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Motivation for Top Physics at the LHC

* Precision measurement of Standard Model (SM) parameters

» Top-pair cross-section measurements first stepping stone to new physics

 Many models of beyond SM physics have same signatures

« Single-top cross-section measurement gives direct handle on V

o Cross-section is proportional to thz

* Mass measurement gives handle on SM Higgs mass

e Via radiative correction in m,, term

* General interest
e Top is a major background for new physics
» New physics might manifest itself in top

* Top topologies can be used to understand your detector
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Top-Quark Production at the LHC

e Top-pair production via strong interaction

e Cross-section: ~ 850 pb at 14 TeV, ~400 pb at 10 TeV

e Rate: 1 Hz at 10* em?s (nominal low luminosity)

& 90% at the 14 TeV LHC

» Single-top production via electro-weak interaction

* Cross-section: ~320 pb at 14 TeV (t-channel ~250 pb, W+t-channel ~ 60 pb, s-channel ~ 10 pb)

o Direct sensitivity on V

t-channel W-+t-channel s-channel
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Top Reconstruction

e Top decay modes

hadronic b

leptonic

e Main top-pair backgrounds
 W.Z + jets (W,Z + heavy flavour)
* Dibosons
* QCD multijets
e Single top

e Top-pair topologies

“alljets™ 44%
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* Main single-top backgrounds
e Mostly top-pairs
» W.Z +jets (W,Z + heavy flavour)
e QCD multyjets
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Top Reconstruction

General approach

o Trigger on isolated, high p_lepton

e Add missing E,  and/or m_ %

®
e Purify sample via
e Second lepton
 Tagged b-jets
« Hadronic top decay (N, m

p M)

Day 1 top-pair events selection (10 TeV, 200 pb™)
1l isol. electron/muon, p, > 20 GeV

« E™>20GeV

e >4 jets with p_>20 GeV, = 3 jets with p_ > 40 GeV

o t .= 3 jets maximising p ‘"

o W,_, =2 jets maximising p_ " (in jjj rest frame)

« Loose m, constraint (|mjj-mw| <10 GeV)

* No b-tagging required
« SIB=~2,5_ =~10%
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Top for Calibration — b-tagging efficiency @
. CMS (14 TeV, 1 fb)

e Using [semi-] leptonic channel
« 2[1]lepton(s), 2 [4] jets, E. ™, [1 b-tag]

E _I T | T TT1 | T TT | T TT | TTT | T TT | T TT | T'TT | T TT | I_I
» Select b-enriched jet sample by o 0-14 | —e— absolute uncertainty for 11b™" |
B b ki o hi ot | e--- absolute uncertainty for 10 for' | |
vent-by-event kKinematic it to match jets % 0.12:— =— relative uncertainty for 1 fb" —:
. . . » — L | ccecpe-e- ; : -1 .
to partons, 1imposing m,, and m_constraints g 0.1 ®--- relative uncertainty for 10 fb .
o . . 3 B CMS
e Likelihood ratio from fit and other variables c 0.08
| L m
o Get g as function of E ) and éﬁ 0.06 i
fraction of tagged jets o 0.04:— -.U'n'certaint on _:
i v miStag rate for non-b jets - fag effici@cy — g | 1
Ae,= X g Eo(1 =) B b-purity 0.02 * e S e
xb O_IIIllII|III|III|III|III|III|III|III|I_I
40 60 80 100120140160180200
barrel Calibrated E; b-Jet
(A eley]  ~+6%
Aeyle, PP L +10%

o ATLAS study at 14 TeV with 100 pb™! using semi-leptonic channel, fitting N, ., distribution to
+jets
simultaneously get ¢, € and 6, suggests (A &/ Eb) ! =(12.7(Stat)i3.4(syst) %
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Top for Calibration — light jet energy scale (JES)
o ATLAS (14 TeV, 1 fb)

e Semi-leptonic channel
o lisol. lepton pT > 20 GeV, 4 jets p. > 40 GeV,

E ™ >20 GeV, 2 b-tags, 150 GeV <m, <200 GeV
o Fit m, distribution to smeared templates of
different energy scale a / resolution f3

e Compute each 2 and find minimum in (o, ) plane

e Estimated uncertainty on JES (AJES/JES |iem=1%

templates of 1.2 mio Pythia events, energy and angle smeared
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Top Cross-section — top-pair production @@

