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A combination of fifteen top quark mass measurements performed by the ATLAS and CMS experiments
at the LHC is presented. The datasets used correspond to an integrated luminosity of uR@fb'draf
proton-proton collisions at center-of-mass energies of 7 and 8 TeV, respectively. The combination includes
measurements in top quark pair events that exploit both the semileptonic and hadronic decays of the top
quark, and a measurement using events enriched in single top quark production via the elettroweak
channel. The combination accounts for the correlations between measurements and achieves an
improvement in the total uncertainty of 31% relative to the most precise input measurement. The result
ismy ! 17252" 0.14#stat " 0.308syst GeV, with a total uncertainty of 0.33 GeV.
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The mass of the top quarkmy) is a fundamental to date, made by CMS, with an uncertainty of
parameter of the standard model (SM). Its precise meaB@-37 GeV[33].
urement provides a crucial input to fits that probe the The final state of events containing top quarks is deter-
consistency of the SMLEB]. The Tevatron experiments mined by the decay of thé&/ bosons produced in the top
CDF and DO were the first to measung [6,7], and quark decays. In the top quark p&ifj (production mode,
produced a combined result in 20[B§. During the 201D  ATLAS and CMS have made measurements in the dilepton
2012 data-takjng period of the CERN LHC, proton-protor(t®! | *!bl ' &), lepton%jets ¢@! | ! bqaH¥), and all-
collisions at s! 7and 8 TeV produced large numbers ofjets (2! qgtbqa¥) channels. In addition, CMS has per-
top quarks in pairs via strong interactions or singly vidormed a measurement using single top quatk { *!b,
electroweak processes. The two general-purpose expefi- | ' ) events.
ments at the LHC, ATLA$9], and CMS[10], performed In the dilepton channel, ATLAS uses the average
multiple measurements @, using these datfl1ER4].  invariant mass of the two lepton ametagged jet pairs
In this Letter, a combinedn, measurement from the as the observable sensitivenip[15,18] where ab-tagged
ATLAS and CMS experiments is published for the firstjet is any reconstructed jet jdpntified as being likely to
time. The 15 input measurements utilize up @@ fb' 1 originate from ab quark. At™ s! 7 TeV, CMS uses a
of integrated luminosity per experiment at 7 (8) TeV. Akinematic reconstructiotB _y)_(ith the analytical matrix weight-
detailed estimate of the correlations between the ATLA® techniqugl2] and at” s! 8 TeV CMS performs a fit
and CMS measurements is performed and the measufe-two dedicated observabl@] to simultaneously extract
ments are combined using the best linear unbiased estim&feand the global jet energy scale (JES). In the lepfigets
(BLUE) method[25,26} Not included in this combination channel[11,15,16,23] both experiments perform a kin-
are recent measurementsmyf performed with a partial ematic fit on an event-by-event basis to reconstruct the top
13 TeV datasgp4,2 B3], for which the correlations have quark mass and the invariant mass of the hadronically
not yet been studied in detail. These measurements includ@cayingVV boson. The latter is used to constrain the global

new ana|ysis techniques and the most precise measureméﬁg. In addition, ATLAS f|tS a Scale faCtOI’ fOI‘ the rEIative

JES between jets originating frdmquarks b quark jets)

and light quark or gluon jet$l15,23] For the all-jets
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The CMS single top quark analysis fits the invariantinput uncertainty sources, mainly using the correlation
mass of the lepton, neutrino, amdagged jef21] to extract assumptions discussed in R¢16,23] Differences relative
m;. Two additional CMS measuremefitg,19]use observ- to Refs[16,23]are discussed in the Supplemental Material
ables built only from leptons and charged-particle trackg43]. Each input uncertainty source is included irrespective
resulting inm; measurements with low sensitivity to the of whether it is statistically significant.

