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Motivation for new physics

The Standard Model (SM) is wonderfully precise, but only accounts for 5% of the universe

Shortcomings include:

« Dark matter/energy — Invisible particles? Non-zero vacuum energy?

 Hierarchy problem — Why is the Higgs mass 0(10%) GeV but Plank mass 0(10%) GeV?
« Baryon asymmetry — Why do we live in a universe devoid of anti-matter?

After discovering the Higgs boson in 2012, the LHC provided no definitive evidence
of anything unexpected

Assume Anp > Arnc
How might it appear at the LHC?

14 April 2021 HEFT 2021 2
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Introduction to effective field theory

New physics at scales beyond what the LHC can directly probe can be approximated by
expanding terms of higher dimensional (d) operators O consisting of SM fields
Operators are suppressed by powers of the energy scale A, and the strength is controlled

by the Wilson coefficients (WCs) c;

e, (d)
Lege = Ly + Z Aclz_4 0;
ai

Dimension five violates lepton number

Dimension six is the focus of this analysis
Higher dimensions are suppressed by additional powers of A

14 April 2021 HEFT 2021 3
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Analysis overview

A novel technique to examine data collected in 2017
Performs a global fit across all processes (signal and background)

Probe EFT effects using multiple lepton final states

Procedure helps constrain systematic uncertainties /

“ b-jet
#  t 101 Gev

b-jet *

Correlations rely on data (no assumptions made) N

Electron
pt: 102 GeV

Using channels with ttlv, ttll, tllg, ttH, and tHq
production (H » W*W~,ZZ,t*t~, exclude H - bb)
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EFT parameterization

Matrix elements M split into SM and EFT terms ¢j
M = Mgy + z = M;
' W\ ]
Parameterize cross section by WCs:
 SMterms (sy;)
* Interference terms between the SM and EFT (sy;;)

g < M?
* Pure EFT terms (sy;;)
* Interference terms between EFT (s3; i)
Cj Ck
Individual events (do) have weight w; — can be l< ) = Soi + z S1ij p2 Az S+ z SZU A4 + z S3ijk A2 p2

summed to produce the predicted event yields

14 April 2021 HEFT 2021 5



Observable yield

Event 2

EN " —>
Sum the

guadratics

Event 1

Observable bin

C.
]
SOi + Zsli_f A_2 + ZSZU
j J

A\

Yield N is
the sum
of the

Observable yield

of the
WCs

Observable bin

2

. Cj Ck ¢
ﬁ +JZ;{S3ijkA_]2F N (—2) = Zwi (_

Observable yield

weights, »
so also

guadratic Adjust
function the WCs
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EFT parameterization

No extra partons

e.g., ¢z With qq

initial states only
Z

MC simulations are generated with non-zero WCs

Extra partons are added when possible

Initial values chosen to include all relevant phase space

and optimize the MC statistical power: ¢4, = Sw?(C)

U >

Weight of each event accounts for variation in yield from EFT \
Z

_ o Extra partons
Used to solve for the constant terms in the quadratic fit  gynand the EFT
phase space
e.g., ¢z With qg
initial states
? /00000000000"

14 April 2021 HEFT 2021 7
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Dim6TopEFT Model

EFT simulations are generated by MADGRAPH_aMC@NLO using the dim6TopEFT[1] model

« Warsaw basis of dimension six operators

A=1TeV

CKM matrix is assumed to be a unit matrix

* u,d,s,c e umasses all setto zero

The unitary gauge is used and Goldstone bosons are removed
Baryon and lepton number violating operators are not included
Only tree-level simulation is possible

Lepton universality is assumed (all flavors set to same WCs)

The 16 operators which have the largest impact on the signal processes, and relatively
small impact on tt background, are considered

[1] https://arxiv.org/abs/1802.07237
14 April 2021 HEFT 2021 8
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Model operators

Only the real components are considered since the imaginary coefficients lead to CP
violation, and are well constrained by EDM experiments and B — X,y decays

Operators involving two quarks and one or more bosons

14

)

00000000000t + !

