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Tevatron Run II

e Started Spring 2001.

e proton-antiproton collider with
Vs =1.96TeV (Runl: 1.8 TeV).

e antiproton recycler commissioning

P —
1.96 TeV
— electron cooling operational by

, Booster
Summer '05.

— 40% increase in luminosity.

e 36 bunches x 36 bunches.
396 ns crossing time.
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— Base goal : 4.4 fb™! < sia
— Design : 8.5 fb™! N
by end FY20009.




Tevatron Performance
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e ~ 800 pb~! of collisions delivered in Run II.

e Tevatron delivered more than ~ 350 pb~! in 2004.
e CDF already collected ~ 600 pb~! on tape.
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CDF Run II Detector

General purpose detectors with :

tracking in magnetic field

precision tracking with silicon

calorimeter

muon chamber

Already collected ~ 600 pb*

on tape.

This analysis uses ~ 200 pb™".
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Top Quark Physics - motivation -

Most recently discovered quark, and the least well understood.
e Discovered by CDF and DO in 1995.
Intimate relationship with EWSB.
e Top mass is close to the EWSB scale.
e Strongly coupled to Higgs boson : gf o< my.
Top may be sensitive to new physics.
e Studying top tests electroweak theory.

e We can look for non-SM production or decay of top :
X =t t — Xb

Background for new particle searches.
Study on top is only possible at Tevatron until LHC.



Top Mass Measurement - Motivation

e Top mass is a fundamental parameter
of SM.

e Related to Higgs mass through radia-
tive correction.

e Top and W mass measurements con-
strain Higgs mass.

—mpyg > 114.4 GGV/62 (LEP direct search)

- myg < 260 GGV/02 (LEP/Tevatron Run I
data)

e Top mass measurement in Run I:
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Production and Decay of Top Quark at Tevatron
Production

e Predominantly pair production. q t ¢

e Theoretical total cross section : >”“’< + >’”’<
o7 ~ 6.7 pb. q t 9

e ~ 2 events in an hour at 1032 cm =251,

Decay

e Decays before it hadronizes.
Tiop ~ 0.4 x 107 s < 1/Agep ~ 107 s

e Br(t— Wb) ~100%

Mode Br. (%)
dilepton 5 | Clean but few signal. Two v in final state.

One v in final state.
all jets 44 | Challenging background.

T+ X 23 | 7 ID and backgrounds challenging.




Particle Identification and Event Selection

e One isolated high pr lepton (e, 1).

—e: Fp > 20 GeV,|n| < 1.1, shower shape, matching between calorimeter
cluster and track.

— u:pr > 20 GeV,|n| < 1.0, energy deposit in calorimeter, matching
between muon detector hit and track.

e Missing [ > 20 GeV to ensure there was a v in the final state.

e Jets are reconstructed using JETCLU algorithm with cone size 0.4.

* More than three jets with Ep > 15 GeV, |n| < 2.0.
+ The fourth jet with Er > 8 GeV, || < 2.0.

+ Four jets with B > 21 GeV, |n| < 2.0.

e When > 5 jets are found in a event, we only consider the leading four jets
as the products of ¢t decay:.

o We use 2 b-tagging algorithms — SECVTX and Jet Probability.



Top Mass Reconstruction in Each 1 + jets Event

v fit
p _ pmeas. 2 (UF _ UE'meas.)Z
X2 — Zl,jets( L 7; ) + Zj:ar;,y ! 23
OPr OUE;
+(Mzu — My)? N (M5 — My )? N (Mpp — My)? N (Mg — M)
FWZ FW2 th Ft2

b p_ljj'” = - (Zl,jetsp?l’1 + U_E)
o My =280.41GeV,I'y=2.12 GeV, I'; = 2.5 GeV

e Fluctuate particle momenta around measured values.
e Constrain reconstructed ¥ masses.
e Assume Mtop = Manti—top-

e Minimization with 1/, as a free parameter.

2 jets from W, and 2 b-jets. — 12 jet-parton permutations. # b-tagged jets # solutions
2 p, solutions. 0 24
Wrong reconstruction — combinatorial background. 1 12

2 4

Choose solution with smallest .
M, — reconstructed mass in each event.



Combinatorial Background
i-taggers ; Subdivide the sample

e SECVTX - displacement of secondary vertex. into 0, 1, and 2 tag

e Jet Probability - impact parameter of tracks. samples.
Combinatorial Background in ¢ Monte Carlo (m.,, = 175 GeV/?)
0 tag 1 tag 2 tag
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Tightened tagging condition reduces combinatorial background.
~ 30% of events are dilepton or w/ gluon jet.



