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Top Physics Context at the TeVatron

Top Quark @ TeVatron ...

Besides the discovery...

Stringent tets of QCD and the EW sector

— Top mass is known at ~1% level

— QCD production mechanism at ~12%

N~ — 1 — V-A couplings and W polarization at ~20%

o 77 — CKM matrix [Vtb| > 0.68 @ 95% CL

WSS A0 : — Electroweak production evidence @ 3.4c
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Top Quark Selection

~10 pairs a day (before selection)
~500 pairs selected so far

~few single-top

S/B lower than the LHC : W+jets




...and at the LHC

Top as a Tool

Commissioning with early data:

— in situ JES determination

— b-tagging performance calibration
— Missing ET

Top as a precision test of SM

Mass, cross-section, properties analyses
— Measurements in all channels

— Theoretically limited very early
Systematics limited analyses early

— Data driven analyses

— Use of MVA techniques mandatory
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Top Quark Selection Top as a probe to new Physics
Nominal luminosity of L=1033: In production or decays :

~1000 selected pairs a day — High mass resonance

~a few 10 single-top a day — Anomalous couplings

S/B more favorable than TeVatron 2| — Top and charged Higgs
— Top and SUSY




Top quark as a tool at the LHC

1) Introduction

2) Top quark as a tool
Jet energy scale determination
— Rescaling
— Templates
b-tagging performance
— Couting method
— Topological selection

3) Top quark pair measurement

4) Single-top measurement

5) Top Properties




2-3 weeks of ATLAS data...

ATLAS Preliminary
I:l TThar {muon)
TThoar (muon comb.}
- Background

ATLAS Preliminary

|:| TToar {mucn}
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- Background
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. . Expected performance
-1
Top pair eventg m_ 100 pb Background (comb.+ W+jets)
Standard Selection:

. : Resolution: o(m,) ~ 15.4 £ 2.0 GeV
— Missing E+, 1 lepton, 24 jets ||~ Use for commis;ioning ;
— No b-tag ! '

: —> light jet calibration
Event yields - b-tagging algo calibration
— Efficiency ~ 5.3 % giglnigl el




Top as a Tool : JES determination (1)

L I e e e
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Select a leptonic top (to tag the event)
— L1+HLT trigger (u,e) ~ 80%
— 1 high-p- lepton > 20 GeV/c .
— at least 3 high-p; jets > 40 GeV/c : A DT
—1 high-p; jets > 20 GeV/c g
— 2 btagged jets Il
Reconstruct the hadronic side... : _ :
— Take jet pair in top mass window 726 40 60 80 100 120 140 160 180 200
— Determine light JES from W-> jj Reconstructed W mass [GeV]

Entries / 2 GeV/

(Iterative) Rescaling method
Determine Jet energy scale from W-> jj
— M,,PPe=VK(nE;)K(n,E,) M;
Statistical precision: ~1% (1 fb-1)
Systematics :

— correlations in (n,E) ~1%

— background (purity 80%) ~ 0.2 GeV
— jet p; cut bias ~1-2%




Top as a Tool : JES determination (2)

B e S S B
—sw+mhmm1'

Select a leptonic top (to tag the event)
— L1+HLT trigger (u,e) ~ 80%
— 1 high-p; lepton > 20 GeV/c :
— at least 3 high-p; jets > 40 GeV/c : ATLAS Preliminary
—1 high-p; jets > 20 GeV/c i
— 2 btagged jets

Reconstruct the hadronic side...

—Determine light JES from W= |j 36 40 8080 900 120 140 160 180 200
Reconstructed W mass [GeV]

— Fi GEuds + Chebydhe :
smamn Fit Chétrchey
= FRyELS Dackground

Entries / 2 GeV

Template Method

Template w/ various JES a & resolution 3

- Compute ¥2 in the (a,B) plane

Statistical precision: ~0.5% (1 fb-1)
Systematics :

— correlations, resolution degradation~0.3%
— combinatorial background ~ 0.3%

- Top mass ~0.5% ;-'_J' 85 70 75 80 85 90 95 100

jet-jet mass (GeV)




Top as a Tool : b-tagging in ATLAS

B-tagging in ATLAS

Several b-taggers in ATLAS

— IP2D, IP3D, Sec. Vertex

— JetProb, soft lepton ...
Combination of b-taggers :

~ btag ¢ s SV1+IP3D .
Question : how do we compute
— efficiencies and rejection as f(w)
...by using DATA ?

