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| HC TOP EFT results

ATLAS+CMS Preliminary November 2022
LHCtopWG
(Top) quark - vector boson operators - Individual limits Following arXiv:1802.07237
m— ATLAS ATLAS+CMS == CMS|Dimension 6 operators C; = C;/\?
T T T T T T T T T T T T T T T T T T T T T T T T

CMS, tZg/ttZ [1] 138 fo
— CMS, tty [2] 137 fo~
Ciz —— CMS, tiZ [3] 78t
CMS, tt+ Z/W/H, tZq,tHq [4] 42 fo~
—— CMS, tf + boosted Z/H [5] 138 fo~
ol — CMS, tiy [2] 137 fo~ !
tz ———— CMS, t1Z [3] 78 fp~— 1
Cis ATLAS, tiZ [6] 36 fo~"
—— CMS, tZq/ttZ [1] 138 fo !
CMS, tft+ Z/W/H, tZq,tHq [4] 42 fo~
——— CMS, tf + boosted Z/H [5] 138 fb~!
Ciw ATLAS, tZ [6] 36 b
—— ATLAS, Top polarization [7] 139 fo~
ATLAS+CMS, W helicity [8] 20+20 fb~"
CMS, tf and tW, BSM search [9] 36 fb~"
cth, e ATLAS, Top polarization [7] 139 fo~
& CMS, tft+ Z/W/H, tZq,tHq [4] 42 fp~!
bw CMS, tf + boosted Z/H [5] 138 fb~!
Cic/9s — ATLAS, tf ¢ + jets boosted [10] 139 fo~"
— — CMS, tt+ Z/W/H, tZq,tHq [4] 42 b~
— CMS, tf and tW, BSM search [9] 36 fo~
Cia  — ATLAS, tf rapidity asymmetry [11] 139 fb—"
— CMS, t dilepton [12] 36 fo~
— CMS, tf spin correlations [13] 36 fb~!
Cl[g — CMS, tf spin correlations [13] 36 fb~!
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experimental analyses
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ATLAS+CMS Preliminary November 2022
LHCtopWG
Four-fermion operators - Individual limits Following arXiv:1802.07237
= ATLAS = CMS|Dimension 6 operators C; = C;/N\?
L L L B I B e L |

C;t CMS, 4 top quarks [1] 36 fo~!
Cl, CMS, 4 top quarks [1] 361"
Cla — CMS, 4 top quarks [1] 361"
C?)t CMS, 4 top quarks [1] 36"
ca CMS, tf + Z/W/H, tZg,tHq 2] 4211
(o CMS, ti + Z/W/H, tZq,tHq [2] 4210~
Cg)e CMS, tt+ Z/W/H, tZq,tHq [2] 42 fp~ !
C}f’ CMS, tf+ Z/W/H, tZq,tHq [2] 42 o~
c CMS, tf+ Z/W/H, tZq,tHq [2] 42 o~
Cf(/) CMS, tf+ Z/W/H, tZq,tHq [2] 421"
C[TU) — CMS, tf+ Z/W/H, tZq,tHq [2] 421"
o — ATLAS, tf rapidity asymmetry [3] 139 fo~!
Qq — ATLAS, t + jet energy asymmetry [4] 139 fo~'
B — ATLAS, tf rapidity asymmetry [3] 139 fo~!
ng ———— ATLAS, tf + jet energy asymmetry [4] 139 fb~"
—— ATLAS, tf all-hadronic boosted [5] 139 fo~'
C1 = ATLAS, tf rapidity asymmetry [3] 139 fo~!
tq —— ATLAS, tf + jet energy asymmetry [4] 139 fo~'
— ATLAS, tf rapidity asymmetry [3] 139 fo~!
;8 ——— ATLAS, tf + jet energy asymmetry [4] 139 fo~'
tq — ATLAS, tf all-hadronic boosted [5] 139 fb~'
— ATLAS, tf ¢ + jets boosted [6] 139 fo~!
& — ATLAS, tf rapidity asymmetry [3] 139 fo~!
tu — ATLAS, t + jet energy asymmetry [4] 139 fo~'
C;d — ATLAS, tf rapidity asymmetry [3] 139 fo~
— ATLAS, tf rapidity asymmetry [3] 139 fo~!
C?u — ATLAS, tf + jet energy asymmetry [4] 139 fo~
— ATLAS, tf all-hadronic boosted [5] 139 fo~'
&8 — ATLAS, tf rapidity asymmetry [3] 139 fo~!
td — ATLAS, tf all-hadronic boosted [5] 139 fb~'
8 — ATLAS, tf rapidity asymmetry [3] 139 fo~!
Qd — ATLAS, tf all-hadronic boosted [5] 139 fb~'
&e — ATLAS, tf rapidity asymmetry [3] 139 fo~!
Qu — ATLAS, tf all-hadronic boosted [5] 139 fo~'
ClL, — ATLAS, tf rapidity asymmetry [3] 139 fb~"
Cly — ATLAS, tf rapidity asymmetry [3] 139 fo~"
;a8 S— ATLAS, tf rapidity asymmetry [3] 139 fo~'
Qq — ATLAS, tf all-hadronic boosted [5] 139 fb~'
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Combination story: To

