= JORINGSIY MANCHESTER .
QfGlangW 1824 1\(: IRI [l*llwl \”(l ll¥|l\[\( & : %

VVVVVVVVVVVVVV

Future collider constraints
on top-quark operators

Results from arXiv:2503.11518
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https://arxiv.org/abs/2503.11518
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SM Effective Field Theory
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Standard Model:

* Dimension 4 terms

* |nteractions between all SM fields
Coupling strength constant:

e Can be constrained in global fits
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e Fffective interactions with SM fields

New physics scale:

e Power series expansion of &

e Keeps correct dimensionality

o SettoA=1TeV



SM Effective Field Theory

C.0\?
Z smeFT = Zsm T Zvl-,@g AT

e New physics effects can be encapsulated in higher order (2 = 6) operators
O; in a power series of the new physics scale A.

e High precision data can be used to constrain the coupling strengths
coefficients C.; in a global fit

e For a given observable X:
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Analysis Tools

e Many of the EFT calculations were performed at NLO using

the generator
e Using the SMEFT@NLO (NLO) and SMEFTsim (LO)
models

e Expanding not he results from

* Fits have been obtained using code

e Employs MCMC algorithm, based on a Bayesian Analysis
of data
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https://hepfit.roma1.infn.it
https://doi.org/10.1007/JHEP02(2022)032
https://hepfit.roma1.infn.it

Global fit to the LHC (+ others)

e Many observables, many coefficients
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Global fit to the LHC (+ others)

Coefficients Observables
Ciq C(?;Q C;Q _ C;Q _ C(?/;Q Process_ Observable NG L Experiment
pp — tt do /dm (15 bins) 13 TeV 137 fb~1 CMS
2-quark Cot Cob Ciz = ewCw — swlip pp — dAc/dm (5 bins) | 13 TeV | 139 fb! ATLAS
— Ct(p Cow pp — tt D(myg ~ 2my) 13 TeV 137 fb1 CMS
33, 53 33 30333 pp — tt D,(mg> 0.8 TeV) | 13 TeV 137 fb~1 CMS
; 2C ( '\C Cra = 21:2 ( ) % Cq( ) + 300 . pp — ttH do /dp? (6 bins) 13 TeV 139 fb~! ATLAS
c8 =S Cf 8(33iz) C8 = —E 8(337,7,) —Z 1(2337,) 2(51,3372) pp — th do /dpZ (8 bins) 13 TeV 140 fb~1 ATLAS
4-quark Qu — ! @ —y ! pp — tty do /dpy (10 bins) 13 TeV 140 fb~! ATLAS
qu = CS((Iii33) Z 1(33ii) = C?%33) + 10(2332) pp — ttW o 13 TeV 138 fb~1 CMS
1o 1o 1o pp — tZq o 13 TeV 138 fb~! CMS
CQU E 1(33zz) CQd _ Z 1(337,2) Cl 1 _ Z 0(21152233) 01(2332) 03(2332) pp — t}/q o 13 TeV 140 b1 ATLAS
=12 =12 =12 pp — tb (s-ch) o 8 TeV 20 fb~! LHC
B -y C 1(27,33) — (8 3(zz33) (C(Illéi33i) B Cgémz')) o0 — tW i 8 TeV 20 fb-1 LHC
=12 =12 pp — tq (t-ch) o 8/13 TeV | 20/140 fb~! | LHC/ATLAS
C. C., Cfy = Cly + C, t— Wb Fy, Fy 8/13 TeV | 20/139 fb~! | LHC/ATLAS
2-quark C C O- —CL _ 3 pp — tt dArg/dm (4 bins) | 1.96 TeV 9.7 fb~1 Tevatron
2-lepton o . R i} iQ pp — tb (s-ch) o 1.96 TeV 9.7 fb1 Tevatron
- - Ceq e~et — bb Ry, A%, . ~ 91 GéV | 202.1 pb~! | LEP/SLD
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Limits 95% (TeV~?)
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Global fit to the LHC (+ others)
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e Global EFT Linear Fit to
|l HCRun?2 + LEP/SLD +

