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x-sec at Tevatron

= CDF results as example
= Many channels exploited
= Combined precision 9 !
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CDF Run I Preliminary'

-

July 2008

CDF Run |
0.11 fb!

CDF Run Il Preliminary
2.8 fb™

------- m=170 GeV/c* MRST 2002
-------- m=170 GeVic* CTEQEM

v m=175 GeVic* MRST2002

p— =175 GeV/c* CTEQBEM

Cacciari et al. JHEP 0404 (2004) 068

m=170 GeV/c? MSTW2006nnlo
------- m=170 GeV/c’ CTEQ6.5

e m=175 GeVic? MSTW2006nnlo

m— M =175 GeV/c’ CTEQ6.5

Cacciari et al. arXiv:0804.2800 (2008)
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Kidonakis & Vogt, arXiv:0805.3844 (2008)

[0 Moch & Uwer, arXiv:0807.2794 (2008)
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[Tevatron to LHC

Process Tevatron LHC
~2 TeV 14Tev

onLo(tt) 6.7 pb 833 pb

qq-_>tt- 85% 10%

OyLo(single t)

t-channel 2 pb 240 pb

s-channel 1 pb 11 pb

Wi 0.1 pb 66 pb

WHjets ~2nb ~20nb

x100

x100
x10
x70

x10

A lot to learn from Tevatron, similarities but also differences




[Tevatron to LHC (ll)

Large statistics:~1 Hz tt- @ L=1033cm--2s-"
100pb1 (3 days @ 1033cm-2s1), 10% acceptance,
3000 semi-leptonic (e,u) top pair events
Relative cross-section:
= ratio tt-/ W+jets ~ 10 x larger (jet multiplicity
dependent!)
= single top (t-channel) / tt- unchanged
= gg —tt- dominates over qq—tt

Possible “contamination” from new physics
New “phenomenology”: high p; boosted top decays

Pile-up




How many events at the beginning ?
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10 pb' = 1 month at
1030 and < 2 weeks
at 1031, €=50%

10 102

A

3
10 JLdt (pb

\

|l=eoru

Assumed selection efficiency:
W—lv, Z— Il : 20%

tt — Iv+X : 1.5% (no b-tag, inside
mass bin)

similar statistics
to CDF, DO today

+ lots of minimum-bias and
jets (107 events in 2 weeks
of data taking if 20% of

trigger bandwidth allocated)

100 pb! = few days
at 1032, €=50%

1 fb-1= 6 month
at 1032, €=50%

5 fb-'= 3 month at 1032 and
3 month at 1033, €=50%




[me early data — large statistics

Early data:
= emphasis on data-driven methods

= robust observables not relying on ultimate performance
(ex. no b-tagging, tight isolation criteria lepton ID, etc.)

= cut and count
Progressively:

" more demandir_1|_g S/B separation: needs b-tagging,
performing MET, tighter lepton ID

= more powerful statistical methods likelihood, BDT
= methods based on templates, Matrix Elements, etc.

need validated MC physics processes and detector performance
description to provide signal efficiencies, transfer function,

templates, background shapes, etc... with their associated
systematic uncertainties




Rough Top Physics Timeline

Physics measurements Top as calibration tool

10 pb-1 establish tt- signal

Oy~ Semi-leptonic, Il channel

o e
100 pb-1 stat (~5%)-syst(~15-5%)-lumi (3%) light jet JES ~2%

b-tagging efficiency 3%
[ my,, to1-3.5 GeV (1-5% b-JES)

1 fb-1 single top t-channel @ 50 light jet JES ~1%

top charge 50, W polarization 5-10%, b-tagging efficiency
constrain anomalous coupling ~.15,
_ rare decays BR~10-3, m,~700 GeV

10 fb-1 single top Wt-channel@ 50
toH+—-1

with pT dependence

single top s-channel@ 5c

100 fb-1
ttH (bb-,WW)?




[The experimental problem

g b Final state:
© many jets with a wide spectrum

9 W of pt

O b-jets

o Lepton(s)
P - = P o Missing ET

{ Complete detector capability
'/W at play




Detector performance on day one ?

Based on detector construction quality, test-beam results, cosmics, simulation

lExpected performance day 1 Physics samples to improve
ECAL uniformity ~1% Minimum-bias, Z— ee
ely scale ~2% Z— ee
HCAL uniformity ~3 % Single pions, QCD jets
Jet scale <10% Z(—=1)+1, W —jj in tt
events
Tracking alignment| 20(100)-200 um in R¢? | Generic tracks, isolated u , Z —-um

Ultimate statistical precision achievable after few weeks of operation.
Then face systematics....

E.g. : tracker alignment :

100 uu (1 month) — 20uu (4 months) — 5 uu (1 year) ?




electrons in tt- events 10
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[ Leptons

“:} 8? o, ATLAS
i 3
g 6;— + 44’ 3
Ll 5;_ +* 3
1 P13 e 2
Efficient ID 3k . E
Low level of fakes 2F e ;
use isolation '3 J """‘*».“;
. TSRS | PR R N PRI |
Trigger B N e
© single lepton (20-25 GeV)
o dilepton triggers (6-15GeV) FEb el
well matched to need Isolation criteria

Overlap removal

But effect of high jet multiplicity

environment has to be well
understood ! Study in QCD, W/Z+jets

Transfer to Top environment




[ Jets

®" The 1rstjet is hard
= The = 4th jet is soft
Need to understand with enough
precision JES in full range
Expecially difficult
Low Pt jet response,
UE and pile-up
Resolution

Combine jet calibration strategy in
ATLAS+ in-situ calibration from
W—jj in tt- events

Need also to translate to b-jets

Trigger: multijet for fully hadronic tt-
or semi-leptonic t—-W—t—had

Events (x 10%)

C1iﬁ‘lﬁjﬂ.,s'[,‘lllllI(II[II(IIIIIIIIIII *Jet1

i o -=-Jot2
oql 6. ~Jat3

[ it -Jatd

Cce;_ + Jath
i Jatg

acel- -
[0 o

O | o ; —
[ 1 .

