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*

Tau Lepton

Third generation charged lepton
The heaviest observed lepton
Decays via weak interaction

Considerable lifetime
+  cr=87.11 um

Decay vertex: 1- Wy,

W is virtual, decays democratically to quark and
lepton pairs

+  BR(1-leptons)/BR(1- hadrons)~1/2

*

BR(1— Wy, - ev,v,)=17.8 %
-+ BR(T- Wy, - pyv)=17.4 %

+ 0dd number of charged hadrons (charge
conservation)

+ "1-prong” and "3-prong”
- BR(t- 1 charged hadron and =0 neutrals)= 49.2 %
- BR(1- 3 charged hadrons and = 0 neutrals)= 15.2 %
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How does tau lepton Simplified Detector Transverse View

- Muon Spectrometer
look in the detector B

EMCAL
Solenoid
0 TRT
| scr
Pixels

+ Leptonic decays: e/u+2v's

+ Hadronic decays: 1 or 3 1 + 1+v

+ Small mass differences between mother and daughter particles (compared large tau
momentum) => very collimated (narrow) jets

+ Low particle multiplicities (compared to typical jet)
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7 TeV collisions N
N
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~3000 scientists — —
174 institutes 5
38 countries

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters
Pixel detector

Toroid magnets LAr eleciromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor tracker

For more details see talk by A. Henriques
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+ Reconstructed events are ready
for analysis 2 days after recording 1

0.5
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Day in 2011
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| T Data taklng Summary el - ATLAS Online Luminosity \s=7TeV 3
k 2011 = 45 [ Lric peliversd E
s § 3.5 [ ] ATLAS Recorded —
: : : E - — -
Pileup = more than 1 interaction per 3 35 Toul Delivered: 3.37 b ]
. - Total Recorded: 3.18 fb .
bunch crossing _ . 3 250 B
Pileup in given event is random variable S LHE =
. . P . " [@)] - —
following Poisson distribution e 1 5; .
Maximal pileup 21.79 3 1 =
Maximal mean pileup 15.96 0.51 E
. Lo 0:.‘1 .l IR IR R B B
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Calo,
M Inner
Sl Detector
Min. Bias

ATLAS Trigger System

+ Level 1 (L1)
+  Fast electronics (HW trigger)

+  Defines Region of Interest (Rol) for accepted events
+ High Level Trigger (HLT) = Level 2 + Event Filter
+ SW based
+  Level 2 (L2)

* Reads-out the data from Rol (2-6 % of volume)

* Fast algorithms to decide

Regions of Interest {(Rol)

Areas selected by
First Level Trigger

Villa Olmo, 04/10/2011
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.- * Event Filter (EF)

* Full event information

* Algorithms similar to offline
reconstruction

Level-1
Fast Custom
Electronics

t<2.5us

Front End

L1 Accept PipelineS

Requested

Level-2 Data in Rol

500 PCs
<t>=40ms

Builder

Access to
full event

Full Event
_ Buffers

~ 300 MB/s ‘z 200 Hz

Event Filter

1800 PCs
<t> = 45

Storage &
offline
processing
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ATLAS Tau Trigger Implementation

npr-=p»

« Level 1

« Calculates vertical and horizontal sums of trigger towers (0.1x0.1 regions
in n x @) within |n|<2.5

- If core 0.2x0.2 region has energy above threshold (e.g. 6 GeV), event is Sk
accepted and region's center defines Rol { t
t t
- Isolation can be required in the ring around core = Hadronic
il calorimeter
« Level 2
Electromagnetic
«  Searches for a seed in all EM and HAD calorimeter layers (Rol size = . calorimeter
0.6x0.6), L2 candidate is constructed from cells Trigger towers (An x A¢p = 0.1 x (.1)
; ; i | . | Electromagnetic
. Tracks are reconstructed with fast algorithm within RoI, p; > 1.5 GeV Vertical sums ™ H isolation ring

« Narrow jets are selected using calorimeter cluster shape and track isolation

Horizontal sums
« Since 2011 - electronic noise and pile-up suppression applied Local maximum/
Region-of-interest

