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DEDICATED TO SYDNEY: TO THE DAMPING OF THE GIANT DIPOLE RESONANCE

What happens ?

Figure to the right from:

Eur. Phys. J. A (2024) 60:108
https://doi.org/10.1140/epja/s10050-024-01285-8
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REPRESENTATIVE PHOTOABSORPTION DATA
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FORMULATION AND INTERPRETATION OF THE GDR

SLO and typical parameter values
/ Tune( E)AE = 372X

140Ce GDR Lepretre et al, 1976 0
500 EM excitation width:
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What is the meaning of the GDR width?
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PHOTONUCLEAR EXPERIMENT

Measurement principle:
Photoexcite energy-slices of the GDR and detect the decay y-rays

>
o) Wl
| -
QO —

-
LL]

— = o

/ 0

(-

/; =

]

— <

>

(0]

p G

I((y,y')) S

+
Y 21
: : 0 5e .
1 y-ray energy

“Evidence forthe Sub-Zeptosecond Lifetime of the GDR” | Professor Dr. Norbert Pietralla | Institute for Nuclear Physics, TU Darmstadt, Germany



PHOTONUCLEAR EXPERIMENT

Measurement @ HIyS on '0Ce and **Sm
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—— Yy-beam profiles
—4— 134Sm cross-section (Carlos 1974)
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Beam Energy in MeV
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PHOTONUCLEAR EXPERIMENT

Our “photo camera”: y3 setup at HIyS




PHOTONUCLEAR EXPERIMENT: PHOTON-FLUX CALIBRATION

Photon flux calibration and verification of cross sections for 4°Ce
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PHOTONUCLEAR EXPERIMENT

140Ce(y,y)@16.2 MeV at HIyS
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OBSERVATION: GAMMA-DECAY PATTERN OF THE GDR

Energy
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OBSERVATION: GAMMA-DECAY PATTERN OF THE GDR

08.10.2025

140Ca

relative (v,y’)
Cross
sections for
GDR decay
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GDR y-decay into ground state is NOT statistical !
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OBSERVATION: GAMMA-DECAY PATTERN OF THE GDR

Fhan  Dat/hor 44000

(MeV)

>

g;—— 11.4  0.60(40)

0 12.6  0.0034(24) relative

143  0.0010(7)
- - 154  0.0007(7) Cross
/f 16.2  0.0009(6) sections
- 17.8 0.0019(13)

Observation:

« vy-decay branches to 2*, (or other excited states) are
VERY small for 14°Ce. ~10-3. At all energies.

I((y, ¥))

» GDR decays to gs by y due to collective operator.

» The y—decay width of the GDR must be the EM width
of the collective mode, i.e., Fyoz 55 keV.
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ELASTIC GAMMA-SCATTERING CROSS SECTION ON THE GDR

Energy

I((y,Y'))

Do the absolute cross sections for
elastic photon scattering

confirm notion of single coherent mode?
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ELASTIC GAMMA-SCATTERING CROSS SECTION ON THE GDR

Energy
f

I((y,Y'))

08.10.2025

< ;‘7;‘ TECHNISCHE
;\ ? UNIVERSITAT
) - DARMSTADT

Elastic scattering cross section
Jv,vé(E) = —|fr + ]CNRF()(E)‘2
homson: . known, constant, and real

E

from optical theorem  1mfxpr (E) = T Oans(E)

and

dispersion relation Re fanm (E) = —2- P/OO Ous(€) ;.
NI 2n2he ), €2 — E?

providing

ooE?T  E?— E?

fefxrr(B) = 50 (E2 — E2)? + E°I2

for SLO parametrization and constant damping
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GDR’s elastic photon scattering cross section: consequence from SLO

I L 1 L 1 N 1 . 1
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~ 1% of the total absorption
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ELASTIC GAMMA-SCATTERING CROSS SECTION ON THE GDR
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GDR’s elastic photon scattering cross section: first compared to data
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ELASTIC GAMMA-SCATTERING CROSS SECTION ON THE GDR

What is the energy dependence of the (y,y, )/(y,n) branching ratio?