P . 9 .
I G ‘
E ) -

% T motm m eee

P, of jet [GeV]

Jet pT distribution in

fully hadronic tt-events




b-jet

b-tagging is excellent to reduce background and internal
combinatoric

© In some analysis indispensable!

© need to understand efficiency - purity

© algorithms used and conditions will evolve with time
b-jet scale (important impact on mass measurement)

C T
b H t t . I? K] R I RS N N M IP2D
-Je ”gger ! g1 IP3D
QL
o \ ----- IP3D+SV1
— a \\ ~= JetProb
-f:’. 10° {‘::.\ ‘\ —— IP3D+JefFitter
_ A NOR N
R % 2 SR
TL’:’ _I
10°F
- ATLAS

| , L1 1111 I L1 1 I - 111
d3 04 05 06 07 08 09 1
b-jet efficiency




Missing ET

Excellent against QCD, but tails?

Trigger: jet+MET, T+MET semi-leptonic t—-W—t—had
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. ATLAS

QCD di4ets

W+jots

ﬁl!u;ﬁumc}

tf (alkhadronic)

single top (-channel)
single top (schannel)
single top (W)

Events 1pb” /dE, [10 GeV"]
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0 50 100 150 200 250

300 350 400

ET . [GeV]
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[Generating top events

Leading Order MC:
Pythia & Herwig : full standalone MC
AcerMC (include spin effects — interfaced to Pythia)
AlpGen (include additional hard jets)

NLO QCD calculations implemented in MC

MC@NLO - interfaced to Herwig shower and
fragmentation

ttbar process (among others) available
single top processes included (s- and t-channel)

