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•
D

∅
 Statistics Run I (125 pb

-1)
–

In proton antiprotons collisions @
 ÷s =1.8TeV top quarks are prim

arily  produced in pairs
produced in pairs

– –
90%

 
90%

 qqbar
qqbar ->

 ->
ttbar
ttbar, 10%

 
, 10%

 gg gg-. -.ttbar
ttbar

–
Each top quark decays w

eakly:     BR(t
BR(tfi fi

W
b

W
b) @

 100%
) @

 100%
–

There are 3 m
ain experim

ental ttbar signatures depending  on the decay of the W
  bosons:

•
D

ilepton  BR(ee+m
m+em) ~ 5%

•
All-H

adronic BR(quarks) ~ 44%
• •

Lepton +Jets BR(e+jets,
Lepton +Jets BR(e+jets,m m+quarks) ~ 30%

+quarks) ~ 30%

•
Lepton+Jets
–

Signal: 1 high-P
T  lepton, 4 jets, large m

issing-E
T

–
Background: W

 w
ith associated production of jets

–
Standard Selection:

•
Lepton: E

T >20G
eV, |h

e|<2, |h
m|<1.7

•
Jets: ≥4,  E

T >15 G
eV

,  |h|<2
•

M
issing E

T > 20 G
eV

•
“E

T W
 ’’> 60 G

eV
 ; |h

W
 |<2

   91 events
91 events    Ref.  PRD

 58 (1998), 052001

                                          After c
2 cut 40% signal

–
A

dditional cuts for this analysis :
•

4 Jets only (Leading O
rder M

atrix Elem
ent)

   71 events
71 events

•
Background probability  (to im

prove purity)

   22 events
22 events  => 12 signal + 10 background

Event Topology and Selection Criteria
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H
elicity of the W

 in ttbar events

•
Top Standard M

odel w
eak decay ->

       V-A coupling as it is for all the other ferm
ionst

Wb
W

0   Longitudinal
fraction     F

0

W
+  Right-H

anded
fraction  F

+

W
-   Left-H

anded
fraction     

F
-

t

bW

t

Wb

Suppressed by the
V-A

 coupling

b spin =1/2

W
+ spin=1 

t spin =1/2
V-A

2
2

0
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)
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)
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F
w

j
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j
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+
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+
-

⋅
+
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⋅
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+
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In SM
 (w

ith m
b =0, M

top = 175 G
eV and m

W
    = 80.4 G

eV
),
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.0

2
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2

2 2

2 2

ª
+

=
-
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M m

F
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=

top

W

M m
F

0=
+

F
W

e w
ant to extract
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The G
eneral M

ethod

•
W

e w
ant to find the value of a param

eter  a a

•
The best estim

ate of a param
eter (

param
eter (a a

) ) is achieved com
paring the events w

ith the probability from
 the

theory w
ith the data. This is done by m

axim
izing a likelihood:

      w
here x is a set of m

easured variables

• •
Probability. 
Probability. Sum

 over all the possible parton variables y leading to the observed set of variables x

• •
D

etector effects
D

etector effects

      w
here A

cc(x) include all conditions for accepting or rejecting an event

• •
Background
Background events w

ith w
eights c

i

)
,

(
)

(
)

(
)

;
(

1
)

;
(

2
1

2
1

y
x

W
q

f
q

f
dq

dq
y

d
x

P
n

Ú
=

a
s

s
a

)
;

(
)

(
)

;
(

a
a

x
P

x
A

cc
x

P
production

m
easured

=

)
;

(
)

,
,...,

;
(

1
1

a
a

x
P

c
c

c
x

P
i

Ki
i

K
Â

=

=

f(q) is the probability distribution than a parton w
ill have a m

om
entum

 q

W
(y,x) is the probability that a parton level set of

variables y w
ill be m

easured as a set of variables x

’
=

-
Ú

=
Ni

i

dx
x

p
N

x
P

e
L

1

)
;

(
)

;
(

)
(

a
a

a

In our case a
 = F

0

d
n_ is the differential cross section.

