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Introduction

Recent measurements of m; Additional studies
[l TOP-14-022 [l TOP-14-022
Measurement of the top quark mass using m; as function of kinematic observables
proton-proton data at \/s =7 and 8 TeV/ m Hadronization uncertainties in CMS

submitted to PRD, arXiv:1509.04044

'l TOP-15-002
Measurement of the top-quark mass from
the b jet energy spectrum

[l TOP-14-011
Measurement of the top-quark mass using
the BEST-assisted R distribution in the
muon + jets channel

incl. Sherpa Lund vs Cluster model
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JROLERERPPY Standard methods “legacy” paper

Paper contents

m Updated measurement in JSateRESEE] at 8 TeV  wsing “hybrid” ideogram method
incl. my as function of kinematics

m Updated measurement in all-jets at 8 TeV using "“hybrid" ideogram method
m Updated measurement in at 8 TeV using AMWT method
m Updated CMS 7+ 8TeV including anti-correlation studies
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LECLERTR ] R BRI Selection and reconstruction

m Select tt lepton+jets events (exactly 1 e or p, 4 jets, exactly 2 b tagged)

m Kinematic fit to tt hypothesis (my = 80.4 GeV, m; = ms), require Pyo > 0.2
m Jet scale factor (JSF) extracted from W mass peak (“2D" method)
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LECLER TRy RESENEREE Hybrid ideogram method

Ideogram method: based on MC templates, uses multiple hypotheses per event

L.

m Found anti-correlated uncertainties between 1D and 2D fits

Total uncertainty

S‘ ‘.

m JEC, JER, pileup, radiation, top pr, ... 8 oel = Sysematc (o IE0) |

m Reason: Flat JSF overcorrects for uncertainties that mostly 5 I T
affect the light jets (due to flavor- and/or pr-depency) e

m Methods for improvement: 04 T
m Use pr-dependent JSF (CDF) 02 . o ]

m BLUE combination of 1D and 2D (ATLAS) o ' +]

m Weigh down JSF constraint e

m Add external JES constraint (DO, CMS) Wigh

2D <hybrid— 1D
m Trade-off between JEC and other unc., minimum in-between
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TOP-14-022 } lepton+jets BREIL

CMS Lepton+jets, 19.7 fo™' (8 TeV)
_— e e e

m In-situ JSF and external constraint from ~/Z+jet w

. . . [d)) C 2D
have equal precision — equal weights = 1.008 Hybrid ]
1.007 oD

m Most precise result from hybrid fit (JSF+JEC)

1.006 - =

miY® = 172.35 + 0.16 (stat+JSF) + 0.48 (syst) GeV [IERELS 3
1.0041 =

1.003F .

m Dominant uncertainty: flavor-dependent JEC 1 002E E
cross-checked with Z + b measurement 1 001E E

72 1725
m, [GeV]
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LECIER ¥ all-jets Selection and reconstruction

m Select tt all-jets events (6 jets, exactly 2 b tagged)

m Kinematic fit to tt hypothesis, require Pgos > 0.1, AR,z > 2.0

m QCD multijet background obtained from control sample (PAS: event mixing)

m Jet scale factor (JSF) extracted from

W mass peak

All-jets, 18.2 fb™ (8 TeV)
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e Data

After Pgof selection

444444

CMS All-jets, 18.2 fb™ (8 TeV) CMS

> I S s e B S > A — —
8 1000; . tt correct D Background ] 8 500; . tt correct
O 800- .tfwrom_:y/ * Data b - F .tfwrong
- [ 2 ] & 400F P
0 L After P__ selection - 2 F p
g 600r 9 5 S r O
> i z 300; y

400¢ ] 200

200F ] 100/
[©] I il [ ! [©] b
s 15 W, T =
R %/%WWW@W‘%% 3
© 0.5 ' /\ PR RS RTT AA S [\ PRI
o 100 200 300 400 O 70 80

Markus Seidel (CERN)

mit [GeV]

