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SIDDHARTA-2 Experiment

OBJECTIVES

Study of strong interaction effects in kaonic atoms

The study of the strong interaction effects was the major motivation for performing

experiments with kaonic atoms. The electromagnetic interaction with the nucleus is very

well known and the energy levels can be calculated at a precision of eV by solving the

Klein-Gordon equation. Even a small deviation from the electromagnetic value allows to

get information on the strong interaction between the kaon and the nucleus.

The binding energy of the ground state (K-, p)system is 8,61 KeV, to be compared with

the tens of MeV in the low-energy scattering experiments.

Hence, kaonic atoms offer the unique opportunity to study the antikaon-

nucleon/nucleus interaction, nearly “at threshold”, namely at zero relative energy.
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SIDDHARTA-2 Experiment

QED
K

K

Khigh

achievable precision:
shift: 30 eV
width: 75 eV

Kaonic deuterium run in 

2022 for 800 pb-1

to perform the first measurement of the 

strong interaction  induced 

energy  shift  and  width

(similar precision as K-p) 

SIDDHARTA-2  K-d measurement 
Monte Carlo simulations



Aim: kaonic atoms measurements; including:
SIDDHARTA-2 kaonic deuterium at DAFNE
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Phase 1:  Finalized in 2021! (TARI Users: online and some 
visits (reduced w.r.to planning))

during the commissioning of DANE 
SIDDHARTINO: measurement of K-4He (8 SDD arrays)

Phase 2: about to start
with DANE operating condition
comparable (S/B) with SIDDHARTA ones
kaonic deuterium (48 SDD arrays) run for 800 pb-1

SIDDHARTA-2  strategy



2020 DAFNE was working but March 2020 Lockdown

Activities in laboratory

DAFNE restart: January 2021

Project timeline in 2021

DAFNE restart

January 2021

SIDDHARTINO

activities

SIDDHARTINO
optimization 
run

2021, June 

SIDDHARTINO

K-4He run

2021, 24 June –
18 July

Start 
SIDDHARTA-2 
installation: 
mechanics

2021, August

SIDDHARTA-2
Installation
and tests

2021, 
September -
October

2021, 
November

DAFNE 
restart

Software and 
hardware 
optimization
back. reduction

Different 
combinations 
of the 
degrader
thickness 
and different 
gas density

Analysis of the 
SIDDHARTINO 
data. 
Start 
SIDDHARTA-2 
Installation

Installation of 
SDD, veto and 
electronics. 
Update of the 
DAQ….

Ready for run

SIDDHARTINO
Installation
debug



SIDDHARTINO run

VETO-1

8 SDDs 

arrays

TARGET 

CELL 
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Schematic representation of 
SIDDHARTINO setup

1 
Bus

8



SIDDHARTINO setup (1/6 SDDs)

 Phase 1 with 
SIDDHARTINO:

during the commissioning of 
DAΦNE:

optimization with the 
SIDDHARTINO setup 

for the K-4He measurement

(with 8 SDD arrays)
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Back. reduction: reinforced shielding 

around the setup

Lead foil 
near the 
beam pipe

Lead bricks 
around the 
vacuum chamber
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SIDDHARTINO - xray/cm2/pb-1

15 xray/cm2/pb-1

7 xray/cm2/pb-1

Background lowered by a factor 2

reinforced 
shielding around 

the setup
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Luminosity 

measurement to monitor also background 

(Jagiellonian Univ.)

• Luminosity detector: 

- SIDDHARTA-2 luminometer 
used for back: kaons/MIPS

- luminosity delivery

Back to plastic scintillators  in 
coincidence with RF/4 signal
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Background levels monitor

Background levels were monitored online by a counter based on 
Kaon/Mip rate and a second based on Kaon/SDD rate.

Shared with the 𝐃𝐀𝚽𝐍𝐄 staff to optimize the background
13



Optimization of xray/cm2/pb-1 very 
visible! 6.2 xray/cm2/pb-1

Factor nearly 3
OK for 

SIDDHARTA-215 xray/cm2/pb-1

SIDDHARTINO - xray/cm2/pb-1 14



SIDDHARTINO data - Integrated 

Luminosity

Total integrated 
luminosity: 

54 pb-1

Optimization run:
24 pb-1

Trigger, DAQ, SDD 
optimization

Kaonic 4He
run: 

30 pb-1

Degrader 
optimization, low 

and high 4He 
density measure

Kaon monitor and 
Luminometer measure at 
the end of SIDDHARTINO 

run 
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SIDDHARTINO – Optimization Run

Trigger time window 

optimization

MIPS MIPSMIPS

KAONS KAONS

Trigger 
up

Trigger 
down

Kaons

MIPS
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SDD calibration and energy response

SIDDHARTINO – Optimization Run

SDD calibration run

SDD Stability
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Trigger rejection factor

TiK!

BiL! BiL"SIDDHARTA-2 ROI Sum of all SDDs 

after individual 

calibration

Sum of all SDDs 

after 

trigger cut

Triggered rejection factor

4.6 ∗ 10−6

Events no trigger (5-10 keV) = 11256611

Events with trigger (5-10 keV) = 52
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KC65

KN65

KHe42

KC75

KHe52

KO65

KC54

KAl87

KTi1110

K-4He shift and width: 

the most precise measurement in gas!

