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Overview

ELEMENTARY
PARTICLES

* Top quark production

(our picture

and decay at the LHC of reality)
? COmmiSSiOHing the (already
LHC detectors reality)

* First LHC

top physics results
-> example studies

(reality soon)

10/30/2006 Frank Fiedler - Top Physics at the Startup of the LHC



—LEP1 and SLD
8054 LEP2 and Tevatron (prel.)

2.) Measurements: ~
* in the Standard Model: & woa

constrain Higgs mass

* beyond the Standard Model: &
SM consistency test

® search for new physics in top events:
ttbar production, single top production

top quark decays
* top as background to other searches

80.70 [ experimental errors 68% CL:
LEP2/Tevatron (today)

1.) Detector Calibration:
°* need all detector components Yo measure top

* have lots of top events
® can use top to commission/calibrate the detector
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Cross Sections at the LHC

Tevatron LHC

G I A
| * 8 orders of magnitude...

B 1ubl .

g * cross sections for

2 _, ttbar production:

o 1mb | vV
~830 pb  (LHC)

[ G ~6.7 pb (Tevatron)

0.001 0.01 0.1 1.0 10 10
/s TeV
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Top/antitop pair production (strong interaction)

Feynman diagrams (LO):

production cross section:

Tevatron Run Il LHC
pp, 1.96 TeV  pp, 14 TeV

85 % 5 %
15 % 95 %
6.7 pb 830 pb

7000 events 8000000 events
(per fb1) (per 10 fb-1)

10/30/2006 Frank Fiedler - Top Physics at the Startup of the LHC



t+ Event Topologies

* Top quarks... do not hadronize (1 = 4:10-25s)
decay almost(!) always via t->Wb

> W decays determine experimental signature

b_-jet Classification:
lepton i
‘.pT All jets P
/ jet
q or.
G—q— q ]et
P e, 1.2% 1.2%  14.8%
T b ~Jet 2.5%
f * 5% "dilepton”
initial state example reaction » 30% “lepton+jets"
detector measurement ® 44% "all-hadronic”

@ 21% "“with 1 decays"”
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30% lepton+jets events:

@ 1 energetic, isolated lepton

@ 4 energetic jets (of which 2 b jets)
® missing tfransverse energy

event selection

? easy to trigger (leptonl)
? large event yield
® relatively small backgrounds

kinematic information
® full kinematic event reconstruction possible (W, top mass constraints)
=> fop mass measurement
=> trigger and b-tagging efficiency studies
=> jet energy scale calibration (W->jj), jet resolution studies
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5% dilepton events:

@ 2 energetic, isolated leptons of opposite charge
@ 2 energetic b jets

® missing transverse energy

% easy to trigger (leptonsl!)
* small backgrounds (especially ey channel) p
@ small BR not an issue(?) at the LHC
% but: no obvious top or W mass peaks
(fwo neutrinos...)

44% all-hadronic events: 21% events with T decays:
@ 6 energetic jets (of which 2 b jets) ® various topologies
® no charged leptons @ additional neutrinos from t decay

® no missing transverse energy

? large backgrounds (multijet events!) | ° studies of T identification
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Top Quark Production (IT)

Single top (or antitop) production (weak interaction)

Feynman diagrams (LO):

t

q
1.) M-channel
q b
;
q - ~ T q
W
2.) w t-channel t
b
b ~ .- t g
b

g e yyrrrvgy————
3.)>b—{ At
b had b Aanaay W

t+W associated production

production cross section:

Tevatron Run Il LHC
pp, 1.96 TeV  pp, 14 TeV
1.) 0.9 pb 10 pb
2.) 2.4 pb 240 pb
3.) 0.12 pb 60 pb

smaller cross section
larger backgrounds
=> not yet seen
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Single top (or antitop) production (weak interaction)

require 21 leptonic W decay:
* s-channel: 1 lepton,

! * 2 b jets,
1) K s-channel issi
missing fransverse energy
q b

* t-channel: 1 lepton,

Feynman diagrams (LO):