Combinations of ATLAS and CMS results are @

steered by LHCtopWG

Mainly based on best linear unbiased estimator ~ ATLAS £
(BLUE) and simplified-likelihood fits (Convino) EXPERIMENT &

Many dedicated efforts: i sons e
' 10°F " Soas, .
- single top (Run 1) ; b+ ETEAziCNS

NNLO t-channel
scale uncertainty

- tt inclusive (Run )
- charge asymmetry (Run 1)
- W boson helicity (8 TeV)

---NLO+NNLL ]
scale @ PDF @ a, uncertainty

—NLO
--------- - scale uncertainty
B ] { ] scale ® PDF ® a, uncertainty |

Inclusive cross-section [pb]

- Top mass and spin correlations (ongoing) ol ]
EFT interpretation of the W boson helicity f | S
ATLAS+CMS result (EFTfitter) T |
7 8
Vs [TeV]
NNLO-+NNLL as(mz)=0.118, ~ 0.1_! T T T T T T T T T T T T T T T T T T T T T ]
ATLAS+CMS m:)ole= 172.5 GeV S 008:— A'II'LAS+CI\;IS Assurlnptions: VlL =1, VR=|0_:
&J P LHCtopWG . SM .
ATLAS —re——— —— 0.06;— Is=8Tev ATLAS, L =20.21b" —;
CMS ———— ——— 0.04|— 52:8}2:_ E
0.02F- []95% CL 3
ATLAS+CMS T . - m oMs,L =197 ]
LHCtopWG o0 " BestFit -
002 [168% CL
CT14 _0.04F- seRcl S
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https://arxiv.org/abs/2005.03799
https://arxiv.org/abs/2205.13830
https://arxiv.org/abs/1902.07158

Combination story: Higgs

“ T[ATLASand CMS ... 1 < T T T T T ]

L LHC Run 1 ] &? 18 f_fHEL;:l f 2and CMS Preliminary — _ .1\, cus _ g
1.4 ] 16k — cms 3 ( S\\
ol []amassous § o, ] 1af — ATLAS E N
“I[]atas ] : 3.40 ] — N
i 1 5
4 ‘ 5;:; __ o _;

EXPERIMENT ) 1™

oo ® (Combinations of ATLAS and CMS results:
o8 I | - Higgs mass (Run [)
e T2K1V4 ) - Higgs couplings (Run 1)
A, -h — Zy (evidence in Run 2)
S 605_ ATLAS and CMS Preliminary E
2 [ LHCRun2 #opae e Uses k-framework formalism: ATLAS-PHYS-
Qe —— Signal + backgroun E
8 %o -~ Backgroune ; PUB-2011-11; CMS-NOTE-2011-005
£ of g : :
s f : ® Built on RooStats workspaces with more than
30 — . c .
: : 4000 nuisance parameters (Higgs couplings)
20 =
° ® Treat experimental uncertainties uncorrelated
g (h — Zy)

® Done by experts from both experiments
directly involved in these studies

These fits are rather challenging, involving many parameters of interest and a very large number of nuis-
ance parameters. All the fit results were independently cross-checked to a very high level of precision by
ATLAS and CMS, both for the combination and for the individual results. In particular, fine likelihood
scans of all the parameters of interest were inspected to verify the convergence and stability of the fits.



https://arxiv.org/abs/1606.02266
http://cdsweb.cern.ch/record/1379837
http://cdsweb.cern.ch/record/1379837
http://cdsweb.cern.ch/record/1379837
https://cds.cern.ch/record/2859713
https://cds.cern.ch/record/2860129
https://arxiv.org/abs/1503.07589

Full likelithoods

@ About @ SubmissionHelp [File Formats =#)Signin

@ HEPData

Repository for publication-related High-Energy Physics data

Search on 10063 publications and 127914 data tabl

Search on 10063 publications and 127914 data tables.

