

eTe” v ete vy s eteX

/

Detected by taggers

Detected by KLOE

Technical design Report LNF - 10/14(P)
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Electron tagger HET LET

A detailed description of the beam optics is necessary to track these particles and
choose where to place the taggers.

BDSIM toolkit has been used to have a detailed slmulatlon of the off-energy
particles through the machine optics.

Two positior;s for tagging detectors, for two ete energy ranges, have been found:
1) 160-230 MeV, ~1 m away from interaction point “Low Energy Tagger” or LET
2) 425-490 MeV, ~11 m away from interaction point: “High Energy Tagger” or HET




The High Energy Tagger (HET)

The first dipoles act as spectrometers spreading the trajectories in the
longitudinal plane.
There is a correlation between energies and displacements in the

longitudinal plane: HET is a position detector!

24 ndf 5.995 / 36
Prob 1
po 506.6 = 0.4838

p1 -0.5645 = 0.005858

"B

Ensrgx (MeV)
El
[

Hodoscope made by two rows of 15 scintillators of 3x5x6 mm?
pitch resolution ~ 5 mm, i.e. 2.5 MeV momentum resolution.
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Fast scintillator EJ228 (ELJEN) coupled with light guides.
PMT Hamamatsu R9880-U110 (QE~35%).

Time resolution 200 ps (clear separation between two consecutive bunches).

0
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The Low Energy Tagger (LET)

In the Low Energy Tagger, LET, region the off-energy leptons have no correlation

between impact point and energy.

Physical constrains leads to radiation tolerant and
magnetic field insensitive electronics, good energy

resolution and small size.

The LET detector is composed by 20 LYSO
crystals (Xo ~ 1cm) wrapped by Tyvek, each

crystal is 1.5x1.5x12 cm®. Hamamatsu MPPC

were chosen as photodetectors (14400 pixels,

3x3 cm? active area)
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The Low Energy Tagger (LET)

In the Low Energy Tagger, LET, region the off-energy leptons have no correlation

between impact point and energy.

Physical constrains leads to radiation tolerant and
magnetic field insensitive electronics, good energy

resolution and small size.
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The LET detector is composed by 20 LYSO

crystals (Xo ~ 1cm) wrapped by Tyvek, each
crystal is 1.5x1.5x12 cm®. Hamamatsu MPPC

were chosen as photodetectors (14400 pixels,

;@ Beam Test Facility of Frascati
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E,...(MeV) 3%x3 cm? active area)
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STEP-
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KLOE detector upgrade (STEP-1)

Major detector upgrades (~ late 2011) for second KLOE-2
run:

INNER TRACKER:
* 4 layers of cylindrical GEM;

* Better vertex reconstruction near IP;

* Larger acceptance for low p; tracks.

QCALT:
* W + scintillator tiles + SiPM /WLS;
* QUADS instrumentation for K, decays.

f >~
CCALT: 5
* LYSO + APD

* Increase acceptance for 4's from IP (21° — 8°)
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The Inner Tracker

For a fine vertex reconstruction in Ks, n and n' decays and improvements in the Ks-K,
interference measurement:

* 0~ 200 pm and o, ~ 500 pm
* Material ~ 2% X,

* 5kHz/cm? rate capability

The cylindrical GEM detector is proposed:
* 4 CGEM layers with radii between 13 cm and
23 cm (from the BP to inner wall of the DC)

* 70 cm active length

* XV strips-pads readout: the stereo angle is
40°
* 1.5% X, total radiation length in the active

volume including Carbon fiber support

Technical Design Report of the Inner Tracker for the KLOE-2 experiment - arXiv:1002.2572
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C-GEM prototype test-beam

Spatial Resolution
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XV readout and magnetic field

A 10x10 cm? Planar GEM w/650 pm pitch
XV strips has been realized and tested in

magnetic field.

beam-line at CERN-SPS: 150 GeV pions
Goliath Magnet: dipole field up to 1.5T in a
~3x3x1m3

Gas: Ar/CO, = 70/30 . i
Fields: 1.5 - 3.0 - 3.0 - 5.0 kV/cm
V__: 390-380-370 =1140V, gain~2x 10*

N\

1000 pm

| X displacement vs magnetic field |
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T
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D"_||||||||||||||||||||||||||||||
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FEE: GEMs partially equipped with 22 GASTONE
boards
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—
&n
|

.

—
|

Trigger: 6 scintillators with SiPM n.sf— +
ox = 200-370 pm fora B =0-1.3 T, 0, = 370 pm
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Impact on physics

T K ¢ K s
- --e--4C
T 7i
- > >
to t1

At = [t; — to

I(rTn 7 n ; At) x
[e—I‘LAt + e—I‘SAt] +
—2(1 — (gpe” TsTLIAL2 o5 AmAL))

CSL — O QM
(s = 0.003 £ 0.018 £ 0.006

Experimental sensitivity improved by a factor ~3
using the Inner Tracker.

