B-tagging, leptons and missing
energy in ATLAS after first data




Studying top quarks pairs — the building blocks

b—quark jet

neutrino b—quark jet

Jets are discussed in a separate talk
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ATLAS data-sets

2009: Vs = 900 GeV 2010: Vs = 7 TeV

Integrated luminosity
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Public ATLAS results:

https://twiki.cern.ch/twiki/bin/view/Atlas/AtlasResults
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Upcoming
ATLAS results

, & You are here




B-tagging




B-tagging in top analyses

neutrino

quark jet

B-tagging in top analyses

- Reduce W+jets & QCD bckg.
- Reduce jet-combinatorics

Complications:

Qulti—jet environment

- JES, ;¢ difficult (vital for My,,)

/
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ATLAS inner detector
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SemiConductor Tracker

barrel: 4 layers (x2)
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Pixel detector
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Tracking performance

M|n|mum bias events at Vs=900 GeV |

vents with:

- Minimum bias trigger, primary verte:

- Tracks with:Pr > 0.5 GeV, N 2 1, Nger 2 6, [dg|<1.5 mm, [z, sinB|<1.5 mm
- Simulation: reweighted beamspot and corrections for disabled modules in data

Track reconstruction efficiency SCT - number of hits
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Excellent agreement:
simulation reproduces track properties 8/40



Alig

. SCT —Xx residuals
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Vertexing

Primary vertices Pile-up event

S e
ATLAS Preliminary Entries 57020

RMS y 0.108
EMS = 0.0%6
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Primary Vertex x (mm)

Luminous region: 0,=45 um, o,=70 um

Vertex resolution ~75 pm

10/40



Secondary vertices
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2009-12-06, 10:24 CET
Run 141749, Event 460665

ATLAS Preliminary
Kg Invariant Mass

Both tracks: P> 100 MeV, Si hits > 6 |
cos(8) > 0.8, flight distance > 0.2 mm

® Data
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Impact parameter

d, significance: d,/oy,
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‘Typical’ b-jet candidate

B-jet details:
- P = 19 GeV (EM scale)
- 4 b-tag quality tracks
Prob(PV compatibility) 9:10-6
- Secondary vertex:
o 50 sigma in 3d away from PV
0 Mass sec. vertex = 3.9 GeV




electrons




Electrons in top analyses

neutrino

’

b—quark jet

b—quark jet

Electrons in top analyses

— isolated & high-P;

- dominant trigger stream
- reduce QCD multi-jet bckg.
- handle on leptonic W-boson

Complications:

- extrapolation from Z->e*e" to
top multi-jet environment

- fake and non-prompt electrons

o e/jet ~ 10> at P;=40 GeV

kidentify b/c-decays: isolatiy
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Electromagnetic calorimeter

LAr hadronic
end-cap (HEC) -

Ve
LAr electromagnetic p
end-cap (EMEC)

LAr electromagnetic 7
barrel

LAY forward (FCal)

1:&,‘

[Liquid Argon / Lead

Inl< 3.2
20-30 X,

~N

o5/E = 10%/VE @ 0.7%

Transition Radiation Tracker
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EM calorimeter trigger
- level 1

vel 1 -

L1 efficiency w.r.t. offline (~3 GeV)
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Nominal settings / rates

Signature Rate (1x1031)

L1: elO 5 kHz

EF: el0 21 Hz
ATLAS detector paper
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EM & e/y trigger

r~=

- level 2 and event filter -

L2 rate versus E; Shower shapes at L2
~ _ o L B T L B B
;‘ F T | L | L | L | L 3 coj Data 2009 “S _ gm Gev)

] —— = ] B - 7
g 10 ;_ . B::: gg?g $ _ gfﬁ\?;aV) _; %‘ 30 [__] Non-diffractive minimum bias MC 9
o & collected up to April 18 = = | ATLAS Preliminary Il
S' B Non-diffractive minimum bias MC ] u':j - -
g 10°¢ CIMC 2009Vs =900 Gev = a5 N B
£ a CIMC 2010V = 7 TeV 3 " Energy (3x7)cells I
5 B - ] i _ I
1L ATLAS Prellmlnary_§ B Energy(7x7)cells ]
% 900 GeV ] i 1
- — 1 0 — p—
10 = |
15 |..;n.|.. | | | t = L ]

