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The low-energy kaon-nucleon/nuclei interaction 

studies are fundamental for understanding 

the QCD in the Strangeness sector in the non-

perturbative regime: 

 

- Explicit and spontaneous chiral symmetry 

breaking (mass of nucleons) 

- Dense and cold baryonic matter ? 

- Role of strangness in Neutron stars  (EOS) 

- Many other topics (L(1405), Kmass….) 

 

Role of Strangeness in the Universe from particle 

and nuclear physics to astrophysics 
 

 



Ideal for low-energy kaon physics: 

Kaonic atoms 

Kaon-nucleons/nuclei interaction studies 

Hypernuclear physics 

 Φ → K- K+ (49.1%) 

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

• Less hadronic background due to the beam 

  ( compared to hadron beam line : e.g. KEK /JPARC) 



What was done at DAFNE 

Past experiments 

Kaonic atoms 
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Low-energy 
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Low-energy nuclear physics  

at DAFNE 

 

Status & Strategy Feasibility 

(technical) 

Curceanu 

contributions from 

A. Filippi & S. Piano 

 Zmeskal 

Okada 



Interest for - Strangeness physics (at low energy): 

a series of Workshops organized at ECT* - 

Trento (since 2006) – the  last ones: 
 

 

 

1) Strangeness in Nuclei, 4-8 October 2010 

 

1) New trends in the low‐energy QCD in the strangeness 

sector: experimental and theoretical aspects, 15-19 October 2012 

 

3) Strangeness in the Universe? 

Theoretical and experimental progress and challenges in the 

 antikaon nuclear physics, ECT* 21-25 October 2013 

 



Achievements and Perspectives in Low-Energy QCD 

with Strangeness 

ECT*, Trento, 27-31 October 2014 



Exotic  Atoms  Studies 



Kaonic  atoms cascade and the 

strong interaction 
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DEAR and SIDDHARTA 
SIlicon Drift Detector for Hadronic Atom Research by Timing Applications 

• LNF- INFN, Frascati, Italy 

• SMI- ÖAW, Vienna, Austria 

• IFIN – HH, Bucharest, Romania 

• Politecnico, Milano, Italy 

• MPE, Garching, Germany 

• PNSensors, Munich, Germany 

• RIKEN, Japan 

• Univ. Tokyo, Japan 

• Victoria Univ., Canada  



SIDDHARTA  - main results: 
 

- Kaonic Hydrogen: 400pb-1, most precise measurement ever,Phys. Lett. B 

704 (2011) 113, Nucl. Phys. A881 (2012) 88; Ph D 78 citations 

 

- Kaonic deuterium: 100 pb-1, as an exploratory first measurement ever, Nucl. 

Phys. A907 (2013) 69; Ph D 

 

- Kaonic helium 4 – first measurement ever in gaseous target; published in 

Phys. Lett. B 681 (2009) 310; NIM A628 (2011) 264 and Phys. Lett. B 697 

(2011); PhD 51 citations 

 

- Kaonic helium 3 – 10 pb-1, first measurement in the world, published in 

Phys. Lett. B 697 (2011) 199; Ph D 

 

- Widths and yields of KHe3 and KHe4 - Phys. Lett. B714 (2012) 40;; kaonic 

kapton yields  

 

DEAR & SIDDHARTA – important TRAINING for young 

researchers  - 8 Ph Ds 
 





November 2009 – end of SIDDHARTA 
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Exotic Atoms:  

Future Perspectives  
 
  
 
Bonus) Kaonic hydrogen at precision better than 10 eV 

(calib. For Kd) -100 pb-1  
 

1) Kaonic deuterium measurement : 800 pb-1 (500 pb-1)  
   

 
2) Kaonic helium 3 and 4 transitions to the 1s level  and 2p 

level 400 pb-1 
 
3) Other kaonic atoms (KC, KSi, KNi, KSn, KPb…) – 200 pb-1/each (could 
be done in parallel) 
 
 
4) Kaon mass precision measurement at the level of  <10 keV  
 
5) Investigate the possibility of the measurement of other 
    types of hadronic exotic atoms (sigmonic hydrogen ?)  
 
