
Silicon Drift Detectors for high precision kaonic atoms 
X-ray spectroscopy 

ECT* - ROCKSTAR: Towards a ROadmap of the Crucial measurements of Key 
observables in Strangeness reactions for neutron sTARs equation of state

Istituto Nazionale di Fisica Nucleare

LNF

Laboratori Nazionali di Frascati

FRANCESCO CLOZZA - On Behalf of the SIDDHARTA-2 Collaboration



Silicon Drift Detectors for high precision kaonic atoms X-ray spectroscopy - Francesco Clozza

Scientific Goal: the SIDDHARTA-2 experiment
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m MeV c2 µ MeV c2 B1s KeV rB fm

ep 0.511 0.511 13.6 10 3 53 103

⇡p 139.6 121.5 3.24 216

Kp 493.7 323.9 8.61 81

pp 938.3 469.1 12.5 58

⌃ p 1197.4 526.1 14.0 50
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• Physics Goal: performing the first measurement of Kaonic Deuterium X-ray 
transition to the fundamental level 
• Antikaon-Neutron interaction happens at threshold (non perturbative QCD 

with strangeness)

Width  and shift  
obtained by measuring 
the emitted X-rays

Γ ε



Silicon Drift Detectors: description
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• Cylindrical shaped SDDs: n  silicon bulk with string shaped p  strips on one 
side and a p  non structured layer on the other 
• The latter works as the entrance window for the incident particles 
• Homogeneous sensitivity 
• n  collecting anode in the center of the ring shaped strips
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• p  entrance and strips at negative 
voltage wrt n  anode (3.3V) 
• Negative voltage increasing from the 

center (~ -15V) to the borders (~ -60V)
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Silicon Drift Detectors: working principle
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• p-n diode with depleted region in the silicon bulk 
• e-h pairs separated through a reverse polarization field (“vertical drift”) 
• Second electric field superposed to transport the charges towards a 

collection anode (“horizontal drift”) 
• “Gutter-like” field configuration is achieved for the charge collection

RN



Silicon Drift Detectors for X-ray spectroscopy
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• Eight square SDD cells: 8x8mm  active area 
• 450μm thick silicon bulk: it allows a ~100% detection efficiency for 5-12keV 

X-rays (region of interest for kaonic deuterium) 
• SDD cells packed in 2x4 array (total active area of 5.12cm ) 
• Silicon wafer glued on alumina ceramic carrier

2
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SIDDHARTA-2 SDD



Silicon Drift Detectors for X-ray spectroscopy
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• High thermal conductive block: can be cooled down to (100÷150)K 
• Preamplifier system in collaboration with Politecnico di Milano (PoliMi) 
• CUBE: Metal-oxide semiconductor integrated charge sensing amplifier 
• Small capacitance: lower rise time and independent from the detector’s 

active area 
• Large area detectors with a 400ns drift time at 140K

SIDDHARTA-2 SDD



SDD Characterization: experimental apparatus
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SDD Characterization: data analysis
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• The energy response function of the SDD exhibits two main contributions: 
1. A Gaussian curve for every peak 
2. A Tail function accounting for the low energy component due to incomplete charge collection 

and e-h recombination 
• In addition, a linear bkg has been taken into account 
• A Peakfinder has been implemented using ROOT C++ T(x) = AT ⋅ e

x − x0
βσ + 1

2β2 ⋅ erfc ( x − x0

2σ
+

1

2β )



SDD Characterization: data analysis
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SDD Characterization: linearity
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SDD Characterization: resolution
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σ = FF ⋅ ε ⋅ E + ( Noise
2.35 )

2

TiKα
FeKα

CuKα

SrKα

TiKα

FeKα

CuKα

SrKα



Conclusions
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• The SIDDHARTA-2 experiment aims at performing the first 
measurements of the kaonic deuterium shift and width 
• In order to investigate the non perturbative QCD regime with 

strangeness with X-ray spectroscopy, the SDDs are the best candidate 
to do the job (kaonic deuterium) 
• A calibration of the SDDs in a controlled environment is needed so as 

to perform the measure 
• The study of the SDDs energy response has ended up yielding: 

1. Energy resolution of σ~75eV @6.4keV (140K working temperature) 
2. Good linearity with E/E ~  
3. Residuals eV in the 4 14keV range, giving a small calibration 

uncertainty wrt to the expected statistical error ( O(30eV) for kaonic 
deuterium)

Δ 10−3

≲ 5 ÷
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