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Save the date!
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8th International Conference on Collective
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The electric dipole response of atomic nuclei [Example of 208Pb and isovector response] FSM

- EXperImental data [A. Tamii et al., arXiv:1307.2706v2]
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All protons (red) oscillate
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= large (giant) dynamic dipole moment
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The electric dipole response of atomic nuclei [Example of 208Pb and isovector response] FSM

i |
EXperl mental data' [Figure from A. Bracco, E.G. Lanza, A. Tamii, Prog. Part. Nucl. Phys. 106, 360 (2019)]
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All protons (red) oscillate
against all neutrons (blue)
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H ow AI p | Ctu res th e P D R- ¢+ [idea “stolen” from Andreas Zilges (University of Cologne)] FSM

“A neutron skin of 24 neutrons oscillates against a core of 50 neutrons and 50 protons of an atomic nucleus.
Protons are red and neutrons are blue. Do not add electron orbits.”
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H ow AI p | Ctu res th e P D R- ¢+ [idea “stolen” from Andreas Zilges (University of Cologne)] FSM

“A neutron skin of 24 neutrons oscillates against a core of 50 neutrons and 50 protons of an atomic nucleus.
Protons are red and neutrons are blue. Do not add electron orbits.”

The neutron skin should be blue...

Google Gemini
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H ow AI p | Ctu res th e P D R- ¢+ [idea “stolen” from Andreas Zilges (University of Cologne)] FSM

“A neutron skin of 24 neutrons oscillates against a core of 50 neutrons and 50 protons of an atomic nucleus.
Protons are red and neutrons are blue. Do not add electron orbits.”

The neutron skin should be blue...
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The r process and neutron capture (n,y) rates ESLI

How and where are the elements heavier than iron synthesized?
[A New Era of Discovery: The 2023 Long Range Plan for Nuclear Science; The NuPECC Long Range Plan 2024 for European Nuclear Physics]

[Figure 1: https://www.ligo.org/science/Publication-GW170817MMA/] [Figure 3: H. Lenske and N. Tsoneva, EPJA 55, 238 (2019)]
[Figure 2: M. Mumpower et al., PPNP 86, 86 (2016)] [Figure 4: X. Roca-Maza et al., PRC 85, 024601 (2012)]
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From the PDR to the neutron skin to neutron-star radii ESLI

How big is this thing?

~ E1 strength
W

Constraints from
Nuclear Physics
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= neutron — skin thickness

Measure the neutron skin (10-® m) and

constrain possible neutron-star radii (104 m)

The problem remains! Can we reliably predict
the PDR or identify it experimentally?

20 orders of magnitude difference!

[Figure 2: J. Piekarewicz, PRC 83, 034319 (2011)]
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From the PDR to the neutron skin to neutron-star radii ESLI

What can we expect at rare isotope beam facilities?
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What causes the low-energy E1 bump that also influences (n,y) rates? ESU
(What is the single-particle structure of the PDR?) ‘
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[X. Roca-Maza et al., PRC 85, 024601 (2012); see also A. Bracco et al., PPNP 106, 360 (2019)]

FLORIDA STATE UNIVERSITY




What causes the low-energy E1 bump that also influences (n,y) rates? ESU
(What is the single-particle structure of the PDR?)
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[X. Roca-Maza et al., PRC 85, 024601 (2012); see also A. Bracco et al., PPNP 106, 360 (2019)]
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Are the PDR strength and neutron-skin thickness correlated? ESU

Single-particle structure influences strengths significantly!
— Only occupation of low-L orbitals leads to significantly more IV strengths?
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..., SO, let us probe that neutron 1p-1h nature of the PDR. ESU

—

1ph dominated
n&>»p
PDR -

5 10 15 20 25 [A. Bracco, E.G. Lanza, A. Tamii, Prog. Part. Nucl. Phys. 106, 360 (2019)]
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207Ph(d,p)2°8Pb @ Q3D at MLL (Garching, Germany)

[M. Spieker et al., PRL 125, 102503 (2020)]
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207Ph(d,p)2°8Pb @ Q3D at MLL (Garching, Germany)

[M. Spieker et al., PRL 125, 102503 (2020)]
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(d,p) and (p,p’),ar data compared to other probes (Experiment) FSU

