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Overview 1/19

¢ Higgs production @ LHC @ Main Documentation

2 Tau Lepton 2 Publication @ 7 TeV
+Conf.Note @ 7 & 8 TeV

@ DI-fau mass
. ATLAS-CONF-2012-160
reconstruction .
» Analysis Summary

o I
* Recent developments T .
+Conclusions & 8 TeV 13 fy” 21 b’

perspecﬂves Last update 13/11/2012 Ongoing

Presented

Today


http://link.springer.com/article/10.1007/JHEP09(2012)070
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-160/

vector boson fusion

0 (m =125GeV) = 1.6 pb

@ Higgs - 1T is probably the only accessible fermionic
channel with current data

* powerful reco/ID of hadronic T decays
* distinctive VBF and ggH topological signatures
* establishment of the SM Higgs boson discovery

@ Provides the best chance to measure Higgs
properties

* fermionic couplings (lepton family)

ector boson association
o (m,=125GeV) = 1.1pb

Branching Ratios

BR [ Higgs(125GeV) » 17171 =6.2%

arXiv:1201.3084 ; CERN-2012-002


https://cds.cern.ch/record/1416519

The T-lepfon in ATLAS 3/15

Reconstruction - Hadronic
: ) 1-prong
- . i _0Ai 50% -
@ T, algorithm ; seeded from anti-kfR=0.4 jets ¥ Hadronic
. 1p ,' 3-prong
noise-suppressed calo-clusters M Leptonic
L L m = 1.77 GeV! (/)
& track association; within a core cone 6R< 0.2 GeV

proper decay length = 87 um
@ frack-vertex associafion; robust against Pile-Up e

Identification
& Boosted Decision Trees /Log-likelihood
regression methods
& |dentification variables:
* calorimetric (HAD and EM shower shapes)

* fracking (isolation, momentum, ...)
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Tau ID Performance 4/15
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Inverse Background Efficiency

Tag-and-Probe method

~ 2011 data, [dt L = 130 pb”
Measured in Z11, Z'T1T, WTVv MC events | multi-prong, p, > 40 GeV.

T B | A R B
) b.2 0.3 04 05 06 07 08 0.9 1
and QCD-enriched data Signal Efficiency



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-142/
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6]-_-} _ ., Sl 1w i 77 Stat. uncert. i
2 20~ 28 Zom - 8r [Ldt=13010"
g - o5 Vs=8TeV : 7 _
L - T ] 6 \s =8 TeV
F - o _I.I:Ldt=2ﬂfb" - TLAS Preliminary 1

- - S ]
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< Built up with calorimeter cells associated to reconstructed /identified high-pT objects

< Resolution of x and y MET components as a function of the number of primary
vertices for data and MCin Z->pu candidates:
* pefore pile-up suppression
* affer pile-up suppression (based on the ratio of the sum pT of the tracks
associated fo the primary vertex and all tracks in the event)


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetEtmissApproved2013EtMiss

Di-tau Mass Reconstruction

2 Invariant di-tau mass
IS the final discriminating
variable

2 Missing Mass Calculator
Provides reconstruction of
the TT event kinematics with

*€>99%
*13-20% m_. resolution

depending on the topology

Arbitrary Units
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0.1

() eeeeadel
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—¢— Z—1t Embedded

f —e— Z—>1wtAlpgen MC

," 7 Emb. syst.
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9 ATLAS Preliminary 7

100 150 200

T T | T T T ]
€T, .q + UT, .4 Preselection

250

MMC mass m_, [GeV]

< Main improvement comes from requiring that relative orientations of

the neutrinos and ofher decay products are consistent with the mass and

kinematics of the T decay (maximize probability in allowed phase-space)



