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LHC combination

ATLAS-CONF-2013-102

CMS-PAS-TOP-13-005

TOP LHC Working Group

ATLAS 2011, l+jets
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ATLAS + CMS Preliminary, ys =7 TeV
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Wednesday March 19

Joint CERN-Tevatron press release:

International team of LHC and Tevatron scientists announces first joint result

Top quark mass measurements

ATLAS
CDF
CMS

DZERO

Combined result . 173.34 + 0.76 GeV/c?

ATLAS-CONF-2014-008 L i |
CDF Note 11071 s 80
CMS PAS TOP-13-014

DO Note 6416

http://arxiv.org/abs/1403.4427
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First top mass World Average

Tevatron+LHC m ., combination - March 2014, L =35f"-8.7 b
ATLAS + CDF + CMS + DO Preliminary

CDF Runll, |+jets

L, =87f"

CDF Runll, di-lepton

— e -

L, =56

CDF Runll, all jets
L =58f" B
CDF Runll, ET* +jets

172.85 £ 1.12 (0.52+ 0.49+ 0.86)
170.28 + 3.69 (1.95
172.47 £ 2.01(1.43+0.95+ 1.04)
173.93 + 1.85 (1.26 + 1.05 + 0.86)

+3.13)

21/03/2014

Martijn Mulders (CERN)

e
oo et ——e—+—i 174.94 + 1.50 (0.83+0.47 + 1.16)
DLﬁ Runll, di-lepton — o —~ 174.00 + 2.79 (2.36+ 0.55 + 1.38)
Af"jff,w’ jets —— 172.31+ 1.55 (0.23 + 0.72 + 1.35)
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Cfif'iffﬂ“ alljets ———+—1 173.49 £ 1.41(069  +123)
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Breakdown in channels / experiments

Tevatron+LHC m _ indiv. comb. - March 2014, L =3.5f"-8.7 b
ATLAS + CDF + CMS + DO Preliminary
oy tiets —_— e — 173.29 + 0.80 (0.23+£0.24 £ 0.72)
g di-lepton b —— i 172.74 £+ 1.15 (0.43+0.06 + 1.07)
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c
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g CDF —_ —— —i 173.19 £ 1.00 (0.52 + 0.44 + 0.73)
O oo b b > ! 1174.85 + 1.48 (0.78 £ 0.48 + 1.16)
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.E CMS —_— —— ———i 173.58 + 1.03 (0.29 + 0.28 + 0.95)
O Tevatron ————t—— 173.58 + 0.94 (0.44 + 0.36 + 0.74)
c
= LHC —_— e —i 173.28 + 0.94 (0.22 + 0.26 + 0.88)
World comb. 2014 —_— —— — 173.34 £ 0.76 (0.27 + 0.24 + 0.67)

22 Tevatron March 2013 (Run 1+ll) ——@——+— 173.20 + 0.87 (0.51+£0.36+ 0.61)
2
LgLES LHC September 2013 —_— e —i 173.29 + 0.95 (0.23+ 0.26 £ 0.88)
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Mass definition

L = 4.9 fb~! of data, refer to the # — lepton+jets, tf — dilepton and #f — all jets channels [16-18]]. In
all measurements considered in the present combination, the analyses are calibrated to the Monte Carlo (MC)

top-quark mass definition. It is expected that the difference between the MC mass definition and the formal
pole mass of the top quark is up to the order of 1 GeV (see Refs. [19][20] and references therein).

Proposal 1a (to be refined by A. Hoang) -- replace this disclaimer by: “The
uncertainty on the translation from the MC mass definition to a theoretically
well defined short-distance mass definition is currently estimated to be of the
order of 1 GeV []”

Proposal 1b : provide a Table (or code) to translate the MC mass (?) to the
Msbar mass definition?

Proposal 2 : quantify the systematic uncertainty of experimental observables
related to the mass interpretation, by comparing the prediction of the MC
Tool “of choice” to a well-defined NLO calculation as a function of kinematic
variables, similar to what was done in CMS-TOP-12-029 (see next slide)

21/03/2014 Martijn Mulders (CERN)



How invariant is the “invariant mass”?

CMS-PAS-TOP-12-029

* Huge top event samples at LHC allow to probe top mass observable as a
function of event variables (here: using I+jets, standard 2D fit)

CMS |:nre||m|n:ar5|r 15 7 Te\.-' Ieptom]ets

= r T T . T T
o] L ;3?—,-“-5?3,.':;2 = » Default MC tool
+ ST "7 MG, pyhia P1inoCH]
£ r == MC@NLO, Herwig — ~ Well-defined NLO tool /
mass a. [ § Calculation
Observable, = —
[ — + Test effect of renorm.
“projected B T 2 and fact. Scales, pdfs,
on MC v 3 - Alpha_s
Mass 5 N R £
definition” g 0—; 3 3 ' } Take the difference
5!:; B R [/ R VR R Y = Need a prescription to
© Prypag [G€V] derive estimated
< >

Kinematic variable uncertainty from this...
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How invariant is the

