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Tevatron Run |l
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« p— p collisions at Vs = 1.96 TeV (1.8 TeV in Run ).

o Peak luminosity record : 1.4x1032cm2s1.

« Tevatron has already delivered ~1.2 fb-1 of collisions in Run II.
« CDF has acquired ~1 fb'1 of data.
« Analysis in this presentation uses 318 pb-! of data.

« Direct study on top quark is only possible at Tevatron!




Collider Detector at Fermilab

Multi-purpose detector

« Tracking in magnetic field.
» Tracking coverage |n|<~1.
_i- > Magnetic field =14T.
 Precision tracking with silicon.
- [ layers of silicon detectors.
« EM and Hadron Calorimeters.
. 6e/E ~ 14%/NE (EM).
. 6/E ~ 84%/NE (HAD).
o) egesiin « Muon chambers.




Top Quark Mass - Introduction

* Top is one of the least well studied elementary
particles (evidence by CDF in 1994 / discovery by
CDF/DO in 1995).

« Top mass is a fundamental parameter of the
Standard Model. 80.6 ———————

| —LEP1, Sl_D Data
« Mass measurements of top and | e pp Det

80.5— 68% CL
W constraln the nggs mass. =

©. 80. 4
=
E p
M/\@\/W f\/\/\ﬁW\)W\/ 80.3-

. Tevatron Run | average . :r%ﬁeq,o ooy’ _pretminary
My, = 178.0 £2.7 +£3.0 GeV/c? 130 150 170 190 210
— Myipqs <260 GeV/c? (95%) m, [GeV]
. CDF Run Il goal : - My, ~ EWSB scale.

Am,,, ~ 2 GeV/c? (jL dt=4-8fb")  _Special role of top?




Top Quark Production and Decay

« We use pair creation b
events (c~6pb7) to
measure my,,. g

« Top decays before 15%

hadronization.
T, =04x1024 5 < 1/Agp~102s.

Br(t—>Wb) ~ 100%.

Final states : we measure top mass in |+jets channel.
Mode Br.(%)
dilepton | 5% [Clean but few signal. Two v’s in final state.

lepton+jets| 30% |One v in final state. Manageable bkgd.
all hadronic| 44% |Large background.

T+ X 121% k-ID is challenging.




Flow of Mass Measurement

. 1 isolated e or

w/ P:>20 GeV, |h|<~1
. Missing E;
. 4 jets (JetClu w/ AR=0.4)

>20 GeV

top mass

o4

Event-by-event

Parameterize distribution
as a function of true top
mass.

. B-tagging of jets. e Gt
\ gzsnr I 205 Gewvic?
Signal -
MC
g ~ D5F
- :‘;"* 0.45
Bkgd. § E; E 03t B
q) :|: -1 s -0p |
MC [ B S |
- Nx IE ﬂ.':;—
c s
g 0300 150 200 250 300 350
111 m*= (GeV/c’)
Collision

data

Look for top mass
and background
fraction that
describes the data
distribution best.

1-tag(T)
. Data (57 evts)
v/ASignal + Bkod

@Bhgd anly

Template Fit (Likelihood Fit)

100 150 200 250 ZE{H] 350 400
m;=* (GeVic')




B-Tagging Algorithms

« SECVTX

— Reconstructs secondary vertex of B-hadron
decay.

— Tags b-jets by displacement of secondry
vertex from primary vertex. Secondary

+ Jet Probability (JP) \ Ly 8

— Looks at the impact parameters of tracks in  Primay f:,’__'do
the jet and calculates probability of the jet to //

displaced
tracks

originate from the primary vertex.

— Tags b-jet according to the calculated
probability.

— We have optimized JP algorithm for the
best sensitivity to top mass.

L.

prompt tracks z

€p €light flavor

SECVTX 28% 0.34%
JP 33% 4.1%

JP has looser tagging condition
with larger b-tagging efficiency.




Subsample Categorization

4 jets in final state —12 parton-to-jet assignments.
B-tagging information helps in correct
reconstruction of signal events!

— Uncertainty minimum in double tagged

candidates.

