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Why study the top quark?

B Thetop quark (still) exists!
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B m(top) isafundamental parameter of the SM (and playsrolein rad. corr’s)
m want precision measurement
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B |argevalue of m(top) makestop quark unique
m top isasensitive window through which to look for new physics
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Top Quark Pair Production

B NLO prediction of s(t-tbar) at LHC is

833 pb, which is» 100X larger than at

FNAL

m Producing 8 million t-tbar pairs per low

lumi year, LHC will be atop factory

B Production processesat LHC:
90% gg + 10% qg-gbar
(oppositeat FNAL)
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Top Quark Event Yields

NL O Xsect for t-tbar production = 833 pb
b 8 million t-tbar pairsproduced per 10 fb1
Example cutsto select single lepton (e/n) plusjetsfin
m pT(lep) >20GeV, pTmiss>20GeV
m =4jetswith pT(j) >40GeV, incl. = 2 jetswith b-tag
m selection effic. =5% b 126k events, with S/B = 65

c=11.9 GeV

Events/4 GeV _

Reconstruct t ® Wb ® (jj)b -

m Inx 35 GeV window around mtop, have:
» 30k signal events

0
e 14k bkgnd events (dominated by t-tbar combo. bkgnd) ° 100200 300 ol

my, (GeV)

Example cutsto select dilepton final state;
m pT(lepl, lep2) > 35,25 GeV, pTmiss> 40 GeV
m =2jetswith pT(j) > 25 GeV
m 80k events, with S/B = 10
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Initial s(t-tbar) Measurement

B Analysisof 100k DC1 eventswith no b-tagging info.
(< 2daysof running at 1IE33!!)
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Fit of m(jjb) spectrum provides Xsect measurement with stat. error » 7%

Even with no b-tagging, can measure s(t-tbar) to < 10% with few days of
integrated luminosity at 1E33

e Could befirst sign of new physicsat LHC??
m Samplewill beimportant for jet scale calibration and b-tagging commissioning
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Top Mass M easur ement

Fundamental parameter of SM
m Precision measurement helps
constrain m(H) or over-constrain
SM once m(H) known

Many different samples and
techniques have been investigated

m Inclusivesinglelepton plusjets
High pT singlelepton plusjets
Dileptons

All jetsmode

Samplewith Jly

i Lepion+jets = inclusive somple |

48 Leptan+jets — Righ pT sample
O All jets — high pT sample

# Dilepton channal

Stat. error negligible after few days!

Individual contributionsto syst. errors

<1GeV

0

1

2

3

. . . ALe=1|
Variety of signalsand measurements provide valuable cr oss-check$ for

controlling overall error

Results so far collected into Scientific Note
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Leptonic final state with a J/y

e Correlation between } ﬁ |
m(t) and m(13/y) W, W,

Require a non-iso m ™
) " m i & =
inside b-jet %, . <

» BR=BR(pp® tt® Xb+Inb)xBR(b® J/y ® mxBR(b® m)=3.2x105

e Channel can be used only with high L (2700 evts/year)

eSelection: 1 iso lepton, pT > 30 GeV, |h]| <2.4
3 non-iso muons, pT >3 GeV, |h| <2.4, m(mm = m(lJ/y)
e ~16% b 430 evts/ year at high L

e Background: W/Z +jets, WW,WZ. WDbb, e~12% b S/B=55
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Leptonic final state with a J/y

e m(lJ/y) distributions for several
m(t) from MC compared with data

40 |-

Events/'] GeV

. dm(13/y) ~0.58 dm(t) ~

e dmstat(l3/y) ~0.5 GeV b (5y/highL) *
dmstat(t) ~ 0.8-0.9 Gev
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Uncertainties: not sensitive to jet E
scale, 1SR,PDF,b-quark fragmentation
¢ —— dms¥s(13/y) ~0.5 GeV -> dm(t)%¥5< 0.9 GeV
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Electroweak Single Top Quark Production

B 3 separate production processes.

W-gluon fusion (250 pb) W*/s-channel (10 pb) Wt (60 pb)

B ATLASstudies have shown:
m Can measure cross-sectionsfor all 3 processes separately
» important since each is sensitive to different kinds of possible new physics
m For 30fb, can measure Vtb with stat. error of 0.4% — 2.7% (dep. on process)
m For W-gluon fusion, can measure predicted W and top helicity
» sensitiveto possible V+A contribution at level of few per cent

m Morestudies of sensitivity to possible new physics need to be done
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Example Analysisfor W* Process

B trigger on isolated lepton with p; > 20 GeV

J t
™

AAAAN

= b

B selection cuts

Njet =2, with p; > 30 GeV

Nbjet = 2 with p; > 75 GeV

N(forward jet) = 1, p;y >50 GeV, |h | > 2.5
Sum pt > 175 GeV (lepton plusjets)
Mtotal > 200 GeV (lepton plusjets)

