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Physical motivation — photon strength functions
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DANCE (n,y) measurements - data processing
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DANCE (n,y) measurements - data processing
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DANCE (n,y) measurements — DICEBOX simulation

Level Excitation
Number Precursor Energy
Cac Eac
________ \\\B_”_
Co, Ea
- 0 5,1
G,zE V‘)y— v — QOLZ EOCz
_________ Ecrit
0 s, 1
oz — || M \ SRS =
dIN N\ N N
U y N/ N
Oy — \V4 \V4 \/ 0
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DANCE (n,y) measurements — DICEBOX simulation
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DANCE (n,y) measurements — Geant4 simulation

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.

n — beam

M. Jandel el al., Nucl. Instr. Meth. B 261, 1117 (2007).



DANCE (n,y) measurements — comparison

Intensity (arb. units)

To get information on PSFs and LD we compare experimental data with outputs of simulations
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DANCE (n,y) measurements — comparison
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13Gd MGLO 3E-11 MeV>  BSFG
(ko =2, Eg,=4.5 MeV)

1Gd MGLO 3E-11 MeV>  BSFG
(ko =3, Eg, = 4.5 MeV)

1%Gd MGLO 5E-11 MeV>  BSFG

(ko =2-3, Eg, = 4.5 MeV) ;
[

1Gd  MGLO 5E-11 MeV>  BSFG
(ko =3, Egy = 4.5 MeV)

138Gd MGLO 5E-11 MeV>  BSFG
(ko =2-3, Eg, = 4.5 MeV)

1¥Gd MGLO 5E-11 MeV>  BSFG

(k, = 4-5, Eg, = 4.5 MeV)



Scissors Mode strength — Summary
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Scissors Mode strength — Summary
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DANCE (n,y) measurements — comparison

#3Gd  MGLO Eq, = 2.8-3.0 MeV 0.5-2.0 3E-11 MeVS BSFG
(ko =2, Eg,=4.5 MeV) YB(SM)M = 2.1-3.4 p,? (10° MeV-3)

155Gd  MGLO Ee,, = 2.5-2.7 MeV 2.0-2.5 3E-11 MeV® BSFG
(ko =3, Egy= 4.5 MeV)  IB(SM) = 2.5-5.8 1,2

156Gd  MGLO 2.0-40 5E-11 MeVS BSFG

(ko =2-3, Eg, = 4.5 MeV)

157Gd  MGLO 0-1.0  5E-11 MeV5 BSFG

(ko =3, Eg, = 4.5 MeV)

18G4 MGLO 1.0-2.5 5E-11 MeV5 BSFG

(ko = 2-3, Eg, = 4.5 MeV)

159Gd  MGLO 0-20  5E-11MeVS BSFG

(ko = 4-5, Eg, = 4.5 MeV)




TSC measurement

How to verify the DANCE results:

* DANCE measurement on the isotopes directly comparable with the Oslo data — 161.163Dy, 162Dy
talk of S. Valenta

+ Independent experimental technique for Gd isotopes — Two-Step Cascade measurement at Re?



TSC measurement — experimental setup

6 m long neutron guide

£ = 25%

LWR-15 reactor

Target DAQ time: 300 h

/ Qpce ) er = 28%

v

Natural Gd target
opn(PP'Gd) 64 (°Gd) = 4.1
Abund. ¥7Gd 15.7%, 15°Gd 14.8%

3.0x10% ncm?2st E,=0.025 eV

DAQ conditions for the TSCs:

* energies E ; and E ,

e
N orence Neutron shielding: °Li,CO,

Low energy y-ray shielding: Lead




TSC measurement — experimental setup
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TSC spectra.

J. Honzatko et al., Nucl. Instr. Meth. A 376, 434 (1996).




TSC measurement — experimental setup

Counts

1.56x10*

1.0x10*

5.0x10°

1358 keV (4') |
DEP (261 keV)

1381 keV (4")

1403 keV (3) & 1407 keV (4') —
1260 keV (2') & 1264 keV (1) & 1266 keV (3")

—

S
©
= 157 158
s Gd(n,y)"**Gd
o
w
o
el _
= ; >
(a2
3|2 g
= 3l = o
a2 £ = o
= N = s o
ol |1 g & i
| ~ -
~ ©
@ o —~
o = ™
i % >
7] > >
=X 2
& 8
@

261 keV (4%)

1187 keV (2') & 1196 keV (0) —»

1024 keV (2) & DEP (0 keV) —»

6800 7000 7200 7400 7600 7800

6600
Sum energy (keV)
| I,L .
| ¢
E,+E,

From information about E,; and E,,
and detection time difference, one
can retrieve virtually background-free
TSC spectra.