T5O0O0000000Y - ;
Examples of diagrams involving vertices arising from the O;, operator
14 April 2021 HEFT 2021
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Operator | Definition Wilson coefficient
10{:{5} qu,9(¢'9) Crp T fCtqu

Oi’g” (¢ H,,@}(q r)"“q}) Coo T f?pQ

04 (¢'iD Le)@n't'q) | So

Oy (¢'iD ,;qv)(u,'r u) |y

10£;i)d ((p IDF(P)(H rd ) Cotb + ic(futb

tol) (qo"'t'u;) gW! o cew + icky

tol) (qoe*''d;) oW1, Cow +icly

1052 (q;0""u; ) B, (ewCew — Cez)/sw + f(waEW - C{z)/sw
1052 (q,om TAu i) (me Ceg +icls
Operators involving two quarks and two leptons
Operator | Definition WllSDIl coefficient
O | Gty Gra) | eql + a0
O?f;jk” (L") (@' t'q,) 33;

o’ | Gyt @) |

o’ | (e'e) @r'ay) Con

o | @te) @) |

Ojega | (iey) € (@) & e
1O?L[:fj (Z,-O"”'ej) & (quouy) )4 ICE—INJ




Event selection

The analysis is split into lepton (¢) categories as well
as jet multiplicity (both light and b-tagged jets)

A BDT is applied to separate prompt from non-prompt
leptons

Final-state observables are an admixture of processes
(the method does not require we separate processes)

« Each analysis bin stores the sum of the quadratic
coefficients — event yields are fully parametrized by
the WCs

14 April 2021 HEFT 2021
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2lss

v

- 2 Lepton charge +

»

A

# of Jets
3l (outside Z peak)

ttll, tlig
(4-fermion)

# of b-jets

A

[
»

# of Jets
3l (inside Z peak)

v

# of Jets

ttll, ttH

___(Not subdivided), 10
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Event categorization

2¢ same sign 3¢

Z
209<0,%,qg>0 X»,q<0,X,q>0 boson

4 jets 2 jets 7 ete- 2 Jets
5 jets 3 jets ) o 3 jets
6 jets 4jets “THH >4 jets
=7 jets >5 jets >2 b-jet
=2 b-jet 1 b-jet medium (1 medium +
(1 medium + >2 b-jet medium loose or medium)
loose or medium)

loose = 85% efficiency, 10% light/quark jets
medium = 70% efficiency, 1% light/quark jets

14 April 2021 HEFT 2021 11
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Misidentified lepton background

N Signal region
<
_|_
'E

Non-prompt " N Of Prompt leptons

7 leptons | '
)
&)
o
o
(@)
Yo Non-prompt
T background estimate
= Data-driven
>
p=

v

Lepton production
Probability of a non-prompt lepton passing prompt cuts is measured in a multijet enriched region
Data-driven

14 April 2021 HEFT 2021 12



Fitting procedure

Each bin is treated as a Poisson experiment with a probability of obtaining the observed data

Profiled likelihood simultaneously fits all bin and extract the 2¢ confidence intervals of the
various WCs

Two fitting procedures are used:

Scan single WC, other 15 are unconstrained nuisance parameters
* More physical of the two, no reason for new physics to only favor one WC

Scan a single WC, other 15 are fixed to their SM value of zero

« Extreme scenario where nature has a single WC,; the ability to fit one is limited by the lack of
knowledge of 15 others

14 April 2021 HEFT 2021 13
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Event yields in analysis bins

[ ]charge misid. [ ]Misid. leptons [l Diboson [ ]Triboson []Conv. B -

B i B [t MtHg % Total unc. -e-Qbs.
SM only
(all WCs set to 0)
CMS 41.5 b7 (13 TeV)
»120 —
C -
L1003 | | | | | - 3£1b 372b |
L - | | | | ‘ 4 |m,,—mz|<10‘ m,,—mz|<10‘
L | | 371b(+) | | | 372b(-) | | a¢
8" : : : : : :
60 | | | \ \ \
| | | | | |
40 | | | | | _
20 ‘ | \ 7 =
0
. D I |
815 | e e
5 1 TP — . 1
~ 05 i B | \_F 1 i
8 0 "2 3 4 >4 2 3 4 >4 2 3 4 >4 2 3 >3
o) | N, | N, | N, | N

14 April 2021 HEFT 2021 14
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Event yields in analysis bins

[ ]charge misid. [ ]Misid. leptons [l Diboson [ ]Triboson []Conv. B -

Kl By [t CltHg 7 Total unc. -e- Obs.
EFT enhances
predicted yields (WCs = 1/6 final value)
CMS 41.5 b7 (13 TeV)
»120 —
C -
L1005 | | | | | - 371b| 3/2b |
L 80: 2/58(+) IFF 2¢55(-) I 3¢1b(+) I 3¢1b(-) I 3¢2b(+) } 372b(-) | """’"”Z"““} ’"”""Z"””} 4z
= | | | \ \ \
60 < | | | | + | |
: : : : . :
| | | \ \ \
| \
| \