W after all cuts, have (for 30 fb1)
m 1.1k signal events (effic. = 1.7%)
m 2.4k bkgnd events (mostly ttbar, plusWg fusion single top, Wjj)

m ie. SB »0.46, SICB » 23

b dVtb (stat.) » 2.7%
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Top Quark Couplings and Decays

B need to determine whether top quark behavesasdescribed in the SM

m Electriccharge
« Can usebjet chargetagging, or look at t tbar gevents

m Yukawa coupling can be measured to < 20% from t-tbar H production

B accordingto SM, top decays arerather “uninteresting”

Br(t ® Wb) » 99.9%

Br(t ® Ws)» 0.1%, Br(t ® Wd) » 0.01% (tough to measure!)
Many Beyond SM models involve anomalous top couplings

Several possiblerare decay modes (eg. FCNC) have clear experiment signatures
and, if observed at the LHC, would be evidence for new physics
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Top Quark Rare Decays

B |n SM, FCNC top decaysare highly suppressed (Br <1013- 1019
B Several models of Physics Beyond SM can give HUGE enhancements

B Sensitivitiesaccordingto ATLAS studies:

t® Zq (CDF Br < 33% @ 95%CL)

m Reconstructt® Zq ® (I*);

m SensitivetoBr(t® Zg)=1X 10* (100 fb1)

t® o (CDFBr <3.2% @ 95%CL)

m SensitivetoBr(t ® ¢gq) =1 X 10 (100 fb1)

t® gq u{e)—w —

m Decay process overwhelmed by QCD bkgnd
m Search instead for “like-sign” top production (ie. tt)
m SensitivetoBr(t ® gq) =7 X 103 (100 fbY)  nu{c)— —
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Top Quark Rare Decays (cont’d)

t® Hq
m Thlis group has been studying various approachestot ® Hq
m Earlier resultsfor t tbar ® Hg Wb ® (b-bbar)j (Inb) for mH = 115 GeV
« SensitivetoBr(t® Hq)=4.5X 103  (100fb?)

m New resultsfor t tbar ® HQWb ® WW*gWb ® (Innj) (I
« =3isolated leptonswith pT(lep) > 30 GeV
o pTmiss>45GeV
o« =2jetswithpT(j) >30GeV,incl. = 1jet with b-tag
» kinematic cutsto take advantage of angular and
other correlations

* SensitivetoBr(t® Hq) =2.4X 103
for mH = 160 GeV (100 fb)
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Top Quark and Exotica

Duetoitslarge mass, top islikely candidate to couple
strongly to new massive particles

Entries/50 GeV

Clear experimental signature and ability to reconstruct
top also makeit a useful “tool” for studying exotica

200

Some examplesinclude:

m Resonancesdecayingtot tbar (sensitivetofew TeV) 0 | | |
500 1000 1500 2000
* Massresolution » 6%

Reconstructed M(tt) [GeV]

c*BrM b N
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Reconstructed M(tt) [GeV]

“Heavy top” (T) in Little Higgs models
Top signaturesin extra dimension models
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Heavy T in Little Higgs M odels

B Main production mechanism issimilar to “singletop” production
q q f (TeV)

10~1 &

T— bW  50% | *":
BR -I-_> tZ 25 % 10_31.51' - IZ.OI - I2.5I - IS.OI ~ I3.5I - I‘I—.O
T— th  25%
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T ® tZ Analysis

Signature | +
-3 leptons M(T)=1TeV
+ 1 b-jet I -
+ ETmiss Z 80:_
T | 700
1TeV - 60;
e t -
\ no s
b -
30F
Cuts: 20§—
- 3 isolated leptons "
(20fthemWIthM||:MZ) OE||||||||nJ_|m||||||||||||||-|-|_||H'|n|||||nm|m||
-1b _j et 400 1000 1600
- Eqpiss > 100 GeV M(1Z) (GeV)

-Bkgnd (tZ, WZ) under study, but should be small
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T ® th Analysis

Signature
-3 b-jets
+ 1 lepton

t ETmiss

(@

T

Cuts:

- p+(3-jets) > 90 GeV
- p(lepton) > 70 GeV
-100 < M, < 140 GeV

At least 1 b-tag

Bkgnd due to t-tbar, W bb
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t-tbar Spin Correlations

B SM predicts substantial t-tbar spin correlations

B Dilepton case has been studied, using thet-tbar rest frame angles of the
charged leptons as probe of correlations

No correlations SM prediction

B Studiesunderway to determine sensitivity to various sour ces of anomalous
couplings:
m CPviolation
m New Higgs

m Graviton effectsin modelswith extra dimensions
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Some Top Physics Topicsfor Further Studies

B Putting “more meat on the bones’
m DC samplesof fully smulated events
m Impact of initial (staged) detector layout

m Improving level of understanding of detector performance and commissioning
both for and using top samples

» Study of high pT isolated electrons and muons
o Calibration of jet energy scalefromW ® |j
e Measurement of missing E;
» Optimization and efficiency measurement for b-tagging
» Triggering schemes and efficiency deter minations
m Wemust beready for Day 1 (t-tbar production ~1Hz @ 1E33!)

