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T
O

P Q
U

A
R

K

•
T

op quark w
as expected in the Standard M

odel (SM
) of electrow

eak
interactions as a partner of b-quark in SU

(2) doublet of w
eak isospin in

the third fam
ily of quarks

•
First published evidence for top quark by C

D
F in 1994

C
D

F
: F. A

be et al. Phys. R
ev. Lett. 7

3
 (1994) 225

•
 O

bservation (discovery) by C
D

F and D
0 in 1995

C
D

F
: F. A

be et al. Phys. R
ev. Lett. 7

4
 (1995) 2626

D
0

: S. A
bachi et al. Phys. R

ev. Lett. 7
4

 (1995) 2632

•
W

ith all data from
 R

un-0 and R
un-I analysed (~

110 pb
-1) a sum

m
ary of

results and a perspective view
 on the status quo of top physics is given

•
In anticipation of m

uch increased statistics in R
un-IIa (2 fb

-1) the fact
that top quark physics is one of the best w

indow
s to the new

 physics
beyond the SM

 is em
phasised; prospects are discussed
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T
O

P  Q
U

A
R

K
  PR

O
D

U
C

T
IO

N
•

     production of top-antitop quark pairs

•
     single top quark production

tt
qq

Æ

tt
gg

Æ

bt
qq

Æ

bt
q

qg
'

Æ

(D
rell-Y

an)

(W
-gluon fusion)



krzysztof.sliw
a@

tufts.edu
D

IS2002 K
rakow

, Poland    A
pril 30-M

ay 4, 2002
4

T
O

P M
A

SS A
N

D
 C

R
O

SS SEC
T

IO
N

 - m
ethodology

M
EA

SU
R

EM
EN

T
 O

F C
R

O
SS SEC

T
IO

N
 (C

D
F and D

0)

i.   search for events w
ith top signature

ii.  calculate expected SM
 background

iii. count events above backgrounds

iv. apply corrections for acceptance and reconstruction inefficiencies
and  biases

˛
tt pair-production cross section

˛
single top production cross section
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T
O

P M
A

SS A
N

D
 C

R
O

SS SEC
T

IO
N

 - m
ethodology

M
EA

SU
R

EM
EN

T
 O

F C
R

O
SS SEC

T
IO

N
 (C

D
F and D

0)

O
ne should rem

em
ber tw

o im
portant details:

It is assum
ed that the selected sam

ple of events contains just the tt events
and the SM

 background. T
his is the sim

plest and the m
ost natural hypothesis

since top quark is expected in the SM
.

Som
e of the acceptance corrections are strongly varying functions of top

quark m
ass, M

t . T
he m

easured cross section depend on the adopted value of
M

t , w
hich has to be determ

ined independently.
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T
O

P M
A

SS A
N

D
 C

R
O

SS SEC
T

IO
N

 - m
ethodology

D
IR

EC
T

 M
EA

SU
R

EM
EN

T
 O

F T
O

P M
A

SS (C
D

F and D
0)

A
ll m

ass m
easurem

ent techniques assum
e that each selected event

contains a pair of m
assive objects of the sam

e m
ass (top and anti-top

quarks) w
hich subsequently decay as predicted in SM

. A
 variety of fitting

techniques use inform
ation about the event kinem

atics. A
 one-to-one

m
apping betw

een the observed leptons and jets and the fitted partons is
assum

ed.

T
w

o things to rem
em

ber:

It is assum
ed that the selected sam

ple of events contains just the tt events
and the SM

 background. T
his is the sim

plest and the m
ost natural

hypothesis since top quark is expected in the SM
.

