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Motivation for indirect searches for new physics:
New physics has to be out there, but ...

No conclusive indication
of which direction to look

No guarantee BSM

~

particles light enough \QW
to be produced at LHC | e —>

Energy not going up
much (but stats are!)

Energy

Lumi

time
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Effective field theory

(EFT) provides a
relatively model
Independent way to
describe possible
effects of heavy
new physics

~




Brief introduction to EFT

EFT treats the SM as the lowest order term in an expansion of higher-dimensional operators,
that describe physics at a scale /\, interacting with a strength determined by a dimensionless
parameter called a \Wilson coefficient, ¢

If all Wilson coefficients (WCs) are 0, the SM Lagrangian is recovered
—> a non-zero WC would indicate new physics

Wilson Coefficiant Energy scale of Operators are built of products of
1sor Loetieien the new physics SM fields and their derivatives
(strength of interaction) \ /
k% — P4 Z ﬁ@(S)_l_ Cj @(6)+ <« Focus on the dim 6 terms, as they are
EFT SM A ! A2 1 T the lowest order terms that contribute
] l

Example: If a heavy particle can't be

produced on-shell at the LHC, would Full theory EFT
be hard to find via a direct search, but

EFT can describe the interaction with —

a dim6 EFT operator, where the valid for p < M

strength of the interaction is 1 <
determined by the WC ¢ p*— M- A2

IIIIIIIIII
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Brief introduction to EFT

. - Energy scale of Operators are built of products of
(strenvg;/’::]sg?igt(:ggils:; \ the new physics SM fields and their derivatives
k% — P4 Z ﬁ@(S)_l_ Cj @(6)+ <« Focus on the dim 6 terms, as they are
EFT SM A ! A2 1 T the lowest order terms that contribute
l l
Full theory EFT

—>

Valid for p < M

n =———
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Using EFT to look for new physics in top processes

 EFT is a relatively general method of describing heavy new physics, can be
used for many different types of searches

» This talk focuses on the top sector

- Processes involving tops are relatively rare, and may be an interesting
region for new physics to be hiding

- Garnering enough statistics to start probing in more detail




EFT vertices involving tops

« TOP EFT analyses aim to probe all possible EFT interactions
iInvolving top quarks, here is an example from each category:

%t<
Note: "heavy"
i i . . means top or
Operators involving 4 Operators involving two heavy bottom, "light" is

heavy quarks everything else

quarks and 2 light quarks

See dim6top model

paper (1802.07237)

for more details on

the operators, note
t the operators shown
t here do not include
the FCNC operators

BOO00000000" t

t

Operators involving heavy
quarks and bosons

Operators involving 2 heavy
quarks and 2 leptons
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https://arxiv.org/pdf/1802.07237.pdf

EFT approaches

Indirect Direct
—
Reinterpretation of Direct measurement

measurements
Perform fit directly with
Perform a fit to number of observed
cross-section or events with EFT fully
unfolded differential simulated at detector
distributions level
Pros: Easier to Pros: fully account for
preserve, to acceptance effects,
reinterpret, and fully account for EFT
combine, and no contributions from
need to produce many processes
reco-level EFT (and include all
simulations correlations)

!

ATLAS 2208.12095 is an
example of an indirect approach,
while CMS PAS TOP-22-006 is
an example of direct approach
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https://arxiv.org/abs/2208.12095
https://cds.cern.ch/record/2851651/files/TOP-22-006-pas.pdf

Some recent TOP EFT analyses ATLAS

EXPERIMENT

CMS

« {(t)X multilepton, 26 WCs (fit individually and simultaneously)
CMS PAS TOP-22-006

. tt with boosted Z or H, singe lepton + jets, 8 WCs (fit individually and simultaneously)
2208.12837 (accepted by PRD)

« tty dilepton, Re and Im part of 1 WC (fit individually and together)
JHEP 05 (2022) 091

« ttZ multilepton, 5 WCs (individual and simultaneous fits)
JHEP 12 (2021) 083

ATLAS

» Search for charged lepton flavor violation, 8 FCNC WCs
ATLAS-CONF-2023-001

o tttt multilepton, 4 WCs (individual fits)
Eur. Phys. J. C 83 (2023) 496

o tt charge asymmetry, single and di-lepton, 15 WCs (individual fits)
2208.12095 (accepted by JHEP)

« tt all-hadronic, 8 WCs (fit individually and in pairs)
JHEP 04 (2023) 80

« tt semi-leptonic, 2 WCs (fit individually and together),
JHEP 06 (2022) 063

» Single top polarization, leptonic, Re and Im part of 1 WC (fit individually and together),
JHEP 11 (2022) 040
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https://cds.cern.ch/record/2851651/files/TOP-22-006-pas.pdf
https://arxiv.org/pdf/2208.12837.pdf
https://arxiv.org/pdf/2201.07301.pdf
https://arxiv.org/pdf/2107.13896.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-001/
https://arxiv.org/pdf/2303.15061.pdf
https://arxiv.org/abs/2208.12095
https://arxiv.org/pdf/2205.02817.pdf
https://arxiv.org/pdf/2202.12134.pdf
https://arxiv.org/pdf/2202.11382.pdf

Some recent TOP EFT analyses ATLAS

EXPERIMENT

CMS

« {(t)X multilepton, 26 WCs (fit individually and simultaneously)
CMS PAS TOP-22-006

. tt with boosted Z or H, singe lepton + jets, 8 WCs (fit individually and simultaneously)
2208.12837 (acq

. tty dilepton, Re

JHEP 05 (2022) This talk will focus mainly on these two
. {iZ multilepton, analyses, together they cover most of
JHEP 12 (2021 the (non FCNC) TOP EFT WCs

