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Introduction
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-43 ± 8 eV
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Why measure again?
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ΔE 2p = 



Why measure again ?
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Kaonic helium puzzle

Z=2

S.Hirenzaki, Y.Okumura, 
H.Toki, E.Oset, and A.Ramos
Phys. Rev. C 61 055205 (2000)

Experiments
~−40eV

Calculation
~ −0.2 eV

Z (atomic number)

Very small shift
(chiral unitary + optical model)



Large shift:

indication of a kaon bound 
state in the nucleus ?

C.J. Batty, Nucl. Phys. A508 (1990) 89c

Bound states of a kaon in the nucleus can give 
rise to large energy shifts and widths...

... these effects are only significant when the 
imaginary part of the effective kaon-nucleus 
interaction is small



Akaiishi’s prediction

Y.Akaishi, EXA05 
proceedings (2005)

Repulsive

Attractive

| ΔE    | < ~10 eV2p

accommodates kaonic nuclear states
(Akaishi-Yamazaki prediction)

Non-zero shift is 
acceptable !



E570 goal

Resolve the kaonic helium puzzle

provides a positive support for 
the A-Y prediction

by high precision spectroscopy

If non-zero shift is established,

motivated by the Akaishi’s prediction



E570 Methods
1. high resolution
2. low background

3. good energy calibration



1. high resolution 
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2.6. X-RAY DETECTOR SYSTEM 23

2.6 X-ray Detector System

Our goal is to measure the kaonic-helium X-rays whose energy is about 6.4 keV with
a statistical accuracy of ∼ 2 eV. To realize this accuracy three features were required
for the X-ray detector; 1) good energy resolution, 2) very thin detector to reduce the
background due to Compton scattering in the detector and 3) large effective area.
Then silicon drift detectors (SDDs) were chosen.

In this section, a brief description of SDD is given, and the readout system from
the raw signal of SDD to the input of ADC will be described later.

2.6.1 Silicon Drift Detectors

SDDs are based on the principle of sideward depletion introduced by Gatti and
Rehak in 1984 [19]. Figure 2.11 shows a schematic cross-section of a cylindrical
SDD. Electrons are guided by an electric field to the collecting anode in the center.
This type SDD is operated with three external-voltage supplies for the back contact
p+ junction and first and last p+ rings.

The good resolution is realized by the small value of the anode capacitance,
which is almost independent of the detector area. Compared to a conventional
Si(Li) detector of equal size, the resolution of SDD is about twice better, and the
thickness of SDD is about 10 times thinner. As a result, the background of Compton
scattering occurred in the detector is suppressed about one order magnitude.

Figure 2.11: Cross-section view of a silicon drift detector (SDD). Electrons are
guided by an electric field to the collecting anode in the center [20].

The SDDs used for the experiment were produced by Ketek GmbH. The SDD
had 100 mm2 effective area and about 260 µm thickness. Its entrance window was
created as a hexagonal shape, and the SDD chip was mounted on 20-pin-ceramic
board. The signal and high-voltage-supply wires were bonded with gold on the
board. The bonding plan is shown in Figure 2.12. Negative high voltages were

Silicon Drift Detectors (SDDs)
produced by KETEK GmbH

small anode  
(small detector capacitance)

high resolution  
(185 eV FWHM @ 6.4 keV)

large effective area (100 mm  )
small detector thickness (0.26 mm)

2
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2. background suppression and
3. good energy calibration

1) X-ray detector
    Silicon Drift Detector “SDD” (×8)

Liq. Helium target

K- beam

X-ray

Secondary
charged particle

2) Reaction-vertex 
reconstruction 3) In-situ energy 

calibration

K-4He X-ray 3d2p
~6.4keV

Ti Kα1
4.51keV

Ni Kα1
7.48keV

π -(or K-) Characteristic X-rays (Ti and Ni)



Analysis



Fiducial volume cut
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Figure 3.1: Distribution of yz vertex points reconstructed by BLC-VDC.
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Figure 3.2: Distribution of z vertex points reconstructed by BLC-VDC. Carbon
degrader, liquid 4He target and SDDs images were clearly seen. The target region
was selected as −70.0 mm ≤ z ≤ 90.0 mm.

Kaon beam

Fiducial volume cut



In-situ energy calibration
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40 CHAPTER 3. ANALYSIS I : DETECTOR ANALYSIS

The intensity ratio of Kα1 and Kα2 was fixed with the known value [21] in the
fit, this was because the magnitude of attenuation effect was almost same. The
centroid of Kα2 peak was also fixed with the energy difference between Kα2 and
Kα1. The width of Kα2 was fixed by using a resolution function mentioned later.
On the other hand, all Kβ parameters were treated as free. This means the Kβ lines
were regarded as background. We used only Kα lines for energy calibration.

As is usually the case of other silicon detectors, we assumed the energy resolution
had the energy dependence just like the following equation,

∆E(FWHM) = 2.355 ω

√

N2 +
FE

ω
[eV] (3.3)

where N is noise (independent of the X-ray energy), E is the X-ray energy, F is
the Fano factor and ω is the amount of the energy needed to create an electron-hole
pair (3.81 eV at 77 K). Because of the good energy resolution of SDD, the energy
dependence term is not able to be negligible in the region of interest. Therefor, we
introduced two parameters, N and F , in our fits. N was based on the value at Ti
Kα1. The free Fano factor enabled us to treat the temperature difference of SDDs.
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Figure 3.9: Typical spectrum of SDD self triggered data used for in-beam energy
calibration. Ti and Ni peaks are clearly seen. The horizontal axis is ADC channel,
the peak around 1500 ch corresponds to TiKα energy 4.5 keV.

The energy resolution of SDD2-1st and SDD1-2nd as a function of the run pack-
ing number are shown in Figure 3.10 and Figure 3.11, respectively. The energy

56CHAPTER 4. ANALYSIS II : INTERPRETATION OF OBTAINED SPECTRA
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Figure 4.1: X-ray spectrum obtained after applying all cuts (1st cycle data).
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Figure 4.2: X-ray spectrum obtained after applying all cuts (2nd cycle data).
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RESULTS
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Kaon Trigger
(timing and 

fiducial volume cuts)

Calibration Trigger
(characteristic X-rays)
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Systematic error estimation

20

The most significant correction is 

Now in progress...

Compton scattering in the 
liquid helium target

Need some corrections to determine 
the systematic error.



Compton scattering in the liquid 
helium target (density=0.145 g/cm3)

X-ray

e-

K  beam−

15 cm

Scattered X-rays give rise to tail structure 
~100 eV lower than the original peak

The “Compton tail” influences the estimation of ΔE     directly.2p
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To correct

Full similation

Energy dependence of Compton scattering

Stopped-kaons distribution (z-dependence)

SDD’s geometrical acceptance (z-dependence)

Attenuation effect, coherent scattering, ....
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After the correction, the current fit values 
will be shifted to more attractive side.

|ΔE| ≦ ~10 eV



Summary

 High quality data on  He accumulated
 Resolution : 185 eV FWHM @ 6.4 keV (SDD)

 Statistical error : ~2 eV, good S/N ratio (fiducial volume 
cuts)

 In-situ energy calibration (Ti and Ni X-rays)

 Shift appears to be |ΔE| ≦ ~10 eV (PRELIMINARY)

 Systematic error estimation is now in progress

4

(Compton tail correction is signifcant)

(Kaonic helium puzzle is resolved)


