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Quantum Gauge
Welcome to the HEPForge Project: ABCAEFT Feild Symmetr

This is the website for the Mathematica package: Amplitude Basis Construction for Effective Field Theories (ABC4EFT). ‘

Package
This package has the following features:

« |t provides a general procedure to construct the independent and complete operator bases for generic Lorentz
invariant effective field theory, given any kind of gauge symmetry and field content, up to any mass dimension.

« Various operator bases have been systematically constructed to emphasize different aspects: operator
independence (y-basis), flavor relation (p-basis) and conserved quantum number (j-basis).

« |t provides a systematic way to convert any operator into our on-shell amplitude basis and the basis conversion
can be easily done.

[https://abc4eft.nepforge.org/]



New physics and top quark

> Largest couplings to Higgs
— Sensitive to Models that modify the EWSB
or solving the Hierarchy Problem
¢.g. Composite Higgs Model, SUSY, Extra
Dimension...
— Radiative correction to Higgs potential
thus sensitive to vacuum stability
— Top-philic Models — New particle preferentially
couple to Top
> LHC 1s essentially a top factory
Top copiously produced, enabling precision study.
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Top-philic NP theorties: the origin

- In this talk, Top-philic scalar particle X, SU(3) octet and singlet y,¢tS

— Which decays mostly into a pair of top quarks ystT 55

— Production cannot rely on EW gauge boson or quarks in proton
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Heavy top-philic NP Production QLHC

Associate production
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Final state: 4 tops

pair production
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Need energetic gluons
Depend on ys

Need energetic gluons and
only works for octet

Final state: di-top

single production

Loop-induced,
Good for ligther resonance,
May suffer large background



Fom‘ top theory prediction summary

SM NLO (QCD+EW) predictions (MadGraph):
Full NLO correction up to order O(aa’) with i+j =4,5. Treating top quark as stable particle,

i.e. without decay.
Frederix, Pagani, Zaro 1711.02116

> SM NLO QCD matched to parton shower (POWHEG-BOX):
NLO QCD + LO EW, LO top quark spin correlation effect are included in the decay.
Jezo, Kraus 2110.15159

> SM NLO (QCD+EW) + NLL’ :
NLL threshold resummation, without top decay.
Beekveld, Kulesza, Valero 2212.03259

> SM NLO QCD with 3/4 leptonic decay channel:
Higher order QCD effect in the decay are included.
Dimitrakopoulos, Wore 2410.05960 2401.10678

> SMEFT correction at LO and NLO QCD up to dim-6:
Aoude et.al, 2208.04962; Degrande, Rosenfeld, Vasquez 2402.06528



SM four top measurements Q@ LHC

For SM most signal are produced at threshold very hard to reconstruct tops
Searches from ATLAS and CMS mostly foucs on the multilepton final states:

ATLAS[2303.15061] 2LSS and 3L
CMS[2305.13439] 4L 3L and 2LSS —
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Boosted 4-top searches jor NP

If the Top-philic particle are heavy (>1 TeV) then the four top produced are highly boosted,
one can leverage the boosted top tagging developed in recent years to search for signal.
Aim for: four reconstructed tops in fully hadronic decay and 1L channel (~60% BR)
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Simulation and Event selection

FeynRules UFO model —p MadGraph@NLO —» Pythia8 —p MadAnalysis5

Reconstruction:

— AK10-jets: pT>350 GeV and [n|<2, top-tag with 80% efficiency if dR(jet, top)<=0.75
— AK4-jets: with pT>30 GeV [n|<2.5 b-tag with MV2c¢10 77% WP

— Isolated lepton, remove AK10-jet 1f dR(/, AK10-jet)<1.0

— Remove b-tagged jets if dR(bjet, AK10-jet)<1.0

Fully hadronic decay: Pair production
— 4 top tagged AK10-jets restore two Mtt
— 0 1solated lepton \ 1 5
M = Mii _ 509,
One Leptonic decay: M}, °
— 3 top tagged AK10-jets, \ Associated
— 1 1solated lepton, Production
— 1 b-tagged jets . restore largest Mtt
Neutrino pz are determined
assuming W is on-shell




Background study

Process o (LO) Scale PDF o (NLO) Scale PDF

ttjj 354 fgs%‘;s +5.8% 352 jf’égfo +2.6%
ttw 0.376 jlzg’;/f +3.9% 0.565 f§;§3§§ +1.8%
1tWj 0.329 jgg;ff +2.1% 0.452 jf-zlq‘fo +1.2%
1tz 0.563 jgzlgf +4.8% 0.756 j?i%;fc +2.1%
ttZj 0.639 jg‘ggg +6.5% 0.672 jg(-g% +2.5%
(et 0.00612 f???é}f +13% 0.00920 j%fgg +6.0%
it + it 0.00155 +22%  +13% 0.00201  +20%  +£7.5%
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Backgrounds are simulated at
leading order and rescaled to
NLO cross-section



Background study

Backgrounds are simulated at

Process LO) Scale PDF NLO) Scale PDF :
o L9 o (NLO) leading order and rescaled to

tijj 354 iy £58% 352 R £2.6%  NLO cross-section
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ttj) with like jet false tagged M [GeV]

BP1: M=1.3TeV, ys=0.25, I'=1.45 GeV pair dominant
BP2: M=2TeV, vys=1.0, I=38.04 GeV mixed production 2



Result
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NLO signal computation (preliminary)

e We generate NLO UFO model with FeynRules + NLOCT including UV and R2 counter-terms
* Compute Full NLO QCD correction to LO NP four tops production match to parton shower:

sys = O(Oé?y%)

IR

Include correctlons to both production and decay
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NLO signal computation (preliminary)

e We generate NLO UFO model with FeynRules + NLOCT including UV and R2 counter-terms

* Compute Full NLO QCD correction to LO NP four tops production match to parton shower:

S

Include correctlons to both production and decay

Distribution of reconstructed M, for

the full Hadronic decay channel,
passing all the cuts while allowing
one AK10-jet not top tagged.
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Summary
> Top-philic particle present in different types of UV theory.

