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Kaonic atoms research at DAΦNE

1999- today 2009- today

SPARC
DAFNE

NOVEL FUNDAMENTAL RESEARCH
COMPACT EUROPEAN PLASMA 
ACCELERATOR WITH SUPERIOR 
BEAM QUALITY

futures 



Width and shift 
obtained by 
measuring the X-rays 
emitted

Kaonic atom formation
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To perform the first measurement ever of kaonic deuterium X-ray transition to the ground state 
(1s-level) such as to determine its shift and width induced by the presence of the strong 

interaction. 

Analysis of the combined measurements of kaonic deuterium and kaonic hydrogen
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4completely solve Isospin-dependent K-N scattering length

SIDDHARTA-2 Scientific Goal



Experimental 
principle

X-ray 
detectors 
SDD arrays 

• Gas target  filled with 
He-4 
Deuterium
Hydrogen
Neon
• Solid targets 

Kaon trigger

Kaon Beam

 Φ
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Kaon Beam Source

Primary beam  𝒆 𝒆 collider complex 
Meson production   Φ → K- K+ (48.9%)
Kaon momentum    (~127 MeV/c ; Δp/p = 0.1%)

activities using the 
unique kaon beams 
available at 
J‐PARC and DAΦNE. 

Hadron Experimental 
Facility at J-PARC 

SIDDHARTA/2
KLOE/2

DEAR
FINUDADA𝚽NE 

collider 
at LNF



phase 1 of SIDDHARTA-2

1/6 of the total SDD active area

Optimization of the machine 
background during the DAΦNE beams 
commissioning phase in preparation for the 
K-d run through the measurement of K-
4He 3d->2p transition

 Detector tuning for SIDDHARTA-2: 

 SDDs 

 Kaon Trigger 

 Degrader optimization
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SIDDHARTINO 
setup

 Concluded in summer 2021
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Degrader optimization
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 Φ

SIDDHARTA-2 setup

The SIDDHARTA-2
experimental apparatus is 

actually installed in 
November 2021 

at DAΦNE collider
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SIDDHARTA-2 
setup

The Kaon Trigger 
consists of two plastic 
scintillators read by 
photomultipliers placed 
above and below the 
interaction region. 
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carbon fiber jacket  
ø 66 mm and 

thickness ~ 500 µm

● 2 pairs of scintillator: 
100x100x1.5 mm3 Scionix EJ-200 
● R4998 PMTs Hamamatsu
● light-guides
● Al tube + μMetal (0.1mm)
● reflective and light proof foil
● optical cement

Needs:
● Fast detectors & FEE
● Real time acquisition
● Accidental rate << Signal rate

Allows:
● Collision optimization
● Machine feedback



Kaon trigger up

Kaon trigger down

e+e-
 

𝐾

𝐾

Kaons

MIPS

MIPS MIPSMIPS

KAONS KAONS

The ToF is different for Kaons, m(K)~ 500 MeV/c2

and light particles
originating from beam-beam and beam-environment 

interaction (MIPs).
Can efficiently discriminate by ToF Kaons and 

MIPs!

Kaon Trigger
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The Cryogenic gaseous 
target and the SDDs system
are the core of the 
SIDDHARTA-2 setup.

384 SDDs surround the 
target to detect the X-rays 
emitted by kaonic atoms
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SIDDHARTA-2 
setup

❖ Target + SDD cooling 

Leybold MD10 – 16 W @ 20 K
target cell and SDDs are cooled 
via ultra pure aluminum bars 

TTC = 20-30 K 
TSDD ~ 100 K



SIDDHARTA-2 
target

Cryogenic Cylindrical target 
cell made of high purity 
aluminium frame and 
150 µm thick Kapton walls 

384 Silicon Drift Detectors 
(SDDs) 

mounted on aluminium finger 
support for cooling



Silicon Drift 
Detectors

8 SDD units (0.64 cm2) 

for a total active area of 5.12 cm2

Thickness of 450 μm ensures a 
high collection efficiency for      
X-rays of energy between 5 keV 
and 12 keV 

+
_

_
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voltage divider

e ‐minimum potential

p+ rings

entrance window (p+)
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Timing Resolution

Linearity Stability

SIDDHARTA-2 ROI

∆E/E < 10-3

∆E < 10-3

FWHM Fe Kα line
161 ± 1 eV
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Energy Resolution

SDD Drift time 
distribution

FWHM ~ 500 𝑛𝑠

SDD Drift Time 
distribution

FWHM ~ 500 𝑛𝑠

Silicon Drift Detectors

M Miliucci et al 2021 Meas. Sci. Technol. 32 095501 
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The VETO-1 
consists of 12 plastic 
scintillators read by 

photomultipliers 
placed around the 
vacuum chamber.

Is used to determine where the 
kaonic atom where the kaonic 
atom has been created if inside 
the gas target or not.

SIDDHARTA-2 
setup
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The VETO-2 consists of 
96 plastic scintillators 
read by SiPMs, placed 
behind the SDDs. 
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SIDDHARTA-2 
setup

Is used to reduce the hadronic 
background due to the pions
emitted by the nuclear 
absorption of the kaon.



