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'ﬁ% . .The rediscovery of the W/Z Bosons

@ 7 TeV
0%1112(1/) — 10.45 nb Ug/ljzlgw = 0.989 nb

FEWZ, MSTW2008
~3% uncertainty

x Detector commissioning and explore its capabilities
x Establish analysis for owz measurement at 7 TeV
x Stringent testof:QCD
x Constraints parton:distribution functions
x First step towards possible discoveries in high-pt physics
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“!3 o Data Sample
n Data Collected from March to May 2010

£ Channel Luminosity-uncertainty: 20%

Electron Muon  Stable beams

Good quality data
W 6.7 nb! 6.4 nb -’

Z — Uy analysis
Z 6.7 nb! 7.9 nb! does not require
calorimeters Number

of events

Level 1 Electron EM calorimeter (threshold ~ 2 GeV), |n| < 2.5 1.2 x 107
Hardware

triggers Muon Open road - no pr requirement, |n| < 2.4 2.8 x10°

£00Z DH'T ¥e $O1SAY ] -- uoneArssqQ 7 /M

= Monte carlo samples:
» Pythia 6.4, MRST LO pdfs, GEANT 4
x Signal: corrected to NNLO cross section
= Background: measured in data or normalized to O (details later)
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x One PV W|th > 3 tracks

= At least one Loose Electron
» Cluster-Er > 20 GeV, |n| < 2.47
= EXxcluding region
x 1.37 <|n| < 1.52

Loose Electron:

ID track matching an EM calo cluster
Selected on shower shape on 2nd calo layer
and energy leakage into hadronic calo
£=94%, Rejection factor = 1100

£ aTLAS Proliminary -
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Electron Preselection

Good agreement with MC shapes

D10 \s

® MC cross section higher by ~2.2
® Normalized to total data events

7 TeV)

Entries / 0.32
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‘ﬁ,;% A Muon Preselection

« One PV with 2 3 tracks, |[Zpv| <15 cm
= At least one combined muon Al

TGC Doublets -

« Pr>15GeV,|n|<2.4 | :

» Muon Spectrometer P7(MS) > 10 GeV =

»  Reduces decays-in-flight B ?;

@)

|IPT (MS) - Pt (ID)| <15 GeV — <

x  Removes bad track matches : S

5 g : Good agreement with MC shapes  *

| Ztrack = Zpy] < e ® MC cross section higher by ~1.9 >

» Removes cosmic events ¢ Normalized to total data events =
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[;% A% . Missing Transverse Energy

FryrTryrrrr T* TITJITTITT ST ITTTITIT 'kT—'"”—" IARBRARBRARRE!
|

®x Calorimeter Missing Energy  ATLAS Prliminary w2010 132770
= Topological clusters " = '

= Seeded by cell with
|E| > 4 Onoise

= Electromagnetic scale

x  No correction for different
calorimeter response to
photons, electrons or hadrons

x W ey selection:

miss,e __ pymiss,calo __
ET 3 ET It E :Ew,y

ATLAS Preliminary

I-L=6.4nb'

x W - v selection:

Emiss,y, soas Emiss,calo v} T |
T e eatasess ie T 0 10 20 30 40 50 60 70 80 90 100
ET™ [GeV]
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1;% W Candidates in the Electron Channel

EEEREEEEEEAEREAEBER] '_T"T_Y ’f”’_T_"'_'_"7T’fT"'T_'.'“f""T_‘"ﬁ’_":

N b g ATLAS Preliminary ;Q—Cl.11.12'LI1':'j\s 7 TeV) 1
: umber e i
Requirement 2 17F [ om0

of events 8

D

Triggered 1.2 x 107
Preselection 2.2 x10°
Tight electron 77
ETm 2 25 Gev 17 W 0 10 20 30 40 50 60 70 80 90 100
Mt > 40 GeV 17 TS [GeV]

- TTrT"-TT1T T 7T T T T T7T""TT"1T

|

ATLAS Preliminary —e— Data2010(\s=7TeV) 3

avaln'
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Tight Electron:

TRT high-threshold hits

Cluster E/p

Conversion veto, detailed shower shapes,
Impact parameter requirement

€=72%, Rejection factor = 92000

JL:6.7nb’
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QCD background scaled to
measurement in data
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Sri AT

. W —>evCandidate Event

Run Number: 152409, Event Number: 5966801
Date: 2010-04-05 06:54:50 CEST

1

W-ev candidate in

7 TeV collisions
p,(e+) =34 GeV
ne+)= -0.42
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{8 W Candidates in the Muon Channel

> 10T T AR AL LALA EAbE-
8 - ATLASPreliminary  —e— Data2010 s« 7TeV) -
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: Number E
Requirement B =
of events =
: O
Triggered 2.8 x10° z
Preselection 534 5
@)
Pr > 20 GeV 166 ] AN R
: 1070 10 20 30 40 50 60 70 80 90 100 [E=s
Track Isolation 76 £r= (Gov] 8
ETmiSS > 25 Gev 42 E ' TeV) 'ATLAS Preliminary g'_
To) N nb! -
Mr > 40 GeV 40 : Jre ] 8
2 0
L S
Track Isolation: 999, efficient 7

2 pt(cone =0.4)/ pt* <0.2 87% bkg rejection

QCD background scaled to

. 80 100 120
measurement in data m, [GeV]

© Saerewinr) oeof --



[gﬁ ' Préherties of the W Boson Candidates

Electron Transverse Energy Muon Transverse Momentum

3 7""T”'TT’-'Y""T'7"T""'T"TTT"'Y"'-’"

ATLAS Preliminary ATLAS Preliminary —

‘[L—.6.7nb"

Entries / 5 GeV

>
)
O
o
-~
n
Q
-—
c
Ll

070 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

[ -- 2002 DH1 ¥e SO1SAY] -- U0 RAIISqQO Z / M

E, [GeV] Priey]

17 Candidates 40 Candidates -
11 ¢t ® 25 2
® 6¢ ® 15 %

SM NNLO prediction W*/W- ~1.4 o



é,?ﬁ _ Properties of the W Boson Candidates

Transverse Momentum of the W boson
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ATLAS Preliminary ATLAS Preliminary -

j L=6.7nb

—e— Data 2010 (\s =7 TeV)
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= Small excess of high-p7 I/ bosons in muon channel

x 8 events with jets
= |/+ jets events

x QCD background
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fnndn ATLAS Preliminary j L=6.4nb “

ATLAS Preliminary
—eo— Data 2010 As=7TeV)

DVV-AG\'

QCD+W = 1tv

| jL:G.?nb' 2% —.—Data20'10(\s:7TeV‘>”F
' | W - pv

Backgrounds

= W —ev

20 30 40 50 60 70 80 90 100
(no Mt cut applied) P, [GeV]

20 30 40 50 60 70 80 90 100
(no My cut applied) E. [GeV]

=  High-pr W candidates in muon channel

= All muons are well isolated and consistent with the W boson hypothesis
= All final events inspected:

= Lepton reconstruction quality

x Event topology

= Timing tests in TRT, Calorimeters and MDT ==> inconsistent with cosmics
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iy jﬁé‘ahdidate Event with 3 Jets

ATLAS -

Run: 155112 Event: 98844660
Date: 2010-05-16 05:47:06 CEST
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'g?iBackground Estimation: Electron Channel

QC D bac kg ro u n d § 400 ATLAS Preliminary _+_ Bata 2010 ‘\S:I?

Heavy-quark decays, conversions @ 350 j L=6.7nb"
2

TeV) A

and hadrons faking electrons [ Jwoer
- r Doco
Data driven Calorimeter Isolation [Jwon

estimation: > E (cone = 0.3)/ E®

Preselection

—

Templates from MC

02 04 06 08 1

[ - 2007 DHT ¥e SOISAY] -~ UOneAISAQ Z / M

Binned maXImum IlkelihOOd fit | Calorimeter isolation / ET
o § ATLASPreIiminary%_Dr - _I_'T_N
Little Use medium electrons 3 10f [L-67ns e
a%sts : f;’ D o st o cacey
stMisles Scale to expectations 5 —
for tight electrons (4.9 = 1.0)
Nacp = 2.0 = 1.2(stat) = 0.4 (syst) 4 Wadium e'ec"m"s.? 5
N O
(:.
Other backgrounds .
W-1tv:04events Z —ee small ; o el N
4

