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INTRODUCTION

Introduction

Tau reconstruction is an important (and challenging!) task:

Understanding of the detector:

@ Measurement of the 7 energy scale
® Measurement of the E7'**¢ scale

Physics motivations:

@ Measurement of W/Z production cross section
@ Discovery of the SM and MSSM Higgs boson in 77 final state
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INTRODUCTION

Basic Tau Properties

TAU BRANCHING RATIOS TAU CHARACTERISTICS
Leptonic Modes (35%) e m; ~ 1.8 GeV
elelr 18% _
v 17% @ ¢t = 87 pym
@ Hadronic decays are well collimated

1 Prong Hadronic Modes  (47%) collection of charged and neutral
T Ur 11% pions/kaons: leading particle direction
v, 25% reproduces 7 direction well
L2 9% @ 1 or 3 charged tracks in the 7-jet
7= m0m070p, 1%
K~ + Neutrals 1.5% gt

Ay T
3 Prong Hadronic Modes  (15%) Tjet T
Tt v, 9%
r~atr 7Ou, 4.5%
K ntn— v, 0.4%
Other Modes (=~ 3%)

1 decay
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INTRODUCTION

Tau reconstruction and identification
with the ATLAS detector
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The ATLAS detector at LHC

44m

LAr hadronic end-cap and
forward calorimeters
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Tau reconstruction in ATLAS

= Leptonic 7 decays cannot really be separated from electrons and muons from
primary vertex.

= The 7 reconstruction and ID refer to hadronically decaying 7 leptons.

Track seed algorithm Calorimeter seed algorithm
Q Seed track with pp > 6 GeV with Q Jets with Ep > 10 GeV.
good quality criteria. @ Tracks associated if AR < 0.3,
@ Association with other tracks in passing minimal quality criteria.

AR < 0.2 with quality criteria. © Energy calculation summing the

@ Total charge |Q| = 1. weighted calorimeter cells in AR

@ Energy flow algorithm <04

Calorimeter + Track seeds matched if AR < 0.2

& Track+Calo seed
& Calo seed

Track seed
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Tau Identification with early data: Safe Identification

o ”Safe-variables”: discriminating variables for the 7-ID in the early data
(?Safe” = small sensitivity to detector-related systematic uncertainties).

. . .. . 0
o Not used with early data: variables based on: precision tracking,
reconstruction ...
Electromagnetic Radius Rem, Ratio Ep /pp of the leading track
F T T T T T T T ] T T T T T T T T T
012~ ) 4 0.08
o ATLAS Work in Progress 7] 0.07 ATLAS Work in Progress
04~ E ! ==
C — Zomw ] 0.06
C — ccopmrasey | —— QCD pT: 17-35 GeV
0.08 — 3 0.05 QCD pT: 3570 GeV.
r QCD pT: 35-70 GeV' 7]
0.06 - hH B 0.04
£ 0 ] 0.03
0.04 — 0 -
F ] 0.02
0021 B 0.01 e
o T | 13 0 | | | I " e d
0 005 01 015 02 025 03 035 04 0 1 2 3 4 5 6 7 8 9 10
emRadius etOverPtLeadTrack
EM Had
R _ ZiA=R1<O'4 Er iy (ni —m)2+ (4 —¢)2 ptotal _ Yi=1 BRG A= ET»%
em = TAR<OA g, T /T = 1

) . . . i calorimetric cell ont £ the leading track
i calorimetric cell, Ep n; ¢; measured in the EM ¢ calomimetric celh, p] momentum of the feading trac

calorimeter, 1 ¢ seeded tau coordinates.
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Taus IN ATLAS

Taujet efficiency and QCD jet rejection

”Safe Cut” with Calorimeter+Track seed
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o Tight, medium, loose cuts corresponding to 0.3, 0.5, 0.7 7-jet efficiency

o Identification criteria optimized separetely for 5 pr bins (10-25 GeV, 25-45
GeV, 45-70 GeV, 70-100 GeV, > 100 GeV) separately for 1-prong or
3-prong canditates.
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TAUS IN A’

The 7 — 77 selection




Z — TT SELECTION

Z — 77 in early data

Goal: reconstruct a clean sample of Z — 77 events. This allows for:
e understanding of the 7-jet reconstruction

e understanding of the background in SM and MSSM Higgs search

Presented analysis performed in order to deal with early data (100 pb—1!) at 10 TeV.

