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Four-heavy quarks operators

- These operators can be constrained from top data, e.g. 4 top, or 2 top + 2 jet production.
(ATLAS (2018)- arXiv:1811.12113, CMS (2020)- arXiv:2003.06467)

Global fit from top and EW data is used (usually in the framework of SMEFT) to set bounds on these operators. See for example :
N. P. Hartland et al (2019),
C. Degrande et al (2020),
J. J. Ethier et al (2021)

What about combining these 2 classes in the same fit ?
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Higgs processes (e.g. ggF, diphoton decays)
- For the Higgs

Modifies the trilinear coupling
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- In addition, the four fermion operators which we are considering for this work
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Operators with opposite chirality enter in the NLO
corrections of single Higgs rates via these dlagrams
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While operators with the same chirality enter in finite contributions,
e.g. triangles and boxes.

(QrT"y,Qr)trT*~Y"tr)

= (QLtr)io2(QLbR)
= (QLT*tR)ica(Q; T bR)



C IOPp YUuKawa gets modiiied Dy tne VILT 1 AlIY

— C v ’02 Ct¢
~Low = yrtroqL + 15 99" trear hoc. — > ™= 5 (yt V2 Az)‘ v = 246 GeV

Now, consider NLO corrections to the top Yukawa, we get also contributions from other SMEFT operators E. Jenkins, A. Manohar & M. Trott (2013,2014)
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Operators of same chirality only have finite contributions
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The leading log is not sufficient for accurate results, as the finite contributions are usually sizable. 5o |
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Moreover, operators having the same chirality have finite contributions only.
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The NLO matrix elements are calculated for ggF, ttH and Higgs decays to photons and b quarks
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For ttH, we used MadGraph SMEFT@NLO for cross checks c.pegrande et al (2020). ffghF/ ESE
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Top data, global fits taken from J.J. Ethier et al (2021)
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CMS JHEP 11 (2019) 082 and ATLAS Phys. Rev. D 101 (2020) 012002

Observable value uncertainty

pu(h — ) 0.960 0.140

. u(h = Z7) 1.045 0.155
56 uw(h — W+W-)  1.080 0.190
plh — 7777) 0.995 0.550

u(h — yy) 1.390 0.375

u(h — 22) 2.680 0.970

VBF u(h — WHW=)  0.595 0.357
p(h — 7777) 1.181 0.591

u(h — bb) 2.990 1.667

u(h — yy) 1.100 0.410

= u(h — VV) 1.492 0.590
plh — 7777) 1.389 1.117

u(h — bb) 0.792 0.586

u(h — yy) 1.101 0.573

Vh u(h — Z2) 0.682 1.193
u(h — bb) 1.188 0.267
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The Higgs data alone is better at constraining gt) than the conservative (linear EFT) top data.
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-New scalar or vector bosons are the possible candidates for introducing the 4 Fermion operators.

Name ) Wi W4 ¢ 931 (24 T b
[rrep (1;'2)8% (3-.11);3% 3:1)_¢ (3,31 (6,1)r (6,1)s (6,3)1 (8,2);
, - 1).(3 1).(3 1).(3 1).(8
Lamann oML QRN an @EIYL @ EIEL g gRReT iR
(1) (1).(8) (1).(8) (8)
Otgp:  Oquqn O O:qb
Name B 14 G H L1 Qs Vs
Irrep (L) (1,3)g (81 (83) (L,2)y (.25 (6.2) s
stopops O, O4y OF, oN© olE olE — ol
(1) (1),(3) (1)
Op » O0q O%1qb:
o'l
QQ

-Some of the new scalars will also modity the Higgs selt couplings, for example
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We use the same notation as J. de Blas et al (2017)



- NLO corrections with 4 Fermion operators were computed analytically for Higgs processes )
(and cross-checked via MadGraph for ttH) . @

Computing ttH with CQtQb operators is still in progress.

- 4 top operators bounds from single Higgs production comparable to bounds from top data.

Both the 4 top and trilinear coupling bounds are aftected in the combined fit
The bounds from single Higgs data is generally better than the single operator fit with top data in the linear EFT.

- Some Higgs channels show strong correlation between the 2 operators.

- Operators having 2 top and 2 b quarks are weakly constrained in general, but precision Higgs observables provide
another handle to constrain these interactions. ( stay tuned ! )

- We have investigated some simplified UV complete models that match to 4 fermion effective coupling.

Constraints on these models will be obtained projecting the SMEFT bounds after matching.



Thank You !




