Top Quark Mass in p+Jets

LHC Physics Discussions

Markus Seidel, Peter Schleper, Hartmut Stadie
Universitdt Hamburg

March 19, 2012

p—
B ol
iti | undForschun

N e gae 9
Lad Universitit Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

PHYSICS

Helmholtz Alliance

Markus Seidel (UHH) Top Quark Mass in p+Jets March 19, 2012 1/18



Measuring the Top Quark Mass in the p+Jets Channel

Motivation
®m m; important parameter of SM

m Benchmark for detector
(Tevatron precision: 1 GeV)

Challenges
m Combinatorial background
m More ISR/FSR at 7 TeV
m Uncertainty of jet energy scale (JES)

Analysis strategy

v m Select high-purity tt sample

m Ideogram method with kinematic fit for
measurement of m; and JES
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Collision Data & Simulation

Collision Data
m 4.7 fb~! pp collisions at /s = 7 TeV
Simulation

m tt signal sample (Madgraph + Pythia)

m 9 different top masses: 161.5 GeV,...,172.5 GeV, ...,184.5 GeV

m 3 different JES: 0.96,1.00,1.04
m Background samples

m QCD, W+jets, Z+jets (Madgraph + Pythia)
m Single top, s-, t-, tW-channel (Powheg)
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Event Selection

m Single isolated muon trigger (pr > 17/24 GeV)
m Exactly 1 isolated muon with pr > 30 GeV, || < 2.1
m > 4 AK5PF jets with pr > 30 GeV, |n| < 2.4
m > 2 leading jets with b-tag
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m Estimated composition: 92% tt, 3% W-jets, 4% single top, 1% other
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Event Reconstruction

m Need full event reconstruction for invariant masses
m Associate 4 leading jets to quarks from tt decay

m Take only permutations compatible with b-tag information

3 different types of permutations CMS preliminary, 4.7 fb"!, \B=7 Tev
- ‘ (SMS prefiminery 4.7t o= TeV
found via jet-parton matching on MC 18005 Mttcorect QW
f _ (y 16001~ [t unmatched =§553:§mp
m correct, fcp = 15% racol. et syt Y
m wrong, fup = 19% 1200}

Flipped b-quarks, mistags

m unmatched, f,, = 66%
Matching (unambiguousOnly) failed
due to ISR, FSR and selection
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Kinematic Fit & Final Selection

CMS preliminary, 4.7 fb ™, \ s=7 TeV
e e e
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Constraints:

my = 80.4 GeV, my = m;

Number of permutations / 0.05
2,

10°
m Weight each permutation by
Phie = exp (—2%) 10
m Cut Pﬁt > 0.2
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Pfit

m Fraction of correct tt permutations enhanced: ., = 15% — 44%

m Non-tt background — systematics
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Top Quark Mass Distribution

CMS preliminary, 4.7 fb™, \5=7 TeV CMS preliminary, 4.7 b, \ls=7 Tev
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m Kinematic fit improves top mass resolution

m High-mass tail suppressed by Pg; > 0.2
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W Boson Mass Distribution

Number of permutations / 5 GeV

CMS p v, 4.7 b, \s=7 TeV CMS p v, 4.7 b, \s=7 TeV
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m Cut keeps only solutions where m
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The ldeogram Method: Observables

m Construct event-by-event likelihood for measuring m; and JES

my JES
§ .
N
N
fit reco
m; myy

m Need probability densities of observables given m; and JES

m Correct permutations more sensitive than wrong/unmatched ones
= 2D parametrization for each permutation case separately
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The ldeogram Method: Probability Densities

m Fit mfit distribution of correct permutations (cp)
with Voigtian (BW ® G) for 9 x 3 m;-JES points

CMS si ion, \s=7 TeV CMS sil ion, \s=7 TeV
> IRy s e e
0’0-225’ v My g, = 166.5 GeV | 80'22? —— JES = 0.96
[T} 0-2; * :« e Mygen= 1725GeV7 2 0-2; * e JES = 1.00
00181 P 4 Migen = 178.5 GeV 0-18F ' -+ JES=104
Lo.165 4 Sotef E
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m Parametrize fitted distributions
w(me, JES) = g1+ g2 x JES + g3 X m¢ + g4 x my x JES
ores (me, JES) = g5+ g6 X JES + g7 X my + gg x my x JES

m P, (mfit|me, JES) =V (mft;

