
Introduction

For the study of kaonic atom X-ray measurement at the SIDDHARTA experiment,
large area silicon drift detector (SDDs) were developed and used in the background
condition of the e+e- collider machine. 
Here, the SDD system used in the 
experiment and the  performance of 
the SDDs were reported.

Principle of the kaonic atom X-ray
measurements is shown in the right figure.
Due to the strong interaction between the
kaon and nucleus, the X-ray energy is 
shifted and broadened. Measurement of
the X-ray energy and width provides us 
an effect of the Kbar-N strong-interaction
at the low-energy limit.
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•Kaonic Hydrogen 1s state
•Kaonic Deuterium 1s state

•Kaonic Helium-3 2p state
•Kaonic Helium-4 2p state

Measurements

•Small yield
•Large width

•Small shift & width
•Precession required

Difficulty

•Limited kaon intensity
•Gas target
•Machine background

Experimental 
conditions•Large area

•Good energy resolution
•Good timing resolution

Detector 
Requirements

Large area X-ray detectors 
used in kaonic atom X-ray 
experiments were listed.

SDDs have good resolution 
both in energy and timing.

SDD data provide precise
determination of X-ray energy 
with excellent background 
suppression.
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Schematic view of SDD is shown on the left side. 
Applying the DC voltages in the central anode, last 
ring, and backplane, photoelectrons produced by 
X-rays drift to the anode. Due to the small anode 
size and capacitance, the energy resolution is fine 
in spite of a large size. The time resolution 
depends on the size, as well as the SDD 
temperature.

SIDDHARTA experimental setup is 
shown on the left side. 144 SDDs
(1 cm2 each a thickness of 450 μm) 
were installed to view the gas target 
cell.  One chip contains 3 SDDs. 

SDD signal was sent to a specially 
developed signal processing chip. 
An analog signal from the SDD was 
amplified and shaped. A DC voltage of 
a peak stretcher signal was generated 
as an output signal. Together with the 
peak stretcher signal, the time 
difference between the SDD signal and 
the kaon detector was recorded.

SIDDHARTA data were taken from 2008 to 2009 using gas targets of
hydrogen, deuterium, heium-3 and helium-4. Data analysis are 
ongoing. In January and February 2009, test measurements of kaonic
helium-4 X-rays were performed. The K+K- pairs produced by φ decay 
were detected by a kaon detector, consisting of two scintillators. 
Charged kaon pairs were identified by a time-of-flight technique.  A 
correlation of the time difference on the two scintillators is shown. 
The ratio of kaon coincidences to MIPs during the kaonic helium 
measurements was about 20:1. The SDDs were cooled to a 
temperature of 170 K with a stability of ± 0.5 K. Energy data of all 
the X-ray signals detected by the SDDs were recorded. In addition, 
time differences between the coincidence signals in the kaon detector 
and X-ray signals in the SDDs were recorded using a clock with a 
frequency of 120 MHz, whenever the coincidence signals occurred 
within a time window of 6 μs.  In a typical SDD, gain drift of the X-
ray peak positions was found to be within 1 ch (~4 eV).  The X-ray 
energy of the kaonic helium Lα line was determined to be Eexp = 
6463.6 ± 5.8 eV. The contribution of systematic errors to the kaonic
helium X-ray energy was studied. Energy linearity, gain drifts and rate 
dependence were found to be ± 0.5 eV each. The total systematic  
error is estimated to be ± 2 eV.

In conclusion, the energy shift of the kaonic helium 3d → 2p
line was measured using the gaseous target in the SIDDHARTA 
experiment. The resultant shift of 0 eV confirms the result by the
E570 group. Prior to the experiment by the E570 group, the average
of the three previous results was E =-43±8 eV, while most of the 
theoretical calculations give E ~ 0 eV. This five-sigma discrepancy 
between theory and experiment was known as the “kaonic helium 
puzzle”. A resolution of this longstanding puzzle provided by the E570 
g roup  i s  now  f i rml y  es tab l i shed by the presen t  work.
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Results of K-He4 X-ray measurement at SIDDHARTA
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