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LHC experiments have been built for discovery

New physics = measurement — standard model physics (background)

o Need re-discovery of the standard model particles at the first stage of the
experiment

W /Z and top are the heavy particles in the standard model

e Measurements of these particles are good exercise for discovery

e yesterday's signal is today’s control sample and tomorrow's background,
in other word, bridge to New Physics

e Let's start with W/Z and top as today’s signal

K. Hanagaki: Higgs searches at the LHC
A. Ishikawa: BSM physics at the LHC

(T
?EXPERIMENT @ 2011-01-06 W /Z and top at the LHC T. Matsushita (Kobe) 2/45



ATLAS/CMS detectors

W/Z at LHC
o W — lv: ET™, Mr
Z — II: invariant mass
W — v, Z — II: cross sections
W/Z to
W /Z distributions with full 2010 data
W/Z + jets
top at LHC
e top control plots
e top cross sections

e summary
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ATLAS detector overview

e length: ~45 m

e diameter: ~22 m

e weight: ~7,000 tons

e 2 T solenoid and air-core toroids

e length: 21.6 m

e diameter: 15 m

e weight: 12,500 tons

e 3.8 T solenoid and iron return york

ATL Con)
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ATLAS detector layout J CMS detector layout

e Tracker e Tracker

e silicon tracker (pixel + strip), e silicon tracker (pixel + strip)

transition radiation tracker e Calorimeter

o EM: lead tangsten crystal, HAD:
e EM: lead/LAr, HAD: brass/steel and scintillator
steel /scintillator, copper/LAr

e Calorimeter

e Muon system

e Muon system o drift tube, cathod strip chamber,

o drift tube, cathod strip chamber, resistive plate chamber
thin-gap chamber, resistive plate
QATLAS eyamber
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ATLAS/CMS detectors

W/Z at LHC

W — lv: EFs, My
Z — II: invariant mass
W — lv, Z — Il: cross sections
W/Z to
W /Z distributions with full 2010 data
W/Z + jets
top at LHC
e top control plots
e top cross sections

e summary
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W/Z at LHC

proton - (anti)proton cross sections

/Z are important for: 0 g x x W0
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W — Iv event topology

o high-pt lepton
o cluster of energy deposit in
electro-magnetic calorimeter
e track in muon spectrometer

° E¥iss
e characterised by transverse mass
Mt = V2ET,Eri — 2p10 - P71

Hadronic recoil

e two high-pr leptons
o cluster of energy deposit in
electro-magnetic calorimeter
e track in muon spectrometer

o characterised by invariant mass of di-lepton

Hadronic recoil
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ATLAS/CMS detectors
W/Z at LHC

W — v E?iss, M+

Z — II: invariant mass

W — lv, Z — II: cross sections
W/Z to T

W /Z distributions with full 2010 data
W/Z + jets

top at LHC

e top control plots
e top cross sections

® summary
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W — er candidate

CMS

CMS Experiment at LHC, CERN
CMS § Run 133874, Event 21466935
il Lumi section: 301
Sat Apr 24 2010, 05:19:21 CEST

Electron p=35.6 GeV/c
ME; = 36.9 GeV
Mr=71.1 GeV/c?

QATLAS &)
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W — v

CMS: 2.9 pb~1

electron channel muon channel |
10° CMS 2010 x10° CMS 2010
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e pr > 20 GeV, |n| <1.44 or e pr > 20 GeV, |n| <21
1.57< |n| <2.5

e binned likelihood fit:

o unbinned likelihood fit: ¢ QCD background shape from

e QCD background modelled with data

a modified Rayleigh distribution o fit distribution describes data well
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W — v

ATLAS: 0.3 pb~!

electron channel muon channel

>1()5H“H“H‘_H‘H‘_Hg > £ T T T T T
8 ATLAS —e— Data 2010 (\§ =7 Tev) 3 8 " EDalaZDIONE:TTEV) ATLAS
Cw- 1 10 3w -w

10 _ 1 B ] © T B _ 1
2 Ldt=315nb @ E = B, L dt =310 nb
§ = :ee 1 .g [ AT
£ 10° [ E E g i
w [y 3

