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The first match
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The Basic Concept
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Geometry

Task completed
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Geometry

Substantially no effects on EMC
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Geometry: questions, remarks…
Is EMC recalibrated for CGEM design?
NO, and we (CGEM) cannot do it, we 
expect with new calibration better 
agreement

How much CPU time?
We need to measure it, anyway not so 
much

Comparison with MDC radiation length
A waste of time, but fine…



Stefano Spataro: CGEM software review- 6/11/2023 7

Digitization
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Digitization
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Digitization: questions, remarks
What about TIGER noise?
Not yet implemented
On silicon negligible ( < 0.5 fC), on strips… ?
I believe we  should provide an answer

Anyway, the tuning includes the shaping of the noise, then it should not affect 
the final results

We should include also noisy hits as random signals according to noise rate

Dummy questions about gain and Garfield…
Not worth to mention
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Tracking
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Tracking
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Tracking: questions, remarks…
Evaluate ghost tracks, clones
Not for single tracks, but for multi-track events

Check effect of nonhomogeneous materials, fixed low pt, efficiency vs theta

Estimate the effect of noise
We have the tools, it was done in the past but no real problematics, it will be 
redone

Effects of real efficiency and resolution
After cosmics performance studies
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Phase space events with 2-, 4- and 6-prong pions

𝑒!𝑒" → 𝑝𝑝̅ @ 𝐽/𝜓

𝑒!𝑒" → 𝜓 2𝑆 → 𝐽/𝜓𝜋!𝜋", 𝐽/𝜓 → 𝜇!𝜇" 

𝑒!𝑒" → 𝜓 2𝑆 𝜋!𝜋", 𝜓 2𝑆 → 𝐽/𝜓𝜋!𝜋" @ 4.612-4.946 GeV

𝑒!𝑒" → ℎ# 2𝑃 𝜋!𝜋", ℎ# 2𝑃 → 𝐷𝐷∗

𝑒!𝑒" → Λ2Λ @ 𝜓 2𝑆

→ Extension of single particle studies

→ 2 tracks, high energy loss

→ 4 tracks, low and high pT

→ 6 tracks, low and high pT

→ 8 tracks, very low pT

→ displaced vertices

The following variables will be 

studied and compared

Ø  reconstruction efficiency

Ø  invariant mass resolution

Ø  vertex resolution

Performances
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The Software
CgemBoss665h for CGEM+ODC simulations

Ø Definitive CGEM geometry

Ø Toy MC clusters

(ε=100% and σ=130μm per view)

Ø Realistic Global Tracking

ü Hough Transform from ~2020

ü Local track finding under 

development (not used here)

Ø NO Background

BOSS665p01 for MDC simulations

Ø Full MDC geometry

Ø Realistic Reconstruction

ü PAT + TSF + etc…

ü many years of tracking improvements

Ø NO Background

run number 43253 (2015) - Y(2175)



Stefano Spataro: CGEM software review- 6/11/2023 15

0.05 0.06 0.07 0.08 0.09 0.1
pt (GeV/c)

0

0.1

0.2

0.3

0.4

0.5

0.6

∈

-bossπ2

-bossπ4

-bossπ6

boss665p01

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
pt (GeV/c)

0.7

0.75

0.8

0.85

0.9

0.95

1

1.05

∈

boss665p01

0.05 0.06 0.07 0.08 0.09 0.1
pt (GeV/c)

0

0.1

0.2

0.3

0.4

0.5

0.6

∈

-cgemπ2

-cgemπ4

-cgemπ6

cgemboss665h

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
pt (GeV/c)

0.7

0.75

0.8

0.85

0.9

0.95

1

1.05

∈

cgemboss665h

Particle Gun With High Track Multiplicity

Generator
Ø π- particle gun
Ø 2, 4, 6 particles per event
Ø Uniform |cosθ|<0.93
Ø Uniform ϕ
Ø Fixed pT [0,05 - 1,5] GeV/c

Goal → check how the performances vary
increasing the number of particles in the event

Isabella Garzia
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Ø By increasing the number of tracks, the single-track 
efficiency decreases for both MDC and CGEM

Ø The CGEM efficiency decreases more
 

High pT

Low pT Low pT

High pT

MDC CGEM
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Particle Gun With High Track Multiplicity

Isabella Garzia
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High pT
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MDC CGEM

Not in agreement with single track studies for low pt

It has to be better understood
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Low Multiplicity - 𝑒!𝑒" → 𝑝𝑝̅ @ 𝐽/𝜓

Simple topology
Ø Two high momentum tracks
Ø Back-to-back

Francesca De Mori

𝑒!𝑒" → 𝑝𝑝̅ (γ)
Ø Generator: KKMC + EVTGEN

MC

CGEM RECO
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𝑒!𝑒" → 𝑝𝑝̅ @ 𝐽/𝜓

Comparable reconstruction efficiency Francesca De Mori

Selections
Ø RXY < 1cm, RZ < 10 cm, |cosθ|<0.8 
Ø Opening angle > 178°
Ø E/p < 0.5
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𝑒!𝑒" → 𝜓 2𝑆 → 𝐽/𝜓𝜋!𝜋"

Selections
Ø RXY < 1 cm, RZ < 10 cm, |cosθ|<0.93 
Ø PID – π: p < 0.8 GeV/c, μ: p > 0.8 GeV/c
Ø Loose J/ψ mass cuts
Ø 4C Kinematic fit χ2<60