ATLAS (Primarily missing are the four-heavy
. Search for char WCs that do not impact tttt, these
ATLAS-CONF-A would be probed with ttbb)

« tttt multilepton,
Eur. Phys. J. C & . .

o tt charge asymmetry, single and di-lepton, 15 WCs (individual fits)
2208.12095 (accepted by JHEP)

« tt all-hadronic, 8 WCs (fit individually and in pairs)
JHEP 04 (2023) 80

« tt semi-leptonic, 2 WCs (fit individually and together),
JHEP 06 (2022) 063

» Single top polarization, leptonic, Re and Im part of 1 WC (fit individually and together),
JHEP 11 (2022) 040
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https://cds.cern.ch/record/2851651/files/TOP-22-006-pas.pdf
https://arxiv.org/pdf/2208.12837.pdf
https://arxiv.org/pdf/2201.07301.pdf
https://arxiv.org/pdf/2107.13896.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-001/
https://arxiv.org/pdf/2303.15061.pdf
https://arxiv.org/abs/2208.12095
https://arxiv.org/pdf/2205.02817.pdf
https://arxiv.org/pdf/2202.12134.pdf
https://arxiv.org/pdf/2202.11382.pdf

ATLAS

EXPERIMENT

tt Charge Asymmetry

ATLAS 2208.12095
(accepted to JHEP)
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https://arxiv.org/abs/2208.12095

Introduction to tt charge asymmetry ATLAS

EXPERIMENT

« This analysis studies the central-forward charge asymmetry in ¢f

- Tops (anti tops) produced mainly in the direction of the g (g)

- Because of proton PDF, more tops produced with more longitudinal
momentum (and more antitops produced centrally)

N(Alytfl > O) - N(Alytt_l < O) Where A |y,:| = |y,| — | y7| is the difference between

Atf — -
C _ - > the absolute value of the top-quark rapidity and the
N(Alyttl > O) + N(Alyttl < O) absolute value of the top-antiquark rapidity

o9

tit ¢

oQ
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« Using 139 fb-1 of pp collision
data at \/E = 13 TeV

* Collected by ATLAS 2015-18
(i.e. full Run 2 data set)

https://home.cern/topics/large-hadron-collider



The measurement and results ATLAS

EXPERIMENT

« Single-lepton (resolved and boosted topologies) and dilepton (resolved) channels

« Differential measurements performed as a function of the invariant mass,
transverse momentum and longitudinal boost of the ¢f system

« Unfolding performed to correct for detector resolution and acceptance effects

« Results are consistent with SM calculation

—— NNLOQCD +NLOEW ~ ATLAS 008, — NNLOQCD+NLOEW  ATLAS |
0015l C8 =0.5 Vs=13TeV, 139 fb! T ---- C§,=05 Vs=13TeV, 139 fb™"
' —= Cj,=10 0.06; —— Cf,=1.0
-}- combination <4 combination
- single-lepton 0.04] 4+ single-lepton
@ O+ dlewen —— | X 0pp T e i
= 0.00} !
0.005¢
—0.02}
Y
O.000 |+++0osserenssassnrsnssnsanssnsunsansassssanssssassnssasssssnssssnsssssssssssnssssassnesd —0.04 A . . -
: <0.5 [0.5,0.75][0.75,1.0] [1.0,1.5] >1.5
Inclusive my; [TeV]

The A is measured to be 0.0068+0.0015,
which differs from O by by 4.7 standard deviations
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EFT approaches

Indirect

Direct

—

Reinterpretation of
measurements

Perform a fit to
cross-section or
unfolded differential
distributions

Pros: Easier to
preserve, to

reinterpret, and
combine, and no

need to produce

/ reco-level EFT

This analysis simulations
ATLAS 2208.12095

uses an indirect
approach

IIIIIIIIII

Direct measurement

Perform fit directly with
number of observed
events with EFT fully
simulated at detector
level

Pros: fully account for
acceptance effects,
fully account for EFT
contributions from
many processes

(and include all
correlations)

14


https://arxiv.org/abs/2208.12095

ATLAS 2208.12095 EFT results ATLAS

EXPERIMENT

. ATLAS {s=13TeV, 139 fb™
Avs. NNLO QCD + NLO EW
- Differential m.
~ o 4 —68% CL
—AT+A ----95% CL
Operators involving 4 Operators involving two heavy B —A? » Best-fit value
heavy quarks quarks and 2 light quarks - - —— s
Cia Y
18 | = pnues
< ‘ C?‘: i ” .
SN G
g C s | ':"""
Operators involving heavy Operators involving 2 heavy gq u .ol
quarks and bosons quarks and 2 leptons Ctu vt ——
—— C?d | meeecccceee — -
cy T P
L q
« Uses an indirect approach to study 15 WCs: ¢t [ T=ER
. 8 | vy et
- Includes all 14 operators from the 2-light-  Cas [ DO
1 - a3
quark-2-heavy-quark group (plus ctG) Cuu T
e L Chy [
- The WCs are fit individually and in pairs, o L -
. tr - . tq I
using the A" in bins of m,; e b
: : I ——
- Results consistent with the SM Cad T

-2 -1 0 1 2 3 4 5 6
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https://arxiv.org/abs/2208.12095

ATLAS 2208.12095 EFT results

« WCs are also fit in pairs

- The measurement is
complimentary to
EFT interpretations
of energy asymmetry
measurements
(ATLAS Eur. Phys. J.
C 82 (2022) 374)

- Helps to break flat
directions

ATLAS

EXPERIMENT

ATLAS

—— Ag 68% CL
----- Ag 95% CL

'
I
1
\
\
\
[
L--
A
“
rd

Vs =13TeV,139fb~!

