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Fermilab and The Tevatron

< F.N.A.L. (1967)
< Large number of H.E.P. projects

B el T

Fermi National Accelerator Laboratory — Aerial View

Do

< Tevatron Run Il (2001-2009):
< Proton-antiproton collider
< Two multi-purpose experiments:
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Top Pair Production at the Tevatron

< produced in pairs via the strong interactions. \
T T e ; gkt 8 r
- N - T T~ —
~85% ~15%
. _ one top pair event every 1010
Q( pp>tt@M top = 172GeV )~ 7.3+£0.9 pb inelastic collisions /
2 Inthe SM, BR(t>W*b) >0.99 @95%CL Wa [ Alhadronic
2 Final state is given by W* and W- decays jets Tie K S/B=0.04
2 All Hadronic channel (tt - bqq'bqq)
o Large BR, small S/B . lepton+
' S/B=0.8
2 Lepton (e,u)+Jets channel (it - blvbqq')
2 Second large BR, good S/B _*3’1 All-hadronic
2 overconstrained kinematics | .
2 Dilepton channel : (t — blvbl) 2 ;gi?”+19ts
2 BRis % of L+Jets, cleanest channel
< underconstrained kinematics k3 di
S Lepton + Had. Tau channel(ft — blvbz,v) - di |:| S;Bejton
2 Very small BR, S/B~1 S lepton
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Top production: Intro

-
qq annihilation gg fusion
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True GG Fraction

S Measurement
< Find the production ratio (F,) of the gg-produced to pp-produced tt events:

-

0 g§ CDF Run II (Preliminary)
“E Luminosity 955 pb™
0.8 E_ Measured Value = -0.075 Best Walue
0.7 | Limit at 68% CL (Stat. Only): < 0.23
E | Limitat 68% CL: <0.33
0.6—
0.5
0.4
03"
0.2
0
P P IR B |

08 1 12 14
Fitted GG Fraction

Combination

Two strategies

1. Analyze the kinematic
information|

2. Take advantage of the fact

that gluon radiate more| I 8 |

‘|

Number of events

L 5

CDF Run II (Preliminary)
Int. Luminosity 955 pb™

Measured Value = 0.073]

+0.15
Sys+Stat: 0.07

Limit at 85% CL: < 0.3

n Cousins Combined

Best Value

T N N
06 08 1 1.2 14

Fitted GG Fraction

02 04

[ Tagged W+4 jet data
= Mo-gluon + gluon-rich
== Mo-gluon contribution
=== Gluon-rich contribution

CDF Run Il Preliminary
[Ldt =1f5"

Un.
0 10

20 30 40
Number of low p, tracks

Combined result: F;;< 0.38 @ 95% C.L.

T
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Measurement of BR(t 2WDb)/BR(t 2Wq) DS

< Ratio of top branching ratios %" D@ Run I
~ _ BR{t >Wb) _ V| g%
BRIt >WA)  Ng| +Mo| +MNo| g2 06
< Measurement § 0.4
o Fraction of b-tagged tt events depends ) -
strongly on Rand ¢, Pl

0 02 04 06 08 1

< Measurement simultaneous with Gy R

< Fitting to data results:
600 R = O.97f8j8§ (stat + syst)

L=0.9 fb™ -+ D@ Data
| ' o =8.18" 5, (stat + syst) + 0.5 (lumi) pb

]

R>079@95%C.L. [ oot direct
V| >0.89@95% C.L. | limits to date!

400

Number of events

B Multijet

200

0

0 1 >2
Number of tagged jets
vdh March 11th, 2008 Ricardo Eusebi - Rencontres de Moriond 6


http://images.google.com/imgres?imgurl=http://www-d0.fnal.gov/Run2Physics/WWW/images/d0logo_white.JPG&imgrefurl=http://www-d0.fnal.gov/Run2Physics/WWW/templates.htm&h=431&w=817&sz=102&hl=en&start=3&um=1&tbnid=shLiHSDC9zmG9M:&tbnh=76&tbnw=144&prev=/images%3Fq%3DD0%2Blogo%26um%3D1%26hl%3Den%26rls%3DSUNA,SUNA:2006-33,SUNA:en%26sa%3DN

Top Charge: 2/3e or —4/3e?

