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The study of exotic atoms were started
Teller (1940), who postulated the existe
Characteristic X-rays from pionicand mu
identified in the earlv 1950s.
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Previous Kaonic X-ray Measurements I Okada et al ., PLB 2007 :
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%’ Carlo Guaraldo was the initiator of kaonic atoms
b A Tﬁ studies at the DADNE collider

“The most important e xperiment to be carried out in low energy K-meson physics today is the d efinitive determination of the
energylevel shiftsin the K—p and K—d atoms, because of their direct connection with the physics of KN interaction and their
complete independence from all other kinds of measurements which bear on this interaction”.

R.H. Dalitz (1982)




Primary beam: 30 GeV/c protons [ > <95kw

Repel'iﬁun cycle: 5 sec - Hadron physics i
Flat t:.rl_:-:_ : 3 sec : » 30 GeV proton bea g:*lwf
Production target: Au : > 65kW (7x10%3 ppp e
Kaon momentum; 1.2 GeVie(max) | fasof 2021, june] COMET _—gfif'eph
. 2 : will start in 2023 % p-e conversion
activities using the DEAR
FINUDA

unique kaon beams
available at
J-PARC and DAO®NE.

DA®NE collider
at LNF

» <1.1GeV/c
» ~5x10° K-/spill
~ Kaon in nuclei

7 <2.0GeV/c
» ~ 108 K-/spill =
» S=-1and $=-2 hypernuclei
~ 16 deg extraction
> ~2.1 GeV/c ~ 107 K0, /spill @
- I{g - 7y u_l

faunched in 2020
~ 30 GeV proton ~ 10

» <31 GeV/c unsepa. t~ 107

‘—
et

. Vo

Primary beam ete~ collider complex
Meson production ©® — K- K* (48.9%)
Kaon momentum (~127 MeV/c; Ap/p =0.1%)

| | L

I = 7/ DAMPING

iy ; . o RING

SIDDHARTA/2
KLOE/2




Experimental

-------

VEtO SySte m S Optical contact

mirrors




DEAR experiment (2001 -2005)
(DAMNE Exotic Atom Research) kaonic hydrogen, kaonic nitrogen
Detector technology: Charge Coupled Device (CCD)
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CCD55-30 Marconi Applied Technologies
1152 x 1242 pixels / chip

pixel size 22.5 x22.5 um

total area per chip 7.24 cm?

depletion depth ~ 30 um

read-out time per CCD 120 sec.

energy resolution ~150 eV @ 6keV
temperature stabilized ~ 165 K




Charge Coupled Device (CCD)

X - ray detection
wz'f.h CCDs

JP Egger, FXA -02 | Vienna
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SIDDHARTA (2004 - 2010)

(Sllicon Drift Detectors for Hadronic Atoms Research by Timed Application)

KH, Kd, KHe3, KHe*

Detector technology : Sllicon Drift Detectors (first large area) with integrated JFET

Anode &

Clear last Ring

PNSenser ,:dFET

New x-ray detectors
specially designed as
well as readout electronics

path of
"‘.‘ electrons
L 3

200
150 [

energy range < 20 keV

energy resolution better than 150 eV (FWHM) at 6 keV;
stability and linearity better than 104

Fast detector - > trigger system at the level of 1ps;
Operating in high radiation environment;
Custom topology — large active area (~ cm? / channel)
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SIDDHARTA-2 setup: cryogenics

v new solutions for the cooling scheme - target separated fro
v’ Better control of target parameters (pressure, temperature, d

K a1 ‘B dedicated
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% Target + SDD cooling

Leybold MD10-18 W @ 20 K
target cell and SDDs are cooled
via ultra pure aluminum bars

TT@ = 20"30 K
TSDID =~ 130 K



SIDDHARTA-2 setup: cryogenic targets

v’ Selected materials in different configuration:
vacuum enfrance windows
target walls = T
cooling supports _ 8 Wr

would eliminate Nitrogen and Oxygen contamination




SIDDHARTA-2 setup: cryogenics

v' Dedicated lines for SDD cooling
v’ Better control of target parameters
v’ (pressure, temperature, density,....)

