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Challenges of M., M easurement

top

Combinatorics: leading 4 jets
combinations

12 possible jet-parton assignments
« 6 with 1 b-tag (b-tag helps)
o 2 with 2 b-tags
Jet energy scale and resolution
« Notethat two jets come from a decay of a
particle with well measured mass— W-
boson — built-in thermometer for jet
energies
Gluon radiation
— Can lead to jet misassignment and
— gluon radiation changes kinematics of the
: final state partons
Observed Final state Backgrounds due to W+jets production
1 — many diagrams, especially for high jet
1ET + 4JetS mult%/plici?ies - uncl?ertain%/ies in r%oéeling,

: . especially for heavy flavor jets
Complicated final state pecially y j

Lo reconstruct M,

Good b-tagging and jet energy scale and resolution

011508 and good algorithm to reconstruct My,




Jets and partons

calorimeter jet

» Partons (quarks produced as a result
of hard collision) realize themselves
as jets seen by detectors

— Due to strong interaction partons turn
into parton jets

— Each quark hardonizes into particles
(mostly 7and K’s) e

— Energy of these particles is absorbed by ol /8
calorimeter [ e

— Clustered into calorimeter jet using cone
algorithm
« Jet energy 1s not exactly equal to
parton energy
— Particles can get out of cone

— Some energy due to underlying event
(and detector noise) can get added

— Detector response has its resolution

out ot
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Iempiate metho
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Run 1 CDF’'sevidence PRD
50,2966(1994).

* Under the assumption that the
excess yield over background
Is due to ttbar, constrained
fitting on a subset of the events
yields a mass of

174+10*13 1, GeV/c?
for the top quark.” e
7 events | +4jets (at least 1 b-tag) [Tt ety oue =
9.4% precision
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Figure 63: Top mass distribution for the data (solid histogram) and the background
of 1.4 events (dots) obtained from the W+ multijets VECBOS events. The dashed
histogram represents the sum of 5.6 {f Monte Carlo events (from the My, =175 GeV /¢?
distribution) plus 1.4 background events.
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Signals templates

2-tag

background
templates

2-tag background m, ™
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171.6x2.1(stat + JES) £1.1(syst)GeV/c

2 b-tags: 89 events( exp bg 6.4)
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« Advantages

No neutrinos = no missing
energy

Two hadronic tops, two
hadronic W’s (twice the
calibration)

High statistics

« Disadvantages

High backgrounds
combinatorics

y2Ndof = 9.6/ 25
Prob = 0.998

20

CDF Run Il Prellminary (1.9 fh"}

Fraction of Events/(5 GeV)
o o o o e e
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tt m{* templates, 2 tags events (JES = 0.0)

B Mtop= 160
Mtop= 170
Mtop = 180
Mtop = 190

S P(m:ec | Mtop,JES)

(=)
T

2 tags events m:“

—+— Data
B Fitted tt

Fitted Bkg

r2Ndof = 21.4 /127

Frob = 0.765

180 200 250

Mt =177.0 + 3.8 (stat+JES) + 1.6 (syst) GeV/c?
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fatrix eiement
method

*Method developed by DO in Run I
Single most precise measurement of top mass in Run I

M; =180.1+3 . 6(stat) +4.0(syst) 6eV/c?=180.1+5.4 GeV/c?
3% precision

Systematic error dominated by JES 3.3 GeV/c?

Main strength of the method comes from accounting for resolutions on
event by event basis
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il Matrix Element Method

probability to observe a W(x,y) is the probability

: ) . NG j ' ' that a parton
set of kinematic variables d"o is the_dlfferentlal P :
. Cross section level set of variables y
x for a given top mass : : -
Contains matrix element | will be measured
squared as a set of variables x

]
o(m)

Normalization depends on m,
Includes acceptance effects

ﬂd”ﬂ(y; M)\ dq, dag, f(q,) f (g, ]W(X,y)

f(q) is the probability distribution than
a parton will have a momentum q

V
\ )—A Pevt()g m) = ftop' Psgn(x7 m)_l_(l — ftop)' Pbkg(x)

sl <

P (M)
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The probability that a parton of . - e

80Ge

energy Ep 1s measured as a jet of o 1A G —— Nom(ri**)=1 004

energy Ejet i (A iszagf)o
First all jets are corrected by o 100 E;: Gev

20Ge

standard CDF or D@ JES(py M) SR e ood

40Ge

Overall JES 1s a free parameter
in the fit — 1t 1s constrained in

situ by mass of W decaying Bas NS
hadronically 0 m m w1 mece

80Ge

—— Norm(F{"°" )=1.000

Y JES enters into trans fer functions ) A I ...... T ] Nonn(F:OGGV)=1,OOO
S : —— Norm(F>°®*¥)=1.000
Norm(F[?9®Y)=1_000
W E J E —— Norm(F*®*¥)=1.000
(JES ? IO) - JES=1.100
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JES ,, SRR
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| M = 170.5+2.4(statHJES)+1.2(sys)= 170.5+2.7 GeV/c?

Calibration on Monte Carlo

~|Offset: 1.442 + 0.345 GeV/c? | 2 nn 0 9/'“
: g ’ ||

| Stope: 1.027 + 0.034

—
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top

New in this analysis:

‘0,1 and 2 b-tag events are treated
separately, permutations are weighted
by the b-tagging probability
Integrate over Pt of ttbar system

145 150 155 160 165 170 175 180 185 190
hop (GeV)
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Most precise singleresult 1.2%

GDF 1.1/ib

Number of events

4000 5000 6000 7000 8000 9000
MW squared

New in this analysis:

‘Employ effective propagator in ME to
account for uncertainties on final state
parton angles

Background ME is not integrated
instead the average background

120 140 160 180 200 220 240 260

likelihood, weighted by background Top mass value at peak of likelihood curve (GeV/ch2)
[ [ : - Signal (172) + back d MC  =Dat t
fraction is subtracted from likelihoods _Bg:kzrgun;;ﬂcac groun ata events

for each individual event Regina Demina



stematics summar
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