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CDF and D@

CDF DO

Hadron Calorimeter Mo CHi i | Muon Scintiliators

| Muon Chambers

Solenoid

Tracking Chamber Interaction Point

silicon Detector

@ Precise tracking and vertexing
new/bigger silicon/fiber tracker, new drift chamber, TOF

@ Upgraded calorimeter and muon systems
@ Upgraded DAQ/trigger
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Decays of the top quark

dilepton channel

@ BR ~5%:
2 jets, 2 charged leptons, missing
energy from 2 v's

@ cleanest channel
lepton—jets channel

@ BR ~30%:
4 jets, 1 charged leptons, missing
energy from 1 v’s

@ compromise between statistics and
background

all-jets channel

@ BR ~45%:
6 jets 2 V's
@ large backgrounds

All channels include 2 b-jets

topdecay 229

Orix 4%
O py+jets
0 gﬂlefs
He+te
Oe+p

u+u 14% 1.4% 14.8 %
W hadronic 28%

14.8 %
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General procedure

© Select signal-like events
(isolated lepton, missing energy, > 4 jets)

@ Reduce background (mainly W+jets and QCD):
e additional cuts
o b-tagging

© Reconstruct the final state (e.g., X2 fit).
(Calculate masses mqqp and my,p,.)

© Extract top-quark mass.
Templates, likelihoods, ...

Important step in recent measurements:
Use in-situ myy constraint for jet energy scale calibration.
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CDF: Template Method, 318 pb—!

165 candidates subdivided into 4 sets:

@ 0 b-tag: 4 jets E; > 21 GeV
high combinatorics; larger background

@ 1 b-tag (tight): 4 jets ET > 15 GeV

@ 1 b-tag (loose): 3 jets ET > 15 GeV, 4th jet
8 GeV < ET < 15 GeV

@ 2 b-tags: 3 jets E; > 15 GeV, 4th jet
ET > 8 GeV
reduces combinatorics; best mass resolution;
low background

Uses in-situ myy, constraint
to get jet energy scale (JES).

Event selection:
@ 1 eorp with pr > 20 GeV
@ EMs > 20 GeV

@ > 3 jets ET > 15 GeV
4th jet with ET > 8 GeV

@ 0, 1 or 2 b-tags

Category 2-tag 1-tag(T) 1-tag(L) 0-tag
expected S:B 10.6:1 3.7:1 1.1:1 N/A
No. events 25 63 33 44
Background estimates
Source Expected bkg.
2-tag 1-tag(T) 1-tag(L)
Non-W(QCD) 0.314+0.08 2.324+0.50 2.04+0.54
Wbb + Wece + We 1.12+0.43 3.914+1.23 6.81+1.85
W-+light jets 0.40+0.08 3.22+0.41 4.144+0.53
WW/WZ 0.05+0.01 0.45+0.10 0.714+0.13
Single top 0.008+0.002 0.49+0.09 0.6040.11
Total 1.89+0.52 10.4+1.72 14.3+2.45
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Select jet-quark combination and neutrino solution that gives smallest x? < 9.

my is fit parameter:
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CDF: Template Method, 318 pb—!

Background shape obtained in similar way.

Template fits to data JES from fit to my
9 2-tag: 16 event: 18] tag(T): 57 event: 9 2-tag: 25 events o 1-tag(T): 63 events
B tag: 16 events | 18 -tag(T): 57 events 8 35
7| 14 7| 30
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5 [Hpaa 10 2 [Eoata ™
«— ; Osignal - Biga : N’(‘; a [Osignal +Bgd | 15,
© o 10
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% 2; [Osked oniy ; % z D od only .
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T 1tag(L): 25events | 9| 0-tag: 40 events < 122 1-tag(L): 33 events | 40| 0-tag: 44 events
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2, 2,
miece (GeV/c?) m; (GeV/c')

Likelihood fit for m;

reco

Lsample = LU LM % Loer X Lbg (for details see hep-ex/0510048)

shape shape

Combined likelihood

Liotal (M, JES) = Lotag X L1 tag(T) X Li-tag(L) X Lo-tag X LIES
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CDF: Template Method, 318 pb—!

Don’t need to use external JES (with all its uncertainties). Can fit JES in-situ!

