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QOutline

andard Model has been very
successful at explaining matter as
we know it.

Tevatron in EWK and top quark
physics.

Elementary Particles

= Tevatron performance
= EWK/Top experimental signatures
= EWK Measurements:
o Single boson
o Diboson
= Top Measurements
o Top cross section
o Top decay properties
o Top Searches

Leptons Quarks

We still need to test the symmetry

breaking mechanism: New (<1 yr old) results are marked: -Z(F@

o Higgs not yet observed

a  which new physics to stabilize For details see CDF and DO Public
quantum corrections to Higgs mass? Results WEB pages

07/18/2006 Monica Tecchio 2



Tevatron

Run IT with Vs =196TeV
= Record peak luminosity
(Jan. '06): 1.7x1032cm=2s!
= Integrated delivered
luminosity: 1.5 fb! /expt

= CDF/DO recorded luminosity: |
1.3 fb! /expt _

:ji) e Main In]ectnr 2
oo Ao & Recycler
8 900 — .
E 800
s — = Doubling time:~1 yr.
= / Expect
. == o ~2 fbl by 2006
e R R s s a ~4 fbl by 2007
o ~8 fb! by 2009
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Tevatron Physics

= Tevatron has huge physics
breadth:

Cross Sections at vs = 1.96 TeV

% e Total inelastic
g 10 bb 6x10° y, -

7 10° Fub = Trigger is key in reducing the huge
G w 4000 amount of interactions producing
- z 400 "something” in the final state
1610 ] (trigger efficiency for high pT leptons

tt ~90% for both CDF and DO)
1012W 0.3
14
10 Higgs (zH + WH) ||NL,, /Top
10_16-fb

100 120 140 160 180 200
Higgs mass (GeV)/c2
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Tevatron Collisions

The hard scattering is not all there e
is! (ISR, FSR): extra gluons radiating

o Parton Distribution Functions (PDF): off ‘r.he or-lgmal/f.mal partons.
fraction of (anti)proton carried by o Jets: fragmentation of quark/gluons
incoming partons and recombination into hadrons

reconstructed inside he.
o Underlying Event (UE): extra stuff ° inside a cone

produce by spectator or multiple
interactions.

Jet

W,

r

hadrons

All of these processes, and more,
have an impact on what we measure




Tevatron Experimental Signatures

= EWK and Top Physics is mostly
done with high p- leptons (e, mu
and tau) and jets.

’77(,00

e _r-Met = 52.75GeY

MET to balance
c Hﬁ_);fimeter
Spergy

! ", R

N/ ;

Presence of neutrinos is
revealed via Missing Transverse
Energy (MET) in the

calorimeter.
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Tevatron Experimental Signatures

? corrections are needed to go back
A to the energy of original parton

EM ‘...." Galoiiiatas it = b-jets are particularly prized: use

l‘ﬂ..l 7 (Silicon) vertex tracker to

‘T_--. reconstructed displaced vertex

= Jet Energy Scale

HAD —+

Particle jet b quark jet

b quark jet
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Backgrounds

Any process that can "emulate” the

final state we are studying. 1 in | +MET+ b-jets
= TImportant distinction between: a [ D@ Run |l Preliminary
o Physics backgrounds EampontroLRegion =' =
o Instrumental backgrounds [ N u mjt
g2o0F m o
E?=#j!!!\~w
= Backgrounds are measured 2200 e

using a combination of data
driven and MC simulation
methods.

= The backgrounds of foday are
the signal of Tomorrow...

jet multiplicity
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Systematics

V U ( V W 4 U

with the sample statistics.

W Mass Systematics

= Some systematics are common to all (CDF Preliminary using 200 pb!)

analysis
o Luminosity uncertainty (6-7%).

5}'slen1atic Uncertainty | Electrons ~ Muons

: . Energy Scale & Resolution| 70 0\ Constrain with data
| Some 5y5'|'ema'|'|cs are daTa-dr'lven &) } onstrain witn agta

and scale with the luminosity Recoil Scale & Resolution| 50 P S
o Lepton/jet identification. W pT model 5 ! o
o Instrumental backgrounds LRI iR
‘ PDF 15 ! do not directly scal
o Jet/lepton (E,p) scale and resolution. ( D I;;f::?u.f_' B
QED 15 2
= Some systematics come from theory Backgrounds 2 2

and harder to beat down
o PDF's, ISR, FSR.

o  MC modeling of recoil and
fragmentation.

o Physics backgrounds cross-section.
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EWK Physics at the Tevatron

1. Single boson measurements

Q High statistics samples: "standard
candles” of HEP!

O Precision measurements of EWK
parameters: W mass and width

O Constraints on PDF's and test of
NNLO predictions: asymmetries
and differential cross-sections.

2. Diboson measurements

O Low cross-section measurements.
Q Test of EWK theory gauge nature
via boson self-interactions.

O Test-bed for new/undiscovered
particles searches.

-
o
@

(44}

Cross Section (fb)
3 % & 3 8

-

z = ¥ & N N £ £ Zz =
£ 1% 372 F s F =3
N T T
—— J
o s e
£ 2 S
) © )
o
O
(A

Js=1.96 TeV pp Collisions
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W and Z Cross-Sections

BR ~11%

W and Z are identified via high p;
| +MET or | *] - events.