_ serch Advanced

ction P P —>LQLQX, title has "photon collisions", c tion is LHCf or DO.

Q HistFactory Search

Data from the LHC : ' itle has "photon collisions", c

@ @ & %

ATLAS ALICE CMs LHCb

Recently Updated Submissions - view all

Additional Publication Resources

filter 1 Max results + 15 Sortby~ = |%Reverse order Showing 10 of 25 results
> B y i

Common Resources (3] External Link HistFactory File

ith auxiliary materia Archive of full likelihoc OS channel

Table 01: Fitted g in 0
1L/2LOS View Resource

Date «

Table 02: Fitted cross section in

1L/2LOS o 10.17182/hepdata.105039.v1/r1
-1

Table 03: Ranking for the
1L/2LOS channel

- ) ) ) ) s
o) (o) and the photon with the ATLAS detector at /s = 13 TeV
2019 2023

Download

Table 04: grouped-impact

L The ATLAS collaboration Aad, Georges ; Abbott, Braden Keim ; Abbott, Dale ; et
uncertainties

=

Table 05: Fitted 1 in Collaboration Phys.Lett.B 842 (2023) 137379, 2023.
. . .
LR AR L HistFactory File ATLAS ) [ Inspire Record 2077557 % DOI 10.17182/hepdata. 129959
o L full |
Ii?zlig;;'ttse;j;[css section ': . This letter documents a search for flavour-changing neutral currents (FCNCs), which are
c c S . analysis uses data collected in pp collisions at v/s = 13 TeV during Run 2 of the LHC, co
Table 07: 1L,>9j,>3b Sum of b- ‘ 1 ‘workspace_Comb.jso Subject_areas
tag score prefit 2 e 8 0 data tables match query
hep-ex 25
Table 08: 1L,>9j,>3b Sum of b-
tag score postfit 2 pownload Ph
rases
Table 09: 2LOS,>7j,>3b Sum of l l M t of th tt_tt_ d
easurement o e roau
b-tag score prefit 2 Proton-Proton Scattering 2 P
SuUSsYy 2 The ATLAS collaboration Aad, Georges ; Abbott, Braden Keim ; Abbott, Dale ; et
Supersymmetry 2 JHEP 11 (2021) 118, 2021.
Cross Section i

[ Inspire Record 1869695 % DOI 10.17182/hepdata.105039




Input data

imax 1 number of bins
jmax 1 number of processes minus 1
kmax 1 number of nuisance parameters

bin chl
pbservation -1

bin chl chl
process sig bkg
process 01

rate -1 -1

SYys shape 1.0 1.0

HistFactory ]SON
schema (ATLAS results)

CMS Combine datacard:
plain ASCII text + ROOT
shape files

"channels": [

{

"name": "chl",
"samples": [
{
"name": "sig",
"data": [
148.8058319091797
1
"modifiers": [
{
"data": null,
"name": "r_sig",
"type": "normfactor"
i
{
"name": "sigsys",
"type": "histosys",
"data": {"hi_data": [163.68641510009767], "lo_data": [133.92524871826173]}
s
{
"name": "sigsys",
"type": "normsys",
"data": {"hi": 1.1, "lo": 0.9}
3
]
Iy
{

llname": llbkgll’
"data": [

43.84315872192383
1




Full likelihood translation

A tool for a carousel model conversion for Combine and pyhf inputs

Validate translated inputs and physics results (likelihood scans, impacts, etc.)

Automated fitting tests and performance comparisons

Helps to understand the fitting procedure in ATLAS and CMS collaborations

Implemented as combine2pyhf package

250

200

150

Time [s]

100

50

Looking
forward to
more inputs!

—e— combine
—e— pyhf (humpy)
—e— pyhf (pytorch)
—e— pyhf (jax)

pyhf (tensorflow)

200 400 600 800

Model complexity


https://github.com/kskovpen/combine2pyhf

Full likelihood translation

—e— combine

e Successful validation ASImMoOV  ——un

e Able to reproduce the full model results

e Small differences connected to the

® Automated validation process for any

Events

treatment of MC statistical uncertainties

2AInL

combine or pyhf inputs 1

Input data

500 A

}
|
- TTZ 0.6 0.8 1 1.2 1.4
m—]
—]

—e— combine

400 4= 7 Observed —u»

ChargeMisID . YT
ro ctron MU= 1.1832(&)

i =1.185168
300 -

2AInL

200 A " | ||

100 -

0.6 0.8 1 1.2 1.4




Observables and EFT

Preservation of binned distributions
with full experimental information does
not guarantee its successful
reinterpretation

One needs to know how these bins
were obtained

Our studies have grown to become too
complex - one simple kinematic
observable is not enough

Possible to describe the relevant MVA
but impossible to reproduce

Vital for preserving experimental EFT
sensitivity

EFT preservation = publish experimental
observables

ANLL

Events

] o —— —— ) —— e ———————

— Without preservation

— With preservation

0.4 0.2 0.0 0.2 0.4
Wilson coefficient



Preserving EFT

® Parameterize EFT yield per bin in the distribution of the fitted observable
® Dump the coefficient matrix as json, csv, etc.