T
he com

binatorics, i.e. the problem
 that only one out of a large num

ber
of jets-lepton(s) com

binations is correct, adds to the com
plexity of the

problem
.



krzysztof.sliw
a@

tufts.edu
D

IS2002 K
rakow

, Poland    A
pril 30-M

ay 4, 2002
7

T
O

P M
A

SS A
N

D
 C

R
O

SS SEC
T

IO
N

 - m
ethodology

Production of tt pairs via strong interactions from
 qq or gg initial state is the

dom
inant production m

echanism
 at ÷s=

1.8 T
eV

; for top quark m
asses above

M
t @ 120 G

eV
 the qq fusion process dom

inates and the SM
 top quarks are

expected to decay into real W
 and b quarks.

A
ssum

ing SM
, there w

ill be three classes of final states, all w
ith 2 b-quark jets:

di-leptons, w
hen both W

 decay leptonically, w
ith 2 jets and m

issing transverse
energy (M

ET
):

 BF@ 4/81 for e,m
 (~

5%
)

lepton+
jets, w

hen one W
 decays leptonically and the other into quarks, w

ith 4 jets
and M

ET
:

 BF@ 24/81 for e,m
 (~

30%
)

all-hadronic, w
hen both W

 decay into quarks, w
ith 6 jets and no M

ET
:

 BF@ 36/81 (~
45%

)

’
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T
O

P M
A

SS A
N

D
 C

R
O

SS SEC
T

IO
N

D
IR

EC
T

 SEA
R

C
H

ES - m
ethodology

•
A

ll C
D

F and D
0 searches im

pose stringent identification, selection and
transverse energy, E

t , cuts on leptons and jets to m
inim

ize background
•

Except for the di-lepton sam
ple, w

here backgrounds are expected to be
sm

all, various techniques of b-tagging are em
ployed. “Soft-lepton” tagging is

used by both C
D

F and D
0, and the secondary vertex tagging using a silicon

vertex detector (SV
X

) by C
D

F
•

D
0, not equipped w

ith a SV
X

 m
akes greater use of various kinem

atic
variables to reduce backgrounds

•
T

he largest SM
 background is Q

C
D

 W
+

jets production. Both C
D

F and D
0

use V
EC

BO
S calculations to estim

ate the shapes of background
distributions due to this process

•
Presently available sam

ples of top candidates are sm
all, and the

m
easurem

ents of the cross section and the top quark m
ass is still

dom
inated by statistical errors. T

H
IS W

ILL N
O

 LO
N

G
ER

 BE T
R

U
E IN

R
U

N
-II
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T
O

P M
A

SS A
N

D
 C

R
O

SS SEC
T

IO
N

results of D
0 and C

D
F searches :  R

un-I (~
110 pb

-1)

R
eferences:

C
D

F:
F. A

be et al. Phys. R
ev. Lett. 80 (1998) 2773

F. A
be et al. Phys. R

ev. Lett. 79 (1997) 3585

D
0:

S. A
bachi et al. Phys. R

ev. Lett. 79 (1997) 1203

S. A
bachi et al. Phys. R

ev. D
 58 (1998) 052001

       ª 2
      4

et, m
t

  1.2 ± 0.4
    4

en
 144 ± 12

  187
24.8 ± 2.4

   41
all-jets

  8.7 ± 1.7
   19

lepton+jets
topological cuts

22.6 ± 2.8
   40

  2.4 ± 0.5
   11

lepton+jets soft-
lepton tagged

  9.2 ± 1.5
   34

lepton+jets SVX
tagged

  2.4 ± 0.5
    9

  1.4 ± 0.4
    5

di-leptons

CDF background
CDF sam

ple
D0background

D0 sam
ple

Channel
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T
O

P M
A

SS M
EA

SU
R

EM
EN

T
 IN

LEPT
O

N
+

JET
S C

H
A

N
N

EL

•
In the lepton+

jets and all-jets final states there is enough kinem
atical

constraints to perform
 a genuine fit

•
Four-m

om
enta of the m

easured lepton and jets are treated as the
corresponding input lepton and quarks’ four-m

om
enta in the kinem

atical
fitting procedures.