e
L 2

Standard Model: q,,=23¢

Exotic model: part of doublet (-1/3e,—4/3e) ?
See [D. Chang et al., Phys. Rev. D59 (1999) 091503] for details

Use L+Jets and Dilepton channels

< Counting Experiment : find number of pairs

SM like (W*b) and exotic like (W-b)

Direct measurement:
1. Determine W charge
2. Correct pairing of W and b jet

3. Determine flavor of b-quark: “Jet Charge”
(calibrated with dijet data)

Two measurements per event in
both channels

March 11th, 2008

(

Flavor of b-quark:

>Use “Jet Charge”

— - 0.5
Z (Plnwk ' f}jul) : leck

tracks
JelQ = . L 105
)3 (Flruuk : f}.jct)

tracks

»>Calibrated with dijet data
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Top Charge: 2/3e or —4/3e?

i cr:.-F Run Il preliminary, L=1.5 fb" ( Statistical Treatment: A
60 _ Hypothesis Test
- i+ XM like _ _
S0 ; > Null hypothesis: SM is correct
wp : e2/3Q > Decide a priori: probability of
a0f [Bkgs incorrectly rejecting SM: a = 0.01
2F-  data > If nature followed exotic model:
oE { 87% of all measurements would return
=1 ; L, | p-values below 0.01 under SM
0r——08 06 04 02 0 02 #Igharg;s JEP;La';a'rg: hypothesis
> Measured p-value: 0.35, i.e. larger
than a
< Counting experiment: — data consistent with SM
datasets L )
< 62 Standard Model-like events e — 2
-~ 48 . del-lik { P-value: Probability that measurement
exotic model-iike events results in the measured value or worse,
L given a hypothesis. )
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W helicity from t-2Wb decays

< Examines the nature of the tWb vertex
< Stringent test of Standard Model and its V-A type of interaction.

2 In general, the & distribution of top decays in the W rest frame is W rest frame

"l‘_.l‘

\ 3 \ 3 \ 3 \ !
w(cosd") = f_ -g(l—cose )+ f, -Z(l—cosze )+ f, -§(1+003<9 )? W /E‘
A
f+f,+f =1 .’
2 In the Standard Model :f = 0.3, f,= 0.7, f,=0 '
—~ 0.7
e
o
So6f
= ¢
05 ctt-handed . O Right-handed
0.4 ;__ Longitudinal +
0.33—
u.zf—
u.1f— e,
U;’: I |.|.-|--'r"r"'|"|“i“;l.i.| PRI (N N T N S W A |'ll-|lh|“|u|'*f'|"r-p-|..L bl
-1 02 0 02 04 06 038 1
cos6
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W helicity from t2Wb decays D

< Template fits for f,, f, and f_
2 Take advantage of lepton+jet and Dilepton channels: 1 fb-

1
I
o

‘._o'l 20
DO, L =1 fb’ '

—e— Data 1
Negative Helicity L
Longitudinal Helicity 0 8_

—— Positive Helicity i
IJ 0.6

. ;p:}%rl TN

Entries/0.
w
o

N
Q

0_
Q.I 05 0 0.5 1 B B2 74 0 o s "f1.2
coso* *
< Simultaneous fit to f, and f, < Fittof, (f,) assuming SM f, (f,)

£, =0.425 £ 0.166(stat) = 0.102(syst) [, =0.619 + 0.090(stat) + 0.052(syst)
£,=0.119 + 0.090(stat) = 0.053(syst)  f.=-0.002 + 0.047(stat) + 0.047(syst)
(£,.<0.13 @ 95% C.L.)

Best results to date
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Flavor Changing Neutral Currents

< No Flavor Changing Neutral Currents (FCNC) at tree level in the SM.
L] -

Allowed at higher
orders, but heavily
suppressed (GIM, small
CKM elements)

Beyond SM models predict branching ratios up to O(107?)...