-

-
- -
—————————

—— A% 68% CL
------ AL 95% CL

L om==

0

For example, the flat direction in cQq18 and ctqg8 is
broken in the energy asymmetry measurement

UF IFiORIDA Kelci Mohrman, University of Florida

2 4
Coa/N? [TeV—?]
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https://arxiv.org/abs/2208.12095
https://arxiv.org/pdf/2110.05453.pdf
https://arxiv.org/pdf/2110.05453.pdf
https://arxiv.org/pdf/2110.05453.pdf

t(t)X Multilepton
CMS PAS TOP-22-006

17
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https://cds.cern.ch/record/2851651/files/TOP-22-006-pas.pdf

Introduction to TOP-22-006

 Uses EFT to probe potential new
physics impacting associated top

Include the 4
that impact 4t,
not sensitive to

the ttbb

Operators involving 4

_ heavy quarks
Including WCs

- Signal processes i(1)X:
ttH, ttinu, ttll, tllq, tHq, tttt /

- Global approach, probe all g
26 dim6 TOP EFT operators o

category

Impacting these processes g

Operators involving heavy
quarks and bosons

ult
u t

Operators involving two heavy
quarks and 2 light quarks

50000000000 t
< ‘

¢

oToTeTooJoTele o [oIoh t

Operators involving 2 heavy
quarks and 2 leptons

b >
tHg w H

UF IFLORIDA Kelci Mohrman, University of Florida

Include 6/14 of
the 2light-2heavy
operators (not
sensitive to the
ones with RH
light quarks)

Include 7/8 of the
2quark-2lepton
operators, not
sensitive to one

with no t-t-I-I
vertex

18



Strategy for multilepton EFT analysis

 We focus on multilepton signatures, advantages but also challenges:

- Multiple signal processes and many WCs can contribute to
same final state signatures

- Not possible to fully disentangle, so analysis cannot be easily
constructed as a reinterpretation of cross section measurement

 Totarget EFT directly, model the EF T effects directly at detector level

N

EFT approaches

Indirect

IIIIIIIIII
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Strategy for multilepton EFT analysis

 We focus on multilepton signatures, advantages but also challenges:

- Multiple signal processes and many WCs can contribute to
same final state signatures

- Not possible to fully disentangle, so analysis cannot be easily
constructed as a reinterpretation of cross section measurement

 Totarget EFT directly, model the EF T effects directly at detector level

Some bin \
We want to write the predicted

yield in a given observable bin
as a function of the WCs

IIIIIIIIII
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Strategy for multilepton EFT analysis

 We focus on multilepton signatures, advantages but also challenges:

- Multiple signal processes and many WCs can contribute to
same final state signatures

- Not possible to fully disentangle, so analysis cannot be easily
constructed as a reinterpretation of cross section measurement

 Totarget EFT directly, model the EF T effects directly at detector level

% I = f(ci,c2,03 ...) = Zw, =v +v + +
>— Event 1 Event 2
Some bin \ '\
We want to write the predicted Quadratically parametrize
yield in a given observable bin weight of each simulated
as a function of the WCs event in terms of the WCs

21
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Strategy for multilepton EFT analysis

 We focus on multilepton signatures, advantages but also challenges:

- Multiple signal processes and many WCs can contribute to
same final state signatures

- Not possible to fully disentangle, so analysis cannot be easily
constructed as a reinterpretation of cross section measurement

 Totarget EFT directly, model the EF T effects directly at detector level

= f(ci,c2,03 ...) = Zw, =v +V+ + = \]\

L®)
>— Event 1 Event 2 Bin's
parametrization
Some bin \ '\
We want to write the predicted Quadratically parametrize
yield in a given observable bin weight of each simulated
as a function of the WCs event in terms of the WCs

22
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Strategy for multilepton EFT analysis

 We focus on multilepton signatures, advantages but also challenges:

- Multiple signal processes and many WCs can contribute to
same final state signatures

- Not possible to fully disentangle, so analysis cannot be easily
constructed as a reinterpretation of cross section measurement

 Totarget EFT directly, model the EF T effects directly at detector level

= f(ci,c2,03 ...) = Zw, =v +V+ + = \]\

O
D
>— Event 1 Event 2 Bin's
parametrization
Some bin \ '\
We want to write the predicted Quadratically parametrize
yield in a given observable bin weight of each simulated
as a function of the WCs event in terms of the WCs
Note: These are actually n-dimensional qugdratics for each event, vyhere n = number 23
of WCs (so 26d for TOP-22-006), following approach developed in TOP-19-001,
Some more technical details analysis approach in LHC EFT WG presentation
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https://arxiv.org/pdf/2012.04120.pdf
https://indico.cern.ch/event/1274131/contributions/5351266/attachments/2647692/4583376/lhc_eft_wg_top22006_may15_2023.pdf
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Signal region
categories

The event selection results
in 43 total signal-region
categories
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Obs. / pred.

2lss 2b +

Signal region
categories

* The event selection results
in 43 total signal-region
categories
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2lss 2b +

2Iss 2b -

2Iss 3b +

3lon-Z 1b

3lon-Z 2b

41 2b

Obs. / pred.

(-)az ss e | (H)ag ss iz
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qg z-uo j¢ | ql z-uo j¢ |(-)az z-uo se|(+)ag z-no n| (=)aL z-uo pe|(Hal z-Ho ]Sl (-)ag ss fg

w

Areuwieid  SIND

Waud

(Aol €l), aigel

i I I I N =N =B =B =N =B =B &= = =B =5 =5 =5 &= = = mw

Signal region
categories

* The event selection results
in 43 total signal-region
categories

« To improve sensitivity to
EFT, further bin events in
each category according to
a kinematic distribution

---------------------------- N
CMS Preliminary prefit 138 b (13 TeV)

% 80F- 3¢ off-Z 1b(-)

o 70E : : . .

