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NUCLEAR LEVEL DENSITIES & PHOTON STRENGTH FUNCTIONS

CHALLENGES

» measured signal (= reaction rates) not necessarily
proportional to NLD & PSF

» model-dependent assumptions in reaction theory
and/or data analysis

= selectivity for groups of nuclear states
(= spin- and parity quantum numbers)
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NUCLEAR LEVEL DENSITIES & PHOTON STRENGTH FUNCTIONS

CHALLENGES PHOTONUCLEAR REACTIONS

» measured signal (= reaction rates) not necessarily

. E:gdpzlr-tciic;r:(:r:Zel\rlllt_ZsiuPr:thions in reaction theory %//ﬂ//////////////////////////////% @ .ﬁ

and/or data analysis :
separation energy S, or S

. . Norporf
> pure electromagnetic interaction

I
I
:
(nuclear-)model independent Y ‘:‘

{
= selectivity for groups of nuclear states Y
(= spin- and parity quantum numbers)
. ﬁ
» minimum projectile mass
min. angular momentum transfer

photodnssocnatlon,

> polarization photofission
parity-related observables Nuclear Resonance
» narrow bandwidth Fluorescence (NRF)

xplor ific excitation ener
€ p ore Spec C excitation ene gy A. Zilges, D. L. Balabanski, J. Isaak, N. Pietralla, PPNP 122 (2022) 103903.

09.07.2024 Johann Isaak | TU Darmstadt | Institut fir Kernphysik | AG Pietralla | CNR*24 3



TECHNISCHE
UNIVERSITAT

EXPERIMENT | PHOTONUCLEAR REACTIONS WITH LCB BEAMS
DARMSTADT

Laser-Compton Backscattering

laser (eV) .~

R collimator
X - - - !--------------—--————>|:| target
e (GeV) \ Y (MeV)
photons

Intensity

/\ detectors

Energy

« AE/E~1-10%
= Epoam ~ 1 — 100 MeV

= beam intensity ~ 3000 photons s1eV?!

* quasi-monoenergetic
= variable photon beam energies

» linear and circular polarization

H.R. Weller et al., Prog. Part. Nucl. Phys. 62 (2009) 257.
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METHOD | NUCLEAR SELFABSORPTION

Target-1 Absorber Target-2

| — |

Metzger, PNP 7 (1959) 53.
Pietralla et al., PRC 51 (1995) 1021.
Romig et al., PLB 744 (2015) 369-374.
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METHOD | NUCLEAR SELFABSORPTION

Target-1 Absorber Target-2

| — |

= RSAonasingle state > I ps X [

Photon flux (a. u.)

Counts (a. u.)

6.9 7.0 7.1

Energy (MeV)
Metzger, PNP 7 (1959) 53.

Pietralla et al., PRC 51 (1995) 1021.
Romig et al., PLB 744 (2015) 369-374.
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METHOD | NUCLEAR SELFABSORPTION

Target-1 Absorber Target-2

| — |

5
) = RSAonasingle state > I, < I
2
=
£ = RSAonmanystates > Y.[;ps X DI
~ ‘ . ‘ .
| ' , I T = individual level not have th me strength
. N 11 ™ dividual levels do not have the same strengt
\j{ : i M 11 11 | = distributed about the average (I,)
o . . .
S | || Il , - Porter-Thomas distribution
AR uthda YU
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Metzger, PNP 7 (1959) 53.
Pietralla et al., PRC 51 (1995) 1021.
Romig et al., PLB 744 (2015) 369-374.
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METHOD | INTEGRAL NUCLEAR SELFABSORPTION

Target-1 Absorber Target-2

| — |
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METHOD | INTEGRAL NUCLEAR SELFABSORPTION

Target-1 Absorber Target-2

| — |
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EXPERIMENT | MEASUREMENT SETUP

Target-1 Absorber Target-2

D. Savran und J. Isaak, Nucl. Instr. Meth. Res. A899 (2018) 28-31.
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EXPERIMENT | SPECTRA: THE CASE OF 83SR
» linearly-polarized photon beam - sensitive to /* = 1~ states
- |

E,=854MeV ' " —— no-abs
LaBr

250

200 f

150 |

Intensity

100 f

50 | M“

O 1 1 1
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Energy [keV]
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» linearly-polarized photon beam - sensitive to /* = 1~ states
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EXPERIMENT | SPECTRA: THE CASE OF 83SR

» linearly-polarized photon beam - sensitive to /* = 1~ states
8Sr: E, = 8540 keV
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EXPERIMENT | SPECTRA: THE CASE OF 83SR

» linearly-polarized photon beam - sensitive to /* = 1~ states
88Sr: E,, = 8540 keV
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10° - 0.200
] — Sr-88, HFB model S —— Sr-88: 10 MeV (2009, Egidy)
] —— CT, Spin-Dist (2009, Egidy) Ji=1- 0.175 —— 5r-88: 10 MeV (2005, Egidy)
| —— CT, Spin-Dist (2005, Egidy) = 1 175 A . - .
4 this work —e— HFB model (2008, Goriely, Hilaire, Koning)
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S. Goriely, S. Hilaire, A.J. Koning, PRC 78 (2008) 064307
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(PRELIMINARY) RESULTS | THE CASE OF 88SR
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SUMMARY & OUTLOOK
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