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TTBAR PROCESS WITH TAU LEPTONS: ICS
MOTIVATIONS

ttbar decaying modes/branching ratios

category decay mode | branching ratio (BR)
tt — evbevb | 1/81
tt — pvbuvb | 1/81 4/81 (5%)
tt — evbuvb | 2/81
dileptonic -
tt — evbrvb | 2/81
tt — pvbrvb | 2/81 5/81 (6%)
tt — Tvbrvb | 1/81
tt — qgbevb | 12/81
B 24 /81 (30%)
1 lepton + jets | tt — qgbuvb | 12/81
tt — qgbrvb | 12/81 | 12/81 (15%)
full hadronic tt — qgbqgb | 36/81 | 36/81 (44%)

Teresa Perez (IFIC)

ttbar events with tau lepton in ATLAS

Tau lepton:
m =1776.99°>9 . MeV
*  1=(290.6£1.0)10"5 8
ctT = 87.11 pm

Comissioning Tau reconstruction
& TaulD algorithms (along with W->tv & Z->tt )

Standard Model(SM)
Cross section measurements
Higgs searches
« ttH = tttt (100-150 GeV)
* qqH=2>qqTr

New physics
« SUSY
»  Extra dimensions
MSSM Higgs
 A/H> Tt
A o S 8
R = t—Tvb (l — e, /.l)

t—-lulb
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MMENTAL S F ONS

IN HADRON COLLIDERS

* Leptonic decay modes: seedfrack — 4

—signal
—— isolation

Tov v, +e  (17.4%) ]
0 ~35 % i
T—=V+v,+0 (17.8%) Vi
/ '.‘ ‘ esig
A not associated WA Oiso
* Hadronic decay modes: with tau candidate \{
( 1 prong
TV +T (11.0%) T lepton signature at LHC
TV, +1E+ 70 (25.4%)
(~TT % TV, + T+ 10+ 0 (10.8%) KCollimated jet (90% in a Cone\
TV, +TE+ 0+ 0+ 10 (1.4%) 0.2)
~ 65 % L T Ve+ KE4am (1.6%) * Low track multiplicity (1p,3p)
* Energy deposition in EM (%)
3 prong & Hadronic (;t*) calorimeters
| ~23% [ (over3mteont]  (152%) - Fake t
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'HE ATEAS EXPERIMENT:
INGREDIENTS FOR TAU IDENTIFICATION

Tracking:
ATLAS Inner Detector

fR= 1082 mm

Transition
Radiation

Tracker
TRT

TRT <

LR=554mm
(R=514 mm

R =443 mm
SCT

A

R =371 mm

LR =299 mm Semi_

Tracker
e ==

R=122.5mm /\\j [=—— = Pixels
Pixels { R = 88.5 mm e —
{R=50.5 mm /’/(
R=0mm
Reconstruction of charged hadronic
tracks originated by the charged pions
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LAr hadronic

end-cap (HEC) .. }II/(

LAr eleciromagnetic ' P,
end-cap (EMEC) ——m8M8 E@ ‘

SCT Conductor

ttbar events with tau lepton in ATLAS

Calorimetry:
ATLAS EM & Had calorimeters

Tile extended barrel

Tile barrel

v
“““

LAr electromagnetic
barrel

Measurement of the energy deposition
from the visible decay products
(excluding neutrinos): narrow showers
in EM calorimeter (st°)
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OFFLINE RECONSTRUCTION ALGORITHMS

Taulp3p TauRec

e track based * Calorimeter based

*Seed > 1track P> 9 GeV * Seed > clusters reconstructed with E > 10 GeV
y In| < 2.5 in both calorimeters

* Search for tracks with P,> 2 GeV around the seed _
in a cone AR < 0.2 » Search for tracks around the seed in a cone AR

* o tracks 2 1p < 0.2

* 2 tracks 2 3p
* Candidates with 1,2 & 3 tracks are selected

* Build discriminant variable using tau

identification variables (tracker+calorimeter info) * Discriminant variable (Likelihood) build using
tau identification variables (tracker+calorimeter
info)
_é‘ C T i 80'16—‘ ‘ ‘ e
§ 10- ATLAS é _‘é’ 014 N e Tt signal
e 7 =] C [ ]
o —e— truet ] 2012 U 4 jet background
z oleE
10725 E % 0.1 * ,
i ] Eoos-  ° . o Lie Erit O = et + (i = Petuster)
L — Z : A A ]t['lu = n E
107 _ 0.06— oib Ma, Lim B
E e'eea C A
g IKER I .o ATLAS
F ! b C A .. Laa, aadaa,,
1o 1 i 0.02- s .. N
E | Ll in I L - ®000e0,00%%%00,
0 01 02 03 04 05 06 07 08 09 1 oaels ? *
EiEre 0 0.05 01 015 02 025 03
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.....................................................................................................................................................................................................................................................................................