« CMS (10 TeV, 10 pb™)

* Di-leptonic channel (epu-channel)

« 2isol. leptons of opposite charge p. > 20 GeV, 2 jets p, > 30 GeV, (E,™* > 20/30 GeV for ep/eetpp)

o Z-boson veto in ee and pp channels (|mjj—mz| <15 GeV)

. . CMS PI’PlII‘I‘III‘IﬂI‘Y 10 pl:)1 HQcD
* Counting experiment approach CMS I 77 +ets
25 epd-channel BlIDY— e, up

DY 1t
[ ww, Wz, ZZ

20 [ Single top
. _ 117 — not 17
e Combined uncertainty for eetep+pup Eisn
15

(Aolo)"P= (i 15 (gtary £ 10y = 10(1umi)) o

e First data approach using only the cleaner 10

eu-channel (Ao/o)"'=(£18,,=10 %

(stat) (syst ) 1um1

jets

e DO at 1.96 TeV with 1 fb"' (Ao, /o)~

» ATLAS study at 10 TeV with 200 pb™ leptonic channel with a countin g/hkehhood method,

estimating a combined uncertainty for eeteu+up of Ao/o= (+j (l)(stat) 8 7(Syst)ff§_i(luml) %
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Top Cross-section — top-pair production @@

 ATLAS (10 TeV, 200 pb™)

Semi-leptonic channel (muon+jets)
« lisol. lepton p >20 GeV, >4 jets p,.>20 GeV, >3 jets p,>40 GeV, E™*>20 GeV,

(two jets of had. top should fulfil |m -m | <10 GeV)

e Cut-and-Count method 2 C LA B
o - ATLAS Preliminary 7
_ > ]
o FM w100 { Simulation -
T LyEg L Gaussian ]
e 80| oLl N -
Ao p+ jets B Muon Channel ]
- =(i3(stat)+i§ (syst) —22 (Tumi) % 60 i L = 200pb’ i
| / _
o count - : -
C T e T :
) _ 40— —
e Likelihood fit method - Chobueh . ]
- ebychev ' .
Ao (u+ jets) 20 A ! ! 2L ikag .
T i Wl
(— 15 (stat) 15 (syst) —20 (lumi) % ' o T e, o ‘.h
0- ﬁt D L I L L L L | L L L L I L L L L I L L L L I L L L L I 'L

100 150 200 250 _ 300 _ 350
M, [GeV]

. CDF at 1.96 TeV with 2.8 fb' Ac,./o,;,~9%

o CMS study at 10 TeV with 20 pb™! using semi-leptonic muon channel with a template method fitting m.,
estimating an uncertainty Ao/ U)Myﬁt:(i 124100 £ 25 (6550 F 101umi) | Y0
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Top Cross-section — single-top production @

« CMS (10 TeV, 200 pb™) i CS Preliminary L = 200 pb*
- CMS
I t-chan.
e T-channel (muon) o é =1
ﬂ>,) 60 [ s-chan.
e 1l isol. muon p,>20 GeV, veto on electrons p, > 20 GeV, [ =‘::
2 jets p, > 30 GeV, 1 bijet, M, > 50 GeV a0 —
- O we
Mr =\ (pru )" = (Page+ Pia) = (P Pun)” 20F o pasio s
« Top (M,,) is reconstructed using b-tagged ol
100 200 300 400
jet and by fixing M. =m,, M, [GeV/c?]
CMS Preliminary L = 200 pb*
e Cross-section is determined from binned 4] CMSz
5 30 El—{:hm.
likelihood fit to cos 0" -distribution 2 [ Dochan
i O
(A O-/O-)t-chan=(i35(stat) + 14'(syst) + 1O(lumi)) % 20 [ + v
[ viighe
e At 14 TeV, 10 fb'! Hvoa
10 Dw.:
14TeV 10 b _ M aco
(A O-/U)t-chan _(i2‘7(stat)i 8(syst)) % — - e e — » pseudo data
04 -0.5 0 0.5 1

cos@*l_
|

* Similar ATLAS study at 14 TeV with 1 fb"' in W+t channel with a MVA/BDT method, estimating an
uncertainty of (A0 /0 |y == 34 arsyst) Y0
e Considering all channels » AWV NV |~ 14%

e CDF at 1.96 TeV with 2.8 fb"' AV ,/[V ,|~12%
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Top Mass
« ATLAS (14 TeV, 1 fb)