> Color octet can be pair produced at LO and without suppression from the
scalar couplings

> Fully hadronic decay and 1 leptonic decay channels are good for
searching top-philic particle in the mass range 1-3 TeV

> The NLO QCD correction to the top-philic particle production is
significant for both pair and associative production.

12



Rational term in 1-loop reduction in MadGraph (OPP)

Mlloop _
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Motivation for Extended SUSY model

MSSM _ _
strong Constraint Little Hierarchy problem
fromLHC

/
/

4 »
Continous R-symmetry (soft breaking)

¢ Add new chiral superfield of

Forbidde Gaugino mass —» adjoint representation and
make gaugino Dirac. this also

introduce new adjoint scalar

oY fd29 " WeWg, AL + He.,
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Guc Y X Restrictions | —q,/qw | Yy |Non Conformal| Model Name
Real Real SU(5)/SO(5) x SU(6)/SO(6)
SO(Nyc) 5% So 6x F Nyc > 55 |2act2) | g3 /
SO(Nyc) 5x Ad 6x F Nuc > 15 |2Wee=2 | /3 /
SO(Nuc) 5xF 6 x Spin Nuc=79| 2,35 | 1/3 Nuc=717,9 M1, M2
SO(Nuc) 5 x Spin 6xF Nuc =79 | 2.3 2/3 Nuc =17,9 M3, M4

Electro-weak coset

SU(Z)L X U(l)y

SU(5)/80(5)
SU(4)/Sp(4)

SU(4) x SU(4)'/SU(4)p

341+30+2410+ 1

2412+ 1o

30+2012+2 110+ 101+ 10+ 1

Color coset

SU(S)C X U(].)y

SU(6)/S0(6)

SU(6)/5p(6)

SU(3) x SU(3)"/SU(3)

8o + 6(_2/3 or 4/3) + t75(2/3 or —4/3)

8y + 32/3 + 372/3

8o

Y = ei2\/§C5ﬂfETf/fT By
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mtt;(EX)”X/QtR + h.c. ~ mytt + fi&%% T3 YNt + ...
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Msig8=1TeV
y=1

Msig8=2TeV
y=1
Msig8=3TeV
y=1
Msig8=1TeV
y=2

Msig8=2TeV
y=2

Msig8=3TeV
y=2

FullNP_gg

0.04406 +-
0.0001438

0.000241 +-
6.113e-07

9.917e-06 +-
2.703e-08

0.04697 +-
0.0001081

0.000552 +-
1.416e-06

4.233e-05 +-
1.498e-07

SmintNP_gg

7.206e-05 +-
1.49e-06

1.859e-05 +-
2.699e-07

8.323e-06 +-
9.265e-08

0.0002819 +-
5.179e-06

7.576e-05 +-
1.052e-06

3.387e-05 +-
3.958e-07

qq4tNP

0.008611 +-
1.487e-05

1.183e-05 +-
1.442e-08

1.053e-07 +-
2.718e-10

0.003085 +-
7.715e-06

1.381e-05 +-
3.831e-08

3.267e-07 +-
9.956e-10

gg4tSMint

4.439e-07 +-
6.706e-08

3.439e-08 +-
7.566e-09

1.833e-08 +-
3.664e-09

1.222e-06 +-
2.565e-07

9.743e-08 +-
4.138e-08

7.956e-08 +-
1.466e-08



Msig8=1TeV
y=1
Msig8=2TeV
y=1
Msig8=3TeV
y=1
Msig8=1TeV
y=2
Msig8=2TeV
y=2
Msig8=3TeV
y=2

double only gg
0.03322 +- 6.773e-05

5.82e-05 +- 1.227e-07
1.873e-07 +- 3.784e-10
0.0306 +- 7.811e-05
6.025e-05 +- 1.436e-07

3.151e-07 +- 6.268e-10

single only gg
0.007346 +- 1.242e-05

0.0001617 +- 3.479e-07
8.113e-06 +- 1.991e-08
0.02854 +- 6.694e-05

0.0007248 +- 2.257e-06

5.183e-05 +- 1.712e-07

t only gg
2.252e-05 +- 8.959e-08

3.066e-06 +- 1.151e-08
7.735e-07 +- 2.557e-09
0.0003607 +- 1.383e-
06

4.858e-05 +- 1.842e-07

1.236e-05 +- 3.037e-08



BP1 BP2
Optimistic Conservative Optimistic Conservative
Top tag.
L (b7 400 3000 400 3000 400 3000 400 3000
SR1 1.35 0.52 1.69 0.64 0.68 0.24 0.82 0.30
SR2 0.64 0.26 0.75 0.36 0.51 0.14 0.61 0.20
SSL 0.97 0.27 0.97 0.27 1.13 0.29 1.12 0.28