5 10 15 20 25 30 35 40 85 0.6 0.7 0.8 0.9 1 1.1 1.2
EH{(L2) [GeV] R, (L2)

Note: - Already at Level 2 fairly good agreement on e/y specifics
- Highest level (Event Filter) trigger offline - more refined
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Electrons in 900 GeV data

_ —1
879 electron candidates: L =9 ub

- electrons from photon conversions and fake electrons (hadrons)

Transverse energy
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] Conversion radius

MC conversion candidates
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- Clean electron sample
- Good material description in MC




Electron classifications and data

Loose
ECAL: shower shapes
Track: loose track

ECAL: strip layer info
Track: tighter quality + matching

{

Track: B-layer hit + tight match
TRT: high-threshold hits

Expectations, Vs=10 TeV (MC)

Efficiency Jet rejection
(Z> ete) (x 103)

Loose 94.3 % A |
Medium: 90.0 % ~ 7
Tight: 71.5 % ~ 140
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45 ||||| ITIIIII'IIi[lIII]'II[TlIlStrip Iayerinfo

40 DTrue electrons from conversions (MC)

35
30
25
20
15
10

Calorimeter information

e Exiracted electrons from conversions (data)
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ECAL: shower shapes
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Tight electrons

Track:

shower shapes
loose track

L

ECAL:
Track:

strip layer info
tighter quality + matching
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Track:
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high-threshold hits
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Transition Radiation Tracker (e/n separation)

TRT: high-threshold probability
ATLAS preliminary ‘

Electron candidates '{g‘g’ ?} 'ﬁ ‘ﬁ' %

(Generic tracks
Electrons (MC)
Generic tracks (MC) : i’

}n
’
[
-

IRT end—cap

Q-IIII | | IlII]Il 1 ] IIIIIII 1 /] Illllll |

S0 108 ydfactorao® 10t
1 10 1 10

Pion momentum (GeV) Electron momentum (GeV)

High-threshold probability

e m%&iiﬂii-% --------

Note: also tested using high-energy muons in the cosmic runs
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Z->ete  candidate at Vs=7 TeV

o — w Run Number: 154817, Event Number: 962222 | 156 e _ : |
;(i AT LAS Date: 2010-05-09 09:41:40 CEST E; (e7) = 45 GeV [ E; (e*) = 40 GeV

S M_= 89 GeV 1o
Z>ee candidate in 7 TeV collisions
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Muons in top analyses

Muons in top analyses

' — isolated & high-P;

- dominant trigger stream

v, b—quark jet
- reduce QCD multi-jet bckg.
- handle on leptonic W-boson
w Complications:

- extrapolation from Z>utu- to
top multi-jet environment

neutrino | b—quark jet - fake and non-prompt muons

mainly from b-decays:
\9 identify using isolation
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Muon Spectrometer
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Barrel/endcap tord |
B=0.5/1.0 T \

chambers (RPC)
End-cap toroid

Monitored drift tubes (AMDT)

Muon trigger and momentum resolution < 10% up to 1 TeV

standalone or combined with inner detector information 28/40



Cosmic runs

Transverse momentum resolution

i %2 / ndf 6.1314 /10 =
@ 018 :Eob o.zsnatg:gggg _;
©  0.16|p1 0.0397 + 0.0013 =
p2 0.0277 + 0.0025 .
0.14:— =
012 =
- I% -
0.1 Uﬂ:_O@Pl@&XpT =
008 P Pr =
0.06 =
0.04 ¢ ATLAS preliminary E
002 2009 cosmic data 3
0_ el 5 A L L I" L L L g .
10 10 o (Gevfo
" 4
Millions and millions of cosmics Transverse momentum resolution
| ] \ |
| |

Ongoing effort

Resolution close to nominal on alignment
and calibration
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L2 eff

. (standalone) w.r.t. offline

Efficiency
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Level 2 plots from events with:
- L1 muon trigger
- offline muon (P; > 2 GeV, P > 4 GeV)
- Ngijicon = 6, match L1 ROI in dR<0.5

