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Overview

The lepton+jets decays of the top quark
Introduction to the measurement of M,
Method used for this re-analysis

Testing the analysis in simulated samples
New preliminary Run | M, measurement

The mass of the W boson in the same sample
Systematic uncertainties (JES)

Conclusion
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Lepton + jets channel

30% of the total

significantly less background that the all jets chan

Signature :
I charged lepton
4 jets

Missing energy

\ ]

»e

Oe-e(1/81)

B mu-mu (1/81)
M tau-tau (1/81)
Oe -mu (2/81)
He -tau(2/81)

B mu-tau (2/81)
He+jets (12/81)
H mu+jets(12/81)
W tau+jets(12/81)
O jets (36/81)

NOT
detected
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35 Lepton+jets channel

D@ Statistics Run I : 125 pb-!

Standard Selections :
* Lepton: E>20 GeV,|n%<2,nH<1.7
e Jets: 24, E;>15 GeV, |n|<2
* Missing E;> 20 GeV
« “E-V 7> 60 GeV ; Iny [<2

———————————— A W3 1K

Ref- PRD 58 (1998), 052001 :
After y%(77 events): ~29 signal + ~48 backg.

(0.8 W+jets and 0.2 QCD)

Specific cuts for this analysis:

* 4 Jets only : —) 7] events
* Background Prob. ;: =) 22 events
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Top Mass

10 —

>

DJ , PRD 58
52001, (1998)

o b

| 100

standard
selection

%
Jé
R
)
7,
/
7 9
| 200 GeV
fitted mass

For those of you who did not
try to measure M...., this is how
the mass distributions looks
like.

It is a challenging problem and
that is why we have been
applying sophisticated
methods making good use all
the information that we have.
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Template method

Previous D@ and CDF publications

Reducing the dimensionality of the problem
A multidimensional (x;) template is obtained for each value of the input
mass, and the data sample is then compared with those MC templates
to find the most likely value for M,:

Template(x;M~=A) Template(x;M=B) Some limitations:

sprescribed permutation 1s selected on

m /\ basis of a kinematic fit.

«few variables, containing most of the
information, are selected for the templates.

esingle template fits the whole sample.

u [ ]
’/m\:' » Sample probabilities

Data => M ~B
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D@ measurement using templates _
PRD 58 52001, (1998)

T (b)NN m =172 GeV/c’
(b) NN, m, = 175 GeV/c® 2D templates Width: 8.0] Mean: 171.6
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MC studies give
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3F| Measurement of M,, two alternatives

Maximize: Simple case with several types of
events, each type follows a
L(Mt) — L(Mt > X1 ...XN) : Gaussian distribution with width o,

and mean M,
using templates

N : L
L(Mt;xl...xN):HT(Mt;mi) > Mt=ZW(ml.)-ml.
i=1 :
But, if possible, it will be better to : event weight depends on m,
calculate a probability for each : '

individual event

! . Ymlod)
L(Mt;xl...xN)zl;IPi(Mt;xi) g Ml‘:ZZ:(I/GiZ)

correct weighted average!!
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Measurement of M,, two alternatives

If you have to choose between templates and event probabilities,
consider the following points:

The the greater the variation between the events the greater the
difference in the two methods

For templates you could actually introduce larger fluctuation if
you add to your sample low quality events (large 0,), this will
never happen for the correctly weighted average.

..note that there is no reason why analysis of same sample with two
different methods should give you the same result, because
methods are not totally correlated.
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Measurement of M, using event probability

...0K, the event probabilities are better.

How do we calculate the events probabilities?
(for templates, we just use MC simulation of the detector)

The standard model predicts these probabilities (differential cross
section) in terms of the parton level quantities (four-vectors of all
partons involved), but we do not have access to parton level
quantities for events in our data sample.