M
E: F

0  in leptonic and hadronic decays
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Transfer Function W
(x,y)

•   W
(x,y) probability of m

easuring x w
hen y w

as produced  (x jet variables, y parton variables):

)
(

)
,

(
)

(
)

,
(

41

2
4

1

3
’

’
=

=

W
-

W
-

=
i

xi
yi

j

xj
yj

jet
xe

ye
E

E
W

p
p

y
x

W
d

d

•  Events w
ith m

uons are integrated over their resolution

Energy of el electrons
ectrons is considered w

ell m
easured

And due to the excellent granularity of the D
∅

 calorim
eter, 

angles
angles are also considered w

ell m
easured

A
sym

m
etric

• W
jet (x,y) m

odel the sm
earing in jet energies from

 effects
of radiation,

radiation, hadronization
 hadronization, m

easurem
ent resolution,

, m
easurem

ent resolution,
and jet reconstruction algorithm
and jet reconstruction algorithm

o U
se 2 gaussians, one to account for the peak and

the other to fit the asym
m

etric tails

o  Correcting on average, and considering these
distributions to be G

aussian can underestim
ate the

jet energy

o  b and light quarks param
eterizations
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Probability for Signal Events

ß 2(in) + 18(final) = 20 degrees of freedom

ß 3(e)+8(W
1..W

4)+3(P
in =P

final )+1(E
in =E

final ) = 15 constraints

ß 20 – 15 = 5 integrals => w
e choose M

top , m
W  and jet energy of one

of the jets because |M
|

2 is alm
ost  negligible, except near the four

peaks of the Breit-W
igners w

ithin |M
|

2

ß All the neutrino all possible solutions are considered

ß Sum
 over 12 com

binations of jets

n

b jet4
q jet1 b jet3

q jet2

l

p
p

Ú
Â

=
n

f
a

r
s

a
,

6
2

1

2
1

2
22

22
21

21
1

)
,

(
|

||
|

)
(

)
(

|)
(

|
12 1

)
,

(_
com

b
jet

tt
tt

tt
y

x
W

q
q

q
f

q
f

M
dM

dm
dM

dm
d

x
P

 r
1           m

om
entum

 of one of the jets
 m

1 ,m
2      top m

ass in the event
 M

1 ,M
2      W

 m
ass in the event

 f(q
1 ),f(q

2 ) parton distribution function  (CTEQ
4) for incident partons

 q
1 ,q

2       initial parton m
om

entum
 f

6            six particle phase space
 W

jet (x,y) probability of m
easuring x w

hen y w
as produced in the collision

|M
ttbar |

2  ttbar->lepton_jets m
atrix elem

ent (only qqbar)
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A
pproxim

ations in the probabilities definitions
(things to do better w

ith m
ore statistics)

ß ß
O

nly 
O

nly ttbar 
ttbar from

 
from

 qqbar
qqbar production

 production
: : it does not include 10%

 of ttbar events that are
produced by gluon fusion

ß ß
O

nly 
O

nly W W
+jets background
+jets background

: : that is ~85%
 only of the background

v v
The background probability is defined only in term

s of the m
ain background (

The background probability is defined only in term
s of the m

ain background (W W
+jets, 85%)  w

hich proves to be an adequate
+jets, 85%)  w

hich proves to be an adequate
representation for
representation for m

ultijet
 m

ultijet background
 background

v v
The background probability for each event is calculated using VECBO

S subroutines for 
The background probability for each event is calculated using VECBO

S subroutines for W W
+jets
+jets

v v
Sim

ilar procedure than for 
Sim

ilar procedure than for ttbar
ttbar  events

events

ß ß
Leading-O

rder ttbar m
atrix elem

ent
Leading-O

rder ttbar m
atrix elem

ent: : no extra jets, constrains our sam
ple to have only

4 jets

     After these approxim
ations, the likelihood function used is

[
]

[
]

Ú
Â

+
=

+
+

+
+

-
=

-
dx

x
P

c
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P
c

x
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N
x

P
c

x
P

c
L

jets
W

ttbar

Ni
i

jets
W

i
ttbar

)
(

)
;

(
)

(
)

(
)

;
(

ln
)

(
ln

2
1

1
2

1
a

a
a

)
(

)
;

(
)

,
,

;
(

2
1

2
1

0
x

P
c

x
P

c
c

c
x

P
jets

W
ttbar

+
+

=
a

a

The values of c
1  and c

2  are optim
ized, and the

likelihood is norm
alized autom

atically at each
value of a

Calculated in tw
o different w

ays
using M

onte Carlo m
ethod of

integration

D
epends on a

Constant
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Extra Selection in P
bkg

