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C Outline

® Focus on main items for Standard Model physics in early data

Channels (examples ...) Events to tape for 100 pb! | Total statistics from
(ATLAS) LEP and Tevatron

W—nuv ~ 106 ~ 104 LEP, ~ 1097 Tevatron
Z —>up ~ 105 ~ 106 LEP, ~ 1056 Tevatron
tt = WbWb —pnuv+X ~ 104 ~ 103-4 Tevatron
QCD jets pr>1TeV > 103
88 m=1TeV ~ 50

® LHC and ATLAS status ® Top physics

® Minimum Bias and Underlying Event * detector calibration/understanding

® J/q) and T resonances % first top cross section measurement

® W and Z (+jets) physics ©® QCD physics

* detector calibration/understanding % jet cross section measurement

% inclusive cross sections % constraints on PDF's

% constraints on PDF's ® Summary
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® LHC key parameters
* p-p collisions at 14 TeV (x7 wrt Tevatron)

* design luminosity of 103* cm™s! (x100 wrt Tevatron)

* bunch crossing of 40 MHz (1GHz pp collisions)

* Heavy particles production rates 10*3--¢ Hz
(W, Z, t, H, Susy,..) with high sensitivity to New Physics

proton - (anti)proton cross sections

10’ T T T 10’
10° ‘ — 10°
® At regime: ~6x10° s of pp physics running per year 0 {u
10° F 410’
* ~0.6 fb-!/year if L=103? cms! o | b
1 €1 —1033 cm-2c1 o' § LR
* ~6 fb!/year if L=10°° cms ok s
10 B 0 (ES > Vs/20) 10 e
g 10" F Ow 4 10 ;
® Start-up trigger menu for low-luminosity (10%* cm2st) = wi . oo {0
10" £ 410" 5
% less stringent requirements with lower thresholds without 0 b Ju?
complex criteria (e.g. isolation on lepton final state) o e 1
107 F OBy >VS 5 10"
* trigger item examples: el0, 2eb, v20, 2y15, n10, 2u4, j120 10° | oM = 150 GV 10

10°

F Higgs(

M, = 500 GeV)

0.1
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LHC schedule

® Current schedule
% End of May 2008: machine closed

% End of June 2008: beam commissioning at 7 TeV
* 1-2 months for colliding beams at 14 TeV

= aim for 1032 cm2s! by end 2008 with ~100 pb! integrated luminosity

2008

Stage |

Hardware commissio

Machine checkout
7TeV

Beam commissioning
7TeV

No beam

Shutdown

2009

Beam

Shutdown

Machine checkout
7TeV

Beam
setup

No beam

Install Phase Il and

MKB
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® The wide ATLAS physics programme (SM precision measurements, Higgs, SUSY,
BSM, ...) puts stringent requirements on the detector performance

Detector component resolution n coverage
Tracking O, /p+=0.05% p; © 1% Inl<2.5
EM calorimetry 0g/E = 10%NE @ 0.7% Inl <3.2

@ Installation and commissioning are in well advanced status

* Completion of detector installation and services, only part

of forward muon chambers and shieldings still in surface

* Hardware commissioning of all electronics components,
control, safety systems

* Full test of the data taking chain with calibration and
cosmic events: operation mode mimics ATLAS runs

* Test of all online/offline/computing software

® Get more details from http://atlas.web.cern.ch
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INFN

(s ATLAS installation gallery

® The ATLAS detector installation is a long process started 5 years ago ....

® .... now we are ready to close detector for the LHC start-up !
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C === Minimum Bias and Underlying Event

Scetch of a proton—proton collision ?/'

at hi ergie:

t high energies . e @6 o
i, arton ” 1) i {

® Explore fundamental aspects on p-p collisions
@ Calibration of major physics tools and detector understanding\%

* pile-up, energy/momentum scales, isolation properties, vertexing,
® Tuning of Monte Carlo models
* hard/soft interactions, ISR, FSR, MPI,

® Minimum Bias is defined as the

inelastic non-single diffractivel part owe  Ztot — Pelas T+ Os.dif + O‘d d}J: ,—I_ ,{71”’0de

* Dominated by soft interactions which needs modelling (Pythia, Herwig, Phojet, .:.) M

. . Leading A Aq)
process pp |  Cross section (mb) ® Underlying event is defined A o
Vs =14 TeV) Phojet1.12 | Pythia6.2 ) . Toward -
= — as everything except the outgoing \ s les0°
non- : : . /
diffractive hard scattered jets \
single- 11.2 14.3 :"Transverse \\\ //" '
diffractive * Hard part from ISR, FSR :.|600<‘A¢‘<12004<>::,~1: 4 E
' -7 “~._ Transverse !
double- 4.1 0.8 : . ;
tractive + scattering particles / |
elastic 33.6 22.2 * Soft part from beam-beam remnants . Away l i
lApl>120°

1 ATLAS min-bias after trigger with ~50% o4.dif and ~50% os.dif = further corrections are needed!
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® ISR, FSR, SPECTATORS are not enough to account from the observed multiplicities, pT
spectra, KNO scaling violation (AFS, UAL, CDF...) = Multi Parton Interaction needed

* MPI Observed from dOUble hlgh_p_l_ % 10 . PBARP CHARGED.X (:,Sfloocev %10 PBARP — > CHARGED X  (NSD events)
. v e 540 Gy ji\ PARP(84)=0.2 (D) 4
SCatterlngS at AFS, CDF and HERA o ver 900 ey g PARP(84)=0.4
. ‘. PARP(84)=0.6 ®
photo-production o st L o= so0ces o
s 'y
% complex scenario with smooth transition : i
from soft to hard interactions and double L, %ﬂﬁ’
gaussian matter distribution gives best t‘r
agreement with data |UAS5 Vs = 900 GeV
| L | with MPI tunings ™
- 12 - I T e e !
%n | 4 PYTHIA6.214 - tuned & 10 A PYTHIA6.214- tuned n/<n> z=n/<n>
= - g ® PHOJET1.12
2 10 s PHOJET1.12 J§
S s LHCVs=14Tev o _
e | L ® LHC energy predictions differs of
" b ¥ ~30% for MB and a factor ~2
7z 6 o T 10"
v z TN for UE (Pythia6.214-tuned vs. Phojet1.12)
[ f N
4 . | _ s .
——————ATRY, B 13 LY  LHC measurements will be
N ) i CO
2 [ NSDppinieracons gy crucial to select best physics
LHCVs=14TeV | o womss 50 0 Py
o 10 20 30 40 s 0 1 ”‘z””s‘”!n‘-“‘s‘”“%” model
Pt leading jet (GeV) z=n/<n>