We will use only LO calculations, and | will show how far we can get
with that. | will also show some problems due to our LO
approximation...
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Measurement of M, using event probability

(before we get into de details)

The probability for each event being signal is calculated as a function of
the top mass. The probability for each event being background is also
calculated. The results are combined in one likelihood for the sample.
(Similar to the methods of Dalitz, Goldstein and Kondo, M,
measurement in the dilepton channel by D@ - PRD 60 52001 (1999)
and idea by Berends et al for W"W- production.)

signal event background event
o Av : - A— \\____\ /\
X
M M M M, Mt
Psignal l)background
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Three differences between the two approaches

Template Method

All the events are presented to
the same template. Average
probability distribution.

The template corresponds to a
probability distribution for the
entire sample, using selected
variables calculated from MC
simulations.

The features of individual
events are averaged over the
variables not considered in the
template.

This analysis

Each event has its own
probability distribution.

The probability depends on all
measured quantities (except for
unclustered energy).

Each event contributes with its
own specific features to the
probability, which depends how
well is measured.
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Calculation of signal probability

If we could access all parton level quantities in the
events ( the four momentum for all final and initial
state particles), then we would simply evaluate the
differential cross section as a function of the mass
of the top quark for these partons. This way we
yvou:d %e using our best knowledge of the physics
involved.

Since we do not have the parton level information
for data, we use the differential cross section and
integrate over everything we do not know.

P,(x) = —— [ do(y)daida. £ () f (@ (x, )

tot

Juan Cruz Estrada - Fermilab 13
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Transfer function W(x,y)

W(x,y) probability of measuring x when y was
produced (x jet variables, y parton variables):

4 4
W(x,y)=6"(p, = p)]| |W.u(E].ED] | 57(Q -Q))
j=1 i=1

where
EY energy of the produced quarks
Ex measured and corrected jet energy
P, produced electron momenta
P, measured electron momenta

(¥ . (X, produced and measured jet angles

Energy of electrons is considered well measured, an extra integral is done for events with

muons. Due to the excellent granularity of the DO calorimeter, angles are also considered as

well measured. A sum of two Gaussians 1s used for the jet transfer function (#,,)), parameters
extracted from MC simulation.
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A Probability for tt events (“dc”)

P— = —jdpldmlsz dm;sz Z | 2 f|(Zl )||j;(q|2) ¢6V1/jet (x9 J/)
to comb,v 1 2

2(in) + 18(final) = 20 degrees of freedom
3(6) T 8(91 Q4) T 3(Pin:Pﬁnal)+l(Ei final
20 — 15 = 5 integrals

Sum over 24 combinations of jets, all values of the neutrino momentum are
considered. Because 1t is L.O., we use only 4-jet events.

) = 15 constraints

P, momentum of one of the jets m,m, top mass in the event
M M, W mass in the event f(q ).f(q,) parton distribution functions (CTEQ4) for qq incident chann.
4,49, initial parton momenta P, six particle phase space

W(x,y)  probability of measuring x when y was produced in the collision

We choose these variables of integration because |[M|? is almost negligible, except near the
four peaks of the Breit-Wigners within |[M|2.
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Transfer function Wi.(x,y) D55

Models the smearing in jet energies

from effects of radiation, hadronization,
measurement resolution and jet
reconstruction algorithm

asymmetries : oy
Correcting on average, and considering

these distributions to be single Gaussians,
can underestimate parton energies

Use 2 Gaussians, one to account for
the peak and the other to fit the
asymmetric tails (light quarks and b
quarks have separate parameters).