® Remains model-dependent (as everything we do): can’t modify any
predictions when reinterpreting results

O'EFT _‘-I_'CO Cq +@C +‘C C2+
HaL)es + @i cr + -

® Parametrization using all relevant operators
is desirable

® Allows to reinterpret experimental result in a
given EFT model

® Publish parametrization to HEPData?

SJUSA]



Z lop quartet

g
t t
Z/v* i
t t
g g
t t
138 fb' (13 TeV)
_.(B-"'I"""I"__'I"'-
. . = ! M ¢ Data [ titt
¢ Mainly QCD-driven 5 | C SF?% . miv m o
y L . T80l igss MYV MChagemsio -
e Additional contributions from EW and Higgs S | Post WXy mOthert
e Backgrounds from ttW, ttZ, non prompt, etc. £ 4!
(O] I
. >
® [Extensive number of SRs and CRs based on LI

multi leptons and the number of (b-) jets 20

e Multi-classification of events (tttt, ttV, tt)

o O . ,
S0 +++H++H
O = 17.7 13 (stat) *= (syst) fb i T R
Osm = 134115 b S =5.60 (4.90) SDT score


https://arxiv.org/abs/2305.13439
https://arxiv.org/abs/2212.03259

5 lTop quartet

EXPERIMENT

® Previously published combination of four top production channels by ATLAS

e Using it, because full likelihood is available!

42 140_III|||||I|I|III|III|IIIIIII|I_I_IIIII|III_ 1—. :l T I T T | T 7T I T 1 I T T I T T I T T I-I-I T I T l:
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120~ Signal regions [tt+=1c [@tt+=1b 7 o - SR " Lidgl []Q mis-id 3
- 1L,210j,3bH [Mnon-tt 7 Uncertainty - W[ Post-Fit WmMat. Conv. @HFe ]
100/~ Post-Fit *: normalised to tot. bkg. — 10°E Wlowm. [@@HFu -
- ] = .Others [ttt 3
- . - 7zUncertain ]
80— - \ v
i . 10° - =
60_— E
#LLE“*‘ ’
40 ’
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-c_ L\ﬂ TN T T T TN I o -c 10_1:! | : T I 1 I I
®  15F E S 15
A —— E o O |
E 1%‘//-/-///#/79_-/-/7’-7/.‘.’.“//‘4/ »/—/////-/////—/////—“////—///zég S 15“;7/*/%//// 4‘_///7& ;+é/// ;*-%_té/_#%
a 05f E T 0.5F
= s . : . . - . n L = 0o l L L . -
-1 -08 -06 -04 02 0 02 04 06 08 1 % 8 _0 6 _0 4 _0 2 0 0,2 0_4 0.6 0 8 1
BDT Score BDT score

Ottt — 24 +4 (stat) 1_2 (SYSt) fb S=4.7¢0 (2.60)


https://arxiv.org/abs/2106.11683
https://arxiv.org/abs/2007.14858
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Events

10—2_

10—4_

Fit model

ATLAS CMS

'T. | A '1 | B others .1
ke e H&U' . =i

¢ data

. 7T
|
a L mm T7Z
[ \

50 100 150 200
Bins
Number of bins = 400

Number of processes ~ 20

Number of nuisances <~ 600
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2AInL

Four top re-observation

80 —— ATLAS

[ ]
AsSIimovV — cws
s ATLAS+CMS
70
60
50
40
30
20
10
0
1 2 3 4
— ATLAS
Observed —cus
s AT AS+CMS
40

30

20

10

Still observing four tops after
combining CMS with ATLAS

But now at 7.6 ¢

Will be even more ¢ ’s when
combined with the ATLAS
observation result

Approach for ATLAS+CMS
combination:

® Correlate main physics
processes: tttt, ttW, ttZ, tth

® Assume no correlations among
systematic uncertainties



Correlating uncertainties

RDEEYE - ‘ SUR-ZCROT

® Process modelling
® |eptons

® |efts

miss
° ET

® | uminosity

® Pileup

® Data-driven



Correlating uncertainties

00 WINS 9 81 00 WINS

U oR s (DTl
SR LN f q i \

® |eptons

® |efts

° Er%liSS

° _umiN
® Pileup \
o Data—drive\

1O (RS 3 [mE)
g 4 " oy A
_ R e

4 o
: )
o

® Process modelling <background #1

background #2

electrons

muons

taus

light jets

b jets

C Jets
corrections/filters

jet energy scale
year-by-year uncorr.
COTT.

