Top quark properties and couplings
at (and above) the tt threshold
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Martin Beneke, and many other colleagues




The role of the top quark mass in the (B)SM

 In the SM, m; can be related to mw and mgyg thanks

to loop corrections -> internal consistency of SM & oarenore
» Stability of EW potential at the Planck scale E
depends on value of ms, my, and as via RGE for A o
o . Metastable
e k=2 - »
Imperative to match enormous improvements | = ! Hidoe Elold

expected for myw and my and as at e*e- colliders
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Top quark mass at the LHC

Direct measurements mMC mq
« Most precise (300 MeV) R e
 Debated theoretical interpretation —

Indirect measurements
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tt threshold scan at e*e colliders

* Measurement of WoWb total rate around the tt production threshold arXiv:8203.06920 ., w0,
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CLIC and CEPC threshold studies =tsror s
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FCC-ee detector-level studies: signal selection °ines

Detector-level

Delphes simulation

 Hadronic and semi-hadronic final
states (>80% branching ratio in total)

Exclusive jet clustering with (4) 6 jets

in (semi-) hadronic channel

e Semi-hadronic: select events based on

reconstructed lepton (99.5% acceptance)

Arbitrary units

 Hadronic: no selection (100% acceptance)

Stable acceptance over the

entire range relevant for FCC-ee

BDT trained without flavour information

(kinematic observables only)
e Flavour information used at later stage

Matteo Defranchis (CERN)

X10_3 | | 41 0 fb (340 Gev w 0 1 T I | I | LI I | 1 41] 0 fb (340 GeV) w IIIIIIIII | rrri | Frrri I IIIIIIII | LI l4'l1| Iolflbl I(13I4’I5 (I3Ielvl—
E FCC -ee Slmulatlon (Delphes) § L FCC -ee Slmulatlon (Delphes) § 1‘ FCC -ee Simulation (Delphes) _
250 had B g I semihad g : semihad
n © A |
L~ — WbWb -~ 1 £0080 — WbWb 1 210 — WbWb :
201 ‘f : — WW Fla< — WW &, ol
- ‘ [ —
i J“ 1 0.06 |
15— | ‘\ ]" | ] i
. ! [
i s 1 oo04- 4 107 E
101 | i | i
[ ” § 10° T -
_ _ i ", »_ -
54 o 4 007 1 10E Ty Th : f
- - - s
0_ I I|IIII|IIII|IIlllllllllllll‘_ 0_l I¥$ﬁ7: I | I | | lilil 1 I | 10—7§lllllllllllllIllllIllllllllllllllllllllllllIlLll§x10:
0 0.5 1 1.5 2 2.5 i 3 0 20 40 60 80 100 120 140 160 180 200 0 05 1 15 2 25 3 35 4 45 5
6 [rad.] P! [GeV] d_34
® s
CCJ L
- ' [ 41 0 fb (345 GeV)
%0.999__FCC ee SImUIatIOn -.g [ TTd IllllllIlIIIlIIIIIIIllIIIIII
é’ - 1T — | +jets S [ FCC-ee Simulation (Delphes)
© - > L
c 0.998: L had
2 0.997F 10°E I WbWb E
© 0.9971 Lepton acceptance :
B C WW
0.996 r
E______j ________________________________ ® o all_._. 4l . i
0-995¢ ¢ * 10°8]  Rejected : Accepted
0.994[ - :
0.993F [
- p>12GeV 10°
0992 0.1<6<x-0.1 E
0991:_ IIIIIIIIIIIIIIIIIIIIIIII:IIIIlIIIIIIIIIlIIIIIIIII,
- | | | | | | 0O 0102 03 04 05 06 0.7 08 09 1
C 1 L1 1 1 L 1 1 1 L1 1 1 L1 1 1 11 1 L1 1 1
0997 340 345 350 355 360 365 370 BDT score

s [GeV]



https://indico.in2p3.fr/event/32629/contributions/142655/

FCC-ee: WbWb x-sec fit
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Fit of near-threshold prediction

e N3LO calculation (NR-QCD) including EW and Higgs effects + ISR,
* Top mass in potential subtracted (PS) scheme, suitable for threshold

e Folded with FCC-ee beam energy spectrum (B

o

WDbWb total cross section [pDb]
LS N

79): 0.23 % / beam

e 3-dimensional fit of m;, I'y, y:, with profiled as (uncert. from Z) ;
— I — i _— _ - - 0.
[_I_Baseline scenario: 10 equally-spaced (0.5 GeV) equal lumi (41 fb-1) pointsJ ;

