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Challenges for Tau And Muon Reconstruction

leptonic
node

Muon Reconstruction Tau Reconstruction 3ty

» Achieve calibration sufficient for ¢ Reconstruction of ™
high precision measurements hadronic decay

* Optimize performance at very products

high-pT vs. linear degrading of * Requires high background
resolution with pr separation power against large
guark and gluon jet

* Purity at very low pr vs. energy backgrouno

0SS In calorimeter
e Tau energy calibration for

 Maintain good performance in C
precision measurements

nigh pile-up conditions vs.
prompt muon selection and e Maintain good performance in
iIsolation criteria high pile-up conditions
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Tau Reconstruction

All Tracks
* Reconstruction of hadronic tau decays

IS seeded by anti-kr jets

e Association of tau production and
decay vertices

TT: tau tracks

IT: isolation tracks
FT: fake tracks

e Multivariate track selection to

. \ .. § _A';'LASSimluIation | | Z/y*—>¥r a
maXxXimiZze eff|C|ency fOr CorreCt traCk i Tau Particle Flow Diagonal fraction: 74.7%
assignment and counting Govww- 02 25 35 53 see-

« Decay mode classification by R
reconstructing individual charged and Sl 04 60 34 01 04 -
" o
neutral hadrons in tau decays .. IS
h*= 89.7 16.0 4.3 1.2 0.3 —

Generated decay mode
[Eur. Phys. J C 76(5), 1-26 (2016)]
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Tau Identification

* Multivariate techniques for efficient
discrimination against quark and
gluon jets

 Boosted Decision Trees (BDT) in
use, Recurrent Neural Networks
under investigation

105|||||||||||||||||||||||||||||||||||||||

10*E

e Jransformed BDT score to
achieve constant signal
efficiency with respect to pr e
and pile-up L

_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
1O 01 02 03 04 05 06 07 08 09 1

Signal Efficiency

10°E

10°E

p.> 20 GeV, Iml <2.5

Inverse Background Efficiency

[Tau Public Results]
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Tau Identification

g LT bata, <240
+ |dentification efficiency evaluated in s T PR
/ — Ty Thad tag-and-probe measurement u 08i_ E
 Monte Carlo samples (MC) for real taus and pﬁf f
lepton fake background o6t ¢ ]
e Data driven estimate of multi-jet and W+jets o_ﬁ N
backgrouno 5 nas
« Maximum likelihood fit for all identification ! oo Tag & Proe, 1 prong
working points and 1-prong and 3-prong taus | P P FU FUU U N N
20 30 40 50 60 70 80 90 100
e Scale factors and their uncertainties evaluated from p_ [GeV]
data/MC ratio = F - .
5 012~ A7LAS Preliminary v e ~
« Additional reconstruction uncertainties estimated BooaL et e -
from simulations T 008l -
« High-pt uncertainties estimated using a sample £ o008 =
enriched in dijet events X — . v
« For details also see poster about tau performance - : E
measurements by Samuel Dysch 0 4050  1¢ 2 0]

[Tau Public Results]
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Tau Energy Scale

* Energy calibration based on multivariate regression

e Evaluate momentum shifting factor prfit = ( 1+a ) x pt
by comparing mvis(4,T) between data and simulations in different n regions

e Uncertainties evaluated from in-situ data
e Single hadrons data is used to derive uncertainties for high pr

« Additional modelling uncertainty from MC

[ ] o L ] L] L] L] L] [ ] L]
Pre-fit Visible Mass Post-fit Visible Mass Fractional Uncertainties
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2 35000 — B Wijets and multijets Other § 2 35000 B wWi+jets and multijets Other § ] - ATLAS Preliminary Vv Detector
« - Vs=13 TeV, 80.00 fb’ 290 Stat. Une ® Vs=13 TeV, 80.00 fb’ 202 Stat. Unc 5 O 05 B G X O In-situ B
c - Jestetes . . o003 3 3 . — |
® 30000 1-prong § 30000 1-prong 8 — p,>20 GeV, medium ID Model ]
m = Predit o Post-it S ~ 8-prong Total N
25000 — — - -
- c 0.04— —
- g B B
2 — - _
0000 = . S C ]
§ T 8 0.03% .
15000 ; —o! PN i . B O o a
= g - o
10000/ — 73 Y C = o ]
) — 0.02— —
5000 — e C ]
o C 7
L O O O O | _
g 2 0.01 ]
© ~
1@ O BB B B B 2 GBI 0] 1 v v v v oV
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[Tau Public Results]
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Muon Reconstruction and Identification

