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‘\W'J CDF and D@

= Tevatron: proton-antiproton
collisions

= RunI: 1992-1996
with Vs=1.8 TeV

= Run II: March 2001 to
30.09.2011, 14:00
with Vs=1.96 TeV

= Two general-purpose detectors:

= CDF and D@

= About 10fb™ of data collected
per experiment

Main Injector

& Recycler
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‘\,,fJ Top Quark Mass

" Free parameter of the SM

= Together with W mass: puts constraint on Higgs mass - self-
consistency check 80.5 sy .

[ 1LHC excluded

| — LEP2 and Tevatron
{ - LEP1 and SLD
68% CL

=
®<>N
=
[GeV]
S
"

T 195
m, [GeV]
= Several methods explored for precision top mass measurement:
Template method, ideogram, matrix element, etc.
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@' tt Final States

tt-W*bW'b : Final states are classified according to W decay

B(t-W*b)=100%
met+jets: pure hadronic:
Iepton+jets eventsS  Top Pair Branching Fractions 26 jets (2 b—jets)
without identified

“alljets” 46%
electron or muon

tt+jets 15%

dilepton: )

2 isolated leptons; =7, "3 % le_pton+1ets:

High missing E_ «*f\;;,l e s 1 .|so_lated lepton; |
from neutrinos: "d“ept::‘s IR omets” Missing E_ from neutrino;
2 b-jets ’ =4 jets (2 b-jets)
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;;J Tevatron Combination

m Recent Tevatron top mass combination

= Results using up to 8.7fb™!
= Run I and Run II results

= Combination performed using BLUE

m,=173.20+0.51( stat)+0.71 (syst) GeV

= Limited by systematic uncertainties

= Dominant: signal modeling and

light-jet calibration

= Combination has x° of 8.5 for NDF of 11

- probability of 67%

19.07.2013

Mass of the Top Quark

March 2013

CDF-I dilepton

D@-I dilepton
CDF-II dilepton

D@-1l dilepton

(* preliminary)
167.40+11.41 (£10.30£ 4.90)
168.40+12.82 (+12.30 £ 3.60)
170.56+£3.79 (+2.19£3.09)

174.00+2.76 (+2.36+ 1.44)

CDF-I lepton+jets

D@-l lepton+jets
CDF-II lepton-jets

D@-Il lepton+jets

176.10+7.36 (+5.10£ 5.30)

180.10+5.31 (*3.90+ 3.60)

172.85+1.11 (£0.52£ 0.98)

174.94+1.49 (+0.83£1.24)
@

CDF-I alljets

CDF-II alljets

CDF-ll track
CDF-ll MET +Jets *

. . @
Tevatron combination *

186.00+11.51 (+10.00+ 5.70)
172.47 £2.07 (+1.43+ 1.49)
166.90+9.46 (+9.00+ 2.90)
173.95+1.85 (+1.35+ 1.26)
173.20+0.87 (+0.51=0.71)

(£ stat + syst)

x?/dof = 8.5/11 (67%)

arXiv:1305.3929
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http://arxiv.org/abs/1305.3929

;W-I Tevatron Combination

= Weights per measurement:

= Negative weights (grey) if large correlations

March 2013
Preliminary
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\\W-J Tevatron Combination

= \Weights per measurement:

= Negative weights (grey) if large correlations

& Shown in the
Nai

P following
N March 2013
Preliminary

o o
= (8)]

|weighti| /):l weight | for all measurements
o
w
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@J L+jets Analyses

= |+jets selection:

= 1 high-p_(>20GeV) isolated electron or muon

= |n|<1.1 of the lepton (D@: |n|<2 for muons)

W
= >4 jets with |n|<2.5 — g g
(CDF: |n|<2.0 or [n]|<2.4)
and p_>20GeV = ’ F
(CDF: for loose jets: p > 12GeV) o v

» CDF: ==4 jets with E_>20GeV and |n|<2.0; or : three tight
= Missing E_>20GeV

= Identification of b-jets

= Alljets and |[+jets: Take info from hadronically
decaying W mass to constrain jet energy scale
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G (5% L+jets Analyses (CDF)

= Fvents divided into subsamples (0,1,2 b-tags)

