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¥ATLAS Reconstruction of r-lepton decays u

others

e Leptonic r-lepton decays are

reconstructed as electrons and
muons (with possibly relaxed d

cuts at analysis level)

« Reconstruction of hadronic z-lepton v,

decays starts from anti-k jets with
R=0.4 as seeds

» (Classify tracks within cone into tau,
Isolation, pile-up and conversion
tracks using multiple BDTs - require
exactly 1 or 3 tau-tracks
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ATLAS 71'0 identification

Towers in Sampling 3
AgpxAn =0.02454).05

e Subtract hadronic energy associated to
tracks and use remaining energy to
identify neutral particles (particle flow)

e Dedicated BDT (Tau Particle Flow) using
EM cluster variables is used to identity

7t clusters
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https://link.springer.com/article/10.1140/epjc/s10052-016-4110-0
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-029/
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ATLAS

EXPERIMENT

e Use recurrent NN with LSTM
architecture to combine information
from individual tracks, clusters and
several high-level observables into a
single classifier

e Significant improvement over BDT
that only used high-level observables

e Performance very robust against
pile-up
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A1tA5  Hadronic Tau Trigger ..

e L1 Trigger:

e No track reconstruction

e Coarse 2x2 calorimeter window o mEBm
Ut
o . . 29 4 enlotmatr
e Require isolation ring / Electromaanetic
calorimgter
Trigger towers (An x A = 0.1 x 0.1)
e Limited energy resolution leads to slow Vertical sums 11 1] Electromagnetic
turﬂ-Oﬂ cure @==) Horizontal sums I Hadronic inner core

and isolation ring
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i Topo-clustering 7 3
e Calorimeter-based energy measurement Thad-vis TECONStrUCtion 1 0
Track preselection:
First stage fast tracking 32 16
o Simpler track reconstruction Second stage fast tracking 27 ka
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Offline-like selection:
: : . : Precision trackin 21 12
® Slmp|el’ tau Ideﬂtlflcathﬂ Thad-vis reconstrzccziisé(r)lnanchD'Ig‘ 1 0
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« Trigger efficiencies are measured using Z — 7,Thad for low pT and
1t — bB,uyﬂThadvT for high pT r-leptons

* Use independent muon trigger in both cases to select events

* Trigger turn-on well modelled in simulation, efficiency measured with
1-10% precision

C. Grefe, r-leptons @ ATLAS, 29.09.2021
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e

e Calibration of the response in the hadronic calorimeter from isolated pion tracks in MinBias events
(low pT) and test beam data taken at the SPS (p1 < 350 GeV)

YATLAS Calorimeter Response with W — 750 e

« New measurement using isolated high pt pions from W — Ti( — T[iI/T)UT decays allows
calibration up to several 100 GeV using pp collision data

. Select isolated tracks with large d;, and E?“SS > 150 GeV. Sum of calorimeter energy within
AR < 0.15 around track after correction for average pile-up

e Extract mean and width of peak in E/p distribution
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YATLAS Boosted Di-Tau Systems e

e Boosted di-tau systems fail the standard tau
reconstruction due to the R=0.4 seed jets /T"acks

« Dedicated reconstruction starting from anti-kT jets
with R=1.0 and p1 > 300 GeV; identify R=0.2 sub-

jets that correspond to two hadronic r-lepton decays

* Dedicated BDT using similar input as the single tau
ID is used to reject fake tau backgrounds
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* Machine learning techniques allow for excellent reconstruction of
hadronic z-lepton decays even at high pile-up conditions

e Reconstruction and identification techniques are being developed
further and will be available in re-reconstruction of ATLAS data

e Reports on recent measurements using z-leptons in ATLAS at this
conference:

e | epton Flavor Violation Searches at ATLAS and CMS - Luca Fiorini

e Searches for new physics with leptons using the ATLAS detector -
Matteo Franchini

e Searches for leptogquarks with the ATLAS detector - Zhiyuan Li

* Higgs boson measurements in couplings to tau leptons with the
ATLAS experiment - Christopher Young
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ATLAS 71'0 identification ‘

Cluster pseudorapidity, [;"|
Magnitude of the energy-weighted 77 position of the cluster