𝐾

𝐾  𝑑𝑒𝑐𝑎𝑦

tdc (1 ch=100 ps)

Co
un

t
Kaon Charge Detector
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kaon charge detector

𝐾

𝐾

k‐

‐

p

Immediate prompt
83% crossing probability

k+



k+

Delayed prompt
53% crossing probability

5‐10 mm thick scintillator
2 mm teflon or 5 mm thick scintillator

Stop both 𝐾 and 𝐾 in a passive layer 
(Teflon) and detect secondaries in a 

scintillator



Integrated luminosity 
collected for all KHe runs ~50 pb-1

45 pb-1
5 pb-1 calibration run

Integrated 
luminosity 
(Deuterium)
30 pb-1

KHe
calibration

run

SIDDHARTA-2 First Run in 2022

Integrated luminosity vs time
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SIDDHARTA-2 Kaonic deuterium

Ti K𝛼

KC 6‐>5

Ti K𝛽

Au L𝛼

KC 5‐>4

Bi L𝛼

"EXOTICO: EXOTIC ATOMS MEET NUCLEAR COLLISIONS FOR A NEW FRONTIER PRECISION ERA IN LOW-ENERGY STRANGENESS NUCLEAR PHYSICS“ -
Trento 17-21 October 2022

20

see F. Sgaramella talk



The Luminosity Monitor consists 
of two plastic scintillators read by 
photomultipliers placed on the 
sides of the beam pipe, in front of 
the interaction region.
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● 2 pairs of scintillator: 
80x40x2 mm3

Scionix EJ-200  
● R4998 PMTs 
Hamamatsu

Take advantage 
of “free space” 

in DAΦNE



Take advantage 
of “free space” 

in DAΦNE

HPGe detector from 
Baltic Scientic Instruments 
active part of cylindrical shape 
diameter of 59.8 mm

Heavy Kaonic Atoms

We want to exploit this uniqe
beam as much as possible

to perform important physics
measurements

DAΦNE delivers
almost 4π
Kaons

22

TARGET – lead
Trigger - luminomiter
e.g. 291.6 keV from 9 → 8 transition

see A. Scordo talk



Take advantage of “free 
space” in DAΦNE

CdZnTe
(30-300 keV)

Intermediate
Kaonic 
Atoms

DAΦNE delivers
almost 4π
Kaons



CdZnTe: first
tests @ DAΦNE

June 2022

Goal: background and resolution assessment in 
machine environment (first time)

First prototype installed 
in DAΦNE with the 

help of Palermo Team
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Intermediate Kaonic Atoms

see A. Scordo talk



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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Optimize the SIDDHARTA-2 setup
(Sept. 2022 – February 2023)

Titanium 
screws

• UHMWPE – new entrance windows  material for target 
super-strong form of polyethylene, would eliminate both 
Nitrogen and Oxygen contamination 



Optimize the 
SIDDHARTA-2 setup

Improve the 
lateral shielding  
around the 
vacuum chamber

DAΦNE luminosity detector foot-print 
replaced by special re-design shielding
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Optimize the SIDDHARTA-2 setup

VETO system adds – VETO3



SDD 1mm development

FBK production 
run in progress 

delivery
December 2022
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NEW SDD 1000 um

SDD modules design

Old SDD: 
previous  SDD chips (compact PCB)

New SDD: 
new geometry, metal-only, cooling on the 
borders

Flexible configuration:
Single layer design
Stacked SDDs

SDD 1mm development
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GND

RN

*

Dummy  array of SDD 1mm
test of cryogenics and bonding strategy 

Cooling cycles report:

Module Temp Cycles

Dummy SDD 130K 6

Dummy SDD 100K 1

Dummy SDD 100K 1

Metal 100K 2

Metal 60K 2

Stacked 100K 1

Stacked 100K 1

SDD 1mm development
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SDD 1mm development - Solid targets 

Li, Be, B
solid targets



SIDDHARTA-2  K-d measurement plan
SIDDHARTA-2 strategy after the test run in 2022:

• Optimize the SIDDHARTA-2 setup
target entrance window materials, precise pressure measurement, shielding 

(Sept. 2022 – February 2023)

• Kaonic deuterium first run with SIDDHARTA-2 
optimized setup for about 300 pb-1 integrated luminosity 

(from February to July 2023)

• Second Kaonic deuterium run 
with optimized shielding, readout, veto, 

add 1mm SDD bus and other necessary optimizations; 
(for remaining integrated luminosity, 400-500 pb-1)

(end 2023  - 2024)

• Calibration runs: KHe, Neon, solid targets
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Conclusion

 Phase1 SIDDHARTINO concluded in 2021

 SDDs characterization and Kaon Trigger tuning

 Optimization of the machine background and degrader 
structure 

 SIDDHARTA-2 at DAΦNE

 Installation of the full SIDDHARTA-2 setup - (November 2021)

 Kaonic 4He test run concluded (June 2022)

 Performed the most precise K-4He 3d → 2p measurement in gas

 Several solid target high-n transition energies measured for the 
first time

 First kaonic deuterium test run done (July 2022)

 Measurement of Kaonic-Deuterium key to fully disentangle isospin 
dependence on KN scattering lengths

"EXOTICO: EXOTIC ATOMS MEET NUCLEAR COLLISIONS FOR A NEW FRONTIER PRECISION ERA IN LOW-ENERGY STRANGENESS NUCLEAR PHYSICS“ -
Trento 17-21 October 2022 33



SIDDHARTA-2 
collaboration is 
ready for 

Kaonic Deuterium Run

Thank You
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SPARES
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SIDDHARTA-2  K-d measurement
achievable 
precision

Kaonic deuterium run in (all) 

2023
Monte Carlo for an integrated 

luminosity 
of 800 pb‐1

to perform the first 
measurement of the strong 
interaction  induced  energy  

shift  and  width  of  the kaonic  
deuterium  ground  state 
(similar precision as K‐p) !
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