LL
= Reconstruct tt kinematics oton w v
= Constraints from known W mass g 9 ! b
= Require t and t mass to be the same q f p
2 .. . . antiproton
- X° minimization w-
= Use m ™ yielding lowest x*
» And m°® yielding second lowest x* A::::O + Data (8.7 fb")
L 140 Y| Signal+Bkgd
= From m_: constrain JES & 1201 1, [7]Bkad only
5 80
. . . . . S 60
= Perform unbinned maximum likelihood fit & |-
20

ﬂ R o e e, J"'"‘J’“ S, Sy,
50 60 70 80 90 100 110 120
m; (GeVic?)
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= Best single measurement:

m,=172.85+0.71 (stat)+0.85 (syst) GeV

= Main systematic uncertainties: ol
= Signal modeling: MC generator - S
= Color reconnection - Data (8.7 fb)
= Residual JES %132: -
= b-jet energy scale E EEE
o U

100 150 200 250 300 350

= Highest weight in Tevatron combination M2 (GoV/c)

PRL 109, 152003 (2012)
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@J L+jets Analyses (DQ)

® Matrix element method: Use full event kinematics
-» most precise method

= For each event calculate probability to belong to certain top mass

Proton

Antiproton Pr
Jet
1
Psig <x’.mtop)_ o f Zﬂavors dQlqudyf<QI)f<q2>O-<y’ mtOp) W(X,_V)
ObSPDFS Matrix element  Transfer function: mapping

of true momenta y to

& phase space
measured momenta x
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;;J L+jets Analyses (DQ)

= In I+jets events (3.6fb™?)

= JES also constrained from hadronically decaying W boson

= Measured value:

m,=174.94+0.83(stat)+0.78 (JES)+0.96 (syst) GeV

1.06 T+ T T
] ] - DO, 2(-31‘b1 3

= Main systematics: rosp D
1.04:_ . ' a . . . . . . _:

= Signal modeling: 103f (0 DO - 3
hadronization and UE; color reconnectior £ 1.02f o

. 1.01F \Tg 1sd]

= Modeling of detector: £ N 2sd:
jet energy resolution; jet response I S n .E“E

0.98 -
170 172 174 176 178 180 182

= Analysis of full dataset ongoing m, GeV

PRD 84, 032004 (2011)
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;;J ET+jets Analysis (CDF)

= Events from |+jets, where no muon or electron is reconstructed
- E_+jets

s Reconstruct m " and m, e

= Use jets and ET - modified kinematic fitter (both decay particles of
leptonically decaying W missing) 200 _

1-tag, 4 jets

= Events with 4,5,6 jets and 1 or >1 b-tag

-
o
o

&
o

® Data

iz
it

= Events with 5 jets: t+jets Bl Background -

with T misidentified as jets
= Mass (8.7fb™):

Events/(16 GeV/c?)
=

m =173.93+ 1.64 (stat)+0.87 (syst) GeV “Ti0 200 00 400

2
arxiv:1305.3339 m{*®° (GeV/c?)

= Main systematics: residual JES; signal modeling (MC generator)
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A (3%0) Alljets Analysis

(CDF)

= Events with =6 jets, no leptons, no E_

= Main challenge: large QCD multijet background

- data-driven background determination

= Construct neural network based on variables d
direction and shape of jets

= Top reconstruction: using Xx*-like quantity '

= W mass constraint for in-situ JES fit 3
= Mass (5.8fb™): ”
m,=172.5+1.4(stat)£1.4(syst) GeV osf

-1

= Main systematics:
signal modeling (MC generator), 1.5
background model, residual JES

epending on energy,

CDF Run Il Preliminary (5.8 fb™

-LI'I{LJ"Lm} Contours, 1 + = 2-tag events

[ 3 Fitted Values
[ — Ln(LA__)=45
- La(LA__)=2.0

[ — in{L1 V=05
Co v by b v v b v by Ly o |

Conf-note 10456

166 168 170 172 174 176 178 180
M,,, [GeV/c’]
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@J Dilepton Analysis (DQ)