o (nb) € filter Nr. events for 100 pb— 1
Z — 111 1.128 (LO) 1 112800
Z — ete™ 1.144 (LO) 0.96 109824
Z — ptp— 1.144 (LO) 0.96 109824
W — eve 11.765 (LO) 0.88 1035320
W — puy, 11.765 (LO) 0.88 1035320
W = Tepvu 4.148 (LO) 0.87 360876
W — Thaavu 7.690 (LO) 1 769000
tE 0.374 (NLO) 0.55 20570
QCD dijet (le filter) pp 17-35 GeV 8.668-10° 1.09-10~3 94.5.100
QCD dijet (le filter) pp 35-70 GeV 5.601-10% 5.45-103 30.5-100
QCD dijet (1p filter) pp 17-35 GeV 8.668-10° 1.02:1073 88.4.106
QCD dijet (1u filter) pp 35-70 GeV 5.601.10% 5.11.10—3 28.6-100

@ samples analysed with full detector simulation

@ factorization of QCD background

(MPT)



Z — TT SELECTION

Selection of the Z — 77 — (7jetvr ) (lyyvy) signature

@ Efficiency after selection criteria on the left

1

Medium Electrons § j T T
8 0. ATLAS Work in Progress
@ pp > 15 GeV, |n| < 2.5 and |Q| = 1 SosE M #, % ¢¢¢¢¢¢¢¢¢¢¢
@ Identification flag: medium 0. e W
0.1
@ Isolation: Ep (in cone AR < 0.40) / pp < *’0 ”4,0
0 o,
0.12. y 0. ¢
0. . 0‘ . ©
0. *
°-
0.
@ pp > 15 GeV, |n| < 2.5 and |Q| = 5 . :

@ Identification: combined (inner tracker +
muon spectrometer)

@ Isolation: Ep (in cone AR < 0.40) / pp <
0.10 and no tracks in cone 0.40.

@ Ep > 20 GeV, |n| < 2.5and |Q| =1
@ Tau identification with tight safe variables

Efficiency after selection criteria on the left

1F T
ATLAS Work in Pr g/

o

efficiency

© © 9990 o090 o o

@ Remove overlap between taujets and
combined muons (and medium electron) in
AR < 0.30

@ Electron veto




Z — TT SELECTION

Signal Selection

= Combining 1 taujet and 1 lepton (e,u) with opposite charge
(” OppositeSign”)

= Suppression of W — e(u)v background:

Transverse invariant mass

rk in Progress
e cut on the transverse invariant mass

lep,miss l is
nTP 3 = \/2;;7?1"1255“58(1 — coS Blep, miss)

m

normalized to 100 pb™

e cut on the collinearity between lepton and
missing energy

e cut on the AR between lepton and 7-jet

10 20 30 40 50 60 70 80 90 100
M (GeV)

= Counting events in the visible invariant mass windows (May;s, invariant mass
of lepton and 7-jet)

= Background control with same-sign (7, lepton) selection (”SameSign”).
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Z — TT SELECTION

Results for the Z — 77 — (Tjetvr ) (every) analy

z - tr Z—oseter Woew Wormry Wornw tE Qcp

Presel TeF17 04 150E7 41611 772 £22 52 +7 6 +3 o1 £2  235+46
Opposite Sign
Tetirjer 1427 354X 10 580F19 3716 1F3 79F2  120%33
mM3S < 50 GeV 43147 337+10 141410 3145 443 2441 120433
angular correl > -0.15 408+7 24848 5046 1744 242 1941 86422
2.1 < AR < 4.1 368+7 23248 43+6 1444 242 9+1 73+19
pte < 35 GeV 3306 7144 20+4 943 242  3.040.4 71419
p;]Et < 60 GeV 32646 65+4 18+3 8+3 242 2.740.3 69+19
35 < M, ;. <80 GeV 31746 1142 16+3 6+2 242 1.740.3 60+18
Same Sign
TeF17jer TEL 62+4 192F11 15+4 2F2 12+1  115%32
mZP" < 50 Gev, TE1 5744 3545 843 242 4.0£0.4 114432
angular correl > -0.15 541 4143 1843 3+2 <1.6 3.340.4 84423
2.1 < AR < 4.1 4+1 3043 1243 241 <1.6  1.740.4 66+17
pte < 35 GeV 3+1 8+1 742 241 <1.6  0.340.1 64417
p;]Et < 60 GeV 341 8+1 742 2+1 <1.6  0.340.1 62+17
35 < M,;, <80 GeV 241 4+1 542 241 <1.6  0.240.1 55116
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Z — TT SELECTION

