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Disclaimer

There is a large body of work from the Experiments
at both the Tevatron and the LHC
that targets the top quark mass.

CMS has recently completed the last of its Run I analyses
so it is a good point to take stock of what we have learned so far.
In this talk I will focus on a select set of the CMS measurements

and only comment briefly on those from the other experiments.

The CMS measurements provide the most extensive
set of results and, in most cases,
they are the most precise.
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m, 20 years after the top discovery
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m, = 173.34 £ 0.27 (stat) £ 0.71 (syst) GeV  (arXiv:1403.4427, 2014)
= heaviest known fundamental particle

m, enters the quantum loop corrections to the W boson mass
—> an important ingredient in self-consistency tests of the

Standard Model
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m, 20 years after the top discovery
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Top Mass and Related Measurements

Measurements using full reconstruction of the ttbar final states:

- mass (m,) measurements
- My — My,
- direct bounds on I, (13 TeV data)

Analyses using partial reconstruction, alternative analysis strategies
and the t-channel single top final state:

- mass (m,) measurements

Indirect measurements of mp° using theory input and the measured
production cross section:

-7, 8and 13 TeV data
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Full Kinematic Reconstruction

Dileptonic tf Channel Semileptonic tt Channel

\ _J

All-Hadronic (All-Jets) tt Channel Top quarks decay before they have time

to hadronize = measure m, directly
from the decay products

QI

ol O

Full ttbar reconstruction analyses
focus on these three
q ttbar decay channels (/ = e or u)

Ql
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Leptontjets and All-jets channels

CMS
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all-jets channel

Analyses use 1D (m,) and 2D ideogram techniques (m, and JSF)
combined with a kinematic fit
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Dilepton channel and consistency between chan
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Combined 7 and 8 TeV data

1D (m,) AMWT analysis channel-by-channel results
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Run I Combined (Legacy) Result

Phys. Rev. D93 (2016) 072004

o o I I I I I I I I I I I I I I I
Measurements combined using | | |
. o
. . . CMS 2010, dilepton 175.50 = 4.60 = 4.60 GeV
Best Linear Unbiased Estimate CHEP 7 (011) od, 55 5" s
(BL UE) method CMS 2011, dilepton e 172.50 = 0.43 = 1.43 GeV
EPJC 72 (2012) 2202, 5.0 b’ (value = stat = syst)
CMS 2011, all-jets e 173.49 = 0.69 = 1.21 GeV
EPJC 74 (2014) 2758, 3.5 fb”" (value = stat = syst)
o CMS 2011, lepton+jets 173.49 = 0.43 = 0.98 GeV
Combined result CHER 12 2010 108, 501 Hamdabindehes
" ——
_ CMS 2012, dilepton 172.82 = 0.19 = 1.22 GeV
mt — 1 72 -44 :|: O- 1 3 (Stat) :I: 0-47 (SySt) GeV This analysis, 19.7 fb”! (value = stat = syst)
CMS 2012, all-jets . 172.32 = 0.25 = 0.59 GeV
This analysis, 18.2 o’ (value = stat + syst)
. @~
.. ton+jets 172.35 = 0.16 = 0.48 GeV
Precision ~ 480 MeV (0.3%) This analyss, 19.7 (alue = stat = sy3)
CMS combination 172.44 + 0.13 = 0.47 GeV
(value = stat + syst)
Tevatron combination (2014) @
arXiv:1407.2682 174.34 + 0.37 = 0.52 GeV
(value = stat + syst)
World combination 2014 —Q—
ATLAS, CDF, CMS, DO 173.34 = 0.27 = 0.71 GeV
arXiv:1403.44, (value = stat + syst)
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Systematic Uncertainties

Combined m; result om(GeV)
Experimental uncertainties

Method calibration 0.03
Jet energy corrections

— JEC: Intercalibration 0.01
— JEC: In situ calibration 0.12
— JEC: Uncorrelated non-pileup 0.10
Lepton energy scale 0.01
Eiss gcale 0.03
Jet energy resolution 0.03
b tagging 0.05
Pileup 0.06
Backgrounds 0.04
Trigger <0.01
Modeling of hadronization

JEC: Flavor 0.33
b jet modeling 0.14
Modeling of perturbative QCD

PDF 0.04
Ren. and fact. scales 0.10
ME-PS matching threshold 0.08
ME generator 0.11
Top quark pr 0.02
Modeling of soft QCD