Combined likelihood JES vs. my Systematic uncertainties
3F T anieios Source Am: (GeV) AIJES (o)
g >, | TbJES 0.6 0.25
2- TN ‘ Method 0.5 0.02
— 1 ISR 0.4 0.08
) FSR 0.6 0.06
n 0 Q\) PDFs 03 0.04
u B N :'"L:f'f Generators 0.2 0.15
E e Bkg. shape 0.5 0.08
-2 AN b-tagging 0.1 0.01
IS MC stats 0.3 0.05
= total 1.3 0.33

2
M, o (GeV/c")

m; = 173.573 7 (stat. + JES) &£ 1.3(syst.) GeV

(Am¢(JES) = 3 GeV)
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CDF: Dynamic Likelihood Method, 318 pb—!

Dynamic Likeihood Method (DLM)

Event selection:

@ 1 eorpwith pr > 20 GeV
@ exactly 4 jets ET > 15 GeV
(] E?iss > 20 GeV

@ > 1 b-tag (SecVtx)

Then, calculate event-by-event likelihood
Li(me) =

I S X ZM2|F (21, 22)F(pr)w(x, ye; me)dx

jet comb vsol.

M: LO matrix element for tt process
F(z1, z2): parton distribution function

f(p1): pr distribution of tf system

Jochen Cammin (UR)

w(x, y; me): transfer function (detector resolution)

@ No bkg. probability term

@ b-tagging to reduce
background.

@ Combine all events: [] L.

events

Reconstructed m; vs. input m¢
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_ 63 events joint I|ke||hood CDF Run Il P y (318 pb")
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M, [GeV/c Per-Event Mass at Maximum leellhood [GeVic?]
Systematic uncertainties:
900f NC Signal : M, = 1725 GeV/c® Source Am; (GeV)
800E JES 3.0
~700E Transfer function 0.2
S ISR 0.4
g 600 FSR 0.5
o 500F PDFs 0.5
?’: 400F Generator 0.3
£ a00p Bkg. fraction 0.2
i Bkg. modeling 0.4
200 . .
b jet energy modeling 0.6
100F b-tagging 0.2
o, total 3.2

Slatlsucal Uncerlalmy (GeV/c )

m, = 173.2%% %(stat ) & 3.2(syst.) GeV
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D@: Template method (topological), 230 pb~!

Low bias discriminant

DJ Run Il Preliminary

Event selection:

z L
@ e or u with 20 GeV 5t —~t
iu‘ . PT>20G 3015 o Wafets ; -
@ > 4 jets with pr > 20 GeV e = B
s |
@ no b-tag §oal
g 01r
@ kinematic fit; use combination with % L
lowest x? < 10 §0.05-
“g be
G 02 0.4 056 08 =
@ Low bias discriminant D g from 4 ’ ’ ’ " D
topological input variables. Reconstructed top mass
Dig>04

o

2 Run Il Preliminary

@ 94 tt candidates, S/B ~ 1/1

@ Compare data to MC templates with
various m; — likelihood fit

—— tt+Background
—————— Background
—Data

m; = 169.9 £ 5.8(stat.)*7.8 (syst.) GeV

)

Events/(10 GeV)
& 8
T e T
—+—
——

e I

R vz
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Fit Mass (GeV)
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D@: Template method (b-tag), 230 pb~!

Uses 'SVT' secondary vertex tagger

@ similar |4jets selection

@ > 1 b-tagged jet(s)

@ > 4 jets with pr > 15 GeV Systematic uncertainties

@ No cut on low bias discriminant D g Source Am; (GeV)

@ 69 tf candidates, S/B ~ 3/1 JES —5.3 /+4.7
gluon radiation 2.4

Reconstructed top mass .S|gnal modelling . 2.3
jet energy resolution 0.9

J DiCIHuniIlE y calibration 0.5

E " ti+Background bkg mOde”ing 0.8

S - Background b-tagging 0.7

g N trigger bias 0.5

& MC statistics 0.5
total 6.0

@

IS

®
T[T [ T [ TT T[T [ T[T 77T

~

| | | Ly ey g
100 120 140 160 180 200 220 240 260 280

Topological analysis:

&
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Fit Mass (GeV)

m

170.6 + 4.2(stat.) 4= 6.0(syst.) GeV
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D@: Ideogram method, 160 pb—!

Based on same kinematic fit as template method, using same low-bias discriminant
Dy g. Improves statistics by

@ using all jet/neutrino solutions for fitted mass mj, om;, x?