Tevatron data

e [itis consistent with

other similar studies
[JHEP 09 (2024) 091]

e it includes theoretical
and experimental
uncertainties (+
correlations)


http://dx.doi.org/10.1007/JHEP09(2024)091

Entanglement Measurements

10°;
* Top-quark pairs produced at high-energy colliders @I _
, | s = =
form a two-qubit system SO =
:
e Th iti C d gqgtt v s 35
ey are sensitive to C,; and gqit operators | 5 ,;%%w
a0 m T3S
: | 3 88w
e CMS provides unfolded results at threshold (D) and = : 555
— SE St
: : ° 253 SSE
in the boosted regime m: > 0.8 TeV (D, ) g 10 ciys  gEst
) g 1
e Similar bounds on C, for D vs. tf diff. 2 55 £
e
e For other operators they are not as competitive as 0 &
tt dift. cross-section and asymmetry
Although hot explicitly shown, other spi atrx 1
.Lobservables showed a similar sensitivity to the operators | 10 o8 D
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Future Colliders



e Next upgrade for the LHC with an
increase in luminosity

e Expected ~3000 fb~!
e "S2" scenario (ref)
e Theoretical unc. reduced by 1/2

e Requires many N""!LO simulations

e Statistical and experimental by 1/\/2

* |sabitaggressive in some cases
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NEW TECHNOLOGIES FOR THE HIGH-LUMINOSITY LHC

CIVIL ENGINEERING
2 new 300-metre service
tunnels and 2 shafts near
ATLAS and CMS.

“CRAB” CAVITIES

16 superconducting “crab” cavities for
the ATLAS and CMS experiments to
tilt the beams before collisions.

FOCUSING MAGNETS “‘\i\;.'-
12 more powerful quadrupole magnets |
for the ATLAS and CMS experiments,
designed to provide the final focusing

of the beams before collisions.
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SUPERCONDUCTING LINKS

Electrical transmission lines based on a high-
temperature superconductor to carry the very
high DC currents to the magnets from the
powering systems installed in the new service
tunnels near ATLAS and CMS.

COLLIMATORS

15 to 20 additional collimators and

replacement of 60 collimators with

improved performance to reinforce
machine protection.

CRYSTAL COLLIMATORS
New crystal collimators in the
IR7 cleaning insertion to improve
cleaning efficiency during
operation with ion beams.

CERN February 2024



https://e-publishing.cern.ch/index.php/CYRM/article/view/950

N <
RN

Electron®

COMBINER RINGS
DRIVE BEAM INJECTOR

DRIVE BEAM LOOPS\

“\._DRIVE BEAM DUMPS

“_TURN AROUND
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Electron colliders

Future colliders are planned to run at

Machine P(e™, e7) Energy Luminosity . .
250 GeV > a1 different energies
+30 T80
ILC (£30%, F80%) 500 GeV 4 ab™! . _
(::20%, ::80%) 1 TeV 8 ab~1 ®ec'e —II
380 GeV 1 ab™!
>
CLIC (0%, £80%) 1.5 TeV 2.5 ab~! * Opensaty/s 2 350 GeV
—1 . . .
5 1eV 0 ab 1 o Statistically optimal observables are
Z-pole 150 ab™ . . .
240pGeV - defined that exploit the WbWb final
FCC-ee Unpolarised 350 CeV 041 b1 state ( &f)
365 GeV 2.65 ab™! b _
Z-pole 57.5 ab~ ® ¢7¢” — 1tH
. 240 GeV 20 ab™!
CEPC Unpolarised 350 GV 09 ab-! e Excellent channel for top Yukawa
360 GeV 1 ab~? studies

e Available aty/s = 500 — 550 GeV
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https://link.springer.com/article/10.1007/JHEP10(2018)168

™ Individual
Marginalised

Future prospects
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" Individual

