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Introduction

Which energy region?

Introductio

— extract NLD and RSF simultaneously

@ The functional form is determined from the experimental data
alone

@ Slope found by normalizing to other experimental data
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Introduction

Which energy region?

What type ¢

205—-208 Pb

e Magic nuclei:

o Rare earth isotopes: 1481495y, 160-164p),, 166,167
170-172y,

@ Lighter nuclei: 44,45G 46T 50,51y 56,57Fq 93-98)\/,

@ -Scissor mode
° -

@ -Upbend
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Introduction

Which energy region?

y-ray strength function (MeV™)
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Experimental setup
Basic ideas of the Oslo method
Normalizing

Oslo experiments

Scattering
chamber

Gas-jet
chambe

CACTUS

Analyzing

magnet

Mini-orange
spectrometer

@ Beam: p, d, ’He, a.

@ Reactions: (p,p'y), (*He,*He'y),
(p.d7), (pt7), (CHea7)

@ Target: ~ 1 —2 mg/cm? thick
foil of enriched target.
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Experimental setup
Basic ideas of the Oslo method
Normalizing

Oslo experiments

Experimen

o Detector array:
* 28 Nal(TI) ~-detectors,
5" x 5", e~ 15% at
E, =1.33 MeV.
* 64 Si AE-E particle
telescopes Af =~ 2.

Angle between side rim and vertical=15.77 degrees
A
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Experimental setup
Basic ideas of the Oslo method
Normalizing

Oslo experiments

Inelastic scattering "%*Dy(°He,?He’) 164Dy

Pick-up '®4Dy(*He,a) 63Dy
. . 310°
Particle-y coincidences ]
< ]
Nal(Tl) § =
w ]
< 4
@ Si AE-E ]
‘/ telescope 10
3He
450
poy \
Target nucleus
1
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Experimental setup
Basic ideas of the Oslo method
Normalizing

Oslo experiments

From the known Q-values the excitation energy of the nuclei are
calculated from the detected ejectile energy by using reaction kinematics.

T
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o — v-coincidence matrix, (163 Dy).
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Experimental setup
Basic ideas of the Oslo method
Normalizing

Oslo experiments

From the known Q-values the excitation energy of the nuclei are
calculated from the detected ejectile energy by using reaction kinematics.
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Experimental setup
Basic ideas of the Oslo method
Normalizing

Oslo experiments

From the known Q-values the excitation energy of the nuclei are
calculated from the detected ejectile energy by using reaction kinematics.
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o — v-coincidence matrix, (163 Dy).
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Experimental setup
Basic ideas of the Oslo method
Normalizing

Oslo experiments

@ Unfold the v-ray spectra.

e Isolate the first (primary) gamma ray from each ~y-decay
cascade.
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Experimental setup
Basic ideas of the Oslo method
Normalizing

Oslo experiments

Brink-Axel’

Excitation modes built on excited states have the same
properties as those built on the ground state.

— T(E,) independent of excitation energy.

Factorization according to Fermis Golden rule

P(Ei, E’Y) 0.6 T(Efy)p(Ei — E,y), where Ef = Ei — E,y (1)

Least-squares method obtain — 7(E,) and p(E; — E,)
p(Ei — Ey) = A expla(E; — E))] p(Ei — E;) (2)

and
T(E,) = B exp(a E,) T(E,), (3)
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Experimental setup
Basic ideas of the Oslo method
Normalizing

E =5.4 MeV
'

0.12p

0.1
0.08[
0.06f
0.04f

0.021

Relative counts/120 keV Relative counts/120 keV

E =6.0 MeV

E =6.6 MeV

E=7.2MeV

"

3 4
E, (MeV)

14/32



Oslo experiments

Experimental setup
Basic ideas of the Oslo method
Normalizing
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y-ray strength function (MeV?)
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o '*py, E =5.193-6.426 MeV
+ %Dy, E = 6.425-7.658 MeV
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v-ray energy E (MeV)
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@ Strength function
extracted for 3 sets of
initial excitation
energies

@ Striking similarity =
indicates no strong
temperature
dependence in the
strength function
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Oslo experiments

Level density p (E) (MeV™)

Transmission coeff. (arb. units)

