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Why is Top So Interesting?

top physics is different!

Tiop ™ 10%'s, I'' » (1.5 GeV)‘l << A‘éCD ~ (200 MeV)!

eTop quark lifetime is short: decays before hadronizing
»No spectroscopy like other heavy flavor

»Top momentum and spin transferred

b jet
to decay products . Al 4{\

— (bW (bW b
— 2bjets + 2quarkjets + ¢y

* Probes physics at higher scales
than other known fermions xP

»Top (or heavy top) very hip in many &~ .
EWSB models: Higgs, Top Color, - 7 |
Little Higgs, SUSY mirror models aien ¥,
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Why is Top Mass Interesting?

Fundamental Standard Model parameter.

Special Relation to Higgs mass, together with W boson mass.

WS w Wi w My OC (M2, In(M,y) )

Top quark is heavy (— 172 GeV)
Yukawa coupling — 1.
Near the EWSB scale.

If we can measure strength of this coupling
(i.e.ttH), a test of the Higgs sector in the SM
| can be possible.

1 —LEP1 and SLD
80.5- - LEP2 and Tevatron (prel.)

68% CL

| Detailed studies of top events by using Miop
1 can be performed. e.g. tt resonance, spin

150 175 =ocorrelation, W helicity, new particle search
m, [GeV]
Now at Tevatron : m, = 172.0 + 2.7 GeV/c2 m,, < 186 GeV/c2 (95% C.L.)

What can be obtained withAm;, — 1 GeV/c2?
~2If dmy, =15 MeV/c?, m,, = 175 GeV/c? for current Aa., (my/my, ~ 32%)
> Ifdm,, =15 MeV/c? et Aa. = 0.00012, (dmy/my, = 25%)
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Top properties

We still know little about the top quark, limited by Tevatron statistics

Mass precision <2%

Electric charge % -4/3 excluded @ 94906 C.L. (preliminary)
Spin 12 not really tested — spin correlations
Isospin 12 not really tested

BR to b quark — 100%0 at 20% level in 3 generations case

V — A decay at 20%o level

FCNC probed at the 10%6 level

Top width ?7?

Yukawa coupling ?7?

This leaves plenty of room for new physics in top production and decay
Tevatron run II starts to incisely probe the top quark sector

The LHC will open a new opportunity for precision measurements
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LHC: A new Factory for Top quarks

e The Top quark is studied with an increasing level of
precision at Tevatron

e However most of the measurements are still
statistically limited

e Data taking will continue up to 2009 at Tevatron
allowing experiments to perform precision
measurements on the Top.

e In the meantime the Large Hadron Collider will enter
iInto operation.

e The LHC will open a new opportunity for
precision measurements of Top quark
properties.
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The Large Hadron Collider

e pp collision cm : 14 TeV (x7 Tevatron)
UNDERGROUND WORKS PY 25 ns bunCh SpaC|ng
e 1.1 101! proton/bunch
e Design luminosity 1034 cm-2s-1

100 fbt /year; =~ 20 int./x-ing
e Initial/low lumi L<1033 cm2 s1

10 fbt /year ; =<2 int./x-ing

LHC PROJECT

N | ATLASandCMS: | ™
pp, general purpose

e 4 interaction regions

27 km ring
1232 dipoles B=8.3 T

Existing Structures 1
mmmmmm | HC Project Structures

(i T i1 -
e LHC Excavated Structures 2 ST-CE/ljr
mmmmmm | HC Completed Structures (CE) 18/02/2002
LHC Completed Structures (CV, EL, HM, MA]
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Possible LHC startup scenario

Machine startup in 4 phases gradually to nominal Luminosity

Summer 2007 first collisions

2007 (43+43 to 156+156 bunches) 1/100 nominal L
2008 (936+936 bunches; 75ns) 1/10 nominal L
2009-2010 (2808+2808 bunches; 25ns) up to nominal L

Many uncertainties here: a more precise schedule
soon (in spring 2006)

expect 1 - 10 fb-1 /expt on tape by end 2008
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CMS and Atlas Detectors

Superconducting CALORIMETERS

Coil, 4 Tesla ECAL HCAL
— 76k scintillating Plastic scintillator/brass
PbWO4 crystals sandwich

IRON YOKE

TRACKER
Pixels

Silicon Microstrips

210 m2 of silicon sensors
9. 6M channels

MUON
: MUON BARREL
weight 12500 t : I3 ENDCAPS
W dfemeiET 1% Drift Tube Resistive Plate L
ill length 516 m Chambers (DT) Chambers (RPC) Cathode Strip Chambers (CSC)
= Resistive Plate Chambers (RPC)

