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Introduction

Top quark mass ()
@ fundamental parameter of the Standard Model

@ crucial role in the electroweak symmetry breaking At = @ ~1

@ dominant contribution to Higgs boson mass radiative corrections
o related with EW vacuum stability

180 = 0.10
— Standard MOdel may Stay instability -~ o2 2 10? 008 M, = 125 GeV
. 178 g i - o bands in
consistent up to Mp . , o 4= 1307 Gev
3 176// S l]%'é % 006 ,(My) = 0.1184 + 00007
:— o ’ s T;x 0.04
— quartic coupling A\(p) e £ o
depends heavily on my, £ §ow e
may turn negative = 70k iyl "
vacuum inSta b|||ty 16%6 122 124 126 128 130 132 47.04101‘10‘ 105 10° 10 102 10" 106 10 10%

Higgs pole mass M, in GeV/ [arXiv:1307.3536] RGE scale y in GeV/

Top quark width (T';), inversely proportional to its life time
@ expected to be of order 1 GeV
@ deviation from the SM prediction = indicate non-SM decay channels

Nataliia Kovalchuk Measurements of top quark properties 07 July 2018 1/14


https://arxiv.org/pdf/1307.3536.pdf

Achievements of m; measurements

Decays before hadronizing
= measure m; directly
from decay products

This talk:

o first measurement of my at 13 TeV

in the /+jets final state
[arXiv:1805.01428]
in the all-jets final state
[CMS-PAS-TOP-17-008]

o first direct top quark width

measurement at 13 TeV
[CMS-PAS-TOP-16-019]

CMS 2010, dilepton o.
JHEP 07 (2011) 049, 36 pb 17550 + 4.60 + 4.60 GeV

CMS 2011, dilepton

—— 172.50 + 0.43 + 1.43 GeV
EPJC 72 (2012) 2202, 5.0 fb*

CMS 2011, all-jets @ 173.49 + 0.69 + 1.21 GeV
EPJC 74 (2014) 2758, 3.5 fb™* Apm0m =L e

CMS 2011, lepton+jets
THEP 12 (3012) 105, 5.0 fo’* —e@e— 173.49 + 0.43 + 0.98 GeV
CMS 2012, dilepton

—— 172.82 £ 0.19 + 1.22 GeV
PRD 93 (2016) 072004 , 19.7 [

CMS 2012, all-jets 172.32 + 0.25 + 0.59 GeV
PRD 93 (2016) 072004 , 18.2 b @ SeEDEE0Ee

CMS 2012, lepton+jets

@~ 172.35 £ 0.16 + 0.48 GeV
PRD 93 (2016) 072004 , 19.7 [

CMS combination - 172.44 + 0.13 £ 0.47 GeV
PRD 93 (2016) 072004

Tevatron combination @ 17434+ 0.37 £ 0,52 GeV
arXiv:1407.2682 (2014)
World combination
ATLAS, CDF, CMS, DO >
arXiv:1403.4427 (2014)

173.34 £ 0.27 + 0.71 GeV

| |
165 170 175 180
m, [GeV]

[arXiv:1509.04044]
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https://arxiv.org/abs/1805.01428
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What is new compared to measurement of m; at 8 TeV?

@ data collected at /s = 13 TeV
in 2016 with CMS detector, £ = 35.9 fbl

@ tt cross section is 3 times larger

e MC is based on new NLO ME (POWHEG) and
new PS implementation (PYTHIA8)

@ new underlying event tune

@ new color reconnection tunes: “QCD-based” and “Gluon move”
[arXiv:1505.01681] [arXiv:1407.6653]

(see O. Zenaiev's talk for more detail)

—— Color flow

} . S -~ N 'rl" :
OWJT)@@ N O
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https://arxiv.org/abs/1505.01681
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my in (+jets decay channel

x10° CMS 35.9 b (13 TeV)
Golden channel for m; measurement 3 10wk -3;31%435. —
. & 1a0f wrong E
e for p1/e+ jets BR ~ 30 % © oor L nunmatched %adnmuuua ]
. . (2]
e small contamination from BG 5 100 y ]
= 80F E
] 2 6o ]
» Selection 5 o i
exactly 1 isolated lepton, > 4 jets, o % 1
. S 1.5 }
exactly 2 b tagged jets ERN 1
_ o O'EO 50 100 1 200 250 300
» Kinematic fit to a tt hypothesis mie° [GeV]
x10° CMS 35.9 16" (13 TeV)
@ 1 unknown > 807 i comeer | mmEndSt
 70F D@tiwrong -W+|ets El
@ 3 constraints © g Curmacres Seloiue |
(2]
o Mmw =mw,, = 80.4 GeV S
ap qh ©
@ My = Mg, ‘g
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1.2 - g
Peof = exp(—5x~) > 0.2 increase f, J S
[=)]

from 15 %=-46 %

mit [GeV]
Nataliia Kovalchuk Measurements of top quark properties 07 July 2018 4 /14


https://arxiv.org/abs/1805.01428

|deogram method

Simultaneous measurement of
my and jet scale factor (JSF)