Cross section
reweighting



Correlating uncertainties

®

® |eptons

® Jets

o ET®

° _umirN
® Pileup \
®

Data-d rive\

Process modelling <background #1

01 WINS

SCORPION WINS

BARARA |

We are here

rd

SR FSR
parton shower
normalization
background #2 ID efficiency
electrons A’ resolution

Muons —» scale .
taus source #1 AL PrOC.es.So
o e — ol & template definition
b jets source #3 can also differ, e.g.
C Jets :

) i urce #100 ttbar vs ttbar+j,

corrections/filters

i ner | source #1
Jeeg(:-be -gé:firfcorr _,, source #2
Y s j source #3
COTT.

Cross section source #100

reweighting

ttbar+b, etc.

~ 500 nuisance parameters per analysis |9



Correlating uncertainties

® |t would be great to have a common naming convention for
specifying nuisance parameters in a published result

® Centralize the description of the most common set of
nuisances

® Provide an additional dictionary to HEPData?

® Need to keep track of evolution of systematics with time

20



Parametrization

Proof-of-concept study: focus on 8 EFT operators affecting signal and backgrounds
Not yet including four-fermion operators nor CP-violation

Include quadratic and linear terms

Experimental observables are not reproducible = modity signal and backgrounds by the
EFT-modified inclusive cross section

Wilson coefficient

4 2 0 2 4
Wilson coefficient

2|
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Omnipresent EFT

All dominant backgrounds are as
important as the signal process

Correct sensitivity only through a
comprehensive EFT study

Do not artificially remove operators, if
well constrained by other processes

These operators may be already
constrained by backgrounds

10
8 n
6 n
—
-
=
S
4 |
5 —— ATLAS
NN CMS5
—~lAc
03 2 1 0 1 2 3

CQj38

Cqus
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95% CL

2.0

® ATLAS
15F v CMS

® LHC
1.0f o SM
0.5F
0.0
-0.5¢
-1.0f
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Cqj18
95% CL
6
® ATLAS
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o = = % LHC
tttt © sM
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https://arxiv.org/abs/2201.07301
https://arxiv.org/abs/2107.01508

)

LAS

EXPERIMENT

lop-~£

Probe top electroweak EFT couplings

Measure inclusive and differential ttZ cross sections in 31 and 4l final states

Full likelihood available for the inclusive cross section measurement

No EFT interpretation included in the analysis - let’s have it done now!

Events

Data/ SM

1 06 T T T T T T T
. ATLAS ¢ Data M ttZ WZ+jets
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< 64145 BT Zeb‘?/"PCBT s =" " b DR?b WzC/? ZZ‘CR
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https://arxiv.org/abs/2103.12603

Top electroweak couplings
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operators in the fit
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ANLL

ANLL

Top electroweak results

e Combine full likelihoods from:
e tty (single lepton): JHEP 12 (2021) 180
e tty (di-lepton): JHEP 05 (2022) 091
e ttZ (multilepton): EP]JC 81 (2021) 737

® Very complementary sensitivity

95% CL
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https://arxiv.org/abs/2107.01508
https://arxiv.org/abs/2201.07301
https://arxiv.org/abs/2103.12603

Let’s combine everything

e Use full likelihoods from 5 published analyses:

e tttt (multilepton): JHEP 11 (2021) 118, arXiv:2305.13439

® tty (single lepton): JHEP 12 (2021) 180

o tty (di-lepton): JHEP 05 (2022) 091

e (tZ (multilepton): EPJC 81 (2021) 737
e Probe EFT through tttt, tty, ttZ, ttW, tth
® More stringent EFT constraints after ATLAS+CMS combination
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https://arxiv.org/abs/2106.11683
https://arxiv.org/abs/2305.13439
https://arxiv.org/abs/2107.01508
https://arxiv.org/abs/2201.07301
https://arxiv.org/abs/2103.12603

Grand combination results

95% CL

ANLL
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Summary

® Translation of the full detector-level information between ATLAS and CMS is
working