M. Bellomo Les Rencontres de Physique de la Vallee d'Aoste, La Thuile 8



A

_~ Istituto Nazionale
di Fisica Nucleare

l

J/¢ and T resonances

® J/¢ and T produced with high cross sections = very high statistics

® After all cuts
* about 4200 (800) J/V (T) — puu events per day at L = 103! cm™s!

(assuming roughly 30% machine times detector data taking efficiency)

* about 15600 (3100) event for 1 pb! integrated luminosity

—h
2

Events per 1 pb™’
| I TTI1 |||I

—
(=)
w

10?

10

M. Bellomo

. Direct onia
B Drell-Yan

JIP

Y(1S)

ATLAS preliminary

3 4 5 6 7 8 9 10 11 1z
Mass (GeV)

1 pb! = 3 days at 103! cms!
with 30% efficiency

® Input from data for very first detector
calibration /understanding analysis
% tracker momentum scale,

trigger performance,
detector efficiencies, sanity checks
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CDF and DO Runll Preliminary

*D0(e) © @ DO(u)
Runll MDO(r) @ CDF(u)

® Measurements of Electroweak observables 250

* W,Z cross sections
* W mass and width, sin? B¢, Arg

* W charge asymmetry A(ni) and differential

300 pp—Z+X — 11 +X

Cross sections

o, x Br (pb)
N
3
L E

200

% Di-Boson productions

. . . 150 CDF T
* to search for new physics looking at high . oo oo
invariant maSS taill e 10 |||||||||||||||||||||A|C|D|F(IE)| ||:||c|:DIFfM? 11

17 175 18 185 19 195 2 205
Center of Mass Energy (TeV)

® Single W/Z boson production is a clean D& Run Il Preliminary

. . >
processes with large cross section useful 3 F
also for 2 OF eData
'g - —Monte Carlo
66 ”? c
* “Standard candles” for detector ui 10°
calibration /understanding :
10
% constrain PDFs looking at otot, W rapidity, ... -
. . . . 15 )
% monitor collider luminosity - il HHJ“H'H'
0 50 100 150 200 250 300
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(e Alignment with Z—pTu

2 42 ndt 18.94/7 | Y ' a
® Observation: decrease of momentum resolution is S| comsm 24425 ‘
[- Mean 0.2063 « 0.0010
first order due to sagitta shifts in spectrometer sectors £ |som oows: ooos -
b4
* Z boson mass constraint
% Muon from Z boson reconstructed in tower A, have other - positive muons
_ _ _ . misalignment of
partner muon in different tower, independently misaligned <imm> and <1mrad>
33 2e-1 - Stand-alone
% Results for 1 day at 10°° cms e enetction
% More statistics allow for in-sector corrections with further
: — 04 -03 -02 -01 -0 01 02 03 04
reduction of standard deviation (1/pT™e-1pfecy /(1 /pTre)
(o} TTT] Ty ] _ T a 0.2r R | —e—
_?8_0-15 Misaligned muon spectrometer %'0 el Misaligned muon spectrcimeterm
(barrel region) ke (barrel region) ——
0.1 : 0.16} |
0.05}- O-14F 1
; 0.12} i B
ofF——— —_— 0.1 ——
e o 4 | —1 e
. o t—— | 0.08} —
-0.05} - .
—— 0.06
0.1 ® Before correction ] 0.04 ® Before correction
= After correction 0.02F— After correction
015 1 : | [ ] L | | |
20 30 40 50 60 70 80 90 100 90 30 40 50 60 70 80 90 100
pll+ [GeV] pll# [GeV]
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Momentum resolution from Z—pTu

® Determination of momentum resolution

for muons from a Z boson decay
* Momentum range about 20-80 GeV
* Use peak position for momentum scale

* Use peak width for momentum resolution

& :IIIIIIIIIIIIIIIIIII'IIIIIIIIIIII:IIIIIIIIIII'IIII ;12. T T T T T T ]
S E Stand-alone reconstruction 8 + Stand-alone reconstjuction E
> m Aligned layout :N 11h; ]
£ 10F 3
z i ]
< O ]
8 R
: & E
7 = 3
a" ]
6 = :
| — e :
§ e ]
3 [ 1 1 | | 11 1 1 11 - 1 .

60 65 70 75 80 85 90 95 1001051’ o 02 04 06 08 1

® Monte Carlo Spectra method

* “Adjust” reconstructed momentum to fit MC Z lineshape

- Momentum scale can be estimated to about 1%

using 30.000 events (for a misaligned geometry with a

gaussian resolution of ~12%)

® Parametrized shape method

% As above but resolution is parametrized as a function

- Generated momenta smeared with resolution parametrization

- Momentum scale can be determined at 1% level for an aligned

muon spectrometer layout

M. Bellomo
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Arbitrary units
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Aligned Layout
® Monte Carlo Mass
— Fitted Reconstructed Mass

tH
o

H
m

== ] /M

HA
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60 65 70 75 80 85 90 95 100105110
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Acceptance studies in W—pv

® Study the acceptance corrections due to geometrical coverage of detector and trigger

103 ‘ LO with HERWIG PS 103 LO with HERWIG PS
. . . AN @ HERWIG, , o HERWIG,

* Theoretical description S O oM ~ el § O PHOTOS ME
with NLO QCD and & 4 MCenLO % S >
EW corrections | 10 g 10p

