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Introduction

* Motivation for the SMEFT framework
* Projected sensitivity to BSM at CLIC
* VBF top pair production at CLIC

* CLIC light-by-light scattering
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Motivation for the SMEFT framework

* Evolving picture of BSM thanks to experiment
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* The Standard Model is an effective field theory



Motivation for the SME

* New physics appear to be decoup
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T framework

ed at higher energies

* Given particle content, write down all terms allowed by

symmetries...
SU(S)L SU(Q)L U(l)y ‘CSJM = Lm, + Lg + ‘Ch + ﬁy
Qr 3 2 é ) ] ]
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e ...Including higher-dimensional operators!

g |80 =2" 50

C;

* Generated by new physics at scale A > v



SMEFT framework

* Unique dim-5 Weinberg operator, violates lepton number,
predicts neutrino masses
* Modulo flavour structure, there are 59 dim-6 (CP-even)

operators in a non-redundant basis
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Buchmuller and Wyler (Nucl. Phys. B 268 (1986) 621)

Gradkowski et al [arXiv:1008.4884]

e ~19 operators relevant for EWPT, TGC, and Higgs physics
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In SILH basis (Giudice et al. hep-
ph/0703164), adopted from
Pomarol and Riva (1308.1426)



SMEFT framework
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* Unique dim-5 Weinberg operator, violates lepton number,

predicts neutrino masses

* Modulo flavour structure, there are 59 dim-6 (CP-even)
operators in a non-redundant basis

Buchmuller and Wyler (Nucl. Phys. B 268 (1986) 621)
Gradkowski et al [arXiv:1008.4884]

e ~19 operators relevant for EWPT, TGC, and Higgs physics
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Operators benefit
from precision at
ILC/CEPC/FCC-ee

In SILH basis (Giudice et al. hep-
ph/0703164), adopted from
Pomarol and Riva (1308.1426)
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SMEFT framework

* Unique dim-5 Weinberg operator, violates lepton number,
predicts neutrino masses

* Modulo flavour structure, there are 59 dim-6 (CP-even)
operators in a non-redundant basis

Buchmuller and Wyler (Nucl. Phys. B 268 (1986) 621)
Gradkowski et al [arXiv:1008.4884]

e ~19 operators relevant for EWPT, [TGC, and Higgs physics}

EWPTs Higgs Physics \ TGCs
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Present state of Higgs SMEFT limits

* Higgs and TGC sensitivity < 1 TeV at LHC
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* Not precision observables yet
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Higgs and TGC at CLIC

* CLIC 350 GeV
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Higgs and TGC at CLIC

* CLIC1.4 TeV
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Higgs and TGC at CLIC

* CLIC3 TeV
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Higgs and TGC at CLIC

 Summary of TeV reach
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Higgs and TGC at CLIC

 Summary of TeV reach
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Higgs and TGC at CLIC

 Summary of TeV reach
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e c.f. ILC250 and FCC-ee precision reach on these operators

1510.04561 Ellis, TY
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Higgs and TGC at CLIC

* Preliminary 10 TeV reach
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e c.f. ILC250 and FCC-ee precision reach on these operators
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VBF top pair production

* Top pair production peaks close to threshold
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* Studied ete™ — vUtt, enhanced with energy
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VBF top pair production

* Top pair production peaks close to threshold
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* Studied ete™ — vUtt, enhanced with energy
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VBF top pair production

* Dim-6 energy growth in ete™ — vutt differential
distributions
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* Recover energy-growing behaviour in tail by cutting on
M, to remove Z-pole contribution
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F top pair production

m-6 energy growth in eTe™ - vutt differential
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M, to remove Z-pole contribution
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VBF top pair production

* Dim-6 energy growth in ete™ — vutt differential
d iSt ri b Utio n S C. Grojean, A. Wulzer, Z. Zhang, TY [CLICdp top report]
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* Recover energy-growing behaviour in tail by cutting on
M, to remove Z-pole contribution
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VBF top pair production

* ISR/Beamstrahlung background from SM e*te™ — tt
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e Efficiently removed by MET cut
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VBF top pair production

* ISR/Beamstrahlung background from SM e*te™ — tt

CLIC 3 TeV, M, ,>200GeV, MET>20 GeV
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VBF top pair production

* ISR/Beamstrahlung background from SM e*te™ — tt
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VBF top pair production

 Summary of projected top operators sensitivity

Individual operator fit (95% CL)
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 Comparable and complementary to other channels
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CLIC light-by-light scattering

® Also be N efits frOm h ighe F ene rgies J. Ellis, N. Mavromatos, P. Roloff, TY [in progress]
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Figure 4: The distributions of the vy scattering centre-of-m wergy /sl at four
CLIC energies \/"‘ d [ ) GeV, 500 Gel 14 TeY cmd 3 T 1 [iea' green, blue and
black histograms, p clively.

e Constrains Born-Infeld theory and vector EFTs
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CLIC light-by-light scattering

® Also be N efits from h ighe F ene rgies J. Ellis, N. Mavromatos, P. Roloff, TY [in progress]
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Figure 6: Contours in the (c1,ce) plane of 1-, 2-, 3-, and 5-0 significance sensitivities of
possible CLIC measurements at centre-of-mass energies of 1.4 TeV (left panel) and 3 TeV
(right panel). The potential 5-0 discovery region is shaded grey, and the potential 95%
exclusion reach in yellow. Also shown are the lines corresponding to the Heisenberg-Euler
contributions of heavy beyond-the Standard-Model spin 0, 1/2 and 1 particles in blue,
orange, and green, respectively, with effective charge Q.4 = 6. The dots are labelled with
the masses of the particles in units of TeV.

e Constrains Born-Infeld theory and vector EFTs

1

1 —
S W — (P2 )

a2
Lo = B2(1—\/1+ T

*CEFT DN Fﬁ-'fF“prg FPe + CQF,u.y FpprA F}..,u.



Tevong You (Cambridge)

Conclusion

 SMEFT is a relatively model-independent and
systematic framework for mapping the path to BSM

* A high energy lepton collider can take advantage of
energy-growing indirect effects of new physics

* Beyond CLIC: what can be learnt about the tens of
TeV scale?



