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Performance of the ATLAS tau-lepton trigger

ATLAS TAU TRIGGER SY

Many analyses within ATLAS rely on tau-lepton reconstruction, e.g.:

e Measurement of the Yukawa coupling strength in I — 77 events

e Search for pair-production of tau-sleptons

Properties of tau-leptons:

e m, =178 GeV,ct = 87 um

Rate

e Branching ratios: 7 — fvpv,(35%), 7 — hadron(s) + v, (65%)

Leptonic decays reconstructed like prompt leptons
Online tau selection (main background are QCD jets):

e Level-1 (L1): Hardware-based system using calorimeter towers
Selection depending on:

e (Core energy deposit

e (Optional) topological requirements

e [nergy in isolation region

e High-level trigger (HLT): Software system similar to offline |1

e pr cut on calorimeter clusters
o Identification: 1p vs QCD jet, 2p & 3p vs QCD jet

e Two-stage track selection
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Need many complex triggers for specific signatures to achie-

ve sustainable rates
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Offline tau selection:
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e Identification: 1p vs QCD jet, 3p vs QCD jet

e Energy calibration: Regression for true pr
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Efficiency

' Precision Tracking, HLT tau reco

e [Electron veto: 1p tau vs electron

ERGY CALIBE

Inefficiency at low ppr mainly from large
energy resolution |2 |

e Baseline: pr estimation based on
pile-up subtraction and calorimeter
response correction

e BRT: Boosted Regression Tree
(BRT) for true py estimation

Close to offline, but inclusive for 1p and
3p tau decays
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e Track classification: tau, conversion, isolation and fake tracks
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Inefliciency at high pr mainly from HLT tau identification.

. . . . N SN AR AN -
O Trlgger efiiciencies measured in 7 — 717 — % 50— ATLAS Trigger _?perat'on Preliminary —
events [ 1] e New recurrent neural network 2 © 2018 data, 36.8 fb™, Vs = 13 Tev -
Thad vell . . . o L 4 HLT tau160 medium RNN (0-3 precision tracks) ] ]
H (RNN) for tau ldentlﬁcatlon % 401 & HLT tau160 medium BDT(1-3|:recision tracks) n : o
. _ . § | e HLT taul60 medium BDT (1-3 fast tracks) o : ¢ i
e Complementary measurements with ¢t (for high .. . . < 3L St -
e Rejection vs QCD jets greatly im- i : d -
pr) and W — Tv, events - gl ]
proved [3] 201~ . 5 B
- o 8 .
. . 104 ¢ ¢ |
e Improved efliciency and sustaina- - -
> B ' ' ' ' ' ' o ] > B ' ' ' ' ' ' o ] . . — :I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII :
c 16 ATLAS Preliminary s MCZott 1 2 16 ATLAS Preliminary s MCZot = ble rates, even at high pile-up 095202530 35 40 45 50 55
2 14l /s =13Tev, 33 fb™ . g;;tzaéizrror - 2 14l /s =13 TeV, 33 fb™ . Eﬂaifzaé'l:rmr = Average number of pileup interactions
w C Z_’TuThad ’ 1-pr9ng _ B Data syst. error ] T Z_’TuThad’ 3-propg _ B Data syst. error N
12  HLT tau25 medium trigger Data stat. + sys. error—| 12  HLT tau25 medium trigger Data stat. + Sys. error— > R T T I R > —T T T T T T T T T T
- : - : 2 ~ ATLAS Simulation Preliminary /s =13 TeV i S ~ ATLAS Simulation Preliminary /s =13 TeV ]
1_— — —— ¢ T ] 1_— L ] 9 1_ e — ¥ ¥ ¥ ¥ CI_) 1_ ) N 9 . . » |
- S e S ] - — T ] Q - KRR A A A—] Q XK —
—::*_._ ] *ﬂé_ AA-—A——A A A A i —A——A——— A A A A— 4 N
0.8 "‘t — 0.8 ‘-!-.- ° — ﬁ i Aﬁﬂzl:l:l:l::l:% E :"__‘d_‘_ —a— 5 ]
- _ L _ —_ L BK' ] — L ® —— —I:
05 E E g 1 87 T
- = - = - - - - - .
0.4 - ] 0.4 - - . 06__ *' ] 06__ ]
0.2 - 02F * - _ 1-prong tau _ _ 1-prong tau, P> 30 GeV _
oL - ol = S = 0'4__ * Level 1 - 0'4__ * Level 1 |
31'5 31'5 - B N A HLT tau25 medium RNN i B A HLT tau25 medium RNN |
% [ .- ] % N 0.2— . m HLT tau25 medium BDT (w/o Ntrack presel) — 0.2 m HLT tau25 medium BDT (w/o Ntrack presel) —]
= ST L oo SRR S SR L SR S— = I 000 B , | B . B
‘DU 1: *uTe 1 ‘DU 1: b —— o - e HLT tau25 medium BDT (w/ Ntrack presel) i — e HLT tau25 medium BDT (w/ Ntrack presel)
- - | B - o | ] o) I A AR KA R R | P N B B I I I
0°~30 40 50 6070 100 200 _ 300 0°~30 40 50 6070 100 200 _ 300 0 °0 100 150200 250 300 10 20 30 40 50 60
Offline tau pT [GeV] Offline tau pT [GeV] offline tau pT [GEV] < number of p||eup interactions >
L1 calorimeter upgrade Fast TracKer (FTK)
. Event Rate Detectors
Trigger Tower An=0.1 calo/ | |pi
1 : * pixel/ other
e Start using supercells for read-out —— e Intermediate trigger level between L1 and HLT muonj| SCT
~40000 kHz
. . . A(b =0.1 . . . 'll-‘:‘!iw;';}-
e Better L1 energy resolution, limi- e Provide track and vertex information on events pas- (hardware)
ted Run 2 tau triggers EM1 sing L1 100 KHx
EMO
e Finer larity, better back d ¢ N ' ' ' High e 9e"
granularity, better backgroun | 4« T usupercell” e Harmonise energy calibration and RNN track clas- (software)
° 77 (\_/ o o o o ~1 kHz *
suppression sification with offline storage
References:

1
2.
3

The ATLAS Collaboration, The ATLAS Tau Trigger in Run 2, ATLAS-CONF-2017-061
The ATLAS Collaboration, Measurement of the tau lepton reconstruction and identification performance in the ATLAS experiment using pp collisions as /s = 13 TeV, ATLAS-CONF-2017-029
https:/ /twiki.cern.ch /twiki/bin /view /AtlasPublic/ TauTriggerPublicResults