T = 9 » 1b jet (+forward jets),
2.) Ew t-channel ) t missing transverse energy
P -8 , @ associated production:
: b Veeoome— either 1 lepton,
3.) }b—{ ki 1b jet, 2 light jets,
i P v B missing transverse energy
t+W associated production or 2 leptons (opposite charge),
S 1b jet,
-> top polarization, |Vy,| missing transverse energy
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1977-1995: indirect predictions (existence, mass)
1992-1996: Tevatron Run I, ppbar collisions at 1.8 TeV
» 1995: discovery at the Tevatron (ttbar production)
* basic properties (o(ttbar), decay channels, mass)
* 2004: last Run I top mass measurement ready
2002-today: Tevatron Run II, ppbar collisions at 1.96 TeV

* ttbar "rediscovery”

°* improved cross section

° improved properties measurements (Am _-2.16eV)
* working on single top

soon: LHC, pp collisions at 14 TeV

* Tevatron lessons: commissioning!, analyses

° precision measurements of top properties

* search for new physics with top quarks

Mass of the Top Quark (*Preliminary)

CDF-I di-l
D@-l  di-l

CDF-Il di-I*
D@-Il  di-I*

CDF-l I4]
D@l 4
CDFIl I4f*
DD-Il 14
CDF-l allj

CDF-lI all-*

CDF-Il Ixy*

nt My, [GeV/c?]
j::— 167.4+11.4
. — 168.4 1 12.8

—.—: 1645+ 56
—C— 1781+ 8.3

—o— 1761+ 7.3
' —e— 1801 £ 5.3
1

o 1709+ 25
—o 1703+ 4.5
| | ——e—— 18604115
-— 1740+ 5.2
: o 183.9+ 15.8

¥?/dof = 10.6/10

1
Tevatron Run-l/II* [ 1714+ 2.1
1
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Tevatron Lessons LMU

Lesson 1:
* We know what the top quark looks like

Lesson 2:
* We will not observe the top quark in h minutes

Lesson 3:
> We know what we have to do to observe it
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> pp €O
* low
* high

lisions at E-p, = 14 TeV (+heavy ion collisions)

uminosity phase: L ~ few x 1033cm-2s-1 (until 2009)
uminosity phase: L ~ 1034cm-2s-1 (from 2009)

(compare Tevatron: L ~ 1032cm-2s-1)

10/30/2006
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Experiments:

* ATLAS & CMS
* LHCb

* ALICE

*» TOTEM

LHC PROJECT

s LHC Project Structures
LHC Exeavatad Struciurss

' LHC Compleled Structures (CE) ATLAS
LHC Gompiated Stiuctures (CV, EL, HM, MA;

=> general-purpose => top physics => this talk
=> b physics

=> heavy ion physics

=> pp cross section, diffractive physics

_ UNDERGROUND WORKS

|||||||

LHC ‘B o
1RO 2002
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-
Barrel Toroid nner ector ) :
Hadronic Calorimeters

A
Shielding

- Tracking (|n|<2.5, B=2T):
- Si pixels and strips
- Transition Radiation Detector
(e/Ttseparation)

» Calorimetry (|n|<B):
- EM : Pb-LAr with Accordion shape

- HAD: Fe/scintillator (central),
Cu/W-LAr (fwd)

* Muon Spectrometer (|n[<2.7):
- air-core toroids with muon chambers

CMS-PARA-DD1-11/07/37

* Tracking (|n|<2.5, B=4T):
- Si pixels / strips
- Calorimetry (|n|<B):
- EM : PbWO, crystals
- HAD: brass/scintillator (central, end-cap),
Fe/Quartz (fwd)
* Muon Spectrometer (|n[<2.5):
- return yoke of solenoid instrumented with
muon chambers

10/30/2006 Frank Fiedler - Top Physics at the Startup of the LHC



ATLAS cavern wbcam)k )

ot o
e g B\ 2N
£ [ | AL A &
= e ? 5
f" -

- Tracking (|n|<2.5, B=2T):
- Si pixels and strips
- Transition Radiation Detector
(e/Ttseparation)

» Calorimetry (|n|<B):
- EM : Pb-LAr with Accordion shape
- HAD: Fe/scintillator (central),
Cu/W-LAr (fwd)