10 E

0 20 40 60 80 100 120 0 20 40 60 80 100 120
Er_Piss [GeV] m; [GeV]
e pr > 20 GeV, |n| < 1.37 or e pr > 20 GeV, |n| < 2.4
1.52< |n| <2.47 e W MC gives Jacobian peak in Mt
e W MC populates in high-ETss distribution

o without EF™ > 25 GeV and M7 > 40 GeV cuts
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ATLAS/CMS detectors
W/Z at LHC
o W — v EFs My
Z — II: invariant mass

°
o W — v, Z — II: cross sections
° W/Z to T
e W/Z distributions with full 2010 data
o W/Z + jets
e top at LHC

e top control plots
® top cross sections

e summary
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Z — pp candidate

Z->py candidate in 7 TeV collisions

Aon
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Z —

ATLAS: 0.3 pb~!

electron channel muon channel
%50;‘“‘\""\““\““\““\““\‘E % R I B B L IR B
S 45 _ 3 E — Data 2010 (5= TeV, 1
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e pr > 20 GeV, |n| < 1.37 or 1.52 e pr > 20 GeV, |n| < 2.4
< |n| < 2.47

e worse resolution in data taken into
account in the systematics

e backgrounds are negligible and not shown
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Z —

CMS: 2.9 pb~1

CMS 2010

electron channel muon channel

CMS 2010
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e pr > 20 GeV, |n| < 1.44 or 1.57
<|In| < 2.5

o pr > 20 GeV,
* |nl <21

e backgrounds are negligible and not shown
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ATLAS/CMS detectors
W /Z at LHC
o W — v EFs My
e Z — [I: invariant mass .
W — lv, Z — Il: cross sections
W/Z tot
W /Z distributions with full 2010 data
W/Z + jets
top at LHC

e top control plots
e top cross sections

e summary

S 7o)
@EXPERIMENT 2011-01-06 W /Z and top at the LHC T. Matsushita (Kobe)  17/45



W /Z cross sections

ATLAS: 0.3 pb~!

a(pp -~ W* = I'v) : a(pp » W~ V) : ATLAS
-- Theory (NNLO) : J'L dt =310-315 nb* -- Theory (NNLO) : IL dt=310-315 nb”
E Data 2010 (s =7 TeV) E Data 2010 (Vs =7 TeV)
—t ': +——— a Electron channel et : H——— 4 Electron channel
t +—+ + .E y ¥ Muon channel »—H—V—H—éﬂ ¥ Muon channel
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W /Z cross sections: systematics

ATLAS: 0.3 pb~!

W —ev Z— ee W —puv Z— pup

trigger eff. < 0.2 <02 trigger eff. 1.9 0.7
material /reco. /id 5.6 8.8 reco eff. 2.5 5.0
E scale/res. 33 1.9 momentum scale 1.2 0.5
E;‘iss scale/res. 2.0 - momentum resolution 0.2 0.5
problematic calo. region 1.4 2.7 ET'S scale/res. 2.0 -
pile-up 0.5 0.2 isolation eff. 1.0 2.0
charge mis-id 0.5 0.5 PDF 0.3 0.3
FSR modelling 0.3 0.3 total 4.0 5.5
PDF 0.3 0.3

total 7.0 9.4

o electron have larger uncertainties due to higher sensitivity to the material
effects in the inner detector.
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W /Z cross sections

CMS: 2.9 pb~1

CMS 2010 \s=7TeV CMS 2010 \s=7Tev
T T T T T T T T
NNLO, MSTWO8 68% CL prediction NNLO, MSTWO08 68% CL prediction
J. Ldt=29pb” [with PDF4LHC scaling on uncertainty] J' L.dt=2.9pb” [with PDF4LHC scaling on uncertainty]
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CMS 2010 \s=7TeV
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0.96+0.04 , + 0.06,  + 0.1, nb .
s b i ™ FEWZ with MSTW 08 NNLO PDF)
Z—>up e +
0.92+0.03,1,% 002, =010, b e expected asymmetry between W
Z - Il (combined) —— o — — "
0.93+0.03,,,+ 0.0, +0.10,,, nb and W™ confirmed
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W /Z cross sections: systematics

