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History and Status

Long history—first M, measurement
published in 1995.

Improved M,, sensitivity important
motivation for run Il upgrades.
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Soon...
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Dilepton: Combined
(L=360pb")

Dilepton: v weighting
(L=360pb")
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bl 167.4+10.3+ 4.9
(Run 1 only)
Run 1 Lepton+Jets 176.1+ 5.1+ 5.3
(Run 1 only) '._ v
Run 1 All-hadronic . 186.0 =10 0_|_ 57
(Run 1 only) TR e
‘Tevatron EPS 2005 172.7+ 1.7+ 2.4
(T_?DF+DO F?ur: 1+l L<360[ob ) | _| (stat. ); (dyst.)
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How to Weigh Truth

TEMPLATES MATRIX ELEMENT

1. Pick a test statistic (e.g. 1. Build likelihood directly
reconstructed mass). from PDFs, matrix

2  Create “temp|ates” element(S), and transfer
using events simulated ~ functions that connect
with different M, quarks and jets.
values (+ background). 2. Integrate over

3. Perform maximum unmeasured quantities
likelihood fit to extract (e.g. quark energies).
measured mass. 3. Calibrate measured

mass and error using
simulation.
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Template Method Overview

% W->jj dijet mass distribution is a resonance
Ba li m «Resonance peaks stands out at 80.4 GeV/c? Separate
ackgroun « Sensitive to shifts in jet energy scale (JES) into 4
« ttbar MC o oo
\ e samples
i by b tags,
Mass fitter 233: Mtop template 2000 m;; template J@T ET
:gg;: reco ~ 1000 \
Mass Fltter "o mem w0 O™ oo M. 200 250 300 350
« Finds best top mass and jet-parton assignment \
. One.#. per event l?ased on overcor}stralned system Parameterize
o Additional selection cut on resulting X2
Likelihood Fit 1 . ., «—— Parameterizations
: e ikelihood Fit
» Fit m, " and w;; distributions in data » For both templates,
to sum of signal and background : e, 54 function of top
parameterizations ” oz mass and JES

* For both signal and

« Constrain background and JES with
o background

prior knowledge gjves JES, top mass!

a
L
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Template Results—680 pb

CDF Run Il Preliminary (680 pb)

CDF Run Il Preliminary (680 pb)
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o 10f T S 35 > 70E
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L LY 0 25 L
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m= (GeVic m== (GeVic m, (GeVic) m, (GeVic)

m," ¢ templates w/ fit overlaid

m;; templates w/ fit overlaid

Mo, = 173.4 + 2.5 (stat. + Ages) GeV/c?

AJ' ES

318 pbt: M,

March 2, 2006

-03:0.6 (stat. + M, )) o, — Miscalibration
1735 +3.9-3.8 (51-01- + AJES) GZV/CZ

in units of o,
external calib.
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Template Results—680 pb

Likelihood contours in M, -Azes plane Systematic (Acg/'e‘\‘}p,@)
__CDF Run Il Preliminary (680 pb")  [Resdual JES |07
e | | | l l_ B-jet energy scale | 0.6
o Bkgd JES 0.4

E Bkgd Shape 0.5

RN ISR 0.5

FSR 0.2

......... RN Generators 0.3
S — R PDFs 0.3
e | [Mcsas 03

1?"?10,3 (Ger:lc%? B-taggi no o1
TOTAL 1.3

M o, (Templ)=1734+ 25(stat)* 1.3(syst)GeV/c*
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Matrix Element Overview

Likelihood simultaneously determines M,,,, Jet Energy Scale, and
signal fraction

Po(Z, my, JES, c5) = cs Pi(T;, my, JES)+(1—cs) Py 4 jer(T; JES)

Probabilities built from matrix element, transfer functions, and
parton distribution functions

Pi(&; my, JES) = - [ doy(i; my)da1daaf(q1) f(a2)W (&, §, JES)

 JES sensitivity comes from W resonance.

« Uses kinematic & dynamical features of each event.
 All jet-parton assignments are considered, wemjhte

o Select events with exactly 4 jets, well describgd. O ME.
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I\/Iatrlx Element Technigue (L+jets)

o o 13 -----------------------
o I
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M, - 172.5 (GeV/c?) M, -172.5 (GeV/c?)

top

« Calibrate method against MC samples.
— Shows unbiased measurement.