Results for the Z — 77 — (Tjetvr) (pvuvr-) analysis

Z — rtr Z — ptp— W — v W — v W — v tf QCD
Presel 1pFit ot 600£8 143%6 906+24 6218 1.6 97F2  179E37
OppositeSign
Tutirjer 500E8 102%5 6809F21 ITET 1.6 ErE) 95F28
mi TS < 50 Gev 57348 7T4+4 157410 3646 <1.6 2441 95428
angular correl > -0.15 53748 4943 5546 18+4 <1.6 1941 67+19
2.1 < AR < 4.1 489+8 43+3 4646 17+4 <1.6 9+1 55416
pte < 35 GeV 444+7 1442 2644 1544 <1.6  3.4+0.4 54416
p;—:75t < 60 GeV 44047 1342 2544 13+3 <1.6 2.840.3 53416
35 < M, ;. <80 GeV 430+7 1041 2244 1243 <1.6  2.04+0.3 48+15
SameSign
Tatirjer T0£1 i3 216f12 1554 1.6 12£1 8424
mh TS < 50 Gev 1041 2742 4946 943 <1.6  4.6+0.4 84424
angular correl > -0.15 T+1 1742 2244 542 <1.6  3.440.4 59417
2.1 < AR < 4.1 6+1 13+2 18+4 3+2 <1.6  1.8+0.4 48+14
pte < 35 GeV 541 4+1 T+2 3+2 <1.6  0.4%+0.1 48+14
p;—:75t < 60 GeV 441 a+1 642 342 <1.6 0.3+0.1 47413
35 < M, ;. <80 GeV 4+1 341 EE) 3+2 <1.6  0.3+0.1 42413

50 T T T T T
45
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CONCLUSION

Conclusion

o 7 — 77 analysis optimized for early data (100 pb~'): good identification of the
T-jets and separation from the QCD background

o Data driven estimation of the QCD background from the Same Sign control data
sample

o Extend the analysis to the Z + jet final state (dominant background for SM
Higgs searches in the 77 final state)

D. Capriotti (MPI) is March 17, 2010 17 / 17
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CONCLUSION

Backup Slides

Safe variables for tau identification

o Factorization of the QCD background

o Transverse mass with missing energy and angular correlation

Results with loose lepton isolation

otti (MPI) March 17, 2010 19 / 17



CONCLUSION

variables for 1 prong taujets
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CONCLUSION

variables for 3 prong taujets
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CONCLUSION

Factorization of the QCD background

Due to low MC statistics for QCD background, its contribution has to be
estimated from factorization procedure.
Procedure:

@ Performing the analysis with no safe ID cuts on 7-jets and avoiding lepton
isolation (cut on Er/pr and number of tracks in cone)

@ Efficiencies of the lepton isolation and 7-jet identification are calculated
separately: no correlation found with the other cuts applied in the analysis

@ QCD events weighted by the efficiency of the lepton isolation and 7-jet

identification
QCD pT: 17-35 GeV, 1 electron filter QCD pT: 35-70 GeV, 1 electron filter
lepton isolation efficiency 0.03594+0.0110 0.022440.0032
T-jet identification efficiency 0.0229+0.0087 0.01494+0.0026
QCD pT: 17-35 GeV, 1 muon filter QCD pT: 35-70 GeV, 1 muon filter
lepton isolation efficiency 0.0158+0.0048 0.0024+0.0005
T-jet identification efficiency 0.027440.0063 0.0140+0.0012

(MPT)



CoNCLU

Transverse invariant mass

o Transverse invariant mass lepton + missing energy:

le P
mr = \/QprE;«”SS(l — COs d)lcpmziss)

Electron+TaulJet Muon+TaulJet

%70 e %-70 ATLAS WorkinBra ‘l‘s‘s“fmwmwuwm“m;
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20 E 20 E
10 = 10 E
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° ml;p’miss < 50 GeV for the analysis




CoNCLU

Angular Correlation

jet — (Zs'mis.s)

o Angular Correlation: Ay = cos (Prep — Gmiss) + €OS

Electron+TaulJet Muon+TaulJet
%140}4‘1,‘1_14 ‘dr‘k’hpmjre‘sg"HH‘HH‘HH‘HH‘{ %140%4‘1,” Work’hb’oré‘sé"HH‘HH‘HH‘HHé
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40 = 40 E
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angular correlation angular correlation

o Aty > -0.15
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CoNCLU

Distance between lepton-7;e

e Distance between the two visible particles: AR = \/A¢p? + Af?

