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Top Physics at the
Tevatron

How is Top How Does What are Top’s
Produced Top Decay Intrinsic Properties
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e Strong Force Mass
Ow~ 7.5 pb Width ¢~ 1.3 GeV
e Electroweak Spin 1/2

Os+¢~ 3 pb Charge +2/3




What does Top'look like?

® ~ 4 jets
q =
W ® A single high energy lepton
q
L e N
. ® Large Missing Energy
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Top Mass

® Free parameter in the SM 10"
10 -
® Combined with the measured Wmass 3 10 |
constrains the mass of the Higgs ©10'F
. L. . S .8 C
through radiative corrections SwWrF ¢
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Top Mass

Matrix Element Technique: The probability of being sighal
or background is calculated per event as a function of M¢

® Multiply event probabilities to —
extract the most likely mass - -

® Jet Energy Scale is reduced by °
measuring from hadronic W decays

Me = 173.0 X 0.9scac+jes £ 0.9sys GeV/c? B WA X WA




Top Mass Combination

® Tevatron Combination updated
this July - includes |11 results

® Statistical Uncertainty on
Jet Energy Scale is largest
systematics ( ~ 0.46 GeV)

® Good agreement across both
experiments and channels

173.3 £ 1.1 GeV/c?

AM /M~ 0.6 %

up to 5.6 fb"'
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Mass of the Top Quark

July 2010

CDF-I dilepton

°
D@-I dilepton

n—-—.—o—-

CDF-II dilepton *

._.—u

D@-1l dilepton *

CDF-I lepton+jets

®
DO-I lepton+jets

CDF-Il lepton+jets *

DO-1l lepton+jets *

(* preliminary)
167.4 +11.4(x103+4.9)
168.4 +12.8(x12.3:3.6)
170.6 £ 3.8 (x22:3.1)
174.7 £ 3.8 (= 2.9:2.4)

1761+ 7.4 (:51:53)

180.1+ 5.3 (+39:36)
173.0 £ 1.2 (z07=1.1)

173.7 £ 1.8 (x08=16)

CDF-I alljets

CDF-II alljets

CDF-Il track

Tevatron combination *

156.0 +11.5100+57)
174.8 £ 2.5 =17+ 19)
175.3 £ 6.9 (x6.2:3.0)
173.3+ 1.1 z06=0.9)
(= stat = syst)

v2/dof = 6.1/10 (81%)

150 160 170 180
m,,, (GeV/c?)
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Back to the Higgs

Electroweak Fit
My = 89%335_,, GeV

Mu < 158 GeV @ 95% CL

July 2010
I

' |
1 —LEP2 and Tevatron (prel.)

80.54 - LEP1 and SLD
68% CL
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Back to the Higgs

Including LEP
Direct Search Limit

185 GeV @ 95% CL

Search for the Higgs Particle
Status as of July 2010

Excluded by Excluded by
LEP Experiments Indirect Measurements
95% confidence level 95% confidence level

100 114 120 140 185 200 GeV/c?2

Higgs mass values



tt Cross Section

® Testing perturbative QCD at high g
energy

® New production mechanisms may

appear as an enhancement

Q|
|

(or deficit) in the rate of production g‘ t
/o.— - g < ® .
o«>M = 7.5 pb /2 t



tt Cross Section

CDF Il Preliminary 2.8 fb” Niso 23 KS =526 %

B data (3101 evts)
N top
B V+jets
QCD
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N events
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NN output

® Identify top events through kinematics using a
Neural Net, trained to distinguish signal from
background

® Fit signal/background templates to data

® Measured relative to Z cross section to reduce
uncertainty from measured luminosity

|0



tt Cross Section

. CDF Il Preliminary 2.8 fb™ ij =9 KS =526 %
¢ Sl I top
- z“"F I +iets
N 180~ I acp
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Electroweak Production

)\
W*

CDF Preliminary Single Top Summary
For M,,, = 175 GeV/c®

Likelihood Function .
(321" 1.5+ g

Neural Network
(3.21")

Matrix Element
(3.21)

Likelihood, Function
(3.2f")

Boosted D1ecision Tree
(321f")

Combination (Lepton+Jets)
(3.21")

MET+Jets

Combination (All Channels)
(3.21")