•
Leptons are m

easured best, jets not as w
ell (in R

un-I better in D
0 than in

C
D

F), w
hile the m

issing transverse energy (M
ET

) has the largest
uncertainty

•
In the lepton+

jets final state one m
ay, or m

ay not, use M
ET

 as the starting
point for the transverse energy of the m

issing neutrino. In their published
analyses C

D
F and D

0 m
ake use of M

ET
.

•
D

0 use tw
o m

ultivariate discrim
inant analyses to select their top enriched

and background sam
ples of events that are basis of their top m

ass and cross
section analyses.
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C
D

F T
op M

ass in
lepton+

jets channel
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C
D

F T
op M

ass in lepton+
jets channel

D
om

inant system
atic uncertainties (in G

eV
/c

2)

jet energy m
easurem

ent
              4.4

final state radiation
              2.2

initial state radiation
              1.8

shape of background spectrum
              1.3

b-tag bias
              0.4

parton distribution functions
              0.3

                T
otal

              5.3

Subsam
ple

        N
Expected background
fraction (%

)
M

easured M
t

(G
eV

/c
2)

 SV
X

 double
tagged

         5
  5 ± 3

170.1 ± 9.3

SV
X

 single
tagged

       15
13 ± 3

178.1 ± 7.9

SLT
 tag (no SV

X
tag)

       14
40 ± 9

142 +
 33 - 14

no tag (all jets E
t

> 15 G
eV

)
       42

56 ± 15
181 ± 9

C
om

bined C
D

F result:

175.9 ± 4.8 (stat) ± 5.3 (syst)
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D
0 T

op M
ass in

lepton+
jets channel
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D
0 T

op M
ass in lepton+

jets channel

D
om

inant system
atic uncertainties (in G

eV/c
2)

jet energy m
easurem

ent
              4.0

background m
odel

              2.5
signal m

odel
              1.9

fitting technique
              1.5

calorim
eter noise

              1.3
                total

              5.5

D
0 result com

bining tw
o m

ethods, LB-“low
 bias” and

N
N

-“neural netw
ork”, each using four variables to construct the

top quark likelihood discrim
inant. C

orrelation betw
een m

ethods
(88 ± 4)%

  w
ere taken into account.

173.3 ± 5.6 (stat) ± 5.5 (syst)
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T
O

P M
A

SS M
EA

SU
R

EM
EN

T
 IN

D
I-LEPT

O
N

 C
H

A
N

N
EL

•
In the di-lepton m

ode situation is m
uch m

ore com
plicated, as the problem

 is
underconstrained (tw

o m
issing neutrinos). Several techniques w

ere developed. A
ll

obtain a probability density distribution as a function of M
t  w

hose shape allow
s

identifying the m
ost likely m

ass w
hich satisfies the hypothesis that a pair of top

quarks w
ere produced in an event and that their decay products correspond to a

given com
bination of leptons and jets.

•
M

ET
 m

ay, or m
ay not, be used.

•
D

0 developed tw
o m

ethods, the N
eutrino Phase Space w

eighting technique (nW
T

)
and the A

verage M
atrix Elem

ent technique (M
W

T
), a m

odified form
 of D

alitz-
G

oldstein and K
ondo m

ethods

•
T

hree m
easurem

ents of top quark m
ass have been “blessed” in C

D
F. T

w
o use M

ET
(nW

T
 and “M

inuit” fitting); one does not (a m
odified D

alitz-G
oldstein, w

hich
instead includes inform

ation about parton distribution functions, transverse energy
of the tt system

 and angular correlations am
ong top decay products in the definition

of likelihood - in the Bayesian w
ay)
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C
D

F T
op M

ass in di-lepton channel

• N
eutrino-w

eighting (essentially D
0 nW

T
 m

ethod)

This result has been available in sum
m

er 1998, and w
as

used in C
D

F and C
D

F/D
0 com

bined m
ass analyses.