* Muon Spectrometer (|n[<2.7):
- air-core toroids with muon chambers

P

magnet test preparation

,!._ 1

CMS

* Tracking (|n[<2.5, B=4T):
- Si pixels / strips
* Calorimetry (|n|<5):
- EM : PbWO, crystals
- HAD: brass/scintillator (central, end-cap),
Fe/Quartz (fwd)
* Muon Spectrometer (|n[<2.5):
- return yoke of solenoid instrumented with
muon chambers
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Schedule

LHC Machine:

Installation:
? last magnet installed: March 2007
® machine closed: August 31, 2007

Commissioning Run:
@ first collisions: November 2007

at injection energy:  E-y = 900 GeV
luminosity: L ~ 1029¢m-2s-1
@ shutdown: end of 2007
Full energy:
® first physics run: ~ Spring 2008
at energy: Ecp = 14 TeV

integrated luminosity: a few fb-1
by end of 2008

Detectors:
"Phase I": cosmic rays
@ functioning of detectors
@ alignment

"Phase IT": commissioning

data

® tracking momentum scale
@ inter-calibration of calorimeter

"Phase ITI": physics data
@ full detector calibration:

Z->|| events

ttbar events => this talk
* measurements

first top results => this talk
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Detector Commissioning (L

* "Phase I" has already started:
RPC run # 1111 of sector 13

/

® Taking cosmic muons with L1 p trigger

* Efficiency, noise, alignment studies
I\ of muon chambers

MDT run #1068 triggering on RPCs

’-ﬁﬁt?
01
o

Atekesbe’s:
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—
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L 106\ it
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Detector Commissioning (L

CMS

@ Cosmic muon traversing
the solenoid field

® Commissioning with cosmic muons Y|
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* "Phase IT": data to expec‘r... included: 30% data taking efficiency
trigger/analysis efficiencies

ATLAS preliminary Vs =900 GeV, L = 10 cm? s

_________________ T T D A — el | Jets pr > 15 GeV

Jets p; > 70 GeV
| T/
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10/30/2006 Frank Fiedler - Top Physics at the Startup of the LHC



Physics Commissioning

> "Phase ITI"
* use Z->up decays to calibrate muon chambers
tracking momentum scale
Z->ee decays to calibrate electromagnetic calorimeter

» but: hadronic calorimeter? -> jet energies? -> missing E1?

b tagging? -> b-jet ID?

* => indirect method for jet energies: 9
1.) calibrate ECAL with Z->ee ?
2.) calibrate HCAL with y+jet events -

(or use Z+jet events)
* => alternative: lepton+jets W ....

3

.
.
.
.
------

ttbar eventsl!
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Physics Commissioning

* "Normal” selection in the lepton+jets channel (example cut values):

@ 1 energetic isolated lepton E+>20 GeV

@ >4 energetic jets (e.g. 0.4 cone jets) E+>40GeV, |n|<25
@ >2 b-tagged jets

@ significant missing E+ E miss > 20 GeV

» works great for a perfect detector

» Scientific honesty: no detector is perfect from the start

=> educated guess on what may be wrong:
* "perfect” lepton reconstruction (calibrated with Z->ll)
note: will require a lot of work on alignment, energy calibration, etc.!
® no b tagging
® imperfect jet energy calibration
* => demonstrate we can still find&calibrate ttbar events!
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ttbar without b tagging

* assume a perfect detector except for b tagging
° purely kinematic selection:

1 isolated lepton E+> 20 GeV )
exactly 4 jets (R=0.4) Et> 40 GeV > Selection efficiency = 5.3%
missing Et E miss > 20 GeV |

® assign jets to top and W decays:

1.) hadronic top: TOP

Three jets with highest CANDIDATE
vector-sum pt as the decay

products of the top

2.) W boson:

Two jets in hadronic top with
highest momentum in reconstructed
jjj C.M. frame

(do not use reconstructed jj mass
to avoid biasing background spectrum)
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ttbar without b tagging