# of Candidates and Background Estimate

estimated number of background events

process Otag 1 tag 2 tag
non-W /W +LF - 44408 | 0.066705%
W +HF/VV - 1.94£0.5 | 0.17£0.05
single top (s) - 0.16 £0.02 | 0.037 & 0.008
single top (t) — 0.12£0.02 | 0.011 & 0.004
total 24.5+7.0|65+£1.2| 0.28+02
# Candidates 40 17 11
L (pb™1) 193 162 162
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arbitrary
e~
o N A
PP

o]
o
TIrrrrrrrt

N B [o2]
o o o
TrTr oo rT

OH

200 250 300

CDF Run Il Preliminary

350

Reconstructed Top Mass (GeV/cz)

1 tag Bkg template

\ Background template for 1 tag channel

arbitrary

200

CDF Run Il Preliminary

250

. non-W + Mistags
[ NEEG

- 1-top, s-chan
. 1-top, t-chan

300 350

Reconstructed Top Mass (GeV/cz)

2 tag Bkg template

[ Background template for 2 tag channel |

. non-W + Mistags
[ NEEG

- 1-top, s-chan
. 1-top, t-chan

T

CDF Run Il Preliminary

100

150 200 250 300 350
Reconstructed Top Mass (GeV/cz)



tt — lepton + jets Candidate Event with 2 SECVTX Tagged Jets in CDF

C CDF Il Preliminary
HT =292 GeV

Jetl 82.9 GeV

Jet2 65.6 GeV

4 T R R ST R BRI
-0.6 -0.4 -0.2 -0 0.2
X (cm)

M; = 169.9 GeV/c?



Mass Template Fitting Function

We will describe the signal / background distribution shapes with the
following functions.

top mass template :

M, : reconstructed mass in the event
Miop © true mass of top quark

fs(Mt‘mtop) — ps - (Mta {p17p27p3})
+ o (M, {p4, ps5})
+ (1 —ps —py) - (M;, {pe, 7})
where
Di = O + Qiyg - Myey (to include my,, dependence).
background template :
fb(Mt) — 57 ’ (Mt7 {Bl) 527 53}) + (1 _ 57) ) (Mt7 {547 557 56})

For 1 and 2 tag channel 35 is fixed to 1.



Template Fitting (2 tag sample)

2 tag Signal Template (Gamma + 2 Gauss)

HERWIG ¢t samples with 21 different m,p.
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Obtained Template Functions -
0 tag template

| Template Functions for 0 Tag Channel |

o 003 CDF Run Il Preliminary —— m,__ =145 GeV/c? 22 LR

s f oo x“ in template fitting -
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Shape of reconstructed mass distribution is parametrized as a function of
Mtop.



Measurement of the Top Mass - Likelihood Definition

e~ (Ns+Np) (N, + Nb)N

L= Lshape X Lblarg

Nevents NSfS(MﬂmtOp? 62) + Nbfb(MtZ|g)

Latape N it N, + N,
1 Nb o Ngored.
Lppy = exp | — 5 2
pred

M}  the reconstructed top mass for each event in the sample to be fitted.
Mo true top mass for each event in data sample.

N number of candidate events in the sample.

N number of signal events.

Ny number of background events.
a, E Template function parametrization.

mtop, NS and Nb

free parameters in the fit.

e Look for my,, and background fraction that best reproduce the data

distribution.

e Constrain # of background around the estimated number.

Likelihood Definition for Combined Fitting : Leombined — [0tag 5 [ ltag 5 [ 2tag



Likelihood Fit
# of Candidates:

sample | £ (pb=1) | # of Candidates
2 tag 162 11
1 tag 162 17
0 tag 193 40

Likelihood fit with m,,, and background frac as free parameter.
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Systematic Uncertainty and Near Future Prospects
We are updating the measurements with 320 pb~! of data in CDF (double
stat.).

CDF Run II Preliminary

source combined 2 tag
(GeV/c?) | (GeV/c?)
ISR 0.61 0.69
FSR 1.00 1.20
PDF 0.19 0.15
b-tagging 0.20 0.27
bkgd shape 0.68 0.17
jet resolution 0.71 0.54
jet energy scale 6.37 5.56
generator 0.11 0.03
total 6.56 5.77

Current systematic uncertainty dominated by Jet Energy Scale (JES).

Lots of work done to reduce JES in CDE.
Expect JES to scale down to ~ 3 GeV /c? level this Spring.



Top Mass Measurements in Run II - Summary

CDF Run II results

CDF Run 2 Preliminary

- @
Dilepton: @of v

(L= 193pb™)

170.0 132 + 7.4

) — — @
Dilepton: P, tt

(L= 193pb™)

L *—
Dilepton: v weighting

(L= 200pb %

176.5 +115 + 6.9

1168.1+110+8.6

(L= 162pb™)

Lepton+Jets: Multivariate

179.6 £33+ 6.8

Lepton+Jets: M' recc',

(L= 162pb™)

1772 +%2 + 6.6

— 4.7 —

Lepton+Jets: DL'M '

(L= 162pb™)

— (]
Run 1 CDF Lepton+Jets

(Run | only)

Run 1 DO Lepton+Jets

(Run | only)

Run 1 World Average

(Run | only) | |

—

150 160 170 180
Top mass (GeV/c 2)
DO Run II results

L+Jets (229 pb~1):
Dilepton (260 pb—1) :

170.6 +£4.2 (stat) £6.0 (syst)
155 113 (stat) 7 (syst)

Dilepton

e Underconstraint system with 2 v.

e Assumption on distribution of
kinematic variables ¢”, ", n".

e Template fit.

