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Abstract. The SIDDHARTA experiment aims at a precise measurement ofK-series kaonic hydrogen x-rays
and the first-ever measurement of the kaonic deuterium x-rays to determine the strong-interaction energy-level
shift and width of the lowest lying atomic states. These measurements offer a unique possibility to precisely
determine the isospin-dependentK̄-nucleon scattering lengths.

1 Introduction

More than a quarter of a century ago, R.H. Dalitz made the
following statement [1] :The most important experiments
to be carried out in low-energy K-meson physics today is
the definitive determination of the energy level shift in K−p
and K−d atoms, because of their direct connection with the
physics of the KN interaction and their complete indepen-
dence from all other kinds of measurements which bear on
this interaction.

These measurements therefore are eagerly awaited while
many studies on thēK-nucleus interaction (e.g.,deeply-
boundK̄-nucleus states) have been intensively performed
both experimentally and theoretically over the past several
years. The results will set tight constraints on the theories.

The measured strong-interaction 1s-energy-level shift
∆E1s

1 and widthΓ1s for kaonic hydrogen can be related to
real and imaginary part of complexK−p S-wave scattering
lengthaK−p by the Deser-Truemann formula [2] :

∆E1s +
i
2
Γ1s = 2α3µ2aK−p = 412 eV fm−1 aK−p

where µ is the reduced mass of theK−p system,α is the
fine structure constant. TheaK−p can be expressed by the

a e-mail:shinji.okada@lnf.infn.it
1 ∆E1s is defined as∆E1s ≡ −(E1s − EEM

1s ), whereE1s is the
energy of the 1s level andEEM

1s is the energy calculated using
only the electromagnetic interaction (EM).

isoscalara0 and isovectora1 scattering lengths:aK−p =

(a0 + a1)/2, whereasaK−n = a1.
The shift and width for kaonic deuterium are also re-

lated toaK−d which could be expressed bya0 anda1 by
taking into account higher order contributions associated
with theK−d three-body interaction.

For the kaonic hydrogen, the past experimental values
of the 1s-state energy-level shift (attraction) [3–5] had dis-
agreed with that of theoretical calculation (repulsion) even
for its sign. A repulsive-type shift was observed in the KpX
experiment in 1997 [6] and was firmly established by the
DEAR experiment in 2005 [7].

Though the “sign” problem has been solved, the two
past experiments do not agree perfectly with each other
despite their relatively large errors, and still disagree with
the theoretical calculations that try to combine the kaonic
atom data with scattering results as shown in Fig. 1.

The present experiment aims at a precise measurement
of K-series kaonic hydrogen x-rays and the first-ever mea-
surement of the kaonic deuterium x-rays to precisely deter-
mine the isospin-dependent̄K-nucleon scattering lengths.

2 Experiment

The SIDDHARTA experiment has been performed at the
DAΦNE positron-electron collider that produces theφ-res-
onance which decays intoK+K− with a probability of 49
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Fig. 1. Comparison of experimental and theoretical results for the strong-interaction 1s-energy-level shift∆E1s and widthΓ1s of kaonic
hydrogen. Boxes exhibit experimental results: the recent two experiments KpX [6], DEAR [7], and old three experiments J.D.Davieset
al. [3], M.Izycki et al. [4], P.M.Bird et al. [5]. The symbols show the theoretical values of two recent calculations (closed symbols [8],
open symbols [9]) that try to combine the results of x-ray measurements with scattering data under various conditions, with (square) and
without (circle) isospin braking corrections to the Deser formula.
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Fig. 2. A schematic side view of the SIDDHARTA setup installed at the interaction point of DAΦNE.

%. Resulting low energyK−’s (∼ 16 MeV of kinetic en-
ergy) with small energy spread are well-suited to be stopped
at a low density gaseous target efficiently for producing
K−p andK−d atoms. This is a major advantage to perform
theK−p andK−d x-ray measurements at DAΦNE. It is es-
sential to employ a low density gaseous target for the mea-
surements, since the yields strongly depend on the target
density due to their Stark effects.

Figure 2 illustrates a schematic view of the SIDDHARTA
setup. A coincidence of a back-to-backK+K− pair sig-
nal detected by two plastic scintillation counters installed
above and below the positron-electron collision point was
employed as a kaon trigger. The incidentK−’s were de-
graded in an optimized (with respect to theφ boost) mylar

degrader, and were stopped inside the target. X-rays emit-
ted from the kaonic atoms were detected by x-ray detectors
which viewed the target through the 125µm-thick Kapton
window of the target cell.

