Strong interaction limits
In antiprotonic atoms

Daniel Pecak

Fredrik Gustafsson Tomasz Sowinski

= D
AEIS @) qﬂ

December 18t 2024, CERN, AEZIS Collaboration meeting

1/16



Fredrik presentation
The life of an antiprotonic atom

Capture of the antiproton
in a hlgh—n Rydberg

Number of Events

Cascade emmlng X-
rays and Auger
electrons.

9 1 12 13 14 15 16 17 18 19 20 21 22 00
Antiproton approaching stripped "

nucleus, strong interaction
influences orbitals. g H .ﬂ Annihilation on nucleus results
in the formation of Highly
Charged (radioactive) lons (HCls)
& o
°r

2/16



PHYSICAL REVIEW LETTERS

week ending

PRL 111, 162501 (2013) 18 OCTOBER 2013
BT T T e — I
| d [~ ¢ 4U 1608-52 NL3 Suleima T
: I]SSL[}  * EXO 1745-248 R:;‘:;:l.:l“?nvr -
24 v IU-FSU o 1 L © 4U182030 M<23Maun
“-_ : s . of == ) Amoniagis 7]
=3 & TFc § o - B Demorest 4
L - ° g i L 4
~ 22— Z = . > — % Ozel A
“ ° I
E T L] ry 1 1 Stei
= 2 oW ]
& a -
=1 L e I % 4 L
O C A
Ty o g ¢ gt K% Bez | +
= I
H : MEE A
1o lo % ] 8 10 12 14 16 18
F v PREX-II 1 R (km)
18- PREX = il
i il R, EoO AR Fiiare el FIG. 4 (color online). Mass-versus-radius relation predicted by
012 018 024 03 036 042 the six models discussed in the text.
B
Tiin (f)

FIG. 3 (color online). Predictions from 52 nuclear EDFs for
the electric dipole polarizability and the neutron-skin thickness
of 208Pb. Constraints on the dipole polarizability from RCNP
[46,47], PREX [1], and from an updated PREX experiment
assuming a 0.06 fm error and the same central value have
been incorporated into the plot.

indeed from most models lacking exotic cores [54]. Shortly
after, Steiner, Lattimer, and Brown supplemented Ozel's
study with three additional neutron stars and concluded
that systematic uncertainties affect the determination of the
most probable masses and radii [55]. Their results suggest
larger radii of 11-12 km and have been depicted in Fig. 4
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Hydrogen-like atom

Energy scale Length scale
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Liquid drop model
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FIG. 1. Spectra of antiprotonic x rays from calcium. Upper part:
spectrum from “*Ca. Lower part: accumulated spectrum of all tar-
gets; the weights of the different calcium isotopes are for
“Ca: 27%,%Ca: 18%.%Ca: 3%,*Ca: 24%, and for **Ca: 28%
(determined from the number of antiprotons per isotope given in
Table T).

Hartmann et al. PRC 65, 014306 (2001)
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Electromagnetic transition [gy
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Timescale of gy

Logarithmic log1g (Fem) vs n and A
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Strong interaction [
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B N
n(r) = TR a=10fm
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B N
pn(r) = 11 —R/a’ a=0.25fm
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Logarithmic Ratio 10910 (Fst/l'em) vs n and A
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