. — Detectors will not be complete in 2007
Muon Spectrometer ( [n|<2.7 )

= air-core toroids with muon chambers

e ATLAS because of staging TRT coverage

'''' over |n|<2 instead of 2.4

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

e BOTH reduced trigger bandwidth due to

regipa Ul Bl deferrals on HLT processors (~50% of full
- | piXels and strips
= TRD (e/n separation)

, capability)
et glaar:r;ﬁ?):'oid length gg m .
3 EI\AHD '_D'E'LAr. : End-cap end-wall chamber span 46 m Sma” ImpaCt On performances at |OW L (except
= ' ;df&’_’t‘:f‘}?\:’é‘;e"“a'}' Overall weight 7000 tons

for B physics)

Javier Cuevas Lishep 2006-Rio de Janeiro April 2006



Typical cross-sections and rates

Triggering and selection phase typically

require reduction factors of 10! (i.e. Higgs)

Fermilab SS5C

B
- G et1o =
process a(pb) Events/s Events/y tot ,
B UA4/5 | ¢
bb 5x108 106 102 A g Spd
[ —tmb- "
Z—-ee 1.5x103 ~3 107
W-ev 1.5x10% ~30 108
—
WW—)eVX 6 10-2 6)(103 ’.g 1 “‘ b
IS
tt 830 ~2 107 =4
<\ i
5 ———
H(700 GeV) 1 2x1073 104 S
o
1 nb
o
LHC

o(tt) ~830 pb

| GEHT] ll LHf i

X100
Tevatron o(tt) ~ 6,7 pb

1 pb my,= 105‘:3@‘-.-’ =
LHC Low L 10*cms I
Tevatron 1032 X10 S Higgs

my, = 500 GaV T

Prod Rate X1000 ' :

0.001

I .
001 0.1 1.0 10 10
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Top production and decay at LHC

Strong Interaction — tt

& ", gz

g EpEEEETTET - i fa

Tevatron
o ~850 pb > < o ~7 pb
10% qq, 90% gg 3 85% qq, 15% gg

75%Wg, 20%Wt

=Y - t g-
2 8 iy
2, 6 Y
[ s
i + L@;} i + ﬁ{:“gl_rumsy
i e i
& % o
- & S o i,

Weak Interaction— single top* —

LHC wW* Tevatron
o ~300 pb o w o ~3 pb
q b 65%Wg, 30%Wt

Wt W-g fusion

*not observed yet !

BR (t>Wb) ~ 100 % in SM and no top hadronisation

l W-ev, pv, qq

lW%ev, pv

tt final states (LHC,10 fb™")
 Full hadronic (3.7 M) : 6 jets

» Semileptonic (2.5 M) : | + v + 4jets
 Dileptonic (0.4 M) : 2] + 2v + 2jets

Single top final states (LHC, 10 fb-1) —
* W-g (0.5M): |+ v+ 2jets
« Wt (0.2M): |+ v+ 3jets
« W*(0.02M) : | +v + 2jets

At nominal Luminosity, ~ One top pair produced per second LHC is a Top factory
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Top physics

B Detector Commissioning with early data
— Use Top as calibration tool for jet scale, b-tagging
— Crucial parameters for Top physics: jet energy scale,tagging, trigger,luminosity

B Precision Measurements

i ; : W helicit
e Precise Top Mass determination e
- Provide Higgs mass constraint Top Width |+ Anomalous
- W mass & Top mass are important Production Top Spin / Couplings
cross-section W+ —
measurements to scrutinize SM Top Charge CP violation
] Resonance
e Cross sections production v
- Main background for searches Production —\
Beyond the Standard Model at the LHC kinematics
— V Top Spin
tb ) Polarization Y
e Top properties — .
- Top electric charge Rare/non SM Decays X ¢
— Top spin polarization, W polarisation Branching Ratios

- Top quark decays & coupling ,fcnc, rare decays

Vil

- Possible deviations due to New physics Beyond SM?
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Di-lepton event selection

Selection is cut based:
<= Single or di-lepton trigger

& Two isolated oppositely charged

leptons with E;>20 GeV and

In|<2.5
= Missing E;>40 GeV

= At least two jets with E;>20 GeV

Legend

[ signal

- ttbar non dilepton
L__PNVﬁms

M zies

and |n|<2.5
< Two tightly b-tagged jets
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Main background represented by Z+jets

when no b-tagging is present.
— cut the Z peak for leptons of same flavour

With tight b-tagging, efficiency about 5%
(15% without b-tagging) with excellent

background reduction
— S/B~5 (B mainly from leptonic t decays)
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Semileptonic event selection
Selection is cut based:

< Single lepton trigger 10° J
= One isolated lepton with E;>20 GeV and |n|<2.5 :
= Exactly four jets with E;>30 GeV and |n | <2.4 T S
# Exactly two tightly b-tagged jets (P>60%) ? JF
& Exactly two anti b-tagged jets (P<30%) 12|

Main background represented by W+jets

(to a minor extent Z+jets and di-bosons) i

-2 0 2 4 6 8 10
Combined BTagging Discrimant

— Efficiency about 4% with excellent background
reduction (S/B—4)

Further improvement can be obtained by a

mass cut after the full event reconstruction

Jet pairing via a likelihood ratio technique based on:
¢ y2 of the constrained fit imposing the W masses
e transverse momentum of the resulting tops
¢ difference between the fitted and the reconstructed Dsf_ *
W boson masses F *

¢ AR between the lepton and the hadronic b 041

o
o

total LR-cut purity
o o
~ o
TT |
ff‘
#
E

=
o

T
#*

e the b tagging probabilities 03

U_ - 0.2 0.4 0.6 I 0.8 I 1
Javier Cuevas Lishep 2006-Rio de Janeiro total LR-cut efficiency




b-tag effciency measurement

e Calibrate b-tag algorithms on data using large tt statistics at LHC

eEnrich b-content of a jet _ o _ . .
- Combined Likelihood Ratio for Event Reconstruction & Background suppression

sample
. . v - :
eEstimate b-purity from MC 14 cbsevanies: P{b)yy; PT(0) o AOD) ITSKEPENERIE B RIS
. AP By Erpey | R
*Apply any b-tagging o — |- oS
algorithm on sample and a0 1e00f |2 L |
. . . 0.8~ Rl =
estimate efficiency 2500 Jooet > o~
. . . : [ 5 06 ]
eSemileptonic decaying tt- *®|'& 1000 o
1800} aon AL ]
pairs (1 o €) combinatorial | so0f e of
background 500 00| I
oFully leptonic cleaner but % °‘°'?;3§:‘;E*e°di?k2ﬁ’h23 sos %O Likelihood Ratio Cut Efficiency
lower statistics
- Ol - E AL L I II”[-‘
% CI.OQ;— ol bag Uncerminy _; g 1 T I o 0'14:— —=— absolute uncertainty for 1 o’ _:-
& 0035_ ———— Shaistical btaguncertarty = g U.Q——(w"‘b"'m’ |n| < 1 5) m 012l —=— relative uncertainty for 1 fio”'
'g ' E [ = Systematical b-lag uncerainty | 3 a, 08— ———+——+——+— —|—: ‘E‘ ’ - | — —*— - absolute uncertainty for 10
o 0.07: . = = U.TE——|—— | PR R | —J—E E 0.1[ L= = - relative uncertainty for 10 i’
8 006 (semHmuon) / 3 5 T E | 3 @ (combined, || < 1.5)
= 0.05 ERT E | : S 0.08 i
g - 0SE— | —T—F— > "
I e e TR L N -
RHE E ﬂ.af__xl__l___l___L__l_f . i e &4
S 002 3 o2f I L 1 _ 1 13 50'045/“‘*4—-—‘————%-7
o D01 e {)1——|——| | | | P 1| e e e ]
E "_'IIIE....Iu...I....I....I....||..|I..|.I||.|I..|E ) | -,_ —I_ —l— = - E
0 0.050.10.150.2 0250303504 s e e I LAV

Combined Likelihood Rato Cut 40 60 80 100120140150‘1802{10

Calibrated E- b-) et Calibrated E; b-Jet
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Light quark jet energy scale calibration

e Determine absolute light quark jet energy scale from data itself using W-
mass from the abundantly produced tt pairs at LHC

1. rescale each light jet energy with a relative scaling factor A C keeping the E/p|-ratio constarnt
2. Remakerefit the obtained Wmass spectrum— m, (A C)