(n 2] 3] 4j 5]

€ ______
N

EN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B W m

s WWW%
4 1525 5 0 15625 5 0 1525 5 0 1525 5
@) pr(£0) [100 GeV]
E.g. the "3l off-Z 1b -" category
N o e e o e o e o e e o e o e e e o e e o Y 4
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Summary of event selection and categorization

« Binning the 43 categories with these kinematical distributions — 178 total bins
« The predicted yield in each bin depends quadratically on the 26 WCs

« Perform a likelihood fit (where the WCs are the POls) to extract the confidence
intervals for WCs simultaneously

- Systematic uncertainties are accounted for
- Backgrounds (mainly dibosons and misidentified leptons) also contribute

CMS Preliminary  prefit 138 fb™' (13 TeV)

I:lCharge misid. I:lMisid. leptons .Diboson I:lTriboson I:lConv. .tWZ .tTH
‘ Wi By [tiq DtHg Bt 7 Totalunc. - Obs.

—

7 vI74
- Py
| N

20 ss 2b(+) 20 ss 2b(-) | 20 ss 3b(+) 20ss3b(~) | 3¢ off-Z 1b(+) | 3¢ off-Z 1b(-) | 3¢ off-Z 2b(+) | 3¢ off-Z 2b(-) |2b 23 40 3¢ on-Z 1b 2b 4%

y ,
L
. e J
L Jl- L |

oCUILOIN

3/ on-Z 3/ on-Z

Obs. / pred.
o
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Results

« Extract the 10 and 20 confidence

intervals for the WCs where other
WCs are fixed to the SM (red) or
profiled (black)

 Results are consistent with SM

« For most of the WCs, sensitivity
IS limited by statistics

138 fb" (13 TeV)

CMS Preliminary

N

68.3% ==955% e 99.7% ¢ SMvalue

Cz/N\[TeV ]
- o

o
(5

- AlsoperfOFmstcans ..............
over pairs of WCs

1 05 0 0.5 1 1.5
ca/N[TeV2

I
—
ol
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CtGXZ

10 8 6 -4

Others profiled (20)
Others profiled (10)
-------------- Others fixed to SM (20)
-------------- Others fixed to SM (10)

138 b (13 TeV)

Preliminary

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

e EEFRREFERRRERRRERER - Y-

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

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

____________ b LT 2508NY
: : : : : with-bosQns

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

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

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

Phys. J. C 83

--------------
.............................................................................................................................

||||||||||||
— ——

.............................................................................................................................
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2 0 2 4 6 8 10
Wilson coefficient / A% [TeV™]
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https://arxiv.org/pdf/2303.15061.pdf
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Summary and outlook ATLAS

EXPERIMENT

« SM EFT provides a systematic and relatively model independent framework to
describe the effects of potential heavy new physics across sectors at the LHC

« CMS and ATLAS cover many aspects of possible new physics effects impacting TOP

Different EF T approaches used (direct and indirect), pros and cons to each
Most of the WCs involving tops are probed, primary exceptions are t-t-b-b

« But still many new directions to improve and expanded, combinations will be
especially interesting (though care will need to be taken):

IIIIIIIIII

More data
Improvements in EFT modeling Hopefully leading to new
Combinations within TOP physics discoveries!

Combinations across sectors
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Constraints on CP violating operators in dim6top
(1802.07237 i.e. dim6top note)

Four-heavy

CGugp = O (—3.4,34]-107°  (d,)

cHrgp = m{Ch™) (—22,2.2]-107%  (dn)

Two-heavy

¢ty =Im{C} (-3.7, 3.7 (d,) —0.18, 0.18] (d.)

cly =mm{ct) (—0.019, 0.019] (d,) —0.052, 0.052] (B — X.v)
el =Y} (—8.1,8.1]-10~%  (d.) —2.4, 4.5] (B — X.7)
ely  =tm{ewc ) +sweByy  [-6.3,6.3]-107%  (d.) (—9.0, 5.0 (B — X,7v)
el =m{ct’y (-5.5, 5.5]- 107 (d,) —-4.3,23]-1072 (B = X.v)
ele =m{ct} (—6.9,6.9-107%  (d,)

Two-heavy-two-lepton

¢ ' = ey (-5.5, 5.5] - 10~%  (d.)

¢, ) = ity (—8.0, 8.0]- 107" (d.)

¢y ) = mm{c{}*) (—2.5,2.5) .10~ (d,)

Table 5: Constraints from the electron and neutron EDMs as well as Acp(B — X,v). Here we
turn on one coupling at a time and assume A = 1 TeV. The source of the constraints are indicated
in brackets.
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More info on the CMS analyses
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Modeling the signal contribution (TOP-22-006)

« We generate MC samples for our six signal processes (ttH, ttinu, ttll, tliq,

tHq, tttt) using MG with the dim6top model (arxiv 1802.07237) to incorporate
the relevant EFT effects in the event weights of the simulated events

- The dimb6top model is LO, so we include an extra jet in the matrix

element (when possible) to improve modeling and avoid inadvertently
missing relevant EFT impacts (arxiv 2012.06872)

- Include 26 WCs (all WCs from dim6top that significantly impact the
data sets included in the analysis)

Operator category

WCs

Two-heavy (2hqV)
Two-heavy-two-lepton (2hq2/)
Two-heavy-two-light (2hqg2lq)
Four-heavy (4hq)

— 3
Ct(p/ Cq;Q/ C(pQr C(pt/ qutb/ Ctwr Ctzr CbW s GG
3(¢) —(¢ 14 14 ) S() .T(¢
20, o0, ) (OO 5O 1O
31 .38 .11 .18 .1 .8
€Qq’ ©Qq” €Qq’ €Qq- Ctqr Ciq

1 1 8 1
€QQ’ ‘ot CQtr Ctt

IIIIIIIIII
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Strategy for multilepton EFT analysis (TOP-22-006)

 Make use of the fact that the yield depends quadratically on the WCs

. . . _— ciare the WCs
- EFT effects linear in amplitude: 4 = Mg+ Z ¢; M,

Interference

N ) /.

