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SMEFT
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|dentifying patterns of new physics
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- sensitive observables
- precise measurements
- precise SM predictions

- precise SMEFT predictions

— leverage correlations


http://inspirehep.net/search?p=author:G.Durieux.1
https://indico.fnal.gov/event/22303

LHC and HL



Status at pp [Brivio, Bruggisser, Maltoni, Moutafis, Plehn, Vryonidou, Westhoff, Zhang '19]
[Ellis, Madigan, Mimasu, Sanz, You '20]
[Ethier, Magni, Maltoni, Mantani, Nocera, Rojo, Slade, Vryonidou, Zhang '21]

SMEFiT [Miralles, Lépez, Llacer, Pefiuelas, Perellé, Vos '21]
quad., NLO EFT
2019 teX
2021 single top
% 10!
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§1071 .I
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QRQRQ QRQqq dipoles  vectors
8 tttt, ttbb, (bbbb) L qq — tt, (bb)

- four-fermion limited by high-g?> PDF and gg contamination
.. often forgotten but great BSM potential !
- ttZ, ttvy, tth limited by rare and complicated ttX
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Fighting pp systematics

[GD, Irles, Miralles, Pefiuelas, Péschl, Perelld, Vos '19]

[GD, Gutiérrez Camacho, Mantani, Miralles, Miralles Lépez, Moreno Llacer, Poncelet, Vryonidou, Vos '22]
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Fighting pp systematics

[GD, Irles, Miralles, Pefiuelas, Péschl, Perelld, Vos '19]

[GD, Gutiérrez Camacho, Mantani, Miralles, Miralles Lépez, Moreno Llacer, Poncelet, Vryonidou, Vos '22]

1]
10 140% ratio to SM
[ ——]
26 . :: 13%
100 12% . L — ratio to current
4.3% o ]

stat.oc £L71/2 —{ | — current a
10-1 1 + HL-LHC 51
b+ HL-LHC 52 -
stat. « L72 A | — 4+ 1Lc 500
sys. oc L71/2 102 sl I I—‘h'—“‘—
th. & mod./2 . 30 .

Cot  Coq Cotb 3. Cw Cz  Ctp
Ztt tbW EW dipoles  Yuk.

ete™ give direct access to EW couplings & clean environment
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[white paper '22]

HL-LHC projections
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[white paper '22]

HL-LHC projections

extra HL bins

Process Observabh% NG Ling Experiment

pp — it do/dmy; (1543 bins) | 13 TeV 140 fb~? CMS —}+ sys./2
pp — 1t dAc/dmy; (442 bins) | 13 TeV 140 ! ATLAS — sys./2
pp — ttH +tHq o 13 TeV 140 fb~! ATLAS

pp — ttZ do /dpZ (7 bins) 13 TeV 140 fh~1 ATLAS

pp — tly do/dp} (11 bins) 13 TeV 140 tb! ATLAS

pp — tZq o 13 TeV 77.4 b7t CMS

pp — tyq o 13 TeV 36 fb~! CMS

pp — tHW 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 Fy, Fy 8 TeV 20 fb1 LHC

pp — tb (s-ch) o 1.96 TeV 9.7 h! Tevatron

emet — bb Ry, Ay p ~ 91 GeV | 202.1 pb~' | LEP/SLD

- important differential information (m.: four-fermion, p¥: dipoles)
- no tttt, spin correlation, Tevatron o,z and Arg, ttWj or tWZ, Higgs
- theory and modelling unc. dominate over sys.
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. . [Dror, Farina, Salvioni, Serra '15]
Rare processes and high energies

[Matoni, Mantani, Mimasu '19]
[EI Faham, Maltoni, Mimasu, Zaro '21]

deviations from SM couplings lead to energy-growing effects
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Rare processes and high energies

[Dror, Farina, Salvioni, Serra '15]
[Matoni, Mantani, Mimasu '19]

[EI Faham, Maltoni, Mimasu, Zaro '21]
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Ratios and asymmetries

ttV/tt

NLO scale: 20% — 3%

—0.7%
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at LO,
at NLO QCD

[Mangano, Plehn, Reimitz, Schell, Shao

[Schulze, Soreq '16]

PDF: 10% — 1%

11.5
REC x107% ={ 114
115
2.29
REC x 1074 ={ 2.27
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with NNPDF3.0
with CTEQS6LI [72],
with MSTWOS [73],
with NNPDF3.0,
with CTEQSLI,
with MSTWOS.
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ttH/ttZ  NLO scale: 10% — 3%,