3 Solve simple equation m,(AC ___| data) =m,/”°— best estimate for AC

4. Compare this shift with the true one fromMC AC,

“E1301||||||||||||II|IIII|III|||||||||II|IIII_— -‘g. :|||||II |||||||II|||||||||||||||II|:
E - CMS SR @ Enfries 6085 | |
}12'0_— E - Mean 0.9054 .
B - 500 _ RMS 0.1954 |
E 110:— e :ga.Jssae;: % ndf 224379 i
- E 400— | Constant 598 + 11.6 |
- ] - [Mean  o0.8s02+0.0030} -
90/ = 300— | Sigma 0.1534 + 0.0036 } ]
- world average M, 7 - showed to be robust against |
BU? ““_5 200 definition jet-parton matching |-
70~ = - (e.g. (0.p) or (n.p)-space) | -
- - . 100— -
60 measured shit AC - = true shit AC__H
-16"-'3'6"12'6"11'6"'{':""1'0""2'0}'1';36"'{;4{5 G5 15"'2'""2.'5'"'?',"E'Pé.'s'r}é:q
AC__=-127+ 03% T bias ~0.7 % — AC, =-120+03% " "
for 11b", statistical uncertainty < 1%
systermatics (pile-up) ~3%
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Top mass: early studies (<1 fb1)

t and t are produced central and back-to-back in the transverse plane
Easy to trigger and select

L=100 pb-?

(1 day @ 1033 cm-2s1)

4 jets p;> 40 GeV

50

NO b-TAG !!

Full simulation

40
Signal (MC@NLO)

Isolated lepton L

p> 20 GeV = trigger
e, L W

W+n jets (Alpgen)
+ combinatorial

20

/v
p;™iss > 20 GeV

Observation of clean top sample should be very fast
Initial measurement of cross-section and mass
Feedback on detector performance (JES, b-tagging, ...) and on MC description
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Top mass: precision studies (1-10 fb1)

Measurement method (semileptonic) Source =9a)
_ (ATLAS hep-ex/0403021)
Kinematic fit event by event using t and t sides b-jet scale (£1%) 0.7
— — — — N fit m—)> Final State Radiation 0.5
] ] Light jet scale (£1%) 0.2
Dileptonic (10 fb1) .
b-quark fragmentation 0.1
=Need to rgconstruct full tt event to assess the 2 v momenta Initial State Radiation 0.1
=» 6 equations (2p;=0, M;,= My, M,,= M,)
Combinatorial bkg 0.1
=Assume m,; and compute solution probability event by event P — v
using MC kinematic distributions : Stat © Sys '
=Choose m; with highest mean probability on all events A —1 GeV accuracy on m,
_ _ seems achievable with 10 fb-?!
»Systematic uncertainty: ~2 GeV (PDF + b-frag.) with ATLAS/CMS
Final states with J/y (100 fb-1) i v
. j *_\ - ! Jast simulation
=Correlation between M, and m, W Miyy= 0.51 M- 23
=|_ow statistics: ~1000 evts/100 fb-" b Il e
_ _ 74 . L \ A
*No systematics on b-jet scale ! 1y Charge identification i
=Systematic uncertainty: ~1 GeV (b-frag.) e 7 I\';:(Gev,"clj
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W polarization in top decay

Top decay faster than hadronization timescales ->Spin information transmitted

to Wb - jjb / Ivb Test SM couplings with clean probe, Top decay : major source
of longitudinal W's -> Polarization depends only on M, and M,, (LO)

Longitudinal W* (F,)

Left-

handed W* (F))

Right-handed W™ (FR)

Sensitive to EWSB

1 dN 3

il =—||F,}

NdcosW 2
b<—®—>v\p

M2 2M,, °
Standard Model = t = W
(Mep=175 GeV) 0.703 Mt2+2MW2] 0.297 I\/It2+2|\/IW2] 0.000
NLO| 0.695 0.304 0.001
— <

Test of V-A structure

- -
siny ’ 1—cosPY 1+cos¥ Y 3
— | HR | —— | HR | ——— 3
J2 2 2 5

Angle between:

|+

lepton in W rest frame and
*W in top rest frame

‘\\

J

All 3 components in angular distribution of lepton in W rest frame :

0.8
0.6

0.4 =™,

0.2

.,
.
e
.....
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W h6| ICIty resu |ts hep-ex/0508061