* Leptontjets channel

« lisol. lepton p . >20 GeV, 4 jets p. > 40 GeV, E ™= > 20 GeV, 2 b-tags

W, , via geometric (2 closest jets) or x*-method, t, =W,  + closest (b-)jet

> “had

e Sample purity increased by add. cuts

« m (W, by )>200GeV E 300
o m, (b, )< 160 GeV %250
« m_from functional fit “ o0
150
Amt0p=(s0.4(stat)i3.5 (syst)) GeV, AJES(b-jet)=5% -
Am, =<0.4(stat)+1(syst)|GeV, AJES(b-jet)=1%

50

e Main uncertainty from JES and JES(b) 0%

OO

50

100

al
- Comb. background
- Physics background

W, =2 closest jets
IM_-M_ Petk| < 26
LI Mjj

Gaussian +
threshold function

150 200 250 300 350 400

remove light jet contrib. to 1% order » My, -|Vl]i+MEeak [GeV]

e CMS study at 10 TeV with 1 fb! using fully-leptonic, writing event kinematics as a forth order polynomial

containing m, weighted by SM expectation for p’ spectrum Am

dilepton __
top

=(+1.5(stat) £ 4.2 (syst)| GeV

 Combined Tevatron Am, =|+0.6(stat)*1.1(syst)|GeV

top
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Top Charge
« ATLAS (14 TeV, 1 tb)
e Real top (2/3) or exotic object (4/3) at 173 GeV?
b (-1/3) b (-1/3)

Exotic
t (-4/3)

Standard {3

Model
b (+1/3) b (+1/3)

e Important to get b-1-pairing right
e Charge weight technique
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 correlates b charge and charges of tracks belonging to it

o Zq,lf,pl
e~ 2 7Bl

0y=—1/3=Cy'Qomy=Cy- 0 (1)-0},
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* Discrimination between SM and exotic
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scenarios with well above 5o i1s likely

Events / 2 Gew
= =
= =

T @ :
|u1>r-|>

by b-1-pairing
™, £=30.5%
Mo, P= +85.6%

120 200 230 3[][] 3:»1} 41}D 430

A
500

milepion bjet) [GeV]

Events /0.1
= o = ]
= =) =) =)

L L | L} L L] LB L) g

ul
=]

cases in which all tracks
in b-jet have same charge

[
]

0z

0 1T 2 3 4 5

3 2 - A
0™ =0.670.06 (stat) = 0.08 (syst) top charge
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Conclusion / Summary
e Already at 10 TeV the LHC will be a top factory

 ATLAS and CMS have shown similar projections in top quark physics
* big efford on selection robustness and strategies for (first) data

(data-driven techniques to measure efficiencies and background contributions)

e Wide range of studies have been performed at both experiments for 14 TeV running
« Light jet energy scale to O(1 %) with 100 pb-!
» b-tagging efficiency uncertainty to < 10 % with O(100 pb)

* Good top charge discrimination with 1 fb!