Nataliia Kovalchuk

migen | ——— ——

— My gen = 166.5GeV
— M gen = 172.5GeV
— Mt gen = 178.5GeV

JSSF| —™

mi® —> P;(m{!|my, JSF)
17‘2.5
m{ (GeV)
— JSF = 0.96
— JSF = 1.00
— JSF = 1.04
m'r“;co ».ljj(m;;iolmt,JSF)
)
mii, (GeV)
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|deogram method

@ 2D permutation probability density fqr all allowed permutation
P(m{ﬁ,m{,‘\a,fﬂmt,JSF) = ijPj(mi',§|mt,JSF) x Pj(m{e|my, JSF),
j
n . Wevt
o L (event|my, JSF) = (Z Pyot (i) P(mgti,m(,evfﬂmt,JSF))
=1

o L(samplelmy, JSF) ~ P(JSF) - [ [, ents £(event|my, JSF)
e most likely m; and JSF: —2InL(sample|my, JSF)

JSF
JSF
JSF

\ X+ - Xeeo = 1+ N

} : }
172 mt(GGV) 172 mt(ceV) 172 mt(ce

| 1D approach | p(JSF) = 4(1)
‘ 2D approach ‘ unconstrained JSF

‘Hybrid approach‘ JSF constraints from jet-energy uncertainties
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Results on my from /+jets at 13 TeV

@ dominant uncertainties

2D approach 1D approach | Hybrid

sm2P  §JSF?P smiP sm™P

(GeV) (%) (GeV) (GeV)

JEC 0.13 0.2 0.83 0.18
JEC: Flavor 0.42 0.1 0.31 0.39
ME generator | 0.19 0.1 0.29 0.22
ERD 0.22 0.8 0.42 0.03
CR modeling 0.34 0.1 0.23 0.31

@ alternative CR models developed and tuned to data =
omy = my(CR default) — m(CR alt) =
more reliable estimation of CR uncertainty
o for the first time different CR models are used to measure m;

mM? = 172.25 4 0.08 (stat+JSF) & 0.62 (syst) GeV,
JSFYP —0.996 + 0.001 (stat) & 0.008 (syst)
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my from all-jets at 13 TeV @?ﬂi

e full kinematics available, large BR ~ 44 % oo CMSpreimnay _ 3591703Tey)
. . e L |
e large QCD BG contamination 3 ook Mo [Juuie
» Selection 2 700 Wewosy 4 0w :
. £ 600 y E
> 6 jets, exactly 2 b tagged, AR,z > 2.0 g 500 2 ]
. . w400 E
» Background estimation 300 f
Data-driven method: igg i
* same selection, but exactly 0 b tags Q s 7
* veto with very loose b tagger g o ettt u
. . . 7 1 11 1
= no signal contamination e [GEV]

» Kinematic fit CMS preliminary  35.9 b (13 Tev) CMS preliminary  35.9 fb (13 Tev)
T 3 L S B S B

— E T T T >
m; = m; S 000 Wecomet  [Jmunier o 1600; Wwcorecr  [uier
J g 12000 E 1400 B E
b ttwrong { pata 4 .n wrongy ¢ Data
c P -~ 7
myy = 80.4 GeV, g 1000 y 1 3 1200F . E
m v <
P 800} 1 5 1000
of > 0.1 S
gof 600 D 800
600
400 400
200 200
3 S
© ©
o fa}
AR mit [GeV]
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Results on my all-jets at 13 TeV

@ ideogram method to extract my; and JSF

@ dominant uncertainties

2D approach 1D approach | Hybrid

sm2P  §JSF?P omiP smMP

(GeV) (%) (GeV) (GeV)

JEC 0.18 0.3 0.73 0.15
JEC: Flavor 0.35 0.1 0.31 0.34
ME generator | 0.34 0.1 0.36 0.31
ERD 0.28 0.4 0.38 0.24
CR modeling 0.41 0.4 0.43 0.36