L) 60 80 100
E o E B0CE, <1000 G

1 — (0, - p)’ — (8, —p,)’
(x,y)=F(0,)= [exp —Lt——"—+ p,exp —E—=—]
Y \2r(p + pups) 2p; : 2p:

Wjet
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Transfer function in ttbar

803— )
70;_ } | ~ 25: \“.‘ : /
60F- | A “E \/
50/ | | H i
a |
- i 'H
30 j Top Mass
- |
20/ H " \
105— |» l' ” q
0_ T T PR . W L T Y T U TR AT A B wn
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m, (GeV)

Histogram: HERWIG events after full DO reconstruction, using the standard criteria
Solid Line: Calculated by using the transfer function on partons
Dashed: Same as solid, but with a variant transfer function
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Transfer Function in W+jets

7003_ | 3 jets invariant mass
600 — * H | H*
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ili
Invariant mass of three jets using W+4-jets events from VECBOS + ISAJET
(Smooth curve, same as before). The shape is reproduced.... any bias introduced by

non perfect agreement is calibrated using MC simulations.

Juan Cruz Estrada - Fermilab 18



W Acceptance Corrections DeS

. . N
Likelihood —InL(a) = _Z In P(x;;0)+ N I P(x;a)dx
Detector Acceptance =

P(x;a) = Acc(x) Ry (x;0)
v

v Production probability
~InL(@) =—Y_In B (x;;@)+ N [ Acc(x) P, (x;@)dx
i=1

[ AcctB (v =2 3 By(x,:a)

gen j=accep.

where V = J d"c,,.()dq,dq, f1c(q4,) fuc(q,) 5 Ngen(N) is number of generated(observed) events
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Signal and Background

~InL(a) = N[ A®)|e, B, (x;0) + ¢, By, (x)
- i {m o, b, (x;;0)+c, b, (x,-)]}

The background probability is defined only in terms of the
main backgound (W+jets, 80%) which proves to be also
adequate for multijet background treatment in this analysis.

The background probability for each event is calculated using
VECBOS subroutines for W+jets.

The values of ¢, and c, are optimized, and the likelihood is
normalized automatically at each value of a.

Juan Cruz Estrada - Fermilab 20
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3 Background Probability

We extracted from VECBOS events simulator the subroutines that
calculate the matrix element for W+4 jets events. W. Giele helped

showing us the way to use these subroutines. For this probability we
use MC integration:

})bkg(x)_ bk |: ZPW+]et 4’plep’MW’Elpart""9Efart):|

l‘Ol‘ W(El'-jet ’Eipart )

0.5 0.1
0.45 E n.09 E

0.4 0.08 F

We integrate until we

°-2% ¢ 0.07 [ ensure the
. = 0.06
0.2s F ooo | convergence.
a.2
H .04
0.15 E

0.03 F
0.02 F
001 1 L L

0.1 E
0.05 E

20 40 a0 80 100
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3 Background Probability

We extracted from VECBOS events simulator the subroutines that
calculate the matrix element for W+4 jets events. W. Giele helped

showing us the way to use these subroutines. For this probability we
use MC integration:

— part part

})bkg(x) bk |: ZPW+]et 4’plep’MW’El ""9E4 ):|

O tor W(E/ EF")
10" 10 °
S B . .
> F W\ﬁ We integrate until we
A S —— 12 S — ensure the
S : convergence.

10—125_
o b 500 o oo o s 500 so 000
teration iteration
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Testing this in Run | DG using full MC

T 22.5
£ 20
£17.5
Examples of product 3, 5
likelihood functions. 7 125
Each example 10
corresponds to one ?‘:
experiment with the 2.5
statistics that DO 0
collected during
Run 1. .
E 22.3
The signal( HERWIG) & - -
and background T s
(VECBOS) events ! 125
were run through the ;_2
full DO Run 1 5
simulation. 2.3
]

Experiments with 24 t

—2 0 20
m—172 Gev { 171.4 £ 2.7}

—20 0 20
m—172 Gev { 172.7 £ 3.4
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A Blind Analysis S

