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Scissors mode (SM) in M1 PSF

SM proposed in deformed nuclei by theorists in late 70’s:

N. Lo ludice and F. Palumbo, PRL 53 (1978) 1532
R. R. Hilton, in Proceedings of the International Conference on Nuclear Structure, Dubna, 1976

SM experimentally confirmed in high-resolution (e,e’) experiments on rare-earth nuclei
D. Bohle at al., Phys. Lett. B137 (1984) 27

SM for the GS transitions in even-even nuclei studied in detail in the 80’s and 90’s mainly

using the (y,y’) experiments

4

In well-deformed even-even nuclei
Esy= 3 MeV and ZB(M1) = 3 — 3.5 /2.




Scissors mode (SM) in M1 PSF
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Scissors mode (SM) in M1 PSF
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Scissors mode in M1 PSF observed from (n,y) reactions

SM on the excited states was observed for the first time in TSC experiment with 163Dy in 1995

M. Krticka atal., PRL 92 (2004) 172501 = 512+ 251 keV terminal level in 55Dy
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To get TSC spectra for separate final levels, the sum coincidence method was used
J. Honzatko et al., NIM A376 (1996) 434 .




Scissors mode in M1 PSF observed from (n,y) reactions

SM on the excited states was observed for the first time in TSC experiment with 163Dy
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Scissors mode in M1 PSF observed from (n,y) reactions

SM on the excited states was observed for the first time in TSC experiment with 163Dy
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DANCE experiment at LANSCE

» Moderated W target gives “white” neutron
spectrum= 14 n’s / proton

» Repetitionrate 20 Hz

> Pulse width= 125ns

» DANCE detectoris placed ona 20mlong flight
path / ~ 1 cm beam after collimation

» DANCE consists of 160 BaF, crystals




DANCE experiment at LANSCE

With a DANCE detector we have measured
stable Gd isotopes

153Gd’ 1556d, 156Gd’ 157Gd’ 1586d’ 159Gd

mainly to get information about the Photon
Strength Functions (PSFs)




DANCE experiment at LANSCE

» TOF method — neutron capture at strong isolated resonances

» The background for these strong resonances is very small (can be subtracted)
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DANCE experiment — data processing

Sum spectra for different multiplicities
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M. Heil et al., NIM Phys. Res. A 459, 229 (2001).
R. Reifarth et al., NIM Phys. Res. A531, 530 (2004).




DANCE experiment — data processing

Intensity (arb. units)

Intensity (arb. units)

What do we really compare with the outputs of simulations?

Experimental MSC spectra
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Simulations of gamma decay — DICEBOX

1. Below a critical energy E.,;; the energies E, spins J, parities = and the decay properties of
all levels are taken from known data




Simulations of gamma decay — DICEBOX

Below a critical energy E.,;; the energies E, spins J, parities n= and the decay properties of
all levels are taken from known data

Above the critical energy E.;; the energies E, spins J and parities = of levels are obtained by
random discretization of an a priory known level density

Level density




Simulations of gamma decay — NLD
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[1] R. Capote et al., Nucl. Data Sheets 110,3107 (2009).
[2] T.von Egidy and D. Bucurescu, Phys. Rev. C72,044311 (2005).
[3] T.von Egidy and D. Bucurescu, Phys. Rev. C80,054310(2009).




Simulations of gamma decay — DICEBOX

Below a critical energy E.,;; the energies E, spins J, parities n= and the decay properties of
all levels are taken from known data

Above the critical energy E.;; the energies E, spins J and parities = of levels are obtained by
random discretization of an a priory known level density

Level density

Partial radiation widths T',¢ for transitions between initial (i) and final (f) levels are
generated according to the formula:

fY(E; — By)
Ly = Zy?fXJ(Ei - Ef)NH o(E;, J; ﬂ.)f

XJ




Simulations of gamma decay — DICEBOX

Below a critical energy E.,;; the energies E, spins J, parities n= and the decay properties of
all levels are taken from known data

Above the critical energy E.;; the energies E, spins J and parities = of levels are obtained by
random discretization of an a priory known level density

Level density

Partial radiation widths T',¢ for transitions between initial (i) and final (f) levels are
generated according to the formula:
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Simulations of gamma decay — PSFs
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The energy of the SM is 3.0 MeV, damping width is 1.0 MeV and the
strength £B(M1, 2.7-3.7)1 = 3.39 u?