@ calculating event-by-event likelihood using all jet/neutrino solutions and probab. of
event to be background (using D)

L(mtvpsample) = Zwi (Pevt's(mivaiﬂmf)+(1_ Pth)'BG(mf))

i

w; exp(—x?/2) (best permutation gets highest weight)

S(mj, o, mt) /dm/G(m/,m,-,a,-)~ BW(m', m¢, Tiop)

Signal likelihood based on Gaussian resolution and Breit-Wigner.

BG shape from Monte Carlo simulation.
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: Ideogram method,

Event selection (no b-tagging):

@ e or p with pr > 20 GeV

@ > 3 jets with pr > 20 GeV
> 4 jets with pr > 15 GeV

@ lowest x2 < 10, no cut on Dy

191 tt candidates, S/B ~ 1/2

Mass bias

DO Run Il Preliminary
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5 sk +  from Gaussian fit
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Likelihood
DO Run Il Preliminary

P B B B B
o F o= 1
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z) 12 ; . epton + jets 7:
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6 F -
s i
LN, .
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m¢ = 177.5 £ 5.8(stat.) &= 7.1(syst.) GeV

New results with 320 pb_l, b-tag and in-
situ JES calibration expected very soon!
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D@: Matrix element method, 320 pb~!

Uses in-situ myy constraint to calibrate jet energy.

@ Make maximal use of information in event by calculating probability for event to be
signal or background from the matrix element

® P(x; Miop) = L [ d"0(y; Miop)dqrdazf(q1)f(q2) W (x, y)

@ LO matrix element differential cross section
o f(q) probability distribution of initial parton having momentum g
@ probability of parton level variable y to be measured as variable x

@ Input: 4-vectors of final-state particles, acceptance, resolution of detector
@ Pevt(x; mi, JES) = fiop - Psgn(x; me, JES) + (1 — fiop) - Poig(x; JES)

@ Combine all events into likelihood:

n
—InL(x1,...,%n me, JES) = — > In (Pevt(x;; me, JES)) .
i=1

i=

@ Maximize likelihood L as a function of ms, and JES.
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D®: Matrix Element method, 320 pb™

Event selection Ensemble tests with MC events
@ e or p with pr > 20 GeV Mass calibration
@ exactly 4 jets with p1 > 20 GeV,
(veto on 5th jet), no b-tag —
miss 8 15| Offset: 1.442:+ 0.345 Gevic |
@ £ > 20 GeV 8, [LSioper 102740034
i S
@ A¢ cut between £ and ET'® 8
— 150 candidate events s o
<
5
Likelihood technique to estimate signal 10
and bkg. fractions 15
mie - 175.0 [GeV/c’]
Wtop N,=314+86-83 ejets
P T
o LWt N,;~20.7+9.0-83 Pull distribution
s Bacd N, =132+19-17
16 Moy pull calibration (l+jets)
" = 18 T T T T T
P =3
" € [ | |pulm,,)=1.05+0.06
s g
6 1.4
B
2 12
° 0 o1 02 0.3 0.4 05 0.6 0.7 0.8 0.9 1
topological likelihood !
08
Nevt ftop Ntop fQCD
150  36.4753% 547  11.2775% 06 Lo ] i
This value of fiop only used for calibration. mige - 175.0 [GeV/c?]
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D@: Matrix Element method, 320 pb~!

. . m; projection
Simultaneous fit of m;, JES (from ¢ Pl

. Sin L(m, ) (2D)
mw Constralnt) and fi‘op- S %W
Peut(x; me, JES) = Lo, 1695244 Geviet| /-
ftop . Psgn (X; mg, JES) sleaf
3 /
+(l — ﬂop) . Pbkg(X; JES) 3”55\
-In LWES,m, ) sio 4
o paBun |l Preliminary |+jets 3"’5; e NI /
§180—: 1171»510151015101:510152’»0
5 N m [GeV/c”
S JES projection T (GEVE]
3175 -
£ ]
170 4 = QW:E L Breliminany l+jets|
] T B R El
65 ] JES = 1.034i0.034[

3107 F

160 i. E

3106 E

3105 |

0bé " 0bs 7hz T1bd Tibe T 1bs T i a0 | N
Jjet energy scale s105 E
E L 3
f; =31 6+4'9% 08 G GG 095 6.5 098 T 105 164 106 108 1.1
top *¥—-5.5 )