B Singletop sensitivity to new physics
m Existenceof W’, V+A, other anomalous couplings, ...

B [mpact of new physicson spin correlations
m CPviolation, modelswith extra dimensions, ...
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Scopeof ATLASSM Group (M. Dobbs, LBNL)

B Strong Coupling Constant

Standard Model Working Group

® QCD Dynamics = born December 2001
B Parton Density Functions B encompassesall SM physics
except:
B Min. bias&  bottom
Underlying Event e top
B W mass : * Higgs
H sin2?, for which there are separate
: WG's.
W tau physics B nominally includes heavy ions

W triple gauge-boson couplings

B heavy ion collisions

J. Parsons, US ATLAS Mtg. at BNL, August 28/03




Triple Gauge-Boson Couplings

TGC testsgauge structure of SM and provides
sensitive probe for new physics at higher scale

can measure charged TGC couplings through

WZ, W? production

Statistics will dominate LHC measurements

(except for ? g,)

m sensitivity derived from afew eventsin the high

P.(V) tail

-0.0035 < ?,< +0.0035

-0.0073 < ?, <+0.0073

-0.075<?7?,<+0.076
-0.11<??,<+0.12

-0.0086 < ?¢t, < 0.011

95% Confidence Intervals
For 30 fb, systematics included.

o typically factor 10 improvement
over LEP/TeVatron
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Triple Gauge-Boson Couplings (cont’d)

B probeneutral couplingswith
ZZ,Z7?production

- W‘(\\C
for nis Coup\‘“g
£ 1O nhe
—fse S\’:or‘o'\ den !

B factor 10° improvement
over LEP limits
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Precision EW: Measuring sin??,, with A5

B pp=>» I*I- di-lepton signatureis (almost) background free
B asymmetry arisesfrom interference between neutral currents

B Statistical precision using 100 fb-1, near Z-pole (x6GeV)

Cuts Arg (%) ? Agg (%) | ? Sin??4 (M)
Both et, |?|<2.5 0.774 0.020 0.00066
One¢€t, [?|<2.5 1.98 0.018 0.00014
other e,|?|<4.9

B Performanceissue;
m increasing forward lepton tagging acceptance greatly improves measur ement
=> ideal study for personsinvolved with FCAL, or e/? performance group
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Precisson EW: W M ass M easur ement

B 60 million well measured W? |? eventsper low L year

Source CDE Runlb ATLAS | W? |7, onelepton species

30K evts 84pb™ | 60M evts, 10fb?
Statistics 65 MeV <2MeV
L epton scale 75 MeV 15MeV | most serious challenge
Energy resolution 25MeV 5MeV | known to 1.5% from Z peak
Recoil model 33MeV 5MeV | scaleswith Z statistics
W width 10 MeV 7MeV | 2?,,730MeV (Runll)
PDF 15MeV 10 MeV | LHC datafurther constrains
Radiative decays 20 MeV <10 MeV | (improved Theory calc)
Pr(W) 45 MeV 5MeV | P;(Z) from data,

Pr(W)/ P;(Z) from theory

Background 5MeV 5MeV
TOTAL 113 MeV =25 MeV | Per expt, per lepton species
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Some Examples of QCD M easurements

