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Motivation
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¢ At ATLAS we expect a o
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states involving taus
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T are perhaps the only way to
access the chiral structure of
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Motivation

¢ Since this is the TeV4LHC workshop, the questions are:

¢ What can ATLAS learn from DO about tau reconstruction and
identification ?

¢ How can we transfer this knowledge to ATLAS ?

¢ The steps we would like to follow are:
¢ compare the DO algorithm to what we use at ATLAS
¢ look for input on how we can improve our algorithm

¢ many ATLAS Analysis rely on the understanding of T identification

¢ will we reach the performance we see on the MC at the moment ?
¢ — learn from the DO comparison between MC and data

¢ check if the description of MC-Generators of the low multiplicity jets is
correct with DO data

¢ getinput on how to measure the performance using data
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Tau Identificaton
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How can one identify T-leptons ?
most important decay modes

@ Leptonical decay modes
@ THov_+ v _+ € (17.4%)
@ TV, + v, + U (17.8%)

@ Hadronical decay modes

@ 1 prong
¢ TovV_+ 1° (11.0%)
¢ ToV_+ T+ x 1 (36.2%)
@ 3 prong
¢ THv_+3°° + x 1’ (15.2%)

— 1S are colimated
calorimeter objects with one
or three associated tracks

TAU

1 track

only difference

from prompt leptons:
impact parameter

1 track, impact parameter
shower shape, energy sharing
find the photon cluster

3 track, impact parameters,
secondary vertex

TauID
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ATLAS Calorimeter and ID

¢ The T identification makes use of tracks and calorimeter objects

¢ Atlas has a presampler (0.025x0.1), n-strip-layer (0.003x0.1), middle (0.025x0.025) , back layer
(0.05x0.025) and three hadronical layers with 0.1x0.1 and 0.2x0.1

¢ The ID has three pixel layers, four stereo microstrip layers and a straw tube tracker
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DO Calorimeter and ID

¢ DO has a an EM with four layers of 0.1x0.1, 0.1x0.1, 0.05x0.05, 0.1x0.1 and four hadronical layers
0.1x0.1

¢ The ID consists of a silicon tracker with four stereo layers and eight stereo layers for the fiber
tracker

¢ the ID of DO covers |n| <3.0!
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Strategy for TeV4LHC (1)

¢ The goal is to understand what difference we can expect from the
results in MC to performance with real data

@ We think we can establish a chain of understanding
@ ATLAS Algorithm on ATLAS MC — DO Algorithm on ATLAS MC
— DO Algorithm on DO MC — DO Algorithm on DO data

¢ Steps on the way to establish the chain

@ select signal sample in DO data
@ select background sample in DO data

@ study preselection (called reconstruction step in ATLAS)
@ study TaulD in DO with few key variables
@ study full TaulD in DO using the ANN

If all steps show agreement between data and
MC what does that mean for ATLAS ?
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Strategy for TeV4LHC (2)

¢ if all steps show agreement between data and MC what does
that mean for ATLAS ?

¢ steps to show that results are transferable to ATLAS

* implemented all variables DO uses at ATLAS

@ produce a comparable sample for signal and background
@ compare few key input variables

@ establish a TaulD using these few DO input variables

@ establish a TaulD using the counterpart ATLAS variables
@ show that both TaulD select similar areas in phasespace

@ show that these variables take into account the gross
performance
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Strategy for TeV4LHC (3)

¢ Of course because of differences in the detector design the
“translation” of variables is not uniquely defined

¢ our convention:
* DO EM3 (finely granulated layer in the EM) — ATLAS EM2
o DO EM1, EM2 — ATLAS n-strip layer

@ tower granularity in both cases 0.1x0.1

¢ energy thresholds have been adjusted to match different cell
sizes, noise levels and so on ...

