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SDD Energy Response
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Schematic representation of the 
experimental setup used to study 
the energy response of the SDDs
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34 SDDs characterization results in laboratory

• Shelf function: A flat function running from the peak down to low
energy

S(x) = HS

2x0
· x ≠ x0Ô

2‡
(5.3)

The constants HG, HT , and HS are the height of the Gauss, Tail, and
shelf function, respectively. The — parameter is the slope of the tail, while
erfc is the complementary error function.
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Figure 5.1: Silicon Drift Detector energy spectrum obtained with the laboratory
setup.

The final fit function is is the convolution of the three contribution (Eq
5.1 to Eq. 5.3) for each peak, and a suitable background fit function. For the
spectra obtained via the laboratory setup, the background has been fitted
using a first degree polynomial. The fit procedure has been performed using
MINUIT, through MIGRAD minimizations [61].
Figure 5.2 shows an example of the fit procedure result, relatively to the Ti
K– and Ti K— peaks. The red line represents the total fit function, while the
blue and green lines are the Gauss function and the Tail function, respec-
tively. The Shelf function is negligible, and can be included in the background
function (violet line), reducing the number of fit parameters. The choice of
this fit function is in good agreement with the data distribution, resulting in
a reduced chi-square between 1.1 and 1.3 for all the spectra analyzed.

The peaks of the spectrum in figure 5.1 cover an energy range from 4500
eV (Ti K–) up to 12000 eV (Br K–), equal to the Region of Interest for the
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SDD Energy Response - Linearity
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34 SDDs characterization results in laboratory

• Shelf function: A flat function running from the peak down to low
energy

S(x) = HS

2x0
· x ≠ x0Ô

2‡
(5.3)

The constants HG, HT , and HS are the height of the Gauss, Tail, and
shelf function, respectively. The — parameter is the slope of the tail, while
erfc is the complementary error function.
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Figure 5.1: Silicon Drift Detector energy spectrum obtained with the laboratory
setup.

The final fit function is is the convolution of the three contribution (Eq
5.1 to Eq. 5.3) for each peak, and a suitable background fit function. For the
spectra obtained via the laboratory setup, the background has been fitted
using a first degree polynomial. The fit procedure has been performed using
MINUIT, through MIGRAD minimizations [61].
Figure 5.2 shows an example of the fit procedure result, relatively to the Ti
K– and Ti K— peaks. The red line represents the total fit function, while the
blue and green lines are the Gauss function and the Tail function, respec-
tively. The Shelf function is negligible, and can be included in the background
function (violet line), reducing the number of fit parameters. The choice of
this fit function is in good agreement with the data distribution, resulting in
a reduced chi-square between 1.1 and 1.3 for all the spectra analyzed.

The peaks of the spectrum in figure 5.1 cover an energy range from 4500
eV (Ti K–) up to 12000 eV (Br K–), equal to the Region of Interest for the
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SDD Energy Response – Energy Resolution and Stability
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34 SDDs characterization results in laboratory

• Shelf function: A flat function running from the peak down to low
energy

S(x) = HS

2x0
· x ≠ x0Ô

2‡
(5.3)

The constants HG, HT , and HS are the height of the Gauss, Tail, and
shelf function, respectively. The — parameter is the slope of the tail, while
erfc is the complementary error function.
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Figure 5.1: Silicon Drift Detector energy spectrum obtained with the laboratory
setup.

The final fit function is is the convolution of the three contribution (Eq
5.1 to Eq. 5.3) for each peak, and a suitable background fit function. For the
spectra obtained via the laboratory setup, the background has been fitted
using a first degree polynomial. The fit procedure has been performed using
MINUIT, through MIGRAD minimizations [61].
Figure 5.2 shows an example of the fit procedure result, relatively to the Ti
K– and Ti K— peaks. The red line represents the total fit function, while the
blue and green lines are the Gauss function and the Tail function, respec-
tively. The Shelf function is negligible, and can be included in the background
function (violet line), reducing the number of fit parameters. The choice of
this fit function is in good agreement with the data distribution, resulting in
a reduced chi-square between 1.1 and 1.3 for all the spectra analyzed.

The peaks of the spectrum in figure 5.1 cover an energy range from 4500
eV (Ti K–) up to 12000 eV (Br K–), equal to the Region of Interest for the
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SDD Energy Response – Charge Collection
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SDD Energy spectrum in function to the drift voltage SDD linearity in function to 
the drift voltage



SDD Energy Response – Charge Collection
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SDD Energy spectrum in function to the drift voltage SDD gain in function to the 
drift voltage



SDD Energy Response – Charge Collection
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SDD Energy Response – Charge Collection

Gauss events = 19160 ± 138 
Tail events = 136 ± 12 

Gauss events = 19086 ± 138 
Tail events = 133 ± 12 

Gauss events = 15100 ± 122 
Tail events = 708 ± 27 

VD= 180 VVD= 140 VVD= 100 V



28/05/2021 Francesco Sgaramella 12

Istituto Nazionale di Fisica Nucleare

LNF

Laboratori Nazionali di Frascati

SDD Energy Response – Charge Collection

# !
/#

"

Tail-Gauss Events Ratio

paper in preparation



SDD Timing response
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Schematic representation of the 
experimental setup used to study 
the timing response of the SDDs

Event signal on the leakage 
ramp of the SDD

Iliescu M. et al. 2021, Reducing the MIPs Charge-Sharing Background in 
X-Ray Spectroscopic SDD Arrays IEEE Trans. Instrum. Meas. 70 9507807.
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SDD Timing Response

Energy spectrum
T = 120 K Δ"%& = 297 ± 6 )*

SDD Timing response
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SDD Timing response
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SDD timing response in function to the temperature

T = 100 K
T = 140 K
T = 180 K



SDD Characterization for SIDDHARTA-2
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SDD Characterization for SIDDHARTA-2

SDD spectrum
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SDD Characterization for SIDDHARTA-2
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SDD Characterization for SIDDHARTA-2
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Conclusions
Ø Accurate qualification of the new monolithic Silicon Drift Detectors

v Energy Response: Identified the SDD working range 90 V ≤ VD ≤ 170 V within:

• The energy response is linear within 3 eV (energy range 4 keV – 12 keV),
Consequently, the systematic error due to SDD calibration is about 3 eV

• The energy resolution for K5 Fe is about 150 eV FWHM
• Verified the stability 

v Timing Response: study of the drift time in function to the temperature and definition of the ideal 
working temperature for the SIDDHARTA-2 experiment. The drift time (400 ns) is a factor two 
better than the SDDs of SIDDHARTA: better background rejection
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