* reconstructed mass distributions, signal only:  ATL-PHYSPUB-2005-024

I //// @ top, W mass peaks clearly visible
z @ but remember!
signal only -> already have large
combinatorial background
perfect detector -> already see mass shifts

TOP
CANDIDATE

calibration (energy sharing between
jets)
. / —isof
@ m,, = 162.7+0.8 GeV| m(top,,,) | ~ [ My =78.1£08GevV | m(W,_,)
Esn__ ~4 60
C . 2t
Ero] I o
nn:— L=300 p b 120 __Jet energy scale
15!1:— 1nu;_ . ux 1 calibration...
[ 80 ... possible from m(W) peak
1nn:_ 80 ... and necessary!
- 40
50 :
: . y 20
ul 1171 IIII;IIIISI/lBIIIZI |]-I.I%IO|IIII|IIII|IIII u_ll 1 1 1 | ; 1 1 | 1 1 .I | 1 1 1 | 1 1 1 | 1 1
100 150 200 250 300 350 400 450 500 a0 60 B0 100 120 140
reconstructed mass (GeV) reconstructed mass (GeV)
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ttbar without b tagging

Backgrounds: look at Tevatron experience
* example: topological ttbar likelihood used by DG

ﬂ :‘ T U T T ﬂ 307‘ N bl T
g .| DORunll 370 pb” g DO Run II, 370 pb” |
w e+jets events w | ntjets events )
151 C T - C T 1
B W+jets MC W+jets MC

[ Jele) [ Jele)

o T

% 02 04 06 08 1 :
L Ltopo

topo

Dominant physics backgrounds:
> W+jets events generate with ALPGEN

*LINA (O EATEGE) (fake/non-isolated lepton) -> detector performance?
Additional backgrounds:

® multiple interactions
@ underlying event

reliable studies only with data
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ttbar without b tagging

* including W+jets background: ATL-PHYS-PUB-2005-024

I\ //// @ ~ 3 times as much background
" @ top, W mass peaks still clearly visible
@ but remember!

no QCD background yet

perfect detector calibration

F&ﬂﬂ — - m (tOP had) F&sn —
§ L3 o \
u?w:_ &mf— i, !
r r ] h ..' nd ih I
400 300 } Ao I L = 300pb-1
r o r, b
300]- z::‘ 1 ; ¢ full simulation:
ot 4 - MC@NLO ttbar,
g 100 /1 - ALPGEN WH+jets
"¢  S/B=0.45 w0
006150200250 300 350" 400 450" 500 - R R - R 7
reconstructed mass (GeV) reconstructed mass (GeV)
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ttbar without b tagging

* sighal/background enhancement possible: ATL-PHYS-PUB-2005-024
.

TOP
CANDIDATE

@ can exploit reconstructed hadronic
W mass to clean up signal
@ if W mass well-reconstructed

420
. < T m(top,,.,)
':f;nné— _ m (tOP had) fysn— gﬂﬂ :_
2t X Si0; W
b S S0 L =300 pb-1
- “
zun; T s j::; 'W:_ S/B = 177
“¥ S/B=0.45 f o

e T,

400 450 500

|||||||||I||||||||||| .r....
reconstructedmass (GeV)  reconstructed mass (GeV) 100 150 200 250 300 350

signal+background W mass window - reconstructed mass (GeV)
final reconstructed top mass spectrum

a@o also use leptonic top -> need f+ -> need jet energy calibration ]
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b Tagging Calibration LMU

* Select ttbar events without using b tagging
=> calibrate b tagging efficiency

Lepton+jets events:

@ S/B ratio (b jets / flavor mixture) = 1.77
with simple selection

@ possible further S/B improvements
(e.g., cut also on leptonic top mass)

@ verification of S/B with mass peaks!

Dilepton events:

®only 2 b jets, clean sample

@ careful with ISR/FSR!

