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Introduction Theoretical description Results Conclusions and Outlook

Atomic spectroscopy

• Atomic properties are
important for other fields

• Gives access to nuclear and
particle properties
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Introduction Theoretical description Results Conclusions and Outlook

117−131Sn spectroscopy at ISOLDE

Bel[
1Po

1 ] = 703± 50 MHz/b Q(119Sn) = −0.176(4)(12) b

D. T. Yordanov et al., Comm. Phys. 3, 107 (2020), Fig. 3
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Introduction Theoretical description Results Conclusions and Outlook

Muonic spectroscopy at PSI

Muon: heavy (≈ ×200) and short-lived (≈ 2µs) copy of electron

100 200 300 400 500 600 7002 4 6

Figures courtesy: Niklas Michel

A. Antognini et al., Phys. Rev. C 101, 054313 (2020)

Q[185Re] = 2.07(5) b;

Q[187Re] = 1.94(5) b
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What is a kaon

• Composite/hadron/meson

• K+, K 0, K− = su

• q = −1

• Spin 0

• Strangeness -1

• mK = 493.677(13) MeV
(from kaonic atoms)

• RK = 0.40 fm
(from scattering)

Cute quarks figures source:

https://www.particlezoo.net/

• lifetime 1.238(20)× 10−8s: can form an exotic atom

• short-lived, therefore always H-like
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Formalism: Klein-Gordon equation

As a spinless particle, a kaon is described by a stationary KGE:[
(E − V (r))2 + ∆−m2

]
ϕ(r) = 0

Spherically symmetric potential ⇒ ϕ(r) =
Rl(r)

r
Ylm(ϑ, ϕ),

Infinite mass, point like nucleus with charge Z : V = −αZ/r

ε(αZ , n, l) =

(
1 +

(αZ )2

n − l − 1/2 + µ

)−1/2

µ =
√

(l + 1/2)2 − (αZ )2

For 1s state, it breaks at (αZ )2 = (1/2)2, or Z = 69.
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Toy models

Finite nucleus: homogeneously charged sphere

ρ(r) =
3Ze

4πr3
0

θ(r0 − r)

r0 =

√
5

3
〈r2〉

V (r) =


−
Zα

2r0

(
3−

r2

r2
0

)
, while r ≤ r0,

−
Zα

r
, while r > r0.

Finite kaon: two uniform spheres, kaon RK and nucleus RN

V (r) =


−V0(C0 − ρ2) inside: 0 ≤ r ≤ RN − RK

−
3

8

V0

λ3

(
C1

ρ
+

5∑
k=0

Ck+2ρ
k

)
overlap:RN − RK ≤ r ≤ RN + RK

−V0/ρ outside: r ≥ RN + RK
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Leading QED: Uehling correction

• correction to Coulomb potential at
small distances

• electronic loop less suppressed
(smaller mass) K−

K−

e+

e−

VUehl(r) =− 2α(αZ )

3π

∫ ∞
0

dr
′
4πρ(r

′
)

∫ ∞
1

dt

(
1 +

1

2t2

)
×
√
t2 − 1

t2

exp(−2me |r − r
′ |t)− exp(−2me(r + r

′
)t)

4mert

Recoil: Important for light atoms, reduced-mass formalism

mr =
mNmK

mN + mK
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Access to the parameters

V (rK ) = VFNS(rK ) + VFKS(rK ) + VUehl(rK )

Observables: energies of (circular) transitions
Sensitivities to the parameters:

Nuclear radius
∆E

E
= KR

∆R

R

Kaon mass
∆E

E
= Km

∆mK

mK

Kaon radius

δFKS = 1−
Enl [V2spheres]

Enl [Vsphere]
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Results
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Hadronic contribution

• extremely important

• significantly change energies

kaonic lead Pb82:
E1s ≈ −17 MeV
hadronic contribution

∆Ehadronic
1s ≈ 10 MeV

• always reduces the transition
energies

• main source of uncertainty
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Conclusions and Outlook

What is done:

• order of magnitude estimate with a toy model
• access to the: nuclear radius, kaon mass, kaon radius
• good agreement with the existing experimental data

To be improved:

• accurate estimations of hardonic contributions
• improved FNS, FKS, (relativistic) recoil effect
• higher-order QED, electron screening
• dynamical splitting and nuclear polarization

Opportunities with Gamma Factory

• experimental accessibility
to many isotopes

• high-precision
measurements

• wide range of energies

• muonic atoms

• kaonic atoms
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Studies of kaons and kaonic atoms

• Experiments with
kaonic atoms at
DAΦNE
• Kaon physics at
KLOE-2

• Dark matter
• CP violation and
neutron EDM
• Kaon decays
• Form-factor and
size
• Mass determination
from kaonic atoms
decay
• Further proposals
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Next step: the choice of the most suitable system, based on

• sensitivities

• accuracy of theoretical
predictions

• experimental accessibility

• the natural linewidths

• possibility to carry
high-precision
measurements
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