E =

b-jet efficiency

ATLAS Preliminary

50 100 150 200 250 _ 300
P, (GaV]

Arbitrary units

—— c-jets
Light jets

-—= P35V
—— JetPraob
—— |P3DsJetFittar

08 09
b-jet efficiency




b-tagging performance : Counting Method

3

Counting b-tagged jets in top pair events
Assume SM BR(t-=>bW)

Assume no correlation between btags
Sample « I+jets »

— FiX €44

— Measure (o, €, €;) With (N,,N,.,N3,)
Sample « dilepton » .
— Fix g 4 @Nd g, - - LN
— measure (cy, &,) With (Nyp,q:Noptag)

# events / 100 pb’
a

3,

Systematic  in % Counting
lepton+jet  dilepton
Light jets and © 0.1

. Charm | 0.0
B-tag efficiency measurement s
et energy scale 0.9

Background subtraction = purity b-jet labelling 1.4
— « |+jets » S/B ~15 (1 btag) to 27 (=1 btag) ?;;gggfam g;
—« dilep » S/B > 80 (1 btag) '

W +jet background 1.2
> EffiCiency Vs w-cut Single top background 0.1

Systematics for g, E&?:;;{eg::i
_ISR/FSR, b-jet labelling, JES Il

Statistical (100 pb~T)
— background subtraction, mistag rates Statistical (200 pb™")




b-tagging performance : Topological Selection

Topological Selection
Reconstruct fully tt events
Use the leptonic Top decay to estimate ¢,
— Reconstruct hadronic top
W = jj with j as untagged (w< cut)
t > jjj with mass constraint and w>cut [
— Reconstruct leptonic top
W - Iv with W-mass constraint
t = lvj in m-window, no cut on w

B-tag efficiency measurement

Use jet in the « leptonic top » decay

— per jet p; bins (20-40, 40-80,...)

Background subtraction from data :

— Using sideband+fit in m,,,, for bkgd shape

— Fit simultaneously signal+control sample (m;;)
Determine ¢, as function of w

Systematics dominated from ~1 fb-1
— Backgrounds, charm contamination,JES

Events/ 4 GeV

8

ATLAS Preliminary
[15. both tops correct 1
4. hadronic top big |
3. leptonic fop big
ER 2. both tops bfg
I 1. non tt background

200 250 300 350 400

Hadronic top mass (GeV)

ATLAS Preliminary 1

150 200 250 300
Leptonic top mass (GeV)




b-tagging performance : Topological Selection

ATLAS Preliminary
20<E <40 GeV

Topological Selection
Reconstruct fully tt events I AR =t
Use the leptonic Top decay to estimate ¢, 3 ) 3'bpt}mtgfggg ;
— Reconstruct hadronic top = nonthekgn S

W = jj with j as untagged (w< cut)

t = jjj with mass constraint and w>cut
— Reconstruct leptonic top

W - |v with W-mass constraint

t = lvj in m-window, no cut on w

events / 8 GeV

T | LI | T T T T | LI | LI I |
ATLAS Preliminary
40<E <80 GeV —;

events / 8 GeV

B-tag efficiency measurement

Use jet in the « leptonic top » decay

— per jet p; bins (20-40, 40-80,...)

Background subtraction from data :

— Using sideband+fit in m,, for bkgd shape

— Fit simultaneously signal+control sample (m;;)
Determine ¢, as function of w

Systematics dominated from ~1 fb-1
— Backgrounds, charm contamination,JES

i L R BRI I
ATLAS Preliminary
BO<E <120 GeV

events / 8 GeV




b-tagging performance : Topological Selection

Topological Selection
Reconstruct fully tt events
Use the leptonic Top decay to estimate ¢,
— Reconstruct hadronic top

W = jj with j as untagged (w< cut)

t = jjj with mass constraint and w>cut
— Reconstruct leptonic top

W - |v with W-mass constraint

t = lvj in m-window, no cut on w

B-tag efficiency measurement

Use jet in the « leptonic top » decay

— per jet p; bins (20-40, 40-80,...)

Background subtraction from data :

— Using sideband+fit in m,, for bkgd shape

— Fit simultaneously signal+control sample (m;;)
Determine ¢, as function of w

Systematics dominated from ~1 fb-1 I
— Backgrounds, charm contamination,JES

b-tag efficiency

— true efficiency

Systematic

[T
2, ATLAS Preliminary

- calculated efficiency

0.1k
0 010202040506070809 1

b-tag weight cut

Topological
In %

Light jets and 1
Charm jets

Jet energy scale

b-jet labelling

MC generators
ISR/FSR

W +jet background
Single top background
Top quark mass

0.5
0.7

N\

Total systematic

34

Statistical (100 pb™")
Statistical (200 pb~1)