Trigger

Channel

lep-lep

Di-electron 15, 15 GeV

Combined e + 1(5) gex Ee;
ev iy

Single muon 26, 20 GeV

Combined Y +T__

had-had

Event Filter pT thresholds 29, 20 GeV |




Analysis Strategy — Event Categorization

lepton-lepton

Preselection
* 2 opposite charged
leptons — b g veto

2jet - VBF -

X
Boosted v

X
2jet - VH Y

X
1ljet v

X
Ojet

lepton-hadron

Preselection
* 1isolated light lepfon
* 1 BDT-medium T

hadron-hadron

Preselection

* 2BDT-medium T
* AR(T, T) & An(T, T) cuts |

2jet - VBF

Boosted

Y,
2iet- VBF <+
X
Boosted v
X
ljet < V]
X
\j

Ojet

~ + high MET
< | _ VBF signal
- adbsorber
X
\J
\ ggH signal
[ receiver

» Exclusively defined categories — opfimized selection cuts to disenfangle VBF from ggH g / 15



Background Estimation

lep—haa

=

*MinZ - pu data is replaced

Other backgrounds
* ttbar, W+jets, dibosons

SS data - QCD multijets
* jet foking e/por/and T

—

Z _. 1T embedded/hybrid data¢3 1200

* Shape from simulation i 600

200

/15

* SS data model is corrected for OS-SS

UT, .4 + €T},q BOOStEd

—— Data

— 5 x H(125)—>1t
B Z—11 (OS-SS)
B Others (OS-SS)
I Same Sign Data

722 BKg. uncert.
g
. [Lai-130t

\s =8 TeV
ATLAS Preliminary —

50

100

150 200

MMC mass m,, [GeV]




Background Estimation 10/15

L I T T 1 | T 1T 1 I T T 1 | T T 1 |_
\/\ 3 d — h 3 d ?DJ 1000 Thad®haq F+1-j€t BOOsted _
i —— Data 7
: —— 5 x H(125)—>11
B Z-tr |
[ Multi-jet 1
Bl Others i
7/, Bkg. uncert. i

_[Ldt=13.0fb'1__

\s =8 TeV i
ATLAS Preliminary—

Z2-TT

QCD multijets
*2 jets faking T

) candidates

Other backgrounds 200
* ttbar, W+ets, dibqsoqs

- 0 50 100 150 200 250
D ||m|r1§-t1.”r.}/‘.§|mublétlon MMC maSS m,m [GeV]

250 - acp Important backgrounds
e = - Ztt and QCD jets -
< ] ! are estimated using only data!

" Of tracks e, 5
7 (Sub./eadfngr ) W
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53
2
Q
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_
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TrackFit: fit 2D tau track templates to Data



Systematic Uncertainties

Embedding

Tau Energy Scale
Tau ldentification
Trigger Efficiency
Normalization

Jet Energy Scale
Tau Energy Scale

Tau Identification

Theory
Trigger Efficiency

1-4% S

2-4%
5%

1-5% S

2-28%
small

2-4% S
4-15% S
4-5%
2-5%

4%(non-VBF)
16% (VBF)

3-9% S

2-9% S

4-5%

18-23%
small

1-4% S
3-8% S
1-2%
2-4%
9-10%

2-4% S
4-6% S

10%

11/15

/1T
dominant
background

3-20%
5%

Jet
Energy
Scale
2-15%

Signal

S: uncertainties applied bin-by-bin affecting the final shape




Events / 20 GeV

Events / 20 GeV

Results @ 3 TeV
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Events / 20 GeV

Events / 20 GeV
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Results @ 8 TeV
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Events / 8 GeV
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Limits & Sensitivity
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Synopsis & Perspectives 15/15

2 ATLAS has performed searches for the SM Higgs boson decaying info
tau-lepton pairs

* cut-based analyses performed for all di-tau final states

*exploits 4.7 fb-1@ 7 TeV & 13 fo-' @ 8 TeV datfasets

* expected limit = 1. 18xXSM & sensitivity pO = 1.70
@m,=1250CeV

2 Presently, multivariate analyses are being pursued across all 3
channels aiming for higher sensitivities using the complete LHC pp
dataset

@ Also, now using new tau ID, new Z embedding samples,
cafegorization schemes, new lower pT-threshold triggers and reduced
systematic uncerfainties



Auxiliary Material



A I LA S Run Number: 204265, Event Number: 178165311

EXPERIMENT Date: 2012-06-02 19:53:30 CEST

hadronically decaying
T lepton (1 prong decay)

L

muon

VBF

s ETmiss vectory

i )‘J;;“
gl hadr;ically decaying ’
T Iep4 (1 prong decay)

Display of an event selected by the H— tlep thad analysis in the VBF category, where one 1 decays to a muon. The muon has pT = 63
GeV, the thad candidate has pT = 96 GeV, ETmiss=119 GeV, mjj=625 GeV and mMMC=129 GeV.



