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E1 strength below S|
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« Pygmy Dipole Response
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« Common explanation:
Neutron skin oscillation

« Here: probe 1 particle - 1 hole states
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Motivation — Tin isotopic chain

Sb 114 || Sb 115

349 m

Sb 116

15.8 m

Sb 117

280h

Sb 118

36m

Sb 119

38.19h

Sb 120 |ESlRPAR| Sb 122

321 m 15.89m 57.21 2./238d

SHEKR| SN 114 | SN 115 | SN 116 | SN 117 | SN 118 | SN 119 | Sn 120 |ESIUNPA

115.09d 0.66 034 (d,|p) 1454 768 (d,|p) 2422 859 (d,|p) 3258 27.03h
In 112 In 113 In 114 In 115 In 116
1488 m 4.29 719s 95.71A 14.10s

For even-even nuclei:
 Tin has three candidates for (d,py)

In 117

432 m

In 118

50s

In 119 In 120

24 m 3.08s

 All three isotopes have the same g.s. spin
¢ V: (351/2)/I
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Motivation — Tin isotopic chain

Sb 115 || Sb 116 || Sb 117 |} Sb 118 || Sb 119 || Sb 120 | sl
321m 15.8 m 2.80h 36m 38.19h 15.89 m 57 21
\vR Sn114 | SN 115 | SN 116 | Sn 117 | SN 118 | SN 119 | Sn 120

l/\/\/\ 1p-1h . 034 (d,|p) 1454 768 (d,|p) 2422 859 (d,|p) 3258

In 113 In 114 In 115 In 116 In 117 In 118 In 119

429 719s 95.71 ' 1410 s 432 m 50s 24 m

For even-even nuclei:
 Tin has three candidates for (d,py)

 All three isotopes have the same g.s. spin
¢ V: (351/2)1
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Motivation — Results in 40Sn
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M. Weinert et al., Phys. Rev. Lett. 127, 242501 (2021)
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Motivation — Results in 40Sn
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« 119Sn(d,py): single
accumulation

1 « 120Sn(y, v): uniform

distribution

« Supported by QPM
calculations

« Caused by dominant
1p — 1h contribution

M. Weinert et al., Phys. Rev. Lett. 127, 242501 (2021)
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Experiment — SONIC@HORUS

SONIC V3 AE-E
« Target chamber
« Upto 12 Si-telescopes

10 MV FN Tandem
Accelerator at the
University of Cologne

HORUS
* y-ray spectrometer
« Up to 14 HPGe detectors
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Spin determination
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- « Determination of multipole
< y» order via angular distributions
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8 1 c
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=  Restriction to g.s. decays
* £ — Spin of initial state
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Results

Systematic investigation of £1 strength below S|

in the tin isotopic chain using the (d,py) reaction

Markus Miillenmeister, Michael Weinert, Florian Kluwig, Miriam Muscher, Andreas Zilges v""v"’“"v” s

Experiment | e rcesemen S panideto O Utl I n e Of a n a IyS I S

(d,py) Reaction] 1o

. s‘aeo Compton shields telescope
...... « Placed on the faces and comers v
S of a cube surrounding the target

@N|@HORUS 1

Target chamber SONIC V3 [5]
+ Inserted into HORUS AE
* Holds up to four targets.
* 12 BE-€ sllicon telescope-detectors
for particle identification £

Motivation

Investigate structure of the

Pygmy Dipole Resonance (PDR) (1)

* Use nucleon transfer to preferentially
excite 1 particle-1 hole (1p-1h) states

+ 105n; 1p-1h contentimportant at
lower energies 2]

Also of interest for r process (3]

Tin isotopes are uniquely suited for this

method Coincident detection of protons
* Three stable isotopes for targets andy rays
+ Same ground-state configuration — Calculation of recail velocity vy
e —» Reconstruction of reaction . . .
- kinematics
« Determination of cross sections
angle,

H 1o{ wens it | Evolution along the tin isotopic chain
Cross sections | T Rt W
sl oyl i in all three isotopes.

USSdpysa | SelectEl, M1, and E2transitionsvia 2 + Expected from shared ground-state spin of the
Yo “  ground-state gate §, target

100 ™ This preferentially selects PDR states 5 * Flat response at higher energies

w0 by their strong ground state decays #1104

* Similarity in nuclear structure

1, | Telescope limit bl i,
LA Arises when most of 5 w00 5000 00 9000

Exctation Energy (kev)
the available energy

P r Comparison to real-photon
scattering data

10000

! Spin determination e R
. B i e Determine multipole order of transitions by their “
i Snougy °”:’EV’ fo. angular distributions (Doppler angle B,) T
Maerte e .t - « Infer spins via restriction to ground-state decays . X
silicon wafer of the 24 o
14 (see above)
telescope detectors.

« Pure transitions are described by a superposition
of Legendre polynomials (top figure)
« Recorded exemplary transitions on the bottom

This data has to be treated
differently

Experiment £

Results | Outlook |

s,

Analyze real-photon scattering data for '**Sn
EOF + QPM approach promising in “%Sn for identification of the

Comparison to real photon-scattering.
lh | structure [8] (see figure below)

experiments [6]
* Matching enhancement of strength around

5 00] — Perform analogous calculations for !14:#n
6.5 Mev 3 sens, limit -+ Link certain PDR states to structural origin {1p-1h states)
+ Second enhancement at higher energies not = .
telescope 5 P L
observed in (d,py) data £ 2001 3

p . . . .
2 (7Ti) = 5/2= and J1, (“Ti) = 7/2
Consistent for 1161295 w I l i [ }
— Could be caused by predominant i o =
1 particle - 1 hole states 4000 5000 6000 7000 8000 9000 10000 0
Excitation Energy (kev] [
Excitation of /* = 1-states in the tin isotopes I .

For all target isotopes the lone neutron EDF +QPM for /" = 1'statesin

occupies the (35, ;)" state

+ To couple to a I state, the deposited
neutron has to occupy the (3p, )" or the
(3psy2)! state

— This can be calculated via Energy Density
Functional + Quasi-particle Phonon Model 1

theory (EDF + QPM) Eoe [MeV]

Experiment

o s

Theory
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