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FORMATION OF KAONIC ATOMS [akl 1

Cascade: Absorption
K- slows down Auger electrons, X-rays by nucleus
—& @ & ® @ >
Captured by atom Ground state

n=1
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MOTIVATION: KAONIC ATOMS [akl 1 @

* Direct study of low-energy QCD with strangeness

* Strong interaction: energy shift ¢, and width I';; of ground state - directly

observable

AE = £, = Emessursd - Eom J

1s level shifted and broadened
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MOTIVATION: KAONIC ATOMS Jarl1(SIN
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The SIDDHARTA-2 Apparatus
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THE SIDDHARTA-2 APPARATUS [akl 1 @

s Cooling system

Veto-1 system -.f;‘;& :
g i 5

Veto-2 system

Mounting frame

Shielding

Beampipe

Target cell

Kaon trigger

Luminometer
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THE EXPERIMENTAL CHALLENGE [arl 1 (SI

Kaonic deuterium:
* Yield lower than K-p yield
* Width approx. 2x Kp width

—> Lightweight cryogenic gaseous target
— Large area X-ray detectors with good energy resolution
— Veto system:

Outer Layer: Veto-1

Inner Layer: Veto-2
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THE TARGET CELL [akl 1 @

 Operated at cryogenic temperatures
P YO8 P Working Parametres

* Side walls of two layers of Kapton Temperature 30 K
' : Working P 0.3 MP
* Total thickness ~ 150 um for optimal Orking rressure a
Density 1.5 % LDD

X-ray transmission to the SDDs

"___E;-‘ :5:
.‘&"‘ ﬁo a .*‘TTQ

Silicon Drift Detectors

Veto-2 system

TargEt Cell \
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THE X-RAY DETECTION SYSTEM

e Silicon Drift Detectors

— Potential [V]

* 48 arrays with 246 cm? active area
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Updated design for SIDDHARTA-2

CUBE preamplifier (MOSFET)

Entrance window
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Ceramics
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THE X-RAY DETECTION SYSTEM [akl 1

e Silicon Drift Detectors

104 == T [T

e (Calibration measurement
g ; Y : : in lab with Fe-55 source
n NEA and Ti foil
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THE VETO-1 SYSTEM

Veto-1 system

Outer layer of veto system

Distinction between kaon stops in gas and in
surrounding material using timing information

Time resolution of < 1 ns required

® °
Setup: S
* Plastic scintillators - read out on both ends by 2
photomultipliers (PMTs) using light guides
1800 ;—
1600} K* in bottom scintillator of
- . EMT HOUSING
1400~ kaon monitor
12005— K- in bottom scintillator of LIGHT COLLECTORS
1000 .
- kaon monitor
800|—
600 E_ Neither K* nor K- detected
400 « Sum of all distributions MIRRQRS
200 :_ OPTICAL CONTACT
Py Y. /Ay YRR et o o o
0 2 4 6 8 10 12 14 16 18 20 OPTICAL CONTACT

Time (ns)
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THE VETO-2 SYSTEM JdkLT (ST)

SDD

Tt . . large signal

/'/signal in region of interest:
Tt

(1) edge of active area

/ (2) delta-ray (knock-on e)

(3) secondary X-ray or e
from setup
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THE VETO-2 SYSTEM

Inner layer of veto system

Supression of MIP signals in region of interest using
spatial correlation

Detection efficiency of (99.1 £ 0.2)%

Setup:
* 96 plastic scintillators read out by
* 96 exchangable SiPMs
* 48 pulsed LEDs for in-situ calibration
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Attachment
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FORMATION OF KAONIC AToMs [ dkl 1 (Sl

* Properties:
* my": 493.677 MeV

* Bohr energy levels and Bohr orbit:

uc* Za_, |
7= = «... fine structure constant
n U.... reduced mass of moving
particle
h? n? n... principal quantum number
T.. —
"oue? Z

* Particle captured in highly excited state: ny x n, /%
e
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SCATTERING LENGTHS [drIT |

* Improved Deser-Trueman:

€, —%I‘ls =-2a’u;a, (1-2op (na-Na, )

« ... fine structure constant

Uc ... reduced mass of K'p system

» Isospin-dependent KN scattering lengths a,, a;:

1
Akp = 5 lao + a4]

Ag-n = Aq

k

Q-4 = > [aK—p + aK—n] +C==[ayg+3a;]+C

NI

k = 4[mp+mg]|
[2m,+mk]
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SCATTERING LENGTHS [akl 1

 Theoretical Predictions:

 Expected values for kaonic deuterium

g, (eV) I, (eV) ag-q (fm) Reference
—670 1016 —1.42 +i1.60 Weise et al. (2017)
—887 757 —1.58 4+ 1.37 Mizutani et al. (2013)
—787 1011 —1.48 +i1.22 Shevchenko (2012)
—779 650 —1.46 +i1.08 Meifsner et al. (2011)
—769 674 —1.42 + i 1.09 Gal (2007)
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DAONE COLLIDER AT LNF

operates at the centre-of-mass

energy of the ® meson
mass m = 1019.413 + 0.008 MeV
width I'=4.43 + 0.06 MeV

(K
/ D
—p — @
e @ &

® produced via e*e” collision
c(etes —> ®)~5ub

— monochromatic kaon beam
(127 MeV/c)
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SIDDHARTA EXPERIMENT
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DETECTOR SETUP - SIPMs

JdkI T

* SiPM vs PMT:
SiPM PMT
Supply Voltage 20-100 V 1000 - 3000 V
Gain 10°- 107 10%-10°
Quantum Efficiency max. 80% 25% - 40%
Rise Time <Ins 0.5-3.5ns
Sensitive to B-fields no yes

. Tuchler - EXA 2021
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Vorführender
Präsentationsnotizen
https://www.ketek.net/sipm/technology/
https://www.hamamatsu.com/resources/pdf/etd/PMT_handbook_v3aE.pdf


DETECTOR SETUP [akl 1

* Amplification Boards

12 channels with analogue (DS
and digital output (LVDS)

* Digital: Time over Threshold

* Gain and threshold: remotely

12-Ch-diff_2

2/17/2018 1

SHI adjustable

SIDDHARTA II
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AMPLIFIER BOARDS [akl 1 @

2
Q
5
A L ? supply out
mirror
current amp B

reference

e ———————

DAC 0

LVDS DAC 1

Sauerzopf C. et al. (2016) Nucl. Instrum. Meth. Phys. Res. A 819 163-166

SiPM 7 \ analogue differential out

f

I IdS

snq |eusayul

IdS
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X-RAY DETECTION SYSTEM [akl 1 @

* CUBE Preamplifier on Ceramics

“ |CUBE
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