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Top ID card

tiR

@ mass set by the EWSB:  m; = yv/V2

my ~ 170 GeV # Yy ~~ 1
strong interaction with the Higgs

@ very short lifetime: it decays before hadronising
7 ~107%s, T7h~ (15GeV) ' < Agep ~ (200 MeV) ™!

Y no spectroscopy
< spin transferred to decay products: VVb




Top & unitarity
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top, Higgs and EWVSB are intertwined
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t tbar X-section at Tevatron
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TH & EXP have comparable errors




t tbar production

Tevatron 85 %

LHC ~ 10 % ~ 90 %

. 7000 tt produced
10 tt pairs/day 3 600 tt on tape

60 % with p:(tt) > 15 GeV

. at hi lumi
| tt pairs/sec ) ~107 tt produced/year

70 % with p: (tt) > 30 GeV

Tevatron <

LHC <




t tbar x-section: TH vs. EXP
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Tevatron Results (*Preliminary)
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Effects on global EWV fits

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

68% CL

experimental errors 68% CL: |
LEP2/Tev (M, = 80.398 = 0.025 GeV, m, = 170.9 + 1.8 GeV)

Tev/ILHC (sM,, = 15 MeV, sm, = 1.0 GeV) il

— ILC/GigaZ (sM,, =7 MeV, sm, = 0.1 GeV)

SME
MSSM
both models

Heinemeyer, Hollik, Stockinger, Weber, Weiglein ‘07 ]
T R S KT SRR A KT S NN N R B R

160 165 170 175 180 185
m, [GeV]

om;= | GeV = dmw(m;) = 6 MeV

if dOmw = 10-15 MeV
then Om;= 1-2 GeV




Effects on Higgs mass

By _

— D.02758x0D.00035
=== 0.02742£0.00012

-+ incl. low Q° data

| Excluded G J,Ji:: Prelirnirlary,r_
30 100 300
m, [GeV]

my > 1 14.1 GeV
from direct search at LEP

mp = 7673354 GeV
from EWV fits

my > 182 GeV
from EWV fits combined with
direct search at LEP

use m; to estimate mn from EVV corrections

as m; changes, large shifts in my




Hierarchy problem in the SM

the top affects sizeably the stability of my
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Higgs self-energy omy; = 4\/;;2 (2771‘24/ +my +myy — 4mf) A?

A 2
(200 GeV)? = m7;, + [(700 GeV)? + (500 GeV)* — (2 TeV)?] ( n TeV)

tree loops

shift on the Higgs mass I
— B m

my2 ~ (200 GeV)?

top gauge higgs




Fine tuning and unnaturalness

Higgs self-energy

G
3 (Q) — m3(Q}) =

4/ 272

(2miy +my +m7 — 4m;)(Q7 — QF)




Fine tuning and unnaturalness

Higgs self-energy
2 (M2 2 ()32 3Gr
my(Q°) —my(Qp) =

4/ 272

(2miy +my +m7 — 4m;)(Q7 — QF)

implies that

m (Q2) — 9T

4/ 272
because for ()5 = O(v?) the Higgs mass is in the range of the EW data m7,(Q5) = O(v?)

(2m3y, +m% + m3 — 4m?) Qi = const. = O(v?)




Fine tuning and unnaturalness

Higgs self-energy
2 (M2 2 ()32 3Gr
my(Q°) —my(Qp) =

4/ 272

(2miy +my +m7 — 4m;)(Q7 — QF)

implies that

m (Q2) — 9T

4/ 272
because for ()5 = O(v?) the Higgs mass is in the range of the EW data m7,(Q5) = O(v?)

(2m3y, +m% + m3 — 4m?) Qi = const. = O(v?)

but for Q2 = O(M3%,) one must fine tune m7;(M3,) to the level of v?/Mz, ~ 1077

for the cancellation to yield a figure of O(v?) ===  unnatural




Weakly coupled models at the TeV scale

Symmetry principles protect against power-like divergences

photon self-energy 5m,2y o<><+ mi In A

MQW gauge symmetry protects against quadratic divergence

A natural solution to hierarchy: supersymmetry

postulate a new symmetry principle, which yields new particles that
cancel the quadratic divergences of the Higgs self-energy, such that

dm3 ~ O(m3;)In A

dm3; o< GpmiIn(my/m;)