Ecnm [GeV] | Integrated lumi
340-345 410 fb-
365 2.65 ab

8 (11) MeV statistical uncertainty
in m; (I'y), including param. uncert.

!

WDbWob total cross section ratio

*y: can be determined to 1.7% (stat)

e Assuming only effect on Ztt vertex

cf. CLIC: 2.7% (stat) in y: with .5 ab-! of ttH
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Dependence on theory & beam energy spectrum
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e Width depends on beam energy resolution more strongly than mass
e Expect the other way around for beam energy calibration (under study)
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e Both mass and width measurements currently limited by renormalisation
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m; above the tt production threshold

Radiative events at 380 GeV
 Hard ISR photon can allow production of tt pair at threshold
* Recovers sensitivity to top mass

— m, (M,) = 166 GeV, with (s = 380 GeV

—— m, (M,) = 167 GeV, with {s = 380 GeV
=== m; (m) =166 GeV, including luminosity spectrum

=== m,(m) =167 GeV, including luminosity spectrum

100 MeV statistical uncertainty for 1 ab-1
* 100 MeV theoretical uncertainty (NNLO+NNLL)

JHEP 11 (2019) 003

o(e’e — tt) [pb]

Can this be envisaged at FCC-ee @ 365 GeV ?
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https://link.springer.com/article/10.1007/JHEP11(2019)003
https://link.springer.com/article/10.1007/JHEP11(2019)003
https://link.springer.com/article/10.1007/JHEP11(2019)003

FCC-ee Simulation (IDEA)
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https://indico.in2p3.fr/event/32629/contributions/142842/

Couplings to photon and Z boson

e Can be simultaneously constrained at FCC-ee via lepton
kinematics in semi-leptonic decay channel

* Requires differential measurement in lepton azimuthal
angle and (reduced) energy (X)

 Does not require beam polarisation!

(

. o |74 1Y .
DX = —je v, (FIY + 5 F49) A o t (ot + pp)” (iFsy + 15 F5y)

\

From Xunwu’s talk [link]

JHEP 04 (2015) 182 Reduced energy for /€ {e~, u™} and modified vr_ttZdown coupling
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Ongoing detector-level analysis
| with FCC-ee Delphes simulation
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https://indico.in2p3.fr/event/32629/contributions/142842/
https://link.springer.com/article/10.1007/JHEP04(2015)182
https://link.springer.com/article/10.1007/JHEP04(2015)182

Summa,ry a,nd Out,]_O Ok See Marcel’s talk on global

interpretations [link]

. . . Ratio of Uncertainties to SMEFiT3.0 Baseline, O (A‘2) , Marginalised
* Plenty of potential to constrain top quark properties and
arXiv:2404.12809

couplings at (and above) the tt production threshold 1 oy Cdu fan P

e Possibility to determine top quark Yukawa coupling with
competitive precision

 Determination of top quark mass and width currently
limited by theoretical uncertainties (30/40 MeV)

 Need improvements on theory predictions

e Efforts started with FCC-ee simulation for both top
properties and couplings, showing promising results

« Aiming at being included in the input to the strategy,
and at further improvements in the future

S MEFiIT

u
; h& b ol j —k— HL-LHC + FCC-ee (91 GeV) —&#— HL-LHC + FCC-ee (91 + 161 + 240 + 365 GeV)

=@ HL-LHC + FCC-ee (91 + 240 GeV)
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