January 6, 2005 13:14 Proceedings Trim Size: 9in x 6in cata-proc-new

THE KAONIC HELIUM CASE

C. CURCEANU (PETRASCU) (on behalf of the SIDDHDARTA Collaboration)*
E-mail: petrascu@Inf.infn.it

A.M. BRAGADIREANU! C. CURCEANU (PETRASCU), F. GHIO!
B. GIROLAMI}, C. GUARALDO, M. ILIESCU', P. LEVI SANDRI,
V. LUCHERINI, D.L. SIRGHI' AND F. SIRGHI
LNF-INFN, C.P. 13, Via E. Fermi 40 00044 Frascati (Roma), Italy

M. CARGNELLI, H. FUHRMANN, T. ISHIWATARI, P. KIENLE?
J. MARTON AND J. ZMESKAL

Stefan Meyer Institut fir subatomare Physik, Boltzmanngasse 3, 1090 Vienna,
Austria

C. FIORINI, A. LONGONI AND T. FRIZZI
Politecnico di Milano, Sez. di Elettronica, Via Golgi 40, 2133, Milano, Italy

K. ITAHASHI, M. IWASAKI AND T. KOIKE
RIKEN, Wako-shi, Saitama, 351-0198, Japan

T. PONTA
IFIN-HH, P.O. Box MG-6 R-76900 Magurele, Bucharest, Romania

H. SOLTAU AND P. LECHNER
PNSensors GmbH, Ronnerstr. 28, D-80803 Miinchen, Germany

L. STRUDER
MPI for Extraterrestrial Physics, Giessenbachstr. D-85740 Garching, Germany



January 6, 2005 13:14 Proceedings Trim Size: 9in x 6in cata-proc-new

The only three existent kaonic helium X-ray transition measurements at present
are referring to the transitions to 2p level. These measurements are more than 30
years old and the obtained results, affected by big errors, are much larger than those
predicted by optical models. It is thought that the optical model is inadequate, due
to the presence of the A(1405) resonance, not properly taken into account. Because
the nucleons in the helium nucleus are tightly bound, the effective energy of the
K~ p interaction (1432 MeV at threshold) is in helium much closer to the energy of
the resonance than in other nuclei. It is then planned to measure the kaonic helium
X-ray transitions to the 2p level in the framework of the SIDDHARTA (SlIlicon
Drift Detector for Hadronic Atom Research by Timing Application) experiment,
at the DA®NE collider of Frascati National Laboratories, and to confirm or not
the discrepancy reported by the previous experiments with a much smaller error.

1. Introduction

A kaonic atom is formed whenever a negatively charged kaon enters a tar-
get, loses its kinetic energy and is eventually captured into a high atomic
Bohr orbit, replacing one of the outer electrons. The kaon then cascades
down through its own series, initially by Auger transitions in which orbital
electrons are ejected (not valid for kaonic hydrogen) and in later stages by
emission of X rays. Finally the particle in a state of low angular momen-
tum will be absorbed by the nucleus via the strong interaction. This strong
interaction is the reason for a shift of the energy of the lowest atomic levels
from their purely electromagnetic values, whilst the absorption reduces the
lifetime of the states, broadening the X-ray transition to this final atomic
levels.

The study of kaonic hydrogen atom can give information about the
strong interaction parameters (shift and width) of the 1s level. Such kind
of measurement was performed lately at the DA®NE accelerator by the
DEAR experiment - and will continue, together with the measurement of
kaonic deuterium, in the framework of SIDDHARTA Collaboration *.

For what concerns the kaonic helium, the situation today is rather am-
bigous: the only 3 existent experiments, performed more than 20 years ago,
give, within few os, results, for the 2p strong interaction parameters, which
are about 2 order of magnitude different with respect to the theoretical
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predictions, performed in the framework of an optical model calculation.
A new precise measurement is then badly needed; this measurement might
be performed as well in the framework of the SIDDHARTA experiment.

In Section 2 the present experimental situation is reviewed, while in
Section 3 the results are discussed together with the theoretical predictions.
In Section 4 the case of kaonic helium measurement in SIDDHARTA is
presented while in Section 5 some conclusions are drawn.

2. Review of the Kaonic helium experimental results

There are three experiments which performed the kaonic helium measure-
ment up to now >>*. All these experiments used liquid helium as target
and Si(Li) detectors and measured the strong interaction parameters (shift
and width) for the 2p level. The obtained results are reported in Table 1.

