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The scientific aim of 
SIDDHARTA(-2)

Is an experiment measuring kaonic atoms X-ray transitions -> info 
about the QCD in non-perturbative regime in the strangeness sector
In particular, it performed precision measurement of the shiftmeasurement of the shift
and of the width

of the 1s level of kaonic hydrogen and

the first first esploratoryesploratory ((--> precision measurement in > precision measurement in 
SIDDHARTASIDDHARTA--2)2) of kaonic deuterium
In addition:

Precision measurement of kaonic helium 3 and 4 (2p level)
Other low-Z kaonic atom transitions were measured (kaonic kapton)
Yields measurements (kaonic atoms cascade processes)



Kaonic cascade and the 
strong interaction
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AntikaonAntikaon--nucleon scattering lengthsnucleon scattering lengths

Once the shift and widthshift and width of the 1s level for kaonic hydrogen and
deuterium are measured -> scattering lengths
(isospin breaking corrections):

ε + i Γ/2 => aK-p eV fm-1

ε + i Γ/2 => aK-d eV fm-1

one can obtain the isospin dependent  antikaon-nucleon 
scattering lengths

aK-p = (a0 + a1)/2
aK-n = a1



Suitable for low-energy kaon physics:
kaonic atoms

Kaon-nucleons/nuclei interaction 
studies
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Silicon Drift Detector - SDDSilicon Drift Detector Silicon Drift Detector -- SDDSDD

1Chip : 1 cm2







1 cm1 cm22 x 144 x 144 SDDsSDDs



SIDDHARTA overview
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SIDDHARTA results (2009):SIDDHARTA results (2009):
-- KaonicKaonic HydrogenHydrogen: 400pb: 400pb--11, most precise measurement , most precise measurement ever,Physever,Phys. . LettLett. . 
B 704 (2011) 113, B 704 (2011) 113, NuclNucl. Phys. A. (2012); Ph D. Phys. A. (2012); Ph D

-- KaonicKaonic deuteriumdeuterium:: 100 pb100 pb--11, as an exploratory first measurement ever, , as an exploratory first measurement ever, 
draft of paper in preparation; Ph Ddraft of paper in preparation; Ph D

-- KaonicKaonic helium 4helium 4 –– first measurement ever in gaseous target; publishedfirst measurement ever in gaseous target; published 
in Phys. in Phys. LettLett. B 681 (2009) 310; NIM A628 (2011) 264 and Phys. . B 681 (2009) 310; NIM A628 (2011) 264 and Phys. LettLett. . 
B 697 (2011); PhD; B 697 (2011); PhD; 

-- KaonicKaonic helium 3helium 3 –– 10 pb10 pb--11, first measurement in the world, published , first measurement in the world, published 
in Phys. in Phys. LettLett. B 697 (2011) 199; Ph D, . B 697 (2011) 199; Ph D, 

-- Ongoing:Ongoing: widths and yields of KHe3 and Khe4; widths and yields of KHe3 and Khe4; kaonickaonic kaptonkapton yields; yields; 
KH yields KH yields --> publications > publications 

SIDDHARTA SIDDHARTA –– important academy for young researchers important academy for young researchers 



KaonicKaonic Helium 3 and 4Helium 3 and 4
T. T. IshiwatariIshiwatari



Comparison of results – with SIDDHARTA the era of precision 
measurements

Shift [eV] Reference

KEK E570 +2±2±2

+0±6±2

+5±3±4

-2±2±4  

SIDDHARTA (He4 with 55Fe)

PLB653(07)387

PLB681(2009)310

SIDDHARTA (He4)

SIDDHARTA (He3)

arXiv:1010.4631,
PLB697(2011)199

*error bar 22 )()( syststat +±=



KaonicKaonic Helium results:Helium results:

-- first measurements of KHe3 and in gas He4 
- if any shift of 2 p level is present – is small ; same for the 
width
- undergoing – yields determination -> paper
- KHe3 measurement took 3 days!!! – proves how 
EXCELLENT is SIDDHARTA-like method at DAFNE

- SIDDHARTA-2 – can do much better: KHe3,4 at eV and 
try measurement of 1s levels!



KaonicKaonic HydrogenHydrogen
and deuteriumand deuterium
M. M. CargnelliCargnelli



KaonicKaonic Hydrogen results:Hydrogen results:

-- most reliable and precise measurement ever 

- need to go for Kd! -> SIDDHARTA-2 



Kaonic deuterium spectrum – exploratory measurement:
fit for shift about  700 eV,  width  about 1000eV; „kaonic kapton“ lines as well:









SIDDHARTA2 strategy – phases

1) Kaonic deuterium measurement - 1st measurement:
and  R&D for other measurements – J. Zmeskal

2) Kaonic helium transitions to the 1s level – 2nd 
measurement, R&D
3) Other  light kaonic atoms (KO, KC,…)

4) Heavier kaonic atoms measurement (Si, Pb…)

5) Kaon radiative capture – Λ(1405) study

6) Investigate the possibility of the measurement of other
types of hadronic exotic atoms (sigmonic hydrogen ?)

7) Kaon mass precision measurement at the level of  <10 keV
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DAFNE represents (as always did) an (THE) 
EXCELLENT FACILITY in the sector of 
low-energy interaction studies of kaons with 
nuclear matter.

It is actually the IDEAL facility for kaonic atoms 
studies as SIDDHARTA has demonstrated

SIDDHARTA-2 team is ready to restart the 
measurements, having a multi-step strategy, 
strating with the Kaonic deuterium
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We are confident that with the planned setup improvements and 

with an integrated luminosity of about 600 pb-1, SIDDHARTA-2 

will be able to perform a first X-ray measurement of the strong 

interaction parameters - the energy displacement and the width 

of the konic deuterium ground state, which are eagerly awaited 

by theoreticians. 

WE STRONGLY NEED LEANNIS SUPPORT!

Conclusion



The other campaign measurements will be dedicated to:

-kaonic helium measurements to 1s levels

-kaonic oxygen

-solid target measurements : Sn, Si, Ca, Ni targets

- MeV measurements for radiative kaon capture in 
hydrogen (re-measuring kaonic hydrogen as well)

measurements with a setup below the beam pipe could 
be done in parallel with the others measurements

crystal spectrometer measurements need completely 
new setup – the strategy is under evaluation.

Conclusion

3143rd LNF SC Meeting



Antikaonic
Matter
At
DAΦNE: an
Experiment
Unraveling
Spectroscopy

AMADEUS



Experimental programme
AMADEUS (1)

• study of the (most) fundamental antikaon deeply 
bound nuclear systems, the
kaonic dibaryon states:    ppK‐ and  (pnK‐)
produced in a 3He gas target, in formation and 
decay processes

• as next step, the 
kaonic 3‐baryon states:    ppnK‐ and pnnK‐

produced  in  a  4He gas  target,  in  formation  and 
decay processes





Experimental programme
AMADEUS phase-1 (2)

• Low‐energy charged kaon cross sections on Hydrogen, 
Deuterium, Helium(3 and 4), for K‐ momentum lower 
than 100 MeV/c (missing today);

• The K‐ nuclear interactions in Helium reactions (poorly 
known – based on one paper from 1970 …)

• Properties of Λ(1116) and charged Σ – for example 
decays in channels with neutrino

• Resonance states as the elusive‐in‐nature but so 
important Λ(1405) or the Σ(1385) could be better 
understood with high statistics; their behaviour in the 
nuclear medium can be studied too.

Excellent feasibility test –
Oton Vazquez Doce
Kristian Piscicchia

(KLOE data)



AMADEUS @ KLOE
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