Lep-Lep Selection Criteria

2-jet VBF

Boosted

2-jet VH

1-jet

Pre-selection: exactly two leptons with opposite charges

30 GeV < myr < 75 GeV (30 GeV < mgr < 100 GeV)
for same-flavor (different-flavor) leptons, and pr g + pre > 35 GeV

At least one jet with pr > 40 GeV (|JVFjy| > 0.5 iﬂ??jed < 2.4)

ET™ > 40 GeV (ET™ > 20 GeV) for same-flavor (different-flavor) leptons

HT™ > 40 GeV for same-flavor leptons

0.1 < Xj2 < 1

0.5 < ﬂqﬁ{f = 20

pr.a > 25 GeV (JVF)

excluding 2-jet VBF

pr.2 > 25 GeV (JVF)

excluding 2-jet VBF,
Boosted and 2-jet VH

pPr.r = 100 GeV

excluding Boosted

Myrj > 225 GeV

mijj > 400 GeV

b-tagged jet veto

An;i<2.0

b-tagged jet veto

b-tagged jet veto

Lepton centrality and CJV

30 GeV < mj; < 160 GeV

b-tagged jet veto

0-jet (7 TeV only)

Pre-selection: exactly two leptons with opposite charges

Different-flavor leptons with 30 GeV < mgr < 100 GeV and pr.a1 + prez > 35 GeV

Adbgr > 2.5

b-tagged jet veto

|Pwsl,2|
|(Pyis1.2 + Pmis1.2)|

X2 =

_ =26l =2 miss
Pror =Py + Py +ET |-



Lep-Had Selection Criteria

T TeV

8 TeV

VBF Category

Boosted Category

VBF Category

Boosted Category

B pr v 530 GeV
> ETisS >20 GeV

> Egﬂss >20 GeV
> pr > 100 GeV

B pr i 30 GeV
> ETS >20 GeV

> pr v =30 GeV
> Emiss 520 GeV

= 2> 2 jets B 2> 2 jets PIJ%}IWGEV
e pr/lpr?>40GeV | p0<x) < | o pril > 40, pr 2 >30GeV |20 < x1 < 1

> An;i> 3.0 02 << 1.2 > An;i> 3.0 r02<xm <12
e mjj > 500 GeV > Fails VBF e mj; > 500 GeV > Fails VBF

= centrality req. - & centrality req. -

> 17j1 X772 <0 - > 17j1 X772 <0 -

> pr P8 < 40 GeV - > pr 2% < 30 GeV -

- - > pr’ >26 GeV -

o mt <50 GeV o mt <50 GeV o mt <50 GeV o mt <50 GeV

o A(AR) < 0.8 e A(AR) < 0.8 e A(AR) < 0.8 e A(AR) < 0.8

o > AP <35 e VAP < 1.6 o 3> Ap <28 -

- - e b-tagged jet veto e b-tagged jet veto
1 Jet Category (0 Jet Category I Jet Category 0 Jet Category

= = 1 jet, pr =25 GeV
> EXS >20 GeV
= Fails VBE, Boosted

=0 jets pr =25 GeV
. E?i“ >20 GeV
> Fails Boosted

= = 1 jet, pr =30 GeV
> ETS >20 GeV
= Fails VBE, Boosted

=0 jets pr =30 GeV
> EIT“i“ >20 GeV
= Fails Boosted

o mt <50 GeV
e A(AR) < 0.6
o Y Ap <35

o mt <30 GeV
e A(AR) < 0.5
o Y Ad <35

-pﬁ,—p,}{ﬂ

o mr <50 GeV
e A(AR) < 0.6
o Y Adp <35

o mt <30 GeV
e A(AR) < 0.5
o Y Ap <35

. ;}ﬁ, -pr <0

" 1 2 i
PT Total _ iﬁ% g ﬁ"_l:had-\ls + ﬁ:i[' +;}f% + EF?'I153|

my = \/Zp%E;”i“{l ~ cos Ag)

