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Motivation

Top quark in the Standard Model (SM) ““':f‘:: ) M: d

« Most heavy fundamental particle el e

« The top Yukawa coupling is very close to . g -
unity, indicating that the top quark may play o 6
a special role in ESWB o e | e

» Self-consistency test of the SM

» Relates to the stability of Higgs potential
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Tevatron, D@ and top production

D@ experiment is one of the two experiments at Tevatron Hadron Collider, Fermilab

Tevatron Run Il 2001-2011 o i
e N\ PN
’ /f’_’ <. MAIN INJECTOR { —— - y 0
TEVATRON i“&ficvc“h \\ J ) ‘\\\\“3\\\\3\\\2\&\% I
— ~y = | m §=

COCKCROFT-WALTON = W

.. delivered 11.9 fb™!

e LA [N R

recorded 10.7 fb1
selected 9.7 fb!

Top Pair Branching Fractions

"alljets™ 46%

T+jets 15%

q f ¢ t
Erat® 10/3
Ty 23}0
RNV utjets 15%
Tevatron Run Ill: o (mt=173GeV) ~ 7.5 pb (arXiv:1112.5675) @Qﬂ% wjets 15%
y ihilati ° i exe e+jets 15%
85% qgbar annihilation, 15% gg fusion "dileptons” "lepton+iets”
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Matrix Element Method in lepton+jets channel

I+jets:  Matrix Element method + in-situ jet energy scale (K gs)

Iy
L(x1....xn2 . kygs. f) = [ | Pevi(xit my ks, f)

i=1

Peve (x:my kygs. f) = [+ Feg (x; mg kygs ) + (1 — f) - Bkg (x:kjES)

I
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in-situ Jet energy calibration in lepton+jets channel

I+jets event

pt

in-situ JES calibration
« 2 light quarks from W boson decay (W->qQ’)

« provides a way to measure light quark JES proton = d
« constraining the invariant mass to world P b
average value of the W boson mass / \ b
« This greatly reduces the uncertainty on i 4 : .
JES absolute scale w- H

Ql

* k,gs - additional JES factor that corrects measured jet energy to particle
level
Kes = 1.0250 + 0.0046 *
(typical JES uncertainty is ~2%)

* k,es can also be adopted in the dilepton channel
« By adopting k,c5 , the JES systematic uncertainty in dilepton channel is
reduced by a factor ~4

* Phys. Rev. Lett. 113, 032002 (2014)
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Precise measurement of the top quark mass in l+jets final
states using 9.7fb! of DO data

% [(b) DB 9.7 fb" @105
8 400 l+jets * Data x'%" :(a). - DO 9.7.fb
o C Mt 1.04" l+jets -
©  300- Other bgs s T . :
e | B Wihf ;
£ 200f W+If 1.03}
c T = Multijet :
w i " 1SD
E - 3SD : )
2T 1 011 ]
2 21 T Tm =174.98 £ 0.58 GeV - -
é 1'51': L piey, kJES_1025 +0.005
0.5'2'0'0“ ' ~100 600 8001000 172 173 174 175 176 177
m,; [GeV] m, [GeV]

m,=174.98 + 0.76 GeV
m, = 174.98 + 0.58 (stat + JES) * 0.49 (syst) GeV
0.43% precision
most precise single channel measurement

submitted to Phys. Rev. D
(Phys. Rev. Lett. 113, 032002 (2014))
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Data sample and event yields for dilepton final states

&
t
antiproton _ antiproton
w- — M

v system under-constrained

Jets

ttbar MC sample:

130 - 200 GeV with 5 GeV increment & 172.5 GeV sample (ALPGEN+PYTHIA)
backgrounds:

Z->|l+jets (ALPGEN+PYTHIA), diboson (PYTHIA), instrumental (data)
Kinematic selection:

two isolated leptons with opposite charge: pT > 15 GeV, |n| < 2.5
at least two jets with: pT > 20 GeV, |n| < 2.5 Event yields after selection

additional topological requirement * _
At least one jet originates from b quark

ep 298.1 + 24.6 336
ee 106.5 + 11.0 113
*=subject of optimization for this analysis HH 103.5£8.3 109
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Neutrino Weighting + Template Method in dilepton final states

« Event can be reconstructed for given mtop and two neutrino rapidities

» The agreement between calculated MET and observed MET is quantified by a weight W

» For each given mtop, Integrate w over all possible combinations of the two neutrino n’s
and jet-lepton assignments