Use of JP doubles the double tagging efficiency!

g>q
g’ q

Category | 2-tag (S+S) | 2-tag (S+J)| 1-tag(T) 1-tag(L) 0-tag
j1-3 E>15 E.>15 E.>15 E.>15 E>21
j4 E.>8 E.>8 E.>15 15>E>8 E.>21
b-tag 2 SECVTX |1 SECVTX |1 SECVTX | 1 SECVTX | 0 SECVTX
condition +1JP
# parton-jet 2 2 6 6 12
Assignment
S/N 17/1 15/1 36/7 11/10 ~20/20
(318 pb)

2-tag samples are much purer and easier to reconstruct!




Extracting Top Mass for
each Candidate Event

Minimize 2 to reconstruct event-by-event top mass (2-C fit).
Fluctuate particle momenta according to detector resolution.

M., @s
free param.

(UEjj, it UEjj,meas.)z

2

i, fit i,meas.~ 2
Z (PT _PT ) n Z

i=l,jets

Constrain masses of 2 W’s? t and?have the same mass.

. 2jets from W decay + 2b-jets. —12 jet-parton assignments.

~-Assignment inconsistent with b-tagging information is rejected.
=¥ . We choose the assignment with smallest y2 as seemingly
correct event reconstruction.

« We reject events with y2>9, as seemingly background.



Top Mass Templates

M., distribution shape is
parameterized as a function of
true top mass using ttbar Monte
Carlo samples with different top
mass assumptions.

Signal Template (1tagT)

Top mass:
145 GeV/c?
165 GeV/c?
185 GeV/c?
B 205 GeV/c?

I1DO 150 200 250 520
M, (GeV/c’)
P

P L

o, B v istage

> 04 i

[T Wbb

O p3

0 1-top (tchan.)
@ 0.2

= 1-top (s chan.)
2 0.1

w

Background distribution is
also fit into a function, but
NOT dependent of top
mass.

Background Terr_1p|ate (1tagT)

100 150 200 250 300 330
M,,, (GeV/c?)



Result of Fit to Data

Likelihood fit looks for top mass that describes the data M,
distribution best (template fit).

The background fraction is constrained by estimation for tagged samples.
The background fraction is free in 0 tag sample.

_ Mag(S+J) Reconstructed Top Mass _ Mag(5+5) Reconstructed Top Mass ~ 1tag(T) Reconstructed Top Mass
% # COF Run Il Preliminary % : COF Run i Prefiminary ;"' “;' A COF Run Il Prafiminary
E E Dn-h.ﬂm.' E 7 Dn—:umu 2' Iﬂ:— Dnu 10 wvta
% 4 ﬂw-lhu E- & , Ew*ﬂqﬂ ? B Esu--w
&2 {318 pb™) & : (218 pb") ] (18 pb")
2 3 '-_' i
2tag (S+J) 2 o 2tag (S+S) 1tagT
1 :P 1 : 2 ,
L o 3 : 11 Fail i &R "I. 2 bl AL Bhil o] o 300 Fils £ Jis,
M,,, (GeVic?) M,,, (GeVic?) " M,,, (GeVic?)
1tag(L) Reconstructed Top Mass (tag Reconsiructed 1op Mass
B COF Aun I Prefiminary 5 " C:OF Run Il Prafiminary
3 3° R
& 3 L T D -
%u }' : E""" Nl
w2 a o, (18 pb")
1 : e
0. R T . E":":":":":":‘:" :"'- -
M R I ; I O ﬁ'&;:
_ 3 1 8 b_1 00 160 208 260 300 G0 480 0 160 200 260 M@ 150 4%
L= P M,,, (GeV/c?) M,,, (GeV/c?)

my,, = 173.0 +2.9/-2.8 (stat) + 3.3 (syst) GeV/c?

Jet Energy Scale (JES) Uncertainty = +3.0 GeV/c?



Improved Fitting

* In-situ JES calibration w/ W—|j invariant mass in
candidate events.

* (M, W invariant mass) are parametrized as functions
of (true top mass, JES).

* Likelihood fit is performed in Likelihood
(true top mass, JES) plane (2-D fit). e

« Currently only using SECVTX
tagger.

* Further improvement can be
achieved by optimizing b-tagging
conditions.

JES (o)
) M — (=] — N (=]

P rellmmafyg318 pb )

i 2 L%
160 165 170 175 180 185 190
top mass (GeV/c?)

