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Ultra-High-Energy Cosmic Rays (UHECRS) (ppc201s;
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E/A: binding energy per nucleon K ,: incompressibility
p : nuclear density
p, - nuclear density at saturation

208pp i K ,is obtained from excitation
energy of ISGMR
Q
K,=0.64K,,- 3.5
—. J.P. Blaizot, NPA591 (1995) 435
Knm

From GMR data on 28Pb and °'Zr,

K_=240+10 MeV
[See, e.g., G. Colo et al., Phys. Rev. C 70 (2004) 024307]




IR EL (cm1)

2000

dB(E1)/dw

o

BT D BRI

AKic & 5 BRE ORI

: EwW | @
% HRE) 5 O FE B
- ﬂ > (E1) YR IN r iE F
it & Bl B

. PDR uw GDR j
| M \l I\ | 1673aw dB(E1)
L Oy =g

6 8 10 12 14 16 18 )

HTFDZ XN F — w(MeV) 6



Electric Dipole Polarizability: 208Pb

2CpPb(p.p’') at £ ,=295 MeV

L

(p.p') at 0.0—2.5 deg
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do/d0dE, (mb/sr/10keV)

s 10 15 =0
Excitation Energy (MeV)

T — 7 . . . : 4
~ BEDT<—— 5 dB(E1)1/dEx —
. 04 I er %
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2 2 =
02 5 ('\IQ
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M =) )
Excitation Energy (MeV) (7,abs) at Mainz
B0, 19 20 130 MeV
% 2.7 16.2 1.2 fm?

total 20.1+0.6 fm3

T AT et al., PRL107, 062502(2011)




Candidate Toroidal Electric Dipole Mode 1n 58N1

—» protons + neutrons
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Toroidal Electric Dipole Mode
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Several excited states assigned to M1 by (e,e’)

— found to be E1 by high-resolution (p,p’) at RCNP

— confirmed by(y,y’) data

P. von Neumann-Cosel et al., PRL133, 232502 (2024)
I. Brandherm et al., PRC110, 034319 (2024)

N T T T 4
| T EP=8240Mev i
10 E — Toroidal, Et" = 8.26 MeV E
L = = Coulomb ]
[ -+ Transverse
107 3T =TT ;
: T T T : 1
i h —
104 | — Toroidal, E{" =10.19 MeV i
= f = = Coulomb y E
§ [ --- Transverse N
3 [
5
10°E e e ——— —
b — = 4" ! ! !
L T T
10-4L— Toroidal, E{" =10.19 MeV
F — GDR, E!" = 18.57 MeV
=5L
. — 1
[ 1 1 1 1
80 100 120 140 160

0 [deg]

(e,e’) angular distributions
— consistent with toroidal dipole characterized by
strong transverse current at backward angles

8 candidates of toroidal dipole states were found.

Smallest quantum vortex mode ever observed!

— requires re-study of the Pygmy Dipole
Resonance states found in many nuclei.
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