PTH — |ﬁ{l‘ + ﬁfl'_'had-vis + E"Frrrliml_

Z Ad = e = @ paiss | + |fr = homis | Suppress W+jets background



Had-Had Selection Criteria

Cut

Description

Preselection

No muons or electrons in the event

Exactly 2 medium 1,54 candidates matched with the trigger objects

At least 1 of the Thag candidates identified as tight

Both 11,9 candidates are from the same primary vertex

Leading Thagvis pr > 40 GeV and sub-leading ty,4.vis pr > 25 GeV, || < 2.5

Thad candidates have opposite charge and 1- or 3-tracks

0.8 < AR(11,72) < 2.8

An(r,T) < 1.5

if E%“SS vector is not pointing in between the two taus, min [ﬁqﬁ{E.]l?j“, T1), .ﬁcﬁv(E,‘l'.lis*, 1'2)] < 02x

At least two tagging jets, ji, j2. leading tagging jet with pr > 50 GeV
nj1 X nj2 <0, An;; > 2.6 and invariant mass m;; > 350 GeV

min(n;1.72) < 1.2 < Max(1;i. 1)
ET™ > 20 GeV

Boosted

Fails VBF

At least one tagging jet with pr > 70(50) GeV in the 8(7) TeV dataset

AR(Ty.T2) < 1.9

E%"“‘S > 20 GeV

if E%“SS vector is not pointing in between the two taus, min [ﬁqﬁ{E.]l?j“, T1), .ﬁcﬁv(E,‘l'.lis*, 1'2)] < 0.1,




Arbitrary Units

Arbitrary Units
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Events / 100 GeV
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{c) Invariant mass of the two leading jets
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Z Bkg. uncert.
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(d) n difference of the two leading jets



Events / 20 GeV

Events / 20 GeV
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Lep- Lep distributions
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Lep-Had Events @ 7 TeV

Process Events

Boosted VBF
gg — H (125 GeV) 41+ 0.1 1.0 0.17 £ 0.03 £ 0.06
VBF H (125 GeV) 1.52 +0.03 £ 0.13 0.87 £0.02 +£0.15
VH (125 GeV) 0.86 = 0.04 + 0.08 <0.001
Ziy* - 1] (0.70 + 0.02 + 0.10)x10° 65+ 06 +1.5
Diboson * 84+ 0.7 £0.8 0.12 + 0.06 = 0.03
Zly* — eet 3.7+ 1.3 £ 1.0 08+ 03 1.0
Top * 52+ 2 +9 1.2+ 03 +0.1
W boson + jets (OS-5885) 41+ 7 +8 -
Same sign data 90+ 10 =5 -
Fake-Tpa4.vis backgrounds - 08+ 02 +04
Total background (0.90 £ 0.02 £ 0.10)x10° 95+ 08 =19
Observed data 834 10

Number of events in the Boosted and VBF categories for the ethad and phad channels
combined, for the 7 TeV analysis. The uncertainties are statistical and systematic, in this order.
For the backgrounds marked with a dagger, the values in the Boosted column indicate the
(OS-SS) component.



Lep-Had Events @ 38 TeV

Process Events

Boosted VBF
gg — H (125 GeV) 20.3 + 0.7 £35.1 05+£01+03
VBF H (125 GeV) 53+ 02 0.3 25+02+04
VH (125 GeV) 27+ 02 +0.2 <0.001
Zly* > 1’ (1.78 £ 0.03 = 0.11)x10° 17+ 2 +6
Diboson 122+ 09 +1.0 06+03+04
ny*—:-ff* 18+ 9 +4 1.7+05+12
Top ¥ 111+ 8 +33 20+£07x10
W boson + jets (OS-SS) (0.27 + 0.06 = 0.04)x10° -
Same sign data (0.34 £ 0.02 = {].Ul}xl{]3 -
Fake-Thag.vis backgrounds - 16 +0.7+338
Total background (2.53 £ 0.07 £ 0.13)x10° 29+ 2 +7
Observed data 2602 29

Number of events in the Boosted and VBF categories for the ethad and phad channels
combined, for the 8 TeV analysis. The uncertainties are statistical and systematic, in this order.
For the backgrounds marked with a dagger, the values in the Boosted column indicate the
(OS-SS) component.
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Higgs tautau lephad channel for the 8 TeV analysis
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Had-Had MMC
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Reconstructed mass of the two selected had candidates
preselected regions for 8 TeV collision data.