PDF: 3% — 0.5%

o(ttH)[pb)
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[EFO03 report]

Theoretical precision challenges

tt 2.4% scale (N°LO+N3LL) and 1.7% PDF unc. at 13 TeV
vs. 1% expected at HL-LHC (2.5% at 8 TeV, lumi and modelling)

ttV full NLO, decayed, off-shell, spin corr., PS matching
NNLO QCD Wanted, eSpeCia”y for th [see white paper]

t%H inclusive NNLO QCD underway [Catani™ '21] [Chen™ '22] [Brancaccio™ '21]

tttt threshold resummation? (NNLO QCD not foreseeable)
full NLO (QCD&EW) + PS?
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Lepton colliders



Lepton colliders
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Lepton colliders
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The main player: ete™ —

Matched inclusive W*bW ~b cross section, with QED ISR

T T T T T
1000

matched, no switch-off
matched, combined, symmetrized
NLO

®F ISR

500

o [fb]

[Bach, et al. '17]7

330 340 350 360 370
V5 [GeV]

peaked at about 380 GeV
- threshold bump (impact of EW couplings?)
- enhanced for a left-handed beam e~

- single-top = top pair at 3 TeV

NNLO QCD

0.3

350 400 450
e+

—-L0

1R € [V3/2,2V/3] —NLo

— NNLO

[Chen, Dekkers, Heisler, Bernreuther, Si '16]
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https://arxiv.org/abs/1610.07897
http://inspirehep.net/search?p=author:G.Durieux.1
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Global ete™ — tt — bWbW EFT

[GD, Perellé, Vos, Zhang '18]
[CLICdp '18]
[see also Janot '15]

Powerful stat. optimal obs.
Experimentally and theoretically robust.
Two energies required for ttV + ttll.

FCCee

@ —
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20 qu
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|
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q v
89 Cly —
B —
0.38 (5

statistically optimal observable
059 CR I CC-like run scenario
B 200fb=" at /5 = 350 GeV
3.4 C, _— 15ab-" at v/ = 365 GeV
062 Chy ! P(et,e”) = (0%, 0%)
1074 1072 1072 107! 10° 10!

Sin TV, Ax2 =1
- white marks: individual constraints
- /xx: global/individual ratios
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Global ete™ — tt — bWbW EFT

Powerful stat. optimal obs.

Experimentally and theoretically robust.

Two energies required for ttV + ttll.

ILC
B 00010 Cf (— A
P o000l C:h — i:
— 0 2 C:,‘q
> 0.0016 C’I‘g | — |
> o 0018 CY, |— :
S 0l
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Sin TV, Ax2 =1
- white marks: individual constraints
- /xx: global/individual ratios
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[GD, Perellé, Vos, Zhang '18]
[CLICdp '18]
[see also Janot '15]

statistically optimal observables

TLC-like run scenario

500 =1 at /5 = 500 GeV

lab~! at \/s = 1 TeV

P(e*,e7) = (£30%, F80%)

10° 10
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Global ete™ — tt — bWbW EFT

Powerful stat. optimal obs.
Experimentally and theoretically robust.
Two energies required for ttV + ttll.

[GD, Perellé, Vos, Zhang '18]
[CLICdp '18]
[see also Janot '15]
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[white paper '22]

HL vs. efe™ (new version)

N HL-LHC ~ mmm HL-LHC + CEPC HL-LHC + FCCee W HL-LHC + ILC == HL-LHC + CLIC

1 e
0

marginalised over ¢, ttqq

10°

95% Interval (Tev~—2)
1
I

1072

Co Cw Cu C3 Cop Cz Cw Ca Co Cn C§ Ce Cr Cp

[
ttX, tbW, bbZ QQUL
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WHW~ = t T (+X)

VBF - tf log(r;)

log(r))

e@ — oQ!

log(r) VBF - ttH log(r,)

[Costantini, De Lillo, Maltoni, Mantani, et al. '20]
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[CLICdp; Grojean, You, Wulzer, Zhang '18]

- decreasing lin/SM rates,

increasing quad/SM

- extra sensitivity in m, 0
- fighting against

tt(Z — vv) and ISR/BS
with m,; and MET cuts
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Higgs interplay



Top in EW & Higgs loops

EWPO Diboson - Higes

[Zhang, Greiner, Willenbrock '12] [G_D Gu, Vrionidou, Zhang "1;‘3/]+ [Se[;/;llosz\tigo;,eﬁih:tnii 1:}
e " . -

