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Top Quark Physics

e Top quark is the heaviest fundamental particle
discovered thus far: m, = 173.34 +/- 0.76 GeV
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e LHCis atop quark factory (100m+ thus far)
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arXiv:2402.08713

Run | Top Quark Mass Combination - Motivation

e Top quark mass is a fundamental parameter of the Standard Model
o Precision of top quark mass dictates our ability to predict
(and sometimes measure) phenomena
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https://link.springer.com/article/10.1007/JHEP12(2013)089
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.056006
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Run | Top Quark Mass Combination - Motivation

o« Top quark mass is a fundamental parameter of the Standard Model
o Precision of top quark mass dictates our ability to predict

(and sometimes measure) phenomena
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Higgs quartic coupling A

J. High Energ. Phys. 2013, 89 (2013)
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Run | Top Quark Mass Combination — Motivation ctd.

e ~10vyearssince last LHC combination

o  Preliminary for world combination
o Didn’t include most precise 8 TeV
measurements

e ATLAS and CMS combinations both agree
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ATLAS+CMS Preliminary My, SUMMAry, Vs=7-13 TeV June 2023
LHClopWG
------- World comb. (Mar 2014) [2] I —r— i

stat total stat

total uncertainty m,,, + total (stat + syst + recoil) f=  Ref
LHC comb. (Sep 2013) wHctopws 173.29 + 0.95 (0.35 + 0.88) 7TeV [1]
World comb. (Mar 2014) 173.34 + 0.76 (0.36 + 0.67) 1.06-7 TeV [2]
ATLAS, l+jets 172.33 + 1.27 (0.75 + 1.02) TTeV [3]
ATLAS, dilepton 173.79 + 1.41 (0.54 + 1.30) 7 TeW [3]
ATLAS, all jets 1751+ 1.8(1.4 +1.2) T Tev [4]
ATLAS, single top 1722421 (0.7 £ 2.0) 8 TeV [5]
ATLAS, dilepton 172.99 + 085 (0.411 0.74) £ TeV [8]
ATLAS, all jets 173.72 + 1.15 (0.55 + 1.04) & TeV [7]
ATLAS, l+jets 172.08 + 0.91 (0.39 + 0.82) 2 TeV [2]
ATLAS comb. (Oct 2018) 17269 + 0.48 (0.25 + 0.41) T+8 Tev [3]
ATLAS, leptonic invariant mass 17441+ 0.81(0.39 + 0.66 + 0.25) 13 TeV [9]
ATLAS, dilepton (%) 17221+ 0.80 (0.20 + 067 + 0.39) 13 Tell [10]
CMS, l+jets 173.49 + 1.06 (0.43 + 0.97) 7 TeV [11]
CM3, dilepton 172,50 +1.52 (0.43 + 1.46) 7 TeV [12]
CMS, all jets 173.49 + 1.41 (0.68 + 1.23) 7 TeV [13]
CMS, l+jets 172.35 + 0.51 (0.16 + 0.48) 8 TeV [14]
CM3, dilepton 172,82 +£1.23 (019 £ 1.22) & TeV [14]
CMS, all jets 172.32 + 0.64 (0.25 + 0.59) & TeV [14]
CM3, single top 172.95 +1.22 (0.77 + 0.95) & TeV [15]
CMS comb. (Sep 2015) 172.44 + 0.48 (0.13 + 0.47) T+E Te [14]
CMS3, l+jets 172.25 + 0.63 (0.08 + 0.62) 13 TeV [16]
CMS, dilepton 172.33 + 0.70 (0.14 + 0.569) 13 Tel [17]
CM3, all jets 17234 +0.73 (0.20 £ 0.70) 13 TeV [18]
CMS, single top 172,13 + 0.77 (0.32 + 0.70) 13 Tel [18]
CMS, l+jets 17177 +0.37 13 TeV [20]
CM3, boosted

17276

* Preliminary

FO.81 (0.22 £ 0.78) 13 TeV [21]
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Run | Top Quark Mass Combination — Motivation ctd.