CMS: 2.9 pb~1

W —ev Z— ee W — v 7 —
reco. & id. eff. 3.9 5.9 reco. & id. eff. 15 0.5
momentum scale/res. 2.0 0.6 momentum scale/res. 0.3 0.2
ET'* scale/res. 1.8 - ET' scale/res. 0.4 -
bg subtraction & modelling 1.3 0.1 bg subtraction & modelling 2.0 0.2
PDF 0.8 11 PDF 11 1.2
ISR/FSR/norm. & fact. scale 1.3 1.3 ISR/FSR/norm. & fact. scale 1.4 1.6
total 5.1 6.2 total 3.1 2.3
QATLAS ‘
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W /Z cross section ratio

ATLAS: 0.3 pb~1, CMS: 2.9 pb—!

———— —— CMs 2010 \s=7TeV
-- 0,,/0y,. (Theory NNLO) H ATLAS NNLO, MSTW08 68% CL prediction
H . L dt=2.9 pb" PDFALHC scaling on uncertainty]
L dt=310-331nb" J. Ldt=29pb e
— 0,,/0,. (Theory NNLO) E I 10.73940.043
!l Data 2010 \5=7Tev)
A Electron channel It I ] Woev, Z->ee H—H
: 1047+ 0.42,,,+ 0.47
¥ Muon channel - Wy, Z-up et
1074+ 037, + 033,
= Combined \ W v, Z> Il (combined) froum
[ ol 10.64:+0.28,,,,+ 0.29,,
T B PR H A |
2 4 6 8 10 12 14
0 2 4 6 8 10 Ryvz = 6( pp = WX — v+X )/a( pp — Z+X — I1+X )

e Theory: FEWZ with the MSTW 08 NNLO PDF

e uncertainty on luminosity cancels out
e measured ratio are consistent with the predictions

e ATLAS electron channel slightly higher than prediction due to slightly low
observed Z — ee cross section

@ATLAS
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W /Z cross sections

ATLAS: 0.3 pb~1, CMS: 2.9 pb—!
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ATLAS/CMS detectors
W/Z at LHC
o W — v EFs My
e Z — |l: invariant mass
e W — v, Z — Il: cross sections

“W/Ztor
e W/Z distributions with full 2010 data
o W/Z + jets

top at LHC

e top control plots
e top cross sections

® summary
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JATLAS e
13 EXPERIMENT m, = 68 GeV

Run 155697, Event 6769403
Time 2010-05-24, 17:38 CEST

W-1v candidate in
7 TeV collisions
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visible mass = 73 GeV
pr(7) = 36.8 GeV

CMS Experiment at LHC, CERN
Dala recorded: Mon Aug 2 11:04:10 2010 CEST
Run/Event: 142137 / 244332244

|| Lumi section: 415
OrbiUCrossing: 108668258 / 101

&, A2 ARRRRARY
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> Bl TTBar |
D 4of w1ty ]
T o ElZ-pp
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€ ]
Q 6 CMS Preliminary 2010 |
w
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ATLAS/CMS detectors
W/Z at LHC
o W — v EFs My
Z — II: invariant mass

[ ]
e W — v, Z — Il: cross sections
e W/Ztor

. W/Z distributions with full 2010 data
o W/Z + jets
top at LHC

e top control plots
® top cross sections

® summary
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W /Z distributions with full 2010 data

RN A A A A
ATLAS Preliminary
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W /Z and top at the LHC

e good agreement between
data and MC

e ATLAS my distribution
closer to prediction with
improved understanding of
detector alignment

W candidates

CMS 305 k

ATLAS 250 k
Z candidates

CMS 20 k

ATLAS 23 k

e good control sample for
understanding the
detectors
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W /Z distributions with full 2010 data