They provide samples used for:

0 measuring trigger and lepton ID
efficiencies

BR ~ 3%

o calibrating energy and momentum scale
o understanding backgrounds Cross-sections are consistent
. s itTh NNLO predictions!
a checking luminosities W LOp
. o g )
o identifying top! s " BR(nb) .
s BRW ® m) % |
o x BR D@ CDF //
Z — ee 2649 +£3.9+99+£17.2 (177) 2558 +3.9+55+ 154 (72) = /
Z—pp 2914+3.0+69+18.9 (148)  261.2+2.72% +15.1 (337) & , +
L —TT 237+ 15+ 18+ 15 (226) 265 4+ 20+ 21 + 15 (350) R—— BR(Z ® ¢¢ )
Mania, e, Sctog. Thune *_#_E_——"f
W — ev 28G5 £ 8.3 £ 76 £+ 186G (177) 2780 £ 14 £ 60 £ 167 (72) ; ;’_‘_‘_H__/_.f—
hlgh 7 — 2815+ 13 +2[§ + 169 (223) i = :"Du i) § OO Ge, L 2<nic2 85223 ph
W — v 2080 + 15 + 81 4+ 194 (96) 278G 4+ 192 +fn 4166 (194) o /ﬂr—mzn :-!]III.Il:I-I'I : CIF 11 (eapr), 72ph
W — v S 2620 £ 7.0 £ 21[] + 160 (72) ¥ PUALGY  §COPL) P CORTLTGL IR
Fuazie) E-Dnl-::: P ChFE O 2, 3auph
Table: All values are in pb, + stat + syst + lum then (Lum pb~') | 0s o7 i 125 175 AR SRR
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Boson Rapidity

W(Z) is produced in hard qq@
scattering inside pp

Relative size of Xpand X5

w* !
determines the longitudinal \f‘
momentum of the boson :

Define boson rapidity as:

— 1 y _ :
y=%inlE+p)/(E-p)I i
T 03l = « Data
— 1 i A [ 8
=1 ln(:xp/:x j_) M
Precision measurements of boson T
r'afidi‘ry measure PDF's at -
Q4=M2,,(M2,). S ez
W’ 337 pb-!
High y region still statically limited bu%"_ / D2 Run Il Preliminary
with more luminosity, it provides lﬂs/ 4 PP ISV PRI SR
check/constraint NNLO calculation ok V@)
at high x.
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(223 pb!) measure W->en cross-section

using forward electrons (1.2 <|h|<2.8).

W Forward Cross-Section

CDF RUN 2 Preliminary — 223 pb"

SW ® en) =2796 +£13(stat ) + 93(syst) +162(Jumi )pb

Events per 2.5 GeVic’
B
=

NLO prediction: s, =2684+54(syst)pb 3085

= Extension of W identification to large

2000

- OAaTS

— W ev + background

T} Unceriainty (background + irigges)
M cco

Bl Wty + 29es

W — e v Candidales
electrons in1.2 <yl <2.8

120
M, (W) (GeVic’)

. . . QD o7,
rapidity regions S S S———— e 4
. (O 0.6+ Forward Region (1.2 < il <28) [~ QWA
= Allows test of W production theory = s
. . QO o5 e .
o Ratio of Ws reconstructed in central vs Sk, ?enfral B N
forward region is sensitive to W rapidity Lo T, . «
c - Hr-" "
cen Q 93 o
NN__0925+0 033 = ":\T Roen/for 2o T .
\ 0.1 f_ **::H mﬂﬂm dh
where N, = (Nyp-Npyg)/ erpy R cen ffor _ =0.92409%3 gér*!"".m.*l N
and s(R) accounts for: CTEQ -0.030 et ns WZRa 2:‘ dit ?
a all but PDF uncertainties R cen /for -09 41+o.011 P y
a luminosity uncertainty ~1% MRST . -0.015
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CDF Blinded Mass Fits :

: | oy
g hes 'ILJacobian
: f_ f‘ﬁ I} edge
unaamenta paramerter } '_f‘ S
= Extracted from fit to Jacobian edge of 1 e | \\‘
M(W) (or its decay products) Yy ey
M. {ev) (GeV)
= Radiative corrections to W propagator IR
|nduce dependence on (MTOP'MH' Mg) 80.5 - LEP2 and Tevatron (prel.)
68% CL
R e w7 W 3
W o © 80.4
AM,, « M, AM,, xInM,  New Physics Eg
m=) precisely measured My, and M, provide
stringent constraints on Higgs mass. 80.3
150 175 J 200
= Equivalent constraint on M, requires: m, [GeV]
(" )
|

dM,,=+/-1.5 GeV ( dM/M,,,~1%)
dM,,=+/-10 MeV ( dM/M,,<0.1%)

W Mass measurement is all about
the systematic uncertainty \

CDF aims at controlling individual
uncertainties to 10 MeV level to
produce overall dM,=25 MeV.

DO expects to achieve dM,=40 MeVJ

07/18/2006 Monica Tecchio
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Try to find out whether G, is

consistent with GW->In).

Direct measurement of G,
events in the M{(W) distribution

away from Jacobian edge

Indirect measurement of G,

o, - BRW — Iv)
0, BR(Z—I'I")

Events / 2 GeV

10te
§ ,-"'F..' = E‘I%wﬂadtgm nd
r n — MG+ u
\.I- | Background
19 | 50 <My <100 100 < M, < 200
C || normaligation fit
2 region region
10
M,.~M, + 50T,
¥ 'P;h._' .
10 ' "‘f".”h |
1 ] L
1B

D& Run Il Preliminary 177 pb™

&0 80 T W6 180 180

Gy = 2.011+0093(stat ) + 0.107(syst ) GeV I
SM predicts G, =2.0921+0.025GeV

200

I, 1 ,[FW—PIV

_ 9w |.
Oz Fz_ps*rJ FW

v

‘ SM : 3.370+ 0.024 }l ‘ SM: 226.4 = 0.3 MeV |

‘ LEP : BR(Z—=/"I)=0.033658 = 0.000023

Identify W/Z events with a single
set of cuts o maximally exploit
uncertainty cancellation in the ratio