Electron+TaulJet Muon+TauJet
B0 [ATLAS Work i Brogrdgs 7T B0 [ATLAS Work i Pragrdss” "7 T T
S ; B 8 : N E
o'20F E o0 ‘ E
B00[- - e | B100 |- =
T r Qc ] s F 1
€ 80 | €80 =
e r ] e r E
60 — - 60 — =
40 = 40 E
20 - = 20 E
o0 1 2 3 4 5 6 7 00

0 2.14 < ARjep,rjet < 4.14 for the analysis
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CONCLUSION

Old results for the Z — 77 — e7je; analysis

Looser lepton isolation in order to compare SS and OS events with higher statistics
Number of events shown after trigger selection [trigger efficiency in brackets]

Z — vt~ Z — ete W—oev Worv W—o7ruv tE QCD

Presel let17;q¢ 5088 746E14 764 £22 60 £7 6 £3 80 £2 1759 & 256
Opposite Sign (0S)

Tetlr)eq 197E7 66814 56719 4TET 4x3 69E2 908 & 134
mz" Y < 35 Gev 457+7 511412 7847 3145 4+3 1441 885 + 130
2.1 < AR < 4.1 41547 464+11 61+6 2345 4+3 6.6+0.5 714 + 105
P < 35 Gev 38547 18247 1946 1944 4+3 2.940.3 700 + 103
p;’“ < 60 GeV 38046 16147 4545 1744 443 2.440.3 667 + 97
35 < My;, <80 GeV_ | 369+6 [0.97] 2443 [1] 3845 [1] 1544 [1] 4%3 [1] 1.540.3 [1] 550 + 80 [0.99]
Same Sign (5S)
Tetirjeq T0+1 78%5 To7E11 13E3 2E2 Ti£1 850 £ 126
mp™ e < 35 Gev 9+1 61+4 [ 1843 6+2 <1.6 2.840.3 831 + 123
2.1 < AR < 4.1 71 44+3 1343 3+2 <1.6 1.3+0.2 654 + 98

gle < 35 Gev 741 1642 1043 3+2 <1.6 0.44+0.1 639 + 96
Pyt < 60 Gev 641 1542 1043 3+2 <1.6 0.44+0.1 610 + 91
35 < My;s < 80 GeV 61 [1] 7£1 [1] 7£2 [1] 3£2 [1] <1.6 0.3+0.1 [1] 505 £ 75 [0.99]

Electron+TauJet Opposite Sign Electron+TauJet Same Sign

T T T T T
ATLAS Work in Progress ATLAS Work in Progress

normalized to 100 pb”!
normalized to 100 pb”!
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e
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CONCLUSION

Old results for the Z — 77 — u7je analysis

Looser lepton isolation in order to compare SS and OS events with higher statistics
Number of events shown after trigger selection [trigger efficiency in brackets]

Z -t Z — ptp— W — uv W — v W — v tf QCD
Presel lu+lﬂ'“it 61318 13415 901+24 5717 <1.6 106+£2 2685 £ 407
Opposite Sign (OS)
1#+17](;t 60218 96E5 674121 4416 <1.6 91+2 1373 £ 208
mi S < 35 Gev 540+8 5243 667 2945 <1.6 1741 1317 £ 199
2.1 < AR < 4.1 49247 47+3 5346 24+5 <1.6 9+1 1062 + 162
pgte < 35 Gev 457+7 1842 40+£5 2144 <1.6 4.240.4 1049 £ 159
p"T“"' < 60 GeV 45247 17+2 3745 2044 <1.6 3.340.4 972 + 146
35 < M,;s <80 GeV 44047 [0.86] 1342 [0.93] 3044 [0.97] 1844 [0.95] <1.6 2.240.3 [1] 771 + 114 [0.80]
Same Sign (55)
l;L+lTJ,_,t 11+1 38+3 226+12 13+3 <1.6 14+1 1312 £ 201
mb S < 85 Gev 9+1 16+2 2244 a+2 <1.6 2.6+0.3 1254 + 191
7+1 10+1 1743 2+1 <1.6 1.3+0.2 1014 + 156
641 541 1243 241 <16 0.5+0.1 1000 + 153
p;""‘" < 60 GeV 541 541 1143 241 <1.6 0.440.1 921 + 140
35 < My, < 80 GeV 541 441 [1] 842 [1] 241 [0.67] <1.6 0.340.1 [1] 745 £+ 112 [0.80]
Muon+TauJet Opposite Sign Muon+TauJet Same Sign
1207 T i T T T - 120
9 ATLAS Work in Progress 8 ! ' ! J J T T j '

ATLAS Work in Progress
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