()




Top quark as a test to the SM

1) Introduction
2) Top quark as a tool

3) Top quark pair measurement
— Cross-section measurement
— Mass measurement
— Sensitivity to New Physics

4) Single-top measurement

5) Top Properties




Top Pair Production at the LHC

Top pair production E D ot VS-14Tev |
NLO calculations : o (pb) (0,) at NLO+NLL QCD

MRST, a,(M;)=0.1175, K,=0.4 GeV

o(tt) = 835 pb + 10%4 + 6% o il

“'Scale - Lower inset:

— Production via gg (90%) and qq (10%) f—""’“"”";ﬁ;jﬁm § b /m=021 6o/

— Dependence in Top Mass : S 10
50,/0, = 5 x dm/m, - roeecrk |

[ - - - PDF=CTEQSH)
[ - - - - PDF=GTEQSHQ
- —————

Top quark decays
— In the SM: BR(t>Wb) ~1
— Final states labbelled from W decays

N, (1 fb™)
LS A\ X(T) I ~30% 250,000 -~
tt-=>(lv)b(lv)b ~5% 40,000 —
tt->(jj)b (jj)b ~44% 370,000 —




Top cross-section in the lepton+jets channel

Event Selection

— L1+HLT lepton : ¢ ~ 80%

— at least 1 high p; lepton

— at least four high p; central jets
— large Missing ET

Simple W-mass constraint Il
— 1 comb. in W-mass window
b-tagging to purify

ATLAS Preliminary ]

100 pb-"

No b-tagging

IIII-|'IIII-|'III-|_|-

—(0,) 1 or 2 b-tagged jets

. . Likelihood fit | Counting
cross-seCtlon extraction Source Electron | Muon | Default
No b-tagging option @) | ¢ | @
— Counting and likelihood fit gt | e
. 1 Lepton ID efficiency 1.0 1.0 1.0
Systematlcs @ 100 pb Lepton trigger efficiency 1.0 1.0 1.0
— JES, ISR/FSR modeling I:"‘l}‘%‘{- more Hf'+.1:e!s 1.0 0.6
. . 20% more W+ jets 0.3 0.3
B-tagging to enhance purity Jet Energy Scale (5% 23 0.9

— 86/6 ~4.5%,£18%,; @ 100 pb-* ]PERE;«:S . é; g;

— b-tagging, ISR/FSR, bckgd Shape of fit function 140 | 104




Top Mass in the lepton+jet channel

W boson reconstruction & re-scaling ATLAS 1P:;llirninary
Light jet association W - jj ;

— Select jet-pair such: [m; —m,,| <
— Event-by-event rescaling

— Minimization of;

2

Z:
2
Iy

2
, [ij(al,az)—MW] +[Ej1(1—a1)J +[Ej

i

T 200 250
M, [GeV]

Evenisid Gay
ﬁ
1 LI |

b=
=
LI | LI |

[— Top quark reconstruction
m=17540.2GeV Association of hadronic W and b-jet :
o=11.6£0.2GeV Combination - highest p;tor
[ or that maximizes AR(l,b)

or minimizes AR(b,W->jj)
Purity : 70% w/ Efficiency : 1.2%

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




Top Mass in the lepton+jet channel (‘ed)

Top mass performance Main uncertainties dm(GeV) &m(GeV
Event yields : ~6,800 per 1 fb-1 light jet energy sc.(1%)
Mass resolution : 0 = 11.6 GeV
—>stat. error ~0.05 GeV (10 fb-1)

Main systematics
— b and light JES Final State Radiation

— FSR modeling -quark fragmentation
Combinatorial backgd
ATLAS Preliminary Total SYSTEMATIC 1.3
Total STATISTICAL 0.05

b-jet energy scale(1%)
Initial State Radiation

Combimatorial background

. Physics background

Possible Improvements :
m=175+0.2GeV Use kinematic fit on the entire event
0=11.6£0.2GeV . .
—> reconstruct hadronic / leptonic top
Use of Mass constraints (evt by evt):
m;=my & my =my, My, =My,
50 7100 150 200 250 300 350 400 ~Use (x2,m;™) to reduce contamination
My [GeV] from badly reconstructed b-jets (FSR)




Top cross-section in the dilepton channel

Event Selection
— Triggering L1+HLT w/ ¢ ~ 80%
— Two high pT leptons
— Isolated, opposite signs
— Veto on Z-mass peak
— At least two high pT jets
— two b-tagged jets
— Missing Transverse Energy

100 150 200 250 300
invariant mass [GeV/c?]