(me, JES) 0 (my, JES) , Ty = 2 GeV)
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The Ideogram Method: mf™ Distributions
correct (BW®G) wrong (CB) unmatched (CB)

CMS simulation, \s=7 TeV CMS simulation, Vs=7 TeV CMS simulation, Vs=7 TeV
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The ldeogram Method: mij° Distributions

correct (AG)

wrong (AG)

unmatched (AG)
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The Ideogram Method: Overview
m Probability for single permutation

P (mf5, migs|me, JES) = 3 6P; (mii[me, JES) - P; (miif|me, JES)
i

J € {cp,wp, un} , f;, P; from simulation
m Likelihood for event with n permutations

n
L (event|m,, JES) = > Pg (i) P (m5, mi5e9|m,, JES) ,
i=0

m Every event is assigned a weight Wevent = > _; Prit (1),
sum of event weights normalized to number of events

m Most likely m; and JES given data sample (Maximum Likelihood)

[f(mt,JES‘Sample) ~ H ﬁ(event|mt?JES)Wevent

events
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Validation and Calibration: Biases
m 10000 pseudo-experiments for every generated m;-JES combination
m Each pseudo-experiment corresponds to 4.7 fb~!

CMS simulation, \'s=7 TeV CMS simulation, \'s=7 TeV
—— ———
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m Good performance out of the box, small mass and JES bias
m Apply offset correction to £
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Validation & Calibration: Statistical Uncertainty

mass pull width

m Investigate pull distributions, pull = (meas — gen) /o (meas)
CMS simulation, \'s=7 TeV CMS simulation, \s=7 TeV
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m Pull width above unity = uncertainty slightly underestimated

m Correct L accordingly
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Systematic Uncertainties

5mt (GeV) 5JES

Calibration 0.15 0.001
b-tagging 0.17 0.002
b-JES! 0.66 0.000
JES pr/n 0.23 0.003
Jet energy resolution 0.21 0.003
Missing transverse energy 0.08 0.001
Q2 scale 0.76 0.007
ME-PS matching threshold 0.25 0.007
Non-tt background 0.09 0.001
Pile up 0.38 0.005
PDF 0.05 0.001
Total? 1.18 0.012

1Compare to JES uncertainty without simultaneous measurement: 1.2 GeV
2Without non-perturbative QCD uncertainties
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Result on Data

Result with 2391 selected events in u+jets channel, 4.7 fo !

my = 172.64 +0.57 (stat+JES) £ 1.18 (syst) GeV

JES = 1.004 4 0.005 (stat) 4 0.012 (syst)

CMS preliminary, 4.7 b, \5=7 TeV
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m Additional JES measurement consistent with JES from ~/Z+jets
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Summary

m Simultaneous measurement of
top quark mass and JES
= Reduced systematic JES
uncertainties

m Result with 4.7 fb~! data3:

my = 172.6+1.3 GeV,
JES = 1.00440.013

m Documentation:
CMS PAS-TOP-11-015

———————
1759+ 0.9+ 2.7 GeV

(value + stat + syst)

ATLAS 2011 (TJ), l+jets
ATLAS-CONF-2011-120, 0.7 fb

. ——
CMS 2010 (1), I+jets
CCMS-PAS-TOP-10-009, 36 pb ™

1731+ 2.1+ 2.7 GeV.
(value * stat £ syst)

CMS 2011 (1J ), ujets — 1726+ 0.6+ 1.2 GeV.

CMS-PAS-TOP-11-015,4.7 fb (value + stat + syst)

CDF 2010 (MJ), I+jets - 173.0+ 0.9+ 0.9 GeV

FERMILAB-PUB-10-427-E, 5.6 fb™! (value + stat + syst)
———

D0 2011 (MJ), l+jets
FERMILAB-PUB-11-240-E, 3.6 fb '

174.9+ 1.1+ 1.0 GeV
(value * stat + syst)

Tevatron average 2011 e 173.2+ 0.6 + 0.8 GeV
FERMILAB-TM-2504-E (value * stat + syst)
L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L
165 170 175 180

Methods
T: Template, I: Ideogram, M: Matrix Element, J: with JES rrll [GeV]

3Without non-perturbative QCD uncertainties
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Systematic Uncertainties: b-JES

CMS, L = 36 pb™ \s=7TeV
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© 4 M WA OO N ® O O

= Total uncertainty
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