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Introduction

@ Our goal is to constrain all the top-quark related Wilson coefficients
of the SMEFT

@ The fits have been performed using HEPfit [1910.14012]

@ Estimations on the improvement of the measurements are presented
for the HL-LHC

@ Estimation for the relevant observables for this fit in future et e™
colliders are shown

@ Prospects for our limits in the HL-LHC and a future eTe™ colliders
are obtained
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Theoretical Framework

@ We use an EFT description to parametrise deviations from the SM
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Theoretical Framework

@ The Wilson coefficients are fitted are:

Coefficients Fitted
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Observables from current colliders (LEP/SLC, Tevatron,
LHC run 1 & 2)

@ Here we show the observables included that have been measured in
the actual colliders

Process Observable NG 14 Experiment
pp — tt do/dmz (1543 bins) 13 TeV 140 fb~ 1 CMS
pp — tt dAc/dm (442 bins) 13 TeV 140 fb~1 ATLAS
pp — tEH + tHg c 13TeV | 140 fb! ATLAS
pp — ttZ do/dpZ (7 bins) 13 TeV 140 fb1! ATLAS
pp — tty do/dp’ (11 bins) 13 TeV 140 fb! ATLAS
pp — tZq c 13 TeV 77.4 b1 CMS
pp — tyq c 13 TeV 36 fb! CMS
pp — ttW o 13 TeV 36 fb! CMS
pp — tb (s-ch) c 8 TeV 20 fb—1 LHC
pp — tW c 8 TeV 20 fb~! LHC
pp — tq (t-ch) c 8 TeV 20 fb~1 LHC
t— Wh Fo, FL 8 TeV 20 fb! LHC
pp — tb (s-ch) c 1.96 TeV | 9.7fb? Tevatron
e"et — bb Ry , AL ~ 91 GeV | 202.1 pb~! | LEP/SLD
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Observables from current colliders (LEP/SLC, Tevatron,
LHC run 1 & 2)

@ The measurements of pp — tt are extremely relevant for
constraining C;c and the 4-fermion operators

@ The measurements of pp — ttH+ tHq are needed to constrain C

The helicities and pp — tty generate important constraints on Gy

pp — tty also provides important constraints on C;z

@ pp — ttZ generates restrictions on Cy; and C;z

LEP observables are extremely important for Cyp, C(;Q and C(%

@ pp — tZq becomes relevant to fully constrain the 0Q C(% plane
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Prospects for Measurements at HL-LHC

Theoretical Uncertainties scale with 1/2

Modelling —  scale with 1/2
Experimental Uncertainties Systematic —  scale with 1/v.%¢

Statistical —  scale with 1/vV.Z
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Prospects for Measurements at HL-LHC

Inclusive cross sections and helicities

LHC Unc. HL-LHC Unc.
Process Measured (fb) | SM (fb) theo. exp. theo. exp.
stat. sys. | mod. | tot. stat. sys. mod. | tot.
pp — ttH + tHq 640 664.3 41.7 90 40 70.7 | 121.2 | 209 19.4 8.6 35.4 413
pp— ttZ 990 810.9 85.8 515 489 67.3 97.8 429 11.1 10.6 33.6 37.0
pp — tty 39.6 38.5 1.76 0.8 1.25 216 | 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 31 3.87
pp — tyq 115.7 81 4 17.1 211 211 34.4 2 1.9 2.3 10.6 11.0
pp — tEW +EW 770 647.5 76.1 120 59.6 | 73.0 | 152.6 | 38.1 131 6.5 36.5 39.4
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 1386 | 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
Fr 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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Measurements at et e~

colliders: b-quark observables

Machine Polarisation Energy Luminosity Observable
P(e*, e ):(—30%, +80%) 250 Gev 2ab™ Opp
ILC PO AT TR 500 GeV 4ab ! bb
P(e*, e ):(+30%, —80%) 1TV 8ab T AP
380 GeV 2ab! ~
cLIC Ple”, e ):(0%.+80%) [ 5y 35 ab T Obb
P(e*, e ):(0%, —80%) 3Ty 5 abT Abb
Z-pole 57.5/150 ab~! o.r
CEPC/FCC-ee Unpolarised 240 GeV 20/5 ab ! Azlt;’
360/365 GeV | 1/15ab ! FB

