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The DAФNE collider provides 
low energy kaons (p ~ 127 MeV/c)
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LABORATORI NAZIONALI DI FRASCATI

Kaonic atom formation
𝑛 ≈

𝜇

𝑚𝑒
∙ 𝑛𝑒, where 𝜇 is the reduced mass, 𝑚𝑒 the electron mass and 

𝑛𝑒 is the principal quantum number of the outermost electron shell 

K-

Auger Electron

Nucleus

4) Absorption

X-ray

e.g.
• 1s for K-p, K-d
• 2p for K-He

highly-excited 
state

deexcite

K-

K-

e-

The E2 Nuclear Resonance Effect
When an atomic de-excitation energy is closely matched by 
a nuclear excitation energy, a resonance condition occurs, 
which produces an attenuation of some of the atomic x-ray 
lines from a resonant versus a normal isotope target.

𝐸4
0+→2+ 𝑘𝑒𝑉 ≅ 787,4

The E2 Nuclear Resonance effect is a mixing of the atomic
states due to the electrical quadrupole excitations of 
nuclear rotational states. 

Quanto-mechanically, the effect mixes (𝑛, 𝑙, 0+) levels with (𝑛′, 𝑙
− 2, 2+) levels producing a wave function which contains a small 
admixture of excited nucleus-deexcited atom wavefunctions:

𝜓 = 1 − 𝛼 2 𝜙 𝑛, 𝑙, 0+ + 𝛼 𝜙 𝑛′, 𝑙 − 2, 2+

where 𝛼 = ±
𝑛, 𝑙, 2+ 𝐻𝑞 𝑛

′, 𝑙 − 2, 0+

𝐸(𝑛,𝑙,2+) − 𝐸(𝑛,𝑙,0+)
and 𝐻𝑄 is the electric

quadrupole interaction between the hadron and the nucleus.

A very small admixture coefficient 𝛼 (typically 1%) can mean a 
significant induced width!

INDUCED WIDTH: Γ𝑛,𝑙
𝐼𝑛𝑑 = 𝛼2 Γ𝑛′,𝑙−2
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A significant weakening/attenuation of corresponding 
hadronic x-ray line and any lower lines can be observed.

The nuclear absorption rate increases very drasically (by a factor
of several hundred) for each unit decrease of orbital angular
momentum; thus for a decrease of ∆𝑙 = 2, the factor may be around
105.

MOLYBDENUM OFFERS A UNIQUE OPPORTUNITY TO 
INVESTIGATE THE STRONG 𝑲− −𝑵 INTERACTION

WITH NUCLEAR RESONANCES

In kaonic 44
98𝑀𝑜, the energy difference between 6h and 4f levels, 

798.2 keV, is very nearly equal to the nuclear excitation energy 
of 787.4 keV.

• Isotope of 44
92𝑀𝑜, in which the resonance doesn’t occur, can be 

used as reference to measure the attenuations.

• X-rays measurable with High Purity Ge detectors (HPGe)

WHY INVESTIGATE NUCLEAR RESONANCE 
EFFECTS IN KAONIC MOLYBDENUM?

1. To measure shift and width of the 𝑛 = 4
level, not accessible by kaonic cascade, 
investigating deeply bound kaonic atoms.

2. The measurement of the attenuation 𝛼
coefficients in 44

94𝑀𝑜, 44
96𝑀𝑜, 44

98𝑀𝑜 and 44
100𝑀𝑜

could provide fundamental information on 
kaon-nucleus strong interaction.

3. Isotope effects in the level shift and width
would reveal sign of changes in the nuclear
periphery when pair of neutrons are added
to the lighest isotope (44

94𝑀𝑜)

4. To study nuclear distribution in 44
98𝑀𝑜, 

providing important details to investigate 
neutrinoless double beta (0νββ) and two-
neutrino double beta decay (2νββ) 
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2) Cascade

1) Initial capture

3) Strong interaction

MEASUREMENT WILL BE PERFORMED 
IN 2022/2023