Recent top mass results from CMS

M [GeV]

Nov 17, 2015

7/ 20



LECIED Y R0¥] (all-jets Result

m In-situ JSF gets large background uncertainty w

m hybrid fit closer to 1D

(%))
=

m 2D fit compatible within systematic uncertainties
(only stat. 2Alog £ = {1,4} contours are shown)

m Most precise result from hybrid fit (JSF+JEC)

m™° = 172.32 4 0.25 (stat+JSF) & 0.59 (syst) GeV

m Dominant uncertainties:

JEC, flavor-dependent JEC, background
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LRCIER NPy ool Selection and reconstruction

CMS Dilepton, 19.7 fb™ (8 TeV)

| | Select tfdllepton events >10000:\\\\‘\\'\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\:
() E 7z ® Data (> 1 b-tag)
m 2 opposite-sign leptons O sy | [ E
m at least 2 b-tagged jets ' sooof- M oreii-van .
m for ee and pp: MET> 40 GeV, 76 < my, < 106 GeV % 7000F- =Smglet 3
r W+jets
| AMWT method Lﬁ 6000; DDiboson E

m Solve kinematic equations for 100 < m; < 600 GeV 2000

— up to 8 solutions for neutrino momenta 4000
m Repeat 500x with object energies smeared within 3000f
detector resolutions 2000f

m Calculate matrix element weight for E; in top frame 1000F

m Solution with highest average weight — mAMWT

ole

1-=\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\

/ /M/«/WMIM//%WWWW%%}W

Olz\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\

100 150 200 250 300 350 400 450
mAMWT [GeV]

Data/MC
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TOP-14-022 j dilepton JRESI

. -1
m Result obtained from binned likelihood ~.  CMS Dilepton, 19.7 b~ (8 Tev)
§500; . AMWT Method
my = 172.82 £ 0.19 (stat) + 1.22 (syst) GeV =
o 400F ’

=) r
m Dominant uncertainties " 300
m 0.75 GeV scale variation (ug, 11F) 20057
m 0.69 GeV b fragmentation ;
100+
of

N S T T S S T I A

166 168 170 172 174 176 178
m, [GeV]
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TOP-14-022
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Measurements combined with BLUE

Pileup uncertainty uncorrelated between 7 and 8 TeV

CMS

Anti-correlations are minimized by hybrid fits — no negative correlations assigned

Use constraint p < oj/0; — avoid negative coefficients, slightly larger uncertainty
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TOP-14-022 § combination

Result

CMS combination, lepton+jets

172.45+ 0.15 + 0.47 GeV

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

17550 + 4.60 + 4.60 GeV
(value # stat + syst)

This analysis (value  stat + syst)
CMS 2011, dilepton ® 172.50 + 0.43 + 1.43 GeV
EPJC 72 (2012) 2202, 5.0 o™ (value  stat + syst)
CMS 2011, all-jets * 173.49 + 0.69 + 1.21 GeV/
EPJC 74 (2014) 2758, 35 fb” (value * stat + syst)
CMS combination, all-jets \ 172,42+ 0.24 % 0.59 GeV . i
This analysis (value £ stat + syst) CMS 2011, lepton+jets 173.49 + 0.43 + 0.98 GeV
JHEP 12 (2012) 105, 5.0 fo* (value  stat + syst)
CMS 2012, dilepton \{ 172.82+0.19+ 1.22 GeV.
This analysis, 19.7 fb™ (value * stat + syst)
. —— CMS 2012, all-jets ® 172.32 + 0.25 + 0.59 GeV
CMS combination, dilepton 172.71+ 0.20 + 1.07 GeV. This analysis, 18.2 fo™" (value + stat + syst)
This analysis (value + stat + syst)
CMS 2012, lepton+jets ® 172.35+ 0.16 + 0.48 GeV
This analysis, 19.7 fb™ (value * stat + syst)
CMS combination \ 172.44 + 0.13 + 0.47 GeV
(value + stat + syst)
CMS combination N\ 172.44+ 013 + 0.47 GeV Tevatron combination (2014) 0
(value * stat + syst) arXiv:1407.2682 174.34 £ 0.37 + 0.52 GeV
(value + stat + syst)
World combination 2014 ——