JES uncertainties. Th@=" analysis uses the invariant The correlation strengthbetween ATLAS and CMS for
mass of the lepton and the two muons fromXtde meson each uncertainty category is assessed based on the simi-
decay[19]. The secondary vertex analysis uses the invariarities of the underlying models and methods, and of the
ant mass of the lepton and the charged particles from estimates used. Three different cases are identified, with
displaced secondary vertgX’]. Both measurements ugg corresponding assumed correlation strengths: 0.85
events from the dilepton and lept#jets decay modes. (strongly correlated)#! 0.5 (partially correlated), and

All m; measurements are calibrated using Monte Carl#! O (uncorrelated). No category was identified to have
(MC) simulation. Matrix element (ME) calculations are#! 1, which reflects the many differences between the two
performed at fixed order in quantum chromodynamicexperiments. The correlation coefficient between an
(QCD) and interfaced to a parton shower (PS) algorithmATLAS and CMS measurement for each category is the
that provides resummation of soft and collinear QCDproduct of the respective correlation strength and the signs
radiation and a hadronization model that simulatesf the impacts of that category on each measurement. In
the nonperturbative formation of hadrons. TH®wHEG  this way, for a given pair of measurements, categories that
[34EB6] generator at next-to-leading-order (NLO) in theimpactm, in the same (opposite) direction have a positive
strong coupling constant is interfaced watltHiAe [37]t0  (negative) correlation. For categories composed of multiple
simulatet®@production in the ATLAS measurements. Theuncertainty sources (e..tagging in ATLAS), the sign of
CMS measurements use theadcraphs [38] generator, the combined impact is not determined. In this case, the
which includes leading-order (LO) terms f@iproduction  sign of the combined impact is assumed to be positive and it
with up to three additional partons, also interfaced wittwas checked that taking the alternative assumption of a
PYTHIA6. The top quark mass is a renormalization-schemaiegative sign does not significantly impact the result, with
dependent parameter in perturbative quantum field theorthe largest change in the central value (uncertainty)
The precise identification of then, parameter in MC being 41 (7) MeV. In calculating the final covariance
simulations within a field-theoretic mass scheme is thenatrix, it is assumed that each category is uncorrelated
subject of theoretical studig39£42]. p tothe others.

The BLUE method defines the estimantqyr! P wWmg Table | displays the correlation strengths between
for the input measurementsy. The weightsw are ATLAS and CMS for each systematic uncertainty category,
determined by minimizing the uncertainty im, where and the Supplemental Materji4B] provides tables with the
the covariance between each pair of measurements is thecertainties for all 15 measurements. The corresponding
crucial input. The individual analysésare defined to be correlation coefficients are available in HEPD[4{&,48]
orthogonal, such that each measurement is statisticalljhe subsequent paragraphs outline the categorization of
uncorrelated with every other measurement. The exceptisystematic uncertainties and their corresponding correla-
is the CMS secondary vertex analydig], which overlaps tion assessments.
statistically with the dilepton and leptéfjets measure- The JES uncertainty is important in mamy measure-
ments[16,22] Given the different nature of the observablements. Six categories are used to describe the uncertainties
in the secondary vertex analysis, the analyses are assunassociated with the calibration of the JES that are in
to be uncorrelated. Taking the maximal statistical correlasommon between the experimeid8E62]. The category
tion allowed by the overlap produces no significant impacdES 1 includes contributions from the limited size of the
on the combination. data samples used to derive the JES corrections and

The measurements are affected by similar systemaitontributions due to pileup and its time-dependent varia-
uncertainties, and the assessment of their correlation tisn. For ATLAS (7 TeV only), it also includes an
central to the combination. As the treatment of systematigncertainty term from the effects of close-by jet activity.
uncertainties differs between ATLAS and CMS, for eachThis category is uncorrelated between ATLAS and CMS
measurement they are mapped onto 25 categories thmeasurements. The category JES 2 corresponds to the
group together similar sources of uncertainties. Uncertaintyncertainties from the absolute JES determined using
categories can influencey, in opposite directions for $=Z%jets events that are not included in JES 1. There
different measurements, as seen in the ATLAS combinae significant differences between the ATLAS and CMS
tions [15,23] and this effect is included via negative approache§t9,50] including differences in the jet radius,
correlations. The correlations between pairs of measurtteatment of muons in jets, and methods to correct for
ments from a single experiment for each category ar@dditional radiation. Hence, this category is treated as
evaluated by summing the covariance matrices of all thencorrelated. The category JES 3 corresponds to the
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TABLE I. Correlation strength# of the systematic uncertainty categories between ATLAS and CMS, as used in
the combination. The categories are defined in the text. Categories indicated with the yinbible second
column correspond to uncertainties specific to a single experiment. The third column shows the#angarwd

for stability checks. The changes in the combin&icentral valuen, and uncertaintg,, corresponding to each
correlation variation are shown in the last two columns.

