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Benefits, Challenges and Analyses

» Benefits » Challenges
o Large branching ratio o Multi-jet background
° No neutrino - no MET o Combinatorial background
> Full kinematics available > Uncertainty from JES

|
=

» Presented analysis:
> TOP-11-017: Top-quark mass with all-jets final states
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Data and Simulation

» Collision data
> 3.54 fb! pp collisions @ Vs = 7 TeV (CMSSW 4.2)

> Prescale corrected luminosity as prescaled triggers were
necessary at the end of 2011 data taking

» Simulation
> Madgraph tt sample with 9 masses and 3 JES (0.96,1.00,1.04)
o Applied corrections to match data:
* PU weighting
- B-Tag scale factors
- Jet energy resolution
- Trigger efficiency scaling
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Event Selection

e p:14>50GeV
p° >40 GeV
e p;° >30 GeV for data after May1l0ReReco

e p;>30GeV, |n| <2.4, Particle Flow, Anti-k; (R=0.5)
° pT1'4 > 60 GeV

2. Multi-Jet:
e p;° >50GeV
H 4% | e p;° >40GeV
3. B-Tagging: [IK\FEm({e\Vay P
| = |
e Combine jets using b-tagging information
AR lsElg #ie] @ Constraints: 2x m; =m,, =80.4 GeV, m,,, =M, 1op

e Choose permutation with lowest 2

w  P(x2)>9% & AR, > 1.5
m& Schlieckau - Universitat Hamburg 4. December 2012
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Background Modeling

» Background for mass estimated using event mixing
> Using all events after b-tagging requirement
- Expected tt contamination: 20%

> All jets in mixed events originate
from different events

> Uncertainty for modeling:

CMS Preliminary, 3.54 fb, {s=7 TeV

- Compare to events mixed from Soosf fbackground
tt simulation only Soast iy et backgroune
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Validation Plots
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Plots
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ldeogram Method

» Probability for a single event (only best permutation)
> L(event|m,, JES) = P(mtfit,mwreco|mt, JES) —
f sig ij iP j(mtﬁt|mt' J ES) ‘P j(mWrecolmt' JES)
+(1 = fg) Pbkg(mtfit) ' Pbkg(mwreco);
» Most likely m, and JES
> L(m,, JES|sample)~T1

CMS Simulation Preliminary, (s=7 TeV CMS Simulation Preliminary, (s=7 TeV CMS Simulation Preliminary, {s=7 TeV
V¥ JES=0.96 ® JES=1.00 A JES=1.04 ¥ JES=0.96 @® JES=1.00 A JES=1.04 ¥ JES=0.96 @® JES=1.00

L(event|m,, JES)event
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Likelihoods on data

1D: L(m,, JES=1|sample) 2D: L(m,, JES|sample)
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Uncertainties

» 0 = max(0Yr,0%on, ;)

1-D analysis 2-D analysis
Om, (GeV) Om, (GeV) 5]ES

Fit calibration 0.13 0.14 0.001

0.97 £0.06 | 0.094+0.10 0.002 £+ 0.001

049 £0.06 | 0.52+0.10 0.001 £ 0.001

~ Jet energy resolution 0.15+0.06 | 0.13+0.10 0.003 +0.001

b tagging 0.05£0.06 | 0.040.10 0.001 +0.001
Trigger 024 £0.06 | 0.26 £0.10 0.006 £ 0.001
Pileup 0.054+0.06 | 0.094+0.10 0.001 £0.001
Parton distribution functions | 0.034+0.06 | 0.07£0.10 0.001 = 0.001
Q? scale 0.084+0.22 | 0.31+£0.34 0.005 =+ 0.003
ME-PS matching threshold 024 £022 | 0.294+0.34 0.001 £0.003
Underlying event 0.32+0.15 [ 0.88£0.26 0.007 & 0.002
Color reconnection effects 0.04 £0.15 | 0.58 +0.25 0.006 £ 0.002
Non-tt background 0.20 +=0.06 | 0.62+0.10 0.008 &= 0.001
Total 1.25 1.46 0.015

Eike Schlieckau - Universitat Hamburg

4. December 2012



Top-Quark Mass

» Measured top-quark mass in all-jets final states:

> 1D measurement:

173.49 £ 0.69 + 1.25 GeV

( m, =*stat. +syst. )
om, = 1.43 (total) GeV

o 2D measurement incl. JES fit:

* 174.28 +1.00 £ 1.46 GeV
(m, £ stat.+JES % syst.)
0.991 £ 0.008 £ 0.015
( JES + stat. + syst.)

. —@—
CMS I+jets 173.5+ 0.4+ 1.0 GeV
CMS TOP-11-015, 5.0 fb™! (value + stat.+JES + syst.)
R —=O—

CMS dilepton 1725+ 0.4+ 1.5 GeV
CMS TOP-11-016, 5.0 fb™ (value * stat. + syst.)

. ———t—
CMS all jets 1735+ 0.7+ 1.3 GeV
CMS TOP-11-017,3.5 bt (value £ stat. + syst.)

. O 2 J

ATLAS all jets 1749+ 2.1+ 3.8 GeV
ATLAS-CONF-2011-030, 2.0 fb* (value + stat. + syst.)

