PROCEEDINGS

OF SCIENCE

Kaonic atoms measurements at DA ®NE by
SIDDHARTA

SIDDHARTA Collaboration: M. Bazzi 2, G. Beer®, L. Bombelli ¢, A.M. Bragadireanu 29,
M. Cargnelli €, G. Corradi @, C. Curceanu (Petrascu) 2, A. d’Uffizi &, C. Fiorini €,

T. Frizzi®, F. Ghio f, B. Girolami f, C. Guaraldo 2, R.S. Hayano 9, M. lliescu 29,

T. Ishiwatari €, M. lwasaki ", P. Kienle ®, P. Levi Sandri &, A. Longoni ¢, V. Lucherini 2,

J. Marton &, S. Okada?, D. Pietreanu &, T. Ponta 9, A. Rizzo?2, A. Romero Vidal *,

A. Scordo 2, H. Shi9, D.L. Sirghi 29, F. Sirghi ¢, H. Tatsuno 9, A. Tudorache ¢,

V. Tudorache 9, O. Vazquez Doce ?, E. Widmann € and J. Zmeskal ©

8INFN, Laboratori Nazionali di Frascati, Frascati (Roma), Italy
bDep. of Phys. and Astro., Univ. of Victoria, Victoria B.C., Canada
Politecnico di Milano, Sez. di Elettronica, Milano, ltaly
dIFIN-HH, Magurele, Bucharest, Romania

€S efan-Meyer-Institut flir subatomare Physik, Vienna, Austria
FINFN Sez. di Roma | and Inst. Superiore di Sanita, Roma, Italy
9Univ. of Tokyo, Tokyo, Japan

PRIKEN, The Inst. of Phys. and Chem. Research, Saitama, Japan
iTech. Univ. Miinchen, Physik Dep., Garching, Germany

E-mail: Ant oni 0. RoneroVidal @nf.infn.it

The SIDDHARTA experiment performed in 2009 precision measients of kaonic atoms transi-
tions, in particular of kaonic helium and kaonic hydrogdrtha upgraded D®NE collider. The
measurements were performed using triggered X-ray deteatamely large area Silicon Drift
Detectors, which were developed in the framework of theatwmltation. The experiment will be
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1. Introduction

The SIDDHARTA experiment aims to study the Kaon-nucleowrgfrinteraction in kaonic
atoms produced &RAPNE, in particular in the kaonic hydrogen (K-H) and kaonic deutra (K-

d).

The method is based on the measurement of the X-rays enmittbd de-excitation processes
of the kaonic atoms. The strong interaction leads to a Alifof the fundamental denergy level
compared to the value calculated from electromagnetigant®mn only, and a broadenirig due
to the absorption of the kaon by the nucleus. These quantiie be obtained by comparing the
measured energies of the X-ray transitions to tedetel to the purely QED calculated values.
SIDDHARTA improved the previous K-H measurements done byABE1] and KpX [2] at KEK,
and permormed the first ever K-d measurement.

A precise measurement of tidE andI” for the K-H and K-d would provide a very valu-
able information for a better comprehension of the low ep&@D in the strangeness sector. In
particular, it will allow to determine the antikaon-nucteizospin dependent scattering lengths [3].

2. The SSIDDHARTA experimental setup

The SIDDHARTA setup [3] was installed in teg e~ interaction point of th@ADNE collider
in autumn 2008. The setup is divided in three parts: a kaoectlat an X-ray detection system,
and a cryogenic target. In figure 1 an overview of the setupasvs.
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Figure 1: The SIDDHARTA setup; the Fe source was used during KHe measemt for calibration pur-
pose; it was taken away for the K-H measurement.

The target cell is cylindrical with a radius of 6 cm and a heighl12 cm built in Kapton, 75
umthick. It was filled with gas at a temperature of 27 K and a pressf 1 bar. The bottom of
the vacuum chamber has a circular window made of a Kaptontfoibugh which kaons enter in
the target cell. An energy degrader, installed on the bottbthe vacuum chamber, was adjusted
in thickness to optimize the number of kaons stopped insidddrget. It had a step-like shape to
compensate the boost effect caused by a finite crossing angle of the eleetnopositron beams.
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The K™K~ pairs produced by decay were detected by a kaon detector [4]. This detector
consists of two scintillators installed above and belowkibam pipe at the interaction point. Each
scintillator has a size of 152 72 mm?, and a thickness of 1.5 mm. Two fast photomultipliers
(Hamamatsu R4998) were optically coupled to the ends of seictillator.