TauID TeV4LHC 20.10.2005 M.Heldmann I.Torchiani Y 9 @




W=u v selection in DO data

¢ DO: signal sample is Z=T T, background is
W=puv

@ for the background only 100pb-' used up to now,

x4 available
@ W=u v is used because

@ it is a relevant background for many studies

@ it allows to obtain unbiased jets (using a
single p trigger) down to rather low p;

@ preselection
@ p(u)>25GeV, |eta(u)] < 1.5
@ p;(jet) > 15 GeV, |eta(jet)] < 1.5
o MET > 20 GeV, m; > 30 GeV

@ m(u, track) < 60 GeV
@ Ap(MET, jet)>0.4

@ ATLAS: signal sample is Z=t T, background is W=pu v

> C
& E DO Run Il Preliminary  L=326 pb’
© 950
.g 40:_ « Data
4 = Bz
- 30:_ Background
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o + ]
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> 100t b
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§ - H
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- o +
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@ same preselection, sample was produced specifically for TeV4LHC, using PYTHIA inclusive W like
DO (filtered in MC truth level for ATLAS to reduce CPU-time)
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W=pu v jets
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: 120~ —— Data
PrCSCIZCTIOn ~ - Work in Progress W - pv + Jet
2100 QcD
. S -
¢ Preselection means the step from > soF +
jet = t-candidate - +
60
¢ DO and ATLAS use both a seperate |+ +
cluster-finder for the s 40— ++
¢ at least 1 track is required 20/ to be
_ o understood _+__+__+_
¢ question 1: are low multiplicity jets 00 2 4 6 8 10 '1;’—
well described in the MC ? Track Multiplicity
@ question 1a: is the 0-3-track fraction  Dam
correctly described in the MC ? - -
S | Work in Progress W pv+ Jet
@ question 1b: is the charged track @ 102L QCD
multiplicity correctly described ? - -
> -
¢ selecting only clusters with > 0 track gives L tot
the biggest contribution to the preselection 10 +-|—

efficiency

¢ low multiplicity region is not perfectly H
modellled = correction factors in DO tau 1 H_{_H J[

analyses

0 05 1 15 2 25 3 35 4
Scalar Sum p,(Tracks) / p;(jet)
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Preselection

NTrack
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Track Multiplicity

¢ low multiplicity jets show some discrepancies between data and MC

¢ in some bins the difference amounts to a factor of 2

¢ overall uncertainty should be lower that x2

¢ = to be investigated in more detail

¢ ATLAS spectra show higher 1 track fraction than DO

¢ = to be investigated in more detail

¢ conclusion: there are differences but the enviroment seems comparable

TauID
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Input variables for a "SlimID"

¢ Strategy is to build a TaulD ("SlimID") based on three main D0
input variables

¢ Profile = (E,(Tower1) + E.(Tower2))/E.(0.5), Towers defined on An x
Ap=0.1x0.1 granularity

¢ Isolation=( E(0.5)+ E,(0.3))/E(0.3)
¢ Tracklsolation = p (7 tracks) / p,(all tracks)

o t-Tracks are defined in the following way
¢ only tracks with AR < 0.5, p;> 1.5 GeV are considered, and sorted in p;

¢ the first track is always a T track, the second/third tracks are t tracks if
their invariant mass together < 1.1 /1.7 GeV

¢ all DO variables were implemented in ATLAS (not only the once shown here =
see last TeV4LHC talk)
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Comparison of input variables
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¢ D0 shows nice agreement for the input variables

¢ Tracklsolation shows biggest difference = comes from the tecnical drawback that at
ATLAS there are only tracks > 1 GeV readily available

¢ variables certainly seem comparable = we don't probe a very different phase space
region in DO and ATLAS of the jet shape
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DO SIimID and FullID

also in DO a scan in Profile, Isolation and Tracklsolation was performed

both this simple cut
and the cut on the NN

show nice agreement —— Data
between DATA and -g 10? _ Wonv
MC o Work in Progress Z - lep+lep
—ANN plot shows W 403 QCD

that also the full ID —Z 51T

performance is well

described in the MC 10°
even in the very tau

like region of e.g

ANN > 0.9 10

'
i
i
/

i

now again: how does
tthis transfer to 1
ATLAS ? Do we

really get the gross

UL BRERLLL BRLRRLL IR RLL B
f

. 10
stiedt looking oply at 02 0 02 04 06 08 1

three variables ?
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SIimID

¢ |dea: implement a comparable "TaulD" based on only three basic DO variables:
Prf, Iso, Trklso

TauID TeV4LHC 20.10.2005 M.Heldmann I.Torchiani &

18



SIimID

As expected both DO and ATLAS variables show lower performance for lower p;

