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i Introduction
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= In the Standard Model, | ~~LEP2, pp Data
= Top mass is a fundamental 0o et

>
parameter. 8 o,
= TOp mass can constrain the =
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= Also important input for other Tevatron Run | average
top property measurements. [178 0+2.7+33 GeV/c
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i Tevatron Run 11

o The world’s onIy top factory!

= Peak luminosity:
1.3x10%2 cm—?st
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= Delivered luminosity: > 1 fb
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Detectors for Run |1

= Both detectors upgraded tracking system,
electronics, trigger, DAQ...

= DG

Muon Scintillators
—
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Top Quark

Production and Decay
~100% _b

= Final states
= Dilepton (5%, small backgrounds — QCD fakes, Drell Yan, Diboson)
= 2 high-p,leptons(é/u), 2 b jets, large missing £
= Lepton+Jets (30%, manageable backgrounds — W+jets, QCD fakes)
= 1 high- p,lepton(é&/y), 4 jets (2 b jets), large missing £
= All-hadronic (44%, large backgrounds - QCD)
= 6 jets
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CDF Lepton+Jets
Template MethOd ,Reco. Top Mass (1-tag(T))

;9 Top Mass:
30.12— [ 145 Gev/c?
Reconstruct the top mass event by event using £ o (165 Gevre?
: : = [] 185 GeV/c?
the following y~ fitter: g0.05; —
i, fit i,meas UE,fit _ ~UE,meas O.UBi
2 _ (p - pT ) (p pJ ) -
r= Z o * Z o> 0.04]
i=/(,4 jets i =X,y i L
0.02}
(M i _I\/IW)2 (MKV_MW) (Mb” t)2 (MMV_M;[)Z E W7
+ 2 T 2 2 T 2 0 200 250 300
- W t C m,(GeV/c?)
Build the template of reconstructed top mass Lounieco- WMass (-1ag)

distribution for each input top mass.

Build the 2-D templates of reconstructed W—jy
mass and top mass distributions for each Jet

Energy Scale (JES) and input top mass.
Fit the top mass and JES simultaneously.

Fraction/5 GeV/c

20 40 60 80 100 120 140 160 180
mij(GeV/cz)
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Entries/(15 GeV/cz)

Entries/(15 Gevlcz)

m

CDF Lepton+Jets
i Template Method (Result)

CDF Run Il Preliminary

2-tag
- Data (16 evts)
Signal + Bkgd
@ Bkgd only

O = N WA J N O

100 150 200 250 300 350 400
mi® (GeV/c)

1-tag(L)
- Data (25 evts)
Signal + Bkgd
@ Bkgd only

100 150 200 250 300 350 400
mieee (Gevic?)

jL =318 pb™ U

Entries/(15 GeV/cz)

Entries/(15 Gevlcz)

2-tag

1-tag(T)

1-tag(L) | O-tag

16

57

25 40

1-tag(T)

12 - Data (57 evts) eve n tS
1; ] signal + Bkgd
10 @Bkgd only Bkgds

8

6

4

2

0.

1.89
+0.52

10.4
+1.72

14.3 —
+2.45

100 150 200 250 300 350 400
mi® (GeV/c)

0-tag

- Data (40 evts)
Signal + Bkgd
@ Bkgd only

O = N WhH U~ 0O

100 150 200 250 300 350 400
mee° (Gevic’)

)

Best single measurement

JES (0)
J\CI*J\\\\&)V\\,I_‘\\\O/F\\\H \RJ\\\\(A?

Likelihood

160 165 170 175 180 185 190

(GeV/c )

=173.5"%7 (stat.) + 2. 5(JES) +1. 7(syst ) GeV/c?)
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’ CDF Lepton+Jets
i Template (Future)

= JES uncertainty is dominated
by W/—j statistics.