® Need to move from the conservative treatment (i.e. all uncorrelated) of
systematic uncertainties to a proper correlation model in a longer term

® Saving EFT means preserving information about ML experimental observables
and/or the relevant new physics bin-wise yield parametrization

=  Publish more full likelihoods
= Combine

=  Together, we will save the EFT

work in progress

CMS

31



CHWB CHD

(3)

CHe CHl
(3) (1)
“‘ CHq CHq

Cll

(1)
Hl

CHu CHd )
EWPO

Cu
Cow
Cis

3,1
Qq

1,8
Qq

CtG fd

3,8
Qq

8

Qu

CS

— tu

CS

Qd
8
C:,

tt

Higgs

L LHC 8 TeV
- O, sensitivity
| EFT@NLO

ttZ tiutu

tty

+

|

TopFCNC

pp—th at the LHC13
NLO+PYTHIA6

S
[]Lo,c™®=35 []NLO, C!¥=35k=,
;?3) E?iﬂ
[0, ¢ 0=0.04 [ |NLO, C =0.04
NLO, SM pp—thj
PR RS BRI BRI sl
—nNwono, ¢® —niono, ¢
Uy uG
15%
| L L |

500

MadGraph5_aMC@NLO

o3,
el
b,

gbao
18bbho
£8bho

€T

8
TL

LT
1T°0—

01 X 9T
20T X 9T

29
TL

16
02—

oy

i

9o
03
£

514
LYy

7
ST

LT

68—

g8

e €10 8q3°
G600°0—

9%°0

1710

1€°0 92°0

920°0—

95°0
6€0°0—

1920

690°0—
20T X 8'T—

00—

1320

T0

14
G500°0—

6°¢

[40]

ge0
ST10°0—

9T'0

L00°0—

95°0
920°0—

cL0
8T

2s0°0—

- €50°0— 8102

-
0T XT

G60°0— 8T°0—

ST 0—

ST'0—

96—
ge—
61—

qd 6'T

9913 + dd

6T°0— 9L'0—

G9°0—

9T°0—

16°0— pe—
0T X 1—

g0

LT0—

¢z 0—
qd 0T X ¢

91—
qd 9100

L9°0—

1L0—

NS

us

qd 86000
N} dd

qd 200
1,933+ dd

qd 71
L33 dd

qd 30

Y dd

77+ dd

9,999 dd

SMEF]

@NLO

O™ om
LO NLO LO NLO
.| a27t” 4.0671% 1.04+8% [ 1.03%2%
gy | 279107 2.77+1% 0.5777%% | 0.61173%
cfy | 699557 6.6711% 161%8% | 1.20%3%
| 4267507 3.93+1% 1.0475% | 0.798+8%
| 27971 2080% 05877 | 0.48572%
el 6.9975% 6.8211% 1.6175% | 1.6973%
ol 150707 1.3271% 16173% | 1.5712%
chy | 106771%] |-0.078(7)T3L% | [0.41713%) | 4.6675% | 5.9272%
cly | [F0.21%17%) -0.30620% |[-0.15+19%] | 2.6275% | 3.4672%
i, | [0.3979%] -0.47722% | [0.5073%] | 7.2575% | 9.3672%
by | [0.3310%] -0.35972%% | [0.577%%] | 4.681%% | 5.9610%
chy | [F0.1179%] |0.023(6) F1Le% | [-0.197S%] | 2.6175% | 3.4675%
coa| 1057195 -0.24730% 1 [0.3979% 1 | 7.2575% | 9.347%%
coo| [1.9241%] | 0.088(7)F257% | [L.05FITR] | 7.2570% | 9.3273%
| 0.0586127% 0.125719% 0.00628 3% 10.0133177%
cf), | 0.0583727% -0.107(6)*29% 0.00619713% 10.011818%
cho| [F0.11715%] 1-0.039(4) *517% | [-0.12777%] | 0.0282713% |0.065175%
ch, |[-0.068T15%] -2.51729% | [-0.12757%] | 0.028371%% | 0.066757%
X 0.215128% x x