MET for positrons, scaled by R = 10.546

> E

82200 Pl wW—evMC

g 2000 W — T v MC

§"’°°5— []z -+t TMC

@i 1500° e L6t 6 MIC
1400

|
o]
9!
v
o
3
Q.
o
m

1200
1000
800
600
400
200

'nﬂ 20 30 40

=« Data

CDFRunli
Preliminary

50 MET

SM predicts R =10.69+0.08

=10.55 + 009(stat ) + 0.27(syst) b s(G,) = 47MeV]
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W Charge Asymme’rry

Asymmetric PDF's u(x)>d(x

>  —
II P U= w <P
—
<
Asymmetric W+/W- rapidity I
distributions
\\\ ......................
Asymmetry in W production is e n

measured with angular
distribution of decay lepton and
has to be convoluted with V-A
nature of W decay.

180 [
160 F
140 |
120 |
100 |

mm) W charge asymmetry ot

do,/dn-do_/d
%m;) L n_

RV - A) °F
do. ldn+dojdy O O j

Events/0.2

—=— e' pseudo-rapidity
—— e pseudo-rapidity

1 0 1 2 3
generated rapidity(y,, or 1]
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W Charge Asymmetry Measurement

(230 pb-!) use W->rm decays decays

= Separate high p; leptons, which

B e R e S B S B are more sensitive to PDF's
A5E- 20l goe

=
=]

-CDF-Il Preliminary, 170 pb ™'
— 25« E; <35 GeV

5 0.2
o1

E oF
04F

Asymmetry
&

e
Rl

IEI

=
T

RESBOS-A + CTEQ6.1M

0.2
[ = RESBOS CTEQ6.1M
1| ST e = MRST02 0.3 (F. Landry, R. Brock, P.M. Nadolsky, C.P, Yusn,
25l B | i . ! | i i o Phys.Rev.D67:073016,2003)
- pp— W — Hy 5 Y= 40 extreme pdfsets
b | RS T T i A i T L et ey _”E_ L l | J
. 0 02 04 06 08B 1 1.2 14 18 1.8 2 L e >
s rapidity Il
0.3
~CDF-I Preliminary, 170 pb
u:_ssczfrcuow

= Error bars are sum of statistical
(dominant) + systematic

RESBOS CTEQS.1M

uncertainty and comparable to - bk ot
PDFls uncer‘TGinTy g 40 extreme pdfsets
-u;— pp—=W —ev
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Diboson Production

Process Standard Model Beyond the SM
pp —WW S
pp—~WZ >J'i<
q w
Not directly accessible at LEP
= Background to tt, H->WW, HW/HZ combinations and explore higher
= Sensitive to new physics vs than LEP.
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WW and WZ

NLO cross section: 12.4 + 0.8 pb

(no’r obser'ved in RunIl)

WW->1*I-nn are identified using a
dilepton+MET selection which avoids
the Z region and events with jets.

: H ) (825 pb!) 95 events observed,

" expected background of 37.8 +/-4.8

ag(pp—WW)=13.6+2.3(stat)+1.6(syst)= 1.2 (lum) pb

> T
Q30 * Data
° e
c +
25 Wt
g W
T [[]Crelk-Yan
E 20 Wv+ets ]
$
wist
10
5 B
= o
. 250
Mll

\i/

130589

Campbell,Ellis, Phys.Rev. D60 (1999) 113006

pp=WZ|" NLO cross section: 3.7 + 0.1 pb

WZ-> *I -1 n are identified using
a trilepton+MET selection, with

2 leptons in the Z region.

(800 pb-1) has first 3s
observationl:12 evts observed, vs
expected background of 3.6 +/-2.0

s(pp ® WZ)=3.98"2;pb -:0@

‘ WZ Candidate Mass vs. Missing E_ |

[GeV] Mesica Tecch

—

100
i D@ Run Il Preliminary ~ =~~~
g go—OSfb
w™ | —— WZCandidates ..
£ S0L" M Wz signal MC S ek
é 70;— - Sum of Backgrounds . : : : L
- . . " = - .
60:_ " E = - . - .
N I " EE N
m: ...... 3 EE= . oy
40: S - [ .‘ [ ] .
2 e - . s @ -*. . . .
— . - - s 2 m ErEw - L
m:_ . . .*. .*- s @ EHwE = = - - - .
20:_ . . . - e ._’.’ | ] * . . - .
= P B P I P R
40 60 80 103 120 140
Dilepton Invariant Mass (GeV)




Many new results from the Tevatron: all
in agreement with SM predictions!

High precision in single boson channels is
helping with the modeling of hadron
collisions.

High statistics is allowing the study of
previously inaccessible SM decays.

Detection techniques are improving and
preparing the turf for Higgs and new
physics searches.

LHC will benefit from big increase in
production rate for EWK processes
but life is not that easy...

LHC goal on W mass: dM,=15 MeV
..but require knowledge of the
lepton (E, p) scales to 0.02%!

Cross-Section [pb]
3 3

A
Q
N
T

-
o
T —T—rrr

1F

107

Tevatron Run Il

> DO

e DO
M sMm

" gk

Preli
Pubil

EXxpe

2 limin

shed
> ctati

blishe
minar

p at\s = 1.96 TeV/c?

o CDF Pre
m CDF Pu

ary |
d 3

Y

on -

!