Simulations of gamma decay — DICEBOX

Below a critical energy E.,;; the energies E, spins J, parities n= and the decay properties of
all levels are taken from known data

Above the critical energy E.;; the energies E, spins J and parities = of levels are obtained by
random discretization of an a priory known level density

Level density

Partial radiation widths T',¢ for transitions between initial (i) and final (f) levels are
generated according to the formula:
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Simulations of gamma decay — DICEBOX

Below a critical energy E.,;; the energies E, spins J, parities n= and the decay properties of
all levels are taken from known data

Above the critical energy E.;; the energies E, spins J and parities = of levels are obtained by
random discretization of an a priory known level density

Level density

Partial radiation widths T',¢ for transitions between initial (i) and final (f) levels are
generated according to the formula:
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Simulations of gamma decay — DICEBOX

Below a critical energy E.,;; the energies E, spins J, parities n= and the decay properties of
all levels are taken from known data

Above the critical energy E.;; the energies E, spins J and parities = of levels are obtained by
random discretization of an a priory known level density

Level density

Partial radiation widths T',¢ for transitions between initial (i) and final (f) levels are
generated according to the formula:

P-T fluctuations @SFS )
FXE; — E;
Fi _ EZ . E )2J—|-
W / p(EZM]Z:ﬂ-Z)

Partial radiation widths I'y; for different initial and/or final levels are statistically independent.




Simulations of gamma decay — DICEBOX

Nuclear Realization: Level Excitation
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Detector response — Geant4

» The outputs of DICEBOX simulations are transformed to the form of Geant4 input.

» Simulations of detector response include the exact geometry and chemical composition
(regular and irregular pentagonal and hexagonal BaF, crystals), all shielding, aluminium
beamline, radioactive target holder, etc.




Comparison of experimental data with the outputs of simulations

Intensity (arb. units)

>

300+

200t

o

1500 -

1000+,

500+

100H |||

Experimental MSC spectra for two
different resonances with J= = 1-

412000

11500

11000

1500

412000

1500

1000

1500

Intensity (arb. units)

300+

200+

100+

o

1500 -

1000+

500

To get information on PSFs and LD we compare experimental data with outputs of
simulations.

158Gd

M=2 M=4
=1
M=3 M >4
1 2 3 4 5 6 0 1 2 3 4 5
EY (MeV) ET (MeV)

Simulated MSC spectra produced by

DICEBOX and Geant4

(grey corridors are consequence of
Porter-Thomas fluctuations)

42000
41500
11000

1500

0
12000
11500
11000

1500




SM in even nuclel
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SM in even nuclel
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SM in even nuclel
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>B(M1,2.7-3.7)1 In even nuclei
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>B(M1,SM)71 in even nuclel
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153Gd results
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155Gd results

Intensity (arb. units)

300

150 |

1500 ¢
10004

500/ &

Comparison of preliminary results obtained for 1°°Gd
|_ - I 155Gd 12000 300 1 L rﬁzﬂ:”;l_ i | 1556d
P 424'*74-—]} | ‘ o ‘ _r-LL
TVt I TV T
| I = i {i e L i
LDFJ w] I 1000 7 % LUJ : AL ] ]
‘==: —.-qn - — : = L
M=2 i M=4 “2_1 % M=2 N M =4 *ﬁ_ﬂ_m
& i ‘ ——
] >
‘@ 1500 ]

t s —223¢eV | 5 i 1N —223eV |
- —es1ev | E ; ——65.1eV
T o 1 100.7 eV it I P~ 0N 11 A 100.7 eV

g 4 1500 L T I
¥l L - | it & = 1 S,
b, i, . 500 i B ‘ TRy,

155Gd simulation assumpti

KMF + SM + SF +SP + SP + BSFG(1)

Eqy = 2.7 MeV, T'gy = 1.0 MeV,

SB(M1,SM) = 2.0 p?2

SM built on all levels

on: 155Gd simulation assumption:
KMF + SM + SF +SP + SP + BSFG(1)

Eqy = 2.7 MeV, T'gy = 1.0 MeV,

SB(M1,SM) = 2.0 2

12000

41000

1000

1500

SM built only on the levels below 2.5 MeV




15/Gd results

Comparison of preliminary results obtained for 157Gd
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15/Gd results
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159Gd results
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159Gd results

Comparison of preliminary results obtained for 1°9Gd
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>B(M1,2.7-3.7)1 in odd nuclei
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>B(M1,SM)?1 in odd nuclei
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>B(M1,SM)?1 in odd nuclei
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Conclusions

M1 SM plays an important role in gamma deexcitation of studied Gd
isotopes.

Values of B(M1,2.7-3.7)1 obtained for 156.158Gd are slightly below the
results of (y,y’) experiments. Significant part of the observed strength
corresponds to the non-resonant structure present in M1 PSF.

We have received new results for ZB(M1) present in odd rare-earth
|Sotopes 153,155,157,1596(:].

SM resonances are built not only on the GS but also on excited levels in all
studied Gd isotopes.

Difference between XB(M1) in 156.158Gd and 157159Gd.
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