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Takue pacueTsl HE TPEeOYIOT BBEIICHUS HOBBIX IMApAMETPOB, TaK KaK OCTATOYHOE
B3aMMO/JICMCTBUE TIOJIYYEHO CAMOCOTJIACOBAHHBIM O0pa3oM C TEM K€ CaMbIM
(YHKIIMOHAJIOM IUIOTHOCTH HEPIUU KaK U CPEAHEE MOJIE.
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Direct proof of the two-phonon character of the dipole excitations
in "*Nd and '"Sm around 3.5 MeV
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FIG. 1. Decay pattern expected from the 7y decay of a two-
phonon 1 state.
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NUCLEAR TWO-PHOTON DECAY IN 07> 0" TRANSITIONS
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Abstract: The two-photon decay of the first excited 0" state of '°0O has been measured using the

Heidelberg-Darmstadt crystal ball. A branching ratio of I' /[, = (6. 610 5) 10~* was obtained.
As in the cases of “°Ca and *°Zr PrevioUSExperimental matrix elements and propert:es “of the 0/ and 07 states in '°0, *°Ca

E1 and M1 transitions of similar strengt! and *°Zr
angular correlation. The ratio of the matr
values (—6.2+1.5) or (—0.16 £0.04).

An interpretation of 2y matrix elemen JE.2=E:—E[MeV] 6.049 3.352 1.761

Nucleus ‘%O WCa N7y

l,z[ns] 0.067 2.1 61
polarizabihities and magnetic susceptibi T 10 6203 255109 33035
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Observation of the competitive double-gamma
nuclear decay

C. \\73121, H. Scheitl, N. Pietrallal, T. Aummnf, R. Lefol™? & V. Yu. Ponomarev'

doi:10.1038/nature15543

The double-gamma (yy)-decay of a quantum system in an excited
state is a fundamental second-order process of quantum electro-
dynamics. In contrast to the well-known single-gamma (y)-decay,
the yy-decay is characterized by the simultaneous emission of two y
quanta, each with a continuous energy spectrum. In nuclear phys-
ics, this exotic decay mode has only been observed for transitions
between states with spin-parity quantum numbers J* = 0" (refs 1-3).
Single-gamma decays—the main experimental obstacle to observ-
ing the yy-decay—are strictly forbidden for these 0" — 0™ transi-
tions. Here we report the observation of the yy-decay of an excited
nuclear state (J"=11/27) that is dJrectly competing with an
allowed p-decay (to ground state J" = : nchmg ratio
of the competltlve Y- decay ofhe 11/27 isomer of “'Bdto the
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e energy spectra of the individual y-rays, the
contributing combinations of multipolarities of the y radiation 0 [ . L . . .
were determined. Transition matrix elements calculated using the 550 600 650 700 750
quampartlcle—phonf)n model reproduce our meas'urements well. E, +E, (keV)
The yy-decay rate gives access to so far unexplored important nuc- ) i
lear structure information, such as the generalized (off-diagonal) sum spectrum and energy-gated time spectra of the 72"-
nuclear electric polarizabilities and magnetic susceptibilities’. group. a, Energy-sum spectrum E; + E, after subtraction of the random
coincidences (requiring the energy condition |E; — E,| <<300keV). The

spectrum is fitted with a superposition of a Gaussian and an exponential

function to describe the peak and the background, respectively. The orange
(647 keV < E; + E; <677 keV) and green areas (582keV < E; + E; <632 keV
and 692 keV << E; + E; << 742keV) represent the energy conditions employed
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Electromagnetic character of the competitive
vy/y-decay from 13/mMB3

P.-A. Soderstrom D’(, L. Capponi 1, E. A(;IkS('jZW, T. Otsuka 2'3'4, N. Tsoneva1, Y. Tsunodaz,
D. L. Balabanski® !, N. Pietralla® >, G. L. Guarda'®, D. Lattuada®’, H. Lenske8, C. Matei!, D. Nichita® 2,
A. Pappalardo' & T. Petruse'?

Second-order processes in physics is a research topic focusing attention from several fields

worldwide including, for example, non-linear quantum electrodynamics with high-power

lasers, neutrinoless double-f3 decay, and stimulated atomic two-photon transitions. For the

electromagnetic nuclear interaction, the observation of the competitive double-y decay from

137mBa has opened up the nuclear structure field for detaile

processes through the manifestation of off-diagonal nuclear

this observation with an 8.7¢ significance, and an improwv 1294 keV

versus single-photon branching ratio &€ 2.62 x 10=6(30))0ut
— 1252 keV

conclusions from the original experiment, where the decay v Oﬁ =1176 keV

by a quadrupole-quadrupole component. Here, we find a ¢ 94.70% E2

energy distribution consistent with a dominating octupole-dit 13705
guadrupole-quadrupole component in the decay, hindered du 30.08 years . 2 552 min
nuclear structure. The implied strongly hindered double-phot é62 keV/

the possibility of the double-photon branching as a feasible t

on off-diagonal polarisability in nuclei where this hindrance
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We construct a two-state mixing scheme by considering the G D R state,
the coupled GDR ® 27 state, and the interaction V' between them. The
relative phases of amplitudes are opposite in the perturbed states I and 1,
1.C.,

17) = a|GDR) + 5|GDR  27),
1) = —B|GDR) + a|GDR ® 2}).
A.P.S., N.N. Arsenyev, N. Pietralla, Phys. Rev. C. 104, 024310 (2021).
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Fig. 6. a) r-abundance distributions for 7=10°K, N, =10*® cm™* and 7,, = 2.4s with 3 different estimates of the neutron capture rates:
the standard GDR component, the GDR + PR strength and the damped statistical (CN) plus DC contribution. The top curve corresponds to
the solar r-abundances arbitrarily normalized. b) same as a) for 7= 1.5 X 10°K, N, =10** em™? and 7;,, = 0.3s.
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A.P.S., N.N. Arsenyev, N. Pietralla, Phys. Rev. C. 104, 024310 (2021).
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The electric dipole polarizability,
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have played an important role, in particular, its value has strong im-
plications in constraining the symmetry energy J as well as its density
dependence and slope parameter L. The symmetry energy also plays an
important role in nuclei, where it contributes to the formation of neutron
skins in the presence of a neutron excess.
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NEUTRON SKIN THICKNESS FROM THE MEASURED ... PHYSICAL REVIEW C 92, 064304 (2015)
X. Roca-Maza.""" X. Vinas,” M. Centelles.” B. K. Agrawal,3 G. Cold,! N. Paar,*? I. Piekarewicz.® and D. Vretenar’
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Expt

e “Ca(y,abs)
= “Ca(p,p)
E.= 18.9(2) MeV

r=3.9(4) MeV
PRL 118, 252501 (2017)

Theory PPC3:
SLy5

E.=19.1 McV and ['=3.1 MeV
RPA: 1=2.9 MeV 4
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PRL 118, 252501 (2017)
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