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adronic tau

onstruction.
and Jet Rejection

first data.
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Introduction: @' _

periments.

0 a single electron or muon plus a

The hadronic decays with their unique signatures will be the focus
of this talk.

« The T leptons to be reconstructed in ATLAS will have transverse momentum between
10GeV - 500GeV.

« The main source of fakes are expected from QCD Jets, electrons and muons.
Aldo F. Saavedra, Sydney University 3
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IpT=100GeV

A p_=5GeV
T

opT=1GeV

ATLAS
]

e B _;

o B _;
e S

— ———— 10F ATLAS —____ Pions
oy ' ' ' ' L F Entries 7769
s 1F ATLAS | i RMS  0.0429
=] —_.__:::__::._1—-—0—'—| - M
&= :“ Lo S OSRPE W pl e S Y i e VIUONS
T = o PRE My | PRy L L “Entries 8212
e e A O°F RMS 0.0383
- T i
08_— —.— — L
- |—¢A’7.4:—-—< |
0.7 — 10 :
[ ] pT=1 GeV F a
o6l & Pr=5GeV R [
- lpT=1OOGeV [ B
- 1k i
1 1 1 | | =H i
0.5 05 1 15 2 25 FHIR: TP |
Inl 03 -02 01 0 01 02 03
dnl's_cdall‘ua(mm)
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[(R=1082mm N
A cutaway of the

TRT {

\_R = 554 mm
(R=514 mm

R =443 mm
SCT{
R =371 mm

‘_R=299mml

ATLAS Inner Detector
6.2m long

TRT

T scT
10GeV Track at 17 = 0.2
{R =122.5 mm} i = Pixels
Pixels 4 R = 88.5 mm
R =50.5 mm
R=0mm Inl < 2'5
Item Intrinsic accuracy Alignment tolerances
(um) (um)
Radial (R) | Axial (z) Azimuth (R-¢)

Pixel
Layer-0 10 (R-9) 115 (2) 10 20 7
Layer-1and -2 | 10 (R-¢) 115 (2) 20 20 7
Disks 10 (R-¢) 115 (R) 20 100 7
SCT
Barrel 17 (R-¢) 580 (2)! 100 50 12
Disks 17 (R-¢) 580 (R)! 50 200 12
TRT 130 30?
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The ATLAS Calorimeter System: The EM Calorimeter

A¢ (Granularity)

.025x0.1 |77| < 1.52
0.003 x 0.025 7 < 1.40
0.025 x 0.025 n < 1.40
Square Cells (Layer3) U025 Nl < 1.35

Ido F. Saavedra, Sydney University

5

Cells in Layer 3
AgxAn =0.0245:0 05
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Photomultiplier

Wavelength-shifting fibre

Steel

Scintillator

An X Ag@(Granularity)
Tile Cal 0.1x0.1
3 Layers 0.2 x 0.1 (last layer)
HEC 0.1x 0.1

4 Layers 1-5 < Inl < 2.5
2.0 < | < 3.2
TF ' G/E=101%E® 0.17 % E ,Hma.m: 1 | ' I
S 0.035+ * Data = © |
: . 014" 6g/E= 56.5%/NE @ 5.5% E
0.03 . i ]
g . 0.121 -
0.025F ] - ]
- § 0.1 -
0.021- : ; :
0.0151- = 0.08- n=0.35 °
0.01+ E 0.06 =

0.05 0.1 0.15

— 02 025
TAE poar (GEVZ)
Charged Higgs 2008 16-19"' ot Sept, 2008
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Tau Reconstruction: | {“%3 otn

on algorithms
/iously presented.

Merged
A\ reconstructed object with both seeds)

AR = /(1o — 1:)2 + (¢o — ;)2
=

Track Seeded Philosophy:

Leading

egion centred
ack will contain most of
/erse energy.

inimum amount of energy is
posited in an annulus around the core
region.

Core Region

Isolation Region AR = 0.2
0.2< AR <04

Charged Higgs 2008 16-19'" of Sept, 2008

The hadronic 7 decay results in visible
components such as charged and
neutral pions that are well collimated.

Aldo F. Saavedra, Sydney University 7




Track seeded reconstruction:

a‘ _IIII
% pogl— * 1-prongt decays
‘O E 9 3-prong T decays
£ 004
LLi i
0.02}- DU S g
N e
0.9
- =
0.88
Eng
086~  ATLAS
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o
wn
=18
o
i
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(=]
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ot
I
o
I
wn
n
(]

1 —Iﬁ
o o
0]
S

y Flow algorithm. = 2+ ¢ — pvy i

s af T (v i :

n (in a nutshell): g L <+ ]

: E; [ ++ ]

sured in the calo clusters due sf ﬁi .