167.4 + 10.7 – 9.8 (stat) ± 4.8 (syst) G
eV

/c
2

• “M
IN

U
IT

” fitting m
ethod

170.7 ± 10.6  (stat) ± 4.6 (syst) 
G

eV
/c

2

• D
alitz-G

oldstein m
ethod (finds a single, “best”,

com
bination of leptons+jets in an event)

157.1 ± 10.9 (stat) + 4.4 – 3.7 (syst) 
G

eV
/c

2
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C
D

F/D
0 T

op M
ass in di-lepton channel

C
D

F: 167.4±
10.3±4.8 G

eV
/c

2
D

0: 168.4±
12.3±

43.6 G
eV

/c
2
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C
D

F/D
0 T

op M
ass in di-lepton channel

Likelihood distributions for individual D
0 (left) and C

D
F (right) events
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C
D

F and D
0 system

atic errors in di-lepton channel

U
ncertainty

         C
D

F
           D

0
jet energy scale

         3.8
           2.4

signal m
odel (ISR

,FSR
)

         2.8
           1.8

M
onte C

arlo generators
         0.6

           0.0
Background m

odel
         0.3

           1.1
fitting technique

         0.7
           1.5

C
alorim

eter noise
         0.0

           1.3
           T

otal
         4.8

           3.6

D
om

inant uncertainties (in G
eV

/c
2)
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C
D

F T
op M

ass in all-jets channel

T
here is enough kinem

atical contraints for a 3C
 fit. H

uge backgrounds from
Q

C
D

 m
ulti-jet production. B-quark tagging required.

             
   M

t  =
 186±

10.0(stat)±
5.7(syst) G

eV
/c

2

jet energy scale
              5.0

final state radiation
              1.8

Background models
              1.7

Monte Carlo generators
              0.8

Monte Carlo statistics
              0.6

initial state radiation
              0.1

                Total
              5.7

System
atic errors in all-jets channel

(G
eV

/c
2)
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C
O

M
BIN

ED
 T

O
P M

A
SS M

EA
SU

R
EM

EN
T

S

Sum
m

ary o
f results used in co

m
bined C

D
F, D

0 and jo
int C

D
F+

D
0

m
easurem

ents o
f to

p quark m
ass (all results in G

eV
/c

2)

C
hannel

      C
D

F
         D

0
di-leptons

167.4 ± 10.3 ± 4.8
168.4 ± 12.3 ± 3.6

Lepton+
jets

175.9 ±   4.8 ± 5.3
173.3 ±   5.6 ± 5.5

all-jets
186.0 ± 10.0 ± 5.7

           -
C

o
m

bined
176. 0 ±  4.0 ± 5.1

172.1 ±   5.2 ± 4.9

co
m

bined C
D

F and D
0 result fro

m
 R

un-I:

T
he T

evatron average w
as obtained by com

bining five C
D

F and D
0

results in a sim
ilar m

anner as do
ne separately  for C

D
F and D

0 averages.
T

he system
atic erro

rs that did no
t depend directly o

n M
C

 (jet energy
scale, backgrounds…

) w
ere taken as uncorrelated betw

een the
experim

ents, w
hile the M

C
 m

odel system
atic erro

rs (ISR
, FSR

, PD
F

dependence…
) w

ere treated as 100%
 correlated betw

een the
experim

ents since bo
th rely o

n identical M
o
nte C

arlo
 m

o
dels.

