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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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Top Mass

® Free parameter in the SM 10" I
10° |
® Combined with the measured W mass 2 10" [
constrains the mass of the Higgs ©10'f
. L. . P C
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Top-Mass

—

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

2t p, 21 p, 2 z
X & /\ X & = £ /I\ CDF Run Il Preliminary 5.6 fb
Phi -
0.8—

Top Mass Top Mass Top Mass Top Mass

® Multiply event probabilities to

extract the most likely mass 02F — A(In L)
oab —A(nL)=-2.0
. - — A(nL)=-4.5
® Jet Energy Scale is reduced by B T T e T TR T

m, (GeV/cz)

measuring simultaneously with Mt

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




| TopMas;s in Dileptons

—

® Use a kinematic reconstruction technique
to measure the mass

® Two neutrinos in the final state lead to w 8
an under-constrained system . - %

® Missing transverse momentum in the )’ b_ )
data is compared with the expected . W, (e z
kinematics of the two unobserved A ‘

neutrinos as a function of top mass B




| TopMas;s 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"'

6

Mass of the Top Quark

July 2010

CDF-I dilepton

°
D@-I dilepton

n—-—.—o—u

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?)

190 200




“Back'to the Higgs

—

July 2010
! |

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

Electroweak Fit | 68% CL
My = 893556 GeV

...............
P A -

Mu < 158 GeV @ 95% CL

80.3 - |
Im,, (G
1100 AS00NID00
150 175 =0
m, [GeV]



“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

100 114 120 140 160 180 185 200 GeV/c?2



“Top Anti-Top

’ Mass Difference

. — “r‘-;zooi_ T CDF Run Il Preliminary (5.6 fb'1)
® If CPT is conserved, Mt =Mg =7 e Data
O] -
S 160 . sig: A M, = 0.0 GeV/cf
® Mass measurements until now 3™ oo
have held this assumption 2 1005
80
.. . 60 -
® Similar techniques to mass "
measurements 20
-950 -100 -50 0 50 100 150

A Mo (GeV/eY)

1] AM = -3.3 + 1.7 GeV 3 @) AM = +3.8 + 3.7 GeV




Top Width

® Top decays very quickly, which
has interesting ramifications
for how we observe it

® No direct detection - we
infer its properties from
decay products

® Spin information is passed
to it’s decay products

l

0:_ llll | | - ) - - Ll
9 - 166 168 170 172 174 176 178 180
® SM predicts [ = 1.3 GeV Mass (Gevic2)




“Top'Width

—

® Complementary measurements
done by CDF & DO

. 0.08 - — Ry 2 0
® Direct measurement: ‘ f !

— 1. =10.0GeV
top

® Reconstruct top mass
event-by-event

i cv— l'tcp =200 GeV
0.04

0.02)

® Extract width from fitting

data to templates ?

: | : : L s
150 200 250 300 ?50
M:*° (GeV/c")

[c<7.5GeV @ 95% CL [SM = 1.3 GeV




“Top'Width

Q
® Indirect measurement: DO >/

® Use measured t-channel top
cross-section and branching w
ratio t>Whb / t-Wq -

ro_ o(t—ch) T'(t —bW)gm
¢ Br(t - bW) o(t —ch)sm

[¢ = 2.05%9-57 50 GeV



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



Spin Correlations

—

_ Nyp + Ny — Nyp — Ny
Nyt + Ny + Ny + Ny

® K related to decay products angle

through:
1 d?c 1 + kK cosfTcosl—
o dcosfTdcost— 4

vk\ L

® where
// t Beamline
yA Top Rest Frame
/b

0.25
0.2F

+ = SH basis template

0.15F

0.05¢

0.1

Unpolarized sample

-~ OH basis template




Spin Correlations

—

_ Nyp + Ny — Nyp — Ny
Nyt + Ny + Ny + Ny

® K related to decay products angle

through:
1 d?c 1 + kK cosfTcosl—
o dcosfTdcost— 4

vk\ L

® where
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yA Top Rest Frame
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Spin Correlations

Lepton+jJets Channel Di-lepton Channel

DZ Run II preliminary (4 fb ™)
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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