|
F ~300 LHC dijet
- F% events above 7 TeV
B |LHC allowsmeasurement tovery largeenergy =~ [ _ 1
scales 2o % with 300fb
B Can use for example, to measuretherunning of;ij 07
the strong coupling constant over awiderange ~ £
of scales 0=
m with thesingleinclusive jet cross section o e L L O
2000 2000 G000 B000 | Q000
0.14 T T T T T[T T T T [TT T T[T TTT[TT 0.1257|||||||||||||||||||||||7 kli,i‘-'“'”i]?‘;“"l‘:i‘-‘\"-'Jl
0.135 i & NRSAP, A =564 Mf\-" —] — 0.12 _— & MRSAP, A =564 MeV —_ . Other Ob%rvablﬁfor
;; 0.13 —— A reconstructed 586 I\Ie\ EO 115 A reconstructed 549 MeV— .
‘gto 125 _; --=-- A\ generated 564 MeV 1 & 011 { ----- A generated 564 MeV . megséldrlng aS have nOt yet beer]
| | s _ stuaieq:
ots [ Tevatron, _ °-‘O°~1 B LHC, reachesjup tioof 2iet to 2 iet
I P a = _
0.115 N o O;\5 TeV T to Se@ral Tey' ratio o . ] O J
o [ S - 0095 production (Frixione)
o105 N 000'2? - m ratioof 2to3jet cross
0.1 _— Ecy=1.8 TeV,-0.5 <n;, < 0.5 —_ 00‘8 L SeCtlonS
0095 L s B " ratioof Wljet to W0jet
S E,(GeV) E.I,(G:\-') Cr 0Ss sections
m jet shapeobservables
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Some Hot SM Topicsfor New Studies

B ideal topicswill have impact on performanceissues and utilize Data
Challenges.

B Some examplesinclude:

m Measuring Parton Density Functions
* inparticular thegluon

m Measurement of the strong coupling constant
* many channelsnot yet covered

m W,Z production via vector boson fusion
» performanceissue: forward jet tagging (alr eady much experience from Higgs group)
* requiresfancy Monte Carlos (Madison series)

m Tau physics
e Br(W->t?)
* limitson flavour violatingt 2 gy, & t>u ?

m revisit Z->e'e, forward backward asymmetry
» Performanceissue: tagging of electronsin forward region
» DC samplesalready requested.
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Summary and Conclusions

LHC will beatop quark factory

m Studiesof thetop quark provide a sensitive window onto possible new physics
beyond the SM

SM measurements at the LHC will be extended in precision (eg. TGC) and
into new kinematic regimes

Some of the earliest ATLAS physicsresults, and earliest sensitivity to new
physics, will come from top and SM physics

m eg.can measures(t tbar) with stat. error < 10% with a few days of lumi

Early top/SM signalswill also be critical to commissioning the detector
m Study of high pT isolated electrons and muons
m Calibration of jet energy scale
m Measurement of missing E;
m Optimization and efficiency measurement for b-tagging

Thereisalot of work to do, and volunteer s are anxiously sought
m Contact mysdf (top) or Matt Dobbs (SM) to get involved
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Dilepton channel

m Indirect measurement of m(t)
B [For the TDR, correlations between

some kinematical distributions v W, W, %
(e.g.: m(lb) and m(t)) ¢ ’
B Also, trying to reconstruct the entii b, t 4 b,

B Selection:
2 iso leptons, pT > 25, 35 GeV, |h] < 2.5
EmissT > 40 GeV
2 b-jets with pT > 25 GeV , |h| < 2.5

—

B Background:
Negligible
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Single lepton channel

B Clean sample, one top
directly reconstructed

B Methods:
— Hadronic part reconstruction
- Kinematic fit of the entire event
— Continuous jet definition
- High pT top sample
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Single lepton channel

B Selection
- 1liso lepton, pT > 20 GeV, |h| < 2.5
m pTmiss > 20 GeV
m =4 jets with pT > 40 GeV, |h] <25
m =2 jets with b-tag

m Selection effic. = 5% b 126k events, with S/B ~65

B Reconstruct t ® Wb ® (jJj)b
m In + 35 GeV window around m(top), have:
« 30k signal events

e 14k bkgnd events (dominated by “wrong combinations” from t-
tbar events)

J. Parsons, US ATLAS Mtg. at BNL, August 28/03



+» Reconstruction of the hadronic part

=
=
=

B r*ntsa‘jf;}e‘-f

W Trom jet pair with the closest invariant

mass to m(W) %

Cut on [mj;-myy | <20 GeV

1 Gy

Association of W with a b-tagged~et

Cut on |mj;,-<my;p>| < 20 GeV

%+ Kinematic fit

LS00

Using remaining I+b-jet, the leptonic
part iIs reconstructed
|m|nb -M >| < 35 GeV 1600

"
I
tl—
==
e
P
=
T
=
(8]

jib

Kinematic fit to the ttbar hypothesis,
with m(top) and m(W) constraints
Energy and direction of all objects

5 00

(jets, I, n) can vary within their #&sshrtigns” ¢

3

1 00 0

m(J)

s =11,2 GeV




Statistical Error

Seriod Tt ovents In the single lepton channel, where
we plan to measure m(top) with the
best precision:

1 year 8x106 \

1 month 2x106

1 week 5x105 Period evts dM,(stat)

1 year 3x10° 0.1 GeV
1 month 7.5x104 0.2 GeV
1 week 1.9x103 0.4 GeV
L = 1x1033 cm-2s-!
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