Hadronic inner core
and isolation ring

« Event Filter

- Tau candidates reconstructed from cells in region 0.8 x 0.8 around direction
of L2 candidate

« Noise and pile-up suppression applied, 3D clusters constructed, hadronic
and tau specific energy calibration applied

3D noise-
suppressed
clusters of cells

»  Tracks are reconstructed within Rol with additional quality criteria, attempt
for secondary vertex reconstruction

. Cut-based selection (parametrized as a function of E;) using calorimeter

and track information for maximal efficiency w.r.t. offline reconstructed
taus
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Normalised events

L2 Tau Identification
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ATLAS Preliminary
Signal = MC
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L2 Track multiplicity

+  Comparison of simulated 1 leptons from W -1v, Z-1t and Z' -1t and di-jet events from data
- EM radius Ry, is calculated from cells forming tau candidate using formula

4]
Z ECE“ : ARce“

11
:%EM — &«
ZECE:II

cell

Normalised events

Pavel Jez

0.12

0.1
0.08
0.06
0.04

0.02

where distance AR is calculated from the centre of L2 Rol and n=2

« Other important L2 variable is scalar p; sum of the tracks in cone of R=0.1 over the scalar p; sum of the tracks j

annulus of 0.1<R<0.3

Villa Olmo, 04/10/2011
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ATLAS Preliminary
VA Signal T MC

# Dijet Data (2011)
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Comparison of simulated 1 leptons from W -1v, Z- 11 and Z' -1t and di-jet events from data
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Track radius
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Additional EF Tau Variables
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+  Comparison of simulated t leptons from W - 1v, Z-11 and Z'-tt and di-jet events from
data

- Ratio of the leading track transverse momentum to the transverse tau energy f,_.,

+  Comparison with offline variable is included as well

+ Other variables used for trigger decision include the track multiplicity and EM radius
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P~ L — T T E T E
" A = 1__ I RS B as 52 S R =
;“ A Tau Trigger o - - ettty
N L performance £ . - T ]
S E I i
. EfflClency -E 0 6_ ATLAS Simulation .
fraction of offline tau candidates identified with E| ' i - Z— 1T i
tight offline selection that passes L1, L2 and EF & i i
of the tau29_medium trigger E 0.4 . L1 —
- Plotted as a function of offline candidate E; i ¢ L2 i
0.2l A EF .
« E;Cutsare 11/23/29 GeV at L1/L2/EF - - . .
*  "medium” is moderate requirement on shower 0__._._.#_.4. R R R R |
shape 0 20 40 60 80 700
. Based on Z -1 simulation Calibrated E; of offline tau candidate [GeV]
— 50
*  Plateau at ~ 90% s | |
- Background rejection for different triggers = 4of ATLAS Preliminary
£ 350 Data2011,Ns =7 TeV
* Inverse background efficiency 2 30
= L2 L2+EF
* rejection==N means that 1 out of N events 8 25

passing L1 in data passes also L2 (red) or full 20
HLT selection (black)

15
- Rejection is increasing with E; threshold and 10
tighter cuts on shower shape 5

Villa Olmo, 04/10/2011 0 tau16_loose tau20 medium1 tau29 loose tau29 medium1tau100_medium
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—_ 106 ;I T T T | T T T | T T T T | T 1T | T T 1T | T T T | T T T I;
N E =
L | ATLAS Preliminary a
§ 1055— Data 2011, Vs =7 TeV o <
= W -
© - S _
o I ﬁ:‘t JUNUURSR . e et -
o 4 = =
+ L1 rates before prescale: o 10 =T e e —~L1_TAU6 E
- Total L1 output rate is limited to 75 kHz 8 B —~L1_TAUS 0
L el ——L1_TAU11 __
*  Lower threshold chains are prescaled f 10 - L1_TAU50 E
- - .
»  Current instantaneous luminosity ~3x10% cm’s”, 2| ]
+  Current lowest unprescaled is L1_TAU50 ; ;
L1 1 1 | [ I | I 1 1 1 | I I | L1 1 1 | I | L1 1 1
+ Scale linearly with luminosity (note log scale) 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