Uncertainty category # Scan range I m=2 (MeV) ! &, =2 (MeV)
JES 1 0 E E E
JES 2 0 & 0.25;9%0.25 8 7
JES 3 0.5 &90.25; 90.75 1 <1
b-JES 0.85 &90.5; %1’ 26 5
g-JES 0.85 &90.5; %1’ 2 <1
[-JES 0 & 0.25;%0.25 1 <1
CMS JES 1 E E E E
JER 0 & 0.25;9%0.25 5 1
Leptons 0 & 0.25,%0.25 2 2
b tagging 0.5 &906.25; %0.75 1 1
piiss 0 & 0.25; %0.25 <1 <1
Pileup 0.85 &90.5; %1’ 2 <1
Trigger 0 & 0.25;%0.25 <1 <1
ME generator 0.5 &%90.25; %0.75 <1 4
QCD radiation 0.5 &90.25; %0.75 7 1
Hadronization 0.5 &90.25; 90.75 1 <1
CMS b hadronB E E E E
Color reconnection 0.5 &906.25; %0.75 3 1
Underlying event 0.5 &96.25; %0.75 1 <1
PDF 0.85 &90.5; %1 1 <1
CMS top quarkpt E E E E
Background (data) 0 & 0.25;%0.25 8 2
Background (MC) 0.85 &90.5; %1 2 <1
Method 0 E E E
Other 0 E E E

modeling uncertainty in the relativ& intercalibration envelope of the response dependencies for gluons and
[51,52] Both experiments use dijet events for this calibraall quark flavors.

tion, and the modeling uncertainty originates from the use The jet energy resolution (JER) uncertainty affects all
of different generators to predict the radiation patterns imeasurements, and one category is used for the corre-
these events. As similar but not identical generators argponding uncertainties. ATLAS and CMS both measure the
techniques are used in both experiments, JES 3 is treatedd=R using dat$51,52] hence this category is treated as
partially correlated. uncorrelated.

The remaining JES categories correspond to the flavor- The energy scale, efficiency, and resolution of leptons
dependent calibration uncertainties. The catededS affect them, measurements, and one category is used for
corresponds to the jet energy response uncertaintlp forthe corresponding uncertainties. ATLAS and CMS both
quark jets. The categoiyJES corresponds to the uncer-calibrate the lepton energy scales, resolutions, and effi-
tainty in the jet response of gluon jets for CMS and theciencies using resonances that decay into dilepton pairs.
uncertainty in the difference of the jet response of gluons tSince the calibration samples are independent between
light-quark (1, d, s, ¢) jets for ATLAS. In both cases, MC the two experiments, and detector technologies and
comparisons determine the flavor-dependent effects, hen@eonstruction algorithms are different, this category is
a strong correlation is used for theJES andg-JES treated as uncorrelated.
components. The categohJES includes the combined  The selection criteria for many top quark measurements
CMS uncertainty in the jet response of light-quark jets andhake use b tagging. The uncertainty in the efficiency and
the ATLAS uncertainty for the flavor composition of jets inrejection rate of these algorithms can impact the
tBevents. As these uncertainty sources are different, theeasurements, and one category is used for the corre-
[-JES component is treated as uncorrelated. One additiorsgdonding uncertainties. Both collaborations use dijet events
flavor uncertainty category CMS JES 1 is included for theo calibrate théo-tagging efficiency, employing equivalent
CMS 7 TeV measurements, corresponding to the fulinethodg53,54]that depend on similar simulation setups.
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As the ATLASD jet calibration (unlike the CMS one) also expected, hence the ATLAS hadronization uncertainty is
usestPevents[53], this category is assessed as partiallygrouped with the CMS uncertainty from the fragmentation
rather than strongly, correlated. model in the category hadronization and this category is