Z,y '\A@w Z,y b
e+

t
%74 r\/\@w w
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Top in EVWW & Higes loons

A 2=1
EW 0.01 ‘r()p@HL LHC
. + 240 GeV (tree)
[Zhang, Greiner 0.005 F+ 240 GeV (loop)

2.0~
—0.005
14 N\C —0.01}

(5CZ
o
T

- extra parameter space covered thanks to loop sensitivity
- room for improvement between glo. and ind. constraints
[GD, Gu, Vrionidou, Zhang '18]

(.
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[GD, Gu, Vrionidou, Zhang '18]

Contamlnatlon |n HIggS [Jung, Lee, Perells, Tian, Vos '20]

light shades: 12 Higgs op. floated + 6 top op. floated
dark shades: 12 Higgs op. floated + 6 top op. — 0

10

precision
N N
o o
1 1

1072

107

(5Cz

CC 240GeV
[l CC 240GeV + HL-LHC 240GeV (5/ab) + 350GeV (0.2/ab) + 365GeV (1.5/ab;

. CC 240/350/365GeV light shade: marginalized over top parameters
. CC 240/350/365GeV + HL-LAC solid shade: all top parameters set to zero
tOp@HL—LHC e+e* Sttt ]

circular collider with unpolarized beams

Czz €z Ty CTzy Cgg Oy Oy, Oy, Oy, Oy,

Top uncertainties limit Higgs precision

- Higgsstr.
- Higgsstr.
- Higgsstr.
- Higgsstr.

run: insufficient

run & ete~ — tt: large y; contaminations in various coefficients
run & top@HL-LHC: large top contaminations in €y~ gg,7~,22

run @ ete” — tt & top@HL-LHC: top contam. in Cgg only
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Top vs. Higgs in BSM space

Higgs compositeness implies top compositeness

100 T T e e e e
C P CLIC (3 TeV) - E
50F Zes e ]
I ~__ttee ~ |
;: 20 _\<%GQ \/ i
g = —
0} ~ -
C ttV vertex ™~
5t o~ |
1 2 5 10
o 9 [GD, Matsedonskyi 18]
- 1o sensitivities (below curves) )
- fully composite tg [top prospects: GD, Perell6, Vos, Zhang '18]
- up to Forder-one factors [Higgs prospects: GD, Grojean, Gu, Wang '17]
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Top vs. Higgs in BSM space

Higgs compositeness implies top compositeness
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9 [GD, Matsedonskyi '18]
- 1o sensitivities (below curves) . ,
- fully composite tg [top prospects: GD, Perell6, Vos, Zhang '18]
- up to Forder-one factors [Higgs prospects: GD, Grojean, Gu, Wang '17]
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Top vs. Higgs in BSM space

Higgs compositeness implies top compositeness
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[GD, Matsedonskyi '18]

- 1o sensitivities (below curves
( ) [top prospects: GD, Perell6, Vos, Zhang '18]

- fully composite tg
- up to Forder-one factors [Higgs prospects: GD, Grojean, Gu, Wang '17]
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Top vs. Higgs in BSM space

Higgs compositeness implies top compositeness

100 N T T T T T T T T ]
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10F
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- 1o sensitivities (below curves)
- fully composite tg
- up to Forder-one factors
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[GD, Matsedonskyi '18]
[top prospects: GD, Perell6, Vos, Zhang '18]

[Higgs prospects: GD, Grojean, Gu, Wang '17]
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https://arxiv.org/abs/1811.04084
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https://arxiv.org/abs/1807.02121
https://arxiv.org/abs/1704.02333
http://inspirehep.net/search?p=author:G.Durieux.1
https://indico.fnal.gov/event/22303

Top vs. Higgs in BSM space

Higgs compositeness implies top compositeness
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- 1o sensitivities (below curves) '
. fully composite tg [top prospects: GD, Perell6, Vos, Zhang '18]
- up to torder-one factors [Higgs prospects: GD, Grojean, Gu, Wang '17]
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Top-quark couplings

LHC & HL fighting sys. and theory unc.

- rare processes and high energies
- clean ratios and asymmetries
- heroic computations

not included either in prospects

- quadratic EFT (+ uncertainties)
- Higgs interplay (+ b and EW)
- tttt, spin correlations, Tevatron

et e~ above 350 GeV makes it easier

- two well-separated energies needed
- high-energies have 10x BSM reach
- top loop matter and contaminate Higgs meas.

no comprehensive pp@100TeV or "~ studies
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