40

20

0 |
5,2 ——
® 15 S
a 1 \
~ 05 O
8 0 >4 2 3 >3
O N | N
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Event yields in analysis bins

[ ]charge misid. [ ]Misid. leptons [l Diboson [ ]Triboson []Conv. B -

Kl By [t CltHg 7 Total unc. -e- Obs.
EFT enhances
predicted yields (WCs = 2/6 final value)
CMS 41.5 b7 (13 TeV)
»120 —
C -
L1001 | - 3/1b| 3¢2b |
W= 2755(+) I 2r5s(-) 3¢1b(+) 371b(-) 372b(+) 3¢2b(-) & mer~mal < 10, ’"”""Z"””} 4r
g T

|
60 ;

N
o

N
o

—
oo ©

Obs. / pred.
o

14 April 2021 HEFT 2021 16
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Event yields in analysis bins

|:|Charge misid. |:|Misid. leptons .Diboson |:|Triboson |:|Conv.

tl til
EFT enhances | e
predicted yields (WCs = 3/6 final value)

B -

[t CltHg 7/ Total unc. -~ Obs.

CMsS 41.5 o (13 TeV)
»120 —
C [
€100 | e 3¢1b 3¢2b|
L - | | |m,,—mz|<10‘ m,,—mz|<10‘
— 2¢5s(+) | 2¢558(-) 371b(+) 3£1b(-) 372b(+) 3r2b(-) | | 4z
o I

8
[~ ————————

:

i

14 April 2021

0 T
o —
215 ' |
] - e a— L
2 05E | | |
a8 l34 5 6 >6i4 5 6 >6i2 3 4 >4i2 3
O N, N N |

HEFT 2021
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Event yields in analysis bins

[ ]charge misid. [ ]Misid. leptons [l Diboson [ ]Triboson []Conv. B -

EET enh Kl By [t CltHg 7 Total unc. -e- Obs.
ennances
predicted yields (WCs = 4/6 final value)
120 CMS 415 fo” (13 TeV)
- —
L1003 | | | | | | o 3£1b 372b |
L I | | | | ‘ L. |m,,—mz|<10‘ m,,—mz|<10‘
_ 275s(+) | 2¢ss(-) | 3¢1b(+) | 371b(-) | 372b(+) | 3£2b(-) | | 4
80 FF | | | | | |
L, | | | | | |
60 | | | | | |
| | | | | |
40 | | | | | |
| | | ‘ 5
20 | | 5
0 | | _=_—_=— | | |
3, g_ | T I = ] - . J I | } _+_ e
o | — i . e ! =+ 3
O — S—— | A S I = S = A S
. L | | | | | | | I
8 0~ 5'6‘>6i4'5'6'>6i2 3'4'>4i234'>4i2'3 4'>4}234'>4i234>4}234'>4}2'3‘>3
O N N N N N | N N N | N
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Event yields in analysis bins

[ ]charge misid. [ ]Misid. leptons [l Diboson [ ]Triboson []Conv. B -

B i B [t MtHg % Total unc. -e-Qbs.
EFT enhances
predicted yields (WCs = 5/6 final value)
CMS 41.5 b7 (13 TeV)
»120 —
C -
L1003 | 371b| 3/2b|
D E :

m,,—mz|<10} m,,—mz|<10‘

371b(+)

| | | |
| | | |
80 | | | |
= A
60 | | | |
| | | |
40 | | | |
T
20 | |
0
) | | | | - | | | | |
e e e e e e et
o .o t T N -
a ; g :_¢—_+_+_ﬁ—1—+—+ e #_‘ﬂkﬁ—%k ’_% _.._w B B e _+_—+—+—‘— BB
. ot | [ | | | | | |
80456"‘3;456I>6i234l>4i234'>4i2I3I4I>41234'>4i234’41234l>412 3 >3
O N N N N, N N N N, | N
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Event yields in analysis bins

[ ]charge misid. [ |Misid. leptons [l Diboson [ |Triboson [[]Conv. B -
B i B [t MtHg % Total unc. -e-Qbs.
WCs set to final values

CMsS 41.5 o (13 TeV)
»120 —
c
2100 371b/ 3¢2b|
Ll

m,,—mz|<10} m,,—mz|<1l)} a7

371b(+)