The missing transverse momentp#'t) is estimated in - assumed to be partially correlated between the experiments.
the two experiments with different algorithms. Thus, theThe CMS b hadronB uncertainty source is treated as
uncertainty in thep®ss scale originating from energy uncorrelated with the ATLAS uncertainties. It was verified
deposits not included in the reconstruction of jets or leptorihat the alternative treatment of correlating the ATLAS
is treated as uncorrelated. hadronization uncertainty with the CMB hadron B

The high instantaneous luminosity of the LHC results iruncertainty had no significant impact on the result.
multiple interactions in each bunch crossing (pileup). As The uncertainties associated with color reconnection and
the modeling of pileup relies on simulation, the correlatiorthe underlying event tunes are included in separate cat-
between ATLAS and CMS is assessed to be strong. Whilegories. The experiments use differevitHiA settings for
for other categories, the correlation strength is independetiite nominal simulation, and these uncertainty categories
of the dataset, the pileup category has zero correlaticare taken to be partially correlated. The uncertainty in the
between analyses performed at 7 and 8 TeV due to thgarton distribution functions (PDFs) is driven by the input
different pileup conditions in the two datasets. data used in the PDF extractions, and hence this category is

The uncertainty in the efficiency of the triggers used tdaken as strongly correlated between ATLAS and CMS.
select events typically have a small impact on the medahe CMS analyses account for an uncertainty in the
surements. As the triggers are calibrated in independemodeling of the top quarlpy distribution, represented
datasets, the uncertainty is treated as uncorrelated betwdsna separate category, while for the ATLAS analyses, the
ATLAS and CMS. alternative MC sample used to evaluate the hadronization

Them, measurements rely on MC simulatiort®évents uncertainty covers the disagreement between data and
to relate the reconstructed observablestoThe corre- simulation[58], and no additional uncertainty is evaluated.
sponding modeling uncertainties are encompassed in sevenThe analyses typically have small contributions from
uncertainty categories. The category ME generator includésickground processes, and background uncertainties have
uncertainties originating from the choice of the ME genonly a small impact on the measurements. Uncertainties in
erator. ATLAS assesses this uncertainty by comparing tHeckgrounds estimated from data control samples are
results obtained using arc@nLo [55,56]sample with the included in the category Background (data), treated as
POWHEG sample. CMS assesses this uncertainty by comuncorrelated between the experiments. Both ATLAS and
paring the results obtained using@avHecsample with the  CMS rely on MC simulation for several backgrounds. The
Madcraph sample. As the experiments employ differentuncertainties in these are included in the category
nominal MC models, the category is treated as partiallfpackground (MC), assumed to be strongly correlated.
correlated. The category QCD radiation includes uncer- Every analysis ensures that thgfit is unbiased. This is
tainty sources for the modeling of QCD radiationtth done using simulated samples generated with diffenent
events. For the ATLAS measurements, samples witkialues. The limited sample size introduces a systematic
parameter variations of the initial- and final-state radiationncertainty (Method) that is statistical and hence uncorre-
in PYTHIA, and thehg,m, parameter irrowHeG (which  lated between measurements.
controls MEPS matching and effectively regulates A few systematic uncertainties affect only a limited
highpr QCD radiation) are used to evaluate these uncepumber of analyses (see the Supplemental Ma{dag.
tainties. For the CMS measurements, samples with varidhese uncertainty sources are in the category Other, which
tions of the factorization, renormalization, and matchings uncorrelated between ATLAS and CMS.
scales are used. Similarly to the ME category, the QCD The measurements from each experiment are
radiation category is treated as partially correlated betwe&gparately combined, with the ATLAS combination giving
the two experiments_ my I 17271" 0.25#stath " 0.41#sys$ GeV and the