%16007”‘ T %105m_H‘m_H‘HWu‘m‘m‘m‘m;
5 - b 4 —— 010 (5=7 TeV)3
U] 1400F ATLAS Preliminary 1 o IL dt=35pb” %aiap% +je ss(Alpg%n;E
0 [, - Data2010 (/5= 7 Tev) ] © . E ?SBP +jets
21200 E P anti-k jets, R=0.4 w Ve 3
8 Dzaee 1 g tt ]
"E 1000 1 { Lﬁ MC normalised to data ;
w IL dt=37 pb 1 Statistical Errors Only 3
800 . ]
] Njets > 1
600" 3
4001 1
2001 =
%720 740 60 80 100 120 20 40 60 80 100120140160180200
pZ [GeV] W, [GeV]

o differential distributions are important for
e test of QCD
e constraining PDF
e My measurement

%EXPERIMENT "y 2011-01-06 W /Z and top at the LHC T. Matsushita (Kobe)  29/45



ATLAS/CMS detectors
W/Z at LHC
o W — v EFMs My
Z — I: invariant mass
W — lv, Z — IlI: cross sections
W/Z to T
W /Z distributions with full 2010 data

- W/Z + jets
top at LHC

e top control plots
® top cross sections

e summary
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Z + jets

detector-level distributions

anti-kr: R = 0.4, |n| < 2.8, pr > 20 GeV

jet multiplicity and pr of leading jets

predictions normalised to data

ME + PS simulation (Alpgen + Herwig) describes data well

electron channel muon channel

5
T T T T 3 >10
ATLAS Preliminary —e— Data 2010 s = 7 TeV) 2
1 [ Z(- e'e) + jets (Alpgen;
J'Ldt=37pb = aco
L | Ww,wz,zz
anti-k, jets, R = 0.4 -
K B
3 W(- ev) +jets
Wl Z(- T'7) +jets
MC normalised to data
Statistical Errors Only

ATLAS Preliminary —*— Data 2010 (s = 7TeV)
A 0 Z(~ w'p)Hets (Alpgen)
Jro=ssps  mmwwzzwz

o tt
anti-k jets, R=04 gl 7(- t'v)+jets

events / bin

b
1 W(~ w)jets
o

MC normalised to data
Statistical Errors Only

20 30 40 50 60 70 80 90 100110120
p'f‘(leading jet) [GeV]
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W + jets

detector-level distributions

e anti-kt: R =04, |n| < 2.8, pr > 20 GeV

e pr of leading jets and jet mutiplicity

e predictions normalised to data

e ME + PS simulation (Alpgen + Herwig) describes data well

electron channel e

10°

> L e I A o e S = n T T T T T T 3
3 ~ . ATLAS Preliminary 7 ‘g’ ~ 1 == Data2010 (s=7 Tev§:
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o I 1 E
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Statistical Errors Only 4 Statistical Errors Only E|
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W + jets

cross sections

® Good agreement between the measured cross sections in terms of two leading jets in
event and NLO predictions from MCFM

® Good agreement between the measured cross sections in terms of jet multiplicity and
NLO (< 2 jets) and LO (jet = 3) predictions from MCFM

® JES is the dominant systematics

electron channel muon channel

S0 P = 10— ;
] Es Weevtjets =3 E W u\) +jets
g F % Data 201057 Tev = - #Data 201057 Te\/
k=3 A Sherpa 2} v Alpg
> 10¢f {3 pythia R X Shora
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10"E ATLAs 10°g e 3
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1025 [
£ 15 e 10g
Q £
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3 W £ 15F
2
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£ 2F Nextroseading jet g W////
%1.5 iE
: ///////
£ 05
(2)0 80 100 120 Inclusive Jet Multiplicity, Nlet

Jet P; [GeV]
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ATLAS/CMS detectors

W /Z at LHC
o W — lv: EFs My

e Z — |l invariant mass

e W — |v, Z — Il: cross sections

° W/Z toT

e W/Z distributions with full 2010 data
o W/Z + jets

top at LHC

e top control plots
® top cross sections

e summary
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top at LHC

e top quark
e The heaviest known elementary

particle, my = 173.3 £ 1.1 GeV

7t = 51072 s & Thadr.. NO

bound states

o Vip ~ 0.999. almost always

t — bW

e main production modes are gluon

fusion ( 85%)

g

o (nb)

t 9wt

t ovwoov ¢

e remaining mode is gg annihilation
o o (theory) = 1647114 pb
assuming m; = 172.5 GeV

