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Top Discovery!
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Cross section

decay kinematics
resonance productio

t'—Wq search
T—tAy search

Many top
properties
measurements
are beginning
to have
sensitivity: lots
about top still
to understand!
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Top as a Window to New Physics...

Top can reveal physics beyond the Standard
Model in various ways:

* Top results point to new physics:

Properties lead to expectations of
partners or other new particles.

* Top is Not what we expect:

Measured top properties are
anomalous, contrary to SM.

 Top is Not all that we find:
New physics mimics top signatures.




Top points to new particles
* Top Mass

« EWK Production: single top

« SUSY stop production
» t' -- Massive top, T A, t

Top Properties non SM-like

*Top Pair Cross Section

» Forward-Backward Asymmetr
* W helicity (V-A)
« FCNC
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Top as a Window to New Physics...

Top can reveal physics beyond the Standard
Model in various ways:

* Top results point to new physics:

Properties lead to expectations of
partners or other new particles.
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Top as Indicator of Where
New Physics Lies

Top Measurements Point
to New Particles
* Top Mass
Ingle top

» New resonance productlon
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NEW,

Resonance
Production?
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- @ — sMi
O i +
g 0.16¢ t —— Xt My=450GeV
£ 0.14F ; — Xoff M,=650GeV
5 0.12¢ L T X M=1000GeV
RIS t .
- D@ Preliminary
0.085
0.06
: »
0.04F tyttt +++++
0.02] i

v = I W R | | +—"r‘-+

% 200 200 600 800 1000 1200
M_[GeV]

Bump-hunting for X—ttbar!
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New

Resonance
Production?

S —
|

all hadronic

CDF Run Il preliminary, L=2.8fb"

=N

—a— Expected limit at 95% C.L.

t) [pb]

o
o

Expected limit at 95% C.L. +1c

Expected limit at 95% C.L. +20

—=o— Observed limit at 95% C.L.

N
(3]

0y, - BR(X"— t
W

Leptophobic Z’,T',=1.2% M,

N

-y
a1

|| ||| ||| ||| ||| ||| || ||| IIIIII‘II
450 500 550 600 650 700 750 800 850 900
M, [GeV/c’]

R. Erbacher-Krakow

events/20GeV/c?
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* First measurement in the
all-hadronic channel

* Good agreement with SM

e Set Z' limit at 805 GeV
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|Tota| Invariant Mass of the tt System
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lepton plus jets

Earlier CDF Searches
Observed Limits for
700pb-' and 1 fb-1 both:

M,.> 725 GeV

CDF Run 2 preliminary, L=682pb™
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Top as a Window to New Physics...

Top can reveal physics beyond the Standard
Model in various ways:

* Top is Not what we expect:

Measured top properties are
anomalous, contrary to SM.




Anomalies in Top
Properties

Top Proertles non SM like

- W heI|C|ty (V-A)
* FCNC
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Forward-Backward

Diagram interferences for qq
Kuhn, Rodrigo et al., PRL 2008

Production Asymmetry A

BACKWARD FORWARD

F—B
F+ B

* No asymmetry expected at LO, but A f p =
4-6% expected at NLO in parton frame

* Reduced Asymmetry in tt+jet -- Uwer, et al.
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a A Forward-Backward
Production Asymmetry A

» Great test of the Standard Model

» Test of discrete symmetries of the
strong interaction at high energies pr

 Challenging at LHC since gg
fusion dominates t

* Look for signs of new production l
mechanisms: massive gluons, Z'... =

R. Erbacher-Krakow eptonplusiets g



Aq,: Reconstructing
the Production Angle

Several possible
reconstruction methods:

 Measure the production
angle of the + charged top,
regardless of decay.

* Assume CP in strong
interactions, and measure
the angles for either:

- leptonic side: Qgyi0n *Yiep

Ehadronic side: 'Qlepton *Vhad ] — 3 1.5 x better resolution
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Latest A, Result from CDF

Reconstructed Top Rapidity
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Uncorrected Distribution

19



Latest A, Result from CDF

e Rebin: 4 bins optimized
Reconstructed -Q'y, to minimize bias in

£240;"""'.".""" E .

5220 - LB 1 _5 underlying shape

W 200 - .
180 | — .
160 ¢ ] i * Subtract backgrounds,
o T Datoric i correct for reconstruction
122 : ii::egcrtoel;nd Subtracted : and acceptance
60 — Background _

 Extract Aq

= 0 Compare NLO theory:
Aq,=(19 = 7(stat) £ 2(syst) ) % 5 £1%) for Q'

Kuhn, Rodrigo PRL 98
Frixione, Webber MC@NLO

(Fully corrected)
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New Study:

Explore Agversus M,

Investigate Mass

M, Invariant Mass for Tagged Events Dependence:
200" CDF Il Preliminary NLO ~linear prediction by Alameida,
180E —— FW Data L=3.2 fb"' Sterman, Vogelsang
180 —— BW Data L=3.2fb" (arXiv:0805.1885v1)
140
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New Study:

Explore A versus M No significant mass
e . dependence found so far.