< Search in the Z+4 jets channel. Handles:

< Kinematic x2: 2 Transverse mass:

8 * FCNC 3 * FCNC
< [ . [ Z+Jets < 50001 _ [ Z+lets
E 10000 - ~4 [ Z ccHets E r o' £ Z ctHlets
g [ 3 Zbb+lets I 4000 |- . = Z bbtlets
= 8000 e : * .
8 i 2 - Lo .
el B =) -
S 6000 f g 3000} o .
ﬁ B 'g L » -

B 2000 |-
E 4000 f g T J e« L%
Z i r4 I . i %

2000 | 1000 - 1
E} : ""‘"—h\____

0100 200 300 400 s00 600
Transverse Mass (GeV)
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Top FCNC Search: Results

het

< Events separated in three categories:
< Tagged, anti-tagged and control region

Best Fit to Mass y2

ol
E Tagged Anti-Tagged Control
Lt {13 Evenis) 33 Evenis) {136 Evenis)
e ®
40t ® Data ( I_? b 1 CDF II Preliminary |
0 FCNC tt (3.7%) fLdt=19 fb!
Fit Uncertainty
[0 Z + Jets (HF & LF)
50| B Standard Model |
B Diboson (WZ, ZZ)
h‘-—.— )
0

o 2 4 6 0 2 4 6

B(t>Zq) < 3.7% @ 95% C.L.

World’s best limit. Improved previous limit (13.7% @ L3) by a
factor of 3.5

March 11th, 2008 Ricardo Eusebi - Rencontres de Moriond 12



Forward-Backward Charge assmetry DEJ

> Arises at higher than tree level order (see PRD 59, 054017)
2 Reconstruct the tt decay chain and get the top rapidities y,and y;

N.—N
f b -
= N (Ng) = # of tt events with positive (negative) Ay =Y.~ Yr
Nf o Nb
2 Using 0.9 b, Lepton+jets channel 1

D@, 0.9 fb!

Dilution

AS* =0.12+0.08 (stat) +0.01(syst) 05

N

IILl.I,I__I_IJQIlIIII|IIII|IIII|IIII|IIII|IIII|IIII

2 For a model’s prediction of |Ay| distribution —
dilution function is used to go to the particle level o 05 4 15 o 25
|AYl
< Sensitive probe for new physics < = TR
T , c 09 oy excluded region
S Example: limits on Z’ based on charge asymmetry Eos
= 0.7
— , = g 0.6 T e
G(pp—>Z —)tt) o5k TTmeemeemememttt
f= _ — o
N 0.35
o(pp — tt) ]
0.1

E ] ] Lo Ly
400 500 600 700 800 900 1000
Z’ mass [GeV]
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Top Properties: Other Measurements

Forward-Backward asymmetry\

_ N(—Qg)'COS®>0 B N(_Qg )-Cos®<0

Is the Top

Differential cross section
do' N, —N

Ap = N N dM ¢ 54._' LAiMﬁ
(-Q,)-Cos®>0 + (-Q,)-Cos®<0 o CDF Il Preliminary
, \ really the S
i - [ sM uncertainties ‘
//-‘,G St d d % 107 4 o Dala.J.L:I.Q*_rOJfb'
P anaar
7 ¢ o
- Model Top? |Esl
Backward Forward |
\ . J ) 0 200 4&ano|(§igcﬂj Mﬂﬂi(élevfcﬂz?o 1200 1400 )
4 4 . Y 2 + + =)
Measurement of |Vtb| Search for Charged Higgs Limits on BR(t->H"b), H*->cs
2 Limits on B(t>H*b)
R = B(t—)Wb) _ ’th‘ 2000 —_— HY =]
2 2 2 18001 — W
B (t — Wq) ’\/td ‘ + ’\/ts‘ + ’\/tb‘ t - H* b search CDF Run |l Preliminary - w 2
160 Excluded 95 %CL m= 175 GeVic? [L dt = 192 pb’ 160 1600: |
8 1 Y T : y :  — —— SM Expected 1400p
‘| 4 o Sl ] 2 e
0 8- ::::! : /EE [ Excluded LEP 5'5\120 i 1000
8| #Feldman-Cousins %” “§ coo
" Confidence Belt 1y S\
0.6F B 95% C.L. = g0z o0 o
; [190%CL. 60= LEP%?&EEE“ﬁ?’i’;;ﬂi’%‘iﬁf“” w0 200
04l [J68%CL. IR T
05 1 1.5 720 40 60 80 100 120 140 160 180

M5y =1000 GeV/c?, 1=-500 GeVic?, A=A,=2000 GeV/c’, A,=500 GeV/c

\.