* Recent 10 TeV studies promise interesting/important results
already in first year of data taking - O(100 pb™)
. Redis(.fcovery of the top quark

tt
o first measurements already at O(10 pb™)
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ATLAS and CMS

ATLAS
e Pixel/Semiconductor Tracker (10-20 um in r-) * (Central silicon detector (~ 10 um in r-¢)
e E-CAL (liquid argon, longitudinal segmentation) ¢ E-CAL calorimeter (lead tungstate crystal)
 H-CAL calorimeter (scintillating tiles)  H-CAL calorimeter (scintillating tiles)
* Muon system (DTs and cathode stripes, * Muon system (DTs and cathode stripes,
standalone & combined u tracking) 4 barrel stations)

 TRT allows for e-n-separation (|n| < 2.0)

Jets |njets| < 5.0 (< 2.5 for b-tag or mass resolution)
Electrons Meteeironl < 2-5 (Inner Detector match)

Muons M,0nl < 2-5 (Inner Detector match)

Tracks Mol < 25, P, ~ 20 GeV
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Top Physics Overview

« ATLAS (14 TeV, 1 fb)

Observables Expected Precision
Top quark charge (2/3 versus -4/3) > 50
Spin Correlations:

A 50%

Ap 349
W-boson Polarisation:

Fo 5%

L 12%

r 0.03
Angular Asymmetries:

Arp 19%

Ay 11%

¥ (& 4%
Anomalous Couplings:

R 0.15

oL 0.07

gr 0.15
Top quark FCNC decays (95% C.L.):

Br(t— qy) 103

Br(t—qZ) ]

Br(t— qg) 102
tf Resonances (discovery):

o X Br (mg=700GeV) > 11pb
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Top for Calibration (b-tagging efficiency)
« ATLAS (14 TeV, 100 pb™)

e Using leptonic and semi-leptonic channels

o Leptonp, >20GeV,jetp >30 GeV,

— 0
20/30 GeV range cuts on reconst. W/t mass (A £yl € _(—2 Tistan® 3'4(syst)) 7o
. di-lep
e Count events with 0 to 3 b-tags (A &,/ &y —(—4 2(stat)i3'5(syst)) %
o Getg,e ando,  from fit to N _ dist.
c ttbar tag
T | T 1T | T TT | T 1T | T 17T | ' T TT | T 1T | T 17T | T TT
S/B=14.4 S/B=26.8 - E
S - W/Z+jets 3
- 10° o o —— Wit B
I —¥- s-channel E
% i C -=-t-channel 3
2 B Diboson+jets | 7
(= . ° =
= || .
- ————— @ —
10= " -
_ *——
1 v ry | =
= v v .
0 E
— expected yield of events v a
10_2 L 11 1 | 111 1 | L 111 | L 11 1 | L1 1 1 | L 111 | L 11 1 I L1 1 1 | L 11 1 | I
-0.5 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

# tagged jetsl
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Top Cross-section — top-pair production, dilepton channel

Events

« ATLAS (10 TeV, 200 pb™)

« 21sol. leptons of opposite charge p,. > 20 GeV,

2 jets p,>20GeV, E ™% >20 GeV
e Counting/likelihood method

I=I(o

sig

. (S/B), =55.¢,

L,aj)
=26.5%

1

T 1T T TT1T I T IleetI éilsltrli 1Iltlilolrll T TTT I TTT1TT I T T TT I T II_;
before N, > 1 cut SiaEiNE =
) Hé di lepton 3
300F ' E
C B  other 3
250 B single top =
- = Z+jets =
150 i_ — W+jets _i
100f- -WWWZiZZ -
= ATLAS preliminary -
50 Simulation e
C W%r‘mmmm oo | |:
T2 T3 4 5 6 7 8 9 10
Number of Jets

