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 The scientific aim of 
SIDDHARTA & SIDDHARTA-2 

To perform precision measurements of kaonic atoms X-ray 

transitions -> unique info about the QCD in non-perturbative 

regime in the strangeness sector  not obtainable otherwise                 

Precision  measurement of the shift  and of the width 

  

-> of the 1s level of kaonic hydrogen (SIDDHARTA) and 

 

-> the first measurement of kaonic deuterium (SIDDHARTA-2) 

 

to extract the antikaon-nucleon isospin dependent 

scattering lengths (-> chiral symmetry breaking) 
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• new target cell 

• new vacuum chamber  

• new cooling system 

• a veto system 

• improved trigger scheme 

• K+ induced backg. veto 

• new shielding structure 

• New SDDs (FBK) 

 

The SIDDHARTA-2 setup 
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Veto2 system 

 

 

 



SIDDHARTA2 setup Setup detail 

SIDDHARTA 2 (GEANT4 MC, M. Iliescu & C. Berucci) 
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New SDDs: another factor 2 
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SIDDHARTA2 
 
100 cm2 SDDs from SIDDHARTA                                         200 cm2 new SDDs 
active area / module = 22%     active area / module = 64% 
time window = 500 ns (was 800 ns at SIDDHARTA)    time window = 20 ns (backplane signal 
pickup) 
      - efficiency doubled 
      - beam-background 1/25 
      - total background 1/2 

100 pb-1   hydrogen  

Ka peak 2000 events     Ka peak  4000 events 

S/B    7:1    (was 1:3 in SIDDHARTA last dataset )    S/B    14:1 

sigma(shift) = 10 eV      sigma(width) = 22 eV   sigma(shift)  = 7 eV    sigma(width) = 13 eV                            

800 pb-1   deuterium 
Ka peak 1500 events     Ka peak  3000 events 
S/B    1:3       S/B    1:1.5                             
sigma(shift) = 38 eV   sigma(width) = 125 eV    sigma(shift) = 27 eV     
sigma(width) = 72 eV                            
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SIDDHARTA-2 setup 



SIDDHARTA-2 setup: 

• Vacuum chamber 

     ready and tested 

 

 

 

• Cryogenic target 

     ready and cooling 

     tests were successful 
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Veto system: construction and tests (PSI) 

 

 
 

 



A multi – reflection Scintillator for the VETO 

system of the SIDDHARTA experiment 
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Short path Scintillator 

Long path Scintillator 

Which are the difference between 

Long and Short? 

How much is their efficiency? 

How much is the time resolution? 

Is this compatible with the 2 ns peak? 

SIDDHARTA 

Vacuum 

Chamber 
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 Measured efficiencies (MT) for the 170 MeV/c momentum 

pions (red) muons (green) and electrons 

(blue). 
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 Measured mean time resolutions (FWHM) for 170 MeV/c momentum 

pions (red), muons (green) and electrons (blue). 



New SDD detectors 
 



1 cm2 x 144 SDDs 



New development of SDDs by Politecnico & FBK 

• Started in 2011 within a project supported by ESA 

• Considered very suitable for the upgrade of the Siddharta-2 

apparatus, with preliminary evaluation on prototypes in 2012/2013 

 

• Key features of the new technological approach: 

1)   process of SDD detectors WITHOUT JFET integrated on the 

SDD itself (as used on current SIDDHARTA apparatus).  

 advantages:  

 - simplicity 

 - much lower production costs (much less techn. steps) 

 - faster production times (3-4 months vs. one year) 

 - much lower dependence of settings/performances on bias 

 voltages than with the present detectors 

 - less sensitivity to latch-up during beam injection 

 

2) SDD readout based on a new charge preamplifier “Cube” 

(recently developed at Politecnico di Milano):  

- allows high performances in X-ray spectroscopy still using 

‘conventional’ SDD technology (W/O integrated JFET) 



• JFET integrated on the SDD 

• external CUBE preamplifier 

 (MOSFET input transistor) 

• lowest total anode 

capacitance 

• limited JFET 

performances (gm, 1/f) 

• sophisticated 

SDD+JFET technology 

• larger total anode capacitance 

• better FET performances 

• standard SDD technology 

Now in 

Siddharta 

Proposed for 
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Front-end readout strategy 



