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Abstract. The ~«-ray strength function is an important input parameter for the calculation of
nucleosynthesis processes. To study the dipole response in more detail, the v-decay behavior of
the fp shell nucleus >>Cr was investigated with the high-efficiency v* setup at the High Intensity
~-ray Source facility at TUNL in Durham, USA. The highly intense quasi mono-energetic y-ray
beam allows for excitations selective in multipolarity (J=1 and J=2) and energy. The v* setup
is a multi-detector array consisting of HPGe and LaBrs detectors with high efficiency and
enables the measurement of y-v coincidences. Experimental results of *>Cr will be presented
and discussed in this contribution.

1. Introduction

The v-ray strength function (SF) is an important input parameter for theoretical calculations
of nucleosynthesis processes under extreme conditions, e.g., supernovae explosions or binary
star mergers. One relevant physics setting is the photon bath in which the seed nuclei undergo
radiative capture reactions and photoabsorption reactions. An increase of the SF at lower
energies (upbend) has been claimed for several nuclei in different mass regions and it is still
under debate if this is a general phenomenon [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]. The SF is dominated by
E1, M1, and E2 strength. With parameters constrained by the isovector giant dipole resonance
(IVGDR), the E1 part of the SF is in first order well described by the Generalized Lorentzian
Model (GLO) [11]. However, at around 5 to 8 MeV, additional E1 strength on top of the low-
energy tail of the IVGDR is observed in nuclei with excess neutrons [12]. This resonance-like
structure, also denoted as Pygmy Dipole Resonance (PDR), is studied with various probes [12].
The Nuclear Resonance Fluorescence method (NRF) is very powerful to selectively excite dipole
states in an environment of states with different spins. Using linearly polarized vy-ray beams,
parity quantum numbers can be determined [13] with the 4 coincidence setup at HIyS. For
several medium to heavy-mass nuclei reduced transition strengths were investigated in (v,7')-
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experiments. Low-lying dipole strength was also studied recently in the A = 50 nuclear mass
region in some Ca isotopes [14, 15, 16], Ni isotopes [17, 18], and in the nuclide *?Cr [19].

At higher energies the M1 Gamow-Teller giant resonance is observed, e.g., at around 8 to
9MeV for nuclei in this mass region [20]. These 1p-1h excitations across closed major shells
correspond predominately to the 1f7, — 1f5/, spin-flip excitation in this mass region. The
B(M1) strength was investigated for different neighboring isotopes of ®2Cr, e.g., by (7,7)-
experiments on 99Cr, *°Fe and %‘Ni, as well by (e,e’)-experiments for the N = 28 isotones
S0Ti, 52Cr and **Fe [21, 22, 23, 24]. For the N = 28 nuclei it was shown that the magnetic
dipole strength significantly influences, e.g., neutrino-nucleus cross sections [25].

2. Experimental setup

2.1. The High Intensity Gamma-ray Source

At the High Intensity Gamma-ray Source (HIyS), almost fully polarized ~-ray beams are
generated by Laser Compton backscattering (LCB) inside the Free-electron Laser (FEL) optical
cavity [26]. In this optical cavity, the eV-photons are generated by magnetic undulators and
reflected by optical mirrors. The next incoming electron bunch collides with the low-energy
photons and the relativistic electrons boost them to MeV-energies. Because Compton scattering
conserves the polarization of the primary laser photons, the resulting y-ray beam is almost fully
polarized [27]. The resulting y-beam energy profile is quasi-monoenergetic. After the scattering
process the y-ray beam is collimated and provided for experiments at the 72 setup. For ®2Cr
twelve energy settings were measured for about 5 hours each.

2.2. The 7> setup

The high efficiency y-y coincidence setup (7> setup) is a multi-detector array. Highly efficient
LaBrs detectors and HPGe detectors with high energy resolution can be combined depending on
the demands of an individual experiment [28]. In the present experiment, four LaBrs detectors
were combined with four HPGe detectors to take advantage of both, high efficiency and high
energy resolution. Two HPGe detectors and two LaBrs detectors were placed at ©® = 90° with
respect to the beam axis. This allows a direct measurement of parity quantum numbers, because
of the angular distribution of the E1 and M1 transitions. Additionally, two HPGe and two LaBr
detectors were placed under backward angles.

3. Analyis
3.1. Parity quantum numbers
For the determination of parity quantum numbers an experimental asymmetry € is defined
13, 29):

_ M-

= 1
¢ N||+NJ_ ( )

N and N, denote the y-ray intensities parallel and perpendicular to the plane of polarization,
respectively, corrected by the detector efficiencies. The detector efficiencies were determined with
standard calibration sources (°®Co and 2?°Ra) up to 3 MeV. Additionally, for higher energies,
Monte-Carlo simulations using GEANT4 were performed. Because of the opening angle of the
detectors, the experimental asymmetry is not -1 (negative parity quantum numbers) or +1
(positive parity quantum numbers), but around + 0.9. This still allows a clear assignment of
parity quantum numbers. For 5?Cr the parity quantum numbers of 41 levels were determined.