Event kinematic reconstruction
Six constraints / 6 unknowns :
m,=My4 and m,=my,,
m,,=mM;; and m,,=m,, _ E—
m, =my,and 2 p; =0 - N () =660
Solve for several m,_, hypothesis _ Ese = 1.2%0
- e oluti - S/B~12. /1
- Weight each solution : :

Top mass Determination [ ‘

—~>Preferred solution’s weight

events / 9.0 GeV

0
100 120 140 160 180 200 220 240 260 280
top mass [GeV/c?)]




Top cross section in the dilepton channel

Cross-sections Measurements
Di-lepton kinematic reconstruction

CIISENONE=2006=062:

# avents/9G eV

m,=178.5 £ 1.5
6, =245%1.8

St

] =
100 120 140 160 180 200 220 240 260 280
top mass [GeV]

Systematics dominated
Modeling are dominant effects:

— PDF, gluon radiation, pile-up+UE,...

Experimental biases :
— b-tagging and JES

Aclog

Uncertainties in 10 fb-
b-tag efficiency (5%)
Jets energy scale (3%)
Lepton reconstruction
Missing E;

Pile up (30% On-Off)

Underlying Event

Gluon Radiation(4,Q?)
b-quark fragmentation
Parton Density Function

Total SYSTEMATIC 11%
Total STATISTICS 0.9%




Top pair production as a probe to BSM physics

_ e —
80,70 L €xperimental errors 66% CL:

Top Mass measurement ; LEP2/Tevatron (today)

Check consistency of SM Higgs L ot

— Equal contributions to %2 : L
AMW = 0.7% Amt

— Help identify the underlying framework . ) :
mh2= m22+3G_& A Wil = &

=> Precision on both (m,,, m,) required ! 200"

H.T-m._mm_]
-1 VI T T— VI 1 i i
165 170 175 180 185

m, [GaV

Hrgnrﬁibr'ﬁ'hgbm w7

85% C,L. exclusion sensitivity
Cross-sections measurement
— Sensitive to BSM
— MSSM Charged Higgs
—>Crucial to assess BRs
BR(e,u) vs BR(7)
BR(lepton) vs BR(jets)




Top pair production as a probe to BSM physics

70| experimental ermors 66% GL:

Top Mass measurement R
Check consistency of SM Higgs
— Equal contributions to %2 :

AmMW = 0.7% Amt

— Help identify the underlying framework
m, 2= my? + 3G nigtih
w22

= Precision on both (m,, m,) required ! nE Wevsi==t

T e e 7

PRI R
170 175 180 185

s
165

Cross-sections measurement
— Sensitive to BSM
— MSSM Charged Higgs
—>Crucial to assess BRs
BR(e,u) vs BR(7)
BR(lepton) vs BR(jets)




Top pair production as a probe to BSM physics

n LI B B B B L R B B B
70 Experimental erors 68% CL:

Top Mass measurement  —— LeP2rTevatron (oday

Check consistency of SM Higgs TevatronLHG

— Equal contributions to %2 : I
AmMW = 0.7% Ami

— Help identify the underlying framework
m, 2= my? + 3G nigtih
m2\2

=>» Precision on both (m,,, m,) required !

Hﬁl'*ﬂrﬂ- Hlkk, Sccngar, murr.mqum 7]
170 175 180
m, [GeV]

5 discovery sensitivity

Cross-sections measurement
— Sensitive to BSM
— MSSM Charged Higgs
—>Crucial to assess BRs
BR(e,u) vs BR(7)
BR(lepton) vs BR(jets)

| Scenario B

100 110




Single top at the LHC

1) Introduction

2) Top quark as a tool

3) Top quark pair measurement

4) Single-top measurement
— strategy at the LHC
— selection of s-, t- and Wt- channels
— Sensitivity to new physics

5) Top Properties




Single-top at the LHC : strategy

— 1 lepton+missing ET (W decay)
— 2-3 high pT jets
— 1 bjet

— 1 lepton+missing ET (W decay)

s-channel " _ 2.3 high pT jets
c ~10 pb W4 - — 2 b-jets
& _
— 1 lepton+missing ET (W decay)

— 2 high pT light jets (W decay)
— 1 b-jet

Contrary to the Tevatron, the main
Background is now...top pairs !



Single-top in ATLAS : strategy

Common pre-selection

Inclusive lepton trigger ~80% efficiency
— at least one isolated high p; lepton

— at least two jets

— at least one b-tagged jet

— missing ET

All single-top analyses are

— Background dominated w/ S/B ~few %

— Systematics on background dominate !
- Use of data driven techniques mandatory
- Necessity to enhance purity : use of MVA !