Jjet energy scale (2D)
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D® ME: Cross check and systematic uncertainti

Expected stat. error

Cross check on W mass mtoperror
N Entries 1000
. ) H
@ scale jets by fitted JES factor 2w U )
. g h RMS 1.028
@ adjust ET'* accordingly g w A m,, - 170 GeV/E?
L S W
@ refit with myy, as parameter g
g 60
ME m,, fit (I+jets) °
_, 2715 DO Run 1l Preliminary I+jets I 2"
b o
£ [ 7 *
; I 1 o(m,,) [GeV/c]
b |m, = 80,095, Gevic?| &
r . 1 Systematics
2716 | . Source Am; (GeV)
[ 1 JES 0.7
2715 [ \ 1 B response (h/e) 0.8
[ 1 B fragmentation 0.7
r 1 Signal modelling 0.3
2714 |- . Bkg. modelling 0.3
[ \\ / 1 Signal fraction +0.5/ —0.2
2713 [ N " ] QCD contamination 0.7
2 ] MC calibration 0.4
S N EPRVETN ST T B Trigger 0.1
70 75 80 85 50 PDFs 0.3
my [GeV/02] total +1.7/ —16

Dominated by jet energy scale.

me = 169.5 £+ 4.4(stat. + JES) 17 (syst.) GeV, Am,(JES) = 3.2 GeV
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Issues with Jet Energy Scale

@ JES corrections account for offset

(noise, underlying event, ...), o

out-of-cone showering, and detector CDF JES uncertainties

response. «» 0.1

w Quadratic sum of all contributions

@ JES is largest single uncertainty. g oosl pboot o onray sl |
@ CDF: New Run Il systematics better g . Outof-Gone + Splashout

than Run |. .E 0.06 I Relative - 0.2</n|<0.6 1
@ D@: Systematics in presented § Underying Event

analyses > than Run I, but new 5

analyses using reprocessed data will

benefit from much improved JES.
@ Often, the relative data/MC JES

agreement is important for top-mass 0

measurements.

50 100 150 200 250 300 350 400 450 500

@ In-situ myy calibration helps to P (GeVic)

improve light-jet JES. for a jet with 0.2 < | < 0.6

Nothing equivalent for b-JES yet.
In the future: b-JES from Z — bb?

For more information about Jet Energy Scale, see talk by K. Hatakeyama, Friday 9:55.
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CDF: Decay length method, 318 pb~1

Decay length distributions

Transverse Decay Length - Tagged W +> 3 Jet Events

50 CDF Run 2 Preliminary - 318 pb”" 1
@ New method: extract m: from “© .
transverse decay length of b-hadrons + B s op aran)
single top (t-chan)
from top decays. w 30F ++ Wb ]
o WeT
. . « . . < We
@ Relies on tracking; minimized JES " wh + = ]
uncertainties. Uncorrelated to all + o cor oae
other methods. 10} ++ + K.S. Prob = 36.9%
@ boost of b-quarks: 0 5!!!55 Wi Hedate ¢ o
2 2 2 -0.5 [ 0.5 1 1.5 2 2.5 3 35
,Yb_mt+mb*mw~04ﬂ L, fem]
2mymy, mp Calibration curve from ensemble testing

@ experimentally, measure average
transverse decay length (L)

@ ¢ with pr > 18 GeV, EIs > 20 GeV,
> 3 jets with E1 > 15 GeV. At least
one jet SecVtx tagged.

Top Mass 1o Confidence Intervals - Measured <L, > Overlaid

CDF Run 2 Preliminary - 318 pb”

@ 216 positive tags in 178 events.
@ (Ly)=0.6153 %+ 0.0356 cm.