World's Best Single Measurement! | =318 pb-
Even better than Run | World Ave!

My, = 173.5 +2.7/-2.6 (stat) + 3.0 (syst) GeV/c?

JES syst = +2.5 compared to +3.0 wo/ in situ calibration




Future Projection
Prospect for M,

« Total uncertainty of 2-D fit
measurement will achieve

~ 2 GeV/c?
In the end of CDF Run Il.

« Conservative projection
assuming only stat. and JES
will improve.

« We can improve other
syst. uncertainties.
. We will optimize b-

CDF Run Il Preliminary

(%]
I|II

Total I'.fL,p Uncertainty for
Lepton+Jets Channel Only

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

-9
I

\*)
I|IIIIIII

Py
—

[ ]
TDRProjection (1996)
[ ]

Total Uncertainty (GeWcz)
[}
|

—t
II|III

_| L 11 | 1 111 | L 111 | L 11 |S L 111 | 1111 | 1111 | L 11 |: 111
) I T T T S I 8
Integrated Luminosity (fb™) °

tagging condition for 2-D
fit in the next round. :
Currently it only uses : —p

SECVTX. Aimed for luminosity
— We will do better! of Tevatron Run II.



Summary of Run Il Measurements

Preliminary World Average with
CDF/DO0, Run I/Run Il Measurements

CDF Run 2 Preliminary (July 20 2005) .
Only best analysis from each

Run 1 World A 2.7 4 -
s 1 Avergly 178.0+27+3.3 decay mode, each experiment.
Run 1 DO Lepton+Jets 180.1+3%+ 3.9 ot
(Run 1 oniy) 3.6 — Mass of the Top Quark (*Preliminary) )
Run 1 CDF Lepton+Jdete’ 176.1+ 31+ 5.3 Measurement _ Migp [GeVie]
(Run 1 only) CDF-1 di-l o= 167.4+11.4

— 8- 1.7 '
New TeV average (prel.) 172.7 + 1.7+ 2.4 DOl didl o 168.4 £ 12.8
Lepton+Jets: Mru_\ﬂ—'ﬂ Sii 173.5+27+ 3.0 CDF-Il di-I" —@— 1653+ 7.3
(L=318pb") _ 28 CDE-l I+ 1—— 176.1+ 7.3

+ 2 '6 3 2 B J 1 T )
Lepton+Jets: DLM + '
(L= g?&pb ) 173.2+54+ D@D-1 I+ ' —— 1801+ 5.3

S— .— '
Lepton+Jets: Lyy 207.8 +27-8 - .5 CDF-Il 1+j* - 1 1735+ 4.1
(=318 pb’') 22.3 .
——— . i — = +

Lepton+Jets: Matrix Element 172_0 + gg + 3.3 Dl 14 1 10954 41
(t=318pb") ® . CDF-I all ' ® 186.0£11.5
Dilepton: Matrix element 165.3+ %3+ 3.6 .
(L= 340 pb 6.3 ' x*/dof = 65/7
Dilepton: v weughtu’ng 170.6 + 71 + 4.4 I
(L=359 pb’') ) 6.6 ITevatron Run-n* -+ 172.7 + 2.9'
Dilepton: ¢ of v 169.8 +22+ 3.8 '
L= 340 pb’') — 93— '

. T & T

7.8 I ]
E"gﬂ:t:bn; P, (tt) 170.2 + 23+ 3.8 150 170 190
| | | M, [GeVic?]
160 180 200

Top mass {Ge‘W‘czj



Updated Electroweak Fit

w/ Preliminary CDF + DO, Run | + Run Il Combined :

] ) 1 T I
{1 —LEF1 and SLD
805 LEPZ and Tevatron (prel.)
68% CL

150 175
m, [GeV]

200

r.n‘.°'°.=1;72'7 +2.9 GﬁeV./c2

| Excluded N ":""

Bl Theory uncertainty

®) -

Aoy g
—0.02758+0.00035

«++ incl. low Q° data

..... 0.02749:0.00012 [}

0
30

300

w/ Tevatron Run | average : 178.0 £ 4.3 GeV/c?:
Mpiges=114 +69/-45 GeV/c?, my;,, <260 GeV/c?(95% CL)




Summary
CDF L+Jets Template w/ JP :

m,,,=173.0 +4.4/-4.3 GeV/c? (318 pb).
Template fit with in-situ JES calibration is the best single
measurement and better than Run | World Average
m,,=173.5 +4.1/-4.0 GeV/c? (318 pb™).
This analysis will achieve Am,,, ~ 2 GeV/c?in the end of Run II.

