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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 is installed 
 in front of FwdSi with the aim to improve vertex and track 
reconstruction efficiency  for the low-momentum particles 

Motivation 
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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 

Beams of  
100-1000 MeV protons, 
fluence 104 −   108 𝑐𝑚−2𝑠−1 
beam diam. 25 mm;  
 
Could be used for the study 
of spatial resolution, 
efficiency, charge sharing 
effects, etc. 
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Time resolution 

Time 

𝒕𝒉𝒊𝒕 − 𝒕𝒆𝒗𝒆𝒏𝒕 𝒔𝒕𝒂𝒓𝒕 

𝝈𝒕𝒐𝒕 = 𝝈𝑱𝒊𝒕𝒕𝒆𝒓 ⊕ 𝝈𝑻𝑫𝑪 ⊕ 𝝈𝑻𝒊𝒎𝒆 𝑾𝒂𝒍𝒌 

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 4) 

№0         №1   №2  №3 

….. 
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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 

RMS of the uniform probability distribution within a strip pitch 58 μm/√12 ≈ 16.74 μm 
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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 11 



Threshold scan 

The STS specification requires noise occupancy lower than 2.6 × 10−5 
and an efficiency higher than 99% for regular strips and a spatial 
resolution better than 17 µm. These 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; 
• 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. 

 

Nuclear Instruments and Methods in Physics Research 
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