@ These observables set constraints on the EW precision observables
+ _ 1 3

@ Also relevant for 2-quark 2-lepton operators C,E, Cip and Cgp

@ The higher-energy measurement are more relevant for the 2-quark
2-lepton operators
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Measurements at et e~

colliders: t-quark observables

Machine Polarisation Energy | Luminosity | Observable
ILC P(et, e ):(—30%, +80%) | 500 GeV 4 ab~ 1T Optimal
P(et, e ):(+30%, —80%) | 1 TeV 8 ab~ T Observables
P(et, e7):(0%, +80% 380 Gev 2ab7 Optimal
cLic e e o) 15TV | 25abt | PR
(e*, e):(0%, —80%) 3TV 5 2p-1 servables
. 350 GeV 0.2 ab T Optimal
CEPC/FCC-ee Unpolarised 365 GeV | 1/1.5ab 1 | Observables

@ Optimal observables maximally exploit the information in the fully
differential eTe™ — tt — bW+ bW~ distribution [1807.02121]

@ These constrain the 2-fermion operators C;Q, Cot, Gw and Gz

o Also the 2-quark 2-lepton operators Cj5, Cir, Cet and Ceq

@ With these we eliminate blind directions in the ng — C(% plane

o Two different energies above the tt threshold are need to constrain
all the 2- and 4-fermion operators
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HL-LHC
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HL-LHC and ILC results
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Comparison of future colliders
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Summary

HL-LHC expected to improve the bounds by roughly a factor 3 w.r.t.
current state-of-the-art LHC run 2 + Tevatron + LEP/SLC

An eTe™ collider can significantly improve bounds on bottom-quark
operators, and on top-quark operators if operated above the tf
threshold

Circular colliders (FCC-ee and CECP) operated at and slightly above
the tt threshold can improve bottom- and top- operators by factor 5
and 2 for 2-fermion operators.

Very competitive bounds on 2F bottom-operator coefficients from
TeraZ

Power to constrain 4-fermion operators limited by energy reach

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

V. Miralles EFT fits to the top-quark couplings at HL-LHC and future e* e~ colliders

13 / 13



Thank youl
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Back up
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Sensitivity
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Future Colliders - Prospects for Measurements at HL-LHC

pp — ttZ differential cross section

LHC Unc. HL-LHC Unc.
— —1 -1
pp — ttZ Measured (fb-GeV ™) | SM (fb-Gev™?) theo. exp. theo exp.
stat. | sys. mod. | tot. stat. sys. mod. | tot.
p% : (0-40) 1.47 221 0.263 | 0.53 | 0.23 0.21 | 0.615 | 0.132 | 0.114 | 0.050 | 0.105 | 0.163
p% : (40-70) 4.32 4.59 0.543 | 0.94 | 0.60 | 0.51 | 1.223 | 0.272 | 0.203 | 0.130 | 0.253 | 0.349
p% : (70-110) 4.24 4.60 0.555 | 0.75 | 0.54 0.36 | 0.993 | 0.278 | 0.162 | 0.117 | 0.182 | 0.270
p7zr : (110-160) 4.4 3.45 0.429 | 0.55 | 0.43 | 0.39 | 0.800 | 0.215 | 0.118 | 0.093 | 0.197 | 0.248
p% : (160-220) 1.75 2.05 0.261 | 0.31 | 0.15 0.13 | 0.371 | 0.131 | 0.067 | 0.033 | 0.066 | 0.100
p7zr : (220-290) 0.58 1.03 0.130 | 0.16 | 0.047 | 0.034 | 0.174 | 0.065 | 0.035 | 0.010 | 0.017 | 0.041
p% : (290-400) 0.56 0.59 0.071 | 0.11 | 0.055 | 0.057 | 0.132 | 0.036 | 0.023 | 0.012 | 0.029 | 0.038
Table: We show the unfolded bin contents for the absolute parton-level
differential cross-section measurement.
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Future Colliders - Prospects for Measurements at HL-LHC

pp — tty differential cross section

LHC Unc. HL-LHC Unc.
pp— ty Measured (fb-Gev~1) | SM (fb-Gev1) o op.
theo stat sys mod tot. theo stat. sys mod tot