Preliminary combination of CDF and DO (Runl + Run II):

m,,=172.7 + 2.9 GeV/c?2.
(Run | World Average : 178.0 + 4.3 GeV/c?)
= Myiges=91 +45/-32 GeVic?, my;,, <186 GeV/c? (95% c).
(My,i44s<260 GeV/c? using Run | World Average)

Next Winter with ~1fb-1 dataset (x3 statistics).

- Improvement of dominant uncertainties by ~1/3L.

- DO Run Il Dilepton and All Hadronic channel from CDF/DO Run Il will
be newly included in combined measurement.

- We expect a good improvement in precision of measurement again!



Backup



Results of Template

Measurements
Template |Template |Template
+JP + JES
Summer
2004 176.7+60, +7.1 |177.2+49, 46.6 )
Summer

2005

173.229,, .+3.4

173.0%29 , 3.3

173.5%27, 43.0




CDF L+jets Template Group

Intstitutes :
Tronto 3

UC Berkeley 2
Chicago 4
JINR 2
Fermilab 1
Pisa 1
Tsukuba 4
Rockefeller 1

 Template Method measurement was reported by
— Fermilab Today (April 21, 2005)
— KEK News (May 19, 2005)



Event Selection
* One isolated high P+ lepton (e/pn).

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

1 p:P+>20 GeV, |n|<1.0, matching between muon chamber hits
and track, energy deposit in calorimeter.

« Missing E;> 20 GeV, to ensure there was a v in the final state.
* 4 Jets reconstructed using JETCLU algorithm with cone size 0.4.

Sample subdivision by b-tagging conditions.
— 1 and 2 tag channels :
* More than 3 jets with E+ >15 GeV, |n|<2.0.
« The 4th jet with E; >8 GeV, |n|<2.0.
— 0 tag channel :
« 4 jets with E;>21 GeV, |n|<2.0.

* We only consider the leading 4 jets as products of ttbar decay, when
>5 jets are found in a event.

» Two b-tagging algorithms — SECVTX and Jet Probability.



Jet Probability Algorithm (1)

.
LY
LS
kY
# tracks

/I§¢, %, Track 2 track
Primary® T qnt flavor jst |
~ Vertes -:-1;”[‘;.3 .'__.___..-"" X . II'

# =, f

(Track 1 :Dliipni'liﬂiigmdj
{'l'm:kl:Dliﬁmpﬁmiigmd}l X
i(Track 3 Zﬂaiimi'liﬂiigﬂﬂ{[j

D0/ O

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
Charim Jet
Bottom Jet

(Jet Probability in # MC Events)

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



Uncertainty on Jet Energy
Measurement

Fractional systematic uncertainty

ﬂj [ | T | L 11 | L | | | T 1 | | I T A
e Systematic uncertainties. Cone 0.4 ]
Gﬂgf‘; e Cuadratic sum of all contributions o]
I . .. Absolute jet energy scale =]
ﬂ_ ﬂﬁ_ o memims Out-of-Cone + Splash-out ]
Lk . Relative - 0.2<||<0.8 ]
{}M o0 =eeee Underying Event e
0.02F- ————————————— =l
0r ” 4
0.2 menens P A =
-0.04:— —:
-0.06 — —
-0.08 = —
_ﬂ} [ica] | 1 1 1 | L 11 | 1 1 1 | I | | 1 1 1 | Li o | | AN | I | | 1 1 I:
20 40 60 80 100 120 140 160 180 200

Corrected jet P; (GeV)
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Optimization of Jet Probability

. Jet Probability algorithm Sensivity Scan
calculates probability of %.uef_ -
the jet to originate from ot
the primary vertex. %352{_

« We apply a cut on the Al
calculated probability for N3 |
b-tagging. 3

« We optimized the cut e
value for the best 3.74?!. COF Rup Il Preliminary
statistical sensitivity to top 4, =~ ., Y
quark mass in a Monte ° T SRR W

Carlo study.