Validation done for MC@NLO




Generators: MC@NLO, Herwig, Pythia15

Examples of MC validation

— MC@NLO
=== Herwig
~~~~~~~ Pythia

T

10

Phi tt system (shower)

T III[II|

T IIIIII|
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o

Azimuthal opening angle top-anti-top

Deviations from ‘back-to-back’ production
most pronounced in NLO predictions

PT of jet with highest PT
Influences selection and jet qualities

Top mass
Standard reconstruction using 1 b-tagged jet
Variation of 2-3 GeV

10°

10°

T |I||l|I|

10

10

== Herwig
----- Pythia

— MC@NLO

-
v b b P b b P b By o #7520

Reconstructed jet Pt (1)

S

50 100 150 200

250 300 350 400 450 500
GeV

0.04

0.03

0.02

— MC@NLO
=== Herwig
------- Pythia

0.01

IIIIIIIII III[IIIIIIIIIIIIIIIl[IIIlIIIII

Reconstructed T-mass (1 b-jet)|

o

PRI PR ilifuarks, i
200 250 300 350 400
GeV




Early measurements

= Both experiments concentrated on studies at very low <
o Top “rediscovery” with O(10 pb1)
o Detector simulation according to expected startup conditions
= CMS, ee, ey, uu dilepton channels
= CMS u single lepton channel
= ATLAS e, u single lepton channel
= ATLAS ee,uu,eu dilepton channel

o Top cross section: 100 pb-!, even no b-tag

o Detector simulation according to expected conditions at 100pb-1
= ATLAS e, u single lepton channel
= ATLAS, CMS ee, eu, uu dilepton channel
= CMS er,urt

" For ttbar ATLAS uses MC@NLO and CMS uses ALPGEN

16




~ 17
[Single lepton: 10pb-! rediscovery .
H LT CMS Preliminary @ 10pb™ SES(:?::;)M
10 S
* non-isolated single p —F
Exactly one p 10
* pT(M) > 30 GeV
* n(u)| < 2.1 1 L L
100 20 300
* pT, isoTrk(“)<3GeVa pT&’) S
CMS Preliminary @ 10pb™ eqsigmu
Jet cuts e

N jets = 4 with priet>40 GeV

N jets (pr/et>65) 21
Etiso-@(M)<1GeV
AR . (U,jet) > 0.3




[Single lepton: 10pb-! rediscovery

ttbar (signal) 128 (All cuts but Nj24)
ttbar (other) 25 CMS Prefiminary @ 10pb" | B taignal)
[t (other)
W + jets 45 — oty
: 10° [l QCD
Z + jets I Text
QCD* 11
107
S/B 1.5
Signal efficiency | 10.3%
10

1 2 3 4 >5
Jet multiplicity

* pp—MX sample, not including fakes
and p from in-flight decays

No single top background added




Background

W/Z+jets

Single top
Diboson (WW,ZZ)
QCD background

@)
@)

Huge cross sections and tiny efficiencies.

In order to naively extract the efficiency one would need a huge
amount of MC with perfect “tails”...

In order to avoid underestimating the efficiency for multi-jet
topologies, ME+PS generators like Alpgen should be used.

To estimate the small efficiencies, different methods are:
from MC: cut factorization
from Data: “matrix” method

19

At Tevatron the QCD background was kept under control, so there

are good hopes that this will happen also at LHC.




[W+jets background ”

This background cannot be simulated

_ by Pythia or Herwig shower process.
Sources of phySICS backg round Dedicated generator needed: e.g.
_ _ AlpGen. Large uncertainties in
© W+njet production normalization

Not only W + 4 partons, since W + 3,5 partons may also result in
W + 4 jet final state due to splitting/merging

MLM matching prescription to explicit elimination of double counting.
o W+bbar, W+ccbar

W + 3 partons W + 4 partons W + 5 partons
(80 pb?) (32 pb*) (15 pb*)

...............

7t 2 parton

reconstructed

' as single jets
parton IS d gie ] * These are the cross sections with the
recon.structe analysis cuts on lepton and
as 2 jets jet pT applied at the truth level




[W+jets background

" ‘Freedom’ in the matching
© Between matrix element
calculations and parton shower
= Results should be independent

®=  Typically inspect effects on the
parton PT scale and the
jet cone sizes

Number of events / 5.0 GeV

o Effect on cross section non negligible!

= Uncertainty ~factor 2

2 b
= 60 —=— Old matching scheme, dR =0.7
S C
S 50 —e— New matching scheme, dR =0.7
g -
- C
[74] -
S 40
o n

30

20

10—

| PRI 1 P | P |

40 GeV 80 GeV
P, matching scale (GeV)

10 GeV 20 GeV

Number of events / 5.0 GeV

21
70 Leading jet PMAN = 40 GeV, dR =0.7
60~
s B w-+o partons
501 = w-+ot partons
10F B W+012  partons
= [C_Jw+0123 partons
30 [ w+01234 partons
e [ W+012345 partons
10
00 50 100 150 200 250 300 350 400 450 500
P jet (GeV)
Leading jet PY“" = 20 GeV, dR = 0.7

100

80

60

40

20

B w0 partons
] w+o1 partons
B W+012  partons
[ Jw+0123 partons
[ W+01234 partons
[ wW+012345 partons

0 50 100 150 200 250 300 350 400 450 500

P jet (GeV)
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Single lepton: 10pb-1 top rediscovery

Select the three jets
that maximize

<2 b

20|||||||

18
16
14
12
10

Expected significance

o o

Pl
-
-
-
-
-
-
-
Pid
-
-
-
-
-
-
-
-
-
-
-
-
.
.
-
-
-
-
-~
-

|:| Background (nominal)
- Background (x2)

-
- B
-
-
-

-
——
.-
.-
P
-
-
.-
.-
-
-

SN b
T L\\IAI
L .
N
(=]

1 I80

1 1 I 1 1 I 1 1 1
100 120 140 160 180 200
Integrated luminosity [pb ™|

* Pseudo data
CMS Preliminary @ 10pb™ I £ (signal)
=1 f (other)
- @)% yg! I w+Jets
30 - 1 B Z+Jets
i I QCD
20 N
10 -
0 =
100 200 300 400 500
M;;(GeV)

The significance curve




Single lepton: x-sec with 100 pb-?

Electron
Sample default | W const.
r 2555 1262
hadronic 77 11 4
W +jets 761 241
single top 183 67
Z— 1l +jets 107 33
W bb 17 6
W cé 19 6
WWwW 4 2
WZ 2 1
ZZ 0.3 0.1
Signal 2555 1262
Background 1104 360
S/B 2.3 3.5

Ettbar —-_ I 8.2%

4 jets p:> 30 GeV \\' //
3 jets p> 40 GeV, / .

P,ler > 20 GeV

E miss > 20 GeV
No b-tagging

100 pb-1

23

Muon
Sample default | W const.
tr 3274 1606
hadronic 77 35 17
W +jets 1052 319
single top 227 99
Z— Il +jets 78 22
W bb 25 7
W cé 26 9
W W 4 2
W Z 3 1
ZZ 0.4 0.2
Signal 3274 1606
Background 1446 479
S/B 2.3 3.4
Ettbar 23.6%