e Combined uncertainty for eet+eu+pup

Aolo=

+4.1 +9.6 +26.2 o
—4.0(stat) —8.7(syst) —17.4(lumi) | /0

Ao /o (%) ee channel | y¢e channel | ey channel | combined
Stat only -7.5/7.38 -6.0/6.2 -4.0/4.1 -3.1/3.1
Luminosity -17.3/263 | -17.4/262 | -17.4/26.2 | -17.4/26.2
Electron Efficiency -4.5/5.0 0.0/0.0 -22/24 -19/1.9
Muon Efficiency 0.0/0.0 -4.6/5.2 -2.1/22 -22/23
Lepton Energy Scale -03/1.6 -24/2.0 -0.5/0.5 -0.8/0.8
Jet Energy Scale -3.4/32 -3.0/4.5 -25/25 -2.8/3.0
PDF -2.1/23 -1.4/1.6 -1.6/1.8 -1.7/1.8
ISR FSR -4.0/4.2 -3.6/3.7 -3.5/3.5 -3.6/3.7
Signal Generator -4.7/54 -46/54 -47/53 -4.7/5.3
Cross-Sections -0.3/0.3 -0.3/0.3 -0.3/0.3 -0.3/0.3
Drell Yan -1.4/1.3 -22/22 -0.5/0.5 -0.8/0.9
Fake Rate -9.7/9.5 -1.1/1.1 -6.2/6.2 -4.0/4.0
All syst but Lumineosity | -12.7/139 | -89/102 | -9.4/10.2 -8.7/9.6
All systematics -21.0/30.3 | -19.3/28.3 | -19.5/28.5 | -19.3/28.1
Stat + Syst -22.3/31.3 | -20.2/29.0 | -19.9/28.8 | -19.5/28.3
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Top Cross-section — top-pair production, single lepton p-channel @ @
e CMS (10 TeV, 20 pb)

e Semi-leptonic channel (muon+jets)

« lisol. lepton p.>20 GeV, 4 jets p, > 30 GeV, no E_ ™* requirement

* Template fit of M3' (M3 with minimal x?)

= (mhjz(ﬂmw)z N (”1}'1;‘21;37;‘ my)? N (mm,];z‘ ny )2
! " . CMS Preliminary @ 20 pb™
. . . ..‘2 - * Pseudo data
and multivariate method using BDT's c 60 I ttbar
@ i CMS [1SingleTop
~ EIW+Jets
Ao LLl i = Z+Jets
T - = (i 12(stat)i 19(syst) + lo(lumi) % 3 40 — g\éﬁlets
C
Ao _ ©
7 -~ _(i9(stat) + 22(syst) + 1O(lumi)) % '.g
] 20
&)
0
0 200 400

M3 [GeV/c?]
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Top Cross-section - top-pair production, single lepton p-channel

100[ g ATLAS Preliminary
Simulation

Event

* ATLAS (10 TeV, 200 pb") £a5%

2,
) \J
7T\

Gaussian

Muon Channel

80

1 isolated lepton, p_. > 20 GeV
o >4jets, p,>20GeV 60
e >3jets, p,>40 GeV

« MET > 20 GeV
* Likelihood fit (and counting method)

40

20

L L L L L I L L L L | L L L L | L L L L I L L II .-"- '-
100 150 200 250 300 350

Cut and Count method Fit method M; [GeV]
Source e-analysis L-analysis e-analysis | p-analysis
default +My -cut default +Mwy-cut | +My-cut | +My-cut

(%) (%) (%) (%) (%) (%)
Stat. + 2.5 + 34 +2.3 +3.1 + 14.1 + 15.2
Lepton ID eff. +1.0 +1.0 +1.0 +1.0 + 1.0 + 1.0
Lepton trig. eff. +1.0 +1.0 +1.0 +1.0 + 1.0 + 1.0
50% W +jets +25.1 +17.4 +28.1 +19.8 + 3.3 +5.6
20% W +jets +10.0 +7.0 +11.2 +7.9 + 1.5 + 2.6
JES (10%,-10%) +24.8-23.4 | +15.9-19.1 | +20.5-22.3 | +11.9-17.9 -14.4 -15.4
JES (5%,-5%) +12.3-11.9 | +8.6-9.3 | +10.4-10.9 | +6.1-8.4 -3.7 -3.9
PDFs +1.6 + 1.9 +1.2 + 14 + 1.9 + 1.4
ISR/FSR +9.1-9.1 +7.6-8.2 +8.2-8.2 +5.2-8.3 -12.9 -12.9
Signal MC +3.3 +4.4 +0.3 +2.8 +4.5 + 14
Back. Uncertainty +0.6 +0.4 +0.5 +0.4 - -
Fitting Model - - - - +3.3 + 4.7
10% Lumi. +11.6 +11.2 +11.4 +11.1 +10 +10
20% Lumi. +23.2 +22.3 +22.8 +22.2 +20 + 20
Tot. without Lumi. | +18.8-18.5 | +14.4-15.2 | +17.5-17.7 | +11.9-14.7 | +6.4 -14.9 | +6.0 - 14.8
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Top Cross-section — single-top production
« ATLAS (14 TeV, 1 fb)
* Wt-dilepton-channel