As expected ATLAS variables show a little bit better performance than DO variables (mainly
because Prf does not make use of the fine granularity calo)

but performances in both cases are reasonably comparable

— another check passed that DO results are transferable to ATLAS

one caveat: a test showed that for signal both sets of variables selected 86% same
candidates, and for fakes upto ~50% (varying with choosen efficiency)

numbers for
the full tau ID 300 300
show that it 3 : : : . i R : . . . . a
improves upon 20f—- e --------------- --------------- --------------- 250?: ............. .............. ............... ...............
the simple E NP
0 200.._ ............ ..... ............... 200;_ _____________ , _______________ , ,,,,,,,,,,,,,,, .,, _______________ ..
cuts by ~50% 3 : ] g g
150 - : : LET YT 150{.'_ ............. S S, N |
—~we are E g g 1 5 5 5 5
Ioosmg. 100k J— SO S JRB S—— 100‘;:_ ............. ............... ............. ...............
something E i~
here’ but a big 50.. ; ; ; ...... E.a; ............... 50;—.-_ ............. 5 ............... i..% ............... i.. % ............... i.
chunk is taken R T T e : ; ’ ’ ’ ’ '

|nto account l::'IZJ..'?!I - 0.3 0.4 O 5 0.6 ID.7I IE ID:8 DD.TZI - ID.SI -
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Summary

¢ DO shows that the preselection performance (so the track multiplicity inside
clusters) showed some but small descrepancy between MC and DATA

¢ it was also shown that the NN performance was correctly described
showing no descrepancy within the statistical error between MC and DATA

¢ through implementing the DO variables at ATLAS a comparison shows that
results from DO are applicable to ATLAS

¢ not to 100% but to a big part

¢ it also shows that the gross effect can be understood studying the 3 main
variables (Prf, Iso, Trkiso)

¢ shown results are preliminary and have to be rechecked

¢ if everything holds, prediction for the potential of ATLAS involving tau final
states should not suffer from a systematic uncertainty of > 100 % (with

some safety margin) per T

¢ this conclusion can only be drawn for the low (for ATLAS) p; zone covered
here
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TauID at ATLAS

&

Half a year ago a T group has formed for ATLAS = there is very much work in progress

| will show only the “standard” way at the moment because we are more interested on DO side
anyway but there exist other algorithms as well

Our t-reconstruction package tauRec starts from clusters found by a sliding window algorithm

We use the following quantities to discriminate Ts against jets

&

&

R..,= Radius of the cluster in the em-calorimeter AR=0.4

AE;"? = Fraction of the transverse Energy between AR=0.2 and AR=0.1
around the center of the cluster

N, = Number of Tracks within 0.3, p:>2GeV
N, / Ngix= Number of Hits in EM calo/n-Strip, E;>200MeV

strip™
E+ vigtn ey = Width in the n-Strip

E; o/Er, Charge, E; .o/ Apy,

T,em tracks)

Lifetime Signed Impact Parameter

for 3 prong decays: secondary vertex

TauID
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TauID at ATLAS

| Emradius Isofrac

— - ’ES,O<pT<44
—m— TS, 134<p_|_<334

S — QCD jets, 0 < pT < 44

— QCD jets, 134 < pT < 334

| Ntrack | |

E oy
06 ] ™
u L

| Signed Impact Parameter Significance | |

o.osE
-
0.0 - 0.1
E m
o.07F-
E 0.08
0.06E
0.05 0.06
0.04
0.03 0.04

0.02
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TauID at ATLAS

¢ Impactparametersignificance A /o, : only 2d information, no reconstructed
primary vertex (soon to come)

@ S|gn iS defnied as \ signed impactparameter for t- and qcd-jets Entrgts:d-jetimm
. . o Mean 121.5
Slgn(SIH(cptrack B (pcluster)) % 10° s o
E Overflow 1082
B tau jelts
1 02 - Entries 24967
E./p; of the first Track . EC R
[Te) - - Underflow 188
- L — Overflow 680
= "l mw|
p - =
T 30000 J} \ } |\H‘ ‘ \H i
: . ||M 1»\ \ ‘
25000 T-jets 1 M’
20000 qed-jets U oz a4 e BsIPI 0
15000f— — 15 <p; <40
O — = 115 <p,; <140 ¢ E./p,: Ratio of total to charged
10000 I T 415 <p; <440
- —FT= transverse Energy of the Jet
5000 | B T
o e o e | e Shows E, dependance for QCD-
o 2 4 6 8 10 12 14 16 18 Jets but none for r-Jets
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TauID at ATLAS