Detector simulation according to expected conditions

QCD fakes expected to be smaller than W+jets bkg




[ Single lepton x-sec with 100 pb-

% 240
g 220
.ﬁ- 200
- 180

Top quark candidate: 3-jet d 10
combination with highest Pt 120

100

ITII

electron

-1 :Dttbar !

100 pb I.other
i[:lsinglet

W W+ijets

% 50 100 150 200 250 300 350 400 450 500

IIITI
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8838

Purer samples adding:

Mw constraint: at least Mm(CeV
one of three di-jet sys § 160
in top candidate has =

IMji-Mw |<10 GeV

[Uttbar
Wother
[Osingle t
B W+jets

and/or Z
40} S/B~35

Centrality : require :
|r]jet|<1 for 3 hlghest S/B~5 %50 100 150 200 250 300 350 moM:ps[%e\sﬂoo
P jets
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Single lepton: x-sec extraction

Likelihood fit method 3 b RN

S 200[ .

Assume 3-jet mass dist 2 1 B etwonconk £

. . . £ 150 |:|Background =

using Gaussian signal S ]

+Chebychev pol bkg 5 "0 E

5 _

0 e ]

Likelihood as a function of £ :

Ngq and N 4 %700 150 200 250 300 350 400 o

Gaussian fit to extract N4 T T

R - muon | |-

Extract x-sec by scaling S 200} SoE B

with event selection, 2o A . c

combinatorics and [T . E
reconstruction eff B

£ F :

mgm Z =
Sensitive to mass shape reco T R R - T

M; [GeV]




[Single lepton: Cross Section Extraction

Counting method

Simply counting events passing selection and calculate

o Nsig . Nobs _kag
L xe Y xe

where

O

Novs number of observed selected events

Nexe NumMber of estimated bkg events from MC and/or data
< integrated luminosity

e total efficiency (geometrical, trigger,event selection)

Monte Carlo samples broken in 2 stat indep parts:
to have pseudo data and simulation

sensitive to bkg normalization, less to shape
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Single Lepton: Results

in % of cross section

Likelihood fit Counting method (elec)

Source Electron | Muon | Default W const.
Statistical 10.5 8.0 2.7 3.5
Lepton ID efficiency 1.0 1.0 1.0 1.0
Lepton trigger efficiency 1.0 1.0 1.0 1.0
50% more W+jets 1.0 0.6 14.7 9.5
20% more W+jets 0.3 0.3 5.9 3.8
Jet Energy Scale (5%) 2.3 0.9 13.3 9.7
PDFs 2.5 2.2 2.3 2.5
ISR/FSR 8.9 8.9 10.6 8.9
Shape of fit function 14.0 10.4 - -

Expect reduction from in-situ calibration with increasing luminosity

Likelihood method: Aoc/o = (7(stat) 4 15(syst) £ 3(pdf) £ 5(lumi))%

Counting method: Ac/o = (3(stat) £ 16(syst) £ 3(pdf) £+ 5(lumi))%




ISR/FSR uncertainty

Problem:

MC Generator ISR/FSR description: model + parameters.

LHC: at 14TeV you have no data! = you don't know:

- which model to choose,

- to which values to set parameters values.

Therefore: for ISR/FSR sensitive observables your prediction has a modeling
uncertainty. Since there is no data (and MC hopefully describes the data):
systematics uncertainty ~ modeling uncertainty (reco. and analysis effects included).

Evaluation procedure:

1. compare different ISR/FSR models (used by different MC generators),

2. for the different models vary ISR/FSR parameters,

3. The biggest difference for an observable = MC uncertainty.

If ISR/FSR is your dominant source of uncertainty in this way you estimate the range
of possible observable values MC Generators can describe.

1. We compared Herwig + MCNLO, Pythia + AcerMC and Herwig + AcerMC.
2. We identified the most important ISR/FSR tunable parameters (Pythia has plenty,

Herwig not so many).
3. MC uncertainty was determined from Pythia ISR/FSR parameters variation.




ISR/FSR uncertainty

Monte Carlo ISR/FSR modeling is complicated, but for the top mass and x-sect.
main effects are:

,SR e hard ISR can add extra hard (pt>40 GeV)
jets to tthar event,
e soft ISR adds particles (energy) to final
state jets,
e FSR from the jets from tthar takes

hetp:/www-cdf. fnal. gov/ particles (energy) from the jets.

For the top-mass and sel. efficiency and a typical tthar analysis:

more energetic jets will result in higher reco. t-mass,

more high-pt jets will increase selection efficiency for tthar events.

Most important® Pythia tunable parameters:

- ISR and FSR Agcp: determine running of astrong for ISR and FSR,

- ISR and FSR cutoffs - parameterize minimal pt value of the ISR and FSR.

We defined 2 samples, Max. and Min. mass sample:

parameters are tuned simultaneously to increase or decrease the reconstructed top
mass value (for typical mass reco. procedure).

Not optimized but reasonably good also for x-section uncertainty estimation.




Q| =

[Absolute Luminosity Measurements -

Goal: Measure L with = 3% accuracy (long term goal)

How? Three major approaches
LHC Machine parameters

Rates of well-calculable processes:
e.g. QED (like LEP), EW and QCD

Elastic scattering
m QOptical theorem: forward elastic rate + total inelastic rate:

® | uminosity from Coulomb Scattering
®m Hybrids
Use o, measured by others
Combine machine luminosity with optical theor

We better pursue all options
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e Lepton: adding the b-tagging -

Singl

S>240 T T ALRAE BRRRZ B AR B [LEHR R
3 220 .
520 o] = More than one option: only 1 tag,
£ 160 Honoet only 2 tag only, 1 or 2 tagged jets
140 [BW+iets .
P ® Use default electron selection +

100

btag=1 or 2 tags
® Purity: improved by ~4
50 100 150 200 250 300 350 400M:5[%e\5’?o SSig " reduced by ~9

no btag, no Mw constraint
Ottbar . = Ottbar | _i
Mother B E Mother :
[:Isinglet\ = E DSiﬂQ“?t\ E
BW+ets ] E" [BW-+ijets 3
00- 50 100 150 200 250 300 350 400 450 51')0 q):

Myp [GeV]
b-tag, no Mw constraint b-tag+Mw constraint

I|[III]III[I[lIIII]III![I|11IIII[[II1]III]II

o3588

&
i
8 8

Events/10GeV
Events/10GeV

