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INTRODUCTION

We measured the top quark mass using the Template Method and events without

b-tag information corresponding to 1 fb–1 of data. In doing this, we applied a statistical

method to improve the resolution due to the statistical error. The reconstruction of each

event, when using no b-tag information for the jets, can be done a priori in 24 different

ways. Each of 24 reconstructions can be associated with �2 value which is smaller for

better agreements of data and MC kinematics. Once 24 combinations are ordered by in-

creasing �2 values, the first is commonly chosen when applying the standard Template

Method. Figure 1 shows how many times each �2 rank is the correct assignment. The

plot deals with events where the four leading jets are associated with the four tt decay

quarks. We notice that the �2 rank = 1 point corresponds to the correct association in less

than 50% of times. The ( )2n th bins are less populated than the ( )2 1n� th ones because

their entries are often rejected to avoid double counting. This happens when the 2nd de-

gree equation for the neutrino longitudinal momentum determines appoximatively the

same top mass value. We reject the second solution, whenever it differs less than

100 MeV from the first one.
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Fig. 1. The plot shows for the Herwig MC simula-

tion with M top �175GeV how many times the �2

rank corresponds to the correct jet-to-parton asso-

ciation. More details are in the text



We used the three best reconstructions and combined them together. In order to take

into account the correlation between the three best combinations, we used the Best

Linear Unbiased Estimate (BLUE) method to combine them and compute the

BLUE-combined mass and error. This method is not expected to improve the systematic

error.

1. PROCEDURE

Out of 1 fb–1 of data we selected 645 events passing the CDF standard kinematic

cuts for high Pt physics and having �2 9� as a quality factor for the best reconstructed

combination. A number of relevant kinematic quantities are represented in Fig. 2 to

compare the selection operated on the data and the closer MC sample to the most recent

measurements.

The templates we used are the probability density functions obtained from 21

Herwig MC samples having as input 21 top masses from 150 to 200 GeV. Those signal

templates have been parametrized using 30 parameters. The BG samples have been ob-

tained using the four leading BG contributions: W + light jets (63.3%), W + heavy

jets (13.9%), QCD (14.6%), diboson (8.2%). The BG shapes have been combined using

the estimated relative ratios as weights. All signal templates and BG samples have been

obtained for each of the the three best reconstructions so to run three mass measurements

independently using the first, the second and the third best reconstructions.

We built a large number of experiments using the MC samples, each experiment

modeling the data sample in composition and amount of events. In the Template

Method, each experiment is treated as it was the actual data sample and fitted with a like-

lihood fit procedure providing a mass measure. In our BLUE method, this happens once

for each of the three best reconstructions, so that we obtain three measures for each ex-

periment.

Each of the three measures has been tested to check for biases: Fig. 3 shows the pull

distribution means and widths as a function of M top for the three reconstructed best

combinations (a). We can see that, inside the errors, no appreciable bias is present.

Figure 4 shows a number of reconstructed masses compared to the input masses (a) and

the BLUE pull distribution means and widths as a function of the input masses compared

with the three best combinations pulls (b).

By studying the experiments, we computed the correlations between the first and the

second, the first and the third, the second and the third combinations. Making use of the

correlation factors we computed then [1] the weights � � �1 2 3, , we assign to each mea-

sured mass to obtain the combined mass.
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Fig. 2. a) Transverse energy distributions of the five leading jets in the selected data and MC

events; b) distributions of lepton transverse momentum, �Et and number of jets in the selected

data and MC samples
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Fig. 3. a) Pull distribution means and

widths. The rows correspond to the

three combinations, in order up to

down. The relatively large error bars

are due to the limited statistics. The

red horizontal lines show the fits to a

constant; b) values of the weights

used to combine the three measure-

ments as in the text, to obtain the

BLUE mass
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Fig. 4. a) Reconstructed masses vs input masses; b) pull means and widths of the three best com-

binations and the BLUE over the studied mass range



Equation (1) shows the expression for the BLUE variance to be associated with the

BLUE mass M M M M
combined

� � �� � �1 1 2 2 3 3. The � � �1 2 3, , factors are com-

puted for each experiment by minimizing the BLUE variance using the constrain

� � �1 2 3 1� � � .

Figure 3, b shows how the weight values depend on the M top value.

In Fig. 5 we show the distribution of the reconstructed masses (a) and errors (b) rela-

tive to the experiments run for M top �175 GeV.

2. RESULTS

We report in Fig. 6, a the data fitted histograms relative to the three best combina-

tions and the relative likelihood shapes. The data mass measure is reported in Table 1

where the statistical error only is reported. The unconstrained fit on the same data sam-

ple is reported in the right column as comparison. The BLUE-combined data measure is

reported in the same table and allowed an improvement of the statistical error by 5.1%

with respect to the standard choice of the best reconstructed mass.

In Fig. 6, b we report the distribution obtained in the MC study relative to

M top �175 GeV of the BLUE improvements while running 2000 experiments. The

mean of this distribution is about 10%. Basing on the MC study, the probability to obtain

a BLUE improvement larger than 5.1% is 77%.

6

Fig. 5. a) The three combinations and the BLUE mass distributions for M top �175GeV; b) error

distributions for the three combinations and for the BLUE combined. Although the errors of the

second and third combinations are larger, the information provided by these combinations reduce

the BLUE errors below those of the first combination
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Fig. 6. a) Likelihood fit of the three best combinations and relative likelihood functions whose

minimum determines the mass value; b) distribution of the BLUE improvements with respect to

the best combination. This study is based on 2000 MC experiments



Table 1. The results on the data fits. The BLUE-combined measurement is obtained,

as mentioned in the text, using the correlation factors from M top � 175 GeV.