Underlying event 0.11
Color reconnection modeling 0.10
Total systematic 0.47
Statistical 0.13
Total Uncertainty 0.48

Stephen Wimpenny UC Riverside

Phys. Rev. D93 (2016) 072004

Dominant uncertainties:
flavor dependent JEC:

(u.ds), ¢, b, g
— b jet modeling:

b-fragmentation
+ b-hadron decays
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Top-Antitop Mass Difference: 8 TeV D

CMS lepton+jets channel arXiv 1610.09551
Vs =8 TeV (submitted to PLB)
825000?‘""3 """" 196f: i Egy;gn. 1D Mass analysis performed separately for
gzooooi— Hets -gig%emtumjet [T+ jetS and [ + jetS
*§15°°°§ g Result =2 difference between the
e ; two measurements

Am, = -0.15 £0.19 (stat) = 0.09 (syst) GeV

'0 100 200 300 400 500 600 700 800 900 1000
Fitted top quark mass (GeV)

SO N—_ R Limited by statistics. Substantial cancellation of
[0) F gt

1) F l-+. -Z/y A . . o . .

S 20000 jets -gugngen:UIﬁjet Systematlc uncertainties in the mass dszer'ence

~ factor of 2 more precise than
CMS and ATLAS 7 TeV measurements
dominant uncertainties: statistics,
b (bbar) jet and background modeling

-0 100 200 300 400 500 600 700 800 900 1000
Fitted top quark mass (GeV)
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Limits on the Top Quark Width

CMS 15t Run II Result

Vs =13 TeV

dilepton channel
12.9 b (13 TeV)

o 1F o
o CMS Preliminary
—&— Observed
— Post-fit model (u profile)
— Pre-fit model (u=1)
107 =
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First direct top width

bounds from the LHC
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CMS PAS TOP-16-019

Profile likelihood fit
to shape of the M, spectrum
for dilepton events

= used to bound the top quark width

Fit is done in categories

(# b-jets, p; of lepton)
fo optimize sensitivity

Limaits at 95% CL:

0.6 <I'<2.5GeV observed
0.6 <TI',<2.4GeV expected

form,=172.5 GeV
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Limiting Factors — Full Reconstruction

Experimental:

- Jet energy corrections Further improvement
- Pileup — —> need improved theory input
and analysis methods that
constrain or marginalize
some of uncertainties
Modeling:

- Hadronization: flavor — dependent jet energy corrections™
(string vs cluster fragmentation)

- b-jet modeling (fragmentation and BR)

- Renormalization & factorization scales

- Matrix element generator
Underlying event Investigate ‘Alternative’ analysis

strategies and different
event topologies
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Alternative Analysis Strategies

Dilepton channel

7 TeV End Point analysis

8 TeV M[,/MAOS analysis

8 TeV M,, analysis

8 TeV b-jet energy peak (E,)

8 TeV Dilepton p; distribution

Lepton + jets channel

8 TeV BEST analysis

Dilepton + lepton + jets channels

8 TeV B-lifetime analysis
8 TeV Lepton+ Sec. Vtx. Mass
8 TeV Lepton + J/y analysis

Single top analysis
8 TeV t-channel single top enhanced

Stephen Wimpenny UC Riverside

(EPJC 73 (2013) 2494)
(arXiv:1704.06142)
(CMS PAS TOP-14-014)
(CMS PAS TOP-15-002)
(CMS PAS TOP-16-002)

(CMS PAS TOP-14-011)

(CMS PAS TOP-12-030)
(Phys. Rev. D93 (2016) 092006)
(JHEP 12 (2016) 123)

(arXiv:1703.02530)
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Alternative Observables: M,; and Mz

arXiv:1704.06142

8 TeV: dilepton channel

|
=
N

RS R - (Vi
Mp, =  min [max{Mi, Mz}]

PP

M ;b is the M, variable built

using the two b-jets

Stephen Wimpenny UC Riverside

Analysis concept taken from BSM searches

2 identical decay branches (a and b)

m, extracted from M,; and M ,’* using the
combination of 1D (m,) and 2D (m,, JSF) fits

(similar to the standard lepton+jets analysis)