= B <1 ll“ S = = s
* MCG@NLO, Photos and & 1 \‘, ,-';.f:'.:_,'gn,, & 1f
. ) 5 :

Horace generators with = 10! ||| “, | I,,_Mu,,‘ ” © o

. ) \| mlll\iluunll ||u IIlIII
Herwig parton shower llh i o ol ) E
I I T ) AL .
0 1()0 200 300 400 0 100 200 300 400
pT (GeV) p? (GeV)
|n|<2.5,E:“SS>2o GeV
1 e MC@NLO
—— HERWIG,, ® Transverse momentum and pseudo-rapidity

cumulative curves

* LO and NLO comparisons

* QCD corrections effect up to 2%

10 * lower impact from EW corrections (<1%)

——

i
p, (min)

-]
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(- s Trigger efthiciency from Z—putu

Tag and Probe method

® Measurements referred to Inner Detector and

0 Inner Tracker

Muon Spectrometer offline reconstruction
ci1®c2 <0, 81<Myu<101 GeV, pt>20 GeV

® Background rejection with kinematic

Probe Muon , [ Muon Spectrometer

The invariant mass
___ of the two tracks

should be near the

Z-Boson mass.

yoo Test if there is
_" | -- corresponding track
in the MS.

and tight isolation cuts

% ID = INP < 4, ¥prl°® < 8GeV,
* Calo = Ejt < 15GeV, YET™M < 6GeV

® Errors for 50 pb! = 0.3% (stat) & 0.5% (syst.) = {29 Muon
background contribution <0.1%

3 109§ T T T T T T T iz S o 88:;: :;
— — - H ] () - — -
= 10°E Cfut f:om; d(;aglzj[r)am ) 66—y = g S —— 4
W0E of selected (ID) probes O - ww = % 0.02F =
6 n DW *_> v E: £ -0.04 i ; ; =
10 F Wzy - 3 2 0.04F E
10°E E S 0.02F -
10 4 = e s FUSCONPE SRR s s &
z T 0025 5 (urt L1 E
103 E% © -0.041" f (Wr ) f f t t =
10 - & 0.04F =
10 : S 0.02F =
E i o;—+——-——o—‘+‘++m__.__._ﬂ+~+ ot
1 = . -0.02 =
y JLdlt = 50 pb- -0.04F EF (wrtL2) JLdt =50 pb-1-

10 2 45 1 05 0 05 1 15 2

Al oppc,{g'r/gﬂgaé‘gup, De/tap/gf/af,-os,{eVefgand\';;gggé7 Lo E&r
S
tag and probe cut flow
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@ Efficiency of isolation requirement

also determined via Tag and Probe

% Avoid correlations determining isolation
efficiency versus number of reconstructed jets

% Early Data:
- Acgiso/€iso0=0.002(stat)+0.003(sys)
% High Luminosity Measurement:
- Atiso/€iso0=0.000(stat)+0.001(sys)
® Main systematic from background

@ Efficiency of kinematic cuts

Uncertainty arises from uncertainty on
momentum scale measurement

* Skinematic:O . 906:|:O . 003(Sy5)

® Uncertainty on impact-parameter and
misalignments should be negligible

M. Bellomo

Isolation efficiency

Further Systematic Uncertainties

—

0.95

O
©

0.85

0.8

0.75

0.7

l_‘_l_.l_! [ — | [ — | [ — | [ — ]
—.— -
H P i
A R e -
:_ ............. i .................................... -
o Monte Carlo truth | —+—+
:—— Tag & Probe method ------------- e —e—
g Isolatlon requwement ]
| | | | | | | | | | | | | | | | | | | | | | i
0 2 4 6 8 10

Number of reconstructed jets

® Impacts of PDFs on the

acceptance =1% uncertainty
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® Selection based on Muon g BT T 7
Spectrometer tracks in [§| < 2.5 &
* lIsolation via Inner Detector only or £
also with Calorimeter-based cuts
® QCD background from data
* QCD enriched sample (like-sign)
and normalization to signal selection 0 2 4 6 8 10 12 14 16 18
from MC Noosaco s
® Background unc;ertamty % Joeiéorelseléctlbnlgsv_:ﬁ‘v
expected = 0.2% £ b
E T — 1

® 100pb-! overall uncertainty (%)

stat |exp syst|th syst!| lumi
+0.004 | +0.008 | +0.02 | +0.1

I theoretical syst. related to signal acceptance

40 50 60 70 80 90 100110 120
u [GEV]

M. Bellomo Les Rencontres de Physique de la Vallee d'Aoste, La Thuile
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c llke Slgn S A :;, R WZ—pu
> I IW—uv
> non |solated muons : w
g |  bbu
<

ﬂﬂﬁ Fhﬂ NI

40 50 60 70 80 90 100 110 120
m,, [GeV]

IIIIIIllIllIIIIlllJllII
[ L I 1 1

T .Z_>MM

Arbitrary units

75 80 85 90 95 100 105 110
m,, [GeV]
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(e W —ev cross section
. : >6000 T T ]
® Cut-based selection: 20 GeV electron trigger 8 Cut-based
£5000 MC only
* ET>25 GeV, |n|<1.37 or 1.52<|n|<2.4 g

* Etmss>25 GeV + Jet veto: Ejet<30 GeV

® Data driven selection

* QCD background estimation from data

IIII|IIII|IIII|IIII|IIII|IIII|—

* Zee removed with Mee, Mey, Me-EMjet

0 100 120
Highest uncertainty from QCD background My (GeV)

* QCD enriched sample with same kinematical

v-selection = shape measurement

(/)] [ | T T T T T T | T T T | T T |_ ,_|25000 T T T T T | T T T | T T T
£50000 . " ] : i
S after Z—ee removal - 3 Fcg points for signal after
0 R _ - = -
o - Q - - QCD subtracted events -
::40000_— W—-eu — %20000_— _i g ]
_ - 5 F NO W-eu .
30000 — W-TU - 15000 " 'g —
- Z—ee - - £ W-Tu -
20000 - 10000 & Z—ee =
10000/~ = 5000 — I
0: | . , P T : :
0 20 40 60 80 100 120 140 iR

