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Charge asymmetry

= unfold in f events with two leptons A/ = |1+ — |75/ |

mAc =

m result:

N(A|n|>0)—N(A|n|<0)

N(A[n|>0)+N(A[n|<0)

A'é’p = 0.011 % 0.011 % 0.007(QCD + EW (NLO) : 0.0111 % 0.0004)
A{fp = 0.003 £ 0.006 + 0.003(QCD + EW (NLO) : 0.0064 + 0.0003)
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-15-009/index.html
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Top quark mass

Spin Correlation

Conclusions
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B,C: polarization, spin correlation
a,b: spin quantization axes
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-099/
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d’c

1 d%e  _ 1
odcosfidcosf® T 4

(14 B3 cos 63 + B cosf® — C(a,b)cosf} cosb)
B,C: polarization, spin correlation

a,b: spin quantization axes

#: angle between axis and momentum of decay particle in top quark rest frame
+,—: top quark or anti-quark

v
ATLAS Preliminary (s =8TeV -20.2 fb" ATLAS Preliminary ~ (s=8TeV-20.2fb" ATLAS Preliminary (s =8TeV-20.2fb"
Observable #arXiv:1508.05271 result = (stat+det) = (mod)| | Observable @ arXiv:1508.05271 result + (statsdel) + (mod) |  Observable +anivIS08.05271  result + (statsdet) + (mod)
B} —— 0.044 = (0.027) = (0.026) C(n,k)+C(k,n) —— 0012 = (0.089) = (0.087)
Clkk) —.— 0.296 = (0.072) = (0.057)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-099/
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= dilepton tf selection in 12.9 fb~! 13 TeV data

m observable: mg,

” S o1 - - — BTev
E 6000 CMS Preliminary 12.9 ™ (13 Tev) s T CMS simulation preliminary  —r=r_,
3 6000 5" (1epton,jet) > 100 GeV N r ; =
x F =lbtag ® Data Hw Wi+ o b b (lepton jet=100 Gev, =1b-tags B A m=-3 GeV
= ) S 01— 1A mE+
r Emultiboson  [w oy = L Am=+3 GeV
5000(— - = C —=4xT,,
C (s Wtch 2 [
C % 0.08—
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-019/index.html
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Top quark width 11

Method:

m likelihood for different [ with
nuisances

m limit on SM width with CLg

Result:

measured: 0.6 < ' < 2.5 GeV @ 95%
CL

expected: 0.6 < 'y < 2.4 GeV @ 95%
CL

CDF: ; <6.38 GeV @ 95% CL

(PRL 111 (2012) 202001
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O t CMS Preliminary
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https://arxiv.org/abs/1308.4050
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-019/index.html
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[ SM fit w/o m, measufgments

: El
aF 20 -
ot E
2E E
U " 310
[ m—— T T T T N S ST T IS N |
160 65 170 175 180 185 190 5 12 5 50 55 0
m, [GeV] My, GeV
(Gfitter) (Bednyakov, 1609.02503)

Top mass measurements
= colored object: pole mass not well defined
m direct measurements rely on MC (parton shower), not theo. computable

m indirect measurements experimentally less precise
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http://project-gfitter.web.cern.ch/project-gfitter/
https://arxiv.org/abs/1609.02503
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+ Pole mass defined by an asymptotic series

.......... ~ ) _
1 66 T 1 S (mpg,a) 350 nzocna
@, n— 00 _0/2 0|
éz t 2 Cn — € 2"n!
; 2 o — Pocs(ma)
@) T Arw

Renormalon ambiguity: the series is not Borel summable
Ambiguity proportional to Agcp , but with what coefficient ?
Relation to MS mass up to 4-loops

e o o 1M8
i~

mp = 163.643 + 7.557 + 1.617 + 0.501 + (0.195 + 0.005) GeV

Marquard, Smirnov, Smirnov, Steinhauser 15

* Most recent estimate of the ambiguity

6P m, = 0.25070:952 (V) £ 0.001 (cq) + 0.010 () + 0.071 (ambiguity) GeV

Beneke, Marquard, Nason, Steinhauser arXiv:1605.03609
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https://indico.cern.ch/event/486433/contributions/2279092/attachments/1338985/2015476/talk.pdf

Top quark properties Top quark mass Conclusions
00@00000C

UH
o Top mass and MC |
Universitdt Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Monte Carlo simulations with higher-order pp — W W bb matrix elements
o well defined m?'® input (no MC mass!)