Mass [GeV/cZ]

M,,, = 207.877 GeV

+27.6
me = 207.87%; 5 (stat.) =+ 6.5(syst.) GeV 1 5 053 054 056 058 06 062 064 066 068

<L“> [em]
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Summary of measurements

CDF

CDF (*Preliminary)
—Q—
(E)llg%(;z )Ma(rlx Element 165.3+ gg +13.6
(?llgg)gton ;/welghtlng 170.6 + Z; +4.4
Dlptonigof 160.8+32+3.38
Dilepton: Pt 170.2+78+3.8
‘Dilepton:’Ambined 168.3 + 5.3 +13.3
(L=340pb”) 5.3
(kegljgr;;d)ets Matrix Element  172.0 + gg 3.3
LoptonsJets: DLM 173.235+ 3.2
Leptonsiets: M oW i 173.5+27+2.8
Fun 1 Alhadronic 186.0 £]00 + 5.7
Fun 1 Ditepton 167.4 £33+ 4.9
Run 1 LeptonsJets 176.1+31+5.3
dpmwongRS0s T 1727417424
150 160 170 180 190 200
Top mass (GeV/cz)

Jochen Cammin (UR)

Top 2006, Coimbra, Portugal —

D@

D@ Run Il Preliminary

|+jets (ideogram)
160 pb™'

l+jets (template, topological)
230 pb™!

|+jets (template, b-tagged)
230 pb™!

l+jets (matrix element) NEW
320 pb™'

dilepton (matrix weighting)

230 pb™

World average HOH

+5.8 +7.1
177.5 725 *7, GeV

H——

+5.8 +7.8
160.9 *38 478 Gev

+4.2 +6.0
170.6 42 *20 Gev

+4.4 +1.7
1695 *34 "7 Gev

+14.0 +7.0
155.07,, 0 710 GeV

+1.7 424
172.7 #1724 Gev

L ‘ ‘
140 160

1
180

L
200

Top Quark Mass (GeV)
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Summary and Outlook

CDF and D@
Best Tevatron Run Il (*Preliminary)
+14.0 .
(Pg:;?:)lbeg)ton 155.0 4155+ 7.0 @ Lepton+Jets channels provide the
° most precise top-mass measurements.
"CDF Dilepton 168.3+33+3.3
(L=340pb") ’ . L
@ Important new step is to use in-situ
. JES calibration from my, constraint

‘DO Lepton+Jets 169.5+30+3.6 W '
(L=320pb") ’

. 07 @ Results with smaller statistical error
SD;SLSPton"‘JetS 173.5+55+2.8 and increasing use of b-tagging

P expected soon.

H@-+H
‘Tevatron EPS 2005  172.7+]7+2.4
(CDF+DO0 Run I+l Average) )

Lo b TR RS R
140 150 160 170 180 190
Top mass (GeV/c )
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BACKUP
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p mass combination

From hep-ex/0507091
Global correlations

Run-l published Run-I1 preliminary
CDF DO CDF DO
allj 4 did| L il () () did| 14 Mass of the Top Quark (*Preliminary)
CDEL allg ] LOD Measurement M, [GeV/c?]
CDF-I 14 || 032 100 . P
CDF-I dil 019 029 1.00 CDF-I di-l A 167.4+11.4
DOI  1fj || 014 026 0.15]1.00 . !
DO-T di-1 0.07 0.11 0.08|0.16 1.00 D@*l dl" : 1684i128
CDF-Il (1), [ 0.04 012 006]0.00 003 100 CDE-Il di-* P I 165.3+ 7.3
CDF-I (1), || 0.35 054 020(029 011 045 100 !
CDF-II dil 019 028 0.18[0.7 010 006 030 100 CDF-l 14 * 176.1+ 7.3
DOl 1 ||0.02 007 003]007 002 007 008 0.03] 100 Rk '
DD-I 14 | —— 180.1+ 5.3
'
CDF-II 14j* B 1735+ 4.1
'
Pull and weight DIl 14 —e— 169.5+ 4.7
|
Run-I published Run-II preliminary '
CDF ) CDF DO CDF-I allj ] ® 186.0+11.5
allj 14 did] b dil| () (). did| 1 :
Pull T119 051 048 | 1167 031 ] 1018 021 111|086 ! x?/dof = 65/7
Weight (%] | +1.0  —0.2 4011|4188 +2.1| +186 +17.4 +8.0 | +33.3 ]
'
Tevatron Run-l/II* -6 1727+ 2.9
v
'
. . '
Summary of combination !
‘ Parameter Value Correlations 150 170 15’;0
; 2
M [GeV/e?] | 185.0 £10.9 | 1.00 My, [GeV/icT]

MY [Gev/e?] || 1735+ 3.0 [ 0.22 1.00
ME [GeV/e?] | 1650+ 5.8 |0.15 031 1.00
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