ATLAS+CMS Preliminary My, SUMmMary, Vs =7-13 TeV June 2023
LHCfopwWG
------- World comb. (Mar 2014) [2] I f—r—t {
stat total stat
. . . total uncertainty ] =
~ m,. + total (stat & syst & recoil) 1= Ref
o 10 years since last LHC combination St — P R
1 1 1 H World comb. (Mar 2014) 173.34 + 0.76 (0.36 + 0.67) 1.06-7 Tev [2]
o  Preliminary for world combination ATUAS, lojete {7233 1127075 1 102) -
. Jy . ATLAS, dilept{m 17379 + 1.41 (054 1 1.30) 7 Tev [3]
o  Didn’tinclude most precise 8 TeV ATLAS, ol ot st e
measurements ATLAS, single top 172242107 +2.0) 8 TeV [5]
ATLAS, dilepton 17299 + 0.85 (0414 0.74) 8 TeV [8]
1 1 ATLAS, all jets 173.72 + 1.15 (0.55 + 1.01) 8 TeV [7]
e ATLAS and CMS combinations both agree | 4745 2t s e
[ATCAS comb. [(Oct 2018] 17269 T 0.38 [0.25 T 037 | T+E TaV [3]
ATLAS, leptonic invariant mass 17441+ 0.81(0.39 + 0.66 + 0.25) 13 Tev [9]
ATLAS, dilepton (*) 17221+ 0.80 (0.20 + 0.67 + 0.39) 13 TeW [10]
CMS, |+je|;5 173.49 + 1.0G6 (0.43 &+ 0.97) T TeV [11]
CMS, dilepton 172,50 + 1.52 (0.43  1.46) 7 TeV [12]
CMS, all jets 173.49 + 1.41 (069 + 1.23) 7 TeV [13]
CM3, l+jets 172.35 + 0.51 (0.16 + 0.48) 8 TeV [14]
CMS35, dilepton 17282 +1.23 (0,19 © 1.22) &TeV [14]
CMS, all jets 172.32 + 0.64 (0.25 + 0.59) 8 TeV [14]
CMS35, single top 172.95 +1.22 (0.77 +0.95) & TeV [15]
[CMS comb. (Sep 2015) TTZAT T 038 0AT T 047 | TH8 TeV [14]
CM3, l+jets 17225 + 0.63 (0.08 + 0.62) 13 TeV [16]
CMS, dilepton 172.33 + 0.70 (0.14 + 0.69) 13 TeV [17]
CMS, all jets 172.34 +0.73 (0.20 £ 0.70) 13 TeV [18]
CM3, single top 17213 + 0.77 (0.32 £ 0.70) 13 Tev [19]
CMS, l+jets 17177 +0.37 13 TeV [20]
CM3, boosted _ 1?_2-?5 £0.81(0.22 1 0.78) 13 TeV [21]
* Preliminary e
] T T N A T N T T N R B I | L
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Run | Top Quark Mass Combination — Input Measurements