II-C-;'IIHBHII8III§III8 8 8
|

50 100 150 200 250 300 350 400 450 500
My, [GeV]




x-sec with 100 pb-': dileptonic ¥

2 OS leptons (ee,ey,up) Szt E'Z‘ZZ::(’ Muons -
Pr(lep) >20 GeV g1 1 (AR=0.2) E
2 jets with Pr > 20 GeV uth matehed

No b-tagging
high quality isolated leptons
Fakes from single lep events

(AR=0.1)

% 01 02 03 04 05 06 07 08 09 1
A R (MuonlJet)

Sample el ee U 2016 T T -
(7 (signal) [699 312 381 ok Electrons

(7 (bkg) 31 20 8 2 F E
Z—ete 5 37418 0 5 .
Z—utu~ | 153 0 51139 04 ruth matched No 3
Z—ttr— 249 101 159 0.08} (AR=0.1) match -

W — ev 2 69 0 0.06] 4
W —puv 152 0 40 - D E
WWwW 76 32 44 : ]
WZ 6 41 52 0.02 . -
Zz 1 25 31 % 2000 4000 6000 8000 10000 12000 14000
single top 5 3 2 Electron Isolation %, ., _, , E; [MeV]

reduce signal by ~4%, single-lep bkg by 2




x-sec with 100 pb-': dileptonic 1

Cut and count method

Selection

E b SR Only 2 leptons, Njets=2
= - CJ 1 lepton+jets
§ %0p =il Z veto: 85<M;<95 GeV
20: [ WZ (Herwig) § 902_ it _i
g w 80 E_ :l tz 't'_tfn?:zm-jets =
- 70E — B
10 60 Sz vemy, | 3
- = ] WZ (Herwig) =
5¢ 50?1 =
00 50 60 70 B0 90 100 110 13050 140 “oF | z
M(ll) [MeV) S0E E
. . 20F =
Scan lepton, jet Pt and ETS”“SS 10 _
cuts to maximise e x p« Ve L
_ _ dataset eu ee pu o all channels
Ermss > 30 GeV (flavour blind) (77 Genad 555 202 253 987
>25 GeV for ey e [%] 20.2 14.7 18.3 17.9
Total bkg. 86 36 73 228
>35 GeV for ee,uu > |s/B 63 56 34 43




Di-lepton: Results

in % of cross section

cut and count method
Ac /o [%] el ee uu o all
CTEQG.1IL set 24 29 20 24
MRST2001Lset 09 1.1 0.7 0.9

JES-5% 20 00 -31 -21
JES+5% 24 41 47 46
FSR 20 20 40 20
ISR 1.1 1.1 12 1.1
parameters-10
paramterrs+1o

Expect lep-ID and lepton trigger to be derived in situ using Z events

Cut and Count method: Ac /o = (4(stat)f§ (syst) 4 2(pdf) £ 5(lumi)) %




[ Conclusions

A top signal can be extracted already with the first
10 pb-1 of data.

The expected uncertainty on ttbar cross section is
determined in both semi-leptonic and dileptonic
events for L =100 pb' at Vs = 14 TeV

Overall uncertainties are of the order of 5 to 10%
and dominated by systematics

Consistency between methods and channels can
place constraint on new physics

For the luminosity we expect to have a 5-10%
additional uncertainty
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[ 10 TeV: x-sec theoretical prediction

= -
© 12900 " 14TeV
1000 B | | 10TeV,
800 :— B * * * +
600
-]
| I
|
400 — LT I I :
- [
- I | | Lo L | I
7

178 180
M,,, [GeV]

166 168 170 172 174 176
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Single Lepton: new contributions?

New phys at TeV scale has cross sections ~ a few pb.

Expected efficiencies for V—ttbar are ~1%:
small impact on total cross section

BT L L B
250 [ ] TTbar (muon)

[ ] TTbar (muon comb.)
200 [ ]Background

[ su@)
150

100 pb-1

100

(¢4}

o
O‘III||IIII|IIII|IIII|IIII|IIII
III|IIII|IIII|IIII|IIII|IIII

Number of events / 10.0 GeV

4\ =)

100 1560 200 250 300 350 400 450 500

Contribution of the SU4 SUGRA point
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[ Summary — Machine parameters

The special calibration run will improve the precision in the
determination of the overlap integral . In addition itis also
possible to improve on the measurement of N (number of
particles per bunch). Parasitic particles in between bunches
complicate accurate measurements. Calibration runs with
large gaps will allow to kick out parasitic particles.

Calibration run with special care and controlled condition
has a good potential for accurate luminosity determination.
About 1 % was achieved at the ISR.

Less than ~5 % might be in reach at the LHC (will take som
time !)




Optical theorem
L Summary — optical theorem
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Measurements of the total rate in combination with the t-
dependence of the elastic cross section is a well
established and potentially powerful method for Luminosity
calibration.

Error contribution from extrapolation tot=0 <1 %
(theoretical and experimental)

Error contribution fromtotalrate ~0.8 % — 1.6 %

N Ium|n08|t
e odl stated TOTEM:

o
El' %\easuremgn’r of L and 0/?“ with Optical Theorem at the 1 %
level. "
= Luminosity determination of 2-3 % might be in
reach




1

Luminosity from Machine parameters4

Luminosity depends exclusively on beam parameters:

r_ N2 f .. Depends on f., revolution frequency

4mo*? n, number of bunches
: ' N number of particles/bunch
o* beam size or rather overlap integral at IP
= The luminosity is reduced if there is a crossing angle
\/1 n (90) ( 300 prad )
20™ 1 % for p* = 11 mand 20% for $*=0.5m

Lurinniusiy accuracy limited by

extrapolation of o,, o, (or ¢, B,* B,*) from measurements of beam profiles

elsewhere to IP; knowledge of optics, ...

Precision in the measurement of the the bunch current

beam-beam effects at IP, effect of crossing angle at IP, ...

We expect to be able to predict absolute luminosities for head-on collisions based on
beam intensities and dimensions, to maybe 20-30 % and potentially much better if a
special effort is made.
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[Two vy production of muon pairs-QED

= Pure QED
Theoretically well understood
No strong interaction
g > U iInvolving the muons
Y

Proton-proton re-scattering
> can be controlled

o Cross section known to
better than 1 %




[Two photon production of muon pairs N ]

Resistive plate chambers
MDT chambers A

= P, >3 GeV to reach muon chambers \_ 4%

_, Barrel toroid

. s, coils -
& { ”"{‘ u

= P, >6 GeV to maintain trigger
efficiency and reasonable rates

= Centrally produced n < 2.5

= P(un) ~ 10-50 MeV