In the ATLAS analyses, the uncertainty originating fromCMS combination givingm; ! 17252" 0.14#stas "
the hadronization model is evaluated by using an alternati&39syst GeV. The ATLAS combination is very similar
PS and hadronization generateo@WHeGHERWIGE [57]). 10, and supersedes, the result in RE8], with the slight
CMS addresses similar uncertainties by separately varyirgtifference originating from changes in the correlation
the b quark fragmentation function and the semileptoni@ssumptions that are discussed in the Supplemental
branching ratios (CMS hadron B). As the ATLAS Material[43]. The CMS measurement is improved com-
approach changes many aspects of the simulation th@red to the previous combinatifir6] and supersedes that
are not changed in the two CMS uncertainty sources ari@sult. The improvement originates from including a more
the PYTHIA settings in the two experiments are not theprecise dilepton measurement at 8 TeV together with the
same, there is no clear mapping and correlation for theséngle top, secondary vertex, add’ meson measure-
sources. Nevertheless, some degree of correlation ments, and from including the effect of anticorrelations of
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ATLAS+CMS | 5=78Tev TABLE Il.  Uncertainties on then, values extracted in the LHC,
c: ATLASSCMS combined wfa_n.__. ATLAS, and CMS combinations arising from the same categories

total uncertain m,stzaw att sys0 [GeV] as listed in Table, sorted in order of decreasing value of the

ATLAS v ¢ sttt . f
dilepton 7 TeV ——— 173.79! 1.42 (1 0.54! 1.31) Comblned LHC uncertalnty.

Ieplton+jets7 TeVv = 172.33! 1.28 (¢ 0.75! 1.04)

Glapion 8 Tev i 172991 064q 04t 078 Uncertainty impact (GeV)
lepton+jets 8 TeV = 172.08! 0.91( 0.39! 0.82) X
all-jets 8 TeV =t 173721 1.15( 0.55! 1.02) Uncertamty category LHC ATLAS CMS
combined FeaH 172.71! 0.48 (! 0.25! 0.41)

C(’i\i/::pton 7 TeV —t— 172.50! 1.58 (! 0.43! 1.52) b-JES 018 017 025
lepton+jets 7 TeV e — 173.491 1.06 ( 0.43! 097) b tagging 0.09 0.16 0.03
Glapion 8 Tev i 172221 0960 0381 090 ME generator 0.08 0.13 0.14
Iep_ton+jetsSTeV HeH 172.35! 0.48 (! 0.16! 0.45) JES 1 0.08 0_18 0_06
Sinde 10p 6 Tev o - a1 1204 o771 a9 JES 2 0.08 0.11 0.10
i/ecc?ngle vertex 8 TeV F—te—1 igzg: ii: E: z:ggi (1}:?‘1‘; Method 0.07 906 0.09
combined HeH 172521 0.42 (1 0.141 0.39) CMS b hadronB 0.07 E 0.12

piheri G | 172301 0891 0291 051 QCD radiation 0.06 0.07 0.10
IepF0n+jet5 HeH 172.45! 0.36 (! 0.17! 0.32) Leptons 0.05 0.08 0.07
her T 1201 077 0431 000 JER 0.05 0.09 0.02
combirlned | HEH | 172.52!I 0.33(! 0.14! 0.30) CMS tOp quarm_l_ 0.05 E 0.07
= 165 = 170 = :|_75I = 180I = 185 Background (data) 0.05 0.04 0.06

m, [GeV] Color reconnection 0.04 0.08 0.03
Underlying event 0.04 0.03 0.05
FIG.1. Comparison of the individual, measurements and the g-JES 0.03 0.02 0.04
result of them, combination. Also shown are the separateBackground (MC) 0.03 0.07 0.01
combinations of each experiment and the result of the simult&ther 0.03 0.06 0.01
neous combination for the different decay channels, where tHeJES 0.03 0.01 0.05
rtheOcategory covers the single tds;' , and secondary vertex CMS JES 1 0.03 E 0.04
measurements. Pileup 0.03 0.07 0.03
JES 3 0.02 0.07 0.01
) o ) Hadronization 0.02 0.01 0.01
the systematic uncertainties between the input measufgriss 0.02 0.04 0.01
ments. It was verified that performing the combinationgpE 0.02 0.06 < 001
with a likelihood-based approad®9] gives identical Trigger 0.01 0.01 0.01
results. Total systematic 0.30 0.41 0.39
The combination of all 15 input measurements gives Statistical 0.14 0.25 0.14
Total 0.33 0.48 0.42