. - _..:.._ .

arged daughters is replaced by the b . " es ++ ;
momenta + plus corrections due to the mi_iﬁﬂ ATLAS
o I CITS I ‘II I 1I5 é I IE.E

bl

eutrals and charged pions being deposited in the

same cluster.
Aldo F. Saavedra, Sydney University 8
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Track seeded reconstruction:

------ T—=a(—>2 7’ m) v

B 120
=L

mu:-;—
80}
60
0 &
20f @t E

% o5 1 15 2 5.5
Invariant mass (GeV)

-The area from each contribution is
proportional to the branching ratio +
the efficiencies of the algorithm.

ay(— 27°%7)v
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Calo Seeded Reconstruction:

econstruction.
R < 0.4 of the barycenter.
e cells is calibrated to the jet energy scale..
ocated within AR < 0.3 and their

luded in the reconstructed tau object.

'L L
R
.......

Tar1 Ty

Aldo F. Saavedra, Sydney University - Ul yeu Fiyys cuuo  1o-19+ ul Sept, 2008



Reconstruction Performance:

5e-05 (1.6-02)

4.56-02 (1.3e-01)

5.9¢-05 (6.6e-03)

-6.5e-05 (2.6e-02)

-7.6e-05 (6.8e-03)

7.1e-05 (1.8e-02)

Aldo F. Saavedra, Sydney University

RMS is preferred because of non-gaussian tails

11

oy
£
K
]
=
11}

Efficiency

04

0.2

Track Seeded 1Prong

Track Seeded 3Prong

Track Seeded All

o
T

0-6_ ..........

0-4_ ..........

0.2

Calo Seeded 1Prong

Calo Seeded 3Prong

Calo Seeded All

o 1

0 20

30

70 80 90 100

p\fiilsla [Gev]
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[ TTTT T — I |
12000 Zstt i DiJet Sample Pt(35-70)GeV
u 25000—
10000:_ - Only calo-seed - . Only calo-seed
i Both seeds 20000 Both seeds
8000 i The both seeds
i Only track- d - Only track- d
i - nly track-see 15000 - nly track-see | Category
6000 - - - .
[ i - ; has the higher
‘ . 10000— A 4
4000/ . - . efficiency and
2000 N 5000:— _: suppression.
_ J : ...I....IL...:
00 10 20 30 40 50 60 70 80 90 100 00 10 20 30 40 50 60 70 80 90 100
Reco tau ET (GeV) Reco tau ET (GeV)

Sample - % of total candidates reconstructed (% of true 7; reconstructed)

QCD DiJet Pt Range | QCD DiJet Pt Range |QCD DiJet Pt Range (70-
Z — 1T (8-17)GeV (35-70)GeV 140)GeV
Both Seeds 49.0 (70) 10 31 45
Only Calo Seed 45.5 (25) 88 66 50
Only Track Seed 5.0 (5) 2 2 5

Aldo F. Saavedra, Sydney University
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Tau Identification:
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Algorithm Ey =10-30 GeV | Er =30-60 GeV | Ey = 60-100 GeV | Ey = 100 GeV

Track-based 1p: 740 £ 70 1p: 1030 £+ 160

(neural network) | 3p: 390 £ 50 3p: 590 £ 70

Calo-based lp: 1130 £ 50 lp: 2240 £+ 140 | 1p: 4370 £ 280

(likelihood) 3p: 187+ 3 3p: 310 £ 7 3p: 423 + 8
51{']5;' T T T T L T | T T - E"IDE'IE""I""I""I""I""I""I'"'I""I""I"";:l
"E —s— T-prong, E_ =10 - 30 GeV 3 '}E‘ = —a— 1-prong. E_ =60 - 100 GeV 3
T —a— l-prong, E_ =30 - 60 GeV - ¥ —&— 1-prong. E_= 100 GeV
II1U1_ coraee Bprong, E_=10-30 GeV II'm..,E_ —a— 3-prong, E_= 60 - 100 GeV¥

- ATLAS

- 3prong, E_ =30 - 60 GeV 3

pe il es s i beggilegosloyoslosaslosselssselssielsiis ik |

—=— 3-prong. E_ = 100 GeV

Aldo F. Saavedra, Sydney University

Efficiency

i el L ' | i | el P PR
o o1 92 03 04 05 086 07 08B 085 1 0 01 02 03 04 05 06 07 08 08 1