— Error are rescaled to account for observed pull
width—due to approximations in integration.
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Matrix Element (LJ) Results—680 pb

CDF Run Il preliminary (680 pb™)

 JES here Is constant W
ST - ™ 1.05 AN LB
multiplicative factor. |
— [pdata= EMC/JES 1]
e JES =1.02 +£0.02. o.gsf
— Consistent with 0.0 Lo T —
template method
. . . 165 170 175 180 1825
® Vlrtua”y Identlcal SRz:ir;j:jaclaZéySstematic uncertainty Magnitucoii(zGeV/C'z) Mtop (GeV/C)
sensitivity with fewer  creots 05t
eve ntS! Ei% Er djpendencr_a_ 553

M o, (ME/LJ) =1741+ 25(stat)+ 14 (syst)GeVic?
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Decay Length Technigque
B hadron decay lengthi b-jet boost] M, /‘
/

Difficult—measure slope of \/ —
. rnmary 8 econdar
exponential. Vertex ! Vertex

But systematics dominated by /\
tracking effects

- small correlation with
traditional measurements!

Statistics limited now

— Can make significant contribution al
LHC

[
=
'y

0 5 10 15 20 25

(L, )=1839;3; (stat)+ 56(syst)GeVic
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Matrix Element technique (Dilepton)

* Harder to reconstruct )\l in dilepton events: two
neutrinos make system underconstrained.

— More amenable to ME approach?
e Determination of probability is similar to L+Jets

— No W resonance. no fit for JEQ: T g T
 Approximations have g:z”s”“”““"")“ // =
significant effect g s BEAENE
— MC calibration essential ém AT T
_ Correct fitted mass for slope 0.8 = "2
— Correct for pull width of 1.49

M, [GeV/C']
March 2, 2006 Moriond EWK 11



Matrix Element (Dil) results—750 pb

 Best measurement in challenglng dilepton channel.

 Couldreach2 GeV (stat) 5., ..~
c 7 imina
¢ |
SenSItIVIty by end Of run I I 2- ILdt:?50pb'1(649?!ents)
Source AM,; (GeV/c?) % 0.15 o.o
Jet Energy Scale 2.6 'E
Generator 0.5 o ®
Response uncertainty 0.3 E 0.1 .
Sample composition uncertainty 0.7 9,
Background statistics 0.8 ¢
Background modeling 0.8 ¢
ISR modeling 0.5 0.05 | °
FSR modeling 0.5 ° .
PDFs 0.6 ° °
Total 3.1
= 148 %%0 - 160 170 = I\AaflG.e.V./cqg]o
M .o (ME/DIl) =164.5+ 45(stat)t 3.1(syst)G eV/c’
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Other CDF top mass results

 Threetemplate-style analyses in dilepton channel
using 340-360 ph
— Combined result: 170.1 + 6.0 (stat) £ 4.1 (syst) (&&V
— Includes stat. correlations.

 Dynamical Likelihood MethodM E)
using 320-340 ph
— Lepton + jets: 173.2 +2.6/-2.4 (stat) + 3.2 (s@V/C.
— Dilepton: 166.6 +7.3/-6.7 (stat) + 3.2 (syst) GeV/c

e All consistent with more recent measurements
reported here.

March 2, 2006 Moriond EWK 13



Combination of CDF results

 Use BLUE (Best Linear Unbiased
Estimator) technique.
— NIM A270 110, A500 391.

« Accounts for correlations in systematics.

e Stat correlations in progress.

— So far only combine measurements on
iIndependent datasets.

M, (CDF) =1720+ 16(stat)+ 2.2(syst)
=1720+ 2.7GeVIc®
x? = 51/4(28%)

CDF Top Mass Combination

(*Preliminary)

= ] —
Run 1 All-hadronic 186.0 +10.0+ 5.7
(105pb’)

H O :—:
Run 1 Dilepton 167.4£10.3+4.9
(110pb’)

— e
Run 1 Lepton+Jets 176.1+£ 5.1+ 5.3
(105pb’)

H—.—H
*Dilepton 1645+ 4.5+ 3.1
(750 pb”)
H-
*Lepton+Jets 173.4+1.7+£ 2.2
(680pb")

@+
*CDF March 2006 1720+ 1.6+ 22
(CDF Run I+11) (stat.)+ (syst.)

x“/dof = 5.1/4

Updated CDF+DO combined result coming...
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Ensemble result

Keep an eye on...