Reconstruction

* Independent track based reconstruction in Inner Detector (ID) and Muon Spectrometer (MS)

Reconstruction Types Involved Sub-Detectors
combined reconstructed tracks in MS and associated to ID tracks
segment-tagged ID track extrapolated to MS
calo-tagged ID track associated with energy deposit in calorimeter
stand-alone track only reconstructed in MS

\dentification ...~~~

" ATLAS Preliminary Simulation
| Vs=13TeV, i

Efficiency [%]

» Different muon identification selections for specific needs

O Medium, prompt ® LowPt, prompt
A Medium, fakes A LowPt, fakes

100

ID Working Point Specification
loose maximizes identification efficiency

medium minimizes systematic uncertainties 50?0 7
tight maximizes purity ng T
low- (high-) pr optimized for pr <5 GeV (>100 GeV) o b

E
| %

« Details about low-prt working point in this poster by Zhi Zheng ’ > GV
[Very low-pT Muon Identification Poster]

[Eur.Phys.J. C76 (2016) no.5, 292]
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Muon Efficiency Measurements

» Combined-muon identification efficiency £ oss. .
evaluated in two tag-and-probe
) 0.96 - reliminar __
measurements:  ATLAS e
0.94§_Me1déugv\r/nuons —— '\D/Ieéta 2017 _—
* Z — pp decays L e e
. S I Stat onl Sys @ Stat_|

for pr > 15 GeV region = 10 =
8 099_ .............................................................................................................................................. —]
e J/W — pu decays 20 30 70 50 50
for 2.5 GeV < pr < 20 GeV R
* Scale factor evaluated as 5 goshe .. E
data/MC ratio is close to unity § T ——,
* Pile-up dependencies tested in Z — 9.5 B
data events with up to 65 collisions per 98 ATLAS PrOIMITary | —e— FxedCutightiuLoos .
. - \s= ev, 4o. —e— FixedCutPflowLoose ]
bunch crossing 97.5[ Data 2017 oot oone E
e Enhancing isolation working points for 97 562530 35 40 45 50 55 60 65
: : actual
higher pile-up robustness [Muon Public Plots - High-]

[Muon Public Plots - Isolation]

ICHEP2018, Seoul david.kirchmeier@cern.ch



mailto:david.kirchmeier@cern.ch
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/MUON-2017-005/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/MUON-2018-002/index.html

Muon Momentum Scale Measurement

e Obtained ~10% resolution
improvements due to better
reconstruction

5 ATLAS Stiaton Feiminay | s -

. . . . iy 4—\Vs=13Te —+-Rel207

* Data-driven calibration of simulated S s E
muon momentum resolution and scale N e

. . . 2.5 :_% ggigD 3 gg o, 0208 g o DZD zgﬂgg{:é

* Derived using simultaneous template 2 PET O e Ty E
fit of Z and J/W lineshapes s

» Di-muon mass resolution is compared =~ = F o e

between 2018 data and pr calibrated
/ — Uy simulation

e pr calibration was derived from 2016
dataset

[Muon Public Plots - Muon Resolution]
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Muon Momentum Scale Measurement

2 8= T T T T T T T =

S F ATLAS Preliminary Yowazors
_ . :g 2-65—Z\i:u13 TeV, 4.0 fo _ZC E
* Obtained ~10% resolution e o .
improvements due to better :
reconstruction F
* Data-driven calibration of simulated I T ——
muon momentum resolution and scale B I - R
» Derived using simultaneous template ~ od amaskemmy Fomsane
fit of Z and J/W lineshapes Bo

» Di-muon mass resolution is compared ez
between 2018 data and pr calibrated

o
—
a1
K B R L B

Z _’ UU SimU|ation 0.022 — 4

. . . (i) ot "'+*"++ ;