N BeR s sgaRER) Use the frst o |NSERaempate A s GeU

- { Mean 1724 e e 1
02 ! E = mqments (Hw> Ow) tq DO preliminary, 9.7fbﬁ_{_
0 IHy DO simulation build templates for signal _
gmi : preliminary and backgrounds S
8 E : > E .
+5 006 I e
%Da.m_— ! E
L C 2
= - o
_0,02_—

-:1:

|I|||I||I||I\||\ I
100 150 200 250 300

-In(L)

Iteratively fit negative log likelihood with parabola
- fitted my,, = minimum of parabola o0
« estimated statistical uncertainty = deviation

from minimum of parabola to minimum + 0.5
-40-
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Optimization in dilepton final states using template method

Kinematic cuts:

H; (ep)

E; significance (ee / pp)
Event Selection ~3% in stat.uncert.
Er (Hu)

E;in Zmass Window (ee)

Btagging maxMVA cut (ee/epn/pp)

Unclustered missing E; resolution ~5% in stat.uncert.

weight calculation

Scanned mass range ~6% in stat.uncert.

« Using 9.7 fb™! of data, the expected improvement in expected
statistical uncertainty is > 25% on top of 2X more data
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Data result in dilepton final states
Distribution of p,,, before and after all selections and kinematic reconstruction
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Systematic Uncertainty and result in dilepton final states

DO preliminary, 9.7fb!

Source Om, [GeV]
Jet energy calibration
Absolute scale +0.5
Flavor dependence +0.3
Residual scale +0.4
b quark fragmentation| +£0.1
Signal modeling
ISR/FSR +0.2
Color reconnection +0.2
Higher order effects +0.3
Hadronization —0.1
PDF uncertainty —0.1
Signal fraction < 0.05
Object reconstruction
Electron pr resolution| < 0.05
Muon pp resolution < 0.05
Electron energy scale < 0.05
Muon pr scale < 0.05
Jet resolution +0.1
Jet identification < 0.05
Method
Calibration +0.1
Template statistics +0.2

In the dilepton channel, the top quark mass
measured using template method is

DO preliminary, dilepton
m,=173.3 £+ 1.6 GeV
m, = 173.3 + 1.4 (stat) + 0.8 (syst) GeV
0.9% precision

« Smallest systematic uncertainty in
dilepton channel
» Consistent with current world average
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Recent headlines on the top quark mass

First World combination
March 2014
arXiv:1403.4427

Tevatron+LHC m,, combination - March 2014, L =3.5f"-8.7 o
ATLAS + CDF + CMS + DO Preliminary
s 72.85

P Bt et 4
—_——i
T — M — 72.31 5
T e — 09 6
—— 1 06 (0.2
* ——t—t 2 2
Sttt 3.49+1.41008
orld comb. 2014 -t 173.34 £ 0.76 0 )
25 TevatonMaren2013 (Run l+l) rieta 173.20+ 0.87 0512036+ 061)
58 LHC September 2013 bt —t 173.29 +0.95(0.23+0.26 + 0.88)
L L 1 ""‘ stat Sy‘st
165 170 175 180

185
m,, [GeV]

m, [GeV]

Precision

Tevatron Combination
July 2014
arXiv:1407.2682

CMS Combination
September 2014
CMS-PAS-TOP-14-015

July 2014 (* preliminary)
e —

CDF-Il dilepton * 170.80+3.26 (1.83+269)

D ———

D@11 dilepton 174.00+2.80 (:2.36+1.49)
—_——

CDF-ll alljets * 175.07+1.95 (£1.55£1.19)

I —
CDF-Il MET+Jets 173.93+1.85 (+1.26+1.35)
]
CDF-ll lepton+jets 172.85+1.12 (20.52+098)
——
D@-1l lepton+jets 174.98+40.76 (20.41+063)
[
Tevatron combination *

(Run I and Run II)

174.34+0.64 (£0.37£0.52)

(% stat + syst)

#%dof = 10.8/11 (46%)

19.7 o (8 TeV) + 5.1 o™ (7 TeV)

L S A
CMS Preliminary

CMS 2010, dilepton
JHEP 07 (2011) 049, 36 pb”*

175.5 £ 4.6 + 4.6 GeV

(value =+ stat + syst)

CMS 2010, lepton+jets
PAS TOP-10-009, 36 pb™"

CMS 2011, dilepton
EPJC 72 (2012) 2202, 5.0 fb"

CMS 2011, lepton+jets
JHEP 12 (2012) 105, 5.0 fb !