20 *

@ATLAS
EXPERIMENT

oy (Tevatron)
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proton - (anti)proton cross sections
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top at LHC

o at early stage
e re-discovery of top

o first cross-section
measurement

o detector performance
o |eptons, jets, E7"’_1iss
e decay modes?
e di-lepton (6.5%)

e /TI~vubb

o lepton + jets (38%)
e Jvqgbb

e all hadronic (55.5%)
® qqqqbb

e additional jets come
from ISR/FSR

?include tau decays

@ATLAS
EXPERIMENT

Top Pair Decay Channels
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tt — lepton + jets candidate

w =+ 4 jets

CMS, | CMS Experiment at LHC, GERN i — —|—
—_— Data recorded: Wed Jul 14 03:32:41 2010 CEST P —
- /\| Run/Event: 140124 / 1749068
X Lumi section: 3 1 1 ]
)_—  — | — —

...um,l.,,. B

comonocare oo Bl

SeV, ¢ = 0.
CMS? NS Experimenta LHC, CERN
Dl e Wed 4 33241 2010 CEST
btagged Jot

P, =822 GoVie,n =-179, 9 =103

2

£,=119.0GeV, 0 0010

Jet p; =152.2 GeVic, n

pT=30.6 n =-1.e7,~p=-z.|/

=~

.
ot k434 GaVic,n %0827, 0887
.

@EXPERIMENT @ 2011-01-06 W /Z and top at the LHC T. Matsushita (Kobe)  37/45



tt — di-lepton candidate
e — u with two b-tagged jets

' Run Number: 160958, Event Number: 9038972
Date: 2010-08-08 12:01:12 CEST

' / n_— R
/- I L EXPERIMENT
pr(1) = 51 GeV, pr(e) = 66 GeV, pr(b-tag jets) = 175, 45 GeV, EF™ = 113 GeV.

ATLAS
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Event selection for 0;; measurement

ATLAS analysis

e lepton

o electron or muon
e pr > 20 GeV, |n| < 2.5, isolated

o jet
e anti-kr: R =104, n| <24

epton + jes

® one lepton e two leptons with opposite charge

e > 4 jets with pr > 25 GeV e > 2 jets with pr > 20 GeV, no b-tag

> 1 jet(s) with b-tag at 50% o ee: |[Mee — Mz| > 5 GeV, EF™ > 40 GeV
efficiency working point o ppt: |Myy — Mz| > 10 GeV, EMiss > 30 GeV

B > 2 G2y o eu: Hr® > 150 GeV
ET™ 4+ m7(W)>60 GeV

4scaler sum of pt of leptons and selected jets

e CMS uses similar analysis
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tt — lepton + jets: control plots

ATLAS: 2.9 pb—!

e

: b
S prerprerree e S P q 9
8% atias  pretag prldet 1 8 atas  pretagetliet ] m
L2400 ® data 3 Zaoo- ® data E b
2 IL =29pb*  [tt 2k J'L =29pb*  [tt E
3350’ Wsingletop 5350;’ Wsingletop 9
3000 Wmzrjets 4 300F Wz +ets E
W+ jets : W+ jets 1
250 [ [eled] - 250:* [ el E _ 1
2008 /J‘/, uncertainty 3 2000 4 uncertainty q W v
v i £ 1
150, 4/ ’ E 1501 E
100f, V3 1 00 . ¢ dominant
soflle, 9% ? 9 507 E background
o 7 P .,
0 20 40 60 80 100 120 140 20 40 60 80 100 120 140
m(W)[GeV] myW)[GeV]

e 1 channel without EP, Mt cut
o QCD multi-jet estimation is data driven

o Acceptable agreement between data and prediction

(T
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tt — lepton + jets
ATLAS: 2.9 pb—!