ATLAS, CDF, CMS, DO
arXiv:1403.4427

173.34+0.27+ 0.71 GeV

(value + stat + syst)

175 180

m, [GeV]
my = 172.44 + 0.13 (stat) + 0.47 (syst) GeV R aAL L= RAY(0
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LECIE R0 m. from b-jet energy spectrum

m Select tt dilepton ey events (2 opposite sign leptons, 1 or 2 b-tagged jets)
m £, peak position sensitive to m; [PRD 88 (2013) 057701]

m Biased by selection and reconstruction effects — MC calibration needed

19.7 fb'(8 TeV
o e ‘m_m_““9”"?‘1@“9‘?7 8 TeV
%  CMS * Data wo ] s 2F
L 250 imi W et v r
s 25Preliminary By v e C_MS _
g r i oo = 1 Simulation
3 200 . £ L
w L ] S AC o
- r ] é 0= -e-simulation R
15— ] & F ---- Expected 3
s ] -1 —Fit
r B L -
B B
] s
] uft -2 Fit parameters
] r
— s r X2/ ndf 3.897/5
1 o -3 Prob 0.5644
. N g r po -1.208 + 0.07033
b T T 2
m‘o 12 gt g0 Pl 0.7014+0.03694
DEo.sl 'i&h“ﬁfwr ? u_lg4‘\HH\HH\HH\HH\HH\HH\HH\HH\‘
35 4 45 5 55 6 65 |7 -4 -3 -2 -1 0 E 1 2 3 G 4V
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BEOIEAREIA Result

m Result from fit to log (E)
my = 172.29 £ 1.17 (stat) & 2.66 (syst) GeV

m Dominant uncertainties

1.17 GeV statistics

0.74 GeV JEC (pre-final 2012)
0.91 GeV ME generator

0.91 GeV top pr

m Used Z+b jet calibration [ELYI=RReE0[oX!

m central value compatible with 1

m uncertainty reduced by 60%
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Ew 22— y + xm —
2 E R
20 =
= 20: e
© 18 Uncalibrated Measurement ;
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O Calibrated Measurement 3
14 Epea = 67.45+ 0.71 GeV <
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LESLER RN Top mass using BEST

m Select tt lepton+jets events (exactly 1 p, > 4 jets, > 2 b tagged)
m Estimation of comb. background using Bi-Event Subtraction Technique (BEST)

500

— 12000 19.7 fb (8 TeV) o 19.7 b (8 TeV)

S C CMs S - cMs
- - 2000(— -

~ L Preliminary ~ - Preliminary

g 10000~ g -

= L —e—data T 1500 - —e—data - BEST

c — . < n

é L . Signal -g L .Signal

] - S 1000~

8 - B sesT S -

L \l
o g
1] w E
% PP **¢++**++++‘++ $ Qe *H ‘e D R
T ek *Te PAALAA ? b éu- OET L) . ML B
0.8 = 2F +
15 2 25 3 35 4 15 © 12 16 18 2 22 24 26 28
my,/m; m../m

m Result from fit to R = myp/mj;: [l VPAIEIRTAE 1 =R G N e
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ECIERPRY RIESERERISE M, as function of kinematic observables

m Measure m; on subsets depending on kinematic observables

m Subtract value of inclusive measurements

m Compare data to models, difference should be flat

JSF
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— e 2 2 2
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ECIERPRY RIESERERISE M, as function of kinematic observables

m Included 8 observables: pr+, prb, |7b|, m:t,

pr.ti: ARqg, ARy, number of jets
m Quantified overall agreement by

X2 = Z (data - Sim)z/ (Udata + 05|m)

m Summed 2 for different generators

Simulation ‘ X2 o

MG + Pythia 6 Z2* 17.55 0.10
MG + Pythia 6 P11 37.68 1.73
MG + Pythia 6 P11noCR | 31.57 1.15
Powheg + Pythia 6 Z2* 19.70 0.20
Powheg + Herwig 6 76.48 4.84
MCGNLO + Herwig 6 20.47 0.24