M
t  =

 174.3 ± 3.2 (stat) ± 4.0 (syst)  G
eV

/c
2
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C
D

F A
N

D
 D

0
T

O
P M

A
SS M

EA
SU

R
EM

EN
T

S
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 T
O

P PA
IR

 PR
O

D
U

C
T

IO
N

 C
R

O
SS SEC

T
IO

N

C
D

F m
easurem

ents in individual channels

lepton+
jets

lepton+
jets

di-leptons
all-jets

all-jets
tag

SV
X

SLT
         -

SV
X

2 SV
X

e
tag

0.505±0.051
0.157±0.016

         -
0.544±0.057

0.17±0.05
geo•kin

.078±0.01
.078±0.01

.0074±.0008
.099±.016

.263±.045
trigger

 0.90±.07
 0.90±.07

 0.98±.01
.998±

.002.009
.998±

.002.009

acc.total
.035±.005

.011±.002
.0074±.0008

.054±.01
.045±.015

events
       29

     25
        9

      187
     157

backg.
  6.7±1.0

 13.22±1.22
  2.4±0.5

  144±12
 120±18

s
tt  (in pb)

5.1+
1.6-1.4

9.2+
4.8-3.9

8.2+
4.4-3.4

7.4+
3.8-3.1

7.8+
5.2-4.6

C
D

F com
bined the above cross sections using a likelihood technique

that takes into account correlations in the uncertainties (at top m
ass of

175 G
eV

/c
2)

C
D

F com
bined

s
tt  =

 6.5 +
 1.6 – 1.4 pb
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T
O

P PA
IR

 PR
O

D
U

C
T

IO
N

 C
R

O
SS SEC

T
IO

N

D
0 m

easures tt cross section in 4 m
odes (at 172.1 G

eV
/c

2)

di-lepton +
 en

( 9 events)
6.4 ± 3.3 pb

l+
jets (topological)

(19 events)
4.1 ± 2.1 pb

l+
jets (m

-tagged)
(11 events)

8.3 ± 3.5 pb
all-jets

(41 events)
7.1 ± 3.2 pb

com
bined (at top m

ass of 172.1 G
eV

/c
2)

D
0 com

bined
s

tt  =
 5.9 ± 1.7 pb
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 T
O

P PA
IR

 PR
O

D
U

C
T

IO
N

 C
R

O
SS SEC

T
IO
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 T
O

P PA
IR

 PR
O

D
U

C
T

IO
N

 C
R

O
SS SEC

T
IO

N
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 SM
 consistency checks: W

 m
ass vs M

top

R
esults of LEP EW

W
G

SM
 consistency fits

(Spring 2002)

M
easurem

ents of W
 and

top m
ass constrain H

iggs
m

ass. Fundam
ental

consistency tests of
Standard M

odel
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SU
M

M
A

R
Y

 O
F T

EV
A

T
R

O
N

 R
U

N
-I R

ESU
LT

S

T
O

P M
A

SS A
N

D
 C

R
O

SS SEC
T

IO
N

co
m

bined C
D

F results fro
m

 R
un-I:

M
t  =

 176.0 ±
 6.5 G

eV
/c

2

s
tt  =

 6.5+
1.7-1.4 pb  (fo

r M
t =

175 G
eV

/c
2)

co
m

bined D
0 results fro

m
 R

un-I:

M
t  =

 172.1 ±
 7.1 G

eV
/c

2

s
tt  =

 5.9 ±
 1.7  pb  (fo

r M
t =

172.1 G
eV

/c
2)

co
m

bined C
D

F and D
0 result fro

m
 R

un-I:

M
t  =

 174.3 ±
 5.1 G

eV
/c

2



krzysztof.sliw
a@

tufts.edu
D

IS2002 K
rakow

, Poland    A
pril 30-M

ay 4, 2002
29

SIN
G

LE T
O

P PR
O

D
U

C
T

IO
N

Electrow
eak process. Standard M

odel cross sections:
       s

(ppÆ
W

gÆ
t+

X
) =

 1.70±
0.20 pb  (Stelzer at al)

       s
(ppÆ

W
*Æ

t+
X

) =
 0.72±

0.04 pb  (Sm
ith at al)

D
irect access to W

tb vertex, one could determ
ine the

|V
tb | elem

ent of C
abibbo-K

obayashi-M
askaw

a m
atrix

Search for anom
alous couplings - large production rates or

anom
alous angular distributions
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SIN
G

LE T
O

P PR
O

D
U

C
T

IO
N

C
D

F: s
 <

 13.5 pb at 95%
 C

L
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SIN
G

LE T
O

P PR
O

D
U

C
T

IO
N

U
sing an array of neural nets:

D
0 : s-channel s

 <
 17 pb at 95%

 C
L

       t-channel s
 <

 22 pb at 95%
 C

L
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R
U

N
-II A

T
 T

EV
A

T
R

O
N

2001-?