Statistical error minimum for
top mass measurement!




Expected Number of Events

Comparison of number of events between data and

expectation :
CDF Run II Preliminary (318 pb™")

Qag(S+J)  2tag(S+S)  ltag(T)  1ltag(L)  Otag

», Background 1184059 0.71£0.18 711+£124 955+ 1.71  —
K S, tt (6.1 pb) 8.6 14.0 25.7 1.1 194
&) G, tt (8.0 pb) 11.3 18.4 33.7 14.6 25.4

” l’/oe\Total 61pb) 93 147 32.8 06 — —

‘o S/ Total (8.0 pb) 12.5 19.1 40).8 24.1 —

e — Observed 18 16 43 21 40)

7
o



Fraction of Correctly

Reconstructed Events
In ttbar MC events with m,,,=178 GeV/c2.

2-tag(S+S) 2-tag(S+J) 1-tag(T)
o o o
ETDUUIE— DAII signal MC o 700 |:|A|| signal MC 21400 Dmlsignaj MC
'-a; RMS: 27 GeVic 2 '.-3; RMS: 29 GeVic 2 %‘} 120 RMS: 33 GeVic *
O &) L)
Corr. comb (47%) Corr. comb (40%) 100 Corr. comb [25%)
E IRus;ﬁGew-:’ E IRIIS:ﬂGe'Wcz E 800 IRus:ﬂ.Gew::’
7] 0 wn wn
2 2 0 2 600 0
: 47%| &2 40% | £ 25%
c = c
L L L 20
0 0 0
100 150 200 250 300 350 100 150 200 250 300 350 100 150 200 250 300 350
M, (GeVic’) M, (GeVic) M, (GeVic’)
_ 1-tag(L) ~ aor 0-tag
N__‘-_? 600 DNI signal MC N__'L_E Bﬂﬂg Dmlsignaj MC
::; 500 RMS: 31 GeVic * :; ?Uﬂi RMS: 37 GeVic *
E 400 I{:arr. comb (15%) E 600 Ic.:-:.mcm;
el RMS : 14 GeVic © =~ 5'005 RMS : 13 GeVic *
¢ 300 o @ 400 o
T 20 15% S 300 20%
c S 200
w 100 w 100
0 P N 0
100 150 200 250 300 350 100 150 200 250 300 350

2 2
M, (GeVic’) M, (GeVic’)



Fraction of Correctly
Reconstructed Events

In ttbar MC events with m,, ;=178 GeV/c?. Categorization with SECVTX only.

N 2-tag
"g 1000 |:| All signal MC
g 800 RMS: 27 Gelic?
0
o .
E - Corr. comb (47% of signal)

RMS: 13 Gelic?

47%

CODF Run Il prefiminary

400

200

g
IIIIIIIIIIIIIIIIIIIIII

IR

300 350
M, (GeVic)
1-tag(L)

§7”“ All signal MC

iﬁm RMS: 31 GeVic”

& 500

2 - Corr. comb (18% of signal)

S5

RMS: 13 GeVic’

18%

CDF Run Il prefiminary

3
III|IIIIIIIIIIIIIIIIIIIlIIIIIIIIIIII

M, (GeVic)

2000 1-tag(T)

£ 1800 [ ] ansanaime

e 1600 RMS: 32 Gellic®

= 1400

L)

= 1200 - Corr. comb (28% of signal)
=

wi 1000

RMS: 13 GeWic®

28%

CDF Run Il praliminary

150 200 250 300 350

M, (GeVic)
0-tag

Egu All signal MC
ﬁmﬂ RMS: 37 GeVic?
%600
@ .
-'F:‘Eﬂ[l - Ciorr. comb (20% of signal)
“a00 RMS: 12 GeVic®

300

20%

COF Run Il praliminary

Mo (GeVIC]



Definition of Likelihood

L = Lﬁhﬂp,? > L,_F,j;ﬂ
L ha — E_[Iﬂu . M}{ﬂr‘g + Nhjh H':‘IFFF:I.'E'TJEH "!‘l"rﬂpﬂfﬂ{ﬂ’{:rrmu? 'm'i] + Jﬁrﬁfb{*ﬂbﬂﬁmnj
whape N = N+ N
1 .ﬂ’l"rrb — _N'}:'Tﬁd-
Ly = exp| —< —
Cr."-."f"'i'

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

N number of candidate events in the sample.
N, number of signal events.