000>

¢ Q
> m<%

C6EEE0 GCUBEE0
A o NCOS@>O — Ncos@<0 - (7 ) _
FB — ~6/0 ° Q

NCOS ®>0 + NCOS ®<0

. . > OTOT00y—>—
® Ideally suited to discover new I >6€m <
big gluons with axial vector

coupling

—<—0000000 9—<—



| Top-Qu aﬁrk AFrB

—

® Reconstruct the rapidity of

D S S A S

top and anti-top quarks § 450;-0F !l rlmioan ~ Data
w | tt + Bkg
400 _+_ Bkg
350 +
® Cos O & Yt-Yt = AY 3005
250:E
A Nav>o—Navco 200 g= Ch
FB — 150;7
Nav>o0+ Nav<o o
50 - —— |
® Agfs is then corrected for o == T
backgrounds, acceptance, and Ay
mis-reconstruction



| TopQuai'k AFB

.@ LI B B S B T T T T 7)) 250 e
§ 450:1 CDE ! ngelfibn_\!inary —- Data ';é; B D@ Run i Prellmmary
W 00— tt + Bkg > [ =43 fb’

400" . Bkg B ol L=43fb w

350 + ] i !

300 f

250 - = -

200L_ I l ] 100 —

150; ;

100 &

50/ §

AFBSM = 6 i 2 % AFBmc@nlo — |+2'0-I.0 %,



| TOop: Quaﬁrk AFrB

—

using only top or anti-top

® Better resolution on

production angle l%400

350

® PDF dilutes expected 300
asymmetry 250

200

A =I5 X Sstat+sys % 150
100

53 fo .

0

AFBSM =50X*1.5%

20

® Alternatively, the asymmetry is measured in the pp frame

FT T T T JrTrrryrrrrrrrrrrror 7

1_=53fb-1nary - [_)ata

r tt + Bkg

——

| —
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Searching for a 4"

Generation

—

® Why are there only 3 generations?

® No theoretical reason, only
experiment

ufcfe]e

Quarks

® Electroweak Constraints

Leptons

® Flavor Physics Measurements

Ul v

e 1
I I

® Direct Searches

® Tevatron explores phase space beyond
these limits

21



| Searchinjg fort

® 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 =’-:j\: CDF Run 2 (4.6 fb') 1
Preliminary ‘

Preliminary } Observed ‘
2 tt % 102 ¢ Observed
O 102 - W+jets, EW (@) tt
0 QcD 0 -.J’ . W+jets, EW
E . % 101 4 ~ QCD
c = :
S 101 S ‘ f :
S 3 100 N i=t 3
. '
10 10-1 LL jj
i a 1 a 1 a 1 a 1 d - 1 1 . 1 1
0 200 400 600 800 0 100 200 300 400 500
Ht (GeV) Mieco (GeV)

22



| Searching for t’

o(pp—t't) (pb)

0.1

e T

0.01}

i

CDF Run 2 (4.6 fb)
Preliminary

t'—=Wq, = 4 jets

Ht vs. Migco VS. Njet

range of

expected 95% CL

upper limits
theoretical prediction
Bonciani et al.

observed ]

200

300 350 400 450

t' mass (GeV/c?)

250

500

cross section [pb]

10°

102

DO Run Il preliminary 4.3 fb™'

1<l TITI:II

T llll”l]

T TTTTm

theory cross section
observed 95% CL upper limits
expected 95% CL upper limits
expected 95% CL limits 1o

expected 95% CL limits +2¢
1

DO

IRy ey
200

1 l 1 d 1 i 1 1 1
250 300

1 1 | 2 '
350

1 l L L 1 1 |
450 500
t' mass [GeV]

1 I BT L0 |
400

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




| Searchinﬁg 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 S)et 6 et 7 et

10° ]

Events

— Backgrounds

. b'.m =350
h
'

10}

107

10

24



| Searchinﬁg 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

@ Data
Bg Unc.