MVA vs CutBased selections
Cross-section extraction using o = D-B/eL
Selection optimization:
— Cuts on MVA outputs that minimize systematics
— Use of toy MC to generate D,B as Poisson

and D,B, ¢ for all sources of systematics

e O

/4




Single-top at the LHC

Event Selection
Exactly 2 high-p; jets:

— 1 high pT central b-jet

— 1 forward light jet |n[>2.5
BDT analysis Il
— 6 variables not (too) sensitive to JES
— Optimization vs top pair
Signal : e = 1-2% N ~ 500 evts

Systematics @ 1 fb-'

Luminosity 8.8%

Jet energy scale 9.9%
B-tagging 6.6%
Backgrounds (MC) 8.2%
ISR/FSR + PDF ... 9.9%
MC statistics 7.9%
Total SYSTEMATIC 22.4%
Total STATISTICAL 5.7%

: f-channel

LI NI LA NLELELE AL
ATLAS Preliminary
—a— f-channel
B i-channel
-5-:*1-3 ne

- 'h:n:

BOT ﬂ'l-ﬁpl.lt

ATRAS Preliminary 3
=={.channsl
Wvitcrannsl =
B s-chanrsl

[ [
-'u"t'ﬂﬂ

Wt

150 200




Single-top at the LHC : W+t channel

W+t channel selection ] ATLAS Preliminary 3
—2 high-p; untagged-jets )T TR e

reconstruct W-> jj fecnanne [e combined]_é
— Veto of a 2nd b-tagged jet g tonanne :
Boosted Decision Trees: Il oo
— Set of 4 BDTs vs specific bkgds R W et
— Set of BDTs for 2/3/4 jet final states e

Systematics @ 10 fb-"1 g0t e D o T;.mu:f

TTT I TTT I TTT I TTT ! TTT ! TTT ! TTT ! TT i
C ATLAS Preliminary |
L b) BOT for W+t vs W+jets -

Luminosity 7.9%
B -tag g in g 6'6% FHumber of events in L=1f3" -

2 00/ Ce Wichannel [+ combined] J
" ° [ s-channel

:_ﬁ t-channel

i sets (1=ew

_—% tt— 11 {l=2y)
- e

Jet energy scale
Backgrounds (MC) 9.6%
ISR/FSR+ PDF +b frag 13.3%
Lepton ID, trigger 6%

Total SYSTEMATIC 19.4%
Total STATISTICAL 6.6%

Number of events
=
]

||E|||$|| g _|__|g

=]
T




Single-top at the LHC : s-channel

s-channel selection 1 fb-

ATLAS Preliminary

- 2 hig h'pT b'j etS d) leellhoodQT\!ge'\-’ilzgghmmary ] p a) Likelihood W* vs T— l+jels

— Veto Of a 3rd jet Number of events in L=1f5"

e s-channel [e+u combined] _:
[ Wt-channel {1

Likelihood functions: % tohamol
— 5 likelihoods vs specific bkgds P e b
S fios bt feets .

— Choice of ~indpt variables Wb bt (=)

B Vi Hets (Few)

Systematics @ 10 fb-1 meanmmmamy S~ 15

Luminosity 18%

ATLAS Prellmmary

Number of events in L=1f5" __
Jet energy scale ° o schamel  [e combines] 1"
0 B Wi-channel b
#2 t-channel i
- tt— I+jets (I=eu)
ZE i1 (I=ep)
tf—)lﬂf‘t-m'ﬁjets
B Whb— +jets (I=ep)
B Wi Hets (I=ap)

o
e
L]

Backgrounds (MC) 16%
ISR/FSR+ PDF +b frag 30%
Lepton ID, trigger 6%
Total SYSTEMATIC 48%
Total STATISTICAL 20%

Number of events

likelihood

Number of events in L=116"
* s-channel [e+1 combined]
| Wi-channel
$& t-channel
W i psjets 1=ey)
2 =11 e
|:|—~I+r|'rﬂ Itjeds

B .'i'i‘b" lguts (l=a)

W= lepits 1=y

likelingood

S/B~20%

ATLAS Preliminary

B -tag g in g 25% ¢) Likelihood W* vs f— 1+t /m b Likelihood W* vs T— dilepton

MNuribsr of gvents in L=
®  g-channel [Ewu combined]
B Wt-channal
# t-channel
W 6 tjets (e}
t== 11 [l=ay)
= vl frijets
B Vob= jets [=a)
B Vi Hiets (l=au)

B U 1
likelihood




Single top at the LHC as a probe to New Physics

har W/ OO0 7208

Interpretations Beyond SM F :

Single tops as probe to NP 60 F X T(;p;'f‘_’r‘;'{/)
— Cover a large spectrum ; ‘
— in top production or decay 320 F 1 0 FCNC Z-tc
—in V,, or new particles i, Top-plon
s-channel sensitive to: 0 E 7 (mn=250 GeV)
— W in GUT/ED Il F . 1,
— H* in NMSM or MSSM e 1~ 4th quark
— Techni-pion CE Nf T —3atheo 7 (V, =0.58!)