N nmumber of background events.

my, N, and Ny are the free parameters in the fit.

No background constraint on Otag sample.

combined likelihood - Each channel is statistically independent.

Leomb = Ll:liﬂg X legﬂ bt legT bt LZm;;{SI gy X LEIﬂg[S-J]I



Result of Fit to Data

Likelihood fit looks for top mass that describes the data M

distribution best (template fit).
The background fraction is constrained by estimation for tagged samples.
The background fraction is free in 0 tag sample.

2tag(5+J) Reconstructed Top Mass

Ewvaaiad{15 Qe e

L] b ki L= E [a] L]

{318 pb™)

2tag (S+J)

......

=318 pb

2tag(5+5) Reconstructed Top Mass
.: B
E s COF Run N Prediminairy
E 7 []numui
i g~
& . (218 pb
X 2tag (S+S)
1
. o bl <A1 171
M;,, (GeVic?)
1tag(L) Reconstructed Top Mass
%‘E * COF Fun 1 Prefiminary
35
w 3
%z.;
i,
15

o OO

03 160 2@ 260 A1

M., (GeVic?)

Evaral15 GeVi ")

Ewertad{1S GeVilc™)

S = K B3 4 Oh @ = D8 &

top

1tag(T) Reconstructed Top Mass

| COF Run Il Praliminary

My, (GeVic?)
Otag Reconstructed Top Mass

COF Run Il Preliminary

A
b
rebety

b,

sttt
B
OGN
OO

e
e e

0 160 200 260 0 W0 4N
M,,, (GeV/c?)




-In(L/Lmax)

(=)
T

Measured Top Mass

Breakdown of Systematic Errors

L —1
Likelihood vs m,,, CDF Run II Preliminary (318 pb™")

-~
TTTTT

(=]
TTTTT

Combined Likelihood vs Top Mass Source AMyop (GeV/ 02)
Jet Energy 3.0
b-jet Energy 0.6
ISR 0.3
FSR 0.6
PDFs 0.4
Generators 0.2
Background Shape 0.7
- CDF Run I Prg?ﬁiﬁgg b—taggi-ng- 0.3
TR T e MC Statistics 04
- .To; mas.s (GeVic?) oo s D Total 3.3
Jet Energy Scale (JES) is dominant!
£.= 318 pb-

M., = 173.0 +2.9/-2.8 (stat) + 3.3 (syst) GeV/c?




1800

1600

Events/( 0.2 GeV/c?)

Cross Check

Expected Negative Error Distribution

- Entries 9945
- Mean -3.048
C RMS  0.5502
- CDF Run Il Preliminary
:llll'.l¢llll
0 9 8 7 6 5 4 3 2 4 0
Negative Error (GeV/c?)

Expected Positive Error Distribution

1800

—
[=1]
=
=

1400

Events/( 0.2 GeV/c?)
o
=
=

1000

800

600

400

200

It

Entries 9945
Mean 3.124

RMS 0.5831

CDF Run Il Preliminary

L]

6 7 8 9 10
Positive Error (GeV/c?)

* The obtained statistical uncertainty is consistent with
expectation from Monte Carlo study.



Improved Fitting Method

« Syst. Uncertainty = +3.3 GeV/c? is dominated by JES
uncertainty (£3.0 GeV/c? ).

* Most JES uncertainties are shared between light flavor
and b-jets. Only 0.6 GeV/c2 additional uncertainty on
m,,,, due to b-jet specific systematics.

—Likelihood fit with constraint on the dijet mass in
candidate events. b

g
Use dijet invariant
g mass for in-situ
JES calibration.




Templates with JES

(M, ., hadronic W invariant ma

top?

ss) are parametrized as

functions of (true top mass, JES).

. m; varies significantly
as a function of JES.