Muon trigger

EF muon combined track p_ [GeV]

P, track: EF versus offline
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ATLAS

A EXPERIMENT

2009-12-06, 08:25 CET
Run 141749, Event 133538

transverse plane

Collision Event with 2 Muon Candidates

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html




Muons in Vs=900 GeV data
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Muons in Vs=7 TeV data

J/¥ peak in di-muon mass (opposite charge with p>3 GeV)

ATLAS Prsliminary

3 [ -4~ Data with Polsson Errors
- — ML Fit

Mean = 3.06 £ 0.02 GeV
— Resolution = 0.08 + 0.02 GeV

||TLI'|||I|||I|||I|||I|||+||||

294 28 28 3 32 354 38 4
Invariant Mass p'p- [GeV]
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Muons in W- and Z-boson candidates

W- LV candidate

P,

SATLAS
A EXPERIMENT

p,(k-) = 40 GeV
n(p-) = 2.0
Ems==41 GeV

M, =83 GeV

Run: 152845, Event: 3338173
Date: 2010-04-12 16:56:44 CEST

B S |

"~ W-pv candidate
in 7 TeV collisions

PT(/L—) = 40 GeV
n(p=) = 20
s — 4] GeV
\ MT = &3 GGV/

CATLAS
2 EXPERIMENT

Run: 154822, Event: 14321500
Date: 2010-05-10 02:07:22 CEST

p,(W) =27 GeV n(u)= 07
p,(H') =45GeV n(u) = 2.2

M, =87 GeV

Z»uu candidate
in 7 TeV collisions

in 7 TeV data

Z-~> U candidate

T(M+) — 45 GeV

n(p*) = 22
PT(,LL—) — 27 GeV
\ ) = 07 )




Missing transverse energy




E-miss in top analyses

E.-miss in top analyses

- reduce QCD multi-jet bckg.

b-quarkjet| £ 550 GeV: g(tt) ~ 90%
QCD rejec. ~ 10

- handle on leptonic W-boson

- tails important for new physics

Complications:
b—quark jet - multl-Jet topology (2 b-jets)
- high-p; muons
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2009 Colllsmns

E.i: EM Endcap

Calorimeter response

E;-miss= Calorimeter (+cryo+muons)

Electromagnetic calorimeter
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Hadronic calorimeter
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Missing transverse energy and resolution

Minimum bias events at :

L ‘ T T
ATLAS Preliminary
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Missing transverse energy: 7 TeV data

ATLAS Prellmmary
Vs=7TeV

+« Data
[ ]MC MinBias

Mlssmg transverse energy
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E"™ [GeV] Note: - tails under control

- cells from topo-clusters (EM-scale)
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/// - Summary:

- ATLAS collecting data at 7 TeV

- Good performance on reconstructing
building-blocks for a top analysis.

shown here: leptons, E-miss, b-tag

- Much more data & results available

(at PLHC conference ... next weeky.g.

Reconstruct many top quarks in 2010







Alignment tracking detectors

Barrel

Pixel —x residuals

! SCT —Xx residuals

Endcap
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B-tag distributions in Vs=7 TeV data

Flight length significance: L/o, Jet probabillity

) B 9 C ]
T 1801 SVO selection Simulation D000 \s=7 TeV L~1nb" -
© - ' © e Dat%%r?mias ‘bje i
E 160—_ * Data 2010 — bJEtS E120(3'{.'!_—. Hg min: gias mg E]leg —
0 C (\E =7 TeV ] CJetS g B ND min. bias MC : light jets ]
E 140~ =04y B light jets £ 10000l ]
3 qor HT04ND) = :
- 8000 —

1005 ArLAs Iiﬁ_— _
80t Preliminary 6000{— -
60:_ 4000 ]
40— - §
20F 20001 E

- L ATLAS Preliminary |

_I L1l | L1111 | L1111 | L1 11 | L1111 | | I | | L1 11 | L1 11 | L1111 | L1l I_

%0 0 10 20 30 0 01020304050607 0809 1

L/o (L) Jet Probability