[M. Spieker et al., PRL 125, 102503 (2020)]
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(d,p) and (p,p’),ar data compared to other probes (Experiment) FSU

[M. Spieker et al., PRL 125, 102503 (2020)]

— Gi) (si)” (303" (45172 " ()" (2g772)" Detailed spectroscopy can provide access to some of the
= (3p1/2) (3d3)s) (2f5/) (3d5)2) = (2f72) (2g9)2) _ :
= (3py2) (3dsp) " (26s5)" (3dy) ™ (Thoyo)” (2202) " p-h E1 matrix elements.
— (3p3/2)_1(3d3/2)+1 (2f5/2)_1(2g7/2)+1 (1113/2)_1(1j15/2)+1 (d'p) angular dlstrlbutlons
800 - | ' '
= — - " firm 1 — (d,p)a2 Mev
:gj % 288 - tentative 1° 6 = 20-30° 30 | sz key
© i S S 20
200 F (a) - m n P
f - T e aapu o * = slighas 10
80 - (b) I | i (P.P)1AR ] — " o
. 40 + 1 E 1200 -
5 8 i | (LI M III' ' L < (3p1/2) (4s1/2)
‘ i 800
S 40 L b < (probably some other small
80 L b = 400 contributions)
i ' ‘ ' ‘ _ - 5512 keV
. 400 (C) (P,P")300 Mev % 150 | ‘
—~ Lg 300 - 0~0° E 100
@ Co 200 j < 0
=g o [] Ll
S = 13 3 (d) (170;170/7)340M0V 300
© X gt 0~ 12-25° 400
~ Q0 =
§E s |l . :
4000 5000 6000 7000 8000 0 d
Energy [keV] Q3D [ eg] [(P.P)300 wev: |- POltoratska et al., PRC 85, 041304(R) (2012)]

[("70,"70O'): F.C.L. Crespi, A. Bracco, et al., PRL 113, 012501 (2014)]
[(p.p)ar @nalysis: A. Heusler]

FLORIDA STATE UNIVERSITY




Experimental observables compared to LSSM and QPM calculations ESU

[B.A. Brown (LSSM) and N. Tsoneva (QPM)]
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Comparison LSSM and QPM
p [B.A. Brown (LSSM) and N.Tsonev(aQ(QPM)] FSM
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Comparison LSSM and QPM
p [B.A. Brown (LSSM) and N.Tsonev(z?(QPM)] FSM
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Story in 129Sn is analogous

[M. Weinert et al., PRL 127, 242501 (2021)]
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Story in 129Sn is analogous

[M. Weinert et al., PRL 127, 242501 (2021)]

Conclusions supported by recent Oslo-type study of isovector E1 strength in Sn isotopes.

M. Markova, P. von Neumann-Cosel and E. Litvinova
Physics Letters B 860 (2025) 139216 ¢
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B(E1) strength increase beyond N=28 - Onset of the PDR?

[P. Ries et al., PRC 100, 021301(R) (2019)]
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[Figure 2: Miriam Muscher, “The low-lying dipole response of medium-mass nuclei - Study of
64Nj using complementary real-photon scattering experiments”, PhD thesis, Universitat zu
Koln (2024)]
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B(E1) strength increase beyond N=28 - Onset of the PDR? ESU

[P. Ries et al., PRC 100, 021301(R) (2019)]

I I I 52N 53N 54N 55N 56N 57N LY H ST H 60N |7 61N|;
é 1.4 average upto shell closure - --- - Bl}“ EI gl LD“ ;.th ;!th St!ﬁ! St!gel sxﬂel
= i above shell closure ———
Ha 1 2 _ —_—— —_—— 51 CO SZC 53Co 54Co SBCO 57CO SSC 59C0 (:OCO 61C0
-.(73‘ 1 I s . . gro ) ""a B+ B+ B+ B+ B+ e- capture B+ Stable B- B-
> ignificant : ¥ \
© . : 2
-‘>:< 0.8 Strength INCcrease & .7 SO SE = SEa SFa %Fa SFa =N “Fe “Fg
o 0.6 4 % 93 B+ p+ B+ B+ e- capture Stable Stable Stable B- B-
] - : i
© :
T 04 F ; “Mn *Mn  “"Mn  *Mn | *Mn | *Mn *Mn “Mn  *Mn  *Mn
8 ____________________ B+ B+ B+ + e-capture e- capture Stable B- B- B- B-
o 02r
d‘j I ' AEICI, 49Cr SOCr 51Cr SACr SSCr SGCr 57Cr SEICr