=160 |

My,

w Z Wy Zy WW Wz lv”“mé?“ﬁéiﬂhwv
(ﬁ@-)

S(pb)§

100
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Top Physics

Production cross-section

A
EW Production Kinematics

b / f q ’I
L |'/\
’Lp Quantum Numbers b W /
(Mass, Charge, " ".
Large mass ~175 GeV ("golden quark; Lifetime, Spin) / 1 \
o Special role in EWSB? | -
o Probe to physics beyond SM ' CI’ ,n
- W helicity
Top lifetime ~10-2% sec (G=1.5 GeV) -> no time * Branching Ratios
to hadronize -> can probe charge and spin * Anomalous Couplings
of bare quark! SEARCHES
Single top
With 1 fb! we want to answer: tt Resonant production
“Is it SM top?” ', W->1b
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Top Production and Decay Event Topology

At the Tevatron, top are produced in
pairs via strong interactions.

= At LHC:
Q S(TT)LHC ~ 100x S(TT)TEV
o Fraction of qq vs gg is inverted

rq *BR(t ® Wb) »100% b
r Wiy »@ 4 main decay topologies
—"‘-m_.h_m based on W decays (I =e,m
-
BR S/B

Dilepton: 5% >1
Lepton+jets: (ERORATTINY | 30% ~1(%)
All hadronic: (ARG R | 45% <1(%) w
Tauonic: 20% <1
(*) after b-tagging

Hown =

Some as EWK signatures! High p; leptons, MET,
jets (light and heavy-flavor).

w
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Top Cross Section

@ vs=1.96 GeV from PDF
170 7.8+1.0
175 6.7 +0.8
180 5.7 £+ 0.7

SM pred: Bonciani et al. hep-ph 0303085
Kidonakis et al. PRD 68 114014

= Measured in all fopologies.

= Use complimentary techniques:
topological (counting) vs shape
fit.

= Provide sample composition

heeded for top property studies.

Deviation from SM expectations
could indicate non-SM
production mechanism or new
physics in top sample.

a(pp — tt) (pb)

-
N
T

-
o
T

—————
CDF Run 1
Combined 110 pb”

CDF Run 2 Preliminary |
Combined 760 pb”

0
T T

N
T T

DO Run 2 Preliminary |
Dil/l+jets combined 230 pb* -

. Cacciari et al. JHEP 0404:068 (2004) m =175 GeVic?

D 1 I ] 1 I 1
1800

L | L L L L | L L L L | L L L L 1
1850 1900 1950 2000
s (GeV)
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Lepton+jet Cross Section

= This is the golden channel for its = Used in top property

high yield and relative purity measurements, single top and
(after b-tag)! Higgs searches.
i . | +MET+ >=1 b-tag
H ) has single best o | _ - m
\ ) ] 1 € 12001 Control bins Eﬂ?;aZpb)
results in 750 pb @ 100024__> Eg%n!wocn has results up to 370 pb_l
_;; =a}r;gleTop W|Th 1 Gnd 2 btags
S B Wee -
5 S.~(btag) =8.1+1.2 +0.9,. pb
. =z [ Wbb tt stat +syst umi
| +MET+>=3 jets I istag
% [ signa | +MET+ 2 b-t
[ e \WiBtS a
300;-- :gorjnbined £ 9
E b « data * . E sor~
?‘h_' 200 . Weljet  Wezjet  Wedjet Wezdet gaob
g e 8 S ey i
Q150 Wijets:1698.1+ 49.7 events 2 2
® k- S,(btag) =8.2+ 0.6, +1.0, pb :
50; 20?
SNV b L — = + + 10
® 01020304 0506070809 1 A e 60+ O°65f°T — 1°15ysf pb :

o
-

ANN output ; -
: « L L L Il L s 1 L
jet multiplicity

N>
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Dilepton Cross Section

= S:B already good enough after 2 = Cross-section persistently
leptons + MET +>=2 jets higher that |+jets: add b-tag to
improve S:B further.

= b-tagging not needed

ws? has single best result in 750 pb-!.

New inclusive analysis in (N;.;, MET)
plane to extract simultaneously — InEEEE)>
Z->tt, WW and top cross-sections.

Erao— -, E
i 460" 0 Bkgd £ 1o uncertainty ]
w160 5 °

O fis=67pb"

Mo E;TW 1 “ % Jet multiplicity

= s,r(incl)=85+23; +05,,, pb

: S

Missing energy

%oy in 370 pb! uses looser ee/nmmem A
selection +b-tagging -‘G@
ot Multplctyafer Z veto, MET » 25 GeV and Lout S,~(btag)=8.6+18,,+11 . 06, pb
s,-(notag) =8.3+15,, 10, 05, pb| \ — Y,
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All Hadronic Cross Section

rom a sample >=6 jets (specia = Combine fopological selection and b-tag

Tri . Still helmed by QCD multi-
b e = Lot's of data to model background (-: !
jets background.

) (310 pb!) requires at least
d| jet (no b’rag) and trijet (1 bTag) 1 :
distribution 1 btag and anti-MET cut.

Sir(ahad) =8.0+1.8,, +3.0,,pb

| CDF Run Il preliminary, L=311 pb ~

.:(;@ S,r(dhad) =121+ 4.9, +4.6 ., pb

400
B [
> B . - = . =] -
8200 D@ Run Il Preliminary (360 pb') & 120 D@ Run I Preliminary (360 pb’) Basor
@ 1g0l _° DO Data Candidates © *» DO Data Candidates & c I
.5 | [[] D@ Data Untagged Multi-Jet Events .5 100 ] D@ Data Untagged Multi-Jet Events l!:mu_— 1
5160~ = .
= I = C
=1 £ 250/ —
E E a0 % E
2 g :
:mm__
60~ - "
L 1501~ — —
40 100 ..Hmmihhnrl

———— T wepched irom o (est | pEl

no
o

- Cowin afie b el

= ||g-||-|||

0 50 100 150 200 250 300 % 50 100 150 200 250 300 350 400 450 500 djets 5Sjets 6Gjets Tjets 8jets
ji Mass (GeV) bjj Mass (GeV)
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Tauonic Cross-Section

Search for tf ® tn/nbb
” with t decays to hadrons

Using multi-jets trigger sample,
require significant MET to identify
tau hadronic decays (and recover
|+jets acceptance).