= Dilepton events: very clean signature; but: two neutrinos

= More challenging event reconstruction
- under-constrained kinematics

= Two methods explored at D@ with 5.3fb™: o

= Matrix element method

proton

= Neutrino weighting technique

= Neutrino weighting:

antiproton

= Assume neutrino ns

= solve event kinematics for each assumption

= Calculate ET from neutrino momentum solutions

= Calculate weight based on the comparison of calculated and
measured F

—
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;;J Dilepton Analysis (DQ)

= First two moments of weight distribution used (mean and rms)

= Use in-situ JES measurement from [+jets =
to constrain JES in dilepton channel
- improved jet energy calibration

= Combined mass from matrix
element and neutrino weighting:

m,=173.9+1.9(stat)£1.6(syst)GeV

= Main systematics: JES;
signal modeling (MC generator)

PRD RC 86, 051103 (2012)

0_

-20

-40—

P2EY po, 431!

neutrino {
weighting

|
150

1 | | 1
160 170 180 190

o

Measured m-172.5 (GeV)
&

m, (GeV)
g T T T ] /]
w 5.3fb! ///
5} _ -
- matrix '
 element

offset : -1.36 + 0.10 |
slope : +0.97 + 0.02 |

0 5

-5
Input mt-1 72.5 (GeV)
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AZ Tevatron Combination

77 31

Mass of the Top Quark in Different Decay Channels

March 2013 (* preliminary)
@

Lepton+jets 173.18+0.92 (+054+0.75)

@
Dilepton 171.0242.06 (+1.72+1.14)
®
Alljets 172.70+1.94 (+1.46+ 1.28)
@

MET+Jets * 173.76 £1.79 (+1.30+ 1.23)
®

Tevatron 173.2040.87 (+0.51+0.71)

combination * (& stat + syst)

I I I I I I I | I I

168 169 170 171 172 173 174 175 176 177 178 179
M, (GeV/c?)

.
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Tl
A
77 31

= Ongoing discussion:
What is theoretical interpretation of the measured parameter?

=  We extract the top mass based on Monte Carlo - Is it the pole mass?

= Alternative method: Extract m_from %14:
measurement of tt cross section °

= Assuming MC mass =pole or MS mass 10,

= Take difference as systematics 8f

= Assuming MS mass leads to ~7GeV smaller value

Calculate o as function of pole mass; compare ¢

to measured o as function of pole mass

)} : 5.2
Extract pole mass m,= 167.511.7 GeV

4

121

2_| 1

Top Quark Mass: Be aware

DO, L=5.3 fb '
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«
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- —— Approximate NNLO

NLO+NNLL
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1
150 160 170 180 190
Top quark pole mass (GeV)
PLB 703, 422-427 (2011)

= \World average a bit more compatible with pole mass

19.07.2013
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\\W-J Top-Antitop Mass Difference

= Do top and anti-top have equal mass? PRD 87, 052013 (2013)
= If not: CPT violation! o 0-tag
&, 120 - &
= Using template technique (I+jets) g 100~ K _ Q
S 801 y
= CDF (Assume average top f o
gy
mass of 172.5GeV) S ﬁ*‘?ﬁf% .
m - m.=-1.95+1.26GeV (8.7fb™) o Bkt s SRS
t t -150 -100 -50 0 50 100 150
=  Final mass difference measurement from CDF . _ mln‘ FGEWC)
. . . . >  meam . . FD@ . _1'62‘1:5-11':
= Using Matrix Element technique (I+jets) 8180&%_‘ L etjets -
. . . = | eETso
n Psig(x,mt, m.) instead of Psig(x,mt) I S g% Bet E
i I =Y I
n D@: mt - mE=O-8:I:1.9GeV (3-6fb 1) Foe \u .EJ_.EI EI'E ! <]
1700 0 DN TEEUIS LT
= Both measurements still statistically limited SRR
170 175 180
= Good agreement with the SM! PRD 84 , 052005 (2011) M, (GeV)
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S B) Summary

= New Tevatron top mass combination: uncertainties of 0.5%!
m,=173.20+0.51(stat)*=0.71 (syst) GeV

® \arious techniques and channels
explored for precision top mass
measurements

= Final data samples from CDF and D@:
explored right now
- more results to come

= More details:

D@: http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html
CDF: http://www-cdf.fnal.gov/physics/new/top/top.html
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Jet Energy Scale

77 31

Time

18[ JejewIONRD

EM

19l eporyaed

19 mojared

23
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