MS .
Red = CMS ATLAS Blue = ATLAS All hadronic b b
q
7 TeV 8 TeV
dileoton Eur. Phys. J. C 75 (2015) 330 Phys. Lett. B 761 (2016) 350 q
P Eur. Phys. J. C 72 (2012) 2202 Phys. Rev. D 96 (2017) 032002 g
lebton+iets Eur. Phys. J. C75 (2015) 330 Eur. Phys. J. C79 (2019) 290
pton+) JHEP 12 (2012) 105 Phys. Rev. D 93 (2016) 072004 7
All Eur. Phys. J. C 75 (2015) 158 JHEP 09 (2017) 118 b
hadronic Eur. Phys. J. C 74 (2014) 2758 Phys. Rev. D 93 (2016) 072004
Single top ; Eur. Phys. J. C 77 (2017) 354
Secondar
Secondary ; Phys. Rev. D 93 (2016) 092006 y
Vertex Vertex
/¢ : JHEP 12 (2016) 123
q q' L.
W+
b Single top z
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https://link.springer.com/article/10.1140/epjc/s10052-015-3544-0
dx.doi.org/10.1140/epjc/s10052-012-2202-z
https://www.sciencedirect.com/science/article/pii/S0370269316304622?via%3Dihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.032002
https://link.springer.com/article/10.1140/epjc/s10052-015-3544-0
https://link.springer.com/article/10.1007/JHEP12(2012)105
https://link.springer.com/article/10.1140/epjc/s10052-019-6757-9
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.072004
http://dx.doi.org/10.1140/epjc/s10052-015-3373-1
https://link.springer.com/article/10.1140/epjc/s10052-014-2758-x
https://link.springer.com/article/10.1007/JHEP09(2017)118
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.072004
https://link.springer.com/article/10.1140/epjc/s10052-017-4912-8
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.092006
https://link.springer.com/article/10.1007/JHEP12(2016)123
https://arxiv.org/abs/2402.08713
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Run | Top Quark Mass Combination — Method & Correlations

[SoftwareX 11 (2020) 100468] [Nucl. Instrum. Meth. A 270 (1988) 110]

Amy/2 Aoy, /2

2/19/2024

. . . Uncertainty category  p Scan range MeV]  [MeV]
Best Linear Unbiased Estimated — BLUE CHCTES I —
i LHC JES 2 0 [-0.25,+0.25] 8 7
m, = ),;w;mg where 3, w; = 1 S e SR A A
Correlations between channels within an LHC LJES 0 omros 1 o
. . CMS JES 1 — — — —
experiment are determined R o fomiem s
. . Leptons 0 —0.25,+0.25 2 2
Correlations between experiments are b tagging 05 [+025+075] 1 1
g 0 [-0.25,40.25] <1 <1
assessed . Pileup 0.85  [+0.5,+1] 2 <1
. Trigger 0 [-0.25+025] <1 <1
o Unco rrel ated . p — O ME generator 05 [+025+075 <1 4
. * LHC radiation 05 [4+0.25,40.75] 7 1
o Partially Correlated: p = 0.5 LHC hadronization 05 [+0254078] 1 <1
o St ro ngly CO rrEIatEd : p — O . 8 5 Color ret‘:(mnecti(m 05 [+0.25,+0.75] 3 1
Underlying event 0.5 [4+0.25,+0.75] 1 <1
Covariance matrices are summed O kg, D bessl 1<
Background (data) 0 [-0.25,+0.25] 8 2
Background (MC) 0.85  [+0.5,+1] 2 <1
Other o - T
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https://arxiv.org/abs/2402.08713
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Run | Top Quark Mass Combination — Correlations
ATLAS+CMS {s=7,8 TeV

1
ATLAS dil 7 TeV 0.42 006 007 013 022 011 048 023 013 010 D06 015
ATLAS|j 7 TeV 0.00 007 002 009 0.08 003 008 004 001 010 002 -0.04 0.8
ATLAS aj 7 TeV | 042 ! 006 000 041 019 041 013 021 046 009 001 -0.04
0.6
ATLAS dil 8 TeV - 0.00 012 046 010 0.07 -0.04 010
ATLASIjBTeV | 006 007 -0.06 0.04 0.05 20.03 003 001 000 —0.4
ATLAS aj8 TeV | 007 -0.02 000 001 014 008 007 001 0.10
—0.2
CMSdil 7 TeV | 013 o009 o011 031 046 036 026 008 013
CMSI1j7 TeV | 022 o002 0419 -0.00 0.29 0.03 0.3 —0
CMSaj7TeV | 011 003 041 008 0.00 0.06 021  0.03 007
—-0.2
CMS dil 8 TeV | 012 008 043 042 -0.04 -0.01 0.08 -0.04 -0.16
CMS1j8TeV | 023 004 021 016 005 014 046 —-0.4
CMSaj8TeV | 013 o001 016 040 -0.03 0.08 036 045 035 0.07
—0.6
CM5t8TeV | 010 o010 009 007 003 007 026 029 021 0.09
CMS J/¥8TeV | 0.06 002 001 004 001 001 008 003 -003 -0.04 0.8
CMSvix8 TeV | 015 0.04 0.04 010 000 010 043 0.03 007 -0.16 0.08
—1
AT AT A ST A 8T L AT §T14 s SMs ,Cs Cs s Chs s Sy
ASd!ﬁsﬁ.%‘A}‘?afﬁsﬁ'ﬁtgs‘yg‘qf?af&d”7 T#? Te)/ 7 Tel/ @ ?‘g& Tel 8 T Te g
Tey 'ev Tel Tey Tev Tey, 'eV v " ley v ey
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https://arxiv.org/abs/2402.08713