. .. . . 1
0 systematic precision improvements in m}”¢ «» observables

Resonance aware Powheg matching [Jezo and Nason, 1509.09071]

o guiding principle: respects on-shellness and all-order factorisation of top
productionxdecay for I't — 0

= assign radiation to top production or decays consistent with 'y — 0 limit

= modified NLO+PS approach to preserve resonance virtualities at all stages

see analogous approach in MCONLO [Frederix et al, 1603.01178]

Pozzorini
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https://indico.cern.ch/event/486433/contributions/2279094/attachments/1338933/2015404/top2016.pdf
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Reconstructed top mass b-jet—lepton mass
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tt — bb4l wrt tt
m difference in peak position of myyp

m difference in tail mpy

Better modeling uncertainties in top mass observables in dilepton channel

Pozzorini
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mMSR(1 GeV)[GeV]

T T T T T
175 Y

[ Calibration : (r$'¢ )
PyTHIA 8.205, tune 7
o 174F ’
Method: NNLL, T, = L4GeV_/
compare hadron level QCD prediction of 173F

2-jettiness in eTe™ with MC

mMC = 173 GeV (‘rerei)

‘ mass order central perturb. incompatibility total i )
miT8y NLL  172.80 0.26 0.14 0.29 ot ]
mM8.y N2LL 172.82 0.19 0.11 0.22 L + - - - -
mP®  NLL 17210  0.34 0.16 0.38 | 0 (mHAGV) —m)[Gev] |
mP®  N2LL 172.43  0.18 0.22 0.28 2'0
-0.4F E

. . \ \ . 1
170 171 172 173 174 175
mMC[GeV]

1608.01318,Preisser
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https://arxiv.org/abs/1608.01318
https://indico.cern.ch/event/486433/contributions/2264153/attachments/1339589/2016687/TOP2016_Preisser.pdf
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Top quark mass
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Conclusions

lepton + jets
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I+jets channel

CDF, lepton+jets
PRL 109 (2012) 152003, 8.7 fb™

CDF, MET+jets
PRD 88 (2013) 011101, 8.7 fb™

DO matrix elements, lepton+jets
PRD 91 (2015) 112003, 9.7 fb™*

ATLAS 2011, lepton+jets
EPJC 75 (2015) 330, 4.6 fb

CMS 2011, lepton+jets
JHEP 12 (2012) 105, 5.0 fb™*

CMS 2012, lepton+jets
PRD 93 (2016) 072004 , 19.7 fb™*

World combination
ATLAS, CDF, CMS, DO
arXiv:1403.4427 (2014)

——

172.85 *110 | | Gev

173.93 *1.86 _  Gev
— 1.86

——

174.98 *0.76  _ Gev
-~ 0.76

172.33 127 ) 57 Gev

173.49 *107 _ _ Gev
1.07
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.-

17235 *051 o Gev

17334 *0.76 o Gev

| P
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CMS Lepton+jets, 19.7 o™ (8 TeV)
m splitin 3 permutation classes: % 20000§ B tf correct | =§\;2%'fs t E
1 comest | O 180000 B mmmcnea LS L
0 16000F [Cttunmatched  — QCD multijet  J
= - [ ¢ Data 1 Diboson B
flipped b-quarks, mi @ 14000 # Before kinematic it -
ipped b-quarks, mistags S 12000- efore kinematic fit
] unmatched *% 10000; é
no unambiguous match S goooL E
. . £ F ]
m kinematic fit: 5 6000F E
® two untagged jets: a 4000 E
ggedets: 2000~
mjj = 80.4 GeV ®) ;
= lepton and neutrino (& ) ‘2\6 P
me, = 80.4 GeV = - L
m combine with two b-tagged jets: & 100 200 300 400
Mijb, = Mewb, m;*° [GeV]
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Top quark mass
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CMS Lepton+jets, 19.7 o™ (8 TeV)
m splitin 3 permutation classes: o 12000F sl correct | B Sindle't ]
0] [ It wrong = ‘Z'v:gtss ]
= _ 1o 10000 [Cttunmatched  — QCD multijet |
- - r e Data [ Diboson ]
flipped b-quarks, mistags % 8000; f After P, selection
= unmatched S 6000fF 9
no unambiguous match 5 r ]
. . £ 40001 .
m kinematic fit: o [ ]
® two untagged jets: o 2000:’ ]
mjj = 80.4 GeV (@) C B
) s 15
= lepton and neutrino (& ) = ]
mg, = 80.4 GeV < 05 i L D 7
m combine with two b-tagged jets: & 100 200 300 400
Mijjb, = Meub, m{it [GeV]
Pgof > 0.2 & weight permutations by Pgof5 fp = 13% — 44% J
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m simultaneous measurement of the
top quark mass and jet energy
scale factor(JSF)