Markus Seidel (CERN)
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Hadronization model — particle-level comparison in Sherpa

mjp &= m, (from jets w/o neutrinos) mjp &= m, (from jets with neutrinos)

Mass distribution for reconstructed top after my cut

T E 0.035 -
L o035 £ i E —— Sherpa Lund
2 003 —— Sherpa Cluster 003 —— Sherpa Cluster
£ o025 | 0.025 -
3 ook
002 - E
2 E
T o015 0.015
001 - .01 -
0.005 - 0.005 -
o E L L o
14 14
i WWWA £
3 1 IR
g )
= 08 5 g 08 E
06 06 E
E | |
100 150 200 100 150 200 250 300

mji GVl

Difference in BR B — v X Hadronization model...

m Sherpa Lund: 0.247 m has small effect on IR-safe observables
m Sherpa Cluster: 0.287 m affects analyses by jet composition
= PDG: 0.239 - 0.268 (particle types and momenta)
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Hadronization uncertainties in CMS

JEC: Flavor

19.7 o
——rrrry

(8 TeV)

—Gluon
-=QCD Mixture
-=Z+jet mixture
—~y+jet mixture
-+ Light quarks
-~ Bottom

JEC uncertainty [%]

In =0

et

Anti-k; R=0.5 PF+CHS ]

2000

p, (GeV)

m Pythia 6 vs. Herwig++ for

each jet flavor

1/NdN/dxg

MC/Data

b quark fragmentation function f|

—e— ALEPH data
—— P6, Za*
—— P6, Z2*rbLEP
——~ P6, Z2*bLEP hard
——— P6, Z2*bLEP soft

T T T T
0.1099 - 0.0028 + 0.0028
(value + uncertainty)

PDG B* e

0.1033 - 0.0028 + 0.0028
(value + uncertainty)

PDGB’ —o—

0.1050 - 0.0045 + 0.0077

Pythia6 .o .
(value * uncertainty)

+envelope

B Retune to LEP data using

Professor framework

m Take full difference between

Z2* and Z2*rbLEP

0.1 0.14
BRB — vX

B Neutrinos in b jets
— lower response

® Vary BR to cover PDG
values for B*/°

m Ask our data: [RLYISKEONN Direct measurement of b jet response using Z + b events
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Conclusions

m Very good agreement of default MC MadGraph+Pythia 6 Z2* with CMS Runl data

m m; in dependence of kinematics, differential cross sections, jet multiplicity
m Exception: top pt — included as uncertainty

m Very precise final 2012 JEC + detailed breakdown of hadronization uncertainties

!

m Obtained a set of most precise measurements in each analysis channel,
yielding a combined Runl result of

m; = 172.44 £+ 0.13 (stat) & 0.47 (syst) GeV

m Alternative mass extractions in good agreement with main result
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Additional material



New NLO tools for Run2

m For my: accurate description of decay products more important than n" extra jet

m Currently ME corrections “off” recommended for NLO matching?

“Gedankenexperiment in ete™ at /s = 350 GeV tt dilepton 3-jet events, min AR (b, ))
. — . > e
m Select dilepton events, look at additional jets T — Dythia8 +/- scale
¥ A ~~ - Pythia8 no MEC
I P .
m No contribution from UE and ISR = oas T e e

m Large effect from ME corrections that are
implemented in Pythia and Herwig for top decays

i

— need clarification from theory on correct procedure o
for NLO matching + ME corrections

MC/Pythia8

=3
(=3
&
G [T T

1 1.5 2 2.5 3
AR
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