The quoted errors are statistical only

Data fit (stat. err. only), CDF Run2 preliminary, 1fb–1

Constrained fit Unconstrained fit

Comb. 1 169.5�2.3 GeV 169.8�2.4 GeV

Comb. 2 167.3�3.6 GeV 168.7�4.2 GeV

Comb. 3 167.0�4.6 GeV 169.3�5.7 GeV

�1 0.758 0.841

�2 0.165 0.120

�3 0.077 0.038

BLUE

improvement

168.9�2.2 GeV (stat.)

5.1%

169.6�2.4 GeV (stat.)

4.0%

We estimated the systematic error relative to our mass measure using the same

BLUE technique. The relevant contribution and their quadratic sum are reported in

Table 2.

Table 2. The measured values of the systematic uncertainties

Source GeV/c2

Generator 0.8

BG shape 0.6

JES 3.9

Gluon radiations 0.7

PDF 0.5

BG estimation 0.7

Lepton Pt 0.2

b-jet systematics 0.6

Syst. tot. uncert. 4.2

Our final measure of the top quark mass in the semileptonic channel using no b-tag

information and applying the BLUE technique is:

M ctop stat. syst. GeV/� � �168 9 2 2 4 2 2. . ( ) . ( ) . (2)
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Àðòèêîâ À. è äð. E1-2007-77

Èçìåðåíèå ìàññû òîï-êâàðêà íà ñòàòèñòèêå 1 ôá–1 ñ èñïîëüçîâàíèåì

ìåòîäà òðåõ ëó÷øèõ êîìáèíàöèé

BLUE-ìåòîä (ëó÷øàÿ ëèíåéíàÿ íåñìåùåííàÿ àïïðîêñèìàöèÿ) ïðèìåíèì äëÿ

óëó÷øåíèÿ òî÷íîñòè èçìåðåíèÿ ìàññû òîï-êâàðêà âñÿêèé ðàç, êîãäà ìàññà ìîæåò

áûòü ïîëó÷åíà ìíîæåñòâîì ðàçëè÷íûõ ñïîñîáîâ äëÿ êàæäîãî ñîáûòèÿ. Ýòîò ìåòîä

ïðèìåíÿëñÿ äëÿ 1 ôá–1 íàêîïëåííûõ äàííûõ â ïîëóëåïòîííîì êàíàëå, ïðè ýòîì

íå òðåáîâàëîñü ìå÷åíèÿ b-ñòðóé äëÿ òàê íàçûâàåìîé øàáëîííîé òåõíèêè. Ðàíåå ñ ïî-

ìîùüþ øàáëîííîé òåõíèêè âûáèðàëîñü îäíî çíà÷åíèå ìàññû, âîçâðàùåííîå íàèáî-

ëåå âåðîÿòíîé êîìáèíàöèåé ñòðóÿ–ïàðòîí èç 24 âîçìîæíûõ. Â ýòîé ñòàòüå èñïîëüçó-

åòñÿ èíôîðìàöèÿ î ìàññå òîï-êâàðêà, âîçâðàùåííàÿ òðåìÿ ëó÷øèìè (íàèáîëåå âåðî-

ÿòíûìè) êîìáèíàöèÿìè. Ìîäåëèðîâàíèå ïîêàçûâàåò, ÷òî â çíà÷èòåëüíîì ÷èñëå

ñëó÷àåâ êîìáèíàöèè ñî âòîðûì è òðåòüèì çíà÷åíèÿìè �2 ïðàâèëüíûå. Ìîäåëèðîâà-

íèå ïî ìåòîäó Ìîíòå-Êàðëî ïîêàçàëî, ÷òî BLUE-ìåòîä ñ òðåìÿ êîìáèíàöèÿìè

óìåíüøàåò ñòàòèñòè÷åñêóþ îøèáêó ïðèìåðíî íà 10 %. Â ðåçóëüòàòå ïðèìåíåíèÿ

BLUE-ìåòîäà ñ òðåìÿ ëó÷øèìè êîìáèíàöèÿìè èçìåðåíà M top � �168 9,

� �2 2 4 2, ( ) , ( )ñòàò. ñèñò. ÃýÂ/c2.

Ðàáîòà âûïîëíåíà â Ëàáîðàòîðèè ÿäåðíûõ ïðîáëåì èì. Â. Ï. Äæåëåïîâà ÎÈßÈ.

Ñîîáùåíèå Îáúåäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé. Äóáíà, 2007
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Top Mass Measurement on 1 fb–1 Using the Three Best Combinations Method

The BLUE method is applicable to improve the precision in the Top Mass Measure-

ment, whenever the mass can be derived in a number of different ways for each candidate

event. This method is applied to a 1 fb–1 data sample in the semileptonic channel requiring

no b-tag information used in the Template Method. This method makes use of the mass

value returned by the most likely jet-to-parton association (out of 24). In this note the mass

information returned by the three best combinations is exploited. Simulations show that in

a significant number of cases the associations giving the second and the third best �2 are

actually the correct ones. It was found in MC that the statistical error is improved by about

10%. Combining the three best mass reconstructions by using a statistical technique called

BLUE gives M top stat. syst.� � �168 9 2 2 4 2. . ( ) . ( ) GeV/c2.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear Prob-

lems, JINR.
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