
Proposal for Future measurements 

at DAFNE 

Fundamental Physics at the 

strangeness frontier

Kaonic atoms and kaon-nuclei

interaction studies

Catalina Curceanu, on behalf of strangeness community 

Sci. Com. 6th May 2021



The DAFNE F-factory at LNF is the world leading facility for 

low-energy kaons, producing charge kaons in the 

momentum range 115 – 140 MeV/c 

and

is therefore ideally suited for studying particle and nuclear physics 

in the sector of low-energy QCD with strangeness

WHY DAFNE?
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Best in the world for low-energy kaon physics:

kaonic atoms

Kaon-nucleons/nuclei interaction studies

Φ → K- K+ (49.1%)

Monochromatic low-energy K- (~127MeV/c)

• Less hadronic background due to the beam

( compare to hadron beam line : e.g. KEK /JPARC)
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A New Measurement of Kaonic Hydrogen X-rays
Phys.Lett.B 704 (2011) 113-117
312 citations

Measurement of the kaonic hydrogen X-
ray spectrum
Phys.Rev.Lett. 94 (2005) 212302
225 citations

Kaonic helium-4 X-ray measurement in 
SIDDHARTA
Phys.Lett.B 681 (2009) 310-314
104 citations

https://inspirehep.net/literature/900136
https://inspirehep.net/literature/689025
https://inspirehep.net/literature/840368
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https://agenda.infn.it/event/25725/overview
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Priorities and readiness:
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Theoreticians who provided input:
- Ignazio Bombaci

- Alessandro Drago

- Isaac Vidana

- Wolfram Weise, TU Munich

- Avraham Gal, Jerusalem

- Eli Friedman, Jerusalem

- Jiri Mares. Prague

- Oset & Ramos, Spain

- Laura Tolos, Spain

- Ulf Meissner, Bonn & China

- Tony Thomas, Adelaide

- Tetsuo Hyodo, Japan

- Shota Ohnishi, Japan

- Maxim Pospelov, Randolf Pohl  

-> new physics

Support:
STRONG-2020, EU

THEIA Network
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Kaonic atoms

Fundamental physics

New Physics
The modern era of light kaonic atom 
experiments

Rev.Mod.Phys. 91 (2019) 2, 025006
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Kaon mass discrepancy – impact on kaonic atoms; CPT, all physics 

where kaon mass is important such for charmed meson studies and searches 

beyond standard model 

➢ a new measurement is strongly required – PDG…

The best D0 mass relies, and is limited by the K- mass (Claude Amsler; 
Simon Eydelman)
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Contact Novosibirsk

Possible competitor: 

J-PARC
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New physics?

In principle one could use precision measurements of  K - atoms to 
set constraints on some sort of new physics. 
The best sensitivity will be for masses of mediating particles in the ~ 
few MeV mass range. 

(Maxim Pospelov)

Randolf Pohl: similar to muonic atoms -> proton radius

We study feasibility!



Dedicated measurements:

- Targets :  Se, Zr, Ta, Pb 
- New mechanics to reduce the distance

from IP

- Optimised shielding according to MC 

and feasibility test

Target just behind

the luminometer, 

which is used as trigger

Feasibility test run during SIDDHARTA-2: KPb
dE ~ 3 eV needed 

for dm
K

= 5 keV

KPb(9→8) : 290 keV

KA1: Kaon Mass and High Z kaonic atoms: HPGE

~ 360 pb-1 (~ 30 days) of 

beamtime requested

!!! Similar estimations for 

each target !!!
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Kaonic atoms

Part. and Nuclear physics

QCD @ low-energy limit

Chiral symmetry, Lattice

Kaonic Atoms to Investigate 
Global Symmetry Breaking
Symmetry 12 (2020) 4, 547

Lambda(1405) QCD
He3,4; Be; Li

KNN
Chiral QCD
Potential models
Lattice QCD
C; Be; B…

Complementarity:

ALICE – femtoscopy

J-PARC



KA2: Light Kaonic Atoms Measurements: SDD 1mm

1mm SDDs – FBK – FINANCED AND ORDERED

First XRF tests with known targets show very promising

results

Prototypes of electronics boards are already available

Proposed measurements:

- Targets : 3,4He, 6,7Li, 8,9Be, 10,11B

- Second SIDDHARTA-2 like setup 

- Optimised shielding according to feasibility

test

- MC implementation (already started) with 

real DAFNE conditions



Possible kaonic transitions to be measured with 

CdTe detectors:
K6Li(2→1) : 81 keV

K6Li(3→1) : 97 keV

K7Li(2→1) : 82 keV

K7Li(3→1) : 98 keV

K9,10B(4→2) : 58 keV

K9,10B(5→2) : 65 keV

K9,10B(6→2) : 69 keV

K9,10B(7→2) : 71 keV

K11B(4→2) : 59 keV

K11B(5→2) : 66 keV

K11B(6→2) : 70 keV

K11B(7→2) : 72 keV

required 300 pb-1 for each target 

Expected Impact:

- Test chiral vs phenomenological models

- Isospin dependent KN scattering length (like KH+KD)

- Upper level measurements (hints on L(1405) nature)

- Cascade processes

Detector Key Points:

- High efficiency in the 50-100 keV region

- Good resolution (500 eV @ 20 keV) to separate the lines of 

interest

CdTe (and also CdZnTe) detectors will be 

developed in the STRONG2020-ASTRA

project

First prototypes will be available by mid ‘22

KA2: Light Kaonic Atoms Measurements: Cd(Zn)Te



Setup: SDD1mm & CdTe



“Giornata di discussione sulle prospettive per la Fisica Fondamentale a Frascati (FFF)” , A. Scordo, Frascati (LNF), 13/01/2021

Solve the kaonic helium

isotopic shift problem

Precise determination of 

the K- mass (2)

Stronger constraints for 

the EM cascade models 

for kaonic atoms

New Physics?

… ALL IN PARALLEL

Kaon-Nucleon interaction:

Chiral vs Phenomenological models 

There is only ONE possible solving measurment:

The K3,4He isotopic shift measurement

But...levels and calculated shifts 

depend on the K- mass value...

But...EM calculated levels

depend on the cascade

processes...

KA3: sub-eV precision Kaonic Atoms measurements: VOXES



Possible kaonic transitions to be measured with 

HAPG crystal spectrometer:

K3He(3→2) : 6.2 keV 

K3He(4→2) : 8.4 keV 

K3He(5→2) : 9.4 keV

K3He(6→2) : 9.9 keV

K3He(7→2) : 10.2 keV

K4He(3→2) : 6.4 keV 

K4He(4→2) : 8.7 keV 

K4He(5→2) : 9.7 keV

K4He(6→2) : 10.3 keV

K4He(7→2) : 10.7 keV

KN(6→5) : 7.6 keV

KN(7→5) : 12.1 keV

KN(8→5) : 15.1 keV

KN(7→6) : 4.6 keV

KN(8→6) : 7.5 keV

KN(9→6) : 9.6 keV

KN(10→6) : 11 keV

KN(11→6) : 12.1 keV

KN(10→7) : 6.5 keV

KN(11→7) : 7.5 keV

KN(12→7) : 8.3 keV

Expected Impact:

- Test chiral vs phenomenological models (Isotopic shift puzzle)

- Kaon mass measurements from different lines in parallel

- Cascade processes

- Impact on dark matter search driven experiments using

exotic atoms in space (accurate cascade models calculations)

Manifestatation of interest from international institution and 

research centers (PSI, …)

Detector Key Points:

- Tunable energy range from 2-20 keV

- Extremely high resolutions of few eV 

- Very low background after shielding

Feasibility:

• Working principle tested in laboratory

• Dependence from HAPG parameters well

investigated and published (thickness, mosaicity, …)

• Consistent Ray Tracing simulations available

• Few eV resolutions confirmed for solid sources with 

millimetric dimensions

KA3: sub-eV precision Kaonic Atoms measurements

Spectrometer developed under CSN5 Young Researcher Grant (2016-2018) 



From MC simulations, 

assuming L = 1,4x1032 (~ 12 pb-1 / day):

⚫ ~ 1,4 recorded signals / day

⚫ Background ~ 0 (using shielding and kaon trigger)

⚫ ~ 250 total events goal (dE ~ 0,2 – 0,3 eV)

⚫ s = 3,6 eV @ 8 keV (from Cu lab measurements)

⚫ ~ 2000 pb-1 (~ 180 days) of beamtime (under study)

First run with KC for a K- mass 

measurement

KA3: KC run with existing setup & future

Phase 2: 8 arms spectrometer



Kaon-nuclei interactions (scattering 

and nuclear interactions)

Astrophysics

EOS Neutron Stars

MULTIMESSANGER

Dark Matter studies

On self-gravitating strange dark matter 

halos around galaxies

Phys.Rev.D 102 (2020) 8, 083015

Merger of compact stars in 

the two-families scenario

Astrophys.J. 881 (2019) 2, 122

The equation of state of dense matter: 

Stiff, soft, or both?

