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Motivation
• We have already performed parametrisation of timeresolution as a function of the distance and angle betweenwire and track (see Kate M. report);• Our next step is to create signal charge parametrisation forSPDroot;• Additionally we investigate the readout electronicsparameters in order to perform charge measurements withoutdegrading the time resolution;• To do this, we made simulation for different readoutelectronics parameters such as peaking time andamplification.
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Simulation parameters (SPD setup)
• Straw diameter: 10 mm• Anode diameter: 30 mkm• HV: 1750 V• Gas mixture: Ar+CO2 / 70:30%• Gas mixture temperature: 20 celsius• Gas mixture Pressure: 1 atmosphere• Ionization particles: muon, proton, pion,kaon, electron. 0.1, 0.3, 0.5, 1, 10 GeV/c• Track angle α: 900, 260.• Magnetic field: 0 T• Mean Gas Gain value is fixed to 4.5•104,the variation is described by Polyafunction

Fig. 1. Layout diagram of ionising particle,track angle, and magnetic field vector
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Examples of the simulated signals

Fig. 2. (a) The signal induced at the anode wire (black) by electrons (blue) and ions (red), (b) thecorresponding signal after the LTSpice readout emulation (VMM3-based model) for 25 ns peaking time, gainof 3 mV/fC and electronics noise of 1500 e as reference values.

(a) (b)
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Fig. 3. (a) MPV (ns) from distance to wire (b) Sigma (ns) from distance to wire of time resolution
We have already done with time resolution as a function of angle and magnetic field magnitude (seeKate M. report). Now our goal is to describe charge resolution.
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Example of signal timing studies for SPDroot realistic simulation



Fig. 4. Time resolution vs discriminatorthreshold for:1. Different peaking time2. Different preamplifier gain3. Different noise levelsOnly those cases are considered whenfake hit contribution is less than 15%
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Additional studies of straw time resolution as a function of electronics parameters



Search for optimal parameters for simultaneoustime and charge measurements
• Precise time measurements require short peaking time;• Precise charge measurements require long peakingtime;• We need to measure MIPs but also protons and kaonsat low momenta. This requires large dynamic range ofthe readout electronics or sophisticated reconstructionroutine.• We investigate which readout electronics parameterscould be optimal for these complicated requirements
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Garfield++ and Geant4 cross check
Fig. 5. Validation of Garfield++ionization losses with respect toGeant4 (done by DemezhanMyktybekov).We compare three distances to thewire (0.1, 2., 4.8 mm). Validation forlower momenta to be added later.
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Fig. 6. σ of threshold crossing time due to particlemomentum [GeV] for 10 ns, 25 ns and 150 nspeaking time. Muon and proton, 1500e noise. 1GeV muon is a MIP, so the resolution for otherparticles will be better.As expected, the time resolution for lowmomentum particles is significantly better thanMIP.
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Study of time resolution for protons of different momenta



Studies of the charge resolution
• We generate signals in Garfield++ and consider the total signalcharge to probe the internal charge resolution of the straw;• The readout electronics will:– Degrade this resolution depending on the peaking time– Limit measurements for very large signal due to finite dynamic range• For initial studies we consider a VMM-type analog circuit with25 ns peaking time, gain 3 mV/fC, noise 1500e. We assumesaturation for signals above 800 mV (very concervative). Studiesfor different parameters are also started.• We study distribution of signal amplitudes as they are providedby LTSpice to study the actual charge resolution.
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Correlation between the readout signal amplitude and the total chargeof the straw response
Fig. 7. For each straw response weknow the total charge and theamplitude of the electronic signal.The correlation plots are shown forprotons 1, 0.5, 0.3, 0.1 GeVperpendicular to wire at the distance2 mm.
Signals with amplitude above 800mV are considered to causeelectronic saturation.



Fig.8. Fraction of signals with amplitudesabove 800 mV as a function of protonmomentum for tracks at 2 mm from theanode wire at the angles 90 and 26 degreeswith respect to the straw.

12Garfield/LTSpice studies of the straw time and chargeresolution, Bulanova S.15.05.2025



Fig. 9. To estimate the resolution ofionization energy losses, we fit the totalsignal charge distribution (internalstraw resolution) and the signalamplitude distribution (resolutiondefined by straw + readout electronicsperformance).
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Evaluation of the charge resolution



Fig. 10. Sigma/MPV for the total charge and amplitude distributions, Protons, 2 mm, 90 and 26degrees, 25 ns peaking time 3 mV/fC, 1500e noise
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PRELIMINARYRESULTS



Conclusion
• Realistic straw time resolution as a function of track angle and distance tothe wire has been studied and provided for parameterized straw responsein SPDroot (see Kate M. report);• Studies on charge measurements started.• Studies on optimal readout electronics parameters are ongoing. At themoment we use VMM3-based model, but ready to repeat the studies forany other readout electronics models provided to us.• Following discussion with A. Solin: next step - AST-SPD readout modelwith the following parameters:Time measurements: 3 mV/fC, peaking time 10 ns, ENC 1500eCharge measurements: 1mV/fC, 150 ns peaking time, ENC 1000e,saturation amplitude 1.5 V
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