A. Di Domenico, KLOE Coll.
J. Phys. Conf. Ser., 171, 012008,
2009
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The QCALT calorimeter

Two tile calorimeters + Wavelength Shifter + SiPM
readout around the new QUADs
(w.r.t. old QCAL 2 times light yield, faster green fibers,

10 times improvements o)

Dodecagonal structure (1 m length)

5 layers of W (3.5mm) + tiles (5mm) +
air gap (1mm) for a
total of 5.5 X, (4.75cm depth)

20 cells/layer (100 SiPM/module) for a total of 2400
readout channels;

Located along z-axis after the Inner Tracker;

Granularity of 5x5+5x7.7 cm? tiles;

Fast timing resolution (< 1 ns);
Increasing of the hermeticity of KLOE detector for photons.
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QCALT module-0

Two different solutions are tested for the wrapping of the

scintillators: Tyvek and reflecting painting.

SiPM readout:

* 50 pm pixel pitch
* 400 pixels

®* Vs = 09 -71 V

* Gain 7.5 10° @V,

24/07/2010 F. Archilli - ICHEP 2010
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The CCALT Calorimeter

2 small barrels of 24 crystals each,
with a length of 10-13 cm and
transversal area from 1.5x1.5 cm?
to 2x2 cm?

Dodecagonal
Barrel

First prototype has been built and tested with cosmic-ray muons and e-beam.
High Light Yield observed ~ 500 pe/MeV.
Timing resolution 250-300 ps from 100 to 500 MeV.

KLOE EMC covers down to 21°,with the CCALT extension down to 8°!
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Impact on physics: Ks — ~y decay

KLOE published measurement on BR(Ks —~v) (JHEP 0805:051,2008) differs by 3o
from NA48 result. A more precise measurement is needed!

KLOE put a limits to O(p®) prediction of xPT.

NA31 95

NA48 00

NA48 03

KLOE 08

o(p*) in ChPT

24/07,/2010

BR(Ks — vv) x10°
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Conclusions

* New interaction region is installed;
* The KLOE detector is up and running;
* Magnet has been switched ON;
* Electron tagging system:
* LET: tested and installed;

* HET: mechanics installed, detector ready for

operation.
* DA®NE commissioning is starting;

* First collisions foreseen for September;

* Work is in progress for detector upgrades (IT,
QCALT and CCALT), to be installed by end of

2011.

File Event Windows Display View A C

Particles present
>

KLOE is back
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Conclusions

Thank yo
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New beam pipe @ IP

Insertion of the 35pm Be cylinder inside the 10 cm sphere
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KL — 77 measurement

* KLOE was designed to study the CP
violation into the KK system through
Re(€' /e) measurement.

* To reduce systematic errors we measure
the double ratio:

I'Ks — nrn )['(Kp — w%x0)

'Ky —» ntn ) I'(Kg — 7%Y)

* The most important bg source in this

measurement is K, - 31C;

* QCAL works well on rejecting background
losing 1% of signal;

* QCALT will increase the detection
efficiency and the high granularity will

help on reducing accidental losses.
24/07,/2010
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CGEM prototype construction

. Distribution of epoxy on foil edge

. 3 spliced foils ~1000mm long

. Cylindrical mould in vacuum bag

. Cylindrical GEM foil

. Cylindrical Cathode with annular
fiberglass support flanges

Proto0.1: @=300mm,L=350mm;
1538 axial strips, 650 pm pitch a
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GEM foil production

Starting raw material: 50pm Kapton foil
with 5pym Copper clad

Photoresist deposition, Single Mask

Bottom side metal etching. Top side metal is
preserved with Cathodic Protection technique

Back to kapton etching to get
almost cylindrical shaped hole

Further metal etching to form a small rim
and eventually to reduce the copper thickness

24/07/2010 F. Archilli - ICHEP 2010
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Plastic scintillators characteristics (HET)

Plastic : Eljen EJ2283

Physical and Scintillation Gonstants: Ei-228
Light Cutput, % Anthracene ..., ST
Scintillation Efficiency, photons/1 MeVe ' e, 10,200..
Wavelength of Max. Emission, nm ... 391......
RISE TIME, M5 .. s 05....
Decay TIMB, N3 .o s snsnis 4.
Pulse Width, FWHM, NS ..o, 12.....
No. of H Atoms perem’, % 107 i 5.15......
No. of C Atoms per em’, % 107 ... 469.....
No. of Electrons perem”, £ 10 333 ..
DENSITY, QIC0 . bbb 1.023....
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Optical Sensors

Eey Specifications Drawing

Fart Humber RSEE0U-110 - s

1 Head - w1 T
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e 300 nm i — i

M 450 nm - it
R9880U-110SEL = o

m;ﬂm 120 mASW 143

WY Borosiicate Clich image Us enlaige

Cathode Type Luper Bialali

Cathode Luminces 138 pAflm

. Lensitiviky
Cathnde Blue Sensitivity

Super Bialkali Lo

Arnche Luminoers

14

Consitivi ?Zl'I:IJ.."lm
Quantum e~40% 330 nm . T
Dok Current after 30
Quantum e~37% 400 nm . st
fise Time (.57 s
Trarsit Time 1E6ms
Humbser of Demodes 10
Apphed Yoltage 1000
ML Arocks M
Locket Bane ERTE-13W

Locket « blppder assy,  E10679

24/07/2010 F. Archilli - ICHEP 2010 32



Mechanics
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Test beam: TDC

wn E tdc_12
£ o ore T
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8 10001 12/ndf  60.03/22 g 6000 — p RZMS 1244
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C . 4000__ A A Mean 1058 = 0.0
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E llghT gl.llde 3000:—51'66' bOX,
a0~ and oot 0Nd splitter
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ol 1000
| [ R n | 0:L|.+| A T L
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