 
 



Detail of the beam 

pipes outside IR 

Setup detail 

SIDDHARTA 2 (GEANT4 MC, M. Iliescu & C. Berucci) 



19 

Factor 3-4 better than SIDDHARTA: 

M. Cargnelli 
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21 M. Cargnelli 



Other kaonic atoms: Gal, Okada 





Negatively Charged 

Kaon Mass 

See Okada talk too 



K mass at 5-7 keV with some 

 102 pb-1 (Pb or other target) 



Gives a systematic error for kaonic  

atoms transitions energies 



Low-energy kaon-
nuclei 

Interactions studies 



AMADEUS 
 
 

AMADEUS collaboration 
116 scientists from 14 Countries and 34 Institutes  

 
lnf.infn.it/esperimenti/siddharta 

and 
LNF-07/24(IR) Report on lnf.infn.it web-page (Library) 

 
AMADEUS started in 2005 and  

was presented and discussed in all the LNF Scientific 
Committees 

Antikaon Matter At DAFNE:  Experiments with Unraveling Spectroscopy 

EU Fundings FP7 – I3HP2 

and HP3: 
Network WP9 – LEANNIS;  

WP24 (SiPM JRA);  

WP28 (GEM JRA) 





Produced 2 PhDs 





Energy loss 

Preliminary evaluation with 2-body decay 







Low-energy kaon scattering 

below 100 MeV/c missing: 



Low-energy kaon processes 

below 100 MeV/c missing: 



AMADEUS 

• AMADEUS has an enomous potential to 

perform complete measurements of low-

energy kaon-nuclei interactions in various 

targets (Zmeskal’s talk) 
 

• Use of various dedicated targets: H, d, He3 

He4….(active target config. - > Zmeskal’s 

talk) – 300 pb-1/target 

 

 

 



Hypernuclear   physics 



Study of hyperHelium 4ΛHe, 5ΛHe 

production and decays (1) 

 
 

• Sparse old bubble chamber/emulsions observations 

• First studies by FINUDA from 6Li, 7Li and heavier targets: π- 

spectroscopy   (NP A835 439 (2010)) 

 

– 4 
ΛHe : K- + AZ → 4ΛHe + X + π-    (π- momentum:  255 MeV/c) 

• ~ 120 events observed overall by FINUDA 

 

– 5 
ΛHe : K- + AZ → 5ΛHe + X’ + π- (π- momentum:  275.15 MeV/c) 

• first exploratory studies in 6Li, 7Li with (p,d) coincidences 

• Neutral π spectroscopy: thorough open field! 

 

S. Piano, A. Filippi 



Study of hyperHelium 4ΛHe, 5ΛHe 

production and decays (2) 

 
 • Disfavored  decay channels for light Hypernuclei 

• Two body rare decays: rare mode, ~ 1.5% of total  NM decay rate (Rayet, 
Nuovo Cim. 42B (1968), 238) 

• Very clean experimental signatures: monochromatic signals, exclusive 
events 
– 4

ΛHe → 3He n 
– a few events observed in bubble chamber (Block 1959 + Corenmans 1968) 

– 4
ΛHe → dd  
– d momentum: 570 MeV/c 

– One event observed in bubble chamber (Block 1970) + events by FINUDA (16 exclusive 
+ 43 inclusive) 

– 4
ΛHe → pt  
– p momentum: 508 MeV/c 

– No events ever observed (no tritons observed by FINUDA, < momentum threshold) 

– 5
ΛHe → dt  
– d momentum: 597 MeV/c 

– Never observed  
 

 

 S. Piano, A. Filippi 



Neutron rich Λ hypernuclei by K-
stop  

in 6Li and 7Li (1) 
large isospin hypernuclei: important to understand the properties of  

LN  N mixing and glue role of L around the nuclear drip lines 

(K-, π+) elementary reaction: DCX, 2 steps 

K-
stop p  Σ- π+ ; Σ- p→Λn  

K-
stop p  Λ π0 ; π0 p→n π+  

   Yield: 10-5-10-6/K-
stop 

 

• K-
stop 6Li   6ΛH π+ 

• 3 evts only seen at DAΦNE with FINUDA                                            
Phys. Rev. C86, 05730 (2012) 

• Not confirmed at JPARC with E10 in  induced reaction:  6Li(- , K+) @ p = 1.2 GeV/c                                 

              Phys. Lett. B729, 39 (2014) 