- So o depends quadratically: do(c)) o« | Mgy + ;M| 5o+ 5,¢1+5,¢2

- Each generated event's weight will also depend quadratically, find the
functional dependence via MG reweighing procedure

L

Some bin T

= f(c1,c2,05...) = Zw, =v +v+ + = \f

Event 1 Event 2 Bin's
parametrization

Yield

Note: These are actually n-dimensional quadratics
for each even, where n = number of WCs
(so 26d for TOP-22-0006)
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Experimental signatures (TOP-22-0006)

Signal processes
(e.g. tt2)

 We're interested in
leptonic decays of
associated top
processes

« These lead to
signatures of
leptons, jets,
and b jets

yA Kelci Mohrman, University of Florida

6vvv»< ¢ _< . s
l, g light
jets

b —p
t S electrons,
muons
i Reconstructed
Decays objects
light _
Missing jet light
transverse e \Jet
momentum Electron
V..
bJet' — .
Muon
Muon 36



Event
selection

summary
TOP-22-006

We're interested in
leptonic decays of
associated top
processes

The categorization
aims to differentiate
between processes
as much as possible
(since EFT impacts
them differently

\ 4

Lepton ¢ within b jet Charge
multiplicity Z window multiplicity sum
+
2b <
2C'ss /

\4

\3b<+

\ 4

\ 4

1b
on Z <
2b

\ 4

3/ <
1b

\ 4

\ 4

- .
<2

\ 4

47 > 2b

\ 4

2j

(Note: All highest multiplicity categories (for lep and jets) are inclusive)

UF IFLORIDA Kelci Mohrman, University of Florida

v

3j
4j

A AAAAAL AAAA

4to 7+

‘/ jets

2 to 5+

‘/ jets

2to 4+

‘/ jets
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C
The kinematic distributions

2lss 2b + <
g :
. used in TOP-22-006
2lss 2b - < ;
h * In order to improve sensitivity, we fit a differential
2lss 3b + < R kinematic distribution for each of the 43 categories
7]
s b < : « Use different variables (p(lj)o, ) in different
SS = : . . . R
= regions to optimize sensitivity to EFT effects
2
31 off-Z 1b + < h
9
0 J% @
3l off-Z 2b - < f’d § Signal § ) Signal
5 Ll samples at w samples at
2 SM point non-SM point
31 off-Z 1b + < ;
5j -
2
31 off-Z 2b - < h
9]
< ? T —
3l on-Z 1b j 0 190 200 %00 200 500 600 ) 100 200 %00 w00
5 p1(2) [GeV] p1(2) [GeV]
2
3lon-Z 2b < ?d When we reweight to a non-SM point, we can see the
ZJ_ shape and normalization of the distribution changes
J
4] 2b < 3

4 38



2ANLL

2ANLL

Example one-dimensional scans TOP-22-006

A Others Profiled

v Others Fixed to SM

10 CMS Preliminary 138 tb" (13 TeV)
B A : AA :
L AV, A
B : : : A H
Bl B Yo
- oA e
N PV N
L A ¥
C .
Q=== R et T e
F e 1
§ s |
Ry +
:AA :
i A 3
0 i i i
-10 5 0 10 15
Coa/N[TeV ™
A Others Profiled
v Others Fixed to SM
10 CMS Preliminary 138 fb™ (13 TeV)
: : : : Pr
B L
8~ ) e
- e
- #
6/ :  —
L A
- P
L P
4 j- A S e A ,_,;,_ -
ol ,,
Ok :
4 4
cQ/N[TeV 2

Kelci Mohrman, University of Notre Dame
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A

\Y

Others Profiled
Others Fixed to SM

CMS Preliminary

138 fb' (13 TeV)

10— 5 ‘
. v :
8 i R B B
- v v A
- | R
] - -
- v v A
B A Vi g A
- A V: : A :
L IS St G S A S S
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- A : : :
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JAN : v : :
i TR i ;
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ColN[TeV™?]
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2ANLL
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A Others Profiled
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A
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B : A A
B : v : v
- s ; 2
B
6l
| S S W N S
i ; e |
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Interpretation of sensitivity TOP-22-006

* The sensitivity to most of the WCs comes from a wide range of bins

across all selection categories

Grouping of WCs

WCs

Lead categories

Two heavy two leptons

Four heavy
Two heavy two light “ttly-like”
Two heavy two light “tllg-like”

Two heavy with bosons “ttll-like”

Two heavy with bosons “tXq-like”

Two heavy with bosons with sig-
nificant impacts on many pro-
cesses

30 .~ ©

CQZ » FQL CQe7 Cie

6 S T
Cge)) Ct()7 ct()

1 1 8 Ll
CQQs Cotr Cotr Cut

11 18 .1 .8
CQq» €Qq» Ctg» Ciq

31 38
CQq> CQq

Ctz, Copt, C;Q

3
Co@s Cotby CoW

CtG, Ctp, CtW

3¢ off-Z

20ss

2/ss

3¢ on-7Z

3¢ on-Z and 2/ss

3¢ on-7Z

3¢ and 2/ss

Kelci Mohrman, University of Notre Dame
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CMS PAS TOP-22-006 limits