Ø Comparable mass resolution
Ø Lower CGEM reconstruction efficiency

𝑒!𝑒" → 𝜓 2𝑆 → 𝐽/𝜓𝜋!𝜋", 𝐽/𝜓 → 𝜇!𝜇"

Ø Four particles: 2 low momentum, 2 high momentum

Liangliang Wang
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𝑒!𝑒" → 𝜓 2𝑆 𝜋!𝜋", 𝜓 2𝑆 → 𝐽/𝜓𝜋!𝜋" @ 4.612-4.946 GeV
ØSix particles, low and high momenta

𝑒!𝑒" → 𝜓 2𝑆 𝜋!𝜋"

Marco Scodeggio

Selections
Ø RXY < 1 cm, RZ < 10 cm, |cosθ|<0.93 
Ø PID – π: p < 0.85 GeV/c, e, μ: p > 1 GeV/c, E/p
Ø 6C Kinematic fit
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𝑒!𝑒" → 𝜓 2𝑆 𝜋!𝜋"

Comparable invariant mass resolution
Marco Scodeggio

@4.612 GeV@4.612 GeV

𝐽/𝜓 → 𝜇! 𝜇" 𝜓 2𝑆 → 𝜇! 𝜇"𝜋!𝜋"

𝐽/𝜓 → 𝑒! 𝑒"
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𝑒!𝑒" → 𝜓 2𝑆 𝜋!𝜋"

Decrease in global event reconstruction efficiency  ~10%
(corresponding to 5% single track CGEM efficiency less than MDC)

Marco Scodeggio
MDC CGEM
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𝑒!𝑒" → ℎ# 2𝑃 𝜋!𝜋", ℎ# 2𝑃 → 𝐷𝐷∗

Selections
Ø MM selections, or 4C/5C KF chi2 cuts

ØEight particles
ØVery low momentum pion

very low p

Ryan Mitchell

@ 4.640-4.660 GeV
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𝑒!𝑒" → ℎ# 2𝑃 𝜋!𝜋"

Ø Comparable invariant mass resolution
Ø ~15% lower CGEM reconstruction efficiency

𝜋!𝜋" inclusive analysis
(to avoid the low momentum pion)

Tracking efficiency seems suffering
crowded events Ryan Mitchell
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𝑒!𝑒" → ℎ# 2𝑃 𝜋!𝜋", ℎ# 2𝑃 → 𝐷𝐷∗

All eight particles combinations
(all the D and D* mass cuts, 4C/5C Kinematic Fit)

Ryan Mitchell
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𝑒!𝑒" → ℎ# 2𝑃 𝜋!𝜋", ℎ# 2𝑃 → 8𝜋

CGEM Tracking not optimized for multiple tracks events
Efficiency decreases with increasing track multiplicity

Ryan Mitchell
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𝑒!𝑒" → Λ2Λ @ 𝜓 2𝑆

Slightly worse mass resolution

𝑒!𝑒" → Λ.Λ @ 𝜓 2𝑆
Ø Four particles
Ø Displaced vertices

Jianing Guo, Liang Yan

Selections
Ø |cosθ|<0.93 
Ø PID – π: p < 0.6 GeV/c,
 p: p > 0.8 GeV/c
Ø Secondary vertex fit
Ø 4C Kinematic Fit χ2 < 200

𝚲 -𝚲
σ MDC 1.11 ± 0.02 MeV/c 1.09 ± 0.02 MeV/c

σ CGEM+ODC 1.41 ± 0.04 MeV/c 1.40 ± 0.04 MeV/c

renormalizedrenormalized
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ØMuch better Z resolution
Ø Slightly worse XY resolution 
Ø Lower reconstruction BUT Hough not efficient 

for displaced vertices
(local track finding under development)

𝑒!𝑒" → Λ2Λ @ 𝜓 2𝑆

Jianing Guo, Liang Yan
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Optimizing tracking parameters ?

Liangliang Wang

Several parameters for hit association
and cell binning  too loose

Overlapping tracks let the finding fail
We need to be more selective
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Status and Results
Ø The CGEM+ODC tracking code is ready for physics analysis

       from the software point of view

Ø Momentum and invariant mass resolution comparable to MDC tracking

Ø Vertexing along Z much better for CGEM, XY almost comparable

Ø CGEM+ODC tracking suffers in many-tracks events,

 efficiency becomes worse increasing the number of tracks in the event

Optimizing tracking parameters for many-tracks events 

Test and validate the local track finding (displaced vertices, many-tracks…)
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Benchmark: questions, remarks...
Is the dramatic efficiency drop connected to soft pions?
It seems not, from a preliminary investigation on numbers. We need to check 
with MonteCarlo truth, soft pion efficiency for high multiplicity events

Is it connected to higher material budget?
No, in case we should see this effect also in single track events

Worse resolution with 𝐽/𝜓 → 𝑒3 𝑒4
Bremsstrahlung is higher, but algorithms can be developed to recover (Panda,B2)

Check the maximum efficiency with ideal tracking 
Good idea, we had not time, let’s see in December
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Benchmark: questions, remarks...
We will have higher energies, higher track multiplicities, higher background, more 
displaced vertices. We need additional benchmark channels with heavy baryons
Good idea, please give us the manpower to analyze such channels (ask physics 
coordinators)

Do we have a strategy to recover for the efficiency loss?
Now we know what is going wrong, we have several ideas on what to improve, in 
December we will show our path towards the solution
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Timeline?
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Ready for the 2nd round?

Friday, 1st December 2023