Neglecting the (small) Thomson term in SLO parametrization yields

X\ T
0y () = (_O> —ous(E) ~ E2 Gaps(E)

A I
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CONCLUSIONS

Observations:

 GDR decays by v collectively.
(coherent 1p1h)

Width for y—decay of GDR is EM-width
of this collective state. r,= 55 keV.

Decay leading to particle emission is
~90 times faster. =1 =47 MeV.

140C e

Implying I' IS the decay probability of
this collective GDR state.
d.m.-dephasing into chaotic compound

The GDR “dephases” within 0.14 zs.
~ half of oscillation period T=1/v = h/E

Statistical y-decay from final
compound state is much smaller.

08.10.2025

| — GDR Fit
- --- TALYS
i I This work

—1 f I '
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| --- TALYS )
- § This work

= -__I = J] } I :
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| —-- GDR only
|~ TALYS — |
__ 3-TALYS B l —_ T
I l-._ l i { | _= “
i // — GDR+Thomson )
! . --- TALYS
i AL
------------------ =" F This work
..... R
10 12 12 e L n

Excitation energy (MeV)
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c (mb) |

I'=I'gr+TITcy

Ay

99% formation
of compound
nucleus (chaotic)

‘GDR> — ﬁlmWD

Protons

Neutrons

ordered coherent
motion

1 1(s)

~1% collective y-decay to gs
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N ! I ! I
CONCLUSIONS 400 - i P. Carlos et al. (1974)
_ — GDR Fit
- ==+ TALYS " ®asss - aeeews

L THo154Gm

Similar observations on the deformed
nucleus 154Sm:

GDR decays by vy collectively to gs, " — GDR+Thomson
and to the 2*,, too. -~ TALYS

Evolution of y-branching ratio with
energy is due to interferences of 3

- § This work -

SLOs about 3 axes : ——t— —
[T GDR+Thomson
, | —- GDR only
Identical conclusions as for 4°Ce — _‘jjj?‘}riis Iy
» vy-decay from compound is small. " ¥ This work_. = -
» Width of o ((E) is the sum of the i
agugs . - omson
decay probabilities of the collective _ T

modes (“dephasing”) about the 3 e ATALYS -
different axes. [ § This work

J.Kleemann, NP et al., PRL 134, 022503 (2025). oL

|
16 18 20
Excitation energy (MeV)
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CONCLUSION

* No! It only works when the individual 1- states overlap and mix.

All values for E=14.27 MeV

=== Single resonance value
—e— Numerous resonances

Many resonances

113 resonances of M= 0.1 MeV width —— Positions and widths of 113 resonances ) o b BT
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GDR modeled by few
thousand equidistant

equally-wide 1- states
with widths T'.

The elastic scattering
data is recovered,
only, if the spacing
between the states is
of the order of their
widths or less.

The GDR is

a single mode or

a “coherent mixture
of 1- states”.
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SUMMARY

Observations:

* The y-to-neutron—decay branching ratio of the GDR amounts to about 1%.

* |t INCREASES with energy over the GDR.

« The y—decay of the GDR is not statistical. It reflects the collective mode.

« The NRF cross section evolves over the GDR according to the collective mode.

e S ] s B e e e
¥ This work — GDR+Thomson
6+ 7 003_
a 2 | —-- GDR only
2 £
=4 £ 0.02-- TALYS N
2 & e 3TALYS | -
é—lz— 0.01 . R
. ko T i 3 | N | 5 L
=6 12 12 16 18 20 10 12 14 16 1 20

Excitation energy (MeV) Excitation energy (MeV)
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SUMMARY

Observations:

* The y-to-neutron—decay branching ratio of the GDR amounts to about 1%.
* |t INCREASES with energy over the GDR.
* The y—decay of the GDR is not statistical. It reflects the collective mode. T mton enery e

Elastic (Mb)
N D
ES
Z
=
]
"
f
vt
L - |
=L b |
[ee]
Nf 4
(=]

0.031-

2
© 0.02--- TALYS

Conclusions: fu

> The GDR decays by y with its collective EM-widths. T, =55 keV. N VI
» Still, the GDR decays 90 times faster into chaotic compound states that decay statistically.