Thermal Simulations with
copper block at 50 K

v Firstistage | L
dedicated only to SDD coolihg

Cooling power
1st stage ~ 115W @ 80 K
2nd stage ~ 18 W @ 20 K




SDD with external CUBE pre

New monolithic SDDs arrays have been
developed by Fondazione Bruno Kessler

new technology, lower production cost
o 2x4 matrix SDD units (0.64 cm?)
e active/total surface ratio of 0.75

g

counts

SDD Drift Time
distribution

g

_ > FWHM ~ 500 ns
A CMOS low-noise charge
sensitive preamplifier (CUBE

operate at lower cryogenic

temperature (up to 50Kk)
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Characterization and optimization of the SDDs energy and time response in preparation for
the SIDDHARTA-2 experiment
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The energy response is linear within few ( <5 eV between 4 keV and 14 keV)
Excellent energy and time resolution @ 140 K
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SIDDHARTA-2 setup: kaon trigger and luminosity moe

The Luminosity
monitor consists of
two plastic scintillators
in the horizontal plane

Kaon Trigger cons-
of two plastic

scintillators read by
PMT’s placed above and
below the IR.
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New *m%
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structures




The combined used of Kaon Trigger and SDDs drift time allows to reduce the
asynchronous background by a factor ~ 2 - 10*

SIDDHARTA-2

—— Data
SDD time distribution
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The trigger is generated by the coincidence of 2 back-to-back
scintillators
The ToF is different (~ 2 ns) for Kaons, m(K)~ 500 MeV/c? and light
particles
originating from beam-beam and beam-environment interaction

(MIPS) rull TR T U T e e
Can efficiently discriminate by ToF Kaons and MIPs! 0 1500 2000 2500 3000 3D e (ne]

drift time [ns]



SIDDHARTA-2 setup: Bottom Kaon Dete

v k- Stop both K+ and K
(Teflon) and detect second
scintillator

2 mm teflon
5-10 mm thick scintillator

Immediate prompt o \ Delayed prompt
83% crossing probability oct

53% crossing probability

hist124125 kt1
Entries 17170
Mean 38.11
Std Dev 58.82
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tdc (1 ch=100 ps

Bottom Kaon
EEEEEEEEEE detector




SIDDHARTA-2 setup: veto systems

VETO system adds - VETO-3

e 2 pairs of scintillat
640 x 130 x 10 mm3'S
e R10533 PMTs Hama

e light-guides

e Al tube + pMetal (0.1mm)

e reflective and light proof foil
e optical cement




SIDDHARTA-2 setup: shielding

[

Improve the lateral shielding
around the vacuum'chambe
after adding VETO3 detector

Redesign and complete the
bottom shielding near to










Kaonic Atoms
measurements

The road to the first Kaonic
Deuterium measurement

kicked-out
electron - -

radiation

201410
NA: 0.0115%




optimized setup for integrated luminosity: May — July 2023 - completed
Avtumn — Winter 2023 goal: estimated completed

- goal: completed
completed

Integrate

Goal: integrated 150-200p

luminosity ~

Goal: integrated 400pb™

Goal: integrated luminosity ~ 300 -400
luminosity ~ 200 pb? pb

(with injections) ‘

‘ End of kaonic

deuterium Run2
End of kaonic 2024, April 2024, Jul

. .~ -1 .~
deuterium Runl 2023, December Total: ~450 pb Total: ~200 p

2023, July Total: ~344 pb' (toensure 800pb! (low densi

~ : of useful data
Total:~200pb™ HPGe and CdZnTe )

~ 1200 shifts for a total of ~ 1
~ 1700 pb~! deliverd by D
helium, ne

Extensio
SIDDHAR
End of kaonic also as po

deuterium Run3 "~ calibration

ing and
rm the kaonic deuterium,
surements







EXtensive Future plans

Kaonic

Atoms research: from

LIthium and * proposalto perfort
Beryllium to fundamentalphys.,c
URanium strangenessfrontler

RESEARCH for a 3-years period (,

SIDDHARTA-2)

Kaonic Hydrogen: 200 pb? - with SIDDHARTA2 * presented invaries Scie
setup - to get a precision < 10 eV (KH) Comity and INFN comm

Selected light kaonic atoms (LHKA)

Selected intermediate and heavy kaonic atoms

charting the periodic table (IMKA)

Ultra-High precision measurements of Kaonic
Atoms (UHKA)

antikaon i

Dedicated runs with different types of detectors: Nucleus
SDD 1mm, CZT detectors — R&D in advanced phase
HPGe, crystal HAPG spectrometer-VOXES project
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