m ideogram: P (event|m;, JSF)

fi reco

= input: m"| and myy/

= use all aIIowed permutations i per
event

CMS Lepton+jets, 19.7 o' (8 TeV)

%120007 BN tcorect =~ EESindlet ]

O] [ [Edttwrong -giﬂeelss

1o 10000 It unmatched [ QCD multijet

~— e Data [ Diboson

%’ 8000: After P, selection

E 6000¢

> [

£ 4000

[0] L

Q. 2000f

o [

=

=

ol

S 05 L - 4

[a] 100 200 300 400
mit [GeV]

15/22
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m simultaneous measurement of the 25000CMS Lepton+jets 19.7 o' (8 TeV)
top quark mass and jet energy E g =g°°g:;' =inlet ]
W
scale factor(JSF) 10 20000~ It unmatched Eé"%?nunijet
Ny * Data 1 Diboson
= ideogram: P(event|mt,JSF) 2 15000 After P, selection ]
Ke]
= input: mf™ and m{gF I
>
m use all allowed permutations i per g
[0
event o
(@)
> ™1
<
S
[\ 0_5\\\\\\”\ TS /2% KT !
a 0 50 100 150 200 250 300

miEe [GeV]
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Top quark mass
00e00

Ideogram Method
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simultaneous measurement of the
top quark mass and jet energy
scale factor(JSF)

ideogram: P (event|m, JSF)
input: mf" and m{gF?

use all allowed permutations i per
event

Pi = Zj fj Pj (m{'ﬂmt, JSF)

Py (miggom, 3sF)

Fraction of entries / 5 GeV

Fraction of entries / 5 GeV

CMS simulation _Lepton-+jets (8 TeV)
T

Mg, = 1665 GeV
0.25F —e— Mygeq =172.5GeV
i Mg, = 1785 GeV
o2k JSF =1.00
0.15F B
o.1F 1
0.05f 1
100
mit, [GeV]
CMS simulation _ Leptoniets (8 TeV)
‘+ JSF = 0.‘96
0.251 —— JSF=1.
—+— JSF =1.04
0.2F m,,=1725GeV |
.
0.15F B
o.1F 1
0.05f 1
LI
100 150 200

Seidel (2015) M [GeV]
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https://indico.cern.ch/event/403826/contributions/961656/attachments/1188252/1723845/lhctopwg_mseidel.pdf
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m simultaneous measurement of the
top quark mass and jet energy
scale factor(JSF)

m ideogram: P (event|m;, JSF) no dependence on My gen

fi reco

= input: m{"t and myy/

= use all aIIowed permutations i per
event

=P =) 6P (mf|my, ISF)
-P. (m\r,?,cﬂmt,JSF)

CMS simulation Leptonﬂets (8TeV)

0.18F T
—v— JSF=0.96
0.16F —e— JSF=1.00 E!
—+— JSF=104

0.14F
0.12

0.1F
0.08
0.06F
0.04f
0.021

Fraction of entries / 2 GeV

% 80 700
Seidel (2015) ™
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Top quark mass
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Ideogram Method
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simultaneous measurement of the
top quark mass and jet energy
scale factor(JSF)

ideogram: P (event|m, JSF)
input: mf" and m{gF?

use all allowed permutations i per
event

Pi = >, fiP; (m{|my, ISF)

Py (miggom, 3sF)

final ideogram: combine P; and

weight event by sum of fit
probabilities

Lepton-+jets, 19.7 fo! (8 TeV)
T T

m, [GeV]

CMS Lepton-+jets, 19.7 fo" (8 TeV)
T \

JSF
S
iy

- \ ; \
07250 150 200 250
Seidel (2015) ™GVl
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m simultaneous measurement of the
top quark mass and jet energy