@ more sophisticated CR estimation
(same procedure as for /+jets)

mM° = 172.34 4+ 0.20 (stat+JSF) = 0.76 (syst) GeV,
JSFMYP = 0.997 + 0.002 (stat) 4 0.007 (syst)
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D] tial m; study

e compare different CR models

CMS 35.9 fb? (13 TeV) CMS 35.9 fo! (13 TeV)
Lyl :\ LI ‘ T T T T T rrrr ‘ L L L \A - :\ TTTT ‘ LI A ‘ LU B A ‘ LI B \A
g l;' : Egt\?VHEG P8 M2T4 B E 4;_ : gg‘\?\mee P8 M2T4 B
—_ t 0 POWHEG P8 ERD on q —_ r 00 POWHEG P8 ERD on 1
N 08 . POWHEG P8 QCD inspired ] N 3F » POWHEG P8 QCD inspired -
E‘g 0 6: < POWHEG P8 gluon move ] 2. r < POWHEG P8 gluon move b
v I b \E/ oF 3
I 04F . [ F 1
28 1 = 23 T B
£ 02 1 % == ;
0 ] O E
-0.2 ] - ]
-0.4 . -2F ]
-0.6F . 3f E
-0.88 i b e Eovvnlininn b i
2 4 6 1 2 3 4
ARbE Aqu,

Better statistical uncertainty for full dataset at 13 TeV J
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tial m; study

e check for different MC generators
CMS 35.9 fo (13 TeV)

L B N LR
r e Data

| o POWHEG P8 M2T4
- O MG5 P8 [FxFx] M2T4
|l A MG5 P8 [MLM] M1

F POWHEG H++ EE5C

b5 [GeV]
;\\o\a\

—<m

yb
cal

m;

500 1000 1500
m, [GeV]

Including ME corrections to the top quark decay in Herwig++
reduces the deviation but it is still present (see arXiv:1509.04044) \
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Top quark width at 13 TeV

e small BR

. . % [ CMS Preliminary 12.9 o (13 Tev)
CMS first direct measurement at 13 TeV S plemeiocy e e
. . . C [EMuttiboson  [@w oy
e larger dataset = fine-grained analysis oo O Beon
e dilepton channel used s
e very small BG contamination s

» Selection: ee, pu, ey

. 217 ]
two opposite-charge leptons £ od o i otk
tWO _]EtS, Z 1 b tag * moMass(\l;glon,jei;j?\nclusiz\ioe)[Ge\;ﬁm

H H %12000 CMS Preliminary 12.9 fb™* (13 Tev)
» Background estimation B IR L mer
10000 [mutiboson  [@w oy

data from Z pole mass is used
for Drell-Yan BG estimation
» Sensitive distribution:
inclusive mass of the (lepton, b)
» Categories:
=1 or >2 b tagged;
boosted or non-boosted

O Wtch

0 300
Mass(lepton,jet) (Inclusive) [GeV]
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Top quark width at 13 TeV

» Hypotheses tested:

compare the SM expectation for different width scenarios to data

CMS Preliminary 129t (13 Tev)

o

& 6000]

g P (lepton jet) 100 GeV N

T :,‘;_l:g i€ ®Data BHw Wav
[muttiboson  [@w  [Joy

5000)

Ok BWtch

4000|

Data to
templates with
rt,SM vs 4 : I-(,SM

3000)

2000)

1000|

Ratio

8

160 150 260 250 300
Mass(lepton,jet) (Inclusive) [GeV]

hypotheses separation measured via CL; criterion

0.1 13TeV.
3 F omS simulation prefiminary  _r=r_,
& L
S [ o Geponien=100ev. ztbags =4m=3Gev
g o E 7&;\:;3 Gev
2T oA
z L sm
2 o08—
5
o L
oosf
ooaf
002;
21 =
3 B e
&

e
L=

0.6 <T; < 2.5 GeV at 95% CL,
expected bounds at 95% CL:
0.6 <TI'y <24 GeV

=- the most precise direct bound of
the top quark width performed to date!
= systematically limited by MC modeling
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Conclusions

June 2018
@ for the first time my is measured at CMS 2010, dilepton
JHEP 07 (2011) 049, 36 pb™ 17550+ 4,60+ 4.60 GeV
\/g - 13 TeV at CMS CMS 2011, dilepton 172,50+ 0.43+ 1.43 GeV

EPJC 72 (2012) 2202, 5.0 fb*

@ both /+jets and all-jets decay channels oS 2011, alljers
. . EPJC 74 (2014) 2758, 3.5 ft*
are investigated

173.49£0.69+ 1.21 GeV

CMS 2011, lepton+jets

@ 173.49:0.43+0.98 GeV
JHEP 12 (2012) 105, 5.0 fb*

@ measured m; is stable when using higher s 2012, atepion
order ME calculations (NLO MC) o

. CMS 2012, all-jets .
and with soft QCD effects (new UE tune) PRO 58 a0te)o72004, 1921