MEF

St

£ - x3 £ - y2xH £ — (RR)(RR)
Qo | f™Gy GGy Qew (Lot er)o' HW}, Qee | (@pmuer)(Ener)
Qe fG GGy QeB (Lo er) H By Quu | (B yyur) (@7 ur)
Qw | W wrwEs Qe | @omT )G, Qui | (dyyude)(dsrds)
Q| cWrwirwhn Quw | @™ u)r HW, Qv | @vaen) (@ ue)
£ - B Qus | @ u)H B, Qua | @men)dirdy)
Qu | (H'H) Qe | (@o™Td)HG, QW) | (@) (dyydy)
£f) - H'D? Quw | @ d) HW,, Q) | (@) dir7dy)
Quo | (HTH)O(H'H) Qus | @0 d)H By,
Qup (D“H'H) (H'D,H)
£ - x2H? £ - y2H2D £8 — (LL)(RR)
Qua | HIHG,G™ ol | @B Qe | Gpvale) (@ e)
Qua | HUHG, G0 QR | B Gt Qu | (o) ()
Quw | HUHW, W Que (B W) y77e,) Qua | (lpyale) Aoy de)
Quw | HHW, W QW | @B )Gt Que | (@) (e
Qup | H'HB,,Bw Q| @wiBLm) ey 0| @) )
Quy | HYH BB Qi (HYD B () & | @nTe) (@ Tou)
Quws | H'o'HW, B Qua | (HYT ) d) QW | (@muar)(dirde)
Quiv | Hio'HW,, B Qrrua +hec. | (D, H)(@y7"dr) QW | @I a,)(dy"Tods)
£~y £~ (LL)(LL) £ — (LR)(RL), (LR)(LR)
Qen | (H'H)Gyer H) Q| G} Frte) Quay | (@er)(duars)
Quir | (H'H)(@u-H) | @) @aa) QW | @uresn(dsd)
Qun | (H'H)(gyd-H) 0 (@00'ar) (@7 ') Qo | @ T u)esn(@Tod:)
0| k)@ a) Qi | Genesn(atur)
o (u0'l) @70 1) QR | Bowenen(@ o u)

32



https://arxiv.org/abs/2012.02779
https://arxiv.org/abs/1601.08193
https://arxiv.org/abs/1412.5594
https://arxiv.org/abs/1802.07237
https://arxiv.org/abs/1709.06492
https://arxiv.org/abs/2008.11743

Conventions ~ agreed by experimentalists:

 Warsaw basis

 topU3l

e (mw, mz, GF)

e SMEFTsim/ SMEFT@NLO

Recommendations are provided by
LHC EFT WG via notes
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https://arxiv.org/abs/2012.02779
https://arxiv.org/abs/1601.08193
https://arxiv.org/abs/1412.5594
https://arxiv.org/abs/1802.07237
https://arxiv.org/abs/1709.06492
https://arxiv.org/abs/2008.11743
https://cds.cern.ch/collection/LHC%20Effective%20Field%20Theory%20Working%20Group?ln=en

IHEP 04 (2019) 100

Notation
tt | single-top | twW | tZ B tw ttbb
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0QQRs v

0Qt1 v

0Qt8 v

0Qb1 v
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08qt v v v
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Olut V] v v
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0fq3 v

OpQM

Opt

Otp

erators

® Use ATLAS+CMS four-top quark

combination to probe EFT

® Many common operators for processes
giving multilepton final states

® |mportant to include interference terms
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https://arxiv.org/abs/1901.05965
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Correlating uncertainties

heory systemat Used by combination efforts within
eory systematics
+ Signal (ttbar and single top) TH systematics 2019-01-18 L H Cto pWG

+ Background TH systematics
4+ Other to-dos/proposals
+ Papers and notes with ATLAS and CMS theory modelling info
+ Descriptions and comparisons of generator setups used by ATLAS and CMS:

Signal (ttbar and single top) TH systematics

Note that this page is outdated as of January 2019. Information on currently used TH systematics can be found in the ATLAS and CMS papers. ]et energy Scale uncertainty Correlations between ATLAS

* Generator modeling: comparison of central predictions from generators. Other sources not ending in one of the following categories and specific to a ¢
here (example: DR vs DS scheme for ttbar subtraction in Wt). General guidelines suggest to use for the ttbar signal at least one multileg generator and : and CMS a_t 8 TeV
generator, and for single top at least two different models (one of which NLO). Differences coming from the use of different (tuned) PS models can also ¢
whenever it is clear this is not already covered by the explicit systematic error on the description of radiation (and hadronisation). 2015 / 1 1 / 19
o to be discussed: do we want to leave this error optional, only for when the difference between the two predictions goes outside the band from the
hadronisation)?
o some authors advice, for observables at NLO precision, to also quote the uncertainty from interfacing the prediction to two different parton showel
conservative approach, it is under discussion how to quantify the amount of double counting of the uncertainty coming from hadronization effects. .
o other authors claim that different NLO-PS matching scheme should be compared (e.g. MC@NLO vs Powheg). It is uncertain whether the differen: The ATLAS and CMS COllab Oratlons

extra systematic uncertainty on top of the rest.