ATLAS

‘ ! re o clear excess of top like events with
ATLAS tagged e/ ptjets

120 e data ] >4 jets

2
e
19}
>
w

IL=2.9 pot it ] ehes e

100, Misingletop 7] QCD (DD) 4.8+3.1 0.8+0.5
Mz +jets ] Wjets (DD)  1.941.1 32417

807 Wejets 7 Z+jets (MC) 02401  0.140.1
7577 lQcD ] single t (MC)  0.74+02  0.740.2
0 Puncertainty | total BG 72434  33%1.7
/ 77 ] tt (MC) 14.9£35  15.0+3.4

40 / ] Data 17 20

b ]
20 o

3 24
Number of jets
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tt — di-lepton: control plots
ATLAS: 2.9 pb—1, CMS: 3.1 pb—!

‘ ! I{'J cont}ol re i(‘)n £ cmspI limi I I I t
relimina
ATLAS HH 9 E 3.1pb'at \IE';YTeV q V4 ‘
e data Events with ee/pp/ep ;‘Z’”: % 3 )
— =
Jrezom® L W »
Ml single top Hsingotop
W Z+jets Ow
diboson .v_nw
[l fake leptons Wi signal b
uncertainty a g <
b
e dominant
3 >4
Number of jets background

3 24
Number of jets

e Good agreement between data and prediction

ATLAS /&N
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tt — di-lepton

ATLAS: 2.9 pb—1, CMS: 3.1 pb—!

g 20 ‘ATLAS ‘ all channéls ] % Focms ‘ ' o Data ' 1
R ® data - & 12f 3t1pblatys=7Tev| [ signal I
| B o Chi i [ Events with ee/up/ep =Zv~:lvl'pmwmz
10 J'L_Z‘gp Ml single top 10F I Single top 3
14 W Z +jets b [ =aw ]
12+ diboson - F [ EZZS’.T.:.".‘:::";
[l fake leptons |
10~ PAuncertainty |
8|
6]
4
2
[0} > >4
° ! 2 3 = ‘_1 Number Zf jets
Number of jets
ATLAS ee L ep CMS
Z+jets (DD) 0.25+0.18 0.6740.38 - Z+jets (DD) 1.44+0.5
Z > rr+jets (MC)  0.0740.04  0.14+0.07  0.13+0.06 Z > rr+jets (MC)  0.1840.09
non-Z leptons (DD) 0.16+£0.18  -0.084+0.07  0.47+0.28 non-WZ (DD) 0.1£0.5
single t (MC) 0.08+0.02 0.07+£0.03 0.22+0.04 single t (MC) 0.25+0.13
dibosons (MC) 0.04+0.02 0.07+£0.03 0.15+0.05 dibosons (MC) 0.13+0.07
total BG 0.60+0.27 0.88+£0.40 0.97+0.30 total BG 2.14+1.0
tt (MC) 1.1940.19 1.8740.26 3.85+0.51 tt (MC) 7.7+15
Data 2 3 4 Data 11
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tt cross-sections

ATLAS

lepton + jets di-lepton combined approx. NNLO
142 + 34 73} 151 75 137 145 £+ 31 737 1641557

CMS

di-lepton NLO
194 + 72 +£ 24 158 753

g Fommas — Noocoem T e dominant systematics are
o= L e fp® due to statistical

10% = (3.1pb?) -~ - Approx. NNLO (pP) uncertainties in data-driven

measurements, jet energy
reconstruction

e measured cross sections
agree with theoretical
predictions within errors

1 2 3 4 5 6 7 8

L Ns, [Tev]
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Summary & Outlook

e W/Z cross sections measured and the results are in good agreement with
NNLO predictions

o Measurements are being updated with full statistics of 2010

o Differential measurements in preparation

e Cross section measurements of W — 7v and Z — 77 underway

e Top cross section measured and the results are in good agreement with
theoretical predictions

e Measurements are being updated with full statistics of 2010

o Re-discovery of W/Z and top have been performed
e Understanding of detectors and backgrounds continues for discovery

o This year will be an exciting year
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