¢ All variables are then combined into a [_Lih,, T jets, QCDjets, 29 < p; <43 | LIhAOsigTau

LikelihoodRatio z = ; 5 Entries 23757
Mean 0.3497

RMS 0.8461

—T
o

¢ preselection cut before the Llh: 1=N<3 : :
LIhAOsigQCD

Entries 48142 :
Mean -0.3159 |l ). _____
RMS  0.7168 :

¢ 3 discreet variables, N,,N,,Charge, Llh directly
from histograms

. . 102 L vsm— :
¢ 4 continous variables, Rem, AE?, ET,Width’Strip, AOQ/o, i

fitted with arbitrary functions (normaly e g e

gaus*polynom ) I R AN N -

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

¢ 10 p; bins from 15 to 600 GeV, for Noise and h ' 1 lhyg s

NoNoise [ Llh, 7 jets, QCD jets, all p; | LihTau

Entries 318154

Entries 60519
r Mean -1.308
RMS 0.9814

Mean 5.558

| lIh,, , T, QCD jets , 29<p;<43 GeV LG S T T T e e R e o

3000 fo 17, SN U N — -

RMS 5.367
10 -

LIhRemTau

= ies E335 2500 R A R — S e o —

Mean 2.549 g L Ih QC D

102

RMS  2.697 2000 oo - T -
: : ; : : Entries 177217

- 1500 e . - s e s s A Mean  -a.185

RMS

103
2.894

1000 T WA, — .- -

10"

T IIIII|T| T TTTTI T IIIIIII| T IIIIIII| I

500 ocenn. ................. .................... .................... 1 —— ...........

10° - — P S B e 10 5 0 5 10 15 20
ITh

N

rem

TauID TeV4LHC 20.10.2005 M.Heldmann I.Torchiani ) 25




TauID at DO

¢ DO makes use of similar variables but all are defined in a slightly different way
¢ DO defines a T — Type as follows

@ Type 1 : 1-prong — no em subcluster (t — ™ + v)
@ Type 2 : 1-prong — with em subcluster (t — ™ + v + x %)

@ Type 3 : 3-prongs (more than one T track)

¢ The em subcluster is found by the following algorithm

¢ Find the leading cells in the em layer with finest granularity
¢ collect all neighbour cells
¢ around the leading neighbour cell, in turn collect all its neighbour cells

¢ collect all em cells (from other layers) which have an overlap with any of the so far collected cells

¢ if their energy > 800 MeV they are called the em subcluster

¢ t-Tracks are defined in the following way

@ only tracks with AR < 0.5, p; > 1.5 GeV are considered, and sorted in p-

@ the first track is always a T track, the second/third tracks are t tracks if their invariant mass together <
1.1/1.7 GeV

26
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TauID at DO

all variables act within a cone of 0.5 around the calo center

¢ definition variablename( x ) means variable calculated using objects within dR < x around
the calo center

Profile = (E(Tower1) + E(Tower2))/E;(0.5), Towers defined on An x Ap=0.1x0.1
granularity

Isolation = ( E;(0.5) + E(0.3) ) / E(0.3)
M(Track1, em subcluster)

P+, / E; = p; of the leading tracks divided by the calorimeter energy

EM12Frac = ( E.(EM1) + E.(EM2) ) / E;, where ET(EM1) means trans.energy in the
first em layer

trkiso = p,(t tracks) / p;(all tracks)
ele2/E; = sqrt( sum( T tracks p; ) * E.(EM) ) / E-(0.3)
em3iso = E(em subcluster) / E-(EM3)

ntr1030 = number of tracks within 10° — 30° around the calo center

TauID
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Plans

¢ this project has just begun

ttbar, quarkjets(blue), gluonjets(green), bjets(red) _hg
Entries 10
¢ alot of details have stilltobe § ®r T|Mean  67.82
understood and differences & ;-
made as small as possible § - =
(algorithm and samples) L e e e e
¢ of course we need to finish 5—
the implementation of all -
variables N
¢ the identification of tau types = it ‘
does not work at ATLAS — = e
need to do something A ‘ ___
reasonably similar T—
Tttt T T L L L b
¢ the samples have to be 0 20 40 60 80 100 120 140 160 180 200 N

choosen carefully and enough
statistics has to be available

@ at ATLAS we see that the rejection varies very much with the type of jet you are rejecting