E T 1T | 1T | TTT ‘ T 1T | 1T | 1T T 3 - - -1
400" [ ] Herwig tt (=165 Gevrc?) Expected error with observed num events CDF Run !I preliminary ‘680 Pb )

- This measuremen! t - v 450 | Expected error with 118 events, C,=0.67, M, = 172.5 GeV/c?
350 i E S = » . Data: 32% of experiments with smaller uncertainty

: 1 g 400:_ CDF Run Il preliminary (680 pb ) 7 e

E 3 E 200 |
3001 CDF Run2 Prelim. 1 G 3s50:
250 i I L =750 pb" E ; 300i o L L M

r I w =
200 4 T 250- LJ eTS i J@TS

F . 7 B = L

B * J E 200= M E :
150 Dllep ME: J g2 Templa‘r ; 100 | v

o Z 150 |
100 2 °/ = = o ! 3 2 0/

- (S ERRT S 4, o

50 i E |
E B 50— | ’7
0 :\ I i U o | NI BN ANENEE NN A \: 0: L | k| T - | L L | |-i/ L L L L 0 v
0 2 4 6 8 10 12 14 16 18 220 -6 -4 -2 0 2 4 6 0 ) 4 6
2
2
AM, [GeV/c] Eaen(Seyicy) 8 M, (stat+JES) (GeV/c")

Reco t/tbar p;, 1-tag(T) + 2-tag events

e Since first run | analysis,

— CDF Il Preliminary, 680 pb*  KS prob = 7.5 %

CDF measurements have —e
tended to be “lucky”. . It (o729

e Related to kinematic -
differences w/r/t model? "

eqg. L+J€TS 1'0p PTe 050 100 130 200 250 300 350 400
GeV/c
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Keep the other eye on...

Discrepancy btw L+jets
Dilepton channel
measurements...?

IS It statistical?
— ME(dil) vs Templ(L+jets)
x2 = 2.9/1, p=0.09.

CDF (*Preliminary)

‘Dilepton: Matrix Element 1645+ 4.5+ 3.1

[ESiEt ) -

’Leptun+dets: Matrix Element 172.0+ 2.0+ 2.0

(L= 680 pb”)

, _—
Lepton+dets: Moo +W =1l 1734+ 1.7 + 2.2

[/Li?“?-g;g'&%:d LI el B SR L °
¥ r per | | (stat) + (dyst)

(Accounts for correlated
systematics)

Is there a missing
systematic?

Is our assumption of SM
ttbar incorrect??

150 160 170 180 190 200
Top Quark Mass (GEV)"CE)

Stay tuned...
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Conclusions
M., (CDF) =1720+ 2.7 GeV[c*

* CDF surpassed run Il goal . s,
3 GeV/e precision on N},

— Goal assumed 2 b

e With in situ JES calibration,
dominant “systematic” now

scales as 1/sqrt(N).

« Expect 2 GeV/¢precision by

LHC turn-on.

— Or better as we concentrate ¢ |
reducing remaining systemati *°

0_||||||||||||||||||||||||||||||||

March 2, 2006

Projected Am, (GeV
b i +
wn n o=

[
T T
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Lepton+jets channel (CDF+D0 combined)

¥}
T 1

15 F %

lllll Statistical uncertainty
lllll JES systematic uncertainty (from M, only)
""" Remaining systematic uncertanties

=== Total uncertainty

; 4 5 6 .7 8
Integrated Luminosity (fb ")
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Backup/potential slides



Why Measure Top Quark Mass?