80

60

40

20

g | | | | | | |
zo) — | | | [ \ | \ \
© 1.5 | B | | | | e
e O = s B s o A B e A
. ot | | | | I = | (- |
8 0 56>si4 5 6'>6i234>4i2 34>4i2'3'4 >4i2'3'4 >4 2 3 4 >4 2 3 4 >4 2 3 >3
O N, N N N N N N N N
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Single WC scan

Scanning cyz; while treating the other 15 as unconstrained nuisance parameters or fixed to

the SM value of zero CMS Supplementary
arXiv:2012.04120 41.51fb" (13 TeV)
' : ' s : = A

10 PV v
s Others Profiled (20) ‘t v v A
v Others Fixed to SM (20) 8ﬁ v v o

2ANLL

4 - LA
20/

1o ol ................. ................

....................................................................

oA H
(0OCO0OGOMNIONCONY ATTERT IONY OO TO ,...r...r...I_...|...1...‘...1

2 3
cz/N*[TeV™?

Degenerate minima widen the NLL curve
HEFT 2021
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Two-dimensional WC scans

Pairs of WCs are also scanned to help investigate the correlations between WCs, as
visualizing the full 16-dimensional hypersurface in not feasible

Other 14 WCs treated as unconstrained nuisance Other 14 WCs are fixed to zero (SM)

parameters
CMS Preliminary | 415107 (13 TeV) CMS Preliminary 41,5 " (13 TeV)

Profiled includes the SM%

/ =,
a
<

™
Q

Better S N e 7y’ 1§ el Ty
constraints along | N A 2 WCs must
the nega’[ive or .., compensate for
vertical axis f o g% T other 14 - less
Looser T et / e correlation
constraints along g7/ e ; | /_4 .
the positive i ‘ ~ Fixed ekcludes the SM at 10 | ‘ ‘ ‘
VertICal aXIS i | | 1 | | 1 | ‘ | 1 1 ‘ 1 | | 1 | 1 | ‘ | | | 6 . ‘ ‘ : :

. -6 -4 -2 0 2 4 iy

14 April 2021 cur N[TeV 3] HEFT 2021 e N2[TeV 7] 22
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Important systematic uncertainties

Analysis specific

« Misidentified lepton rate estimate — Contamination from non-prompt leptons
Overcome by examining the analysis side-bands
Data-driven — statistically limited

Monte Carlo simulation modeling
« Matrix element parton shower matching — Matching extra partons to final-state jets

« Missing parton uncertainty — Extra partons cannot be added for tHg and tllq
Compare LO EFT without extra partons to NLO SM simulations, assign uncertainty to
cover any discrepancies
These issues will not be present in SMEFT@NLO, and we are very interested in the
development

 Scale uncertainties — FSR and ISR

14 April 2021 HEFT 2021 23



Wilson coefficient Cls

The 10 and 2o Cls are given

When the other WCs are fixed to zero, the fit
can produce degenerate minima in cyyy, Cryp, CrG
and ¢

Degenerate minima are due to the quadratic
nature of the parameterization

None of the WCs exclude the SM point of zero
by a statistically significant amount

14 April 2021 HEFT 2021

o=

3(£)

C¢1+2

Crplb

Chw

Ciw
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— Others profiled (26)
= QOthers profiled (15)
........ Others fixed to SM (26) | ==
.......... Others fixed to SM (1) :

41.5f" (13 TeV)

.............................................................................................................................

IIIIiIIIIiIIIIiIIIIVIVIINi“IVIIIiIIIIiIIIIiIIII

-20 -15 -10 -5 0 5 10 15 20

Wilson coefficient Cl / A% [TeV™?)
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Conclusion

The production of or more t quarks in association with additional CMS Preliminary September 2020
leptons were used to measure the confidence intervals of 16 EFT from top quark production 5 = 13 TeV
dimension-six EFT operators using data collected in 2017 G = /2 | Fourfermion operators VEV s acoted fom i 130207257
—— marginalized —— individual Dimension 6 operators ( A = 1TeV)
] ] ~;r(|} 01 x ___ . : TOP-19-001 415"
The EFT yields are parameterized using a quadratic function of s ]
; C TOP-19-001 45
event weights -
te TOP-19-001 415"
~i||} TOP-19-001 415"
This novel technique allows us to extract EFT from difficult data o roP-19.001 o
Qe
—-;l‘) i : : . ‘ TOP-19-001 415"
~30) |
The 20 Cls were extracted for these operators Ca | s1sm’
Intervals are compatible with the SM and other analyses [1] & | | rep—— on
EJQQ - : — . - JHEP 1911 (2019) 082 350 o
: : : =1 ,
With the full Run Il data set (almost triple the integrated Ca 5 JHEP 1911 (2019) 03 s
luminosity) more sophisticated analyses may be performed, Co | = || omee 1911 019)0e2 0"
including using differential distributions I BT AT N
-10 -5 0 5 10