CMS 2011, all-hadronic
EPJ C74 (2014) 2758, 3.5 b

CMS 2012, lepton+jets
PAS TOP-14-001, 19.7 fb™

CMS 2012, all-hadronic
PAS TOP-14-002, 18.2 fb™

CMS 2012, dilepton
PAS TOP-14-010, 19.7 fb"

+“+“+'

CMS combination
September 2014

Tevatron combination
July 2014 arXiv:1407.2682

1731+ 2.1+ 26 GeV
(value + stat + syst)

172.5 £ 0.4 + 1.4 GeV
(value =+ stat + syst)

173.56 £ 04 £ 1.0 GeV
(value + stat + syst)

173.6 £0.7 £ 1.2 GeV
(value = stat + syst)

172.0 £0.1 £ 0.7 GeV
(value = stat + syst)

1721 £0.3 £ 0.8 GeV
(value = stat + syst)

172.5 £0.2 + 1.4 GeV
(value = stat + syst)

172.38 £ 0.10 + 0.65 GeV
(value + stat + syst)

174.34 £ 0.37 + 0.52 GeV
(value = stat + syst)

173.34 = 0.76
0.44 %

165 170 175 180

m; [GeV]

0.37 %

174.34 * 0.64

World combination March 2014 =4 173.34 £ 0.27 + 0.71 GeV
ATLAS, CDF, CMS, DO (value =+ stat + syst)

| | | | | | ‘ | L | | ‘ | | | | | |
165 170 175 180

m, [GeV]

172.38 X 0.66

0.38 %
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Summary and outlook

|+jets
m, = 174.98 + 0.58 (stat + JES) * 0.49 (syst) GeV
0.43% precision
dilepton preliminary
m, = 173.3 + 1.4 (stat) + 0.8 (syst) GeV
0.9% precision

* In the dilepton channel, the precision is improved by about a factor of two

compared to previous template result for 5.3 fb-"

* We look forward to updated Tevatron combination (and World combination)

Thank you for your attention !
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Calibration and expected stat.uncert. in dilepton channel

* 3000 pseudo-experiments
* fitted top mass vs. input top mass
» good slope and pull

meas, calib MO
s At _ p MC
it  MC 4~ . P N — -
mg =a(m; ~ —170) + F + 170 p gmeas, calib
imi -1 T ndf 240616
_ DO preliminary, 9.7fb {%n n 6173t 06a0, DO preliminary, 9.7fb-! ¥2 | ndf 3.587/7
= - p1 0.9878 + 0.005934 =150 po 0.995 + 0.01768
9, 20p 5 f
E 15F EME_
@ g ./ al-3f
w 10 C
2 F / 1.2F
a - r
K 5; // 1.4 +
o Of 1B 1 l ; T
gt 7 B ] ?
5t / 0.9F
-10F | 0.8F
o
PSS S SN SONS JNE S S S - 0.6F-
-0.5 E
-1_—| L L L | | | 05:II|IIII|IIII|IIII|IIII|IIII|IIII|II
A0 5 0 5 10 15 20 ~ 160 165 170 175 180 185 190
Input Top Mass - 170 [GeV] my,,, [GeV]
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Systematic Uncertainty in the lepton+jets channel
Source of uncertainty Effect on m; (GeV)
Stgnal and background modeling:

Higher order corrections +0.15
Initial/final state radiation +0.09
Hadronization and UE +0.26
Color reconnection +0.10
Multiple pp interactions —0.06
Heavy flavor scale factor +0.06
b-jet modeling +0.09
PDF uncertainty +0.11
Detector modeling:
Residual jet energy scale +0.21
Flavor-dependent response to jets +0.16
b tagging +0.10
Trigger +0.01
Lepton momentum scale +0.01
Jet energy resolution +0.07
Jet ID efficiency —0.01
Method.:
Modeling of multijet events +0.04
Signal fraction +0.08
MC calibration +0.07
Total systematic uncertainty +0.49
Total statistical uncertainty +0.58
Total uncertainty +0.76
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Weight distribution

Sum of Weights [GeV]

weight_distr (reco) - sum method/max bin value

-------------- nominal, RMS=39.05

- === corr. assign., RMS=31.88

corr. soln., RMS=29.94

scanned top mass [GeV]
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MET resolution

S 0
© 14H —=— 8.7fb™ Gaus Fit s
e [ L F
‘—;;12: --o-- 4.3fb™: Gaus Fit M %/
o H P < g .
5 [—= 1" (previous) | yal + | DO detector has very good MET resolution
o [ A g 7 Important for measurement in dilepton
°f F P channel using template method
6l T/g..l g
e~
4? ]
74 BI 8 |1(]||‘12|‘|14-|||16|‘I
s;’f (GeV'"?)
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