2

o
—
=

. Event-by-event M, is
also largely dependent
on JES.
— My, distribution is
now parameterized
as a function of true
top mass m,, and
JES.

o
-

Fraction/s GeV/c

o

o ©o

[ve] — %]
T T

o
=]
[=2]

T | T T

0[1 20 40 60 80 100 120 140 160 180

Hadronic W mass Template

Reco. W Mass (2-tag)

JES:

.—3 G
|:|-1 G

mjj(Gewcz)

JES shifted by —36,-10,...

of generic jet calibration




Result of 2-D Fit withonly secvTX)

Likelihood fit looks for top mass, JES and background fraction
that describes the data M,,, and m; distributions best.

top
Mo, distributions : coF Run il Preliminary £=318 pb-'
2-tag 1-tag(T)
- : [ pata (16 evis) - 1:: [ pata (57 evis)
> ; SignaI+Bkgd > 1;: P signal + Bkgd
g 5 B g0 ony g 10F B xga onyy 3r
5 4 S 8F :
2 3 2 gE B
:E'_I 2 :E'_I 4F 22
1 2-_ 1_
0500 150 200 250 300 350 200 000 150 200 250 300 350 200 Yt
M., (GeVic?) M;,, (GeVic?) ; ok
- 1-tag(L) 0-tag T E
- 5_ [ pata (25 evis) - : [ pata (40 evis) - -1:
3 45‘ BAsionai + skga 3 ; EAsionai + Bkga b
o 4 o L ng ‘ ;
o 3f © 5 E R
K i} 3\{ DF Rutt# Preliminary (318 pt)
E : E - Ll Ll . ] Lt L ;I | Lol bl il
a a 160 165 170 175 180 185 190
0k 0

100 150 200 250 300 350 400 100 150 200 250 300 350 400

Top mass (GeV/c?)
M., (GeVic?) My, (GeV/c?) _

M., = 173.5 +3.7/-3.6 (stat+JES) + 1.7 (syst) GeV/c?

Mo, = 173.5 +2.7/-2.6 (stat) + 3.0 (syst) GeV/c?

World's Best Single Measurement! JES syst 2.5 compared to

Even better than Run | World Ave! 3.1 wo/ in situ calibration



Future Projection

« Total uncertainty of 2-D

fit measurement will be ___ Prospect for M, ,
Am - 2 GeV/C2 5:_ CDF Run Il Preliminary
tOp “ N Total Mop Uncertainty for

Lepton+dJets Channel Only

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

in the end of CDF Run IlI.

« Conservative projection assuming
only stat. and JES will improve.

Total Uncertainty (GeV/c")

« We can improve other syst. B R
uncertainties. i3 propetont®y 3
« We will optimize b-tagging s :
condition for 2-D fit. Currently it  gg—fpgoggpgipiy
only uses SECVTX. Integrated Euminosity (fb™) E

We will do better!
- Aimed for luminosity

of Tevatron Run IlI.



Summary of Run li
Measurements

CDF Run 2 Preliminary (July 20 2005)

D@ Run Il Preliminary

177.5 8 +11 gay

+
Run 1 World Average 178.0 +27+ 3.3
(Run 1 only) 2.7 —
+
Run 1 DO Lepton+Jets 180.1+3%+ 3.9
(Run 1 only) 3.6 —
&

Run 1 CDF Lepton+Jets 176.1+2>1+ 5.3
{Run 1 only) 51—

+
New TeV average (prel.) 172.7 +17+ 2.4
(Runt + Run2l — 1.7 —
Lepton+Jets: Moo+ W 173.5+27+ 3.0
(t=318pb’) — 2.6 —

+
Lepton+Jets: DLM 173.2 + + 2.6 4 + 3.2
(L= 318 pb’) 2.4 —
Lepton+Jets: Ly 207.8 + 27.8 + 6.5
(L= 318 pb') 2.3 —

+

Lepton+Jets: Matrix Element 172.0 + +26 4 33
(L= 318 pb ') 2.6 —
Dilepton;: Mag*nx element 165.3+ %3+ 3.6
(L= 340 pb ') U e3— v

» 7.1
Dilepton: v weighting 1706+ -1+ 4.4
(L= 359 pb’) — 6.6 —
Dilepton: ¢ of v 169.8+2241+ 3.8
(L= 340 pb’) — 93—
Dilepton: P,(tt) 1702 +78 4+ 3.8
(L= 3-4{pr|,| | - 7.3 _|