Weakly coupled models at the TeV scale

Another solution to hierarchy: little Higgs models

embed SM in a larger group

Higgs field is a Goldstone boson from a global symmetry breaking

cancel top loop with a heavy top-like quark, T

f symmetry-breaking
scale of O(l TeV)

EW precision measurements imply that mris large
LHC can explore mr up to 2 TeV, but huge statistics are required

T = tH and tZ decays allowed



littlest Higgs

larger group: SU(2) ® SU(2) ® U(I)

new TeV-scale states for littlest Higgs:
vector-like weak-singlet quark T
gauge bosons Wx* Wy*

weak-triplet scalar field ¢

Littlest Higes

ILC, 100 fb~"

my=500 GeV
Ap=0.5 i
p=1000
" Ar=1

LHC, 3000 fb~!

shifts in ttZ axial & vector
couplings

ILC, 200 fbt

0<y<n/2
itZ vertex

\p: SU(2) weak mixing angle

.4 -3 .2 —{.1
08y, By

=
=




t tbar as a background

tt ingg = H & qq = qqH, with H == WW
tt in single top

tt jets in ttbb & ttH

tt jets & ttW in SUSY searches

theory tools

NLO + shower for tt production with spin correlations: MC@NLO
NLO single-top production with spin correlations

tt + | jet at NLO (almost done)
tt jets, ttQQ jets: ME + shower in ALPGEN, MADEVENT, SHERPA




Top & flavour physics

0.224 £ 0.012 0.996 +£0.013 (41.3+1.5) x 1073

0.9738 + 0.0005 0.2200 +0.0026 (3.67 +=0.47) x 103
IVekm| =
7 7 7

(assuming 3 generations) unitarity implies

Vig| ~ 0.0048 — 0.014, |Vis| ~ 0.037 — 0.043, |Vjp| ~ 0.9990 — 0.9992
O(\3) O(\2) O(1)
with A = 0.22

CDF measurements on Bs mixing
AMg = 1T+33f§_'§f(stat.) + 0.07(syst.)ps 1
implies (in good agreement with SM predictions)

0.20 < |Via/Vis| < 0.22




Top & flavour physics at Tevatron

top can decay into a real W Ly~ Grm? (|[Vip]? + [Vis|* + [Via|?)
but only ratio of widths is measured

_Tt—Wb) Vi |?
Lt —Waq)  [Vial* + [Vis|* + Vi [*

R

1+12__{_8'1291(Stat)__}_gr'llg(SySt), CDF, 1,03&?"113 (stat 4+ syst), D@

but this only entails that |Vis|/|Vis| and |Vi|/|Vis| are small
it has no bearing on size of Vy




Single Top & flavour physics at Tevatron

t

t channel
o(pp — tX) = |Vip|Pop + |Vis|2os + [Via|*04
s channel
U(pp . tX) _ (‘V;Sb‘Q + ‘%8‘2 + H/;fd‘2)0'8_Channel

NLO: 1.85 pb 0.82 pb
from CDF talk at Moriond07

3 CDF analyses give different results:
matrix elements neural networks likelihood ratio

2.3 o excess no evidence no evidence
o (s+t)=27"15,,pb g (s+t) < 2.6 pb o (s+t) < 2.7 pb
g (t) < 2.6 pb
g(s)< 3.7 pb

from DO talk at Moriond07
o(pp — tbX,tgbX) = 4.8+ 1.3 pb with 3.5 O significance

0.68 < |V| <1 at 95 % C.L. first direct measurement of Vu




Single Top & flavour physics at LHC

NLO prediction for t+s channel o (pp — tX) ~ 250 pb

measurement of Vs at LHC at 10 fb"! inverse luminosity
is claimed to be feasible with 5% error

[ Alwall et al., CP3,2006]
based on CMS studies
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Conclusions

top is one of best probes of EWSB and fermion masses

measure top features (mass, spin, couplings) as well as possible
to have hints on BSM physics

common feature of BSM models is to have top partners

EXP:Tevatron is doing a wonderful job, and lumi keeps growing
LHC will be blessed by huge statistics

TH: is steadily improving
plethora of BSM models with top partners
sophisticated MC models already available

more NLO calculations are in progress