= We can constrain more with

1 2 3 4 5 6 7 8

Jet Energy Scale from W—jj
CDF Run Il Preliminary

w

wa Systematic Uncertainty
from W—jj Energy Scale Only

JES Uncertainty (GeV/cz)
l_\

N ¢
[ IS, I TS, VRS, BN

o

more StatIStICS. Inteqrated Luminosity (fb™)
Prospect for Mtop
0 EXpeCt to reach JES 5 CDF Run Il Preliminary

Total Mtop Uncertainty for
a- Lepton+Jets Channel Only

(Non-JES Systematics
Fixed at 1.5 GeV/c?)

uncertainty below 1 GeV/¢.

= Total top mass uncertainty can
reach 2 GeV/¢? in Run II.

= With only single measurement.

= Improve by combining with
other measurements. LU R B B AR A

Integrated Luminosity (fo™)
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’ D@ Lepton+Jets
i Template Method

= Build templates for reconstructed top mass
| TWO analyses DY Run Il Preliminary

= Topological analysis 2
= No b-tag requirement 0.5
= Low bias discriminant (D;g) £
using topological variables § o1
D >0.4 -
_50.05_ E
= b-tagged analysis g L
0

=« Require >1 p-tagged jet
= No cuton D,
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‘ D@ Lepton+Jets
i Template Method (Result)

= Topological analysis = b-tagged analysis
DJ Run Il Preliminary D Run Il Preliminary
% 25:_ —— tt+Background -
& | 94 events 7 Backgroine Yo b9events | e

REERA)
(]
' ——
-
Events/(10 GeV)

[<2]
I|III|III|III|III|

%(_)I 10;)- 120 140 160 180 200"I 2;(-)-T-;1-07-1- ;E'S-O-* 2-80 %(_)I 10(-) : Ilé-(;lnI Il‘ll-()I I IléOI I“I;.-éol :-I;gf“g;(;"l-zlg-l 2;0_.%2?80
_ Fit Mass (GeV) Fit_l\/lass (GeV)
44.216.61t events [L=220pb*  49.2+6.3tf events

[ m, =169.9+58(stat.)'’? (syst.)GeV/cz] [mt =170.6 £ 4.2(stat.)+ 6.O(syst.)GeV/c2]
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’ CDF Lepton+Jets w

i Dynamical Likelihood Method

= Maximum likelihood method using matrix
element

L'(Mygp) = ZZI—F(za,zb,pmw W(x, y)dx

= /: Parton distribution function for (Zz,, zb) and P of ttsystem

« /M Matrix element of tZprocess | M [°< M o > TI(s,) | M. [
= w: Transfer function X (partons) <> y (observables)

= Sum over all jet-parton assignments (/,), solutions for p, of v (/)
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CDF Lepton+Jets
Dynamical Likelihood Method (Result)

j L=318pb™ 63 events

Exact 4-jet events, at least 1 b-tagged jet 13.1+2.2 Bkgds
— 63 events joint “ke“hOOd_ CDF Run Il Preliminary (318 pb”)
I CDF Run Il Preliminary (318 pb™) = < 1§ —
_IE 3 S . ' - 3 7] i —— Total MC Prediction
= ] After BackgroundiConsideration(13.1 events) 2 16 7 sigial =75 GaY
S 4 1729427, . 1\ Ca\[kcl = g J=""""
(\I| 4 ] .y P i & 25 SUAL.UTITY ) "I VTS - g 1 L Combinea Backgrou L &
2 E i* ‘% 1 : ~W—-Data-63-events
- - > - 1"
] w16 Y-
15 ca : m
- - ] 2
1 - E R i
] Ye 1718+ 218 Gevir =T : /VJL
- =
] \\_L,,re”f ] 7 Y-
i o E i
166 168 170 172 174 176 178 180 182 184 Y80 100 120 140 160 180 200 220 240 260 .