Table 1. Strong interaction pa-
rameters for the K ~*He atoms

AEg, (eV) Tgp (eV)  Ref.

—41 +33 - 2
—35+12 30 + 30 3
—50+12 100 + 40 4

The average values extracted from these results are:

AE,, = —43+8 eV (1)

Ty, = 55434 eV (2)

These results are more than 20 years old and by far of being precise
measurements. However, as discussed in the next Section, there are in-
dications from these results of a strong disagreement with the theoretical
predictions based on simple Optical Models.

3. Theoretical predictions for kaonic helium

The optical model calculations, using a 3 parameter Fermi distribution
for the nuclear density p(r) and a mean value for the scattering length
a = 0.34 £ 0.03 + i(0.84 & 0.03)fm, obtained from a fit > to all available
measurements for nuclei with Z > 2, give for the strong interaction param-
eters fr kaonic helium the following results ©:
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AE,, = —0.13£0.02 eV (3)

Ty, =1.840.05 eV (4)

With more sofisticated forms for p(r) the obtained results are very sim-
ilar.

Comparing the experimental with theoretical results, obtained from the
optical model calculations, there are two orders of magnitude of difference.
Many speculations were and are being done concerning the reason of this
disagreement. One of the reasons might be related to the fact that the
nucleons inside the *He are tightly bound, resulting in an effective energy
for the kaon-nucleon interaction ( 1411 MeV) very close to the A(1405)
resonance. The consequence of this might be the fact that the parame-
ters which fit the data for heavier nuclei (further away from the A(1405)
resonance) might not fit the kaonic helum values.

As pointed out by Batty ¢ no simple modification of the value for a
however gives a good fit to the helium data, unless a kaon-nucleus bound
state is invoked, since these bound states can give rise to large energy shifts
and widths in the atomic states. Better (but not perfect) agreement with
experimental data can be obtained for @ = 1.203+0.006+(0.010£0.001)fm
or @& = 3.718 = 0.018 + i(0.032 = 0.002)fm, so when the imaginary part is
small.

Recent coupled channel calculations ‘ are showing, however, the way
for a possible agreement of the theory with experimental results.

At this stage, it is of utmost importance for the understanding of the
underlying physics to perform new experiments, with an improved accuracy.
This will become possible in the framework of the SIDDHARTA experiment
at the DA®NE accelerator at Frascati National Laboratories.

7

4. Kaonic helium measurement in SIDDHARTA

SIDDHARTA (SIlicon Drift Detector for Hadronic Atom Research by Tim-
ing Application) 8 experiment is a continuation of the DEAR (DA®NE
Exotic Atom Research) ? experiment - which performed the most precise
measurement of kaonic hydrogen to day at the DA®NE Collider '°. The
primary goal of SIDDHARTA is an eV precision measurement of kaonic hy-
drogen and kaonic deuterium transitions, measurement which will allow to
extract isospin dependent antikaon-nucleon scattering lengths at a precision
unattained before.
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The new feature to be used in SIDDHARTA is the detector: the newly
developed large area Silicon Drift Detector (SDD) !, which should allow
the reduction of the background (by applying a us level trigger) present in
DEAR by some orders of magnitude.

In the next Sections, a brief description of the SDD detector and of the
tests performed with a preliminary setup, are given.

4.1. Large Area Silicon Drift Detectors

The Silicon Drift Detectors (SDD) were developed as position sensitive
detectors which operate in a manner analogous to gas drift detectors 1.
Recently, SDD started to be used as X-ray detectors in X-ray fluorescence
spectroscopy, electron miniprobe analysis systems and synchrotron light
application. SDDs with sensitive areas of up to 10 mm? are commercially
available since several years. The typical energy resolution is better than
140 eV (FWHM) at 5.9 keV and -20 degrees centigrade.

The outstanding property of a SDD is its extremely small anode capac-
itance, which is independent of the active area. Thus, the electronics noise
is very low, and much shorter shaping times than for PIN diodes or Si(Li)
detectors can be used. The two main noise contributions of a detector are
the leakage current and the capacitance. The equivalent noise charge in-
creases linearly with the capacitance but only with the square root of the
leakage current, which is correlated to the temperature. The leakage cur-
rent depends on the detector area, but due to the drift principle the anode
size and thus the capacitance is constant. Then, it can be expected that
SDDs with much more than 10 mm?
tion. Taking then into account the small shaping time, a trigger application
of large area SDD as an X-ray detector, with a time window limited by its
active area (drift time) can be envisaged. One of the ideal applications
of such a triggered large area SDD detector is the measurement of exotic
atoms X-ray transitions . The X-ray energies, ranging from few to tens of
keV, are well in the range of maximum efficiency of SDDs, while a trig-
ger based on a time-window of the order of us was demonstrated by Monte
Carlo simulation to dramatically reduce the background and to allow a pre-
cision measurement of exotic atom transitions. The trigger in this case is
given by the specific process which generated the K~ at DA®NE, namely
a back-to-back reaction of the type:

¢ — KTK~. (5)

area still have a good energy resolu-

A program to develop such kind of large area (1 cm?) triggerable SDD
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detectors, with integrated electronics (JFET) on it, started as a collabora-
tion of MPI (Max-Planck Institut), PNSensors, Politecnico di Milano and
LNF.

4.2. Experimental requests

The experimental requests put forward for the new large area triggerable
SDD detectors with integrated JFET and equipped with a newly under
development electronics, to be used for X-ray measurements, are:

e energy range of interest: 0.5 - 20/40 keV, with a selectable gain;

e capability to operate under mainly high energy events (back-
ground), with an event rate of the order of KHz/channel;

e cnergy resolution: better than 140 eV (FWHM) at 6 keV of energy;

e stability and linearity better than 10~* for a precision measure-
ment;

e trigger at the level of 1us.

Total number of channels to be processed: 200 (for a total area of 200 cm?);
eventual use of multiplexing - to be optimized. This is the first application
in which SDDs are used with a trigger system.

4.3. Preliminary measurements
4.3.1. BTF tests with a 7 chips array prototype

Preliminary tests were performed at the Beam Test Facility (BTF) at Fras-
cati with a prototype SDDs array: 7 chips of 5mm? each. A trigger was
implemented and tested with a time window of 1us. A synchronous (with
BTF beam) as well as an asynchronous background (Fe and Sr sources)
were implemented and it was checked that the rejection factor is in agree-
ment with what expected. In Fig. 1 the results of the tests with the trigger

are shown 8.

4.3.2. Preliminary laboratory tests with a 30 mm? chip

Preliminary measurements in laboratory with a SDD chip of 30 mm?, shown
in Fig. 2, were performed in June 2004. The chip was cooled at -40° C (by
the use of a cryotiger) and a shaping time of 0.75 us was used. The energy
resolution measured was of 139 eV (FWHM) at 5.9 keV, as seen in Fig. 3.

The tests will be continued with the trigger measurements on the BTF.
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Figure 1. a) No trigger, only BTF signal which ezcites the Cu-line, 5 Hz rate - 16
hours of DAQ; b) No trigger, 60 Hz, BTF signal (Cu) covered by Sr plus Fe radioactive
sources as asynchronous background - 20 minutes DAQ; c¢) same as b) but trigger on,
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Figure 2. The 30 mm? SDD chip used for testing in the laboratory.
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Figure 3. The X-ray spectrum from an Iron source as measured in the laboratory with
the 30 mm?2 SDD chip.

4.4. The 1 em? SDD chip

The 1 ecm? SDD chip to be used in the SIDDHARTA experiment is under
production, at PNSensors (Germany). The electronics is under develop-
ment. The SDD layout on the readout side is shown in Fig. 4.
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Figure 4. SDD layout on the readout side
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The sensitive area per chip (containing 3 SDDs) is 3 cm?; the SDDs are
squared with round corners. The maximum diagonal drift length is 5.15
mm (centerlines) and 6.4 mm (diagonal).

Presently, construction and testing of the SDD detectors and of the elec-

tronics and mechanical structures is in progress. The setup was presented
1
With SIDDHARTA, it was estimated that a measurement at eV level
for kaonic helium 2p strong parameters becomes feasible with an integrated
luminosity of about 100 pb~!. The setup will be installed at DA®NE in
the end of 2006 and start taking data.

in

5. Conclusions

There is, apparently, a strong discrepancy between the experimental results,
based on 3 experiments and theoretical predictions for the kaonic helium 2p
strong interaction parameters. On experimental side, the three experiments
are more than 20 years old and the overall precision, on the average values, is
within few os . New experimental results, with a better accuracy, are badly
needed. Such an experiment is planned in the future in the framework of
the SIDDHARTA Collaboration, at the DA®NE accelerator in Frascati. A
measurement at eV precision level can be reached. A summary of the actual
situation concerning kaonic helium experiment/theory - with a projection
of the SIDDHARTA precision, is shown in Fig. 5.
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