95% CL limit [TeV 2
[1] https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOPSummaryFigures
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Backup
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Selecting operators of interest

There are 59 total dimension-6 operators that conserve baryon and lepton number

We only consider 16 operators:

» QOperators must appear in signal processes (top + boson) at tree level
» Ignore operators that strongly affect background processes
« Imaginary parts of non-Hermitian operators are set to zero

‘Two heavy + boson’: ¢y, ¢,q: Ciqr Cotr Cotbr Cew Cizs Cow, @Nd Cig

“Two heavy + two lepton’: cgfl), c(;l(l), CQe» Ctl» Ctes cts(”, and c;F W

» These operators have three copies that couple to the different lepton flavors
» We assume equal coupling to all flavors to reduce the number of operators to these seven

14 April 2021 HEFT 2021 27
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Lepton identification

R \2
I, = z pT+maX<O, z pT—le(ﬁ>>

charged neutral
0.05 if pr > 200 GeV
R= { 10GeV/pr if50 < pp < 200 GeV
0.20 if pr < 50GeV
Electrons
Pseudorapidity range A Muons
< £ . Pseudorapidity range A

0.0 < [y <10 0.1566 = o =
1.0 < || < 1.479 0.1626 0 < |n| <0. .
1479 < |y| < 2.0 0.1073 0.8 < |y <13 0.0562
20< |n] <22 0.0854 1.3 < |p| <20 0.0363
22 <[ <23 0.1051 20 < [y| <22 0.0119
23< || <24 0.1204 22 <[y <25 0.0064
24 <|n| <25 0.1524

14 April 2021 HEFT 2021 28
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Inputs to BDT e cuts W cuts
| Observable Loose Fakeable | Tight | [ Observable | Loose | Fakeable | Tight |
pr >7GeV >10GeV > 10GeV Pr >5GeV [ >10GeV [ >10GeV
I <25 <25 <25 i < 24 < 24 <24
|| <0.05cm <0.05cm < 0.05cm ng.r‘ <Ofem | <05em | <005cm
[d,| < 0.1cm <0.1cm < 0.1cm 7 S S o
* Lepton pT and TI d/oy <8 <8 <8 i!/ad <0fl§<pT <0§iﬁ <0f1?<PT
L, <04 x pr <04 x py <04 xpy Loose PF muon v v v
o IChaI'ged Missing hits <1 =0 =0 Medium PF muon - — v
y EGamma POG MVA See Table 10 > 0.50 See Table 10 Segment compatibility — >03 -
Conversion rejection - v v ph/po - > 06 -
neutral Tinin - < {0.011/0011/0030} | < {0.011/0011/0030} | | DeepCSV(b) of nearby jet - <007 < 04941
e ] Y H/E _ <010 <0.10 Prompt-; MVA - <090 > 0.90
. 1/E-1/p - > —0.04y > —0.04
2 et ps/ P, - > 06 -
* pT / pT DTeepESV(b) of nearby jet — < 0.07 < 0.4941
. . Prompt-e MVA — < 0.90 > 0.90
« CSVV2 b-tagging algorithm TS {03/ —032/ —008) i pr < 10GV
2 > 050 if prompt-e MVA < 0.90
* Nchargeda Of charged particles within the jet ECamma POG MVA cute
rel _ |y <08 | 08 < || <1.44 | |y| > 144
« prX =D, sin(0) pr<10GeV | -013 032 -0.08
pr > 10 GeV -0.86 -0.81 -0.72
* dy, and d, w.r.t. the PV
* d/o, signed 3D impact parameter significance w.r.t the PV
* Lepton MVA from EGamma POG
« Compatibility of track segments with the muon system
14 April 2021 HEFT 2021 29