IIII.IJI]IIILII.I]IIII.II.I]IIIII

20 25 30 35 40 45 5
o, (pb)

S discovery sensitivity

t-channel sensitive to:

— Anomalous couplings

— Anomalous polarization

W+t channel :

— H* search ! s

pp = H#t production — A7

Scenaric B ATLAS :

200 2% 300 30 40 450 S0 B0 6N
m"-[E-w]




Single top at the LHC as a probe to New Physics

i hep-ph/0007298
Interpretations Beyond SM g
1 x Top flavor

Single tops as probe to NP 1 (m,=1TeV)
— Cover a large spectrum : ;
— in top production or decay 30 F 0 FCNC Z-t-c
—in V, or new particles : : .

- o | { + Top-pion
s-channel sensitive to: i 1 (mn=250 GeV)
— W' in GUT/ED Ok :

. 1 r + 1 %
— Ht in NMSM or MSSM M | 4th quark

iiatlens o T oo lonnaloooslasaulsnnelooralosnalagiy
> 10 15 2 25 30 3 A 45 35
G, (pb)

— Techni-pion =0k 36 theo 1 (V= 0.551)

5o discovery sensitivity

t-channel sensitive to:

— Anomalous couplings

— Anomalous polarization

W+t channel :

— H* search ! B e
op>Ht>bivwvb I — o)

Scenario B ATLAS -

85 5 b5 8 02

tan

L]

200 25 300 350 40 450 500 550 600
rn“-[E-w]




Single top at the LHC as a probe to New Physics

hep-ph/0007298

Interpretations Beyond SM
Single tops as probe to NP
— Cover a large spectrum

— in top production or decay
—in V, or new particles
s-channel sensitive to:

— W' in GUT/ED

— H* in NMSM or MSSM

Cioailuns

-+

3o theo

pilessslsvpslansnlopnalong

slosnslegiy

— Techni-pion
- AN W’,H'/t

/l/\.-"‘\..-'\
¥,
-,
B N

t-channel sensitive to:

— Anomalous couplings

— Anomalous polarization

W+t channel :

— H* search !
op>Ht>bivwvd

E & 85 8 8 3

tan fi
[

]
> W0 13 20 I M 5
G, (pb)

95% C.L. exclusion sensiti

40 43 30

vity

1 x Top flavor

(m,=1TeV)

o FCNC Z-t-c

1 + Top-pion
1 (mn=250 GeV)

* 4th quark

(V,, = 0.55!)




Top pair measurement at the LHC

1) Introduction

2) Top quark as a tool

3) Top quark pair measurement
4) Single-top measurement

5) Top Properties
— W polarization
— Anomalous couplings
— Rare decays
— Heavy resonances

0 T Courtesy.: C. Timmerman:

Dzero Anniversary :13-OCT 2008 32



W polarization in top pair events

Polarization measurement
V-A curre.nt t Use the lepton from W as a “spin analyzer”
Irl;.[he SM: R | — Angle vy between I* (W rest frame) and
Z%I y 1=y’ |V b W, a1 the W+ directions (top rest frame)

. o I dN sin¥ cos'¥ 1 4 cos¥
W helicity : longitudinal or left Ndeos® 3 F’(v’:) Ff.( ) FR( )

- Access to F, F|, Fg

“Left handed” F “Longitudinal” F,, “Right handed” F

HZI I/Zl

b ———— W, b ——e—e AW}

top fop
12 1
iy P - 2 ] =Ly ——
forbidden !

Standard Model: Standard Model: Standard Model:

F_=2m,2/(m32+2m,,?) F,=m2/(m32+2m,?) Fr=0.00
=0.297 =0.703 (forbidden)

(m_ =0 approx.)