My, [GeVicT] Per-Event Mass at Maximum Likelihood [GeV/c’]

m, =173.871 (stat.) + 3.3(syst.) GeV/c?|
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CDF Dilepton

i Neutrino Weighting Algorithm

= Template method

= Calculate the weightasa 2
function of top mass
Scan n of two neutrinos

|CDF Il Preliminary

>‘o 022
c 0.02
Soo1s

90.014

g 0.0

° 0.012]

fut

o 0.04
0.008|
0.006
0.004

0.002,

4 solutions for neutrino pair A3 0 -~

100 150 200 250'\/| SO?G \;/0 )

Weight from missing £
resolution, neutrino 7
distribution

Integrate over unknowns

= Choose largest-weight
mass for each event
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Mean 154
RMS 30.36

150 GeV/c?

Probability density
o S o o
o o o o o
o o B I =
<5} = N N o

T

0.006F
0.004f

0.002f

Mean 178
RMS 3241

190 GeV/c?
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‘ CDF Dilepton w

Neutrino Weighting Algorithm (Result)

CDF Run Il Preliminary (358.6 pb™)

Likelihood vs top mass

[EEN
o

§ E |:|Data (45 evts) ;‘\Z“ z 3

45 lepton-+track events S B~ Sional + Bkad %g |
14.7+5.7 backgrounds  p—— / I

I {55150 '1315‘(;168'3/0435

[L=359pb* £ /
7| \
e =t
IR I |

()] SE Ll | 1 1 T
80 100 120 140 160 180 200 220 240 260 380
Reconstructed Mass (GeV/c")

[mt =170.6"/ (stat.) + 4.4(syst.) GeV/cZ}
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’ D@ Dilepton

i Template Method

= Calculate weight as 1?5:’_ S'Leaitlfgnr s:re]gés [L=230pb*
a function of top
mass for each event
using Dalitz and
Goldstein method.

w(m)= 3 3 f(x)f (R)p(E;m, Jo(E]m,)

solutions jets

DY preliminary

InL . -InL

= f: parton distribution : \
fu N Ct| on 120 140 160 180 200 220

top mass (GeV)
= P probability of A4 5
observing £ from 1, m, =1557;(stat.)£ 7(syst.)GeVL?
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‘ CDF Dilepton

Matrix Element

33 dilepton events

s Use LO matrix 11.6+2.1 backgrounds _
element to bU||d *(% CDFRun2PlreIim.
differential cross- goos J i —
section —cosan s

0.01+—

= Evaluate diff. cross-
sections for bkgds

= Make top mass
posterior distribution e N
from above diff. S e V(=Y
Cross-sections  m, =165.3+6.3(stat.) +3.6(syst.) GeV/c’|
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Comparison

DY Run Il Preliminary

+5.8 +7.1
177.5 58 -71 GeV
-

I+jets (ideogram)

L=160 pb™

+5.8 +7.8
I+jets (template, topological) 1699 53 .71 GeV

L=230 pb™

170.6 +4.2 +6.0 GeV

I+jets (template, b-tagged) 42 6.0

L=230 pb™

+14.0 +7.0
dilepton (matrix weighting) 158.0.150 70 GV
[ (|
LI

L=230 pb™

178.0 27 %33 ey

World average (Run | only) 2.7 -33

hep-ex/0404010

. | . | . . | .
160 180 200
Top Quark Mass (GeV)

L1
140

Preliminary Tevatron Average
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Run 1 World Average
(Run 1 only)

Run 1 DO Lepton+Jets
(Run 1 only)

Run 1 CDF Lepton+Jets
(Run 1 only)

Run2 CDF + Runl1 DO
(CDF: I+,I+1  DO: I+j,1+1)

epton+Jets: M:220+W -
(L=318 pb )

Lepton+Jets: DLM
(L=318pb")

e
Dilepton: Matrix element
(L=340pb")

Dilepton; v weighting
(L=359 pb")

'Dileptonl: ¢ofv

(L=193pb™)

116.6
170.0+30+ 7.4

Dilepton; P,(tt)
(L=193 pb™)

‘ —
176.5+172+ 6.9

—16.0 —

150

160 170

180 190

Top mass (GeV/c?)
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i Comparison of Errors

