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Introduction

* Goal: constrain the top-quark Wilson coefficients of the SMEFT
* Numerical fits performed using HEPfit [1910.14012]

* The following topics will be discussed:

— Relevant observables constraining each Wilson Coefficient
— Estimations on the improvement of the measurements for the HL-LHC
— Estimation of the relevant observables for this fit in future e + e — colliders

— Prospects for our limits in the HL-LHC and future e + e — colliders
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Relevant operators

2-quark operators

Couplings of the t- and b- EW dipole operators Rotation of Warsaw basis
quark to the Z .
O3 = (2714Q) (¢'iD ) o) ; ! following [1802.07237]
=Ty ] ¢ O,w = (Qt' W,
iy v N aw = (@7'0"t) (ep" W) (LHC Top WG)
%% =(2r'a) (¢'iDus) Ous = (B05"1) (¢9"Bpy)
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4-quark operators &
Couplings of light quarks with t- and b-quarks O — . 0 O
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2-quark 2-lepton operators —I_ COS W rxW
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Relevant observables

Process Observable NG [Z Experiment
pp — tt do/dm; (15+3 bins) | 13 TeV 140 fb~1 CMS
pp s tE dAc/dmsz (442 bins) | 13 TeV | 140 fb1 ATLAS
pp — ttZ do/dp% (7 bins) 13 TeV 140 fb1 ATLAS
pp — tty do /dp"- (11 bins) 13 TeV 140 fb~1 ATLAS
pp — ttH+ tHq o 13 TeV 140 fb—! ATLAS
pp — tZq o 13 TeV 77.4 fb~! CMS
pp — tYq o 13 TeV 36 fb! CMS
pp — ttW o 13 TeV 36 fb—! CMS
pp — tb (s-ch) o 8 TeV 20 fb~! LHC
pp — tW o 8 TeV 20 fb~! LHC
pp — tq (t-ch) o 8 TeV 20 fb~! LHC
t— Wb Fo, Fi 8 TeV 20 b1 LHC
pp — tb (s-ch) o 1.96 TeV 9.7 fb1 Tevatron
e et — bb R, , AL o ~ 91 GeV | 202.1 pb~* | LEP/SLD
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Individual 2 quarks-WC constraints

Individual Uncertainty per Observable (95% prob.)
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Operator Coefficients
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Individual 4 quarks-WC constraints

Individual Uncertainty per Observable (95% prob.)
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Prospects for Measurements at HL-LHC

Reduced by a factor of

Theoretical 1/2
Modelling 1/2
Systematic 1/vVL
Statistical 1/vV L

CasEWESTERN Reserve  Future Colliders
SN AEERS TR Fernando Cornet-Gomez

l ‘ é é N SMEFT fits for the top quark sector at LHC and




Inclusive Crossections & Helicities

LHC Unc. HL-LHC Unc.

Process Measured (fb) | SM (fb) theo. exp. theo. exp.
stat. sys. | mod. | tot. stat. SYys. mod. | tot.
pp — ttH+tHqg 640 664.3 41.7 90 40 707 | 121.2 | 209 19.4 8.6 35.4 41.3
pp — ttZ 990 810.9 85.8 51.5 48.9 67.3 97.8 429 11.1 10.6 33.6 37.0
pp — tty 39.6 38.5 1.76 0.8 1.25 2.16 2.62 0.88 0.17 0.27 1.08 1.13
pp — tZq 111 102 35 13.0 6.1 6.2 15.7 1.75 2.09 0.98 3.1 3.87
pp — tyq 115.7 81 4 | 171 | 211 | 211 | 344 | 2 1.9 23 | 106 | 110
pp — ttW +EW 770 647.5 76.1 120 596 730 | 1526 | 381 131 6.5 36.5 394
pp — th (s-ch) 4900 5610 220 784 936 790 1454 110 35 42 395 399
pp — tW 23100 22370 1570 | 1086 | 2000 | 2773 | 3587 785 49 89 1366 | 1390
pp — tq (t-ch) 87700 84200 250 1140 | 3128 | 4766 | 5810 125 51 140 2383 | 2390
Fo 0.693 0.687 0.005 | 0.009 | 0.006 | 0.009 | 0.014 | 0.003 | 0.0004 | 0.0003 | 0.004 | 0.004
Fi 0.315 0.311 0.005 | 0.006 | 0.003 | 0.008 | 0.011 | 0.003 | 0.0003 | 0.0002 | 0.004 | 0.004
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Expected HL-LHC contraints improvement
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Operator Coefficients

Shadowed == Marginalized from global fit Solid == Individual fit
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Bottom-pair production at e+e- colliders

Machine Polarisation Energy Luminosity Observable
e 250 GeV 2 ab™" o
ILC Plers e 0% 80%) GG ey 4 ab ! bb
P(e, e ):(+30%, —80%) Ty s op-1 APg
L . 380 GeV 2 ab~! or
CLIC 2 e 1.5 TeV 25 ab ! bb
(et ¢):(0%, —80%) 3 ToV 5 p-T APg
Z-pole 57.5/150 ab™* o -
CEPC/FCC-ee Unpolarised 240 GeV 20/5 ab~t Agf—;
360/365 GeV 1/15ab~! FB

* Cross-section and Assymmetry FB constrain:
— The WC related with EW precision observables: Cj, = Coo + Clg» Cop
— Relevant for 2-quark 2-lepton WC: Clt? , Cip, Cep

— The higher-energy measurement are more relevant for the 2-quark 2-lepton
operators
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Bottom-pair production at e+e- colliders

Machine ‘ Polarisation Energy Luminosity Observable
oot o 30% +80% 250 GeV 2 ab™! .-
ILC (7 e J(30%480%) TR GV ab ! bb
P(e", e ):(+30%., —80% - — A22

_|_

Update ete™ — bb proyections by Adrian Irles, Roman Poschl et al.