0 20 40 0
M, [GeV] ETmiss [GeV]

@ Overall uncertainty (%) for 50pbi: £0.002(stat) +0.05(ex syst) £ 0.1(lumi)
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(s PDF’s constraints from W,Z
® At the EW scale LHC will explore low-x partons 10 S P TR S oy
* 104<x<0.1 over measurable rapidity range (]y|<2.5) 10 Exenson sl
% Scattering between sea quarks: gluon is the dominant parton o £ TOTON G i 1 /‘
® Use of LHC data to improve precision on PDFs < o
include ATLAS W rapidity “pseudo-data’ in global PDF fits i oE
* Simulate real experimental conditions: 1M “data’” sample with il .
CTEQ6.1 PDF + detector simulation included (+4% exp error) in ' Fu-ioaw
the global ZEUS PDF fit (with det./gen. level corrections). wE

i o 2T
. ZEUS PDF before 2 [ ZEUS PDF after
" including W data E - including W data

e CTEQ6.1 e* e CTEQ6.1 e*
ol pseudo-data b pseudo-data by shape parameter )\’ Xg(X)~X_)‘

* BEFORE N = -0.199 £ 0.046
*x AFTER A =-0.186 + 0.027

® 41% error reduction with
100 pb! of data

Normalization free
= luminosity independent

® low-x gluon distribution determined

0.8
0.6

0.4

0.2

ol v v v L b b b
0 1 2 3 4 5
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==  PDF’s constraints from W,Z + jets

/

Z

)

® In the inclusive production of W/Z + jets at least one reconstructed jet is required

x 10
. . r LHC pp — W(—e+V + jet) 1 L O Wi(setv + ie
* given the presence of an hard jet (pt > 25 GeV) 1w oo . T
g - NLO(MCFM)
. . = i 1 _10000 .
it can be expected that PDFs are different R | 1B
from single boson production , S ]
6000 - L
% Can contribute to better understanding of gluon : o ]
. . . 4000 - + uncertainty |
and heavy quark (s,c,b) distributions : CTEQGL # uncertanty | a0 | ]
I MRST2001 + uncertainty| Ly
(also of course as test for pQCD) o | T crost samersiy N\
: ------------ MRST2001 * uncertainty
S TR 0 ErrTTTT T R T
. . . . ? 1:7 ; lozi%HH{' +§§ E _ 13 ;: 1'1} {"5(2 E
® Production with b-jet: main from gb — Zb = w7 THEE o 21 .
S 14 [ 0.95 °C 4 E 215 - ¢ . it 4 -
o(@LHC, pr>15GeV and |n|<2.5) = 1040 pb i NG
- PSS o ceiavie SR swwrlsinverreiiesrrivsiivesived
* bb — Z contributes up to %5 to Ot 3 T T T
* o ﬂ 0 . . a
1% 8ot = 20% precision on b-PDFs —— e N
a r ATLAS (Fast Simulation) — CTEQs a
50— < ATLFAST
g B — MRST2004 %50; _ erEen
. .. . goor Eoo- —— MRST2004
® Z—up + b-jet preliminary analysis 5 i
o [ 50—
. . 2001 g
* 5% low-pT regions differences from PDFs : 200F |
Uy 150
* if systematics can be kept below, 100 100"
measurement can be sensitive to b-PDF ~ *} o 3
QSHH-|4HH-:‘5‘IH-2”H-1H”0HH1IH‘ZHII:;HH)I-IH‘S q)‘ I ‘20I ‘ I40‘ I ‘60‘ ‘ I80I ‘ 10d ‘ I‘|20 14>(<)10
rapidity pt (MeV)
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&\/ hito Mmoo W ’ Z T p h y SICS

® Measurement of © identification efficiency, simulation tuning, cross section analysis

* W—tv with hadronic T decays: t trigger optimization (Z—tt unbiased sample) and offline
selection tuning (e,u vetoes, rejection of QCD jets)

" Rejection vs. efficiency | EEER 1-prong, new cuts
- 80001 LML ANL L L B B LML L B B . ) B 2-prong, new cuts
'8_ C 7 é 1w BN 2-prong. new culs
?_) 7000;_ —e— tau45i (prescale 4) —; _§ I ;z:zz :E::: :z
o 6000:— —o— tau20i+xE30 E & o ?-c«mg :E::: ggns
2] E —A—  tau25i+xE30 E 2;(‘0:13 :‘JE\'I P[;RS
& 50001 . . — 102 R e S I S ] aenenas A-prong NEW PDAS
&  r trigger selections - :
"é 4000:—
5 F
£ 3000F V_er_y prellmlnary
2k optimizations ongoing 10} .
2000F : :
10002—
%10 20 30 40 50 60 70 80 .9 %00 1961 02 03 04 05 06 07 08 03 1
E¥'S (GeV) Efficiency
* Z—ytt: lower rate but more robust selection and background control (SS and OS)
= g45 r | | L ]—i; Ctljt-basecli TauR!c wio c]onslralrII
& 71 after lepton-scale fixed QCD background rejection $40 - o Chethns e Tase i ot
3 i 3 . . . . . . . ]
s 55 WI_th .SS and .OS T Scale . ' . s eg. Iooklng at ISOIatIOn OUtSlde 35: | +Cut-basedTauRecw/constraln. ]
z | within 7% with 100 pb* | : . 30" ey O CtbesedfanPPwonamn 3
£ 55 e T-id cone and re-calculating : — Felincos based Taufieculconsran
L--® . I - - 7
BER track multiplicity 25 e —— ]
E . : S :
i " 20__ . z:ﬁ:'_‘_'__A_ —_
[ | 150 o e
: R RN fraction of T events for e =]
52 ) - —C— ]
' * 1 I 10F —o——— =
e ? crolssksleﬁtlog ;ne?sudrement) : . e, ]
. . : . 3 = E
: by likelihood fit (red points 5 QCD=2xttbar+2xWQ§§?¢fj@ﬁ:@:’ :
— | | A | I T E BET R ST L | L n
N 0.95 i 1.05 1 % 200 400 600 800 1000
Etau scale