M=0498°M,,  M,=M;=M,=M,=My=M=M =M, o,

\_ Mtop [GeV] )
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Conclusions D>

< CDF and DO are seriously focused on exhaustive
measurements of top properties

< Many more analyses ongoing
< B(t=>H*b), with H* decaying to specific channels
< Top Spin correlations
< Search for t>Wq
< and more...

< Exciting times :
< Analyses are very mature

< Much more data on tape

< Uncertainties are beginning to shrink...

More and more we are putting the SM to the test
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Top Cross Section Results

< Measure the cross section
< Assume tt production cross section, G <
< Get backgrounds from using O
< Measure a new G; and iterate until convergence

.. -1
CDF Run il Prellmmary (1 12 fb ) . Dot CDF Run Il Prellmmary (1.12fb ) ., .
2 [ ]Top (8.4 pb) 8 [ I [ ]Top (8.8 pb)
5 -EW&SiI'I e Ton E BOL / -EW&SII'I e Ton
7 A SUNOROR > % gle 1op
L [[] w+Light Flavor w F / [ w+Light Flavor
E -NON-W E,Toz_ ............. ‘ ..................... A A W : /-NOHW
S [0 +harm D ok 7 Bvwscram
& 800 — - g 607 /‘ ..................... A 7 I W+soton
® ] Lo | ]
5 Cha 7 -
£ L O —| S ————— ]
5 C
= :g 30 N ................oodemdini,
E 7z
g 20 B .o LA G
= ]
108 R e 3
ol

=5

=5
Number of Jets Number of Jets

> Atfter statistical treatment to consider the iterative process
o 21 tight tag: 0=8.4 + 0.6(stat) + 0.9(syst) pb,
o 22tighttag: 0=8.8 + 0.8(stat) + 0.8(syst) pb,

Baseline for Top Properties analyses
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Top Charge: 2/3e or —4/3e?

Standard Model: q,,=23¢ (
Exotic model: part of doublet (—1/3e,~4/3¢) ? Flavor of b-quark:

See [D. Chang et al., Phys. Rev. D59 (1999) 091503] for details

>Use “Jet Charge”
< Use L+Jets and Dilepton channels

< Counting Experiment : find number of pairs . 05
SM like (W*b) and exotic like (W-b) )3 (.-'?u-uuk ' f?jul) * Qhrack
.]EI'Q __ tracks
- (q = 05
> Direct measurement: “E]H Purack * Piet)
1. Determine W charge
2. Correct pairing of W and b jet

3. Determine flavor of b-quark: “Jet Charge”
(calibrated with dijet data)

»>Calibrated with dijet data

Two measurements per event in
both channels
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Top Lifetime hs

E | CDF Run 2 Preliminary
2 Top lifetime in the Standard Model & 14} 318 pb” e ot RMS = 334519 um
2 Expected lifetime: < 10-%* s % 12 L
< Constrained by unitarity of CKM matrix, but D 10
no direct measurements so far 8
6
< First direct measurement at CDF 4}
S 318 pb~', Lepton+Jets sample 2}
< Measure lepton impact parameter dO Q55500 0 00300
< Calibrate impact parameter resolution in Lepton impact parameter dj (um)

data with leptons from y*/Z decays
CDF Run 2 Preliminary

< Create templates for signal & background =
< 80l
2 Results: £
< Maximum likelihood: ct = 0 pm 60}
< Feldman-Cousins limit including .
systematics: 40 |
Feldman-Cousins
20 confidence belt
CT < 525 um a.t 95%CL .w;lthc-ut systerlnatms
0 ] with systematics

50 700

[CDF Public Note 8104] \ .
maximum likelihood c¢r (pm)
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Lepton+Jets Sample composition

< Cross section requires understanding of all processes in sample

< Sample-composition estimator
< Performed in a jet-bin basis
< Based on the pretag data

< Predicts sample composition in the tagged sample [wowm

220

v Data E

... M Anti-Electrons ]
[ bb MC
[ ]wMmC

. [ ]TopMC

< Components in pretag data:
ot

4 ) )
Production cross sectlon]

= WW,WZ,ZZ’Z/YQTT relatively well known

S single top A i
< non-W } Handle on these processes: MET

< WH+jets (W+HF, W+LF) } Theoretical cross section with large corrections
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