Radiation description: Q2 and I/FSR independent variations (to be agreed for NLO generators) or Q*+PS consistent variations (for matched generator:

in some cases use LO generators not using multi-leg processes/matching. With Q? we indicate both renormalization and factorization scales, ideally chaiycu i ain niuspeiusin
way. The suggested variations are conservative and correspond to a factor 0.25 and 4 (1/2 and 2 on Q) or constraints on the variations from the data when available. While the
procedure for estimating this error is conceptually the same whether an NLO tool or a matched generator are used for describing the signal, procedural differences from the

; fh' Treatment of the Correlations in b-Tagging Systematics in ATLAS and CMS
Introduction ® Understanding and detailing

* Top physics at LHC has entered the realm of precision physics for both experiments ATLAS and CMS Syste m atl C CO r re l at I O n S a m O n g

o gain in precision by combining the results of both experiments
¢ Correct treatment of the uncertainties important 2015-11-12 M M t d e ff
* Flavor tagging is one of the dominant systematics uncertainties, therefore compare for ATLAS and CMS eX pe r I l l I e n tS I S a e IO u S e O rt
o the correlations between flavor tagging algorithms and calibration techniques,
o the sources of uncertainty and provide procedures for the combination °
¢ b-jet identification (tagging) is a key ingredient of many analyses . N eve rt h e I eS S lt h as tO be d O n e
o so far no correlation has been considered /
« the two collaborations use different approaches regarding every aspect of b-jet identification:
o b-tagging algorithms and working point definition P f s d l I
o calibrations samples and methods . e r O rl l l l n g ete CtO r_ eVe
o combination strategy

o source of systematics considered and their treatment C O m b i n ati O n S C a n fu rt h e r Stee r

¢ we compared the different approaches, and identified a list of common sources of uncertainty:
o treatments of each uncertainty compared to understand how it's effect is correlated in the flavour tagging d S G M
o size of the uncertainties has been found to be in reasonable agreement across the whole pT spectrum of jets from top decays IS C u SS I O n S O n SYSte I I l atl C S

e a proposal is advanced for the treatment of b-tagging correlations for future top physics combinations at LHC
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWG

Likelihood preservation: pyhf

~ . .
Measurement : :PrnEXMLO) The methodology described in
........................................ > ATL-PHYS-PUB-2019-029

® Introduces a JSON schema for
the HistFactory statistical model

® [nput data model and fitting
procedure implemented in pyhf

hist2workspace .

B ® ATLAS uses this approach to

publish likelihoods in HEPData
pyhf workspace
JSON HistFactory
| Description Modification Constraint Term c,, Input

— | Uncorrelated Shape Kseb(Yb) = Yb [1p Pois (rb = 0';)2| Pp = 0'};271,) op
% Correlated Shape Asch (@) = fp (| Asch,a=-1,Ascha=1)  Gaus(a=0ja, o =1) Asch,a=t1
§ Normalisation Unc. Kseb(@) = gp (a/| Kscb,a=—1» Kscb,a,:l) Gaus(a=0|a,0=1) Ksch,a=+1
S | MC Stat. Uncertainty k405 (¥p) = Vb [1» Gaus (a,yb = 1|yb,6b) 6% =D 63,)

Luminosity Ksep(A) = A Gaus (I = 29| A, 09) 20,02

Normalisation Kseb(Up) = Up

free

Data-driven Shape

Kseb(Yb) = Vb
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https://cds.cern.ch/record/2684863/files/ATL-PHYS-PUB-2019-029.pdf

® Simultaneously probe EFT
effects in multiple t(t)X
processes using
multileptons

® Study 26 operators (four-
fermion, two quark-two
boson)

® (Categorize events based on
the lepton and jet
multiplicities, as well as pr

Lepton

multiplicity

2€ss

37
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Global fit for t(t)X

Charge
sum

2j
3j
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https://cds.cern.ch/record/2851651

Global fit for t(t)X
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Global fit for t
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lop quartet
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® Sensitive to four-fermion
operators and Higgs oblique
parameter

Opz = 22.5% +4 7 1 (stat) + (syst) fb
® Probe CP of top Yukawa

e Important sensitivity to triple- S=6.10 (4.30)
top production (tttW, tttq)
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https://arxiv.org/abs/2303.15061
https://arxiv.org/abs/2208.04962
https://arxiv.org/abs/1903.07725
https://arxiv.org/abs/2107.07629
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