WC/A? [TeV?] 20 Interval (others profiled) 2c Interval (others fixed to SM)

[-0.37, 0.37]
[-2.60, 2.59]
[-1.76, 2.20]
[-1.78, 2.10]
[-1.89, 1.94]
[-1.56, 2.27]
[-2.81,2.54]
[-10.76, 7.91]
[-3.23,3.23]
[-0.81,2.01]
[-0.75, 0.76]
[-0.27, 0.24]
[-6.09, 8.20]
[-8.98, 2.85]
[-0.70, 0.63]
[-0.54, 0.45]
[-2.71, 2.66]
[-5.15, 5.74]
[-3.03, 3.28]
[-1.56, 1.60]
[-0.67, 0.25]
[-0.68, 0.21]
[-0.21,0.21]
[-0.19, 0.19]
[-0.17, 0.16]
[-0.08, 0.07]

[-0.40, 0.40]
[-2.80, 2.80]
[-1.90, 2.39]
[-2.01, 2.20]
[-2.04, 2.12]
[-1.80, 2.33]

[-2.68, 2.58]
[-4.95, 3.19]
[-3.15, 3.19]
[-0.84,1.91]
[-0.75, 0.75]
[-0.22, 0.25]
[-2.66, 2.95]
[-7.68, 2.15]
[-0.58, 0.59]
[-0.47, 0.41]
[-2.75, 2.62]
[-5.24, 5.66]
[-3.04, 3.28]
[-1.54, 1.63]
[-0.68, 0.24]
[-0.67, 0.21]
[-0.22, 0.20]
[-0.19, 0.19]
[-0.17, 0.16]
[-0.08, 0.07]

Kelci Mohrman, University of Notre Dame
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Summary: CMS PAS TOP-22-006

« "Search for new physics in top quark
production with additional leptons in
the context of effective field theory
using 138 fb—1 of proton-proton
collisions at Vs = 13 TeV"

- Signal processes: ttH, ttll,
ttinu, tlig, tHq, tttt

- Multilepton final states (2
same-sign leptons or 3 or
more leptons)

 EFT modeling:

- Parameterize event weights
as 26-dimensional quadratics
in terms of the WCs in order to
target the EFT effects directly
at detector level

- Fit 26 WCs individually and
profiled

UF IFiORIDA Kelci Mohrman, University of Florida

Others profiled (20)
Others profiled (10)

Others fixed to SM (20)

138 fb' (13 TeV)

1
Ciq * 5
11
Coq x 5
38
CQq x 5

31
CQaq X 5

Others fixed to SM (10) Preliminary

-10 -8

6 4 -2

0O 2 4 6 8 10

Wilson coefficient / A% [TeV™]
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https://cds.cern.ch/record/2851651/files/TOP-22-006-pas.pdf

Summary: CMS TOP-21-003

« "Search for new physics using
effective field theory in 13 TeV pp
collision events that contain a top
quark pair and a boosted Z or Higgs
boson”

- Target ttZ/H where the Z/H
IS boosted

- Single lepton signatures

« EFT modeling:

- Detector level approach
(parameterize event weights
in terms of the WCs in order
to obtain detector level
yields as a function of the
WCs)

- Fit 8 WCs (2heavy-with-
bosons) individually and
profiled

UF IFiORIDA Kelci Mohrman, University of Florida

Ctp
2

CMS

138fb” (13 TeV)

-

1 1

H

-

68% CL interval
== Qthers fixed to SM

= Others profiled

B 95% CL interval

— Others fixed to SM
— Others profiled

1 1 1 1 1

10 20 30
Confidence interval [TeV 2]
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https://arxiv.org/pdf/2208.12837.pdf

Summary: CMS TOP-21-004

« "Measurement of the inclusive and differential tty cross sections in the dilepton channel and
effective field theory interpretation in proton-proton collisions at \/E =13 TeV"

- Target leptonic decays of 7y

- Final states: Opposite sign leptons and a photon
« EFT modeling:

- Studied in bins of photon pt

- Model operator effects using gen-sample reweighting to estimate the expected SMEFT
modifications at the reconstructed level

- Real and imaginary part of ctZ is studied

Dilepton result Dilepton & £+jets combination
Wilson coefficient 68% CL interval 95% CL interval 68% CL interval 95% CL interval

UF IFiORIDA Kelci Mohrman, University of Florida

[(A/TeV)?] [(A/TeV)2] [(A/TeV)?] [(A/TeV)?]
5 . CGz=0 [—0.28, 0.35] [—0.42, 0.49] [—0.15, 0.19] [—0.25, 0.29]
*§ “ profiled [—0.28, 0.35] [—0.42, 0.49] [—0.15, 0.19] [—0.25, 0.29]
Q.
g 4 az=0 [—0.33, 0.30] [—0.47, 0.45] [—0.17, 0.18] [—0.27, 0.27]
“ " profiled [—0.33, 0.30] [—0.47, 0.45] [—0.18, 0.18] [—0.27, 0.27]
5 Cp=0 [-0.43, —0.09] [-053,052] [-0.30,—-0.13]  [—0.36,0.31]
g “  profiled [—0.43, 0.17] [—0.53,0.51] [—0.30, 0.00] [—0.36, 0.31]
8 B [—0.47, —0.03] [—0.32, —0.13]
profiled [—0.43, 0.33] [—0.56, 0.51] [—0.28, 0.23] [—0.36, 0.35]
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https://arxiv.org/pdf/2201.07301.pdf

Summary: CMS TOP-21-001

* "Probing effective field theory operators in the associated production of top quarks
with a Z boson in multilepton final states at \/E =13 TeV"

« EFT modeling:

WC/A?
[TeV—2]