19.7 fb' (8 TeV)
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><.1.0? - |1|9|.7 fb‘j (I8'T'e\ll)

s °Fcms o edam
O 25 - Preliminary ] S‘S”a' -
(o)) sy [ ]mistag bkg
— 5 C [ Jtaudecays
= - % [ ]had. decays . . .
8 - " [ non-ttbar bkg Mass is determined from simultaneous
w 1.5 —
= - . fits to the
q>) 1_ _ . . . .
> : distribution shapes using
0.5 7 - MC templates and
0 T e Gaussian Process regression techniques
01.5_ ' ' ' ,
E ¢
3 1pe
© T
© -
0.5 , , . . . .
40 60 80 100 120 140 160 180
M,, [GeV]
089 (most precise
m, = 172.22 £ 0.18 (stat) -°° 5 (syst) GeV ‘non-standard’ result)
dominant systematics: top quark p, modeling, jet energy corrections
b-fragmentation, Q7 scale uncertainties
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Alternative Observable: b-jet Energy Spect

CMS-PAS-TOP-15-002

8 TeV: dilepton eu channel

19.7 fb™ (8 TeV)
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motivation 2 Agashe, Franchesini, Kim
Phys. Rev. D988 (2013) 057701

arXiv:1603.03445

fit m, dependence of
b-quark energy

spectrum in the
lab frame, E

(unpolarized t approx)

peak of spectrum
approx. symmetric
in log(E)

1/E dN,;./dlog(E)
S 8B R 3

Data-Fit
Uncertainty _,

—_
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- Preliminary + M E

Uncalibrated Measurement
e = 66.28:+ 0.50 GeV

m,=170.37£ 0.82 GeV

Calibrated Measurement
Epeac = 67.45+ 0.71 GeV
m=172.29+ 1.17 GeV
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TT
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R I G e 25 50 T S, o
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m,= 172.3 £ 1.2 (stat) + 2.6 (syst) GeV

dominant systematics: jet energy scale, generator modeling, top quark p, modeling

Stephen Wimpenny UC Riverside

Vrije Universiteit Brussel, June 16™, 2017

17



Alternative Observable: Dilepton Kinemati

CMS-PAS-TOP-16-002 motivation = Frixione & Mitov

JHEP 09 (2014) 012
8 TeV: dilepton eu channel

8 TeV : e (19717(8TeV)
: o G 3 Look for experimentally % o CMS R D ™3
ote-  Simuaton E clean variable that = asoof Prefiminary Moot
0.14 : _: 2 E Drtideo':on
: 1 is theoretically calculable % *: ‘ B
01f = 2500
e E most sensitive: 2000
0.06 — E
0.04 n _f pT (l+l-) 1500:
0.02 —: 1000;
. . . . . 5005
3o RRRES Expt. limitation. e
S s i = S N lepton momentum &
S SR -] g .
Py scale (well controlled) T TR, 0 (R

m,= 171.7 + 1.1 (stat) £ 0.5 (expt) =1 , 5 (thy) 0% (top py) GeV

dominant systematics: Q° scale uncertainties, top quark p; modeling

Caveat: analysis done only using LO multileg MC
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Marginalizing Uncertainties: [ + Secondary Vertex

Phys Rev. D93 (2016) 092006 Fit m, dependgnce Ofl‘he
mass formed from the lepton and the
8 TeV: lepton—jets & dilepton charged tracks associated with the
channels displaced vertex from the b-decay
dominant systematics.

m,= 173.7 £0.2 (stat) "1, , (syst) GeV b-fragmentation, top p, distribution
O’ and matching scales

> ©0.62[ z27lEPr, Zz2* Peterson Lund Herwig 6
2490 cms 19.7 fo! (8 TeV) gooég— "
ey
g:zz A 5‘19-56‘ = T Reconstruction of
8 Nygnal = 2285 + 105 * 04-CMS  tf— D*(D°(K m*)m*) X JNy, DO and D**
3 300 Ny = 10525 + 139 S 19.7 o™ (8 TeV) © Data ’
2250 e Data 3 0.3 +_¢_ Z2'LEP 1, in these events
O 200 Background 9 CheC'k Of
0.2 == .
150 o b-fragmentation
100 > P e .
. 0.1 e modeling
. oo ., for tthar events
0.14 0.145 0.15 0.155 0.16 0.165 0.17 0 02 04 06 08 1 1.2
m(K nt*r*) - m(K ) [GeV] p,/ ‘2 ET‘
ch
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Marginalizing Uncertainties: / + JAy Ma