SIDDHARTINO - K-4He run

Luminosity integrated = 
26.05 pb-1

𝑬𝑲𝑯𝒆 𝟑→𝟐 𝒆𝑽
= 𝟔𝟒𝟔𝟑. 𝟕 ± 𝟐. 𝟓 𝒔𝒕𝒂𝒕

𝝐𝟐𝒔
= 𝟎. 𝟐 ± 𝟐. 𝟓 𝒔𝒕𝒂𝒕 ± 𝟐 𝒔𝒚𝒔𝒕

𝜞 𝟐𝒑 = 𝟖 ± 𝟏𝟎 𝒆𝑽
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SIDDHARTINO - K-4He run

KC (10,2 keV)
(5->4)

KHe (8,7 keV)
(4->2)

KC (5,5 keV)
(6->5)

KTi (10.9 keV)
(5->4)

KN (7,6 keV)
(6->5)

KO (9,9 keV)
(6->5)

K-4He low density run: 0.75% liquid helium 

density -> yields at lowest measured density

analyses undergoing -> paper

𝑬𝑲𝑯𝒆 𝟑→𝟐 𝒆𝑽 = 𝟔𝟒𝟔𝟕. 𝟔𝟖 ± 𝟔. 𝟑𝟓 𝒔𝒕𝒂𝒕
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𝑲4

𝐇𝐞 𝟑→𝟐

Luminosity integrated = 
9.496 pb-1

0.7 K-4He xrays/cm2/pb-1



SUMMER 2021: installation of SIDDHARTA-2

➢ SDD detectors installation

➢ Veto-2 installation

➢ Front-end electronic installation

➢ Veto-1 installation
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SDD installation

SDD installed around the target

calibration target
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Veto-2 installation (Vienna – SMI)

Working principle of veto-2 system
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Veto-2 single unit

Veto-2 Calibration 

spectrum

Veto-2 installation

➢ The installation of veto 2 has been completed and the 
correct operation of each unit has been verified

➢ Each veto-2 unit is equipped with an LED that will 
allow to calibrate and verify the correct functioning of 
the system with and without beams
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Front-end electronics installation

Veto2
electronics

SDD power 
supply

SDD Front-end 
electronics
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SDD calibration spectrum

acquired with SIDDHARTA-2

TiK𝛽

CuK𝛼

BiL𝛼

TiK𝛼 CuK𝛽

BiL𝛽
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Veto-1 system installation

Veto-1 
single 
unit

Drawing of 
the veto-1 
elements 
placed around 
the vacuum
chamber 

Working principle of veto-1 system

M. Bazzi et al, 2013 JINST 8 T11003 27



Veto-1 system installation

Veto-1 system installed
28



SIDDHARTA-2 setup
Ready for Run
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support structure

Lead shielding

➢HPGe detector 

available,

Funded by University 

of Zagreb

Croatian Science 

Foundation project 

8570 

➢The HPGe has been 

transported to LNF 

from Zagreb

➢Completed the 

installation of the 

support structure and  

the lead shielding

HPGe - feasibility test for the 

kaonic lead  measurement (Zagreb Univ.)
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HPGe - feasibility test for the 

kaonic lead measurement

Test with 133Ba 

performed at LNF
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HPGe - feasibility test for the 

kaonic lead measurement

schematic representation of the
apparatus, that will be installed in
the DAΦNE hall

HPGe detector ready to be 
install in the DAΦNE hall
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Installation of 
SIDDHARTA-2
setup

2021, September -
October 

Start Run
SIDDHARTA-2
and
HPGe parasitic test 

2021, November

𝐃𝐀𝚽𝐍𝐄 shutdown 
for winter holiday

2021, December

Continue the run 
SIDDHARTA-2

Kd

HPGe

2022,  from January

through all 2022

Project timeline – future
Plan DAFNE not yet fully defined

However: run through all 2022 (SIDDHARTA-2 and 

PADME)

SIDDHARTA-2 Kd run: run 1 (300 pb-1)

run 2 (500 pb-1) with optimized setup

Start of the data 

taking with 4He

to check the status of 

the background with 

respect to 

SIDDHARTINO run
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Part of the SIDDHARTA-2 collaboration
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Spokespersons: 
Catalina Curceanu (LNF-INFN)
Johann Zmeskal (SMI)

Technical Coordinator: 
Florin Sirghi (LNF-INFN)   
Contact person DAFNE - SIDDHARTA-2: 
Alberto Clozza (LNF-INFN)
DAQ responsible: 
Mihai Iliescu (LNF-INFN, SMI and CERN)
Readout electronics: 
Massimiliano Bazzi (LNF-INFN)  
Carlo Fiorini (Politecnico di Milano)
Slow Control: 
Mario Bragadireanu (IFIN-HH)
SDD detector system: 
Marco Miliucci (LNF-INFN)

SIDDHARTA-2  - organization structure

Veto systems and trigger: 
Alessandro Scordo (LNF-INFN)
Hexi Shi (SMI)
Luminometer: 
Magda Skurzok (Krakow)
Alessandro Scordo (LNF-INFN)
Monte Carlo simulations: 
Diana Sirghi (LNF-INFN) 
Michael Cargnelli (SMI)
Data analysis group: 
Luca De Paolis, Raffaele Del Grande, 
Alessandro Scordo, Magda Skurzok, 
Diana Sirghi (SMI), Marlene Tuchler
(SMI), Antonio Romero (Spain)
VOXES system: 
Alessandro Scordo (LNF-INFN)
Germanium detector system: 
Damir Bosnar (Uni. Zagreb)



SMI-Vienna (Austria)





Proposal of assignement



Jagiellonian Univ. (Poland)





Proposal of assignement



Zagbreb Univ. (Croatia)





Proposal of assignement



IFIN - HH (Romania)





Proposal of assignement



Santiago de Compostela (Spain)





Proposal of assignement



Summary of proposal


