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The MAIA Detector Concept [l 7- Generation & Simulation

g/{%?]’lq’aﬁ:#ider / Muon System
e Designed for 10 TeV muon collider 40 Generation:

environment .- * 15,000 single 7= MCParticle Events written to LCIO file

EM Calorimeter

Solenoid

e Mitigates intense beam-induced Simulation:
backgrounds (BIB) * Simulated 7~ MCParticle decays and

interactions with MAIA detector 1n

* 95% reconstruction efficiency with full
GEANTA4

BIB overlay (central region)

e High-resolution, all-silicon tracking \ MC 7- Parameters

system \’Q\ 0<¢<2r[rad]

Quter Tracker Pl

Interaction Point

e Supports precision Higgs and new " 10 <6<170
physics searches 20 < pr <320 [GeV/c]

Maia Detector [llustration [ Ji ] MC 7~ parameters set in LCIO event Simulated branching ratios for the -, note
generation randomly and uniformly that two rarer decay modes are not simulated

7- Hadronic Decay Reconstruction - Default 7~ Reconstruction

e s decay hadronically ~65% of the time Losing large portion of reconstructed 7- with default selection criteria:

e Maximum 1solation energy (Eiso) criteria on the 7- candidates cuts ~14%

e (1) =10 =s, doesn’t reach the detector

. o e Maximum invariant mass (Miny) criteria on the - candidates cuts ~ 10%
e Visible components are primarily charged (77+)

tracker

and neutral (779s) pions At low pr the default cone size (0.05 rad) has high fake rate and cuts too many 77+

+ I+ + +. 0
™+ 5 piyr — 710, T = P, = mE Ty,

* ~60% of these 77s have 7% Illustration of 1-Prong and 3-Prong

Hadronic v~ DeCClyS With 70s [2] T~ Ilsaolation Energy vs Transverse Momentum T‘sl‘pvariant Mass vs Transverse Momenturt;00

e TauFinder reconstructs z—s via decayv products: . . KAk e s B sctor Conce e
yp Default TauFinder Selection Cuts _ - Simalsod £ Gun (v 51) -

e Suggests the need for a shrinking pr dependent cone

Fake 3-Prong Rate Efficiencies vs P,
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e Decay products are reconstructed by ACTS and - Minv < 2 GeV/co o]

250

PandoraPFA as particle flow objects (PFOs) 0 < Charged Tracks Associated to 7- < 0 - g

2
150 * .

e Doesn’t reconstruct 779, reconstructed y-rays 4 ' o

- 100

act as pseudo-7r° Particles Associated to - < 10 - 5 o0

0.0

e TauFinder associates PFOs to a 7~ candidate 7-Eiso <5 GeV N e

. _ . . - Default TauFinder selection criteria. All accepted Reconstructed 7- E;iso vs. reconstructed -  Reconstructed 7 Miny vs. reconstructed 7- Fake rate of reconstructed 3-
o SeleCtlon cuts retain Only hlgh quahty TS reconstructed 7~ Pass these thresholds. D the dotted line represents default cuts. P the dotted line represents default cuts. Prong T- VS. true 3-Pr0ng T Pr
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LOOSG CutS on Eiso and Minv: 3-Prong Reconstruction Efficiencies vs P, 1P + N Reconstruction Efficiencies vs 6 1P + N Reconstruction Efficiencies vs ¢ 1P + N Reconstruction Efficiencies vs P,

—— Pion Reco v 1.2 —— Pion Reco v 1.2 —— Pion Reco v 1.2

o
e Boosts 1-Prong + 70s efficiency by ~15% F MAIA Detector Conoept B - MAIA Detctor Concopt B - MAIA Detoctor Concopt B - MAIA Detector Concopt B

 Simulated 7 Gun (no BIB) -@- Default Reco 1  Simulated 7 Gun (no BIB) @~ Default Reco 1  Simulated 7 Gun (no BIB) —@- Defauit Reco 1  Simulated 7 Gun (no BIB) @~ Default Reco

—— Pion Reco
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o Boosts low pr (<50) efficiencies by ~20% o T M

0.2 0.2—

e Creates ~1000 new 7- candidates o + oz 4
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Note: This method aims to maximize efficiency assuming BIB is sufficiently mitigated, in a BIB environment compromises will be made to reduce fake rate.

Normalized Log Distribution of E/Pt of Reconstructed Taus

Tau Decay Mode Classification

—— Real Reco Tau

= MAIA Detector Concept —— Fake Reco Tau
~ Simulated T and e Events

Confusion Matrix View e- Faking 7-

— _ _ _ * Generation, Simulation, and Reconstruction:
* 1-Prongs are confused often: | e 10,000 single e- MCParticle Events with same
* m*and e confusion is a parameters as generated 7-

Log Relative Frequency

significant factor e Simulated and reconstructed in same fashion as z-

3

utilizing default TauFinder I -

Normalized Log Distribution of H/Pt of Reconstructed Taus

e Low pr y-rays lead to 1-

-

e Propose a cut on ECal and HCal energy:

—— Real Reco Tau

MAIA Detector Concept —— Fake Reco Tau
Simulated 1t and e Events

Prong + 770s confusion

True Decay Mode

e ¢-s deposit almost no energy in HCal
e Use the difference in 7= vs e- ECal (E) and HCal (H)
energies to catch e-s

; : Used E/(E+H) ratio as cut :
er llmlt 1P + Ns 3PON Not Matched . L .
upp Reconstructed Decay Mode Benchmarks derived from E/Pt and H/Pt distributions

e 1-Prong + 70s have the best
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classification rate | | 0.00017
e 77+ reconstruction acts as an

One-Prong Tau Reconstruction Efficiency vs Pt One-Prong Tau Fake Rate by Electrons vs Pt

¢~ Rejection Results

No E over E+H Cut . ~—— No E over E+H Cut

- MAIA Detector Concept 0% - MAIA Detector Concept —— <095

— 0 - . <0.
* e's fake 77%s ~50% of time: | Simulated © Events g to ~ Simulated e Events __; e

e Fake m*s get reconstructed as 7-
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e Majority fake 1-Prong decay

 E/(E+H) cut decreases T-reconstruction efficiency
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but 1s highly effective at catching e-s

e The <0.99 cut catches nearly all e-s A B I A AR R e N N I I
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Sources Next Steps
[1] Bell, Charles, et al. "MAIA: A new detector concept for a 10 TeV muon collider." (2025) o Simulate rare 79 decay modes o Integrate work with Yale and LIP

|2] Neutelings, Izaak. "Hadronic tau decay."” TikZ.net, (2017) o Improve 7= reconstruction efficiency Groups
o Introduce B O Optimize e rejection for 7-

o Fine-tune on the fake rate efficiency and prevent e- faking




