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The pygmy dipole resonance in nuclei

1-5% of EWSR ~100% of EWSR
N=Z core

» Macroscopic picture: IVGDR originates from
collective, out-of-phase oscillations of protons

against neutrons.
(enhancement of = 100% of the EWSR).

Isovector mode!

n €xXcess
A

Strength, a.u.

p The PDR is associated with a low-lying E1
strength in the vicinity of the neutron
threshold (several % of the EWSR).
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P Macroscopic picture: the PDR is generated
by oscillations of a neutron excess (skin)
against an isospin saturated core (N = Z).

!

Both the isovector (out-of-phase,
IV) and the isoscalar (in-phase, IS)
components are present!
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PDR in and its properties

» Macroscopic picture: IVGDR originates from
collective, out-of-phase oscillations of protons

against neutrons.
(enhancement of = 100% of the EWSR).

Isovector mode!

p The PDR is associated with a low-lying E1
strength in the vicinity of the neutron

threshold (several % of the EWSR).

P Macroscopic picture: the PDR is generated
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against an isospin saturated core (N = Z).
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The pygmy dipole resonance in nuclei

1-5% of EWSR ~100% of EWSR

n excess N=Z core

» Macroscopic picture: IVGDR originates from
collective, out-of-phase oscillations of protons

against neutrons.
(enhancement of = 100% of the EWSR).
Isovector mode!
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p The PDR is associated with a low-lying E1
E, MeV strength in the vicinity of the neutron
threshold (several % of the EWSR).
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The pygmy dipole resonance in nuclei

5N

» Mixed isovector/isoscalar nature of the PDR.

isovector « oy e
20+ IVGDR - p» How “collective” is it?

Collective IS component +
Non-collective IV component

To make things even more
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M. Markova (UIO) PDR in and its properties 20 May 2026



The pygmy dipole resonance in nuclei

5N

» Mixed isovector/isoscalar nature of the PDR.

isovector « oy e
20+ IVGDR - p» How “collective” is it?

Collective IS component +
Non-collective IV component

To make things even more

dB(E1VAE (€2 fm® MeV™)
>

neutron skin

i licated: :
_ o complicate bicture
|> :
2 i | The toroidal dipole mode?
E | i . .
10} ! i Single-particle content
FS o ] ] of the low-lying E1 states?
2 T ! : ISGDR -
- 3 i ] , » Impact of deformation?
L ?_20_ i ] isoscalar  _
o : : . o
ERE- N — » Pygmies of other multipolarities?
= | | . | . |
i 0 10 20 30 40 and many more...

M. Markova (UIO) PDR in and its properties 20 May 2026



The pygmy dipole resonance
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PDR in and its properties
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Mixed isovector /isoscalar nature of the PDR.
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Collective IS component +
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How can the PDR be studied?
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How can the PDR be studied?

How does the PDR evolve in different isotopic chains?
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How can the PDR be studied?

How does the PDR evolve in different

isotopic chains?
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How can the PDR be studied?

How does the PDR evolve in different isotopic chains?
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How can the PDR be studied?

How does the PDR evolve in different isotopic chains?
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How can the PDR be studied?

How does the PDR evolve in different isotopic chains?
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Main ingredients of our study: NLD and GSF

» Gamma-ray strength function (GSF) and nuclear
level density (NLD) are average properties of
excited nuclei.

Averaged partial radiative width
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Isotopes studied at the OCL
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Isotopes studied at the OCL

. — Stable I — Unstable
Sb

1ZOSb 121Sb 123Sb 1ZSSb
A 4
1121r1 113Irl 114-1n 1151n 116In 1181n

A 4 A A 4
A 107Ag 108Ag 109Ag 110Ag
~

rv vy

Pd A A A 4

M. Markova (UIO) PDR in and its properties 20 May 2026 5/15
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Isotopes studied at the OCL
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Experiments at the OCL
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SiRi Si particle telescope + Nal(Tl)
(CACTUS, older)/ LaBr3(Ce) (OSCAR,

new) detector array.