160 180 200

Top mass {Ge‘W‘czj

I+jets (ideogram) 5.8 -7
L=160 pb”’ H—&—H
+5.8 +7.8
I+jets (template, topological) 1699 ;5 7.4 C&V
L=230pb”’ H—e—+
+4.2 +6.0
I+jets (template, b-tagged) 1708 7% 5.0 GV
=230 pb™ H—e—
+4.4 +1.7
I+jets (matrix element, topological) 169.5 4 1 GV
L=320 pb”! o
+14.0 +7.0
dilepton (matrix weighting) 195.0 140 70 GV
H ® H
1=230pb™
+2.7 +3.3
World average (Run | only) 1780 57 53 C¢V
hep-ex/0404010 H-e-H
1 | 1 1 1 | l l | 1 1 1 | 1
140 160 180 200

Top Quark Mass (GeV)



Run Il Combined Top Mass

Only best analysis from each Correlation :
decay mode, each experiment. « uncorrelated

Mass of the Top Quark (*Preliminary)

2
Measurement My, [GeVic?] > stat.

CDF-I di-l ﬂ-;—— 16744114 . fit method

[_:-;z:--| dli—ln 'IEFB.i-iIQ.? _in situ JES

COF-Il di-l" —8— 1653+ 7.3 o _

CDFl 1+ By 173 o100% Wi E€XP (same period)

DB I+ S 180.1% 53 - JES due to calorimeter

- 'ﬂ_w _;.'- et 9100% w/i channel

DOl 1 —r 1695+ 47

CDF-I all : o 186.0 11.5 > bkgd. model
: fiaor=657  «100% wi/i all

Tevatron Run-1/I* -+- 1727+ 2.9 ‘ > JES due to fragmentation,
g - sighal model

150 170 190 - MC generator

2
M, [GeVic’]



New Preliminary World Average

Combination of the best analysis from each decay mode, each experiment.

Correlation :

Run-I published Run-II preliminary
Splitinto 2 to CDF DO CDF DO
isolate “in situ” all.j  1+) dirll| 4+)  di-l| (I43); (1+))e  di-l| 14
JES systematics | cDF1 alj | 1.00
from other JES CDF-1 14 0.32 1.00

CDF-I  di-l 0.19 0.29 1.00

DO-1 14] 0.14 026 0.15] 1.00
D®-1 di-1 0.07 0.11 0.08 | 0.16 1.00

CDF-II (1+j); || 0.04 0.12 0.06]0.10 0.03| 1.00
CDF-II (1+j). [ 0.35 054 029|029 011 | 045 1.00
CDF-II dill || 0.19 028 018|017 0.10| 006 030 1.00

DO-IT 1+ 0.02 0.07 0.03]0.07 0.02] 007 008 0.03]|1.00

m,,,=172.7 +1.7 (stat) +2.4 (syst) GeV/c?




Future Improvements

Combined Result:

GeVic? |,
Result 172.7
Stat. 1.7 y
JES 2.0
Sig. Model 0.9
Bkgd. Model 0.9 R
Multi-Interaction 0.3 \
Fit Method 0.3
MC Generator 0.2 °
Total Syst. 24
Total Error 2.9 ’

Syst. already dominates the
uncertainty!
Basic improvement by ~1/NL

- L~1fb1in next Winter.

- In-situ JES calibration is a
powerful tool. It can be
iIntroduced to other L+jets
analyses.

Sig./Bkgd. Modeling (sr/FsR/Q?
dependence etc.) Can be improved by
using our own data.

DO Run Il Dilepton
measurement is coming soon.
Measurements in All Hadronic
mode (CDF/DO0) are under
development.



Zbb

Trlgger . CDF Run 2 preliminary - L=333 pb’'

e 2SVT track + 2 = Selected events

Background
10GeV clusters. Z signal: 3394 + 515 events

Offline Cuts : fes

 N==2jets w/
E>20GeV, |n|<1.5
(JetClu cone 0.7).

* Both jets are
required to have
secondary vertex tag.

. Ad(j1,j2)>3.0.
. E 3Het<10GeV.

*

00

=]

=]

(=]
|

Events per 5 GeV
o))
Qo
Qo
=)
|

0 50 100 150 200 25(
Dijet invariant mass (GeV)