1 —LEP1 and SLD

 Fundamental parameter of 4 5] - 5 and Tevation (rel)

— Unexpectedly large: pix 35

« Related through radiative £
corrections to other EW

observables. { ™ LS
— Important for precision tests of 10175200
SM. m, [GeVl
— With m,,, constrains m M, =% Av
« SM Yukawa coupling ~ L ’ M
Special role in EWSB?? = A= 22 9Gey/ &
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Top phenomenology

 Mass analyses use t-tbar pairb+J e’fs\‘ Dee  (1/81)
events. \ W mu-mu (1/81)

. -67(5. B tau-tau (1/81)

0 =0 (5 7) pb Me-mu (2/81)

@ M, = 175(180) GeV/e.

— ~85% quark annihilation,
~15% gluon fusion.

 Top always decays to W boson

He-tau (2/81)
B mu-tau (2/81)
Me+jets (12/81) ‘

B mu+jets (12/81)

and b quark. M tau+jets (12/81)
— Events classified by decay of W to Hjets  (36/81)
|ept0ns or quarks 07 ¢ SecVix Tag Efficiency for Top b-Jets

Tight SecVix

o
[

¢ D”eptOn: Z*GIL MET, 2 Jt Loose SecVix
o L+jets: e, MET 4 jt
 All-hadronic: 6 jt

— B tagging (SecVtx, JPB) improves

S/B ratlo ' F Top MC scaled to match data
0.1 Only b-jets with [n|<1

0 : I L L L I L L L I L L L I L L L I L L L I L L L I L L L I L L L
20 40 60 80 100 120 140 160 180
jet E; (GeV)

b-tag efficiency
o
&)

o
w +=
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Difficult Measurement

 Complicated events

— Only ~50% of evts have
leading 4 jets from tt
decay.

— 12 ways to interpret 4
jets « 4 partons.

— ResolutiorB4%AE; — statistical

 Jet energy resolution and scale systematics _ﬁ
uncertainty. ﬂ

— Systemati&% - systematic uncertainty.

2> —

« Background contamination i
— Well understood S:B of 1:1-10:1. Et_,*“_gg
— Must be treated properly to avoid bias. P q\ g
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Observables

Parameters

Analysis Overview

mTf‘CCO

100

March 2, 2006

150 200
mieco(GeV/c?)

250 30
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Measure JES using dijet mass

_ _ CDF Run Il Preliminary
 Build templates using . 2ag ttagm

. . N‘% :;gg: [ Al comb. N‘% s [ Al comb.
Invariant mass mof all 3 L0} o | Gaoon, e
t d . t . % 800+ RMS = 14 GeV/c® $3000- RMS = 15 GeV/c®
non-tagged jet pairs. , Eon
»” w 400 w F
200F L8
% 50 100 150 200 250 300 350 %" “50 100 150 200 250 300 350
mij(GeWc ) mjj(GeWc )
1-tag(L) O-tag
&, 2000F n. -
0.14 = 1800- [J All comb. = 3500 [J All comb.
S }ggg: RMS = 41 GeV/c? & 3000 RMS = 53 GeV/c’
0 1 2 0 1200E Il Corr. Comb (17%) v 2500;— Il Corr. Comb (12%)
' 21000& RMS = 17 GeV/c® 22000 RMS = 17 GeV/c®
o § 800¢ § 1500-
> 0.1 B0k i 1000;
Q 200; 500:
O % 50 100 150 200 250 300 350 % S0 100 150 200 250 300 350
L2, 0.08 m,(GeV/c’) m,(GeV/c’)
c .
20.06 e Rather than assuming JES and
Q .
So.04 measuring Nj....
0.02 e Assume N, and measure JES
0 « Parameterize P(JWNES) same as

0 20 40 60 80 100 120 140 160 180

mjj(GeV/cz) P (mreco; M top)
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Systematics: ISR/FSR/NLO

CDF Run 11 prellmlnary (193pb )|

25

 Method Iin hand to use — Pythia 62 (2M)3

Pythia 6.2: ISR Plus/Mi
¢+ DY data(ee)

Drell-Yan events to _ | DY aataGuw
understand and constrain =

extra jets from ISR. v
— Constraint scales with |
luminosity. e e LGert)
— Easily extendible to FSR. E AQ(T-tbar)
e MC@NLO sample shows — w[ g
- —MC@NLO

no add’l NLO uncertainty
IS nheeded.
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