—

126°-140° or 40°-54° particle angles 0"
are covered.
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The Oslo method: step-by-step

Raw coincidence matrix

Number of counts
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The Oslo method: step-by-step

Raw coincidence matrix Unfolded matrix

Number of counts

I 1 1 l 11 1 l 11 1 l 11 1 l 11 1 l - 1 1 l 11 1 l 11 1 l 11 1 l 11 1 l
2 4 6 8 100 2 4 6 8 10
E, (MeV) E, (MeV)
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The Oslo method: step-by-step

Raw coincidence matrix Unfolded matrix

Number of counts
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The Oslo method: step-by-step

Raw coincidence matrix Unfolded matrix Primary matrix
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The Oslo method: step-by-step
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The Oslo method: step-by-step

Primary matrix
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The Oslo method: step-by-step
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The Oslo method: step-by-step
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NLD and GSF in Sn isotopes

p (E) (MeV™)

[
-
(=)}

—_ — it —
- - - -
) o N T

[
-

(U
<

i lllsn

50
+
/
T 230 g
- . 18g
= - "gp
;— - gp - Mgy
- H2g, . I21g,
3 gn  —- 122y
- Hég 1246
EII Coeoc e e e e Ly
0 2 4 6 8 10
E, (MeV)

M. Markova (UIO)

PDR in and its properties

1072
1073
T
£ 10
D]
\_/10—5
107

107’

1078

O

4 5 6 7 8
E, (MeV)

20 May 2026

9

10

TAS O
& 3o
A‘q V
S 2.
z Z
= ©
&) >

8/15



NLD and GSF in Sn isotopes
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NLD and GSF in Sn isotopes
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Decomposition of the dipole GSF
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Decomposition of the dipole GSF
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Decomposition of the dipole GSF
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Decomposition of the dipole GSF

Oslo data
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Decomposition of the dipole GSF

Oslo data
Bassauer et al., 2020
1 M1, Bassauer et al., 2020

(a) '+ Oslo data
) Bassauer et al., 2020
i M1, Bassauer et al., 2020

o (D)

10°°

' "' IVGDR (GLO) L. IVGDR (GLO)
% . A " " El Peak (Gauss) o L _JEl Peak (Gauss)
\2./ 10 = /'\</ |:| M1 (Lorentzian) = _,-’\'(\ |:| M1 (Lorentzian)
% E \‘\ — Total fit E _ y Pie X — Total fit
(D K \H‘H i 4 D I o’ -{‘Hl
_ ' f I\ ﬂﬁ
10°% = 4 Xﬂlﬂaﬁﬁﬂﬁﬂ VN 112 = S figt ~__ 116
E 'II I 1 \\‘ N ~ Sn - " IT[ n
C 1 1 1 I 1 1 1 I 1 A /\/I 1 1 1 I 1 1 1 I 1 1 ‘I- I 1 1 1 I \ 1 I 1 1 1 I _ 1 1 1 I 1 1 1 I M 1 I II 1 1 I 1 1 1 I 1 1 I I 1 1 1 I 1 1 I | 1 1 I
0 2 4 6 8 10 12 14 16 180 2 4 6 8 10 14 16 18
B Oslo data (C) B Oslo data (d)
10_6 Bassauer et al., 2020 - Bassauer et al., 2020 S

I MI, Bassauer et al., 2020 i M1, Bassauer et al., 2020

~" IVGDR (GLO)

. "~ IVGDR (GLO)
L _1El Peak 1 (Gauss)

¢ _1El Peak 1 (Gauss)

GSF (MeV™)
3

_ P C_iEl Peak 2(Gauss) | | o © IE1 Peak 2(Gauss)
= N [] M1 (Lorentzian) | E i [] M1 (Lorentzian)
C : R — Total fit - ) — Total fit

it { -- Upbend ] ) ‘\| HTIPtH ---- Upbend
1078 et ,* H{K 120 =\t A | 'llﬂi“ljm H 124

E - " }{f Sn E"“"{ ———— : ! ',' /I'{ YOI\ Sn
-.\..1...|..'.'. .V.l...l...\|......|...| YT~ . L D T T
0 2 14 16 180 2 4 6 8 10 12 14 16 18
Ey (MeV) E, (MeV)

M. Markova (UIO) PDR in and its properties 20 May 2026 10/15



Systematics of the PDR
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Systematics of the PDR
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“PDR” in other nuclei
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“PDR” in other nuclei
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“PDR” in other nuclei
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“PDR?” around Sn
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“PDR?” around Sn

Oslo data
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Summary and Outlook

» An extensive study of statistical properties of nuclei in the
Sn mass region has been done in Oslo from 2013 — 2026.

» The GSFs and NLDs from the Oslo experiments provide
new insights into the evolution of the “PDR”.

» No systematic increase of the low-lying E1 strength with N
was observed in Sn isotopes and other nuclei in the Sn
mass region.

» The presumed IV component of the PDR at 6 MeV was
extracted.

» Suppression of the low-lying E1 strength in the neutron-
deficient 109In was observed.
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