® no mass peak for verification
@ sample smaller

® => for cross-checks
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Jet Energy Calibration

* Effect of mis-calibration of... hep-ex/0403021
jet energy: AE/E=1%  -> Amy,, = 1.6 GeV

jet-jet opening angle: Acos(6)=1% -> Amy,, = 1.2 GeV

* problem: a priori knowledge of jet energy calibration: O(10%)

detector effects: detector commissioning
physics effects: isr/fsr, underlying event

* Jet energy calibration with Z(->ll)+jet events:
-> light and b jet energy scales to 1%

°* problem: energy sharing between jets
systematic effect on jet-jet opening angle 6
=> W mass in ttbar events shifted downwards

° => in-situ calibration using W decays in ttbar events
(still have to extrapolate from light jets to b jets)
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Jet Energy Calibration

° ttbar events: source of identifiable hadronic W decays
(->light quark jets)

* invariant mass of jets should
yield well known W mass

* => calibrate light jet energy scale
directly within ttbar events

° caution: do not use W mass for jet
assignment to avoid bias

* reduction of combinatorics
using b-tagging when possible
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In Situ Jet Calibration

*> calibrate energy scale:
rescale jet energies with a factor a
=> My = 2 a1Ejer1 Q2B er2 (1-cosB)
*> fit for a as a function of raw jet energy

hep-ex/0403021
i 2 1.1
- . Signal gl/ndf Lo ;213 5 . ’ M no calibration
1.4 |+ +bkg : MoD B calibrated:
AR P2 1.029 Q . ++++ A event-by-event basis
ciaes .. - g et O parametrized calibration
lE8aEs S0 = 805 — ¥ [
& e ko) B L B
g bl L ' 4
G B 2 i
el e e e R E R AT B
© o D”E'DDDDE%SBS“SSS”Q“”:";:Eé:::;;“:?;;::“?::,::; 1 }3?03??&4‘:?? LI < ?
S e, o A et Bmh s +-+ +
D D TR Tl vl
L Emmmeeccmonene o ienn o uge v poaratet T = 0
st e |l T 1% range
T e 095 |-
s B L =10 fb-1 ]
- ATLAS fast simulation
Co R 0.9 I R R B R R R R R
100 200 300 400 100 200 300 400
raw raw
Ehghtjet (GGV) EJ . (G‘CV)
v
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More Calibration

*» Essential ingredients for many searches: neutrinos, T leptons
» => Calibrate E+Miss and 1 ID with ttbar eventsl!

1.) calibrate e/p energy/momentum scales  measure number of ttbar events in

2.) calibrate light and b jet energy scales  other channels
Msop from Tevatron => known number of events with t

=> first Eqmiss (or search for H?)

calibration Vo
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Effects of underlying event

* hard to predict for LHC

* large effects

°* need LHC data to study
(only few events needed)

8

=]
Il
=
= 7 PYTHIAB.214 (tuned) /
/
= PHOJUET1.12 (default) y (
E’\ g
g B ,
Z r
o A UA5 53, 200, 546 and 900 GeV
5 © CDF 630 and 1800 GeV

--  0.023In%(s) — 0.25In{s) + 2.5
e 0.27In(s) — 3.2

108 10° 10*

Vs (GeV)

—»— { underlying
™ [ event

underlying
event

as
b

standard top mass analysis, lepton+jets channel

|StdSingIeLeptonftml_2b
e i o
B =1+ McAtlo
80__ | Reconstructed T-mass (2 b-jet) |
60— 5 GeV differenge
- between various
40— UE models!
20—
i L e .
i .| T IR S B |"I| | .-I Mt 3 i i -
% 50 100 150 200 250 300 350 400

GeV

ATL-PHYS-PUB-2005-024

10/30/2006 Frank Fiedler - Top Physics at the Startup of the LHC



Commissioning Summary I

Inputs needed for ttbar events:

@ jet reconstruction efficiency (offline) (dijet events)

@ jet energy (HCAL) inter-calibration (dijet events)

@ (from min. bias events)
® charged lepton ID efficiency (trigger & offline) (from Z->l)

® charged lepton energy/momentum scale (from Z->l)

Calibration information ttbar events can provide:
® b-tagging efficiency

° light jet energy scale, jet-jet opening angle calibration

@ E{miss calibration

* 1 ID efficiency

=> First physics measurements:

@ relative cross-section o(ttbar)/o(W)
® top quark mass (will fake time to beat the Tevatron) -> this talk
@ single top discovery/confirmation