The selected events in data are shown together with the
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(b) I-jet preselection
in the VBF (a) and Boosted (b)

predicted Higgs boson signal

(mH=125 GeV) stacked above the background contributions.

Ssignal contributions have been scaled by a factor of five.

The hatched band indicates the total background uncertainty.



Had-Had Events

H = ThydThad

7 TeV analysis (4.6 fb™")

8 TeV analysis (13.0 fb™")

VBF category Boosted category VBF category Boosted category
gg = H (125 GeV) 036 £ 006 £ 012 24 +02 z 0.7 1.0 £01 03 82 +£04 =18
VBF H (125 GeV) 112 £ 0.04 £ 0.18 068 £ 003 £ 007 [3.01 £ 009 + 048 198 + 0.07 + 0.30
VH (125 GeV) <0.02 061 £ 0.05 £ 0.06 <(0.05 14 £02 +02
Zly* - rrembedded | 20 +2 <+ 3 392 +9 + 12 50 +4 +£6 1080 £ 20 + 110
W/Z boson+jets 1.5 £07 +04 S 241 14 04 + 04 90 + 20 + 30
Top 10 +02 = 02 30 I3 £ 03 14 + 1.0 2 oE FE )
Diboson 0.10 + 0.07 + 0.02 44 + 06 =+ 07 <(0.01 <0.5
Multijet 102 +09 + 5.0 156 +6 + 30 4 +5 +7 420 + 20 + 60
Total background 325 22 259 S6l =11 + %2 9% +6 +9 1607 + 37 + 130
Observed data 38 535 110 1435

Number of events after the Higgs — hadhad selection in data and predicted number of
background events, for an integrated luminosity of 4.6/fb and 13.0/fb at Vs = 7 TeV and 8

TeV, respectively.

Predictions for the Higgs boson signal (mH = 125 GeV) are also given.

The statistical and systematic uncertainties are quoted, in that order.
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Events / 16 GeV
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Stafistical Analysis

The statistical analysis of the data employs a binned likelihood function constructed as a product
of the likelihood terms for each category.

In each bin of the mass distributions, the likelihood function L(u, 6 ) for the observed number

of events (N) is modelled according to a Poisson distribution based upon the expected signal
and background contributions

The “signal strength” parameter (u) multiplying the expected signal yield in each bin the
parameter of interest in the fit procedure

The value py = 0 (p = 1) corresponds to the absence (presence) of a Higgs boson signal with the
SM production cross-section.

Signal and background predictions (sj and bj) depend on systematic uncertainties that are
parametrized by nuisance parameters, which in turn are constrained using Gaussian functions

The correlations of the systematic uncertainties across categories are taken into account. The
likelihood function is given by

L )= l_[ l_[ Puissun[NjLu =8k bj-) [—[ Gaussian(r|6, 1)
category | bin j d

t represents the auxiliary measurements, such as control regions and dedicated calibration
measurements



Stafistical Analysis

The parametrisation is chosen such that the rates in each channel are log-normally distributed
for a normally distributed 0

The expected signal and background event counts in each bin j are multiplied by

(1 + o, Gaussian(t |9 ,1)) . o,  Gaussian(t_ | 0, 1),

where o, and o,_ are the normalization and shape uncertainties associated to the 6 nuisance
narameter with their nominal values t and t_, respectively

The signal and background yields are adjusted to take into account the auxiliary
measurements, which are obtained from their best fitted values in the observed dataset

This test statistic is used to

compute exclusion limits following the
modified frequentist method known
as CL

The test statistic q, is defined as:

Gy = —2In (L, 8,)/ L. 0)

corresponds to the conditional maximum

likelihood of 8 for a given | refer to the global maximum of the likelihood
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Contours
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are obtained from the unconstrained fits for the Moo and y __ . parameters.
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Di-tau mass reconstruction