Ctz
3
€9Q

€9Q
C(Pt

IIIIIIIIII

Target ttZ and tZqg
Multilepton final states (3 or 4 leptons)

95% CL confidence intervals

Detector level approach (parameterize event weights in terms of the WCs in
order to obtain detector level yields as a function of the WCs)

Probe 5 WCs, fit individually and profiled

Other WCs fixed to SM 5D fit
Expected Observed Expected Observed
—0.97,0.96] [—0.76,0.71 —1.24,117)  [—0.85,0.76]
—0.76,0.74]  [-0.52,0.52 —0.96,093]  [—0.69,0.70]
—1.39,1.25] [~1.10,1.41 —191,136]  [—1.26,1.43
—2.86,2.33]  [—3.00,2.29 —6.06,14.09]  [—7.09,14.76]
—3.70,3.71] [—21.65,—14.61] U[—2.06,2.69] [—16.18,10.46] [—19.15,10.34]
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https://arxiv.org/pdf/2107.13896.pdf

Summaries of the ATLAS analyses

UF IFLORIDA Kelci Mohrman, University of Florida
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ATLAS-CONF-2023-001

« "Search for charged-lepton-flavour violating pzgt b
interaction in top-quark production and decay with y
the ATLAS detector at the LHC" g wr ot
- The analysis targets events containing two As
muons, a hadronically decaying tau lepton VH
and at least one jet, with exactly one b- N\
tagged jet, produced by a uzqt interaction in < u
top-quark production or decay
u, C T

- No excess above the Standard Model
background is observed

Table 7: Expected and observed 95% CL upper limits on Wilson coefficients corresponding to 2Q2L EFT operators
which could introduce cLFV top decay in the ut channel, and existing limits from Ref. [22] (previous). Results
are shown separately for uTut and urct interactions. The lepton generations are denoted by i, j = 2,3 for g and 1
(where i # j) and the quark generations are denoted by k = 1, 2 for u and c, respectively.

95% CL upper limits on Wilson coefficients ¢/A? [TeV 2]

~(ijk3) (ijk3) (ijk3) (ijk3) 1(ijk3) 1(ij3k) 3(ijk3) 3(ij3k)
Clq Ceq Clu Ceu lequ lequ lequ lequ
Previous (u) [22] 12 12 12 12 26 26 34 34

Expected (u) 0.47 0.44 0.43 0.46 0.49 0.49 0.11 0.11
Observed (u) 0.49 0.47 0.46 0.48 0.51 0.51 0.11 0.11

Previous (c¢) [22] 14 14 14 14 29 29 3.7 3.7
Expected (c) 1.6 1.6 1.5 1.6 1.8 1.8 0.35 0.35
Observed (¢) 1.7 1.6 1.6 1.6 1.9 1.9 0.37 0.37

UNIVERSITY of
UF'FLORIDA NCIUI IVIVLITTTIALL, UITIVEIDILY VI T 1vliua
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-001/

ATLAS: Eur. Phys. J. C 83 (2023) 496

« "Observation of four-top-quark production in the multilepton final state with the ATLAS
detector”

- tttt in multilepton final states (2Iss or 3 or more leps)

« EFT approach:

- Parameterizing the 4t yield in each bin of the GNN score distribution as a
quadratic function of the coefficient of the corresponding EFT operator and
performing the fit to data

- Probe 4 WCs (of the 4heavy WC category)
- Perform the fit individually (on WC at a time)

Table 8: Expected and observed 95% CL intervals on EFT coupling parameters assuming one EFT parameter
variation in the fit.

Operators | Expected C;/A? [TeV ~2] Observed C;/A? [TeV 2]
og%Q [-2.4, 3.0] [-3.5, 4.1]
0, [-2.5,2.0] 3.5, 3.0]
o) 1.1, 1.3] 1.7, 1.9]
0, [-4.2,4.8] [-6.2, 6.9]

IIIIIIIIII
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https://arxiv.org/pdf/2303.15061.pdf

ATLAS: Eur. Phys. J. C 83 (2023) 496

 Comparison with limits from TOP-22-006 for the 4heavy operators

Table 8: Expected and observed 95% CL intervals on EFT coupling parameters assuming one EFT parameter

variation in the fit.

Operators | Expected C;/A? [TeV ~2] Observed C;/A? [TeV 2]
O;%Q [-2.4, 3.0] [-3.5, 4.1] ATLAS
0(%, [-2.5,2.0] [-3.5, 3.0] 2303.15061
0,, [-1.1, 1.3] [-1.7, 1.9]
0, [-4.2,4.8] [-6.2, 6.9]
(Note, the
WCs are in
different
Table 4: The 20 uncertainty intervals extracted from the likelihood fits described in Section 7. olrdzrrir!])

The intervals are shown for the case where the other WCs are profiled, and the case where the

other WCs are fixed to their SM values of zero.

WC/A? [TeV_Z] 20 Interval (others profiled) 2c Interval (others fixed to SM)

ot [-2.71, 2.66]
Cort [-5.15, 5.74]
o0 [-3.03, 3.28]
Cit [-1.56, 1.60]

UF IFLORIDA Kelci Mohrman, University of Florida

[-2.75, 2.62]

[-5.24, 5.66] CMS
[-3.04, 3.28] TOP-22-006
[-1.54, 1.63]
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https://arxiv.org/pdf/2303.15061.pdf
https://arxiv.org/pdf/2303.15061.pdf