—h

Calorimeter isolation / E,



QCD background

Heavy-quark decays, decays in flight
and hadrons punch-through

Data driven  Assume -- Track isolation and
estimation: missing Et not correlated

NDQCD — Nc x N5 Remove 1.3+1.2 evts
Na EW+SGN Apply Mt cut

Nacp = 1.0 £ 0.5 (stat) £ 0.7 (syst)

Cross

Use non-isolated control sample
check

Scale QCD MC to data

Apply to isolated muon data
Nacp = 0.2 = 0.1 (stat)

Other backgrounds
Z-uu: 1.0 events tt : 0.08 events
W-1tv:0.7 events Z— 1T T1:0.03 events

Entries / 2.5 GeV

L ATLAS Prellmlnarny 6.4nb"
- ——Data2010 s =7 TeV)

L IW

Backgrounds

PR |
1.5 2 2.5

Track Isolation / P,

ATLAS Preliminary |

JL =6.4nb’

—e— Data 2010 (Vs =7 TeV)

[ Jaco

Scale |
MC/data = 1.9
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Systematic Uncertainties W —ev
Lepton Identification 5%
Trigger small
Momentum Resolution -~
Ermiss 5%
Theoretical o + pdf 4%
W-ev

W-ouv

10%
7%

5%

4%

Summary

. Data/MC comparisons
. Cosmic ray data

. &trigger ~ 100%
. Etrigger ~ 85% in data

. Choice of Eymiss
. Cosmic ray data

1 Je SO1sAYJ -- uoneAIasqO 7/ M

W-ouv

Signal 20.7 = 1.7 (syst) = 4.1 (lumi)

25.9 + 3.6 (syst) = 5.2 (lumi)

£00¢C O

Bkg 2.4 = 1.2 (stat) = 0.4 (syst) = 0.5 (lumi) 2.8 = 0.5 (stat) = 0.8 (syst) = 0.6 (lumi)

Expected 23.1 +1.2(stat) = 1.7 (syst) = 4.6 (lumi) 28.7 = 0.5 (stat) = 3.9 (syst) = 5.7 (lumi) 2

Observed

17

Stat error due to data-driven background estimation

40
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* __  Observation of the Z Boson

—xecuted full analysis

Selection Z —ee Z UM
Looser Lepton Identification Medium electron Pr(2) > 15 GeV, |In| < 2.5
Opposite Lepton Charge v v

80 GeV < my; <100 GeV

£00T DH'T ¥e SO1sAY ] -- uoneAIssqQ 7/ M

Z - ee Z UL
Signal 1.6 = 0.1 (syst) = 0.3 (lumi) 3.2 = 0.7 (syst) = 0.6 (lumi)
Bkg 0.01 (2.1 = 0.8 (syst) = 0.4 (lumi)) x 104
Observed 1 2
Mass 87.6 GeV
reconstructed SlaGey 80.2 GeV

Systematic uncertainties similar to the W analysis but taking
INto account correlations between leptons
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. . ~ 15 E, (GeV)
gun Number: 154817, EventcgsuTmber. 968871 y E, (e")= 45GeV E, (e) = 40GeV
ate: 2010-05-09 09:41:40 n ()= 021 n () = -0.38
M_ =89 GeV 10

Z~ee candidate in 7 TeV collisions
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EXPERIMENT

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

P;(H)=27GeV n(u)= 0.7
p, (1) =45 GeV n(u*) = 2.2

M, =87 GeV

saerewIn.) oeof -- £00g DH'1 Ie SOIsAY ] -- UoneAsqO Z / M

@, Z>uu candidate -
in 7 TeV collisions
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= W-uv and W —»ev have been observed in ATLAS
Observed 57 events