JHEP 12 (2016) 123

8 TeV: lepton+jets & dilepton
channels

Fit m, dependence of the
[ + J/w mass distribution

CMS 19.7 b (8 TeV)
; 100 _I T T T | T T T T | T T /I\ T | T |l T T | T T T I_
o m, = (173.5 +3.0) GeV ¢ . C e .
o - <4 marginal sensitivity to JES
SN g?° and light quark/gluon fragmentation
@ — 2F N 0 A
5 [ \ 1 uncertainties
L
60 |- 370 180 —
I + m (GeV) m, = 173.5 £ 3.0 (stat) + 0.9 (syst) GeV
N K ¢ Data 7
40 —— Fit result — L. L.
L * i [ statistical uncertainty - llmlted by StatlStZCS
[T e gamma component |
i o S [\, Gaussian component |
“r + RN i dominant systematics:
s fo o T l+. g b-fragmentation, top p distribution
0 50 100 150 200 250 2 ;
o (GoV) Q¢ and matching scales
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Alternative Topologies: t-channel single top

arxiv:1703.02530
19.7 fb (8 TeV)

T T T T - data . + ; ;

%600_ CMS g 8 TeV: l?pton jets analysis
© 10w in t-channel
2500~ Preliminary — _ D:'f
2 -
$400 : ~{ B
2 Single t | oses

300 — tt 7 .W+|ats

200 W+jets | Wawese

- DQCD
100

?OO 150 200 250 300 350 400
m,,, (GeV)

fitto m,,, m,= 172.6 £ 0.8 (stat) "0, (syst) GeV

Dominant uncertainties. Jet energy scales & hadronization
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‘Alternative’ Measurement Combination

CMS

Ns=7 & 8 TeV CMS PAS TOP-15-012

Alternative Measurements
B-lifetime, M,, measurements dropped - overlap and/or strong
correlation with other measurements

BEST measurement dropped as it is a template fit method and
too similar in style to the published results

-2 7 measurements to be combined

Measurements combined using BLUE

m,= 172.58 £ 0.21 (stat) £ 0.72 (syst) GeV

Precision 0.4 %

Stephen Wimpenny UC Riverside Vrije Universiteit Brussel, June 16%, 2017
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CMS ‘Alternative’ Measurements

SEbab A —-%~ 17220 £ 1.17 £ 2.6 GeV Alternative Measurement
s N 100020 gy SUTEL)
Dilepton kinematics ___%_. 171.70 + 1.10 +2.68 GeV
TOP-16-002 (2016) 309 . .

_ Results with varying
Single top enriched NS 172.60 + 0.77 ¥097 ) o0 Gev . STREOT
TOP-15-001 (2016) syStematic sensitivities are very
To Noos oty o -§ 172:22:£ 016 0% ., GoV consistent with each other
Lepton+J/¥ \. 173.50 + 3.00 + 0.90 GeV

TOP-15-014 (2016)

Some of these are more alternative
in approach than others

?g‘:?;%’;gi(f;gig‘)e _§.__‘ 173.50 + 1,50 + 2.91 GeV o .
Significant overlap in the datasets

Kinematic endpoints ® 173.90 + 0.90 +1.70 GeV
EPJC 73 (2013) 2494 % D -2.10

TorR a0 o) & e awey | nd methods for some measurements
BEST backgrounds %.. 172.61+ 0.57 + 0.90 GeV.

Precision TOP15011(2015) ............... AN

O 4 (y (S:I\IIIS a(!telrnati\_le coLnl_). % 172.58 + 0.21 + 0.72 GeV NeW COmblnatlon agl”eeS
. 0 elected alternative techniques .
very well with
ggﬂDSgg?zg:G) 672008 R 172.44 +0.13 + 0.47 GeV CMSK)I} Z
. egacy result
PreClSlOﬂ;{l I R dh
160 170 180 190 ana nas

0.3 % S1
0 m, [GeV] comparable precision.
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Comparison of Systematic Uncertainties

Combined m; results Legacy Alternative
omi(GeV) | Smi(GeV)
Experimental uncertainties
Method calibration 0.03 0.08
Jet energy corrections
— JEC: Intercalibration 0.01 0.06
—JEC: In situ calibration 0.12 0.16
—JEC: Uncorrelated non-pileup 0.10 0.26
Lepton energy scale 0.01 0.13
Emiss scale 0.03 0.04
Jet energy resolution 0.03 0.03
b tagging 0.05 0.02
Pileup 0.06 0.07
Secondary vertex mass n/a 0.04
Backgrounds 0.04 0.08
Trigger <0.01 <0.01
Modeling of hadronization
JEC: Flavor 0.33 0.33
b jet modeling 0.14 0.22
Modeling of perturbative QCD
PDF 0.04 0.11
Ren. and fact. scales 0.10 0.31
ME-PS matching threshold 0.08 0.22
ME generator 0.11 0.08
Single top modeling n/a 0.04
Top quark pr 0.02 0.23
Modeling of soft QCD
Underlying event 0.11 0.11
Color reconnection modeling 0.10 0.10
Uncertainties (GeV)
Total systematic 0.47 0.72
Statistical 0.13 0.21
| Total Uncertainty 0.48 0.75