» With internal decay width T"'=4.7 MeV,

» The GDR width IS its (internal!) decay width “decoherenization”, timescale 1 = 0.14 zs.

Conjecture:

» The GDR (of heavy nuclei) cannot show any finestructure ! Because it decays too fast.
Damping of the GDR = dephasing into ‘chaotic’ compound states

08.10.2025 “Evidence for the Sub-Zeptosecond Lifetime of the GDR” | Professor Dr. Norbert Pietralla | Institute for Nuclear Physics, TU Darmstadt, Germany 26
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Stipend

1,000 €/ month
for 2 years
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female foreign
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students.

08.10.2025

“Evidence for the Sub-Zeptosecond Lifetime of the GDR” |

Ira Rischowski
Scholarship "

Ira Rischowski Program

= Astipend for 24 months is
offered for master studies at
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= Scholarships® start annually
in October
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= Supports female students in the
areas of nuclear physics,
astrophysics, accelerator science,
and nuclear photonics for their
master studies at TU Darmstadt

= Addresses foreign female
scientists who have received a
bachelor degree or are close to -3
receiving it

I

i 9 .
First Ira Rischowski-stipendees

$ 600 € per month stipend + at least 400 € per
month bonification for work as student assistant

Technical University of Darmstadt, Master of Science in Physics

i 4% semester

1% semester semester 3™ semester

TU Darmstadt is one of
Germany’s most international
universities

Duration: 4 Semesters

A . Research Area:
u LanganE- Eng“Sh Research Area: Master Thesis
Practical Introduction | And Oral Presentation

to Scientific Research of Master Thesis
(30 CP) (27+3 CP)

Specialisation
(28 CP)
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- Nuclear Physics and Nuclear Astrophysics
- High energy Density in Matter
- or Individual Specialisation*

The research activities of the
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§ H Interdisciplinary Elective Area (15 CP)
experlmental and theoretical - General Studies: Catalogue of All Modules of

fieldS the Other Departments (not Physies) of
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*Authorised Examination Plan necessary
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Spread the
word!

Thank you

very
much!
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PHOTONUCLEAR EXPERIMENT

More information
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PHOTONUCLEAR EXPERIMENT

More information
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PHOTONUCLEAR EXPERIMENT

Elastic scattering on GDR: Imginary and real parts of squared amplitude for 14°Ce

II This work | | | |
—— GDR + Thomson
. or__. GDR Imaginary Contribution 1 ]
Q o GDR Real Contribution >0
E | S GDR Real Contribution <0 ]
2| e Thomson (Purely Real <0)
©
LLl
©2

10 12 14 16 18 20
Excitation energy (MeV)
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PHOTONUCLEAR EXPERIMENT

Elastic scattering on GDR is sensitive to “high-energy photon absorption™:
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II This work
—— GDR + Thomson

OElastic (MDb)
~ @)

N
T
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14 16 18 20
Excitation energy (MeV)
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High Intensity y=Ray Source (HIgS)

H.R.Weller, V.N.Litvinenko
Duke University, Durham, NC, U.S.A.

Compton Backscattering of Intra—cavity Laser Light
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PHOTONUCLEAR EXPERIMENT: PHOTON-FLUX CALIBRATION

Photon fliux calibration and verification of cross sections
for 140Ce and 1°4Sm
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PHOTONUCLEAR EXPERIMENT: PHOTON-FLUX CALIBRATION

Photon fliux calibration and verification of cross sections for 149Ce and °4Sm
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154SM IN 12.6 MEV LINEARLY POLARIZED GAMMA-BEAM
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RESULTS ON GAMMA-DECAY BEHAVIOR OF GDR OF 154sM
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EXPERIMENTAL PRINCIPLE
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EXPERIMENTAL PRINCIPLE
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ENERGY-DEPENDENCE OF NRF CROSS SECTION OF GDR
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ENERGY-DEPENDENCE OF CROSS SECTION FOR RAMAN SCATTERING OFF GDR

J. Kleemann et al., to be subm. for publication
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