Luminosity (pb™)
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(A TOp prO d uction
r\
_— —— , ,
® Top production at LHC S | [EA] | | |
:5__"_,1_5. ks A I Qea2= 10000 GE‘JHEI
% a real top “factory”: expected about 8-10° top pair events = : - dour ;
b I upbar
I | 33 .. downbar |
per experiment in a 1033 year (2 events/s ) Ll i stronge
o\

- gluon

% a factor 10 increase in subsequent years

|
|
|
battam ' 1
|
|
|
|

® Parton kinematics region (low-x) is gluon dominated

S_B L

_————————————.—'———_.-l-'I
[ et~

AN 2 L
s _ 4m _ o6
r1xy = = 2 L~6.10"1 ;
S S iy
Tevatron (LHC) o |
— Strong Interaction —— — Electroweak Interaction — ot 100
g g I‘ _— A\ w
q _ oW . .
< ~85%(13%) 137’:,,' 9 \b ® |Low statistics errors already in early
; t o/ phases, systematics are dominant
o~7(800) pb 0~3.0(300) pb . L
_— ( t )P (300)p % collider luminosity
(’-"2. < ~15%(87%) b\, b ,g!‘*f: * PDF's uncertainty (gluon distribution)
\ A )
@ (*) f }y’ % detector systematic effects

Pair prod. Single prod.
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s op pairs decay
® Event topologies G B
* Top decays predominantly in W+b quark i
* Experimental signatures are determined by W decay f;Tt
44.4% _ 21.1% C jet
5% di-leptons B~ jet
30% lepton+jets f
44% all hadronic initial state  example reaction T

21% with T decay

1.2% 1.2% 14.8%
257

detector measurement

® Lepton-jets decay is the “gold-plated”’ channel

% 1 energetic, isolated lepton Typical event selection
* 4 energetic jets (of which 2 b-jets) Isolated lepton pt >20 GeV

Ermiss > 20 GeV
4 or 3(+1) Jets with Er> 40(20) GeV, Inl <2.5
> 1 b-jet (eb = 50%, €uds = 108, ec = 10-2)
BKG < 2% (W/Z + jets, WW, ZZ, WZ)

* missing transverse energy
® Detector calibration

% over-constrained kinematics allow for b-tagging,

missing energy and light-jets studies _ .
signal efficiency = few %

® Estimation of oy, and MC tunings
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(- e Detector calibration with top
o | o tt — Wb Wb — blv bqq
® Missing transverse energy studies 3 F , I Top signal
2 1205— IAIHI.H |:|Twopstign:|| (combinatorics)
* top mass peak still visible on 3-jets mass distribution % 100, ;'F:hli"“#* D= elets (Alpger)
without Et™* selection (x10 QCD background) 5 F S
° 60 '
: : : : : 58 O r L =100 pb-!
* Et™ss resolution analysis using W mass constraint £ wb full deteI::tor
and lepton measurement “ 20 simulation
G 0 0 200 250 300 %0 400
(GeV)

JJJ

® Light-jet energy scale calibration

% selection of a clean Wjj sample
using b-tagging (purity 80%)

@ b-tagging calibration

% Use of mass constraints, only one jet is tagged
as b-jet (on W leptonic decay side)

% enriched b-jet samples to study performance
MEPS = \ 2K, By Ky By(1 — costy;) = /K1 Ko M;,; J P y P
(>_)‘ :IIIIlIIIIlIIIIlIIII|IIII|IIII|IIII|IIII|IIII|IIII:
[ 1P =
x1'1:””””””HHHHHHHHHH: W CANDIDATE 'g - 1
1.081 E 5 09 E
1.06]- E So.8f =
1.04 - TOP CANDIDATE el - ;
1.02f %Wm$ % : E
1= ° = 0.6F . .
- ] F « calculated efficiency
0'98? E 0.5F — true efficiency
096" o fitted calibration factors E 04k
0.94F s = -
- O expected calibration factors ] :
0.92~ = 0.3:
0.9 ~""56""700 150 200 50 800 850 400 0.2
E (GeV) .
0.1E

M. Bellomo
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Number of events / 2.0 GeV
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(- Semi-leptonic top cross section

® tt — Wb Wb — blv bqq inclusive cross section
* selection without b-tagging for early data

% hadronic top candidate as 3-jets combination with ToP

highest pt (correct pairing of about 25%) CANDIDATE

* W boson constraint: 1 of 3 di-jets mass within
10 GeV in reconstructed Mw

¢+ .+ combinatorial
ty

100 2 220 ] ]

B | [ Top signal S oo full detector simulation
sk |r|| [ Top signal (combinatorics)| &S 120 L =100 pb-!

- [ W-jets (Alpgen) 2 160 signal (MC@NLO)
60F L =100 pb- g 140 _

- full detector 2 1(2)8 background W+jets
o simulation 5 % (Alpgen)

§ £

- =]

: Z.