TauID TeV4LHC 20.10.2005 M.Heldmann I.Torchiani
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Plans

* — the samples we use for comparisons (also for the backgrounds)
should be as similar as possible

» they should match in p., n, and jettype

¢ — will probably use W+jet in the future for jets, stickingtoZ - v
for ts

¢ the preselection of DO data should be imitated selecting the
samples for ATLAS

¢ the p, and n distribution of taus and jets should be as similar as
possible

¢ the influence of the reconstruction has to be understood (perhaps
normalizing to jets, but also the jets may show differences)

¢ — make a nice comparison between DO MC, DO data and
ATLAS MC
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TeV for LHC(3)

TauID TeV4LHC 20.10.2005

M.Heldmann I.Torchiani

Q

30



Comparison ele2/ET(0.3)

¢ e1e2/ET is a measure of the difference in energy compared to the em calorimeter

¢ el1e2/ETshows
weaker

discrimination
for both

¢ distributions
due not match
perfectly,
ATLAS show
cases with very
few EM energy

¢ the
performance
show different
dependency on
the efficiency

¢ but overall
trend seems
ok

[ hele2divpt_04_00 |

hete2divpt_04_00
Enfries 1379
Mean 0.4656

0.2
0.18 DO
0.16
0.14
0.12

0.08

RMS 0.2775

T-jets
qcd-jets
DO DATA

0.8

0.6

Inefficiency jets

0.4

0.2

IIIIIIIIIIIIIIIIIIITI
[ ]

1) P B B

0 0.2 0.4

0.6

0.8

1

' Efficiency taus

tau_dDele2/tau_dOet05 {(abs(tau_jettype)==15)&&(tau_decmode>2)} |

Mean

0.18

0.16

0.14

RMS

e1620tau_dOetds

hs_18_tau_doe1
E ntries EUUU

0.618
0.2975

ATLAS

AN Y
0.8 .-l#

Ll..0_2..

Y

0.6
Efficiency taus

TauID

TeV4LHC 20.10.2005

M.Heldmann

I.Torchiani

EN

31



Comparison pT(Tr1)/ET(0.5)

¢ pT of the leading tracks devided by the total calorimeter energy

[ hett1divetiso_04_00 | hetttdivetiso 04 00 ‘tau_ptTrack1/tau_d0et05 {(@bs(tau_jettype)!=15)&&(tau_ntrack~0)} hSTTan piTrackTotu a0e

[Enfries 1379 | [Entries . 677
— Mean 0.7023 0.14 Mean 0.3394
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0'165_ 0.12
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Comparison EM12TsoF

¢ energy in the first two em layers devided by the total calorimeter energy

hem1i2isof 04 _00 [hemT12isof_04_00 | tau_stripET/tau_ET {(abs(tau_jettype)!=15)&&(tau_ntrack>0)} - ru:s_bJ
“ for ATLAS I | ~ l Mr;;:\es 0.1943 Mean  0.1908
used onIy the 014 RMS _ 0.161 0.07 RMS  0.08317
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haS ~43XO —> 0.08 ot 0.04
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¢ the reSUIting 05— I B B B S ¥ XX % ¥
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quite different @ '+ PE.
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5} - . "'60.5 .
shows a < r * . Soa . .
. 04— 4
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: .'... 0.1
% ' o.|2 o.|4 o.le ' o.ls — \1 ' o o5 5y
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Comparison Profile

“

sorry, don't have the profile for ATLAS yet, the equivalent quantity is EMRadius

Fb_57

| hprofile_04_00 | m |tau_EMRadius {(abs(tau_jettype)!=1 5)}| e
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v fOf' bOth 0-07:— 5,(',?,,33" g:?ggz 012: RMS  0.04289
ATLAS and DO 0.06F F
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