10/30/2006 Frank Fiedler - Top Physics at the Startup of the LHC



> Top mass measurement with a calibrated detector

First Top Measurements

* Effect of b tagging:

(commissioning)
S — | Commissioning W-mass |
me
% :3— i }{{I Hﬁ }Hl{i
© - H
£ i f Y *H"HI"HH ¥
80 E+J- R H {{HH“M
; 60} {l{l;:,f oo 0 ::::.; '-_:'!5':.*_"-,.}. __Hﬂlﬂ
P :?B | ﬁ [ Commissionin g T-mass
2o {| f
260? *} i{
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no b tagging

with b tagging

m(W),
1 b-tagged
jet

18—
16al=
140f
120
100f

m(top),
1 b-tagged
jet

m(W),
2 b-tagged
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30¢

Lepton+jets channel: 5
* hadronic top mass:

[ ]
o

-
=
T T T

Events/{15 GeV/e")
oo

Events/(15 GeVic’)
m

mos.l. S.rr‘aigh.rfor‘war‘d TeChnique ﬁf:1|:||:| " 700255 ST TR0 400 z_ j 300 350 400
@ kinemaTic f|-|- K (GM)CDF note 8125 e
. . N‘s; :i: \ 1-tag(L): 61 evenis N‘s; §§ P D-tag: 97 evenis
also use leptonic side 33
-> reduced statistical error i e

-> Tevatron > o

* Matrix Element / Dynamical Likelihood:
integrate over all possible final states
best possible statistical error
-> Tevatron >
-> too computing intensive for m;,, @ LHC (?)

=> Ideogram technique (CMS)
» events with large p+(top)
independent systematics

m,,, (GeV)

jet energy scale

10/30/2006 Frank Fiedler - Top Physics at the Startup of the LHC



Top Quark Mass

* Measurement based on the hadronic top mass: =

100

0.) event selection (including 2 b-tagged jets) ™
1) find W->jj decay and jet energy o
rescaling parameters "
L_M[AapaZPJMWf Eﬂ(L_%)Z Eﬂ(L”%)z ”? I
1 r; 7 ’ 7)) % s h0 1m0 200 28
W mass jet energy | W mass before rescaling (GeV)

contributions to x2

2.) select events if |my, - 80.4 GeV| < 20y,

n -
. SN P— = 120
3.) choose b jet § el Bomrear| | |
o - | [ 100

100

to give largest
top pr

ol 80

Bof- 60/
agl- 40~
20l 20
2 r i ;

%3 1':'3 150 500 = 2‘50 200 0 00 S0 100 150 200 250 300 350 400
top quark mass top quark mass
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Top Quark Mass

* statistical error: 0.05-0.25 GeV with 10 fb-1 -> not dominant!
=> study (and reduce) systematic errors; other measurement techniques

» Kinematic fit for the top quark mass:
=> reduced uncertainty from fsr modeling

» Selection of high pt top quarks:
=> independent systematic errors => combination

uncertainty hadronic  kinematic high-pt

top fit top
light-jet energy scale (1%) 0.2 0.2
b-jet energy scale (1%) 0.7 0.7
final state radiation 1.0 0.5 0.1
mass rescaling 0.9
underlying event 1.3
CR, my,, definition O(Nocp)  O(Mocp)  O(Agep)

total 1.3 0.9 1.6
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Dilepton channel:

very clean channel Sl o e
but 2 heutrinos: no direct m,,, measurement possible §af = i
* Weighting technique: wb L
assume My, value ol
reconstruct event kinematics . ’-r ]
assign event weight according to MC distributions UMEL___.____“_

evaluate weights for different my,, hypotheses
-> largest systematics: PDF modeling (1.2 GeV, ATLAS), JES (1 GeV, CMS)

> Matrix Element technique:

integrate over all possible final states
-> Tevatron

events

All-hadronic channel:
very large multijet background
~3 GeV systematic error from FSR modeling

100 120 140 160 160 200 220 290 260 0 30

tap mexx (GeY)

=
FFFFF

| A m
[ 1
970 60 -50 -40 -30 -20 -10 O

ttbar probability
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Summary and Outlook

* While the Tevatron is producing results...
see the many talks here at DPF2006!