_ ] Instantaneous luminosity [10 33;‘cm2!s]
* EF rates of primary items

]

« Items for inst. luminosity up to 1x10* cm’s®
ATLAS Preliminary

— 8 =
L F :
- 2 "5 Dat2011N5=7 TeV E
« All items were unprescaled (currently are © ata NS =11€ =
disabled) S_ 65_ ———— EF_tau100_medium _E
. . a — ——— EF_tau16_loose_mu15 -
* Combined items have smaller rate than 2 S | . =
. Ie tau Item 0 = EF_tau29_medium_xe35_noMu ...h;*-““'“"'-l' -
sing 4:_ ——— EF_2tau29_medium1 e . =
. C O 1 -
*  Current lowest unprescaled is 3 e —
EF_taul25_medium1 (3 times higher inst. 25 I =
luminosity) E T T -
1__-':#—"“—‘# M‘“""" o i
E _._W E

C 1 1 1 | | 11 | | | | | | | | | - | | 1 1 1 1 | 1 | | | | | | | -
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'/ }.‘ 1_I T TT | T T TT | T T TT | TTTT | T T TT I T TTT | T T TT I T TTT | T TTT I T T T 1]
’ A o = =
;"V/ A Tau trigger efficiency in s 3
\ L data: Z-1r1 € gE L =
'. /\ A w = T —]
L. S 075 =
Efficiency is measured from Z - 11 events using 0.6F —— Data 2011 =
tag-and-probe method 05F —— Z—11t (MC) =
= Y -
«  One of the taus decays leptonically and 0'45_ ATLAS Preliminary E
fires trigger (e or p)=> that event is 03¢ J5=7 TeV, Idt L=475pb" 3
tagged (and recorded of course) 0.2 _+_ =
_ _ 0 15_ EF_tau20_medium1 E
* Trying to find and reconstruct second tau E =
i H H 1fi H i i ST AT A T U T T NN A A BN A A B 0 O A OB A
(mec_llum offline identification criteria 00 16020504050 6070 8090 100
required)
p, [GeV]
*  Check consistency with Z decay (same as
in Z—)TT Cross section measurement: a 1:I T 1T TTTT T TTT TTTT T TTT TTTT T TTT TTTT T TTT T 1T I:
CERN-PH-EP-2011-097) S 09E =
© - -
* Probe whether the second tau passed o 08 + 3
trigger of interest 07E =
»  Nice agreement between data and MC 061 —— Data 2011 E
expectation 0.5F —— Z—>11 (MC) =
0.4 ATLAS Preliminary —;
03F \§=7 TeV, [dt L = 475 pb” E
0.2 =
0 15 EF tau29 medium1 E
. :_ F'y ]
RN EEEEI T FE T R RS SN NN Rl RN R =
Villa Olmo, 04/10/2011 00 10 20 30 40 50 60 70 80 90 100
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)4 Tau trigger efficiency in
¥ L data: di-jets

« Efficiency is measured also from dijet events using
tag-and-probe method as well

* One of the jets fires single jet trigger (50/75 GeV
threshold for taul6_loose/tau50_loose efficiency
measurement)=> that event is tagged

» Trying to find second jet (probe)

- Back-to-back
- Balanced in p; (within 50% of the leading jet py)

* Match second jet to offline tau passing tight
identification criteria

 Probe whether the second tau passed trigger of interest
* Nice agreement between data and MC expectation

* Signal MCis H(120 GeV) - 11

« Other method for efficiency measurement is so-called
bootstrap method

« Calculating efficiency w.r.t. trigger whose efficiency is
already known, e.g. how many events passing tau29
pass also tau50

» Total efficiency=¢(tau50|tau29)*e(tau29)

Villa Olmo, 04/10/2011
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Tau trigger menu

« The list of tau triggers running online is called tau trigger menu and consists of

« Primary physics triggers (single or double tau triggers, tau trigger combined with other signatures)

* Monitoring triggers (very loose selection but also heavily prescaled; running with small rate during all runs to
monitor the verify the performance of the detector components needed for tau trigger)

+ There are several menus for different data taking scenarios that include

« proton-proton collisions (“physics menu”)