Parton Level A below M, Edge Parton Level A?® Above M, Edge
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Full study results
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New Study:

Explore Agversus M, Pythia with 10% Z’ at 450 GeV
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Full study results
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Top as a Window to New Physics...

Top can reveal physics beyond the Standard
Model in various ways:

 Top is Not all that we find:
New physics mimics top signatures.




. SY stop production

e t' -- Massive top, | A.t

* Heavy W boson to tb

R. Erbacher-Krakow
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DA  C:n light SUSY
W‘@T}f Tx Q\Tf‘) H"G“re stop hide alongside

8 Top dileptons?
If we assume:
1. 520 is the LSP » M(stop)<M(top) in SUSY electroweak
1 < baryogenesis models.
2. my, Sy
3. Mms+ < Mz — Mp * Look for a light stop that mimics top
X1 : dilepton signatures:
. ~1 -~ .
Then stop pairs can X7 decays to {§ + ¢ + v via
look like top pairs! SR WES L0y, |
= ~0 + ~
Ny ~+ ~0 X1 _>X1+H —>X1+€+I/, i
b = bxy — bxilv Gl =R+, o
~+ ~ ~0 dilepton
X1 mv+l— X3 +l+v,
ct o0 +(*) _, &0
R. Erbacher-Krakow i —~X5+6 atltv 26




Events/20 GeV/c?

Reconstruction difficult due to _ - :
many invisible particles. First limits on a light

SUSY stop hidden
In these ranges

B-Tagged Channel
T ‘ T T ‘ T | T T T T
—M=138.3 GeVlcz CDF Run II Prellmmary (2 7 fb ) - data (2.7 o)

- NL =105.8 GeV/c? .
~ M.=66.2 GeV/c? - Stop (DILBR=0.25) |
L X

- Top (M=172.5 GeV/c?) |

Observed 95% CL

CDF Run |l Preliminary (2.7 fb™)
m({,)=105.8 GeV/c?

BR(‘t‘,—>;sz)=1
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m(7’) GeV/c?
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Reconstructed Stop Mass (GeV/c?)

xcluded by LEP

Example for a particular |

choice of stop, chargino, and ‘510 TN P N N LT
. m(t,) GeVic?

neutralino masses

CDF: No evidence for stop

(Limits in M(x°) - M(stop) plane)
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Massive or 41" Generation Top: t'

e\While on the energy frontier, we look for interesting
events on the tails of the top quark distributions

eCan a t'exist? Can it mimic top?

e Generic 4" chiral generation is consistent with EWK
data; can accommodate a heavy Higgs (500 GeV)
without any other new physics

e Several SUSY models provide for a 4" generation t’
or mimic tOp'like Slg NAtUres (Beautiful Mirrors: Choudhury, Tait, Wagner)

e Little Higgs models predict a heavy t’ -like particle

R. Erbacher-Krakow 28



Massive or 41" Generation Top: t’

I N |

CDF Run 2 (2.8 fb™)

.l Preliminary _
~ 't t'—=Wq, = 4 jets -
IE:? [ HT VS Mreco E
1 - -
e L
~5 lepton plus jets

0.1F range of observed

expected 95% CL
upper limits

theoretical prediction
Bonciani et al.

1 1 1 1 1 X
200 300 400 500
t' mass (GeV/c?)

Exclude with 95%CL region of t" masses below 311 GeV
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CDF Run 2 (2.8 fb™)
Preliminary

Massive Top

2-d Scatter: Expected (MC) for 1o
M(t) = 175 GeV v. data (black),
number points for ~2.8 fb-" 100

¢ observed
t.

W top

W+jets

N QcD

800

1-d Projection: Fit results
for M(t') = 450 GeV

% st | e observed
‘% ) . ff
= W+If -
300 400 500
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CDF Run 2 Preliminary

Run: 194323 Ht: 856.7 GeV
Event: 9830702 Mreco: 449.7 GeV

Et: 200.7 GeV
gt
Pt(mu): 158.8 GeV
Pt(mu): 158.8 -

r_/

Et: 200.7 GeV Et: 270.2 GeV

Et: 40.3 GeV \

Et: 40.3 GeV

Et:217.0 GeV
Et: 217.0 GeV

Couple of Strange Ones...
31
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Search for

/
b’ —-tW
CDF Run Il Preliminary (2.7 fb™)
2 l""l""l"”"ﬂf”l """"""""""""""
&1.2F : * Data
- Uncert.
q g . v b 1._ X .......... — _ —— Db’ (330 GCV)
« Search: 4" generation down-type osh =Z,diboson
uark, as well as heavy B,T : “
. , Yy B lsss 0.5l — B Fakes
- Signature: Distinctive same-sign o, B -
leptons, MET, b-tags, many jets _ - -
0.2}

* Results: Expect 1.9 events,
Observe 2 events Nos

M(b') > 325 GeV
R. Erbacher-Krakow M(B,T5/3) > 351 Gev 32




*The top quark is the least known quark,
and the most interesting for new physics.