ATLAS: 2208.12095

, | ATLAS \s =13 TeV, 139 fb
« "Evidence for the charge asymmetry AT vs. NNLO QCD + NLO EW
in p p — t t production at \/E =13  Differential m, .
. " — A%+ A »--‘95°/: CL
TeV with the ATLAS detector - A2 . Bostit value
: , - C -
- Single- and di-lepton tt oo | e
charge asymmetry CSE R
- Unfolding performed to Cos | o ae
correct for detector resolution Coa [ —
and acceptance effects Cu | R
. . Cw [ e
- Single-lepton and dilepton e I
{
channels, both resolved and qu | e
. Qu
boosted topologies T S U —
« EFT approach: Cw [ T
C1 — e ———
- Study 15 WCs o =
q
- The WCs are fit individually Co [~
. . Tt C! . e e e
and in pairs, tOAc Vsmtf Od Y P I PETTY FETTY ITETE FETEE FEUEY Sy

-2 -1 0 1 2 3 4 5 6

UF IFiORIDA Kelci Mohrman, University of Florida


https://arxiv.org/abs/2208.12095
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ATLAS: 2208.1

2095

A

ATLAS Preliminary
13 TeV, June 2023

A= —4.3x2.0%

A% =0.54 +0.26%

#=0.68+0.16%

A= —0.3+£2.9%

A= _112+17.8%

tt + j: Madgraph5_aMC@NLO
(NLO QCD)

tty: Madgraph5_aMC@NLO
(NLO QCD)

ttW: Sherpa 2.2.10
(NLO QCD + EW)

s SM prediction®

=< Measurement

tt: Phys. Rev. D 86, 034026 (2012)
(NLO QCD + NLO EW)

tt: Phys. Rev. D 98, 014003 (2018)
(NNLO QCD + NLO EW)

*theory calculations shown as quoted

in the experimental publications

ATLAS -tt+]
EPJC 82 (2022) 374

ATLAS -tt
arXiv:2208.12095

ATLAS -tt
arXiv:2208.12095

ATLAS - tfy
arXiv:2212.10552

 ATLAS - ttW

e —
o
LI
— @
et

[0 T N T N B | | Lo

-~ arXiv:2301.04245
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ATLAS: JHEP 04 (2023) 80

"Differential tt cross-section measurements using boosted top
quarks in the all-hadronic final state with 139 fb-1 of ATLAS data"

- Hadronic, tt

- The observed data are unfolded to remove detector effects

EFT approach:

- Fitto the p' distribution
(pt of leading top jet)

- Limits on 7 WCs
(2light-2heavy)
individually and in pairs
(ctG also included in
one pair)

8 -
Ctd

8
Ctu

ATLAS, Vs =13TeV,L=139fb~!

- T
T
- I
I
- I
|
- I
I
| mmm 95% CL (lin.+quad.) I
Bl 68% CL (lin.+quad.) —
95% CL (lin.) - I
mmm 68% CL (lin.) E
- I
e
25 20 -15 -10 -05 0.0 0.5 1.0
C(TeV/N)?

o2


https://arxiv.org/pdf/2205.02817.pdf

ATLAS: 2202.12134

« "Measurements of differential cross-sections in top-quark pair events with a high transverse
momentum top quark and limits on beyond the Standard Model contributions to top-quark pair

production with the ATLAS detector at Vs = 13 TeV"
- Semi-leptonic, tt
- Data is unfolded

« EFT approach:
- Fit the top quark pt distribution
- Study two WCs: ctG and ctq8
- WoCs are fit individually and together

Marginalised 95% intervals Individual 95% intervals Global fit 95%

Model | C; (A/TeV)?
odel | C; (A/TeV) Expected Observed Expected Observed limits [111]

A4 C,c [-0.44,0.35] [-0.53,0.21] | [-0.44, 0.28] [-0.52,0.15] | [0.006, 0.107]
Cry [-0.57,0.17] [-0.60,0.13] | [-0.57,0.18] [-0.64,0.12] | [-0.48,0.39]
A2 C,c [-0.44, 0.44] [-0.68,0.21] | [-0.41,0.42] [-0.63,0.20] | [0.007,0.111]
c® [-0.35,0.35] [=0.30,0.36] | [-0.35,0.36] [-0.34,0.27] | [~0.40, 0.61]
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https://arxiv.org/pdf/2202.12134.pdf

ATLAS: 2202.11382

« "Measurement of the polarisation of single top quarks and antiquarks produced in the t-channel
at Vs = 13 TeV and bounds on the tWb dipole operator from the ATLAS experiment"

- Study t channel single-top
- Leptonic

- The top-quark and top-antiquark polarisation vectors are measured from the distributions
of the direction cosines of the charged-lepton momentum in the top-quark rest frame

« EFT approach:

- Perform an interpretation of the unfolded normalised differential angular distributions in
an EFT context

- The angular differential cross-sections are used, the unfolded and normalised
distributions of cos6,,  and Cosﬁfy, (cos of the charged lepton momentum in the top rest

frame)

- Study two WCs: The real and imaginary part of ctW

CIW CiﬂV
68% CL 95%CL | 68%CL  95% CL
All terms | [-0.3,0.8] [-0.9,1.4] | [-0.5,-0.1] [-0.8,0.2]

Order 1/A* | [-0.3,0.8] [-0.9,1.4] | [-0.5,-0.1] [-0.8,0.2]
Order 1/A% | [-0.3,0.8] [-0.8,1.5] | [-0.6,-0.1] [-0.8,0.2]

54
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https://arxiv.org/pdf/2202.11382.pdf
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ATLAS: 2202.11382

Figure 2: Diagram illustrating the three orthogonal directions £’, $” and 2’ used in this analysis, as seen in the
zero-momentum frame of the initial-state quarks. The 2’ direction is that of the spectator quark in the top-quark rest
frame. The £’ direction lies in the production plane, while the §’ direction is perpendicular to the production plane.

UNIVERSITY of

FLORIDA Kelci Mohrman, University of Florida
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