20 PR ISR SR ST SN NN T SO T SO NN SR SO ST S NN S N f‘. MR T R i
%0 100 150 200 250 300 350 400 0 100 150 200 250 300 350 N 251
ijj (GeV) ijj(GeV) § E W+jets (nominal)
°« . . S 20 T o
® Top mass peak clearly visible in 100 pb! (few days!) 5 | Ewsesca s
. . . (- = 15:_ _________
* good statistical significance ‘§ P
: : : : 5 10
% systematics from light-jet and b-jet scales: =
2% uncertainty on light-jet scale = 36 % 4
50/ I b 1 | ) 0 On atop - | | | | | | | | |
o uncertainty on b-jet scale % 20 40 60 80 100 120 140 160 180 200

Integrated Luminosity (pb™)
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® QCD is involved in every process at LHC

proton - (anti)proton cross sections

9

10" e 10
pA 10° ;E Ot ’—/ E; 10°
10 E Tevétron LHC E
10° | 5 ’
10°
p 10" b B}
B o0 b b
100 b 0> vsi20) E
E Il
° 0 (E.*'> 100 Ger 3
2 2\ A 2 E ol 3
3 / dw1dza fo (11, Q%) o2, Q*)oap(1, 72, 00(Q2)
a,b 10”
10° ;E o,
10* E 0, (E™ > vs/4)
® Main goals of QCD measurements are: 0 L 0ugalM, = 150 GeV)
* precision tests of Standard Model 10° EoHiggs(MH=500 GeV)
: : : 107 |
% input to understand beyond SM signal cross sections 0.1

% input to understand background processes for searches
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s Jet cross sections

P

Computed using NLO jet cross section

® Inclusive jet cross sections one of the early CTEQ6.1, pF=uR=PT/2, KT algorithm (D=1)

> —
(low integrated luminosity) measurement at ATLAS Zw's — — Ot
102 i — I<n<
* Determination of as possible and test of pQCD 10° ——— T
over more than 8 orders of magnitude :: T =
* Sensitive to new phenomena (quark compositeness) :: g I
@ Statistical errors e —
10" £~ hep-ph/0510324
* (Naive) /N/N vs. Et for different [Ldt 10" 7500”40 600 800 1000 1200 1400 1600 1iAeD 3000

* For a jet Pt of ~1 TeV 1% error expected
for 1 fbl. In the large n region (3.2 < |n| < 5)
error up to 10%

® Experimental uncertainties

% Luminosity determination, Jet Energy scale

* Jet resolution, UE subtraction, trigger eff, etc

Z —
510" 3 —— 1inverse fo = 150 .
Z Bl < o |—eewsn | Jet energy scale
— — S B . . . .
: 10 inverse f = - £ [ | o | uncertainties . .
100 inverse fb T Qo | |—— 10%energy shift L
107 3 — g - T
C — — © B e
B — : 05— T _.__'_—o—_'__'_
L L = - - o L
e - dJ | —
107 = (i) B e o I
= — - o — - .
= m _ - — - - ——
E = L E | T
10 only jetsinInl <3 c [ ]
E T — » 05—
S T T T = o T T N T U U TN PO U T N TN WO U T WO TONN U NN WO WO UM NN U WA W AN 1 . 1 (5,1 O)o/o JES => 10(30,70)0/0 60 | ——
200 0 600 B800 1000 1200 4400 41600 1 800Et %g:(\)n B

M. Bellomo
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200 400 600 800 1000 1200 1400 1600 1800 2000

pT (GeV)
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L,( Jet cross sections

® Theoretical errors Z/da?1da?2fa(a?1,Q2)fb(xz,Q2)6ab($1,$2,as(622))

* Renormalization (pr) and factorization () * PDFs uncertainties

scales uncertainties % Evaluated using CTEQ®6, 6.1 error sets.

from perturbative calculation at fixed orders . .
( P ) * 29 and 30 error sets dominate the uncertainty

% uRr and wur have been varied independently

between 0.5PT™M3 and 2Ptmax
(Ptm* is the transverse momentum of the leading jet)

of the inclusive cross section in the TeV
region. Related to the high x gluon

(relatively large uncertainty from DIS)
| Inclusive jets 0<y<3 |

— muR=0.5.muF=0.5 0 3
5 02F I e g 30 e
L F —— mRe0mF0S ¢ F Kkt algorithm —
0.15 — — mLR=2:0:muF=0:5 §. 0.2 [ Lp ——4— —+
E - MUR=2.0.muF=1.0 T - —_
:E, 0 1:_ MUR=2.0.muF=2.0 E E ++++_+_
St § 01— —_
20.05— § rC -+
S F & -
0L 0
E - T
-0.05F |- C e
= v 01— —— —- N
- A ‘ —+ ——
01— N T - +_+_
0 155— 020 2
E ~10% uncertainty at 1 TeV - 10-15% unce'rtainty at 1 TeV
o, 1 | —— | —— L1 1 | —— 11 1 L1 1 L1 1 | —— 1 lllllllll [ 1 11 llllllllllllll
027500 400 600 800 1000 1200 1400 1600 1800 2000 037500 400 600 800 1000 1200 1400 1600 1800 2000
Et (GeV) pT (GeV)
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C PDF’s constraints from Jets

® ATLAS pseudo-data for 0<n<1, 1<n<2, 2<n<3 up to pt = 3 TeV was used in a global
(ZEUS) fit to assess the impact of ATLAS data on constraining PDFs

* Preliminary results suggest that ATLAS * Increasing statistics from 1fb! to 10 fb!
data can constrain the high x gluon (= 1 year of low luminosity data taking)
leads to small improvements

% Decreasing systematic errors leads to a significant improvement

—
—

—
-4
~

4 I llll”l 1 I II]IIII I L IIII‘II’

0.2 | = 0.2 - =
= Q*=100000 GeV? £ - Q%= 100000 GeV? £
0.15 — 0.15 =
— - = — 3 3
S 01f = O 01f -
@ - . @ = .
c 0.05 £ = 0.05}
] C_) E B S T R e E . C_) 3
© OF = c o=
O S — _ _ E S S —————
= 005 = E 005F ..
S - __} ZEUS-JETS PDF - S oy~ LEUS-JETSPDF -
-0.1 |-~ = -0.1 -
2 = + ATLAS JETS > = . + ATLAS JETS 'k
-0.15 Z -0.15 ==
0.1 : (10 fb-1, 10% syst.) % - (10 fb-1, 5% syst.) %"@_gg
-0'2 ;ll 1 11 lIllll 11 llllll | . llllll | I—T -0.2 N 1
-4 -3 -2 -1 -4 -3 -2 -1
10 10 10 10" o 10 10 10 10" o
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LHC physics at ¥s = 14 TeV should finally start this year !

