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Vertex Si-plane for BM@N experiment

Si-station with 6 STS modules

Half-station with 3 STS modules

A new vertex Si-plane based on STS modules will be installed
in front of FwdSi with the aim to improve vertex and track 

reconstruction efficiency  for the low-momentum particles
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DSSD module

Photo of the assembled module

Sensor parameters:
• Sensor size: 62×62 mm²;
• Strip pitch (P/N side): 58 µm/58 µm;
• Num. of strips per side: 1024;
• Stereo-angle: 7.5°;
• Thickness: 300 µm;

Front-end electronics:
• STS-XYTER ASIC:
• Free streaming readout architecture;
• 5 bit ADC + 14 bit TDC;
• Channel throughput: 1.8 × 10^3 Hits /s
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Beam telescope
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Tests with 1 GeV proton beams at SC-1000:

➢ Study of the tracking performance of DSSD modules;

➢ Merging of the data from two different subsystems

• Sensor size: 15×30 mm² (X×Y);
• Number of pixels: 1024 × 512 (X×Y);
• Pixel size: 29.24 µm × 26.88 µm (X×Y);
• Thickness: 50 µm.

• Sensor size: 62×62 mm²;
• Strip pitch (P/N side): 58 µ/58 µm;
• Num. of strips per side: 1024;
• Stereo-angle: 7.5°;
• Thickness: 300 µm.

MAPS

DSSD



DAQ system of the telescope

Event builder based on EUDAQ (A. Kolozhvari, V. Leontyev)

MAPS Readout (R.A. Diaz)

Telescope mechanics (A. Sheremetev)
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Time slice selection based on trigger signal

• The front-end readout electronics of STS operates only in the self-triggered mode therefore the 
data filtering according to the trigger decision is implemented in the DPB;

• Due to the free-streaming readout scheme DPB provides the functionality of the time-based data 
sorting. The sorters store the data for the sufficient amount of time (up to 96 µs) and thus 
provides the possibility to implement also trigger-based data filter.

Time

Trigger delay

Trigger window

Trigger window and trigger delay parameters could be configured within the specified range:
Trigger latency <= 7 us;
Trigger window <= 7 us;
Min time between triggers: 20 us.  
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Time resolution

Time

𝒕𝒉𝒊𝒕 − 𝒕𝒆𝒗𝒆𝒏𝒕 𝒔𝒕𝒂𝒓𝒕

𝝈𝒕𝒐𝒕 = 𝝈𝑱𝒊𝒕𝒕𝒆𝒓 ⊕𝝈𝑻𝑫𝑪 ⊕𝝈𝑻𝒊𝒎𝒆𝑾𝒂𝒍𝒌

Time walk correction

𝝈𝒕𝒐𝒕 = 9.9 ns
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Noise distribution
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Signal/Noise

• p-strips 𝑺𝑵𝑹𝑴𝑰𝑷: 28 - 30.5;
• n-strips 𝑺𝑵𝑹𝑴𝑰𝑷: 21 - 24.5;
• z-strips 𝑺𝑵𝑹𝑴𝑰𝑷:  8 – 13;

Signal/Noise distribution for 1GeV protons

SRIM: 𝑆𝑖𝑔𝑛𝑎𝑙𝑀𝐼𝑃 = 0. 92 × 𝑆𝑖𝑔𝑛𝑎𝑙1 𝐺𝑒𝑉 𝑝𝑟𝑜𝑡𝑜𝑛𝑠
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Spatial resolution
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σ𝑠𝑝.𝑟𝑒𝑠.

σ𝑟𝑒𝑠 = σ𝑠𝑝.𝑟𝑒𝑠. ⊕σ𝑙𝑖𝑛𝑒 ⊕σ𝑚𝑐𝑠

σ𝑟𝑒𝑠 - Measured residuals;

σ𝑠𝑝.𝑟𝑒𝑠. - Spatial resolution of the detector;

σ𝑙𝑖𝑛𝑒 - Inaccuracy of the straight-line track interpolation

σ𝑚𝑐𝑠 - Uncertainties induced by Multiple Coulomb Scattering.

σ𝑀𝐶𝑆 = 11.6 μm (GEANT)
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Spatial resolution

𝜎𝑋,𝑈= 15.4 ± 0.4 μm for regular strips
𝜎𝑈 = 16.4 ± 0.4 μm for the sensor areas with z–strips
𝜎𝑌 = 170 ± 4μm
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Spatial resolution

RMS of the uniform probability distribution within a strip pitch 58 μm/√12 ≈ 16.74 μm

The calculated spatial resolution is lower due to the impact of two-strip clusters, which are located in the 
narrow regions between strips. For the tracks of normal incidence ∼ 80% of clusters have a size of 1-strip 
and ∼ 18% are 2-strip clusters. The fraction of clusters with a size bigger than 2 strips was negligible.
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Efficiency

Event selection:
1. Time window. ±4 clock cycles (50 ns) around 

the trigger;
2. Track quality. 𝜒2/𝑁𝑑𝑓 <1;
3. Tracks which have hits in all other modules

Results:
➢ Average efficiency for the sensor areas with

regular strips > 99% for all 4 modules;

➢ Efficiency of z- strips ~90% .
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Side eff. of the areas with not-bonded strips

SMX ASIC with bonded 
micro-cables

Inefficiency of not-bonded channels

The inefficiency was calculated for the selected pitch slice as a ratio of impinging tracks which do not 
produce hits in the area of ±2 strips around the predicted point

Average efficiency for track actually passing through a full area of not-bonded strip is estimated to be 
83% and 85.7% for p- and n- sides respectively 14



Threshold scan

The STS requirements were fulfilled for the operation ADC threshold 0.8-1.5 fC.
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Detector bias voltage scan
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Conclusion

• Time measurement precision 9.9 ns;
• Regular strips:

• SNR > 21 for regular strips;
• Spatial resolution: 15.4 ± 0.4 μm;
• Efficiency ~99 %;

• Strips with a second metallization layer (z-strips):
• SNR 8-13;
• Spatial resolution: 16.4 ± 0.4 μm;
• Efficiency ~90.5 %;

• The region of 75-100 V of detector bias voltage and 0.8-1.5 fC ADC 
threshold were selected for the operation of non-irradiated modules in the 
BM@N setup.
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