See Jesus Marquez talk ()

* Cross-section and Assymmetry FB constrain:
— The WC related with EW precision observables: C;Q = C;Q + C;ZQ , Cb
— Relevant for 2-quark 2-lepton WC: Clt) , Cip, Cep

— The higher-energy measurement are more relevant for the 2-quark 2-lepton
operators
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https://indico.slac.stanford.edu/event/7467/contributions/5977/

Top-pair production at e+e- colliders

Machine Polarisation Energy | Luminosity | Observable
LC P(e*, e ):(—30%, +80%) | 500 GeV 4 ab! Optimal
P(e*, e ):(+30%, —80%) 1 TeV 8 ab™! Observables
P(et, e):(0%, +80% 380 Gev L, Optimal
CLIC P(e+, e—).-(o;Jrsu;) 1.5 Tev 25 ab Obsgrvables
(&7, & )%, =80%) - 3y 5 ab1
. 350 GeV | 0.2 ab™! Optimal
CEPC/FCC-ee Unpolarised 365 GeV | 1/15 ab™" | Observables

* Optimal observables maximally exploit the information in the fully
diferential eTe™ — t&t — bW TbW ~dist. [1807.02121], constraining:

— The 2-fermion coefficients: C;Q ) Ccpt , Cow , Ciz
— The 2-quark 2-lepton: CZ_Q ) Cly , Clot , CeQ

— Two different energies above the top-pair threshold are needed to constrain all the 2- and

4-fermion operators (constant/linear vs quadratically with energy)

— We eliminate the blind directions in the O;Q — O?DQ plane
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ttH production at e+e- colliders

g

Machine Polarisation Energy Luminosity Observable

ILC P(et, e ):(—30%,+80%) | 500/550 GeV 4 ab~1! Inclusive
P(et, e ):(+30%. —80%) 1 TeV 8 ab™* cross section

CLIC P(e*, e ):(0%. +80%) 15 TeV 25 b1 Inclusw.e
P(et, e ):(0%, —80%) cross section

* Key observable for the top quark Yukawa coupling
* The production cross section is 3 times bigger at ILC 550 than at ILC500

— Improved statistical sensitivity by more than a 50%

* |LC550, CLIC1500 and HL-LHC have similar sensitivities
e [LC1000 improves the expected HL-LHC sensitivity by a factor of two
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Expected constraints for ILC

E [HC Run2 + Tevatron + LEP B +HL-LHC S2 E +ILC250 I +ILC500/550 B +1LC1000
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Comparison of Future Colliders

I HL-LHC BN HL-LHC + CEPC HL-LHC + FCCee B HL-LHC + ILC HL-LHC + CLIC

| LI
0 | HEP[

100

107!
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Operator Coefficients
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Prospects for Top Yukawa uncertanties

Values in % units | LHC | HL-LHC | ILC500 | ILC550 | ILC1000 | CLIC
Global fit 12.2 5.06 3.14 2.60 1.48 2.96
Indiv. fit 10.2 3.70 2.82 2.34 1.41 2.52

Oy

e Sensitivity at ILC500 is lower than at HL-LHC:
— No huge improvement for the individual constraint

— Global fit: larger improvement due to multiple observables constraining
the Top Yukawa coupling

* Increasing the energy by 50 GeV provides an important improvement in
the constraints thanks to the growth in the cross section

e Similar results are found for CLIC

 Animprovement higher than a factor of 2.5 would be obtain at the final
stage of ILC w.r.t. the HL-LHC
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Outlook

* Expand the Optimal observables study (ete™ — t£ — bW bW ™)

for the Muon collider

* |ncorporate pp — tf@(m% # m,, ) production at the LHC

— Master thesis Abel + future ATLAS/CMS measurements

— We expect to restrict them at HL-LHC to compare with e+e- colliders

 We are expanding the parametrization to NLO
* Include the cuadratic terms in the parametrizations

 Update LHC measurements with recent full run 2 results
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Summary

 HL-LHC expected to improve the bounds by roughly a factor 3

e An e+e- collider can signicantly improve bounds on bottom-quark and on
top-quark operators (operated above the tt threshold)

— FCCee and CECP (at and slightly above the tt threshold) can improve bottom- and top-
operators by factor 5 (2 for 2-fermion operators)

— Power to constrain 4-fermion operators limited by energy reach

— ILC and CLIC operated at two center-of-mass energies above the tt threshold can provide
very tight bounds on all operators, with bounds on 4F taking advantage of energy-
growing sensitivity

e Signicant improvements for the limits on the top-quark yukawa are found
when operating above 550 GeV

CasEWESTERN Reserve  Future Colliders
SN AEERS TR Fernando Cornet-Gomez 19

| ‘ é é N SMEFT fits for the top quark sector at LHC and




Thank you
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