S, (MET + jets) =5.8+12, . +0.8 , pb

| CDF Run Il preliminary, L=311 pb "~ |

Electron + tau Muon + tau
(359 pb-1) (344 pb-1)
Jets fake taus | (.91 + 0.29 0.92 +0.29
Elecs fake 0.10£0.025 | 0.05+0.012
taus
Z? tt + 2 jets 0.38+0.12 0.31+0.09
WW + 2 jets 0.034 +£ 0.011 | 0.027 + 0.008
Total 142+031 | 1.31+0.30
background
ttbar ? |+t 1.32 £0.05 0.92 +£0.05

Probability for the expected
background to have fluctuated to

\i/

the 5 observed events or more (p-
value12 is 15%, equivalent to ~1s
significance for signal observation.

9

g{m:_..... e D Bichground uncersinty [ilsl = myal)
- - Background
520
% b e BlACh(FEUNE + 02 {rejati] [n58 ph}
¥
'_ E — Packground ¢ Inc iog je= 0 pE)
70

& s

60—
E

any top

s r—

40

|

30
20

10

0
3jets 4djets 5jets Gjets 7jets Bjets
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Top Cross-Section Summary

T T T | T T T | T T T | T T T | T T T | T T T | T T T

[ cacciari et al. JHEP 0404:062 (2004) Assume m=175 GeVic’

F kidonakis, PRD 68 114014 (2003 imi . ..

idonakis,Vogt { ) CDF Preliminary Dﬁ Run " PI"E|II'I'III'"I&F)-'

"Dilepton .

(L= 750 pb_]‘} 8'311 '511 .010.5 dlprtOﬂ {topalogical) 8.6 ﬁj:‘l pb
230 pb”’

. = _ +1.4 418
Lepton+Jets: Kinemat " " " I+jets iopoiogical) 6.7 L 5_4Pb
P 6.0+0.6+0.9:0.3 "

dlleptom+]e‘s combined 71 t:j :I: pb

"Lepton+Jets: Vertex T: 8.24+0.6+0.9+0.5 250 po”’

(L: 695 Pb1} ’ T dilepton (topological) a G tﬁ t::s pb
aroph”

Lepton+Jets: Soft Muo 53+3.3 +1.3+0 3 Itrack/emu combinsd NEW 8.6 +1.8 411 pb

-1 and L - pu a =1.7 11
(L= 193 pb™) 1.0 370 pb”

. I+jets ibaggen 8.1 7% pb
METJote: Vartex Tag 6.1:1.2 +):3+0.4 o’

(L= 311 pb”) : all-jets o goec) 5.2 55 o

. 450 pb !

All-hadronc: Vertex T 8.0+1.7 +33+0.5 all-jets (siaqged NEW . —
(L=311pb ) . . +4.9 +4.5
360 pb 124 5 pb
[N

- " -

g_on;;:;le:d;@ 7.3+0.5+0.6+0.4 | Caociar at ol JHEP D404 ), g 178 Goll
= fo] )
e b o b o b {’ISfalﬂli |(51|f5t|)i| rﬂurr”} 0 2'5 5 ?'5 10 12"5 15 1?"5

o 2 4 6 8 10 12 14
c(pp — tt) (pb)

o (pp—1i) [pb]

Tevatron goal: 10% uncertainty/experiment with 2 fb-1
LHC goal: <10% uncertainty with 10 fb-! and ultimately <5%.

07/18/2006
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Top Production Mechanism

gg->tt vs qg->tt production mechanism

results in different "underlying”

activity.

[.__ Use number of low p; (0.3 to 2.9 GeV)
tracks away from jets as a discriminator

= Calibrate <N > vs <N, > correlation using
dijet and W+0/1/2 jet data.

e WA+ et
—— Wil jor

—— WD jors

e
S NS A i

i [Mijet 80100 GV
— @ IYjer TO-120 daeV

el Wi et | 2010 Cae

CDF Run Il Preliminary

_r L dt-— 320 pb™

11 11 11| 11
0O 0.2 04 0.6 0.3 1 1.2 1.4 1.6 1.8

<|\Igluon>

pri

t]

= Fit I+jets tagged top sample (330 pb1) -
to gluon-rich and no-gluon templates v 1a
(882 M) _ )25+0.24(stat)£0.10(syst) &
o(pp > tt) Z =
6

07/18/2006 Monica Tecchio

W+ or more jet tagged data
No-gluon contribution

Gluan-rich contribution

CDF Run Il Preliminary

J'L dt ~ 330 pb™

5 10 15 20 25 30 35 40 45 50

<N, >

trk



Mass of the Top Quark (*Preliminary)
Moo [GeV/c®]

1674114
- 168.4+128

DF-1l di-* —— : 1645+ 55
Da-Il - di-l " 1766+118

Fundamental parameter of SM.