Stephen Wimpenny UC Riverside

Alternative Combination

Uncertainty distribution very
similar to the legacy result

Dominant terms:

hadronization modeling

Other significant contributions:
PDF, Q°, ME-PS, top p;, LES
(larger than Run I result)

Note:

Legacy + Alternative
combination is in the

additional material section
of this talk.

Vrije Universiteit Brussel, June 16™, 2017
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LHC and Tevatron Combinations @

a.) CMS

Legacy combination: 0.3%
172.47 + 0.48 GeV Phys. Rev. D93 (2016) 072994

Alternative combination: 0.4%
172.58 £ 0.75 GeV CMS PAS TOP-15-012

b.) ATLAS

ATLAS combination: 0.4%
172.84 £ 0.70 GeV Phys. Lett. B761 (2016) 350

c.) Tevatron

Tevatron combination.: 0.4%

174.34 + 0.64 GeV Fermilab-Conf-16-298

Four independent combined results with precision at the sub 0.5% level

Stephen Wimpenny UC Riverside Vrije Universiteit Brussel, June 16%, 2017
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LHC Run I Measurements

ATLAS+CMS Preliminary LHCIOpWG  m,, summary, /s=7-8 TeV  Aug 2016
'''''' World Comb. Mar 2014, [7]
0 stat

total uncertainty fotal stat

Migp = 173.34£0.76 (0.36 £ 0.67) GeV My, + total (stat + syst) Vs Ref.
ATLAS, I+jets (*) 172,31+ 1.55(0.75 + 1.35) 7TeV [1]
ATLAS, dilepton (*) 173.09 £ 1.63 (0.64 £1.50)  7Tev [2]
CMS, I+jets 173.49 £1.06 (0.43£0.97)  7Tev [3]
CMS, dilepton 172.50 +1.52 (0.43 + 1.46) 7TeV [4]
CMS, all jets 173.49 +1.41 (0.69 £ 1.23) 7TeV [5]
LHC comb. (Sep 2013) 173.29 £0.95(0.35 £ 0.88)  7Tev [g]
World comb. (Mar 2014) 173.34 £ 0.76 (0.36 £ 0.67)  1.957TeV [7]
ATLAS, l+jets 172.33 +1.27 (0.75 £ 1.02) 7TeV [8]
ATLAS, dilepton 173.79 £1.41 (054 £1.30)  77Tev [g)
ATLAS, all jets 175.1£18(1.4+1.2) 7TeV [9]
ATLAS, single top 172.2+2.1 (0.7 £ 2.0) 8TeV [10]
ATLAS, dilepton 172.99 + 0.81 (0.34 £ 0.74) 8TeV [11]
ATLAS, all jets 173.80 £1.15(0.55 £1.01)  8Tev [12]
ATLAS comb. ({ine20te 17284 £0.70 034 £ 061)  7:67ev (11
CMS, l+jets HeH 172.35£0.51(0.16 £0.48)  8Tev [13]
CMS, dilepton 17282 £1.23(0.19£1.22)  8Tev [13
CMS, all jets 172.32 £ 0.64 (0.25+0.59)  8Tev [13]
CMS, single top 172,60 £1.22 (0.77 £0.95)  8Tev [14]
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@ Summary of LHC Measurements ‘ >

CMS and ATLAS have produced very accurate measurements
measurements of the top quark mass using 7 and 8 TeV LHC data
using ‘standard analysis techniques’

CMS has a significant set of additional measurements using
‘alternative’ analysis strategies. These have varying systematic uncertainty
sensitivities. However, the precision of the results

from these hasn t yet matched that of the ‘standard measurements’.
The combination of these ‘alternative’ measurements
gives a mass in good agreement with, and of comparable precision to,

its published Run I combination.