Collinear Approximation

Assumption: T collinear visible decay products (P) and
ETmiss (M) can be projected onto the x-y plane:

- 2 equations - 2 unknowns

>V SV
T T+vis 7
T+ _——
T+
v ~ v
----------------- > __________________---->
T hy T-Vis
1 @ o e I
T T t <10~
p= P Pl M:[”], X:[‘“], ‘PX—M_Ol s . ]
Py Dy ety Ty "Physical S0 °° L
. . . —_ . OOO 7o 0(8 J
Visible MET e-fraction *rsolutions i
. . . 0:—0 4 : j
Xi = visible energy fraction of the T parent > s Nt 7
_O%Oo (e
2 2 e o o3 8 -
o0 o
M* = (k; + ky)® where p; = z/k; S e
'10*|....O|..‘Om........|;

o

C.A. gives always a solution but a(M) is not the best -10 -5 0 )




Di-tau mass reconstruction
Missing Mass Calculator - MMC

Algorithm logic: Solve equations for 6 unknowns: Xx,y,z of the 2 V's
momenta

e
%ﬂ.ma_t | 1- prongtdecay -
. iy 45<P.<50 [GeV] -

But only 4 equations available:

-Ex , ymis(pmis, 6, ¢) & M1,2(m1,2, pvis, AOmis- ws)i
'-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-!

Additional information:
3-D angle of visible and invisible T decay products
AB3D(pvis, pmis)

parametrized to build probability functions
P(AB) Probability distribution function

P(T) fitted in ZTtT events

and assign probability to the events

P(event) = P(t1) x P(t1)
Perform scans in the (pmisl, ¢gmis2) parameter space to detect the
maximum of the MTT distribution

Achieves better mTT resolution (bm~12-15 GeV @ mH = 125 GeV)



MMC

Miss . -
E."" = Pmis, SINOmis, COS Pmis, + Pmis, SN Omis, COS Pmis,
E;”SS = Pmis, sin gmiﬁ-l sin ‘f"mim + Pmis; sin gmi:-;z sin ';t’misg
. SR . 2 2
MT[ = mvim +2 \/pvim iz mvim \/pfnim
_2Pvis|Pmi51 COs ﬂLIg'r.u".'u

2
w:-.a 'Jp Vis2 vis: '\/P-Tznisz

Zp\flsgpmlﬁg COs 'ﬁgumg s

Pevent = P(AO, pr1) X P(A0, pry) X PAEY™) x P(AE,"™),

Pevent = P(A0). pr1) X P(Ab, pra), Probability functions accounting for
the MET resolution
2y (ﬁEmiT.ﬁ')z
P(E;, ) = exp 2—2 ,



MMC Resolution (2011)
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Mass  Mean  Sigma
[ GeV] [GeV] [GeV]
115 114+3 14+3
125 123+4 16+3
135 131 +4 18+£3
145 1404 20+3




The Large Hadron Colhder

The most powerful tool for experlmental ngh Energy Phy5|cs

T e S, SR

The Iargest cryogenlc system in the world (1 9K)

Nominal energy - protons

Design luminosity v 1034 cm-2s-1
Collisions per second

Peak stable instantaneous 2.07%x1032 3.65x1033 7.73x1033
luminosity cm-2s-1



The ATLAS Detector

Multi-purpose detector | Cylindrically symmetric
44m Large calorimetric acceptance

4n Hermetic I S

3-D tracking

.............