* pr calibration was derived from 2016 5 @ ffeteters e = i
dataset o.9":-)81_0 — 8I5 — 9I0 — 9I5 III -18_0
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ATLAS Upgrades for HL-LHC

" E 1400 ATLAS Simuiaion -
« New conditions at HL-LHC: O :
1200— n=1.0 ]
Vs=14 TeV ook ;
L=7.5x 103 cm-2 s 800 | "
U = 200 600 : - -
. o _ 4oo:t —
* Requires significant detector upgrades in e T e
terms of radiation hardness, granularity and 0= 560 1000 1500 2000 2500 ‘300" 3500
bandwidth .. .o
» New all-silicon Inner Tracker (ITk) with a0 wr .
higher granularity, n coverage and radiation N S
resistance o ), e ] e
* Replacement of readout electronics for all “eco
calorimeters
* New innermost barrel RPC layer for N 1
Increased muon trigger coverage and oo e e
ropustness [CERN-LHCC-2017-005, ATLAS-TDR-025]

[ATL-PHYS-PUB-2016-026]
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Muon Performance at HL-LHC

. - 5 T arer At
o Stronger pile-up conditions leadto ¢ | —
. . =0.95— —

percent level deficits in .
identification efficiency ooF g
» Improved efficiency at |n| > 2.5 OO s T e
0.4:— p,>10GeV  —o— ;;;T_;Szg%nc:vem - _:

e [Tk dominates momentum N - R N Y

ul

measurement below pt = 100 GeV 5

« Combined fit benefits from Tk S a0 oi<h<io
resolution in the full pt range Egts (())

compared to Run?2 " ok Y

: El :é?. .

* New RPC chambers allow better 5;:_%____‘_é_é_}__é;__i%___-;‘;;_};;_gj‘jii’_;.9/ E

coverage and efficiency for muon T "'['6353]
p, [Ge

trigger

[Muon Public Plots - Phase Il TDR]
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Tau Performance at HL-LHC

R e
. ' é 115 A mMml<1.0 E
* 3-prong taus with high prastestcase % ., _  :©9:msi0 -
for track reconstruction efficiency in T S
dense environments 3
» Due to fine granularity of 1Tk R
Slgﬂlflcaﬂﬂy |eSS traCk merges 0-20 " 200 400 600 800 1000 120?”3;0-'_1:30[)1&:2);200
compared to Run2 5 s ST
o 09F =
 Tau ID at HL-LHC shows higher signal & s
acceptance at same background
rejection in |n| < 2.5 region ;
X Smangrcod inrig R
* New 2.5 <|n| < 4.0 region accessible 9% =
for tau reconstruction and g g e
identification Reco Tau |

[CERN-LHCC-2017-005, ATLAS-TDR-025]
[Pixel TDR Plots]
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Summary

e Efficient muon and tau reconstruction is central for
many ATLAS measurements and searches

 Hadronic tau decay reconstruction, identification and
calibration validated in Z = T, Thaa tag-and-probe
measurement

 Muon performance validated in Z = py and
J/W,, = up tag-and-probe measurements

* First studies on 2018 data already performed

e Significant detector upgrades are planned towards
HL-LHC, allowing to maintain efficient muon and tau
reconstruction in ATLAS
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Muon reconstruction efficiency in 2017 data
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[Muon Public Plots - 2017 and 2016 data]
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Muon resolution in 2017 data
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[Muon Public Plots - 2017 and 2016 data]
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Muon Trigger Coverage at HL-LHC

(@) (b)

lation Preliminar

1 o

(©) d

Figure 10: Acceptance of the LO Barrel trigger with respect to reconstructed combined muons in the n-¢ plane.
Figure (a) shows the acceptance of the BI layer. Figures (b), (c) and (d) show the acceptance for the different trigger
coincidence logics “3/3 layers”, “3/4 layers” and “3/4 layers + BI-BO”, respectively (see text). The white areas
correspond to zero acceptance.
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Tau Performance at HL-LHC
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[Pixel TDR Plots]
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