
Comparing the means of an ensemble of variables 
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CDF Run I: Top Kinematics

0

20

40

60

80

100

0

2

4

6

8

10

12

200 400 600

     H (Sum All PT)     Distributions

E
V

E
N

T
S

 / 
48

.0
 G

eV
/c

Standard 3-jet

shaded: t t
–
+QCD bkg.

dotted: QCD bkg.

0.0

2.0

4.0

6.0 ( IN
T

E
G

R
A

L A
B

O
V

E
 P

O
IN

T
 - V

E
C

B
O

S
 P

R
E

D
IC

T
IO

N
 )   in S

T
D

 D
E

V
IA

T
IO

N
S

20% t t
–

322 events

SVX b-tagged

shaded: t t
–
+QCD bkg.

dotted: QCD bkg.

0.0

2.0

4.0

6.0

H (Sum All PT)    (GeV/c)

75% t t
–

34 events

200 400 600

0

500

1000

1500

0 20 40 60 80 100 120

0

500

1000

1500

0 20 40 60 80 100 120

0

5

10

15

0 20 40 60 80 100 120

Monte Carlo tt
–
 Generators

 PT(W + 4 jets)   --   SVX  b-tagged  Sample

shaded   PYTHIA
solid line HERWIG
dashed   ISAJET

PYTHIA tt
–
 Gluon Radiation Options

shaded    Nominal
solid line  No FSR
dashed    No ISR

E
ve

nt
s 

/ 8
.0

 G
eV

Monte Carlo Predictions with Data

points     Data
shaded   tt

–
+QCD bkg.

dashed   QCD bkg.

0

20

40

60

80

100

120

0

2

4

6

8

10

12

14

50 100 150 200

 PT(Jet2) + PT(Jet3)      Distributions

E
V

E
N

T
S

 / 
20

.0
 G

eV
/c

W + ≥ 3 Jets

shaded TOP+VB

dotted VB only

0.0

2.0

4.0

6.0 ( IN
T

E
G

R
A

L A
B

O
V

E
 P

O
IN

T
 - V

E
C

B
O

S
 P

R
E

D
IC

T
IO

N
 )   in S

T
D

 D
E

V
IA

T
IO

N
S

20% TOP322 events

SVX b-tags

shaded TOP+VB

dotted VB only

0.0

2.0

4.0

6.0

PT(Jet2) + PT(Jet3)     (GeV/c)

75% TOP34 events

50 100 150 200

0

25

50

75

100

125

150

175

200

0

2.5

5

7.5

10

12.5

15

17.5

20

0 0.1 0.2 0.3

 Aplanarity       Distributions

E
V

E
N

T
S

 / 
0.

04
0

Standard 3-jet

shaded: t t
–
+QCD bkg.

dotted: QCD bkg.

0.0

2.0

4.0

6.0 ( IN
T

E
G

R
A

L A
B

O
V

E
 P

O
IN

T
 - V

E
C

B
O

S
 P

R
E

D
IC

T
IO

N
 )   in S

T
D

 D
E

V
IA

T
IO

N
S

20% t t
–

322 events

SVX b-tagged

shaded: t t
–
+QCD bkg.

dotted: QCD bkg.

0.0

2.0

4.0

6.0

Aplanarity

75% t t
–

34 events

0 0.1 0.2 0.3

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

1.05

140 160 180 200

0.275

0.3

0.325

0.35

0.375

0.4

0.425

0.45

0.475

140 160 180 200
0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

1.05

140 160 180 200

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

1.05

140 160 180 200

Sum(PZ)/Sum(PT) -- W + ≥3 Jet sample

S
um

(P
Z
)/

S
um

(P
T
) 

   
M

ea
n Herwig:  mean = 0.733

Pythia

All Eventsslope = -0.0013

Generated Top Mass  (GeV)

S
um

(P
Z
)/

S
um

(P
T
) 

   
  R

M
S Herwig:  rms = 0.332

Pythia

All Eventsrms/slope =  -254.

S
um

(P
Z )/S

um
(P

T )    M
ean

Herwig:  mean = 0.701
Pythia

SVX b-tagsslope = -0.0012

rms/slope = -259.

Generated Top Mass  (GeV)
S

um
(P

Z )/S
um

(P
T )    M

ean

SVX b-tags
All Events
(data)

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

1.05

140 160 180 200

0

20

40

60

80

100

0

2

4

6

8

10

12

14

200 400 600 800

 Mass (W + 4 Jets)     Distributions

E
V

E
N

T
S

 / 
80

.0
 G

eV
/c

2
Standard 3-jet

shaded: t t
–
+QCD bkg.

dotted: QCD bkg.