Cluster width, (72)clus
Second moment in distance to the shower axis

Cluster 7 width in EM1, (q:: Ml)d“S
Second moment in 77 in EM 1

Cluster 7 width in EM2, (1>

)clus
EM2

Second moment in 77 in EM2

Cluster depth, 219"

centre
Distance of the shower centre from the calorimeter front face measured along the

shower axis

Cluster PS energy fraction, f;lS“S
Fraction of energy in the PS

Cluster core energy fraction, f;l,lrl:

Sum of the highest cell energy in PS, EM1 and EM?2 divided by the total energy

Cluster logarithm of energy variance, log(p?)us

Logarithm of the second moment in energy density

Cluster EM1 core energy fraction, f cc(l):: EM1

Energy in the three innermost EM1 cells divided by the total energy in EM1

Cluster asymmetry with respect to track, ﬂggzk

Asymmetry in 17—¢ space of the energy distribution in EM1 with respect to the ex-
trapolated track position

clus
Cluster EM1 cells, NEM |

Number of cells in EM1 with positive energy

clus
Cluster EM2 cells, NEMz

Number of cells in EM2 with positive energy
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AL Tau decay mode reconstruction s

7¥ identification score of the first z° _, SBPT

cand” 1
0

n° identification score of the 7,4 With the highest n¥ identification score

. 0
Ex fraction of the first 7, fr0

ET of the ﬂgan 4 With the highest 7 identification score, divided by the Et-sum of all

7% ’sand h*’s
cand

Hadron separation, AR(h*, 7°)
AR between the h* and the ﬂgan

h* distance, Dj,+
Et-weighted AR between the A* and the Tp,4_vis axis, which is calculated by sum-

ming the four-vectors of all 4*’s and ”San 48

4 With the highest n¥ identification score

Number of photons, N,
Total number of photons in the 7y,4-vis, as reconstructed in Section 3.3

70 identification score of second ﬂ(c)an & EDT

n° identification score of the ﬂgan with the second-highest 7¥ identification score

0 .
T E fraction
cand T ? ‘f” 0

Er-sum of 7°_’s, divided by the Et-sum of 72 °sand h*’s
cand cand
0
T mass, m
cand > onf 0
Invariant mass calculated from the sum of Teond four-vectors

Number of 7° N
cand’ 0

d

Standard deviation of the h* pt, og, 5t
Standard deviation, calculated from the pt values of the A*’s for Tp,q_vis With three
associated tracks

h* mass, my,+
Invariant mass calculated from the sum of A* four-vectors
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485 Tau energy BRT ..ot

Number of primary vertices, npy
Number of primary vertices in the event.

Average interactions per crossing, u
Average number of interactions per bunch crossing.

Cluster shower depth, A..ptre
Distance of the cluster shower centre from the calorimeter front face measured along the shower axis.

Cluster second moment in A, <>\2>
Second moment of the distance of a cell, A, from the shower centre along the shower axis.

Cluster first moment in energy density, {p)
Cluster first moment in energy density p = E/V, where E and V represent the energy and volume of the cluster, respectively.

Cluster presampler fraction, fyresampler
Fraction of cluster energy deposited in the barrel and endcap presamplers.

Cluster EM-like probability, Pp
Classification probability of the cluster to be EM-like, as described in Ref. [28].

Number of associated tracks, 7.k
Number of tracks associated with the Thad—vis-

Number of reconstructed neutral pions, 10
Number of reconstructed neutral pions associated with the 7,.4—vis-

Relative difference of pion energies,
Relative difference of the total charged pion energy, Echarged, and the total neutral pion energy, Eneutral: Yr = (Echarged — Eneutral)/(Echarged + Eneutral )-

Calorimeter-based pseudorapidity, 7.1
Calorimeter-based (baseline) pseudorapidity.

int
Interpolated transverse momentum, py "

Transverse momentum interpolated from calorimetric corrections to energy measurement and TPF reconstruction.
p gy

. LC interp 1,C interp
Ratio of py*~ to py » P17 /P

. . . int
Ratio of the local hadron calibration transverse momentum to pr . L.

Pr

. TPF interp TPF interp

Ratio of p3 * to pr s Pt /PT

. . int
Ratio of the TPF reconstruction transverse momentum, p=-", to pro L.

C. Grefe, r-leptons @ ATLAS, 29.09.2021