CMS-PAS-TOP-12-029

Huge top event samples at LHC allow to probe top mass observable as a
function of event variables (here: using I+jets, standard 2D fit)
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Any sign of color connections between b jets and beam, spoiling inv. mass?
Tested 12 observables, global chi2/ndf = 69/78-2 prob=77% (data vs MG Z2)
Various dependencies well modeled, by all MC models/tunes tested

Mass measurement is stable; tests will be more precise with more statistics
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LHC top mass com

olnation

LHC Working Group

JES: good progress,
> 5 common correlation
groups defined

MC/Radiation: different
MCs and treatment

} CR/UE: somewhat
ad-hoc, testing available
simplified models/tunes;
to be improved
b-tagging: working on
similar understanding of
correlations as for JES

TOP
ATLAS comb. | CMS comb. | LHC comb.
Measured Mp 172.65 173.59 173.29
iJES 0.41 0.27 0.26
uncorrelated JES comp. 0.66 0.32 0.29
in-situ JES comp. 0.30 0.08 0.10
intercalib. JES comp. 0.28 0.02 0.07
flavour JES comp. 0.21 0.19 0.16
b-jet energy scale 0.35 0.56 0.43
Monte Carlo simulation 0.40 0.06 0.14
Radiation modelling 0.42 0.28 0.32
Colour reconnection 0.31 0.48 0.43
Underlying event 0.25 0.17 0.17
Proton PDF 0.15 0.07 0.09
Detector modelling 0.22 0.25 0.20
b-tagging 0.66 0.11 0.25
Lepton reconstruction 0.07 0.00 0.01
Background from MC 0.06 0.10 0.08
Background from Data 0.06 0.03 0.04
Method 0.08 0.07 0.06
Multiple Hadronic Interactions 0.02 0.06 0.05
Statistics 0.31 0.29 0.23
Systematics 1.40 0.99 0.92
Total Uncertainty 1.43 1.03 0.95
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LHC combination

LHC September 2013 — i —t 173.29+0.23+0.26+ 0.88
Tevatron March 2013 - =0 = 173.20 £ 0.51+ 0.36 £ 0.61

(stat.) (syst.)
| | | | . | | | |

166 168 170 172 174 176 178 180

3.3 Measurements calibration

In all measurements considered in the present combination, the fitting procedures are cali-
brated to the Monte Carlo (MC) top-quark mass definition. The baseline MC program for the
simulation and calibration of the top-quark mass analyses in ATLAS is PowHeg interfaced with
Pythia for the parton shower and underlying event modelling [13-15]; MadGraph interfaced
with Pythia is used within CMS [14, 16]. The parton configurations generated by MadGraph

A systematic uncertainty, ranging from 0.02 GeV to 0.20 GeV, depending on the analysis, is
assigned to the input measurements, covering differences between MC models.

[18] A. Buckley et al,, “General-purpose event generators for LHC physics”, Phys. Rept. 504

(2011) 145, doi:10.1016/j.physrep.2011.03.005, arXiv:1101.2599.
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at the LHC

CMS-PAS-FTR-13-017

== Std. meth. == Endpoints
—Lyy

Prospects for m,,,

* Top mass projections (CMS, ECFA)
— Cautiously optimistic estimates of possible
experimental precision at LHC

— Assumes reduction in experimental and
theoretical modeling, using the ATLAS 3D fit
and differential studies with high statistics

CMS preliminary projection St
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e Some alternative methods can reach
sub-GeV precision with 300 fb!

e Standard method may reach 0.2 GeV
experimental precision, provided
— Fundamental improvements in knowledge
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on k.ey.uncerta_mtles. . : .

— Radiation, (b-)jet fragmentation, non- ot ;
perturbative QCD effects, tuning of event ReE[13) Projections

generators CM Energy | 7 TeV 14 TV
Luminosity 5fb1 10071 300fb= | 3000fb1
* Worthwhile to understand precise Pileup 93 |19 |30 [ 19]30 ] o5
top top Stat. (GeV) | 0.43 [0.04]0.04]003]003] oou_

| Total, Gev | 1.04 [ 0.7 ] 0.7 | 0.6 | 0.6 ( 0.6 )

Snowmass:
less opt'irinistic
for standard approach

See also Snowmass Top working group report http://arxiv.org/pdf/1311.2028v1.pdf a
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Questions for Discussion

© my, M vs m P fora given MC generator, would it be possible to pin
down the difference between the MC mass and a well-defined mass by
comparing the predicted distribution of an observable (like lepton p;)
between a well-defined calculation and the MC generator? Which
observables would be most useful?

Will NLO+PS Monte Carlo solve this issue? What about NNLO?

*  What other observables can we use to measure the top mass?

*  Non-perturbative QCD: is it sufficient to explore cluster- and string-based
fragmentation models with all possible different tunes (UE, CR) that
describe LHC data? Or could we be missing some important QCD effects?

* Any data-driven methods, observables, other than m,, that can be used
to probe / discover / constrain unexpected, badly modeled QCD effects ?

*  What can we learn from the “differential” studies, using the m,,
observable as a probe of anomalous effects? What variables should we
look at?
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