- Several of them to match instantaneous luminosity evolution

* No beam in the machine=> recording of cosmic muons (“cosmics menu”)

«  Waiting for stable beam ("standby menu”)

Type Motivation Examples from menu for luminosity 3-5x10°* cm2s™
single W'Stv taul25_medium1l

double H/Z' -1t tau29T_medium1_tau20T_mediuml

combined H/H* tt, W,Z tau20T_medium_e15vh_medium

tau20_medium_mul5
tau29T_medium_xs75_loose_noMu

monitoring HLT monitoring tauNoCut

Villa Olmo, 04/10/2011
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List of published ATLAS
analyses using tau trigger

‘ V\.I_)T(\;bservation ATLAS-CONF-2010-097
Cross-section measurement CERN-PH-EP-2011-122

+ Charged Higgs boson search
«  Background estimation ATLAS-CONF-2011-051
* Search in 1.03 fb" ATLAS-CONF-2011-138

+ Neutral Higgs boson search

* Search for MSSM H - 11 using all T decay ATLAS-CONF-2011-132
modes in 1.06 fb!

+ Many more not yet published results

Villa Olmo, 04/10/2011
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N L Conclusion & outlook

£, A
S

+ ATLAS tau trigger focuses on efficient collection of physics processes involving tau lepton by
recording its hadronic decays

+ Tau trigger is essential in the various SM measurements, searches for Higgs boson and new
physics

+ The trigger has been operational since the LHC start, actively selecting events throughout
the whole 2011 and most of 2010

+  Performance is well described by the simulation
+ Efficiency has been successfully measured from data

+ Tau trigger coped with the increasing instantaneous luminosity and now is using quite tight
selections in order to keep momentum thresholds low

+  The most advanced offline tau identifications algorithms, like Boosted Decision Trees based
ID deployed in 2011, are planned to replace simple cut-based ID used in tau trigger in
future

+ Varied tau trigger menu is in place: most analysis with taus are now using the combined
triggers because single ones have too high thresholds

+ Full list of tau trigger public results is available at
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TauTriggerPublicResults

Villa Olmo, 04/10/2011
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Back Up material
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Normalised events

| A
; Additional L2 Tau Variables
S

T m : :
0.1 ATLAS Preliminary - § 0.06F- ATLAS Preliminary E
L + VA Signal © MC | g ) E +.+ Signal © MC E
0.08 B 7 te ¢ DietData(2011) | % 0.05 :— + +++ ® Dijet Data (2011) _:
[ i = -+ + =
0.06 — / — 5 0.04F .
: %/ * : - 0.03 : +++ ]
0.04 ’ Y . E .
L ¥ + i - .
L Z + . 0.02 T ]
0.02~ l 0.01 -

0 L ! / / / / %4 '””” L s ey 0

0 10 20 60 70 80 0 10 20 30 40 50

L2 E; [GeV] L2Xp_[GeV]

Comparison of simulated 1 leptons from W -1v, Z-11 and Z' -1t and di-jet events from
data

Transverse energy is calculated from tau candidate cells in cone of radius 0.4 around L2
direction

Scalar sum of track transverse momentum is calculated in core, i.e. In a cone of radius
0.1 around L2 tau direction :
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REM

REM

t events from

Comparison of simulated t leptons from W -1v, Z-11 and Z'-tt and di-je

data
Comparison with offline variable is included as well

Calculated from the same formula as L2, only n=1
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Rcal

t events from

Comparison of simulated t leptons from W -1v, Z-11 and Z'-tt and di-je

data

IS running over

lculated in the same way as R, only the sum

all cells (i.e. EM+hadronic) rather than only over EM cells

Comparison with offline variable is included as well

« IS Ca

Calorimeter radius R

*
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Additional EF Tau Variables

@ (g T T I T T
S - ATLAS Preliminary =
o 08 [ swa cvcomee
8 o07f E
Dol
2 055 =
0.4 =
0.3 =
0.2 =
0.1F- ='==.==.= =
=X A e =2 ==

o
—_

5 6 7 8 9
Track multiplicity

+  Comparison of simulated t leptons from W - 1v, Z-11 and Z'-tt and di-jet events from
data