Channel Lepton+Jets Dilepton
Method Templ. | Topol. b-tag DLM NWA | Templ.| ME
(CDF) (DQ) (DQ) (CDF) | (CDF) (DG) | (CDF)
Luminosity 318 229 229 | 318 359 230| 340
+2.7 +2.7 +7.1 +14
Stat. Err. 56 +5.8 4.2 75 66l 13| 0.3
JES Err. +2.5 +0.8 Yol #3.0| 26| #5.6| £2.6
Other Main | BG Shape | Gluon Rad. | Gluon Rad. | BG Frac. | BG Shape | Ev. Gen. | BG MC
Sys. Err. +1.1 +2.6 +2.4 +0.6 +3.0 +3.0| =£1.5
Tot. Sys. Err. | #3.0| 73| #6.0| #£33| +44| 27| #36
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Summary

= Tevatron is performing very [

Preliminary Tevatron Avelzrage
174.3+2.0 £2.8 GeV/c¢

well.
= Delivered luminosity: > 1 fb?!

= CDF lepton+jets 2D-Template
method provides the best
measurement.

= New technigues are developed.

= Will reach goal of measuring 2
top mass to ~2 GeV/¢? in Run -
1.

= By combining different

measurements, more
Improvement is expected.

w [GeV]
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Backup
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@ -

i b-jet Energy Scale (Z— bb)

CDF Run 2 preliminary - L=333 pb

ackground Selected Events : 85730
Ftrosat oo Z—bb : 3394£515 (4%)
- +

38000— s Further Studies:

% 6000/ = Evaluate systematic

g biases, if any

wamr = Improve Z-bb

zooof— modeling
O: | = Aim 1% b-jet energy

N T N scale (10k Z—bb)

0 50 100 150 200 250
Dijet invariant mass (GeV)
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Systematic Errors (CDF L+J)

CDF Lepton+Jets Template CDF Lepton+Jets DLM
Source Am, (GeV/ ) Source Am,(GeV/¢?)
JES 2.5 JES 3.0
b-jet modeling 0.6 Transfer Functions 0.2
ISR 0.4 ISR 0.4
FSR 0.6 FSR 0.5
PDFs 0.3 PDFs 0.5
Generators 0.2 Generators 0.3
BG shape 1.1 BG fraction 0.6
b-tagging 0.1 BG Modeling 0.6
MC statistics 0.3 b-tagging 0.2
Method 0.5 b-jet Modeling 0.6
TOTAL 3.0 Total 3.3
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Systematic Errors (CDF Dil)

CDF Dilepton NWA

CDF Dilepton ME

Source Am, (GeV/ )
JES 2.6
Generators 1.0
Method 0.6
Sample Composition 0.7
BG MC 1.5
BG Model 0.8
ISR 0.5
FSR 0.5
PDFs 1.1
TOTAL 3.6

Source Am,(GeV/ )
JES 2.6
b-jet Energy 0.6
MC Generator 0.5
PDFs 0.4
ISR 0.8
FSR 0.6
Missing Energy 0.2
Signal Template 0.2
BG Template 1.3
BG Shape 3.0
Total 4.4

Jul. 08, 2005
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DO Lepton+Jets Template

Systematic Errors (DQ)

D@ Dilepton Template

Am, (GeV/ ) Source Am,(GeV/ )
Source .
Topological b-tagged JES 5.6
JES +6.8/-6.5 +4.7/-5.3 Event Generation 3.0
Jet Resolution +0.9 +0.9 PDFs 0.9
Gluon Radiation +2.6 +2.4 Underlying Event 1.0
Signal Model +2.3 +2.3 Background 1.0
BG Model +0.7 +0.8 Calibration 1.1
b-tagging — +0.7 Total 6.7
Calibration +0.5 +0.5
Trigger Bias +0.5 +0.5
MC statistics +0.5 +0.5
TOTAL +7.8/-7.1 +6.0
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