Bl Top (74 pb)
Single Top

W + HF

) Mistags

B Non-W

Bz+ jets
Di-boson

25

Events

10

10"

CDF Run II Preliminary > 2 b-Tags
6Jet : 7 )et




| Searching for b’

CDF Run II Preliminary L=4.8 fb

=== (Observed

— I | I | | | | | |

e , — Median Bg
—

g .(»xf...; B
. p—

8 S ) ()5(; Bg
O 107 —

(," | --= Theory
vy

"y

>,

O

|

M, < 385 GeV @ 95 % CL

| | 1 | | ‘\1 | | |
300 320 340 360 380 400 420 440 460

Quark mass [GeV/c?]
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Search for Singly Produced

Heavy Quarks

® Searching for single production of new heavy
quarks via charged-current interaction

CDF Run Il Preliminary, L=5.7 fo' | W+jets
--------------- [ Non-W

Signal region I3 Diboson
1500 [ Z+jets

' * B tt

[ Single_top
—— Data

Events

® Assume BR(Q-2>Wq) 100% >

® Search in M,Uj 200 300 200 M5OFGeV/Cg;)O
lvj

27



Search for Singly Produced

- Heavy Quarks

® Searching for single production of new heavy
quarks via charged-current interaction

CDF Run Il Preliminary, L=5.7 fo'

Eg_ """""" 68;’/0 o'f Psleud'o-E'xpe'rimtiz-ntsI |
8 95% of Pseudo-Experiments
o CDF Observed
|
o
o
T 1F
g I
(2
=
—
® Assume BR(Q->Wq) 100% <,
5
® Search in Mluj 300 400 500 600

2
M, [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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Top Physics at the
Tevatron

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

O¢e = 7.50 O0~6%

[e = 2.1 5~ 25 %
Ote=28 O~19%
™ % K =0.7 sig~ 10

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

e Mass
e Strong Force O e Width

¢ Electroweak O¢, Os e Spin
e Charge




Prospects for the

Future

How is Top
Produced

Ow = 7.50 O~6%

Gs+t=208 6~ |9%

oc = 3.1 0~30%

e Strong Force O
¢ Electroweak O¢, Os

® Systematically limited in only one
channel (lepton+jets )

® Tevatron combination coming...

31



Prospects for the
Future

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

M =173.3 0~0.6%

e = 2.1 O0~25%

K = 0.7 sig~ 10

Ow = 7.50 O~6%

Gs+t=208 8~ |9%

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

® All inter-related and statistically limited (~ 2-3 fb-')

® Can be done side-by-side with WH=>Iubb searches

32



Prospects for the
Future

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 5 ~ 25 %
S = 2. ~ I oo
Owe=28 0~19% K = 0.7 sig ~ 1 @

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

® Statistically limited (~ 3 fb-!)
® Tevatron combination coming...

33




Prospects for the

Future

What are Top’s

® Better measurements in multiple e :
Intrinsic Properties

channels as a cross check

M =173.3 0~0.6%
® Spin-off measurements such as :

AM — Mtop - Mantitop rt = 2.1 O0~25%
K =0.7 sig~ 10

q * -4/3 @ 95%CL

34



Prospects for the

Future

What are Top’s

® Statistically limited (~ 3-5 fb-!) Intrinsic Properties

® Large effort underway: M. =173.3 &~ 0.6%
4 measurements across both
experiments e = 2.1 o ~ 25 %

K =0.7 sig~ 10

® Tevatron Combination

q =+ -4/3 @ 95%CL

® Aiming for 30 evidence in

. . e Mass
combination

e Width
® Spin
e Charge

35



Maybe a Surprise?

DO Run Il preliminary 4.3 fb™

- » )
§ 400 L=53m0 " —- Data 5
w tt + Bkg S 4L
350 + Bkg -
[ + § -
300 s [
r 107k
250 I =
| ] _:_ e heOry Cross section
200 + | " w— observed 95% CL upper limits
150- 10° F e— gxpected 95% CL upper limits
| ‘:‘ expected 95% CL limits + 1o
100 —— : -
| expected 95% CL limits 120
' l I P BT R R T | N P NI SN (R N
50 ; 200 250 300 350 400 450 500
' ‘ 1" mass [GeV]
0 ttores =
2 15 1 05 0 0.5 1 ) ) ) ) ) ]
- 'CDF Run 2 (4.6 fb)
3 (0) 2 1 Preliminary
+ o - t'—Wq, = 4 jets 3
AFB — I 5 — 55tat+sys /0 g Hr vs. Mreco vS. Njet| |
l
' 0.1} 4
Qo :
i< range of observed ]
expected 95% ClI
upper limits
0.01+ theoretical prediction
AFBSM — 5 o + I 5 % Bonciani et al.
([ J — o

200 250 300 350 400 450 500

t' mass (GeV/c?)
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Top Physics at the

Tevatron

Never leave that till tomorrow
which you can do today
- Benjamin Franklin
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