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What is y-ray strength functions?

A measure of the average, nuclear electromagnetic response determined
by the nuclear structure and the available degrees of freedom

Directly related to partial decay widths and reduced transition
probabilities

Fruitful concept in the quasi-continuum/continuum region
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Experimental setup @ OCL

*Beam: p, d, 3He, a with energies
up to 30-45 MeV

*Reactions: (*He,ay), (*He,3He’y),
(p,p"Y), (d,py) and (p,ty)

* CACTUS: 28 5” x 5" Nal(T),
e=15% @ E~1.33 MeV

* SiR1: 64 S1 AE-E particle
telescopes, AG=2°

*Spin 2-6 h
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Isolating the
primary gamma ray:

Excitation energy
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From the primary gamma spectra:
functional form of level densities and y strength functions
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Thermodynamic properties of atomic nuclei
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Level Density MeV-"
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Level density = entropy = temperature
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Small (Pygmy) resonances on the
tail of the Giant Dipole Resonance
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Can small resonances in the
strength function effect the results of
abundance calculations?
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Low energy enhancement (upbend) of

the strength function
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Totally unexpected and so far unexplained
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How does this enhancement
effect reaction cross sections?




How does the “upbend” affect neutron capture cross sections?
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isotopes all have the same energy trend
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Future: measure level
densities and strength
functions in exotic nuclei

Si strips
300 um
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Nuclear data for reactor physics:
Level density and strength functions in the actinide region

232Th(d’p)233'|'h

X

-
<,

©

Present experiment

(v,abs) resonance data
f(E1) from (ny)
f(M1) from (n,y)

o > «4 =

—
Q
(=2

32Th,
Gurevich et al

-
Q
4

Radiative strength function (MeV's)

—h
o
(-]
\\H‘

NP A273, 1976, p326

’ AN
‘] | | | | N | | 0
LIl 1z L1 L 11 L1 L 11 I I I | L1 |

Scissors mode?
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Test of Brink-Axel:
Two statistical independent data sets
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» The scissor mode in actinides has huge

strength of ~18

MZ

» The strength is located lower Ey ~2 — 2.5 MeV
than for rare earth nuclei 2.5 — 3 MeV,

indicating more

softness

TABLE II: Scissors mode parameters (see text).

Nuclide| o

Wpr1 B
MeV ,LL]%,

Op1S-1
2
Hy

231Th 10.183(2.49(20) 11.2(30)
232Th 0.192(2.23(20) 13.8(40)
233Th 0.200(2.24(10) 15.3(20)
232py 10.192(2.14(20) 14.7(40)
233py 10.192(2.29(20) 12.7(30)

17.4
15.8
16.0
15.1
16.3
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New PPAC fission detector

Buildt by Tamas Tornyi (Debrecen), on a stipend in Oslo.
Important for actinide studies

First experiment with PPAC detector:

23TNp(d,p) and 23’Np(3He, x) May 2012 (T. Tornyi PhD)
238U(d,p) June 2012 (B.Jurado)

233 exp September 2012 (S.J.Rose PhD )
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Future plans:

Replace CACTUS detectors with LaBr3 detectors
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*Better time and energy resolution
high efficiency for high energy gamma rays.

*Extend Oslo method to Ex above Bn.
*Study competition between y and particle decay.
*Study spin dependence of level density

*March 2012 exp in Oslo with 6 LaBr3 (3.5°x8")
barrowed from the Milano group, Thank you!

*\We recieved funding for first 2 LaBr3 in 2012 ;-)




Example of difference in energy resolution:

] Target natural Si

Gate on 8904 keV peak in Ex (FWHM~ 100 keV)

Blue: aEI 22 Nal :
Red: all 6 LaBr3 5

LaBr3 itself):

2057.46 keV 2838.67 keV
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Future outlook and challenges:

> Ongoing GHGIYSES: 105'108Pd, 59,60Ni’ 90_9ZZI", 105,106,111,1126d'
235 237,238Np and 74Ge

» What is the origin of the enhancement of low energy v
emission of exited nuclei.

» Impact of this enhancement/pygmy resonances on large
network calculations of formation of elements in stars.

> Go to higher spin, investigate the level density as a
function of both spin and temperature.

> Develop the Oslo method for inverse kinematics to study
neutron rich exotic nuclei.
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