m, ! 17252" 0.14tstat" 0.30tsyst GeV:

which is compared with the input measurements in Eig.
The LHC combination has the same statistical uncertaintyith the precise CMS 8 TeV leptéiajets measurement.
as the CMS combination. This is because the figure of merithe combination shows good compatibility between the
in BLUE is the total uncertainty, and the statisticalmeasurements, witlf ! 7.5 and a corresponding value
component is a consequence of the optimized weights f 91%. The LHC combination is much closer to the CMS
the combination. The difference in statistical uncertaintgombination than the ATLAS one because the relative
between ATLAS and CMS reflects different analysisweights of the measurements with slightly lower measured
choices, as explained in the Supplemental Matgtil m; are higher in the LHC combination than in the per-
The combination achieves an improvement in the totaxperiment combinations. All weights and the individual
m; uncertainty of 31% relative to the most precise inpupulls can be found in the Supplemental Matg#al, along
measurement. The measurements with the largest weightiith a combination where all 15 measurements are used to
the combination are the CMS 8 TeV lep8jets (0.34), extract separatey values for ATLAS and CMS.
dilepton (0.12), and all-jets (0.12) results, and the ATLAS Tablell shows the breakdown of the systematic uncer-
8 TeV leptortojets (0.17) and dilepton (0.16) measure-tainty in the combined measurement and the individual
ments. The hierarchy of the weights originates from th&TLAS and CMS combinations. The largest systematic
uncertainty of each measurement, as well as the correlatiancertainties are seen to originate from e8gging, and
between measurements. For example, the ATLAS 8 TeWwmodeling. The stability of the measurement against the
lepton%jets measurement has a higher weight than theorrelation assumptions is checked by varying the corre-
corresponding dilepton measurement, despite having lation strengths for each uncertainty category as shown in
larger uncertainty. This is because of the smaller correlatiofablel. The ranges reflect the extent of the understanding
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of the correlations. No variation is performed for categoriedelivering so effectively the computing infrastructure
where there is no ambiguity in the correlation assumptioressential to our analyses. Finally, we acknowledge the
Table | shows the variation in the total uncertainty andenduring support for the construction and operation of the
central value of the combination under those changes. BotlHC, the CMS detector, and the supporting computing
the central value and uncertainty are observed to vaipfrastructure provided by the following funding agencies:
linearly under the variations and the changes are sm&lC (Armenia), BMBWF and FWF (Austria); FNRS and
(< 30 MeV) compared to the uncertaintyrim. The largest FWO (Belgium); CNPq, CAPES, FAPERJ, FAPERGS,
change in central value is seen WJES, which is the and FAPESP (Brazil); MES and BNSF (Bulgaria); CERN;
leading correlated uncertainty source in the combinationCAS, MoST, and NSFC (China); MINCIENCIAS
The consistency of the result and the measurements frof@olombia); MSES and CSF (Croatia); RIF (Cyprus);
the different decay channels have been checked by pENESCYT (Ecuador); ERC PRG, RVTT3 and TK202
forming the combination with a separate parameter for (Estonia); Academy of Finland, MEC, and HIP (Finland);
eacht@decay channel. The results are also shown inlFig. CEA and CNRS/IN2P3 (France); SRNSF (Georgia);
and them, values are found to be consistent. BMBF, DFG, and HGF (Germany); GSRI (Greece);
The impact of the limited statistical precision of theNKFIH (Hungary); DAE and DST (India); IPM (lran);
estimates of the systematic uncertainties is evaluated IBFI (Ireland); INFN (ltaly); MSIP and NRF (Republic of
performing pseudo-experiments where the systematiorea); MES (Latvia); LAS (Lithuania); MOE and UM
uncertainties of the measurements are varied accordiiglalaysia); BUAP, CINVESTAV, CONACYT, LNS, SEP,