245 + 40b
QO - (v} 23 B [[n} [r]] ‘BO
- Entriea 314 : Entriea a4
B0 | oy Sors 120 s, e \
g e/nd ABAT 7 3] C - \
70 — F1 .81 -
: N | G \
B0 N 5087 B
o E 3 4160 80 B |78 \ 500 signal events
= N + % background
40 B BO \
g i 77 \ :
0 40 [ \ i
2 3 20 = e x |
10 - \ |
O - | o 1o | 0 _I Ll | | |10 | I | - ‘75 \ i
140 130 200 o] o 10 15 20 \ i
M Gev) stot error (GeV) \ :
74 \ i
70 - (v} 1 [[n} 800 \
B Entries 214 Entrles a4 :
— Msan =0.341% Wsan Q3127 |
B0 RS 1104 RS oyase-m | 173 § !
- ;5; at 3710 ;7 = /ndf 4038 ;7 28 '
- 7913 Consbant BA.BZ :
50 | i N X
- 72 \
40 \
a0 | 171 X
20 ‘?D\. N R R
g 0 0.6 0.8 1
10 = purity = sgn/(sgn+bky)
D ; | Lo | Lol Ll Ll Ll Ll hl L - L L Ll L |r|| L 1 | L Ll
-2 2.3 o 2.5 2 0 0.2 04 06 0.8 1
pull signal frocticn

This analysis was defined by MC studies, without looking at the data sample. One of the

checks indicated that there could be a shift introduced by background contamination.
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efficiency

Extra selection in Py,

1.2 F/ndf 1828 /7 &
0.6985 160
P2 0.8437E-02 .
P <1E 11 P3 —0.3949E-04 W+Jets
L bkg 74 -O.14188-05 4o | ttbar@175GeV
i 120
0.8
100
0.6 BO
1]
0.4
W+jets bock 0.298462
________________ iets ook (0B ) e, %0
oo 7T multijet backg (0227488~ " T T T Tt
20
ol vl 1 - P IR [ [ 0—13 "-|15' =y -12 —-10. ...._5 -6
—-50 —40 —30 —20 -10 0 10 20 30 40 50
log( P,
M, — 175 GeV 9(Puec)

In order to increase the purity of signal, another selection is applied on

=0.70, &y, =0.30,
multyets _0 2 3
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Blind Analysis, purified sample

] 160 [ AN e~ 180
- Er:ur:l 1000 - Er:ﬂr:s D 8
120 F Hew | 140 F B s v = \
- L - £ 179 \
100 | \E 1743 120 | A \
5 4,001 - i
a0 :_ 4155 100 :_ 178 \ 800 bkg i 500 signal events
B - / + ¥ sgn i + X background
B B0 \ '
60 | . ; 177 \
B B | \
40 | w b 176 \ _
20 | o \
B 20 175 \
D o L Il L L L I L 0 _I | L L L L | L L L L
140 160 180 200 a] 10 13 20 \ ® 9
174
my[Gav) stat error (Gev) X
120 [~ T TOl F D BOD | 173 x
B F n —o.smg?g? o E_ r.iE"tounms u;?ﬂ? \ -
100 5 wfndt 3657 ;Uﬁ 70 F 172 \
- £ 9844 =
B ] I 3 \
8O |- 171 \
| O \
SD __ 4_0 :_ 170 \ L L L ] L L o L L L ] L L L ] L L L ]
| 0 0.2 0.4 0.4 0.8 1
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i 20 F
AV o o E .
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This analysis was defined by MC studies, without looking at the data sample. One of the

checks indicated that there could be a shift introduced by background contamination.
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4+ Crosscheck of linearity of response

S TaTa
2l

X/ 707 7
L g o
Test of linearity of = o=
response with MC &
samples containing - |
large numbers of =
events.
b
B0 B 7 7 8 185 90 3 200
aene Y e N
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Probabillities in Data

L s 2 ™ = B wve S - R o R ]

Y
=16 -14 -1Z

Background probability

(]
on

22,5

T
[T S ==

o i

P
on

Lo}

102 03 04 05 06 07 03 09 1
0 = P™s/(P™*5+Pb)

Discriminator

Comparison of (16 signal + 55 background) MC and data sample
before the background probability selection.
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Top probability in the background region