» ..LHC detector commissioning has begun:

cosmic ray events >
» 2008: first data at ECM = 14 TeV st 1| m(top,,.)
ttbar signal easy to find 25

* Top events crucial for calibration:
b-tagging efficiency
jet energy scale [ ,
missing transverse energy o

......
“““
o

T

o i B, TN AR
100 150 200 250 300 350 400 450 500

m (top had)

* Preparations for ttbar measurements”
top quark mass ("benchmark measurement”) >
other measurements: talk by Mohsen Khakzad (Wednesday)
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ATLAS and CMS

ATLAS CMS
Air-core toroids + solenoid in inner cavity Solenoid
MAGNET (S) | 4 magnets Only 1 magnet
Calorimeters 1n field-free region Calorimeters inside field
Si pixels+ strips Si pixe1§ T s.trips. .
TRACKER TRT - particle identification lggf;rtlcle identification
B=2T - .
o/p. ~ 5x10 p,. 0 0.01 o/p; ~ 1.5x10* p,. 1 0.005
Pb-liquid argon PbWO, crystals
EM CALO 0/E ~10%/VE  uniform G/E ~ 2-5%E
longitudinal segmentation no longitudinal seem.
HAD CALO Fe-scint. + Cu-liquid argon (10 A) Cu-scint. (> 5.8 A +catcher)
o/E ~ 50%/VE 0 0.03 o/E ~ 100%/VE [ 0.05
MUON Air - O/p;~T7%at1 TeV Fe - c.y/pT ~ 5% at 1 TeV
standalone combining with tracker
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ATLAS and CMS

* Completion of the detectors:

Detectors will not be complete in 2007

* ATLAS because of staging TRT coverage over
In|<2 instead of 2.4

* CMS pixel and end-cap ECAL installed during
first shutdown

* BOTH reduced trigger bandwidth due to
deferrals on HLT processors (~50% of full
capability)

Small impact on performances at low L (except
for B physics)
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ATLAS and CMS

* Detector performance:

Expected performance day 1 Physics samples to improve (examples)
ECAL  uniformity | ~1% (ATLAS), 4% (CMS) Minimum-bias, Z— ee
e/y scale 1-2%7? L—ee
HCAL uniformity 2-3 % Single pions, QCD jets
Jet scale < 10% Z(—=l)+1j, W — jj in ttevents
Tracking alignment 20-500 um in Rg ? Generic tracks, isolated u , Z — uu

Ultimate statistical precision achievable after few days of operation. Then face systematics ...
E.g. : tracker alignment : 100 um (1 month) — 20um (4 months) — 5 um (1 year) ?
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* Exploiting ttbar signal : b-tagging studies® " \

L
TOP CANDIDATE

- An enriched sample of b-jets can be extracted

from L+jets Top events

- Cut on m(W, ) and m(top, ) masses
- Look at b-jet probability of 4™ jet
(must be b jet if all assignments are correct)

ttbar (signal)

‘always b jet if all jet
assignment are OK’

b enrichment expected

and observed
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t+ Cross Section

* Systematic errors on the ttbar cross section measurement

with 10 fb-1: (largest contributions)

Uncertainty lepton+jets | dilepton
light jet energy scale 1.6% --

b jet energy scale 1.6% 3.6%
b tagging (conservative) 7.0% 3.8%
pileup 3.2% 3.6%
underlying event 0.8% 4.1%
b fragmentation 1.0% 5.1%
PDF uncertainties 3.4% 5.2%
Integrated luminosity 3% 3%
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Monte Carlo Tools

® MC@NLO: NLO Monte Carlo
- Matching NLO calculations of QCD process with parton shower MC
* Total rates are accurate to NLO
* Hard emissions treated as in NLO computations
* Soft/collinear emissions handled by MC shower
* No 'double counting’ between these =

- Interfaced to Herwig
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s Herwig and MC@NLO agree at low pt
@ MC@NLO harder at large pt
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