W polarization in top pair events

spin=1/2 Polarization measurement
V-A current , — Use the lepton from W as a “spin analyzer’
n

In the SM' i /Z% — Angle v between I* (W rest frame) and

2—% -V IVebW, 7 e the W* directions (top rest frame)
Y ;

) ) _ 1 dN 3 sin'y 1 —ms‘{’ 1 4 L‘n',"-l-’
W helicity : longitudinal or left Ndcos¥ — 3 Fu( N ) +FL( 5 +Fr )
- Access to F\, F , Fg

“Left handed” F “Longitudinal” F, “Right handed” Fy \

‘ﬂ 12, >

b ——— AW, b —— AW,
top fop
1/2 1
2z, 3 . i
forbidden !
longitudinal /<\ Right-handed
wef La 1" | )

b .

\.\ — "
yzf : e s

~(1 + cos O *)?
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Polarization in top pair events

Event Selection Polarization measurement

— At least 1 lepton Use the lepton from W as a “spin analyzer”
— At least 4 high p; jets — Angle vy between I* (W rest frame) and

— 2 b-tagged jets the W+ directions (top rest frame)

_ h|gh missing ET l_ dN R (‘?.]ﬂq:’) +F ( «cm'-l’)1 F (1 +cn'-."-P)
> Purification w/ W reco Ndcos¥ 3 "\ V2 : .
- Access to F, F|, Fg

k4
e
o

D1497TEDN

P2 0ATES DASTSE-
L) 06222 = 0I2WEN

AGCCEPTANCEL LD m EXPECIATIONS
I 67 + |

1/N dN/dcos ¥
(=]
o

=
B




Polarization in top pair events

Event Selection Polarization measurement“ | ”
— At least 1 lepton Use the lepton from W as a “spin analyzer
— At least 4 high p; jets — Angle y petV\{een I* (W rest frame) and

— 2 b-tagged jets the W directions (top rest frame)

. .. 1 dN ’1 sin'Y Y : 1 4 cos¥W
- high missing Er v (B h () ()
- Purification w/ W reco

- Access to F, F|, Fg

Source of uncertainty || Semileptonic channel
o | K | F

Expected Performance Generation

_ Luminosity of 10 fb-? Q-scale 0.000 | 0.001 | 0.001
. 0 Structure function 0.003 | 0.003 | 0.004
— Total uncertainties ~3-8% ISR 0.001 | 0.002 | 0.001

Systematics dominated analyses FSR 0.009 | 0.007 | 0.002

. . . b-lragmentation 0.001 | 0,002 | 0.040]
- b'Jet energy scale b taggmg efﬂCIenCyHadrnnualmn scheme 0.010 | 0.016 | 0.006

— Input top mass, FSR modeling Reconstruction

o Plle up+underlylng event m] hlisz:?ﬂi;;‘:r;tinnﬁ%l Eﬁ? g%z gg{}}g
Comparison with TeVatron limits Input top mass (2 GeV) || 0.015 | 0.011 | 0.004
— Luminosity of 1 ~fo"’ Smﬁ::;r?lﬂf}-] 0.000 | 0.000 | 0.000
—Total uncertainties ~22% (F,), limits on Fy | pite-up 2.3 events) 0.005 | 0.002 | 0.006

| TOTAL [| 0.024 | 0.023 | 0.012




Top quark anomalous couplings

Anomalous couplings in Wth
[ [ N . :! l.f T |-Ilw; T _la| —r 7T T ‘AI_I_IL[A‘S‘PI rl.[ |.| T |:
Wtb sensitive to new phzr/szlfc(:ﬁs“ﬁr [ el \:e |1m\|lna;y_:
v 4 C L=h V= E

L = ——b]’” (RLPL +VoPplt Wy —=gb \8LP + gpBrit W,

V. V2 My

Define observables:

— pre = Fro/Fo (p,=0.423 in SM)

— Define Acg = % (Fx-F|) (-0.222 in SM) |
- Constraints on g,, gg, Vg -~ es%CLallowedregions

T I R L
0 0.1 0.2

Systematic uncertainties

R I e B B L
C | M 1fb'(with b-tag) ATLAS Preliminary:
E 1 b (no b-ta iin

<
_;

tﬂ
CI
L

Soures L -4 AFB
Jet energy scale  0.04 0001 0.010
Lununosity 0.01 0000 0.006
Top quatk mass  0.03 0005 0.013
Background 001 0000 0.003
ISR+FSR 0.05 0006 0.024 -
MC generator 0.01 0.008 0.009 - 8% CL allowed regions

Pile-up 0.15 0006 0012 33702 01 o o702
Total 0.16 0012 0.033

l_LIIJ._l.LJlI_I_Illlll_.lll_I_l

fp’




Rare top decays and FCNC

Rare top decays and FCNC
Tree level suppressed in SM
—>effects at 1-loop only
Exotic models foresee FCNC
— SUSY, Quark Singlet,...