• K-
stop 7Li   7ΛH π+  

– Never observed  so far 
S. Piano, A. Filippi 



Neutron rich Λ hypernuclei by K-
stop  

in 6Li and 7Li 
large isospin hypernuclei: important to understand the properties of  

LN  N mixing and glue role of L around the nuclear drip lines 

(K-, π0) elementary reaction: direct production, 1 step 

K-
stop p   Λ π0  

  Yield :10-3-10-4/K-
stop 

 

• K-
stop 6Li  6ΛHe π0 

– Expected but never observed so far 

• K-
stop 7Li  7ΛHe π0 

– Claimed at JLAB by HKS (JLAB-E01-011):    e- 7Li   e  K+ 7ΛHe                 
Phys. Rev. Lett. 110, 12502 (2013) 

                BΛ = 5.68±0.03±0.25 MeV     p0 ~ 6 MeV/c 

– Further confirmations needed  S. Piano, A. Filippi 



http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=&url=http%3A%2F%2Fwww.forbes.com%2Fsites%2Fwork-in-progress%2F2012%2F09%2F11%2Fstrategy-aint-what-it-used-to-be%2F&ei=ESleVNmFI8TbPaTCgOAC&bvm=bv.79189006,d.ZWU&psig=AFQjCNEGpqNleNNMrA81w7I9goO_tatJeA&ust=1415543441968387


 
At least 

6 pb-1/day of 
good  quality 

data 
 

 



Plan for the Kaonic atoms measurements 

based on 150 pb-1 luminosity/month 

      Measurement                      Months     Lumin (pb-1) 
Debug, calib. and KH (test degrader):           1-2                     100 (KH) 

 

Kaonic Deuterium:                                         3-7                      800 (500) 

 

KHe3 (1s, 2p)                                                  8-10                       400 

 

KHe4                                                               11-13                     400 

 

Solid targets  (x 5)                                          14-18                   5  targets   

 

Kaon mass                                                       19-24                   800  (tbc) 

 

Modular strategy with independent measurements – each one  is 
SIGNIFICATIVE 

 



Plan for the Kaon interactions with nuclei 

based on 150 pb-1 luminosity/month 
      Measurement                          Months  
Hydrogen target :                                                 1-2 

 

Deuterium target :                                               3-4 

 

He3 target :                                                          5-6 

 

He4  target:                                                         7-8 

 

Solid targets   (test for hypernuclear)                9-12  

 

Active targets , hypernuclear                            13- 

 

Modular strategy with independent measurements – each one 
SIGNIFICATIVE 
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Participating Institutions 

Strong International Collaboration(s) 

• LNF- INFN, Frascati, Italy 

• other INFN sections 

• SMI- ÖAW, Vienna, Austria 

• IFIN – HH, Bucharest, Romania 

• Politecnico, Milano, Italy 

• La Sapienza, Roma, Italy 

• CNR – IMEM, Parma Italy 

• Univ. Heidelberg, Germany 

• Jagellonian Univ., Krakow, Poland 

• Inst. Experim. Physics, Warsaw, Poland 

• TUM, Muenchen, Germany 

• Univ. Zagreab, Croatia 

• RIKEN, Japan 

• Univ. Tokyo, Japan 

• Victoria Univ., Canada  

• Others will join (GSI related…) 



Opportunity to participate 

to HORIZON 2020 calls 

(as HadronPhysicsHorizon; 

Marie Curie IF; 

Marie Curie RICE....) 



EM value 
K-p Kα 

Kα Kβ 

higher 

Residuals of K-p x-ray spectrum 

after subtraction of fitted background 

e1S= −283 ± 36(stat) ± 6(syst) eV 

G1S= 541 ± 89(stat) ± 22(syst) eV 

 



K-3He (3d-2p) 

Ti Ka 

K-C K-O 
K-N 

eV6.6224.. meE

eV)(4)(222 sysstaE p 

Kaonic Helium-3 energy spectrum – 

3 days DAQ 

..exp2 mep EEE 

eV)(5.3)(4.20.6223exp sysstaE 

QED value: 

X-ray energy of K-3He 3d-2p 

arXiv:1010.4631v1 [nucl-ex], PLB697(2011)199 

World First！ 

Observation of K-3He X-rays 

Determination of  

strong-interaction shift 