Run | Top Quark Mass Combination — Results

o Most precise determination of the
top quark mass to date — 0.2%
relative uncertainty!

o« Dominated by systematic

uncertainties
> JES, b-tagging, and tt modeling are
dominant

arXiv:2402.08713

My, = 172.52 + 0. 14(stat) + 0.30(syst) GeV

2/19/2024Type equation here.

ATLAS+CMS

cevemeenee ATLAS+CMS combined

stat uncertain
total uncertainty

[s=78TeV

total

siat
m, + total (+ stat + syst) [GeV]

ATLAS :
dilepton 7 TeV ————] 173.79+1.42 (+ 0.54 + 1.31)
lepton+jets 7 TeV |—|—-—|—| 172.33+1.28 (+ 0.75+ 1.04)
all-jets 7 TeV P p——— 175.06 4+ 1.82 (£ 1.354 1.21)
dilepton 8 TeV e 172.99+ 0.84 (+ 0.41+ 0.74)
lepton+jets 8 TeV H—-—H 172.08+0.91 (+ 0.39+ 0.82)
all-jets 8 TeV e 173.72+1.15 (+ 0.55+ 1.02)
combined I-ED-H 172.71+ 0.48 (+ 0.25+ 0.41)
CMs
dilepton 7 TeV —_ 172.50 + 1.58 (+ 0.43+ 1.52)
lepton+jets 7 TeV !—-—|—| 173.49+ 1.06 [+ 0.43+ 0.97)
all-jets 7 TeV i 173.49+ 1.41 (£ 0.69+ 1.23)
dilepton 8 TeV i 172.22 4+ 0.95 (+ 0.18+ 0.94)
lepton+jets 8 TeV |-|+| 172,35+ 0.48 (+ 0.16+ 0.45)
all-jets 8 TeV e 172.32+ 0.62 (+ 0.25+ 0.57)
single top 8 TeV bty 172.95+1.20 +0.77 £ 0.93)
Jhy 8 TeV F T % | 173.50+ 3,14 (+ 3.00+ 0.94)
secondary vertex 8 TeV —— 173.68+1.12 (£ 0.20+ 1.11)
combined e 172.52+ 0.42 (+ 0.14 £+ 0.39)
ATLAS+CMS LHCtopWG
dilepton H=H 172,30+ 0.59 (+ 0.294 0.51)
lepton+jets [ 172.454 0.36 (£ 0.17 £ 0.32)
all-jets HH 172,60+ 0.45 (+ 0.26+ 0.36)
other Hama 17353+ 0.77 (+ 0.43+ 0.64)
combined I-IlI-I 172.52 + 0.33 (£ 0.14 £+ 0.30)
| ] | | 1 ] | I 1 | ] ] | 1 ] 1 I | ] ] |
165 170 175 180 185
m; [GeV] 10
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https://arxiv.org/abs/2402.08713

CMS-TOP-22-007/

Search for Violation of Lorentz Invariance - Motivation

e The Standard Model is Lorentz invariant
» Lorentz violation can emerge in string theory & loop quantum gravity @~Mp;
e Searches via neutral meson mixing: KLOE, KTeV, FOCUS, BaBar, and LHCb

e« 1st search with tt @Tevatron pp collider: DO [phys. Rev. Lett. 108 (2012) 261603]
e New search with CMS!