to their uncertainties and the combination procedure iand UASLP-FAI (Mexico); MOS (Montenegro); MBIE
repeated. In this procedure, changes in the sign of ti&lew Zealand); PAEC (Pakistan); MES and NSC (Poland);
impacts of systematic uncertainties are propagated to tRe€T (Portugal); MESTD (Serbia); MCIN/AEI and PCTI
signs of the corresponding correlations. The root-mear{Spain); MOSTR (Sri Lanka); Swiss Funding Agencies
square of the measured (& ) is found to be 63 (19) MeV, (Switzerland); MST (Taipei); MHESI and NSTDA
demonstrating the stability of the combination. (Thailand); TUBITAK and TENMAK (Turkey); NASU
The understanding of top quark production and decagUkraine); STFC (United Kingdom); DOE and NSF
has continued to evolve since the publication of thgUSA). We thank CERN for the very successful operation
measurements used in this combination. Developments the LHC and its injectors, as well as the support staff at
in the simulations include improved modeling of off-shellCERN and at our institutions worldwide without whom
effects [60], reduced uncertainties in additional QCDATLAS could not be operated efficiently. The crucial
radiation [61,62] new models of color reconnection computing support from all WLCG partners is acknowl-
[63,64] MC simulations at next-to-NLO precision in edged gratefully, in particular from CERN, the ATLAS
QCD [65], and investigations into the radiation patternsTier-1 facilites at TRIUMF/SFU (Canada), NDGF
in the top quark decd$6]. Advancements in the modeling, (Denmark, Norway, Sweden), CC-IN2P3 (France), KIT/
which may either increase or decrease the mass uncertair@®idkKA (Germany), INFN-CNAF (ltaly), NL-T1
and improvements in analysis techniq[E%;?ﬁ]are being (Netherlands), PIC (Spain), RAL (UK) and BNL (USA),
incorporated into analyses performed ag! 13TeV, the Tier-2 facilites worldwide and large non-WLCG
but this is not possible for the analyses used in thisesource providers. Major contributors of computing
combination. A cross-check, detailed in the Supplementaésources are listed in RE7]. We gratefully acknowledge
Material [43], was performed to verify that potential the support of ANPCyT, Argentina; YerPhl, Armenia;
modeling uncertainties in the recoil in the top quarkARC, Australia; BMWFW and FWEF, Austria; ANAS,
decay[66] do not significantly affect the combination.  Azerbaijan; CNPg and FAPESP, Brazil; NSERC, NRC
In summary, a combination of top quark massand CFIl, Canada; CERN; ANID, Chile; CAS, MOST and
measurements by the ATLAS and CMS pepiperiments aMISFC, China; Minciencias, Colombia; MEYS CR, Czech
the CERN LHC in proton-proton collisionsas! 7and Republic; DNRF and DNSRC, Denmark; IN2P3-CNRS
8 TeV has been performed. The combination yieldand CEA-DRF/IRFU, France; SRNSFG, Georgia; BMBF,
m, ! 17252" 0.33 GeV, which is the most precise result HGF and MPG, Germany; GSRI, Greece; RGC and Hong
to date. Kong SAR, China; ISF and Benoziyo Center, Israel; INFN,
Italy; MEXT and JSPS, Japan; CNRST, Morocco; NWO,
CMS congratulates our colleagues in the CERN acceNetherlands; RCN, Norway; MEIN, Poland; FCT,
erator departments for the excellent performance of thRortugal; MNE/IFA, Romania; MESTD, Serbia; MSSR,
LHC and thank the technical and administrative staffs a$lovakia; ARRS and MIZ, Slovenia; DSI/NRF, South
CERN and at other CMS institutes for their contributions tAfrica; MICINN, Spain; SRC and Wallenberg Foundation,
the success of the CMS effort. In addition, we gratefullySweden; SERI, SNSF and Cantons of Bern and Geneva,
acknowledge the computing centers and personnel of ti8witzerland; MOST, Taipei; TENMAK, TYrkiye; STFC,
Worldwide LHC Computing Grid and other centers forUnited Kingdom; DOE and NSF, United States of America.
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Individual groups and members have received support frofLEO22-1-603), Generalitat Valenciana (Artemisa,
BCKDF, CANARIE, CRC and DRAC, Canada; CERN- FEDER, IDIFEDER/2018/048), La Caixa Banking
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