Process sM Q5 2HDM  MSSM R SUSY

t—uZ 8x107Y 1.1x107% — 2x107% 3x 107
t—uy 3.7x1071% 75x10°° — 2% 1078 1x1078
t—ug 3.7x107% 1.5x1077 — 8x 107 2x107*
t—eZ 1x100¥  11x107? ~1077 2x107% 3x107°
t—ecy 46x107M 75%x107° ~107% 2x10°% 1x10°®
t—cg 4.6x10712 15%x1077 ~107* 8x107° 2x107*

Event Selection in top pairs

Assume one of the tops decays in SM

— tt = blv gX where X=y,Z-2Il,g
Procedure:

— Common preselection

— Specific selections (y, 3l, ...)

— Apply mass constraint y2to reco tfcnctSM
— Form specific Likelihood functions

ATLAS Preliminary :




Rare top decays and FCNC

Rare top decays and FCNC
Tree level suppressed in SM
—>effects at 1-loop only
Exotic models foresee FCNC
— SUSY, Quark Singlet,...

Process SM QS JHDM  MSSM R SUSY
t—uZ 8x107Y 1.1x107* — 2x107% 3x107°
t—uy 3.7x10718 75x%x10°° — 2%x107% 1x107°
t—ug 3.7x1071% 1.5x1077 — 8x107° 2x107*
t—eZ 1x100¥ 11x107? ~1077 2x107% 3x107°
t—cy 46x1071 75%x107% ~107% 2x107% 1x10°°
t—cg 46x10712 15%x1077 ~107* 8x107° 2x107*

Event Selection in top pairs
Assume one of the tops decays in SM
— tt = blv gX where X=y,Z-2Il,g :
Procedure: I
— Common preselection Yot o107 10

— Specific selections (y, 3l, ...)

— Apply mass constraint y2to reco tfcnctSM

— Form specific Likelihood functions




Top pair resonance searches

Event Selection wt
Selection of « I+jets » events  H/A = tt with two b—tags
Combinatorial background only matters [ ALdt=300 b
Reconstruct fully tt events /Ldt=100 fb™

— leptonic and hadronic tops el

— {t system

Reconstruction efficiency :

— 510 1% for M. in [700,1500] GeV
— 40 to 100 GeV resolution

— i ’ ~820° € e TE e me e S we i se
Purity of Z' sample ~80% mass (GeV/e?)

W ok @O ADes
T LS

(]

IR

Z’ searches i B

—— Luminasity = 20 & ATLAS Preliminary
Luminasity = 100 fo”'
—-=—- | yminosity = 200 fo™

Sensitivity to generic resonances
— 9o discovery potential vs lumi
Systematics + stat. Limited:

Reconstruction efficiency 8.3 %
Background contribution 31%
tt mass resolution 2to 11 %
Lununosity 25%
Jet energy scale - 06 400 5007000 7100 1200 1300 1400 1500
Mass [GeV]

(@ = Br) [pb]




Top pair resonance searches

Event Selection ol
Selection of « I+jets » events | H/A —> tt with two b—tags
Combinatorial background only matters | SLdt=300 b
Reconstruct fully tt events ol /Ldt=100 b™

— leptonic and hadronic tops fLdt= 30 ™

— {t system

Reconstruction efficiency :

— 510 1% for M. in [700,1500] GeV

— 40 to 100 GeV resolution

— Purity of Z’ sample ~80% R e
y 2 2 mass (GeV/c?)

Performance on H/A->tt e —
Sensitivity to generic resonances ey
— 56 discovery potential vs lumi P [ otmemesont | mﬁ""'?éiﬂ*
Sensitivity to MSSM Higgs N

— 5o discovery potential in (m,tanp)

10 ot 4005001000 1100 1200 1300 1400 1500
Mazs [GeV]




Conclusion

Looking forward to seing exciting times...
Expect more than 300k recorded events a year
— Use top pair for commissionning analyses
— New area of precision measurements

systematics limited
matching (at least) theoretical prediction
— Sensitivity to several sources of new physics

Top mass measurements

— TeVatron results will be difficult to match

— Error of ~1 GeV is achievable

=>» Consistency check of the SM or MSSM
Top cross-section measurements

— Should match early theoretical uncertainties
— Should provide a test of QCD at ~5% level
— Sensitivity to heavy resonance, MSSM H+..

Single top measurements

— Difficult because of tt production

— Precision measts on t- and Wt-

- Sensitivity to anomalous couplings,
Higgs and FCNC

Top properties

Precision at ~1-2% level

Top spin correlation asymmetry to ~4%

—> sensitivity to anomalous couplings
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