Astron.Nachr. 340 (2019) 1-3, 189

Complementary:

J-PARC

ALICE – femtoscopy
(O. Vazquez Doce – Fellini - Antikaon-

deuteron femtoscopic correlations with ALICE: 

A new era of hadron-hadron interaction 

measurements – LNF)

…….





Similar letters from:

Ignazio Bombaci, Univ. and INFN Pisa

Isaac Vidaña, INFN Sezione di 

Catania

Member THEIA Network, 

STRONG2020 



News NASA: NICER (ISS)

Pulsar – white dwarf

Neutron 2.1 Sollar mass 

with radius: 12-15 km

the interior is just a sea of 

quarks…?



▪ The present knowledge of total and differential cross sections of low energy kaon-

nucleon reactions is very limited.

▪ Below 150 MeV/c there is a “desert” - the experimental data are very scarce and

with large errors and practically no data exist below 100 MeV/c.

▪ Studies of Hyperon-nucleon, Hyeron-multinucleaon (AMADEUS experience)

▪ Kaon-nucleon scattering/interaction data are fundamental to validate theories:

chiral symmetries; lattice calculations; potential models etc.

Knscat and int: KAON-NUCLEI SCATTERING and 

INTERACTION

FFF-Meeting, LNF Jan. 13, 2021



KN1: elastic scattering, layout

beam pipe
kaon monitor

charged kaon

detector

TPC

K-

K+

25 cm 50 cm0 cm

Scint. bars

read out 

with SiPMs

FFF-Meeting, LNF Jan. 13, 2021

TPC prototyping ongoing at:

Sendai Univ., Japan

SMI, Austria (EU-STRONG2020)



KN2 – inelastic scattering, nuclear interaction…layout

25 cm 50 cm0 cm

Cryogenic target:

Solid H2, D2, Ar

Liquid He

FFF-Meeting, LNF Jan. 13, 2021

Kaon monitor

TPC

TPC

Charged kaon 

detector
“Sandwich” type 

calorimeter

32 layers Pb –

liq. Scintillator,

thickness 25 cm
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https://arxiv.org/pdf/2104.06076.pdf
Towards a LOI (authors: Editorial Board only)

https://arxiv.org/pdf/2104.06076.pdf
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Contacted and consider signing LOI (groups of):

Very preliminary (sent one week ago) – 11 countries
- Theoreticians from list shown + others

- Laura Fabbietti, TUM, Germany

- Paul Indelicato, CNRS, France

- Hiroyuki Noumi, Osaka Univ. Japan

- Shinji Okada, Chubu Univ., Japan

- Fuminori Sakuma, RIKEN, Japan

- Kiyoshi Tanida, JPARC, Japan

- Hiroaki Ohnishi, Sendai and Tohoku, Japan

- Simon Eidelman, Novosibirsk, Russia

- Moskov Amaryan, Old Dominion University, USA

- Pawel Moskal, Jagiellonian Univ, Poland

- Josef Pochodzalla, Mainz Univ, Germany

- Mario Bragadireanu, IFIN-HH, Romania

- Damir Bosnar, Univ. Zagreb, Croatia

- Igor Strakovsky, SAID INS The George Washington University, 

USA

- INFN (LNF + more), Italy

- SMI, Vienna, Austria
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LOI in preparation

We strongly believe that this is an opportunity which

cannot be missed, since we propose to measure

fundamental interaction processes which could not be

measured till now, and which will have a huge and

concrete impact, “now and here”, in particle and nuclear

physics, astrophysics, cosmology and foundational

Issues, supported by a strong international collaboration.

Our proposed measurements have a huge potential of

producing a consistent number of high-impact

publications in high-impact factor journals, which will

guide the developments of physics at strangeness frontier

in the next 10-20 years, setting DAΦNE and LNF on the

forefront of fundamental physics studies.



Thank you
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