. - ) c—(

CDF all jets 1725+ 1.7+ 1.1 GeV
CDF CN 10456, 5.8 fb* (value + stat.+JES + syst.)
—=0=11
Tevatron average 173.2+ 0.6 £ 0.8 GeV

Tevatron prel., July 2011 (value £ stat. + syst.)
| | I I I | | I IR | | I I I | | [
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Back Up




Uncertainty Sources

»  Fit calibration:
o Statistical uncertainty on calibration fit
» Jet energy scale:

> Scale jet energies 10,

»  b-JES:
> Scale b-jet energies +164,,,
» JER:
° Scale jet energy resolution t1c
» b-tagging:
> Vary CSVT working point so that efficiency changes by £ 3%
» Trigger:
> Vary 4%, 5t and 6% p, threshold up by 2 GeV
» Pileup:

o Shift average number of PU events +5%
»  Parton distribution functions:
o Uncertainty on CTEQ 6.5 PDF
» Q2 scale, ME-PS matching threshold:
o Dedicated MC samples, varied by factors 0.5 and 2
» Underlying event, color reconnection effects:
o Dedicated MC samples (P11-FastSim vs. P11TeV-FastSim & P11mpiHi-FastSim, P11 vs. P11noCR)

» Non-tt background:
o Vary signal fraction from 44% to 64%
> Vary background model from data (20% tt contamination) to tt MC (100% tt contamination)
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Comparison

CMS preliminary, 3.54 fb!, {s=7 TeV CMS preliminary, 3.54 fb!, {s=7 TeV
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Event Mixing
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Event Mixing
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Event Mixing
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Event Mixing
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Event Mixing
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Event Mixing
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Event Mixing
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Event Mixing
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Event Mixing
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Templates |

» Distinguish 3 different types of permutations
(found via jet-parton matching on MC)
> Correct: 27.9%
> Wrong: 22.6% (mainly missing a jet)
> Unmatched: 49.4% (using unambiguousOnly algorithm)
» Weight events by P(¥?) to increase significance
> Correct: 30.1%
> Wrong: 24.5%
> Unmatched: 45.4%
» Functions used:
> Voigtian for m, correct permutations

° Landau+Gaussian (with common mean) for remaining m,
> Asymmetric Gaussian for mean m,,
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Templates i

2008k JES =1.00 2 oo JES =1.00 S0 JES =1.00
& ——m,=166.5GeV | 8§ ——m=1665Gev| & [ ——m, =166.5 GeV
2007 £0.018 2 L
a U —m,=1725GeV| T —m,=1725Gev| & [ —m, =172.5 GeV
E 0.021
0,065 —m,=1785Gev | 0016 —m,=178.5 GeV ——m,=178.5 GeV
E 0.014
005E 0.012 0.015
0.041 0.01
003 0.008 0.01
B 0.006
0.02F
B 0.004 0.005
001 0.002
E. . ol B [IRRTRTE AR o b by by b by by Iy s b b b b by
£20 140 160 180 200 220 240 _ 260 £20 140 160 180 200 220 240 _ 260 £20 140 160 180 200 220 240 _ 260
mi (GeV) mi (GeV) mi (GeV)
%0-08: m, = 172.5 GeV % 0.02 m, = 172.5 GeV %,ozs— m, = 172.5 GeV
£ r —— JES = 0.96 s —— JES = 0.96 £ r —— JES = 0.96
2 0.07— 0.018 [ L
et — JES = 1.00 o — JES = 1.00 et — JES = 1.00
B 0.016 0.02(
0.06]- — JES = 1.04 : JES = 1.04 - — JES = 1.04
E 0.014 B
0.05]- -
. 0.012 0.0151~
0041~ 0.01 :
0.03F 0.008 0.01~
F 0.006 C
0.02F C
B 0.004 0.005(—
0.01 0.002 C
‘:H T P TR R R o b by b b by by Iy R IR AU RN RIS AR AR
£20"Ta0 160 180 200 220 240 _ 260 £20 140 160 180 200 220 240 _ 260 £20 140 160 180 200 220 240 _ 260
mi (GeV) mi (GeV) mi (GeV)
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Templates llI

2 f m, = 172.5 GeV £0.07F m, = 172.5 GeV 2 I m, = 172.5 GeV
g f 2 f 30061
o071 —— JES = 0.96 g r —— JES = 0.96 2 I —— JES = 0.96
e F — JES = 1.00 o 0.00F — JES = 1.00 - — JES = 1.00
006 — JES = 1.04 F — JES = 1.04 C — JES = 1.04
C 0.05? L
0.05} C 0_04;
c 0.04 r
0.04F E r
B B 0.03F
B 0.03F C
0.03 r C
u oozi 0.02~
0.02— ’ r -
0.01— 0.01- 001
:HH\HH A N I N W W :HH\HH N RS N o L L N co v by [ RS NN R
%60 70 80 90 100 110 120 130 1 %60 70 80 90 100 110 120 130 1 % 60 70 80 90 100 110 120 130 140
mEs (GeV) mEs (GeV) mEs (GeV)
g [ JES =1.00 Zoo7f JES =1.00 g F JES =1.00
a C a r 5 0.06
goo7t ——m=1665Gev| § [ ——m=1665Gev| § [ ——m, = 166.5 GeV
e F —m,=1725Gev | & 006 —m=1725GeV | & | —m,=1725 GeV
0.06F F 051
F —m,=1785 GeV r —m,=178.5 GeV r —m,=1785 GeV
. 0.05] c
0.05— r 0_04;
- 0.04- r
0.04F r C
B . 0.03-
E 0.03F C
0.03F F C
B . 0.02f
0.02 0.021— i
0.01~ 0.01~ o0l
:HH\HH N RS R I RN W W :HH\HH N RS N N RN RN N Lol v Lo 10y RS NN R
%60 70 80 90 100 110 120 130 1 % "%60 70 80 90 100 110 120 130 1 % 60 70 80 90 100 110 120 130 140
mEs (GeV) mEs (GeV) mEs (GeV)
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Templates IV

» Parameterization of background:

> Gamma + Landau for m,
> Asymmetric Gaussian for mean m,,

> k\ T 1T T T 1T T TT T T 1T T T 1T T TT T T 1T T 1T \A >O-14 T T T T T T T T T T T T T T T T T T T T
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