-In(P,) as a function of M,
for 10°<P,, <10
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Top probability for signal region

-In(P,) as a function of M,
Jor 10°2<Py, <10
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New Preliminary Result D25
552 . 1.2

= o) _f -
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40 160 180 200 170 180 190
Top mass (GeV) Top mass {GeV)

M=180.1 £ 3.6 GeV £ SYST - preliminary

This new technique improves the statistical error on M, from 5.6 GeV
[PRD 58 52001, (1998)] to 3.6 GeV. This is equivalent to a factor of 2.4 in
the number of events. 22 events pass our cuts, from fit: (12 s + 10 b)

(0.5 GeV shift has been applied, from MC studies)
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MC studies with 12s+10b

The MC simulations show that the results obtained are consistent with expectations.
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Top mass (in Gevl
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Varying the background probability selection
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Comparing results in data and MC
stat.err.
uncertainty  [GeV]
mass data expected from JES
PRD38 1173.3| 5.6 | (NN | (LB) 4.0
(1008) 8.0 | 8.7
180.1| 3.6 (125+10b) 3.3
(new) 5.4

Number of top decays

PRD 58 52001, (1998) : 71 events
NN = 24+8
LB = 29+8

New : 22 events

ng = 12 * 4 (measured sample)
corrections:0.70(4 jets)x0.71 (Pb)

Ng = 25 7 (in the 1998 sample)
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2&|  Compatibility between 1998 and 2003

Assume there is no systematic difference between the two methods
and that both methods give an unbiased measurement of M, .

1998 (24 events) —(173.3 £ 5.6) GeV
2003 (12 ev. subsample) —(180.1 £ 3.6) GeV

1. If the methods were the same and all the events had the same
resolution: 0,,=5.6 —» 0,,=7.9, the fluctuations is 24 events when you
vary only 12 is 0,,,,=7.9/2=4.0 — the difference is therefore 1.7 o

[} 144

ntnas
hs=an —0@3FE—01
RM= 5_1=0
S Z0aS 7 &7
Conotant 4007

2. Both methods are not the 400
same (see introduction), and

all the events have their own

width, no reason to expect the

same result... even with the same

sample. Simple case, 0,,,,=5.0, ° TETTao o e TTae
— the differenceis 1.4 o remplate T probabiities
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Check of M, with DG Run | Data
548 1.2 ¢
o _ : Ik 2, 80.9 £ 2.6 GeV
o ;_ .. 0.8 — %
547 E_ ' 06 [ / |
540 - . o4 _ /
538 ;— - : ?
2o :_||||||||||||| E . |||//|| il
70 80 90 70 75 a0 55 Q0

W rass (GeV)
Can help reduce the uncertainty in the jet energy scale (JES)

W mass {GeV)

see:http://dpf2002.velopers.net/talks pdf/120talk.pdf (DPF2002 proceedings)

1.5 GeV shift is applied and 20% increase in the error, from MC studies. We
associate this shift to effects from our L.O. approximation.
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Number of events for signal and backg

(something to consider in the future)
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Because of radiation, ~20% of the signal events look more like background than signal. When only
events with good jet-parton matching are used, this is resolved (better treatment of higher order

effects will help).



3F My, MC studies

JO

- - I 201
50 B P Entries 892
We see that the ; 7 Mean 80.54
) 50 RMS 2736
signal events that o E Z % X/ndiAATE ] 47
g 7 Z
are reconstructed as 3 / _ P2 79.85
background are o b ) P=P, // P4 3.005
responsible for the o B #2%/
1.5 GeV shiftin My,. ok R _ e Lo o
>0 =38 7O 20 90 100 110
50 g [8) 202
I I = Ertries 1000
This will have to be E % i S
I - H FEM5S 5.053
solved if we want s0 | ik =
I T3] 50 ] F1 59.17
high precision top Wk %g o 6917
Ipzlhyr?lcs (;1 GeV). o f D) P=c P+l - o S
igher order 20 | / %
I I 10
corrections will have ok o /{ L
=0 &0 7O =0 28] 100 110

to be included.
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Jet Energy Scale (main systematic effect)

 We use a Monte Carlo simulation of the detector to
build the transfer function (or the templates in our
previous analysis).