J. Honzatko et al., Nucl. Instr. Meth. A 376, 434 (1996).

TSC Intensity (arb. units)

15

10

1SBGd

E¢=80keV (2)

1l

"
i ¢
|

2000

4000

6000

Gamma-Ray Energy (keV)

=

E.q

E.o




TSC measurement — experimental TSC spectra

TSC Intensity per keV (arb. units)
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TSC measurement — M1 single-particle

1556d(n,'y'y)155Gd

TSC Intensity per keV (arb. u.)
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TSC measurement — M1 spin-flip

155Gd(n,yy)**¢Gd Dicebox input 157Gd(n,yy)**%Gd
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TSC measurement — M1 scissors mode + SP + SF

155Gd(n,yy)'S6Gd Dicebox input 137Gd(n,yy)'**Gd
SP = 2e-9 MeV-3 E1: MGLO (k, = 3.0, Eo=45 MeV) Es1=6 MeV, I'g1=0.8 MeV, o5, = 0.7 mb SP = 0 MeV-3
Eqy = 3.0 MeV M1: SM + SF + SP Ei,=8MeV, I',=1.8 MeV, 65,=1.1mb E.. =3.0MeV
’ 7 ’ SM - .
'y, =1.0 MeV NLD: BSFG Iy, =1.0 MeV
SM T =+
GSM =0.20 mb GSM =0.25 mb
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TSC - M1 scissors mode (above GS) + SP + SF

155Gd(n,’y’y)156Gd
SP = 2e-9 MeV-3
Ey = 3.0 MeV
Ty, = 1.0 MeV
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TSC — Total Radiation Width

Total radiation width (meV)
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TSC — Total Radiation Width

Total radiation width (meV)
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DANCE vs TSC results for 1°6Gd and 1°8Gd

I N

DANCE

156Gd  MGLO Ey, = 2.7-3.1 MeV 2.0-4.0 5E-11 MeV® BSFG
(ko = 2-3, Eg, = 4.5 MeV) XB(SM) =1.9-3.5p,2  (10°Mev?)

158Gd  MGLO Eq\ = 2.8-3.1 MeV 1.0-2.5 5E-11 MeV® BSFG
(ko = 2-3, Egy = 4.5 MeV) IB(SM)/ = 1.4-2.8 2

TSC

156Gd  KMF, MGLO Ee,, = 2.8-3.0 MeV 0.5-3.0 5E-11 MeVS BSFG
(ko = 2-3, Egy = 4.5 MeV) IB(SM) = 2.49(76) p,2

158Gd  KMF, MGLO Ee,, = 2.9-3.2 MeV 0.0-2.0 5E-11 MeVS BSFG
(ko = 2-3, Egy = 4.5 MeV) IB(SM) = 2.10(85) p, 2



DANCE vs TSC results for 1°6Gd and 1°8Gd

I N

DANCE

156Gd  MGLO Ey, = 2.7-3.1 MeV 2.0-4.0 5E-11 MeV® BSFG
(ko = 2-3, Eg, = 4.5 MeV) XB(SM) =1.9-3.5p,2  (10°Mev?)

158Gd  MGLO Eq\ = 2.8-3.1 MeV 1.0-2.5 5E-11 MeV® BSFG
(ko = 2-3, Egy = 4.5 MeV) IB(SM)/ = 1.4-2.8 2

TSC

156Gd  KMF, MGLO Ee,, = 2.8-3.0 MeV 0.5-3.0 5E-11 MeVS BSFG
(ko = 2-3, Eg, = 4.5 MeV) | TB(SM) = 2.49(76) p, 2

158Gd  KMF, MGLO Ee,, = 2.9-3.2 MeV 0.0-2.0 5E-11 MeVS BSFG
(ko = 2-3, Eg, = 4.5 MeV) | ZB(SM) = 2.10(85) 2

Lower limit of the SM strength



Comments on the TSC method

Relative population
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Comments on the TSC method

Total radiation width (meV)
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Comments on the TSC method
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TSC —SLO + CT NLD + stronger SM

155Gd(n,’y’y)15GGd
SP = 5e-9 MeV-3
Eqy = 3.0 MeV
', = 1.0 MeV
Ggy =0.70 mb

Dicebox input 157Gd(n,yy)**8Gd

Ml:.SI\/I + SF +SP Es,=8MeV, I'g,=1.8 MeV, o5, =1.1 mb Ecy = 3.0 MeV
NLD: BSFG Ty = 1.0 MeV
gy =0.70 mb

TSC Intensity per keV (arb. u.)
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DANCE - SLO + CT NLD + stronger SM
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Conclusions

155Gd(n,yy)*>*Gd and >7Gd(n,yy)**8Gd TSC reactions with thermal neutrons were
measured at Re?

the statistical properties were analyzed using the DICEBOX code

DANCE models of PSFs and NLD reproduce TSC data

weak scissors mode reproduces TSC data in 1°°Gd and *°8Gd products

scissors mode must be postulated on excited states

TSC method has its specific properties — multiplicity two:
e only lower limits of the SM strength were obtained
* SLO + CT NLD combination for 1°°Gd cannot be completely excluded