CDF-l 14 i le— 1761+ 7.3
DE-I 4] E —— 1801+ 53
CDF-Il I+ i 1734+ 28
= Recent Tevatron combination: DOl b  —- 1706+ 46
—_ 5 CDF-l all- & 1860115
M., =1725+2.36eV 30 i E
x2/dof = 81/8

. . Tevatron Run-I/1I* -;- 1725+ 23
- EWKfit gives: M. =895CeVB%c) T

1
150 170 190

6

Bl Theory uncertainty J §

(5)
Aa‘nad =

D — 0.02758+0.00035 N
= InRunII,expect dM,=+25 N e onosme
MeV and dM, = £ 2 GeV .
= 35% constraint on M,,. T ]
). il
= Sensitive to new physics through - .
radiative corrections. o |Excluded & |
30 100 300

my, [GeV]
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Top Mass Measurement

Why is it so hard?? N e ® W
a Life ain't pretty.. t®W b
o Combinatorics of assigning jets to W/t <
. - TR e, q)
a ISR/FSR jets J1 b /N e B

W++b?

-".-'a-..:,,,m E T

= Two methods: is
1. Template Methods
2. Matrix Element Methods
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Top Mass with Templa’re Method

= Evaluate event-by-event best
“reconstructed mass”’, M., by
using observed kinematics of
ttbar event (e.qg.: c? fitter)

= Create "templates”, i.e. MC
predictions for M, using
different true masses , M,,.

/_ Data

uu{p(
15 — '__"_:: \

=]

= 1}

<]
— L
=
CF)
S -
= 160 &S l?Cl L']' ]Sﬂ ]33 190
E f'.-'[top (GeW /i ]I
=
R}

Top templ

" 150 200 350 30
Reconstructed Mass (Gew /¢)

,mp CDF Run Il Preliminary

140 Ge¥ tagged mans template 150 GeV tagged mass template 150 Ga¥ tagged mass templshe 2
Entriea 2912] freof Entries 5570] %,
Mean 1497 Bemf Mean 1535

AME 2865 gmo;— RME 2761 ;_
140 GeY - || 150 Gev

1 1 L 1 E,
N o 2w B WO 10 Do oo oM @0 R T
Fcarmruced mams te R Ptz rLicr e P £ e ) Fecarar e s £ Gk e

170 Ga¥ tagnad masa templata 150 GaV tagned mass tamplate 190 Ga¥ tagned mass template
ka3 Entres 6772| % F Entries 5128]  Bof Entries 7605
gfm— Mean 1674 g 3 Mean 1745 E\”’E‘ Mean 1811
ot AM3 2953 ]"m:_ AMS 2266 Baof AM3 3136
‘g-u:o— (g:nof_ E—
= | 1170 GeV.; 180 GeV: 190|GeV
ok E 2k
wef ook 1o
N T o 8w @ e e e e m me = oe o
oMLt ed M (G P L] P £ G W ) P I e T G W)

X0 Ge¥ tagged masa template 210 GeV tagged maas tamplate 220 Ga¥ tagged maas template
Evm. Entriea FE76 E E Entriea 7340 gm Entriea 7351
Bk Mean 14672 5 Maan 1832 Bz Mean 2014
g”m' mMs 33| B AMS 3435
B
Vi 5 ) GeV
200F-
mo;— 1
O-WO 1m0 200 20 DO BA0 100 50 200 M) D00 3E0
FRecarmiructed mams (GeWe") Frecarm ructoed mams {Ge We ) Fecormiructed mams (G We )

Measure top mass with
likelihood fit of data M. to
signal + background template.

Py Iy R
O7/18/200§ g II[JI ¢
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Top Mass in I+jets

S uncertainties are the largest source o

systematics:

+1S;es P S M = +3GeV

op

[ Fit simultaneously for M,.,;; and M,
= using 2D femplates of true M, , and's ;s

(680 pb-!) achieves world single best
measurement and improves JES
systematics by 40% by using in-situ

calibration

Mg, =173.4 + 2.5(stat. + JES)

+1.3 (syst.) GeVic

Fraction/5 GeV/c?

best measurement (370 pb-!) uses a ME
method with simultaneous JES fit

M, =170.6+ 44, .. +14  GeV

e

e o

(=] iy
P T

o
[=]
T

Fraction/5 GeV/c

o
=]
T

=]
S

0

20 40 &0 B8O 100 120 140 160 180

n'lu{GeWcz)

A_JES (o)
]

CDF Run Il Prefiminary (630 pb')

r y o .,
r " tAln L=4.5 e,
LR

"
il
Y

Y
: -
: e

165

170 175 180 185
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Top Mass Measurement with ME

= Calculate event-by-event signal 3
probability curve (rather than 1 do(My)
single M __.) using decay matrix

rec

element and transfer functions. o (Mt) dx

Mt fGeV]
m Calculate event=by-event \

background pl"Obilh
Aspgrdence on M,
iz ch)shMﬁ(pﬂ,M VAN P S SVAN S o

dx N
MT M M M
= Combine signal and background " P i o
probabiliTy in one likelihood vs /\ P P
M,,, for entire sample. signal background

ME Method use maximal information

per event at a price of simplified
assumptions.
Final mass result and uncertainty is

calibrated against simulated
events. M
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Top Mass in dilepton

Under constrained system: two neutrinos
but only one MET measurement.

__ CDF Il Preliminary
_J"Lm =1.08 fb™ (78 events)

(1 fb'!) assumes highest two E; jets are 1o
” the b-jets and integrate ME probability :

over 8 unknowns ( p(n,), p(n,) and p(11))

-40 -30

-20 -10 0
In[dos[tt(M,=165))/dx]

Using 78 events (27.8 bkgr)

M., =1645£3.9,, £3.9,,6eV 308L) 2 [ [ wirans, |

= Confirmed in b-tag dilepton sample § omp o Jrameeiomemmy
(5:B~1:30) . g o2f
= Consistent results in template & oif
measurements. 0.08 -
__ 0.06 |
359 best measurement (370 pb) uses Matrix -

Element Weighting method: il . !