In this detector, charged kaon pairs were well identified tsirttime of flight. The slow
kaon pairs are clearly separated from fast minimum ioniiagkground particles (MIPs), due to
excellent time resolution~ 100 ps FWHM) and to the use of stable clock pulses (380 MHz RF)
delivered byDA®NE. A correlation of the time difference on the two scintillegds shown in
figure 2. TheK*K™~ pair production events are clearly indicated. The ratioasrk coincidences
to MIPs during the measurements was about 20:1.
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Figure 2: Timing spectrum of the two scintillators in the kaon detectthe time difference between the
clock signals delivered bPA®NE and the coincidence of the two scintillators is shown. K&k~ and
MIPs coincidence events are marked in the figure.

The X-rays were detected using recently-developed largg 8DDs having an active area of
1x 1 c? and a thickness of 450m [5][6]. After detailed performance tests, 144 SDDs were
installed surrounding the target cell. The SDDs were cotted temperature of 170 K with a
stability of +0.5K.

X-ray signals in the SDDs were read out using a speciallygthesi data acquisition system.
Energy data of all the X-ray signals detected by the SDDs wexerded. In addition, time dif-
ferences between the coincidence signals in the kaon detaudl X-ray signals in the SDDs were
recorded using a clock with a frequency of 120 MHz, whenelercbincidence signals occurred
within a time window of 6us.

The SDD data are categorized as one of two types: one typainerX-ray events uncor-
related with the kaon coincidence ("self-trigger datafjd ahe other type contains X-ray events
correlated with the kaon coincidence ("coincidence datahjch provides kaonic atom X-ray en-
ergy spectrum with a very high background suppression.

Two Ti andCu foils were installed in a place close to the target cell to itoorihe stability of
the SDD X-ray detection system. Using tg lines of Ti (4.5keV) andCu (8.0keV) activated by
background particles, a dedicated stability check andggrealibration has been performed.
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3. SIDDHARTA measurements and preliminary results

SIDDHARTA took data in 2009 with 4 different targetéHe, SHe, H, andd. The data
analyses for all these targets are ongoing. In what follawespriefly present preliminary results
for K “He and K-H. The kaonic helium measurements to the 2p-levelefies) with*He were
used to optimize the degrader, but proved to be very cometit

In figure 3 we presents the kaonic helium preliminary regiMing a measurent ofAE =0 +
6 (stat)* 2 (syst). More details are given in paper [7].
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Figure 3: Energy spectrum of the kaorftele X-rays. The kaoniéHe L, line is seen at 6.4 keV.

Figure 4 shows the K-H X-ray energy spectrum selected by rip&e tcoincidence timing
events for partial statistics. The two peaks at 4.5 andk®/5correspond to thdi fluorescense
lines, coming from thdi foil, wich is activated by the kaons and background; and ¢okthonic-
Carbon 6 -> 5 (at 5.5%eV) X-ray transitions, produced at the target walls.

The other two broad peaks are the kaonic hydro§erline (5.8 — 6.4keV region) and the
Keomplex (Kg ... ) line (7.0 — 9.0 keV region).

The analysis is ongoing in order to extract tkie and the™ with a precision better than DEAR

[1].

4. Conclusions

The SIDDHARTA experiment performed in 2009 precision measents of kaonic helium
(3 and 4) and kaonic hydrogen. It performed as well the firet exploratory measurement of the
kaonic deuterium.

DADNE proved to be an ideal "kaonic atoms" factory.

Presently, data analyses are ongoing. In parallel plarenfapgrade of the experimental setup
and an enriched scientific case for the near future are beingjadered.
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Figure 4: Kaonic hydrogen X-ray spectrum for events in coincidendé wie kaon detectofli K, andKg
lines are seen at8 and 50 keV. Also the Kaonic-Carbon 6 -> 5 line is seen & §eV. The broad peaks
between 5.8 and 9KeV correspond with the kaonic hydrogig andKcompiex lines.
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