2/19/2024 Lake Louise Winter Institute 2024 11


http://cds.cern.ch/record/2859658/files/TOP-22-007-pas.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.261603

CMS-TOP-22-007/

Search for Violation of Lorentz Invariance - Method

o Lorentz Violation in SME model given by:
1. _
Lavte = 517" + ¢y, +d™57,) 0, § — i

e Average direction of top quarks change w/ sidereal time -
Wilson coefficients c*¥ and d*V encode sidereal dependency

SME model

“ CL.XX:_CL.YYZO'O 1

# CL.XY:CL.YXZO 01
CL.XZ: l:L.Z)( :0 - O 1
CL.YZ: l:L.ZY :0 - O 1

1.01

1.005

Ntf,SME/Ntf,SM

0.995

0.99

CMS

Simulation Preliminary

13 TeV

2017

0123456738 910111213141516171819202122230 1 2 3 45 6 7 8 91011121314151617181920212223
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Sidereal hour + 0.25 x (number of b jets -1)
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http://cds.cern.ch/record/2859658/files/TOP-22-007-pas.pdf

CMS-TOP-22-007
Search for Violation of Lorentz Invariance — Method ctd.

_ | CMS Preliminary 7741 (13 TeV)

o Measured the tt cross S e ™ N =

section differentially in wg,égggs 5000 - % PO | ,

-le-la :_|! A lI l' !I! II' =

tsidereal®ijets R Py IRy J- “-f 11, | J-!E

) Tl f ; TR RN P | ; ' § ' J0

w/ ey events from g s e 5

2016+2017 200 | IR

o Luminosity unc., pileup, & 1000 £ LU
lepton trigger efficiencies

determined as a function of

Data/MC

.-‘IJL»—HTH--L

[ N I U U U O O O O B
1011121314151617181920212223 0 1 6 9101112131415161718192021 2223

23 4 L 78
Sidereal hour + 0.25 x (number of b jets -1)

sidereal time |
« Added nuisances that are 012345078

uncorrelated across sidereal

bins to account for unknown

sidereal dependence

w —
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http://cds.cern.ch/record/2859658/files/TOP-22-007-pas.pdf

CMS-TOP-22-007/

Search for Violation of Lorentz Invariance - Results

CMS Preliminary 77.4 6" (13 TeV)
e 10x increase in precision of o™y [T T T T T T
Lorentz Violation top quark et T T
Wilson coefficient constraints i S s -
compared to DO [Phys. Rev. Lett. ¢y~ -
108 (2012) 261603] Lol I . - .., e
e Checked both fitting coefficients &=t —— = =
individually and together withno oo | ——e—rr—
sizeable differences due to small . SR I S S N R N .
correlations between coefficients a0 e o]

. . o . . -0.02 -0.015 -0.01 -0.005 O 0.005 0.01 0.015 0.02
e NO SlgnlflCant dEV|at|0n from 0 Wilson coefficient value

observed
14
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.261603
http://cds.cern.ch/record/2859658/files/TOP-22-007-pas.pdf

Measurement of the
top quark
- Motivation

v

ook,

Ky

Ratio to SM

CMsS 138 fb! (13 TeV)
1_1I| T T IIIIII| T T L IIIIII T T IIIII| t I";
E m,=125.38 Ge Wz ]
"'.
101 F E
b .
-2 T ,-é" -
102 s 3
§ Vector bosons
i Third-generation fermions
10°F p o7 E
F i‘ é Second-generation fermions ]
’ --- SM Higgs boson
10K, N L Ll P E
14 :I T T LI R T L L | E
12F T 1.05F 'H 3
1T 2 E—— }f ----------------- 100p-- 184 oo
0.8F 0.95F 3
0.6:"' Ll L Ll o ]
107 1 10 102
Particle mass (GeV)
2/19/2024