N
ew

 M
ain Injector fi

 C
M

 energy (÷s) increased from

1800 G
eV

 to 1960 G
eV

  (tt cross section increases by ~
35%

)

D
ifferent beam

 crossing tim
e (396 ns and 132 ns later, instead

of 3.5 m
s in R

un-I) - few
er m

ultiple interactions

Significant upgrades to both detectors:

D
0 :    addition of SV

X
 to allow

 better b-tagging

          addition of a solenoid to allow
 track m

om
entum

 reconstruction

C
D

F : new
 calorim

eter for 1.1<
 |h

|<
3.5 (m

uch better energy resolution)

          new
 (longer) SV

X
 w

ith double the R
un-I tagging efficiency
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R
U

N
-II A

T
 T

EV
A

T
R

O
N

 2001 - ?

C
D

F
D

0

A
erial view

 of Ferm
i N

ational A
ccelerator Laboratory
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R
U

N
-II A

T
 T

EV
A

T
R

O
N

 2001 - ?

D
0 detector in its current configuration 
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C
D

F detector in its
current configuration

R
U

N
-II A

T
 T

EV
A

T
R

O
N

 2001 - ?
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PR
O

SPEC
T

S FO
R

 R
U

N
-II   8.6x10

31
     8.6x10

31
 1.6x10

30
“typical” L(cm

-2s -1)

     ~
8%

  2-3 G
eV

/c
2

      450

    1400

    1800

      200

      2 fb
-1

R
un-IIa D

0

      ~
8%

~
30%

∆
s

(tt)

   2-3 G
eV

/c
2

7 G
eV

/c
2

∆
M

top

        610
 ~

5
lepton+

≥
4jets+

2 b tags

      1400
~

30/exp
lepton+

≥
3jets+

≥
 1b tag

      1500
~

20/exp
lepton+

≥
4jets

        140
~

10/exp
dilepton events

        2 fb
-1

~
110 pb

-1
integrated lum

inosity

R
U

N
-IIa C

D
F

R
U

N
-I

R
un-II a:   2001-2005

R
un-II b: >

2005 ( ÚLdt =
15 fb

-1,”typical” L=
5.2x10

32 cm
-2s

-1)



krzysztof.sliw
a@

tufts.edu
D

IS2002 K
rakow

, Poland    A
pril 30-M

ay 4, 2002
37

IS IT
 O

N
LY

 T
O

P ?

T
he large top m

ass m
akes the selected sam

ples coincident w
ith sam

ples one
w

ould select w
hen looking for physics processes beyond SM

 (SU
SY

,
T

echnicolor…
) T

O
P IS  T

H
E BA

C
K

G
R

O
U

N
D

 T
O

 A
N

Y
 N

EW
 PH

Y
SIC

S

M
easured cross section values depend on m

ass m
easurem

ent, w
hich has been

obtained in C
D

F and D
0 using various kinem

atical fitting techniques assum
ing

that events are tt and SM
 background.

If the sam
ple is not purely top+

SM
 background (as it had been assum

ed), the
m

ass m
easurem

ent m
ay be incorrect. T

he num
ber of events seen m

ay not
agree w

ith the calculations. Presence of additional processes w
ill m

ost likely
increase the num

ber of observed events.