_\a@ .02 . 1

M, =1781+6.7,, +4.8 ., GeV AU N .'.-51%..“@;0

M, (GeVic) ___
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Top Mass in All Hadronic

Low S/B (~1/8) and large o r——

240 0.12

combinatorial background (90 3
permutations for 6 jets) i

0.08

0.06

Ideogram Method is a hybrid
template and ME technique:

0.04

120 - & e EECE m 0.02

100
700 120 140 160 180 200 220 240

= Define event-by-event 2-D likelihood s [GeV/C'
0
Levert My, C.) = AW, €, Signal +(1- C,)Bkgr g
=1 ﬁ, - e CDFdata310 pb’
= Signal template is the combination of a 5 *F W i v, = 175 Cevic?)
2D mass fitter and a combinatorics 2of B b=coround
fitter

Using 370 pb,

M, =1771+49,  +47,  GeV \0@

350 400
m, [GeV/c’]
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Top Mass Results

CDF (*Preliminary)

Run 1 Dilepton
(Run 1 only)

Run 1 Lepton+Jets
(Run 1 only)

Run 1 All-hadronic
(Run 1 only)
(L=680pb")
(L=750pb")
{L=360pb")
{L=360pb")

Dilepton: P,(tt)
(L=340pb")

167.4 +10.3+ 4.9
176.1+ 5.1+ 5.3

'Dilepton: Matrix Element b-ta
'Dilepton: Matrix !Iement
Dilepton: Cgmbined

Dilepton: v weighting

&
186.0 £10.0 + 5.7

9162.7+ 4.6 + 3.0

164.5+ 4.5+ 3.1
167.9+ 5.2+ 3.7
170.7+ 82 + 3.7

169.5+ 77 + 4.0

Dilepton: $ of v

169.7 + 32 + 4.0

{L=340pb") g0 T
‘Dilepton: DLM 166.6+ 32 + 3.8
ey 173;-2 + 33 +£3.2
Leptonslets: Ly 183.9+ 157 + 56
L?Lp;tgg;::gf: Matrix Element 174.1 + 2.0 + 2.0
- Lo o
LeptonJets: MucotW > Il 173.4+ 1.7 + 2.2
'GOF March 2008 172.0 £ 1.6+ 2.2
oo a0 oy 17255135 1.9

150 160

07710/ cuvo

180 190 200
Top Quark Mass (GeV!cz)

D@ Run Il Preliminary

I+jets (marixsioment, btaggeet NEW ~ —@— 170.6 %37 5 Gev
370 pb

l4jets (matrix clement, tope) NEW o 169.2 33 71 Gev
aropb

l+let5 (ideogram, topologioal) H_'_|_| 1??'5 ::.: t;.:li GeV
160 ph™'

|+]EIS (lemplate, lopological) H_._H 1599 ::: :;13 GeV
230 ph”

I+jﬂt5 {template, b-tagged) e 170.6 ig ::: GeV
230 ph”’

I1 (matrix weighting, b-tagged) NEW ——&—H 176.67))2 32 Gev
3o ph’

Il {neutrine weightingt NEW H &  H 1?5.5ﬂg:; ig GeV
aro pb”

World average Ho¥ 172573 113 GeV

140 160 180 200
Top Quark Mass [GeV]

Tevatron Run IT goal: d(M,,,)<3 GeV
with 2 fb-! already exceeded!

LHC Goal: d(M,_)<1 GeV with 10 fb-1

top
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Top Charge and Lifetime

Top quark in SM has charge 2/3e. Top in SM has very short lifetime
Some models propose an exotic 4 (SM ct ~ 3x10-10 nm)
quark with Q=4/3e

' (320 pb!) look for anomalous

G lifetime by fitting impact
Gy L parameter of lepton in I+jets
é J ; ! \_Impact parameter of lepton |
2 ; * (365 pb1l)in | +4jets (2 btag) use a E  15Fcor un 2 prefiminary
Jet charge algorithm to discriminate o 1438 P0 e Gt AMS-334£1 9 um
between b and b. § 12} S L
D@ Run Il Preliminary = 10;—
§ ] o When paired to ¢* 8 L
i e top charge is inferred. o
10-
i 2_—
] Data excludes gi %‘ {) .
1 -200 -100 0 100 200
o Q=4/3e @94% C.L. dy (um)
; + .;o@ -:(%@ ct <52.5m (@95%C.L)
L R T Monica Tecchio 38
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W Helicity in Top Decays o

tspin=1/2 V-4

Top in SM has V-A decay.

= Helicity states of the W:  Longitudinal ~ Left-handed Right-handed
w

Because top is heavy: '-' b i'
o i 4 4

F m = 0.703+0.012

2M, +m’ +m; b F, w F_ b F,
Fo+t F+F,=1
= SM test: if V-A interaction F_" 0.3 Fi ™ 0~
if V+A interaction F_"0 F, 0.3  suppressedby factors
of order M4,/ me;

W rest frame - "y e | Variables sensitive to W helicity
* < Sosf s are angular distributions of W
b < e sk products in W rest frame.
nf ]‘f ok = cos(g*) distribution
N N . = M3,
-1 0.5 0 0.5 1 - e e m

cos 0
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W Helicity Measurements

Assume V-A and measure F,/F_ with
other components fixed at SM

value.

B * (370 pb1) reconstructs cos(g*) in
dilepton and lepton+jet events to
extract F+

F, =0.08+0.08,, +0.06,,, %@

14
"E DO Preliminary —#- DO data
3 R T s [ ST (.Y
w10 S ffs Il (V4A)
8 [ ]background
E Lode =
e
2 E. B ~ .
% o5 o0 05 1

Measure F, and put limits on
V+A/new physics.