Phys. Rev. D 102, 092013

- Important goal for LHC is to characterize
new Higgs boson and its couplings

- Top quark is curiously
close to unity

- Can be measured directly through ttH

- Indirectly through electroweak
contributions to tt cross section

9 . 00Q0Q00Q0Q0QQ

A
-,
0
-

9 .000Q0000000 > t
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092013

« Used dileptonic decays and full Run Il

Ly, = Poisson [n

Measurement of the top

quark
Method

dataset

Profile likelihood fit in double
differential distribution:

Mpprz & Aypper

« Mypp=M(b+b+¢+7)

+ Ayppez = ly(b +€) —y(b + )]
- Removes necessity for top quark
reconstruction which is difficult

in dileptonic decays

bin

obs

2/19/2024

I ({6,}) RE (Y, ¢) + 6P ({6,))]

CMS simulation /s=13TeV
T 1.06F .
= F HATHOR 3 e Y,=3
o  105E Generator level i —-- Y, =2
— = i B _
S 1.04F Y —Y,=1
S 103 [ Y =0
— - : }7
o= 1.02F E !
= 1.01F Poes
E - ’ 1‘ * v
e E [ o
2 oo} i A%
< 0-93 :
R e e R ) —
] S Y e
T o097k RIS :
T IR BT R | | | P P B
4 3 2 4 0 1 3 4
Ay
tt
CMS simulation Vs=13 TeV
x r
= 1 255_ HATHOR - Y, =3
° 7k Generator level Y, =2
S 2B — Y, =1
%g S S Y =0
= 1150
= 1R
A, ¥
X 1055,
= L
< s
5 -
S 095
0.9E,

Lake Louise Winter Institute 2024

e R P PSS HEPU S R B
400 600 800 1000 1200 1400 1600 1800

M, [GeV]

yb!bi)

t

)/(do,, _,/dA
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1
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Phys. Rev. D 102, 092013

; WCMS Simulation (s=13 TeV

F HATHOR “m Yy =3
106 Generator level . - Y, =2
1.05F ! [ — Y,=1

- S Y. =0
1.04F
1.03fF
1.02F
1.01F
090 T e

oo lveo v lew v Bow v Byl | | 1 1

4 -3 2 4 0 1 2 3 4
A
Ypeve

] 14CMS Simulation {s =13 TeV
1 1oE  HATHOR - Y= 3
""F i Generator level --- Y, =2
L | = —_—Y,=1
108 Yi=0
106
104
102 )

F :;1‘ ...................................................
ogsfs v, TTTTTTTTTTTTmmommmmmseecees
0.96

il VRIS NSNS S ST NS SR SN R |

200 400 600 800 1000 1200 1400 1600 1800
Myl GeVI]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092013

Phys. Rev. D 102, 092013

Measurement of the top quark Yukawa coupling - Method

. Yt:%' 9t=\/§mt
It 14
e Yulkawa coupling and nuisance
for electroweak corrections oMs Pre-fit 187 7 (13 Tew)
change signal event yields g 000~ e W WSoe: Mowtvn Efne
R%ﬁ(’j’t! 4)) — [1 + {')‘E%(Yt)] [1 + ja%njgﬁ(}/t)]‘f’ g j:zzzg IAyMwI<1E Ay, > 1 Ay, <1 E Ay, > 1 iy, <1 E iy, |>1
o Unc. for electroweak correction is o0

10000

difference between additive and
multiplicative approach

5000

Sl
) ) ) ) ..(_“.8 1_1 ...........................................................................................................................................
nbm . Hbm nbm . nbm alg )
" a 3 = L~
sbin _ ['HATHOR LOQCD sbin POWHEG LOQCD ‘
— - ’ QC — Y o W ¢ | RS AR e (i B e v %
EW bin D bin 0.9
LOQCD POWHEG = Eeeegsseggtn ittt ettt L
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
ARERRHIBIZEGRIIESAT 4RSI BISHRIITRSA[ARTH3 8T Fe
ccccccccccccccccccccccccccccccccccccccccccc
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
‘—NNNNN(‘O(‘QmgFNN(‘)Q‘V‘CDFNNNNNWNMV'—NMW¢¢ NNNNNNNNNNNNNNNNNN
M, ..range [GeV]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092013