The individual Run I measurements
and the ATLAS and CMS combinations are in good agreement
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CMS
Indirect Measurements: Top Quark Pole Mass

use mass dependence of measured
cross section and NNLQO prediction
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2.3 (13 TeV)

e Distr.
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uncertainty: 1.5%
(not included in figure)

\

%

uw
I+=e+1u+ §\\\\
e* :
w ) .
L b b b RS TN IR AR
08 085 09 0.9 1 1.05 11 115 1.2

W= cs/csth(mt =172.5 GeV)

mpole = 172.7 24 GeV

Stephen Wimpenny UC Riverside

2Aln (L)

CMS PAS TOP-16-006

2317 (13 TeV

CMS

— observed

o expected

959 cL

68% CL

1 | | | | I | | L1 1 |

172 174 176 178

168 170
Top quark pole mass [GeV]
Result from fit to

2.3 b of 13 TeV data

Vrije Universiteit Brussel, June 16™, 2017

29



O
©

(]

Q.
g 25

—10

1.5

08 =
0 0102 03040506 07 0809 1

Indirect Measurements: Top Quark Pole Mass

19.7 b (8 TeV)

_||||||||[||||||||||||||||||||||||||||||||||||||-‘
- CMS 1

. Preliminary ————
*

______ —e— Data h
—_— — mac =166.5 GeV
- mlmC =169.5GeV

— m/© =172.5GeV

- -- mf”c =175.5GeV
- — m© =178.5 GeV -

________ —

IllllllllllllllllllllllllllllllllllllllllIlll
T T T T T T T T T

B Stat. ® Syst.
Stat.

_________

Ps

pole
R(m;

Ps =

CMS PAS TOP-13-006

8 TeV: dilepton channel

analysis
1 doszeiet 1
apS) = = (mll‘)o e9 S)
O ti+1-jet s
2my
m,= 170 GeV

VSti+1-jet

Normalized tthar + 1 jet differential cross section = top quark pole mass

Dominant uncertainties. ttbar + jet modeling (POWHEG)
ME/PS matching & knowledge of O° scale

mPole=169.9 £ 1.1 (stat) *2> 5, (syst) 7 . (thy) GeV

Stephen Wimpenny UC Riverside

Vrije Universiteit Brussel, June 16™, 2017

30



Top-quark pole mass measurements

Pole Mass Measurements

February 2017
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Precision limited by knowledge of:

a.) Cross Sections:
LHC beam energy & luminosity,
pdf’s & a

b.) tthar+1 jet:
Jet Energy Scales,
ISR/FSR modeling and O scale

Not competitive in precision
with kinematic
reconstruction analyses
but they do
vield a theoretically
simpler mass observable
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CMS
Summary: Direct and Indirect Measurements |

Significant improvement in precision achieved over the last 2 years.

Improved understanding of the limitations of the hard and soft QCD
modeling are critical to future progress. New analyses using the data
from Run 2 and the use of differential and double differential studies

may help here.

It is not expected that the gain from combining the LHC and Tevatron

results will be as significant as was obtained from the first LHC and
World Average analyses in 2014.

Work on updating these analyses is in progress.

Indirect measurements of the pole mass have reached a precision of
~1.8 GeV. These are limited by beam, pdf and o, uncertainties.
They should benefit from the higher statistics provided by Run 2.
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Future Prospects (2013)
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Future Prospects (2016)
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Summary: Future Prospects

Precision of 500 MeV was the sensitivity expected for the end of Run II.
We have already achieved this using significantly less data.

From the current CMS projections it looks possible to achieve a
precision of ~ 300 MeV

for the experimental measureable, m, at the LHC
(~ 0.3 ab™ of data at 14 Te).

The projections use current knowledge, based on the completed Run 1 analyses,
and preliminary studies using the 13 TeV data from Run 2.
These also assume the ability to start constraining some of the theory
uncertainties by using the data.

At the HL LHC with ~ 3 ab™' this could be improved to
~ 100-200 MeV

This assumes further improvements both from theory and experiment.
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, ] CMS
/ Conclusions |

A lot of progress has been made.

There is an impressive collection of top quark mass measurements from both
the LHC and the Tevatron. A precision O(500 MeV) has been achieved,
and the measurements show very good consistency.

For CMS, work on the Run I analyses is completed and
preliminary results from Run Il will be available soon. However, it will
probably be some time before they are competitive with the Run I results.

On the longer term, an update of the LHC combined result is in progress
and further significant improvements in precision may
be possible using data from the LHC and HL LHC.

CMS Run 1 Legacy Result

m, = 172.44 £ 0.13 (stat) £ 0.47 (syst) GeV
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