-5

— I 18:06
251:82

T 16208
] 212
211:82
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Single Top Production Cross Section (pb)

NLO: Z.Sullivan, Phys.Rev.D70,114012 (2004)

NNNLO: N.Kidonakis, Phys.Rev.D74,114012 (2006)



Forward Backward

Asymmetry

® Test of discrete symmetries of the
strong interaction at high energy

® Tevatron is special: pp collider

® NLO QCD predicts small
asymmetry from qq->tt

Apn — Nvy~o0 — Ny<o

C Q
> <MJ o <
0000001 0000001
q Q
Nv -0+ Nvy<o

. . —— 0000000 Yy—>—
® Ideally suited to discover new I >mm <
big gluons with axial vector

coupling

~ 5%
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TOP Quark Ars

® Reconstruct the top and anti-top direction from their
decay products observed in the detector

® Correct for backgrounds, g oI
. 5 reliminary i
acceptance, and mis- 400 " L=530 3 Bie
reconstructed angles 350, . N L

300; I -
2502— ] —f
— 200:— I —
AFB =15 i 55tat+sys % n .
150/ -
| 5.3 b 100 S
50 E
AFBSM=500i IOS% R _'?I_.'lll—

2 15 1 05 0 0.5 1 1.5 2



Top Quark Ars

® DO corrects for backgrounds
only and compares the result to
the SM as seen by the detector

D@ Run Il Preliminary
L=43fb"

Events

150

100
Agpdata-bkg = g + 4stat+sys %

& -

AFBmc@nIo = |+2.0_|.0 %,
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Searching for a 4"

Generation

® Why are there only 3 generations?

® No theoretical reason, only

experiment n
N J s (b )b

® Electroweak Constraints
ejuft|v
| Il

l v

Quarks

Leptons

® Flavor Physics Measurements

® Direct Searches

® Tevatron explores phase space beyond
these limits



Searching for t.

® Experimentally we treat t” as just a more
massive top quark (t" = Wq)

® Use reconstructed t" mass and the scalar sum
of the transverse energy in the event (Hr)

103k CDF Run 2 (4.6 fb') 103 =':’_‘|‘: CDF Run 2 (4.6 fb™) i
F Preliminary } Observed Preliminary
> [ ft > 102} ¢ Observed
O 102, — W+jets, EW (O] tt
q&  f Gco 0 %_'— L , W+jets, EW
c = :
S 101} s | i !
10 10-1
| 2 1 s 1 s 1 s [ f 1 - 1 A 1 a -_L-| 1
0 200 400 600 800 0 100 200 300 400 500
Ht (GeV) Mieco (GeV)



Searching for t.

DO Run Il preliminary 4.3 fb’

8
CDF Run 2 (4.6 fb" c I ”
g 1 Preliminary( ) 5 E b o
g t'—Wq, = 4 jets : o
o Ht vs. Mreco VS. Njet S L
'é 0.1 ] 107 3
\b’ range of Observed E ——  theory cross section
expected 95% CL " = observed 95% CL upper limits
pparimics 10 E-———— expected 95% CL upper limits
001 - g]::éie;:;aeltparledi(:tion E expected 95% CL limits +1c
200 250 300 350 400 450 500 R TN B

1 I L 1 1 1 l 1 L 1 1 l 1 1 1 1 l 1 1 1 1 1
200 250 300 350 400 450 500
t' mass (GeV/cz) t’ mass [GeV]

M: <335GeV @95 % CL Jll M <296 GeV @ 95 % CL




Searching for b.

® Similarly, we can search for b™ = tW

® Signhature is very energetic, jetty events:
search in high Hr, high jet multiplicity

® Largest background is tt+jets

Events

107}

10

107"}

1072

5Jet 6 )et 7 Jet

— Backgrounds

. b, m, =350
'

0 H¢ 1000



Searching for b.

® Similarly, we can search for b™ = tW

® Signhature is very energetic, jetty events:
search in high Hr, high jet multiplicity
CDF Run II Preliminary > 2 b-TagS

® Largest background is tt+jets ,
6Jet : 7 Jet

Events

.Data 10
Bg Unc.
Bl Top (7.4 pb)
Single Top
B W + HF 1
" Mistags
B Non-W
W Z + jets
Di-boson 10"
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Searching for b.