Event selection

14 April 2021

2fss 3¢ >4/
Tight Leptons 2 3 >4
Jets >4 >2 >2
DeepCSV(b) Medium Jets >1 1, >2 >1
DeepCSV(b) Loose Jets >2 - >2
njet Subcategories 4,5,6, 27 2,3,4, >5 2,3,>4
Other Subcategories Lepton Charge | Sign of Net Lepton Charge -
J‘SFOS Z]! -
20ss ("p) | 2fss ("m”) | 3¢ (1b “p") | 3¢ (1b "m") | 3¢ (= 2b “p") | 3¢ (= 2b “m") | 3¢ (SFOS Z,1b) | 3¢ (SFOS Z,> 2b) | = &
Diboson L6 1.2 59 47 04 03 52.1 41 0.6
Triboson 0.5 0.5 02 0.2 0.0 0.1 35 0.6 0.1
Charge Flips 8.5 85 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fakes 56 26.8 11.3 13.0 33 25 169 38 0.0
Conversions 109 9.2 23 26 1.7 19 0.8 04 0.0
Sum Background 470 46.2 19.7 205 54 48 733 89 0.7
ttlv 68.7 371 14.4 8.0 10.8 59 29 23 0.0
ttll 19.3 19.0 12.7 133 9.1 85 955 63.2 9.4
ttH 247 241 79 76 51 52 32 22 1.0
l‘l]_q 27 15 35 18 12 0.6 39.8 13.3 0.0
tHg 0.8 0.4 0.3 0.2 0.2 0.1 01 0.1 0.0
Sum Signal 116.2 822 389 308 263 203 1416 81.1 10.4
Total Expected 163 4+ 20 128 £ 15 M+7 51+6 3244 2543 215+25 W0L13 114+2
Data 192 171 85 64 32 28 239 95 12
HEFT 2021
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Background Estimation

Misidentified leptons

« Data-driven by dividing data into measurement and application regions (analysis side-bands)
« Measurement region contains QCD multijet background dominated by non-prompt leptons

« Afake rate is derived by comparing looser lepton cuts to tight lepton cuts used in the main
analysis

» Fake rate is applied to the application region

Lepton charge mismeasurement

» Also data-driven
« Charge mismeasurement rate is extracted from the 2¢ss region using Z/y* — ee
* Only applied to the ee region of the analysis

14 April 2021 HEFT 2021 31
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Lepton charge mismeasurement

2¥¢ss region using Z/y* — ee used to estimate rate at which the CMS detector incorrectly
measures lepton charge

Data-driven

Only applied to the ee region of the analysis

14 April 2021 HEFT 2021 32
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Systematic uncertainties

The systematic uncertainties are: standard and analysis specific

Luminosity — vary simulation by integrated
luminosity estimate uncertainty

Jet energy scale (JES) — account for pileup,
nonuniform detector response, and any residual
differences between the data and simulation

b jet tagging scale factors — account for tagging
inefficiencies and charm jet contamination

Cross section theoretical uncertainty — vary cross
sections in simulation by uncertainties

PDF shape variations — reweighting the spectra
according to the 100 replica sets

given by the NNPDF31_NLO as 0118 PDF
parameterization

Renormalization and
factorization scale — vary scalesby 1/2 — 2

Parton shower — vary ISR by 2 and FSR by v2

14 April 2021

Missing parton uncertainty — cover differences
between LO EFT w/o extra partons and NLO SM

Uncertainty on the misidentified lepton rate
estimate (data-driven) — account for non-prompt

Matching uncertainty — vary the matching scale ~ contamination
between MADGRAPH_aMC@NLO and PYTHIA Uncertainty on the charge

mismeasurement estimate _
(data-driven) — account for Z/y* — ete™ becoming
Z/y* — eted

Muon and electron ID isolation — vary corrections
by their uncertainties

Trigger efficiency — vary corrections by their
uncertainties

Pileup — vary the pp inelastic cross section by 5%

HEFT 2021 33



Complete set of 2D contours
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Complete set of 2D contours
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Changes in event yields over the 20 CI
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Examining the minimum and maximum yield changes within the 2o CI of various WCs

CMS 41.5f" (13 TeV)

A Yield
prefit
w
[8))

Coefficient: ¢, 12.15;
2.5

1.5

’ |
i

[T

]

| I | | ;

Ill I11 lli Ill Il‘I Ilil ll*

2o . 3y, 31, 3¢5, 3¢5, S S 4
SS(4)" S8(<)" Tory) 1o <byy, eb(\)FZUJ Fap ™

0.5

T TTTTTTTTTTTTTTITTTTTTTTTTTT] T
RN R R L R R

—
-—
=

14 April 2021 HEFT 2021 36