'..,_Ifl;q ::: | l | \
L AN
\'\ I

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

--------

Toroid magnets
4T field ) » .
Muon chambers Solenoid magnet | Transition radiation tracker

2T axial .
field Semiconductor tracker




Data 2011-12@ vs=7,8 TeV
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Day in 2012



Tau triggers in ATLAS

Events / 0.003

=

Hardware based system

Calo towers of granularity An xA¢ = 0.1 x 0.1

Signatures:
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Tau triggers in ATLAS

Rate [Hz]

Event Filter (EF) g 012
Uses algorithms similartothe &
offline tau reconstruction E
£ 0.08
. . o
Energy welghteq radms REM < 08
Probe energy calibration at
Event Filter and Offline 0.04
reconstruction - similar 0.02
performances
16|""I--'-l""l-"'|""|""|'"'|"" L PR .0 PR
14 :::Eii:t:,zfg RTLAS Trigger Operations
B g biaen
10 — tau115

II|IIIII|III|III|]II|III|III

Inst. Luminosity [10%® cm2 s71)

ATLAS Preliminary

Signal + MG offline
M C o] Signal 1 MC EF

Sign ®  Dijet Data (2011) offline

& Dijet Data (2011) EF
al

1-prong
TS

tv~_| Data
di-jets

REI'l..Il

Rates
Bunch crossing: 40-50 MHz
L1 : 75-100 kHz
L2 : 5 kHz
EF : 200-400 Hz
EF tau : ~20 Hz (L~7e33
cm-2s-1)



Tau ’rrlggers in ATLAS
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High Pile-Up Robustness

2011: triggers showed a degradation of the efficiency with
Increasing pile-up

2012: new selection criteria provide robustness against high
pile-up conditions
* decrease the calorimetric cone size 6R from 0.4 (2011) to 0.2
(2012)
|AZ| < 0.2 mm cut on the tau leading track with respect to
Primary Vertex



Tau Trlggers in ATLAS

.......................................
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Trigger Efficiency and Data/MC Scale Factors

Physics analysis involving tau triggers must know the trigger
performance in data and MC

Z - T 1T —-uthad tag (u)-and-probe(thad) technique applied in data and
MC

* Measure efficiency with respect to offline taus identified by the BDT
algorithm

Extract scale factors and apply them in modeled events



Higgs Production Mechanisms
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Low-mass region: VBF Higgs is the dominant
and most prominent production mechanism



Extended Track Counting

QCD jets: tracks are pT7-correlated and uniformly spread inside the cone

Real hadronic taus: tracks are collimated in a narrow cone dR<0.2 (default
counting)

Perform track counting in a wider cone 0.2 < 6R < 0.6:

— Increase probability to find more tracks associated to misidentified t-jets

Define a new counting metric for outer tracks 0.2 < d6R < 0.6 passing

outer

COrg .
P+ AR{core, outer) > 500 MeVin 0.2 < AR < 0.6
D = max { 1 < 4 T

Pt

500 < pr < 1000 MeV in AR < 0.2

- Threshold D is a tuning parameter to be less sensitive to UE and PU

— SS QCD multi-jets

2-dimensional
track multiplicity
templates

‘Bd.e



Tau |dentiticafion

The discriminating variables used to separate hadronically
decaying fau leptons from jefs, electrons and muons are defined
in ATLAS-CONF-2013-064 Appendix A, page 39


https://cds.cern.ch/record/1562839/files/ATLAS-CONF-2013-064.pdf
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-064/

Tau ldentification

Variable LLH tau ID BDT tau ID e-velo  muon veto
l-prong 3-prong 1l-prong 3-prong l-prong  1-prong

T
_,l'f:'m . . ™ ™ ™
Jl'“'“ ™ ™ ™ ™ ™
track
J'I. track - [ ]
Rirack . . . . .
S lead track . .
is0 - -
NUE:IL
AR max . .
flight
5 = . .
Hlracks . .
fem . -
Jlr HT .
trip
'E'sl'_mu "
leadirk -
HCAL
Jl.-lta.d.l.rk .
ECAL
fes .
+
Jem -
Jr =0 -

Comparison of variables used by the T identification algorithms: projective likelihood

identification (LLH tau ID), boosted decision tree identification (BDT tau ID), boosted decision
tree based electron veto (e-veto) and cut based muon veto (muon veto).
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Signal Efficiency

Inverse background efficiencies as a function of signal efficiency for 1-prong (left) and multiprong
(right) candidates, in low (fop) and high (boftom) pT ranges, for the fwo fau ID methods BDT and LLH.
The signal efficiencies were obtfained using Z = 11, Z'= 177 and W - Tv simulated samples and the
inverse background efficiencies from data multi-jet events.
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