J‘qu

b+ Conclusions

Expected 51.8 events

= |ndividual results are consistent with Standard Model
expectations

x Small excess of events is observed in the muon channel

= Data has been scrutinized and so far there is no evidence
of problems

x /Z boson events have been observed in both channels

Observed 3 events
Expected 4.8 events

2002 DHT 3© SO1sAyJ -- uoneAIasqQ Z /M

x Work well advanced towards cross section measurements

R soerewno) oeof --

_ We eagerly await the addition of more data
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* __ATLAS Tracking Detectors (ID)

ID Coverage
= SCT + Pixels
x Inl<2.5
x Pixels: 3 points
x - SCT: 4 points
= TRT
= nl<2

= 5 SCT x ~ 30 hits/track

= Discriminates between electrons and
bixels 4 R = 88 - 5 108 chonre pions over energy range between 1
D and 200 GeV using transition
2 T solenoid radiation (TR) in foils and fibres.

o/p; ~ 3.8x104 p; (GeV) ® 0.015

= Two thresholds:
= The lower registers minimum-
ionising particles

= The higher intended for transition
radiation (TR) photon
interactions
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Tile barrel Tile extended barrel

ox /E = 50%/E 3%

LAr hadronic ¢ 9 Loose:
end-cap (HEC) —— 7/ P |

® EM shower in second

—~—
—

: : conversion and hadrons
® Hadronic calorimeter

oTile calorimeter: |n| < 1.7
o_Ar endcap calorimeter: 1.5 < |n| < 3.2

=

, \ N

LAr electromagnetic > \ : ' Iayer Of Ca|0rlmetel‘ %
end-cap (EMEC) "\ i ¢)
N, ¢ 2

Medium: S

® Include first layer of :

calorimeter =

LAr electromagnetic A : < kﬁ

barel PSS e @ Cluster-track matching =

oz/E =10%/vE ©0.7% o
Tight: %

Coverage: ¢ Includes TRT information 1
e LAr electromagnetic calorimeter: e Includes pixels S
e Barrel: |n| < 1.475 SISOV ES z

. . o))

e Endcap: 1.375 < |n| <39 contamination from %

C.

3

D

N
H



The Muon Spectrometer

MDT chambers

Resistive plate chambers

TGC Doublets Barrel toroid coil
TGC Triplet

Thin gap
chambers

—

Radiation shield
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é,,:% Transyverse Mass for Electron Candidates
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é’:& Transverse Mass for Muon Candidates
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Isolation variables
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b

PrQ’berties of the W Boson Candidates

= Qutliers in muon channel checked for a diverse set of problems
= All muons are well isolated and consistent with the W boson hypothesis
» Possibility of extra QCD background is not ruled out

x All events passed timing tests (in TRT, Calorimeters and MDT) showing
they are inconsistent with being from cosmic
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j%sing Energy Prior to Transverse Mass Cut
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W-ev candidate in
7 TeV collisions

p,(e+) =23 GeV
nie+)= -0.64
E, ™ =31GeV
M. =55 GeV

Run Number: 152777, Event Number: 3276028
Date: 2010-04-10 12:07:39 CEST
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Run: 152845, Event: 3338173
Date: 2010-04-12 16:56:44 CEST

CATLAS
EXPERIMENT

p,(u-) =40 GeV
N(Y-) = 2.0
E.™*=41GeV

M. =83 GeV
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‘W > u v Candidate Event with Di-jets

1 .? XY view
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evVv colisions
run#: 155112, event#:44298790
> Wumr = 90 GeV, pT = 56 GeV
MET = 36 GeV
-Lepton:
pT(ut+)=69 GeV.n=-1.19,0=-2.5
-Jets:
jet 0 pt = 90 GeV, n = -0.87
jet 1 pt =36 GeV, 1 = -1.09
sumEt = 170 GeV
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Z->uu candidate in 7 TeV collisions
run#: 1551127 event#: 7983153

Z: Minv = 80 GeV, Pt= 26 GeV

Pt(u+) =28 GeV,n=0.69

Pt -) 21 GeV,nn=1.55

A

—

-

XYy iC\\




