REAFEEBUKNSFY

Tohoku University Repository

Measurement of = ?atomic X rays using iron
target

0d Ishikawa Yuji

number 99

ooooon Tohoku University

ooooon 00 0O 34420

URL http://hdl._handle.net/10097/00137471




Gl 5)

(NO. 1)

K 4 A BT eE | a4

s Measurement of = atomic X rays using iron target
ST yo using 8

% H (BRAERY &2 T2 B R XORIRE DAFSE)

oo H O

Introduction

1.1 Strangeness nuclear physics

1.2 EN interaction

1.3 Experimental studies of EN interaction
1.3.1  Spectroscopy of = hypernuclei
1.3.2  Study of E bound system with emulsion
1.3.3  Study of p=- interaction using two-particle correlation
1.3.4  Measurement of & atomic X ray

1.4 Purpose of the present research

Experiment

2.1 Overview

2.2 J-PARC and K1.8 beam line

2.3 K1.8 beam line spectrometer

2.4 KURAMA spectrometer

2.5 Germanium detector array — Hyprerball-X’
2.5.1  Ge detectors
2.5.2  BGO detectors
2.5.3  Readout system for Hyperball-X’
2.5.4  Energy calibration system

2.6 Trigger
2.6.1 (K, K" reaction trigger
2.6.2  Triggers for Ge detectors
2.6.3  Summary of trigger

2.7 Data acquisition system

2.8 Target

2.9 Data summary




Gl 5)

3 Analysis
3.1 Overview
3.2 Spectrometer analysis
3.2.1  Analysis for beam particles
3.2.2  Analysis for scattered particles
3.2.3  Identification of (K-, K¥) reaction
3.2.4  Calculation of missing mass
3.3 X-ray analysis
3.3.1  Event selection
3.3.2  Energy calibration of Ge detectors
3.3.3  Performance of Hyperball-X’
3.4 Event selection for & with high stopping probability
4  Result and discussion
4.1 Missing mass selection
4.2 X-ray spectra
4.3 Intensity of the Z- Fe atomic X ray
4.4 Discussion
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1 Introduction

The hyperon-nucleon and hyperon-hyperon interactions in the S (strangeness) = —2 sector are important to
understand the baryon-baryon interaction under the flavor SU(3) symmetry. X-ray spectroscopy of =~ atoms is a
useful method to study the E™- nuclear interaction, since the shift of the X-ray energy from that considering only
the Coulomb interaction and the width of the X-ray peak give information on the real and the imaginary parts of
the E-nucleus optical potential.

In the present work, =~ Fe atomic X ray was studied. The 5G orbit of the =~ Fe atom is expected to be the last
orbit before =~ absorption. An energy shift (4.4 keV) and an energy width (3.9 keV) of the 5G orbit are predicted
from a theoretical calculation assuming a Woods-Saxon shape optical potential of —24—3i MeV [1]. Focusing on
the imaginary term, predictions based on a one-boson-exchange model [2] and a lattice QCD calculation [3] differ
by more than one order of magnitude. Z~ atomic X-ray data may give constraint to the strength of the absorption
interaction. The X ray of the (6H—5G) transition (~286 keV) can be observed if the peak width is less than 1 keV,
which was suggested by the lattice QCD calculation. In addition, the X ray of the (71—6H) transition (172 keV)
can be also observed without significant energy shift and peak broadening. Furthermore, even if the absorption
strength is too weak to obtain finite width from the peak structure, the yield ratio of these X rays can provide

information on the imaginary part.

2 Experiment
An X-ray spectroscopy experiment of =~ Fe atom (J-PARC EO03 experiment) was performed at the J-PARC K1.8

beam line. The purpose of this experiment was the world-first measurement of =~ atomic X rays to obtain
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information on the E7- nucleus potential. In this experiment, Z~ hyperons were produced via the p(K~, K")E"
reaction in the quasi-free process on an iron target using K~ beam at 1.8 GeV/c. Some of produced E™ hyperons
were slowed down and stopped in the target. An advantage of using the iron target is its high density leading to a
large probability of Z being stopped in the target. The stopped E-hyperon was captured by a Fe atom then a &~
atom was formed. The captured E~ hyperon transits to lower atomic orbits with X-ray emission, and is eventually
absorbed by the nucleus via the = p — AA conversion. For tagging the =~ production, the missing mass of the
p(K~, K")X reactions was reconstructed using beam K~ and scattered K™ momenta. Two magnetic spectrometers,
the beam line spectrometer and the KURAMA spectrometer, were used for the momentum analysis of the beam
K™s and the scattered K*s, respectively. In addition, a Ge detector array, Hyperball-X’, installed surrounding the
target, was used for detection of the X rays from =~ Fe atoms in coincidence with the (K=, K¥) reaction. For
energy calibration of the Ge detectors, the calibration method using LSO(Lu,SiOs) scintillator [4] was employed
and two y-ray peaks from '*Lu, at 202.843 and 306.791 keV, were used.

3 Analysis

The missing mass spectrum for the p(K~, K*)X kinematics was obtained from the analysis of magnetic
spectrometers and the missing mass gate (less than 1.44 GeV/c?) was applied to select = production events
considering background from misidentification of scattered particles and reaction processes except for the p(K~,
K*) E reaction. To obtain a good signal-to-noise ratio, an additional analysis for selecting Z~ with a large
stopping probability in the target was performed using a Monte-Calro simulation based on measured missing

momenta.

4 Result and discussion

Two X-ray spectra in the energy region of 0-400 keV were obtained by analysis of the magnetic spectrometers and
Hyperball-X’. One is the spectrum with the missing mass selection applied to the Z~ production region. The other
is the spectrum by selecting = particles with a stopping probability of more than 10% in addition to the missing
mass cut. In both X-ray spectra, no clear peaks with a significance of more than 3¢ were observed around 172 and
286 keV corresponding to the expected energies of the Z~ Fe atomic X rays. Then, the upper limit of the X-ray
intensity per stopped E (Rx) was evaluated. The upper limit of Rx (7I—6H) in the range of 172+10 keV was
obtained to be 0.19 (90% C.L.). When the emission probability of Z~ from the nucleus is assumed to be 70%, the
upper limit becomes 0.27.

The distribution of the initial angular momentum 1 in atomic capture process is usually represented as
P~(2l+1)exp(a+1). For u~, n, and K™ atoms, reasonable results have been found for values of the a parameter
between —0.1 and 0.1. In the theoretical calculation [1], P="(7]) is expected to be 0.3. with o = —0.056. This a
value was based on experimental data of X~ atomic X ray and a cascade calculation [5] while the value may have
ambiguity due to differences in hyperon mass and target nuclei. Rx (71—6H) is thus estimated to be 0.3 with
BRUI=6H) 1~ because a negligibly small effect of strong interaction is expected for the 7I state. The obtained
upper limit from the preset result is lower than the predicted Rx value. We hope that the present upper limit will be

followed by theoretical studies (cascade calculation) to constrain o value for Z~ Fe atom.
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