O B+ B+ Stable e- capture e Stable B- A- . + 1
26 28 30 +1 d+1 2d3 /2
ang a8\ ao\f 5/2
Neutron number

B+ B+ e- capture

~ 38 2
1/2

Possible cause: Change of single-particle structure

®Cr: g, =>/2 —>(1f7/2)_1(2d5/2)+1, (1f7/2)_1(199/2)+1 (deformed)
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Inakura et al. indeed predict that occupation of low-L

orbitals near Fermi surface causes strength increase!
[T. Inakura et al., PRC 84, 021302(R) (2011)] [https://people.physics.anu.edu.au/~ecs103/chart/]
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B(E1) strength increase beyond N=28 - Onset of the PDR?

[P. Ries et al., PRC 100, 021301(R) (2019)]
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Possible cause: Change of single-particle structure

oCr: 7 =5/, >(1fr2) " (2dss2)" (1fr72) (196/2)" (deformed)
Cri g =7/ - (1f7/2)_1(2d5/2)+1, (1f7/2)_1(199/z)+1
3CriJgs =3/2 —>(2P3/2)_1(2d5/2)+1r (2P3/2)_1(2d3/2)+1'

(2p3/2)" (3s172) "

Inakura et al. indeed predict that occupation of low-L

orbitals near Fermi surface causes strength increase!
[T. Inakura et al., PRC 84, 021302(R) (2011)]
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{ -hole
All these neutron one-partlcle z:;ebulr::e e
(1p-1h) configurations can con

Jr=1-states’ (PDR) wavefunctions

[https://people.physics.anu.edu.au/~ecs103/chart/]
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4749Tj(d,p) at the FSU SE-SPS

Part of PhD thesis project of B. Kelly (ongoing analysis)

FSU
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We can easily study the excitation spectrum up to and beyond S,, at the SE-SPS (if Q value permits!).
Energy resolution (FWHM) for ~400-500 pg/cm? targets is typically 40-70 keV.

FLORIDA STATE UNIVERSITY

[(y. y ") data: U. Gayer, Master’s thesis, TU Darmstadt (Germany)]
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4749Tj(d,p) at the FSU SE-SPS

Part of PhD thesis project of B. Kelly (ongoing analysis)
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Basic idea: Measure angular distributions,
i.e., particle yields at different scattering
angles, to determine angular momentum
transfer.

SE-SPS on rails and sliding seal scattering
chamber to facilitate measurements at
different scattering angles.
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Single-particle strength in >Ti ESU

Part of PhD thesis project of B. Kelly (ongoing analysis)
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Single-particle strength in >°Ti

Part of PhD thesis project of B. Kelly (ongomg analysis)
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Single-particle character of the Pygmy Dipole Resonance in >°Ti

Part of PhD thesis project of B. Kelly (ongoing analysis)

=0

5000 6000 7000

Spectroscopic Strength [S*(2J+1)]

5000 6000 7000 8000 9000 10000 11000

5000 6000 7000 8000 9000 10000 11000
Energy [keV]

FLORIDA STATE UNIVERSITY




Spin-flip excitations in >°Ti

=g 8y Part of PhD thesis project of B. Kelly (ongoing analysis)
i -
- \

=0

y

1000 2000 3000 4000 10000 11000

1000 2000 3000 4000 5000 6000 7000

Spectroscopic Strength [S*(2J+1)]

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000
Energy [keV]

CENTER FOR EXCELLENCE

FLORIDA STATE UNIVERSITY

National Nuclear Security A



Single-particle character of the Pygmy Dipole Resonance in >°Ti

Part of PhD thesis project of B. Kelly (ongoing analysis)
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Single-particle character of the Pygmy Dipole Resonance

FSU
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Theoretical prediction: (2p;,,)'(2d: )", (2p5,)1(2d5,,)", and (2ps/,)'(3s4,5)" neutron one-particle-
one-hole contributions cause observed strength increase beyond N=28. (. nakura etal., PRC 84, 021302(R) (2011)]
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Observations:

= Most strongly populated states in (y,y’) not populated in (d,p).
= Only L=2 angular momentum transfers populated 1- states below S, in (d,p).
= Relative strength evolution does not follow the same trend in 5.5-7.5 MeV energy window.