® First data will be extremely important to calibrate/understand ATLAS detector
* Use of “standard candles” like J/W and T resonances, W/Z production,

semi-leptonic top pairs decay, etc.

® “Re-discover’ Standard Model physics measuring at s = 14 TeV
* Minimum-bias and UE, W, Z, tt, QCD, ...
* Tuning and validation of Monte Carlo generators

* Measure main backgrounds for New Physics (W/Z+jets, tt+jets, multi-jets)

preparing the road to discoveries

® Theoretical predictions very often are limited by the PDF uncertainties
* HERA largely improved our knowledge of PDFs
* At LHC gluon/sea interaction are dominant at low-x: explore new kinematical regions

% Current uncertainties (<5% on ow,z - different sets agree within 8%, 1% on asymmetries) can be
substantially reduced using very first LHC data
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Back-up slides
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C Inclusive cross section

® Used in the past as a test for perturbative QCD

® With large Tevatron and LHC datasets main uncertainties are non-statistical:
* in particular from luminosity (5-7%) and systematics (2-3%) (DO Note 4750, ow-yu)

® Cross sections ratio as indirect o(W) s T(W — ) y 1
o(Z) (W) Br(Z — )

measurement for W width Ry 7z =
(not affected by above systs.)

® Taking theoretical prediction as input, possible use for:

% hadronic luminosity monitor /ﬁdt _ 1 Nobs

* PDF's constraint analysis

® Main analysis issues:
% Acceptance studies with best NLO QCD and EW theoretical predictions
% Trigger and offline efficiencies measurement from data to not rely on MC simulations
% Event selections and background evaluation

% Detailed systematics studies
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103! cm=2s! trigger menu

Signature | L1 rate (Hz) |HLT rate (Hz) Comments
Minimum bias| Up to 10000 10 Pre-scaled trigger item
el0 5000 21 b,c —e,W,Z,Drell-Yan, tt
2e5 6500 6 Drell-Yan, J/y, Y, Z
v20 370 6 Direct photons, y-jet balance
2y15 100 <1 Photon pairs
ulo 360 19 W,Z,tt
2u4 70 3 B-physics, Drell-Yan, J /v, Y, Z
ud +J/y(uu) 1800 <1 B-physics
1120 9 9 QCD and other high-p7 jet final states
4323 8 5 Multi-jet final states
1201 + XxE30 |[5000 (see text) 10 W, tt
1201 + ¢10 130 1 Z— 1T
201 + u6 20 3 Z—TT

Table 64. Subset of items from an illustrative trigger menu at 103! cm

—2 S_l.
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e Trigger efficiency from Z—putu

> T T T T T T T T T T T T T T T T | T T T T | T T T T
(&) : -
: c I Ldt =.100. pb ! ATL RE 1..13.0.30.....°
® Measurement of turn-on trigger g U i
curves and m, ¢ dependences e "
0} ]
. (@) —
% Use standalone and combined = -
. . Tag & Probe ]
reconstructions to cope with o L ]
. A L1+L2 ]
early data requirements e L1+L2+EF n
] MC gen. —
- e.g. ID-MS alignment I L1 N
: : : I L1+L2 .
% goal is to provide a detailed map | E%1+L2+EF| ]
of € ) for physics analysis 30 40 50 6
(pT.n.9) pny y P, (GeV)

= — 004F E

o E o 0025 E
0.8 E S o+ 4+ + +++++ + 4
S E S -0.025 + E
(C) E_ f f f f t f f f f _E E _0.04:_ | —
1: — © = R

S ogm > 0.04¢ -
O IE — (@) - _
T 08— — o 0'02:_—+——+——+——+— 1=
> 08 E S OF 44t E
) — — = . - ]
o /e l2(wtl) - © 002575 (Wi Ly E
= 1= ' 3 © -0.04" : —
R = E S 0.04F E
9F - S 0.02F E

- T © = -

0-85_ o Tag & ID-Probe LL 05_+_ * +_+_+ﬂ++—o——0—++ﬂ+ _+_+—o——+——5

0.7E" EF (wrt L2) - | | _ MC truth . - _O'OZTEF (wrt L2) E

2 A5 1 05 0 05 1 15 2 -0.04F L . e . o

M 2 A5 1 05 0 05 1 15 2 :
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(s W vs Z muon trigger efficiency

® Comparisons of muon trigger efficiency from W and Z events from MC truth (wrt to

all events with at least 1 muon in trigger coverage, no off. cuts)

1 _L..l...l......l..l..J...l......|...|...l..l..|...|...|...|...|... ..l..J...l...|......l..l..l..J...I...l...|...l..l..i..J...l...|...|...I..l..J...l...l......l..l.J_

0.9

0.8 @::Q:‘ ....... - P ............... ............... : -

Trigger efficiency
0
[

Trigger efficiency

0.6 —*:Q: ........................ S ....................... ...................... __
0.7

041 — — H— T— S— ]

— — 0.6 ................ ............... ....... $ ............... ............... ........