As x-ray detectors, we employed 144 silicon drift de-
tectors (SDDs) developed especially for this experiment,
each having an effective area of 1 cm2. The energy reso-
lution of the SDD is about twice as good as the Si(Li) de-
tectors used in the past experiment (KpX) [6], and the time
resolution of sub-micro seconds whereas CCD detectors
employed by the previous experiment (DEAR) [7] were
not appropriate for triggered setup due to the long readout
time.
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The energy calibration was done by using character-
istic x-rays induced by an x-ray tube mounted below the
beam pipe on high-purity titanium and copper foils placed
in front of the target entrance window and topside of the
target cell. The energy of the kaonic-hydrogenKα x-ray,
∼6.2 keV, lies between the characteristic x-ray energies,
4.5 keV(Ti) and 8.0 keV(Cu). Calibration data with the x-
ray tube have been collected under the beam condition in
regular intervals of the production runs.

The SIDDHARTA data taking was completed in Novem-
ber 2009. We have taken data not only with hydrogen and
deuterium target but with helium target to measure theL-
series x-rays of kaonic helium atoms as well.

In this paper, we focus on the analysis result of the
kaonic-4He data to present the performance of this exper-
iment since the kaonic-4He 3d → 2p x-ray has a similar
energy (∼6.4 keV) to that forK−p and K−d atoms, and
can be yielded one order of magnitude faster than theK−p
x-ray (higher yield).

3 Analysis of kaonic helium data

Figure 3 shows a typical x-ray spectrum taken with x-ray
tube used for the energy calibration. Characteristic x-ray
peaks of titanium and copper were obtained with high statis-
tics for all SDDs. The energy scale was calibrated by Kα

lines of titanium and copper with the well-known energies
and intensity ratios of Kα1 and Kα2. The typical energy res-
olution of our SDD was about 150 eV (FWHM) at 6 keV.

The top panel of Fig. 4 shows the correlation plot of
the SDD timing (time difference between kaon arrival and
x-ray detection) and the x-ray energy measured by SDDs.
The vertical band is due to the kaon-induced x-rays, and
the most dense spot on this band is due to the kaonic-4He
3d → 2p x-rays. The bottom panel exhibits a projective
histogram of this correlation. A typical time resolution af-
ter a time-walk correction was∼ 700 ns (FWHM) at a SDD
temperature of∼170 K, which reflected the drift-time dis-
tribution of the electrons in the SDD. The gate region of
the kaon events was selected as indicated with arrows on
the figure.
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Fig. 3. A typical x-ray spectrum taken with x-ray tube which pro-
vides high-statistics energy-calibration information.
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Fig. 4. (a) A correlation plot of the kaon-SDD time difference vs
the x-ray energy measured by SDDs. (b) A projective plot of the
above correlation. A time-walk correction was applied to those
plots.

After applying the kaon-SDD timing selection and cal-
ibrating the energy scale, we obtained x-ray energy spectra
for K− triggered events shown in Fig. 5. Kaonic-helium
3d → 2p and 4d → 2p transitions are clearly observed
with good signal-to-noise ratio.

4 5 6 7 8 9 10 11

C
o

u
n

ts
 /

 5
0

 [
e
V

]

0

50

100

150

200

250

300

350

400

kaonic-  He

6   5 4
d

  
 2

p

5
d

  
 2

p

6
d

  
 2

p

Energy [keV]

5   4

3
d

  
 2

p

kaonic-CTi

4

kaonic-C

Fig. 5. Measured x-ray spectrum forK− triggered events.

03023-p.3



EPJ Web of Conferences

Very recently, the kaonic-4He x-rays have been mea-
sured with liquid-4He target at KEK [10] which resolved
a long-standing discrepancy between theory and experi-
ment [11–13] on the strong-interaction shift of 2p level for
kaonic-4He. In comparison to the previous KEK experi-
ment, we achieved almost comparable energy resolution,
signal-to-noise ratio and statistics.

In the present experiment, we measured the kaonic x-
rays in a gaseous-4He target for the first time, resulting
in negligible Compton scattering in helium which led to
a systematic-error source in all past experiments used liq-
uid target [10–13]. The result of the strong-interaction 2p-
level shift was recently published as∆E2p = 0 ± 6 (stat)
± 2 (syst) eV using another dataset of our4He data with
55Fe source used for in-situ energy calibration [14]. As a
result, a resolution of this long-standing puzzle provided
by the previous experiment was firmly established in this
experiment.

4 Conclusion

We have measured kaonic x-rays with hydrogen,deuterium
and helium gaseous targets with a large number of SDDs
developed especially for this experiment, and demonstrated
a good performance of this experiment with an analyses of
kaonic-helium data in this paper and a separated paper [14]
in which the 2p-level shift was precisely determined.

Analyses for kaonic hydrogen and deuterium data are
currently underway. Those results will yield invaluable con-
straints for the theories and will provide new information
regarding the discrepancy between scattering and x-ray data
and the isospin-dependentK̄-nucleon interaction.
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