8 x 8 mm2 

single SDD 

Array: 9 

SDDs (8 x 8 

mm2 each) 

12 x 12 mm 

single SDD 
FBK production: 

• 4’’ wafer 

• 6’’ wafer upgrade just finished 

Present layouts of SDDs developed in the Polimi-FBK collaboration 

26mm 



SDD characteristics: 
• Area = 10mm2 

• T= -40°C 

1.0 ms shaping time (optimum) 

Best performances of new 

SDD technology and 

CUBE preamplifier 

250ns shaping time 

best resolution ever obtained with a 

SDD (even with integrated JFET)  

at this short shaping time 

126.4eV FWHM 

(ENC=  5.0 e- rms) 

55Fe spectrum 

123.0 eV FWHM 

(ENC=  3.7 e- rms) 



Development of arrays of Silicon Drift Detectors for the SIDDHARTA experiment  

In the framework of the INFN-SIDDHARTA experiment a new SDD array has been developed. This array is 
characterized by eight independent elements organized in a 4 x 2 format (square SDD). Each channel is 
connected to a CUBE preamplifier. 

Spectroscopic 
measurements 
with the single 
square shaped 
SDD (8 x 8 mm2 
active area): 

Picture of the detector mounted  
in a proper carrier (back side view) 
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55Fe spectra at 150K. Shaping time 1 µs.   Low energy X-ray lines measured with a 8 x 8 mm2 
detector.  

Layout of the front side 
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Layout and picture 
of the SDD array. 



Siddharta Front-end 

Politecnico di Milano 30 

Siddharta ASIC block-diagram (top left), die 

photograph (top right) and characterization 

printed circuit boards (bottom left).  



CUBE-SDD setup installed on PiM1 beamline at PSI 



CUBE-SDD response under pion beam 

Worst expected case 



CUBE-SDD setup installed on BTF at LNF 

Measurements performed: 

 

-gain & resolution stability under 

various X-ray rates 

 

-timing performance of the new SDDs  

and temperature dependence 



CUBE-SDD stability under various X-ray rates 

Worst expected case 



SDDs status 

 

 

 

• All SDD arrays (200 cm2) were ordered 

 half were delivered within summer 2015 

               half will be delivered within spring 2016 

 

•  Readout electronics will be ready within spring 2015  

 

• SDDs will be fully mounted and characterized within early summer 2016 



SIDDHARTA-2 timescale : 

 

1) SIDDHARTA2 with “SIDDHARTA-like” SDDs ready to be 

mounted on DAFNE anytime 

 

 

2) SIDDHARTA2 with the new SDDs  ready  to enter on 

    DAFNE in the second half on 2016 
  

 

 

- 
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We require an integrated luminosity of 800 pb-1, to 

perform the first measurement of the strong interaction 

induced parameters -  the energy displacement and the 

width - for the konic deuterium ground state, which is a 

fundamental measurement in low-energy strangeness 

physics (QCD). 

 

 

 

SIDDHARTA-2 - Kd measurement request: 



SIDDHARTA2 future perspectives  
 
  
 
1) Kaonic deuterium measurement - 1st measurement: 
and  R&D for other measurements 
 
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 – L(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   
     <7 keV (kaon mass puzzle)  
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It is worthy to recall that the exotic kaonic atoms 

scientific line on the – unique in the world for this 

type of research – DAΦNE facility, has been opened 

more than 15 years ago and it is worldwide 

recognized as one of the most important lines in 

the strangeness sector of non‐perturbative QCD.  
This is confirmed by the letter of eminent scientists 

supporting the deuterium case. 

This is proved by the results of DEAR and SIDDHARTA, 

which have become benchmarks for theory groups 

working in effective field theories, in particular chiral 

perturbation theory, and in astrophysics. 

 

 

 

Considerations and requests  
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Therefore we demand: 

 

1)  to have a clear schedule for running 

SIDDHARTA-2 on DAΦNE 

 

2) to have a link scientists and a link engineer from 

the DAFNE team with whom we can  interact in 

the view of the installation 

 

3) to have stronger support from LNF and INFN 

(man-power included) to finalize and run the 

experiment 

 

 

 

 