It is thus im
perative to com

pare various distributions of the reconstructed top
quarks, and especially those of the  t-tbar system

, w
ith the predictions for top

production. D
iscrepancies could indicate new

 physics.

Both C
D

F and D
0 m

ade num
erous com

parisons. N
o significant disagreem

ents
w

ere found, as perhaps should be expected given the still lim
ited statistics of

the data.
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IS IT
 O

N
LY

 T
O

P ?
W

ith increased integrated lum
inosity (20x), com

bined w
ith im

provem
ents to C

D
F and

D
0 detectors, the num

ber of observed top events w
ill increase by about a factor of 40.

List of things to w
atch w

hen R
un-IIa yields m

ore statistics in 2003, as they m
ay be offering

us glim
pses of new

 physics:

• cross section: C
D

F value seem
 a little high com

pared to theoretical predictions,
how

ever, they agree w
ithin quite large errors;

• m
ass: it has been suggested there is a hint of increase of the top m

ass w
ith a num

ber
of jets;  values agree w

ithin errors

• tagged jet m
ultiplicity: there seem

 to be a bit too m
any W

+
2jet events w

ith jets SV
X

and SLT
 tagged in C

D
F data (2-3 s

 discrepancy in kinem
atical distributions – Phys. R

ev.
D

65 (2002) 052007)

• tw
o (out of 9) C

D
F di-lepton events have unexpectedly large M

ET
+

S
E

t lepton, (both give
very poor “fits” to tt hypothesis); one such event exists in D

0 sam
ple. (Flagged by H

all
and Barnett as candidates for SU

SY
 events in their D

PF 96’ paper).

• m
ass of tt system

, both C
D

F and D
0 plots seem

 to deviate a little from
 expected

distributions; but both agree w
ell w

ithin errors
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IS IT
 O

N
LY

 T
O

P ?

• transverse m
om

entum
 of tt system

: the spectrum
 based on 32 C

D
F tagged

events, w
hich are the basis of the  C

D
F top m

ass m
easurem

ent, seem
s to be a

little harder than that expected from
 M

C
 calculations; it is a difficult variable to

m
easure because of possible fitter biases.

• R
apidity of tt system

: probes directly the fitted longitudinal com
ponent of the

neutrino m
om

enta, verifying the goodness of the fits.

It is perhaps m
ore sensitive than others to the original assum

ption, and as such
should be w

atched in R
un-II.

C
D

F plot based on 32 tagged events has a strikingly different shape than one
w

ould expect from
 M

C
 sim

ulations.

H
ow

ever, an analogous distribution based on D
0 events is in m

uch better
agreem

ent w
ith the one expected for tt events, w

hich m
ay sim

ply m
ean that

the C
D

F distribution is a result of an unlikely fluctuation.

• m
ass of the tw

o non-b jets (from
 hadronic W

 decay, requires rem
oving one of

the constraints)
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IS IT
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N
LY

 T
O

P ?

C
D

F and D
0 distributions of m

ass of the tt system
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IS IT
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N
LY
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O

P ?

R
apidity (C

D
F) and pseudorapidity (D

0) distributions of  tt system



krzysztof.sliw
a@

tufts.edu
D

IS2002 K
rakow

, Poland    A
pril 30-M

ay 4, 2002
42

PH
Y

SIC
S W

IT
H

 LA
R

G
E ST

A
T

IST
IC

S T
O

P SA
M

PLES

top quark m
ass m

easurem
ents (w

ithin 2-3 G
eV

/c
2)

tt pair production cross section (w
ithin 8%

)
single top production cross section

top-antitop spin correlations, studies of top polarization

rapidity of tt system

m
ass of tt system

W
 helicity in top decays

|V
tb |

N
EW

 PH
Y

SIC
S ?

any anom
alies in the above studies

rare decays…
.

C
A

N
’T

 W
A

IT
 FO

R
 M

O
R

E D
A

T
A

 IN
 2003 !!
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