Taus @ Muon Collider

Sarah Demers, Ethan Martinez, and Gregory Penn
Yale University

P
o ’,.’« ‘]
b - e - : l
> h T @/ 4 o :( ' /4 -
% ¢ P —~ X Y, o
- o | r e -5 v
. * e -.'\ b\- *




Who we are
Edan

Dunier MhACr%PaAJ Mo 2e L\h Yesr ?\r\(D shudent , AV LAS

\ Evest Flte
e DCV&‘OP ed anti- Pro+on "Y-'ener "C S @ \'\L’L“ C, ofClive andl online ( ;:eawktnq
* Tured q“\"\'?m“'o'\ Yeco 0“5"“’»«“ . \—\-b TT differental 6’ cP P"OP&"\':)

‘-rriemof e@ec{enaj studies . v“‘.“\‘ﬁ" “contack For W—rZT ona'tsscs



For Later Reference: Taus
L=3e,p

T —~e WV,

T~ P\ \'JF

(numbers Sor W =27 K’;)

T —h v, —
:JJ-A) advons T—hToy, PC170 Mev)
T — L"lT"T\‘.»ZL

a,(1262 mev)

\ T>FWhW v, a, (1260 Mev)

T-=KLKT w,
Other kao‘rorﬁ c

W.5%,
259°%.
937
147,
2.87,
5.97.

‘/\—V\an kS +0 QDS@ amA LOP&Y\%O \[Q“O\ ‘%f‘ 'an‘\r‘ COh‘l'\.hMCD‘ \r\c\r|



Lorenzo’s slides

Lorenzo’s results

* Some particular tunings to energy thresholds in charged pion reco
ECAL and HCAL energy cuts

» Standard configuration hits energy thresholds: ECAL = 2 MeV, HCAL = 2 MeV
» Central region Tt ID efficiency of ~ 25% (bad)
> Forward region Tt ID efficiency of ~ 20% (bad) L . \{“\\A
> Few minutes required to process a single event with BIB (good)

» Low threshold configuration (CLIC): ECAL = 50 keV, HCAL = 250 keV
> Central region t* ID efficiency of ~ 90% (good)
> Forward region " ID efficiency of ~ 80% (good)
» Many hours required to process a single event with BIB (bad)

»Intermediate configuration: ECAL = 2 MeV, HCAL = 250 keV
» Central region Tt 1D efficiency of ~75% (ok)
» Forward region Tt ID efficiency of ~ 70% (ok)
> 10/15 minutes required to process a single event with BIB (acceptable)



https://indico.cern.ch/event/1426434/contributions/5999512/attachments/2875194/5035190/TauMuCol.pdf

Lorenzo’s results

Lorenzo’s slides

* Uses TauFinder (backup) as a baseline ID algorithm, tau eff ~66%

» Fixed quality cuts

>
b

Number of charged tracks larger than 0 but smaller than 4

Total number of charged + neutral particles below 10

» Reconstruction cuts (customisable)
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Total charge equal to +1 or -1

For each particle: pr > 1 GeV/c

7 seed: pt > 5 GeV/c

7 seed: impact parameter 107> mm < DO < 0.5 mm

Search cone opening angle: 0.05 rad

» Quality cuts (customisable)

>
B

Isolation cone around the search cone: + 0.02 rad

Most energetic particle in the isolation cone: p'TC < 5 GeV/c
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https://indico.cern.ch/event/1426434/contributions/5999512/attachments/2875194/5035190/TauMuCol.pdf

Our strategy

 We’d like to reproduce Lorenzo’s results
« Nominal +/~ performance of ~20%, improved by playing with energy thresholds

* Workflow (Ethan’s GitHub) (no BiB!):

1. Begin with tutorial (we are using MuColl_v1!)
2. Addtau gun script (15,000 taus, p; = 100 GeV)

3. Runthe tutorials’ simulation

1. Check that the tau branching ratios match what we expect
4. Run the tutorials’ digitization and reconstruction

1. Pandora, no changes

5. Add some analysis scripts

#: Sowme level of @& black box to us


https://github.com/ethanmar/MuColl-TauStudy
https://mcd-wiki.web.cern.ch/software/tutorials/fermilab2024/
https://github.com/ethanmar/MuColl-TauStudy/blob/main/generation/lcio_tau_gun.py
https://github.com/ethanmar/MuColl-TauStudy/tree/main/analysis
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Ethan’s Progress
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Ethan’s Progress
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Ethan’s Progress

Charged Pion Efficiency vs Pt
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« We seem to have replicated the low 77/~ efficiencies!
* Known from Lorenzo and Rose’s work

« Have others seen the observed missing 7°’s?

* Next steps:

* Inspect reconstructed particle distribution (status in backup)
* Vary ECAL / HCAL energy hit thresholds as Lorenzo
* Continuetoruntaureco &I1D

* How much more time to put into Pandora? Code up tau reco on our own?

* Do we want to invest more time into MuColl v1?
* Move to MAIA immediately?






Tau D

* TauFinder:

Begins with reconstructed charged and neutral particles

Seed taus from charged particle tracks (!)

Define a search cone

Add charged particles within search cone to tau seed, recalculating barycenter
Add neutral particles within search cone

Combine into a reconstructed tau

Loop over seeds

Merge taus that are within a search cone of one another

Make some ID cuts!
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Ethan’s Progress A ot looking steonge!

1. We aren’t finding

H# expected electrons
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