Experimental setup
Basic ideas of the Oslo method
Normalizing
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Level density

Thermodynamic results
Scissor mode

Enhanced strength in Sn nuclei
Upbend

Results
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Microcanon

Entropy

S(E) =Inp(E)+So

Temperature

S\t
T= (TE)V

Level density

Thermodynamic results

Scissor mode

Enhanced strength in Sn nuclei
Upbend
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Results

1: (*He *He’)'*'Dy (+2)
2: (*He,0)"*'Dy

Level density

Thermodynamic results

Scissor mode

Enhanced strength in Sn nuclei
Upbend

3: (*He,0)"*°Dy
4: (*He,*He’)'**Dy (-2)
5: (*He,x)'*’Dy (-4)

0 1 2 3 4 5 6 7
Excitation energy E (MeV)

8

o 2-3 MeV:
T=0.51(2) MeV

@ 3-4 MeV:
T=0.60(2) MeV

@ 4-5 MeV:
T=0.57(3) MeV
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Level density

Thermodynamic results
Scissor mode

Enhanced strength in Sn nuclei
Upbend

Scissor mo
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Scissor

Level density

Thermodynamic results
Scissor mode

Enhanced strength in Sn nuclei
Upbend
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@ The width of the resonance
seems to vary slightly for

different nuclei.

@ The total integrated
strength is about the same.
Average value of 6.6(4) u3
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Level density

Thermodynamic results
Scissor mode

Enhanced strength in Sn nuclei
Upbend

Scissor mo
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Level density

Thermodynamic results

Scissor mode

Enhanced strength in Sn nuclei
Upbend

@ Enhanced strength in the energy region 4 < E, < 11 MeV.

@ The electromagnetic character is not established, but E1
character established in exotic 1297133 Sp isotopes.

@ Might stem enhanced GMDR or from E1 neutron skin
oscillation.

n+p
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Results

Level density

Thermodynamic results
Scissor mode

Enhanced strength in Sn nuclei
Upbend
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y-ray strength function (MeV?)

y-ray strength function (MeV)
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Results

Level density

Thermodynamic results
Scissor mode

Enhanced strength in Sn nuclei
Upbend

PRC 83, 044320 (2011)

How do the strength function
depend on N?

@ Tail of resonance decreases
in strength as N increas.

@ Log-slope change occurs for
higher E, in 1211225 than
for 1161175 (~ 4.5 MeV for
1165~ 5.2 MeV for 122Sn)

@ Centroids increas with N —
8.0(1) MeV for 1161175
2(1) MeV for 1181195
8.4(1) MeV for 121Sn
6(2) MeV for 122Sn
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Level density

Thermodynamic results

Scissor mode

Enhanced strength in Sn nuclei
Upbend

Results

H. K. Toft et. al., PRC 83, 044320 (2011)
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Level density
Thermodynamic results
Scissor mode

Upbend

H. K. Toft et. al., PRC 83, 044320 (2011)

cross section (mb)

cross section (mb)
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Enhanced strength in Sn nuclei

Cross sections for
117-119,121g

calculated using the

reaction code
TALYS

e GLO1 —
without pygmy

o GLO2 — with
pygmy
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Level density

Thermodynamic results
Scissor mode

Enhanced strength in Sn nuclei
Upbend
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Level density

Thermodynamic results
Scissor mode

Enhanced strength in Sn nuclei
Upbend

Results

A. C. Larsen and S. Goriely, PRC
82, 014318 (2010)

@ No proper theoretical
description of the upbend
structure

@ 3 fits to the experimental
data:
*Blue solid line=GLO with
constant temp.
T = 0.3 MeV
*Blue dashed line=GLO +
an low lying resonance
represented by a SLO
*Dash-dotted line=Modyfied
the energy dependent width

y-ray strength function (MeV™®) y-ray strength function (MeV®) y-ray strength function (MeV®)

T T ¥ NPT
2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16
y-ray energy E((MeV) y-ray energy E((MeV) Of the GLO mOdel' 29/32




Summary

o With the Oslo method one can
simultaneously extract the level density
and RSF.

o Important quantities that give rich
information about nuclear structure —
resonances, splitting of Cooper pairs...

o Results extracted at the OCL have
astrophysical consequences.
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