Efficiency
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First Physics Data: [/

Q
3
j=2
®

3 L B B 'lq
EZEU—J“MS
%m— Mean 53.8GeV
fuf c =10.6GeV
Iﬂmﬂ_—
— nu‘ iy I e T malua= 3738 e g d
%-- : E 20 40 [1] BO 100 120 lmWnlllhfgm._:gllﬂ
- S IR IR L LR LR B DL UL B B .
5 1200~ - S : : : : ]
o - -W—>‘E\" | EF 56:: ............ ---‘; ......... .E .......................... Svimamafoinidun + ...... _E 30
2 000l B¥E QCD (JO+J1+J243) ] ° : : } E
2 C B w_ev ] B 5:¢i++ .......... ERT 92
2 soof W v - = b4 = : L M = =
500 B -ce B 53; ¥ + : .
a = ttbar . 52 + + + i . 3
400:— —: 51 + { : : = o
E E - >60Ge_‘v 50:—. L : N B N : 1]
200~ Tmiss — 0.9 0.95 1 1.05 1.1
B - Tau Energy Scale
C ]
0

o 1 2 3 4 5 6 7 8 9
Track multiplicity

i _10th
Aldo E. Saavedra, Sydney University - Charged Higgs 2008 16-19™ of Sept, 2008



Conclusion:[] @ =

> experiment has matured and is stable.

ge of different properties of the tau and the
and their properties merged.

discriminating algorithms have been developed that aim to
y of selection and rejection power against QCD Jets.

as been developed to take advantage of the first 100pb-! of data to
and improve the performance of the reconstruction and identification.
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IpT=100GeV
A p_=5GeV

T
opT=1GeV

ATLAS

r
|
L
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3= — —l— =
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B |—.—|'_._' = h
B e —A—_ —A— ]
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0.7 .
- e p_ =1 GeV ]
0.6F Ap = =5 GeV &
- mp = =100 GeV 3
U NS U S U S S S N R 1 .
0.5 0.5 1 15 ) 2.5
n

or resolution
d muons.

Pions

Entries 7769
RMS 0.0429

- ATLAS

Muons

" Entries 8212
RMS 0.0383

10f

_-0.3 -02 -01 0 0.1 02 03

dD d{]lrue(mm)

The efficiency of the track for pions of different
Transverse momentum.
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response of the calorimeter
erent cones and two transverse
ranges.

The resolution of the Jet energy for the same
cone size and transverse energy range.

The information from both of these detectors
Will provide the ingredients for the tau
reconstruction.
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Tau Reconstruction: & | imim

Leading

Tracﬁ_

Track Seeded Philosophy:

U

mated.

Core Region

AR = 0.2

blicity region centered
ing track that contains

e tau’s transverse energy.

Isolation Region

2 - AR <04

his is referred to as the core region.

2. An only a minimum amount of energy is
deposited in an annulus around the core
region.

« This is referred to as the isolation region.

i _10th
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Track Seeded Reconstruction Steps

eV
around the leading

ading track except for pt):

ast 8 Silicon Hits and at least 10 TRT Hits)
m

tau is defined by the energy flow algorithm.

chrgEMirk
E T

EneuE ]

+ restin

y» 7res

The contribution of the 7T
Is measured by the pure
electromagnetic(EM)

energy and the neutral
electromagnetic energy.

The charged energy | | These are correction terms. The
deposited on the EM and first is for neutral leakage into the

Hadronic Calorimeter is cells of the charged hadrons.
replaced by the momenta Second is double counting of EM

leakage of the charged hadron.

of the tracks.
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resolution of the

3
|III|II

Arbitrary units

go-T > PV udes one 7T subcluster.
gol-mean = - (2.4= 0.2)% ]

o= (4.6=0.2)% ]
40~ ] This was obtained using candidates

- Z Reconstructed with the track seeded
o ++ E Algorithm.

14 1 1 i 11 & I 11 8
-1 -08 -06 -04 =02 -0 0.2 04 0. 0.8 1
(Erac - Ermh)"fElrum

l
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alorimeter information (H1 Calibration).
g the Energy Flow algorithm.

Radius:

B E?—l ET_.I\/{TI'E — TI.EJ.LLE-'[ET‘.}E + {fﬁr - 'pClLIE-LE;[}E
- Y1 Eri ’

RE]T[
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