— Systematic studies needed to test details of Inakura’s theoretical predictions and other models!

[MS et al., Phys. Rev. C 108, 014311 (2023)]
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Outlook - other transfer reactions ESLI

49Ti(d,t)*8Ti+friends at FSU SE-SPS (March 2024)
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Outlook - other transfer reactions ESLI

49Ti(d,t)*8Ti+friends at FSU SE-SPS (March 2024)
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No: E. YUksel, G. Colo, et al., PRC 97, 064308 (2018)

A pygmy quad ru pOle resonance?  Yes:N.Tsonevaand H. Lenske, PLB 695, 174 (2011) FSM

Hint at existence?
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L. Pellegri, A. Bracco, N. Tsoneva, et al., PRC 92, 014330 (2015) MS, N. Tsoneva, et al., PLB 752, 102 (2016)
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A pygmy quadrupole resonance? YesN.

No: E. YUksel, G. Colo, et al., PRC 97, 064308 (2018)

Hint at existence?
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No: E. YUksel, G. Colo, et al., PRC 97, 064308 (2018)

_ — Not as straightforward as initially thought!

MS, N. Tsoneva, et al., PLB 752, 102 (2016)

A pygmy quad ru pOIE resonance?  Yes:N.Tsonevaand H. Lenske, PLB 695, 174 (2011) FSM
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No: E. Yuksel, G. Colo, et al., PRC 97, 064308 (2018)

A pygmy q uad r'u pole resona nce? Yes: N. Tsoneva and H. Lenske, PLB 695, 174 (2011) FSM

p

Hint at existence?

Angela Bracco

for the NuPECC (o Chain)

T NuPECC Long Range Plan 2017 - Perspectives in Nuclear Physics

— ] C Committee =~ 2012-2017
10; —_— Illsn{.’,..r,r} :
T N 3 Box 4. Pygmy Resonances
E 10 1 In neutron-rich systems, the neutron excess _
5 o ] is expected to form a skin, often assumed to T
: E oscillate outside the proton-neutron core: 2
= 100 ] this results in a concentration of E1 strength ::-1
5] in the region around the particle binding k-
E\,’ 107! b energy (< 10 MeV) - the Pygmy Dipole E
3 Resonance. Experiments are ongoing for g
102 N N few exotic nu_clen above separation-energy £
—— threshold, using aFivance.c.l.and .complex =
N e 17 176 setups at fragmentation facilities, while stable 2
10 — ¥8n(70.,"70") systems, below threshold, have been largely g
Lo investigated by different probes - from T
= 10° photons, high energy protons and alphas x
"E I and heavy ions at intermediate energies. §
S 10 A quite complex nature of pygmy states 3
o " has been evidenced, as in the case of '*Sn 3
= 10 where isoscalar and isovector states seem
_g ) to co-exist in the same energy region, and =
10 the character of these excitations appears to §
NI L EI be hybrid, with mixture of compressional or =
107 non-collective character. T
e ] New experiments are envisaged to better %
— 10°H — *8n QPM_; clarify the features of the low-lying =
=+ E dipole strength with neutron excess and
l_z?. 107 . the existence of pygmy states of other
o, £ = multipolarities, E2 in particular. At 1SOL
— 10! £l 3 facilities, inelastic scattering at 10-15 MeV/
ey 1{_}u: . r_\ucleon in inverse kinematics will shed y-decay spectra from the pygmy resonance
) E| E light on the nature of the pygmy resonance iy 12gn, as measured with o« scattering at
m E ] below particle threshold, while extl:luswe 34 MeV/A (top, KVI data), heavy ion at 20
10 E| z measurements based on the detection of  peV/nucleon (middle, AGATA at LNL) and y
jo2fhe e 1l p e bl L] h'gh resolution y rays a“dfamde decay at scattering (bottom, Darmstadt data). Coloured
I 2 3 4 5 6 intense gamma-beam facilities, such as ELI-  hjstograms give the strength resolved in
NP, will pin down the fine structure of the  individual transitions, with energy-integrated
Energy [MeV] entire resonance response in stable systems,  relative intensities (insets).
shedding light on damping mechanisms.

L. Pellegri, A. Bracco, N. Tsoneva, et al., PRC 92, 014330 (2015)
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