« 2isol. leptons pT > 30 GeV, 1 jet p, > 15 GeV and <1 jet p, <20 GeV*, E ™ >20/30 GeV

e Cut-based (* only here) and BDT analysis
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Top Cross-section - single-top production
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« ATLAS (14 TeV, 1 fb') {A3} {A4}

Entries

2, \J
7T

Z) 3
7T

250 S A
A T
L
A
S
200
w L
E -
g —
2 150
-
=]
(]
E
E10
z
5

& 01

Likelihood W* vs tt—s |/t

Number of events in L=1ft"
® s-channel [e+1
. Wit-channel

t-channel
B i ets (1=ey)

tt— 11 (l=ey)

tt— laz/ut/wets
[ Wob— Isjets (I=ey)

Bl Wi l+ets (I=ay)

02 03 04 05 06 07

180]}
160
140
120
100
80
60
40
20

[I IR ITI Nrr  AFr

ATLAS

——t-channel
Il 'Wt-channel
B s-channel
I
BwWbb
Wiets

Qo

M (GeV)

ATLAS™

combined]

028 09 1
likelihood

50 100 150 200 250 300 35:D 400

Wit-dilepton-channel

Analysis for 1 fb=" | Analysis for 10 fb~!

Source of uncertainty Variation Ac/c | Variation Ac/c
Data Statistics 15% 5%
Monte Carlo Statistics 20%
Luminosity 5% 26% 3% 15%
JES 5% 26% 1% 4%
Background Cross Sections 1.9% 22% 3% 8%
Total 50% 19%
s-channel
Source of Analysis for 1 fb=" | Analysis for 10 fb~!
uncertainty Variation Ao /o | Variation AcG/o
Data Statistics 64% 20%
MC Statistics 29%
Luminosity 5% 31% 3% 18%
b-tagging 5% 449 3% 25%
JES 5% 25% 1% 5%
Lepton ID 1% 6% 1% 6%
Bkg x-section 10.3% 47% 3% 16%
ISR/FSR 9% 52% 3% 17%
PDF 2% 16% 2% 16%
b-fragmentation 3.6% 19% 3.6% 19%
Total Systematics 95% 48%
t-channel
Source Analysis of 1 fb~! Analysis of 10 fb~!

Variation Cut-based BDT Variation Cut-based BDT
Data Statistics 5.0% 5.7 % 1.6% 1.8 %
MC Statistics 6.5 % 7.9% 2.0 % 2.5%
Luminosity 5% 183%  8.8% 3% 109 %  5.2%
b-tagging 5% 18.1%  6.6% 3% 10.9% 3.9%
JES 5% 21.6% 9.9% 1% 4.4 % 2.0%
Lepton 1D 0.4% 1.5 % 0.7% 0.2% 0.6 % 0.3%
Trigger 1.0% 1.7 % 1.7% 1.0% 3.6 % 1.7%
Bkg x-section 22.9% 8.2% 6.9 % 2.5%
ISR/FSR +7.2 -10.6% 9.8 % 9.4% +2.2-3.2% 2.7 % 2.5%
PDF +1.38-1.07%  123%  3.2% || +1.38-1.07%  123%  32%
MC Model 4.2% 42 % 4.2% 4.2% 4.2 % 4.2%
Total 45% 22% 22% 10%
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Top Mass @
« CMS (10 TeV, 1 fb)

e Fully-leptonic channel

 six unknown kin. quantities (neutrino momenta)

 using m, constraints and m =m,_
« Obtain forth order polynomial containing m_as parameter

« All m combinations per event are weighted by SM expectation of the p spectrum » best kept

 Fit Gaussian to signal

. Signal
. Zjets

Diboson

» Systematics due to constraints above

and detector effects

events / 9.0 GeV

A mféfpton =(+1.5(stat)+4.2(syst)|GeV
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