TOP QUARKS:
FROM STONY BROOK
TO THE LHC
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TOP

the biggest and most expensive of the quarks




QUARK FLAVORS

bottom Mass [Ge\/']
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— LEP1, SLD data

WHY IS TOP INTERESTING?™| wd™ "™

Important input to constraining Higgs mass

Large mass — couples strongly to whatever breaks EW symmetry|

Discovery tool for Higgs production at LHC via tt+Higgs

Production characteristics sensitive to various forms of physics beyond the

Standard Model

'Top perhaps key in EW symmetry breaking (topcolor, radiative EW
symmetry breaking) Radiative EW
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TOP AT STONY BROOK

In early 90’s the goal was: discovery via pair production
After run I at Tevatron: mass > 91 GeV
Required: calculation of inclusive pair production cross section

First calculation at SB by Jack Smith, Willy van Neerven et al
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We investigate QCD corrections to the cross section and differential distributions for
p +p—Q +Q+X, where Q and Q are heavy quarks. We calculate the order-a; corrections to the
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TOP PAIR PRODUCTION




PERTURBATIVE QCD DESCRIPTION

do = o7 (cy + crag + coa’ + ...)




PERTURBATIVE QCD DESCRIPTION

do = o2(co + cra, + caas + ...
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PERTURBATIVE QCD DESCRIPTION

do = o7 (cy + crag + coa’ + ...)




PERTURBATIVE QCD DESCRIPTION

do = o2(co + cra, + caas + ...
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BEYOND NLO
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'Top was likely so heavy that in most cases at the 'levatron, not
much energy was left for extra radiation

Soft gluons give large corrections = (re)sum them

Gave additional 20%o cross section = happy experimenters

Renewed 1nterest 1n resummation




IMPACT

D0 and CGDF experiments used results in acceptance
determinations for top discovery analysis

Deeper insight into resummation since then (Sterman and
collaborators), better calculations.

Latest results:

Best Tevatron Run Il (preliminary, March 2007)

All-Jets: CDF n 171.1+ 43

(943 pb”)

o(pp — tt) (pb)

O —

Dilepton: CDF 164.5+ 5.6

(1030 pb™)

—_——

Dilepton: DO 1725 =+ 80

(1000 pb™)

Lepton+Jets: CDF
(940 pb™)

1709+ 2.5

——
—

i Cacciari et al. JHEP 0404:068 (2004)

Lepton+J§tS: DO 1705+ 2.7 i Cacciari et al. + uncertainty i
(900pb7) — Kidonakis,Vogt PIM PRD 68 114014 (2003)

|| i Kidonakis Vogt 1P! ]

Tevatron 1709+ 1.8 ]

(Run lI/Run Il, March 2007) > T [ L0 Lew ]
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TOP AT LHC

Start in 2008, top quark factory (8§ MegaTops/year)
Calibrate detector
Can rediscover top using very simple selection criteria

Top quark physics major part of physics program
Top quark physics

 Precise study of properties and behavior

y Large IMAasSS — small QCD coupling

e Free quark



TOP COUPLINGS

coupling to W bosons mixes flavors, 1s left-handed %th Ery*qr)W

=

s
coupling to gluons vectorlike  9s {Tg U(g)} tyutiAy,

0 e in? — AHAP
coupling to Z parity violating  4cosé, ; ((1 el Pl = )tZu

coupling to Higes of Yukawa type, strength 1 y: htt

All these structures should be tested!




SINGLE TOP PRODUCTION

s-channel t-channel

o Likely visible at Te\ratro arely. Detailed scrutiny at LHC

* Measure Vtb per channel, check handedness

» Requires again good theoretical description




Bayesian dudes

e

SINGLE TOP EVIDENCE

December’06: evidence for single top
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STATUS OF SINGLE TOP PRODUCTION
CALCULATIONS

Many NLO calculations, all agree

Theoretically well-defined, precise, but with at most | extra parton

General purpose Monte Carlo programs (PY THIA, HERWIG)

provide more realistic final states, but theoretically not precise

Best of both: MC@NLQO (Frixione, Webber)




MONTE CARLO AT NLO

e

Set up calculation as Markov chain, fill histograms event by event

Draw random events from a physics distribution, imitating Nature

Include up to NLO exact. Beyond, use parton shower algorithms

Very flexible, allows realistic ssmulation of final states

Experiments are adopting it




MONTE CARLO AT NLO

Real emission + MC parton shower

do 1\> o(R(z) — BQ(x))

i [IMC(O, 20 ()) -
B+ oV 4+ aB(Q(x) — 1)}

o

Born + virtual + MC parton shower

TR

+Iye(0,1)




SINGLE TOP AND MC@NLO

Frixione, EL, Motylinski, Webber ‘05

Included s- and t-channel production

First ime: final state jets included
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TOP SPIN CORRELATIONS IN MC@NLO

Frixione, EL, Motylinski, Webber ‘06

« Top 100% polarized at moment of production

« 100% correlation between top spin and lepton from 1ts decay —
could check handedness of coupling
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SPIN CORRELATIONS IN MC

'E+

v

-

q ka0

ar
antiproton -

o (eveh) < do"O(t. ) . pars

\

Spin-density matrix

Use hit-and-miss unweighting to very ethiciently include
spin correlation effects




SPIN CORRELATIONS IN PAIR PRODUCTION

Solid: MC@NLO
Dashes: HERWIG
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SPIN CORRELATIONS FOR SINGLE TOP

[ T T T T | T T T T | T T T T T T T T ]
- t/t at Tevatron ; proton

MC@NLO
- Solid: spin corr on
[~ Dashes: spin corr off

O: t—channel

O: s—channel antiproton

Clear correlations where expected

Visible when adding higher orders and final state realism




SUMMARY

e Personally, I am very grateful for all that I learned in Stony Brook

» 'Top quark part of YI'TP history (Smith et al)

« LHC top factory, top physics expected next year