0.0

2.0

4.0

6.0 ( IN
T

E
G

R
A

L A
B

O
V

E
 P

O
IN

T
 - V

E
C

B
O

S
 P

R
E

D
IC

T
IO

N
 )   in S

T
D

 D
E

V
IA

T
IO

N
S

20% t t
–

322 events

SVX b-tagged

shaded: t t
–
+QCD bkg.

dotted: QCD bkg.

0.0

2.0

4.0

6.0

Mass (W + 4 Jets)     (GeV/c2)

75% t t
–

34 events

200 400 600 800

PT(electron)( 50., 54.)

Missing ET
( 53., 65.)

PT(W leptonic)( 74., 92.)

PT(1)( 75., 98.)

PT(2)( 48., 67.)

PT(3)( 33., 46.)

Min Mass(jj)( 46., 60.)

ΣPT(jet)(168., 243.)

H (Sum All PT)(274., 366.)

PT(2) + PT(3)( 81.,113.)

PT(3) + PT(4)( 44., 71.)

Mass(W + 4 Jets)(365. ,434.)

ΣPZ/ΣPT
( 0.95, 0.73)

cos(θ✴ )max
( 0.75, 0.67)

Circularity( 0.33, 0.39)

Aplanarity( 0.06, 0.10)

∆RJJ
min*PT

min/PT(lep)( 0.61, 0.74)

tt
–

(%) 0 20 40 60 80 100

  Comparison of Means:   Standard 3-jet Sample  (322 events)

QCD bkg.  (%) 100 80 60 40 20 0

PT(electron)( 51., 54.)

Missing ET
( 54., 65.)

PT(W leptonic)( 76., 91.)

PT(1)( 77.,100.)

PT(2)( 50., 70.)

PT(3)( 34., 48.)

Min Mass(jj)( 46., 61.)

PT
b-tag(jet)( 53. ,  80. )

H (Sum All PT)(281., 371.)

PT(2) + PT(3)( 84.,117.)

PT(3) + PT(4)( 47., 74.)

Mass(W + 4 Jets)(366. ,438.)

ΣPZ/ΣPT
( 0.87, 0.71)

cos(θ✴ )max
( 0.73, 0.66)

Circularity( 0.33, 0.39)

Aplanarity( 0.06, 0.10)

∆RJJ
min*PT

min/PT(lep)( 0.59, 0.75)

tt
–

(%) 0 20 40 60 80 100

  Comparison of Means:   SVX b-tagged Sample   (34 events)

QCD bkg.  (%) 100 80 60 40 20 0

Using the first two moments of a kinematic variable can 
simplify an analysis.  Moments give a measure of a 
variable’s discriminating power against QCD background 
and a variable’s sensitivity to the value of top mass.

Above is an overview of the mean and rms
of H (Sum all Pt) for simulated Monte Carlo 
events as a function of top mass.  The dashed
lines are a fit to Isajet results.  VECBOS
background predictions are the red bands. 
The two plots on the left are for pre-tagged 
events, the data is shown in the lower right.  
H is a good discriminant against background 
and very sensitive to the value of top mass.

Above is an overview of the mean and rms of 
Sum(|Pz|)/Sum(Pt) for simulated Monte Carlo 
events.  Top events have more transverse energy 
and  thus a smaller value for this variable.  Small 
magnitudes of rms/slope mean more sensitivity to 
top mass.  This variable is not as sensitive to top 
mass nor as good a discriminant as H.  Again the 
data means are shown relative to the 
Herwig+VECBOS predictions at the lower right. 

The data means relative to the predicted Monte Carlo means.  On the left is the pre-tagged sample;
the yellow band corresponds to 80% VECBOS and 20% Herwig (175 GeV).  On the right is the SVX
tagged sample; the yellow band corresponds to 25% Vecbos and 75% top.  The length of the arrows
correspond to the statistical uncertainty in the mean of the data.  Remember that there are correlations!

Gluon radiation can be 
studied by looking at
kinematic variables.
Unfortunately there was 
not enough data in Run I 
to constrain the models.  
The plots at the right 
show the comparison of 
data and Monte Carlo for 
one variable.   Other 
variables with sensitivity 
are the ratio of energies in 
different size jet cones or 
the distance between jets.

Comparing distributions of variables

The above canvases have standard histograms on the left.  The top plots are for the 322  pre-tagged data events 
and the bottom plots are for the 34 SVX tagged events.  The dotted line is VECBOS only and the yellow histogram 
is the expected  mix of VECBOS + Herwig (175).  The integral significance plots on the right show the number of 
sigma that the integral of the data above a given point is from the VECBOS only prediction.  The pink shaded band 
is the Monte Carlo prediction for 175 GeV top and the blue is for 185 GeV top. Mass(W+4Jets) is sensitive to top 
production mechanisms;  aplanarity would have been more useful for a lower mass top;  H is a good discriminant
and very sensitive to top mass; Pt(Jet2)+Pt(jet3) is a good discriminant that was used in early top searches.