P (20-25) 1.782 1.670 0.066 0.116 0.168 0.108 0.231 0.033 0.025 0.036 0.054 0.070
pi— 1 (25-30) 1.328 1.183 0.040 0.089 0.052 0.092 0.138 0.020 0.019 0.011 0.046 0.051
p; : (30-35) 0.966 0.8663 0.0302 0.072 0.026 0.060 0.097 0.0151 0.016 0.0056 0.030 0.0342
pr: (35-40) 0.705 0.6616 0.0205 0.058 0.015 0.042 0.0733 0.0103 0.0125 0.0032 0.021 0.0248
p; : (40-47) 0.474 0.4790 0.0160 0.04 0.0096 0.048 0.0629 0.0080 0.0086 0.0021 0.024 0.0254
pg— : (47-55) 0.333 0.3464 0.0094 0.031 0.0067 0.017 0.0360 0.0047 0.0067 0.0014 0.0085 0.0109
pT: (55-70) 0.221 0.2188 0.0056 0.019 0.0038 0.0081 0.0210 0.0028 0.0041 0.00082 0.0041 0.0058
p; : (70-85) 0.122 0.1286 0.0031 0.014 0.0026 0.0069 0.0158 0.0016 0.0030 0.00056 0.0035 0.0046
pi— : (85-132) 0.060 0.06037 0.0017 0.005 0.0014 0.0068 0.0086 | 0.00084 0.0011 0.00029 0.0034 0.0036
pT: (132-180) 0.020 0.02373 0.00077 0.003 0.00044 | 0.00080 | 0.00314 | 0.00039 | 0.00065 | 0.000095 | 0.00040 | 0.00077
p; : (180-300) 0.009 0.00790 0.00028 | 0.00045 | 0.000085 | 0.0014 | 0.00144 | 0.00014 | 0.000097 | 0.000018 | 0.00068 | 0.00069

Table: We show the unfolded bin contents for the absolute parton-level

differential cross-section measurement.
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Future Colliders - Complementarity on eTe™ Colliders

Good complementarity be-
tween bb (LEP) and tt (fu-
ture ete™ collider) if we reach

\/g > 2mt
8gl = *(qu;Q Q)mt//\2

5gf: *(qu;Q Q)mt//\2
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Results - Differential Cross Section Effect

results for C,, using t1Z ivi results for C,, using tiy
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Results - Complementarity Between Observables

@ Very good complementarity between the observables

@ The data set is diverse enough to avoid the existence of blind directions
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Dependencies
[1910.03606]

parameter tt singlet tW tZ t decay ttZ HWw
[oS A2 A2 A2
o A2 AH[ATY - ATHATY AT AT A2 A2
ch.Cy | A - - - -z

Cgy AA? - - - ATAT A A
Cés AYATY A2 - A2 A2 ATAZ AT AT
Ch, Cly | A A7) A[ATY

C8,,C8y A2 - = = - A2

o4 A2 - - - - A2 A2
CbyClby | AN - - - - AYATY

cl, At [AY A A A A2
Cg - - - A2 _ A2

CiQ - A—2 A—? A—Z A—2 —

Cy - - - A2 - A2

Cotp At At At A4

Cuz - - - A2 - A2

th - A72 A—Z A—? A’Z —

CbW - A—4 A—/l A—A A—4 —

Cie A2 A7 A2 - A2 A2 A2

Table 1. Wilson coefficients in our analysis and their contributions to top-quark observables via
SM-interference (A~2) and via dimension-6 squared terms only (A=4). A square bracket indicates
that the Wilson coefficient contributes via SM-interference at NLO QCD. All quark masses except
m, are assumed to be zero. ‘Single ¢’ stands for s— and ¢—channel electroweak top production.
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Measurements at eTe™

V. Miralles

Machine Polarisation Energy | Luminosity | Observable Value
- 55 3182£4.930 b
BOGYV | 2ab AL, 0.6267 £0.000738
% 4509 o A 6935 1.188 b
P(e*, e ):(~30%. +80%) | 500 GeV 4 ab Ay 0.6104 1 0.001140
o 5, 168,100,311
e 1Tev | 8ab A2, 0.617£0.001342
o A 9606 £ 1.774 b
BOGYV | 2ab A2, 0.426 £0.00201
P(e*, e):(+30%. —80%) | 500 GeV 4 ab Ay 0,493 1.0.00268
- 5, 292150145
1Tev | 8ab A2, 0.507 £0.00335
= G5 96465203
BOCev) 1ab AL 0.68020.002
0% 0% o o5 57820311 b
P(e*, e7):(0%, +80%) 1.5 Tev 2.5 ab A 067420005
= 5, 1241200023 b
cuic 3TV | 5@ Aty 0.673%0.008
= 5, 320821011
0G| 1ab A2y 0.47920.004
o o o G, 19.611£0.153 b
P(e*, e):(0%. ~80%) 1.5 Tev 2.5 ab A 0520 20011
o 5, 458 0.0505
3Tev | Sab A2 0.52220.015
: o [ 5340800 £ 2449 fb
Zrpole | 150.ab AP, | 0.23365£0.000130
= A 670251
Fec . 206Gy ) 5ab 22 0.58420.000679
Unpolaried FB
365 Gov | 1526 G5 647251341 b
i Abg 0.591+0.0016
: 1 [ 8340800 & 1947 b
Zpole | 575b Al | 0.23365£0.000130
1 G5 1670£2.40 b
cepe . 0G| 20ab 72 0.584£0.000339
Unpolaried FB
5G| 1abt G5 6472E151
Ao 0.501£0,00200
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