CDF Run II Preliminary L=4.8 fb

— | “‘ | | | | | | | [
= ~ — Median Bg
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= [ 68% Bg
& 95% B

. D70 g

8 10° [— =
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Quark mass [GeV/c?]
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Top Physics at the
Tevatron

How is Top How Does What are Top’s
Produced Top Decay Intrinsic Properties
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e Strong Force Mass
Ow~ 7.5 pb Width ¢~ 1.3 GeV
e Electroweak Spin 1/2

Os+¢~ 3 pb Charge +2/3




Top Physics at the
Tevatron

How is Top How Does What are Top’s
Produced Top Decay Intrinsic Properties

M =173.3 O ~0.6%
Ow = 7.50 O~6%
e = 2.1 O~25%

S =2. ~I oo
Owe=28 0~19% K = 0.7 sig ~ 1 @

oc = 3.1 5~30% q + -4/3 @ 95%CL

e Strong Force Mass
Ow~ 7.5 pb Width ¢~ 1.3 GeV

e Electroweak Spin 1/2
Os+¢~ 3 pb Charge +2/3




Maybe a Surprise!?

R S R R DO Run Il preliminary 4.3 fb™

£ Feori Preliminary g
- o
® 4000 L=53m" —- Data s L
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50— — 200 250 300 350 400 450 500
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CDF Run 2 (4.6 fb™)
Preliminary
t'—Wq, = 4 jets '
Ht vs. Mieco VS.- Njet

Ap =15 55tat+sys %

o(pp—t't) (pb)

observed ]
range of .

expected 95% CL
upper limits

0.01F theoretical prediction

AFBSM - 5.0 + I.5 % ' Bonciani et al.
200 250 300 350 400 450 500
t' mass (GeV/c?)
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Conclusion and the

Future

® Precision top physics a reality at the Tevatron
-1000’s of Top Events are now being used in analysis

® Most measurements statistically limited and use a
3'd of the possible final Tevatron dataset (~ 12 fb-')

® Working closely with our colleagues at DO on
combining results from several measurements -
Mass, Cross Section, W-helicity, Spin Correlations, t°

® Searches are now a very active part of our program
(~30% of new results). If something is there, we
intend to find it!
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Spin Correlations

® Top decays before hadronization - spin information
passed to decay products

® SM predicts top pairs produced mostly in opposite-spin
states at the Tevatron

N1 +N;; —N;; —N
- Ny + Ny =Ny =Ny 50
Nyp 4+ Nyp+ Nogp + Ny

® Several effects probed: spin, width, qq/gg production

27



Spin Correlations

e o —
NlT —— NTl S NTT — Nll : H Unpolarized sample
K = 0l — OH basis template
NlT T NTl —I— NTT —I_ Nll ' : — SH basis template
0.15[
® K related to decay products angle |
through: |
0.1t
1 d?o 1 + k cosfTcosf™ 0.05 —
o dcosf+dcost— 4 | |
0T 08 060402 0 02 pudeiiins
\U
L
N >
® where W
/1 Beamline Y . Dileptons
yA Top Rest Frame @
/b . - e
W .
t & v
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Spin Correlations

-
NlT —— NTl S NTT — Nll : H Unpolarized sample
K — 0l — OH basis template
NlT T NTl —I— NTT —I_ Nll ' : — SH basis template
0.15}
® K related to decay products angle |
through: |
0.1-—
1 d?c 1 + k cosfTcosf™ 0.05 —
o dcosfTdcosb— 4 | |
T 08 06 04 02 0 02 pudeieiind
v
L
N »
® where " S
///t Beamline Y o g Lep+)ets
/b Top Rest Frame nin”. . .“
t N, V.
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Spin Correlations

YT, LI NI L I LA N A NI LNLELAN BN A B BN NLELE
Lepton+jJets Channel 220F  CDF Run ll preliminary L=5.3 " Opposite Spin
200 Same Spin
150 Backgrounds
= 007 i Oo6stat i Oo3syst 3:::: e Data

K: 0.72 +/- 0.64 +/- 0.26

c
I% 120
100
80
60

Di-lepton Channel 40

K=0.3t96_¢3
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