-+

w
= Close to back to back in ¢
(background suppression) : -y |
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What are the difficulties ?

The rate
The kinematical constraints = o ~ 1 pb
A typical 1033/cm?/sec year ~6 fb -7 and ~ 150 fills
= 40 events fill & Luminosity MONITORING excluded
What about LUMINOSITY calibration?
1 % statistical error = more than a year of running

Efficiencies
Both trigger efficiency and detector efficiency must be known
very precisely. Non trivial.

Pile-up
Running at 1034/cm?/sec = “vertex cut” and “no other charged
track cut”
will eliminate many good events

CDF result
First exclusive two-photon observed in e*e. .... but....
16 events for 530 pb-' for a o of 1.7 pb = overall efficiency 1.6 %
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[W and Z counting

Constantly increasing precision of QCD calculations makes
counting of leptonic decays of W and Z bosons a possible
way of measuring luminosity. In addition there is a very clean
experimental signature through the leptonic decay channel.
Use W in this discussion. o (W) x BR(W — |v) has more
favourable rate. Therate is 10 x 0 (Z) x BR(Z — II).

L = (N-BG)/ (¢ XAy X Oy

L is the integrated luminosity

N is the number of W candidates

BG is the number of back ground events

¢ is the efficiency for detecting W decay products
Ay, is the acceptance

O,y IS the theoretical inclusive cross section
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[W and Z counting

WI/Z production -> high cross section and clean
experimental signature.

The biggest uncertainties in the W/Z cross section comes
from the PDF’s. Sometimes quoted as big as 8 % taking
iInto account different PDF’s sets. Adding experimental
uncertainties we end up in the 10 % range.

The precision mi%ht improve considerable if data
themselves can help the understanding of the differences
between different parameterizations ..... (A,, might be

powerful in this context!)

The PDF’s will hopefully get more constrained from early
data. Aiming at 3-5 % error on the Luminosity from W/Z
cross section after some time after the start up
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[Single Lepton: di-top mass spectrum
Consistency check of SM and

Use Default selection. openly sensitive to new physics
Kinematic fit imposes Mw and oo T T
Miwp + min X2 used to choose jet : | Egcn
assignment — improves reco n mw '

600 "t other

Resolution: critical. Bl ttey, ee, uu |

RMS(Mtttrue_ Mttreco)/Mtttrue ~59/,
to 9% in 200 to 850 GeV range

Variable bin size (2°8% Mz) to 0%500 " “1000' 1500 2000 2500 3000

X ]
Preliminary

reduce bin-to-bin migrations P Mesonsemibed ..
_g_ 10 [_J Non Hadronic ti |
3 Bl W + light jets
- - Single top

- Other backgrounds |

Expected stat uncertainty on Mt
bins: from ~3% to ~25% (8% on av)

102E

hif

10
59 500 1000 1500 2000 2500 3000
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[ Single Lepton: do/dydpr e

Standard sel + only 2 b-tags
(high purity)

Small bkg contr included in plots

Ap.) (]

60 GeV<M(jj)<100 GeV
Couple each W candidate with
nearest b-tagged jet

Top is highest Pt comb

/ > 45% purity 3 ==
Interesting region: |y|<2, co o0 10 20 5 Gl

av.o_s(pT y)

fb-’

N4DG

50 GeV<P; <280 GeV  Stat uncertainty on edge bins: 10%
for Lne= 1fb-1 and 30% for Lin = 100 pb-*
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Comparison to LO generators

0.1

~ [—MC@NLO £
- C — MC@NLO|
L e Pythia 10" == Herwig
0.08— ] T Pythia
| |Pt tt system (shower)| _.: -
ook 10° = Pt tt system (shower)
o 10‘3;—
0.04|— =
B 10‘;—
0.02|— L =
ol L L 10'55...l.l..l,...1....lé.l.|....|.'.'-..|-,-...|....|..,.
0.5 0 0.5 1 15 2 2.5 3 0 100 200 300 400 500 600 700 800 900 1000
GeV GeV
Log(Pt)
Pt(tt system) Same distribution on linear scale

Pt balanced by ISR & FSR

Herwig & MCatNLO agree in soft region
at low Pt,

At large Pt NLO effects visible
PYTHIA completely off All distributions normalised to 1




Top quarks and search for new physicss0

First yvear at the LHC:

A new detector AND a new energy regime

m Understand ATLAS
" using cosmics

@) Understand SM+ATLAS in
" simple topologies

Understand SM+ATLAS
in complex topologies

@

®

Look for new physics
in ATLAS at 14 TeV

Process #events
10 fb!

bb 10"
W® el 9) 10°

Z® e/t 10’
tr 8) 10’
Min. bias 107
OCD jets P. > 150 GeV 10
h (m,, = 130GeV) 10°
gg (my = ITeV) @ 107
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ttbar production

l()(‘ TTTT T T |||||||§

= LHC: Areal top “factory”: _ « 1 T
8-106 tt /fexperiment/year at L=103 Hiss
= Factor 10 increase later on 10 )

= Parton kinematic region (low-x) is "
gluon dominated:

10°
g 452 NN Oy
2 i 1 n—4 g
I-LJ'E — — = - e {-l‘ . J_” o I[)(n Oz 5
D o 0, (E" > 100 GeV)
10" :
Tevatron (LHC) ‘
— Strong Interaction ——  Electroweak Interaction — 10~
g : =k N w1 10° o
< s || 0, o o
5 . |. IO-4 G]et(ET > \’18/4)
{ b
o~7(300) pb 0~3.0(300) pb 10° | Origos(Myy = 150 GeV)
[} [
,”A < ~15%(87%) B\, b ﬁ:. 10 GHiggS(MH=500 GeV)
( ) : 0.1

Pair prod. Single prod.
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What can you do with early tops?

i i i [ W Had Mass (Lighter AR(j1,j2)) | WHM
Calibrate light jet energy scale mE— ) ; S—
-impose PDG value of the W mass (precision < 1%) e [
uJ1402— % ."., ,,,,,,,,,,,
Estimate/calibration b-tagging ¢ =
- From data (precision ~ 5%) ma
. - Study b-tag (performance) in complex events :::
StUdy Iepton trigger 2:0;_ 20 40 60 80 100 120 140 160 180 200

M, (GeV)
Calibrate missing transverse energy
- use W mass constraint in the event
© R Use W boson - range 50 GeV < p ; <200 GeV

: mass to

¥ enhance purity  Estimate (accuracy <20%) of m, and o,,.

