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Abstract. The SIDDHARTA collaboration measured kaorfide and*He 3d — 2p
X-rays with gaseous targets at the DNE e*e™ collider. The 2-state strong-interaction
shifts and widths were precisely determined by using 144 high-resolution silicon drift
detectors. The shift dk~*He is in good agreement with theoretical calculations and con-
sistent with the recent experimental result of KEK-PS E570. The shitéHe is also
determined for the first time. The newly determined widths are in agreement with optical
model calculations.

1 Introduction

Kaonic atoms provide a unique possibility to determine the strong interactioks ofith nucleon
and nuclei at the low-energy limiK~ atom is usually created by stoppinda beam in a target. The
stopped ™ is captured with Coulomb force in highly excited states, for example, the principle number
is about 30 folk ~*He, and then cascades down with emitting radiative transition X-rays. At the end of
the cascade, thi€~ is absorbed by the nucleus through strong interaction. The atomic state before the
absorption, so called the last atomic orbit, is shifted and broadened by the strong interaction. Therefore
the dfect is determined by measuring the transition X-rays to the last orbit.

The SIDDHARTA experiment measured foufférent targets, hydrogen, deuteritidg, and*He.
The measurements &~ p and K~d X-rays are motivated to determine the scattering lengtKof
and nucleons which are the most fundamental and important parameters to understand the strong
interaction at threshold. The details of these measurements are given in another contribution [1]. Here,
we focus on the kaonit*He.

A puzzling situation remained for two decades in1é¢He 2p-state shift. There was a-discrep-
ancy between theory and experiment. Theoretical calculations have shown basically no shift [2—4], on
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the other hand past three experiments have shown about 40-eV repulsive shift [5—7] (repulsive means
upward shift of the atomic level). This discrepancy has been solved in the recent measurements in
KEK E570 [8] with liquid “He target and in SIDDHARTA [9] with gaseous target. Followed4He
measurement, SIDDHARTA also reported the shiftldé for the first time in the world [10].

Recently the nuclear potentials Kf 3*He system have attracted attentions to search antikaon-
nuclear clusters [11-14]. Theoretically, phenomenological optical-potential models [2,3] and a chiral
unitary model [4] show no shifts and small widths§<€V) for K-3*He 2p states. In addition, possible
large shift and width (>5 eV) have been predicted by a theory which accommodates deeply-bound
K-nuclear states [15]. However, no cléér>*He potential is experimentally derived due to the lack of
reasonable data for the strong interaction widths. SIDDHARTA has reported new experimental results
of K~34He 2p-state width [16].

2 Experiment

The SIDDHARTA experiment was performed at the recently upgraded DA®NE electron-positron col-
lider in Frascati, Italy [17]. The beam energy of DA®NE is tuned to crgatesons, and the meson
decays toK*K~ pairs with about 49% of branching ratio. The monochromatic low-energy charged
kaons can be easily degraded and stopped in a cryogenic gaseous target and kaonic atoms are ef]
ciently produced. The gas-target system is a critical feature of the experiment, because the yields of
kaonic atom X-rays decrease sensitively towards to higher density due to collisions with other atoms.
A’charged-kaon trigger’ is created with a coincidence of two plastic scintillation counters mounted
top and bottom of the interaction point efe”. Kaonic atom X-rays were detected with 144 silicon
drift X-ray detectors (SDDs) mounted surrounding the target. The SDDs, developed within a European
research project devoted to this experiment, have a good energy resolution of about 180 eV FWHM at
6 keV and a timing resolution of about 800 ns (FWHM). A detailed description of the experimental
setup and analysis is given in [9, 10].

3 Results and Discussions

Figure. 1 shows a summary plot of the recent measurements of strong interaction ghitt'sle 2p

state. Filled circles shoiHe, and open circle showéle. Negative sign means repulsive shift. The
error bar is calculated as quadratic sum of statistical and systematic errors. The SIDDHARTA results
of “He are consistent with the E570 one [8]. This means the small shift is confirmed with gaseous
target. The shift ofHe was firstly determined to be also smalk2Zstat.)+4(syst.) eV. No large shift

is established for kaonic heliunpztate.

The SIDDHARTA data were carefully analyzed and the strong interaction widths of kaonic helium
were determined. Fig. 2 shows the correlation plot of shift and width of the SIDDHARTA results
[16]. Filled circle shows'He, and open circle showd#e. The error bar is calculated as quadratic
sum of statistical and systematic errors. For comparison, as an example, theoretical calculations of
phenomenological optical potential model by Friedman [3] are also plotted. Filled sqdte &nd
open square i¥He. The result ofHe is in good agreement with Friedman'’s calculation. The result of
4He is in agreement within 2etrrors.

From the point of view of the optical potential model, the width should be smab e¥) [3].

The SIDDHARTA results are not precise enough to conclude that, indeed, widths are smaller than
5 eV. If a large width (>5 eV) is determined in a future high-precision measurement, other exotic
explanation is essentially needed, such as deeply-bound antikaon-nuclear clusters [15]. In the future,
SIDDHARTA-2, a major upgrade of SIDDHARTA, plans to perform more precise measurements and
determine with eV precision both the shifts and the widths of katiHEand*He.
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Fig. 1. Recent results oK~3*He 2p-state strong interaction shift. Filled circle 4sle, and open circle i&He.
Negative sign means repulsive shift. The error bar is calculated as quadratic sum of statistical and systematic
errors. The E570 result (liquid target) is taken from Ref. [8], and the SIDDHARTA results (gaseous targets) are
taken from Refs. [9,10]
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Fig. 2. Correlation plot ofK~3“He 2p-state strong interaction shift and width taken from Ref. [16]. Filled circle
is “He, and open circle i#He. The error bar is calculated as quadratic sum of statistical and systematic errors. For
comparison, theoretical calculations by Friedman [3] are also plotted: filled squéte @nd open squareisle.
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