*The top physics program is very active
at the Tevatron, with both precision
measurements and first properties and
search results appearing all the time.

*Beginning to have sensitivity to the
unexpected in particle properties and in
the data samples!

R. Erbacher-Krakow
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uired Luminosity (ﬂ)'l)
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Some Previous
CDF Results...
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CDF Runll Preliminary 1.9 fb™!

M., and

E I/M=0.10, M=800
- —e— Data (Nev=371)
Massive Gluon R
+ —— Bkg + SM
10 —— Bkg + MG (1=0.148)
CDF Runll Preliminary 1.9 fb™ -
No -
E’ oF KS=4I§3t%(N 371) \
- —e— Data (Nev= \
Q0 1 Top NN
o f [ EW & Single Top i \\ \
“50__ H 1N A T T ,,,,,\,,,,\PN,\,|
§ - [ W+Light Flavor 10500400 569_660_760 800 900 1000
I 4o [ I Non-W tt invariant mass [ GeV/c? ]
B [l w+Charm
30¢ ] W+Bottom New Color Octet Particle G:
200 .. .
T ‘ Limits on coupling A=A Ag:
B -.:1= M _ c 1 .
P TP Fitted coupling strength consistent
fOO 400 500 600 700 800 900 1000 with SM within 1.70 in the (Wldth/

tt invariant mass [GeV/c?] mass) range from 0.05 to 0.5
Dynamic Likelihood (ME-style)
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Aq, Result from CDF

NLO: (4 £1%) in cos6”™
(lab frame)

Production Angle Distribution (L =1.9 fb™)
ol ol » (7] rrrJrrrryrrr|yrroryrrrprrryprrryrrrprrryprTT
Background distributions € ¢ LRI
=1200 AZTeEd = 0 47 +0.07°% + 0,04 ]
. - -1 i —
Y Reconstructed Top Production Angle In Background (L=1.9 fb™) 100 __ — Data __
Frrrrrrrrrrrprrrrrrrprrrp T T -
£35 ] I I (5 (8.2pb) i
4 Ozz A, =-0.15% 0.091 [l Backgrounds
w Hwz A, = 0.056 + 0.044
3 Oww A, =0.14 % 0.042 80
[JstopT A, =-0.28+0.02
[sTops A, =-0.045%0.014
25 MMistags A, =-0.044 + 0.0081 60
BWw-+HF A, =-0.087 £ 0.0052
ENonw A, =-0.0028 % 0.0038

.

1.5
20
11
0-1 -0.8 -06 -04 -0.2 0 0.2 04 06 08 1
0.5 ‘ CDF Run Il Preliminary _QI .Cos ®
0 o5 06 04 D 02 04 06 08 1 Afb= ( 17 + 7(stat) + 4(syst) ) %
CDF Run Il Preliminary -Q, - Cos ©

(Fully corrected)
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Events

Aq, Result from DO

NAy>O . NAy<O
NAy>O + NAy<O

App =

20 T 14926 Top Pair
18E | [ 38+11 W-ets
16 | 21+ 3 Muttijet

14 *_208Data_ Ay =Yt — Yz >p

DO Run Il Preliminary | |
4.9 fb] !

djml\[”rﬂ[ﬁ i

il B

0.1 02 03 04 05 06 07 08 09 1
L

Ap= 12 + 8(stat) = L(syst) %

(LEngaers eiGL S or reconstruction)

Ay =y — Yz

How would new physics

look? ™\ 4

F: fraction of top pair events
produced via Z' resonance

For M, = 750 GeV:
F < 0.44 (expected)
F < 0.81 (observed)




2"4 A, Results from CDF

CDF Il Preliminary L=1.9fb™
/)]
_Q_) -~ - CDF Data MC asymmetry:
- | — MC@NLO + bkg — A=5%
"E = = rew. Pythia + bkg - A=24%
) -
100} 111
non-W bkg
- W EW bkg
0 Wlight NietsZ 4
" M W+charm

| Wabb

Aq,=(24 £ 13(stat) = 4(syst) ) %
(Fully corrected)

A(parton rest frame) =

1.3A(lab frame)

Compare with DO result:

Aq, (bkg sub)=(14.4 +

6.7(stat) ) %

CDF Il Preliminary L=1.9fb™
% [ -® CDF Data
g 0.4 —pythia
2 - - - Herwig
2 | - MceNLo
o
0
< oo
I + 4
oE———
-0.2 . 1
4 >5
jets

NLO: (4-7%) in Ay*Q,