N ________________________ ___________________________ !___\__/_\__/___?_m__e_\__/_e_nts __________________ i ; 0 Wg — wg eveﬁts ;
0-2 : 0.5 ...................................................................................................................................... ........

| 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | | 1 1 | L1 1 1 | L1 11 | L1 1 1 | L1 1 1 | L1 11 | L1 1 1 | L1 11 | L1 11 | | 1 1
023 2 1 0 1 2 3 0.4 | | . |

High luminosity ([ Ldt = 1000 pb—1)
Detector region Barrel Endcap Overall
(lIn < 1.05]) (1.05< |n| <24) (0<|n| <24)
0.005 = 0.001 0.004 = 0.001 0.008 = 0.001

W —pv Z_*MM
mu20i — Cmu20i |
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Trigger efficiency from Z—ete

® Trigger items el0, e22 8 o002k oL el0 3
o o -+ 3
Cut on Requirement L 4 oob E
Invariant Mass Requirement 70 < MI¢ <100 GeV 2 e = - E
Transverse Momentum pr > 25 GeV or 15 GeV % 0.02E _%M & e =
- A 1
Pseudorapidity 0< |77| <1.37 or 1.52 < |77| <24 g 0 A-A-A~A~A-A~A—A—A—A—A~A—A—A—A—A-A—A*A-A-~A:.
T -0.02F =
| § e :
® Systematics of the method < 0.5 % S 002F = L1+L24EF —:
-'g oF '*'*-I—"‘-.—-I—-.—.—"—.-H...-I-.-_._-l-"' H—I—'!_
® Background systematics = 0.5 % L -0.02F ]
0 10 20 30 40 50 60 70
p, [GeV]
1<|_ 5 __I T T LI LI | LI | LI LI T 1 LI LI T T I_
- — | Mz_N1_L1_MediumElectron I Background — (E”
@ 10%E — Q . .
"UE) = —— Signal+Background = 2 - B
) ~ . © B ]
T _ o f -
z 107 = 2 oos _-
- F . T -
10°E _r = - ]
NE » _ oeb AL1+L2 E
5 I - H L1 +L2+EF -
B ] Y R NS P B R N I N
16 | | | | | | | | 3 55 s T 05 0 08 1 15 2 s
- L1 11 1 11 1 11 1 11 1 11 1 1 1 1 11 1 11 1 | I 1’]
0 20 40 60 80 100 120 140 160 180 200
Reconstructed Mass/GeV
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Offline efficiencies from Z—utu

T3

® Offline efficiency measured from data with Tag and Probe:
* same approach as for trigger measurements

* systematics at 0.2%

® Monte Carlo truth i

1.05 :_ —Tag&PrObemethOd ......................... _

Efficiency
1{7
lj
.,
:{-
g
:
3
1

Efficiency

o
©
O
Z%
o
o
—

K _
Q
=
o
—
-
-
!—l-:
5
|

o
©
|
|
T

0.95 —o——°—°—'—-—°—'—o—~'—=*='—¢—:T__l_:

085_ ........... .............................. .............................. ............................. '=+= .......... — |
0.9_ .......................... .............................. ............................. ......................... —

o8- S B —

- Stand-alone recohstruction . 0.85¢ Stand-alone reconstruction E

| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
-2 -1 0 1 2 20 30 40 50 60 70
n p, [GeV]
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e Detector calibration

)

with top

® Missing transverse energy studies

tt — Wb Wb — blv bqq

> 140
) -
. . ) & C ] Top signal
% difficult to estimate on start-up S I Top sional (combinatorics
* top mass peak still visible on 3-jets mass distribution 3 100 EVQVSE”S (Alpgen)
| _ = f
without ET™s selection (x10 QCD background) > 80 L =100 pb!
: . . . . s b full detector
* ET™ss resolution analysis using W mass constraint P 605 simulation
and lepton measurement § o
20—
: ' : ' "0 50200 230 300 350 400
® Light-jet energy scale calibration M, (GeV)
% selection of a clean Wjj sample ¢ 11— —
using b-tagging (purity 80%) 1.08; E
q 1.06/— —
% lterative rescaling method 1,041 £
1.02( %W:@ S
MEPS =\ 2K\ By Ko By (1 - costyy) = VE KM, 18 ° 3
0.98F —
0 . . -1 - ]
- 1% K accuracy achievable with 1fb 0965 o fitted calibration factors =
- also suitable for differential K factors 094 [ expected calibration factors =
0.92— —
* also template method for overall JES B . . o o0 i
_ N _ % 50 100 150 200 250 300 350 400
with 2% precision with 50 pb! E (GeV)
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Detector calibration with top

)

® b-tagging calibration tt — Wb Wb — blv bqq

* ue . . .
using lepton+jets (and fully leptonic) top pairs decays W CANDIDATE

% Optimize the jet pairing efficiency via mass constraints
in kinematic fits and likelihoods.

TOP CANDIDATE

* Only one jet is tagged as b-jet (on W side)

.:
(de) —_
T TTTT T

g efficiency

0.03F

total uncertainty

So.8f

b

0.7

0.6k 0.02F
C « calculated efficiency -

0.53— — true efficiency

® |solated jet samples with a highly

0.4F :
i 0.01F

0.3 enriched b-jet content, on which the

0.2 b-jet identification algorithms

S| PP P PRI TOPT PR PRI ob by b ]

0 010203040506070.809 1 02 04 06 08 1 can be calibrated
b-tag weight cut b-tag efficiency

* main systematics from ISR/FSR
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(o e Jet cross sections

15

® Experimental uncertainties _ [ | o | Jetenergy scale
® [ | sweewsit | uncertainties By
. . . . : 1__ —— 10% energy shift e
% Luminosity determination S [ e
¢ -
o o
* Jet Energy scale (see plot) [ . ]
s -
- 1(5,10)% JES = 10(30,70)% 8o 3 _ I
s
. . e + - ]
% Jet resolution, UE subtraction, trigger efficiency, etc. £ e —
» 05— T T L
® Detector effects: how do we reconstruct and L T
] . 200 400 600 800 1000 1200 1400 1600 1800 2000
calibrate jets? pt (GeV)
S
+ CH
3 * Use seeded-cone and Kt algorithms
s % From the calorimeter jet to the particle jet (jet obtained running the
?__’i“_’ _____________________ reconstruction algorithm on the final state MC particles) use the
3 Monte Carlo tuned on the test beam data
3
~ | . . : :
T I 5 - apply cell corrections (longitudinal energy leakage, signal
S | ! ) inefficiencies, noise, signal definition, energy losses, e/h response,
s reconstruction efficiencies)
™~
,§ * From particle jet to parton jet (if needed):
S
SV

- underlying event (tuning with tracks) and hadronization corrections
p
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