Lepton + Jets

M’T'GCO
MultiVariate

DLM

Template Fit. Minimum assumpti
Template fit w/ kinematic variab]
in likelihood.

Matrix element.



Summary

e Tevatron and CDF are operating well.

e We measured the top mass with the lepton+jets channel.

e Following # of candidates :

sample | £ (pb=!) | # of Candidates
2 tag 162 11
1 tag 162 17
0 tag 193 40

e Results of top mass measurement :

2 tag sample

180.9 *9% (stat) 4 5.8 (syst) GeV /c?

combined

177.2 712 (stat) 4 6.6 (syst) GeV /c?

¢ Updating our measurement (~ few months).
— Using ~ 320 pb~! — ~ double stat..
— Systematic uncertainty largely scaled down.

— Current total error in combined measurement ~ 8 GeV/c* —

~ 5 GeV/c?




BACKUP



SECVTX Algorlthm — main tagging algorithm in CDF -

b-jet

light flavor jet

e Reconstruct the secondary
0 vertex using tracks in the jet.

e Require cut on the decay
length significance :

Loy 3,

0Lz,

Tl

light flavor jet

b-jet

B hadrons decay after running a distance.



Jet Probability Algorithm (1)

")
X
O .
8 tracksin
H .
3 b-Jets
Track 2
,, (Track 1: Dlis positive signed) - 2 »
/ ‘ (Track 2: D2 is negative signed) X DO / ODO
(Track 3: D3 is positive signed)

Assign sign (£) to the impact parameter D0 of each track based on its

direction.



Jet Probability Algorithm (2)

Combine D0 significance of all the tracks in the jet and calculate “the
probability of the jet originating in the primary vertex” (Jet Probability).

[ —_— Prompt Jet
| Charm Jet
Bottom Jet

We can cut at arbitrary Jet Probability value for the b-tagging.
This enables us to loosen the b-tagging condition easily.



Acceptance for tt HERWIG Events (m; = 175) - for JP cut = 0.05 -

cut Otag (%) 1tag (%) 2tag(%) 2SECVTX (%)

kinematic 7.19 +£0.04 7.194+0.04 7.19+£0.04 0.19 +0.04
tag 141 +£0.02 275+£0.03 1.77+£0.02 0.79 £ 0.01
chi2 1.29 +£0.02 2.09 £0.02 1.144+0.02 0.53 £0.01
mW — — 0.97 £ 0.02 —

e errors are from MC statistics.

e If we put 045 ~ 6.7pb, we can expect ~ 11 events in 2 tag sample at
162pb~1.

e We double the acceptance for 2tag channel by the use of jet probability.



Pseudo Experiment (PE)
2 tag channel, Jet Probability Cut=0.05, 162 pb~!, m; = 175 GeV /c?

signal template histogram background template histogram
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Sensitivity Study - expected statistical errors at - 200pb~" -

] Sensitivity on Top Mass | ] Sensitivity on Top Mass |
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Sanity Check

2tag: output vs input

[ output vs input |
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Pull Study

2tag: pull mean vs input combined: pull mean vs input
mean of pull CDF Run Il Preliminary mean of pull CDF Run Il Preliminary
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Pull width tends to be larger than 1. We will revisit this later.



Estimation of Systematic Uncertainties

— example of Monte Carlo generator dependence of 2 tag channel -

signal templates results of pseudo experiments

| Template Histograms | | Results of Pseudo Experiments |
© T — HERWIG, m=174 «~ [ —— HERWIG, m=173
0 - [ L L
S o1l 212001
= — PYTHA m=175|  © [ median = 174.833 — PYTHIA, m=175
s 01— 1000 median =174.800
S Tt g T

0.08— g 800

0.06]— 600

0,041 400~

002} 2001—

i \\\‘\\\\‘\\\ ‘——KAA—_KJ\\ L \IJ \\‘\\\\‘\\\\‘\\\\‘\\ ‘l_l\
100 150 200 20 30 350 130 140 150 160 170 180 190 200 210 220
M, (GeVic') m, (GeVic')
We assign

174.833 — 174.800 = 0.033CGeV /¢

as the systematic uncertainty coming from this source.



Checking of Result with Pseudo Experiments

e Pseudo experiments assume m; = 175 GeV /c?

e Red arrows indicate results from fit to data.
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Scale factor for the statistical error

Our pull width is a few % larger than 1. We have to apply a scale factor to correct the statistical error.

e Suppose an arbitrary scale factor for the statistical error.

e Measure the percentage of the PEs which has the input m,,, within the
stat. error of the center value from the fit (Using m;,, = 175GeV sample).

e Decide the scale factor so that the above percentage comes to 68%.
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