3.2. y-decay behavior
The ~-decay behavior was investigated via HPGe singles spectra and projected HPGe spectra
from LaBr-HPGe coincidence data. Because of the quasi-monoenergetic y-ray beam elastic
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Figure 1. Two HPGe detector spectra in plane (black) and out of plane (grey) are shown. The
~-ray beam energy was 7.9 MeV
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Figure 2. The summed spectrum of all HPGe detectors for a «-ray beam energy of 7.1 MeV.
Transitions to the groundstate and first excited states are clearly visible. The y-ray beam energy
profile (grey) has a FWHM of 260 keV.

transitions (depopulations directly to the groundstate) and inelastic transitions (depopulation
to excited states) can be clearly distinguished as demonstrated in Fig. 2. The energy resolution
of the highly efficient LaBr detectors is sufficient to apply gates on the depopulating ~y-rays
of the first excited states, e.g., the 2f — Of transition. Hence, several inelastic transitions
to the first excited states could be observed in the gated HPGe spectra. In a previous
bremsstrahlung measurement at the Darmstadt-High Intesity Photon setup (DHIPS), reduced
transition strength were determined for ®2Cr, but mainly for transitions to the groundstate
only [19]. Because only dipole states within a small energy range are excited due to the quasi-
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monoenergetic y-ray beam, in our experiment no background from higher lying excitations
decreases the sensitivity. Therefore, weaker excitations could also be investigated within this
experiment. Due to this and the investigation of transitions to lower lying excited states, the
total measured B(E1)1 strength and B(M1)1 strength up to 9.5MeV has increased by 20% and
25%, respectively.

4. Discussion

4.1. El-strength distribution

For %2Cr, seven weaker E1 transitions and 14 vy-decay branching ratios to the first excited
states could be observed in this experiment for the first time. Compared to the previ-
ous bremsstrahlung measurement [19], the total measured B(E1)1 strength increased from
51.2(16) x 1073 e2fm? to 61(3) x 1073 e2fm?.

In 52Cr the major part of the observed B(E1)? strength is carried by four 1~ states around 8 MeV
(7.732MeV, 7.896 MeV, 8.087 MeV and 8.175MeV). With 3~ B(E1) = 35.5(14) x 10~3e?fm?,
they contribute more than half of the total measured B(E1)1 strength below 9.5 MeV. Whereas
the two higher-lying 17 -states show a significant ~-decay branching, the excitations at
7.732MeV and 7.896 MeV show very small y-decay branchings.

4.2. M1-strength distribution

The total M1 strength from 0 to 9.5 MeV observed in the present work amounts to 4.0(2) u%;.
Compared to previous NRF experiments, the measured B(M1)7 transition strength increased
by 25% from 3.21(13) u3; [19]. The additionally measured M1 response results from previously
unobserved states and branchings.

Shell-model calculations of °2Cr from Ref.[25] show the splitting into orbital and spin
contributions of the M1 strength for 2Cr. In the present experiment, for the low-lying 1%
state at 6.75 MeV, ~-decay branchings to the 2f and O; states were observed. This 17 state
may couple to these states, which would support the character of a multiphonon 17 state that
generates orbital M1 strength at lower energies.

At energies around 8 MeV and 9 MeV, the M1 strength is predicted to be dominated by single-
particle excited states of spin-flip type. The main contribution stems from the excitation of
neutron and proton 1f7/5 — 1f5/5 two-quasiparticle components. The shell-model calculations
show a strong accumulation of strength at around 8 MeV for isoscalar and at around 9 MeV for
isovector spin-flip M1 resonances, see Ref.[25]. Comparing these theoretical results with the
experimental data of the present work, the M1-strength distributions are in good agreement. The
~-decay branching ratios of 11 states seem to decrease with increasing energy. Two pronounced
v-decay branching ratios for the 17 states at 8.016 MeV and 8.583 MeV could be detected,
whereas for the strong magnetic dipole excitations around 9MeV, merely one weak branching
for the 1T state at 9.212 MeV was measured.

Moreover, the N = 28 isotones have different numbers of protons in the 1f7/; shell, which may
influence strength and fragmentation of the M1 strength. The strongest M1 transition increases
in energy with increasing number of protons along the N = 28 shell closure. The excitation
energies are 8.563 MeV (0.632(32) %), 9.141 MeV (0.919(54) u3;) and 10.53 MeV (1.262(71) u3;)
for 59Ti, 52Cr, and %*Fe, respectively [23]. The doubly-magic nucleus **Ca disagrees with this
systematics, because it concentrates the M1 strength with B(M1)t= 4.0(3) % in one single
state at 10.23 MeV.
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