+  Number of reconstructed tracks associated with the tau candidate

+  Comparison with offline variable is included as well
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= 1
==
A = . . :
T B q q § - ATLAS . periodA-C L=146nb"
N\ | _ o .
‘ A le-up dependence T 10 . period| L=748ub’
L. S N E
;—g -
+  The dependence of the tau trigger 5 102k
variables had been checked in data = E T s,

+  Data with low pile-up ("period A-C”, less % - éd'
than one interaction per bunch crossing) 2 ook s i
were compared with data containing pile-up % ;5 =
("period I”, more than 2 interactions per O u- ]
bunch crossing) < ? .

10—4:|||||||||||||||||||||||||||||||||||||||||||||||E

+  Distributibutions of all variables were quite 0O 01 02 03 04 05 06 07 08 09 1

stable, track-based variables are more stable .iso - core
. . L2Ep”/Ep
than calorimeter based variables T T

= L O L A DAL B AL =
*  The calorimeter shapes become wider: the g 009 e period A-C L= 14.6nb" 3
distribution of the radius in EM calorimeter is o 0.08 e 7 ) -
shifted to higher values, but width of % 0.07 7 . periodl L=748ub’ 3
distribution is unchanged N - - =
T 0.06 = 3
+  The cuts were adjusted for pile-up 5 0.05 . - ATLAS =
. - . -
environment to keep rates down and 2 004 o - E
efficiency high 7 B - -
y g S 0.03F -° - =
e E -
& 0.02F - o =
o - o -
Z 0.01 2 =
O 3| P T I T T N |%‘- bk ok ek ekl ol
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Tau objects are
composed from small
number (1-3) of
tracks, often forming
secondary vertex
Pion tracks can be
destinguished from
electron tracks via
transition radiation in
TRT

Tracks are matched to
energy clusters in
calorimeter
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Tile barrel Tile extended barrel

LAr hadronic
end-cap (HEQC)

LAr electromagnetic //
end-cap (EMEC) Sl

LAr electromagnetic

barrel
LAr forward (FCal)
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Large Hadron Collider
Overall view of the LHC experiments.

+ 27 km in circumference |

+ Colliding protons at
3.5+3.5 TeV

« 10" protons per bunch

+ 1300 bunches per beam

+ Design instantaneous
luminosity: 1x10* cm’s®|

+ Peak stable luminosity:
3.31x10% cm’s?

-
T
-
-

*+ 4 big experiments
+ 2 general purpose

+  ATLAS, CMS

+ 2 specialized

+ ALICE, LHCb
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A
£ L Trigger chain and trigger decision Rol

+ Level 1

The candidate fires 2 thresholds L1 TAUS8 L1 TAU11 L1 TAUS50
Lowest thresholds are prescaled (high rate), passed passed failed
so event can still be rejected unless some

higher threshold fires as well (not included in
the schema)

Each threshold seeds one or more HLT chains L2_tau20 L2_tau29
e L | 2
eve Calo select Calo select
Several decision algorithms are executed passed failed
(using L2 tau candidate properties)
« If all algorithms for given signature are Track select Track select
passed, event is sent to EF passed passed
If signature not confirmed, chain is *
deactivated and not executed at EF passed failed
* Event filter
* Several decision algorithms are executed EF_tau20
(using EF tau candidate properties) Event
If all algorithms for given item are passed, Cut based ID o accepted!
event is accepted and written on disk passed P .
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A s
T % 104 | —e— Data 2010 \Ns =7 TeV) _|
k Data-MC comparison g g —— Minimum Bias MG .
Y 5 [ 1
S § \ ATLAS Preliminary
* Early 2010 collision data compared to > 10 3
minimum bias simulation 5 - jL=4nb'1 .
- - il
- - -Q
- Variables well described over several orders E 10°¢ E
of magnitude without the need of tuning < - 4
I e
o i iti i I N N N BRI ENRUVIN ERTET SRR
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© - 7] — C m
% 6000 jL=4nb'1 . é o . |
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