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Current Areas of Inquiry
ILC-Specific Instrumentation

• SiD sensor testing

• Performance of KPIX as a tracking chip

• LSTFE front-end chip development

Generic Instrumentation

• Charge division and longitudinal resolution

• Noise sources in high-resolution limit

Red = topics covered in this talk



Current Areas of Inquiry Cont’d

Simulation

• Tracking performance

• Non-prompt track reconstruciton

• Meta-stable stau signatures

Red = topics covered in this talk



Charge Division for 
Silicon Strip Sensors
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~13% Difference At Center Node

But: Add neighboring strips in simulation…



Readout Noise for Linear 
Collider Applications



Use of silicon strip sensors at the ILC tend 
towards different limits than for hadron 
collider or astrophysical applications:
Ø Long shaping time
Ø Resistive strips (narrow and/or long)

But must also achieve lowest possible noise 
to meet ILC resolution goals. 

• How well do we understand Si strip readout 
noise, particularly for resistive networks? 

• How can we minimize noise for resistive 
networks?



Standard Form for Readout Noise (Spieler)

Series Resistance

Amplifier Noise (series)Amplifier Noise (parallel)

Parallel Resistance

Fi and Fv  are signal shape parameters that can be 
determined from average scope traces.



CDF L00 Sensor “Snake”

CDF L00 strips: 310 Ohms per 7.75cm strip (~3x GLAST)

èLong-ladder readout noise dominated by series noise (?)

Construct ladder by bonding strips together in “snake” 
pattern (Sean Crosby)

At long shaping-time, bias resistors introduce dominant 
parallel noise contribution

èSever and replace with custom biasing structure 
(significant challenge…)

Thanks to Sean Crosby and Kelsey Collier, UCSC 
undergraduate thesis students



Expected Noise for Custom-Biased L00 Ladder

Spieler formula suggests that series noise should 
dominate for ladders of greater than 5 or so sensors.



CDF L00 Sensor “Snake”

CDF L00 “Snake”

LSTFE1 chip on Readout Board



Readout Noise Results
Relative to prior results, have explored “center-
tapping” (reading out from center of chain 
rather than end.

Naïve expectation

Expectation with measured
shape factors Fi, Fv

Measured (end readout)

Measured (center-tap)



Summary of Findings

Reading out from ladder from end:

Significantly less noise observed than 
expected (network effects ignored in 
formulation of expectation?)

Reading out from middle (“center tap”):

Noise seems further reduced (~20%) for 
lengths for which series noise dominates

Will explore with P-SPICE simulation…



CURVATURE RECONSTRUCTION PERFORMANCE

1. Compare width of Gaussian fit to residuals 
with two different estimates:
• Error from square root of appropriate 

diagonal error matrix element
• Error from Billior calculation (LCDTRK

program)

2. Only tracks with all DOF (5 VTX and 5 CT 
layers) are considered.

3. Require |cosθ| < 0.5

Mixture of q/qbar at 500 and 1000 GeV, tau 
samples at 500 GeV; also use single muons



CURVATURE ERROR vs. CURVATURE

LCDTRK calculation (no 
beam constraint)

Gaussian fit

SiD02 Detector
Model



Results for Stiff, Central Tracks

In terms of σp/p, comparing  µ,π with p=100 
GeV and |cosθ| < 0.5 we find

µµµµ ππππ

LCDTRK    0.28% 0.28%

Residuals   0.37% 0.39%

LOI Result 0.33%     ----

è Delhi group (Kirti Ranjan et al.) looking into 
developing Kalman Filter fitter



SCIPP ILC DETECTOR R&D SUMMARY

• Charge division resolution ~6mm (for 10cm 
ladder)
• Resolution somewhat degraded by inter-
strip coupling
• Network effects may mitigate series noise 
for ILC µ-strip applications
• Center readout may further reduce noise
• Full-simulation curvature resolution may 
not yet be optimized è improvement with 
Kalman filter?