~ —PHYSICS ANALYSIS: SIGN
BACKGROUNDS

it —=bW({+v)bW(t, +v.)—=l+1, +2jets+ E, [:=e,u
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~PHYSICS ANALYSIS: SIGNAL & MAIN
BACKGROUNDS

tt =bW({+v))bW(t,  +v,)—=1+T, ,+2jets+ E, [=e,u
4 N N N
W+jets Z=> 1T+ jets Single Top
\ A A 4

L W+3p—=l+v,+3jets=l+2jets+ E, +T, ,

*1e,u+2jets + MET + 1 fake hadronic tau
» Tau identification cuts for reduction

2. W(>ev)+bb:

[=e,u

* 1 e, + MissingEt + 2 b-jets + 1 quark-gluon-jet passing tau ID cuts
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~PHYSICS ANALYSIS: SIGNAL & MAIN
BACKGROUNDS

tt =bW({+v))bW(t,  +v,)—=1+T, ,+2jets+ E, [=e,u
4 N N N
W+jets Z=> 1T+ jets Single Top
\ A A 4
Z+2p—=>tr+2p—=l+v,+v 41, ,+2p =l +1, 4 2jets+ F,  [=e,u
*1e,u + 1 hadronic tau + 2 jets + MET
* Identical signal in the detector = Physic background
* Reduction through kinematic and angular criteria
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~PHYSICS ANALYSIS: SIGNAL & MAIN
BACKGROUNDS

tt =bW({+v))bW(t,  +v,)—=1+T, ,+2jets+ E,

4 v

W+jets

A N

Z=> Tt +jets

>~

[=e,u

-

4

\

Single Top

N

4

* Wt:
« W(>e/p/+t,v),t>W(=>qq')b

* s-channel:
s [t>W(>e/u+v)blb

* t-channel:

* [t>W(>e/p+v)blb,q”

* 1 lepton (e/p) + 2 b-jets + MET + 1 fake tau

* 1lepton (e/p) + 1,2 b-jets + 1 non-b jet + MET + 1 fake tau

* 1 lepton (e/p) +1 b-jets + 0,2 non-b jets + MET + 1 fake/real tau
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ttbar events with tau lepton in ATLAS
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.......................................................................................................................................................................................................................................................................

PHYSICS ANALYSIS: EVENT SELECTION

=

tt —=bW({+v)bW(z, +v.)—=l+7T, +2jets+ E, =e, U
\_Y_}

o
s =
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~Prysics ANmSHE—sumM

WITH 100 PB-1

Number of expected events in 100 pb™!
Selection tt(l, Thaa) || W — €v +3jets | singlet | Z— €0 + 2 jets
Isolated lepton pr > 20 GeV 1300 3.9-10° 4300 630
Identified 7,4 pr > 15 GeV 190 22000 210 120
Ist jet Ey > 50 GeV, 2nd jet E7 > 30 GeV 170 4000 170 35
EF™ > 125 GeV 150 3400 150 15
LEr > 250 GeV 150 1750 130 10
Opposite-sign events — 130 | 850 | 54 < 10
| T 5 i

Wijets background dominant
Btagging needed to get S/B >1
. . . Wijets & SingleTop
ligibl 1
Wbb negligible - not included Comparable after btagging
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- — PHYSICS ANALYSIS: RES

: WITH 100 PB-1

e+t U+T

..(2 T T ‘ T T ﬂ T T ‘ T T ‘ T T
c _ c _
g |:| tt(—en) |_q>|j |:| tt(—=u 1)
% " W(— e+v,) + 3 jets - W(— v ) +3jets -
« 10 — N
o r ] o 10— -
o ATLAS - 5 10¢ ATLAS
£ . £ .
> S L
=z r ( 7] pd i ]

|- —‘ n L —

|

| _— I I I I [0 ‘ 1 [N 1
-10 -5 O 5 10 15 20 25 30 -10 -5 O 5 10 15 20 25 30
b-tagging weight b-tagging weight

1 btag jet:

1 btag jet:
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—— CONCLUSIONS & PLANS

* ttbar process with tau leptons are important to commission tau
reconstructions & identification algorithms

« NEW APROACH: ANALISIS AT 10 TEV
* lepton selection (e,u,t) + btagging before other selection cuts

* btagging = early btaggers
* TaulD - safe variables

* Contribution:
* Atlas Collaboration, “Expected Performance of the ATLAS Experiment : Detector,
Trigger and Physics”. CERN-OPEN-2008-020.
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Backup Slides
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"OFFLINE RECONSTRUCTION ALGOR THM s

variables
* electromagnetic radius, R, * Transverse energy width in the n strip layer
. Er; """!I‘)z luster luster )’ \2
R. = Zz:l 1\ ( ] ) T (Y J .- Zz—l ET: ’71 "lclusft’-r)
lem — zn E A’] _= \/
« Isolation in the calorimeter + Lifetime signed pseudo impact parameter
o significance
‘ 1 Z 7=1 ETJ
21_1 Ti orp = — X sign (sin(¢. — @4 ))
J9

*  Number of associated tracks, N,,
« Tau charge —signal E;/py leading track
seedtrack —_ 4~ “?%°".  Number of hits in the n strip layer

/

not associated
with tau candidate
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/
~—PHYSICS ANALYSIS: BTAGGING

¥

* Spatial (life-time) tagging
* L(B(50 GeV)) ~ 5mm

» Secondary vertex (SV) in jets
» tracks with positive high impact parameter (IP)

* B-hadron - e,u = likelihood discriminant againts light

jets

* IP3D+SV1

* transverse+longitudinal IP (IP3D)

» mass/energy/vertices/track multiplicity (SV)

\\\‘\\
th(—>er)

10 { ﬂ

Number of Events
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W(— e+v,) + 3 jets

ATLAS -

| 7 | ‘ Ll ‘ | | (|
-10 -5 0 5 10 15 20 25 30
b-tagging weight

Number of Events

Primary vertex

Weight(AOD) (IP3D+SV1) 1st OR 2nd JET >7

10

-10 -5

0

5

ttbar events with tau lepton in ATLAS

E tt(— u )

W(— Mwu) + 3 jets

ﬂ ATLAS -

‘ Lol ‘ | Lol ‘ Lol |
10 15 20 25 30
b-tagging weight
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