Future prospects Marginalised

| == HL-LHC HL-LHC+FCCec ~ MEEE HL-LHC+CLIC
10+ =
1 B HL-LHC+CEPC HL-LHC+ILC =TTy
w0 N
e | epton colliders are not sensitive to 4-fermion operators
| |
L1075 e Bigimprovement in 2-lepton 2-quark coefficients
2 s +
% ... ® Circulare "e~colliders have a smaller constraining power on top-
: quark Yukawa (y, ~ ;)
|
—3 - ] . \‘
Y73 | e Z-pole runs help constraining 2-fermion and dipole operators |
: coefficients
10745 | }
1 |® Linear colliders, at higher \/E are great probes of the top Yukawa «

05— B N N B B e B e i

/

Marco O % C\\ O Q & & OF OF Ov O ¢ O O (>



Muon collider

e Muon colliders have many technological challenges ahead

* They can access higher energies than electron colliders ~3-30 TeV (reduced
synchrotron radiation energy loss)

s-channel production VBF production
= : - — ———,
Z /W
Z[v s energy «. —
_ zwt o
T t
ut < < ,LL+/ Vy
3 TeV 1 ab~!
p-coll Unpolarised 10 TeV 10 ab~!
30 TeV 90 ab™!
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https://arxiv.org/abs/2303.08533
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Future prospects eranalied
| HLLHC W HL-LHC4FCCeetuC 3+10TeV HEP[iT
10' 4 mmm HL-LHC+CLIC W HL-LHC+FCCee+uC 3410430 TeV —
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Ranges 95% (TeV~2)
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BN HL-LHC
BN HL-LHC+CLIC

B HL-LHC+FCCee+uC 3+10TeV
- HL-LHC+FCCee+uC 3+10+30 TeV

e

HL-LHC+FCCee+uC 3 TeV

® QOverall, the addition of muon collider data improves the bounds |

on the coefficients

e However, similar performance is seen with just CLIC@3TeV data in

many places e.g. top-quark Yukawa }
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Summary

e \We provide a global EFT analysis in the top-quark (and bottom-quark) sector

e \We provide a including updated and inclusion of new
observables.

e Run2 data dominates results but some legacy measurements remain important
 \We include projections to HL-LHC and to

e Competitive individual constraints on some coefficients are set (such as C

1» Cpr @nd other

2-termion operators)
e Good performance is seen with HL-LHC + CLIC@3TeV: beam polarisation is a great asset.
e Higher \/E runs (above specitic production thresholds) can be the key for precision

e Z pole runs at circular colliders like CEPC will bring improvements in 2-fermion sector

Marcos Miralles - CEPC Intl. Workshop - 18/06/25
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Summary

e \We provide a global EFT analysis in the top-quark (and bottom-quark) sector

e \We provide a EFT Linear global fits including updated and inclusion of new
observables.

e Run2 data dominates results but some legacy measurements remain important

* \We include projections to HL-LHC and to future lepton colliders

e Competitive individual constraints on some coefficients are set (such as C

1» Cpr @nd other

2-termion operators)
e Good performance is seen with HL-LHC + CLIC@3TeV: beam polarisation is a great asset.
e Higher \/E runs (above specitic production thresholds) can be the key for precision

e Z pole runs at circular colliders like CEPC will bring improvements in 2-fermion sector
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ILC prospects
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Top Yukawa

Uncertainty | LHC | HL-LHC | ILC500 | ILC550 | ILC1000 | CLIC

Global | 16% 5.6% 3.4% 2.8% 1.4% 3.0%
Indiv. | 13% 4.1% 2.9% 2.4% 1.4% 2.7%

0yt

Table 6. Uncertainties for the top-quark Yukawa coupling at 68% probability for different
scenarios, in percent. The ILC500, ILC550 and CLIC scenarios also include the HL-LHC.
The ILC1000 scenario includes also ILC500 and HL-LHC. Numbers for lepton colliders are
based on an extrapolation in Ref. (27| of detailed studies in Refs. [125, 128].

The inclusion of high-energy muon collider data improves the precision of the
top-quark Yukawa coupling to 2.5%.
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Muon Collider
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