. . 5.08 F,=0.699:0.005
e Results for 10 fb-!, fast simulation : g | Fre0250:0000
s | F,=0.002+0.003
Z06 |
g [
- - 04 ATLAS 10 fbt
0 R - semileptonic
SM values 02 - (corrected)
0.703 0.000 -
CMS semileptonic | + 0.023 | + 0.015 Ly N N T 'L;
cos
i Stat é CMS 10fb™" :;::5 Il.omig:;:l L
ATLAS semi + dilep | £ 0.004 | £+ 0.003 3 o s e
g 1750 P2 0:6328 ; 0:23295-01
. . E P3 0..1 133E-01 + 0.1471E-01
CMS semileptonic + 0.022 | £ 0.053 1500 | g, O e
"__‘r__?.IJJ'ii',’--i : rﬁ J—L ;
+ Syst W .
ATLAS semi + dilep | + 0.016 | + 0.012 wo [ [ . _ '~t
Ny - 10 %,
Precision driven by semileptonic 'i*-’r ,,Sem"epton'c /*
| (not corrected 7
|l (n orrg e'/) / __
o ,_./.’ 7/ (//” /
0-1“:(;.3 -D.G -0,4 -0.2 I] 0,2 0.4 bJ.E:l.D.B. ._1
cos(0)

Precision between 1% and 7% dominated by systematics
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Top Physics at the LHC: goals at 10fb-1

eDoes the Top quark behaves as expected in the SM?

Top pair production | —
_ Precision Tevatron LHC goals
Top mass, cross section , W&Top 10fb-1
. . N . @2fb—1
polarisations ~ same event selection
— stat error negligible on measurements, | TP Mass <2% <1%
syst Limitations from jet scale FSR, PDF, | Cross section 10% <10%?7?
lumi :
Top properties
Top properties measurements BR Wb 20%
— Test the top decay with W Polarisations
FO FL FR (1_20/0) W pOI 400/0 20/0
i )
~ Test the Top production with ttbar spin Spin corr %
correlations Charge | Exclude -4/3 Confirm 2/3
- ttbar invariant mass distribution fcne Improvex100
channel Selected A CMS Single Top 5c discovery? Measure
@10fb? g separately
=i cross sections
lvb jjb 70K Pl
vb jjb_(high pt) 3,6K i i Understand Top
lvb Ivb 20K as BKG
jib jjb (high pt) 3,4K
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Single top at the LHC

e Use leptonic decay of the W
e Measure cross sections separately

e Even if statistical precision range from
~2% (t channel) to ~8% (s channel),
studies will be mainly on BKG
understanding to assess systematics
which are dominant.

In principle s-channel more difficult than | ® First results are expected with 30fb™!.

t-channel:

cross sections and Vy,.

Smaller cross section (1/25)

There is not the characteristic
feature of the extra forward jet
t-channel itself is a very similar

edirect measurement

eCross-sections
proportional to |Vtb|?2

eUncertainty on Vtb
~ 15 uncertainty on o

R(IV )=

background
channel Selected
@10fb-1
t channel | 2,5K
WT 1,5K
channel
s channel | 0,5K

Javier Cuevas
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Direct searches for new particles

In top production
= Example of resonances decaying to tt, as predicted by various models

= Generic analysis for a resonance X with oy, Iy and BR(X->tt)

§ - 1.6 TeV resonance 2 oxBR required for
; o @b a discovery
=l Q| |
:coinbina.torics b 3 30 fb- @
200 |+ tt continuu -

300 fb-?

| 1 1 L L 1 L 1
2000 3000 4000 5000

1000
oo Rﬁtconsmm. m,, (GeV) 1 TeV mtt (GeV)

In top decay
= Example of t>H*b with subsequent H*>1v (2<tan[3<40)
= Search for excess of T-events or deficit of dilepton events
=>» H* discovery for M,,,<160 GeV with 30 fb-"

J.Phys.G28 (2002) 2443
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Summary

e LHC will be a top factory: almost 107 events produced with 10 fb-1

— Measurements with negligible statistical uncertainties
- First steps towards precision measurements driven by systematics
- Challenge to get top mass —1 GeV = SM M,, constrained to <30%b

- Test top production and decay e.g. by measuring W polarization —1-2%6 and top spin
correlation —4%6 = anomalous tWb/gtt couplings, t>H*b, FCNC,

e |HC is on the road

— First collisions in Summer 2007, initial measurements in 2 years from now, first
precision measurements in 3 years from now with 1-10fb-1

e A huge work needed prior to initial measurements

— to understand the detectors & control systematics(BKG, PDF..)

— Early top signals will also be critical to commissioning the detectors
e |HC has a great potential for Top physics

e Some of the earliest LHC physics results, and earliest sensitivity to new physics,
could come from top physics

e Improvement of Top understanding & window BSM
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