H ) has 3 new measurements: -Z(%@

1. cos(g*) (318 pb!) with full +t
reconstruction in I+jets

F, =0.85+0.19,, +0.06,,
F. <0.26 (@95%C L))

2. M?, (750 pb1)in dil and I+jets
F. <0.09 @95%C L.

3. cos(g*) (955 fbl) in I+jet samples
using the mass c? fitter

F, =0.61£0.12, . £0.04,
F. =-0.06 +0.06,,, +0.06,,
F, <0.11(@95%C L)

07/18/2006
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Single top is produced via weak
interaction at a rate ~1/3 that of top.
Allows direct measurement of V.

B.W. Harris et al. Phys. Rev. D 66 054024 (2002)

Kinematically wedged between non-top
and top signal, plus high backgrounds
(5/B~1/20) require very sophisticated
analysis techniques.

Use | +MET+2jet (>=1 btag) events:
same signature as tt ® WH(H ® bb)

s and t-channel searched jointly and
separately (have different sensitivity
to new physics).

th b

s-channel production
(W%)

t-channel production (Wg
fusion)

CDF Il Preliminary

2
=3
=
=

Norm. to unit area per 4 GeV/c
=

100

150

200

= t-channel

= s5-channel
ti-Background

— Whbb-Background

S
M, [GeVic’]
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\¢/

" (695 pb!) has 2 analysis:
1. Multivariate Likelihood Function
2. Neural Network

95% observed (expected) exclusion limit

getting close to SM expectations!
Channel s+t (pb) t (pb) s (pb)

CDF Il preliminary

The needle(x10!) in the haystack

D@ Run Il Freliminary, 370 pb '

= t-channel (10}
s-channe! (2100

I i

B WHets, YWW, WE

I Muliijet

04 05 b5 OF 0B 0% 1
ts-chanmel Likeihood filter

D@ Run Il Preliminary, 370 pb™’

S
en

Likelihood
discriminant

=
.}

=
(%]

=
(X}

Projections 2 7-/
. , w 6 i
(ignoring syst): § .
= 24sexcess S , .
with 1 fb & 4
w =l Statistical errors only
= 3 S excess 2L
around 15 fb! 4| Based on SM single-topl
Cross section

Posterior probability density (pb )
=

=}

s-channel

wiemr t-channel

ﬁisnnsamu <44 pb

s>, <43pb
<5.0pb

L Nt il S
4 [5] ] 10

(=]

integrated luminosity [ 1/fb ]
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Search for Resonant Production

Look for bumps in the ttbar
invariant mass spectrum

PP® X°® tf

\_ J
CDF Run 2 preliminary, L=682pb‘1
NS'-I 500 : : —— CDF data, Nev=447
§ E [ w+zgq
%40* [ Jaco
% i [ Iswmd.e7pb

w

o
o
s}
w
o
=
Z
[y
o]

[ +|*|i|#|l+i\u|i|||ﬁ
00 400 500 600 700 800 900 1000 1100 1200
MtE [GeWc"]

@ (680 pb!) looks for generic spin 1

resonance (X°)
a

a

T, - BRIX"> tf) [pb]

Assume Gyg = 1.2% My
Test masses between 450 GeV and
900 GeV in 50 GeV increments.
CDF Run 2 preliminary, L=682pb™"
g.;- 5!, i s Expactad limit at $5% L,
BE— _'\ A : i Expactad limit at 85% C.L. +1s
E_ Vi _ Expectsd limit al 85% C.L. 120
?E \ . & Obasred il a 05% CL.
E:'_ \ | —— Lentophabie 2", Tp=1.2% W,
-’I-E— \
=
3 '
25— - g i P prmm———
- ! - — — <
FIIIII |||||||||||||||||||| I||||T|_|'_|‘"I'1-r1—|—|—||

45“' 500 550 ﬁUﬂ' 550 ml.'l 750 BOD 850 900
M,, [GeVic’]

Set 95% confidence level limit for syq at
each mass.

Exclude leptophobic Z' with M, < 725 GeV.

07/18/2006
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something with “top-like"

signature, t', by fitting Hy vs M,

m (230 pb!) has search for W'® tb

_Other Searches in Top Sample

: H ': (760 pb1) has search for

in the single top sample by fitting
My

% CDF Run 2 76.0 pb-1 g 70 D@ Run Il Preliminary 230 pH
; F"reliminary T eoF- :Ev?tfsune oV} (10)
: A Sk z =
_T 1} observed 1l 505— || t:channel
@ | 95% CL upperli 40 = Wejets
Ew range of - =S Multijet
1 expected 95% CL 30p
= upper limits -
B theoretical prediction 200
0.1} . (Bonciapi et al.) . , . -
_\(;@ 150 200 250 300 350 400 10
s t' mass (GeV) 0 . = mugr .
: : s1e w:(t%?
= No evidence for t observed. = No excess observed T
= Set 95% confidence level limits on = 95% upper limit on W production:
s@') BRE'® Wq) 1.8/1.4/2.2 pb for Mw'=600/700/800
GeV
= Exclude m,. < 258 GeV for '
BR(E'® W *) —100% = 200-650 GeV range excluded for W
I ° with SM-like couplings.
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= CDF and DO have used samples 3-10 times the Run I statistics
to:
o re-established analysis tools for top physics

o approached or even surpassed level of precision set for Run IT
o try new and daring ideas

= Top cross sections is measured at 15% level.
= Top mass precision is already known at 1.5% level.
= Single top is behind the corner....

= Still hoping it will act out as any teenager does!
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Conclusions

= Tevatron is produci

Making precision m
Model parameters

Discovering new S
predicted in Beyon

Unveiling SM top q

Q

onica Tecchio

esults:
‘ortant Standard

ts on particles