CMS 2012, lepton+jets
PRD 93 (2016) 072004, 19.7 f&*

)—  172.82:019+1.22 GeV
172.32+0.25+ 0.59 GeV/
172.35+0.16+ 0.48 GeV

@ the possible biases arising from color

CMS legacy Run 1

% 2 %, 7, 2, Kty el ¢

reconnection are probed in a differential FRD 93 (3019 072004 1724420132047 Gov
my study SHS IS lponties,

CMS 2016, all-jets

@ CMS first direct measurement of the top N erizoocoin soor:
quark width are performed at Tevalron combination @ 17434037052 Gev
Vs =13TeV World combination Nle  imas0zrsormoey

ATLAS, CDF, CMS, DO
\ L

arX-1403.4427 (2014)
@ the most precise direct bound of the top : ‘16‘5‘ L ‘1;0‘ e
m, [GeV]

— 172.34+0.20+ 0.76 GeV/

quark width performed to date
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@ Top quark mass definition

@ Color reconnection in tt

@ Indirect Measurement
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Top quark mass definition

» decays before hadronizing I*, q
= measure my; directly w* v, g’
from decay products —

» in theory m; needs to be renormalized
= to account for the loop contributions to the fermion propagator,
subtract the UV divergences in the self energy Y (p, mg)

- N% |
1

 pemo—| 2 (p, mo)

@ Pole mass the pole is fixed order by order
@ MS mass the pole is shifted at each order

Mpole = mM—S(1 +0.4244a5 + 0.834502 + 237503 + .. ) +O(Agep)
Mpole and my;s differ already at the NLO
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Color reconnection in tt

CR affects the reconstruction of the tob auark system

—— Color flow
~---- Color connection

—— Color flow
~---- Color connection

Early Resonance Decay (ERD) option for top quark:
@ ERD "on" decay products of the top quark
can color reconnect to other partons
@ ERD "off” top quark can colour reconnect
to other partons
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Color reconnection models in Pythia 8

MPIl-based @ reconnections are chosen randomly
@ softer systems = higher reconnection probability
QCD-based @ uses QCD color rules to construct the pairs of dipoles

@ allows the creation of junction structures
q

S

Gluon move @ gluon are moved to a string piece belonging to a
different pair of partons

<5,
=7
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Color reconnection impact on my in {+jets

2D approach 1D approach | Hybrid

sm2P  §JSF?P sm2P sm™®

POWHEG P8 | (GeV) (%) (GeV) (GeV)
ERD on -0.22 +40.8 +0.42 —0.03
QCD inspired | —0.11  —0.1 —-0.19 —-0.13
gluon move +0.34 0.1 +0.23 +0.31

o miEe

observable is affected more when including ERD
@ “gluon move" leads to larger shifts

@ simultaneously determined JSF reduces the modeling uncertainty

The validation of new CR models should be performed )
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mP%® from oy at 13 TeV

| .
— extract mP®value using the expected dependence
of oy on the pole mass of the top quark A E.
OMultiets
Bl

Events /

oY
EDibosons

e Selection: |+jets

1 isolated u/e, > 1 jet
e Multiple categories: =
L 6'.".'0 o,§§§ 4

eg Njets, b‘tagged jet, T T 200 %0
Mass(lepton,b) [GeV]

lepton flavour, charge (total 44 categories) -

Ratio

3 s000FCMS » Daia
simultaneous binned likelihood fit g
3 Enee
to My or min(Myp) i g
22" (13 Tev) -
Il Wiy Ovuties  Twsjets
mj Eov  Wobosons § i “.._.v§+T

50 100 150 200 250 _ 300
min Mass(lepton,b) [GeV]

3

— My, is used for events with one b-tag

.
= . . . . . . .

- “— min(Myp) is used for events with more

Ratio

09l
Lo U 20 2 22 50 am 52 4% _ab  am
Event category

than one b-tag
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mP%® from oy at 13

— o measured by performing a maximum-likelihood fit to event
numbers in each category

— signal expectation is modulated by a multiplicative factor = o /o,

— parameterize dependence of measured o on m;
by transforming p into a functional form that depends on m;

a(mf*)

|
p(m?) = 2t

Dominant Uncertainties

A(m*)

A

2710 (L)

from fit in the fiducial region ~ 2.2 GeV
Extrapol. to the full phase space ~ 1.1 GeV
R/ e and PDF+ag ~ 0.9 GeV

mP'® = 170.6 + 2.7 GeV

10p

pole

(corrected to the acceptance)

pole

FCMS
E — Distr. (obs.)
E - Distr. (exp.)
Count (obs.)
Count (exp.)

E 95% cL

2.2 fb™ (13 Tev)
i [

N W A O N o ©
ARENRRR} ARAaIiaansinan

E 68% cL
1=

\
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