(2]
=
(7]

Lepton+jets, 19.7 fo™' (8 Te
e Ze 2 e

scale factor(JSF) 8 1.008 *:?mrid E
m ideogram: P (event|m;, JSF) 1'232? MALTIE
= input: m™ and m{gF? 1.005E E
m use all allowed permutations i per 1.004F E
event 1.003 E
i 1.002F E
| | Pi = ZJ fj P] (mtfiHmt,JSF) ) 00157 E
P, (m\',?,cﬂmt, JSF) 1 E
, F. o, T

m final ideogram: combine P; and 172 1725
m, [GeV]

weight event by sum of fit

probabilities m combine all ideograms and extract

m; and JSF after calibration
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Study interplay of 2D and 1D(JSF=1) results

Shifts with sign:

dm® (Gev) SISF Smi®(Gev) Im™(GeVv)
Ren. and fact. scales +0.17 £ 0.08 —0.004 £ 0.001 —0.24 1+ 0.06 —0.09 £ 0.07
ME-PS matching threshold +0.11 4 0.09 —0.002 =+ 0.001 —0.07 4= 0.06 +0.03 £ 0.07
Underlying event +0.15 £ 0.15 —0.002 =+ 0.001 +0.07 £ 0.09 +0.08 £+ 0.11

Observation:

JSF from m{E*® gets larger shifts than needed for mf.
i.e., m{7r° stronger affected by modeling than my

Solution: hybrid method
Add JSF-prior to likelihood to include jet calibration measurements

10 Oct 2016 Top2016 Highlights: Properties+Mass
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Result with 28 295 selected events in

Amygp (GeV)

{+jets channel, 19.7 fo~! 2D hyb
Method calibration 0.04 0.04

hyb Jet energy corrections 0.11 0.16
mg =172.35 +0.16 (Stat-"'JSF) Lepton energy scale 0.01 0.01
4 scale 0.04 0.04

+0.48 (SySt') GeV E/et energy resolution 0.11 0.03

CMS  Leptonsjets, 19.7 fo” (8 TeV) b tagging 006 006

L S R B Pileup 0.12 0.04
B 1008 (" T e Backgrounds 005 003
1.007EF \ .1; " JEC: Flavor-dependent 0.40 0.34
E\ q b jet modeling 0.17 0.16

1.006? E PDF 0.09 0.04
1.0051 E Ren. and fact. scales 0.17  0.09
1.004F E ME-PS matching threshold 0.11 0.07

E E| ME generator 0.11 0.12

1008 E Top quark pr 016 002
1.002 E Underlying event 0.15 0.11
1_001; 7 Color reconnection modeling 0.13 0.09

1E . E Total systematic 059 048

T 7 Statistical 020 016

m, [GeV] Total 062 051
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-14-022/index.html
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Dilepton channel
CDF v weighting, dilepto, +3.15
PRD 92 (zo1g) 032803, 0.1 L e 17146 3.15 GeV

DO matrix elements, dilepton
PRD 94 (2016) 032004, 9.7 il —

173.93 *183 | o Gev

DO v weighting, dilepton +1.60
PLB 752 (2%16) Won s —— 17332 -1.60 GV
ATLAS 2011, dilepton +1.41
EPJC 75 (2015) 330.81.5 bt —e— 17379 -141GeV
CMS 2011, dilepton +1.49
EPJC 72 (2012) 2202, 5.0 b —— 172.50 -1.49 GeV
ATLAS 2012, dilepton +0.85
PLB 761 (2015) 350, D02 o —0— 172.99 -0.85 GV
CMS 2012, dilepton +1.23
Vv PRD 03 (2016) 075004 , 10.7 o™ —— 1728275 4 53 GeV
M;,/MAOS observables +0.89
€, p T3P-15-008 (2016) —— 17222 -0.93 GeV
i World combinati
dileptons ond combination o 1T cev
arXiv:1403.4427 (2014)
e e e b e b
160 165 170 175 180
m, [GeV]
New ATLAS and CMS results with run 1 data }
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x10° a Tev x107° 8 TeV
o) 16 T T T = o 25FT T T T T T
c E CMS —— JSF= o 97 3 c [ CMS —— JSF=097 ]
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