Measurement of the
top quark Yukawa
coupling - Result

Phys. Rev. D 102, 092013

e ¥, =1.16%3%
e Measurement of top quark Yukawa

coupling independent of assumptions on
other Yukawa couplings

Post-fit
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092013

Summary

o Lots of exciting new results from CMS
o Most precise top quark mass measurement from CMS+ATLAS

combination
o Lots of work performed in determining the correlations between experiments

e 1Stsearch for Lorentz violation in top quark pairs produced from proton-
proton collider
e Indirect and independent top quark measurement

consistent with SM
- Electroweak corrections crucial for correct modeling of tt threshold region
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Correlations for LIV

Statistical unc. in
corrections are

uncorrelated across

years

Modeling systematics are
correlated (sidereal time-

independent)

2/19/2024

Systematic uncertainty source

Correlation 2016-2017 Correlation time bins

Magnitude

Flat luminosity, year-to-year correlated part
Flat luminosity, year-to-year uncorrelated part
Time-dependent luminosity stability
Time-dependent luminosity linearity
Time-dependent pileup reweighting

Time-dependent trigger efficiency, syst. component
Time-dependent trigger efficiency, stat. component

L1 ECAL prefiring
Electron reconstruction
Electron identification
Muon identification, syst. component
Muon identification, stat. component
Muon isolation, syst. component
Muon isolation, stat. component
P’hase-space extrapolation of lepton isolation
Jet energy scale, year-to-year correlated part
Jet energy scale, year-to-year uncorrelated part
Parton flavor impact on jet energy scale
b tagging
Matrix element scale
PDF+ig
Initial- & final-state radiation scale
Top quark pt
Matrix element-parton shower matching
Underlying event tune
Color reconnection
Top quark mass

Single top quark cross section
tt+X cross section
Diboson cross section
W /Z+jets cross section
tt cross section *

*

Single top quark time modulation
MC statistical uncertainty

Lake Louise Winter Institute 2024

100%
0%
0%
0%

100%
0%
0%

100%
100%
100%
100%
0%
100%
0%
100%
100%
0%
100%
0%

100%
100%
100%
100%
100%:
100%
100%
100%

100%
100%:
100%
100%
100%:

100%
0%

100%
100%
100%
100%
100%
100%
0%
0%
0%
0%
0%
0%
0%
0%
100%
0%
0%
100%
0%

100%
100%
100%
100%
100%
100%
100%
100%

100%
100%
100%
100%
100%

100%
100%

0.6% (2016), 0.9% (2017)
0.9% (2016), 1.4% (2017)
0.2% (2016), 0.4% (2017)
0.2% (2016), 0.4% (2017)
0.3-5%
0.5-1%
0.5%

0.5%
0.4%
1.2-2.2%
0.3%
0.5%
<(0.1%
0.2%
0.5-1%
0.8%
1.4%
1.1%
24%

0.3-6%
0.1-0.4%
1-5%
(0.5-2.5%
0.7%
0.2%
0.3%
0.5-3%

30%
200
30%
30%
4%

2%
0.1-1%
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Profile Maximum Likelihood fit

L= || |] Poistreslves30) | [pitaln

CEchannels bebins, XEX

e Channels are statistically independent “channels”. Can be decay topology for

example (ee vs. ey vs. uut)
e 1; € Hare unconstrained nuisance parameters meaning they have no prior

o Signal strength modifier is typically an unconstrained nuisance
o Disalso unconstrained in our fit and we freeze signal strength modifier

e x; € Xare constrained nuisance parameters meaning we know/can estimate
their prior probability distribution
o Q, are parameters/inputs for the prior
o All of our priors are either log normal or shape-based
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