* |tis essential to check that the enerqgy scale in the
MC simulation is representative of that in the
detector. This can be done for the electromagnetic
showers using Z—e*e” decays. It is not so easy to do
for hadronic showers.

* Qury+jet sample gives 2.5% uncertainty in JES. In
1998 this translated to 4.0 GeV in M..

Juan Cruz Estrada - Fermilab 39



het

Systematic Uncertainty JES
(presented HCP2002)

Relative data/MC difference

0.2

0.1

-0.1

-0.2

H Using a sample of y+jet [PRD 58
52001, (1998)] we got a function that

- (et
¢|UL-J [l ) +
K“‘d 5% 11 || matches the JES in MC and data

with 2.5%+0.5 GeV uncertainty per

I T I Jet

For the result presented in HCP2002
(analysis tools session), we did the
%% analysis of data with and without
Lo this correction.

% | This was a very conservative
approach, because we just wanted
to demonstrate the statistical power
of the analysis.

40 60 80 100
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Systematic error due to JES

For the result ="F _
presented here, we e [ Ous = 200 GEV
are using the previous . [
calibration and its B T )
uncertainty for each
jet: £(2.5%+0.5 GeV). ™| | ® 1

SJES=3'3 GeV e T ® e

» Consistent with MC expectations
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ag| Systematic uncertainty due to top-production model

240 ttbar + 400 b

> o u: fraction of events in the

-, o .

~ | Herwig MC with experiment Wl.lere all the jets can
“ | official DO be matched with partons from top

quark decays. Increasing the
fraction u, effectively turns on
176 | T radiation and hadronization
effects. The systematic

§ uncertainty is:

simulation

0=1.5 GeV

| . (Each point corresponds to the
. maximum of a likelihood for a
173 large event sample).
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Total Uncertainty

|. Determined from MC studies with large event samples:

Signal model 1.5 GeV |
Background model 1.0 GeV
Noise and multiple 1.3 GeV
interactions PRD 58 52001,
(1998)
II. Determined from data:
Jet Energy Scale 3.3 GeV | dm——
Parton Distribution 0.2 GeV
Function
Acceptance Correction 0.5 GeV

Total systematic: 4.0 GeV
M, =180.1 £5.4 GeV (preliminary)
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W New [preliminary] Result

: - E 168.4 £12.8 Gev,/c® Dilepton

IR 175.3 £ 7.8 Gev/et  Lapton + jets The relative error
: _._ 180.1 + 5.4 Gew,/c” in thlS reSUIt iS
IR 172.1 £ 7.1 Gev/*  Combined 3%, compare to
I - 12; 2.9% from the
B . 167.4 £11.4 Gev/c> Dilepton previous CDF and
i + 176.1 + 7.4 Gev/c®  Leptan + dets D@ combined
u . 186.0 £11.5 GeV/c*  All—Hadranic average for all
i + 176.1 + 6.6 Gev/c® Combined channels.
_""""__"":""T_éx}&iFE:.H _____

I TR 45 k5 Gevset
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Conclusions DES

Using LO approximation (and parameterized showering) we calculated
the event probabilities, and measured:

M=180.1 *+ 3.6 (stat) + 4.0 (syst) GeV preliminary

Significant improvement to our previous analysis, is equivalent to 2.4
times more data:

1.  Correct permutation 1s always considered (along with the other eleven)

2. All features of individual events are included, thereby well measured events contribute
more information than poorly measured events.

To consider for the future:

The possibility of checking the value of the ' mass in the hadronic branch on the
same events provides a new handle on controlling the largest systematic error,
namely, the jet energy scale.

A very general method (application to W boson helicity, Higgs searches, ....)
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