5, Miscalibrated

w'le ‘*v,é_ detector or escaping
: ‘new’ particle

‘k;"w.

/'“’&

10 K
Perfect detector —‘U llh“ i vb $
'| Cansnt®
1 . .
e [, Ll II ! Ij il Missing E; (GeV)

[} iP° 20

Events

'u:2

For calibration tools
look at Petra’s talk
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UE / min-bias determination

< > = ;
8 N> atn=0 My, for various UE models
o
- ,
< 7 PYTHIA6.214 (tuned) IStdSingleLeptonItm_Zb
) C Y = Herwig
§ PHOJET1.12 (default) / L 100 __ :-i,;m:“o
6 / L
Z S LHC? [
© A UAS 53, 200, 546 ond 900 GeV e 80— '
5 O CDF 630 and 1800 GeV - "
i A Top peak for standard
. 60— T analysis using 2 b-tags
- Difference can be as
3 40— large as 5 GeV
2| 20—
- 0.023In%(s) — 0.25In(s) + 2.5 L
P 0.27In(s) — 3.2 ~ - (e
—I PRI STINTINS = = e AT AT TN T WY ST AN NN i‘Il 1
% 50 100 150 200 250 300 350 400
0 GeV
10° 10° 10*
Vs (GeV)

Extremely difficult to predict the magnitude of the UE at LHC

o Will have to learn much more from Tevatron before startup
o Energy dependence of dN/dh ?

High precision top mass only after well understood detector & underlying physics
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[Tﬁgger

Single, dilepton triggers
© understand efficiency curves in full pT range

O isolation criteria for different topologies, luminosity in
boosted tops, etc.

Multijet trigger

© for fully hadronic tt- or semi-leptonic tt- with
t—-W-—-t—had

© add b-jet trigger?
jet+MET

o for semileptonic and dilepton decays including t—had
T+MET

Many triggers still to be understood and studied from the
beginning
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CMs, |

100pb-1, ee,ey,pu: Event Selection

CMS Preliminary | ——
TE ’

I Y| —— elzctrons from W

H LT E —+— other glecirons
ee . 107'F
-Single e or :
-Double e trigger il
ey, Hu T
-Single y (no iso, p;>16GeV) or i "*"***+*ﬁ*?;%};gmmﬂﬁ+*#+%**ef*‘“fe#**f:«:fﬂ’*ﬁw*m#.
-Double p (no iso, p;>3GeV) or 107 #*#f*{i{{}h.rﬂ.‘ﬁf;p}‘v}*h it
_Double mixed i iy
(iso e, Et>10GeV && noiso y, P>10GeV, 1wte bbb iis
Isolation £ P, (GeV)
2 OS leptons (ee,ey,uM)
Pt >20 GeV
H/E(lep) < 0.05 2 jets
0.8 = EEcaI/ETrkT%cs'0 Pr > 30 GeV
e and ARZO fT <3 AR(j, e with isoTrack > 2) > 0.3

“: EE]]:OW@” <1’ e EEzl:ower <6
AR<0.3 AR<0.3




24
22
20
18
16
14
12
10

O N B~ O

100pb-' ee,ep,up: x-section

o« BR =

Ngg — —NEJF:S

eg % [ L g
_ HLT MC reco/ sel
£ = &7 A &5 K Eg <
" [ " " \
ee jet multiplicity
CMS Preliminary tt gilep
-thkg
—— -Zj

5
Number of jets

tcms? 56

el = HLT efficiency (from data)

MC . -

€3 = Selection efficiency (from MC)
Eﬁmf *# \C/data correction factor (=1)

€ S/B (AC/O)gqt
ee |2.3% 4 15%
ug | 3.5% 6 18%
ey | 3.2% 20 1%
All channels (Ac/0)g..= 8%
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N\ O
I
“p)

[ 100pb-! ee,ep,up: Event Selection

E miss> 50 GeV
To suppress DY & QCD

Require b-tagged jets g -l i .
Track counting algorithm o 1] =3:1
“loose” requirements 3 RERE: -
€ =65%, mistagrate = 13% | il

S
t
—
—+,

IM(Il) = M| > 15 GeV
ee and Pu events only!
To reject Z+jets events

o

20 40 60 80 100 120 140 160 180 200 220

o

ep : E;mss(GeV)
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Single Lepton: adding the b-tagging

ATLAS: likelihood algorithm weight w constructed from the
results of the IP3D impact parameter and SV1 secondary
vertex-based tagger.

© w is large for b-jets and low for light jets: a cut w>6 results in an overall
efficiency £,~63% R,~250

CMS uses mainly “track counting” and “track probability”
methods involving IP and SV for tracks inside the jet

o Typical efficiency for standard level is £,~50% R ,45,~100
c L L UL LI O O B B B
I R R R T IP2D 7
"g 10 E L e IP3D CMS !
q:>‘ ;\ """ IP3D+SV1 i CMS Preliminary f{ gilep (
= —— JetProb 10 - .
T N —— IP3D+JefFitter i [ EEF
E 10 B RN | .Z‘e:s
Ry C 8 .
| | Wiets
: .[Iib-:s ZZ
1025 6__ &N = paa
L 4.—
10%
: 2
B 1
11 1 l 1111 1111 - 1111 1111 11 | 0 p— L 1 1 1 l 1 1 I l
d3 04 05 06 07 08 09 1 o 25

5 10 15 20
b-jet efficiency MM : track counting discriminator




A tool to probe symmetry breaking in SM
= Special role in various SM extensions

A sensitive probe to new physics

Motivations for top quark physics

= Special in the EW role sector and in QCD

59

® Heaviest elementary particle known - Yukawa coupling close to 1.0

® Top and W masses constrain the Higgs mass

l0::-

=)

= New physics often preferentially coupled to tc
= New particles can produce / decay to tops

Mass {GeVv/c?)

.._.
o
'

T T Ty T T

10

= Special interest even if it is just «<normal»  «1 =

€

-4

5 orders of
s _magnitude

I

v

10

A major source of background for many searches
A tool to understand/calibrate the detector, all sub-detectors involved
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Top quark production at the LHC

Production: o,(LHC) ~ 830 + 100 pb

g %1
_8 M : %»—p—t - 1 tt-event ,Del‘ SeCOnd
(1)
9% : Cross section LHC = 100 x Tevatron
e T

Background LHC = 10 x Tevatron
U x,
>mrm< 10%
2 T

q
N . -3
S =8xX%, ; Xx,~10

Final states:

1) Full hadronic (4/9): 6 jets

2) Semi-leptonic (4/9): 11+ 1v +4 jets &L W
3) Full leptonic  (1/9): 21+ 2v + 2 jets 7 ’ —
v W->qq ~ 2/3
W Ilv ~1/3

Golden channel (I=e,u)> 2.5 million events@10 fb-!




[10 pb-1 Rediscovery: dileptonic |
HLT:
* Single p (p+> 16 GeV) or
* Single e (p;> 17GeV), loose isolation cuts

2 opposite-charge leptons:
 Track-based isolation for e
 Track-&Calo-based isolation for p

* pr 220 GeV
ep: ee and yp:

« Emiss > 20 GeV « IM(ll) — M(Z)| > 15 GeV
o ETmiss > 30
o E_I_miss > (0.6 pTII
OR angle(p;", E;)>0.25




|:10pb'1 Rediscovery: dileptonic 3

Count jets with p>30 GeV
Test background prediction with N;=0,1, extract signal from N:=2