•
In order to increase the purity of signal

another selection is applied on P
bkg , w

ith
efficiencies:

                 e e
ttbar 
ttbar     

        = 0.70
= 0.70

, ,
                 
                 e e

W
+jets    

W
+jets    = 0.30

= 0.30

•
W

e select on P
bkg <10

-11, according to a
previous analysis done w

ith this m
ethod to

m
easure the top m

ass

ttbar@
175G

eV
W

+
jets

•   Com
parison of (16  Signal + 55 Background)

M
C and data sam

ple. Background probability
com

parison betw
een data (dots) and M

C
(histogram

)
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Exam
ple using M

onte Carlo Events

•
Likelihood is calculated in the physical region, 0 to 1

•
Since w

e are dealing w
ith low

 statistics, w
e choose

to extract the m
ost probable value and its error defined

as the _ 68.27%
 region around it

100 events per experim
ent

20 events per experim
ent
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Linearity of Response for F
0

•
U

sing different input values of F
0 , experim

ents are used to determ
ine output values of F

0

•
A response correction needs to be applied to the data

100 experim
ents of

12 ttbar + 10 W
+jets

M
onte Carlo
H

erw
ig

Pythia
+ D

∅

• O
utput F

0 is biased tow
ards sm

aller
values as m

ore background is introduced

• There is no bias w
hen using parton

level ttbar and W
+jets M

onte Carlo
events– – Effect m

ay com
e from

 radiation
 Effect m

ay com
e from

 radiation

Full M
C Sim

ulation
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Ensem
ble Tests (12 Signal +10 Background)

•
200 experim

ents of 12 ttbar (F
0 =0.7) + 10 W

+jets events

•
Input F

0  is w
ithin 68.27%

 interval of the likelihood in 67%
 of the experim

ents
– –

reasonable definition for the uncertainty on F
reasonable definition for the uncertainty on F

0 0

•
D

istributions show
 m

ost probable F
0 , uncertainty in F

0 , and num
ber of signal events

• •
A

rrow
s show

 Run I data
A

rrow
s show

 Run I data

F
0

dF
0

N
s
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Tw
o-dim

ensional Probability – M
top , F

0

–
Assum

ing F
0 = 0.7 (SM

), M M
top
top  is m

easured
 is m

easured to be 180.1 ± 3.6 G
eV (shift of 0.5 G

eV
applied)

–
Assum

ing M
top =175 G

eV, F
0  is m

easured to be 0.599 ± 0.302 (linearity response
applied)

Likelihood

M
top G

eV
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Prelim
inary M

easurem
ent of F

0  w
ith D

∅
 Run I D

ata

•
U

ncertainty on the top m
ass translates into a system

atic error on the m
easurem

ent of F
0

•
Integrate over M

top

•
M

ost probable value and 68.27%
 interval using M

top =175 G
eV

•
22 events pass our cuts => from

 fit,  12 signal + 10 background events

Ú =
t

top
dM

F
M

L
F

L
)

,
(

)
(

0
0

F
0  ± dF

0 (Stat+ M
top ) = 0.558 ± 0.306

0.014
Jet Energy Scale

0.021
A

cceptance-Linearity
Correction

0.007
Parton D

istribution
Function

0.306
Statistics + M

top
uncertainty

0.009
M

ultiple Interactions

0.008
ttbar Spin Correlations

0.010
Background

0.020
Signal M

odel
From dataFrom Monte

Carlo

•
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F
0  (prelim

inary)= 0.56 ± 0.31

Conclusions

v
The helicity of the W

 boson offers a w
ay to learn about the decay coupling of the top

quark

v
U

sing LO
 approxim

ation and param
eterized show

ering, w
e calculated the event

probabilities, and m
easured:

First F
0  m

easurem
ent done at D

∅
 using 22 events (~50%

 signal)

CD
F m

easurem
ent using 108 leptons (~70%

 signal)  0.91 ± 0.39

v
This m

ethod w
as first applied to the re-m

easurem
ent of the top quark m

ass
top quark m

ass, and now
applied to m

easure angular distributions
angular distributions

v
W

e have a m
ethod that allow

s us to extract F
0 using the m

axim
al inform

ation
m

axim
al inform

ation in the
event:
¸

Correct perm
utation is alw

ays considered (along w
ith the other eleven)

¸
All features of individual events are included, thereby w

ell m
easured events contribute m

ore
inform

ation than poorly m
easured events

¸
This m

ethod offers the possibility of increasing the statistics using  both W
 decay branches

both W
 decay branches

¸
For higher statistics, one clearly needs to im

prove the calculation of the probabilities, but this
m

ethod is a better w
ay

better w
ay to do the analysis