- ee
CMS Preliminary ” IJ DYpp CMS Preliminary DYpp
18 | ! ! B DYes 'i T T T EEDYes
DYrc - BDY
16 T wjets 12 o wjets
=zz C Wzz
14 -:zw 10F vz
12 :
10 -
8 A —:
T o N
4 —
2 [
0 | | | | |
0 1 2 3 0 1 2 3

Main Background: DY +jets
Dependent on our understanding of E;Miss




. . . B O3
[10 pb-1 Rediscovery: dileptonic |
ey Total
CMS Preliminary C%S Preliminary DYyt
| | | " | | | BDYes
35 — H MDYrc
s0f = o
30 E B wz
S0 e
25 R
S % . ‘;
.5 0f. — —
10 208 e
5 10 3
0 | | | 0 | | | |
0 1 2 0 1 2 3
znjeu

Statistical uncertainty ~ 9%
...or by limiting ourselves to the ey channel ~13%
Systematic uncertainties expected to be in the same order
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x-sec with 100 pb-1: dileptonic Y

. I I ' miss :
Inclusive template method Build 2D distrib (E1™5%, Niets)
P : for signals and bkgs
38 | . T op
g zopMaximize likelihood -1 Derive binned likelihood for
200 10 EXtract parameters L s data as a function of x-sec,
il = = s : acceptance, bkg norm
100~ ~ - = = ., T T T T T T T -
: m (=] [ - - Bam Otin~ 3
50| — = = f 3 =$vt\:v
I &EHE &= &8, 0= 00,00 ,%250 Bwz -
% 1 2 3 4 5 6 7 5 200 @zz .
N jets & Ozee
- N E 150 Oz
E e 100V “ 100 gt\fvlgj -
sg 205_1 . CIWu 3
% | 6_l=a i
15} Number of Jets
5 E Fit (ep) then impose Z veto
“ and Et>35 GeV on (ee, uu)
"W o ol g TR Syst on acceptance and template

M EFITENT IFERI AFAPAri AR oes
0 20 40 60 80 100 120 140 160 180 200

Integrated luminosity (") shapes are taken into account




10°

[ 100pb-! et,ut: Selection

HLT

Same triggers as ee, e, P

channels

At least one e/p

Pr>30 GeV, |n| < 2.4

Isolation

| =

- 4

=llllllllllllll L B B |
= CMS preliminary

"”Q”"Q’QQ
*

" |—genk

~+ reco kt

ETmiss(GeV)

1 m L1l 1 lm
MET (GeV)

cms, |
\
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1-prong | 3-prong
et 32.1 6.4
MT 41.2 6.5
Other ttbar 105.1 55.6
W+jets 56.1 32.9
Ztjets 23.2 4.2
S/B 0.397 0.139
g(et) 21% 0.42%
g(pr) 2.7% 0.43%

One t candidate (OS)
P leadTrk > 20GeV, |n| < 2.4

E.miss > 60 GeV

Objects separated by AR > 0.3
b-tagging could double S/B
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[ x-sec with 100 pb-1: dileptonic e

Likelihood method
Build unbinned likelihood

Mot .
L=-— z hl(G[,\.','|Nsig,kag]‘) 'f‘Ntot Wlth G(X) = Nsig X S('\f) +kag X B(*\T)
i=1

where S(x) and B(x) are signal and background distributions

for x=A¢ (highest pt lepton/ Et™ss) or A¢ (highest pt jet/ET™iss)
derived by flttlng Chebychev polynomial to MC samples

. R P R W 05 T 5
Ao{LoptonelMET} AQ(Lap!onolMET} ao(Lsp!onolMET)

Maximize L to extract Nsig and Npkg
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[ x-sec with 100 pb-1: dileptonic S

Likelihood method
Build unbinned likelihood

Niot

L=-— z hl(G[,\7j|Nsig,kag]) +1vt0t Wlth G(X) = Nsig X S(x) +kag X B(*\T)
i=1

where S(x) and B(x) are signal and background distributions

for x=A¢ (highest pt lepton/ Et™ss) or A¢ (highest pt jet/ET™iss)
derived by flttlng Chebychev polynomlal to MC samples

total bkg dist
Sum Z—ll and WW
with relative x-sec.

Ml

N &~ O @

&

: 3 R PR 05 T 5
Ao{LeptonulMET} ¢(Lacuon | MET) ao(Lsp!onolMET}

Maximize L to extract Nsig and Npkg
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100pb- er,ut: BG estimation =

Large W+fake t background
= QCD WH+jets

= Semileptonic ttbar o B [ e——
- 3
Multi-jet sample g OETTT O B s e
= find probability that a jet fakesat oo H:;j;f:"::ﬁww
= parametrise it by P e el
10° a3

_ _ [ —— Itk > 20 GeV/c .
Jets passing the selection 104E o019 4 tor3 prongs |
= apply fake rate on P+ spectrum —— k20 +lso+1prong ¢

- #

10°556~"400 750200 250500 350" 400
jet PT (GeV/c)
Results on fake rate on multijet
compared with results obtained in
subsamples and y+jets sample
= after averaging, results are 27-30%

from expectation from multi-jets




[ 100pb-! et,pt: x-section

10° T . T
CMS preliminary

® The cross section can be
extracted by an event count

10%

= Main idea of this analysis:
measure the ratio:

P o[tt ® (Iv)@v, )bb]
o[t ® (Iv)(Iv)bb]

= sensitive to deviations from the
SM (eg by T excess)

= for which a lot of systematic
uncertainties cancel out 1o

lgllllgllllsllllgllllgllll




How to evaluate ISR/FSR systematics uncertainty for top@LHC?

Problem:

MC Generator ISR/FSR description: model + parameters.

LHC: at 14TeV you have no datal = you don’t know:

- which model to choose,

- to which values to set parameters values.

Therefore: for ISR/FSR sensitive observables your prediction has a modeling
uncertainty. Since there is no data (and MC hopefully describes the data):
systematics uncertainty ~ modeling uncertainty (reco. and analysis effects included).

Evaluation procedure:

1. compare different ISR/FSR models (used by different MC generators),

2. for the different models vary ISR/FSR parameters,

3. The biggest difference for an observable = MC uncertainty.

If ISR/FSR is your dominant source of uncertainty in this way you estimate the range
of possible observable values MC Generators can describe.

For top (ttbar) mass and sel. efficiency at ATLAS evaluation looked like this:

1. We compared Herwig + MCNLO, Pythia + AcerMC and Herwig + AcerMC.

2. We identified the most important ISR/FSR tunable parameters (Pythia has plenty,
Herwig not so many).

3. MC uncertainty was determined from Pythia ISR/FSR parameters variation.

Results and details of the evaluation at ATLAS are shown in the next 2 slides.

I Tevatron data has been used to choose (more) appropriate ISR/FSR models and ranges of parameters values,
but for many ISR/FSR sensitive observables predictions for the LHC have large uncertainties.






